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«EFE« TO: 
STATE OF COLORADO 
Roy Ronwr, Governor 
DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF WILDLIFE 
AN EOUAL OPPORTUNITY EMPLOYE* 

Parry 0. Olson. Director 
0060 Broadway 
Oanvar. Colorado 80216 
Talaphona: (303) 297-1192 

October 3, 1990 

Nathan Mottl 
Roy F. Weston Inc. 
1 Weston Way  Bldg. 51 
West Chester, PA  19380 

Dear Mr. Mottl: 

In response to your telephone request, I am providing the following 
information: 

Within a 5 km radius of the center of the Rocky Mountain Arsenal we are only 
aware of the ponds on the Arsenal as being open to public (although limited) 
fishing. 

Within a 5-10 km radius, we have identified 7 ponds which are open to public 
fishing, four of which are at the same site. Here are the names and locations 
of the ponds: 

Clear Creek Pond Adams County T3S, R68W, S2 
Engineer's Lake Adams County T2S, R68W, S36 
Rotella Park Pond Adams County T2S, R68W, S35 
Grandview Ponds 1-4 Adams County T2S, R67W, S18 

Here is a summary of recent fish stocking information: 

Clear Creek Pond - not stocked, but fish are present and fishing takes place 

Engineer's Lake 

1985: Stocked with 1100 4" Channel Catfish 
1987: Stocked with 800 4" Largemouth Bass and 1500 6" Channel Catfish 

Rotella Park Pond 

1985: Stocked with 100 7" Bluegills 

Grandview Pond #1 

1988: Stocked with 20 15" Hybrid Grass Carp and 10*0 7" Largemouth Bass 

Grandview Pond #2 

1988: Stocked with 40 12" Hybrid Grass Carp and 200 7" Largemouth Bass 

(continued) 

DEPARTMENT OF NATURAL RESOURCES. Hamlet J. Barry, Executive Director 
WILDLIFE COMMISSION. William R. Hegberg. Chairman • Dennis Luttrell. Vice Chairman • Eldon W. Cooper. Secretary 
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Grandview Pond #3 

1988: Stocked with 10 12" Hybrid Grass Garp and 100 7" Largemouth Bass 

Grandview Pond #4 

1988: Stocked with 20 12" Hybrid Grass Carp and 100 7" Largemouth Bass 

The attached map shows the location of all A areas and provides some 
additional data - I have drawn in Grandview Ponds on it. 

Let me know if you have any questions. 

Sincerely, 

Q 
Dave Weber 
Habitat Biologist 

cc: Jim Satterfield, Pat Tucker 



Grandview Ponds 1-4 

bass, yellow perch, and rainbow trout (catchable size stocked). 

Agency:   Adams County Parks A Recreation. 

Comments: Open 5 a.m. to 11 p.m. No boats. Fishing pier on the 
south shore. Playground and restrooms. Extreme water level fluc- 
tuation. Hard surface foot trail. 

Butts Park Pond 
Location: Northwest of the intersection of W. 94th Ave. and 
Perry Street. Parking area is off of Perry Street just south of 96th 
Ave. or off of 94th Ave. next to the ice rink. 

Size:   3 acres; 5 feet maximum depth. 

Fish:    Bluegill, bullhead, channel catfish, crappie, green sunfish, 
sucker, and yellow perch. 

Agency:   Hyland Hills Recreation 4 Park District. 

Comments: Open daylight hours. No boats. Recreation Center 
and playground. 

Stancfley Lake 
Location: W. 88th Ave. and Kipling Street. Parking area is off of 
Kipling. Access also on the west side of the lake via Alkire Street at 
87th Ave. 

Size:    1,210 acres; 80 feet maximum depth. 

Fish:   BJuegill, carp, channel catfish, green sunfish, largemouth 
bass, smallmouth bass, sucker, walleye, yellow perch, and rain- 
bow trout (catchable size stocked). 

Agency: South and southwest shore, Jefferson County Open 
Space. Remaining shore and lake itself, City of Westminster Parks 
& Recreation. 
Comments: Open 5 a.m. to 11 p.m. for walk-in visitors. Open 8 
a.m. to 7 p.m. for vehicles and boats. Ail boats need Westminster 
boat permit. Fee area for vehicles at Kipling & W. 88th Ave. Walk- 
in fishing is free. Extreme water level fluctuation. Two boat ramps 
on east shore. No fishing from dam. 

MAY BE CLOSED DUE TO INSURANCE PROBLEMS: 
CONTACT MANAGING AGENCY. 

Pomona Lake. 
Location: In Meadow Glen Park. North of W. 80th Ave. and 
one-quarter mile west of Wadsworth Blvd. Main parking area can 
be reached via 80th Ave. by going north on Club Crest Drive, and 
then east on W. 81st Place. 

Size:    31 acres; 8 feet maximum depth. 
Fish:    Largemouth bass, yellow perch, bullhead, channel catfish, 
crappie, and green sunfish. 

Agency:   North Jeffco Parks & Recreation. 
Comments:    Open dawn to 11 p.m. No boats. Hard surface fool 
trail. 

Lake Arbor 
Location: North of W. 80th Ave. between Wadsworth Blvd. and 
Sheridan Blvd. Both the north and south shores of the lake can be 
reached via 80th Ave. To reach the south shore, take 80th Ave. to 
Lamar Street. Go north on Lamar to 80th Place. Take 80th Place 
east to the cul-de-sac. To reach the north shore take Lamar Street 
north past 80th Place on to Pomona Drive. Go east on Pomona 
around the north end of the lake to the parking area. 

Size:   37 acres, 19 feet maximum depth. 

Fish: Bluegill, bullhead, carp, channel catfish, crappie, green 
sunfish, largemouth bass, pumpkinseed sunfish, and sucker. 
Grass carp stocked to control aquatic plants. 

Agency: North Jeffco Recreation & Park District and City of 
Arvada. 

Comments: Open dawn to 11 p.m. Non-motorized boats only. 
Fishing piers located on the north shore. Artificial fish habitat 
structures in lake. Playground. Hard surface foot trail. 

Faversham Park Pond 
Location:    Sheridan and 72nd Ave. 

Size:    6 acres; 11 feet maximum depth. 

Fish:    Bluegill. 



Agency:   City of Westminster Parks & Recreation. 

Comments:   Open sunrise to 11 p.m. No boats. No wading or 
swimming. Kids 15 years old and under. 

Cameniscfa Park Pond 
Location:   West of Pecos Street, south of W. 90th Ave. at Fon- 
taine Street. Parking area south of 90th Ave. 

Size:   3 acres; 10 feet maximum depth. 

Fish:    Largemouth bass, pumpkinseed sunfish, sucker, blucgill,   WL 

bullhead, channel catfish, crappie, and green sunfish. £0 

Agency:   Hyland Hills Recreation & Park District. 

Comments:   Open dawn to 10 p.m. No boats. Playground and 
restrooms. Hard surface foot trail. 

Bell Roth Park Pond 
Location:   On the east side of Pecos Street, 2 blocks north of W. 
84th Ave. 

Size:   3 acres; 8 feet maximum depth. 

Fish:   Channel catfish, crappie, green sunfish, sucker, yellow 
perch, bluegill, bullhead, and carp. 

Agency:    Hyland Hills Recreation & Park District. 

Comments:   Open dawn to 10 p.m. No boats. Playground. 

KIwanis Park Pond 
Location:    W. 80th Ave. east of Zuni Street. Parking area south 
of 80th Ave. 

Size:   3 awes; 2 feet maximum depth. 

Fbh:    Bullhead and green sunfish. 

Agency:    Hyland Hills Recreation & Park District. 

Comments:   Ooen dawn to half hour after sunset. No boats. 

15 

13 Rotella Park Pond 
—www!—norm ui c. <om /-.»i. between N. Washington Street 
und N. York Street. Parking north of 78th Ave. or south of Coro- 
nado Drive So. 

Size:   3 acres; 10 feet maximum depth. 

Fish: Bluegill, bullhead, channel catfish, largemouth bass, and 
pumpkinseed sunfish. 

Agency:   Adams County Parks. 

Comments: Open 7 a.m. to 11 p.m. No boats. Extreme water 
level fluctuation. Playground and restrooms. Hard surface foot 
trail.' 

14 Engineers Lake 
Location:   From 1-76 go to Hwy 224. Travel west on 224. Parking 
area is south of 224, just west of the South Platte River. The lake is 

at the confluence of Clear Creek and the South Platte River. Hard 
surface foot trail across the river. 
Size:    11 acres; 25 feet maximum depth. 

Fish:    Bullhead 

Agency:   Adams County Parks & Recreation. 

Comments: Open 7 a.m. to 11 p.m. No boats. Walk-in trail und 
■.f-tt^Hffrlinf Picnic shelter. 

Clear Creek Pond Ifr 
.j—wwjrr" bouth of Hwy 224 between Washington Street and 

York Street. Parking area is south of Hwy 224, and east of 
Washington Street. 

Size:   3 acres; 9 feet maximum depth. 

Fish: Bluegill, bullhead, carp, channel catfish, crappie, green 
sunfish, largemouth bass, pumpkinseed sunfish, and yellow 
perch. 

Agency:   Adams County Parks & Recreation. 

Comments:    Open 7 a.m. to 11 p.m. No boats. Hard surface trail 
along south side of pond. 

Twin Lakes Park Pond» 
Location:    Just west of Broadway on 70th .'■•■■:. '\irking area 
south from 70th Ave. 

Size:   2 ponds; 7 acres total; 16 feet maximum depth. 

Fish:    Bullhead, carp, channel catfish, crappie, green sunfish, 
largemouth bass, sucker, and yellow perch. 

Agency:   Adams County Parks. 

Comments:   Open 7 a.m. to 11 p.m. No boats. Hard surface foot 
trail, which connects with Clear Creek Trail. 

Arvada Reservoir (not shown on map) 
Location:    Between Highway 93 and Indiana on W. 66th Ave. 

Size:    180 acres; 77 feet maximum depth. 

Fish:    Rainbow trout, walleye, largemouth bass, smallmouth 
bass, yellow perch. 

Agency:   City of Arvada 

Comments:    City of Arvada permit required; available only at 
Arvada City Hall. No ice fishing. Non-motorized boats only. 
Open dawn to dusk. Special regulations apply. 

Carl Park Pond 
Location:    West of Federal Blvd., on W. 5«;*h Ave. at ' 'cade 
Street. Parking area north of 54th Ave. 

Size:   4 acres; 8 feet maximum depth. 

Fish:   Largemouth bass, bluegill, and bullhead. 

Agency:    Hyland Hills Recreation & Park District. 

Comments:   Open dawn to 10 p.m. No boats. 

Birdland Lake 
Location:    W. 51st Ave. and Garrison Street. Parking area west of 
Garrison at south end of the lake. 

Size:    3 acres; 10 feet maximum depth. 

Fish:    Bluegill, channel catfish, green sunfish, largemouth bass, 
pumpkinseed sunfish, and yellow perch. 

Agency:    North Jcffco Recreation & Park District. 

Comments:    Open dawn to 11 p.m. Non-motorized boats only. 
No ice fishing. Playground and hard surface foot trail. 

Ward Road Pond 
Location:    Northeast of the intersection of 1-70 and Ward Road. 
Parking area east of Ward Road and south of W. 48th Ave. 

Size:    7 acres; 30 feet maximum depth. 

Fish:    Largemouth  bass,  pumpkinseed,  bluegill,  bullhead, 
crappie, and green sunfish. 

Agency:    City of Arvada and Division of Wildlife. 

Comments:    Non-motorized boats only. Belly-boats allowed. 
Pond open for fishing only. Good bass fishing. Restrooms. 

Special Regulations:    1. Fishing by artificial flies or artificial lures 
onlv; 2. All fish caught must he returned lo the water immediate!'. 



Kew Ponds Wot Yet In Ou: 
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Lowell Ponds - Adams County- At Lowell Street and 56thxWay "? ' y **'"** 
Size: 3 ponds - 11 acres, 2 acres, 2 acres ♦.Sheets Lake, '5 acres leased 

■ from City of Westminster. Maximum Jtepth - 10 feet. %';^-^^f^\:'i^-^^^fe^ 
' Fish: Largemouth and "smaljlmouth bass, channel'catflshT'bluegitli^^^f 

crappie and bullhead.  '' "^ "':,,,-. ' ' v ' - ^T1^! :""^. ■:&Ä-7*-- 
Agency: Colorado Division, of Wildlife •&, Zif*h0$$0$^^W-&M 
Coramerits: Belly boats allowed for fishing, except on Sheets Lakel^ 
Special Regulation: All largemouth and smallmouth bass possessed 

be 15 inches or longer. 

»tner Lake'-Jefferson County V Off of 100th jAve? 
:\$%*        Size: 25 acres *  - - %j&#.£g&■>"?&#^ 
.;■;&-   Agency: City of Westminster^fi^^-^ssÄSJ&r l^^^^'r^sw^Sf«' 

Fish: Largemouth bass, crappie, bluegill, 'green sunflsh, 'yellow perch 
and bullhead •' . -,       '    ...-.';"•>■•-v• •■■ -■ "   :" 

Comments: Belly boats allowed for fishing but no other types of boats. 
Ice fishing is prohibited. Special Regulation: All largemouth & smallmou/J-i 
bass possessed must be 15 inches or longer. . 

Grandview Ponds iAdams County - Off of 104th and 
— ^-WK?." ~T"ponds - 10 acres total 

""""   Agency: Colorado Division of Wildlife ""? 
Fish: Largemouth bass, bluegill, channel catf: 

"green sunfish and yellow perch. ^.-:
: /;    1** 

-^:'"tt"     Special Regulation: Allrlai«emouth and smallj»jth 
j^j-be 15 inches orlonger.Ti F -^^^i ~ " 

Adams County Fairgrounds Lake (Public Works Lake) 
124th at Adams County Fairgrounds."'^^ 

Size: 20 acres , _ ['. _*£ >>f ':M '■ 
Agency: Adams County Parks and Recreation   ~-~^ 
Fish: Largemouth bass, blurgill, channel catfisfa^^crappiejjncT 

perch. ..i.-M.rSk? 
Special Regulation: All largemouth and smallmouth bass possessed must 

be 15 inches or longer. . ;... ^ 
«*i*>'' 

Boating Changes 

Cottonwood Park Lake - Page 9 - No boating is allowed. _' 
Rendrick Reservoir - Page 9 - No boating is allowed 
Quincy Reservoir - Page 12 - Boat rental available ' -.•-■„ 
Own boat allowed with Aurora permit - Non-motorized boats only 
Waneka Lake - Page 14 - Boat rental now available   . V< 

Phone Number Changes 

Bear Creek Reservoir - 987-7880 
Chatfield Reservoir - 791-7275 
Foothills Parks 4 Recreation - 987-3602 

*.-•' ;:.'.:<•■£:.• 
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WAster Lake >-,P^e;'4i-/;Afl«ncf$'--f< 
_Main Reservoir...- Vage .9.:^;Ageno7:"' L^ä*^vDepaür&«nt"!pf 'Cöiinuni.tyL-vResources 
East'Reservoir - Page Q^ifa^n^i+\liaiiijifö 
Smith .R^erjsoir,^ Pa^e^^j^gncj*? ^tÄo^Sb^T&iar^w^ -«f.- CoonmitySilesources 
Kendriek Reservoir - Pas«'"9 - 'Ägeneys _,.. Foothills..£axki"-k Recreation ■£' 
Teller Lake - Page 14 - ^encyr<*vCit^::driSoul<ie« " 

'^^   **■*■" : .^r- ■*ii---..-FISH SPECIES ADDITTOMS 

AI 
BaxT Lakeü- Page 4,Ä«Tiger.j*isfci#,^ 
Standley-jJuca.,? -Pag«.. 5$3#fipe?|ll8& 

,Owlanä Parte .Fond "*fawe;»i*gBuUh 

',; ;rChatfielä .Reservoiryr '-Page .tl--y-' Wklleya^*^ 
^"'"Cherry CreeJc Reservoir - Page-II & 12 -'Wiper & Tiger Muski« 

Quincy Reservoir - Page .12:- Tiger Musk'ie'    ..v •:,.:^;.:^l-i- 
Cross Reservoir - Pag® 15 4'16'- Tiger Muskie 
Evergreen Lake - Page 23 - Tiger ftekie >'. .   . '•' 
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DERIVATION OF EMISSIOf RATES 
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5A.1 INTRODUCTION 

Once the pollutants are identified, the next step in identifying process emissions is to predict 

the mass of these pollutants emitted from the stack over time. Emission factors are used to 

predict or estimate the concentrations and emission rates of the pollutants likely to be 

emitted from proposed facilities or from facilities for which there are no emissions data. 

Emission factors account for variations in emissions with respect to facility capacities and 

stack gas conditions (i.e., moisture content, temperature, and excess air) so that they can be 

used to estimate likely emissions from a facility that is basically similar in design and 

operation. Therefore, it is important that the emissionifactors be developed from data for 

the specific waste to be burned or from emissions da|f iroip comparable operating facilities. 

This section presents the emission factors and th£iresultinp&fflission rates for the identified 

pollutants and provides the basis for the selection of-the emission factors. 

SAJ2 OVERVIEW 

The current analyses of emissionsjför fajp;£e|*ar:ate groups of pollutants are reported in this 

section. These categories arei;golycmi|nnated dibenzo-p-dioxins (dioxins or PCDDs) and 

polychlorinated dibenzofuiahs (furans or PCDFs); inorganics (trace metals); volatile and 

semi-volatile organics (incluäiit||;praäucts of incomplete combustion (PICs) and principal 

organic hazardous constituents (PÖHCs); and criteria pollutants (for which national ambient 

air quality standards have been established) and acid gases. The emission factors for each 

category of pollutants were derived from several methods and were based on: 

The test burn data for the Basin F waste obtained by T-THERMAL in 
February 1989 and August 1990 

The expected waste feed rate and composition (based on previous Basin F 
sampling data) and published EPA control equipment removal efficiencies 

Federal and Colorado emission limitations 

Emission test data obtained from other hazardous waste incineration facilities 
(from WESTON's comprehensive database) 

5A-1 
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The first method used to estimate emissions was based on the test bum conducted by T- 

THERMAL in August 1990. This test bum was comprised of nine test runs performed on 

a pilot-scale incinerator, which burned Basin F liquid and hydrazine wastewater. Most of the 

test runs could not be used to develop emission factors because dried waste clogged the 

atomizing tip of the nozzle during testing. There were several methods used to remove the 

waste buildup from the nozzle tip. In some instances, a hammer was used to gently hit the 

injector tip. Another method was passing steam or high pressure atomizing air through the 

injector. During these periods, the waste, the atomizing air flow, and the sampling trains 

were shut down; however, discontinuities in emissions were likely. There were no 

equipment operating difficulties during test runs 4 andfg; therefore, only test runs 4 and 8 

were used to develop emission factors for dioxinsji|i£i:;furans. Test run 4 was used to 

develop emission factors for metals and other inafgänics (eilteria pollutants and acid gases). 

The averages of all the test runs, includingiiufae unacceptable ones, were considered in 

developing upper bound sensitivity case emission favors. Tables 5A-1 and 5A-2 describe the 

problems that occurred during organic an%|hö||iEic testing, respectively. 

The second method used to estißiäte th$- 'esassions w^s based on the expected feed rate of 

the waste being incinerated.jWESTÜN investigated, collected, and assembled previous 

analytical data on the BasinF liquids. Sources of information and test data included Rocky 

Mountain Arsenal, Woodwäf llGjyJf Consultants, T-THERMAL, Waterway Experiment 

Station, Ebasco, and Shell Oil Company. Testing by these companies occurred from 1978 

through 1989. WESTON also performed a series of tests on the pond and storage tanks in 

August and October 1989, and in February and April 1990. All of the test data were 

reviewed and converted into common units, parts per million by weight. Then the arithmetic 

mean and the maximum values were determined for each of the groups of data (historical 

Basin F, pond, and storage tanks). The maximum of the arithmetic means was determined 

by taking the highest value of the arithmetic means for the historical Basin F, pond, and 

storage tank data. Similarly, the maximum of the maximums was determined by taking the 

highest value of the maximums determined for each group of data. Table 5A-3 presents the 

basic analytical data and the averages and maximums for each group of data. 

5A-2 
534CC/A5A 1/20/91 



Table 5A-1 

Problems During Organic Testing 

14-Aug-90 10:04 
10:58 

14-Aug-90 15:30 
16:31 

54 

56 

15-Aug-90 

16-Aug-90 

16-Aug-90 

08:45 
09-25 

08:55 
12:08 

12:51 
17:09 

32 

180 

180 

16-Aug-90 18:10 
21:43 

180 

1.) 
2.) 

9:40 - Basin F liquid waste was introduced. 
10:30 - rapping was performed on the nozzle 
to help reduce Increasing CO levels. 

3.)    10:34 - highest CO readings (301 ppmdv @ 7% 02). 

15:05 - restarted the incinerator. 
15:35,16:00 k 16.-05 - rapping was performed on 
the nozzle to help reduce CO levels. 
16:05 k 1620 • a shot of high pressure atomizing 
air was injected into the nozzle. 
16:10 • the atomizing air temp, was Increased to 200 F. 
1620 • the nozzle was lowered 1/2" further into 
into chamber. 
16:05 - highest CO readings (212 ppmdv © 7% 02). 

1.) 
2.) 

3.) 

4.) 
5.) 

6.) 

1.)   8:30 - Basin F liquid waste was introduced. 
2.)   9:00 k 9:30 • steam was injected through the nozzle. 
3.)   9:11-highest CO readings (183 ppmdv® 7% 02). 

1.)    8:46 - Basin F liquid waste was Introduced. 
2.)   9:45 -highest CO readings (212 ppmdv® 7% 02). 

1.)   1222 - compressor went down 
2.)    12:30 - Basin F liquid waste was introduced. 
3.)    14:00 - the Injectors were changed to help reduce 

high CO levels. 
4.)    14:30 - Basin F liquid waste was introduced. 
5.)    15:15,16:15 k 17:10 - rapping was performed on 

the nozzle to help reduce CO levels. 
6.)    13:06 -highest CO readings (319 ppmdv® 7% 02). 

1.)    17:40 - the waste interlock tripped due to 
low water levels in the venturi sump. 

2.)    18:00- Basin F liquid waste was introduced. 
3.)    18:15,20:30 k 21:00 - rapping was performed on 

the nozzle to help reduce CO levels. 
4.)    18:12 -highest CO readings (258 ppmdv® 7% 02). 

17-Aug-90 08:02 
1129 

120 

17-Aug-90 

17-Aug-90 

12:10 
14:13 

14:51 
16:51 

113 

120 

1.)   7:41 • Basin F liquid waste was introduced. 
2.)   8:03 - hydazine waste water was also introduced. 
3.)   9:45 • the injectors were steamed for 10 minutes 

and the liquid was reintroduced after CO levels 
spiked over 100 ppm. Once the waste was reintroduced 
the 02 levels fell below 1.7% which automatically 
shutoff the waste. 

4.)   10:00 - the injectors were replaced twice. 
5.)    10:45 - the waste was reintroduced. 
6.)   10:33 -highest CO readings (102 ppmdv® 7% 02). 

1.)    12:08 - rapping was performed on the nozzle 
to help reduce CO levels. 

2.)    12:58 -highest CO readings (150 ppmdv ® 7% 02). 

1.)   14:45,15:35 k 16:11 - rapping was performed on 
the nozzle to help reduce CO levels. 

2.)    15:30 -highestCO readings (227 ppmdv® 7% 02). 

tiStK 
Rapping - hitting the liquid pipe portion of the injector with a hammer to remove the dried waste 

clogging the atomizing air slots of the waste injector nozzle atomizing tip. It manifested 
Itself by an increase in CO. 

Other actions - passing steam or high pressure atomizing air throughout the passages of the injector. 
During these periods, the waste and the atomizing air flow was shutoff. Also the emission 
sampling trains were shut down. 
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Table 5A-2 

Problems During Metal Testing 

:Tsflf;::v*;:;.Sample: 
Hate       Namber; Problems Daring Tssäag 

14-Aug-90 

14-Aug-90 

10:17 
10:58 

15:29 
16:31 

29 

51 

15-Aug-90 08:47        31 
0926 

16-Aug-90 09:08        120 
11:20 

16-Aug-S0 11:42        120 
15:13 

16-Aug-9Q 15:58        120 
18:53 

16-Aug-90 19:09        120 
2127 

17-Aug-90 08:07        120 
1155 

17-Aug-90 1326        120 
1551 

1.)    9:40- Basin F liquid waste was introduced. 
2.)    10:30 - rapping was performed on the nozzle 

to help reduce Increasing CO levels. 
3.)   10:34- highest CO readings (301 ppmdv 9 7% 02). 

1.)    15:05 - restarted the incinerator. 
.     2.)    15:35,16:00 & 16:05 - rapping was performed on 

the nozzle to help reduce CO levels. 
3.)    16:05 & 1620- a shot of high pressure atomizing 

air was injected into the nozzk. 
4.)    16:10-the atomizing air temp, was increased to 200 F. 
5.)    1620- the nozzle was lowered 1/2" further into 

into chamber. 
6.)    16:05 - highest CO readings (212 ppmdv ® 7% 02). 

1.)   8:30- Basin F liquid waste was introduced. 
2.)   9:00 & 9:30 - steam was injected through the nozzle. 
3.)   9:11-highest CO readings (183 ppmdv ©7% 02). 

1.)    8:46 - Basin F liquid waste was Introduced. 
2.)   9:45 - highest CO readings (212 ppmdv 9 7% 02). 

1.)    1222 - compressor went down 
2.)    12:30-Basin F liquid waste was introduced. 
3.)    14.-00 - the injectors were changed to help reduce 

high CO levels. 
4.)    14:30-Basin F liquid waste was introduced. 
5.)    15:15,16:15 & 17:10 - rapping was performed on 

the nozzle to help reduce CO levels. 
6.)    13:06-highest CO readings (319 ppmdv© 7% 02). 

1.)    17:40 -the waste Interlock tripped due to 
low water levels In the venturi sump. 

2.)    18:00-Basin F liquid waste was introduced. 
3.)   18:15 - rapping was performed on 

the nozzle to help reduce CO levels. 
4.)    18:12 -highest CO readings (258 ppmdv© 7% 02). 

1.)   20:30 &21:00-rapping was performed on 
the nozzle to help reduce CO levels. 

2.)   2028 - highest CO readings (356 ppmdv « 7% 02). 

1.)   7:41 - Basin F liquid waste was introduced. 
2.)   8:03 - hydazine waste water was also introduced. 
3.)   9:45 - the injectors were steamed for 10 minutes 

and the liquid was reintroduced after CO levels 
spiked over 100 ppm. Once the waste was reintroduced 
the 02 levels fell below 1.7% which automatically 
8hutoff the waste. 

4.)    10:00 - the injectors were replaced twice, 
5.)   10:45 - the waste was reintroduced. 
6.)    10:33 - highest CO readings (102 ppmdv @ 7% 02). 

1.)    14-45 & 15:35-rapping was performed on the nozzle 
to help reduce CO levels. 

2.)    1429 -highest CO readings (356 ppmdv® 7% 02). 

Happing - hitting the liquid pipe portion of the injector with a hammer to remove the dried waste 
clogging the atomizing air slots of the waste Injector nozzle atomizing up. It manifested 
itself by an increase in CO. 

Other actions - passing steam or high pressure atomizing air throughout the passages of the Injector. 
During these periods, the waste and the atomizing air flow was shutoff. Abo the emission 
sampling trains were shut down. 
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For certain inorganics, the maximum of the arithmetic mean and maximum of the maximum 

waste feed values were used to estimate the expected (i.e., base case) and reasonable worst 

case (i.e., sensitivity case) emissions, respectively. For metals, the volatilization and removal 

efficiencies for the individual elements were based on the Guidance on Metals and HC1 

Controls from Hazardous Waste Incineration (EPA, 1989). For acid gases, criteria, and 

other inorganic pollutants, conversion and removal efficiencies were based on regulatory 

requirements, the literature, and data for similar pollutants. 

The maximum of the arithmetic means in the waste feed were the basis of expected 

emission estimates for volatile and semi-volatile qgganics other than dioxins/furans. 

Destruction efficiencies and PIC formation rates were=;<stimated by Dr. Barry Dellinger of 

the University of Dayton Research Institutejirid werfe based on the results of his 

experimental studies. Dr. Dellinger's report •i$'.'pje$finted as Appendix 5B. 

The third method used to estimate emission« wa&ibased on Tier II guideline emission levels 

given by the EPA (1989). Tier II metal emission guidelines were developed for complex 

and noncomplex terrain, urban iad rural areas. These guidelines were developed as 

emission levels that would jpeiierate- acceptable concentrations of metals from the 

perspective of inhalation health riskiisuch that a more refined risk analysis would not be 

required. The sum of the ratios of the expected total emission rates of carcinogenic metals 

(arsenic, beryllium, cadmium, and: chromium) to the Tier II carcinogenic metals emission 

rates must not exceed 1.0, or more refined dispersion modeling and risk assessment must 

be conducted. These Tier II levels were not applicable to this facility because more refined 

modeling and risk assessment were conducted; however, the Tier II values were used to 

develop the sensitivity case emission rates for metals. 

The fourth method used to determine emission factors was based on a comprehensive 

database of air emissions from waste burning faculties developed by WESTON. The 

database contains information compiled from 12 hazardous waste incineration facilities. 

Because there is wide variation among these facilities in terms of incinerator design, 

processing capacities, stack gas conditions, combustion conditions, and other parameters, 
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emission factors, which are independent of these parameters, are used to standardize 

emissions data. Emission factors are usually calculated as the mass emissions per unit 

weight of waste processed (e.g., pounds of pollutant per ton of waste processed), or as the 

mass emissions per standardized stack gas volume (e.g., nanograms per normal cubic meter 

of stack gas). This is in contrast to the emission rates that are reported in units of mass 

emission per unit of time (e.g., grams per second or pounds per hour). Consequently, 

emission factors can be used to estimate the emission rates for facilities that may be similar 

in concept, but that may vary in design and operation. The sensitivity case for dioxins and 

furans was based on the 95 percent confidence interval (log normal of the mean) of the 

emission factors calculated for the facilities in the database. 

5A.3 DIOXIN/FURAN EMISSIONS 

5A3ol Expected Emissions "li^jF" 

The Rocky Mountain Arsenal predicted::;:sar:;töiita3ninant emissions from the proposed 

hazardous waste incinerator system--we?fe:detenrüned by performing test burns of the waste. 

T-THERMAL performed nine source lasts-of the waste in a pilot incinerator in August 

1990. Table 5A-4 shows me^oxjfi/füran emission results of the individual test runs 

converted into nanQgram&||r dry fffpiäl (32°F) cubic meter corrected to 12 percent C02 

(ng/Nm3, dry @ 12 percent CG^Dping the series of tests, dried waste accumulated on the 

atomizing tip of the waste injector'nozzle. As described in detail in Table 5A-1, procedures 

were taken to remove the waste. Because these injector clogging problems prevented 

normal incinerator operating conditions, many of the test runs were excluded; only test runs 

4 and 8 were used to determine the base case in estimating the expected emission rates at 

the proposed RMA facility. A statistical analysis of all of the test runs and of test runs 4 

and 8 alone is presented in Table 5A-5. The variation is much less for test runs 4 and 8. 

The dioxin and furan concentrations were then converted into toxic equivalence factors 

(TEF). The TEF is the currently acceptable method for evaluating such emissions, and is 

a weighing scheme in which the measured congeners of dioxins and furans are normalized 

5A-10 
534CC/A5A 1/20/91 



as 
**   in 
© ö 

S o 
Ö   Ö 

o 
O   O   © 

$   s§ O* en ts, en © 
N N <<1 O S 
p p p 5 CN] 
ö o ö ö o o do d 

P *" S£ 1^    r-    A 
o ©  © 
odd 

So 8 
O   i- 
ö d 

o   ^> 
©  ~ 

5? o 
d 

CN in 
r-   OS 

d d 

CN in Q T— en 
CN g- in o f) 
O o en o © 
odd do 

Is« v tx 5- i— 
CN CN cn © r- 
O O O O CN, 
d d d d o 

CN <• en CN 
d o o rJ 
OOP© 
d d d d 

en 

s 
d 

CN 
in 
o 
o 

s 

s 

B 

H 

O   ON 

d d 

S 

2"  •*• 
O    CN 

d d 

NO in 
CN F» 
CN] o 
O I"! 

n o 
CN   f-> 

S 51 
o o 
d d 

Cfl f S 
H in vo o o en 
odd 

ON tN <n <n oo in Tf en   r- 
—   NO g s N   «   IS 

O   O   T 
o o o o o o o 

en •*»■ 
gg 
d d 

en  en 
g§ 
d d 

p   CD *-*   ON 
K  f> ^-  in 
r-  K o   o 

in <- ON 
N in f 
o © en 
d d d 

■* in ON 
N in 1 
o © en 
d d d 

in (N       oo ■$ *T 

O   O O   O   CN, 
do       d d o 

en in * 
o o ■* 
d d d 

5S 

" * 9 3 4        r- en cn en n  N   in 

PpppCN) OpOO OOT- 

o o o d o       d d d d        odd 

v0 
CN 

w n * a o       QddfS 
pppOCN, OOOO 
ooodo       dodo 

r- CN. 

8S 
Ö   Ö 

r-  in 

go d d 

in <« eft ^ eo 
in en en o cn 
O O O O   CN) 
d d d d o 

r< ^ ee) 5 N 
^ n 51 o \o 
© O O O CN| 
d d d d o 

f-* en oo IN 
CN in © ON 
O O O t- 

d d d d d 

s co Q oo in 
Sen ^ ö <«*< 

O p © en 
d d d d d 

<— «n ^ es ggis 
d d d d 

r« en ö 0\ 

POP© 
o d d d 

«OF« 
^ r- CN 
O   O   r- 
d d d 

Sin r-> 
•— en 

O   O r- 
d  d d 

i— >* oo 
CO r- CN 
O O i- 
d o* d 

a* "~ 52 cj* »—• en 
O O r- 
d d d 

»-•  en  en 
00    f*    ON 
OOP 
odd 

r- fs 
O   O   O  ©   NO 
d d d d d 

oooo 

§t- r~s IN, 

S R H o o o 
d d d d 

a R 
O    r- 
d d 

1  2 

o   i- 

S      2S3      S 
p        o o o        .- 

8 5 
o  o 

§9 oo 
o 

O    r^ 

O   O 

a g SS v£ 
O    CS| O     CN. 
o o o o 

8 
d 

R  en 
■«• o 
d  i-! 

