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Toxic Pollutants

SECTION 1

CONCLUSIONS AND SUMMARY

19. Carbon Dioxide
20. Carbon Monoxide and

by-product Hydrogen
21. Silver Nitrate
22. Ammonium Chloride
23. Ammonium Hydroxide
24. Barium Carbonate
25. Boric Acid
26. Calcium Carbonate
27. Cuprous Oxide
28. Manganese Sulfate
29. Strong Nitric Acid
30. Oxygen and Nitrogen
31. Potassium Iodide
32. Sodium Hydrosulfide
33. Sodium Silicofluoride
34. Sodium Thiosulfate
35. Sulfur Dioxide

1. Chlor-Alkali
2. Hydrofluoric Acid
3. Titanium Dioxide
4. Aluminum Fluoride
5. Chrome Pigments
6. Hydrogen Cyanide
7. Sodium Dichromate
8. Copper Sulfate
9. Nickel Sulfate
10. Sodium Bisulfite
11. Sodium Hydrosulfite
12. Hydrogen Peroxide
13. Hydrochloric Acid
14. Nitric Acid
15. Sodium Carbonate
16. Sodium Metal
17. Sodium Silicate
18. Sulfuric Acid

The sources of most of the toxic pollutants found in the raw wastes
and treated effluents were traced to specific process-related raw
materials and chemicals used in the manufacturing operations. In the
case of certain pollutants found in widely varying amounts or with
erratic frequencies of occurrence, the precise identities of the

The following 35 inorganic chemical product subcategories were
screened for the purpose of establishing wastewater effluent
limitations guidelines for existing sources, standards of performance
for new sources, and pretreatment standards for new and existing
sources in this study:

The screening studies showed that only the plant process wastewaters
from subcategories 1 through 11 contain treatable amounts of toxic
metals (see Table 3-1), cyanide and asbestos. Very few of the organic
toxic pollutants were found in process waste streams and those that
were identified were present at low level concentrations.

The screening results which indicated the presence of toxic pollutants
in significant amounts were largely confirmed by the results of the
verification program. Verification sampling accounted for 50 to 75
percent of the current inorganic chemical production rate in the
subcategories covered.



sources remain unknown at this time, but are suspected to be process
related.

Control and Treatment Technology

A considerable amount of toxic pollutant removal is presently achieved
in the industry by the existing control and treatment practices.
Additional removal can be accomplished by the application of available
and demonstrated technologies which would add to or modify existing
treatment systems. Recovery of toxic metals for value or reuse in a
process does not appear to be an attractive alternative in those
industries where the product recovery practices now in effect do not
already accomplish this.

The treatment of toxic metal-bearing waste streams results in the
production of sludges or residues which are potentially hazardous and
may require special means for handling and disposal under the Resource
Conservation and Recovery Act (RCRA) regulations.

Costs of Additional In-Plant Treatment

The estimated incremental costs of applying the candidate BAT
treatment options represent a relatively small proportion of the
investment and operating and maintenance costs already committed to
the existing BPT level treatment systems. These costs, however, vary
widely from industry to industry and are highly dependent on
site-specific factors.

Subcategorization

A review of the product/process basis for subcategorization of the
inorganic chemical product subcategories designated for study revealed
that certain modifications may be appropriate in the interest 'of
developing effective regulations. The toxic pollutant problem per se
impacts sub-categorization directly only in the Chlor-Alkali Industry
where the use of graphite anodes contributes to the generation of
chlorinated hydrocarbons. In the Titanium Dioxide Industry, major
process and raw material differences justify the creation of a
separate segment for the sulfate process, the chloride process, and
for the chloride process using ilmenite ore. Consideration was given
to creating a subcategory for the combined production of hydrofluoric
acid and aluminum fluoride in view of their similiar waste
characteristics and the current practice of combined treatment at
several plants. However, combining these products into a single
subcategory does not appear to offer any regulatory advantages.

Hydrogen cyanide is produced by the Andrussow process and as a by
product in the manufacture of acrylonitrile. By-product hydrogen
cyanide will be covered under its primary product, acrylonitrile, in
the Organic Chemicals Manufacturing Category. The hydrogen cyanide
subcategory includes only manufacture by the Andrussow process.

2



Restudy of Remanded Regulations

The Fourth Circuit, U.S. Court of Appeals remanded effluent
limitations guidelines promulgated for 11 major inorganic chemical
products. E.!. du Pont de Nemours versus Train, 541 F. 2d 1018 (4th.
Cir. 1976) reversed in part, 430 U.S. 112 (1977). The factors
affecting the control and treatment of pollutant discharges in thos~

industries have been studied in response to the remanded issues. It
has been concluded that alternative control and treatment technologies
to those originally considered for BAT and NSPS may be appropriate.

3
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SECTION 2

RECOMMENDATIONS

Hydrogen Cyanide
Sodium Dichromate
Copper Sulfate
Nickel Sulfate
Sodium Bisulfite

Chlor-Alkali
Hydrofluoric Acid
Titanium Dioxide
Aluminum Fluoride
Chrome Pigments

Table 2-1 summarizes the regulations for Best Practicable Control
Technology Currently Available (BPT). Summaries of regulations for
Best Available Technology (BAT), Pretreatment Standards, and New
Source Performance Standards are given in Tables 2-2, 2-3, 2-4, and
2-5. These tables indicate that ehlor-Alkali has been divided into
two segments and Titanium Dioxide in three segments before listing the
numerical effluent limitations.

On the basis of the toxic pollutant screening and verification results
and the evaluation of applicable technologies for discharge control
and treatment, it is recommended that effluent limitation quidelines,
new source performance standards and pretreatment standards for new
and existing sources be promulgated for the following 10 inorganic
chemicals manufacturing subcategories:

The Agency proposed BPT, BCT, and BAT limitations and NSPS, PSES, and
PSNS for the Sodium Hydrosulfi~e (Formate Process) subcategory. The
proposed regulation basically" added control of selected toxic metal
pollutants to existing treatment practiced in the industry. The
Agency reviewed the basis for the proposed regulation and concluded
that the total current treated discharge load of only 0.42 pounds per
day total toxic metals from all plants in the subcategory is too
insignificant to justify developing a national regulation.
Accordingly, this subcategory has been excluded from national,
-regulation development under Paragraph B(a)(iv) of the Settlement
Agreement.



ehlor-alkali, TSS 0.32 0.64
Mercury Cells Mercury 0.00014 0.00028

pH 6.0 to 9.0

eh1or-alka1i, TSS 0.51 1.1
Diaphragm Cells Copper (T) 0.0070 0.018

Lead (T) 0.010 0.026
Nickel (T) 0.0056 0.014
pH 6.0 to 9.0

Hydrofluoric TSS 5.3 11.0
Acid Fluoride (T) 2.9 6.1

Nickel (T) 0.011 0.036
zinc (T) 0.036 0.12
pH 6.0 to 9.0

Sodium TSS 0.22 0.44
Dichran:ate Hexavalent Chranium 0.00050 0.00090

Chranium (T) 0.0044 0.0088
Nickel (T) 0.0034 0.0068
pH 6.0 to 9.0

Titanium TSS 38 140
Dioxide Chranium (T) 0.21 0.48
(sulfate Nickel (T) 0.14 0.29
process) pH 6.0 to 9.0

Titanium TSS 6.4 23
Dioxide Chranium (T) 0.030 0.057
(chloride pH 6.0 to 9.0
process)

Titanium TSS 9.6 35
Dioxide (chlor- Chranium (T) 0.053 0.12
ide ilmenite Nickel (T) 0.035 0.072
process) pH 6.0 to 9.0

Subcategory

TABLE 2-1. SUMMARY OF REGULATICNS -
BEST PRACTICABLE CONrroL TECHNOIDGY
CORRENTLY AVAIIl\BLE (BPI')

Effluent Limitations
Parameter

Max 24-hr
3D-day Avg Max

6

pH Range

(continued)



Table 2-1. Contim:ed

Effluent L:i.mitations

Subcategory Parameter -------- ---------
Max 24-hr

3D-day Avg Max Ii! Range
kgjkkg (or lb/lOOO 1£) of product

Altuninum TSS 1.2 2.4
Fluoride F100ride (T) 0.63 1.3

ChrQniun (T) 0.0045 0.015
Nickel (T) 0.0024 0.0079
pH 6.0 to 9.0

CopPer Sulfate TSS 0.023 0.069
Copper (T) 0.0010 0.0030
Nickel (T) 0.0020 0.0060
Selenitml (T) 0.00050 0.0015
til 6.0 to 9.0

Hydrogen TSS 3.2 8.6
Cyanide Cyanide A 0.021 0.10

Cyanide (T) 0.23 0.65
pi 6.0 to 10.5

Nickel Sulfate TSS 0.032 0.096
Nickel (T) 0.0020 0.0060
pH 6.0 to 9wO

Chrome TSS 3.8 9.1
Pigments Chraniun (T) 0.13 0.31

Lead (T) 0.15 0.36
Zinc (T) 0.13 0.31
pH 6.0 to 9.0

Sodiun TSS 0.080 0.32
Bisulfite CX>D 0.95 3.8

Chromiun (T) 0.00063 0.0020
zinc (T) 0.0015 0.0051
pi 6.0 to 9.0

7



TABLE 2-2. SUMMARY OF REGUIATIONS -
BEST AVAIlABLE TErnNOLOGY (BAT)

Effluent Limitations

Subcategory ----------------------------------Parameter
Max 24-hr

30-day Avg P..ax

kgjkkg (or lb/lOOO lli) of product

Ollor-alkali Mercury (T) 0.00010 0.00023
Mercury Cells Total Residual

Chlorine 0.0019 0.0032

Ollor-alkali Copper (T) 0.0049 0.012
Diaphragm Cells Lead (T) 0.0024 0.0059

Nickel (T) 0.0037 0.0097
Total Residual
Chlorine 0.0079 0.013

Hydrofluoric Fluoride (T) 1.6 3.4
Acid Nickel (T) 0.0060 0.020

Zinc (T) 0.022 0.072

Sodium Chranium (T) 0.0044 0.0088
Dichranate Hexavalent Qrranium 0.00050 0.00090

Nickel (T) 0.0034 0.0068

Titanium Chromium (T) 0.21 0.48
Dioxide Nickel (T) 0.14 0.29
(sulfate
process)

Titanium Chromium (T) 0.030 0.057
Dioxide
(chloride
process)

Titanium Chromium (T) 0.053 0.12
Dioxide Nickel (T) 0.035 0.072
(chloride-
ilmenite
process)

Aluminum Fluoride (T) 0.63 1.3
Fluoride Chrcrnium (T) 0.0045 0.013

Nickel (T) 0.0024 0.0079

(oontinued)
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Table 2-2. Continued

Effluent Limi:t:ations

Subcategory Parameter ---------------------------------
Max 24-hr

30-day Avg Max
kgjkkg (or lb/l000 lb) of product

Chrane QmJrni.um 0.13 0.31
Pigrrents Lead (T) 0.15 0.36

Zinc (T) 0.13 0.31

Copper Sulfate Copper (T) 0.0010 0.0030
Nickel (T) 0.0020 0.0060
Selenium (T) 0.00050 0.0015

Hydrogen Cyanide A 0.021 0.10
Cyanide Cyanide (T) 0.23 0.65

Total Residual
Chlorine 0.051 0.086

Nickel Sulfate Copper (T) 0.00024 0.00074
Nickel (T) 0.00024 0.00074

Sodium ())D 0.95 3.8
Bisulfite Chronium (T) 0.00063 0.0020

Zinc (T) 0.0015 0.0051

9



TABLE 2-3. SUMMARY OF REGULATIONS 
PRETREATMENT STANDAROO FOR EXISTING
SOURCES (PSES)

ehlor-alkali Mercury (T) 0.048 0.00010 O.ll 0.00023
Mercury cells

ehlor-alkali Copper ·(T) 0.80 0.0070 2.1 0.018
Diaphragm Lead (T) 1.1 0.010 2.9 0.026
cells Nickel (T) 0.64 0.0056 1.6 0.014

Hydrofluoric Fluoride (T) 50 1.6 100 3.4
Acid Nickel (T) 0.20 0.0060 0.66 0.020

Zinc (T) 0.66 0.022 2.2 0.072

Sodium Chranium (T) 0.50 0.0044 1.0 0.0088
Did1rcJnate Hexavalent O1rcmium 0.060 0.00050 0.11 0.00090

Nickel (T) 0.40 0.0034 0.80 0.0068

Titanium Chraniurn (T) 0.44 0.21 LO 0.48
Dioxide Nickel (T) 0.29 0.14 0.60 0.29
(sulfate
process)

Titanium Chraniurn (T) 0.30 0.030 0.57 0.057
Dioxide
(chloride
process)

Titanium Chrani.urn (T) 0.44 0.053 LO 0.12
Dioxide Nickel (T) 0.29 0.035 0.60 0.072
(chloride-
ilmmite
process)

Chrare Chranium (T) 1.2 0.13 2.9 0.31
Pigments lead (T) 1.4 0.15 3.4 0.36

Zinc 1.2 0.13 2.9 0.31

(continued)

Effluent Limitations

24-hr
~..ax

(rrg/l) or (kgjkkg)

10

Max 30-day
Avg

(rrg/l) or (kg/kkg)

ParameterSubcategory



TABlE 2-3. Continued

Effluent Limitations

Subcategory Parameter ---------------------------
Max 30-day 24-hr

Avg Max
(rrg/l) or (kg/kkg) (rrg/l) or (kg/kkg)

Copper Copper (T) 1.1 0.0010 3.2 0.0030
Sulfate Nickel (T) 2.1 0.0020 6.4 0.0060

Seleniun (T) 0.53 0.00050 1.6 0.0015

Hydrogen Cyanide A 0.36 0.021 1.7 0.10
Cyanide Cyanide (T) 4.0 0.23 11 0.65

Nickel Copper (T) 0.36 0.00024 1.1 0.00074
Sulfate Nickel (T) 0.36 0.00024 1.1 0.00074

Sodium COD 630 0.95 2500 3.8
Bisulfate Chranium (T) 0.42 0.00063 1.3 0.0020

Zinc (T) 1.0 0.0015 3.4 0.0051

11



ehlor-alkali TSS 0.32 0.64
r-Ercury Cells Mercury (T) 0.00010 0.00023

Total Residual
Chlorine 0.0019 0.0032

pH 6.0 to 9.0

Ollor-alkali TSS 0.32 1.0
Diaphragm cells Lead (T) 0.0018 0.0047

Total Residual
Chlorine 0.0079 0.013

til 6.0 to 9.0

Hydroflmric TSS 3.0 6.0
Acid Fluoride (T) 1.6 3.4

Nickel (T) 0.0060 0.020
Zinc (T) 0.022 0.072
pH 6.0 to 9.0

Sodium TSS 0.22 0.44
pid1romate Chrani.un (T) 0.0044 0.0088

Hexavalent
Chromium 0.00050 0.00090

Nickel '(T) 0.0034 0.0068
pH 6.0 to 9.0

Titanium TSS 30 110
Dioxide Iron (T) 1.2 4.0
(sulfate Chranium (T) 0.14 0.27
process) Nickel (T) 0.095 0.18

pH 6.0 to 9.0

Titanium TSS 4.0· 14
Dioxide Iron (T) 0.16 0.52
(chloride Chromium (T) 0.012 0.023
process) rH 6.0 to 9.0

(continued)

Subcategory

TABLE 2-4. S~ OF REGULATIONS -
NEW SOURCE PERFOffi1llNCE STANDARDS (NSPS)

Effluent Limitations

Parameter
Max 24-hr

30-day Avg Max

12
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TABLE 2-4. Continued

Effluent Lirnitations

Subcateqory Parameter ---------------------------------
Max 24-hr

30-day Avg Max pH Bange
kgjkkg (or lb/lOOO 1£) of product

Titanium TSS 2.4 8.4
Dioxide Iron (T) 0.096 0.32
(chloride- Clrcmium (T) 0.0072 0.014
ilmenite Nickel (T) 0.010 0.020
process) fH 6.0 to 9.0

Aluminum TSS 1.2 2.4
Flmride Flooride (T) 0.63 1.3

Chrcmium (T) 0.0045 0.015
Nickel (T) 0.0024 0.0079
pH 6.0 to 9.0

01r0me TSS 3.8 9.1
Pigments Chromium (T) 0.13 0.31

Lead (T) 0.15 0.36
Zinc (T) 0.13 0.31
pH 6.0 to 9.0

Copper Sulfate TSS 0.023 0.069
Copper (T) 0.0010 0.0030
Nickel (T) 0.0020 0.0060
Selenium (T) 0.00050 0.0015
};if 6.0 to 9.0

Hydrogen TSS 3.2 8.6
Cyanide Cyanide A 0.021 0.10

Cyanide (T) 0.23 0.65
'Ibtal Residual

Chlorine 0.051 0.086
pH 6.0 to 10.5

Nickel Sulfate TSS 0.032 0.096
Copper (T) 0.00024 0.00074
Nickel (T) 0.00024 0.00074
pH 6.0 to 9.0

(continued)
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TABLE 2-4. Continued

Effluent Limitations

6.0 to 9.0

0.32
3.8
0.0020
0.0051

14

0.080
0.95
0.00063
0.0015

Max 24-hr
30-day Avg Max

-------------------Parameter

TSS
000
Chranium (T)
Zinc (T)

Iii

Sodium
Bisulfite

Subcategory



TABLE 2-5. SUMMARY OF REGUlATIONS -
PREI'REATMENr STANDARDS FOR NEW SOURCES (PSNS)

Effluent Limitations

Swcategory Parameter -----------------------
Max 24-hr

30-day Avg Max
(nq/l) or (kg!kkg) (nq/l) or (kg/kkg)

Ollor-alkali Mercury 0.048 0.00010 0.11 0.00023
Mercury cells

ehlor-alkali Lead (T) 0.21 0.0018 0.53 0.0047
Diaphragm cells

Hyd.roflroric Flooride (T) 50 1.6 100 3.4
Acid Nickel (T) 0.20 0.0060 0.66 0.20

Zinc (T) 0.66 0.022 2.2 0.072

Sodium Chranium (T) 0.50 0.0044 1.0 0.0088
Dichromate Hexavalent

Chranium 0.060 0.00050 0.11 0.00090
Nickel (T) 0.40 0.0034 0.80 0.0068

Titanium Iron (T) 2.5 1.2 8.5 4.0
Dioxide Chromium (T) 0.30 0.14 0.57 0.27
(sulfate Nickel (T) 0.20 0.095 0.38' 0.18
process)

Titanium Iron (T) 1.6 0.16 5.3 0.52
Dioxide Chranium (T) 0.12 0.012 0.23 0.023
(chloride
process)

Titanil.lYl Iron (T) 1.6 0.096 5.3 0.32
Dioxide Chrcmium (T) 0.12 0.0072 0.23 0.014
(chloride- Nickel (T)- 0.17 0.010 0.33 0.020
ilirenite
process)

Chrare Chranium (T) 1.2 0.13 2.9 0.31
Pigments Lead (T) 1.4 0.15 3.4 0.36

Zinc (T) 1.2 0.13 2.9 0.31

{continued}
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TABLE 2-5. Continued

Effluent Limitations

Subcategory Paramater
--------------------------------~----------

Max 24-hr
30-day Avg Max

(m:r/i ) or (kg/kkg) (rrg/i) or (kg/kkg)

Copper Copper (T) 1.1 0.0010 3.2 0.0030
Sulfate Nickel (T) 2.1 0.0020 6.4 0.0060

Seleniun (T) 0.53 0.00050 1.6 0.0015

Hydrogen Cyanide A 0.36 0.021 1.7 0.10
Cyanide Cyanide (T) 4.0 0.23 11 0.65

Nickel Copper (T) 0.36 0.00024 1.1 0.00074
Sulfate Nickel (T) 0.36 0.00024 1.1 0.00074

Sodium COD 630 0.95 2500 3.8
Bisulfite Chraniun (T) 0.42 0.00063 1.3 0.0020

Zinc (T) 1.0 0.0015 3.4 0.0051
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SECTION 3

INTRODUCTION

AUTHORITY

The Federal Water Pollution Control Act Amendments

The Federal Water Pollution Control Act (the Act) Amendments of 1972,
33 USC 1251 et seq., stated the national goal of attaining by July 1,
1983, a water quality which provides for the protection and
propagation of fish and shellfish, for recreation in or on the
nation's waters, and the goal of eliminating the discharge of
pollutants into navigable waters by 1985.

Purpos~ and Authority

The Federal Water Pollution Control Act Amendments of 1972 established
a comprehensive program to "restore and maintain the chemical,
physical, and biological integrity of the Nation's waters," Section
101(a). By July 1, 1977, existing industrial dischargers were
required to achieve "effluent limitations requiring the application of
the best practicable control technology currently available" ("BPT"),
Section 301(b)(1)(A); and by July 1, 1983, these dischargers were
required to achieve "effluent limitations requiring the application of
the best available technology economically achievable ... which will
result in reasonable further progress toward the national goal of
eliminating the discharge of all pollutants" ("BAT"), Section
301(b)(2)(A). New industrial direct dischargers were required to
comply with Section 306 new source performance standards ("NSPS"),
based on best available demonstrated technology; and new and existing
dischargers to publicly owned treatment works ("POTW") were subject to
pretreatment standards under Sections 307(b) and (c) of the Act.
While the requirements for direct dischargers were to be incorporated
into National Pollutant Discharge Elimination System (NPDES) permits
issued under Section 402 of the Act, pretreatment standards were made
enforceable directly against dischargers to POTW (indirect
dischargers).

Although Section 402(a)(1) of the 1972 Act authorized the setting of
requirements for direct dischargers on a case-by-case basis, Congress
intended that for the most part control requirements would be based on
regulations promulgated by the Administrator of EPA. Section 304(b)
of the Act required the Administrator to promulgate regulations
providing guidelines for effluent limitations setting forth the degree
of effluent reduction attainable through the application of BPT and
BAT. Moreover, Sections 304(c) and 306 of the Act required
promulgation of regulations for NSPS, and Sections 304(f), 307(b), and
307(c) required promulgation of regulations for pretreatment
standards. In addition to these regulations for designated industry
categories, Section 307(a) of the Act required the Administrator to

17
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The EPA was unable to promulgate many of these regulations by the
dates contained in the Act. In 1976, EPA was sued by several
environmental groups, and in a settlement of this lawsuit EPA and the
plaintiffs executed a "Settlement Agreement" which was approved by the
Court. This Agreement required to EPA to develop a program and adhere
to a schedule for promulgating BAT effluent limitations guidelines,
pretreatment standards, and new source performance standards for 65
"priority" pollutants and classes of pollutants for 21 major
industries. See Natural Resources Defense CounCil, Inc. versus Train,
9 ERC 2120 (D.D.C. 1976), modified March 9, 1979.

In keeping with its emphasis on toxic pollutants, the Clean Water Act
of 1977 also revises the control program for non-toxic pollutants.
Instead of BAT for "conventional" pollutants identified under Section
304(a)(4) (including biochemical oxygen demand, suspended solids,
fecal coliform and pH), the new S~ction 301(b)(2)(E) requires
achievement by July 1, 1984, of "effluent limitations requiring the
application of the best conventional pollutant control technblogy"
("BCT"). The factors considered in assessing BeT for an industry
include the cost of attaining a reduction in effluents and the
effluent reduction benefits derived compared to the costs incurred by
and the effluent reduction benefits from a publicly owned treatment
works (Section 304(b)(4)(B}). For non-toxic, nonconventional
pollutants, Sections 301 (b}(2)(A) and (b}(2)(F) require achievement of
BAT effluent limitations within three years after their establishment
or by July 1, 1984, whichever is later, but not later than July I,
1987.

list of toxic pollutants and promulgate effluent standards
to all dischargers of toxic pollutants. Finally, Section
the Act authorized the Administrator to prescribe any

regulations "necessary to carry out his functions" under

On December 27, 1977, the President signed into law the Clean water
Act of 1977. Although this law makes several important changes in the
Federal water pollution control program, its most significant feature
is its incorporation of several of the basic elements of the
Settlement Agreement program for toxic pollution control. Sections
301 (b)(2)(A) and 301 (b)(2)(C) of the Act now require the achievement
by July 1, 1984, of effluent limitations requiring application of BAT
for "toxic" pollutants, including the 65 "priority" pollutants and
classes of pollutants which Congress declared "toxic" under Section
307(a) of the Act. Likewise, EPA's programs for new source
performance standards and pretreatment standards are now aimed
principally at toxic pollutant controls. Moreover, to strengthen the
toxics control program Section 304(e) of the Act authorizes the
Administrator to prescribe "best management practices" ("BMPs") to
prevent the release of toxic and hazardous pollutants from plant site
runoff, spillage or leaks, sludge or waste disposal, and drainage from
raw material storage associated with, or ancillary to, the
manufacturing or treatment process.

develop a
applicable
501 (a) of
additional
the Act.



The purpose of these regulations is to provide effluent limitations
guidelines for BPT, BAT, and BCT, and to establish NSPS, pretreatment
standards for existing sources (PSES), and pretreatment standards for
new sources (PSNS), under Sections 301, 304, 306, 307, and 501 of the
Clean Water Act.

The United States Environmental Protection Agency (the Agency) was
entrusted with the responsibility to carry out the requirements of the
Act, and initiated an intensive effort to develop the necessary
regulatory means which would achieve the stepwise reduction and
el.imination of pollutant discharge practices in all major U.S.
Industries. ~Qr the Inorganic Chemicals Manufacturing Point Source
Category, the Agency designed a comprehensive, tw6 phase program to
identify the control parameters and establish the technological basis
for regulations development. Phase I covered 22 Major Inorganic
Chemical Products (1), and the final regulations for these industrial
subcategories were published in the Federal Register on March 12,
1974. The regulations included specific numerical effluent
limitations and standards of performance for both existing and new
sources. Zero-discharge requirements specified for many of the
subcategories were to be applied either at the 1977 BPT step or later.
Phase II of the Agency's effort resulted in the promulgation of BPT
based effluent limitations for an additional group of 27 subcategories
referred to as Significant Inorganic Chemical Products (2). The
interim final regulations were published on May 22, 1975. Taken
together, the two groups of regulations cover 49 inorganic chemical
subcategories, many of which include more than one specific chemical
product. Although some toxic pollutants were covered in cases where a
direct relationship to the process was obvious (e.g., mercury and/or
lead in the Chlor-Alkali Industry), the main thrust of the regulations
was the control of the pollutant parameters which accounted, in terms
of quantity, for most of the pollution loading of navigable waters
attributable to the manufacture of inorganic chemicals.

Court Remand of Regulations

On March 10, 1976, the United States Court of Appeals for the Fourth
Circuit decided in E.I. du Pont de Nemours & Company, et al. versus
Train, 541 F. 2d 1018 (4th Cir. 1976), to set aside and remand for
reconsideration a number of general definitions and specific discharge
regulations promulgated in 1974. These regulations are all within
Title 40, Parts 401 and 415 of the Code of Federal Regulations and are
listed below:

General Provisions
401.11 (i) - Definition of effluent limitations
401.11 (q) - Definition of process wastewater
401.11 (r) - Definition of process wastewater pollutant

Chlor-Alkali
415.63 - BATEA

Hydrochloric Acid
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415.72 - BPCTCA
415.73 - BATEA
415.75 - New sources

Hydrofluoric'Acid
415.82 - BPCTCA
415.83 - BATEA
415.85 - New sources

Nitric Acid
415.102 - BPCTCA
415.103 - BATEA
415.105 - New sources

Sodium Carbonate
415.152 - BPCTCA
415.153 - BATEA
415.155 - New sources

Sodium Dichromate
415.173 - BATEA

Sodium Metal
415.182 - BPCTCA
415.183 - BATEA
415.185 - New sources

Sodium Silicate

415.192 - BPCTCA
415.193 - BATEA
415.195 - New sources

Sulfuric Acid
415.210 - Applicability
415.212 - BPeTCA
415.213 - BATEA
415.215 - New sources

Titanium Dioxide
415.220 - Applicability
415.222 - BPCTCA
415.223 - BATEA
415.225 - New sources

Fo~ the most part, the main target of the remand was the zero
discharge regulations from which the industry petitioners sought
relief on grounds of technological infeasibility. During 1975, the
Agency funded a special study of the remand issues (3) and was
prepared to propose amended regulations.
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Following the court remand of the Phase I final regulations, the
Agency revoked the Phase II interim final and proposed regulations
published in May, 1975, for Aluminum Fluoride, Chrome Pigments,
Hydrogen Cyanide, and Sodium Silicofluoride. In this instance, the
Agency's intent was to reconsider the specific effluent limitations
established for these industries (1977 step) in the light of
information made available on process differences between plants and
additional data on the actual concentrations and treatability of the
regulated discharge constituents. The information was presented to
the Agency in the form of various documents prepared by members of the
industries concerned. These sources are also cited in the appropriate
sections of this report.

The Settlement Agreement

A consent decree was issued in a suit filed by four environmental
groups in Natural Resources Defense Council versus Train, 9 ERC 2120
(June 8, 1976) modified 12 ERC 1833 (December 15, 1978). The consent
decree contained a Settlement Agreement wherein the Agency agreed to
regulate 65 toxic pollutants under Sections 301, 304, 306, and 307 of
the Act in accordance with the schedule and provisions stipulated.
The original list of 65 chemicals and classes of chemicals attached to
the Settlement Agreement was redefined to cover 129 chemical
substances, including specific organic compounds, pesticides and their
metabolites, polychlorinated biphenyls (PCB's), cyanide, 13 heavy
metals and asbestos. Table 3-1 lists the 129 toxic pollutants
(sometimes referred to in the literature as "priority pollutants").

The Settlement Agreement also identified 21 point source categories
and specified the scope of application of effluent limitations, new
source performance standards, and pretreatment standards within each
category in terms of the Standard Industrial Calssification (SIC) code
numbers. For the Inorganic Chemicals Manufacturing Point Source
Category, the major industries included are:

SIC\2182 - Alkalies and Chlorine
SIC iS13 - Industrial Gases
SIC 2816 - Inorganic Pigments
SIC 2819 - Industrial Inorganic Chemicals,

Not Elsewhere Classified

Within these industries, the Agency has identified 63 subcategories
listed in Table 3-2 for the initial study. Most of these
subcategories, 49 .in ...all,· had. already bElen coyereqpy BPT and BAT
discharge regulat1~1is'ptoinulgated in 1974 and 1975. Those regulations
established point of discharge control levels for the conventional
'parameters such as pH, TSS, BOD, and oil and grease. In many cases,
specific chemical parameters were regulated, particularly Arsenic,
Chromium, Copper, Mercury, Nickel, Lead, Selenium, Zinc, and Cyanide,
which are now included in the list of toxic pollutants. Other
regulated parameters such as aluminum, barium, iron, ammonia, fluoride
and sulfide are not presently listed as toxic chemicals but are to be
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already covered
subcategory and

No's. 60, 61 and 62 (Potassium Permanganate, Zinc Oxide, and
Lithium Carbonate) have only one plant each (or one plant with a
wet process discharge), and represent nonsignificant discharges
of toxic pollutants. No's. 27 and 28 (Copper Oxide and Manganese
Sulfate) are also single plants, but were covered in screening.

No's. 36 through 59 have existing BPT or BAT regulations
requiring zero discharge of process wastewater to navigable water
and there are no known discharges to a POTW. Continued
enforcement of the existing regulations will provide adequate
control of toxic pollutants.

No. 63, Ferrous Sulfate, is
Dioxide Sulfate Process
separate consideration.

The I.e~ai,ning 35 nonexcluded sUbcCltl~\9.9F~es~lTable3-2, No's. 1 through
35) are' covered'fnthis"t·eport. .This group also includes the 11
subcategories whose final regulations were remanded for restudy in
E.!. du Pont de Nemours and Company, et al. versus Train, supra, and
the four additional subcategories whose interim, final or proposed
regulations were revoked and ~eserved by the Agency.

It was anticipated by the Agency that a substantial number of the 35
industries to be screened would also qualify for exclusion under
Paragraph 8 on the basis of the analytical results obtained from the
process wastewater toxic pollutant screening program. A preliminary
prioritization indicated that the initial detailed study and
regulation development would focus on the first 15 subcategories.

This judgment has been substantially supported by the analytical
results of the screening programs and a number of additional
exclusions are being recommended for subcategories in which
nonsignificant toxic pollutant discharges have been determined. A
detailed presentation of the analytical results is given under the
individual subcategory sections of this report. The additional
recommended exclusions include the following:

treated as nonconventional pollutants
limitations and standards of performance.

Nearly half of the initial 63 subcategories have been recommended for
exclusion from this study on the basis of specific provisions for such
exclusion under Paragraph 8 of the Settlement Agreement. The bases
for these exclusions are as follows:

, A.
1
I

\
)





Subcategories Designated for Initial Study

TABLE 3-2. SOOPE OF INDUSTRY OOVERAGE WITHIN THE INORGANIC
C1iEMICALS MANUFACl'URING POINI' SOURCE CATEOORY

1. Chlor-Alkali
2. Hydrofluoric Acid
3. Hydrogen Peroxide
4. Titanium Dioxide
5. Aluminum Fluoride
6. Chrane Pigrrents
7. Hydrogen Cyanide
8. Soditm Dichratate
9 • Carbon Dioxide

10. Carbon Monoxide/Hydrogen
li. Copper Sulfate
12. Nickel Sulfate
13. Silver Nitrate
14. Scx:lium Bisulfite
15. Sodium Hydrosulfite
16. Hydrochloric Acid
17. Nitric Acid
18. Sodium Carbonate
19 • Sodium Metal
20. Sodium Silicate
21. Sulfuric Acid
22. Amoonium Chloride
23. Amooniurn Hydroxide
24. Barium Carbonate
25. Boric Acid
26. Calcium Carbonate
27. Copper OXide
28. Manganese Sulfate
29 • Strong Nitric Acid
30. oxygen and Nitrogen
31. Potassium Iodide
32. Sodium Hydrosulfide
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33. Sodium Silicoflooride
34. Sodium Thiosulfate
35. Sulfur Dioxide
36. Branine
37. Calcium Hydroxide
38. Chromic Acid
39 • Floorine
40. Hydrogen
41. Iodine
42. Potassium Chloride
43. Stannic Oxide
44. Zinc Sulfate
45. Calcium Carbide
46. Calcium Oxide
47. Potassium Metal
48. Potassium Sulfate
49. Sodium Bicarbonate
50. Borax
51. Ferric Chloride
52. Lead r-tmoxide
53. Sodiun Flooride
54. Aluninun Chloride
55. Aluninum Sulfate
56. Potassittn Dichranate
57. Calcitm Chloride
58. Sodium Chloride
59. Sodium Sulfite
60 • Potassium Permanganate
61. Zinc Oxide
62. Lithitm Carbonate
63. Ferrous Sulfate
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The following paragraphs briefly describe the major study tasks and
their results as they are presented in this r~port.

Silver Nitrate, No. T3, and Sodium Silicofluotide, No. 33, are being
deferred for future study under Phase Il of the BAT regulation
development program for Inorganic Chemicals. This deferrment was
caused by problems with plant access during the course of the present
study.

. \

SUbcategor:i.

