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ABSTRACT

Three hyperfiltration membranes (cellulose acetate, poly ether/amide,
and dynamic zirconium oxide/polyacrylic acid) were used to separate textile
process water from scour and dye operations into permeate and concentrated
streams. Samples of feed, permeate, and concentrate from each run were
obtained and analyzed. Chemical analysis for organic and metal toxic
pollutants and bioassays for rat acute toxicity, fathead minnows and
Daphnia acute toxicity, microbial mutagenicity, and hamster ovary clone
cytotoxicity response were conducted.

Both the fathead minnows and Daphnia tests showed results in the active
range. The other biocassays did not. The results were consistent in
indicating a substantial reduction of toxicant in permeate samples from all
membranes and corresponding increases in toxicant in the residual concentrate
samples. Toxicant rejections of 55 to 100 percent were observed, and the
relative rejection by the three membranes was almost exclusively counter to
the relative rejection of salt. Mass balances of biological toxicant were
excellent, suggesting high confidence in the result.

Chemical analysis for organic compounds sensed 19 of the organic toxic
pollunts in low levels (300 mg/m3 and under). The results were difficult to
interpret for mass balance and membrane rejection of particular solutes.
Except for a few compounds, the data appears to suggest membrane separation.
An experiment set devised to enhance accuracy of analysis is recommended to
establish the rejections of pertinent substances.

Metal toxic pollutant concentrations were low. Analysis revealed only
three in high enough concentrations for reliable estimation of performance.
Other metals analyzed and the toxic metals results agree with the historical-
ly high rejection of metals (reference page 21).

This report was submitted in fulfillment of Grant R-805777 by Clemson
University under the sponsorship of the U.S. Environmental Protection Agency.
The report covers a period from January 1978 through October 1978 and work
was completed as of May 1979.
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SYMBOLS AND UNITS

Item Symbol (Unit)
Pressure P (N/m2)
Temperature T (°C)
Recovery R (no units)
Concentration C (g/m3)
Subscripts

Feed - £

Permeate -

Concentrate

Units (S.I.)

Multiply By

To Get Unit

m 3.28 ft

°C (°K=273.16) 1.8 °F~-32
MN/m? 1.44 x 10+2 psi

m3 264 gallon

m? 10.76 £t2

S (Siemens) 1.00 ohm~! (mho)

% (liter) is used generally rather than the S. I. unit dm3

Metric Prefixes

M denotes 106
k denotes 103
m denotes 1073
p denotes 1076
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INTRODUCTION

The U. S. Environmental Protection Agency '(EPA) is implementing
limits on industrial plant discharge of Consent Decree Toxic Pollutants
and developing technologies for compliance with these limits. The
textile industry discharges large quantities of effluents with some
effluents containing detectable concentrations of several toxic
pollutants.1 Other chemicals not included in the Consent Decree such
as dyes which are toxic at concentrations as low as 100 g/m3 may be
present in the typical discharge.2 This report describes an investigation
of hyperfiltration as a technology for separating toxic materials occurring
in selected textile process effluents.

The purposes of the investigation were: 1) to determine the
effectiveness of representative commercial hyperfiltration membranes in
separating toxicity, as measured by EPA~approved short-term bioassay,
found in the untreated process effluents; 2) to compare the toxic
rejections of the membranes; 3) to obtain rejection coefficients of
the detectable solutes; and 4) to correlate toxicity with the presence
of detectable solutes, evaluating internal consistencies among both
the biocassay results and the chemical analysis results.

It was desired to obtain representative samples of untreated process
effluent and process them by hyperfiltration. Samples of feed, pefmeate,
and concentrate could be analyzed for specific chemicals and be subjected
to bioassay. The fluids selected were of a cotton scour and a cotton dye
process from a dye range.

Membranes selected have a reasonable expectation of industrial
applicability. Those selected were commercial cellulose acetate,
poly (ether/amide) , and a dynamic membrane (zirconium oxide/poly
acrylic acid) prepared at Cleémson University. The polyamides were
eliminated due to expected difficulties with plugging from the
industrial fluid, and other membranes were not considered to be
sufficiently commercial at the decision time.

A test program was designed for the fluids and membrane combinations
cited. The samples were analyzed by Monsanto Research Corporation or
designa ed subcontractor under separate contract to EPA. Analyses

1Rawlings, G.D. and Max Samfield," Source Assessment: Textile Plant
Wastewater Toxics Study Phase I," EPA 600/2-78-004h, March, 1978.

2"pyes and the Environment,” ADMI Report, Volume II, September, 1974.



selected were organic toxic and metal toxic chemical analysis; rat

acute toxicity; Fathead minnow 96-hour acute toxicity; Daphnia 48-hour
acute toxicity; microbial mutagenicity response; and hamster ovary clone
cytotoxicity. In addition, measurements of total solids, electric

conductivity, pH, absorbance (410 nm), and infrared spectra were performed
at Clemson University.



CONCLUSIONS

1. Hyperfiltration membranes have been shown to be effective in
producing a substantially less toxic (to aquatic organisms) permeate
while also producing a correspondingly more toxic concentrate when
operated on actual textile plant effluents.

2. While all membranes tested were effective, the relative
separation of toxicants was observed to be counter to the relative
salt separation. That is, the membrane having the best salt rejection
was not the best with regard to toxic material rejection.

3. The membranes exhibited high rejection, greater than 0.85,
of solute components detected by color, total solids, and conductivity
analyses.

4. All the metal toxic pollutants were detected, but only three
were present in concentrations sufficient to calculate reliable
rejection coefficients. These were high, the average values were:
above 0.89 for arsenic, 0.97 for copper, and 1.00 for zinc. This result
coupled with prior experience of generally high rejection of metal ions
found in textile process effluents provides good evidence for high
rejection of toxic pollutant metals in these effluents.

5. Only 19 organic toxic pollutants were detected, also at low
concentrations. Because of the analytical difficulties associated with
low concentration and difficulty in controlling concentrations of volatile
organic solutes at elevated temperatures during the experiments reliable
rejection coefficients were not obtained for the organic toxic pollutants.
However, using decreased solute concentration in the permeate and/or
increased solute concentration in the concentrate as indication of rejection,
most solutes were rejected in these process effiuents, i.e., 43 of 51
comparisons showed positive rejection.

6. Because so few rejection coefficients were evaluated no cause/
effect correlations between toxic response and specific toxic pollutants
were apparent. Correlations between aquatic organism toxicity and
concentrations of copper and arsenic appear strong. However, the metal
concentrations were likely too low to account for the toxicity.

7. Toxicant concentrations implied by the aquatic organism toxicity
assays permitted calculation of reasonable toxicant mass balances. The
toxicant concentrations were substantially proportional to the total solids
concentrations.



8. It should be noted the correlation coefficient relating the
toxicant concentrations implied by the two aquatic organisms Fathead
minnows and Daphnia wéas high, 0.94, suggesting that for these two
discharge streams, -a measurement of either individual assay would
have produced parrallel data.

9. Rat toxicity and bacterial mutagenicity tests produced no
response. Concentrates were cytotoxic, but no cytotoxicity was observed
in feeds and permeates. Cytotoxicants were probably concentrated (rejected).



RECOMMENDATIONS

1. The observed significant separation of toxicity provides a
basis for recommending hyperfiltration be considered further as a
technology for toxic control of industrial effluents.

2. Continued research to quantify the applicability of this
technology 'is recommended. Specifically, the analytical and concen-
tration control difficulties experienced in this field experiment
suggest well controlled, repeatable, zero recovery laboratory experiments
using a few selected solutes to determine accurate rejection coefficients.
The solutes should be selected to provide a breadth of properties sufficient
to test models for the prediction of reijections of all the toxic pollutants.
In addition, experiments using process effluents spiked with known
quantities of selected solutes should be completed to permit the quantita-
tive analysis of membrane performance under conditions approaching the
field experiments conducted in this investigation.

3. Research to identify the process effluent components responsible
for the toxicity to aquatic organisms is recommended.



RESULTS AND DISCUSSION

FLOWS, VOLUMES, and PHYSICAL PARAMETERS

Experiments were carried out using three hyperfiltration membranes,
poly (ether/amide) composite (PEA), asymmetric cellulose acetate (CA), and
zirconium oxide/poly (acrylic acid) dynamic membrane (DM), using two types
of process effluents, cotton scour and dye wash. The permeate flow rates
of the three membranes during the course of the experiments are presented
in Figures 1 and 2.

Total solids, electric conductivity, absorbance, and pH of the samples
are shown in Table 1. The general level of solids shows the effect of
membrane separations and is in agreement with the concentrate levels as
well. Infrared spectra obtained from sample residuals are included in
Appendix A.

TABLE 1. Experiment Results for pH, Solids and Conductivity

Sample Conductivity Total $6lids Absorbance
Number Description pH {(us/cm) (g/hﬁ) (410 nm)
1l Plant 6.6 106 15 0.