§s R 
o 
d 

o  co 
d  i-^ 

o 
d 

s    a 
i- o 

u. 0 

«: A . 1 1 



gMfiMMK 

tu w 
Sin 

o 

og»       — o 
tu tu tu 
15 n N 
vo © en 
■* 1-^ tsl 

tu Ul 

f>  pj 

O O ©    r-   » 
V V V T 9 
tu tu tu tu tu vp m o co K 
CÜ ^ r-   »ß   OO 
oö vo 00 cd ^ 

3,7.7?       ? S ?       $ § 
tu tu tu tu 
© f 1- 00 
<n so in r- 
erj tsi vd in' 

tu tu tu 
*- m o\ 
« o fj 
*« pj <s 

iß S 
Pvf  P$ 
ö o 

§5S 
ö ö ö 

>— pi       in N r- 5i 3 
^00       in (Nj r- q 1- 
<-• ö       ö o ö ö ö 

o. m •* Q 
<— in i/i 00 
in PS] O r- 
ö o 0 0 

SR3 
1   r   IN 
000 

gS        gg        p&2 
o 

o o ö 

ö 5 S S S p p 00m 
00       ö ö ö 

SS 
vo in 
ö ö 

in 06 \o 
es tv Pi 
O   r-"   O 

38 o o 
ö ö 

£9§ 
ö o ö 

SS 
o o 
ö ö 

S in s 
Sri b\ 
© ö ö 

s g U. 
0 sn 
a I *r P 

T3 ^E 
«I    1> -2 51    ^5 US     rsi H 

S»— w •» 00 in © 0\ 
E rj ö 0 © rt 

.0 popp© 
o ö ö ö ö ö ö 

8888 
ö ö ö o 

5 8 R 
o  ö  ö 

52     ? S § S 8 
P   O O   O   p   p   fsj 
ö ö o ö ö ö o ö 0 © © 

j?|    O    m 
o  o  £ 
ö  ö  ö 

00   t> 
ö ö 

n f rj n » 
ö ö o ö ö 

S a J; « 
ä 3 m N 
ö 0 0 ö 

00 ^ 

PJ H 

Q Q 

$ $ Q a, a. M 

p» f» •"-■ 
«•J ^s"" "3 
~ PM  H 

o o 
ö ö 

Sr-   ;-» &   in   1-   rj   & 

.0       0005S 
OO       ö ö ö ö ö ö ö ö ö 

n ö m o © o 
o  o  ö 

U ^       ^ in s 
Q •-       in rt 5g 

? pi 
00000 
000 

Ö ö ri J. 
o o S o 
ö ö © ö 

o  o  ü 
ö  ö  ö 

tu tu 
o  03 
1- pj 

§9 ? 
tu tu tu 
Pj   K 1— 
in   1-; ■-: 

m  © 
Pi  * 
o   o 

S  2        S 
1-   o o 

o  o 
ö  ö 

Csl   Ov 
in  m 
o   <- 

« s 00   .-. 
©   *-* 

©  m 
©  ö 

o 

ö  ö 

ü 
a 

x 0 

il 
CO,    w 

2£ 

53   5 

00        o' 

c^ in 00 in 5> in 
pv) ab o 
© o ö 

1—<    © »-• 

© 1-;      © 

0 -;      o 

tu 

u 

5A-12 



or weighted by their toxicity relative to that of a single congener (i.e., 2,3,7,8-tetrachloro- 

dibenzo-p-dioxin [2,3,7,8-TCDD]). This congener is the most studied and most toxic 

congener. Table 5A-6 illustrates the international weighing scheme adopted by the EPA. 

5A3.2 Upper Bound Emissions 

For the sensitivity or upper bound case, data on hazardous waste facilities from the 

WESTON comprehensive database were used. Unfortunately, most of the available dioxin 

and furan data compiled from these facilities lacked the information required to calculate 

TEFs. In a number of cases, only amounts of total PCpj&and PCDF, and frequently of total 

tetrachlorinated dibenzo-p-dioxin (TCDD) and totalipß^chlorinated dibenzofuran (TCDF) 

homologues are reported along with the 2,3,7,8J|CDD congener, if detected. 

In order to deal most effectively with this, absence of data and the need to establish TEFs, 

the following process was used: 

TEFs were calculated for the available data sets. Because most of the facility 
tests measured all .cphg|§er groups needed to calculate the TEF, the available 
data were usedJsPöQi^raclion with ratios of homologue emissions to TCDD 
emissions anifeof 2,$l|8:-substituted emissions of a homologue to the total 
emissions ofi^homelbgue in order to establish TEF emissions for each 
facility. The ratios of emissions used were calculated from emission test data 
for municipal solid waste (MSW) incinerators (Siebert et al., 1989). These 
ratios are conservatively higher (from a risk assessment perspective) than the 
theoretical splits based on the possible number of congeners. 

Geometric mean and confidence intervals of the mean based on a log normal 
distribution of estimated TEF values were used to establish the range of TEF 
emissions. A log normal distribution was assumed among faculties because 
it is common for emissions data and has been demonstrated for dioxin/furan 
TEF emissions from MSW incinerators (Siebert et al., 1988). 

This approach would not be the preferred approach if more congener-specific data were 

available; however, it is considered the most appropriate approach in light of the limited 

quantity and quality of the available data. 
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Table 5A-6 

U.S. EPA 2,3,7,8-TCDD Toxic Equivalency Factors (TEFs)1 

Homologue/Congener2   TEF3 

Mono through trichloro dibenzo-p-dioxins and dibenzofurans 0 

23,7,8-TCDD 1 

Other TCDDs 0 

2,3,7,8-PeCDD 0_5 

Other PeCDDs 0 

2,3,7,8-HxCDDs 01 

Other HxCDDs 0 

23,7,8-HpCDDs jjjF                                           001 

Other HpCDDs Jplljh:.                                         0 

OCDDs M'        '!^lfc=. ,:llf ':;l!fc 0.001 
23,7,8-TCDF jf|f' _:. j:.          '"                                  Q1 

Other TCDFs "'lllf                                                  0 

lA3,7,8-PeCDF .                                                 •.     .                                                              QQ5 

23,4,7,8-PeCDF 0.5 

Other PeCDFs S;;,'";'                                                            0 

23,7,8-HxCDFs • '                                                                                  01 

Other HxCDFs 0 
2^,7,8-HpCDFs ;/  ' .,' . 0 01 

Other HpCDFs 

OCDFs 
0 

0.001 
1 K««!^«% ™J,S-" ?i R£Bamf*?. "Interim Procedures for Estimating Risks Associated with Exposures to 
P^Ö^^SMSSSIS™       DlbeQZOfUnmS and 19^W"> U.S. EPA RiskSLsment 

2 The following abbreviations are used for dioxin/furan homologues and congeners: 

Homologass, 
TCDD - tetrachlorinated dibenzo-p-dioxin (4 chlorines) 
PeCDD - pentachlorinated dibenzo-p-dioxin (5 chlorines) 
HxCDD - hexachlorinated dibenzo-p-dioxin (6 chlorines) 
HpCDD - heptachlorinated dibenzo-p-dioxin (7 chlorines) 
OCDD - octachlorinated dibenzo-p-dioxin (8 chlorines) 
TCDF - tetrachlorinated dibenzo-furans (4 chlorines) 
PeCDF - pentachlorinated dibenzo-furans (5 chlorines) 
HxCDF - hexachlorinated dibenzo-furans (6 chlorines) 
HpCDF - heptachlorinated dibenzo-furans (7 chlorines) 
OCDF - octachlorinated dibenzo-furans (8 chlorines) 

Congeners, 
23,7,8 = 23,7,8-substituted congeners of homologue. 
Other = All congeners of homologue other than the 2,3,7,8-substituted congeners. 

TEF =     Toxic equivalency factor. 
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Several key points need to be made about all the dioxin/furan data used to establish 

emissions and its applicability to the RMA incinerator: 

A number of the facilities used in the analysis burn significantly different 
wastes than those to be burned in the RMA incinerator. In fact, many of the 
tested incinerators burn large quantities of PCBs. Although the formation 
mechanisms for dioxins/furans are not clearly understood, the presence of 
PCBs or other likely dioxin/furan precursors in the waste stream would 
probably tend to increase dioxin/furan emissions. 

The data sets used in this analysis generally were not taken directly from 
original comprehensive test reports, but from partial results reported in the 
literature. This makes standardization ojpthe data difficult. 

An inherent assumption is that the hopÖMg|e/TCDD ratios and 2,3,7,8/total 
homologue ratios are relatively .<aartisistent-ip municipal solid waste and 
hazardous waste incineration. 

Table 5A-7 summarizes the EPA toxic equivalent data for each facility and the resulting 

geometric mean and confidence internal. AJSpisplayed is a summary of the T-THERMAL 

test results for all the tests, the ^acceptable tests, the emission rate in pounds per hour 

(lb/hr) based upon the % CO^, the aefcöal temperature and the moisture content of the flue 

gas during the trial burns o|le Ba||p Pwaste, and the expected flue gas flow rate for the 

full-scale submerged quenchiieperipr proposed for RMA The emission rates, which were 

used for the base case, were theaverage of the acceptable test run from the trial burn of 

the RMA-Basin F waste, while those used for the sensitivity case were the upper 95 percent 

confidence limit of test results from facilities in the WESTON database. 

5A.4 INORGANICS EMISSIONS 

5A.4.1 Expected Emissions 

Emission factors for metals and other inorganics (such as criteria pollutants and acid gases) 

were derived by several methods. For the base case or expected emissions, the maximum 

value was selected from the acceptable test burn emission results and the emissions derived 

from the maximum average concentration of metals in the waste feed to the incinerator, 
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DRAFT •• 

Will 11   1 
Summary of Dioxin/Furan Toxic Equivalent Emissions 

from the Hazardous Waste Incinerators 
• 

U.S. EPA TEF Emission 
Factor              Rate 

Fadlity                                                                                       (ngfNm*3 ® 22% C02)    (ibsfhr) 

Ross                                                                                                              004S 

American Cyanamid                                                                                      0.054 
DuPont                                                                                                         0.044 
Upjohn                                                                                                  ■ o.i04 
Mitchell                                                                                                              0236 
Plant B (Outlet Location)                                                                               7295 
SCA                                                                                                              0872 

Rollins (Deer Park, Texas)                                                                              \^\9 
ENSCO                                                                                                         01Q3 

Rollins (Bridgeport, New Jersey)                                                                    0.620 
Blebesheim                                                                                                    1 ncn 

Geometric Mean                                                                                            0300              6.11E-09 
Jpper 95% Confidence Interval                                                                         0.931               1.90E-08 
Lower 95% Confidence Interval                                                                      0.097              197E-Q9 

• 

3 Stocky Mounted^ Afifsml 

^TertB'                                                                                               0.1ÖI  '          2.11E-« 
AooeptabfeTeÄi     ■  :     .                                                                    QSm            i.a&» 

n8                                       mA3        (273.15)N°C           (10.10)A%CO2       (100 - 6.74) moist               lb 
 -Arv@V.%CCr?Y4 7>       v                           i                              r                               x 

3600 sec 

NmA3                                      sec        (394.30)A°C                 12%C02                     100                 453.610' 
 x ■ 
'9 ng         hr 

• 
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assuming that the volatilization fraction and the efficiencies of the air pollution control 

(APC) equipment are equal to those given by EPA 

For the first approach, the test burn data were converted into emission factors in pounds 

of metal and other inorganics per ton of waste incinerated (lb/ton) and evaluated to see if 

the operating conditions were representative of the expected RMA submerged quench 

incinerator conditions. Table 5A-8 illustrates the results of the converted test burn data for 

metals. As displayed in Table 5A-2, upset conditions occurred during every test run except 

test run 4; therefore it is considered acceptable and representative of the expected 

conditions. Table 5A-9 presents a statistical analysis ojall the test runs and compares the 

results with test run 4 alone. 

The second approach was based on informationiregarding the concentrations of metals and 

other inorganics in the waste feed. The:;calculalins;,for metals are given in Table 5A-9. 

The uncontrolled emissions are based on the mäjcrmurn average concentrations from each 

of the historical tests of the Basin F waste and the series of tests WESTON performed both 

on the tanks and on the pond. The. results weie converted into lb/ton based on the density 

of the waste. 

The controlled emission rate was based on expected feed rate, the percent of metals 

volatilized (and subsequently condensed and adsorbed onto particles), and the removal 

efficiency of the air pollution control equipment. After identifying the input of waste stream 

metals, the next step was to determine the fractions of those metals that would be expected 

to volatilize and later condense and adsorb onto particles. This adsorption process is 

necessary for the collection of metals by the air pollution control (APC) system. Based on 

EPA (1989), all metals in liquid waste will volatilize during combustion. 

Removal efficiencies (considering both adsorption and collection) were estimated for a 

packed scrubber in series with a 60-inch pressure drop Venturi scrubber in the incinerator 

APC system. EPA (1989) only provided efficiency values for selected metals controlled by 

5 A-17 
5XCC/A5A V20/91 



£ 

0©      ^i 
1 

1/1       U    g 

°5 

w 
C3 

"3 

| 
t8* 

iäß i 

9 tu 

s 9SS$«8S$ 

assiaisissssSsallalilillillliliii 

s ?«?? 

äSai555SäS3358SSaMsl3SSSSSsli!IS 

a. 

5A-18 



€* Si 

s 

04 

SO 

-^    £  J 
O   w 

£ 

0> 

t 

Ü5 

03 I 

t 

S8SS58S88 
+  rü   rS  rli  rTi  ,7,   W  ji  m 2 

Ill < 
2 

^O|*?BiqIÖtsNqr.r.^lN|Ö0?vÖ?5jjt<i^ÖfflO*N?O^r-N R 

t«. c«i ^« 06 ts 
3 Noo»t>Or-Sa$4>*' 

Kr^vqvpS^^ooKö«^Nt>;Nr>.NS!P.iho6oo9\»otxSfvjf»K_I   _ . 
OOÖÖ'-ÖOi-JÖÖt-Jr-ÖÖÖÖrJÖpJrJÖi-'CvlHi-'Öi-'ÖÖr-ÖOH 

00  ^  c*} 
S   r<  ft 

C*i   ^   00   tS   'tf'   00 
S83S8$ß 

»QoqaNan^NffigoinKtflKaäi-vmSKKiANiAnoMtfN r^qr«^Oj»Nf«*^^^r<i-f)*qr.5(<)p(UJj;air;Öirj5jl«S54r)B 

NOQNlMH9)Q^Pi^toEnNwIoVTNRO^R?Bv^l^Esnl^<TOlttOl 
S^^q9l^u)q5;^^t«KNr;N«i|Sgif|fs*5^0jqqr<9]NPipiH 

sU 
51 5 4 £ Ü i Ö c3 3 0 Ö & 

cu e  fi ä 

^ 8 ß     § 

»Jl^l^llli    IP 11 o « q 3 3 o|S5J3 e PS a IS h3   M   M    O   Ä   -C    JJ    3    H    a]   3   *S   T3   S   JM    W   £5 

5A-19 



a packed scrubber in series with a 20-inch pressure drop Venturi scrubber and a 20-inch or 

60-inch pressure drop Venturi scrubber alone. Therefore, the removal efficiency of the 

packed scrubber was calculated and added to the removal efficiency of the 60-inch pressure 

drop Venturi scrubber. It should be noted, that it was conservatively assumed that no metals 

were removed in the incinerator quench pit; similarly, no metals in the waste feed or in the 

flue gas entering the APC devices were assumed to be removed. Several documents 

provided information for conservatively estimating removal efficiencies of the metals not 

noted in EPA (1989), based on the efficiencies given in EPA (1939). The detailed 

assumptions and results of this approach are presented in Table 5A-10. 

For acid gases, criteria, and other inorganic pollutanis,:ihe same two approaches were used. 

However, the controlled emissions based online wasllistream data considered the 

conversion of the waste stream component :'m its-Emitted chemical form and assumed 

removal efficiencies based on a numberjoi sources,.,; The basis of the assumed removal 

efficiencies included regulatory requirements^ literature values, and data for similar 

pollutants. The base case expec^/^femisslaüs analysis (along with the sensitivity case 

maximum upper bound analysis)ffi:pre§£m1ed in Table 5A-11. 

5AA2 Upper Bound Emi^Ens   ':;"|| 

The upper bound emissions or sensitivity case for metals and other inorganics was based 

upon the average of all runs during the test bum, the maximum controlled emission rate 

based on the waste feed data, and in the case of metals, the EPA Tier II values. The highest 

value of those generated by these three approaches was used. 

The first approach for estimating the upper bound emissions was based on the average of 

all the runs from the test bum (acceptable or not). The second approach was based on the 

highest of the maximum waste feed rate values and the volatilization and removal efficiency 

methodology applied to the expected feed rate, explained in the previous section. Table 5A- 

12 presents the assumptions and results of these two approaches for metals. The 

assumptions and results for other inorganics are given in Table 5A-11. 

5A-20 
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v- i' 

Table 5A-10 

Expected Metal Emissions Based on Test Burn Emissions and Waste Stream Data 

Metals 
Uncontrolled 

Emissions 
(lb/ton) 

Based on Waste Stream Data 
Metals to 

(V APCD 
(%) 

(2) 
Removal 

Efficiency (3) 
(%) 

Based upon Acceptable^ 
     ISSLBBULDJU 
Controlled Controlled 
Emissims (4)     Emiarions (5) 

Ob/tim) (Ultimi ~ 

z     M«säntua, .''. 
v*'    Enrifisisoa 
X   Between {he  - 
f Two Scenarios 

Aluminum 6.7E-03   -   - -     - 100 
Antimony 12E-03 100 
Arsenic 6.6E-03 100 
Barium 2JE-03 100 
Beryllium NA 100 
Boron 32E-02 100 
Cadmium 1.9E-04 100 
Caldum 2.8E-01 100 
Chromium 2J3E-03 100 
Cobalt 15E-03 100 
Copper 6.2E+00 100 
Iron 8.8E-02 100 
Lead 2.1E-03 100 
Lithium NA 100 
Magnesium 2.6E-01 100 
Manganese 1.1E-02 100 
Mercury 3.7E-04 100 
Molybdenum 4.1E-03 100 
Nickel 5.3E-Q2 100 
Potassium 2.1E+00 100 
Selenium 3.4E+00 100 
Silicon NA 100 
üjver 8.8E-01 100 
«turn 2.2E+02 100 
Ifrontium NA 100 
Thallium NA 100 
Tin NA 100 
Titanium NA 100 
Vanadium 4.3E-03 100 
Yitrrium NA 100 
Zinc 3.0E-Q2 100 

97 (6) 
97 
97 

99.4 
99.4 

97 (8) 
77 
97 (7) 

99.4 
97 (6) 
97 (6) 
97  (6) 
97 

NA 
97 (6) 
97  (6) 
85 
85  (6) 
97 (6) 

97 Ü) 
85 (6) 

NA 
99.4 

97 (9) 
97 (8) 
97 
97 (7) 
97 (6) 
97 (6) 
97 (8) 
97 (6) 

2.02E44 9.98&04 
3.51E4B 6.08E-06 
1.99E-0* 9.46E-06 
1.37E-C5 4.87E-05 

NA 2.03E-06 
9.68E-04 1.48E-03 
5.78E-06 6.76E-07 
8J1E-03 3.61E-03 
137E-05 2.03E-06 
437E-05 6.76E-07 
1.86E-01 2.10B-Q2 
2.64E-03 5.15E-04 
632E-05 6.08E-06 

NA 6.08E-06 
7.90E-O3 3.88E-03 
3.41E-04 5.61E-05 
5.50E-05 338E-06 
6.11E-04 3.38E-06 
ISSErCa 3.38E-06 

629E-02 3.20E-04 
5.09E-O1 9.46E06 

NA 8.76E-03 
5.27E-03 338E-06 

6.47E-tO) 359EiO0 
NA 2.03E-06 
NA 5.12E-04 
NA 4.48E-04 
NA 3J8E-06 

1.29E-04 6.76E-07 
NA NA 

9.01E-04 2.72E-04 

95S&04 m 
3ÄE45     i 
1S9E-04 

]S2ME46Ml> 
1.48E-03     ( 

437B-05 .   i 
146E-01   ; i 

uZOE^llll 
6J2E-05     I. 
Ä-0*  
7.90E-Q3; 
3.41E-04: 

1J58&03 

5.09E-01 V; 

527&C3 
;-;6v45B+O0l 

:;:3J8&06l 

Ö.0ÖE+0ÖI 
9.01E-04: 

m 

m 

5.151M» 

1.03E-0S, 

2.98&05 

705E-05 

°J59&01 

•3J4E-C5\ 
4JM&02 

2-S4&4I 
3.S5S33 

. 3.2$E4l: 

452E4S 

:^34S+01:i;: 

1.Q5E-05 
2^4E-03 

laiiBKBi 

64S8E-04 

465E-03 

(i) Based upon the maximum of the averages emission concentration from historical test data (tons/yr) and 
multiplying by 2000 lbs/ton / ((10,325 lbs of waste/hr / 2000 lbs/ton) x 7,000 operating hrs/yr). 

(2) Percent of metal volatilization Is estimated at 100% for all metals in liquid waste based on EPA Guidance on 
Metals and HO Controls from Hazardous Waste Incineration, Draft Final Report, August 1989, Table III-9. 

(3) Based on EPA Guidance (note 2), Table ni-8. The removal efficiency of the wet scrubber in series 
with the Venturl scruuber at 20" of water was calculated. This removal efficiency was used in series with 
the removal efficiency of the Venturl scrubber at 60" of water. 

(4) Controlled Emissions = Uncontrolled Emissions x % Metals to APCD x (1- % Removal Efficiency) 

(5) Based upon the emissions during the one acceptable test run from the test bum by T-Thermal in Aug. 1990. 
(6) Assumed removal efficiency of antimony, arsenic, cadmium, lead and thallium or of mercury per footnote (3), 

based on scrubber efficiency similar to those compounds In "Hazardous Waste Stream Trace Metal Concentrations 
and Emissions", Mitre Corp., U5.EPA Office of Solid Waste, November 1983. 

(7) Similar to copper, cobalt and titanium In showing no concentration with particle size per Davision, Natusch, 
et aL "Trace Elements In Fly Ash", Environmental Science k. Technology, VoL 8, No. 13, December 1974. 
Therefore, assumed scrubber efficiency similar. 

(8) Similar emissions to feed ratio to that of iron and aluminum per Kaaklnen Jorden, et aL, "Trace Element 
Behavior in Coal-Fired Power Plant", Environmental Science k Technology, VoL 9, No. 9, September 1975. 
Therefore, assumed scrubber efficiency similar. 

(9) Similar control efficiency to that of calcium, iron and potassium per Klein, Andren, et aL, 
"Pathways of Thirty-seven Trace Elements Through Coal-Fired Power Plant", Environmental Science & 
Technology, VoL 9, No. 10, October 1975. Therefore, assumed scrubber efficiency similar. 
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• 
Metals 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 

llron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 

I Molybdenum 
Nickel 
Potassium 
Selenium 

(Silicon 

■Swum 
^Blontium 

Thallium 
'Tta 
Titanium 

■ Vanadium 
JYlttrium 
Zinc 

Table 5A-12 

Maximum Metal Emissions Based on Test Burn Emissions and Waste Stream Data 

Uncontrolled 
Emissions  (V 

(lb/ton) 

Based on Waste Stream Data 
Metals to 

8.9E-03 
1.8E-03 
1.6E-02 
2.3E-03 

NA 
3.4E-02 
4.0E-O4 
5.4E-01 
3.1E-03 
1.5E-03 

1.2E+01 
15E-01 
4.0E-O3 

NA 
4.4E-01 
1.2E-Q2 
5.5E-04 
4.2E-G3 
5.5E-02 

4.7E+«) 
3.4E+O0 

NA 
8.8E-01 

5.3E+02 
NA 
NA 
NA 
NA 

4.8E-03 
NA 

62E-Q2 

APCD 
(%) 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

(2) 
Removal 
Efficiency (3) 

(%) 

97  (6) 
97 
97 

99.4 
99.4 

97 (8) 
97 
97 (7) 

99.4 
97 (6) 
97 (6) 
97 (6) 
97 

NA 
97 (6) 
97 (6) 
85 
85 (6) 
97 (6) 
97 (7) 
85  (6) 

NA 
99.4 

97 (9) 
97 (8) 
97 
97 (7) 
97 (6) 
97 (6) 
97 (8) 
97 (6) 

Controlled 
Emissions (4) 

0b/ton) 

Based upon 
Test Bam Data 

Controlled 
Emissions (5) 

(IbltaO 

:    Maximum    . 
Emissions; 

Between the 
s:il«Two.Seeaaxi«» 
.raftW:1'" i     murr 

2.66E-04 
5.32E-05 
4.80E-04 
137E-05 

NA 
1.02E-03 
1.20E-05 
1.62E-02 
1.84E-05 
4.50E-05 
3.52E-01 
4.50E-03 
1.20E-04 

NA 
132E-02 
3.48E-04 
823E-05 
629E4H 
1.65E-Q3 
1.40E-01 
5.09E-01 

NA 
5.27E-03 
1.60E-tfll 

NA 
NA 
NA 
NA 

1.45E-04 
NA 

1.85E-03 

138E-Q3 
7.46E-0S 
1.62E-05 
151E-05 
3.99E-06 
101E-03 
1.86E-06 

I.38E-03 

maws* 
5J99&C63 

120E45 

m 

550E-Ü3 mmmm 84SB42. 
3.41E06 %iMH5>?$M 9A&S& 
1.70E-06 ^ixfcosmi ■ÄMÄ! 
6^5E-03 ^*J52&Q\W4 UB3B*m 
1.15E-03 ^4JSQE4S:&1 23Z&ÜL . 
8.44E-05 1.20E-O4     J m^ssMmmm 
1.15E-05 115E-0S     i :ämsjm^MWM 
4.76E-03 y132E4ßmi &BIE-Q2 
3J4E-04 ^■3JS4EM-:m 1S8&J& 
5.72E-06 ::8.23E-05     1 425&0I 
5.72E-06 mi2ssM§B 335&0& 
3.59E-05 I.65&03     1 8.4SB-ÖS • '. 
5.76E-04 1.40541     ) .Z3ffi4f;/V 
2J2E-04 ! &Q9E-01     J . ZÄ3H08    . 
1.05E-O2 mssEißgffl s,«&<a   •"• 
5.72E-06 5J27E-03     ! 2.72SWE. 

3.08E+01 ?s3.08E+0l::i::!Sl L59B-rä2    ' 
3.13E-06 imM&MMm 1JSSEJ& 
4.74E-04 ;!'::474&04S.l ?::f::2j4SE^iii| 
4J7E-04 &AS7Ezmm m:z5iB^iiii; 
5.95E-06 :^;5Jsio6i|;:i KW&tB 
1.19E-06 I.45E-04     1 7ASEJ& 
1.18E-06 U8E-06     i 64JE-0S 
1.19E-03 i:1.85E-Q3ii:1 9sm*&  - 

7.14E-Q3 
3J5&OJ 
2.48E-0S 
W7B4B 
2JJ6E-« 

6.19B« 

(V Based upon the maximum of the maximums emission concentration from historical test data (tons/yr) and 
multiplying by 2000 lbs/ton / «10,325 lbs of waste/hr / 2000 lbs/ton) x 7,000 operating hrs/yr). 
Percent of metal volatilization is estimated at 100% for all metals In liquid waste based on EPA Guidance on 
Metals and HQ Controls from Hazardous Waste Incineration, Draft Final Report, August 1989, Table Ü1-9. 
Based on EPA Guidance (note 2), Table m-8. The removal efficiency of the wet scrubber in series 
with the Venturi scruuber at 20" of water was calculated. This removal efficiency was used in series with 
the removal efficiency of the Venturi scrubber at 60" of water. 

(4) Controlled Emissions = Uncontrolled Emissions x % Metals to APCD x (1- % Removal Efficiency) 

(2) 

(3) 

(5) 
(6) 

(7) 

18) 

(9) 

Based upon the average emission during the test bum by T-Thermal In Aug. 1990. 
Assumed removal efficiency of antimony, arsenic, cadmium, lead and thallium or of mercury per footnote (3), 
based on scrubber efficiency similar to those compounds in "Hazardous Waste Stream Trace Metal Concentrations 
and Emissions", Mitre Corp., US.EPA Office of Solid Waste, November 1983. 
Similar to copper, cobalt and titanium in showing no concentration with particle size per Da vision, Natusch, 
et ai Trace Elements in Fly Ash", Environmental Science k Technology, VoL 8, No. 13, December 1974. 
Therefore, assumed scrubber efficiency similar. 
Similar emissions to feed ratio to that of iron and aluminum per Kaaklnen Jorden, et aL, Trace Element 
Behavior in Coal-Fired Power Plant", Environmental Science k Technology, VoL 9, No. 9, September 1975. 
Therefore, assumed scrubber efficiency similar. 
Similar control efficiency to that of calcium, iron and potassium per Klein, Andren, et aL, 
"Pathways of Thirty-seven Trace Elements Through Coal-Fired Power Plant", Environmental Science k 
Technology, VoL 9, No. 10, October 1975. Therefore, assumed scrubber efficiency similar. 
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The third approach for estimating upper bound metal emissions was used for all the metals 

listed in EPA (1989). This approach derived emission factors from the Tier I Feed Rate 

and Tier II Emission Rate screening values in (EPA 1989). Tier I and II values represent 

limits on feed and emission rates of metals to the incinerator that EPA has proposed as one 

part of its national performance standards for hazardous waste incinerator emissions. These 

Tier I and II screening values are designed to provide a simple and conservatively protective 

approach to regulating metals emissions (from a health risk perspective) and do not consider 

any reduction in emissions from metals either not volatilized or captured in the air pollution 

control equipment. 

The EPA screening limits are based on conservatively low estimates of potential ambient 

air dispersion (i.e., resulting in higher ambient jOncenträtiffis than normally expected for 

a given emission rate). Therefore, the specific-appropriate values are dependent on key 

dispersion modeling parameters such as terrain, urban or rural area, and effective terrain- 

adjusted stack height. The dispersion mcdeiing/for the RMA incinerator unit assumed 

complex terrain, rural land use, and llieiollowlng stack parameters: height of 28.96 meters 

(m), temperature of 449.8 K, and-.flow rate of 7.3 m3/sec. From Table B-l of EPA (1989), 

the predicted plume rise for these stack parameters is 7m. 

Considering the measured terf|ia^JfvatiQns used in the dispersion modeling in the original 

analysis, the terrain-adjusted effective stack height per Table B, Step 3 of EPA (1989) is: 

Terrain-adjusted Stack Height = stack height + plume rise 

=        (maximum elevation - base elevation) 

28.96m + 7m - (58.5m -Om) = -22.54m 

Since the terrain-adjusted stack height is less than zero, the minimum terrain-adjusted stack 

height in the EPA tables of 4 meters was assumed. The Tier I feed rates in pounds per 

hour for complex terrain, rural land use, and a 4-meter, terrain-adjusted stack height from 

EPA (1989) are given for all listed metals in Table 5A-13. 
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la Die rsA-ij 

Stack Parameters and Tier I Expected and Maximum Feed Rates for Complex Terrain 

Stack Parameters, 
English Units 

Stack Height (ft) 
Velocity (ft/sec) 
Diameter (ft) 
Flowrate (acfs) 
Exhaust temperature (deg. F) 

Metric Units (calculated): 
Stack Height (m) 
Velocity (m/sec) 
Diameter (ft) 
Flowrate (mA3/sec)  ' 
Exhaust temperature (deg. K) 

Type of Terrain: 
Plume Rise Values vs. Stack Parameter 
Maximum Terrain Rise (m) 
Terrain-adjusted Effective Stack Height 
Vr39l777:i;flHiiriMlirilinjnm 

Non-carcinogenic Metals 
Antimony 
Barium 
Lead 
Mercury 
Silver 
Thallium 

Carcinogenic Metals 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Total Chlorine 
Expected Feed Rates (lbs/hr) 

Non-carcinogenic Metals 
Antimony 
Barium 
Lead 
Mercury 
Silver 
Thallium 

Carcinogenic Metals 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Sum of the Ratios of Expected Feed Rate/ 
Tier I Feed Rate Limit for Carcinogenic Metals 

Total Chlorine 

Maximum Feed Rates (lbs/hr) 
Non-carcinogenic Metals 

Antimony 
Barium 
Lead 
Mercury 
Silver 
Thallium 

Carcinogenic Metals 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Sum of the Ratios of Maximum Feed Rate/ 
Tier I Feed Rate Limit for Carcinogenic Metals 

Total Chlorine 

95 
60 

234 
258 
350 

28.96 
1829 
0.713 
730 

449.8 
complex, rural 

7 
585 

4 

3.1E-02 
52E+O0 
9.4E-03 
3.1E-02 
3.1E-01 
3.1E-02 

2.4E-04 
4.4E-04 
5.8E-03 
8.7E-05 
2.6E-01 

6.0E-03 
1.2E-02 
1.1E-02 
1.9E-03 

45E+00 
NA 

3.4E-02 
NA 

9.9E-04 
1.2E-02 

277.8 
1.1E+03 

9.2E-03 
1.2E-02 
2.1E-02 
2.8E-03 

45E-HX) 
NA 

83E-02 
NA 

2.1E-03 
1.6E-02 

526.4 
1.7E+02 



The expected and maximum feed rates were compared with the Tier I results. The sum of 

the ratios of the expected total carcinogenic metals (arsenic, beryllium, cadmium, and 

chromium) feed rates to the Tier I carcinogenic metals feed rates must not exceed 1.0, or 

Tier II emission rate limitations must be applied. The sum of the ratios exceeded 1.0 by 

277.8. The maximum feed rates were also evaluated. The results are presented in Table 5A- 

12. 

