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correction Factors for Exposure and Concentration 

Results from the air Quality model of Chromal Plating in 
Los Angeles should be corrected for the effects of meteorology 
and population when they are appl led to sources outside the South 
Coast. Correction has been done by the factors developed In the 
follwlng table. Within any air basin, the results of the Chromal 
model (Table 111-6 In the report) appl led to the emissions from 
any shop have been multlpiled by the correction facto.rs shown in 
the table. Exceptions to this procedure occur for United Airlines 
Maintenance In the Bay Area and Rohr Industries In Chula Vista. 

Actual modelling 
results were used for them. 

Emissions, Max. Risk cases 
Plant mg/sec site L.A. site L.A. 

model model mode I mode I 

s I F , Bay Area 

Un It ed Air I Ines 9.51 7,557 8,692 143 196 
Do Isby 5.83 3,067 5,328 59 1 20 
Arcata Graphics 1 . 89 2,300 1,727 46 39 
Electro-Coatings 4.57 1 , 51 5 4,177 20 94 
USS-Posco 2.52 1 , 133 2,303 1 4 52 
KL Plat Ing 1 . 18 245 1,078 6.5 24 
Chromex .97 75 886 3.9 20 
Mare Island 2.57 2,416 2,349 3.7 53 
C&M Plating .06 8.2 55 . 2 1 . 2 
Berkeley Lab .03 1 . 8 28 . 2 .6 
Livermore Lab . 11 19 96 . 01 2.2 
Stanford .002 0.3 2 .00 .05 

TOTAL 297 602 
Ratio (correct Ion factor): .49 

Sacramento 

Electro-Coating .036 61 34 .43 .75 
Precision PI at. .0012 1 . 6 1 . 1 .02 .02 
Chromecraft 5.67 7,636 5,182 174 117 
Biggers Indus. .44 1,066 404 5.2 9. 1 

TOTAL 180 127 

Ratio (correct Ion factor): 1 . 42 
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San Otego 

Special. Proc. .0032 .6 2.9 . 11 . 07 

Rohr * Industries 7.40 9,563 6,763 168 1,528 
Western Indus. .253 321 231 3.6 5.2 

TOTAL 3.7 5.3 

Ratio (correction factor): .70 

so. Central coast 

Multlchrome .205 365 187 .34 4.22 
West Coast .0048 6.4 4.4 .025 . 1 0 

TOTAL .37 4.3 

Ratio (correction factor): .086 
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State of California 

M E M O R A N D U U 

To Bob Barham, Manager Date April 6, 1987 
Source Evaluation Section 
Stationary source Division Subject Chromium Model Ing 

Andrew J. Ranzierl, Manager 
Air Quality Modeling Section /f.f---­
Technical Support Division 

From Air Reso~rces Board 

As reQuested my staff has completed a model Ing study 
to estimate population exposures due to chromium emissions from 
three facilities In the South Coast Air Basin. These were 
Price-Pfister In Pacolma, Chromal In Los Angeles, and Pamarco In 
Orange. The EPA model ISCSl was used In the analysis. 

ISCST: reQulres as Input the emission and stack 
parameters, and one complete year of meteorological data to 
calculate Impacts for worst case combinations of emissions and 
meteorology. Due to a lack of site-specific data, multiple 
years of surrogate meteorological data from nearby airports were 
used to Identify the maximum Impacts from the facllltles: 
Burbank (1962, 1964) for Price-Pfister and Los Angeles (1976-
1978) for Chroma! and Pamarco. These represent the most recent 
years of data that we have aval lab le for these locations. The 
year for each site which resulted In the highest modeled 
chromium Impacts was used In tile subseQuent exposure 
assessments. 

Due to the close proximity of nearby terrain to the 
Pamarco and Price-Pfister facl I I ties, actual terrain data were 
extracted from digital data obtained from the National 
Cartographic Information Center for use In analysis of these 
sources. However, due to an Inherent ISCST I Imitation which 
al lows no receptor to exceed phys Ical stack height, terrain was 
forced to be at or below the top of the stack. Depending on the 
source-receptor geometry and wind dlrectlon-stabll lty 
frequencies, this may have underpredlcted concentrations under 
certain conditions. 

As you requested we have performed the model Ing and 
exposure assessments for each facl I lty at both uncontrolled and 
95 percent controlled emission levels. In addition, for Chroma! 
the analysis was performed for the existing stack height and a 
hypothetical stack height as provided by Frances Cameron of your 
staff. The emission and stack parameters used In the analysis 
are summarized In Table 1. 
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Bob Barham -2- Apr I I 6, 1987 

The model Ing results and exposure assessment summary 
are presented ·In Table 2. Please note that these results are 
specific to the facl I I ties modeled and should not be construed 
as being representative of other areas. 

It must be emphasized that these results represent a 
screening analysis to estimate chromium Impacts from these 
facl I I ties. A more refined analysis would require site-specific 
data. 

If you ha~e any Questions please cal I John DaMassa 
(4-7168) of my staff. 

Attachments 

cc: John DaMassa 
Frances Cameron 
Fl le• 513 & 1636 
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Table 1 

Stack and emission 

Chroma I 
UTM coordinates (km): Easting 

Northing 
stack height Cm) 
uncontrolled emission rate 

Cg/sec) 
95% control led emission rate 

Cg/sec) 
exit temperature ( 0 

K) 
stack diameter (m) 
stack velocity (m/sec) 

Chroma! operating schedule: 

Pamarco 
UTM coordinates (km): Easting 

Northing 
stack height Cm) 
uncontrolled emission rate Cg/sec) 
95% control led em1gs10n rate Cg/sec) 
ex It temperature C K) 
stack diameter Cm) 
stack velocity Cm/sec) 

Pamarco operating schedule: 

PrJce-PfJster 
UTM coordinates (km): Easting 

Northing 
stack height Cm) 
uncontrolled emission rate 

Cg/sec) 
95% control led emission rate 

Cg/sec) 
0exit temperature CK) 

stack diameter Cm) 
stack velocity Cm/sec) 

Price-Pfister operating schedule: 
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parameters 

