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This report has been reviewed by the Strategies and Air Standards )
Division (SASD), U. S. Environmenta) Protection Agency (EPA) to approve its

contents for publication. Approval for publicstion does not signify *tnat :

the contents necessarily reflect the views and policies of the U, S.
Environmental Protection Agency, nor does mention of trade names or &
commerciali products constitute endorrement or recommendatioun for se. '
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EXECUTIVE SUMMARY

This report summarizes the results cf a study that estimated the

potential levels of human exposure to average annual atmospheric
concentrations of chromium in the United States. ChromiuL or chromium
compounds are emitted from a wide variety of soé&cn categories. These
source categories of chromium emissions generaliy fall into one of two
groups. The two groups are labeled direct and inadvertent emission sources.
Direct sources are those which use chromium or cﬁromium compounds as process
inputs and generate chromium products, Examg*es of direcqt sources are

! .
chromium chemical plants, chromium refrac:orxfplants. and stainless and

alloy steel mills. Inadvertent sources are those which unintentionally
release chiromium due to its being a component of fuels, Jas:es. or
naturally-occurring minerals. Coal and oil combus:ioﬁ.sJurces.
incinerators, anc cement plants are exanples of inadvertJnt chromium
sources.

The source categories of potential chromium emissio&s that were
assessed in this study are steel manufacturing, fergochromium manufacturing,
refractory manufacturing, chromium chemicalsﬁmanufactu:i&g. coal and oll
combusti a1, sewage sludge and municipal refuse incineration, cement
manufacturing, leather tanning, asbestos production, chtJmium ore refining,
and cooling towers.* In the initial analysis of these source categories,
atmospheric chromium emissions from asbestos production and leather tanning
were found to be negligible or nonexistent., The extent to which these
source categories could contribute to atmospheric chtomi%m exposure
concentrations was determined to be very minimal; therefdre, they were
dropped from further consideration. Co

For the source categories studied in detail (all exdep: asbaestos and
leather tanning), the valence state(s) of their chromium emissions was

investigated because of the variable toxicities exhibice% by different

¢

*Subsequent to the finalization of this report in October 1983, additionsl
{nformation was gathered and analyses performed for the |cooling tower
source category and a previously untreated source categary. chromium
electrcplating. The information developed for these source categories is
presented in the .July 1984 addendum to this reporc.




chromium valences. Trivalent (Cr ) and hexaxalenc (Cr ) forms of chrosmiuz

predominate in the various source category emisniuns with the available

heslth evidence suggesting that hexavalent chromium is more toxic than the
trivalent form. The major trivalent emitting source cateyories are steel, '
.ﬂggxrochtomium. refractory, and cement manufacturing, chromium ore refining,
; and coal and oil combustion. Hexavalent chromium is expected to be emitted
from chromium chemical plants, sevage sludge and municipal refuse
incinerators, and coolint tovers, although cooling towers and chemical
plants can aiso be trivalent chromjium sources.
The potentis! rational population exposure to chromium was aﬁscssed
using the U, S. EPA Human Exposure Model (HEM). Tie HEM (s a general wedel
capable of producing quantitative expressions of pubfic‘exposure to ambien: :
2iri-conceutrazions of pollutants emitted from stat{onary sources. A B
detailed description of how the HEM works is provided in Appendix A,
Chromium emissions estimates and other source categery Lr‘ormation (stack
geometries gesgriphic coordinate locations) needed for the HEM analyses
! vere obtained frou State air quality permi:s. State and P S. EPA emission
source test repotrcs, the National Emissions Data System YVEDS), and other

published literature. For some of the larger source ca:egories data on all

T CEmRRW Pe o m Y~

individual facilicies within the category were unavailable. In these cases

model plants were developed that were representative cf f.c distributicn c¢

——

actual Jacilictles in the source categor . A summary of the exposure results
gory b4 P

i presenced in Table S-1.

Althougn studfed in depth, the conling tower and cogl/oil combustion

Source categories were not {included {n the populationlexﬁosure analysis '
performed with the HEM. The reasonr these source catégories wvere not
{ncluded are twvofold. First and primary, the charncterization of {ndividual

~ sources in both categories could aot ba done to the level of detail required

by the HEM to produce measfurful vasclts be~ause of a lack of information.

Particvlarly for :che cooling tuwe~: source category, char;cterization data on

the nuwmber, size -itstribution, : acation, and chromivo us; patterns of

cooling tovere vere not available. Second, by assessing|the emissions and

resultan: aabient concenzratiuansg of example or model casd cooling towers arnd

2
144/t
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TABLE S-1. SUMMARY OF THE CHROMIUM POPULATION EXPOSURE RESULTS
L AS PRODUCED BY THE HUMAN EXPOSURE MODEL

Population Exposed to

Max imum Cnncentsagiou Maximum Concentrations Total PopulacionC
Source Category Level (ug/m™) (Persons) Exposed (Persons)
Chromium Ure Kefining 0.0118 <1 364,726
Chromfum Chemtcalsd .89 : 1,849,992
Kefraceory Pruductiond 13,95 <l 8,242,165
Munfcipal Refuse [r.clneratorsd 0.0245 < | . 44,944,086
Sewapge Sludye Inclneratorsd 0.0838 <~ 65.5(6.677
: FcrrochrohiJm Production 2.87 N 22,132
Steel Manufacturingd 0.0877 C 70,304,856
Cement Production 0.0469 < 50,450,530

a . o S
The numbers in this column represent the maximum chromium concentration predicted™o occur
In that source category by the IIFM.

b, '
The numbers in this coluwn represent the number of people estimated by the HEM to be exposed -
to the corresponding maximum chromiua™ concentration. -

“The numbers fn this column represent the total population exposed to all concentration levels
of ambient chromium within 20 ko of the emission sources.

Emissions of some of these sources are known to contain seze hexavalent chromium,

g o e - - -

.Subsequen( to th2 finalization of this report fn Dctober 1983, additional information was

gathered and analyses performed for the conling tower source catugory and a pteviously untreated

source category, chroafum clectroplating. The fnformat fon developed tor these source categories '
Is pregented in the July 1984 addendum to thisg report.
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combustion sources, ambient downwind concentrations o§ chromium from sources

in these categories wvere estimated to be relatively mfnor compared to the
concentrations resuiting from other chromium source categories ({i.e.,
chromium chemicsl planrs, refractory plants, ferrochromium plants). It
should be noted, howuver, that the emissions of these two source categories
may contain forms of chromium that are particularly togxic such that exposure
to even small quantities may produce a significant health risk. For this
reason, detailed exposure studies of the cooling tower and coal/oil
combustion source categories may be conducted at a latler date when a =~re
complete source characterization data base can be develloped.

Near the end of this study two other source categcries of potential

chromium air ecissions were {dentified. These categories are large scale
spray painting operations (e.g., ships and plénés) uh%re zinc chromate
paints are used and glass plants. Glass plants pocenQially emie chremou-
because chromiuc ccmpounds can be used i{n glass batgheﬁ as colorants aréd
because chromium refractory used to line glass furnace@ can degrade and
break down to the point that chromium-containing particles are able to be
entrained in furnace flue gases. These source categcries were not fncivzed
in the present study because the project was essentiallv complete at the
time of identification and there was no clear delinition of each source
category (i.e., number of plants, plant sizes, etc.) and consequently no
readily available characterization data base. 3ased on the results of
continuing examinations by EPA, these categories may b; includoed in future

exposure studies of chromium air emission sources.

t
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CHAPTER 1

INTRODUCTION AND OVERVIEW OF CHROMIUM

@paopmnzs, paonucr;iﬁ.:mm USE

1.0 INTRODUCTION

The primary purpose of this report is to summarize
study that estimated the potential levels of hﬁman exXpos!
‘ioncentrations cf chromium in the United States. The, pu
exposure‘analysts is £o provide an approximate and relat
severity of atmospheric chromiuc levels that are attribdu

emission source categories. The results of the exposure

the results of a

Jt.ftO atmospheric
rpéﬁe of the

ive idea of the
table to vagiéus
analysis will

function as cne of several-inputs to a U. S. Environmental Protection Agency

(EPA) decision ptocéss to determine which {f any chromiu
categories require further, more in-depth study towards
of developing regulations for chromium air emission sour

Twelve potentia: source categories of chromium emis

a
E

for {nvestigation in this study including:

emission source
"

the potentisl point

ces .,

3ions were assigned

- steel manufacturing, e
- ferrochromium manufacturing, »

- refractory manufacturing,

- chromium chemicals production,

- cval and oil combustion,

- sewage sludge incineration,

- municipal refuse {incineration,

- cement manufacturing,

~ <chrome ore refining,

- codling towers,

- leather tanning, and

-~ asbestos production.
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Asbestos production and leather tanning were evcntualiy eleted from
consideration after a preliminary assessment indicated knt their potentia!
for stmospheric chromium emissions are very sligit. T

The ambient chromium exposure concentrations potentiially encounterad n~
the general population from the emissions of the source cacegories vere
: assessed in this study using the U, S. EPA Human Exposure Model (HEM). The

HEM 1s a general model capable of producing quantitative expressions of

public exposure to ambient air concentrations of pollutants emitted from
stationary sou.zes. The results of the exposure analysiis and the methods b
vhich they were obrained are presented {n Chapter 3 and Apperdix A.

Although studied in depth, the cooling tower and coal/ofl ccmbustion scurce
categories wvere not included in the population exposure analvsis perforze!

with the H™M, The reasons these source categories were jnot included are

twofold. Firse, the characterization of individual scurces in both
.categories could not be done to the level of detail reqﬁired by the HEM t:
produce meaningful results. Particularly for the ccoling tower source
category, data on the number, size distribution, locatiJn. and chromium use
patterrs of coolirg towers were not available. Second, by assessing the
emigsions and resultant ambient concentra;ions of example or model case

cooling rowers and combustion sources, ambient downwind |concentrations of

chromium from scurces 1% these categories were estimatgd to Yo relatively
minor compared to the concentrations resulting frcm other chromium source
categrries (i.e., chromium chemical plan's, rafractory plants, farrochroaiun
plaats).
In Chapter 2, background information and emission characteristics of
each identified chromium emission source gategory are presented., For each
source category a description {s given of the origin of |the sources'
chromium emissions (e.g., rav material or fuo})-and factors affecting

chromium emissions. For source categories whare it has [been determined, the

valence state and soiubility of the sources' chromium cﬁissions is given.

el

The methodologies, assumptions, and sources used to estimate chromium
emissions from each of the source categories (for the purpose of the

E exposure analysis) are also explained in Chapter 2.

; 1-2 ‘




In the remaining sections of Chapter !, brief background descriptions
are presented on the phvsical and chemical properties of chromium, the
sources of chromium and chromium-containing material production, and the end
product nses for chromium ard chromium materials.

|
1.1 PHYSICAL AND CHEMICAL PROPERTIES OF CHROMIUM

Pure chromium i{s a steel-gray, lustrous, hard crystalline metal. It
occupies the 24th position in the Periodic Table and belohgs to transition
group VIB along with molybdenum and tungsten. It comprises about 0.037

percent of the earth's crust and therefore ranks 2lst in relative natural

abundance. 1t is mcre abundant than cchale, copper, lead, nickel, cadmium,
molybdenum, or zir.c."'z’3 Elemencal'or pure chromium metal {s not found in
nature. Instead, it cccurs primarily in nature as chromite ore or chrome

iron ore which is a member of the spinel mineral group. The Cr/Fe ratio in
chromite varies considerablv: therefore, the minera: is best reprasented -
the general formula (Fe, Mg)0 (Cr, Fe, Al)203. The¢ {deal|chromite ore has
the composition FeO Cr203 which contains about 46 percent|chromium. The

majority oi the world's chromite supply comes from South Africa, Finland,

the Philippines, and the U.S.S.R. Although chromite deposits are found in
the United States, concentrations are so low that chromitz mining 18 not
economically feasibie, and as such {s rot performed {a this councry.3

The major phyvsical properties of elemental chroamiuz are presented in
Table 1-1. ' é

Chromium exhibits several oxidation states ranging f%om -l to +6 which
dictate its chemical reactivitv, and thereiore, {ts environmental and
biological significance. The range of oxidation states cﬂromium chemicals
can take is well {llustrated by the list of c¢ypical chromlum chemicals and
their physical properties given in Table 1-2.6 The most ¢ommon oxidation
states of chromium are +3 and +6, or trivalent and hexavalent chrouiun.s’6
Trivalent chronium i{s chemically basic and the most stable form of the
element because of its strong tendency to form kinetically inert hexaco-
ordinave complexes with water, ammonia, organic acids, suifate. halides, and

4
urea. This characteristic has great relevance to the behavior of trivalent

1-3
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TABLE 1-1. PHYSICAL PROPERTIES OF CHROMIUM

Property g% Value
.
. A
atomic weight o 51.996
isotopes, % S :
S0 : &% 631
S2 g 83.76
53 i i 9.55
sS4 i 2.38
crystal structure E body centered cube
density at 20°C, g/cm? 7.19
melting point, °C 1879
boiling point, °C " 2680
vapor pressure, 130 Pas,°C St v/ 1610
heat of fusion, kJ/mol 4 b 13.4-14/.6
latent heat of vaporization at bp6 kJ/mol 32G.6
specific heat av 25°C, %J/(mol-K) 23.9 (0.46 kJ/kg-X)
linear coefficient of thermal expansion at 20°C 6.2 x 10 ¢
thermal conductivity az 20°C, W/(m-K) 91
electrical resiscivity at 20°C, ufi-m 0.129
specific magnetic susceptibility at 20°C 3.6 £ 107°
total emissivity at 100°C nomoxidizing atm 0.08
reflectivity. R
A, am ) 300 S00 1000 4000
b4 , ,‘( 67 70 63 88
refractive index % : ,
a " 1.64-3.28
A 2,570-64,080
standard electrode potential, valence O to 3+, V 0.71.
ionization potential, V A
lst ¥ 6,74 !
2nd 16.6
half-1ife of3!Cr isotope, days 27.8
thermal neutron scatseting cross section, m? 6.1 x 19728
elastic modulusA ﬁPa 250 L
compressibilicy” ' at 10-60 TPa 70 x 1079

%o convert Pa to mm Hg, muleiply by 0.0075,
b".‘o convert J to cal, divide by 4,184,

“To c-nvert GPa to psi, multiply by 145,000, f
d992 Cr; to convert TPa to megabars, multiply byﬁ}o. ’ !

A
R ¥
-
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TABLE 1-'. CHROMIUM COMPOUNDS OF VARJOUS OXIDATION STATES AND THEIR
HAJOR PHYS1CAL P!mpm s
Denslty Heltiuyg Point Bulling Potuc
Compound Formula Appearance (g/cm?) () (") Solubtltcy
(l-ldnllo;n dtate 0
vhitumlua cachonyl Cr(CO) Colurlenn o .11 190 (decnmpones) 191 (decoaposes)  Slightly soluble tu CCL ;
[ 18 Y
ciystals (sealed tube) insoluble tn H_O,
(c.n) 0, Cubn,
¢ & 572 27)
Uibenzene- (Cblls)th Brown 1519 84240 Sublimen 150 lnuglsue in #_0;
cliremiuva(l) ciystals (vacuuw) suluble fu Cbii‘
= e S L e A ikl e
Oxldatfon etate ¢V~
Bls(blphcuyl)- (c6usceus)zc.'l Urange Lb.’lb 178 becumpuses Soluble ia
chromiuva (1) platee CIISOﬂ. Csﬂ]l
fodida
Oxtdatfon state ¢+ |
Clitomcus acatata (Crz(Czulol)‘.mzu Red crystals V.79 Slightly soluble 1a
H,0; soluble fo aclds
Chromous chloride CiCl Whice 2.9} 815 1124 Soluble o H_0 to blue
2
crystals solutfon, alLeorbs 02
Chrusous useoniuva C(SU‘ (un‘)zsu‘.wzo Blue cryetlals Soluble in ll2 .
sulfate ahsorbs oz
Gxidation state ¢ ) s gl
Chruatc culoride  CiCl T Bright purple = 2.8/ Sublimea 88y lnsoluble 1a BO,, ©.-
) L $) st ’ N
pletes “ "l. ia pre ‘ o
R " c - | i o }
Chrualic acetyl- Cr (C0_Cocucoe., ) Red-vioiet 134 . 208 M " “lasoluble in W03 w
3 373 2 ) o P
acaetonate S ceystale coluble 1w C‘ﬂ‘ ) '
Chirumic potasslua  KCr(S0, ). .12 0 migpbesppuiplo 0,826 89 Suluble fa B U
472 r - 15 e 2
sulfate (chromc Crystals {(tocungruent)
alem) _ -
Cheumie chloride {€e(0,0) CLoJC1-20 0 Beight green 1.835 95 Soluble I U0,
. 2°4772 2 W 15 ‘
hexaliydrate o ceystalas grcen sulultlon turatng
: green-violet
Chroalc chlortde u:.r(uzo)‘u:n, Yiulet 90 Soluble fa 0.0, violet
heashydrate ciystals solution turnlng
) green—-violect
Chromsic oslde C(lo‘ Ccrecn '-u'u.lc( 5,2115 2435 ca. Juouu fasoluble
or crymstale
Usldativn state ¢ 4
Chrumiun(iV) oside ¢e0, Dask-browm ur 4.98 Decoapnsas Solufjje In acife to
black pimedet (ralculated) e U1 0 Ce and Co
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TABLE 1-2 (CONTINUED). CHROMIUM COMPOUNDS OF VARIOUS OXIDATION STATES
. AND THEIR MAJOR PUYSTCAL PROPERTIES4

Density Heletag Polac Botting Poiat ?,
Conponad Foreula Appearaunce (g/cmdy (°c) (*c) Selubllitty
Chroa{un(iV thl‘
chibos lde g
L/
Dafdation stato ¢ 3 -
Borlum chromate(V) a-)(cw‘)z Black-greeu Slightly decomposee
crystals ia IIO; lo:-blc fa
~ dilefe acidg to
cel? vt ce*
Ozldatiun steto ¢ 6 .
Chromtim(Vi) c:o’ Ruby-red 2.725 197 Very soluble i lzo;
oalda crystais solubdle In C".
conu, (CIJCO) (1]
Curoay) chlortde Cqucll Checry-ved l.9l65.1 -96.5% {nsciuhle ja ¥ 6.
Hquld hydrolyzes; 30!-51.
ie Csz. cCcl
Anmun | om (M‘)ICrIO, fed-orange l.l”zs Hecomposes Soluble In l, ‘
dichromste crystals 180 R
Potoasiim llc'l), Ocenge-red 2,616, 398 Soluble fa w -
dichromate crystales T ‘ : .
Sodium dichromate u.,c:zo'.zuzo Ocauyge-red l.)ABzs 84.6 Very soluble ia lzﬂ
~Ceyetale (tncongruent)
Potssstum chromsts lzc:o‘ "Yetlow 2.nzw 91 Soluble tn l,ﬂ
crystale
Sodium chromite lchvo‘ Yellow 2.”‘1S 192 Soluble fa .,0
crysatsls
Potassine chiuto- KC.O’CI Otaage 2.‘9119 Oecompaece Soluble 1w 8.0,
chroante o __cryatale ___hydcolyzes
S{lver chromote Aglcm‘ Maruvoa 5.62525 Very slightly soluble win
crystale to 0,0; eeludle in N
‘ll-‘c scide
Baclum chirveate D.C(ﬂ‘ Pale yelluw 4_&’52‘ Decomposcs Very slightly solable
sol1d . in H.0; soleble 1n
stroag scids
Stront fun chrosete SuCtu‘ " Yellow sulid )"O‘IS Decompuues Slightly soluble io
9.0; soluble tn
dilete oclde
twad chiveate 'bC'O‘ Yel.ow solld
Urenge salld l..l)n 1Y) Peacticelly fneclable

ta B .0; eoluble Ia
etruag ocide

. - s e g g




chromium in biological systems., Hexavalent chromium {s

acidic

ard 1s the most commercially, biologically, and environmentally important

state of chromium. Hexavalent forms of chromium are .1uLg: alvays linked to

4

oxygen and are, therefore, strong oxidizing agents. Cha

2- and d

acidic hexavalent chromium forms chromata (Croa)-

ions.3

Ehctcris:ically
{chromate (Cr207)2'

At normal temperatures chromium metal resists corrosive attack by a

wide variety of chemicals. It will, however, dissolve 1
acids f{ncluding hvdrofluoric, hydrochloric, hydrobromic,

the evolution of hydrogen. Chromium is not attacked by

n several common
and sulfuriec wizh

phosphoric acid or

organic acids such as formic, citric, and tartaric; however, it is slowly

attacked by acetic acid. The corrosion resistance prope

rties of chromium

can be increasecd by depositing a thin oxide fi{ilm on the metal surface, ard

thereby intreducing a condition to the chromiuam known as
Chromium can be made passive and rendered tel%tively non
action of nitric acid (ian which it is insoluble), chromi
oxidizing agents. It can alsc be passivated by superfic
oxidation of the metal {n air, although this technique {

as oxidation by nitric or chromic acid.3

1.2 OVERVIEW OF PROBUCTION

All chromium metal and chromium compounds that are
United States are derived from various grades of chromit
in Figure l-1. Three basic grades of chromite ore are u
mium compounds (including chromium metal) and these are

follows. A

N

iy
- high chromium chromite ore, contains 6‘ percen
3) A 4

oxide (CrZO

passivicy,

reactive by the
c acid, or other
{al exposure and

5 not as effective

produced {n the
@ ore a3 {llustrated
sed to produce chor-

gunmarized as

t or more of chromic’

- high iron chromite ore, contains 40-46 percent

of Cr,,O3

- high aluminum or low chromium chromite ore, contains more than

20 percent aluminum oxide (A1203) and more thap 60 percent

A1203 + Cr2°

3




Chromice
(Fe, Mg)O (Cr, Fe, Al)zpl

Carbon
!eductlon

Alvalnum
Silicon

High t-cr\g)i Sodium
[ Carton Larye

Ferrochremium

Treat with

(N‘H.,.)zsoA - f
4,50, |
2 '
|
HZSO‘ various
ac 200°¢C sulfur and Prccesses
v ‘ l.‘ch ’ *
Ammogium Chroze ] Chrouic aAcid Chrauxcfsazic Other '
Alum CrO3 . Ct.Ol Chremius |
NH,Cr(S50.) .. 28D - Compeunds ¢ v
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Electrolysis flecczrolysis Reductio
: U ]
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Electrolytic
Chremium Chromiua
Matal

Purification Processes
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Ductile Chromium

Figure 1-1. Simplified flowchart for the production of chromium
. : compounds and mullic_ chromium from cihromite.l -'
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Chromite ores are generally described according to the type of production

use the chromite ore eventually has. Metallurgical chromi{te refers to the

high chromium conten:z chromite ore, chemical chromite to

the high ifron

content chromite ore, and refractory chromite to high aluminum/low chromium

content chromite ore.

Currently, chromite ore 1is not commercially mined in|the United States.

It has not been mined domestically since 1961 when thapfgderéipgovernmen:'s

Defense Production Act was phased out. The phasing out o

this program

eliminated government sponsorship and subsidization bg chromite mining

activities, thereby making them eccnomically 1n§§lsib1é.s

has chromite deposits located 1in Maryland,'Moncdha. North
California, Wyoming, Washington, Oregon, Texas, and Penns
the low chromium content of these deposits makes miﬂing e
sive in the present market. All ¢f the United ‘States' c¢h
imported from Albania (1.5 percenc), Finland (8.5 percent
(2 percent), the Phillippines (16.! percent), South Afric
Turkey (5.5 percent), and the U.S.S.R. (12.4 percent).6
808 Gg (898,000 tons) of chromite was imported by the Uni
total represents the lowest chromize importation level si
The types of chromite available and the tvpes of chr
they are used to prcduce are diSCUsséd in the following s

1.2.1 Metallureical Chromite and Chromium

Metallurgical grade chromite refers to chromite that
several grades or tvpes of ferrochromium, chromium maetal,
additives. Very little chromite {s processed all éir way

‘effe

lower cost as the intermediate ferrochromium forms, Alth

or ductile chromium because the majority can be used

several composition specific subgroups, the primary forms
are classified as high~carbon ferrochromium, low-:iﬁbon £
ferrochromium-silicon. High-carbon ferrochromiuﬁvgénefal
6.5 percent carbon and 65 to 70 percent chromium., Low-ca
contains 67 to 75 percent chromium but only 0.025 tg 0.05

L B
Ferrochromium-silicon has a chromium content ranging from

IR

The United States
Carolina,
¥1vania; hewever,
Tcessively expun~
romite in 1981 was
;. Madagascar
; (54 percent),
In 1981 a total of
ted Staces. This
ce 19A6.6
omium compounds

ections.

is used to produce
and chromium

to chromium =metal
ctively and at a
ough there are

of ferrochromium
errochromium, and
Ly'conCains 5 to
tbon ferrochromium
percent carbon.