2 Apparatus 7.2 157 43 0.055
Run #3
3 Sc-1, feed 9.7 710 730 0.050
4 Sc-l, permeate, PEA 7.2 25 105 0.
5 Sc~1, permeate CA 7.7 24 32 0.
6 Sc-1, concentrate 9.8 3830 6020 0.050
Run #4
7 Sc=2, feed 10.4 957 870 0.03
8 Sc=2, permeate, DM 9.3 280 205 0.01
9 Sc-2, concentrate, DM 9.4 2870 3840 0.15
Run #1
10 Dye-1, feed 6.5 271 (228)2 462 (391)2 0.1 (0.08)2
11 Dye-1l, peameate, PEA 6.9 20 15 0.
12 Dye-1l, permeate, CA 6.7 22 45 0.
13 Dye~l, concentrate 7.6 1800 2670 0.65
Run #2
l4 Dye-~2, feed 7.5 929 760 2.0
15 Dye-2, permeate, DM 8.2 106 60 0.
16 Dye-2, concentrate 8.4 3230 2160 7.8

4In Run 1, the feed was concentrated by an estimated 18 percent before the
feed sample was obtained. The estimated actual feed conductivity, solids,

and absorbance values are respectively shown in parentheses.
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The volumes of permeate, feed, and concentrate have been refined as
described in Appendix B., based on the total solids measurements. In general,
the refined volumes agree well with direct observations forming a reasonable
consensus. The volumes observed have been modified to the recovery (volume
of permeate/volume of feed) shown in Table 2. These recoveries indicate
the best combined agreement with final (solute) mass to initial mass ratio,
rejection performance. indicated by total solids analysis, and original
volume estimates. The recovery ranges from 0.73 to 0.89 for the four tests,
averaging 0.83. BAn overall mass ratio of total solids as shown in Table 2

is excellent except in run 2 where 26 percent of the original mass is not
accounted for,

TABLE 2. Total Solids Balance and Recovery Data

Run 1 2 3 4
Fluid Dye Dye Scour Scour
Membrane Cast Dynamic Cast Dynamic
Recovery®
Overall 0.863 0.730 0.890 0.820
Cellulose acetate 0.379 - 0.418 -
Poly (ether/amide) 0.484 - 0.472 -
Mass ratio
(final/initial) .. 0.99 0.74 0.99 0.99

8gee Appendix B for details of the calculation of recovery.
bro calculate mass ration, use solids data from Table 1.
mass in PEA permeate = 0,484 x 15 = 7.26
mass in CA permeate = 0.379 x 45 = 17.05
mass in Concentrate = (1 - .484 - .379) x 2670) 365.8
Total, mass at end of run 390.1 g/m3 of feed
Mass in feed = 1 x 391 = 391 g

, 390 _
Mass ratio = 391 - 0.99

In Run 2, a leak of 7 percent of feed during the run must be accounted for,
depressing the mass at the final condition.

An effort to refine the calculation of rejection to include individual
toxic components was made but was considered not appropriate for the
analytical results obtained. The accuracy estimates given by Monsanto
Research Corporation are £100 percent for organics and %20 percent for the
metal analysis. The calculated rejections are, therefore, not highly
accurate estimates. A simple, yet reasonably accurate, estimate of
rejection based on permeate and feed concentrations was used. It can be
shown that such a calculation is only mildly dependent on the recovery and
therefore a single relation of rejection versus permeate to feed concen-
tration ratio was used for simplicity.

Figure 3 shows the proposed relation between rejection and permeate to
feed concentration ratio. It is based on a simple assumption of uniform
rejection, independent of concentration, and a volume recovery of 0.85. The
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effects of vapor loss, small leaks, and recoveries different from 0.85 are
estimated to be relatively minor. The use of Figure 3, or equivalent, is
used to obtain rejection from permeate and feed analysis data.

The data presented in Table 1 has been analyzed for rejection and
presented in Table 3. All membranes are effective in rejecting total solids
and ionic solutes. The lower rejection of the solutes in scour by the
dynamic membrane is probably due to its passage of ions at the pH & 10
operating condition in this fluid. All membranes were effective in removing
color as evidenced by the absorbances in Table 1. The cellulose acetate
permeate did not foam, while the others did produce some foam.

TABLE 3. Rejection by Membranes
Rejection based on

Membrane/Fluid Run Number Solids Conductivity
‘Cellulose acetate/dye 1 0.94 0.95
Cellulose acetate/scour 3 0.98 0.99
Poly (ether/amide) /dye 1l 0.98 0.96
Poly (ether/amide) /scour 3 0.93 0.99
Dynamic/Dye 2 0.97 0.95
Dynamic/Scour 4 0.88 0.85

Organic Solutes

Chemical and bioassay tests were conducted under separate contract
to Monsanta Research Corporation (MRC). The complete test results as
obtained from MRC are appended to this report as Appendix C for convenience.
The data obtained thusly are described in detail in the following.

Tables 4, 5, 6, and 7 show the results obtained for toxic organic
solutes in the four runs. The concentrations of the feed sample, permeate
sample(s), and concentrate samples are shown followed by the mass ratio
calculated thereform. The calculation of mass ratio is illustrated by the
following example in Run 1, Bis(3-ethylhexyl) phthalate (see Table 4).

Volume data from Table 1

Concentration data from Table 4

mass in PEA permeate = 0.484 x 31 = 15.0
mass in CA permeate = 0.379 x 3 = 1.1
mass in concentrate = 0.137 x 51 = 7.0
end of run, total = 23.1
mass in feed = 1 x 3.4 = 3.4
mass ratio =33.1 . 6.8
3.4

The value 3.4 is 4 + 1.18 where 1.18 is the estimated concentration which
occurred in Run 1 before securing the feed sample. Only on Run 1 is this
factor appropriate. No effect of the solute mass in the leak during Run 2
is accounted for in Table 5 mass ratio data.

11
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Table 4

Run 1 Cast Membranes on Dye Fluid
(values in mg/h?)

Permeate Permeate
Poly Cellulose
Feed Ether/Amide Acetate Concentrate Mass Ratio
Compound CTHF 10 CTHF 11 CTHF 12 CTHF 13 End/Start  Comments
Bis (2~ethylhexyl) 4 31 3 51 6.8 mixed rejections,
phthalate concentrated

Dimethyl phthalate 55 45 290 1.2 positive rejection,
concentrated

Di-n-butyl phthalate 1 0.8 6 1.3 positive rejection,
concentrated

Butylbenzyl phthalate 1 7 0 membrane may be source

Diethyl phthalate not detected

Acenaphthene 3 0.8 7 0.5 rejected and concentrated

Anthracene 0.6 3 0.7 rejected and concentrated

Fluoranthene not detected

Pyrene not detected

Naphthalene 0.8 0.0 sorbed or vaporized

Phenanthrene not detected

Phenol 0.2 0.7 0.4 1 3.6 not rejected,
concentrated

Chloroform 19 31 4 1.0 mixed rejected, not
concentrated

Toluene 10 11 24 1.7 not rejected

Trichloroethylene 0.6 % membrane source

Benzene 2 0.4 1 0.3 rejected, perhaps
vaporized

Chlorobenzene not detected

Ethylbenzene not detected

Methylene chloride 5 45 4 4 5.7 membrane possibly source

Triphenyl phosphine 5 2 7 10 1.1 container source

Triphenyl phosphine oxide 5 5 10 30 2.3 container source

o-Terepineol 30 20 30 50 1.1 slight rejection

—
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Compound

Bis (2-ethylhexyl)
phthalate
Dimethyl phthalate
Di-n-butyl phthalate
Butylbenzyl phthalate
Diethyl phthalate
Acenaphthene
Anthracene
Fluoranthene
Pyrene
Napthalene
Phenathrene
Phenol
Chloroform
Toluene
Trichloroethylene
Benzene
Chlorobenzene
Ethylbenzene
Methylene chloride
Triphenyl phosphine
Triphenyl phosphine
oxide
& Terepineol
2-Mercepto
benzthiazole
1-Cyano-2-
benzyloxyethane
Benzothizole

Table 5

Run 2 Dynamic Membrane on Dye Fluid

(values in mg/m3)

Feed Permeate Concentrate
CTHF 14 CTHF 15 CTHF 16 Mass Ratio Comments
2 1 4 0.905 rejected, concentrated
170 4 0.02 rejected, not concentrated
1 1l 1 1.0 not rejected, not concentrated
not detected
0.05 ®
3 0.0 sorbed
0.7 0.1 0.1 rejected, not concentrated
0.1 0.0 sorbed
not detected
0.8 0.0 sorbed
not detected
0.2 0.0 detected
26 0.0 vaporized
0.6 0.4 1 0.94 slight rejection
0.6 1 1.22 negative rejection
not detected
not detected
not detected
5 3 3 0.6 slight rejection, not concentrated
10 10 10 1.0 container source
10 10 5 0.86 container source
50 5 0.07 sorbed
40 30 200 1.9 slight rejection
60 10 100 0.57 rejected
200 250 0.34 rejected
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Table 6

Run 3 Cast Membranes on Scour Fluid
(values in mg/m3)

Permeate Permeate
Poly Cellulose
Feed Ether/Amide Acetate Concentrate
Comments CTHF 3 CTHF 4 CTHF 5 CTHF 6 Mass Ratio Comments
Bis (2-ethylhexyl) 9 3 3 .30 mildly rejected, but not
phthalate concentrated
Dimethyl phthalate 9 o permeate possibly contami-
nated by previous run
(CTHF 11)
Di-n~-butyl phthalate 4 1 0.1 rejected, but not concen-
trated
Butylbenzyl phthalate not detected
Diethyl phthalate not detected
Acenaphthene 7 0.8 0.05 rejected, but not concen-
trated
Anthracene 2 0.0 rejected, but not concen-
' trated
Fluoranthene 0.4 0.0 rejected, but not concen-
trated
Pyrene 1 0.0 rejected, but not concen-
trated
Naphthalene 0.5 )
Phenanthrene * not detected
Phenol 2 3 13 o concentrated
Chloroform i8 18 22 0.98 poor rejection
Toluene 0.8 15 29 41 30 concentrated
Trichloroethylene 0.3 0.4 5 2.4 concentrated
Benzene 1 1 6 0 concentrated
Chlorobenzene 0.7 o concentrated
Ethylbenzene 21 o« concentrated
Methylene chloride 5 6 5 15 1.3 not rejected, but concen-
trated

Triphenyl phosphine 0.5 2 © container source
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Table 6 (continued)

Permeate Permeate
Poly Cellulose
Feed Ether/Amide Acetate Concentrate
Comments CTHF 3 CTHF 4 . CTHF 5 CTHF 6 Mass Ratio Comments
Triphenyl phosphine
oxide 5 10 10 1.76 container source
o-Terepineol 10 30 1.42 not rejected
2-Atercapts
benzothiazole 10 20 0.5 0.96 not rejected
1-Cyano-2-
benzyloxyethane 5 o membrane source
Benzothiazole 30 2 600 2.4 rejected, concentrated
Lauric Acid 400 3000 0.9 rejected, concentrated
Myristic Acid 1000 © concentrated
Palmitic Acid 1000 L concentrated
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Compound

Big (2-ethylhexyl)
phthalate

Dimethyl phthalate
Di-n-butyl phthalate
Butylbenzyl phthalate
Diethyl phthalate
Acenaphthene
Anthracene
Fluoranthene