Tier II limits follow the same methodology as the Tier I limits, but use the emission rates 

of the proposed facility. The Tier II emission rates in grams per second are given for all 

listed metals in Table 5A-14 as well as the expected an&maximum emission rates. The sum 

of the ratios also exceeded 1.0. Therefore, for th<&: carcinogenic metals, the maximum 

emission rates were assumed to be limited to Me valueiisti: calculated from the Tier II 

estimates. These values are extremely conservative: estimates of upper bound emissions 

because they are not related to the actual-Basin -F-.waste. Rather the Tier II values are 

estimates of what EPA considers the maximum acceptable emissions from a risk perspective, 

without conducting refined dispersion;m^odenijg and risk assessment such as conducted in 

this study. 

5A.5 SUMMARY OF E 

Table 5A-15 is a compilation of all1'the emission estimates developed in this section as well 

as the organic emission estimate developed as explained in Appendix 5B. The emissions 

were converted to mass-per-unit time using the projected waste feed rate (10,325 Ib/hr) and 

annual operating schedule (7,000 hours per year) for the RMA facility. These rates were 

used to determine the predicted ambient concentrations and deposition rates. 
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ia Die 5A-m 

Stack Parameters and Tier II Expected and Maximum Emission Rates for Complex Terrain 

Stack Parameters 1 

English Units \\ Stack Height (ft) 95 : ;;, 
Velocity (ft/sec) 60 
Diameter (ft) 234 
Flowrate (ads) 258 
Exhaust temperature (deg. F) 350 

Metric Units (calculated): 
Stack Height (m) 28.96 
Velocity (m/sec) 1829 
Diameter (ft) 0.713 
Flowrate (mA3/sec) 730 
Exhaust temperature (deg. K) 449.8 

Type of Terrain: complex, rural 
Plume Rise Values vs. Stack Parameter 7 
Maximum Terrain Rise (m) 585 
Terrain-adjusted Effective Stack Height 4 
Tier 11 hmission Kate Limits (g/s> 

Non-cardnogenic Metals 
Antimony 3.9E-03 
Barium 6.6E-01 
Lead 1.2E-03 
Mercury 3.9E-03 
Silver 3.9E-02 
Thallium 3.9E-03 

Carcinogenic Metals 
Arsenic 3.1E-05 

. Beryllium 5.5E-05 
Cadmium 7.3E-05 
Chromium 1.1E-05 

Hydrogen Chloride 3.3E-02 
Expected Emission Rates (g/s) 

Non-carcinogenic Metals 
Antimony 2.3E-05 
Barium 3.2E-05 - 
Lead 4.0E-05 
Mercury 3.6E-05 
Silver 3.4E-03 
Thallium 3.3E-04 

Carcinogenic Metals 
Arsenic 1.3E-04 
Beryllium 1.3E-06 
Cadmium 3.8E-06 
Chromium 8.9E-06 

Sum of the Ratios of Expected Emission Rate/ 
Tier n Emission Rate Limit for Carcinogenic Metals 5.06 

Hydrogen Chloride 15E+01 

Maximum Emission Rates (g/s) 
Non-cardnogenic Metals 

Antimony 4.9E-05 
Barium 1.2E-05 
Lead 7.8E-05 
Mercury 5.4E-05 
Silver 3.4E-03 
Thallium 3.1E-04 

Carcinogenic Metals 
Arsenic 3.1E-04 
Beryllium 2.6E-06 
Cadmium 7.8E-06 
Chromium 1.2E-05 

Sum of the Ratios of Maximum Emission Rate/ 
Tier II Emission Rate Limit for Carcinogenic Metals 1131 

Hydrogen Chloride 2.2E+01 



Table 5A-15 

Emission Rates for Rocky Mountain Arsenal Basin F Waste Submerged Quench Incinerator 

Category/ Base Case (a) Sensitivity Case (b) I Pollutant (ton/yr) (Ib/hr) (g/sec) (ton/yr) (Ib/hr) (g/sec)            " 

Dioxins/Furams 
4.16E-09 1.19E-09 1.50E-10 6.63E-08 1.90E-08 VS. EPATEF 2.39E-09 

Metals 
1.80E-02 5.15E-03 6.49E-04 2.50E-02 7.14E-03 Aluminum 8.99E-04 

Antimony 6.34E-04 1.81E-04 228E-05 1.08E-01 3.10E-02 3.90E-03 
Arsenic 3.59E-03 J.03E-03 129E-04 8.67E-03 2.48E-03 3.12E-04 
Barium 8.79E-04 2.51 E-04 3.16E-05 1.83E+01 524E+00 6.60E-01 
Beryllium 3.66E-05 1.05E-05 1.32E-06 1.53E-03 4.37E-04 5.50E-05 
Boron 2.68E-02 7.65E-03 9.63E-04 3.63E-02 1.04E-02 1.31E-03 
Cadmium 1.04E-04 2.98E-05 3.76E-06 2.03E-03 5.79E-04 7.30E-05 
Calcium 1.54E-01 4.39E-02 5.53E-03 2.93E-01 8.36E-02 1.05E-O2 
Chromium 2.47E-04 7.O5E-05 8.88E-06 3.32E-04 9.49E-05 120E-05 
Cobalt 7.89E-04 225E-04 2.84E-05 8.13E-04 2.32E-04 2.93E-05 
Copper 3.35E+O0 9.59E-01 1.21E-01 6.35E+00 1.82E+00 2.29E-01 
Iron 4.77E-02 1.36E-02 1.72E-03 8.13E-02 2.32E-02 2.93E-03 
Lead 1.12E-03 3.21E-04 4.05E-05 3.33E-02 9.52E-03 1.2QE-03 
Lithium 1.10E-04 3.14E-05 3.96E-06 2.07E-O4 5.92E-05 7.45E-06 
Magnesium 1.43E-01 4.08E-02 5.14E-03 2.39E-01 6.81 E-02 8.59E-03 
Manganese 6.16E-03 1.76E-03 222E-04 6.93E-03 1.98E-03 2.50E-04 
Mercury 9.93E-04 2.84E-04 3.57E-05 1.08E-01 3.10E-02 3.90E-03 
Molybdenum 1.10E-02 3.15E-03 3.97E-04 1.14E-02 3.25E-03 4.09E-04 
Nickel 2.86E-02 8.18E-03 1.03E-03 2.97E-02 8.49E-03 1.07E-03 
Potassium 1.14E+00 3-25E-01 4.09E-02 2.54E+00 724E-01 9.13E-02 
Selenium 9.20E+00 2.63E+00 3.31E-01 920E4O0 2.63E+ÖO 3.31E-01 
Silicon 1.58E-01 4.52E-02 5.70E-03 1.89E-01 5.41 E-02 6.81E-03         | 
Silver 9.52E-02 . 2.72E-02 3.43E-03 1.08E+00 3.10E-01 3.90E-02         1 
Sodium 1.17E+02 3.34E-rfl 421E+W 5.56E+02 1.59E+02 2.00E+01 
Strontium 3.66E-05 1.05E-05 1.32E-06 5.66E-05 1.62E-05 2.04E-06 
Thallium 9.25E^3 2.64E-03 3.33E-04 1.08E-01 3.10E-02 3.90E-03 
Tin 8.09E-03 2.31 E-03 2.91E-04 8.79E-03 2.51E-03 3.16E-04 
Titanium 6.10E-05 1.74E-05 220E-06 1.07E-04 3.07E-05 3.87E-06 
Vanadium 2.34E-03 6.68E-04 8.42E-05 2.62E-03 7.49E-04 9.44E-05 
Yttrium NA NA NA 2.14E-05 6.11E-06 7.70E-07 
Zinc 1.63E-02 4.65E-03 5.86E-04 3.34E-02 9.54E-03 120E-03 

Qxgamss 
1,1-Dichloroethene 3.81E-1! 1.09E-11 1.37E-12 
1,2-Dichloroethene 2.65E-11 7.57E-12 9.53E-13 
1,2-Dichloropropane 3.07E-12 8.77E-13 1.11E-13 i 
1,3-Dirnethy Ibenzene 2.72E-08 7.77E-09 9.79E-10 
Acetone 1.07E-11 3.07E-12 3.87E-13 
Ammonia 3.26E-03 9.32E-04 1.17E-04 
Benzene 1.40E-07 3.99E-08 5.03E-09 
Bromomethane 136E-08 3.89E-09 4.90E-10 
Carbon Tetrachloride 4.34E-11 124E-11 1.56E-12 , 
Chlorobenzene 337E-08 9.62E-09 UlE-09 
Chloroform 6.87E-12 1.96E-12 2.47E-13 
Ethylbenzene 4.08E-08 1.17E-08 1.47E-09 
Methanol 1.63E-07 4.65E-08 5.86E-09 
Methylene Chloride 1.36E-08 3.89E-09 4.90E-10 
Terra chlorethene 5.43E-10 1.55E-10 1.95E-11 
Toluene 6.80E-08 1.94E-08 2.45E-09 Jt 
Trichloroethene 8.33E-11 2.38E-11 3.00E-12 
Xylene 2.72E-08 7.77E-09 9.79E-10 1 
4-Chlorophenylmethylsulfone 2.52E-11 721E-12 9.08E-13 
4-Chlorophenylmethyisulfoxide 9.40E-11 2.69E-11 3.38E-12 
4-Nitrophenol 5.76E-11 1.64E-11 2.07E-12 
Aldrin 6.91E-12 1.97E-12 2.49E-13 
Arrazine 1.54E-12 4.39E-13 5.53E-14 



Table 5A-15 

(continued) 

Category/ 
Pollutant 

Organics 
Hydrogen Cyanide 
Dieldrin 
Diisopropyl Methylphosphonate 
Dimethyl Methylphosphonate 
Dimethyldisulfide 
Dimethylphosphate 
Dithiane 
Endrin 
Hexachlorocyclopentadiene 
Isodrin 
Ma lath ion 
Parathion 
Supona 
Urea 
Vapona 
p,p-DDE 
p,p-DDT 

PICs with Specific Precursors 
Vinyl Chloride 
Methyl Chloride 
Styrene 
Phenol 
Benzaldehyde 
Benzoic Acid 
Acetonitrile 
Acrylonitrile 
Cyanogen 
Hexachlorobenzene 
Pentachlorobenzene 
Terra chlorobenzene 
Trichloro benzene 
EHchloro benzene 
Biphenyl 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
Benzonitrile 
Pyridine 
Carbazole 
Quinoline 

PICs without Specific Precursors 
Benzofuran 
Dibenzofuran 
Acenaphthalene 
Acenaphthene 
Fluoranthene 
Phenanthrene 
Pyrene 
Fluorene 
Benzo(a)pyrene 
Diben2o(a)anthracene 
Chrysene 

(ton/yr) 

6.46E-08 
1.42E-12 
2.49E-10 
5.95E-09 
6.91E-10 
1.63E-09 
2.49E-13 
1.38E-12 
128E-11 
3.64E-12 
5.56E-12 
7.68E-13 
2.30E-12 
9.98E-07 
6.14E-12 
1.15E-08 
2.30E-12 

1.36E-07 
1.36E-07 
1.36E-07 
7.37E-07 
1.42E-07 
6.86E-08 
6.52E-10 
6.52E-11 
6.52E-12 
4.64E-10 
2.07E-10 
8.75E-11 
4.62E-11 
2.45E-H 
6.82E-08 
7.88E-08 
1.03E-09 
6.52E-11 
6.52E-12 
1.30E-11 
3.26E-11 

2.72E-07 
1.36E-08 
6.80E-08 
6.80E-08 
4.08E-08 
2.72E-08 
1.36E-08 
1.36E-08 
1.36E-08 
1.36E-08 
1.36E-08 

Base Case (a) 
(lb/hr) (g/sec) 

1.85E-08 
4.06E-13 
7.13E-11 
1.70E-09 
1.97E-10 
4.66E-10 
7.13E-14 
3.95E-13 
3.67E-12 
1.04E-12 
1.59E-12 
2.19E-13 
6.58E-13 
2.85E-07 
1.75E-12 
329E-09 
6.58E-13 

3.89E-08 
3.89E-08 
3.90E-08 
2.11E-07 
4.05E-08 
1.96E-08 
1.86E-10 
1.86E-11 
1.86E-12 
1.32E-10 
5.93E-11 
2.50E-11 
1.32E-11 
6.99E-12 
1.95E-08 
2.25E-08 
2.95E-10 
1.86E-11 
1.86E-12 
3.73E-12 
9.32E-12 

7.77E-08 
3.88E-09 
1.94E-08 
1.94E-08 
1.17E-08 
7.77E-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.88E-09 

2.32E-09 
5.11E-14 
8.98E-12 
2.14E-10 
2.49E-11 
5.87E-11 
8.98E-15 
4.97E-14 
4.63E-13 
1.31E-13 
2.00E-13 
2.76E-14 
8.29E-14 
3.59E-08 
2.21E-13 
4.14E-10 
8.29E-14 

4.90E-O9 
4.90E-09 
4.91E-09 
2.65E-08 
5.10E-09 
2.47E-09 
2.35E-11 
2.35E-12 
2.35E-13 
1.67E-11 
7.47E-12 
3.15E-12 
1.66E-12 
8.81 E-13 
2.45E-09 
2.84E-09 
3.72E-11 
2.35E-12 
2.35E-13 
4.70E-13 
U7E-12 

9.79E-09 
4.89E-10 
2.45E-09 
2.45E-09 
1.47E-09 
9.79E-10 
4.89E-10 
4.89E-10 
4.89E-10 
4.89E-10 
4.89E-10 

Sensitivity Case fb) 
(tonlyr) (Ibfhr) (g/sec) 
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Table 5A-15 

(continued) 

Category/ 
Pollutant (ton/yr) 

Base Case (a) 
(Ib/hr) 

Aod-CMW & Other Compound 
Particulate Matter 
Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluoride 
Nitric Acid 
Nitrogen Dioxide 
Phosphate 
Sulfuric Acid 
Sulfur Dioxide 

(g/sec) 

14.00 
4.71 
4.73 
0.17 
3.85 

3213 
3.44 

10.40 
24.43 

(c) 

(d) 

(d) 

4.00 
1.35 
1.35 

0.049 
1.10 
9.18 
0.98 
197 
6.98 

0.50 
0.17 
0.17 

0.006 
0.14 
1.16 
0.12 
0.37 
0.88 

(ton/yr) 
Sensitivity Case fb) 

ttb/hr) (g/sec) 

14.00 
7.29  (e) 

14.00   (f) 
0.32 
3.85 

143.22  (ft 
15.04 
17.34 

101.50  (ß 

4.00 
2.08 
4.00 

0.092 
1.10 

40.92 
4.30 
4.96 

29.00 

0.50 
0.26 
0.50 

0.012 
0.14 
5.16 
0.54 
0.62 
3.65 

(a) These estimates are based upon the acceptable results during the test burn for dioxins/furans and the maximum of the acceptable 
test results or the maximum of the averages waste stream data for inorganics (including metals, acid gases and other compounds) 

ft) FoVmi !• ah
nd^emi-V0lfle orSanic emissions are b*sed upon Dellings analysis of the maximum of the averages wastestream data. 

ZZT       rt UPT l^™*™»™ Value of the test results a™ the test burn, the maximum of the maximum values from the 
wastestream data, and the EPA Guidance Tier E limits for complex terrain. 

For dioxins/furans: based upon the 95% confidence interval from WESTON's hazardous waste incinerator emissions database 
i-or acid gases & other compounds: based upon the maximum value of the test results from the test bum and the maximum of the 
maximum values from the wastestream data. 

(c) Based upon Colorado's emission limitation of 0.08 gr/dscf @ 12% C02. 
(d) Based upon the February 1989 test bum, which tested for the specific compound. 
(e) Based upon Federal emission limitation of 100 ppm. 
(f) Based upon vendor performance guarentees. 

S3E9 
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Based on the estimated feed composition furnished by Mr. Paul Siebert of 
Weston Inc., an estimate of the organic emissions from the controlled 
incineration of Basin F liquids has been prepared. The difficulties in making 
accurate predictions of mass emission rates of organic pollutants is well 
documented   However, by making some reasonable assumptions it is 
possible to prepare an estimate of the relative emission rates of organic 
compounds, both Principal Organic Hazardous Constituents (POHCS) and 
Products of incomplete Combustion (PICs). These relative emission rates 
con then be converted to absolute emission rates by "normalizing" these 
estimated emissions to actual measurements on the incinerator for a few 
selected compounds. When these measurements are not available, one can 
alternatively use the current EPA emissions regulations as a calibration 
technique. 

The relative emission estimate identifies the theoretically most 
stable POHC, assuming its DRE to be 99.99S (the worst allowable case), the 
relative emission rate of every other POHC and PIC in the estimate may be 
ratioed to the emission rate of the most stable POHC to give calibrated 
emission rates for all of the potential emissions. These calibrated 
emission rates can then be used in conjunction with conventional risk 
assessment techniques to estimate the health risks due to the stack 
emissions 

The following paragraphs summarize the general scientific approach 
used to develop the relative emission rate data for POHCs and PICs. This is 
a very complex subject and a detailed discussion of the estimate of the 
emission rate for each compound is beyond the scope of this report. 
However, a short discussion of the emissions estimation procedure for 
several compounds of special interest based on various criteria is included. 
Polychlorinated dibenzo-p-dioxin and furans are not included in the 
emissions estimate because of their predicted ultra-trace yields for the 
compounds listed in the Basin F liquids. 

At the conclusion of the report, a brief discussion of the results of 
this emissions estimate versus emissions measurements from other full 
scale facilities is presented. Appendix 1 presents the final emissions 
estimation results. The key to the table displays the actual calculation 
procedure used to obtain the relative emission rate estimates and the final 
calibrated or normalized emissions estimate. Appendix 2 contains the 
estimated PIC yields for input into the emissions estimate in Appendix 1. 

5B-2 



BACKGROUND 

Calculations and experimental observations have shown that the 
emissions of undestroyed, residual POHCs are kinetically, not 
thermcdynamically controlled. 11,2] The destruction efficiency (DE) of 
POHCs is dominated by the temperature, time, and reaction atmosphere 
experienced by the POHCs in the high temperature zones of incinerators. 
Thus determination of the exact time, temperature, and reaction atmosphere 
history of all the molecules in an incinerator is necessary to determine the 
actual DE of a POHC.  This type of information is , of course, not currently 
available. However, less information is required to estimate the relative DE 
of potential POHCS. 

Simple conceptual and more complex computer models suggest that 
the gas-phase residence time, temperature, and reaction atmosphere in the 
post-flame or thermal zones of incinerators control the relative emissions 
of most POHCs [3-5] The basic reasoning behind this is that all molecules 
entering the flame zone of an incinerator are essentially destroyed and only 
the small fraction of the material escaping the flame zone may be emitted 
for the facility. Various flame zone "failure modes" exist which may cause 
residual POHCs to be emitted. Once in the post-flame zone, gas-phase 
thermal decomposition kinetics controls the rate of POHC destruction and 
formation and destruction of PICs. 

Calculations using available kinetic data indicate that the emissions 
observed from full scale incinerators are several orders of magnitude higher 
than those calculated using oxidation kinetics and residence times and 
temperatures anywhere near the mean values in the post-flame zone of the 
incinerator. [6] This suggests that oxygen depleted pathways must be 
responsible for most POHC and PIC emissions since the rate of POHC 
destruction is significantly slowed and the rate of PIC formation is 
increased under pyrolysis 

Even though the facility may be operating under nominally excess air 
conditions, poor mixing will result in oxygen-deficient pockets where the 
rate of POHC destruction is low and PIC formation is favored. Consequently, 
it is believed that gas-phase thermal stability under sub-stoichiometric 
oxygen conditions may be an effective predictor of POHC relative 
incinerability. 

A recent study compared the incinerability predictions of several 
proposed POHC ranking methods with results of 10 pilot or full-scale test. 
burns. 16] The ranking methods include heat of combustion, autoignition 
temperature, ignition delay time, flame failure modes, theoretical flame 
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mode kinetics, thermal stability of pure compounds under excess air 
conditions, thermal stability of mixtures under oxidative conditions, and 
thermal stability of mixtures under oxygen-starved conditions. 
Correlations of the prediction of the rankings with field results were poor 
except for thermal stability of mixtures under oxygen-starved conditions. 
Although the laboratory data base used to predict full-scale POHC DREs 
were very limited, statistically significant correlations in 7 of 10 cases 
were observed using this ranking approach. The results of this comparison 
along with theoretical considerations suggest that pyrolysis kinetics may 
be used to develop relative mass emission rate estimates (i.e. ranking of 
incinerability). Experimental studies have recently been undertaken (o 
obtain stability data for Appendix VIII compounds using this approach. [73 

POHC STABILITY 

In most genera] terms, the decomposition of a molecule can be 
initiated by either radical attack (i.e.. bimolecular pathway) or by an 
internal redistribution of energy such that the molecule decomposes or 
rearranges (i.e., unimolecular pathway). 

Unimo-lecular reactions can be further subclassified into bond 
homolysis, which involves breaking of the weakest bond, and concerted 
elimination, which involves an internal rearrangement and elimination of a 
staple species such as HC1, H20, or C02. [8] 

An example of bond homolysis is carbon-chlorine bond rupture in 
carbon tetrachloride by reaction 1. 

Ci 

J^   —> -cd, ♦ a (rxn. 1) 
c/aNa 

This reaction involves breaking of a relatively low energy bond of 
approximately 70 kcal/mole. Other Appendix Vili organics such as nitrogly- 
cerine, tetranitromethane, hydrazine, methyl hydrazme, l,1,dimethylhydra- 
zine are documented to proceed by bond homolysis. Many other compounds 
such as difluorodichloromethane, hexachloroethane, and benzenethiol are 
expected to decompose largely by bond homolysis. 

Concerted eliminations largely fall into two categories, four center 
processes and six-center processes. An interesting example of a four- 
center process is the decomposition of hexachlorocyclohexane depicted in 
reaction 2. 
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HO 

+ 3Hci    (rxn 2) 

HQ 

This pathway which results in ethylene and trichlorobenzene formation is 
expected to have a very low activation energy of about 55 kcal/mole. 
Practically any organic molecule with hydrogen and chlorine atoms on 
carbons connected by a single bond will undergo this type of process. Thus, 
species such as 1,1-dichloropropane, 2,2-dichloropropane; and 1,1,1- 
trichloroethane are known to undergo this process. Many other Appendix VIII 
crganics are suspected of decomposing through this pathway. 

The best documented examples of molecules undergoing six -center 
concerted elimination are secondary esters. An example of this process is 
the decomposition of diethyl phthalate shown in reaction 3. 

-;>,0-Hv 

b (rxn. 3) 
4» 

ec COOH 

-OCgH, 

+   C,H< 

These reactions have activation energies on the order of 45-50 kcal/mole 
and are consequently very fast. Almost all of the phthalates listed in 
Appendix Viil can decompose by this mechanism and are consequently 
considered quite fragile. Other classes of molecules are isoelectronic with 
organic esters and are suspected of proceeding by similar pathways. These 
types of compounds include phosphoric acid esters, sulfonates, some 
amides, and thioesters. 

Other compounds may undergo more rare three-center processes. The 
beet documented example of a possible three-center decomposition of an 
Appendix VIM molecule is the decomposition of chloroform shown in 
reaction 4 H—a 

\/ i^r,   ^ ur,       (rxn. 4) 
a    a 

CHCI3 >    c% >*a, + HCJ 
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Bimolecular reaction pathways involving radical attack may be 
largely subdivided into three classes; atom metathesis, electrophiiic 
addition, and displacement. An example of an Appendix VII! organic 
suspected of decomposing by simple hydrogen abstraction is 
tnchloroethylene. (see rxn. 5) 

°v.dr' * OH __^ ^w-   * M_ffl ■ (rxn. 5) 
cKc^Sa * m ~* a'^a * "2° 

The radical initiating the abstraction may in principle be any number of 
species; but under oxidative conditions, the hydroxyl radical is suspected of 
being the dominant reactive radical. Hydrogen atoms and chlorine atoms are 
suspected of playing a larger role under pyrolytic conditions. Some possible 
pathways may be eliminated on thermodynamic grounds. Halogenated alkyls 
(that cannot undergo bond homolysis or concerted elimination) may 
decompose by this mechanism. " ||§| 

Displacement reactions largely involve the substitutions of one ^^ 
radical for another. An example would be the displacement of a chlorine 
atom by a hydrogen atom in o-dichlorobenzene (see rxn. 6). 

(rxn. 6) 

The rate of this reaction would increase with increasing chlorine 
substitution, in the case of chlorobenzenes, if displacement by hydrogen 
atoms dominates over addition or abstraction by hydroxyl radical, the" 
relative incinerability rankings would be reversed from that predicted from 
a mechanism based on hydroxyl radical attack. 

PIC FORMATION MECHANISMS 

From a purely chemical reaction kinetic viewpoint, one may classify 
known mechanisms of PIC formation into three general groups: 1) concerted jäte. 
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molecular eliminations, 2) radical-molecule reactions, and 3) radical-atom 
ör radical-radical recombination reactions. As illustrated in Table 1, these 
mechanisms occur in different regions of the incinerator and can result in 
PiCs of different structure and stability. Consequently, the nature of PICs 
formed and their potential destruction will be dependent on the different 
exposure conditions. The reaction rates for PIC formation processes 
increase from zero- to second-order in the radical concentration as one 
proceeds from mechanism I'to mechanism 3. Thus, stoichiometry and 
elemental composition of the waste/fuel feed may significantly impact PIC 
yields for radical-molecule and radical-radical reaction pathways. 

TABLE 1 

DESCRIPTION OF HAZARDOUS WASTE INCINERATOR PIC FORMATION 
ZONES AND DOMINANT PIC FORMATION MECHANISMS 

ZONE 
Preflame Zone 

REACTION CONDITION; 
T= 200-1000°C 
R.T. < 1 s 
[02] = 0-50% EA* 

PIC MECHANISMS3- 
Mechanism 1& 
Mechanism 2C 

Mechanism 3d 

Flame Zone T=1000-1800°C 
R.T.<1s 
[02l=5ü%EA* 

Mechanism 2 
Mechanism 1 
Mechanism 3 

Postflame Zone 
i afterburneh 

T= 600-1100°C 
R.T. = 1-3 s 
[02] = 50-100% EA* 

Mechanism 2 
Mechanism 1 
Mechanism 3 

Cool Zone 
(APCD and stack) 

T=80-600°C 
R.T. = 2-20 s 
[02] =3-9% 

Mechanism 3 

aPIC formation mechanisms listed in decreasing order of importance. 
-Concerted molecular elimination reactions. 
cRadical-molecule reactions, 
dRadical-atom or radical-radical recombination reactions. 
e Average values; localized deviations due to poor mixing can result in pyroMJc 

conditions. 
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Concerted molecular elimination to form stable PICs is a subclass of 
unimoiecular reactions, viz., reactions only involving the parent compound. 
Since a second molecule or radical is not involved in the reaction, the PIC 
yield is dependent only upon time, temperature and the Arrhenius 
parameters of the molecular elimination reaction: 

SPIC YIELD = [PICl/'IPOHC] x 100= IOO[!-exp{-At exp C-Ea/RT)}] (Eqn. I) 

where. (POHCj =concentration of the parent POHC; [PIC] = 
concentration of the PIC; t = reaction time; A = Arrhenius coefficient 
for the reaction, Ea = the activation energy for the reaction; T = the 
reaction temperature; and R = the universal gas constant. 

Kinetic parameters for many reactions of this type have been tabulated. [8] 
The reaction rates for these molecules are all energetically favorable under 

neration conditions with an extent of reaction greater than 99% at 
peratures below 700 C. Because these PIC formation pathways occur so 

rapidly, the resultant PIC can experience almost the full gas-phase 
residence Urne experienced by the parent POHC. Thus, PICs produced by 
molecular elimination may undergo decomposition resulting in secondary 
PIC formation, or the reaction may proceed to the formation of 
thermodynamics!ly stable combustion products. 

Examples of bimolecular reactions that result in stable PIC formation 
are radical-molecule reactions. Once the decomposition of the parent POHC 
is initiated and a pool of reactive radicals is formed, radical-molecule 
reactions will usually be the dominant pathway for PIC formation. 
Hydroxyl (OH) radicals are the dominant reactive species under 
itoichiometric and oxidative conditions, while H atoms are the dominant 
reactive species under pyrolytic conditions, in addition, polyatomic organic 
radicals are also believed to play an important role in the formation ofVlCs 
that are of higher molecular weight than the parent compound. 

Figure 1 illustrates the formation of several of the major products 
from the decomposition of chloroform (CHC13) under 50* excess air 
conditions. Of particular interest is the formation hexachlorobenzene 
(C6CI6) which is stable at high temperatures and is formed in percent 
yields. A mechanism has been proposed where CHC13 rapidly forms C2HC15, 
which decomposes to produce C2C14 and trichloroethene (C2HC13). [9] This' 
is followed by a radical-molecule mechanism resulting in the formation of 
CöClö from C2HC13 through experimentally observed intermediates such as 
dichioroacetylene (C2C12) and 1,3-hexachlorobutadiene (C4C16). 

It should be recognized that since the rate of PIC formation is 
dependent on the concentration of both the radical and molecule reaction 

c- 

jjjSfe, 
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partners, the observed PIC yield will generally increase with increasing 
waste feed rate. It is also important to note that many reaction steps may 
be required for the formation of given PIC, e.g. C6C16. Thus, the high- 
temperature, gas-phase residence time may be very short for such PICs, and 
their DE be much less than expected based on the full residence time in the 
incinerator. This is in contrast to PICs formed by concerted molecular 
elimination and suggests th8t for identical PIC formation yields for these 
pathways, the radical-molecule route will result in greater PIC emission 
rates. 

10" 

en 

o 
E 

10 7-. 

iO' -10 

UV ■11 

Chloroform 
Tetrachloroethene       ,   . 
Carbontetrachloride    J j      f 
Trichloroethene / /     / 
Hexachlorobutadiene / /     j    Aj . 
Hexachlorobenzene   / /     j  /1\    \ 

200        300 400        500        600        700 
TEMPERATURE <°C) 

800 900 1000 

Recombination reactions of radicals or atoms to form stable 
molecules are expected to occur only when molecule concentrations are very 
low or radical concentrations are high. These reaction rates are second 
order with respect to radical concentration and are temperature independent 
or exhibit small negative temperature dependencies. Since radical 
concentrations in the combustion zone are at least a factor of 100 times 
less than stable molecule concentrations, it can be shown that the overall 
forward reaction rate for radical-molecule reactions are typically greater 
than 50 times the radical-radical reaction rates at temperatures in excess 
of 1200 C. At lower temperatures, e.g. 800 C, due to the higher activation 
enerau for the radical-molecular reactions, the ratio of rates decreases to 
about 10. Since product distributions are exponentially dependent on the 
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reaction rate, radical-molecule reactions are clearly kinetically favored 
routes as compare to recombination reactions at temperature greater the 
600 C. 

Once in the cool zone, temperatures may be sufficiently low that 
radical-molecule reactions with stable combustion endproducts now present 
in high concentrations, e.g. C02, H20, and HC1, occur at a much slower rate. 
As a result, radical-radical recombination routes may now become 
kinetically significant, if the'temperature is rapidly quenched downstream 
of the post-flame zone, the concentrations of these radicals may be 
predicted from equilibrium calculations at the temperature just upstream 
of the quenching boundary. With this information, the recombination product 
concentrations downstream of the quenching boundary can be generally 
related to the predicted radical concentrations. Once formed, these 
molecules are not subjected to high temperatures and may exit the 
incinerator undestroyed. 

SPECIFIC EXAMPLES FOR THE BASIN F LIQUID 

Several specific examples have been selected for more detailed 
discussion of their origin and fate for the Basin F liquid. These compounds 
were selected to be of interest due to 3 factors: toxicity, high predicted 
relative mass emission rate, and prevalence in emissions from other 
incinerators    A brief discussion of the organic mass emissions estimate 
follows. 

Hexachlorobenzene - Once formed, hexachlorobenzene is expected to 
be a very stable compound due to its resistance to oxidative attack by 
hydroxyl radical. [4] It has also been shown to be formed from the thermal 
degradation of chloroform, carbon tetrachloride, and tetrachloroethene in 
laboratory studies [8,9] A simple mechanism for its formation from 
chloroform was delineated in the previous paragraphs of this report. The 
highly chlorinated pesticides Aldrin, Dieldrin, Endrin, hexachlorocyclo- 
pentadiene , and Isodrin are expected to form hexachlorobenzene in moderate 
yields from a primarily unimolecular mechanism. 

Penta-. tetra-. tn-. and di-chlonnated benzenes - The chlorobenzenes 
are formed primarily through the same mechanisms as hexachlorobenzene. 
The hexachlorobenzene initially formed is successively dechlorinated by the 
favorable displacement of chlorine by hydrogen atoms. For trichlorobenzene 
and dichlorobenzene, additional routes for formation are available from 
molecular growth pathways from 1,1-dichloroethene and 1,2- 
dichloroethene. 

Vinul Chloride - Vinyl chloride is expected to be formed from a 
number of the waste feed components in relatively low yields. It is most 

5B-10 



readily formed from 1,1-dichlorethene and 1,2-dichloroethene by chlorine 
displacement by hydrogen atoms. 