S to 41 percent




and a maximum carbon content of 0.05 percent. Table l-3|summarizes the
compositions of the more prominent types of ferrochrom{um and chrom{um i

wetal.l /

Hizh--carbon ferrochromium is produced in a submerged electric arc
furnace by reducing chromite with coke. Low-carbon ferr&chrcmium is
produced by reducing chromite with silicon in an electrii arc furnace. The
intermediate product of this reaction is fertochromium—stlicon. To obtairn
low-carbon ferrochromium, this intermediate product is further treated in an
open, arc-type furrace with additional chromite or a chromic oxide-
containing slag. With all the ferrochromium production processes, molten
product ferrochromium is tapped from the furnace, hardened by rapid coolirg.
broken into chunks, and graded into compositional subgroups.l'7

The principal production techniques for chromium meial are a
pyro-metallurgical reduction process using aluminum (aluminothevrmic proces-
or a chrome-alum electrolysis process (electrolvtic procTss). in the
aluminothermic process chromic oxide i{s mixed with povdered aluminum, placed
in a refractory vessel.‘and ignited. The reaction is ex?thermic and self-
sustaining with chromium metali and aluminum oxide being generated. Chromiux
metal produced by this method is 97 to 99 percent pure. |Additioral thermal
methods of chromiuvm metal production involve the reduction of chromic oxice
with silicon in an electric arc furnace and the low pressure reduction of

chromic oxide with carbon in a refractory vesse1.6'8

In the most prevalent electrolytic method of chromium metal productior,
high-carbon ferrochromium, in solution with other compouIds. 13 used to
generate a chromium ammonium sulphate solution or ammonilm chrome-alux
to produce chromium metal. The deposition cycle for this process lasts 72
hours with chromium metal eventually being deposited on stainless steel
cathodes. The final product chromium metal from this operation is about
99.3 percent pure. The second type of electrolytic chromium metzal.
production involves the electrolysis.of a chromic acid/{onic catalyst v

solution with the resultant deposition of chromium metal; The deposition

electrolyte. This chrome-alum electrolyte solution unde%goes alectrelysis
!
i
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TABLE 1-3. COMPOSTTION OF vPLCAL FERROCHROMEUM ALLOYS
Crade thruwlune Stlitcon Cattion B Sulfu,
terrochiivatua
high-carbon (NIRRT I-2 5-6.9 0. a4
high-carbon, Wigh-silicon
hlockiug chioma 9%-h) 8-12 4-6 0.4u)
cauthermic {erruchcoma 4i-51 9-14 J.bht 0.0)
foundry fecruchioma %h-0) u—lg A
retlned chiome Si-nl 2.% 3-9 4g.0)
SH teriuvchrume 6U-bY L-6 4-6
charge chrumlium .
50-33 perrent chrualum S-56 )l-,b L-H 0. u4
66-70 porcent chroalus La-10 } 6-6.9 0. U4
lov-carboa:
0.U2% perceut carbun 67-1% I: 0.os” 0.02%
0.03% perceut cotbon 6l- 13 | N 0.0% 0.025
Slmplcn 6i-11 2.0 0.0l or 0,025
torrorbrvatum-sitlicun: ’
36/40 grade ¥5- 1) 19-41 005"
40/4) grude 19-4al 42-45 0.0
chiveius matal c b .
electrolytic 99.3° . ...0.01 0.02 0.0}
' alumicstbecnte 99.1° 0.15° -gis® 0.015 -

AND CHROMIEUM METAL

Phosplbiorus Ulher‘
0.0}
4-6 mangaucee
0.0)
0.0)
0.0)
"h.0)
0.9 onygoab
0.05 attrogen
vt 0.2 oxygen

0.3 sluminum®

]
Diltcicnce botuween sum of petcoutages shuvar and 10U percent o chiefly frua coutont.

=




cycle for this process lasts 80 to 90 hours and produces
metal that {s of slightly higher purity than that obtain
6
electrolysis,
The only other source of chromjium metal production
chromium scrap wmetal.

steels and chromium alloys. It is estimated that onls

the available scrap chromium {s being recovered and
matal.l The flow of chromium scrap through 1ndustr
Figure 1-2.9 Gererally recycling is performed by’
stainless steels and alloys and by specialty firms

metals recovery,

slags, pickling ligquors, plating and etching vastes,%?
processing sludges, collection and processing costs hind
recovery on a large scale.9

The current structure of the United S:atesﬁferrochr
metal industry contains 1]l plants operated by oight dif’
1981 these plants produced a8 combined total of approxima
(165,000 rons) of high- and low-carben ferrochromium)and

a final chromium

ed from chrome-a'ur-

comes from recycling

The ma‘n source of scrap chromiul i8 scrap stainless

bout 15 percent of
cled as new chromium
shown {n

rms producing the

ed in secondarv

t of chromium
aghouse dusts,

d refractories, ar:

dler eccnemical

omium and chreamicvs
erent companies., in
tely 148 Gg

26 Gg (62,000 tens)

of ferrochromiuzm-silicon, chromium metal, and chrocium a

not available {n the literature to separate the product!

Idditivcs .6

Data a-e
cen totals of

S

individual ferrochromium grades. Uowever, in the first Quarter of 1983, +e

Ferroalloy Assnciatinn reported that onlv one plant ‘dn the country was

actively producirg ferrochromium. All other plants had

Luspended product . ov

of ferrochromium due to low demand which was brought on bv a depressed steo.

industry and the ability-of the steel industry to obtain

their ferrochremiuz

requirements cheaper from foreign sources. The Ferroallpy Association

estimated that in the latter part of 1982 and in early 1983, 95 percent c¢

10

the ferrochromium consumed in the United States wus i{mported. The

increase in ferrochromium {mportation and the resulting Hecline in domest:c

ferrochromium production {s attributable to a worldwide

trend in chromite-

producing courtries to vertically {ntegrate their chromium {ndustrv. Nov,

instead of exporting all of their chromite, chromite prolucerz are onliy

A
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P R |

exporting a portion. The major part of the chromite supp
processed by the producing country directly dnto ferrochd
the industrial users such as the United Sts'@s or Japan,

energy, and transportation costs allov the chromi:e-prody

sell cheir ferrochromium at lover pricer *han domestic fdrrochromium

6,10

companies, Changes or upturns in the doncstic@ptccl

significantly alter the demand for ferrochromium could he
the domestic ferrochromium plants back on linc.lo

1.2.2 Chemical Chromite and Chromium Compounds

Chemical grade chromite refers te chromite that {s u
sodium chromate. (¥a,CrO, 10 H,0) and sodium dichrozate (
the ‘basic chemicals from vhich all other

11,12,13
nate.

chrocium chemié&
In the United States there are three coﬁ?a
sodium chromate and dichromate chemicals at three plant
chromate is only produced as an enc product chemical at ¢
Because of concerns of disclosing proprietary data, p tiu
on sodium chromate is unavailable. However, the national
production capacity as of January 1983 was 205 Gg (228,00

Sodium chromate s produced by roasting finely groun
When sodiu

desired endproduct, recovery {s acccmplished by leaching

soda ash or with soda ash and l4xe {n a kiln.

steps., However, generally sodium chromate is not rccover
converted directly to sodium dichromate by t ‘wating it w¢
acid.l'l6 Following sulfuric scid treatment, the final s

product is obtained after a series of evaporation, crysta

e £7 G
Y

ly 18 being
omium ard sold te
Lower labor,

cing countries to

industry that
lp bring several of

sed to produce
NJ.ZCrzo7 « 24

-~
Al

ls origi-
nies producing

ocations. Sodiu=

r

wo of the sites.l“
ction informactton

sodium dichroma‘e

n

0 tons) per year.’
d

= chromate

chromite ore wizi:

s the

and crvstalliczarin
Ld. but (nstead ‘s
th sulfuric

od{um dichromate

11{zatf{on, and

drying steps. A sodium sulfate by-product is also produc
dichromate process and is generally sold to the kraft pap
As many as 40 other chromium chemicals are produced
mate raw aaterials. A list of the chromium chemicals ¢
in the Uuited States is given in Table 1-4 (excluding sod
dichromate). The more significant secondary chromium che
potassium chromate and dichromate, ammonium dichromate, ¢

chromic sulfate, and chrome pigments (chrome oxide green,

d during the

ﬁr industry.

rom sodfum dichre-
ercially produced
um chromate arnd
icals include

romic aci{d, basic

chrome vellow,




TABLE -4,  LIST OF COMMERCLALLY

Nusber of Pruduction Sl(e-b

. . o
Chcomiua Uhemical

thsomic acld (Chomslua trionide)
Chituvmlioum acctate
Chitmlum acotylacetonate
tlavelua sonohor tde
Lhiveiva catlitde
carbouyl
chitortde,
chlortde
dibeg tde
difluour tde
Jdlostde
2-cthylcsanuate (Chromtc octuate)
fluuride

Lydrosfde

hydeosy dtacatate

hydrasy dichloride

naphthecuate

nitrete

oleste

vside (Chrome oslde grees)
phosphate

potesstus sullsate (Chirowe slua)
sulfate

sallete, basic

hiomive tclacotale

Cheomium teif lunride

Chiome lignneuliate

Poteasiue chiumate

Potesslua . dichconate

Chyomiue
Chitom e Lasic
U Tomm | vem
Chitmive
Chivmlum
Chemium
Chromive
Chiomlum
Chrgromlvem
Cheteme b eom
Chromive
Chroalum
Chiumine
Chiomtun
Chiomtion
Chromlum
Chromnive
Chromien
hromiuwn

PRODUCED CHEOMIUM CHEMICALS

14,17

1,
AUD THETR GEMERAL USES

Geweral Voe

Llecteuplating

Pednting and dyetag testiles
Catalyntn, antiknoch compounde
Hetalbluogy

Catalyntn

Metal
Metal

ticatment
treatment
Cotalysts

Hagnoetlc tupe
Hacdaute, catalyuwts
Plgmenta, cotalyste

Teatile prescrvative
Catulywtn, cuttoston control
Figmente >
Pigmealis, catslyotls
Phtographic emuletuns
GCatalyste, dyelng, tenuing
n%

- R v et

Pelntiag, dyalng, catalyate
Dedtltng made

Mutal t(1eatwent

Vead chyumate

Lince chiomate
Ammusibom dichrvaate
Bavtlwm chiomate
Calclon clicuomate
Coolum chiouate
Cappes chtomate, baalc
Magaoslum chirmato
Strontlom chiemata
froa chivmito

-—

“Liot devs nut laclode sodiem ehromste o8l owdliuwn dlchicmato.
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Soveral oltoa pruduet snltipleo chiomium chomtvale,

RN s - .
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Pligments

Curtrusion control
Prloting, pyrutechalcs
Pytutechulce

Cotroslon centiul
Electsuulcn

Vood prosarvative
Belractorg, catalyste
Coreveton suntsul plgmant
Bolvectary
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ch.ome orange, molybdate chrome orange, and chrome green) ! To {llustraze !
the importance of sodium dichromate in the manufacture of|these chemicals,
the following examples are given. To produce potassinum and ammonium
dichromate, sodiux dichromate is reacted with potas-{um chioride and
asmonium sulfate, respectively. Potassium chrgyate can be generatad by

additional reactions of the produced potassium dichromate|vith potassium
hydroxide. Chromic acid 1{s produced by heating sodium dichromate with

.

sulfuric acid. Several formulations of basic chromic sulfate (most of which
, are proprietary) are prepared with sodium dichromate as the main ingrediert.
Varying amounts of sulfuric acid, sodium sulfate, orgsaic|acids, and cther
undisclosed additives are reacted with sodium dichromate to produce
different basic chromic sulfates depending on their eventual end use.l The
majority of the chrome pigments are produced in a similar|manner. Sodiuz
dichromate is generally reacted with an oxide form of the|basic {norgenic
constituent elewent (lead, zin¢, molvbdenum, etc.) of the|chromate. There
are approximately 30 companies engaged in manufacturing chromium compounds

. 7
. that have as their base ingredient sodium dichrona:e.ls'1

1.2.3 Refractorv Chromite N 1
Refractory chrozite refers to the grade of chromite that i{s used {n the
production of reiractory brick and shapeﬁ, Principally, }afractory chromize
is used to manufacvure basic (as opposed‘éo acidic) non-c{ay refractories.
Pure chromita ore, mixtures of chromite and magnesite, and mixtures of
chromite and alumina are used to manufac;\re the rcfructoly brick. The
proportion of chromite used {3 related tqfthe specific te%perature and
corrosion resistance requirements 1mposeéjby the refracco g's end use.ls
‘ The production of chromite~containi~g refractory consists of four
general steps, raw materia’ processing, materials forming, firing, and firal
processing. In the raﬁ material processing step chromite, magnesite,
dolomite, and other rawv materials are cruihed. calcined, éround, and sized.
In the forming step, the prepared raw materia.s aré homogénuously oixed anc
formed into brick and shapes. In the firing step, the foémed brick and

shapes are either dried and fired in a kiln or they are fusion melted and '

cast into molds. The final processing -cQ} can consist of simple product

{




packaging or it can i{nvolve more detailed operations‘i@cﬁ?gs £inal grinding

and milling, tar impregnation, and tempeting.-l9 Each of

finishing operations is performed to impgrc certain chara

>tho more detailed

c:or-s:tco to the

refractory to improve its end use perfogﬁlnco. Tvnntf-tvo conpanioo

operating a total of 35 plants have bcenﬁidentittcd to be

refractory using chromite ore raw materi 1.20

1.3 CHROMIUM USES
In 1981, 791 Gg (879,000 tons) of c| romitt ore were
United States and converted into chromiuﬂ-con:aining prod
domestic consumption of chromite raw materials can essent
to three primary user groups or industries, metallurgical
refractorv. Of the total chromite consumed in 1981, 57 p
(501,000 tons) was for metallurgical uses, 27 percemt or
(237,000 tons) was for chemical uses, and 16 percent or 1
(141,000 tons) uaé-for refractory uses.6 Within these.pr
groups several secondary chromium materials are produced
either as a final product (e.g., refractory) or as an int
manufacture of other consumer goods (e.g., stainless stee
1l1lustrates the qualitative distribution of chromium use

22 A broader and more Qu

and secondaryv consuming sectors.
percpec-ive of chromium consumption in cthe United States,
Standard Industrial Classification (SIC) category in whic
chromium occurs, is presented in Figura l=4,” 'Domestic e
distribution patterns of chroiium within the uceallurﬁica
refractory use groups are summarized in chaffollowing sac

1.3.1 Metallurgical Uses

Chromium's use in the metallurgical 1ndﬁ§try is to e
properties as hardenability, creep and {mpact straengths,

corrosion, oxidation, wear, and galling.9

producing

consumed {n the
ucts.6 The
fally be attributed

» chemical, and

rcent or 451 Gg
214 Cg

>6 Gg

mary consumption
hat function
rmediate.in the
). Figure l=3

n both the prim#ry
ntitative

as def!ned by the
final use of the

nsumption and

s chemical, and
1;hs.

hance such

nd resistance to

In the metallurgical use group in

1981, 70 percent of the chromium consumed (as ferrochromium) was used in the

production ot stainless steels. Eighteen percent of the ¢hromium was used

to produce full-alloy steels, 3 percent was used for low-alloy and
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3 ”'including cast irons and nonfarrous llloyl.A

éﬁkﬁcd primarily in the manufacture of transpoi

} nctruction equipment. heavy machinery, and

" home appliances.9
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O A . [ At . - TR E T
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rtocla. and 2 perccnc vas prccc:cod in

special properties of electrical or abrasive sistance.

‘cnran stcels.6 The

Th unction of chromium in

‘ thcoc products is to enhance their mechaniccl ropcrtiec or to impart
B )

Thp chromium

teclc. alloyo. and cast irons produced by th {uctallurgical industry are

snowmobiles. Both commercial and milicary,

with chromium,

tion. electrical, and

etal products.

craft engines are produced

Chromium is also used in vo ﬁé in stainless steel tankers

to haul milk, acids, and chemicals, and in hulk hopper trailers to haul

-fertilizers and hygroscopic materials,

In the construction industry

chromium metallurgical products are used fog oil and gas|exploration and

. production. petroleum refinery fabrication. pcwer plant

nn‘ﬂbbcrs. and bridge construction.9 g

In the machinery industry chromium metals are used
processing equipment, high speed machine :ools. cutting
equipment, and machine tool accessories, including dies

devices. ChromZum use in the fabricated metal products

construction, machinery, and fabricated netal  products consume-

ulfur dioxide we:

to manufacture focd
and forming
and measuring

indi.stry covers such

. products as cutlery, hand tools, general hardware, hospital equipment, anc

Based on 1978 figures, the‘combination of transportation.

uses of

chromium constituted about 60 percent of the’ fotal chromium used {n the

. United States (see Figure 1-4).

fﬁ;,s.z . Chemical Uses

. In the chemical use group, chromium cheumicals, priatrily sodium

.'chromate and sodium dichromate, are used %9 manufacture
other consumer-oriented cbromium chemicals cnd products

paints and pigments o b o

the following areas,

= leather tanning liquors
- maetal plating and finishing soluticns

),

i
i

1-20 ’

wide slate of

that have uses 1in

o~




- corrosion {nhibitors
- catalysts
- drilling muds

- wood preservatives

- textile mordants and dyes

d £,
A percentage breakdown of the amount of chromiua (as so dichromate) gsecd

in each of the areas given above is shown in Figure 1-3. Approximately 7C

percent cf the chromium cconsumed domestically for chemicall uses is accoynted
g

compounds.ls Chromium pigments are used primarily {in ﬁairts. inks.'and,v\

for in the preparation of pigment, metal plating, and leather tanning

g o

roofing granules. Metal plating sclutions, primarily ci.qmic acid, are! usec
in producing decorative automobile trim and appliance éxteriors. Chromiﬁm
leather tanning liquers are the most widely used tanning preducts, except
for théétanning of heavy cattle hides in which vegetable ganning oils are
predominant.l A list of the kev chromium chemicals applied in all the end
use areas given abecve is presented in Table 1-5. : '

1.3.3 Refractorv Uses NG

/

In the refractory use group, chromium in the“form of chromxte ore, is

used primarily %o produce chrcme brick, chrome-magnesite

magnesite-chrr ¢ brick refractory, which is used to line L3 8

converters, incinerators, and cther high temperature indf‘:fiﬁl equipment.zv

| Chromium refractorvy materials are also used as coatings t close pores an

' for joining refractory brick withir a furnace or kiln.lz By far, the major
consuming industry for chromium refractorv materials {s the iron and stcel
i1dQSCry Other significant chromium refractory consuminF induscuial

) sectors include glass manufacturing, nonferrous metal production. pricary

: minerals sgelcing, and ceramic produc:ion.18 i

! Chromium (in the form of chromite) consumption in the refractory

industry has recently demonstrated a declining tZend. In| the period from

' 1980 to 1981, chromite consumption by the refracéory industry declined
10 percenc.6 From 1977 to 1981, chromite consumption by the refractory e
y industry declined by approxxmatel\ 37 pegcent.zz The increased use of ¥

magnesite is a major reason for the ‘decline in the use of| chromium for the

manufacture of refractory. _ i

oI IS
ol
—
U
o
R
-




TR TR AN a8 st MK TR A

| : 32,506 Mg (3

Chrocium Consumed as
Sodium Dichromate in
1982 - 135,441 Mg

( 150,490 tons )

Chrogic Acid/Meral Placing-2S :I
[ i)
37,983 Mg (42,137 tons)

(A

Pigments and

{ Paints - 24 %
16,118 tons)

Leather Tanr

ing Liquors = 17 I |

A

23,025 xg’jgs.sea cons) X1 |

4
v A, " . >
e N .

Drilling Muds/ Texziles - 8 &
10,835 Mg (124039 tons)

[N
I3

Correosicn Iahibitors - 7 o
9,481 Mg (10,534 tons)

Exporzs - 8
10,835 Mg (

»
~

12,039 tons)

o

!

10,8335 Me (

Wood Preser¢ntives,Ca:aLys:s, |
—————— Other - § %

12.039 teons)

Figure 1-5. End use tree for sodium dicﬁromate in

1982, }3
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ROMIUM CHEMICALS INVOLVED

1

Chromium
als Involved

Chromium Chemical \Key
Use Area Chenmic
Paints and Pigments rome Yel

Molyddate
Chrome Crd

Zinc Chromate

Leather Tanning Liguer Basic Chro

Metal Finishing and Plating Chromic Ac

Zine Chrono
Zinc Tetro
troatiun

Lichium Ch

Corrosion Inhibitcrs

Cadmium Ch
Copper Chr
Magnesium
Nickel Chr
Copper Chr

Catalysts

}

Drilling Muds Chromiun U

Wood Preservatives Chrome Cop
Chrome Zin

i Chromic Ch
,Chromic Ch
“'Chroaic Fl
~‘Chromic La

o @&

Textile Mordants anc Dyes

mium Sulface
id

ate
xychromace
Chromate
romate

romate
omate
Dichromate
omate
omite

ignogulfonate

per Arsenate
¢ Chlorida

Tomate

lorida (hydrac

uoride
ctate

ed)

¢)\

Ty L

a ;
Contains lead chromate. ’
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CHAPTER .2..

. g "’\‘
CHROMIUM SOURCE CATFGORIES Aho‘é,}ﬁﬂssmas

2.0 GENERAL ‘
The list of chromium source . “ti{es that were analyzed {n this study
for their ambient exposure impacts {s consistent with the chromium
production and use {ndustries outlined in Sectiomns 1.2 and/1l.3 of the
previous chapter. The only source categories analyzed that ware not relatad
to the general chromium production and use stru~ture are the combustion
categories (i.e., coal and oil combustion and inciierators) and the
categories where chromium {s a natural compdnant of processad matarials
(L.e., cement and asbestos manufacture). o
In the following sections the chr-mium amisigofM potential from each of
the 12 source categories studied is summarized. ‘Eq“ sourta category
summary explaggs the source »r sources of the ca:egqu's chromium emigsions,
factors affecéing emissions, the valence state(s) of‘tﬁp emissions, and how
chromium em{ssions estimates ware obtained for individual plants in the

category.

2.1 CHROMIUM ORE REFINING
This sonrce category pertains 2o plants that process pr refina chromiva

ore (chromi.e) for use by other industries such as chromi ‘refrac:ory
manufacturing. The only domestic far‘licy of this type tdentified to be in
operation is American Mine-iis, Inc. in New Castle, D;ltv re.

The chromite refining process consistl'5334e111y of ‘an ore crushing

step, « screening or sizing step, an ote drying step, and an ore grinding

step. The flow chart in Figure 2-1 illustrates the chromitcfrufiniag

process.z'J'A The operations performed to ratigq the chrjmito ara
8

- ——

relatively low temperature such that only p‘rti*,lltl emissions are

—
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osite jire particles of vhich
the chromium fraction is chromium oxide (c:zoijgf toniun oxide is an
{insoluble chrownium compound (see Table 1-2) vﬁi@h contair

4

trivalent state. : ' S

generated, The particulate emissions ﬁrc:éhr

: chrooiun {n {ts

Chromium emissions and stack geometry data A the Delavare facilicy

that are needed for the modelling/axposure anllj i’ vers| ofitained from
latitude

Delaware state air quality pemitl.z's'6 Prcctlrﬁéongi
sq needed for the

‘ coordinates for the .chromite refining plant, Qhééh‘lrc [
ﬁ modelling/exposure analysis, ware unavnilablc.;fcoordinaLo for tha plant

: : S
| vere estimated using an atlas containing a longitude/lat

ttudc coordinate
system and a knowledge of the approximate locatlon of the plant in New

Castle, Delaware. Even though exact cootdinates are not|available, the

{mpact on the mcéelling/exposure analysis is not expecteg to be significant
I becayse the surrounding area of the New Cascle plant has|a consistently
th urbaﬁ‘population structure out to the 20 km limit examined by the dispersicn

rodel.

2.2 CHROMIUM CHEMICALS MANUFACTURE

a—

Over 30 chrozium-containing chemicals are produced [in the United
States, but onlvy 1, sodium chromate (NAZCrOQ) and sodium dicliromate
(Na,Cr,o7). were specifically addressed in the modelling/exposure analysis.

The analysis was .imited to these two chemicals. because [they are the =os¢

e e e e

commerc.ally i{mportant chromium chemicals and their production exhibits the o
greatest potential for atmospheric chromium release ({a [the chaemical "
{ndustry). Scdium chromate and dichromate afe tha cost |commercially

#
important chromiuz chemicals bucause of their volume of production and =3t ,
it importantly because they are the basic chemieals from which all other e '

[ domestically produced chromium chexicals Arl'nldc.s'6'7

Generalized flow charts showing hov sodium chromate and dichromate are lﬁr
produced are given in Figures 2-2 and 2-3.5'8.1? Ia thq producticn of ;

sodium chromate (Figure 2-2), ciicomium emisliahl origindte vith the chromita

ore raw material that is brought into the plamg, Ch te ore genmerally

N T
-

undergoes some type of preparation such as d?ying}pr gt'nding before it i3
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ready to be entered intoﬁthe chromate process. Chromium

i)

|

emissions are

released during these preparatory steps as insoluble chromite particles

(Cr ) containing trivalent chromium. The chromite oéﬁ
other process reacta: :: prior to being heateggin}a kiln.
operation also g:nerates. chromite particulete emissions.

is then mixed with
This mixing

After mixing, the chromite ore—containing massﬁis fed into a rotary

Tkiln for toasting. It is in the kiln that th”“sodium chromate compound - is

5produced.- Chromium particulate emissions
form of umreacted chromite or. sodium chromgt

contain chromium in a hexavalent state, vhereas chromite

contain a tri!elen- form of chromium.

ay then be in the

romate emissions

emissions generally

The chromium particulate emissions of

all processing'steps after the rotary kiln_coutgin essentially only

hexavalent chromium.

In the production of sodium dichromate (Figure 2=3),

particulate emissicns ¢ontain only hexavalent chr ‘ium be

chromium

cause only chromate

(Cr ) materials-‘are input to the process and no’r ducing reactions occur.

.nv-.