( ~i~~~~e~i~~~~~i<le-'l
~~~:'"~V~~~~~·if·~1~r'?2en j

Hydrochloric Acid
Nitric Acid
Sodium Carbonat~

Sodium Metal
Sulfuric Acid
Ammonium Chlori~e

Ammonium Hydroxide
Barium Carbonat~

Boric Acid
Calcium Carbonate
Copper Oxide (ooe plant)
Manganese Sulfate (one plant)
Strong Nitric A~id

Oxygen and Nitr~gen

.Potassium Iodid~

Sodium Hydrosuifide
Sodium Thiosulfqte
Sulfur Dioxide

Number

3 .
9.
1O.
15.
16.
17.
18.
19.
21 .
22.
23.
24.
25.
26.
27.
28.
29.
30.
31 •
32.
34.
35.

General Approach and Methodology

Initiating and undertaking a comprehensiv~ study of the toxic
pollutant problem in the Inorganic Chemicals Industry was preceded by
an intensive evalutation by the Agency of the kinds of data and
supporting information that should be ass~mbled as a basis for the
development of regulations. All major decisi~ns on the identity of
pollutants and the establishment of effluent limitations and standards
of performance for each subcategory had to be suportable by documented
evidence collected from operating production facilities. Similarly,
the necessary information on production tates, processes, raw
materials, water use, waste sources, and treatment technologies in
practice has to be acquired with sufficient detail and breadth of
coverage to permit an analysis of the ~ngineering and economic
variables that are characteristic of each subcategory. Toxic
pollutant control regulations would be ba~ed on the application of
best available technology for treatment and reliable performance
evaluations for the removal of specific waste substances.



Industry Data Base Development and Subcategorization Review

Information from individual manufacturers and previous study documents
was reviewed in detail and an evaluation of the appropriateness of
subcategorization was performed. Section 4 presents a discussion of
the factors considered in subcategorization and presents the rationale
for maintaining the present scheme of subcategorization for the
industries studied.

The Screening and Verification Sampling Programs

The collection of detailed analytical data on conventional,
nonconventional and toxic pollutant concentrations in raw and treated
process waste streams was completed in a two-phase sampling program.
The first phase, screening, was designed to provide a representative,
one-time 72-hour sampling of a plant in each subcategory in order to
determine the presence of toxic and other pollutants and to evaluate
their potential environmental significance. The sampling and
analytical methodology is described in Section 5, along with the basis
for making a decision on the need for verification sampling in each
subcategory.

Engineering Evaluations

Section 6 describes the procedures and sources used in developing the
industry productions and wastewater generation characteristics that
form the basis of the model plant concept. The sources of detailed
process and waste treatment information are also presented. Section 7
contains an evaluation of treatment technology presently applied in
BPT systems and advanced technologies that may be recommended for BAT
and NSPS applications. Section 8 provides estimates of the
treatablilty of selected toxic and nonconventional pollutants to be
applied in the development of achievable performance characteristics
for specific technologies. Section 8 also presents a discussion of
the approach taken in statistical analysis of long-term monitoring
data. The statistically derived parameters, including variability
factors for the 24-hour maximum and maximum 3D-day average limitations
are presented in Appendix A. Section 9 lays the groundwork for the
estimation of pollutant removal performances for each nonexcluded
subcategory. The candidate toxic pollutants to be controlled in each

. subcategory are identified on the basis of the screening and
verification data and the rationale for the application of advanced
level technologies is presented.

Treatment System Cost Estimates

Section 1D presents the general approach to cost estimating, discusses
the assumptions made, and gives the detailed cost estimates for
alternative levels of treatment and control. For each subcategory
verified r the total estimated installed cost of a typical BPT
treatment system is developed on the basis of the model plant design
specifications and estimated incremental costs are given for each of
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the advanced level treatment alternatives. Costs of RCRA compliance
and implementation have not been included in these cost estimates.
Figures for RCRA costs are included in a supplementary document,
"Contractor Report on RCRA ISS Compliance costs for Selected Inorganic
Chemicals Industries". RCRA costs are considered in the Economic
Impact Analysis of Pollution Control Technologies for Segments of the
Inorganic Chemicals Manufacturing Industry, EPA 440/2-81-023.

Treatability Study

Data was collected through a treatability study to evaluate the
achievable performance of proposed BAT for the treatment and control
of pollutant discharges, and to provide empirical treatment system
performance information applicable to selected inorganic chemical
subcategories. The study, completed in July 1980, specifically
concentrated on those subcategories in the Inorganic Chemicals
Industry for which analytical data on raw wastewaters and treated
effluents either did not exist or was deficient, and for which data
were needed for purposes of comparison with proposed effluent
limitations. Subcategories for which treatability was studied
include:

Nickel Sulfate
Hydrofluoric Acid
Copper Sulfate
Chlor-Alkali (Diaphragm Cells)
Titanium Dioxide (Chloride Process)
Chrome Pigments
Sodium Dichromate
Sodium Bisulfite
Sodium Hydrosulfite

General Criteria for Effluent Limitations

BPT Effluent Limitations

The factors considered in defining best practicable control technology
currently available (BPT) include the total cost of applying such
technology in relation to the effluent reductions derived from such
application, the age of equipment and facilities involved, the process
employed, non-water quality environmental impacts (including energy
requirements), and other factors the Administrator considers
appropriate (Section 304 (b) (1) (B). In general, the BPT technology'
level represents the average of the best existing performances of
plants of various ages, sizes, processes, or other common
characteristics. Where existing performance is uniformly inadequate,
BPT may be transferred from a different subcategory or category. BPT
focuses on end-of-pipe treatment rather than process changes or
internal controls, except where such are common industry practice.
The cost/benefit inquiry for BPT is a limiteQ balancing, committed to
EPA's discretion, which does not require the Agency to quantify
benefits in monetary terms. See, e.g., American Iron and Steel
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Institute v. EPA, 526 F. 2d 1027 (3rd Cir. 1975). In balancing costs
in relation to effluent reduction benefits, EPA considers the volume
and nature of existing discharges, the volume and nature of discharges
expected after application of BPT, the general environmental effects
of the pollutants, and the cost and economic impacts of the required
pollution control level. The Act does not require or permit
consideration of water quality problems attributable to particular
point sources or industries, or water quality improvements in
particular water bodies. Therefore, EPA has not considered these
factors. See Weyerhaeuser Company v. Costle, 590 F.2d 1011 (D.C. Cir.
1978) .

BAT Effluent Limitations

The factors considered in assessing best available technology
economically achievable (BAT) include the age of equipment and
facilities involved, the process employed, process changes, non-water
quality environmental impacts (including energy requirements) and such
other factors as the Administrator deems appropriate. (Section 304
(b) (2) (B)). At a minimum, the BAT technology level represents the
best economically achievable performance of plants of various ages,
sizes, processes, or other shared characteristics. As with BPT,
uniformly inadequate performace may require transfer of BAT from a
different subcategory or category. BAT may include process changes or
internal controls, even when these technologies are not common
industry practice. The statutory assessment of BAT "considers" costs,
but does not require a balancing of costs against effluent reduction
benefits (see Weyerhaeuser v. Costle, supra). In developing the BAT
regulations, however, EPA has given substanital weight to the
reasonableness of costs. The Agency has considered the volume and
nature of discharges, the volume and nature of discharges expected
after application of BAT, the general environmental effects of the
pollutants, and the costs and economic impacts of the required
pollution control levels. Despite this expanded consideration of
costs, the primary determinant of BAT is effluent reduction
capability. As a result of the Clean Water Act of 1977, 33 USC 1251
et ~ the achievement of BAT has become the principal national means
of controlling water pollution due to toxic pollutants.

BCT Effluent Limitations

The 1977 amendments added Section 301 (b) (2) (E) to the Act,
establishing "best conventional pollutant control technology" (BCT)
for discharges of conventional pollutants from existing industrial
point sources. Conventional pollutants are those defined in section
304 (b) (4) -BOD, TSS, fecal coliform, and pH. Oil and grease was
designated by the Administrator as "conventional" on July 30, 1979, 44
FR 44501. BCT is not an additional limitation, but replaces BAT for
the control of conventional pollutants.

Section 304(b)(4)(B) of the Act requires that BCT limitations be
assessed in light of a two part "cost-reasonableness" test. American
Paper Institute v. EPA, 660 F.2d 954 (4th Cir. 1981). The first test
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In the diaphragm cell segment of the Chlor-Alkali Subcategory, the
cost for removal of additional conventional pollutants is $0.53 per
pound. The calculation is as follows:

where $0.22 is the increased cost for aAT filtration over BPT
treatment cost in dollars per kkg of production, 0.51 kg/kkg is the
BPT total suspended solids maximum 30-day average limitation from
Table 11-35, and 0.32 kg/kkg is the achieva~le maximum 30-day average
TSS loading level with filtration. One kilogram (kg) is 2.2 pounds.

compares the cost for private industry to reduce its conventional
pollutants with the costs to publicly owned treatment works for
similar levels of reduction in their discharge of these pollutants.
The second test examines the cost-eff~ctiveness of additional
industrial treatment beyond BPT. EPA must find that limitations are
"reasonable" under both tests before establishing them as BCT. In no
case may BCT be less stringent than BPT. EPA published its
methodology for carrying out the BCT analysis on August 29, 1979 (44
FR 50732). However, that cost test was remanded by the United States
Court of Appeals for the Fourth Circuit. American Paper Institute ~
EPA, 660 F.2d 954 (4th Cir. 1981). The Court of Appeals ordered EPA
to correct data errors underlying EPA's calculation of the first test,
and to apply the second cost test. (EPA had argued that a second cost
test was not required). The Agency is currently developing a new
methodology.

The proposed regulations had set BCT equal to BPT in all subcategories
except for the Chlor-Alkali subcategory (Diaphragm Cell Segment) and
the Hydrofluoric Acid subcategory, either because BPT was set equal to
BAT or because additional TSS removal failed the Agency's original
"cost-reasonableness· test. In the Chlor-Alkali (Diaphragm Cell) and
Hydrofluoric Acid subcategories, additional TSS removal passed our
original test. Pending formulation by th~ Agency of a new BCT
methodology, the Agency is deferring promulgation of BCT limitations
for the Chlor-Alkali (Diaphragm Cell) and Hydrofluoric Acid
subcategories. BPT is the minimum level of BeT control required by
law. In all other subcategories, we have identified no other
economically achievable technologies which result in significant
additional removal of conventional pollutants. No possible
reassessment of BCT pursuant to the Court's ~emand could result in BCT
limitations different than those promulgated. Accordingly, the Agency
is promulgating BCT equal to BPT for all oth~r subcategories.

The cost calculations for the Chlor-Alkali (Diaphragm Cell) and
Hydrofluoric Acid subcategories are presenteq below.

of
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removal
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$0.53 per pound
of TSS removed,
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pollutants is $0.32

$0.22 =
(0.51 kg/kkg - 0.32 kg/kkg)

In the Hydrofluoric Acid
additional conventional
calculation is as follows:
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New Source Performance Standards

Pretreatment Standards for Existing Sources

$0.32 per pound
of TSS removed,

$1.46 =
(5.3 kg/kkg - 3.2 kg/kkg)

The Agency is promulgating PSES for the Chlor-Alkali(Diaphragm Cell)
and Chrome Pigments Subcategories and the Agency is amending the
existing PSES for the Copper Sulfate and Nickel Sulfate Subcategories.
The Agency is excluding the Chlor-Alkali(Mercury cell), Hydrofluoric
Acid, Sodium Dichromate, Titanium Dioxide, Hydrogen Cyanide, and
Sodium Bisulfite Subcategories from national categorical PSES under
the provisions of Paragraph 8(b) of the Settlement Agreement because

The basis for new source performance standards (NSPS) under Section
306 of the Act is the best available demonstrated technology. New
plants have the opportunity to design the best and most efficient
inorganic chemicals manufacturing processes and wastewater treatment
technologies, and Congress therefore directed EPA to consider the best
demonstrated process changes, in-plant controls, and end-of-pipe
treatment technologies which reduce pollution to the maximum extent
feasible.

Section 307 (b) of the Act requires EPA to promulgate pretreatment
standards for existing sources (PSES) which must be achieved within
three years of promulgation. PSES are designed to prevent the
discharge of pollutants which pass through, interfere with, or are
otherwise incompatible with the operation of POTWs. The Clean Water
Act of 1977 also requires pretreatment for pollutants, such as toxic
metals, that limit POTW sludge management alternatives, including the
beneficial use of sludges on agricultural lands. Pretreatment is
required for toxic pollutants that would pass through a POTW in
amounts that would violate direct discharger effluent limitations.
EPA has generally determined that there is pass through of pollutants
if the percent of pollutants removed by a well-operated POTW achieving
secondary treatment is less than the percent removed by the BAT model
treatment system. The legislative history of the 1977 Act indicates
that pretreatment standards are to be technology-based, analogous to
the best available technology for removal of toxic pollutants. The
general pretreatment regulations which served as the framework for
these pretreatment regulations can be found at 40 CFR Part 403, 43 FR
27736 (June 26,1978).

where $1.46 is the increased cost for BAT treatment over BPT treatment
cost in dollars per kkg of production from Table 12-16, where 5.3
kg/kkg is the BPT total suspended solids limitation from Table 12-21,
and where 3.2 kg/kkg is the effluent TSS loading achievable by
application of BAT. See Section 12.

In the Hydrofluoric Acid and Chlor-Alkali subcategories where BCT is
deferred, the TSS and pH limitations are the same as BPT.



the toxic pollutants in discharges to POTWs from sources in those
subcategories are below treatable levels or are so insignificant as
not to justify developing pretreatment standards. The Agency is not
promulgating PSES for the Aluminum Fluoride Subcategory because a
well-operated POTW with secondary treatment installed achieves better
percent removal of toxic pollutants than is provided by the BAT model
treatment system for this subcategory.

Pretreatment Standards for New Sources

Section 307 (c) of the Act requires EPA to promulgate pretreatment
standards for new sources (PSNS) at the same time that it promulgates
NSPS. New indirect dischargers, like new direct dischargers, have the
opportunity to incorporate the best available demonstrated
technologies including process changes, in-plant controls, and end-of
pipe treatment technologies, and to use plant site selection to ensure
adequate treatment system installation.

31





SECTION 4

SUBCATEGORIZATION REVIEW

Basis for Subcategorization

Factors Considered

The inorganic chemicals industry is very large and diversified and has
been segmented into subcategories for the purpose of establishing
effluent guidelines. Factors taken into consideration for
subcategorization include: raw materials used, product produced,
manufacturing process employed, geographical location, size and age of
equipment and facility involved, non-water-quality aspects of waste
characteristics, water pollution control technology, treatment costs,
energy requirements and solid waste disposal. Following is a
discussion of each of the general factors considered for this
industry.

A. Raw Materials

Different raw materials are used to manufacture a wide variety of
products, and vary from raw brines and ores to pure reagent
chemicals. Some processes use waste or by product streams from
other plants or from other processes within the same plant.

Because of this diversification, raw material characteristics
generally do not constitute a logical basis for
subcategorization. Variations in raw material quality or purity
are not normally sufficient to cause a great difference in
wastewater treatment needs, except in the case of trace toxic
materials which may occur in some sources but not in others.

B. Dominant Product

Subcategorization by chemical name of the dominant inorganic
chemical produced involves the least ambiguity in applying
standards to a given point source. This is critical because of
the great variety of product mix, manufacturing processes,
wastewater consitutents, and other factors at existing plants.
Subcategorization by product becomes less useful as product mix
increses in complexity because multi-product wastewater also
becomes more complex and less susceptible to simple uniform
treatment.

A subcategory established on the basis of product manufactured
might have two or more different processes but, in the majority
of cases, the characteristics of the wastewaters are similar and
the same treatment technology can be applied for different
process wastewater waters. If two or more dissimilar processes
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produce wastewater of different quality, and different treatment
technologies have to be used, then the subcategory has to be
further classified or segmented, for example, the Chlor-Alkali
Industry.

Plant size and production capacity were not found to affect the
characteristics of the waste produced. Although plant size can
affect treatment cost, this variability can be expressed
graphically or mathematically without the need for further
segmentation of the category.

geology, etc. is
and is primarily

itself, is not a

Thus, the influence of geography, climate,
reflected· in waste treatment modifications
manifested in the cost of treatment. This, of
good basis for subcategorization.

E. Plant Size

In the northern regions, climatic conditions may necessitate the
inclusion of special provisions to prevent freezing of treatment
system components, particularly biological oxidation units,
clarifiers, ponds, and open collection systems. The costs of
utilizing' waste heat sources from the process or providing
various types of thermal protection, such as insulation or burial
of pipes and tanks and building structural shelters, may add
considerably to the capital and O&M cost associated with a
treatment technology.

D. Geographical Location

Inorganic chemical plants exist in all parts of the United States
but subcategorization on this basis is not appropriate.
Geographical location is important in analyzing the feasibility
of various treatment alternatives. Evaporation ponds are
functional only in areas where evaporation exceeds rainfall.
Ocean dumping and deep well disposal are possible only in certain
areas, and must be consistent with local, State and Federal laws.
The possibility of ground water contamination may preclude the
use of unlined holding and settling ponds in many locations.

C. Manufacturing Process

Typically, inorganic chemicals are manufactured for captive or
merchant use in four or more steps starting from raw material to
final product. Two or more different products might use the same
process but then the raw materials used, process sequence,
control, recycle potential, handling, and quality control will
vary, producing wastes of different quality. Primary
subcategorization, therefore, by process is unlikely to be
useful. However, secondary subcategorization by process has been
necessary in some cases.



F. Plant Age

G. Non-Water-Quality Characteristics

Unfortunately, plant age does not readily lend itself to an
unambiguous definition where a series of plant modifications has
taken place. The extent of modifications also varies greatly
among plants within the same product industry. For those plants
that have been enlarged or modified from their original status,
plant age is not unambiguously calculable and therefore plant age
is not a reasonable basis for subcategorization.

by common
could provide
processes to
of the source
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From a technical viewpoint, subcategorization
technological requirements for treatment processes
a logical basis for selecting one or more unit
accomplish the same treatment function, regardless

Airborne emissions trom manufacturing operations can be kept
within air quality control limits through the use of cyclones,
wet scrubbers and other methods. The nature of the air pollution
is related to the product(s) manufactured and/or the raw
material(s) used. Since both of these elements vary widely
within the inorganic chemicals industry, there is no logic in
subcategorization on the basis of non-water-quality
characteristics.

Plant age can have an important bearing on wastewater volume and
quality and is, therefore, a significant factor to consider in
evaluating the applicability of treatment technologies and
assessing the relative costs of treatment for plants of widely
differing age producing the same or similar products. A
particular problem with older plants is that their present
patterns of water use may have evolved over a long period of time
with little consideration for the principles of efficient waste
segregation, collection, and treatment. To a limited degree,
plant modernization can correct or at least mitigate some of
these shortcomings in older facilities, however, only a small
proportion of the cost of revamping collection systems or of
converting from contact to noncontact cooling systems can be
offset by the resulting lower cost of treatment. In general,
older plants, even after considerable modernization, normally
have a higher volume of wastewater flow and higher waste loadings
(although pollutant concentrations may be lower due to poor
segregation from noncontact sources) in comparison to relatively
new plants. The present and forthcoming requirements for
pollution control may impose a severe treatment cost penalty on
older plants due to the need for backfitting and replumbing of
outdated collection systems. Land availability and land use
restrictions are also factors which may translate into higher
treatment costs for older facilities which find thenselves
surrounded by highly developed industrial and residential areas.

H. Treatment Cost



of the wastewater. For example, residuals of dissolved heavy
metals will respond to lime precipitation and sedimentation at
high pH without respect to the specific origin of the metals.
This Hbuilding block H concept could conceivably result in
selecting various combinations of unit processes to meet the
treatment requirements. However, if the treatment cost must be
expressed in terms of dollars per unit production, this method of
subcategorization crosses product lines and interferes with
comparison of treatment costs based on the production of a
specific chemical. Even if the unit operation is commonly
applicable for treating waste flows of different products, the
cost of treatment will fluctuate because of variations in
quality, loading and flow rates and subcategorization on the
basis of treatment cost is not recommended.

I. Energy Cost

Manufacturing processes in the Inorganic Chemicals Industry
typically have large energy requirements. In contrast,
wastewater treatment processes consume a small fraction of the
total energy used. There appears to be no major energy
requirements for the wastewater treatment facility and
subcategorization on the basis of energy cost is not justified.

J. Solid Waste

Not all inorganic manufacturing processes produce solid wastes.
Solid waste producers practice various disposal methods, such as
on-site landfills, contract hauling to approved dump sites or
incineration. Solid waste disposal 'becomes very site specific
and exhibits a wide range of costs. Because of the lack of
uniformity within the industry, solid waste generation and
disposal proctices are not a satisfactory basis for
subcategorization.

General Conclusions

If effluent limitations are to be tied to units of production, only
one method of primary subcategorization is broadly applicable to the
inorganic chemicals point source category; viz., subdivision by
dominant product. However, there are three subcategories, Chlor
Alkali, Titanium Dioxide, and Hydrogen Cyanide which require further
subdivision based on the difference in the quanity and quality of the
wastewater from the processes, and two others, Hydrofluoric Acid and
Aluminum Fluoride, have been reviewed for possible .integration (see
Section 4.3).

Secondary Subcategorization

Chlor-Alkali
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Mercury and diaphragm cells are the two distinct types of electrolytic
cells that are used in the production of chlorine and caustic soda.
Major process differences between mercury cell and diaphragm cell
plants produce corresponding differences in the volume.and nature of
wastewater generated. A principal difference is the presence of
mercury as a contaminant in the wastewaters from the mercury cell
process and asbestos in the diaphragm cell plants wastes. The TSS
discharges from diaphragm cell plants are generally larger than from
mercury cell plants, due to the higher volumes of contact and
noncontact water used. Also, in diaphragm cells a large amount of
water is produced in the caustic evaporation process. Such water is
not produced in mercury cell plants. The quantity of wastewater
generated from the diaphragm cell plants is several times that of the
mercury cell plants for the same chlorine production capacity. Based
on the quantity and characteristics of the wastewater, further
subcategroization is justified.

Titanium Dioxide

Two major ores, rutile and ilmenite, are used for the manufacture of
titanium dioxide. The ilmenite ore contains 40-70 percent titanium
dioxide (TiOz ), up to 35 percent ferrous oxide (FeO), and 25 percent
ferric oxide (Fez0 3 ). Rutile ore contains more than 90 percent TiOz '
Two processing techniques, the sulfate process and the chloride
process, are used to extract titanium dioxide from the ores.

The sulfate process uses ilmenite ore and sulfuric acid as raw
materials. The chloride process uses rutile ores or ilmenite ores and
chlorine, with a different process and wastewater characteristics for
each ore. The high grade rutile ore is expensive and its availability
is declining. In recent years, new technological advances have
alleviated the raw material shortage problem. By upgrading the
ilmenite ore quality, the chloride process can be used to produce
titanium dioxide of high purity. Because of the difference in quality
and quantity of wastewaters generated from the sulfate and chloride
processes using the two different ores, the titanium dioxide industry
may be further subdivided into three segments as follows:

1. Sulfate process
2. Chloride process using rutile ore
3. Chloride process using ilmenite ore (one step).

The sulfate process generates large amounts of strong and weak
sulfuric acid water-borne wastes. Application of pollution control
technology to the acid wastes generates about five times as much
gypsum as product. The chloride process generates large amount of
dissolved metal chlorides and the treatment technology is expensive.
Solid wastes from both processes present difficult disposal problems.
These solids include ferrous sulfate (FeS04 ) and a hydrated by-product
from the sulfate process and heavy metal sludges from the chloride
process. Ilmenite ore has to be upgraded before it is used to extract
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titanium dioxide by the chloride process, and this beneficiation
process step generates additional wastes.

The application of the chloride process to ilmenite ore may proceed in
either one or two steps. A patented one-step process accomplishes
both beneficiation and chlorination of the ore in a single fluidized
bed reactor and generates raw waste loadings which are similar to
those from the sulfate process in terms of acidity and metals, and
similar to wastes from the chloride-rutile process in terms of spent
coke solids and still redisues. In the two-step process, ore
beneficiation resulting in either a synthetic rutile or an enriched
titanium oxide slag is carried out separately at the mine or the
plant. The discharge of wastewater generated by the beneficiation
step would be regulated under the Ore Mining and Dressing Point source
Category and will not be considered in this document. The second step
of the two-step process generates wastes that are very similar in
quantity and quality to those from the chloride-rutile process and
will be governed by the discharge regulations for that segment of the
TiO z subcategory.

Therefore, further subclassification based on the amount and
characteristics of the wastewater appears to be justified, and the
three process subdivisions indicated above are appropriate for this
purpose.

Hydrogen Cyanide

Hydrogen cyanide (HeN) is made from two different processes, the
Andrussow process and as a by-product of acrylonitrile manufacture.
In the Andrussow process, air, ammonia, and natural gas are reacted to
produce the dominant product hydrogen cyanide.

Water-borne wastes from the process consist principally of ammonia and
sulf~tes in addition to cyanide and nitriles.

The primary product in the other process is acrlonitrile (CHz=CHCN)
and the hydrogen cyanide is a by-product. Because the hydrogen
cyanide is a by-product, it will be covered in the organic chemicals
manufacturing category with the primary product.

Review of Possible Integration of Subcategories

Hydrofluoric Acid and Aluminum Fluoride

Aluminum fluoride (AlF 3 ) usually is produced by the reaction of
hydrated alumina (Al z03 e3H zO) with hydrogen fluoride (HF). One plant
produces aluminum fluoride from fluorosilicic acid (H zSiF6 ), a by
product of phophoric acid (H 3 P0 4 ), and is not covered by the
regulation. Two of the aluminum fluoride plants are known to be
integrated with hydrogen fluoride (or hydrofluoric acid) production.
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In view of these considerations, a recommendation for the creaton of
an HF/AlF 3 combined product subcategory is not being made at this
time.

Summary

The recommended subcategorization with process subdivisions include
the following:

The two major uses of hydrogen fluoride are in the fluorocarbon
industry and as raw material in the manufacture of aluminum fluoride.
A ban on the fluorocarbon propellants has curtailed the use of
hydrogen fluoride in that industry and it was completely stopped in
1978. The selling of hydrogen fluoride in the merchant market has
declined and the primary use is limited to the production of aluminum
fluoride and fluorocarbon plastics until some other major use is
found.

Process Subdivisions

Mercury Cell
Diaphragm Cell
Sulfate
Chloride-Rutile
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Subcategory

Titanium Dioxide

Chlor-Alkali

For both products (HF and AIF]), process wastewaters are generated by
the various gas scrubbers and by leaks and spills. In both cases, air
pollution control scrubber effluents contain mainly fluoride, acidity
and sulfate. The fluoride is present as the free ion as well as
various complex fluoro anions. Calcium fluoride (CaF z ), generated as
a solid waste, is a disposal problem for both the subcategories
because of its moderate toxicity. Only one additional solid waste,
gypsum (CaS04 e 2H z O), is generated from the hydrogen fluoride
manufacture alone, and it can be treated and handled independently.

Combining hydrofluoric acid and aluminum fluoride into a single
subcategory does not appear to offer any regulatory advantages when
the two products are manufactured at the same plant location. The
wastewaters associated with the two products are similar and a common
treatment facility is normally utillized. In addition, the combined
manufacture of these products does not create a unique or unusual
situation, either with regard to the wastewater treatment requirements
or compliance with discharge regulations. Although the waste gypsum
produced at an HF plant supplies enough calcium for adequate fluoride
removal from neutralized scrubber wastewaters generated by both HF and
AlF 3 production, the applied treatment technology is essentially the
same as that applied by manufacturers of either product alone.
However, the effluent water quality, wastewater flow, and the toxic
polliutant loadings are not the same. Further, the opportunities for
drip acid recycle (or the hydrolysis of complex fluorides prior to
treatment). and scrubber water recycle are a function of plant design
and age, rather than product mix.



Hydrogen Cyanide
Chloride-Ilmenite
Andrussow Process
Acrylonitrile By-Product

(Included in the Organic
Chemicals Regulation.)
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SECTION 5

SCREENING AND VERIFICATION SAMPLING PROGRAMS

Scope and Methodology

The specific objective of the sampling programs was to establish the
extent of the required regulation of toxic pollutant discharges in the
inorganic chemical industry in terms of factual information derived
from the chemical analysis and flow measurement of representative
process raw wastewater streams and treated effluents. Prior to this
study, most of the information available on toxic pollutants has been
concerned with a relatively small number of known process-related
substances contaminating a variety of direct and indirect contact
process waters discharged from a production facility. There had been
no previous requirement for a comprehensive survey of wastewater
chemistry addressing the possibility that a large number of other
potentially toxic substances could be present, albeit at extremely low
concentrations.

The screening phase of the sampling program was designed to ascertain
the presence in each subcategory of any of the 129 listed toxic
pollutants at raw waste concentrations or daily loadings which, if
untreated, could be environmentally significant. Screening is based on
the sampling of one or more typical manufacturing operations in each
subcategory. Where significant pollutant concentrations were found,
additional plants were sampled during the verification phase for
confirmation and further quantification of data on the particular
toxic pollutants in question. A goal was set for screening and
verification sampling of a sufficient number of plants to account for
at least 75 percent of the total U.S. production, in each subcategory
having significant concentrations of priority pollutants.

A detailed description of the screening and verification programs are
presented in the paragraphs below.

Selecting Plants and Making Preliminary Contacts

In each subcategory, plants were selected for screening on the basis
of the following general criteria:

A. Minimal product mix and no organic product lines which could
increase the potential for interprocess cross contamination
of wastewaters.

B. Presence of a physical chemical treatment facility rather
than a biological one, or no treatment system. (Biological
systems are neither widely used nor generally applicable in
the inorganic chemicals industries.)
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C. Manufacture of industrial grade products in volume, rather
than low volume reagent grade products.

D. Median production capacity with the subcategory.

E. Segregated waste streams to facilitate sampling.

F. NPDES discharges rather than discharges to POTWs, since
treatment for a NPDES discharge is usually more extensive.

G. Geographical clustering of selected plants to facilitate
field logistics, but only to the extent that other factors
are equal.

Preliminary phone contacts were made with plant representatives of
those facilities which satisfied the above criteria. If requeste~, a
letter was written to describe the objectives of the sampling program
and to cite the legal authority of the Agency and its sampling
contractor under Section 308 of the Federal Water Pollution Control
Act Amendments of 1972. Information provided by industry for which
confidential treatment was requested has been handled in accordance
with the provisions of 40 CFR Part 2.

Prior to the actual sampling of waste streams, a lead visit to the
selected plant was made to gather background information, confirm and
update any 308-Questionaire responses, and to obtain additional
technical information regarding processes and waste treatment
practices. Sampling sites were selected and described relative to a
detailed waste source inventory and a flow diagram of the process and
waste treatment system. Arrangements were made for the subsequent
sampling visit and the details of the lead visit and sampling point
descriptions were documented in an interim report to the Agency.

Screening and Verification Sampling

A. Collection of Samples for Screening

In the screening phase of the sampling program, the specific
objective was the detection and quantification of waterborne
waste constituents included on the list of 129 toxic pollutants
(Table 3-1). Each sample of an individual raw waste stream, a
combined waste stream, or a treated effluent was collected where
possible by an automatic, time series, compositor over a single
72-hour sampling period. Where automatic co~positing was not
possible, grab samples were taken at approximately 2-hour
intervals during the same sampling period and composited
manually.

Each sample was divided into several portions and preserved, as
required for different types of analysis, in accordance with the
procedure established by EPA (4) for the measurement of toxic
pollutants.
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Samples were also taken from the composites, or as individual
grabs, for the analysis of the conventional and nonconventional
pollutants.

Volatile organics were collected in teflon-sealed screw cap
vials. Eight 40 ml vials were filled at each sampling site by
grab sampling in pairs at approximately 2-hour intervals. The
individual vials were cooled to 4°C and shipped to the laboratory
where they were used to prepare composites in duplicate just
prior to analysis. Three blank vials prepared and sealed in the
laboratory accompanied each set of samples during collection,
shipment, and storage.

B. Collection of Samples for Verification

The objective of verification sampling was to confirm the first
observations from screening and further quantify the
concentrations and waste loadings of the toxic pollutants and
conventional and nonconventional pollutants. Where any toxic
pollutant metals were found during screening sampling of a
particular plant, analyses were made for all toxic pollutant
metals during the verification sampling

The established prot.ocol for verification sampling required the
collection of three 24-hour composites at each samplip9point.
Again, where composites could not be taken with automatic
samplers, grab samples were taken periodically over the same time
period and composited manually.

C. Sample Shipping

All samples, individually labeled, were placed in large plastic
bags, which were then placed in a waterproof, insulated shipping
container. Enough ice was included to maintain a temperature of
approximately 40C during shipment to the laboratory.

Containers were shipped by the best available route, usually air
freight, usually arriving at the laboratory on the same day, but
occasionally taking overnight. Upon receipt, all samples were
immediately placed in a walk-in refrigerator maintained at 40 e.
In order to maintain the chain of custody and to keep track of
samples, sampling personnel kept logs of samples taken in ink in
page-numbered, hard-bound books. The data recorded included:
date, time, plant code, number, sample type, and sampler. Prior
to their arrival at the laboratory, a list of samples shipped,
including number, type of samples, and analysis to be performed
was sent to each department supervisor to alert him of incoming
work.

A master analytical control chart was maintained which included:
the date the sample was received, date due, number and type of
each sample, and the analysis required.
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At the time of analysis, the individual samples were distributed
to the analytical chemists along with a list which included: I.
D. number of sample, type of sample, analysis required, date
samples were received, and due dates.

All samples were kept in a laboratory refrigerator at 40C when
not being handled by the analyst. Upon completion of analysis,
the sample was checked back into the Sample Control Department
and kept in an identified location in the Sample Control
refrigerator. A report of completed samples was then sent to the
EPA Sample Control Center.

D. Verification Sampling Plant Selection

After the decision was made to verify the presence of toxic
pollutants found in the screening of a subcategory, verification
plants were selected. The basis for selection was essentially
the same as that used in selecting screening plants.

The screening program results were evaluated to identify those
toxic pollutants that were present at potentially treatable
concentration or daily loadings. Concentrations or loadings
which could be reduced by the highest quality treatment systems
were considered significant. Two situations occurred:

1. A subcategory which had a potentially treatable raw waste
concentration of any toxic pollutant would be subject to
verification sampling, and BAT-based regulations would
likely be proposed by the Agency for the treatmnt and
control of that toxic pollutant.

2. A subcategory which had no potentially treatable raw waste
concentration of any toxic pollutant would not be subject to
verification sampling and would likely be excluded from
regulatory coverage in accordance with the provisions for
exclusion under Paragraph 8 of the Settlement Agreement.

In analyzing screening data, only those pollutants attributable to
process sources were considered. Pollutants which result from cooling
tower operations, corrosion or ~orrosion control, control of
biological growth, or any other operation not directly tied to the
production process, were not used as a basis for verification.

The number of plants selected for verification in each subcategory was
roughly proportional to the number of existing plants in that
subcategory with a maximum of five plants selected. In small
subcategories (relatively few production facilities), an effort was
made to select a sufficient number of plants to account for the
majority of the total U. S. production.

When the verifiction phase of the program was initiated, an important
decision was made with regard to metals analysis. First, in view or
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A. Trace Metal Analysis

Analytical Methodology for Toxic Pollutants

1. Blanks--two for each set of analyses digested.
Duplicates--one every seventh sample.

concentrations were run at the
set analyzed for each metal.
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Standards--Three different
beginning and end of every

2. Quality Control at Operator Level (Atomic Absorption):

Blanks--These were run at the beginning and the end of every
set analyzed for each metal. Also, air blanks were run on
furnace, or heated graphite atomizer (HGA), after any sample
with a large positive value.

Figure 5-1 shows a data flow diagram for metals analysis. Atomic
absorption methods described in 40 CFR B 136 per Section 304(h)
were used. A set procedure was followed in the laboratory to
generate the analytical values and the quality control data. The
data flow diagram shows the actual sequence employed in
verification analysis and the following notes, which are keyed to
the diagram, provide additional information on the procedures.

The analytical protocol for the screening and verification of toxic
pollutants was established in Sampling and Analysis Procedures for
Priority Pollllutants by U. S. Environmenal Protection Agency,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio,
April, 1977.

The specified analytical methodologies were employed without
modification except where noted below in connection with toxic metals
analysis during verification.

Implementation of the methodology and quality assurance provisions
required the establishment of special sample handling and control
procedures specifically suited to each type of analysis. These
procedures, together with a discussion of the achievable detection
limits for each parameter or group of similar parameters, .are
presented in the following paragraphs.

the frequent presence of metal contamination in the wastes screened,
and the inability in some cases to show a direct relationship between
certain metals found and the known process chemicals or the materials
of construction, it was decided that all 13 of the toxic metals should
be determined again during verification, regardless of whether they
were found in screening. This was intended to provide a much more
complete data ,base than would be obtained by running verification
analyses for only those metals found in screening to exceed the
verification criteria levels at the time of sampling



3. UTD = "Unable to Determine" due to matrix interferences.

During the screening phase of the sampling program, the standard
protocol followed for metals analysis was:

4. Criteria Employed in Spike Selection: samples were chosen
to be spiked based upon the following criteria:

All samples where there was any SUsplclon that
interference or matrix effect was present

apparentthe

with the exception of
spectrophotometry in the

doubleIt should approximately
concentration
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The 13 priority pollutants metals,
mercury, were determined by AA
furnace (HGA) mode.

A reagent blank was run with each set of spiked samples
prepared.

If this results in an absorbance greater than that of
the highest standard, the spiked sampl~ is suitably
diluted with distilled water.

In addition, at least one sample in every seven.

All samples containing a measurable concentration of
analyte

The level of spike chosen was controlled by the following
factors:

Duplicates--For furnace analysis, the sample was run twice
wherever a low but positive absorbance was obtained. As
well as this, one sample in every seven was run in duplicate
routinely. The average of duplicate measurements was the
taken value; the difference between duplicate measurements
was noted and recorded on control charts. If
reproducibility was outside the limits of ±33 percent, the
measurement was repeated.

Standards were also run every tenth sample during the
analysis of a set.

Spikes--These were made according to the EPA "Method of
Standard Additions," by adding such a volume of standard as
to double the apparent concentration of metal present in the
sample. Extrapolation backwards of the resultant
absorbances allowed correction of absorbance for matrix
effects.
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Figure 5-1.
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2. If matrix interference was seen, they were spiked and
redetermined.

3. If difficulties due to matrix interference persisted, or if
metal concentrations appeared high enough, the determination
was repeated in the flame mode.

4. Mercury was determined by the standard cold vapor method.

Certain changes in analytical protocol were instituted during
verification analysis in order to avoid the excessive matrix
interference experienced during screening when the heated graphite
atomizer (HGA) was the primary method applied to the analysis of 12 of
the metals. The modified protocol for metals was:

1. Six elements were determined by flame only, namely, Ag, Be,
Cu, Cr, Ni and Zn.

2. Four elements were determined by furnace (HGA), namely, Cd,
Pb, TI and Sb. If interference occurred, Cd, Pb, Tl and Sb
were determined by flame.

3. Hg was still analyzed by the cold vapor method.

This modification reduced the number of preparations per sample from
three to two and achieved adequate detection limits which were still
well below the verification criteria levels.

Additional modifications were made during the verification program to
improve the reproducibility and precision for Hg, As and Se. These
were:

1. The cold vapor procedure for Hg was modified to eliminate
the pump and allow dilution and rerun from the same sample.
This saved time and increased reproducibility.

2. Selenium and arsenic were determined by hydride generation
using sodium borohydride (NaBH.). This greatly minimized
problems associated with matrix interference. The method is
very reproducible and the detection limits were at levels
well below the verification criteria for these two elements.

After the above modifications were adopted, screening samples
which originally were unable to be analyzed, or which were
recorded as below excessively high detection limits due to the
effects of matrix interferences, were rerun. Satisfactory
results were then obtained in nearly all cases due to the greatly
imp~oved sensitivity and rep~oducibility.

It should be noted that these modifications of the analytical
protocol were in the direction of improved precision and
reproducibility and not towards lower detection limits. The
original screening procedures generally had a lower detection
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limit when it was achievable. However, the methods were too
susceptible to giving no result at all with complex industrial
matrices, and so the revised protocols sacrificed some
sensitivity for precision and reproducibility. The final
detection limits were still in the sUbparts per-million range.
See Table 5-1 for a summary of these limts, together with those
of the original protocol.

B. Organic Compound Analysis

The organic toxic pollutants were determined by the standard
protocol (40 CFR 8 136 proposed December 3, 1979) which includes
sample preparation, extraction, and analytical methodologies.
Extractions were carried out using methylene chloride in the case
of the acid and base/neutral organic fractions and with
hexane/methylene chloride to obtain the pesticide-containing
fractions. The acid and base/neutral fractions were reduced in
volume and analyzed by gas chromatography-mass spectrometry
(GC/MS). The pesticides were analyzed by electron capture gas
chromatography followed by GC/MS confirmation of positive
results. Volatile organics were analyzed by the purge and trap
method of introducing the material into the GC/MS inlet system.

C. Cyanide Analysis

The standard methods for the wet chemical analysis of total
cyanide and cyanide amenable to chlorination (Cyanide A) were
utilized (40 CFR S 136). Cyanide analysis is subject to several
sources of interference, including:

1. Metals-The presence of Fe, Cd, Ca, Ni, Ag, and Zn may cause
low results due to the formation of stable complexes with
cyanide. The iron complexes may form insoluble precipitates
which are particularly difficult to break up both at the
time of alkaline chlorination of the sampled wastewater and
during the chemical analysis for cyanide.

2. Oxidizing agents-The presence of free chlorine in the
wastewater sample will destroy cyanide and cause low
analytical results. The additiOn of ascorbic acid to
destroy chlorine at the time of sampling is intended to
mitigate this problem. Other OXidizing agents such as
peroxides and chromates may also react with cyanides over a
period of time and cause low results.

3. Sulfides-Sulfide or bisulfide will interfere in the analysis
of cyanide by reacting with the colorimetric reagents.

The presence of sulfur dioxide or bisulfite in the wastewater sample
should have no appreciable effect on cYanide results. Detection
limits on the order of 1-4 ~g/l can be achieved by the analytical
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F~ Conventional and Nonconventional Pollutants

method employed, but the results have to be interpreted with regard to
the possible interfering components of the sample.

D. Hexavalent Chromium (Cr VI) Analysis

diphenylcarbazide
the absence of

E. Asbestos Fiber Analysis

The analysis of selected samples for asbestos fiber (chrysotile) was
conducted by the recommended method utilizing transmission electron
microscopy with selected area electron diffraction as described by Dr.
Charles Anderson (EPA, Athens, Georgia) at the Analytical protocol
Meeting in Denver (November, 1977) (56).

The detection limits for Cr IV using the
colorimetric method are on the order of 1-3 pg/l in
substances which interfere with color development.

Quality.Assurance Provision

The Agency and the contractor's analytical laboratories maintain
consistently high standards for accuracy and quality control. As an
in-house requirement, a minimum of ten percent of all samples are
routinely run in duplicate. Quantitation is based on standards which
are prepared in pure water, at concentrations such that all sample
measurements are greater than the absorbance of the lowest standard,
and less than the absorbance of the highest standard. The standards
are also checked by participation in the EPA Reference Sample Program

All techniques used for the analysis of BPT control parameters
(conventional and nonconventional pollutants) were those recommended
by the Agency. The list of approved test procedures was published in
the Federal Register on October 16, 1973 (38 FR 28758) and may also be
found in Title 40 of the Code of Federal REgulations (40 CFR 136).

The determination of Cr VI in wastewater samples is also subject to a
number of interferences which can take effect either during sampling
and storage or during analysis.

1 . ~cids-Samples taken and held at a very low pH can experience
the conversion of other forms of chromium into Cr VI causing
a positive interference.

2. Reducing agents-Samples containing sulfur dioxide,
bisulfide, sulfide, ferrous iron, and other reducing agents
will result in low values of Cr VI by converting it to
trivalent chromium (Cr III). Under these conditions the
chromates originally present would be included in the total
chromium determination but the analytical results for
hexavalent chromium would be proportionaltely low (see
Reference 52).



TABLE 5-1- ANALYTICAL DETECTION LIMITS FOR METAlS (1)

Original Screening First M:XIification Second M::xlification
Elanent ProtocoJ (2) of Protocol (3) of Protorol (4)

Method (pg/l) Method (p;J/l) MetOOd ()Jg/l)

Antim::my, Sb HGA* 10 HGA 10 HGA 10

Arsenic, As HGA 3 HGA 3 Hydride 10

Berylliun, Be HGA 0.2 Flame 15 Flane 15

Cadmium, Cd HGA 1 EGA 1 EGA 1

Chranium, cr HGA 1 Flame 25 Flame 25

Copper, eu HGA 1 Flame 20 Flame 20

lead, Pb HGA 10 HGA 10 HGA 10

Mercw:y, Hg Cold Vapor 0.5 Cold Vapor 0.5 New Cold 0.5
Vapor

Nickel, Ni HGA 1 Flame 25 Flame 25

Selenium, Se HGA 9 HGA 9 Hydride 10

Silver, 1Iq EGA 0.5 Flame 15 Flame 15

Thallium, T1 HGA 2 HGA 2 EGA 2

Zinc, Zn HGA 1 Flame 25 Flame 1

* Heated Graphite Atanizer

(1) Assuming 00 matrix interferences re:jUiring dilution of sarrp1e.

(2) EPA Contract No. 68-01-4492 (September 29, 1977), Exhibit C,
"Protocol for the Measurement of Toxic Substances", Environmental
M:>nitoring and Support laboratory, Cincinnati, Ohio

(3) June, 1978

(4) August, 1978
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that utilizes a double blind technique. (EMSL, Cincinnati, Ohio,
Office of Research and Development.)

Additionally, outside laboratories are retained for checks on quality
by analyzing split samples and running submitted standards. Accuracy
is also insured by analysis of a minimum of fifteen percent of all
samples with spikes by the method of standard additions. The spikes
are added prior to sample preparation and are carried through the
entire sample analysis procedure.

The contractor's laboratories have consistently maintained the
standards for laboratory certification which are imposed by the State
of California. Certification is dependent upon the accurate
performance of routine analyses on check samples submitted by the
State, as well as on-site inspections by the State of California's
Sanitation and Radiation Laboratory, Department of Fish and Game, and
the U. S. Environmental Protection Agency, NEIC, Denver, Colorado.

The quality assurance provisions outlined in the EPA Protocol for
GC/MS Analysis of Toxic Pollutnts are rigorously adhered to with one
added precaution, namely, the use of internal standards as a means of
measuring recovery. Although not required by the protocol for
pesticide analysis, this technique is utilized as an in-house quality
control requirement to ensure the accuracy of results in this
analysis.

The high sensitivity of instrumentation used in trace organic chemical
analysis dictates that contamination of the samples from any possible
source must be diligently guarded against. Accordingly, only glass
sample containers with Teflon-lined lids were used and these were
subjected to a three-step cleaning procedure prior to use, even though
only new liners and glass containers were used. All glassware used
for sample preparation and analysis was subjected to a dual cleaning
system.

The sample extraction and preparation rooms are dedicated solely to
toxic pollutant analysis, and have their own ventilation systems that
are isolated from the other sample preparation and receipt areas of
the laboratories.

A documented system of existing practices, including calibrations and
operational checks, is maintained to assure uniformity of performance
and to serve as a basis for alteration of standardizaiton intervals.
A chemist is assigned full time to maintain this system, assure strict
record formating and controls, and to direct the quality control
program of the laboratories. The primary vehicle of this sytem is the
qu~lity assurance manual containing the detailed procedures used in
sample preparation and analysis, and the complete records of all
quality control standards, blanks, spikes, and duplicates.
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Summary of Analytical Results

The results obtained during the screening and verification sampling
program are summarized in Table 5-2 and Table 5-3. These tables show
the frequency and distribution of the pollutants according to selected
plant groupings, concentration ranges, and subcategories in which the
pollutants occur.

Pollutant frequencies as shown in columns 5, 6, 7, and 8 of Table 5-2
are based on the highest individual pollutant concentration found for
each plant's raw waste during the screening and verification sampling
program.

The toxic pollutant asbestos has not been included in either of the
two tables mentioned above. Asbestos concentration is reported in
million fibers per liter (MFL) which is not compatible with the
concentration units in which the other pollutants have been reported.
Asbestos was found in three plants at raw waste concentration levels
of 2.1E8, 2.0E7, and 9.4E4 MFL, respectively, where E is exponential
on base 10. All three plants belong to the ehlor-Alkali subcategory.
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TABLE 5-2. POLIlJTANI' FRDJUENCY BASED rn SAMPLIN} PROORl\M RESULTS
INCWDIN3 ~~] WASTE *

Pollutant 0CCUrren0e Based Pollu1:ant OCcurrence Based c::n

Pollutants Detected
en Plurt: GroUpirq CalCentratial Classificatial. (P¥ll

5 or <5 >5 but $10 >10 Plants :\.50 >50 but >500 but >2,500
Plants plants !SOO ~2,SOO

Antim:ln.Y X 28 19 4 1
Arsenic X 38 12 3
IletyllllD X 49 4
caaniun X 4S 4 4
ChratdID X 20 13 9 10
Coppc X 21 16 9 7
CyW.de X 2
Lead X 2S 15 7 6
M8r=Y X 46 2 S
Nickel X 17 20 9 8
5eleni1A X 46 7
Silver X 45 7 1
'Ihalli1A X 41 U 1
Zinc X 9 18 14 12

Benzene 6 1
camon Tetrac:hlo7:ide 2
QUorcblInzene 1
1,2·01~ 2
1,1, l~Trichloroethane 4 1
~ 1
1,1,2-Trlchloroetl'iane 2
l,l,2,2-Tetrachloroethane X 3
O1lorofODll X 15 2 1
1,2-Dichlo~ X 1
1,1-OichlorcethyJ.ene X 3
1,2-0i~1erle X 1
2, 6-Dinitrotoluene X 1
Ethyll:JenZene X 7 1
Fluerantherle X 1
B1s (2-chlcm:li.Bq)ropyl) ether X 1
MBt:hy1erle c:h1oride X U 3 1
Oichl.OrObratcmethane X S
Tric:h.\.oxQfluoraaethane X 2 1
~ X 2
Napht!lAlene X 1 1
Ni~1 X 1
Pent:ac:hl.orophenl X 2 1 1 . 1
Phen:ll X 2 3
Bis(2-EthY~l) phthalate X 20 1 1
Butyl benzyl phthalate X 3
Oi-~but:yl phthalate X 15
Oiethyl phthalate X 5
OimB1;hyl phthalate X 2
Benzo(a) anthracene X 1
Benzo (al pyr_ X 1
3,4-BenzofllXlr08thane X 1
Ou:ysene X 1
1Inthr.i1l~:ne X 1
Fl1J01'_ X 1
p~ X 1
Pyrene X 1
Tatraehlomethylene X 4
Toluel'l'l X 7 1
Trichloroethylene X 3
Ni~ X 2
2,4-0initl:qlherK)l X 2

* Blanks indicate not detected.
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Pollutants Detected Subcategory Numbers Where Pollutants Found

TABLE 5-3. DISTRIBOTION OF POLLt.l'I2OO:'S ACCQROIOO
'I'O StIBCA'l'EGORY 1
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(Continued)
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33

33
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" "
II "
" "

" "
11, 25, 32
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"

"
"

"

n

"n

••
"

3, 4, 10,
2
35
11, 13, 22, 35

II

n

II

n

n

A1l200t 7, 23, 27, 28,
II •• .. 11 "
It n " .. "
II II 11 " ••
tr II •• " .... .. " " "

7
iuibut 7, 23, 27, 28,

" .. II " II

1,
1,
1,
1,
1
4,11
1, 10, 35
1, 3, 4, 10, 13, 15, 19, 21, 22, 25, 32,.35
24
1, 11, 13
26
1
1
1, 3, 4, 9, 11, 21, 25, 32
8
22
1, 4, 8, 9, 12, 13, 19, 21, 22, 25,26, 32, 35
1, 4, 19, 32
1, 4, 25
19, 32
1, 32
17
2, 3, 4, 8, 15
2, 15, 26, 31, 32
1, 4, 7, 8, 10, 11, 12,13,15,18,24,25,26,30,31,35
1, 2, 12
1, 4, 8, 11, 17, 18, 19, 21, 22, 30, 31, 34, 35
8, 10, 11, 19, 31
12, 31
8
8

For name of subcategozy, refer to Table 3-2.
2 IIAlII. means subcategory ntl'Clbers 1 tlu:ough 35 of Table 3-2.

1

AntiJrony
Arsenic
8el:ylllun
cadmiun
Chraniun
COpper
cyanide
Lead
Mercury
Nickel
seJ.eniun
Silver
'ItIallium
Zinc
Benzene
carbon Tetrachloride
Chlorobenzene
l,2-Dichloroethane
l,l,l-Trichloroethane
Hexachloroethane
1,1,2-Trichloroethane
1,1,2,2-~thane

Ollorofozm
1,2-Dichloroben:zene
1,1-Dich1oroethy1ene
1,2-Dichloropropylene
2, 6-Dinitrotoluene
Ethylbenzene
Fluoranthene
Bis (2-chloroisopLopy1) ether
Methylene chloride
Dichlorobran::methane
Trichloroflooranethane
Chloroe:tibraocmethane
Naphthalene
4-Ni1:ropherol
Pentachlorophenol
Phenol
Bis (2-Ethy1hexyl) phthalate
Butylbenzy1 phthalate
Di-n-buty1 phthalate
Diethy1 phthalate
Dimethyl phthalate
Benzo (a) anthracene
Benzo (a) pyrene



Pollutants"Detected

3,4-Benzofluoranthane
Chrysene
Anthracene
Floorene
Phenanthrene
Pyrene
Tetrachloroethylene
Toluene
Trichloroethylene

TABLE 5-3. Continued

Subcategory Nunbers Where Pollutants Found

8
8
8
8, 12
8
8
1, 4, 10, 22
1, 3, 4, 10, 11, lS, 18, 32
1, 4, 25
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SECTION 6

PROCESS AND WASTE TREATMENT INFORMATION DEVELOPMENT
AND EVALUATION

Industry Data Base Description

Information and data on the inorganic chemicals industry were obtained
from a number of sources. These sources included literature reviews,
plant visits, telephone contacts, industry responses to the Section
3GB-Questionnaires and information supplied by industry after
proposal. The type of material gathered from these sources is
discussed below.

Literature Review

A review of the literature was conducted to identify and collect
information related to manufacturing processes, raw materials, water
use, wastewater sources, wastewater treatment technology, raw waste
characteristics, and economic data. Relevant information from
reports, books, papers, conference presentations and periodicals were
identified by computer search and are presented in the reference
section of this report. This information was incorporated into a
broad based assessment of process and technology practices aimed at
selecting the best available treatment technology and best
demonstrated technology for the various industry subcategories. It
also provided the background required for evaluating the
subcategorization of the industries.

Plant Visits

During the screening and verification phase of this project, much
information was gathered from individual plants relating to production
capacity, manufacturing processes, waste flows, water reuse,
wastewater treatment systems and performance, and best management
practices (BMP). The lead visits also provided an opportunity to
update and clarify some of the information given in the 3GB responses.

Telephone Direct Contact

Numerous contacts were made with knowledgeable persons in both
industry and government to gather and exchange information concerning
all phases of this study. These sources are cited in the text as
personal communcations.

3GB-Questionnaire Responses

The basis for much of the work in this study is the responses from
industrial organic chemical firms to the 3GB data requests.
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Data from 2B4 manufacturers' responses were utilized by the project
team for the development of approriate guidelines for the inorganic
chemicals subcategory. Industrial firms, through their compliance
with the needs of the 30B-Questionnaire, provided a valuable
industry-wide data base used extensively in this analysis.

Essential data elements from each questionnaire were extracted for the
purpose of creating a working data base for this report. Specific
elements selected for this smaller, more-manageable data base are
given in Table 6-1.

These data provided the basis for the subcategory review through a
profile of each industry. After compilation of the questionnaire
data, industry totals for capacity and derivative quantities such as
percent utilization, effluent per ton of product, and conversion to
metric units were compiled.

Process Waste Sources and Current Treatment Practices

Data Acquisition

The information presented in this section was obtained from a variety
of published sources and the available industry responses to the
308-Questionnaires as well as from. plant visits and interviews with
industry personnel conducted by the Agency and its contractor during
the toxic pollutant screening and verification program. The results
of visits and interviews are documented in field notebooks, interim
plant visit reports, and telephone communication records which are
part of the rule making record.

Plant visits were particularly useful for confirming and updating the
detailed technical information contained in the 30B-Questionnaire
responses. The cooperative attitude displayed by industry greatly
facilitated the acquisition of reliable operating data and meaningful
sampling results.

Evaluation of Data

Each of the various industrial subcategories in which verification
sampling was conducted was the subject of an extensive evaluation to
provide the technical basis for selecting candidate advanced treatment
technologies and developing the related base and incremental cost
estimations.

In the subsections which follow, individual plant descriptions are
presented according to the general format for each subcategory:

General Process Description
Description of process reactions and unit operations.
Inventory of raw materials used.
Typical process f~ow diagram.

Water Use and Waste Source Inventory
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TABLE 6-1. 308-QUESTIONNAIRE RESPONSE DATA
DATA ELEMENTS

INORGANIC CHEMICALS GUIDELINES STUDY

Datum Reference

Manufacturer

Product

Plant

Process

Effluent Treatment

Description

Name
Location
EPA Region

Name
Subcategory

Number of other
Products

Capacity
Production
Age

Name
Volume of Process
Effluent
Volume of Noncontact
Effluent

Type
Permit
Major Pollutants
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Comments

Confidential

Inorganic
Chemicals

Fiscal year
1976
1976
1976



Description of individual plants visited, sampled and plant
information from other sources.
Inventory of raw proces wastewater sources and
identification of sampling points.
Process wastewater quality and flow data.
Solid waste generation and disposal.

Control and Treatment Practices
Description of specific treatment technologies and operating
facilities.
Description of the total input to the treatment system
including sources attributed to other production operations
and noncontact water (e.g., cooling water, etc.).

Evaluation of Production and Waste Flow Data
Tabular summary of plant-specific data.
Waste flows per unit of production (unit waste flow) with
the range and average values.
Solid waste quantities.
Treatment chemical requirements.

Process Modifications and Technology Transfer Options

Best Management Practices (BMP)
Plant area operations and housekeeping.
Runoff control.
Solid waste handling (e.g., fugitive dust and leachate
control, etc.).

Model Plant and BPT Treatment Sytem Specificatibn

The model plant concept plays a central role in both the development
of alternative treatment system designs for priority pollutant removal
and for estimating the related internal costs of such treatment in
each subcategory. In order to be representative of a subcategory,
each set of model plant specifications was composited from a profile
data summary derived from the available information on production and
waste flow.

Based on the typically achievable waste flow rate per unit of
production, the model plant was used as a starting point for
appropriately designed and sized BPT level wastewater treatment
system. Certain assumptions were made regarding the possible process
variations and the specific raw waste sources incorporated into each
model. In most cases, it was appropriate to assume that the waste
flow per unit of production did not vary over the particular range of
production capacities covered. Production rates were selected in most
subcategories to represent the small, mid-range and large size plants
presently in operation. Small subcategories were represented by
single mid-range production rates for the model plants. Cost
estimates were developed for each set of base level (BPT) and advanced
level (BAT/NSPS) treatment system design specifications.
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Dissolved Solids in Wastewater Effluents

Production rates and mode of opearation.
Specific process type and waste sources.
Waste flow per unit of production.
Solid waste generation and handling.
Treatment chemical requirements.

the model plant and BPT level treatment
specifications for each subcategory include

To protect the mineral quality of ground and surface waters State and
local water pollution control agencies typically establish limits on
the discharge of substances which contribute sodium, potassium,
hardness, chloride, sulfate, or conductivity, which is a measure of
total solids in solution. This restriction can affect the chemicals
chosen for waste treatment. For example, alkaline precipi~ation can
be accomplished by using lime, which forms an insoluble calcium
sludge, or by adding caustic soda, forming a soluble sodium salt.

In choosing an acid for neutralization of alkaline wastes, it is
important to weigh the overall effects of chloride (from hydrochloric
acid) and sulfate (from sulfuric acid), particularly with respect to
irrigational use of the receiving water.

Beginning with Section 11,
system descriptions and
the following information:

If applicable, the new source model plant is also described and the
design specifications given for its waste treatment system.

The model plants do not represent exemplary or specific existing
plants, but are typical plants of adequate design derived from the
range of plants and treatment facilities found in the entire
subcategory. For the purpose of cost estimating, it is necessary to
specify cost rationale, define a set of initial assumptions, and
consider the variability of factors such as wastewater flows,
pollutant load, unit treatment process, plant age, etc. General
assumptions have been detailed under Section 10 of this report and are
employed as the basis for developing baseline model plant cost
estimates presented in the subsequent sections dealing with individual
industries.

Many waste treatment plants discharge final effluent into watercourses
which feed fresh water streams used as sources of water supply by
downstream agencies or industries. Groundwater aquifers which
underlie large portions of the country are tapped to supply fresh
water through wells serving public and industrial water needs. Saline
wastes discharged into streams or into unlined lagoons can
significantly alter the salt content (total dissolved solids) of the
fresh water. Although Federal regulations seldom limit the total
dissolved solids or the various ions such as chloride, sulfate,
bicarbonate, and nitrate, these constituents can be of serious concern
to local water users.



Chemicals used in the model plant processes were selected on the basis
of best performance, including consideration of scaling problems,
which can be severe when calcium and sulfate are at saturation levels.
It may be necessary to alter the nature of chemicals used at a
specific plant, in order to meet local water quality requirements.
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2. Cost

Introduction

1. Treatment effectiveness

technologies
be met by

chemical
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SECTION 7

ASSESSMENT OF TECHNOLOGY FOR ADVANCED TREATMENT AND CONTROL

3. Nonwater pollution environmental effects

4. Applications in the inorganic chemicals industry or on other
industrial wastes with similar wastewater characteristics.

The anticipation that few of the organic toxic pollutants would be
found in inorganic chemical wastes was justified by the results of the
analytical programs. Only one industrial subcategory, namely,
Chlor-Alkali production using graphite anodes, had potentially
significant levels of organic toxic pollutants. As a result, the
initial search for candidate BAT technologies became limited to
treatment technologies for the thirteen metals, cyanide, and asbestos.

In the inorganic chemicals industry, pollution abatement practices
vary and a wide range of treatment technologies can be found, ranging
from no treatment to the application of highly advanced technologies
for the removal of specific pollutants.

A list of candidate technologies was complied from the literature,
in-house expertise, and industry contacts. These were evaluated with
respect to:

The technologies finally adopted were not new or untried
since it was found that most treatment requirements could
taking conventional techniques--for example,

Until the NRDC Settlement Agreement, industry attention was primarily
directed towards general pollution problems including removal of trace
metals, but not towards treatment of over 100 individual specific
organic compounds now listed as toxic pollutants. Even with the
classical (conventional and nonconventional) pollutants, treatment
technology has been directed to removal down to the part per million
level, whereas now the thrust is towards part per billion level
requirements. For both these reasons, higher level technologies are
often not in place in the inorganic chemicals industry, and it is
necessary to look into technologies that have been applied in other
industries or developed at the laboratory or pilot plant scale
specifically for the removal of these toxic substances from industrial
wastewater, and determine whether they can be adopted as viable
technological options.
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The following pages describe the theoretical basis for treatment
systems adopted for BAT application.

(2b)

( 1 )

(2a)M++ + OH- = M(OH)~

M++ + 20H- = M(OH)2

Metal ion + hydroxyl ion = soluble metal
+ organic ions chelate

Metal ion + hydroxyl ion = soluble metal complex

If the pH is above the optimum for hydroxide precipitation, the metal
hydroxide may redissolve by forming soluble complex hydroxides:

Such complexes may require unusual treatment to hydrolyze them, and
their presence often explains why some treatment practices yield
relatively poor results.

Metal ion + two hydroxyl ions = insoluble metal hydroxide

If the pH is below the optimum for hydroxide precipitation soluble
complexes form:

Insoluble metal hydroxide + hydroxyl ion = soluble
metal complex

Since most metals have the capability of coordinating with other ions
or molecules, these simple equations assume that the hydroxonium ion
is the coordinated species. However, if organic radicals are present,
they can form chelates and mask the typical precipitation reactions:

M++ + OH- + nR = [M(R)nOH]+

precipitation--and developing them to a higher degree of engineering
and design sophistication, so that optimum removal efficiencies could
be achieved.

The chemistry of the process is not simple, and must be understood for
each metal. Many metals are amphoteric, the optimum pH for
precipitation varies, and organic complexes can interfere. A simple
form of the reaction may be written as:

Hydroxide Precipitation

Hydroxide precipitation is the most widely used technology for
removing trace metals from wastewaters, with lime or caustic soda
commonly used to supply the hydroxide ions. Under suitable conditions
the metals form insoluble metal hydroxides which can be separated from
solution.
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In practice, the technology uses unit process steps which are simple,
well-established, and well-understood by the industry.

The ability to separate the solids from the wastewater is important.
Metallic hydroxides tend to be gelatinous and separate poorly in
gravity separators. Finely suspended solids tend to pass out with the
effluent and increase the total metal content. Thus, improvements in
precipitation applications have been directed toward fine solids
removal, and this is reflected in the addition of various filtration

scheme
sludge

a typical continuous flow treatment
flocculator, settling unit with

cases, a filtration system.

For larger daily flows
consists of a flash mixer,
storage tank, and, in some

Depending on the quantity of waste flow, the treatment can either be a
batch or continuous operation, with batch treatment being favored when
waste flows are small. In batch treatment the equipment usually
consists of two tanks, each with a capacity to treat the total waste
water volume expeced during the treatment period. These systems can
be economically designed for flows up to 50,000 gallons per day (5).

The treatment tanks serve the multiple functions of equalizing the
flow, acting as a reactor and as a settler. During operation the
wastewater is stirred, and a homogeneous sample is taken and analyzed
to determine the chemical dosage requirements. The chemicals are
added, mixed and stirred for about 10 minutes. After the reaction is
complete, the solids are allowed to settle for a few hours. The clear
liquid is then decanted and discharged. Settled sludge is retained to
serve as a seed for crystal growth for the next batch, but must be
drawn off periodically and disposed of, usually in a chemical
landfill.

It is clear from the range of optimum pH's illustrated that for waste
waters containing more than one metal, no single optimum pH exists,
and problems arise at the threshold of the alkaline range (circa pH
10) where some metals have least solubility, while others are at the
point of redissolving as an anionic species. For successful
application as a wastewater treatment technology, careful control of
pH must be practiced if the best removals are to be achieved.

In practice the solubility of metallic hydroxides, and the tendency
for fine insolubles to remain in suspension, may yield effluents which
will not meet ~g/l standards, and hydroxide precipitation is often
supplemented by the use of coagulating agents to improve solids
removal, or sulfide coprecipitation to reduce ultimate solubilities.

Assuming the absence of organic complexing agents, the treatment
levels attainable by hydroxide precipitation can be forecast from a
knowledge of the pH of the system. Figure 7-1 shows the theoretical
solubility of those toxic metals which form insoluble hydroxides,
while Table 7-1 shows the solubility product constants. For
comparison, the values for sulfides are also given in Table 7-1.



Figure 7-1. Theoretical solubilities of tonc metal hydroxides/oxides as a
function of pi.

102

Hg
Sb+++

.... 10°
r-l

~-
r-l

!J
~ 10-2

]
&?
en

•.-l
Q

~ 10-4

8
:P
~
§

10-6

S

10-81oooo.._......L..-_~__~_~_~__~_~_~~.......~_~ __
4 5 6 7 8 9 10 11 12 13

pH

NOI'E: Solubilities of metal hydroxides/oxides are from data by M. Pourbaix,
Atlas of Electrochemical Equilibria i:E. Aqueous Solutions,
Pergarron Press, Oxford, 1966.
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TABLE 7-1. SOLUBILITY PRODUCTS OF TOXIC METAIS

Solubi1ity Product Constant (Ksp)

Metal Metal Hydroxide Metal Sulfide

Ant.i.rrony (III)

Arsenic

Beryllium 1.6 X 10-22 (1)

Cadmium 2.5 X 10-14 (1) 3.6 X 10-29 (2')

Chromium (III) 6.3 X 10-31 (1)

Copper 2.2 X 10-20 (1)
8.5 X 10-45 (2)

Lead 1.2 X 10-15 (1)
3.4 X 10-28 (2 )

Mercury 3.0 X 10-26 (1) 2.0 X 10-49 (2 )

Nickel 2.0 X 10-15 (1 ) 1.4 X 10-24 (2 )

Selenium

Silver 2.0 X 10-8 (1) 1.6 X 10-49 (2)

Thallium (I) 5.0 X 10-21 (1)

zinc 1.2 X 10-17 (I) 1.2 X 10-28 (2)

NOI'E: References for above values are shown below.

(1) Dean, J.A., Ed., lange's Handbook of Chemistry, 12th ed., McGraw-Hill
Book Co., New York, 1979.

(2) Weast, R.C., Ed., Handbook of Chemistry and Physics, 57th ed., CRC Press,
Cleveland, Ohio, 1976.

69



70

systems and the use of flocculant aids as improved levels of
treatment.

Better than 99 percent removal of trace metals have been reported in
the literature with final concentrations in the treated effluents
ranging from sub ppm to low ppm (see Table B-1 through 8-10).

( 4 )

widely applied in treating industrial
are using hydroxide precipitation

Ca(OH)z + (S04)-- = CaS04 + 20H-

Hydrated lime + sulfate ion = calcium sulfate (gypsum)
+ hydroxyl ions

This treatment technology is
wastewaters. Industries that
include:

Inorganic Chemicals
Plating and Metal Finishing
Mining
Textiles
Steel and Iron
Non-Ferrous Metal Processing and
Electronics

Ferrite Coprecipitation

An interesting variation on the theme of hydroxide precipitation is a
process developed in Japan for the removal of heavy metals from acidic
wastewater. The process, known as ferrite coprecipitation, has the
potential for producing a marketable residual by converting the metal

This increases the sludge produced, may cause scaling problems in
pipelines, and may clog a dual-media filter. Using caustic soda is
more expensive, but it generally elimiates the scaling problem. Total
dissolved solids in the form of sodium salts are increased in the
caustic soda treated wastewaters. Although low concentrations of
sodium are not regarded as polluting, high levels can make drinking
water unpalatable, limit the use of water for agriculture, and promote
degradation of the structure of arable soils. Thus, where high total
dissolved solids are of concern, lime would be the preferred
neutralizing agent.

Hydrated lime suspensions are more commonly used than soda ash or
caustic soda as the hydroxide source because they are cheaper.
However, if there is sulfate ion present in the wastewater, gypsum
will be formed:

Soda ash (sodium carbonate, NazCO~) is sometimes found to be the
reagent of choice particularly for lead removal. Lead carbonate,
PbC0 3 , and lead hydroxide/carbonate, 2PbCO~.Pb(OH)z, (basic carbonate)
are formed which may afford improved settling properties for a
particular waste. This practice is found in Chlor-Alkali (Diaphragm
Cell) waste treatment.
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MS = M++ + S= ( 6 )

( 5)M++·+ NazS = MS + 2Na+

Metal ion + sodium sulfide = insoluble metal sulfide
+ sodium ions

Sulfide ion + hydrogen ion = bisulfide ion

Metal sulfides form according to the following equation:

Metal sulfide = metal ion + sulfide ion and, depending on pH, the
sulfide ion can react with hydrogen ions to form the bisulfide ion and
hydrogen sulfide.

S= + H+ = HS- ( 7)

ions in solution into insoluble ferromagnetic oxides or ferrites which
can be removed magnetically or by filtration (5). The treatment is
applied by adding a ferrous salt to the metal-bearing wastewater, then
neutralizing and oxidizing the complex heavy metal-ferrite
coprecipitate. Particle sizes are reported to be relatively large and
sludges formed can be safely disposed of by landfilling.

Although extensive performance data have not been developed, the
information available indicates that very high removal efficiencies
can be achieved for most of the common heavy metals, including mercury
and hexavalent chromium. The method has not been considered here as
an available technology due to the lack of sufficient information on
chemical dosing requirements, energy requirements, and performance in
situations similar to those found in the inorganic chemicals industry.
In connection with wastewater treatment in the Titanium Dioxide
Subcategory for the sulfate process, the wastes contain considerable
amounts of ferrous iron from the processing of ilmenite ore and the
practice of neutralization and aeration may involve the same chemistry
as the ferrite coprecipitation process.

In order to calculate the theoretical solubilities of the metal
sulfides as a function of pH, the equilibria involved in solid metal
sulfide dissociation are taken into account:

Sulfide Precipitation

The basic principle of sulfide treatment technology is similar to that
of hydroxide precipitation. Sulfide is added to precipitate the
metals as metal sulfides and the sludge formed is separated from
solution by gravity settling or filtration. Sodium sulfide and sodium
bisulfide are the two chemicals commonly used, with the choice between
these two precipitation agents being strictly an economic
consideration.
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FeS + Cu++ = CuS + Fe++ (10)

FeS + Ni(OH)z = Fe(OH)2 + NiS (11)

= ferrous hydroxide +
insoluble nickel sulfide

Ferrous sulfide +
nickel hydroxide

Ferrous sulfide + copper ion = insoluble copper sulfide
+ iron ion

A detention time of 10-15 minutes is sufficient to allow the reaction
to go to completion (7). Ferrous sulfide itself is also a relatively
insoluble compound. Thus the sulfide ion concentration is limited by
the solubility of ferrous sulfide, which amounts to about 0.02 mg/l,
and the inherent problems associated with conventional sulfide
precipitation are minimized (8).

One other advantage of this process is that if chromium (VI) is
present, it will also be reduced at the pH of normal operation (8 to
9) and precipitate as the trivalent hydroxide (Cc III).

Bisulfide ion + hydrogen ion = hydrogen sulfide

Using the above information, the theoretical solubilities of the toxic
metal sulfides were calculated and are shown in Figure 7-1.

The major problem in applying sulfide precipitation techniques is
associated with the toxicity of sulfides. This warrants both care in
application and post treatment systems to remove excess sulfide.
Pretreatment involves raising the pH of the waste stream to minimize
evolution of hydrogen sulfide gas.

A recently developed and patented process to eliminate the potential
hazard of excess sulfide in the effluent and the formation of gaseous
hydrogen sulfide uses ferrous sulfide as the sulfide source (6). The
fresh ferrous sulfide is prepared by adding sodium sulfide to ferrous
sulfate. The ferrous sulfide slurry formed is added to a wastewater
to supply sufficient sulfide ions to precipitate metal sulfides which
have lower solubilities than ferrous sulfide. Typical reactions are:

The concentration of metal ion in solution will equal the
concentration of sulfide ion, bisulfide ion and hydrogen sulfide.
Knowing the metal sulfide solubility product (Table 7-1) and the acid
dissociation constants of hydrogen sulfide, K1 = 9.1 X 10- 8 , K2 = 1.1
X 10- 12 (see Reference 2 in Table 7-1) the solubility of the metal ion
can be calculated as a function of the hydrogen ion concentration and,
therefore, as a function of pH.

For a divalent metal ion the equation is:

(M++) = [I<sp (1 + (H+)/l.l x 10- 12 ) + (H+)2/1 x 10- 19 )] 1/2



Figure 7-2. Thooretical solubilities of toxic metal sulfides as a
function of pH.
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Metals Concentration

Treatment systems for sulfide precipitation are similar to those used
for hydroxide precipitation. A continuous treatment scheme generally
consists of a pH adjustment tank, flash mixer, flocculator, settling
units with sludge storage, and a dual media filter.

Before the addition of sodium sulfide or ~isulfide the pH of the
incoming wasteflow is adjusted to pH of 7-8 in the first reaction tank
to reduce the formation of obnoxious hydrogen sulfide gas. The
chemicals are then added to the flash mixer where they are thoroughly
mixed with the wastewater.

0.01 mg/l
0.01 mg/l
0.01 mg/l
0.05 mg/l
0.05 mg/l

Cadmium
Copper
Zinc
Nickel
Chrome (total)

Adding ferrous sulfide as a polishing step to remove residual metals
appears to be a promising, economical technology. Although there is
no full-scale treatment system using ferrous sulfide operating in the
inorganic chemicals industry, pilot studies on chrome pigment waste
indicate that this process is superior to sulfur dioxide reduction
followed by hydroxide precipitation (12).

The Xanthate Process

The use of xanthates for the removal of metals from waste streams
appears to be a new, promising technology for treating metal-bearing
wastewaters. Xanthates contain functional groups capable of forming
insoluble complexes with metals, and the sludge so formed can be
separated by conventional means.

After the flash mix, the wastewater passes through a flocculating
basin where the floc agglomerates and settles in the settling unit.
The overflow from the settling unit generally passes through a filter
to remove any fine precipitates. Any excess sulfide will need to be
removed before final discharge. This can be achieved either by
aeration or other chemical oxidation techniques.

Sulfide precipitation is being practiced in the inorganic chemicals
industry, mining industry, textile industry, and nonferrous metal
processing industry. Most of the Chlor-Alkali industry is applying
this technology to remove mercury from its waste streams.

Literature citations on the efficiency of sulfide precipitation (9,
10, 11) indicate that most results ate in the sub ppm range, and that
sulfide treatment is superior to hydroxide treatment for the removal
of several trace metals. A recent report concluded that, with no
complexing agents in the waste, the following effluent quality can be
achieved (11).



Unlike hydroxide precipitation, this process is reported to be
effective in removing metals over a wide pH range of 3 to 11, with an
optimum range between 7 and 9.

Another study indicated cellulose xanthate is as effective as starch
xanthate in removing trace metals. The following table summarizes the
result of the study with a cellulose xanthate dosage of 90 mg/l and a
contact time of 30 minutes (18-19).

can be generated by mlxlng starch or cellulose with carbon
in a caustic medium. Three types of xanthates have been

bench pilot scale studies to be effective in removing
chromium (III), copper, iron, lead, mercury, nickel, silver

from industrial wastewaters (13-20). These are:

( 1 2 )

Effluent

0.027
0.022
0.06-0.14
0.08-0.36
0.008-0.021
0.077
0.03-0.04
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1 .35
0.30
1 .6
3 • 1
3.9
2.4
1.0

Concentration, mg/l

InfluentMetals

Cadmium
Chromium
Copper
Iron
Lead
Nickel
Zinc

Insoluble starch xanthate, and

Fibrous cellulose xanthate

Soluble starch xanthate with a cationic polymer,

where R = starch or cellulose.

2 [ROCS (=S) ]Na + M++ = [ROCS (=S)]zM + 2Na+

Xanthate + metal ion = insoluble metallic xanthate
+ sodium ions

The general removal mechanism is as follows:

Xanthates
disulfide
proven in
cadmium,
and zinc

Brass mill wastewaters, lead battery effluent, circuit board rinse
waters, electroless copper plating rinse waters, pyrophosphate
electroplating rinse waters, and copper etching rinse waters were
studied in a pilot plant. with insoluble starch xanthate as the
complexing agent (20). This pilot study demonstrated that the
xanthates can either be added to a reactor to mix with the wastewaters
or be applied as a precoat on a pressure filter (20). Results of
these pilot studies showed that metals were reduced to below 50 ~g/l

(ppb) .
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Strongly acidic cation exchanger,
Weakly acidic cation exchanger,
Strongly basic anionic exchanger, and
Weakly basic anionic exchanger.

Cation exchangers are capable of exchanging with cations in solution.
Strongly acidic cation exchangers contain functional groups such as
sulfonates, (-S03H and -S03Na), while weakly acidic exchangers have
functional groups derived from carboxylic acids, (-COOH and -COONa).

that cellulose xanthate is superior to
of sludge settling characteristics,

used as a complexing agent to prevent th~

anions from ihsoluble amphoteric metal
also be
soluble

When the functional groups are used up in the reaction, the resins can
usually be regenerated. Cationic resins can be regenerated by sodium
chloride, hydrochloric acid, sulfuric acid or sodium hydroxi~e.

Anionic resins are regenerated by sodium hydroxide, ammonlum
hydroxide, sodium carbonate, sodium chloride, or hydrochloric acid.

The exchanger can either be added to the wastewaters in batch
operations or be packed in a fixed bed or column. Fixed bed is by far
the more effective and hence more popular. The operation generally

Ion Exchange

Ion exchange is a chemical reaction between the ions in solution and
the ionic sites on an exchange resin. Many natural solids (e.g.,
soils, proteins, and zeolites) exhibit such exchange characteristics.
However, synthetic resins are the predominant ones used for ion
exchange applications in modern industrial technology. These resins
contain functional groups that can react with the ions in solution.
Depending on these functional groups, the resins can be classified
into:

Anionic exchangers are used to exchange with the anions in solution.
In general, strongly basic exchangers contain amine functional groups
(-R3 NOH and -R3 NCl), and weakly basic exchangers contain ammonia
functional groups (-NH 3 0H and -NH 3 CI).

Xanthate may
formation of
hydroxides.

The xanthate process is a relatively new technology, and the reagent
compounds are not yet available in commerical quantities. More
information is needed on dosage rates in continuous flow operations.
Potentially the metals can be recovered by leaching the xanthate
complex with nitric acid, but metal recOvery has not been demonstrated
yet. Sludge disposal problems may arise if the sludge complex is
unstable and, if xanthates are to be generated on site, care will be
needed in handling the hazardous carbon bisulfide.

This study also concluded
starch xanthate in terms
filterability, and handling.
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RSH + Hgel + a RSHgCI + H+ ( 14)

After the backwash cycle the resi~s can be regenerated with the
appropriate regenerant.

backwash,

( 13 )

( 15 )

(service),exchangecycle:

resins contain functional groups that are selective to
For example, a resin manufactured by a European
preferentially with mercury (Hg++) and mercuric

ions according to the following equations:

2RSH + Hg++ = RSHgSR + 2H+

Resin + mercury ion a insoluble resin complex
+ hydrogen ions

RSHgCI + Hel a RSH + HgCl z

follows a four-step
regeneration, and rinse.

Insoluble resin complex = regenerated resin
+ hydrochloric acid + mercuric chloride

One attractive feature of the ion exchange process is that it
concentrates the metals in the regeneration step, and thus provides a
potential for their recovery. However, if recovery is not feasible,
this creates a secondary stream which needs to be treated.

Many synthetic
certain metals.
company reacts
chloride (HgCI+)

Resin + mercuric chloride ion a insoluble resin complex
+ hydrogen ions

The exchange reaction is governed by the law of mass action. During
the reaction, the affinity of the resin for the two ions is so great
that essentially all the mercury or mercury chloride-resin complex
formation equilibria are shifted toward the formation of Hg++ and
HgCI+ which are rapidly removed. A 5 ppb residual mercury
concentration in the effluent is achieved by this process (22).

After all the exchangeable sites in the resin are used up, the bed is
backwashed by passing clean water through to loosen up the bed and to
remove any fine particulates that are trapped inside the bed.

During the exchange step, the reaction between the ions in solution
and the ionic sites in the resin takes place as the wastewater passes
down the bed. The reaction is generally regarded as a result of
electrostatic attraction (20). Therefore, the size of the hydrated
ion and the charge on the ion are the determining factors for the
exchange reaction. A trivalent ion is attracted more strongly than a
bivalent ion which is in turn attracted more strongly than a
monovalent ion. For ions with the same charge, the smaller hydrated
ion is capable of moving closer to the exchange site, and is thus
favored.



Reduction Processes

Sulfur dioxide + dichromate ion = trivalent chromium ion
+ hydrogen ion + sulfates and water

( 17 )

( 18 )

( 16 )
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Ferrous ion + dichromate ion = trivalent chromium ion
+ hydrogen ion + ferric ion + water

3803 = + Cr Z0 7 = + 8H+ = 2Cr+++ + 3504 = + 4H zO

Sulfite ion + dichromate ion = trivalent chromium ion
+ hydrogen ion + sulfate + water

6Fe++ + Cr Z0 7 = + 14H+ = 2Cr+++ + 6Fe+++ + 7H zO

A number of chemicals are used for the reduction of chromium. Most
common are sodium bisufite, sodium metabisulfite, sulfur dioxide and
ferrous salts. The reduction is accomplished readily at low pH with
these reagents. Typical reduction reactions are:

Hexavalent chromium (e.g., Cr04 = and Cr Z0 7 =) is toxic and soluble.
The most efficient way of removing this from solution is a two-step
process of reduction followed by precipitation.

Chromium (III) is much less toxic than chromium (VI), and forms an
insoluble hydroxide which can be removed from solutiorr by settling and
filtration.

Many metals can exist in solution in several oxidation states, and it
may be necessary to convert from a higher valency state to a lower one
in order to apply a given chemical reaction. The classic example is
chromium, which as the trivalent chromic ion will precipitate as the
hydroxide in alkaline solution, while the hexavalent chromate or
dichromate ion will not. The latter needs to be reduced if
precipitation is to occur.

Ion exchange is a proven technology that can reduce metal
concentrations down to low levels. However this technology is used
only in limited industrial pollution abatement applications because of
the high cost associated with the process. Consequently, ion exchange
has not been recommended in this report for BAT technology.

A recent study found that sodium alumino silicates (zeolites) might be
a low-cost exchanger that can be discarded after a one-time use (22).
This would eliminate the regeneration step. On a batch study with a
five-minute contact time, cadmium and mercury were removed to below 10
ppb. Thermodynamic considerations show this exchanger to have a high
affinity for cadmium, copper, mercury, nickel, silver, zinc, cesium,
and barium.



A mercury level of 0.01 mg/l in the final effluent has been reported
(3 ) •

After the reduction step, lime or caustic soda is added to raise the
pH to 8.5-9.0. Trivalent chromium will be precipitated.

( 1 9 )

(20)
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substances is generally carried out by
as wet oxidation and incineration, or by

Cr+++ + 30H- = Cr(OH)3

Mercury ion + borohydride ion = insoluble mercury metal
+ hydroxyl ion + borate ion + water

Oxidation Processes

The oxidation of organic
thermal processes such

One other common reduction process is the application of sodium
borohydride to reduce metals in waste streams. Sodium borohydride is
a mild but effective reducing agent (3), and is currently used in some
chlor-alkali plants to reduce the soluble mercury ion to metallic
mercury which is removed from solution by carbon adsorption:

The reduced chromium and the ferric ions produced in the third
equation will exist as the soluble sulfate at acid pH's; If the pH is
above 5, the reaction rate is drastically reduced, and although
dithionite will effect reduction at neutral pH's, it is very costly
and its use may be contraindicated.

Trivalent chromium = insoluble chromium hydroxide
+ hydroxide ion

The theoretical solubility limit of chromium hydroxide is above 0.02
mg/l (8). It is reported that applying sulfur dioxide to a pigment
waste consistently reduced Cr (VI) and Cr(T) to 0.5 mg/l and 1.5 mg/l
respectively as 3D-day averages (9) (10). By applying ferrous sulfide
to a plating waste with an initial Cr(VI) concentraiton of 128 mg/l
and Cr(T) concentration of 153 mg/l, an effluent quality of less than
0.05 mg/l of either species is achieved (12).

A one-step precipitation-reduction process using sodium bisulfide was
used in a dichromate plant to remove chromium from its wastewater. An
effluent quality with less than 1 mg/l Cr(VI), and less than 5 mg/l
Cr(T) was reported (3).

Sodium borohydride is also reported to be effective in removing
silver, mercury, gold, lead, and cadmium (5). However, this
technology is only being applied in limited cases, the cost of the
chemical being the major drawback. The cost of sodium borohydride was
$16.00 per pound in 1978 (23).



Thermal oxidation processes are not expected to have much application
in the inorganic chemicals industry, mainly because of the high energy
cost required and the low level of organic contamination found in the
wastes.

Wet oxidation is a process in which an aqueous waste can be oxidized
in the liquid phase in a closed, high-temperature, high pressure
vessel. This reduces some of the problems (such as air pollution from
exhaust gas) inherent in incineration. Wet oxidation has been used
for a variety of wastes including pulping waste and acrylonitrile
liquor (26). A percent reduction in excess of 99.8 of some of the
toxic pollutants has been reported (27).

The application of chemical oxidation to industrial wastes is well
established for cyanides, sulfite, ammonia, and other harmful species
in dilute waste streams (phenols, mercaptans, polysulfides, etc.).
Common chemicals used as oxidizing agents included chlorine,
hypochlorite, hydrogen peroxide, potassium permanganate, ozone, and
chlorine dioxide. Air and oxygen are also used.

The most widely used chemical oxidation technology applicable to the
inorganic chemicals industry is the oxidation of cyanide. The
oxidation reaction between chlorine and cyanide is believed to proceed
in two steps as follows:

(22)

( 21 )

essentially
cyanate, is
10 or higher
is usually
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CN- + C1 2 = CNCI + Cl-

Cyanogen chloride = cyanate ion + chloride
+ hydroxyl ion ion + water

CNCI + 20H- = CNO- + C1- + H2 0

Cyanide + chlorine = cyanogen chloride + chloride ion

biological processes such as the activated sludge process, trickling
filters, biodiscs, and aerated lagoons.

Incineration is actually a combination of oxidation and pyrolysis.
Both involve chemical changes resulting from heat. Oxidation involves
actual reaction with oxygen, while pyrolysis refers to rearrangement
or breakdown of molecules at high temperatures in the absence of
oxygen. There are five types of incinerators available commercially.
These are rotary kiln, multiple hearth, liquid injection, fluidized
bed, and pyrolysis (24). A minimum temperature of 1000 degrees C and
a residence time of two seconds is required for the reaction to
proceed. This process has been shown to be successful in reducing
pesticides to harmless molecules (25).

The formation of cyanogen chloride (CNC1) is
instantaneous. The second reaction, the formation of
accomplished most rapidly and completely at a pH of
(9,28). A detention time of 30 minutes to two hours
allowed.



Hydrogen perioxide + cyanide = cyanate ion + water

to
of

(26)

(28)

(29 )

(25)

(24)

formaldehyde
the advantage
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two oxidizing reagents is that no
to the wastewater. In addition, excess

chloride ion + carbon dioxide
+ nitrogen + water

•

NHzCI + HOCI = NHCl z + HzO

NHCl z + HOCI = NCl 3 + HzO

Cyanate + hydroxyl ion =
+ chlorine

Ammonia + hypochlorous acid = monochloramine + water, etc.

NH 3 + HOCI = NHzCl + H2 0 (27)

2CNO- + 40H- + 3Cl z = 6Cl- + 2CO z + Nz + 2H zO (23)

Cyanate + hydronium ion = carbon dioxide + ammonium ion
+ water

Ozone + cyanide = oxygen + cyanate ion

Other common chemicals used to oxidize cyanide include sodium
hypochlorite, ozone, and hydrogen peroxide. The reaction for sodium
hypochlorite is essentially the same as for chlorine. For ozone and
hydrogen peroxide, the oxidation step proceeds as follows:

Laboratory studies in one plant currently practicing alkaline
chlorination indicated that the presence of ammonia in the wastewater
reduces the efficiency of cyanide removal. It is well known that
ammonia reacts with chlorine or hypochlorous acid to form chloramines:

The advantage of using these
dissolved solids are added
chlorine is not discharged.

A patented process uses hydrogen peroxide and
decompose cyanide at about 1200F. This has
precipitating cadmium and zinc simultaneously (9).

The cyanates can be further decomposed into nitrogen and carbon
dioxide by excess chlorination or acid hydrolysis.

The first reaction can be accomplished in about one hour if the pH is
adjusted to 8.0-8.5. Acid hydrolysis usually takes place at pH 2-3
and care must be taken to avoid the liberation of the toxic cyanogen
chloride as a gas. Hydrolysis is not usually the chosen option.



If excess chlorine is added, chloromines can be converted into
nitrogen oxides(s):

(30)

This equation is not exact because the final form of nitrogen OXide is
believed to be a mixture of nitrous oxide, nitrogen dioxide and nitric
oxide.

The treatment of cyanide by chemical oxidation is currently practiced
in the following industries:

Inorganic Chemical (Hydrogen Cyanide Production)

Mining

Plating

The free cyanide level after treatment is generally below 0.1 mg/l
( 9 ) .

Membrane Processes

Membrane processes have emerged in the last decade as a promlslng new
technology for the treatment of saline water and wastewaters. A
membrane is a semi-permeable barrier which allows the transport of
some molecules (ions) and retains others. The driving force can
either be electropotential differences (electrodialysis) or pressure
difference (reverse osmosis and ultrafiltration). The major
application of these processes has been the desalination of brackish
water and sea water. More recently, these have also found application
in a number of industries, includingc

Mining
Electroplating
Metal Finishing
Printed Circuit Board Manufacturing
Battery Manufacturing
Pulp and Paper
Food Processing

In electrodialysis, an even number of alternating anion and cation
selective membranes are placed between two electrodes. When current
is applied the anions are attracted to the anode, and cations are
attracted to the cathode. In the process of migration, the cations
pass through the cation-permeable membrane and are blocked by the
anion-permeable membrane. Likewise, the anions pass through the
anion-permeable membrane and are blocked by the cation membrane. This
results in alternating paths of purified water and concentrated reject
(Figure 7-3).

The electrodialysis membranes are made very thin and are assembled in
stacks. The flow path is the active portion of the cells.
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Pretreatment to remove suspended materials is absolutely essential.
Other materials in the waste feed that may lead to membrane fouling
include high organic content, calcium sUlfate, and certain complex
ions such as ZnCl- which can partially convert the anion membrane to
the cation form, with s~gnificant loss in sYstem performance (28).

As ionic concentration decreases, the electroconductivity of the water
also decreases, making it less efficient to remove the remaining salt.
Most operations do not produce a product water of less than 500 mg/l
total dissolved solids.

Reverse osmosis (RO) and ultrafiltration (UF) are similar in basic
concepts. Both are pressure-driven separation processes that employ
high-flux semi-permeable membranes operating under dynamic flow
conditions (29). In contrast to electrodialysis, these involve the
transport of solvent, not solute, across the membrane.

Osmosis is a process in which solvent from a dilute solution is
transported spontaneously across a semi-permeable membrane into a
concentrated solution. By applying enough pressure to overcome this
osmotic pressure, reverse osmosis, i.e., the passage of solvent from a
concentrated solution to a dilute solution through a semi-permeable
membrane, occurs. The operating pressure of reverse osmosis units is
usually between 350 and 600 psi. Ultrafiltration usually operates at
a much lower pressure (5 to 100 psi). The predominant transport
mechanism is selective sieving through pores. The membrane retains
high molecular weight dissolved solids such as synthetic resins,
colloids, and proteins. The upper and lower molecular weight limit is
generally defined as 500,000 and 500, respectively.

Membranes are usually fabricated in flat sheets or tubular forms. The
most common material is cellulose acetate but other polymers such as
polyamides are used. There are four basic module designs:
plate-and-frame, tubular, spiral-wound, and hollow fiber. Table 7-2
is a comparison between the various reverse osmosis modules. Membrane
processes are effective in removing (concentrating» inorganic and
organic substances from a wastestream. Usually extensive pretreatment
is required to reduce the suspended solids and control pH. There are
uncertainties about operation efficiency, membrane lifetime, rejection
specificity, and other factors. If recovery is not feasible, the
concentrated reject must be disposed or treated by other methods. The
high operation and capital cost limits the widespread application of
these technologies. For these reasons membrane technique is not
recommended as a BAT technology for this industry.

Adsorption

Adsorption is a surface phenomenon in which a substance is accumulated
on the surface of another substance. Sorption of a solute on a solid
surface is widely used in pollution abatement practices. The term
"adsorbate" refers to the substance being concentrated, and the term
"adsorbent" refers to the material that prOVides the surface.
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Activated carbon is the prevalent adsorbent used. Both inorganic and
organic substances are known to be removed effectively by activated
carbon. Certain chlor-alkali plants are currently using activated
carbon as a polishing step to remove mercury.

Activated carbon can be obtained in powdered and granular form.
Powdered carbon is about 50-70 microns in diameter, and 90 percent
should pass through a 300-mesh screen. Granular carbon is about 0.1-1
mm in diameter, and because of this is three times more expensive than
powdered carbon.

The application involves the passage of the wastewaters through a
contact bed. When the bed is exhausted, the carbon is either
regenerated or sent to landfill. It is economical for large plants to
regenerate the carbon. This can be done either by thermal
regeneration in a rotary kiln or multihearth incinerator, or by
chemical regeneration by using OXidizing agents such as hydrogen
peroxide or acids and bases.

The application of carbon adsorption has been mainly in organic waste
treatment. Recently, there are studies indicating the effectiveness
of carbon adsorption in removing mercury, cadmium, cyanide, Chromium,
lead, nickel, zinc, arsenic, and copper (30, 31).

An interesting development in carbon technology is its use after the
wastewater is ozonized. This combination (known as Bacteriologically
Activate Carbon or BAC) has proved effective in treating otherwise
biologically inactive organic compounds. The process involves
chemical modification of the organics by the ozone. Maintenance of an
aerobic region on the carbon allows a biologically activated film to
develop and the modified organics are further treated by a mixed
process of biological oxidation and carbon adsorption. The system has
th~ advantage of being a potential add-on to existing BPT systems, and
should be cost effective since it has been found that the carbon only
needs regeneration at infrequent intervals.

No industrial applications of this technology are known, although
research is under way (32).

Bacteriologically Activated Carbon is a very attractive potential BAT
technology for the removal of organic toxic pollutants from waste
streams, although no application to the inorganic chemical industry
subcategories studied in this report was found.

is made by charring basic substrates, such as wood,
husks, etc., at 6000C in a controlled atmosphere,
kept low by adding carbon dioxide or steam. This
volatiles, leaving a porous carbon lattice in an

Activated carbon
coke, coal, shell,
where oxygen is
process drives out
"activated" state.



_...- +

85

Figure 7-3. Electredia.lysis process.



TABLE 7-2. CXMPARISON OF REVERSE OSKSIS 00NCEPTs

Water Flux wat:er cnt:p.lt Parasitic Pressure
PackioJ at 600 psi Per Unit Sodiml Illsses (psi) useful
Density (gall Volune (gal/ Chloride Peed Product PI Ease of

(ft
2
/ft

3
) day/ft2) day/ft

2
)

Rejection Channel Qlanne1 Range CleaIli.R1

Plate-and-Frame 150 10 1500 Very~ 30 30 2-8 Fair

Large tubes SO 10 500 Very~ 50 10 2-8 Very gcxx1

Spiral 250 10 2500 Very Good 10 50 2..-8 Good to
very good

R'>lyamide hollow 5000 1(400 psi) 5000 Fair 10 50 0-12 Fair
fine fibers

<XI
0'1 cellulose acetate 2500 3(250 psi) 7500 10 SO 3-7 Fair

oollcM fine
fibers

Sow.ue; Weber, Physio:JChanical Processes, 1972.
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Fluoride Removal

The conventional method of treating fluoride-bearing wastes is to
precipitate the fluoride as calcium fluoride by the addition of lime.
The reaction is:

(32 )

( 31 )

03 )

(34)

Al(OH)zF + F- = Al(OH)Fz + OH

Al(OH)F z + F- = AIF 3 = OH-

Al(OH)~ + F- = Al(OH)zF + OH-

Aluminum hydroxide = aluminum monofluorohydroxide
+ fluoride ion + hydroxyl ion, etc.

Ca(OH)z + 2F- = CaF 2 + 20H-

Certain process ope~ations used in the manufacture of inorganic
fluoride compounds involve the use of sulfuric acid and starting
materials which contain silicate or borate impurities. This may lead
to the formation of waste containing fluorosulfonate,
hexafluorosilicate or tetrafluoroborate complex ions. Although
tetrafluoroborate is usually a very minor constituent and the
hexafluorosilicate is readily hydolyzed in treatment systems, the
fluorosulfonate ion is fairly stable and presents a serious problem
where low levels of total fluoride are required. The lime
precipitation method is not effective in ~emoving the fluorosulfonate
and the effectiveness of adsorption techniques is not known.

Complexed fluorides are also adsorbed to some extent on the aluminum
hydroxide surface and removed in the coagulation process (33). Large
amounts of alum (5000 mg/l) are required to reduce the fluoride
concentration to below 1 ppm.

Activated alumina has been shown to be effective in removing fluoride
and arsenic is wastewater (34) and fluoride from drinking water in
municipal water treatment practice (35-38), Typically, the fluoride
content of raw water can be reduced from about 8 to 1 ppm (38).
Application of activated alumina to high fluoride industrial wastes
shows that a low ppm effluent can be achieved (39), although high
capital and operation costs generally limit the wide application of
this process.

Hydrated lime + fluoride ion = insoluble calcium fluoride
+ hydroxyl ion

Using this process alone, it is difficult to remove fluoride to below
8 mg/l due to the solubility of calcium fluoride (9, 33). Adding alum
with the lime generally improves the removal efficiency. Fluoride
ions are removed as follows:



Hydrogen peroxide + hypochlorite ion ~ water + oxygen +
chloride ion

(35 )

(36)

(37)

hypochlorite) in
by the addition of

sodium bisulfite or
in Equations 35 and

SOz + OC1- + HzO = HzS04 + Cl-

Sulfur dioxide + hypochlorite ion ~ sulfuric acid
+ water + chloride ion

Na Z S03 + OC1- : NaZ S04 + C1

Sodium sulfite + ~ sodium sulfate +
hypochlorite ion chloride ion

Alternatively, hydrogen peroxide, although relatively expensive, may
also be used for dechlorination according to Equation 37.

In the chlor-alkali industry, certain wastewater streams may have a
sufficiently high loading of chlorine to warrant recovery of the
product by air stripping, steam stripping, or extraction by carbon
tetrachloride. In some locations, a market exists for sodium or
calcium hypochlorite solutions which can be generated by treating the
tail gases with caustic soda or lime. This may serve as a means for
disposing of waste chlorine which cannot otherwise be economically
recovered.- As alternatives for waste chlorine disposal, the streams
may be treated to form the hypochlorite and then decomposed thermally
or catalytically. These technologies are discussed in Section TT
dealing with the ehlor-alkali industry. Chlorine residuals remaining
after the recovery and/or decomposition steps have been taken would be
amenable to treatment with reducing agents such as sulfur dioxide,
bisulfite, or hydrogen peroxide as described above.

Chlorine Removal

The removal of residual chlorine (in the form of
industrial wastewater is normally accomplished
sulfur dioxide or a related reducing agent such as
sodium metabisulfite. Typical reactions are shown
36.







SECTION 8

TREATABILITY ESTIMATES AND LONG-TERM DATA ANALYSIS

The Development of Treatability Estimates

Preliminary Analysis

The review of technological treatment options applicable to the
removal of toxic pollutants has led to the conclusion that the
particular contaminants found in the raw process wastewaters of the
subject industries can be effectively controlled by the proper
application of fairly well-known and demonstrated techniques. In
order to proceed from a general discussion and description of
techniques to a detailed evaluation for each subcategory of the levels
of removal that can be expected, a summary is now presented of
selected treatability data for the 13 toxic metals.

The treated waste concentrations and removal efficiencies reported in
the literature are assumed to represent the best performance
characteristics that can be obtained under the specified operating
conditions. The treatment technologies considered can thus be
assigned a set of optimum conditions and best performance estimates
for removal of the particular toxic metals that are amenable to
treatment. Taking each metal in turn, Tables 8-1 through 8-10 give the
initial and final concentrations, the removal efficiencies, and the pH
conditions for different treatment technologies. The best performance
estimates for metal removal are derived from the tabulated data and
are utilized in turn as the bases for making estimates of average
achievable performance. The sequence of analytical steps is:

1. Review and analyze applicable performance data.

2. Estimate best performance under optimum treatment
conditions.

3. Estimate average achievable performance under expected
industrial operating conditions.

The third step involves the consideration of treatment system
variables under full-scale operating conditions in industrial
situations where the design objective would be the simultaneous
removal of several waste load constituents. Each industry designs for
maximum removal and/or recovery of the major process-related waste
substances and utilizes an appropriate technology which is both
reliable and cost effective. Optimum treatment conditions for the
removal of a particular pollutant can rarely be achieved consistently
and any given set of conditions will be somewhat less than optimum for
most, if not all, of the treatable constituents. In any well-operated
production facility the normal variations in production rates, raw
material quality, the desired product mix in some cases, and contact
water use requirements may cause severe hydraulic and pollutant load
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TABLE 8-1. WASTE WATER TRFA'IMENI' OPTIONS Al\D PERFORMANCE DATA~ 
Am'IMJNY AND ABSENIC REMJVAL

TreatIrent Technology pH Initial Final Rerrcval References
Concen- concen- (%)
tration tration

(m:r/l) (ll'q/1)

AntiIrony

Lirre/Filter li.5 0.6 0.4 28 40

Ferric chloride/Filter 6.2 0.5 0.2 65 40

Alun/Filter 6.4 0.6 0.2 62 40

., Arsenic

Line Softening 0.2 0.03 85 9, 10

Sulfide/Filter 6-7 0.05 9, 10

Lima (260 rrg/1) /Filter 10.0 5.0 l.0 80 41

Lime (600 mg/1)/Fi1ter U.S 5.0 1.4 72 41

Ferric sulfate 5-7.5 0.05 0.005 90 42

Ferric sulfate 6.0 5.0 0.5 90 41

Lime/Ferric Chloride/ 10.3 3.0 0.05 98 9, 10
Filter

Activated alunina 6.8 0.4-10 <0.4 96-99+ 43
(2 rrg/1)

Activated carbon 3.1-3.6 0.4-10 <4.0 63-97 43
(3 Itr:J/l)

Ferric Chloride 0.3 0.05 98 9, 10

Ferric Chloride 0.6-0.9 <0.13 9, 10
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TABLE 8-2. WASTE WATER TREA'IMENl' OPrICNS AND PERFo.RMANCE DATA st»mRY 
BERYLLIUM AND CAI:frnJM REMJVAL

Treatment Technology pH Initial Final Ratoval References
Concen- concen- (%)
tration tration

(zrg/l) (In3"/1)

Beryllium

Li1re/Filter 11.5 0.1 0.006 99.4 40

cadmium

Line (260 ng/l) /Filter 10.0 5.0 0.25 95 41

Lime (600 m;/l)/Filter 11.5 5.0 0.10 98 41

Lime Softening 5-6.5 0.44-1. a 0.008 92-98 8

Lime/Sulfide 8.5-11.3 0.3-10 0.006 98+ 44

Ferrous Sulfide (Sulfex) 8. 5-9. 0 4.0 <0.01 99+ 7,8,11

Ferrite coprecipitation/ neutral 240 0.008 99+ 5
Filter
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TABLE 8"'3. WASTE WATER TREATMENT OPl'IONS ANDp~ DATA SlM1ARY 
COPPER REM:mU..

Treatment Technology pH Initial Final Renova1 References
COncen- Concen- (%)
tration tration

(ng/l) . (Itg!l)

LiIre/Filter 8.5-9.0 3.2 0.07 98 8

Line (260 ng/l) /Filter 10.0 5.0 0.4 92 41

Lime (600 mg/l)/F11ter 11.5 5.0 0.5 91 41

Ferric sulfate/Fllter 6.0 5.0 0.3 95 41

Lime >8.5 10-20 1-2 90 9,10

Line 9.5 3.0 0.2 93 45

Alum 6.5-7.0 3.0 0.2 93 45

Line/Sulfide 5.0-6.5 50-130 <0.5 44

Ferrous sulfide (Sulfex) 8 .5-9 .0 3.2 0.02 99 8

Ferrous sulfide (Sulfex) 8.5-9.0 4.0 0.01 99+ 7,8,1l

Fen-1te COprecipitation/ 0.01 99+ 5
Filter
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TMLE 8-4. ~ waD '1'RE'A1MENr QPTICR; AND~~ DATA stHmRX' -
CBR:MItIoi III AND~ VI ms::JVAr.

'l'1:ut:lDmt 'l'ed:mology pH Initial Final Rsnoval Reterences
Concen- CcD:ert- ('I
tratial trati.cn
~) (aq/l)

Cuaaiun

IJJIa (260 JDVl);Tilt8J: 10.0 5.0 0.1 98 41

IJJIa (600 JDVl);T1ltc 11.5 5.0 0.1 98 41

~ 7-8 140 (as 1.0 9,10
cr VI)

~ 7-8 1300 (as 0.06 Ct'III 3,9,10
cr VI)

Lial SoftaUn; 10.6-U.3 0.15 98+ 46

IJ.IDa/FiJ.1:er 7-9 0.05 47

Lime 9.5 15 0.1 4S

IJD 9.5 3.2 <0.1 45

!'crlte ocp:eci.pitatial/ 2S 0.01 5
FUter

Fec:ic suUata 6.5-9.3 98+ 46

Fer:rlc sulfat:e/FUt8J: 5.0 0.05 99 .u

01mniJ.lm VI

Activated caJ:1xn 3.0 10 1.5 as 48
(pulvarizsd., Pit:a-
burgh type .R:)

s.. as aI::lcve 2.0 10 0.4 96 48

Activated oaJ:bcn 6.0 3 0.05 98 41
(qranu1.a:')

FeJ:ritli copt8Cipi.tation 0.5 oot. s·
detectable

SUlfur dioxide :wductJan 0.01-0.1 9,10

S:Lsulfita red.uctia1 0.05-1.0 9,10
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TABLE 8-5. WASl'E WATER TRF.MMENr OPrIQNS 'AND PERroPMANCE DATA stM-1ARY 
LEAD REMJVAL

Treatment Technology pH Initial Final Rem::lva1 References
Concen- Concen- (%)
tration tration

(Il¥3'/l) (Il¥3'/1)

Lima (260 Il¥3'/1) 10.0 5.0 0.25 95.0 41

Lime/filter 8.5-9.0 189 0.1 99.9 5

Lima (260 rrg/l) /Filter 10.0 5.0 0.075 98.5 41

Lima (600 rrg/l) /Filter 11.5 5.0 0.10 98.0 41

Ferrous sulfate/FUter 6.0 5.0 0.075 98.5 41

Sodium hydroxide (1 hour 5.5 1.6 - 10
settling)

Sodium hydroxide (24 hour 7.0 0.04 10
settling)

Sodium hydroxide/Fi1ter 10.5 1700 0.60 99+ 49

Sodium carbonate/Fi1ter 10.1 1260 0.60 99+ 49

Sodium carbonate/Filter 6.4-8.7 10.2-70.0 0.2-3.6 82-99+ 10

Sodium caJ:banate/Fi1ter 9.0-9.5 5.0 0.01-0.03 99+ 9,10

Ferrous sulfide (Sulfex) 8.5-9.0 189 0.1 99.9 8

Ferrite coprecipitation/ 480 0.01-0.05 99.9 5
Filter
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TABLE 8-6. WASTE WATER TRFA'lMENT OPTIONS AND PERFORMANCE DATA SUMMARY -
MERCURY II REMJVAL

Treatment Technology pH Initial Final Raroval References
Concen- COncen- (%)
tration tration

. <m:J/l) (m;/1)

Sulfide 0.3-50.0 0.01-0.12 9,10

SUlfide 10.0 10.0 1.8 96.4 50

Sulfide/Filter 5.5 16.0 0.04 99 50

Sulfide/Fi1ter 4.0 36.0 0.06 99.8 50

Sulfide/Filter 5.8-8.0 0.3-6.0 0.01-0.125 87-99.2 50

Ferrite coprecipitation! 6.0-7.4 0.001-0.005 99.9 5
Filter

Activated Carbon 0.01-0.05 <0.0005 9,10

Activated carton/Alum 0.02-0.03 0.009 46

Activated carbon 0.06-0.09 0.006 50
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TABLE 8-7. WASTE WATER TRE:MMENl' OPrICNS AND PE:RFORWa DATA~ 
NIa<EL REMJVAL

Trea.tnent Technology pH Initial Final RetDval References
Concan- Concen- (%)
tration tration

(ng/l) (ng/l)

Lime 8.5-9.0 75 1.5 98 8

Lime (260 ng/1) /Filter 10.0 5.0 0.3 94 41

Lime (600 Irq/I) /Filter 11.5 5.0 0.15 97 41

caustic Soda/Filter 11.0 0.3 49

Fermus sulfide (Sulfex) 8.5-9.0 75 0.05 99.9 8,11

Ferrite coprecipitation 1000 0.20 99.9 5

TABLE 8-8. WASTE WATER '1'REMMEN1' OP.rICNS AND PERl":)Rw.cE DATA StH!ARY 
SILVER REM:IVAL

Treatment Technology pH Initial Final Removal References
Caloen- concen- (%)
tration tration

(Irq/1) (Irq/l)

Sodium hydroxide 9.0 54 15 72 13

Ferric sulfate (30 ng/l) 6-9 0.15 0.03-0.04 72-83 46

Lime So:fl:erUng 9.0-11.5 0.15 0.01-0.03 80-93 46

Chloride precipitation 105-250 1.0-3.5 97+ 9,10
(aJ.kal.ine chlorination
in the presence of
cyanide)

Ferric chloride/Filter 6.2 0.5 0.04 98.2 40

SUlfide precipitation 5-11 very high 9,10
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TABLE 8-9. WASl'E WATER 'l'REA'lMENT OPTIONS AND PERFORMANCE DATA~ 
SELENIUM AND THALLIUM REMOVAL

Treatment Technology pH Initial Final Removal References
Concen- Concen- (%)
tratian tration

(Irq/l) (mg/1)

selenium

Ferric chIoride/Filter 6.2 0.1 0.03 75 40

Ferric chloride/Filter 6.2 0.05 0.01 80 40

Alum/Filter 6.4 0.5 0.26 48 40

Ferric sulfate 5.5 0.10 0.02 82 51

Ferric sulfate 7.0 0.10 0.03 75 51

Lirre/Filter 11.5 0.5 0.3 35 40

Lirre/Fi1ter 11.5 0.06 0.04 38 40

'Ihallium

Lirre/Filter 11.5 0.5 0.2 60 40

Ferric chloride/Filter 6.2 0.6 0.4 30 40

Alum/Filter 6.4 0.6 0.4 31 40
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TABU: 8-10. WASTE WATER TREA'Il1ENT OPTIONS AN)p~ DATA stJMMARY -
zmc REM:JlJAL

Treatment Techrx>logy pH Initial Final Rarova1 References
Concen- Concen- (%)
tration tration
(Irq/1) fur:J/1)

LiIre/Fi1ter 8.5-9.0 3.6 0.25 93 8

Lime (260 rrg/1) 10.0 5.0 0.85 83 41

Lime (260 mg/l)/Filter 10.0 5.0 0.80 84 41

Lime (600 m:1I1) 11.5 5.0 0.35 93 41

Lime (600 nq/l}/Filter 11.5 5.0 1.2 77 41

Lime/Filter 16 0.02-0.23 5

Sodium hydroxide 9.0 33 1.0 97 13

Sulfide 42 1.2 97 5

Ferrous sulfide (Sulfex) 8.5-9.0 3.6 0.02 99+ 8,11

Ferrite coprecipitation 18 0.02 99+ 5
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input excursions which at best can be moderated by effective
equalization in the treatment system. This is considerably less of a
problem in batch treatment than with a continuously operating system.
The latter requires continuous feedback monitoring for pH control and
chemical dosage in order to maintain the effluent quality within
acceptable limits for a number of parameters. Under these conditions,
the 3D-day ~verages derived from the actual treated effluent
monitoring data (NPDES, etc.) would equate to what has been identified
in Step 3 above as the estimated 3D-day achievable performance using
the same general treatment technology.

The estimated ranges of average achievable performance are presented
in Table 8-11. In formulating the proposed regulations, these values
were used as maximum 3D-day averages in cases where there were
insufficient data from sampling or long-term monitoring of the actual
industry discharges.

Statistical evaluation of long-term monitoring data is described in
Section 8.3 and the results are presented in Appendix A where various
derivative quanitites such as long-term averages and standard
deviations are tabulated.

Final Analysis

Following publication of the proposed regulations on July 24, 198D (45
FR 49450) additional data on performance of the BPT and BAT options
for several subcategories were evaluated and eventually incorporated
into the basis for the final regulations. The sources of additional
data include the following:

A. Treatability Study for the Inorganic Chemicals Manufacturing
Point Source, EPA 440/1-80-103, July, 1980.

B. Industry comments on the proposed regulations - The written
comments received by EPA as well as comments given orally at the
public hearing on proposed pretreatment standards (October 15,
1980) are part of the official public record of the rule making.
The comments are summarized and responses are given in tlResponses
to Public Comments, Proposed Inorganic Chemicals Manufacturing
Effluent Guidelines and Standards," which is a part of the Record
for this rule. Individual comment docume~ts or letters are cited
in this report where they are used as sources of information.

C. Treatability Manual, Volume !!!L Technologies for
Control/Removal of Pollutants, EPA 600/8-8D-042c, July, 1980.

Table 8-12 presents tabular summaries of the available industry
treatment performance data for most of the priority toxic metals.
These include estimated long-term averages in cases where there were
sufficient data given to utilize the Maximum Likelihood Estimation
method for calculating statistical parameters as indicated in the
footnotes. Overall arithmetic medians and averages are also given for
metals where five or more individual data sets were available.
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TABLE 8-11. ESl'lMATED ACHIEVABLE~ 3Q-J:lAY AVERAGES FOR mE APPLIID TErnNQIlX;IES

Fi..nal. Qncentraticns (ng/l)
Ferrite

Lime Lime Sulfide Coprecip- Soda. Ash Soda Ash Altlll

settling Filter FiltE.,rr itation settling Filter
Filter

Antim:ny, Sb 0.8-1.5 0~4-0.8

Arsenic V 0.5-1.0 0.5-1.0 0.05-0.1

Beryllium, Be 0.1-0.5 0.01-0.1

Cadm1.um, Cd 0.1-0.5 0.05-0.1 0.01-0.1 <0.05

.... CoJ.=:P!r, Cu 0.5-1.0 .0.4-0.7 0.05-0.5 <0.05
0
t..)

Chranium III, 0.1-0.5 0.05-0.5 0.01
er+3

Lead, Rl 0.3-1.6 0.05-0.6 0.05-0.4 0.20 0.4-0.8 0.1-0.6

Marcury II, 0.01-0.05 <0.01
8g

Nickel, Ni 0.2-1.5 0.1-0.5 0.05-0.5

Silver, Ag 0.4-0.8 0.2-0.4 0.05-0.2

selenium, se 0.2-1.0 0.1-0.5

ThalliUin, Tl 0.2-1.0 0.1-0.5 0.2-0.5

Zinc, zn 0.5-1. 5 0.4-1.2 0.02-1.2 0.02-0.5

(continued)



TABLE 8-11 oontinued

Ferric
Chloride

Final Concentrations (ng/I)
Activated S02 Bisulfite Lime/Fec12Carbon Reduction Reduction Filter

Alkaline
Ollori
natioo

Arsenic V, As

Olranium VI,
er+6 •

~rcury II,
Hg

Silver, Ag

selenium, se

Thallium, Tl

Cyanide (Free),

rnA

0.05-0.5

0.05-0.1

0.05-0.1

0.7

0.3

0.1

0.01

0.01-0.1 0.05-0.5

0.02-0.1

0.1-0.5



An industry long-term average effluent concentration was then
estimated for each pollutant/treatment option combination for which
sufficient data were available. For copper and nickel, the average
values for lime/settling were adjusted upward from 0.32 to 0.40 mg/l
in order to show a larger decrease when filtration is added. In the
case of chromium, the average with filtration was adjusted to 0.16
mg/I. Plants presently practicing filtration are generally those with
higher raw waste concentrations of metals in comparison to plants
which can achieve adequate treatment without filtration. This tends
to reduce the observed differences in performance with and without
filtration and, therefore, understates the potential benefit of adding
filtration to a particular lime/settling system. The estimated
achievable long-term average concentrations, as shown in Table 8-13,
generally fall within the estimated range of the corresponding maximum
3D-day averages in Table 8-11 which were derived from literature data.
Thus, there is substantial agreement between the two sets of estimates
and there is good reason to conclude that the lower limits of the
treatability ranges in Table 8-11 are actually more like long-term
averages than maximum 3D-day averages for the inorganic chemicals
industry. The final toxic metal regulations are based on the
estimated achievable long-term average concentrations in Table 8-13 in
cases where there are insufficient industry specific performance data
available. The numerical limitation in each case was obtained by
multiplying the long-term average concentration by the model plant
unit flow rate and an appropriate variability factor. The variability
factors are selected to represent as accurately as possible the actual
full-scale treatment system's variability under normal operating
conditions.

It is understood that in each subcategory plant treatment system
conditions, particularly where chemical precipitation is involved, are
usually optimized for the removal of only one metal. Other metals may
be removed incidentially under the same conditions although their
removal efficiencies may not be optimal. An example is th~ prevalent
use of sulfide precipitation/filtration technology for the removal of
mercury. The precipitation is normally carried out under neutral to
moderately-acid conditions in order to limit the amount of residual
sulfide in the system and, depending on specific raw waste
characteristics, to obtain desirable solid properties for filtration.
Under these conditions, the incidental removals of other metals such
as nickel and zinc are not at their maximum efficiencies, but are
still effective.

The industry performance data summarized in Table 8-12 for many of the
toxic metal/treatment combinations express an observed incidental
removal rather than an optimum removal. This provides an empirical
basis for estimating practical control levels for metals under
off-optimum pH conditions in either alkaline precipitation or sulfide
precipitation systems. The Agency does not regard the implementation
of more than one optimized metal removal step as necessary to meet the
final BPT/BAT regulations.
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'l'ABIE 8-12. INDUJTIUAL Hi\S'l'E HIl.'l'ER TRfA'1MENI' SYSTEM PEJlFOR'l1IN(E 
SI.MoIMY OF EWLUEN'l' CI:.N:ml'RATION OM'A CN 'I'OXIC HErAlS II)

Lime/Clarification121 ime/"1 . (2) Sulfide/FiltratiOO1:~ Lime/Clarification~~~ Li.nefi' . 1 ti (2) Sulfide Filtration(3)
Inqlll Source 141

L P2 tratJ.Oll (4) 2 tra on(4)
lng/I) Source(4)Ung/l) Source (ng/l) Source (ngfl) Source (Rg/U Source

I\JltiIlDny 0.18 R\(5) NO 0.23 CAM(61 0:l{:{leI: 0.030 ISIS) 0.035 cp(7) 0.033 Cl\M(61

NFM 1S) (p(1) Cl\M(9) 0.030 Cl\D114) 0.13 0'(21) 0.056 Cl\M19}
Arsenic 0.080 0.30 0.17 CM)(SI CS(15) Cl\M(11)

CS(81 Cl\M(6) 0.038 0.17 0.24
0.038 0.096 (H)15) cs(l5} Cl\MI17}0.060 0.23 0.43

aeryllillil NO tal NJ 0.010 NEHlS) 0.25 IS (5)

CacmUll 0.060 '1'00 (10) 0.076 MFIll) NJ 0.070 5&>(5) 0.37 Will}

0.080 NEM(5) 0.080 CH)15) 0.90 MFIll)

0.12 MFIlll 0.090 (H)15)

NO aIM (9) 0.10 G\D151
Mercury NO 0.020

HF(lll
CAM(l2) 0.14

0.022 Cl\D117}
CJ\M(9) 0.54

0.036
Nml51

CHI I13) 0.70
0.057 CS(15)1.1

..... 8eleniun NO NO W 1.5 CS(5)0
VI CHl(9)

0.O~5 medianSilver NO NO 0.070 0.23 Redian

ThallilBl NO NO NO 0.32 average 0.30 averat;Je

Chrcmiun 0.040 ISIS} 0.037 (pUS) NO 0.017 IIF(19) 0.038 MF(U) 0.032 CAD (13)

III 0.050 NFM ISI 0.046 TOC 11S) 0.10 Will} 0.11 ep(7) 0.12 CAM (9)

0.050 C1ID I14} 0.072 Soe II8) 0.15 CMJISI 0.41 cp(21) 0.16 CAM (6)

0.070 TI:G llO} 0.20 SOCII5) 0.19 N/iN(5) 0.46 CAD !lSI

0.071 CI\D(lS) 0.28 MFIll) 0.20 NEM(5)

0.072 TOC(l6} 0.33 cp P)
0.15 median NA NA

0.080 W IS) 0.44 cp 1211
0.13 averat;Je

0.15 MF(ll)

0.18 roc(lS)

0.26 soe 115)

0.35 CI\D(l7)

0.36 IS (5)

0.43 cp(l5)

0.81 soe(lS)

1.8 Is(5)

0.15 median 0.20 Redian

0.32 average 0.20 average

ICbntinued)



Tl\BI..2 8-12 continued

LiJDe/Clarification(2) LiDe/Filtration(2)
("'3/11 Source (4) (OWl) Souroe(41

Sulfide/FiltRtion(3)
(III}/l) Source l4l

T ,_,"" __ " f" U" (2)
.....................1 1ca an(4l
(1lJ3!'1) Source

LimejFiltration(2)
(og/ll Source (4)

Sulfide/Filtntion(3)
(og/l) Source(4)

-----~----------------------tt_----------------------------
Nio-'J 0.020 IS(S) 0.090 ~oc1l8) 0.022 CAM (9) Zinc 0.020 (H)IS) 0.018 cs(8) 0.090 TH(5l

0.050 CADU4l 0.11 es (5) 0.074 CllM I6l 0.040 (M)IS) 0.058 cp(7) 0.13 CAM(9)

0.10 NFM(5) 0.13 es(15l 0.040 FI(S) 0.11 soc (18l O.lS Cl\M(61

0.17 HF (19) 0.19 m llSl 0.10 CAD(14) 0.25 MF(ll)

0.20 es US) 0.20 CS(8) 0.11 'nt(S) 0.57 wIll)

0.20 soc1l8) 0.59 MF llll 0.15 '1'[6(10)

0.2S esCl51 0.80 ll>(20J 0.20 NFM(5}

0.26 CAD(l7) 0.24 ISIS)

0.31 HF IllJ 0.2S IS (5)

0.33 ISiS) 0.3S (M)(51

0.50 NEH(S) 0.39 MF(ll)

1.4 R;(lS) 0.54 CAD (17)

..... 0.55 HF(19J
0 NFM(5J0\ 0.60

0.23 median 0.19 median PH(5)
0.32 a~age O. 30 aver.."e

8.2

0.20 median 0.11 median NA

0.18 average 0.20 a~age

NCIl'fS:

Cl) InfllEllt or riM waste ooooentrations of metals are at. treatable levels; i.e., higher than the a:>rrespoodi.ng treatability ranges qiven in Table 8-11.
All effluent ooooentrati.ons are measured off aeatllent. and are expressed as total (dissolved plus suspended) far each metal.

(2) LiJlle/Clarification and Li.me;IFiltrat.ion treabaent. means equaliZation of nlW waste influent stream(sl followed by alkaline precipitation using lime.
or caustic ooda, solids rem;Na1 by sediJoentation or clarification, and either discharge of the clarified effluent directly or di.scbaD]e of the
filtrate after passage of the clarified effluent t:hroujl a dtal media filtel" or its equivalent.

(3) Sulfide/Filtration refers to a lUrect treatDent of the equalized raw waste influent by sulfide addition (usually in the fCQl of aodiun sulfide or
bisulfide) lIlder oanditions raD;li.n;J frem PI Stoll followed by :i8ttUng and/or filtration by fUtel"~ or act:ivated caIban CDlwn.

(4) Source Cbdes:

CAD OUor:--Alkali, Di.a(t1ra<p. ~lls
CAM Chler-Alkali, Her~ cells
(S CDft:>er Sulfate
CP Om::me PiCJIleDts
FI Follldry Industry
HF Uydrofhnric Acid

IS
MF
NfM
NS
1M>
PM

Iron and Steel
Metal Yinishirg linclu:linq electrcpla~)

Nonferrous Metals
Nickel Sulfate
Ore Mining and Dressing
Paint Manuf"ct:ud,rg

SEP SteaID Elactric Power Generatirg
SOC Sodhm Di..chrrJIlat:e
TlX: TitaniUil Dioxide - <l11oride Prooess
'I.Ul Titanillll Dioxide - Sulfate Process
'I.H Textile ttills

(5) U.S. Environnental Protection 1If:lency, Treatability Manual, ~. III, Tectunlog~ for COnt::J:olfRaroval of Poll~t.ants, EPA BOO 8-80 042 c, July, 1980.

(6) This dx:tment., Table 11-16.

(7) This dxunent, Table 16-9.

(8) This <hcunent, Table 21-11.

(Continued)
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TABLE 8-12 oontinued

....
o
..J

NC1l'fS l oontinued

(9) Olin Cotporation, Otenicals Grcq>, Otarleston, 'IN. Letter to Mr. El-.a>d E. Martin, U.S. EPA, Effluent Guid=lines Division, Washington, D.C.,
October 20, 1980. MaximJ,tll likelihood estimates of the .1clnl teen a'lerages fIOll Olin mercun' t:reat:De1t effluent data by Jao::t:s Eng.i.neeriIY;l Gro~, Inc.

(10) This QJclment, Table 14-30.

(11) Hamilton Standard, Division of Ulited Tedmologies Corp., W!nd50r Locks, cr. Letter to Mr. Richard Ki.ncb, U.S. EPA, Effluent Guidelines Division,
'WashiTgt.on, D.C., Nova.beI: 15~ ~~. 'laUollat.ions of sta'c.istical.~s e...riwd frail histrxical data 00 'die metal iim,miY09~. •
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TABLE 8-13. FSl'IMATED AailEVABIE IDNG TERM AVERAGE
OJNCENl'RATIONS FOR TOXIC MEI'AI8 WI'IH
BPI' OR BAT TREATMENT OPl'IONS

TOxic Lime/Clarification Lime/Filtration Sulfide/Filtration
Metal (rrg/l) (rrg/l) (m;/l)

Antilrony m(l) ND(2) ID

Arsenic m 10 0.15

Beryllium ND NO NO

cadmiun 0.10 ID NO

Cu:aniun 0.32 0.16 NO

Copper 0.40 0.30 0.20

Lead 0.15 ID 0.10

Mercury NO NO 0.034

Nickel 0.40 0.30 ID

Selenium NO NO NO

Silver NO NO ID

Thallium NO NO NO

Zinc 0.80 0.20 0.12

(1) ID: Insufficient data for a reliable estimate

(2)
NO: No data available
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Selection of Toxic Metal Control Parameters

Control Parameters for Hydroxide Precipitation

Section 7.2 of this report describes hydroxide precipitation as the
most widely-used technology for removing trace metals from waste
waters. Out of the thirteen toxic metal pollutants, two have
hydroxide/oxide solubilities independent of the -1-14 pH range
(selenium and thallium) and two have minimum hydroxide/oxide
solubilities over a wide pH range (antimony at pH 2-10.4 and mercury
at pH 4-12). Arsenic is removable by precipitation with lime
(probably as calcium arsentate) in the presence of excess calcium ion
under neutral to alkaline conditions. The remaining eight toxic
metals have minimum hydroxide/oxide solubilities only over narrow pH
ranges (see Figure 7-1). Lead may also be effectively treated with
carbonate (soda ash, Na Z C0 3 ) to form insoluble basic lead carbonate
precipitates.

It is clear from the range of optimum pH's illustrated in Figure 7-1
that no single pH exists which can effectively provide optimum removal
of all eight of these metals. Relatively effective removal can be
obtained by dividing the eight metals into two groups. Group A
consists of beryllium, chromium, copper, lead, and zinc. Group B
consists of cadmium, nickel and silver. Because they rarely occur at
treatable levels and, therefore, rarely require removal, one metal
from each group (beryllium and silver) can be eliminated from the
selection of an optimum pH range for- each group. The information in
Figure 7-1 was used to determine the solubility of the six remaining
metals at unit pH increments from 8.5 to 11.5. These data are
presented in Table 8-14.

Table 8-14 indicates that control of any metal of Group A in the
8.5-9.5 pH range should control the other members of the group.
Control of any metal of Group B in the 10.5-11.5 pH range should
control the other members of the group. Control of metals from
different groups will depend on the details of each case. Possible
approaches to controlling metals from different groups might involve
the use of the intermediate 9.5-10.5 pH range or the control of one
metal in one group when the theoretical solubilities of the metal or
metals in the other group are low throughout the 8.5-11.5 pH range.

Control Parameters for Sulfide Precipitation

Section 7.2 of this report describes sulfide precipitation as
superior to hydroxide treatment for the removal of several toxic
metals. The main application of sulfide precipitation is in mercury
removal and mercury, therefore, is the obvious choice as the control
metal for this technology. Figure 7-2 points out, however, that
mercury is the most insoluble of the toxic metal sulfides and that the
solubilities of the metal sulfides are strongly dependant upon pH.
Control of mercury in the acid pH range may result in less than
optimum control of the least insoluble metal sulfides. Therefore,
control of a second metal that is present in treatable concentrations
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TABLE 8-14. THEORETICAL SOLtBn.ITIm OF TOXIC MErAL
HYDROXIDES/OXIDES PIr VAlUOtE pH. VALUES

pH 8.5 9.5 10.5 U.S

Metal Concentration (xrg/1)

Group A

er+++ o. 030 (1) 0.20 1.0 9.0

eu++ 0.00010 0.000080 (1) 0.00050 0.0020

Pb++ 8.0 O.SO(1) 4.0 >10

zn++ 0.60 0.070 (1) 0.50 3.0

GroupB

Cd++ >10 1.0 0.010 0.0010 (1)

Nff+ 1.0 0.010 0.0010 (1) 0.010

(1) I.<:Mest value
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and that is among the least insoluble of the toxic metal sulfides
could give greater assurance that the metals without effluent
limitations were also being removed. However, it could also result in
higher mercury discharges. Operation of sulfide precipitation in the
neutral or slightly alkaline range should result in acceptable removal
of all toxic metal sulfides as well as minimizing the problem of
hydrogen sulfide evolution. Soluble polysulfide formation can be
prevented by avoiding the very alkaline pH range and by close control
of excess sulfide.

The Use Of Historical Pollutant Data

Determination of Effluent Limitation Guidelines Based Upon Historical
Performance

In cases where there has been long-term monitoring of the pollution
levels in the effluent stream discharged by a plant, it is possible to
assess in-plant treatment performance through analysis of historical
data that has been collected for this purpose. The appropriateness of
standards constructed from data collected from a single plant
performance is, of course, dependent on the plant's current
performance in relation to the performance of other plants in the
manufacturing subcategory. As economically feasible alternative waste
treatment technologies become available, pollutant discharge
guidelines need to be reviewed and revised to reflect these advances.

Statistical analysis of historical monitoring data is required to
assess a plant's ability to discharge within set guidelines. To
perform this analysis certain assumptions must be made regarding the
nature of applicable statistical or probabilistic modets, the
constancy of the operation of the treatment facility, and the quality
of the monitoring methods.

The statistical analyses contained in this development document belong
to either of two principal types: those for daily observations of
pollutant concentrations, and the others for 30-day average pollutant
levels.

Tables in AppendiX A provide a summary of traditional descriptive
measures, i.e., number of observations(No) , mimima(Min), arithmetic
average(Avg), maxima(Max), and coefficient of variation(CV). In
addition, a descriptive statistic, the variability factor, pertinent
to the development of performance standards for pollution monitoring,
is included. These tables, prepared for both daily measurements as
well as 3D-day averages, are statistical summaries derived from data
offered by industry in response to Section 30B-Questionnaires, and
offered in comments on the proposed regulations. Data in these tables
are representative of cur~ently achieved pollutant discharge
performance levels in the several plants presented.

Formulation of variability factors to be used in determination of
limitation guidelines based upon historical performance was
accomplished by employing standard statistical analysis of the data
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resulting from long-term monitoring of effluent stream discharges of
plants in the inorganic chemical manufacturing subcategory. In the
following paragraphs are presented details of the theory and
derivation of these statistical procedures, and of the resulting
formulae which relate variability factors to estimated long-term
parameter averages, standard deviations, coefficients of variation,
and HZ-values" computed from the normal probability distribution.
These details are given both for the analysis applying to daily maxima
criterion and for that applying to 3D-day averages.

The term "variability factor" is used in referring to the multiple of
the long-term average which is used in formulating performance
standards. This factor allows for variation in pollution level
measurements due to sampling error, measurement error, fluctuations in
the amount of the pollutant in raw materials, and other process
variations.

In the recording of actual data, as reported by industrial point
sources in their responses to 308 Questionnaires, certain data values
were entered as ~less than" detectability limits. In these cases, the
sample of monitoring data has been "censored" in the process of data
recording since only the threshold value has been retained (i.e., if a
pollutant concentration was reported as <0.050 mg/l, the value of
0.050 mg/l was used). In the statistical analysis of monitoring data,
censored values were included with measured values in the sample.
This practice prOVides a reasonable approach, both for assessing
industry's capability to perform and environmental concerns for valid
pollutant limitations.

First, since censoring was done only for "less than" bounds, any bias
from their inclusion would cause a slight increase in the long-term
average, moderately affecting (in the direction of leniency toward
industry) the estimate of long-term average pollution levels.

On the other hand, .the use of censored values combined with measured
values tends to reduce the variability slightly (or in the direction
of less leniency toward industrial point sources). For illustration,
if the sample consisted solely of censored values, the estimated
long-term average might be slightly overstated. Nevertheless, the
point source ought have no difficulty with the threshold or
detectability limit as a performance gUideline, since none of the
historical data exceeded that limit.

Assumptions Concerning Daily Pollutant Level Measurements

In the formulation and calculation of the following performance
standards, individual sample measurements of pollutant levels were
assumed to follow the lognormal distribution, a well known and
generally accepted statistical probability model used in pollution
analyses. Under this assumption the logarithms of these measurements
follow a normal probability model; It was also assumed that
monitoring at a given plant was conducted responsibly and in such a
way that resulting measurements can be considered statistically
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In(P/A) = S'(Z -S'/2)

independent and amenable to standard statistical procedures. A final
assumption was that treatment facilities and monitoring techniques had
remained substantially constant throughout the monitoring period.

This factor is especially useful with lognormally distributed
pollutant levels because its value is independent of the long-term
average, depending only upon the day-to-day variability of the process
and the expected number of excessive discharge periods. For a
lognormal population, the variability factor (P/A), the performance
standard P, and the long-term average A, are related by:

a
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"In" represents the natural logarithm (base e) of
numerical quantity.

A.

where

As an indication of the appropriateness of assuming a lognormal
distribution for daily measurements, the plot of the cumulative
distribution of logarithms of daily effluent concentration data on
normal probability paper is illustrated in Figure 8-1.

The linearity of the cumulative plot indicates the degree to which
actual monitoring data are in agreement with the theoretical lognormal
model for their distribution.

In addition, Figure 8-2, reproduced here from a report prepared by
industry for consideration by EPA, also demonstrates the validity of
the lognormal assumption for daily data.

In the analysis of daily data, the inherent variability of measured
pollutant levels in the effluent stream from inorganic chemical
manufacturing processes must be incorporated in calculating upper
limits for daily pollutant discharge levels. Even well treated and
controlled plants may experience some days when an atypically high
level of pollutant discharge is present in their waste stream. To
allow for this variability, performance standards must necessarily be
set above the plant's long-term average performance. However,
guideline limitations must be established at a level low enough to
ensure adequate control. Establishing effluent guidelines that
balance these factors means that occasional, infrequent instances of
non-compliance are statistically predictable at well-operated and
maintained treatment facilities. Since pollutant discharge is often
expressed in terms of average level, it is convenient to describe
standards of performance and allow variability in term of multiples of
this average. Such a method of computing standards as functions of
multiples of average level performance is explained below. The ratio
of the pollutant standard level to the estimated long-term average is
commonly called the "variability factor".



B. S' is the estimated standard deviation of the logarithms of
pollutant level measurements. In the calculations which
follow, SI is computed by the statistical procedure known as
the "method of moments".

C. Z is a factor derived from the standard normal distribution.
Z is chosen to give performance limitations which provide a
balance between appropriate consideration of day to day
variation in a properly operating plant and the necessity to
ensure that a plant is functioning properly.

The value of Z used for determining performance standards for daily
measurements of pollutant concentration is chosen as Z=2.33. This
Z-va1ue corresponds to the 99th percentile of the lognormal
distribution meaning that only 1 percent of the pollutant observations
taken from a plant with proper operation of treatment facilities would
be greater than the performance standard, P. Use of this percentile
statistically predicts one incident of non-compliance for every lOa
samples for a plant in normal operation. Many plants in this industry
are required by their NPDES permits to self-monitor once per week. At
this frequency, there will be 260 samples analyzed over the 5 year
life of the permit. The use of the 99th percentile to establish daily
maximum limitations statistically predicts 2 to 3 incidents of non
compliance per pollutant in 5 years. This percentile has been used to
establish daily maximum limitations in all other guidelines proposed
or promulgated, and has been used for daily maximum limitations in
Inorganic Chemicals manufacturing.

A. Calculation of Variability Factors

As mentioned above, development of variability factors for daily
pollution level measurements was based on the assumption that these
data, (X1,X2, ... Xn), follow a lognormal distribution. When this
distribution is not a precise model, lognormally based procedures tend
to somewhat overestimate variability and produce liberal standards
which act to the benefit of permittees.

Following this assumption, if Yi=ln(Xi), where In(Xi) represents the
natural logarithm or log base e of the pollution measurement, then the
Yi; i=l, 2, ... ,n are each normally distributed. If A' and'S' are the
mean and standard deviation of Y=ln(X) respectively, then the
probability is k percent that an individual Y will not exceed A'+ZS',
where Z is the k-th percentile of the standard normal distribution,
e.g. Z=2.33 is the 99th percentile of the standard normal
distribution. It follows that A'+ZSI is the natural logarithm of the
k-th percentile of X and that the probability is k percent that X will
not exceed a performance standard P=exp(A I+S'(SI/2)). The variability
factor VF, is obtained by dividing P by A, hence,

VF ~ PIA = exp(S'(S'/2)), and

In(VF) = In(P/A) = S' (Z - S'/2)
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Then
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(S')2 = In (1.0 + 0.609 2 ) := 0.315

where the
root of

CV + S/X,

0.609O. 100

MaxAvg

0.068

Min

0.002128

No

S = 0.56

The variability Factor VF is,

VF = P/A = expel .148) = 3.15

The performance standard P;

P = A(VF) = A(P/A) = (0.068)(3.15) := 0.21

In(P/A) = 0.56(2.33 - 0.56/2) = 1.148

Calculate the estimated standard deviation of logarithms

Given the following descriptive statistics for a particular
parameter, as might be found for lead (mg/l) in Appendix A.

To estimate the VF for a particular set of monitoring data,
method of moments is used, 5' is calculated as the square
In(1.0 + (CV)2), where the sample coefficient of variation,
is the ratio of sample standard deviation to sample average.

B. Example Calculation of Variability Factors From Long-Term
Data

The statistical distributions relevant for the anaysis of daily data
are shown in Figure 8-3.

Assumptions Concerning 3D-Day Average pollutant Level Observation

While individual pollution level measurements should be assumed
lognormally distributed, that assumption is not appropriate when

That is, using the descriptive statistics for a pollutant presented
above and the statistical approach just described, the daily maximum
limitation established for that pollutant in a guideline would be 0.21
mg/l.

The statistical interpretation of P, the performance standard, is that
one estimates that 99 percent (for the selected' Z=2.33 value
corresponding to the 99th percentile) of the daily pollution level
measurements will not exceed P. For large data sets, P is roughly
equivalent to an upper 99 percent confidence bound for an individual
daily measurement.



Where

The variability factor is

P = A + 2(SIl)

1. 03

CV

variability factor is shown
data is for zinc (mg/l) from

0.815

Max

0.151

AvgMin

0.01030

No

Calculation of Variability Factors

A sample calculation of 30-day average
below. The descriptive statistical
AppendiX A.

us

VF ;:: 1 ... Z ( CV ) ;:: 1. 0 + 1. 64 ( 1 . 03) = 2. 7

P = A ( VF ) = (0. 151) (2 . 7) = O. 41

,

B. CV is the estimated coefficient of variation of the 30-day
averages and is computed by Sx/X, the ratio of standard
error of sample means to overall or grand average of monthly
averages.

VF = PIA = 1.0 + Z(S"/A) and will be estimated by

VF = 1.0 + Z(CV)

A. Z is a factor derived from the standard normal distribution.
If one wishes a performance standard based upon expecting 95
percent of monthly averages to be within guidelines, then
Z=l .64 should be used.

Under these conditions, the 30-day average values (Xl' X2 , ••••• Xm),
for m months behave approximately as random data from a normal
distribution with mean A and standard deviation S". Therefore, the
probability is k percent that a monthly X will not exceed the
performance standard P, where

analyzing 30-day averages. These averages generally are not
distributed as lognormal quantities. However, for averages of daily
(lognormal) measurements, a statistical principle, the "Central Limit
Theorem", provides the basis for using the normal probability model.
Therefore, the methods used in computing historical performance
characteristics for 30-day averages differ from those used for daily
samples. In this case, the sample coefficient of variation is the
primary determinant of the variability factor, and there is no need to
resort to logarithmic transformation. Examples of the appropriateness
of this assumption is the cumulative distribution of 30-day averages
shown in Figure 8-4 and 8-5. A straight line plot here on normal
probability paper indicates the validity of this model.
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That is, the maximum 3D-day average effluent limitation derived from
the descriptive statistics above would be 0.41 mg/l for that
pollutant.

Given the previous descriptive statistics for a particular sample, one
obtains the performance standard P, by multiplying the mean of the
3D-day averages in the data set by VF. An appropriate statistical
interpretation is that, for the selected value of Z=l .64 corresponding
to the 95th percentile of a normal distribution, one estimates that 95
percent of the 3D-day average pollution level measurements will not
exceed P, or in other words, the statistics predict up to 3 incidents
of non-compliance with the 3D-day average per pollutant over the 5
year (60 month) life of a permit at a well-operated and maintained
treatment facility. This is essentially the same number of predicted
incidents of non-compliance as was predicted for daily maximum
limitations derived using the 99th percentile confidence level (see
above).

In developing the statistical derivatives for monthly averages, in
many cases, a full 30 days of daily average determinations were not
available. In the above example, the monthly average is based on four
data points taken during the month. The standard deviation is then
derived from these "monthly" averages assuming a normal distribution
for the population of averages. Permits are usually written on the
basis of monthly averages obtained from fewer than 30 data points per
month. The use of "monthly" averages rather than 3D-day averages
results in a higher variability and, hence, a higher performance
standard than would be attained using 3D-day averages based on 30 data
points per month.

Figure 8-6 shows the relationship between the normal probability model
and frequency distribution of 30-day averages.
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SECTION 9

TREATMENT TECHNOLOGY APPLICATIONS
FOR TOXIC POLLUTANT REMOVAL

Selection of Pollutants to be Cont~olled

In order to determine which toxic pollutants, if any, may ~equire

effluent limitations, the pollutants observed in each subcatego~y we~e

evaluated with ~egard to their treatability and potential
environmental significance on the basis of the raw waste
concentrations and mass loadings found during screening and
verification. In an attempt to prioritize the need for regulation the
toxic metals were divided into two groups:

Group 1 - Those priority pollutants which appear at concentration
levels that are readily treatable using available technology.

Group 2 - Other treatable and/or potentially treatable priority
pollutants observed in the subcategory. These include toxic
metals which exist at concentrations below the minimum
treatability limit and above the minimum detection level. The
Group 2 pollutants would be controlled by the same treatment
technology used to control the Group 1 pollutants.

Table 9-1 presents the significant toxic pollutant metals found in
each group. In general, those metals occurring in the first group are
of prime concern and require regulation, while those occurring in the
second group are of somewhat less concern and are not expected to
require regulation. Metals in Group 2 are effectively controlled by
the technologies used to control the metals in Group 1, which are the
two or three dominant metals in the raw waste load and are directly
related to the particular product or process involved.

Application of Advance Level Treatment and Control Alternatives

General Design Objectives

Beginning with Section 11 of this document, the selection and
application of toxic pollutant treatment and control technology for
model plant systems for each of the regulated subcategories are
described. Several levels of treatment are indicated. Level 1
rep~esents existing BPT treatment systems and the advanced levels
(Level 2, 3, etc.) are the selected technologies for step-wise
improvements in toxic pollutant removal over that achieved by the BPT
system. Flow diagrams show BPT components as a starting point for
advanced level treatment additions and incremental cost estimates.

For both existing and new sources, the advanced level technology
options are selected as candidates for BAT with toxic pollutant
removal as the primary objective. Although the advanced level systems
chosen also give improved performance ove~ the Level 1 (BPT) systems
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TABLE 9-1. PRIORITIZATION OF TOXIC POLLUTANTS FOUND IN EACH SUBCATEGORY

126

(2) Group 2 - secondary raw waste pollutants found less frequently and at
lower concentrations. These pollutants have not been selected
as control parameters but are expected to receive adequate
treatment as a result of controlling the Group 1 pollutants.

Antimony
Arsenic
Cadmium
Copper
Lead
Selenium
Thallium
Zinc

Group 2(2)

Lead
Nickel
Zinc

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Selenium
Thallium

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Thallium
Zinc

Antimony
Arsenic
Cadmium
Chromium
Mercury
Selenium
Thallium
Zinc

control parameters

Mercury

Nickel
Zinc

Chromium
Nickel

Group 1( 1)

Chromium

Copper
Lead
Nickel

Hydrofluoric Acid

\'TT"Group-1~·-dominant raw waste pollutants selected as
for the effluent limitations or guidance.

Titanium Dioxide 
Chloride Process

SUBCATEGORY

Chl~rine-diaphragm cell

Chlorine-mercury cell

Titanium Dioxide -
Sulfate Process and
Chloride Ilmenite Process

._.... _.__._---



TABLE 9-1 Continued

------- ------

SUBCATEGORY Group 1 Group 2

Aluminum Fluoride Copper Arsenic
Nickel Cadmium

Chromium
Mercury
Zinc

Chrome Pigmer!ts Chromium Antimony
Lead Cadmium
Zinc Copper

Cyanide
Mercury
Nickel

Hydrogen Cyanide Cyanide None

Sodium Dichromate Chromium Copper
NiG:kel Selenium

Silver
Zinc

Copper Sulfate Copper Antimony
Nickel Arsenic
Selenium Cadmium

Chromium
Lead
Zinc

Nickel Sulfate Copper Antimony
Nickel Arsenic

Cadmium
Chromium
Lead
Mercury
Selenium
Thallium
Zinc

Sodium Bisulfite Chromium Antimony
Zinc Cadmium

Copper
Lead
Mercury
Nickel

127



for the removal of conventional and nonconventional pollutants, this
is regarded as a secondary design objective.

Pretreatment Technology

Since untreated heavy metal ions will either pass through the
treatment provided in a typical POTW, or will be precipitated with the
POTW solid residue, pretreatment of wastes containing significant
amounts of heavy metals is necessary. As a general rule, alkaline
precipitation, followed by settling and removal of the solids will
suffice. In certain subcategories, such as the chlorine industry,
specific treatment will be required for highly critical constituents
(such as mercury and lead). Normally the Level 1 and 2 model
treatment processes shown in the following subsections will be
appropriate for pretreatment prior to discharge to a POTW.
pass-through would occur in the absence of pretreatment when BPT and
BAT treatment would reduce toxic metal concentrations by a greater
percent than is achieved by a POTW.

New Source Performance Standards

New Source Performance Standards are at least equal to BAT. In a few
cases where new plants have the opportunity to design systems for
better toxic removal performance without expensive retrofitting the
higher technology systems have been 'used as a basis.

Estimated Achievable Performance Characteristics for Advanced Level
Applications

Advanced level control and treatment alternatives for reduction of
pollutant discharges and their applicability to each subcategory are
presented in the sections dealing with individual products. With few
exceptions, these alternatives were selected specifically for removal
of priority pollutants and were designed for end-of-pipe treatment.

Treatment technologies practiced outside the industry are recommended
when appropriate and, in most cases, apply to. the removal of toxic
pollutant metals. The estimated 30-day average treatability levels
(Section 8, Table 8-11), long-term data parameters, and the screening
and verification results are all utilized in the development of
estimated performance characteristics for the indicated treatment
applications in each subcategory.

Advanced Level Removal of BPT Pollutants

Performance estimates for these systems, when possible, were based on
effluent quality achieved at plants currently practicing these
technologies. However, in most cases, the advanced levels are not
currently being practiced within the specific subcategory of concern,
and performance information from other appropriate sources is
necessarily utilized.
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When established wastewater treatment practices, such as clarification
or filtration, form a part of advanced treatment alternatives, the
specified achievable effuent quality has been based on concentrations
accepted as achievable through proper design and control. The prime
example of this is suspended solids reduction by filtration.

Advanced Level Removal of Toxic Pollutants

Performance estimates for toxic pollutants were also based, when
possible, on effluent quality achieved at plants currently practicing
these technologies. However, in most subcategories, toxic pollutant
analyses are not conducted unless a specific pollutant is regulated
and requires monitoring. Where transfer of technology is applied as a
treatment alternative, performance estimates for toxic pollutant
removals were based on the demonstrated performances in other
industries while incorporating allowances for specific differences in