Actual Hypothetical 
stack stack 

388 388 
3770 3770 
6.7 9. 1 

1.764x10-2 1 .764X10 -2 

8.82x10- 4 8.82x10- 4 

ambient ambient 
neg I lg Ible 0.9 
neg I i g I b I e 17.4 

24 hours/day, 7 days/week, 
52 weeks/year 

420.0 
37 41 • 0 

7.3 -3 
1.134x1o_55.67x10 

294.0 
0.8 
7.6 

10 hours/day, 5 days/week, 
50 weeks/year 

Stack tl stack 1!2 
369.4 369.4 

3793.4 3793.4 
9 . 1 9. 1 

3.78x10-5 1.89x10-5 

1.89x10-6 9.45x10-7 

301 . 0 301 . 0 
0. 5 3 0.56 

10.oe 10.15 

0800 - 1600, 5 days/week, 
50 weeks/year 



I 

Table 2 

Model Ing and exposure assessment summary 

Uncontrolled 95% 
Chroma I 
maximum concentration (ngtm 3 ): 

actual stack height 217.6 
hypothetical stack height 110.4 

• people In model lng 3domaln 
total exposure (ng/m x people): 

2,262,054 

actual stack height 3,053,020 
hypothetical stack height 2,478,560 

Parnarco 
maximum concentration 3(ng/m) 17.7 
• people In modellng 3domaln 
total exposure (ng/m · x people) 

831,037 
23,009 

Price-Pfister 
maximum concentration (ng/m3 ) 0.39 
• people In modellng 3domaln 
total exposure {ng/m x people) 

571,065 
1 , 260 
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control led 

10.9 
5.5 

2,262,054 

152,645 
123,919 

0.9 
831,037 

1 , 1 50 

0.02 
571,065 

63 



I 

State of Cc!ifornia 

f,,i. e m o r a n d u m 

To William Loscutoff, Chief Date ' S e p t e m b e r 2 2 , 1987 
Toxic Po! !utants Branch 

Exposure Mode Ii ng 
for Chromium 

Don McNerny, Chief 
Medel ing and Meteorology Branch 

From Air Resources Board 

At your request, the ~taff of the Modeling Section has 
completed a modeling study of the population exposure to 
hexavaient chromium due to emissions from eleven chrome plating 
facilities located in the Sacramento, San Diego, Fresno, Oxnard, 
and Buellton areas. This study Is a supplement to the previous 
chrome plating exposure studies conducted for the South Coast and 
San Francisco Bay Area Air Basins. 

As In the previous analysis, the Industrial Source Complex 
(!SC) model was used to estimate annual concentrations of 
chromium for the residential populatlonsnin each area. We have 
prepared exposure statistics for each faci I ity and cumulative 
exposure statistics for each area. The modeling analysis and 
exposure assessment were performed for both current and 95% 
control led emission rates. In some cases, current emissions are 
less than the 95% control led emissions since some sources 
currently control emissions by m9re than 95%. Deposition was not 
considered In these calculations. 

Residential population for 1985 was gridded on the same 
sca:e as the ISC modeling grid used for each area. The grid eel 
size for all areas is one kilometer by one kilometer. ISC 
receptors are located In the center of the grid cells. The grid 
specifications fer each area are: 

Table 1 

Grid Specifications 

A.RM. l..Qfil GRID ORIGIN (UTM) GRID SIZE POPULATION 

Sacramento 1 0 600.0; 4,240.0 (km) 71 X 51 1,010,210 
San Diego 1 1 474.0; 3,601.0 (km) 41 X 41 1,455,076 
Fresno 1 1 259.4; 4,077.5 (km) 51x51 483,635 
Oxnard 1 1 285.0; 3,770.0 (km) 51 X 41 48S,692 
Buellton 1 0 720.0; 3,818.0 (km) 61 X 41 66,672 
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One year of hourly meteorological data from the nearest 
NWS weather stat ion was used for e3ch emission source. The year 
was chosen by running three to five years of data and using the 
year which gave the maximum annual concentrations. The following 
list shows the meteorology data used in the ISC modeling runs: 

Sacramento 1963 Sacramento Executive Airport 
San Diego 1961 Miramar AFB or Lindburgh Airport 
Fresno 1964 Fresno Air Terminal 
Oxnard 1964 Santa Barbara Airport 
Buellton 1962 Santa Maria 

Table 3 shows the population weighted and grid maximum 
annual hexavalent chromium concentrations for each facility and 
study grid. The population affected in regards to the 
"?opulatlon Weighted Concentrations" are the grid total 
populations shown In Table 1 for the appropriate area. The total 
exposure for each area Is the product of the population anc the 
populat Ion weighted annual average chromium concentration. Table 
2 shows the total exposure for both current emissions and 95% 
controlled emissions. 

Table 2 

Total Exposure to Hexavalent Chromium 
From 11 Chrome Plating Faciilties 

TOTAL EXPOSURE TOTAL EXPOSURE 
Curren; Emissions 95% 5ontrol 

AREA Cng/m *People) Cng/m *People) 

Sacramento 1,232,000 253,000 
San Diego 786,000 47,000 
Fresno 41,000 8,000 
Oxnard 15,000 3,000 
Buellton ~ -2..Q. 
Total 2,074,000 311,000 

The populatlons shown In Table 3 are the residents in 
the grid cell with the maximum annual average concentration as 
predicted by the ISC model simulations. 

Table 4 shows the five percentile annual chromium 
concentrations for each faci I ity and area. Five percent of the 
population for each grid (see Table 1) are exposed to at least 
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this concentration. Table 4 also shows the worst case one-hour 
concentrations predicted using EPA's PTPLU model. 