”It should be ncted that the solubilities of the hexavalent chromium

compounds emitted in the sodium chromate‘&md dichromate processes are much

different from the trivalent chromium oxide particles emi

‘pre-kiln steps of the sodium chromate process. Chromium

tted from the
oxide (Cr703) is

insoluble in water, but sodium chromate and sodium dichropate are very water

soluble exhibiting solubility values in cold water of 87
16 -&

2]
l

100 milliliters, respectively,

The locations of the three domestic plants currently

chromate and sodium dichromate are given in Table 2-1 alo

indication of other chromium chem!cals they often produce
emissions data used in the modellirg/exposure analysis fo

.3 and 228 grams per

producing sodium
ng with an

17

e Chromium

r ‘all three plants

were obtained from state air quality permits. Steck geometry and geographic

"coordinate location data for all threu plants were also aLaileble state air

permits.g-ls »18,19,20

2.3 REFRACTORY MANUFACTURE

- [
Chromium emissions from the manufecture of refractory materials occur

because chromite ore,. chromium oxide and much lesser amou

nts of chromic

A T

e

e




et i s Sain e st

TABLE 2-1. LOCATIONS OF PLANTS IN THE UNITED STATES PRODUCING
SODIUM CHROMATE AND SODIUM DICHROMATE |

£ "‘t“ PRI T

“CHromium Chemicals
Prqduced in Additionm

Plant Name Location . tofi?dium Chromates

By 8 : "

[ S

Allied Chemical Corp.a Baltimore, MD "}, T

L]
Ammonium dichrcmate
Chromic acid
L S Potassium dichromate
AR " Potassium chromate

o

Diamond Shamrock Corp.b Castle Hayne?iNC HCthmiéyécid

American Chrome a - : S
& Chemicals, Inc. Corpus Christi, TX . =~ None

3produce sodium chromate as an end product.

§Uzas all sodium chromate production captively to produce|sodium
dichromate.

2-7
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.produce rcfractory brick and shapes and castablai efractor es such as
Amortara cnd gunning and ramming mixes. Gener@%ly chromium|{is input to a

_fluxes and bonding agents.

ecid. sodium chromate, and potassium chromate are used as Lefractory process
7,21,22,23 Chromite ore and chrom%zm oxide

raw materials

cfractory process as pure chromite ore, as chromium oxideiQas a mixture of :
chromite and magnesite, or as a mixture of chromite and alumina. The ' ' '
proportion of chromite or chromium oxide used insvarious refractory e
processes is related to the specific temperature and corrosion resistance

requirements imposed by the refractory's end use.za !Figure 2-4 illuscrates
a typical flowchart for the production of chromium r"“ractory brick. 23

Castable refractory materials are produced by simply “ixing and bagging

\J

‘?\
e st o @ s s

together dried and ground Taw materials such as chro ite, magnesite, and

S

Chromium emissions from reiractory manufacture occur primarilv during

cen mrim—e s, s v 4 e

e pire s,

raw materials handling and preparation operations sucgbas drying. crushing, ;?5
screening. storage and conveyance. grinding, ‘and mix.ng Particulate
emissions from these operations contain trivalent chromium as chromite or
chromium oxide and/or hexavalent chromium as chromic acid, |sodium chromate,

or potassium chromate. Particulate emissions streams mav also contain other

refractory materials such as magnesite, dolomiterkaud alumina. The exact
composition depends on the particular type oggrefractory m%terial being
produced. Trivalent chromium particulate emissions predominate over
hexavalent emissions in the refractory industry because the usage of
trivalent chromium compounds greatly outweighs hexavalent ‘hromium compound
usage by two to three orders of magnitude.23'
There are approximately 298 refractory plants in the United States,
however, only 35 are kncwn to be producing chromium-contai ing refractory
materials.30 Table 2-2 contains a list of the 35 plant locations. Chromium

emigsions estimates and stack geometry data for these facilities were

.obtained from state air quality permits and the U, S, EPA National Emissions

Data System (NEDS). 18,22,26-29,31 NEDS informatifn was used only in the

cases of a fev plants for which no state permit data were available. For

[ T T
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Flow charc iltustrating chromium refractory

brick productlon.2




TAbLZ 2 2 ~FACILITIES IDENTIFI
RZFRACTORY MATERIALS

.

pRH
.

r:go'ro 1

: s ) | :
L4,1’1!35'11_c1.uc; CHROMIUM-CONY LINING

-Company

Plant Location

‘Basic Refractories ¢

BMI, Inc,s.
SEA . . ‘;)\x

hogoor ano.Conpany. Inc.
C-E Refractories

Carborundum Company’

Chicago/Wellsville Fire Brick Companies

Coastal - kifractories
Corhart ﬁitractories Co.

>Cenoral Refractories Co.‘ ‘
A, P, Groon Refractories Co.

Harbison-ﬂalker Refractories

kaisor'Rofractories

lava Crucible Refractories Company
Magneco/Metnel, Inc.

Martin Marietta -

North American. Refractories

The Quiglay Company

Rasco: Products, -Inc. .
Riverside Refractories, Inc.
Salazar & Sons, Inc.

Zadmark, Inc.

ﬂ"dior Taylor Rcfractorios Corporation

Beos

‘L
Hexicol MO

Maple Grove, OH
Crown Point, IN

. South Webster, OH

South Rockwood, MI

. Somerset, PA

Aurdra, IL

Chicug: ¥:ights, IL
Falconer, NY

New Carlisle, IK

New Iberia, LA
Wellig-lle. MO
Chicago, IL

Cincinnati, OH
Buckhannon, WV

?ﬁ ;Pascag ula, MS
'“1gSou:h hore, KY

Tarentum, PA
Pueblo, CO
Balcimore, MD

vaammond. IN
-Columbifana, OH

Mosg Landing, CA
Plymou'h Meeting, PA
Zéliendple, PA
NegleyJ OH

Manestge, MI
Womelsdorf, PA

0l1d Bridge, NJ

Norristown, PA

Pell Cfcy, AL
Chicagag, IL
Dover, [OH

2-10°

-y o T
g Dbt g




.

GENEDS

information, chromium emissions were assumed to te compat ble .to-other .~

refractory plants of similar size producing}similar reftgctory materiats.

2.4 ASBESTOS PRODUCTION

Chromium is potentially emitted from asbes hiding1§u& milling

operations because it {s a constituent of chrysotile qthe primari'
ff o .

Wy i

asbestos-containing mineral. Chromium levels infch Qot‘le‘have'been found
A
to be about !,500 weight parts per million (wtv ﬁm

;5 percent of total

mineral weight. Particulate emissions from chryeotile‘mining ‘and ; milling

operations have beeu estimated to contain’ chromium at the same 1évé1.?2
During the‘chrysotile mining and particularly the miLling ptocesses,

éf objective’ ofithe

-

particulate emissions are released because the‘c

processes 1is to break down the chyrsotile mineral'andfe%tract the asbestos
fiiers. To extract the asbestos fibers the waste rock compouents of the
chrysotile (including chromium) are eliminated in a series of clean_ng
circuits in which crushing, screening, and various separation operations are
performed. These cleaning circuits generate chromium-con:aining particu%ete

emissions. o, S u.*g P

. The magnitude of chromium emissions from asbestos :duction operetions

'ﬁf'ontrol required on

these facilities.for asbestos emissions.by Federal and State emth'cs"ci.t:I.es'."_3_‘3

The control measures applied for asbestos emissions,are equally-as7effective

on chromium emissions. The most recent studies available estimated’

controlled chromium emissions from asbestoS»production,tO‘be.essentially.

4. . . : W
i zero tons per year or not significant enough to be repbrted.32 This i

Loehh

. estimate is based on-data from the early 1970's and it 1s probable that

; control measures since that time have improved i S E -
The chromium air pollution potential=£rom asbestos production appears

E to be insignificant. The asbestos production'source category was therefore

h‘ not included in the modelling/exposure analysis of thiefstudy.
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2. 5 LEATHER TANNING

Chromium can potentially be emitted £rom leather tahning facilities

ing liquors for
4,35

¥
E‘ bocsuso sodium dichromate-bascd chemicals cre used
iy‘.?
§ Chromium

Cr‘é) with other

tanning liquors are prepared by m ? g sodium dichr’
" chem{cals such as sulfuric acid. T

‘ Arcoium tanning solutio
? pftdoninantly basic chromium sulfate are prepared on-site

Cha

- they can be purchased already formulated from specilalty cthical producers.

8 containing

t the tannery or
%

g " When prepared at the tannery the potential existsttor emissions of highly
&

. 80luble sodium dichromate containing hexavalent éhromium as a result of

S
. handling and wixing procedures. When purchased grqm off-site formulators ne

i T

N ach

chromium emissions potential exists because the Eﬁtomium tenning compounds

are in soigtion. Many tanneries purchase pre-furmulated chromium tanning

AT, A Lo

i}
liquors as opposed to formulating their own, 33 In tarneri s that do

ol 9

formulate their own liquors, the process is uenerally shorg in duration and

very intermittent, thereby lessening potential chromium emissions. In

3 e .

: addition. because of the value of the sodium dichromate raw material, every

teasonablo attempt is made to minimize dichromate losses.

e e AN TN s NSRS o e g
A o =

Another minor method by which chromium emissions can be released at

leather tanning facilities involves: ‘a process known as lea her buffing,
Buffing is a tachnique in which tanned leather is brushed’  epeated y to i
produce a type or form of leather known as suede. The bru hing or buffing
proccdura can dislodge small leathet particles containing throzium from the

tanning process. Chromium in these particles {3 in the fo of trivalent

chromium (Cr® ) because the basic chromium sulfate tanning|liquors that are

used'contain ttivalent chromium.sa 35 Trivalent chromium has the functicn

o

i in tanning of fixing or stabilizing collagen fibers in the hides so that

. they. can no longer biodegrade. Particulate emisaiona from buffing are not .
exhausted to the atmosphere but instead are contlinéd with*n the tannery k
building. 35,36 Buffingﬁoperations are not continuous, dut|are dependent on

the demand for suede leather production.

SRR T MRS 0 T
U

WLV




Contacts with states such as Massachusetts that have wany leather

tanneries indicated that tanning operations are not viewed

35,36

emissions sources by State regulatory agencies, X This

M

as chrenium air

viewpoint appears

justified based on an examination of the potential severity of chromium air

emissions from tanning operations such as tanning liquor preparation and

buffing.

? One state, Maine, has partially verified its non-regulation of

tanning operations by conducting ambient .chromium monitoring to determine

.

increases in background chromium levels in areas containing tenneries. In

tests of similar areas with ‘and without a tanhery. atmospheric chromium

levels are measured to be the same cr slightly less in ‘the

35
opposed to the non-tannery area.

tannery area as

Ihough ertainly not couclusive, the

results indicate that tanneries are not con ributing te atmospheric chromium

levels in the areas where they are located.

Based on their low potential for atmospheric chromium

indication that they do not increase smbient air chromium’

tanning operations using chromate tanning liquors were fot

modelling/exposure analysis of this study. ﬁ -
& PR Ve

2.6 gCEMENT MANUFACTURING

emissions and che
levels, leather

inclgded in the

The types of facilitiés that were addressed in this source category are
. C

those producing portland cement.

The préduction of portland cement is a

w
Q

source of chromium emissions because chromium can be a trace compcnent of

5

the cement process raw materials such as limestone and iro

and oil fuels burned in cement operations sugh as kilns.3

finished cement have been measured and found to range from 27.5 -

n ore and of coal
Chromium levels in

$0 wt ppm

with an average concentration being 41, 2 w: ?pm. Ofythe 4 2 wt ppm that

,

was chromium, only 4.1 wt ppm was solubl, ena ‘of this Tamount 2.9 wt ppm was

chromium in a hexavalent form. 37

samples is predominantly chromium oxide (Cr 3 .

these data agree with the available chromium emissions inf
‘cement

industry. The majoricy of chromium emissions from

The 1ns‘1ub1e chromium component of these
Though limited in extent

prmation on the

the cement.

industry appear to be released as trivalent chromium in the form of chrcmium

oxide.38 ‘ ek

s
o
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As {llustrated in Figure 2-5, cement 1is produced by dne of two methods

known simply as the vet and dry processes.39 The only di tiné%iow between

i&ho tvo. 1’ that in the wet process water 1Syléded to the cement raw
materials mixture prior to its entering theiiiln. The ﬁg‘or sources of
chromium and general particulate emissions in.both proces‘es are the kiln,

clinker cooler, and clinker grinder operations._B_8 33& C@;qmium levels in the

~Zgérticuute amissions of these operations have been measu:ed and the

“available results are given {n the Table 2-3, As shown ig the table

chromium levels may vary greatly, even by tvo orders of magnitude for the
same process opera:ion.‘o The chromium leveLé,in'particﬁ]ate emissions that
;%an occur during rav materials preparation opérations such as drying,
fétushing. grinding, and mixing and blending have not been|reported {n the
available literature. g
For the purposes of the chromiuwm modelling/exposure 4:&1"éis, chromivz
emissions from the kiln, clinker cooler, and clinker grinder operations were

e&timaced for the existing portland cement plants in the United States. f

"ﬁaﬂz p;ants have miltiple kilns, clioker coolefs. and,éii ker grinders. The
kiln, clinker cooler, and clinker grinder sources vere-an lyzed because they
raepresent the greatest particulate and chromium emissions ;ources in the

. cement process and they are the only cement process sources for which
chromiuc component information has been determined. Chromium émissions from
each {ndividual plant were estinated using the chromium data in Table 2-3
and general particulate emissions and emission factor data from NEDS and :he
cement industry nev source perfcrmance standard . (NSPS) bac kgrOund

43

information document (BID). For the kiln and clinker cooler sources an

'avcrago chromium content of 900 'vt. ppm was assum

for calculation
purposca. S:ack geomecrv aud geographic coordin‘ e‘locat on information for
all £acilities vas obtained from WEDS, The total;number Lf cement plants
31,44
analyzed was 163.

Tha locations of these facilities|are given in
Table 2-4, ' '

2.7 KpNICI?AL REFUSE AND SEWAGE SLUDGE INCINERATION
Chromium is released during the incineration of municipal refuse and

vastewater sewvage treatment 3ludge because these materials contain varving
LA
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“TABLE 2-3. CHROMIUM LEVELS ‘OUND ‘I ‘rg PARTICULATE EMISSIONS

OF CEMENT PLANT OPERATIONS¢~’

Concentration

?i?gé'ceja'bpqtgféion ot Emissions (wt ppm)

Rilns - - . fcoz.m

Rt

e
~
pn
!
o o W
O
- o N
b
—
PX]

Clinker Coole;s: ?, : ;
#g ' w3. gl 170080.17%)
s ) R
Clinket Grinders' D 390 (0}039Z)b
2 oK. | Loy
5 o Tt
AAverage value of three tests. i J o ‘f? A
Average value of several tests total number of vhich wvasg unsPec fied. :
Single measurement of dust from one kiln.; : g N
i

2-16;




- g

Ty

~—w

e deaned

Sta:e. City (number of plancs
pet city 1f more. than 1)
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Alaska

District of Columbia

Alabama
Birmingham (3)
Calcera
Demopolis
Leeds
Mobile
Ragland

B3RS

Arizdna
Clarkdale
Pima County

Arkansas
- Foreman
;. Okay

California

Colton
Davenport
Lebec

Lucerne Valley
Mojave
Monolith
Redding

San ‘Andreas
San Juan Baut‘sta
Victorville

Colorado
Boulder County
Florence N
LaPorte
Portland

Connecticut

Delaware

.o
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TABLE 2-4 (CONTINUED).

.(;-. .-

State, City (number of plants
per ciCy 1f more than 1)

‘Massachuse:cs

Ken:ucky
Kosmosdale
Louisville

Louisiana Z
New Orleans (3)

Maine
Thomaston

Marvland
Hagerstown
Lime Kiln
Union Bridge

Michigan
Alpena
Charlevoix

Esgexville (2)
Monroe County
Petroskev
Port Huron
Wyandotte

Minnesota

2
T B

Mississippi
, Artesia

Missouri _ . .
Cape Girardeau
Clarksville

St. Louis (2)
Sugar Creek

Montana e
Jefferson County
Trident-




4 (CONTINUED).

2~
ey MEEE L ir

BOVE
e

i

o
;

, ]6f§§w556559¥>6f;plants
per.city if more than 1)

.To;al Number of

Plants per State,

Nebraska .
Louisville ‘ )
Superior : #

.
;

Nevada .
Fernley

=

New Hampshire
New Jersey

New Mexico
Tijeras

New York
Cementon (2)
Glen Falls
Bowes Cave
Ravena

North Carolina
Castle Hayme

North Dakota

-Ohic
" Fairborn . .
Greene County (2)
Paulding
Superior
Toledo
Zanesville

Oklahoma
Ada
Pryor
Tulsa

;:;Qregon
- . . Huntington .
[ Lake Oswego -
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TABLE 2-4

ez

(CONTINUED) .

State, City (number of plants
-&?er city if more than 1)

Pennsylvania
Bessemer
Cementon
Evansgville
Lehigh County
Nazareth (2)
Neville Islanc

‘ Northampton (3)

Northampton Countv (2)

‘ Pittsburgh
wampum
west Winfield
! York

| Rhode Island

South Carolina

! Harleyville (2)
i Holly Hill
E South Dakota

Rapid City (2)

Tennessee
Chattanooga
Cowan
Nashville
Richard City

Texas

Amarillo
H Buda
i Corpus Christi
f N Dallas

Co El Paso

{ Co Ft. Worth
| Galena Park

Houston
Midlothian (2)
Odessa

Orange .

San Antonio (3)
Sweetwater
Waco (2)

.
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TABLE 2-4 (CONTINVED).

LOCATIONS OF

CEMENT PLANTS

er of plants
‘pet citv' -if nore ‘than 1)

: »n B

Io:al Number of
Plants per State

ﬁfah’_, .
Morgan
Salt Lake City

Veruaont

Virginia
- Botetourt
Chesapeake

- Washington .
Bellingham

Metaline Falls

Seattle (2)

West Virginia
Martinsburg

Wigsconsin
Manitowoc
Milwaukee (2)
Superior

Wyoming
Laramie

S
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‘more complete oxidation. Exhausts from the secondary comb

o2
CoAn Y

amounts of chromium. The chromium content of municipal reEuse consisting of

paper and plastics ranges from 10 - 175 wt ppm with an ave
30 wt ppm.45 Dry sewage treatment sludges have chromium ¢
from 22 - 30,000 wt ppm, with a mean content of 1, 800 wt p
600 wt ppm.46
the types of facilities discharging into the local sewer"”
receiving wastewaters from electroplating shops and leathe
likely to have sludges containing relatively ‘high amounts

can be released upon incineration of the sludges.

age content being
ontents ranging

pm and a median of

The chromium content of sewage sludge {s highly dependent on

Treatmenc plants

s

r tanneries are

of chromium that

The majority of munitipal refuse inciherators are simple in design and

have either refractory-lined or water- walled combustion chiambers that are

aquipped with a grate upon which refuse is burned The gr
stationary, travelling, or vibrating depending on the desi
incinerator. In most cases, natural draft or slight induc
to pull air up through the grate and carry out the primary
process. The combustion gases from the primary chamber ar

through a flame port where they are rehented and mixed wit

either sent to atmosphere or to a control device. ThL bas
of a representative municipal refuse incinerator is given
The most prevalent types of sewage sludge incinerator
multiple-hearth and fluidized-bed units. Multiple-hearth
relativelv simple pieces of equipment, consisting“of a ste
with refractory. The interior of the incinetator is divid
brick arches into separate compartments or hearths. Alter
designed with openings to allow solid material to drop ‘ont
below. At thé”center of the unit, a shaft rotates tabble
located on each hearth. To enable the 1ncineta ed mateti
and then oetward on alternate hearths, teeth oe) he tabblj
at an angle. As sludge 1s fed through the roof*'f the inc

rotating rabble arms and rabble teeth push tﬁe

drop holes where it falls to the next hearthll

ate can be

gn of the

ed draft is used
refuse combustion
e then passed

h alir to achieve
ustion chamber are
ic confiiguration
in Figure 2-~6.l‘7

s -are

ittinerators are
el shell lined
ed-by horizontal
nate hearths are

o the hearth

arms that are
lftgfmove inward
ééms are placed

ineratcr, the

88 continues until

: R
PR R R
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the sterile ash produced{by the oxidation steés is dischar
bottom of the incinerator. i
typical multiple-hearth sewage sludge incinerﬁtor.

Figure 2-8 represents the basic operations found in a
unit.so In this operation-dewatered sludge is introduced
area of the incinerator just above the fluidized bed mater
usually sand). Hot combustion gases rising from the bed e
water in the sludge and sludge solids then encer the fluid
organic constituents of the sludge are oxidized to carbon

vapor which exit the system as exhaust'gases.p.During this

Figure 2-7 preseﬂ s a schematit

ged from the

diagram of a

fluidized-bed
into the freeboard
121 (wnich is
vaporate remaining
1zed hed. The

iioxide and water

is vigorously mixed and the bed temperature is main:ained at 704-816° C

(1,300-1,500°F). Remaining inorganic sludge material eith
bed sand particles and is removed from the bottom of the r

te made to exit with the exhaust gases.

used to control the mecthod of inorganic sludge material removal.

emissions from this tvpe of system are dependent on air fl
through the bed and the chromium content of the sludge.
The pctential for tge volatilization of chromium duri
incineration of refuse and wastewater treatment sludge is
of the low vapor pressures exhibited by chromium at the te
At 760°C (1,400°
mm Hg and at 980°C (1,8

Test data from one sludge

encountered in these combustion systems.

pressure of chromium is 6.1 x 10-'8

pressure is 4.4 x 10—5 mm Hg.A6
indicate that uncontrolled chromium emissions can be as lo

the potential amount present in the waste sludge.46’50 Si

. y‘.,'
reaction the b?
k¢
3

ey deposits on the

gactor, or it can

Air velocity through the ted is

Chremium

ow velocicy

50 |

ng the

lessened because
mperatures

F) the vapor
DO°F) the vapor
incineracor

w as 8 percent of

milar test data

from another sludge incinerator controlled by a wet scrubbEr indicated that
4

only about 0.01 percent of the pocentiqi chromium emission
)

controlled system were being released into the atmosphere.

that the majority of the chromium components of incinerato

4
the ash produced by the combustionm.

from the

46,51 It appears

r wastes remain in

Information was not available in the literature on the chemical- forms

in which chromium is found in municipal refuse and sewage Lludge. The

chemical forms and resultant valence states that occcur -are

3
probably varied




g‘;\.

3

¥

s B A

s

o

2RSS MR A

Cooling Air D

Floating Damp

ﬂscharge
er

ge Inlet

Chromium~ = |t = ires=== _r-.:--i}
Containing ; 1
é’ Exnausﬁ LRabble Arm at
\ Each Hearth

i

Drvicg Zone

Comhusti%n Zone

AGY

N

~e

+1-
\ \

Cooling Zone

=d i

LB I T

Ash Discharge T ——
Ei e

"3abble Arz
Jive

Cooling Air Fan

{
Figure 2-7. Schematic diagram of a typicalim

2-26

ple-hearth




. e w

Chromium-
Containing
Exhausts

Sand____ n
Feed g .

“luidized

Sand

ressure
Tap

41U

i

Acccess
ooors

2]
+-

ry
03

19
y

:7“9—?rehea:

jgﬁyur—————Ihermocouple
i
!

luidizing
Air Inlec

Figure 2-8. Schematic diagram of a typical fluidized-bed

sewage sludge incinerator. 30




and depend on the nature of the primary waste sources,

i 7
#: lnvestigation of thece sources.5

highly oxidizing conditions present in refuse and sludg
trivalent chromium compounds in the sludge would tend ¢
This condition would hd

%
case of wastewater treatment plants that receive large

hexavalent chromium compounds.

trivalent chromium sources such as leather tanneries, :
All chromi\% emissions data that are available in

terms of total elemental chromium,

emissions data used to determine incinera:dr chromium e

modelling/exposure study. The average values for both

incinerators shown {n Table 2-5 were applied to contr§lled,

particulate emissions data to determine chromium emissi
modelling/exposure analysis. Particulate emissions est
refuse incinerators were obtained from the results of a

For the sewage sludg

particulate emissions estimates were obtained from NEDS|.

) S,
Stack geometry data for municipal ref&%e incinerat

wastewater loads

Because of the
e incinerators,
o be oxidized to
important in cthe

from

the literature are in

Table Z-Sﬁlummarizes the chromium

missions for the

refuse and siudze
overall
ons estimates for Lho
imates for muni::ioo.
previous U. €. ira

e incinerater sou
31

"y
(]
id
e

ors used in the

modelling/exposure analysis were obcained from Referenc
information for refuse incinerators was obtained from'r
Both stack geometry and lccation data for sewage sludge

obtained from NEDS information. 3 é

e 58,

eferences 57

Location
and

incinevators wers

incinerators an:

From the available literature 129 municipal refuse
141 sewage sludge incinerators were identifi;E%to be ex

included ir the modelling/exposure analy51s. Tables 2

city/state lccations of the refuse and sludge incinerat

respectively, o »47-49,57-64

2.8 STEEL MANUFACTURING

Chromium is ewmitted during the production of steel
forms of chromium are used in the steel processes as ba
Chromium is added directly to the furnace melt as fe-ro

<
-

a component of scrap steel that i{s fed to the melting
of chromium

istence and were

6 and -7

provice toe

ors,

because various
tch raw materials.
chromiuvm or it can be

bLrnace. The

cousumed by the steel industry is used to manufacture stainiess
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and depcnd,on the nature of the primary waste sources.
highly oxidizing conditions present in refuse and sludge
trivalent chromium compounds in the sludge would tend to
hexavalent chromium compounds. This condition would be
case of wastewater treatment plants that receive large w
trivalent chromium sources such as leather tanneries.
All chromium emissions data that are available in ¢t

terms of total elemental chromium. Table 2-5 summarizes

emissions data used to determine incinerator chromium emissions for thei',

modelling/exposure study. The averdge values for both r
incinerators shown in Table 2-5 were applied to controll
gﬁpatticulace enissions data to determine chromium emissic
N modelling/exposure analysis. Particulate emissions esti
refuse incinerators were obtained from the results of a
investigation of thece sources.57 For the sewage‘sludge
particulate emissions estimates were obtained from NEDS.
Stack geometry data for municipal refuseﬁincinerato
modelling/exposure analysiﬁ wvere obtained frd;WRefetence

information for refuse 1ncinerators was obtaiged fronm re

obtained from NEDS 1nform8cion.
From the available l*}erature 129 mynicipal refuse
141 sewage sludge incineracots vere iden fied to be exi
included in the modellingiexposure analysis. Tables 2-6
gity/sta:e ccations of the refuse and sludge’ incinera:o

respeccively.31 67-6?z57_6a
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he literature are in
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ed, overall
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rs used in the

58. Locaticn

ferences 57 and 5E.

nNeratirs were
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and 2-7 provide the
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Chromium i{s emitted during the produc {on of Steel because various

forms of chromium are used in the steel prQfesses as batch raw materials.