process waste characteristics and operating conditions. Statistically
derived long-term monitoring data parameters were described in Section
8 and are compiled in tabular form in Appendix A. The screening and
verification data are used to supplement the available long-term data
applied to each subcategory. A judgment is made whether the screening
and verification data represent a well-performing system or one which
is not performing at its technological potential. For a
well-performing system, the data are regarded as representative of
long-term averages and are compared with the estimated treatability
ranges from Table 8-11, as well as the 3D-day averages developed from
the long-term data. In this manner, the performance estimates for
each pollutant, at each treatment level for the nonexcluded
subcategories, are developed and presented in tabular summaries. By
starting with the estimated achievable long-term averages, the
specific variability factor ratio derived for each pollutant is used
to estimate the maximum 3D-day average and daily maximum values.

The model plant waste flow per unit of production is then taken to
calculate the estimated mass emission values of the 3D-day average and
daily maximum limits for each pollutant to be controlled.

Pollution Control Parameters to be Regulated

Conventional Pollutants

Wastewater quality parameters which are identified as conventional
pollutants include the following:

pH
Total Suspended Solids (TSS)
Biochemical Oxygen Demand, S-Day (BOD-S)
Fecal Coliform
Oil and Grease

Only the first two parameters (pH and TSS) in this group have been
selected for regulation in the Inorganic Chemicals Manufacturing Point
Source Category. For direct dischargers, the pH range of 6 to 9 has
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been established as the general control limitation and the permissible
frequency and duration of excursions beyond this range is to be
specified in individual plant discharge permits. The limitations of
TSS are specified for both BPCTA and NSPS-based regulations, the
former being largely a function of industry performance and the latter
stemming from treatability estimates with the appropriate
technologies.

Nonconventiona1 Pollutants

The wastewater quality parameters classified as nonconventional
pollutants include the nontoxic metals such as aluminum, boron,
barium, and iron along with chemical oxygen demand (COD), total
residual chlorine, fluoride, ammonia, and nitrate, etc. Of these,
only iron, COD, total residual chlorine, fluoride, and ammonia are
considered for regulation in the inorganic chemicals industry. Due to
its toxicity, chlorine would be controlled in direct discharges, but
it is excluded from control in pretreatment regulations because
influent to POTW's is often chlorinated. A similar argument is made
for the control of amminia, that is, POTW's can use ammonia as a
source of essential nutrients. However, since many POTW's are only
capable of about 20 percent ammonia removal, both direct discharge and
pretreatment regulations would specify ammonia limitations.
Similarly, the type of COD found in inorganic chemical industry
discharges may not be amenable to biochemical oxidation in a POTW. In
addition, compounds which contribute to the COD are likely to create
odor and corrosion problems in sewer systems. Therefore, its control
would also be retained in pretreatment regulations. Fluoride control
is also required for both direct and indirect discha~ges largely
because the most practical technology for fluoride removal
(precipitation as calcium fluoride) must be applied to relatively
concentrated wastewater sources. This treatment method achieves
removal levels which at best are still unacceptable for direct
municipal or agricultral water uses. POTW's are not effective for
fluoride removal and unless sufficient dilution occurs prior to the
reuse of the water, special techniques (e.g., adsorption on activated
alumina) would have to be applied for further fluoride removal.

Toxic Pollutants

The toxic pollutants found at significant levels during screening and
verification are listed by subcategory in Table 9-1. Out of these,
toxic pollutant control parameters were selected largely on the basis
of treatability. Since several toxic pollutants may be controlled by
a common treatment technology, it is possible to select one or more
control parameters which will act as a surrogate for others exhibiting
the same treatability characteristics. Treatment system operating
conditions would normally be optimized for the removal of the
specified control parameters which would be monitored. on a regular
basis. The other toxic pollutants would be monitored much less
frequently as a periodic check of the effectiveness of surrogate
control.
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The following toxic pollutants have been designated as control
parameters in this point source category:

Cadmium
Chromium (Total)
Copper
Cyanide (amenable to chlorination)
Lead
Mercury
Nickel
Selenium
Zinc

Thus, in view of the questionable reliability of the presently
accepted Cr (VI) monitoring procedure, total chromium, Cr (T), is
recommended as the control parameter to be used in the inorganic
chemicals industry. The adequacy of C~ (T) as a control parameter is
predicated on its effectiveness as a surrogate for Cr (VI) control.
Since the concentration of Cr (T) represents the summation of all
forms of chromium normally found in solution or suspension including
Cr (VI), the final concentration of Cr (T) in a treated effluent is
dependent on the effectiveness of both the reduction and the alkaline
precipitation steps. In this way, the use of Cr (T) as the control
parameter assures that adequate removal of Cr (VI) is being achieved
as a direct consequence of the treatment technology required.

are
the

Some

The specific control parameters selected for each subcategory
presented in the tables entitled "Effluent Limitations" in
sections of this report dealing with the individual industries.
general comments about them are given here.

The most common technology applied in industry for the removal of
chromium from wastewaters involves a reduction step, whereby Cr (VI)
in solution is converted to the less toxic Cr (III) form which can
then be removed by alkaline precipitation. The efficiency of this
treatment depends upon the presence of an excess reducing agent and pH
control to drive the reduction step to completion. When treated
effluent samples are taken to monitor residual Cr (VI) and total
chromium levels, the analytical results for Cr (VI) are subject to
several factors which adversely affect the accuracy and
reproducibility of the diphenylcarbazide (DPC) colorometric method.
The problem is not so much one of analytical interferences with the Cr
(VI) - ope color development, but rather the actual changes in Cr (VI)
concentration that can take place during sampling, sample preservation
·and storage, and analysis. The major cause of such changes is the
presence of an excess reducing agent in the treated effluent. This
tends to give false low readings for Cr (VI) although in some cases
the opposite may occur as a result of sample preservation and storage
under acidic oxidizing conditions.





SECTION 10

COSTS OF TREATMENT AND CONTROL SYSTEMS

Introduction

Purpose of Cost Data

More complex treatment methods and higher levels of pollutant removal
are reflected in increased costs of equipment, energy, labor and
chemicals. At some point, the increasing costs of treatment will
outweigh the benefits of such treatment. Therefore, it is important
that for each subcategory the Agency know the base cost and the
incremental costs of each level of treatment which it might prescribe.
These "options" of internal costs, which are the industry's annual
costs of providing the necessary waste treatment, will result in
related increases in product costs, which are termed external costs.
Thus annual costs of waste treatment are expressed in terms of dollars
per unit of annual production of the principal product.

Plant visits revealed very few treatment plants serving a single
product manufacturing line, therefore, it was not feasible to seek
actual waste treatment facilities which could serve as real models for
estimating purposes. Accordingly, the cost data were taken from
similar construction projects by the contractor, and from unit process
equipment costs assembled from vendors and other commercial sources.
Based on the level of supporting details and scope definition, the
accuracy range of the cost estimates is expected to be minus 15 to
plus 25 percent.

Actual costs incurred by individual plants may be more or less than
the presented model plant costs. The major causes of variability are:

Wastewater treatment combined with the treatment of other product
effluents.

Site dependent conditions, as reflected in piping lengths,
climate, land availability, water and power supply and the
location of the points of final discharge and solids disposal.

Material (reagent) costs, due to variation in availability and
distance from the source.

Flow rate of wastewater to be treated.

The construction costs are expressed in mid-1978 dollars. The
investment costs and the annual costs given in the preamble to the
regulation are expressed in 1981 dollars, and were updated from 1978
dollars using the Department of Commerce Composite Index for
Construction Costs.
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General Approach

Since few single product waste treatment plants were available for
detailed study, the costs presented in this section are based on model
plants which closely resemble the types and capacities of waste
treatment facilities needed for each separate product subcategory.
The model plant selections are based on review of Section
30B-Questionnaire responses, plant visits, development documents,
contacts with the industries to verify treatment practices and to
obtain data on size, wastewater flow, and solid waste disposal
systems. Thus, each model is synthesized from actual data as a
typical plant in its SUbcategory With a level of waste treatment
equivalent to BPT. Variations in treatment plant capacity are
accounted for by selecting sets of models which represent the range of
existing production plant capacities in the subcategory; large,
medium, and small. Thus, the model plants are not set up as exemplary
plants, but as typical plants of adequate design which' represent the
range of plants and treatment facilities found in the subcategory.

Cost References and Rationale

Cost information contained in this report was obtained directly from
industry, engineering firms, equipment suppliers and current
experience of the contractor. Costs are based on similar industrial
installations or engineering estimates. Cost estimates have been
developed from either current costs for similar plants or from general
cost estimates.

Treatment costs are based on model production plant characteristics
which determine the treatment processes selected for each operation.
Under set effluent limitations, treatment costs are primarily
functions of the pollutant load (i.e.~ kg/kkg of product) and waste
water flow rate (i.e., cubic meters/day). Available data indicate
that both pollutant loads and flow rates can vary significantly among
plants manufacturing the same product.

Definition of Levels of Treatment and Control Cost Development

For the purpose of establishing the base level treatment costs, each
industry is assumed to be practicing Best Practicable Control
Technology Currently Available (EPT) , for the EPA pollutants
(conventional and nonconventional, as well as some of the toxic metal
pollutants) which are specified for each subcategory. The investment
costs and annual costs of such BPT systems are shown in this report as
either the Base Level, Levell, or BPT costs. This level of treatment
may also provide incidental removal of additional toxic pollutants not
previously specified in the regulations.

The advanced treatment level (BAT) is aimed primarily at reduction of
toxic pollutants to levels considered acceptable for July 1, 19B4
performance, utilizing Best Available Technology Economically
Achievable (BAT) at incremental investment and annual costs beyond
those shown for Level 1 (BPT). For example, for Level 2 (BAT)
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treatment, the incremental cost as given in the table is directly
added to Base Level 1 or BPT cost to obtain the total cost of the
treatment system. The wastewater treatment flow diagrams for the
advanced treatment levels, as given in this report, also include the
flow diagram for Level 1 (BPT) treatment.

Treatment and Disposal Rationale Applied to Cost Development

The following assumptions are employed in the cost development:

A. Noncontact cooling water generally is excluded from treatment
(and treatment costs) provided that no pollutants are introduced.

B. Water treatment, cooling tower and boiler blowdown discharges are
not considered process wastewatei unless such flows contain
significant amounts of pollutants.

c. Sanitary sewage flow is excluded.

D. The plants are assumed to operate 24-hours per day, 350 days a
year, except where otherwise noted.

E. Manufacturing plants are assumed to be single product plants.

F. The inorganic chemical industry extensively uses in-plant control
techniques such as in-process abatement measures, housekeeping
practices, and recycling of process wastewaters to recover
valuable materials or use these materials as feed for other
by-products. Segregation of uncontaminated cooling and other
waters prior to treatment and/or disposal, and other similar
measures can contribute to waste load reduction. All such costs
have not been inCluded in the cost estimates.

G. Excluded from the estimates are any costs associated with
environmental permits, reports or hearings required by regulatory
agencies.

Expression of Costs

The estimated costs for all treatment systems are expressed in
mid-1978 dollars to construct appropriate facilities for each single
product manufacturing subcategory at various production rates. Total
costs are given for the BPT and NSPS systems while incremental costs
are given for a BAT system.

Where a single product plant produces more than one waste stream
requiring treatment, the respective investment and annual costs are
the combined costs of all treatment.

Total annual costs per metric ton of product are shown in the
summaries for each product subcategory.
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A. Direct Investment Costs for Land and Facilities

Types of direct investment costs for waste treatment facilities and
criteria fo~ estimating major components of the model plants are
contained in the following subsections~

1. Site Development Costs - These include clearing the site,
all earthwork and site improvements. The lagoon costs are
based on the excavation and backfill r€quired to construct
multiple rectangular lagoons with common dikes to permit
alternate dewatering for sludge removal by the clamshell
method. They are also based on reasonably level sites being
available, consisting of sandy loam with high clay content,
and no large rocks or rock formations. Lagoons are unlined,
excepting where contents are highly acidic. Where lining is
required, hypalon or clay is used.

Site improvements include local drainage, fencing, and
roads. Road costs are based on graded and graveled service
roads only within the boundaries of the plant and not for
access. Perimeter fencing is supplied for the lagoons and
for the sludge disposal site.

2. Equipment Costs This is the installed cost of all
equipment except the monitoring system ( considered
elsewhere). Depending upon the method of treatment,
equipment for wastewater treatment consists of a combination
of items such as pumps, aerators, chemical feed systems,
agitators, flocculant feed systems, tanks, clarifiers,
thickeners, filters, etc. Costs for these items were
obtained from vendors t verbal quotations and were based on
contractors' experience with procurement of similar items.
Enclosures are provided for critical equipment and controls.

Chemical storage, feeders and feedback equipment include
such items as probes, instruments, controls, transmitters,
valves, dust filters and accessories. Bulk chemical storage
bins are designed to hold a standard bulk truck load, plus
five day's needs, between ordering and delivery. Critical
pumps are furnished in duplicate and when clarifiers are
used, the flow is split between two units, permitting one to
be bypassed for repairs. Single units are used for small
flows, batch treatment and intermittent service.

Added to the cost of the equipment itself, is the
corresponding installation labo~, as well as the material
and labor costs for concrete, structural steel, plplng,
instrumentation, and electrical work. The labor costs
include all pro-ratable elements of "indirect't costs such as
fringe benefits, payroll insurance and taxes, construction
equipment, temporary construction facilities, field staff,
etc. The hours and unit costs for the labor are based on
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Los Angeles or Gulf Coast type productivity using union
craft labor.

For the purpose of this report, land for lagoons, treatment
facilities, and on-site residual waste disposal is valued at
$30,000 per hectare ($12,000 per acre).

4. Land Land availability and cost of land can vary
significantly, depending upon geographical location, degree
of urbanization and the nature of adjacent development.
Land for waste treatment, and in some cases for inert solids
disposal, is assumed to be contiguous with the production
plant site and reasonably convenient to a waterway which can
receive permitted discharges of wastewater. Where inert
solids are retained at the plant site, enough land is
included in the base level model plant investment cost to
accept residual solids for a normal operating period of ten
years at the same production rate for which the plant is
sized.

1 to 2%·
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Preliminary survey and construction
surveying

Monitoring Equipment - In this report, it is assumed that
flow and pH monitoring equipment will be installed at the
treated effluent discharge point. It will consist of an
indicating sensor and recorder, alarms and controls and an
automatic sampler.

In some subcategories, a portion of the wastewater is
returned to the process from an intermediate treatment step.
In such cases, the estimated investment cost of the reuse
pumps are included as part of the equipment cost. However,
the return piping, accessories, operating and maintenance
costs are considered as water supply costs.

3 .

B. Investment Costs for Supporting Services

1. Contractor's Overhead and Profit The construction
contractor's fixed or "overhead" expenses and profit are
estimated as fifteen percent of the installed plant cost.

2. Engineering This includes the design and inspection
services to bring a project from a concept to an operating
system. Such services broadly include laboratory and pilot
plant work to establish design parameters, site surveys to
fix elevations and plant layout, foundation and ground water
investigations,·and operating instructions; in addition to
design plans, specifications and inspection during
construction. These costs, which vary with job conditions,
are often estimated as percentages of construction cost,
with typical ranges as follows:
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Personnel are assigned for specific activities as required
by the complexity of the system, usually 4 to 12 hours per
day.

2. Engergy Costs - Energy (electricity) costs are based on the
cost of $306.00 per horsepower operating 24 hours per day
and 350 days per year. For batch processes, appropriate

From these totals of 14 percent to 25 percent, a midvalue of
20 percent of in-place construction (installed equipment and
construction) costs has been used in this study to represent
the engineering and design costs applied to model plant cost
estimates. These costs include, in addition to the
professional service hours, the costs for expenses such as
telephone, reproductions, computer services, and travel
fees.

and

to 2%

to 2%

described

2 to 3%

2 to 4%

7 to 12%

Operation and maintenance manual

Engineering design and specifications

Inspection and engineering support
during construction

Laboratory and pilot process work

Soils and groundwater investigation

1. Labor and Supervision Costs - Plant operations are assumed
to be conducted 24-hours per day 350 days per year, with
attendance for only part of each working day. For batch
wastewater treatment systems, adjustments are made for the
number of working days in a year. Personnel costs are based
on an hourly rate of $20.00. This includes fringe benefits
and an allocated portion of costs for management,
administration, and supervision.

3. Contingency This is an allowance of 10 percent applied to
the estimated total investment cost, excluding land, based
on the status of engineering, design and specifications,
quality of prices used, and the anticipated jobsite
conditions. This covers design development, (but not
scope), errors and omissions, impact of late deliveries and
unusally adverse weather conditions, variations in labor
productivity and other unforeseen difficulties during
con$truction.

C. Operation and Maintenance Costs

Annual operation and maintenance costs are
calculated as follows:
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adjustments are made to suit the production schedule. The
cost per horsepower year is computed as follows:

( 1 )

allowance for
It is assumed
in the waste

$ aD/metric ton
$ 8S/metric ton

$ 70/metric ton

$13.20/metric ton

$ 8S/metric ton

$200/metric ton

$435/metric ton

$ 75/metric ton

$ 70/metric ton

(1) represents
as lighting, etc.
energy are used

1 . 1 (a. 7457 HP X Hr X Ckw) / (E X p)

Cost per year

Total horsepower rating of motor (1 hp = 0.74557
kw)

Annual operating hours (350 X 24 = 8400)

Cost per kilowatt-hour of electricity ($0.040)

Efficiency factor (0.9)

Power factor (1.00)

Hydrochloric Acid (32%)

Hydrated Lime (Calcium
Hydroxide) Bulk

Bag

Quicklime Bulk

Caustic Soda (58% NaOH)

Sulfuric Acid

Ground limestone

Soda Ash (58% Bulk)

Sodium Sulfide (60-62%)

Cy =

Where:

Cy =

HP =

E =

P =

Hr =

Ckw =

The 1.1 factor in equation
incidental energy used such
that no other forms of
treatment system.

3. Chemicals - Prices for the chemicals were obtained from
vendors and the Chemical Marketing Reporter. Unit costs of
common chemicals delivered to the plant site are based on
commercial grade of the strengths of active ingredient
percentages as follows:
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4. Maintenance - The annual cost of maintenance is estimated as
10 percent of the investment cost, excluding land.

5. Taxes and insurance - An annual provision of three percent
of the total investment cost has been included for taxes and
insurance.

6. Residual waste disposal - Sludge disposal costs can vary
widely. Chief cost determinants include the amount and type
of waste, and the choice of either on-site disposal or
contract hauling which depends on the size of the disposal
operation and transport distances. Off-site hauling and
disposal costs are taken as $13.00 per cubic meter ($10.00
per cubic yard) for bulk hauling, with appropriate increases
for small quantities in steel containers. For on-site
disposal from lagoons, a clamshell at $600.00 and front end
loader at $300.00 per disposal day are used. For very large
sludge quantities, lower unit costs have been assumed. The
computed sludge quantities are spread on land valued at
$12,000 per acre.

$O.30/kg

$2.00/kg

$385/metric ton

$ 7Q/metric ton

$2.00/kg

$335/metric ton

$220/metric ton

$250/metric ton

Activated Carbon

Aluminum Sulfate (56% Alumina)

Diatomaceous Earth

Chlorine (Ton Containers)

Ferrous Sulfate

Sodium Bisulfide (72-74%)

Flocculant (Polymer)

Sulfu~ Dioxide (Ton Containers)

7. Monitoring, analysis, and reporting The manpower
requirements covered by the annual labor and superVision
costs include those activities associated with the operation
and maintenance of monitoring instruments, recorders, and
automatic samplers as well as the taking of periodic grab
samples. Additional costs for analytical laboratory
services have been estimated for each subcategory assuming
that sampling takes place three times a week at the point of
discharge and that an analytical cost of $20~OO per
constituent is incurred. Approximately 10 percent of the
total analytical cost has been added for quality control and
water supply samples. Unless otherwise stated, continuous
compliance monitoring at the BPT level are based on the
determination of four constituents. At the advanced (BAT)
levels, the determination of six constituents is assumed." A
reporting cost of $1,500 per year is added for clerical
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D. Amortization

E. Items Not Included in Cost Estimates

(2 )

B in equation (2) is often referred to as the
factor, and is 0.1627 for the assumed overall
years. No residual or salvage value is

Annual Cost

Initial amount invested excluding cost of land

Annual interest rate (assumed 10 %)

Useful life in years

=

=

=

=

n

r

B

CA

CA : B (r (1 + r) n ) / ( (1 + r) n - 1 )

The multiplier for
capital recovery
useful life of 10
assumed.

support. Monitoring costs for periodic batch treatments are
reduced in proportion to the number of days per year when
discharges occur.

Where:

Annual depreciation and capital costs are computed as follows:

Although specific plants may encounter extremes of climate, flood
hazard and availability of water, the costs of model plants have
been estimated for average conditions of temperature, drainage
and natural resources. It is -assumed that any necessary site
drainage, access roads, water development, security,
environmental studies and permit costs are already included in
production facilities costs.

Therefore, the model costs are only for facilities, supplies and
services directly related to the treatment and disposal of
waterborne wastes, including land needed for treatment and
on-site sludge disposal. Air pollution control equipment
required by the Clean Air Act is not included. It was also
assumed that all required utilities are provided at the edge of
the plant site and the existing plant's capacities are capable of
supplying the requirements. RCRA costs have not been included.
RCRA costs are considered in the Economic Impact Analysis of
Pollution Control Technologies for Segments of the Inorganic
Chemicals Manufacturing Industry, EPA 440/2-81-023, which were
developed in part from information in rtContractor Report on RCRA
ISS Compliance Costs for Selected Inorganic Chemicals
Industries. n
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The types of costs shown for each model plant are:

Cost Estimates For Each Subcategory

Estimated costs for the wastewater treatment plants for the different
annual productions and at various levels of treatment are calculated
in terms of total annual costs. The total annual cost is the
summation of the annual amortization of the investment costs and the
annual operation and maintenance costs.

a ten
Since
cost,

Dust collectors normally associated with package treatment,
chemical transfer and feeding systems are included. Raw wastes
from various sources are assumed to be delivered to the treatment
facility at sufficient head to fill the influent equalization
basin, and final effluent is discharged by gravity. Costs of
pumps, pipe lines, etc., necessary to deliver raw wastewater to
the treatment plant or to deliver the treated effluent to the
point of discharge are not included in the cost estimates.

Since the treatment models are designed to serve single product
manufacturing plants, no emergency holding basins or internal
bypasses are provided. Any such necessary facilities are more
appropriately furnished as part of a combined waste treatment
system serving several product lines.

In some cases, land for economical on-site sludge disposal for
year period has been provided in the BPT model plant costs.
land cost is not amortized, its value appears in the investment
but not in the total annual costs.

For the purpose of cost estimating, a set of generally representative
model plant specifications are given for each nonexcluded subcategory
starting with the Chlor-Alkali industry in Section 11. These
specifications together with the basic assumptions on cost estimating
in this section, form the basis of the cost estimates for alternative
treatment systems. These cost estimates are presented in a tabular
format in the cost development portion of each applicable subcategory
section. In order to take into account more fully the wide range of

1. Investment
2. Annual operation and maintenance
3. Annual amortization of investment costs (excluding land)

The total annual costs per metric ton of product have been calculated.

For the purpose of the cost estimate, the first level (BPT or NSPS) is
expressed as the total cost of the treatment system. The other level
(BAT) represents the incremental cost above the base cost. The actual
additional costs a plant would incur in implementing the described
treatment processes depend on current treatment practices, and to some
extent, on the availability of land.



plant specific variables, additional cost elements which may add to
the baseline costs are then considered on a case-by-case basis.
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SECTION 11

CHLOR-ALKALI INDUSTRY

Industry Profile

General Description

Chlorine and its co-product caustic soda (alkali) are used in large
quantities in the production of plastics, organic and inorganic
chemicals, in the pulp and paper industry, in water and wastewater
treatment and in a number of other industries.

The production rate in the United States is approximately 9 million
metric tons (10 million short tons) of chlorine per year and over 95
percent of that production is by the electrolysis of a sodium or
potassium chloride solution via one of two major processes, mercury
cell and diaphragm cell.

Other processes for chlorine production such as the recently developed
membrane process are not addressed here because only pilot-scale
production exists or no data are available from fully operating
facilities.

Subcategorization

The factor chosen for the primary subcategorization of the inorganic
chemicals point source category was dominant product (see Section 4).
Other factors considered for subcategorization include: raw materials
used, manufacturing process employed, geographical location, size and
age of equipment and facility involved, non-water-quality aspects of
waste characteristics, water pollution control technology, treatment
costs, energy requirements and solid waste disposal. The chlor-alkali
subcategory was further subdivided on the basis of differences in cell
design and in the quantity and quality of wastewater generated.

Mercury and diaphragm cells are the two distinct types of electrolytic
cells that are used in the production of chlorine and caustic soda.
Major process differences between mercury cell and diaphragm cell
plants produce corresponding differences in the volume and nature of
wastewater generated. A principal difference is the presence of
mercury as a contaminant in the wastewaters from the mercury cell
process and asbestos in the diaphragm cell plant wastes. The TSS
discharges from diaphragm cell plants are generally larger than from
mercury cell plants, due to the higher volumes of contact and
noncontact water used. Also, in diaphragm cells a large amount of
water is used and an appreciable quantity of wastewater is produced in
the caustic evaporation process. Such water is not produced in
mercury cell plants. The quantity of wastewater generated from the
diaphragm cell plants may be more than four times that of the mercury
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cell plants for the same chlorine production capacity. Based on the
quantity and characteristics of the wastewater, further
subcategorization is justified.

Mercury Cell Process Industry Profile

General Description

Approximately 30 percent of the U.S. production of chlorine is by
mercury cell plants. In 1978 of 27 known plants, 308 data were
available for 15. Table 11-1 presents a summary profile of the
subcategory. Table 11-2 presents the status of discharge regulations
for mercury cell chlorine plants prior to promulgation of these
regulations. Control of pH in the 6.0 to 9.0 range was also included
in those regulations. .

General Process Description

A. Brine System

The sodium chloride solution (brine or salt dissolved in water)
is treated with sodium carbonate and sodium hydroxide to
precipitate impurities such as calcium, magnesium, and iron.
Precipitated hydroxides and carbonates are then settled usually
in a clarifier and the underflow, known as brine mud, is sent to
a lagoon or filtered. Brine muds from mercury cell plants
usually contain small amounts of mercury because the spent brine
from the cells is recycled. Consequently brine mud filtrate is
recycled or treated before discharge and solids are disposed of
in secure landfills.

Before it is sent to the cells J the treated brine is filtered and
then pH adjusted. Spent or depleted brine from the cells is
acidified and dechlorinated using vacuum and/or air stripping
before being saturated with salt and recycled.

B. Mercury Cell Process

The mercury cell, in general, consists of two sections: the
electrolyzer and the decomposer or denuder. The electrolyzer is
an elongated steel trough that is inclined slightly from the
horizontal. Mercury flows in a thin layer at the bottom forming
the cathode of the cell, and the brine flows concurrently on top
of the mercury. Parallel graphite or metal anode plates are
suspended from the cover of the cell. Electric current flowing
through the cell decomposes the brine, liberating chlorine at the
anode and sodium metal at the cathode. The metallic sodium forms
an amalgam with mercury.

NaCI(aq) + Hg = Cl z + 2 Na(H~)
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2 years

26 years

4 cubic meters/day

2,100 cubic meters/day

< 1 cubic meters/kkg

11 cubic meters/kkg

19,100 kkg/year

198,000 kkg/year

77 ,900 kkg/year

70,400 kkg/year

75 percent

3,550,000 kkg/year

2,750,000 kkg/year
27

15

1,280,000 kkg/year

1,090,000 kkg/year

36 percent

40 percent

Maximnn

Vo1une per unit product:

.MaJd.mJm

Average prtX1uct.i.on

Mellan pn:duetion

Average capacity utilization

Plant age range:

Mini.nun

Maximnn
ivaste water flaw range:

TABLE 11-1. SUBC'A'lm:>RYPRClFILE .DATA SUMMARY
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'lbtal sul:catego:ry capacity rate

Total subcategory production rate

Ntnnber of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

Representin;J pro:!ucti.on

Plant productian ranget

Sources of data are stanford Research Institute, Directol:y of Chenical
PrOducers, u.S .A., 1977, u.s. Deparbnent of o::mnerce, CUrrent Industrial
RepOrts, Decanber 1977; Energy am Env:iromlental Analysis, Inc.; Draft
Report, ItPreliminary Econanic Assessnent of Effluent Limitations in the
!JX)rganic ChEmical IIdustry," June, 1978, and "Economic Analysis of Proposed
Revised Effluent Guidelines and Standards for the Irorganic Q1emicals Industry,"
March, 1980.



TABLE 11-2 STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES

148

0.32

0.00014 0.00007

0.64

NSPS
Max. Avg.
(kg/kkg) (kgjkkg)

consecutive days shall not exceed.

No discharge
of pwwp(3)

No discharge
of pwwp

(41 FR 51601, November 23, 1976).

BATEA*
Max. Avg.
(kg/kkg) (kg/kkg)

0.32

0.00014

STANDARDS

0.64

0.00028

CHLORINE MERCURY CELL

BPCTCA
Max. (1) Avg. (2)

(kg/kkg) (kg/kkg)

F (40 CFR 415.60, 3/12/74)

Hg

SUBCATEGORY

*

SUBPART

Product Parameters
Process

Mercury
Cell
Process TSS

Section 415.63 was remanded and reserved
(1) Max. = Maximum of anyone day.
(2) Avg. = Average of daily values for thirty
(3) pwwp = Process wastewater pollutant.
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C. Product Purification

Figure 11-1 presents a general process flow diagram of chlorine
production by mercury cell.

Water Use And Wastewate~ Source Characteristics

Water Use

gas is cooled by refrigeration to remove water vapor and
and can be treated further by molecular sieves or

Condensate from hydrogen cooling is then discharged or
to the denuder after mercury recovery.

Hydrogen
mercury,
carbon.
~ecycled

Chlorine from the cell is cooled to remove water and other
impurities. The condensate is usually steam stripped for
chlorine recovery and returned to the brine system or discharged.
After cooling, chlorine gas is dried further by scrubbing with
sulfuric acid. The diluted acid is then usually regenerated,
sold or used for nonbrine system pH control. When chlorine gas
is compressed and liquified, it leaves behind noncondensible
gases known as tailor sniff gas. The tail gas is usually
scrubbed with caustic or lime, generating a hypochlorite solution
which is then decomposed, used on-site, sold or discharged with
or without treatment.

The sodium hydroxide or caustic product formed at the denuder has
a concentration of 50 percent NaOH. Some of the impurities
present in the caustic can be removed or reduced by the addition
of certain chemicals, and the caustic is then filte~ed. In most
cases it is sent to storage or is evaporated if a more
concentrated product is required.

The amalgam f~om the elct~olyzer flows to a denuder and the spent
brine is recycled to the brine purification process. In the
denuder, the amalgam becomes an anode to a short-circuited iron
or graphite cathode. Deionized water is added· to the denuder
which reacts with the amalgam to form hydrogen and caustic soda.
In modern mercury cells, the denuder or decomposer is a
horizontally or vertically laid graphite-packed bed. The water
and the amalgam flow countercurrently. Mercury is then returned
to the electrolyzer.

Water is used at mercury cell plants for noncontact cooling, tailgas
scrubbing, cell washing, equipment maintenance, floor washings and in
the decomposition of sodium-mercury amalgam in the denuder to produce
sodium hydroxide. Because most brine systems at mercury cell plants
are closed systems, water use in the brine system is minimal. The
total water usage at plants was found to range from 7.6 to 204 cubic
meters per metric ton (1800 to 49,000 gallons per short ton), with
noncontact cooling water, which is not covered by this effluent
guideline, comprising approximately 70 percent of the total.



SALT -. ~IMATfJ

SI'~ BRU.t:

SOOI... (011 CALCIUMI
HYPOCIIWUT"__

SOUlTION

1:0 USB. st.Us.
011 Wl\STI'

__1:0 SJlLES

011 USI:

.------ IlYDIlOGEH

WAftR

&OfDS 1:0

L.\lilJl"ILL
r- -,
I-I
L. -- rJ

_ -J I-... _ -SOLIDS - -.'1'0 WASTE

r------- TI\IL GAS----------.!

HOIlCOYTACT
COOLLIIG

.....TER

c
o
o
L
B
B

l'IJllll.'lCATI

SYSftlM

~•.lIIUCT
IClllftACT·1

COQl,.l!tG WATER

.
USIlD AT SOME I'LI\IITS OKLY

f-'
VI
a

Figure 11-1. General process diagram for production of chlorine/ca:ustic by
m=rcury cells.



Waste Sources

The following waste sources are or can be contaminated with
mercury and would therefore require treatment if discharged.

A. Brine Mud

This is the waste produced during the purification of brine
before it is introduced into the cell for electrolysis. The
metals commonly removed during purification are magnesium,
calcium, iron and other trace metals such as titanium,
molybdenum, chromium, vanadium and tungsten. Calcium and iron
are removed as hydroxides. Br iD~roudis the m~jpI;',_po:rtJonof Jhe
wast~, SOlids produced from the process. The sol ids content cif'
'the stream varies from 2 to 20 percent and the volume varies from
0.04 to 1.5 cubic meters per metric ton of chlorine produced.
The waste is either sent to a pond for settling or is filtered.
The overflow from the pond or the filtrate is recycled to the
process as makeup water for the brine. In the mercury cell
process, only 16 percent of the brine is recycled to the
purification unit after dechlorination. This recycled brine is
contaminated with mercury so the resulting brine mud contains
small amounts of mercury.

B. Cell Room Wastes

The major components of this stream include leaks, spills, area
washdown and cell wash waters. The amount varies from plant to
plant and depends largely on housekeeping practices. Data
indicate a range of from 0.01 to 1.5 cubic meters per metric ton
of chlorine produced. Ce..ll,ro.9m\\1a.ste constituteS t.l1e mCl~or

stream, requiring treatment,.because:o'f"'the higJL le\7?J~ofmercury

pr-eseri'f in these wastes. If graphite anodes are' used < in the
cells, the wastes may also contain lead (used as an electrical
contact at the anode) and chlorinated organics. However most
mercury cell plants have converted to metal anodes.

C. Chlorine Condensate

Condensation from the cell gas is contaminated with chlorine. At
some plants, the condensates are recycled to the process after
chlorine recovery. Both contact and noncontact water is used for
chlori.ne cooling and for removal of water vapor. Because of
this, the amount and type of wastewater varies from plant to
plant. Data from one plant indicates a waste condensate flow of
approximately 0.01 cubic meter per metric ton of chlorine
produced.

D. Spent Sulfuric Acid

Concentrated sulfuric acid is used in the dryer to remove the
residual water from the chlorine gas after the first stage of
cooling. In most cases, the acid is used until a constant
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F. Caustic Filter Washdown

E. Tail Gas Scrubber LiqUid

concentration of 50-70 percent is reached. The spend acids can
be regenerated for reuse, used for pH control in a nonbrine
treatment system, or sold.

cell plants are
volume indicated
6.~ m3 /kkg do
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Data available on total discharges at 13 mercury
presented in Table 11-3. The average discharge
is also 2.1 m3 /kkg, although flows as high as
exist.

The tail gas containing the uncondensed chlorine gas from the
I iquefaction stage, along with --SOme--ari ai'iQ,c~rt1Tet"''''~&eS,-ts""""·
scrubbed with sodium/calcium· hydroxide to form sodium/calcium
hypochlorite solution. When the equipment is purged for
maintenance, the tail gas is also absorbed in calcium or sodium
hydroxide, producting the corresponding hypochlorite solution.
The hypochlorite can be used in another process on site, sold,
discharged to treatm~nt or decomposed before discharge or
treatment. The amount of tail gas scrubber water varies from
0.04 to 0.58 cubic meter per metric ton of chlorine.... .-----....

The 50 percent caustic produced at the denuder is filtered to
remove salt and other impurities. The filters are backwashed
periodically as needed, and the backwash can be discharged to
treatment or filtered with the filtrate recycled to the brine
system and the solids sent for disposal or mercury recovery.
Wastewater volume from caustic filter backwashing is variable and
no flow data are available.

~. Hydrogen Condensate

Hydrogen produced at the denud~r is cooled to remove mercury and
water carried over in the ga~. The·condensate is either sent to
treatment facilities or to mer~ury recovery after which it can be
returned to the denuder. Data on the volume of this waste stream
are not available.

H. Summary of Wastewater Flow

Summing the flow ranges presented above for specific waste
sources results in a maximum mercury-contamined waste flow of 2.1
cubic meters per metric ton (m 3 /kkgl for plants where specific
stream data were available. This does not include brine mud
flows which are reused instead of discharged, and therefore do
not affect total flow.



Description of Specific Plants

The following descriptions of specific plants includes those that were
sampled during the screening and verification program. The discussion
primarily covers plant practiFes in wastewate~ control and treatment.

Screening Program

Plant #299 was visited in the screening and verification phase of the
program. The mercury-contaminated waste ~treams include outlet
end-box wash water, spills and cleanup water, brine mud saturator
sludge, and pump seals wastewater. The combined wastewater is sent to
.tI·.~.eu.'..: _.e p.•..ond. The effluent fr~m the surge pond is mixed with sodi~~
~.;,c __ *'and sent to a settling pond. The overflow from the pond is
pHad']usted, filtered (in a filter press) and passed through activated
carbon towers before discharge. In the sampling program wastewater
influent to the surge pond and the overflow from the settling pond
were sampled. Figure 11-2 gives the general ~rocess diagram and shows
all the waste streams sampled. Table 11-4 presents major pollutant
concentrations and loads for the sampled streams.

Verification

Four more plants (#747, #167, #106 and #317) producing
chlorine/caustic by mercury cells were visit~d and sampled in the
verification program. Table 11-5 presents pollutant concentrations
for the sampled streams and loads for TSS and mercury.

At Plant #747, the brine dechlorination system has been converted from
barometric condensers to a steam ejector ~ystem. The conversion
resulted in increased chlorine recove~y and reduced contact
wastewater. By providing settling and secondary filter facilities,
the brine filter backwash has been eliminated. The tail gas scrubber
liquid (hypochlorite solution) is offered for sale and if not
marketed, is treated for removal of chlorine and discharged. Mercury
bearing wastewaters are treated with sodium sulfide . (NazS) and
filtered. Solids are retorted for mercury ~ecovery and the filtrate
is mixed with the other process wastewaters and the pH adjusted before
discharge. A flow diagram of the manufacturing process, including the
wastewater treatment facility, is given in Figure 11-3.

At Plant #167, the wastewater streams, consisting of filter backwash,
cell room wash, rain water runoff, and leaks and spills, are combined
and treated for mercury removal. The water is sent to a holding
lagoon and the overflow is reduced by reacti~n with ferrous chloride,
which precipitates mercury. The reacted $olution is sent to a
c'~rifier and the underflow from the clarifier is disposed of in a
landfill. The overflow is filtered and the filtrate is passed through
activated carbon and an ion exchange column p~ior to discharge to a
lagoon. The effluent from the lagoon is pH adjusted and discharged.
Figure 11-4 shows the simplified process flow diagram for Plant i167,
including the sampling locations.
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TABLE 11-3. SUMMARY OF WASTE WAT.ER FLCW DATA FOR cm.oRINE
MEFCURY CELL PIANl'S

0.36

1.6

~

~

1.6
0.67

L7
5.8

0.98

0.51

1.0

6.3

2.1

waste Water F1CM
(m3/kkg Chlorine)
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907

299

iM/lf
ll'1tilw
343
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131

589

898

741

553

769
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TABLE 11-4. f{)!LurMlr CONCEN!'RATIONS AND I£lZU)S AT PLANT *299

SUOCATEXDRY CHLORINE (t1ERCURY CELL)

Stream Stream TSS Mercury
Number Description (~/l) (kg/kkg) (mg/l) (kg/kkg)

screening Phase: (1)

1 cell W!ste 12 0.016 0.15 0.0002

2 Mercury Trea'bnent
Effluent 5.0 0.0070 0.029 0.00004

3 Tail GaS
scrubi:er NA NA 0.11 NA

Verification Phase: (2)

1 Mercury Treai:nent
Influent 91 0.13 5.9 0.080

2 Mercury Treatment
Effluent 18 0.026 0.20 0.0003

3 Cell Wlste 120 0.17 lI. 0.015

4 Brine MJd 13,000 NA 0.54 NA

5 Tail GaS Scru.bbar 180 0.022 0.17 0.00002

NA = Not available.
(1) = Data l:ased on one 72-hour cozrq;osite sample of S3ch stream.
(2) = Data l:ased on three 24-hour comp::>site samples of each stream.
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TABLE 11-5. FO:LIl.YmNT CONCENTPATIONS AND LOADS AT VERJJ?ICATION PIANTS (l)

SVOCATEGORY CHLORINE (MERCURy CELL)

Stream Stream TSS Mercury
Nt1rlll:er ~ECription (riij/I) {kg/kkgT (mg/I) (kg/kkg)

Plant 747

1 Cell waste 700 -1 18 -3
1.6 x 10_2 4.3 x 10-5

2 Treated Waste 60 1.4 x 10 0.10 2.3 x 10-6
3 Acid Inp.1t NA NA 0.023 3.5 x 10_7
4 Acid Output NA NA 0.0030 7.2 x 10_55 Dechlor systan 9.0 0.0037-5 0.035 1.5 x 10-6
6 C12Condensate 2.0 2.7 x 10 0.27 1.8 x 10_7
7 Tail Gas SCrubber NA NA 0.039 8.0 x 10

plant 167

5 All el2 wastes 560 1 .. 9 -4 3.8 -2
1.3 x 10-6

6 Cell wash 57 5.7 x 10_3 0.72 6.7 x 10-6
7 Brine Process 4.0 7.1 x 10_2 0.0050 9.0 x 10_3
8 Treated waste 2.0 1.3 x 10 0.32 L8 x 10
9 Clarifier -5

Urrlerflow 5,900 4.0 10.4 8.7 x 10

Plant 317

1 Cell vaste 45 NA 14 NA
2 Brine Mud

Filtrate 520 NA 34 NA
3 Tank Car wash 18 NA 0.033 NA
4 Collection

5.0 x 10~2Tank 21,000 8.6 123
5 Treated ·-2 -5Effluent 110 4.4 x 10 0.10 4.3 x 10
6 Deionizer

5.2 x 10-3 -7Effluent 18 0.0010 2.9 x 10-4
7 N-C ceoling 16 2.2 0.0010 1.4 x 10-4
8 Final Effluent 18 2.4 0.0020 3.6 x 10

Plant 106

1 Cell ~sh 79 3.9
2 Treated cell

W3.sh 20 0.015
4 Final Effluent 2.0 <0.00050 NA

NA = Not available.
(1) = Data based on the average of three 24-hour carposites.
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At Plant 1317, the brine purification mud is mixed with spent sulfuric
acid and sodium hypochlorite solution. The treatment temoves mercury
from the mud and transfers it to the solution. The solution is
filtered and the solids landfilled. The filtrate is mixed with other
mercury-contaminated wastewaters, which includes the brine purge, cell
room liquid wastes and plant area wash water. This is then reacted
with sodium hydrosulfide to precipitate the mercury as mercury sulfide
and then filtered. The solids are sent to a mercury recovery unit and
the filtrate is sent to a holding tank. The effluent from the holding
tank is mixed with de-ionizer waste and noncontact cooling water
before discharge. The process flow diagram showing the waste streams
sampled is given in Figure 11-5.

At Plant #106, mercury-bearing wastes are segregated from other
wastewaters and combined for batch treatment. Mercury-bearing leaks,
spills, and precipitation are contained and collected by curbing
around the cell room and collecting the wastes in a common sump. From
the sump the combined waste is pumped to treatment. In the treatment
system, the pH is initially adjusted using waste sulfuric acid and 20
percent caustic solution as required. Sodium sulfide and filter aid
are added and the waste agitated in fiberglass reaction tanks. The
effluent from the tanks is filtered and the filter cake is retorted
for mercury recovery. The residual waste, after mercury recovery, is
placed in a lined solid waste disposal area. The filtrate is sent to
the first of two lined lagoons. Primary pH adjustment is made using
waste sulfuric acid and 20 percent caustic before entry into the first
lagoon; final pH adjustment is made between the first and second

. lagoons.

Descriptions of Plants Not Sampled

At Plant #589, the wastewater going to the mercury treatment system
consists of cell room washdown, brine filter backwash, leaks, spills,
cleanup water, and hydrogen cooling condensate. The wastewaters are
reacted with hydrochloric acid and sodium bisulfide and then sent to a
settling basin where mercury sulfide precipitates. The overflow is
passed through a series of effluent filters before discharge.

At Plant #343, the cell room wash water, brine purification sludge,
and chlorine cooling condensate are combined and sent to a pond. The
suspended solids settle in the pond and are dredged out once a year.
The dredged sludge is "Chem Fixed" and disposed of in an appropriate
landfill. The overflow from the pond is reacted with Na 2 S and the
reacted solution is sent to a clarifier. The clarifier underflow,
consisting mainly of mercury sulfide, is returned to the pond. The
clarifier overflow is discharged .

. All contact wastewater at Plant 1907 is treated for mercury removal in
a patented process involving reduction of mercury to the metallic
state using sodium borohydride. Previously contaminated wooden
flooring in the cell room has been removed and replaced with
fiberglass gratings to reduce the amount of mercury ·in the effluent
and for better waste control. Molecular sieves have been installed on
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cell end boxes to reduce the mercury content in the air vented from
the cells. The treatment not only cleans the air but is also believed
to reduce mercury in the plant area runoff.

In the treatment system, the mercury-contaminated wastewater is
reacted with sodium borohydride to reduce dissolved mercury to the
metallic form. The reacted solution is filtered prior to delivery to
one of the banks of three columns packed with anthracite coal. After
passing through three absorption columns in series, the treated
wastewater is delivered to large holding tanks, from which it may be
discharged or returned to treatment, depending on its mercury content.
Filter cake, resulting from the filtration of the waste prior to the
coal absorption step, is retorted for mercury recovery.

Waste solids at this facility, including mercury treatment sludges and
brine muds, are deposited in an on-site disposal area. Chlorine
discharges are essentially eliminated by three significant waste
management practices: the chlorine condensate is collected and
returned to the brine system, tail gas scrubbing effluents are used in
the manufacture of another product, and spent sulfuric acid from
chlorine drying is dechlorinated in an air stripper and shipped
off-site for the manufacture of another product. Gases from the air
stripper are returned to the chlorine purification header.

At Plant *324, the barometric condenser on the brine dechlorination
was replaced with an indirect cooler, resulting in a reduction of
chlorinated wastewater. The tail gas scrubber effluent is used for
the manufacture of another product, and the brine muds are sent to a
pond. Small amounts of mercury, when detected in the brine mud, are
leached wittl water and treated with other mercury-contaminated
wastewaters which include the cell room wash water, caustic filter
backwash, and brine leaks. The combined wastewater is mixed with
hydrogen processing wastewater, reacted with sulfuric acid, sodium
borohydride, and sodium sulfide, and then filtered. The filtrate is
adjusted for pH and recycled to process.

At Plant #385, the brine mud sludge is sent to a retention pond where
it accumulates. All process contact wastewater is collected in an
unlined pond where it is treated and the treated effluent is used as
the scrubber liquid for tail gases. The spent scrubber solution is
sent to an adjacent paper plant for use.

At Plant *416, the cell room wastes are used for bleach manufacture.
The wastewater streams from the chlorine/caustic plant are sent to an
a~jacent paper company.

At Plant *784, the wastewater, consisting of KCI brine
and area washdown and spills, is sent to a basin. The
the flow and the overflow is treated with sulfuric
reaction with NaHS and clarification. The clarifier
through an activated carbon filter and to a final
undergoes pH adjustment before discharge.
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The wastes are segregated at Plant *674. The clarification pond is
used for waste streams containing suspended solids. The streams going
to the pond include brine purification muds and spent chlorinated
lime. The mercury-contaminated wastewaters are treated separately.
These include the brine saturation waste, brine filter backwash, cell
room sumps, and tank car washes. The combined mercury-laden
wastewater is sent to a collection pond and the overflow from the pond
is pH adjusted before the addition of NazS. The reacted solution is
sent to another pond and the pond overflow is passed through a carbon
adsorption column before final discharge. A part of the treated
effluent is reinjected into the brine well.

At Plant *012, the brine treatment area is paved to trap all spills,
leaks, and rain runoff from that area. The contaminated wastewaters
from the plant are re-injected into the brine wells to keep the
hydraulic balance and maintain pressure in the salt deposits.

Summary of the Toxic Pollutant Data

Presented below are the toxic pollutants found in the raw wastes
during screening and verification.

Because several waste streams usually contribute to the total raw
waste at mercury cell plants, a calculation was often necessary to
determine the pollutant concentrations that would exist in the streams
before they were mixed prior to treatment. An example of this
calculation is the "mixing" of the following hypothetical streams:

Stream A: 100 gallons per minute, 15 mg/1

Stream B: 10 gallons per minute, 60 mg/1

(Flow x concentration) - (Flow x concentration)
Total Flow

~ concentration of mixed streams

~ (100 gpm) (15 mg/l + (10 gpm) (60 mg/l) ~ 19 mg/l
110 gpm

The maximum raw waste concentrations observed during any single
24-hour sampling period were:
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C is the concentration of the pollutant expressed in units
of mg/l (Note: kg/m 3 = 1000 mg/l), and

Q is the waste stream flow rate expressed in units of m~/day

(m 3 , a cubic meter, is equal to 264.2 U.S. gallons).

Similarly, the unit loadings were calculated from the reported
chlorine production rate, the waste stream flow rate, and the measured
pollutant concentration~

770
400
790
180

2,300
1 ,900

180,000
2,400

870
440

34,000

(C)(Q)·
1000

Verificat.ion
Plants

(#299, #747, #167,
#206, #317)

250
10

1
8

350
1

150
100

1
140
230

Screening
Plant
(#299)

<
<

<
<
<

Maximum Raw Waste Concentrations Observed
( JI g/l )

where:

The daily loading is determined by:

Daily loading (as kg of pollutant =
per day)

Sectio~ 5 of this report describes the methodology of the screening
and verification sampling program. In the chlorine mercury cell
industry, a total of 18 days of sampling were conducted at Plants
#299, #747, #167, #317 and #106. Thirty-two different sampling points
were involved covering various raw waste streams and the tceated
effluents at these plants. The evaluation of toxic metal content of
these process (elated waste streams was based on 949 analytical data
points. The screening for toxic organic pollutants at Plants #299 and
#167 generated an additional 490 analytical data points. The daily
raw waste load~ were calculatd from the waste stream flow rates
measured or estimated at the time of sampling and the measured
pollutant concentration.

Antimon'j
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Thallium
Zinc

Pollutant
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Mercury is the major toxic pollutant of concern in the production of
chlorine by the mercury cell process. Other toxic metals often found
in significant concentrations in raw wastes include arsenic, antimony,

Based on the total annual production of this subcategory and the
average waste load generated per unit product, the estimated total
pollutant raw waste loads generated each year by thii iUb~aiegory are
as follows:

(C) (Q)
1000P

Raw Waste load
(kg/year)

1,400
1,000

210
360
960
880

44,000
820
850
770

7,200

=

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Thallium
Zinc

Pollutant

the same as described above, and P is the chlorine
expressed in units of kkg/day (kkg is 1000 kg, a
is equal to 2205 lbs.)

Q are
rate
which

11-7 daily loadings (in kg/day) and unit loadings in (in
are presented as minimum, average and maximum values based on
presented in Table 11-6.

Unit loading (as kg of pollutant per
kkg of chlorine)

where C and
production
metric ton,

Toxic Pollutants of Concern

Pollution Abatement Options

The minimum, average, and maximum values are based on data from those
plants where the particular pollutant was found at a concentration
greater than the analytical detection limits and considered a
"significant concentration". The term "significant concentration"
means an observed concentration in any 24 or 72-hour composite raw
waste sample that is above the analytical detection limit, and
potentially treatable.

In Table 11-6, the toxic pollutant raw waste data are presented as the
average daily concentrations and the unit loadings found at the
individual plants. These averages were derived by averaging the
concentrations and loads based on three 24-hour composite samples from
each plant.

In Table
kg/kkg)
the data



cadmium, chromium, copper, lead, nickel, silver, thallium and zinc.
Sources of these metals are assumed to be impurities in the raw salt
or brine and corrosion products from the reaction between chlorine and
process equipment materials of construction. No toxic organics were
found at treatable levels.

Prevailing Control and Treatment Practices

Specific control and treatment practices at 14 plants were described
above. All known mercury cell plants practice treatment of
mercury-bearing wastes, but control practices such as recycling of
brine mud filtrate or pond overflow, chlorine condensates, hydrogen
condensates and caustic filter backwash, and solids handling vary from
plant to plant. Although all known treatment facilities precipitate
mercury and separate the solids formed by clarification and/or
filtration, sampling data has shown that some treatment systems,
including those with more advanced technologies such as adsorption or
ion exchange, are not operating efficiently.

Process Modifications and Technology Transfer Options

The following process modifications are being practiced at one or more
mercury cell plants and can significantly reduce pollutant loads
discharged.

A. Anode Material

Nearly all mercury cell plants now use metal anodes. Their use,
as opposed to graphite anodes, improves the power efficiency of
the cells and reduces the potential pollutant load.

B. Liquefaction of Chlorine

Utilization of high pressure and refrigeration for chlorine
recovery will reduce the chlorine content of tail gases.

C. Brine Recycling

Although practiced at many facilities not all plants are using a
closed-loop brine system which eliminates a significant waste
volume requiring mercury treatment.

D. Mercury Emissions

Hydrogen gas produced in the denuder can be. refrigerated and
passed through treated carbon or molecular sieves to remove the
mercury escaping with gas. This will reduce the mercury
emissi~ns and reduce atmospheric fallout in the neighborhood of
the plant. This in turn will reduce mercury concentrations in
storm runoff. Two plants are practicing this control technology.
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0.38
0.00025

0.96
0.00064
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317

0.10
0.000051

0.46
0.00023

0.080 0.013"1( .
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1.2 0.12
0.00061 0.000080'

1.4 0.33
0.00071 0.00022

1.4 0.17
0.00071 0.00011

0.11 0.58
0.000056 0.00039

123
0.063

*

*

*

3.8
0.021

Plant 4/;

747 167

0.11
0.000076

0.093 0.060
0.000064 0.00034

0.047
0.000032

aITDRINE (MERCURY CELL)

*

*

299

0.23 0.030 0.33
0.00037 0.000021 0.0018

0.48
0.00077

0.010 0.020
0.000016 0.000014

0.063 0.10 0.12
0.00010 0.000069 0.00067

0.30 0.38 0.075
0.00048 0.00026 0.00042

0.060 0.16 0.072
0.000096 0.00011 0.00040

0.18 0.022* *
0.00029 0.000015

0.27 0.69 0.17 20
0.00043 0.00048 0.00095 0.010

5.9 18
0.0094 0.012

TABLE 11-6. AVERAGE TOXIC POUlJTANI' RAW ~1ASTE CCNCENI'RATIONS AND
LQl\DS AT\lERIFlCATION PIANTS (1)

* - Concentration below treatable level.

(ItB/l)
\kg/kkg

(1) Data based on the average of three 24-hour ccmposites.

Zinc

AntiJrony

Cadmium

Copper

Chromium

Pollutant
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Arsenic
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Mercury

Tha,lliun
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TABLE 11-7. SUMMARY OF PAW WPS1'E LOADINGS AT.-'
VERIFICATION PLANTS

""
>
/

7
SUECATE<DRY CHOORnm (HERCURY CELL) .,,,",-

/---~- - _.~

Daily / unit \ Number of
Pollutant IDadings Ioa<iin3s Plants

(kg/day) (kg!kk9') AveragErl*

min. avg. max. min. avg. InaX.

Antinony 0.044 0.17 0.30 0.000076 0.00039 0.00077 3

Arsenic 0.0054 0.11 0.27 0.000021 0.00056 0.0018 4

cadmium 0.0062 0.013 0.025 0.000014 0.000070 0.00023 4

Chranium 0.0043 0.037 0.098 0.0000087 0.00018 0.00067 5

Copper 0.045 0.10 0.18 0.000080 0.00037 0.00061 5

Lead 0.036 0.070 0.12 0.000096 0.00031 0.00071 5

Merew:y 1.6 3.1 5.1 0.0026 0.022 0.063 5

Nickel 0.037 0.056 0.075 0.000064 0.00015 0.00071 4

Silver 0.0059 0.082 0.22 0.000032 0.00016 0.00039 3

Thallium 0.0090 0.086 0.14 0.000015 0.00019 .0~00029 3

Zinc 0.14 0.41 1.1 0.00043 0.0025 0.010 5

* - Orlly thJse plants where the p::>llutant was observed at "significant
a:mcentrations" are included in the averagin:J. "Significant
ooncentrations" is defined in 11.4.4.
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E. Tail Gas Emission Control

When chlorine gas produced from the cell is compressed and
cooled, chlorine separates as liquid chlorine, and noncondensable
gases (tailor sniff gas containing residual chlorine vapor) are
produced at the discharge end of the condenser. The amount of
chlorine present in the tail gas is significant and has to be
removed and treated or recovered before the tail gas is· vented to
the atmosphere. The common industrial practice is to scrub the
gas with caustic soda or lime solution thus producing the
corresponding hypochlorite. The hypochlorite solution is either
sold, used on-site, sent to a wastewater treatment plant, or
discharged without treatment. Treatment of this waste is a
relatively recent practice. Decomposition is a common method of
treatment using catalytic, thermal, and chemical methods as
described below.

Catalytic decomposition involves the addition of small quantities
of cobalt, nickel, and iron chloride to the waste streams,
followed by retention in reaction tanks for periods up to several
days. Of the two plants employing this technology, one reports
zero discharge of chlorine, and the other reports respective
average and maximum chlorine discharge rates of 0.015 and 0.14 kg
per metric ton of chlorine produced.

Thermal decomposition occurs when the temperature of the solution
containing hypochlorite reaches 175 degrees F. Lime reacts with
chlorine exothermically, producing heat and calcium hypochlorite.
If the hypochlorite solution is not cooled, thermal decomposition
occurs. One chlorine/caustic plant is using this treatment
method and another is planning to use it. The plant using
thermal decomposition reports complete conversion of hypochlorite
to chloride.

Chemical decomposition takes place by reacting the hypochlorite
solution with a chemical reactant which is usually sodium sulfite
or hydrogen peroxide. Chemical decomposition is expensive but
complete and rapid.

When chlorine is present in a dissolved form (hypochlorous acid)
in water, a stripping technique may be applied to recover the
chlorine. Chlorine condensate streams and spent chlorine-drying
acid are most commonly treated by steam or vacuum stripping, with
the chlorine frequently returned to process for purification and
recovery as a product. The tail gas is not generally scrubbed
with water because water does not effectively remove chlorine and
the chlorine concentration in the exhaust will reach 0.1 to 4.5
percent by volume after scrubbing with water. One effective
method of chlorine recovery from the tail gas is by the passage
of the gas through an absorbing material such as carbon
tetrachloride and subsequent recovery of the chlorine. The
process is proprietary and little information is available on its
design or performance.
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Best Management Practices

A. Area Runoff

Provisions can be made to divert and contain storm runoff from
plant areas. Collected runoff can then be sent to the wastewater
treatment system.

B. Leaks and Spills

The brine treatment area and the cell room areas can be paved
with fiberglass gratings, and provision should be made to collect
the leaks and spills from the operation.

C. Mercury Contaminated Solids

The precipitated mercury waste should be stored in a lined pond,
disposed of in a secured landfill or sent to mercury recovery
operations. Brine mud should be discharged to a lined pond or a
secure landfill after filtration. The brine mud contains small
amounts of mercury which can leach into the ground water if
proper safety precautions are not taken.

D. Transportation, Handling and Abnormal Operations

Provisions should be made to remove chlorine from air emissions
resulting from abnormal operating conditions such as start up and
shut down, or from vents on returned tank cars, cylinders,
storage tanks, and process transfer tanks during handling and
loading of liquid chlorine.

Advanced Treatment Technologies

Methods available for the removal of elemental mercury or mercuric
salts from plant wastewaters include precipitation with sodium sulfide
to form insoluble mercuric sulfide, adsorption by activated carbon,
adsorption by ion-exchange and other resins, reduction by borohydride,
hydrazine, sulfite, hypophosphite, or iron, and biological reduction
(57). All of these methods are patented; many of these methods have
been proven on a pilot scale only. Sulfide precipitation and
adsorption techniques will also provide for the removal of other toxic
metals.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

Following the evaluation of significant toxic pollutants found in raw
wastewaters, current industry treatment practices and applicable
treatment alternatives, two levels of end-of-pipe treatment were
selectec. ~s alternatives for application in the mercury cell chlorine
subcategory.
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A. Level 1 (BPT)

C. Separation and Removal of Solids

Conventional settling and filtration methods are used, but
because of the toxicity of mercury, precipitated sludges should
be disposed of in a safe chemical waste area.

The filtered Level effluent is passed through a granular
activated carbon bed where residual metal sulfides and any
metallic mercury will be removed. The flow diagram for this
treatment level is shown in Figure 11-7. Cost estimates for this
level can be obtained from the proposed Development Document
( 60 ) .

for sampling and
Monitoring of heavy

B. Chemical Handling

Sodium bisulfide is used with filter aid after pH adjustment to
pH 5-7. Care is needed to prevent escape of toxic and obnoxious
HzS fumes at neutral and acid pH level. At Level 2 no additional
chemicals are used since the activated carbon bed is not
regenerated but is periodically removed and replaced. The
handling of granular carbon may cause temporary dust problems but
it causes no special hazards.
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This treatment consists of sulfide precipitation of
mercury-bearing wastewater followed by p~essure filtration. This
level of treatment, which will also reduce othe~ heavy metals,
includes recycle of the brine mud overflow or filtrate back to
process, and the settling and sto~age of b~ine muds.
Mercury-bea~ing solids can be sent to mercury ~ecovery or
disposal. The flow diagram for this treatment level is shown in
Figure 11-6.

B. Level 2

Equipment for Different Treatment Levels

A. Equipment Functions

In Levell, typical of existing treatment facilities,
mercury-bearing wastes are equalized in a surge tank, and
following chemical mixing, sulfide precipitaces are removed in a
conventional plate and frame filter press followed by final pH
adjustment of the filtrate before discharge. In Level 2 a
conventional granular activated carbon filter is added for
fu~ther removal of residual metals before pH adjustment.

D. Monitoring Requirements

Both levels of treatment include provisions
monitoring of the wastewate~ discharge.
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C. Solid Waste Produced

Treatment Cost Estimates

plant concept wastreatment cost estimates, a model
The model plant characteristics are:

In the selection of model plants, the following assumptions have been
made for the chlorine contaminated waste streams. The chlorine
condensate waste stream has not been included in the waste streams
going to the treatment facility. In the majority of the

Brine mud constitutes the major source of solid waste generated
at chlorine plants. Although flows and solids content vary
considerably from plant to plant, an average flow of 0.42 m3 /kkg
at 10 percent suspended solids gave an estimated solids load of
42 kg/kkg to be used for cost estimating purposes. The
implementation of RCRA regulations has not been included in these
estimates, but RCRA costs are considered in the Economic Impact
Analysis of Pollution Control Technologies for Segments of the
Inorganic Chemicals Manufacturing Industry, EPA 440/2-81-023.

Chlorine Bearing Wastes

Approximately 50 percent of the production data for all the
chlorine/caustic plants using mercury cells is available on file.
Production ranges from '9,000 to 198,000 kkq of chlorine/year.
Three model plants with productions of 19,100 kkg/yr, 95,500
kkg/yr and 191,000 kkg/yr were selected to represent the
subcategory production range. The flow per unit of production is
assumed to be the same for each size of model plant.
Seventy-seven percent of the plants for which flow data was
available have flows per unit of production equal to or less than
the average unit flow (Table 11-3).

A. Wastewater Flow

Data presented in Table 11-3 indicate an average wastewater flow
of 2.1 m3 /kkg for 13 plants, while the average of the five plants
surveyed during this study average~ 1.7 m3 /kkg.

For effluent limitation calculations (see 11.8.2) and for cost
estimation the more conservative unit flow from the larger data
base (2.1 m3 /kkg) has been used.

B. Chlorine Production

metals is done by atomic absorption methods at a qualified
commerical laboratory. Simple field tests for heavy metals as a
group are available for routine process control.

General Discussion

To prepare
developed.
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chlorine/caustic plants, this stream is stripped of chlorine by steam
or vacuum and the chlorine is recycled to the purification operation.
The wastewater is then returned to the process and introduced to the
brine purification unit or sent to the treatment unit. The quantity
of wastewater generated by this operation is small and does not
significantly affect the flow determination. In some cases the
chlorine gas from the cells is contact cooled with water and the
scrubbed liquid, after steam stripping, is reused. The stripping
operation in the recovery of chlorine is part of the process and,
therefore, its cost is not included in the treatment cost. The spent
tail gas scrubber solution, which contains mainly calcium or sodium
hypochlorite, is assumed to be used or decomposed before it is
discharged or sent to treatment. Thermal decomposition can be
practiced at no additional cost at some facilities, while another
efficient treatment method is catalytic decomposition. The cost
estimates for decomposition are not included here because at many
plants the hypochlorite stream is sold, used on-site or only
infrequently discharged depending on market demand.

However, because of the environmental effects of high levels of
chlorine in process wastewater discharges, the cost for the
dechlorination of such streams using sulfur dioxide has been included
because this is the treatment method on which control of total
residual chlorine is based.

Model Plant Treatment Costs

On the basis of the model plant specifications and design concepts
presented earlier, the estimated costs of treatment for three models
having different production levels are shown in Tables 11-8, 11-9 and
11-10. The costs of BAT treatment are incremental over BPT costs.
Table 11-11 presents a summary of the unit cost distribution between
amort.ization and operation and maintenance components.

Basis for Regulations

Basis for BPT Limitations

A. Technology Basis

Existing mercury cell chlorine plants are controlling mercury in
their wastewaters in accordance with existing BPT regulations
which require a discharge of less than 0.00014 kg/kkg of product
as a 30-day average. The BPT regulations presently in effect (40
CFR 415.62 (a» will not be revised. Pollutants regulated
include TS5, pH and mercury. The technology basis of sulfide
precipitation and filtration of mercury bearing streams (Levell)
is currently being applied at 24 plants in this subcategory.
Other plants in the industry use mercury control methods that are
different in detail but with the same objective.
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The existing regulations apply at the treatment system effluent
for TSS and mercury and at the plant effluent for pH. These
regulations are presented in Table 11-2 and are sustained by the
fact that plants having properly operated BPT technology have
demonstrated the achievability of the effluent limitations based
on available long-term monitoring data. Table 11-12 presents
data from eleven mercury cell plants, seven of which are meeting
the 30-day average limitations. The other four plants have
mercury control technology installed but are not meeting BPT
limits.

The original BAT limitations for this subcategory required zero
discharge of process wastewater pollutants. These regulations were
remanded and are not in effect. The final regulations allow for the
discharge of process wastewater following treatment.

A. Technology Basis

Utilizing the cost estimates presented in this report, the Agency
has ~nalyzed the cost effectiveness of Level 1 and Level 2
treatment options for pollutant removal. The economic impact on
the mercury cell chlorine subcategory has been evaluated in
considering the technology basis for final BAT limitations.

kg/kkg,
But the
cooling

For BAT, the Agency is promulgating limitations based on BPT
technology (Levell) with the addition of dechlorination.
Dechlorination is being included in BAT because the toxicity of
chlorine to aquatic life is well documented (59) and it is a
pollutant of concern to the Agency. Dechlorination, currently
practiced by at least two plants, may be required only at fewer
than half of the plants in the subcategory because hypochlorite
produced in tail gas scrubbers is often sold or used in other
operations while residual chlorine in condensates is usually
stripped or recovered. Table 11-13 presents residual chlorine
discharges at plants that have reported the use, sale or
treatment of chlorine-bearing wastewaters. This data indicates
that some plants will be able to meet the residual chlorine
limitations without the application of additional technology.

The Agency considered the addition of carbon adsorption for
additional mercury removal but rejected its use because of high
cost and questionable performance in this industry.

The eXisting regulations contain only load limitations,
and no flow basis or concentration limit was provided.
regulations did consider the inclusion of noncontact
water in determining discharge load limitations.

Basis for Final BAT Effluent Limitations

B. Flow Basis



B. Flow Basis

The flow basis fo~ BAT limitations is 2.1 m3 /kkg based on the
ave~age of discha~ge data of 13 plants p~esented in Table 11-3.
The o~de~ of magnitude of this u~it flow volume was suppo~ted by
data obtained du~ing sampling visits to five plants at which
flows ~anged f~om 0.5 m3 /kkg to 5.6 m3 /kkg with an ave~age of 1.7
m3 /kkg.

C. Selection of Toxic Pollutants to be Regulated

The selection of pollutants fo~ which specific effluent
limitations a~e p~omulgated is based on the evaluation of ~aw

waste concent~ations found du~ing the sampling p~og~am and on the
t~eatability of toxic pollutants using BAT technology.

Table 11-14 p~esents the achievable concent~ations of toxic
pollutants using the BAT technology of sulfide p~ecipitation

followed by filt~ation. The fi~st column glves the lite~atu~e

based t~eatability data p~esented in Section 8 and sUmma~ized in
Table 8-11 and ~eflects the lowest level achievable by this
technology. The second column gives actual indust~ial wastewate~

t~eatment system pe~fo~mance as p~esented in Tables 8-12 and 8-13
of Section 8. Also p~esented in. Table 11-14 a~e the maximum and
ave~age ~aw waste concent~ations of ·toxic pollutants found du~ing

the sampling p~og~am with an indication of the numbe~ of plants
whe~e the lite~atu~e-based t~eatability concent~ation was
exceeded.

Based on the occu~~ence of t~eatable levels of specific toxic
metals in ~aw wastes and the fact that the sulfide p~ecipitation

technology is al~eady utilized as BPT in the chlo~ine me~cu~y

cell subcatego~y, all the metals in Table 11-14, with the
exception of ch~omium and thallium fo~ which no sulfide/filte~.

t~eatment data a~e available, are candidates fo~ BAT ~egulation.

Conside~ation of Section 8 on the cont~ol pa~amete~s for sulfide
p~ecipitation, howeve~, leads to the selection of me~cu~y as the
toxic pollutant to be regulated. Antimony, a~senic, cadmium,
ch~omium, coppe~, lead, nickel, silver, thallium and zinc a~e

included fo~ guidance but no limits are set because cont~ol of
mercury will cont~ol these othe~ metals.

D. Basis of Pollutant Limitations

Limitations are presented as unit loadings (kg/kkg) and/or
concentrations (mg/l) for each pollutant. The relationship
between the two is based on the unit flow ~ate. Although actual
unit flow ~ates at plants vary by an order of magnitude due to
such factors as ~aw mate~ials and plant cont~ol practices, the
Agency has determined that the unit loading effluent limitations
(kg/kkg) can be met by well-ope~ated treatment facilities.
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a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

TABLE 11-8. MODEL PLANT TREATMENT COSTS

TOTAL ANNUAL COST

5,681

33,719

34,454

112,000 14,000
1,300 500

500 1,500
21,17n 3',491
6,983 1,047
4,500 0

15,000 7,500

161,459 28,019

195,912

($)
BPT BATa

26,500 0
93,000 23,000
20,000 0

139,500 23,000
20,925 3,450

160,425 26,450
32,085 5,290

192,510 31,740
19,251 3,174

211,761 34,914
21,000 a

232,761 34,914

Chlorine - Mercury cell
19,100 metric tons per year

TOTAL OPERATION AND
MAINTENANCE COST

178

Energy ..
Chemicals ••.•••.•••••••••••
Maintenance ••••••••••••••••
Taxes ~nd insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Labor and supervision

TOTAL INVESTMENT COST ••••••

Subtotal .••••••.•.••••
Land •••• ,. .

Subtotal ••••••.•••••••
Engineering ••••••••••••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Subtotal ••••0 .
Contractor's a & p •••••••••

Site development ••••.••••••
Equipment .
Monitoring equipment •••••••

C. AMORTIZATION OF
INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

A. INVESTMENT COST

Subcategory
Production



a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

MODEL PLANT TREATMENT COSTS

9,879

54,473

64,832

112,000 21,000
3,700 700
2,500 7,500

39,848 6,072
13,844 1,822
21,500 0

15,000 7,500

208,392 44,594

($ )
BPT BATa

79,500 0
163,000 40,000

20,000 0

262,500 40,000
39,375 6,000

301,875 46,000
60,375 9,200

362,250 55,200
36,225 5,520

398,475 60,720
63,000 a

461,475 60,720

273,224

......

Chlorine - Mercury cell
95,500 metric tons per year

TOTAL OPERATION AND
MAINTENANCE COST

Energy .•.•.••.•.•.•••••...•
Chem i cal s ••••••••••••••••••
Maintenance ••••....•..•....
Taxes and insurance ••••••••
Residual waste disposal ••••
~onitoring, analysis

and reporting •••••••••••••
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Subtotal ••.•••••••••••
Contingencies ••••••••••••••

Subtotal ••••••••••••••

Site deve I a pme nt •.•••••••••
Equipment ..•......•........
Monitoring equipment •••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtotal •••••••.•••••.
Contractor's 0 & pb•••••••••

TOTAL INVESTMENT COST .••..•

Land .••.•..••••.••.••.•.••••

TOTAL ANNUAL COST

Labor and supervision

C. AMORTIZATION OF
INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

TABLE 11-9.

A. INVESTMENT COST

Subcategory
Production
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a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

7, SOD

28,000
1,300

15,000
9,108
2,732

o

14,819

78,459

82,800
8,280

63,640

nO,ooo
9,000

69,000
13,800

91,080

o
60,000

o

91,080
o

($ )

BPT

97,804

15,000

360,640

262,837

112,000
6,500
5,000

60,113
21,724
42,500

130,000
246,000

20,000

39ry,000
59,400

455,400
91,080

546,480
54,648

601,128
123,000

724,128

.........

MODEL PLANT TREATMENT COSTS

Chlorine - Mercury cell
191,000 metric tons per year

Subtotal ••••••••••••••

Energy ill "

Chemicals •..••.•••••••••••.
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Land •.••• It ,. It

TOTAL OPERATION AND
MAINTENANCE COST

Subtotal ••••.•.•••••••
Contingencies ••••.•••••••••

Subtotal •••• b .
Contractor 1 s 0 & P •••••••••

TOTAL INVESTMENT COST ••••••

Site development •••••••••••
Equipment ••••••••••••••••••
Monitoring equipment •••••••

TOT~L ANNUAL COST

Labor and supervision

A. INVESTMENT COST

TABLE 11-10.

B. OPERATION AND
MAINTENANCE COST

c. AMORTIZATION OF
INVESTMENT COST

Subcategory
Production



TABLE 11-11. MODEL PLANT UNIT TREATMENT COSTS

Subcategory Chlorine - Mercury cell

Annual Treatment Costs ($/kkg)

8AT*8PT

LEVEL OF TREATMENT
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PRODUCTION
(kkg/yr)

COST ITEM

Annual Operation
and Ma intenance 19,100 8.45 1.47

95,500 2.18 0.47
191,000 1.38 0.33

Annual
Amortization 19,100 L80 0.30

95,500 0.68 0.10
191,000 0.51 0.08

Total Annual
Cost 19,100 10.26 1. 77

95,500 2.86 0.57
191,000 1. 89 0.41

*Represents the incremental cost above BPT

----------------------------------------------------------------



182

SUB:'ATWJRY CHrDRINE CMElUJRy CELL)

o.000010 -~

0.00010

0.0018

0.00029

0.000030

0.00043

0.00015

0.000096

0.00049

0.000056

'~i1l-.0000SS c#-
"- :~"' .. "~ ;- s:

MaxirmJm30-day Average

Mercury i4hste!Dad (kg/kkq)

0.00094

0.00026

0.0025

0.00066

0.0022

0.00073

0.00022

0.00086

0.00019

t--~1l~~;1

,A:).~OOQ,.'$' ~
"c: ="--~,c- c~ : -,- - ,

I:8ily MaximumAverage

0.000022

0.00086

0.000025

0.000020

0.000060

0.000040

0.000065

0.000055

0.000040

_~:~"L~'~:~~'L' ~~ ;,~
, -

TABLE 11-12. MER:DRY DIs:HARGES FIarf SELK'TED CBIDR~IMEKIJRY
CELL PIANrS*

#324**

* See Reference 3

#343

#907

#898

#195

#106

#589

#299

** Frcrn Plant Long TeJ::.'In MIDitoring Data presented in Appendix A.
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BAT limitations, which apply at the treatment system effluent for
toxic metals and at the plant effluent for residual chlorine, are
presented in Table 11-15.

1. Chlorine - Total residual chlorine limits are based on an
evaluation of long-term monitoring data for total residual
chlorine as presented in Appendix A (Tables A-la and c).
The -long-term average concentration is 0.64 mg/l. The
average variability factor for daily measurements of total
residual chlorine is 2.3 and the average variability factor
for 30-day averages is 1.4.

The 24-hour maximum concentration is:

(0.64 mg/l) (2.3) = 1.5 mg/l

The maximum 30-day average concentration is:

(0.64 mg/l) (1.4) = 0.90 mg/l

The load limitations for total
are calculated based on the
thus:

residual chlorine (kg/kkg)
unit flow rate of 2.1 m3 /kkg,

(1.5 mg/l) (2.1 m3 /kkg) ( kg/m 3 ) = 0.0032 kg/kkg
(1000 mg/l)

for the 24-hour maximum limit. The maximum 3D-day average
limit is calculated similarly, i.e.,

(0.90 mg/l) (2.1 m3 /kkg) ( kg/m 3 ) = 0.0019 kg/kkg
(1000 mg/l)

2. Toxic Pollutants

The effluent limitations and guidelines for the selected
toxic pollutants are derived from three sources of
information: industrial wastewater treatment system
perfornamce data (Table 8-12 and 8-13), verification
sampling data, and literature based treatability estimates
(Table 8-11).

The results of analysis of treated effluent represent plant
performance observed during three days of screening or
verification sampling. The effluent data for toxic
pollutants found above treatable concentrations in raw
wastes are summarized in Table 11-16. Data are presented
from four plants practicing BPT technology (sulfide
precipitation followed by filtration). Sampling data for
the fifth plant, i299, reflect effluent quality prior to
filtration.

a. Mercury
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TABLE 11-13. RESIDUAL ClilOR!NE DIS01ARGES AT SELECTED
ClilOR-ALKl\LI PLIINl'S*

C1U.orine Waste :wad (kg/kkgl

Plant Average Range

#207 0.33 1.4 naximum

j/014 0.040 o to 1.29

#819 NO(l) 0.016 to 0.14

j/747 0.0020 o to 0.0060

n06 0.0010 o to 0.14

j/589 0.0030 0.0010 to 0.011

#747(2) 0.0025 NO

#324 (2) 3.72 0.38 to 12.2

* See Reference 3

(l) - NO = No data

(2) - Fran Plant IDng-Tenn M:mitoring Data

184



TABIE 11-14. CCMPARISON OF RAW WASTE Q)NCEN'l'RATIONS OF
TOXIC POILurANl'S WITH TREATABILITY

SUl3CA'l'EmRY Oll.ORINE (MERCURY CELL)

Number Plants
Industrial out of Five

Literature- Waste Water Maximun Average Exa!eding
Treat:rrent Systan plant of 5 Literature-based

tab'l' (1) Perfonrance Average Plants Treatability
Pollutant

Trea ~ ~ty (ng/l) (ng/l) (mg/l) Level(ng/l)

Antirrony NO 0.23(2) 0.49 <0.28 NO

Arsenic 0.050 0.15 (3) 0.33 0.14 3

Cadmilml 0.010 0.19 (4) 0.46 0.11 3

Chromium NO NO 0.12 0.075 NO

Copper 0.050 0.20(3) 1.2 0.41 5

Lead 0.050 0.10 (3) 1.4 0.40 3

Mercury 0.010 0.034(3) 123 30.9 5

Nickel 0.050 0.022(4) 1.4 0.35 2

Silver 0.050 0.070(4) 0.58 0.15 2

Thallium NO NO 0.38 0.17 NO

Zinc 0.020 0.12 (3) 20 4.4 5

(l) Estimates fran Section 8.1, Table 8-11, giveIl as the lower limit of
treatability.

(2) Data fran Table 11-16 (average effluent concentration fran verification
sampling) •

(3) Estimated achievable long-term average concentrations fran Table 8-13.

(4) Data frcm Table 8-12 (recently submitted by Olin Corporation) •

NO = No data available on treatability with sulfide/filter.
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The BAT limitations fOL meLcuLy, although based on the
same technology, aLe mOLe stLingent than BPT
limitations. The estimated achievable long-teLm
aveLage concentration fOL meLcuLy fLom Table 8-13 is
0.034 mg/l and is obtained fLom Lecently submitted
industLy data. A daily vaLiability factoL of 3.1 and a
30-day aveLage vaLiability factoL of 1.4 aLe estimated
fLom data in Appendix A and fLom the Lecently submitted
industLY data.

The 24-hour maximum concentLation is:

(0.34 mg/l) (3.1) ~ 0.11 mg/l

The maximum 30-day aveLage concentLation is:

(0.034 mg/l) (1.4) = 0.048 mg/l

The load
calculated
thus:

limitations fOL mercuLy (kg/kkg) aLe
based on the unit flow Late of 2.1 m3/kkg,

(0.11 mg/l) (2.1 m3 /kkg) ( kg/m 3 ) = 0.00023 kg/kkg
(1000 mg/l)

fOL the 24-hoUL maximum limit. The
aveLage limit is calculated similaLly,

maximum
i.e.,

3D-day

(0.048 mg/l) (2.1 m3 /kkg) ( kg/m 3 ) = 0.00010 kg/kkg
(1000 mg/l)

Comment fLam 3 companies opeLating 10 plants stated
that the plants can achieve these limitations.

b. Zinc

The zinc guidance is based on the estimated achievable
long-teLm aveLage concentLation of 0.12 mg/l which is
obtained fLom Table 8-13. A daily vaLiability factoL
of 7.6 and a 3D-day aveLage vaLiability factoL of 1.5
aLe obtained fLam the Lecently submitted industLy data
on zinc effluent concentLations.

The 24-houL maximum concentLation is:

(0.12 mg/l) (7.6) = 0.91 mg/l

The maximum 30-day aveLage concentLation is:

(0.12 mg/l) (1.5) = 0.18 mg/l

c. Antimony
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SUBCATEGORY

TABLE 11-15. EFFLUENT LIMITATIONS
Chlorine-Mercury Cell

Best Available Technology
Wastewater Flow: 2.1 m3/kk9

CHLORINE MERCURY CELL

Concentration
Basis
(rog/l)

Effluent Limit
(kg/kkg)

Pollutant

Nonconventional
Pollutants:

Total Residual
Chlorine(7)

Subcategory
Performance

(mg/l)

Daily
Variability
Factor
3D-day Avg.
Variability
Factor

2.3/1.4

Max.
30-day
Avg.

0.90

24-hr.
Max.

1.5

Max.
30-day
Avg.

0.0019

24-hr.
Max.

0.0032

Toxic Pollutants:

Arltimony ().23 l2 ) 7.6/1.5 0.35 1.7
__ \5) __ (5)

Arsenic 0.15(3) 6.7/1.4 0.21 1.0
__ (5) __ (5)

Cadmium 0.050(2) 7.6/1.5 0.075 0.38 __ (5) __(5)

Chromium 0.044(2) 7.6/1.5 0.066 0.33
__ (5) __ (5)

Copper 0.20(3) 7.6/1.5 0.30 1.5
__ (5) __(5)

Lead 0.10(3) 4.1/1.3 0.13 0.41 __ (5) __ (5)

Mercury (6) 0.034(3) 3.1/1.4 0.048 0.11 0.00010 0.00023
Nickel 0.10(4) 5.7/1.4 0.14 0.57 __ (5) __ (5)

Silver 0.067(2) 7.6/1.5 0.10 0.51
__ (5) __ (5)

Thallium 0.17( 2) 7.6/1.5 0.26 1.3
__ (5) __ (5)

Zinc 0.12(3) 7.6/1.5 0.18 0.91 __ (5) __ (5)

(1) Long-term average concentration from Appendix A.
(2) Average effluent concentration from verification sampling.
(3) Estimated achievable long-term average concentration from Table 8-13.
(4) Lower limit of literature treatability for sulfide/filter technology according

to Table 8-11.
(5) No load limits; concentration limits are provided for guidance purposes.
(6) Limits are also applicable to PSNS, and NSPS.
(7) Limits are also applicable to NSPS.
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Because no industry data is available, the antimony
guidance is based on the average effluent concentration
from the verification sampling. The value of 0.23 mg/l
is used as a long-term average. The variability
factors established for zinc are applied to antimony
since these would approximate the situation where a
metal is incidentally controlled.

The 24-hour maximum concentration is;

(0.23 mg/l) (7.6) = 1.7 mg/l

The maximum 30-day average concentration is:

(0.23 mg/l) (1.5) = 0.35 mg/l

d. Arsenic

The arsenic guidance is based on the estimated
achievable long-term average concentration of 0.15 mg/l
whi ch is obtained from Table 8-13. A daily variabil i ty
factor of 6.7 and a 30-day average variability factor
of 1.4 are obtained from the recently submitted
industrial data on arsenic effluent concentrations.

The 24-hour maximum concentration is:

( O. 15 mg/l) ( 6 . 7) = I. 0 mg/l

The maximum 30-day average concentration is:

( O. 15 mg/l) (1. 4) = O. 21 mg/l

e. Cadmium

Because no industry data are available, the cadmium
guidance is based on the average effluent concentration
from the verification sampling. The value of 0.050
mg/l is used as a long-term average. The variability
factors established for zinc are applied to cadmium
since these would approximate the situation where a
metal is incidentally controlled.

The 24-hour maximum concentration is:

(0.050 mg/l) (7.6) = 0.38 mg/l

The maximum 30-day average concentration is:

(0.050 mg/l) (1.5) = 0.075 mg/l

f. Chromium
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TABLE 11-16. EFFLllENT ClJN::ENTRATIONS OF TOXrr: roLLUTANTS
FR:lM VERlFlCATION stlMPLIN3

SUICA'l'm)RY CHWRINE (J.lERCUlW CELL)

Plant Effluent Concentrations Treatability (1)(ng/1)
B::l11utant Plapt (mg/1)

*299 *747 *317 *106 *167 Avg.

AntinDny 0.15 <0.25 <0.25 <0.45 <0.065 <0.23 (2)

Arsenic 0.063 <0.010 0.020 <0.0050 0.38 <0.096 0.050

cadmium 0.073 0.12 <0.025 0.016 0.010 <0.050 0.010

Chromium <0.060 <0.050 <0.050 <0.010 <0.050 <0.044 (2)

Copper 0.038 <0.025 <0.030 0.043 <0.025 <0.033 0.050

l£!ad <0.050 0.073 0.17 0.38 0.12 <0.16 0.10
M=rcury 0.029 0.10 0.19 <0.00050 0.32 <0.13 0.010
Nickel <0.050 <0.050 <0.067 0.14 <0.050 <0.074 0.10

Silver <0.015 <0.015 <0.015 0.26 <0.015 <0.067 0.050

Thallium 0.20 <0.045 <0.25 0.26 0.090 <0.17 (2)

zinc 0.10 <0.025 0.51 0.088 <0.025 <0.15 0.020

(1) ID1.Ier limit fran literature-based treatability estimates fran section 8.l.

(2) No data available for treatability with sulfide/filter.
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Because no industry data are available, the chromium
guidance is based on the average effluent concentration
from the verification sampling. The value of 0.044
mg/1 is used in place of a long-term average. The
variability factors established for zinc are applied to
chromium since these would approximate the situation
where a metal is incidentally controlled.

The 24-hour maximum concentration is:

(0.044 mg/1) (7.6) = 0.33 mg/1

The maximum 3D-day average concentration is:

(0.044 mg/1) (1.5) = 0.066 mg/1

g. Copper

The copper guidance is based on the estimated
achievable long-term average concentration of 0.20 mg/1
which is obtained from Table 8-13. A daily variability
factor of 7.6 and a 3D-day average variability factor
of 1.5 are obtained from the recently submitted
industry data on copper effluent concentrations.

The 24-hour maximum concentration is:

(0.20 mg/l) (7.6) = 1.5 mg/l

The maximum 3D-day average concentration is:

(0.20 mg/l) (1.5) = 0.30 mg/l

h. Lead

The lead guidance is based on the estimated achievable
long-term average concentration of 0.10 mg/l which is
obtained from Table 8-13. A daily variability f.actor
of 4.1 and a 3D-day average variability factor of 1.3
are obtained from the recently submitted industry data
on lead effluent concentrations.

The 24-hour maximum concentration is:

( O. 10 mg/l) (4. 1) = 0.41 mg/l

The maximum 3D-day average concentration is:

( O. 10 mg/l) (1.3) = O. 13 mg/l

i. Nickel
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The industrial wastewater treatment system performance
data in Table 8-12 show values for nickel below the
lower limit of literature treatability estimated in
Table 8-11. Because of this, the lower limit, 0.10
mg/l, is used in place of a long-term average as a
basis for the nickel guidance. A daily variability
factor of 5.7 and a 3D-day average variability factor
of 1.4 are obtained from the recently submitted
industry data on nickel effluent concentrations.

The 24-hour maximum concentration is:

(0.10 mg/l) (5.7) = 0.57 mg/l

The maximum 3D-day average concentration is:

(0.10 mg/l) (1.4) = 0.14 mg/l

j. Silver

Because no industry data are available, the silver
guidance is based on the average effluent concentration
from the verification sampling. The value of 0.067
mg/l is used in place of a long-term average. The
variability factors established for zinc are applied to
silver since these would approximate the situation
where a metal is incidentally controlled.

The 24-hour maximum concentration is:

(0.067 mg/l) (7.6) = 0.51 mg/l

The maximum 3D-day average concentration is:

(0.067 mg/l) (1.5) = 0.10 mg/l

k. Thallium: Because no industry data are available, the
thallium guidance is based on the average effluent
concentration from the verification sampling. The
value of 0.17 mg/l is used in place of a long-term
average. The variability factors established for zinc
are applied to thallium since these would approximate
the situation where a metal is incidentally controlled.

The 24-hour maximum concentration is:

(0.17 mg/l) (7.6) = 1.3 mg/l

The maximum 3D-day average concentration is:

(0.17 mg/l) (1.5) = 0.26 mg/l
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Basis for BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. The dechlorination
technology added to BPT for BAT does not remove additional
conventional pollutants. As BPT is the minimal level of control
required by law, no possible application of the BCT cost tests could
result in BCT limitations lower than those promulgated in this
regulation. Accordingly, there is no need to wait until EPA revises
the BCT methodology before promulgating BCT limitations.

Basis for New Source Performance Standards

For NSPS, the Agency is promulgating limitations equal to BPT for TSS
and pH and BAT for other pollutants because of the prohibitive cost of
additional technology. Pollutants to be limited are pH, TSS, mercury,
and total residual chlorine.

Basis for Pretreatment Standards

For pretreatment standards for new sources, the Agency is promulgating
limitations based on BAT technology excluding dechlorination.
Dechlorination is unnecessary for discharges to POTWs because influent
to POTWs is often chlorinated. The pollutant to be limited is
mercury. The PSNS limitations are based on BAT because this provides
better mercury removal than is achieved by a well-operated POTW with
secondary treatment installed and, hence, mercury will pass through a
POTW in the absence of pretreatment.

The Agency is not promulgating PSES for this subcategory. Instead,
the subcategory is excluded from categorical PSES under the provisions
of paragraph 8(b) of the Settlement Agreement because the discharge of
total toxic metals to POTWs from the two existing sources combined is
below treatable levels and amounts to only 40 pounds per year. Both
existing sources have installed and are operating treatment facilities
equivalent to BPT/BAT to control mercury.

Diaphragm Cell Process Industry Profile

General Description

Approximately 65 percent of the U.S. pr0duction of chlorine is by
diaphragm cell plants. Of 40 known plants in 1978, Section 308 data
are available for 19. Table 11-17 presents a summary profile of the
subcategory. Table 11-18 presents the status of discharge regulations
prior to promulgation of this regulation for diaphragm cell chlorine
plants.
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General Process Description

A. Brine System

As in the mercury cell process, the sodium chloride solution
(brine or salt dissolved in water) is purified before it is sent
to the electrolytic cells. Precipitation of major impurities
with sodium carbonate and sodium hydroxide followed by
clarification generates a brine mud waste which is then sent to a
lagoon or filtered. The settled brine is saturated further by
the addition of salt from caustic evaporators and then is sent to
the cells.

The fundamental difference between diaphragm and mercury cell
brine systems is that unconverted sodium chloride in diaphragm
cell processes is carried with the sodium hydroxide (caustic)
from the cell and is then removed as a solid in caustic
evaporators. In mercury cells, the unconverted sodium chloride
is discharged through the brine system.

B. Diaphragm Cell

The treated brine solution is electrolyzed in the diaphragm cell
to form chlorine, hydrogen, and sodium hydroxide according to the
reaction:

2NaCI + 2HzO = Cl z + 2NaOH + Hz

The diaphragm cell contains a porous asbestos diaphragm
separating the anode from the cathode. Chlorine is liberated at
the anode and hydrogen and hydroxyl ions (caustic) are produced
at the cathode. In the past, the predominant material used for
anodes was graphite with some cell designs using lead to provide
an electrical contact and support. The lead was joined to the
graphite anode by an organic binder. In recent years, many
graphite anodes have been replaced by stabilized metal anodes
made of titanium with a platinum or ruthenium oxide coating. (An
industry association estimate is that approximately 49 percent of
U.S. diaphragm cell capacity still involves graphite anodes.)
The advantages of using metal anodes compared to graphite anodes
are increased power efficiency of the cells, longer anode life
and a reduction in potential pollutant loads of lead and
chlorinated organics.

C. Product Purification

As with mercury cell plants, chlorine liberated at the anode must
be cooled and dried to remove moisture and other impurities. The
cooling generates a chlorine condensate stream which can be
stripped to recover chlorine and then returned to the brine
system or discharged. Drying the chlorine gas is accomplished by
scrubbing with sulfuric acid. The resulting diluted acid can
subsequently be regenerated, sold, or used for nonbrine system pH
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TABLE 11-17. SUBCATEXDRY.POCIFILE.DATA.~

QIIDRINE (D:r.APHFAG1 CELL)

'lbta1 sulxategory capacity rate

Total sutcate;pry production rate

Number of plants in this subcategmy

308 Data on file for

With total capacity of

With total production of

Representing capacity

Representing production

Plant pn:xiuction raD3'E!:

Mininun

Maxinun

Average pt:Clduction

Median production

Average capacity uti 1ization

Plant age range:

Minimum

Maximum

Waste water flow range:

MinimJm

MaxirnJm

Volume per unit product:

Mi.niIm.un

Maxinun

8,270,000 kkg/year

6,430,000 kkg/year

40

19

6,400,000 kkg/year

4,200,000 kkg/year

77 percent

66. percent

14, 700 kkg/year

1,500,000 kkg/year

221,000 kkg/year

103,000 kkg/year

67 percent

4 years

74 years

1,100 cubic meters/day

7,100 cubic rreters/day

1 cubic rreters/kkg

23 cubic neters/kkg

Sources of data are Stanford Researeh Institute, Directory of Chsnical
Producers, U.S.A., 1977, U.S. Department of o::mnerce, current Industrial
Reparts, oecanber 1977; Energy am Environmental Analysis, Inc.; Draft
Report, lIPrelimi.nary EcoIXmic Assessrent of Effluent Limitations in the
I:IDrga.nic Chemical In:iustry.,11 June, 1978 and "Econcmic Analysis of Prop::lsed
Revised Effluent Guidelines and Standards for the Imrganic Chenicals Industry,"
March, 1980.
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TABLE 11-18. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES

SUBCATEGORY

SUBPART

CHLORINE (DIAPHRAGM CELL)

F (40 CFR 415.60, 3/12/74)

STANDARDS

Product
Precess Parameters

BPCTCA
Max 1 Avg. 2

(kg/kkg) (kg/kkg)

BATEA
Max. Avg.
(kg/kkg) (kg/kkg)

NSPS
Max. Avg.
(kg/kkg) (kg/kkg)

Diaphragm
Cell
Process TSS 0.64 0.32

NO discharge
of pwwp(3) 0.64 0.32

*
(1)

(2)
(3)

Pb
Section 415.63
Max. = Maximum
Avg. Average
pwwp Process

No discharge
0.005 0.0025 of pwwpilL 0.00008 0.00004

was remanded and reserved (41 FR 51601, November 23, 1976).
of an.y on.e day.
of daily values for thirty consecutive days.
wastewater pollutant.
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control. When the chlorine gas is compressed and liquified,
noncondensible gases known as tailor sniff gases remain. These
are usually scrubbed with caustic soda or lime generating a
hypochlorite solution which can be sold, used on-site, or
discharged, with or without decomposition or treatment.

The sodium hydroxide or caustic from the diaphragm cell has a
concentration of about 11 percent NaOH and a sodium chloride
content as high as 17 percent. The caustic is evaporated to 50
percent NaOH by multiple effect evaporators. Sodium chloride
remains as a solid salt which is then separated from the caustic
and returned to the brine system. Further purification of the
caustic is necessary for some applications (such as rayon
production) and extraction or adsorption techniques have been
used to remove small amounts of impurities. The caustic can be
evaporated further if more concentrated products are required.
The vapor evolved from the last of multiple effect evaporators is
condensed in barometric condensers generating contact cooling
water, or in surface condensers using noncontact cooling water.

The hydrogen gas generated in the process can be vented or cooled
by refrigeration to remove water vapor before sale or use as a
fuel.

Figure 11-8 is a general flow diagram for the manufacture of
chlorine by the diaphragm cell process.

Water Use and Wastewater Sources

Water Use

Water use at diaphragm cell plants is similar to that at mercury cell
plants with one exception. Common uses include noncontact cooling,
tail gas scrubbers, cell wash, equipment maintenance, floor washings
and filter backwashing. The exception at diaphragm cell plants is the
use of water for barometric condensers in the evaporation of caustic.

Waste Sources

A. Brine Mud

As with mercury cells, this is the waste produced during
purification of brine before it is introduced into the cells for
electrolysis. It consists of precipitated hydroxides and
carbonates of calcium, magnesium, iron, and other metals. The
mud can be a major source of solid waste depending on the purity
of the raw salt used. At diaphragm cell plants, brine muds are
filtered or settled in lagoons. The solids are landfilled and
the filtrate or overflow is discharged or recycled to the brine
system.

196



Brine mud is the major source of solid waste at chlorine plants,
and discharges range from 0.04 to 1.5 cubic meters per metric ton
(mJ/kkg), with a solids content of from 2 to 20 percent.

B. Cell Room Wastes

These wastes include leaks, spills, area washdown and cell wash
waters. At diaphragm cell plants, cell wash waters are heavily
laden with asbestos and are therefore settled and/or filtered
before chemical treatment or discharge. At some plants using
graphite anodes in the cells, the cell room wastes also contain
lead. Data from diaphragm cell plants indicate a waste flow from
0.02 to 1.2 mJ/kkg from cell room operations.

C. Chlorine Cooling Condensate

Condensate from the indirect cooling of cell gas is contaminated
with chlorine. The chlorine is removed (stripped) or recovered
from the stream before discharge or recycle. Condensate flows
from three plants range from 0.16 to 0.9 mJ/kkg.

D. Spent Sulfuric Acid

Concentrated sulfuric acid is used to dry chlorine gas after the
first stage of cooling. Once diluted to 50 to 70 percent, the
spent acid can be regenerated, sold, or used for nonbr.ine system
pH control.

E. Tail Gas Scrubber Liquid

The uncondensed chlorine gas from the liquefaction stage is
scrubbed with sodium or calcium hydroxide producing the
corresponding hypochlorite. The hypochlorite can be used in
other processes, sold, decomposed, or discharged. The amount of
tail gas scrubber water generated at diaphragm cell plants ranges
from 0.1 to 0.29 mJ/kkg.

F. Filter Backwashes

Backwashing of filters used to treat brine before it is sent to
the cells at one graphite anode diaphragm cell plant generated a
wastewater flow of 0.45 mJ/kkg. Backwashing of filters used to
clarify caustic product at the same plant resulted in an average
flow of 5.4 mJ/kkg. At some diaphragm cell plants, these
wastewaters are partially recycled to process.

The relatively high flow of caustic filter backwash is due to the
need to remove sodium sulfate, an impurity in the caustic.
Sulfate ions, if allowed to accumulate in the brine system at
graphite anode plants will interfere with cell performance.
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sale produces
Although no data

small.

G. Hydrogen Condensate

Cooling of hydrogen gas for use or
stream which can be discharged.
on the volume of this flow, it is

H. Barometric Condenser Wastewater

a condensate
are available

When vapors from caustic evaporators are contact-cooled, a
significant amount of wastewater can be generated. Flows of from
.2_L.~.4QO m3 /kkg ha'y'~,. been reported at facilities where

-----barometric -'conaeinseii""'-'water is "once through" and not
recirculated. Recirculation of barometric condenser water
requires a cooling step and a blowdown discharge. A number of
facilities are accomplishing this with a corresponding reduction
in water use. The necessary blowdown of recirculating barometric
condenser wastewater at two plants ranges from a flow of 0.82
m3 /kkg to 0.89 m3 /kkg.

I. Summary of Wastewater Flows

Table 11-19 summarizes unit wastewater flow data available by
specific sources. A separate list of flows at one graphite anode
plant is presented to compare wastewater generation between metal
anode and graphite anode plants.

Descriptions of Specific Plants

The following description of plants includes those plants that were
sampled during the screening and verification program. The discussion
primarily covers plant practices in wastewater control and treatment.
Plants were selected for screening and verification sampling because
they were representative of the industry in that they included a wide
range of sizes and variation in process detail.

Screening

At Plant t014, visited during the screening program, the chlorine
condensate is stripped with steam to remove and recover chlorine.
Brine precipitates (muds) are land disposed, while the spent sulfuric
acid and the scrubber solutions are used at an adjacent plant. The
condensate from the hydrogen cooler is used as makeup water for a
cooling tower system, and the condensate from the evaporative
concentration of sodium hydroxide is used to dissolve salt reclaimed
from the concentration process. The cell washings are sent to a
collection pond where asbestos and other suspended solids are removed.
In Figure 11-9, the general process flow sheet is presented. The
waste streams sampled and their waste loadings are presented in Table
11-20. The only process waste stream discharged is once-through
barometric condenser cooling water.
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Verification

Four plants were visited and their waste st~eams sampled during the
verification program. The results of analysis of the wastewaters are
presented in Table 11-20.

At Plant 4261, the cathode wash water is passed through a filter and
the asbestos drummed and disposed of in an off-site landfill, while
the filrate goes to the sewer. Brine purification muds at this
facility are utilized for their alkalinity on-site and then they are
settled prior to discharge of the supernatant. Spent sulfuric acid is
used for neutralization of wastewaters. Dechlorination of the drying
acid by reaction with sodium bisulfite is planned in the near future.
Figure 11-10 shows the process flow diagram and sampling points.

Plant 4738 has two production lines, 738A and 738B, that are almost
identical. At the new plant (738B) the NaOH is not concentrated nor
is the waste from the chlorine disposal system scrubbed. In addition,
the inert gases from the liquefaction step are put through the
chlorine disposal system. The process flow sheets are shown in
Figures 11-11 and 11-12.

Plant 4736 has installed demisters to control the vapors evolved from
the last stage of the evaporator during the concentration of caustic
soda. In this treatment, the steam evolved from the concentration of
cell liquors passes through metal wool filters to reduce entrained
solids. The cell room washings are sent to a settling chamber and the
settled asbestos is sent to a landfill. The other wastewaters,
consisting of caustic evaporator washings and wastes from salt
separation, brine purification operations, and caustic filtration
backwash waters, are combined and sent to one of two settling ponds.
Skimming devices on the settling ponds remove any oil that separates,
while the settled solids in the ponds are dredged and disposed of in
an abandoned brine well. Figure 11-13 shows the process flow diagram
and sampling points.

Plant 4967 uses graphite anodes in its diaphragm cells. The cell
washings at this plant are sent to an asbestos pond that has a
continuous cover of water. Periodically, the settled solids are
removed, sealed in drums and disposed of in a landfill. The overflow
from the pond is treated with soda ash to precipitate lead, and then
filtered. Sulfuric acid is used to bring the pH down to the 6 to 9
range. Figure 11-14 is a general process flow diagram for Plant 4
967.

Descriptions of Plants Not Sampled

At Plant 4999, brine mud and other streams with high suspended solids
are collected, and filtered with leaf filters. The cake is disposed of
in a landfill and the filtrate returned to the brine system.

At Plant 4326, wastewater from the diaphragm cell process is combined
with other process wastewaters. The combined wastewater is sent to
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TABlE 11-19. Wl\STE \'IATER E'I.GlS AT DIAPHRAQ1: CELL CHUlRINE PUINTS

FlOW' (m3/kkg)
Stream Description Plants with Plant with

Metal Anodes GraFhite Anodes

min. avg. max.

cell roan wastes 0.020 0.38 0.67 1.2
and cell wash

Cllorine Condensate 0.16 0.49 0.90 0.78

Spent Sulnu:ic Acid 0.010 NA

Tail Gas scrubber 0.10 0.17 0.29 G7
Caustic Filter Wash NA 5.4

Brine Filter Backwash NA 0.45

Caustic Cooling Blowdown 0.1l2 0.86 0.89 NA

Brine Mud 0.040 0.42 1.5 NA

NA: Not Available
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two settling tanks in series. In one of the settling tanks, skimmers
have been installed to remove oil and the overflow from the second is
filtered before discharge.

At Plant 1589, the brine mud from the clarifier underflow is sent to a
brine mud settling pond. The overflow, which is mostly brine, is
returned to the process. The cell room washings are sent to a
settling pit and the settled asbestos fibers are removed by the use of
a vacuum truck, and disposed of in a landfill. The chlorine from the
cells is contact-cooled with the tail gas scrubber water. The
resulting wastewater is steam stripped for chlorine recovery before
discharge.

At Plant 1741, chlorine, caustic soda, and potassium hydroxide are
produced using both mercury and diaphragm cells. Mercury-bearing
effluent at this facility is treated by sulfide precipitation. Tail
gas absorption wastes are treated by catalytic decomposition by a
process which consists of scrubbing with caustic soda solution and
treating the resulting hydrochlorite solution with nickel chloride and
iron chloride. Consumption of iron and nickel chloride is
approximately equal and consists of 0.01 kilogram per metric ton of
chlorine produced. The catalytic decomposition proceeds relatively
slowly, and wastes are retained in the treatment tanks for
approximately three days, after which time no residual chlorine is
reported to be present (3).

Toxic Pollutant Concentrations

A. Analytical Data Base

Section 5 of this report describes the methodology of the
screening and verification sampling program. In the chlorine
diaphragm cell industry, a total of 15 days of sampling were
conducted at Plants 1014, 261, 738, 967, and 736. Thirty-seven
different sampling points were involved covering various raw
waste streams and the treated effluents at these plants. The
evaluation of the toxic metal content of these process related
waste streams was based on 975 analytical data points. The
sampling for toxic organic pollutants at Plants 1014 and 967
generated 2300 analytical data points. Analysis of waste for
asbestos generated an additional 13 data points.

B. Asbestos

Asbestos, used as a diaphragm sepatating the cell anode and
cathode, is the major toxic pollutant consistently found in
process wastewater from diaphragm cell plants. It occurs
primarily in wastes resulting from activities such as cell room
washdown and cell repair and cleaning.

Table 11-21 presents the results of
supply water and wastewaters at
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TABLE 11-20. POLI..urANT mNCENTRATIONS AND IDADS Kr
SCRE:E:NmG AND VE.'UFlCATICN PLANTS

SUBCATEGORY CHI.QRINE DIAPHRAGl CELL

Plant &
Stream Stream TSS Lead

No. Description (rrg/1) (kg/kkg) (rrg/1) (kg;kkg)

i014

3 C12 candensate .20 1.4 x 10-3 0.0055 5.0xlO-6

4 cell wash 1600 2.4 x 10-2 0.26 3.9xlO-6

5 Brine mud NA Nt\. 0.72 1.3xlO-5

6 Bar. condenser 7.0 3.6 0.0050 l.SxlO-3

#261
1 Brine mOO NA NA 0.36 3.0xlO-4

2 cell wash 4800 1.8 x 10-1 2.0 7.6x10-5

3 Asbestos filtrate 9.0 NA 0.075 NA

4 Filter cake Wi NA 42 NA

5 Bar. condenser 6.0 NA· < 0.010 NA

fP38Al cell rcx:::m waste 27 1.4 x 10-3 0.077 3.9xlO-6

2 Asbestos wash 57 7.0 x 10-3 0.031 3.8XlO-6

3 Hypo scrubber 290 2.7 x 10-2 0.18 1. 7x10-S

4 el2 cooling water 35 2.2 x 10-1 0.28 1.3xlO-4

5 Caustic cooling 48 4.3 x 10-2 0.51 4.5xlO-4
~

#738B6 Cell roan waste 95 4.5 x 10-3 0.067 3.2xlO-6

7 Asbestos wash 72 8.3 x 10-3 0.13 1.5xlO-5

8 Hypo scrubber 160 1.4 x 10-2 0.20 1. 7xlO-5

9 el2 cooling water 20 L 7 x 10-2 0.20 1. 7xlO-S

10 Caustic cooling 4.7 3.B x 10-3 < 0.010 < 8.2xlO-G

tower
7.0 x 10-3 < 2.3xlO-611 Chlorate sump 32. < 0.010

12 Plant effluent(B} 63 5.7 x 10-1 0.12 l.1xl0-3

13 Final effluent 58 NA 0.078 NA
(Total)

14 Brine mud 270 NA 0.10 NA
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TABLE ll-20 (continued)

Plant & stream TSS lead
stream No. Description (mYl) (kg/kkg) (!!gIl) (kg/kkg)

#736
6.0 x 10-2 9.lxlO-61 cell wash 934 0.014

2 cell roan drain 284 4.6x 10-3 0.17 2.8xlO-6

3 Brine mud 20,000 33 0.019 3.lxlO-5

4 50% Bar. ccndenser 32 NA 0.010 NA

5 70% Bar. ccndenser 21 NA 0.010 NA

6 95% Bar. ccndenser 90.3 NA 0.010 NA

7 Chl=ine condensate 2.4 3.9 x 10-4 0.010 1.6xlO-6

#9671 cell bldg wastes 1000 1.8 x 10-1 680 1.2xlO-l

2 lead pond effluent 54 3.0 x 10-2 29 1.6xlO-2

3 Caustic backwash 160 8.6 x 10-1 0.32 1. 7xlO-3

4 Brine backwash 13,000 5.8 0.52 2.3xlO-4

5 Cell wash 310 5.6 x 10-2 48 8.6xlO-3

6 Condensate and H2SO4 llOO 8.7 x 10-1 0.92 7.3xlO-4

7 SCrubber waste 270 1.2 x 10-2 0.67 2.9xlO-5

NA: Not Available
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Figure 11-13. General process flcM diagram at Plant #736 showing the sanpling points.
Chlorine/caustic (Diaphragm cell) manufacture
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Results are expressed as total fibers per liter <in millions} as
well as Chrisotile and Amphibole fibers per liter.

Table 11-22 presents maximum daily concentrations of toxic metals
found in raw waste samples during the screening and verification
of diaphragm cell chlorine plants. Maximum concentrations
observed at one graphite anode plant are presented separately.
It is clear that except for lead, toxic metals concentrations at
the graphite anode plant are essentially no higher than at the
metal anode plants.

There is no standardized 304(h)
water and because of this,
asbestos from these regulations
later date.

C. Toxic Metals

analytical method for asbestos in
EPA is excluding limitations for
and deferring regulation to a

Because several waste streams usually contribute to the total raw
waste at chlorine plants, a calculation was often necessary to
determine the pollutant concentrations that would exist when the
streams were mixed prior to treatment. An example of this
calculation is the "mixing" of the following hypothetical
streams:

Stream A: 100 gallons per minute, 15 mg/l of pollutant

Stream B: 10 gallons per minute, 60 mg/l of pollutant

The weighted average for the mixed streams is given by:

(Flow A x Concentration A) + (Flow B x Concentration B)
(Flow A + Flow B)

= concentration of mixed streams

Substituting numerical values gives:

(100 gpm) (15 mg/l) + (10 gpID) 60 mg/l) = 19 mg/l
(110 gpm)
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That is,

to calculate raw waste concentrations of
in Table 11-22. Barometric condenser
through" was not included because of the

these larg~ flows. Brine mud flows were

This method was used
pollutants as presented
wastewater when "once
high dilution effect of
also not included.

The daily raw waste loads were calculated from the waste stream
flow rates measured or estimated at the time of sampling and the
measured pollutant concent~ation.



Daily loading (as kg of pollutant per day) = (C) (0)
1000

Q is the waste stream flow rate expressed in units of m3/day (m 3 ,

a cubic meter, is equal to 264.2 U.S. gallons).

Similarly, the unit loadings were calculated from the reported
chlorine production rate, the waste stream flow rate, and the
measured pollutant concentration.

(e) <a>
1000P

concentration of the pollutant expressed in units of
kg/m 3 = 1000 mg/l) and

Unit loading (as kg of pollutant per kkg =
of chlorine)

where:

C is the
mg/l {Note:

where C and Q are as described above, and P is the chlorine
production rate expressed in units of kkg/day (kkg is 1000 kg, a
metric ton, which is equal to 2205 lbs).

The minimum, average and maximum v~lues were calculated based on
data from those plants where the particular pollutant was found
at a detectable concentration.

In Table 11-23, the toxic pollutant raw waste data are presented
as the average daily concentrations (based on three 24-hour
samples) and the unit loadings found at the individual plants.
Beryllium, selenium, and thallium are not included in the table
because average concentrations were below detectable limits.

In Table 11-24, plant average daily and unit
presented as minimum, average, and maximum values
presented in Table 11-23 for metal anode plants
graphite anode plant is considered separately
particular waste source characteristics.)

loadings
based on
only.
due to

are
data
{The
its

Based on the average waste loads generated per unit of product at
metal -anode plants and one graphite anode plant, ·and the
estimated total subcategory production, the estimated total
pollutant raw waste loads generated each year by this subcategory
are as follows:
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TABLE 11-21. RESULTS OF ASBES'IDS Sl\MPLING M DIAPHRAGM CELL PLI\NTS

'!btU Asbestos Chrisotile A1t;lhibole
P1.a.,t Stream Fibers (MFL) * MFL MFL

U(,~ SUpp~y ~.~ 1.S I}.I!,I}

Cell wash 2.1 X 108 2.1 X 108 0

Filtered DiSCharge 1.6 X 103 l.6 X 103 0

Barc:metric
Condenser 0.40 0.40 0

#736 SUpply 0.70 0.70 0

Cell wash 2.0 X 107 2.0 X 107 0

Cell Bxm waste 2.9 X 102 2.8 X 102
8.0

BazcIletric
COndenser l.8 0 l.8

BazcIletric
COndenser 5.3 5.3 0

Barc:metric
1.4 X 102 1.4 X 102

Condenser 0

i967 SUpply 9.7 X 102 9.7 X 102 0

Cell waste 2.4 X 104 2.4 X 104
8.0 X 102

Pond Effluent 2.4 X 103 2.4 X 103 0

caustic wash 7.8 X 103 7.8 X 103 0

Brine Filter
8.0 X 102 6.2 X 102 l.8 X 102

l3ackwash

cath::lde Wash waste . 3.2 X 105 3.2 X 105 0

Condensate & Spent
2.7 X 102 1.8 X 102

kid 8.9 X 10

Neutral izer waste 2.1 X 103 2.1 X 103 0

*Mi 11 iOT\ fibers per liter
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TABLE 11-22. MAXIMUM RAW WASTE CCNCENrBATla-lS OF TOXIC METALS OBSERVED Nr
D:IAPHRAQ1 CELL CHLORINE PLm\ITS {mYl}

CHLORINE DIAPHRAG-t CELL

Toxic Plants with Plant with
Matal Metal Ancdes Grapute Anode

Antilrony <0.25 <0.065

Arsenic 0.17 0.59

Beryllilm <0.014 <0.0010

Cadmium 0.037 0.017

Chranium 7.4 <0.048

Copper 17 0.27

Iead 2.0 44

~cury <:0.0030 0.0040

Nickel 22 0.070

Selenium <0.020 <0.030

Silver 0.018 <0.016

Thallium <0.25 <0.050

Zinc 3.0 0.25
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Pollutant

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

Raw Waste Load

kg/year

483
6,300

41
3, 100
4,400

470,000
48

3,600
5

5,100

Because cell room wastes including cell or cathode wash wastes,
leaks, spills and washdown are usually treated separately at
diaphragm cell plants and because other process wastes such as
filter backwashes, condensates and caustic evaporation wastes are
usually discharged after settling, these two waste mixes were
evaluated separately. Table 11-25 presents average raw waste
concentrations and loads of toxic metals found in cell room
wastes at the six diaphragm cell plants sampled. Table 11-26
presents the similar data from the sampling of other process
wastes at these plants.

D. Toxic Organic Pollutants

The use of graphite anodes at chlorine plants results in the
generation of a variety of simple chlorinated hydrocarbon
compounds as a result of the attack of chlorine on the anodes.
These compounds are carried out of the cell with the chlorine and
find their way into the various waste streams which originate
from the chlorine cooling, drying, compression, and liquefaction
steps.

Table 11-27 presents the toxic organics that were observed in
measurable concentrations in the raw wastes at Plant #967. The
concentrations presented in the table were calculated as a
mixture of all raw waste streams weighted on a flow basis as
previously described.

Table 11-28 presents the concentrations of toxic organics by
individual raw waste streams at Plant #967. It is clear from the
table that the highest concentrations of organics occur in wastes
from chlorine treatment (condensate, drying acid and tail gas
scrubber water) and they account for 83 percent of the total
organic waste load.
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TABLE 11-23. TOXIC METAL CONCENTRATIONS AND LOADS AT SCREENING AND
VERIFICATION PLANTS (1)

(mg/l)
(kg!kkg)

SUBCATEGORY CHLORINE DIAPHRAGM CELL

Plant *
POLLUTANT 014 261 738A 73BB 736 967**

Antimony * * * * 0.010 0.011
". ". ". * 0.0000033 0.00015

Arserlic ". 0.17 * 0.011 0.057 0.30

* 0.0000064 ". 0.000021 0.000014 0.0021

Cadmi.um 0.0020 0.037 ". ". 0.025 *
0.0000018 0.0000014 ". * 0.0000061 ".

Chromium 0.019 1.9 0.52 0.066 0.18 0.0040

JI» 0.000017 0.000071 0.0046 0.0012 0.000044 0.000032

",., ~

""1 Copper 0.015 17 0.045 0.12 0.43 0.16
0.000014 0.00064 0.00039 0.00023 0.00011 0.0011

.~.....
~c~ --:,Lead 0.0060 2.0 0.082 0.11 0.016 21_.0\

'-0 0.0000045 0.000075 0.00060 0.000021 0.0000039 0.15
.f

Mercury 0.0020 * * ... 0.0030 0.0020
0.0000018 ... '* * 0.0000070 0.000014

Nickel 0.90 22 0.21 0.067 0.22 0.68
0.00081 0.. 00081 0.0018 0.00013 0.000054 0.00049

Silver * 0.018 ". ". * *
". 0.00000070 * * * ."

Zinc ". 1 .5 0.29 0.093 3.0 0.19
... 0.000054 0.0021 0.00018 0.00074 0.0014

* Below measurable concentrations.
** Graphite Anode plant.
e1) Based on one 72-hour composite or the average of three 24-hour composites.

r
:~~, .~\ .--

216



Tl\BIJ! 11-24. St1lM1\llY OF RAW WASTE l.OI\DI!lW AT SCIlEENING AND VERIFICAT~(N I£'l'AL AIlOIE PLANl'S

SUBCA'1EOORY 0lL0IUNE DIl\HIRl\QI <ElL

Loading Unit Loading _rof
(kg/kkg) (kg/kkgl Plants

Averaged
Pollutant min. aV'!. max. min. aV'!. max. (out of 5)

AntiJlDny 0.00077 0.00077 0.00077 0.0000033 0.0000033 0.0000033 1

Arsenic 0.0019 0.0084 0.020 0.0000064 0.000017 0.000030 3

cadmiun 0.00041 0.00076 0.0014 0.0000014 0.0000032 0.0000061 3
..,

llu:aniun 0.0042 0.59 2.8 0.000017 0.00096 0.0046 5.........
Cower 0.0035 0.12 0.19 0.000014 0.00020 0.00064 5

Lead 0.00090 0.094 0.37 0.0000039 0.00016 0.00060 5

Me>=ry 0.00016 0.00030 0.00044 0.0000007 0.0000012 0.0000018 2

Nickel 0.0066 0.31 1.1 0.000010 0.00057 0.0018 5

Silver 0.00021 0.00021 0.00021 0.0000017 0.0000007 0.0000007 1

zinc 0.016 2.1 8.0 0.000054 0.00078 0.0021 4

* cnly those plants where the pOllutant was <:bserved at rreasurab1e cxmoentrations.



Pollution Abatement Options

Toxic Pollutants of Concern

Lead occurs in high concentrations in the cell room wastewaters of
chlorine plants using lead anchored graphite anodes. Other toxic
metals often found in significant concentrations at diaphragm cell
plants include arsenic, cadmium, chromium, copper, nickel, and zinc.
Antimony, mercury, and silver were also detected but at concentrations
that are not treatable. These metals are not considered further. The
sources of these metals may be raw material impurities or corrosion
products from the reaction between chlorine or acid and the process
equipment materials of construction.

Toxic organic compounds also occur in wastewaters from graphite anode
plants because of the attack of chlorine on the anode material. They
appear primarily in waste streams associated with the purification of
chlorine.

Asbestos occurs in all wastewaters from diaphragm cell plants, and in
large quantities in cell room wastewaters when cells are cleaned and
repaired.

Prevailing Control and Treatment Practices

Specific control and treatment practices at ten plants were described
above. The prevailing practices at diaphragm cell plants are to
control asbestos wastes by settling or filtering cell wash waters and
to neutralize and settle all wastewaters before discharge. The
recycle or reuse of waste streams is practiced to varying degrees in
the industry depending on plant-specific factors such as raw material
quality and type of anodes used.

Plants using lead anchored graphite anodes are treating lead-bearing
wastes by chemical precipitation and settling and/or filtration before
discharge.

The control of toxic organic compounds in the waste streams at
graphite anode plants also varies in the industry. At Plant 4967
where the end use of the chlorine is captive, involving its direct
application to the manufacture of a chlorinated organic product, the
bulk of chlorinated organic impurities are not removed.

At Plant 4195, where a more purified product is required, the organics
are accumulated in the reboiler of the chlorine scrubber. The
residues are treated batchwise for separation and recovery of the
organic phase materials which are then sold as feedstock for the
manufacture of related products. Prior to discharge the aqueous phase
is vacuum stripped to remove additional organics and chlorine for
recycle. Normally, one batch of organics is treated per week. After
separating each batch of organics and stripping the residual aqueous
phase, the quantity of wastewater discharged is approximately 5.7
mJ/day. The organic loading in this waste is not known, however, if
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TIIIUE 11-25. roxIe MErAL o::N::ENl'RATlOOS lIND Ull\OO IN CEIL 0CQ1 WASTE IiAmRS AT SCREENING AND
VERIFlCATlrn PLANI'S ~ 1lY;J/1 ~ (1)

kg/kkg

Plant j

Pollutant 014 261 138A 7388 736 967**

AntirlDny '" * 0.050 '" 0.038 0.41
0.0000081 0.0000031 0.00015

Arsenic 0.010 0.17 '" '" 0.17 0.45
0.0000001 0.0000064 0.000014 0.00017

Cadmil.lll '" 0.031 * '" '" 0.016
0.0000014 0.0000059

~ c:ht-oodl.lll 0.94 1.9 '" 0.075 0.54 0.086F'
\D 0.000014 0.000071 0.000012 0.000044 0.000032

COwer 0.53 17 0.24 0.38 1.1 2.4
0.0000075 0.00064 0.000042 0.000061 0.000090 0.00069

lead 0.26 2.0 0.044 0.11 0.047

~0.0000039 0.000075 0.0000077 0.000018 0.0000038 0.14

Mercury '" '" 0.0030 '" 0.0020 0.0010
0.0000005 0.0000002 0.0000004

Nickel 54 22 '" 0.061 0.67 0.36
0.00081 0.00081 0.0000098 0.000055 0.00013

Silver '" 0.018 '" '" '" '"
0.0000007

Zinc '" 1.5 0.046 0.46 0.58 0.92
0.000054 0.0000080 0.000074 0.000048 0.00034

*BelCM detection limits

""" Gr<q:hite anode plant

(1) Based on one 72-mur lXIl'fOsite or the average of three 24-!Dur CCJlllOsites.

!
.)



TABIE 11-26. R1\H WASl'E TOXIC MRTALS crncENl'RATIoo nil~ IN PRXESS Sl'JlEl\MS amER Tfll\N CELL Ra:J.I W1IS'I'FS
FlOt SCllEENmG lIND VERIFlCATICN PL1INl'S (1)

P1antl

Pollutant ,014 1738A '73SP 1736 '967 Avg

~(. .s
lIntiJlDny "It * * * * *
Arsenic * * 0.011 * 0.29 0.15

0.000019 0.0020 0.0010

Cadmium 0.0020 * * 0.038 * 0.020
O.OOOOOlS 0.0000062 0.0000040

Olranium "It 0.53 0.065 * * 0.29
0.0046 O.OOOll 0.00014

t\J
~ Cq:lper 0.0040 0.041 0.094 0.090 0.030 0.043
0 0.0000036 0.00035 0.00016 0.000015 0.00020 0.00014

Lead * 0.OS3 0.11 * 0.40
0.00060 0.00019 0.0027

~ 0.0020 * * 0.0030 0.0020 0.0020
0.0000018 0.0000005 0.000014 0.0000054

Nickel 0.0030 0.21 0.067 0.052 O.OBS
0.0000027 0.0018 0.00012 0.00035 0.00012

Silver * "It * * "It *
Zinc * 0.29 0.05S 4.3 0.15 1.5

0.0021 0.00010 0.00070 0.0010 0.0037

"It
Bel.o.r deteetioo limits

III Based on one 72-tour CIallJOSite or the Ilverage of three 24-tbJr OClI'(lOSites.



TABLE 11-27. RAW WASTE TOXIC ORGANICS AT A GRAPHITE ANODE PLANT

CHLORINE DIAPIiRAG1 CEIL

Pollutant

benzene

carbon tetrachloride

1,2-dichloroethane

l,l,l-trichloroethane

hexachloroethane

1,1,2-trichloroethane
1,1,2, 2-tetrach1oroethane

chloroform

1,1-dichloroethy1ene

2,6-di.nitrotoluene

m:thylene chloride

braroform

dichlorobrarmethane

chlorodibratD'l'ethane

hexachlorobutadiene

bis (2-ethylhexyl) Ibtha1ate

di-n-butyl fhthalate

tetrachloroethlene

toluene

trichloroethylene

Average
Concentration*

(rrg/l)

0.00040

0.023

0.079

0.00014

0.010

0.00040

0.000044

0.085

0.000026

0.000026

C.COCS6

0.000063

0.035

0.0020

0.0040

0.00075

0.00078

0.036

0.0030

0.020

Load
(kg/day)

0.0011

0.066

0.23

0.00040

0.029

0.0011

0.00013

0.24

0.000074

0.000074

0.0016

0.00018

0.10

0.0057

0.011

0.0022

0.0022

0.10

0.0086

0.0057

*F1CM-proportioned concentration
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TABLE 11-28. RAW W1\STE TOXIC OIG\NICS BY W1\STE WATER SOURCE Kr A GRAPHITE
~IlE PIJ\Nl'

StlBCATEroRY aIWRINE D:IAI?HRAG1 CELL

Total Toxic Total Toxic Percent of
Organics Organics Total 'Ibxic

Stream (ngfl) (kg/day) Organics
cell building wastes 0.126 0.0093 1.1

caustic filter backwash 0.057 0.12 14

Brine filter backwash 0.0030 0.00050 0.06

cell wash 0.20 0.014 1.6

a1l.orine amdensate and 2.2 0.70 81.5
Spent H:zS04

SCrubber waste 0.81 0.015 1.7

Totals 0.30 * 0.86 100

* F1.cM-p~ concentratim
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the assumption
tetrachloride
be 0.5 kg/day.

is made that the discharge is saturated with carbon
(CC1 4 ) (800 mg/l & 20 degrees C), the waste load would

Although the daily mass emissions from the two plants are likely to be
similar and both would require additional treatment to achieve
acceptable discharge levels, the wide difference in concentrations of
the chlorinated organics as well as the manner in which they are
handled would necessitate the application of an advanced treatment
technology specifically suited to each case.

and the concentrations are low, the
carbon adsorption to the collected
at Plant #967 would be capable of
from 0.066 kg/day to approximately 0.03
treatability level of 0.10 mg/l.

Where the flow is large
application of activated
organic-bearing waste stream
reducing a CC1 4 mass emission
kg/day, assuming an achievable

In the case of Plant #195, where the volume of wastewater is small but
the concentrations of residual chlorinated organics can be on the
order of several hundred parts per million, a more appropriate removal
technology would be stream stripping with an overhead return to the
process. Assuming a treatability level of 10 mg/l for CC1 4 using this
technology, its mass emission could be reduced to approximately 0.001
kg/day.

Process Modifications and Technology Transfer Options

A. Anode Material

The use of metal anodes rather than graphite anodes increases
cell power efficiency and greatly reduces the pollutant loads of
toxic organics and, in many cases, lead in plant wastewaters.
Approximately half of the diaphragm cell production of chlorine
is now by metal anodes.

B. Caustic Evaporation Water

The vapors from the evaporative concentration of caustic soda are
either contact-cooled or cooled in surface condensers. Plants
practicing contact cooling through barometric condensers generate
large amounts of wastewater contaminated with caustic soda and
salt. By changing from contact cooling of the vapors to
noncontact cooling, or by recirculating barometric condenser
water, the amount of wastewater generated can be reduced
considerably. If the change is considered too expensive or is
not feasible, demisters or similar control devices can be
installed to reduce the salt and caustic carryover in the vapors.

C. Diaphragm Material

Although not in full scale
modified diaphragms have

use at any U.S. chlorine plants,
been developed which can reduce power
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consumption and minimize asbestos discharges. . The polymer
modified asbestos diaphragm consists of a polymer treated
asbestos diaphragm baked into place on the cathode. Its usage
results in power savings and has an environmental benefit, since,
at the time of diaphragm replacement, the discarded material is
produced in stablized pieces instead of loose asbestos fibers.
Final disposal is thus safer and easier.

D. Liquefaction of Chlorine

Utilization of high pressure and refrigeration for chlorine
recovery will reduce the chlorine content in tail gases.

E. Tail Gas Emission Control

As with mercury cell plants, chlorine in tail gases has to be
removed and treated or recovered before venting to the
atmosphere. The common practice is to scrub the gas with caustic
soda producing a hypochlorite solution. This hypochlorite can
then be sold, used on-site or discharged. Decomposition is a
common method of removing the chlorine in this stream prior to
discharge. Catalytic, thermal and chemical methods of
decomposition, described in Section 11, are effective.

Best Management Practices

The following Best Management Practices are common industry practices
and are provided for guidance purposes although they may not meet the
requirements of the Resource Conservation and Recovery Act (as
amended, 42 USC 6901 et seq.).

A. Area Runoff

Provisions can be made to
areas where lead or
Collected runoff can then

B. Leaks and Spills

divert and
asbestos

be treated

contain storm runoff from
contamination could occur.
with other wastes.

Provisions can be made in cell room areas to control and collect
the leaks or spills contaminated with lead or asbestos.

C. Contaminated Solids

Asbestos waste and precipitated metals wastes should be stored in
a lined pond or disposed of in a secure landfill.

Advanced Treatment Technologies

The methods available and currently used in the
removal of lead and other toxic metals from plant
hydroxide or carbonate precipitation followed
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filtration. Further removal of metals can be effected using sulfide
precipitation, adsorption and ion exchange.

Removal of asbestos from cell wastes is improved with the addition of
coagulating agents prior to filtration of these wastes.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level (BPT)

Level treatment addresses the waste characteristics associated
with diaphragm cell plants using graphite anodes. The data from
graphite anode plants were used because the pollutant load is
greater than for metal anode plants. Existing plants that have
changed from graphite anodes to metal anodes will have residual
effects for an extended time after the change--possibly as long
as two years. The asbestos contaminated cell room wastes are
treated with a flocculating agent and a filter aid prior to
filtration. The solids are removed to a landfill and the
filtrate is sent to a holding tank where it is combined with any
other process waste sources containing treatable levels of lead
and other toxic metals. Alkaline precipitation of the toxic
metals is accomplished by the addition of soda ash. The solids
are removed by settling and the filtrate is combined with other
process waste streams such as chlorine condensate,. tail gas
scrubber water, caustic filter backwash and barometric condenser
blowdown waters found to be contaminated with toxic metals at
levels usually below the limits of treatability by alkaline
precipitation. The combined flow is sent to a polishing pond for
additional clarification prior to discharge. At all levels of
treatment, the brine mud is collected in lagoons and the effluent
recycled to process. The flow diagram for Level 1 treatment is
shown in Figure 1J-15.

Level 1 treatment was ultimately selected as the basis for BPT
because it represents a typical and viable industry practice for
the control of asbestos fiber, lead, and other toxic metals in
wastewaters associated with diaphragm cell plants using graphite
anodes. Note that the industry is concerned about the discharge
of asbestos and has taken steps to reduce this discharge.
Treatment level 1 has the effect of reducing total asbestos
discharges even though we do not set specific limits. Plants
utilizing metal anodes or nonlead containing graphite anode cells
are expected to have lower levels of toxic metal emissions and
may not require alkaline precipitation to meet the proposed BPT
limitations. All direct discharge plants in the industry
presently have BPT or equivalent treatment technology or meet the
limits without treatment.
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B. Level 2 (BAT)

The objective of Level 2 treatment technology is to achieve, at a
reasonable cost, a greater degree of toxic metals removal than
provided by Level 1. Thus, Level 2 adds dual-media filtration to
the combined effluent from Level 1 treatment excluding noncontact
waste streams. Dechlorination of the filtered process wastewater
discharge is also included in Level 2 (BAT) treatment. This
assumes treatment by sulfur dioxide or bisulfite to remove total
residual chlorine.

Level 2 was finally selected as the basis for BAT regulations on
the strength of technology transfer options within the inorganic
chemicals industry and because four out of five plants sampled
were meeting BAT limits derived from published treatability data.
In addition, two plants are known to practice dechlorination of
their effluent. The flow diagram for Level 2 is shown in Figure
11-16.

C. Level 3

The practice of sulfide precipitation of mercury in the mercury
cell segment of the chlor-alkali industry suggested the
application of this technology for achieving greater removal of
toxic metals in diaphragm cell plants. Level 3 adds sulfide
precipitation to Level 2 as shown in Figure 11-17. This option
was not selected due to its relatively high cost per-pound of
additional metal removal obtained. Cost estimates for this level
can be obtained from the Development Document (60).

Equipment for Different Treatment Levels

A. Equipment Functions

Conventional sludge dewatering by filter press is used for
asbestos sludge before disposal and dual-media filter backwash is
returned to the influent surge tank. Level 3 treatment requires
the addition of a reagent mixing tank and chemical solution
feeder to introduce ferrous sulfide ahead of the Level 2 dual
media filter. All equipment is conventional and readily
available.

B. Chemical Handling

Nonhazardous solutions of aluminum sulfate and sodium carbonate
are the only solutions used at Levels 1 and 2. Inert filter aid
used in the alum sludge filter process presents no unusual
hazard. At Level 3 the potential hazard of handling sodium
sulfide is nullified by reacting it with ferrous sulfate to form
ferrous sulfide. Any excess ferrous sulfide will oxidize to a
ferric sulfide precipitate. At the point where sodium sulfide is
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Based on
model plants
wastes, and
condensates
estimates at
used.

reacted with ferrous sulfate, good ventilation is essential to
avoid the hazards associated with hydrogen sulfide gas.

C. Solids Handling

For all three levels of treatment, brine mud solids are
accumulated in lined lagoons on-site. Abestos solids and
precipitated metals wastes are to be sent to suitable chemical
landfills.

Treatment Cost Estimates

General Discussion

To prepare treatment cost estimates, a model plant concept was
developed. Because higher pollutant loads and larger unit flows exist
at graphite anode plants as opposed to metal anode plants the
characteristics associated with these plants were used when possible
for the model plant characteristics as discussed below.

A. Chlorine Production

Approximately 60 percent of the production data for all chlorine
plants uSlng diaphragm cells is available on file. Production
ranges from 15,000 to 1,500,000 kkg of chlorine per year. Three
model plants with production rates of 19,000, 95,500, and 191,000
kkg per year were selected to represent the subcategory
production range.

B. Wastewater Flow

industry flow data (Table 11-19), waste streams in the
are segregated into brine mud, cell wash and cell room

other process wastes such as filter backwashes,
and tail gas scrubber wastes. For treatment cost

all levels of treatment the following flow basis was

1. A brine mud flow of 0.45 m3 /kkg is sent to lagoons
solids removal. Solids are disposed of on-site and
clarified effluent is recirculated to the process.

for
the

2. Cell room wastes consisting of leaks, spills, and area
washdown contaminated with lead and other metals are
combined with treated cell wash waters for a total flow of
1.2 m3 /kkg to be treated for metals removal. Included in
this flow is the cathode or cell wash waters which are
heavily laden with asbestos. These wash waters are sent to
asbestos removal at a flow rate of 0.07 m3 /kkg, and then to
treatment with the other wastewaters.

3. Other process wastewater sources account for an
7.6 m3 /kkg which is combined with effluent
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treatment of wastes from the cell room and cathode wash
areas. This brings the model plant total flow rate to an
estimated 8.8 m3 /kkg. The final, combined process waste
flow is either clarified and discharged as in Level 1 (BPT)
treatment or clarified, passed through dual-media
filtration, and dechlorinated prior to discharge as in Level
2 (BAT) treatment.

C. Solid Waste Produced

Brine mud constitutes the major source of solid waste generated
at chlorine plants. Although solids content varies from plant to
plant, an average of ten percent solids was used for the model
resulting in a solids load of 42 kg/kkg which is disposed of
on-site. Asbestos from cell wash operations and precipitated
solids from metal treatment generate a solid waste of 0.83 kg/kkg
that is disposed of off-site.

D. Chlorine Bearing Wastes

In the selection of model plants, the following assumptions have
been made for the chlorine contaminated waste streams.

The chlorine condensate waste stream has not been included in the
waste streams going to the treatment facility. In the majority
of the chlorine/caustic plants, this stream is stripped of
chlorine by steam or vacuum and the chlorine is recycled to the
purification operation. The wastewater is then returned to the
process and introduced to the brine purification unit or sent to
the treatment unit. The quantity of wastewater generated by this
operation is small. In some cases the chlorine gas from the
cells is contact-cooled with water and the scrubbed liquid, after
steam stripping, is reused. The stripping operation in the
recovery of chlorine is part of the process and, therefore, its
cost is not included in the treatment cost.

The spent tail gas scrubber solution, which is mainly
calcium/sodium hypochlorite, is assumed to be used or decomposed
before it is discharged. Thermal decomposition can be practiced
at no additional cost at some facilities, while another efficient
method is catalytic decomposition. The cost estimates for
decomposition are not included here because at many plants the
hypochlorite stream is sold, used on-site or only infrequently
discharged, depending on market demand.

However, because of the environmental effects of high levels of
chlorine in process wastewater discharges, the cost for the
dechlorination of such streams using sulfur dioxide has been
included because this is the treatment method on which control of
total residual chlorine is based.

1. Chlorinated Organic Wastes
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The chlorine-bearing waste streams at graphite anode plants
are also those streams carrying the highest concentrations
of toxic organics as indicated in Table 11-28. Section 11
discussed the techniques used to recover and remove organics
from waste streams at Plant i195 and the fact that organic
contaminated streams can exist as either high volume-low
concentration or low volume-high concentration depending on
plant specific factors. Costs for removing organics
(including implementation of RCRA regulations) are not
included in the model plant cost estimates because organics
are not limited in the regulation. Organics occur at low
levels at most of the plants and when they are present the
appropriate treatment method is site specific. Although the
costs are not included the following information is provided
as guidance. The additional costs for steam stripping in a
plant (such as Plant 4195) which already has a vacuum
vaporizer, would be under $10,000 for modification of the
existing equipment. Steam costs could vary from $1,000 to
$5,000 per year. If a vaporizer is not in place, a steam
stripper to process 5 to 30 m3 /week would cost roughly
$50,000 to $100,000, depending on the input concentrations
to be handled. The corresponding steam costs would range
from $2,000 to $10,000 per year.

The capital costs of an activated carbon adsorption unit for
handling the relatively high volume wastes with a low
influent organic loading (as found at Plant i967) cannot be
reliably estimated in the absence of specific treatability
data on the waste streams in question.

Alternatively, incineration of the chlorinated organic
residuals is an effective means of destroying and disposing
of this material provided that adequate measures are taken
to control the release of HCI to the atmosphere..

A process evaluation should
efficient means for isolating
bearing waste streams prior to

be made to determine
and collecting the
treatment.

the most
organic

Incidental removal of chlorinated organics will occur with
the application of model plant treatment levels previously
presented. Such removal, however, is expected to be erratic
and therefore cannot be predicted. Because raw waste
concentrations of these organics vary considerably depending
on plant practices and are marginally treatable at times,
applicable control and treatment technologies will need to
be assessed on a case-by-case basis.

For these reasons, the Agency is not providing specific
numerical discharge limitations for organic pollutants, but
is providing guidance for evaluating control options that
could be applied in the industry.
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Model Plant Treatment Costs

On the basis of the model plant specifications and design concepts
presented earlier, the estimated costs of treatment for three models
having different production levels are shown in Tables 11-29, 11-30
and 11-31. The cost of Level 2 (BAT) is incremental over Level 1
(BPT) costs and provides for higher effluent quality with respect to
toxic pollutants.

Table 11-32 presents a summary of the unit cost distribution between
amortization and operation and maintenance components.

Basis For Regulations

Basis for BPT Limitations

BPT regulations are
chlorine subcategory,
limitations, however,

A. Technology Basis

currently in effect for the diaphragm
40 CFR 815.62(b). The Agency is revising
based on an increased unit flow rate.

cell
the

For BPT, the Agency is setting limitations based on equalization,
alkaline precipitation and settling of lead and asbestos-bearing
wastes and neutralization and settling of all wastewaters before
discharge. All diaphragm cell chlorine plants are known to be
using this technology (Levell) or its equivalent.

B. Flow Basis

As described in Section 11, wastewater streams at diaphragm cell
plants are separated into two types, those that require treatment
for asbestos and metals removal and those that do not require
such treatment. From data presented in Table 11-19, the unit
flow rate of 1.2 m'/kkg of cell room and cell wash wastes from
one graphite anode plant was selected as the flow basis for
wastes to be treated. Graphite anode plant data were used in
this instance because the flows were higher than those of other
plants and thus represent a conservative estimate of flow for
other plants in the industry. Using available flow data the
remaining waste streams total 7.6 m'/kkg as shown in Table 11-33.
Thus the total unit flow discharge used in the development of
effluent limitations is 8.8 m'/kkg.

C. Selection of Pollutants to be Regulated

The selection of pollutants for which specific effluent
limitations are being established is based on an evaluation of
raw waste data from screening and verification sampling and on
the treatability of toxic pollutants.

Table 11-34 presents the achievable concentrations of toxic metal
pollutants (found at detectable levels in raw waste streams)
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using the available treatment technology options. Based on
literature treatability data presented in Section 8 and
summarized in Table 8-11, the concentrations reflect the lowest
level achievable by these technologies. Also presented in the
table are the maximum three-day average raw waste concentrations
observed during the sampling program.

Based on the occurrence of treatable levels of specific toxic
metals, arsenic, cadmium, chromium, copper, lead, nickel and zinc
are selected as candidate toxic pollutants for BPT regulations.
Antimony, mercury, and silver were detected but at less than
treatable levels.

Consideration of (1) the raw waste concentrations in Table 11-34
and (2) Section 8 on the control parameters for hydroxide
precipitation, leads to the selection of copper, lead and nickel
as toxic pollutants to be regulated. The operation of an
hydroxide precipitation system at a pH of about 9.5 should be
suitable for the removal of the metals that are present at
treatable levels. Arsenic, cadmium, chromium and zinc are
included for guidance but no limits are set because control of
copper, lead and nickel will adequately control these other
metals.

D. Basis of BPT Pollutant Limitations

Limitations are presented as both concentrations (mg/l) and loads
(kg/kkg), and the relationship between the two is based on the
unit flow rate (8.8 ~3/kkg). The concentration basis therefore
represents the concentration of the total plant discharge
including both treated and untreated wastewaters. Guidance is
presented as concentrations (mg/l) only.

BPT limitations, which apply at the combined process wastewater
discharge for TSS and toxic metals and at the plant effluent for
pH, are presented in Table 11-35.

1. Conventional Pollutants

a. pH

The treated effluent is to be contolled within the
range of 6.0 to 9.0. This limitation is based on the
data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS

The BPT limitations for TSS are based on a summary of
monitoring data from Plant #207 (3). The long-term
average discharge load of 0.30 kg/kkg is used to
develop discharge limitations. Because variability
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TABLE 11-29. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Chlorine - Diaphragm cell
19,100 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equi pment .•.••..•....•..•.•
Monitoring equipment •••••••

Subtotal .... b- •..••...
Contractor's a & P •••••••••

Subtotal .......•.....•
Engineering ••••••••••.•••••

Subtotal •••••••.••••••
Contingencies ••••..•••....•

Sub to ta 1 ••••••••.•••.•
Land •••••••••.• ••••••••••••••

TOTAL INVESTMENT COST ••••••

($)
BPT BAT a

30,000 a
136, 000 43,000

20,000 a

186,000 43,000
27,900 6,450

213,900 49,450
42,780 9,890

256,680 59,340
25,668 5,934

282,348 65,274
27,000 a

309,348 65,274

Energy •••••••••••••••••••••
Chemicals ••.••••••••••.••.•
Maintenance •••..••.••••.•••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••.•

B. OPERATION AND
MAINTENANCE COST

Labor and supervision

TOTAL OPERATION AND
MAINTENANCE COST

...... 112, 000 14,000
2,200 800
1,500 1,500

28,235 6,527
9,280 1,958
5,800 a

15,000 7,500

174,015 32,286

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

45,938

219,953

10,620

42,906

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 11-30. MODEL PLANT TREATMENT COSTS

Subcategory Chlorine - Diaphragm cell
Production 95,500 metric tons per year

A. INVESTMENT COST

Site development •.•••.••.••
Equipment ••••••••••••••••••
Monitoring equipment •••••••

Subtotal ••.• 0 .
Contractor's 0 & P •••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtota 1 .......•....•.
Contingencies •••••••••.••••

Subtotal ••••••••••••••
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy •••••••••••••••••••••
Chemicals •••••.••••••••...•
Maintenance •••.•...•..•••••
Taxes and insurance •••.••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

($)
BPT BAT a

85,000 0
261,000 70,000

20,000 0

366,000 70,000
54,900 10,500

420,900 80,500
84,180 16,100

505,080 96,600
50,508 9,660

555,588 106,260
69,000 0

624,588 106,260

112,000 28,000
4,900 1,300
7,500 7,500

55,559 10,626
18,738 3,188
29,000 0

15,000 7,500

242,696 58,115

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

90,394

333,091

17,289

75,404

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 11-31. MODEL PLANT TREATMENT COSTS

Subcategory Chlorine - Diaphragm cell
Production 191,000 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equi pment ••.•••••....•••..•
Monitoring equipment •••••••

Sub to ta 1 •.•••••.•.•••.
Contractor's 0 & ph •••••.•..

Subtotal .
Engineering ••••.•••••••••••

Subtotal ...........•..
Contingencies ••.•.••.•.•.••

Sub to ta 1 .•••.••••••••.
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

($)
BPT BAT a

140,700 0
353,000 108,500

20,000 0

513,700 108,500
77,055 16,275

590,755 l24,775
118,151 24,955

708,906 149,730
70,891 14,973

779,797 164,703
129,000 0

908,797 1fi4,703

Energy .••..••••.••••••••.••
Chemicals •••••••••••.••••••
Maintenance •......•...•....
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision

TOTAL OPERATION AND
MAINTENANCE COST

...... 112,000 28,000
8,000 1,800

15,000 15,000
77,980 16,470
27,264 4,941
58,000 0

15,000 7,500

313,244 73,711

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

126,873

440,116

26,797

100,509

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 11-32.MODEL PLANT UNIT TREATMENT COSTS

Subcategory Chlorine - Diaphragm cell

Annual Treatment Costs ($/kkg)

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yr)

BPT BAT"

Annual Operation
and Maintenance 19,100 9.11 1. 69

95,500 2.54 0.61
191,000 1.64 0.39

Annual
Amortization 19,100 2.41 0.56

95,500 0.95 0.18
191,000 0.66 0.14

Total Annual
Cost 19,100 11. 52 2.25

95,500 3.49 0.79
191,000 2.30 0.53

"Represents the incremental cost above BPT
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factors for TSS were not available for this plant,
factors obtai'.ed from the hydrofluoric acid subcategory
are used. In that subcatergory, where the same
technology of alkaline precipitation and settling is
used, the average variability factor for daily
measurements of TSS is 3.5 and the average factor for
3D-day averages is 1.7. Thus, utilizing the long-term
average discharge load of 0.30 kg/kkg one obtains a
maximum 3D-day average load limit of:

(0.30 kg/kkg) (1.7) = 0.51 kg/kkg

and a 24-hour maximum limitation of:

(0.30 kg/kkg) (3.5) = 1.1 kg/kkg

The concentration bases then are derived by applying
the model plant flow rate of 8.8 mg 3 /kkg to obtain a
maximum 3D-day average concentration of 58 mg/l derived
as follows:

0.51 kg/kkg x 1000 mg/1 = 58 mg/l
8.8 m3 /kkg kg/m 3

A 24-hour maximum concentration of 120 mg/l is derived
from the variability factor ratio (VFR: 3.5/1.7 = 2.1)
as follows:

(2.1) (58mg/l) = 120 mg/l (carrying two significant
figures)

From the above data, the implicit long-term average
concentration is:

120 mg/l = 34 mg/l
3.5

The average concentration of TSS after lime addition
and decantation in the Treatability Studies document
(61) was 99 mg/l. This average was calculated from a
limited number of experiments on a nonoptimized system.
Despite these shortcomings, the average falls in
between the maximum 3D-day average and the 24-hour
maximum concentration limit for TSS.

2. Toxic Pollutants

a. Lead

The BPT limitations for lead are based on long-term
monitoring data from one graphite anode plant as
presented in Appendix A. The plant is achieving a
long-term average lead discharge of 0.0064 kg/kkg.
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TABLE 11-33.

0iL0RINE D:rAPHR.AQ1 CELL

Stream Descriptial

cell roan am cell
wash wastes

Chlorine CD1densate

Tail gas scrubber waste

Caustic filter wash

Brine filter wash

caustic cooling bl.ad:Jwn

Spent sulfuric acid

Unit Flow Data
(m3/kkg) Source

1.2 G:raIirite aoode plant

0.78 Graphite anode plant

O.ll GraPrlte anode plant

5.4 Grarirlte anode plant

0.45 Gnq:hi.te anode plant

0.86 Metal anode p1~ts

average

0.010 Meta1 anode plants
average

'Ibta1 Unit Flow Discharge 8.8 m3/kkg
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TABLE 11-34. CCMPARISCN OF RAW WASTE CXN:::ENTRATIONS
OF TOXIC POLLUI'ANTS WITH TREATABILITY

,-"
;,~.-

SUBCATE<DRY CHIDRINE (DIAPHRAGM CELL)

Pollutant Literature-based Maximum Plant
Treatability(l) Raw Waste

(rrg/l) Average
(rrg/l)

BPI' BAT

Arsenic 0.50 0.50 0.30

Ant:inony 0.80 0.40 (). 011

Cadimium 0.10 0.050 0.037

Chranium 0.10 0.050 1.9

Copper 0.50 0.40 17

lead 0.30 0.050 21

Mercury
(2) (2) 0.0030

Nickel 0.20 0.10 22

Silver 0.40 0.20 0.018

Zinc 0.50 0.40 3.0

(1) Literature-based treatability estimates frcrn Table 8-11.

(2) Treatability with this technology not available.
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Statistical analysis of monitoring data from the plant
established a 3D-day average variability factor of 1.6
and a 24-hour variability factor of 4.1. The ratio of
the two variability factors, VFR, is 2.6. The maximum
3D-day average limitation for lead is then obtained by
multiplying the variability factor for 3D-day averages
by the long-term average load; i.e., 1.6 x 0.0064
kg/kkg = 0.010 kg/kkg. Similarly the 24-hour maximum
limitation is obtained by multiplying the daily maximum
~ariabili~Y factor hy th~ long-t~rm a~~rag~ load; i.~.,

4.1 x 0.0064 kg/kkg = 0.026 kg/kkg.

The concentration basis for lead is derived from the
relationship between concentration (e), unit load (L),
and unit flow (Q).

C (mg/l) ~ L (kg/kkg) x 1000 mg/l
Q (m 3 /kkg) kg/m 3

Thus the concentration basis for the maximum 3D-day
average for lead is:

0.010 kg/~kg x 1000 mg/l = 1.1 mg/l
8.8 m3 /kkg kg/m 3

The concentration basis
limitation is obtained by
factor ratio (VFR) of 2.6 to
concention:

for the 24-hour maximum
applying the variability
the maximum 3D-day average

(1.1 mg/l) (2.6) = 2.9 mg/l

From the above data, the implicit long-term average
concentration is:

2.9 mg/l ~ 0.70 mg/l
4.1

The average concentration of lead after lime addition
and decantation in the Treatability Studies document
(61) was ~8 mg/l. This value is much higher than the
values calculated above from the long-term monitoring
data in Appendix A. The conclusion in the Treatability
Studies oocument, that there was extremely poor
settling of the metal hydroxide sludge, seems
justified.

Monitoring data from six diaphragm cell plants
presented in Table 11-36 indicate that plants using
metal anooes are meeting the BPT lead limitations. One
of two graphite anode plants is meeting the
limitations.
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TABLE 11-3S. EFFLUENr LIMITATlOOS
Chlorine - Diaphragm cell

Best Practicable Control Teclmology c:3rently Available
waste Water Flow: 8.8 m jkkg

Pollutant Subcategory Daily Concentration Effluent Limit
Perfomance Variability (rrq/l) (kg/kkg)

(ng/l) Factor
30-day avg. Max. 24-hr Max. 24-hr
Variability 30-day max. 30-day max.

Factor avg. avg.

Conventional Pollutants:

TSS 34 (1) 3.S/1. 7 58 120 0.51 1.1

Toxic Pollutants:

Arsenic O.SO (2) 4.1/1.6 0.80 2.1
(4) (4)

cadmium 0.10(3) 4.1/1.6 0.16 0.41
(4) (4)

Chromium 0.32(3) 2.2/1.1 0.35 0.70
(4) (4)

Copper(S) 0.50(2) 4.1/1.6 0.80 2.1 0.0070 0.018
Lead (S) 0.70 (l) 4.1/1.6 1.1 2.9 0.010 0.026
Nickel(S) 0.40 (3) 4.1/1.6 0.64 1.6 0.00S6 0.014

Zinc 0.80(3) 4.1/1.6 1.3 3.3
(4) (4)

(1) calculated fran long-term IlOnitoring load data.

(2) Lower limit of literature treatability for lime/clarification technology
fran Table 8-11.

(3) EstiIrated achievable long-term average ooncentration fran Table 8-13.

(4) No load limitsl ooncentration limits are provided for guidance purposes.

(S) Also applicable for PSES limitations.
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The limitations and guidelines for the additional toxic
pollutants are derived from two sources--industrial
wastewater treatment system performance data (Tables
8-12 and 8-13) and literature-based treatability
estimates (Table ~8-11). A comparison of these values,
along with effluent data from the sampling of two
diaphragm cell plants, is presented in Table 11-37.
The concentration bases are derived from the industrial
wastewater treatment system performance data unless the
observed concentrations are below literature-based
treatability estimates. In such cases, the lower limit
of the applicable treatability level is used.

b. Copper

The estimated achievable long-term average
concentration for copper (0.40 mg/l from Table 8-13) is
lower than the literature-based treatability estimate
(0.50 mg/l from Table 8-11). Therefore, the latter
value is used in place of the long-term average.
Because no long-term monitoring data is available for
copper in this industry, the variability factors used
for lead are employed to obtain the concentration
limits.

The 24-hour maximum concentration is:

(0.50 mg/I) (4.1) = 2.1 mg/l

The maximum 30-day average concentration is:

(0.50 mg/I) (1.6) = 0.80 mg/l

The load limitations for copper (kg/kkg) are calculated
based on the unit flow rate of 8.8 m3/kkg, thus:

(2.1 mg/l) (B.8 m~/kkg) ( kg/m~ ) = 0.018 kg/kkg
(1000 mg/I)

for the 24-hour maximum limit. The maximum 30-day
average limit is calculated similarly, i.e.,

(0.80 mg/l) (8.8 m3 /kkg) ( kg/m 3 ) = 0.0070 kg/kkg
(1000 mg/l)

c. Nickel

The nickel limits are based on the estimated achievable
long-term average concentration of 0.40 mg/l which is
obtained from Table 8-13. Because no long-term
monitoring data is available for nickel in this
industry, the variability factors used for lead are
employed again.
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3D-daymaximum
i.e.,

The cadmium guidance is based on the estimated
achievable long-term average concentration of 0.10 mg/l
which is obtained from Table 8-13. Because no
long-term monitoring data is available for cadmium in

The maximum 3D-day average concentration is:

The 24-hour maximum concentration is:

The industrial wastewater treatment system performance
for arsenic (0.080 mg/l from Table 8-12) is lower than
the literature-based treatability estimate (0.50 mg/l
from Table a-I1}. Therefore, the latter value is used
in place of a long-term average to arrive at the
arsenic guidance. Because no long-term monitoring data
is available for arsenic in this industry; the
variability factors used for lead are employed again.

(0.50 mg/l) (1.6) = 0.80 mg/l

(0.50 mg/l) (4.1) = 2.1 mg/l

The average concentration of nickel after lime addition
and decantation in the Treatability Studies document
(61} was 0.41 mg/l. This is esentially equal to the
estimated achievable long-term average concentration
which was the basis of the nickel limits.

for the 24-hour maximum limit. The
average limit is calculated similarly,

The load limitations for nickel (kg/kkg) are calculated
based on the unit flow rate of 8.8 m3 /kkg, thus:

(0.64 mg/I) (8.8 m3 /kkg) ( kg/m 3 ) = 0.0056 kg/kkg
(1000 mg/I)

(1.6 mg/l) (8.8 m3 /kkg) ( kg/m 3 ) = 0.014 kg/kkg
(1000 mg/l)

The maximum 3D-day average concentration is:

The 24-hour maximum concentration is:

(0.40 mg/I) (1.6) = 0.64 mg/I

(0.40 mg/l) (4.1) = 1.6 mg/l

e. Cadmium

d. Arsenic



SUBCATEGORY CHLORINE - DIAPHRAGM CELL

Lead Discharge
Plant (kg!kkg)

Average Maximum

#589* 0.0020 0.030

#738* 0.0010 0.015

#261* 0.0025(2) 0.019