Acetonitrile and Acrylonitrile - The stability of the nitrile radical is 
expected to be largely responsible for the formation of these compounds. 
The nitrile radical, which can be liberated by hydrogen abstraction from 
hydrogen cyanide, can readily recombine with methyl radicals or vinyl 
radicals in the cool zones of the incinerator to form acetonitrile and 
ar.nilnniirile  resnentivelii 

Benzene - Benzene has been shown to be very stable under pyrolytic 
conditions. [7] Its estimated stability as a POHC was determined using 
actual laboratory data. Because of its kinetic and thermodynamic stability, 
it can be readily formed as a PIC from many sources. Its major route of 
formation in the waste is expected to be via a displacement reaction of 
vinyl, methyl, chloro and other substituent groups by hydrogen atoms from 
species such as styrene, toluene, xylene, chlorobenzene etc. In addition, a 
relatively large yield by unspecified pathways has been included for 
formation from the organic waste matrix. Mechanisms for its formation via 
molecular growth pathways which are generally analogous to that 
previously described for hexachlorobenzene can result in benzene formation 
from simple aliphatic and olefinic hydrocarbons. The yield used for this 
estimate is based on yields and mass emission rates found in full scale 
incineration studies. 11,10] 

Chlorobenzene - The emission of chlorobenzene is predicted based on 
its stability as a POHC and potential for formation in relatively low yields 
from a number of components of this waste stream. The pesticides Supona, 
DDE, and DDT are expected to form chlorobenzene in high yields by simple 
displacement reactions of substuent groups by hydrogen atoms to directly 
form chlorobenzene. The only available mode for its destruction under 
oxygen starved conditions is chlorine displacement by hydrogen atoms which 
is very slow. The predicted stability is based on laboratory data.(7) 

1 l-Dicnloroethene - From laboratory studies, 1,1-dichloroethene is 
known to form from the thermal degradation of methylene chloride, 
t.etrachloroethene, and trichloroethylene. It is also expected to be readily 
funned from Aldrin, Dieldrin, and Endrin. However, once formed it is not 
expected to be particularly stable. Its low pridected DE is primarily due to 
its very low feed rate in combination with a moderated PIC yield. 

Bromomethane - All bonds in bromomethane are relatively strong and 
its is generally resistant to radical attack. Its emission is primarily due to 
Us thermally refractive nature. 

Tetrachloroethene - This compound has been previously observed in 
laboratory studies of the thermal degradation of carbon tetrachloride and 
chloroform in large yields. [9] in fact it is the major product from these 
compounds, and once formed it is expected to be very difficult to destroy. 
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Toluene - Toluene is a readily formed PiC from a variety of 
compounds, its mechanism of formation is similar to that of benzene in 
that it is expected to proceed through fast molecular growth reactions.  In 
addition, the benzyl radical is a very stable radical which might be expected 
to survive the combustion zones of the incinerator and form toluene in the 
cool zones by recombination with hydrogen atoms. Its primary mode of 
formation in this waste stream is expected to be very fast, favorable 
displacement reactions for l,3'-dimethylbenzene, chlorobenzene, 
ethylbenzene, and xylene. In these reactions hydrogen atoms would displace 
rnethy, chloro, ethyl, and vinyl substituents respectively. 

Carbon Tetrachloride - Carbon tetrachloride is a relatively fragile 
POHC. Laboratory studies have shown that it is decomposed by greater than 
99.99% DE at temperatures below 900 C. [7] Consequently, residual POHC 
emissions are not expected for this or any other moderately well operated 
incinerator. However, the tnchlorornethyl radical is a stable radical and 
can recombine with chlorine atoms in cool zones of the incinerator. For this 
waste stream, chloroform, rnethylene chloride, and tetrachloroethene are 
expected to be the major sources of carbon tetrachloride. Carbon 
tetrachloride has been demonstrated in laboratory studies to be formed in 
moderate yields from the thermal degradation of both chloroform and 
tetrachloroethene. 

Acenaothalene. Acenaphthene. Fluoranthene. Phenanthrene. Purene. 

SGBBST 

Fluorene. Benzo-[a]-purene, Dibenzo-[a]-Anthracene, and Chrusene - These 
nine polynuclear aromatic hydrocarbons (PNAs) have been commonly 
observed as emissions from full scale hazardous and municipal waste 
incinerators. [1] Their formation is through a mechanism similar to that 
described for benzene (and hexachlorobenzene) and generally involves 
addition of substituted vinyl radicals to olefinic substituents on already 
formed aromatics. These are complex mechanisms and it is difficult to 
predict their yields accurately. As a result yields and mass emission rate 
were based on full scale emission measurements and general principals of 
reaction kinetics. [1,7,10] The emission estimates for benzo-[a]-pyrene, 
dibenzo-[a]-anthracene, and chrysene are worst case estimates based on 
measured emission data of other PNAs, but are included because of their 
relatively high carcinogenicity. 

EMISSION MEASUREMENTS AT FULL SCALE INCINERATORS 

Full scale incinerator emissions measurements have resulted in 
measured PIC to POHC emission ratios of 1:1 to 3:!. Commonly observed 
PICs have been chloroform, carbon tetrachloride, bromoform, other 
brominated and chlorinated methanes, trichloroethane, trichloroethylene, 
and various phthalates, benzene, and toluene. [11 The emissions of such 
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compounds as chloroform, bromoform, 1 ,1,1-trichloroethane and diethyl 
phthalte appear puzzling at first because they are all known to be very 
fragile materials. However, the emissions of brominated compounds from 
incinerators which are not reported as burning brominated wastes is very 
suggestive of an alternative source of introduction of these pollutants. 

In fact, it has been shown that many of these halogenated compounds 
are commonly found as contaminants in the scrubber inlet water. [1] Since 
they are very volatile, they can be volatilized by hot combustion gases and 
stripped into the flue gas. Trenholm has shown that in many cases the 
quantities of these compounds in the scrubber inlet water can account for 
all of the observed emissions. Phthalates are common plasticizers and can 
be easily introduced as sampling or analysis artifacts. They have been 
apparently anamolously observed air pollution studies. [10] 

Since it appears that these compounds are not produced in the 
combustion system, they have not been included in the emissions estimate. 
Measurement or estimation of volatile halocarbons in the scrubber water 
must be made as a first step to estimating this potential source of 
emissions. 
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Footnotes to table - Estimate of Organic Emissions 

R r    r Compounds and feed rate furnished by R.F. Westen 
D. Based on actual laboratory generated experimental thermal 

decomposition data or extrapolated based on theory. DE (Thermal) is 
the destruction efficiency at 900 C achieved under laboratory non- 
flame conditions in a pyrolytic atmosphere 

E. Based on the assumption that 99* of each POHC passes through the 
flame and is completely destroyed. The DE of the remaining \% which is 
destroyed in the post-flame zone is assumed to be equal to DE (Thermal) 

Theoretical DE at 900C= 99.0000+0.01*DE(Thermal) 
F. Emission Rate of POHC=Feed Rate*( 1 -Theoretical DE at 900C/100) 
6.     Emission Rate as PIC is based on the data included in the PIC estimate 

tables. The formation of each POHC as a PIC from every other POHC 
has Deen estimated. Also the contribution to PIC formation of poorly 
characterized reactions involving the waste feed as a whole have been 
included. Emission rates of other PICs have also been included at the 
bottom of the table. 

H.     Emission Rate as POHC and PIC= Emission Rate POHC+Emission Rate PIC 
i.      Effective Theoretical DE of P0HC=100*(1 -Emission Rate as POHC and 

PlC/Feed Rate) 
J.     Assumes that the incinerator achieves 99.99;? DRE for the POHC which 

is most difficult to destroy.    Toluene had the lowest Effective 
Theoretical DE of 47.8756% due to its very low feed rate and large 
propensity for PIC formation from a variety of compounds. 
Normalized Emission Rate=Emission as POHC and PIC*(0.0001/0.521244) 

K.    Normalized DE=100*(1 -Normalized Emission Rate as POHC and PIC/ 
Feed Rate) 
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Incineration of Basin F Liquids 
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Footnotes to table - Estimate, of Organic Emissions 

B,C. Compounds and feed rate furnished by R.F. Weston 
D. Based on actual laboratory generated experimental thermal 

decomposition data or extrapolated based on theory. DE (Thermal) is 
the destruction efficiency at 900 C achieved under laboratory non- 
flame conditions in a pyrolytic atmosphere 

E. Based on the assumption that 99% of each POHC passes through the 
flame and is completely destroyed. The DE of the remaining i% which is 
destroyed in the post-flame zone is assumed to be equal to DE (Thermal) 

Theoretical DE at 900C= 99.0000+0.01*DE(Thermal) 
F. Emission Rate of POHC=Feed Rate*(1 -Theoretical DE at 900C/100) 
G     Emission Rate as PIC is based on the data included in the PIC estimate 

tables. The formation of each POHC as a PIC from every other POHC 
has been estimated. Also the contribution to PIC formation of poorly 
characterized reactions involving the waste feed as a whole have been 
included. Emission rates of other PICs have also been included at the 
bottom of the table. 

H.     Emission Rate as POHC and P1C= Emission Rate POHC+Emission Rate PIC 
I.     Effective Theoretical DE of POHC= 100*( 1 -Emission Rate as POHC and 

PIC/Feed Rate) 
J.     Assumes that the incinerator achieves 99.99% DRE for the POHC which 

is most difficult to destroy.   Toluene had the lowest Effective 
Theoretical DE of 47.8756% due to its very low feed rate and large 
propensity for PIC formation from a variety of compounds. 
Normalized Emission Rate=Emission as POHC and PIC*(0.0001/0.521244) 

K.     Normalized DEr 100*( 1 -Normalized Emission Rate as POHC and PIC/ 
Feed Rate) 
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< 

AB                                          C t> E                     F          1         C 
J IFeed Rate: ! PIC Yield («) 

3^ *   :              Parent POHC              Ktons/ur); P !                                       i             M .1 -Dichloroei 1 .2- Dichloroei l ,2-Dichloropj 1,3-Dimethyl 
4 1    M,1-Dichloroethene                            6.5E-03;                     \                                           \ 
5 2   M,2-Dichloroethene                            3.ÖE-Ö71                                          1                     ; 
6 3   M,2-Dichloropropane                          1.6E-02!                                           j 
7 4   M ,3-Dimethyl benzene                         1.3E-03I 
8 5   j Acetone                                        I    5.6E-02:                    j                    |                    j 

1   9 I   6   ^Ammonia                                           1.7E+Ü3:                                          i                    i 
• 10 7   'Benzene                                       I    3.8E-03!                                          !                    I 

11 8   ;Bro mo met harte                              !    2.6E-04J                                          j                    j 
12 9   iCar Don Tetrachloride                          4.3E-03; 
13 10  -Chlorobenzene                                   1.2E-03I 
14 11   'Chloroform                                    \    7.5E-Ü3! 2.ÜE-04! 

1 'S 12  : Et iiui benzene                                 I    2.4E-03!                     !                     i                   „\  
L 16 13  ; Methanol                                      l    1.4E+Ö2!                    j                    1 

!? 14 iMethuleneChloride                       i    7.3E-03! 1.0E-04I 2.ÜE-04: 
18 15  iTetrachloroethene                                 3.9E-03! 1.0E-04; 2.0E-04! 
19 16  ^Toluene                                              6.8E-04; i         1.0E-04 
20 17   ITrichloroethene                             1     1.3E-02- 1.0E-03J 5.0E-04!                     I 

IS  ivylene                                         i    7.6E-03;                    ;                    !                    j 
22 19  ;4-Ch!orophenylmethul?ulfone        i    3.9E-03i                    !•                   :• 
23 20  = 4- C hi o rop he n ui met h ul s ul foxi de      I    4.9E-01;                     !                     j                     j 
24 21   14-Nitroohenoi                              j    3.ÖE-01!                    1                    1                    I 
25 22  lAldrin                                           1    3.6E-02! 1.0E-04I 1.0E-04I                     i 

< H- 23   lAtrazine                                          i    8.0E-03!                  ■   j                                             I 
24  iHydroqen Cyanide                                3.4E-Ö2!                     1                     !                     | 

28 25  iDieldnn                                        j    7.4E-03| 1.0E-04I 
29 26  JDiisopropyl Methylphosphonate            1.3E+00I                      !                                             1 
30 27   ! Dimethyl Methyl phosp ho nate          !    3.1E+01!                                            I 
31 28  ; Di met hyldisul fide                         ;    3.6E+00! 
32 
33 

29  i Dimethyl phosphate                        i    8.5E+00!                    j 
30  iDithiane                                            1.3E-03I                    !                    i                    i 

34 31   jEndrin                                         i    7.2E-03! 1.0E-04I 
35 32  :H#»x3chlorocyclopentadiene                 6.7E-02;                                                             | 
36 33  'isodrin                                          j    1.9E-02I                     I                                           1 
37 34  iMalathion                                      !    2.9E-02! 

_ 38 35  ;Parathion                                      1    4.0E-03;                                            ! 
39 
40 

3G   iSuporiä                                                    1.2E-02I 
_3?"TÜrea" " ~" "            i    5.2E+03:                      j                      !                      1                   - 

4! 38  lYapona                                                3.2E-Ü2;                     i                     \                     i 

_ 

42 39  ip.p-DDE                                        j    3.9E-03:                     j                     j                     ! 
43 40   :p.p-DDT                                          i     "1.2E-Ö2!                      1                      1                      j 
44 
45  !TÖtäT"Ö7qänicTeeTRate= "       1   "TTJ E+Ü3T 

  1- 
1                      !    2.ÖÖÖE-06 

46 
47 !Total PIC Emission Rate (t7qr)= 1.922E-07; 1.380E-Ö7!    Ö.000E+0Ö1     1.417E-04 

5B-23 



H                       I                       J                       K                       L                       M                       i                       0 
1 i                    I                    iPIC Yield (%}                  j 
2 I                                           !                                                                                        5                                           j                                           :                                           :'     :    , ,,                               ;                                        :                                        :                                        •                                        :                                        i 
3 .Acetone          lAmmonia        iBenzene         iBromomethanejCarbonfetracHChlorobenzeneiChloroform    lEthylbenzei*   ' 
4  L.  !.._ _._ !            \                      1         1.0E-04I                      j 
5  !                  !                      j                      !                      j         1.ÖE-Ö4I                      \ 
6 ?-  ♦ : ? 1 

5                                        -:                                        ':                                        i                                        :                                        i                                        : 
7 !        5.0E-04;                     i                      |         1.ÖE-Ö4I                     i 
8 
9 i        !        !        ! r " ]—   ~i  " i 

10 I                       1                       \      •                \                        :         2.0E-04!                       1                       ' 
11 
12  _J j j   |.  _.L i_ ].MzM~                j 
13 !                     i         1.0E-03!                     !                     !                     I                     !                     i 
14 ill!         1.0E-03!                       1                        i 
15 I                     j         1.01-03!                     !                     !        5.ÖE-04;                     j 
16 
1? Ills         I.OE-041                      ! 
18 I                         !                        !                         !          5.0E-04:                         j                         1 
19 !                      !         1.0E-03I                      i                      I         5.0E-041                      j         1 ÖE-Ö4 
20 !:;:':;: 
21 5.ÖE-04:                      i                                1.ÖE-Ö4; 
22 i                      !                     !                     1                     !        5.0E-03!                      ! 
23 i                    !                     I                    \                     I        5.0E-03!                     ! 
24 ■                      1         5.0E-04i                      j                      f         1.0E-Ö4!                      ! 
25 
26 
27 :                  """:    ;"-•:""" ~~ t i  1"   ~        "        I        •      1 

J_28 .._ L_ _ I..              1 "     !        " "    !           "   1             "I-"  "~     1 
f~29 

30 
3! — ...    _ i   _ _ L..~  T """"! " "    1    " r - " ! -1 
32 :                                            :                                           ?             :               "     "   :            '            ~   "        :'""  ? " "'     "~l 

33 
34 :                                                i                                                ':'■■:                                                "' 

35 
36 1                        1                        =                        i                        i                        i                       1 

1 37 :                                        •               :'■" ! ~  :    "-       —   ~    1-- " -:  ~  , 

  - ;                                 ;                           ;    , ,,,               :                                        !                                        :                                        j 
38 i            j            !        i            i            ;            !          1 
39          ill!!        5.0E-02!                     i 
40 ■                                        :                             ?""■ ■  r       —   -    ■          : ■     ? •  

•                                               :                                                '•                                               ■                                                ':                                               '■                                                • 

41 :                                        \                                        \                                        I                                        j                                        j                                        : 

42 i             .._ !           !                     !                     !        1-0E-02!                     j 
43 !                      !                      1                      I         1.0E-03!         i.ÜJE-021         2.ÖE-04I 
44 •                                 '"      :                   ? : f r 1  

...          i „J  !    j.                      i                        .j                        : 
45 1                       !     1.000E-05!     1.000E-06I                      !    2.ÖÖÖE-Ö6I                      i    3ÖÖÖE-06 
46 !                         !                         1                         !                         !                         1                         1                        -• 
47 Ö.OÖOE+GQ!    O.OOÖE+OÖ!    7.101~E-04=    7.086E-05;    2.218E-07!     1743E-04;    2 83ÖE-Ö8:    2 126E-Ö4 
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J PI«                          RlS                         T            |            U            |            V            |           W 
-1 1 IPIC Yield (*)                  !                    1 

2 

Ä Methanol        i Met h yl e ne C hi qt'etrac hi oroet h; Toluene          jTrichioroetheriiXylene           ! 1 ^4- Dlchlorobi 4-Chlorophem v[ 1.0E-04!                       III!         3.0E-04! 
5 1                                             1                                             1         3.0E-04I 

j   6 
J.   7 :                                                     1.0E-03!                     !                     !                     i 

8 
j   9 

-1 10 
11 

i 12 3.ÜE-Q2;                             3.0E-03!                             2.0E-Ü4; 
J 13 ;                     1                               i.ÖE-Ö4i                     {                     I                     j 

14 5.0E-04!        2.0E-02!                             2.0E-03;                    I        2.ÜE-04I 
j 15 1                             1.ÖE-Ö3!                    I                    I                    i 

.1 16 
!7 ill:         7.ÜE-04I                      i                      j 
18 1.ÖE-Ö4!                     1                               1.0E-03J                     !        5.0E-04; 
19 !                                                                           i.ÖE-04!                     ! 
20 

,21 
•         1.0E-04!                     III!        5.0E-04; 

1                                I.ÖE-Ö3I                      j                      I                      ! 
J22 

23 
24 
25 

M 
— 

29 
30 

| 31 
1 32 

33 
{34 
1 35 

36 
j 37 

-1 38 
39 

,40 
i 41 

42 •                                                •                                               *                                               '■                                                :                                               :                                               ! 

43 
44 
45 [.ÖÖÖE-Ö5I     1 0ÖÖE-Ö6?                      1    5.ÖÖÖE-Ö6I                      1    2.ÖÖÖE-Ö6!                      1 
46 
47 7.Ö86E-Ö4!    7.Ö92E-Ö5?    2.79ÖE-G6!    3.544E-Ö4;    3.691E-Ö7I     1.4t7E-Ö4|     f.276E-Ö7!    Ö.ÖÖÖE+OÖ 
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' 

X                         Y                         2                        AA                      AR                       Af!                      AD                       AF 
! iPIC Yield (%) 
2 1                                           l                                           \                                           =                                           !                                           : ! — 
 !■■■                                     ;                               :                                        ■                                        :                                        : 

• 
3 4-Chlorophen«4-NitrophenoljAldrin           lAtrazine        jHudroqenCuaniDieldrin        iDiisooroDul MiDimethuldis 
4  ___ __.„ :  .        $_               . :_                   i                                        '■                                        ■                                        i 

5 •:■■■•*■■  _;  • -. _._ :    :                                     I 
h 
7 i                          '■                          i                          i                          :                          i                          : 
8 1                       i             ■          i                       >■                        ;                        ;                        J                       ; 

9 '1 
1U ■                                                :                                               :          ,                                    :                                                :                                                i                                                : ' 
11 
12 I 
13 j 
)4 :                                        i                                        •                                        :                                        :                                        ■ 

15 
16 
17 
18 •:••;■: 

j 
19 1 
20 
21 
22 

- 

23 
24 
2b 
26 

• 2? 
28 
29 
30 
31 
32 
33 
34 — , i  j :                 :                                   i                                        :                                        I 
6b 
36 

:                                            :                                           :                                           :                              *           1             *   ™   ~*"f ™                  1 1 

37 
38 

i   .          . _i                  -;   j._.                t                  !                  i 
!                     !                     !                     j                     ] "  T~ ~      T -       -  - 

39 
40 '=                          }                          !                     1                    !                          j                          :                          I 
41 
42 
iiii ~ ~   T "        ~   i ■        "   T          —1 

:                                            :                                           :                                            :                                            : 
— • _            ;           :                                        I                                        ':                                        :                                        : 

43 ™ ; j        ™   L       _ ._J                 i                 l                 \                 ) 
44 :                                        :                                        :                                        :                                        :                                        : 
45   • „.L                      i       :                         I                         I                         : 
4fe __   J.                                          1                                           :                                            ;                                            -                                           1                                            : 
47 0.000E+00I    O.OÖÖE+ÖÖ!   fi.OÖÖE+ÖO!    Ö.ÖÖÖE+ÖGI   Ö.ÖÖGE+ÖÖ!    O.OÖÖE+ÖÖi    Ö00Ö~E+ÜÖ=    ÖÖÖGE+ÖÖ 

1 

5B-26 

• 



{ 

AF                       AC                      AH                       Al            |           AJ           |          AK                      AL           |          AM 
1 IPIC Yield {%) 

gs&t£— 

W DirrsethylphosplDithiane        jEndrin          iHexachlorocycllsodrin          iMalathion      jParathion      iSupona w^ 
5 

1   6 
1
  7 

8 

1   9 
!
 10 

11 
12 1 i i 

1 13 
14 

I 15 
1 16 

J? 
18 
19 

< 

20 

1 21 

22 
23 
24 
25 

28 
29 
30 
3! 
32 
33 
34 
35 
36 
37 

„ 38 
39 
40 
41 

i 
.1 

1 
1 

42 
43 
44 
45 
46 
47 Ö.0Ö0E+ÖÖ;    O.OOOE+OOj    O.OOOE+00:    O.OOOE+OOj    O.OOOE+00!    O.OOOE+OOj    O.OOOE+00!    O.OOOE+00 
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A«                    AO                    AP          I         AQ                    AR                    AS                    AT                    Ml 
1 1                                          iPIC Yield {%}                   j 
2 !                 i                 i                 j              "!'                i              !   
3 Urea              lYapona           lp,p-DDE        lp,p-DDT        sill 
4 ■                                        :                                        :                                        :                                        '                                        =                   '    '           "   ! 

        .   :. _4 _    .       ...   ..   | ■                          =                                        :                                        : 

5 ::■:•;: 

6 +            J- _..  !              !              !              !              !              !              1 
7 !                           I                           j                    7                      ;  1— •""•-  r "  "i 

8 ::■:•;■: 

9  !            i                  j                  !                  j                  I                 1 
10 ■                                                          ;                                                          l               ,                                         ■                                                          I                                                          :                                                          : 

11 ■'':':'■':                                           :. 

12 
13 
14 
15 
16 
17 
18 :                        i                       :                       i                        1                       i                       ? 
19 
20 
21 
22 

■                                                    :                                                    •                                                    :                                                "    :                                                    -                                                    - 

23 
24 
25 
26 
27 j                                      "":               :        .       ~      "                7             ""1 1~ j  " 

28 - _L _ J__ZI i           ' " !                !              H            """"I "   "1 
29 
30 
31 
32 
33 
34 
36 :                                            :                                            :                                            *                                            :                                           :                                           : 
36 ;                                                ;                                                :                                                :                                                :                                                :                                               ?                         

37 J         i                  j                  i                  j                  i                  i                  T 
38 =                 i                 !                j      !       _    • "1      "I  ~ 1 
39 
40 '•::'•'•:                                            j- 

41 
42 
43 1                        i         5.0E-01!                        i                        !                       !                       i             - 
44 
45 

i 

46 — 1                 !                i   .                     1                         i                         1                         i                        T 
47 O.OOOE+00;    O.OOOE+00!    6.000E-05I    O.OOOE+OOI                       i                      i                                              j 
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I. AV                      AW                      AX                      AY                      AZ           |          BA                      BB                      BC 
1 1 jYIELD OF PICS WITH SPECIFIC PRECURSORS (*) 

2 

# Vinyl ChloridelMethyl Chloridstyrene         iPhenol           jBenzaldehude iBenzoicAcid   lAcetonitrile    iAcrulonitrile 
IHS5J1 

1.OE-03!                i                !                !   i'                !                \ 
5 i .ÖE-Ö3I                !                i                1                                 i                i 

1   6 
■L 7~ 

8 
9 

L io ;.       i.OE-03!         l.OE-04!                                               ! 
it 
12 

L 13 !               !'""'" TVÖE-Ö4! 3!ÖE~Ö4!            F~ 1            H 
14 

! 15 I.ÖE-Öi i        5.ÖE-Ö4!         1.ÖE-Ö4!                     j                     ! 
1 16 

17 !          I.OE-03:                                                |                       !                       |                       j                    . 
18 l.OE-04;                     i                     !                     !                     1                     !                     I 
19 i                      !                                5.0E-04;         l.OE-04:                                             1 
20 

.21 
22 1.ÖE-Ö4!                       j                       :                       j                 .      !                       :                       ! 
23 1.ÖE-Ö4I                        !                       !                       I                       =                       |                       j 
24 1.0E-Ö1!         i.OE-021         I.OE-03!                      1 
25 

!                                                                               1.0E-02I         I.OE-03 
I 28 
1 29 

30 
I 31 
'■32 

33 
I 34 
1 35 l.OE-04!                        j                                                !                       i                       !                       ! 

36 l.OE-04:                        j                       !                       |                       !                       j                       1 
j 37 
1.38 

39 
,40 •                                                    '                                                    :                                                    :                                                    :                                                    '                                                    : 

1 41 :         5.0E-04;                       ill: 
42 l.OE-04!                                  2.0E-04!                       }                       |                       j                       \ 

, 43 
44 

i.ÖE-Ö5;         i.ÖE-05*         1.ÖE-Ö5!         5.01-05?         i.ÖE-Ö5{         5.ÖE-06!                      j 45 
46 
47 7.095E-04!    7.086E-04;    7.1 11E-04I    3.843E-03:    7.386E-04!    3.573E-04!    3.400E-06!    3.400E-07 
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I 
m                    BE          |         BF                    BG          |         BH                    SI                     BJ                    BJC 
 )                      lYlELD OF PICS WITH SPECIFIC PRECURSORS«) 

2 :                                        :                                        :                                        :     ■■—  ! 1 ! ~ 

5 Cprwfen        lHexachloroben5Pent8chlorobefiTetr8chloroberjfriciiloroi»n2eDichloroben2eriBipheny1        U-Chlorobip 
4 —             i                          j               '          !                          !          2.0E-G4;          3nF-n4.;                          ! 
5 1                      1                      |                      j         2.ÖE-Ö4I         3.ÖE-Ö4I                      j 
6 •                                           :                                           |                                           :                                                                                        :                                           • 
7 :                                           ;                                           =                                           :                                           :                                           ?                                           :                          

8 :                                        : ? ;— ? " :   1  

9 i                i              i    I                j                j                i               ] 
10 
11 
            i                     j                     !     •                !                     i                     !         i.OE-02!         1.0E-0?1 

!                              i                              I                              1                               :                              1                               1 
12               I         5.0E-03!         2.ÖE-Ö3I         1.0E-03!         5.ÖE-Ö4;         2.ÖE-Ö4;                     T                     1 
13 .      J              i                     j                     !                     1                     i         i.ÖE-Ö3!        5.ÖE-Ö3 
14 ;         5.0E-03!         2.0E-Ü3!         1.0E-Ö3!         5.ÖE-Ö4;         2 01-0$                    T 
15       i )        1    !.                    i                     j        2.QE-Ö3!        2~.0E-Ö4 
16 
1 / 
18 !         1.0E-02I         5.GE-03;         2.0E-031         1.0E-Ö3:         5.ÖE-04:                                             ■> 
19 1    ._    .....    !                     1                     j                      !                      j         i.ÖE-Ö3!         1.Ö1-Ö4 
20 i          I.OE-02!         5.0E-03!         2.0E-Q3!         1.ÖE-Ö3!         5.QE-04;                       ! 
21 :                                               :                                                '■                                                '                                               '•                                                :                                                : 

22 '      J  _     j.                    J                    ■!                       !         1.ÖE-04I         5.0E-02J 
23 .. l   . . _      ..   i         _._        j                     !                      I                     \         i.ÖE-Ö4l        5.ÖE-ÖZ 
24 :                                           :                                           :                                           '                                           '•                                           '■                                            : 

2b I          l.OE-04!                        i                       1                        i                       •'         ! " ~ 
26 :                                           -                                           '■                                           :                                            *                                            ■                                            ' 

27 1.01-04=                i                i                !  r~   ~ T~" — \ "   * 
28 \         1.0E-Ö4!                      i                      j                     I                     7 ~ ""'            r "         "1 
29 j                                           t              *  '                        :            '       ""~'t — ~  I  - t" '": "  ^ 

50 
31         -             i    _.            _1         .       _L_         __!                     !               "•"! "" T  "     ""    "1 
32 
33 :                                            ::'''■:                                            : 

34 !          l.OE-04!                        !                       !                        !                       i " •                        1 
35 i          l.OE-04!                        ill!                     1        ~ » 
36 j          l.OE-04!                        !                       j                        j                     ' !                        !      ~ 
3/ 
38 ;                   1                   !                   i                   ;                   !        1.ÖE-Ö4 
39            I                        !                        j                       =                        1                       i          i.ÖE-Ö4!         5 0F-n; 
40 ;                                                          ;                                                         " + —"* -—;—— .--—. —-j. _  .. 

41 :                        1                        ;                       i                        :                        !                        i 
42 -    -         i-        1                      :                     i                      !                      !         l.OE-04!         1. OF- ni 
43 —  J                      1                      i                       !                      i         1.ÖE-Ö4!         i.QE-Öi| 
44 !                        i                        i                        !                        !                        !                        '■■                        1 
45 1                      J             j                        !                        j                       !         5.ÖE-Ö6!         2.ÖE-Ö6 
46 :                                            :                                            !                                    "        —   ~        "            1— • ►  

47 O.400E-03I    2.417E-06:     1.Ö8IE-06!    4.56ÖE-ö?i    2.41ÖE-071     1.276E-07I    3553E-04-1    4 iÖ7E-Ö4 
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BL                      BM                      BN          |          BO           |          BP          |          BQ                      BR          f          BS 
1 jYIELD OF PICS WITH SPECIFIC PRECURSORS {%) 

ltd w 4,4'-Chlorobi(Ben2onitri1e   jPyridine        iCarbazole      iQuinoline       i                   !                   i 

5 

I   6 
!
   7 

8 

1   9 
1 10 1.0E-04:                       j                       j.                     i                       |                       I                       | 

11 
12 
13 1.0E-04!                      I                                             !                      )                      1                      | 
14 |                                        j                                        j                                       j                                        :                                        :                                       j 

15 
16 
17 

, 18 
| 19 

20 
21 
  j \ - \ —■ "♦ 1   \ 1  

22 1.0E-03J                      i                      j                      |                .      j                      i                      ! 
23 1.0E-03I                      1                      j                      1                      j                      j                      | 

<24 :                 .                ;                                  :                                  ;                                   :                                  j                                  j 

|25 m 
|         1.0E-03I         1.0E-04!         2.0E-04?         5.0E-04!                      j 

28 
29 
30 
31 

-32 
33 

j 34 
-L35 

36 
| 37 
i-38 

39 1.0E-03!                     1                     i                     !                     !                     !                     ! 
j 40 :                                                     *                                                    :                                                    1                                                    '■                                                    \                                                    i 

141 
42 2.0E-03J                      1                      !                      |                      !                      j                      i 
43 2.0E-Ö3;                      |                      !                      !                      j                      i                      | 
44 
45 
46 
47 5.382E-Ö6:    3.4ÖÖE-Ö?!    3.4ÖÖE-08I    6.800E-08;    1.700E-07I                     !                     I 
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|         BT BU i         BV BW                     BK BY BZ CA 
i i 

-i  =           YIELD OF PICS WITHOUT SPECIFIC PRECURSORS*:« 

i 
2 • 

-i  
: : :                                           : : : : 

5 Benzofuran jDitenzofuran !AcenapMha1en*Acenaphthene iRuoranthene = Phenanth rene !Pyrens iFluorene 
4 : : 

 !       
:                                                    : - : 

5 : :                                        : : 
6 1 : 

7 : : :                                           : 

§ : 
.,:  

:                                           | 

i 

9 : :                                           j : 
10 r 

11 ! 
12 : .:   j   
13 
14 
15 :;                                           :                                            :                                           :                                            :                                           :                                            : - 
16 
17 
18 r .:..-...._„ .___.: 19 : 

20 
21 :                                               ;                                               :                                               :-                                               '■                                                :                                               : 

22 
23 ■ 

'< 

24 a                        ' : 
25 
26 I  
27 
28 
29 ::■;::: 

30 
51 

 :... „.„  

32 i                          :                          '■                          !                          !                          i                          i 

33 : 
34 ::;::;: 
35 :•■:::• 

36 l-  i— ~. 
:                                            :                                            | I 

3/ 
38 •'::'■'•■: 

39 - * 
40 2                         {                         1                     1                         i                         i                         ! 
41 :                                        :                                        ;                                        :                                        :                                        :                                        : 
42 ——..i. 