Chromium is added directly to the furnace ¢ t as ferrochromium or it can be

a component of scrap steel that is fed to l "melting furpace. The majority

of chromium cousumed by the steel industry) ;used to manufacrture stainless

T
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TABLE 2-5.

CHROMIUM EMISSIONS DATA FOR ”U§§§§8AL REFUSE

AND SEWAGE SLUDGE INCINERATORS

Incinerator Type

Chromium Emissions Daca>

Sewage Sludype

Average

Municipal Rufuse

Avrage

— NV~

00 ug/g
00 ug/g
00 ug/zg
00 ug/g,
00 ug/g
00 ug/g

14 vg/g

30 ug/z
80 ug/g
00 ug/z

~t

o

ug/g

a 5 . .
All values are controlled chromiuz emissions.

D . . . - S . , 'k .
Emissions data are in terms of ug of cnromiumyper g ¢ pa

matter emitted.

,
“Two sep?%ate tests had emission

tactor values of 1.600 ug

rticulace

g.




City (no. of
1f-

1nc1neracors
nore than 1)

Sy
umbet) of
tors per State

Atizona

A

Arkansas

s Atkins

Jv“  Augusta-

w0 Bentonville (2)
:'Blytheville (4)
- Hope '(2)

Hot ‘Springs (8)
" Kensett

“Ogsceola 2)

.Stuttgart (

'r s’m v

Colorado n‘*;

: & Ansonia

_ vy v East Hartford
. -New Canaan -’
REA ' Stsmford

" North Lirtle Rock (4)

Sildam“Sptings (2)

..1‘.
5

L
Sl

o2

oH
K2
R

Y

"

g

29
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TABLE 2-6: (§ONTINUED)

o

"

State, City (no. of incinerators

1f more than 1)

_Total Number of

t “

}ﬂﬁi@eraqo;s per Stata...

.

awaii
Honolulu

Idaho

Illinois
Chicago

Indiana
. East Chicago

Iowa
Kansas

Kentucky
Louisville

Louisiana
Doualdsonville
Plaquemine (2)
Ravne (2)
Shreveport

Maine
Harpswell
Kittery (2)

Maryland
Baltimore (2)

Massachusetts
Braintree
Bridgewater
Fall River
Framingham
Saugus

Michigan

Miqugota

»
\

%

AR




NERATORs 7749238

(?;'-n W i o

Number of.
tors per State

0
’ 2 .y . ‘
0
0 .
0 .
"New. Hampéhire 11
_-Auburn
Candia“
-Bridgewgter
.7 . Litchffeld -
S - Maredith’ (2) 5 ,
‘ "A, . Pic:sfiald ‘ .
e “-Wilton - B )
‘ e u’wolfeboro
" ,» Nottingham .
.. Canterbury
A
0]
7

Huntington
Lachawanna-
~Oyster Bay

Skancateles~- .
Tonavanda .




& TABLE Zéﬁﬁ(CONTINUED). *LOCATIONS OF MUNICIPAL

3

-
!

.

1515f;i‘Nﬁ;ber‘of

State, City (no. of incinerators S be
' ‘Incineratpors per State

- .1f more than 1) "%~

North Dakotg

Ohio ¥
Lakewood

Oklahoma
Cleveland
Tahlequah (4)

Oregon
Coos County (2)

Pennsylvania
Harrisburg
Philadelphia (2)
Shippensburg

Rhode Island

South Carolina

South Dékota

. Tennessee _ -
) Crossville (2)
vNashville

[ ‘ Téxas
. Refugio
Terrell (3)
Utah

Vermont

Virginia
Newport News
A Norfolk
Portsmouth
Salem (4)

e,




T T e,

T

47,49,58

v

JSE “INCINERATORS

31 Number of
tors per State

.- Belldn
Virginia

iy
ot

Sheboygan .

j.Waukesha;

(S5 E

PO ISR R PRE




2

State,.City (no. of-
£ if more- than

inqiﬁérators

)

Alabama

Alaska
Anchorage
Petersburg
Wrangell :é

i

Arizona ‘é
Arkansas

California
Riverside

Colorado

Hartford

Lake Arrowhead
New Haven
Waterbury

Delaware
District of Columbia

A
Floridak- .
Duval County
Pgnsacola (2)

Georgia
Decatur
-Jonesboro -

... Maretta i

o Savannah (2)‘

Bawaii _:, o

e
i
%




vCATIONS OF SEWAGE SLUDGE INCINERA@ORS

31,46,47 57-64

Kansas City
Mission
Olathe

Bay Cicy -
'Dct:oic (10)
Eaat Lnnsing

h

g 2 .

iy N
L

el et SR
ey AR A
.

=

plipiing -
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Mot e oty i
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3, 46V47 57—64

3 ﬁé::of incinerators
if more than 1)

Kalamazoo
Saginaw
Trenton
Wyandotte
Wyoming

Minnesota
St. Paul (10)

Mississippl

Missouri
Independence

Montana‘

Nebraskﬁ
Bellevue

Nevada
xCarson City
Douglas Cicy

Nev Hampshire .-“
Manchester (2)
Merrimack (2)

New Jersey <
Atlantic Ci:y
Gloucester County
Mercer City (2)
Ocean-City (2) |

New Mexico o
3
New York S
Amherst (2)
Hamburg (2)
N. Tonawanda




Loca'nous CF szwacz‘swncz mcmﬁnuoxs

31,46,47,57-64

OO
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Cincinnati (3)
~Cuyahoga County (&)
.Himilton Councy (5)

”Luzerne (2)
Horrisville

;' Fort. Ho:r.h
Plano (2) .
Richardson
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TABLE 2-7 '(CONT.).

CINERAT

s

'State, City (no. of i
4¢ wore than 1)

S

£ incinerators

.- Total
T Incinerat
e . ::»"‘

7t Arlington

- Blacksburg

"~ Fairfax -
Hopew%}L

Vermont

Washington
Longview (2)
Vancouver

West Virginia
Charleston

Wisconsin

.~ Green Bay (2)

'+ Menasha :
Milwaukee

Wyoming A

ST E

02, el
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and alloy stecla. “In 1981 approximately 93 percent of: stIel industry
'lcﬁtoniun consunption was used for stainless and: allgélste 15.%

Bocauao of the large percentage of chromiun conaumpt on associated with

roprolonted by this consumption, the model /cxposure analysis

e oncontrated on facilities producing stainloss and alloy teels. The types

stoels and that were addressed in this st%gy are electric|arc furnaces

(EAFs) and basic oxygenﬁ%rocess furnaces (BOPFs). 66 . In 8 dition to these
‘two types of steel furnaces, there is another type known S an argom-oxvgen

decarburization (AOD) vessel that was addresaed in the ch omium

modelling/exposure analysis for the steel industry becaus of their

RS
demonstrated potent*al to emit chromium.ﬁé »67,68 Argon—o gen
decarburization vessels are refining furnaces that are used in cowjur ion

High quality allo steel produced by an EA? is °ft3f<fur. er refined by
remelting it an A ) -p{i .

“A typical EAF used to produce stainleq nd alloy-scteel is shown;in

Figure 2-9. Ch omium %s emitted from an.EAF as particulates during

melting, refining gchdrging, and tapping operations. Melting refers to the 4

inicial melting‘of3steel scrap and other raw materials in|the high

temperature envirconment of the furmace. Refining involves blowing oxygen
into the molteﬁ teel bath for the purposes. of speeding up the melting ’

process. adjuseing the chemistry of the stoel* and supérhtating the steel
*oving results in *ncreased,bath and gas temperatures, gas
: arging refers to the operation

adding the ov uaterials into the

: i .ppiag operat ons involve
'fmevm the f;as} eelssa product -steel’ rsm ‘the EAT by pouring it intec 2
iadis. ﬂoit{ng and refining are generally vievcd as process emission
generating cperations while charging and t pping are fugitive emission
generating operations. Both process and fugitive emissions are generally
collected and -routed to a control device. 4 .
Chromium ‘emissions from these four EAF operations have been found to

'xi contain both trivalent and hexavalent chromium.7° Trivalent chromium occurs
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Figure 2-9. Typical electric arc Steel furnLce.
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ﬂ a3 1nlolublc chronium oxide. Hexavalcnt chr uﬁ'i
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‘occurring as a result of the oxidizing cnvironmint , i
information is avniiablo to determine the relative leve

hexavalent chromit present in total EAF chromium emiss

The basic eq pment configuration in‘a BOPF steel

,J‘v.

illustrated in Figure 2-10.

' For a typical ateelmg ~

between 40 and 80 minutes the BOPF is ftrst tilced”tbﬁg

aisle and cold scrhp metal is added. Hot metal from th
1s then poured on cop of the scrap chargc. Following t
vessal 18 returned to the upright position and thqufyg
into place in the BOPF. After blowing oxygen for/‘ out

into the metal the steelmaking vessel 1is tilted ti f

for sampling (turndown).
of the BOPF begins, If sampling shous that the metal 1
_ specification the vessel is returned to an uﬁrighé posi
%1. blown (reblowing).

gpecification metal is produced.

The metal is sampled after ‘each
For tapping or removi
the BOPF. the vessel it tilted away from the charging a

teeming aisle located on the opposite side ofjﬁhe BOPE. |
product metal is poured into teeming ladles which empty

in the teeming aisle. Following tapping, the vessel is

the charging aisle and slag is emptied into slagging po
the BOFF is ready for another steelaaking'cyéib.72

In non-chromium steels chromium that is present in
scrap charges 1is only there as a contaminant. Conseque
non-chromium steelmaking operations potential sourceh'o
include oxygen blowing (process emissions) an ﬁfugitive

th: other process operations previously descr ed. I:!

If the metal meets prodg;ﬁ\speci

EAF emissions is

de the furnace. No
1 of trivalent and

fons.

facility is

4 cycle that tetals
rds the charging

g blast furnace shcep
hese activities the
en lance is lowered
10 to 15 minuces

the charging aisle
fications, rappinz
5 yet to

tion and more oxvgen
reblow until produce
:% product metal fros
Lsie and toward the
'The molten hot

into molds located
tilted back towards

ts. At this pnint

the hot metal ard
ntly, for

f chromium emissions
emissions from all

is universal practice

to capture emissions from oxygen bloving followed by rehoval in a wet

- scrubber or ESP. Som: steelmaking shopa also caprure s
“emissions generated by charging, turndoun. :apping. and

then to fabric filters, wet scrubbers, or ESPs. All of

ome of the fugitive

slagging and rcute

these general
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] .:wggnd duting teeming (pouring ho: mq
majotitv of chromium emissions from stainless and

thoretore tugitive in na:uto. Capture and conctolt

v;rying cxtcnts ac:osl 'he industry to control thn"

) lourcoa‘ As with uon- ,omium ateel product Bn Sp

fg[measutes undertaken :o%reduce overall particulate
l»effective in teduclng chromium emissions.

|
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chrémium emissicns

y itive emissions

ns, any control

ons are generally

e literature to have

11 chromium emission

ﬂ? Echfomium.z; W74

to EAF chromium emissions.

Atgon-oxygen decarburization vessels such as“t'ﬁc s

"‘n‘.

- are uscd to refine steel that has previously been welzad
‘.-Chramiua emiasions frou AOD vessels occur b.cause of chr

ed as elementél
crivalen:?or

that because %

's and both have high

rom B3CPFs should

um compounds similar

2-11

hown in Figure
in an EAF.75

omiuvm contained in

chromium Ls

from an AOD are

{ods. Emissfions

n AOD vessel.

from AOD vessels are

No hexavalent
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temperatura.

‘ﬁstﬁinless and alloy steel. Uncontroll
'factors, expressed 4in terms of produccion. for EAFs af

" chromium emissions

~
2

T

'éhromium emlssions have been identified'iﬂ Aoﬁ vesgel emissions, however, it

. is expected that they are present because cbromium in thF trivalent form is

Chrominﬁ emissions estimates for th modelling/exposure

is wcggvprepared for each EAF, B

5

l‘kﬁpwn to be making

fchfomium emission
'OD vessels were
available in Reference 65 for melting, refining. charg ng, and tappiﬁg

operations. Using these data chromium emission factors were calculaced for

% EAFs and AOD vessels. These factors, 0.80 kg/Mg. (1.59 1lb/ton) for EAFs and

0.43 kg/Mg (0.87 1b/tcn) for AOD vessels, were applied to estimated
stainless and alloy-SCeel production capacities at the domestic EAF and AQD
vessel sites to determine potential uncontrolled chromium emiss.ons. Based
on escimated control eﬁuipment and control effigiencies for EAF and AOD
vessoiéfmissions given in Reference 76, an aveéﬁge contrpol percentage of

97 petcenc was applied to the uncontrolled chromiunm emissions totals. Stack
geometry data for EAFs and AOD vessels were taken fro *cwo U. S. EPA reporcs
involving these sources in which dispersion modellini”and exposure

77,
assessments were made. 78 The stack data used for EAFs and AOD vessels in

é%is study are presented in Table 2-8. Geographic coordinate locaticns for
all EAFs and AOD vessels identified were obtaired from NEDS informaction.
Chromium emissiors estimates for BOPFs vere prepared in a similar

manner to that used for EAFs and AOD vessels. The one uncontrolled chromiun

emission factor avaflable for BOPFs had been determined for charging
;I'.

operation emissionsg. nly; however, for the purpbsegpg this

0 be| applicable to the

ﬁodelling/exposure-L alysis the factor was assumed

‘f all BOPF opera:ions.z; The uncontirolled emission

factor was multipli?d by the amount of BOPF production capacity

manufacturing stainless and alloy steels to determine the rate of

uncontrolled chromiym emissions at each ?%Eﬁt’72.79 From Reference 76, the
& - a
<

4




TABLE 2-8. STACK GEOMETRY DATA USED FOR ELECTRIC AK97F9§NACES
1 4

AND ARCON-OXYCEN DECARBURTZATTON VESSELS £§5 i

Productlon Capacity Stack Height Stack Diameter Cas Temperature Ggs Flow Rate

Source Mg (tons)/hr m (ft) m (ft) K (°F) m” /min (acfm)
EAF < 90.7 (100) 30.5 (100) 2.4 (8) 394 (250) 3,538 (125,000) &
EAF ..2.90.7 (100) 30,5 (100) 3.7 (12) 394 (250) 10,896 (385,000) ,}
N ) i
AOD Vessel < 90,7 (100) 30.5 (100) 2.4 (8) 394 (250) 3,679 (130,000) - —mreussan i
i
i

AOD Vessel > 90.7 (100) 30.5 (1o 3.7 (12) 394 (250) 14,858 (525,000)
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TABLE 2-9. STACK GEOMETRY DATA USED FOR BASIC OXYGEN PROCESS FURNACESgo

Primary Hood ) GCgs Flow Rate Gas Temperature
BOPF Type Type Control Device wm /ain {acfm) N K (°F)
= ’ikﬁ»?

"272 Mg (300 ton) top blown Open Wet Scrubber 16,860 (596,000) 355 (180) E
272 Mg (300 ton)} top hlown Open ESP 27,660  (977,000) 477 (400) '
272 Mg (300 con) top blown Closed Wet Scrubber 4,896 ““IT??TbOo)fﬁ“””355“1180)?* _;¢;;2~é
272 Mg (300 ton) bottom blown Closed Wet Scrubber 5,496  (194,000) 355 (180)

272 Mg (300 ton) bottom blown ESP 31,020 (1,096,000} 477 (400) ’
' : e R T e
136 Mg (150 ton) top blown Wet Scrubber 2,436 (85,000) 355 (180)
’-:ﬁ"&;,\m e O MRS san e e
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SR * TABLE 2-10. NUMBER AND LOCATIONS OF ELECTRIC ABE FURNACES
. ‘ IDENTIFIED TO BE EMIYTING CHROMIUM

-Plant Lbcation
(State/City)

r of Furnaces

Alabama
Birmingham
Gadsden : ' 2

.3ﬁﬁﬁﬁx$

e
~

‘Arizona
Tempe 3

Arkansas . ' :
Newport 2 ‘

Cblifcrnta
Etivanda
Torrance
Los Angeles
ﬁdggyville

z ,,:'1

Colorad>

Pueblo

L N S

~n)

Connecticuc .
Bridgepcrt 2

Delaware ,
#ilst . Claymone - } R 2

Illinois
Chicago :
Chicago Heights A
Alton ]
Morton Grove .
South Chicago - :

(o N (S BN S I - W)
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TASLE 2-10 (CONTINUED).

I

’ .
s

T Ji "o
NUMBER AND LOCATIONS 0¥ EL
IDENTIFIED TO BE EMITTING CHROMIUM

ECTRIC ARC FURNACES

K b

Plant Location
(State/City)

YNum

ber of Furnaces

Indiana
Kokomo
New Castle
East Chicago
Fort Wayae

Kentucky
Owensgbur: ¢
Ashlan: B
Newnor=

Maryland
Balcimore

Michigan Rt ¥
Dearborn : 5
Warren
Trenton °
Ecorse . S
Monroe i
Jackson

Minnesota
St. Paul

Missouri }
Kansas City : 4

Nebrasks
Norfolk

New Jersey
Sayerville
Perth Amboy-

New York
Watervliet
Syracuse :
Lockport . ¥
Dunkirk A
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Lot

"'_10 (commum)

-n‘

et

NUMBER AND LOCATIONS OF ELECTRIC

IDENTIFIED TO BE EMITTING CHROMIUM

HE N

A%g FURNACES

‘”;PIéﬁffﬁgéétion
.. (State/City)

. teme

Number |of

Furnaces

Ohio ,
Warren i
Mansfield ‘
Cleveland
Canton

Oregon %

. " Portland

Pennsylvania
Brackenridge
Butler
‘Beaver Falls
Reading
Lower Burrell
Johnstown
- Steelton .
Bethlehem
Midland
Bridgeville
Oakmont
041 Cicy

“'Washington
Pittsburgh
Irvine

- Eria

"0  Coetsville

) Houston

Duquesne

) Burgettstown

.- Latrobe .. -

Flit;ess Hills'

Burnhan .

J'Sharon »'ig

South Caroilna
Darlington

Tennessee
Barriman

by
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" TABLE 2-10 (CONTINUED). LOCATIONS OF ELECTRIC AR FURNACES
IDE’.N'{IFIED TO BE EMITTING CHROMIUM Y
3 ) ) :" ':' ‘ . :.
Plant Location
(State/City) Number of Furnaces
Texas ‘
Houston 8
El Paso 2
Midlothian 2
Longview . 2 .
¢ Pampa 17
. Jewett 5
Fort Worth bz
Baytown 4
’ Utah )
. Plvmouth
. Virginia : o ,
’ Roanoke 3 -
) Washington ' )
Seattle 4 B
/ Kent 2 -
\ , » y
¢ .. West Virginia o . : !
Runtington 2 iy




TABLE 2-11

-
Coe ,r.

LOCATIONS OF “ARGON-D
' N THE UNITED STATEN:

ZATION VESSELS

”Piantutocation
(state/City)

ber of Vessels

Connéctiéut
Bridgport

Illinois
Chicago

Indiana
Kokomo
New Castle
Fort Wayne

N ‘Maryland Q
Baltimore

'Michigan,
Warren

New York
Syracuse
Watervliiet

Ohio
Mansfielc
Can;on

Pennsylvania
Brackenridge
Butler
Beaver Falls
Reading
Midland
Bridgeville
Houston
Burnham
Washington

- Oil City ..

“Washington
v, -Seattle

— o

~J b

-
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TABLE 2-12. LOCATIONS AND NUMBER OFSRSIC, OXYGEN PROCESS FURIACES '
: IN THE UNITED.STATES IN 981"

Plant Location

(State/City) Number| of Furnaces

7~

-~

Alabama
Gadsden
. ' Fairfield ' 3

California . *
Fontana

Colorado
Pueblo

Illinois
Scuth Chicago
Chicago
Granite City

1290 W0

Indiana
Gary
East Chicago
Burns Harbor

Lo

wW oo

» Kentucky
Ashland

Marvland
‘ Sparrows Point

2
o

! Michigan
Dearborn

. . Trenton

Ecorse

[ VIl )
[

| New York e
Lackawanna ) “
Buffalo . 5

N L

Ohio
Middletown
Cleveland
Warren oE
Lorain
Steubenville

3

- - aarnat o

N NS
3

£ g T




S40 Plant

o
4
LOCATIONS AND NUMBER
FURNACES IN THE UNITED STA%FS
: I/

1

{

OF BASIC

OXYGEN

IN 1981

P o ‘Q§;f‘:_ '
Location '
- (State/City) -

Penneylvania
Natrona
Bethleheun
Aliquippa
Farrell
Duquesne
Braddock
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“ferrochroniunm ptocesa.83 Secondary sources of chromium emissions that are
:iﬁélqded in the operation of the smelting furnace are tapping operationms in
?@hiéﬁ’@b;tén ferrochromium or slag is removed from the furnace and ladle
,riiéfion.operacidns in which metals or alloys are added to the tapped molten
ferrochromium to obtain a specific final product composition.

Following the smelting process, the molten ferrochromium is cast into
molds and allowed to cool. Fumes and dusts generated during the casting
process can contain chromium. The operations performed in the ferrochromium
process after casting are dependent on the required size of the final
ferrochromium product. Ferrochromium products are marketed in sizes ranging
from large chunks weighing 33.8 kg (75 1b) to fine powders. To produce the
required size the cast ferrochromium is crushed and then screenrd. Both
crushing and screening operations generate chromium emission: in the form of

83,84 Crushed and screened ferrochrorium ls

ferrochromium paiwticulates.
shipped to' consuwers in bulk form or is packaged in containers.
Ferrochromium dusts are generated during the bulk loading and peckaging of
crushed and screened ferrochromium.sa,

All available chromium emissions data and emission factors for chromium
from ferrochromitvi faclilities express emissions in terms of total chromijurm
or chromium oxide. Chromium emissions from all potertial point sources in
the ferrochromium process (shown in Figure 2-12) appear to contain only
85,86,87 No

indication of the presence of hexavalent chromium in ferrochromium process

trivalent chromium in the form of insoluble chromium oxide.

er.issions was found or theorized in the available literature.

In 1980 there were eight facilities in the United States producing
ferrochromium.88 In 1983 the Ferroalloy Association indicated that only one
facility, Interlake, Inc. in Beverly, Ohio, was still in operation producing
ferrochromium.s‘9 The reasons behind the demise of the domestic ferro-
chroaium industry are explained in Section 1.2 of Chapter 1. As a resu.i: «‘
the information provided by the Ferroalloy Association, only the Inticisis
Inc. facility was included in the chromium modelling/exposure analvzis.

All chromium emitted from ferrochromium manufacturing is in a
particulate form., Chromium emissions estimates for the Interlake plant were
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prepared using available chromium emission factors given in Reference 85 and
polnt source particulate emissions data provided by the NEDS. Stack
geomecry and geographic coordinate location data for the modelling/exposute
analysis were taken directly from the NEDS.

2.10 COOLING TOWERS*

Cooling towers can be sources of atmospheric chromium emissions because

chromium-containing compounds are sometimes added to cooling tower water as e
a corrosion inhibiting agent.go’gl’gz Chromium corrosion inhibitors are ‘fl

primarily added to protect the heat exchanger and piping in the towet.93

Although chromium corrosion inhibitors are used in towers of all size
applications including electric utilities, industrial plants, and
commercial/institutional sites, use is greatest in the industrial sector, :
particularly in petroleum refineries and petrochemical plancs.93_96 J;‘
Utilities generally locate near sources of once-through cooling water so &%

towers are not needed or they construct the necessary towers with corrosion

resistant materials. The majority of commercial/institutional rowers rely
oa nen-chromium water treatments such as maintenance of high pH or alterna-~
tive phospnate or zinc treatment chezn:’LcaJ.s.93"96

Chromium corrosion inhibitors that are added to cooling tower water
contain chromium in the form of chromates (Cr+6). Chromium concentraticase
in cooling tower water are generally maintained at !5 to 20 wt ppm for

2
corrosion inhibiting purposes.go’gl'g“ Cooling tower chromium emissions

occur as a dissolved component of cocling tower drift. Drifc is esgsentlally

entrained water droplets that have been mechanically formed in the tower and

ot A s gt

are carried out of the tower by the system air flow. Chromium concentra-

tions in cooling tower drift are approximately equal to the concentrations

of 15 to 20 wt ppm found in the recirculating tower cooling uater.90’91’92

Cooling tower drift and consequently tower atmospheric chromium emissions

are a function of primarily the quantity of heat rejected in a tower, tower

air {low, tower design, and ambient meteorological conditions. 0»91+92.97
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*Subsequent to the finalization of this report in October 1983, addicional
information was gathered and chromium emission estimates prepared for the
cooling tower source category. The uew information for cooling towers is
presented in the July 1984 addendum to this report.
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Tower design can be important becauss most towers are specifically
constructed to have a certain percentage of the recirculating water be
’emittcd as drifc, Baffles and other mechanical -obstructions are used to
attain a specified drift rate. For cooling towers at electric utilities
‘that vere built pre-1970 drift losses of from 0.1 to 0.2 percent are common.
New utility cooling towers have designed drift losses on the order of 0.002
to 0.005 pctccnt.97

The general mechanism of chromium emissions from cooling tower drift is
shown in Pigure 2~-13. Dissolved chromium is carried out of the tower as a
constituent of drift. Because the drift is cooler and denser than the
ambient air it will begin to fall to the ground due to the influence of
gravity. As the drift falls to the ground evaporation of the water droplets
begins to occur. Because of the gravity influence the situation becomes a
trajectory or ballistics problen complexed by evaporation. At some varying
height, which is dzpendent on site-specific meteorological conditions, the
moisture is evaporated leaving a chromium~containing dust. Once these
particles reach a certain size they will come under the influence of
atmospheric currents ard thereby get dispersed. The form of chromium in the
dust is predominantly hexavalent; however, trivalent chromium could be
emitted {f hexavalent chromates are reduced in the tower as a result of
performing their corrosion inhibiting function.