The hexavalent chromium emission rates for each 
faci I lty were provided by your staff. Table 5 summarizes tha 
emission data for each facl I lty. Two of the sources have much 
higher emissions than the others. Chrome Craft in Sacramento, 
393 lbs/year and Rohr Industries in San Diego, ·514 lbs/year. 
Since Chrome Craft Is surrounded by residential areas on all 
sides, eiilissions from this facility result in higher population 
exposure than emissions from Rohr Industries. Rohr Industries Is 
located near the harbor in San Diego. The population wei§hted 
mean chromium concentration 5rom Chrome Craft is 1.2 ng/m while 
Rohr Industries Is 0.52 ng/m. The highest annual aver 3ge for 
any receptor location was near Rohr Industries, 66 ng/m . The 
only chrome plating facility model that led to higher exposure 
was Chroma! In Los Angeles which we estimateg to result in a 
population weighted ann~al mean of 1.35 ng/m and a maximum 
annua I mean of 218 ng/m . · 

It should be emphasized that al I concentrations 
estimated are above ambient. These concentrations are the result 
of hexavalent chromium emissions from the modeled facl I I ties 
without regard to any background concentrations that may occur. 

If you have any questions regarding this analysis, 
please do not hesitate to cal I Richard Ml Iler (4-7162) or Paul 
Allen (2-7278) of my staff. 
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Table 3 

Population Weighted and Maximum 
Annual Chromium Concentrations 

(nanograms/cublc meter) 
SCENARIO 

Sacramento 

Electro Plating 
Current Emissions 

95% Control 

Precision Plating 
Current Emissions 

95% Control 

Chrome Craft 
Current Emissions 

95% Control 

Biggers Industrial 
Current Emissions 

95% Control 

Cumu tat Ive 
Current Emissions 

95% Control 

San Diego 

Spec I a Ii zed Process Ing 
Current Emissions 

95% Control 

Rohr Industries 
Current Emissions 

95% Control 

Western Industrial 
Current Emissions 

95% Control 

Cumulative 
Current Emissions 

95% Control 

Population 
Weighted 

Annual 
Concentration 

0.0029 
0.0099 

0.00011 
0.00029 

1 . 18 
0.24 

0.035 
0.0071 

1 • 2 2 
0.25 

0.00051 
0.000073 

0.52 
0.029 

0.017 
0.0034 

0.54 
0.032 
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Ma~imum 
Annual 

Concentr;:,t ion 

0.42 
1 . 40 

0.01 1 
0.033 

52.3 
10.6 

7.3 
1 . 5 

53.0 
10.6 

0.0044 
0.0073 

65.5 
3.2 

2.2 
0.42 

65.6 
3.3 

.r...QJL,_ 

740 
740 

721 
721 

3,809 
3,809 

642 
642 

3,809 
3,809 

1 • 397 
1 , 397 

2, 21 5 
2, 21 5 

2,094 
2,094 

2,215 
2,215 



Table 3 (continued) 

Population Weighted and Maximum 
Annual Chromium Concentrations 

SCENARIO 

Fresno 

Rutter Armey 
Current Emissions 

95% Control 

Spec. Hard Chrome 
Current Emissions 

95% Control 

Cumulative 
Current Emissions 

95% Control 

Oxnard 

Multlchrome Plating 
Current Emissions 

95% Control 

Buellton 

West Coast Plating 
Current Emissions 

95% Control 

(nanograms/cublc meter) 

Population 
Weighted Maximum 

Annual Annual 
Concentration Concentration 

0.067 6. 1 769 
0.013 1 . 2 769 

0.018 1 . Ou 1 , 1 50 
0.0038 0.21 1 , 1 50 

0.085 6. 1 769 
0.017 1 . 2 769 

0.030 2.5 323 
0.0061 0.49 323 

0.00036 0.044 1 1 
0.00030 0.037 1 1 
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Table 4 

Five Percentile Annu3.I a:,d 
Worst Case One-hour Chromium Concentrations 

(nanograms/cublc meter) 
SCENARIO 

Sacramento 

Electro Plating 
Current Emissions 

95% Control 

Precision Plating 
Current Emissions 

95% Cc,ntrol 

Chrome Craft 
Current Emissions 

95% Control 

Biggers Industrial 
current Emissions 

95% Control 

Cumulative 
Current Emissions 

95% Control 

San Diego 

Spec i a Ii zed Precess Ing 
Current Emissions 

95% Control 

Rohr Industries 
Current Emissions 

95% Control 

Western Industrial 
Current Emissions 

95% Control 

Cumulative 
Current Emissions 

95% Control 

Upper 
Five 

Percentile 
concentration 

0.0073 
0.024 

0.00027 
0.00091 

4.61 
0.92 

0. 122 
0.024 

4.74 
0.97 ~ 

0.0017 
0.00034 

1 • 85 
0.093 

0.050 
0.010 

1 • 9 0 
0. 10 
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Worst Case 
One-hour 

Concentrat i.")r 

143. 
477. 

34. 
11 3 • 

18,470. 
3,683. 

10,769. 
2,157. 

1,535. 
307. 

45,198. 
2,255. 

2,985. 
597. 
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Table 4 (continued) 

F: 11e Percent i ! e Annua I and 
Worst Case One-hour Chromium Concentrations 

(nanograms/cublc meter) 
SCENARIO 

Upper 
Five Worst Case 

Percent I I e One-hour 
ConcP,ntrat ion Concentr?.t ior, 

Fresno 

Rutter Armey 
Current Emissions 0.20 18,470. 

95% Control 0.039 3,683. 

Spec. Hard Chrome 
Current Emissions 0.059 3,069. 

95% control 0.0099 614. 

Cumulative 
Current Emissions 0.26 

95% Control 0.049 

Oxnard 

Multlchrome Plating 
Current Emissions 0. 1 3 3,850. 

95% Control 0.02~ 770. 

Bue 1 1 ton 

West Coast Plating 
Current Emissions 0.0010 368. 

95% Control 0.00087 307. 