#014* 0.0060(2),(4) NA

#967(3) 0.0064 0.026

#207 0.021(2) 0.054

TABLE 11-36. LEAD AND TSS DISCHARGES FROM SELECTED DIAPHRAGM CELL
CHLORINE PLANTS ( 1 )

MaximumAverage

TSS Discharge
(kg/kkg)

Plant

#207 0.57

NA

( 1)

(2 )

(3)

(4)

*

NA:

From Reference 3

Plant has "once-through" barometric condenser water.

Long Term Data Appendix A.

Total plant discharge including other products. Recent information from
plant indicates current discharge levels much diminished from data given in
Referer.ce 3.

Plants with metal Anodes

Not available
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TABLE 11-37. CCMPARISON OF TOXIC POLLurANTS IN
DIAPHRA(M CELL PLIINT EFFLUENI'S
WITH TREATABILITY

Pollutant Literature-bffr Industrial Waste Metal Arode Graphite Arode
Treatability Water Treatment Plant *2~1 Plant *967

(mg/l) System Effluent 2) Effluent (3)
Performance (mg/l) (mg/l)

(mg/l)

BPT BAT BPT BAT

Arsenic 0.50 0.50 0.080 (4) 0.17(4) 0.12 0.30

Cadmiun 0.10 0.050 0.10 (5) 0.076(4) 0.0040 < 0.015

O1rcmium 0.10 0.050 0.32 (5) 0.16(5) < 0.050 < 0.050

Copper 0.50 0.40 0.40(5) 0.30(5) < 0.025 0.031

Lead 0.30 0.050 0.15(5) 0.19(4) NA NA

Nickel 0.20 0.10 0.40 (5) 0.30(5) < 0.050 < 0.050

Zinc 0.50 0.40 0.80(5) 0.20 (5) < 0.025 0.15

(1) Literature-based treatability estimates fran Table 8-1!.

(2) cell wash waste filtered with coagulant to rarove asbestos.

(3) Flow-proportioned average discharge, consisting of lead treatment
discharge and untreated filter backwashes, condensates, and scrubber
wastes.

(4) Data fran Table 8-12 (value presented or average of values presented) •

(5) Estimated achievable long-term average concentrations fran Table 8-13.

NA = Not available
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this industry, the variability factors used for lead
are employed again.

The 24-hour maximum concentration is:

( O. 10 mg/l) (4. 1 ) = O. 41 mg/l

The maximum 3D-day average concentration is:

( O. 10 mg/1) (1. 6 ) = O. 16 mg/l

f. Chromium

The chromium guidance is based on the estimated
achievable long-term average concentration of 0.32 mg/l
which is obtained from Table 8-13. A daily variability
factor of 2.2 and a 30-day variability factor of 1.1
are obtained from the Treatability Studies document
( 61 ) .

The 24-hour maximum concentration is:

(0.32 mg/l) (2.2) = 0.70 mg/l

The maximum 30-day average concentration is:

(0.32 mg/l) (1.1) = 0.35 mg/l

The average concentration of chromium after lime
addition and decantation in the Treatability Studies
document (61) was 0.071 mg/l. This value is much lower
than the estimated achievable long-term average
concentration used above. The large difference is
attributable to the very low average chromium
concentration of raw waste in the Treatability Studies
document (0.089 mg/IJ.

g. Zinc

The zinc guidance is based on the estimated achievable
long-term average concentration of 0.80 mg/l which is
obtained from Table 8-13. Because no long-term
monitoring data is available for zinc in this industry,
the variability factors used for lead are employed
again.

The 24-hour maximum concentration is:

( 0 . 80 ) ( 4. 1 ) = 3 . 3 mg/l

The maximum 3D-day average concentration is:
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(0.80) (1. 6) = 1. 3 mg/l

Basis for BAT Effluent Limitations

Previous BAT regulations called for no discharge of process wastewater
pollutants. The regulations were remanded. The newly promulgated BAT
regulations provide for the discharge of pollutants following
appropriate treatment of process wastes.

A. Technology Basis

utilizing the cost estimates presented in this report the Agency
has analyzed the cost effectiveness of the base level system
(BPT) and an advanced level option (Level 2) for conventional and
toxic pollutant removal. The economic impact on the diaphragm
cell chlorine subcategory has been evaluated in consideration of
the technology basis for the BAT limitations.

For BAT the Agency is promulgating limitations based on BPT
technology with the addition of dual-media filtration (Level 2)
and dechlorination of all process wastewaters. Filtration will
remove additional toxic metals and has been used successfully in
the mercury-cell chlorine subcategory. Dechlorination is being
included in BAT because the toxicity of chlorine to aquatic life
is well documented and it is a pollutant of concern to the Agency
(59). Two chlorine plants are known to be practicing
dechlorination. The Agency considered the addition of sulfide
precipitation (Level 3) to the treatment of cell room wastes but
rejected it because further reduction of toxic pollutants in this
stream only would not substantially improve total discharge
quality.

B. Flow Basis

The flow basis for BAT limitations is the model plant total
discharge of 8.8 m3 /kkg. (See Table 11-33).

C. Selection of Pollutants to be Regulated

For BAT regulations, the Agency has selected the same three toxic
metals identified in the BPT regulations (copper, lead, and
nickel) and total residual chlorine. The other four toxic metals
(arsenic, cadmium, chromium, and zinc) are again included for
guidance.

D. Basis of Pollutant Limitations

For BAT regulations, the Agency is promulgating more stringent
controls on the discharge of the first three toxic metals on the
basis of physical removal by filtration. Alkaline precipitation
converts most dissolved metals into less toxic insoluble forms
and excess alkalinity exists in most of the process wastes
generated in this subcategory. Plants whose raw waste has toxic
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metal concentrations below literature treatability levels,
perhaps as a consequence of installing metal anodes, would only
have to sample periodically to show they are meeting the
regulations. Final BAT limitations, which apply at the combined
process wastewater discharge for toxic metals and at the plant
effluent for residual chlorine, are presented in Table 11-38.

1. Nonconventional Pollutant

Chlorine: Total residual chlorine limits are based on the
data from Appendix A that were used to calculate BAT limits
for the chlorine mercury cell subcategory. The chlorine
containing waste streams from both technologies are similar
and the methods for chlorine removal are identical. The
long-term average concentration is 0.64 mg/l. The
variability factor for daily measurements is 2.3 and the
variability factor for 30-day averages is 1.4.

The 24-hour maximum concentration is:

(0.64 mg/l) (2.3) = 1.5 mg/l

The maximum 30-day average concentration is:

(0.64 mg/l) (1.4) = 0.90 mg/l

The load limitations
are calculated based on
thus:

for total residual chlorine (kg/kkg)
the unit flow rate of 8.8 m3 /kkg,

(1.5 mg/l) (8.8 m'/kkg) ( kg/m' ) = 0.13 kg/kkg
(1000 mg/l)

for the 24-hour maximum limit. The maximum 30-day average
limit is calculated similarly, i.e.,

(0.90 mg/l) (8.8 m3 /kkg) ( kg/m 3 ) = 0.0079 kg/kkg
(1000 mg/l)

2. Toxic Pollutants

Dual-media filtration of BPT effluent will significantly
reduce suspended metal precipitates. BAT limitations and
guidelines are derived from two sources--industrial
wastewater treatment system performance data (Tables 8-12
and 8-13) and literature-based treatability estimates (Table
8-11). A comparison of these values is presented in Table
11-37. The concentration" bases are derived from the
industrial wastewater treatment system performance data
unless the observed concentrations are below
literature-based treatability estimates. In such cases, the
lower limit of the applicable treatability level is used.
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There are insufficient data to calculate daily and 30-day
variability factors for any of the toxic pollutants in this
industry. A daily variability factor of 3.5 and a 30-day
average variability factor of 1.4 will be used to determine
BAT toxic pollutant limitations and guidelines. These
variability factors are the result of evaluating the
Treatability Studies document (61) data from other
industries involving the removal of toxic metals via the
lime/filter method.

a. Copper

The copper limits are based on the literature
treatability level of 0.40 mg/l (Table 8-11) which is
larger than the estimated achievable long-term average
concentration of 0.30 mg/l (Table 8-13).

The 24-hour maximum concentration is:

(0.40 mg/l) (3.5) = 1.4 mg/l

The maximum 30-day average concentration is:

(0.40 mg/l) (1.4) = 0.56 mg/l

The load limitations for copper (kg/kkg) are calculated
based on the unit flow rate of 8.8 mJ/kkg, thus:

(1.4 mg/l) (8.8 mJ/kkg) ( kg/m J )
(1000 mg/l)

=0.012 kg/kkg

for the 24-hour maximum limit. The maximum 30-day
average limit is calculated similarly, i.e.,

(0.56 mg/l) (8.8 mJ/kkg) ( kg/m J ) = 0.0049 kg/kkg
(1000 mg/l)

b. Lead

The lead limits are based on the data in Table 8-12.
The average of the lead values in Table 8-12, 0.19
mg/l, is used in place of a long-term average.

The 24-hour maximum concentration is:

(0.19 mg/l) (3.5) = 0.67 mg/l

The maximum 30-day average concentration is:

(0.19 mg/l) (1.4) = 0.27 mg/l
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TABLE 11-38. EFFLUENT LIMITATICNS

Chlorine DiaFhragm Cell

Best Available Technology

3waste water Flow: 8.8 m /kkg

Pollutant Treatability Daily
(rrg/1 Variability

Factor
30-day avg.
Variability

Factor

Concentration
Basis
(rrq/l)

Max. 24-hr..
30-day max.
avg.

Effluent Limit
(kg/kkg)

Max. 24-hr.
30-day max.
avg.

Noo=nventional Pollutant

'Ibtal Residual
Chlorine 0.64(1)

'Ibxic Pollutants

2.3/1.4 0.90 1.5 0.0079 0.013

Arsenic
Cadimium
<lrrcrni.um
Copper
Lead
Nickel
zinc

0.50(2)
0.076 (3)
0.16(4)
0.40(2)
0.19(3)
0.30(4)
0.40(2)

4.1/1.6 0.80 2.1 - (5) -(5)
3.5/1.4 0.11 0.27 -(5) -(5)
3.5/1.4 0.22 0.56 -(5) - (5)
3.5/1.4 0.56 1.4 0.0049 0.012
3.5/1.4 0.27 0.67 0.0024 0.0059
3.5/1.4 0.42 1.1 0.0037 0.d097
3.5/1.4 0.56 1.4 -(5) -(5)

(1) Ialg-tenn average concentration fran Afpendix A.
(2) Lower limit of literature treatability for line/filter technology fran

Table 8-11.
(3) Industrial waste water treatment system perfonnance data fran Table 8-12.
(4) Estimated achievable long-tenn average concentration fran Table 8-13.
(5) No load limits; a:mcentration limits are provided for guidance purposes.
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The load limitations for lead (kg/kkg) are calculated
based on the unit flow rate of 8.8 mJ/kkg), thus:

(0.67 mg/l) (8.8 mJ/kkg) ( kg/m J ) = 0.0059 kg/kkg
(1000 mg/l)

for the 24-hour maximum limit. The maximum 30-day
average limit is calculated similarly, i.e.,

(0.27 mg/l) (8.8 mJ/kkg) ( kg/m J )
(1000 mg/l)

c. Nickel

= 0.0024 kg/kkg

The nickel limits are based on the estimated achievable
long-term average concentration of 0.30 mg/l which is
obtained from Table 8-13.

The 24-hour maximum concentration is:

(0.30 mg/l) (3.5) = 1.1 mg/l

The maximum 30-day average concentration is:

( 0 . 30) (1. 4) = O. 42 mg/l

The load limitations for nickel (kg/kkg) are calculated
based on the unit flow rate of 8.8 mJ/kkg, thus:

(1.1 mg/l) (8.8 mJ/kkg) ( kg/m J )
( 1000 mg/l)

= 0.0097 kg/kkg

for the 24-hour maximum limit. The maximum 30-day
average limit is calculated similarly, i.e.,

(0.42 mg/l) (8.8 mJ/kkg) ( kg/m J )
( 1000 mg/l)

d. Arsenic

= 0.0037 kg/kkg

Because the BPT and BAT literature treatability levels
for arsenic are identical, the BAT guidance for arsenic
is set equal to the BPT guidance.

e. Cadmium

The cadmium guidance is based on the data in Table
8-12. The cadmium value in Table 8-12, 0.076 mg/l, is
used in place of a long-term average.

The 24-hour maximum concentration is:

(0.076 mg/l) (3.5) = 0.27 mg/l
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The maximum 30-day average concentration is:

( 0.076 mg/U (1.4) = O. 11 mg/l

f. Chromium

The chromium guidance is based on the estimated
achievable long-term average concentration of 0.16 mg/l
which is obtained from Table 8-13.

The 24-hour maximum concentration is:

( O. 16 mg/l) (3. 5) = O. 56 mg/l

The maximum 30-day average concentration is:

(0.16 mg/l) (1.4) = 0.22 mg/l

g. Zinc

The zinc guidance is based on the literature
treatability level of 0.40 mg/l (Table 8-11) which is
larger than the estimated achievable long-term average
concentration of 0.20 mg/l (Table 8-13).

The 24-hour maximum concentration is:

(0.40 mg/l) (3.5) = 1.4 mg/l

The maximum 30-day average concentration is:

(0.40 mg/l) (1.4) = 0.56 mg/l

BCT Limitations

EPA has determined that the BAT technology for this subcategory is
capable of removing significant amounts of conventional pollutants.
However, EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned earlier. Thus, it is not now possible to apply the
BCT cost test to this technology option. Accordingly, EPA is
deferring a decision on the appropriate BCT limitations until EPA
proposes the revised BCT methodology. However, the Agency has
calculated the expected TSS effluent quality after application of
dual-media filtration and the cost of the additional TSS removal. As
described in Section 3, this cost was calculated to be $0.53 per Ib
TSS removed.
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Basis for New Source Performance Standards

A. Technology Basis

The Agency is basing NSPS limitations on the BAT technology of
alkaline precipitation, filtration, and dechlorination and on the
performance achieved at plants which exclude the use of lead in
cell construction. The conversion to metal anodes has largely
eliminated the source of lead in wastewaters, but residual lead
contamination at a converted plant may exist for as long as a
year or more. New metal anode plants should have relatively low
lead concentrations in their wastewaters.

B. Flow Basis

The flow basis of 8.8 m3 /kkg used for BPT and BAT limitations is
conservatively being used for new sources.

C. Selection of Pollutants to be Regulated

For NSPS regulations, the Agency initially considered the same
BAT pollutants (seven toxic metals and total residual chlorine),
pH and TSS. Table 11-39 presents the results of verification
sampling of raw wastes at a new chlorine plant using metal
anodes. The total raw waste concentrations of toxic metals are,
with the exceptions of chromium and lead, substantially below the
estimated treatability of these metals using BAT technology, as
shown in the table. Application of the information in Section B
on the control parameters for hydroxide precipitation leads to
the selection of lead as the toxic pollutant to be regulated.
Control of this pollutant within the limitations being set will
assure that other toxic metals are being controlled. Other
metals are presented on a concentration basis for guidance
purposes only.

D. Basis of Pollutant Limitations

For NSPS regulations the Agency is promulgating more stringent
controls on the discharge of lead on the basis of lower raw waste
loads generated at plants using metal anodes. New plants that
have raw waste lead concentrations below estimated industry
long-term averages would only have to sample periodically to show
they are meeting the regulations. The NSPS regulations, which
apply at the combined process wastewater discharge for TSS and
lead and at the plant effluent for residual chlorine and pH, are
shown in Table 11-40.

1. Conventional and Nonconventional Parameters

a. pH

The treated effluent is to be controlled within the
range of 6.0 to 9.0. This limitation is based on the
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data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS

Limitations for TSS are the same as BPT regulations.

c. Total Residual Chlorine

Limitations for total residual chlorine are the same as
in BAT regulations.

2. Toxic Pollutants

a. Lead

The concentration bases for lead is based on the
estimated achievable long-term average of 0.15 mg/l
(Table 11-39). Variability factors used to obtain BAT
limits for lead are used for the NSPS limits. The
concentration bases for lead are determined as follows:

The 24-hour maximum concentration is:

(0.15 mg/l) (3.5) = 0.53 mg/l

and the corresponding effluent limit is:

(0.53 mg/l) (8.8 m'/kkg) ( kq/m' )
(1000 mg/l)

The maximum 30-day average is:

(0.15 mg/l) (1.4) = 0.21 mg/l

and the corresponding effluent limit is

(0.21 mg/l) (8.8 m'/kkg) ( kg/m' )
(1000 mg/l)

b. Other Toxic Pollutants

= 0.0047 kg/kkg

= 0.0018 kg/kkg

Guidance for the other toxic metals are the same as in
BAT regulations.

Basis for Pretreatment Standards

A. Existing Sources

For Pretreatment Standards for Existing Sources (PSES), the
Agency is promulgating the same limitations as for BPT (excluding
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TABlE il-39. ccr-lPARISCN OF RI\W WASTE CHl\RACrERISTICS Nr A NEW METAL ANODE
PLI\NT WITH TREATABILITY OF TOXIC METALS

StlBCATEOORY CHIDRINE DI1IPHRAG1 CELL

Conoentration(rrq!lJ

Pollutant Treatability Plant 1738B (2)
Raw Waste

Arsenic 0.50(1) O.Oll

cadmium 0.050(1) <0.025

Chranium 0.16(3) 0.066

Copper
0.30 (3)

0.12

read
0.15(3)

O.ll

Nickel 0.30 (3) 0.067

zinc 0.20 (3) 0.093

(1) - Literature-based treatability estimates using BNr technology
of dual nalia filtration following alkaline precipitation of
metals (Table 8-il)

(2) - Verification sanpling at new metal arode facility

(3f- Estimated achievable long-tenn average fran TableS-13.

257



TSS and pH) based on the identical treatment technology (see
Table 11-35). The pollutants to be limited are copper, lead and
nickel. Pretreatment is necessary because BPT provides better
removal of toxic metals than is achieved by a well-operated POTW
with secondary treatment installed. PSES are being set equal to
BPT, because the POTW achieves equal or greater removal of the
toxic metals remaining after application of BPT (PSES) technology
than is achieved by the filtration required by BAT. Thus, a
filter is not required for PSES because there is no pass-through.

B. New Sources

For Pretreatment Standards for New Sources (PSNS), the Agency is
promulgating the same limitations as for NSPS based on the
identical treatment technology without dechlorination being used
for indirect dischargers (see Table 11-40). Dechlorination is
unnecessary because influent to publicly-owned treatment works is
often chlorinated. The pollutant to be limited is lead. The
other pollutants (copper and nickel) are not being limited based
on the assumption that all new plants will have effluent levels
equal to the levels of a new metal anode plant. Pretreatment is
necessary because NSPS provides better removal of toxic metals
(when present at treatable levels) than is achieved by a POTW and
hence these pollutants would pass through a PQTW in the absence
of pretreatment.
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TABLE 11-40. EFFLUENT LIMITATlOOS

Chlorine Diaf*1ragm cell

New Source Perfonnance Standards

3Waste Water Flow: 8.8rn/kkg

Pollutant Treatability Daily Concentration Effluent Liroit
(rrg/l) Variability Basis (kg/kkg)

Factor (rrgfl)
30-day avg. Max. 24-hr. Max. 24-hr.
Variability 30-day max. 30-day max.

Factor avg. avg.

Conventional
and
Nonconventional

TSS 34 3.5/1.7 58 120 0.51 1.1

'Ibtal Residual
Chlorine 0.64 2.3/1.4 0.90 1.5 0.0079 0.013

Toxic Pollutants

Arsenic 0.50 4.1/1.6 0.80 2.1 - (2) -(2)
cadmium 0.076 3.5/1.4 0.11 0.27 - (2) - (2)
Chranium 0.16 3.5/1.4 0.22 0.56 - (2) - (2)
Copp=r 0.40 3.5/1.4 0.56 1.4 - (2) - (2)
Lead (1) 0.15 3.5/1.4 0.21 0.53 0.0018 0.0047
Nickel 0.30 3.5/1.4 0.42 1.1 - (2) -(2)
zinc 0.20 3.5/1.4 0.28 0.70 - (2) - (2)

(1) Also applicable to PSNS limitations.

(2) No load limits; concentration limits are provided for guidance purposes.
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SECTION 12

HYDROFLUORIC ACID INDUSTRY

Industry Profile

General Description

Hydrofluoric acid (hydrogen fluoride or HF) is produced both as
anhydrous and aqueous products. It is used in the manufacture of
fluorocarbons which are used as refrigerating fluids and plastics, for
pressurized packing, and as dispersants in aerosol sprays. HF is used
in the production of aluminum, in the refining and enriching of
uranium fuel, in pickling of stainless steel, in petroleum alkylation,
and for the manufacture of fluoride salts. The industry data profile
is given in Table 12-1. The status of regulations prior to
promulgation of these new regulations is given in Table 12-2.

Subcategorization

Hydrogen fluoride is usually
fluoride (AIF~) by reacting with
aluminum fluoride plants are
production.

used in the production of aluminum
hydrated alumina (AlzO~.3HzO). Two
integrated with hydrofluoric acid

For both products (HF and AIF~), process wastewaters are generated by
the various gas scrubbers and by leaks and spills. In both cases, air
pollution control scrubber effluents contain mainly fluoride, acidity
and sulfate. The fluoride is present as the free ion as well as
various complex fluoro anions. Calcium fluoride (CaFz ), generated as
a solid waste, is a disposal problem for both subcategories because of
its moderate toxicity.

However, combining hydrofluoric acid and aluminum fluoride into a
single subcategory does not appear to offer any regulatory advantages
when the two products are manufactured at the same plant location.

The wastewaters generated from both industries do not have a common
production basis. In addition, the combined manufacture of these
products does not create a unique or unusual situation, either with
regard to the wastewater treatment requirements or compliance with
discharge regulations.

Due to process differences and the variations in the pollutant
loadings for the two industries, different variability factor ratios
were used in obtaining the effluent limitations of the toxic
pollutants. In the case of the hydrofluoric acid subcategory, nickel
and zinc are chosen as the control toxic pollutants for the effluent
limitations. On the other hand, chromium and nickel are the toxic
metals controlled in the aluminum fluoride subcategory. These
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TABLE 12-1

SUBCATEGORY

SUBCATEGORY PROFILE I:\l\.TA SUI1MARY

HYmOFLUORIC ACID

Total subcategory capacity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for
With total capacity of
With total production of
Representing capacity
Representing production

Plant production range:
Miniml1l\
Maximl1l\

Average production
Median production
Average capacity utilization

Plant age range:
Miniml1l\
Maximl1l\

Waste water flow range:
Miniml1l\
Maximl1l\

Voll1lle per unit product:
Miniml1l\
Maximl1l\

363,000 kkg/year

261,800 kkg/year

9

8

*
177,000 kkg/year

*
68 percent

7,300 kkg/year
62,000 kkg/year

22,11313 kkg/year
15,800 kkg/year

83 percent

7 years
58 years

o cubic meters/day
4,7130 cubic meters/day

o cubic meters/kkg
86 cubic meters/kkg

Sources of data are Stanford Research Institute, Directory of Chemical
Producers, U.S.A., 1977, U.S. Department of Commerce, Current Industrial
Reports, December 1977; Energy and Envirormental Analysis, Inc.; and Draft
Report, "Preliminary Econanic Assessment of Effluent Limitations in the
Inorganic Chemical Industry, "June, 1978 and "ECDnaniC Analysis of Proposed Revised
Effluent Guidelines and Standards for the Inorganic Cllemicals Industry," March, 1980.
* Data inCXllq?lete because certain plants did not respond to this question.

262



TABLE 12-2. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES

-------- -----~-

SUBCATEGORY

SUBPART

HYDROFLUORIC ACID

H (40 CFR 415.80, 3/12/74)

STANDARDS

*

BPCTCA* BATEA* NSPS*
Product Max. 1 Avg. 2 Max. 1 Avg. 2 Max. 1 Avg. 2

Precess Parameters (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

Hydrofluoric No discharge No discharge
Acid Fluoride (30) (15) of pwwp3 of pwwp

No discharge No discharge
TSS (50) (25) of pwwp of pwwp

Section 415.82, 415.83, and 415.85 were remanded and reserved (41 FR 51601,
November 23, 1976).

1 Max. = Maximum of anyone day_
2 Avg. = Average of daily values for thirty consecutive days.
3 pwwp = Process wastewater pollutants.
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differences are due to the different relative concentrations for
chromium and zinc in the raw waste loads from the two products.

Furthermore, the opportunities for drip acid recycle (or the
hydrolysis of complex fluoride prior to treatment) and scrubber water
recycle are a function of plant design and age, rather than product
mix.

An additional solid waste, gypsum (CaS04 e 2Hz O), is generated from the
hydrofluoric acid manufacture and supplies enough calcium for adequate
fluoride removal from neutralized scrubber wastewaters generated by
both HF and AIF~ production. However, the applied treatment
technology is essentially the same as that applied by manufacturers of
either product alone.

In view of these considerations, hydrofluoric acid and aluminum
fluoride remain separated as two distinct subcategories.

General Process Description and Raw Materials

HF is the most important manufactured compound of the fluoride family
in volume of production. Fluorspar (mainly CaFz ) and sulfuric acid
are the raw materials used for its manufacture. Fluorspar and
sulfuric acid react endothermically at 200-250 degrees C and the
reaction time is 20-60 minutes. The reaction is given as:

( 1 )

The reaction kinetics and the yield of product depends on the purity
and fineness of the fluorspar. The concentration of sulfuric acid,
the temperature of the reaction, and the ratio of sulfuric acid to
fluorspar are among important variables.

Crude fluorspar, as mined, varies in CaFz content from 35 to 90
percent. The ore is upgraded by flotation which results in 98 percent
CaFz being available for the production of HF. The analysis of a
typical upgraded fluorspar is given as:

CaFz
SiO~

S
H2 0
CaCO~

Minimum 97.5-98%
Maximum 1.0%
Maximum 0.05%
Maximum 0.1%
Principal remainder

Silica is a highly objectionable contaminant, since each pound
consumes 2.0 pounds of fluorspar and 3.3 pounds of sulfuric acid by
the following reaction:
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Sulfuric acid having a concentration as low as 93 percent or as high
as 99 percent is generally used. Dilute sulfuric acid enhances better
mixing and liberation of fluoride but has two disadvantages; viz., the
dilute acid is very corrosive and the water present in the acid
evaporates and distills off with the HF gas, thus reducing product
concentration.. Concentrated sulfuric acid (greater than 98 percent)
offsets these disadvantages but creates new problems. The vapor
pressure of concentrated sulfuric acid is sufficiently high to cause
large amounts of sulfuric acid to be carried away by the HF. Excess
sulfuric acid, when used, will leave with the gypsum as part of the
residue.

flF generators are, in the majority of cases,-- E;!xternally fired rotary
kIlns in which acid and fluorspar are fed continuously through a screw
conveyor at the forward end and gypsum is removed from the other end
through an air lock. The product HF may discharge from either end.
The theoretical amount of gypsum produced is 3.4 kg/kg of HF produced,
but because of the impurities in the fluorspar the actual amount of
gypsum produced is higher and varies from 3.6 to 4.8 kg/kg of HF.

One manufacturer uses a patented process to supply internal heat to
the reactor. The heat is supplied by introducing sulfur trioxide
(5° 3 ) and water (as steam). The exothermic heat liberated by the
reaction of 80 3 and water to produce sulfuric acid is used for the
heat required for HF generation. Thus a part of the sulfuric acid is
supplied as 503'

The HF gas leaving the reactor is cooled in a precooler to condense
high boiling compounds. The condensables are known as drip acid and
largely consist of fluorosulfonic acid (H50 3 F) and unreacted sulfuric
acid. In 1978, nine plants out of a total of eleven returned the drip
acid to the reactor, while the remaining two sent the drip acid to the
waste treatment plant. The HF gas from the precoole~ is cooled
further and condensed in a cooler/refrigeration unit. The uncondensed
gas containing the HF is scrubbed with sulfuric acid and refigerated
to recover the product. The scrubbed acid liquor is returned to the
kiln, and residual vent gases are scrubbed further with water to
remove HF and other fluoride compounds before they are vented to the
atmosphere. The scrubber water is sent to the wastewater treatment
plant. Figure 12-1 is a block flow diagram' of the manufacturing
process.

The crude HF is then distilled to remove the residual impurities, and
the condensate, which 'is anhydrous HF, is stored in tanks. If aqueous
HF is desired, the crude product is then diluted with water to form a
70 percent HF solution as the final product.
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Water Use and Waste Source Characteristics

Water Use

Water is used in HF production in noncontact cooling, air pollution
control, product dilution, seals on pumps and kilns, and for equipment
and area washdown. Although noncontact cooling constitutes the major
use of water, water is also used, in a majority of cases, in the
transport of gypsum as a slurry to the wastewater treatment facility.
The water for gypsum transport is provided by either reusing the water
from the treatment facility or by using once-through cooling water.
Table 12-3 summarizes the water usage found in this study.

Waste Sources

A. Gypsum Solids

Gypsum solids are generated as a by-product. The amount produced
is in the range of 3.6 to 4.8 kg/kg of HF produced. The gypsum
also contains small amounts of sulfuric aCid, HF,and calcium
fluoride. Minor amounts of other impurities present in fluorspar
are also removed with the gypsum. In five out of eleven plants
producing EF, gypsum is slurried with treated wastewater,
neutralized with lime or soda ash, and pumped to a gypsum storage
pond. In one plant the gypsum slurry is pumped to the storage
pond without treatment· and in another plant partial
neutralization is employed. Three plants transport the gypsum as
a dry solid ,and dispose of it as a solid waste after mixing with
lime for neutralization. The disposal method of one plant is not
known. It should be noted that two of the eleven plants have
recently discontinued HF production, one of which is in the group
of five.

When gypsum solids from the kiln are slurried with water for
treatment, the resulting stream constitutes the major source of
wastewater. When kiln residue is disposed of as a solid waste,
scrubber wastewater is the major source of waste. Table 12-4
gives the data for the direct and indirect process contact
wastewater going to treatment facilities. Noncontact cooling
water has not been included in the figures given in Table 12-4.
Figure 12-2 is a graphical representation of production versus
wastewater flow to inplant treatment facilities for plants whose
wastewater includes the gypsum slurry and for those practicing
disposal of kiln residue as a solid waste.

B.. Drip Acid

This is formed in the first stage of the cooling (i.e., in the
precooler) of the gases emitted from the kiln. Drip acid mostly
contains high boiling compounds consisting of complex fluorides,
especially fluorosulfonic acid, and small amounts of hydrofluoric
acid, sulfuric acid, and water. Fluorosulfonic acid is formed by
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TABLE 12-3. WATER US~ IN THE HYOOOFLUORIC ACID SU8CATEGORY

W3ter Usage at Plants

(1)
em3/kkg of HF)

(1)(1)
Source 1987 1251 1753 1426 U20 .722 f;l67 1705

lbn-eontact 154 NA 63.5 110 13.6 116 30.0
Cooling

Gypsum 51urry 64.0 NA * 22.5 41.6 30.0
Transport

Maintenance, 2.40 2.11 ~ 0.1 12.2 5.00 16.9
Equipment and
Area WashdoW'l

Air Pollution 7.90 14.4 4.23 NA 0.586 14.5 40.0 11.3
Control

NA =Not Nailable

* =Not Applicable

(1) Discontinued HF production.
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T~LE 12-4. WASTE WATER FT..OIl AND REUSE mTh FOrt. THE
HYDROFLUORIC ACID SUBCA'rEGOR'l

Reuse for Influent to Treated
Ki In Residue Treatment Effluent

(2)
Kiln Residue Slurry Facility Discharged

(1)
(m

3/kkg) (m3/kkg)Plant Handling (Percent)
HF HF

(4\
i120 D 9.10 9.10

(4 )
1426 D 0 Not available

(3) (4)
1987 D 13.6 13.6
--
~837 S 0 120 120

*967 S 0 125 125

(3)
t251 S 0 84.7 84.7

(3)
#705 S 30.0-35.0 58.2 39.3

U67 S 47.0 166 98.2

j753 S 65.0 31.4 11.1

it928 5 83.0 55.5 9.40

1664 5 94.0 %.6 5.80

t722 S 92.0-100 120 7.20
• 3 . 3

Averages: (5 only) 42.8 percent 95.4 m /kkg 54.6 m /kkg

(1) D = Dry disposal 5 = Slurried to treatment

(2) Percent of waste water flow reused for residue slurry after
treatment.

(3) Dicontinued SF production.

(4) Not Applicable.
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reaction between hydrofluoric acid and sulfuric acid in the
absence of water. The quantity of drip acid produced is
relatively small. In the plants which recycle the drip acid back
to the reactor, it is mixed with the sulfuric acid feed stream
before it enters the kiln where it is hydrolyzed to form sulfuric
acid and hydrofluoric acid. The critical factors for hydrolysis
are temperature and retention time and enough water is normally
present in the kiln for the reaction.

C. Noncontact Cooling Water

Noncontact cooling water is used for precooling the product gases
emitted from the kiln. The possibility of product or other
process compounds leaking into the cooling water is very small;
however, in the event that the cooling water does become
contaminated, the proposed limitations for fluoride may be
exceeded. Depending on the merits of the situation, the upset
and bypass provisions may apply. In some plants, the cooling
water is used to transport the waste gypsum.

D. Scrubber Wastewater

Scrubber water is another wastewater source, and in plants which
practice dry disposal of gypsum, scrubber water constitutes the~

predominant and major source of wastewater. It contains
fluoride, sulfate, and acidity. The fluoride is present as 8F,
silicon tetrafluoride (SiF4 ), and hexafluosilicic acid H2 SiF6 ).

Silica present in the ore as an impurity reacts with HF forming
silicon tetrafluoride as shown in Equation 3.

Si02 + 48F = SiF4 + 28 2 0 ( 3 )

In the scrubber, the silicon tetrafluoride is converted to
hexafluosilicic.acid according to the following equations:

SiF4 + 2HF = H2 SiF6

3SiF4 + 2HzO = 2H zSiF6 + Si02

E. Distillation Wastes

(4A)

(4B)

The distillation waste generally contains HF and water. In some
cases the vent gases from the distillation column are scrubbed
before they are emitted to the atmosphere, and the resulting
scrubber water requires treatment.

The range of wastewater quality of the different streams
generated from the production of HF is summarized in Table 12-5.
The data are taken from the prior development documents, 308
Questionnaire responses, and industry visits.
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F. Spar Drying Wastewater

Wet fluorspar is first processed through a dryer to remove
essentially all of the water. The stearn and dust generated is
passed through a scrubber from which the wastewater is sent to
the gypsum neutralization tank. As shown in Table 12-6, the
cont~ibution of the spa~ d~ying wastewater is insignificant
compared to the total amount of process wastewater and hence can
be neglected. The data is taken from 30B-Questionnaire
responses.

G. Other Solid Wastes

The total solids generated from the process and the treatment
system consist of gypsum and the fluoride precipitated as calcium
fluoride. Table 12-7 gives the amount of suspended solids
generated from the process and the quantity of total suspended
solids generated at the wastewater treatment plant for the HF
plants visited in screening and verification. The data indicate
that the gypsum waste constitutes more than 95 percent of the
total solids produced. Table 12-8 gives the amount of gypsum
solids produced at different HF manufacturing facilities. The
data shows that 3.8 to 4.7 kg gypsum solids are produced per kg
of product.

Description of Plants Visited and Sampled

Screening

Plant 1705 was visited and process wastewater samples were collected
and analyzed for conventional, nonconventional and toxic pollutants.
The process used at this site is similar to the conventional HF
manufacturing process described earlier. The drip acid is sent to the
wastewater treatment facility and the gypsum produced from the reactor
is slurried with water and also sent to the treatment facility. The
wastewaters from the HF production facility are combined with aluminum
fluoride plant wastewaters. The combined raw wastewater is treated
with lime and sent to settling ponds before discharge. Figure 12-3
shows the general process and the locations of the sampling points.
Table 12-9 gives the flow data and the total suspended solids (TSS)
and fluoride emissions.

Verification

The same streams at Plant 1705 were sampled again in the verification
phase. The variation in the flow of the streams in the two sampling
phases was negligible. Table 12-10 gives the TSS and fluoride load
summary of the sampled streams.

Two more HF plants (Plant #251 and #167) were sampled in the
verification phase. The drip acid at both facilities is also sent to
the waste treatment plant and the hydrofluoric acid wastewaters are
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Tl\IllE 12-5. WlISTE F!OO m:M IlYDroFWORIC lICID MAl>lUFl\ClUIUNl PLl\Nl'S

FUM in m3/kkg of Hydrofluoric kid

Plants
soorce of

'251 (1) .987 (1) '705 (1)Waste water '753 '426 1120 .722 1167 .837

GypS.... Slurry 64.0 Dry IlA Dry Dry (1btal 122 (1btal 6.50
diSpOSal dispasal diSpOSal Recycle) Recycle)

Drip Acid 0.0490 0 0 0 0 0 IlA 0.0180 0

Scrubber 14.4 8.30 2.30 NA 0.624 (1btal 40.0 11.3 1.12
Waste Water Recycle)

'" *.... other 0.530 0.530 8.40 IlA 5.55 IlA 5.20 22.5 IlA
w

(1) Discontinued !IF production

IlA = Not Available

* Other does rot inclooe wastef.1cMs fran storm water rumff.



TABIE 12-6. EUM AND POLLUl'ICN CDN:EN1'RATICN DM'A OF SPAR DRYING
AND TOI'AL PROCESS WASTE: WATER roR PLl\Nl'S *251 AND
#837 PROlXx::ING HYDroFLOJRIC ACID

Plant

* 251

# 837

Total
Stream Flow Suspended Solids

Description (rn
3/kkg of HF) (kg/kkg of HF)

Spar dry:in:J 1.20 (1.8%) (l) 70.8 (1.8%) (ll
waste water

Total process waste 66.9 4000
water

Spar dry:in:J waste loll (1%) (l) 16.7 (0.5%) (1)

water

Total proress waste 114 3140
water

(1) NI.1IDer in parentheses is the percentage oontribution of a pollutant
paraueter of the spar dry:in:J waste water to that of the total
process waste water.

'mBLE 12-7. SOLID WASTE GENERATED Kr mE HYDROFLOORIC ACID PLI\Nl'S Sl\MPI.ED

Plant

*705(1)

#251 (1)

U67

Gypsun Solids Q:>:in:J To
Treatment Facility

(kg/kg of HF)

4.73

3.81

3.94

Total Solids Produoed
(kg/kg of HF)

4.78

NA

NA

(1) Disrontinred HF produc::tion.

NIl. = Not Available
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TABLE 12-8. GYPSlM SOLIOO PRODUCrrON IN THE HYDROFLUORIC ACID SUBCATEOORY

Kiln ResidlE Produced Kiln Residue
Plant (kg/kg of HF) DiSIX>saljrreat:ment Method

t837 3.86 S

#705 (1) 4.73 S

#167 3.94 S

#722 NA S

#120 NA D

#426 4.00 D

#987 (1) 4.13 D

#251 (1) 3.81 S

#753 NA S

4967 NA S

#928 NA S

S = Slurried with water and sent to waste water treatlt'ent facility.

D == Dry disposal.

NA == Not Available.

(1) = Discontinued HE' production.
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Hydrofluoric acid manufacture. .



TABLE 12-9. FI.CM AND POLLU'I2'NI' CDNCENI'RATION DATI', OF THE SM1PLED WASTE
S'I'BEAMS OF PU\N'r *705 PRODUCING HYDOOFLOORIC ACID ll)

Stream
No.

8aIrp1ed
Stream

Description·

Screenin:J Data (2)

Flow F100ride
(m3/kkg o£ HF) (kg/kkg of HF)

Total
Suspended
Solids

(kg/kkg of HF)

1

2

3

4

Kiln Slun:y

Scru!Xle:rWaste
Water

Surface Drains
Coolln:J Tower
B~

Treated Effluent

26.6

10.0

20.0

23.3(3)

15

9.6

6.9

1.6

4700

0.070

3.9

1.9

(1) This plant has discontinued the production of HF since the time of
sanplln:J.

(2) One 72-OOur corrposite saIIJl1e of each waste water stream.

(3) '!be discharged effluent consists of the treated waste waters fran
hydroflooric acid and aluminum flooride plants.
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combined with aluminum fluoride plant waste for treatment. In
addition to drip acid, Plant 1251 wastewater consists of scrubber
water, gypsum slurry, and plant area hose down. The treatment
consists of gypsum ponds where the suspended solids are removed. The
overflow from the last gypsum pond is neutralized and the pH adjusted
with wastes from other product lines. Figure 12-4 is a block diagram
of the process showing the sampling locations at Plant 1251.

At Plant #167, the major raw waste sources are the kiln waste slurry,
the absorber tails from the condensate (drip acid) recycle system, and
the ejector water which is used to quench the off-gases from the
absorber. All three of these waste streams are collected in a common
neutralization pit where lime slurry is added. The waste then flows
into a series of three lagoons for solids removal and final pH
adjustment prior to discharge. Most of the gypsum settles out in the
first lagoon and the overflow enters the second lagoon where
commingling with wastes from other processes takes place.
Verification sampling data from this plant were obtained from four
sampling points. These are: I) the kiln waste slurry, 2) the
absorber tails, 3) the ejector water, and 4) the effluent from the
first lagoon. The fourth sampling point is the last point at which
all wastewater originating in the HF plant can be intercepted.

Summary of the Toxic Pollutant Data

pollutants were found in the raw waste samples from HF
They were also verified at three other typical HF plants

B?T-- .treatment. No organic toxic pollutants were found at
levels.,\ The results were:

Eleven toxic
Plant 1705.
practicing
detectable

Waste Concentrations Observed
("g/l)

l Max imum\ Raw
\ I
\ '

POl~/ Screening
Plant 1705

Verification
Plants .705,

1251,1167

Copper
Lead
Selenium
Zinc
Antimony
Arsenic
Cadmium
Chromium
Mercury
Nickel
Thallium

770
5200

25
8100

70
10
2.0

73
2.0

150
5.5

600
200
230

11000
2800

160
60

1200
43

2000
63

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the Hydrofluoric Acid industry,
a total of 12 days of sampling were conducted at Plants # 70S, #251,
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TABLE 12-10. FI..CW AND POLLUTANT OJOCENmATION DATA OF THE SAMPLED WASTE S'I'REAMS
FOR PU\NI'S #705, #251, AND #167 PRODUC!NG HYDIDFLUORIC ACID

Verification Data (1)
'lbtal

Plant Stream ~led 3 Flow Flooride Suspended
rib. Stream (rn /kkg of HF) (kg'/kkg of HF) Solids

Description (kg,lkkg of HF)

#705(2) 1 Kiln Slurry 26.6 3.8 4700

2 Scrubber Waste 10.0 1.5 0.019
water

4 Surface Drains 20.0 3.4 4.0
Cooling TcMe.r
B1.cMdown

5 Treated Effluent 23.3 (3) 0.54 0.040

#251(2) 5 AHF Plant 1.20 1.9 0.26
Boseaa.m

6 S02 Scrubber 14.4 0.31 0.10

Waste

2 Gypsum Porn Inlet 84.7 58 3800

3 Gypsum Pond 84.7 27 0.80
OUtlet

#167 1 Kiln Sluny 122 4.9 170

2 Ejector & Absorber 25.0 14 0.36
Unit Wastes from
Kilns #1, #2, and
#4

3 Ejector & Absorber 14.6 20 0.41
Umt Wastes from
Kilns #5 and #6

4 Effluent fran 162 11 22
First Lagoon

(1) Three 24-bour eutp:)site sanp1es of each waste water stream.

(2) 'n1ese plants have ruN disoontinued their HE' production.

(3) Consists of the oombined flow from t¥drofluoric acid and aluminum
flooride plants.
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and #167. Sixteen different sampling points were involved covering
the raw waste source, the various raw waste streams, and the treated
effluents at these plants. The evaluation of toxic metal content of
these process related waste streams was based on 572 analytical data
points. The screening for toxic organic pollutants at ~lant #705
generated an additional 635 analytical data points. The daily raw
waste loads were calculated from the waste stream flow rates measured
or estimated at the time of sampling and the measured pollutant
concentration.

That is,

Daily loading (as kg of pollutant per day) = (C) (Q)
1000

where:

C is the concentration of the pollutant expressed in units of
mg/l (Note: kg/m' = 1000 mg/l), and

Q is the waste stream flow rate expressed in unit of m·/day.
(m', a cubic meter, is equal to 264.2 U.S. gallons)

Similarly, the unit loadings were
hydrofluoric acid production rate, the
measured pollutant concentration.

calculated from the reported
waste stream flow rate, and the

Unit loading ( as kg of pollutant =
per kkg of hydrofluoric acid)

(C)(Q)
1000 (P)

where C and Q are the same as described above,
hydrofluoric acid production rate expressed in units of
is 1000 kg, a metric ton, which is equal to 2205 lbs.)

and P is the
kkg/day. (kkg

The minimum, average, and maximum values are based on data from those
plants where the particular pollutant was found at concentrations
greater than the analytical detection limits and significant in that
it could conceivably be treated by an available treatment technology
regardless of economic considerations.

In Table 12-11, the toxic pollutant raw waste data are presented as
the average daily concentrations and the unit loading found at the
individual plants. The overall averages are also shown and were
subsequently used in the calculations of the average daily loadings
and the average unit loadings shown in Table 12-12 along with the
corresponding minimum and maximum values.

Based on the total annual production of this subcategory and the
average waste load generated per unit product, the estimated total
toxic pollutant raw waste loads generated each year for this
subcategory are as follows:
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Pollutant

Copper
Lead
Selenium
Zinc
Antimony
Arsenic
Cadmium
Chromium
Mercury
Nickel
Thallium

Pollution Abatement Options

Toxic Pollutants of Concern

waste Load (kg/year)

6600
10000

260
110000

8900
1400

79
4700

130
10000

840

Toxic pollutants in raw wastewaters and slurries typical of the HF
industry include the heavy metals often found as impurities in
fluorspar. These metals are zinc,lead, nickel, antimony, chromium,
arsenic, copper, and selenium. Raw wastewaters from plants practicing
dry disposal of kiln wastes may include some of the same heavy metals
in scrubber and area washdown wastes, but in considerably smaller
amounts, since the spent ore is hauled as a solid waste and bypasses
the wastewater treatment facilities. Although the fluorosulfonate
anion is found in HF wastes containing drip acid, organic compounds
are not anticipated in wastewaters from this industry. No toxic
organic pollutants were found at significant levels.

Process Modifications and Technology Transfer Options

A. Gypsum produced in the kiln can be disposed of as a solid waste
instead of being slurried with water and sent to the wastewater
treatment facility. The solids in this case are mixed with lime
and stored in piles on the land surface until alternative
disposal methods are found or the site abandoned. Although the
dry disposal method is labor intensive (involving transportation
and landfill operating cost), it has been found to be less
expensive due to the reduced initial capital requirement and
operating costs relative to the wet slurry method which requires
a more extensive system of pipes, pumps, and on-site
impoundments.

B. The use of soda ash in place of lime for neutralization has some
advantages. It eliminates or reduces the problem of scale
formation in the pipelines and scrubbers when the treated
wastewater is recycled. It offers a faster reaction time and
better control of pH than lime. Even though the cost of soda ash
is higher than lime, soda ash has been found overall to be a less
expensive alternative at some plants. One plant reported that a
combination of brine and soda ash has been found to present the
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TABLE 12-11. TOXIC roLLUT~ 'RAW WASTE Dl\.TA
= =:= = = =
SuaCATBGORY: ~OFLUORIC helD

(1)
~>Nerage naily Fbllutant Concentrations and wadings at Plants Sampled

(ns/1)
(kg/kkg of Anhydrous HF)

1705(5)

~timony 0.018
0.0010

~senic 0.051
0.0029

Cadmium 0.0014
0.000080

Chromium 0.062
0.0035

Copper O. 41
0.023

Lead 2.47
0.14

Mercury 0.00090
0.000050

Nickel 0.062
0.0035

Selenium 0.0070
0.00040

Thallium *
*

Zinc 4.0
0.23

t705(V)

0.010
0.00057

* ..~ ,

.*

0.0060
0.00034

0.26
0.015

0.26
0.015

0.044
0.0025

0.0053
0.00030

0.48
0.027

*
*

*
*
0.21
0.012

t2S1(V)

0.12
0.010

0.11
0.0091

*
*
0.47
0.040

0.12
0.010

0.059
0.0050

0.018
0.0015

1.18
0.10

0.017
0.0014

0.039
0.0033

0.28
0.024

1167 (V)

0.74
0.12

0.028
0.0046

0.0030
0.00047

0.074
0.012

0.32
0.051

0.0{j2
0.010

0.0010
0.00016

0.15
0.025

0.0074
0.0012

0.019
0.0030

8.2
1.3

Overall
Avet'aqe

0.22
0.033

0.0112
0.0055

0.0035
0.00030

0.22
0.018

0.29
0.025

0.66
0.039

0.0060
0.00050

0.47
0.039

0.011
0.0010

0.029
0.0032

3.2
0.41

5 - Screenin1 data from one 72-hour comp:>si te sample of
individual or combined raw waste streams.

V - Verification data from three 24-hour comfOsi te samples, averaged,
from each raw waste sampling .point.

* - concentration below significant level.
(1) The methodology of the sampling program is described in Section

5. I. 2, and section 12. 3.3 presents the scope of sa'tlpl ing in the
Hydrofluoric Acid industry.
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T1\BLE 12-12. S1M't~Y OF R1IW WASTE LQ.~1NGS FOOND IN
SCREENING AND VERIFICATION SAMPLING

SU8C11.TEGQRY: HYOROFUJORIC ACID

f\)l1utant

Daily
toadings
(kg/day)

Minimum Average Maximum

lhit
toadings lib. Of
(kg/kkg) Plants

Minimum Average Maximum Averaged*

Toxic

0.0021 0.057 0.21

0.0031 0:014 0.025

0.023 2.0

0.012 0.50

4

4

4

4

3

3

4

4

0.00057 0.034 0.12

0.00030 0.0055 0.0090

0.000077 0.00030 0.00047

0.0035 0.018 0.040

0.0096 0.025 0.051

0.0025 0.039 0.14

0.000050 0.00050 0.0015

0.00035 0.039 0.10

2.80

1.2

5.4

5.4

6.4

144.1

1.7

1.4

1.80.10

0.14

0.60

0.15

l'.rsenic

cadmium

Antimony

Copper

Lead

Nickel

O1romium

'-\~rcury

0.016 0.093 0.20Selenium

Thallium 0.16 0.31 0.45

0.00040 0.0010 0.0014

0.0030 0.0032 0.0033

3

2

Zinc 0.49 21 72 0.012 0.41 1.3 4

Conventional,", Nonconventional

190000 310000 520000TSS

Fluoride 13 2900 7900

3800

8.8

4200

34

4800

58

3

4

* Only those plants .tlere the pollutant was observed at i;reatab1e
levels were inclLrled.
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best alternative for operation of the recycle system at a minimum
cost. After the use of soda ash, the treated effluent water can
be totally recycled, either to the scrubber or to the kiln for
transportation water for the gypsum.

As the pH approaches 6, sodium in soda ash replaces calcium
present in the gypsum waste. This frees enough calcium ion to
precipitate fluoride as calcium fluoride. Where the scrubber
water is the predominant source of wastewater, the water has to
be treated first with enough lime to precipitate fluoride as
calcium fluoride. Soda ash can then be added to the supernatant
to precipitate calcium followed by neutralization with Hel to
reduce scaling problems.

C. Two out of a total of 11 plants manufacturing hydrofluoric acid
send the drip acid to the wastewater treatment facility. The
rest of the plants recycle it to the reactor. When discharged to
the waste treatment system, the fluorosulfonic acid does not
hydrolyze and leaves with the treated effluent as a complex
fluoride in soluble form. The total fluoride concentration of
the effluent will be higher for the plants discharging drip acid
compared to those which do not, after the same neutralization
treatment. The two plants discharging drip acid to waste looked
into the feasibility of returning it to the kiln, but because of
the unique design of the kilns, they found it to be economically
unattractive. Bench scale studies have shown that the drip acid
can be hydrolyzed to free the HF.

( 5 )

The two plants not returning the drip acid to the kiln should be
able to hydrolyze the material in a separate unit before
commingling it with other wastes, thus avoiding the treatability
problem associated with complex fluorides.

Best Management Practices

A. Runoff can be collected from raw material and product storage,
process, and impoundment areas. It should be treated with other
process waste at the wastewater treatment facility. Leachate and
permeate control needs to be practiced on the solid waste stored
in many plant premises as gypsum piles. There is a risk that
uncontrolled stockpiling may contaminate the local ground water.

B. Ponds designed for solids removal must be deep enough to have a
minimum of disturbance from wind and rain. In those areas where
the rainfall rate exceeds yearly evaporation, the collection of
runoff from raw material, product storage, process, and
impoundment areas may lead to serious water balance problems.
Recycle ponds would have to be designed to handle this excess
loading.
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Prevailing Control and Treatment Practices

Plant 4705 combines the hydrofluoric acid wastes, including the gypsum
slurry, with aluminum fluoride waste. The combined wastewater, after
neutralization, is sent to settling lagoons before discharge. This
plant was visited in both the screening and verification phases of the
project and a fuller description of waste treatment practice is given
above.

Plant 4837 combines the gypsum slurry and plant area hosedown
wastewater with the equipment washings, leaks, and spills etc. from
the aluminum fluoride plant and neutralizes them with lime. The
solids are removed in settling ponds before discharge. The wastewater
from scrubbers of both hydrofluoric acid and aluminum fluoride plants
is sent to an adjoining facility for use.

Plant 4251 also combines the hydrofluoric acid and aluminum fluoride
wastewater. The suspended solids in the combined wastewater are
removed in the gypsum ponds. The overflow from the gypsum ponds is
neutralized and the pH adjusted with the wastewater from other
products which are manufactured on the site. The plant is in the
process of installing a new proprietary treatment process to further
reduce the fluoride in its wastewaters.

Two plants, 4120 and 4987, dispose of the kiln residue as a solid
waste after lime addition. The wastewater in both cases is treated
with lime and the solids are separated; in one case in a clarifier
followed by a filtration, and in the other by lagooning.

At Plant 4167, the combined wastewater (including the gypsum) is
neutralized with lime and then settled in lagoons before discharge.

Plant 4722 practices complete recycle. The gypsum slurry, scrubber
water, and other wastewaters are combined and treated with soda ash
for neutralization. The neutralized solution is settled in lagoons
and then is recycled to the scrubbers and to the kiln to slurry the
gypsum.

Plant 4426 disposes of the gypsum solids from the
waste after lime addition. The scrubber water is used
product. The noncontact cooling water is neutralized
with caustic soda and settled before discharge.

kiln as a solid
to make another

when required

Advanced Treatment Technologies

Although alkaline precipitation, sulfide precipitation, the xanthate
process, and ion exchange might be applied to clarified solutions for
control of metal ions, only alkaline precipitation can be readily used
for slurried kiln wastes from HF production. Sulfide precipitation
from cleared solutions could be used to pro'/ide additional removal of
zinc, lead, nickel, and copper and to a le~ser extent, antimony.

286



Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT and BAT)

Neutralization with lime, used widely in the HF industry, is
shown as the BPT treatment, principally to control pH and the
nonconventional pollutant fluoride - which is precipitated as
calcium fluoride. Sufficient settled effluent may be reused
(0-35 percent) to transport kiln waste to the treatment facility
as a slurry, and the remainder is adjusted to a pH between 6 and
9 before discharge. The flow diagram is shown in Figure 12-5.
For BAT, 65 percent effluent reuse is incorporated into the Level
1 treatment system.

B. Level 2

Treatment is alkaline precipitation using additional lime and
close control of pH in second-stage neutralization, followed by
lagoon settling. Sufficient lagoon effluent is reused to
transport kiln waste to the treatment facility as a slurry and
the remainder is filtered to remove finely divided metal
hydroxides. The flow diagram is shown in Figure 12-6.

C. Level 3

It is assumed that 65 percent of the Level 2 effluent is reused
for transporting spent kiln"waste to the treatment facility. For
the remaining 35 percent, pH adjustment and sulfide precipitation
are used ahead of the Level 2 dual-media filter, to react with
residual lead, copper, nickel, zinc, and antimony which may not
have reached their optimum pH levels for alkaline precipitation.
The flow diagram for this treatment is shown in Figure 12-7.

D. Level 4

As an alternative to Level 2, Level 4 employs soda ash instead of
lime for neutralization, depending on the" spent ore to contain
enough calcium to precipitate calcium fluoride. Use of soda ash
permits increased effluent recycling without the scaling problems
associated with calcium sulfate. To control salinity and sodium
alkalinity, a final effluent blowdown of at least 10 percent of
the influent rate is maintained. The common heavy metals will be
precipitated as carbonates and hydroxides with varying degrees of
effectiveness at pH levels attainable with soda ash. The
effluent is filtered and adjusted to a pH between 6 and 9 before
dicharge or process recycling. (Figure 12-8.)

E. Level 5

Level 5 treatment is dry handling and off-site chemical landfill
for the kiln waste and two-stage alkaline precipitation with
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clarification and filtration for the liquid process wastes.
Heavy metal precipitation with soda ash permits partial recycling
for uses other than slurry transport. (Figure 12-9.)

Incremental cost and performance estimates for the alternativ~

levels of treatment and control were evaluated in detail as part
of the rule-making process which lead to the proposed regulations
(45 FR 49450, July 24, 1980). This material is presented in the
proposed Development Document (60).

Equipment for Different Treatment Levels

A. Equipment Functions

Level 1, typical of existing treatment facilities, utilizes very
little equipment, but depends on lime neutralization in settling
lagoons, with final pH adjustment.

In Level 2, conventional dual-media filtration is added to the
Level 1 system. In Level 3, standard reagent mixing and solution
feeding units are added to the Level 2 system. In Level 4, which
is an alternate to Level 2, the same type of chemical feed
equipment is used for soda ash as was used for lime in Level 2.
Conventional lagoons and dual-media filters are used in Level 4,
but special attention to selection of materials is required
because of the high salinity of recycled effluent. In Level 5,
dry kiln waste disposal is recommended with conventional dry
solids handling equipment. Lagoons, clarifiers, and filters are
used for scrubber, noncontact cooling, ,and other miscellaneous
liquid wastes. In this case, equipment for storing and handling
the dry kiln waste is not considered to be wastewater treatment,
and the cost is not included in the cost estimates.

B. Chemical Handling

Lime (as CaO) is the major chemical used in Levels 1 and 2, along
with minor amounts of hydrochloric acid for final pH adjustment.
With normal precautions, these chemicals pose no .special hazards.
In Level 3, ferrous sulfide is prepared on-site by mixing sodium
bisulfide and ferrous sulfate. Although sodium bisulfide can
release toxic HzS at pH levels .below 7, the hazard can be
mitigated by avoiding acid conditions and by providing adequate
ventilation. After mixing its components, the ferrous sulfide
solution is stable at the pH levels employed in the process. In
Level 4, only sodium carbonate and hydrochloric acid are used,
with no unusual safety hazards or special handling problems. In
Level 5, only lime, soda ash and hydrochloric acid are used,
introducing no special problems of safety or handling.

C. Separation and Removal of Solids

Solids are accumulated in unlined settling lagoons. In Level 4,
calcium fluoride will still precipitate in the lagoons but the
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Figure 12-7. level 3 waste water treatment for hydroflu:>ric acid subcategory.
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Treatment Cost Estimates

C. pH adjustment before final discharge.

concept was

to 4.1 kg/kg of HF
plants is assumed
kg of HF. Fluoride
indicated below:

planttreatment cost estimates, a model
The BPT model treatment consists of:
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Wastewater Pollutant Load

In the BAT treatment, 65 percent of the BPT treated effluent is reused
to transport kiln wash to the treatment facility as a slurry.

Wastewater Flow

The amount of kiln residue varies from 3.8
produced. The wastewater going to treatment model
to contain 3.8 kg of solid kiln residue per
emissions in wastewater have been shown to vary as

total sludge quantities will be less than in Levels 1, 2, and 3
where lime is used. Solids from Level 4 treatment will be
alkaline, ve~y saline, and difficult to consolidate. D~y solids
from the Level 5 model are not subjected to treatment, except for
nominal application of lime before hauling in dry form to an
approved chemical landfill.

The data in Table 12-4 for plants sending the gypsum solids to the
treatment facility indicate that the unit flow varies from
approximately 31.0 m3 /kkg of HF to 166 m~/kkg of HF. For the model
plants, a constant unit flow of 95.4 m3 /kkg of HF is assumed.

HF Production

A. Slurry transportation of kiln solids to an equalization basin.

It is assumed that drip acid is recycled to the process reactor and
does not appear directly in the waste stream.

In the HF subcategory, production ranges from a minimum of 7,300
kkg/year to a maximum of 62,000 kkg/year with a mean of 22,100
kkg/year and a median of 15,800 kkg/year. For wastewater treatment
cost estimates, three production levels were selected as model plants.
These are 19,100 kkg/year, 38,200 kkg/year, and 57,300 kkg/year.

To prepare
developed.

D. Scrubber, cooling, and distillation wastes enter the equalization
basin.

B. Application of lime to precipitate fluoride and toxic metals,
followed by lagoon settling.

General Discussion
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Source of Data

Reference 3
Reference 3
Screening and Verification
Phase Sampling
(Tables 12-9 and 12-10)

Fluoride, (kg/kkg)

20
37

3.8 to 58

For the model plants, the average fluoride loading from kiln wastes of
31 kg/kkg HF produced was used to establish treatment requirements and
related costs.

The costs shown at each level of treatment
plant BPT system (Levell) and the BAT
modify the existing BPT system to meet
removal requirements.

correspond to the model
system which may add to or
more stringent pollutant

Treatment costs at Levels 2, 3, 4, and 5 are given in the proposed
Development Document (60).

The estimated costs for three models having different production
levels are given in Tables 12-13, 12-14, and 12-15.· For these models,
both the hydraulic and the pollution loads per unit of production are
held constant over the entire range of production.

Table 12-16 presents a summary of the unit cost distribution between
amortization and operation and maintenance cost components at various
production rates and levels of treatment.

At the second level of treatment, the cost estimate is based on 65
percent of the wastewater flow being recirculated.

Model Plant Control Costs for Existing Sources

For the model plant control costs for existing sources at the BPT and
BAT levels of treatment, the disposal of the sludge is on-site and
hence the land requirements are fairly large. Chemicals, sludge
hauling, and disposal costs have a signficant impact on the total
annual costs.

Basis for Regulations

Evaluation of BPT Treatment Practices

Control and treatment practices for eleven plants producing HF are
presented in Table 12-17. Also indicated are other product-related
wastewater sources and pollutant loads discharged.
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It is clear from the table that a wide variation in effluent quality
exists within this subcategory. The factors believed to cause these
variations are the following:

A. Dry Residue Handling

The disposal of kiln waste by dry handling rather than slurrying
is practiced currently at three plants. This process eliminates
the major source of wastewater generated at most plants, greatly
reducing the raw waste loads to be treated. The only sources of
wastewater remaining are from air pollution control and washdown.

B. Effluent Reuse

Reuse of treated wastewater for slurry transport of kiln wastes
is commonly practiced to varying degrees and clearly has a major
effect on pollutant loads discharged. Although four plants do
not practice reuse, the fact that five plants do practice reuse
demonstrates that the practice is both technologically and
economically feasible.

C. Recycle of Condensables

Recycling of drip acid or condensable cooler bottoms reduces the
loading of fluoride in the treated effluent since the fluoride
species (fluorosulfonic acid) in this material is not removed by
conventional lime treatment. Only two plants do not recycle drip
acid.

D. Other Related Products

Most hydrofluoric acid plants also discharge wastes from related
products such as aluminum fluoride, fluorocarbons,
hexafluorosilicic and tetrafluoroboric acids to treatment. These
other product wastes can account for higher raw waste loadings
and increase the potential for complex fluorides formation and
can also impact treatment efficiency by diluting the raw waste.
In addition, commingling of other product wastes will limit the
percentage of reuse of the total plant treated effluent.

In addition to the above factors, the design and operation of the
treatment facilities affect the effluent quality. Solids removal
depends on retention time and surge capacity. Precipitation of
fluoride requires careful pH control and in areas of heavy
rainfall or winds, adequate freeboard or multiple ponds are
necessary to limit the discharge of high pollutant loads due to
unfavorable climatic conditions.

E. Pollutant Removal with BPT Treatment

Treatment level 1 is BPT in the Hydrofluoric Acid industry.
Table 12-18 presents a summary of long term effluent monitoring
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TABLE 12-13. M:)DEL PLANT TPEATMENT CCETS

SUbcategory
Produ~tlon

Hy~rofluoric acid
19,100 mp.tric tons p~r year

297

a R~presents the in~remental cost ~bove that for 8PT treatment
b Overhead and Profit

TOTAL ~NNUAl COST

7, SO 0

42,994

14,000
1,500

o
/j,831
2,049

o

11,880

11,114

15,000

212,27 8

s/j,OOO
14,000

514,800
130,472

li9,742
350,000

($)

8PT BAT
a

410,000 0
429,500 45,000

20,000 0

R59,500 45,000
128,925 tj,750

988,425 51,750
197,685 10,150

1,1811,110 ei2,10O
118, Ij 11 1j,210

1,104,721 68,310
1,020,000 0

2,324,721 fl8,310

1,170,014

1,182,292

..........................

..........................

.. .. ........... ..

Labor and supervision

Subtotal
La nd ..

TOTAL OPERATION AND
~AINTENANCE CO~T

Subtot~l ••••.••••••.••
Engineering •••.••••••••••.•

Taxes and insurance ••••••••
R~stdual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Subtotal ••••••••••••••
Contractor's 0 & pb•••••••••

Subtot<'ll
Contingencies

Energy ..
Chemic~ls ••••••••••••••••••
~ainten~nce ••••••••••.••..•

TOTAL INVESTMENT COST •••.••

Sit~ development •••••••••.•
Equi pme n t IiIo '

~onitoring equipment •••••••

A. INVEST~ENT COST

C. ~10RTIZATION OF
INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST



Subcat~gory

Production
Hydrofluoric a~i~

38,200 metric tons per ye~r

298

a R~presents the incr~ment~l cost above th~t for BPT tre~tment

b Overhead and Profit

TOT~L ~NNUAl COST

~q,414

7,500

55,702

17,2R9

14,000
3,100

o
10,t;~e;

1,113Q
o

15,000

~?2,57A

2.1.75,525

2,49Q,202

($)
B P'l' BA.'l'a

/35,000 0
551,500 /0,000

20,000 0

1,1(1),500 70,000
195,97 5 10,500

1,502,475 QO,500
100,495 1~,100

1,802,9/0 9'1,fiOO
180,297 9,~f;O

1,9131,2~7 10'l,2~0

1,940,000 0

3,923,2'l7 10",2150

51),000
19,500

1,0&;9,000
19~,127

1l"7, Ijgq
700,000

..................Subtotal

Labor and supervision

TOTAL OPER~TION ~ND

~AINTEN.l\NCE COST

SubtotAl •..•••••.•••••
L;=t nd .

Subtotal ._ .•••••.•.••.
fi" •
~ngln~erlng ••••••••••••••••

En~rgy ..
Chemic~ls ••••••••••••••••••
M~int~n~nc~ •••••.•••••••...
T~xes and insurance ••••••••
Residual waste disposal .•••
Monitoring, analysis

and reporting •••••••••••••

TOT~l INVESTMENT COST .•••••

Contingencies ••••••••••••••

Subtot~l .••.••.•••.•••
Contractor's 0 & ph •••••••••

Site development •••••••••••
Squ i pmen t .
Monitoring ~quipment •••••••

~. INVESTMENT COST

C. AMORTIZATION OF
I~VESTMENT COST

B. OPERAT10~ A~D

MAI~TENA~CE COST



TABLE 12-15. MJDEL PlANT TREA1MEN'1' OOSTS

Subcategory
Production

Hydrofluoric acid
57,300 metric tons per year

a Represents the incremental cost above that for 8PT treatment
b Overhend and Profit

56,000 14,000
28,000 4,~OO

1,604,000 0
303,296 15,180
177,689 4,554

1,050,000 0

15,000 7,500

3,233,985 45,834

($)
BPT BATa

1,050,000 0
928,000 100,000

20,000 0

1,998,000 100,000
299,700 15,000

2,297,700 115,000
459,540 23,000

2,757,240 138,000
275,724 13,800

3,032,964 151,800
2,890,000 a

5,922,964 151,800

24,698

70,532

493,463

3,727,449

TOTAL OPERATION AND
MAINTENANCE COST
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Labor and supervision ••••••
Energy ..•••.••.•...•.•••...
Chemicals •.•.•••.•.•.•.••.•
Maintenance .••••••.••••••••
Taxes and insurance ••••••••
Residual waste disposal .•••
Monitoring, analysis

and reporting •••••.•••••••

Subtotal •.•••• _•.••••.
Lan,d •••••••••••••• '" ••• '" • " •••

Subtotal .•••••••.•••••
Contingencies ••.•••..•••.••

Subtotal •••• b•••.•.•.•
Contractor's 0 & P •••••••••

TOTAL INVESTMENT COST ••••••

Subtotal ••••..•••.••••
Engineering ••••••••••••••••

Site development ••••....•.•
Equipment ••.•••••••.•.•••••
Monitoring equipment •••••••

TOTAL ANNUAL COST

B. OPERATION AND
MAINTENANCE COST

A. INVRSTMENT COST

C. AMORTIZATION OF
INVESTMENT COST



TABLE 12-16.MODEL PLANT UNIT TREATMENT COSTS

Subcategory Hydrofluoric acid

Annual Treatment Costs {$/kkgl

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg!yrl

BPT BAT*

----------------------------------------------------------------

Annual Operation
and Maintenance 19,100 61. 26 1.67

38,200 56.95 1.01
57,300 56.44 0.80

Annual
Amortization 19,100 11.11 0.58

38,200 8.45 0.45
57,300 8.61 0.43

Total Annual
Cost 19,100 72.37 2.25

38,200 65.40 1. 46
57,300 65.05 1. 23

*Represents the incremental cost above BPT
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data on total suspended solids (T55) and fluoride from four
plants. Means, standard deviations, and variability factors are
given where sufficient data are available. These performance
characteristics are later utilized for the development of the
regulations on T5S and fluoride.

The ability of BPT treatment to remove toxic pollutants can be
estimated by comparing the raw waste data presented in Table
12-11 with the corresponding treated effluent data presented in
Table 12-19. The latter expresses the removal efficiency as the
calculated average percent removal observed at these plants. The
BPT removal efficiency for some of the toxic metals is
undoubtedly augmented to some degree by the fact that the raw
waste may carry insoluble forms of the metals that were never
completely leached out of the ore. Removal of these forms would
take place simply by settling out; however, the effluent
concentrations of some metals such as chromium, nickel, and zinc
remain at concentrations higher than should be achievable by
alkaline precipitation. This suggests that these metals are
largely in solution coming into the treatment system and that the
optimum conditions for metal hydroxide formation were not being
attained at the time of sampling.

The original BPT limitations for this subcategory shown in Table
12-2 required zero pollutant discharge except during periods of
excess rainfall. Objections to the zero-discharge limitations
concerned the feasibility of using gypsum-saturated water for
reuse in the air pollution control scrubbers.

The" BPT wastewater control and treatment technology allows for
the discharge of process wastewater after appropriate treatment.
This technology is practiced widely in the industry and should
pose no technical problems. Implementation of BPT at all sites
in the industry will achieve the indicated pollutant discharge
levels.

The nine plants presently producing hydrofluoric acid all have
installed BPT treatment or the equivalent. At the time of
sampling, seven of the 11 plants operating were meeting the
proposed fluoride limitations and eight were meeting the proposed
TSS limitations according to the data available (60). Although
there was practically no long term monitoring data available to
support the additional proposed limitations on toxic metals, the
screening and verification data indicated that all three plants
sampled were meeting the proposed limitations on antimony,
copper, and lead, while two of the plants were meeting the
proposed zinc limitation and one plant was meeting the proposed
chromium and nickel limitations. With the limited amount of
toxic metal data, it was not possible to estimate compliance or
noncompliance on a statistical basis. The Agency has conducted
additional treatability studies (61) and has utilized the results
of this work in formulating the final regulations as described in
the following sections.

301



plant Product-Related
W...te water So..rces

Control and Tre..tsent
Technology Dlpl~

AIIIOUnt of
Treated

Waste Water
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in m' /IIetric ton

(qaJ./ltbor t tclr> I of
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Basis for BPT Effluent Limitations

A. Technology Basis

For BPT, the Agency is promulgating limitations for which the
technology basis is, or is equivalent to, equalization, lime
neutralization/alkaline precipitation, solids removal by settling
or thickening, final pH adjustment, and discharge of clarified
effluent. The in-house process recycling of the reactor
condensables (drip acid) is necessary to meet the fluoride
limitations.

B. Flow Basis

The reuse of treated wastewater to slurry kiln residues to the
treatment system is not required for meeting the BPT limitations.
BPT or its equivalent is practiced by all plants in this industry
including six which reuse, for slurrying residues, proportions of
their treated wastewater ranging from 30 to 100 percent of the
plant flow as shown in Tables 12-4 and 12-17.

The practice of reusing wastewater in this manner has two
opposing effects on the plant effluent:

1. A decrease in the net discharge unit flow rate (m 3 /kkg), and

2. An increase in the fluoride concentrations (mg/l).

As a result, the fluoride unit loading (kg/kkg) in the effluent
does not decrease as a direct proportion to the decrease in the
flow rate, but is partially offset due to the increase in
fluoride concentration as a function of percent reuse. The
relationship of percent water reuse to fluoride concentrations
and unit loadings is shown in Figure 12-10. The apparent reason
for the increase in fluoride concentration with reuse is a
calcium deficiency which may result from the buildup of sulfate
at plants where reuse is practiced. Other pollutants such as TSS
and metals would not be expected to exhibit similar concentration
offset effects in these systems.

It should be noted that while the practice of reusing wastewater
for kiln residue slurrying may be advantageous in some locations
with respect to alternative water supply costs, there is no
associated reduction in the hydraulic load, size, or cost of the
BPT treatment system itself.

The net result of water reuse is a moderate decrease in the
effluent fluoride loadings which is achieved at a small
additional annual cost of less than one percent of the estimated
BPT treatment systems cost (Tables 12-13, 12-14, and 12-15).

The model plant BPT treatment system is based on an inflow rate
of 95.4 m3 /kkg derived from the average of nine plants which
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TABLE 12-18. SU'+lARY OF ~ 'l'l!:RM~ mTA mM FOOR
(11

!f:llJl.~IC ACID PLANl'S

Treated Wilste IDad (l<-1/kk~) or (lb/lOOOlb)

(2)
St.Dev. vr

(51 (S'l
Plant

lob. Pl!lrameter

OeIilyD!ta
tonq Term
Ne.rage

(Xl

3O-lJIIy Jluerage D!lta
Lorq Term (2)

Jluer.age St.Dw. vr
(Xl (Sl

1664 FllXJride 0.10 0.090 0.77 4.5 0.10
TSS 0.29 0.27

'753 Fluoride 0.72 0.27 0.36 2.2 0.64
TSS 0.38

'722 FllXJride 0.81 0.52 0.59 3.3
TSS 0.54 0.37 0.62 3.5

(3)
'705 Fluoride 0.49

TSS 0.84

(l)

Balsed on R!lfs'C'enc:e 3 data.

0.040 1.7

0.15 1.4

0.22 1.7
0.37 1.7

(21
In the case :)f daily measurements, the variability factor. lIF.
fur !l l~mal distribution is foth! by the expression In(VF) '"
5' (Z - O.SS'), where S' is the estimated standard devhtlon of
the logarithm derived from the arithmetic -.Mt, X. <md the
arit!metic standard d~~ation, S. accordi~ to the relationship.
(S')2 '" In [t.o +(f-)2JW1en the value of Z is 2.33. the

variability factor for the 99 percentile is obtained.
For 30-day average measurements. a nomal distribution is
obtained and the variability factor is fom!! '::Jy the elI:Pf'ession,
W' '" 1.0 + z (t). W1en the value of Z is 1.64. the

variability factor is for the 95 percentile. Please refer to
Section ~. 2 for a tIlOre detailed discussion of the statistical ~lysis

of long term data.

(31
'ltho~h Plant nos daes n:)t recycle t.'le drip acid. the TSS
data is not adversely affected and is used as t.'le basis for
the 30-day average VF.

- Not Juailable.
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TABLE 12-19. TOXIC EOI.t.U'l'1\Nl' 1'REl\TED EFFWENl' tl\TA

SU6CATEGOR'l: H'!m<FUK!RtC N:1O

(ll
~vecage 1l!ily R>l1utant Concentcations and Loadings at Plants Sampled

~(kg/kkq 0 • ydrous HF)
(2)

Overall Avecage
.705 (S) ,705M r25lM tl.l57M A.veraqe % R..~ovat

MtilllOny <0.010 <0.0020 <0.17 0.047 <0.057 74
<0.00021 <0.000042 <0.017 0.012 <0.0073

!l>rsenl.c <0.0030 <0.010 <0.020 0.016 <0.012 ~l

<0.000063 <0.00021 <0.0020 0.0040 <0.0016

cadmium 0.00030 <0.0017 <0.0020 0.0087 <0.0032 9
0.0000060 <0.000035 <0.00020 0.0022 <0.00060 9

Chranium 0.014 <0.046 0.22 O.osa <0.083 62
0.00029 <0.00096 0.022 0.013 <0.0091

Copper 0.10 <0.020 0.070 0.060 <0.063 77
0.0021 <0.00042 0.0069 0.015 <0.0061

I8ad 0.0060 <0.022 <0.031 0.010 <0.017 97
0.00012 <0.00046 <0.0031 0.002~ <0.0015

'4ercury <0.00040 <0.00050 <0.0010 0.0065 <0.0020 67
<0.0000080 <0.000010 <0.00010 0.0017 <0.00044

Nickel O.osa <0.010 0.52 0.090 <0.17 64
0.0010 <0.00021 0.052 0.023 <0.019

selenium 0.033 <O.OOSO <0.071 0.010 <0.030 Effluent
0.00069 <0.00010 <0.0070 0.0026 <0.0025 '>tnfluent

'lhallium 0.0070 <0.0012 <0.0070 0.0030 <0.0045 85
0.00015 <0.000025 <0.00069 0.00069 <0.00039

Zinc 0.071 0.053 0.16 1.9 0.55 ~3

0.0015 0.0011 0.015 0.49 0.13

(5) Screening data from one 72-b;nlt" comp:lsi te sample of treated
effluent.

(V) Verification data from three 24-hour canp:lsite samples.
(1) The effluent data presented here corresponds to the caw waste

data shOIoll in Table 12-'1l. The methodology of the sampling
program is desc:ribed in Section 5.1.2. and the scope of
sampti~ in t.lote Hydroftooric Acid industry is described in
Section 12.3.3.

(2) \'ben averaging values indicated as -less than- «l, the
absol~ value ..s UHd and the t:esultinq average was indicated
as a -less t.1otan" value.
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handle the kiln residues in a slurry system as shown in Table
12-4. The treated effluent flow rate is 54.6 m3/kkg which is the
average effluent flow rate for the same nine plants and
corresponds to the reuse of about 43 percent of the flow for
residue slurrying and other uses.

C. Selection of Pollutants to be Regulated

The selection of pollutants for which specific numerical
limitations are promulgated is based on an evaluation
waste data from the screening and verification sampling
The following two major factors were considered:

effluent
of raw

program.

Raw waste pollutant concentrations - A tabular summary of maximum
raw waste concentrations is presented in Section 12. Data from
the one plant sampled for screening were used to determine the
need for verification sampling. The maximum concentrations found
during verification are also shown for comparison. For each
pollutant, the maximum concentration observed gave a preliminary
indication of its potential significance in the subcategory. On
this basis, the preliminary selection of candidates for
regulation included zinc, lead, antimony, nickel, chromium, and
copper in decreasing order of their apparent pollution potential.
These pollutants were observed at least once during the sampling
program at concentrations considered treatable in this industry
using one of the available technology options. The other metals,
chromium, thallium, and mercury exhibited maximum concentrations
that were considerably lower.

Total subcategory raw waste pollutant loadings Pollutant raw
waste loading data were used to evaluate the overall magnitude of
the pollution potential for the subcategory. Data from the
plants sampled are presented in Table 12-11 and the daily and
unit loadings are summarized in Table 12-12. This information,
coupled with the estimated total hydrofluoric acid production
rate of 261,800 kkg/year, yielded the approximate total annual
pollutant loading rates for the subcategory shown in Section 12.
This method of ranking the pollution potential of the observed
toxic metals confirmed the maximum concentration based ranking
and indicated that zinc, nickel, lead, antimony, copper, and
chromium were the six dominant toxic metals in terms of both
total mass loadings and treatable raw waste concentrations.

In view of the treatment technology already implemented in this
industry, the added BPT regulation of anyone of these pollutants
may provide assurance that all of the observed toxic metals would
receive adequate treatment and control. This includes taking
credit for incidential removal of metals which are either below
practical treatability limits or are not particularly amenable to
removal by alkaline precipitation methods. The latter includes
cadmium, selenium, thallium, and mercury. Based on the argument
provided in Section 8, the control of zinc and nickel, having the
highest loadings and concentrations in the wastewater, would
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#251 because the combined treatment of HF
the wastewaters from other major products
fluoride loadings in the large volume
fluoride at its minimum treatability

i 167 , #967, and
wastes along with
generated high
discharges with
concentration,

1. Conventional and nonconventional parameters

#705 because cooler bottom condensables (drip acids) are not
recycled back to the process but are added to the raw waste
contributing complex fluorides which tend to remain in
solution after lime treatment. TSS data are not affected.

Data from the remaining five plants are presented in Table
12-20 which summarizes the development of the regulations
for total suspended solids and fluoride. Since the BPT
level of treatment does not require the reuse of treated
wastewater for slurrying kiln residues, the performance of
Plant 1837 was used as the long term average unit loading
basis for the TSS and fluoride limitations. The variability
factors used for fluoride are based on the long term data
from Plants 4664 and #753 and those used for TSS are derived
from Plant 4722 for daily measurements and Plant #705 for
30-day average measurements as indicated in Table 12-20.

The maximum 30-day average TSS limitation was obtained by
multiplying the variability factor for 30-day averages from
Table 12-20 by the long term average waste load; i.e., 1.7 x
3.1 kg/kkg = 5.3 kg/kkg. Similarly, the 24-hour maximum TSS
limitation was obtained by multiplying the variability

b. TSS and Fluoride: The data presented in Tables 12-12 and
12-18 were used for the development of TSS and fluoride
limitations. However, because of the wide range of product
mixes, significant differences in residue handling,
wastewater treatment, reuse practices, and dilution with
other product waste streams, it was necessary to select only
those plants where the effect of aPT technology could be
clearly observed. The plants excluded are:

4426 and 1120 because kiln residues are handled as a dry
solid,

a. pH: The treated effluent is to be controlled within the
range of 6.0 to 9.0. This limitation is based on the data
presented in Appendix B of the proposed Development Document
(60) and the JRB Study (52).

effectively control the other toxic metals inUIe treatment
system. Thus, zinc and nickel were selected as the control
parameters of toxic pollutants for BPT regulations.

D. Basis of Pollutant Limitations
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factor for daily measurements by the long term average:
i.e., 3.5 x 3.1 kg/kkg = 11 kg/kkg. The same approach was
taken to obtain the fluoride limitations: i.e., 1.6x 1.8
kg/kkg = 2.9 kg/kkg for the maximum 30-day average, and 3.4
x 1.8 kg/kkg = 6.1 kg/kkg for the 24-hour maximum
limitation. These' computations are shown on Table 12-20 and
the BPT limitations are presented in Table 12-21.

The concentration basis (C) for each effluent is derived
from the relationship between concentration (C), flow (Q),
and unit loading,

C (as mg/l) = 1000 (L)
(Q)

where L is the effluent limitation expressed as a unit
loading in kg of pollutant per kkg of product (kg/kkg), and
Q is the flow rate expressed as cubic meters per kkg of
product (mJ/kkg). (Note: kg/m J = 1000 mg/l.)

Thus, the concentration basis for the maximum 3D-day average
TSS limitation is:

( 5 . 3 kg/kkg) x
(54.6 mJ/kkg)

(1000 mg/l) = 97 mg/l
(kg/m J )

and the concentrations basis for the 24-hour maximum
limitation is obtained by a similar calculation or simply by
applying the variability factor ratio, VFR, from Table 12-21
to the maximum 3D-day average concentration: that is:
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(VFR) (max. 30-day average concentration or loading)

= 24-hour maximum concentration or loading

(1000 rng/l) = 112 rng/l
(kg/m 3 )

(1000 mg/l) = 53 mg/l
(kg/m J )

and the 24-hour maximum fluoride concentration is 2.1 x 53
mg/l = 111 mg/l. (Note: due to rounding off, this value
differs just slightly from the value that appears in Table
12-21 which was obtained by calculating the concentration
directly from the 24-hour maximum limitation; i;e.,

In the same manner, the concentration basis for the maximum
3D-day average fluoride limitation is:

In either case, only two significant figures should be
taken. )

(2.9 kg/kkg) x
(54.6 mJ/kkg)

(6 . 1 kg/kkg) x
(54.6 mJ/kkg)



Performance evaluation and review of discharge quality has
been complicated by problems associated with chemical
analysis. Prior to July 1976, the methods generally used
fo~ the analysis of fluoride in industry were specific ion
electrode or colorimetry. These methods did not detect the
soluble complex fluoride species present in the wastewater.
The best method of total fluoride detection (free as well as
complex) is distillation followed by analysis using the
specific ion electrode. Using the distillation method, the
complex fluorides are hydrolyzed and the resulting HF is
carried over with the distillate along with any free HF in
the sample. Thus, the method of total fluoride analysis
used for effluent monitoring is capable of measuring free
fluoride and the fluoride present in the form of complex
ions which are not removed by lime treatment. Monitoring
data on effluent fluoride levels using the revised method
are likely to be higher than the levels previously reported
under the same treatment conditions.

2. Toxic pollutants

The effluent limitations set for the selected toxic
pollutant control parameters are derived from three sources
of information. These are 1) screening and verification
sampling data, 2) literature based treatability estimates
(Section 8), and 3) a limited amount of long-term monitoring
data from Plant 1251.

The sampling results represent plant performance observed
during three days of sampling at each of the plants. The
treated effluent data on the toxic pollutants found at
significant levels are summarized in Table 12-19. The
average values shown for each pollutant are interpreted as
being approximately equal to a long-term average unless
there is some reason to believe that abnormal conditions
existed either in the process operation or in the treatment
system at the time of sampling. Abnormal conditions would
dictate that high values should either be" excluded or
regarded as daily maxima rather than monthly averages. For
this subcategory, the screening and verification data are
believed to represent normal influent and effluent values at
the plants sampled.

For a number of metal pollutants, the s~mpling data
demonstrate that the effluent quality and percent removal
with full scale BPT systems are considerably better than the
literature treatability data in Section 8 would indicate for
that particular technology. For example, even though
arsenic, cadmium, mercury, and thallium average influent
concentrations are well below the accepted treatability
limits for lime/settling shown in Table 8-11, greater than
60 percent removals were observed for all but cadmium as is
shown in Table 12-19. This high degree of incidental
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TABLE 12-20. DEVELOPMENT OF TSS AND FLUORIDE LIMITATIONS

Long Term Average
Waste Load Discharged

Reuse Fluoride TSS
Plant (percent) (kg/kkg of HF) (kg/kkg of HF)

#837 0 1.8 3.1

#753 65 ~.72 0.38

1928 83 1.0 1.7

1722 92 0.81 0.54

'664 94 0.10 0.29

Variability Factor for
Daily Measurements

3.5(5)

1.6 (1)Variability Factor for
30-Day Averages

Variability Factor Ratio (VFR) 3.4/1.6 = 2.1 (2) (2)
3.5/1. 7 = 2.1
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NA - Not Applicable
(1) Variability factor average of Plants 1664,#722 and #:753 from Table 12-18.
(2) Ratio of the daily (24-hr). variability factor to the 30-day

average variability factor. This value appears on the Proposed
Limitations tables.

(3) The long term average loading in kgjkkg multiplied. by the
variabiHty factor for daily measurements as shown.

(4) The long term average loading in kg/kkg rrultiplied by the
variability factor for 30-day measurements as_?hown.

(5) Variability factor from Plant 1722, Table 12-18.
{6} Variability factor from Plant 1705, Table 12-18.

Effluent Limitations for BPr
(from. Plant 1837) (3)
a. Dally Max 3.4 X 1.8 kg/kkg = 6.1(4}
b. Max 3a-Day Avg 1.6 X 1.8 kg/kkg = 2.9

NA
NA

(3)
3.5 X 3.1 kg/kkg = 11 (4)
1.7 X 3.1 kg/kkg = 5.3

(3)
kgjkkg = 3.4 (4)
kgjkkg = 1.6

Effluent Limitations for ~T
(fran Plant #928)

a. Daily Max 3.4 X 1.0
b. Max 30-Day Avg 1.6 X 1.0



Table 12-21. Effluent Limitations
Hydrof1mric Acid

Best Practicable Control Tec:hzx)logy Currently Available
Waste Water FlcM: 54.6 m3jkkg of HF (43% Reuse) *

Max
30-day 24-hr
Avg Max

Effluent Limit
(kg/kkg of HF)

Max
3O-day 24-hr
Avg Max

Concentration Basis
VFR(1) (Irq/I)

~----

stbcategory
Perfornarx:e

(ng,Il)
Pollutant

Conventional and
~tionaI
Pollutants:

TotalSuspended
Solids

Flmride

57(2)

33(2)

3.5/1. 7

3.4/1.6

97

53

200

110

5.3

2.9

11

6.1

Toxic Pollutants:

AntinDny

Arsenic

Chraniun

Lead

Nickel

Selenium

Zinc

0.80 (3)

0.50 (3)

0.32(3)

0.32 (3)

0.13 (3)

0.17(4)

0.20 (3)

0.55(4)

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

0.96

0.60

0.38

0.38

0.16

0.20

0.24

3.1

2.0

1.3

1.3

0.51

0.66

0.78

2.2

(5)

(5)

(5)

(5)

(5)

0.011

(5)

0.036

(5)

(5)

(5)

(5)

(5)

0.036

(5)

0.12

(1) - VFR: ratio of the 24-hour variability factor to the 3O-day variability
factor.

(2) - long tenn average based on loading data and variability factors selected
from Table 12-18.

(3) - The lower limit of the literature tre3.tability estiIIate (Table 8-11) and
industrial waste water treat:Ioont systan performance (Table 8-12) are used
as the basis for the long term average \'ben the dJserved average of the
sarrp1.in:J data is below this level.

(4) - Average effluent concentration fran screening and verification sanpling
data.

(5) - No effluent limitation required.
* - Fran Table 12-4.
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removal supports the contention that by applying effluent
limitations just to the dominant metal pollutant(s},
effective control of the other metals will also be assured.

In Table 12-21, the concentration bases for the BPT
limitations are derived from the averaged effluent sampling
data unless the observed pollutant concentration is actually
below the literature treatability level. In some cases, the
lowest applicable treatability level from Table 8-11 is
used. This approach results in the setting of achievable
effluent limitations for all of the pollutants of concern
and provides for the possibility of wider variations in the
influent quality. Such variations may be associated with
different fluorspar impurity levels or other process
variables not fully taken into account by the limited data
obtained.

The basis for the BPT limitations on the control metals,
zinc and nickel is given below. For the other toxic metals,
the concentration bases are derived below and are intended
to serve as guidance in cases where these pollutants are
found to be of serious concern.

a. Zinc

The raw waste concentrations of zinc ranged as high as
11.3 mg/l (Section 12, Table of Maximum Concentrations
Observed) and averaged about 3.2 mg/l (Table 12-11) for
the plants sampled. BPT treatment achieved an average
removal of better than 80 percent with an average
performance concentration of about 0.55 mg/l in the
treated effluent shown in Table 12-19. This level of
performance approximately equals that obtained from the
literature treatability data in Table 8-11. The
average performance value is used as the concentration
basis for the proposed maximum 30-day average effluent
limitation of 0.036 kg/kkg using the model plant flow
of 54.6 m3 /kkg (Table 12-4). This limitation was
achieved by all but one of the plants sampled. Using
the model plant flow of 54.6 m3 /kkg from Table 12-15,
the limitation was calculated as follows:

(0.66 rng/l)(54.6 m3 /kkg) ( kg/rn 3 ) = 0.036 kg/kkg
(1000 mg/l)

where 0.66 is the maximum 3D-day average concentration
calculated by multiplying the average concentration
(O.55) by the 30-day variability factor, 1.2:

(0.55 mg/I)(l .2) = 0.66 mg/l
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Since the long term monitori~g data on zinc are not
available from the HF industry, the variability factor
ratio (VFR) of 3.3 was derived from the nickel sulfate
industry data. The same VFR was used for the other
toxic metals in the HF effluent. This is supported by
the fact that nickel is a dominant toxic metal in the
HF pio~ess wastewater, and is assumed to have equal or
better performance characteristics compared wi th "the
wastewater from the nickel sulfate industry. Thus,

VFR = VF of daily measurements = 3.9
VF of 3D-day averages 1.2
= 3.3

and the 24-hour maximum limitation for zinc is:

(3.3) (0.036 kg/klcg') =< 0.12 kg/kkg~

The effluent limitations on zinc and the other meta~ls

of concern are given in Table 12-21.

b. Nickel

The sampling data indicate better than 60 percent BPT
removal of nickel resulting in an average effluent
quality of about 0.17 mg/l. Using a monthly
variability factor of 1.2, a value of 0.20 mg/l is used
as the concentration basis for the maximum 30-day
average effluent limitation of 0.011 kg/kkg. A VFR of
3.3 was used following the same rationale described for
zinc. Thus, the maximum 30-day average limitation is:

(0.20 mg/l)(54.6 m3 /kkg) ( kg/m.l ) = 0.011 kg/kkg
(1000 rng/l)

and the 24-hour maximum limitation is:

(3.3) (0.011 kg/kkg) = 0.036 kg/kkg.

c. Lead

The observed average raw waste concentration of lead
(0.66 mg/l) was not far above the 0.13 mg/l estimated
long term average treatability according to industry's
performance data in Table 8-12. Using a monthly
variability factor of 1.2, the concentration basis for
the maximum 3D-day average is:

(1.2) (0.13 mg/l) = 0.16 mg/l

Based on a 24-hour variability factor of 3.9, the
concentration basis for the 24-hour maximum is:
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(3.9) (0.13 mg/l) = 0.51 mg/l

No effluent limitation is set for lead.

d. Antimony

According to literature treatability data (Table 8-11),
the lower limit of treatability for antimony is 0.80
mg/l as a long term average. Based on VFR of 3.9/1.2,
the concentration basis for the maximum 3D-day average
is:

(1.2) (0.80 mg/I) = 0.96 mg/l

and the concentration basis for the 24-hour maximum is:

(3.9) (0.80 mg/l) ~ 3.1 mg/l

No effluent limitation is set for antimong.

e. Copper: with 0.32 mg/l as the average treatability for
copper (Tabl~ 8-12), the concentration basis for the
maximum 30-day average is:

( 1 • 2 ) (0. 32 mg!l) = O. 38 mg/l

and the concentration basis for the 24-hour maximum is:

( 3. 9) (0 . 32 mg/I) = 1. 25 mg/l

No effluent. limitation is set for copper.

f. Chromium: Similar to copper, an average treatability of
0.32 mg/l is used for chromium. The concentration for
the maximum 30-day average is:

(lo2) (O.32 mg/I) = 0.38 mg/l

and the concentration basis for the 24-hour maximum is:

(3.9) (0.32 mg/l) = 1.3 mg/}

No effluent limitation is set fcr chromium.

g. Other Metals

The concentration bases for arsenic and selenium are
also presented in Table 12-21.
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Basis for BCT Effluent Limitation

EPA has determined that the BAT technology for this subcategory is
capable of removing significant amounts of conventional pollutants.
However, EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned earlier. Thus, it is not now possible to apply the
BCT cost test to this technology option. Accordingly, EPA is
deferring a decision on the appropriate BCT limitations until EPA
proposes the revised BCT methodology. However, the Agency has
calculated the TSS loading based on the estimated performance of BAT
treatment, and the cost of the additional TSS removal. As described
in Section 3, this cost was calculated to be $0.32 per pound of TSS
removed.

By adjusting the loading to account for the decrease in effluent flow
rate from BPT (54.6 m3 /kkg) to BAT (33.4 m3 /kkg), the TSS maximum
30-day average effluent loading becomes:

{5.3 kg/kkg} x {33.4 m3 /kkg} = 3.2 kg/kkg
(54.6 m3 /kkg)

The corresponding 24-hour maximum effluent loading is then obtained by
applying the VFR value of 2.1 {Table 12-21}. That is:

(2.1 )(3.2 kg/kkg) = 6.7 kg/kkg

Basis for BAT Effluent Limitations

A. The Application of Advanced Level Treatment

utilizing the cost estimates presented in this report, the Agency
has analyzed the cost effectiveness of the base level systems
(BPT) and the various advanced level options for conventional,
nonconventional and toxic pollutant removal. The economic
impacts on the Hydrofluoric Acid industry have been evaluated in
detail (53) and taken into consideration in the selection of the
technology basis for the BAT regulations.

For BAT, the Agency is promulgating limitations based on
treatment consisting of Level 1 technology. The Agency
considered the use of treatment Level 2 (addition of a dual-media
filter) but did not adopt it because the installation of the
filter is not cost effective in the removal of TSS, fluorides and
toxic metals. In addition, the use of treatment Level 3
(addition of sulfide precipitation) was considered but rejected
due to lack of performance data. EPA also considered Level 4, a
variation of Level 2, that would substitute soda ash in the lime
precipitation step and allow 90 percent recycle of effluent.
This option was rejected due to being prohibitively expensive.
Pollutants limited by the final BAT regulation are fluoride,
nickel, and zinc.
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B. Technology Basis

For BAT, the Agency is setting the effluent limitations on
fluoride and the toxic metals based on the BPT treatment system,
coupled with the requirement of at least 65 percent effluent
reuse for kiln residue slurrying.

In Section 7.0 "Hydrofluoric Acid Subcategory" of EPA's
Treatability Studies for the Inorganic Chemicals Manufacturing
Point Source Subcategory (EPA 440/1-80/103) (61), the conclusion
states:

"A major conclusion that can be drawn from this study is that the
addition of dual-media filtration after alkaline precipitation
and settling is not particularly effective for the reduction of
final TSS and total fluoride concentrations. Further, dual-media
filtration does not appear to be justified on the basis of
additional toxic metal removal judging by the results presented
in Table 7-3."

A summary of the filter removal efficiencies for the pollutants
selected for the treatability study is given in Table 12-22.

The minimum reuse rate of 65 percent was selected because it is
typical of the five plants (Plants 4167, 4753, 1928, 4 664, and t
722) which presently practice reuse as is shown in Table 12-4.

C. Flow Basis

With the model plant inflow rate of 95.4 m3 /kkg and the reuse of
65 percent of the treated effluent, the quantity discharged is
33.4 m3 /kkg; i.e., (1.00 -0.65)(95.4 m3 /kkg) = 33.4 m3 /kkg.

D. Selection of Pollutants to be Regulated

For the BAT regulations, the Agency has selected fluoride and the
same two toxic metals identified in the BPT regulations. The
rationale for their selection is discussed above.

E. Basis of Pollutant Limitations

1 . Nonconventional pollutants

The only nonconventional pollutant found in the wastewater
in this subcategory is fluoride. The limitation for BAT is
based on the performance of the four plants shown in Table
12-20 that presently reuse at least 65 percent of their
treated effluent. The long term average effluent loading
taken from Table 12-22 is 1.0 kg/kkg for Plant 4928, since
the percent reuse for this plant is inte~mediate in range
for the th~ee plants considered for BAT (Plants *753, # 928,
and *722). Plant *664 is excluded from consideration for
BAT because the high degree of recycle practiced requires
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the extensive use of soda ash. The use of this performance
in conjunction with the 3D-day average variability factor of
1.6 and the model plant net discharge rate of 33.4 m3 /kkg
results in a calculated maximum 3D-day average concentration
of 50 mg/l total fluoride. Thus, the maximum 3D-day average
limitation is:

(1.6)(1.0 kg/kkg) = 1.6 kg/kkg

and its concentration basis is:

( 1.6 kg/kkg) x 1000 mg/l = 50 mg/l
(33.4 m3 /kkg) (kg/m 3 )

This represents a six percent reduction in fluoride
concentration in going from BPT (43 percent reuse) to BAT
(65 percent reuse). The use of a fixed loading limitation
allows the permissible concentration to increase as a
function of percent reuse. The 24-hour maximum limitation
on fluoride is obtained by utilizing the long term average
and variability factor for daily measurements,

(3.4)(1.0 kg/kkg) = 3.4 kg/kkg

and the concentration basis is:

(3.4 kg/kkg) K (1000 mg/l) = 100-mq/l
(33.4 m3 /kkg) (kg/m 3 )

The variability factors used for the BAT limitations on
fluoride are the same as for BPT shown in Table 12-20. The
BAT limitations for the Hydrofluoric Acid Subcategory are
presented in Table 12-23.

i. Toxic pollutants

For BAT regulations, the EPA is proposing more stringent
controls on the discharge of the two toxic metals of concern
on the basis of a reduced volume of discharge. Alkaline
precipitation converts most of the dissolved metals into
less toxic, insoluble forms such as-hydroxides and hydrated
oxides. Other mechanisms of removal including
coprecipitation and flocculation are undoubtly involved
during the treatment process and probably account for a
substantial portion of the removal of certain toxic metals.

The bases for the BAT limitation on the two control metals,
zinc and nickel, are given below. The concentration bases
of other metals are derived below and are intended to serve
as guidance in cases where these pOllutants are found to be
of serious concern.

a. Zinc
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TABLE 12-22. &M1ARY OF a::.NCENl'RATIONS AND FILTER REM:>VAL EFFICIENCIES
OF POLLUI'AN1'S SELECrED FOR STUDY IN THE HYDROTID:>RIC ACID
stlBCATEOORY

Total Total Total Free Total
O1rani.un Zinc Nickel F100ride F100rid: TSS

Average raM 0.30 1.09 1.23 219.8 3315
waste a:mcentration
(ng/1)

Average supernatant 0.073 0.10 0.46 45.9 116 333
ooncentration
(ng/l,)

Average filter 0.067 0.05 0.41 42.2 91 134
effluent concentra-
tion (rcg/1)

Average filter 6 36 17 6 20 53
rem:>Va1 efficiency
(%)
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The same value of 0.55 mg/l used for BPT is used as the
treatability limit for zinc. As in the BPT
regulations, a variability factor ratio (VFR) of
3.9/1.2 was used for zinc and the other metals in
setting the BAT limitations and concentration bases.
Thus, the concentration basis for the maximum 3D-day
average effluent limitation is:

( 1 . 2 ) ( 0 . 55 mg/l) = O. 66 mg/l

and the maximum 30-day average effluent limitation is:

(0.66 mg/l) (33.4 m3 /kg) (kg/m 3 ) = 0.022 kg/kkg
(1000 mg/l)

The concentration
limitation is:

basis for the 24-hour maximum

(3.9) (0.55 mg/l) = 2.2 mg/l

and the 24-hour maximum limitation is:

(2. 15 mg/l) (33.4 m3 /kkg) ( kg/m 3 ) = 0.022 kg/kkg
(1000 mg/l)

This represents an overall reduction of 40 percent from
the BPT loading limitation. The BAT limitations on
zinc and nickel are included in Table 12-23.

b. Nickel

The same value of 0.17 mg/l used for BPT is used as the
treatability limit for nickel. The concentration basis
for the maximum 30-day average effluent limitation is:

(1.2) (0.17 mg/I) = 0.20 mg/l

and the maximum 30-day average effluent limitation is:

(0.20 mg/l) (33.4 m3 /kkg) ( kg/m 3 ) = 0.0060 kg/kkg
(1000 mg/l)

The concentration basis for the
limitation is:

(3.9) (0.17 mg/l) ~ 0.66 mg/l

24-hour maximum

and the 24-hour maximum effluent limitation is:

(0.66 mg/l) (33.4 m3 /kkg) ( kg/m 3 ) = 0.20 kg/kkg
(1000 mg/I)
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TABLE 12-23. EFFLUENT LIM.ITATIONS
HYDROFLUORIC ACID

Best Available Technology
Wastewater Flow: 33.4 m3/kkg of HF (65% Reuse)*

Concentration Basis Effluent Limit
(mg/l) (kg/kkg of HF)

Max. Max
Treatability VFR( 1) 3D-day 24-hr. 3D-day 24-hr.

Pollutant (mg/l) Avg. Max. Avg. Max.

Notl.con.ventional
Pollutants:

Fluoride, F 31 (2) 3.4/1.6 50 100 1.6 3.4

Toxic Pollutants:

Antimony 0.80 3.9/1.2 0.96 3.1 __ (3) __ (3)

Arsenic 0.50 3.9/1.2 0.60 2.0
__ (3) __ (3)

Chromium 0.32 3.9/1.2 0.38 1.3
__ (3) __ (3)

copper 0.32 3.9/1. 2 0.38 1.3
__ (3) __ (3)

Lead 0.13 3.9/1.2 0.16 0.51 __ (3) __ (3)

Nickel 0.17 3.9/1. 2 0.20 0.66 0.0060 0.020
Seler.iwn 0.20 3.9/1.2 0.24 0.78

__ (3) __ (3)

Zinc 0.55 3.9/1.2 0.66 2.2 0.022 0.072

(1)

(2)

(3 )

""

VFR: ratio of the 24-hour variability factor to the 30-day variability
factor.

3D-day average calculated for the model plant based on data in Table 12-20.

No effluent limitations.

The effluent flow rate is 35 percent of the average influent shown in
Table 12-4 (i.e., 0.35 X 95.4 m3/kkg = 33.4 m3/kkg).
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This represents an overall 44 percent decrease from the
corresponding BPT level.

c. Lead

Using a treat~bility limit of 0.13 mg/l for lead, the
maximum 3D-day average concentration basis is:

( 1. 2) (0. 13 mg/l) = 0.16 mg/l

The 24-hour maximum concentration basis is:

(3.9) (0.13 mg/l) = 0.51 mg/l

No effluent limitation is set for lead.

d. Antimony

Using a treatability limit of 0.80 mg/l for antimony,
the maximum 30-day average concentration basis is:

( 1 • 2) ( 0 • 8 mg/l) = O. 96 mg/l

The 24-hour maximum concentration basis is:

( 3 . 9) ( O. B mg/l) = 3. 1 mg/l

No effluent limitation is set for antimony.

e. Copper

Using a treatability limit of 0.32 mg/l for copper, the
maximum 30-day average concentration basis is:

(1.2) (0.32 mg/I) = 0.38 mg/l

The 24-hour maximum concentration basis is:

(3.9) (0.32 mg/l) = 1.3 mg/l

No effluent limitation is set for cooper

f. Chromium.

Using a treatability limit of 0.32 mg/l for chromium,
the maximum 3D-day average concentration basis is:

( 1.2) (0.32 mg/I) == 0.38 mg/l

The 24-hour maximum concentration basis is:
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(3.9) (0.32 mg/l) = 1.3 mg/l

No effluent limitation is set for chromium.

g. Other Metals

The concentration bases for arsenic and selenium are
also given in Table 12-23.

Basis for the New Source Performance Standards

BAT was selected as the basis for NSPS limitations. The pollutants to
be controlled for NSPS are pH, total suspended solids, fluorides,
nickel and zinc. The NSPS limitations are given in Table 12-24.

In addition to the toxic pollutants controlled by the BAT, a total
suspended solids limitation was developed for NSPS. Based on the data
in Table 12-20, a long term average of 1.7 kg/kkg (Plant #928) was
used for the TSS. The variability factor ratio (VFR) used is 2.1,

3.5 = 2.1
T:7

Thus, the 24-hour maximum effluent limitation for TSS is:

(3.5) (1.7 kg/kkg) = 6.0 kg/kkg HF

The maximum 3D-day average limitation for TSS is:

(1.7) (1.7 kg/kkg) = 3.0 kg/kkg HF

Basis for the Pretreatment Standards

A. Existing Sources

The Agency is not promulgating PSES because there
dischargers in the subcategory. Instead, we are
subcategory from categorical PSES under the
paragraph 8(b) of the Settlement Agreement.

B. New Sources

are no indirect
excluding the
provisions of

For Pretreatment Standards for New Sources (PSNS), the Agency is
setting limitations equal to NSPS because NSPS provides better
removal of nickel and zinc than is achieved by a well-operated
POTW with secondary treatment installed and therefore these
pollutants would pass through a POTW in the absence of
pretreatment. The pollutants to be regulated are fluoride,
nickel, and zinc as indicated in Table 12-24.
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Table 12-24. Effluent Limitations
Hydroflteric Acid

New' Source Perfoxma.nce Standards t
Waste Water FlcM: 33.4 m3/kkg of HE' (65% Reuse) *

Pollutant Treatability
(rng/l)

Concentration Basis

VFR(1) (_ll"g_:/_1) _

Max
3O-day 24-hr
Avg Max

Effluent Limit
(kg/kkg of HF)

Max
30-day 24-hr
Avg Max

Conventional and
libna:>nventional
Pollutants :

TotalSuspended
SOlids, TSS

F1mride, F(2)

53

31(3)

3.5/1.7

3.4/1.6

90

so

180

100

3.0

1.6

6.0

3.4

TOxic Pollutants:

0.022 0.072

_ (4) (4)

(4)

(4)

(4)

(4)

(4)

(4)

(4)

(4)

0.0060 0.020

(4) (4)

3.1

2.0

1.3

1.3

0.51

0.66

0.78

2.2

0.96

0.60

0.38

0.38

0.16

0.20

0.24

0.66

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

3.9/1.2

0.32

0.32

0.80

0.50

0.13

0.17

.0.20

0.55

Chranium

Lead

Nickel (2)

Arsenic

Selenium

Zinc (2)

(1) - VFR: ratio of the 24-hour variability factor to the 3O-day variability
factDr.

(2) - Also applicable for PSFS lirni.tations.

(3) - 3D-day average calculated for the nodel plant based on the data in
Table 12-20.

(4) - No effluent limitation.

* - The effluent flcM rate is 35~t of the average influent shown in
Table U-4 (i.e., 0.35 X 95.4 m3/kkg = 33.4 m3/kkg) •

t - This table is also applicable to the PSNS effluent limitations except
for the '!'SS limitation.
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SECTION 13

HYDROGEN PEROXIDE INDUSTRY

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT, NSPS, or pretreatment regulations for the Hydrogen
Peroxide Subcategory using either the electrolytic process or the
organic process.

The bases for this exclusion are: 1) only one plant exists that
manufactures hydrogen peroxide using the electrolytic process and 2)
no toxic pollutants were found in the wastes using the organic
process. Therefore, this subcategory is excluded under Paragraph 8 of
the Settlement Agreement.

Assessment of the Water Pollution Potential

Production Processes and Effluents

In the electrolytic process, ammonium (or other) bisulfate solution is
electrolyzed, yielding ammonium persulfate at the anode and hydrogen
gas at the cathode. The persulfate is then reacted with water to
yield hydrogen peroxide and original bisulfate. Hydrogen peroxide is
·separated from bisulfate by fractionation, after which it is
concentrated and filtered. The only waste is a stream of condensate
from the fractionation condenser.

The organic process involves the reduction of alkylanthraquinone by
hydrogen over a supported metal catalyst to produce the corresponding
alkylhydroanthraquinone. The reacted mixture is oxidized to form
hydrogen peroxide and original alkylanthraquinone. The peroxide is
extracted with water and the organic material in the solvent is
recycled to the process. Since the manufacture of hydrogen peroxide
by the organic process consists of a series of exothermic chemical
reactions,- the bulk of the water usage is for process cooling (contact
and noncontact). Noncontact cooling accounts for over 90 percent of
the total water usage in this subcategory. The wastewater sources
include contact cooling (barometric-condenser) water, purification
washing of the organic working solutions, regeneration waste from the
deionizers, and leaks and spills.

Plants

Only one plant exists in the United States that manufactures
peroxide using the electrolytic process. The hydrogen
subcategory profile data received in response to Section 308
is given in Table 13-1.
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TABLE 13-1

'lbta1 subcatego:ry capacity rate

Total subcatego:ry producti.an rate

Number of plants in this subcategm:y

308 Data on file far

With total capacity of

With total production of

RepresentinJ capacity

RepresentiDJ production

Plant production raD;Je:

Maxinun

Average production

Median production

Average capacity utilization

Plant age ran;e:

Max:inun

Waste water flav tange:

Maxinum

Volune per unit product:

MinimJm

MaxiIIun

85,700 kkg/year

4

4

102,200 kkg/year

57,000 kkg/year

66 percent

5,560 kkg/year

28,730 kkg/year

NA

NA

NA

lSyears
27 years

NA

NA

NA

NA

Sources of data are 5tanfom ReseaJ:c:h Institute, Directory of Chanical
Producers, U.5 .A., 1977, U.5. Department of <:cmnerce, CUrrent Industrial
ReForts.t Decenber 1977; Energy am EnviramIental Analysis, Inc.; Draft
Report, "Preliminary EcoJx:mic AssesSllEIlt of Effl~ Limitations in the
IDxganic Chemical In:Iustry, n June, 1978 and tlEa:manic Analysis of Proposed .
Revised Effluent Guidelines and Stal1aards fQr the Imrganic Chanicals Industry, It

March., 1980 •

NA = Not Available.
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Three plants product hydrogen peroxide by the organic process.

Toxic Pollutants

Data has been received on 100 percent of the industry as a result of
Section 308 letters. A sampling survey for toxic pollutants was made
for three plants. At one plant, pentachlorophenol was found in
significant concentrations. However, it was determined that its
presence was due to its use as a weed killer at the plant site and
this use was discontinued. Two more plants were sampled in the
verification phase, and the survey indicated that no toxic pollutants
were being discharged in significant quantities.

Toxic pollutants found during sampling were as follows:

Pollutant
Maximum Concentration

Observed (pg/l)

Zinc
Pentachlorophenol
Bis(2-ethylhexyl)phthalate
Chloroform
Naphthalene

Status of Regulations

Since no toxic pollutants were found
the subcategory is excluded under
Agreement.

256
4850

20
1 1
1 1

in significant concentrations,
Paragraph 8 of the Settlement
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SECTION 14

TITANIUM DIOXIDE INDUSTRY

INDUSTRY PROFILE

General Description

Titanium dioxide (Ti02 ) is manufactured by a chloride process, a
sulfate process, and a chloride-ilmenite process. This subcategory is
subdivided Lnto three segments, one for each process because of the
dif£·erence in raw materials used, wastewater flows, and raw waste
characteristics. Ti02 is a high volume chemical, ranking within the
first fifty of all U.S. chemicals production. Over fifty percent of
the titanium dioxide produced is used in paints, varnishes, and
laquers. About one third is used in the paper and plastics
industries.. Other uses are found in ceramics, ink, and rubber
manufa,cturing.

The industri.al proifi IE data for the chloride segment are presented in
Table 14-J II \While the st,atus of reg-ulations prior to promulgation of
this now regulation is .gi'ven in Table 14-2.

Subcategorization

The Titanium .Dioxide Su~catego~y is divided into three different
processes requiring separa.teconsideration. Two processing techniques
including sulfate and time cmlDride process using two major ores
including rutile and ilmenit:e dictate a division into the sulfate
process, chloride process/rutile ore, and !chloride process/ilmenite
ore {one step) bas,ed on c:wrremt practi!ce,. Detai Is concerning
subcategorization are discussed in Section 4.

General Process Description and Raw Materials

In thg_~rlorid.e,pro<:e~s,tQ~rawDila.t;et:ialsU$~d are rulile or upgraded
ilmenite6'i-e", "'which are relatively pure materi~ils with- a hIgh' titanium
and a low iron content. For upgrading ilmenite (FeTio~), a
beneficiation process removes part or all of the iron. Several
patented processes exist for the beneficiation step and two or three
are in current operation on a commercial scale. The wastes from the
chloride process using a one step beneficiation of ilmenite in
titanium dioxide production are different from those produced using
high grade titanium ore (rutile or upgraded ilmenite).

In the chloride process, the ore and coke are dried and then reacted
with chlorine to form titanium tetrachloride. The chemical reaction
taking place in the reaction is given as:

3C-+ 2TiOz + 4C1 2 = 2TiC1 4 + CO2 + 2CO
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TABIB 14-1

TITANItJM OIOXIDE (cmDRIIE PR:X:ESS)

'lb'tal subcategory capacity rate

'1bta1 suJ:x:ategoJ:y ptCductian rate

1blte: of plants in this s:ubcategmy

308 Data on file for

With tDtal capdty of

With total production of

R.elZeseating capacity

RepresentiD] ptCductian

Plant production :I:aDJe:

Miniuun

MaximJm

Average product:ian

Median producti.on

Average capacity uti] i zatian

Plant age raI9!:

M:iniDun

Maxinun

waste 'ieter :f1ow range:
Mininun

Max:imlm

Vo1une per unit product:

MiniItum

Maxinun

610, 000 kkg/year

389,000 kkq/~

5

5

184,600kkglyear

142,000 kkg/year

30 percent

37 percent

16,900 kkg,(year

45,200 kkg/year

28,400 kkgjyear

25,600 kkg/year

77 percent

6 years

15 years

1,1M> cubic net:ers/day

4,770 cubic neters/day

29 ..3 cubic neters/kkg

110 cubic neters/kkg

Sow:ces of data are St:anfom Research Insti'bIt:e, Direct:ol:y of Chanica1
Prodl;x:ers, U.5 .A., 1977, U.S. Department of o:mnerce, current Industria1
Reports, Decenber 19n; Energy ani Environmental Analysis, IDe.; Draft
Report, "Prel.iminaJ:y EcorXm:ic Assessnent of Effluent Limitations in the
Imrganic Chanical IndustJ:y, n June, 1978, and "Eroromic Analysis of
Prqx:>sed Revised Effluent Guidelines and Standards for the Izr>rganic O:1anicals
Ind~,n March, 1980.
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TABLE 14-2. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES

SUBCATEGORY

SUBPART

TITANIUM DIOXIDE

V (40 CFR 415.220, 3/13/74)

STANDARDS

* Sections 415.220, 415.222, 415.223 and 415.225 were remanded and reserved
(41 FR 51601, November 23, 1976).

1 Max. ~ Maximum of anyone day.
2 Avg. Average of daily values for thirty consecutive days.

** ; Flow basis 210,000 l/kkg.
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The reaction takes place at a temperature of 800-1000 degrees C and a
fluidized bed reactor is generally used. The product gases leaving
the reactor consist of titanium tetrachloride, unreacted chlorine,
carbon dioxide, carbon monoxide, and minor amounts of heavy metal
chlorides. The gases are initially cooled to 250 degrees C to remove
the impurities, although in some cases purification is accomplished by
washing the gases with liquified titanium tetrachloride. Iron
chloride and small amounts of vanadium, zirconium, and other trace
metal chlorides are removed by centrifugation and the liquid recycled
to the absorber. Titanium tetrachloride is liquefied from the gases
after the first stage of cooling by further cooling to ambient
temperature. Copper, hydrogen sulfide, and, in some cases,
proprietary organic complexing agents are added for purification to
the condensed solution. Copper acts as a catalyst to decompose the
phosgene formed in the TiC1 4 stream. Organic complexing agents aid in
separation of the TiC1 4 from other chlorides such as cupric chloride
and silicon tetrachloride.

The residual uncondensed gases generally consist of hydrochloric aCid,
chlorine, carbon monoxide, carbon dioxide, nitrogen, and some titanium
tetrachloride. They are treated to remove acidic materials before
being vented to the atmosphere.

The ,li.guefied ti~~~i~1;W1",~rasl,11HrJ.,~~,."contains. impurities such as
~lumlnum chloerff~slilcon tetracnlorlde; etc., whlch are removed by
distillation. The distillate is the purified titanium tetrachloride
and the impurities remain as ·a residual which becomes waste. The tail
gases from the distillation column are scrubbed to remove acidic
materials. The titanium tetrachloride product is then reacted with
oxygen, as air, forming titanium dioxide and chlorine:

TiC1 4 + Oz = TiOz + 2C1 z

The rate of reaction is negligible below 600 degrees C but increases
rapidly above this temperature, and is generally maintained between
1200-1400 degrees C for efficient reaction and conversion. The needed
heat is supplied by passing the reactants through heat exchangers, by
electric discharges, or by use of fluidized beds. ~fter the oxidation
rea~tionL1:he_.i.ttSUJJJ}'!!L.qt9~.i9~~_..fQt'ms_.~L§q!.i.d._aQ(;L.!.§.J~?para-ted ··f-FQII\~.t;he~
~s either in cyclones, baghouse filters, or Cottrell precipitators.
The residual chlorine is refrigerated and liquefied. The tail gases
are scrubbed with caustic soda to remove chlorine before being vented
to the atmosphere. When air is used for oxidation, chlorine recovery
is achieved by absorption in trichloroethylene, followed by
distillation to remove chlorine. The titanium dioxide is then sent to
the finishing operation where it is vacuum degassed and then treated
with alkali, using a minimum amount of water to remove traces of
absorbed chlorine and hydrochloric acid. The pigment is then milled,
surface treated for end-use application, dried, and packaged for sale.
A generalized process flow diagram, including the waste streams, is
shown in Figure 14-1.
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Water Use and Waste Source Charateristics

Water Use

Water is used in noncontact cooling, for scrubbing the tail gases from
the purification and oxidation reactors to remove contaminants, and in
the finishing operation of the product. The total amount of water
usage varies from 45.3 to 555 mJ/kkg of TiOz produced, as shown in
Table 14-3. The table also shows that cooling water constitutes the
major use of water and varies from 10.7 to 426 mJ/kkg of TiO z
produced.

Waste Sources

A. Wastes from Cooling Chlorinator Gas

The waste consists of solid particles of unreacted ore, coke,
iron, and small amounts of vanadium, zirconium, chromium, and
other heavy metal chlorides. They are either dissolved in water
and sent to the wastewater treatment facility or disposed of in
landfills as a solid waste.

B. Chlorinator Process Tail Gas Scrubber Waste

The uncondensed gases, after the liquefaction of titanium
tetrachloride, are initially wet scrubbed to remove hydrogen
chloride, chlorine, phosgene, and titanium tetrachloride. In a
second stage, they are scrubbed with caustic soda to remove
chlorine as hypochlorite.

C. Distillation Bottom Wastes

These -contain copper, sulfide, and organic complexing agents
added during purification in addition to aluminum, silicon, and
zirconium chlorides. These are removed as waterborne wastes and
reaction with water converts silicon and anhydrous aluminum
chlorides to their respective oxides.

D. Oxidation Tail Gas Scrubber Wastes

The gases from the oxidation unit are cooled by refrigeration to
liquefy and recover chlorine. The uncondensed off-gasses are
scrubbed with water or caustic soda to remove residual chlorine.
When caustic soda is used as the scrubbing solution, the
resulting solution of sodium hypochlorite is either sold,
decomposed, sent to the wastewater treatment facility, or
discharged without treatment. The scrubber waste stream also
contains titanium dioxide particulates.
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Figure 14"'71. General process diagram for production of titanium dioride
(dlloride process) from high grade ores.
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TABIE 14-3. WATER USAGE m TITANItM DIOXIDE-an.oRIDE PRXESS/H!CB GEW)E

ORES SUBCATEOORY

water Usage at Plants

Water Use (m3/kkg of Ti0
2

)

water Use

Plant #102 Plant #172 Plant #199

Noncantact cooling 182 10.7 426

Direct process oontact 10.5 15.5 73.2

Inlirect process a:mtaet NA 0.72 26.5

Main~, e:;ruipnent 6.65 0.52 2.80
clean:in:J and work area
washdown

Air pollution control 0.25 7.14 11.3

Noncxmtact ancillary uses U.6 10.4 9.5

sanitaIy & };Ortable water 0.23 0.31 5.6

Total 211 45.3 555

NA ... Not available
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E. Finishing Operations Waste

The liguid wastes from the finishing operation contain titanium
dioxide as suspended solid and dissolved sodium chloride formed
by the neutralization of residual Hel with caustic soda.

The range of wastewater flows requIring treatment is
Table 14-4. The wide range of flow occurs because
additional water to wash solid process residues to the
system.

Description Of Plants Visited And Sampled

Screening

summarized in
some plants use
waste treatment

Plant 1559 was visited and the waste effluents were sampled in the
screening phase of the program. Plant t 559 makes titanium dioxide
using both the sulfate and the chloride processes. The wastewaters
from both processes are mixed and undergo combined treatment.

The solids from the chloride process, called pit solids, (mainly
unreacted ore, coke, iron, and trace metal chlorides including TiCl.)
are separated from the first stage cooling of the chlorinated gases
and are slurried with water. The slurried pit solids and the
distillation column bottom residue effluents from the chloride process
are sent to a large settling pond (called the weak acid pond) where
they are mixed with the weak acid from the sulfate process. The
overflow from the settling pond is neutralized with ground calcium
carbonate in a reactor. The reactor effluent is filtered, aerated to
remove iron, and combined with neutralized strong-acid waste effluent
from the sulfate process. The combined scrubber and contact cooling
wastewaters from both the sulfate and chloride processes are also
combined at this point. The combined wastewater is neutralized and
solids settled out in a pond prior to final discharge. A flow diagram
of the treatment facility, including the sampling locations, is shown
in Figure 14-2.

Problems were encountered during the sampling of the pit solids and
distillation bottoms. The pipes carrying the wastes from the process
discharged at the bottom of the settling pond and it was not possible
to take the samples right at the outlet of the pipe. The combined
sample of the two streams was taken at the surface of the discharge.
It is probable that some solids settled before the stream reached the
surface. Table 14-5 gives the. waste flows and pollutant loadings for
the streams sampled at Plant #559. Because of the intermiXing of the
waste effluents from both chloride and sulfate processes, the
pollutant loadings in Table 14-5 were calculated by proportioning
according to the relative hydraulic loadings. .

Verification Plant -ll72 was sampled in the verification phase.
Titanium dioxide is madE! at this facility by the chloride process
only. The strong acid wastes and the spent coke and ore residues are
hauled to a secure chemical landfill for disposal. The wastewater
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TABLE 14-4. WAST.E WATER FIa'l R)R TITANIUM DIOXIDE-aiLORIDE PRX:ESS
stJOC'ATEGORY

Plant

TI'.MNIUM DIOXIDE (Chloride Process)

Unit Waste water Flow GJin;; to Trea:tIrent Plant

(m3jkkg of Ti02)

#102 29.3 (1)

#172 34.7(1)

*559 91.0 (2)

#199 110.0 (2)

(l) Off-site disposal of process· solid residues.

(2) Process solid residueS are slurried to waste treatment. 'nle average
flow of Plants #559 and #199 was used as the m::x3el plant flow for
cost estimating and regulation developnent.
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from the process, mainly the scrubber water, is collected in trenches
and sent to a central reactor basin. Other discharges, including a
part of the total rain runoff, are also collected in ditches and sent
to the reactor basin. In the reactor basin sodium hydroxide is used
for neutralization and the resulting effluent is mixed with the
remaining rain runoff and sent to the first of two retention basins
arranged in series. The overflow from the second retention basin is
pH adjusted with sulfuric acid before discharge. A simplified diagram
of the treatment system, inclUding the sampling points, is shown in
Figure 14-3. Table 14-6 gives the waste flow and pollutant loadings
for the streams sampled.

Toxic Pollutant Concentrations

Chromium was identified in the raw wastewater for Plant #172 at a·
concentration considered treatable based on information summarized in
Section 8. Four toxic metal pollutants were identified above
treatable levels at Plant 4559, although it is likely that the levels
observed included some contributions from the sulfate process, since
the two raw waste effluents are intermixed before treatment. No toxic
organic pollutants were identified above treatable levels in the raw
wastes at either plant. The maximum concentration of toxic metal
pollutants observed during screening and verification are presented as
follows:

Maximum Raw Waste Concentrations Observed (ug/1)

Pollutant

Chromium
Lead
Nickel
Zinc

Screening
Plant 1559

152,000
5,150
6,320
3,300

Verification
Plant 1172

1800
14
85

660

The screening and verification sampling program and the methodology
used have been described in Section 5 of this report. A total of six
days of sampling was conducted at Plants 4559 and #172. Five effluent
waste streams were sampled at Plant 1559 and three streams were
sampled at Plant #172. At each sampling point, three 24-hour
composite samples were collected for analysis. The evaluation of
toxic metal content of these process related waste streams was based
550 analytical data points. The average unit loadings and
concentrations for conventional, nonconventional, and toxic pollutants
found in the raw waste effluents for Plants *559 and 1172 are given in
Table 14-7.

The total quantities of toxic pollutants generated each year for this
Subcategory (calculated as total sUbcatego~y production times ave~age

unit toxic pollutant load from Table 14-7) are as follows:
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TABLE 14-5. FI.CM AND POILUrANr CIH:ENrRATION DATA OF THE SPMPLED w..sTE(l)
STREAMS OF PIANT *559 PiCOOCING TlTANIU1 DIOXIDE BY
OIIDRIDE-RlJI'nE PRCCESS

S'1'RFJIM 12 S'l'RE'JlM *5 CALCUI.ATED ESTD!ATE STREAM 16

Pit Solids a.rd ScrWber and
Distillation Bottars Contact COO1inJ Water Total Raw Waste Treated Effluent

-
Pollutant Unit Unit unit Unit Unit Unit Unit Unit

F1.c:M Cone. , Load FlcM Core. , Load F1.cM Cone. , l.oad
(m~~)

Cone., !Dad
(m3/kkg) (ng/1) (kg/kkg) (m3/kkg) (ng/l) (kg/kkg) (m3,1kkg) (Irq/I) (kg/kkg) (ng/l) (kg/kkg)

10.9 80.1 91 91

TSS 6903 75.2 314 25.2 1103 100.4 23 2.1

Iron 1348 14.7 143 11.5 288 26.2 4.4 0.4

Chraniun 112 1.2 0.11 0.01 13.3 1.21 0.03 0.003

Lead 3.53 0.04 0.009 0.001 0.5 0.041 0.002 0.000

Nickel 3.46 0.04 0.016 0.001 0.5 0.04 0.005 0.000

zioc 2.12 0.02 0.13 0.01 0.3 0.03 0.06 0.005

(1) See Figure 14-2 for location of sampling points.
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Figure 1~-3. General flow diagram at Plant #l72 showing the sampling points.
Titanium dioxide (chloride process) manufacture.



TABLE 14-6. FI..C:W AND POLLurANI' ~ION DATA OF THE SAMPLED WASTE
S'I'REAMS FOR PI..AN'l' #172 PRODOCmG TITANItJM DIOXIDE
«(Jlli)RIIE PRCXFSS)

Pollutant

TSS

Iron

Chrani\.lll

Nickel

Zinc

S'l:'REAM *1 S"I'REAM 13

(Raw Waste Influent) (1) (Treated Effluent) (1)

Avg. Cone. unit load(2) Avg. Cone. Unit load
(ng/l) (kg/kkg) (m:vl ) (kgJkkg)

171 5.93 6.7 0.23

2.9 0.10 0.33 0.01

0.72 0.. 03 0.02 0.0007

0.005 0.0002 0.002 0.00007

0.08 0.003 0.01 0.0003

0.3 0.01 0.09 0.003

(1) unit flcM is 34.7 m3/kkg.

(2) Unit load equals the prodoct of the pollutant concentration in .cg/l and
the unit flCIW in m3Jkkg divided by a conversion factor of 1000.
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Pollutant

Chromium
Lead
Nickel
Zinc

Pollution Abatement Options

Toxic Pollutants of Concern

Waste Load (kg/year)

241,000
8,200
8,500
7,800

The dominant toxic pollutant observed in the raw waste effluents for
the Titanium Dioxide (Chloride Process) Subcategory is chromium.
Chromium was found at treatable concentrations at both plants sampled
in the screening and verification phase. Lead, nickel, and zinc were
found in the raw waste of Plant #559 at treatable levels, but were not
present in the Plant #172 raw waste. At Plant #559, the chloride
process waste effluents are mixed with the sulfate process waste
effluents before treatment. It is likely that the three major toxic
pollutants found were contributed by the sulfate process wastes since
it uses a low purity ore (ilmenite). At Plant #172, the solids
generated from the chloride process (which consist of solid particles
of unreacted ore, coke, iron, and other heavy metals) are hauled to a
landfill for disposal. It is probable that most of the toxic metal
pollutants are present in this' solid waste and hence do not appear in
the ~astewaters.

Process Modification and Technology Transfer Options

A. Research to develop economical techniques to recover the vanadium
and other metal values from the solid wastes generated from the
process waste treatment system would appear to be a fruitful area
of investment.

B. New plants can utilize refrigeration and high pressures for
chlorine liquefaction. This would reduce or eliminate the
chlorine residual problem in the tail gases. The capital cost to
modernize old plants is high, but these plants should have a
caustic soda or lime scrubber instead of a water scrubber to
remove residual chlorine from the tail gases. Caustic or lime
scrubbing removes a significant portion of the chlorine from the
tail gases in view of analagolls data from the chlorine
subcategory presented in Section 11.

C. Best Management Practices

Provision should be made at all plants to collect storm water
runoff from the plant site and send it to the treatment facility.
Three out of a total of six existing plants are presently
treating storm water runoff.
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TABLE 14-7.. RAW WASTE POLLUTANl' mTA Sl»1ARY OF '!HE~ m'RE'AMS

TITANItM DIOXIDE (CHIDRJDE PRIXESS)

Average Daily Pollutant concentration and IDadings at Plants sampled
kq/kkg of TiD2

(m:JI1)

Pollutant Plant
1559

Plant <.j )
1172

Overall
Average

Iron 26 .. 2 0.10 13.15
(288) (2.9)

ChJ:animl 1.21 0.03 0.62
(13.3) (0.72)

Lead 0.041 0.0002 0.021
(0.5) (0.005)

Nickel 0.041 0.003 0.022
(0.5) (0.08)

Zin: 0.03 0.01 0.02
(0.3} (0.3)

TSS 100.4
(1103)

346

5.93
(171)

53.17



D. Prevailing Control and Treatment Practices

At Plant 1172, the solid wastes consisting of spent are and coke
are hauled to an off-site landfill. Process wastewaters
consisting of scrubber and contact-cooling effluents and a part
of the surface runoff are sent to a mixing basin where they are
neutralized with caustic soda. The effluent from the basin is
then sent to two retention ponds in series. Additional or
residual rain water runoff is added to the ponds for
clarification. The overflow from the last pond is monitored and
discharged to a surface stream. At Plant #559, the wastewaters
from both chloride and sulfate processes are combined with the
weak acid effluent from the sulfate process in a pond. The
overflow from the pond is neutralized with limestone and oxidized
with air for the removal of iron. The wastewater is then mixed
with the neutralized strong acid waste (from the sulfate process)
and scrubber waters (from both the chloride and sulfate
processes), and neutralized with lime in a reactor and sent to a
final settling pond. The overflow from the pond is the final
discharge.

At Plant 1199, all the process wastewaters are combined,
including storm water and sanitary wastewater. The combined
wastewater is sent to a four-stage neutralization system, and the
effluent from each of the four stages of neutralization is sent
to a thickener. The thickener overflow is transferred to the
first of three settling ponds, also in series. The underflow
from the thickener is heated to improve its filtration
cha~acteristics and filtered in four rotary drum filters. The
thickened solids from the filters are disposed of in a landfill
and the filtrate is combined with wash water and vacuum pump seal
water prior to being recycled to the fourth stage of the
neutralization train. The overflow from the last settling pond
is discharged.

The process wastewater streams at Plant 1102 are received in two
tanks, neutralized with lime, and then sent to a settling basin.
The settled solids are retained in the settling lagoons. The
plant has future plans for treating boiler blowdown, cooling
tower blowdown, leaks, and spills with the process wastewater.

At Plant 1605, the unreacted ore and coke are disposed of as a
solid waste in the pit. Tne wastewater from the process is
passed to two tanks for flow equalization and the water is then
reacted with ground limestone slurried in water. The treated
solution is centrifugally treated to remove coarse solids which
are separated and landfilled. A flocculating agent is added to
the centrate and the solution is sent to a clarifier. The
clarifier overflow is degassed and the pH adjusted with caustic
soda (if required) before discharge.
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E. Advanced Treatment Technologies

Neutralization and settling are practiced for the treatment of
chloride process raw waste effluents at all the five plants for
which 308 data are available. Air oxidation, sulfide
precipitation, xanthate precipitation, and ion exchange might be
appl'ied to the clarified solutions for control of metals.
Sulfide precipitation or the xanthate process could be used to
provide additional removal of zinc, lead, and nickel.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT/BAT)

The chloride process wastes are equalized, neutralized with lime
to a pH range of 6 to 9, and settled in lagoons before discharge.
Level 1 treatment is typical of industry practice and for this
reason was selected as the technology basis for BPT regulations.

B. Level 2 (NSPS)

Alkaline precipitation as a second-stage lime treatment to an
optimum pH (9 to 10) is added to Levell to precipitate metallic
hydroxides, which are then filtered before discharge. Filtration
removes traces of metallic hydroxides which do not separate in a
gravity system. Level 2 technology was selected as the basis for
the proposed BAT limitations because it provides an economical
method for the removal of additional toxic metals. For the
reasons discussed below under Basis for New Source Performance
Standards, the Agency did not select this option for BAT in the
promulgated regulation, but did select it for NSPS.

C. Level 3

Ferrous sulfide treatment is added ahead of the Level 2 filter to
precipitate the heavy metals more effectively.

Alkaline precipitation was chosen as Level 2 because it readily
supplements existing lime neutralization by the simple addition
of filtration and increasing the Levell lime dosage. Sulfide
precipitation was chosen at Level 3 because it provides a
polishing treatment for most residual heavy metals beyond Level 2
treatment.

Figures 14-4, 14-5, and 14-6 show the model treatment systems
adopted for the chloride process wastes.
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Equipment for Different Treatment Levels

A. Equipment Functions

BPT treatment is essentially lagooning with lime neutralization,
using no special equipment except a lime feeder and mixer.

In Level 2,
clarification
controls.

second stage lime treatment is followed by gravity
and multi-media filtration, with necessary pH

In Level 3, ferrous sulfide is added ahead of the Level 2 filter,
to react with residual heavy metals more completely than in the
alkaline precipitation step at Level 2.

B. Chemicals and Handling

Lime and hydrochloric acid are fed with conventional equipment at
all levels, and ferrous sulfide is prepared on-site by mixing
ferrous sulfate with sodium bisulfide. When normal dust control
and good ventilation are used, there should be no adverse effects
from handling these chemicals, although care should be taken that
hydrogen sulfide gas is not generated.

C. Separation and Removal of Solids

Inert ore fractions and precipitated solids are accumulated in
clay-lined lagoons, which are alternately drained. Solids are
mechanically removed to self-draining 18 ft. high storage piles
on land provided at the site for a lO-year operating period. At
Levels 2 and 3, small amounts of heavy metal precipitates in the
clarifier underflow are filter pressed and hauled to a secure
landfill.

Treatment Cost Estimates

General Discussion

To determine the treatment cost, a model plant concept was developed.
A raw waste unit flow was selected and pollutants to be treated were
selected based on the treatment system data available for the five
TiOz plants and the screening and verification sampling program.
Three production levels were then selected to cover the entire
subcategory range. Treatment costs for BPT and NSPS were calculated
for each of the model plant production ranges using the unit flow and
unit pollutant loads. The unit flow of 100 m3 /kkg used for the model
plant in regulation development has been selected to be representative
of the subcategory and it is assumed that the unreacted ore and coke
are slurried and sent to the treatment system instead of being
disposed of in a landfill as a solid waste.

349



* EFFLUENT

LAGOONLAGOON

RAW ~~.-.~y--~t UOOON

WASTE WATER

w
U1
o *Includes now monitoring, pH lTIonitoring and sampler.

Figure 14-4. level 1 (BPrjl3AT) waste water treatment for titanium dioxide -
chloride process.



• EFFWEH'r

pH ADJUSTMENT

-.
I

CI.AIUFIEIl

,..
LIME j0,.--

10 I r LAGOON ~

1nAW
WASTE 'fAYE

TO LANDFILl-

·llIclud~. now mOhllorlhJl. pll mollU.orln. and ••...,.1....

Figure 14-5. Level 2 (NSPS) waste water treatment for titanium dioxide -- chloride
process.



w
VI
N

HAW

WASTE WATE

LAGOQN LAGOON

F'JLTER PRESS

TO LANDFILL

FERROUS
SULFATE

SODIUM
BISULFIDE

•
r

*Includes flow monitoring, pH monitoring and sampler.

Figure 14-6. Level 3 waste water treat::J'oont for titanilll\ dioxide
process. chloride



A. Wastewater Flow

The unit waste effluent flow varies from 29.3 to 110.0 m3 /kkg of
TiO z for the four plants as shown in Table 14-4. The primary
reason for the variation in the flow is that some plants slurry
the spent ore and coke (solid waste from chloride process) and
send it to the treatment system, and others haul the dry solids
to a landfill. The flow variation is also dependent on the
difference in chlorine recovery process from the tail gas and the
amount of scrubbing liquid used. Small variations in flow also
result from the finishing operation which is dependent on the
type of titanium dioxide end product desired. Plants #559 (unit
flow of 91 m3 /kkg) and #199 (unit flow of 110 m3 /kkg) send the
solid waste from the manufacturing process to the treatment
facility. It is assumed for treatment system cost estimation
that the solids are included in the raw waste flow to the
treatment system. A constant unit flow of 100 mJ/kkg of TiO z has
been used for the model plants, which is an average of the unit
flows of Plants #559 and #199.

B. Pollutant Load

The primary pollutants occurring in the wastewater are suspended
solids, acidity, and the chlorides of ferric iron, chromium, and
other trace metals. The suspended solids (TSS) loading values
for Plants #559 and #172 are 100.4 and 5.93 kg/kkg of TiO z (Table
14-7). The low value represents.a plant that hauls ore and coke
off-site, while the high value is believed to be too low due to
nonrepresentative sampling. The amount of solids produced are
higher than the values indicated for the sampled plants.
Consequently, a higher suspended solids loading of 500 kg/kkg of
TiO z (reported in the 308 data from Plant #199) is assumed for
the model plant. To establish treatment chemical requirements
and related costs, the toxic pollutant loadings for the model
plant are taken as the average values of the unit pollutant
loadings of the plants sampled in the screening and verification
program (Table 14-6) and the selected pollutant values are:

Pollutant Unit Loading (kg/kkg of T10 2 )

Chromium 0.63
Lead 0.021
Zinc 0.020
Iron 13.15
Nickel 0.022

C. Production Rates

Six plants produce titanium dioxide from rutile ore or upgraded
ilmenite ore using the chloride process at a total production
rate of 142,000 metric tons per year. Production ranges from a
minimum of 16,900 kkg/year to a maximum of 45,200 kkg/year with a
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mean of 28,400 kkg/year and a median of 25,600 kkg/year. For
wastewater treatment cost estimates, three production levels were
selected as model plants. These are 16,900 kkg/year, 25,500
kkg/year, and 45,200 kg/year. This range of production includes
all United States plants.

Model Plant Control and Treatment Costs

The estimated costs for the three models having different production
levels are given in Tables 14-8, 14-9, and 14-10. The costs shown at
each level of treatment correspond to the model plant BPT (Levell)
system and higher level (NSPS) system which may add to or modify the
existing BPT system to meet more stringent toxic pollutant removal
requirements. The higher level (NSPS) also furnishes a better
effluent quality with respect to the conventional and nonconventinal
parameters. Tables 14-11, 14-12, and 14-13 present the estimated NSPS
treatment costs for the three models having different production
levels. For model plants at the base level of treatment,
amortization, chemicals, and the residual waste disposal costs have a
significant impact on the total annual costs. At NSPS treatment
level, amortization, chemicals, and labor constitute a major portion
of the additional annual costs. Table 14-14 presents a summary of the
unit cost distribution between amortization and the operation and
maintenance cost components at various production rates and levels of
treatment.

Basis For Regulations

Evaluations of BPT Treatment Practices

All the plants producing titanium dioxide by the chloride process
using rutile ore or upgraded ilmenite ore practice neutralization and
settling for control and treatment of the waste effluents. A
variation in the effluent quality is expected because of the method of
handling the unreacted ore and coke (generated as solid residue from
the chloride process). Two of the six plants haul the residue to a
secure landfill for disposal while the remainder slurry the residue
with water and send it to the treatment system. No information is
available about recycling the treated wastewater at any of the plants.

A. Pollutant Removal with BPT Treatment

Treatment Level 1 is equivalent to BPT in the Ti02 subcategory
(chloride process).

Plants #559 and 1172 practice neutralization and settling of the
raw waste. At Plant 1559, the chlride process raw wastewater is
mixed with the sulfate process wastewater for treatment. Also,
at Plant #559 the spent ore and coke (solid residues from the
chloride process) are slurried with water and sent to the
treatment facility, whereas at Plant #172 the solid residues are
hauled to a chemical landfill. Long-term treated effluent data
have been submitted by both plants *559 and #172. The derivation
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TABLE 14-8. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process
Production 16,900 metric tons per year

TOTAL INVESTMENT COST •.••••

A. INVESTMENT COST

Subtotal •••• b' •..•••••
contractor's 0 & P •••••••••

Subtotal ••••••••••••••
Land ••••.••••••••••••••.••••

($)
BPT BAT a

175,600 0
205,000 0
20,000 0

400,600 0
60,090 0

460,690 0
92,138 0

552,828 0
55,283 0

fi08,111 0
192,000 0

800,111 0

............................Subtotal
contingencies

Site development •••••••••.•
Equipment •••••••••••.•••.••
Monitoring equipment •••••••

Subtotal .•••••••••.•••
Engineering ••••••••••••••••

B. OPERATION AND
MAINTENANCE COST

a Represents the incremental cost above that for BPT treatment

b Overhead and Profit

56,000 0
5,900 0

140,000 0
60,811 0
24,003 0

108,000 0

15,000 0

409,714 0

Labor and supervision ••••••
Energy ••••••••••••••••.••••
Chemicals •••.•••.••••••••.•
Maint~nance ••••.••••.••••••
Taxes and insurance •.••.•••
Residual waste disposal ••••
Monitoring, analysis,

and reporting •••••••.••••.

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

355
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TABLE 14-9. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Titanium dioxide - Chloride process
25,500 metric tons per year

A. INVESTMENT COST BPT
($)

BAT a.

Site development •••.•••••••
Equi pment .•....•••...•••..•
Monitoring equipment •••••••

244,100
215,000

20,000

o
o
o

Subtotal ••••••••••••••
Contractor's 0 & P ~ ••••••••

479,100
71,8155

o
o

Subtotal ••.••••.••••••
Engineering ••••••••••••••••

550,9"5
110,193

o
a

Subtotal
Contingencies

........ .. ................... 661,158
66,116

o
o

Subtotal ••••••••••••••
Land .

727,274
276,000

o
o

TOTAL INVESTMENT COST •••••• 1,003,274 o

B. OPERATION AND
MAINTENANCE COST

356

~ Represents the incremental cost above that for BPT treatment
Overhead and Profit

TOTAL ANNUAL COST

o
o
o
o
o
o

o

o

o

o

15,000

56,000
6,800

211,000
72,727
30,098

164,000

555,626

118,327

673,953

......
Energy ••••..•••.•••.•.••.••
Chemical s .
Maintenance .••.•••••••.••.•
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis,

and reporting •••.•••.•••••

TOTAL OPERATION AND
MAINTENANCE COST

Labor and supervision

C. AMORTIZATION OF
INVESTMENT COST



TABLE 14-10. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process
Production 45,200 metric tons per year

A. INVESTMENT COST BPT

($)

BAT a

Site development ••••••••••.
Equipment .••••••••••••.••••
Monitoring equipment •••••••

395,000
275,000

20,000

o
o
o

Subtotal ••••••••••••••
Contractor's 0 & P q ••••.•••

690,000
103,500

o
o

Subtotal ••••••••••••••
Engineering ••••••••••••••••

793,500
158,700

o
o

Subtotal
Contingencies

............................ 952,200
95,220

o
a

Subtotal •••••••.••••••
Land 1II .

1,047,420
504,000

o
o

TOTAL INVESTMENT COST •••••• 1,551,420 o

B. OPERATION AND
MAINTENANCE COST

357

a Represents the incremental cost above that for 8PT treatment
b Overhead and Profit

56,000 0
86,000 0

374,000 0
104,742 0

46,543 0
29~,999 0

15,000 0

977,284 0

o

a

170,415

1,147,699

TOTAL OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy ••.. ~ •... _••..••.••••
Chemicals •••.•.•.••••••••••
Maintenance ••.•••.•.•••••.•
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis,

and reporting •••••••••••••

TOTAL ANNUAL COST

C. AMORTIZATION OF
INVESTMENT COST



TABLE 14-11.

Subcategory
Production

~ODEL PLANT TREATMENT COSTS

Titanium dioxide - Chloride process
1~,900 metric tons per year

A. INVESTMENT COST

Site development •••••••.•••
Equipment .
Monitoring equipment ••••••.

Subtotal •••••••.•.•.••
Contractor's 0 & pa ••••••.••

Subtotal •••.••••••••••
Engineering •.•••••••••••.••

Subto tal ••••••••••••••
Contingencies •.••••.•••••••

Subtotal •••••••••.••••
La nd -. •

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
~AINTENANCE COST

Labor and supervision
Energy ...
Chemicals ...••..•.•...•.•..
~aintenance .••••.•.••.•••••
Taxes and insurance •.••••••
Residual waste disposal ••••
Monitoring, analysis,

and reporting .••••.•.•••••

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

a Overhead and Profit

3SB

( $)
NSPS

175,~00

724,000
20,000

919,600
137,940

1,057,540
211,508

1,269,048
12~,905

1,395,953
192,000

1,587,953

140,000
11,500

174,000
139,595

47,639
117,000

15,000

l'l44,734

227,122

87 1,855



TABLE 14-12. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process
Production 25,500 metric tons per year

A. INVESTMENT COST

($ )

NSPS

Site development ••••••••.••
Equipment .
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor's 0 & pa •••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Subtotal ••••••••••••••
Land ..

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy •••••••••••.•••••••..
Chemical s .
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••.•
Monitoring, analysis,

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

a Overhead and Profit

359

244,100
853,000

20,000

1,117,100
167,5455

1,284,605
256,933

1,541,598
154,160

1,695,758
276,000

1,971,758

140,000
13,500

2fi2,000
!fi9,576

59,153
175,000

15,000

834,229

275,900

1,110,128



TABLE 14-13. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Titanium dioxide - Chloride process
45,200 metric tons per year

A. INVESTMENT COST
($)

NSPS

Site development •••••••••••
Equi pment .....•.....•..••..
Monitoring equipment •••••••

395,000
1,215,000

20,000

Subtotal ••••••••••••••
Contractor's 0 & p a •••••••••

1,630,000
244,500

Subtotal ••••••••••••••
Engineering ••••••••••••••••

1,874,500
374,900

Subtotal •..•.•.•.••••.
Contingencies ••••••••••••••

2,249,400
224,940

Subtotal ••••••••••••••
Land ••••••••••••••••••••••••

2,474,340
276,000

TOTAL INVESTMENT COST •••••• 2,750,340
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TOTAL ANNUAL COST

a Overhead and Profit

15,000

140,000
19,000

469,000
247,434
82,510

314,000

402,575

1,689,519

1,286,944

......

TOTAL OPERATION AND
MAINTENANCE COST

Energy .•••...•••.••••.•....
Chemicals ••••••••.••••••.•.
Maintenance •.••••..••..•••.
Taxes and insurance ••••••••
Residual waste disposal •.••
~onitoring, analysis,

and reporting •••••••••••••

Labor and supervision

B. OPERATION AND
MAINTENANCE COST

c. AMORTIZATION OF
INVESTMENT COST



of the variability factors for daily maximum and 30-day averages
for both plants are given in Tables 14-15 and 14-16.

The concentration of the raw waste and treated effluent ?long
with the percent removal of the pollutants by the treatment
system for Plants #559 and #172 sampled in the screening and
verification program are given in Table 14-17.

In the chloride process, most iron is in the ferric state and is
readily removed by alkaline precipitation. Toxic metal removal
is also improved, since ferrite coprecipitation will occur which
tends to provide a better effluent quality than alkaline
precipitation alone, as observed at Plant #559.

Basis for BPT Effluent Limitations

A. Technology Basis

For BPT, the Agency is basing limitations on equalization,
neutralization, and settling or clarification. All plants in
this segment of the industry have BPT technology installed.

B. Flow Basis

C. Selection of Pollutants to be Regulated

The flow going to the treatment system at different plants varies
and is dependent on the method of disposal of the spent ore and
coke (pit solids) and on the finishing operation. The spent ore
and coke are either hauled to a landfill as solid residue or sent
to the treatment system. For the model plant treatment system,
the solid residues from the manufacturing process are assumed to
be slurried with water and sent to the treatment system. Plant
#559 and #199 do, in fact, send the solid residues to the
treatment system. The model plant treatment system is based on
an inflow rate of 100 m3 /kkg of TiOz which is an average value of
the effluent flow of plants #559 and #199. The treated effluent
flow is assumed to be the same as the influent flow. The water
added or removed in the treatment system through chemical
addition, precipitation, and evaporation have been neglected, as
it varies from plant to plant and is dependent on the selection
of treatment chemicals as well as climatic conditions and is
insignificant in comparison to the total flow.

The selection of pollutants for
evaluation of the waste data from
sampling program. The two major
individual plants raw waste
subcategory pollutant loadings.
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TABLE 14-14.MODEL PLANT UNIT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process

Annual Treatment Costs ($/kkg)

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yr)

6PT 6AT* NSPS

Annual Operation
and Maintenance 16,900 24.24 NA 38.15

25,500 21.79 NA 32.71
45,200 21. 62 NA 28.47

Annual
Amorti za tion 16,900 5.85 NA 13.44

25,500 4.64 NA 10.82
45,200 3.77 NA 8.91

Total Annual
Cost 16,900 30.10 NA 51. 59

25,500 26.43 NA 43.53
45,200 25.39 NA 37.38

*Represents the incremental cost above 6PT
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'mBLE 14-15. HIS'roRICAL EFFWENI' M:NI'IORING
DATA stl·11:-1ARY wrm VARIABILITY FACI'OR

TREA'IMENT wrm IRON REMJVAL
Daily Mea.suranents

SUbcategory: Titaniun Dioxide

Chloride Process (Rutile Ore)

Plant #559

April 76 tlu:ough Septatber 78

Pollutant
Statistic

TSS cadmium Chraniun Iron Lead Nickel Zinc
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(1) Section 8.2 presents a discussion of the approach and rrethodology errployed
in the statistical evaluation of data.

(2) VFR is the ratio of the variability factor for daily rreasuranents to the
variability factor for nonthly averages.

No. of Points

Average x, ppn

Standard
Deviation, S

Standard
Deviation, S I

Variability
Factor

30-day(1)
Averages

No. of Points

Standard
DeviatiOn

Variability
Factor

variability (2)
Factor RatiO

VFR

889

21

65.9

1.54

11.0

30

21.8

3.04

3.6

109

0.058

0.044

0.68

3.85

26

0.042

2.4

1.6

128

0.072

0.054

0.67

3.Bl

30

0.038

2.04

1.9

854

0.620

3.46

1.86

13.7

28

0.94

4.0

3.4

128

0.068

0.041

0.56

3.2

30

0.04

2.1

1.5

128

0.080

0.07

0.76

4.4

30

0.05

4.4

LO

128

0.15

0.20

1.02

6.4

30

0.16

3.1

2.1



TABLE 14- 16. HISIORICAL EFFLUENl'MJNI'IORlNG DATA SlM1ARY WITH VARIABILITY
~

OiULY l-IEASOREt<1ENTS

(1) Section 8.2 presents a discussion of the approach and meth:>dology errployed
in the statistical evaluation of data.

(2) VFR is the ratio of the variability factor for daily neasurements to the
variability factor for Irbnthly averages.
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TABLE 14-17. TREA'lMFNl' PERF'QR.1ANCE DATA OF SAMPLED PlANTS #559 AND #172

so:E:CATEXDRY: 'l'ITANIllM DIOXIDE-:Ch1oride Process

Plant '#559 Plant ,#172

I:Ollutant Percent I:Ollutant Percent<J::>ncentration OJncentration
eng/I} Ratova.1 (m;/l) Raocmu.

FOllutant Raw TreatEd Paw Treated
W1ste Effluent waste Effluent

TSS ll03 23 97.9 171 6.7 96.1

Iron 288 4.4 98.5 2.9 0.33 88.6

ChraniJJm 13.3 0.03) 99.8 0.72 0.020 97.2

Lead 0.50 0.002 99.6 0.005 0.002 60.0

Nickel 0.50 0.005 99.0 0.08 0.010 87.5

zi.n= 0.30 0.060 80.0 0.30 o.o~ 70.0
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1. Conventional and Nonconventional Parameters

1. Raw Waste Concentration

industry removes
as seen from the
as shown in Table

366

The treatment technology practiced by the
the chromium and iron to low levels
effluent quality of the plants sampled and
14-17.

Chromium was the only toxic pollutant found in significant
concentrations in the raw waste of both plants sampled in
the screening and verification phase. The average unit raw
waste chromium loading (Table 14-7) obtained from the plants
sampled was multiplied by the total TiO z subcategory
production by the chloride process to evaluate the overall
magnitude of the pollutant potential for the subcategory.
The value of 241,000 kg/year of chromium discharged by the
subcategory i~ the effluent indicated the necessity of
control of this pollutant.

Plant 1559 was visited in the screening phase for sampling
of the raw and treated wastewater. For each pollutant, the
maximum concentration observed gave a preliminary indication
of its pollution potential. Five pollutants were found
above treatability levels in the raw waste of Plant #559 and
they were: chromium, iron, nickel, lead, and zinc (see
above). A second plant, 1172, was sampled in the
verification phase and chromium was the only pollutant found
above treatability levels in the raw waste. At Plant 1559,
the wastewater from the chloride process is mixed with the
sulfate process wastewater and the chloride process
effluents were sampled at the point of mixing. It is highly
probable that the sampled waste included the sulfate process
effluent impurities since the sulfate process for the
manufacture of TiOz uses an ore of lesser purity. In
addition, control of chromium should also provide adequate
removal of nickel, lead, and zinc which may coincidentally
occur at treatable levels. For these reasons, nickel, lead,
and zinc will not require effluent limitations. The
discussion of wastewater treatment chemistry in Sections 7
and 8 presents the basis for selecting one toxic metal
control parameter which effectively ensures the control of
the other metals present. The conventional and toxic
pollutants of concern include chromium and TSS. Iron, a
nonconventional pollutant, is also present as a major
impurity in the rutile or upgraded ilmenite ore and was
found at treatable levels in Plants #559 and #172.

2. Total Subcategory Raw Waste Pollutant Loading

D. Basis of Pollutant Limitations



a. pH

The treated effluent is to be controlled wtthin the
range of 6.0 to 9.0. This limitation is based on the
data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS Long-term effluent data is availabe for TSS from
Plants #559 and 1172. At Plant #172, the solid
residues from the manufacturing process are sent to a
landfill. Although the amount of solids sent to the
treatment system at Plant #559 is high compared with
that selected for the model plant (because of
intermixing of sulfate waste), the long-term average
concentration of 21 mg/l (Table 14-15) calculated from
the monitored data submitted by Plant #559 is selected
as the treatment performance basis for the subcategory.
The variability factors of the daily measurements and
monthly averages (11 and 3.04) derived from the
long-term data of plant #559 and given in Table 14-15
are used to calculate the concentration basis. The
unit effluent limitations are calculated using the
model plant unit flow of 100 m3 /kkg. The calculations
are given below:

The maximum 3D-day average concentration is:

(21 mg/l) (3.04) = 64 mg/l

The 24-hour maximum concentration is:

(21 mg/l) (11) = 230 mg/l

The maximum 30-day average effluent limit is:

(64 mg/l) (100 m3 /kkg) ( kg/m 3 ) = 6.4 kg/kkg
(1000 mg/l)

The 24-hour maximum effluent limit is:

(230 mg/l) (100 m3 /kkg) ( kg/m 3 ) = 23 kg/kkg
(1000 mg/l)

c. Iron

The Agency has decided not to promulgate limitations on
iron for existing sources because of the increased cost
of treatment when iron is controlled and because two
plants operate both the chloride process and the
sulfate process and send wastewater from both processes
to the same treatment facility. In order for these two
plants to treat the chloride process wastewater to
remove iron, they would either also have to treat the
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sulfate process wastewater to remove iron or undertake
a massive reconstruction of the treatment facility.
Such a reconstruction or removal of iron in the sulfate
process would wipe out the recycle benefits and
treatment cost reduction associated with the final
BPT/BAT limitations for the sulfate process, and would
probably result in the closure of the two sulfate
process lines, with attendant increase in unemployment.
Control of toxic metal pollutants will be adequate at
existing plants even without an iron removal step. We
are providing guidance for use by permit writers in
cases where control of iron is warranted by
water-quality considerations.

The subcategory performance standard of 0.62 mg/l
selected for iron is based on the long-term average of
the effluent data submitted by Plant #559 (Table
14-15).

For the model plant, it is assumed that iron is preseat
in the ferric state in the raw waste from the
chlorination process. Using the variability factor of
the daily measurement of 4.0 and the variability factor
of the monthly averages of 13.7 estimated from the
long-term monitored effluent data of Plant #559 for
iron (Table 14-15), and the model plant unit flow of
100 m3 /kkg, the concentration basis is determined. The
limitations can be developed in the event that iron
becomes a concern. The concentrations are developed as
follows:

The maximum 30-day average concentration basis is:
(0.62 mg/l) (4.0) = 2.5 mg/l

The 24-hour maximum concentration basis is:

(0.62 mg/l) (13.7) = 8.5 mg/l

The maximum 30-day average concentration of 2.5 mg/l is
higher than the achievable effluent concentration of
1.6 mg/l reported in the literature (10). The latter
concentration is based on the performance of lime
neutralization follwed by settling of acid mine
drainage waste., and may not be appropriate for this
subcategory.

2. Toxic Pollutants

Chromium is the only regulated toxic pollutant because of
its presence at treatable levels in the raw waste of the
plants surveyed.
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a. Chromium:

The chromium limitation is based primarily on long-term
monitoring data available for Plant *559. A waste treatment
system influent concentration for chromium of 13.3 mg/l was
observed at Plant #559 during screening. The long-term data
summarized in Table 14-15 indicates a current treatment
performance of 0.070 mg/l and a monthly average and daily
measurement variability factor of 2.0 and 3.8, respectively.
Review of long-term average treatment data for chromium in
Tables 8-12 and 8-13 indicates that 0.070 mg/l shows
excellent removal when compared to the same treatment
technology for chromium removal in other industries. A
long-term average of 0.15 mg/l for chromium is used as the
basis for the final limitation. This value is in agreement
with the observed performance data from other industries
summarized in Tables 8-12 and 8-13. The monthly average and
daily measurement variability factors of 2.0 and 3.8,
respectively, are representative of BPT treatment
performance and are used for the purpose of establishing the
limitations.

The 3D-day average concentration basis is:

(0.15 mg/l) (2.0) = 0.30 mg/l

The daily maximum concentration basis is:

(0.15 mg/l) (3.8) = 0.57 mg/l

The 30-day average effluent limit is:

(0.30 mg/l) (100 mJ/kkg) ( kg/m J ) = 0.030 kg/kkg
(1000 mg/I)

The daily maximum effluent limit is:

(0.57 mg/l) (100 m3 /kkg) ( kg/m 3 ) = 0.057 kg/kkg
(1000 mg/I)

b. Other metals

Lead, nickel, and zinc were found in the raw waste of Plant
*559 in the treatability range. They were not found in the
raw waste of Plant #172. The concentration limitations for
the three pollutants are given and are intended to serve as
guidance in cases where the pollutants are found to be of
concern.

The long-term average and corresponding variability factors
are based on long-term data from Plant #559 and data
presented in Table 8-12 for lead, nickel, and zinc. In all
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cases, the long-term average observed for Plant 1559 was
adjusted after evaluation of treatment performance for other
industries summarized in Table 8-12. The long-term averages
for lead, nickel, and zinc are 0.15 mg/l, 0.10 mg/l, and
0.20 mg/I J respectivelYJ based on review of the table.
Selection of variability factors was made directly from
Table 14-15 for the appropriate pollutants. The variability
factors corresponding to chromium (the primary pollutant of
concern) were selected for nickel.

The concentration basis is determined as follows:

The 24-hour maximum concentration for lead is:

(0.15 mg/l) (3.2) = 0.48 mg/l

The maximum 3D-day average concentration for lead is:

(0.15 mg/l) (2.1) = 0.32 mg/l

The 24-hour maximum concentration for nickel is:

(0.10 mg/l) (3.8) = 0.38 mg/l

The maximum 3D-day average concentration for nickel is:

(0.10 mg/l) (2.0) = 0.20 mg/l

The 24-hour maximum concentration for zinc is:

(0.20 mg/l) (6.4) = 1.28 mg/l

The maximum 3D-day average concentration for zinc is:

(0.20 mg/l) (3.1) = 0.62 mg/l

The limitations for BPT presented in Table 14-18.

Basis for BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned earlier, EPA is promulgating BCT limitations for
this subcategory. These l.imits are identical to those for BPT because
the only technology option that removes significant amounts of
conventional pollutants is not economically achievable. See the
discussion of iron under BPT limitations above. Removal of
significant additional amounts of conventional pollutants can be