"The deposition of chromium around cooling towers has been demonstrated
to generally be a localized effect because of the physical processes just
doscribod.go’?l’92
confirmed the localized chromium emissions phenomenon. The results of one

such test gre {llustrated in Figure 2-16.91 As shown in the figure,

Test work on several utility. cooling towers has

chromium concentration in air decreases exponentially with distance from the
cooling tower., The concentrations in Figure 2-14 represent the average of
4 days of testing.

Seversl efforts have been made to model the behavior of cooling tower
drift taking into consideration results of the type shown in Figure 2-l4,.
The conclusions of these efforts have gshown that ic is possible to model

cooling towver drift; however, a complex droplet trajectory model,
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Figure 2-14. Concentration of chromium in air as a function S
of distance from the cooling tower.9! —
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the use of the HEM to model cooling tower chromium emisaions may nbc*bo

adequate. ‘ f'“': o L i

"’

conditions, would be required for such a task.go

e

The number of cooling towers using chromium corroaion 1nh1bicors, their .
national size distribution, and their locations _are unknown taccors £3-%

attempting to conduct a modelling/exposure analysis of this sou:ce category.;".

The only available chromium emissions information for this source ca:egory

applies only to utility cooling covers. which lto not the majo: consqur of
chromium corrosion inhibitors. No emissions or emisaion factof.idformation
s available on industrial or commercial/institutiogal towets.- Fo;fthese
reasons, any attempt to characterize the level of chromium emissions frcm
domestic cooling towers would be highly speculative and: 'unreliable. . The
inability to characterize national cooling tower.chromium. emissious direccly
impacts “he process of conducting a modelling/exposure analysis for this

source category. These source category characterization ptoblems combined
with the modelling uncertainties discussed previously. indicate that the : -
national impact of cooling tower chromium emissions on ambient air quality

cannot adequately be determined using the methodology adopted for chis
study.

o R s v s e ) Lo e it g e e

2.11 COAL AND OIL COMBUSTION i
2.11.1 Background "

Chremium is a trace element component of coal and oil. Of the many
trace clements in coal and oil chromium is considered to be minor in
abundance.98 Tables 2-13 and 2-14 present data that summarize the chroaium
content of domestic coals by coal type and coal sourco.98'99 Tasting of
11 samples of residual fuel oil indicated an average chromium concin:ta:iod. : }
of 0.90 wt ppm, with the range of chromium among the samples boingf0.09 to -jﬁ
1.9 we ppm.99 The chromium concentration in crude oils has baeen raported to .
range from 0.0023 to 0.640 wt ppm.98 More information on the
characteristics of chromium-in coal and oil fuels is provided in

references 98 and 99.
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TABLE 2-13. CHROMIUM CONTENT OF DOMESTIC COALS BY TYPEgg : f
j
; ,%
Mean Chromium Standard Number of

Coal Type Content, wt ppm Deviation, wt ppm Samples ‘-
Bituminous 25.9 2.0 130 i
""
North Dakota 7.5 3.7 10 8
Lignite . °
.4‘;
Texas Lignite 20.4 1.5 29 ;j
Anthracite 35.6 7.3 53 ﬂ
4
3
¥
TABLE 2-14, CHROMIUM CONTENT OF DOMESTIC COALS BY SOU‘RCE98 3
A
Mean Chromiunm Standard Number of ’ ‘%
Coal Type Contens, wt ppm DPeviation, wt ppm Samples f}
3
Eastern U, S. 20 16 23 g
(Appalachia) 1
Midwestern U. S. 18 9.7 113 z
(Illinois Basin) ;
: . 8/
Western U. S. 9.0 6.2 29 ?
|
4
1
{
{
;
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When coal and oil are combusted in boilers and furnaces, che?ii;
chromium components they contain are released. The amount of ﬁhféﬁiuﬁ“h
released to the atmosphere is dependent primarily on the folloving factor3°

= . the chromium content of the fuel,
- the type of boiler used and its firing configuration,
- the partitioning of chromium between fly asl. and bottom ash,
- the degree of chromium enrichment on fine fly ash, and
-~ the chromium removal efficiency of any controls that may be
present.
The effect of each of these factors is described in the following
paragraphs. -

The concentration of chromium in the feed coal or oil has been
determined to be the major factor affecting uncontrolled chromium emissions
from combustion sources.100 The greater the chromium concentration in the
fuel, the higher the uncontrolled rate of chromium emissions. For the
combustion of coal, the tvpe of boiler used and its firing counfiguration
affect chromium emissions by affecting the amount of coal ash that ends up
as bottom ash. The bottom ash contains some concentration of chromium that
is not emitted to the atmosphere. The combustion of oil produces
essentially no bottom ash, therefore, boiler type and firing configura:ion
do not affect the level of chromium emissions from oil fuels,

The emission of chromium from coal or oil combustion ig generally
explained by the volatilization/condensation mechanism (VCM) theory. The
theory basically states that in the firebox of a boiler or furnace peak
temperatures of approximately 1,650°C (3,000°F) volatilize fuel trace
elament species such as chromium. The hot flue gases from the combustion
process then undergo cooling through convective heat transfer and other
mechanisms such that the volatilized species condense. A trace element such
as chromium may condense or adsorb onto existing particles in the stream
according to the available surface area, or it may condense homogeneously
and form fine chromium particles.lo1 Through this procedure the chromium
concentration in the bottom ash is depleted, while the concentration in the

fly ash is enriched. This phenomenon occurs because the fly ash has more
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telative surface area than the botrtom ash for condensation and the bottom
ash does not come in contact with the volatilized chromium long enough for

101,102

it to condense. As an example, in a2 recent snalysis of three

coal-fired utility boilers the average chzomfum partitioning was reported to
be 23 percent in the bottom ash and 77 percent in the fly ash.103
The degree of chromium partitioning and small particle enrichment that
goes on during the VQ{ has been studied by several researchers, especially
for coal combustion. These researchers have devised several classification
schemes to describe the partitioning and enrichment behavior of many trace
elements, including chromium. One of the more simplistic, bur effective
classification systems is given belcu:lol'lo2

- Class 1. Elements which are approximately equally distributed
between fly ash and bottoxs ash, or show little or no small
particle enrichment.

- Class 2. Llements wvhich are enriched in fly ash reiative to
bottom ash, or show increasing enrichment with decreasing parzicle
size.

~ Class 3. Elements which are intermediate between Clases | and 2.

- Class 4. Elements which are emitted entirely in the gas phase.

Chromiun emissions from coal combustion have been shown to demonstrate the
behavior of Classes 1, 2, and ), =nd are usually categorized under Class 3.
Class ) elements such as chromium are apparently not totally volatilized
during the coal combustion process, and, therefore, exhibit a capability for
bottom ash or fly ash deposition, Chromium emissions from oil combustion
generally dewmonstrate i(he behavior of Class 2 elements, primarily because
licttle bottom ash is present in the combustion system.

The majority of chromium emisgions from coal and oil combusti{on show

102,104 Because of this

preferential enrichment on fine fly ash particles.
enrichment factor, thas type of control device used plays an important role
in determining how much chromium {s removed from the flue gas exhaust.

Control devices not designed to remove fine particulates do not perform as
vell on chromium emissions as devices which are so designed. A summary of

the collection efficiencies for chromium that have been determined for ESPgs,
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fabric filters, and wet scrubbers is given in Tables 2-15 to 2~17. 1In
addition to control devices, fuel cleaning has also been shown to be an
effective method of reducing chromium and other trace element emissions from
combustion processes. Physical coal cleaning has been shown to remove froﬁ
27 to 65 percent of- the chromium in coal depending on the source of the
coal. Physical cleaning is 50 to 65 percent efficient on eastern and
midwestern coals, but is only 27 percent efficient on western coals. 01l -  '~'

fuels have successfully been cleaned of trace metals by hydrotreating

processes, but no specific removal data for chromium are available. Removal '} e

efficiencies of greater than 95 percent have been achieved for nickel which ;}i

should be a good indicatnr of potential chromium removal levels because both 533
105 h

Casaan

nickel and chromium exhibit Class 3 enrichment behavior.

2.11.2 Estimation of National Impacts Y

R

National chromium exposure impacts as estimated by the HEM were no: B }
determined for coal and oill combustion sources such as electric utility ;,:‘é
boilers, industrial boilers, commercial/institutional boilers, aad )
residen~ial heating units. The reasons combustion sources were not included o .f
in the analysis are twofold. The first reason concerns the inability to

adequatelv characterize the hundreds and thousands of individual sources

within each coal and oil combustion source category. Characterization of .f.u
the sources involves many factors including emissions quantification, stack :nﬁ
geomectry specificarion, and source location specification by
longitude/latitude coordinates. For combustion sources representative
emissions quantification is difficulc due to the wide variability of the

factors affecting emissions, primarily chromium content of the fuel and

degree of emissions control. The sheer number of sources prohibics accurate T'; .3
specification of stack geometry data and longitude/latitude coordinates.
However, precise longitude/latitude coordinates are required in the HEM to

determine population distributions so that source exposure impacts will not

be signifcantly misrepresented.
The second reason combustion sources were not included in the analysis
of national chrowmium {mpacts is that the ambient chromium concentrations

predicted by the HEM to occur from a specifically located, model combustion




TABLE 2--15. CHROMIUM COLL?B;I?B6EFFICIENCIES TOR ELECTROSTATIC
PRECIPITATORS '

Source Identification _ Fuel Percent Collection Efficiency
Powar Plant A Coal 99.8
Pover Plant B Coal 95.¢
Pover Plant C Coal 99.8
Power Plant D Coal 98.7
Power Plant E Coal 97
Power Plant F Coal 97.6
-Power Plant G Coal 99.2
Power Plant H Coal 65.6
Power Plant 1 Coal 96.2

TABLE 2-16. CHROMIUM COLLECTION EFFICIENCIES FOR FABRIC FIITER5105'106

Source ldentification Fuel Percent Collection Efficiency
Power Plant A Coal 99.8
Steel MiJl - 99.9




LoBL» I-1-. CHWNLUM COLLECTLON EFFICIENCIES FOR WET Sri+nEps-ov:'?- e

Source lcanti!-. riav Fuel _ Percent Collectioﬁ Effiziency “
Power Plant A “ral 96,12 :
Power Plant B C al 8g.92

Industrial Boiler A Coal 95b

Industrial Boiler A 011 | 30°

Power Plant C Coal 97¢

“Controlled tv a venturi scrubber,

bScrubber was designed primarily for SO2 control,

c . \
The scrubber s jrecceded Sv an ESP,
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gsource are relaively very minor compared to the coice: tratinns estimated to
be attributable to other chromium sour-.es such as a chromium chemical or

ferrochromium plant. The relative level of ambient chromium concentration v ?T
attributable to a combustion source was assessed by developing and ‘
characterizing the emissions of a typical coal burning electric utility e g
plant located at epeciffc longitude/latitude coordinates. For the

combustion ‘source category as a whole (utility, industrial,

commercial/institutional, and residential sources) the selection of a ij
typlcal coal-fired utility boiler (600 MW size) reprecents the upper ead of . ;
the potential chromium emissions range because coal has a higher chromiun ,{.}
confent than oil and the overall mass emission of particulates is greater .;E
than that from other tvpes qf combustion sources. "?

For the purposes of analysis the model facility was assumed to be ;1
located in Indianapolis, Indiana. This site was used because Department of :3
Energy (DOE) coal use data shov that Indiana is a large ccal consuming state 3
for electric power generation and a plant of this type (600 MW coal burner) : j

is located in the Indianapolis area. The specific plant parameters used in

the HEM are given below.

Cr emissicn rate: 715 kg (1,573 1b)/yr
Stack heighr: 175 m (574 ft)

Stack diameter: 6.1 m (20 ft) ‘;
Exit velocity: 20 m/sec (65.6 ft/sec) . 3
Exit temperature: 400 K (261 F)

ey DL e e i

s Jht by

”
Bldg. cross sectional area: 500 m2 (5,382 ft™)

LR

Source type: wurban
Coordinates: 39° 30' 00" latitude
87° 25' 00" longitude

50

The BEM analysis for this plant predicted that ambient chromium
7 Lg/m to 1073 pg/m>. The highest

chromium level to vwhich any person was estimated to be exposed to was

concentrations could range from 10~

Ll e oh UL S
ey A e NS n TS g

0.000047 ug/m3. In comparision for a ferrochromium plant, ambient chromium

3

levels are predicted by the HEM to range from 10~ ug/m3 to almost 3 ug/m3.
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The rinimve concentracion to which any persoa was wicimaced t- oa e pogéd fo

from the ferrochromium plent {3 cwr criers qﬁ,maguxtuda,bigbcrlghan,the.;A

maximum exposure level frew the a-del power plenc. Tﬁgisamélzbmﬁéribén"i{fA
exists for a chromium chemical plant assessed in -1is sfudy. ,Thé prédi&ced
ambvieric chromium exposure level ranges from 1.0-3 ﬁg!ﬂs-:o 2 ug/m3'éﬁch that
the minimum exposure from a chromium chemical plant is also two orders of
magnitude higher than the waximum exposure from the model power piant. 1In
view of the inability to adequately characterize the combustion source
category on a national basis and the relatively minor chromium exposure
potential presented by the modzl combustion source, national chromium

exposure impacts from coal and oil combustion sources were not determined in
this study.
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CHAPTER 3

CHROMIUM DISPERSION MODELLING AND POPULATION EXPOSURE ANALYSIS

3.0 INTRODUCTION

As discussed in Chapter 1, the objective of this study is to estimate
the ambient chromium concentrations attributable to chromium emission source
categories and determine the level of population exposure to these

concentrations using the U. S. EPA's HEM. The primary purpose of Chapcer 3

is to present the chromium concentration dispersion modelling and population

exposure results generated by the HEM. To better understand what the
results mean it is useful to have a knowledge of how the KEM is structured
and how its outputs are determined. Appendix A orovides a gemeral
description of the HEM and of the methodolegy it contains to estima:e the
level of population exposure to any pollutant under consideration.

The sumrary HEM results for the chrome ore refining, chromfum
chemic&ls. refractory, cement, steel, municipal and sewage sludge
incineration, and ferrochromium source categories are presented in the
following sections. Any assumptions or source assessment methodologies used
that might have a significant impact on the modelling/exposure results are
discussed for each source category. A qualitative evaluation of the
emissions, stack geometry, and location data (of each source category) used

in the HEM analysis is ﬁresented in Appendix B.

3.1 CHROMIUM ORE REFINING
As stated in Chapter 2, only one chromium ore refining plant was

identified and modelled in this study. The exposure results of the HEM for:

the single chromium ore refining plant are given in Table 3-1.

Approximately 365,000 people are estimaced to be exposed to an atmospheric

chromium concentration of 0.0000133 u;/n3 or greater. The maximum
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TABLE 3-1. PUBLIC EXPOSURE TO CHROMIUM FROM CHROMIUM ORE REFINING
PLANTS AS PRODUCED BY THE HUMAN EXPOSURE MODEL

Fe el S

Concentratign Level - Population Exposeda Public Exposu eb f
(ug/m”) (Persons) (Persons-ug/m”) b
i
j
0.0118 0 <1 : ;
0.01 0 0.000169 H
0.0050 0 0.00135 i
0.0025 1 0.00336 o
0.001 60 0.106 s
0.0005 708 0.540 -
0.00025 5,393 3 B
0.0001 32,819 7 5
0.00005 90,509 10 -3
0.000025 280,991 17 g
0.00001 . 364,726 19 ®
0.00000951 364,726 19 |
. =
4This column displays the compui~e value, rounded to the nearest whole 2
number, of the cumulative number -:* 3::cple exposed to the matching 4
and higher concentration levels found in column 1. For example,
0.5 people would be rounded to 0 and 0.51 people would be rounded to 1. {
% bColumn 3 displays the computed value of the cumulative exposure to i
g the matching and higher concentration levels found in column . d
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concentration to which any person is exposed is 0.0118 ug/m3. although there

is only a fraction of a person exposed to this concentration.

3.2 CHROMIUM CHEMICALS MANUFACTURE

Three -hromium chemical plants were included in the HEM analysis'for
chromium chewml:als manufacture. Table 3-2 presents, for each specific
chromium ch2mical plant, a breakdown of the total chromium exposure level
and the number of people exposed as projected by the HEM. The national
public exposure to chromium emissions from the three facilities studied is
given in Table 3-3. Approximatelv !.85 million people are estimated by the
HEM to be exposed to a total chromium concentration in air of 0.000233 ug/m3
or greater. The maximum concentration to which anyone is potentially

exposed is 1.89 ug/n3 of total chromium.

3.3 REFRACTORY MANUFACTURE

Sixteen fef:actory manufacturing plants using chromium were included in
the HEM analysis for this source category. As shown in Table 2-2 of
Chapter 2, howevar, a total of 35 plants have been identified to be
manufacturing chromium refractory products and therefore assumed to be:
chromium emitters. The reason that only 16 plants were included in the
modelling/exposure analysis was that no chromium emissions or plant
characterizarion information was available on the other 19 sources.
However, despite the number of uancharacterized plants, the 16 that were
included in the HEM analysis constitute the major chromium consuming and

b2 Although the

uncharacterized plants would add to the national level of populacion

chromium emicting plants in the refractory source category.

exposure from chromium refractory plants, the additional exposure is
projected to be minor in comparison due to the smaller size of the
facilities and their geographic locations.

Human exposuré model results for total chromium exposure and number of
people exposed on a ver plant basis ire presencted for all 16 refractory
plants in Table 3-4. The national population exposure results calculated by

the HEM for chromium emissions from refractory plants are givem in
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TABLE 3-2, TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE o
EXPOSED FROM CHROMIUM CHEMICALS MANUFACTURE®

il s

.
-
Total Number of - Total Exposur i !
Plant Persons Exposed (Persons-ug/m”)
Diamond Shamrock, 98,792 1,200 g |
y Castle Hayne, NC
American Chrome & Chemical, 227,757 2.740
Corpus Chrigty, TX
Allied Chemical, 1,523,433 41,400

Baltimore, MD “?

24 20 km (12.4 wmiles) radius was used for the analysis of chromium |
chemical plants. -

s
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: TABLE 3-3. PUBLIC EXPOSURE TO CHROMIUM FROM THREE MAJOR
} CHROMIUM CHEMICAL MANUFACTURING PLANTS AS
| PRODUCED BY THE HUMAN EXPOSURE MODEL |

Concentratign Level Population Exposed? Pubiié'zxposu o?
(ug/m’) (Persons) (Persons-ug/m~):

E —

eafr et

-

R Y ol ? 1
-1 1.89 1 ’ 2
1 1.0 6 . .9
0.5 3,865 2,510
: 0.25 19,370 7,770
] 0.1 65,463 14,600
1 0.05 180,502 22,400
3 0.025 411,501 30,400
; 0.01 1,062,928 40,400
: 0.005 1,598,515 44,400
= 0.0025 1,808,106 45,200
' 0.001 1,838,288 . 45,300 -
i 0.0005 1,839,699 . . 45,300
; 0.00025 1,849,992 45,300
0.000233 1,849,992 145,300

3This column displays the computed value, rounded to the nearest whole
: nuamber, of tvhe cumulative number of people exposed to the matching
: and higher concentration levels found in cclumn I, For example,
;! 0.5 people weculd be rounded to 0 and 0.51 pecple would be rounded to 1.

bColumn 3 displays the computed value of the curulative exposdre to
i g the matching and higher concentration levels found in column !.
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TABLE 3-4, TOTAL CHROMIUM EXPOSURE AND NI'MBER OF PEOPLE
o "EXPOSED FROM CHROMIUM REFRACTORY MANUFACTUREZ

Total Number of

Total Exposur

Plant Persons Exposed (Persons-ug/m”)
Cofhatt Refractories, 26,322 4,330
“duckhannon, WV
'Gen@;al Refractories, 172,162 279
-Lehi, UT
Af'?} Green Refractories, 392,369 2,800
Tarencum, PA
Lava Crucible Refractories, 187,737 60
Zelienople, PA
Kaiser Refractories, 2,154,957 3,170
Plymouth Meeting, PA
Gunning Refractories, 38,379 119
South Webster, OH
Resco Products, 1,745,057 543
Ncr;istoun. PA
Basic Refractories, : 88,893 207
Maple Grove, OH
Kaiser Refractories, 89,937 570
Columbiana, OH
Wellsville Fire Brick Co., 10,598 43
Wellgville, MO
Corhart Refractories, 85,439 597
Pascagoula, MS
Didier Taylor Refractories, 83,697 231
South Shore, KY
Harbison-Walker Refractories, 1,424,411 3,320

Baltimore, MD




TABLE 3-4 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE: -
'XP{'SED FROM CHROMIUM REFRACTORY MANUFACTURE

Total Number of Total Exi:'oéu.rl'-
Plant Persons Exposed - (Persons-ug/m™)
Gunning Refractories, 386,894 134 -
Crown Point, IN
Harbison-Walker Refractories, 1,193,663 26,700
Hammond, IN _
Kaiser Refractories, 161,321 569 -

Moss Landing, CaA

%A 20 km (12.4 miles) radius was used for the analysis of chromium
refractory plants.




Table 3-5. The maximun concentration to which any person is potentially

exposed {s 13.5 ug/n of total chromium although only a fraction of a person
is exposed at this level.

* In evaluating the HEM results for refractory plants da:a base
dcficiencics involving chromium emissions information and refractory plant

‘longitude/latitude location coordinates should be considered. No emissions

test data were available to characterize chromium enissions frou refractory
productior processes. Chromium emigssions estimates used in the HEM analysis
were prepared using general particulate emissions data and estimated levels
of chromium in the particulate emissions. The particulate chromium levels
were estimated using process information from the published literature and
State air quality permits. The estimates used in the HEM analysis were
reagonable; however, they probably represent the upper end of the potential
emission range. The development of a better chromium emissions data base
for this source category is a definite recommendation prior to initiaiing
future exposure analysis efforts. '

A second factor to be considered for this source category is that
precise longitude/latitude location coordinates were not ‘availabie for all
plant sites. For these five plants without locations data
longitude/latitude coordinates were estimated from atlases such that che
obtained coordinates represented the geographic center of the city location
and not the exact plant location. In these cases ic is possible that the
density of the population distribution around the plant may have been
overstated .or understated. Therefore, the total public exposure to chromium
from refractory plants predicted by the HEM may be biased slightly high or
low. 1t should be noted that the combination of potentially upper end
chromium emissions (the first consideration) aad an overstatement of the
population exposed would produce an HEM exposure result that is biased high
for the refractory source category. With the information avatilable it is

not possible to indicate the degree to which such a bias may or may not have

been produced.

e




TABLE 3-5. PUBLIC EXPOSURE TO CHROMIUM FROM CHROMIUM REFRACTORY
PLANTS AS PRODUCED BY THE HUMAN EXPOSURE MODEL

i Concentratign Level Population Exposeda Public Exposu eb
(ug/m™) (Persons) (Persons-yg/m”)

13.5 0 1
10 0 4
5 1 11
‘ 2.5 24 : 73
1 509 719
0.5 4,976 3,820
0.25 15,205 7,600
0.1 59,921 14,300
0.05 129,876 18,900
10,025 272,685 23,700
0.01 777,461 . 31,500
0.005 1,442,270 36,500
0.0025 2,072,713 38,700
0.001 4,048,332 41,800
0.0005 5,971,919 43,200
0.00025 6,481,292 43,400
0.0001 7,997,769 43,700
0.00005 8,229,068 43,700
0.0000368 8,242,165 43,700

%This column displays the computed value, rounded to the nearest whole
number, of the cumulative number of people exposed to the matching

; and higher concentration levels found in column l. TFor example,

Q 0.5 people would be rounded to 0 and 0.51 people would be rounded to 1.

RN

bColumn 3 displays the computed value of the cumulative exposure to the
matching and higher concentration levels found in column l.