-111-



Table 5 

Emission Data Summary for Chrome Plating Facilities 

Annual Max !JQ!.l r I 'i. 
95% 95% 

Current Control Current Control 
Facility Name Location (UTMs) (Lbs/yr) (lbS('J.rl (Gm/s} (Gm/s) 

Sacramento 

Electro Coat. 626.4; 4,271.5 2.54 8.48 .000051 .00017 
Precision p I • 638.7; 4,267.2 0.08 0.26 .000012 .000041 
Chrome Craft 632.5; 4,269.4 394. 78.7 .0066 • 0 0 1 3 
Biggers 630.9; 4,273.2 30.7 6.05 .0039 .00077 

San Diego 

Spec. Proc. 502.3; 3,628.2 .22 .04 .00055 .00011 
Rohr Indus. 490.6; 3,609.9 514. 25.7 .016 .00081 
Western I n t . 489.6; 3,613.8 17.6 3.52 .0011 .00021 

Fresno 

Rutter Armey 251.5; 4,065.7 49.2 9.84 .0066 . 001 3 
Spec. Hard C. 259.4; 4,077.5 18. 2 3.65 . 0011 .00022 

Oxnard 

Multlchrome 300. 1 ; 3,784.7 14.2 2.85 .0014 .00028 

Bue 1 1 ton 

West Coast 757.6; 3,834.0 .33 .27 .00013 .00011 
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State of California 

Memorandum 

To ~ill1a~ V. Losc~toff, CnieE 
Toxic Poll~tants Branen 

Date September 25, 1987 

3cationdrJ 3ourc~ Division Subject: Cn r o,n i u.n 
Modelin9 For 12 
Bay Area 

Donald McNerny, ChiegO"\- Platers 
Air Quality Analysis and Medaling Branch 
Tacnnical Support Division 

From Air Resources Board 

Tn<:? Modeling Section i1as com)h~t2j at1 ,:1ir quality 

,nod2lin3 study of :12xavalent ci1romiu,n emissions fro;n twelve 

?13ting facilities loc3t~j in tn2 San F~3ncisco Bay Araa. T~e 

d~ove a~bi2nt, popJlation weignted annual av2ra~e conc2ntration 

fro~ all sources is estimated to be 3.419 nano9ra~s/m 3 ford 

c0tal populdtion of 4,860,841 people. The highest population 

weig~ted annual avera9e concentration ford single source is 

0.305 nanogra.ns/m 3 from United Airlines Maint2ru.nc2, and 

impa~ts a population of 3,202,013 people. The maximum, above 

ambient, chromium exposure fro;n all sources is estimated to be 

73,316.0 nanogra~s/m 3*people for a grid cell with a population 

of 3,418 people. Tne facility with the highest maximum exposure 

is Dolsoy Inc. witn an exposure of 71,810 nanogra~s/m 3*people. 

United, Dolsby Inc., and Arcata Gra~nics comprise 83.6% of the 

tocal exp~sure of 2,036,206 nanograms/m 3*people fo~nJ in t~2 

Bay Area basin. Tne hi9hest, maximum annual av2ca12 

co~centrdtion from all sources is 51.97 nanograms/m3 for a 

0rid cell with 5 people. The highest, maximum an~u,::11 av~raJe 

concentr~tion from a sin3l2 source is 51.92 nano9raills/m 3 from 

United Airlines Maintenance. 

Considering tne modeling uncertainty, the mojeling 

~esults agree well with monitored chromium data previously 

analyzed by the Air Quality Analysis S3ction. Th2y have 

re2orted d statewide range of 0.2 - 0.4 nanograms/m 3 for the 

po~ulacion weig~ted mean. Their estimates do not include the 

high exposures near the emission sources. Also, ti2 ~onitored 
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~eo~rapnic weignted mean for the Bay Area is 0.2 

nanoJrdill3/~ 3 , w~ile cne modelad geograJhic wei~ncaj ~ean is 

0.23 nanograms/m 3 • However, it should be noted that tnis 

modelin] study for chrome platers accounts for only about 50% of 

the expected chromium emissions, as e~issions from cooling 

towers. provide b1e remainder. Further, it should be noted tna t 

tnis modeli,13 study onlJ estiillates residential, outJoor ~x9os~~e. 

fhe facilities wicn their corraspondi~~ e~ls3ion J~t1 

dra 1isteJ 1n faole l. Tn1s information was provided bJ Cliff 

Po22jo1 of your staff. rne emission Jata provided by your 3tdff 

was in pounds per year for eacn source. Tne emission rat23 were 

converted to grams per second based on the operating ho~rs snown 

in Table l, and assuming a 7 days/week and 52 waeks/yaar 

operating schedule. Since only tne number of operatin3 h:rn.cs 

per day ware provided to us, we have assumed tnat in those cases 

where emissions only occur for a portion 0f the day, the period 

of emissions begins in the early morning, 6 AM or 7 AM. 

starting time is both reasonaole and conservative as this time 

of day generally has stable meteorology leadin~ to poor 

dispersion. The maximum nourly emission rate was derived from 

operating information provided. In addition, as tne locations 

for these sources were not given in UTM coordinates and ARd's 

quadrangle maps were inaccessiole at the tim2 of the study, we 

have ucilized che centroid of the zip code region of each source 

as thair UTM coordinates. A stack height of 9.1 meters, stacK 

diameter of _l meter, stacK gas velocity of 0.1 meter/second, anJ 

aillbient temperature conditions were utiliz~j for each source to 

minimize plume rise, as indicated by your staff. 

-114-



'fable 1 

Source 8mission Dat3 

Annual 

Perio.j Av=raJe i-:lo..irly 

Emission Of Emission Emission 

Rate imission Rate Rdte 

Fa.:::ilicj (lbs/ye2H) (hours) ls..r a.us/ se::) ( g r a.:n s / s e c ) 

~l!_n_~~ ~~~ Air .?·'.J.: i: :'-12 t-20 r O l O':Jj: 

StanforJ 0.014 0700-090J ;J. :J0J0:J 2 4 J. j,jJ l.1'!'3 

(567.6 Km 2,413d.2 K~ ~) 

Arcata Grapnics 131.238 0000-240J 0.0018893 0.002204 

(598.3 Km E,4138.3 Km N) 

Liver.:nore Lab 2.430 0700-1500 0.0001.352 0.000736 

(620.5 km t,4171.0 km N) 

Sa~_Francisco Air_t.?ort Meteorology: 

C & M PlatinJ 0.175 0700-0800 0.0000604 J.000088 

(551.5 km E,4180.l km N) 

United Airlines 660.929 0000-240J .1.0ll.l0J 

(553.4 km E,4165.5 km N) 

fr~vis AFB Meteorologj: 