achieved in this subcategory only if iron is also removed.

As BPT is the minimal level of control required by law, no possible
application of the BCT cost tests could result in BCT limitations
lower than those promulgated today. Accordingly, there is no need to
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TABIE 14-18. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE - cmDRIDE PROCESS (RUI'll.E OR UPGRADED llMENITE ORE)

Best Practicable Control Technology Currently Available
Waste Water FICM: 100 m3/kkg of Ti02

Concentration Effluent Limit
SubcategOJ:Y

VFR(l)
Basis (rrg/l) (kgjkkg of Ti02)

Pollutant Performance
(mg/l) Max Max

30-day 24-hr 30-day 24-hr
Avg Max Avg Max

Conventional and
NanoonventiOilal Pollutants:

Total Suspended
21 (2)Solids 11.0/3.0 64 230 6.4 23

Iron 0.62 (2) 13.7/4.0 2.5 8.5 (4) (4)

Toxic Pollutants:

Chrcmi.um 0.15 (3) 3.8/2.0 0.30 0.57 0.030 0.057

Lead 0.15 (3) 3.2/2.1 0.32 0.48 (4) (4)

Nickel 0.10 (3) 3.8/2.0 0.20 0.38 (4) (4)

Zinc 0.20 (3) 6.4/3.1 0.62 1.28 (4) (4)

(1) VFR: Ratio of the variability factor of the daily measuranents to the
variability factor of the roonthly averages.

(2) Long term average based on data and variability factors of plant #559
selected frcm Table 14-15.

(3) Limitation based on long tem data at plant #559 and review of Table 8-12.

(4) No effluent limitation.
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wait until EPA revises the BCT methodology before promulgating BCT
limitations.

Basis for BAT Effluent Limitations

The Application of Advanced Level Treatment

The advanced level technologies, viz., the use of sulfide and xanthate
as a polishing step to the base level treatment system (BPT), were
considered for BAT and NSPS but were rejected on the basis of cost.
Levell, used for BPT, is selected for BAT treatment technology.

A. Technology Basis

Alkaline precipitation followed by settling used for BPT (Level
1) is the same as for BAT.

B. Flow Basis

A unit wastewater flow rate of 100 m3 /kkg of TiOz used for the BPT
model plants has been selected for BAT.

C. Selection of Pollutants to be Regulated

Chromium is the pollutant identified for regulation.

1. Nonconventional Pollutants

The concentration basis was developed for iron which can be
used for guidance in the event that iron becomes an
environmental concern.

2. Toxic Pollutants

a. Chromium

The limitations for BAT are the same as selected for
BPT.

b. Other Metals

Lead, nickel, and zinc are not limited. However,
achievable concentration levels are contained

in this document for use as guidance if these pollutants are
found to be of concern. The values are the same as those selected for
BPT.

Table 14-19 gives the limitations for BAT.
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TABLE 14-19. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE-CHLORIDE PROCESS (RUTILE/UPGRADED ILMENITE ORE)

Best Available Technology
Wastewater Flow: 100 m3/kkg of Ti02

COT.centratior. Efflu.ent Limit
Basis (mg/l) (kg/kkg of Ti02 )

Subcategory Max. Max.
Performance ( 1 ) VFR(2) 30-day 24-hr. 30-day 24-hr.

Pollutar.t (mg/l) Avg. Max. Avg. Max.

Nor.conver.tional
Pollutants:

Iron 0.62 13.7/4.0 2.5 8.5 __ (3) __ (3)

Toxic Pollutants:

Chromium 0.15 3.8/2.0 0.30 0.57 0.030 0.057

Lead 0.15 3.2/2.1 0.32 0.48
__ (3) __ (3)

Nickel 0.10 3.8/2.0 0.20 0.38 __ (3) __ (3)

Zir.c 0.20 6.4/3.1 0.62 1.28 __ (3) __ (3)

(1) See Table 14-17 for details.

(2) VFR: Ratio of the variability factor of the daily measurements to the
variability factor of the monthly averages.

(3) No effluent limitation.
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Basis for New Source Performance Standards

A. Application of Advanced Level Treatment

The concentration of conventional, nonconventional, and toxic
pollutants can be reduced by filtering the clarified effluent
from BPT in a dual~media filter.

B. Technology Basis

For new plants, the recommended wastewater treatment technology
is lime neutralization and precipitation, settling, and
dual-media filtration (equivalent to Level 2). All the existing
chloride process plants using rutile/upgraded ilmenite ore
currently practice neutralization and settling, but only
published treatability data and the results of our treatability
study are available on the preformance of dual-media filters.

C. Flow Basis

The raw effluent flow rate is the same as that used for BAT,
namely 100 mJ/kkg of TiO z ' It is assumed that the unreacted ore
and coke are slurried with water and sent to the treatment
system. The selected flow ,value is an average of the unit
effluent flow rate of two plants (#559 and #199) practicing this
method of solids disposal.

D. Selection of Pollutants to be Regulated

The pollutants regulated for BPT are also regulated for NSPS in
addition to iron. The.pollutant parameters of concern are pH,
TSS, iron, and chromium. Concentration limits are provided for
lead, nickel, and zinc in cases where these pollutants become a
concern.

NSPS are based on the addition of an iron removal step to BPT/BAT
treatment. New plants can achieve significant reductions in
wastewater flow, thus reducing overall treatment costs, even with
the inclusion of the iron-removal step. See also the discussion
of 'NSPS for the Sulfate Process in this section.

1. Conventional Parameters

a. pH

For NSPS, the BPT limitation is retained. Control of
the final effluent within the range of pH 6.0 to 9.0 is
equired on the basis of data presented in Appendix B of
the proposed Development Document (60) and the JRB
Study (52).
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b. TSS

Since there is no in-plant performance data available on the
addition of filtration to the treated wastewater effluent,
treatability studies were performed on a chloride process
raw wastewater to estimate the effectiveness of dual-media
filtration for the removal of the selected pollutants (61).
Results of these studies support the use of filters to
achieve a 38 percent additional removal for TSS. This
reduction is applied to the selected BPT maximum 30-day
average of 64 mg/I. The maximum 30-day average
concentration basis is then given by: (64 mg/l) (1.00-0.38)
= 40 mg/l. Likewise, the 24-hour maximum concentrations and
unit effluent limitations are obtained from the BPT
limitations (Table 14-18) as shown below.

The maximum 30-day average concentration is:

(64 mg/l)(0.62) = 40 mg/l

The 24-hour maximum concentration is:

(230 mg/l)(O.62) = 140 mg/l

The maximum 30-day average effluent limit is:

(6.4 kg/kkg)(0.62) = 4.0 kg/kkg

The 24-hour maximum effluent limit is:

(23 kg/kkg)(O.62) = 14 kg/kkg

2. Nonconventional Pollutants

a. Iron

The Treatability Study (61) which tests the
effectiveness of dual-media filtration on the removal
of iron from the lime treated and clarified wastewater
from BPT treatment support a removal efficiency of 38
percent. The concentration basis and effluent
limitation for NSPS are obtained by multiplying the
selected BAT (or BPT) limitations (Table 14-18) by 0.62
as follows:

The 3D-day average concentration basis is:

(2.5 mg/l)(0.62) = 1.6 mg/l

The 24-hour maximum concentration basis is:

(8.5 mg/l)(O.62) = 5.3 mg/l
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The 3D-day average effluent limt is:
(0.25 kg/kkg)(0.62) = 0.16 kg/kkg

The 24-hour maximum effluent limit is:

a. Chromium
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80%
14%

6%

Additional Removal by
Filtration Using Settled Effluent

(0.84 kg/kkg) (0.62) = 0.52 kg/kkg

Treatability studies have indicated that the following
increased removals of lead, nickel, and zinc can be achieved
by filtration (40,41,61).

The additional levels of removal are applied to the
corresponding BAT (or BPT) concentration for the above
metals to get the NSPS concentrations.

Lead
Nickel
Zinc

The maximum daily effluent limit is:

(0.57 kg/kkg) (0.40) = 0.23 kg/kkg

The maximum 3D-day average effluent limit is:

The daily maximum concentration basis is:

The maximum 30-day cencentration basis is:

Results of the Treatability Study (61) indicate that an
additional 60 percent removal of chromium can be achieved
using a dual-media filtration polishing step. Therefore,
the limitation is developed by application of a 0.60
reduction factor to the BPT/BAT limitation in Table 14-16 as
follows:

(0.30 mg/l)(0.40) = 0.12 mg/l

(0.030 kg/kkg) (0.40) = 0.012 kg/kkg

(0.57 mg/l)(0.40) = 0.23 mg/l

(BPTIBAT limitation) (1.00-0.60) = 0.40 (BPT/BAT limitation)

b. Other Metals

3. Toxic Pollutants



The maximum 3D-day average lead concentration basis is:

(0.32 mg/I)(0.20} = 0.064 mg/l

The 24-hour lead concentration basis is:

(0.48 mg/I)(O.20) = 0.096 mg/l

The maximum 30-day average nickel concentration basis
is:

(0.20 mg/I)(0.86) = 0.17 mg/l

The maximum 24-hour concentration basis for nickel is:

(0.38 mq/l)(O.B6) = 0.33 mg/l

The maximum 30-day average concentration basis for zinc
is:

(0.62 mg/I)(0.94) = 0.58 mg/l

The 24-hour maximum concentration basis for zinc is:

(1.28 mg/l)(O.94) = 1.20 mg/l

The conventional, nonconventional, and toxic
limitations for NSPS are given in Table 14-20.

Basis for Pretreatment Standards

Existing Sources

pollutant

Since there are no indirect dischargers in this subcategory, we are
not promulgating PSES but are instead exclUding this subcategory from
categorical PSES under the provisions of paragraph 8{b) of the
Settlement Agreement.

New Sources

For Pretreatment Standards for New Sources (PSNS}, the Agency is
basing limitations on NSPS. The pollutants to be regulated are iron
and chromium (~ee Table 14-20). These pollutants are regulated
because NSPS provides better removal or iron and chromium than is
achieved by a well-operated POTW with secondary treatment installed
and therefore iron and chromium would pass through the POTW in the
absence of pretreatment.

Titanium Dioxide - Sulfate Process Industry Profile
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TABIE 14-20. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE - CHLORIDE PRCCESS

New Source Perfornance Standards
Waste Water Flow: 100 m3jkkg of Ti02

Concentration Effluent Limit

Treatability vm (1)
Basis (!D3"/1) (kg/kkg of Ti02)

Pollutant
Max Max

30-day 24-hr 30-day 24-hr
Avg Max Avg Max

Conventional and
ribnCOnventional Pollutants:

'lbtalSusperrled
Solids 13 11.0/3.0 40 140 4.0 14

Iron(2) 0.38 13.7/4.0 1.6 5.3 0.16 0.52

TOxic Pollutants:

C1lr . (2) 0.060(4) 3.8/2.0 0.12 0.23 0.012 0.023onu.un.

Lead 0.030(4) 3.2/2.1 0.064 0.096 (3) (3)

Nickel 0.086(4) 3.8/2.0 0.17 0.33 (3) (3)

Zinc 0.19(4) 6.4/3.1 0.58 1.2
(3) (3)

(l) VFR: Ratio of variability factor of the daily measurements to tile
variability factor of the rronthly averages.

(2) Also applicable for PSNS limitations.

C3) No effluent limitations.

(4) IDng term average fran Table 14-18 multiplied by the appropriate percent
raroval factor indicated in Section 14.7.5.
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T1\BLE 14- 21. SUBCATEGORY PROFILE DATA stIMM1\RY

SUBCATEGORY TITANIUM DIOXIDE SULFATE PBOCESS

Total s1bcategory capacity rate

Total subcateogry production rate

Nurriler of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing .:capacity

Representing production

Plant production range:

Minimum

Max:i.mum

Average production

Median production

Average capacity utilization

Plant age range:

Minimum

Max:i.mum

Waste water flow range:

Minimum

Max:i.mum

Vo1une per unit product

Minimum

Max:i.mum

401,000 kkg/year

259,000 kkg/year
4

5

320,000 kkg/year

246,000 kkg/year
80 percent

95 percent

31,000 kkg/year

74,500 kkg/year

49,000 kkg/year

43,000 kkg/year

76 percent

23 years

54 years

35,000 cubic meters/day

125,000 cubic meters/day

300 cubic rneters!kkg

780 cubic meters/kkg

Sources of data are Stanford Research Institute, Directory of Chanical
Producers, U.S.A., 1977, U.S. Department of Ccmllerce, Current Industrial
Reports, December 1977; Energy and Environmental Analysis, Inc.; Draft
Report, "Preliminary Eooncmi.c Assessment of Effluent Limitations in the
Inorganic Q1emi.cal Industry," June, 1978 and "ECXlIlOllli.c Analysis: of Proposed Revised
Effluent Guidelines and Standards for the Inorganic Chanicals Industry,"
March, 1980.
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TABLE 14-22. ANALYSIS OF ILMENITE ORESI

UNITED Sl'ATES
Virginia

Chemical Piney
COnstituent River Roseland New York Florida. Califomia Ivry Bourget Allard

Ti02 44.3 51.4 44.4 64.1 48.2 42.5 22.4 37.3

FeD 35.9 37.9 36.7 4.7 39.1 39.1 36.9 26.3

Fe203 13.8 1.6 4.4 25.6 10.4 20.7 31.2 30.0

Si02 2.0 4.6 3.2 0.3 1.4 0.88 1.0 NA

AI203 1.21 0.55 0.19 1.5 0.2 1.05 6.01 NA

P20s 1.01 0.17 0.07 0.21 NA NA 0.93 0.004
w
GO

0.050 zr02 0.55 NA 0.006 NA NA NA NA

MgO 0.07 2.35 0.80 0.35 0.6 2.0 1.50 NA

MnO 0.52 0.70 0.35 1.35 0.1 0.04 NA 0.10

CaO 0.15 0.59 1.0 0.13 0.1 0.1 0.55 NA

V20S 0.16 0.07 0.24 0.13 0.05 0.36 NA 0.39

Cr203 0.27 NA 0.001 0.1 0.03 0.15 NA NA

lcanstituents expressed as weight percent.

NA: Not Available



General Description

The industrial profile for the Sulfate Process Segment of the Titanium
Dioxide Subcategory is presented in Table 14-21 and the status of
regulations prior to promulgation of this regUlation is shown in Table
14-2

General Process Description and Raw Materials

A. Sulfate Process - General Description

Among the various t~tanium ores, ilmenite is availabe in abundance.
Ilmenite is a low-grade titanium ore with a TiOz content varying from
45 to 60 percent. Ilmenite ore and slag from iron production
generally comprise the-"raw materials used for the preparation of
tl'tanltim dioxide by the sulfate process. Large amounts of water and
sulfuric acid are used in this process, and the majority of the plants
are co-located with sulfuric acid plants. Table 14-22 gives the
analysis of various ilmenite ores. The preparation of TiOz by the
sulfate process utilizes three important steps:

1. Digestion:

FeO.TiOz + 2H zS04 = FeS04 + TiO.S04 + 2H zO

2. Precipitation:

TiO.S04 + 2H zO = TiOz·HzO + HZS04

3. Calcination:

TiOz·HzO = TiOz + HzO

The ore is dried, ground, and then reacted with sulfuric acid. The
reaction takes place at 1600 and the reacted mixture cdl1sistsof
titanyl, ferrous, and ferric sulfates. The product is dissolved in
water. The total iron in the reacted product is kept in the ferrous
state by the addition of scrap iron. After the reduction, the product
is dissolved in water and clarified with the aid of flocculating
agents to remove insoluble impurities such as silicon, zirconium, and
unreacted ore. The iron is removed from the clear solution by cooling
the solution to 10 0 C when hydrated ferrous sulfate (FeS04 .7HzO)
crystallizes. The ferrous sulfate crystals (commercial copperas) are
mechanically separated from the solution by filtration or
centrifugation. The concentrated titanyl SUlfate solution is diluted
with water and heated to form titanium dioxide hydrate. The solution
is filtered, and the filtrate, known as strong aCid, is separated and
either discharged or recycled. The TiOz.HzO filter residue is
slurried with water and conditioning agents are added to control
particle size, color, dispersibility, and photochemical stability.
The conditioning agents include potassium, zinc, antimony, and calcium
compounds, and phosphate salts. The solution is filtered and the
filtrate is known as weak acid. The product is then rinsed to remove
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Figure 14-7. General process flow diagram for production of titaniun dioxide by
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TABLE 14-23. WATER USAGE m TlT1\NIUM DIOXIDE - SULFATE PROCESS SUBCATEroRY

Uses Water Usage per Unit of Production
( m3/kkg of Ti02)

Plant *555 Plant *694 Plant *696

Noncontact oooling 47.8 408 149

Direct process contact 390 588 297

Indirect process contact 6 1.6 4
(punps, seals, leaks,
spills, etc.)

Maintenance, equipnent 3 1.8 4
cleaning and 1<lIOrk area
washdown

Air pollution oontrol 258 78 81

Noncantact ancillary 36 33 NA
uses (boilers, utilities,
etc.)

NA: Not Available
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iron and unreacted acid. Residual acids in the precipitate are
removed along with the water of hydration by calcination. The
resulting TiOz pigment is sent to finishing operations, which vary
according to the end product requirement and application. The wet
finishing operations may include some, or all, of the following steps:
pulping, milling, surface treatment with proprietary agents in
solution, washing, and· drying. The alternative dry finishing
operations may include one or more milling steps followed by
packaging. A simplified block diagram of the sulfate process is shown
in Figure 14-7.

Water Use and Waste Source Characteristics

Water Use

Water is used in the preparation of titanium dioxide by the sulfate
process for noncontact cooling, air emission control, and for process
reactions. In the process, water is used to leach the soluble sulfate
salts from the reaction mass and to convert the titanyl sulfate to
titanium dioxide hydrate. Water is also used to wash the titanium
dioxide hydrate precipitate free from residual acid and iron. Water
is used for air emission control during the drying of ore, on digester
units, and for the cleaning of the kiln gases before they are vented
to the atmosphere. In the digester unit, water seals are used to
maintain a vacuum on the digester units. Large amounts of water are
also used in the finishing operations. Table 14-23 is a summary of
water usage in the titanium dioxide subcategory using the sulfate
process.

Waste Sources

A. Digester Sludge

After the digestion of the ore in sulfuric acid, the
resulting sulfates are dissolved in water and the insoluble
impurities are removed in a clarifier or filter. These
include silica, alumina, sulfuric acid,. and unreacted iron.
The quality of this waste varies and depends on the type and
quality of ore used. Data on the quantity of this waste
indicates that approximately 210 kg/kkg is produced.

B. Copperas

The recovered ferrous sulfate is marketed or disposed of as
a solid waste. The amount of copperas generated is about
950 kg/kkg of TiOz . The copperas generally contains small
amounts of adsorbed sulfuric acid.

C. Strong Acid Waste

When water is added to the titanyl sulfate solution after
the removal of copperas, sulfuric acid and the hydrate of

384



titanium dioxide are formed. The acid contained in solution
is removed by filtration and the filtrate is known as strong
acid solution. The concentration of sulfuric acid varies
from 15 to 30 percent as HzS04 • In addition to sulfuric
acid, the waste stream contains ferrous sulfate, titania,
antimony, and other heavy metal salts. A part of the acid
is returned to the process and the rest sent to the
treatment facility.

D. Weak Acid Waste Stream

The waste generated from washing the titanium dioxide
hydrate precipitate is known as weak acid. The
concentration of sulfuric acid in this waste varies from two
to four percent as HzS04 and contains various impurities,
including iron sulfate, titania, antimony, and other heavy
metal salts. It also includes, in some cases, the
conditioning agents added to the precipitate prior to
washing, to control and improve the quality of the final
product. The weak acid may also include the kiln exhaust
scrubber waste.

E. Scrubber Wastes

Scrubber wastewater results from the scrubbing of vapors
emitted during the drying of the ore, during digestion, and
during kiln drying. The amount of wastewater generated
depends on the amount of water used and type of emission
controls practiced. The scrubber water contains titanium
dioxide particulates, acid mist, sulfur trioxide and sulfur
dioxide. Of all the waste produced from titanium
dioxide-sulfate process manufacture subcategory, the
scrubber wastewater constitutes the major portion.

F. Wet Milling Waste

These wastes are generated during wet finishing of the
titanium dioxide pigment. Wet milling is used to produce
pigment particles of the desired size and surface character
and requires steam and water for repulping the ·pigment.
Caustic soda is also used to remove any residual acidity
from the titanium dioxide pigment during the finishing
operation. The wastewater from wet finishing operation,
therefore, contains titania, sodium sulfate, and other
agents added to improve or achieve desired properties in the
final product.

Description of Plants

Screening

Plant #555 was visited and its waste streams sampled in the screening
phase by an EPA Region II team. The pigment manufacturing operation
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TABLE 14-24. RAW WMTE CH1IRJ\Cl'ERISTICS (INDUSTRY DATA) {l)roR PLANT i555
(ProDUCl'ION OF Ti02 BY SULFATE PRCX::FSS)

waste Source Unit Pollutant Waste !Dads, (kgjkkg of Ti02)
FlOW' pH* Acidity NH3 Fe TSS TOO

(m3/kkg
of Ti~)

(as H2SO4)
(as N)

Digestion 115 3.0 20.8 NA 0.042 9.3 35.7

Clarification 3.58 2.5 26.7 NA 8.42 175 40.8

Evaporation 113 4.0 18.7 NA 1.14 3.2 20.2

Cooling 20 6.1 2.49 NA 0.099 0.46 3.09

Strong Acid fran 8.49 < 0.5 2.360 NA 139 0.959 2.815
first Moore Filtration

Weak Acid fran 12.2 2.0 88.3 NA 3.8 0.23 98.8
first Moore Filtration

Weak Acid fran 10.4 1.7 148 NA 0.29 0.13 151
second M:Jore Filtration

Weak Acid fran 12.0 2.0 20.8 NA 0.22 2.0 7.50
first stage
Calcination

Weak Acid fran 40.0 2.2 19.2 NA 0.64 4.92 33.1
secomstage
Calcination

CalcinatiOn Mist 38.7 3.0 7.50 NA 0.02 0.21 27.9
Eliminators

wet Milling Washing 11.1 8.0 NA 8.6 0.01 2.13 11.0
and Drying

Jet-Mill Condenser 27.0 6.5 NA NA 0.01 1.1 2.7

Jet-Mill SCruI:::tJers 18.0 7.4 NA NA 0.13 1.7 3.58

Boiler and ~ter 16.6 9.0 NA NA 0.66 5.25 8.92
Plants

NA: Not Available

* Value in pH lmits
(l) - Response to 308 Questicxmaire, 1976
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utilizes a titania slag for the production of TiOz by the sulfate
process. After digestion of the slag in sulfuric acid the residual
gangue material is filtered out and the clear liquor is concentrted by
evaporation. The crude pigment is formed by hydrolysis with water and
steam and processed to form both anatase and rutile type pigment
products. Table 14-24 presents raw waste flows and pollutant
characteristics for Plant #555.

Wastewater samples were collected at five points and analyzed for the
conventional, nonconventional, and toxic pollutants. These sampling
points were designated as 1) the contact air scrubbers on the
digesters, 2) the black end flume containing wastes from major
cuttings, filter sludges, acid filtrates, and evaporator and condenser
waters, 3) the white end flume carrying finishing process filtrates,
noncontact cooling water, and sanitary wastes, 4) northside jet air
scrubbers, and 5) southside jet air scrubbers.

At present, all of the
settling basin which
diurnal flushing of the

Verification

process
is open
effluent

waste streams are collected in a
to tidal fluctuations that provide

into the receiving waters.

Plant #559 was surveyed in both the screening phase and verification
phase of the study. At this plant the strong acid is sent to a lined
holding pond for equalization. Effluent from the pond is neutralized
with ground calcium carbonate limestone in a reactor. A minimum
amount is added to raise the pH to a level such that calcium sulfate,
but not ferrous hydroxide, is precipitated. The CO z formed during the
reaction is vented to the atmosphere and the calcium sulfate slurry
goes to a clarifier. The underflow from the clarifier is filtered to
produce pure gypsum crystals at a concentration -of 70 to 80 percent.

The weak acid is sent to a settling pond, where it is combined with a
small quantity of other wastes. The effluent from the weak acid pond
is mixed with the calcium sulfate clarifier overflow and neutralized
with ground calcium carbonate in a three-stage reactor. Pebble and
slaked lime are also added to raise the pH and precipitate more
calcium sulfate'. Air is also introduced to convert the ferrous iron
to ferric iron. The effluent from the reactor goes to another
clarifier, and the clarifier underflow is filtered to concentrate the
solids to 70 percent. The overflow from the second clarifier is mixed
with the other process wastewaters. These include the scrubber,
finishing, and cooling wastewaters. The combined water is neutralized
with slaked lime before it is sent to a final settling pond, the
effluent from which is discharged. Figure 14-8 gives the flow diagram
of the treatment process and shows the sampling locations for both
screening and verification. Table 14-25 gives the flow data for the
waste streams and conventional and nonconventional poilutant
emissions.
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TABLE 14-25. FLOWS AND POLLUTANT CONCENTRATIONS FOR THE WASTE STREAMS
SAMPLED FOR PLANT #559 PRODUCING TITANIUM DIOXIDE

Stream
No (4)

Sampled
Stream
Description

Unit
Flow
(m3/kkg)

TSS
Load
(kgjkkg of Ti02 )

Iron.
Load
(kgjkkg of Ti02 )

Weak Acid
3 Per.ld Overflow 6.8(1)(2) 1.23 1.23

Strong Acid
4 Pond Overflow 6.1 205.9 106.3

Scrubber and
Contact Cooling

5 Water 361.4(1)(2) 113.5 51.68

Final Treatment
6 Effluent 436( 1) (2) (3) 10.0 1.92

(1) The flow is contributed by the sulfate process stream.

(2) The pollutant load was calculated by multiplying the flow contributed by the
sulfate process stream times the concentration of pollutant. Pollutant Load
= (total stream flow) x (fraction contributed by sulfate process waste) x
stream pollutant concentration.

(3) While calculating tbe ur,it flow the contributions to the treatment process
from precipitation, the water in the treatment chemicals, losses from
evaporation and frOID solids leaving the process have not been considered.

(4) See Figure 14-8 for sampling point location.
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Other Plant Descri~tions

At Plant #694, the clarification sludge which contains the unreacted
ore is sent to waste disposal. The weak acid effluent from the plant
is neutralized with slaked lime and the grit is settled out for
landfill disposal. After the separation of grit, the aqueous stream
is discharged to a municipal treatment system. The other wastes,
together with runoff from the plant site, are collected, and sent to a
lagoon for solids removal, and the overflow discharges to a river.

At Plant #696, the raw wastes were sent to thickeners to remove the
suspended solids and the overflow was discharged. Depending on the
titanium content, the underflow from the thickeners was either
recycled or disposed of in a landfill. This plant has discontinued
operations.

At Plant #605, the process raw waste streams are combined and sent to
a reactor for neutralization with a water slurry of finely ground
calcium carbonate. The effluent from the reactor is hydrocycloned
into three fractions. The first fraction, which is the coarse gypsum
slurry, is separated from the reactor effluent at a concentration of
85 to 90 percent, and placed in a self-draining dewatering system.
The "dry" solids are finally trucked to a landfill. The second
fraction separated in the hydrocyclone is a fine gypsum slurry which
is recycled to the neutralization reactor. The residual gel slurry
forms the third fraction, and this is sent to a thickener after CO 2
degassing. A flocculating agent is added to the flow to the thickener
to promote solids separation and thickening. The underflow from the
thickener is centrifuged and the solids landfilled. The filtrate from
the centrifuge is recycled to the thickener, and the thickener
overflow is discharged.

The volume and characteristics of wastewater streams from different
sulfate process titanium dioxide plants do not differ greatly. Some
variations, however, are noted as a result of differences in ore
qualities, in location and in process details. The majority of the
dissolved pollutants in wastewater from this segment of the Ti02
industry consist of acidity and iron. Segregation of the wastewater
is important for control and treatment practices and aids in
developing economically feasible treatment systems. Generally, weak
and strong acid streams are segregated from each other as well as from
the less contaminated wastewaters which include contact cooling,
scrubbing, and some finishing operation wastes. The unit flows for
the segregated raw waste streams at different facilities are shown in
Table 14-26.

The average total effluent flow rate is 475 m3 /kkg (Table 14-16) for
Plants #555, #694, and #559. Complete flow data is not available for
Plants #696 and #605.
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TABLE 14-26. PROCESS WlISTE WATER FIJ:kl Kr PUINTS #- 555, #-694 and #-559
TITANIUM DIOXIDE (SULFATE PRCCESS)

Plant
Flow in (m3!kkg of Ti02)

Strong acid weak acid SCrubber and
contact cooling Total Effluent

water

#-555 8.5 78.2 362 449

#-694 16 67 457 540

#-559 6.1 69 361 436

Average 10 72 393 475
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Toxic Pollutant Concentrations

Section 5 of this report describes the scope and methodology of the
sampling program. In the Sulfate Process segment of the Titanium
Dioxide Subcategory, 18 different sampling points were selected for
studying the toxic pollutant characteristics of the water supplies,
the raw process wastewaters, and the plant effluent at two major
manufacturing facilities. For the inorganic constituents 575
analytical data points were generated and an additional 1,824 data
points were obtained for the organic toxic pollutants excluding blanks
and duplicates for quality control.

The only organic toxic pollutant found during the screening program
was phenol which was observed at only one of the two plants sampled.
The maximum raw waste concentration of phenol was 0.020 mg/l, however
the raw water source for the plant contained as much as 0.0070 mg/l.
This is well below the treatability level for phenol, therefore,
phenol is not considered a significant or process related pollutant.

Daily raw waste
estimated at
concentrations.

loads were
the time
That is,

calculated from the flow rates measured or
of sampling and the measured pollutant

daily loading (as kg of pollutant per day) = (C)(O)
1000

where the concentration (C) of the pollutant is expressed
units of mg/l (Note: 1 kg/m 3 = 1000 mg/l), and the flow rate
expressed in units of m3 /day ( a cubic meter, m3 , is equal to
u.S. gallons).

in
(0)
264

Similarly, the unit loadings were calculated from the reported
TiOz production rate (P), the waste'stream flow rate (0), and the
measured pollutant concentration (C).

Unit loading (as kg of pollutant
per day kkg of TiOz )

= (C) (0)
1000(P)

where C and 0 are expressed in the same
and the production (P) is expressed in
1000 kg, a metric ton, which is equal to

units described
units of kkg/day
2205 Ib).

above,
(kkg is

The maximum concentration of toxic pollutants found in the raw waste
at concentrations above the treatability level in the screening and
verification program were:
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TAIlLE 14-27. SlMWlY OI!' !W'l Wl\STE LO!\DINGS rotND IN SCREENING AND VERIFICATIOO Sl\MPLING

SUBCA'l'EaJRY TrrANl1t! DIOXIDE - SUIPATE Pro:ESS

Pollutant U>adjnq Range, Unit loading,
(kq/day) (kg/kkg)

No. of
Minlmun MaxJnun MiniJlun Average MaxJnun Plants (ll

Toxic

Antinaly 5.0 28 0.032 0.11 0.22 3

Arsenic 1.9 4.0 0.012 0.19 0.032 3

Cadmi.... .068 7.2 0.00044 0.019 0.057 3

w au:mu.... 140 530 1.1 2.0 3.4 3\0
w

~r 8.2 19 0.065 0.085 0.12 3

Lead 3.0 65 0.024 0 .. 18 0.42 3

Nickel 3.7 23 0.029 0.080 0.15 3

Beleni.... 7.0 9.5 0.0020 0.031 0.060 2

'lhalU.... 0.47 1.2 0.0030 0.0055 0.0080 2

Zinc 1.8 85 0.014 0.34 0.55 3

Conventional and NOnconventional

TSS 320 1

In:xl, Fe 600 1

(1) - Data are taken only from those plants where pollutants -.. found above detectim limits, or, in the
case of TSS and Iroo., where data are available.



"
TABLE 14-29. 'IOXIC POILIJl'»rnl: AVlW\GE R1IW, W1Is"rE Il.l1IOO AND~rns,

,

SUBCATEXDRY 'l'lTJINIlM DIOXIIE - sUU'Aft: PIltX:ESS

SCreening Verification

Plant 1555 Plant 1559 Plant 1559 Average

(m:tI1) (kaJkkaI hra/l) (kalkkq) (IID/l) (kWkkcl) (1I'Q1l1
AntiJOOny 0.77 0.22 0.16 0.080 0.014 0.032 0.34

Arsenic 0.11 0.032 0.029 0.014 0.028 0.012 0.06

Caaniun 0.29 0.057 0.0020 0.0009 0.0010 0.00044 0.10

ChraniWl 3.8 1.1 7.0 3.4 3.1 1.4 4.63

w 0.20 0.065 0.25 .~'.1 0.070 0.20\0 eower -. ~ '.-
A .';.. .- . .,.-~ - - - .

lead 0.015 0.024 0.20 0.10 0.96 0.42 0.41

Nickel 0.091 0.029 0.31 0.15 0.14 0.061 0.19

8eleniUlll NA < 0.06 NA NA 0.0050 0.0020 0.005

'nla1lilJl\ NA NA 0.020 0.0080 0.0010 0.0030 0.014

Zinc 0.098 0.014 1.1 0.55 1.04 0.45 0.14

NA 0= Not Available



Maximum Concentration Observed (.g/l)

Pollutant
Screening

(Plants 4555 & 4559)
Verification

(Plant 4559)

Cadmium 340 12
Chromium 124,000 31,000
Copper 1,500 1,000
Lead 3,700 5,200
Nickel 6,400 1,300
Zinc 3,800 1,700
A summary of daily and unit (per unit of production) raw waste loads
for all plants sampled can be found in Table 14-27. Individual plant
raw waste loads and concentrations found in sampling are given in
Table 14-28.

Based on the total annual production of
waste load generated per unit product,
pollutant raw waste loads generated each
as follows:

this
the

year

industry and the average
estimated total toxic

for this subcategory are

Pollutant

Cadmium
Chromium
Copper
Lead
Nickel
Zinc'
Antimony
Arsenic
Selenium
Thallium

Pollution Abatement Options

Toxic Pollutants of Concern

Total Annual Raw
Waste Load (Kg/year)

5,000
510,000

22,000
47,000
21,000
88,000
29,000
49,000

8,000
1,400

The toxic pollutants found above treatability levels in this industry
were evaluated on the basis of the maximum concentration observed in
the process raw wastewaters. These values are shown above. Using
cadmium as an example of a borderline case, its maximum observed
concentration of 0.34 mg/l (340 .g/l) is considered significant
because removal efficiencies ranging from 70 to 97 percent could
possibly be achieved on the basis of the lower limits of treatability
shown in Table 8-11 for lime/settling, lime/filter, and sulfide/filter
technologies. The BAT ultimately selected as a basis for regulations
may not be as effective as the most advanced technology considered at
this stage of the evaluation of alternatives.
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The sampling data from this industry indicate that the toxic
pollutants of concern are chromium, zinc, nickel, lead, copper,
antimony, arsenic, and cadmium in decreasing order of the maximum
amounts found. Selenium and thallium were detected at levels too low
to be treated effectively. The relative pollutant concentrations and
loadings in the raw waste largely reflect the amounts of impurities in
the ilmenite ore or titania slag being processed. The major impurity
found in the various grades of raw material is ferrous iron as
indicated in Table 14-22. The toxic metal impurities would also be
expected to occur in a wide range of concentrations in the raw
materials.

The advanced treatment technology options evaluated for the sulfate
process segment of the industry were selected for their ability to
remove toxic metals of concern with greater efficiency than the
prevailing (BPT) practice which also removes TSS, iron, and sulfate
from the wastewaters.

Process Modifications and Technology Transfer Options

Specific process modification recommendations are not made.
several areas for further investigation suggest themselves.

However,
They are:

A. One of the water borne wastes, the strong sulfuric acid produced
from the Ti02 sulfate process, has a sulfuric acid concentration
that varies from 15 to 30 percent as H2 S04 , Currently, only a
small portion of it is recycled. Research is needed to find'
cost-effective ways to concentrate the acid to 90 percent and to
eliminate the impurities (especially iron) so that it can be
reused in the digester. This will eliminate much of the alkali
requirements for neutralization and relieve disposal problems
associated with solid waste gypsum.

B. Economical methods need to be developed for the recovery of
oxide, aluminum, and vanadium from the waste to the extent
markets are available for these materials.

iron
that

C. If markets could be developed for the sale of ferrous
(copperas), solid waste disposal problems would be
Currently, a portion is sold and the rest disposed of as
waste.

sulfate
reduced.
a solid

Best Management Practices

Storm water runoff from the plant site should be collected and sent to
the treatment facility for the removal of suspended solids.

Prevailing Control and Treatment Practices

The treatment practices of the plants producing Ti0 2 by the sulfate
process are given above.
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Advanced Treatment Technologies

Although sulfide precipitation, the xanthate process, and ion-exchange
might be applied to the clarified solution obtained by alkaline
precipitation, oxidation and settling the costs incurred are high
because of the large quantity of water (more than 400 m3/kkg of Ti02 )

that must treated. The sulfate process is one of two subcategories
(the other being the Soda Ash Solvay Process) in the Inorganic
Chemicals Industry studied in this report that generates the largest
quantities of waste effluent.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPTIBAT)

In the Level 1 treatment, the strong and weak acid streams are
independently equalized in lined lagoons and neutralized in a reator
with ground limestone to a pH range of 5 to 5.5, precipitating calcium
sulfate and forming carbon dioxide, which remains in solution, along
with large quantities of ferrous iron. Solids are generated in a
thickener at the unit rate of 3 kkg per kkg of products. The
thickener overflow joins the large but relatively unpolluted flow of
"other wastes", and the combined wastewaters are treated to pH 6 to 9
and passed through a polishing lagoon prior to discharge. Level 1
treatment allows recovery of gypsum solids without contamination by
iron and toxic metals pollutants. The flow schematic for Level 1 is
presented in Figure 14-9a.

B. Level 2 (NSPS)

In the Level 2 treatment, the blended strong and weak acid streams are
neutralized with calcium carbonate. Most of the toxic metal
pollutants are precipitated and separated along with gypsum in first
stage thickeners. Aeration then oxidizes any ferrous iron present and
removes CO2 before mixing with miscellaneous plant waste containing
minor amounts of toxic metal pollutants. The combined stream is then
given lime treatment to pH 9 and settled in polishing lagoons before
discharge. This three-step system is patterned after an existing
system which separates the acid streams from miscellaneous wastes in
order to make possible the recovery of pure and impure gypsum from the
relatively consistent acid streams. Alkaline precipitation of more
toxic metals and significant removal of arsenic occur during the last
two stages of lime neutralization, and settling of precipitated toxic
pollutants occurs in the final polishing lagoons. Because waste flow
rates are unusually high in the sulfate process, long-term lagoon
settling is more cost effective than dual-media filtration. The
mechanical aeration step used for oxidizing ferrous iron may
contribute an important mechanism for the simultaneous removal of
additional heavy metals present, very similar to the ferrite
coprecipitation method described in the Treatment Technology
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Assessment section. The flow diagram of the treatment system is shown
in Figure 14-9b.

Although the Model Plant does not
recovery, it is based on separation of
impure gypsum recovery possible
underflow (s) .

C. Level 3

include equipment for gypsum
waste streams, making pure or

by intercepting thickener

Level 3 for the sulfate process employs the described NSPS treatment
for stong acid, weak acid, and 55 percent of the "other wastes". The
remaining other wastes receive soda ash treatment and settling, to
permit recycling a nonscaling effluent for scrubbers and miscellaneous
uses. Toxic metal pollutants in the separated recycle stream are
settled as hydroxides or carbonates, plus any calcium arsenate formed,
and periodically removed to secure landfill. The flow diagram of this
treatment is shown in Figure 14-10.

Euipment for Different Treatment Levels

A. Equipment Functions

Treatment of wastewater from the sulfate process involves the
mechanized handling of large quantities of chemicals and reaction
products, primarily gypsum.

The BPT model includes rail car deliveries of ground limestone
and lime, bucket elevators, storage bins, multiple feeders,
mechanical feeders and one stage thickening to recover gypsum.
Calcium saturated thickener overflow and ,miscellaneous other
wastes are subjected to pH adjustment and one-day settling in a
polishing pond prior to discharge.

In Level 2 or NSPS, wastewater treatment requires the use of
mechanical aerators, lime addition, and second stage thickening
equipment in addition to equipment specified for BPT treatment to
remove additional toxic metals and iron.

In Level 3, 'to reduce the raw waste load of toxic metals, only 55
percent of the NSPS "other waste" flow joins the treated acid
waste stream, for Level 2 treatment as described above. However,
the remaining 45 percent of "other waste" is given separate
treatment with soda ash and settled in a lagoon, for recycle to
miscellaneous scrubber and noncontact cooling purposes.
Treatment of the strong and weak acid streams, including
oxidation and settling of ferrous iron, remains the same as in
the NSPS model.

B. Chemicals and Handling

First stage neutralization employs ground limestone, while lime
is used in cases where second stage and final alkaline
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precipitation are employed. Oxygen is supplied from atmospheric
air, and polymer is added to assist in the second stage settling
of iron hydroxide when required. Aside from the bulk handling of
large amounts of these common chemicals, there are no special
hazards involved in their use.

C. Separation and Removal of Solids

Large quantities of thickener underflow are pumped to spreading
areas for consolidation of the solids, which are later pushed to
18 foot high piles on land provided for 10 years of operation.
Solids from occasional draining of the polishing lagoon and the
Level 3 recycling lagoon are returned to the aeration step of the
waste acid streams, after which they will be settled out in the
second stage thickener, being handled as part of the thickener
underflow. Although no dewatering equipment is provided, the
first and second stage thickeners are sources of pure and impure
gypsum for future byproduct recovery.

Treatment Cost Estimates

General Discussion

To prepare treatment cost estimates, a model plant concept was
developed. For conceptual design a representative unit waste flow was
selected, together with three different TiOz production rates. The
latter were chosen to cover most of the rates typical for the TiOz
(Sulfate Process) subcategory. The selected daily TiOz production for
the model plant was multiplied by the selected unit flow to obtain the
volume of influent to the treatment system. The selected unit raw
waste pollutant loads were also multiplied by the model plant
production rate to determine the pOllutant load on ~he treatment
system. Capital and equipment costs were then calculated based on
developed conceptual design parameters for each model plant production
rate. The rationale used for the model plant selection is given below.

A. Wastewater Flow

Waste effluent data is available for three plants and is given in
Table 14-26. For the model the average value of the three plants
data has been used. The unit flow data for strong acid ranges
from 6.1 to 15 m3 /kkg of TiOz . (Table 14-26). For the model
plant the average value of 10 m3 /kkg has been used. Unit flows
for the weak acid stream range from 67 to 78 m3 /kkg. For the
model plant, a unit flow of 72 m3 /kkg of TiOz is used. The third
segregated stream includes contact cooling water, scrubber water,
and finishing operation wastewater. The unit flow for this
stream varies. from plant to plant and depends largely on the type
and quality of the TiOz pigment end product desired. For model
plants a total flow which consists of strong acid, weak acid,
scrubber effluents, and product finishing wastewaters of 475
m3 /kkg of TiOz was used.
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B. Production

Four plants produce titanium dioxide by the sulfate process at a
total production rate of 259,000 metric tons per year.
Production ranges from a minimum of 31,000 kkg/yr to a maximum of
74,500 kkg/yr with an average of 49,000 kkg/yr and a median of
43,000 kkg/yr. For treatment cost estimates, three production
levels were selected. These were 31,800 kkg/yr, 47,700 kg/yr,
and 74,500 kkg/yr.

C. Wastewater Pollutant Load

As stated before, the principal pollutants occur in the strong and
weak acid streams and include high acidity (sulfuric acid),
suspended solids, iron and other heavy metal sulfates. The other
wastewaters contain titanium dioxide and small amounts of other
heavy metals on suspended solids. Iron concentrations vary
depending on the grade of ilmenite ore used.

Model Plant Control and Treatment Costs

The average raw waste pollutant loadings given in Table 14-27 were
used for the model plant. For the model plants, a total iron loading
of 600 kg/kkg was used with the assumption that two-thirds was spended
ferric hydroxide and one-third (200 kg/kkg of TiOz ) was soluble
ferrous iron. The unit sulfate and suspended solid loadings for the
different wastewater streams for the model plant were:

Stream

Weak Acid
Strong Acid
Other Wastewater

E. Chemical Usage

Sulfate Loading
(kg/kkg of TiOz )

2,300
1,800
Negligible

TSS Loading
(kg/kkg of TiOz )

300
200
113

In the model BPT system, powdered limestone is used for first stage
neutralization of mixed strong and weak acids, at the unit rate of
3,000 kg/kkg of TiO z . For iron removal (NSPS), pebble lime (CaO) is
used for second stage neutralization of the mixed acid streams and for
the final neutralization of the total combined flow, including the
other miscellaneous wastes. The unit application of CaO for all
purposes is 0.235 kg/kkg of TiOz .
F. Solids Produced

Existing plants have attempted to produce two grades of saleable
gypsum from the strong and weak acid streams. At present, one plant
has successfully identified a market that will partly offset the cost
of solids handling and disposal. The plant currently employs BPT
treatment which generates gypsum solids of sufficient purity to be
sold. NSPS treatment generates iron oxide laden gypsum which is, at
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present, unsuitable for sale.
plant are assumed to be 5,200
of TiOz for NSPS.

Treatment Costs

The total solids produced in the model
kg/kkg of TiOz for BPT and 5,500 kg/kkg

The estimated costs
levels are given
represent the total
and assume that the

for three models having different production
in Tables 14-29, 14-30, and 14-31. The costs
cost required for treatment system implementation
plant has no treatment system in place.

Table 14-32 presents a summary of the unit cost distribution between
amortization and operation and maintenance cost components at
different production levels and at the BPT and NSPS levels of
treatment.

For existing sources at the first level of treatment, the costs
reflect disposal of sludge on-site, hence land requirements are fairly
large. However, this cost can be offset by a revenue on the sale of
gypsum, currently practiced at one plant. These off-setting revenues
are not included in the costs presented in Tables 14-29, 14-30, 14-31,
and 14-32. These off-setting revenues are included in the Economic
Impact Analysis of Pollution Control Technologies for Segments of the
Inorganic Chemicals Manufacturing Industry, EPA 440/2-81-023.
Amortization, chemicals, labor, and residual waste disposal costs have
significant impact on the annual costs.

The
to
for

total annual costs presented in Table
40 percent if the sludge dewatering
gypsum recovery.

14-32 would increase by 20
equipment is to be installed

Basis For Regulations

Evaluation of BPT Practices

Out of a total of four TiOz plants (sulfate process) that are
currently in operation, only one plant (*559) has a BPT treatment
system. The other three plants practice partial neutralization and
settling. The BPT limitations are based on available long-term data
from Plant *559 and treatment performance information in Section 8.

A. Pollutant Removal with BPT Treatment

Treatment Level 1 is equivalent to the BPT in the Titanium
Dioxide (Sulfate Process) industry. Means, standard deviations,
and variability factors were calculated from data submitted by
Plant *559 for final effluent quality, and the results are given
in Tables 14-33a and 14-33b. The performance characteristics are
utilized for the development of the BPT regulations.

The ability of the treatment system to remove conventional and
toxic pollutants was estimated by comparing the treated effluent
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TABLE 14-29. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Titanium dioxide - Sulfate process
31,800 metric tons per year

A. INVESTMENT COST

Site development .....••.
Equipment •••••..••..••••
Monitoring equipment •..•

Subtotal. •.•• b ..••.•
Contractor's 0 & P ..•••.

Subtotal .••••..••••
Engineering .•.••..••••••

BPT

232,500
958,600

7,800

1,198,900
179,835

1,378,735
275,800

o
o
o

o
o

o
o

NSPS

316,500
2,551,000

20,000

2,887,500
433,125

3,320,625
664,125

Subtotal
Contingencies

......................

......................
1,654,535

275,800
o
o

3,984,750
398,475

Subtotal
Land

......................
........................................

1,930,335
636,000

o
o

4,383,225
1,372,000

TOTAL INVESTMENT COST..••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision.•••
Energy ..•••.••••••••••..•
Chemicals .••.•••• .•••••••
Ma in tenance •••.•••••••.•
TaxeS and insurance.•••..
Residual waste disposal .•
Monitoring, analysis,

and reporting•..••••••.•

TOTAL OPERATION AND
MAINTENANCE COST.••.•••••

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST•••.•••••.

2,566,335

252,000
34,000

1,760,000
193,032

76,989
141,000

15,000

2,472,021

314,063

2,786,084

o

o
o
o
o
o
o

o

o

o

o

5,755,225

504,000
96,000

1,589,000
438,323
172,657
210,000

15,000

3,024,979

713,151

3,738,130

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 14-30.

Subcategory
Production

MODEL PLANT TREATMENT COSTS

Titanium dioxide - Sulfate process
47,700 metric tons per year

A. INVEST~£NT COST

Site development ••.•••••
Equipment •••••••••••.•••
Monitoring equipment ••.•

Subtotal •••. 'b' •• '"
Contractor's 0 & P ••••••

Subtotal •••••••••••
Engineering •••••••••••••

Subtotal
Contingencies

BPT

316,200
1,213,200

7,800

1,537,200
230,580

1,767,780
353,560

2,121,340
353,560

o
o
o

o
o

o
o

o
o

NSPS

439,000
3,288,500

20,000

3,747,500
562,125

4,309,625
861,925

5,171,550
517,155

Land
Subtotal
........................................

2,474,900
960,000

o
o

5,688,705
1,920,000

TOTAL INVESTMENT COST••••

B. OPERATION AND
MAINTENANCE COST

Labor and superv~s1on••••
Energy•••••...••.•••.••••
Chemicals••••••••.•••••••
Maintenance •••••••.••.••
Taxes and insurance•.••••
Residual waste disposal ••
Monitoring, analysis,

and reporting•••..••..••

TOTAL OPERATION AND
MAINTENANCE COST•••••••••

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST.•••.•••••

3,434,900

336,000
51,000

2,640,000
247,492
103,047
209,000

15,000

3,601,539

402,669

4,004,208

o

o
o
o
o
o
o

o

o

o

o

7,608,705

672,000
138,000

2,384,000
568,871
228,261
315,000

15,000

4,321,132

925,552

5,246,684

a Represents the incremental cost above that for BPT treatment

b Overhead and Profit
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TABLE 14-31.

Subcategory
Production

MODEL PLANT TREATMENT COSTS

Titanium dioxide - Sulfate process
74,500 metric tons per year

A. INVESTI'.ENT COST

Site development ••••••••
Equipment ••••••••••.•••.
Monitoring equipment ••.•

Subtotal. •.•• b' •.•••
Contractor's 0 & P ••••••

Subtotal •••••••••••
Engineering •••••••.•••••

BPT

418,300
1,622,700

7,800

2,048,800
307,320

2,356,120
471,200

o
o
o

o
o

o
o

NSPS

631,000
4,352,000

20,000

5,003,000
750,450

5,753,450
1,150,690

Subtotal
Contingencies

......................

......................
2,827,320

471,200
o
o

6,904,140
690,414

Subtotal
Land

......................
........................................

3,298,520
1,470,000

o
o

7,594,554
2,940,000

TOTAL INVESTMENT COST••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision••••
Energy ..
Chemicals•.••••••.•••••••
Maintenance •••.•••••••••
Taxes and insurance••••••
Residual waste disposal ••
Monitoring, analysis,

and reporting•••••••••••

TOTAL OPERATION AND
MAINTENANCE COST•••••••••

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST•.••••••••

4,768,520

336,000
71,000

4,100,000
329,854
143,056
283,000

15,000

5,277,910

536,672

5,814,582

o

o
o
o
o
o
o

o

o

o

o

10,534,554

672,000
199,000

3,719,000
759,455
316,037
420,000

15,000

6,100,492

1,235,634

7,336,126

a Represents the incremental cost above that for BPT treatment

b Overhead and Profit
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TABLE 14-32 MODEL PLANT UNIT TREATMENT COSTS

Subcategory Titanium dioxide - Sulfate process

Annual Treatment Costs ($/kkg)

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/Yr>

BPT BAT* NSPS

Annual Operation
and Maintenance 31,800 77.74 lilA 95.13

47,700 75.50 NA 90.59
74,500 70.84 NA 81. 89

Annual
Amortization 31,800 9.88 NA 22.43

47,700 8.44 NA 19.40
74,500 7.20 NA 16.59

Total Annual
Cost 31,800 87.61 NA 117.55

47,700 83.95 NA 109.99
74,500 78.05 NA 98.47

*Represents the incremental cost above BPT
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qualities with the raw waste qualities of the sampled waste
streams.

Basis for BPT Effluent Limitations

A. Technology Basis

For BPT, the Agency is basing limitations on equalization,
limestone neutralization and clarification, followed by pH
adjustment before final polish and discharge of the effluent.
This technology is chosen because it has been installed and
operated successfully by a plant in the industry.

B. Flow Basis

Waste flow data is available for three plants and the average
value of 475 m3 /kkg of TiOz (Table 14-26) is taken as the inflow
for the model plant treatment system. The treatment plant
effluent flow is taken to be the same as the influent flow and
the loss or addition of water through chemicals, evaporation,
precipitation, and through solids removal have been neglected.

C. Selection of Pollutants to be Regulated

Selection of pollutants for limitation was based on a number of
criteria including raw waste pollutant concentrations during
sampling, total subcategory raw waste pollutant loading, and
experience related to the control of pollutant removal by
alkaline treatment technology presented in Section 8. The Agency
decided not to regulate the nonconventional pollutant iron under
BPT and BAT because of increased cost of the treatment when iron
is controlled and because the gypsum solids produced by the
treatment with iron removal can be reused only if dissolved iron
is not controlled. One plant has developed a market for reuse of
the gypsum. The Agency estimates that requiring iron removal at
existing plants would increase treatment costs by up to 40
percent and generate large quantities of waste solids for
disposal. Based on our economic impact analysis (63), the Agency
believes that two of the four existing TiOz sulfate process
plants would close, with the attendant increase in unemployment,
if the plants were required to control iron. Control of toxic
metal pollutants will be adequate at existing plants even without
an iron removal step.

Review of Tables 14-27, 14-28, and 14-34 indicates that six
pollutants were consistently identified at treatable
concentrations. Total suspended solids, iron, chromium, lead,
nickel, and zinc were all identified at treatable levels on the
average during sampling.

The toxic pollutants can be divided into two groups
similar behavior depending on the treatment pH.
alkaline treatment in Section 8 shows that chromium,
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TABLE 14-33a. HISWRICAL EFFLUENT M:NI'IDRING DATA StMilARY

SUBCATEGORY - TITANIUM DIOXIDE

SULFATE PRCCESS PLANT #559 - TRE:A'D1ENT WITOOUT
:mJN RFMJIlAL (1)

Pollutant (ng/l)
Paraneter (2) TSS Iron Chroniml Nickel zinc

Daily Data

No. of Points 30 (3) 84 81 82 54

Average, x 50 330 0.23 0.1:4 0.50
Standard Deviation,s 59 73 0.20 0.12 0.60

Standard Del7i.at:i.al,
5' (of logs) 0.95 0.20 0.75 0.74 0.95

Variability Factor 5.8 L5 4.4 4.3 5.8

M:Jnthly Avera;jeS

No. of Points 20 20 20 20 13

Standard Deviation, 8m 44 42 0.11 0.099 0.21

Variability Factor 1.6 1.2 1.9 2.1 ~.7

Variability Factor
Ratio 3.6 1.3 2.3 2.0 3-4

(1) Lead and cadmiun concentrations were less than 0.10 rrgjl for the 20
rronths.

(2) Refer to Table l4-33b f= explanation of statistical pat:CllIeterS.

(3) Base:! on one m:mth of data for April 1981.
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1:A.IlI...E 14- Bb. UlsronJCAL 1J'i"]..UD,'I' !.(JNl'J'ORDC O1ITA SI1'f·V-RY

S,)l£1I'l'lmRY - 'l'J'l',',1HUM DIOXIDE:
5UU'ATI: Pf<C'C::S$ P!.Ntr '559 - =;~~l]' l-iITlI Hal r-.:uOJ]o;L

11:>1lutant

TSS CadoiUlll Chrani\n Iron L6ld Nickel Zinc

Doi.! Y J:tJt.a

No. of T'Oints e99 109 128 854 128 128 128

J\veragE!, x 21.0 0.060 0.070 0.62 0.068 0.08 0.151

Sti1/1odard
sll] 65.93 0.044 0.054 3.46 0.041 0.071 0.204Deviil t il:n,

!:~d
5' (2)

1.54 0.68 0.67 l.86 0.56 0.76 1.02
~\'i.i:tial,

V~riabUity (3)
11.0 3.95 3.81 13.65 3.1 6 4.39 6.41

FactOr

p..lOnt...l)lv A\'er.aqes

lb. of Fbints 30 26 30 29 30 3D 30

S't.3rodard
[11

Deviatial 21.84 0.042 0.039 0.94 0.04 0.048 0.16

variability (4)
3.04 2.43 2.04 4.00 2.l4 4.39 3.D5r<>et=

\'ariabUity
FaetPr Ratio

VFR(5) 3.62 1.58 1.87 3.38 L.AB 1.00 2;10

11) 5 is tt.. arithretic st.arr1aTd devi<otion and is given, by

s ~ li;n
~i_=1:;..-_.,--__

~1

\ooi.:re xi is the data value for fOint i

X is the ITlf>;Jn val ue

n is the nUllber of dilta. fOints

..i..e.re S is the a:cit~ic standard de-'ution

X is the~ value

[3) The V"Miability factor (\IF) of daily measurClrents for 1.<;xp1oJ:mal distrihltiDn
is fQ;lfld ~. too e>,,'prcssiDn

In [VY) ~ S' ( z - 0.5 S')

~e S' is definl..'d in Note 2 above.

z= 2.33 for 99th percentile

(4) n>e variability factDr (\IF) for 30~y averagEl measuraltmt.s is fo.m:i by tiv:
expression

~!leTe x
m

is the rrean value of U'Je rronthly averages

Sm is the aritJ1ITetic stan<'"w"d deviation of the nonth1y averages

Z = 1. M fOr 95th rerceonti1e

lSI VfR, Ratio of the 24-rour vari.3bility factor to the 30-day variability fa:::tDr
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TABLE 14-34. VERIFICATION RESULTS FlU1 - SULFATE PRlXESS
TI'I2\NIIM DIOXIDE PIANT #559

Waste Stream

Pollutant Raw Waste Treated Effluent

U1i.t IDad Concentration Unit IDad Concentration Raroval
Effi.c:ieocy

(kg/kkg) (mg/l) (kg/kkg) Uiq/l) (%)

'lbtal SUspended
Solids 116 266 10.0 23 91

Iron 364 835 1.92 4.4 99

cadmiun 0.00045 0.0010 0.000040 0.00010 90

Chranium 1.3 3.1 0.011 0.025 99

OJPfer 0.070 0.16 0.002 0.0050 97

Lead 0.040 0.96 0.00090 0.0020 99

Nickel 0.060 0.14 0.0020 0.0050 96

Zinc 0.45 1.0 0.030 0.062 94

Arsenic 0.012 0.028 0.0040 0.010 64

AntiJoony 0.030 0.074 0.0060 0.015 80

8e1eniun 0.0020 0.0050 0.0020 0.0050 0

Thalliun 0.0030 0.0070 0.0010 0.0030 60
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zinc can be removed together at pH 8.0-9.5, while nickel requires
a higher pH. Therefore, chromium and nickel were selected based
on their relative significance in the raw waste and due to their
representative nature regarding overall toxic metal removal.
Lead, zinc, cadmium, copper, arsenic, and antimony are of lower
significance on the basis of sampling results. No toxic organic
pollutants were identified at significant concentrations.

D. Basis of Pollutant Limitations

1. Conventional and Nonconventional Parameters

a. pH

The treated effluent is to be controlled within the range of
pH 6.0 to 9.0. This limitation is based on the data
presented in Appendix B of the proposed Development Document
(60) and the JRB Study (52).

b. TSS and Iron

The long-term average values of 50 mg/l for TSS and 330 mg/l
for iron derived from the monitoring data of Plant *559
(Table 14-33a) was used as the subcategory performance
values. The variability factors for daily measurements and
monthly averages estimated from Plant *559 long-term data
(Table 14-33a) were used in calculating the concentration
basis and effluent limitations as described below.

Total Suspended Solids

The TSS maximum 3D-day average concentration is:

(50 mg/l)(1.6} = 80 mg/l

The 24-hour maximum TSS is:

(50 mg/l)(5.8} = 290 mg/l

The TSS maximum 3D-day average effluent limit was
obtained by using the model plant unit flow of 475
m3 /kkg as follows:

(80 mg/l) (475 m3 /kkg) ( kg/m 3 ) = 38 kg/kkg
(1000 mg/l)

The 24-hour maximum TSS effluent limit is:

(290 mg/l) (475 m3 /kkg) ( kg/m 3 ) = 140 kg/kkg
(1000 mg/l)
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Iron

The maximum 30-day average iron conc~ntration is
determined similarly from Table 14-33a as follows:

(330 mg/l)(l .2) = 400 mg/l

The 24-hour maximum iron concentration is:

(330 mg/l)(l .5) = 500 mg/l

The concentrations are presented in Table 14-35 as guidance.

2. Toxic Pollutants

The effluent limitations for chromium and nickel were established
on the basis of long-term monitoring data for Plant 4559 which
are presented in Table 14-33a.

a. Chromium

The chromium limitation is based primarily on long-t~rm

monitoring data available for Plant 1559. A treatm~nt

system raw waste influent concentration for chromium of 3.1
mg/l was observed at Plant #559 during sampling. The
long-term data summarized in Table 14-33a indicates a
current treatment performance of 0.23 mg/l and a monthly
average and daily measurement variability factor of 1.9 and
4.4, respectively.

The chromium maximum 30-day average concentfation is given
by:

(0.23 mg/l)(1.9) = 0.44 mg/l

The chromium 24-hour maximum concentration is given by:

(0.23 mg/l)(4.4) = 1.0 mg/l

The chromium maximum 3D-day average effluent limit is
developed using the model plant flow of 475 m3 /kkg and
concentration limit above as follows:

(0.44 mg/I) (475 m3 /kkg ( kg/m 3 ) = 0.21 kg/kkg
(1000 mg/I)

The chromium 24-hour maximum effluent limit is given
by:

(1.0 mg/I) (457 m3 /kkg) ( kg/m 3 ) = 0.48 kg/kkg
(1000 mg/I)



TABLE 14-35. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE SULFATE PROCESS

Best Practicable Control Techno~ CUrrently Available
Waste Water Flow: 475 m /kkg of Ti02

Pollutant

Sul:category VFR (1)
Perfonnance

(m;Vl)

Concentration Basis
(mgjl)

Max.
30-day 24-hr
Avg. Max.

Effluent Limit
(kg/kkg of Ti02)

Max.
3O-day 24-hr
Avg. Max

Conventional and Noncx>nventional Pollutants

'Ibtal Suspended
50(2)Solids 5.8 80 290 38 140

1.6

Iron 330 (2) 1.5 400 500
(4) (4)

1.2

'Ibxic Pollutants

Chranium 0.23 (2) 4.4 0.44 La 0.21 0.48
1.9

Lead 0.15 (3) 3.2 0.32 0.48
(4) (4)

2.1

Nickel 0.14(2) 4.3 0.29 0.60 0..14 0.29
IT

Zinc 0.50(2) 5.8 0.85 2.9
(~) (4)

1.7

cadmium 0.10 (3) 3.9 0.24 0.39
(4) (4)

2.4

Copper 0.40 (3) 3.8 0.80 1.5
(4) (4)

2.0

Antinony 0.80 (5) 3.8 1.6 3.0
(4) (4)

2.0

Arsenic 0.50(5) 3.8 1.0 1.9
(4) (4)-

2.0

(1) VFR: Ratio of the variability factor of the daily IOOasuranents to the
variability factor of the m:mthly averages.

(2) Long-tenn average based on loading data and variability factors of
Plant #559 selected fran Table l4-33a.

(3) Limitation based on long-term data at Plant :#:559 and review of Table 8-12.
(4) No effluent limitation.
(5) The lower limit of the literature treatability estimate (Table 8-11) is

used as the basis for the long-term average limitation•
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b. Nickel

The long-term average concentration for nickel at Plant #559
is 0.14 mg/l from Table 14-33a for the treated effluent.
The average nickel concentration observed during sampling
was 0.18 mg/l for Plant #555 and #559 (Table 14-28). The
long-term average and variability factors observed for Plant
#559 were used to develop the limitations as follows:

The maximum 30-day concentration for nickel is:

( O. 14 mg/ll (2. 1) = 0.29 mg/l

The 24-hour maximum concentration is:

( O. 14 mg/l) (4.3) = 0.60 mg/l

The nickel maximum 30-day average effluent limit is:

(0.29 mg/l) (475 m3 /kkg) ( kg/m 3 ) = 0.14 kg/kkg
( 1000 mg/l)

The nickel 24-hour maximum effluent limit is:

(0.60 mg/l (475 m3 /kkg) ( kg/m 3 ) = 0.29 kg/kkg
(1000 mg/l)

c. Other Metals

Lead, zinc, cadmium, copper, arsenic, and antimony were also
present in the raw wastewater. A concentration level is
developed for these toxic pollutants which can be used to
develop a limitation in the event that they become a
concern. Development of the concentration level is
primarily made on a similar basis as established previously
for the primary pollutants. Information used to establish
the concentration level for each pOllutant is summarized as
follows:
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Summary
Long-term

Pollutant Average

Zinc 0.50 mg/I(5)

Cadmium 0.10 mg/I(1,2)

Copper 0.40 mg/I(3)

Arsenic 0.50 mg/I(4)

Antimony 0.80 mg/I(4)

Lead O. 15 mg/I(1,2)
( 1) Table 14-33b

(2 ) Table 8-12

(3) Table 8-13

(4 ) Table 8-11
(5) Table 14-33a

Variabil i ty( 1)
Factor of the
Monthly Average

1 :7

2.4

2.0

2.0

2.0

2 • 1

Variability(l )
Factor of the

Daily
Measurements

5.8

3.9

3.8

3.8

3.8

3.2

The concentration levels are developed for all the pollutants as
follows:

The maximum 3D-day = (Long-term average
concentration concentration)

x (Monthly average
variability factor)

The 24-hour maximum = (Long-term average
concentration)

Summaries of the conventional and toxic
are presented in Table 14-35.

Basis for BCT Effluent Limitations

X (Daily measurement
variability factor)

pollutant limitations for BPT

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. ~
decision mentioned earlier, EPA is promulgating BCT limitations for
this subcategory. These limits are identical to those for BPT because
the only technology option that removes significant amounts of
conventional pollutants is not economically achievable. See the
discussion of iron under BPT above. Removal of significant additional
amounts of conventional pollutants can be achieved in this subcategory
only if iron is also removed.

As BPT is the minimal level of control required by law, no possible
appl ication of
lower than those
wait until EPA
limi tations.

the BCT cost tests could result in BCT limitations
promulgated today. Accordingly, there is no need to
revises the BCT methodology before promulgating BCT
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TABLE 14-36. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE SULFATE PROCESS

Best Available Technology
Wastewater Flow: 475 m3/kkg of Ti02

Concentraticn Effluent Limit
Basis (mg/l) (kgjkkg of Ti02)
Max. Max.
30-day 24-hr. 30-day 24-hr.

Subcategory ( 1 ) VFR(2) Avg. Max. Avg. Max.
Pollutant Performance

Nonconventional
Pollutants:

Iron 330 1.5/1.2 400 500
__ (3) __ (3)

Toxic Pollutants:

Chromium 0.23 4.4/1.9 0.44 1.0 0.21 0.48

Lead 0.15 3.2/2.1 0.32 0.48
__ (3) __ (3)

Nickel 0.14 4.3/2.1 0.29 0.60 0.14 0.29

Zinc 0.50 5.8/1.7 0.85 2.9 __ (3) __ (3)

Cadmium 0.10 3.9/2.4 0.24 0.39 __ (3) __ (3)

Copper 0.40 3.8/2.0 0.80 1.5
__ (3) __ (3)

Antimony 0.80(4) 3.8/2.0 1.6 3.0
__ (3) __ (3)

Arsenic 0.50(4) 3.8/2.0 1.0 1.9
__ (3) __ (3)

(1) Limitations for BPT Table 14-35.
(2) VFR: Ratio of the variability factor of the daily measurements to the

variability factor of the monthly averages.
(3) No effluent limitation.
(4) The lower limit of the literature treatability estimate (Table 8-11) is used

as the basis for the long-term average limitation.
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Basis for BAT Effluent Limitations

For BAT, the Agency is basing limitations on treatment consisting of
Level 1 technology, and is the same as BPT. Treatments requiring
aeration for iron removal (Level 2) and 55 percent recycle through use
of soda ash precipitation (Level 3) were considered but rejected
because of costs. The limitations for BAT are given in Table 14-36.

Basis for New Source Performance Standards

For NSPS, the Agency is basing limitations on equalization, limestone
neutralization, clarification, aeration, alkaline precipitation and
settling, followed by pH adjustment before final polish in a lagoon
and discharge of the effluent (Level 2). This technology is chosen
because it has been installed and operated successfully by Plant *559.

A. Flow Basis

Waste flow data
value of 475
influent to the

is available for three plants and the average
m'/kkg of TiOz (Table 14-26) is taken as the
model treatment system.

B. Selection of Pollutants to be Regulated

The same pollutants considered for BPT are also considered for
the NSPS regulations. These pollutants include total suspended
solids (TSS), iron, chromium, lead, nickel, and zinc which were
identified at treatable levels on the average during sampling.
Iron was selected in addition to TSS, chromium, and nickel for
regulation on the basis of additional removal of large quantities
of iron and additional TSS and toxic metal removal beyond the
BPT/BAT level with the application of aeration and alkaline
precipitation to BPT treatment.

An iron removal step added to BPT/BAT technology is used for
NSPS/PSNS because the additional treatment provides better
removal of toxic metals, and the more stringent standards are
unlikely to pose a significant barrier to entry. New sulfate
process plants are unlikely because the two alternate processes
are 'more economical. However, if a company did want to construct
a new sulfate process plant, a process change involving the
recycle and reuse of the strong acid wastewater would likely be
adopted. This process change would reduce production costs, and
would also reduce the amount of strong acid wastewater treated
and discharged by 70 to 90 percent. Reducing the flow of the
strong acid wastewater reduces treatment costs substantially and
also substantially reduces the amount of gypsum solids produced
by treatment. With the smaller amount of gypsum solids produced,
disposal of the solids as waste is competitive with sale of the
solids for reuse, when cost of sales is considered. At least one
company using the sulfate process is actively developing the
recycle/reuse technology. One other company using the chloride
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TABLE 14-37. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE SULFATE PROCESS
New Source Performance Standards

Wastewater Flow: 475 m3/kkg of Ti02

concentration Effluent Limit
Basis (mg/ll (kg/kkg of Ti02)

Subcategory Max. Max.
Performance 30-day 24-hr. 30-day 24-hr.

Pollutant (mg/l) VFR( 1) Avg. Max. Avg. Max.

Conventional and
NOflconventional
Pollutants

Total Suspended
Solids 21(2) 11.0/3.0 64 230 30 110

Iron(6) 0.62(2) 13.7/4.0 2.5 8.5 1.2 4.1

Toxic Pollutants

Chromium(6) 0.15(3) 3.8/2.0 0.30 0.57 0.14 0.27
Lead 0.15(3) 3.2/2.1 0.32 0.48

__ (4) __ (4)

Nickel(6) 0.10(3) 3.8/2.0 0.20 0.38 0.095 0.18
Zinc 0.20(3) 6.4/3.1 0.62 1.3

__ (4) __ (4)

Cadmium 0.10(3) 3.9/2.4 0.24 0.39
__ (4) __ (4)

Copper 0.40(3) 3.8/2.0 0.80 1.5
__ (4) __ (4)

Antimony 0.80(5) 3.8/2.0 1.6 3.0
__ (4) __ (4)

Arsenic 0.50(5) 3.8/2.0 1.0 1.9
__ (4) __ (4)

(1) VFR: Ratio of the variability factor of the daily measurements to the
variability factor of the monthly averages.

(2) Long-term average based on loading data and variability factors of Plant #559
selected from Table 14-33b.

(3) Limitation based on long-term data at plant #559 and review of Table 8-12.

(4) No effluent limitation.

(5) The lower limit of the literature treatability estimate (Table 8-11) is used
as the basis for the long-term average limitation.

(6) Applicable to PSNS regulations.
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ilmenite process has recently built a new plant that discharges
50 percent less total wastewater than comparable plants.

C. Basis of Pollutant Limitations

1. Conventional and Nonconventional Parameters

a. pH

The treated effluent is to be controlled within the
range of pH 6.0 to 9.0. This limitation is based on
the data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS and Iron

The long-term average values of 21 mg/l for TSS and
0.62 mg/l for iron derived from the monitoring data of
Plant #559 (Table 14-33b) were used as the subcategory
performance values. The variability factors for daily
measurements and monthly averages estimated from Plant
#559 long-term data (Table 14-33b) were used in
calculating the concentration basis and effluent
limitations as determined below

Total Suspended Solids

The TSS maximum 3D-day average concentration is:

(21 mg/l) (3.0~) = 64 mg/l

The 24-hour maximum TSS is:

(21 mg/l) (11.0) = 230 mg/l

The TSS maximum 3D-day average effluent limit was
obtained by using the model plant unit flow of 475
m3 /kkg as follows:

(64 mg/l) (475 m3 /kkg ( kg/m 3 ) = 30 kg/kkg
(1000 mg/l)

The 24-hour maximum TSS efffluent limit is:

(230 mg/l) (475 m3 /kkg) ( kg/m 3 ) = 110 kg/kkg
(1000 mg/l)

Iron

The maximum 3D-day average iron concentration is
determined similarly from Table 14-33b as follows:
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(0.62 mg/l) (4.0) = 2.5 mg/l

The 24-hour maximum iron concentration is:

(0.62 mg/l) (13.7) = 8.5 mg/l

The maximum 3D-day average iron effluent limit is:

(2.5 mg/l) (475 m'/kkg) ( kg/m' ) = 1.2 kg/kkg
(1000 mg/l)

The 24 hour maximum iron effluent limit is:

(8.5 mg/l) (475 m'/kkg) ( kg/m' ) = 4.1 kg/kkg
(1000 mg/l)

The conventional and nonconventional pollutants
limitations are presented in Table 14-37 for treatment
with iron removal.

2. Toxic Pollutants

The effluent limitations for chromium with iron removal is
based primarily on long-term monitoring data for Plant i559
and review of treatment performance information in Tables
8~12 and 8-13 for other industries utilizing the same
treatment technology for removal of the pollutant.

a. Chromium

The chromium limitation with iron removal is based
primarily on long-term monitoring data available for
Plant *559. A treatment system raw waste influent
concentration for chromium of 3.2 mg/l was observed at
Plant i559 during sampling. The long-term data
summarized in Table 14-33b indicates a current
treatment performance of 0.070 mg/l and a monthly
average and daily measurement variability factor of 2.0
and 3.8, respectively.

Review of long-term average treatment data for chromium
in Tables 8-12 and 8-13 indicates that 0.070 mg/l shows
excellent removal when compared to the same treatment
technology for chromium removal in other industries. A
long-term average of 0.15 mg/l for chromium is used as
the basis for the final limitation based on observed
performance data from other industries summarized on
the tables in Section 8. The final limitations are
developed below for chromium.

The chromium maximum 3D-day average concentration is
given by:
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Basis for Pretreatment Standards

A. Existing Sources

The only wastewater discharged to the POTW from the one existing
indirect discharger is a small portion of the weak acid stream.
Based on data provided in response to Section 308 request, it is
unlikely that this wastewater contains any toxic metals at
treatable levels. Therefore, we are excluding this subcategory
from categorical PSES under the provisions of Paragraph 8(b) of
the Settlement Agreement.

B. New Sources

"For pretreatment standards for New Sources (PSNS), the Agency is
hasing limitations on NSPS. The pollutants to be regulated are
iron, chromium" and nickel as indicated in Table 14-37.
Pretreatment is required because NSPS provides better removal of
iron and toxic metals than does a well-operated POTW with
secondary treatment installed and therefore chromium, nickel, and
iron would pass through the POTW in the absence of pretreatment

Ti tanium Diox::Lde- Chloride - Ilmeni te Process Industry Profile

General Descripti,on

Total subcategory pr,oduction capaci ty is given in Table J 4-38 Profile
Data SUl!mIary. The 3018 ,data available for the TiOz Subcategory does
not adequately cover tme one-step chloride-ilmenite process; however,
supplementary information 'hlas been s,ubmi tted by industry (55). The
status of regulations ~ior to promulgation of this regulation is
presented -in "fable 14-2. Additional information on the
chloride-ilmenite process industry isgi;v,en in this section.

General Process Description and Raw Materials

For the manufacture of titanium dioxide
beneficiation-chloride process, a generalized
including the waste streams is shown in Figure

by the
proc,ess

14-0 L

combined ore
flow diagram

The direct use of ilmenite ore for the manufacture of titanium dioxide
pigments requires the application of either the sulfate process or the
one-step ore beneficiation/chlorination process which is referred to
in this document as the chloride-ilmenite process. Processes which
involve a separate ore beneficiation step (either at the plant or at
the ore source) resulting in an upgraded or a synthetic rutile product
to be used as feed material for a chloride process would not be
classified as a chloride-ilmenite process. A separate ore
beneficiation process would fall within the Ore Mining and Dressing
Category for regulatory purposes, and the manufacture of TiOz from an
upgraded ilmenite or synthetic rutile would be in the same
classification as a chloride process using natural rutile ore.
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'mBI:.E 14-39. AVEm\GE~ USAGE FOR Ti~Pro.DU::TION
BY THE CHWRIDE -IIMENITE SS

Use

N::lIlcontact
Cooling

PD::x::ess Cbntact
and CleaJ1lP

Non::ontact
An::il.1aIy Uses
(fullers,
Sanitary, etc:.)

Plant #237

73-140

100-140 (1)

9- II

Plant #550

(m3/kkgof Ti0
2

)

330-390

47- 59

6- 7

Plant #713

15-16

60 (2)

5- 6

Sou=e of data, (55).

(1) The average total flow of 120 m3/kkg is used as the basis for BPr.

(2) The average flow of 60m3/kkg is USEd as the basis for NSPS.
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TABLE 14-41. 5lMWlY OF lW'I WASTE I£Il\DINili FOlW IN SCREENING AND VERIFICATIQ'I SAMPLING

SIJBCATEO:)RY TITlINItIl DIOXIDE - SUIFATE ProcESS (!\WHeel to Chloride Ilnenite Process)

Pollutant loading Range Unit Loading
(kg/day) (kg/kkg) No. of

MiniJlun MaxiJIUll Minimun Average Maximun Plants (1)

Priority

Antinaly 5.0 28 0.032 0.11 0.22 3

Arsenic 1.9 4.0 0.012 0.19 0.032 3

cadmiun 0.068 7.2 0.00044 0.019 0.057 3......,
au:oodun 140 530 1.1 2.0 3.4 3...,
Copper 8.2 19 0.065 0.085 0.12 3

lead 3.0 65 0.024 0.18 0.42 3

Nickel 3.7 23 0.029 0.080 0.15 3

Seleniun 7.0 9.5 0.0020 0.031 0.06 2

'lhalliun 0.47 1.2 0.0030 0.0055 0.0080 2

Zinc 1.8 85 0.014 0.34 0.55 3

Conventional

TSS

Iron

320

600

1

1

(1) - Data are taken only from those plants where pollutants were found above detection limits, or
in the case of TSS and Iran, where data are available.



TABLE 14-42. 'roXIe POLWl'Am' AVEPAGE IWf WASTE r.cw:s lIND cnlCBNl'RATICNS

TlTANIUI DlOlUIE - SUlfate Process (Applied to Chloride Ilmenite Process)

Screening V8rlfialtion

Plant '555 Plant '559 Plant '559 Average

(rrg/1) (kg/kkg) (ug/l) (kg/kkg) (rrg/l) (kg/kkg) (ltg/I)

JlntinDny 0.77 0.22 0.16 0.080 0.074 0.032 0.34

Arsenic 0.11 0.032 0.029 0.014 0.028 0.012 0.06

CadmiLIII 0.29 0.057 0.002 0.0009 0.0010 0.00044 0.10

... OiraniLIII 3.8 1.1 7.0 3.4 3.1 1.4 4.63
w... Cower 0.20 0.065 0.25 0.12 0.16 0.070 0.20

lead 0.075 0.024 0.20 0.10 0.96 0.42 0.41

Nickel 0.091 0.029 0.31 0.15 0.14 0.061 0.18

seleniLIII NA < 0.06 NA NIl. 0.005 0.002 0.005

'DlalliLIII NA NA 0.02 0.008 0.007 0.003 0.014

Zinc 0.088 0.014 1.1 0.55 1.04 0.45 0.74

NA = Not Available



Daily raw waste loads were calculated
estimated at the time of sampling
concentrations. That is,

from the flow rates measured or
and the measured pollutant

Daily loading (as kg of pollutant per day) = (C)(O)
1000

where the concentration (C) of the pollutant is expressed in
mg/l, (Note: 1 kg/m' = 1000 mg/l), and the flow rate
expressed in units of m'/day (m', a cubic meter, is equal to
gallons) .

units of
(0) is

264 U.S.

Similarly, the unit loading were calculated
production rate (P), the waste stream flow
pollutant concentration (C).

from the reported TiOz
rate (0), and the measured

Unit loading (as kg of pollutant =
per kkg of TiOz )

(C) (0)
1000(P)

where C and 0 are expressed in the same units described above,
production (P) is expressed in units of kkg/day (kkg is 1000
metric ton, which is equal to 2205 lbs).

and the
kg, a

A summary of daily and unit per unit of production raw waste loads for
the plants sampled is presented in Table 14-41 and the individual
plant averages are given in Table 14-42.

The estimated total annual raw wastewater load of toxic pollutants
generated by the Chloride-Ilmenite Process is given below.

Pollutant

Chromium
Nickel
Zinc
Lead
Copper
Cadmium
Antimony
Thallium
Arsenic
Selenium

Total Annual Raw Wastewater Load
(kg/year)

1,050,000
42,000

178,000
94,000
44,000
9,900

58,000
2,900

99,000
16,000

Section 5 of this report described the scope and methodology of the
sampling program and this section indicates the size of the analytical
data base on toxic pollutants for the sulfate process segment. This
is the basis for selecting pollutants of concern in the
chloride-ilmenite segment of the TiOz subcategory.
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Pollution Abatement Option

Toxic Pollutants of Concern

Rationale for selection of the toxic pollutants of concern are
presented in this section for the sulfate process industry. The
sampling data evaluations resulted in the selection of chromium, zinc,
nickel, lead, copper, antimony, arsenic, and cadmium on the basis of
raw waste maximum concentrations and total annual industry loads.

The major impurity found in the various grades of raw material is
ferrous iron as shown in Table 14-22. In the sulfate process the
unwanted iron remains largely in the ferrrous state and may be
crystallized out of the acid waste streams and sold as copperas
(ferrous sulfate). In the chloride-ilmenite process, the same ore
impurity is oxidized to some extent to the ferric state during the
chlorination step. This appears in the acid waste streams as ferric
chloride (FeCI 3 ) ic the amounts indicated in Table 14-41.

Iron, in either the ferrous or ferric state, is classified as a
nonconventional pollutant. However, when present in large amounts,
such as it is in the TiOz industry, it can be a considerable aid to
toxic metal removal in treatment systems designed to take advantage of
coprecipitation processes.

Process Modifications and Technology Transfer Options

The comments made in regard to the Titanium Dioxide-Chloride Process
for rutile and upgraded ores in this section are generally applicable
to the Chloride-Ilmenite Process.

Best Management Practices

Storm water runoff from the plant site should be collected and sent to
the treatment facility for the removal of suspended solids.

Prevailing Control and Treatment Practices

The three chloride-ilmenite plants from which the water use and waste
source information was obtained all handle the disposal of the
concentrated process waste stream separately by either ocean dumping
or deep well injection. The availability of either of these methods
of disposal for a particular plant is a matter handled on a
case-by-case basis by the appropriate regulatory agencies from which
various approvals and permits ·are required under the Marine
Protection, Research and Sanctuaries Act of 1972 for ocean disposal or
by state and local authorities for deep well injection. For the
purpose of developing the model plant concept and specifying a
generally applicable waste treatment technology for the
chloride-ilmenite industry, the assumption has been made that neither
the ocean dumping nor the deep well injection disposal options are
generally available, and that the concentrated process waste is,
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therefore, included in the raw waste influent to the model plant
wastewater treatment system.

In practice, one plant disposes of the entire
TSS waste by ocean dumping. The remainder
the concentrated waste by deep well injection
lagoons for removal of settleable solids.

metal chloride, HCI, and
of the plants dispose of
after use of surface

The dilute process waste streams are segregated to the extent possible
from noncontact sources and treated in conventional in-plant systems
utilizing equalization and spill diversion facilities followed by lime
neutralization/coagulation, solid separation in a settling pond, and
final discharge of the treated effluent. Chemical coagulating agents
such as ferric chloride and alum may be used either before or after pH
control as an aid in the removal of metal hydroxides and other
suspended solids.

Advanced Treatment Technology

Advanced treatment technology options for the in-plant treatment of
process wastes have been evaluated as possible polishing step
additions to a conventional system for equalization, neutralization,
and clarification in ponds prior to discharge. Such options include:

A. Aeration for a) decarbonization if limestone is used for
neutralization, and b) ferrite coprecipitation, assuming that
sufficient ferrous iron is already present or is added to the
system as needed (the latter maylalso be accomplished by adding
scrap iron to the acid wastes).

B. An alkaline precipitation step under optimum conditions for metal
hydroxide precipitation, i.e., pH 9-10.

C. Dual-media filtration for additional removal of suspended solids
including toxic metal hydroxides.

D. Sulfide precipitation for additional toxic metal removal followed
by filtration.

E. Other metal removal technologies including xanthate
precipitation, ion exchange, and membrane applications, all of
which were regarded as inappropriate from a practical and
economic point of view.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT)

Figure 14-12 shows the model treatment system for treatment with
and without iron removal. Calcium carbonate (limestone) is used
to neutralize the concentrated acid waste stream. Aeration is
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Figure 14-12. Levell waste water treatIrent for titaniun dioxide - chloride
(il.rrenite ore) process.
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Figure 14-13. Level 2 waste water treatment for titanium dioxide - chloride
(ilmenite ore) process.



then used to p~ima~ily ~emove COz p~io~ to pH adjustment to
~educe demand fo~ t~eatment chemicals, and mixing with dilute and
miscellaneous plant wastes. The combined st~eam is given lime
t~eatment to pH 9-10 fo~ i~on and toxic pollutant ~emovalo~ 6-9
du~ing t~eatment without i~on and toxic metal ~emoval. All
wastewate~ passes th~ough a cla~ifie~ and final" polishing lagoon
p~io~ to discha~ge.

This technology was used as the t~eatment model fo~ BPT
~egulations because of the simila~ity of wastes to those in the
TiOz-Sulfate P~ocess Indust~y. This technology is available and,
to some deg~ee, al~eady employed in the TiOz-Chlo~ide-Ilmenite

Indust~y. The p~oposed BPT t~eatment can ~emove g~eate~ than 95
pe~cent of the majo~ pollutants of conce~n including toxic metals
acco~ding to p~elimina~y t~eatability estimates. No i~on ~emoval

is ~equi~ed fo~ BPT.

B. Level 2 (NSPS)

Level 2 t~eatment adds i~on ~emoval as desc~ibed in Level and
dual-media filt~ation to the Levell technology fo~ additional
~emoval of i~on, suspended solids, and toxic metal hyd~oxides

following the alkaline p~ecipitation and settling steps. The
flow diag~am fo~ Level 2 is shown in Figu~e 14-13. This level of
t~eatment was selected as the basis fo~ NSPS because it p~ovides

a ~elatively economical method fo~ ~emoving additional toxic
metals.

Equipment fo~ Diffe~ent T~eatment Levels

A. Equipment Functions

Unlike t~eatment of the wastewate~s f~om the TiOz Sulfate
P~ocess, limestone neut~alization of the Chlo~ide-Ilmenite

P~ocess wastewaters does not generate la~ge quantities of solids
(e.g., gypsum) which require mechanized sepa~ation anQ t~ansfer

to sizable on-site or off-site disposal areas. The solids that
are generated from TSS and metal precipitate separation can be
collected in moderate-sized lagoons and pe~iodically t~ansferred

to appropriate chemical landfill disposal sites in acco~dance

with the Resource Conse~vation and Recovery Act (RCRA) (as
amended, 42 USC 6901, et seq.). The Levell treatment model
includes ~ail car deliveries of g~ound limestone and lime, bucket
elevato~s, storage bins, multiple reactors and chemical feede~s,

mechanical ae~ato~s and thickeners for solids ~emoval. The
clarified overflow is t~eated with lime fo~ additional toxic
metals ~emoval and settled in a one-day polishing pond prior to
final pH adjustment, monitoring and discha~ge.

B. Chemicals and Chemical Handling

First stage neutralization utilizes g~ound limestone while lime
is used for second stage neutralization and final alkaline
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precipitation. Oxygen is supplied as air to oxidize any ferrous
iron remaining in addition to CO 2 removal, and treatment
chemicals may be added as required for removal of precipitated
metals and other suspended solids. Aside from the large scale
bulk chemical handling requirements for limestone and lime, there
are no particular hazards involved.

C. Disposal of Solids

Periodic removal of solids from settling impoundments will
require compliace with RCRA regulations as applicable to on-site
or off-site chemical disposal site operation. However, this
subcategory has not been listed under RCRA-ISS for hazardous
pOllutants.

Treatment Cost Estimates

General Discussion

To prepare treatment cost estimates, a model plant
developed. Cost estimates have been prepared for
treatment, and for Level 2 (NSPS). The model plant
given below were utilized for cost estimating and for
the regulations.

A. Production

concept was
Level 1 (BPT)

specifications
development of

There are three plants at different locations producing (or
capable of producing) titanium dioxide by the combined ilmenite
ore beneficiation - chlorination process. Annual capacity of
these plants varies from 136,000 metric tons to 207,000 metric
tons. For treatment cost estimates, four production levels were
selected. These were 35,000 kg/year, 70,000 kkg/year, 113,7570
kkg/year, and 157,500 kkg/year.

B. Wastewater Flows

Wastewater is typically segregated into two streams; strong
acidic wastewater flow from beneficiation-chlorination of
ilmenite ore and air emission scrubbing facilities, and the other
wastewater from process reactions, washings, product transport,
cooling tower blowdown, water treatment blowdown, and other
operations. For the model plants, a unit flow of 6 m3 /kkg of
product for the concentrated acidic wastewater and 114 m3 /kkg of
product for the dilute wastes is used. The treatment system is
designed to handle a total flow of 120 m3 /kkg of product (Table
14-39).

For the NSPS model plant, a unit flow of 6 m3 /kkg of product for
the concentrated acidic wastewater is used. Because of improved
design which allows for recycle systems and more efficient
process water utilization, dilute wastewater is considerably
reduced (62). The total combined wastewater flow of 60 m3 /kkg of
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p~oduct is used (Table 14-39). The t~eatment system fo~ Level 2
(NSPS) is BPT plus dual-media filt~ation.

C. Pollutant Load

The p~incipal pollutants occu~~ing in the wastewate~s a~e TSS,
i~on, ch~omium, nickel, zinc, and hyd~ochlo~ic acid. Fo~ the
model plants, the following unit pOllutant loads have been
conside~ed:

TSS
HCl
I~on

Ch~omium

Nickel
Zinc

The loading values
submitted by indust~y

ch~omium loading is
~ange of ilmenite o~e

a~e taken f~om the
sulfate p~ocess.

D. Chemical Usage

175 kg/kkg of TiOz
230 kg/kkg of TiOz
375 kg/kkg of TiOz
1.4 kg/kkg of TiOz
O. 1 kg/kkg of TiOz
0.5 kg/kkg of TiOz

fo~ TSS, HCI, and i~on a~e based on data
on the chlo~ide-ilmenite p~ocess. The
an estimated ave~age de~ived f~om a wide

qualities and the nickel and zinc loadings
sc~eening and ve~ification data on the TiOz

In the model BPT system, powde~ed limestone is used fo~ fi~st

stage neut~alization of st~ong acidic waste flow at the unit ~ate

of 302 kg/kkg of TiOz . Pebble lime (CaO) is used fo~ second
stage neut~alization of the total" combined flows. Lime is used
at the unit ~ate of 42 kg/kkg of TiOz '

E. Solid Waste

The solids p~oduced in the t~eatment facility consist of i~on

hyd~oxides, the o~iginal suspended solids int~oduced in the
influent and solids de~ived f~om the t~eatment chemicals added
fo~ neut~alization. The total solids p~oduced in the model plant
a~e assumed to be 890 kg/kkg of TiOz ' Assuming an ave~age

p~oduction ~ate and 50 pe~cent moistu~e content, the volume of
sludge gene~ated is 1.8 m3 /kkg.

Model Plant Cont~ol and T~eatment costs

The estimated costs fo~ fou~ models having diffe~ent p~oduction levels
a~e given in Tables 14-43, 14-44, 14-45, and 14-46.

Fo~ existing sou~ces at the fi~st level of t~eatment, the disposal of
sludges is on-site, hence land ~equi~ements a~e fai~ly la~ge.

Amo~tization, chemicals, labo~, and ~esidual waste disposal costs have
significant impact on the annual costs.
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TABLE 14-43. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process (Ilmenite ore)
Production 35,000 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equi pment •.•.........••..•.
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor's 0 & pb•••••••••

Subtotal •.••••••••••••
Engineering •..•••.••••••••.

Subtotal
Contingencies •.••••••••••••

Subtotal •.•••••••••...
La nd ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION"AND
MAINTENANCE COST

Labor and supervision
Energy •••••.•..•...••.•..••
Chemicals ..••..••..••.•.•.•
Maintenance ••••.•.•..••.•..
Taxes and insurance ••••••••
Residual waste disposal ••••
Moni toring, anal ysis,

and reporting •....••••.•••

TOTAL OPERATION AND
MAINTENANCE COST

($ )
BAT

a
BPT

292,200 0
851,500 0

20,000 0

1,163,700 0
174,555 0

1,338,255 0
21i7,651 0

1,1i05,901i 0
11i0,591 0

1,71i<;,497 0
252,000 0

2,018,497 0

336,000 0
31,000 0

2<;0,000 0
176,650 0

1i0,555 0
105,000 0

15,000 0

984,205 0

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

287,409

1,271,614

o

o

aRepresents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 14-44. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Titanium dioxide - Chloride process (Ilmenite ore)
70,000 metric tons per year

( $)

A. INVESTMENT COST

Site development •••..•••••.
Equi pment ••.•..••••..••••••
Monitoring equipment •••••••

Subtotal .
Contractor's 0 & pb .••••••••

Subtotal .........••...
Eng ineer ing ..........•.....

BPT

520,000
1,023,500

20,000

1,563,500
234,525

1,798,025
359,605

BAT a

o
o
o

o
o

o
o

Subtotal
Contingencies

............................ 2,157,630
215,763

o
o

Subtotal ••••••••••••••
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

2,373,393
492,000

2,865,393

o
o

o

Labor and supervision ••••••
Energy ••••••.•••••••..•••••
Chemicals .........••.....•.
Maintenance ••••••.•.•••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis,

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

504,000 0
43,000 0

510,000 0
237,339 0
85,962 0

105,000 0

15,000 0

1,500,301 0

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

386,151

1,886,452

o

o

a Represents the incremental cost above that for BPT treatment

b Overhead and Profit
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TABLE 14-45. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride process (Ilmenite ore)
Production 113,750 metric tons per year

A. INVESTMENT COST

Site development •••.•••••••
Equi pment ••.•.•.•..••••.•••
Monitoring equipment •••••••

Subtotal .... -0 ••••••.•
Contractor's 0 & P ••..•••••

Subtotal •...•.........
Engineering ••••••••••••••••

Subtotal
Contingencies •.••••••••••••

Subtotal .
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision
Energy •••.••••.••.•.•••.•.•
Chemicals .•••••••.••.•.••.•
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••.•
Monitoring, analysis,

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

($ )

BPT BAT a

784,000 0
1,377,000 0

20,000 0

2,181,000 0
327,150 0

2,508,150 0
50l,fi30 0

3,009,780 0
300,978 0

3,310,758 0
780,000 0

4,090,758 0

588,000 0
62,000 0

823,000 0
331,076 0
122,723 0
210,000 0

15,000 0

2,151,799 0

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

538,660

2,690,459

o

o
a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

445



TABLE 14-46. MODEL PLANT TREATMENT COSTS

Subcategory
Production

Titanium dioxide - Chloride process (Ilmenite ore)
157,500 metric tons per year

Land '.

TOTAL INVESTMENT COST ••••••

A. INVESTMENT COST

Subtotal 0 ..
Contractor's 0 & P .••••••••

($)
BAT aBPT

1,053,600 0
1,590,000 0

20,000 0

2,663,600 0
399,540 0

3,063,140 0
612,628 0

3,675,768 0
367,577 0

4,043,345 0
1,080,000 0

5,123,345 0

............................

............................

.. .. .. .. .. .. .. .. .. .. .. .. .. ..Subtotal

Subtotal
Contingencies

Site development •••••••••••
Equi pment ..
Monitoring equipment •••••••

Subtotal ..
Engineering ..

B. OPERATION AND
MAINTENANCE COST

Ene rgy ..
Chemicals •.••••....•••••••.
Maintenance ••••••••••••••••
Taxes and insurance .•••••••
Residual waste disposal ••••
Monitoring, analysis,

and reporting e,'" ..

Labor and supervision

TOTAL OPERATION AND
MAINTENANCE COST

............ 588,000 0
71,000 0

1,141,000 0
404,334 0
153,700 0
210,000 0

15,000 °
2,583,035 °

C. AMORTIZATION OF
INVESTMENT COST 657,852 o

TOTAL ANNUAL COST 3,240,887 °ab Represents the incremental cost above that for BPT treatment
Overhead and Profit
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TABLE 14-47. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride (Ilmenite ore)
Production 35,000 metric tons per year

a

A. INVESTMENT COST

Site development •.•••.•••••
Equipment ••.•••••••••.•••.•
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor's 0 & P a ..

Subtot~l ••••••••••••.•
Engineering •.•••••••••••• ~.

Subtotal •.••••••••••••
Contingencies •••••••••••••.

Subtotal ••••••••••••••
Land ..

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy ••.•......•••••..••••
Chemicals •••..•••••••••.••.
Maintenance .••.•.•••....•.•
Taxes and insurance ..•.••..
Residual waste disposal ••••
Monitoring, analysis

and reporting ..

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

Overhead and Profit
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($)
NSPS

280,000
1,041;,500

20,000

1,346,500
201,975

1,548,475
309,695

1,858,170
185,817

2,043,987
252,000

2,295,987

350,000
34,200

260,000
204,399

fi8,880
105,000

15,000

1,037,478

332,557

1,370,035



TABLE 14-48. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride (Ilmenite ore)
Production 70,000 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equipment ..
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractorls 0 & pa .

Subtota 1 ..
Engineering ..

($)
NSPS

491;,500
1,323,500

20,000

1,840,000
271;,000

2,111;,000
423,200

Land ..

Subtotal
Contingencies

Subtotal

.. .. .. .. .. .. .. .. .. .. .. .. .. ..

.. .. .. .. .. .. .. .. .. .. .. .. .. ..

............ .; ..

2,539,200
253,920

2,793,120
492,000

a

TOTAL INVESTMENT COST ••••••

8. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy ..
Chemicals ..
Maintenance .••••••••.....•.
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting ..

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

Overhead and Profit

448

3,285,120

518,000
49,500

510,000
279,312
98,554

105,000

15,000

1,575,31;1;

454,441

2,029,801;



TABLE 14-49. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride (Ilmenite ore)
Production 113,750 metric tons per year

a

A. INVESTMENT COST

Site development •••••••••••
Equipment •••.••••••••.•.•.•
Monitoring equipment •••••••

Subtotal •••••.••••••••
Contractor's 0 & pa •••••••••

Subtotal ••••••••••••••
Eng ineer ing .

Subtotal .
Contingencies •.•••.•.•••.••

Subtotal .••...........
Land •••••••••••••••••••••••.

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy •••••••••••••••••••••
Chemicals ••.•.••.••••••.•.•
Maintenance ••..•.•••...•.•.
Taxes and insurance ••••.•.•
Residual waste disposal ••••
Monitoring, analysis

and reporting ....•........

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

Overhead and Profit

449

($)
NSPS

752,000
1,822,000

20,000

2,594,000
389,100

2,983,100
596,/;20

3,579,720
357,972

3,937,692
780,000

4,717,692

602,000
71,700

823,000
393,769
141,531
210,000

15,000

2,257,000

/;40,662

2,897,6/;2



TAffiE 14-50. MODEL PLANT TREATMENT COSTS

Subcategory Titanium dioxide - Chloride (Ilmenite ore)
Production 157,500 metric tons per year

a

A. INVESTMENT COST

Site development •••••••••••
Equi pment .•..•••••••••••..•
Monitoring equipment •••••••

subtotal •••.•.•.••••..
Contractor's 0 & pa•••••••.•

Subtotal ••••••••••••••
Eng ineer ing .

Subtotal ••••.•••••••.•
Contingencies ••..•..•••••.•

Subtotal .••••••.••.•••
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision
Energy .
Chemical s .
Maintenance •..•.•..•••.••••
Taxes and insurance ••••••••
Residual waste disposal •.••
Monitoring, analysis

and reporting .

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

Overhead and Profit

450

($)
NSPS

1,015,000
2,175,000

20,000

3,210,000
481,500

3,691,500
738,300

4,429,800
442,980

4,872,780
1,080,000

5,952,780

602,000
85,000

1,141,000
487,278
178,583
210,000

15,000

2,718,861

792,801

3,511,1;63



TABLE 14-5L MODEL PLANT UNIT TREATMENT COSTS

SUbcategory Titanium dioxide - Chloride (Ilmenite ore)

Annual Treatment Costs ($/kkgl

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yr)

BPT BAT* NSPS

-------------------------------~--------------------------------

Annual Operation
and Maintenance 35,000 28.12 NA 29.64

70,000 21. 43 NA 22.51
113,750 18.92 NA 19.84
157,500 16.40 NA 17.26

Annual
Amortization 35,000 8.21 NA 9.50

70,000 5.52 NA 6.49
113,750 4.74 NA 5.63
157,500 4.18 NA 5.03

Total Annual
Cost 35,000 36.33 NA 39.14

70,000 26.95 NA 29.00
113,750 23.65 NA 25.47
157,500 20.58 NA 22.30

*Represents the incremental cost above BPT
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The unit waste flow of 6 m'/kkg of product for the concentrated acidic
wastewater stream is the same for BPT and NSPS systems. The NSPS
treatment technology is the same as BPT, but the total combined acidic
and dilute wastewater flow for the NSPS system is much less than for
the BPT model; however, the reduced flow has negligible impact on
costs because the unit waste loads are the same. Table 14-47, 14-48,
14-49, and 14-50 present the estimated NSPS treatment costs for four
models having different production levels. There is insignificant
difference in the estimated total annual costs per kkg of product
between BPT and NSPS levels of treatment for the model plant designs.

Table 14-51 presents a summary of the unit cost distribution between
amortization and operation and maintenance cost components at
different productions at the BPT and NSPS level of treatment.

Basis for Regulations

Evaluation of BPT Treatment Practices

The prevailing control and treatment practices in the TiOz
Chloride-Ilmenite industry have been reviewed in this section. For
the purpose of regulations development, it has been assumed that
neither ocean dumping nor deep well injection methods are generally
available as disposal options for all or any portion of the
process-related wastes.

Basis for BPT Effluent Limitation

A. Technology Basis

The BPT limitations are based on technology involving
equalization, limestone neutralization, clarification, aeration,
alkaline precipitation, and settling followed by final pH
adjustment and discharge. The rationale for the selection of
Level 1 technology is given above.

B. Flow Basis

The BPT model plant flow rate is based on the
process contact and clean up wastewater flow at
m'/kkg as indicated in Table 14-39.

C. Selection of Pollutants to be Regulated

reported average
Plant #237 of 120

Specific information concerning the characteristics of the
combined strong and dilute acid waste streams in the
Chloride-Ilmenite process is not available. In view of the lack
of such information which would indicate the concentration of
pollutants in this industry, it is necessary to use data from the
Sulfate Process as a guide in the selection of pollutants to be
limited. Considering the many similarities in the chloride and
sulfate processes, including use of the same ore with known
impurities, treatment technology, and generation of strong and
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dilute acid waste streams, it is extremely likely that TSS,
chromium, and nickel are present at treatable concentrations, and
are, therefore, limited for this industry. It is also likely
that iron, lead, zinc, cadmium, copper, antimony, and arsenic may
also be present on occasion at treatable levels and are,
therefore, considered as potential candidates for limitation.
Details on the selection of these pollutants for limitation are
presented in this section for the Titanium Dioxide-Sulfate
Process.

1. Conventional and Nonconventional Parameters

a. TSS and Iron

The removal characteristics of total suspended solids
(TSS) is influenced by the removal of iron. For BAT,
the long-term average concentration of 50 mg/l for TSS
and 330 mg/l for iron were achieved (Table 14-33a) and
were used as the performance values. The variability
factors for daily measurements and monthly averages
estimated from Plant #559 (Table 4-33a) were used in
determining the concentration basis and effluent
limitations for TSS as follows:

The maximum monthly average TSS concentration is:

(50 mg/l) (1.6) = 80 mg/l

The 24-hour maximum TSS concentration is:

(50 mg/l) (5.8) = 290 mg/l

The maximum monthly average limitation is:

(80 mg/l) (120 mJ/kkg) ( kg/mJ ) = 9.6 kg/kkg
(1000 mg/l)

The 24-hour maximum limitation is:

(290 mg/l) (120 mJ/kkg) ( kg/mJ ) = 35 kg/kkg
(100D mg/l)

For iron, the concentration basis is determined from
data in Table 14-33a as follows:

The maximum 30-day average concentration is:

(330 mg/l) (1.2) = 400 mg/l

The maximum 24-hour concentration is:

(330 mg/l) (1.5) = 500 mg/l
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TABLE 14-52. EFFLUENT LIMITATIONS
TITANIUM DIOXIDE CHLORIDE PROCESS USING ILMENITE

Best Practicable Control Technology Currently Available
Wastewater Flow: 120 m3/kkg

(1) VFR: The ratio of the variability factor for daily measurements to the
variability factor for monthly averages.

(2) Long-term average from plant #559 monitoring data (Table 14-33a)

(3) Long-term average and variability factors are based on the same r?tionale as
the Ti02 SUlfate Process Table 14-35.

(4) No effluent limitation.

(~) Applicable to BAT limitations.
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The concentration basis and appropriate limitations
are summarized in Table 14-52.

2. Toxic Pollutants

The toxic pollutants that are limited include chromium and
nickel. Lead, zinc, cadmium, copper, antimony, and arsenic
are considered as potential candidates for limitation.
Details concerning the selection and treatment performance
of these pOllutants for the purpose of setting numerical
limitations is identical to discussions in this section for
the Titanium Dioxide-Sulfate Process. Only those factors
considered specific to the Chloride-Ilmenite Process for the
purpose of setting the limitations are considered. The BPT
effluent limitations are presented in Table 14-52.

a. Chromium

Chromium limitations for BPT treatment were based on
Table 14-35. The maximum 3D-day average concentration
of 0.44 mg/l and daily maximum concentration of 1.0
mg/l were used to determine the limitations as follows:

The maximum 3D-day average limitation is:

(0.44 mg/l) (120 m3 /kkg ( kg/m 3 ) = 0.053 kg/kkg
( 1000 mg/l)

The 24-hour maximum limitation is:

(1.0 mg/l) (120 m3 /kkg) ( kg/m 3 ) = 0.12 kg/kkg
(1000 mg/l)

The limitations are presented in Table 14-52 for BPT
treatment.

b. Nickel

Nickel limitations for BPT treatment were based on
Table 14-35. The maximum 3D-day average concentration
of 0.29 mg/l and daily maximum concentration of 0.60
mg/l were used to determine the limitations as follows:

The maximum 30~day average limitation is:

(0.29 mg/l)(120 m3 /kkg) ( kg/m 3 ) = 0.033 kg/kkg
(1000 mg/l)

The maximum 24-hour limitations is:

(0.60 mg/l)(120 m3 /kkg) ( kg/m 3 ) = 0.72 kg/kkg
(1000 mg/l)
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The limitations are presented in Table 14-52 for BPT
treatment

c. Other Metals

Potential candidates for limitation include lead, zinc,
cadmium, copper, antimony, and arsenic which are
included in the limitations on a concentration basis in
the event they are identified as a concern. The
concentration basis values are presented in Table 14-52
for BPT and are identical to values developed in Table
14-35 for the Titanium Dioxide -Sulfate Process.

Basis for BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned earlier, EPA is promulgating BCT limitations for
this subcategory. These limits are identical to those for BPT because
the only technology option that removes significant amounts of
conventional pollutants is not economically achievable. See the
discussion of iron under BPT in the Sulfate Process above. Removal of
significant additional amounts of conventional pollutants can be
achieved in this subcategory only if iron is also removed.

As BPT is the minimal level of control required by law, no possible
application of the BCT cost tests could result in BCT limitat.ions
lower than those promulgated today. Accordingly, there is no need to
wait until EPA revises the BCT methodology before promulgating BCT
limitations.

Basis for BAT Effluent Limitations

For BAT, the Agency is basing limitations on the application of Level
1 technology which is eqUivalent to BPT. The model plant flow basis
of 120 m3 /kkg used for BPT is also used for BAT. The BAT limitations
are presented in Table 14-52. A more advanced technology using soda
ash precipitation and recycle of wastewater was considered for the
similar sulfate process but was rejected on the basis of cost and
because its performance has not been demonstrated.

Basis for the New Source Performance Standards

A. Technology Basis

For NSPS the Agency is basing limitations on the application of
Level 2 treatment technology which adds dual-media filtration and
iron removal steps to the BPT system for greater efficiency in
the removal of toxic metals, iron, and suspended solids. This
treatment greatly increases the coprecipitation of toxic metals
and prevents large quantities of dissolved and suspended iron
from entering receiving water bodies and interfering with other
water uses.
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B. Flow Basis

The reported data on process contact and clean-up wastewater flow
at Plant #173 is selected as the basis of a model plant for new
sources. Process modifications resulting in a greatly increased
efficiency of water use reduce the average flow rate to 60 m3 /kkg
as shown in Table 14-39.

C. Basis for Pollutant Limitations

1. Conventional Parameters

a. pH

The treated effluent is to be controlled within the
range of pH 6.0 to 9.0. This limitation is based on
data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS

The concentration basis for the TSS maximum 30-day
average limitation is obtained by applying an average
filtration efficiency of 38 percent removal (41,60) to
the corresponding concentration of 64 mg/l with iron
removal (Table 14-37). That is:

(1.00-0.38) (64 mg/l) = 40 mg/l

The maximum 30-day average limitation is obtained by
applying the NSPS model plant flow rate of 60 m3 /kkg:

(40 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 2.4 kg/kkg
(1000 mg/l)

The TSS daily maximum limitation is determined as
follows:

(1.00-0.38) (230 mg/l) = 140 mg/l

The daily maximum limitation is:

(140 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 8.4 kg/kkg
(1000 mg/l)

The NSPS limitations are presented in Table 14-53.

2. Nonconventional Pollutants

The only nonconventional pollutant of concern is iron. For
NSPS, the Agency is basing a maximum 30-day average
limitation on an average filtration efficiency of 38 percent
removal (41,60). Thus the appropriate concentration basis
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TABLE 14-53. EFFilJENT LIMITATIONS
Titanium Dioxide - Chloride Process using Ilmenite

New Source Performance Standards*
Waste Water Flow: 60 m3jkkg

Concentration Basis Effluent Limit
(mg/l) (kg/kkg)

Fstimatai Max. Hax.
Treatability

VFR(l)
30-&y 24-'hr. 30-&y 24-hr.

Pollutant (m;r/l) Avg. Max. Avg. Hax.

Conventional and
N:mconventlOnal
Pollutants

'lbtal suspended 13 11.0/3.0 40 140 2.4 8.4
Solids

Iron 0.38 13.7/4.0 1.6 5.3 0.096 0.32

'lbxic Pollutants
Chranium (3) 0.060 3.8/2.0 0.12 0.23 0.0072 0.014

IJead (3) 0.030 3.2/2.1 0.064 0.096
(4) (4)

Nickel (3) 0.086 3.8/2.0 0.17 0.33 0.010 0.020

Zinc (3) 0.19 6.4/3.1 0.58 1.2
(4) (4)

Cadmium (3) 0.075 3.9/2.4 0.18 0.29
(4) (4)

CDpper (3) 0.23 3.8/2.0 0.46 0.87
(4) (4)

Antinon/3) 0.80 3.8/2.0 1.6 3.0
(4) (4)

Arsenic (3) 0.50 3.8/2.0 1.0 1.9
(4) (4)

(1) VFR: Ratio of the variability factor for the daily rneasurenents to
the variability factor of the rronthly averages.

(2) Based on the application of p:lllutant - specific raroval efficiencies
for dual-nedia filtration to adjust the BPT perfOI:Tl'aIlce on treatability
estimates shown in Table 14-52.

* Including pretreatrrEntstandards for new sources (PSNS) covering iron
and toxic netals which are expressed as concentrations.

(3) Applicable to PSNS limitations.
(4) No effluent limitations.
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is derived from the corresponding concentration basis of 2.5
mg/l of iron used for the maximum 30-day average (Table
14-37). That is:

(1.00-0.38) (2.5 mg/l) = 1.6 mg/l

The limitation for NSPS is:

(1.6 mg/l) (60 mJ/kkg) ( kg/m J ) = 0.096 kg/kkg
(1000 mg/l)

Similarly the 24-hour maximum iron concentration is:

(1.00-0.38) (8.5 mg/l) = 5.3 mg/l,

and the limitation is:

(5.3 mg/l) (60 mJ/kkg) ( kg/m J ) = 0.32 kg/kkg
(1000 mg/l)

3. Toxic Pollutants

Addition of iron removal and a dual-media filtration system
as a polishing step in NSPS is expected to remove additional
toxic pollutants. This removal is estimated based on
literature treatability (41) and the treatability study
(61). The following removal efficiencies for the toxic
pollutants are used for the limitations after careful
consideration of available information:

Toxic Pollutant

Chromium
Lead(l)
Nickel
Zinc{l)
Cadmium{l)
Copper (1 )
Antimony{ 1
Arsenic{l)

Percent Removed

60
80
14

6
25
42
o
o

Percent Remaining

40
20
86
94
75
58

100
100

(l)No limitation given; concentration basis presented in
Table 14-53.

a. Chromium

The long-term average concentration is determined for
chromium by application of a 60 percent removal to 0.15
mg/l in Table 14-37 as follows:

(0.15 mg/l) (1.00-0.60) = 0.060 mg/l
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The maximum 30-day concent~ation fo~ ch~omium is:

(0.060 mg/l) (2.0) = 0.12 mg/l,

and the 24-hou~ maximum concent~ation is:

(0.060 mg/l) (3.8) = 0.23 mg/l

The~efo~e, the maximum
24-hou~ maximum
~espectively:

30-day ave~age concent~ation and
limitation a~e dete~mined,

(0.12 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 0.0072 kg/kkg
(1000 mg/l)

(0.23 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 0.014 kg/kkg
(1000 mg/l)

b. Nickel

The long-te~m ave~age concent~ation is dete~mined fo~

nickel by application of a 14 pe~cent removal to 0.10
mg/l in Table 14-37 as follows:

(0.10 mg/l) (1.0-0.14) = 0.086 mg/l

The maximum 30-day concent~ation fo~ nickel is:

(0.086 mg/l) (2.0) = 0.17 mg/l,

and the 24-hou~ maximum concent~ation is:

(0.086 mg/l) (3.8) = 0.33 mg/l

Therefore, the maximum 30-day average concent~ation and
24-hour maximum limitation are dete~mined,

~espectively:

(0.17 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 0.010 kg/kkg
(1000 mg/l)

to.33 mg/l) (60 m3 /kkg) ( kg/m 3 ) = 0.020 kg/kkg
(1000 mg/l)

c. Other Metals

The concent~ation basis for lead, zinc, cadmium,
copper, antimony, and arsenic are determined in a
simila~ manner to the primary pollutants. The
following equation is used in conjunction with the
concent~ation info~mation in Table 14-37 and the
percent ~emoval p~esented in this section:
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BPT long-term
average
concentration

x Percent remaining = NSPS long-term
100 average

concentration

The maximum 30-day average concentration and 24-hour
maximum concentration are determined by using the
appropriate variability factors in Table 14-37 and
multiplying by the NSPS long-term average. For
example, the long-term average for zinc is:

(0.20 mg/l) (0.94) = 0.19 mg/l

The maximum 3D-day average concentration is:

(0.19 mg/l) (3.1) = 0.59 mg/l

The 24-hour maximum concentration is:

(0.19 mg/l) (6.4) = 1.2 mg/l

Similarly, the
the remaining
Table 14-53.

concentration bases are determined for
toxic pollutants and are presented in

Basis for Pretreatment Standards

Pretreatment is necessary because it provides better removal of
pollutants than is achievable by a well operated POTW with secondary
treatment installed, and thereby prevents pass-through that would
occur in a POTW in the absence of pretreatment.

Existing Sources

Since there are no indirect dischargers in this subcategory, the
Agency is excluding this subcategory from categorical PSES under the
provisions of paragraph B(b) of the Settlement Agreement.

New Sources

The Agency is promulgating PSNS that are equal to NSPS because these
standards provide better removal of iron, chromium and nickel than is
achieved by a well-operated POTW with secondary treatment installed
and therefore iron, chromium and nickel would pass through a POTW in
the absence of pretreatment. Pollutants regulated under PSNS are
iron, chromium, and nickel. See Table 14-53.
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SECTION 15

ALUMINUM FLUORIDE INDUSTRY

Indust~y P~ofile

Gene~al Description

Aluminum fluo~ide is used as a raw material in the production of
cryolite (sodium fluoroaluminate), which in turn is used in the
production of aluminum. Aluminum fluoride is used also as a
~etallurgical flux (fo~ welding rod coatings), as a ceramic flux (fo~

glazes and enamels), and as a brazing flux (for aluminum fabrication).

The industry p~ofile data for this subcategory are given in Table
15-1, while the status of regulations prior to promulgation of this
new regulation is given in Table 15-2.

General Process Description and Raw Materials

In the dry process for the manufacture of aluminum fluoride, partially
dehyrdated alumina hydrate is reacted with hyd~ofluoric acid gas. The
reaction is given as:

The p~oduct, aluminum fluo~ide, is formed as a solid, and is cooled
with noncontact cooling water befo~e being milled and shipped. The
gases from the reactor are scrubbed with wate~ to remove unreacted
hyd~ofluoric acid before being vented to the atmosphere. A simplified
flow diagram of the process is shown in Figure 15-1.

Water Use and Waste Sou~ce Characte~istics

Wate~ Use

Water is used in
vacuum pumps and for
to the at~osphere.

equipment washdown.
fluoride industry.

Waste Sources

noncontact cooling of the prOduct, for seals on
scrubbing the reacted gases before being vented
Water is also used for leak and spill cleanup and
Table 15-3 summarizes water usage in the aluminum

A. Noncontact Cooling Water

Noncontact cooling water is used to cool the product coming out
of the reactor. In some cases it is recirculated and the
blowdown treated separately from other p~ocess contact wastewater
or it is discha~ged without treatment. The water can be
monitored for fluoride and if process contamination occu~s, it
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308 Data CD tile fiar
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Rep:' & Sit:1:Jg' pr.u:b.:tiCD
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Plmt aga nnge:
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MIlldDIa

waste water flow range:

MiD11IaD

MI3dJIuIl.

1AohDe per lmit~:

M:iDiliuD.

NA

134,700 Io:kg/year

S!
6

204,800 kIcgIyear

120,000 k:lcq/year

a
NA

1, 000 kkg/year

4S,6OO kkq/yeIIr

24,300 kkq/year

35,500 kkq/year

59 percent

539 a:bic IIIE!l:eZ:S/day
2,200 tUnc meters/day

Sow:ces at dam an St1mfmd R., I"Cb Institm:e. Direct::cJ:y of Ov!!!i cal
~, tJ.S.A.., U77, O.S. !IlqoeJ:t:mI!nt of o:awau:e, 0Jxreat rndust:rial
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* Sewn plantS were operating at the :bep.nrlinq of this study, but oc closed down
pmductian after 1978.
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Aluninun F'lt:oride

W (40 CFR 415.230, 5/22/75)

Para
rr.et.ers

BA'l.D\*

Max. Avg.

xr~n xr4A')

NSPS *

AlF3 Fluoride

TSS

Jl.lUl'.inun

0.68 0.34
(40)3 (20)

0.86 0.43
(51) (25)

0.34 0.11
(20) (10)

*5ect.iDns 415.230, 415.231, atld 415.232 were revokoo by the Aqency
.l41 FR 51(,01,~ 23, 1!3I61.

ly.ax. " l·'.:.lr.i..'tUtI of any one day.

2A~. =- l-~.im.:m average of c..aily 'values for thirty conse9Jtive days.

~low basis 17,000 l/kkg.

Source v;at.er USe per uni. t of production

3
(m frJg of AlP])

:rr.db-ect process
=ntact (P\r.';?s, seals,
l EaY-s. spills)

~1aint~r.arX;E!, e. 9 .
cleaning arrl ~rk area
I.'ashdo.m

Pl;mt Plant Pl;mt Plant
i 837 , 705 (2) I 188 j lSI (2)

14.5 NACl} 6.95 NA

12.2 iI\~I,.j -- '~'
J..: ·~lS NA NA

1.13 '2~-J9
'11\1-'-

NA 1.02

3.45 ~1i;92 3.46 l!8H

(1) w,. ... tbt Available

e2l Currently not rroCJ)ufacturing alun.inun fluoride.
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can be diverted to the wastewater treatment facility for fluoride
removal.

B. Floor and Equipment Washings

The quantity and quality of wastewater
operations varies and depend largely
practices at the individual plants.

C. Scrubber Wastewater

generated
on the

from these
housekeeping

This is the major source of wastewater requiring treatment before
discharge or recycle to the scrubber. It is contaminated with
hydrofluoric acid, aluminum fluoride and aluminum oxide, and, in
some cases, sulfuric acid and silicontetrafluoride have been
detected. These originate as impurities in the hydrofluoric acid
used in the process. Table 15-4 presents the wastewater flows at
different facilities in the subcategory. Noncontact cooling
water is excluded from consideration since it normally does not
contain pollutants.

D. Solid Wastes

In the aluminum fluoride production, hydrofluoric acid gas and
solids, such as aluminum trihydrate and aluminum fluoride, escape
with the vent gases. During scrubbing, the solids are suspended
in the scrubber water, while hydrofluoric acid gas is dissolved.
In the treatment facility, the wastewater is neutralized with
lime and calcium fluoride precipitates out and settles with other
suspended solids. In the majority of cases, the solids are
retained in a lagoon for periods up to ten years. Table 15-5
gives a summary of the amounts of solids generated at two
aluminum fluoride plants.

Different wastes from the aluminum fluoride process are
intermixed before treatment. As mentioned earlier, scrubber
water constitutes the major source of wastewater in the aluminum
fluoride subcategory. If the production of aluminum fluoride is
integrated with hydrofluoric acid, then the wastewaters from both
plants are combined and treated.

Description of Plants Visited and Sampled

Screening

Plant 4705 was visited in the screening phase of the program. Both
hydrofluoric acid and aluminun fluoride are produced at this facility
by the general processes described earlier. The wastewater from the
hydrofluoric acid and aluminum fluoride plants is mixed and sent to
the treatment facility. At the treatment facility the combined
wastewater is neutralized with lime and sent to a series of settling
ponds. The effluent from the last pond is given a final pH adjustment
before a portion is discharged and the rest recycled to the process.
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TABLE 15-4. WASTE WATER FI.CM AT PIAN'l'S #837, #705 AND #251
FOR AWMINUM FLOORIDE StJBCATEX:;ORY

Source Flow rate per unit of production (1)
3( m /kkg of AlF3)

SCrubber water

Maintenance equi.~t

clean.in:.J and wxk area.
washCbwn

'lbta1 raw waste flow

Average of above
tbree flows

Plant· 1837

3.45

1.13

4.58

Plant 1705(4)

... "," ..(
1C8~92' .•

,2,;}39 .,

11.9

Plant 1251 (~)

... ,' ;(I~

.:J;~~b\'7.., r.

'~, '·,O~",··"t:~"'.~:"
, .~ ; - .

19.7

(1) All flcM infcmnation is fran 308 Questionnaires and ~lant visits. Unit
flDw is calculated l:¥ dividing waste water flow in In Yday by production
in kkgJday.

(2) Fran Table 15-6 (see footJx>tes which describe basis of infonnation).

(3) Fran Table 15-7 (see footrotes which describe basis of information).

(4) Currently not manufacturing altuninum fluoride.

TABlE 15-5. SOLIDS GENERATED AT PLANT 4/:705 AND #251 ProOOCIN3
ALtmNJM FIlJQRIDE

Plant

#705 (1)

1251 (l)

'lbtal Solids Generated (kqfkkg of AlF3)

54· t
~~. ,.

(l) Currently not manufacturing aluminum fluoride.
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Figure 15-2 shows a simplified block diagram of the process
the wastewater treatment facility and sampling locations.
presents a summary of flow data of the sampled streams, and
for important classical pollutant parameters.

Verification

including
Table 15-6
the data

Plant *705 was visited again and the same streams sampled in the
screening phase also were sampled and analyzed in the verification
phase. The variations in individual stream flows were small during
the two phases of sampling. Table 15-6 summarizes the flow data and
important conventional and nonconventional pollutant emissions. A
second plant (Plant *251) was visited and sampled in the verification
phase. Figure 15-3 is a simplified flow diagram of the aluminum
fluoride manufacturing plant and the wastewater treatment facility
showing the sampling locations. Table 15-7 presents the flow and
pollution concentration data for the plant. The aluminum fluoride and
hydrofluoric acid waste streams are combined and sent to a gypsum pond
for suspended solids removal. The overflow from the pond is mixed
with alkaline and acid streams from other plants for neutralization
and pH adjustment before final discharge.

Summary of the Toxic Pollutant Data

Following is a list of toxic pollutants which identifies their maximum
concentration levels as found in the raw process waste streams sampled
during screening and verification.

Maximum Raw Waste Concentrations Observed
(~g/l)

Pollutant

Arsenic
Selenium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
Cadmium
Antimony
Beryllium

Screening
Plant*705

200
68
70

120
25

1 • 6
150
450

0.70
o
0.80

Verification
Plant *705 and *251

480
97

1100
250

91
1 1

290
450

33
3.0
0.80

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the aluminum fluoride industry,
seven days of sampling were conducted at Plants *705 and *251. Seven
sampling points were identified and studied for the subcategory. The
evaluation of toxic pollutant content of these process-related waste
streams was based on 637 analytical data points. The screening for
toxic organic pollutants at Plant *705 generated an additional 645
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TABLE 15-6. F'I.CW AND PO~'q>NCEm'RATION DATA OF THE SAMPLED
WASTE STREIIMS FOR P #70 J'RODUCING JlLU.lINlJM FLOORIDE

-_.--;.........
,--- .

5anpling Sanpled Sanpled unit Total
Phase Stream Stream Flow Suspended Fluoride Aluminum

No. Description (m3jkkg) ~ l'ds
(ng/~1)

(4) (3) (4)
(ng!l) ( ~ 1 (kg/kkg) (4) (kgjkkg) (ng/l) (kgjkkg)

Screening 3 AlF3 scrubber 8.92 13,000 120 530 4.7 780 7.0

4 (1) Surface drains, 2.39 ,. 200 0.48 350 0.82 40 0.10
cooling tcMer, ( .... "

bl0wd0wn, etc. ; \ '~,

3&4 ,"w~_m\\~ 11,000(5) 120 490 5.5 620 7.1
load \

\".

5 Treated waste (2) 2 80 2.0 70 1.6 10 0.17

Verifica- 3 AlF3 scrul:ber 8.92 1,400 13 1400 12 460 4.1
tion Sanpling

4 (1) Surface drains, 2.39 200 0.48 170 0.40 27 0.060
cooling tower,
blo.11doNn, etc.

3&4 Total load 11.3 1,200(5) 13 1100 13 370 4.1

5 Treated waste (2) 24 2.0 0.048 20 0.55 1.0 0.012

(1)

(2)

(3)

(4)

Consists of waste water fran HF and AlF process. Flow indicated is estimated portion of total
flow contributed by AlF3 rraintenance ;;;J, washdown waste water fran 308 Questionnaire,. Total flow
is 17.8 m3/kkq of proouc.!: for both process wastes cx:rnbined. .-

Consists of waste water fran HF and AlF3 process. Plant currently not manufacturing AlF3.

Average of three daily cnrposite sanples during verification and single value obtained during
screening.

kg/kkg of AlF3. (5) Weighted average based on unit flows.
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T.l\BLE 15~7. FU:W AND POLL\D'~ CClOCENTRA'l'ION DATA OF 'IHE Sl\MPLED STREAMS
FOR PLI\NT(1251 J1OO00CIN; AWMINllM FLOORIDE

~-"_ ..' .. ~''-'''''- .

Stream Sarrpled Unit 'Ibtal
No. Stream Flow Suspended Fluoride Aluminum

Description (m
3
/kkg

solids

of AlP3) (ng/l) (kg/kkg) (ng/l) (kg/kkg) (ng/l) (kg/kkg)

Verification
Sanpling

4 AlP3 scrubber 12.6 1200 16 470 5.90 50 0.60
water

6
:~~1~

6.10 0.0 0.0 20 0.14 0.20 0.0010

4&6 'Ibtal raM waste IB.7 1200 16 320 6.0 50 0.60
load

2 Gypsum ~nd 25.1 19,000 470 660 17 26 0.65
influent 2)

3
~:ni?W

25.1 9.0 0.23 320 8.0 22 0.55

(1) One half flow of S02 scrubber water is assl.lllEd to oontribute to the AlP3 process since the
total flow is o::J/IIlOn to the AlF3 and HF process.

(2) Consists of hydrofluoric acid and aluminurn fluoride waste water. Plant currently not
manufacturing AlP3'



analytical data points. The daily raw waste loads were calculated
from the waste stream flow rates measured or estimated at the time of
sampling and the measured pollutant concentration.

That is,
Daily loading (as kg of polutant per day) = (e) (0)

1000

where: C is the concentration of the pollutant expressed as mg/l
(Note: kg/m 3 = 1000 mg/l), and 0 is the Aluminum Fluoride process

waste stream flow rate expressed as m3 /day. (m 3 , a cubic
meter, is equal to 264.2 U.S. gallons)

Similarly, the unit loadings were
aluminum fluoride production rate, the
measured pollutant concentration.

Unit loading (as kg of pollutant
per kkg of aluminum fluoride)

calculated from the reported
waste stream flow rate, and the

• IC) (0)
1000P

where C
aluminum
1000 kg,

and 0
fluoride
a metric

are the same as described above, and
production rate expressed as kkg/day.
ton, which is equal to 2205 lbs.)

P is the
(kkg is

The P and Q factors are for the Aluminum Fluoride Process and
thereby the Agency has segregated that portion of the effluent
attributable only to the Aluminum Fluoride Process.

Tables 15-8 and 15-9 are tabulations of the raw waste and treated
toxic pollutant concentrations and loads determined during the three
plant visits. The loads and concentrations are based on the average
of three composite samples during verification and one composite
sampling during screening. These unit loads were used to determine
the minimum, average, and maximum unit loading values presented in
Table 15-10.

Based on the total annual production of 134,700 kkg/year in this
subcategory and the average waste load generated per unit product in
Table 15-10, the estimated total toxic pollutant raw waste loads
generated each year for this subcategory are as follows:

~2



SUBCATEGORY

TABLE 15-8. roxIe POUDTANI' AVERAGE RAW WASTE WADS AND CONCENTRATIONS

AWMINUM FllJORIDE

Screeninq Verification

Pollutant Plant #705 Plant #705 Plant #251 Average

(mall) (1) (kg/kkg) (2) Ckg!kkg)""'"
I b.O If? Concentration

(ng/l) Cng/1) (kg/kkg) (ng/1)

Arsenic 0.18 0~0020 0.18 0.0020 0.020 0.00030 0.13

Se1eniun 0.050 0.0010 _..:. 0) \ --.C3'), 0.050 0.0010 0.050

Chromium 0.030 0.00030 0.44 0.0050 -- (3) -- (3) 0.24'0........

Copper 0.10 0.0010 0.070 0.0010 0.010 0.00010 0.060,-

lead 0.0050 O.OOOlO 0.020 0.00020 0.010 0.00010 0.012

Mercmy 0.00040 0.0000040 0.00040 0.0000050 0.0030 0.000050 0.0013

Nickel 0.11 0.0010 0.22 0.0030 0.010 0.00020 0.11
, .

Zinc 0.16 0.0020 0.080 0.0010 0.020 0.00030 0.090

Cadmium 0.00020 0.0000020 0.010 0.00020 -- (3) - (3) 0.0050"

(3) (3) ~
O.OOO~~ (3) -Ji..:._(3) 0.00040Antim:my - -- ' 0.0004Q.:l --

Beryllium 0.00020 0.0000020 _d3) (3) (3) ~ (3) 0.00020- ::r-

(1) Cbncentrations based on average raw waste loads slrMnand total process production and waste
flows.

(2) kg/kkg of product.

(3) below analytical detection limit.



TABLE 15-9. mXIC POLLurANr EFFLUENI' <:XJN::ENTRATICNS OURING SAMPLING

SUBCATECDRY ALUMINUM FLillRIIE

Pollutant Plant and sanpling Phase

#705 #705 #251

S=eening Verificaticn Verification Average
(rrg/l) (mq/l) (rng/l) (rng/l)

Arsenic NO(l) NO 0.0050 < 0.0050

Selenium NO NO 0.070 < 0.070

Clu:ani.um 0.0070 0.040 0.22 0.090

Copper 0.10 0.0010 0.070 0.060

Lead 0.0020 0.020 0.030 0.020

Marcw:y NO NO NO NO

Nickel 0.050 NO 0.050 0.050

zinc 0.0020 0.0010 NO 0.0020

Cadmium 0.0020 0.0010 NO < 0.0020

Antincny NO NO NO NO

Beryllium 0.0020 NO NO < 0.0020

(1) NO -- Not Detected
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TABLE 15-10. StM1l\RY OF RAW WASTE LOADnGS rouND IN SCREEN:Q'l; AND VERIFICATION SAMP:LIK;

SUBCATEGORY Al1JMINUM FLOORIDE

Pollutant lDadiDJ Range,
~. of

kg/day Unit lDadiDJ, kgjkkg plants
Minimum Maximun Minimum Average (1) Maximun Averaged

'Ibxic

Arsenic 0.050 0.080 0.00030 0.0013 0.0020 3

Selenium 0.030 0.16 0.0010 0.0010 0.0010 2

Chromium 0.020 0.22 0.00030 0.0030 0.0050 2.. Copper 0.020 0.050 0.00010 0.00070 0.0010 3....
U1

Lead 0.0030 0.020 0.00010 0.00015 0.00020 3

Mercury 0.026 0.0080 0.0000040 0.000020 0.000050 3

Nickel 0.026 0.12 0.00020 0.0013 0.0030 3

Zinc 0.040 0.080 0.00030 0.0010 0.0020 3

caclmi.um 0.00010 0.0070 O.OOOOO~ 0.000080 0.00020 2

Antillony NA (2) 0.00020 NA 0.0000050"'- NA 1

Beryllium NA 0.00010 NA 0.0000020 NA 1

Conventional and
~nconventional

TSS 600 5400 13 50 119.0 3

Flwrine 250 980 5.5 8.1 13.0 3

Altlllinum 100 320 0.60 3.9 7.0 3
~'lv/

(1) Average of unit loadings fran Table 15-8. 7t'
(2) ~t Applicable



Pollutant

Arsenic
Selenium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
Cadmium
Antimony
Beryllium

Pollution Abatement Options

Toxic Pollutants of Concern

Waste Load (kg/year)

180
140
400

94
20
3.0

180
140

11
0.70
0.30

The toxic pollutants found in actual plant wastewaters are lead,
mercury, cadmium, antimony, beryllium, copper, arsenic, chromium,
nickel, zinc, and selenium. In the case of selenium, it is apparent
that the source was the raw water supply and is therefore not regarded
as a process-related pollutant, but control of selenium in the treated
effluent may be required in some cases. The toxic pollutants of most
concern are chromium and nickel.

Copper and chromium may be present as trace impurities in the
hydrofluoric acid used to react with bauxite to form aluminum
fluoride. Arsenic, zinc, and nickel may originate as impurities in
the bauxite ore. Waste treatment processes should be designed to
control TSS, fluoride, and the significant toxic metals. Lead,
mercury, cadmium, antimony, and beryllium are eliminated as toxic
pollutants of concern because levels observed are too low to be
considered treatable.

Process Modification and Technology Transfer Options

A. Total recycle of wastewater to the scrubbers is feasible if final
neutralization is with soda ash. The calcium in the waste is
precipitated in the treatment system as calcium carbonate and
therefore scaling problems in pipes and scrubbers are reduced.

B. Passage of the vent gases from the reactor through a cyclone
prior to scrubbing with water will remove the aluminum oxide and
aluminum fluoride particulates. The collected material in the
cyclone can be recycled to the reactor. The installation of a
cyclone will result in material recovery and will also reduce the
suspended solids load going to the wastewater treatment facility.
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Best Management Practices

A. Rainfall runoff in plant areas, treatment facilities and other
places susceptible to fluoride contamination can be collected and
sent to the wastewater treatment facility.

B. If solid wastes containing fluoride are stored on land, studies
should be conducted to ascertain the risk of contaminating ground
water. Where necessary, provisions can be made for collection
and treatment of leachate, permeate, and runoff.

C. Settling ponds in the wastewater treatment facility should be
deep enough (or provided with baffles) to eliminate or reduce
turbulence caused by wind and rainfall. This will reduce the
incidence of weather-related plant upsets, and suspended solids
limitations will be met more consistently.

Prevailing Control and Treatment Practices

Plant 4705 practices lime neutralization and settling of the
wastewaters. Since aluminum fluoride production is integrated with
hydrofluoric acid production, the wastewaters from the two processes
are combined before treatment. The plant does not treat noncontact
cooling water.

~t Plant ~~31 the tail ~ases a~e sc~ubbed ~ith soda ash solution,
the resulting solution is sent to an adjacent facility for use.
water from the wet scrubbers on the hydrated alumina dryers is
sent to an adjacent facility for use. The wastewaters from
washdown are combined with other product wastewater, treated
hydrated lime and sent to a settling lagoon before discharge.

and
The

also
area
with

Plant 4188 produces aluminum fluoride in small quantities and in
batches. The wastewater from the batch operation is first sent to a
collection pond. It then goes to a second pond where lime and alum
are added and it finally enters a third pond where the pH is adjusted
by recarbonation. .

Plant 4251 mixes the aluminum fluoride w8ste with hydrofluoric acid
plant waste. The combined wastewater is sent to gypsum ponds for
suspended solids removal. The supernatant is treated with an effluent
from another plant for pH control and neutralization. Because of the
presence of complex fluorides (from the Hr process) in the waste
waters, the plant is planning to use a new proprietary process in the
near future to further reduce fluoride levels in the final effluent.

Advanced Treatment Technologies

Metal ions can be precipitated as hydroxides at alkaline pH levels,
and in clarified solutions they may be exchanged for hydrogen or
sodium ions by ion exchange. Metal ions at low levels may also be
controlled by xanthate precipitation, although the process is not
widely used. Sulfide precipitation will reduce copper, nickel, and
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zinc to low levels but will not control chromium or arsenic. Although
the mechanism is not clear, arsenic levels appear to be reduced in the
lime neutralization process followed at most plants, perhaps by
entrapment or adsorption of the oxide during the precipitation of
calcium fluoride. A combination of lime and ferric sulfate
coagulation is probably the most effective and practical method for
reducing arsenic concentrations.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT, BAT and NSPS)

Neutralization with lime is widely used in the industry to remove
the primary nonconventional pollutant as calcium fluoride.
Because lime neutralization to pH 10 results in significant
incidental removal of toxic pollutants, alkaline precipitation
was chosen as the Level 1 technology. The flow diagram is shown
in Figur~ 15-4.

B. Level 2

A higher removal of suspended metal hydroxides, TSS, and CaFz can
be achieved by adding dual-media filtration to the Level 1
system. The flow diagram is shown in Figure 15-5.

C. Level 3

Sulfide precipitation is added to the Level 2 treatment to attain
a higher level of heavy metal removal. Chromium and selenium
levels are not appreciably reduced although other toxic
pollutants levels are reduced. The flow diagram is shown in
Figure 15-6. .

D. Level 4

The technology is similar to Level 2, except that soda ash is
substituted for part of the lime treatment, permitting partial
recycling of effluent. Eighty percent recycle has been
demonstrated and is used in the development of plant performance
estimates. The flow diagram is shown in Figure 15-7.

A detailed cost comparison and performance evaluation of
alternative levels of treatment were utilized in the development
of the proposed regulations and were presented in the proposed
Development Document (60).
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Figure 15-5. level 2 waste water treatment for the aluminum fluoride subcategory.
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Figure 15-6. Level 3 waste water treatment for the a1uninun fluoride swcategory.



Equipment for Different Treatment Levels

A. Equipment Functions

Level 1 consists of flow equalization with first stage lime
application followed by second stage lime application and lagoon
settling. The final pH is adjusted with hydrochloric acid to the
6-9 range before discharge through an effluent monitoring system.

In Level 2, dual-media filtration is added to provide better
control of suspended solids, including heavy metal hydroxides,
which are returned to the lagoons as filter backwash.

In Level 3, ferrous sulfide is prepared on site from ferrous
sulfate and sodium bisulfide and is added ahead of the dual-media
filter shown in Level 2, to reduce heavy metals (except chromium)
to lower levels by sulfide precipitation.

Level 4 is a modification of Level 2 which allows partial
recycling of final effluent by substituting soda ash for part of
the lime treatment, and settling the resulting calcium carbonate
in a clarifier before filtration. This step reduces the calcium
saturation and permits recycling of effluent without serious
scaling problems. Although a small blowdown of effluent is
maintained for control of salinity the total mass discharge of
toxic pollutants is less than that achieved in Level 2 due to the
lower effluent flow rate.

B. Chemicals and Handling

In Levell (BPT) and in Level 2, two-stage neutralization is
accomplished with lime alone, using conventional handling
equipment to deliver milk of lime to two points of application.
In Level 3, a mixture of ferrous sulfate and sodium bisulfide is
prepared in a well-ventilated space and applied with a
conventional solution feeder to the inlet of the Level 2
dual-media filter. with adequate ventilation and proper pH
control in this chemical preparation, there are no unusual
problems in chemical handling. In Level 4, soda ash is used to
furnish part of the alkalinity, employing conventional dry
chemical feeding equipment for this nonhazardous chemical.

C. Separation and Removal of Solids

At all levels of treatment the precipitated solids are removed
mechanically from the lagoons at regular intervals and are piled
in self-draining areas near the lagoons, on land provided for a
ten-year operating period. Fluoride and toxic pollutants are in
the insoluble or adsorbed form and do not constitute a hazard to
the local environment when left at the plant site under
controlled conditions, i.e., with leachate and permeate control.

D. Monitoring Requirements
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Control of fluoride and toxic pollutants in the treatment process
can be reasonably assured by pH and fluoride ion field testing
equipment. At advanced levels very low values of toxic metals
are detected best by atomic absorption methods, normally
performed in commercial laboratories on carefully collected and
composited samples.

Treatment Cost Estimates

General Discussion

A model plant concept was developed for the subcategory for treatment
cost estimation purposes. The BPT treatment system specifications are
outlined below.

A. Wastewater Flow

The range of wastewater data on file shows flow variations from
4.58 m3 /kkg of AlF 3 to 19.7 mJ/kkg of AlF 3 (see Table 15-4).
Based on these values, a unit flow of 11.9 m3 /kkg of AlF 3 was
taken as the average for the wastewater treatment model plant for
cost estimating purposes.

B. Production

Five plants manufacture aluminum fluoride at a total production
rate of 120,000 kkg/yr. Individual plant production rates range
from a minimum of 38 kkg/yr to a maximum of 45,600 kkg/yr with an
average of 24,300 and a median of 35,500 kkg/yr. For wastewater
treatment cost estimates, three production levels were selected
as model plants. These three models reflect the production
levels of the plants for which data is on file (excluding a small
batch operation plant) and are 15,900 kkg/yr, 35,600 kg/yr and
45,800 kkg/yr.

C. Pollutant Loadings

Observed pollutant loadings varied from 14 to 27 kg/kkg of AIF 3
for suspended solids and from 5.4 to 39.5 kg/kkg of AIF 3 for
fluoride. The data sources are as follows:

Source of Data

EPA-440/1-75-037
Screening and
Verification Phase
-Plant Data

16-20

)4-27

F (kg/kkg-AIF~)

15-20

5.4-40

For model plants, pollutant loadings of 20 kg of total suspended
solids and 18 kg of fluoride per kkg of AIF 3 were used to
establish treatment requirements.

D. Treatment Chemicals
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Lime (CaO powder form) is added to precipitate fluoride and to
raise the pH to a six to nine range. For each of the model
plants, lime is added at 25 percent above the stoichimetric
requirements for fluoride precipitation. For advanced treatment,
ferrous sulfide is added to give a concentration of 10 ppm. This
acts as a polishing step to remove additional trace metals from
the effluent. For a more advanced level of treatment, soda ash
is added in addition to lime (CaO). The soda ash dosage was
assumed to be 770 kg/kkg.

E. Generation of Solids

From the pollutant loadings and treatment chemicals above, the
waste treatment residue consists of 20 kg/kkg of suspended solids
plus 46.2 kg/kkg from added chemicals. Thus, the total solids
generated are 66.2 kg/kkg of product. After mechanical removal
to self~draining piles, the combined fluoride (as CaF2 ) is
reasonably stable at the reaction pH reached during lime
treatment.

F. Cost Estimates

The estimated treatment costs (BPT) for three different
production models are given in Tables 15-11, 15-12, and 15-13.
For these models, both the hydraulic and pollution loadings per
unit of production are held constant over the entire range of
production. A summary of the annual treatment costs is presented
in Table 15-14. At this level of treatment, chemicals, labor,
and amortization have significant impact on the annual costs.

Basis For Regulations

Evaluation of BPT Treatment Practices

EPA is setting BPT limitations based on Level 1 treatment. All plants
in this subcategory have installed BPT technology. Pollutants limited
by the BPT regulations are TSS, fluoride, chromium, nickel, and pH.
The major pollutants previously regulated are TSS, fluoride, and
aluminum. Aluminum is no longer considered a pollutant of concern due
to its relatively nontoxic nature. The treatment selected as the
basis for BPT regulations will actually benefit from the presence of
aluminum which will precipitate under mildly alkaline conditions and
act as a coagulant to aid the removal of toxic metals and suspended
solids.

BPT Effluent Limitations

A. Technology Basis

The Agency is setting BPT limitations for which the technology
basis is, or is equivalent to, equalization, lime
neutralization/alkaline precipitation, solids removal by settling
or thickening, final pH adjustment, and discharge of the
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TABLE 15-11.

Subcategory
Production

MODEL PLANT TREATMENT COSTS

Aluminum Fluoride
15,900 metric tons per year

A. INVESTMENT COST

Site development •••••••••.•
Equipment •••••••.••••••••••
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor 'sO & P a•.••••••••

Subtotal .......••...•.
Engineering ••••••••••••••.•

Subtotal ............•.
Contingencies •••••••••••...•

Subtotal .•..•...•.....
Land ••••••••••••••••••••••••

($)
BPT

30,300
198,000

20,000

248,"300
37,245

285,545
57,109

342,654
34,265

376,919
24,000

TOTAL INVESTMENT COST •••••• 400,919

Energy ••.•••••.•••.••••••••
ChemicalS •••.••••..•.••.••.
Ma intenance ..........••....
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••.•••••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ...... 56,000
3,500

35,000
37,692
12,028

5,500

15,000

TOTAL OPERATION AND
MAINTENANCE COST

c. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

a Overhead and Profit

486

164,720

61,325

226,044



TABLE 15-12. MODEL PLANT TREATMENT COSTS

Subcategory Aluminum Fluoride
Production 35,600 metric tons per year

A. INVESTMENT COST

Site development ••.••.•••••
Equipment ..
Monitoring equipment •••••••

Subtotal ..
Contractor's 0 & pa ..

Subtotal ••••••••••••••
Engineering .••••••••.••••••

Subtotal ••••••••••••••
Contingencies •.•••.•••••.•.

Subtota 1 ..
Land ..

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy ..
Chemicals ..
Ma intenance ..
Taxes and insurance •••.••.•
Residual waste disposal ••••
Monitoring, analysis

and reporting ..

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

a Overhead and Profit

487

($)
BPT

45,900
245,000

20,000

310,900
46,635

357,535
71,507

429,042
42,904

471,946
42,000

513,946

56,000
5,500

80,000
47,195
15,418
12,500

15,000

231,613

76,786

308,399



TABLE 15-13. MODEL PLANT TREATMENT COSTS

SUbcategory Aluminum Fluoride
Production 45,800 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equi pment ••••••••••••••••••
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor r s 0 & P a•••••••.•

Subtotal ••••••••••••••
Engineering •••••••••••••.•.

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Subtotal ••••••••••••••
Land •••••. ,. •••• ,. .

TOTAL INVESTMENT COST •••.••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision •••.••
Energy ••••••••••••.••.•••••
Chemicals •••••••••••••••.••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

a Overhead and Profit

488

($)

8PT

53,300
283,000

20,000

35ti,300
53,445

409,745
81,949

491,694
49,11)9

540,81)3
60,000

600,863

56,000
7,500

100,000
54,086
18,026
11),000

15,000

266,612

87,998

354,1111



TABLE 15-14.MODEL PLANT UNIT TREATMENT COSTS

Subcategory Aluminum Fluoride

Annual Treatment Costs (S/kkg)

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yr)

BPT

Annual Operation
and Ma intenance 15,900 10.36

35,600 6.51
45,800 5.82

Annual
Amortization 15,900 3.86

35,600 2.16
45,800 1. 92

Total Annual
Cost 15,900 14.22

35,600 8.66
45,800 7.74
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clarified effluent. This technology represents current practice
in the Aluminum Fluoride industry and was therefore selected as
the basis for the BPT effluent limitations.

B. Flow Basis

The basis of flow for BPT limitations is estimated from data
provided in the 308-Questionnaires for three of the four complete
plant responses received, including Plant #837, #251, and i 705.
Plant #188 was omitted in view of the batch process utilized for
the manufacture of aluminum fluoride. The other three plants are
continuous manufacturing processes.

The two major raw process wastewater sources contributing to the
total plant flow estimates include scrubber and work area
washdown. These wastewater sources are summarized in Table 15-4
for the three plants considered. The model plant flow for the
AlF~ industry is estimated as the average total raw wastewater
flow for the three plants, and is used to estimate pollutant
discharge loadings for the purpose of regulation. Exact measures
of treated effluent from the aluminum fluoride industry are not
available, since aluminum fluoride Plants normally integrate
process waste streams with those generated by the hydrofluoric
acid process prior to treatment and discharge. The unit flow
rates varied widely for the three Plants in the range between
4.58 to 19.7 m'/kkg of product which is largely dependant on the
scrubber design and water utilization. The AIF~ process in Plant
i 251 shares an S02 scrubber with the anhydrous hydrofluoric acid
process. Wastewater generation from this combined use scrubber
was estimated on the basis of hydrofluoric acid utilization in
the two processes.

The cleaning and work area washdown flow is similar for the three
plants considered, ranging between 1.02 and 2.39 m'/kkg of
product.

The average total flow for the three plants is 11.9 m'/kkg of
product. This flow is used for the model plant in the aluminum
fluoride subcategory.

C. Selection of Pollutants to be Regulate~

The selection of pollutants for which specific numerical effluent
limitations are set was based on an eV&luation of raw waste data
from the screening and verification sQmpling program. Pollutant
data from the plant sampled durin9 screening was used to
determine the need for verificatio~ sampling. Verification
sampling of Plants 1705 and 1251 provided additional pollutant
raw waste concentration data needed to assess the magnitude of
the pollution potential.

For conventional pollutants, the Agency has selected pH and total
suspended solids for specific treatment and control. Fluoride,
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was selected as the only nonconventional pollutant parameter
because it is a major constituent in the process raw waste and is
a pollutant of concern to the Agency. A limitation on aluminum
is not set because this constituent of the process wastes will be
effectively controlled by treatment required for removal of toxic
metals.

Results of the-screening and verification sampling are tabulated
in Section 15 for the raw process waste stream. The pollutant
concentration listed under verification is the highest value
observed during sampling at the two plants visited. Toxic
pollutants are li$ted based on their presence, during sampling,
at detectable concentration levels. Pollutants from this list
were considered candidates for regulation if their concentrations
appeared at least once at approximately the lowest level
estimated as treatable using any available technology appropriate
for their removal. The only two metals which passed this test
were chromium and nickel. The metals arsenic, copper, selenium,
and zinc were never observed in the raw waste at concentrations
equal to or above the lowest level estimated as treatable as
presented in Table 8-11 and therefore are not regulated.

Specific numerical effluent loading limitations are set for
chromium and nickel for which the average concentration levels
(Table 15-8) are considered treatable for at least one plant
visited during sampling.

No limitation is being set for aluminum because of its relatively
low toxicity and its beneficial effects in removing toxic metals
by coprecipitation. In addition, control of the major toxic
metal ions should provide adequate control of the aluminum
concentration, since the treatment pH for BPT is in the region
considered optimal for alkaline precipitation of most metal
hydroxides.

D. Basis of Pollutant Limitations

1. Conventional and Nonconventional Parameters

a. pH

The treated effluent is to be controlled within the
range of 6.0 to 9.0. This limitation is based on the
data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS and Fluoride

Pollutant limitations for TSS and fluoride were based
on the evaluation of data for the Hydrofluoric Acid
subcategory. This evaluation is described in Section
12 under "Basis of Pollutant Limitations." There is no
data available from plants where the BPT treatment
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performance can be evaluated for the treatment of raw
aluminum fluoride process wastewater alone. The
aluminum fluoride plants for which data is available
integrate raw process wastewater with wastewaters
generated from the hydrofluoric acid process.

In view of the similar wastewater characteristics, the
effluent concentration from a common treatment system
would be the same for TSS and fluoride whether it
originates from the AIF 3 industry or the HF industry.
Therefore, based on limitations established for the HF
industry (Table 12-21), a maximum 3D-day average
concentration of 97 mg/l TSS and 53 mg/l fluoride are
set for the AIF 3 industry. These are relatively high
values that are unique to this industry. The
variability factor ratio of 2.1 was selected based on
the evaluation in the HF subcategory (Table 12-23).
The unit effluent load limitation is determined as
follows:

L (as kg/kkg) = (0) (C)
1000

where C is the maximum 3D-day average concentration in
mg/l, 0 is the unit flow in m3 /kkg, and 1000 is the
conversion factor for kg to grams. (Note: kg/m 3 =
1000 mg/l.)

The 24-hour maximum is determined by the following
relationship:'

Maximum 3D-day average X VFR
(concentration or unit
loading)

= 24-hour maximum
(concentration or
unit loading)

In this case, the daily maximum TSS concentration is
2.1 x 97 mg/l = 200 mg/l.

The 3D-day average effluent is:

(97 mg/I) (11.9 m3 /kkg) (kg/m 3 ) = 1.2 kg/kkg
(1000 mg/l)

The 24-hour maximum effluent is:

(200 mg/I) (11.9 m3 /kkg) (kg/m 3 ) = 2.4 kg/kkg
( 1000 mg/l)

In the same manner the concentration basis for
fluorides is:

2.1 x 53 mg/l = 110 mg/l.
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The 3D-day average effluent is:

(53 mg/l) (11.9 m3 /kkg) (kg/m 3 ) = 0.63 kg/kkg
(1000 mg/l)

The 24-hour maximum effluent is:

(110 mg/l) (11.9 m3 /kkg) (kg/m 3 ) = 1.3 kg/kkg
(1000 mg/l)

2. Toxic Pollutants

The effluent limitations set for the selected toxic
pollutant control parameters are derived from three sources
of information including 1) literature based treatability
estimates (Section 8), 2) screening and verification
sampling data, and 3) a limited amount of long-term
monitoring data from Plant 4251.

The sampling results represent raw process waste pollutants
observed during three days of composite sampling at each of
the plants verified. An assessment of treatment system
performance was not possible in view of the lack of
representative effluent data available in the subcategory.
Effluent data obtained during verification sampling is for
treated wastewater from the HF and AIF, processes combined,
since no plant is available which treats AlF, wastes alone.
Therefore, the screening and verification data may be used
to determine candidate toxic pollutants for regulation
without specifying achievable concentration limits which
represent the AlF 3 plant performance alone. However, review
of the combined HF and AIF, waste effluent data in Table
15-9 reveals that all toxic pollutants of concern are
treatable within the levels of treatability defined in
Section 8 for lime settling (BPT). Removal of toxic
pollutants from one wastewater or the other would not differ
in light of the similar nature of HF and AIF, wastes.
Therefore, the literature estimates of treatability
discussed in Section 8 have been used as the basis for
determining specific numerical limitations for toxic
poll utants.

a. Chromium

The literature treatability value of 0.32 mg/l from
Table 8-13 for lime settling is considered to represent
a long-term average concentration value for chromium in
view of plant performance data in the HF and combined
HF/AIF, industries.

Since long-term monitoring data on chromium is not
available, the variability factor ratio (VFR) of 3.3
was derived from the data in the nickel sulfate

493



industry. This is justified by the fact that nickel is
one of the dominant metal pollutants selected for
control in the AlF3 subcategory and the wastewater
characteristics from the AlF 3 and NiS04 industries can
be assumed to be similar. Therefore,

VFR = VF of daily measurements = 3.9
VF of 3D-day averages ~

VFR = 3.3

The effluent limitations for chromium are determined as
follows:

The maximum 3D-day average is:

(0.32 mg/l) (1.2) = 0.38 mg/l

The 24-hour maximum concentration is:

(0.32 mg/l) (3.9) = 1.3 mg/l

The maximum 3D-day average effluent limit is:

(0.38 mg/l) (11.9 m3 /kkg) (kg/m3 ) = 0.0045 kg/kkg
(1000 mg/l)

The 24-hour maximum effluent limit is:

(1.3 mg/l) (11.9 m3 /kkg) (kg/m 3 ) = 0.015 kg/kkg
(1000 mg/l)

The effluent limitations on chromium are presented in
Table 15-15 for BPT treatment.

b. Nickel

For the purpose of regulation, a value of 0.17 mg/l was
derived from the HF industry as the subcategory
performance for nickel. The limitations are determined
as follows:

The maximum 30-day average is:

(0.17 mg/l) (1.2) = 0.20 mg/l

The 24-hour maximum concentration is:

(0.20 mg/l) (3.3) = 0.66 mg/l

where 3.3 is the VFR as discussed for chromium.

The maximum 3D-day average effluent limit is:



(0.20 mg/l) (11.9 m3 /kkg) (kg/m 3 ) = 0.0024 kg/kkg
(1000 mg/l)

The 24-hour maximum effluent limit is:

(0.66 mg/l) (11.9 m3 /kkg) (kg/m 3 ) = 0.0079 kg/kkg
(1000 mg/l)

c. Other Metals

The concentration bases for arsenic, copper, selenium,
and zinc are also presented in Table 15-15. These
pollutants are listed to serve as guidance in cases
where these pollutants are found to be of water quality
concern. The concentration limitations are also based
on literature treatability levels presented in Table
8-11. However in every case these treatability levels
were above raw waste concentrations observed for each
of these metals.

Basis for the BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significan~

additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in BCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
until EPA revises the BCT methodology before promulgating BCT
limitations.

Basis for BAT Effluent Limitations

A. The Application of Advanced Level Treatment

The Agency has analyzed the cost effectiveness of the base level
systems (BPT) and the various advanced level options for
conventional, nonconventional and toxic pollutant removal based
on utilizing the cost estimates presented in this report. The
economic impacts on the aluminum fluoride industry have been
evaluated in detail and taken into consideration in the selection
of the technology basis for the BAT regulations.

For BAT, EPA is setting limitations based on Level 1 treatment.
Pollutants limited in the BAT regulations are fluoride, chromium,
and nickel.
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The Agency considered the use of treatment Level 2 (addition of
dual-media filter) but did not adopt it because the installation
of the filter is not very effective in the removal of T55,
fluorides and toxic metals. EPA also considered limitations
based on Level 3 and 4 sulfide precipitation and use of soda ash
to increase reCYCle, respectively. These options were rejected
because they remove only small incremental amounts of toxic
pollutants in this subcategory.

B. Technology Basis

For BAT, the Agency is setting the effluent limitation on
fluoride and the toxic metals based on the BPT treatment system.
Similar to the Hydrofluoric Acid Subcategory, the· addition of
dual-media filtration after alkaline precipitation and settling
is not considered cost effective based on the conclusions made in
Section 7 "Hydrofluoric Acid Subcategory" of EPArs "Treatability
Studies for the Inorganic Chemicals Manufacturing Point Source
Subcategory" (61) as referred to in Section 12 of this
Development Document.

C. Flow Basis

The same flow established for BPT above is used in the
development of the BAT effluent limitations. The flow used is
11.9 m3 /kkg of product (Table 15-4).

D. Selection of Pollutants to be Regulated

The Agency
pollutants
regulations.
above.

has selected
identified in
The rationale

fluoride and the same two toxic
the BPT regulations for the BAT
for their selection is discussed

E. Basis of Pollutant Limitations

The BAT limitations were set equal to BPT and are given in Table
15-15.

Basis for New Source Performance Standards

A. Technology Basis

For NSPS, the Agency set the same treatment technology as for
BAT.

B. Flow Basis

The same flow established for BPT and BAT is used in the
development of the NSPS effluent limitations.
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= 15-15. EFFLUENT LIMITI\TIONS

Aluminun Flu:>ride
Best Practicable Control Technology ~tly Available'

Waste Water F1<:M, 11.9 IkJ<g

COncentration Basis Effluent Limit
Subcateg:>xy (1) (Irq/I) (kg/kkg)

R:>l1utant Perfomance VFR
(rrq/l) Max. Max.

3ll-day 24-hr. 3ll-day 24 hr.
avg. max. avg. max.

COnventional and
NonoonventiOIliii Pollutants,

1btalSuspended
57(2)Solids, 'ISS 3.5/1.7 97 200 1.2 2.4

Flooride 33(2) 3.4/1.6 53 110 0.63 1.3

'Ibxic Pollutants:

Arsenic 0.50 (3) 3.9/1.2 (5) 0.60 2.0
(6) (6)

Chraniun 0.32(3) 3.9/1.2(5) 0.38 1.3 0.0045 0.015

Cower 0.32(3) 3.9/1.2(5) 0.38 1.3
(6) (6)

Nickel 0.17(3) 3.9/1.2 (5) 0.20 0.66 0.0024 0.0079

Selenium 0.20(3) 3.9/1.2 (5) 0.24 0.78
(6) (6)

Zinc 0.55 (3) 3.9/1.2 (5) 0.66 2.2
(6) (61

(1) VFR' Fatio of the 24-hour variabili1::'f factor to the 3o-day variabili1::'f
factor

(2) Long teIm average construction based on the HF subcateg:>xy regulation
(5eotion 12.7.2) •

(3) 'Ille lower limit of treatabili1::'f estimate (Table 8-111 and the in:iustxial
waste water treat:nent systan perfomance (Table 8-12) axe used as the
basis for the long teD1l average liItlitation and S1Jbcate<pry perfol:l1lo3nce,
since ro plant is available where BPT trea:erent <:an be evaluated for
the Al.F 3 waste water alone.

(4) VFR based on HF subcateg:>xy evaluation.

(5) VFR based on limited long teIm data.

(6) No effluent limitation proposed.
* 'lhe EFT effluent limitations are also applicable to BAT except for the 'l'SS

limitations. 'Il1e BPT limitations axe also appliosble for NSPS.
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c. Selection of Pollutants to be Regulated

The Agency has selected TSS, fluoride and the same two toxic
pollutants identified for the BAT regulations. The rationale for
their selection is discussed above. The NSPS limitations are
presented in Table 15-15.

Basis for Pretreatment Standards

The Agency is not promulgating PSES and PSNS because a well-operated
POTW provides equal or better removal of chromium and nickel (the only
toxic pollutants regulated under BAT for this subcategory) than is
achieved by BAT for this subcategory, and therefore there is no
pass-through of these toxic pollutants in the Aluminum Fluoride
Subcategory. At present, there are no indirect dischargers in the
Aluminum Fluoride subcategory.



SECTION 16

CHROME PIGMENTS INDUSTRY

Industry Profile

General Description

Chrome pigments are a family of inorganic compounds primarily used as
colorants in a number of industries. These pigments are used in
paints, ceramics, floorcovering products, ink, paper, and cements.
However, certain chromium compounds (i.e., oxides) may be used as raw
materials in the manufacture of certain metals and alloys. Chrome
pigments vary substantially in their chemical makeup. The· various
types include chrome yellow, chrome green, chrome orange, molybdenum
orange, anhydrous and hydrous chromium oxide and zinc yellow. The
industry data profile is given in Table 16-1 and the status of the
regulations prior to promulgation of this new regulation is given in
Table 16-2.

Subcategorization

Several factors were originally considered in the subcategorization
process, such as raw materials, products, manufacturing process, size
and age of equipment, and water pollution control technology. It was
concluded that if effluent limitations were to be tied to units of
production, only subdivision by dominant product was viable as a
method of primary subcategorization. Further subdivision was not
warranted in the chrome pigment industry. A more detailed discussion
of the subcategorization process may be found in Section 4.

General Process Description and Raw Materials

The general manufacturing process for each of the above compounds is
given below.

A. Chromium Oxide c
This pigment consists of two compounds: anhydrous and hydrated
chrome oxide (Guigets Green). The amount of the anhydrous
chromic oxide produced is approximately ten times the amount of
hydrated chromic oxide produced. It is offered in a narrow range
of shades from light yellowish to dark bluish green.

The anhydrous oxide is almost pure chromium oxide and the
commercial grade consists of a minimum of 98.5 percent Cr20~. It
is prepared by calcination of sodium dichromate with sulfur or
carbon according to the reactions given below:

( 1 )
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CHroME PIG1ENTS

'I\:)ta1 sul:x:ategory capacity rate

Total sulx:ategory prOOucti.on rate

Number of plants in this subcategaI:y

308 Data on file for

With total capacity af

With total production of

Representing capacity

RepresentiD; production

Plant pt:Odu::tian range: (2)

M:inimJm

Maxinun

Average production

Median production

Average capacity utilization

Plant age range:

Mi.nim.ml

MaximJm

~ter flow range:

Mini.num

Maxinum

Valune per wrl.t product:

Mininun

MaximJm

73,500 kkg/year

73,500 kkg/year

12

5

39,800 kkg/year

62 percent

100 kkg/year

18,000 kkg/year

6,300 kkg/year

6,400 kkg/year

78 percent

38 years

60 years

800 cubic rreters/day

11,363 cubic rreters/day

32 cubic :cneters/kkg

170 cubic rreters/kkg

(l) Sources of data are Stanford Research Institute, Directory of Chanica!
Producers, U.5 .A., 1977, U.5. I>epart:nent of O:mnerce, Current Industrial
Re1X'rts, Decanber 1977; Energy am Envi..rorJnental Analysis, ~.; Draft