3.4 KUN;CIPAL REFUSE AND SEWAGE SLUDGE INCINERATION R
As stated 1in Section 2.7 of Chapter 2, 129 municipal refuse B
incinerators ware identified in this study and included in the HEM analysis. '

However, because several sites have multiple incinerators ducted to one
control system, the number of distinct site entries given in the summary i
tables below does not equal 129. This same principle also holds true for _ i
the 141 sewage sludge incinerators. Table 3-6 presents the sumnary HEM '
results for the total number of people exposed and the total chromium
exposure at each municipal refuse incinerator site examined. The national
public exposure to chromium from municipal refuse incinerators, as
determined by the HEM, is given in Table 3-7. Approximately 45 million
people are estimated to be exposed to chromium concentrations of

0.00000012 ug/m3 or greater as a result of municipal refuse incinerator
operations. The highest ambient chromium concentration predicted by the HEY
to be encountered in the vicinity of municipal refuse incinerators is

0.0245 ug/m3. Table 3-7 indicates that only a fraction of a person {s
actually exposed tc the highest predicted concentration.

Table 3-8 presents the summary HEM reczults for the total number of
people exposed and the total chromium exposure at each'sewage sludge
incinerator studied. The national public exposure to chromium from sewage
sludge incinerators is presented in Table 3-9. Apptoximately 45 million
people are projectad to be expcsed to chromium concentrations of
0.0000005 ug/m3 or greater as a result of sewage sludge incinerator
operations. The highest ambient chromium concentration estimated by che HEM
to be encountered in the area of sewage sludge incinerators is 0.0838 ug,mj.
However, the HEM also predicts that only a fraction of a person is exposed
to this maximum concentration.

To appropriately avaluate the exposure results given in Tables 3-6 to
3-9, certain factors in the municipal refuse and sewage sludge incinerator
data bases should be noted. The first factor involves the great variabilicy
of the chromium levels found in municipal refuse and sewage sludge, which in
turn affects the levels of chromium emitted. As discussed in Section 2.7 of




TABLE 3-6. TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
EXPOSED FROM MUNICIPAL REFUSE INCINERATORS®

Incinerator, Total Number of Total Expqsur
Location Persons Exposed (Parsonsg~ug/m”)
Augusta, AR 9,032 0.04 j
Bentonville, AR 59,276 0.5 ;;
Blytheville, AR 42,318 0.8 ‘lﬁ?
; Hope, AR 17,689 0.09 R
=€ Hot Springs, AR 66,960 4
9% Kensett, AR 1,271 0.06 'fjﬁ
”§ Atkins, AR 37,281 0.07
'£ North Little Rock, AR 305,901 13
% Osceola, AR 24,994 0.3
‘E Siloam Springs, AR 24,651 0.3 )
i? Stuttgart, AR 15,247 0.2 ‘?ﬁ;
,;?‘ Orlando, FL 474,557 18 Péé
%} Pahokee, FL 47,926 0.4 35252
pi Port Orange, fL 146,855 2 . .:Uﬁ
%i Donaldsonville, LA 37,459 0.2 .%;
‘&i Plaquemine, LA 85,476 0.7 .
%é! Rayne, LA 81,604 0.5
ié Harpswell, ME 53,494 0.02 K .
1 Kictery, ME 137,793 1 .
5 Auburn, NH 184,597 0.03 ':1€1

-

I AN S et s s N pp—

B

trm—n

iy s BRI : .
' ;u.mv;..._.‘._....»..-- - e barbs 2 sh b
"
1. .

LR (P VRNV SR S DU DI

F



.._*"fﬁ\.ﬁ!ﬂ:_m Seiby

B

S R

TABLE 3-6 (CONTINUED). .TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE il
. ‘ : EXPOSED FROM MUNICIPAL REFUSE INCINERATORS® N
. RS
;’;E -;"i
£ ( -“,
Ej} Incinerator Total Number of Total Exposur iR
2% & Location Persons Exposed (Persons-ug/m”) i
[ : i
,éé Bridge.ater, NH - 19,159 0.04
e _
3 Candia, NH 166,425 0.2
-15.“-
L Canterbury, NH 69,276 0.1
L Litchfield, NH 262,891 0.8
Meredith, NH 39,505 0.1
Nottingham, NH 46,587 0.07 !
Pictsfield, NH 42,863 0.09 i
\ ax 5 E
%</2¥on, NH 53,995 0.2 :
}
Wolfaeboro, NH 40,044 0.07 j
Skaneatales, NY 73,188 0.3 Q
Wrightsville Beach, NC 100,554 g.9 %
Cleveland, OK 15,530 0.06 1
Tahlequah, OK 25,573 0.6 §
Coos County, OR 41,160 0.2 : _
£ Crossville, TN 26,258 0.2 oy
A Refugio, TX 5,250 0.005 '
2 :
L b, :
e Terrell, TX 13,812 0.03 ;
Ex Salem, VA 201,407 ) |
é.':‘:,i' 1]
o Bellingham, WA 67,926 0.6 !
Y 3
y%; Ansonia, CT 690,812 133 i
|
o %
f%zg
s !
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. TABLE 3-6 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER GF PEOPLE et
: EXPOSED FROM MUNICIPAL REFUSE INCINERATORSS - et

: Py

f Incinerator A 4‘rotai ﬁi;ﬁbcr‘bt' Total Ex'po:uﬁt v '
: Location Persons Exposed | _(Petaoanqg/g”): :
East Hartford, CT 652,253 140
New Canaan, CT 407,498 41
Stamford, CT 438,057 47
Washington, bC 1,985,386 1,950
Chicago, IL 2,240,530 673
East Chicago, IN 1,440,154 g 122
Louisville, KY 781,871 12,620
Shreveport, LA 14,120 2 f‘
Baltimore, MD 1,411,705 21
Baltimore, MD 1,517,384 604
Braintree, MA 1,419,658 ) 953
Bridgewater, Ma 86,350 27
Fall River, MA 327,388 23
Framingham, MA 606,935 331
Saugus, MA 1,398,135 248 i
St. Louis, MO | 1,484,720 141 L
St. Louis, MO 1,338,049 206
r Red Bank, NJ 448,355 C 116
Harrisburg, PA 312,305 155
Huntington, NY 1,023,122 557

N 3-8 v, IV R




o et

{
E:
b
.
b
A

ke

e

<)
% ;riﬁii”é-e'tcOutiﬁvzb). TOTAL CHROMIVM EXPOSURE AND NUMBER OF PEOPLE
4 g ot Ll v EXPOSED FROM MUNICIPAL REFUSE ‘INCINERATORS®
i :ihéihefiiof Total &umﬁef of Total Exposurg
"-Location Persons Exposed (Persons-ug/m™)
1 _ : B 1.
“ktckavanna, NY 885,000 259 : ';- }
Oyster Bay, WY 1,056,654 1,190 | .
Tonawanda, NY 876,795 151 o
Lakewood, OH , 1,258,571 419 v;%' ;;
Philadelphia, PA 2,696,321 778 hgf fi
4Philade1phia, PA 2,908,879 - 895 ' . 'é
éhippensburg, PA 2,153,465 411 Vfé ‘f
Ngspville, TN 450,589 158 } i
Newport News, VA 12,523 1 - -g
;; Norfolk, VA | 788,288 8l %
Portsmouth, VA ' 674,382 199 "
Sheboygan, WI 83,589 ' 149 ' ‘12" E
Waukesha, WI | 491,324 37 N f
Honolulu, HA 627,857 159 zz {
Dade County, FL 1,385,689 169 ‘;ﬁté ¥
Orlando, FL 318,726 7 | igé 13
South Brooklyn, NY 5,056,145 1,200 ~5}§ i
%A 20 km (12.4 miles) radius was used for the analysis of municipal -;;5% ~é
. waste 1ncinerators. et
i
i ; {
5 : !
. L s ,}
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Concentratign Level " . Population Exposed” -

o (ug/m”) (Persons)

. T;'
0.0245 0 : SRR S
0.01 42,551 604
0.005 267,058 2,080
0.0025 817,966 3,930
0.001 3,081,821 7,370 ;
0.0005 6,674,389 ‘9,870 :
0.00025 13,815,227 12,400 ‘
0.0001 28,113,506 14,700
0.00005 35,814,533 15,200

3 0.000025 39,267,454 15,400

) 0.00001 41,998,744 15,400 .
0.000005 43,171,894 15,400 N
0.0000025 43,854,513 15,5400 ‘
0.000001 44,614,448 15,400
0.0000005 44,881,518 15,400
0.02000025 44,896,673 15,400
0.00000012 44,944,086 . '15,400

4This column displays the computed value, rounded to the nearest whole
number, of the cumulative number of people exposed to the matching:
and higher concentration levels found in column l. For example,

0.5 people would be rounded to O and 0.51 people would be rounded to 1.

BRI Wi B

bColumn 3 displays the computed value of the cumulative exposure to the
matching and higher concentration levels found in column 1,
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_ TABLE 3-8, TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
" EXPOSED -FROM SEWAGE SLUDGE.INCINERATORS®

Incinarator,
~ Location

. Total Number.of

Persons Exposed

Total Exposur
(Persons-ug/m”)

-Alaska Village Electric Co-op,

Anchorage, AK
Wrangell, AK
City of Riverside Incinerator,

Riverside, CA

Mattabassett District Incinerator,
Cromwell, CT

Hartfocd Sewage Treatment Plant,
Hartford, CT

Lake Arrowhead, CA Inci{nerator

City of New Haven Incinerator,
New Ea-an, CT

Waterbury Sludge Incinerator,
Waterbury, CT

Buckman Sewage Treatment Plant,
Duval County, FL

Pensacola Incinerator,
Pensacola, FL

DeKalb County Snapfinger
Water Pollution Control,

Decatur, GA

Jonesboro, GA Incinerator

Maristta, GA Incinerator

Savannah, GA Incinarator

Granite City, IL Incinerator

21

893

454,483
503,569
666,991

159,643

504,326

382,993

513,758
214,215
691,793
257,425
497,857

184,373

1,292,493

0.0C006 -

0.0002

3

43

18

77

10
11

12
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TABLE 3-8 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER QF PEOPLE
EXPOSED FROM SEWAGE SLUDGE INCINERATORS?

Incinerator,
Location

Total Number of
Persons Exposed

Total Exposur

(Persons-ug/a™

S,)'. =

Indianapolis Sludge Incinerators,
Indianapolis, IN

Cedar Rapids, IA

Davenport Sewage Treatment Plant,
Davenport, IA

Kansas City Wastewater
Treatment Plant
Kansas Cityv, KS

Mission, KS Incinerator

Johnson City Unified Sewage Plant,
Olathe, KS

Covington, KY Incinerator

City of Cynthiana Incinerator,
Cvynthiana, KY

Sanitation District | of
Camdry Creek,
Erlanger, KY

Sanitation District 1 of
Cardry Zreek,
Erlanger KY

Metropolitan Sewer Districe,
Louisville, KY

Chicopee Wastewater Treatment Plant,

Chicopee, MA

Fall River, MA Incinerator

804,225

75,752
309,024

943,145

902,376

230,782

984,937

21,357

949,940

732,475

528,726

381,771

Ay

24

0.7

10

25
0.2

478

AN
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TABLE 3-8 (CONTINUED), TOTAL CHROMIUM EXPOSURE AND NUHMBER OF PECPLE
EXPOSED FROM SEWAGE SLUDGE INCINERATORS®

"Incinerator,
Location

Total Number of
Persons Exposed

Total Exposurg
(Persons-ug/m )

Y
[N

E. Fitchburg Wastewater
Treatment Plant,
Fitchburg, MA

New Bedford Sewage Treatment Plant,
New Bedford, MA

Upper Blackstone Treatment Plant,
Worcester, MA

Ann Arbor Wastewater Treatment Plant,
Ann Arbor, MI :

Bay City Wastewater Treatment Plant,
Bay Cicy, MI

Sewerage Treatment Plant,
Detroit, MI

East Larsing Wastewater
Treatment Plant,
East Lansing, MI

Flintwater Pollution Control,
Flint, MI

Grand Rapids Wastewater
‘Treatment Plant,
Grand Rapids, MI

Kalamazoo Wastewater
Tceatment Plant,
Kalamazoo, MI

Saginaw Wastewater Treatment,
Saginaw, MI

Trenton Wastewater Plant,
Trenton, MI.

176,631

182,852

356,541

250,452

241,264

1,992,075

318,129

410,359

421,640

192,934

223,825

431,750

1,480

14

48

18

31
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TABLE 3-8 (CONTINUED)., TOTAL CHROMIUM EXPOSURE AND NUMBER OF. PEO
EXPOSED FROM SEWAGE SLUDGE }NCINERAIORS?‘

e,

B

Incinerator, Total Number of Total Exposur )
Location Persons Exposed (Persons-ug/m7) .

Wyandotte Wastewater Plant, 838,272 28
Wyandotte, MI

Wyoming Wastewater Treatment Plant, 317,771 10
Wyoming, MI

Metropolitan Wastewater Plant, 936,022
St. Paul, M¥

Metropolitan Waste Control, 1,000, 3€6
St. Paul, MM

Independence, MO Incinerator 868,541

Paplo Wastewater Treatment Plant, 472,366
Bellevue, NE

Carson City Sewerage 58,425
Treatment Plant, :
Carson City, NV
Douglas Citv Sewer Impoundment
District,
Douglas City, NV
Manchester, NH Incinerator 192,449

Merrimack, N2 Incinerator . 172,913

Atlantic City Sewer Authority, 164,940
Atlantic City, NJ

Gloucester County Sewerage 1,995,527
Authority,
Gloucester County, NJ

Stony Brook Regional Sewerage 381,292
Authority,
Mercer City, NJ

IR

e A Wiy

£
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" TABLE 3-8. (CONTINUED).

TOTAL CHROMIUM EXPOSURE AND NUMB
EXPOSED FROM SEWAGE SLUDGE INCINERATORS®

ER OF PEOPLE

Incihdrator.
"‘Location

Total Number of
Persons Exposed

Total Exposur
(Persons-ug/m~)

Ocean City Utilities Authority,
Ocean City, NJ

Anherst, NY Incinerators
Hamburg, NY Incinerators
No:th Tonawanda, NY Incinerator

N. Buffalo Waste Treatment Plant,
" Greenszboroe, NC

Akron Water Posllution Control,
Akron, OH

Cincinnati. OH Incinerators

- Southerly Wastewater Treatment,
Cuyahosga County, OH

Hill Creek Treatment Pla-ut,
Hamilton Cicy, OH

'Varren Wastewater Treatment Plant,
Trumbull City, OH

Lawton, OK Incinerator

Delaware City Regional Water
Authority,

Chester, PA

Erie Sewer Authority,
Erie, PA

Greater Hazelton Sewer Authority,
Luzerne Covuty, PA

Wycming Valley Sanitary Authciity,
Luzerne County, PA

159,764

978,078
238,460
899,324

234,568

573,868

©,044,863

1,736,504

51,933

366,846

116,921

945,208

216,366

110,746

257,264

43

54

116
496

57

20

15

11
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TABLE 3-8 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF.PECPLE .

E¥YPOSED FROM SEWAGE SLUDGE‘INCINERAIOSSfT

g . PR e e

TN

A et

o . Incinerator, Total Number of Totaly2i533ﬁr f:;
Location Persons Exposed - (Persons~-ug/m”)
Morrisville, PA Incinerator 855,671 A
Tyrone Borough Sewer Authority, 15,399 0.03

Tyrone, PA

Kiski Valley Water Poliution 182,053 - 0.9
Control Authority,
Westmoreland County, PA

Upper Moreland Incinerator, 1,602,913 A 160
Willow Grove, PA '

Cranston, RI Incinerator 727,978 25
Providence, RI Incinerator ‘760,968 ) 17
Maryville, TN Incinerator 147,593 0.6
Central Wastewater Plant, 471,788 o 20v-l

Nashville-Davidson, TN

g - -a -

Newport Utilities Board 35,604 0.9
Wastewater Plant,

Newport, TN

. ‘j}»‘.:‘ .4
B AL

Carswell Air Force Base, 549,046 0.3
Ft. Worth, TX
f; Plano, TX Incinerator 217,578 0.5
é' Richardson, TX Incinerator 357,831 : 2
| Arlington County Incinerator, 2,057,854 18

Arlington, VA

Blacksburg-VPI Sanitation Authority, 85,923 1
Blacksburg, VA

Lower Potomac Pollution Control, 659,260 35
Fairfax, VA ‘

IR0 enred 1 RN s gt T
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CTABLE 3-8 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
Cigw o cer ec, ol 400 EXPOSED FROM SEWAGE SLUDGE"INCINERATORS®

“Incinerator, Total Number of Total Exposur
Location ’ Persons Exposed (Persons-ug/m”)

o7
Hopewell, VA Incinerator 157,739 6
Longview, WA Incinerator 73,521 0.6
Cowlitz County Sewage Authority, 75,576 2
Llongview, WA )
Vancouver, WA Incinerator 691,171 4
Charlestonr, WV Incinerator 247,045 27
Green Bav Metro Sewerage Districe, . 171,229 29
Green Bay, WI
Neenah-Menasha Sewage Authority, 54,658 0.3
Menasha, WI ' :
Milwaukee Sewage Authority, 1,110,952 16

Milwaukee, WI.

34 20 km (12.4 miles) radius was used for the analysis of sewage sludge
incinerators.

3-22




u

PUBLIC EXPOSURE TO €
' INCINERATORS AS PRODU
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0.0000025

0.0000005

0-
17

Lol

LN B D e L LT I
TR T P r I ok s R R ARG AR

HROMIUM- FROM 'SEWAGE

7S

NP
LS SR

LN

"

YAl
2

N

S

3

bL

i

%.aja.ﬁ ¥

&L

688 .-

10,876
45,149
125,366

. 501,197
1,565,732
3,743,096
7,087,313
11,026,504
16,552,800
25,142,816
33,399,161
40,222,586
44,001,675
44,827,827
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%This column displays the computed value, rounded to the nearest whole '
number, of the cumulative number of peo
and higher concentration levels fournd in column 1.
0.5 people would be rounded to O and 0.5! people’

ple exposed to the matching- .. . .
For example,
would be rounded’
®Column 3 displays the computed value of the cumulative exposure to the
matching and higher concentration levels found in column 1.
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Chapter 2, chromium contents in various refuse and sludge streams can vary
.,fggmuonq'go three érdetu of mhghitude.'thateby potentially exerting a R

. analysis., Holding all other factors comstant, it is easy to see that 1f the

a;énificant impact on chromium air emissions. The variability in the
ch:bﬁium content of particulate emisgsions from both types of incinerators
fas been illustrated in Table 2-5. The average chromium values in Table 2-5
Ueie used to calculate chromium emissions from the purposes of the HEM

upper or lower values in the chromium data giQan in Table 2-5 had been used
for the HEM analysis, a different exﬁosure picture than that shown in
Tables 3-6 to 3-9 potentially would have resulted.

The second factor to be considered in evaluating the HEM results

R

involves only municipal refuse incinerators. Precise longitude/latitude
location coordinates for all municipal refuse incinerators were not
avallable, particularly for several of the small package incinerators
located in relatively small towns. Location coordinates for these sites
were estimated from atlases such that the coordinates used in the HEM were

for the geographic center of the town and not the incinerator site. By

doing this the density of the population distribution may have been
overstated or understated, thereby directly affecting the size of the
exposed population. The effect this factor had on the total public exposure
to chromium given in Table 3-7 is anticipated to be minor because the
unlocated incinerators are small size/low chromium emission units located in
relatively low density population areas.

The third factor to be considered in evaluating the HEM results
involves only the sewage sludge incinerator source category. The facet of #‘

the sewage sludge category that has a bearing on the exposure analysis

concerns differences in published estimates of the number of sewage sludge ) 1
incinerators currently operating in the United States. The list of the

141 sewage sludge incinerators included in the HEM analysis was generated
from the NEDS and from contacts with U.S, EPA regional offices. A recent
study estimated the number of sewage sludge incinerators operating in the

-t

United States to be more than twice the 141 analyzed in this report;

however, an individualized listing of these incinerators was not provided.3

3-24
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“the summary HEM results for the total number of people exposed and the total oy
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It is highly probable that there may be more chan 141 Jewage sludge
incinerators in the United States, but to determine the exact number more is
not possible with currently available data. Obviously a larger populdtion
of sewage sludge incinerators would mean a potentially larger public

exposure to chromium than that shown in Table 3-9.

3.5 FERROCHROMIUM PRODUCTION

As explained in Chapters | and 2, only one ferrochromium production
plant is in operation in the United States. The public exposure to chromium
presented by this plant, as estimated by the HEM, is given in Table 3-10.
Approximately 22,132 people are projected to be exposed to a total
atmospheric chromium concentration of 0.00142 ug/m3 or greater. The maximum
concentration to which a person could potentially be exposed is 2.87 ug/m3;
however, there is only a fraction of a person actually exposed to this
level. The maxirum concentration to which any people are actually exposed
is 0.0195 ug/ms. There are 914 people exposed at the 0.0195 ug/m3

concentration level.

3.6 STEEL MANUFACTURING

In sectidn 2.8 of Chapter 2 various steel producing souxces such as
EAFs, BOPFs, and AOD vessels were discussed separately. However, wmany
plants contain both EAFs and BOPFs or EAFs/AOD vessels and BOPFs. In the
HEM analysis EAFs, BOPFs, and AOD vessels were not treated individually, but
rather they were combined into a single steel plant where applicable. In
other words a separate HEM analysis was not conducted for plant A's EAF
chromium emissions and plant A's BOPF chromium emissions. One HEM analysis

was conducted for plant A's total chromium emissions. Table 3-l1 preseats

chromium exposure at each steel plant studied. The national public exposure
to chromium from steel manufacturing plants is presented in Table 3-12,
Approximately 69.3 ﬁillion people are projected to be exposed to chromium - F
concentrations of 0.0000025 ug/m3 or greater as a result of steel plant 5
chromium emissions. The maximum chromium concentration to which any person

is potentially exposed from steel manufacturing {s 0.0877 ug/n3; hovever,

only a fraction of a person is actually exposed at this level.

3-25
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TABLE 3-10.

PUBLIC EXPOSURE TO CHROMIUM FROM FERROCHROMIUM
PLANTS AS PRODUCED BY THE HUMAN EXPOSURE MODEL-

s
A
4
o
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Concentratign Level Populacion Exposeda ' Public Exposu eb
(ug/a™) (Persons) (Persons-ug/m”)
2.87 0 <1
2.5 0 <]
1.0 0 <1
0.5 0 <l
0.25 0 <1
0.1 0 <1
0.05 0 <1
0.025 0 <1
0.0195 18
0.01 27
0.005 62
0.0025 87
0.00142 102

number, of
and higher
0.5 people
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2Thts column displays the computed value, rounded to the nearest whole
the cumulacrive number of people exprsed to the matching

concentration levels found in column 1.
would be rounded to 0 and 0.51 people would be rounded to 1.

For example,

bColumn 3 displays the computed value of the cumulative exposure to the
matching and higher concentration levels found in coluzn 1.
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TABLE 3-11, TOTAL CHROMIUM EXPOSURE AND NUMBEﬁ'dF PEOPﬁé{
EXPOSED FROM STEEL MANUFACTURING PLANTS?

Total Number of Total Exposur
Plant Persons Exposed (Persons-ug/m”)
Bethlehem Steel, 246,370 8
Burns Harbor, IN '
Kaiser Steel, 431,659 6
Fontana, CA
Bethlehem Steel, 1,044,566 16
Sparrows Piont, MD
U. S. Steel, 605,300 13
Gary, IN .
National Steel, 1,210,516 11
Granite City, IL
Arnco, 267,881 5
Middletown, OH '
: U. S. Steel, 305,376 ' 7
Lorain, OH
. U. S. Steel, 1,057,969 16
4 Braddock, PA
; Jones & Laughlin, 317,888 4
! Aliquippa, PA
{ Becthlehem Steel, 885,000 17
! Lackawanna, NY
i Republic Steel, 982,397 15
E Buffalo, NY
! U. S. Steel, 567,363 11
% Fairfield, AL
)
4 Whelling-Pittsburgh Steel, 215,154 2
i Monessen, PA
)
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TABLE 3-11 (CONTINVED).

'TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
EXPOSED FROM STEEL MANUFACTURING PLANTS®

Plant

Total Number of
Persons Exposed

Total Exposur
(Persons-yg/m”)

lj%yclopa Corp.,
- Bridgeville, PA

f:éiéiopd Corp.,

Mansfield, OH

"fﬁidctralloy Corp.,

011 City, PA

" Crucible, Inc.,

' Syracuse, NY

. Crucidla, Inc.