Mare Island 29.795 0700-0~00 0.JJ38dd J.005513 

(565.0 Km E,4216.0 Kill N) 0900-1100 0.001260 

uSS-Posco 175.265 0000-2400 0.002523 0.009184 

(597.0 k.:n E,4208.0 km N) 
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Taole 1 - (continued) 

1'1d x i.11 um 

A·,12ra.Je2 H:)urlj 

E,nission Of Emission Emission 

Rate Emission Rate Rate 

Facilitj 1.:!:_bs/yea.c) (nours) ( g r a;n s /sec ) ( g r a.:n s / sec ) 

Oakland Airport Meteorology: 

BerKeleJ Lab 0.273 0700-1000 0.111;300314 0.001148 

(564.0 km E,4192.J km N) 

1::l -~ ·: t. C .1 - 2 0 1 ti Cl J .3 7 ➔ .453 0700-ll\JJ J.0048443 0.007351 

(561.0 k.n E,4l'::l0.7 i<,n L-J) .i.10J-l.:.i.o0 0.0J4037.J 

Cnrornex 22.454 0700-1500 0.0009697 0.002643 

(560.0 km E,41~8.5 km N) 

Dolsbj Inc. 202.327 0600-180.3 0.0058250 0.006796 

(571.l km E,4178.1 km N) 

K L PlatinJ 20.447 0700-1200 0.0013119 0.001910 

(572.5 Km E,4176.8 1Cl\ N) 1200-1300 0.0005046 

Tne ISCST air quality model was used to predict above 

amoient annual average chromium concentrations for a ~.cidJej 

array of receptors s9aced one kilometer apart. The total 1985 

residential population encompassed by the Bay Area receptor 3cid 

is almost five million people and re8.cesents ctll or 23rc of 14 

counc1es. The griJ is depicted in Figure A. For the exposure 

estimates, tne ~opulation contained in each l kilometer square 

grid cell is assumed to be exposed to the chromium concentration 

estimated for the receptor node located at the center of the 

cell. Tne receptor are3 contains 100 ~rid cells in the east­

west direction and 120 9riJ cells in tne nortn-soutn Jirection. 

The receptor origin for the g.cid, in uTM coordinates for Zone 

10, is 540.0 km E and 4120.0 k~ N. Because of inherent size 

limitations of the model and the need for multiple 

meteorolo~ical station input, the receptor area was oroken into 

-116-



I 

Fi ;;ure A 

POPULRTION OF BRY RRER (PER CELL) 
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five, ovarlappin~ sub3rids. Tnree sizes of su~3rids were 

utiliz~j - SJ K~ bJ 50 ~~, 55 K~ bj 7~ Km, and 7~ K~ Dj 40 km. 

In eacn case, 3roups of so1.1rces w2re s~l2ctaJ so tney would 02 

c2ntdced 1n cn2 suogriJ. Race~tor indexin~ for all subgriJs was 

a<ljus to tna 12J by 100 ~ilo~2t2r Jrid. Conc2ntra~ions from 

tor to 

estimate cumulative concentrations at each receptor. Grid cell 

sizes for all grids are l Km by l km. 

As indicat~J in Table l, metdorolo~ical data from 

four st~tions were utiliz as in~ut to cne I3CST ~od2l. 1956 

illacaorolo~icdl daca is dJ3iLa~l~ for t~~ Eollo~in~ four stcttions 

- S~~nyJale AirJort, fravis Aic Eorca Basa, San Francisco 

Airporc, and Oakland Airporc. This is t~a onlJ Jear of Jita 

avai~able whicn is common to all four stations. In addition, 

prelimi~ary ISCST screening using 1956 and 1960 through 1964 

Oakland an~ San Francisco meteorology demonstrated tnac 1956 is 

a ~oor year in terms of dispersion. Tnus, 1956 meteorological 

data from the nearest available station to each facility was 

used for all ISCST model simulations. 

As shown in Table 2, the population weighted (1985) 

annual average chromium concentr~tion from all sources 

combined is estimat2d to be 0.4189 nano3rams/~3 . Five percent 

of the population of tna bdsin are exposed to an annual 

concentration of 1.098 nanograills/m3 or more. Td~le 2 also 

shows the population weightej annual average concentrations due 

to each 9later individually. It snows that 3illiS3io~s from 

United Airlines Maintenance result in the hi3hesc injividJ5l 

source popul~tion wei3nted annual average of 0.3054 

nanoyrams/m 3 • Other sources ~ith high population weighted 

ann1.1al avarages include Arcata Graphics, USS-Posco, and Dolsby 

Inc •. United, Dolsby, and Arcata have the hi~hest total 

exposures (population weignted medn*grid population) of 977,895, 

407,296, 3nd 317,698 nanogrdms/m 3*people, respectively. These 

tnree facilities comprise d3.6% of the total exposure of 

2,036,206 nanograms/m3*people found in the enti~e Bay Area 

basin. 
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Table 2 

Estimates Of Population ~ei~nced 

Ann~al M23n And Fi~~ Parcentila Cnro~ium Concentrdtions 

(Includes Only Residential Population) 

' Population * .Five% ** 
Weighted Concen­

1"1ean Grid tration Five% 

Source ( ng/1n 3 ) ~ulation (ng/m 3 ) Population 

UniteJ Airlin:s 0.30540 3,202,01::l 0.8253 160,101 

0.17420 1,823,757 0.690'J 91,188 

0.16731:3 5d3,400 0.4190 29,270 

Dolso1 lnc. 0.12720 3,202,013 0.3048 160,101 

Electro-:oatings 0.04261 3,202,013 0.1732 160,101 

Mare Island 0.025dl 977,647 i.3.0960 48,883 

KL Plating 0.0139J 3,202,013 0.0332 160,101 

Ch.romex Ld.0J826 3,202,013 0.0323 100,101 

C & M Plating 0.000482 3,169,365 0.00149 158,469 

Berkelej Lab 0.000371 3,194,246 0.00143 159,712 

Livermore Lab 0. 01:hB64 223,806 0.000843 11,191 

Stanford 0.000011 1,823,757 0.000033 91,188 

A11 12 3 ,) u r c e s 0.4189 4,860,841 1.098 243,043 

Comoined 

* Population weighted mean represents the summation of trie 
conc2ntration times population for each 3rij cell divided by the 
total ~opulacion of the grid. 