Report, "Preliminary Ec:orani.c Assessnent of Effluent Limitations in the
Inorganic Chemical Iniustry, ,. Jtme, 1978 and "Ea:mcmic Analysis of Proposed

Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry, II

March, 1980.

(2) Based on production at 11 plants, all other figures are based on 308
Questionnaires •
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TABLE 16-2. STATUS OF~CNS - EFFI1lENT .LJ:MITATIai GtJIDEtJm:S

ChJ:ane Pigments

AH (40 CPR 415.340, 5/22(75)

S!ANDARDS

mcICA* ~ NSPS

Max. l AV9.
2

Max. Avq. Max. Avq.
Para- kq/kk.q kg/kkg kg~)k=) ket) k1@l)meters (m;r/l) (nq/l)

TSS 5.1 1.7 Resaved Reserved
(76.1) * (25.4)

er (T) 0.10 0.034
(1.5) (0.5)

er+6 0.010 0.0034
(0.2) (0.1)

Ph 0.42 0.14
(6.3) (2.1)

zn 0.72 0.27
(10.8) (4.0)

CN 0.010 0.0034
(1.5) (0.5)

CN{1\) 0.10 0.034
(0.2) (0.1)

Fe 0.72 0.27
(10.8) (4.0)

*S..:cti.ons 415.340, 415.341, ar.d 4J.5.342 were revoked by the kjency
,(41 FR 51601, Novenber 23, 19761-
~•• MaximD of ;my one day.

2Avg'•• Avera<;e of daily values for thirty (X)nseoIt:ive days.

* flow basis 67, 000 l/kkq.
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The use of sulfur as the reducing agent eliminates COz and CO
emissions but increases the sulfates in the raw waste as well as
producing 502 and 503 in the off-gases. In the manufacturing
process using sulfur, the raw materials consisting of sodium
dichromate and sulfur are mixed with water and the resultant
solution is fed to a kiln. The material is heated and the
reacted materials from the kiln are slurried with water,
filtered, washed, dried, ground, screened, and packaged. The
effluent gases from the kiln containing sulfur dioxide and sulfur
trioxide are wet scrubbed before venting to the atmosphere.

( 2 )

A general process flow diagram of the preparation of anyhdrous
chrome oxide is given in Figure 16-1.

Hydrated chromium oxide, Crz0 3 .2HzO or CrZ O(OH)4' also known as
chromium hydrate and Guigets Green, is a brilliant bluish green.
It is made by reacting sodium dichromate with boric acid as
follows:

2Naz Cr Z0 7 + 8H3 B03 ~ 2CrZ 0 3 .2HzO + 2NazB~07 + 8H2 0 + 30 2 (3)

The raw materials are blended in a mixer and then heated in an
oven at about 550 degrees C. The reacted material is slurried
with water and filtered, The filtered solids are washed with
water, dried, ground, screened, and packaged. The filtrate and
the wash water are treated with sulfuric acid to recover boric
acid according to the reaction given below:

(4 )

A waste stream containing some boric acid and sodium sulfate is
discharge from the boric acid unit. Figure 16-2 is a generalized
flow diagram of the process.

B. Chrome Yellow and Chrome Orange

Chrome yellow is one of the more important synthetic pigments.
The chrome yellows cover the range of hues from light greenish
yellow to reddish medium yellow and consist mainly of lead
chromate. They are made by reacting sodium dichromate, caustic
soda, and lead nitrate. The reactions are given as:

2HN03 + PbD = Pb(N03 )z + HzO (5)

Na ZCr Z0 7 + 2NaOH + 2Pb(N03 )z = 2PbCr04 + 4NaN0 3 + HzO (6)

Lead chromate is formed as a precipitate during the reaction. It
is filtered and treated with chemicals for development of desired
specific pigment properties, dried, milled, and packaged. The
filtrate from the filtration operation is sent to the wastewater
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Molybdenum orange is made by the coprecipitation of lead chromate
(PbCr0 4 ) and lead molybdate (PbMo0 4 ). The resulting pigments are
more brilliant than chrome oranges.

The process consists of dissolving molybdic oxide in aqueous
sodium hydroxide and adding sodium chromate. The solution is
mixed and reacted with a solution of lead nitrate. The
precipitate from the reaction is filtered, washed, dried, milled
and packaged. The filtrate is sent to the treatment facility.

treatment facility. A flow diagram of the chrome
manufacturing process is shown in Figure 16-3.

C. Molybdenum Orange

yellow

The reactions are given as follows:

Mo0 3 + 2NaOH = Na zMo0 4 + HzO

PbO + 2HN0 3 = Pb(N03 )2 + H2 O

Na z Mo0 4 + Pb (N0 3 )z = PbMo04 + 2NaN03

Na Z Cr04 + Pb (N0 3 )z = PbCr04 + 2NaN0 3

PbMo04 + PbCrO. = PbCrO.-PbMoO.

(7 )

(8 )

( 9 )

( 10 )

( 1 1 )

A simplified flow diagram for the manufacture of molybdenum
orange is given in Figure 16-4.

D. Chrome Green

Chrome greens are a coprecipitate of chrome yellow and iron
blues. They include a wide variety of hues from very light to
very dark green. Iron blues are manufactured by reaction of
aqueous solutions of iron sulfate and ammonium sulfate with
sodium ferrocyanide. The precipitate formed is separated and
oxidized with sodium chlorate or sodium chromate to form iron
blues, Fe(NH 4 )eFe(CN)6' Chrome green is produced by mechanically
mixing chrome yellow and iron blue pigments in water. The
coprecipitate formation of chrome green is given by:

Figure 16-5 gives a process flow diagram for the manufacture of
chrome green.

E. Zinc Yellow

chromate, is a greenish yellow
compound of zinc, potassium, and

the approximate composition
made by the reaction of zinc oxide,

called zinc
a complex

has
It is

Zinc yellow, also
pigment. I t is
chromium which
4ZnOoKzO.4CrZ07-3HzO.
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hydrochloric acid, sodium dichromate, and potassium chloride.
Zinc yellow is formed as a precipitate and is filtered, washed,
dried, milled, and packaged for sale. The reactions are given
as:

2KCl + 2HCl + 2Na zCr Z0 7 -HzO = KZCr 4 0 t3 + 4NaCl + 3H zO (13)

4ZnO + KZCr 4 0 t3 = 3H zO + 4ZnO.KzO-4CrO~.3HzO (14)

A general flow diagram of the manufacturing process is given in
Figure 16-6.

Water Use And Waste Source Characteristics

Water Use

In the chrome pigments industry, water is used primarily for
noncontract cooling, washing the precipit~ted product, and as boiler
feed for stearn generation. In some cases, ~ater is introduced into
the reactor along with the raw materials.

In addition, substantial quantities of water may be used in cleaning
equipment. This occurs during product changes at plants manufacturing
a number of pigments. This partially accou~ts for the increased unit
water use at larger plants, since these plants have the most complex
product mix.

In anhydrous and hydrated chrome oxide manufacture, water is used for
slurrying of the reaction product and in scrubbing the reactor vent
gases. Table 16-3 is a summary of water usage at different pigment
plants in the chrome pigments subcategory.

Waste Sources

Some plants produce different pigment p~oducts sequentially in the
same equipment. At a few plants, the diffe~ent pigment products are
manufactured concurrently and the wastewaters combined and treated at
a single facility. A generalized flow diagram applicable to all
chrome pigment plants is given in Figure 16~7. The wastewater sources
are similar for all pigment products except that at chrome oxide
plants, an additional scrubber waste is generated. Table 16-4 gives
the wastewater flow data summary for several plants. The quantity of
wastewater and the pollutants are dependent of the raw materials used.
The figures in Table 16-4 represent actual plant discharges.

The data sources for the plants used in the determination of unit flow
values presented in Table 16-4 are outlined below:

Plant" Data based on 30B-QuestionnairesnbmisSiion. Only chrome
pigment production and flows were included.

Plant ~~. ~t:~i..,Q~~~ on308-Questionnaire submission. Chrome
pigffient and iron blue production and flows were included.
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Figure 16-5. General process diagram for production of du:one green.



VI....
o

Figure 16-6. General process diagram for produ::tion of zinc yellow.



USE

Noncontact cooling

Direct process contact

Indirect prcx::ess contact

Maintenance

Boiler Feei

UNIT F1a'l (m3/kkg)

Plant Designation

1464 #436 #214

9.50 6.45 NA

18.6 147 32.6

7.18 NA(2) NA

12.0 1.78 0.152

3.30 9.56 (3) NA

2.52 11.1 0.152

53.1 176 32.9

(1) Includes all chrane pigment product mixes. Values indicated only
for those plants that reported a::nplete infonnation.

(2) NA - Not applicable.

(3) Iron blue pigment process.
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Plant 4436. Data based on 308-Questionnaire submission.
pigment production and flows were included.

Chrome

Plant 4002. Data based on three days of sampling. Chrome pigment and
organic pigment (20 percent) productions and flOws were included.

Plant 4894.
iron blue, and
included.

Data based on three days of sampling. Chrome pigment,
organic pigment (15 percent) productions and flow were

As previously discussed, various plants make several chrome pigments
sequentially or concurrently. Thus the unit hydraulic load going to
the treatment facility will be an average of all the waste loads from
the different processes. The raw waste from a complex plant may
contain nearly all of the following substances: sodium acetate, sodium
chloride, sodium nitrate, sodium sulfate, potassium chloride; lead,
iron, and zinc salts; soluble chromium and pigment particulates.

Description Of Plants

Screening

Plant i894 was visited during the screening phase of the program. The
samples for this plant were analyzed for all toxic and conventional
pollutants.

This plant produces over 100 products including organic pigments such
as copper phthalocyanine, and all the wastes are combined and treated
together. Treatment consists of hexavalent chromium reduction,
equalization and neutralization, followed by clarification and
filtration. Sulfur dioxide is added to reduce the hexavalent chromium
to the trivalent state at a low pH prior to hydroxide precipitation.
The backwash from the sand filters is cycled to the equalization tank,
while the sludge from the clarifiers is passed through filter presses
and then hauled to a landfill. The landfill has a bottom consisting
of two clay layers sandwiching a gravel layer to allow for collection
of leachate drainage. Any water from the sludge is trapped in the
gravel layer, and is pumped out and returned to the plant for
retreatment.

Verification

Two plants were visited during the verification phase of the program.
The first plant, i002, has a rather large product mix. However, one
of the larger continuous units can have a major impact on the raw
waste characteristics. This unit either produces lead chromate or
zinc chromate. During the sampling period, zinc chromate was being
produced. All process wastewaters are treated continuously. First,
the wastes are treated in an SOz reactor to convert hexavalent
chromium to the trivalent state. The pH is then adjusted to 8.5 and
then the waste is passed through precoated filters, followed by
discharge to the sewer. Figure 16-8 shows the treatment flow diagram
and sampling points. Table 16-5 shows the waste flows and pollutant
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TABIE 16-4. SGM'\RY OF WASTE WATER FI.JJl

SUBCATEXl:>RY: aIRG1E PIG1ENl'S·

Plant Designation

'464
#214

#436

#002

#894

weighted Average FJ.orti

41.1

32.8

149
78.4(2)

170(2)

(1) Includes waste water fran all pigment product mixes.

(2) Includes organic pigments.

(3) weighted en the basis of productien since unit~ fJ.orti is
directly related to plant productioo.:

Weighted average = 1: [(unit flow) (production) ]

1: (production)

Le. = OJ. (PI) + 02 (P2) + 03 (P3)+···~(Pn )

P1+P2*'3+' '+Pn

Where Q =:: unit flati and P = pl:Oducti.al (which is consi.dered.
cxmfidential infOJJDatian).
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loadings. At
glass fiber
process which
were carried
make possible

sample point *2, half the sample was filtered through a
filter on a Buechner funnel to simulate the filtration
was being bypassed at the time of sampling. Analyses

out on the filtered and unfiltered samples in order to
a comparison of the total and dissolve? concentrations.

A review of the sampling data indicates that the waste treatment
facility was not functioning properly during the period of sampling at
Plant *002. The inadequacies observed in the treated effluent quality
have been related to deficiencies in the treatment system design
including 1) inadequate equalization and S02 contact facilities, and
2) inadequate clarification which in turn caused blinding of the
filter and the subsequent need for filter bypass.

Plant *894 was also visited during the verification phase. The
treatment system has been previously discussed. The major problem at
this plant is the high unit water use rate. However, this was the
only plant found with an adequately designed and operated treatment
system in this subcategory.

During the verification phase, only certain pollutant parameters were
analyzed. These were pH, cyanide, suspended solids, and toxic metals.
No organics were analyzed during verification.

Figure 16-9 shows the treatment system flow diagram with the sampling
points indicated. Table 16-6 gives waste flows and pollutant
loadings.

Toxic Pollutant Concentrations

The toxic pollutants found above treatable concentrations in the raw
wastes during sampling are given in the table below.

Maximum Concentration (.g/l)

Pollutant

Cadmium
Cyanide
Chromium
Copper
Lead
Zinc
Antimony
Selenium
Silver
Nickel
Phenol*
Bis (2 ethylhexyl)
Phthalate*

Screening

79
360

55,000
7,500

36,000
4,100
7,700

> 10
7

160
73

>0.1

Verfication
2 Plants

1,250
8,200

349,000
4,700

69,000
273,000

1,475
28
20

740

* from organic pigment process
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Figure 16-8. General waste water treatment process flow diagram at plant #002
sln-Ting the sanp1ing points. (Ql:rorre pigment manufacture.)
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TABLE 16-5. FI.J:JN, POLIDI'ANT CONCENTRATIOO lIND WAD
DATA OF THE~ WhS'I'E STREAMS FOR PI.ANT #- 002

SUBCA'IEGORY: am::::ME PIGMEm'S

Conventional and Nonconventional Pollutants

Ill;3/1
(kg/kkg of chrane pigrrents)

Stream Stream F1CM
# Description (m3jkkg) TSS Fe Cr(VI)

1 Raw waste 78.4 700 1.6 300
(55) ( 0.13) ( 24 )

2-U unfiltered 78.4 970 2.3 120
Treated (76) (0.18) (9.4 )
waste

2-F Filtered 78.4 NA (1) 0.06 NA (1)

Treated (0.0047 )
waste

(1) NA - Not available
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TABLE 16-6. F'ID'l, POLIllTANT, a:NCENTRATICN AND IDAD DATA FOR'nIE SAMPLED
WASTE S'I'REAMS AT plJ\NT # 894

SUBCATEGORY: CHRCME PIGlENTS

Q:mventional and Nonconventional Pollutants (3)
rrg/1

(kg/kkg of chrane pigments)

Stream
#

Stream
Des=iption

Flow
(m3/kkg)

TSS Fe Cr(VI)

1 Raw waste 170 770 48 ND(2)

(130) (8.2 )

2 Final
Discharge 170 3.9 0.30 0.023

(0.66) (0.051 ) (0.0039 )

3 Leachate NA(1) ND(2) 0.04 ND (2)

(NA )

5 sand Filter
ND(2)Influent 170 11 1.0

(1.9) (0.17 )

(1) Not Applicable

(2) Not Detected

(3) Verification sampling which involves three 24-hour c:orrp:>site samples.
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Screening aata was obtained at Plant #894. Verification was completed
at Plants #894 and #002. The only organic pollutant not listed above
found in the raw waste above the protocol detectable limit (10 #g/l)
was naphthalene at 14 #g/l. It should be noted, however, that some
nitrobenzene (56 #g/l) and phthalates at levels up to 220 #g/l were
found in tne treated effluent and one raw water intake. Since they
were not pcesent in the raw wastes, it is presumed they are present as
a result of sample contamination; i.e., plasticizer in Tygon Tubing.
No organic pollutant sampling was made during verification.

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the chrome pigments industry, 9
days of sampling were conducted at Plants #894 and #002. This
involved five different sampling points for raw and treated waste
streams. The evaluation of toxic metals content of these process
related waste streams was based on 195 analytical data points. The
screening at Plant #894 for organic pollutants generated another 228
data points. The daily raw waste loads were calculated from the waste
stream flow rates measured or estimated at the time of sampling and
the measured concentration.

That is,

Daily loading as kg of pollutant
day

where:

= (C) (Q)
1000

C is the
mg/l (Note:

concentration of the pollutant expressed in units of
kg/m 3 = 1000 mg/l), and

Q is the waste stream flow rate expressed in units of m3 /day.
(m 3 , a cubic meter, is equal to 264.2 U.S. gallons.)

Similarly, the unit loadings were calculated from the reported chrome
pigments pcoduction rate, the waste stream flow rate, and the measured
pollutant concentration.

Unit loading (as kg of pollutant
per k~9 of chrome pigments)

= (C) (Q)
(lOOO)(P)

where C and Q are the same as described above, and P
pigment production rate expressed in units of kkg/day.
1000 ~g, a metric ton, which is equal to 2205 lbs.)

is the
(kkg is

The minimum, average, and maximum values are based on data from those
plants where the particular pollutant was found at concentrations
greater than the analytical detection limits and significant in that
it could conceivably be treated by an available treatment technology
regardless of economic considerations.

In Table 16-7, the toxic pollutant raw waste data are presented as the
average daily concentrations and the unit loading found at the
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individual plants. The overall averages are also shown and were
subsequently used in the calculations of the average daily loadings
and the average unit loadings shown in Table 16-8 along with the
corresponding minimum and maximum values. The toxic pollutant
concentrations in the treated effluent are presented in Table 16-9 for
the two plants visited during verification sampling.

Based on the total annual production from Table 16-1 of this
subcategory and the average waste load generated per unit product from
Table 16-8, the estimated total toxic pollutant raw waste loads
generated each year for this subcategory are as follows:

Pollutant

Antimony
Cadmium
Chromium
Copper (1)
Lead
Nickel (1)
Zinc
Mercury
Cyanide (1)
Phenol (1)
Phenolics (1)

Waste Load (kg/year)

42,000
8,000

1,160,000
54,000

252,000
1,400

104,000
260

34,000
900

1,500,000

(1) Probable Source is organic pigment process or other processes.

The waste load for zinc and lead in the above have been adjusted to
reflect the fact that not all plants produce a chrome pigment
containing lead, and most do not produce zinc yellow. For example, a
plant that does not produce zinc yellow will have a very low level of
zinc in the raw waste load. See the data for plant *894 in Table 16
7.
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\

.!II1/l.
(Jo;Ildcq of~ P1gIDents)

Pollutat* l'laDt DesigM,t;.i,ca

1894(5) (21 1894(V) (3) t002M

Ant:iDaty 7.7 0076 L4
(loS) ( 0.13) (0011)

camilli' 0.79 0088 0.20
(0.15) (O.lS) (0.016)

Q1ra:aiuu S5 S2 310
(10) (14) (24)

o:wer 7.5 4.1 104
(104) (0.70) (O.llY

Iaad 36 4.8 S4
(6.S) (0.82) (4.2)

Nickel 0.16 0.017 0.32
(0.030) (Oo0028) (00025}

Zinc 401 4.2 163
(0.78) (0.71) (13)

Mert=y • 0.042 0.00043
• (o.oon) (0.000034)

Cy.mide.<:N 3.6 4.9 0.71
(0.68) (0.84) (0.056)

CYanide, Ci (A) • 0.88 *
* (0.15) •

3.3
(0.58)

0.62
(0.11)

150
(16)

4.3
(0.74)

32
(309)

0.17
(0.019)

57
(4.8)
0.014

(0.0036)
3.1

(0.53)

0.88
(0.15)

(1) n. lDI!tbJci')logy of t:lE smplm;.~ is des::ril::ied in Sectia1 5.1.2, and
section 16.3.3 presents the S<X!pe of 9allplin1 in the chrtme pi.gnent;s iMustzy.

(2l s - scr~ data fran one 72~ CCJIlp:)site sample of iMiv:idlal or
c:anbintd raw wst.e st:reBIIIS.

(3) V - VE'iticatitn data frail three 24-mur <:aIIiOsite suplea. averaged •
£rem each raw w..ste smplinq t:Qint.
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'l'ABLE 16-8. fDt.I1IRY (F IWl~ Ull\DIOOS FOO!Il ~ s:::REENIOO AIIl VEIlIFlCATJaI Sl\HPLIOO

9JJ£A'WmY CIIJUIE PIGMm!'S

Pollutant Loadirg RInge, \bit Loadirg, lb. of (2)
(kg/day) (kg/kJ<g) Plants

Mlnlnun Maxilluu Hinilluu Average Maxilluu Averaged

~
Antim:lny 6.0 98 0.11 0.58 1.5 ,3

CAdniun 0.87 10 0.016 0.11 0.15 3

lJl
Chro1Iiun (1) 700 1300 10 16 24 3

'" (»wer 6.1 96 0.11 0.74 1.4 3'" Lead 55 459 0.82 3.9 6.8 3

Nickel 0.19 2.0 0.0028 0.019 0.030 3

Zln<: 48 114 0.71 4.8 1313 3

Itltcury 0.0019 0.48 0.000034 0.0036 0.0072 2
Cyanide, Ql 3.1 56 0.056 0.53 0.84 3
Cyanide, CN(A) 9.8 0.15 1
rtleml 0.93 0.014 1

PlJ>r¥>llcs 8.8 0.13 1

Q:mventJonal and N:>nconventJonal

Total
&>sperded
£bUds, TSS 3100 8800 55 93 130 2

Fe 7.1 550 0.13 4.2 8.2 2

""""valent (1)
Chro1Iiun
cr+6 1300 24 1

(1) """"valent chrouiuu is only one valent fODD of chn:m1un.

(2) CUly tb>se plants ........e tie pollutant ..,s oboerved at significant levels were included.



TABLE 16-9. 'l1JXIe POLLurANl' TREATED WASTE rw:m (1)

stJBCATE<DRY: CHIOME PIGMENl'S

Pollutant Plant Designation OITerall (2)
(mg/l) *894 *002 Average O:lIlcentration

AntinPny 0.30 0.43 0.37

cadniun 0.0084 0.12 0.064

Chranium 0.33 130 65

COpper 0.035 0.077 0.056

Lead 0.11 1.5 0.81

Nickel 0.021 0.083 0.052

Zinc 0.058 117 59

MerOJry
NO(3) NO NO

Cyanide, CN 0.065 * 0.065

Cyanide, eN (A) 0.0067 * 0.0067

(1) Verification sampling concentration data, average of three 24-!Dur
a:mp:lsite samples.

(2) Average of t\o.u plants smwn during verification sampling.

(3) N:>t detected.

* N:> data
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Pollution Abatement Options

Toxic Pollutants of Concern

The toxic pollutants found in significant amounts are mostly the heavy
metals found in the products as well as the chromium ore and other raw
materials. These metals are cadmium, chromium, copper, lead, zinc,
antimony and nickel. In addition, some cyanide was found in raw
wastes and treated effluents. This cyanide is a result of the
manufacture of iron blues and, at one plant site, HCN. However, these
guidelines do not apply to iron blues; they will be included in Phase
II of the Inorganic Chemicals regulation development. There is
significant removal of the cyanides in the chrome pigments treatment,
however, probably due to the precipitation of ferrocyanides. The HCN
manufacturing process is also regulated by another guideline (see
Section 17). Some organic toxic pollutants were found during the
screening phase. This was believed to be an anomaly caused by the
sampling procedure, since they were also found in the raw intake
water, treated effluent, and in the raw waste. In addition, any
organics present are probably caused by organic pigments manufacture
which is not regulated by this guideline, but will be regulated under
the Organic Chemicals Category.

All the wastewaters generated in the Chrome Pigments Subcategory
contain dissolved chromium and pigment particulates.

Additional pollutants that may be anticipated are given below for each
major pigment group.

A. Chrome Yellow and Chrome Orange

The raw wastewater contains sodium acetate, sodium chloride,
sodium nitrate, sodium sulfate, and lead salts.

B. Chrome Oxide

The aqueous process effluent contains sodium sulfate. If boric
acid is used in the preparation of hydrated chromic oxide then
the wastewater will contain sodium borate and boric acid.

C. Chrome Yellow and Chrome Orange

Additional pollutants present in the raw wastewater from chrome
yellow and chrome orange manufacture include sodium acetate,
sodium chloride, sodium nitrate, sodium sulfate, and lead salts.

D. Molybdenum Orange

Process waste effluents from the manufacture of molybdenum orange
contain sodium chloride, sodium nitrate, sodium sulfate, chromium
hydroxi~e, lead salts, and silica.
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E. Chrome Green

The raw wastewater contains sodium nitrate. If iron blue is
manufactured on-site as part of the process for chrome green
manufacture, the wastewater also contains sodium chloride,
ammonium sUlfate, ferrous sulfate, sulfuric acid and iron blue
pigment particulates.

F. Zinc Yellow

The raw wastes contain hydrochloric acid, sodium chloride,
potassium chloride, and soluble zinc salts.

Process Modifications and Technology Transfer Options

The major process
use in some cases.

problem in the industry is the high rate of water
This can be alleviated in a number of ways.

A. Close attention to product quality in conjunction with reduction
of product rinses.

B. Reduction in equipment cleaning rinses
methodologies:

1. Recycle of rinse waters.

by the following

2. Minimizing of product changes by the use of better planning
and increased number of units.

Equipment cleaning is known to contribute approximately 20
percent of the waste load volume at one plant (t002).

C. Use of parallel treatment for individual product lines. This
will allow the reuse of rinse waters and the recovery of products
presently lost in waste sludges.

D. The use of ion exchange and/or reverse osmosis on isolated
wastewaters. This will allow total recovery of product as well
as total reuse of wastewater. This system is in use on one line
at Plant 1409.

The above
considered
engineering

options were reviewed, but except for option
for inclusion in the treatment models due
required and their capital intensive nature.

were not
to the

Best Management Practices

A. All storm water and surface area runoff from the plant site
should be collected and sent to a treatment facility if the water
is contaminated from process wastes. This contamination can be
minimized by storage of chemicals indoors, proper air pollution
control, and elimination of all spills.
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facilities for those plants
following information was

B. If the solids from the treatment plant are disposed of on-site,
provision should be made to control leachates and permeates. It
is possible to monitor the metal concentrations and when
concentrations approach predetermined limits, the leachate can be
pumped back to the treatment system for further treatment.

Prevailing Control and Treatment Practices

A description of the individual treatment
visited is given above. In addition, the
obtained for the remaining plants.

Plant #214 manufactures pigments and other chemicals. The plant does
not have a wastewater treatment facility. After pH adjustment, waste
is discharged to a POTW. Part of the process waste is recycled.

Plant #593 manufactures organic and inorganic chemicals. The existing
combined wastewater treatment plant consists of lagoon, aeration,
clarifiers, and filters. The sludge disposal is on-site landfill.

Plant #464 manufactures both organic and inorganic pigments. After pH
adjustment, wastewater is discharged to a POTW.

Plant #101 manufactures inorganic ceramic pigments, color and
porcelain. The existing combined wastewater treatment facility
consists of a series of settling basins. Sludge disposal is to an
off-site landfill. After pH adjustment, the final discharge is to a
POTW.

Plant #502 manufactures both organic and inorganic pigments, of which
chrome pigments are a small part. Treatment consists of pH adjustment
prior to discharge.

Plant #436 manufactures several chemicals in addition to chrome
pigments. The treatmenE system consists of neutralization with
caustic and clarification in settling lagoons prior to discharge.
Sludge is contract-hauled approximately once every three years.

Plant #409 manufactures specialty chemicals and inorganic
The existing wastewater treatment facility consists of S02
clarification, filters and pH adjustment. Sludge disposal
off-site location.

pigments.
reduction,
is to an

Plant #997
data is not
consists of

manufactures chromic oxide and sulfuric acid. Production
available. The existing wastewater treatment facility
pH adjustment, S02 reduction and lagoons.

Plant #962 manufactures inorganic pigments (chrome
existing waste treatment plant consists of
clarification, and filters. After pH adjustment,
discharged to a POTW. Sludge is recycled to process.
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Plant 4200 manufactures small quantities
Treatment is unknown.

of chrome pigments.

In summary, a review of the existing treatment system descriptions
indicates that the prevailing treatment practices appear insufficient
except for the system at Plant 4894. The major problems besides total
lack of treatment is lack of sufficient residence time, lack of
critical treatment units, and failure to collect all waste streams.
As previously stated, only Plant 4894 has a properly designed and
operated treatment system. This system is basically the same as the
Levell treatment system shown in Figure 16-10.

Advanced Treatment Technologies

The treatment technologies in use in the industry consist of
segregation, equalization, SOz reduction, alkaline neutralization,
clarification, and filtration. In addition, the following
technologies were reviewed for model plant development: sulfide
precipitation, ion exchange, reverse osmosis, and the xanthate
process.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A careful review of the end-of-pipe treatment methods available to
industry was made. As a result, the following methodology was set
forth as the only treatment level for this subcategory. Originally,
sulfide precipitation was considered as a level 2 addition to the
level 1 technology. However, an Agency treatability study (61)
indicated no significant improvement in pollutant reduction was
achieved by this addition. The result of eliminating level 2
technologies from consideration is to set NSPS standards equal to
those for BPTIBAT. Considerations made in establishing the level 1
model included:

Effective reduction of pollutants.

Established treatment practices in the industry.

The cost of technology.

The adaptability of the model to different situations.

A. Level 1 (BPT/BAT/NSPS/PSES/PSNS)

Consists of equalization, SOz reduction, alkaline
clarification, and filtration. A flow diagram
system is shown in Figure 16-1D.
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B. Level 2

Sulfide treatment addition to BPT system has
consideration as a level 2 treatment. For
proposed system and the cost evaluation
Development Document (60). Figure 16-11
proposed system.

Equipment for Treatment

A. Equipment Functions

been dropped from
a discussion of the
see the Proposed
is a diagram of the

In the model treatment system, the incoming wastes are acidified
in a holding tank and then treated with sulfur dioxide solution
in a reactor to convert hexavalent chromium to trivalent
chromium. Caustic soda, lime, or other neutralizing agent is
then added to neutralize the acid and precipitate heavy metal
hydroxides and a polymeric coagulant is added to help settle the
heavy metal hydroxides in a clarifier. The settled effluent is
then filtered in a dual-media filter and discharged after pH
adjustment to the range 6 to 9.

B. Chemicals and Handling

Sulfuric acid and caustic soda solutions are common industrial
chemicals which are readily handled with conventional liquid
feeding equipment. Sulfur dioxide is received as a compressed
gas which is dissolved in water by modified gas chlorinator and
fed to the reactor to maintain consistent reducing conditions.
Polymer is fed by a standard package of holding tank, mixer, and
feeder. With normal precautions there are no unusual hazards in
handling chemicals for treatment of chrome pigment wastes.

C. Separation and Disposal of Solids

Solids from the clarifier, including recirculated filter backwash
solids are dewatered in a filter press and hauled to a chemical
landfill. Sludge filtrate is returned to the influent holding
tank.

D. Monitoring Requirements

Internal process monitoring consists of maintaining proper pH
levels in the holding tank and final effluent, using conventional
field equipment. A reducing environment is maintained in the
reactor, using an oxidation-reduction potential instrument and/or
analysis for excess S02' Periodic effluent analyses for chromium
and heavy metals should be made on composite samples by atomic
aosorption methods, for official reporting purposes. Sulfide
monitoring is generally unnecessary because dissolved sulfides
should not exist in the presence of excess ferrous iron and
oxygen.
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Treatment Cost Estimates

General Discussion

To prepare cost estimates, a model plant concept was developed and
plant criteria developed for BPT (Levell).

A. Wastewater Flow

The data for five plants with usable flow data is summarized in
Table 16-4. This information was used on a production weighted
basis to determine the average flow in the industry. This
average was computed to be 105 m3 /kkg (25,200 gal/ton). This
value was used for sizing the model plants.

B. Chromium Pigment Production

Production in the chrome pigment subcategory ranges from a low of
500 kkg/year to a high of approximately 18,000 kkg/year. The
mean production is approximately 7200 kkg/year. For the purposes
of estimating treatment costs, four production levels were
selected as model plants. These are 1500 kkg/year, 4000
kkg/year, 6000 kkg/year, and 18,000 kkg/year. These cover the
entire range of production rates. Most plants produce many
chrome pigment products on a continuous basis so the operational
mode selected was continuous and assumed to run 350 days per
year. Chrome pigments are usually produced in integrated
facilities with the necessary flexibility to shift from one
product or combination of products to another. The model plant
was selected to reflect this type of complexity.

C. Wastewater Pollution Load

For the model plants, the loads are based on verification plant
data. This data indicated an average loading of 16 kg/kkg
chromates as chromium (Table 16-8). Total toxic metals loadings
ranged from 12 kg/kkg to 47 kg/kkg. Total suspended solid
loadings ranges from 55 kg/kkg to 130 kg/kkg (Table 16-8).. The
overall solid waste generation is expected to be 85 kg/kkg to 150
kg/kkg (dry solids). For the purpose of determining solid waste
generation, a value of 105 kg/kkg (dry solids) was selected.

The estimated costs of the BPT system for the four models are
given in Tables 16-10, 16-11, 16-12, and 16-13. For these
models, both hydraulic and pollution loads per unit of production
were held constant over the entire range of production.

In order to determine the accuracy of the treatment model, an
attempt was made to compare the model costs against actual
industry costs. Cost data were received on two plants, one with
treatment installed and one in the design stage. No attempt was
made to compare costs item by item since these specific costs may
differ for the following reasons:
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Variations in land costs.

Variations in hydraulic loading.

Varying costs of solid waste disposal.

Modifications to the existing wastewater treatment facility and
other related costs

The following overall results were obtained:

Annual Costs
($/kkg)

Model Plant
Plant #002
Plant #894

89.75
85.38
91 .03

The above data indicate a fair correlation between the model
plant and site specific cost estimates.

Table 16-14 presents a summary of the unit cost distribution
between amorization, operation, and maintenance cost components
at various production levels.

For the model plant, the primary sources of wastewater are from
product washings, slurrying of reaction products, scrubbing of
reactor vent gases, and washing of equipment due to product
changes.

Model Plant Costs

The major costs for the Level 1 (BPT) model plant are equipment,
labor, and chemical costs. Engineering design and equipment
maintenance are also fairly large. The majority of the annual cost is
tied up in operation and maintenance. This cost can approach 50
percent of the total capital cost.

Basis for Regulations

Evaluation of BPT Treatment Practices

A number of factors are anticipated to contribute to a wide variation
in the effluent quality at chrome pigment plant treatment facilities.
Consideration of these variations is included in establishing
limitations in that the performance of the plant on which limitations
are based is a large complex plant that encounters all of these
factors. These include the following:
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TABLE 16-10~ MODEL PL~NT TREATMENT COSTS

Subcategory
Production

Chrome Pigments
1,500 metric tons per year

($)

A. INVESTMENT COST

Site de~elopment •••••••••••
Equipment ••••••••••••••••••
Monitoring equipment •••••••

Subtotal •••• b•••••.•••
Contractor's 0 & P •••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Subtotal ••••••••••••••
Land ••••••••••••••••• ~ ••••• ~.

TOTAL INVESTMENT COST ••••••

8PT

nQQ
317,000
20,000

388,240
77,1548

4155,888
46,589

512,477
6,000

518,477

o
o
o

o
o

o
o

o
o

o
a

o

Energy ••••..•••••••••••••••
Chemicals •••••••••••••••••.
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ...... 112,000
7,500

53,000
51,248
15,554

5,000

15,000

o
o
o
o
a
o

o

TOTAL OFERATION AND
MAINTEN~NCE COST

C. AMORTIZAT!ON OF
INVESTMEN'l' COST

TOTAL ANNUAL COST

259,302

83,380

342,682

o

o

o
a Represents the incremental cost above that for BPT treatment
b Overhead and Profit
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TABLE 16-11. MODEL PLANT TREATMENT COSTS

Subcategory Chrome Pigments
Production 4,000 metric tons per year

A. INVESTMENT COST

Site development ••••.••••••
Equi pment •.•....••••.....•.
Monitoring equipment •••••••

Subtotal •••••••••.••••
Contractor' 5 0 & P ~ .•.•..••

Subtotal •••••••.••••••
Engineering .

Subtotal .
Contingencies •••.•....•...•

Subtotal ••••••••••••••
La nd ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision
Energy .•.•....••...••..•••.
Chemicals •.••...••.••.•.•.•
Maintenance ..•.•..•...•.••.
Taxes and insurance .•.•.••.
Residual waste disposal ....
Monitoring, analysis

and reporting .••..••••••..

TOTAL OPERATION AND
'Il,INTENANCE COST

($)

BPT BAT a

1,200 0
%4,000 0

20,000 0

585,200 0
87,780 0

672,980 0
134,596 0

807,576 0
80,758 0

888,334 0
12,000 0

900,334 0

112,000 0
15,000 0

141,500 0
88,833 0
27,010 0
15,000 0

15,000 0

414,343 0

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

144,532

558,875

o

o

~ Represents the incremental cost above that for BPT treatment
Overhead and Profit
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TABLE 16-12. MODEL PLANT TREATMENT COSTS

Subcategory Chrome Pigments
Production fi,OOO metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equipment ...••••.•••.••••••
Monitoring equipment •••••••

Subtota 1 •••• b" ••••••••
Contractor's 0 & P ••.••••••

Subtotal ...•..........
Engineering ••••••••••••••••

Subtotal
Contingencies

Subtotal ••••••••••••••
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision
Energy ••••••••••••••••••••.
Chemical s ..•...............
Maintenance ••..•••.•••.•...
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

($)
BPT BAT a

1,200 0
738,000 0

20,000 0

759,200 0
113,880 0

873,080 0
174,filJ5 0

1,047,fi9'i 0
104,770 0

1,152,4Iifi 0
12,000 0

1,11i4,461i 0

112,000 0
20,000 0

211,500 0
115,247 0

34,934 0
20,000 0

15,000 0

528,681 0

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

187,50fi

71 Ii, 187

o

o

a Represents the incremental cost above that for BPT treatment
b

Overhead and Profit
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TABLE 16-13. MODEL PLANT TREATMENT COSTS

Subcategory Chrome Pigments
Production 18,000 metric tons per year

A. INVESTMENT COST

Site development •.•••••••••
Equi pmen t .
Monitoring equipment •••••••

Subtotal .
Contractor's 0 & P q .

Subtotal .
Engineering .

BPT

1,800
1,700,000

20,000

1,721,800
258,270

1,980,070
39l1,014

($)
BAT a

o
o
o

o
o

o
o

Contingencies ••••••.•••••••
Subtotal .............. 2,3715,084

237,608
o
o

Subtotal •..•.•.••••.•.
Land ••••••••••••••••••••••••

TOTAL INVESTMENT COST ••••••

2,613,692
18,000

2,631,692

o
o

o

Energy •••••••••••••••••••••
Chemicals •••••...•.••••••••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting .

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ...... 112,000
28,000

635,000
261,369
78,951
l10,000

15,000

o
o
o
o
o
o

o

TOTAL OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

1,190,320

425,248

1,615,568

o

o

o
a Represents the incremental cost above that for BPT treatment
b

Overhead and Profit
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A. Product Changes

Changes in products require that equipment be thoroughly cleaned
prior to reuse. Therefore, frequent product changes will result
in higher waste flows.

B. Product Application

The final
required.
rinsing.

disposition of the product will affect the quality
The higher the quality, the more water required for

C. Air Pollution Control

Equipment will be required in many cases for control of the
environment as well as off-site air compliance. Scrubbers will
add some waste flow to the treatment system. This flow, however,
is generally small.

D. Other Related Products

Many plants manufacture other types of pigments including iron
blues and organic pigments. These products generate significant
quantities of wastewater which tend to dilute chrome pigment
wastes. However, these wastewaters were included in the
computation of the unit waste flow. Therefore, the use of
parallel treatment for existing facilities producing other
pigments is not required at this time as long as chromium pigment
production is the majority of the overall production. The
following guidelines should be used in applying these
regulations:

the total production
the chrome ,pigment

When determining the effluent loadings,
of a facility will be used as long as
production is in the majority.

2. When the chromium production is the minority of the overall
production, the total production should be used for
computing the effluent limits under the following
conditions: the remalnlng production (other than chrome
pigments) generates a wastewater containing significant
amounts of toxic metals which will be removed by a chrome
pigment treatment system.

1.

3. For those facilities (existing sources) where chromium
production is in the minority and the wastes from other
sources do not contain metals above accepted levels of
treatability, segregation and par.allel treatment of chromium
pigment wastes are recommended_ However, the permitting
authority or POTW must considl,r the following balancing
factors:

a. The economic impact on the facility balanced against
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TABLE 1~-14 MODEL PLANT UNIT TREATMENT COSTS

Subcategory Chrome Pigments

Annual Treatment Costs ($/kkgl

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yrl

BPT

Annual Operation
and Maintenance 1,500 172.87

4,000 103.59
6,000 88.11

18,000 66.13

Annual
Amortization 1,500 55.59

4,000 36.13
6,000 31. 25

18,000 23.62

Total Annual
Cost 1,500 228.45

4,000 139.72
h,OOO 119.36

18,000 89.75
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b. The environmental benefits of parallel treatment.

In addition to the above factors, the design and operation of the
treatment facilities affect effluent quality. Important factors
are equalization, S02 contact time and pH depression, S02 dose,
proper neutralization, and adequate solids removal.

Table 16-15 is a summary of verification sampling and long-term
effluent monitoring data at Plant *894 for the major pollutants
of concern. Plant *002 sampling results are excluded from the
subcategory performance evaluation, since the treatment system
was not functioning properly as previously discussed.

The long-term monitoring data in Table 16-15 is for the maximum
30-day average long-term monitoring results. Sufficient data was
not available to estimate long-term daily maximum values.

Plant 4894 is the only known plant with Level 1 treatment system
installed and operating. Table A-lla sets forth means,
variability factors, and the maximum 30-day average performance.
Maximum daily performance was not computed since the discrete
sampling data was not available at the time of the evaluation.
The performance evaluation in Table 16-5 is utilized for the
development of regulations for TSS and applicable toxic metals.

As previously stated, only one plant of the existing twelve is
known to have a Level 1 treatment system installed. This plant
represents approximately 20-30 percent of total production. One
other plant, with a different treatment system, meets the
promulgated BPTIBAT limitations. Most other plants have some
type of treatment installed, but none of these appear to be
adequate. This technology is expected to remove 3,450,000 pounds
per year of toxic metals.

Basis for BPT Effluent Limitations

A. Technology Basis

For BPT, the Agency is promulgating limitations based on
equalization, reduction of hexavalent chromium followed by
alkaline precipitation, and dual-media filtration. Reduction of
flow by the methods given in this section was considered but not
used since their application is site specific. However, they are
quite viable options in most cases and could result in
substantial treatment cost savings.

B. Flow Basis

The basis of flow for the BPT limitations is estimated from data
provided in the 308-Questionnaires and plant visits during
sampling. Table 16-4 presents the plant flow data used for the
purpose of regulation. A weighted average flow was determined
based on plant production. Plants producing a greater quantity
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TABLE 16-15. SlMll\RY OF I.a'lG TERM AND VERIFICATIOO EFF'LUENI' SAMPLING
RESur;rS Nr PLANT #894

SUBCATEOORY : aIRCME PI~

Pollutant
Verification sampling (3) Achievable Perfo:rmance (4)
(ng/l) (kg/kkg) Max 30-fl..ay Avg

(ng/l) (kg/kkg)

Total Suspended
Solids, TSS 3.9 0.66 23 3.8

Iron 0.30 0.051 NA(2) NA

Antinony 0.30 0.051 NA NA

Arsenic NO(l) NO 0.16 0.027

cadmium 0.0084 0.0014 0.12 0.020

Chranium 0.33 0.056 0.73 0.12

Copper 0.035 0.0060 0.25 0.42

Lead 0.11 0.019 0.87 0.15

M3rCUry NO NO 0.0016 0.00027

Nickel 0.021 0.0036 NA NA

Zinc 0.058 0.0099 0.074 0.013

Cyanide (CN-A) 0.065 0.011 0.068 0.012

Cyanide (Total) 0.0067 0.0011 0.31 0.053

Chrcmium (VI) 0.023 0.0039 0.30 0.051

(1) NO, Not Detected.

(2) NA, Not Available.

(3) Fran Tables 16-6 and 16-9.

(4) Fran Table A-lla, "Historical Effluent M:>nitoring Data SI.1lllTIaXY."
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of chrome pigment product have a waste flow which has a greater
influence on the average flow calculation. This approach for the
determination of the average flow is substantiated by the unit
waste flow which is related to the plant production rate.

Since plants in the chrome pigments subcategory do not segregate
wastewaters from the various pigment processes for treatment, the
basis of flow for the purpose of regulation includes all process
related wastewater combined. The flow basis is 105 m'/kkg from
Table 16-4. This flow does not include any recycle or reuse of
wastewaters other than some incidental recycle being done at five
plants included in the data base.

C. Selection Basis for Pollutants to be Regulated

The selection of pollutants for which specific numerical effluent
limitations are set was based on an evaluation of raw waste data
from the screening and verification sampling program. Pollutant
data from the plants sampled during screening was used to
determine the need for verification sampling. Verification
sampling at Plants i002 and i894 provided additional pollutant
raw waste concentration data needed to assess the magnitude of
the pollution potential.

Results of the screening and verification sampling are tabulated
in this section for the raw process waste streams. The pollutant
concentration listed under verification is the highest value
observed during sampling at the two plants visited.

Toxic pollutants are listed based on their presence at
significant concentration levels during sampling. Pollutants
from this list were considered for regulation if their
concentrations appeared to equal or exceed in at least one
instance the lowest level estimated as treatable using any
available technology appropriate for their removal, ignoring
economic considerations.

The relative significance of the toxic pollutants was estimated
based on the total annual raw waste load for each pollutant which
appears in a Table in this section. The total annual load is
based on the average concentration observed during screening and
verification which is tabulated in Table 16-8, in addition to the
estimated annual production of 73,500 kkg of product for the
industry.

Specific numerical effluent loading limitations had been proposed
for those pollutants which appeared at average concentration
levels (Table 16-7) considered to be treatable for at least one
plant visited during sampling.

On the basis of concentration and total annual raw
determined during sampling, chromium, zinc,
antimony, cadmium, nickel and mercury have been
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chrome pigment wastes at treatable levels (mercury is treatable
by sulfide precipitation which was rejected as the basis for
BAT). These metals were all considered for regulation, however,
final regulations include limitations on chrome (total), zinc,
and lead only. Organic pollutants and cyanide are not included,
since they are considered products of iron blue,' organic
pigments, or HCN production as discussed above. In addition,
these parameters will be covered by future regulations in other
subcategories.

The Agency's decision to restrict metals regulation to chrome,
lead, and zinc was made in light of the performance
characteristics of the treatment technology for this subcategory,
and the nature of the waste involved. The performance of this
technology is such that control of certain "key" metals will
result in sufficient control of the remaining metals. This is
discussed in detail in Section 8.

The treatment technology designed for removal of the more
prominent metals in this subcategory, namely chrome, zinc and
lead, will ensure control of all the toxic metals originally
considered for regulation. Performance data from this
subcategory substantiates this (Tables 16-15 and 16-16).

The Agency is also aware that specific plants may have unusually
high loadings for one or more of the unregulated metals. In
these instances, limitations should be set on a case by case
basis. Table 16-16 includes guidance for copper, antimony,
nickel, cadmium, and mercury concentrations for those cases where
additional control is deemed necessary.

Hexavalent chromium was excluded from consideration in the final
regulations. The complexity and subsequent accuracy of the
analysis may cause misleading conclusions if hexavalent chromium
is used as an effluent monitoring parameter. Sulfur dioxide
reduction under acidic conditions will convert. hexavalent
chromium to its trivalent form which can be conveniently verified
by analysis of total chromium in the treated effluent. Chromium
cannot be removed by alkaline precipitation unless it is in the
trivalent form. Therefore, if the S02 reduction step fails to
reduce the hexavalent chromium it will become apparent in the
effluent total chromium concentration.

Basis of Pollutant Limitations

A. Conventional and Nonconventional Parameters

1 • pH

The treated effluent is to be controlled within the range of
6.0 to 9.0. This limitation is based on the data presented
in Appendix B of the proposed Development Document (60) and
the JRB Study (52).
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2. Total Suspended Solids (TSS)

Review of the long-term monitoring and verification sampling
data in Table 16-15 indicates a maximum 30-day average TSS
discharge of 3.8 kg/kkg for the purpose of the limitation
determination. The 30-day average concentration basis is
then determined as follows:

(3.8 kg/kkg) (1000 mg/l) = 36 mg/l
(105 m3 /kkg) (kg/m 3 )

The 24-hour maximum loading limitation is determined by the
following relationship:

Maximum 30-day X VFR =
average loading
or concentration

24-hour maximum
loading or
concentration

The variability factor ratio (VFR) is estimated from the
Titanium Dioxide Sulfate Process subcategory based on 30-day
average and daily variability factors for zinc. The
long-term monitoring data on zinc showed daily average
concentrations ranging from 0.010 to 1.14 mg/l during a
period of more than two years (Tables A-9a-1 and A-9c-1 in
Appendix A). This range of values for zinc nearly spans the
observed range of toxic metal concentrations found in the
effluent from Chrome Pigments Plant i894 (Table 16-15). The
VFR of 2.1 for zinc in the TiOz Sulfate Process reflects the
overall metal removal performance of alkaline precipitation
followed by settling and discharge without filtration. The
choice of VFR is also supported by a statistical evaluation
of data developed in the Agency Treatability Study (61).
For the chrome pigments subcategory, the study data
indicated a VFR of 2.3 for chrome concentrations in treated,
but unfiltered wastes from a level 1 system. Therefore, a
VFR of 2.4 is applied to the Chrome Pigments industry as a
conservative estimate of the performance of a similar
treatment technology which does include a final filtration
step. Therefore, the 24-hour maximum limitation becomes,

(3.8 kg/kkg) (2;4) = 9.1 kg/kkg

3. Other Pollutants

The concentration basis for iron is also presented in Table
16-15. This concentration is intended to serve as guidance
in cases where iron is found to be of serious concern.

B. Toxic Pollutants

The effluent limitations proposed for the selected toxic
pollutant control parameters are derived from three sources of
information including 1) screening and verification sampling
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TABLE 16-16. EFFLUENT LIl-'.ITATIONS
Chrare Pigments *

Best Practicable Control Technology ~rentlyAvailable
Waste Water FICM: 105 m /kkg

Concentration Basis Effluent Limit

Subcategory(1)
(rrg/l) (kg/kkg)

Max. Max.
PerfOl:mance

VFR(2)
30-day 24-hr 30-day 24-hr

Pollutant (rrg/l) Avg. Max. Avg. Max.

Corwentional and Nonoonventional Pollutants

Total Suspended
4.8/2.0 (3)Solids, TSS 18.1 36 87 3.8 9.1

Iron 0.30(4) 4.4/1.8(6) 0.54 1.3

Toxic Pollutants

O1rcmium 0.71 4.1/1. 7 1.2 2.9 0.13 0.31

Zinc 0.71(5) 4.1/1.7 1.2 2.9 0.13 0.31

Lead 0.66 5.0/2.1 1.4 3.4 0.15 0.36

Antinony 0.40 (7) 4.4/1.8 (6) 0.72 1.7

cadmium 0.13 3.8/1.6 0.20 0.49

Copper 0.21 4.6/1.9 0.41 0.99

Nickel 0.30 (8) 4.4/1.8(6) 0.54 1.3

(1) Subcategory long-term average concentrations adjusted for m::rl.el plant flCM,
unless otherwise indicated.

(2) VFR: Ratio of the 24-hour variability factor to the 3D-day average
variability factor.

(3) VFR of 2.4 from long-term evaluation in Titanium Dioxide Subcategory,
verified by analysis of chrcme pigments subcategory results from an
Agency Treatability Study (61). 30-day variability factors from Table
A-llA in Appendix A unless otherwise specified.

(4) Verification sampling results based on three 24-hour CXX!lfOSite effluent
sarrq;>les, adjusted for nodel plant flCM.

(5) Long-term averages for zinc, which include zinc chromate production are
not available; therefore, limitations are set equal to those for chrome.

(6) Variability factors based on average of those for other parameters since
no long-term data available.

(7) Lower limit of treatability estimate (Table 8-11).
(8) Estimated achievable long-term average (Table 8-13).
(*) Conventional and nonconventional pollutant limitations apply also to NSPS.

Toxic pollutant limitations apply also to BAT, PSES, and PSNS.
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data, 2) literature based treatability estimates (Section 8), and
3) a limited amount of long-term monitoring data at Plant ~894.

The sampling results represent plant performance observed during
three days of sampling. The sampling data was used primarily to
select the pollutants of concern, and in the case of antimony and
nickel the sampling results were used to estimate the 3D-day
average concentration in view of the lack of long-term monitoring
data for these two pollutants.

The sampling data for Plant ~894 appears to demonstrate that in
some cases the effluent quality for metal pollutants are
considerably better for BPT treatment than indicated by
literature treatability in Section 8. This high degree of
incidental removal supports the contention that applying effluent
limitations just to the dominant metal pollutants, assures
effective control of the other metals.

The VFR used to determine the proposed
limitations is based on long-term data for zinc
Dioxide subcategory, which is supported
treatability results for this subcategory (61).

1. Chromium

24-hour maximum
in the Titanium
by analysis of

The raw waste concentration for chromium was observed as
high as 370 mg/l and averaged 150 mg/l during sampling
(Table 16-7). The long-term monitoring results indicate a
maximum 30-day average discharge of 0.13 kg/kkg which is the
limitation basis. The concentratiorr basis then becomes:

(0.13 kg/kkg) (1000 mg/l) = 1.2 mg/l
(105 m'/kkg) (kg/m')

The 24-hour maximum is determined as follows:

( 0 . 13 kg/kkg) (2.4) = 0.31 kg/kkg

where the VFR is set equal to 2.4 based on data from the
TiOz subcategory and the Treatability Study (61).

2. Zinc

Zinc limitations were set equal to chromium. Tables 16-7
and 16-9 indicate that the removals of zinc and chromium are
similar at Plant ~002 where zinc is found at very high raw
waste concentrations.

3. Lead

The raw waste concentration for lead was observed as high as
69 mg/l and averaged 32 mg/l during sampling. The long-term
monitoring results indicate a maximum 30-day average
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discharge of 0.15 kg/kkg which is used as the 30-day average
limitation. The concentration basis then becomes:

(0.15 kg/kkg)(100 mg/l) = 1.4 mg/l
(105 m3 /kkg) (kg/m 3 )

The 24-hour maximum limitation then becomes:

(0.15 kg/kkg) (2.4) = 0.36 kg/kkg.

4. Copper

The raw waste concentration for copper was observed as high
as 6.2 mg/l and averaged 4.3 mg/l during sampling. The
long-term monitoring results indicate a maximum 30-day
average discharge of 0.042 kg/kkg. Therefore, the
concentration basis becomes:

(0.043 kg/kkg) (1000 mg/l) = 0.41 mg/l
(105 m3 /kkg) (kg/m 3 )

5. Antimony

The raw waste concentration for antimony was observed as
high as 7.7 mg/l and averaged 3.3 mg/l during sampling.
Since no long-term data is available, the lower limit of
treatability (Table 8-11) for antimony is used to determine
the concentration basis. This then becomes:

(0.4 mg/l) (1.8) = 0.72 mg/l

where 1.8 is an estimated 30-day average variability factor
for antimony, obtained by averaging known factors for
pollutants in the subcategory (Table 16-16).

6. Cadmium

The raw waste concentration for cadmium was observed as high
as 1.3 mg/l and averaged 0.62 mg/l during sampling. The
long-term monitoring results indicate a maximum 30-day
average discharge of 0.021 kg/kkg. The concentration basis
then becomes:

(0.021 kg/kkg) (1000 mg/l) = 0.20 mg/l
(105 m3 /kkg) (kg/m 3 )

7. Nickel

The raw waste concentration for nickel was observed as high
as 0.74 mg/l and averaged 0.17 mg/l during sampling. The
verification sampling results indicate an achievable
concentration of 0.021 mg/l which compares to an industry
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long-term average of 0.30 mg/l (Table 8-13). Therefore, the
concentration basis becomes:

(0.30 mg/l) (1.8) = 0.54 mg/l

where, again, 1.8 is an estimated 30-day average variability
factor for nickel in this subcategory.

The limitations are summarized in Table 16-16 for BPT.

Basis for BCT Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in BCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
until EPA revises the BCT methodology before promulgating BCT
limitations.

Basis for BAT Effluent Limitations

A. The Application of Advanced Level Treatment

Utilizing the cost estimates presented in this report, the Agency
has analyzed the cost effectiveness of the base level systems
(BPT) and various advanced level options for conventional,
nonconventional, and toxic pollutant removal. The economic
impacts on the Chrome Pigments Industry have been evaluated in
detail and taken into consideration in the selection of the
technology basis for the BAT regulations.

The Agency is promulgating BAT limitations based on treatment
consisting of Level 1 technology which is equivalent to BPT. The
implementation of BPT/BAT will remove 2,400,000 pounds of toxic
metals annually. The two plants currently meeting the
promulgated BPT/BAT limitations are removing an additional
900,000 pounds per year of toxic metals.

B. Technology Basis

For BAT, the Agency is utilizing the identical technology basis
discussed for BPT in this section. BAT includes no additional
treatment because the Agency has concluded, based on the
Treatability Study (61) results, that sulfide treatment after
alkaline precipitation does not significantly increase treatment
performance, and, therefore, does not justify costs associated
with such additional treatment technology.
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C. Flow aasis

The urtit flow of 105 m3 /kkg is also used for BAT.

D. Selection of Pollutants to be Regulated

The basis of pollutant selection is discussed for BPT above. For
BAT/ the toxic metals shown in Table 16-16 are selected for
regulation. These include chromium, zinc and lead.

E. Basis of Pollutant Limitations

The basis of the limitations are discussed in detail under BPT
above,

Basis for New Source Performance Standards

A. Application of Advanced Level Treatment

Chrome pigment industry wastes primarily contain toxic metal
pollutants which are particularly amenable to removal by alkaline
precipitation and sulfide precipitation. Almost all plants
combine wastewater from the chrome pigment process with
wastewater from unrelated processes. The Agency proposes that
for new sources/ the wastewater from the chrome pigments process
be segregated from wastewater from other processes unless the
other wastewater contains toxic metal pollutants. Segregation
and separate treatment of the wastewaters can conceivably reduce
treatment costs/ and simplify the treatment of metals without
complications from unrelated wastewater constituents not amenable
to metals treatment.

B. Technology Basis

For New Source Performance Standards (NSPS), the agency is
setting limitations based on the identical technology basis
discu$sed for BPT above. The Agency also recommends that all
unrelated wastewater sources which are not amenable to metals
treatment be segregated before treatment as previously discussed.

C. Flow Basis

The basis for the unit flow used for the purpose of setting
limitations is 105 m3 /kkg and does not differ from BPT.

D. Selection of Pollutants to be Regulated

The same conventional/ nonconventiona l , and toxic pollutants
selected for BPT are also considered here for the NSPS
limitations. These include TSS/ pH, iron, and the same eight
toxic metal pollutants.

E. Basis of Pollutant Limitations
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The basis of the limitations are discussed in detail under BPT
above.

Basis for Pretreatment Standards

The Agency is promulgating PSES and PSNS that are equal to BPT
limitations because BPT provides better removal of chromium, lead, and
zinc than is achieved by a POTW and, therefore, these toxic pollutants
would pass through a POTW in the absence of pretreatment. In
particular, 1.4 million pounds per year of hexavalent chromium from
existing sources would pass through in the absence of pretreatment.
The promulgated pretreatment regulations will remove over 1.3 million
pounds of hexavalent chromium per year. Pollutants regulated under
PSES and PSNS are chromium, lead, and zinc.

Existing Sources

There are currently eight indirect discharge chrome pigment plants in
the subcategory. For Pretreatment Standards for Existing Sources
(PSES), the Agency is setting limitations based on BPT described
above. The pollutants to be limited are chromium, zinc, and lead as
presented in Table 16-16.

We are eXCluding small plants discharging less than 210,000 m3 process
wastewater per year to POTW from compliance with these PSES. They
will be subject only to the general pretreatment standards in 40 CFR
Part 403. The exclusion is intended to apply to plants producing less
than 2000 kkg per year, but we have established a flow basis for the
convenience of POTW's, since water use is much easier to monitor than
production. The annual flow basis for the exclusion was calculated by
multiplying the unit flow, 105 m3 /kkg, by 2000 kkg per year: (105
m3 /kkg) (2000 kkg/year) = 210,000 m3 /year. Plants discharging less
than 210,00 m3 process wastewater per year produce less than 2000 kkg
per year chrome pigments. There would be very significant economic
impacts on this segment of the industry if they were required to
comply with these PSES. See the Preamble to the Regulation and the
Economic Impact Analysis of Pollution Control Technologies for
Segments of the Inorganic Chemiqals Manufacturing Industry, EPA 440/2
81-023.

New Sources

For Pretreatment Standards for New Sources (PSNS), the Agency is
setting limitations based on NSPS. The pollutants are indicated in
Table 16-16.
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SECTION 17

HYDROGEN CYANIDE INDUSTRY

Industry Profile

General Description

Over 50 percent of the Hydrogen Cyanide manufactured is produced by
the Andrussow process, while about 40 percent is a by-product from
acrylonitrile manufacture. A major portion of the production is used
in the manufacture of methyl methacrylate, plexiglas molding and
extrusion powders, and surface coating resins. It is also used as a
fumigant for orchards and tree crops. The industrial data profile for
this industry is given in Table 17-1, while the status of regulations
prior to promulgation of this new regulation is given in Table 17-2.

Subcategorization

The method of primary subcategorization chosen for the inorganic
chemicals point source category was subdivision by dominant product.
Other factors taken into consideration for subcategorization included:
raw materials used, manufacturing process employed, geographical
location, size and age of equipment and facility involved,
non-water-quality aspects of waste characteristics, water pollution
control technology, treatment costs, energy requirements and solid
waste disposal. A detailed discussion of these factors is given in
Section 4.

Hydrogen cyanide (HCN) is made from two different processes, the
Anarussow process and as a by-product of acrylonitrile manufacture.
In the Andrussow process, air, ammonia and natural gas are reacted to
produce the dominant product, hydrogen cyanide. Water-borne wastes
from the process consist principally of ammonia and sulfates in
addition to cyanide and nitriles. The primary product in the other
process is acrylonitrile (CH 2 =CHCN) and the hydrogen cyanide is a
by-product.

The Hydrogen Cyanide Subcategory in this regulation is confined to the
Andrussow process. Since hydrogen cyanide is a by-product of the
acrylonitrile manufacturing process, this process will be covered in
the organic chemicals manufacturing category with the primary product.

General Process Description and Raw Materials

The raw materials are reacted at
degrees C) over a platinum catalyst.

2CH 4 + 2NH 3 +302 = 2HCN +6H 2 0
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T1\BLE 17-1.

SUBCATEOORY

SUBCATEOORY PROFILE DATA SUMMARY

HYDRCGEN CYANIDE*

Total subcategory capacity rate

Total subcategory producti.an rate

li::l. of plants in this subcategory

Plant age range:

MiniJm.m

MaximLm

308 oata** on file for

With total capacity of

With total production of

Representing capacity

Representing production

Average production

Average capacity utilization

Waste water flow per unit product

MiniJm.m

MaxiImJm

289,000 kkgjyear

166,000 kkgjyear

7

5 years

30 years

2

179,000 kkgjyear

116,000 kkgjyear

62 percent

70 percent

57,800 kkgjyear

65 percent

10 m3jkkg of Hrn

57 m3jkkg of Hrn

SOUrces of data are Stanford Research Institute, Directory of Olemical
Producers, U.S.A., 1977, U.S. Department of Ccrmlerce, CUrrent Industrial
Reports, DeceILer 1977; Energy and Environmental Analysis, Inc. i Draft
Report, "Preliminary Econani.c Assessment of Effluent Limitations in the
Inorganic O1emical Industry" ,June 1978 and "Econani.c Analysis of Proposed
Revised Effluent Guidelines and Standards for the Inorganic Chemicals Industry
March, 1980.

* Includes data fran plants using Andrussow Process and from plants
recovering Hrn as a byproduct fran the manufacture of acrylonitrile.

**Includes data fran plants using Andrussow Process.
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TABLE 17-2.

StlBCATEXDRY

SUBPAR!'

STATUS OF REGUIATICNS - EFFLUENT LIMITATICN GUIDELINES

HYDROGEN CYANIDE

AP (40 CFR 415.420, 5/22/75)

BPC1'CA*
1

Avg.
2t1ax.

Product Par~ kg/kkg kg/kkg
eters (mg/1) (lnJ/1)

Process

AndrusSON'
Process

TSS
2.4 1.2

(48.0)** (24.0)

rn 0.005 0.025
(1.0) (0.5)

~(A) 0.005 0.005
(0.1) (0.05)

BODs 3.6 1.8
(72.0) (36.0)

NH3-N 0.36 0.18
n.2) (3.6)

Max.
kg/kkg

(nq/l)

Avg.
kg/kkg

(ng/1)

NSPS

!om.
kg/kkg

(nq/1)

Avg.
kg/kkg

(nq/l)

*sections 415.420, 415.421, and 415.422 were revoked by the Agency
( 41 FR 10681, FebruaIY 23, 1977).

~. = Maxirnun of any one day.

2Avg• = Average of daily values for thirty consecutive days shall not exceed.

** fLow basis 50,000 l/kkg.
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The source of methane is natural gas containing 50 to 100 percent
methane by volume. In addition to hydrogen cyanide, the reacted gases
contain ammonia, nitrogen, carbon monoxide, carbon dioxide, hydrogen,
and small amounts of oxygen, as well as traces of organic nitriles
formed from non-methane hydrocarbon components of natural gas. The
reactor gases are cooled and then scrubbed in one of two processes
which are used to remove the unreacted ammonia. In one patented
process the gases are scrubbed with phosphate liquor, the resulting
solution is decomposed and the phosphate solution is recirculated.
The recovered ammonia is recycled to the reactor. In the second
process sulfuric acid is used to absorb ammonia from the reactor
gases. At one plant the resulting ammonium sulfate solution is used
for the manufacture of another product.

The hydrogen cyanide is removed from the ammonia scrubber effluent
gases by absorbtion in cold water, and the waste gases are vented to
the atomsphere. The absorbed solution containing hydrogen cyanide,
water, and other contaminants is distilled to produce HCN gas of over
99 percent purity.

The water produced during the. initial reaction (Equation 1) of the
"formation of hydrogen cyanide is purgeawithl:he"" dit';tillation bottom
stream and is either recycled to the absorber or discharged to the
treatment facility. In order to be recycled, the distillation bottom
water has to be cooled by refrigeration prior to reuse in the HCN
absorber unit. At plant locations where cold water is readily
available in large quantities, it can be used on a once-through basis
with a significant savings in energy costs. Figure 17-1 presents a
general block diagram for the manufacture of hydrogen cyanide by the
Andrussow process.

Water Use and Waste Source Characteristics

Water Use

Water is used in noncontact cooling in the absorber, pump seal
quenches, flare stack flushes, for washdown and cleanup of tank cars,
for absorption of the product from reactor gases, and for washing
equipment and cleaning up leaks and spills. Table 17-3 gives the
detailed water consumption at one plant and also the total consumption
at two plants. There is a pronounced difference in water usage at
these two plants due to the use of refrigeration at Plant 4782 which
makes possible the recycling of absorber water from the distillation
unit back to the absorber. This practice is energy intensive but is
required in locations where an abundant supply of cool water is not
available. Plant 4765 has such a supply and uses absorber water on a
once-through basis. In this case, a much larger flow must be treated
prior to discharge.

Waste Sources

The following are sources of wastewater produced from the manufacture
of hydrogen cyanide by the Andrussow process:
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Figure 17-1. General process flow diagram for prOOuetion of hydrogen cyanide
by the AndrusSCM process.



TABLE 17-3. WATER USAGE IN~ CYANIDE - ANDRUSSCM PROCESS
SUBCATEGORY

Plant water Usage, (m3/kkg of HCN)
Total Coosunptian NonaJntact Ccx>l.i.ng

#782 (l)

.765

29.5

58.3

18.9

8.00

(1) Detail water usage (m3/kkg) at Plant #182 is:

Noncontact <XIOling == 18.9

Direct process contact == 7.45

Indirect process contact == 0.71
(p.mps, seals, leaks,
spills, etc.)

Maintenance, e.g. cleaning == 0.31
and 'WOrk area washb.-m.

NonCOIltact ancillary uses == 0.67
(boilers, utilities, etc.. )

Exported steam == 1.44
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A. Distillation Bottoms

The wastewater contains ammonia, hydrogen cyanide, and small
amounts of organic nitriles. The water consists of the water
produced by the reaction plus scrubber water used for the
absorption of HCN. The absorption water bottoms are either
recycled to the HCN absorber or discharged to the treatment
facility. Even if the distillation bottom stream is recycled to
the absorber, a portion of it is discharged to stop the buildup
of impurities.

B. Scrubber Streams

If the ammonia scrubber liquid is recycled, a portion of it has
to be purged to control the accumulation of impurities. The
bleed contains the acid used from scrubbing and minor amounts of
organic nitriles. The scrubber solution can also be used for the
manufacture of other products in which case nothing is discharged
to the treatment plant.

C. Other Wastewater

This includes leaks and spills, equipment and tank car washings,
noncontact cooling water blowdown and rainfall runoff. The tank
cars are washed out with dilute acid or alkali to remove any
contaminants present, which, if allowed to remain in the tank
car, can polymerize the hydrogen cyanide causing safety hazards
due to possible explosion during shipment. The noncontact
cooling water may be contaminated with the product as a result,of
leaks. The recirculated cooling water is monitored for cyanide
and the cooling tower blowdown is discharged to the wastewater
treatment facility. During shutdown, the equipment is drained to
avoid freeze-up and the resulting wastewater is discharged to the
treatment facility.

The quantity of wastewater produced and treated at two plants
producing hydrogen cyanide by the Andrussow process is given in
Table 17-4. The large variation in flow exists because the water
used to absorb the hydrogen cyanide from the reactor gases in
Plant 4765 is not recylced. As discussed earlier, that plant is
situated where sufficient cold water is available for
once-through use. Since the cold water is readily available at a
low cost, the water used for absorption is discharged. A similar
plant practicing recycling, in the absence of available cold
water, can achieve a total waste effluent of 7.1 m3 /kkg of HCN.

Description of Plants Visited and Sampled

Screening

Plant 4765 was visited and the wastewater sampled during the screening
phase of the program. The combined wastes consist of distillation
bottoms, ammonia recovery purge liquor, tank car washings, leaks,
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TABI.E 17-4. WASTE FI£:W DATA FOR HCN PROIlllCl'ICN BY THE ANDmlSSCW
PROCESS

Plant

lP65

#782

Total waste going to the treat:Irent facility (m3!kkg)

57

9.9*

*The breakdown and flow of the different waste streams oaoprising the total
is given below:

Source

Recovery and p.lrification

!?Ullt> seal quenches

Flare stack flushes

sample hoods

NIl3 stripper caustic

Steam condensate fran NIl3 stripper

Freeze protection

washclowns and cleanup

Boilerb~and condensate
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unit Flow (m3/kkg)

6.3

0.58

0.09

0.02

0.24

0.90

0.06

0.25

1.48



spills and equipment clean out, purge from the noncontact cooling
water system, and stormwater runoff. These combined wastes are
commingled with the other cyanide product wastewaters and sent to the
alkaline chlorination treatment facility. The first unit of the
treatment facility is a trench where the pH of the wastewater is
raised to the range of B.5 to 11 with dilute caustic soda. The
caustic is added under controlled mixing conditions with continuous
automatic pH recording and caustic feed adjustment. The pH-adjusted
wastewater is sent to two B-hour retention ponds. Chlorination is
accomplished by adding sodium hypochlorite at the pond entrance. The
chlorinated wastewater from the B-hour ponds are alternately
discharged to another small pond having one hour of detention and
equipped with baffles and agitators. Caustic and chlorine are added
as required in the one-hour pond to achieve the low levels of cyanide
desired. The effluent from the pond is discharged to a POTW. The
pond contains a flow controller/analyzer, which will block the
discharge from the pond when a high cyanide level is detected in the
treated effluent. Figure 17-2 is a flow diagram of the treatment
process indicating the sampling location used during the screening
program.

Composite sampling conducted consisted of one 4B-hour composite sample
for nonvolatile organics, metals, and mercury and one 24-hour
composite sample of BODs, TSS, TDS, NH 3 , Fe, Cr, Zn, Cu, and
settleable solids. Grab samples for volatile organics, cyanide,
phenols, temperature and pH were collected on two consecutive days at
each sampling location. Table 17-5 gives the flow data and
concentration and unit loads of ammonia-nitrogen, total cyanide and
thallium, for the sampled streams. We believe that thallium is not
contributed by the hydrogen cyanide manufacturing process.

Verification

Plant *765 was sampled again in the verification phase. One
additional stream of hydrogen cyanide wastewater was sampled in the
verification phase at a point upstream of mixing with other cyanide
produce wastewater. This stream is identified in Figure 17-2. The
variation in the flow of the streams in the two sampling phases was
small. Table 17-6 gives the flow and pollutant data of the sampled
streams.

The second hydrogen cyanide plant sampled in the verification phase
was Plant *782. The wastewater from the hydrogen cyanide plant mainly
consists of blowdown from the distillation column which is combined
with a portion of the other product wastewater and sent to an ammonia
stripper. Effluent from the ammonia stripper is mixed with the rest
of the process wastewater from other products and sent to a single
stage biological system. The primary treatment facility consists of
grit removal, oil skimmers, and pH adjustment. The effluent from
primary treatment goes through an oil separator and into an aerated
lagoon. Effluent from the lagoon is flocculated and sent to a
clarifier. The overflow from the clarifier is sent to a final
settling basin before final discharge. The surface drainage

559



HYD(o:;lli CYANIDE
WASTE WATER

....1-----0'llIER CYANIDE PIOXX.'T
WASTE WATER

~--DIll1l'E CAUSTIC

U1
0'
o

r.EGEND

8 waste streaJN:I sampled

* Waste stream was
saJIFled in the
verification program
since it is free fran
other cyanide wastes.

OOOIUM
UYRX:m..oRITE

~-- CHIDRINE

FIN7IL 'l'RFATED
EFFI.OEm'
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TABLE 17-5. FIJ::W AND POLllJTI\NT DATA OF THE RAW AND TRFATED WASTE
STREI\MS OF PIAN!' #765 PIDDUCIN:; HYDRCGEN cYANIDF BY

ANDRUSSO'I PP.OCESS

Stream
Description

Unit
Flow

(rn3/kkg)

NH3-N

(r) (~~)

Total
Cyanide

(fl) (~~r
'Ihallium

(r) (~:f

#2
Influent

to
Treatment

#3
Treatment
(Alkaline
Chlorination)
Effluent

7.8

3.5

4.4 (3) 107

2.0 (3) 0.36

6.1 (3)

0.020(3)

(3)
,'028 0.0016

(3)
.010 0.00057

(l)Unit wad '" Unit Flow (57 ~)
in kg/kkg

x pollutant x
concentration
in mg/l

3 Vkgjrn
( 1000 mg/l

(2) The stream is a conmingled waste water. The flow given is the
aIlDl.mt contributed by the HCN process.

(3) The pollutant load was calculated by apportioning the mass emitted
be~ the two waste streams on the basis of rrea.sured flows. This
is clearly a very approxinate process and the results must be used with
cautiOI'.
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consisting of runoff, wash down, etc., from the hydrogen cyanide and
other process areas is collected separately. The water is sent first
to a surface pond where it undergoes a two-stage pH adjustment and
then is piped to a trickling filter. It then merges with the treated
process wastewaters in the clarifier. A general flow diagram of the
treatment process including streams sampled is shown in Figure 17-3.

Table 17-7 gives flow and concentration data of the sampled streams.
In Table 17-8, the unit waste flow and unit pollutant loads are given
for the raw and treated effluent. Because of intermixing of various
product wastewater streams, the unit pollutant loads (especially for
treated effluent) were calculated based on hydraulic loadings and the
method used is only an approximation. The principal process
wastewater from the hydrogen cyanide plant is the waste from the
recovery and purification operation and represents a unit flow of 6.3
m3 /kkg of HCN. The total wastewater flow going to the treatment
facility from the hydrogen cyanide plant is approximately 9.9 m3 /kkg
of HCN, consisting of both process contact and noncontact effluents.

In calculating the pollutant loads, (Table 17-8) the loss or gain of
water to the treatment system such as evaporation, loss through
filtered solids, precipitation, and the water introduced by treatment
chemicals has not been included because it was considered
insignificant in comparison to other factors.

Toxic Pollutant Concentrations

Total cyanide and thallium were the toxic pollutants detected in the
raw waste from Plant *765 which was sampled in the screening phase.
We believe that thallium in the wastewater is not contributed from the
hydrogen cyanide process.

The HCN wastewater at Plant *765 is mixed with other product
wastewater and the combined flow was sampled upstream of the treatment
system. It is probable that thallium is contributed from these other
product wastewaters.

The raw waste stream was not analyzed for free cyanide. The same
plant was sampled again with another plant· in the verification phase.
In addition to total cyanide, free cyanide was found in significant
concentrations in the raw process waste sources from the two HCN
plants. Free cyanide in the wastewater consists of hydrogen cyanide,
sodium or potassium cyanide and cyanogen chloride which may be present
as a result of chlorination (especially in the treated effluent).
Total cyanide includes the free cyanide and cyanides .found in metal
complexes (such as sodium ferrocyanide or sodium ferricyanide). No
toxic organic pollutants were found in significant concentrations in
the HCN plant raw waste sampled. The concentrations of the toxic
pollutants found in the raw wastewater in the screening and
verification were:
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TABLE 17-6. FLOW AND POLLUTANT CONCENTRATION DATA OF THE SAMPLED WASTE
STREAMS FOR PLANT #765 PRODUCING HYDROGEN CYANIDE

Stream
Description

Ur,it Flow
(m3/kkg of HCN)

TSS Load
(kg/kkg of HCN)

NH3-N Load CN(A) CN(T}
(kg/kkg of HCN) (kg/kkg of HCN) (kg/kkg of HCN)

#1 Raw lICN waste 57 1• 1 27 0.82 1.6

#2 Influerit to 57 ( 1 ) NA 11 (2) 0.39(2) 1.6
the pond (1)

#3 Treated 57(2},(3} 1.9(2) 7.1(2) NA 0.00015
effluent from
the final pond

(1) The stream is cominqled wastewater. The flow giver! is the amount contributed
by the HCN precess.

(2 ) The pollutant load was calculated by apportioning the mass emitted between
the waste streams on the basis of measured flows. This is clearly a very
approximate process and the results must be used with caution.

(3) The addition or loss of water from rainfall, addition of chemicals and
evaporation has not been estimated.

NA = Not Available
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showing sampling points. (Hydrogen cyanide manufacture.)
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Table 17-7. FLOW AND POLLUTANT CONCENTRATION DATA OF THE Sl\MPLED WASTE
STREAMS FOR PLANT #782 PRODUCING HYDROGEN CYANIDE

Stream Waste Flow CN(T) CN(A) NHrN TSS
No. Stream m3/day (mg/l)

Description

1 Distillation ( 1) (6.3) (2) 71 62 886 24
bottom purge

2 Ammonia stripper(3) 5400 167 145 410 76
ir!fluent

3 Ammonia stripper(3) 5400 51 41 41 162
effluent

4 Influent to(3) 6400 31 7.0 1380 110
primary treatment
facility

5 Final treated(3) NA 2.2 1.7 5.6 74
effluent

(1) - The total waste is composed of the blowdown from three distillation
columns. Three 24-hour composite samples were collected for each unit.
The pollutant concentration value (given in mg/l) is an average of the
three composited samples for the three waste stream sources.

(2) - The value given is the total unit flow in m3/kkg of HCN for the three
purge streams.

(3) - The stream is combined wastewater. It includes the waste effluents
from hydrogen cyanide and other products.
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TABLE 17-8. UNIT FLOW AND UNIT POLLUTANT LOADING FOR RAW AND
TREATED WASTE EFFLUENTS AT PLANT #782

Unit Pollutant Loading (kg/kkg) ( 1 )

Stream Unit Total Free Annnonia- Total
Flow Cyanide Cyanide N Suspended

(m3/kkg) CN(T) CN(A) NH3-N Solids
TSS

Precess raw 6.3 0.45 0.39 5.6 0.15
wastewater
(distillation
botton purge

Process 6.3(2) 0.014 0.011 0.035 0.47
wastewater
treated
effluent

Total HCN 9.9(3) 0.022 0.017 0.055 0.74
wastewater
treated
effluent(2)

( 1 ) Unit pollutant load unit flow
(m3/kkg)

X pollutant concentration X
(in mg/l from Table 17-7)

kg/3
1000 mg/l

(2) The pollutant load was calculated by apportioning the mass emitted from
the total treated effluent (which includes other product wastewater) on
the basis of measured flow contributed by the HCN process. This is clearly
an approximate precess and the results must be used with caution.

(3) The wastewater flow consists of direct process contract and noncontact
effluent from the HCN plant going to the treatment system.
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Maximum Raw Waste Concentration Observed
( ~g/l )

Pollutant

Thallium
Cyanide (Total)
Cyanide (Free)

Screening
Plant #765

25
166,000

Not Determined

Verification
Plants #765, #782

Not Determined
186,000
172,000

The general sampling methodology used in the screening and
verification program is described in Section 5. A total of nine days
of sampling was conducted at Plants #765 (sampled twice) and #782.
Thirteen wastewater sampling points were involved which included the
raw wastewater, combined wastewater, and combined treated effluent
streams. The evaluation of the toxic metal and toxic organic
pollutant content of these process steams was based on total
analytical data points from both the screening and verification
phases.

The daily toxic pollutant waste load
from the effluent waste flow rate
concentration of the toxic pollutant.

This is given by:

in the raw waste was calculated
and the measured pollutant

Daily loading (as kg of pollutant per day) = (C)(O)
(1000)

where:

C is the
mg/l (Note:

concentration of the pollutant expressed in units of
kg/m 3 = 1000 mg/l), and

Q is the waste stream flow rate expressed in units of m3 /day (m 3 ,

a cubic meter, is equal to 264.2 U.S. gallons).

Similarly, the unit loadings were calculated from
hydrogen cyanide production rate, the waste stream
the measured pollutant concentration.

the reported
flow rate, and

Unit loading (as kg of pollutant
per kkg of hydrogen cyanide)

= (C) (0)
1000P

where C and 0 are the same as described
hydrogen cyanide production rate expressed in
(kkg is 1000 kg, a metric ton, which is equal

above, and P is the
units of kkg/day

to 2205 lbs).

In the case of two or more process waste streams going to the
treatment system the daily raw waste load of the toxic pollutant was
calculated by determining the combined pollutant load of the
individual streams.
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Table 17-9 gives the toxic, conventional and nonconventional pollutant
loadings of the raw waste for Plants 4765 and 4782 which were sampled
in the screening and verification phases. The overall average
polluant loads for the sampled plants are given in the last column of
the table.

The approximate toxic pollutant generated per year by the entire
subcategory is estimated by multiplying the overall average unit
pollutant loading (Table 17-9) with the hydrogen cyanide subcategory
production from Table 17-1 (165,500 kkg/yr).

Pollutant

Cyanide (Free)
Cyanide (Total)

Toxic Pollutants of Concern

Waste Load (kg/year)

100,000
450,000

The toxic pollutants of concern in the HCN raw waste are free (or
oxidizable) cyanide and total cyanide. Free (or oxidizable) cyanide
is cyanide amenable to chlorination, and is designated in the
regulation as Cyanide A. No organic toxic pollutants of significance
were found in the raw waste of the sampled plants.

Process Modifications and Technology Transfer Options

Process modifications have not been identified for the subcategory.

Best Management Practices

No best management practices have been identified for the subcategory.

Prevailing Control and Treatment Practices

Out of a total of seven plants currently producing hydrogen cyanide by
the Andrussow Process, 308 data are available for only two. The
production at these two plants constitutes more than 70 percent of the
total subcategory production. Since the two plants produce a
significant amount of the total subcategory production, their
wastewater treatment technologies are taken as the subcategory
treatment practices. The two plants were visited to review the
treatment systems and to collect waste effluent samples.

Plant 4765 has a high volume effluent because the water used to absorb
the reactor gases is not recylced since low cost cold water is readily
available at the site. The wastewater consisting of scrubber purge,
absorption water, and plant runoff is mixed with other cyanide product
wastewaters and sent to an alkaline chlorination system. The pH of
the wastewater is raised to about 10 with dilute caustic in an inlet
trench and then it is discharged to one of two 8-hour ponds as sodium
hypochlorite is added to oxidize the cyanide to cyanate. The
chlorinated wastewater is transferred to a small pond equipped with
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TABLE 17-9. SUMMARY OF POLLUI'ANI' RAW WASl'E LOADING FOUND IN SCREENING AND
VERIFICATICN SAMPLING

SUBCATEGORY HYDROGEN CYANIDE

Average Daily Pollutant Loading and Concentrations at Plants sampled

kgjkkg of Hrn
(rrg/1)

Pollutant jf765 (s) i 765(v) i 782 (v) overall
Average

TOXIC

Free Cyanide NA 0.82 0.39 0.61
(14) (62)

Total Cyanide 6.1 1.6 0.45 2.7
(110) (29) (71)

COnventional
and Nonconventional

TSS NA 2.0 0.15 1.1
(35) (24)

NH3-N 4.4 27 5.6 12
(78) (480) (890)

(S) =

(V) =

sampled in s=eening phase

sampled in verification Eflase
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agitators and baffles before final discharge to a POTW.
chlorine is added to the final pond to achieve the desired
of cyanide. The treatment system is shown in Figure 17-2.

Caustic or
low levels

Plant #782 uses a single-stage biological treatment system for the
treatment of effluent from the hydrogen cyanide plant. The process
wastewater from the HCN plant consists mainly of distillation column
blowdown and is combined with other cyanide product wastewater and
sent to an ammonia stripper. The effluent from the stripper combines
with other product wastewaters and is treated by means of a grit
chamber, an oil separator, a compositing pond, a second oil separator,
an aerated lagoon, a flocculator and a final clarifier. The overflow
from the clarifier is sent to a final settling basin before discharge.
The runoff from the HCN plant and other product manufacturing areas is
combined and sent to a pond for a two-stage pH adjustment. The
effluent from the pond is treated by a trickling filter and clarifier,
and the clarifier effluent is mixed with the treated process
wastewater A general block diagram of the treatment system is shown in
Figure 17-3.

Advanced Treatment Technologies

The three pollutants of concern in hydrogen cyanide plant effluents
are cyanide, ammonia, and chlorine. The treatment technologies for
cyanide removal include alkaline chlorination, biological treatment,
ozonation, wet air oxidation, electrolytic decomposition,
acidification, activated carbon, permanganate oxidation, lime reaction
with sulfur, radiation, evaporative recovery, catalytic oxidation and
ion exchange. Except for alkaline chlorination and biological
treatment, the remaining treatment technologies are not effective or
advantageous for one or more of the following reasons:

A. The technology has low cyanide removal efficiency.

B. The technology cannot treat wastewater with
concentrations.

high cyanide

C. The technology has air pollution problems.

D. The technology has high operating costs.

The free cyanide in the raw waste is readily oxidizable and exerts a
chlorine demand. Sufficient chlorine is added to react with ammonia
and to oxidize cyanide. The presence of large amounts of ammonia will
increase the cost of chlorination. If costs are too extensive,
residual ammonia in the raw waste effluent can be reduced by steam or
air stripping before alkaline chlorination to reduce the amount of
chlorine required.
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Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT)

Two-stage alkaline chlorination followed by pH adjustment was
chosen for the removal of cyanide from the raw waste effluents.
The technology is being practiced in the industry. The flow
diagram of the treatment system is shown in Figure 17-4.

B. Level 2 (BAT)

The treatment is the same as BPT (Levell) except that residual
chlorine is reduced to a lower level by treatment with sulfur
dioxide. Chlorine in adequate amounts is added to oxidize
cyanide. Where practiced, stearn or air stripping of ammonia has
not been considered as a part of the treatment system since the
value of the recovered ammonia is the justification for doing it.
It has been assumed to be process related. The general flow
diagram of the treatment process is given in Figure 17-5.

Addition of chlorine to remove ammonia ("break-point
chlorination") is not intended for either Levell or Level 2.
Break-point chlorination for ammonia removal generally is very
expensive. In this industry, ammonia control, where necessary,
should be accomplished by stearn or air stripping and recovery and
reuse of the ammonia. The achievable concentrations of ammonia
in the final effluent from a hydrogen cyanide plant with cyanide
removal after ammonia recovery are presented below for guidance.

Equipment for Different Treatment Levels

A. Equipment Functions

In level 1, the raw wastewater enters a holding tank equipped
with an external pump and recirculation system. Caustic soda and
chlorine are added and the tank contents are mixed by the
recirculation pump. Following this first stage alkaline
chlorination, the wastewater is chlorinated further in a second
tank which is equipped with automatic pH control. The final
effluent is neutralized to pH 6-10.5 before discharge. In Level
2, cyanide control is accomplished. using the same equipment as in
Levell. To remove excess chlorine before discharge, sulfur
dioxide is fed into the chlorinated wastewater by a modified gas
chlorinator, with oxidation-reduction potential control.
Solutions of sulfur dioxide in water are acidic, so the addition
of sulfur dioxide to react with the residual chlorine will tend
to neutralize the alkalinity of the wastewater, thus reducing the
amount of sulfuric acid that must be added for final pH
adjustment. As in Levell, the effluent is then adjusted to pH
6-10.5 before discharge.
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Figure 17-4. Level 1 waste water treatment for hydrogen cyanide subcategory.



B. Chemicals and Handling

Caustic soda solution, chlorine, sulfur dioxide, and sulfuric
acid are used in the waste treatment process. Caustic soda and
sulfuric acid are common industrial chemicals which pose no
specific hazards when handled by conventional corrosion-resistant
feeding equipment. Chlorine and sulfur dioxide are received in
one-ton containers as liquified gases, and are fed as water
solutions by vacuum-controlled equipment designed for the
specific chemical. No unusual chemical feeding or handling
problems are anticipated, provided precautions are taken to
prevent gas leaks and to guard against corrosive attack.

C. Separation and Removal of Solids

Since few solids are produced in the treatment process, there is
no significant sludge disposal problem.

D. Monitoring Requirements

Internal process monitoring is done largely with automatic
sensing and control equipment for regulating pH and
chlorine/sulfur dioxide residuals. Field tests for cyanide
and/or chlorine in the effluent should be made regularly by the
operator, and 24-hour composite effluent samples should be
collected and analyzed for cyanide as required in local or NPDES
permits.

Treatment Cost Estimates

General Discussion

A model plant concept was developed as a basis for estimating
treatment costs. For conceptual design a representative unit waste
flow (cubic meters per kkg of HCN) was selected, together with three
different HCN production rates. The latter were chosen to cover most
of the subcategory production range. The selected daily HCN
production for the model plant was multiplied by the selected unit
flow to obtain the volume of wastewater passing to the treatment
system. The selected unit raw waste pollutant load was also
multiplied by the model plant production rate to determine the
pollutant load on the treatment system. Capital and equipment costs
were then calculated based on developed conceptual design parameters
for each model plant production rate.

A. Wastewater Flow

The unit process wastewater flows for the two plants visited in
this study are 6.3 m3 /kkg of HCN (Plant *782) and 57 m3 /kkg of
HCN (Plant #765). The difference results from the different
absorption water discharge practices at the two plants. The
model plant has been developed using the larger unit flow rate of
57 cubic meter/kkg of HCN, since this is a more conservative
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approach. The Agency considered developing effluent limits for
two different levels of flow but rejected it because of the cost,
complexity, and difficulty in implementing the approach.

B. Production

For wastewater treatment cost estimates, three production levels
were selected for the model plant. These are 31,800, 50,900 and
63,600 kkg/yr.

C. Wastewater Pollutant Load

The three pollutants of concern in the subcategory are cyanide
(oxidizable and total), ammonia, and chlorine. Chlorine is not
present in the raw waste but is added during alkaline
chlorination treatment. The average value of 0.61 kg of free
cyanide/kkg of product HCN and 12 kg of NH 3 /kkg of product HCN
(Table 17-9) developed from the screening and verification
results were used for the model plant raw waste loads.

D. Chemicals Used

At the BPT level of treatment, alkaline chlorination requires 33
kg of chlorine (most to react with ammonia) and 5.0 kg of caustic
per kkg of product HCN. For BAT treatment, 9.0 kg of S02 per kkg
of product HCN is used for dechlorination in addition to the
chemicals used for BPT treatment.

E. Solids Generated

Few, if any, solids are produced in treating HCN produciton
wastes.

The estimated costs. for
production levels are given
As mentioned earlier, both
unit of production are held
production.

the three model plants at different
in Tables 17-10, 17-11, and 17-12.
the hydraulic and pollutant loads per
constant over the entire range of

The costs shown in Tables 17-10, 17-11, and 17-12 at each level
of treatment correspond to BPT (Level 1) with incremental costs
to meet the more stringent BAT requirements.

Basis for Regulations

Evaluation of BPT Treatment Practices

A total of seven plants produce hydrogen cyanide by the Andrussow
Process. At one facility the raw wastes from the hydrogen cyanide
plant are combined with the waste from an organic cyanide process and
sent to a biological treatment system to reduce organic and cyanide
pollutants. Four of the other six HCN producers (using the Andrussow
Process) use alkaline chlorination for treatment of raw waste
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effluents. There is no available information concerning the treatment
practices at the other two plants.

Basis for BPT Limitations

A. Technology Basis

The predominant treatment practice for caw waste effluent in the
HCN subcategory is alkaline chlorination. The Agency is
therefore promulgating BPT effluent limitations based on
alkaliine chlorination to destroy cyanide amenable to treatment
by chlorination (free cyanide or Cyanid@ A).

B. Flow Basis

The effluent limitations are based on toe high flow (57 m3 /kkg of
HCN) model, that is, with no recycle of absorber water. A low
flow basis (7 m3 /kkg of HCN based on toe flow of Plant 4782) was
rejected as being too energy intensiv@ due to the need for
refrigerative cooling of the recycled ~bsorber water. The water
going to the mOdel plant treatment syst@m is assumed to consist
of process and contact cooling waste effluents, leaks and spills,
and storm water run-off. The boil@r blowdown and noncontact
cooling water (once through or blowdown discharge in case of
closed loop) are not included in the flOw basis.

C. Selection of Pollutants to be Regulated

The selection of pollutants on which $pecific limitations are
promulgated is based on the evaluation of raw waste composition
as determined during the screening and ~erification programs.

Plant 4765 was sampled during the $creening phase and the
presence of toxic pollutants in significant concentrations
established the need for verification s~mpling. Two plants were
sampled in the verification phase. Free cyanide, total cyanide,
and ammonia were found in the raw waste at concentrations high
enough to be treatable (Table 17-9) using available treatment
technology options. These were therefore selected for
regulation. Chlorine concentrations in the effluent are not
affected by BPT treatment technology and therefore no BPT limit
is promulgated for this parameter. Thallium is best controlled
by management practices developed by the permitting authority on
a case-by-case basis.

D. Basis of Pollutant Limitations

1. Conventional and nonconventional parameters

a. pH

The treated effluent is to be controlled within the pH
range of 6.0 to 10.5. This limitation is based on the
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TABLE 17-10. MODEL PLANT TREATMENT COSTS

Subcategory Hydrogen Cyanide
Production 31,800 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equipment .•••••••.•.•.•••••
Monitoring equipment •••••••

Subtotal .•.......•.•.•
Contractor's 0 & P b•••••••••

Subtotal •..•.......•.•
Engineering ••.•..•••••••..•

Subtotal ••••...•••••••
Contingencies •••••.•.••••••

Subtotal .•..•....••.••
Land ••••••.••••••••.••••••••

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

($ )
BPT BATa

1i,000 0
850,000 125,000

20,000 0

876,000 125,000
131,400 18,750

1,007,400 143,750
201,480 28,750

1,208,880 172,500
120,888 17,250

1,329,768 189,750
6,000 0

1,335,768 189,750

Energy ......•.•.....•.•....
Chemicals •..••.....••.....•
Maintenance •.•.••.••••••.••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting ..•••••.•••••

Labor and supervision

TOTAL OPERATION AND
MAINTENANCE COST

...... 84,000 14,000
9,000 3,100

2%,000 97,000
132,977 18,975

40,073 5,693
0 0

15,000 7,500

577,050 146,268

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

2lfi,353

793,403

30,872

177,140

~ Represents the incremental cost above that for BPT treatment
Overhead and Profit •
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TABLE 17-11. MODEL PLANT TREATMENT COSTS

Subcategory Hydrogen Cyanide
Production 50,900 metric tons per year

A. INVESTMENT COST

Site development •.•.•.•••..
Equipment .••.........•••...
Monitoring equipment •••••••

Subtotal ••.....•.••••.
Contractor's 0 & pb .

Subtotal ••••••••••••••
Engineering .........•......

Subtotal ••••........•.
Contingencies ••••••••••••••

Subtotal ••••••••••••••
Land •••••••••••••••••••••••• '

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy •..••••••••••.•.•••••
Chemical s .
Maintenance .......••..•....
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

($)
BPT BAT a

6,000 0
1,340,000 135,000

20,000 0

1,366,000 135,000
204,900 20,250

1,570,900 155,250
314,180 31,050

1,885,080 186,300
188,508 18,630

2,073,588 204,930
6,000 0

2,079,588 204,930

84,000 14,000
9,800 3,100

476,000 154,000
207,359 20,493

62,388 6,148
0 0

15,000 7,500

854,546 205,241

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

337,373

1,191,919

33,342

238,583

~ Represents the incremental cost above that for BPT treatment
Overhead and Profit
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TABLE 17-12. MODEL PLANT TREATMENT COSTS

Subcategory Hydrogen Cyanide
Production 63,600 metric tons per year

A. INVESTMENT COST

Site development •••••••••••
Equipment •••••••••••••.••••
Monitoring equipment •••••••

Subtotal ••..••••••••••
Contractor's 0 & pb .

Subtotal •••.•••••••••.
Engineering ••••••••••••••••

Subtotal .••••••••••.••
Contingencies .••••••••.•••.

Subtotal ..
Land ..

TOTAL INVESTMENT COST ••••••

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ••••••
Energy •.•.•••••.••••.•••.••
Chemicals ..
Maintenance ••••••••••••.•••
Taxes and insurance •.•.••••
Residual waste disposal ••••
Monitoring, analysis

and reporting ..

TOTAL OPERATION AND
MAINTENANCE COST

($)
BPT BAT a

9,000 0
1,600,000 190,000

20,000 0

1,629,000 190,000
244,350 28,500

1,87 3,350 218,500
374,670 43,700

2,248,020 262,200
224,802 26,220

2,472,822 288,420
9,000 0

2,481,822 288,420

84,000 14,000
11,500 4,600

592,000 191,000
247,282 28,842
74,455 8,653

0 0

15,000 7,500

1,024,237 254,595

C. AMORTIZATION OF
INVESTMENT COST

TOTAL ANNUAL COST

402,328

1,426,565

46,926

301,521

a Represents the incremental cost above that for BPT treatment
b

Overhead and Profit
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TABLE 17-13 MODEL PLANT UNIT TREATMENT COSTS

Subcategory Hydrogen Cyanide

Annual Treatment Costs ($/kkgl

LEVEL OF TREATMENT

COST ITEM PRODUCTION
(kkg/yr)

BPT BAT*

Annual Operation
and Maintenance 31,800 18.15 4.liO

50,900 16.79 4.03
li3,600 16.10 4.00

Annual
Amortization 31,800 1i.80 0.97

50,900 6.li3 0.1i1i
63,600 1i.33 0.74

Total Annual
Cost 31,800 24.95 5.57

50,900 23.42 4.69
fi3,fiOO 22.43 4.74

*Represents the incremental cost above BPT

580



data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

b. TSS

The concentration of suspended solids found during
sampling of the raw wastewater was low. No additional
solids are produced in the treatment technology and no
provision presently exists in the existing or model
treatment systems for the removal of solids. The
maximum concentration of 35 mg/l of TSS was found in
the raw waste during screening and verification
sampling (Table 17-9). However, 35 mg/l was accepted
as the long term average concentration on the basis of
historical data shown in Table A-13a. The variability
factors estimated for ammonia (Table 17-14) are used to
calculated the concentration bases and effluent limit.

The TSS maximum 30-day average concentration is:

(35 mg/ll (1.6) '" 56 mg/l

and the TSS maximum 30-day average effluent limit
is given by:

(56 mg/l (57 m3 /kkg) (kg/m 3 ) '" 3.2 kg/kkg
(1000 mg/l)

The TSS 24-hour maximum concentration is given by:

(35 mg/l) (4.2) '" 150 mg/l

and the TSS 24-hour maximum effluent limit is given
by:

(150 mg/l)(57 m3 /kkg) (kg/m 3 ) '" 8.6 kg/kkg
(1000 mg/l)

c. Ammonia

The Agency is not promulgating effluent limitations for
ammon1a 1n the discharge for the reasons described
above. However, we are providing guidance for use by
permit writers and POTW's in cases where the discharge
of ammonia is of concern. This guidance is based on
performance data from plant #765. Plant #765 has
recently submitted one and one-half years of monitoring
data on the treated effluent for ammonia. Plant #765
uses a proprietary process for removal of ammonia,
however, the same performance can be achieved by steam
stripping. The variability factors for the daily data
and 30-day averages were calculated from the long-term
data as shown in Table 17-14. The long-term average
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TABLE 17-14. STATISTICAL ANALYSIS OF HISTORICAL EFFLUENI'
IDNIroRING DATA 00 FREE CYANIDE AND~

FlU! PIANl' 11765

N X S(l) CIT(2) VF
Pollutant Time ~toring

-
No. Mean Std Cooff. of Variability

Period Frequency (ng/l) !lev Variation Factor
(nq!l)

Free 9-79 Daily 512 0.20 0.36 1.8 8.0(3)
Cyanide to 30-day 11 0.21 0.087 0.40 1. 7(4)

7-80
average

Azmonia 1-79 Daily 540 45 42 0.93 4.2 (3)
to 3O-day 11 52 19 0.36 1.6 (4)

7-80
average

For free cyanide and annonia, the long-tenn llOIlitoring data were screened of
outliers. In the first place, values reoorded as zero were interpreted to
nean "inability to measure pollutant" ani were rejected prior to the statisti
cal analysis. For the ranaining data, the reported Il2asurE!llE!Ilts of oxidizable
CN were screened by the use of the t-statistic

t = max «X IlBX-X) Is, (X-Xmin) /5)

for extreme values as outliers. Screening was perfontEd on a IlDnth-by-nonth
basis, and <=1 datun with a calculated t value e=eeding the 99% cxmfidence
limits fran the t distribution was concluded to be an outlier. Given rejec
tion of a value, rea:xtputation of statistical neasures for that llOnth was
perfontEd.

(ll Arithtretic standard deviation, S

mere s2 = 1: (X-x>2/(N-l)
For 30-day averages, this is the standard error of the mean

(2) CIT = sIX

(3) For daily neasurements, VF is calculated by
In (VF) = s' (2.33 - 0.5S'~
Where (S')2 = In (1 + (CIT) • s· is the m::ments estinlator of the scale

parameter of the lognormal distribution
ani 2.33 is the Z value ==esponding to
99th percentile

(4) For 30-day average data, VF = (1 + 1.64 (CIT»)
Where 1. 64 is the Z value for the 95th percentile.
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concentration of 52 mg/l was used as the basis for
guidance. The estimated variability factors and model
plant flow rate were used in calculating the
concentration bases as follows:

The maximum 30-day average concentration basis for
ammonia is given by:

(52mg/l) (1.6) = 83 mg/l

The 24-hour maximum concentration is given by:

(52 mg/l) (4.2) = 220 mg/l

2. Toxic Pollutants

The toxic pollutants promulgated for regulation are free
cyanide and total cyanide.

a. Free Cyanide

Plant *765 practices alkaline chlorination and has
recently submitted almost one year of monitoring data
on the treated effluent for free cyanide. The samples
were properly stabilized before analysis. The
variability factors for the daily data and 30-day
averages were calculated from the long-term data as
shown in Table 17-14. The long-term average
concentration of 0.21 mg/l (Table 17-14) was used as
the basis for the limitations. The estimated
variability factors and model plant flow rate were used
in calculating the concentration bases and effluent
limitations.

The maximum 30-day average concentration basis for free
cyanide is given by:

(0.21 mg/l) (1.7) = 0.36 mg/l

The 24-hour maximum concentration is given by:

(0.21 mg/l) (8.0) = 1.7 mg/l

The maximum 30-day average effluent limitation is
calculated by:

(0.36 mg/l (57 m'/kkg) (kg/m') = 0.021 kg/kkg
(1000 mg/l)
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The 24-hour maximum effluent limitation is given by:

(1.7 mg/l) (57 m3 /kkg) (kg/m 3 ) = 0.10 kg/kkg
(1000 mg/l)

b. Total Cyanide

The variability factors for total cyanide for daily
data and 3D-day averages were estimated from a 2S-day
study conducted by Plant *765 and are given in Table
17-15. In the case of the 3D-day average variability
factor, it was necessary to apply a different approach
which requires estimation of the 3D-day average
arithmetic standard deviation. This approach, also
used in the Treatability Study (61), is necessary when
3D-day average data is not available. The approach for
determining the estimated 3D-day average standard
deviation is as follows:

Estimated 3D-day Average Standard Deviation =

24-hour Measurement Standard Deviation
30

The limitations for total cyanide are derived from the
average unit effluent load (0.19 kg/kkg given in Table
17-15), variability factors estimated from the 2S-day
test, and model plant flow of 57 m3 /kkg.

The maximum 3D-day average effluent for total cyanide
limitation is calculated by:

(0.19 kg/kkg) (1.2) = 0.23 kg/kkg

The total cyanide 24-hour maximum effluent limitation
is given by:

(0.19 kg/kkg) (3.4) = 0.65 kg/kkg

The total cyanide maximum 3D-day average concentration
basis is:

(0.23 kg/kkg) 1
(57 m3 /kkg)

(1000 mg/l)
(kg/m 3 )

= 4.0 mg/l

The total cyanide 24-hour maximum concentration basis
is:

(0.65 kg/kkg) 1 (1000 mg/l) = 11 mg/l
(57 m3 /kkg) (kg/m 3 )

The final effluent limitations for Hydrogen Cyanide
produced by the Andrussow Process are summarized in
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TABLE 17-15. srATISTICAL ANALYSIS OF THE 28-DAY EFFLtJENl'
SAMPLING RESULTS ON TOI'AL CYANIDE

FID1 PIJ\Nl' *765

Total Cyanide

Daily Data

NO. of points
Average unit IJ::lad

kg/kkg of IDl
std. Deviation (5)
Std. Deviation (5')
variability Factor

3Q-Day Average Data

The Standard error
of the mean (A)
coefficient of
variation for the mean (CIl)
variability factor

Variability Factor Ratio

V.F.R.
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25
0.192

0.128
0.61
3.44

0.023

0.119
1.19
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Table 17-16 for toxic,
nonconventional pollutants.

Basis for BCT Limitations

conventional, and

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. The dechlorination
technology added to BPT for BAT does not remove additional
conventional pollutants. As BPT is the minimal level of control
required by law, no possible application of the BCT cost tests could
result in BCT limitations lower than those promulgated in this
regulation. Accordingly, there is no need to wait until EPA revises
the BCT methodology before promulgating BCT limitations.

Basis for BAT Limitations

The Agency considered different advanced level technologies and their
cost effectiveness relative to the base level system (BPT) for the
removal of toxic, conventional, and nonconventional polluants. For
BAT, the Agency is utilizing Level 2 technology which includes
dechlorination before final discharge.

The Agency also considered break point chlorination for essentially
complete destruction of cyanide and ammonia removal. However, the
operational costs were too high. The reduction of effluent load to
the treatment system by recycling the absorber water was also
considered and was found to be too energy intensive and too costly.
Therefore the only cost effective treatment technology beyond BPT was
found to be dechlorination.

A. Technology Basis

For BAT, the Agency is promulgating limitations based on BPT with
the addition of dechlorination (Figure 17-5, Level 2). Control
of chlorine in the discharge is uniformly inadequate in this
industry. Its control in BAT is believed to be appropriate
because of its well-documented toxicity to aquatic life. The
basis for the chlorine limit is transfer of technology from the
chlor-alkali industry (Appendix A). This transfer is appropriate
because the chlorine in both streams is amenable to the same
treatment for removal and removal is not inhibited by the
presence of other chemicals in either of the waste streams.

B. Flow Basis

The BPT effluent discharge rate of 57 m3 /kkg of HCN has been used
as the basis for the BAT model plant.

586



TABLE 17-16. EFFLUENT LIMITATIONS
HYDROGEN CYANIDE (ANDRUSSOW PROCESS)

Best Practicable Control Technology Currently Available
wastewater Flow: 57 m3/kkg of HCN

Daily
Variability Concentration Effluent Limit
Factor Basis (mg/l) (kg/kkg)

Subcategory 30-day Max. Max.
Performance Variability 30-day 24-hr. 30-day 24-hr.

Pollutant (mg/l) Factor Avg. Max. Avg. Max.

Conventional/
Nonconventional
Pollutants

Total Suspended
Solids 3S( 1) 4.2/1.6 56 150 3.2 8.6

Ammoni.a-N 52(2) 4.2/1.6 83 220
__ (5) __ (5)

Toxic pollutants:

Free Cyanide(4) 0.21(2) 8.0/1.7 0.36 1.7 0.021 0.10

Total Cyanide(4} 3.3(3) 3.4/1.2 4.0 11 0.23 0.65

(1) Average effluent concentration from monitoring data (Table A-13a).

(2) Average based on recently received long-term monitoring data submitted by
Plant #765 (Table 17-14).

(3) Average based on a 28-day sampling data submitted by Plant #765
(Table 17-15).

(4) Also applicable for PSNS limitations.

(5) No effluent limitation has been established.
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C. Selection of Polluants to be Regulated

Fo~ the BAT ~egulation, the Agency has selected chlo~ine in
addition to the pollutants identified in BPT.

D. Basis of Pollutant Limitations

1. Nonconventional Pollutants

The nonconventional pollutant p~omulgated fo~ ~egulation is
total ~esidual chlo~ine. Fo~ total ~esidual chlo~ine the
BAT ~egulation is based on long-te~m monito~ing data f~om

the chlo~-alkali indust~y given in Appendix A. The
long-te~m ave~age concent~ation is 0.64 mg/l. The daily and
3D-day va~iability facto~s a~e 2.3 and 1.4, ~espectively.

The 24-hou~ maximum concent~ation is:

(0.64 mg/l) (2.3) = 1.5 mg/l

The maximum 3D-day ave~age concent~ation is:

(0.64 mg/l) (1.4) = 0.90 mg/l

The dete~mination of load limitations fo~ total ~esidual

chlo~ine (kg/kkg) was calculated based on the unit flow
~ate of 57 m3 /kkg, thus the 24-hou~ maximum limit is given by:

(1.5 mg/l) (57 m3 /kkg) (kg/m 3 ) = 0.086 kg/kkg
(1000 mg/l)

The maximum 30-day ave~age was calculated simila~ly,

(0.9 mg/l) (57 m3 /kkg) (kg/m 3 ) = 0.051 kg/kkg
(1000 mg/l)

2. Toxic Pollutants

The Agency has selected the same limitations fo~ f~ee

cyanide and total cyanide as those p~omulgated fo~ BPT
because Level 2 technology does not affect eithe~ of these
pollutant pa~amete~s.

The nonconventional and toxic pollutant limitations fo~ BAT
a~e summa~ized in Table 17-17.

Basis fo~ New Sou~ce Pe~fo~mance Standa~ds

Level 2 t~eatment technology (also p~omulgated fo~ BAT) was selected
as the basis fo~ NSPS limitations. The pollutants to be cont~olle~

fo~ NSPS a~e pH, total suspended solids, total ~esidual chlo~ine, f~ee

cyanide, and total cyanide. The NSPS limitations a~e given in Table
17-18. Fo~ pH, the NSPS limitation is 6.0 to 10.5
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TABLE 17-17. EFFLUENT LIMITATIONS
HYDROGEN CYANIDE (ANDRUSSCW PReCESS)

Best Available T~ology
Waste Water Flow, 57 m /kkg of HCN

Daily Concentration Effluent Limit
Variability Basis (ng/I) (kg/kkg)

Pollutant Subcategory Factor
Performance 30-day

Max Max
(ng/l) Variability 30-day 24-hr 30-day 24-hr

Factor Avg Max Avg Max

Nonconventional
pollutants :

AImonia-N(l) 52 4.211.6 83 220
(4) (4)

Total Residual
Chlorine (2) 0.64 2.3/1. 4 0.90 1.5 0.051 0.086

TOxic pollutants:

Free Cyanide (l) 0.21 8.0/1. 7 0.36 1.7 0.021 0.10

Total Cyanide (2) 3.3 (3) 3.4/1.2 4.0 11 0.23 0.65

(1) Average based on recently received long-term rronitoring data submitted by
Plant #765 (Table 17-14).

(2) Average based on long-term rronitoring data from the ehlor-alkali industry
given in Appendix A.

(3) Average based on a 28-day sampling data submitted by Plant #765
(Table 17-15) .

(4) No effluent limitation has been established.
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Basis for Pretreatment Standards

Pretreatment is required because NSPS provides better removal of
and total cyanide than is achieved by a well-operated POTW
secondary treatment installed and therefore these polutants may
through a POTW in the absence of pretreatment.

A. EXisting Sources

free
with
pass

The Agency is excluding this subcategory from Pretreatment
Standards for Existing Sources (PSES) under the provisions of
paragraph 8(b)(ii) of the Settlement Agreement because the
concentrations of toxic pollutants in the effluent to POTW from
the one existing indirect discharger are below treatable levels.

B. New Sources

For Pretreatment Standards for New Sources (PSNS),
promulgating limitations based on .NSPS excluding
of the final plant effluent. Dechlorination is
because influent to a POTW is often chlorinated.
to be regulated are free cyanide and total cyanide
in Table 17-16.
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TABLE 17-18 • EFFLUENT LIMITATIONS
HYDROGEN CYANIDE (ANDRUSSCW PROCESS)

New Source Perfo:rnance Standards
Waste Water Flow: 57 m3/kkg of HCN

Daily Concentration Effluent Limit
Variability Basis (rrg/l) (kg/kkg)

Pollutant Subcategory ,Factor
Perfo:rnance 30-day Max Max

(rrg/l) Variability 30-day 24-hr 30-day 24-hr
Factor Avg Max Avg Max

eonventional and
nonconventional pollutants:

TotalSuspended
Solids, TSS 35 4.211.6 56 150 3.2 8.6

Total Residual
Chlorire , 0.64 2.3/1.4 0.90 1.5 0.051 0.086

Annonia-N 52 4.2/1.6 83 220 (*) (*)

Toxic pollutants:

Free Cyanide 0.21 8.0/1. 7 0.36 1.7 0.021 0.10

Total Cyanide 3.3 3.4/1.2 4.0 11 0.23 0.65

* N:> effluent limitation has been established.
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SECTION 1B

SODIUM DICHROMATE INDUSTRY

Industry Prof ile

General Description

Most of the sodium dichromate produced is used in the chromic acid and
cnrome pigment industries. It is used for leather tanning and metal
treatment as well as a corrosion inhibitor.

The industry profile data for this subcategory are given in Table
lB-l, and the status of regulations prior to promulgation of this new
regulation is given in Table lB-2.

Subcategorization

Subcategoration in the sodium dichromate industry is established on
the basis of the manufactured product. This follows from the
requirement that the effluent limitations are to be tied to units of
production. Furthermore, for the two plants discharging process
wastewater in the dichromate subcategory, the characteristics of the
wastewater are similar and therefore the same treatment technology can
be applied. Subcategorization is discussed in more detail in Section
4 of this report.

General Process Description and Raw Materials

The s~arting materials for the preparation of sodium dichromate are
chromite ore, limestone and soda ash .. When the above materials are
reacted, sodium chromate is formed which is reacted with sulfuric acid
to produce sodium dichromate. The reactions are given as:

4FeCrZ0 4 + BNazC03 + 70z = BNazCr04 + 2Fez0 3 + BCOz (1)

2NazCr04 + HzS04 = Na ZCrZ0 7 + HzO + NaZS04 (2)

Chromite ore is a chromium iron oxide contai~ing ferrous chromite
TFeCrz04 or FeOCrz0 3 ). Small amounts of alumina, silica and magnesia
are present. For the preparation of sodium chromate and finally,
sodium dichromate, high grade chromite ores are used containing
approximately 50 percent CrZ0 3 • These ores are imported from South
Africa.

At ..the.plant site,. the ore is ground to a fine powder, mixed with soda
ash and calcined in rotary kilns at 1100 to 1150 degrees C. The
reacted product is leached with hot water in a leachate tank. The
thickener underflow is filtered and the filtrate recycled to the
leachate tank or thickener. The solid filter cake is dried in rotary
kilns. The alumina present in the thickener overflow is hydrolyzed
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TABLE 18-2. STATUS OF REGULATIONS - EFFLUENT LIMITATION GUIDELINES

SUBCATEGORY

SUBPART

SODIUM DICKROMATE

Q (40 CFR 415.170, 3/12/74)

STANDARDS

BPCTCA BATEA* NSPS
Max. (l) Avg.(2} Max. Avg. Max. Avg.

Product kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg
Process Parameters (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

Na2Cr207 TSS 0.44 0.22 No discharge 0.30 0.15
(52) (26) of pwwp3

Cr+6 0.0090(4) 0.00050 No discharge 0.0090(4} 0.00050
(0.1l) (0.060) of pwwp3

Cr(T} 0.0088 0.004~ No discharge 0.0088 0.0044
(1.0) (0.50) of pwwp3

* Section 415.173 was remanded and reserved (41 CFR 51606, November 23, 1976).
1 Max. = Maximum of anyone day.
2 Avg. = Maximum average of daily values for thirty consecutive days.
3 pwwp = Process wastewater pollutants.
4 The published value in 40 CFR 415.172 and 415.175 is incorrect and should be

0.0009 kg/kkg.
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and removed from the chromate solution as precipitated aluminum
hydrate in slurry form. The solution is centrifuged and the centrate
is evaporated, to give a concentrated solution of sodium chromite,
which is reacted with sulfuric acid to give sodium dichromate and
sodium sulfate. Sodium sulfate crystallizes as anhydrous sodium
sulfate from the boiling solution, and the crystals are removed by
filtration. The filtrate is concentrated in multiple effect
evaporators. The residual sodium sulfates separate out as solids from
each of the evaporators while the hot concentrated solution of sodium
dichromate from the last effect of the evaporator is fed to a
water-cooled crystallizer. Sodium dichromate crystallizes out and is
centrifuged. The centrate, or mother liquor, is returned to the
evaporator. The sodium dichromate crystals separated in the
centrifuge are dried in a rotary drum dryer and then packaged for sale
or stored for use. Figure lB-l presents a generalized flow diagram
for the production of sodium dichromate.

Water Use and Waste Source Characteristics

Water Use

Water is used for noncontact cooling, in leaching, for scrubbing vent
gases and for process steam for heating. Water use information
provided in 30B-Questionnaires is given in Table lB-3. It is possible
that the figures given in the 30B-Questionnaires may be the amount
going to each unit operation and not the amount added as makeup water.
The quantities seem unusually high for an industry practicing
extensive recycling of water, as this one does.

Waste Sources

A. Spent Ore

The unreacted ore is removed from the process as a sludge. The
solids contain chromium and other impurities originally present
in the ore. The waste is disposed as a solid waste in a suitable
landfill or is slurried with water and sent to the treatment
facility.

B. Noncontact Cooling Water and Cooling Tower Blowdown

The noncontact cooling water is either used on a once-through
basis and discharged or is recycled and the blowdown discharged
to the treatment facility. In addition to dissolved sulfate and
chloride, the blowdown may contain chromates.

C. Boiler Blowdown

The steam used for heating is recovered as condensate, while the
boiler blowdown is discharged to the treatment facility. It may
become contaminated with chromium escaping from the process area
and hence should be sent to the wastewater treatment facility for
treatment.
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Figure 18-1. General process diagram for production of sodil..tn didu:anate.



TABlE 18-3.

Source

Plant *398

Nano::m:taet o::x:lling

lb1cx:mtact ancillaIy
uses

Direct process contact (1)

IIXlirect precess contact
(pumps, seals, leaks and
spills)

Maintenance, e.g.
cleaning and work area
washdown

Air fX)llutial a:ntrol

277

0.5

5.7(2)

0.9(2)

0.5(2)

2.5(2)

Plant '376(3) Plant '493

11.39 5.7

NA 3.12

7.83 (4) 2.85

0.2

4.16
0.2

1.0

TOtal contact waste
mter influent to
trootment

9.6(2) 1l.59 4.25

NA == Not Ava i 1able

(1) Up to 50 percent oolids

(2) Total rf'rXNery and recycle is practi.cei at this plant.

(3) Plant is 00 longer in operation.

(4) rue to a high evap:>ration rate, there is IX> di.scl'arge fl:an the primary
p:md durinJ 9 to 10 nonths of the year. There was 00 primary lDrrl
effluent at the time of sampling and only 4.16 m3/kkg of the indirect
oont:act oources 'Nere being treatei and dis:hargei.
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The majority of aqueous streams resulting from the manufacture of
sodium dichromate are recycled. Streams recycled include
condensates from product evaporation and drying; product recovery
filtrates; air pollution control scrubber effluents from product
drying, leaching and roasting kilns; filter wash waters; and
equipment and process area washdowns. At two plants the
wastewater, consisting of boiler and noncontact cooling tower
blowdown, is used to slurry the spent ore residue to the
wastewater treatment facility. At one plant, the only wastewater
resulting from process operations is the noncontact cooling
water, which is used on a once-through basis.

Description of Plants Visited and Sampled

Screening

Three sodium dichromate plants were visited and the wastewater streams
sampled. Plant U23was sc:\mpled. tn the sc:;reening ", prase and Plants
li376 and 11398 were sampled 'in the verification phase.'

At Plant 11493, the wastewater going to the treatment facility includes
the boiler and cooling tower blowdown and a small volume of effluent
from a scrubber on a by-product sodium sulfate operation. The total
waste includes the spent ore residue, which is also sent to the
treatment facility. At the treatment facility, the alkaline
wastewaters are reacted with imported acidic industrial waste (pickle
liquor containing ferrous iron) at an elevated temperature in a
reactor. The chromium is reduced and precipitated during the
reaction. The reacted waste is sent to clarifiers via holding tanks.
In the clarifiers, large quantities of water are used to wash the
precipitated solids in a countercurrent fashion. The final clarifier
overflow, which is the treated effluent, is filtered and discharged
and the clarifier underflow is disposed of in a quarry. Figure 18-2
is a block diagram of the treatment process and indicates which
streams were sampled. Table 18-4 gives the flow data and pollutant
emissions of the streams sampled.

Verification

At Plant *376, sodium sulfide is used for simultaneous chromate
reduction and precipitation. The wastewaters at this plant are
segrated into two streams. One stream consists of the cooling tower
and boiler blowdown and is used for slurrying the spent ore residue to
the treatment facility. The second waste stream consists of
stormwater runoff from both the solids disposal areas and the
production areas. The first wastewater stream is mixed with sodium
sulfide during transportation and sent to a diked containment and
settling pond system. The sulfide reduces the hexavalent chromium to
trivalent chromium, which in turn is precipitated as chromium
hydroxide. The solids are settled in the pond, and the overflow from
the ponds is mixed with the second waste stream and reacted with
sufficient alkaline sodium sulfide to reduce the chromate and
precipitate chromium hydroxide. The reacted solution is sent to a
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RAW WASTE WATER

#1

1MPORTED At ,10r----- 1NDU$TR 1ALWAST£

HOLD 1KG TANKS

WATER - ......-.4 CLARlF1ERS

#3

I---I"---t... TREATED EFFLUENT

SLUDGE TO
LAND DISPOSAL

LEGEND

~ SAMPLING POINTS.

Figure 18-2. General waste water treatment process fJow diagram at PJant #~93 showing
the sampling points. (Sodium dichromate manufacture).
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TAmE 18-4. FIDW AND FOU1JTA1~ CDN:ENl'RATICN DATA OF TEE SAMJ?l,.ED WASTE
~1S FOR PIAN!' #493 PRODUCING SOOItJl.tDI~

Stream No'. Wiste Stream
Discription

Unit Flow TSS !Dad er+6 !Dad

1 Raw waste 4.25 183 3.5 3.30
water

2 Treated 28'..91* 0.018 0.0001 0.072
Effluent

* This value includes the flow :fran the eodiun dichratate plant, :iIn};orta:i
acid used: for neutralization, ani tiE w:lter used for w:lshing the EDlids.
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overflow
treatment
data and

settling pond where the suspended solids are settled and the
discharged. A simplified flow diagram of the wastewater
process is given in Figure 18-3. Table 18-5 gives the flow
pollutant emissions for the streams sampled,

Plant *376 has implemented some changes in the process technology and
treatment system since the time of sampling. The dichromate
production was converted from a "high-lime" process to a "no-lime"
process, using only chromite ore and soda ash as the raw materials.
This requires additional treatment facilities to be installed for
removal of impurities from the product solution, which is treated with
acid and lime to remove alumium and vanadium, respectively. At the
time of sampling, the data obtained from this plant was considered a
valid part of the data base for assesssing the pollution potential of
the industry and evaluating viable treatment options. The chromate
reduction technology being used was evidently subject to periodic
problems associated with the hazard of the HzS gas production. This
has been confirmed in treatability studies conducted by the Agency.
With proper operation of the treatment system this problem can be
avoided.

At Plant 4398, the only effluent produced is the noncontact cooling
water. The noncontact cooling water is used on a once-through basis
and is discharged without treatment through two outfalls. The solid
waste residuals from the leaching process are trucked to a
state-licensed hazardous waste landfill area. The amount of solid
waste residue disposed of is approximately 290 kg/kkg of product.
Table 18-6 gives the unit flow data and pollutant emissions for the
process effluent.

Toxic Pollutant Concentrations and Loadings

Toxic pollutants detected in the raw wastes during sampling were as
follows:

Maximum Concentrations Observed (~g/l)

Pollutants

Chromium (Total)
Chromium (Hexavalent)
Nickel
Zinc
Copper
Lead
Silver
Arsenic
Selenium

Screening

250,000

13,000
580

35
9

<0.50
<10
<5

Verification
(2 Plants)

310,000
150,000

1,300
1,200

240
24

230*
<5

140**

* Found at one plant only
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----------------
COOLING TOWER

SLOWDOWN

*

SODIUM SULFIDE

11
....-L-..I8 /6

SETTLING AND I-~~f__------____..r~~._,
DEWATERING REACTOR

LANDFIL #2

10

WASTE
HUD

SLURRY

13

SURFACE
RUNOFF

14

0\
o
w

TREATED
WATER
RECYCLED

SETTLING POND

TREATED EFFLUENT

LEGEND

~ WASTE STREAKS SAMPLED.

* AT THE TIME OF SAMPLING,
ONLY SURFACE RUNOFF \
(STREAM 13) WAS BEING
TREATED IU THE REACTOR.

Figure 18-3. General waste water treatment process flow diagram at Plant 1376
showing the sampling points. (Sodium dichromate manufacture)
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0.0034

0.77

0.808

0.55

1.041

Chl:anilml
!Dad

(kg/kkg
of Nat=r2°7)

NA

NA

0.407

0.057

0.046 < 0.00004

7.942

0.621

0.591

3988

4.16

7.85

Average Observei IDadings

FI.J::1;.7 AND rowJTANl' IQADING 0A'rA OF THE~ W1SI'E
S'rREAMS FCR PrAm' #376 ProIIJClNG roOnM OICHRM\TE

Wiste Stream unit Flow TSS Iaad Cr+6 IQad

(m3~ {kg/kJo; . (kg/kkg
of NaP2~) of NaP2~) of Na2Ct'2~)

R>nd Effluent

Reactor
Effluent

SUrface Ruzx)ff

MId Slurry
W3.ste

Primary Ibnd*
Effluent

4

5

2

3

Stream
No.

TABLE 18-5.

1

* I:Ue to a high evaporation rate, there is rmmally 00 discharge fzan the
primary lDnd for 9 or 10 nonths of the year.

NA := N:Jt available



'mBLE 18-6. FIJ:)W AND FOLLurAN!' IDADING Dl\'m. OF THE SAMPLED WASTE
STRFAMS FOR PLANT #398 PRODOCING OODItlM DICHR(MATE

Average Observe::l IDadings

Strecm waste Stream unit Flow TSS Load er+6 !Dad Chraniun
No. Description road

(m3/kkg (kg/kkg (kg/kkg of (kg/kkg of
of NaP207) of Na2C1:'2°7) Na2Cr2~) Na2cr207)

1 Nonoon1:act 71 0.426 NNI* mI*
oooling water

2 Noncontaet 206 0.55 NNI* NNI*
cooling water

* NNI= R::l net increase of the fOllutant load, a:rnpared to the intake
source.
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** Noncontact cooling water at one plant only

Individual plant average raw waste loads per unit product found in
sampling can be found in Table 18-7. A summary of daily and unit
product raw waste loads for all plants sampled can be found in Table
18-B.

Based on the total annual production of this subcategory and the
average waste load generated per unit product, the estimated total
pollutant raw waste loads generated each year for this subcategory are
as follows:

Total Subcategory Raw Waste Load Generation

Pollutant Waste Load (kg/year)

Chromium (Total) 290,000
Cr (Hexavalent) 210,000
Nickel 3,700
Zinc 330
Copper 55
Silver 20
Lead < 8.2
Selenium 4.0
Arsenic < 5.0

Pollution Abatement Options

Toxic Pollutants of Concern

The most significant toxic pollutants found are the primary pollutant,
chromium, and the common heavy metals often present as impurities in
the chromium ore, notably ~inc and nickel. In controlling these
metals by the processes chosen for the treatment models, incidental
removal of other trace toxic metals also occurs.

The existing BPT regulations control pH, TSS, and chromium (Table
18-2). In the new promulgated regulations, effluent limitations on
nickel are added to the BPT-based regulations. Based on the
discussion in Section 8, there is no BAT effluent limitation set for
zinc, which is also removed in the hydroxide precipitation by
controlling chromium. Although copper, silver, selenium, lead, and
arsenic were detected in trace quantities (Section 18 and Tables 18-7
and 18-8), these five toxic pollutants did not occur at treatable
concentrations and, therefore, no regulations on them are being set.

Process Modifications and Technology Transfer Options

Appropiate process modifications can be made where opportunities exist
for recycle of chrome-bearing wastewaters for recovery and reuse in
the process or for use in other product manufacturing operations.
Plant 1398 currently practices extensive recovery of chromium values
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AVERAGE RAW WASTE INFLtJENl'

s:mItM DICHRCMATE

0.00067

0.000090

0.0050

0.0025

0.00028

< 0.00004

< 0.00004
/1\

I

j

0.085

0.011

0.64

0.318

0.036

"

< 0.005
11\";;O'} "'t

< 0.005

420.0 3.30

PIAN'!' #376 \. V )

(mg/I) (kg/kkg)
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rroxICPOWJTANT .RAWWASTEMTATABLE 18-7.

\.' P

PLANT #493

(ny/l) (kg/kkg)

Chranillm, cr 250.0 0.94

CX>pper, Cu 0.035 0.00013

Lead, Pb 0.0090 0.000030

Nickel, Ni 1.25 0.0047

Zinc, Zn 0.580 0.0022

Silver, Ag < 0.005 < 0.00002

selenium, Se < 0.005 < 0.00002

Arsenic, As < 0.010 < 0.00004
/\



Toxic

Chranium, total 0.94 2.12 3.30 2

Chranilml,
Hexavalent 0.47 1.6 2.6 3

CbfP& 0.00013 0.0004 0.00067 2

Nickel 0.0047 0.027 0.050 2

Silver 0.000020 0.00015 0.00028 2

Zinc 0.0022 0.0024 0.0025 2

se1eniun * < 0.00003 * 2

Arsenic * < 0.00004 * 2

Conventional

TSS 140 2100 4000 2

}lb. of
Plants

roOItM O:ranQ.1ATE

Average
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unit Loading, (kq/kkg)

SGHmY OF PAW l'~ IQADn.x;S FOUND IN
~Iro AND VERIFICATICN SM1PI,IN:;

SUECATEroRY

* Concentrati.als were at or below t.ba detection 1 imits

TAEr.E 18-8.

Ib11utant



for use in other processes and has no discharge of direct process
contact wastewaters.

Best Management Practices

Extensive recycle and reuse of process contact wastewater limits
effluent generation at sodium dichromate plants. At two facilities,
cooling water blowdown streams are used to slurry spent ore residues
and the resultant waste stream is treated for the removal of chromium
prior to discharge. At the remaining plant, ore residues are removed
as a solid waste and only once through noncontact cooling water is
discharged.

Prevailing Control and Treatment Practices

At the time of verification sampling, Plant #376 was using alkaline
sodium sulfide (or bisulfide) for the reduction of hexavalent
chromium, followed by precipitation of metal sulfides and hydroxides.
Problems experienced by the plant included intermittent, low level HzS
gas generation and incomplete reduction of the chromates. These
problems were mitigated by the physical layout of the treatment system
and lagoons and the long retention time afforded by the evaporation
ponds during most of the year.

At Plant #493, the treatment technology employed is the reduction of
chromate wastes with an acidic ferrous iron solution (waste pickle
liquor), followed by lime addition for metal hydroxide precipitation,
settling, and filtration. Overall, this technology is roughly
equivalent to the sulfide reduction/alkaline precipitation technique
used by Plant #376 and has the advantage of not risking operator
exposure to hydrogen sulfide gas.

Advanced Treatment Technologies

In addition to the chromate reduction and metal removal techniques
practiced in the sodium dichromate industry, consideration was given
to other advanced treatment technologies considered to be equal to or
better than the proposed BAT. These technologies include:

The use of sulfur dioxide for chromite reduction.

Ferrite coprecipitation i.e., the addition of ferrous iron (e.g.,
waste pickle liquor) and aeration at about pH 5-6 for both
chromate reduction and metals precitation.

Ion exchange systems.

Xanthate precipitation.

These options are not considered viable at this time because there is
not sufficient information on performance and cost effectiveness.
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Selection of Appropriate Technology and Equipment

Technology for Different Treatment Levels

Alkaline precipitation or reaction with hydroxide will separate nickel
and zinc from solution. Hexavalent chromium must be reduced to its
trivalent form before it can be precipitated as the hydroxide.
Although ion exchange or xanthates can remove metals from clarified
solutions they are inappropriate for treating raw waste slurries from
this industry.

A. Level 1 (BPT, BAT, NSPS)

The system utilizes pickle liquor containing ferrous iron and
hydrochloric acid added to the raw wastes to reduce hexavalent
chromium to its trivalent form in a first-stage lagoon. The
lagoon effluent is then subjected to alkaline precipitation of
trivalent chromium, followed by solids separation in a clarifier
and by pH adjustment of the overflow before discharge. Other
reducing agents may be utilized instead of ferrous iron for the
reduction of hexavalent chromium such as sodium sulfide or sulfur
dioxide. Using either of these reagents, chromate reduction
under acid conditions would be followed by pH adjustment with
lime or caustic to obtain alkaline precipitation of the metal
hydroxides. A number of operational difficulties were associated
with the treatment with sodium sulfide. Based on the
Treatability Studies on the dichromate subcategory (61), it was
found that at pH levels above 8, the addition of sodium sulfide
required excessive reaction times to reduce chromate to the
trivalent form. At pH levels b~low 8, the evolution of H2 S gas
poses a potential safety hazard for the plant operator. The flow
diagram for the ferrous iron-based option for Level 1 is shown in
Figure 18-4.

B. Level 2

Dual-media filtration is added to achieve a higher level of
suspended solids removal, including metallic hydroxides which may
have passed through the clarifier. The effluent is adjusted to a
pH range of 6 to 9 as in Levell. At proposal, Level 2 was
selected as a possible BAT and NSPS treatment because it was
being practiced by one plant in the industry and it could provide
a method of removing additional quantities of toxic metals from
the wastewater. However, the incremental cost of dual-media
filtration applied to Levell is measurably more costly for the
Sodium Dichromate Subcategory than other subcategories and does
not significantly improve effluent quality. The Treatability
Studies on the dichromate subcategory (61) showed that dual-media
filtration is only marginally effective in reducing ·toxic metals
and TSS beyond BPT. Therefore, this level has not been selected
as the basis for BAT or NSPS. The flow diagram for the ferrous
iron-based option for Level 2 is shown in Figure 18-5.
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C. Equipment Functions

The raw waste flows into an equalizing lagoon, where the influent
flows are measured by a magnetic flow meter which controls
application of pickle liquor solution into the influent pipeline.
Hexavalent chromium is converted to the less toxic trivalent form
and together with inert solids passes to the first-stage lagoon.
A second application of ferrous iron is made in the lagoon
outflow, and lime is added to precipitate trivalent chromium and
residual trace metals prior to clarification. In Level 1 the
clarifier effluent is adjusted to pH 6 to 9 and released. In the
Level 2 system a dual-media filter is added to remove additional
suspended material from the overflow. Clarifier underflow and
filter backwash are returned to the equalizing lagoon influent,
to be settled in the lagoon.

D. Chemicals and Handling

"Ferrous chloride, hydrochloric acid and lime are used in the
treatment process. The ferrous chloride and hydrochloric acid
solution can be applied at the influent pipeline in proportion to
flow. Lime slurry is fed through conventional equipment ahead of
the clarifier. Hydrochloric acid is used (instead of sulfuric
acid) to minimize the formation of gypsum scale which could
result from heavy use of lime followed by sulfuric acid.

E. Separation and Disposal of Solids

As a basis for estimating model plant costs, influent suspended
solids, metallic hydroxide precipitates, and filter backwash are
returned to, or left in, the influent lagoon(s). As each lagoon
becomes filled with solids it is decanted from each filled lagoon
and the solid material must be perlodically removed to a chemical
landfill.

F. Monitoring Requirements

Internal process monitoring should include both routine testing
to maintain reducing conditions and a pH above 7 in the influent
lagoons, and simple field determination of pH to assure that the
optimum level is reached for precipitation of chromic hydroxide.
Routine testing of the effluent should also be performed at the
site to show that hexalent chromium is being consistently reduced
to trivalent chromium and that total chromium in the final
effluent does not exceed the allowable limit. Periodic composite
effluent samples should be analyzed for total chromium by the
atomic absorption method for official reporting purposes.
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Treatment Cost Estimates

B. Wastewater Flow

614

the purpose of cost
of model plant

Unit waste flows for three plants either treating or recycling
their wastewaters are approximately 9.6, 11.59, and 4.25 mJ/kkg
of product. For the model plant, 8.5 m3 /kkg of sodium dichromate
was used as the wastewater flow.

At the time of sampling, five industrial plants produced sodium
dichromate at a total production rate of approximately 140,000
kkg/year. Two of these plants have discontinued production.
Production and wastewater flow data, from which model plant
characteristics are derived, are on file for three plants which
produce a total of 112,000 kkg/year, or approximately 80 percent
of the United States production. For wastewater treatment cost
estimates, three production levels were selected. These are
20,000 kkg/year, 50,000 kkg/year and 70,000 kkg/year.

Tota~ dry solids produced from treatment are 260 kg/kkg of sodium
dichromate.

To reduce hexavalent chromium to trivalent chromium a ferrous
chloride dosage of 4.3 g/l is needed, but to allow for reaction
with other metals, a model dosage of 5.0 g/l was used. This is
equivalent to 42.5 kg/kkg of product in a unit flow of 8.5
m3 /kkg. To raise the pH to 9.5, 1.7 g/l of lime is needed,
equivalent to 15 kg/kkg of product. For final neutralization,
HCl is used in the amount of 10 percent of the lime dosage.

E. Solids Generated

For the model plant, it is assumed that the spent ore residues
are slurried and transported to the treatment facility, since
this is the prevalent practice at two plants. The spent ore
(waste-generated residue) at Plant #969 is 290 kg/kkg Na ZCr Z0 7 •
The hexavalent chromium loading in the wastewater varies from 0.5
to 14 kg/kkg of Na Z Cr Z 0 7 • Pollutant loadings used for the model
plants are suspended solids (spent ore residue) at 290 kg/kkg
Na ZCr Z0 7 produced, and hexavalent chromium at 5.0 kg/kkg.

D. Chemicals Required

C. Pollutant Loading

A. Production

Model plant specifications were selected for
estimation. The rationale for the selection
characteristics is as follows:

General Discussion



F. Model Plant Control Costs

The cost estimates of three models having different production
levels are presented in Tables 18-9, 18-10, and 18-11.

Table 18-12 gives a summary of the unit cost distribution between
amorization, and the operation and maintenance cost components at
various production rates and levels of treatment.

At the fi~st level of treatment, investment costs a~e high
because sludge lagoons costs are provided for a ten-year period.
Therefore, amortization is the major portion of the total annual
costs. In place of annual cost fo~ the residual waste (sludge)
disposal, a large investment in land is shown. At the second
level of treatment, labor and amortization have significant
impact on the additional annual costs.

Basis fo~ Regulations

BPT Effluent Limitations

A. Technology Basis

BPT regulations fo~ the Sodium Dichromate subcategory are
presently in effect, 40 CFR 415.172 (Table 18-2). The technology
basis for the existing BPT is fe~rous reduction of hexavalent
chromium, followed by alkaline precipitation of metals and
clarification. As an alternative to the use of fe~rous iron, the
reduction of hexavalent chromium may be accomplished by reaction
with sodium sulfide or sulfur dioxide under acidic conditions.
All three plants in this subcategory have installed BPT
technology and are meeting the limits.

The control of suspended solids is necessary to the achievement
of good effluent quality after precipitation of heavy metals. In
the Sodium Dichromate subcategory, it can be assumed that
chromium is a significant constituent in the suspended solids
discharged. For this reason, only one advanced treatment
alternative, addition of a filtration unit for solids control,
has been considered.

B. Response to Remand Issues

The zero discharge requirements originally promulgated as BAT for
sodium dichromate production were remanded on the basis of
inadequate technical and economic justification for the
evaporative technology required to eliminate discharge. A
control and treatment alternative, which allows wastewater
discharge, has been identified and the pe~formance levels
achievable have been demonstrated.
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a Represents the incremental cost above that for 6PT treatment
b Overhead and Profit

TABLE 18-9. MODEL PLANT TREATMENT COSTS

SUbcategory Sodium dichromate
Production 20,000 metric tons per year

9,385

38,984

511,000 14,000
2,500 600

17,000 a
123,520 5,7#)8

41,73e:j 1,731
0 0

15,000 7,500

255,75li 29,599

200,966

456,722

($)
Level 2aLevel 1

608,700 0
185,000 38,000

20,000 0

813,700 38,000
122,055 5,700

935,755 43,700
187,151 8,740

1,122,906 52,440
112,291 5,244

1,235,197 57,684

156,000 0

1,391,197 57,684

·.............·.............
·.............

Subtotal
Contingencies

subtotal

TOTAL OPERATION AND
MAINTENANCE COST
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Labor and supervision

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Ene rgy •••••••• III ••••••••••••

Chemicals ••••. _••••.••••••.
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Land .

TOTAL INVESTMENT COST ••••••

Site development •••••••••••
Equ i pmen t ••••••••••••••••••
Monitoring equipment •••••••

Subtota 1 •••• b. • • • • • • • •
Contractor's a & P •••••••••

TOTAL ANNUAL COST

C. lU10RTIZATION OF
INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

A. INVESTMENT COST



a Represents the incremental cost above that for 8PT treatment
b Overhead and Profit

TABLE 18-10. MODEL PLANT TREATMENT COSTS

Subcategory Sodium dichromate
Production 50,000 metric tons per year

21,981

62,044

56,000 14,000
2,800 1,000

42,000 0
24,8,193 13,510

82.,018 4,053
0 0

15,000 7,500

446,011 40,063

403,810

849,821

($ )
Level 2aLevel 1

1,300,000 0
315,000 89,000

20,000 0

1,635,000 89,000
245,250 13,350

1,880,250 102,350
37~,O50 20,470

2,256,300 122,820
225,630 12,282

2,481,930 135,102
252,000 0

2,733,930 135,102

... ,,.. '.

TOTAL OPERATION AND
MAINTENANCE COST

Energy ••••••••• ,.•••••• '•• ~ ••
Chemicals ••••••••••••••••.•
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••
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Sub:total ,. •••• '•••••••••
Con't i nge!nc i e s •••••.•• o' ••••••

Subtotal ••••·••••••••••
Eng.ineering .•••••••••..••••

Site development .~ •••••••••
Equ i pmen't •••••••• _••••••••••
Monitoring equipment •••••••

TOTAL INVEST,MENT COST ••••••

Su:bt-ota 1 ••••••••••••••
Land. - _. ,. t••••••••

Subt:otal •••• b.•••••••.
Contractor's 0 & P •••.•••••

TOTAL ANNUAL COST

A. INVESTMENT COST

Labor and supervision

B. OPERATIO,N AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST
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TABLE 18-11. MODEL PLANT TREATMENT COSTS

~ Represents the incremental cost above that for BPT treatment
Overhead and Profit

14,000
1,000

o
15,939
4,782

o

7,500

159,153

25,933

43,221

159,390

144,900
14,490

159,390
o

105,000
15,750

120,750
24,150

o
105,000

o

($ )
Level 2a

Level 1

573,892

1,115,022

Sei,OOO
2,800

58,000
332,594
109,498

o

541,130

15,000

3,1549,938

2,519,650
503,930

3,023,580
302,358

3,325,938
324,000

2,191,000
328,650

1,71515,000
405,000

20,000

Labor and supervision ••••••
Energy •••.•••••••••••••••••
Chemicals ••••.••••••••••.•.
Maintenance ••..••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Subtotal ••••••••••••••
Land ••••••••••••••••••••••••

TOTAL OPERATION AND
~AINTENANCE COST

Subtotal ••••••••••••••
Engineering ••••••••••••••••

TOTAL INVESTMENT COST ••••••

Site development •••••••••••
Equl pment .
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Subtotal •••• b•••.•••••
Contractor's 0 & P •••••••••

TOTAL ANNUAL COST

C. AMORTIZATION OF
INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

A. INVESTMENT COST

Subcategory Sodium dichromate
Production 70,000 metric tons per year



TABLE 18-12 MODEL PLANT UNIT TREATMENT COSTS

Subcategory Sodium Dichromate

Annual Operation
and Ma intenance 20,000 12.79 1. 48

50,000 8.92 0.80
70,000 8.20 0.62

Annual
Amortizatioli 20,000 10.05 0.47

50,000 8.08 0.44
70,000 7.73 0.37

Total Annual
Cost 20,000 22.84 1.95

50,000 17.00 1. 24
70,000 15.93 0.99

*Represents th~ incremental cost above BPT

Level 2

LEVEL OF TREAT~~NT

Level 1

619

Annual Treatment Costs ($/kkg)

PRODUCTION
(kkg/yr)

COST ITEM



C. Flow Basis

The model plant waste flow rate is based on the raw waste
influent data obtained from three plants as shown in ~able 18-3.
The flow rate selected, 8.5 m3 /kkg, is the average of the flows
for these three plants. All three plants are included in the
flow averaging because the waste sources were typical for the
industry at the time of sampling and represent the range of
inflow rates expected to be handled by a BPT treatment system.

D. Selection of Pollutants to be Regulated

For BPT regulations the Agency is retaining the pollutants that
are presently limited under 40 CFR 415.172, which are pH, total
suspended solids (TSS), hexavalent chromium (CrVI), and total
chromium (Cr) and is adding nickel. The significance of these
pollutants is substantiated by the screening and verification
data presented in Section lB.

The available treatment technology for the removal of chromium
from wastewater necessitates the reduction of hexavalent chromium
(chromate or dichromate) to the trivalent state which can then be
precipitated as chromic hydroxide, Cr(OH)3' Thus, from the
regulatory point of view, an effluent limitation on the discharge
of total chromium effectively limits hexavalent chromium as well.
But, placing limitations on both forms of chromium in the Sodium
Dichromate subcategory is consistent with the primary obj~ctive

of controlling specifically the highly toxic hexavalent form by
means of a two-step treatment process. In light of the potential
analytical difficulties associated with the measurement of
hexavalent chromium discussed in Section 5, monitoring both the
hexavalent chromium and the total chromium content of the treated
effluent provides an additional assurance that high chromate
levels would not go undetected. As treatment system performance
data are accumulated, support may develop for a decreased
monitoring requirement or the elimination of effluent limitations
on hexavalent chromium.

Nickel is included in the limitations since it provides a means
of controlling the group of toxic metals represented by removal
at slightly higher pH values than for chromium. A detailed
discussion of the two toxic metal groups represented by nickel
and chromium is in Section 8. Control of nickel and chromium
will ensure that toxic me~als that may occasionally occur at
treatable levels will be adequately controlled.

E. Basis for Pollutant Limitations

1. Conventional Parameters -

a. pH
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a. Chromium

2. Toxic Pollutants

= 0.22 kg/kkg

The present study substantiates the basis for the existing
BPT limitation on total suspended solids. The treated
effluent sampling data from two plants presented in Table
18-13 suggest that the TSS concentrations found in sampling
represent achievable performance of a well operated BPT
system. This is in agreement with the 26 mg/l TSS which is
the concentration basis for the existing maximum 3D-day
average effluent limitation (Table 18-2). For comparison,
Table A-11a summarizes the long-term data available from
another subcategory where a similar BPT is applied. Plant
#376 discharged an average TSS of 11 mg/l without
filtration. Monitoring data from Plant #493 shown at the
bottom of Table 18-13 indicates that 25 mg/ is an achievable
maximum 3D-day average for TSS with filtration. Thus,
individual plant performance can be seen as a function of a
very large number of operating variables and waste
characteristics. In general, the available performance data
support the achievabililty of the existing regulations.

The variability factor ratio (VFR) of 2.0 is derived from
the long-term data on chromium as presented in Tables
A-9a-1, and following. This VFR value is used for TSS and
chromium because a significant proportion of the TSS is
composed of suspended metal hydroxides resulting from BPT
treatment. For TSS, the maximum 3D-day average limitation
is related to the concentration basis and the model plant
flow as follows:

and the daily maximum limitation is obtained by multiplying
by the VFR;

(2.0) (0.22 kg/kkg) = 0.44 kg/kkg

(26 mg/!) 8.5 m /kkg) (kg/m 3 )

( 1000 mg/I)

For BPT, the Agency is retaining the existing limitations on
total and hexavalent chromium as given in 40 CFR 415.172
(Table 18-2). For hexavalent chromium, the observed
performance level of 0.004 mg/l was below the accepted lower

After final pH adjustment, the BPT treated effluent is to be
held within the pH range of 6 to 9. The pH limitation is
based on Appendix B of the proposed Development Document
(60) and a study report, "An Assessment of pH Control of
Process Waters in Selected Plants~ by JRB Associates, Inc.
(52) .

b. TSS



(2) The nunber of samples is unkmwn.

(1) Filtered effluent data rep:>rted in response to 308-Q\.Yastionnaire
(12-22-76)

Pollutant screening & Verification Data

Plant #376 Plant #493

(ng/1) (kg/kkg) (m;J/1) (kg/kkg)

Total SUsperx1ed 11 0.046 2.0 0.0085
Solids, TSS

Hexavalent < 0.01 < 0.00004 0.004 0.00002
Chranmn, cr {VI}

Total 0.81 0.0034 2.5 0.011
Chranium,cr (T)

COpper, OJ. 0.012 0.00005 0.016 0.00007

Nickel, Ni 0.20 0.00083 0.090 0.00038

selenium, se < 0.005 < 0.00002 0.10 0.00043

Silver, l\g 0.015 0.00006 < 0.007 < 0.00003

Zinc, zn 0.008 0.0003 0.11 0.00047

Flow (m3/kkg) 4.16 4.25

(kg/kkg)

0.11

0.00010

0.00031

(m;V].)

Long Te1:m M:>nitoring Data-+laximum 30-Diy Averages
plant #493 (l) (2)
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25

0.023

0.072

TABLE 18-13. EFFLUFNl' &.MPLING DATA FRCM
SOOItMDIairoMATE PIANTS

TSS

Cr (VI)

Cr (T)
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b. Nickel

The 24-hour maximum concentration basis for nickel is,

average3D-day

= 0.00050 kg/kkg

maximum

and the 24-hour maximum is obtained using the VFR value of
1.8, that is:

For hexavalent chromium, the
limitation is:

The VFR of 4.0/2.0 used for total chromium is confirmed by
long-term data (Tables A-9a-1, and following) on alkaline
precipitation of chromium in another subcategory where a 1.8
value was determined for similar BPT technology.

limit of treatability (0.05 mg/l) from Table 8-11. The
treatability level was the basis of the 3D-day average
concentration basis of 0.060 mg/l used for the existing BPT
regulations (Tables 18-2 and 18-14).

and, by applying the VFR value of 2.0, the daily maximum is:

The maximum 3D-day average concentration basis for nickel
is,

For total Chromium, the maximum 3D-day average limitation
is:

The long-term average nickel concentration was selected from
Table 8-12 which presents the industrial wastewater system
performance. The variability factors are based on the
primary pollutant chromium.

The existing 24-hour maximum effluent limitation that was
published for hexavalent chromium is in error as it appears
in 40 CFR 415.172. The correct value is 0.0009 kg/kkg
reflecting an overall VFR value of approximately 1.8 for the
residual hexavalent chromium remaining after the two-step
treatment process.

(0.60 mg/) (8.5 m /kkg) (kg/m 3 )

(1000 mg/l)

(0.20 mg/I) (2.0) = 0.40 mg/l

(0.50 mg/I) .( 8.5 m /kkg) (kg/m 3 ) = 0.0044 kg/kkg
(1000 mg/l)

(0.20 mg/I) (4.0) = 0.80 mg/l

(1.8) (0.00050 kg/kkg) = 0.00090 kg/kkg

(2.0) (0.0044 kg/kkg) = 0.0088 kg/kkg



(7) No limitations.

__ ( 7)

24-hr.
Max.

0.0068

0.0088(2)

0.00090(2)

Max.
30-day
Avg.

Effluent Limit
(kg/kkg)

__ (7)

0.0034

0.22

0.0044

0.00050

1.0

1.0

0.80

0.11
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Concentration
Basis (mg/l)
Max.
30-day 24-hr.
Avg. Max.

0.50

0.40

0.060

0.50

2.0

2.0

4.0/2.0(5)

1.8(6)

4.0/2.0(5)

Subcategory
Performance

(1'llg/l)

0.050(5)

0.20(4)

0.50(4)

TABLE 18-14. EFFLUENT LIMITATIONS*
SODIUM DICHROMATE

Best Practicable Control Technology Currently Available
Wastewater Flow: 8.5 m3/kkg
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Conventional
Pollutants:

Pollutant

Hexavalent
Chromium(8)

* - Also applicable to New Source Performance Standards (NSPS).

Nickel(8)

Toxic Pollutants:

Total Chromium(8) 0.25(4)

Total Suspended
Solids

Zinc

(1) VFR: Ratio of the 24-hour variability factor to the 30-day variability
factor.

(3) Long-term monitoring 30-day averages from Plant #493 (Table 18-13).

(5) The VFR used in original regulation is confirmed by long-term data on alkaline
precipitatiorl of chromium ir& another subcategory (Tables A-9a-1, etc.)

(4) Industrial Wastewater System Performance (Table 8-12).

(2) EXisting regulations, 40 CFR 415.72 (Table 18-2).

(8) Applicable to BAT, and PSNS.

(6) VFR used in original regulation.



The maximum 3D-day average limitation for nickel is,

(0.40 mg/l) (8.5 mg/kkg) (kg/rn 3 ) = 0.0034 kg/kkg
(1000 mg/l)

The 24-hour maximum limitation for nickel is,

(0.80 mg/l) (8.5 m3 /kkg) (kg/m 3 ) = 0.0068 kg/kkg
(1000 mg/l)

c. Other Metals

The concentration basis for zinc is also given in Table
18-14. This and other similar metals will be effectively
removed by the BPT alkaline precipitation ste~. Copper,
silver, selenium, arsenic, and lead did not occur at
concentrations high enough to be treatable and are therefore
not regulated. An adequate removal of these metals is
expected with a BPT treatment system specifically designed
to provide optimum conditions for the precipitation of
nickel and chromium.

BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in BCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
unitl EPA revises the BCT methodology before promulgating BCT
limitations.

BAT Effluent Limitations

For BAT, the Agency is setting limitations equal to BPT, since the
cost of dual-media filtration is too high to justify the relatively
small additional toxic metal removal. The pollutants limited include
hexavalent chromium, total chromium and nickel which are the same as
presented in Table 18-14.

NSPS Effluent Limitations

For NSPS, the Agency is setting limitations equal to BPT, since the
cost of dual-media filtration is too high to justify the relatively
small additional toxic metal removal. The pollutants limited include
TSS, total chromium, hexavalent chromium, and nickel which are the
same as presented in Table 18-14.
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Pretreatment Standards

subcategory from pretreatment
(PSES) under the provisions of

Agreement because there are no

There is an existing pretreatment standard for new sources (PSNS)
in effect (40 CFR 415.176) which is based on BPT treatment. The
Agency is retaining this BPT treatment for NSPS and is limiting
total chromium, hexavalent chromium, and nickel as presented in
Table 18-14.

The Agency is excluding this
standard for existing sources
paragraph 8(b) of the Settlement
existing indirect dischargers.

B. New Sources

The Agency is promulgating pretreatment regulations th~t are equal to
NSPS in order to provide better removal of toxic metals than is
achieved by a well-operated POTW with secondary treatment installed.
These poll~tants would pass through a POTW in the absence of
pretreatment.

A. Existing Sources
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Maximum concentration of toxic pollutants found in screening at one
plant were:

SECTION 19

CARBON DIOXIDE INDUSTRY

pg/l

910
75
31

Pollutant

Zinc
Copper
Chromium

Summary of Determinations

We have determined that no further effort need be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Carbon Dioxide
Subcategory. The basis for this determination is that no toxic
pollutants were found at significant levels in the process related
wastewater during the screening of one plant. The subcategory is
excluded under Paragraph 8 of the Settlement Agreement.

Assessment of the Water pollution Potential

Production Processes and Effluent

status of Regulations

Subpart AF has been reserved for this subcategory.

Carbon dt"oxide is produced in gaseous, liquid, or solid form. Most of
the carbon dioxide is produced as a by-product of ammonia production.
A major portion of the carbon dioxide is used captively for producing
urea and secondary recovery of oil and natural gas. It is also used
for refigeration, in the food industry for the carbonation of
beverages, in fire extinguishing equipment, and oil well stimulation.

The process wastewater is derived from gas scrubbing and condensation.
The only toxic pollutant found at a significant concentration in the
raw waste during screening at one plant was zinc (910 pg/l). When the
data was reviewed with plant personnel, it was discovered that the
zinc level was due to zinc corrosion inhibitors and was not process
related. Control of zinc from this type of source is best achieved by
management on a case-by-case basis by the permitting authority. The
subcategory profile data is given in Table 19-1.



NA

NA

6 years

50 years

NA

NA

1,600 kkg/year

155,000 kkg/year

NA

NA

NA

12,194,000 kkg/year

1,819,000 kkg/year

105

12

713,947 kkg/year

558,667 kkg/year

59 percent

31 percent

CARBON DIOXIDE
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Max.inum

Vo1lm! per unit product:

Waste water flCM range:

TABLE 19-1.

Total subcategory capacity rate

Total subcategory production rate
Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representi.ng capacity

Representing production

Plant produetial ran;e =

MinimJm

MaximJm

Average product.i.on

Malian pxoduction

Average capacity utilization

Plant age range:

MirWtun

Max:i.nun

Sources of data are Stanford Research Institute, Directoxy of Chsni.cal
Producers, U. S .A., 1977, U. S. Depart::ment of o:mnerce, CUrrent Industrial
Rep'Jrts, DecEmber 1977; Energy am Erwi.ronmental Analysis, Inc.; Draft
Report, "Prelimi.naJ:y Ecxmani.c Assessrent of Effluent Limitations in the
Inorganic Chanica! Iniustry," June, 1978 and "Ecoronic Analysis of Proposed
Revised Effluent Guidelines and Standards for the Inorganic Chanicals Industry,"
March, 1980 •

NA = Not Available
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SECTION 20

CARBON MONOXIDE AND BY-PRODUCT HYDROGEN INDUSTRY

2590
820

1.4
1.2

Concentration (~g/l)Pollutant

Chromium
Zinc
Silver
Mercury

Carbon monoxide is produced as a result of production of hydrogen by
refining natural gas. It is also recovered from several gas sources
including partial combustion of oil or natural gas, coke oven gas,
blast furnace gas, water gas, and methane reformer gas.

The industry profile data is given in Table 20-1.

Summar~ of Determinations

We have determined that no further effort need be given to developing
BAT, NSPS, and Pretreatment regulations fo~ the Carbon Monoxide and
By-Product Hydrogen Subcategory. The basis for this determination is
that no toxic pollutants were found at significant levels in the
process related wastewater during the screenihg of one plant. The
subcategory is excluded under Paragraph 8 of the Settlement Agreement.

Assessment of the Water Pollution Potential

Production Processes and Effluents

Toxic pollutants detected in the raw waste during screening at one
plant were:

The only pollutants of significance in terms of waste loads are chrome
and zinc. However, those result from the additives used in cooling
water to inhibit corrosion,and are not process related. Control of
zinc and chromium from this type of source is best achieved by best