Pyrene

Naphthalene
Phenanthrene

Phenol

Chloroform
Toluene
Trichloroethylene
Benzene
Chlorobenzene
Ethylbenzene
Methylene chloride

Triphenyl phosphine

Feed
CTHF 7

Table 7

Run 4 Dynamic Membrane on Scour Fluid
(values in mg/m3l

Permeate <Concentrate
CTHF 8 CTHF 9

Mass Ratio

Conments

9

4

Triphenyl phosphine oxide 2

&-Terepineol

25

2-Mercapto~benzothiazole 10

Benzothiazole
Lauric acid
Palmitic acid
Stearic acid

40

.7 0.5

O.7

(5]
[\8]

30 5

5 100
100
400
200

0.0

0.0

sorbed

not detected
sorbed

not detected
not detected
sorbed

not detected
not detected
not detected

not detected
sorbed

source possibly in residual of
previous fluid

vaporized

rejected mildly, possibly vaporized

not detected

not detected
negative rejection
container source
container source
sorbed

sorbed

rejected, concentrated
concentrated
concentrated
concentrated



A value of one in mass ratio indicates a consistent total solute mass.
Values greater or less than one imply that the mass is estimated to have
increased or decreased. Increases in mass imply a source of solute either
from carryover from a previous run or desorption from the membrane or equip-
ment. Since care was taken to use only stainless steel and teflon in the
system, and the membranes were flushed reasonably well the latter source
was as small as was practical. The plastic (polyethylene) covers on the
tanks could have served as sources for phthalates when the condensing vapors
dripped into the tank. The possibility of carryover from the previous run
are acknowledged in the comments on the tables.

Many of the solutes subject to analysis expected in the concentrate were
not detected there. This is especially true of the base neutral compounds
in the dynamic membrane tests (Table 5 and 7). These compounds are not
highly volatile, but may have been sorbed into the apparatus or rendered not
extractable for analysis. The more volatile compounds chloroform and benzene
probably vaporized. Toluene may have been sourced from the cellulose
acetate and poly(ether/amide) membranes and as such the rejection may be
masked.

The number and level of concentration of toxic organic compounds was
low in all runs. Because of this and the analytical inaccuracy (*100 percent)
the calculation of rejection is not meaningful.

However, if either decreased permeate concentrations or increased
concentrations of concentrate can be used to signal positive rejection,
forty-three of fifty-one show positive indication and eight indicate
corroborating data for low rejection. Chloroform, toluene, trichloro-
ehtylene, and methylene chloride all show a somewhat consistent trend to
low rejection. The evidence for rejection is mixed for phenol and
di-n-Butyl phthalate. The remainder of compounds have at least some
evidence in each set of data to indicate positive rejection. These
observations are actually stronger than is actually substantiated by
the data, but represent the trends which are apparent.

A few additional organic compounds detected without the use of
standards are identified in Appendix C. Those most prominent are the acid
complement to certain detergents (lauric acid, myristic acid, palmitic
acid) which were noted almost exclusively in the concentrated samples.
Benzothiazole was detected in three runs and was rejected effectively.

Metals

Metal analyses for toxic pollutants and other metals were performed
by Monsanto Research Corporation. Analysis for arsenic was performed
by conventional atomic absorption, the others were analyzed in neat and
digested samples. The neat analysis results were suspected of showing an
effect due to organic loading. The digested samples do not show such
effects. Raw analysis for the digested samples has been corrected for
metals in dilution water and reagent acid which were added during digestion.
The results, as corrected are shown in Table 8. Very low levels of most
toxic metals are notable.

17



81

Metal
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Phosphorus
Silicon
Silver
Sodium
Strontium
Tin
Titanium
Vanadium
Zinc

Table 8 Metal Analysis

Concentration in Streams (mg/ms)

Permeate, Permeate, Permeate,
Plant Apparatus Feed PEA ca Concentrate Feed DM Concentrate
CTHF-1 CTHF-2 CTHF-3 CTHF-4 CTHF-5 CTHF-6 CTHF-7 CTHF-8 CTHF-9

106 95 - 794 77 164 3,690 1,270 1,260 4,890

<0 <0 38 23 70 364 103 79 308

<1l <1l 19 <1l 1 160 35 5 ~14

98 78 82 - 8 578 118 6 348

553 308 47,200 11,900 8,900 81,000 56,000 31,000 81,000

- - 6 6 5 38 9 11 110
13,300 16,100 15,900 608 892 113,700 15,200 1,078 63,500
206 355 306 310 286 775 350 390 555

- 2 15 - 0 65 11 13 45

36 178 72 6 14 738 74 48 622

265 269 445 212 119 2,800 332 212 1,900

51 82 263 112 223 602 262 276 762
5,060 6,680 2,260 194 320 71,950 6,154 362 28,750
256 146 356 20 22 2,600 716 22 2,860

- - 16 - 28 118 21 55 190

- 79 61 - 29 405 127 137 393

- 1,320 3,926 95 526 33,200 4,830 1,100 23,600
13,150 17,800 17,300 2,200 2,250 29,600 20,600 7,200 22,000
- - 11 - 11 83 31 47 169
57,800 103,000 378,000 11,720 23,400 1,672,000 610,000 242,000 1,544,000
130 153 142 - - 1,040 138 - 560

- - 64 - - 520 68 - 260

- - 35 1 15 75 21 5 59
19 30 69 5 9 480 55 29 230 |
216 202 106 - 8,180 3,120 46 - 6,146
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Metal

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese

Molybdenum

Nickel

Phosphorus

Silicon
Silver
Sodium
Strontium
Tin
Titanium
Vanadium
Zinc

Table 8 (continued)

Permeate, Permeate,
Feed PEA CA Concentrate Feed Concentrate
CTHF-10 CTHF-11 CTHF-12 CTHF-13 CTHF-14 CTHF-15 CTHF-16

431 165 116 10,900 1,090 640 2,900
120 65 54 208 124 98 248
35 15 <1 221 2 <1 9

62 - - 398 194 - 478

- - 34 - - - -
2,500 430 1,160 3,950 772 683 1,232
12 11 39 30 10 25 60
16,300 618 252 113,100 25,500 532 70,100
55 350 186 575 415 346 835

19 9 37 61 13 13 59

358 26 32 3,040 10,600 82 35,400
328 192 55 950 300 105 1,240
362 266 263 542 362 333 982
11,350 94 66 81,800 12,950 200 41,150
276 12 36 1,860 696 10 396

56 39 60 112 66 124 358

145 127 - 405 111 149 525
7,200 375 366 49,400 49,400 3,870 140,800
23,400 120 3,010 39,200 11,600 12,900 19,800
51 37 - 85 39 53 95
185,000 11,600 7,190 894,000 528,000 90,000 1,247,000
144 - - 1,000 258 - 718

60 - 60 200 50 12 120

17 5 1 35 9 11 27

86 15 - 530 26 21 290
6,780 - - 4,946 6,190 - 12,390



The rejection of metals in the proces water is difficult to estimate
in most cases due to the low concentration levels. BAs has already been
mentioned, digestion of metal samples was performed, with the result that
metal addition from nitric acid and distilled water occurred. In many cases,
the metal addition was of the same magnitude as the total concentration in
the feed sample. Thus the correction applied was as large as was the metal
inclusion. Since membranes have shown an excellent rejection3 for metals
regardless of form (ionic, complexed, etc.) the anticipated level in a
permeate is at least an order of magnitude lower than the feed concentration.
In such a case the permeate analysis is subject to very large errors due to
ordinary uncertainty. For this reason the results for rejection have been
separated into three groups.

Group I (results shown in Table 9) contains the ‘data for which the feed
and permeate level is sufficiently high to provide a normal estimate of
rejection. The criterion used is that the feed content is at least five
times that amount added during digestion of the sample.

TABLE 9. Percent Rejection of Metals by Hyperfiltration: Group I Results
(Normal Confidence)

Metal Toxic Poly(ether/amide) Cellulose Acetate Dynamic Membrane
Pollutants Scour  Dye Scour Dye Scour Dye
Arsenic 98- 75 o8 >98 924 >69
Copper 97 926 >99
Zinc 100 100 100
Other Metals

Aluminum 96 20 1 60
Barium 100 100 926 100 97 100
Boron 88 92 92 72 64 32
Calcium 98 98 o8 >99 97 99
Iron 70 87

Magnesium 99 99 98 99 97 99
Manganese 97 98 97 95 98 98
Phosphorus 98 97 95 97 89 96
Silicon 94 100 94 95 81 0
Sodium 98 97 97 ' o8 77 92
Strontium 100 100 100 100 100 100
Tin 100 100 100 <0 100 88
Titanium . >99 74

Vanadium 97 92 94 100 65 90

®

Omission from this table implies a low value of feed concentration. See
text for details.

3Brandon, C. A., J. J. Porter, and D. K., Todd, "Hyperfiltration for
Renovation of Composite Wastewater at Eight Textile Finishing Plants,” Final
Report, EPA Grant 802973.
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Group II (results shown in Table 10) contains the data for which the
feed has less than five times but more than twice the amount added during
digestion of samples. Rejections thus obtained are subject to greater
uncertainty than normal and the values should be treated as an indication
of rejection.

TABLE 10. Percent Rejection of Metals by Hyperfiltration: Group II Results
(Reduced Confidence Level)

Poly (ether/amide) Cellulose Acetate Dynamic Membrane
Toxic Metals Scour Dye Scour Dye Scour Dye
Copper 96 97% 91 96* 55 o9o%*
Lead 75 44 32 46 25
Other Metals
Aluminum 96% 78 90* 77 1* 60*
Cobalt 70 <0
Iron 70% 60 87% 92 55 80%*
Titanium >99%* 85 74% 97 88

Omission from this table implies a near absence in feed. See text for
details. i

*Values marked are higher confidence data from Table 9.

Group III contains the data having feed solute mass less than twice
that added in digestion. For these data, the uncertainty in feed and
product is such that the respective values of concentration may overlap
resulting in about as many negative as positive calculated rejections.
These data are not presented in rejection form because they are not
considered to be meaningful.