** - Five percentile concentration re~resents the concentration 
above whicn five percent of the ~rid populacion are exposed to 
~nen the grid cells are sorted bi concentration. 
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As snown in Table 3, tne maxi~urn annual avecaJ~ 

cnroillium dxposure for ant Jrid c~ll, £tom cne twelve Ei~iliti~s 

co~binaj 1s 73,Jlci.0 nanograms/m 3*people. Tnis is Locdt~J 

near 0olsoy Inc .. Althougn Unitej Airlinas nas ni3D2r emissions 

and ground level concentrations, Dolsby nds mor2 ~aoJ13 livi~3 

near the facilitj. Thus, ~hen the sources are evaluate3 

individually, Dolsby has a maxiillum exposure of 71,810 

nanograms/m 3*people, as com~ared to 12,218 nanogra~s/m 3* 

people for United Airlines. For purposes of comparison, 

~0~2var, t~e tot~l exposure from Unitad equals 4d.0i of c11e 

tot~l Jrij dXposura estimated in tnls study, ~nile ~olsby 

~,J~tri~J_a; 20.0~ of en~ total exposure. Arcata Gc~pnics is 

anochar large contricutor to tne c0tal J!ij 2xJosure dS it 

contribut33 15.6% of the tocal annual average chroillium ex?osure. 
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Table 3 

Annual A.v2rage Ex;iosur2a from Ba.en F.1:..:il.i':J 

.''1:ixLnu,n Total * 
0EX:;)OSUre Residential Exposu.ce ti Of 

(n1:3/1n 3* Population (ng/m 3* Total Basin 

Source peoel2) Exeosed eeoele) Exposura 

United Ai.r:lines 

Do1say lnc. 

,\ c 23 t.:1 Gr d_?O i 2S 

Electro-Coatings 

US.:,-Posco 

K L Plating 

Cnro,nex 

i'1are Isldnd 

(~ & 1'1 Pldtin:] 

aeri(eley Lab 

Live.r:more Lab 

Stanford 

All 12 Sources 

Co1noi neJ 

* 

12,218 . .J 

71,tHJ.0 

1,675.0 

11,422.11) 

11,156.0 

7,147.0 

642.0 

2,027.0 

625.0 

101. 0 

1,542.0 

0.2 

73,316.0 

927 

3,41d 

2,051 

4,d71 

1,438 

4,258 

5,424 

2,630 

11,186 

8,027 

2,814 

101 

3,418 

- Total e~posure is equivalent to 
mean ti~es tne ~rid population, shown 
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~77,d94.8 48.0 

407,2J5.l 20.0 

Jl7,o9J.5 15.6 

lJo,437.8 6.7 

97,984.3 4. 8 

44,508.0 2.2 

26,448.6 l. 3 

25,233.1 1. 2 

1,527.6 0.08 

1,185.1 0.06 

81. 5 0.004 

20.1 0.00098 

2,036,206.2 99.94 

the population wei9htad 
in Table 2. 

https://11,422.11
https://Exposu.ce
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Tne following table snows the cumulative population 

for eacn order of ma3nitud2 incredse in risK for cnromium 

concentrations f,om all sourc~s in this stJdy, assumin~ tnat 

0.0J67 nano~ra~s/m3 is cne on~ 111 d million risK level for 

chromium (based on infor~dcion from Cliff Popejoy tnat if one 

million peopl2 are exposed to a hexavalent chromium annual 

avera3e concentration of l nanogram/m 3 for 70 years, 150 cases 

of cancer will occur (0.0067=1/150). 

Table 4 

Annual Avera~e 

Cnromium Concencracion RisK Cumulative 

(nanograms/m 3 ) (per million) Population 

0.0067 1 4,681,147 

0.067 10 4,066,738 

0.67 100 619,469 

6.7 1000 16,216 

Table 4 snows that 16,216 people are exposed to at 

least 6.7 nanograms/m 3 , or a lifetime risk of at ledst 1000 

incidences of cancer per million people for a 0.0067 

nanograms/~3 unit risk level. Likewise, 4,681,147 people are 

exJosed to at least the 0.0067 nanogram/m 3 level. These 

exposures are based solely on the ISCST model results for the 

sources listed in Table 1. Estimates do not include any 

background contributions. 

As shown in Table 5, tne maximum annual average 

chromium concentration for che twelve sources comoined is 

51.9690 nanograms/m3 . This occurred at a receptor located 781 

meters east of United Airlines. Emissions from United almost 

totally contribute to this maximum as United has a maximum 

annual average concentration of 51.9150 nanograms/m 3 . Dolsby, 
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Arcata Gra~nics, Blectro-Coatings, and USS-Posco also ha~e ni3h 

~a~im~~ annual av2rage concentrations. Howe~er, tne r2sults 

pr-::s211ta::i in tnis taole snould be vi2~2d ,,;it:1 c:autio!1. 3in:::? 

che rece~tors are s~aceJ at grid cell centers (one Kilo~~ter 

in.:.::reananc.s) ttHOLl-:Jhout c.:12 .no,L~ti.11 r2:.:3ion, some sourcas are 

closer to the nearest receptor than ot~ar sour:::es. Tne 

concentrations ara intenJed to be mora representative of 

regional scale exposures rather than of illaximum ground level 

ex2osures naar specific facilities. 