management practices on a case-by-case basis by the permiting
authority.

Status of Regulations

Subpart AG has been reserved for this subcategory.

The major use of carbon monoxide is for the m~nufacture of methanol.
It is also used in the production of ammonia, acetic acid, zinc white
pigments, and for reducing oxides for special steels and nickel
refining.



NA

NA

40 percent

8 years

19 years

NA

NA

47 k:kg/year

63,000 kkg/year

NA

NA

NA

ill,400 kkg/year

277,200 kkg/year

5

5

~ M)OOXIIE AND BY-PIOWCl' HYDRCXiEN

Maxinun

Volune per mdt pJ:CX1uct:

Maxinun

Waste water flow range:

Maxinun

Averaqe pmduct:ion

Melian production

Average caracity utilization

Plant age range:

TABLE 20~1
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TOtal sUbca:tegory capacity rate

TOtal subcategory production rate

Number of plants in this subcategozy

308 Data on file far

With total capacity of

with total pnxiuct:i.on of

Representing capacity

Representlnj production

Plant. pxoduction rao:Je:

SOurces of data are Stanfoxd Research Institute, Directory of Chemical
Pl:tx1ucersr U.S .A. I 1977 I U.s. Department of Q:llinerce, eurrent:. Industrial
Reports, Decenber 1977;1:nergy aId Envi.ro1Trental Analysis, Inc.1 Draft
Report, "Prel.Jminaxy EcOJDni.c Assessrent of Effluent IJmitations in the
Inorganic 01enica1 Iniustry, "June, 1978 and "Economic Analysis of Pro:POsed
Revised Effluent Guidelines and Standards for the loorganic Chanicals
Indust:J:y," March, 1980.

NA = Not Available



SECTION 21

COPPER SULFATE INDUSTRY

Industrial Profile

General Description

Most of the copper sulfate produced is sold in the merchant market,
consequently captive use is very small. Copper sulfate is produced
either as a liquid solution or dried crystals. It is used in
agriculture as a pesticide, and as an additive to copper-deficient
soils. It is also used in electroplating and petroleum refining, and
as a preservative for wood. Of the 16 plants in this industry, four
plants produce copper sulfate in significant quantities and account
for 70 percent of the total U.S. production. Two of these facilities
account for over 50 percent.

The industrial profile data for this subcategory are given in Table
21-1. The status of regulations prior to promulgation of this
regulation is summarized in Table 21-2.

Subcategorization

Primary subcategorization originally chosen for the inorganic
chemicals manufacturing category was based on the dominant chemical
produced. Other factors that were considered for subcategorization
were: raw materials, manufacturing processes, size and age of plants
and equipment, geographical location, water pollution control
technology and solid waste handling. A detailed discussion of these
factors is given in Section 4 of this document.

In the original study in 1974, the Agency had further subcategorized
the copper sulfate process by raw material, promulgating regulations
for pure copper and one for copper slag and copper refinery waste.
The conclusion made in this study was that there was no need to
subcategorize the copper sulfate industry beyond the dominant product.
This is because pure raw materials make complete recycle possible, and
using them will allow a plant to comply with effluent limitations
without operation of a treatment system, if the production process is
properly operated and maintained. Both types of raw material will be
adequately covered under one regulation.

General Process Description and Raw Materials

Copper sulfate is produced by reacting copper with sulfuric acid, air
and water. The gene~al reaction is:

( 1 )
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78 percent

o cubic meter/kkg

23 cubic neter/kkg

3 years

52 years

o cubic maters/day

45 cubic neters/day

45 kkg/year

9,100 kkg/year

2,100 kkg/year

790 kkg/year

63 percent

Indete1:nti.nate

27,300 kkg/year

16

10

33,850 kkg/year

21, 42~ kkg/year

CDPPER SULFA'lE

632

Maxim.:m
Volune per unit product:.:

waste water flow ran;e:

TABLE 21-1. SUBCATEXX>RY PROFILE DATA S\.lMMAR¥'

'lbtal subcatego:r:y' capacity rate

Total subcategory PJ=Oducti.cn rate

Number of plants in this subcategory

308 Data on file for

with total capacity of

with total production of
Representinq capacity

Representir]q pmduct..icn

Plant prod1Jction ~=

MinimJm

MaxiJrum

Average production
Median production

Average capacity utilization
Plant age ra:nqe:

.M:in.inun

Maxinun

SOUrces of data are Stanford Research Institute, Directory of Chanica.l
Producers, U.S.A., 1977, U.5. Department of camerce, current Industrial
RepJrts, Decsnber 1977; Energy arx1 Environmental Analysis, Inc.; Draft
RepJrt, "Pre1iminaIy Econanic Assessnent of Effluent L.imitations :in the
Inorganic Chanical Iniustry, llJune, 1978 and "Eo::mornic Analysis of Proposed
Revised Effluent Guidelines and Standarcs for the Inorganic Chanicals Industry, ff

March, 19 80.



NSPS

Max. Avg.

~y ~1

~

Max. Avq.
kg;kkq J<glJ«g

(m;/l) (nq/l)

BPC'l'C'A
Max.'l) Avq. (2)
kq/kkq kgAOO1
(m;/l) Cm;/l)
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COpper SUlfate

AJ (40 CFR415.360, 5/22/75)

eu 0.0006 0.0002

1'SS 0.069 0.023

eu 0.003 0.001

Ni 0.006 0.002

se O.OOlS 0.0005

Para
meters

TABLE 21-2. STATUS OF REGUIATICNS - EFFLtlEN1'~~ GUIDELINES

(1) - Max. = Maximum of any one day.

(2) - Avg. = Maxirnun average of daily values for thirty consecutive days.

Pure Raw
Materials
Precess
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Water Use

Waste Sources

waste stream, steam, water,
in oxidizer tanks at 1000C to
This solution is partially

refinery
treated

sulfate.

Noncontant cooling water is used to cool the crystallizers and
constitutes one of the main wastes. This waste stream should not
be contaminated by process leaks, and therefore can be discharged
without treatment.

A. Noncontact Cooling Water

Water is used in direct contact with copper sulfate production as the
reaction medium. A portion of it is evaporated to the atmosphere
during crystallization, while the remainder becomes part of the dry
product as its water of crystallization (hydration). Noncontact
cooling water, including steam condensate, constitutes the major water
use. This is used to cool the reactor and crystallizers. Water is
also used for pump seals and washdowns. Table 21-3 gives a summary of
plant water usages found in this study for facilities where
information was available from 30B-Questionnaire responses and
previous documents.

If pure copper is used as a raw material, the resulting copper sulfate
solution is pure enough to be either sold, or fed to crystallizers
producing copper sulfate crystals. If impure copper feed, or copper
refinery waste is used, the concentrated copper sulfate solution is
filtered to remove other metal impurities. This purified solution can
be sold as is or fed to the crystallizer. Copper sulfate crystals are
recovered by centrifugation, dried at approximately 1100C, screened
and then packed dry for sale. The mother liquor is recycled to the
evaporator or crystallizer with some being purged to prevent
impurities buildup. The purges are usually sold for metal recovery.

Figure 21-1 shows a general process flow diagram for the manufacture
of copper sulfate.

Water Use and Waste Source Characteristics

Various forms of copper feed material are used, from pure copper to
copper slag. The purity of raw materials significantly effects the
quality and quantity of raw waste generated. One plant does not start
with copper metal but uses a waste stream from a copper refinery which
consists of copper, s~lfuric acid, and a small amount of nickel. The
solution needs' to be strengthened by the addition of more copper but
the same general equation applies.

Copper metal and/or copper
sulfuric acid and air are
produce a solution of copper
concentrated by evaporation.
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Figure 21-1. General process flow diagram of the manufacture of copper sulfate.



TABLE 21-3. WATER USAGE IN COPPER SULFATE SUBCATEGORY

Water Usage at Plants (m3jkkg)

Source #034 #284 #313 (1) #069 #571

Process * 1.21 (2) 24.8 3.30 0.075
Contact

Noncontact 19.6 0 37.3 105 0
cooling

Maintenance 1. 25 (2) 0.35 0.28 3.77 0.017
Cleaning and
Was1ldcMn, PLmps
seals and Leaks

Steam 38.6 0 0 a a

Air Pollution a 0.52 a 0 0
Control

(1) Includes uses for other processes

(2) MaxilmDJ['[l - includes groundwater infiltration

* utilizes feed solution fran another industry
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Screening

C. Mother Liquor Purges

production
noncontact
discharged

to concentrate the
is an additional
This can also be

evaporators
condensate
the process.

A few plants use
solution. Steam
wastewater formed in
without treatment.

A small portion of the mother liquor is purged periodically from
the process to prevent buildup of metal impurities. The amount
of purge is variable and depends on the purity of feedstock.
These purges are processed to separate metallic salts,
particularly those of copper and nickel, from the impurities.
These recovered metallic salts are used for other processes while
the impurities are disposed of at an approved landfill.

Washdown, pump seal leaks, and spills are sources of contact
wastewater. These flows, however, are relatively small and
intermittent, and do not represent a major waste source.
Wastewaters emanating from this source are either combined with
the mother liquor, or treated and discharged.

Solid waste is generated in product purification by the
filtration step. This is necessary only for plants utilizing
impure copper, or copper refinery waste, as raw material. These
filter sludges contain metallic impurities or copper sulfides and
need disposal at an approved landfill.

Plants that produce copper sulfate in liquid form have no direct
contact waste streams from the process. Plants utilizing pure
copper feedstock are able to recycle most contact wastewaters and
generally have no discharge of contact wastes. Table 21-4
summarizes the quantities of wastewater that go to the treatment
facility, their sources, and the handling practices for plants
which do not discharge wastewaters. The data was taken from
30B-Questionnaire responses, previous development documents, and
industry visits.

Description of Plants Visited and Sampled

Plant #034 was visited and process wastewater and effluent samples
were collected and analyzed for conventional and toxic pollutants.
The process used at this plant is similar to that described earlier,
for one which utilizes a waste stream from a copper refining facility
as its feedstock. The feedstock is strengthened by the addition of
copper shot. The filter cake and wash water are sent to a settler

E. Sludge

B. WashQowns, Leaks, and Spills

D. Steam Condensate



TABLE 21-4. WASTE WATER F'.IaV FOR THE COPPER SULFATE SUBCATEOORY

Avg. waste Waste water
Water Flow to Handling
TreatnEnt Practice

Plant (m3,1kkg of CuS04)

#034 0.94 segregated treatment of
CuS04 waste (lime treatment)

#284 0.52 waste streams and treatnent
are CCI'lbined with other
mining, milling and man-
ufacturing pEOCeSs wastes.

* waste streams and treatnent#313 23.4
are CCI'lbined with other
net:al process wastes.

#069 4.01 waste streams ~ CXIlbined
wi1:h waste fJ:an other re-
agent grade processes and
discharged to sewer.

#571 0 No discharge of waste fran the
process (.recycle)

#885 0 No discharge of waste fran the
process (recycle)

#458 0 No discharge of waste fran the
prooes~ (.recycle)

#100 0 No discharge of waste fran the
process (recycle)

#969 0 No discharge of waste fran the
process (recycle)

#050 0 No discharge of waste fran the
process (recycle)

* Flow is for the eati::lined wa,ste from all process per kkg of CuSO4.
Actual aDDunt of flew ccntributed by CUS04 process is unavailabIe.
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where the cake and wash water are finally separated. The decant of
the settler is recycled back to the reactor, while the settled sludge
is sent to another process for melting. Mother liquor purges from the
centrifuge are also sent to other processes. Leaks, spills and
washdown water flow down to a sump in the basement of the facility
where it collects with contaminated groundwater, and is then pumped to
holding tanks. About one quarter of this wastewater volume is
comprised of contaminated groundwater from the immediate area. From
the holding tanks, the waste goes to the treatment facility where it
is treated with lime, filtered and discharged to a collection tank.

The uncontaminated steam condensate from the evaporator, and
noncontact cooling water from the crystallizer, are combined with the
effluent from the lime treatment in a collection tank. The combined
stream passes through a cloth filter for final polishing and is
discharged to a sewer. The filter residue from the filter press is
hauled to an approved landfill site. Figure 21-2 shows the general
process and treatment flow diagram with the location of the sampling
points. Table 21-5 presents flow data, total suspended solids (TSS),
and copper and nickel emissions for the various waste streams sampled
during screening.

Verification

Plant i034 was sampled again during the verification phase. Prior to
this, the system was changed so that only the efluent from lime
treatment goes to the collection tank and through the cloth filter.
This effluent then combines with the steam condensate and noncontact
cooling water waste streams after the cloth filter and discharges to
the sewer.

Figure 21-2 also shows this change, and the subsequent new sample
points for verification phase sampling. Table 21-5 also gives flow
and discharge data for various waste streams sampled during
verification.

Plant '034 was the only plant sa~pled for the copper sulfate
subcategory. During the program, an attempt was made to'locate Other
candidates for sampling. A search was conducted using the
308-Questionnaires, published materials and the telephone. Out of the
17 other facilities, 11 have no discharge of process wastewaters
(practice recycle); four plants were large multi-product complexes
with combined waste treatment systems where segregation of copper
sulfate process wastes was impossible; and two plants produced only
reagent grade product, and are therefore low volume producers.

Toxic Pollutant Concentrations

The following toxic pollutants were found at detectable concentrations
in the raw waste samples at copper sulfate Plant t034 during screening
and verification sampling.
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Figure 21-2. General process flOW' diagram at pla1lt #034 showi.n;J the sanp1ing IX>ints.
(Cq:lper sulfate manufacture.)



TABLE 21-5. FIDW AND POLLtJ'I'ANl' CCNCENTRATION DATA OF THE SAMPLED WASl'E
STREAMS FOR P:LANT #034 POODUCrnG (uPPER SULFATE

(2) Average of three daily grab sarrples e::atpJSited during the p3riod of
batch manufacturing and treatment process.

* Infiltration of ground water into the collection sump was suspected at
the time of sampling.

Cu Ni
(all in -k,g/kkg of CUS04)

euro waste * 1.25 0.087 4.2 0.254
Effluent fran 1.25 0.078 0.010 0.00053
line treatnent

Steam Condensate 0.209 0.00021 0.00016 0.000025

Verification (2)

CUSJ4 waste * 1.25 1.8 5.0 0.20

Effluent fran
li..ne treatIrent 1.25 0.030 0.0042 0.00038

Noncontact 14.2 0.11 0.024 0.0020
Cooling Water
and Stearn
COndensate

Screening (1)

5aIt1pled Unit Flow TSS
Stream ( m3!kkg of CuSJ~

Description
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3

3

1

2

1

2

(1) From grab sarrples catl;osited during the period of batch manufacturing
and treatment process.

stream
No.
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Q is the waste stream flow rate expressed in units of m3 /day.
(m 3 , a cubic meter, is equal to 264.2 U.S. gallons), and

C is the concentration of the pollutant expressed in units of
mg/l (Note: kg/m 3 = mg/l),

(C) (0)

Verification

1,300
127,000

2,500
940

3,940,000
2,200

136,000
17,000

NA

330
3,500

870
140

1,850,000
180

112,000
11,000

240

Screening

Maximum Raw Waste Concentration Observed
(~g/l)

where:

Unit loading {as kg of pollutant per =
kkg of copper sulfate)

No other organic toxic pollutants were found at significant
concentrations during screening sampling. Consequently, no organic
toxic pollutants were analyzed for in the verification phase.

NA = Not analyzed

A large portion of the raw wastewater at this plant consists of
groundwater which seeps and collects in the basement, along with leaks
and washdown water from the process. The groundwater is contaminated
from the surrounding area which is heavily industrialized. The
trichloroethane is presumed to be external contamination because this
chemical is not used in the process.

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the copper sulfate industry, a
total of six days of sampling were conducted at Plant 1034. Five
different sampling points were involved covering the various raw
wastes, and the intermediate and treated effluent streams. The
evaluation of toxic metal content of these process related waste
streams was based on 221 analytical data points. The screening for
toxic organic pollutants at Plant 1034 generated an additional 456
analytical data points. The unit loadings were calculated from the
waste stream flow rates measured or estimated at the time of sampling,
the measured pollutant concentration, and the reported copper sulfate
production rate.

That is,

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Zinc
1,1,1-trichloroethane

Pollutant
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P is the copper sulfate production rate expressed in units of
kkg/day (kkg is 1000 kg, a metric ton, which is equal to
2205 lbs).

Based on the total annual production rate of this subcategory and the
average waste load generated per unit product, the estimated total
pollutant raw waste loads generated each year for this subcategory are
as follows:

26
1,400

74
15

124,000
30

6,200
700

Waste Load (kg/year)

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

Pollutant

The average values are based on data from Plant 1034 where the
particular pollutant was found at concentrations greater than the
analytical detection limits and in significant concentrations since it
could be treated by an available treatment technology.

Pollution Abatement Options

Toxic Pollutants of Concern

The principal pollutant of concern is copper. The other toxic
pollutants found in plant wastewaters are closely related to the
purity of the copper and acid sources. The heavy metals cadmium,
nickel, zinc and, to a lesser extent, antimony,- chromium and lead,
which were found during field sampling, may originate as trace
impurities in copper scrap and other impure copper sources. Plants
utilizing pure copper shot would not experience a buildup of these
impurities in the mother liquor, and consequently would not generate a
waste stream containing these impurities. Arsenic was also found in
fairly high concentrations in the raw wastewater. A possible source
of arsenic, and other copper ore trace metals, is the use of sulfuric
acid made from sulfur dioxide produced in the roasting of copper
sulfide are. 1, 1rl-trichloroethane was found and several other trace
organic toxic pollutants were found in the raw waste at Plant 1034
which contains infiltrated groundwater. The general area around Plant
1034 is heavily industrialized. The local gcoundwater is known to be
contaminated with various organic compounds. Since there are no known
organic compounds used in the feedstock, or copper sulfate process

In Table 21-6, the toxic pollutant raw waste data are presented as the
average daily concentrations and the unit loading found during each
sampling at Plant 1034. The overall averages are also shown. It is
this overall average which is used as the average raw waste load from
the copper sulfate process in various calculations.



AWJ:'a9'I Daily Poll~ Ccncentratians~l~ found durin; 5aItpl.inq of
Plant to34

(JC9/kkij gr~4.5JizJ)

Pollutant St:r!9ninq (2) Verification (3) 0v8rall Average (4)

~,Sb 0.31 0.54 0.44
0.00069 0.0012 0.00095

~.AIl 3.5 44.0 24.0
0.0078 0.097 0.052

cadmiun. Cd 0.87 1.6 1.2
0.0019 0.0035 0.0027

~,Cu 1900 2200 2000
4.2 5.0 4.5

~, ib 0.18 0.78 0.48
0.00039 0.0018 0.0011

Nidtel, Ni 110 91.0 102
0.25 0.20 0.23

Zinc, zn 11.0 U.O 12.0
0.024 0.027 0.026

au:anium,~ 0.14 0.36 0.25
0.000030 0.000080 0.00055

sel8U.um,Se < 0.011 < 0.0050 < 0.008
< 0.000024 < 0.000011 < 0.000018

o::::tM:NrIQW,

TSS 39.0 790 410
0.087 1.80 0.92

(1) 'ltIe lt8~logy of the s~lin; program is described in section 5.1.2,
and Section 21.1.2 presents the sccpe of BalllPlinq in the copper
Sulfatei:¥iustty•

(2) screeni.n:; data fran one 72-hour grab o:rtt=JOSite saIlIlle of individual or
CCI'lbi.ned raw waste stmaIra.

(3) Verificatiat data fran three 24-oour grab CCJlp:lSita ~les, avvaged.
(4) i'hm averaqi.nq valU8lJ indicated as "leu than" «), the absolute value

was used and the resulting Average was in:iieAted ae A "less than" value.

644



itself, the organic toxic pollutants found ~t Plant #034 are atypical
and are related to the contaminated groUndwater. Selenium was not
detected in the raw waste at Plant #034. However, the average
concentration of selenium was 0.1 mg/l in the treated effluent for all
sampling trips. This phenomenon was also observed in previous studies
at this plant. The increase in selentum occurs in the treatment
operation and the source is presently unknown. It is apparent that
copper, arsenic, cadmium, chromium, lead, antimony, nickel and zinc
are typical pollutants encountered in coppet sulfate wastewaters, and
that selenium appears only in. the effluent ~fter lime treatment.

Process Modifications and Technology Transf~r Options

Mechanical scrapers could be installed on filters in plants using
impure raw materials. This would eliminate the need for backwashing
and the wastewater from this source would b~ eliminated. Installation
of these scrapers would constitute a small capital cost.

Best Management Practices

The best technology available for the treatment of copper sulfate
waste, where pure copper is used as the raw material, is tota~ recycle
of process waste. This would require floor dikes, plumbing and sumps
to segregate the wastes, and pumps and pipi~g for recycle.

The best technology for waste treatment where copper sulfate is
prepared from impure copper sources or copP~r refinery by-product is
collection of waste mother liquor and proce~s spills, washdowns, etc.,
followed by lime precipitation of metals, s~ttling of suspended solids
and filtration. This would require in~talling dikes, sewers, a
treatment tank, a settling tank, filter pre~ses, and associated piping
and pumps (2).

Prevailing Control and Treatment Practices

Plant #034 collects leaks, spills and washd~wn water in a basement
sump and pumps it to holding tanks having a combined volume of 6000
gallons. The batch is treated using lime neutralization and
precipitation and is filtered by a filter Dress. The filtrate, after
mixing with other streams, is polished further by passing through a
cloth filter and is finally discharged to a ,sewer. The filter cake is
hauled to a landfill.

Plant #284 sends mother liquor purges ~nd filter sludges to other
processes. Wastewaters from maintenance an~ dust control are combined
with a multitude of other process wastes and treated by lime
neutralization with aeration, followed by clarification before
discharge.

Plant #069, which produces a reagent grade product, sends periodic
purges and washdown water to a combined c~llection system with waste
water from various other products. Treatment consists of
neutralization and equalization of the wast~s and discharge to a POTW.
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Plan~ #313 also combines its wastewaters from copper sulfate
production with wastes from various other metal processes and
presently discharges the combined waste, after settling, to a pond. A
treatment system is being designed which uses lime precipitation at pH
10 followed by gravity separation and centrifugation to thicken the
sludge. The w~ste will then be neutralized to pH 6.5-7.5 and
discharged.

Plants ilDO, i969, i050, i458, #885, and is?1 have no discharge of
wastewater from the copper sulfate process.

Advanced Treatment Technologies

Copper, nickel, cadmium and zinc can be separated from solution by
alkaline precipitation at pH values from 7.2 (copper) to 9.7
(cadmium). Alternatively, sulfide precipitation can be used. These
metals can also be removed from clarified solutions by ion exchange,
but the metal ions remaining on the exchange resins or in the
regenerant solutions may create additional disposal problems. Removal
of trace metal concentrations by the xanthate process, although
possible, has not been used widely. Some reduction of arsenic
concentrations at high pH levels has been reported, although the
removal mechanism is not clear. More effective arsenic removal would
require the addition of ferric chloride during alkaline or sulfide
precipitation of the process wastes.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT, BAT, NSPS)

Alkaline precipitation using caustic soda in a batch process was
considered as the most effective technology for removal of heavy
metals and arsenic. The Agency selected Level 1 technology as
the basis for BPT because it represents the prevailing treatment
practice in this industry. All direct dischargers have BPT
installed. To accommodate a 40-hour, five-day production
schedule, the wastes are received in daily batches, and are
raised to pH 10, mixed, and settled. At the end of the workweek,
the batch is filtered and the pH adjusted to a range of 6 to 9.
Figure 21-3 shows the schematic flow diagram for Level 1
treatment.

B. Level 2

In the Level 2 treatment, the Level 1 system is supplemented by
the addition of ferrous sulfide in the reaction vessel following
alkaline precipitation, to increase the precipitation of trace
metals. Metallic hydroXides are allowed to form and settle in
the bottom of the reaction vessel. Then ferrous sulfide is mixed
in the reactor with residual metals. Following completion of
sulfide precipitation, filter aid is added while the mixture is
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being filtered through a filter press. As in Level 1, the pH is
adjusted and the filter effluent is discharged until the weekly
batch is exhausted.

This technology was not recommended, however, because Level 1
afforded adequate control and the additional reduction was not
sufficient to offset the additional cost. Figure 21-4 shows the
schematic flow diagram for Level 2 treatment. Further
information on estimated treatment system operation, costs and
effectiveness, may be found in the proposed Development Document
( 60) .

Equipment for Different Treatment Levels

A. Equipment Functions

At both levels the models are designed for batch operation. Each
dayr s wastes are transferred from holding sumps to a reaction
vessel for storage. At the end of a workweek the BPT treatment
of the accumulated waste consists of raising the pH to 10 with
caustic soda, mixing, and applying filter aid while filtering in
a filter press. After pH adjustment to the 6 to 9 range, the
filter effluent is discharged. In the Level 2 model the
equipment remains the same but precipitation is accomplished in
two steps.

B. Chemicals Used and Handling Precautions

Caustic soda solution is added manually to each batch until the
proper pH level is reached. In Level 2, batches of ferrous
sulfide are prepared by mixing ferrous sulfate and sodium
bisulfide in a well-ventilated area. Inert filter aid is applied
as a filter precoat and is added continuously during the
filtering process. With normal precautions there are no special
chemical handling problems in the treatment of copper sulfate
wastes.

C. Separation and Removal of Solids

All solids in both levels are collected as filter cake in the
filter press. At both levels ·the dewatered cake containing
metallic hydroxides, metallic sulfides, and spent filter aid is
hauled to an off-site chemical landfill.

D. Monitoring Requirements

Alkaline precipitation of the heavy metals is assured by bringing
the reaction vessel contents to the proper pH, as determined by
the operator, using field pH equipment. Periodic specific
analyses of the final effluent for toxic pollutants can be made
by atomic absorption methods through a commercial laboratory.
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Figure 21-3. Level 1 waste water treabnent for copper sulfate sulx::ategory
batch process.
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Treatment Cost Estimates

plant concept was
treatment consists

Copper sulfate production ranges from 45 kkg/yr to 9100 kkg/yr in
ten plants for which 308-Questionnaires were available. The
average of the ten plants is 2100 kkg/yr and the median
production is 790 kkg/yr. The operational mode for all these
plants is assumed to be batch and to run 250 days per year.

Hydroxide treatment to precipitate metals, followed by settling
and filtration.

Collection of wastewaters in a batch according to the production
mode.

The data on Table 21-4 for plants with a wastewater discharge
shows a unit flow range from 0.52 m3 /kkg of CuS04 to over 23
m3 /kkg of CuS0 4 • One plant flow is for reagent grade CuS04 and
so cannot be considered a normal waste flow. Only Plant #034 has
separate treatment for CUS0 4 wastewater, and the flow is the
median of those normal processes sending wastewater for
treatment. The wastewater unit flow used for the model plant is
0.94 m3 /kkg of CuS04 • All the other plants except t034 have
either no discharge of wastewater, combine their wastes with
other process wastes or produce reagent grade products.

For wastewater treatment cost estimates, one production level was
chosen as the model plant. This is the average production of
2100 kkg/year. One production level is sufficient because the
wastewaters will be collected in batches and treated as necessary
when the batch tanks are full. The amount of wastewater to be
treated at anyone time is then independent of the production
rate, although it will determine the frequency of treatment. All
known plants with production rates below the model plant rate
have no discharge of wastewaters from the copper sulfate process.

Copper hydroxide from filtration is the only solid waste that
required disposal. This waste must be disposed of in a chemical
landfill since the solids may contain other contaminants or
become oxidized and begin to migrate into the soil or

pH adjustment before discharge.

A. Production

To prepare treatment cost estimates, a model
developed for Level 1 technology. The BPT model
of:

General Discussion

B. Wastewater Flow

C. Solid Waste Generation
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Figure 21-4. Level 2 waste water treatment for cq;per sulfate sul:x:::ategoIY
batch process.



groundwater. Slimes from the mother liquor and copper sulfate
solid wastes are all recycled or sent to another facility for
metal recovery. There is no solid waste generation from
processes using pure copper raw material.

Based on sludge production of 5 lbs/day for 250 days/yr in the
model plant, the annual solids production is 558 kg, equivalent
to unit solids generation of 0.27 kg/kkg of product.

D, Treatment Chemicals

Caustic soda is required to precipitate metals and for pH
adjustment, For the model plant, the assumed caustic soda dosage
was 0.33 kg/kkg of copper sulfate.

Model Plant Cost Estimates

The cost estimate of the model plant having one level of treatment
(BPT) and one level of production is presented in Table 21-7. Table
21-B gives a summary of the unit cost distribution between
amortization and operation and maintenance cost components for Level 1
treatment.

Cost estimates developed for the first level of treatment (BPT, BAT,
NSPS) indicate that amortization and labor constitute a major portion
of the annual costs.

Basis for Regulations

Evaluation of BPT Treatment Practices

Copper sulfate can be manufactured using pure copper as the raw
material or an impure copper'raw material. Waste loads emanating from
the two sources differ greatly in that total recycle of process wastes
can be accomplished at plants using a pure copper source, while at
plants using an impure raw material, waste streams need to be removed
to some extent to avoid buildup of contaminants in the process.

Based on the process technology of total recycle at plants in this
study using pure raw material, the industry practices indicate that
the degree of waste control attainable is zero discharge of process
wastes.

A. Pollutant Removal with BPT Treatment

BPT technology for copper sulfate plants utilizing impure raw
materials is equivalent to Treatment Levell. Table 21-9
presents a summary of long-term effluent monitoring data for
Plant #034 ·on total suspended solids (TSS), copper, nickel, zinc,
arsenic and selenium. Means, standard deviations, and
variability factors are given where sufficient data are
available. These performance characteristics are later utilized
for the development of the regulations.
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Table 21-10 presents the toxic and conventional pollutant data
for effluent from the two samplings at plant #034 in the same
manner as Table 21-6 did for raw waste data. The ability of BPT
treatment to remove toxic pollutants can be estimated by
comparing the overall averages from Table 21-6 and 21-10. This
comparison is presented in Table 21-11 which also expresses the
removal efficiency as the calculated average percent removal
observed at this plant.

Table 21-11 shows that the treatment efficiency for removal of
copper, nickel, arsenic, cadmium and zinc is above 99.5 percent,
while removal for antimony is just slightly over ao percent. The
toxic pollution concentrations were at or below the lower limit
of concentration achieved by alkaline precipitation with the
exception of copper and nickel. These toxic metal pollutants
comprised the majority of the treatment loading which suggests
that the optimum conditions for metal hydroxide formation were
not being attained at the time of sampling. The thirteenfold
increase in selenium concentrations in the treated effluent
should be noted. This phenomenon was observed in previous
studies at this and other plants. The observed concentrations
appear to remain at the lowest achievable concentration for
alkaline precipitation. The source is presently unknown, but it
is suggested that the selenium may be introduced in the treatment
chemicals.

Treatment system performance data was unavailable for other
facilities generating a waste discharge because they combine
their wastes w~th other process wastes for treatment.

Basis for BPT Effluent Limitations

The BPT regulations for the Copper Sulfate Subcategory were
promulgated in 40 CFR 415.363. and are presently in effect (see Table
21-2). The technology basis for the existing BPT is alkaline
precipitation plus filtration and final pH adjustment before
discharge. Of the 16 plants in this subcategory, 10 are reported to
have no discharge, five are direct dischargers, and one is an indirect
discharger. All direct dischargers have BPT technology installed.

In the existing BPT regulations, the Agency has different limitations
for pure and impure raw materials processes. The Agency has eliminatd
this distinction for BPT and is not establishing different limits for
these processes in the BAT, BCT, NSPS, PSES and PSNS regulations.
This is because both processes are adequately covered by one
regulation, since the pure raw material process should, with proper
operation and design, comply without end of pipe treatment.

A. Flow Basis

The model plant BPT treatment system is based on an inflow rate
of 0.94 m3 /kkg. This is derived from the average flow of Plant
*034, and was the median of plants with a wastewater discharge
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TABLE 21-7. MODEL PLANT TREATMENT COSTS

Subcategory Copper Sulfate
Production 2,100 metric tons per year

o
o

o
o

o
o
o

a
o

a

o

o

o
o
o
o
o
o

a
o

o

o

($)
aPT

1,800
61,500
20,000

5,000

8,000
30

1,000
l2,li45

3,847
100

83,300
12,495

20,573

30,622

95,795
19,159

51,196

126,449
1,800

114,954
11,495

128,249

......

·.............·.............
·.............Subtotal

Subtotal
Contingencies

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Land ••• _•.••••••••••••••••••

Subtotal ••••••••••••••
Contractor's 0 & ph•••••••••

Site development ••••••••••.
Equipment ••••••••••••••••••
Monitoring equipment .••••••

TOTAL INVESTMENT COST ••••••

Energy .
Chemicals ••••.•••.••.•••.••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

TOTAL ANNUAL COST

A. INVESTMENT COST

tabor and supervision

B. OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

a Represents the incremental cost above that for BPT treatment
b Overhead and Prof it
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TABLE 21-8 MODEL PLANT UNIT TREATMENT COSTS

NSPSBAT*

LEVEL OF TREATMENT

BPTPRODUCTION
(kkg/yrl

Annual Treatment Costs ($/kkgl

Subcategory Copper Sulfate

COST ITEM

Annual Operation
and Maintenance 2,100 14.58 NA NA

Annual
Amortization 2,100 9.80 NA NA

Total Annual
Cost 2,100 24.38 NA NA

*Represents the incremental cost above 8PT. All plants ~tly
~t Bpr which is e;IUal to BAT/NSPS in this subcategOlY.



TABLE 21-9. SlHmRY OF .I.(H; TEBM IOU'l'()R]N; DATA FR:M PIANl' '034 (1)

Pollutant NaIiJer Ia1g Teml VF(2)
of M:nths Averages

(ng/l) (kq/kkg)

'lbta1 SUspended
Solids (TSS) 16 25.0 0.093 2.4

Cq:per 16 4.4 0.016 1.6

Nickel 16 0.36 0.0013 2.2

Zinc 16 O.U 0.00044 2.4

Arsenic 16 0.0012 0.0000044 3.4

selenium 15 0.0073 0.000027 6.2

lead 16 0.033 0.00012 2.5

(1) Values are for lIDlthl.y neasurement:s of the t:zeated effluent COIi:ri.ned
with ncnccntract cooling water and steam condensat:e discharges.

(2) Far JO-day average measw:atert:s, a nonnal distribution is 00tai.ned
and the var; all; lity factor is found by the expressim, VF := 1.0 +Z l S ).
wheJ:e X is the arithmetic nean and 5 is the arithmetic standard \ XJ
deviati.al. M1en the value of Z is 1.64, the var~ factor
is for ·95 percentile whj.d1 is used to set the max.i.Inum 30-day
average effluent limitation. Refer to section 8.2 for detailed discussion.
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from industrial grade CuS0 4 manufacturing processes. Four other
plants with wastewater discharges combine their waste with other
processes for treatment. All other plants either produce reagent
grade product, or have no discharge.

B. Selection Basis for Pollutants to be Regulated

The selection of pollutants for which numerical effluent
limitations were established was based on an evaluation of raw
waste data from the screening and verification sampling program.
The two major factors considered were: 1) individual raw waste
concentrations, and 2) the total subcategory raw waste loadings.

1. Raw Waste Pollutant Concentrations

A tabular summary of maximum raw waste concentrations found
in sampling is presented above. Data from screening
sampling was used to determine the need for verification
sampling. The maximum concentrations found during both
screening and verification are shown for comparison. As
previously discussed, selenium was not found in the raw
waste although it was present in the effluent. For each
pollutant, the maximum concentration observed gave a
preliminary indication of its potential significance in the
subcategory. On this basis, the preliminary selection of
candidates for regulation includes copper, nickel, zinc,
arsenic, cadmium, antimony, 1-1-1-trichloroethane, and lead
in decreasing order of their apparent pollution potential.
These pollutants were observed at least once during
screening at concentrations considered treatable in the
industry using one of the available treatment technology
options. The source of trichloroethane is presumed to be
groundwater contamination. It is not process related, and
was not considered for verification. In verification, the
same metals found during screening appeared along with the
addition of chromium. The other metals found exhibited
maximum concentrations that were considerably lower than
those treatable by available technologies.

2. Total Subcategory Raw Waste Pollutant Loadings

Pollutant raw waste loading data were used to evaluate the
overall magnitude of the pollution potential for the
subcategory. Data from the plant sampled are summarized in
Table 21-6. This information, coupled with the estimated
total copper" sulfate production rate of 27,300 kkg/year,
yielded the approximate total annual pollutant loading rates
for the subcategory shown above. This method of ranking the
pollution potential of the observed toxic metals confirms
the dominance of the eight toxic metals and ranks them as
copper, nickel, arsenic, zinc, cadmium, lead, antimony and
chromium in terms of both total mass loading and treatable
raw waste concentrations. The existing BPT regulations
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Average Daily Pollutant COrlcentra'tion and~ Found IJw:inq 5alrplil'lq of
Plant 11034(11

(lIrt~)

Toxic
(kljikkijo 0Js04 • SH20)

l'OIlUt:aD.ta SC:nlenin9 (2) Verificaticn (3) ovuaJ.l Average (4)

Ant.iJIcny 0.036 0.12 0.08
0.00008 0.00027 0.00018

Anenic < 0.02 0.OS1 0.038
< 0.00004 0.00013 0.000085

cadmium 0.001 0.0042 0.0026
0.000002 0.0000089 0.0000054

C1n1llium 0.005 0.017 O.Oll
0.00001 0.000038 0.000024

Qopper 4.6 1.9 3.3
0.010 0.0042 0.0072

tead 0.005 < 0.031 < O.OlS
0.00001 < 0.000069 0.00004

Nickel 0.24 0.17 0.20
0.00053 0.00038 0.00046

Zinc 0.016 0.02 0.018
0.000036 0.000044 0.00004

selenium 0.10 O.ll 0.10
0.00022 0.00024 0.00023

conventional Pollutant

'l'SS 35.0 13.7 24.0
0.078 0.03 0.054

(1) The effluent data presented here ccrnsporxls to the raw waste
data skDm in Table 2l~. 'l'he lTSthodology of ~ samplin; program
is described in section 5.1.2, am the scope of samplinq in the
industJ:y is described in section 21.3.3 COpper SUlfate.

(2) So:een.1nq data trail one 72-tn1r grab carposite sattple of treated
efflusnt.

(3) Verification data frail three 24-hcur grab amposite samples, av'eraged.

(4) ~ averaging values izldica'Ced as "less than" «),the absolute
va1tie was used and tb! resultinq average was indicated as a "less
than" val.ue.
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TABLE 21-11. AVERAGE POILUI'ANT LEVELS AND M'MJVAL EFFICIENCY roR PLAN!' #034

Subcategory: Copper Sulfate

Waste Water Flow = 1.25 m3/kkg

Pollutant .Raw waste Treated Effluent * Percent
(n¥3/1) (kg/kkg) (Irq/I) (kg/kkg) Raoova1

TSS 410 0.92 24.0 0.054 94

Copper 2000 4.5 3.3 0.0072 99 +

Nickel 102 0.23 0.20 0.00046 99+

AntinDny 0.44 0.00095 0.08 0.00018 81.6

Arsenic 24.0 0.052 0.038 0.000085 99 +

cadmium 1.2 0.0027 0.0026 0.0000054 99 +

C1ranium 0.25 0.00055 0.011 0.000024 96

read 0.48 O.OOll < 0.018 0.00004 96

Selenium < 0.008 0.000018 0.10 0.00023 Effluent
> Influent

Zinc 12.0 0.026 0.018 0.00004 99 +

* Before cart>ining with noncontact cooling and stearn condensate streams.
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included selenium limitations, although selenium was not
found to be a significant pollutant in raw wastes at Plant
4034. However, its continued presence in the effluent from
alkaline treatment in significant concentrations indicates
that selenium should continue to be included in the
pollutants to be regulated.

3. Final Selection of Pollutants to be Regulated

Originally, limitations were proposed for all the previously
mentioned significant toxic pollutants. The Agency has now
decided to promulgate regulations on copper, nickel and
selenium. Copper and nickel are the most predominant toxic
metals in the wastewater of this subcategory. The nature of
the treatment technology used by this industry is such that
the control of the dominant metals will ensure control of
all the toxic pollutants of concern. Further elaboration of
this subject may be found in Section 8 of this document. It
was also decided that selenium should continue to be
regulated where it is shown to be present in the effluent
and posing a potential problem. At plants where selenium is
not found at significant concentrations in the effluent, the
limitations would not apply. Because selenium was found
only in the effluent, and not in the raw waste at treatable
levels, it may not be directly related to the manufacturing
process.

Section 8 indicates that toxic metals can be divided into
two groups for pH optimization of alkaline precipitation,
and that control of one or more of the metals in each of
these groups, will ensure control of others in that group
(see Table 8-14). By controllng·both copper and nickel, the
two different metal groups are covered. Therefore, because
these two metals (copper and nickel) are the predominant
toxic pollutants in the raw waste, control of these
parameters will ensure control of all the metals previously
considered for limitations. The data from all the samplings
at Plant 1034 supports this.

Optimization of treatment conditions for nickel and copper
removal may cause a lack in performance of chromium control.
However, because of the relatively low incoming chromium
concentrations, the control of chromium should be adequate.
Although aresenic is not in either of the two groups, and
the incoming concentrations were the highest after copper
and nickel, the results of the sampling data show excellent
arsenic removal and very low effluent concentrations. Table
8-14 and Figure 7-1 indicate a pH around 10 would be optimum
for the control of pollutants in this subcategory.
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C. Basis of Pollutant Limitations

The BPT Effluent Limitations are presented in Table 21-12. Since
the existing BPT limitations are being retained, the
concentration bases for the maximum 30-day average and the daily
maximum are back calculated from the pollutant mass limitations
by applying the model plant flew rate of 0.94 m3 /kkg. The
variability factors used are consistent with those estimated from
the statistical analysis of treatability data (61).

1. Conventional Pollutant Limitations

a. pH

The treated effluent is te be controlled within the
range of pH 6.0 to 9.0. This limitation is based on
data presented in Appendix B of the proposed
Development Document (60) and the JRB study (52).

b. T88

The existing BPT maximum 3D-day average T88 limitation
is 0.023 kg/kkg. The corresponding concentration basis
is:

(0.23 kg/kkg) (1000 mg/l) = 24 mg/l
(0.94 m3 /kkg ) ( kg/m 3 )

The existing BPT daily maximum TSS limitation is 0.069
kg/kkg and the concentration basis is:

(0.023 kg/kkg) (1000 mg/l) = 73 mg/l
(0.94 m3 /kkg ) ( kg/m 3 )

The long-term average for TS8 is calculated from the
daily maximum concentration and the estimated
variability factor for daily measurements as follows:

(73 mg/l) = 20 mg/l
( 3 . 6 )

2. Toxic Pollutants

The effluent limitations for the selected toxic pollutants
are based on the existing BPT regulations for the Copper
Sulfate Subcategory. However, the separate limitation on
copper for the pure raw material process is being dropped
and the present limitations on T88, copper, nickel, and
selenium for the recovery process (Table 21-2) will apply to
both processes.
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c. Selenium

b. Nickel

(1000 mg/l) = 3.2 mg/l
( kg/m J )

The existing BPT maximum 30-day average effluent
limitation on nickel is 0.0020 kg/kkg. Using the model
plant unit flow rate of 0.94 m3 /kkg, the concentration
basis is calculated as:

The existing BPT maximum 3D/day average limitation on
selenium is 0.00050 kg/kkg. The concentration basis is
calculated as:

The long-term average for copper is then determined
from the estimated variability factor for daily
measurements:

The existing BPT daily maximum limitation is 0.0060
kg/kkg and the corresponding basis is:

The existing BPT maximum 3D-day average effluent
limitation on copper is 0.0010 kg/kkg. Applying the
model plant unit flow rate of 0.94 mJ/kkg, the
concentration basis is calculated as follows:

The expected long-term average concentration is
determined from the estimated· variability factor for
daily measurement:

Similarly, the existing BPT daily maximum limitation is
0.0030 kg/kkg, and the concentration basis becomes:

(6.4 mg/l) = 1.8 mg/l
( 3 . 6 )

(0.0030 kg/kkg)
( 0.94 m3 /kkg)

(3.2 mg/l) = 0.89 mg/l
( 3 • 6 )

(0.0020 kg/kkg) (1000 mg/l) = 2.1 mg/l
( 0.94 mJ/kkg ) ( kg/m J )

(0.0060 kg/kkg) (1000 mg/l) = 6.3 mg/l
( 0.94 mJ/kkg ) ( kg/m J )

(0.0010 kg/kkg) (1000 mg/l) = 1.1 mg/l
( 0.94 mJ/kkg ) ( kg/m J )

a. Copper



'mBLE 21-12. EFFllJENI' LIMITATICNS
Copper Sulfate 1

Best Practicable Control Technol~ Currently Available ( )
waste Water Flow; 0.94 m /kkg of CUS04

Concentration Basis
(ng/l)

Effluent timit
(kg/kkg)Pollutant

SuOCategory
Performance

(rrg/l)

VFR(2)

Max.
30-day
Avg.

24-hr.
Max.

Max.
3D-day
Avg.

24-hr.
Max.

0'\ Conventional Pollutant:
en
N

TSS 20 3.6/1.2 24 73 0.023 0.069

'Ibxic Pollutants:

Cower 0.89 3.6/1.2 1.1 3.2 0.0010 0.0030
Nickel 1.8 3.6/1.2 2.1 6.4 0.0020 0.0060
Selenium 0.44 3.6/1.2 0.53 1.6 0.00050 0.0015

(1) Based on tb= existing BPT l:imi.taticns, 40 CPR 415.360. Also applicable to NSPS.

(2) Ratio of the variability factor for daily rreasurarents to the variablility factor for
3D-Ciay average.
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Basis for BAT Effluent Limitations

~he existing BP1 daily maximum limitation is ~.~~~~

kg/kkg and the co~centration basis is:

from
daily

The expected long~term average is then determined
the estimated variability factor for
measurements:

(0.0015 kg/kkg) (1000 mg/l) = 1.6 mg/l
( 0.94 m3 /kkg ) ( kg/m 3 )

(1.6 mg/l) = 0.44 mg/l
( 3 . 6 )

While ~PA has not yet proposed or promulgated a revised BC7
methodology in response to toe American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in aCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
until EPA revises the BCT methodology before promulgating BCT
limitations.

The Agency is promulgating B~T limitations that are equal to the
existing BPT limitations for the selected toxic pollutants (copper,
nickel, and selenium) as indicated in Table 21-13. Also shown in
Table 21-13 are concentration guidance values for the other toxic
pollutants (arsenic, cadmium, zinc, chromium, lead, and antimony)
which do not have effluent limitations. The basis for these guidance
values are developed below woere treatability based performance
estimates for Level 1 treatment are presented.

(0.00050 kg/kkg) (1000 mg/l) = 0.53.mg/1
( 0.94 m3 /kkg ) ( kg/m 3 )

When the BAT regulations were recently proposed (60), toe Agency had
consider~d requiring more stringent limitations for the toxic
pollutants because the results of treatability studies (61) indicated
that Level 1 treatment system performance was better than the previous
BPT data base suggested. However, the actual achievability of this
improved performance is not sufficiently substantiated at present to
warrant the promulgation of more stringent limitations and, therefore,
the existing BPT limitations, with the Level 1 treatment technology
basis, are being promulgated for BAT.

Basis for BCT Effluent Limitatio~s



The Agency also considered control treatment Level 2 (sulfide
precipitation), but rejected this treatment because it removes only a
small additional amount of toxic metals which did not justify the
additional cost.

Basis for New Source Performance Standards

The Agency is promulgating New Source Performance Standards (NSPS)
based on treatment technology equivalent to BPT/BAT for the Copper
Sulfate Subcategory. The conventional pollutant limitations for TSS
are the same as shown for the existing BPT (BPCTCA) regulations in
Tables 21-2 and 21-12. Also, pH is limited to the range 6 to 9 as
based on data presented in Appendix B of the proposed Development
Document (60) and the JRB study (52). The toxic pollutant parameters
to be regulated are those identified in the development of the BPT/BAT
regulations as shown in Table 21-12 and the specific numerical
limitations proposed for NSPS are identical to those indicated for
BPT/BAT.

Basis for Pretreatment Standards

There is an existing PSES regulation, 40 CFR 415.364, which is based
on BPT. The Agency is amending that section in these final
regulations to establish the same effluent concentrations as were used
for the basis on BPT. In the original regulation, the concentrations
for copper were 0.5 mg/l as the maximum 30-day average and 1.0 mg/l as
the daily maximum. For nickel, the concentrations were 1.0 mg/l as
the maximum 30-day average and 2.0 mg/l as the daily maximum. Under
the amended PSES regulation, the concentrations for copper become 1.2
mg/l and 3.2 mg/l for the maximum 3D-day average and daily maximum,
respectively, and for nickel, 2.1 mg/l and 6.4 mg/l as shown in Table
21-13. Selenium is also regulated under the amended PSES regulation.

For new sources, the Agency is setting PSNS equal to NSPS as indicated
in Table 21-13. Copper, nickel, and selenium are regulated.

Pretreatment standards are necessary because BAT provides better
removal of toxic metals than is achieved by a well-operated POTW with
secondary treatment installed and, therefore, these pollutants would
pass through a POTW in the absence of pretreatment.

Basis for Level 1 Treatment Performance

A. Technology Basis

The screening and verification data were collected when the
filter in the treatment system was not operating properly; hence
the treated effluent data were not representative of the
performance achievable with precipitation/filtration technology
and, therefore, the basis for Level 1 performance was derived
from other sources of performance data. The treatability study
results (61) are summarized and incorporated with other data
submitted by industry, as well as the sampling data, and
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TABLE 21-13. EFFUJENI' LIMITATIOOS
Copper Sulfate 1

Best Available ~logy( )
Waste Water FION: 0.94 m /kkg of CuS04

Concentration Basis
(mg/l)

Effluent Limit
(kgjkkg)Pollutant

SUlx:atego:ry
Perfonnance

(ng/I)

VFR(2)

Max.
30-day
Avg.

24-hr.
Max.

Max.
30-day
Avg.

24-hr.
Max.

Copper 0.89 3.6/1.2 1.2 3.2 0.0010 0.0030
en Nickel 1.8 3.6/1.2 2.1 6.4 0.0020 0.0060en
U1 selenium 0.44 3.6/1.2 0.53 1.6 O~~Oi~) 0~~113)

Arsenic 0.20 4.0/1.2 0.24 0.80
cadmium 0.10 4.0/1.2 0.12 0.40 (3) (3)

Zinc 0.20 3.5/1.2 0.24 0.70 (3) (3)

Chranium 0.16 3.5/1.2 0.20 0.56 (3) (3)

Lead 0.050 3.5/1.2 0.060 0.18 (3) (3)

Anti.nony 0.40 4. 0/1. 2 0.48 1.6 (3) (3)

(1) Also aW1icable to PSES and PSNS.

(2) Ratio of'the variab1i1ity factor for daily neasurenents to the variablility factor for
30-day averages.

(3) No effluent limitation has been established.



presented in Tables 8-12 and 8-13. Where there was insufficient
data on a particular pollutant from these sources, the published
literature treatability data from Table 8-11 was used to estimate
performance.

The flow basis and the selection of pollutant parameters is the
same as that presented for the BPT limitations in this section.

B. Basis of Pollutant Control Guidance

1. Toxic Pollutants

The effluent control guidance for the selected toxic
pollutants are derived from estimated industry achievable
long-term averages (Tables 8-12 and 8-13), and literature
based treatability estimates (Table 8-11). This is
necessary because plant performance data from long-term
monitoring (Table 21-9) and the screening and verification
sampling (Table 21-10) do not reflect optimum operation of a
BPT system for removal of copper and nickel. In addition,
these sources show effluent concentrations below the lower
limit of treatability estimates for all the other toxic
metals.

Estimated effluent mass loadings for copper, nickel and
selenium are shown in Table 21-14 along with the
corresponding concentration basis. The performance levels
estimated on the basis of treatability data are better than
are presently achieved by dischargers in the Copper Sulfate
industry and the Agency does not have sufficiant evidence
that the improved performance can actually be achieved in
practice. The estimated performance is for guidance
purposes only. Also shown are the recommended concentration
bases for the other toxic metals. These are included as a
guidance reference, should the control of one or more of
these metals be found necessary in specific cases.

The concentration bases for copper, cadmium, zinc and
chromium are derived from estimated achievable long-term
industrial averages (Tables 8-12 and 8-13). Concentration
bases for nickel and arsenic are derived from the observed
concentrations from sampling of several Level 1 treatment
systems, supported by industry averages, while those for the
remaining metals of concern were derived from the lower
limit of the literature treatability estimates (Table 8-11).
This approach is used to estimate achievable performance and
provides for wider variations in the influent quality that
may be associated with different purities of copper feed
material or other process variables.

Variability factors used to calculate the maximum 3D-day
average and the daily maximum concentrations from long-term
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Therefore, the 24-hour maximum is calculated to be:

(0.30 mg/l) (1.2) = 0.36 mg/l

statistical analysis of data
study (61) for the Copper

VfR = 3.5 = 2.9
1:2

The effluent loadings for copper were determined using
a model plant flow of 0.94 mJ/kkg, with the maximum
30-day average concentration calculated as follows:

The variability factor ratio is the ratio of the daily
maximum variability factor and the 30-day average
variability factor or:

VFR = VF of daily measurements
VF of 3D-day averages

For copper the VFR is equal to:

The estimated achievable long-term average for copper
indicated in Table B-13 is 0.30 mg/l. This reflects
industry performance using Level 1 technology. This is
below the effluent level found during sampling of Plant
*034, indicating that the system was not being run at
its optimum performance. Therefore, using this
concentration value and a 3D-day variability factor of
1.2 from the copper sulfate treatability results for
copper (61), the maximum 30-day concentration basis is:

The 24-hour maximum variability factor derived from the
copper sulfate Treatability Study for copper (61) was
found to be 3.5. Therefore, using this variability
factor and the long-term average concentration of 0.30
mg/l, the daily maximum concentration is:

(0.30 mg/l) (3.5) = 1.1 mg/l

(2.9) (0".00034 kg/kkg) = 0.0010 kg/kkg

(0.36 mg/l) (0.94 mJ/kkg) (kg/m 3 ) = 0.00034 kg/kkg
( 1000 mg/l)

averages were determined by
presented in the Treatability
Sulfate Subcategory.

a. Copper



TABLE 21-14. GUIDAl'CE FOR EFFLUENT CONTROL
Copper Sulfate

Level 1 Techno1~'

Waste Water Flow: 0.94 m3jkkg of CuS04

IDng-Tenn Concentration Effluent Loading
Pollutant Average

VFR(4)
Basis (kgjkkg)

(ng/l) (reg/I)

Max Max
3D-day 24-hr 3D-day 24-hr
Avg Max Avg Max

Copper 0.30(1) 3.5/1.2 0.36 1.1 (5) (5)

Nickel 0.20(2) 4.0/1.2 0.24 0.80 (5) (5)

Selenium 0.10(3) 4.0/1.2 0.12 0.40
(5) (5)

Arsenic 0.20(2) 4.0/1.2 0.24 0.80 (5) (5)

Cadmium 0.10 (2) 4.0/1.2 0.12 0.40 (5) (5)

zinc 0.20 (1) 3.5/1. 2 0.24 0.70 (5) (5)

Chranium 0.16 (1) 3.5/1.2 0.20 0.56 (5) (S)

Lead 0.050 (3) 3.5/1.2 0.060 0.18 (5) (5)

AntiIrony 0.40(3) 4.0/1.2 0.48 1.6 (5) (5)

(1) Industry Long-Term Average (Table 8-13).

(2) Industry and Treatability Data (Table 8-12) •

(3) InNer limit of literature treatability data (Table 8-11) •

(4) Variability Factor Ratio: the ratio of the daily variability factor to
the nonthly variability factor based an statistical analysis of treatability
study data for copper sulfate (61).

(5) Indicates no control specification is needed.
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b. Nickel

The observed concentration of nickel in the effluent
samples from Level 1 treatment for both copper sulfate
and nickel sulfate was 0.20 mg/l. This supported by
other industry data using Level 1 technology (Table
8-12) and is used as the estimated achievable long-term
average. The 30-day average variability factor for
nickel is also 1.2. and the daily maximum variability
was 4.0. Therefore, the calculation of the maximum
30-day average concentration basis is:

(0.20 mg/U (1.2) = 0.24 mg/l

and the 24-hour maximum concentration is:

(0.20 mg/U (4.0) = 0.80 mg/l

The VFR for nickel is calculated as:

4.0 = 3.3
1:2

Therefore, the maximum 30-day average based on a flow
of 0.94 m3 /kkg is:

(0.24 mg/l) (0.94 m3 /kkg) (kg/m J ) = 0.00023 kg/kkg
(1000 mg/l)

and the 24-hour maximum is:

(3.3) (0.00023 kg/kkg) = 0.00076 kg/kkg

c. Selenium

Long-term monitoring and sampling data indicate
effluent quality either at or below the lower limit of
the estimated literature treatability data (Table
8-11). This lower limit of 0.1 mg/l was used as the
long-term average concentration because there was
insufficient industry data in Tables 8-12 and 8-13.
Using the same variability factors and rationale
applied to nickel, the maximum 30-day average
concentration basis is:

( O. 1a mg/l) (1. 2) = O. 12 mg/l

and the 24-hour maximum concentration is:

(0.10 mg/l) (4.0) = 0.40 mg/l

The effluent loading for the maximum 30-day average iS1
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(0.12 mg/l) (0.94 m3 /kkg) (kg/m 3 ) = 0.00011 kg/kkg
(1000 mg/l)

and for the 24-hour maximum:

(3.3)' (0.00011 kg/kkg) = 0.00038 kg/kkg

d. Arsenic

From the data in Table 8-12, the observed concentration
of arsenic in the effluent of Level 1 treatment for
copper indicated a value of 0.20 mg/I. Using the
variability factors from nickel, the maximum 3D-day
average concentration basis is:

(0.20 mg/I) (1.2) = 0.24 mg/I

and the 24-hour maximum is:

(0.20 mg/l) (4.0) = 0.80 mg/l

e. Cadmium

Industry data from metal finishing indicates an
effluent value of 0.10 mg/l using Levell technology.
This was used as the long-term average concentration
basis rather than the lower limit of literature
treatability estimates to account for more variation in
influent and treatment operation. Again, using
variability factors for nickel, the maximum 3D-day
average concentration basis is:

( O. 10 mg/I) (1. 2) = O. 12 mg/l

and the 24-hour maximum basis is:

(0.10 mg/l) (4.0) = 0.40 mg/l

f. Zinc

Industry averages from Tables 8-12 and 8-13 indicate a
long-term average concentration of 0.20 mg/l. Again,
using the variability factors for copper, the maximum
3D-day average concentration basis is:

(0.20 mg/l) (1.2) = 0.24 mg/l

and the 24-hour maximum concentration basis is:

(0.20 mg/l) (3.5) = 0.70 mg/l
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g. Chromium

Industry averages from Tables 8-12 and 8-13 indicate a
long-term average concentration of 0.16 mg/l. Again,
using the variability factors for copper, the maximum
30-day average concentration basis is:

(0.16 mg/l) (1.2) = 0.20 mg/l

and the 24-hour maximum concentration is:

(0.16 mg/l) (3.5) = 0.56 mg/l

h. Lead

From Table 8-11, the lower limit of treatability from
literature data shows a value of 0.05 mg/l. This was
used as the achievable long-term average concentration
for the same reasons as selenium. Using the
variability factors for copper, the maximum 30-day
average concentration basis is:

(0.05 mg/l) (1.2) = 0.060 mg/l

and the 24-hour maximum concentration basis is:

(0.05 mg/I) (3.5) = 0.18 mg/I

i. Antimony

The long-term average concentration value of 0.40 mg/l
was taken from the lower limit of literature
treatability data (Table 8-11) for the same reasons as
selenium. Using the variability factors for nickel,
the maximum 3D-day average concentration basis is:

(0.40 mg/l) (1.2) = 0.48 mg/l

and the 24-hour maximum concentration basis is:

(0.40 mg/I) (4.0) = 1.6 mg/I
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SECTION 22

NICKEL SULFATE INDUSTRY

Industrial Profile

General Description

Most of the nickel sulfate produced is sold in the merchant market.
The major use of nickel sulfate is in the metal plating industry, but
it is also used in the dyeing and printing of fabrics, and for
producing a patina on zinc and brass.

The industry profile data summary is given in Table 22-1, while the
status of regulations is summarized in Table 22-2.

Subcategorization

Several factors were originally considered in the subcategorization
process, such as raw materials, products, manufacturing process, size
and age of equipment, and water pollution control technology. The
conclusion was made that if effluent limitations were to be tied to
units of production, only subdivision by dominant product was viable
as a method of primary subcategorization. Option was left for further
subdivision, if necessary; however, this was not warranted in the
nickel sulfate industry.

General Process Description and Raw Materials

Nickel sulfate is produced by reacting various forms of nickel with
sulfuric acid. The general reaction is:

(l)

Two different types of raw materials are used to produce nickel
sulfate. Pure nickel or nickel oxide powder may be used as a pure
material source, while spent nickel catalysts, nickel plating
solutions or residues are impure sources.

The nickel sulfate produced when pure raw materials are used is
filtered and sold or processed further. This is done by heating the
solution to 3000C in a crystallizer to produce a solid nickel sulfate
product. This must be classified, dried, and screened before it is
ready for sale.

The use of impure raw materials produces a nickel sulfate solution
which must be treated sequentially with oxidizers, lime, and sulfides
to precipitate impurities which are then removed by filtration. The
nickel sulfate solution can be sold or it may be crystallized, and the
crystals classified, dried, and screened to produce solid nickel
sulfate for sale. Figure 22-1 shows a general process flow diagram
for the manufacture of nickel sulfate.
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(1) = "Fcotrmic Analysis of Prop:>sed Revised Effluent Guidelines and
Staniards for the Inorganic ChEmi.cals IndustIy," March, 1980.

(2) =SOurces of data are stanford Research Institute, DirEctory of Chani.cal
Producers, U.S.A., 1977

NA =Not Available

TABLE 22-1. SUBCATEGORY PROFILE DATA StM1ARY

3

48

1.5 cubic meters/day

17.0 cubic rreters/day

0.42 cubic meters/kkg

0.72 cubic meters/J.-.kg

Indetetminant

6,350 kkg/year

11

6

17,700 kkg/year

12,650 kkg/year

NA

NA

NA

45 kkg/year

5,900 kkg/year

2,100 kkg/year

1,600 kkg/year

71.5

NICKEL ~TESUB:ATEOORY

Total sul:x::ategory cap:lCity rate (1)

Total sub:::ategory production rate (1)

Nlm1ber of plants in this sul:x::ate.g::>ry (2)

308 I):I.ta on file for

With total ca~ity of

With total production of

Representing capiCity

~presenting production

Plant productial range:

MiniImJrn

Maximum

Average production

Medium produ=tion

Average capacity utilization

Plant age range:

MinimJm

Maximun

Waste water flow range:

l-tin:imJm

MaxirmJm

Volume per unit product:

Minimum

Maxim..un



TABLE 22-2. STATUS OF~CNS ... EFFLt1EN1' LIM:rTAXICN GtJIDELmES

~ Nickel SUlfate

StJEP.ARr MJ (40 CPR 415.470, 5/22/75)

M7\Nf5futlS

BK"lQ ~ NSPS
Max.1 Avq.2 Max. AVC]. Max. Avg.

Product Para- kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kgjkkg
Pi'OCeSs neters (nq/l) (nqJi) (m;/l) (m;/l) (ng/l) (n'q/l)

Pure
No~ No disc:harqe ~ discharqeRaw Nt

Materials
of pwwp3 or PMWP of pwwp

TSS N:J~ No disc:harqe 9J discharge
of pwwp of pwwp ~ pwwp

Dnpure 0.006 0.002RaW Nt
Materials

TSS 0.096_ 0.032

\tax.. • Max.imJm of any OIlS day.
2Avq• • Averaqe of daily values fer thirty O'JnSeCUt:ive days.
3
~ • Process wast:eM!ter p)llutant:s.
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Water Use and Waste Source Characteristics

Wate~ Use

Noncontact cooling water is used for nickel sulfate production in the
~eacto~ and crystallizers, and constitutes the major water use. Water
is used in direct process contact as a ~eaction component. A portion
of this water goes into the dry product as its water of
crystallization and the remainder is evaporated into the atmosphere.
Small amounts of water are used for maintenance purposes, washdowns,
cleanups, etc., and several plants use water in scrubbers for dust
control. Table 22-3 gives a summary of water usage for plants where
information was available from 308-Questionnaires and previous
documents.

Waste Sources

A. Noncontact Cooling Water

Noncontact cooling is the main source of wastewater. This stream
is usually not treated before discharge.

B. Direct Process Contact

Plants which use impure nickel raw materials generate a filter
sludge which is treated as a solid waste. They also generate a
small filter backwash waste stream with high impurity levels
which must be treated before discharge. The filter sludges from
processes using pure nickel can be recycled back to the process.
Mother liquor t and wastewate~ streams from dust control are also
recycled back to the process.

C. Maintenance

Washdowns, cleanups, spills, and pump leaks are perodic streams
and account for the remaining wastes produced by nickel sulfate
plants.

Table 22-3 also shows the unit flow of total wastewater generated
from the nickel sulfate process at each plant where this
information was available.

Description of Plants Visited and Sampled

Screening

Plant #369 was visited and process wastewater and effluent samples
were collected and analyzed for conventional and toxic pollutants.
The process used at Plant #369 is similar to that described earlier
and utilizes nickel oxide powder feedstock. Mother liquor is recycled
back to the reactor. Sources of wastewater consist of small
quantities of mother liquor from the filter press, washdown water,
leaks, and spills. Wastewater from the process area is collected in a

676



Figure 22-1. General process flaw diagram for nickel sulfate manufacture.

QC LAS

r-t.....-:S=C:,:RU=8=8::ER:.:.....r...-- WATD

r--:=:==~"-l---SPENT P\.ATINa SO~UT1OM

....._-r--.....:....t--- SODA ASH

I--...... SWOII

J----l~SWD..

t---__~EVAPORA1'ICWTANK - ........- ----' L..__..._~.;..I:---~~,...-

Lllfl---...'=~=:-:::':':::I
SULPID& --~L....:.:.::::;.;:;.~~.J

LIOUOl

677

_lSTUIII~====E[~~~~~~J!==suLP'URlcACIDAtR TREATING tANK OXIDIZER
CALCI1'E

SOLUTIO,. ..._ .....
PIIODUCl' ....

NICXIL
POWO!R---1....------,1.- -- STU"

NICX!L--~.L-_-,_-- --SUL,.URIc:
OXIDI ACID



TABLE 22-3. ~TER USE IN THE NICKEL &1LFATE gJECATEn:lRY

water Uses at Plants (m3/kkg)

Source #313* #069 #572 #369 #120 #603*

Direct Process 24.8 0.0098 0.35 0.751 4.01 814
Contact

Noncontact 37.3 1.67 4.98 0.417 13.6 2035
COoling
Niter

Maintenance 0.278 0.00196 0.896 0.094 Nil Nil
Cleaning and
N:lsl1io\'lls,
Pl.mp;, seals
and leaks

Air Pollution 0.278 0 0.498 0.094 1.28 0
COntrol
Waste Water

Wiste 23.4(1) .0196(1) 20.3(1)* 0.42(2) 0.72(2) NA
Witer
Flow to
Treatment

* = Flow data includes uses for other products.
(1)= Data source: 30a-euestionnaires
(2)= Data source: Plant visits
NA = Not Available
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tank and treated as a batch by adjusting the pH to about 12.5 using
sodium hydroxide. The precipitated metal hydroxides are allowed to
settle, and the supernatant is decanted to another tank, checked for
quality and discharged to a POTW. The sludge is hauled away to an
approved landfill. Figure 22-2 shows a general treatment system flow
diagram with the location of the sampling points. Table 22-4 gives
data on flow, total suspended solids (TS5), and nickel and copper
emissions for the waste streams sampled during screening.

Verification

Plants #572 and #120 were visited and sampled during the verification
phase of the program. At Plant #572, pure nickel oxide is used as the
raw feedstock. The wastewater streams discharge on a batch basis and
are collected together in a floor drain. The wastes consist of
washdowns, leaks, and air scrubber water which are collected in an
equalization tank. In the equalization tank, alkaline wastes from
another process are mixed in and the pH is raised to 10. Solids are
allowed to settle and the clear supernatant is discharged to a POTW.

Plant #120 uses nickel oxide powder and impure nickel as raw
materials. Wastewaters from the nickel sulfate process emanate from
the filter waSh, air scrubber, washdowns, and leaks, and are sent to
the treatment system. The raw wastes are mixed with other plant
nickel raw wastes prior to treatment. This consists of pH adjustment
to precipitate nickel and other trace metals followed by sand
filtration.

Figures 22-3 and 22-4 show the general treatment system flow diagram
with the waste streams sampled for Plants 1572 and 1120, respectively.
Table 22-4 also shows the waste stream flow and waste characteristics
for both plants. The data for Plant 1572 are presented on a
concentration basis only, because a representative flow value for the
sampling point was unavailable.

Summary of Toxic Pollutant Data

Seven toxic pollutants were found at detectable concentrations in the
raw waste sample from nickel sulfate at Plant #369. Six of these
toxic metals were verified in the raw waste at two other nickel
sulfate plants. In addition, two more toxic pollutants were observed
at detectable concentrations in the raw waste during verification
sampling. No toxic organics were found at detectable concentrations
in the raw waste at Plant #369. Consequently, organic toxic
pollutants were not sought in th~ verification phase. The results
were:
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Figure 22-2. General waste water treatIrent process flow diagram sl'x:wing
sanpling points at plant '369. (Nickel sulfate sdx::ategory.)



TABLE 22-4. FLOW.AND FOLLUTANT CONCENl'RATION DA.TA OF THE SAMPLED WP1SrE
S1'RFAMS FOR PLANTS PRJWCING NICKEL SULFATE

~y NICKEL SULFATE

sampled Flow TSS Ni Cu
Stream Stream

(~t) (kg~) (kg~ (~)No. Description
Ni~~4 Niro NiSo

Screening ~ta (1) Plant #:369

1 Raw untreated waste 0.42 0.093 0.073 0.030

2 Treated waste 0.42 0.045 0.00058 0.0076
verification rata
Plant #:120 (2)

1 Paw NiS04 mste 0.72 0.031 0.035 0.00016

2 All Nickel raw 0.72 0.05 0.0089 <0.0000036
mstes*

3 Treated eff1uent* 0.72 0.0031 0.00014 0.000031

Plant #572(3) (mg/1)

1 Scrobber W3.ste 3.2 1100 .04

(1) = One grab sanp1e of each waste water stream representing a
canpJsited batch sample of that day's nickel sulfate pro:iuction.

(2) = Average of three 24-lDur a::mp::>site samples of each mste water
stream.

(3) = Flow data \'as unavailable. Only waste water quality is presente:l
here.

* = ~ stream is a o::mning1ed waste water. The flow given is the anount
contrihlted by the nickel sulfate plant.
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Figure 22-4. General waste water treatment process flow diagram at plant #120
showing the sanpling points. (Nickel sulfate manufacture.)
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Q is the waste stream flow rate expressed in units of m3 /day,
(m 3 , a cubic meter, is equal to 264.2 U.S. gallons) and P is the
nickel sulfate production rate expressed in units of kkg/day (kkg
is 1000 kg, a metric ton, which is equal to 2205 pounds).

The average values are based on data from those plants where the
particular pollutant was found at detectable concentrations.

In Table 22-5, the toxic pollutant raw waste data are presented as the
average daily concentrations and the unit loading found at tt~

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the nickel sulfate industry, a
total of seven days of sampling were conducted at Plants #369, #572
and #120. Nine different sampling points were involved covering the
raw waste source, the various raw waste streams, and the treated
effluents at these plants. The evaluation of toxic metal content of
these process-related waste streams was based on 195 analytical data
points. The screening for toxic organic pollutants at Plant #369
generated an additional 342 analytical data points. The unit loadings
were calculated from the reported nickel sulfate production rate, the
waste stream flow rate measured or estimated at the time of sampling,
and the measured pollutant concentration.

(C) (Q)
1000 (P)

1,115,000
355

20
18

120
10

160
141
382

Verification (2 Plants)
Plants #572 and #120

175,500
73,300

1, 300
476

55
1.0
9.0

10
430

Screening
Plant #369

concentration of the pollutant expressed in limits of
kg/m 3 , = 1000 mg/I), and

Maximum Concentration Observed
("g/l)

where:

C is the
mg/l (Note:

That is,

Unit loading (as kg of pollutant per =
kkg of nickel sulfate)

Nickel
Copper
Chromium
Antimony
Lead
Mercury
Cadmium
Selenium
Zinc

Pollutant
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The toxic pollutants present in a nickel sulfate process wastewater
depend upon the purity of the sources and the nature of the raw
materials being used, which vary with time.

individual plants, with the exception of Plant #572 which presents
only the concentrations. The overall averages are also shown and are
calculated only for Plants #369 and #120, because they represent total
composited wastewater from the entire NiS04 process, while Plant #572
data are for one of several sources.

Waste Load (kg/year)

1. 27
0.22
0.018
1.72

95.2
0.19

343
< 0.17

0.48

total annual production rate of this subcategory (See
the average waste load generated per unit product, the
pollutant raw waste loads generated each year for this
as follows:

Pollutant

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Selenium
Zinc

Mercury is not included in this list as it was found at a detectable
concentration only in the one stream at Plant #572. This stream is
shared with another nickel compound process using different source
materials. Cross contamination is suspected. Since mercury was found
below detectable concentrations in all other nickel sulfate waste
water, using Plant #572 would yield an erroneously high average. This
would subsequently show an unrepresentative yearly waste load in the
previous table. Based on the reliable data, mercury is not a
pollutant of concern in the nickel sulfate industry.

Pollution Abatement Options

Toxic Pollutants of Concern

Based on the
Table 22-1) and
estimated total
subcategory are

If impure raw materials are used, most of the heavy metal impurities
will be removed in the purification process, handled and disposed of
as solid sludge. These impurities build up in the mother liquor and
subsequently appear in purges, leaks, and washdowns. The toxic metals
such as nickel and copper, and to a lesser extent antimony, arsenic,
cadmium, chromium, lead, selenium, and zinc found in the wastewaters
during sampling originate in the raw material source. Pure raw
materials make complete recycle possible, allowing plants using these
materials to comply with the effluent limitations without operation of
a treatment system provided the manufacturing process used is properly
designed, operated, and maintained.



~; Nic:kal Sulfate

Awnge Daily Pollutant Corlcentra1:kms and taldin;s at
Plana Sanp].ed ell -

(;61)
(kkq ot N 4' '7826)

Pollutant 1369(6) tl2il(Vl tS12(21~l'!'j Overall (3) +
i "tt;- AverBlJ'I-r~' -,',

AntmDny 0.48 • v- 0.018 0.48": .~'

0.00020 0.00020
"

AtHnic 0 0.049 ;'. 0.049
0.Q()OQ3S 0.0000035

Coac1n:i.un 0.009 0.0027 0.16 0.0058
0.0000038 0.00000l9 0.0000028

ChmniID 1.3 0.012 * 0.66
0.00054 0.0000086 o.ooo:n

~ 73.3, 0.22 0.Q4 36.8
0.030 0.00016 O.OlS

Lead 0.055 0.052 0.097 0.054
0.000022 0.000038 0.000030

Mercury • • 0.01 •
Nickel 176 49.2 uoo U2

0.073 0.035 0.054
StieniUll < 0.010 0.069 0.009 < 0.04

< 0.0000041 0.00005 < 0.000021

Thallitm 0.021 * • 0.021
0.0000088 0 0.0000088

Zinc 0.27 0.055 0.J8 0.16
0.00011 0.00004 0.000075

(S) - screen:inJ data f1:c:m CX18 gnb ~ita ~le of the batch procea
carbined raw wute 8treanw.

(V) - Verification data f%Qll three 24-hoUl:' cx:Ilp)Sita 8aIlP1es, avenged, fran
each raw waste~ point..

• - CorIcen:t:,rat:ion belalr~t leWl.
(ll - The met:hl::lc:blogy of the~ p10ll:Z:U1 is described in sectian 5.1.2,

and Sec1:ion 22.3.3 pAlents the sccpe of &alIIllizlq in the 'Nickel Sulfate
induSt%y.

f-.-"--(2) - Da;ta for Plant 1572 18 presented in a:mcentrat;1on basis only.
-' (3) - Average of Plants '369 and IUO only.

... - ~ averaqing valUl!lll indica:ted as "less than" «I, the absolute value
was~ and the :te8UltiJ'lg avenge WQ i.n:Iica.t.ed as a "less then" vUua.
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Process Modifications and Technology Transfer Options

Prevailing Control and Treatment Practices

Plant #572 also combines wastes from the air scrubbers, lea~s, and
washdowns. These wastewaters are sent to an equalization tank where
they are mixed with alkaline wastes to raise the pH to 10. After
settling, the wastewaters are discharged to a POTW.

grade product, -sends periodic
combined collection system with

Best Management Practices

The best technology for the treatment of wastewater from processes
using pure raw materials is recycle of all process waters. To
implement this treatment, recycle piping and pumping are needed.

Mechanical scrapers should be installed on filters at plants which use
impure raw materials. This would eliminate the backwash and reduce
the amount of wastewater produced. Solids would need to be disposed
of in a secure landfill. Installation of the scrapers would incur
only a small capital cost.

Plant #369 sends filter leaks and wash water to a collection tank.
When the batch manufacturing process is complete, the collected waste
is treated with caustic soda to pH 12.5. The metals are precipitated
as hydroxides, settled, and the sludge disposed of at an approved
landfill. The supernatant is sampled and analyzed before discharge to
a POTW.

The best technology available where nickel sulfate is manufactured
from impure plating solutions is caustic soda addition to precipitate
nickel and other metallic hydroxides, followed by sand filtration to
remove the suspended solids. This requires installing treatment
tanks, filters, pH control equipment, and related piping and pumps.

Wastewater .quality for an air pollution control scrubber at Plant #572
is shown in Table 22-5. However, this source is not used to evaluate
raw waste data, since it is only one of several sources and does not
represent a total wastewater stream. This scrubber also serves in
another nickel compound manufacturing process alternately with nickel
sulfate so it cannot be considered totally representative of the
process of interest.

No toxic organic pollutants were found in the process-related waste
streams at significant concentrations.
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Plant #069, which produces a reagent
purges and washdown water to a

Plant 4120 wastewaters are generated from leaks, washdowns, filter
wash, and air scrubbers. These are combined with other nickel process
wastes and treated with caustic soda to precipitate trace metals. The
waste is then treated by filtration followed by pH adjustment prior to
final discharge. .



wastewater from numerous other products. Treatment consists of
neutralization and equalization of the wastes prior to discharge to a
POTW.

Plant #313 also combines its wastewaters from nickel sulfate
production with wastes from various other metal processes and
presently discharges the combined waste after a period of settling in
a pond. A treatment system is being designed which uses lime
precipitation at pH 10 followed by gravity separation. Centrifugation
is to be used to thicken the sludge. The clarified wastewater will
then be neutralized to pH 6.5 - 7.5 and discharged.

Plant #603 has no discharge of wastewaters from the nickel sulfate
process.

Advanced Treatment Technologies

Alkaline precipitation will remove nickel and most other heavy metals
from solution, allowing them to be settled and filtered in successive
steps. Nickel and the common heavy metals (except chromium) can also
be precipitated as metallic sulfides, for later separation by settling
and filtration. Sulfide precipitation generally yields lower
concentrations of the metals in the final effluent.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT, BAT, NSPS)

Level 1 consists of alkaline precipitation with caustic soda,
followed by filtration. The system is operated as a batch
process. This technology is generally the treatment practice in
place within this industry. For evaluating Level 1 treatment,
the Agency has developed two models--one for high production
plants (7,000 kkg/year), and another for low (900 kkg/year) and
medium production (4,000 kkg/year) plants--the difference being
in the method of filtration. Flow diagrams for these models are
shown in Figures 22-5 and 22-6.

B. Level 2

In proposed Level 2 treatment, the Level system was to be
supplemented by the additional step of sulfide precipitation with
ferrous sulfide after alkaline precipitation. However, this
technology was not employed, because Level 1 affords adequate
control and the additional pollutant reduction was not sufficient
to offset the additional cost. Proposed models for this
technology are shown in Figures 22-7 and 22-8. Further
information on estimated treatment system operation costs and
effectiveness may be found in the pLoposed Development Document
( 60) .
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Equipment for Different Production Levels

A. Equipment Functions

In both Level 1 models, wastes are received in a one-day holding
tank or wastewater collection sump which is drained each day to a
reaction vessel. At the end of a normal work week, the contents
of the reaction vessel are raised to about pH 10 with caustic
soda and thoroughly mixed. In the high production model, the
contents of the reaction tank are allowed to settle and the
supernatant is filtered through a dual-media filter, while the
precipitates are filtered through a high pressure filter.
Filtrate from the dual-media filter is adjusted to a pH from 6-9
and is discharged as a final effluent. Filtrate from the high
pressure filter is recycled to the holding tank.

In the low and medium production models, the entire contents of
the reaction tank are sent through the high pressure filter after
mixing. The filtrate is adjusted for pH and discharged, while
sludge is sent to a landfill. Filter backwash is recycled to the
holding tank.

B. Chemicals and Handling

Caustic soda in solution form is used for alkaline precipitation
to form insoluble metallic hydroxides. The choice of caustic
soda avoids precipitating calcium sulfate, as would occur with
lime application. Caustic soda solution is handled in
conventional equipment, or is drawn in batches from shipping
containers when small volumes are needed.

C. Separation and Removal of Solids

In the low and midrange production models at both levels,
essentially all solids are collected in a filter press, which is
cleaned periodically. The dewatered sludge is hauled to a
chemical landfill. In the larger model plant, backwash from
cleaning the dual-media filter returns to the influent holding
tank, from which the suspended solids pass via the reaction tank
to the sludge filter press.

D. Monitoring Requirements

Satisfactory separation of heavy metals can be assured by
maintaining the proper react~on pH, which can be determined
manually on each batch, using simple field equipment. For
reporting purposes, occasional monitoring of nickel and copper in
the effluent should be done by atomic absorption methods.
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Treatment Cost Estimates

General Discussion

To prepare treatment cost estimates, a model plant concept was
developed for Level 1 technolo.gy as follows:

A. Wastewater Flow

Table 22-3 shows the wastewater discharged to treatment for five
plants. The unit wastewater flow for the two single waste source
plants ranged from 0.42 m~/kkg of NiSO. to 0.71 m3 /kkg of NiSO•.
For the model plant cost estimates, a production-weighted average
of 0.68 m3 /kkg for the two plants was used. This was
accomplished by multiplying the unit flow of each plant by its
daily production, adding the resultant values and dividing by the
total production of the two plants, which results in these values
being representative of the different production level plants.

B. Production

Nickel sulfate production ranges from 45 kkg/yr to 5,900 kkg/yr
in the plants for which the 30a-Questionnaires were available.
The average production for these six plants was 2,100 kkg/yr, the
median was 1,600 kkg/yr. For wastewater treatment cost
estimates, three production levels were selected as model plants.
These are 900 kkg/yr, 4,000 kkg/yr, and 7,000 kkg/yr. The mode
of operation at all nickel sulfate plants is the batch process
and, for the model plant, is assumed to operate for 250
days/year.

C. Solid Waste Generation

Solid wastes are generated from the filtration and settling of
metals from the nickel sulfate solution. The solids can be
recycled to the process for reuse when pure raw materials are
used. If the solids are not recycled, they are disposed of in an
industrial landfill. The quantity of solids generated is 0.39
kg/kkg of nickel sulfate.

O. Treatment Chemicals

Caustic is required for neutralization to precipitate the metals
as their hydroxides. Acid is needed for pH adjustment before
final discharge. For the model plant, these practices were
estimated to use 0.016 kg/kkg and 0.00010 kg/kkg, respectively.

Model Plant Control Costs

The cost estimates for three models having different production levels
are presented in Tables 22-6, 22-7, and 22-8.
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Table 22-9 gives a summary of the unit cost distribution between
amortization and operation and maintenance cost components at various
production rates and levels of treatment.

Cost estimates developed for the first level of treatment (BPT, BAT,
N$PS) indicate that at low production levels, labor cost has a
significant impact on the total annual costs. At a medium production
level, amortization, operation, and maintenance costs are the
important factors in the annual costs. At a high production level,
amortization cost is the significant factor in the annual costs.

Basis for Regulations

Evaluation of BPT Treatment Practices

Nickel sulfate can be manufactured using pure nickel as the raw
material or an impure nickel raw material. Waste loads emanating from
the two sources differ in that total recycle of process wastes can be
accomplished at plants using a pure nickel source, while at plants
using an impure raw material, waste streams need to be purged
periodically to avoid build-up of contaminants in the process.

A. Pollutant Removal with BPT Treatment

BPT technology for nickel sulfate plants utilizing impure raw
materials is equivalent to treatment Levell. Table 22-10
presents the toxic pollutant treated effluent data for both
Plants #369 and #120 in a similar manner as Table 22-5 presented
the raw waste data. In evaluating BPT treatment the data from
Plant #120 was used, rather than Plant #369, or overall average
data. This is because the treatment at Plant #120 represents a
typical BPT system, while Plant #369 has no filtration before
discharge to a PQTW. Long-term effluent monitoring data for
Plant #120 can be found in Tables A-15a through A-15d. The data
is for nickel only and is presented in concentration and daily
loading units for both daily and monthly measurements.

In comparing raw waste and effluent data (Tables 22-4, 22-5, and
22-10), BPT treatment gave a suspended solids removal of over 93
percent, while the toxic metals nickel and copper had over 98
percent removal. All of the toxic pollutant concentration were
below the lower limit of treatability-based achievable
concentrations. Many of the toxic metals from the effluent of
Plant #369 were below BPT based achievable levels, with only
hydroxide precipitation and settling.

Basis for BPT Effluent Limitations

BPT regulations for the Nickel Sulfate Subcategory are presently in
effect, 40 CFR 415.472 (See Table 22-2). The technology basis for the
existing BPT is alkaline precipitation plus dual-media filtration and
final pH adjustment before discharge. Most direct dischargers in this
subcategory have installed BPT technology or equivalent.
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TABLE 22-6. MODEL PLANT TREATMENT COSTS

($ )
A. INVESTMENT COST BPT BAT a

Site development ........... 1,200 0
Equipment .................. 35,000 0
Monitoring equipment ....... 20,000 0

Subtotal ·............. 51i,200 0
Contractor's o & pb ••••••••• 8,430 0

Subtotal ·............. 64,630 0
Engineering .............., . 12,926 a

Subtota1 ·............. 77,551; 0
Contingencies ·............. 7,756 0

Subtotal ·............. 85,312 0
Land ••••••••••••••.••••••••• 1,200 0

TOTAL INVESTMENT COST ...... 86,512 0

B. OPERATION AND
MAINTENANCE COST

Labor and supervision ...... 8,000 0
Energy ••••••••••••••••••••• 30 0
Chemicals .................. 200 0
Maintenance ................ 8,531 0
Taxes and insurance ........ 2,595 0
Residual waste disposal .... 100 0
Monitoring, analysis

and reporting • • • • • • • • • • • • • 5,000 a

TOTAL OPERATION AND
MAINTENANCE COST 24,457 a

C. AMORTIZATION OF
INVESTMENT COST 13,880 0

TOTAL ANNUAL COST 38,337 0

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

Subcategory
Production

Nickel Sulfate
900 metric tons per year
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Represents the incremental cost above that for BPT treatment
Overhead and Profit

TABLE 22-7. MODEL PLANT TREATMENT COSTS

o

o

8,000 0
40 0

900 0
14,011 0

4,257 0
100 0

5,000 0

32,308 0

22,79ry

55,105

($)
BPT BAT a

1,800 0
70,500 0
20,000 0

92,300 0
13,845 0

10i;,145 0
21,229 0

127,374 0
12,737 0

140,111 0
1,800 0

141,911 0

......

Nickel Sulfate
4,000 metric tons per year

TOTAL OPERATION AND
MAINTENANCE COST

Ene rgy .
Chemicals ••••.•••••••••••••
Maintenance •••••.••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Subtotal

Subtotal •••••..•••••••
Engineering ••••••.•••••••••

Subtotal ••••••••••••••
Contractor1s 0 & pb•••••••••

Site development •••••••••••
Equi pment .............. • '•••••
Monitoring equipment •••••••

TOTAL INVESTMENT COST ••••••

Subtotal
Contingencies

La nd ••••••••••••••••••••••••

TOTAL ANNUAL COST

A. INVESTMENT COST

Subcategory
Production

Labor and supervision

B. OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

a
b



a Represents the incremental cost above that for 8PT treatment
b Overhead and Profit

TABLE 22-8. MODEL PLANT TREATMENT COSTS

TOTAL ANNUAL COST

o

o

8,000 0
50 0

1,500 0
19,658 0

5,987 0
200 0

5,000 0

40,396 0

31,984

72,379

($)
8PT BATa

3,000 0
106,500 0

20,000 0

129,500 0
19,425 0

148,925 0
29,785 0

178,710 0
17,871 0

196,581 0
3,000 0

199,581 0

·.............·.............
·............~Subtotal

TOTAL OPERATION AND
MAINTENANCE COST

Subtotal
Contingencies

Labor and supervision ••••••
Energy •••••••••••••••••••••
Chemicals •••••••••••..•••••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

TOTAL INVESTMENT COST ••••••
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Land ••••..•••• _•••••••..••••

Site development •••••••••••
Equipment •••• _••••••••.••.•
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor's 0 & pb •••••••••

A. INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

Subcategory Nickel Sulfate
Production 7,000 metric tons per year

C. AMORTIZATION OF
INVESTMENT COST



Annual Operation
and Maintenance 900 27.17 NA NA

4,000 ~.08 NA NA
7,000 5.77 NA NA

Annual
Amortization 900 15.42 NA NA

4,000 5.70 NA NA
7,000 4.57 NA NA

Total Annual
Cost 900 42.60 NA NA

4,000 13.78 NA NA
7,000 10.34 NA NA

*Represents the incremental cost above BPT

TABLE 22-9 MODEL PLANT UNIT TREATMENT COSTS

Annual Treatment Costs ($/kkg)

NSPSBAT*

LEVEL OF TREATMENT

BPT
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PRODUCTION
(kkg/yr)

Subcategory Nickel Sulfate

COST ITEM



A. Conventional Pa~ameters

For pH the treated effluent is to be controlled within the range
of 6.0 to 9.0. This limitation is based on the data presented in
Appendix B of the proposed Development Document (60) and the JRB
Study (52).

In the existing BPT regulations, EPA has different limitations
for pure and impure raw materials processes. EPA is not
establishing different limits for these processes in the BPT,
BAT, BCT, NSPS, PSES, and PSNS regulations. This is because both
processes are adequately covered by the one regulation since the
pure raw materials process can, with proper design, comply
without end of the pipe treatment. Only nickel, TSS and pH are
regulated because these are the only three parameters limited in
the existing BPT regulation.

Basis for BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in BCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
until EPA revises the BCT methodology before promulgating BCT
limitations.

Basis for BAT Effluent Limitations

A. Technology Basit

For BAT, the Agency is establishing limitations based on BPT
technology which is alkaline precipitation followed by dual-media
filtration. The Agency considered treatment Level 2 (sulfide
precipitation), but rejected it because the treatment removed
only small additional amounts of toxic metals in this
subcategory.

B. Flow Basis

The model plant BAT treatment system is based on an inflow rate
of 0.68 m3 /kkg for effluent limitation purposes. The rationale
for the flow is the s~me as that used for the model plant for
cost estimating as described in this section.
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TABLE 22-10. TOXIC POLLtJrANTTREATED EFFLUENT DATA

SOBCATEG)RY: Nickel Sulfate

Average Daily Pollutant Concentrations and Loadings at Plants Saxtp1ed(1)

(gW1)
(kkg of NiSO4. '7H2O)

Cveral1 (2)Pollutant #369 (5) #120 (V)
Average

Anti.n'ony 0.2 * 0.2
0.000083 0.000083

Arsenic 0.26 <0.010 < 0.13
0.00011 <0.0000072 < 0.000059

cadniun < 0.001 0.00013 < 0.00056
< 0.00000042 0.000000094 < 0.00000026

Olrc:mi.un 0.45 0.057 0.25
0.00019 0.000041 0.00012

COpper 18.0 <0.043 9.02
0.0075 <0.000031 < 0.0038

Lead 0.001 0.003 0.002
0.00000042 0.0000022 0.0000013

Nickel 1.4 0.20 0.8
0.00058 0.00014 0.00036

se1eniun 0.012 <0.008 0.01
0.000005 <0 .0000058 0.0000054

Thal1iun 0.029 0.00033 0.015
0.000012 0.00000024 0.0000061

Zinc 0.17 0.058 0.11
0.000071 0.000042 0.000056

(5) - Screening data from one grab eatp:>site sanple of treated effluent.
(V) - Verification data from three 24-hour o::rrtfOsite sanp1es,. averaged.
(1) - The effluent data presented here oorres};Onds to the raw waste data shown

in Table 12-5 excluding Plant #572. The rnethXlology of the sampl.in3" pr0
gram is described 1Il Section 5.1. 2, and the soope of sampling in the
Nickel Sulfate industry is described in Section 22.3.3.

(2) - When averaging values indicated as "less than" «), the absolute value
was used and the resulting average was indicated as a It less thanll value.

'* - COncentration be1.cM significant level.
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C. Selection Basis for Pollutants to be Regulated

The selection of pollutants for which numerical effluent
limitations were proposed was based on an evaluation of raw waste
data from the screening and verification sampling program. The
two major factors considered were: 1) individual sampling raw
waste concentrations, and 2) the total subcategory raw waste
loadings.

1. Raw Waste Pollutant Concentrations

A tabular summary of maximum raw waste concentrations found
in sampling is presented above. Data from the plants
sampled in screening and verification are shown for
comparison. For each pollutant, the maximum concentration
observed gave a preliminary indication of its potential
significance in the subcategory. On this basis, the
preliminary selection of nickel, copper, chromium, and to a
lesser extent, lead, antimony, and zinc were included as
candidates for regulation. These pollutants were observed
at least once during screening at concentrations considered
treatable in this industry using one of the available
treatment technology options. The other toxic metals
(mercury, cadmium, and selenium) were found to have maximum
concentrations that were lower than the minimum levels
achievable by treatment.

2. Total Subcategory Raw Waste Pollutant Loadings

Pollutant raw waste loading data were used to evaluate the
overall magnitude of the pollution potential. Data from the
plants sampled are summarized in Table 22-5. This
information, coupled with the estimated total nickel sulfate
production rate of 6,350 kkg/year found in Table 22-1,
yielded the approximate total annual pollutant loading rates
for the subcategory shown in this section. This method of
ranking the pollution potential of the observed toxic metals
confirms the maximum concentration-based ranking and
indicated that nickel, copper, chromium, antimony, zinc, and
lead were the six dominant toxic metals in terms of both
total mass loading and treatable raw waste concentrations.

3. Final Selection of Pollutants to be Regulated

Originally, limitations were proposed for all the
aforementioned dominant toxic pollutants. The Agency has
decided, however, to promulgate regulations on copper and
nickel only. Copper and nickel are by far the most
prominant toxic metals in this subcategory's waste. The
nature of the treatment technology employed in this industry
is such that control of certain key parameters ensures
cont~ol of all the toxic metals of concern. Elaboration on
this topic may be found in Section 8 of this document.
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Section 8 (See Table 8-14) indicates that toxic metals can
be divided into two groups for pH optimization of alkaline
precipitation, and that control of one or more of the metals
in each of these groups will ensure control of others in
that group. In controlling copper and nickel, both of these
groups are covered. Therefore, since these two metals are
the major toxic pollutants in the raw waste, control of
these parameters will ensure control of all metals
previously considered for limitations. This is supported by
sampling data from Plant #120.

Optimization of treatment conditions for nickel and copper
removal may cause less efficient performance in chromium
control, but in light of the relatively low incoming
chromium concentrations, control should be adequate. Table
8-14 and Figure 7-1 indicate a pH in the neighborhood of 10
would be optimum for control of pollutants in this
subcategory.

D. Basis of Pollutant Limitations

1 . Toxic Pollutants

The effluent limitations for the selected toxic pollutant
control parameters are derived from estimated industry
achievable long-term averages (Table 8-13), and
literature-based treatability estimates (Table 8-11). This
is because plant performance data from sampling at Plant
#120 (Table 22-10) show effluent concentrations below the
lower limit of treatability estimates for all of the toxic
metals except nickel.

BAT effluent limitations for copper and nickel are shown in
Table 22-11 along with corresponding concentration bases.
Also indicated are recommended concentration bases for other
toxic metals detected at treatable levels. Those are
included for those cases where control of one or more of the
unregulated metals is deemed necessary.

Concentration bases for copper, nickel, and chromium are
derived from estimated achievable long-term averages (Table
8-13), while those for the other metals of concern were
derived from the lowest applicable treatability level (Table
8-11). This approach results in the setting of achievable
limitations, and provides for variations in the influent
quality that may be associated with different nickel or
nickel solution impurity levels or other process variables.

The basis for proposed BAT limitations on each of the
selected metals is given below. Calculations of maximum
30-day average and daily maximum concentrations from
long-term averages are based on variability factors of 1.2
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The 24-hour maximum limitation is:

704

a. Nickel

maximum

This gives a variability factor

(a. 36 mg/l) (3. 0) = 1. 1 mg/l

Because the effluent concentration of copper observed
at Plant #120 was below treatability estimates, the
estimated long-term average (Table 8-13) of 0.30 mg/l

These values are considerably lower than the BPT limits
presented in Table 22-2. This is because the
information on treatment system performance based on
information collected to support this regulation showed
better performance than that expected w~en the existing
BPT regulation was developed.

Multiplying by a VFR of 3.0, the daily
concentration is:

The effluent limitat~ons for nickel are determined
using a model flow of 0.68 .mJ/kkg NiS04 , with the
maximum 3D-day average limitations calculated as
follows:

Table 8-13 indicates an estimated achievable long-term
average for nickel of 0.30 mg/l which is supported by
the Treatability Study (61). This reflects industry
performance using BAT technology and is above effluent
levels indicated during sampling at Plant #120.
Therefore, using this value and the 30-day variability
factor of 1.2 the 30-day concentration basis becomes:

(3.6)(0.3 mg/l)(0.68 mJ/kkg) (kg/m 3 ) = 0.00074 kg/kkg
(1000 mg/l)

(0 . 30 mg/l) (1. 2) = 0.36 mg/l

(0.36 mg/l)(0.68 mJ/kkg) (kg/m J ) = 0.00024 kg/kkg
(1000 mg/l)

b. Copper

3.6 = 3.0
D

These values were determined by statistical analysis of data
presented in the Treatability Study (61) for the nickel and
copper sulfate subcategories.

and 3.6, respectively.
ratio of:



TABLE 22-11. EFFLUENT LIMITATIONS
Nickel Sulfate 1

Best Available Techoology ( )
Waste Water FlaN: 0.68 m3/kkg of NiS04

Concentration Effluent Limit
SubcategOl:y

VFR(2)
Basis (rrq/l) (kg!kkg of NiS04)

Pollutant Perfonnance
(mg/l) Max Max

30-day 24-hr 30-day 24-hr
Avg Max Avg Max

Antirn:my 0.40 (3) 3.6/1.2 0.48 1.4 (5) (5)

Cadmiun 0.05 (3) 3.6/1.2 0.060 0.18 (5) (5)

Chrcmium O~ 20 (4) 3.6/1.2 0.24 0.72 (5) (5)

COpper 0.30 (4) 3.6/1. 2 0.36 1.1 0.00024 0.00074

lead 0.050(3) 3.6/1.2 0.060 0.18 (5) (5)

Nickel 0.30 (6) 3.6/1.2 0.36 1.1 0.00024 0.00074

Se1eni.un 0.10(3) 3.6/1.2 0.12 0.36
(5) (5)

Zinc 0.20(4) 3.6/1.2 0.24 0.72 (5) (5)

(1) Also applies to mps.

(2) Variability factor ratio: Ratio of the daily variability factor to m:mthly
based on statistical analyses of treatability study data for nickel and
o:>pper sulfate (61).

(3) J:.ov.ler limit of treatability (Table 8-11) used as long-term average.

(4) IndUStry long-tenn average (Table 8-13).

(5) Indicates no effluent limitation established.

(6) Treatability sttrly estimate.
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was chosen to determine the concentration bases for
copper. Again, the 3D-day average variability factor
of 1.2 and the VFR" of 3.0 apply. Calculation of the
maximum 30-day average concentration basis is:

(0.30 mg/I) (1.2) = 0.36 mg/l

and the 24-hour maximum is:

(3.0) (0.36 mg/l) = 1.1 mg/l

The maximum 30-day average effluent limitation based on
a 0.68 m3 /kkg flow is:

(0.36 mg/I)(0.68 m3 /kkg) (kg/m 3 ) = 0.00024 kg/kkg
(100 mg/l)

and the 24-hour maximum is:

(3.6)(0.30 mg/l)(0.68 m3 /kkg) (kg/m 3 ) = 0.000074 kg/kkg
(1000 mg/I)

c. Chromium

Effluent concentration for chromium at Plant #120 was
near the lower limit of treatability, however, to
account for variations in raw waste loading the
long-term average estimate (Table 8-13) is used. The
30-day average variability factor of 1.2 and VFR of 3.0
apply. The maximum 30~day average concentration basis
is:

( 0 • 20 mg/ I) (1. 2) = O. 24 mg/l

and the 24-hour maximum is:

(3.0) (0.24 mg/I) = 0.72 mg/I

d. Antimony

The lower limit of treatability (Table 8-11) of 0.40
mg/l is chosen as the long-term average. Effluent
concentrations at Plant #120 were well below this
value. The 3D-day variability factor of 1.2 and VFR of
3.0 are used. The maximum 30-day average concentration
basis is:

(0.40 mg/l~ (1.2) = 0.48 mg/l

and-the 24-hour maximum is:

(3.0) (0.48 mg/l) = 1.4 mg/l
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and the 24-hour maximum is:

and the 24-hour maximum is:

f. Zinc

is 0.05
the same
average

for selenium.
by applying the
30-day average

707

and the 24-hour maximum is:

and the 24-hour maximum is:

Using the lower limit of treatability, which
mg/li as a long-term average and applying
variability factors, the maximum 30-day
concentration basis for cadmium is:

The lower limit of treatability applies
This value is 0.10 mg/l, therefore,
same variability factors, the maximum
concentration basis is:

Again, the lower limit of treatability is used as a
long-term average by the rationale mentioned above.
This value is 0.20 mg/l, therefore, by applying the
same variability factors, the maximum 30-day average
concentration basis is:

By the same rationale applied to antimony, the
long-term average for lead is set to the lower limit of
treatability which is 0.050 mg/l. The same variability
factors apply. The maximum 30-day average
concentrations basis is:

(0.05 mg/U (1.2) = 0.060 mg/l

(3.0 (0.12 mg/l) = 0.36 mg/l

(0. 10 mg/l) (1.2) = O. 12 mg/l

(3.0) (0.24 mg/l) = 0.72 mg/l

(3.0) (0.060 mg/l) = 0.18 mg/l

(0.20 mg/l) (1.2) = 0.24 mg/l

(0.050 mg/l) (1.2) = 0.60 mg/l

(3.0) (0.060 mg/l) = 0.18 mg/l

h. Selenium

g. Cadmium

e. Lead



New Source Performance Standards

After examination of the effectiveness of the two treatment
technologies applicable to nickel sulfate wastes, it has been
determined that BAT technology be the basis for NSPS. The effluent
limits for toxic metals are the same as for BAT shown in Table 22-11,
and the TSS is being limited at the same effluent level as in the
existing BPT regulation presented in Table 22-2. Also, pH is limited
to the range 6 to 9 as based on data presented in Appendix B of the
proposed Development Document (60) and the JRB Study (52).

Basis for Pretreatment Standards

All five of the direct dischargers and four of the six indirect
dischargers in the Nickel Sulfate Subcategory have BPT/BAT treatment
installed.

There is an existing PSES regulation, 40 CFR 415.474. The Agency is
amending that section of these regulations based on new treatment
system performance data and the PSES limitations are the same as those
presented for BAT in Table 22-11. EPA is also setting PSNS
limitations equal to the BAT limits presented in Table 22-11. The
pollutants limited by the final PSES and PSNS regulations are nickel
and copper. Pretreatment is necessary because BAT provides better
removal of toxic metals than is achieved by a well-operated POTW with
secondary treatment installed, and therefore these pollutants would
pass through a POTW in the absence of pretreatment.
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The industry profile data is given in Table 23-1.
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Toxic pollutants found at significant levels during sampling at one
plant were:

captive use in the
manufacture of silver
porcelain and as a

65
470

164
580

Concentration (#g/l)
Screening Verification

produced is for
is also used in the
plating, coloring

Pollutant

Silver
Cyanide

SECTION 23

SILVER NITRATE INDUSTRY

Most of the silver nitrate
photographic industry. It
salts, mirrors, for silver
chemical reagent.

Assessment of the Water Pollution Potential

Production Processes and Effluents

Silver was not found at a significant concentration during
verification sampling of the same plant. However, a significant level
of cyanide was found again. The source of cyanide was found to be
from a soaking solution which is used to remove silver nitrate stains
from workers' clothes. The solution is sent to the silver recovery
treatment system. When plant personnel discontinued this practice,
cyanides disappeared from the effluent.

Status of Regulations

BPT limitations for this subcategory (Subpart BA) were promulgated on
May 22, 1975, (40 FR 22421) and PSES were promulgated on July 20,
1977, (42 FR 37301). Both the BPT limitations and PSES are still in
effect (40 CFR Part 415.530, 415.531, and 415.534).

Summary of Determinations

Action on this subcategory has been deferred, and a new subcategory
including all silver compounds will be reviewed under Phase II BAT
review, because the logical sequence of guideline promulgation was to
start the quideline process with nonferrous metals to be followed
later by a regulation on silver compounds.
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<1 cubic neters/day

38 cubic neters/day

20 years

64 years

1 cubic rceter/kkg

4 cubic meters/kkg

50 kkWyear

3,206 kkg/year

NA

NA

NA

35,000 kkg/year

7

2

6,507 kkg/year

3,256 kkg/year

NA

9 percent

SILVER NITRATE

TABLE 23-1

Waste water flow range:

Mi.ninun

Maxinum

Volune per unit product:

Total sulx:ategol:y capacity rate

'!btal sub:ate30ry prcx1uction rate

Number of plants in this subcategory

308 Data on file for

with total capacity of

with total production of

Representing capacity

Rspresent!n; pnx1ucti.on

Plant production range:

Mininun

Maxi.num

Average productian
Median production

Average capacity utilization

Plant age range:

M:1Jrlnun

Max:im.ml

.Sources of data are Stanford Research Institute, Directory of Chenical
Producers, U.S.A., 1977, U.S. Department of Q::alilerce, CUrrent Industrial
Rep)rts, Decsnber 1977; Energy and Envi.rorJnental Analysis, Inc.;. Draft
Report, lIPrelmrl..nary Econani.c Assessnent of Effluent Limitations in the
Inorganic Chanica! IndustJ:y,'I June 1978 and "Economic Analysis of Proposed
Revised Effluent Guidelines and Standards for the Inorganic Chemicals
Industry," March, 1980 •

NA = Not Available
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SECTION 24

( 1 )

a slurry of sodium bisulfite crystals which can
usually processed to form anhydrous sodium
requires thickening, centrifuging, drying, and

SODIUM BISULFITE INDUSTRY

Water Use and Waste Source Characteristics

Water Use

This reaction, produces
be soid, but which is
metabisulfite. This
packaging operations.

Industry Profile

General Description

Sodium bisulfite (NaHS03 ) is manufactured both in liquid and powdered
form. Captive use is very small. Sodium bisulfite is used"in the
manufacture of photographic chemicals, textiles, and in food
proc~ssing. It is also used in the tanning industry and in the
sulfite process for the manufacture of paper products.

The industry profile data are given in Table 24-1, while the status of
regulations prior to promulgation of this regulation is summarized in
Table 24-2.

Sod.!J.,l,IlL,pJ.::;\ulfite . is ,produced by reacting sod i urn carbonate (soda ash)
w'ith sulfur dioxide and water. The reactlon"'fs:

Direct process contact water is used to slurry the sodium carbonate
for the reaction. Noncontact cooling water is another water use at
one plant. Water is also used for pump seals, maintenance and
washdowns. Table 24-3 gives a summary of water usage at the plants
for which 308-Questionnaires were available.

Subcategorization

The method of primary subcategorization chosen for the inorganic
chemicals point source category was subdivision by dominant product.
Other factors taken into consideration for subcategorization included:
raw materials used, manufacturing process employed, geographical
location, size and age of equipment and facility involved, non-water
quality aspects of waste characteristics, water pollution control
technology, treatment costs, energy requirements and solid waste
disposal. A detailed discussion of these factors is given in Section
4. No further subcategorization of the sodium bisulfite industry,
besides dominant product, was required.

General Process Description and Raw Materials
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TABLE 24-1. SUBCATEmRY POClFU.E DATA SUMMARY

< 1 cubic meters/kkg

< 1 cubic metersjkkg

4 years

19 years

3 cubic meters/day

100 cubic meters/day

98,000 kkg/year(l)

7

2

~6 , 000 kkg/year

28,300 kkg/year

4, 700 kkg/year

23,600 kkg/year

17,800 kkg/year

16 ,900 kkg/year

62 };2t'cent

SOdium Bisulfite

(1) "Energy and Envirormental Analysis, Inc.;
Econanic Analysis of Prq;:osed Revised Effluent
Guidelines And Standards for the Inorganic
Chemicals Industty," March 1980 •

sources of data are Stanford .Research Institute, Di.rectoty of O1emical
Producers, U.S.A., 1977, U.S. Departrrent of cannerce, Current Industrial
Reports, Decerri::>er 1977; Energy and Environmental Analysis, Inc.; Draft
Report, "Preliminary Econanic Assessment of Effluent Limitations in the
Inorganic Chemical Industty. II

Total subcategoty capacity rate

TOtal subcategory production rate

NL.m'ber of plants in this subcategory

308 Date on file for

With total capacity of

With total production of

Representing production

Plant productim range:

MiniImJm

Maximum

Average production

Median production

Average capacity utilization

p1.cint age range:

Minimum

Maximlrn

Waste water flow range:

Mi.nirmJm

Maximum

volume per unit product:

Min:immn

Maximum
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~ = MaxiInun of any one day.

2Avg = Average of daily values for thirty consecutive days shall not exceed.

Reserved

NSPS

Max. Avg.
kg/kkg kg/kkg

(ng/l) (ng/l)

Reserved

BATEA

Max. Avg.
kg;'kkg kg/kkg

(mg/l) (ng/l)

SI'ATUS OF REGULATIONS - EFFLUENT LD'.lITATION GUIDELINES

BB f40 CPR 415.540, 5/22/75)

Sodium. Bisulfite

BPCl'CA
1 2

Max. Avg.
Product Para- kg/kkg kg/kkg
Process neters (ng/l) (ng/l)

TABLE 24-2.

SUBCATEGORY

SUBPARI'

Sodium Reserved
Bisulfite



Waste Sources

Noncontact cooling water for the centrifuge is a source of waste at
one plant. However, direct process contact water is the main source
of wastewater which must be treated, together with miscellaneous
wastes such as' water used for maintenance purposes, washdowns, and
spill cleanup.

Table 24-4 summarizes the wastewater unit flows from the major waste
source for plants #987 and #282. Plant #987 has two facilities that
produce sodium bisulfite which are designated A and B.

There is little solid waste generation in the production of sodium
bisulfite and process waste treatment. There are minor quantities
which are precipitated as metal hydroxides resulting in insignificant
amounts of filter cake requiring disposal. Generation of solid waste
is therefore assumed negligible.

Description of Plants Visited and Sampled

Screening

Plant #282 was visited in the screening phase of the program. The
bisulfite waste is treated on a batch basis every two or three days.
Sodium hypochlorite is added to the waste to oxidize the sulfite
waste, which is then mixed with wastes from an organic chemical plant
and neutralized. The combined wastes are then discharged to a sewer.
Table 24-5 shows the flow data and pollutant discharges, while Figure
24-1 gives the process flow diagram and shows the sampling points used
in screening.

Verification

In verification, two plants were Visited, plants #586 and #987. At
Plant 1586 the sodium bisulfite wastes are combined with many other
process wastes and all treated together. Figure 24-1 shows the
flowsheet and the points sampled. Table 24-6 gives the pollutant
emissions and flow data for the waste streams. The filter wash is the
main process waste at Plant #987. This waste is neutralized with
caustic soda to pH 9 - 10 to convert the bisulfite waste to sulfite.
The sulfite is then oxidized with air to sulfate. The treated waste,
including solids, is discharged to a river. Table 24-7 shows the
pollutant emissions and flow data for the waste streams sampled.
Figure 24-l shows the process flow diagram and sampling points at
Plant #987.

Toxic Pollutant Analytical Results

The following table is a tabulation of the toxic pollutants identified
at detectable concentrations in the raw process waste during screening
and verification. The concentrations presented under verification
represent the highest observed in the raw process waste durino
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NA = Not Available

Plant Direct COntact Process Nono:::mtact COOling Maintenance

3
(m

3/kkg)
Wash~, etc.

(m /kkg) (m /kkg)

# 282 0.i4 3.85 1.00

# 586 NA NA NA

# 987 1.15 0 0.38

WATER USAGE IN THE SODIUM BISULFITE SUBCATEGORYTABLE 24-3.
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TABLE 24-4. WASTE WATER FLeW Kr PLANTS #987 AND #282
FOR SOOIUll1 BISULFITE SUBCATEOORY'

(1) - Plant #987 contains two separate facilities labeled A and B for
the purpose of canparison.

(2) - Incluies steam condensate which is currently treated prior to
discharge.

(3) - ~'bther liqmr filter wash.

SODIUM BISULFITE

Source FlaN Rate Per Unit of Production (m3/kkg~l)

t987A #987B #282

Direct Process(3} 0.018 0.018 0.14
Contact

Indirect Process 1.50 1.17 0.030
Contact

Miscellaneous 0.31 0.42 1.00 (2)

WashdcMn

Total 1.83 1.61 1.17

Average 1.50



TABLE 24-5. FIaV AND POLLUTANT LOAD DATA OF THE SAMPLED WASTE STREAr-1S FOR
PUINr #282 PRODUCING SODIUM BISULFrrB1 )
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(1) - Data based on screening sarcVling
which involves one 72 hour eatlIX>site
sanple.

(2) - Unable to detennine.

4.04
2.61

co:>
(kg/kkg)

urn (2)

0.424

TSS
( kg!kkg)

2.67
2.67

~low
(m fkkg)

Waste Stream

Untreated waste
Treated waste
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Figure 24-1. General process flow diagram at plant '#282 sb:::Ming the sanpling points.
Sodium bisul£ite nanufacture.
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Figure 24-2. General flow diagram at plant #586 showing the sarrpling r:oints .
Sodiun bisulfite manufacture.



TABLE 24-6. ~ AND POU.aI'ANT LOAD DATA OF THE SAMPLED WAS1'E STREAMS FOR
PLAN!' #586 (1)

Stream Waste Stream ~?ow TSS COO
Number Description (m /kkg) (kg;'kkg) (kg/kkg)

1 MBS Sump #1 9.68(2) 0.19 1.1

2 MBS Sump #2 9.68(2) 0.051 0.46

Total loads (1, 2) 19.4 0.24 1.6

3 Amine Oxidation Pond 2.77(3) 2.4 2.3

4 znS04 Pond Effluent 78.5 (3) 12 0.76

5 LiJre TreatIrent Effluent 110 (3) 11 29

6 Truck Washdown 0.134 (3) 0.012 0.098

7 S02 Wastes 85.9 (3) 2.0 53

8 Treated Effluent 188 (4) 4.3 22

Tbtal loads (1,2,3,4,6,7) 187 17 57

(1) - Data based on verification sarrpling
which involves three 24 hour ex:t'l1fX>site
samples.

(2) - Includes nonoontact process water that
does not contribute to the pollutant
load.

( 3) - Raw process waste flows that are not
directly related to the sodium bisulfite
industry, but are currently treated
in cariJination with raw process waste
that is related.

(4) - Treated effluent fran carbined treatment
of a m.mber of different raw process
waste streams not all related to sodium
sulfite production.
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TABLE 24-7. FI.I:Jtl AND POLLIJrANT WAD DATA OF THE SAMPLED WASTE STREAMS FOR
PLANT #987 (1)

Stream Waste Stream Flow TSS COO
Ntunber Description (rn3/kkg) (kg/kkg) (kg/kkg)

1 No.1 Filter Wash 0.055 O.ll 1.4
2 Floor wash, spill, etc. 0.013 0.046 0.30
3 No. 2 Filter Wash 0.041 0.0052 0.91
4 Raw Process Waste

(Streams 1+2+3) 0.11 0.32 3.5
5 54 Hour Jl.eration 0.14 0.38 1.2
6 Treated Effluent 0.14 0.0031 1.0

(1) - Data based on verification sarrq:>ling
which involves three 24-hour canposite
sanples.
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That is,

sampling. No organic toxic pollutants were found at detectable
levels.

67
930

3600
41

3400
650

11 00
17

460
15

8

Verification
Plant #586 and #987

12
380

2500
6
o

30
8
3

250
2
8

Screening
Plant #282

concentration of the pollutant expressed in units of
kg/m 3 = 1000 mg/l), and

Maximum Raw Waste Concentration Observed
(pg/l)

where:

C is the
mg/l (Note:

Q is the waste steam flow rate expressed in units of m3 /day.
(m l , a cubic meter, is equal to 264.2 U.S. gallons).

Similarly, the unit loadings were calculated from the reported
sodium bisulfite production rate, the waste stream flow rate, and
the measured pollutant concentration.

Daily loading (as kg of pollutant per day) = (C)(Q)
1000

Pollutant

Arsenic
Copper
Zinc
Cadmium
Chromium
Antimony
Lead
Mercury
Nickel
Silver
Thallium

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the Sodium Bisulfite
subcategory a total of seven days of sampling were conducted at Plants
#282, #586, and #987. Sixteen different sampling points were
identified for the various waste streams at these three plants. The
evaluation of toxic metal content of these waste streams was based on
429 analytical data points and an additional 516 points for the toxic
organic pollutants sampled during screening.

The daily raw waste loads were calculated from the waste stream flow
rates measured or estimated at the time of sampling and the. measured
pollutant concentration.
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Table 24-10 presents the average toxic pollutant concentration
observed in the treated effluent during verification sampling.

Unit loading (as kg of pollutant per kkg of NaHSO]) = (C)(Q)
1000P

5.0
1 • 0

1100.0
45

9.0
0.60

30
520

6.2
2.3

22

unit loading and concentration
concentration represents the
for verification and a single

Raw Waste Load (kg/year)

Total Annual Pollutant Load

Pollutant

Antimony
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
Silver
Arsenic
Thallium

It is reported that some sources of sodium carbonate contain zinc and
other trace metals in measurable amounts. The screening and
verification sampling program revealed zinc, chromium, copper, lead,
nickel, and antimony were at significant concentration levels which
may require regulation. Zinc may enter the waste stream by corrosion
of galvanized metals by coproduct operations or from nonprocess zinc
compounds used by the industry. Cadmium, arsenic, thallium, mercury,
and silver though detected in the raw waste are not at treatable

where C and Q are the same as described above, and P is the
sodium bisulfite production rate expressed in units of kkg/day.
(kkg is 1000 kg, a metric ton, which is equal to 2205 lbs.)

Pollution Abatement Options

Toxic Pollutants of Concern

In Table 24-9, the toxic pollutant raw waste data are presented as the
minimum, average, and maximum unit loadings based on the results
summarized for each plant in Table 24-9. The average unit loading is
based on the average obtained at the three plants sampled.

Based on the total annual production of this subcategory and the
average waste load generated per unit prOduct, the estimated toxic
pollutant raw waste loads generated each year for this subcategory are
as follows:

Table 24-8 presents the toxic pollutant
at the three plants sampled. Each
average of three composite samples
composite sample during screening.



TABLE 24-8. TOXIC POLLUl'ANT RAW WASTE LOArs

SODltM BISULFITE

POLLUl'ANI' PLANT AND SAMPLING PHASE

Screening (1) verification (2)
#;282 *987 #;586

(rrg/l) (kg!kkg) (ng/l) (kg/kkg) (rrg/1) (kg/kkg)

Arsenic 0.012 0.000030 0.067 0.000010 0.0020 0.000030

Copper 0.38 0.0010 0.74 0.000070 0.018 0.00030

Zirc 2.5 0.0070 2.4 0.00020 0.52 0.0088

Cadmium 0.0060 0.000017 0.040 0.000004 0.00050 0.000010

Chranium 2.6 0.00030 1.3 0.022

Lead 0.0025 0.000007 0.60 0.000070 0.012 0.00020

M:rrcury 0.0030 0.000007 0.012 0.000001 0.00060 0.000010

Nickel 0.25 0.00070 0.46 0.000050 0.010 0.00017

Anti.rcDny 0.030 0.000070 0.65 0.000070 0.0050 0.000080

Thallium 0.0080 0.000020 <0.050 <0.000004 0.025 0.00042

Silver 0.0060 0.000017 <0.030 <0.000003 0.010 0.00017

(1) - One 72-hour oonposite sample

(2) - Average of three 24-hour carposite sanp1es
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TJIBLE 24-9. SlM4I\RY CF JUlW WAS'lE UWlnc; pClH) IN~ J!IlI)~ Sl\MPLlNG

SlD:mt BISU1I'I'l'2

l'Ollutant Loading Range Utit loading lb. of
(kg!day) Otg/kkg) Plants

Mi.niJruD Maxi:oun MiniJlull Average

."J Priority

'"0\
lInt.iDaly 0.00045 0.0041 oo7סס0.0 OO52סס.0 OO80סס.0 2

C<¥himl 0.00023 0.00041 0.000004 OO10סס.0 OO17סס.0 3

<1u:alIi.1.Ill 0.018 1.1 0.00030 O.Oll 0.022 2

CbWer 0.0050 0.015 OO70סס.0 0.00046 0.0010 2

Lead OO91סס.0 0.0095 oo7סס0.0 OO92סס.0 0.00020 3

Hercury OO91סס.0 0.00045 oo1סס0.0 oo6סס0.0 OO10סס.0 2

Nic.*e1 0.0032 0.0091 O.ooaoso 0.00031 0.00070 3

Zinc 0.016 0.42 0.00020 0.0053 0.0088 3

Silver <0.00020 0.0080 oo3סס0.0> 0.000060 0.00017 3

Arsenic 0.00040 0.0014 OO10סס.0 0.000023 OO30סס.0 3

'lhalliml OO52סס.0> 0.020 oo4סס0.0> 0.00015 0.00042 3

CcmIentialal

Total Suspended Solids (TSS)
3.20 25.4 0.21 0.27 0.38 3

Oleadcal Oxygen Demand (a:Il)

54.4 234 1.33 2.94 4.04 3

(1) - Awrage of values obtained ;in Table 24-8 for tmse plants lobere the toxic pollutant was
detected.
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TABLE 24-10. TOXIC POLIlll'ANI' CONCENTRATlrns OBSERVED IN TREATED EFFLUENI' DURING
VERIFlCATlrn SAMPLJNG

,
I

I

I

I
,

I,

Pollutant

Arsenic

Copper

Zinc

cadmium

Chranium

Lead

Mercury

Nickel

Antinony

Thallium
Silver

NO - Not Detected

#987
Plant

#586
(ng/l) (ng/l)

NO NO

0.27 NO

0.010 NO

NO NO

0.11 NO

0.15 NO

NO 0.010

NO 0.050

NO 0.020

NO NO

NO NO



concentrations and thus are not considered toxic pollutants of
concern.

Prevailing Control and Treatment Practices

Plant 1987 adds 50 percent caustic solution to the oxidation tank to
raise the pH to approximately 9.5 and blows air through while
mechanically agitating. The waste is discharged to a river following
a 17-hour retention period.

Plant #282 uses caustic soda Or sodium carbonate for pH control
followed by sodium hypochlorite addition to oxidize sulfite and other
reduced sulfur species. The waste is then neutralized and discharged
to a County sewer.

Plant #586 mixes the bisulfite waste, amine plant waste, and truck
wash waste. Lime is added to the combined wastes which are then
passed through an aeration tank with eight-hourIs retention time where
zinc sulfate production wastes are added. The treated waste goes
through primary and secondary settling before final discharge.

Advanced Treatment Technologies

Toxic metals may be precipitated at alkaline pH values, when reacted
with sulfides in various forms, in some cases by ion exchange resins,
and the Xanthate process. Sulfide precipitation from cleared
solutions could be used to provide ~dditional removal of zinc, lead,
nickel, copper, and to a lesser extent, antimony.

Selection of Appropriate Technolog~ and Equipment

Technologies for Different Treatment Levels

A. Level 1 (BPT/BAT)

Neutralization with caustic soda to a pH of 9.5 followed by
aeration and settling was chosen as the most cost-effective
method of lowering the COD associated with the primary pollutant,
sodium bisulfite. Toxic metals in the waste form metal hydroxide
precipitates which are removed from the wastewater by settling.
The flow qiagram is shown in Figure 24-4.

B. Level 2

Aerated effluent from the BPT system is chlorinated to complete
COD removal, and is then filtered to remove finely divided
suspended matter carried through or produced in the BPT system,
particularly if toxic metals are present in the incoming wastes.
The flow diagram is shown in Figure 24-5. Cost estimates for
this level of treatment are given in the proposed Development
Document (60).
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C. Level 3

Ferrous sulfide is applied ahead of the Level 2 filter, to
precipitate any residual metals by the more effective sulfide
process. The flow diagram is shown in Figure 24-6. Cost
estimates for this level of treatment a~e given in the proposed
Development Document (60).

Equipment for Different Treatment Levels

A. Equipment Functions

In Level 1, the raw wastes are received in one of two similar
holding/reaction ranks (sized for one day's flow), recirculated
and automatically adjusted to pH 9.5. During the second working
day, while the contents of the first tank are jet aerated and
allowed to settle, the daily raw wastes are received,
recirculated and pH adjusted in the second tank. At Levell, the
aerated and settled effluent is discharged directly from the
alternate holding/reaction tanks. Sludge is drawn off the tanks
at suitable' intervals and disposed of. At Levels 2 and 3, the
aerated and settled effluent is pumped through a multi-media
filter on a schedule which will leave its tank empty and ready
for the next working day's influent. At Levels 2 and 3,
supplemental chlorination equipment is provided. At Level 3,
residual heavy metals which may have escaped prior treatment, or
may have been released by pH change during chlorination, will be
converted to metallic sulfides by addition of ferrous sulfide
ahead of the Level 2 filter. Should COD and toxic metals be very
low in specific instances, the chlorination and ferrous sulfide
steps could be eliminated.

B. Chemicals and Handling

Caustic soda solution, chlorine, and ferrous sulfide are used in
the treatment processes. Caustic soda and chlorine are common
industrial chemicals which are fed by conventional equipment
designed to minimize leaks, spills, and hazards to personnel.
Ferrous sulfide is prepared by mixing ferrous sulfate with sodium
bisulfide under well ventilated conditions. When the usual
precautions are taken in the proper handling of corrosive and
toxic chemicals, there should be no speCial problems in applying
the proposed technologies.

C. Separation and Removal of Solids

No solids are formed in the proposed treatment, with the possible
exception·of small amounts of metal hydroxides and sulfides if
metals should be present in the raw wastes. In that event, the
precipitated solids, which are formed in the holding/reaction
tank or which are returned to the holding/reaction tank during
backwashing, will settle in the hopper bottom of the reaction
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tank. As necessary, these solids can be drawn off and disposed
of in an appropriate manner.

D. Monitoring Requirements

Internal process monitoring will be done with standard field
equipment measuring pH, dissolved oxygen, and chlorine. If
metals are present· in the raw materials a periodic laboratory
analysis for metals should be made on the final effluent.
Monitoring for dissolved sulfide should not be necessary, since
the ferrous sulfide applied in Level 3 is rather insoluble.

Treatment Cost Estimates

General Discussion

To prepare treatment cost estimates, a model plant concept was
developed for a single level of technology as follows:

A. Wastewater Flow

The sources of wastewater include wet air scrubbers, filter
backwash, floor washings, leaks, and spills. The unit flow rates
ranged from 1.8 m3 /kkg to 1.2 m3 /kkg of product at the three
facilities for which information was available. The average was
approximately 1.5 m3 /kkg and this was used for the model plant
(Table 24-4).

B. Production

Sodium bisulfite production ranges from 4770 kkg/yr to 31,800
kkg/yr at the three plants for which data was available. The
average production is 17,800 kkg/yr. The production rates at the
three plants were used as the model plant production rates. The
operational mode is continuous and is assumed to run 350 days per
year.

C. Solid Wastes

In the production of sodium bisulfite and process waste treatment
there is little solid waste generation, although precipitation of
metal hydroxides may result in small quantities of solids
requiring disposal. The model plants assumed no significant
solid waste production.

D. Treatment Chemicals

Caustic soda is needed to adjust the pH to 9.5. The only other
requirement is air to oxidize the waste. For the model plant,
the caustic soda dosage was assumed to be 0.195 kg/kkg.
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Cost Estimates

The cost estimates of three models having different production level
are presented in Tables 24-11, 24-12 and 24-13.

Table 24-14 gives a summary of the unit cost distribution between
amortization, operation and maintenance. Cost components at various
production levels are also shown.

Basis for Regulations

Evaluation of BPT Treatment Practices

All seven plants in this subcategory have installed BPT or equivalent
technology. Plant peformance was estimated on the basis of
verification sampling results for Plant #987. Plant #282 was excluded
from the evaluation since the treatment technology applied at the
particular point of treated effluent sampling does not represent the
appropriate level of treatment. Plant #586 was excluded from
consideration, since the combined treatment of the sodium bisulfite
process waste with wastes from other unrelated processes, has made an
evaluation of the plant performance data too speculative.

Table 24-15 is a comparison of the maximum raw waste concentrations
from screening and verification sampling with treatability data from
Plant #987, literature-based estimates, and industrial wastewater
treatment system performance. The data used in this table are from
the screening and verification results, Table 8-11, Table 8-12, Table
8-13 and the Treatability Study (61).

,

Basis for BPT Effluent Limitations

A. Technology Basis

The Agency is setting limitations based upon hydroxide
precipitation of toxic metals with caustic soda plus batch
aeration and settling for BPT. The flow schematic for BPT is
shown in Figure 24-4 in Section 24 as Level 1 treatment. The
Agency has selected Level 1 treatment as the basis for BPT
because it reflects current industry practice.

B. Flow Basis

The basis of flow for BPT limitations is estimated from data
provided in the Section 30B-Questionnaires for two of the three
complete plant responses, including Plant #987 and #282. Plant
#586 was omitted in view of the lack of adequate information to
identify the wastewater streams contributed by the sodium
bisulfite process alone.

The three major raw process wastewater streams include direct and
indirect process contact waste and miscellaneous floor and tank
washdown wastewater.
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TABLE 24-11. MODEL PLANT TREATMENT COSTS

Subcategory Sodium Bisulfite
Production 4,770 metric tons per year

o
o

o
o
a

o

o
o

o
o

o
o

o

o

o

o
o
o
o
o
o

o

($)
BPT

56,000
2,100
2,900

14,117
4,325

o

3,000
70,000
20,000

15,000

22,9f=i9

93,000
13,950

94,443

128,340
12,834

10~,950

21,390

141,174
3,000

144,174

117,412

......

·.............
·.............·.............

subtotal

Subtotal ••.•••••••..••
Engineering ••••••••••••••••

Land ••••••••••••••••••••••••

Site development •••..••••••
Equipment •••••••...••••••.•
Monitoring equipment .••••••

Subtotal ••••••••••••••
Contractor's a & pb •••••••••

Subtotal
Contingencies

Energy .••••••••••••••••••••
Chemicals ••••••••••••••••••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

TOTAL INVESTMENT COST ~ •••••

TOTAL ANNUAL COST

A. INVESTMENT COST

Labor and supervision

B. OPERATION AND
MAINTENANCE COST

a Represents the incremental cost above that for BPT treatment
b Overhead and Profit

C. ANORTIZATION OF
INVESTMENT COST
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TABLE 24-12. MODEL PLANT TREATMENT COSTS

Subcategory Sodium Bisulfite
Production 16,900 metric tons per year

o
o

o

o
o

o

o
o

a

a
o

o

o

o
o
o
o
a
o

o
o
o

($)

15,000

BPT

5/),000
2,900
9,BOO

21,252
6,4015

o

34,S77

212,520
3,000

215,520

193,200
19,320

140,000
21,000

111,41B

145,995

3,000
117,000

20,000

11;1,000
32,200

Labor and supervision

Subtotal ••••••••••••••
Land •••••••••••••• _•••••••••

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

Subtotal ••••••••••••••
Contractor's 0 & ph•••••••••

Site qevelopment •••••••••••
Equipment ••••••••••.•••••••
Monitoring equipment •.•••••

Energy •••••••••••••••••••••
Chemicals •..•••..•••••..•••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •.•••••••••••

TOTAL INVESTMENT COST ••••••

TOTAL ANNUAL COST

A. INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

C. M~ORTIZATION OF
INVESTMENT COST

~ Represents the incremental cost above that for 8PT treatment
Overhead and Profit
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TABLE 24-13. MODEL PLANT TREATMENT COSTS

o
o

o

o
a

o
o

o

o
o

o
o
o

o

o

o

o
o
o
o
o
o

($)
BPT

5~,OOO

3,800
19,000
33,548
10,244

o

54,582

15,000

221,000
33,150

254,150
50,830

6,000
195,000

20,000

335,478
~,OOO

304,980
30,498

341,478

137,592

192,174

......

·.............
·.............
·.............

Subtotal

Subtotal
Contingencies

Subtotal ••••••••••••••
Engineering ••••••••••••••••

Subtotal •••• 0 .
Contractor's 0 & P •••••••••

Land •••.••••••••••••••••••••

Site development ••••.••••••
Equipment .••••••••••••••.••
Monitoring equipment •••••••

Ene rgy .•...................
Chemicals •••••••.•••.••.•••
Maintenance •••••••••••••.••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••

TOTAL OPERATION AND
MAINTENANCE COST

TOTAL INVESTMENT COST •.••••

TOTAL ANNUAL COST

Labor and supervision

A. INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST

Subcategory Sodium Bisulfite
Production 31,800 metric tons per year

a Represents the incremental cost above that for 3PT treatment
b Overhead and Prof i t



TABLE 24-14 MODEL PLANT UNIT TREATMENT COSTS

SUbcategory Sodium Bisulfite

Annual Treatment Costs ($/kkg)

BPT

LEVEL OF TREATMENT

738

PRODUCTION
(kkg/yr)

COST ITEM

Annual Operation
and Ma i ntenance 4,770 19.80

Hi, 900 6.59
31,800 4.33

Annual
Amortization 4,770 4.82

16,900 2.05
31,800 1. 72

Total Annual
Cost 4,770 24.61

16,900 8.64
31,800 6.04



TABLE 24-15. CCl-1PARISON OF MAXIMUM PAW WASTE
OONCENTRATIONS WI'lH TREATABILrl'Y

Pollutant Maximum Avg. Raw Treated Effluent Literature-Based Industrial Waste
Waste Concentration Treatabi1ity Water Treabnent

COncentration Fran Plant #987 Estimates fran Systan Performance
DuriD3' Screening Verification Table 8-11 for for Lime/Settling
and Verification S~ling Lime/Settling

(mg/l) (mg/I) (nq/I) (mg/1)

TSS 2,250 22 38 (1)

CDD 24,700 7,300 450 (2)

Arsenic 0.067 NO 0.50 0.080(3)

Cower 0.74 0.27 0.50 0.40(4)

ziro 2.5 0.010 0.50 0.80 (4)

Cadmiun 0.0060 NO 0.10 0.10 (4)

Chraniun 2.6 0.11 0.10 0.32(4)

Iaad 0.60 0.15 0.30 0.15 (4)

Mercury 0.012 NO

Nickel 0.46 NO 0.20 0.40(4)

AntiJrony 0.65 NO 0.80 0.18 (3)

'1ba11ium 0.050 NO 0.20

Silver 0.030 NO 0.40

ND= Not Detected

(1) Data fran Treatability Study (61) on l.iIre/settling in nickel sulfate and
sodiun dichrcmate industries.

(2) Average of extended aeration tests from Treatability Stuiy (61).

(3) Data fran Table 8-12.

(4) Estimated achievable long-tenn average concentrations fran Table 8-13.
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Table 24-4 summarizes the unit flows reported for each of the
three sources at each faCility. Plant i987 has two facilities
which manufacture sodium bisulfite and are designated as A and B.
The basis of model plant flow for the sodium bisulfite industry
is estimated as the average total raw wastewater flow for the
three plants, and is used to estimate pollutant discharge
loadings for the purpose of regulation. The average total flow
for the three facilities considered is 1.5 m3 /kkg of product.

C. Selection Basis for Pollutants to be Regulated

The selection of pollutants for which specific numerical effluent
limitations are promulgated was based on an evaluation of raw
waste data from the screening and verification sampling program.
Pollutant data from the plant sampled during screening was used
to determine the need for verification sampling. Verification
sampling at Plants i586 and #987 provided additional pollutant
raw waste concentration data needed to assess the performance of
treatment technology.

Results of the screening and verification sampling are tabulated
in Table 24-15 for the raw process waste streams.

Toxic pollutants are listed based on their presence, during
sampling, at detectable concentration levels. Pollutants from
this list were considered as candidates for regulation if their
concent~ation appeared at least to equal or exceed the lowest
level estimated as treatable using any available technology
appropriate for their removal (Table 8-11).

The relative significance of the candidate toxic pollutants was
estimated based on the total annual raw waste load for each
pollutant which appears in a Table· above. The total annual load
is based on the average concentration observed during screening
and verification, which is tabulated in Table 24-9, in addition
to the estimated annual production of 98,000 kkg of product for
the industry.

On the basis of concentration and total annual raw waste loads
determined during sampling, COD, TSS, chromium, zinc, copper,
nickel, lead, and antimony have been identified at significant
concentration levels in the raw waste stream and are candidates
for regulation. These pollutants are listed in order of their
relative significance with regard to decreasing. raw waste
concentration.

In view of the treatment technology currently practiced and the
related nature of the candidate toxic pollutants (see Section 8),
control of the more significant toxic pollutants will ensure
adequate control of those metals which may occasionally appear at
treatable levels. Therefore, only chromium and zinc will have
effluent limitations. Concentration values for the other metals
are intended for guidance only.
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b. TSS

1. Conventional and Nonconventional Parameters

( kg/m 3 ) = 0.32 kg/kkg
(1000 mg/l)

( kg/m 3 ) = 0.080 kg/kkg
(1000 mg/l)

741

( 5 3 mg/1) (1. 5 mJ /k kg)

(210 mg/l) (1.5 m3 /kkg)

for the 24-hour maximum limit. The maximum 30-day
average is calculated similarly, i.e.:

The load limitations for TSS (kg/kkg) are calculated
based on the unit flow rate of 1.5 mJ/kkg, thus:

(38 mg/l) (1.4) = 53 mg/l

The maximum 3D-day average concentration is:

(38 mg/l) (5.6) = 210 mg/l

The 24-hour maximum concentration is:

The BPT limitations for TSS are based on data from the
Treatability Study (61) using lime/settling from the
nickel sulfate and sodium dichromate industries. The
long-term average is 38 mg/l. The daily and 30-day
variability factors are 5.6 and 1.4, respectively.

The treated effluent is to be controlled within the
range of 6.0 to 9.0. This limitation is based on the
data presented in Appendix B of the proposed
Development Document (60) and the JRB Study (52).

a. pH

BPT limitations are presented in Table 24-16.

The Agency conducted treatability studies (61) using Level
(BPT) technology (without settling) on typical raw wastewater
from the sodium bisulfite industry. In the tests the average COD
level was reduced from 950 mg/l to 450 mg/l. Use of the standard
iodide-iodate test for sulfite indicated the tests reduced the
average iodate demand as oxygen from 800 mg/l to 25 mg/l. The
Agency is evaluating the standard iodide-iodate test for sulfite
for possible application in effluent monitoring but will continue
to set effluent limitations using the conventional COD test.

D. Basis of Pollutant Limitations
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0.32

3.8

24-hr.
Max.

0.080

0.95

Max.

Effluerlt Limit
(kg/kkg)

210

2500

24-hr. 30-day
Max. Avg.

1.3 0.00063 0.0020

3.4 0.0015 0.0051

1.7 __ (B) __ (8)

0.63 __ (8) __ (B)

1.7 __ (8) __ (8)

3.4
__ (8) __ (8)

in nickel sulfate and

53

630

3D-day
Avg.

Concerltration
Basis (mg/l)
Max.

5.6/1.4

5.6/1.4

30-day
Variability

Factor

Daily
Variability
Factor

38(1)

0.32(3) 4.2/1.3 0.42

0.80(3) 4.2/1.3 1.0

0.40{3) 4.2/1.3 0.52

0.15(3) 4.2/1.3 0.20

0.40(3) 4.2/1.3 0.52

0.80(5) 4.2/1.3 1.0

Subcategory
Performance

(mg/l)

TABLE 24-16. EFFLUENT LIMITATIONS
SODIUM BISULFITE

Dest Practicable Control Technology Currently Available
Wastewater Flow: 1.5 m3/kkg

Antimony

Nickel

Chemical O>cygen
Demand, COD(7)

Copper

Chromium(7),(9)

Conventional/
~onconventional

Pollutants:

Toxic Pollutants:

Pollutant

Total Suspended
Solids, TSS( 6)

(l) Data from Treatability Study (61) on lime/settling
sodium dichromate industries.

(2) Based on data from Treatability Study (61).
(3) Based on estimated achievable lang-term average concentrations from

Table 8-11.
(4) Maximum untreated effluent concentration from screening and verification

sampling data.
(5) Based on lower limit of literature-based treatability estimate from

Table B-11.
(6) Also applicable to NSPS regulations.
(7) Also applicable to NSPS, and BAT regulations.
(8) No effluent limitation.
(9) Also applicable to PSNS regulations.

Lead

Zinc(7)
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The 24-hour maximum concentration is:

a. Chromium

( kg/m3 ) = 3.8 kg/kkg
(1000 mg/I)

( kg/m 3 ) = 0.95 kg/kkg
(1000 mg/I)

(630 mg/l) (1.5 m3 /kkg)

(2500 mg/l) (1.5 m3 /kkg)

The load limitations for COD (kg/kkg) are calculated
based on the unit flow rate of 1.5 m3 /kkg, thus:

(450 mg/I) (1.4) :: 630 mg/l

for the 24- hour maximum limit. The 3D-day average
limit is calculated similarly, i.e.:

The limitations for chromium are based on the estimated
achievable long-term average concentration of 0.32 mg/l
from Table 8-13. The daily and 3D-day average
variability factors of 4.2 and 1.3, respectively, are
obtained from data in the Treatability Study (61) on
chromium removal using lime/settling from the
chlor-alkali, titanium dioxide, sodium dichromate and
chrome -pigments industries.

The BPT limitations for COD are based on data from the
Treatability Study (61) on the aeration of sodium
bisulfite waste. The average concentration of the
treated effluent from the tests, 450 mg/l, is used as a
long-term average. The daily and 3D-day average
variability factors used for TSS above are employed
again.

(450 mg/l) (5.6) = 2500 mg/I

The maximum 3D-day average concentration is:

c. COD

No long-term sodium bisulfite industry data is available to
establish limitations and guidelines for the selected toxic
pollutants. The effluent limitations and guidelines are
based on four information sources including: (1) estimated
achievable long-term average concentrations from Table 8-13,
(2) industrial wastewater treatment system performance data
from Table 8-12, (3) screening and verification data, and
(4) literature-based treatability estimates.

2. Toxic Pollutants



The 24-hour maximum concentration is:

The 24-hour maximum concentration is:

The maximum 30-day average concentration is:

(kg/kkg) are
1.5 m3 /kkg,

( kg/m 3 ) = 0.00063 kg/kkg
(1000 mg/l)

( kg/m 3 ) = 0.0015 kg/kkg
(1000 mg/l)

( kg/m 3 ) = 0.0051 kg/kkg
(1000 mg/l)

( kg/m 3 ) = 0.0020 kg/kkg
(1000 mg/l)

744

( 1 . 3 mg/1) (1. 5 m3 /kkg)

for the 24-hour maximum limit. The maximum 30-day
average is calculated similarly, i.e.:

The load limitations for zinc (kg/kkg) are calculated
based on the unit flow rate of 1.5 m3 /kkg, thus:

(1.0 mg/I) {1.5 m3 /kkg}

The limitations for zinc are based on the estimated
achievable long-term average concentration of 0.80 mg/l
from Table 8-13. The daily and 3D-day average
variability factors used for chromium ar.e employed
again.

(3.4 mg/l) (1.5 m3 /kkg)

(0.80 mg/l) (1.3) = 1.0 mg/l

for the 24-hour maximum limit. The maximum 30-day
average is calculated similarly, i.e.:

(0.80 mg/l) (4.2) = 3.4 mg/l

The maximum 30-day average concentration is:

The load limitations for chromium
calculated based on the unit flow rate of
thus:

(0.32 mg/l) (1.3) = 0.42 mg/l

(0.42 mg/l) (1.5 m3 /kkg)

( 0.32 mg/U (4.2) :: 1.3 mg/!

b. Zinc



The 24-hour maximum concentration is:

The 24-hour maximum concentration is:

The 24-hour maximum concentration is:

on the
Table 8-11
wastewater
8-12. The

745

The maximum 30-day average concentration is:

The guidance for antimony is based
literature-based treatability estimate in
which is higher than the industrial
treatment system performance data from Table

The maximum 30-day average concentration is:

The guidance for nickel is based on the estimated
achievable long-term average concentration of 0.40 mg/l
from Table 8-13. The variability factors used for
chromium are employed again.

The guidance for lead is based on the estimated
achievable long-term average concentration of 0.15 mg/l
from Table 8-13. The daily and 30-day average
variability factors used for chromium' are employed
again.

The maximum 30-day average concentration is:

(0.40 mg/l) (1.3) = 5.2 mg/l

(0.15 mg/I) (1.3) = 0.20 mg/l

(0.40 mg/l) (1.3) = 0.52 mg/l

(0.15 mg/I) (4.2) = 0.63 mg/I

(0.40 mg/l) (4.2) = 1.7 mg/l

(0.40 mg/l) (4.2) = 1.7 mg/l

c. Copper

The guidance for copper is based on the estimated
achievable long-term average concentration of 0.40 mg/l
from Table 8-13. The daily and 30-day average
variability factors used for chromium are employed
again.

e. Nickel

f. Antimony

d. Lead



value of 0.80 mg/l for the lime/settling technology is
used as a long-term average. The variability factors
used for chromium are employed again.

The 24-hour maximum concentration is:

(0.80 mg/I) (4.2) : 3.4 mg/l

The maximum 3D-day average concentration is:

(0.80 mg/l) (1.3) : 1.0 mg/l

Basis for BCT Effluent Limitations

While EPA has not yet proposed or promulgated a revised BCT
methodology in response to the American Paper Institute v. EPA
decision mentioned in Section 3, EPA is promulgating BCT limitations
for this subcategory. These limits are identical to those for BPT.
EPA is not promulgating any more stringent limitations since we have
identified no technology option which would remove significant
additional amounts of conventional pollutants. As BPT is the minimal
level of control required by law, no possible application of the BCT
cost tests could result in BCT limitations lower than those
promulgated in this regulation. Accordingly, there is no need to wait
until EPA revises the BeT methodology before promulgating BeT
limitations.

Basis for BAT Effluent Limitations

A. The Application of Advanced Level Treatment

The Agency has analyzed the cost effectiveness of the base level
systems (BPT) and the various advanced level options for
conventional and toxic pollutant removal based on the cost
estimates presented in this report and the proposed Development
Document (60). The regulations being promulgated for BAT consist
of Level 1 or BPT treatment. The removal of additional
pollutants by Levels 2 and 3 treatment systems is not sufficient
to offset the additional cost to install and operate these
advanced treatment systems.

B. Technology Basis

The BAT treatment system is the same as that described above for
BPT.

C. Flow Basis

The model plant flow developed for BPT treatment applies also to
BAT in the development of the regulations. Therefore the value
of 1.5 m3 /kkg of product is used for the unit flow.
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D. Selection of Pollutants to be Regulated

For the BAT regulations, the Agency is setting the regulation of
COD and the same two toxic metals considered for BPT limitations
listed in Table 24-16. Concentration values for the other metals
are intended for guidance only.

E. Basis of Pollutant Limitations

1. Nonconventional Pollutants

The only nonconventional pollutant is COD in the sodium
bisulfite subcategory. Since BAT has been set equal to BPT
by the Agency, the limitation is then identical to BPT for
COD. Refer to Table 24-16 for the BAT regulation.

2. Toxic Pollutants

The Agency is setting limitations on chromium and zinc which
equal those for BPT. See above for the development of these
limitations.

Basis for New Source Performance Standards

The NSPS limitations (applicable to. pH, TSS, COD and two toxic metals)
are set equal to BAT for toxic and nonconventional pollutants and BPT
for conventional pollutants. Table 24-16 for the BPT and BAT
limitations would be identical in all respects with NSPS limitations.
See above for the development of the regulations.

Basis for Pretreatment Standards

Pretreatment standards are necessary because NSPS prOVides better
removal of chromium than is achieved by a well-operated POTW with
secondary treatment installed and therefore chromium would pass
through a POTW in the absence of pretreatment. Based on the average
raw waste loads given in Table 24-9 and the long-term average
subcategory performance given in Table 24-16, NSPS treatment reduces
COD by 76% and zinc by 77%. A POTW will reduce COD by 80% and zinc by
76% (See Fate of Priority Pollutants in Publicly Owned Treatment Works

Interim Report, EPA-440/1-80-301, October 1980). A POTW therefore
achieves a percent removal equal to or greater than that achieved by
NSPS for COD and Zinc, and therefore there is no pass through of those
two pollutants in this subcategory.

A. Existing Sources

The Agency is excluding this subcategory from Pretreatment
Standacds for Existing Sources (PSES) under the provisions of
paragraph 8(b)(ii) of the Settlement Agreement. The total toxic
metal discharge from the one existing indirect discharger to POTW
is 120 pounds per year, which is so insignificant as not to
justify developing a national standard.
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B. New Sources

Fo~ Pretreatment Standa~ds for New Sou~ces (PSNS), the Agency is
promulgating limitations based on NSPS. The pollutant limited is
chromium.
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SECTION 25

SODIUM HYDROSULFITE (FORMATE PROCESS) INDUSTRY (Excluded)

Summary of Determinations

We proposed BPT, BeT, and BAT limitations and NSPS, PSES, and PSNS for
this subcategory. The proposed regulation basically added control of
selected toxic metal pollutants to existing treatment practiced in the
industry. We have reviewed the basis for the proposed regulation and
we concluded that the total current treated discharge load of only
0.42 pounds per day total toxic metals from all plants in the
subcategory is too insignificant to justify developing a national
regulation. Accordingly, we have excluded this subcategory from
national regulation development under paragraph 8(a}(iv) of the
Settlement Agreement.

The information presented in the remainder of this Section is provided
as guidance for use by permit writers.

Industry Profile

General Description

Most of the SOdium hydrosulfite produced in the U.S. is sold in the
merchant market. Sodium hydrosulfite is used extensively in dyeing
cotton and in the printing industry. It is a powerful reducing agent
and is used in wood pulp bleaching, and stripping operations in the
food, vegetable oil, and soap industries.

The industry profile data are presented in Table 25-1, while status of
regulations are summarized in Table 25-2.

Subcategorization

A detailed summary of factors considered in subcategorization is
presented in Section 4. Sodium hydrosulfite is produced by three
processes including the Werbs, formate, and zinc processes. The zinc
and Werbs proces~es are deferred to Phase II of the inorganic
chemicals regulation development effort. This section concerns the
formate process only.

General Process Description and Raw Materials

In the formate process, sodium hydrosulfite is produced by reacting
sodium formate solution, sodium hydroxide SOlution, and liquid sulfur
dioxide in the presence of a recycled stream of methanol solvent. The
general reaction is:
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The operation occurs in several steps:

An aqueous solution of sodium formate is prepared and introduced
into the reactor.

during
must be
buildup

( 2 )

a slurry in the
bicarbonate and

Water Use and Waste Source Characteristics

Water Use

A general process flow diagram for Plant i672 can be found in Figure
25-1, as it is typical for this subcategory.

The sodium hydroxide and sodium formate solutions, liquid sulfur
dioxide, and recycled methanol are then contacted under pressure
at slightly elevated temperatures.

Water is used in the process as make up for the reaction solutions and
for steam generation in the rotary dryers. Water is also used for
noncontact cooling in the reactor gas vent scrubbers and dryers, as
well as pump seals and washdowns, and as dilution water in the
wastewater treatment system to assist in biological oxidation of
organic materials.

The recycled stream of methanol containing sulfur dioxide is
introduced into the reactor.

This side reaction product remains in the recycling methanol
the entire process. As a result, some of the methanol
periodically purged from the recycle system to avoid excessive
of this impurity.

The resulting slurry of sodium hydrosulfite in the solution of
methanol, methyl formate, and by-products is sent to a pressurized
filter operation which recqvers the crystals of sodium hydrosulfite.
The crystals are dried in a steam heated rotary drier, recovered and
packaged. The filtrate and backwash liquors from the filter operation
are sent to the solvent recovery system as is the vaporized methanol
from the drying operation. The drying of the sodium hydrosulfite
filter cake must be done very carefully as it is heat sensitive and
tends to decompose to sulfite.

There is a small amount of methyl formate produced in the reactor as a
side reaction between the sodium formate and methanol:

Sodium hydrosulfite then precipitates and forms
reactor. The by-product, sodium sulfite, and sodium
carbon monoxide gas are formed.
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from the
At Plant

held and
treatment

Waste Sources

The strongest process waste is the aqueous residue
distillation column bottoms (solvent recovery system).
contains concentrated reaction by-products and is p~rged

system at a rate of approximately 14,000 gallons per day.
#672, this waste is sent to a by-product pond where it is
either sold to the pulp and paper industry or bl~d into the
system.

The dilute wastes from the process are contributed by leaks, spills,
washdowns, and tank car washing. At Plant #672, this is collected in
a sump and then sent to the biological treatment system.

Cooling tower and boiler blowdown constitute a noncontaminated
wastewater source. This is sent to the final compartment of the
chlorine contact tank without treatment, for discharge with the
combined effluent of the treatment plant.

The vent gas scrubbers create a wastewater source which is sent to the
methanol recovery stills for recycle. At Plant #672, this waste
eventually goes to the by-product pond with the distillation column
bottoms.

Table 25-3 presents the unit flows for the three primary sources of
process wastewater which contribute to the pollutant load.

Solid wastes currently are generated in the activated sludge waste
treatment system. An estimated 2,400 gallons of biological sludge are
discharged per day to an on-site drying bed. Application of more
stringent waste treatment of toxic pollutants is estimated to generate
an additional 6 kg/kkg of product of solid waste which must be
disposed of at an approved site.

Description of Plants Visited and Sampled

Screening and Verification

The only plant visited during the sampling program was Plant #672,
where verification sampling procedures were used. Plant #672 is one
of two plants that currently utilize the formate process in the sodium
hydrosulfite subcategory. An evaluation of plants that currently
utilize the zinc process for sodium hydrosulfite manufacture has been
deferred to a later phase of regulation development by the Agency.

Data from Plant #672 can be considered representative of this process
for both plants, since the other plant in this subcategory has an
identical, though slightly ·smaller, production process. However, the
second plant has a different waste treatment system. It also receives
large loadings of waste from several other products. Because of this
the plant is considered nonrepresentative of the hydrosulfite process
and visits were limited to Plant #672 for this reason.
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TABLE 25-3. WASTE SOORCE DATA AT PLANT #672

1.95

1. 75

0.95

Tbta1 4.65

(Basis of flow for rrodel plant and. regulaticn develOIJlBlt)

WASTE SOURCE

Dilute waste (spills, etc.)

Dilutirn Water (contact)

By-prOO.uct Waste
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Toxic pollutant Concentrations

At the time screening sampling was conducted at Plant 1672, none of
the by-product wastewater was being sent to the biological treatment
system. As a result, the sodium hydrosulfite process waste being
treated was from the dilute waste area only.

Verification
Plant 1672

79
43

9300
1500
1300
1700

130
27000

580
170
100

28
34

Pollutant
Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc
Pentachlorophenol
Phenol
Cyanide
Mercury
Selenium

Toxic pollutants were identified in the raw process waste stream at
Plant 1672. The following toxic pollutants were found at detectable
concentration levels.

Maximum Raw Waste Concentrations Observed
( .,g/I)

A general flow diagram of ~lant 1 672 showing process waste sources
and sampling points is shown in Figure' 25-2. The sources of
wastewater for each sampling point are as follows:

By-product pond.

Dilute waste from sodium hydrosulfite process area and sumps.

Combined influent to treatment. This point collects waste from
points 1 and 2, plus the sodium bisulfite waste stream.

Treated effluent at the outfall.

Two toxic organic pollutants, pentachlorophenol and phenol, were
identified at low, but detectable, concentration levels. The raw
process materials, including sodium formate and methanol, are likely
sources. The sodium formate currently used in the process is a

Table 25-4 presents the results of the conventional and
nonconventional pollutant concentrations and unit loads for each of
the streams sampled. The results are based on three 24-hour composite
samples. It should be noted that sampling was done during a time when
no by-product waste was entering streams 3 and 4. The unit flow
indicated is the estimated flow observed during sampling.



TABLE 25-4. FIJ::m, POILUl'ANr CCN:ENTRATI.ON, AND :r..,(W) DATA OF THE SAMPLED
WASTE S'I'RE'.AMS FOR PIANT #672 PRXlOCING SODIUM HYDroSULFITE

Flow TSS COD
Stream

(m3/kkg)Designation Descriptioo (trg/l) (kg/kkg) (rrg/1) (kgjkkg)

1 By-product 0.95 61 0.058 78,000 74

2 Dilute waste 1.95 260 0.51 15,000 29

3 Dilute waste and
16,000UL 32SBS waste 2.05 840 1.7

4 Final Discharge 4.87 25 0.12 740 Ul. 3.6

(1) Value is that observed during sampling which may differ significantly
if the by-product stream is contributing.
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where:

C is the concentration of the pollutant expressed in units of
mg/l (Note: kg/m J = 1000 mg/l), and

P is the
units of
to 2205

= (C) (Q)
lOOOP

Unit loading (as kg of pollutant
per kkg of sodium hydrosulfite)

where C and Q are the same as described above, and
sodium hydrosulfite production rate expressed in
kkg/day. (kkg is 1000 kg, a metric ton, which is equal
lbs. )

Daily loading (as kg of pollutant per day) = (C)(Q)
( 1 000)

by-product from an unrelated organic chemicals process which may
contain the organic impurities. Methanol is also a suspect source of
organic impurities in view of the difficulty involved with its
purification and high degree of solubility with pentachlorophenol.
Also possible is coincidental formation of pentachlorophenol in the
process due to the presence of specific chlorinated hydrocarbons under
conditions conducive to its development.

The estimated total toxic pollutant raw waste loads generated each
year for this subcategory were based on the total estimated annual
production of sodium hydrosulfite. The loads are as follows:

Q is the waste stream flow rate expressed in units of m3 /day.
(m l , a cubic meter, is equal to 264~2 U.S. gallons.)

Similarly, the unit loadings were calculated from the reported sodium
hydrosulfite production rate, the waste stream flow rate, and the
measured pollutant concentration.

Section 5 of this report describes the methodology of the screening
and verification sampling program. In the sodium hydrosulifte
industry, a total of three days of sampling were conducted at Plant
#672. Three 24-hour composite samples were taken at four different
sampling points. The sampling involved 169 analytical data points for
the toxic inorganic pollutants and 387 additional points for the toxic
organic pollutants. The daily raw waste loads were calculated from
the waste stream flow rates measured or estimated at the time of
sampling and the measured pollutant concentration.

That is,

Table 25-5 presents the average toxic pollutant concentrations
observed during sampling for the raw and treated wastewaters at Plant
~b72. The concentration indicated is based on three'24-hour composite
samples. Table 25-6 is a tabulation of the unit loadings for each of
the toxic pollutants found at detectable levels in the raw waste
water.
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Prevailing Control and Treatment Practices

Although sodium hydrosulfite is being manufactured by both the zinc
process and the formate process, the trend is away from the zinc
process for environmental reasons. This discussion concerns only the
formate process, using a sodium formate feed stock from a source which
appears to contain heavy metal impurities (chromium, zinc, nickel,
lead, and copper) as well as trace amounts of cyanide. A predominant
characteristic of sodium hydrosulfite wastes is their high chemical
oxygen demand resulting from various forms of sulfite, from methyl
formate~ and from residual methanol after a solvent recovery process.
Low levels of phenolic compounds are also found in the raw wastes.

Waste Load (kg/year)

4.8
1 .3

22
7.6

40
64
6.4

960
33
6.0
1. 56
0.80
1 .2

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead'
Nickel
Silver
Zinc
Pentachlorophenol
Phenol
Cyanide
Mercury
Selenium

Pollution Abatement Options

Toxic Pollutants of Concern

Due to the nature of the two primary raw waste streams, each one is
handled differently. The dilute waste is first sent to a holding pond
where the flow is equalized and the waste mechanically aerated. This
pond also contains approximately 1500 gallons per day of waste from a
sodium bisulfite process. The pond effluent is pH adjusted with
sulfuric acid and sent to an aeration basin. A nitrogen-phosphate
fertilizer and urea are added to provide nutrients. Approximately
3500 gallons per day of sanitary waste and up to 25,900 gallons per
day of clean dilution water are also added to the aeration basin.