: 

43 : : : : "i 
44 1 
45 2.0E- 05! 1.0E- 06!         5.0E- Q6|        5.ÖE-Ö6I        3.ÖE-Ö6! 2.0E- 06;         1.0E- •06!          1.0E- ■Qt 
46 :  :  

4/ 1.417E- 03! 7.086E- 05!    3.543E- 04!    3.543E-Ü4;    2.J26E-Ö4! 1.417E- 04!    7.036E- 05!     7.086E- 05 
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CB                     CC                     CD                     CE                     CF 
1 1 YIELD OF PICS WITHOUT SPECIFIC PRECURSORS(K) 

JüUL 
m— Etenzo-[8]-pytiDibenzo-[a]-aichrysene                           I 

5 
6 
7 
8 
9 
10 
11 
12 - -- - \ - - - j - -f j - -  
13 
14 

, 15 
i 16 

17 
18 
19 
20 
2! 
22 
23 
24 

| 25 

<Üll&- SUJBr 

1 28 
1
 29 
30 

| 31 
1 32 

33 
j 34 
1 35 

36 
37 
 -•■•■= j— - |  f - -  

38 
39 

1 40 

1 41 
42 
43 
44 
45 1.ÖE-Ö6I         1.ÖE-Ö6!         1.ÖE-Ö6I 
46 
47 7.Ö86E-Ö5I    7.Ö36E-05!    7.086E-05I                      j 
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SECTION 1 

INTRODUCTION 

The following protocols describe the ambient air quality modeling and health risk 

assessment approach that will be used to establish numeric emission limits for the 

Submerged Quench Incinerator (SQI) at the Rocky Mountain Arsenal (RMA) in Denver, 

Co. RMA is required to install and operate the SQI to destroy the Basin F liquids currently 

stored in the (3) three tanks and a double lined pond at the Arsenal. The action is part of 

the Interim Remedial Action (IRA) selected to treat and dispose of the Basin F liquid. 

These protocols describe the method to be used to establish stack gas emission limits for 

the incinerator which correspond to the allowable risk level/hazard index (as identified in 

the decision document) for the nearest exposed population.   The protocols are based on 

U.S. EPA guidelines on air quality modeling and risk assessments and WESTON's 

experience gained through similar work assignments.  The remaining portion of Section 1 

presents a brief facility and process description. Section 2 provides a description of the air 

quality models, input data, and modeling approach to be used and Section 3 provides a 

description of the health risk assessment approach and methodology for contaminant 

identification, toxicity assessment, and exposure assessment. 

1.1  FACILITY LOCATION AND PROCESS DESCRIPTION 

1.1.1  Facility Description 

The following facility description is a summary of the information provided in the Final 

Decision Document for the Basin F Liquid Interim Remedial Action (IRA). Rocky 

Mountain Arsenal (RMA) occupies over 17,000 acres (approximately 27 square miles) in 

Adams County, directly northeast of metropolitan Denver, Colorado. RMA was established 

in 1942 and has been the site of manufacture of chemical incendiary munitions and chemical 

munitions demilitarization. Agricultural chemicals including pesticides were manufactured 

at RMA from 1947 to 1982. 
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In 1956, an evaporation pond called Basin F was constructed in the northern part of RMA. 

Basin F had a surface area of 92.7 acres and a capacity of approximately 243 million gallons. 

From August 1957 until its use was discontinued in December 1981, Basin F was the only 

evaporative disposal facility in service at RMA. 

In 1986, the Department of the Army, Shell Oil Company, and the U.S. Environmental 

Protection Agency (EPA) Region VIII, agreed that an accelerated remediation be 

undertaken pursuant to CERCLA (Comprehensive Environmental Response, Compensation 

and Liability Act) to contain the liquid and contaminated soils in and under Basin F. In a 

June 5, 1987 report to the court, the Organizations and the State agreed that fourteen 

interim actions, including the Basin FIRA, were necessary to expedite the cleanup of RMA. 

In the first part of Basin F remediation, Basin F liquid was transferred to three lined steel 

storage tanks and to one double-lined covered pond. Transfer of Basin F liquid to tanks 

and Pond A for interim storage was initiated in May, 1988 and completed in December 

1988. Presently approximately 4 million gallons of liquid are stored in the tank farm and 

4.5 million gallons are stored in Pond A 

The Army has selected submerged quench incineration (SQI) to thermally treat 8.5 million 

gallons of stored liquid from Basin F at Rocky Mountain Arsenal as an Interim Remedial 

Action. The SQI consists of a feed system to inject the Basin F liquid into the incinerator; 

the high temperature incinerator with a quench chamber to cool the gases and dissolve the 

molten salts from combustion; a spray dryer; and associated air pollution control equipment. 

1.12  Process Description 

The submerged quench incineration process will use a vertical downfired liquid incinerator. 

The liquid to be incinerated would be injected at the top of the furnace into a gas flame. 

Burning the liquid at high temperature (about 1,900 "F) is expected to destroy the organic 

compounds in Basin F liquid. After incineration, all the combustion products will be forced 
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downward and cooled in a liquid quench tank, to aid in washing out particulates and 

cleaning the exhaust gases. The high temperatures will melt noncombustible components 

of the Basin F liquid, producing molten salts which will flow down the walls of the 

incinerator and also be cooled in a quench chamber. The exhaust gases, which will include 

a mixture of combustion byproducts and other gases, will be passed through air pollution 

control devices which include a venturi scrubber and a packed tower. The brine from this 

process may be disposed of offsite as a liquid. 

Operation of the submerged quench incineration process will require the transportation onto 

the Arsenal of 2,600 cubic yards per year of sodium hydroxide, a caustic compound used in 

the air pollution control process. The submerged quench incineration process will produce 

salts, of about 25 percent of the original volume of the Basin F liquid. These salts which 

contain metals 'will be disposed of in an off-site hazardous waste landfill. 

12  PHYSICAL EMISSION CHARACTERISTICS 

The physical emission characteristics of the submerged quench incinerator have not been 

finalized at this time. The incinerator will be designed and operated to meet the RCRA 

incinerator requirements which are presented in Table 1-1. The trial burn will be required 

to demonstrate the ability of the incinerator to achieve the performance requirements 

outlined in the Final Decision Document(May, 1990). 

1.3  GOOD ENGINEERING PRACTICE ANALYSIS 

Section 123 of the Clean Air Act defines Good Engineering Practice (GEP), with respect 

to stack heights, as "the height necessary to ensure that emissions from the stack do not 

result in excessive concentrations of any pollutant in the immediate vicinity of the source 

as a result of atmospheric downwash, eddies or wakes which may be created by the  source 
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Table 1-1 

RCRA Incinerator Requirements3 

Destruction and Removal Efficiencies 

Dioxin and Dibenzofurans 99.9999% 

Polychlorinated Biphenyls 99.9999% - 

All other Organic Compounds 99.99% 

• 
Particulates Emissions 0.08 grains 

per dry standard cubic ft. 

@ 7% 02 

Hydrogen Chloride Emissions 1.8 kg/hour 

4.0 lb/hour 

a 40 CFR 264343 (Performance Standards) 

• 
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itself, nearby structures or nearby terrain obstacles."   For this analysis, 40 CFR 51.1(a) 

defines nearby as "that distance up to five times the lesser of the height or the (projected) 

width dimension of a structure, but not greater than 0.8 km ... . 

"According to 40 CFR 51.1(ii), GEP stack height means the greater of the following 3 

factors. 

1. 65 meters, measured from the ground-level elevation at the base of the stack, 

2. For stacks in existence after January 12, 1979, 

Hg =   H + 1.5 L 

Where: 

Hg = GEP stack height 

H =  height of nearby structure(s) measured from the ground level elevation 

at the base of the stack. 

L =   lesser of height or projected width of nearby structures. 

3. The height demonstrated by fluid model or field study which satisfies the 

definition of GEP in Section 123 of the Clean Air Act. 

This GEP stack height analysis will be based upon the EPA (1985) guideline document. 

The GEP determination will be made for each building, and then the stack will be 

associated with the nearby building which would result in the greatest GEP. The stack 

height for the SQI has not been specified at this time. When the stack height is finalized 

the GEP analysis described above will be performed to determine if building downwash of 

the stack gases could occur and if building downwash effects will be incorporated into the 

modeling analyses. 
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SECTION 2 

AIR QUALITY MODELING PROTOCOL 

2.1  MODEL SELECTION 

Models to be used as input to the exposure assessment and establishment of numerical 

limits for the incinerator will be EPA-approved UNAMAP Version VI dispersion models 

and an enhanced version of a UNAMAP model which calculates dry and wet deposition. 

The procedures used in executing the models will follow those outlined in EPA's Guideline 

on Air Quality Models (Revised) (1986a, 1987a). 

A preliminary review of the geographical setting and a review of the land use pattern near 

the Rocky Mountain Arsenal was conducted to classify land use for modeling purposes, 

according to the method of Auer (1978; copy attached). The preliminary review was based 

on inspection of the typographic maps of the SQI incinerator location out to 3 km. Based 

on their approximate evaluation, it was determined that greater than 50% of land use was 

rural. Therefore, models which include rural dispersion coefficients will be used to assess 

the air quality impact of the facility. 

Furthermore, it is expected that there will be no areas near the arsenal where the terrain 

elevation exceeds stack top. As a result, a USEPA UNAMAP Version VI, rural flat terrain 

model was selected for the air quality modeling analysis for inhalable concentration 

calculations and a WESTON modified version of the ISCST model (WESTDEP) was 

selected for wet, dry, and total deposition calculations. Each of these models are described 

in the following subsections. 

2.1.1  Model for Inhalable Concentrations 

The Industrial Source Complex (ISC) model is a steady-state Gaussian plume model which 

can be sued to assess airborne pollutant concentrations from a wide variety of sources. The 
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ISC model is part of EPA's UNAMAP VI series models (EPA 1986b) and consists of a 

short-term (ISCST) and a long-term (ISCLT) module. It is listed as an EPA-approved 

"Appendix A" model. 

The ISCST model will be used to calculate 1-hour, 3-hour, 8-hour, 24-hour, and annual air 

concentrations from the facility at receptors no higher than the stack height plus its base 

elevation. Receptor elevations higher than this are treated by the model as elevations equal 

to stack height plus base elevation. If the proposed stack height is less than the formula 

GEP stack height, building wake-effect induced downwash will be accounted for in the 

model otherwise no downwash effects will be evaluated. 

2.12  Model for Deposition 

The two major mechanisms for the accumulation of materials in surface soils and in surface 

water are wet and dry deposition. No EPA-approved model or modeling techniques 

currently exist which appropriately calculate both dry and wet deposition due to source 

emissions. WESTON has modified the EPA ISCST model to calculate wet, and total dry 

deposition as suggested in EPA guidance (EPA 1986c). A discussion of the WESTON 

approach to model these processes is included below. 

2.12.1  Dry Deposition 

Dry deposition is driven by atmospheric processes, the properties of the surfaces upon which 

materials deposit, and the properties of the particles being deposited. Previous studies of 

dry deposition have used only gravitational settling velocities to remove particles from the 

atmosphere. In particular, the EPA's Industrial Source Complex (ISC) model, which 

contains a gravitational algorithm, has been used in the past to calculate dry deposition. 

However, this model generally could not account for the properties of the particles 

deposited, the properties which effect dry deposition, or hourly meteorological effects other 

than stability. 
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Work by Sehmel and Hodgsen (1978) has resulted in a parameterization of the dry 

deposition process which takes more fully into account hourly meteorological conditions 

(e.g., wind speed, stability, etc.), particle properties (e.g., density, size) and the surface 

properties (e.g., surface roughness) upon which material is dry deposited. 

The basic approach to dry deposition involves calculation of the ambient ground level 

concentration and the deposition velocity. The deposition flux is given by: 

-F = Vd " X, 

Where: 

-F = downward flux of material (dry deposition). 

Vd = the deposition velocity. 

Xj = is the ambient concentration for pollutant i. 

Therefore, if an estimate of the deposition velocity and the ambient concentrations for a 

pollutant can be made, then the dry deposition flux can be calculated. Ransieri and Croes 

of the California Air Resources Board (CARB) have developed computer algorithms based 

on Sehmel and Hodgsen's work which provide hourly values of dry deposition velocity using 

pre-processed meteorological data which can be obtained using the EPA preprocessor 

program. 

WESTON has modified the EPA UNAMAP Version VI of the 1SCST model to incorporate 

the CARB algorithms to calculate dry deposition and renamed the model WESTDEP. The 

WESTDEP model calculates hourly ambient ground-level pollutant concentrations as well 

as hourly deposition velocities to predict the dry deposition flux at each receptor. The 

model is conservative in that no plume depletion is assumed so that the computed air 

concentration and deposition rates represent the upper bound limit values. The WESTDEP 

model allows for building wake effects, terrain adjustments, and incorporates a separate 

surface roughness coefficient (z0) for each receptor. Source information required for the 

model include: 
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Source emission parameters: 

Stack height; 

Stack gas velocity; 

Stack gas temperature; " 

Pollutant emission rate; 

Building dimensions (for wake effects options); 

Mass particle size distribution. 

Particle density, by size (2 grams/cm3 will be used for all particle sizes). 

The particle size distribution used in the modeling will be based on specification, design and 

control efficiency of the selected air position control equipment for the incinerator. 

Meteorological information required is provided by the standard UNAMAP meteorological 

preprocessor file.' In addition, a value for the surface roughness coefficient (Z0) must be 

supplied for each receptor. Based upon the typical land use around the RA, a Z0will be 

conservatively selected and used in the air quality modeling to represent the impact area. 

WESTDEP model output includes annual average pollutant concentration at each receptor, 

total annual dry deposition at each receptor, and average annual dry deposition velocity at 

each receptor. 

2.122 Wet Deposition 

The wet deposition process involves removal of particles via precipitation. Currently, no 

widely accepted wet deposition models are available. Several studies have developed 

mechanisms for removal of particles from the atmosphere during precipitation events. 

These studies assume that particle washout or scavenging is proportional to the mass of the 

plume exposed to the precipitation event, the intensity and duration of the event, and the 

size distribution of the particles in the plume, (Radke et al., 1980, Scire and Lurman, 1983). 

The scavenging coefficients which have developed in these studies are themselves based on 

a very limited number of original studies and are generally related to removal of sulfate 
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aerosols. For example, the work of Scier and Lurman is for sulfate and nitrate aerosols. 

Radke et al. included measurements in power plant, pulp and paper boilers and volcanic 

plumes which all have large concentrations of sulfate aerosols. Since these aerosols are 

hygroscopic, i.e., they have a great affinity for absorbing water in the air, it is likely that 

scavenging coefficients based on these sources will be higher than for other less water- 

soluble species such as the pollutants emitted by the facility. Unfortunately, there is no 

quantifiable data available upon which to base a more reasonable scavenging coefficient. 

Therefore, the scavenging coefficients used in the WESTDEP model are conservative and 

provide an upper bound on the amount of wet deposition likely to occur in the area of the 

RMA. 

The EPA (EPA, 1986c) has developed an algorithm which uses scavenging coefficients to 

calculate wet deposition based on the work of Bowman (1987), and Radke (1980). The 

algorithm developed includes particle size and rainfall intensity dependent washout 

coefficients to calculate wet deposition. Table 2-1 includes the scavenging coefficients that 

will be used in the modeling analysis. The algorithm is based on the mass of pollutants in 

a vertical column of air which extends from the bottom to the top of the plume. WESTON 

has integrated this algorithm into the WESTDEP model in order to conservatively calculate 

wet deposition due to precipitation events. 

In order to compute wet deposition, the same information used for the dry deposition 

calculation is required (i.e., source emission characteristics and hour-by-hour meteorology). 

In addition, rainfall intensity and rainfall type (e.g., thunderstorm, showers, steady 

precipitation) is also needed. Furthermore, the WESTDEP model has been modified to 

compute dry deposition only when no wet deposition i.e., no rainfall is occurring. 

The WESTDEP model has been approved for use in the preparation of numerous health 

risk assessments for hazardous waste incinerators and resource recovery facilities in 

Kentucky, Maryland, Michigan, Minnesota, New Jersey, Pennsylvania, and Rhode Island. 
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Therefore, the wet and dry algorithms, which are now a part of the WESTON modified 

EPA ISC model (WESTDEP) enable WESTON to predict total deposition due to emissions 

from specific facilities for use in multipathway risk assessments. 

12 MODEL INPUT DATA 

In addition to emission rates and physical emission characteristics of the incinerator other 

input data are needed to estimate the incremental and overall air quality impact of the 

incinerator. Specifically, a receptor grid network, meteorological data, and model options 

are required as input to both the ISC and WESTDEP models. 

2.2.1  Receptor Grid Network 

A coarse receptor grid network will be established to find the approximate location of 

maximum estimated air quality impact due to emissions from the facility. From this analysis, 

the nearest critical receptor(s) can be identified for evaluation in the exposure analysis. A 

polar coordinate system with a radial every ten degrees beginning with north, centered upon 

the stack will be used as a basis for receptor deployment for the ISC model application. 

Receptor points for ISCST will be placed at the following distances from the stack: 2,000m, 

2,500m, 3,000m, 4,000m, 5,000m, 6,000m, 8,000m, 10,000m, 12,000m 15,000m, 17,500m, 

20,000m, 22,500m and 25,000m. Terrain elevations selected for the receptor grid will be 

based upon the highest contour between the receptor point and half the distance to any 

neighboring receptor point. Discrete receptor points will be located at sensitive areas such 

as hospitals, schools, parks, etc., and along the property line of the RMA. A refined 

receptor grid with spacing of 100 meters will be used in areas of maximum concentrations 

identified by the initial course receptor grid. Receptors points will also be placed in 100 

meter increments along 10 degree radials from the RMA property line to the first receptor 

ring.  No receptor points will be placed within the RMA property. 
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Table 2-1 

Scavenging Coefficients 

Rainfall 
Intensity 

Particle Size Categories (Microns) 

<2ß 2-10M >10M 

Light(a) 0.22 x IC3     0.18 x 10"3      0.969 x 10"2 

Moderate(b) 0.56 x 10"3     0.893 x 10"3     0.969 x 10'2 

Hea\y(c) 0.146 x 10"2   0.464 x 10"2     0.969 x 10"2 

(a) Light is less than 0.1 inches per hour. 
(b) Moderate is 0.11-0.3 inches per hour. 
(c) Heavy is greater than 0.31 inches per hour. 
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222  Meteorolofical Data 

The meteorological data base for the modeling of annual impacts will consist of surface data 

collected at the Denver Stapleton Airport, for the most recent, available five-year period 

1985-1989. The Airport is located approximately 5 miles south of the incinerator. 

Selection of the meteorologic data is consistent with the recommendations in Section 6.6 of 

EPA's On-Site Meteorological Program Guidance for Regulatory Modeling Applications 

(1987). An annual wind rose for the Airport data showing the prevailing wind directions 

and wind speed classes is presented in Figure 2-1. Coincident mixing heights will be 

derived by merging surface temperatures with twice daily upper air data, both obtained from 

Denver Airport for the period 1985-1989. The raw meteorological surface data and mixing 

heights will be prepared for input to the ISCST models by using the EPA preprocessor 

program. Precipitation data from the Denver Airport during the period 1985-1989 will also 

be merged with the preprocessed data for use in the WESTDEP model for deposition 

calculations. 

22.3  Model Options 

The ISCST model has various options to simulate different dispersion conditions for 

emissions from a stack. The U.S. EPA has recommended (EPA, 1986a) various options to 

be used in dispersion modeling for regulatory purposes. These recommended regulatory 

default options, shown in Table 2-2, will be used in the air quality impact analysis for the 

incinerator. 

2.3  AIR QUALITY ANALYSIS 

The air quality analysis will be conducted using the models, options, and procedures 

discussed in previous sections of this protocol. The WESTON model will be employed to 

estimate annual concentrations, wet/dry and total depositions for each of the five years 
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1985-1989.  Since the expected operational period for the SQI is 18 months, the year with 

the highest concentration and deposition rates will be used as input to the risk assessment. 
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Table 2-2 

Regulatory Default Options 
Proposed for the ISCST Model 

Stack-tip downwash. 

Final plume rise. 

Buoyancy induced dispersion (BID). 

Vertical potential temperature gradients 
of 0.0, 0.0, 0.0, 0.0, 0.02, 0.035, for 
stability classes A through F, respectively. 

Automatic treatment of calms. 

Wind profile exponents of 0.07, 0.07, 
0.010, 0.15, 0.35, 0.55 for stability 
classes A through F, respectively. 

Infinite pollutant half-life. 
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SECTION 3 

RISK ASSESSMENT PROTOCOL 

3.1  INTRODUCTION 

The objective of the health risk assessment to be conducted by WESTON for Rocky 

Mountain Arsenal (RMA) is to assist in the establishment of chemical emissions limits for 

the Basin F Submerged Quench Incinerator (SQI). The resultant emissions limits are to be 

protective of human health, as stated in the Final Decision Document (May, 1990). The risk 

characterization results and a discussion of ARARs will be initially presented in the 

Implementation Document to be submitted to RMA on December 14, 1990, and which will 

be used to evaluate possible design changes in the SQI. The detailed risk assessment 

document will be submitted immediately thereafter. 

The purpose of this section of the protocol is to present the specific methodology and 

exposure assumptions to be used by WESTON in the risk assessment. Preliminary data 

concerning the contaminants of concern are also initially presented. In addition to the Final 

Decision Document, the approach and methodology draws upon the guidance set forth in 

the recently revised U.S. EPA Risk Assessment Guidance for Superfund: Human Health 

Evaluation Manual (EPA 1989a) and the U.S. EPA Methodology for Assessing Health 

Risks Associated With Indirect Exposure to Combustor Emissions (EPA 1990a). These and 

other pertinent guidance documents are indicated in the appropriate sections, and are listed 

in the protocol in Subsection 3.7. 

A risk assessment for the proposed SQI was previously performed by Woodward-Clyde 

Consultants (Jan., 1990) to assist in the screening and selection of interim remedial actions 

(IRAs) as required under CERCLA and the National Contingency Plan. Additionally, on- 

site (Ebasco Report) and off-site (HLA/ESE Report) human health risk assessments have 

been performed for RMA with respect to worker and residential exposures, respectively, to 

existing onsite contamination.   To maintain consistency with these studies, WESTON 
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reviewed the data from these previous on-site and off-site evaluations and, where relevant 

utilized previously developed exposure assumptions and input parameters, toxicity criteria 

and background data. These parameters have been appropriately cited in the remainder of 

this protocol or its attachments. 

This risk assessment will be a comprehensive evaluation of both direct and indirect exposure 

pathways, and will use as the basis for estimating human exposure the results of the air 

dispersion and deposition modeling, the methods of which are described in Section 2 of this 

protocol. To be consistent with the most recent EPA guidance (EPA, 1989a; 1990a), 

WESTON will be considering certain pathways of indirect exposure that were not originally 

considered in the SQI risk assessment as part of the IRA prepared by Woodward-Clyde 

Consultants (Jan., 1990). These additional pathways include: breast milk consumption; 

ingestion of fish from contaminated surface waters; vegetable root uptake of metals and 

organics; and, beef and dairy cattle exposure with subsequent human consumption of 

homegrown or commercially-produced beef and cow's milk. 

In accordance with the guidance set forth in the Final Decision Document, the risk 

assessment process will be used to establish emission limits as follows: 

Emission rates (both average and upper 95% confidence limits, where 

possible) will be determined from evaluation of historical waste stream 

characterization data, test burn data, and WESTON's hazardous waste 

incinerator emissions inventory, as described in detail in Section 3.2. 

These emissions data will be used in conjunction with the air modeling, 

exposure assessment and toxicity assessment results to calculate 

noncarcinogenic hazard indices and carcinogenic risk for each chemical and 

pathway in each proposed exposure scenario. 
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As directed in the Final Decision Document (p.9-6), cumulative excess 

carcinogenic risk and noncarcinogenic hazard indices will be determined for 

each exposure scenario. Assuming excess cancer risk does not exceed 1E-06, 

and the noncarcinogenic* hazard index does not exceed 1 for the nearest most 

reasonable maximally-exposed individual, the emission rates for the 

contaminants of concern will be considered protective of human health. 

WESTON has developed four exposure scenarios, described in detail in 

Section 3.4.1, which represent reasonable maximally-exposed individuals in the 

vicinity of the facility. The facility is assumed to operate for two years. 

Should the cumulative cancer risk or noncarcinogenic hazard index exceed the 

limits described above for the most reasonable maximally-exposed individual, 

each contaminant and pathway assessed in that scenario will be evaluated to 

develop a profile of the major contributor(s) to risk. A report summarizing 

these findings will be presented to the appropriate agencies, as outlined in the 

Final Decision Document, to determine whether a change in the design of the 

treatment system is necessary. 

The protocol is divided into four sections: 

1. Contaminant Identification, Selection and Emission Rate Determination (Section 3.2) 

2. Toxicity Assessment (Section 3.3) 

3. Exposure Assessment (Section 3.4) 

4. Risk Characterization (Section 3.5) 

These sections of the protocol will correspond to the general format to be used in the final 

risk assessment document.  For the final document, detailed calculations and supporting 
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information that are applicable to the material presented in each of the sections of the final 

risk assessment document will be included in corresponding appendices. 

3.2       CONTAMINANT IDENTIFICATION. SELECTION AND EMISSION RATE 

DETERMINATION 

Initial identification of potentially emitted contaminants, and estimation of their emission 

rates will be based on an analysis of the composition of the waste stream and its theoretical 

products of incomplete combustion, valid test burn data, and comparison with WESTON's 

hazardous waste incinerator emissions database. This approach should be consistent with 

the Final Decision Document and yield a very conservative estimate of the emitted 

chemicals and their likely emission rates. This information will be supplemented or verified 

by additional Basin F liquid analyses being conducted currently, if the analytical results are 

available when the contaminant identification phase of the risk assessment is performed. 

32.1   Contaminant Identification 

Four groups of pollutants and their respective emission rates will be developed. These 

chemicals are generally categorized as principal organic hazardous constituents (POHCs), 

products of incomplete combustion (PICs), metals, and criteria pollutants (gases, 

particulates, and acid gases). The detailed lists of initially identified potential pollutants and 

emission rates are presented in Tables 1 and 2 (Appendix A). The remainder of this section 

discusses the methodology used for selecting the chemicals of concern. 

32.1.1 Analysis of Waste Stream Composition 

The following methodology was used to evaluate the waste stream composition for the Basin 

F liquid material at the RMA: 
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The historical characterization data from 1978 through 1988 for the basin and 

the recent WESTON analyses for the pond and for the tanks were converted 

to a common basis of mg/1. (This involved a density correction considering 

the 1.24 g/ml density of the waste for the historical data that had been 

reported as ppm or ppb). 

The average and maximum of the reported values were taken for the values 

from the basin, pond and tank, each taken separately. (If a range was 

reported for a particular source of analyses, the midpoint of the range was 

assumed to represent the average). 

The maximum of the average values of the basin, pond and tank analyses 

were calculated, as well as the maximum of the maximum values. 

The maximum of the average and maximum of the maximum values were 

summed for all compounds (organics and metals). 

Because the total of the maximums of the maximum values was about 1 

million mg/1, or about 100%, this approach was considered too overly 

conservative, even for risk assessment purposes. The total of maximums of 

the averages, however, was about 640,000 mg/1 (about the same value as the 

portion of the waste stream that is not water). 

Therefore, the maximums of the average values from each of the basin, pond, and tanks 

were taken as a reasonable worst case estimate of the composition of the waste stream. 

These values were then converted to tons of component per year for the design incinerator 

capacity of 10,325 lb/hr. These data were used by Dr. Barry Dellinger to predict the PICs 

and POHCs as discussed in more detail below. 
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32.12 Evaluation of Test Burn Data 

Emissions testing results conducted during the test burns of Basin F waste performed by T- 

Thermal (August, 1990) were evaluated by the WESTON Air Permitting and Engineering 

staff. A number of the test runs were considered unacceptable for emissions estimation 

because of feed clogging followed by rapping or oxygen blasts into the feed nozzles. Two 

dioxin/furan runs, and one metals run were considered valid. The remaining runs have 

been discarded for evaluation purposes. 

Compared to other hazardous waste incinerators, the dioxin/furan TEF for the two runs 

appears relatively small (0.06 ng/Nm3) compared to WESTON's emissions database values. 

However, the risk this poses cannot as yet be determined. For the risk analysis base case 

(i.e., average conditions), we will use the average of the two test burn runs; for the 

sensitivity case (i.e., upper bound conditions), we will use the upper 95% confidence limit 

of the WESTON database for hazardous waste incinerators. 

The test burn data for the one acceptable run for metals compare well with the emission 

estimates based on the waste stream data (average of the maximums) and removal 

efficiencies published by the U.S. EPA for hazardous waste incinerators. Therefore, we will 

use the maximum of these two data sets for the base case. U.S. EPA Tier I and Tier II 

guidance values, values based on the "maximum of the maximums" of the waste stream data 

and emission test runs from the test burn will be considered in the sensitivity analysis. 

For pesticides and PCBs, we will use Dr. Dellinger's POHC and PIC data. These potential 

pollutants were not detected during the test burn emission testing 

3.2.13  Key Organic Pollutants in the Waste Profile 

Organic compounds were identified either as POHCs from an analysis of the waste stream 

composition (Section 3.2.1.1) or from the analysis of PICs resulting form combustion of the 
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POHCs (Section 3.2.1.4). Toluene was predicted to be the most difficult compound to 

destroy, and, therefore it was used to normalize destruction removal efficiency (DRE) for 

all POHCs by assuming toluene would be destroyed with a 99.99% DRE as verified by a 

trial burn. Historical data indicate- that organics present in the waste stream include 

volatiles, semi-volatiles, and pesticides. Dioxins and furans, determined from an evaluation 

of the test burn data discussed above, are listed separately and are expressed as toxic 

equivalents based on the most recent U.S. EPA guidance (EPA, 1989b). 

32.1.4 Products of Incomplete Combustion (With or Without Precursors) 

Products of incomplete combustion (PICs) are organic compounds present in emissions from 

an incinerator and which are formed from the thermal breakdown of chemicals present in 

the waste stream, reformation reactions, or some other process subsequent to incineration 

(Trenholm and Hathaway, 1984; Oppelt, 1987). Specific PICs, with or without precursors, 

have been identified and their emission rates estimated by Dr. Barry Dellinger, who has 

been subcontracted for this effort. 

32.1.5 Metals 

Identification of metals and determination of their emission rates will be based on waste 

stream characteristics, test burn data and the U.S. EPA guidance document as discussed 

under Section 3.2.1.2. 

32.1.6 Criteria Pollutants and Acid Gases 

Selected criteria pollutants (paniculate matter, sulfur dioxide, nitrogen dioxide, and carbon 

monoxide) and acid gases (primarily hydrogen chloride and hydrogen fluoride) will be 

evaluated both for potential acute and chronic health effects by the inhalation pathway. 

Their emissions rates were determined from test burn data, vendor guarantees and 

WESTON's hazardous waste emissions inventory database. 
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322  Emission Rates 

Table 1 of Appendix A summarizes the initial list of emitted organic and inorganic 

chemicals with estimated emissions rates. Base case emissions rates are conservatively high 

estimates of the emissions which would be expected during the course of normal operation. 

Their methods of determination are footnoted in the table. Sensitivity case emissions rates 

represent upper bound or maximum worst case expected rates. Refer to the footnotes in 

Table 1 for specific methods of determination. Criteria pollutants, gases, and particulates 

are presented in detail in Table 2. 

32.3 Final Selection of Contaminants of Concern 

The final contaminants of concern will be selected from the initial list for each medium of 

potential exposure (air, soil, surface water) based on various conservative criteria discussed 

in detail below. The purpose of this part of the evaluation is to eliminate from the large 

list of chemicals those that will not be of significance in the risk characterization. 

323.1   Air 

All contaminants, both carcinogens and noncarcinogens, will be evaluated in the air pathway, 

including the criteria pollutant gases and particulates. 

3232   Soil 

All carcinogens (by the oral route) will be retained for final evaluation in all soil pathways. 

Volatile organics (VOCs) will be excluded from soil pathways based on the following 

rationale: 

VOCs are likely to be emitted as vapors 

VOCs are unlikely to be deposited in soils following their emission 

VOCs are unlikely to be persistent in soil, if deposited 
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For purposes of this screening procedure, a VOC is defined as any chemical (carcinogen or 

noncarcinogen) with a vapor pressure greater than IE+02 mm Hg and/or Henry's Law 

constants greater than 1E-03 atm-m3/mol (Lyman, et aL, 1982). The vapor pressure 

criterion was derived from inspection of the range of vapor pressures of chemicals that EPA 

classifies as volatiles (EPA, 1986). 

Metals (except oral carcinogens) were screened based on comparison with regional 

background metals concentrations. Background data were obtained from data WESTON 

gathered for Rocky Flats (WESTON, 1989). Metals were excluded from further analysis 

through soil pathways if their predicted soil concentrations based upon the maximum total 

deposition at the points of exposure (refer to Section 3.4.1 for specific locations of 

reasonable maximally-exposed individuals) were greater than or equal to 1 percent of the 

mean background concentrations for the respective metal. 

3233   Surface Water 

Land use evaluation and the deposition modeling isopleths revealed that Engineer's Lake, 

a designated manmade recreational fishing area (refer to Section 3.4 for more detail) was 

impacted by facility emissions. Contaminants of concern were evaluated for consideration 

in the surface water pathway (i.e., fish consumption) based on several criteria: 

all oral carcinogens will be included in the final surface water pathway 

evaluation 

VOCs were excluded from this pathway based on the same rationale as 

previously discussed for soils 

a modified Tier I analysis was performed to evaluate the remaining chemicals 

for possible exclusion from the surface water pathway. The basis of this 

screening analysis is to estimate a highly conservative concentration of the 
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chemical contaminants in the impacted surface water body and compare this 

to the Ambient Water Quality Criteria (AWQC) for fish consumption by 

humans. If a chemical had no designated AWQC, it was excluded from this 

analysis, and will be included in the more detailed surface water pathway 

evaluation in the actual risk assessment. The total areal deposition for the 32 

acre watershed of Engineer's Lake was determined from the modeled 

isopleths. Lakewater concentrations for each chemical were determined by 

dividing the total amount deposited in the lake by the total volume of the 

lake. It was conservatively assumed that the lake had a 0.5 year hydraulic 

retention time and that all chemicals adsorbed to soil runoff was desorbed 

into the water. Table 3 in Appendix A shows the results of this analysis. It 

was concluded that the nine chemicals evaluated in this screen could be 

excluded from further evaluation based on the criterion that their 

conservatively predicted water concentrations were less than 10 percent of 

their respective AWQCs. 

33  TOXICITY ASSESSMENT 

The Integrated Risk Information System (IRIS) computer data base (EPA, 1990b) will be 

referred to for the most recent U.S. EPA reference doses and cancer potency factors. 