Tdbl2 5 

Maxi~uill Annual Average Conc~ntration - l ~~ Racaptor Spacin~ 

Chro,ni um Distance 

Concentration From S01Jrce Population 

Sour ca (n:;1/,n3 ) (meters) Ex,eosed 

United Airlines 51. 9150 78 .L ESE 5 

Dolsby Inc. 21. 0095 141 Sw 3,418 

Arcata Graphics 15.7510 762 r-h-Jd 750 

Electro-.:oatin9s 10.3826 700 s 267 

USS-Posco 7.7581 1414 L~E 1,458 

.K L. Plating 1.6785 539 ENE 4,2sa 

Mare Island 1. 6547 1000 s l:.>J 

Ci1ro,nex 0.5124 500 N 312 

.L1vermor; Lab 0.1320 500 E 7 

'--
, 

& r1 Platin-:J 0.0559 510 ESE 11,186 

B~ri<cleJ i..ao 0.0126 1000 fl 8,027 

ScanforJ 0.0022 447 ESE: 101 

All 12 Sources 51. 9690 781 ESE 5 

..::::o.nbi nad of United 

Tne PTPLU ~odel was utilized to estimate the maximum 

above ambient 1-hour and 24-hour hexav312nt chromium 

concentrations from each f3cility. Similarly, the PTMT? model 
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was ~sad, ~itn ~orst cdsa mecaorology preJicted by tne PfPLU 

~0J2l, co 23ti~3td maxi~um 1-nour anJ 24-noJr av2rdJa 

concsntrations for the encire basin. As shown in Taola S, 

em1ssiona froill Jn1tad Airlines r~sult in toe ~i~nast 1 naur 

avera~a iill~act of 30,968 nanograills/m 3 at d distance of 154 

meters from the source and highest 24-hour con=2ntration of 

12,3d7 nano~rams/m3 • Similarly, tne highest basinwide 1-hour 

anj 24-hour average con-::snt::racions are found ndar United -

33,260 and 13,304 nanograms/m3 , respectivaly. · As reco~mended 

oy EPA guidalines, a screening estimate of t~a 24-~ouc aveca~e 
' ... .concentration is 401 of the maximum 1-nour concencra ... 1,)n. 

'i''iole o 

Estimated Aoove Ambient Maximum Short-Term 

Chromium Concdntration From Each Facility 

Maximum Maximum 

1-nour Discance 24-hour 

Concentration From Source Concentration 

Source (n~/m 3 ) (meters) (ng/m 3 ) 

United Airlines 30,967.88 154 12,387.2 

USS-Posc:o 25,623.36 154 10,249.3 

Elecc.ro-Coatings 20,509.29 154 8,203.7 

Dolsby Inc. 18,960.28 154 7,5d4.l 

Mare Island 15,383.22 154 6,153.3 

Chro,ns:x 7,373.97 154 2,949.6 

Arcata Gra,?nics 6,149.44 i.54 2,4::i9.8 

1< i., Pia.tin~ 5,3213.90 154 2,131.6 

Berkeley Lao J,2131.a0 154 1,2a0.1 

Li ver,nore Lab 2,054.46 154 821. 8 

Stanford 307.74 154 123.1 

C & M Platin,J 244.96 154 98.0 

All 12 So\.lrces 33,260.0 154 13,304.J 

Co,nbin from United 
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Table 7 

1985 Cumulacive Population Exposure DistriDJtion Due To 
Cnromiu~ Emissions From 12 Bay Area Platers 

Annual Exposure Population Exposed 
Range ( nanog r a.ns/m 3 ) Incremental Cumulative 
0.000 - < 0.005 173,707" 4,860,841 
0.005 - < 0.010 17,463 4,687,134 
0.010 - < 0.020 128,584 4,669,671 
0.020 - < 0.100 756,743 4,541,087 
0.100 - < 0.500 2,648,455 3,784,344 
0.500 - < l. 00J 849,042 1,135,839 
l.000 - < 5.000 269,286 286,847 
5.J0(J - <10.000 11,624 17,551 

10.00\J - <20.000 2,367 5,937 
20.000 - <40.000 3,565 3,570 
40.000 - <60.000 5 5 

Total 4,860,841 ... 

Table 8 

1985 Population Exposure Distribution Due To Cnromium 
Emissions From United Airlines Maintenance 

Annual Exposure Population Exposed 
Range (nanograms/m3 ) Incremental Cumulative 
0.000 - < 0.005 0 3,202,013 
0.005 - < 0.010 0 3,202,013 
0.010 - < 0.020 2,281 3,202,013 
0.020 - < 0.100 772,804 3,199,732 
0.100 - < 0.500 2,020,832 2,426,928 
0.500 - < 1.000 277,067 406,096 
1.000 - < 5.000 126,931 129,029 
5.000 - <10.000 596 2,098 

10.000 - <20.000 1,350 1,502 
20.000 - <40.000 147 152 
40.000 - <6J.000 5 5 

Total 3,202,013 

-125-



Taole 9 

1985 Population Bxposuce Distribution Due To Cnromium 
Emissions Froill Dolsby Inc. 

Annual Exposure 
Ran3e {nanograms/m3 ) 
0.000 - < 0.005 
0.005 - < 0.010 
0.010 - < 0.020 
0.020 - < 0.100 
0.100 - < 0.500 
0.500 - < 1.000 
1.000 - < 5.000 
5.000 - <10.000 

10.000 - <20.000 
20.000 - <40.000 

Total 

Popula. t ion 
Incremantal 

12,360 
142,539 
503,487 

2,093,265 
344,738 
61,467 
35,420 

5,319 
0 

3,418 
3,202,013 

Table 10 

Exposed 
Cumulative 

3,202,013 
3,189,653 
3,047,114 
2,543,627 

450,362 
105,624 

44,157 
8,737 
3,418 
3,418 

1985 Population Exposure Distribution Due To Criromium 
Emissions From Arcata Graphics 

Annual Exposure 
Range {nanograms/m3) 
0.000 - < 0.005 
0.005 - < 0.010 
0.010 - < 0.020 
0.020 - < 0.100 
0.100 - < 0.500 
0.500 - < 1.000 
1.000 - < 5.000 
5.000 - <10.000 

10.000 - <20.000 
Total 

Population 
Incremental 

56,062 
193,637 
210,573 
745,748 
479,576 
98,102 
36,518 

2,801 
750 

1,823,757 
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Exposed 
Cumulative 

1,823,757 
1,767,695 
1,574,068 
1,363,495 

617,747 
138,171 

40,069 
3,551 

750 
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Table 11 

1985 Populatio~ Exposure Distribution Due To Cnromium 
Emissions From USS-Posco 

Annual Exposure Population Exposed 
Range (nanogra~s/m 3 ) Incremental Cumulative 
0.000 - < 0.005 0 585,400 
0.005 < 0.010 1,752 585,400 
0.010 - < 0.020 53,313 583,648 
0.020 - < 0.100 407,977 530,335 
0.100 - < 0.500 96,032 122,358 
0.500 - < 1.000 8,761 26,326 
1.000 - < 5.000 14,657 17,565 
S.0J0 - <10.000 2,908 2,908 