In all the data of Tables 9 and 10 the curve of rejection as
dependent on permeate and feed concentration ratio has been employed from
Figure 3.

According to the foregoing criteria, some metals were present in such
low concentration that the analysis cannot be expected to provide even an
indication of the rejection. These metals are Antimony, Beryllium, Cadmium,
Chromium, Nickel, and Silver from the toxic pollutant list. In some runs
zinc and lead also were below the concentration criterion. Arsenic was
present in low levels (20 mg/h@) but was analyzed without digestion such
that analysis is expected to be accurate. Some copper and zinc levels
were high enough to' qualify for normal rejection assessment. These
appear to be the only toxic metals present in the process water and occur
only in the dye effluent.

Despite the limited data for rejection of metals obtained in this

effort, membranes have historically shown excellent rejection for metals.
This trend is corroborated by the data in Table 9. Three unusually low or
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negative rejection data are shown in the "other metal" list: aluminum on
the scour with the dynamic membrane, silicon on the dye with the dynamic
membrane, and tin on the dye with the cellulose acetate membrane. In each
of these cases reference to the concentrate data of Table 8 shows that the
element was concentrated. Therefore, it is considered that some anomaly
of analysis is involved and that probably the rejections are not as low as
indicated.

Bioagsays

The values of LCgy (or ECsg) obtained from each sample may be
heuristically related to the concentration of an unknown substance. The
concentration of that unknown substance which produces 50% mortality is
expected to be a reasonably:repeatable value, say C*. When a volume of
fluid contains LCgg of a sample and (1-LCsg) of diluent water the
concentration of unknown substances is C*x, Also one can use this fact
to determine the concentration (C) fram C-LCsg = C*. Therefore, the
concentration (C) of toxic substance is inversely proportional to the
value of LCgp.

Obviously the foregoing statement applies to the simplest, single
toxicant solution. However, if the membrane is not highly selective in
rejection for a multicomponent mixture a very similar result would obtain
for comparison of toxic effects of feed and concentrate, etc. Therefore,
the data for LCsp have been used to calculate relative values for the implied
concentration of toxic substance to enable the calculation of membrane
rejection. The bioassay tests results for LC50 are presented together with
the implied concentration of toxicant in Table 11. The values for
concentration of toxicant are simply 100 divided by its respective ILCsgp
value. The information in Table 11 is organized in the order of actual
test sequence which is different from the sample numbering sequence.

Values of implied concentration from Table 1l are used to calculate
the rejection again using Figure 3 as a basis. All rejections of toxicant
concentration are substantial as shown in Table 12. The toxic level of
each concentrate was 5 to 11 times higher than that of the feed, providing
consistent evidence of membrane separation. A mass ratio of the implied
concentration of supposed toxicant is presented in Table 13. Mass ratio is
the combined mass of solute in permeate and concentrate divided by the mass
of solute in the feed. A sample calculation is provided in Appendix B. The
results are reasonably consistent (mass ratio = 1), ranging from 0.65 to 1.55.

The rejections shown in Table 12 are of considerable interest. As
already mentioned the biocassay results are consistent in showing reduced
toxic effect in permeates and corroborating increased toxic effects in the
concentrate. The rejection of material toxic to the daphnids is uniformly
lower than that of toxic to Fathead minnows. The toxicant rejections are
opposite to the rejection of inorganic salts. That is, the dynamic membrane
produces superior separation to the cellulose acetate which is superior to
the poly(ether/amide) on toxic substances. By contrast the inorganic (salt)
rejection exactly counters the ordering. Simply stated this only means the
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Table 11

Lethal Concentration and Implied Toxicant Concentrations

96 Hour Minnows 48 Hour Daphnia
Implied Implied
Sample LCgq Concentration LCs0 Concentration

Fluid and Type No. % Solution No Units** % Solution No Units**
Run 1
Dye-feed 10 9.7 8.5%** 33.5 2.5%%%
Dye-PEA permeate 11 82 1.2 60 to 100 1l to 1.7
Dye-CA permeate 12 >100 <1. 60 to 100 1 to 1.7
Dye-concentrate 13 1.6 62. 4.1 24.
Run 2
Dye-feed 14 25 4. 49 2.0
Dye~DM permeate 15 NAT#* 0. 80 1.2
Dye~concentrate 16 5.3 19. 17 5.9
Run 3
Scour-feed 3 16 6. 2 3.8
Scour-PEA permeate 4 28 3.6 53 1.9
Scour-CA permeate 5 >100 <1. 42 2.4
Scour~concentrate 6 1.5 67. 5.1 20.
Run 4
Scour~feed 7 13 7.7 25 4.
Scour-DM permeate 8 NAT* 0.0 >100 1.
Scour-concentrate 9 2.0 50. 9.9 <10.

*NAT - no acute toxicity
**by Implied Concentrations in headings

100
LC50
***Values lowered due to concentration of sample removed for feed

Implied Concentration =



- TABLE 12. Rejection of Toxicity by Hyperfiltration

Scour Fluid % Rejection
Membrane Daphnia Toxicant Fathead Minnow Poxicant
Dynamic ZrO/PAA >88 100
Cellulose Acetate 55 >92
Poly (ether/amide) 68 60
Dye Fluid % Rejection
Membrane Daphnia Toxicant Fathead Minnow Toxicant
Dynamic ZrO/PAA 60 100
Cellulose Acetate 62 to 82 : 26
Poly (ether/amide) 62 to 82 95

Data in this table are obtained from the procedure

Implied concentration of permeate (from Table 11)
C.R. = Implied concentration of feed (from Table 11)

C. R. is the concentration ratio used as abscissa for Figure 3. The

rejection is read as the ordinate of Figure 3.

TABLE 13. Mass Ratio? of Toxicants
Run 1 Cast Membranes on Dye Fluid

Toxicant to Mass Ratio (final/initial)
Fathead minnows 0.94
Daphnids 1.315

Run 2 Dynamic Membrane on Dye Fluid
Toxicant to Mass Ratio (final/initial)
Fathead minnows 1.28
Daphnids 1.23

Run 3 Cast Membranes on Scour Fluid
Toxicant to Mass Ratio (final/initial)
Fathead minnows 1.55
Daphnids 1.08

Run 4 Dynamic Membrane on Scour Fluid i
Toxicant to Mass Ratic (final/initial)
Fathead minnows 1.17
Daphnids 0.65

ZA mass ratio calculation example is shown in Appendix B.

membranes developed to achieve high salt rejection for desalination
- applications do not necessarily have proportional rejections of toxic
(presumably non-electrolytic) compounds.

In an attempt to determine cause and effect, the toxicant concentration
profile from Table 11 may be compared with measured concentrations of
substances. Three of the best fit profiles are shown in Figures 4 through
6. The relative toxicant concentrations are shown for the Daphnia and
Fathead minnows as compared with total solids, arsenic, and copper in the
succeeding figures. -None of the organic toxic pollutants has a concentration
pattern remotely similar to the bioassay results. Arsenic and total solids
shown patterns resembling the biocassay results, while copper fails badly
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for the samples 14 and 16. The run in which samples 14 and 16 were taken
contained a much larger copper content than any of the other runs and yet
did not show proportionally high toxic effects. The presence of a dye
containing complexed copper could account for this result. It is doubtful that
the low values of arsenic could be toxic. Therefore, no simple cause/effect
can be determined; and, further it is likely that one or more of the gross,
non-analyzed compounds served as toxicant assuming its separation reasonably
paralleled that of the metals or total solids.

A correlation of toxic concentration to Fathead minnows and to Daphnids
may be investigated. A plot of implied toxicant concentration for minnows
versus the concentration for daphnids is shown in Figure 7. Alternatively,
Figure 7 may be viewed simply as a plot of reciprocal LC50 data. There is
a high correlation coefficient of 0.94 suggesting that for this fluid a
measurement of either individual bioassay would have supplied essentially
the same information. A plot of concentration at which no effects were
observed (reciprocal EC,) is similar but shows a far greater range and
scatter. The Daphnia were more sensitive than the minnows to the test
fluid, judged by nine of fourteen values in Table 1ll1.

Rat toxicity and bacterial mutagencity tests produced no effective
response. The concentrates from each run produced responses at about 90
percent dilution suggesting that the feed may also have been marginally
cytotoxic. Neither the feed nor permeates produced position cytotoxicity
results. Appendix C contains the detailed results.

Correlation of Rejection in Single-Solute Solutions with Solute Solubility
Parameter

Hyperfiltration rejection of organic nonelectrolytes in single-solute
has often been correlated with the molecular weight of the solute although
for low molecular weight compounds the correlation is sometimes poor,
especially for cellulose acetate membranes. The dependence of rejection on
solute solubility parameter has been demonstrated using published
hyperfiltration results. Appendix D describes the results of this
correlation.

If this correlation is satisfactory, oxr can be developed into a
reliable model, it would greatly reduce the experimental work required to
characterize the effectiveness of a membrane to reject toxic pollutants.
Rejections of a few solutes could be determined for a solution-membrane
system and the rejection of other solutes estimated.
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TEST DESCRIPTION

Fluid samples were obtained at the overflow of the first washer on the
Kisters dye range at the La France Industries plant (see Figure 8). The
effluent was collected in a plastic pail fitted with a 40-meter rubber hose
connected to a 80&/min centrifugal type transfer pump. The pail and entire
hose had been previously used extensively with the fluids from the range.
Non-stainless steel parts of the pump hardware were replaced with stainless
steel. The pump was all stainless steel with ceramic seals. The fluid was
passed through a one-micron polypropylene cartridge filter. New filters were
used for the bleach. (scour) acquisition. The fluid line was purged before

each new fluid acquisition.

All fluid lines and wetted parts in the test system were Teflon, stain-
less steel or ceramic except one line having a rubber tube joining two steel
tubes in a non-flowing channel used as a connection to a suction pressure
protection device. The feed and permeate tanks were cleaned with a
commercial cleaner used to clean becks at La France. Following this the
tanks and the skid-mounted pump station were flushed thoroughly for one~half
hour in 1 M NaOH and rinsed with plant water, until no pH elevation was
present. The tanks were covered with new polyethylene film to assist in
vapor and volatile retention and to prevent entrance of the airborne lint.