Other EPA sources, including EPA's quarterly Health Effects Assessment Summary Tables 

(EPA, 1990c), will also be used for those chemicals for which toxicity values are unavailable 

on IRIS. 

For those chemicals for which EPA-derived potency factors or reference doses are 

unavailable, toxicity values will be derived from health-based criteria or toxicity data. 

Derived toxicity values published in the on-post and off-post exposure assessments will be 

used if possible. All approaches for the derivation of reference doses or cancer potency 

factors will be fully discussed in the risk assessment. The use of derived toxicity values and 

the methods by which they will be derived will be subject to the review of U.S. EPA Region 
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Vm and RMA Tables 4A and 4B in Appendix A list the chemicals of concern with their 

carcinogenic slope factors and reference doses, respectively. 

To evaluate dioxins and furans, WESTON will follow, if applicable, the guidelines set forth 

in the Interim Procedures for Estimating Risks Associated with Mixtures of CDDs and 

CDFs (EPA 1989b). 

3.4  EXPOSURE ASSESSMENT 

3.4.1  Exposure Scenarios 

The exposure scenarios have been evaluated based upon the air dispersion and deposition 

modeling results. Theoretically, to determine emissions limits, it is necessary to evaluate 

only one scenario, the most reasonable maximally-exposed individual (RMEI). Reasonable 

maximum exposure is defined by the U.S. EPA as "the highest exposure that is reasonably 

expected to occur at a site" (EPA 1989a). However, the RMEI cannot always be 

determined based on the modeling results alone. Therefore, it is recommended that several 

exposure scenarios be evaluated in the risk assessment. The scenario ultimately resulting 

in the greatest risk (i.e., most exposed), as directed in the Final Decision Document, will be 

used to assess numerical chemical emissions limits. 

Based on available information regarding current off-site and on-site land usage, and the 

results of the air deposition modeling, four potential RMEIs have been identified. The 

scenarios presented below represent present use conditions. No future use scenarios were 

included since hypothetical exposures in this case would not likely exceed any present use 

exposures; this is based on the assessment that pathways of exposure and areas of maximum 

impact of emissions would not be different from any present use condition. The four 

potential RMEIs are: 
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An individual currently living within the residential area where total 

deposition (dry plus wet) is maximal (i.e., just south of the property fenceline). 

An individual currently living within the residential area where dry deposition 

will be maximal (i.e., just north of fenceline). 

An individual currently living on a local cattle farm where total deposition is 

highest for that land use (i.e., just northwest of site). 

A maintenance worker on the site who is exposed to an area weighted air 

concentration and wet/dry deposition as determined from the modeling 

results. 

The respective locations of these RMEIs are indicated on the site diagram in Appendix A 

(Figure 1). The isopleths developed for the air modeling are not provided here but will 

presented in the final report. Note that all residential exposure scenarios include a fish 

consumption pathway based on the finding that Engineer's Lake, a recreational fishing area, 

is impacted by the deposition analysis. The Lake is located just west of RMA near Adams 

City. 

Subsections 3.4.2 through 3.4.4 detail the specific equations or approaches for determining 

media concentrations, and the exposure algorithms and input parameters that will be 

employed by WESTON in determining estimated daily intakes (i.e., doses) of each of the 

pollutants. When available, site-specific or more recently developed input factors (e.g., 

ingestion rates) will be used in preference to the factors presented in the protocol. Table 

5 of Appendix A is a summary of the key input parameters for air and soil pathways which 

has been developed in consultation with Dr. Chris Weis of EPA Vm and following a review 

of the offsite and onsite exposure assessments performed previously for RMA Additional 

parameters are discussed with the algorithms in Sections 3.2.2 through 3.2.4. Depending on 

the results of the evaluation of local land and water usages and final contaminant pathways 
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analysis, it is possible that some of these algorithms will not be included. The exposure 

algorithms presented in these subsections estimate daily exposure doses based on expected 

media concentrations determined through the dispersion and deposition modeling results. 

Adjustments to lifetime exposure doses will be determined in the risk characterization 

section. Section 3.5 discusses this in more detail. 

A groundwater exposure pathway has not been included in this protocol. It has been 

WESTON's experience that groundwater contamination from incinerator facility emissions 

is minimal and makes no significant contribution to total risk. Current EPA guidance for 

assessing health risks associated with combustor emissions indicates that the evaluation of 

the groundwater pathway is unnecessary due to limited potential for groundwater 

contamination (EPA 1990a). However, should groundwater recharge patterns and private 

well use be significant factors at the proposed site, this pathway can be further evaluated. 

3.4.2   Inhalation Exposure 

3.42.1 Air Concentrations of Pollutants 

The concentrations of pollutants in the ambient air will be determined based on the 

dispersion modeling results. 

3.4.2.2 Exposure through Inhalation 

Dose From       Ambient Air Respiration 1 
Inhalation  =   Concentration   x       Rate      x    Body Weight 
(mg/kg/day)       (mg/m3) (m3/day) (kg) 

Where: 

Respiration Rate = 20 m3/day - adult (EPA 1989c), 10 m3/day - child 

(USNRC, 1977), 3.8 m3/day - infant (NCRP, 1984) 
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Body Weight = 70 kg - adult, 15.5 kg - chüd, 9 kg - infant (0-1 yr old) (EPA, 

1989c; EBASCO, 1989) 

3.4.3 Ingestion Exposure 

3.43.1  Soil Concentrations of Pollutants 

Contaminants with no expected significant degradation: 

Expected 
Maximum Total Facility 

Contaminant Deposition Rate      103 mg Life 
Concentration    =     (g/m2/year)      x       g       x (years) 

in Soil 
(mg/kg) Soil Density     x      Soil Mixing Depth 

(kg/m3) (m) 

Where: 

Expected Facility Life  = 2 years 

Soil Density  = site specific 

Soil Mixing Depth = 0.1 m (for untilled soil) (EPA, 1990a) 

= 0.2 m (for tilled sou) (EPA l°90a) 

Contaminants with expected significant degradation: 

Maximum l-e(-kt) x Total Deposition Rate    x     103 mg 
Contaminant      = (g/m2/year) g 
Concentration 

in Soil k x   Soil Density x Soil Mixing Depth 
(mg/kg) (kg/m3) (m) 

Where: 

k = Decay Coefficient (yr"1), chemical specific 

t = Expected Facility Life = 2 years* 
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*An average concentration is also calculated for the contaminants with expected loss using 

a computerized model which takes into account daily degradation over 70 years. 

3.432 Exposure from Soil/Dust Ingestion 

Contaminant 
Dose from 
Soil/Dust  = 

Contaminant 
Concentration 
in Soil/Dust 

rkg/dav) 

Soil/Dust 
Ingestion Rate 

(mg/kg)  
Body Weight (kg) 

Dust concentrations are assumed to be equal to the 0.1 m mixing depth soil concentrations 
and are calculated collectively with soils concentration. 

Where: 

Annual average soil/dust ingestion rate = 5.0E-05 kg/day - adult 

maintenance worker (EBASCO); 1.0E-04 kg/day - adult farmer 

resident (EPA, Region Vm); 2.0E-04 kg/day - child farmer/resident 

(EPA Region Vm). 

Body Weight = 70 kg - adult, 155 kg - child (EPA 1989c; EBASCO). 

3.433 Garden Produce Ingestion 

Contaminant 
Concentration 

in/on         = 
Produce 
(mg/kg) 

Contaminant 
Concentration 

in Soil 
(mg/kg) 

x    Root 
Uptake 

Factor 

+ 
Dry 
Deposition x 

Rate 
(g/m2/year) 

Vertical Surface 
Deposition   x 

Factor 
(m2sec/kg) 

g 3.15E+07 sec 

ltfmg yr 

For root vegetables, the second term of this equation (i.e., the contribution of contaminant 
deposition on the plant) drops out. The second term also drops out when calculating the 
contaminant concentrations in/on leafy vegetables and garden fruits during the years after 
the facility is closed. 
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Where: 

Soil concentration is calculated with an assumed mixing depth of 20 cm (EPA, 

1990a). 

Root Uptake Factor - chemical specific (inorganics: Baes et al, 1984; 

organics calculated based on Briggs et al., 1982 (root vegetables) and Travis 

and Arms, 1988). 

Vertical Surface Deposition Factor  =  r (l-e'kt) 
yk 

t 

y 

Interception fraction of the plant (unitless) (Baes et al, 
1984). 

Total rate constant for degradation process (seconds1) 
(Baes et al., 1984). 

Growing Time (seconds) 

Plant Yield (wet weight) (kg/m2) 

Contaminant 
Dose from 

Produce Ingestion 
(mg/kg/day) 

Contaminant 
Concentration 

in Root        x 
Vegetables 
(mg/kg) 

Contaminant Leafy 
Concentration      Vegetable 
in Leafy Consumption     Fractions 
Vegetables x     Rate     x   Homegrown 
(mg/kg) (kg/day) 

Root Vegetable 
Consumption 
Rate x Fraction     + 

(kg/day)       Homegrown 

1 
Fraction   

x       Homegrown     x    Body Weight (kg) 

Where: 

Contaminant 
Concentration 
in Garden    x 

Fruits 
(mg/kg) 

Garden 
Fruit 

Consumption 
Rate 

(kg/day) 
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Consumption Rates in Wet Weight (calculated from EPA, 1990 and Baes et 
al., 1984). 

leafy vegetables = 1.19E-02 kg/day - adult; 1.24E-03 kg/day - child. 

root vegetables = 6.53E-02 kg/day - adult; 3.11E-03 kg/day - child, 

garden fruits = 6.4E-02 kg/day - adult; 3.34E-02 kg/day - child. 

Body Weight = 70 kg - adult, 15.5 kg - child (EPA, 1989c; EBASCO). 

Fraction Homegrown  = 0.58 - adult and child resident (HLA Report); 0.90 
adult and child farmer (EPA Region VIII). 

To the extent possible, local consumption rates and homegrown fractions will be further 

investigated as part of the land use analysis. 

3.43.4 Surface Water Concentrations of Pollutants 

If the surface water pathway is determined to be a key exposure route, surface water 

concentrations will be determined using a Tier 2 analysis (EPA, 1990a). If requested, the 

details of the surface water model will be provided in a supplementary memorandum. 

3.43.5 Drinking Water Ingestion 

Contaminant Surface Water 1 
Dose from Estimated Consumption 
Surface Water =     Surface Water     x Rate        x Body Weight 
Ingestion Concentration (L/day) (kg) 
(mg/kg/day) (mg/L) 

Where: 
Surface Water Consumption Rate = 1.4 L/day - adult, 1 L/day - child (EPA, 
1989c) 

Body Weight = 70 kg - adult, 15.5 kg - child (EPA, 1989c; EBASCO). 
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3.43.6 Fish Ingestion 

Contaminant Contaminant Adjusted 
Concentration Concentration • Bioconcentration 
in Fish             = in Water       x Factor 
(mg/kg) (mg/L) (L/kg) 

Where: 

Where: 

Adjusted Bioconcentration Factor: compound specific, adjusted to account for 
difference in lipid content in test and study organism (if information is 
available) = 

Bioconcentration Factor     x      LC Study 
LCTest 

LC study = Lipid concentration in study organism 

LC test = Lipid concentration in test organism 

If data are available, an adjustment of the predicted contaminant concentration in the whole 
body of the fish to a concentration in the edible portion of the fish will be made. 

Contaminant 
Dose from 
Fish Ingestion 
(mg/kg/day) 

Contaminant Daily Fish 1 
Concentration x    Consumption x   
in Fish Rate Body Weight 

(mg/kg) (kg/day) (kg) 

Fish Consumption Rate = 9.84E-03 kg/day - resident/farmer adult (HLA 
Report); 2.42E-03 kg/day - child. 

Body Weight = 70 kg - adult, 15.5 kg - child (EPA 1989c; EBASCO). 

6A-36 



3.43.7 Ingestion of Meat and Milk 

Animal Feed 
(Pasture Grass, 
Hay, Grain, and 
Corn Silage) 
Contaminant 
Concentration 
(mg/kg) 

Contaminant 
Concentration 

in Soil 
(mg/kg) 

Root Uptake 
Factor        + 

Dry Deposition 
Rate 

(g/m7yr) 

Vertical 
Surface 

Deposition Factor 
(m2sec/kg) 

1,000 mg 
x              x 

g 

yr 

3.15E+07 sec 

Only the first term of the equation applies for calculating contaminant concentration in 
grain. The second term also drops out when calculating contaminant concentrations in/on 
other animal feed during the years after the facility is closed. 

Where: 

Vertical Surface Deposition Factor (see Section 3.2.3). 

Root Uptake Factor - chemical specific. 

Contaminant 
Concentration in 
Animal Diet 
(mg/kg) 

Contaminant 
Concentration 
in Animal Feed 
Concentration 

(mg/kg) 

Daily 
Intake of 

Feed 
(kg/day) 

Contaminant 
Concentration 

in Soil x 
(mg/kg) 

Daily 
Intake of 

Soil 
(kg/day) 

Daily Intake 
of Feed 
(kg/day) 

Daily Intake 
of Soil 

(kg/day) 
Where: 

Daily Intake 

Feed = dependent on area-specific farming practices and type of cattle 

Soil = 2 percent of grazing diet (Fries, 1986) 
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Soil Concentration - Calculated using a 0.1 m mixing depth for untilled soil 
(e.g., pasture grass) and a 020 m mixing depth for tilled soil (e.g., corn, grain, 
hay).  (EPA, 1990a). 

Contaminant 
Concentration Animal Tissue Total Feed 

In Animal Product       = Intake     : c      Uptake x          Intake* 
(mg/kg) (mg/kg) Factor 

(day/kg) 
(kg/day) 

Tissue Uptake Factor - contaminant specific (Baes et al., 1984; Fries, 1986; 
Travis et al., 1988). 

Total feed intake is not used in determining dioxin concentrations in animal 
products and the dioxin tissue uptake factor is unitless. 

Contaminant Product 
Contaminant Dose Concentration x      Consumption x    Fraction 
from Animal      •      = in Animal Product Rate Homegrown 
Product Ingestion (mg/kg) (kg/day) Product 

Body Weight (kg) 

Where: 

Product Consumption Rates: 

Beef = 0.037 kg/day - child (Pao et al., 1982), 0.067 kg/day - adult 
(Fries, 1986). 

Beef fat = 0.009 kg/day - child (EPA, 1986), 0.015 kg/day - adult 
(Fries, 1986). 

Milk = 039 kg/day - child (Pao et al., 1982), 0.305 kg/day - adult 
(Fries, 1986). 

Milk fat = 0.016 kg/day - child (EPA, 1986), 0.01 kg/day - adult 
(Fries, 1986) 

Fraction home-produced or obtained from a local source (rural) 

Beef   =   1.00  -  Farm  Household   (WESTON);  0.05   Residential 
Household - (WESTON) 
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Milk   =   1.00- Farm Household  (WESTON);  0.05  - Residential 
Household (WESTON). 

Body Weight = 70 kg - adult, 15.5kg - child (EPA, 1989c; EBASCO). 

3.4.3.8 Breast Milk Ingestion 

Breast Milk Sum of Contaminant Breast Milk 
Concentration      =       Doses to Mother x      Transfer Factor 

(mg/kg) (mg/kg/day) (day) 

Where: 

Sum of Contaminant Doses: Total dose through all exposure routes 

Breast Milk Transfer Factor:   chemical specific (Smith, 1987; Travis et al., 
1988) 

The breast milk pathway will be evaluated for organic contaminants only due to insufficient 
information regarding breast milk transfer factors (based on estimated daily intakes) for 
metals in human milk. 

Infant Contaminant 
Contaminant Concentration Milk Ingestion 

Dose =       in Breast Milk x Rate 
(mg/kg/day) (mg/kg) (kg/day) 

Infant Body Weight 
(kg) 

Where: 

Milk Ingestion Rate = 0.8 kg/day (Smith, 1987) 

Infant Body Weight (0-1 yr old) = 9 kg (EPA, 1989c) 
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3.4.4   Dermal Exposure 

Dose Contaminant        Exposed 
From Concentration Skin Soil Adherence Dermal 

Dermal     =       in Soil x Surface   x Factor x Absorption 
Contact (mg/kg) Area (mg/cm2/event) Factor 

(mg/kg/day) (cm2) 

Number of Exposure                kg                 week 1 
x        Events per Week x           x       x 

(events/wk) 106 mg 7 days Body Weight (kg) 

Where: 

Exposed Skin Surface (arm and hand) Area:   1,700 cm2 - adult (EBASCO); 
2,188 cm2 - child (EPA 1989c). 

Soil Adherence Factor - 3.5 mg/cm2 - adult maintenance worker/farmer 
(EBASCO); 0.51 mg/cm2 - resident adult and farmer/residential child 
(EBASCO). 

Dermal Absorption Factor = 0.01 - metals; 0.10 - organics (EBASCO). 

Body Weight = 70 kg - adult, 15.5 kg - child (EPA 1989c; EBASCO). 

3.5  RISK CHARACTERIZATION 

3.5.1 Evaluation of Risk 

3.5.1.1  Noncarcinogenic Risk 

Noncarcinogenic risk will be evaluated for each scenario by comparing contaminant doses 

to chronic reference doses. The contaminant dose: reference dose ratios (i.e., hazard 

quotients) will be summed to calculate the total chroni hazard index. Separate hazard 

indices will be calculated for the adult, child, and infant. If a chronic hazard index exceeds 
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one, the potential for acute health effects will also be determined, by comparing the 

contaminant doses to available or derived short-term toxicity values. 

3.5.1.2  Carcinogenic Risk 

The carcinogenic risk posed by each contaminant through each exposure route will be 

calculated using the following equation: 

Cancer Contaminant Carcinogenic Exposure 
Risk = Dose x Potency       x Duration 

(mg/kg/day) Factor Adjustment 
(mg/kg/day)"1 

The exposure duration adjustment takes into account the length of exposure, in effect 

averaging the calculated daily contaminant dose over a 70-year lifetime. The total risk 

posed by each contaminant will be calculated by adding the risks posed by the contaminant 

through all exposure routes. The lifetime incremental cancer risk posed by all contaminants 

will be estimated by summing the risks posed by all contaminants through all exposure 

routes. 

3.5.2  Uncertainty Analysis 

All key assumptions and uncertainties and their potential effects on the risk estimates 

presented in the risk characterization will be summarized. A quantitative sensitivity analysis 

will be performed for some of the assumptions that are indicated to have the greatest 

impact on the calculation of total risk. 
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TABLE l.        EMISSION KALTES FOR ROCKY MOUNTAIN ARSENAL 
BASIN F WASTE SUBMERGED QUENCH INCINERATOR 

Category/ 
^JPOUBUIII 

' PlorimTBTi 

ouv 

U&EPATEF 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Caldum 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 

ium 
trontlum 

Thallium 
Tin 
Titanium 
Vanadium 
Yittrlum 
Zinc 

1,1 -Dlchloroethene 
1,2-Dichloroethene 
1,2-Dichloropropane 
1 ,3-Dlmethy Ibenzene 
Acetone 
Ammonia 
Benzene 
Brcmomethane 
Carbon Tetrachlortde 
Chlorobenzene 
Chloroform 
Ethylbenzene 
Methanol 
Methylene Chloride 
Tetra chlorethene 
Toluene 
Trichloroethene 

ylene 
iChlorophcnylmethylsulfone 

^Chlorophenylmethylsulfoxide 
4-Nltrophenol 
Aldrin 
Atrazine 

€ 

BatCaae(a) Sensitivlrv Cue (b) 
(tm/yr) dbflr) (glte) (lonfyr) (toflr) <gl*ci 

4.16E-09 1.19E-09 1J0E-10 6.63E-08 1-90E-06 2J9E-09 

1.80E-02 5.15E-03 6.49E-04 2JSOE-02 7.14E-03 8.99E-04 
6J4E-04 l^lE-04 2.28E-05 1.08E-01 3.10E-Q2 3.90E-03 
3.59E-03 LO3E-03 1.29E-04 8.67E-03 2.WE-03 3.12E-04 
8.79E-04 .   251E-04 3.16E-05 1.Ä3B+01 5J4E+00 6.60E-01 
3.66E-05 UBE-OS 1J2B-06 1.53E-03 4J7E-04 S30E-05 
2.68E-02 7S5E43 9.63E-04 3.63E-CQ 1J04E-O2 1J1E-03 
1.04E-04 2-98E-05 3.76E-06 2.03E-03 5.79E-04 7.30E-0S 
134E-01 4-39E-Q2 5.53E-03 2.93E-01 8JJ6E-02 1.05E-02 
2.47E-04 7JD5E-0S 8.88E-06 3.32E-04 9.49E-05 UOE-05 
7.89E-04 225E-04 2.84E-05 8.13E-04 Z32E-04 2.93E-05 

3.35E+00 959E-01 U1E-01 6J5E+O0 \S2E+O0 2.29E-01 

3.81E-11 l-WE-ll 1J7E-12 
2.65E-11 757E-12 9J3E-13 
3.07E-12 «J7E-13 M1E-13 
2.72E-08 7J7E-CS 9.79E-10 
1.07E-11 3JI7E-12 3.87E-13 
326E-03 9.32E-04 1.17E-04 
1.40E-O7 3J9E-06 5.03E-09 
136E-08 3-89E-09 4.90E-10 
4.34E-11 124E-11 136E-12 
3.37E-08 9.62E-09 U1E-09 
6.87E-12 1.96E-12 2.47E-13 
4.08E-O8 U7E-08 1.47E-09 
1.63E-07 4.Ä5E-08 5.86E-09 
1.36E-08 3.F5E-09 4.90E-10 
5.43E-10 125E-10 1.95E-11 
6.80E-08 1--4E-08 2.45E-09 
8.33E-11 :J-?E-II 3.00E-12 
2.72E-08 "-E-09 9.79E-10 
2.52E-11 ~-.t-\2 9.0SE-13 
9.40E-11 169E-U 3.38E-12 
5.76E-11 1.64E-11 2.07E-12 
6.91E-12 1.97E-12 2.49E-13 
1.54E-12 4J5E-13 5.33E-14 
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TABLE l  (con'd)^EMISSION RATES FOR ROCKY MOUNTAIN ARSENAL 
BASIN F WASTE SUBMERGED QUENCH INCINERATOR 

Category/ 
Pollutant 

Orgin|q| 
Hydrogen Cyanid« 
Dieldrtn 
DiUopropyl Methylphosphonare 
Dimethyl Methylphoaphonate 
DtmethyldUulfld« 
Olmethylphoiphate 
Dithiane 
Endrln 
Hexachlorocyclopentadlene 
Iaodrln 
Malathlon 
Parathlon 
Supona 
Urea 
Vapona 
p,p-DDE 
p,p-DDT 

PICa W/ Specific PremnaiTT 
Vinyl Chloride 
Methyl Chloride 
Styrene 
Phenol 
Benzaldehyd« 
BenzokAjdd 
Acetonltrile 
Acrybnltrlle 
Cyanogen 
Hexachlorobenzene 
Pentachlorobenzene 
Tetrachlorobenzene 
Trichlorobenzene 
Dichlorobenzene 
Blphenyl 
4-Chloroblphenyl 
4,4-Chlorobiphenyl 
BenzonlrrUe 
Pyrldlne 
Carbezole 

Em Cut 111 S«ulHvlhrCaM<b} 
UoiQyr) (Ibfhr) <g/*d (tout?)                (Ibfitr)                  (g/ue)       ^ 

M6E-08 1.85E46 2J2E-09 

1 
1.42E-12 4.06E-13 S.11E-14 

te                2.49E-10 7.13E-U 8.98E-12 
5.9SE-09 1.70E-09 2.14E-10 
6.91E-10 1.97E-10 2.49E-11 
1.63E-09 4.66E-10 5.87E-11 
2.49E-13 7.13E-14 8.98E-15 
1.38E-12 3.95E-13 4571-14 
1.28E-11 3.67E-12 4.63E-13 
3.64E-12 1.04E-12 1J1E-13 
5.56E-12 159E-12 2.00E-13 
7.68E-13 2.19E-13 2.76E-14 
2.30E-12 6.58E-13 829E-14 
9.98E-07 2.85E-07 3.59E-08 
6.14E-12 
1.15E-08 
2J0E-12 

136E-07 
136E-07 
136E-07 
7J7E-07 
1.42E-07 
6.86E-08 
6.52E-10 
6J2E-11 
6.52E-12 
4.64E-10 
2.07E-10 
8.75E-11 
4.62E-11 
2.45E-11 
6J2E-08 
7.88E-08 
1.03E-09 
6J52E-U 
&52E-12 

1.73E-12 
329E-09 
6.58E-13 

3.89E-08 
3.89E-06 
3.90E-08 
2.11E-07 
4.05E-08 
1.96E-08 
1.86E-10 
1.86E-11 
1.86E-12 
132E-10 
5.93E-11 
2.50E-11 
U2E-11 
6.99E-12 
1.95E-08 
2.25E-08 
2.95E-10 
1.86E-11 
1.S6E-12 

Quinollna 
I^IO-II 
3J26E-11 

J./JO-U. 

932E-12 

PIC« w/ Specific Precumorj 
2.72&07 Benzofuian 7.77E-08 

Dibenzofuran 136E-08 3.SSE-09 
Acenaphthalene 
Acenaphthene 
Fluoranthene 

6.80E-08 
6.80E-08 
4.08E-08 

1.94E-08 
1.94E-08 
1.17E-08 

Phenanthrene 2.72E-08 7.77E-09 
Pyrene 1J6E-08 3SSE-09 
Fluorene 1.36E-08 3.SSE-09 
Benzo(a)pyrene 
Dibenzo(a)anthracene 

1.36E-08 
1.36E-08 

? ^E-09 
:• -5EV9 

Chrysene 1.36E-08 .'^E-09 

2.21E-13 
4.14E-10 
8.29E-14 

4.90E-09 
4.90E-O9 
4.91E-09 
2.65E-08 
5.10E-09 
2.47E-09 
2J5E-11 
2JJ5E-12 
13SE-13 
1.67E-11 
7.47E-12 
3.15E-12 
1.66E-12 
8.81E-13 
2.45E-09 
2.84E-09 
3.72E-11 
2.35E-12 
235E-13 
4.70E-13 
1.17E-12 

9.79E4» 
4.89E-10 
2.45E-09 
2.45E-09 
1.47E-09 
9.79E-10 
4S9E-10 
4.89E-10 
4.S9E-10 
4 S9E-10 
4.S9E-10 
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TABLE l  (con'd).   EMISSION RATES FOR ROCKY MOUNTAIN ARSENAL 
BASIN F WASTE SUBMERGED QUENCH INCINERATOR 

[Category/ But Cm* l*i Sraririvttv Cue (bl I 

( 

I    Pollutant (hmfyr) dbflr) (gjte) (lonlyr) (Ibfhr) (gl*c)            | 

1400 4.00 0.50 14.00 4.00 Particular« Matter 0.50 
1    Carbon Monoxide 4.71 1.35 0.17 7.29 2.08 0.26 

Hydrogen Chloride 4.73 135 0.17 14.00 4.00 0.50 
Hydrogen Fluoride ai7 0.049 0.006 0.32 0.092 0.012 
Nitric Add 3.85 1.10 0.14 3.85 1.10 0.14 
Nitrogen Dioxide 3213 9.18 1.16 14122 40.92 5.16 
Phoaphate 3.44 098 0.12 15.04 4.30 0.54 

SulroricAdd 10.40 197 037 17.34 496 0.62 

Sulfur Dioxide 24.43 6.98 0.88 101.50 29.00 3.65 

(a) These estimates are based upon the acceptable results during the test bum for dloxlns/furans and the maximum of the acceptable 
test results or the maximum of the averages waste stream data. The organics emissions are based upon Dellinger's analysis of the 
maximum of the averages wastestream data. 

(b) For metals: based upon the maximum value of the test results from the test burn, the maximum of the maximum values from the 
wastestream data, and the EPA Guidance Tier H limits for complex terrain. 

For dloxins/furans: based upon the 95% confidence interval from WESTON'i hazardous waste Incinerator emissions database 
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TABLE 3 

Chemicals of Concern Evaluated* in Tier 1 Surface Water Jc.^. 
Analysis For Rocky Mountain Arsenal 

A 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

03-Dec- 
02:46:14 

90 
PM 

POLLUTANTS 
ORGANICS 

Fluoranthene 
Pentachlorobenzene 
TetrachIorobenzene 

IMORGAN ICS 
Antimony " 
Chromium (in) 
Manganese 
Mercury 
Nickel 
Tha11i urn 

EMISSION 
RATE 

(g/sec) 

1.91E-09 
9.73E-12 
4.11E-12 

3.90E-03 
1.20E-05 
50E-04 
90F-03 

1.07E-03 
3.90E-03 

TOTAL 
DEPOSITION 

RATE 
(g/m2*yr) 

1.72E-12 
8.76E-15 
3.70E-15 

3.51E-06 
1.08E-08 
2.25E-07 
3.51E-06 
9.63E-07 
3.51E-06 

TOTAL 
BASIN      WATER 

DEPOSITION CONCENTRATION 
(g/yr)      (mg/1) 

2.23E-07 
1.13E-09 
4.79E-10 

4.55E-01 
1.40E-03 
2.91E-02 
4.55E-01 
1.25E-01 
4.55E-01 

3.23E-13 
1.64E-15 
6.93E-16 

6.58E-07 
2.02E-09 
4.22E-08 
6.58E-07 
1.81E-07 
6.58E-07 

AWQCs 
FISH INGESTION 

(mg/l) 

5.40E-02 
8.50E-02 
4.80E-02 

4.50E-01 
3.43E-03 
1.00E-01 
1.46E-04 
1.00E-01 
4.80E-02 

9.00E-04 Total deposition factor (a/m2*vr)/(a/<u»e} 
1.30E*05 Total basin area (*2)       9      ymg/sec) 
5.00E-01 Hydraulic residence tine (yr) 
3.45E»05 Lake volume (m3) 
1.00E-03 Conversion factor (m3/l) 
1.00E*03 Conversion factor (mg/g) 

TOR - ER'TDF 
TBD -  TDR-TBA 
Cwater - TBD'HRT*CF»CF/V0L 

All  chemicals evaluated  in  this analysis will  be excluded from  the 
surface  water  pathway   in   the   risk   assessment. 
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FIGURE 1. Locations of Reasonable, Maximally-Exposed Individuals 
Based Upon Ambient Air and Deposition Modeling Data. 