This basin formerly had mechanical aerators, but now has air diffusers
which allow better temperature control for biological oxidtion. The
effluent from aeration goes to a clariifer. Approximately 14,000
gallons per day of settled sludge is returned to the aeration basin
and 2,400 gallons per day is sent to drying piles on site. More
dilution water is added to the clarifier when needed for Total
Dissolved Solids control. The overflow from the clarifier goes to a
chlorine contact tank because of the sanitary waste. The blowdown
water from the'cooling tower and boilers is added to the final chamber
of the chlorine contact tank. The effluent from this unit is sent to
a final polishing pond for settling and equalization before discharge.
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B. Level 2
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If an acutal formate process plant employs metal-free
formate in its process there is no reason to expect heavy
in the process wastes and Level 2 treatment should
necessary. The flow diagram is shown in Figure 25-4.

The by-product wastes are treated separately by alkaline
precipitation to remove the toxic metals and then are combined
with the product wastes for biological oxidation treatment and
chlorination, as in Levell.

The by-product waste from the distillation column bottoms is sent to a
lined by-product pond at a rate of 14,000 gallons per day and held for
one of two possible disposal methods. When there is a market for the
by-products, the waste is concentrated and sold to the pulp and paper
industry. At times when this is not possible, and the pond nears
capacity, the waste is bled into the treatment system described above
through the dilute waste holding pond.

Treatment system pH adjustment, biological oxidation, settling,
and chlorination are used to reduce COD and coliform organisms in
the combined wastes, in accordance with existing plant practice.
The flow diagram is shown in Figure 25-3.

Selection of Appropriate Technology and Equipment

Technologies for Different Treatment Levels

Practical technologies for controlling COD include various forms of
mechanical and biological oxidation. For the relatively simple
chemical oxidation of hydrosulfite to sulfate, intimate contact with
atmospheric oxygen is effective, using submerged air diffusers,
induced alr in a circulating system, or mechanical surface aeration.
For biochemical oxidation of resistant organics such as formates,
phenols, chlorinated hydrocarbons, and methanol, the use of trickling
filtration, rotating biological discs, or variations of the activated
sludge process can provide intimate contact between organic pollutants
and the microbiological organisms which use them as food.

Technologies for controlling heavy metals include alkaline
precipitation, which is effective for the common heavy metals, and
sulfide treatment, which precipitates nickel, zinc, and copper, but
does not increase control of chromium. Other less appropriate metal
removal techniques have been discussed in Section 8.



Equipment for Different Treatment Levels

A. Equipment Functions

Product waste and by-product wastes are received in a mixed and
aerated equalizing basin, adjusted to a neutral pH, and aerated
in a four-day aeration lagoon, including 50 percent return of
underflow to the influent. Plant sewage, nutrients, and diluting
water are added to the lagoon to promote biological oxidation of
organics and other COD. Lagoon effluent is clarified,
chlorinated, and sent to a polishing pond before discharge
through effluent monitoring facilities. Cooling tower and boiler
blowdown wastes enter the system after chlorination, since they
require no treatment except settling of scale and inert debris in
the polishing pond. Floating aerators are used in the
equalization basin and compressed air is diffused in the aerated
lagoon, for mixing and introduction of dissolved oxygen into the
mixed liquor.

In Level 2 treatment, by-product wastes are received in a
separate la-hour aerated and recirculated holding tank, which is
pumped at average daily flow to a gravity clarifier, adding
sufficient lime to reach a pH of 10.5. The clarifier overflow
joins the product waste stream in the equalization basin of the
Level 1 system. All features of the Level 1 system remain the
same, since it was originally sized to handle the combined
wastes.

B. Chemicals and Handling

Sulfuric acid, lime, filter aid, and chlorine are chemicals
commonly used in waste treatment. When handled in corrosion
resistant equipment designed for their use, no unusual hazards
are expected. Raw sewage and 10-10-10 liquid fertilizer
introduced into the aerated lagoon become thoroughly mixed and
are eventually consumed in the biological oxidation process,
constituting no threat to operating personnel. Chlorine, used
for control of coliform bacteria, is received in ton containers
and applied as a chlorine water solution using standard solution
feed chlorination equipment. There are no unusual chemical
handling problems in treating these wastes, provided the waste
streams are kept at a neutral or alkaline pH.

C. Separation and Disposal of Solids

In the Level 1 system, waste activated sludge solids are assumed
to be dried in sludge beds at the site, to be 'used as fertilizer
for plant landscaping. Clarifier underflow from alkaline
precipitation of by-product waste in Level 2 is assumed to be
sent to a sludge holding tank and dewatered at suitable intervals
in a filter press, followed by hauling of solids to a chemical
landfill. Filter press filtrate is returned to the holding tank
for retreatment.
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Figure 25-3. Level 1 waste water treatmant for sodiun hydrosulfite st1bcategoty.
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Figure 25-4. Level 2 waste water treatment for sodiun hydrosulfite subcate:Jo:ry.



D. Monitoring Requirements

Internal monitoring should include simple field tests for pH,
chlorine residual, and settleable solids. Maintenance of the
by-product stream clarifier at a pH of 10.5 is expected to
provide control of toxic metals without need for routine metal
analyses. Periodically, effluent samples should be analyzed for
chromium, zinc, copper, nickel, and lead by atomic absorption in
addition to routine COD tests for general evaluation of the
treatment.

Treatment Cost Estimates

General Discussion

A model plant concept was prepared for the purpose of the cost
estimates. The specifications of the waste input parameters and the
design of the model plant Level 1 treatment system are based on the
information presented for Plant #672.

In this subcategory, commercial fertilizer and urea are added to
stimulate growth of the biomass employed in biological treatment, and
not for direct reaction with a residual pollutant. Therefore, the
chemicals used do not bear a fixed relationship to the plant
production in units of sodium hydrosulfite.

Organic solids generated in the model treatment system are assumed .to
be disposed of on land at the site, without a separate cost for sludge
disposal.

Cost Estimates

The model plant cost estimate for two levels of treatment applied to
-the same level of production is presented in Table 25-7. Table 25-8
gives a summary of the unit cost distribution between amortization,
operation and maintenance cost components at two levels of treatment.

Cost estimates developed for the first and the second level of
treatment indicate that labor and supervision costs constitute a major
portion of the annual cost. This reflects the manpower requirements
for operating the treatment systems on a 24-hour basis.

Basis for Guidance

Evaluation of Level 1 Treatment Practices

There are two plants producing sodium hydrosulfite by the formate
process, both of which have Level 1 eq~ipment in place and both are in
compliance with their NPDES permits.

Level 1 technology has been specified as the technology presently in
use at Plant 4672. Design and cost estimates are based on inclusion
of by-product wastes.
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a Represents the incremental cost above that for Ievel. 1 trea.t:Irent
b Overhead and profit

TABLE 25-7. MODEL PL~NT TRE~TMENT COSTS

Subcategory Sodium Hydrosulfite - Formate process
Production 20,450 metric tons per year

29,884

165,053

44,827

($)

level 1 revel 2

23,000 0
138,500 121,000

20,000 0

181,500 121,000
27,225 18,150

208,725 139,150
41,745 27,830

250,470 11lf},980
25,047 16,698

275,517 183,678
12,000 3,000

287,517 186,"78

16R.000 84,000
12,000 1,200

3,500 18,500
27,552 18,368

8,1;26 5,600
0 0

15,000 7,500

234,677 135,168

279,504

......

......Labor and supervision

TOTAL OPERATION AND
MAINTENANCE COST

TOTAL INVESTMENT COST

Energy •••••••••••••••••••••
Chemicals •••••••••••• , •••••
Maintenance ••••••••••••••••
Taxes and insurance ••••••••
Residual waste disposal ••••
Monitoring, analysis

and reporting •••••••••••••
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Subtotal ••••••••••••••
Engineering ••••••••••••••••

subtotal ••••••••••••••

Subtotal ••••••••••••••
Contingencies ••••••••••••••

Site development •••••••••••
Equipment ••••••••••••••••••
Monitoring equipment •••••••

Subtotal ••••••••••••••
Contractor's 0 & pb •••••••••

Land ••••••••••••••••••••••••

TOTAL ANNUAL COST

A. INVESTMENT COST

B. OPERATION AND
MAINTENANCE COST

C. AMORTIZATION OF
INVESTMENT COST
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TABLE 25-8 MODEL PLANT UNIT TREATMENT COSTS

Subcategory Sodium Hydrosulfite -Formate process

revel 2

LEVEL OF TREATMENT

level 1PRODUCTION
(kkg/yrl

Annual Treatment Costs (S/kkgl

COST ITEM

Annual Operation
and Maintenance 20,450 11.48 6.61

Annual
Amortization 20,450 2.19 1.46

Total Annual
Cost 20,450 13.67 8.07

*Represents the incremental cost above level 1.

----------------------------------------------------------------



An evaluation of treatment practices was performed at Plant 1672 based
on the pollutant sampling, since long-term monitoring data was not
available for the pollutants of concern. Details concerning the
performance evaluation calculations and assumptions are discussed
below for the pollutants of concern ..
A. Conventional and Nonconventional Pollutants

1. Chemical Oxygen Demand (COD)

At the time of sampling, the by-product waste (stream #1,
Figure 25-2) was not flowing into the wastewater treatment
system (Stream #3, Figure 25-2).

Review of Table 25-4 indicates that a majority of the COD
load is contributed by the by-product waste stream. The
other major source of COD is contributed by the dilute waste
stream #2. Estimates of subcategory performance are made
for COD based on the following assumptions:

a. Assumption 1

The COD load for the by-product stream must be included
in the evaluation of the treatment system performance,
since its contribution to the final COD load will have
a significant influence. Therefore, it is assumed that
the percent COD removed in the treatment system would
be the same percent COD removed for the by-product
waste stream as if it had received treatment. This
assumption is necessary since plant performance
information is available only for the dilute waste
stream.

b. Assumption 2

In order to estimate the COD removed during treatment
in the dilute waste stream, two minor assumptions must
also be made to account for COD contributions from the
sodium bisulfite (SBS) and sanitary streams which are
not considered sodium hYdrosulfite process-related. It
is assumed that the final COD concentration for the
treated sodium bisulfite waste stream is 680 mg/l (from
Table 24-16) and 60 mg/l which is a conservative
estimate for treated sanitary wastes. These
assumpt~ons are not critical since the total combined
waste flow from these two waste sources is only 0.30
m3 /kkg compared with 2.9 m3 /kkg of other process
related wastes.

Table 25-9 is a summary of the subcategory performance
evaluation of TSS and COD for Plant *672. The COD
evaluation is developed in the table on the bases of
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Sanitary waste COD load =

(0.24 mJ/kkg from Table 25-9; 60 mg/l from Assumption 2
above)

COD load is 3.6 kg/kkg from Table
contributions from the sodium
sanita~y waste streams which are

These loads are determined as

the assumptions above and sampling information in Table
25-4.

A .determination of achievable effluent COD load is
shown in the following steps beginning with an
estimation of the COD removal efficiency in the waste
treatment system.

The observed effluent
25-4 which includes
bisulfite (SBS) and
not process related.
follows:

The effluent COD load contributed by the SBS and
sanitary waste streams are substracted from the
observed load of 3.6 kg/kkg to obtain the actual COD
load contributed by the process related dilute waste as
follows:

SBS load = (680 mg/l) (0.10 m3 /kkg) (kg/m J ) = 0.068 kg/kkg
(1000 mg/l)

3.6 kg/kkg - (0.068 kg/kkg + 0.014 kg/kkg) = 3.5 kg/kkg

The effluent COD load is 3.5 kg/kkg which when
expressed as a ratio with the raw COD waste load
(Assumption 1) can be used to estimate the additional
COD contributed by the by-product waste as follows:

Raw COD load contributed = 29 kg/kkg from Table 25-4
by dilute waste

Raw COD load contributed = 74 kg/kkg from Table 25-4
by by-product waste

Effluent COD load of = (74 kg/kkg) (3.5 kg/kkg)
(29 kg/kkg)

= 8.9 kg/kkg

(0.10 mJ/kkg from Table 25-9; 680 mg/l from Assumption
2 above)

(60 mg/l)(0.24 m3 /kkg) (kg/m J ) = 0.014 kg/kkg
(1000 mg/l)
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(1) - NA Not ~icable to evaluati.a1.

(2) - Data based on average of three
24-hour OIUiosite sanples.

(3) - Assumen value discussed in section 25.7.1 under Chanica! OXygen DEmmd.

TABLE 25-9. SUBCATEXDRY~ EVALtlATIQil smH\R!' AT PLANT #672 FOR
<DM!NrIamL AND~ POLlDl"1\N'l'S IN THE EFFLU.ENrS

Effluent waste Flow TSS (2) ew(2)

Descriptial (m3/kkq)
(IDJIl) (kq/kkg) (ug/l) (kg/kkg)

A - Dilute waste 1.95 260 0.51 1800 3.5

B - SOdi.ml Bisulfite 0.10 ~(1) NA 680(3) 0.068
waste

6~3)C - sanitaJ:y waste 0.24 NA NA 0.014

D - Dilution water 1.75 NA NA 0 0

E - Boiler BJ.a«bn 0.83 NA NA 0 0

F - By-product. 0.95 61 0.058 9600 9.2

Tota1 !Dad (A+D+F) NA NA NA 13

Effluent OJDcentration 4.81 25 NA NA NA

Model Plant Flow
(A+O+-F) 4.65 NA Nl\ NA NA

a:moentrati.a1 At
Medel Plant Flow 4.65 26 NA 2700 NA

uNA254.65BASIS OF LlHrrATICN



Total effluent COD load contributed by both the dilute
and by-product waste =

3.5 kg/kkg + 8.9 kg/kkg = 12 kg/kkg

The effluent load for COD is 12 kg/kkg based on the
plant performance evaluation and sampling data.

2. Total Suspended Solids (TSS)

The removal of TSS from the raw wastewater is much more
complex on a load basis. TSS removal must therefore be
estimated on a concentration basis as indicated in Table
25-9. A TSS concentration of 25 mg/l was observed in the
treated effluent during sampling (Table 25-4) which is used
as the long-term average in developing the TSS guidance.

a. Toxic Pollutants

The removal of toxic pollutants in the treatment system at Plant
#672 during sampling is indicated in Table 25-5 for the purpose
of evaluating plant performance.

Basis for Level 1 Treatment Performance

A. Technology Basis

The technology basis is, or is equivalent to, equalization, pH
adjustment, aeration in a biological oxidation. system,
clarification, and chlorination before discharge of the treated
effluent.

B. Flow Basis

The basis of flow used for the cost estimates, and as a basis to
estimate pollutant discharge loadings for the purpose of guidance
development, was derived from plant information received at Plant
1672. Table 25-3 presents the unit flows from the three primary
waste sources identified in the industry. The dilute and
by-product wastewaters are primarily process related, whereas the
dilution water is required for proper operation of the biological
waste treatment system.

There are only two plants which currently use the formate process
for the manufacture of sodium hydrosulfite. The model plant flow
is 4.7 m3 /kkg of product for the sodium hydrosulfite subcategory
as presented in Table 25-3 and is based on Plant #672 data.
Plant #672 was chosen for evaluation because it is not
complicated by other unrelated manufacturing processes.
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C. Selection of Pollutants to be Controlled

D. Basis of Pollutant Control Guidance

within the
on the data
Development

a. pH

The treated effluent is to be controlled
range of 6.0 to 9.0. This is based
presented in Appendix B of the proposed
Document (60) and the JRB Study (52).

b. TSS and COD

1. Conventional and Nonconventional Parameters

The maximum 3D-day average COD level is estimated from
plant performance data in Table 25-9 to be 12 kg/kkg.
The maximum 3D-day average concentration is determined
as follows:

No long-term monitoring data is currently available for
a statistical estimation of the variability factors in
the Sodium Hydrosulfite SUbcategory.

Therefore, the 3D-day average and daily variability
factors are estimated from the treatability study (61)
for COD removal. The study indicates a 3D-day average
variability factor of 1.2 and daily variability factor
of 4.0.

The data presented in Table 25-9 was used for the
development of TSS and COD control guidance. The data
presented is for Plant #672 which is the only plant in
the subcategory where the treatment performance can be
observed clearly.

(12 kg/kkg) (1000 mg/I) = 2600 mg/l
(4.7 m3 /kkg) (kg/m 3 )

The Level 1 treatment technology is directed primarily toward
removal of TSS and COD. In addition to these conventional and
nonconventional pollutants, toxic organic pollutants were
identified. in small quantities. These toxic organic polluants
include pentachlorophenol, phenol, and other tra~e organics. The
presence of these toxic pollutants is currently under
investigation by the plant to: 1) determine the source of the
pollutants and identify whether they are process related, and 2)
determine whether process modifications or best management
practices might be available to eliminate their presence if they
are discovered to be process related.
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The 24-hour maximum loading for COD is then:

The 24-hour maximum loading is:

concentration is determined

2600 mg/l = 2200 mg/l
1.2

The long-term average COD concentration is determined
using the 3D-day average variability factor of 1.2 as
follows:

The 24-hour maximum concentration is determined using
the daily variability factor as follows:

The long term average TSS concentration is 25 mg/l from
plant performance information in Table 25-9. The TSS
control guidance is based on this long-term average and
the variability factors used for COD. The 3D-day
average variability factor of 1.2 is used to determine
the TSS maximum 30-day average concentration as
follows:

Guidance for effluent control is presented in Table 25
1O.

The maximum 30-day average loading is determined as
follows:

The 24-hour maximum
similarly as follows:

(25 mg/l) (4.0) = 100 mg/l

(25 mg/l) (1.2) = 30 mg/l

(100 mg/l)(4.7 m3 /kkg)} ( kg/m 3 ) = 0.47 kg/kkg
(1000 mg/l)

(30 mg/l) (4.7 m3 /kkg) (kg/m 3 ) = O. 14 kg/kkg
(1000 mg/l)

(2200 mg/l) (4.0) = 8800 mg/l

(8800 mg/l)}(4.7 m3 /kkg) (kg/m 3 ) = 41 kg/kkg
(1000 mg/l)

The verification sampling results presented in Table 25-5
for pentachlorophenol and phenol indicate that both of these
toxic organic pollutants are currently removed by the
existing treatment system to the analytical detection limit
and are therefore excluded from further consideration.

2. Toxic Organic Pollutants



'mBLE 25-10. GU~ FOR EFF'LUENI' crNrROL
Sodium Hydrosulfite
level 1 PerfO:rrnanc~

Waste Water Flow: 4. 7 m jkkg

Concentration Effluent I.oadi ng
SubcategoIY

VFR(U
Basis (ng/l) (kg/kkg)

Pollutant Perfonnance
(ng/l) Max Max

30-day 24-hr 30-day 24-hr
Avg Max Avg Max

Conventional an:! ooncx:mventiona1
pollutants:

'lbtal Suspended
25 (2) 4.0/1.2(3)Solids, TSS 30 100 0.14 0.47

ChEmical Oxygen
4.0/1. 2(3) 12(2)Demand, COD 2200 2600 8800 41

(l) - VFR: ratio of the 24-hour variability factor to the 30-day average
variability factor.

(2) - Based on sd>category perform:moe estinates utilizi..ng three 24-hour
composite saroples.

(3) - Based on treatability study (61) for the raroval of OOD.

(4) - lib effluent limitation has been established.
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C. Flow Basis
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The unit flow used for the tr~atment performance estimates is
based on 4.7 m3 /kkg of product. The estimated flow does not
change for Levelland Level 2 treatment.

D. Selection of pollutants to be Controlled

not amenable to the
although, as shown in

removal can occur.
ensure the removal of

The Level 1 treatment technology is
removal of toxic metal pollutants
Table 25-5, considerable incidental
Level 1 technology can not reasonably
toxic metals on a consistent basis.

3. Toxic Metal Pollutants

Selection of pollutants is based on an evaluation of verification
sampling data at Plant #672. Results of the sampling program are
presented in this section. On the basis of concentration and
total annual raw waste loads, zinc, nickel, lead, chromium, and
copper have been identified at treatable levels and were
considered as candidates for control in addition to TSS and COD.

Review of Section 8 indicates that· not all toxic pollutant$
present in raw waste effluents need to be specified for alkaline
precipitation. In fact, two primary groups of heavy metal$
appear to reach a minimum solubility at slightly different pa
levels. Zinc is the major toxic pollutant determined at Plant
#672 which represents one of these primary groups of metals and
nickel, also identified at treatable levels, represents the other
group that achieves optimum removal at slightly higher pH values.
Adequate control of zinc and nickel can be achieved in a single
step alkaline precipitation system operated in an intermediate pH
range of approximately 9.5 to 10.5. The basis for this is
presented in Section 8 of this report. Control of zinc and

A. The Application of Advanced Level Treatment

The Agency has analyzed the cost effectiveness of the base level
systems and the various advanced level options for the removal of
pollutants based on cost estimates presented in this report. NO
plant has this additional technology installed.

B. Technology BasiS

Level 2 is based on treatment that provides more stringent
removal of toxic pollutants in the by-product waste stream by
introducing alkaline precipitation with lime and settling prior
to base level treatment. The by-product waste stream was the
primary source of toxic met~l pollutants observed during
sampling.

Basis for Level 2 T~eatment Performance



nickel will also ensure removal of lead, chromium, and copper
which may occasionally occur at treatable concentrations in the
raw waste.

E. Basis of Pollutant Control Guidance

1. Nonconventional Pollutants

The only nonconventional pollutant selected for limitation
is COD. In view of the proposed technology for Level 2, no
additional removal of COD is anticipated beyond what is
already estimated for Level 1. That section discusses the
development of the COD control guidance.

The maximum 3D-day average COO effluent loading is 12 kg/kkg
and the 24-hour maximum is 41 kg/kkg presented in Table
25-1 1 •

2. Toxic Pollutants

Alkaline precipitation and settling of the by-product waste
is expected to remove the five candidate toxic metal
pollutants to within the limits of treatability. Review of
Table 25-5 indicates that the existing Level 1 treatment
system is providing incidental removal of the toxic metals.
Table 8-12 presents the estimated levels achievable for the
toxic metal .pollutants based on literature treatability
which was used for the purpose of establishing the long-term
average concentration used for guidance control.

No long-term pollutant monitoring data were available to
develop the variability factors. However, treatability
studies (61) were performed that estimate the 3D-day average
and 24-hour maximum variability factors for a number of
toxic pollutants. Variability factors for zinc were
estimated as the average of values obtained in the nickel
and copper sulfate industries. The 3D-day average and daily
variability factors are 1.2 and 4.1, respectively, and are
used for guidance development.

a. Zinc

Review of the zinc concentration in the raw by-product
waste stream indicates levels as high as 27 mg/l and an
average of 24 mg/l from three 24-hour composite samples
(Table 25-6). Literature treatability presented in
Table 8-12 indicates an achievable long-term average
concentration of 0.80 mg/l for alkaline precipitation
and settling of zinc. The maximum 3D-day average
concentration is developed as follows:

(0.80 mg/l) (1.2) = 0.96 mg/l

778



TABLE 25-11. GUIDANCE FOR EF'FIIJENI' CONTROL
Sodium Hydrosulfite
level 2 Perfo:r:rrance

Waste Water Flow: 4.7 m3/kkg

Concentration Effluent lDading
Subcategory

VFR (1)
Basis (rrg/l) (kg/kkg)

Pollutant Perfonnance
(rrg/l) Max Max

30-day 24-hr 30-day 24-hr
Avg Max Avg Max

Conventional and nonoonventional
fOllutants:

Chanical Oxygen
4.0/1. 2 (5) 2600 12(2)Demand, COD 2200 8800 41

Toxic f01lutants:

Zinc (6) 0.80 (3) 4.1/1.2(5) 0.96 3.3 0.0045 0.016
Nickel (6) 0.40 (3) 4.1/1.2 (5) 0.48 1.6 0.0023 0.0075
Lead (6) 0.15 (3) 4.1/1.2 (5) 0.18 0.62

(4) (4)

Chranium (6) 0.32 (3) 4.1/1.2(5) 0.38 1.3
(4) (4)

eopper(6) 0.40(3) 4.1/1.2 (5) 0.48 1.6
(4) (4)

(1) - VFR: ratio of the 24-hour variability factor to the 30-day
average variability factor.

(2) - Based on subcategory performance estimates utilizing three 24-hour
conposite samples. '

(3) - The long-term average exmeentration estimate fran Table 8-12 is used.

(4) - No control specification is needed.

(5) - Based on treatability study '(61) for nickel' and ropper sulfate
subcate:]ories.

(6) - Also applicable for pretreatrlent.
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b. Nickel

3. Other Pollutants

is similarly

is similarly

concentration

concentration

The 24-hour maximum
developed as follows:

Guidance for effluent control is summarized in Table
25-11 for Level 2 treatment.

The maximum 3D-day average loading for nickel is:

The concentration basis for lead, chromium, and copper
are also presented in Table 25-11. These

The 24-hour maximum loading for nickel is:

The concentration of nickel was observed as high as 1.7
mg/l in the raw by-product waste stream and averaged
1.1 mg/l in the three 24-hour composite samples (Table
25-6). Literature treatability presented in Table 8-12
indicates an estimated achievable long-term average
concentration of 0.40 mg/I. The maximum 30-day average
concentration is as follows:

(1.6 mg/l) (4.7 m3 /kkg) (kg/ro l ) = 0.0075 kg/kkg
(1000 mg/l)

(0.48 mg/I)(4.7 m3 /kkg) (kg/m 3 ) = 0.0075 kg/kkg
(1000 mg/l)

(0.40 mg/I) (1.2) = 0.48 mg/l

The maximum 30-day average effluent loading for zinc
is:

(0.40 mg/l) (4.1) = 1.6 mg/l

The 24-hour maximum loading for zinc is:

Guidance for effluent control is presented in Table
25-11.

The 24-hour maximum
developed as follows:

(0.96 mg/I)(4.7 mJ/kkg) (kg/m 3 ) = 0.0045 kg/kkg
(1000 mg/l)

(3.3 mg/I)(4.7 m3 /kkg) (kg/m J ) = 0.016 kg/kkg
(1000 mg/l)

(0.80 mg/l) (4.1) = 3.3 mg/l



concentrations are intended to serve as guidance in
cases where these toxic pollutants are found to be of
serious concern.
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SECTION 26

EXCLUDED SUBCATEGORIES

Aluminum Sulfate

Summary of Determinations

It has been determined that no further effort will be given to
developing revised BAT or NSPS for this sUbcategory. The basis for
this recommendation is that there is a zero discharge regulation in
effect for BAT and NSPS and it controls toxic pollutants.

Production Process and Effluents

Aluminum sulfate is produced by the reaction of bauxite ore with
concentrated sulfuric acid. Ground ore and acid are reacted in a
digester yielding aluminum sulfate in solution plus muds and insoluble
wastes. The aluminum sulfate is sold as a solution or evaporated to
produce a solid product. Waste muds are ponded to allow settling and
the clear liquor is returned to the process. Wastes from washing and
leaks are directed to the pond and also returned to the process.
Toxic pollutants in the pond include zinc, copper, chromium and
cadmium.

Plants

There are 82 aluminum sulfate producing facilities in the industry.

BPT Limitations

BPT limitations were promulgated March 12, 1974 (40 CFR 415.20). The
limitations provide for zero discharge of process wastewater except
that if the pond has sufficient volume to hold a 10-year, 24-hour
storm, the amount of water equal to the precipitation less the
evaporation may be discharged. The water must have a pH of 6.0 to 9.0
and average less than 25 mg/l of suspended solids.

BAT, Pretreatment and NSPS Limitations

BAT and NSPS limitations were promulgated on March 12, 1974 (40 CFR
415.23 and 415.25). The limitations provide for zero discharge of
process wastewater except that if the pond has sufficient volume to
hold a 25-year, 24-hour storm, the volume of precipitation that falls
within the pond in excess of a 25-year, 24-hour storm may be
discharged. These zero discharge limitations adequately control the
toxic pollutants. Development of Pretreatment Standards has been
deferred to Phase II.
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Ammonium Chloride

dry cell batteries,
chemical reagent,
It is also used in

Pollutant Concentration

Chromium 29 pg/l (max.)

Nickel 25 pg/l (max.)

Zinc 29 ~g/l (max.)

Ammonia 104 mg/l (avg.)

Pollutants found during sampling at one plant are:

Data have been received on about 50 percent of the industry as a
result of Section 308 letters. In additon, a sampling survey tor
toxic pollutants was made at one plant. The results of the 30B
letters and the sampling survey indicate that no toxic pollutants are
being discharged in significant quantities. Ammonia was found to be
the only pollutant of significance. Since ammonia is adequately
controlled by the existing BPT regulation 40 CFR 415.242, this
subcategory is being excluded under Paragraph 8 of the Settlement
Agreement.

Toxic Pollutants

The industry profile data for this subcategory are given in Table
26.2-1.

Ammonium chloride is used in the manufacture of
explosives, dyes, washing powder, soldering flux,
and as a medicinal additive to livestock feed.
pharmaceutical preparations and freezing mixtures.

Ammonium chloride'is produced by three methods. A major portion is a
by-product in the manufacture of sodium carbonate by the Solvay
process. The wastes produced are associated with the sodium carbonate
subcategory. A second process produces ammonium chloride by the
reaction of hydrogen chloride with ammonia. Discharges from this
process come from crystallization and wet scrubber operations.

It has been determined that no further effort be given to developing
or revising BAT, NSPS, or Pretreatment regulations and the subcategory
is excluded under Paragraph B of the Settlement Agreement. The bases
for this determination are: 1) Only one of the major producers of
ammonium chloride uses the Solvay Process. Ammonium chloride is
recovered as a by-product. 2) No toxic pollutants were found at
significant concentrations in the waste during screening of one
ammonium chloride plant.

Production Process and Effluents

Summary of Determinations
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NA

NA

NA

17 years

43 years

NA

NA

NA

NA

NA

NA

NA

6

3

52,400 kkg/year

29 ,800 kkg/year

NA

4,600 kkg/year

13,400 kkg/year

MoM>NIUM anDRIDE

Max:imm1

Average production

Median production

Average capacity utilization

Plant age range:

Mi.nirrun

MaximJm

waste water fla,.., range:

Mi.ninun

Max:imJm

Volume per unit praluct:

MininuJm

Maximum

TABLE 26.2 - 1

Total sul:x2tegory caracity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

Representin; pt:Oduction

Plant production range:

sources of data are Stanfom Research Institute, Directory of Chemical
Pl:oducers, U.S.A., 1977, U.S. Depart:Irent of a:mrerce, Current Industrial
RepOrts, Decenber 1977; Energy am. Environmental Analysis, Inc.; Draft
Report, IIPrel.imi.naJ:y Econani.c Assessrent of Effluent Limitations in the
Inorganic Chemical Industry, II Jillle, 1978 and "Eoonomic Analysis of Proposed

Revised Effluent Guidelines and Standards for the Inorganic Chemicals
Industry," March, 1980

NA= Not Available



Status of Regulations

BPT regulations (40 CFR 415.242) are in effect for this subcategory.

Ammonium Hydroxide

Summary of Determinations

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Ammonium
Hydroxide Subcategory. The bases for this determination are: 1) the
process has no toxic pollutants as reactants, and 2) no direct process
waters are discharged from manufacturing operations. The subcategory
is excluded under Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

Ammonium hydroxide is used predominately as a chemical intermediary
and reagent. It is also used in the dyeing and bleaching of fabrics,
the production of ammonium salts and aniline dyes, and the extraction
of alkaloids from plants.

The most common method of ammonium hydroxide production is the
modified Haber-Bosch process, wherein hydrogen and nitrogen are
reacted directly over a catalyst surface to form ammonia. The
hydroxide is formed by adding water. The only process wastewater
source is derived from equipment washing.

The industry profile for this subcategory is given in Table 26.3-1.

Toxic Pollutants

Data was received on six of seven plants as a result of 308 letters.
In addition, a sampling survey was made at one plant which had a
potential for discharge. However, no process water discharge was
found at the facility. There are low volume discharges as a result of
spills and washdowns. The amount discharged was such that a sample
could not be obtained for analysis.

Status of Regulations

Because no significant quantities of toxic pollutants are present, no
further effort will be given to development of pretreatment
regulations for this subcategory. Subpart Y has been reserved for
this subcategory.

Barium Carbonate

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BPT, BAT, NSPS, and Pretreatment regulations for the
Barium Carbonate Subcategory. The basis for this determination is
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10 years

26 years

NA

NA

NA

NA

6

NA

NA

206 kkg/year

9 ,500 kkgjyear

NA

NA

NA

41,800 kkg/year'

17,000 kkgjyear

NA

NA

SUP£ATFlIJRY PROFILE DATA.~

AMM)NIUM HYDroXIDE

TABLE 26.3-1 -

MaximJm

waste Water flew range:

Mi.n:i.nun

Maxinum

Volume per unit product:

Mi.nimJm

Maxinun

Total subcategory capacity rate

'1btal subcategory production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

with total production of

Representing capacity

RepresentiD; production

Plant production range:

M:i.n:irrum

Maxinun

Average production

Mslian production

Average capa.ci1:y utilization

Plant age range:

SOUrces of data are Stanfon:l Research Institute, Directory of Chanica!
Producers, u.S.A., 1977, u.S. Department of Ccm:nerce, Current Industrial
Reports, Decanber 1977; Energy am Environmental Analysis, Inc.; Draft
Report, "PreUmi.n;u:y Ea:m:mi.c Assessment of Effluent Limitations in the
In::>rganic Chanica! Iniustry, II June, 1978 and "Econcrni.c Analysis of Proposed

Revised Effluent Guidelines and Standards for the Inorganic Chemicals
Industry," March, 1980

NA= Not Available
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Production Processes and Effluents

Borax

as a result
for toxic

letters and
are being

21

68

Concentratio~ (~g/l)

Nickel

Zinc

Pollutant

Status of Regulations

It has been determined that no further effort will be given to
developing revised BAT and NSPS regulations for the Borax Subcategory.
The basis for this determination is that existing BPT regulations
specify zero discharge of process wastewater pollutants to navigable
waters. Development of pretreatment regUlations is deferred to Phase
II.

Production Processes and Effluents

The maximum concentration found the raw waste load in sampling for
this subcategory were:

Borax is produced by dissolving sodium borate ores in recycled mother
liquors and water. The insolubles settle out in ponds or are removed

Summary of Determinations

Subpart Z has been reserved for this subcategory.

Toxic Pollutants

Data has been received on about 70 percent of the industry
of Section 308 letters. In addition, a sampling survey
pollutants was made at one plant. The results of the 308
the sampling survey indicate that no toxic pollutants
discharged in significant quantities.

that the small quantities of toxic pollutants found during screening
are far below accepted treatability levels.

Barium sulfide solution is reacted with soda ash to precipitate barium
carbonate. The reacted solution is filtered. The filter cake is
washed, dried, and calcined. Wastewater results from filter cake
washing, leaks and spills. The industry profile data for this
subcategory are given in Table 26.4-1.

Barium carbonate is used in glass manufacturing, as a flux in ceramics
and enamelling, as an intermediate in the production of barium oxide
and hydroxide, and as a coating for photographic paper. It is also
used in the synthetic dyestuff industry and for the removal of soluble
sulfate in brick manufacturing.



NA

NA

9 years

24 years

NA
NA

NA

NA

7

5

57,000 kkg/year

48,745 kkg/year

NA

NA

158 kkg/year

26,190 kkg/year

NA

NA

NA

BARIUM C'AROONATE

MaximJm

Vo1me per unit prOOuct:

Average production

Median production

Average capacity utilization

Plant age range:

Mi.ninu.m

MaxirnJm

waste water flow range:

TABLE 26.4-1 -
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'lbtal subcategory capacity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

Representin:] production

Plant produc:tianran;e:

NA= Not Available

Sources of data are Stanfoxd Research Institute, Directory of Chemical
Producers, U.S.A., 1977, U.S. Deparbnent of o:mnerce, Current Industrial
Reports, December 1977; Energy ani EnvirOIlnleI1tal Analysis, Inc.; Draft
Report, "Prelimi.nary Ecx::>nani.c Assessment of Effluent Limitations in the
In:>rganic Chemical Irxlustry, It June, 1978 and "Economic Analysis of Proposed
Revised Effluent Guidelines and Standards for the Inorganic C1emi.cals
Industry," March, 1980



by thickeners, and the clarified borax solution (mother liquor) is fed
to crystallizers where a slurry of borax crystals is formed. The
borax is separated from the water by centrifugation, dried, screened
and packaged. Process effluents are recycled with excess going to
evaporation ponds or returned to source.

Plants

Three plants produce borax in the United States. All three practice
total recycle of wastewater.

BPT Limitations

BPT limitations were promulgated on May 22, 1975 (40 CFR 415.272), and
require no discharge of wastewater pollutants to navigable waters.

BAT and NSPS Limitations

BAT and NSPS limitations were proposed on May 22, 1975. They were
never promulgated. Since BPT already requires zero -discharge, BAT and
NSPS are being excluded under Paragraph 8 of the Settlement Agreement.

Boric Acid

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT, NSPS, or Pretreatment regulations for the boric acid
industry. The basis for this determination is that there is only one
plant which manufactures boric acid 'from mined ore. There is an
indication that this plant will discontinue operation. All other
plants manufacture boric acid using the Trona process and have zero
discharge. This subcategory is excluded under Paragraph 8 of the
Settlement Agreement.

Production Processes and Effluents

Boric acid is manufactured by acidification of borax. It is used in
the manufacture of chromic oxide, glazes, enamels, textiles,
fiberglass, and heat resistant glass. It is also used medicinally as
a mild antiseptic and in atomic power plants as a nuclear moderator.
Process wastes may conist of excess boric acid liquor, waste sodium
sulfate by-product liquor and filtration impurities.

The industry profile data is given in Table 26.6-1.

Toxic Pollutants

Toxic pollutants found at significant concentrations during screening
of one plant were:
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Pollutant Concentration (~g/l)

Copper 340

Thallium 140

Zinc 1200

Bis(2-ethylhexyl)
phthalate 530

Mercury 1 .6

There is an indication that this plant will discontinue manufacture of
boric acid. All other plants have zero discharge because of the use
of a different process.

Status of Regulations

BPT limitations were promulgated on May 22, 1975 (40 CFR 415-272) for
this subcategory.

Bromine

Summary of Determinations

It has been determined that no further effort will be given to
developing or revising BAT and NSPS regulations for the Bromine
Subcategory. The basis for this recommendation is that existing BPT
regulations specify zero discharge of process wastewater to navigable
waters. Development of pretreatment is deferred to Phase II.

Production Processes and Effluents

Most bromine is produced from brines pumped from brine wells. A small
amount (1 percent) is produced from brines from Searles Lake near
Trona, California. This is not a navigable water in that it is 35
percent solids. The brine, after appropriate dilution and degassing
is extracted by debromination with chlorine and stearn. The steam and
bromine is condensed, separated and distilled to obtain bromine. The
raw waste load from the process is the residual brine and the chloride
salts formed when the chlorine replaces the bromine. The raw wastes
are returned to the brine well or brine source.

Pl:.lnts

There are nine plants producing bromine in the United States, all of
which return their wastes to the brine source.

BPT Limitations

Regulations were promulgated on May 22, 1975, (40 CFR 415.292)
requiring zero discharge of process wastewater pollutants to navigable
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NA

NA

NA

NA

30 years

83 years

NA

30,156 kkg/year

63,694 kkg/year

NA

NA

NA

122,600 kkg/year

3

2

97,500 kkg/year

93,850 kkg/year

NA

77 percent

OORIC ACID

Total sub:ategoJ:y capacity rate

Total subcategoJ:y production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total produc:ti.on of

Representing capacity

Representin:J productial

Plant productial ran;e c

MinimJm

MaximJm

Average production

MBii.an production

Average capacity utilization

Plant age range:
Mi.niIm:m

MaxiImJm

waste water flow. range:

Mininun

MaximJm

Volune per unit product:

MinimJm

Maxirrun

TABLE 26.6-1 -

SOUrces of data are Stanford Research Institute, Directory of Chenical
Producers, U.S .A., 1977, U.S. Department of o:mnerce, CUrrent Industrial
Reports, Decenber 1977; Energy ani Environmental Analysis, Inc.; Draft
Report, ItPreUminary Ecx>rani.c Assessment of Effluent L.imitations in the
Inorganic O1anical Industry,. II June, 1978 and "Eoonanic Analysis of Proposed
Revised Effluent Guidelines and Standards for the Inorganic O1emicals
Industry, II March, 1980

NA= Not Available



waters except that residual brine depleted liquor may be returned to
the body of water from which the brine solution was originally
withdrawn. In no case is the brine source a navigable water. The
source is wells except for a small portion that comes from a Mlake M
having 35 percent dissolved solids.

BAT and NSPS Limitations

BAT and NSPS were proposed on May 22, 1975, but never finalized.
Since BPT already requires zero discharge, BAT and NSPS are being
excluded under Paragraph 8 of the Settlement Agreement.

Calcium Carbide

Summary of Recommendations

It has been determined that no additional effort be given to
developing revised BAT and NSPS regulations for this subcategory. The
basis for this recommendation is that BPT, BAT and NSPS regulations
specify zero discharge of process wastewater pollutants. Pretreatment
standards will be developed under Phase II.

Production Processes and Effluents

Calcium carbide is manufactured by reaction of calcium oxide and coke.
Calcium oxide and dried coke are reacted in a furnace and the product
is cooled, crushed, screened, packaged and shipped. There are
generally no process related wastewaters except that one plant had a
wet scrubber discharge.

Plant

There are five plants producing calcium carbide.

BPT, BAT and NSPS Limitations

BPT, BAT and NSPS regulations were promulgated on March 12, 1974 (40
CFR 415.32, 415.33 and 415.35). All subparts require zero discharge
of process wastewater pollutants. It has been determined that the
calcium carbide subcategory will be excluded from development of
revised BAT and NSPS limitations because the operations are now
subject to zero discharge regulations.

Calcium Carbonate

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT, NSPS, and Pretreatment regulations for the Calcium
Carbonate Subcategory. The bases for this determination are: 1)
there are only four plants manufacturing calcium carbonate, and 2) the
small quantities of pollutants found during screening were at or very

791



near detectable levels of analysis. This subcategory is excluded
under Paragraph 8 of the S~ttlement Agreement.

Production Processes and Effluents

Calcium carbonate is manufactured both in pure and impure form and is
used extensively in many industries. In the pure form, it is used in
the rubber, paint, cement, paper and pharmaceutical industries.

In one process, slaked lime is reacted in slurry form with carbon
dioxide. The slurry is then screened and filtered. The recovered
product is dried, milled and packaged for sale. The waste liquor from
the filtration step is recycled or discharged, depending on
requirements. The coarse materials recovered from the screening step
are discharged.

The second process is based on waste streams from the Solvay Process.
A solution of sodium carbonate and sodium bicarbonate from the soda
ash plant is reacted with waste calcium Chloride liquor which has been
treated through a settler. The calcium carbonate produced together
with by-product sodium chloride and unreacted calcium chloride is
pumped to a thickener. The overflow from the thickener is collected
with plant drainage streams in a sump to which soda ash finishing
wastewater is added, precipitating calcium carbonate. This mixed
stream then goes to waste collection. The calcium carbonate underflow
is filtered, washed, atomized with steam, dried in a spray dryer,
collected in a particle collector and packaged for sale.

An ultrafine grade of calcium carbonate is produced in a similar
manner to that described above with some additional polish filtering,
tunnel drying and milling. At each plant, the neutralized brine and
process wastewater are returned to the brine cavity. No process
wastewater is discharged.

The industry profile for this subcategory is given in Table 26.9-1.

Toxic Pollutants

There are four plants producing calcium carbonate in the United
States. One discharges to a POTW. Data has been received on three
plants as a result of Section 308 letters. In addition, a sampling
survey for toxic pollutants was made at one plant which represents
approximately 50 percent of total industry capacity. The results of
the 308 letters and the sampling survey indicate that no toxic
pollutants are being discharged. The sampling survey results found
pollutant levels below treatability levels.

Maximum concentration of toxic pollutants found in raw waste were:
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Summary of Determinations

Status of Regulations

Interim final regulations (40 CFR 415.302) were promulgated on May 22,
1975. These regulations require conrol of pH and suspended solids for
both the Solvay and lime process. No change in the regulations is
needed.

68

21

Concentration (~gill

Nickel

Zinc

Pollutant

There are· two processes for the manufacture of calcium chloride. In
the first and major production process, calcium chloride is extracted
from natural brines. The salts are solution mined and the resulting
brines first are concentrated to remove sodium chloride by
precipitation and then purified by the addition of other materials to
precipitate sodium, potassium, and magnesium salts. The purified
calcium chloride brine is then evaporated to yield a wet solid which
is flaked and calcined to a dry solid product. The second process is
the Solvay Process, which is primarily used for the manufacture of
soda ash. In the Solvay Process, calcium chloride is recovered as a
by-product. All the wastes from the process are associated with the
sodium carbonate subcategory.

It has been determined that no further effort be given to developing
or revlslng BAT or NSPS for the Calcium Chloride Subcategory. The
bases for this determination are: 1) there are existing BAT and NSPS
regulations that prohibit discharge of process wastewater pollutants
from the brine extraction process, and 2) there is only one Solvay
process plant in the United states where calcium chloride is recovered
as a by-product.

Production Processes and Effluents

BAT and NSPS regulations (40 CFR 415.303) were proposed on May 22,
1975. These regulations were never finalized. It has been determined
that the Calcium Carbonate Subcategory be excluded from the
development of BAT and NSPS limitations under Paragraph B of the
Settlement Agreement for the following reasons: There are only four
plants manufacturing calcium carbonate and the 308 letters and
sampling survey indicate that no toxic pollutants are being discharged
in significant quantities.

Because no significant quantities of toxic pollutants are present, no
further effort will be given to development of pretreatment
regulations for this subcategory.

Calcium Chloride
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NA

NA

555 kkg/year

49,800 kkg/year

NA

NA

NA

NA

NA

25 years

50 years

NA

129,600 kkg/year

NA

3

81,300 kkg/year

72 ,400 kkg/year

NA

56 percent

CALCIUM CAROONA'm

TABLE 26.9-1 -

'lbta1 Sl.1b2tegot:y capacity rate

'lbtal sul:x:ategory pz:oduction rate
Number of plants in this subcategm:y

308 Data on file for

With total capacity of

With total prcduction of

Representing capacity

Representin; prcducticm

Plant production raD3'e:

Minlnun

Max:lnum

Average production

Median production

Average capacity utUization

Plant age range:

Mi.niIrun

Max:1nun
Waste 'Water· f1CM range:

Mininun

Maxinun

Volune per unit product:

MiniIrum

MaxJnun

Sources of data are Stanfo:td Research Institute, Directory of Chemical
Pmduc::ers, U.8 .A., 1977, U.s. Department of carmerce, current Industrial
Reports, DecEmber 1977; Energy and Environmental Analysis, Inc.; Draft
Report, llPrelJmi.nary Eoorx:mi.c Assessnent of Effluent Limitations in the
Inorganic Qlenical Ini~, "J\me, 1978 and "Econanic Analysis of Proposed

Revised Effluent Guidelines and Standards fot' tht~ Inorganic Chemicals
Industry, It March, 1980

NA: Not Available



Plants

There are 11 plants producing calcium chloride in the United States,
one of which recovers it as a by-product from the Solvay Process.

Status of Regulations

Existing regulations for calcium chloride (40 CFR 415.4) include
regulations for BAT and NSPS that prohibit discharge of wastewater
pollutants from the brine process.

Calcium Hydroxide

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT or NSPS for the Calcium Hydroxide Subcategory. The
basis for this determination is that an existing BPT regulation
provides for zero discharge of process wastewater pollutants (40 CFR
415.312). Pret~eatment regulations will be developed in Phase II.

Production Processes and Effluents

Calcium hydroxide is produced by adding water to calcium oxide in a
pug mill premixer. The reacted mixture goes to an agitated hydrator
where more water is added, resulting in an exothermic reaction. No
wastewater is produced and therefore, there is zero discharge to
navigable waters.

Plants

There are approximately fifteen plants producing calcium hydroxide in
the United States.

Chromic Acid

Summary of Recommendations

It has been determined that no additional effort will be given to
developing revised BAT, and NSPS regulations for this subcategory.
The basis for this determination is that the existing interim final
BPT regulation is zero discharge. Pretreatment standards will be
developed in Phase II.

Production Process and Effluents

Sodium dichromate liquor from the dichromate manufacturing operation
is reacted with sulf~ric acid and filtered to recover impure chromic·
acid as a solid. The mother liquor is returned to the dichromate
process for reuse. The recovered chromic acid is fed to a melter in
which the sodium bisulfate liquifies and is separated from the chromic
acid. The bisulfate is returned to the dichromate operation. The
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Plants

Ferric Chloride

BPT Limitations

796

waste pickle liquor. The pickle
chlorine and hydrochloric acid. The

Ferric chloride is produced from
liquor is reacted with iron,

Production Processes and Effluents

It has been determined that no further effort will be given to
developing revised BAT or NSPS regulations for this industry. The
basis for this determination is that the existing regulation for BPT
is zero discharge. Pretreatment will be developed in Phase II.

Production Processes and Effluents

Status of Regulations

Subpart AK has been reserved for this subcategory (Table 26.J3-2).

Cuprous oxide is used in the manufacture of glass, ceramics, marine
paints, and photoelectric cells. It is also used in agriculture as a
seed fungicide, as an antiseptic and as a catalyst.

Summary of Determinations

Cuprous oxide is manufactured by reducing cupric oxide by thermal
decomposition in an oxygen-free environment. The reaction occurs at
high temperature aided by a proprietary catalyst. There is no process
related wastewater.

chromic acid is resolidified, flaked and packaged for sale. Wastes
are returned to the dichromate process for reuse.

Cuprous Oxide

There are five plants producing chromic acid.

Regulations for BPT were promulgated on May 22, 1975 (40 CFR 415.352).
It has been determined that this subcategory will be excluded from
development of BAT and NSPS regulations under Paragraph 8 of the
Settlement Agreement because the operations are subject to zero
discharge regulations for BPT.

Summary of Determinations

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Cuprous Oxide
Subcategory. The basis for this determination is that there is only
one plant manufacturing cuprous oxide. The subcategory is excluded
under Paragraph 8 of the Settlement Agreement.



solution is filtered and sold as a solution or evaporated to dryness
to produce a solid product. Wastewater from filter washes, equipment
washing and leaks and spills is returned to the process.

Plants

There are 21 plants producing ferric chloride. Two plants are known
to discharge to POTW.

Toxic Pollutants

The source of toxic pollutants is the pickle liquor feed. Toxic
pollutants involved are chromium, copper, lead, nickel and zinc.

BPT Limitations

Regulations for BPT were promulgated on May 22, 1975 (40 CFR 415.382),
which require zero discharge of process wastewater pollutants. The
regulations have not been challenged.

BAT and NSPS Limitations

Zero discharge regulations were proposed May 22, 1975 for BAT and
NSPS. Since BPT already requires zero discharge, BAT and NSPS are
being excluded under Paragraph 8 of the Settlement Agreement.

Ferrous Sulfate

Summary of Determinations

It has been determined that no further effort be given to developing
BAT, NSPS, or Pretreatment regulations for the Ferrous Sulfate
Subcategory. The basis for this determination is that ferrous sulfate
"is recovered as a by-product and in each of the two processes, the
wastes are attributable to the primary process. Recovery of ferrous
sulfate actually reduces the waste load of both the primary
operations. This subcategory is excluded under Paragraph B of the
Settlement Agreement.

Production Processes and Effluents

Ferrous sulfate is made using two processes. In the first case, it is
recovered from the waste sulfuric acid pickle liquor containing
ferrous sulfate, ferric sulfate, and unreacted sulfuric acid. The
solution is reacted with iron to reduce ferric ions to ferrous ions.
The process is a by-product recovery from a waste solution rather than
a direct manufacturing process. In the second process, the sulfate
process, ferrous sulfate is obtained as a by-product during the
manufacture of titanium dioxide. In the sulfate process, titanium
dioxide-bearing ores are dissolved in sulfuric acid at a high
temperature to produce iron (ferrous sulfate) and titanium sulfate.
Iron sulfate is removed by crystallization and titanium sulfate is
hydrolyzed and then calcined to produce the final titanium dioxide
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product. All the wastes from the second process are associated with
the titanium dioxide production.

Process wastewater is derived principally from gas scrubbers.

Plants

There are 13 producers recovering ferrous sulfate from titanium
dioxide manufacture as a by-product or from the waste pickle liquor.
Four of the 13 producers recover ferrous sulfate as a by-product from
the sulfate process. The ferrous sulfate subcategory is excluded
under Paragraph 8 of the Settlement Agreement because there is no
direct method used for its manufacture and it is either recovered from
the waste pickle liquor or as a by-product from the titanium dioxide
manufacture and contributes no wastewater discharge of its own.

Fluorine

Summary of Determinations

It has been determined that no additional effort be given to
developing revised BAT or NSPS regulations for this subcategory. The
basis for this recommendation is that the existing interim final 3PT
regulations is zero discharge. Pretreatment standards will be
developed in Phase II.

Production Processes and Effluents

Flourine is produced by electrolysis of liquid hydrogen fluoride.
Fluorine is formed at one electrode and hydrogen at the other. The
fluorine is compressed and packaged in cylinders. There is no process
wastewater from this process.

Plants

There are 3 plants producing fluorine.

BPT Limitations

Regulations for BPT were promulgated on May 22, 1975, (40 CFR 415.402)
and require zero discharge of process wastewater pollutants. The
regulations have not been challenged.

BAT and NSPS Limitations

Zero discharge regulations were proposed for BAT and NSPS but never
promulgated. Since BPT already requires zero discharge, BAT and NSPS
are being excluded under paragraph 8 of the Settlement Agreement.
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Production Processes and Effluents

Summary of Determinations

Hydrochloric Acid

by-product in the
the wastes are
This by-product

3.5

2

5.5

799

Mercury

Nickel

Lead

Pollutant

Most of the hydrochloric acid is produced as a by-product in the
manufacture of chlorinated organic compounds. It is used in oil well
activations, pickling of steel, metal cleaning, in monosodium
glutamate manufacture and starch hydrolysis. It is also used as an
acid reagent in several chemical manufacturing processes.

While most of the hydrochloric acid is produced as a
manufacture of chlorinated organic compounds,
attributable to the organic compounds involved.
production is not covered in this subcategory.

Toxic Pollutants

It has been determined that no further effort be given to developing
regulations for BPT, BAT, NSPS, or Pretreatment for the Hydrochloric
Acid Subcategory. The basis for this determinations is: the small
quantities of toxic pollutants found during screening are far below
levels treatable by demonstrated treatment technology. This
subcategory is excluded under Paragraph 8 of the Settlement Agreement.

Data has been received on about 25 percent of the industry as a result
of Section 308 letters. In addition, a sampling survey for toxic
pollutants was made at one plant. The results of the 308 letters and
the sampling survey showed concentrations close to the limits of
detectability.

The maximum concentrations of priority pollutants found were:

Maximum Concentration
Observed (~g/l)

The industry profile data for this subcategory is given in Table
26.17-1. The data given and coverage of this subcategory applies only
to the manufacture of hydrochloric acid by the thermal combination of
chlorine and hydrogen. Wastes from this process come from combustion
chamber condensate and from a fume scrubber.



Status of Regulations

BPT, BAT, NSPS and PSNS regulations (40 CFR 415.72) requiring zero
discharge were promulgated on March 12, 1974. These regulations have
s~nce been remanded by the court and are not in effect.

Hydrogen

Summary of Determinations

It has been determined that no further effort will be given to
developing revised BAT or NSPS regulations for this subcategory. The
basis for this recommendation is that the existing BPT regulation is
zero discharge of process wastewaters to navigable waters.
Preteatment standards will be developed in Phase II.

Production Processes and Effluents

Hydrogen is made chiefly from two sources: purification of petroleum
refinery by-product gases and as a co-product in the manufacture of
carbon monoxide. ' In the latter case, the wastes are attributed to the
carbon monoxide subcategory. Only the production of hydrogen from
refinery by-product gases will be discussed.

Crude hydrogen as a refinery by-product is passed through a catalytic
bed to remove oxygen and a drier to remove the water formed by the
catalytic reaction. The gas is then cooled, purified and passed
through a converter to change or tho-hydrogen to the para-form.
Hydrogen is usually cooled to a liquid form for storage or shipping.
No contact process water is used during the manufacture.

Plants

There are approximately 137 plants producing hydrogen. None are known
to have discharges.

BPT Limitations

Regulations were promulgated on May 22, 1975, (40 CFR 415.412)
requiring zero discharge of process wastewater pollutants to navigable
waters. Only contaminated non-process water is allowed. . This
includes rain water, waters which come in contact with accidental
spills and leads, and discharges for personal safety. All reasonable
measures must have been made to prevent, reduce, and control each
contact and to mitigate the effects.

BAT and NSPS Limitations

BAT and NSPS were proposed on May 22, 1975, requiring zero discharge
of process wastewater to navigable waters. Since BPT already requires
zero discharge, BAT and NSPS are being excluded under Paragraph 8 of
the Settlement Agreement.
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NA

NA

NA

NA

NA

4 years

20 years

NA

NA

NA

NA

NA

NA

NA

NA

G

163,000 kkg/year

119,000 kkg/year
NA

NA

SUBC.A'IBDRY PROFILE DATA SUMMARY

Maxinun

waste: water.· flcM range:

Mi.ni.num

Maxinum

Volune per unit product:

Maxinun

Average production

Median production

Average capacity utilization

Plant age range:

TABLE 26 •.17-1 -
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Total subcategory capacity rate

Total subcategory production rate

Number of plants :in this sub:ategory

308 Data on file for

with total capacity of

With total production of

Representing capacity

RepresentiD} produ:tion

Plant production range:

SOUrces of data are stanford Research Institute, Directory of Chanical
Producers, U. S .A., 1977, U.5. Department of Cc:mnerce, CUrrent Industrial
Reports, December 1977; Energy am Environrrental Analysis, InC.; Draft
Rep:>rt, "Preliminary EOOn:mi.c Assessrent of Effluent Limitations in the
Inorganic Chanical Irrlustry, II June, 1978 and "Economic Analysis of
Proposed Revised Effluent Guidelines and Standards for the Inorganic
Chemicals Industry," March, 1980

NA = Not Available



Iodine

Summary of Determinations

It has been determined that no additional effort will be given to
developing revised BAT or NSPS regulations. The basis for this
determination is that the existing regulation for BPT is zero
discharge. Pretreatment standards will be developed in Phase II.

Production Process and Effluents

Iodine is produced from brine solutions containing iodine. The brine
is acidified and chlorinated liberating free iodine. The free iodine
is stripped from the brine and treated again with chlorine yielding
solid iodine. The slurry is filtered, treated with sulfuric acid and
refiltered. The product is then crushed and packaged for sale. The
wastes from this process are spent brine solutions which are returned
to the well from which the brine was initially obtained.

Plants

There are 4 plants producing iodine.

BPT Limitations

RegUlations for BPT were promulgated on May 22, 1975, (40 CFR 415.432)
and require zero discharge of process wastewater 'pollutants. The
regulations have not been challenged.

BAT and NSPS Limitations

Zero discharge regulations were proposed for BAT and NSPS on May 22,
1975. Since BPT already requires zero discharge, BAT and NSPS are
being excluded under Paragraph 8 of the Settlement Agreement.

Lead Monoxide

Summary of Determinations

It has been determined that no further effort will be given to
developing BAT O~ NSPS regulations for this subcategory. The basis
for this recommendation is that the existing BPT regulation requires
zero discharge. Pretreatment standards will be developed in Phase II.

Production Processes and Effluents

Lead monoxide is produced by the thermal oxidation of lead. There are
no process wastewater streams generated by lead monoxide production.
Dust control is the problem in this subcategory. Use of dry
collection systems rather than a water collection system is the
control technology for meeting the regulation.
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Production Processes and Effluents

Summary of Determinations

United states. Ten
systems and have no
to existing zero

Plants

There are 15 plants producing lead monoxide in the
plants are known to use dry bag collection
discharge of wastewater. Others are subject
discharge regulations.

BPT Limitations

BPT limitations were promulgated on May 22, 1975 (40 CFR 415.442).
The limitations require zero discharge of process wastewater
pollutants into navigable waters.

BAT and NSPS Limitations

On May 22, 1975, zero discharge regulations were proposed but never
promulgated for BAT and NSPS. Since BPT already requires zero
discharge, BAT and NSPS are being excluded under Paragraph B of the
Settlement Agreement.

Lithium Carbonate

In the other process, lithium carbonate is produced by the reaction of
lime with concentrated brine, and lithium carbonate is precipitated by
filtration. Process wastewater consists of spent brines, which are
sent to on-site evaporation ponds. There is no process wastewater
discharge from this process.

Lithium carbonate is produced by two processes. In one process,
spodumene ore is heated at a high temperature to render it highly
reactive. It is then cooled, ball-milled, and mixed with concentrated
sulfuric acid. The acid-roasted ore is leached with water, and the
excess acid is neutralized with ground limestone. This mixture is
filtered and further treated with lime and soda ash. Further
processing precipitates lithium carbonate. Wet scrubbers are the
sources of wastewater. Significant quantities of toxic pollutants are
not found in the wastewater.

It has been determined that no further efforts be given to developing
or revising regulations for BPT, BAT, NSPS, or Pretreatment for the
Lithium Carbonate Subcategory. The bases for this determination a~e:

1) there is only one plant in this subcategory using the spodumene ore
process and discharging process wastewater, and 2) there is an
existing zero discharge regulation for the brine process. This
subcategory is excluded under Paragraph 8 of the Settlement Agreement.



Status of Regulations

There is an existing BPT regulation for this subcategory (40 CFR
415.452).

Manganese Sulfate

Summary of Determinations

It has been determined that no further effort be given to developing
or revlslng BPT, BAT, NSPS, or Pretreatment regulations for the
Manganese Sulfate Subcategory. The bases for this determination are:
1) there is only one plant making commerci~l grade manganese sulfate
that has a wastewater discharge, and 2) the amount of wastewater
produced by that plant is low. The subcategory is excluded under
Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

There are two processes for the manufacture of manganese sulfate; the
hydroquinone process and the coke and are process. In the
hydroquinone process, manganese are, aniline and sulfuric acid are
reacted to produce manganese sulfa~e, quinone and ammonium sulfate.
The reacted mixture is steam distilled to remove quinone which is
further processed to hydroquinone. The mixture of manganese and
ammonium sulfate is filtered, evaporated, and crystallized. Manganese
sulfate is recovered as crystals, and the spent liquor contains
ammonium sulfate. In the second process, manganese ore and coke are
reacted in a kiln and the product is leached with sulfuric acid. The
resulting slurry is evaporated to dryness to recover a 30 percent
product for agricultural purposes. The amount of wastewater produced
from the hydroquinone process is small and the other process produces
no waterborne waste.

Plants

Four plants are manufacturing manganese sulfate. Two of the producers
use it for fertilizer production and they generate no waterborne
wastes. One plant produces reagent grade product and the total
production is very low. Only one other plants manufactures manganese
sulfate (commercial grade) and has a significant wastewater flow.

Status of Regulations

Since only one manganese sulfate plant discharges waste to navigable
waters, the subcategory is exclUded from federal discharge regulation
for BPT, BAT, NSPS, and Pretreatment standards under Paragraph 8 of
the Settlement Agreement.
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Nitric Acid

Summary of Determinations

the manufacture of
On site captive use

the manufacture of
Other uses are as an

process wastewater is

Screening Verification
Pollutant (2 Plants) ( 1 Plant)

Chromium 110 lOa
Zinc 120 791
Lead 29 < 10
Mercury 0.47 4.5
Silver 0.5 < 15
2,4-Dinitrophenol 215 Not Analyzed
Nickel 170 85
Cyanide < 0.04 < 0.02

Toxic pollutants found in raw wastes during sampling were as follows:

Maximum Concentration Observed
(Ilg/I)

The industry profile data for this subcategory are given in Table
26.23-1 .

Most of the nitric acid produced is used in
ammonium nitrate and other nitrogen fertilizers.
is extensively practiced. It is also used in
explosives, plastics and other organic products.
acidic and pickling agent. The source of
equipment washing operations.

The 2,4-Dinitrophenol is caused by contamination from organic products
manufactured at the plant and will be addressed in that guideline.
The chromium and zinc are ingredients of cooling water conditioners
present in the blowdown which is mixed with process streams.
Appropriate control is by best management practice 'not end-of-pipe
treatment via national regulation. Other metals are below the limit
of treatability.

The existing nitric acid regulation in the fertilizer category (40 CFR
418.5) is applicable to all nitric acid plants captive to a fertilizer
production facility. In addition, sampling has shown that there are
no significant quantities of toxic pollutants in the process
wastewaters from stand alone nitric acid plants. Further BPT, BAT,
NSPS or Pretreatment regulations will not be developed for this
subcategory.

Production Processes and Effluents



Status of Regulations

BPT, BAT, NSPS, and PSNS regulations (40 CFR 415.100) requiring zero
discharge were promulgated on March 12, 1974. These regulations have
since been remanded by the court and are not in effect.

Oxygen and Nitrogen

Summary of Determinations

It has been determined that no further effort be given to developing
or revising regulations for BAT, NSPS, or Pretreatment for the Oxygen
and Nitrogen Subcategory. The bases for this determination are: 1)
the wastewater discharge mainly consists of compressor water, and 2)
the only toxic pollutant detected at or above treatability level was
copper .which is at the level of treatability. This subcategory is
excluded under Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

Oxygen and nitrogen are produced from air by distillation of liquified
air. Oxygen is used in the production of steel, gas welding,
medicine, jet fuel, in sewage treatment plants and in the manufacture
of ethylene and acetylene. In rocket propulsion, liquid oxygen is
often used as a cryogenic liquid oxidizer.

The greatest use of nitrogen is in the manufacture of ammonia by the
Haber process. It is also used in cryosurgery. As an inert gas, it
is used to prevent oxidation by air. In the liquid form, it is used
for low temperature refrigeration.

The wastewater discharge mainly consists of compressor cooling water.
Other wastewaters are small quantities of boiler blowdown, intake air
scrubber waters, and compressor condensate.

The industry profile for this subcategory.is given in Table 26.24-1.

Toxic Pollutants

Data has been received on 10 plants as a result of Section 308
letters. There are at least 230 plants in the United States.
However, all operate using the same basic process. One plant was
sampled during the screening program. Toxic pollutants found in the
raw waste loading during sampling were:
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NA

NA

4 years

83 years

NA

N1\
NA

NA

NA

NA

NA

9,177,000 kkg/year

7,171,000 kkg/year

87

11

1,106,000 kkg/year

714,400 kkg/year

12 percent

11 percent

NITRIC~

TABLE 26.23-1 -

Max.inuu

Waste water flow range:

Mi.nimJm

Max:inum
Volure per unit product:

Mi.nimJm

Max:inum

Total subcategory capacity rate

Total subcategory production rate

Numbei' of plants in this sulx'ategory

308 Data on file far

With total".capacity of

With total production of

Representing capacity

Representirq production

Plant production range:

Mininun
Max:inum

Average prcducti.on

Median production

Average capacity utilization

Plant age range:

NA = Not Available

Sources of data are Stanford Research Institute, DirectoJ:y of Chemi.cal
Producers, U.S.A., 1977, u.S. Deparbnent of Q:rrmerce, Curren~Industrial

Reports, Decanber 1977; Energy am Envi.ronrrental Analysis, !ned Draft
Report, "Preliminary Econcmic Assessrent of Effluent Limitations in the
Inorganic Chemical IIxlustJ:y, ,. June,1978 and "Economic Analysis of Prop:>sed
Revised Effluent Guidelines and Standards for the Inorganic Olem:i.cals
Industry," March, 19 80



Pollutant Concentration (pg/l)

Chromium 26

Copper 590

Lead 51

Nickel 79

Zinc 170

The likely sources of copper are corrosion and bearing wear, and
concentration in boiler and cooling tower blowdowns. The copper
levels are at the accepted levels of treatment, therefore further
reduction is not practical.

Status of Regulations

Interim Final aPT regulations (40 CFR 415.492) were promulgated on May
22, 1975. These regulations require limitations on pH and oil and
grease. These regulations remain in effect and no change is needed.

BAT and NSPS regulations (40 CFR 415.494) were proposed on May 22,
1975. These regulations were never finalized. It has been determined
that the Oxygen and Nitrogen Subcategory be excluded from the
development of. BAT and NSPS limitations under Paragraph 8 of the
Settlement Agreement for the following reasons: The discharge
consists of compressor water wherein the only toxic pollutant found is
copper which is at the level of treatability.

Potassium Chloride

Summary of Determinations

It has been determined that no further effort will be given to
developing revised BAT or NSPS regulations for the potassium chloride
subcategory. The basis for this determination is that existing BPT
regulations specify zero discharge of process waters. Pretreatment
standards will be developed in Phase II.

Production Processes and Effluents

Potassium chloride is produced in the United States by two principal
processes: extraction from sylvite ore and extraction from lake brine
(Trona Process). Sylvite ore is a combination of potassium chloride
and sodium chloride. The ore is crushed, screened, and wet-ground in
brine. The ore is then separated from clay impurities in a desliming
process. The clay impurities are fed to a gravity separator which
removes some of the sodium chloride precipitated from the leach brin r

and insolubles for disposal as waste. After desliming, the ore is
chemically treated and the potassium chloride is separated from th~

sodium chloride in a flotation process. The tailings from flotatir~
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4 years

36 years

NA

NA

NA

NA

2,400 kkg/year

378,000 kkg/year

NA

NA

NA

35,526,000 kkg/year
NA

113

9

1,588,000 kkg/year

1,473,000 kkg/year

4.5 percent

NA

OXYGEN AND NITIIXal

MaxinIlln

Volune per unit product:

MinimJm

Maxinun

MaxiIrun

Waste water flCM range:

Max1num

Average production

Median production

Average capa.city utilization

Plant age range:

TABLE 26.24-1 -

Total subcategory capacity rate

Total subcategory ptodue:tion rate

Number of plants in this subca~

308 Data on file for

Wi'th total capacity of

With total production of

Representing capacity

RepresentU1g production

·Plant production range:

809

NA = Not Available

Sources of data are stanfom Resean::h Institute, DirectoJ:y of Chemical
ProdlJCers, U.5 .A., 1979, U. S. Department of O::mnerce, current Industrial
Reports, Decanber 1977; Energy and Environmental Analysis, Inc.; Draft
Report, "Preljrninary F.co!Xmi.c Assessnent of Effluent Limitations in the
Irx>rganic Chemical Industry, tt June, 1978 and "Economic Analysis of
Proposed Revised Effluent Guidelines and Standards for the Inorganic
Chemicals Industry," March, 1980
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Potassium Dichromate

BAT and NSPS Limitations

chloride slurries are
The product is then

liquors are recycled to

It has been determined that no further effort will be given to
developing revised BAT and NSPS regulation for the Potassiufi.
Dichromate Subcategory. The basis for this determination is that
existing BPT, BAT and NSPS regulations specify zero discharge of

Summary of Determinations

BAT and NSPS were proposed on May 22, 1975, requiring zero discharge
of process wastewater to navigable waters. It has been determined
that the potassium chloride subcategory will be excluded from the
development of revised BAT and NSPS limitations under Paragraph 8 of
the Settlement Agreement since a zero discharge regulation is in
effect. In the absence of BAT and NSPS regulations, permits will be
based on BPT.

BPT Regulations

BPT regulations were promulgated on May 22, 1975 (40 eFR 415.502)
requiring zero discharge of process wastewater pollutants to navigable
waters, except that residual brine and depleted liquor may be returned
to the body of water from which the brine solution was withdrawn.
There are no instances where the brine soure is a navigable water.

There are thirteen plants producing potassium chloride, two of which
use the Trona Process.

Plant

are wasted and the resulting potassium
centrifuged to recover the potassium chloride.
dried, screened, and packaged. The centrifuge
the flotation circuit.

The Trona Process uses a cyclic evaporation-crystallization system in
which saline brine is evaporated to nominal dryness. The brine and
recycle liquor is concentrated in triple effect evaporators to produce
a hot liquor high in potassium chloride and borax. Large quantities
of sodium chloride and burkeite (Na2C03.Na2S04) are crystallized and
separated during evaporation. The sodium chloride is returned to the
brine source, and the burkeite is transported to other processes for
separation and refining. The hot liquor is then cooled rapidly in
vacuum crystallizers and the potassium chloride is filtered from the
slurry. The potassium chloride in then dried and packaged. A small
portion may be refined further and/or converted to potassium sulfate.
The cool liquor remaining is then allowed to crystallize the remaining
borax which is then refined further using recrystallization and other
processes. The remaining liquor is recycled back to the
evaporation-crystallization step.



811

Potassium Iodide

Production Processes and Effluents

Pretreatment

Production Processes and Effluents

p~ocess wastewate~ pollutants to navigable waters.
standa~ds will be developed in Phase II.

Potassium iodide is used in photographic emulsions, in animal and
poultry feeds, table salts and analytical chemistry. It also has a
number of medical uses.

One manufacturing process is known as the iron carbonate process.
This involves the reaction of iron powder with iodine in aqueous
solution. An intermediate compound, ferrosoferricyanide, is formed
which is subsequently reacted with potassium carbonate to yield
potassium iodide. The raw product is purified, concentrated by
evaporation and cooled to promote crystallization. Water used
directly in the process is lost by evaporation. The only source of
process wastewater is from equipment wash down operations.

The industry profile for this subcategory is given in Table 26.27-1.

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT, NSPS, and Pretreatment regulations for the Potassium
Iodide Subcategory. The bases for this determination are: 1) because
the wastewater discharge is less than 100 gallons per day, the
quantity of pollutants discharged is very low; and 2) the
concentrations of the toxic pollutants are at or below accepted
treatment levels. This subcategory is excluded under Paragraph 8 of
the Settlement Agreement.

BPT, BAT and NSPS Limitations

BPT, BAT and NSPS limitations were promulgated March 12, 1974 (40 CFR
415.122, 415.123 and 41S.T2S). All subparts require zero discharge of
process wastewate~ pollutants to navigable waters.

It has been determined that the potassium dichromate subcategory will
be excluded from the development of ~evised BAT and NSPS limitations
under Paragraph 8 of the Settlement Agreement. The basis for this
determination is that by maintaining existing BPT, BAT and NSPS
limitations, no discharge of wastewater pollutants to navigable waters
will occur.

Potassium dichromate is made by reacting a sodium dichromate dihydrate
solution with potassium chloride. The potassium dichromate is
crystallized from solution requiring only removal of water prior to
sizing and packaging. The process water is recycled back to the
initial reaction tank.
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Toxic Pollutants

B. BAT and NSPS Regulations

pollutants are
to development of

48
22

1040
26
34
30

Concentration (#g/l)Pollutant

Antimony
Chromium
Copper
Lead
Silver
Zinc

Because no significant quantities of toxic
present, no further effort will be given
pretreatment regulations for this subcategory.

Potassium Metal

C. Pretreatment Limitations

NSPS and BAT limitations were proposed in May 22, 1975, but never
finalized. It has now been determined that the Potassium Iodide
Subcategory be excluded from the development of BAT and NSPS
limitations under Paragraph 8 of the Settlement Agreement for the
following reasons: 1) very small quantities of toxic pollutants
are discharged from this industry, and 2) those pollutants
discharged are at or below accepted treatability levels.

BPT regulations (40 CFR 415.511) were promulgated on May 22,
1975. These regulations require limitations on pH, TSS, sulfide,
iron and barium. These regulations are adequate for the control
of ' conventional and nonconventional pollutants.

Summary of Determinations

It has been determined that no further effort will be given to
developing revised BAT or NSPS regulations for the Potassium Metal
Subcategory. These bases for this recommendation are': 1) existing

However, the levels of these pollutants are at or below accepted level
of treatability. In addition, the flows are less than 100 gallons per
day. At the one plant sampled, there was no process wastewater
discharged since the wash water was sent to an evaporation pond.

Status of Regulations

A. BPT Limitations

Data has been received for approximately 50 percent of the industry as
a result of Section 308 letters. In addition, a sampling survey was
made at one plant. The following toxic pollutants were identified in
the plant wastes:
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Potassium Permanganate

Summary of Determinations

It uses no

It has been determined that the potassium metal subcategory will be
excluded from the development of revised BAT and NSPS limitations
under Paragraph 8 of the Settlement Agreement. Maintaining the
existing regulations will eliminate the discharge of toxic pollutants.

Plant

Only one plant produces potassium metal in the U.S.
process water and there are no waterborne effluents.

Potassium metal is prepared by melting potassium chloride in a
gas-fired melt pot prior to being fed to an exchange column. The
molten potassium chloride flows down through a packed column, where it
is contacted by ascending sodium vapors coming from a gas-fired
reboilei. The reaction yields elemental potassium and sodium
chloride, which is withdrawn continuously from the base of the
apparatus. The elemental potassium is withdrawn as an overhead
product. No process water is used so there are no waterborne
effluents.

It has been determined that no further effort be given to developing
BPT, BAT, NSPS/ and Pretreatment regulations for the Potassium
Permanganate Subcategory. The basis for this determinations is that
there is only one plant manufacturing Potassium Permanganate. The
subcategory is excluded under Paragraph 8 of the Settlement Agreement.

Production Processes and E£fluents

BPT/ BAT and NSPS regulations specify zero discharge of process
wastewaters; and 2) there is only one plant producing potassium in the
U.S. and that plant uses a dry process. Pretreatment standards will
be developed in Phase II.

Production Processes and Effluents

Manganese ore is slurried with potassium hydroxide solution and
treated with oxygen to produce potassium manganate. This intermediate
product and the ore wastes are recovered by centrifugation and the
solids are then leached to dissolve the manganate. The resulting
slurry is filtered to remove the ore wastes and the manganate
converted in electrolytic cells. The permanganate is crystallized
from the solution to form the product.

BPT/ BAT and NSPS Limitations

BPT, BAT and NSPS limitations were promulgated March 12, 1974 (40 CFR
415.112), 415.113 and 415.115}. All subparts require zero discharge
of process wastewater pollutants to navigable waters.
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27 years

42 years

NA

NA

79 kkg/year

634 kkg/year
NA

NA

NA

NA

NA

NA

NA

9

4

l,985 ](kg/year

1,300 kkg/year

NA

50 percent

POl'ASSIUM IODIDE

Sources of data are Stanfom Research Institute, Directory of Chsnical
Producers., U.8 .A., 1977, U.8. Department of CcJm'erce, Current Iniustrial
Retx>rts, DecEJnber 1977; Energy am Envi.ranmental Analysis, Inc.; Draft
Report, "Prel:iminary Econanic Assessnent of Effluent Limitations in the
IrDrganic Chanica! Iniustry," June, 1978 and "Econanic Analysis of
Proposed Revised Effluent Guidelines and Standards for the Inorganic
C1lemi.cals Indusay,1I March, 1980

NA = Not Available

TABLE 26 •27-1 -

TOtal subcategozy capacity rate

Total subca1:egol:Y pxoducti.on rate

Number of plants in this subcatego:t:y

308 Data on file for

With total capacity of

With total producti.on of

Representing capacity

Representin:3 production

Plant ~ti.cm I'Cm3e:

M:inimJm

Maxinun

Average production

Median producti.on

Average capacity utilization

Plant age range:

Mi.ninun

Maxinun
waste water flCM range:

.Mininun

MaximJm

Volune per unit product:

MinimJm

Maxinun



Potassium Sulfate

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BPT, BAT and NSPS for the Potassium Sulfate Subcategory.
The bases for~this determination are there is an existing regulation
for BAT and NSPS that requires zero discharge of process wastewater
pollutants (40 eFR 415.133 and 415.135). The subcategory is excluded
under Paragraph 8 of the Settlement Agreement. Pretreatment standards
will be developed in Phase II.

Production Processes and Effluents

Potassium sulfate is produced by the reaction in solution of potassium
chloride with langbeinite ore. Langbeinite ore is a natural sulfate
of potassium and magnesium (KzS04.MgS04 ), usually intermixed with
sodium chloride. When the reacted solution is partially evaporated,
potassium sulfate precipitates out, and is recovered by centrifugation
or filtration from the brine liquor, dried, and sold. The remaining
brine liquor containing magnesium chloride is the source of raw waste.
Depending on the sodium content of the ore used, the brine is either
sold (low sodium content) or is ponded. In the latter case, the brine
liquor is recycled or evaporated and the mud is landfilled.
Therefore, no discharge results from the production of potassium
sulfate.

Plants

There are approximately eight producers of commercial grade potassium
sulfate in the United States.

Sodium Bicarbonate

Summary of Determinations

It has been determined that no further effort will be given to
developing revised BAT and NSPS regulations for the Sodium Bicarbonate
Subcategory. The basis for this determination is the existing BPT,
BAT and NSPS regulations specify zero discharge of process wastewater
pollutants to navigable waters. Pretreatment standards will be
developed in Phase II.

Production Processes and Effluents

Sodium bicarbonate is produced by reaction of sodium carbonate with
water and carbon dioxide under pressure. The bicarbonate precipitates
from the solution and is filtered, washed, dried, and packaged.
Wastewater from the filtration is used in product scrubbers and then
returned to the process.
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Plants

Four plants produce sodium bicarbonate in the United States.

BPT, BAT and NSPS Limitations

BPT, BAT and NSPS limitations were promulgated March 12, 1974 (40 CFR
415.142, 415.143 and 415.145). All subparts require zero discharge of
process wastewater pollutants to navigable waters.

It has been determined that the sodium bicarbonate subcategory will be
excluded under Paragraph 8 of the Settlement Agreement. The basis for
the determination is that maintaining the existing regulations will
eliminate the discharge of toxic pollutants.

Sodium Carbonate

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT, NSPS, or Pretreatment regulations for the Sodium
Carbonate Subcategory. The bases for this determination are: 1) no
wastewater is discharged to navigable waters from the plants using
natural deposits to produce sodium carbonate, and 2) only one plant
exists that uses the Solvay Process to produce sodium carbonate. This
subcategory is excluded under Paragraph 8 of the Settlement Agreement.
The Solvay Process does have a discharge but because there is only one
plant, it is inappropriate to write a regulation for the subcategory.

Production Processes and Effluents

Two methods are used for the production of sodium carbonate. One
method is the recovery from natural sodium carbonate deposits and the
other method is the Solvay process. The wastewater resulting from the
use of natural deposits is sent to evaporation ponds and no water is
discharged to navigable streams. In the Solvay process, sodium
chloride (brine) is purified and saturated with ammonia and then
chlorinated. The reacted solution is filtered and sodium bicarbonate
is removed as a filter cake. The filter cake is calcined to produce
sodium carbonate, driving off moisture and carbon dioxide. The
production of sodium carbonate by the Solvay process requires the use
of large volumes of water for non-contact cooling and process contact
purposes and generates large loads of suspended solids, alkalinity,
and ammonia.

Plants

Only one plant uses the Solvay process to produce sodium carbonate.
The Solvay process is energy intensive and generates large pollution
loads. The process is being replaced by production from natural
deposits. It is unlikely that new Solvay process plants will be built
in the future. The industry profile is presented in Table 26.32-1.
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The other plants using natural deposits have zero discharge.

Status of Regulations

The regulation originally established has been remanded by the court.
The Solvay' process does have a discharge but because there is only one
plant it is inappropriate to write regulations for this subcategory.

Sodium Chloride

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BAT and NSPS regulations for the Sodium Chloride
Subcategory. The basis for this determination is that there are
existing BAT and NSPS regulations that prohibit discharge of process
wastewater (40 CFR 415.163 and 415.165). The subcategory is excluded
under Paragraph B of the Settlement Agreement. Pretreatment standards
will be developed in Phase II.

Production Processes and Effluents

Sodium chloride is produced by three methods: 1) solar evaporation of
sea water, 2) solution mining of natural brines, and 3) mining of rock
salt.

In the solar evaporation process, salt water is concentrated by
evaporation in open ponds to yield a saturated brine solution. After
saturation is reached, the brine is fed to a crystallizer, wherein
sodium chloride precipitates, leaving behind a concentrated brine
solution (bittern) consisting of sodium, potassium, and magnesium
salts. The precipitated sodium chloride is recovered for sale and the
brine is recycled from the operation.

The brine in the second process is first aerated to remove hydrogen
sulfide. The brine is then pumped to settling tanks where it is
treated with caustic soda and soda ash to remove most of the calcium,
magnesium, and iron present as insoluble salts. After clarification
to remove these insolubles, the brine is then sent to multiple effect
evaporators. As water is removed, salt crystals form and are removed
as a slurry. The slurry is washed with fresh brine to remove calcium
sulfate. The washed slurry is filtered, the mother liquor is returned
to evaporators, and the crystals from the filter are dried and
screened. Wastes are generated from the multiple effect evaporators
and driers, basic brine purification, and from water treatment. Zero
aqueous discharge can be accomplished by replacing barometric
condensers with non-contact exchangers, eliminating packing station
wastes by more efficient design, and recycling all process water.

Mining of rock salt produces no process wastewater.
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related wastewater during the screening of one plant. The subcategory
is excluded under Paragraph 8 of the Settlement Agreement.

Production Process and Effluents

Sodium hydrosulfide is produced by reaction of hydrogen sulfide with
sodium hydroxide. Sodium hydrosulfide is used in the manufacture of
sodium sulfide, other chemicals, and paper (Kraft). It is also used
in dehairing of hides and industrial wastewater treatment. Process
wastewater may be derived from filter backwash water.

The subcategory profile data are given in Table 26.35-1.

Toxic Pollutants

Toxic pollutants found in the waste during screening of one plant were
phenol (76 ~g/l) and naphthalene (90 ~g/l) which are below
treatability levels. Due to the very small flows and waste loads
generated by this industry, this subcategory is excluded under
Paragraph 8 of the Settlement Agreement

Status of Regulations

Subpart BD has been reserved for this subcategory.

Sodium Metal

Summary of Determinations

It has been determined that no further effort be given to developing
or revising BPT, BAT, NSPS, or Pretreatment regulations for the Sodium
Metal Subcategory. The basis for this determination is that the small
quantities of toxic pollutants found during screening are far below
accepted treatability levels. This subcategory is excluded under
Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

Sodium metal is manufactured with chlorine by electrolysis of fused
sodium chloride. It is used in the production of tetraethyl lead,
sodium cyanide, sodium peroxide, and titanium and zirconium metals.
In liqUid form, it is used as a nuclear reactor coolant; it. is also
used as a light, thermally conductive solid in various applications.

The industry profile for this subcategory is given in Table 26.36-1.

Toxic Metals

Data has been received on about 60 percent of the industry as a result
of Section 308 letters. In addition, sampling surveys were made at
two plants representing 38 percent of the industry. Toxic pollutants
found during sampling were as follows:
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Sodium Silicate

The industry profile for this subcategory is given in Table 26.37-1.

13

31

10

33

Maximum Concentration
Observed ~g/lPollutant

Copper

Zinc

Chloroform

Dichlorobromomethane

These pollutants are at very low concentrations which are far below
accepted treatability levels.

Status of Regulations

BPT regulations (40 CFR 415.182) were promulgated on March 12, 1974.
These regulations have since been remanded by the court.

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Sodium Silicate
Subcategory. The basis for this determination is that the small
quantities of toxic pollutants found during screening are below
accepted levels of treatability. This subcategory is excluded under
Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

Because no significant quantities of toxic pollutants are present, no
further effort will be given to development of pretreatment
regulations for this subcategory.

BAT and NSPS regulations requiring zero discharge (40 CFR 415.183)
were promulgated on March 12, 1974. These regulations have been since
remanded by the court. However, it has been determined that the
sodium metal subcategory be excluded from BAT and NSPS regulations
because data from Section 308 letters and sampling surveys indicate
that toxic pollutant concentrations are far below accepted treatable
levels.

Sodium silicate is manufactured both in liquid and anhydrous powdered
torm. It has many industrial uses, such as additives in adhesives,
flocculants, and cleaning agents. It is ~lso used in the production
of soap and household detergents. Sources of process wastewater
include contact cooling water, filter backwash, gas scrubbers and tank
cleaning.

Summary of Determinations
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Production Processes and Effluents

Toxic Pollutants

415.192) requiring zero
March 12, 1974. These

the court and are not in

181

("g/l)

347

121

Zinc

Copper

Nickel

Pollutant

BPT, BAT, and NSPS regulations (40 CFR
discharge of pollutants were promulgated on
regulations have since been remanded by
effect.

This subcategory has been excluded from the present study but will be
included in the Phase II, Inorganic Chemicals, review.

Because no significant quantities of toxic pollutants are present, no
further effort will be given to development of pretreatment
regulations for this subcategory.

Sodium Silicofluoride

Sodium silicofluoride is used in the manufacture of sodium fluoride
and in the light metal industry as a protective agent. It is also
used as an insecticide, as a fluxing and opacity agent for ceramics
and in detergent products.

The industry profile for this subcategory is given in Table 26.38-1.

Summary of Determinations

Status of Regulations

Data has been received on about 63 percent of the industry as a result
of Section 308 letters. In addition, a sampling survey was made at
one plant which represents about 6 percent of the industry. The
following pollutants were detected: nickel, copper, and zinc. These
levels are below accepted treatability levels. In addition, the
sampling data was taken from wastewaters receiving insufficient
treatment. The wastes were ponded to remove suspended solids
consisting essentially of sand and other silicates. Normally the pH
of the wastes would be lowered to 9 and receive additional settling.
However the dissolved silicate and high pH are considered beneficial
by sewerage authorities in the removal of solids in primary and
secondary settling systems.

Maximum concentrations of toxic pollutants found during sampling are:



5 years

14 years

NA

NA

NA

NA

NA

NA

12

3

56,900 kkg/year

44,700 kkg/year

NA

NA

3,800 kkg/year

36 ,500 kkg/year

NA
NA

NA

SODIUM HYDBCSULFIDE

Maxim.m

Waste water flow range:

Mini.nun

Maxinum

Volume per unit product:

Max:imJm

Average production

Median production

Average capacity utilization

Plant age range:

TABLE 26.35-1· -

Total subcategory capacity rate

Total subcategory production rate

Number of plants in this subcategory
308 Data on file for

With total capacity of

with total production of

Representing capacity

Representin;J production

Plant production raDle:
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Sodium Sulfite

Summary of Determinations

It has been determined that no further efforts be given to developing
or revising regulations for the Sodium Sulfite Subcategory. The basis
for this determination is that there are existing regulations for BAT
and NSPS that require zero discharge of process wastewater pollutants
(40 1 CFR 415.203 and 415.205). The subcategory is excluded under
Paragraph 8 of the Settlement Agreement. Pretreatment standards will
be developed in Phase II.

Production Processes and Effluents

Sodium sulfite is produced by two processes. One is the direct
reaction of soda ash with sulfur dioxide. There are four plants
manufacturing sodium sulfite using this process. In the other
process, sodium sulfite is produced as a by-product in the manufacture
of phenol. Since this process is used primarily to produce phenol and
its derivatives, it is not considered for this subcategory.

Sodium Thiosulfate

Summary of Determinations

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, or Pretreatment regulations for the Sodium Thiosulfate
Subcategory. The basis for this determination is that no toxic
pollutants were found at significant levels in the raw waste during
screening of one plant. The subcategory is excluded under Paragraph 8
of the Settlement Agreement.

Production Processes and Effluents

Most of the sodium thiosulfate is produced by the sulfur-sodium
sulfite process. It is used extensively in the development of
negatives and prints in the photographic industry. It is also used in
medicine, in the paper and dyeing industries, and as a bleaching agent
for natural products. Process wastewater sources include filter
backwash and the discharge from barometric condensers.

The subcategory profile data age given in Table 26.40-1.

Toxic Pollutants

Data has been received on about 33 percent of the industry as a result
of Section 308 letters. A sampling survey at one plant indicated that
toxic pollutants in the effluent are below treatment levels.

Toxic pollutants identified in the effluent were:
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NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

381, 000 kkg/year

. NA

5

3

96,340 kkg/year

78,541 kkg/year

25 percent

NA

SUBCATEXDRY .PROFILE DATA. SUMMARY

SODIUM METAL

MaxiJwm

l'este water flow range:

Min:inun

MaximJm

Volune per unit product:

Mi.nimJm

MaximJm

MaximJm

Average production

Maiian production

Average capacity utilization

Plant age range:

TABLE 46.36-1 -

NA= Not Available

Total subcategory capacity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

RepresentiDJ production

Plant production range:

Sources of data are Sqmford Research Institute, Directory of Chemical
Producers, U.S.A., 1979, U.S. Depart::ment of eatmerce, CUrrent Industrial
Re!XJrts, December 1977; Energy and Environmental Analysis, Inc.; Draft
Report, uPreliminary Econanic Assessoont of Effluent Limitations in the
Inorganic Chanica! Iniustry,. II June, 1978 and "Economic Analysis of
ProfOsed Revised Effluent Guidelines and Standards for the Inorganic
O1emicals Industry," March, 1980
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Plants

BAT and NSPS Limitations

94

91

Concentration ·(pg/l)

Zinc

Copper

Pollutant

It has been determined that no further effort be given to developing
regulations for the N~tric Acid (Strong) Subcategory. The basis for
this determination 1S that no·process related toxic pollutants were
found at significant levels in the process wastewater during screening
of two plants and verification of one plant. The subcategory is
excluded under ParagraphS of the Settlement Agreement.

Summary of Determinations

Zero discharge regulations were proposed for BAT and NSPS on May 22,
1975. Since BPT already requires zero discharge, BAT and NSPS are
being excluded under Paragraph 8 of the Settlement Agreement.

Strong Nitric Acid

Regulations for BPT were promulgated on May 22, 1975 (CFR 415.602) and
require zero discharge of process wastewater pollutants. The
regulations have not been challenged.

BPT Limitations

There are three plants producing stannic oxide.

Tin is reacted with air and oxygen in a furnace to form stannic oxide.
The product is recovered with dry bag collectors and packaged for
sale. There is no process wastewater from this process.

It has been determined that no additional effort be given to
developing revised BAT or NSPS regulations for this subcategory. The
basis for this recommendation is that existing regulation for BPT is
zero discharge. Pretreatment standards will be developed in Phase II.

Production Process and Effluents

Summary of Determinations

Subpart BG has been reserved for this subcategory.

Stannic Oxide

Status of Regulations



7 years

43 years

NA

NA

NA

NA

12 ,400 kkg/year

57,300 kkg/year

NA

NA

NA

927,300 kkg/year

NA

39

21

NA
431, 000 kkglyear

47 percent

NA

SODIUM SILICA'm

Maxi.mJm

Average production

Median production

Average capacity utilization

Plant age range:

Mininun

MaximJm

waste water f1CM range:

Maxinum

Volume per W1i.t product:

M:i.n.i.ImJm

Maxi.mJm

TABLE 26.37-1 -

~tal subcategory capacity rate ~7 Plantsl

Total subcategory p%Oducti.an rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

RepresentiD]. pn:X!ucti.on

. Plant productia1 range:
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Production Processes and Effluents

Most of the strong nitric acid is produced by dehydration of dilute
nitric acid. Strong nitric acid is used in the manufacture of organic
compounds where nitric acid acts as an oxiding agent instead of an
acid. It is also used in the manufacture of dye intermediates and
explosives. The principal wastewater source is derived from equipment
washing. The industry profile data are given in Table 26.42-.

Toxic Pollutants

Toxic pollutants found in the waste streams during sampling of strong
nitric acid plants were:

Maximum
Concentration Observed (/lg/l)
Screening Verification

Pollutant ( 2 Plants) ( 1 Plant)

Chromium 40,000 < 50
Zinc 900 120
Lead 70 < 10
Mercury 8.6 1.2
Silver 0.69 < 15
Nickel < 5.0 < 50
Cadmium < 2.0 < 2.0
Cyanide 0.020 < 0.020

In a follow-up, it was found that the chromium and zinc are used as
corrosion inhibitors in the cooling tower, and are not process
related. Control of these pollutants should involve best management
practices instead of end-of-pipe treatment.

Status of Regulations

Subpart AV has been reserved for this subcategory.

Sulfur Dioxide

Summary of Determinations

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Sulfur Dioxide
Subcategory. The bas~s for this determination is that no toxic
pollutants were found at significant levels in the raw waste during
screening of one plant. The subcategory is excluded under Paragraph 8
of the Settlement Agreement.

Production Processes and Effluents

Most of the sulfur dioxide is produced by air oxidation of sulfur.
The major portion of sulfur dioxide production is in the gaseous form,
although a small percentage is also produced in liquid form. In the

828



NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

51,800 kkg/year

6

1

7,460 kkg/year

3,970 kkg/year
NA

7.5 percent

SUBC'ATEXDRY .PROFILE DATA.5lJMMAR'{

SODIUM SILICOFI.U>R1DE

Maxi.num
•

waste Wa'fSr flow range':

Mi.nimum

MaximJm

Vo1une per unit product:

Maxi.mlJm

Average production

Median production

Average capacity utilization

Plant age range:

'l2\BLE 26.38-1 -

Total subcategozy capacity rate

Total subcategozy production rate

Number of plants in this subcate.gm:y

308 Data on file for

with total capacity of

With total production of

Representing capacity

RepresentiD] production

Plant pnxiucticm range:
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gaseous form, it is predominantly used in on-site manufacture of
sulfuric acid. It is also used in the paper and petroleum industries,
as well as for fermentation control in the wine industry, for
bleaching in the textile and food industries, and in the production of
other chemicals. The wastewater source at one plant was a process
effluent from an extraction operation.

The subcategory profile data are given in Table 26.43-1.

Toxic Pollutants

Data has been received on about 33 percent of the industry as a result
of Section 308 letters. No toxic pollutants were found at significant
levels in wastewaters during the screening of one sulfur dioxide
plant.

Status of Regulations

Subpart BI (40 CFR 415.610, 5/22/75) has been reserved for this
subcategory.

Sulfuric Acid Industry

Summary of Determinations

It has been determined that no further effort be given to developing
BPT, BAT, NSPS, and Pretreatment regulations for the Sulfuric Acid
Subcategory. The basis for this determination· is that the small
quantities of toxic pollutants found during screening are far below
accepted treatability levels. This determination applies to the
production of sulfuric acid by the contact process from elemental
sulfur only. This subcategory is excluded under Paragraph 8 of the
Settlement Agreement.

Production Processes and Effluents

Sulfuric acid is one of the most extensivley used of all manufactured
chemicals. The major industrial use is in the fertilizer industry,
with on-site captive use of the product as a dominant practice. It is
also used in the manufacturing of plastics, explosives, detergents,
hydrofluoric acid, nuclear fuel and several other organic and
inorganic products. This industry has no process wastewater, but does
have cooling tower blowdown.

The industry profile data for this subcategory are given in Table
26.44-1.

Toxic Pollutants

Data has been received on about 21 percent of the industry as a result
of Section 308 letters. In addition a sampling survey was made at one
plant which represents less than 1 percent of the industry. Only
nickel and copper were detected but were at levels far below accepted
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3 years

51 years

NA

NA

NA

MA

NA

NA

6

5

88,000 kkg/year

70,300 kkg/year

NA

NA

4,400 kkg/year

27,000 kkg/year

NA

NA

NA

stJBCATEOORY .PROFILE .DATA .SUMMAHY

SODIUM THIOSULFATE

Max.im.1rn

Volune per unit product:

Mi.nim.Jm

Maxinun

MaximJm

Waste water flCM range:

Maxi.mJm

Average production

Median production

Average capacity utilization

Plant age range:

TABLE 26. 40-1 -

NA = Not Available

831

Total sul:category capacity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for

with total capac!ty of

With total production of
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treatability concentrations. They probably result from corrosion and
are concentrated by recycling the cooling water. Apart from waterside
corrosion some corrosion products results from acid leaks. However,
NPDES permits generally require pH control and this will limit this
problem.

Status of Regulations

BPT regulations (40 CFR 415.212) were promulgated on March 12, 1974.
These regulations have been remanded by the court.

NSPS and BAT regulations requiring zero discharge (40 CFR 415.212)
were promulgated on March 12, 1974. These regulations have been
remanded by the court. Because no significant quantities of toxic
pollutants are present no further effort will be given to development
of pretreatment regulations for this subcategory.

Zinc Oxide

Summary of Determinations

It has been determined that no further effort be given to developing
BAT, NSPS, or pretreatment regulations for Zinc Oxide Subcategory.
The bases for this determination are 1) only one plant exists the
generates process liquid effluents from the manufacture of zinc oxide
using the wet chemical process, and 2) processes using oxidation of
zinc produce no waterborne wastes. The subcategory is excluded under
Paragraph 8 of the Settlement Agreement.

Production Processes and Effluents

Two major processes are used for the manufacture of zinc oxide: 1)
those involving oxidation of zinc, and 2) those involving
precipitation from solution followed by calcination. Two methods are
used to prepare zinc oxide using the oxidation process-- the American
Process and the French Process.

In the American Process, zinc ore is dried and converted to crude
oxide by roasting at approximately 1000 degrees C. Zinc sinter is
introduced into a reaction kiln with equal amounts of coke. The zinc
vapor and carbon monoxide formed are oxidized to zinc oxide and carbon
dioxide and drawn off through ducts to cyclone and baghouse collection
equipment. No waterborne wastes are generated.

In the French Process, crude zinc oxide sinter and dried coke are
mixed with binder and fed through briquetting rolls. The raw
briquettes are fed into cokers operating at temperatures between SOD
and 1000 degrees C. Zinc sinter is converted to zinc metal in vapor
using electrical ore vaporizers or rotary burners. The zinc vapors
are purified to remove lead and cadmium impurities. The purified zinc
is then vaporized and reqcted with oxygen to produce zinc oxide, which
is recovered by dry collection methods, cooled, and packaged. No
waterborne wastes are generated.
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NA
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11 years

49 years

5,300 kkg/year

60,200 kkg/year

NA
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NA
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155,200 kkg/year

121,000 kkg/year

NA

NA
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STlUlG NITRIC ACID

TABLE 26.42-1 -
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In the wet chemical process, crude zinc oxide recovered from lead
smelters is used as the raw material. The zinc oxide is leached with
caustic soda solution to remove sulfate and dissolve lead salts:~ The
undissolved zinc oxide is then recovered from the leaching mixture,
washed, neutralized to remove alkali, dried, calcined, and packaged.
Waterborne wastes are generated from the deleading step, desulfating
step, etc.

~lants

There are about 20 zinc oxide producers in the United States. The
producers include both primary and secondary. The final product of
the primary producers is zinc oxide, while the secondary producers
manufacture zinc oxide and use it to make zinc chloride and zinc
nitrate. About 80-90 percent of the total zinc oxide produced is made
by the American and French Processes, and 10 percent is made by one
plant using the wet chemical process.

Zinc Sulfate

Summary of Determinations

It has been determined that no further effort be given to developing
revised BAT or NSPS regulations for the Zinc Sulfate Subcategory. The
basis for this determination is that existing BPT regulations specify
zero discharge of process wastewaters to navigable waters.
Pretreatment standards will be developed in Phase II.

Production Processes and Effluents

Zinc sulfate is produced by reaction of sulfuric acid with various
crude zinc starting materials, such as zinc oxide from brass mill
fumes, zinc metal residues from various sources, and zinc carbonate
by-product from sodium hydrosulfite manufacture. The following basic
steps are followed: reaction of the zinc containing raw material with
refiltration of solids, and either evaporation to dryness or sale as
solution grade. Liquors from the preceding processes are, in some
cases, refined to recover by-products and other wastewaters are
recycled. The only wastes are filter cake residues.

Plants

There are eighteen plants producing zinc sulfate and none are known to
discharge wastes from ,the process system.

BPT Limitations

Regulations were promulgated on May 22, 1975 ( 40 CFR 415.632)
requiring no discharge of process wastewater pollutants to navigable
waters. The discharge of contaminated non-process wastewater is
permitted. This includes rainfall runoffs, accidental spills,
accidental leaks, and discharges related to personal safety equipment.
All reasonable measures must be taken to prevent, reduce and control
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such contact to the maximum deg~ee feasible, and to mitigate the
effe~ts of such contact once it has occu~~ed.

BAT and NSPS Limitations

BAT and NSPS guidelines we~e p~oposed on May 22, 1975, ~equl~lng ze~o

discharge of process wastes to navigable wate~s. Since BPT already
~equi~es zero discharge, BAT and NSPS are excluded under Paragraph B
of the Settlement Agreement.

835



836

NA

NA

3 years

51 years

NA

NA

27,800 kkg/year

170,000 kkg/year
NA

NA

NA

NA

NA

15

5

453,000 kkg/year

364,000 kkgjyear

NA

NA

SULFUR DIOXIIE

Maxinun

Volt.zne per unit product:

MinimJm

Maxinun

TABLE 26.43-1 -

TOtal subcategoJ;y capacity rate

Total subcategory production rate

Number of plants in this subcategoJ;y

308 Data on file far

with total capacity of

with total production of

Representing capacity

Representing' production

Plant production ran;e~

Min:iImJm

Max1mJm

Average production
Median production

Average capacity utilization

Plant age range:

Min:inun

Max:in1Jm

waste water flow range:

Sources of data are stanford Research Institute, Directory of Chanical
Producers, U.S.A., 1977, U.S. Department of Ccmnerce, eurrent Industrial
Reports, oecenber 1977; Energy and Envi..rormental Analysis, Inc.; Draft
Report, "Prel:1mi.nary Eoonanic Assessment of Effluent Limitations in the
Inorganic Chanica! Irrlustry, " June, 1978 and IIEconani.c Analysis of

Proposed Revised Effluent Guidelines and St,anqards for the Inorganic Chemicals
Industry, II March, 1980

NA = Not. Available



NA

NA

3 years

78 years

5,300 kkg/year

47 r 700 kkg/year

NA

NA

NA

NA

NA

33,619,000 kkg/year

NA

109

52

7,758,000 kkg/year

6, 308, 000 kkg/year

23 percent

NA

SULFURIC ACID

.Maximum

waste water flow range:

MiniJTun

Maxinurn

Volume per unit prcx:luct:

Mi.nimJm

Maxinun

Maxinum

Average production

Meli.an production

Average capacity utilization

Plant age range:

TABLE 26.44-1 -

Total suJ:category capacity rate

Total subcategory production rate

Number of plants in this subcategory

308 Data on file for

With total capacity of

With total production of

Representing capacity

RepresentiD3 production

Plant production range;

NA = Not Available
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Sources of data are stanford Research Institute, Directory of Chanical
P.r:oducers, U.S .A., 1979 , U.S. Depa.rt:m:mt of <::atn'erce, current Industrial
Rep)rts, Decanber 1977; Energy am Envi.ronrrental Analysis, Inc:.; Draft
Report, "Preliminary EcOnanic Assessnent of Effluent Limitations in the
Ioorganic Chanica! Irrlustry ," Jtme, 1978 and "Econcmic Analysis of
Proposed Revised Effluent Guidelines and Standards for the Inorganic
Chemicals Industry, II March, 1980
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APPENDIX A

ANALYSIS OF LONG-TERM EFFLUENT
MONITORING DATA FOR

THE INORGANIC CHEMICALS INDUSTRY

Introduction

This appendix contains tabulated summaries of the statistical
parameters derived from the analysis of long-term effluent monitoring
data collected by industry and reported to the EPA or State regulatory
agencies during the last two or three years. The particular sets of
data selected for analysis are taken from plants which apply a well
defined treatment technology to process wastewaters from single
product or product group manufacturing operations associated with a
specific subcategory. Data have been excluded which represent
wastewaters diluted with noncontact cooling water or commingled with
waste sources from unrelated products. Each table in the appendix
indicates the actual humber of observations on which the calculated
statistical parameters are based. The derivation of the parameters
was discussed in Section 8.2 of the development document.

The statisitcal performance information presented here was taken into
consideration in the development of limitations for each subcategory
studied in detail in the main report. These were expressed as the
Concentration Bases (mg/l) and Effluent Unit Mass Loadings (kg/kkg)
for each pollutant assuming the model plant flow conditions and
applying the specified pollutant removal technologies at each level of
treatment. The tables on the following pages summarize the available
historical effluent monitoring results and give the individual plant
performance characteristics in concentration and loading units for
both daily and monthly measurements. Variability factors shown on
each table were used to calculate the plant Mperformance Standards"
shown in the right hand column of each table. Similarly, the
Variability Factor Ratio (VFR) used in this report is the variability
factor for daily measurements divided by variability factor for 30-day
average data.

In general, the effluent data base acquired included NPDES monitoring
data collected during the period from January 1, 1975 through June 30,
1976. Firms who monitored over this time period provided up to 18
months of 3D-day average data and as many as 547 measurements of daily
or 24-hour data. In cases where monitoring was done less frequently
than daily, perhaps omitted on weekends, or only weekly measurements,
the actual number of observations used in the calculation is recorded
for each parameter.

Included in Appendix A are statistical measures appropriate to the
analysis of long-term monitoring data and the historical performance
of inorganic chemical pollutant discharge levels. The statistics
presented include measures of the amount or level of pollutant

A-l



A-2

discharge, such as long-term average, minimum level, and maximum level
for both daily, or 24-hour measurements, as well as 3D-day average
measurements.

6. 3D-day averages of pollutant unit loadings in the effluent stream
given in kilograms of pollutant per thousand kilograms of product
(kg/kkg).

inorganic
in that

included.

unit loadings in the effluent
per thousand kilograms of

pollutant
pollutant

5. Daily measurements of
streams given in kilograms of
product (kg/kkg).

2. Daily measurements of, total effluent discharge load measured in
kilograms per day.

3. 3D-day averages of pollutant concentration (ppm).

4. 3D-day averages of total effluent pollutant load (kg/day).

For reference, the tables in Appendix A are organized by
chemical subcategory and the manufacturing process
subcategory. For each plant, as many as six tables are
These tables appear in the following order.

1. Daily measurements of pollutant concentrations in effluent stream
given in parts per million (ppm).

Also given in the table is the coefficient of variation, CV, which
reflects the dispersion of measurements above and below the long-term
average level. Other measures of variability that may be of interest,
such as range or standard deviation are also calculated for any
parameter from any information given herein. In addition to
statistics of pollutant level and variation of pollutant level,
variability factors are given for each parameter. A variability
factor is the ratio of an upper percentile of the distribution of
pollutant measurements to the long-term average pollutant level. The
basis of the particular upper percentile chosen for variability
factors is explained as a footnote to the table.

The historical performance of each firm, using the variability factor,
is given for each parameter and is expressed in the same units as the
long-term average.
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A-3

Table A-1a

P

.051

3.65

P

Performance
Standards

Performance
Standards

*

*

2.54

1.66

Variability
Factors

Variability
Factors

cvMax

Max CV

AvgMin

Historical Summary
Statistics

Historical Summary
Statistics

No

No Min Avg

530 .015 .031 .047 .129

--------------------~------------------

Table A-1b
Historical Effluent Monitoring Data Summary

with Variability Factors and Performance Standarcs
Daily Measurements

Subcategory Chlorine
Mercury Cell Process

Plant fA

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Mercury Cell Process

Plant fA

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P. .

(mg/l)

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Parameter

(kg/day)

Parameter

=====================================================-===========

=================================================================

Mercury 530 .006 .014 .021 .286 1.88 .026

TSS 530 1.00 7.4 62. .581 3.04 22.5

Chlorine 428 0.08 .638 1.50 .463 2.28 1.46

(Total Residual)
-----------------------------------------------------------------

Mercury

Chlorine 420 .156 1.44 3.40 .463
(Total Residual)
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~-~--~------------~-------------------~--------------------------

.041

2.16

.021

11.7

0.88

p

P

Performance
Standards

Performance
Standards

1.47

1.58

1.38

1.33

1.50

*

Variability
Factors

*

Variability
Factors

.355

Max CV

Historical Summary
Statistics

Historical Summary
Statistics

18 .020 .031 .037 .197

18 .91 1.44 2.~

No Min Avg Max CV

No Min Avg

18 .008 .014 .020 .293

18 5.1 7.4 12.9

(kg/day)

(mg/l)

Parameter

Table A-ld

* - 95. of the monthly averages are expected to be within the
performance standard, P.

A-4

* • 95. of the monthly averages are expected to be within the
performance standard, P.

Table A-lc

Historical Effluent Monitoring Data Summary
with variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fA

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
SUbcategory Chlorine
Mercury Cell Process

Plant fA

Parameter

Mercury

Chlorine

Mercury

-~~----~------------------------------------'----_._------------~-

Chlorine 18 .380 .638 .847 .194
(Total Residual)

TSB

•••=••••••••••-••••-••_••••••••••••••••••••••••••••••••••••••••••



___________ l ~~ ~~ _

A-S

Table A-Ie

.090

.006

P

.072

3.8

P

Performance
Standards

Performance
Standards

Variability
Factors

*

Variability
Factors

*

Max CV

.055 .084

Avg

2.52 3.91

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

18 .035 .055.065

18 1.6

530 .027

(g/kkg) NO Min

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Table A-If

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fA

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Chlorine
Mercury Cell Process

Plant fA

(g/kkg)

Parameter

Parameter

Mercury

===============================================~===============s=

===================.============~================================

Mercury

Chlorine

Chlorine 420 .00028 .0026 .006
(Total Residual)

-----------------------------------------------------------------

-----------------------------------------------------------------



-----------~-----------------------------------------------------

.046

2.87

P

P

Performance
Standards

Performance
Standards

*

4.35

4.52

Variability
Factors

*

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

516 .041 .634 2.87 .910

-----------------~----- -------------

516 .0005 .011 .088 .818

A-6

99% of the daily maximum measurements expected to be less
than the performance standard, P.

Table A-2b

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Mercury Cell Process

Plant fB

Table A-2a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Mercury Cell Process

Plant fB

* -

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

(kg/day)

(ug/1)

Paramet,er

Parameter

Mercury

Mercury

-----------------------------------------------------------------

-----------~---~-----------------~---------------------------~---



A-7

Table A-2c

Table A-2d

P

0.919

.015

P

Performance
Standards

Performance
Standards

*

*

1.45

1.45

Variability
Factors

Var iabili ty
Factors

Historical Summary
Statistics

No Min Avg Max CV

Historical Summary
Statistics

17 .005 .011 .019

No Min Avg Max CV

17 .325 .634 1.15 .293

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Chlorine Subcategory
Mercury Cell Process

Plant jiB

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fB

* - 95% of the monthly averages are expected to be within the
performance standard, P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(ug/l)

Parameter

Parameter

(kg/day)

~=================================================~==.=====._.===

=====================-===================================-=======

Mercury

Mercury



-----------------------------------------------------------------

A-a

.11

P

.344

P

Performance
Standards

Performance
Standards

*

Variability
Factors

Variability
Factors

*

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

17 .037 .082 .14

516 .0037 .082 .658

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

. Daily Measurements
Subcategory Chlorine
Mercury Cell Process

Plant IB

Table A-2e

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fS

Table A-2f

* - 99% of,the daily maximum measurements expected to be less
than the performance standard, P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(g/kkg)

(g/kkg)

Parameter

Parameter

Mercury

Mercury

=======~~.=z======~====z~~~a====~z==as====.======~============s==



-----------------------------------------------------------------

A-9

Table A-3a

P

.028

0.132

P

Performance
Standards

Performance
Standards

*

10.22

9.45

*

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV
----------------------- -------------

349 .0005 .014 .136 2.29

349 .0001 .003 .088 2.33

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Chlorine
Mercury Cell Process

Plant Ie

Table A-3b

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Chlorine
Mercury Cell Process

Plant IC

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

(mq/l)

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

(kg/day)

Parameter

Parameter

=••••=~.=~==•••===a====.====.================s===================

Mercury

=================================================================

Mercury

----------------------------------------~------------------------



--~-----------------------------------~--------------------~----~

.042

.0088

p

P

Performance
Standards

Performance
Standards

•

3.22

2.99

•

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

17 .0002 ".003 .014 1.33

17 .0009 .014 .062 1.21

--------------------~-- -------------

A-lO

Table A-3d

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fC

Table A-3c

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant IC

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(kg/day)

(mg/l)

• - 95% of the monthly averages are expected to be within the
performance standard, P.

Parameter

Parameter

Mercury

Mercury

-----------------~----~----~-------------------------------------

-----------------------------------------------------~----~------

-------~--~-~------------------------------~----------------~----



-----------------------------------------------------------------

--------------------------------------------------------------~--

A-ll

.154

.0485

P

p

Performance
Standards

Performance
Standards

*

*

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

17 .0011 .016 .077

----------------------- -------------

349 .0006 .017 .485

(g/kkg)

(g/kkg)

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Chlorine
Mercury Cell Process

Plant Ie

Table A-3e

Table A-3f

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant fC

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Parameter

Parameter

======================================================._=========

Mercury

============================================s====================

Mercury

-----------------------------------------------------------------



~-----------------------~-------~---~------------------~--------~

.104

P

1026

P

Performance
Standards

Performance
Standards

0.009

94.7

*

2.20

5.04

2.24

4.96

Variability
Factors

*

Variability
Factors

cv

1.01

Max

Historical Summary
Statistics

Historical Summary
Statistics

82 .021 .047 .118 .383

No Min Avg Max CV

82 .002 .004 .011 .500

No Min Avg------~--------~----~-- ----------~--

(kg/day)

(mg/l)

Table A-4b

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Mercury Cell Process

Plant to

Table A-4a

A-12

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Mercury Cell Process

Plant #0

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Parameter

Parameter

Mercury

Mercury

Chlor ine 49 20".5 203 663 1.03
(Total Res idual)

----------------------------~-------~-----~-----------------~----

Chlorine 49 2.0 19.1 62
(Total Residual)

----------------------------~-------~~-------------~--------~----



---------~--------------------------------~----------------------

---------~-------------------------------------------~-~---------

.079

588

0.006

55.6

p

P

Performance
Standards

Performance
Standards

*

*

1.60

2.91

1.66

2.89

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

22 .003 .004 .008 .250

No Min Avg Max CV

No Min Avg Max CV

22 .032 .047 .098 .340

----------------------- ----~--------

----------------------- -------------
(mg/l)

(kg/day)

Parameter:

Parameter

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant tD

* - 95% of the monthly averages are expected to be within the
performance standard, P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

A-13

Table A-4d

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Mercury Cell Process

Plant ID

Table A-4c

=========~========.================.==.=====~.=====a=====_=======

Mercury

Mercury

Chlorine 14 4.0 19.1 57.8 .969
(Total Residual)

======~==========================================================

Chlorine 14 39.1 203 616 .945
(Total Residual)

---------~--------------------------------~----------------------

------------------------------------------~----------------------



------------------~--------------~-------------------------------

1.91

1.45

P

P

Performance
Standards

Performance
Standards

*

*

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

22 .. 588 .. 864 1.8

No Min Avg Max CV

NO Min Avg Max GV

82 .386 .864 2.17

----------~------------ -------------

--------------~--~----- -------------
(g/kkg)

(g/kkg)

Table A-4e

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
SUbcategory Chlorine
Mercury Cell Process

Plant to

* - 99% of the daily maximum measurements expected to be less
than the performance standard, 'P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

A-14

Table A-4f

Historical Effluent Monitoring Data Summary .
with Variability Factors and Performance Standards

Daily Measurements
subcategoII Chlorine
Mercury Ce 1 process

Plant f,D

parameter

Parameter

Mercury

Chlorine
(Total Residual)

=••••••••••••===••==__==_=•••=•••••====••-__•••••===.:c==========

Mercury

Chlorine
(Total Residual)

--~--------------~--~--------------~----------~------------------

--~---------------------~----------------------------------------



-----------------------------------------------------------------

-----------------------------------------------------------------

A-IS

5.85

2.25

P

P

Performance
Standards

Performance
Standards

*

4.12

1.58

Variability
Factors

Variabili ty
Factors

*

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

12 .460 1.42 5.40 .824

No Min Avg Max CV

----------------------- -------------

153 .045 1.42 5.40

Parameter

Table A-Sa

Table A-5b

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Diaphram Cell Process

Plant liE

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
SUbcategory Chlorine
Diaphram Cell Process

Plant fE

* - 99% of the daily maximum measurements expected to be less
than the performance standard, ·P.

Parameter

=================================================================

(kg/day)

Lead

===========================================~=====================

-----------------------------------------------------------------

-----------------------------------------------------------------

(kg/day)

Lead



A-16

10.24

p

26.6

P

Performance
Standards

Performance
Standards

Variability
Factors

*

Variability
Factors

*

Historical Summary
Statistics

Historical Summary
Statistics

12 2.09 6.46 24.6

No Min Avg Max CV

NO Min Avg Max CV

153 .205 6.46 24.6

Table A-Sf

Table A-Se

Historical Effluent Monitoring Data Summary
with variability Factors and Performance Standards

30 Day Averages
Subcategory Chlorine
Diaphram Cell Process

Plant fE

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Chlorine
Diaphram Cell Process

Plant iE

* - 99' of the daily maximum measurements expected to be less
than the performance standard, P.

* - 95' of the monthly averages are expected to be within the
performance standard, P.

(g/kkg)

(g/kkg)

Parameter

Parameter

Lead

Lead



==========================================$=======-===============

-----------------------------------------------------------------

A-17

29.0

49.2

P

633

1074

P

Performance
Standards

Performance
Standards

1. 74

1.72

Var iabili ty
Factors

*

*

Variabili ty
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

15 4.54 16.7 27.2 .449

16 7.26 28.6 52.2 .441

15 99.1 365 594

16 158.5 624 1140

Table A-7e

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Hydrofluoric Acid/

Plant tG

95% of the monthly averages are expected to be within the
performance standard, P.

* -

Parameter

Table A-7a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Hydrofluoric Acid/

Plant #.G

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(g/kkg)

Parameter

==========================================~======================

(kg/day)

Fluoride

TSS

-----------------------------------------------------------------

TSS

-----------------------------------------------------------------

Fluoride



Table A-8b

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Chloride Process
Plant fH

============.===.=.==========.=====••=.=••••====.=======-=.==•••=
Historical Summary Variability Performance

Parameter Statistics Factors Standards
----------------------- -------------

(kg/day) No Min Aver Max CV * P
-----------------------------------------------------------------
Chromium 394 .000 .013 .210 1.69 7.78 .097

Copper 394 .000 .027 .190 1.04 5.20 .139

zinc 394 .000 .028 .108 .679 3.42 .097

TSS 394 0.40 8.34 176. 1.92 8.35 69.7

-----------------------------------------------------------------
* - 99% Of the daily maximum measurements expected to be less

than the performance standard, P.

A-iS



Table A-8c

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Chloride Process
Plant fH

==============================================================s==

Historical Summary Variability Performance
Parameter Statistics Factors Standards

----------------------- -------------
(mg/l) No Min Aver Max CV * P

-----------------------------------------------------------------
Chromium 13 .000 .004 .013 .750 2.46 0.010

Copper 13 .000 .010 .030 .700 2.43 0.024

Zinc 13 .001 .012 .026 .500 1.93 0.023

TSS 13 1.20 3.14 8.60 .599 1.98 6.22

---------------------------------------------------------~----~--

* - 95% of the monthly averages are expected to be within the
performance standard, p.

A-19



Table A-Sd

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Chloride Process
Plant 'H

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Historical Summary Variability Performance
Parameter Statistics Factors Standards

---~-~~---------~------ ~ ...------------(kg/day) No Min Avg Max: CV * p

------~-----------~~--------~~--------~-----------------~--------

Chromium 13 .002 .013 .043 .769 2.62 .033

Copper 13 .000 .027 .100 .852 2.74 .073

Zinc 13 .004 .028 .051 4.29 1.80 .051

TSS 13 2.60 8.34 24.0 .695 2.14 17.9

--~~--------~~-----~--------~----~--------~~--------~~----~------

* - 95' of the monthly averages are expected to be within the
performance standard, P.

A-20



=================================================================

-----------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less

than the performance standard, P.

P

1.33

1.33

1.9

956

Performance
Standards

Variabili ty
Factors

*

Historical Summary
Statistics

No Min Aver Max CV

394 .000 .178 2.88

394 .000 .37 2.6

394 .000 .384 1.48

394 5.49 114 2415

Table A-8e

A-21

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

. Daily Measurements
Subcategory Titanium Dioxide

Chloride Process
Plant fH

Parameter

(g/kkg)

Copper

zinc

Chromium

TSS



----~------------------------------------------------------------

===~============.=.=============.=.~===~======~===============~==

----~------------------_._----------------------------------------

.453

1.0

.70

246

P

Performance
Standards

*

Variability
Factors

Historioal Summary
Statistics

No Min Avg Max CV

13 .027 .17B .59

13 .000 .37 1.37

13 .055 .384 .70

13 35.7 114 329

----------------------- -------------

A-22

Table A-Bf

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Chloride Process
Plant fH

(g/kkg)

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Parameter

Copper

Zinc

TSS

Chromium



Table A-9a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

============================:====================================

Historical Summary Variability Performance
parameter Statistics ractors Standards

----------------------- ---'-'---------
(mg/l) No Min Avg Max CV * P

-----------------------------------~_---_~-----------------------

Cadmium 26 .001 .009 .020 .444 2.03 0.018

Chromium 26 .010 .021 .070 .857 4.23 0.088

Iron 30 .40 3.25 19.1 1.42 6.74 21.9
(total)

Iron 153 .080 .279 4.98 2.01 8.64 2.41
(d iss)

Lead 26 .002 .017 .050 .765 3.67 0.062

Nickel 26 .010 .029 .080 .690 3.52 0.102

Zinc 26 .010 .027 .300 2.11 9.93 0.268

TSS 183 35.8 1.71 7.70 276.

-----------------------------------------------------------------
• - 99' Of the daily maximum measurements expected to be less

than the performance standard, P.

A-23



Table A-9a-l

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

April 76 through September 78

Historical Summary Variability Performance
Parameter Statistics Factors Standards

----~-----------------~ -------------
(mg/l) No Min Avg Max CV 'It P

--------------------------~--------~--------~----~--~------~-----

Cadmium 109 .001 .058 .100 .762 3.85 .224

Chromium 128 .010 .072 .400 .755 3.81 .275

Iron** 854 .010 .620 59.9 5.58 13.5 8.39

Lead 128 .002 .068 .100 .609 3.15 .214

Nickel 128 .010 .080 .680 .883 4.39 .354

zinc 128 .010 .151 1.14 1.35 6.41 .966

TSS 899 .000 21.2 975 3.11 11.0 233

-----------------------------------------------------------------
'It - 99% of the daily maximum measurements expected to be less

than the performance standard, P.

'It'll 04-76 to 08-78

A-24



Table A-9a-2

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant #I

september 78 through February 79

------------------------------------------------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-----~----------------- -------------

(mg/1) No Min Avg Max CV * P
------------------~-----------------------------------------------

Cadmium 22 .1 .1 .1 0 1 .1

Chromium 22 .10 0.27 0.74 0.74 3.73 1. 01

Iron 22 212 390 605 0.31 1. 94 757

Lead 22 .1 .1 .1 0 1 .1

Nickel 22 .1 0.15 0.35 0.47 2.58 0.39

Zinc 22 .1 0.67 1.8 0.75 3.81 2.55

TSS ** 22 35.6 257 1135 1.12 5.46 1403

---------~-----------------------------~--------------------------

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

** 09-78 to 01-79

A-25



Table A-9a-3

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant #I

September 79 through April 81

----------------~---------------------------------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards

----~--------------------- -------------
(mg/l) No Min Avg Max CV '* P
----------------~--------------------------------------------------

Cadmium 82 O.lO 0.10 0.10 0 1.0 0.10

Chromium 81 0.05 0.23 0.67 0.87 4.4 1.0

Iron 84 202 330 582 0 •. 22 1.5 495

Lead 82 0.10 0.10 0.10 0 1.0 0.10

Nickel 82 0.05 0.14 0.53 0.86 4.3 0.60

Zinc 54 0.05 0.50 1.18 1.2 5.8 2.9

TSS*'* 30 11 50 398 1.18 5.8 290

-------------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less

than the performance standard, P.

** April 81

A-26



Table A-9b-l

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant II

April 76 through September 78

==-==============================================================
Historical Summary Variability Performance

Parameter Statistics Factors Standards
----~------------------ -------------

(kg/day) No Min Avg Max CV * p

-----------~----~~-----------~-----------------------------------

Cadmium 109 .. 004 .432 .908 .782 3.95 1.70

Chromium 128 .045 .526 2.65 .707 3.61 1.90

Iron** 854 1.00 4.29 3,854 5.78 13.6 585

Lead 128 .008 .503 .908 .634 3.27 1.65

Nickel 128 .047 .576 3.99 .790 3.98 2.29

zinc 128 .049 1.07 55.1 1.33 6.32 6.76

TSS 899 26 1,350 58,820 2.79 10.5 14,120

---------------------------~------------------------------------

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

** 04-76 to 08-78

A-27



Table A-9b-2

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
plant II

September 78 through February 79

--------------------------------------------------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
------------------------- -------------

(kg/day) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 22 6.95 6.95 6.95 0 1.0 6.95

Chromium 22 6.95 18.76 51. 41 0.74 3.73 69.98

Iron 22 14,730 27,097 42,035 0.31 1. 94 52,568

Lead 22 6.95 6.95 6.95 0 1.0 6.95

Nickel 22 6.95 10.42 24.32 0.47 2.56 26.88

Zinc 22 6.95 46.55 125.06 0.75 3.81 177.36

TSS** 22 2,474 17,856 78,860 1.12 5.46 97,493

-------------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less

than the performance standard, P.

** 09-78 to 01-79

A-28



Table A-9b-3

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dio~ide

Sulfate Process
Plant #I

September 79 through April 81

=========~=================================~=======================

Historical Summary Variability Performance
Parameter Statistics Pactors Standards

-------------------------- --- .... _--------
(kg/day) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 82 8.2 8.2 8.2 0 1.0 8.2

Chromium 81 4.1 18.8 54.8 0.87 4.4 81. 8

Iron 84 16,521 26,990 47,599 0.22 1.5 40,484

Lead 82 8.2 8.2 8.2 0 1.0 8.2

Nickel 82 4.1 11.4 43.3 0.86 4.3 49.0

Zinc 54 4.1 40.9 96.5 1.2 5.8 237

TSS** 30 900 4,089 32,551 1.18 5.8 23,718

-------------------------------------------------------------------
* - 99% of the daily maximum measurements expected to be less

than the performance standard, P.

** April 81

A-29



Table A-9c-l

Historical Effluent Monitoring Data Summary
with Variability Factors and performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant II

April 76 through September 78

Historical Summary Variability Performance
Parameter Statistics Factors Standards

---------------~------- ---------..._-.-.
(mg/l) No Min Avg Max CV * P

------~-------------------------------------------~-----~--------

Cadmium 26 .003 .058 .100 .722 2.43 .142

Chromium 30 .010 .072 .130 .524 2.04 .147

Iron** 28 .060 .620 3.74 1.51 4.00 2.47

Lead 30 .004 .068 .100 .578 2.14 .147

Nickel 30 .010 .080 .245 .594 4.39 .354

zinc 30 .010 .151 .815 1.03 3.05 .406

TSS 30 1.58 21.2 74.8 1.03 3.04 64.3

------------------~----------------------------------------------

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 04-76 to 08-78
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Table A-9c-2

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

September 78 through February 79

===================================================================
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-------------------------- -------------

(mg/l) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 5 .1 .1 .1 0 1 1

Chromium 5 .10 0.27 0.48 0.48 1. 79 0.48

Iron 5 244.4 390 502.9 0.25 1. 41 550

Lead 5 .1 .1 .1 0 1 .1

Nickel 5 .1 0.15 0.25 0.37 1. 61 0.24

Zinc 5 0.30 0.67 0.83 0.64 2.05 1.37

TSS** 5 51. 6 257 595 0.750 2.23 573

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 09-78 to 01-79
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Table A-9c-3

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
SUbcategory Titanium Dioxide

Sulfate Process
Plant :It!

September 79 through April 81

---------------------------------------------~----------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-------------------------- -------------

(mg/l) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 20 0.10 0.10 0.10 0 1.0 0.10

Chromium 20 0.05 0.23 0.47 0.52 1.9 0.44

Iron 20 261 330 418 0.13 1.2 396

Lead 20 0.10 0.10 0.10 0 1.0 0.10

Nickel 20 0.05 0.14 0.41 0.67 2.1 0.29

Zinc 13 0.12 0.50 0.78 0.45 1.7 0.85

TSS** 20 48 50 214 0.35 1.6 80

------------~------------------------------------------------------

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 09-79 to 04-81
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Table A-9d-l

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant iI

April 76 through September 78

====~=================.==~=======================================

Historical Summary Variability Performance
Parameter Statistics Factors Standards

----~------------------ -------------
(kg/day) No Min Avg Max CV * P

-----------------------------------------------------------------
Cadmium 26 .. 016 .432 .780 .743 2.47 1.07

Chromium 30 .. 064 .526 .862 .549 2.09 1.10

Iron** 28 4.00 42.9 294 1.59 4.14 177

Lead 30 .021 .503 .852 .602 2.19 1.10

Nickel 30 .065 .576 1.49 .569 2.13 1.23

Zinc 30 .074 1.07 5.62 .996 2.97 3.18

TSS 30 116 1,350 4,797 1.01 2.99 4,041

-----------------~-----------------------------------------------

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 04-76 to 08-78
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Table A-9d-Z

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate ProceSs
Plant iI

September 78 through February 79

--------------------------------------~-----------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-------------------------- -------------

(kg/day) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 5 6.95 6.95 6.95 0 1 6.95

Chromium 5 6.95 18.76 33.4 0.48 1. 79 33.4

Iron 5 16,981 27,097 34,941 0.25 1.41 38,.214

Lead 5 6.95 6.95 6.95 0 1 6.95

Nickel 5 6.95 10.42 17.4 0.37 1. 61 16.68

Zinc 5 2.4 46.55 57.7 0.640 2.05 95.19

TSS** 5 3,585 17,856 41,340 0.750 2.23 39,812

--------------------------------------~----------------------------

* - 95% of the monthly averages are e~pected to be within the
performance standard, P.

** 09-78 to 01-79
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Table A-9d-3

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant II

September 79 through April 81

--------------------------------------------------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-------------------------- -------------

(kg/day) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 20 8.2 8.2 8.2 0 1.0 8.2

Chromium 20 4.1 18.8 38.4 0.52 1.9 36.0

Iron 20 21,350 26,990 34,186 0.13 1.2 32,387

Lead 20 8.2 8.2 8.2 0 1.0 8.2

Nickel 20 4.1 11.4 33.5 0.67 2.1 23.7

Zinc 13 9.8 40.9 63.8 0.45 1.7 69.5

TSS** 20 3,926 4,089 17,502 0.35 1.6 6,543

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 09-79 to 04-81
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Table A-ge-1

Historical Effluent Monitoring Data Summary
with Variability Factors and performance Standards

Daily Measurements
Subcategory Titanium Dioxide

S,ulfate Process
Plant II

April 76 through September 78

Historical Summary Variability Performance
Parameter Statistics Factors Standards

----------------------- -...._----------
(g/kkg) No Min Avg Max CV * P

--------------------------------------~--------------------------

Cadmium 109 .041 4.45 9.36 17.5

Chromium 128 .464 5.42 27.3 19.6

Iron** 854 10.3 44.2 39,711 6,028

Lead 128 .082 5.18 9.36 17.0

Nickel 128 .484 5.93 41.1 23.6

zinc 128 .505 11.02 568 69.7

TSS 899 .268 13.91 606 145.5 (kg/kkg)

----------------------------------~---~--------------------------

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

** 04-76 to 08-78
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Table A-9Ei-2

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

September 78 through February 79

---------------------------------------_._-------------_._-------~-

Historical Summary Variability Performance
Parameter Statistics Factors Standards

-------------------------- -------------
(g/kkg) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 22 0.67 0.67 0.67 0.67

Chromium 22 0.67 1. 82 4.99 6.79

Iron 22 152 279 433 542 (kg/kkg)

Lead 22 0.67 0.67 0.67 0.67

Nickel 22 0.67 1. 01 2.36 2.6

Zinc 22 0.67 4.51 12.13 17.2

TSS** 22 25.48 183.9 812 1004 (kg/kkg)

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

** 09-78 to 01-79
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Table A-ge-3

Historical Effluent Monitoring Data Summary
with variability Factors and Performance Standards

Daily Measurements
SUbcategory Titanium Dioxide

Sulfate Process
Plant #I

September 79 through April 81

--------------------------------------------------------------------------------------------------------------------------------------
Historical Summary Variability Performance

Parameter Statistics Factors Standards
-------------------------- -------------

(g/kkg) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 82 0.80 0.80 0.80 0.80

Chromium 81 0.40 1. 82 5.32 7.93

Iron 84 170 278 490 417 (kg/kkg)

Lead 82 0.80 0.80 0.80 0.80

Nickel 82 0.40 1.11 4.20 4.75

Zinc 54 0.40 3.97 9.36 23.0

TSS** 30 9.3 42.1 335 244 (kg/kkg)

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

** April 81
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Table A-9f-l

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant II

April 76 through September 78

=================================================================

Historical Summary Variability Performance
Parameter Statistics Factors Standards

---------~-~-~~~----~-- -------------
(g/kkg) No Min Avg Max CV * P

--~~~-~~~--~~~~-~~~~---~-------------------~-------~~-~~-~-------

Cadmium 26 .165 4.45 8.04 11.0

Chromium 30 .66 5.42 8.88 11.3

Iron** 28 41.2 442 3209 1,824

Lead 30 .216 5.18 8.78 11.3

Nickel 30 .67 5.94 15.4 12.7

Zinc 30 .762 11.0 57.9 32.8

TSS 30 1.2 13.9 49.4 41.6 (kg/kkg)

~------------------~---------------------------------------------

* - 95% of the monthly averages are expected to be within the
performance standard, P.

** 04-76 to 08-78

A-39



** 09-78 to 01-79

-------------------------------------------------------------------

* - 95% of the monthly averages are expected to be within the
performance standard, P.

P

Performance
Standards

*

Variability
Factors

CVMaxAvgMin

Historical Summary
Statistics

No

A-40

Table A-9f-2

Historical Effluent Monitoring Data Summary
with'Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

September 78 through February 79

Cadmium 5 0.67 0.67 0.67 0.67

Chromium 5 0.67 1. 81 3.23 3.2

Iron 5 174.9 279 360 394 (kg/kkg)

Lead 5 0.67 0.67 0.67 0.67

Nickel 5 0.67 1.01 1. 69 0.17

Zinc 5 0.23 4.5 5.6 0.98

TSS** 5 36.9 184 426 410 (kg/kkg)

Parameter

(g/kkg)



Table A-9f-3

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Titanium Dioxide

Sulfate Process
Plant #1

September 79 through April 81

.=_...=_=.=.=.__=.=__.==.=.=__.~~_=.=._.D_= __.=. =__••_==••••••••

Historical Summary Variability Performance
Parameter Statistics Factors Standards

-------------------------- -------------
(g/kkg) No Min Avg Max CV * P
-------------------------------------------------------------------
Cadmium 20 0.80 0.80 0.80 0.80

Chromium 20 0.40 1. 82 3.72 3.49

Iron 20 220 278 352 334 (kg/kkg)

Lead 20 0.80 0.80 0.80 0.80

Nickel 20 0.40 1.11 3.25 2.30

Zinc 13 0.95 3.97 6.20 6.74

TSS** 20 40.44 42.11 180.3 67.4 (kg/kkg)

* - 95% of the monthly averages are expected to be within the
performance standard I P.

** 09-79 to 04-81
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-------------------------------------------------_ .._--------------

------------------------------------------------~----------------

8.20

7.11

P

p

Performance
Standards

Performance
Standards

•

•

3.82

3.12

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

No Min Avg Max CV

152 0.09 2.15 15.3 .753

152 0.11 2.28 12.8 .601

----------------------- -------------

--------------------~-- -------------

Historical Effluent Monitoring Data Summary
with Variability Factors and performance Standards

Daily Measurements
Subcategory Aluminum Fluoride

Plant f:J

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and performance Standards

Daily Measurements
Subcategory Aluminum Fluoride

Plant fJ

A-42

Table A-lOb

Table A-lOa

(kg/day)

(mg/l)

• - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Parameter

Parameter

=~=============m=======~sz===~===============z=======.===========

Lead

Lead

------~------------~----------------~----------------------------

----------~----------------------~-----------------------------~-



-----------------------------------------------------------------

--------------------------------------------------------------~--

A-43

3.54

3.30

P

P

Per formance
Standards

Performance
Standards

1.55

1.54

Variability
Factors

*

Variability
Factors

*

Historical Summary
Statistics

Historical Summary
Statistics

NO Min Avg Max CV

10 1.51 2.28 3.90 .601

No Min Avg Max CV

10 1.51 2.15 3.70 .326

Table A-IOd

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Aluminum Floride

Plant fJ

Table A-IDe

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Aluminum Floride

Plant tJ

* - 95% of the monthly averages are expected to be within the
performance standard, P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(mg/l)

(kg/day)

Parameter

Parameter

===============================================================-=

=================================================================

Lead

Lead



-----------------~-------------------~------------~--------------

32.5

80.7

P

P

Performance
Standards

Performance
Standards

•

•

Variability
Factors

Variability
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

10 14.9 21.2 36.4

No Min Avg Max CV

152 .89 21.2 150

----------------------- ------~------
(g/kkg)

(g/kkg)

Table A-IOf

Table A-IOe

Historical Effluent Monitoring Data Summary
with Variability Factors and performance Standards

Daily Measurements
Subcategory Aluminum Fluoride

Plant fJ

A-44

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Aluminum F10ride

Plant fJ

• - 95% of the monthly averages are expected to be within the
performance standard, P.

• - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Parameter

Parameter

Lead

Lead

----~--------------------------------~---------------------------

----~------~------------~------------~-~----~---~---------------~

----~-------------------~------------~---------------------------



---------~--------------------------------~----------------------
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Table A-Ila

.733

.156

.123

.302

.310

.250

.873

.0016

.074

.068

22.5

P

Performance
Standards

*

1.66

2.02

1.56

2.70

2.63

2.01

1.87

2.12

1.66

1.72

3.58

Variability
Factors

.04 .087 .437

Historical Summary
Statistics

No Min Avg Max CV

23 .217 .412 1.635 .681

23 .0004 .001 .0018 .400

23 .0003 .019 .076 1.57

23 .025 .118 .316 .995

23 0.27 11.2 33.3 .662

23 .012

--~-------------------- ----~~-------(mg/l)

Parameter

==========================================$======================

Historical Effluent Monitoring Data Summary
with variability Factors and performance Standards

30 Day Averages
Chrome pigments Subcategory

Plant tK

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Mercury

Zinc

Arsenic 23 .0096 .079 .235 .668

Cadmium 23 .050 .079 .164 .339

Chromium 23 .028 .112 .592 1.04
(hexavalent)

Chromium 23 .197 .442 .799 .404
(Total)

Copper 23 .038 .134 .296 .529

Lead

Cyanide
(Available)

Cyanide
(total)

TSS

-----------------------------------------------------------------



-------------------------------------------------------------~---

229

3283

p

Performance
Standards

p

Performance
Standards

*

2.14

2.02

Variability
Factors

Variability
Factors

*

Historical Summary
Statistics

Historical Summary
Statis tics

35 112 1533 2419 .365

No Min Avg Max CV

35 14. 113. 188 •• 335

No Min Avg Max CV

----------------------- -------------

Table A-l2a

Historical Effluent Monitoring Data Summary
with Va~iability Factors and Performance Standards

Daily Measurements
Subcategory Hydrogen Cyanide

Andrussow Process
Plant fL

A-46

Table A-12b

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Hydrogen Cyanide

Andrussow Process
Plant fL

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

(kg/day)

* - 99% Of the daily maximum measurements expected to be less
than the performance standard, P.

(mg/l)

Parameter

Parameter

Ammonia

-----------------------------------------------------------------

Ammonia

-------------------------------------------------~---- -----------

---------------------------~---------------~---------- -----------



-----------------------------------------------------------------

-----------------------------------------------------------------

A-47

150

2177

P

Performance
Standards

p

Performance
Standards

*

*

1.32

1.42

Variability
Factors

Variability
Factors

Historical Summary
Statistics

8 80. 113. 134 •• 335

Historical Summary
Statistics

8 908 1533 1941 .212

No Min Avg Max CV

No Min Avg Max CV

----------------------- -------------

-----~----------------- -------------

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Hydrogen Cyanide

Andrussow Process
plant iL

* - 95% Of the monthly averages are expected to be within the
performance standard, P.

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Hydrogen Cyanide

Andrussow Process
Plant iL

Table A-12d

Table A-12c

(mg/l)

* - 95% of the monthly averages are expected to he within the
performance standard, P.

(kg/day)

Parameter

Parameter

=====s==============••s=========.======================~=========

Ammonia

=================================================================

------------------------------------------------------ -~---------

Ammonia

-----------------------------------------------------------------



----~-------~----------------------------------------------------

A-48

17.8

11.8

P

P

Performance
Standards

Performance
Standards

Variability
Factors

*

*

Variability
Factors

Historical Summary
Statistics

8 46.9 8.29 10.5

Historical Summary
Statistics

35 .606 8.29 1309

No Min Avg Max CV

No Min Avg Max CV

Table A-12e

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Hydrogen Cyanide

Andrussow Process
Plant ;tL

Table A-12f

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Hydrogen Cyanide

Andrussow Process
Plant fL

* - 95' of the monthly averages are expected to be within the
performance standard, P.

* - 99' of the daily maximum measurements expected to be less
than the performance standard, P.

(kg/kkg)

(kg/kkg)

Parameter

Parameter

Ammonia

Ammonia

••=~••••==••••=••=====•••=====•••••••••••••====.=••••=••=••====••

---~---------------------------------~------------------------~--



Table A-13a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory

Andrussow Process
Plant 1M

===============.==========================~===~======= ==-==-=====

Historical Summary Variability Performance
Parameter Statistics Factors Standards

----------------------- ---- ....--------
(mg/1) No Min Avg Max CV * p

------------------------------------------~----------------------

Cyanide 534 .01 .202 3.27 1.58 1.26 1.46
(Free)

Cyanide 25 .039 .192 .460 .667 3.42 .65
(Total)

Ammonia 26 .193 3.63 10.2 .636 3.51 12.7

COD 25 2.71 15.9 45.2 .552 2.90 46.1

TOC 26 .783 8.30 25.6 .845 4.22 35.0

SS 22 5 35 267 1.57 8.16 286

------------------------------------------~----------------------

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

A-49



~-----------~--------~-------~------------~---------------~------

A-50

0.359

P

Performance
Standards

*

1.78

Variability
Factors

Historical Summary
Statistics

19 .082 .202 .351 .391.

No Min Avg Max CV---------~------------- ----~-------~

Table A-l3c

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Suboategory Hydrogen Cyanide

Andrussow Process
Plant f.M

* - 95% of the monthly averages are expected to be wiahin the
performance standard, P.

(mg/l)

parameter

Cyanide
(Free)

--~---------~---------~---------~~--------------------~----------



-----------------------------------------------------------------

A-51

Table A-13e

1.99

p

Performance
Standards

Variability
Factors

*

Historical Summary
Statistics

No Min Avg Max CV

19 .457 1.12 1.95

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Hydrogen Cyanide Subcategory

Andrussow Process
Plant fM

(g/kkg)

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Parameter

================================================================~

Cyanide

---------------------------------------------------~-------------



-~-------------------~---------------~---------------------------

P

51.9

10.7

p

Performance
Standards

Performance
Standards

*

6.24

5.84

Variability
Factors

Variabilit.y
Factors

Historical Summary
Statistics

Historical Summary
Statistics

No Min Avg Max CV

88 1.02 9.32 44.6 1.31

No Min Avg Max CV

88 .080 1.83 8.33 1.21

----------------------- -------------

---------~------------- -------------

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Nickel Sulfate

Plant to

Table A-l5a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Nickel Sulfate

Plant fO

A-52

Table A-1Sb

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

(mg/l)

(kg/day)

Parameter

Parameter

Nickel

Nickel

-~-------------------~-------------------------------------------

--------------~-------~------------------------------------------
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Table A-15d

Table A-15c

2.82

P

12.4

P

Performance
Standards

Performance
Standards

*

*

1.54

1.49

Variability
Factors

Var iabili ty
Factors

3 1.29 1.83 2.48 1.21

Historical Summary
Statistics

Historical Summary
Statistics

3 5.04 8.32 11.1 .302

No Min Avg Max CV

No Min Avg Max CV

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Nickel Sulfate

Plant fO

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Nickel Sulfate

Plant l}O

* - 95% of the monthly averages are expected to be within the
performance standard, P.

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(mg/l)

(kg/day)

Parameter

Parameter

=================================================================

=================================================================

Nickel

Nickel

-----------------------------------------------------------------



-------------------------~---------------------------------------

---~-------------------------------------------------------------

5,691

1,360

P

P

Performance
Standards

Performance
Standards

Variability
Factors

Variability
Factors

*

*

3 553 912 1217

Historical Summary
Statistics

Historical Summary
Statistics

aa 112 912 4890

No Min Avg Max CV

No Min Avg Max CV(g/kkg)

(g/kkg)

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

Daily Measurements
Subcategory Nickel Sulfate

Plant fO

Table A-l5e

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Nickel Sulfate

Plant fO

A-54

Table A-1Sf

* - 95% of the monthly averages are expected to be within the
performance standard, P.

* - 99% of the daily maximum measurements expected to be less
than the performance standard, P.

Parameter

Parameter

Nickel

Nickel

=.=.=========.=SS=====.======.A=m.~=========a~az=================



-----------------------------------------------------------------
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14.2

P

P

254

Performance
Standards

Performance
Standards

*

3.77

Variability
Factors

Variability
Factors

*

36 .91 3.78 41.1 1.69

No Min Avg Max CV

36 16.3 67.5 734

No Min Avg Max CV

Historical Summary
Statistics

Historical Summary
Statistics

----------------------- -------------
(kg/day)

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Sodium Hydrosulfite

Plant fp

* - 95% of the monthly averages are expected to be within the
performance standard, P.

Table A-16e

Table A-16a

Historical Effluent Monitoring Data Summary
with Variability Factors and Performance Standards

30 Day Averages
Subcategory Sodium Hydrosulfite

Plant fp

* - 95% of the monthly averages are expected to be within the
performance standard, P.

(g/kkg),

Parameter

Parameter

=================================================================

=================================================================

TSS

TSS

-----------------------------------------------------------------
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