‘ Pressure, temperature, and flow to the membrane were controlled at the
skid mounted pump station. Conditions were maintained during the runs at the
values shown in Table 14. The range of pressure and temperature shown in
Table 14 was selected in the dynamic membrane tests to allow stable operation
at a rate to achieve a reasonable time to acquire samples. All values are
approximate and varied slightly from the conditions listed. The other
membranes were operated at conditions determined in concert with the.
manufacturer.

TABLE 14. Operating Conditions Observed

Temperature Outlet Flow Inlet Pressure
Fluid Membrane (°c) (%/min) (MN/m° )
Dye PEA-CA 40 16 2.8 (400 psi)
Scour PEA-CA 40 16 2.8 (400 psi)
Dye Dynanmic 70 16 4.5 (650 psi)
Scour Dynamic 77 16 5.9 (850 psi)

The dye test fluids are thé wash water obtained while using a dye pad
formulation for direct dyeing cotton. These dye pad formulations contain
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a thickener, dispersing-wetting agents, and the direct dyes. Typical tests
fluids have pH 6 to 8, conductivity 200-1,000 uS cm~! and total solids
400-2,800 g/m3.

The scour test fluids are the washer effluents taken while the scour
pad contains hydrogen peroxide, sodium carbonate, and a dispersing-wetting
agent. The pH is typically 8 to 10. The fluid also contains size, motes,
and other materials washed fram the cloth and usually dyes and auxiliary
chemicals remaining in the washers from the previous dyeing operation.

Table 15 shows the sequence of runs and events which apply to the test
operation. The operation was marred by taking a delayed feed sample (about
15 percent concentrated) on the first run and by the failure of the solder
joint on the scour run with the dynamic membrane. The module was readily
repaired but some contamination could have occurred in reconstitution of the
feed sample with a small gear-type, plastic transfer pump or in the materials
used for the repair itself.

Table 16 shows the time at which the various samples were collected,

shipped, and received. All samples were refrigerated as soon as practical
after collection.

All samples were collected according to the sampling plan which is
included as Appendix E. Samples were withdrawn through stainless steel tnbes;

the use of plasticized tubing was avoided. All collection barrels were
stainless steel.
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Date

6/01/78
6/01/78
6/01/78

6/01/78
6/01/78

6/02/78
6/02/78

6/02/78
6/02/78

6/09/78

6/09/78

6/11/78
6/12/78

6/12/78

6/12/78
6/12/78
6/12/78
6/13/78

6/14/78
6/14/78
6/14/78

6/17/78
6/18/78

Time

1430

1450

1500

1545
1600

1114
1140

1215
1312

1100

2230

2215
0730

0830

1107
1213
2000
1000

0400
0800
1130

2300
0100

Table 15

Summary Log of Activities

Activity

Obtain "clear" water sample from range: 280% at 60°C
drawn through 1 micron polypropylene filter. Previous
dye formula was 9127.

Operate membranes (PEA and CA) at 300 psi. 53°C feed
cooled at 46°C by heat exchanger.

Stop, apparatus blank run. Take sample half from
permeate, half from concentrate.

Drain all tanks.

Obtain dye batch: dye formula 9204. 654%. Allow to
cool overnight.

Start unit. Discard first liter of product.

Stop unit at 15.6% recovery. Obtain slightly concen-
trated feed sample.

Resume operation.

Stop unit, obtain samples at 90% recovery. Drain
tanks.

Obtain batch and feed sample from dye formula 1211,
partly unfiltered batch. Install dynamic membrane
0.3 m?. Start operation at 4MN/m? (580 psi) with poor
rejection of color.

Return permeate in clean glass bottle to feed.
Permeate has cleared.

Stop small leak from plumbing.

Stop operation, obtain samples. Approximate 80%
recovery.

New polypropylene feed filter installed. PEA and CA
membranes connected after flushing. Scour feed batch
obtained of 429%. Sample taken.

Start run on scour.

Stop run at 83% recovery. Obtain samples.

Obtain scour batch for dynamic membrane; 465%.
Connect dynamic membrane, gather feed sample, start
operation.

Module failure - soldered joint failed.

Repair module.

Return fluid to feed using 2m vinyl hose and plastic
gear pump. Restart test.

Stop test at 80% recovery, obtain samples.

Obtain plant water blank sample.
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TABLE 16.

Sample Disposition Log

Sample Date Shipped Date Received
Number Date - Hour Taken Chemical Fish Rat Chemical Fish Rat
1 6/18 - 0100 6/19 - - 6/20 - -
2 6/01 - 1500 6/05 - - 6/06 - -
3 6/12 -~ 0830 6/13 6/14 6/19 6/14 6/15 6/20
4 6/12 - 1300 6/13 6/20 6/19 6/14 6/21 6/20
5 6/12 - 1300 6/13 6/20 6/19 6/14 6/21 6/20
6 6/12 - 1300 6/13 6/14 6/19 6/192 6/15 6/20
7 6/12 - 1000 6/13 6/14 6/19 6/14 6/15 6/20
8 6/17 - 2300 6/19 6/20 6/19 6/20 6/21 6/20
9 6/ - 2300 6/19 6/20 6/19 6/20 6/21 6/20
10 6/02 - 1200 6/05 6/08 6/19 6/06 6/09 6/20
11 6/02 - 1300 6/05 6/08 6/19 6/06 6/09 6/20
12 6/02 - 1300 6/05 6/08 6/19 6/06 6/09 6/20
13 6/02 - 1300 6/05 6/08 6/19 6/06 6/09 6/20
14 6/09 - 1200 6/13 6/14 6/19 6/14 6/15 6/20
15 6/12 - 0730 6/13 6/14 6/19 6/14 6/15 6/20
16 6/12 - 0730 6/13 6/14 6/19 6/14 6/15 6/20

ANote length of time between date shipped and date received.
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APPENDIX A

Infrared Spectra of Sample and Process Chemical Residues

Infrared spectra were obtained of the evaporation residues of the
hyperfiltration solutions, i.e., feed, permeate, and concentrate; the scour
chemicals; and the auxiliary dye bath chemicals. A measured volume of each
solution was evaporated to apparent dryness in an oven at ca. 105°C. The
larger residues were scraped from the evaporating dishes and stored in vials.
The permeate residues were quite small and firmly attached to the evaporating
dishes, so they were softened with a drop or two of water and the slurry
scraped into a mortar and the water evaporated again by placing the mortar
in the oven. The spectra were obtained with a Perkin-Elmer 317 infrared
spectrophotometer using the KBr pellet technique. In the case of permeate
samples, the KBr was added to the mortar and ground to a fine power to
incorporate the residue in the pellet.

Table Al identifies the samples and describes the appearance of the
residues. A film like material was observed in some residues, presumably
composed of the high molecular weight thickener and/or size removed by the
scour. This observation is identified by the film notation. Table A2
identifies the process chemicals, other than dyes.

TABLE Al. Hyperfiltration Samples and Residues Characteristics

Total Description
CTHF Solids Absorbance of
No. Identification (mg/m3) 410 m -Residue
1 Plant Water 15,000 0 Not determined
Apparatus Water 43,000 .005 Brown powder
3 Scour-1, feed 730,000 .050 Light yellow powder,
4 Scour-1, PEA permeate 105,000 0 Colorless deposite
5 Scour-1, CA permeate 32,000 0 Colorless deposite-
6 Scour-1l, Concentrate 6,020,000 .50 Light brown, f£ilm
7 Scour-2, feed 870,000 .03 Cream powder
8 Scout-2, DM permeate 205,000 .01 Colorless powder
9 Scour-2, concentrate 3,840,000 .15 Light brown, film
10 Dye-1, feed 462,000 .10 Green~brown particles
11 Dye-1l, PEA permeate 15,000 0 Colorless deposite
12 Dye-1, CA permeate 45,000 0 Colorless deposite
13 Dye-1, concentrate 2,670,000 .65 Dark brown, film
14 Dye-2, feed 76,000 2.0 Dark red, powder and
film
15 Dye-2, DM rermeate 60,000 0 Slightly pink powder

16 Dye-2, concentrate 2,160,000 7.75 gg;§=;ggé=;gggg=====
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TABLE A2. Process Chemicals

Identification Description Occurrence in Process
Sodium carbonate Colorless solution Scour bath
Hydrogen peroxide Colorless solution Scour bath

Size Colorless powder May wash off cloth in scour
Thickener Yellow powder Dye bath
Dispersing Brown-orange Dye bath

Wetting Agent-1 solution

Dispersing Yellow solution Dye bath and scour

Wetting Agent-2

The infrared spectra are presented in Figures Al - A22.

The hyperfiltration solutions are multicomponent and the infrared spectra
of their residues are complicated. Little information about the relative
passage of the components through the hyperfilters is obvious. The spectra
have been analyzed using two simple methods. First, the relative absorbances,
AA, of the strongest three peaks are compared for each hyperfiltration
experiment. Selectivity of the membranes with respect to the ir-active
components is indicated if the relative absorbance of the peaks differ in
the feed and permeate and/or feed and concentrate. The results of this
analysis are provided in Table A3. The comparison of A9, 0/A7.1 for the scour
experiments and Ag, 3/A7 g for the dye experiments indicates membrane
selectivity of the ir-active components. The observed appearance and
disappearance of other peaks also indicated selectivity.

TABLE A3. Relative Absorbance of Strong Infrared Maxima

CTHF

No. Identification Relative Absorbance Comments
A9,0/A7.1 Ag.2/A7.1

10 Dye-1, feed 1.8 0.90

11 Dye-1, PEA permeate 1.6 1.0

12 Dye-1, CA permeate (essentially KBr spectrum)

13 Dye-1, concentrate 2.8 1.0
A9, 0/A7.1 Ag.2/A7,.1

14 Dye~2, feed 3.3 1.6

15 Dye~2, DM permeate 1.0 .78

16 Dye-2, concentrate 4.9 2.0 shift in 7.1 peak
Ag,1/27.0 Re.2/A7.0

3 Scour~1l, feed 1.5 .84

4 Scour-1l, PEA permeate 246 .72

5 Scour~1l, CA permeate (essentially KBr spectrum)

6 Scour-1l, concentrate 1.7 .81
By.1/27.0 Rg.2/R7 0

7 Scour-2, feed 1.5 71

8 Scour-2, DM permeate .8 .4

9 Scour-2, concentrate 1.4 1.2 shift in 7.0 peak
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A second analysis was attempted. The absorption peaks in the spectra of
the hyperfiltration solution residues were compared with three selected peaks
in the spectra of the process chemicals. If absorption peaks were found to
match the peaks of all those selected for a process chemical it is listed as
present. If more matching peaks are present than are absent for a process
chemical, it is listed as possibly present.