Midland, PA

CF & I Steel,
Pueblo, CO

Cabot Corp.,
Kokomo, IN

Carpenter Technologv Corp.,
Reading, PA

- Carpenter Technology Corp.,

Bridgepore, CT

Bathlehem Steel,
Steelton, PA

Batcock & Wilcox,
Beaver Falls, PA

Armco, Inc. .
Butler, PA

Copperveld Steel,
 Warren, OH

860,763

151,754

51,613

242,138

268,815

117,916

97,793

262,290

482,962

344,245

228,890

103,272

290,560

1,340

193

128

90

546

174

131

339

495

324

3”7

185

189
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TABLE 3-11 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
EXPOSED FROM STEEL MANUFACTURING PLANTS®

Darlington, SC

| Total Number of Total Exposur
Plant Persons Exposed (Persons-ug/m”)

Republic Steel, 331,535 7
Warren, OH

Bethlehem Steel, 481,509 181
Bethlehem, PA
‘National Steel, 147,265 2
Weirton, WV

Sharon Steel, 267,315 2
Farrell, PA

Republic Steel, 1,405,552 33
Cleveland, OH

Interlake, 2,142,814 40
Chicago, IL

Jones & Laughlin, 1,408,553 17
East Chicago, IN

Simonds Steel, 109,095 8
Lockport, JNY

Roblin Steel, 49,319 25
Dunkirk, NY

Republic Steel, 91,844 151
Gadsden, AL

Nucor Corp., 28,024 57
Norfolk, NE

Nucor Corp., 4,684 2
Jewert, TX

Nucor Corp., 89,814 26

“
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i ", TABLE 3-11 (CONTINUED),. TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE

: P EXPOSED FROM STEEL MANUFACTURING PLANTS®
.’ ’

K

Z ‘ Total Number of Total Exposur

B " Plant Persons Exposed (Persons-ug/m”)

; - ,

% | . A
8 ~Northwest Steel Rolling, 418,364 94

g ~ "Keant, WA

¥ L
- New Jersey Steel & Structure, 870,047 217

23 Sayerville, NJ )

v

i National Forge Co., 221,786 . 363

Gy Erie, PA

By

o McLouth Steel, 453,179 391
' % Trenton, ML :

?i Marathon La Tourneau,. 95,819 28

5 "Longview, TX

% Laclede Steel Co., 412,604 ' 374

X Alton, IL

9t

s Judson Steel Corp. 1,566,989 353 ‘5
'?‘ Emeryville, CA i
k- Jessup Steel Corp., 116,599 38 !
8 Washington, PA :

Jones & Laughlin Stsel, . 2,278,195 3,400

B Warren, MI

B Josyln Stainless Steels, 278,382 529 ol
¥ Ft. Wayne, IN '
i ITT Harper, 2,613,703 495

N Morton Grove, IL

B '

- Ingersol Rand, 23,367 64

B Pampa, TX '

kA '

5 Ingersoll Johnson Steel, 59,947 21

VL New Castle, IN

v

=

&

cer mvm e e
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TABLE 3-11 (CONTINUED).

TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE.
EXPOSED FROM STEEL MANUFACTURING PLANTS

B O P T S

Plant

Total Number of
Persons Exposed

Total Exposurg
(Persony-ug[m )

Kentucky Electric Steel,
Ashland, KY

£l Tech Specialty Steel,
Watervliier, NY

Marathon Sceel,
Tempe, AZ

Phoenix Steel Corp.,
Claymont, DE

North Star Steel.
St. Paul, M

Oregon Steel Mills,
Por:land, OR

Connors Steel Co.,
Huntington, WV

Connors Steel Co.,
Birmingham, AL

Hawaiian Western Steel,
Ewa, HA

Roanoke Electric Steel,
Roanoke, VA

Rariton River Steel,
Perth Amboy, NJ

ducor Corp.,
Plymouch, UT

Washington Steel Co.,
Houston, PA

112,440
524,509
678,143
7?0,9?1
684,776
628,517
177,363
538,505
162,207
206,676
1,365,555

7,692

268,815

podsmiiane o

21

s

497

49

T

483

179

168

63

176

40

651




.TABLE 3-11 (CONTINUED).

TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
EXPOSED FROM STEEL MANUFACTURING PLANTS?

Plant

Total Number of
Pergona Exposed

Total Exposur
(Persons-ug/m”)

U. S. Steel,
Baytowp. TX

U. S. Steel,
Duquesne, PA

U. §S. Steel,
Fairless Hills, PA

Texas Steel,
Ft. Worth, TX

Tennessee Forging Steel,
Newport, AR

Tennessee Forging Steel,
Harriman, TN

Teledyne Vasco,
Latrobe, PA

2 Finkle & Sons,
7 Chicago, IL

Py

-

S AT

X

Republic Steel,
Soucth Chicago, IL

“-f g

Camulet Steel Co.,
Chicago Heights, IL

Columbia Tool Steel,
Chicago Heights, IL

U. S. Steel,
South Chicago, IL

Ameron Steel and Wire,
€tivanda, CA

172,077
1,168,152
40,367
7,344
19,920
50,430
153,970
3,583,504
2,143,893
835,317
758,850
2,193,165

553,528

500

806

29

13

1,230

1,840

100

130

3,410

346
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TABLE 3-11 (CONTINUED).

TOTAL CHROMIUM EXPOSURE'AND NUMBER'OF'PEOPLE
EXPOSED FROM STEEL MANUFACTURING PLANTS3 ~ ~

Plawn:

Total Number of
Persons Exposed

Total Exposu:§ a
(Persons-ug/m”)

Armco, Inc.,
Torrance, CA

Bethlehem Steel,
Los Angeles, CA

National Steel,
Ecorse, MI

Ford Motor Co.,
Dearborn, M1

Armco, Inc.,
Baltimore, D

Ezstern Stainless Steel,

Baltimore, MD

Armco, Inc.,
Houston, TX

Cameron Iron “Works,
Heuston, TX

Border Steel Milla,
El Paso, TX

Bethlehem Steel,
Seattle, w4

E. M, Jorgeusen Cc.,
Saatcle, WA

Joues & laughiin Steel,
Pittsburgh, PA

Newport Steel,
Newport, KY

2,286,634

1,246,493

232,986

2,197,829

1,492,025

1,401,892

1,113,868

378,397

438,614

939,739

886,161

1,333,793

983,703

297
363
400

1,860

S ik,

s

o

3,630

e % A P, 0 e

iy

56

582

448

1,200

413
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o .ﬁEWQTABLEJ3711 (CONTINUFD). .TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
= T e " _EXPOSED FROM STEEL MANUFACTURING PLANTS?
% g <
;{ Total Number of Total Exposur
g_ﬂ Plant Persons Exposed (Persons~ug/m”) Rl
= ‘|
: Armco, Ine., 191,858 - 2 |
Ashland, KY ' A
Edgewater Steel, 1,067,892 162 .1
Oakmont, PA ;
‘Allegheny Ludlum Steel, 331, 844 1,040 )
L Brackenridge, PA "
. Braeburn Alloy Steel Div., 378,737 40 {
i3 Braeburn, PA il
i 3
Quantex Corp., 138,491 58 'j
Jackson, MI |
{
North Star Steel, 89,662 107 %
Monroe, MI x
;
Chaparral Steel Corp., 230,434 188 .
Midlocthian, TX i
Jessup Steel Co., 84,743 23 |
Oweusboro, KY l
s A
The Ceco Corp., 494,A59 40 1R
Birmingham, AL : 1
Armco, Inc., 523,346 582
Kansas .City, MO
Cellfornia Steel Co., 2,556,174 596 4
b Chicago, IL y ¢
% i
x tulen Electric Steel, 125,826 12 ’ I
. Burgsttstova, PA . ]
i Luke:s Steel Co., 164,120 248
" Coatsville, PA ]
i i
i} b
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TABLE 3-11 (CONTINUED).

; " N 5 ";:-:...,‘;i,.,';\‘-‘:;’:;_':n; s "
' Total Number of Total Exposurq = .°.
! Plant Persons Exposed (Personsg=ug/m ) ="+l

National Forge Co., 38,085 15
Irvine, PA
Standard Steel Div. of Timet, 47,337 606

Burnham, PA

Timken Co., 135,716 88
Latrobe, PA

T TN TN 7 L A I (T Y e ST AR ¢

g U. S. Steel, 156,620 ‘57
Johnstown, PA

i T L T T P ¥ o Ty BT O TR AT T PN A ereas
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Republic Steel, - 316,582 691
Canton, OH

Timken Co., 325,629 746
Canton, OH

Jones & Laughlin Steel, 1,404,665 1,340
Cleveland, OFE

3 Inland Steel, 1,297,852 575
East Chicago, IN

22 20 km (12.4 miles) radius was used for the analysis of steel
manufacturing plants.
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TABLE 3-12, PUBLIC EXPOSURE TO CHROMIUM FROM STEEL MANUFACTURING
: PLANTS AS PRODUCED BY THE HUMAN EXPOSURE MODEL

‘Concan:tatign Level Population Exposeda Public Exposu eb 1
(ug/m”) (Persous) (Persoas-ug/u”) .;
§
0.0877 0 <1 %
0.05 455 .28 5
0.025 5,733 202 !
0.01 105,745 1,520 ;
0.005 655,234 5,190 b
0.0025 2,675,640 12,000 '
0.001 11,227,637 24,900 !
0.0005 23,709,980 33,800 4
0.00025 36,074,774 38,300 3
0.0001 48,658,204 40,400
0.00005 54,116,157 40,800 ]
0.000025 57,971,330 40,900 i
0.0C001 65,884,712 41,000 !
0.000005 69,425,323 41,100 A
0.0000025 70,304,856 41,100

2This column displays the computed value, rounded to the nearzest whole ' i

number, of the cumulative number of people exposed to the matching
and higher concentration levels found in columa 1.
0.5 people would be rounded to 0 and 0.51 people would be rounded to 1.

bColumn 3 displays the computed value of the cumulative exposure to the
matching and higher concentration levels found in column 1

3-36
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Due to present economic coanditions the domeséic steel 1ndu§tt§.i§.£n a
period of production cutbacks and total plant closutes. Both of .hesc
conditions directly affect potential chromium emissions from thc steel

industry. It is possible that the national public cxposuro levels to .
chromiun from steel production shown in Table 3-12 and the individutl';lan: _
levels shown in Table 3-ll are overstated because of plant cutbacks and

plant closures that are unable to be accounted for. ' '

Other factors to be considered in evaluating the steel production HEM
results are that only one chromium emission factor was available for Bb??s.._"J
ro actual plant stack geometry data were available, and emission.control |
efficiencies were assumed to be equal for similar sources at all plants in
the industry. Because only one chromium factor was available for BOPF -

enissions, variability in chromium levels could not be taken into

consideration. The single factor available may not be represeatative of all
BOPF chromium emissions or of long-term BOPF chromium emissions.

Stack zeometry data for all types of facilities (EAFs, BOPFs, and AODs)
were estim2ted from model plants used to develop new source perfofmadce
standards. While these values are representative of the steel operations in
general, they may not be equivalent to actual plant values such that
emissions dispersion as estimated by the HEM may be imprecise. The effect
of this potential imprecision on the overall HEM analysis for steel plants
is estimated to be negligible.

Emissions collection and control efficiencies for every steel plant in
the United States are not available, therefore assumptions had to be made on
tiie chromium emission removal efficiency at each plant. The control
efficiencies used to estimate chromium emissions from the HEM analysis ware
taken from a recent U. S. EPA report that included an investigation of steel
plant particulate contral efficieucies.6 In the HEM analysis efficiencies
for each type of soucrce, for example EArs..wetc assumed to be equal at every
plaac. Because all facilities do not have identical control efficlencies
bias was inrroduced into the analysis. It is aaticipated that total
chromium emission control efficiencies may be slightly overstated in the HEM

analysis because of uncertainties involving the control of fugitive

e b R A T DAL K AT IS e i o Ars o sk B ¢ At a4
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emissions.s Contacts with U. S. EPA regional offices have indicated that

fugitive emissions ure not highly controlled at all plants.6’7'8

The impact
of this situation on the overall source category HEM analysis is difficulc
to predict in view of the potential variabilities in the chromium emission

estimates.

3.7 CEMENT MANUFACTURING

A total of 163 portland cement plants were included in the HEM analysis
of the cement manufacturing source category. Table 3-13 presents the
summarylnzu results for the total number of people exposed and the total
chromium exposure at each of the 163 plants. The range of cement plant
total chromiun exposure predicted by the HEM is large, 0.005 persons-ug/m3
to 103 petsons-ug/m3. This range indicates significant differences in plant
sizes and emissions, degree of emissions control, and population density
around the sources.

The national public exposure to chromium from cement manufacturing
plants is presented in Table 3-14. Approximately 50.4 millian people are
estimated to be exposed to chromium concentrations oi 0.000000025 ug/m3 or
greater as a result of cement plant chromium emissions. The maximum
chromium concentration to which any person is potentially exposed from

cement manufacturing is 0.0469 ug/m3; however, only a fracticn of a person

- 1s actually exposed at this level.

In evaluating the HEM results for cement plants a data base deficiency
involving the determination of chromium emissions should be considered. The
majority of plant chromium emissions estimates were prepared using chroziux
enission factors (lb Cr/ton particulate emitted) and particulate emissicns
data from the NEDS information base. The use of NEDS information could
cause chromium emission estimates to be inaccurate because NEDS emission
numbers are not always reliable or current. Often NEDS numbers are
themselves estimates based on assumptions, and therefore csan be inaccurate
to various degrees. Also because of & faillure to keep NEDS information
updated, emigsions can be overestimated (1f better controls have been

inscalled since the last update). It is not possible to judge the quality
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TASLE 3-13. TCTAL CHROMIUM EXPOSURE AND NUMBER OF PEQPLE
EXPOSED FROM CEMENT MANUFACTURING PLANTS?

Cement Plant

Total Number of
Persons Exposed

Total Exposur
(Persons-ug/m”)

Citadel Cement,
Birmingham, AL

Alpha Portland Co.,
Birmingham, AL

Martin Marietta,
Birmingham, Al

Martin Marlettd,
Calera, AL

Citadel Cezmentc,
Demopolis, AL

Universal Aclas,
Leeds, AL

National Cement,
Ragland, AL

?hoenix Cement Co.,
Clarkdale, AZ

Arizona Portland Cementc,
Pima County, AZ

Arkansas Cement Corp.,
Toreman, AR

Ideal Cement,
Okay, AR

California Portland Cement,
Colton, CA

Lone Star Industrial Cemenc,

Davenpcrt, CA

541,808

532,613

568,179

46,292

16,602

152,907

8,094

8,000

647,310

82,805

0.5

~

0.8

0.005

[ ]

0.3
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TABLE 3-13 (CONTINUED). .TOTAL CHROMIUM. EXPOSURE AND NUMBER OF PEQPLE
o EXPOSED FROM CEMENT MANUFACTURING PLANTS?

. Total Number of Total Exposur
Cement Plant Persons Exposed (Persons-ug/m”)

_ General Portland, Inc., 1,452 0.03
-Lebec, CA

Kaiser Cement, 3,046 0.3
Lucerne Valley, CA

.California Portland Cement, 11,904 1
Mojave, CA

Monolith Portland Cement, 9,311 0.08
Monolith, CA
Flintkote Co., 49,522 1
Redding, CA
Flintkote Co., 9,443 0.9
San Andreas, CA
Ideal Cement Co., 97,799 1
San Juan Bautista, CA
Southwestern Portland Cement, 21,0éé T 0.2
Victorville, CA

Martin Marietta, 77,769 2

) Boulder County, CO
v Ideal Basic Indusctries, 17,040 0.5

Florence, CO
Ideal Cement Co., 88,840 1
Laporte, CO
Ideal Basic Industries, 9,354 - 0.07
Portland, CO =
Florida Mining Materials, 35,946 0.3

Brooksville, FL

St
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TABLE 3-13 (CONTINUED).

TOTAL CHROMIUM' EXPOSURE’ AND'NIMBER"OF
EYPOSED’ FROM CEMENT MANUFACTURING PL

.t

ANTS®

Cement Plant

Total Number of
Persons Exposed

Total Exposurg . - .
(Parsons-ug/m”) =

[ AR AT

700,939

Lehigh Portland Cement,

Dade County, FL

Lone Star Florida, 1,010,444
Dade County, FL

General Portland Cement, 295,406
Dade County, FL

Maule Indus=cries, 1,501,202
Hialeah, FL

General Pnrtland Cement, 519,463
Tampa, FL

Martin Marietta, 1,010,892
Atlanta, GA

Medusa Cement Co., 26,775
Clinchfield, Ga

Marquette Cement Co., 38,142
Rockmont, GA

Cyprus-Hawaiian Cement, 148,945
Honoluly County, HA

Kaiser Cement & Gvpsum, 0
Nanakuli, HA

Idaho Portland Cement, 49,297
Inkom, ID

Medusa Corp., 47,680
Dixon, IL

Migsgouri Portland Cement, ' 22,7177

Joppa, IL

6 A

39

0.3

13

0.8

12

0.3
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‘TABLE 3<13 (CONTINUED), . ~OTAL CHROMIUM EXPOSURE AND NUMBER OF PEQPLE

. - EXPOSED" FROM/CEMENT MANUFACTURING 'PLANTS®

;C&gihg'Plant

Total Mumber of
Persons Exposed

Total Exposur
(Persons-ug/m~)

"Illihoil Cement Co.,

60,325 3
- LaSalle, IL
Marquette Cement, 65,089 2
‘Oglesby, IL
Lehigh Portland Cement, 668,911 9
Buffington, IN
.Universal Actlasz Cement, 668,911 8
Buffington, IN
Louisville Cement, 39,603 12
Logan;por:, IN
Lehigh Portland Cement, 45,471 3
Mitchell, IH
Louisville Cement, 307,439 19
Speed, IN
Martin Marietta, 260,085 ?
Buffalo, IA
Marquette Cement, 298,199 13
Des Moines, IA
Penn-Dixie Cement, 295,091 18
W. Des Moines, IA
Northwest State Portland Cement, 48,007 2
Mason City, IA
Lehigh Portland Cement, 48,381 9
Mason City, IA
Lone Star Industries, 271,369 12
Bonner Springs, KS
3-42
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TABLE 3-13 (CONTINUED).

TOTAL CHROMIUM EXPOSURE' AND' NUMBER OF PEOPLE"
EXPOSED FROM CEMENT MANUFACTURING PLANTSS'..

Cement Plant

Total Number of “Total ExﬁoéufngTT
Persons Exposed (Persons-ug/m”)

Ash Grove Cement,
Chanute, KS

General Portland Cement,
Fredonia, KS

Monarch Cement Co.,
Humboldt, KS

Lehigh Portland Cement,
Independence, XS

Flintkote Co.,
Kosmosdale, KY

Kosmos Cement Co.,
Louisviile, KY

Louisiana Cement,
New Orieans, LA

Lone Star Cement,
New Orleans, LA

Lone Star Industries,
New Orleans, LA

Dundee Cement Co.,
Detroit, MI

Martin Marietta,
Thomaston, ME

Marquette Cement,
Hagerstown, MD

Alpha Portland Cement,
Lime Kiln, MD

18,973 1
9,952 ol
23,650 0.5 ’
22,801 | 1
157,179 2
219,280 3
438,827 27
1,003,515 28
1,000,186 ' 6
52,400 . 1
33,032 4
135,195 5
86,047 2

Fee,
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.-~ TABLE 3-13 (CONTINUED),

TOTAL CHROMIUM EIPOSURE AND NUMBER OF PEQPLE
. EXPOSED FROM CEMEST MANUFACTURING PLANTS®

o

Cemzu: Plant

Total Number of
Persons Exposed

Total prosuf
(Persons-ug/m

)

Lehigh Portland Cewment,
Union Bridge, MD

Huron Cement Co.,
Alpena, MI

Meduss Cement Co..
L Cnarlevols, 17

Peerless Cement Co.,
Detroit, MI

Peerless Cement Co.,
Detroit, MI

Aetna Portland Cement,
Essexville, MI

Martin harietta,
Essexville., MI

Jefferson Marine Terminsl
iionroe County, MI

Penn-Dixie Induscries,
Petroskey, MI

Peerless Cement,
Port Huron, MI

Wyandotte Cement Co.,
Wyandotte, MI

United Cement Co.,
Artesis, MS

Marquette Cenment,
Cape Girardeau, MO

72,671
20,000
11,245
7,003,053
2,042,932
116,828
109,405
335,632
26,014
87,403
1,166,409
24,171

59,759

0.5

0.4

0.3

0.4

0.3

o
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TABLE 3-13 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE - °
EXPOSED FROM CEMENT MANUFACTURING PLANTS® - .-

. Total Number of Total Exposurq
Cement Plant Persons Exposed (Persons-ug/m™)

Dundee Cement Co., 15,622 0.05
Clarksville, MO

Alpha Portland Cement, 1,134,744 k¥
St. Louis, MO

Missouri Portland Cement, 1,400,165 71
Stc. Louis, MO

Missouri Portland Cement, 638,974 3
Sugar Creek, MO

Kaiser Cazment, 35,858 0.04
Jefferson County, MT

Ideal Basic Industries, 4,275 0.08
Trident, MT :

Ash Grove Cement, ‘ 16,332 0.3
Louisville, NE

y: Ideal Cerent Co., 4,372 0.2
j Superior, NE
ig Nevada Cement Co., 2,191 ' 2

Fernley, NV

Ideal Cement, 202,223 3
Tijeras, NM

Alpha Portland Cement, 81,052 12
Cementon, NY

R T bies

A,

Lehigh Portland Cement 76,177 19
- Cementon, NY . .

Flintkote Co., 47,914 0.8
Glen Falls, NY
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TABLE 3-13 (CONTINUED). TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEgPLE
EXPOSED FROM CEMENT MANUFACTURING PLANTS

{:@,

p:
%
%
S . Total Number of Total Exposurg
i{ Cement Plant Persons Exposed (Persong-ug/a”)
éé
W
:ﬁ Penn-Dixie Cement 28,978 0.2
:ﬁ‘ Howeg Cave, NY
5
fé Atlantic Cement Co., 195,640 9
k2 Ravena, NY
5
Ideal Cement Co., 70,950 2

Castle Hayne, NC

y

e
ity ey

I
3

P
T

Southwestern Portland Cement 534,034 41
Fairborn, OH

Southwestern Portland Cement, 491,237 26
Greene County, OH

General Portland Cezent, 28,870 1
Paulding, OH.

Southwestern Portland Cement, 412,631 4
Greene (ouary, OH

Marquette Cement Co.. 103,930 0.9

Superior, OH
2 Columbia Cement Co., 86,155 0.5
<: Zanesville, OH
; Medusa Cement Co., 457,419 10 h
& Toledo, OH !
% Ideal Cement Co., 28,591 0.6 1
- Ads, OK
By
X
» Oklahoma Cement Co., 26,294 l {
g Pryor, OK
¢ Martin Marietta, 432,437 44
¥, Tulsa, OK
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'TABLE 3-13 (CONTINUED).

TOTAL CHROMIUM EXPOSURE ‘AND NUMBER. OF: PE
EXPOSED FROM CEMENT MAWUFACTURING PLANTS®

Cement Plant

Total Number of

Persons Exposed

Total Expﬁiﬁ}

(Persons-ug/m

Oregon Portland Cemeuc,
Huntington, OR

Oregon Portland Cement,
Lake Oswego, OR

Bessemer Cement Co.,

Bessemer, PA

Copley Cement,
Cementcn, Pa

National Gypsum Co.,

Evarsville, PA

White Hall Cement,
Lehigh County, PA

Lone Star Industries,

Nazareth, PA

Penn-Dixie Industries,

Nazareth, PA

Marquatte Cement Mfg.,
Neville Island,

Lehigh Portland Cement,
Northampton, PA

Hercules Cement, Inc.,
Northampton, PA

Martin Marietta,
Northampton, PA

Keystone Portland Cement,
Northampton County, PA

1,576

840,683

280,733

373,491

233,673

391,466

362,808

382,408

1,108,778

403,452

301,908

391,075

441,979

0.0C6
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‘TABLE: 3-13 (CONTINUED).

'TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEOPLE
" EXPOSED FROM CEMENT MANUFACTURING PLANTS®

"“Cenent Plant.

Total Number of
Persons Exposed

Total Exposuts
(Persons-ug/m”)

I. "

cf(.“»‘." {& l s"c\l‘f

AR ..f.,i

uvquwv:

,"ﬂ,

Penn-Dixie Indus:ties. 382,217 8
Northampton County, PA
Ma:quette Cement Co., 1,108,798 10
Pittsburgh, Pa
Medusa Cament Co., 191,011 28
Wampum, PA
4'PennfDixie Industries, 123,613 3
'West Winfield, PA
~ Medusa Cement Co., 213,683 23
.~ York, PA
- Giant Portland Cement, 29,129 3
. Harleyville, SC
. Gifford-Hill Portland Cement, 29,129 4
"Harleyville, SC
Santee Portland tement, 29,854 3
Holly H{ill, SC
Pecte Lien & Sons Lime, 76,193 0.1
Rapid City, SD
South Dakota Cement, 76,502 32
Rapid Cicy, SO
S$ignal Mountain Cement, 291,874 14
Chattanooga, TN
Marquette Cement Co., 25,724 3
Cowan, IN
Marquette Cement Co., 468,500 26
Nashville, TN
3-48
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TABLE 3-13 (CONTINUED). TOTAL CHROMIUM EXPOSURE-AND'NUMBER OF PEQPLE
EXPOSED FROM CEMENT MANUFACTURING PLANTS® ': '

Cement Plant

Total Number of
Persons Exposed

To ;_all_ Expp's_ixi :
(Persons-ug/m’) . .

U meariaties cwba ]

4
.

Southwestern Portland Cement
Amarillio, TX

Centex-Austin Cement,
Buda, TX

Centrex Cement,
Corpus Chriseci, T:

General Portland, Inc.,
Dallas, TIX

Southwestern Portland Cement,
El Paso, TX

Trinity Division,
Fr. Worth, TX

Ideal Basic Industries,
Galena Park, TIX

Gulf Coast Porcland,
Houston, TIX

TEX Industries,
Midlothian, IX

Gifford-Hill Portland Cement,
Midlothian, TX

Southwestern Portland Cement,
Odessa, TX

Alpha Portland Cewment,
Crange, TX

Penn-Dixie Cement Corp.,
Richard City, TN

59,916
406,504
233,033

1,137,909
433,186
611,178

1,419,737

1,783,009

37,043

53,169

34,935

65,904

36,288

g

s

10

25

29 ‘j:
23
50
33

16

0.6

14
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TABLE 3-13 (CONTINUED)..