(A) Area of maximum total deposition (residential); (B) Area of 
maximum dry deposition and maximum ambient groundlevel air 
concentration (residential); (C) Area of maximum total deposition 
for local cattle farm; (D) A maintenance worker on-site exposed 
to area weighted total deposition and ambient groundlevel .^ir 
concentrations. 
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TABLE  4A 

Rocky Mouitaln Ananal (RIM) 

Sferpa Factor« lor 

C^etiojanlcHaalfiEflaerj 

(maVdayMI 

PC*JM 

EPA IARC 

CwcJnootncrty Carefwganlcfly 

Ckuifcttion     Ctauricaijon 

Inhalation Raferancaor Or« Rafaranoior Dwmri 

Rau» Bauet RoiM Baa* at Rouki 

Slop« Factor Inhalation Slept Oral Slop« Slept 

Sec* Factor Factor Factor Factor 

Organta 

Aerybnlrila 

Aid* 

Banana 

Ca/baxol« 

Carbon Tatnashlorio« 

Chlorororm 

DOE 

DOT 

1,*4ichk>robanzan« 

t.l-Ochloroatran« 

1,2-Dichloroprapana 

Oiatdrti 

Dicaina/Furana (as 2.3.7.C 

Haxachlorobanxana 

Mathyt Chlorid« 

Matrytarw Charta 

PAHl 

Barao(a]pyrana 

Chryaana 

Obanzo[a)anthraeana 

Panthion 

Ouinoi na 

Siyrana 

Tatrachloroathana 

TnchJoroathana 

Vapona 

Vnyl Chlcriaa 

TCOD) 

B1 2A 2406-01 .RIS, 1990 5.406-01 IRIS. 1990 NC 

B2 a 1.70E.01 IRIS. 19S0 1.70E«01 IRIS. 1980 3.40E.O1 

A 1 2 906-02 IRIS. 1990 2.90E-02 IRIS, 1980 NC 

B2 3 2.006-02 OSF Z00E-02 EBASCO, 1990 4.006-02 

B2 2B 1.306-01 IRIS, 1990 1.30E-01 IRIS. 1980 NC 

B2 2B 8.106-02 IRIS. 1990 6.10E-O3 IRIS, 1900 NC 

82 3.406-01 OSF 3.40E-01 IRIS, 1900 6.B0E-01 

82 28 3.406-01 IRIS, 1800 3.406-01 IRIS, 1990 6.80E-01 

82 28 2.406-02 CRO EPA, 1900 2.40E-02 EPA, 1900 NC 

C 1.20E«00 IRIS, 1900 6.006-01 IRIS, 1900 NC 

82 3 6 806-02 ORD EPA 1990 6.B0E-02 EPA, 1900 NC 

82 3 V60E+01 IRIS. 1990 1.60E401 BIS, 1990 3.20E«01 

B2 28 1.13E*05 EPA. 1900 1.50E.O5 EPA, 1990 3.0CE«05 

82 28 V60E.O0 EPA, 1990 1.60E«O0 EPA. 1990 3.20E*O0 

C 3 6 306-03 EPA 1990 1.30E-02 EPA 1990 NC 

B2 1406-02 EPA, 1990 7.50E-03 EPA. 1980 NC 

- - - - - - - 
82 2A 6.10E*O0 EPA 1986 1.15E«01 EPA 1986 Z30E«01 

82 3 6.10E.O0 EPA, 1966 1.15E«01 EPA, 1966 2.30E«01 

2A.3 6'OE.OO EPA 1986 1.15E«01 EPA. 1966 2.30E.01 

C 

c i 2C£-01 ORD 1.20E*01 EPA, 1990 240E»01 

82 28 2:06-03 E3*. 1990 3.006-02 EPA, 1990 NC 

B2 5.10E-02 EPA, 1990 NC 

82 3 1 -X-02 S»A. 1990 1.106-02 EPA 1990 NC 

82 3 : 306-01 ORD 2.90E-01 IRIS, 1990 S.B0E-01 

A 1 2 35£0! E=A, 1990 2.30E4O0 EPA, 1990 NC 

Page 1 
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TABLE  4A   (continued) 

Rocky Mourtain Afienai (RUA) 

Slop* Faden tor 

Ca/dnooameHoalriEflaeai 

(mcAe/dayM) 

Peftttnl 

EPA                IARC kihaktion Rafaiancaor Or*) Reference« Dermal 

Cifmootncfty Ca/ctooarudty Routo bus! Reat Bau of Routi 

CtauAcaüon    Ctaatifcaian Slop« Factor Nutation Slop* Oral Slop* Slop* 

Slope Factor Fade» Fader Faaor 

Inorganica 

Araenle 

Barylium 

Cadmium 

Chrenium(VI) 

toad 

Nicket (a>M<ubtoa«li) 

A 1 l.S0E«01 IRIS. 1990 1.75E«O0 EPA, 1990 3.S0E«01 

92 B.40E<00 IRIS. 1990 4.30E«00 BIS. 1990 8S0E*01 

81 2A 6.10E*00 IRIS. 1990 NC — NC 

A 1 4.10E*01 IRIS. 1990 ■   NC - NC 

B2 2B 

A 1 iooe-« IRIS, 1990 NC - NC 

NC * Not of concern 

NE « Not evaluated 

Page 2 
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TABLE  4B 

Rodcy UounWn Areenej (RMA) 

Retain« Doeee (Rffle) tor 

*■   - ■'- -■- 11- .Mh CIU^ noncmrunoQmvc nawin snra 

(mgfcgMay) 

Polluunt 

Inhalation Reference or Oral Reference or Dermal 

Rome Basis of Route Basis of Route 

RIO Inhalation RID RID OralRfD RID 

Acetone 

Aoetomtnle 

Acrylonthle 

AMnri 

Atrazne 

BenzaJdehvde 

Benzene 

Benzofuran 

BenzocAdd 

Benzonitrile 

Bphenyl 

Bromomethane 

Carbazoie 

Carton Tetrachloride 

Cfilorooanzene 

*-Chtoro6(Bhenyl 

4.4'-Chlorobtpn*nyf 

Chloroform 

«^ChloropMnylmethykulfone 

4-ChloropMnytmethyiiuloxlde 

ODE 

DDT 

Dibenzofuran 

Dlchlorobenzene 

1,4-Dichlorobenzene 

1.1-DicNoroetheno 

U-Dichloroethene(total| 

1,2-Diehloroprapefle 

1.82E+00 ACX3IH-TWA 1.00E-01 EPA, 1990 NC 

1.00E-02 EPA.igSO 6.00E-02 EPA. 1990 3.00E-02 

4.39E-03 ACGIH-TWA 2.70E-O4 Derived NC 

2.55E-04 ACGIH-TWA 3.00E-O5 IRIS, 1990 1.50E-05 

5.10E-03 ACGIH-TWA 5.00E-03 IRIS. 1990 2.50E-03 

1.00E-01 OralRfD 1.00E-01 IRIS, 1990 5.00E-02 

3.26E-02 ACQIH-TWA 1.00E-03 Derived NC 

5.00E-03 OralRfD 5.00E-03 Derived 2.50E-03 

4.00E+00 OralRfD 4.00E+00 IRIS, 1990 2.00E+00 

8.00E-03 OralRfD B.0OE-03 Derived 4.00E-03 

1.33E-03 ACQIH-TWA 5.00E-02 EPA, 1990 NC 

1.71E-02 EPA. 1990 1.40E-03 IRIS. 1990 NC 

5.00E-03 OralRfD S.00E-03 Derived 2.50E-03 

3.16E-02 ACQIH-TWA 7.00E-04 IRIS. 1990 NC 

S.00E-03 EPA, 1990 2.00E-02 IRIS, 19B0 NC 

2.4SE-02 OralRfD 2.4SE-02 Derived 1.22E-02 

2.33E-02 OralRfD 2.33E-02 Derived 1.16E-02 

5.00E-02 ACQIH-TWA 1.00E-02 IRIS. 1990 NC 

1.98E-02 Oral RIO 1.98E-02 EBASCO, 1990 9.90E-03 

1.98E-02 Oral RIO 1.98E-02 EBASCO, 1990 9.90E-03 

S.OOE-04 OralRfD 5.00E-04 IRIS, 1990 i50E-04 

1.02E-03 ACQIH-TWA 5.00E-04 IRIS. 1990 2.50E-04 

4.00E-02 EPA, 1990 9.00E-02 EPA, 1990 NC 

2.04E-02 ACG'^ "AA 9.00E-02 EPA, 1990 NC 

2.00E-O2 Ora.' *.D 9.00E-03 BIS, 1990 NC 

3.54E-01 ACQIH-TWA 2.00E-02 IRIS, 1990 NC 
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TABLE  4B   (continued) 
RadyltamlnAnMlfflU) 

iffDOkr 

fatytyl 

PeihIM 

Inhalation Mtnnaer CM Rafarmeaor Dam* 

RauM Bwd RoiM Band Ram* 

no inhalation RfD RID OralRfD RfD 

OMMi 

Diiuprapyl Mathy£hotpr)onaM 

1,3-Dimttrrybanzana 

DimaÜiyUaulfida 

Dimathyl Matnypnaphonala 

Dirnatnypnaphata 

Dxaira/Furant (at 2J.7.8 TCOO) 

DRhiana 

End* 

Ethyfbartftna 

HMachtornharaana 

Haiachbraeydopantadiana (HCCPD) 

MaMhion 

Mathanol 

UattylChlortfa 

Matnylana Chtoriba 

4-NitR3pntnal 

PAHj 

Aoanapmnalana 

Acwiaphthana 

B«nzo(a]pyrtna 

Ch/yaana 

Dbanzo(ajamhracana 

Fluoranthana 

Fluorana 

Phananthrana 

Pyrana 

Pa/athion 

Pantachlorobanzana 

2556-04 ACGIH-TWA 5.006-05 IRIS, 1990 i50E-05 

8,;5€-Q2 OralRfD 8.006-02 IRIS, 1990 4.006-02 

2.006-01 EPA, 1990 5.006-02 Damvd 2.506-02 

8106-03 Oral WO 8.10E-03 EBASCO, 1990 NC 

1.806-02 Oat RID 1.806-02 EBASCO, 1990 9.006-03 

8.716-02 Oral no S.71E-02 Darivad 4366-02 

1.006-09 OralRfD 1.00E-09 ATSDR.1989 5.006-10 

1.00E-02 OralRfD 1.00E-02 EBASCO, 1990 5.006-03 

1.02E-04 ACGIH-TWA 3.00E-04 «IS, 1990 1.50E-04 

4 436-01 ACGIH-TWA 1.006-01 IRIS. 1990 NC 

8.006-04 OralRfD 8.006-04 BIS. 1990 4.00E-04 

2.006-05 EPA, 1990 7.006-03 BIS, 1990 3.506-03 

7.006-05 Oral WD 7.006-05 EBASCO, 1990 3.506-05 

1.026-02 ACGIH-TWA Z006-02 BIS, 1990 1.0OE-O2 

2.67E-01 ACGIH-TWA 5.00E-01 IRIS. 1990 2.50E-01 

1.056-01 ACGIH-TWA 1.80E-02 Darn«) NC 

8.57E-01 EPA. 1990 6.006-02 EPA. 1990 NC 

£506-03 OralRfD 2.506-03 Darwad 125E-03 

- - - - — 
6.006-02 OralRfD 6.006-02 BIS, 1990 3.00E-02 

6 006-02 OralRfD 6.006-02 EPA. 1990 3.00E-02 

3006-02 OralRfD 3.00E-02 IRIS. 1990 1.50E-02 

3.00E-02 OralRfD 3.006-02 IRIS. 1990 1.50E-02 

3.006-02 OralRfD 3.00E-02 BIS, 1990 1.506-02 

4 006-02 OralRfD 4.00E-02 EPA. 1990 £006-<» 

4.006-02 Oral RID 4.006-02 BIS. 1990 2.006-02 

3.006-02 Oral R!0 3.00E-02 EPA, 1990 1.506-02 

3.006-02 OralRfD 3.006-02 IRIS, 1990 1-506-02 

510E-05 R6L 6.00E-03 EPA. 1990 3.006-03 

8 006-04 O'alRfD 8.006-04 IRIS. 1990 4.006-04 
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• 

TABLE AB   (continued) 

Ro*y Moufttn Artend (RMA) 

Reference DOM (RrDa) kr 

(motyrjar) 

Inhalation         Reierence er             Oral             Reference«           Dernie) 

Roun              Bat» of              Rout«              Bawd              Route 

Pollutant                                                                      RtD            Inhalation RID            RIO              Oral WD               RID 

Phenol 

Pyridine 

Quinoint 

Slyiene 

Supona 

Tetrachbroben»ne 

Tet/ichloroethene 

Toluene 

Trthbroberuene 

Triehloroethene 

^■^               Vapona 

Vryl Chloride 

Xylenet (trjtaT) 

1.94E-02 ACGIH-TWA 6.00E-01 RIS, 1990 3.006-01 

1.636-02 ACGIH-TWA 1.00E-03 RIS, 1000 NC 

2.006-01 Oral WD 2.00E-01 RIS, 1990 1.006-01 

2.17E-01 ACQIH-TWA 1006-01 BIS, 1990 NC 

1.50E-04 Oral RIO 1.50E-04 EäASCO,1990 7.50E-05 

3.006-04 Oral RIO 3.006-04 BIS, 1990 1.50E-04 

3.466-01 ACQIH-TWA r.ooe-02 RIS,1990 NC 

5.71E-01 6PA.1990 1006-01 RIS, 1990 NC 

3.006-03 EPA, 1990 2.00E-02 EPA. 1990 1.006-02 

2.746-01 ACQIH-TWA 7.356-03 EPA, 1987 NC 

8.47E-02 Oral RID 8.476-02 Derived 4286-02 

8.006-04 Oral RID 8.006-04 RIS. 1980 4.00E-04 

1.336-02 ACQIH-TWA 1J0E-03 Derived NC 

8.57E-02 EPA. 1990 2.00E*O0 EPA, 1990 NC 

horeana 

Alumniin 

Ammonal 

Antimony 

Ananic 

Barium 

Berylium 

Boren 

Cadmum 

Catum 

Chromum (III) 

Chromum (VI) 

Gab*! 

2.046-03 ACQIH-TWA N6 - NC 

1.736-02 ACGIH-TWA NE - NC 

5.106-04 ACQIH-TWA 4.006-04 RIS, 1990 1006-05 

2.046-04 ACQIH-TWA 1.006-03 EPA. 1990 5.006-05 

1.006-04 EPA, 1990 7.006-02 RIS, 1990 3.5OE-03 

2.046-06 ACGIH-TWA 5.006-03 RIS, 1990 2.506-04 

4.116-03 ACGIH-TWA NE - NC 

5.106-05 ACGIH-TWA 1.00E-03 RIS. 1990 NC 

1.466-03 ACGIH-TWA NC - NC 

5.106-04 ACGIH-TWA NE - NC 

5.10E-05 ACGIH-TWA 5.00E-03 RIS, 1990 NC 

5.10E-05 ACGIH-TWA 2.30E-03 Derived NC 

• 

6A-57 

Page 3 



TABLE 4B (continued) 

Rc*y WourOln Amnil (RMA) 

FWwtm DOM (RJDi) tor 
tin mi« nli Ii UMMI Cft^a. wnGvQnoQtnc nnin cnvoB 

Pofclirt 

Waitfori Reiwtnct or 

Rout» Bui at 

RfD Innäiw. WD 

Or« Rfferanoiaf Dm* 
Rouli BtMOf ROOM 

R)0 OriiRfD RIO 

COCDW 

Cyanootn 

Hy*og«n Cyindt 

Iran 

LMd 

Lthwn 

UagnMlum 

MWOIMM 

Macury 

UdyMOTuffl 

Nktt 

PhMphitt 

PcUMium 

Stfanittn 

Slew 

Star 

Sodium 

Strontium 

Thalum 

Tr 

Tkmum 

Vinadiuin 

Ylinum 

Zne 

1.00E-C2 EsASCO. -S90 3BC6-02 E5ASCO, 1990 190E-03 

Z14E-02 4CÜ -i-'ÄA NE - NC 

5.13E-03 1    ACG- *WA NE - NC 

1S2E-03 ACG-vTiVA NE - NC 

4 3CE-34 E3ASCO  '990 1.406-03 ESASCO, 1990 7.30E-05 

1.006-04 2»r*ä NE - NC 

6.15c -03 ACG.H-TWA NE' - NC 

3 00S-04 E=A. 1990 NE - NC 

8.57E-05 E'A. 1990 3.006-04 EPA, 1990 1.50E-05 

5.10E-03 ACG.H-7WA NE - NC 

102E-04 ACGi.-i-TWA NE - NC 

NC — NC 

NC — NC 

2.04E-04 ACaifiTWA 3.006-03 EPA. 1990 1.50E-04 

5.10E-05 ACG;-*VVA NC - NC 

1-02E-0S ACGH-"WA 3 006-03 «IS, 1990 150E-04 

NC - NC 

NE - NC 

1.C2E-04 ACGn-TWA 7.006-05 EPA. 1990 3.50E-06 

2.04E-03 ACG.n.-WA NE - NC 

6.11E-03 ACG:I-*WA NE - NC 

5.1CE-05 ACG.T--WA 7.0C6-03 EPA. 1990 NC 

1 02-03 ACG--WA NE - NC 

a '.96 C3 iOG - ~WA 2.3C6-01 EPA. 1990 NC 
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TABLE 4B   (continued) 

Rocky IfaurttiAnmfffUAJ 

MMmsDoMiinDDIor 

NoncwdncgMfc HMVI Vhm 

Patiuun 

Inhalation RffwmoiOf Or« RfftfvnGior Dwrraf 

Rout« BlMOf Rot» BtMOt Rout 

RfO Inhalation RfD RfO Oral RID RfD 

OtwAddQaM^ 

CriMaPolutanti 

Cafbon Monoitt* 

Hydragtn Chbrid* 

Hjrtrcgon Fluondo 

Nine Acid 

Nitregan OiidM 

Partieiiat» Matt* 

Siilur Diociot 

5.B1E-02 ACGIH-TYrA 

7.6SE-03 ACGIH-TWA 

2.65E-03 AOQIH-TWA 

5.306-03 ACQIH-TWA 

2.86E-02 NAAOS 

4.296-02 NAAOS 

2^96-02 NAAOS 

NC = Not of concern 

NE = Not Evaluated 
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■ 

UMTED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION VI 

999 18th STREET - SUTE 500 
DENVER, COLORADO   80202-2405 sy 

OCT to W° 

Ref:     BHWM-FF 

Donald Campbell 
Office of the Program Manager 
ATTNi  AMXMR-PM 
Rocky Mountain Areenal 
Commerce City, Colorado 80022-2180 

Be: Rocky Mountain Arsenal 
(RMA), Basin F Liquid 
Incinerator, Comment« on 
Air/Risk Assessment 
Protocol. 

Dear Mr. Campbell: 

in oeneral we found that thie document adequately addresses 
the Air MoSIItng Ind Risk Assessment for the Basin F incinerator. 

The current lack of information '••9»r?in* ^J"?™«^ 

the results of the proposed modeling effort or reiatea TZ.UK 

assessment« 

... .„«rft,rh nrasented will be (with the minor revisions as 

SLSE.STfSttSttSl'a^  !M. DeciBicn D=<=u*.nt,  Metion 
9.2.2, pa?» 9-5 thru 9-8). 

Sincerely. 

Xrv /Connelly E. Mean 
EPA Coordinator for RMA 
Cleanup 

6A-63 



SENT BY!0 ;18-19-98   7:i£*1 ; 30:Z9475SS-» 2154387481;« 3  —. 

anelosura 
cct  Olann Tuckar, ATSDR 

Robert Williama, ATSDR 
Bruea Huanafald, RMA 
Major Larry Rouaa, DA       - „ ,., 
Brad Bridgawatar, Dapartmant of Jcstiea 
David Shalton, CDH 
Jaft Zdson, CDH 
Elian Mangiena, CDH 
Vicky Patara, Colorado AC a Oftic« 
Robart 0. Warwick, Waiton 
Lou Millitana, Waaton 
Chris Hahn, Shall Oil Company 
Gaorga Roa, Shall Oil Company 
all with anelosura 
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EXHIBIT A 

Ambient Air Quality 

GStfERAL C0MMSNT8X 

1 . 

incinerator, w. feel that thit «wdjl. along with the 
modificationa that have been made by weaton, i» an 
appropriate model for thia application. 

«.i<u_'r SPECIFIC COMMENTS: 
* * i  ».«• 1 * Table 1-1  Specify "all'other compounds' Comment 1.  Pa?» 1-4 TgbflM 1 (p5p ^ J^ t 

incin^ato^mS:? achieve th. RCKA •^^.„^(JSHC) de.ignataS 

r2qu"ed S demoS.trete the incinerator«, ability to achi.ve th. 
DD performance requirement.. 

r—z^%^^ ass« ta-sÄ^siSS!: 
Th. S«?S elSaifieation .hould be be.ed on the locationa 
of the potential receptor.. The ye.t and eouth side, of the 
areenal, where meat to th. s.n.itiv. receptor, will moat 
likely be located, are urban. 

Give a deacription of the claaaiiication of Auer. 

r^mmmn*  5  Paoe 2-1. 3rd Paragraph Kote that channelling due to 
r0mmtouiiding:?or2valley. can lea^to **f« '^^Haa^T 

predicted by aa.uming flat tarrain in the "*•!• *9»±A' * 
5««eriDtion of the geographical netting in the area ia 
n^ededraTvell aa a con.ideration of the location« of the 
.en.itive receptor, in the area. 

* for which concentration, will be predicted. 

* -4. c  «.a. 2-2 3rd ParaGraph The WESDEP allow, for rnmment S.  Page 2 2 3rd Parag ^  ^  ^^ ^ ^ 

Th. te?rlin adjuatmenta ahould ba uaed to more accurately 
Indict th. concentration, of pollutant« to the south and 
K the arsenal (i.e., Commerce City and Denver). 
SHcribe how the terrain adjustment, are utilized in the 

Llj- 

WE8DEP. 
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Comment 6. Page 2-4. lat Paragraph Include in the text (here, 
or eleewhere) all lncludad output of tha WBSDEP model (i.e., 
will output includa meteorological data lor apacific day, 
highaat and aacond highest concentration valuaa, ate). 

Conunant 7.  Paga 2-7. 2nd Paragraph Wiat araae will ba 
deeignatedee aanaltiva racaptora? What ara tha aanaitiva 
racaptora in tha araa? Preaant a figure ahowing tha 
racaptor pointß for tha araa. Insluda tha racaptor pointa 
that will ba locatad in aansitiva araaa. Show what aach 
sanaitiva araa rapreaanta. 

Comment 8. Tha ovarall diaparaion modeling protocol appaara to 
ba aatiefaetory. Tha usa of EPA ISCST modal for tha 
inhalation concantrationa followe EPA racommandations.  Tha 
uaa of tha WESTON WESTDEP modal for vat and dry calculations 
ia acceptable for riak aeaeaament from Superfund/RCRA type 
analyaaa. 

Tha uaa of National Weather Service (NWS) data (1985- 
1989) from Stapleton Airport if acceptable. The Propoaed 
receptor grid, Including a refin«d receptor grid with 100 
mater reeolution, ia aatiefaetory. Tha modeling of wet 
deposition during precipitation «vents ia correct. The" plan 
to uaa different aurface rcughneie langtha for each receptor 
ehould include calculation of surface roughness along the 
path from the stack to each receptor. The protocol did not 
addreaa the iasua of diaparaion modeling and riak aesessment 
for short term upaet conditione. Malfunction upset 
conditiona can produce high concentrations during a short 
time period. 

2 
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EXHIBIT B 

Health Risk Asseusment Protocols 

GENERAL COfOOWTS: 

1.  The Risk Assessment Protocol is comprehensive with eljarly 
stated objectives. The following specific comments apply 
primarily to issues needing furthsr clarification. 

SPECIFIC COMMENTS: 

Comment 1.  Pao« 3-1. Bullet 5 The risk assessment should not be 
conceded vith^he "technological feasibility of lowering (or 
raising) limits" for the proposed incinerator. 

Comment 2. Page 3-2 We suggest that the DD should be consulted 
Preference concerning acceptable air concentrations (see page 
9-1 thru 9-7). 

r^mmmnt  3. Pace 3-2 It is not clear why Jhe authors have chosen 
 to break out the assessment of acute health effects into its 

own section. Normally, acute, subchronic and chronie 
effects are dealt with in the to>:icity and risk 
characterization sections of the risk assessment. 

Comment 4.  Paoe 3-3 Contaminant identification:  "Historical 
 data" which is 'intended for use :ln the risk assessment 

should be clearly defined and referenced.  It seems that, 
although information regarding the waste stream might be 
useful supporting information, the central question is: what 
is the nature and rate of incinerator emissions? 

r^mmant 5. Paoe 3-3 Contaminant Identification* *}•«• provide 
 references for the source of information regarding 

"anticipated destruction removal efficiencies (DRE)". 

r™nm.«+ ft  Paoe 3-3. first bullet What historical periods will 
COimt^ u^d ^determine InltiaT-emlssions data? Which parties 

will participate in finalising exposure parameters and 
scenarios and-when is that likely to occur? -_ Guidance on 
this is contained in the DD, Section 9. 

The term-"-hazard index" pertains to non-carcinogens. 
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Cement 7.  Page 3-3 Consider a pjthv.y that include, deposition 
of contaminate on leafy vegetables alto. 

We suggest that information developed in the Human Health 
Exposure Assesßment should be uwd «or applicable 
contaminant» (already developed and checked). 

r^.n* ii.  P»q: »-', ^tT
mM"Ph- :Lln> 8 H0V ViU back9round 

levels be determined? 

rft™*.nt d Paoa 3-4 Contaminant Identification: Please provide 
"eferencZt tor tnVWce of information regarding -accepted 
theories of destruction and reformation . 

Exactly how the relationship between toxicity and 
predicted emission rates will reault in the ••lotion of 
SoUutants of concarn i. explained in the DD. A «tjtjwmt 
referencing this in tha risk assessment protocol might be 
added for clarification. 

Please axplain the rational« for not assessing non- 
carcinogenic risk through the soil and surface water 
p2?hwe^! Please provide a brief description of the Tier i 
analysis for tha reader. 

Comment 10.  P»«« 3-5, Section 3.3, second paragraph, ;ine 3 
 Should read:  Miration of toxic valuea- i?) 

The Human Health Exposure *••«"»•"* '^J^i™ ll*iCitY 

values for most chemicals likely to be of concern. We  
recommend that these be used rather than deriving new ones. 

We commend the use of reasonable maximum exposure values. 
Make sure tha valuas used in thi* deliverable are consistent 
with the RME value» that were used in tha S*P©;uf« 
Assessment (ExA) (see attached. Exhibit C) and tho.e of 
Chris Wei», of this office, (ph. 303/294-7655), that were 
developed for the off-post RI. 

rnmmmn+   11  Paoa 3-5 Toxicity Assessment:  Contaminants or Comment n.^?agft3re5^TOg for^hich no numerical estimate, of 

toxicity are available should be identified to the EPA. 

rnmm^nt 12  Page~3-6 Exposure assessment: The"final paragraph 
Comment 12.  »g«^^.; that sit. ep.cific exposure parameters 

SilS K employed whan availabla. Tha us« of such site 
•piclfle p^rtmeter« must b« approved by the EPA prior to 
application for quantitative rlfrk assessment. Wh«^er 
™I?X»HT* the exDosure parameters used in the off-post 
JSüi«»!;»«? SSl 5TeSn.i.t«t with tho« .ppll.d to th. 
on-post Exposure Assessment. 
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Commtnt 13. Plot 3-5 t  3-6, Sectlon 3.4.1  There i« no scenario 
™^  (RMIE) which conaists ■ oV*aVUi visual currently 

living vithin the are* vhtr* the effect on the air quality 
vill be maximal". 

Comment 14. Pace 3-7 to 3-15 Excapt for dermal «xpoiura, nona 
of tha exposure scanarios appear to consider absorbtion or 
bioavailability factors, will a factor of "one" be assumed 
throughout? The dermal exposure value« used are too low, 
check them against those values u«ed in the ExA attached. 

Comment IS. Pace 3-9 Exposure Assessment: The authors apply 
 soil/dust Ingestion rates derived from 19B9 Exposure Factors 

Handbook. Please see OSWER Directive 9850.4, January 27, 
1989, "Interim Final Guidance for Soil Ingestion Rates". 

Estimates of uptake of contaminants into garden 
vegetables should be based on empirical data derived from 
Travis and Arms (1988). 

The fraction of homegrown fruits and vegetables which 
may be ingested by a farm family »hould be assumed to be 
90*. 

Comment 16.  Page 3-11  Exposure Assesiment:  It seems very 
unlikely that exposure to surface water will occur at the 
rate indicated on page 3-11 of tha Risk Assessment Protocol. 
To our knowledge, no one in the area is presently using 
surface water as a primary drinking water source. 

Comment 17.  Page 3-15. Section 3.5.1.1 What will be the 
exposure duration considered tor noncarcinogenic effects? 

Comment 18. Pace 3-16 use of a "quantitative" uncertainty 
analysis is not recommended.  See Risk Assessment Guidance 
for Superfund (RAGS), Page 6-19. 

Re: acute health effects. The assessment should consider 
other health effects that are not related to inhalations, 
like burning eyes, etc. 

Comment 19.  Exposure Assessment:  Please apply Bioeoncentration 
 factors from EPA-503/8-89/002, September 1989 where 

applicable. 

comment 20.  Exposure Assessment:  Much information exists 
regarding the transfer of iretals (particularly lead) from 
maternal sources to breast milk.  It will not be acceptable 
to dismiss this pathway for the proposed incinerator. 

5 
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EXHIBIT C 

6 
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WESTON WAY 
WEST CHESTER. PA 19380 
PHONE 215-692-3030 
TELEX 83-5348 

MANAGERS ^-    ^ D6SGNER&CONSUTANTS December 26, 1990 

Rocky Mountain Arsenal 
Building 11 
Commerce City, CO 80022-2180 

Attn: Mr. Bruce Huenefeld 
Office of the Program Manager 
AMX RM-PM 

PRAC Contract No. DACW45-90-0015 
Delivery Order 5001 
DCN:  3886-44-01-AATT 

Subject:  Rocky Mountain Arsenal 
Basin F Liquid Incinerator 
Response to Comments on WESTON Air Model/Risk 
Assessment Protocol 

Dear Mr. Huenefeld: 

This letter summarizes WESTON's responses to the protocol review 
prepared by EPA Region VIII and received by WESTON on 19 Oct 90. 
We hope EPA and RMA concerns have been adequately addressed while 
maintaining as much consistency as possible with the previous 
published on-site and off-site exposure assessment work. Attached 
is a revised protocol which reflects the substance of the comments 
and WESTON's proposed modifications. We have also included the 
final list of contaminants, emissions data, a table of exposure 
parameters, and a table of toxicity criteria in an attachment to 
the revised protocol. 

We received assistance from Dr. Chris Weis (EPA VIII) and Edwin 
Berry and Charlie Scharman (RMA) in terms of developing the final 
exposure assumptions and in obtaining background information on the 
"Off-Post FS" (i.e., the HLA/ESE Report). 

RESPONSES TO COMMENTS 

WESTON Comment to Cover Letter from Connallv Mears to Don Campbell 
(18 Oct 90) 

WESTON has provided clarification and more detail in the revised 
protocol on the methods used to determine the Submerged Quench 
Incinerator (SQI) emission rates for organics, metals, and products 
of incomplete combustion (PICS) . WESTON's methodology incorporates 
comparison of predicted emissions from the waste stream and test 
burn data with an extensive emissions database for hazardous waste 
and municipal solid waste facilities. In the absence of empirical 
data, this approach provides a comprehensive and statistically 
defensible prediction of average and upper bound emission rates 

rmOllc.rpt 
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U.S. Environmental Protection Agency 
Mr. Bruce Huenefeld 

December 26, 1990 
Page 2 

which can be meaningfully applied to the estimation of exposure in 
the risk assessment. 

The exposure assumptions presented in the protocol have been 
revised to be as consistent as possible with both on-post (EBASCO 
Report) and off-post (HLA/ESE Report; Woodward Clyde Report) 
exposure assessments. 

RESPONSES TO EPA VTII COMMENTS (EXHIBIT Al 

Comment 1 

Comment 2 

Comment 3 

Comment 4 

Comment 5 

AMBIENT AIR QUALITY MODELING PROTOCOL 

"All Other Compounds" refers to organic compounds 
other than dioxins/furans and PCBs. This has been 
corrected in the revised protocol. The statement 
concerning the trial burn has been added into 
Section 1.2 of the revised protocol. 

A preliminary review was based on inspection of the 
typographic maps of the SQI incinerator location 
out to 3 km to determine the approximate percentage 
of each of the land use as defined by Auer. Based 
on their approximate evaluation the percentage of 
land which could be classified as either rural or 
urban for air quality modeling purposes was greater 
than 50%. Thus the preliminary review indicates 
the area shown be classified as rural. A copy of 
Auer's method (Auer, 1978) for land use 
classification for air quality modeling purposes is 
attached. 

Receptors in the grid network used for modeling 
will include both areas of flat and elevated 
terrain. 

Concentrations will be estimated for all pollutants 
expected to be emitted by the SQI facility. A 
listing of the pollutants to be modeled is provided 
in the revised protocol (Appendix A). 

Terrain adjustments will be utilized in the WESDEP 
model. The terrain adjustments used in the WESDEP 
model are the same as those found in the USEPA 
Industrial Source Complex Short Term (ISCST) model 
and generally reduce the plume centerline distance 
to account for elevated terrain. 

rmOllc.rpt 
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Comment 6 

Comment 7 

Comment 8 

The WESDEP model outputs annual averages of 
concentration, dry deposition, deposition velocity, 
wet deposition, and total deposition for each 
receptor point. 

Refer to Section 3.4.1 (Exposure Scenarios) of the 
revised protocol. 

Surface roughness will be determined for each 
receptor by evaluating the area halfway to the 
adjacent receptors and assigning an appropriate 
surface roughness for the area reviewed. 

RESPONSES   TO   EPA VIII   COMMENTS    (EXHIBIT   B) 

Comment 1 

HEALTH RISK ASSESSMENT PROTOCOL 

The "technological feasibility" statement has been 
deleted. It was not the intent of the statement to 
imply that the risk assessment was concerned with 
"technological feasibility" of lowering emissions 
limits. Rather it was to indicate that the risk 
assessors would provide assistance to the design 
engineering staff at WESTON in evaluating the 
individual chemical emission rates relative to 
health risk. 

Comment 2 The Final Decision Document has been incorporated 
as a reference for guidance for the risk 
assessment. 

Comment 3 Acute health effects will be addressed in the risk 
characterization phase should chronic 
noncarcinogenic hazard indices exceed unity. The 
last section of the protocol was inappropriately 
identified as "Acute Health Effects" instead of the 
intended "Upset Conditions Analysis". Note that 
"upset conditions" has been deleted from the 
revised protocol. It was WESTON's understanding 
from meeting with the Army and EPA that an upset 
condition analysis was not relevant to the 
establishment of emissions limits since a chronic 
toxicity assessment would be more conservative. 

rnOllc.rpt 
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Comment 4 

Comment 5 

Comment 6 

Comment 7 

Comment 8 

Comment 9 

rmOllc.rpt 

The "Contamination Identification" section of the 
protocol has been rewritten to address all concerns 
expressed by EPA relative to estimating emission 
rates for the contaminants of concern. All sources 
of information used have been clearly indicated. 

The reference for destruction removal efficiency 
(DRE) is 40 CFR 264.343 ("Performance Standards). 
This reference has also been incorporated into 
Table 1-1 of the revised protocol. 

Historical data used to calculate emissions rates 
for the risk assessment have been thoroughly 
discussed and cited in the revised protocol 
(Section 3.2). The revised protocol (Section 3.4.1 
and Appendix A) presents key exposure parameters 
based on consultation with Dr. Chris Weis and 
Charlie Scharmann, and on review by WESTON of the 
off-post FS (HLA/ESE Report) and on-post (Ebasco 
Report) exposure assessments. The term "Hazard 
Index" has been appropriately clarified to indicate 
it refers to non-carcinogenic risk. 

Deposition (both wet and dry) on leafy vegetable 
pathways is addressed in the protocol and will be 
evaluated in the risk assessment. We have reviewed 
the off-post exposure assessment (HLA/ESE Report) 
and incorporated for consistency and where 
appropriate, essential exposure parameters and all 
other pertinent, site specific background data for 
the risk assessment. 

We will employ locally available soil 
concentrations for background metals if possible. 
Mr. Edwin Berry has referred us to Dr. William 
Trautman to obtain such data. 

References for theories of PIC formation are 
Trenholm and Hathaway (1984) and Oppelt (1987) and 
are cited in the revised protocol. A statement 
referencing the Final Decision Document for 
pollutant selection has been incorporated in the 
revised protocol. We will be assessing non- 
carcinogenic risk through the soil and surface 
water pathways, and the protocol has been clarified 
appropriately. The "tier 1" analysis for surface 
water contamination is a screening method with very 
conservative assumptions to provide an initial cut 
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Comment 10 

Comment 11 

Comment 12 

Comment 13 

Comment 14 
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for contaminant selection. The method is described 
in more detail in the revised protocol (Section 

WESTON has reviewed the Human Health Exposure 
Assessment Report (HLA/ESE). Appendix A contains a 
table summarizing those contaminants requiring 
derivation of toxicity criteria, and indicates 
those that follow the HLA Report.  Preference will 
be given to  IRIS  (U.S.  EPA Integrated Risk 
Information System) and to the most current U.S. 
EPA Health Effects Assessment Summary Tables  Dr 
Chris Weis (EPA VIII) will be consulted for any 
questions concerning toxicity criteria or the 
development of exposure assumptions and scenarios. 
Attachment C  (which contained various on-site 
exposure parameters) that was sent to us with EPA 
Region VIII comments was apparently taken from an 
older draft of the on-post Ebasco report.  We have 
obtained all the current off-post and on-post 
exposure   assessment   assumptions   and  have 
incorporated  these parameters  in a table  of 
assumptions included in the revised protocol. 