Table A4 lists evidence for the presence of the process chemicals in the
hyperfiltration solutions residues. Hydrogen peroxide is not expected to
occur in the residue even if present in the solution. The chemicals
evaluated are carbonate and bicarbonate, size, thickener, dyes, and two
dispersing/wetting agents. Color, indicating dye presence in residue, is
denoted by, C. Visual evidence, e.g., film formation in thé residue
indicating the presence of either or both the high molecular weight size and
thickener, is indicated by R. If the formulation indicates the chemical's
presence, F is used. Presence indicated by the ir matching-peaks analysis
is ir and (ir), representing the presence and possibly present categories.

'TABLE A4. Presence of Components in the Hyperfiltration Solution Residues

CTHF No. Components
Carbonate/
Bicarbonate Size Thickener DW-1 DW-2 Dyes
10 F,ir F,(ir) F,ir F,C
11 {(ir) (ir) ir
12 *
13 R R,ir (ir) ir C
14 R F,ir,R F F F,C
15 (ix) (ir)
16 R R,ir C
3 F,ir (ir) F,ir
4 ir
5 *
6 ir R, (ir) R, (ir) (ir)
7 F,ir ir (ir) F, (ir)
8 ir ir
9 ir R, (ir) R,ir

*A component in the KBr has a sharp peak at 7.3 um, this peak is observed.

C - color in residue indicates dyes.

R - observation in residue of a film, indicating presence of either size
or thickener, or both.

F _in both formulations, ir-presence, (ir)-presence possible.

The cellulose acetate membrane appears to reject most of the ir-active
components of both the scour and the dye feeds. The poly (ether/amide) and
the dynamic membranes show selectivity with respect to ir-active components.
The dyes and the high molecular weight thickener and size appear to be

highly rejected. Rejection of the dispersing/wetting agents may not be as
effective.
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APPENDIX B

Interpretation of Results

The experiment involved concentrating an initial volume while producing
a permeate volume. Therefore, it is necessary to appropriately interpret the
results to estimate the values of the rejection. 1In the following discussion
M symbolizes the mass of fluid in the concentrate flow, m symbolizes a mass
flow rate, C symbolizes the mass concentration of solute, t symbolizes time,
and y symbolizes the rejected fraction of solute. Only values for the mean
value of rejection may be calculated. Subscripts are used as follows: "c"
pertains to the concentrate, "f" to the feed, "p" to the permeate, "e" to
evaporation, and "1" to leak.

The initial mass, Mg, is depleted in general by evaporation, leaks (if
applicable), and permeation. The following equation is expected to apply for
two membranes.

d—ﬂ . - - .
dt = T Me T My - Mp) - W, (B1)

Integration yields an expression for the mass at any time
_ t . . . .
M(t) = Mg = o/ (Mg + m, + mp] + mpp)dt (B2)

When t becomes the elapsed time for the experiment, the corresponding M value
becomes Mc, the concentrate mass. Separate observations of M(t), measured

as fluid depth during the experiment, allow an estimate of the value of me
(evaporation rate). The absolute measurement of Mg and other values is un-
certain due to ignorance of the volume of pumps, fittings, modules.
Corrections may be applied to promote the integrity of the volume estimate
based on relative values of concentrate and feed data provided by analysis.

The volumes recorded during operation of the test procedure are shown in
Table Bl. The initial volumes and concentrate volumes were obtained by
measuring the level in the tank (top of tank to fluid level). To the value
thus obtained was added 20 dm3 to account for the internal volume of pipes,
etc. The permeate volumes were obtained by measurement of fluid level in the
containers and by integration of the permeate rates observed. The leak in
Run 2 was measured in terms of its duration and rate. The vaporized volume
is simply the volume required to close the fluid balance. Runs 1 and 3 show
the permeate volume as the sum of two numbers which are, respectively, the
PEA permeate and CA permeate. All values in Table Bl are subject to errors

6l



in observation through at least the following mechanisms: (1) Poor approxi-
mation in system hold up volume, (2) tanks not exactly level, (3) ordinary
measurement of length uncertainty, and (4) difficulty with foaming fluid
level sensing. Therefore the use of total solids measurements to improve the
volume estimates has been employed. The following describes the methodology
of calculating the values of solute in the leak fluid and the determination
of the permeate volume fraction from concentration data. An equation for the
concentration of a particular solute may be written based on a differential
mass balance, using y to symbolize rejection:

E,%ITC:)_ = -m)C - fi,; (1 - Yp)C - ﬁ‘.pz (1L - 7Y2)C (B3)

Evaporation has been deleted from this equation by assuming that the solute
is non-volatile. Expanding d(MC) to CAM + MAdC and substitution from equation
(Bl) for dM/dt gives

MdC  _ T i % n C.
MEE' = Y3 Wpl C + Yzmpz € + meC

TABLE Bl. Recorded Volumes

Run 1 Run 2 Run 3 Run 4
Initial Volume (dm3) 593 371 429 465
Concentrate Volume (dm3) 90 60 73 65
Permeate Volume (dm3) 282 + 221 214 188 + 168 300
Leak Volume (dm3) 0 29 0 0
Vaporized Volume (dm3) 0 68 0 100
Recovery = feed'gzzgentrate 0.848 0.838 0.824 0.860

Division by MC renders the variables separated if Y is independent of C

m L d -
de Y11 + Yooy * Mg
M
Substitution of equation (B2) for M allows straightforward.integration, which
must be done numerically except for special cases. One important special

case has no leak (ﬁl = 0), a neglibible evaporation rate, and constant

permeate rates. Equation (B4) after substitution of equation (B2) for M
yields

at (B4)

c Y m 4 yom Y.m o+ Y.m
in (<5 = ft ' ol p2 at ! p) ! P2‘1111 Me 1
0 e =) . —
Ct Mg = fp] t - Mt myy + My S Mg - My M%S
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(B5)

In equation (B5) M, and M_, are the permeate total mass associated with mem-
branes 1 and 2, respectivély. Equation (B5) holds for one membrane as well
and is also valid for non-constant flow rates if the rates are proportional.

A global mass balance equation may be written as

The overbar designates mixed average permeate. Division by Cg, substitution

of equation (B5) for C./Cf and substitution of M, = Mf - M; - M2 leads to

c . R, (1 - v ) + R, (1 - v,)

02 _ o1 1 2 2
=1 - (1-R) R

£ Ce

C
Pl
RlE__+ R2

(B7)
where Rl = Ml/Mf, Ry, = MZ/Mf' and R = Ry + R2' R is commonly called the
recovery.

Equation (B5) may be used to calculate the average rejection of the two
membranes based on the recovery and chemical analysis of concentrate and
feed. Equation (B7) may be used to calculate the rejection based on analysis
of permeate and feed. An auxiliary equation permits the calculation of

1 -v1 _ 9p1 (B8)
1-v2 cp

rejection for either membrane by itself. Ideally at the recovery value
observed the solute mass balance (B6) is satisfied and the calculated
rejections from (B5) and (B7) are identical. This never happens precisely
due to experimental uncertainty. 1In the interpretation herein calculations
of mass balance in terms of ratio of the right 'side to left side of eguation
(B6) , rejection based on permeate and feed data have been made. These
calculations have been made at various levels of recovery near the actual
recovery noted in testing. The results for total solids determination

have been employed for this exercise. Table B2 shows a typical result for
the fourth run (scour fluid with dynamic membrane). Using volume observa-
tions the best estimate of recovery (vapor + permeate)/feed was 0.86 while
the recovery which yields essentially unity for the mass balance ratio (right
side divided by left side of equation (B6)) was 0.82 (less than 4% different).
In this case the use of the best mass balance yields good agreement between
the rejection estimates and the recovery of 0.82 is adopted as the best
estimate of actual volume recovery. The values of rejection calculated from
permeate and feed data differ by less than 1 percent, while the rejection
calculated using concentrate and feed data differ by over 10 percent. When
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differences occur in the rejection estimated from concentrate and feed
compared to the rejection estimated from permeate and feed, the value of
rejection should be estimated on the basis of permeate and feed data due to
the reduced sensitivity to experimental uncertainty.

TABLE B2. Effect of Recovery on Mass Balance and Rejection
Recovery with

Based on Volumes Best Mass Balance
Recovery 0.860 0.820
Mass Balance Ratio (final initial) 0.862 1.0
Rejection (using concentrate) 0.783 0.866
Rejection (using permeate) . 0.882 0.875

In each of the four runs a calculation similar to that described for run
4 was made. In Runs 1 and 3, an improved recovery estimate using total
solids data was found to agree reasonably well with the preliminary volume
estimates. In Run 2 the total solids data do not allow a reasonable change
in the preliminary estimate and which forces a solute mass balance. The best
interpretations for the exact recovery are presented in Table 2 of the main
text of the report. As shown in the table, 26 percent of the initial mass
in Run 2 could not be accounted for in the sum of permeate and concentrate.
Recheck of solids analysis shows no change and the conductivity data tend to
collaborate the preliminary volume estimates so that no substantial improve-
ment of the recovery estimate can be made. Run 2 was complicated by a leak
and evaporation which tend to increase the difficulty in interpretation.

A computer program was prepared for detailed analysis of the specific
solute analytical data. Upon receipt of data and execution of the program
it was apparent that such an exercise would not be meaningful. For example,
in Tables 4 through 7 few results for mass balance ratio were near unity.
Therefore for the metals, a simple rejection calculation was adopted based
on use of permeate and feed data. The concentrate and feed comparison is
much more sensitive; i.e., errors in analysis or recovery estimated are
amplified in rejection estimate. Only in cases where the permeate and feed
data may not yield clearly defined results due to low concentrations will the
concentrate analysis be important. In such a case, the presence of concen-
trated material in the concentrate stream indicates rejection has occurred.