_TOTAL CHROMIUM EXPOSURE AND NUMBER OF PEQPLE
EXPOSED FROM CEMENT MANUFACTURING PLANTS®

,Ccmin: Plant

Total Number of
Persons Exposed

Total Exposur
(Persons-ug/m~)

Kaiser Cement,
San Antonio, TX

Capital Cement,
San Antonio, TX

San Antonio Portland Cemenct,
San Antonio, TX

Lone Star Industries,
Sweetwvater, TX

Eagelite Aggregate Co.,
Waco, TX

Universal Atlas Cement,
Waco, TX

Ideal Cement Co.,
Morgan, UT

Portland Cement Co.,
Salt Lake City, UT

Lone Star Cement,
Botatourt, VA

Lone Star Industries,
Chesapeake, VA

Columbia Cement,
Bellingham, WA

Lehizh Portland Cement,
Metaline Falls, WA

Lone Star Industrias,
S.attlo, WA

608,747
638,039
940,917
1,232
141,052
141,052
6,730
605,780
72,178
674,934
77,278

2,802

929,567

47

13

103

(2]

15

0.8

11

15 E:

°.8

&7




TABLE 3-13 (CONTINUED). TOTAL CHROMIUM EXPOSURE-AND NUMBER
EXPOSED FROM CEMENT, MANUFAC

. »

big?i&?:i;;}

G PLANTS®"*"

' .

' TR T v

[T TAPRTI

Total Number of "Total Exéosu'rs
Cement Plant Parsons Exposed (Persons-pg/m~)
; Ideal Basic Industries, 915,425 S S

Seattle, WA :

3 Martin Marietta Cement, 62,170 3
; Martinsburg, WV

Medusa Cement Co., 66,466 0.4
Manitowoc, WI

Universal Atlas Cement, . 1,084,650 : 24
Milwaukee, WI

Marquette Cement Co., 1,084,650 92
Milwaukee, WI

National Gypsum Co., 152,881 3
Superior, WI

Monolith Portland Cement, 27,654 L
Laramie, WY e

34 20 k@ (12.4 miles) radius was used for the analysis of cement
manufacturing plants,
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TABLE 3-14. PUBLIC EXPOSURE TO CHROMIUM FROM CEMENT MANUFACTURING
' PLANTS AS PRODUCED BY THE HUMAN EXPOSURE MODEL

Con:cn:ratign Level Population Expouda - Public Exposu eb
(ug/m”) . : (Persons) (Persons-ug/m”)
0.0469 0 <1
0.025 ' 11 0.333
0.01 289 4
0.00S 1,389 11
0.0025 : 9,189 37
0.001 46,668 93
0.0005 193,365 - 194
0.00025 696,089 363
0.0001 2,584,447 647
0.00005 7,082,615 953
0.000025 15,312,102 1,240
0.00001 31,739,998 1,510
0.000005 ' 40,991,487 1,580
0.0000025 46,477,640 1,600
0.000001 48,588,177 1,600
0.0000005 48,932,801 1,600
0.00000025 49,285,477 . 1,600
0.0000001 50,111,798 1,600
0.00000005 * 50,447,547 1,600
0.000000025 50,450,530 1,600

AThis column displays the computed value, rounded to the nearest whole
number, of the cumulative number of people exposed to the matching

and higher concentration levels found in columa !. For example,

0.5 people would be rounded to 0 and 0.51 people would be rounded to !.

bColumn 3 displays cthe computed value of the cumulative exposure to the

matching and higher concen:ration levels found in column !.
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of the NEDS information for cement plants. However, during the chromium

emission estimating process NEDS particulate emissions that were 3téat1y'
inconsistent with other similar plants in the source category wer3~do: used
to estimate chromium emissions. Instead alternative emissions estimating

procedures were adopted in these cases. Overall, it is anticipated that the
NEDS information for cement plants overstates to some degree particulate
(and consequently chromium) emissions for this source category because of
improvements in the status of emissions control.

3.8 MEASURED AMBIENT CHROMIUM CONCENTRATIONS

Actual measured ambient chromium concentrations have been determined
for many areas of the United States through sampling programs conducted by
the U. S. EPA and State air quality agencies. Selected chromium results for
the period of 1977 to 1980 are presented in Appendix C. The values in
Appendix C were selected as reliable because they meet U. S. EPA data
validity requirements concerning number of saaples (representativeness) and
use of appropriate analytical techniques. All the values given in
Appendix C are in the National Aerometric Data Bank which is maintained by
the Monitoring and Data Analysis Division of the U. S. EPA located in
Research Triangle Park, North Carolina.

The ambient chromium concentrations in Appendix C are useful as a
comparison tool to gain some perspective on the ambient chromium levels

predicted to occur by the HEM. The data in Appendix C are not intended to

represent thc concentrations attributable to any specific point source. The : 15
locations of the sampled points are not known. However, it is possible that
a measured ambient chromium concentration can be indirectly correlated to

chromium sources or source categories examined in this study. As an example
consider the data in Appendix C for Baltimore, Maryland, The 1977 Baltimore -
chromium concentration maximum of 2,4870 ug/m3 is the highest in the entire : '1751

data set., As a correlation to why this level may have occurred consider
that in the Baltimore area there is a major chromium chemical producer, a i

major chromiuam refractory producer, five steel manufacturing furnaces, and

e
two refuse incinerators. ‘ e
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APPENDIX A
DESCRIPTION OF THY HUMAN EXPOSURE MODEL (HEM)

A.l GENERAL
The U. S. EPA's Human Exposure Model is a general model capablae of
producing quantitative expressions of public exposure to ambient air
concentrations of pollutants emitted from stationary sources. The HEM: .
contains (l) an atmospheric dispersion model, with included meteo:olog;cayf~"
data, and (2) a population distribution estimate based on Bureau oﬁ.Cgpaui¥
data., The only input data needed to operate chisumodgl,age soprcqnda:a.vgiz
e.g., plant location, height of the emission release point, acnd :anpetatugiﬂ
of the off-gases. Based on the source data, the model astimates the. fﬁﬂ |
magnitude and distribution of ambient air concentrations of the pollutanc Ln'.
the vicinity of the source. The model is programmed to estimate- :gego.vl-
concentrations within a radial distance of 20 km (12.4 milea)jfgomxgﬁcp"
source. If other radial distances are preferred, an over-ridé fe#iuré
allows the user to select the distance desirad. The selection of 20 km
(12.4 miles) as the programmed distance is based on modelling
considerations, not on health effacts criteria or U. S. EPA policy. The
dispersion model contained in HEM is felt to be reasonably accurate within
20 km (12.4 miles). 1£ the user wishes to use a dispersion model other than
the one contained in HEM to estimate amblent sir concenrrations in the ‘
vicinity of a source, HEM can accept the concentrations it :hey are put into
an appropriate format. . .
Based on the radial distance specifiad, HEM combines numerically tha .
distributions of pollutant concentrations and people to produce quantitatgyi
expressions of public exposure to the pollutant. '
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A.2 POLLUTANT CONCENTRATIONS NEAR A SOURCE

The dispersion model within the HEM {s a gaussian diffusion model that
uses the same basic dispersion algorithm as the U, S. EPA's Climatological
Dispersion Hodol.1 The algorithm has been simplified to improve
computational cfticicncy.z The algorithm i{s evaluated for a representative
set of input values as well as actual plant data, and the concentrations
input into the exposure algorithm are arrived at by interpolacion.
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Stability array (STAR) summaries are the Principal meteorological input to
the HEM disperion model. The STAR data are standard ¢limatological

frequency-of-occurrence summaries formulated for use in U. S. EPA models and

e

are available for major U. S, meteorological monitoring sites from the

:ﬁ National Climacic Center, Asheville, N. C. A STAR summary 1s a joint

§ frequency-of-occurrence of wind speed, atmospheric stability, and wind

.% directicn, classified according to Pasquill's categories. The STAR

{E sunmaries in HEM usually reflect 5 years of meteorological data for each of
é 309 sites nationvide. The model produces polar coordinate Teceptor grid

.?‘ points consisting of 10 downwind distances located along each of 16 radials
g wvhich represent wind directions. Concentrations are estimated by the

'? dispersion model for each of the 160 receptors located on this grid. The

2 radials are separated by 22.5-degree intervals beginning wich 0.0 degrees

ﬁ and proceeding clockwise to 337.5 degrees. The 10 downwind distances for
;é ~ each radial are 0.2, 0.3, 0.5, 0.7, 1.0, 2.0, 5.0, 10.0, 15.0, and

g 20.0 kilometers. The center of the receptor grid for each plant is assumed
% to be the plant center.

é A.3 THE POPULATIOV LIVING NEAR AN EMISSION SOURCE

-§ To estimate the number and discribution of people residing within 20 ko
2 (12.4 nilel) of each plant. the model contains a slightly modified version
?‘ of the Master Enumeration District List——Extended (MED-X) data base. The

:g data base is broken down into enumeration district/block group (ED/BG)

:; values. It contains the population centroid coordinates (lacitude and

® longitude) and the 1970 population of each ED/BG in the United States

%E (50 States plus the District of Columbia). For human exposure estimates,

1% MED-X has been redicad from its complete form (including descriptive and

P,




summary data) to produce a computer file of the data'necessary for the '
estimation. A separate file of county-level growth factors, based on 1978
estimates of the 1970 to 1980 growth factor at the counc?'level, hau;beih
used to estimate the 1980 population for each ED/BG. The HEM identifies the
population around each plant by using the geographical coordinates of'thc
plant, The HEM identifies, selects, and.scores for later use those ED/BGs
with coordinates falling within 20 km (12.4 miles) of plant center.

A.4 POPULATION EXPOSURE DETERMINATIONS

The HEM uses' the estim;ted ground level concentrations of a pollutant
together with population data to calculate public exposure. For each of
160 receptors located around a plant, the concentration of the pollutant and
the number of people estimated by cthe HEM to be exposed to that particular
concentration are identified.. The HEM multiplies theses two numbers to
produce exposure estimates and sums these products for each planc.

A two-level scheme has been adopted in order to pair concentrations and
populations prior to the computation of exposure. The two level approach is
used because the concentrations are defined on a radius-azimuth (polar) grid
pattern with non-uniform spacing. At small radii, the grid cells are
usually smaller than ED/BG's; at large radii, the grid cells are usually
larger than ED/BG's. The area surrounding the source is divided {into two
regions, and each ED/BG is classified by the region in which its ceantroid
lies. Population exposure is calculated differently for the ED/BG's located
within each region. For ED/BG centroids located between 0.1 km (0.06 miles)
and 2.8 ka (1.7 miles) from the emissfon source, populations are divided
between neighboring concentration grid points. There are 96 (6 x 16) polar
grid points within this range. Each grid point has a polar sector definaed
by two concentric arcs arnd two wind direction.radials. Each of these grid
points and respective concentrations are assigned to the nearest ED/BG
centroid identified from MED-X. Each ED/BG can be paired with one or many
concentration points. The population associated with the ED/BG centroid 1is
then divided among all concentration grid points assigned to it. The land

area within each polar sector is considered in the apportionment.




" For population centroids between 2.8 km (1.7 miles) and 20 km
(12 6 uilea) from the source, a concentration grid cell,. the area
lpproximating a rectangular shape bounded by four receptors, is much larger
'than tht area o£ a typical ED/BG. Since there is an approximate linear
relationship_bq:ween the logarithm of concentration and the logarithm of
distadco_for receptors more than 2 km from the source, the entire population
of the ED/BG 1s assumad to be exposed to the concentration that is
logarithmicallybinFerpolated radially and arithmetically interpolated
azimuthaily from the four receptors bounding the grid cell. ’

‘Concentration estimates for 80 (5 x 16) grid cell receptors at 2.0,
5.0, 10,0, 15.0, and 20.0 km from the source along each of 16 wind
directions are used as reference points for this interpolation.

In summary, two approachca are used to arrive at coincident
conccntraﬁion/population data points. For the 96 concentration points
within 2.8 ka (1.7 miles) of the source, the pairing occurs at the polar
grid points using an apportionment of ED/BG population by land area. For
the remaining portions of the grid, pairing occurs at the ED/BG centroids
themselves through the use of log-log and linear interpolation. For a more

detailed discussion of the model used to estimate exposure, see reference 2.
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APPENDIX B
QUALITATIVE EVALUATION OF THE SOURCE CATEGORY
DATA USED IN THE HEM ANALYSIS

The purpose of this appendix, principall& Table.B«l} 1s to indicate ﬁ?dfﬁ

relative quality of che input chromium source category d;ca;usid in cﬁe’uzy v
analysis, Table B-l should be viewed as an aid to avaluating the exﬁosurqﬁ,}

results given in Chapter 3. The ratings assigned to various soqcce’;_.»'ﬁ

categories in Table B-! were dev.loped specifically to descrite the d;;arfl

used in the HEM analysis and are not a part of any establ.ir d or publisﬁ

ratings or guidelines system. C




TABLE B-1. GQUALITATIVE EVALUATICH OF THE SOURCE CATECORY DATA US

ED-IN THE HEM ANALYSIS

] Chromium Eatssions
- SBource Category Data

Stack Ceometfy
Data

_ Ovérhiitéiieg 137
Location Data " Rating -t U0

- Chromiux Ore Refinfng

Chroaium Cheaicals
Mnufacturing

Refractory Manufaucturing

Hentelipel Refuse
" Incineration

Known

Known

Known and
Estimated

Estimated

Estiaated o 2
Known
Known and

Estimated

Known

Sevage Sludge D Known Known 3
Inctreration
) Ferrochromiun D,A Known Known 2
- Manufacturing
"8§eel Manufacturing D,A Fstimated Known 3
Cement Manufacturing D Known " and Known and 4
- Estimated Estimated
*a- Emigsions estimates determined from source tests.
B = Faissions est{mates determined from materfal balances.
C = Faisstions estimates determined from company erngineering estimates.
D - Emfssions estimates determined from gross particulute emissions levels and measurad

chromium levels fn particulatee.

The most prevalently used technique is listed first followed by other succeeding techniques used.




1 = Excellent source category charactevization. Emissions, stack geometry, and location data are
all based on measurements and are reliable.

2 = Good source category characterization. Generally stack geometry and location data ara kn~wm.
Emissions data are based on material balances and sound estimating methods.

3 = Fair source category characterization. Emissisns, stack geometry, and location data are
known for a portion of the source category. Chromium emissions estimates are less reliable o
due to a lack of particulate and/or chromium data. ’ -

. 4 » Poor or variable source category characterization. Fuisgions, stack geometry, and location

5 data were estimated from available information. Chromium emissfons data were missing or highly

2 variable for several plants or several processes within the source category.
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TOTAL CHROMIUM :CONCENTRATIONS MEASURED™IN'THE®
"/ OF THE'UNITED STATES'DURING:107

LIRS

sied- '
Biruinghas, AL - v 0.0088 LT Tk
Cadsden, AL 1977 0.002... = . L
Bunceville, AL - 1977 0.0070..° 0.0419 - .
1980 - 0.0070.. . 0.0424 7 < i
: Douglas. AZ 1978 0.0070 = 0.0133 =it '
: 1979 -0.0067° . - .0.0287 - -
Grand Canyou Nactonal Park, AZ° 1977 6.0088 0.0134 . -
Tucson, AZ oy 0.0061 S 10,0188 . il
Agaheia, CA . 1977 0.0073 -
Sarkely, CA , 1977 0.0098
Burbaak, CA 1977 0.0104 .
fresao, €A 1977 0.0128 - . 0.0324 m il
Loog Beach, CA 1917 0.017s o.04l0 . . .-
Los Angelas, CA 977 0.0138 ' 0.0666 . - e
Oakland, CA ' 1977 0.0186 0.0601 iU
Outarle, CA 1977 0.0181 C 10,032 < AEesd T
?ssadeca, Ca 1977 0.0134 0.0328°: A i N
Sacramenco, CA 1977 0.0098 . 0.92367 ¥y T
$an Beruadico, CA 1977 _0.0330 - . 10,1033 %
Ssa Diego, CA 1977 0.010% ' 6.0256
Sau Yraszisco, CA' 1977 0.0063 : 0.0148.
San Jose, CA 1977 0.0138 . 0,.0291
Sanca Ara, CA 1977 0.0100 0.0209.°
Torracce, CA 1977 .0308 - 0.3183-
Vacerbury, CT 1978 10,0342 - 0.2178,
: 1979 0.0326 . 0.1396
Keat Couacy, DB’ 1977 0.0038 - 0.0117 ¢ s
, Sevark, OC 1977 0.0110 - 0.0363 & .o i
Yilatagcon, DE 1977 0.0267 0.0872 i i
. Davie, ML 1980 0.c032 0,003 '+ oty [
5 Jacksouville, TL 1977 0.0071 0,013 . &% s -
$¢. Pecersburg, TU 1980 0.%0s2 0,082,
Atlauca, GA 1977 6089 ' o.cux.v{a\;-m,-,«;ﬁf;"
1980 0.0062 ' L { %
Columbus, Ga Y 10,0084 - ERAN
Levett Comuty, WA° T 0.0063 . - .
Lesolule, BA = . ° ' ' o .0.0063 - ‘
LAY 'c.om;;i

VAT IR ® K.




TOTAL CHROMIUM CONCENTRATIONS MEASURED/IN:THE AMIENT AIR -

" OF -THE;UNITED: STATES :DURING:1977:=:1980"

Costea L

Year -

Total Chrauiva Concsntration, ugln’

Arithoetic Mean Haximm Obsarved Valve
Botse City, I 1977 © 0.0088 0.072¢
' ‘Tadtasapolts,: T 1977 0.0076 0.0198
" Cedar Raptds, A 1977 0.0087 0.0133
" Vatsrloo, IA 1977 0.0089 0.0151
‘Zansas City, KS° 1977 0.0167 0.0413
3 - 1978 0.0276 0.0724
« 1980 0.0191 0.0338
3 Sovling Crees, IY 1977 0.0067 ° 0.0276
b Coviagton, &Y. 1977 0.0065 0.0169
ﬁ‘ Louisville, KY . 1977 0.0118 0.0806
é 3aton Rouge, LA 1977 0.0083 0.0518
?’ _ Therville Partsh, LA 1977 0.0063 0.0159
2; o 1978 0.0059 0.0128
&; 1980 0.0052 9.00s2
éﬁ ‘New Orleans, LA 1977 0.0039 0.0233
% " acadis Sati-asl Park, ¢ 1977 0.0082 - 0.0052
e Portland, MT 1977 0.0102 0.0248
e - Baltimore, MD 1977 0.1368 2.4870
g‘é«é oy ) 1979 0.0933 0.4589
Wi Calvert Counzy, ¥ 1977 0.0081 0.027%
2 _dorchascer, MA 1977 0.0063 0.0167
*ﬁ 1978 ©.0099 0.6239
P 1979 0.0067 0.0166
'»*{a Saginav, T 1977 0.0080 0.0299
2 ¥toneapolis, Of 1977 0.0089 0.0490 -
gé : 1978 0.0116 0.0259
e ~ Duluth, ¥ 1980 0.0067 0.0149
';;‘{{ Jacksoa, XS 1977 0.0039 0.0123
3?% $c. Louts, ¥ 1977 0.0061 0.0146
3’? Liacola, WL 1977 0.0064 0.0139
1 Ouaba, ¥T 1979 0.0077 0.0232
l 1980 0.0037 0.0197
) Las Vagas, ¥V 1977 0.0087 0.0218
y Viite 2428 Councy, NV 1977 0.00s2 0.0032
. Bayosas, %J ) 1977 0.0108 0.0253
. ~ 1978 0.0149 0.0324
- 1980 0.0123 0.0508
1978 0.0307 _0.1561

.0.0163°

" 0.0299
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TOTAL CHROMIUM CONCENTRATIONS' M.EASURED IN THE AMBIKN‘B AIR-
" OF THE UNITED STATES DURING 1977 -'1980°

M téul‘Chmim Coucln:nuou. g/
Sice Year Avithzmetic Mean Maxizuz Observed: Vd.u

-

t Glassboro, W 1978 . 0.0133 o o.oz,st_;j'ﬁ*""' e
E Yevark, ¥J ' 1978 0.0181 0.0301+ " v
¢ 1979 . 0.0129 0.0333: % * /7
: 1980 0.0091 ©e.03697 177
L Parth Amboy, NJ 1977 0.0128 ' 0.0329¢ F
: ‘ 1978 0.0120 0.0333
L Tsenton, NJ 1978 0.0127 0.0311 -7 .
t Alberquerque, ¥ 1977 0.0140 © 0.0392-7 -
! Nlagara Falls, NY 1979 0.0389 0.5530--
' 1980 ‘0.0184 © 0.0603
i Rochester, NY 1980 0.0059 0.0132-
5 YTonkaers, NY 1980 0.0079 0.0268 -
Charloctts, NC 1977 0.00s4 0.0118"
£ Durham, ¥C 1977 0.0C61 0.0181
- Viascon-Salaxm, NC 1977 0.005S 0.0132
=) Akzsa, OF 1977 0.0126 -~ 0.0610
] 1978 0.0128 0.0328
1979 0.0116 0.0389
A 1980 0.0204 0.0710
! Canteon, OF 1979 0.0382 0.1999
{ Clncinnaci, OF 1977 0.0083 -0.0377
4 ’ 1978 0.0116 . 0.0294-
3 1979 0.0451 0.4316 ’
1980 0.0130 0.0718 ‘- -
: Ctevelsnd, OH 1978 0.0198 0.0569
] 1980 0.0144 0.0431 :
v Columbus, OR 1977 0.0114 0.0398
7 1980 Q.0141 0.1080 -7 L,
i Dayton, OH 1977 0.0102 0.0330 - - .
1978 0.0108 0.0443 .
1980 0.0116 0.0264
Portsmouch, OH 1977 0.0082 ' - 0,031  .imiT
; Steubeaville, OH 1978 0.0817 ' 0.2602 :i
“’ 1979 0.1212 " 0.6839 i
Toledo, 08 1979 © 0.co8l C 7 0.0198 ¢
Toungstova, OH 1977 0.0168 S .. 00838
1978 0.0218 R X1t I
0,070 % i :
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TOTAL CHROMIUM CONCENTRATIONS MEASURED IN THE AMBIENT AIR

OF THE UNITED STATES DURING 1977 - 1980

Tozal Ch um Comcentration, u(/-)

.  8ice Year Arittnacic Mean Maximm Obsarved Value
" Oklahows City, OF 1980 0.0086 0.0238
Cerry Couaty, 02° 1977 0.0032 0.0052
Portlaud, OF 1977 0.0284 0.1183
“Alltestowa, PA 1977 0.0082 0.0223
Bethleben, PA 1977 0.0131 0.0841
Irie, PA 1977 0.0172 0.2531
Larrisdurg, PA 1977 0.0080 0.c278
Yazeltas; PA 1977 0.0062 0.0252
Thiladelphis, PA 1977 0.0168 0.0241
Rasding, ?A 1977 0.0149 0.0383
_ Scrancon, PA 1977 0.0127 0.0362
Vest Chesie., PA 1977 0.0132 0.0292
Vilkes-Barre, PA 1977 0.0100 6.0211
‘York, PA 1977 0.0071 0.0211
Greeavilla, $C 1977 0.0311 0.4031
Slack Rills Xetional Forest, $D 1978 0.0090 0.029%
Chattanocgs, TJ 1977 0.0122 0.045%3
1978 0.0140 0.0463
1979 0.0112 0.0760
A 1980 0.0150 0.0703
' tumberland Couaty, TY° 1977 0.C056 0.2177
Besumont, TX 1977 0.0076 ° 0.0159
Corpus Chrised, TX 1977 0.0120 0.0402
Tort Woreh, TX 1977 0.0054 0.0263
Tow Green County, X 1977 0.0082 0.0.52
¥ichits Falls, TX 1977 0.0c76 0.0:89
Ogden, 0T 1978 0.0977 0.0252
Buriington, VT 1977 0.0033 0.0136
Deuville, VA 1977 0.0069 0.2213
1978 0.0064 0.0183
. 1979 0.0036 0.0152
Sampton, VA 1977 0.0199 0.1018
Lyachhurg, VA 1977 0.0046 0.0122
Borfolk, VA 1971 0.0067 0.0152
1978 . 0.0069 0.0138
1979 0.0083 0.0291
Ca e 1560 0.0119 0.1436
Pertomouth, Vi 1977 0.0066 0.0142




PR

v It

Total Cbro-iua. Concu:uuon. ﬂ(/l’
Site Year Arichmatic Mesa™ = Maximum Observed Va

,‘ Lichaond, VA 1977 0.0074". - Lo
Loanoks, VA : 1977 0.0073 S
Shenandosh Naclonal Park, vad 1977 0.0058
Vythe County, VA’ 1977 0.0060 . © .

" Seattls ¥A 1977 T 0.0097

. 1978 ©ooe.ou3s s -]

' ‘ 1980 .0.0190 .-

. Tacous, WA 1977 " 0.0099

1978 £ 0.0269° ;

: 1980 - Q.08

; Csarleston, ¥¥ 1977 0.0087 .

South Charlescan, <V 1977 . 0.0082 - )

£ fau Claire, W1 " 1978 - 0.0074 . .

‘ 1979 0.0066 . 0.0199

Kenosha, ST 1978 0.0098 - " 0.0263

1979  0.0061 - o 0,016

Madisen, W1 ‘ 1977 0.0052 - £ 0.0082°
¥ilvaukee, WT 1977 0.0089 ) 0.0246 " .
tactae, W1 1977 . 0.060 . 0.0137
Suparior, VI 1977 - o.0080- S X0

AN

5.
‘e

iValuss represent 24 bour averages. _ G - BTN
: buckgrm sicas, all ocher sites are do:cnﬂ.ud to de popuuud uzbu um.,: o ,' ~
Csource:. CTapublished data 1a the xntaul Asrometric Data Bank ntau:.ud by :!n %ou:otug M
Data Analysis Divisiou of EPA, Research Triscgla Park, ¥.C. -
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