Total 585,400 

Table 12 

1985 Population Exposure Distribution Due To Cnromium 
Emissions From Electro-Coatings 

Annual Exposure Population 'Exposed 
Range (nanograms/m3 ) Incremental Cumulative 
0.000 - < 0.005 761,927 3,202,013 
0.005 - < 0.010 455,238 2,440,086 
0.010 - < 0.020 607,603 1,984,848 
0.020 < 0.100 1,125,971 1,377,245 
0.100 - < 0.500 213,266 251,274 
0.500 - < 1.000 29,564 38,008 
1.000 - < 5.000 8,177 84,444 
5.000 - <llil.000 0 267 

10.000 - <20.000 267 267 
Total 3,202,013 

Table 13 

1985 Population Exposure Distribution Due To Chromium 
Emissions From Mare Island Naval Shipyard 

Annual Exposure Population Exposed 
Range (nanograms/m 3 ) Incremental Cumulative 
0.000 - < 0.005 351,052 977,647 
0.005 - < 0.010 173,221 626,595 
0.010 - < 0.020 292,014 453,374 
0.020 - < 0.100 112,823 161,360 
0.100 - < 0.500 43,011 48,537 
0.500 - < 1.000 5,373 5,526 
1.000 - < 5.000 153 153 

Total 977,647 
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1985 Population Exposure Distribution Due To Cnromium 
Emissions From KL Plating 

Taale 14 

Annual Ex.r?osure 
Ran9e (nano~rams/m 3) 
0.000 - < 0.005 
0.005 - < 0.1H0 
0.010 - < 0.020 
0.020 - < 0.100 
0.100 - < 0.500 
0.500 - < 1.000 
1.000 - < 5.000 

Total 

Populatioi1 
Incremental 
1,708,637 

949,984 
274,454 
207,871 

52,822 
3,987 
4,258 

3,202,013 

Table 15 

Exposed 
Cumulative 

3,202,013 
1,493,376 

543,392 
268,938 

61,067 
8,245 
4,258 

1985 Population Exposure Distribution Due To Chromium 
Emissions From Cnromex Inc. 

Annual Exposure 
Range (nanogiams/m 3) 
0.000 - < 0.005 
0.005 - < 0.010 
0.010 - < 0.020 
0.020 - < 0.100 
0.100 - < 0.500 
0.500 - < 1.0~0 

Total 

Population 
Incremental 
1,752,048 

829,521 
348,579 
261,278 
10,275 

312 
3,202,013 

Table 16 

Exposed 
Cumulative 

3,202,013 
1,449,965 

620,444 
271,865 

10,587 
312 

1985 Population Exposure Distribution Due To Chromium 
Emissions From Lawrence Berkeley Lab 

Annual Ex,e;,osure 
Ran9e (nanograms/m 3) 
0.000 - < 0.005 
0.005 - < 0.010 
0.010 - < 0.020 

Total 

Population Exposed 
Incremental Cumulative 
3,154,915 3,194,246 

31,304 39,331 
8,027 8,027 

3,194,246 
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1985 Population Expo3ure Distribution Du2 To Cnromium 
Emissions From Lawrence Liver~ora Lab 

Annual Exposure 
Range (nanograms/m 3 ) 

Population 
Incremental 

Exposed 
Cumulative 

0.0013 - < 0.005 223,282 223,806 
0.005 - < 0.010 307 524 
0.010 - < 0.020 119 217 
0.020 - < 0.100 84 98 
13.100 - < J.500 14 14 

Total 223,806 

Table 18 

1985 Population Exposure Distribution Due To Chromium 
Emissions From C & M Plating 

Annual Average Population Exposed 
Range (nanograms/m3 ) Incremental Cumulative 
0.000 - < 0.005 3,150,424 3,193,544 
0.005 - < 0.010 31,934 43,120 
0.010 - < 0.020 0 11,186 
0.020 - < 0.100 11,186 11,186 

Total 3,193,544 

Table 19 

1985 Population Exposure Distribution Due To Cnromium 
Emissions From Stanford Research Lab 

Annual Average Population Exposed 
Ran~e (nanograms/m 3 ) Incremental Cumulative 

0.000 - < J.005 1,823,757 1,823,757 
Total 1,823,757 

-129-



Tabla 7 sho~s tne ~nnudl ex~osure distribution for 

all t~elve sources, wnile Taol2s a throu3n 19 sno~ tne 

population exposur~ distrioucion for ectco source. Fi~ures l 

tnrou9n 26 illuacrate J!apnicallJ cne inform3cion 2resented in 

Taolas 7 tnrougn 19. Fi9ures 27 tncouJn 34 illu;trat~ 

haxavalent chromium exposures {product of annual avera~e 

concentration {above ambient levels) times the poJulation fa~ 

each 1 km 9rid cell) for all 12 facilities combineJ anj 

inJiviJuallJ f~, the three facilities witn the hi~hest total 

exposures - United Airlines Maintenance, DolsbJ Inc., anj Arcaca 

Gra~nics. Fi~ures 35 tnrouJn 42 depict annual avera~e 

concentratio~3 £com tne3e tnr22 sou,~23 indivijually and all 

twelve faciliti~s comoined. FiJures 43 and 44. sno~ graphicallJ 

tne poJulation of the Bay Area basin. 

It should be emphasized that tne analyses performed 

,~present a screening analysis. Refined modeling analJses can 

be ~ade ~hen 5ite specific ~~teorology and air q~ality data 

become availaol2. 

If you have any questions, do not oesitate to call 

Rich Miller at 4-7162, or Paul Allan at 2-7278. 

cc: Gary Murchison, SSD (w/attacn~ent) 
Cliff Poj;>ejoJ, SSD (w/attachm.znt) 
Paul Allen, TSD (w/attachment) 
Ricn Miller, TSO (w/attachment) 
File #1636 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 
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