For interpretation of organic solute data, depletion in the permeate
together with enrichment in the concentrate yield confidence in estimating a
substantial rejection of solute. Many solutes have such results and others
have conflicting indications. Those which conflict by having one indication
of rejection and another of no or negative rejection will be in violation of
the mass balance. The more likely erroneous datum may be selected from such
logic. The relatively unsatisfying statements "probably rejected", "probably
not rejected", or "mixed indications"™ are really all the information that can
be gleaned.

Following are a group of comments pertinent to the interpretation of the
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bioassays. A single toxicant is presumed to have a lethal fraction versus
concentration curve F(C) as illustrated in the sketch below.

1

0° C
The curve shows no lethal effect befg% some minimum concentration rising to
complete mortality at a higher concentration. The value of C = C5o will
produce lethal effects in half the subjects. If two lethal species are pre-
sent the lethal fraction F may be determined on the basis of the individual
components. Let Fl(Cl) be the lethal distribution curve for specie i and
F2(C2) that for specie 2. Those dying from exposure to specie 1 will be
F(C’) of those not dying from specie 2. Those dying from specie 2 will be
F2(C2) of those not dying from specie 1. If Py and P, represent the frac-
tions killed by .specie 1 and 2 respectively,

P1
P2

(1-P2) F1(C1)
(1-p1) F5(Cy)

without synergistic effects, the total fraction killed is the sum of these,
or F is 2
. Fo(C1) = Fy(C,) . Fy(Cp) - Fq(Cy) N [F1(C1) - Fa(C2)]

- - 1~-F 1= 1
1 Fz(Cz) 1 - Fy(cy) [1-F3(C2) ] [1-F1(Cy)

If the relative amounts of specie 1 and 2 are the same, or if F; and F, are
identical functions, then F(C1+C2) wil 1 behave exactly as a single component.
Similar results are expected from situations with three or more components.
In many but not all hyperfiltration systems the rejections of individual
toxicants will not be largely different from each other so that the relative
concentrations of substances will be preserved. It is not unexpected then
for mixtures of toxicants to behave as a single toxicant (even with
synergistic effects).

The action of hyperfiltration on a single toxicant is expected to
produce a dilute and concentrated stream. Their permeate stream has volume
R at concentration C, whereas the feed stream has unit volume at concen-
tration Cg. The concentrate will have volume (1-R) and the concentrate
concentration, Cs, according to mass balance information will be

1 - R(C_/C
Eg_ (p/f) (59)
= = =
£ 1 -R

When each stream is subjected to biocassay a set of dilutions is determined
which produce effects on half the population. These dilutions are Gp, Sgs
and Sc for the permeate, feed, and concentrate, respectively. The dilution

6§ is the fraction of sample in a unit of total fluid, so that § =LCgp. One
expects the single solute to produce a medium effect at a concentration, Cso
independent of permeate or feed or concentrate source
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Co = 8,Cp = 6cCc = 8£Cs

Solving for each individual concentration value

Cso

P Gp

@}
1

c_ = S50 (B10)
C 6 .
C

Cso
£ 5f

The concentration of toxicant is seen to be inversely proportional to the
value of § (§ = LCgp) . Substitution of each value from equations (Bl0) into
relation (B9) yields

[«

£ _ 1- R(Gf/sp)
GC

l1-R (B11)

Equation (Bll) is a kind of mass balance for the toxicant. Written as a
ratio of solute mass in permeate and concentrate to solute mass in feed the
mass balance ratio is

M.B.R. = Gf(R/é + [1-R]/6 ) (B12)
p p

Equation‘ (B11) is useful in predicting the value of §. knowing Spr 8gs and R
while the ratio in equation (B12) is useful in evaluating the internal con-
sistency of the data for all parameters. As noted in the report the mass
balance ratios were - 60 percent of unity, which is felt to be very reason-
able for biological assay data.

Example for calculation of mass balance ratio for Run 1 with Fathead minnows.

Concentration
L EESO (Table 11) (Table 11) Volumes
feed 9.7 10. 1
PEA permeate 82 1.2 0.379
CA permeant >100 <1 0.484
concentrate 1.6 62. 0.137
mass of toxicant in concentrate 0.137 x 62 = 8.494
in PEA permeate 0.379 x 1.2 = 0.4548
in CA permeate 0.484 x (<1) = 0.48
Total end of run = 9,43
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in feed l1x 10 =
2.4
mass balance ratio = o = 0.94

this value is shown as the first entry in Table 13.
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SECTION 1

INTRODUCTION

On 7 June 1976, the U.S. District Court of Washington, D.C.,
issued a consent decree (resulting from Natural Resources Defense
Council, et al. versus Train) requiring EPA to accelerate develop-
ment of effluent standards for 21 industrial point sources in-
cluding textile manufacturing. Among other requirements, the
Court's mandate focused federal water pollution control efforts
on potentially toxic and hazardous chemical compounds. The con-
sent decree required that "65 classes" of chemical compounds be
analyzed in wastewater samples. Recognizing the difficulty of
analyzing for all chemical species present in each category of
compounds, EPA developed a surrogate list of 129 specific com-
pounds representative of the classes of compounds listed in the
consent decree. These compounds are referred to as "priority
pollutants."

The consent decree obligates EPA to identify which priority pollu-
tants are present in industrial wastewaters and to determine the
ability of various wastewater treatment technologies to remove
priority pollutants. It is the second item above to which this
project is directed. Under EPA Grant No. R805777, Clemson Uni-
versity is evaluating the ability of a hyperfiltration unit to
treat textile manufacturing wastewaters. Samples of two waste-
water feeds and hyperfiltration permeates and concentrates using
three types of membranes were sent to Monsanto Research Corpora-
tion (MRC) for priority pollutant analysis and bioassay testing.
The following bioassay tests were performed to evaluate the
reduction in toxicity by hyperfiltration of wastewater: Ames
mutagenicity and cytotoxicity tests, and fathead minnow, daphnia,
and l4-day rat acute toxicity tests.

This report discusses the analytical and bioassay procedures used
by MRC and its subcontractors and the results of the analyses.
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SECTION 2

SUMMARY

Under EPA Grant No. R805777, researchers J. L. Gaddis and

H. G. Spencer at Clemson University are evaluating the effective-
ness of hyperfiltration to cleanup various textile plant waste-
waters for discharge and possible recycle of chemical feedstocks.

The skid-mounted hyperfiltration unit was field tested on two
types of wastewater (scour bath and dye waste) at a textile woven
fabric finishing plant. Three types of hyperfiltration membranes
were tested: polyether amide (PEA), cellulose acetate (CA), and
dual-layer hydrous zirconium oxide (ZrO)-polyacrylate (PAA) dy-
namic membrane.

A total of 16 wastewater samples consisting of the hyperfiltration
feed, permeate, and concentrate were sent to MRC for priority
pollutant analysis and bioassay testing. The sample coding sys-
tem and corresponding description of the sample collected is

shown in Table 1. MRC performed the priority pollutant analyses,
Ames mutagenicity test, and cytotoxicity test (using Chinese
hamster ovary - CHO cells). Fathead minnow and daphnia acute
toxicity tests were performed for MRC by EG&G Bionomics Marine
Research Laboratory. The l4-day rat acute toxicity tests were
performed for MRC by Litton Bionetics.

Results of the analysis of 16 wastewater samples and a reagent
blank for the presence of the 114 organic priority pollutants are
shown in Table 2. Analysis of the data indicates no organic
priority pollutants are introduced due to the sample workup pro-
cedures or analysis contamination at MRC. Samples CTHF-1l and
CTHF-2 were samples of the textile plant intake water and hyper-
filtration unit rinse. Analyses of these samples indicate that
possibly chloroform and toluene are introduced from these two
sources.

In addition to the organic priority pollutant species, several
other organic compounds were detected in the wastewater samples.
Triphenyl phosphine and triphenyl phosphine oxide were detected
in all wastewater samples (except CTHF-6) and in the reagent
blank sample. These compounds probably result from glass clean-
ing detergents and were introduced from the sample containers and
laboratory glassware. Other organic compounds detected include:
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TABLE cl., SAMPLE CODING SCHEME AND DESCRIPTION
OF SAMPLE COLLECTED

Sample Description

CTHF-1 Plant water

CTHF-2 Apparatus water

CTHF-3 Scour-1l, feed for PEA and CA hyperfiltration
CTHF-4 Scour-l, permeate from PEA hyperfiltration

CTHF-5 Scour-1, permeate from CA hyperfiltration

CTHF-6 Scour-1l, concentrate from PEA and CA hyperfiltration
CTHF-7 Scour-2, feed for DM hyperfiltration

CTHF-8 Scour-2, permeate from DM hyperfiltration

CTHF-9 Scour-2, concentrate from DM hyperfiltration
CTHF-10 Dye-1l, feed for PEA and CA hyperfiltration

CTHF-11 Dye-1, permeate from PEA hyperfiltration

CTHF-12 Dye-1, permeate from CA hyperfiltration

CTHF-13 Dye-1, concentrate from PEA and CA hyperfiltration
CTHF-14 Dye-~2, feed for DM hyperfiltration

CTHF-~15 Dye-2, permeate from DM hyperfiltration

CTHF~16 Dye-2, concentrate from DM hyperfiltration

a-terepineol, 2-mercaptobenzthiazole, l-cyano-2-benzyloxy ethane,
benzthiazole, lauric acid, myristic acid, palmitic acid, and
stearic acid. Results of the priority pollutant metals analysis
for the 16 wastewater samples are shown in Table 3. Three pri-
ority pollutant metals (mercury, selenium, and thallium) were not
analyzed in this program because previous research indicated the
absence of these metals in textile plant wastewaters.

Because of the metals analytical technique used, 16 other trace
metals were analyzed in the samples: aluminum, barium, boron,
calcium, cobalt, iron, magnesium, manganese, molybdenum, phos-
phorus, silicon, sodium, strontium, tin, titanium, and vanadium.

Results of the phenol (total) and cyanide (total) analyses are
also shown in Table 3.

Fourteen of the sixteen wastewater samples (excluding CTHF-1 and
CTHF-2) were subjected to a battery of biocassay tests to determine
the reduction in toxicity by application of hyperfiltration to
various wastewaters. MRC performed the Ames mutagenicity test

and CHO cytotoxicity test on the samples. MRC directed Clemson
University to ship samples to EG&G Bionomics Marine Research
Laboratory, Wareham, Massachusetts, for freshwater static acute
toxicity tests using fathead minnows (Pimephales promelas) and
daphnids (Daphnia magna). Samples were likewise sent to Litton

Bionetics, Kensington, Maryland, for l4-day rat acute toxicity
testing.
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TABLE Cc2. ORGANIC PRIORITY POLLUTANT SPECIES DETECTED IN SPECIFIC WASTEWATER STREAMS

(ug/%)
Blank Concentration in stream
Organic compound water CTHF-1 CTHF-2 CTHP-3 CTHF-4 CTHF-5 CTHF-6 CTHF-7 CTHF-8
Bis(2-ethylhexyl)phthalate 1.1 9 9 3 3 -9
Dimethyl phthalate 18 9
Di-n-butyl phthalate 0.4 4 1 3
Butylbenzyl phthalate
Diethyl phthalate 0.3
Acenaphthene 7 0.8 7
Anthracene 2
Fluoranthene 0.4
Pyrene 1l
Naphthalane 0.5
Phenanthrene 2
Phenol 0.9 2 3 13
Chloroform 58 31 18 18 22 34
Toluene 3 22 0.8 15 29 41 0.8 0.7
Trichloroethylene 0.3 0.4 5 2
Benzene 2 1 1 6 2
Chlorobenzene 0.7
Ethylbenzene 21
Methylene chloride 6 34 5 6 5 15 4 5
(continued)

Note.—Blanks indicate compound is below detection limits.



TABLE C2 (continued)

Concentration in stream
CTHF-9 CTHF-10 CTHF-11l CTHF-12 CTHF-13 CTHF-14 CTHF-15 CTHF-16

Organic compound

€L

Bis(2-ethylhexyl)phthalate 4 31 3 51 1
Dimethyl phthalate 55 45 290 4
Di-n-butyl phthalate 1 0.8 6 1
Butylbenzyl phthalate 1 7

Diethyl phthalate 0.05
Acenaphthene 3 0.8 7

Anthracene 0.6 3 0.1
Fluoranthene

Pyrene

Naphthalene 0.8

Phenanthrene

Phenol 0.2 0.7 0.4 1

Chloroform 19 31 4

Toluene 10 11 24 0.4
Trichloroethylene 0.6 1
Benzene 2 0.4 1

Chlorobenzene

Ethylbenzene

Methylene chloride 5 45 4 14 3

Note.—Blanks indicate compound is below detection limits.
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TABLE C3, CONCENTRATION OF PRIORITY POLLUTANT METALS, PHENOL,
AND CYANIDE DETECTED IN SPECIFIC WASTEWATER STREAMS

(ug/2)
Detection Concentration in stream
Species limit CTHF-1 CTHF-2 CTHF-3 CTHF-4 CTHF-5 CTHF-6 CTHF-7 CTHF-8

Priority pollutant

metal species:

Antimony 10 12 30 100 20 132 436 170 146

Arsenic 2 <1 <1 19 <1 1 160 35 5

Beryllium 0.04 - - - - - - - -

Cadmium 2 5 9 15 15 14 48 16 20

Chromium 4 540 840 640 720 620 1,260 760 800

Copper . 4 54 200 90 26 32 760 94

Lead 22 168 240 380 250 340 760 400 414

Nickel 36 - 154 132 70 100 480 200 210

Silver 5 - 24 42 26 42 114 62 78

Zinc 1 630 616 520 360 8,600 3,540 460 248
Other species:

Phenol (total) 1 1 33 6 12 16 -: 4 <1

Cyanide (total) 1 <7 4 <4 72 30 - <4 <7

(continued)

a . .
Sample arrived at MRC 4 days after sample collection and at room temperature; therefore, no
analysis was performed due to poor sample integrity.
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TABLE c3 {continued)

Concentration in stream

Species CTHF-9 CTHF-10 CTHF-11 CTHF-12 CTHF-13 CTHF-14 CTHF-15 CTHF-16
Priority pollutant
metal species:
Antimony 380 192 132 116 280 196 160 320
Arsenic 14 35 15 <1 221 2 <1l 9
Beryllium - - - 34 - - - -
Cadmium 120 22 20 48 40 20 34 70
Chromium 1,040 540 760 520 1,000 900 680 1,320
Copper 644 480 46 50 3,060 10,600 100 35,400
Lead 920 520 404 380 700 520 450 1,140
Nickel 468 220 200 62 480 186 220 600
Silver 200 82 68 20 116 70 84 126
Zinc 6,560 7,200 360 140 5,360 6,600 188 12,800
Other species:
Phenol (total) 13 19 20 18 64 12 3 26
Cyanide (total) 62 <1 <1 <1 8 <4 <4 20




Results of the bioassays are shown in Table 4. None of the
samples were mutagenic in the Ames test in the range of sample
concentrations tested - 10 to 1,000 uft/plate. Two samples
(CTHF-6 and 13) indicated acute toxicity to CHO cells. Sample
CTHF-16 exhibited acute toxicity but in a sample concentration
higher than that tested. Analysis of the fathead minnow and
daphnia acute toxicity data indicated the four permeate samples
(CTHF-5, 8, 12 and 15) produced no or very little mortality. The
most toxic samples were the concentrates (CTHF-6, 9, 13, and 16).

Data from the l4-day rat test indicated that no rat deaths or
sample related physical effects occurred due to a single maximum

dosage. Therefore, no samples were subjected to the gquantita-
tive bioassay.
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TABLE C4.

SUMMARY OF BIOASSAY TEST RESULTS

Microbial

Cytotoxicity,

mutagenicity ECgp (% waste-

Daphnia acute toxicity, LCsg Fathead minnow acute toxicity,

Rat acute toxicity, LDsg

Sample response water solution) (% wastewater solution) ICsg (% wastewater solution) (g-sample/kg body weight)
CTHF-3  Negative nat? 26 (20 to 34)° 16 (13 to 21) >10
CTHF-4 Negative NAT 53 (45 to 62) 28 (24 to 33) >10
CTHF-5 Negative NAT 42 (35 to 51) € >10
CTFH~6 —d 9 5.1 (4.2 to 6.2) 1.5 (1.0 to 2.2) >10
CTHF-7 Negative NAT 25 (20 to 31) 13 (7.8 to 22) >10
CTHF-8 Negative NAT >100 NAT >10
CTHF-9 Negative NAT 9.9 (8.3 to 12) 2.0 (1.5 to 2.8) >10
CTHF-10 Negative NAT 33.5 (27.6 to 50.4) 9.7 (7.5 to 12) >10
CTHF-11  Negative NAT >60 <100° 82 (21 to 100) >10
CTHF-12 Negative NAT >60 <100 NAT >10
CTHF-13 Negative 10 4.1 (3.4 to 4.9) 1.6 (1.2 to 2.0) >10
CTHF-14 Negative NAT 49 (41 to 58) 25 (21 to 39) >10
CTHF~-15 Negative NAT 80 (71 to 90) NAT >10
CTHF-16 Negative >20 17 (12 to 23) 5.3 (4.1 to 6.8) >10
a

o

No acute toXicity.

Values in parentheses are 95% confidence intexvals.

o Q. 0

Only 30% mortality occurred in 100% solution of wastewater.

CTHF-6 could not be readily filter sterilized, therefore the Ames test could not be performed.

>60 <100 means LCsp value is greater than 60% but less than 100%.



SECTION 3

SAMPLE COLLECTION

Hyperfiltration is a separation process involving Fhe filtering
of aqueous solutions by membranes capable of removing ngt only
suspended particles but also substantial ?ractlong of dissolved
impurities, including organic and inorganic materlal: T@e pro-
cess is illustrated schematically in Figure 1. Application of
high pressure to the feed solution causes purified permeate water
to pass through the membrane. Remaining feed water becomes a
concentrated solution of suspended solids and higher molecular

weight compounds.

PRESSURE VESSEL
FEED CONCENTRATE
-

SUP
s : et R Tt
PERMEATE

Figure Cl. Schematic diagram of a hyperfiltration module.

In the Clemson University study, EPA Grant No. 805777, two waste-
water streams were used as feed: 1) scour bath wastewater, and

2) wastewater from dying operations. In addition, three hyper-
filtration membranes were tested on each wastewater: 1) polyether
amide (PEA) membrane, 2) cellulose acetate (CA) hyperfilter, and
3) a dynamic membrane (DM) of a dual-layer hydrous Zr(IV) oxide-
polyacrylate. The polyether amide and cellulose acetate membranes
were tested in series, resulting in two permeate samples and one
concentrate sample per feed tested. The resulting sample coding
system and volume of sample collected in the test program are
shown in Table 5.
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TABLE C5. COLLECTION SAMPLES FOR BIOASSAY
TESTS AND CHEMICAL ANALYSES

Volume,

Sample Description gal
CTHF-1 Plant water 5
CTHF-2 Apparatus water 5
CTHF-3 Scour-1, feed for PEA and CA hyperfiltration 25
CTHF-4 Scour-1l, permeate from PEA hyperfiltration 25
CTHF-5 Scour-1l, permeate from CA hyperfiltration 25
CTHF-6 Scour-1, concentrate from PEA and CA hyper- a

filtration 10
CTHF-7 Scour-2, feed for DM hyperfiltration 25
CTHF-8 Scour-2, permeate from DM hyperfiltration 25a
CTHF-9 Scour-2, concentrate from DM hyperfiltration 10
CTHF-10 Dye-1l, feed for PEA and CA hyperfiltration 25
CTHF-11 Dye-1, permeate from PEA hyperfiltration 25
CTHF-12 Dye-1, permeate from CA hyperfiltration 25
CTHF-13 Dye-1, concentrate from PEA and CA hyper- a

filtratio