Dr. Chris Weis will be consulted on our approach in 
deriving any toxicity criteria. 

Any site specific exposure parameters used will be 
discussed with Dr. Chris Weis of EPA VIII. we have 
strived to be as consistent as possible between the 
off-post and on-post exposure assumptions 
previously developed. 

The RMEI at the point of maximum off-site dry 
deposition will also be exposed to the maximum of fr- 
eite ambient ground level air concentration, based 
on the air modeling results. This is discussed in 
greater detail in Section 3.3. 

Toxicity criteria for ingestion and inhalation are 
based on administered dose, and therefore, it is 
not necessary to adjust for absorption. Where 
doses must be extrapolated from one route to 
another, absorption factors have been adjusted 
according to the guidance established in RAGS (U S 
EPA, 1989, Interim Final). Bioavailability for the 
inhalation and dermal pathways will be considered 
by using an inhalation retention factor of 0.75 and 
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Comment 15 

Comment 16- 

Comment 17 

Comment 18 

a soil matrix factor of 0.15, respectively. m 
terms of dermal exposure parameters being too low, 
we assume EPA is referring to exposed skin surface 
area. The values in the Ebasco report (on-site) 
were based on a recreational use scenario and were, 
therefore, larger than the values we recommend 
which are more appropriate for a residential or 
worker scenario. 

The soil/dust ingestion rates that will be used are 
those in OSWER Directive 9850.4 (1/27/89). Garden 
vegetable (leafy; fruits) uptake data are 
consistent with Travis and Arms (1988) and have 
been appropriately cited. We are in agreement with 
the 90% ingestion value of homegrown vegetables and 
fruits for farm families. . These changes have been 
reflected in the revised protocol. 

The surface water pathway for drinking water will 
not be applicable in this risk assessment. 
However, it was included in our protocol to 
indicate to EPA how we would initially approach 
evaluating exposure. Note that surface water will 
be a pathway in terms of fish consumption, as 
discussed in Section 3.4 of the revised protocol. 

WESTON calculates a yearly average dose for soil- 
related exposure routes based on the maximum 
predicted soil concentration, which will occur at 
the end of the facility lifetime (i.e., at the end 
of year two) . A yearly average dose is also 
calculated for the inhalation exposure route based 
on the predicted air concentration, which is 
assumed to remain constant during the operation of 
the facility. These predicted annual exposure 
doses are compared with non-carcinogenic reference 
doses (RFDs) in order to assess potential non- 
carcinogenic effects. 

The uncertainty analysis to be presented will be 
consistent with RAGS (p 8-19). The statement on p. 
3-16 of the original protocol was referring to a 
"sensitivity analysis". Acute "inhalation" 
criteria many times are based on acute irritant 
effects (mucous membranes; eyes; nasal passages; 
skin). 
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6A-78 



U.S. Environmental Protection Agency 
Mr. Bruce Huenefeld 

December 26, 1990 
Page 7 

Comment 19 

Comment 20 

The revised protocol cites bioconcentration factors 
from EPA-503/8-89/002 where appropriate. 

Dr. Chris Weis has indicated to us that transfer 
factor data for metals from maternal sources to 
milk are available and has provided a reference to 
this effect.  We are evaluating this currently. 

Please inform us in writing of your approval of this protocol, 
and/or of any additional comments or concerns you may have. If you 
have any immediate questions, call me (215-430-7276), Lou Militana 
(215-430-7217) or Paul Siebert (215-430-7207) concerning the risk 
assessment, air modeling or emission rate determination, 
respectively. 

Sincerely, 

ROY F. WESTON, INC 

Robert 0. Warwick, Jr.,'-Ph.D., DABT 
Section Manager, Risk Assessment 

JOW/kh 
Attachments 
cc:  Edwin Berry, RMA 

Amit Sarkar, WESTON 
Quintin Todd, WESTON 
Lou Militana, WESTON 
Charles Dobroski, WESTON 
John Barone, WESTON 
Gary Lage, WESTON 
Paul Siebert, WESTON 
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Correlation of Land Use and Cover with Meteorological Anomalies 

AUGUST H. AUER, JR. 

Deportment of Atmospheric Scitnct, The University of Wyoming, Laramie 82071 

(Manuscript received 26 January 1976, in final form 1 November 1977) 

ABSTRACT 

Aerial reconnaissance of the greater St. Louis area has led to the identification and classification ofland 
use types. The land use classification provides as much compatibility as possible with other classification 
systems, yet offers the inclusion of percentage vegetative cover as an innovative characteristic of the 
land use description. The observed meteorological (thermodynamic, kinematic and radiative) anomalies 
in the vicinity of the metropolitan area are shown to be affiliated with "meteorologically significant" 
land cover characteristics. 

It is suggested that the specific details of population, areal extent and type of metropolitan land cover 
must be considered in estimating the potential for inadvertent weather modification. 

1. Introduction 

It has been established in numerous empirical studies 
that city mesociimates • are markedly different from 
those over surrounding, more natural areas; i.e., city 
environments are usually warmer, drier, less wind, 
cloudier and have a larger particulate burden than their 
rural counterparts. The most extensive study of urban 
meteorology has been conducted under the auspices of 
Project METROMEX (Changnon et at., 1971). The 
contrasting atmospheric properties seem to be the direct 
result of differential urban-rural energy disposition 
brought about by significant physical differences be- 
tween cities and their surroundings; namely, the con- 
trasting character of surface material (e.g., vegetation 
versus concrete), landscape shape and structure, heat 
sources and retention, and evapotranspiration. 

While meteorologists for several decades have 
published information on urhan climates, there is now 
a need to correlate these meteorological anomalies with 
more specific land use identification and description than 
are now used (such as "downtown, center of the city, 
residential, commercial," etc.). The purpose of this 
article is to identify some certain features of the land 
use in St. Louis that are unique and may be "meteoro- 
logically significant" in explaining some thermody- 
namic, kinematic and radiative anomalies associated 
with the overriding atmosphere of the metropolitan St. 
Louis area. 

2. Procedure 

Low-level airborne mapping and photography were 
used to establish our "meteorological" land use mosaic 
for Metropolitan St. Louis. As a standard procedure in 
its research activities,  the University of Wyoming 

0021 -S952/78/06364643J05.00 
O 1978 American Meteorological Society 

operated a Queen Air aircraft in the airspace over St. 
Louis. Aside from the computer-directed collection and 
recording of the meteorological and aircraft operational 
parameters, the data acquisition system is also equipped 
with an event marker. Event information, which is a 
discrete signal used to indicate up to 30 selected events 
such as specific land uses or photography, can be received 
from the pilot, copilot (scientist) and technician posi- 
tions. In this manner, a designated event marker cor- 
responding to a unique land use could be activated 
during the entire overflight of that land use. Among the 
aircraft operational parameters recorded are heading, 
VOR azimuth and DME position which allow plotting 
the aircraft flight path to within ±1° and 0.2 km, 
respectively. Thus, flight paths, time and corresponding 
event markers were plotted yielding a land use mosaic. 
Only those flights or portions thereof at 150-300 m AGL 
(above ground level) were used to collect land use in- 
formation to minimize downward line of sight errors. 
Scores of photographs were also taken to identify what 
was meant by a particular land use type as well as to 
aid in establishing the areal extent of the land use type. 
Voice recorders were utilized by crew members for 
complementary information regarding use of event 
markers and photography. Since the research flight 
paths were many and varied across the entire metro- 
politan area, an adequate density of land use data was 
acquired. No major modification in land use in the 
metropolitan area was noted in the observational period 
1973-76. 

There is no one ideal classification of land use and 
land cover, and it is unlikely that one could ever be 
developed. In developing our classification system, 
every effort has been made to provide as much com- 
patibility as possible with other classification systems 
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currently being used by the various Federal agencies 
involved in land use inventory and mapping (e.g., 
Anderson tt at., 1976). Our system satisfies the three 
major attributes of the classification process as outlined 
by Grigg (1965): 1) it gives names to categories by 
simply using accepted terminology; 2) it enables the 
classification scheme to be transferable; and 3) it allows 
inductive generalizations to be made. The classification 
system is capable of further refinement on the basis of 
more extended and varied use. 

The approach to land use and land cover classification 
embodied in our system described herein is "meteoro- 
logically oriented," in contrast, for example, with the 
"people orientation" of Land Use Coding developed by 
the U. S. Urban Renewal Administration and the 
Bureau of Public Roads (1965). 

3. Results 

The analysis of the land use determination is shown 
in Fig. 1. The land use types in this classification as- 

signed to the St. Louis Metropolitan area are Üsted in • 
Table 1 along with a brief description of each. Tie 
types of land use and land cover categorization de-" . 
veloped in this classification system can be related to    ' 
other systems which classify the potential for any par- 
ticular activity or land value. The classification is gen- 
eral enough to find utility in describing any metro- 
politan area land use as well as specific enough for 
association with relevant metropolitan anomalies. 

For our use, the term "Metropolitan St. Louis area" 
has been assigned to that area encompassed by the out- 
lying boundary of the normal residential (Rl) land use. 
The Alton-Wood River, 111., area (extreme northeast) 
has not been included in this metropolitan area, since 
it will be addressed separately. According to 1970 
Census Bureau statistics, the City of St. Louis has a 
population of 622 236 (ranks 18) with a population 
density 3938 people per square kilometer (ranks 7). 
Census Bureau figures show a population of 2 363 017 
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Fie. 1. Land use mosaic for the Metropolitan St. Louis area. Circled numbers with arrows show the location, viewing direction and 
figure number of accompanying photographs depicting examples of land use classification. 
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TABLE 1. Identification and classification of land use types found in Metropolitan St. Louis 

VOLUME 17 

Use and structures 
Description 

Vegetation 

- II 

- 12 

**   Cl 

Rl 

- R2 

- R3 

R4 

Al 

A2 

A3 

A4 
AS 

Heavy industrial 
Major chemical, steel and fabrication industries; 

generally 3-5 story buildings, flat roofs 
Light-moderate industrial 

Rail yards, truck depots, warehouses, indus- 
trial parks, minor fabrications; generally 1-3 
story buildings, flat roofs 

Commercial 
Office and apartment buildings, hotels; >10 

story heights, flat roofs 
Common residential 

Single family dwelling with normal easements; 
generally one story, pitched roof structures; 
frequent driveways 

Compact residential 
Single, some multiple, family dwelling with close 

spacing; generally <2 story, pitched roof 
structures; garages (via alley), no driveways 

Compact residential 
Old multi-family dwellings with close (<2 m) 

lateral separation; generally 2 story, flat roof 
structures; garages (via alley) and ashpits, no 
driveways 

Estate residential 
Expansive family dwelling on multi-acre tracts 

Metropolitan natural 
Major municipal, state, or federal parks, golf 

courses, cemeteries, campuses; occasional 
single story structures 

Agricultural rural 

Undeveloped 
Uncultivated; wasteland 

Undeveloped rural 
Water surfaces 

Rivers, lakes 

Grassand tree growth extremely rare; <5% 
vegetation 

Very limited grass, trees almost total ab- 
sent; <S% vegetation 

Limited grass and trees; <15% vegetation 

Abundant grass lawns and light-moderately 
wooded; >70% vegetation 

Limited lawn sizes and shade trees; <30% 
vegetation 

Limited lawn sizes, old established shade 
trees; <35% vegetation 

Abundant grass lawns and lightly wooded; 
>80% vegetation 

Nearly total grass and lightly wooded; 
>95% vegetation 

Local crops (e*., com, soybean); >95% 
vegetation 

Mostly wild grasses and weeds, lightly 
wooded; >90% vegetation 

Heavily wooded; >95% vegetation 

for a Metropolitan St. Louis.1 An inspection of Fig. 1 
collaborates the population density statistics since land 
use type R3 is seen to comprise approximately 40% of 
the area within the city limits. 

Fig. 1 also shows the packing of land use types II, 12, 
Cl, R2 and R3 in the center of the metropolitan area. 
Since these land uses are comprised of only 5-30% 
vegetation and contain an abundance of man-made 
structures, a probable influence on meteorological 
anomalies is anticipated more than from a more "in- 
dustrial" or "residential" classification. 

Figs. 2-6 show representative views of some land use 
types shown in Fig. 1 and described in Table 1. An 

1 A more recent estimate compiled by the St Louis Chapter of 
the American Statistical Association (St. Law Giobi-Democrat, 
21 January 77) and the U. S. Census Bureau Report for 1975 
Urban Population Estimates (Tk* Dutmr Pott, 13 April 77) stiD 
places the metropolitan fT'il»^"" at 2.4 million but reduces the 
dty population to 532 000. 

unabridged listing of land use photographs may also be 
found in Auer (1975b). 

In particular, Figs. 4 and 5 highlight type R3. Since 
these residential structures seem to be coincident with 
most of the surface meteorological anomalies reviewed 
later, some additional description may be worthwhile. 
These multi-family dwellings (mostly two-family flats) 
were built circa 1915. Two features stand out clearly 
in Figs. 4 and 5:1) nearly all dwellings are two-story 
and have flat, tarred roofs; and 2) the spacing between 
the buildings is very narrow (<2 m) with symmetry 
block after block. On-site estimates of the vegetative 
cover are less than 35%. 

Table 2 gives a summary of the areal contributions 
according to land use types found in Metropolitan St. 
Louis. The contribution of streets, sidewalks and alleys 
to the total land use has not been included in Table 2. 
However, from input gleaned from aerial photographs, 

• 
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FIG. 2. View of normal residential land use  (Rl) in the northwestern suburbs of the 
metropolitan area. Flight altitude is 265 m AGL. 

detailed road maps and Abell (1975),* area estimates of 
street and sidewalk thoroughfares for St. Louis city 
and the metropolitan area can be made, and as a first 
approximation, may be assumed proportionately dis- 
tributed through land use types I-C-R. Within the city 
limits, 21.6 km1 of street pavement and 6.5 kms of side- 
walk are estimated, corresponding to 13.6% and 4.1%, 
respectively, of the total city area. Suburban estimates 
are placed at 147.1 km1 (14.9%) and 46.8 km1 (4.7%), 
respectively. 

It should also be pointed out that the areal coverage 
of metropolitan natural (Al) land use is dominated by 
the contributions of a few large recreational parks and 
cemeteries throughout the metropolitan area (e.g., 
Forest Park, Calvary-Bellefontaine Cemetery). While 
there are numerous (over 175) examples of Al land use, 
the vast majority are small in size and their effect is 
obscured by surrounding anthropogenic alterations. 

Within the city limits of St. Louis, the integrated 
vegetative cover is estimated at approximately 45%. 
However, 70% (109 km1) of the city area consists of 
I1-I2-C1-R2-R3 land use, adjacently located in the 
center of the city. These land uses collectively account 
for only a 25% vegetative surface. For the St. Louis 
Metropolitan area, the integrated vegetative cover is 
estimated at 65%. 

At the extreme northeastern edge of the metropolitan 
area is the Alton-Wood River industrial complex. The 
principal industries in this area consist of steel smelter- 
ing and several petroleum refining complexes, dominated 

by the Shell Oil Refinery (see Fig. 6) at Wood River 
which ranks nationally among the top 12 refineries in 
terms of petroleum products output. The Alton-Wood 
River complex is addressed separately here because it 
has been demonstrated to be associated with some un- 
usual and substantial increases in rainfall statistics 
(Schickedanz, 1974a) and clouds (Auer, 1976), although 
it is not large in areal extent and somewhat displaced 
from the other I1-I2-C1 land uses. The land use con- 
sists of types II and 12 with areas of 6.2 and 15.3 km2, 
respectively; the associated domicile use is generally 
Rl, covering about 50 km2. While the land use may not 
seem impressive and conducive to weather anomalies, 
it should be noted that the refinery complex ranks as one 
of the strongest localized sources of heat (7X10" cal h_1) 
and water vapor (3X10' g h_l) output in the St. Louis 
region. 

TABLE 2. Summary of areal coverages (km*) of specific land uses 
for Metropolitan St. Louis, excluding waterways, thoroughfares 
and the Alton-Wood River industrial complex. Numbers in paren- 
theses are percenls. 

'Abell, W., 197S: Personal communication Administrative 
Assistant to the Director of Streets, Room 322, City Hall, St. 
Louis, Mo. 63103. 

Land UK City of Suburb« Metropolitan 
type St. Louis Miuouri Illiaoia area 

11 5.4 (   3) 4.2 (<1) 6.7 (    3) 16.3 (     1) 
12 21.4 ( 14) 14.6 (    2) 33.9 (  13) 69.9 (     6) 
Cl 5.9 (    4) 1.1 («1) 0.2 («U 7.2 (<1) 
Rl 29.2 ( 1«) 629.4 ( 87) 198.2 (  75) 856.8 (   75) 
R2 13.3 (    9) 2.2 («1) — 15.5 (     1) 
R3 63.4 ( 40) 1.8 («1) — 65.2 (     6) 
R4 — S3.3 (    7) — 53.3 (    5) 
Al 19.8 ( 12) 20.4 (    3) 24.4 (    9) 64.6 (    6) 

1SS.4 (100) 727.0 (100) 263.4 (100) 1148.8 (100) 

Toul area 990.4 
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FIG. 3. View of light-moderate industrial land use (12), foreground, with backdrop 
of commercial land use (Cl), in the vicinity just south of "downtown" St. Louis Flieht 
altitude is 305 m AGL. ^ 

4. Implications 

Certain types of land' use, when adjacentiv located, 
can effectively alter surface characteristics, landscape^ 
structure, heat source and retention, and evapotran- 
spiration, thereby increasing the dimensions of what 
has been termed "the urban area" in the literature on 
urban meteorology. 

Like most large cities, St. Louis has a marked surface 
heat island (±1.5 to ±3.0°C) and a coincident (in 

"»*, 

space^and time) identifiable minimum specific humidity 
(-0.5 to —1.5 g kg~l) evident in the summer afternoon 
climatology (Jones, 1973; Jones and Schickedanz, 1974) 
as well as in summertime case studies (Dirks, 1974a,b; 
Sisterson, 1975). Temperature increases (+1°C) and 
specific humidity deficits (-1 g kg"1) often extend a 
kilometer or more above the city and through the 
mixing layer to cloud bases (Auer and Changnon, 1977). 
An example of the thermodynamic anomalies in Fig. 7 
is reproduced from Dirks (1974b) and clearly shows the 

Fro. 4. View of compact residential kad use (R3) to the south of "downtown" St Louis. 
Flight altitude is 305 m AGL. 
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FIG. 5. Closeup view of compact residential land use (R3) in the 
southern sections of the City of St. Louis. Flight altitude is 
235 m AGL. 

developed mid-aftemoon urban heat island and specific 
humidity deficit at 305 m AGL essentially associated 
with R1-R2-C1-R3 land use. Note the small area of 
1.5 g kg-1 humidity deficit just to the west of the city 
limits which seems to coincide with the I2-C1 land use 
of downtown Clayton and nearby industrial parks. 
Dirks (1974a) and Sisterson (1975) suggested that the 
lack of evaporating surfaces, such as comprise the 
I1-I2-C1-R3 land use, could account for a significant 
reduction in evapotranspiration over these portions of 

the metropolitan area, observable as a specific humidity 
deficit. 

Thermal perturbations, along with the effect of in- 
creased surface friction, may alter the airflow across a 
metropolitan area. The low-level airflow under light 
and moderate wind conditions has been found to be 
markedly perturbed by the city and often results in 
distinct convergence in or just downwind of the city 
center (Ackerman, 1974a,b, 1977; Auer, 1975a; 
Sisterson, 1975; Kropfli and Kohn, 1977; Wong and 
Dirks, 197S). 

The thermodynamic anomalies in the mixing layer 
over the city are reflected in the preferred areas in and 
downwind of the urban area for the initiation of cumulus 
clouds, seasonally (Schickedanz, 1974b) and by case 
study (Auer, 1974, 1976). Convective cloud bases are 
generally higher by 200-600 m over and slightly down- 
wind of the city (Ackerman and Appleman, 1974; 
Boatman and Auer, 1974; Semonin and Changnon, 
1974; Changnon et al., 1976; Shea and Auer, 1978). 

Anomalies in radiation parameters have also been 
documented in St. Louis. A nighttime infrared surface 
heat island has been shown to stand out clearly over the 
downtown St. Louis area (Braham, 1974). Reduced 
albedo values of 11-13% have been found for com- 
mercial-industrial-old residential sites contrasted with 
albedo values of 16-22% for surrounding rural areas 
(Dabberdt and Davis, 1974; White et al., 1978). Varia- 
tions in albedo and emitted terrestrial radiation, re- 
lated to mesoscale changes in land use and cover, have 
been found responsible for differences in net radiation 
accumulated within the St. Louis metropolitan and 
surrounding rural areas (White et al., 1978). 

FIG. 6. Closeup view of heavy industrial land use (II) showing the Wood River, Dl., 
oil refinery complex, with adjoining normal residential (Rl) and agricultural rural (A2) 
land uses. Flight altitude is 455 m AGL. 
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FIG. 7. Analysis of urban temperature (°C, solid) and specific humidity (g kg'1, dashed) anomalies 
with respect to upwmd «lues at 30$ m ACL for 1145-1500 CDT 23 August 71 (after Dirks 1974b) 
The land use analysis is repeated from Fig. 1. ' iy'*°>- 

It is recognized that no single land use t>pe may, by 
itself, be responsible for a particular thermodynamic, 
kinematic or radiative anomaly. There may indeed be 
interactive and feedback processes between land use 
types and anomalies which are not yet clearly under- 
stood. However, evidence from METROMEX nourishes 
the premise that there is a direct interaction between 
land use type and anomaly since certain land use types 
are coincident with some observed surface anomaly 
locations. 

Schickedanz (1974a) has documented anomalous 
characteristics of summertime convective rainfall across 
the Metropolitan St. Louis area. Grosh and Semonin 
(1973), Boatman and Auer (1974), Changnon and 
Semonin (1975) and Changnon d d. (1976) have ob- 
served thunderstorm occurrence of the type studied by 
Schickedanz and concluded that temperature and 
specific humidity anomalies associated with the urban 
surface and overriding muring layer can alter storm 
behavior and possibly explain the 20-30% precipitation 
increases (Huff and Vogel, 1977) in the localized area 
within 40 km of the city center. 

In his review of urban climatic rainfall patterns, 
Changnon  (1976)  concluded  that a critical  size of 

metropolitan population (> 1000 000) must be at- 
tained before a metropolitan area affects rainfall down- 
wind. Furthermore, since sizeable rainfall increases were 
found in non-industrial cities, as well as in industrial 
cities with widely varying industrial bases, the rainfall 
anomalies seem associated with thermodynamic and/or 
kinematic characteristics of the land cover. 

_ Thus, it appears that some specific details of popula- 
tion, size and type of natural landscape alteration must 
be considered in estimating the potential of inadvertent 
precipitation modification. Land use types of I1-I2-C1- 
R2-R3, which cover as little as 100 km5 in the case of 
St. Louis, should be suspect for mesoscale thermody- 
namic anomalies sufficient to cause inadvertent pre- 
cipitation modification. 

If meteorological land use types, as listed in Table 1, 
and areas of coverage, as shown in Table 2, can be 
identified for other urban studies, better comparisons 
and transfer of analyses can be made through stratifica- 
tion by land use. Eventually it is hopec that the recogni- 
tion of the meteorological land use typ proposed herein 
will find their place in the format ol -äning ar de- 
scribing the anomaly, identifying responsible ial 
processes,  linking these processes  to anthropogenic 
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activities, and ultimately relating these findings to the 
translation and prediction of anomalies in other 
metropolitan areas. 
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APPENDIX 7A 

DERIVATION OF SURFACEWATER POLLUTANT CONCENTRATIONS 

FOR ENGINEERS LAKE 

7A.1  INTRODUCTION 

This appendix presents a detailed discussion of the methods used to determine the surface 

water contaminant concentrations for Engineers Lake. The Tier 1 analysis describes the 

technique used initially to screen contaminants from further evaluation in the surface water 

pathways (EPA, 1986). The Tier 2 analysis explains the derivation of final contaminant 

concentrations used in estimating the exposure d#es for t£||surface water pathways in the 

risk assessment. 

Ik2  TIER 1 ANALYSIS 

Water concentrations of certain .flf&taiftd&a&ts^were predicted using the conservative Tier 1 

methodology and compared witk the appropriate health-based criteria. Contaminants 

predicted to have water cgäcenttaäöös exceeding these criteria will be selected for further 

evaluation in the risk assessmfii&.,:;JFhose contaminants with concentrations less than the 

health-based criteria will not be subsequently evaluated. 

The focus of the Tier 1 screening was to eliminate contaminants from the fish ingestion 

pathway, which is the only surface water-related pathway, evaluated in the risk assessment. 

As a result, only a subset of the total list of contaminants was screened using the Tier 1 

methodology. Volatile organic compounds were not considered in this analysis since they 

are neither expected to accumulate in surface water nor bioaccumulate in fish. 

With the objective of developing a conservative carcinogenic risk estimate, all oral 
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carcinogens are arbitrarily evaluated through all relevant exposure pathways in the final risk 

assessment, therefore were not screened in the Tier 1 analysis. 

The final criterion for inclusion in the Tier 1 screening was the availability of appropriate 

health-based water quality values. Only those nonvolatile, noncarcinogenic compounds, 

which had ambient water quality criteria for the protection of human health through fish 

ingestion, were screened in the Tier 1 analysis. These factors resulted in the evaluation of 

the three organic and six inorganic contaminants listed below. 

On?anics 
Fluoranthene 
Pentachlorobenzene1 

Tetrachlorofogazene 

Inorganics 
Antimony 
Chror€|öi;|li. ; 

Manganese ;"
:" 

Sensitivity case emission ''Ities, whip represent the maximum or upper-bound range of 

facility emissions, were used;"-Ia;-'the Tier 1 screening to maximize the contaminant 

concentrations in Engineers Lake. It was conservatively assumed that all contaminants 

deposited in the watershed of Engineers Lake in a one-year period would enter the lake as 

runoff. The decay and degradation of contaminants in surface water, soil, or air were not 

considered in this analysis, further maximizing the predicted lake water concentrations. The 

equations employed in the Tier 1 screening are presented as follows in the following text. 

The total annual basin deposition rate was calculated using the following equation: 

TBD = ER * DR * BA 
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Where: 

TED       =   Total basin deposition (g/yr) 
ER        =   Sensitivity case emission rates (g/sec) 
DR        =   Total (wet plus dry) deposition factor, 9.00E-04 

(g/m2 yr)/(g/sec) 
BA        =   Basin area, 1.30E+05 m2 

The water concentration in Engineers Lake was calculated using the following equation: 

Cwater   =   TBD * HRT * CF1 • CF2/VOL 

Where: 

Cwater = Contaminant concentration^Enplssrs Lake (mg/L). 
TBD = Total basin deposition (gJ|S ,,, 
HRT = Hydraulic residence tim#psS8ped 0.5 yr). 
CF1 = Conversion factor, 1.00E-0^iB3/L 
CF2 = Conversion factor, J^^tQ^W^g. 
VOL = Lake volume, 3.45E+!Ö$'lirl (Adams County Parks Department). 

The emission rates, water concentration and ambient water quality criteria used in the Tier 

1 screening are presented in Table 7A-L Table 7A-1 shows that none of the contaminants 

eligible for the Tier 1 screening excetds 10 percent of their respective ambient water quality 

criteria for protection of hums§|heapb through fish ingestion. As a result, these compounds 

are not evaluated in the fish ingestion pathway. 

7AJ TIER 2 ANALYSIS 

A Tier 2 transport model was developed to predict surface water contaminant concentration 

from soil runoff and aerial deposition of pollutants in Engineers Lake for the fish ingestion 

pathway. The Tier 2 model has less conservative assumptions and provides more realistic 

values than the Tier 1 model. Water concentrations were calculated for all pollutants 

except paniculate matter, acid gases, volatile organic compounds, and contaminants 
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Table 7A-1 

Her 1 Surface Water Pollutant 
Concentrations and Comparison To Standards 

• 

Pollutant 

Sensitivity Case 
Emission Rate 

(g/sec) 

Predicted Annual 
Surface Water 
Concentration 

(mg/L) 

AWQC for 
Protection of 

Human Health* 
(mg/L) 

• 

Onjanics 

Fluoranthene 1.91E-09 323E-13 5.40E-02 

Pentachlorobenzene 9.73E-12 ,::hl.64E-15 8.50E-02 

Tetracfalorobenzene 4.12E-12 ;£.93E-16 4.80E-02 

Inorganics 
. 

::."'■-*'              "*•*:::;::••• 

Antimony 3.90E-03 ,# 6.58E-07 4.50E+01 

Chromium (HI) 120E-05SK:::; ' :.   2.02E-09 3.43E+03 

Manganese 2.50E-04-;; 422E-08 1.00E-01 

Mercury 3J0&33 %.. 6.58E-Ö7 1.46E-04 

Nickel iuei% 1.81E-07 1.00E-01 

Thallium , .^»im 638E-07 4.80E-02 

' U.S. EPA.  1986. Qul%:::Critei§ for Water.  1986. Office of Water Regulations 
and Standards. EPA 440jll&pi. 
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excluded as a result of the Tier 1 analysis. The technical approach and assumptions of the 

Tier 2 model are presented in the subsections that follow. 

7AJ.1  Prediction of Surface-Water Concentrations of Pollutants 

To estimate the potential exposure to the pollutants through fish consumption, surface water 

pollutant concentrations were predicted using the following steps: 

Calculation of the average deposition rate within the watershed 
Estimation of soil loss to Engineers Lak$:within the watershed 
Determination of pollutant concentratidis in Engineers Lake 

This approach to detennining surface-water cöpcenjrationslis based on the estimation of 

pollutant deposition on Engineers Lake and waifepned soils and the subsequent runoff of 

pollutants to the lake. The concentratioo#p^based-^ an assumed facility life of two years. 

Ik32  Calculation of the Average DegasUiot* Rate (PR) Within the Watershed 

The first step in estimatißg the <snronic surface-water concentrations involves a 

determination of the depöst&in factii for the impacted area. The watershed of Engineers 

Lake is limited in size and suriNpiiäed by major roadways. Due to the small size of the 

watershed, deposition in the entire area was described by a single rate, which precluded 

having to average the deposition over a wider area. The total deposition factor for the 

watershed is 9.00E-04 (g/m2yr)/(g/sec). 

7A3.3  Estimation of Soil Loss to Engineer's Lake 

Data that could be used to predict soil erosion within the Engineers Lake watershed were 

not available. As a result, soil loss was conservatively estimated at 1.5 tons/acre-yr or 336 

g/m2-yr. 
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7A33.1  Contaminant Loss .Rate 

To estimate the soil contaminant concentrations being transported to the lake, it is first 

necessary to estimate the rate constants for contaminant loss from soils. The contaminant 

loss rate is based on contaminant loss through the two potential loss mechanisms. They 

include the surface runoff rate (K^r), which is based on the loss of soil particles as they are 

transported to the lake, and the chemical degradation rate (Kjd), which is based on the half- 

life of the contaminants in the soil. 

The surface water runoff rate (K2r) was calculated asjpllows 

Kir X, / (B • d) 

Where: Estimated Value 

B 

Surface runoff, tllp 
Total sediment losi fate; 

Bulk density-;.;.'.,;.;"'''  "■;■■■■ 

Depth #f mcsfporatf on 

= 0.00118 per year 
= 33624 g/m2-yr 
= 1,425,000 g/m3  (Alan Price,  personal 

communication, 1990) 
= 0.2 meter 

The chemical degradation rate (Kp) was calculated for each chemical of concern as follows: 

K2d ln2/t 1/2 

Where: 

K,d 
h/2 

Chemical degradation rate (per year). 
Chemical half-life in soil (years). 
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The combined contaminant loss rate was calculated using the following equation: 

Kx   = Kjr + Kxd 

The contaminant loss rates for soils in the Engineers Lake watershed are presented in Table 

7A-2, along with the chemical half-lives in soils used in these calculations. 

No allowances were made for infiltration losses. Although these losses can be significant, 

it is beyond the scope of this analysis to determine the extent of groundwater recharge in 

the basin. Therefore, it is conservatively assumed that:®o loss to groundwater occurs. This 

conservative assumption increases the soil concentrations and thus the surface water 

concentrations. 

7A332  Determination of Steady State Soil1 ConcJ&rations 

Based on the rate of deposition andi|l^|ioss:i^contaminants in soil from surface runoff and 

degradation, the steady state soi&atoncasa&slions for each contaminant evaluated that will 

accumulate during the operatkm :of the facility were calculated as follows: 

Mn    = (VKO " (l-e*rat>.B €F/{d • B) 

Where: 

Mn = Maximum contaminant soil concentration (g/kg). 
K2 = Annual deposition rate for contaminant (g/m2-year). 
Kx = Contaminant loss rate (per year). 
t = Life of the incinerator (2 yrs). 
d = Depth of incorporation (0.2 m). 
B = Bulk density (1.425E+06 g/m3). 
CF = Conversion factor (1,000 g/kg). 
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Table 7A-2 : 

# 
Contaainant Loss Bates and Half-Livas for Soils 

in the Engineer« Lake Watershed 

Pollutant K1 
( per year) 

Half Life 
(years) 

ORGAN ICS 
Acetonitn'le 1.87E-03 1.00E*03 
Aldrin 1.87E-03 1.00E*03 
Atrazine 1.39E+00 5.00E-01 
Benzetdehyd® 1.87E-03 1.D0E+03 
Benzofuran 1.87E-03 1.00E+03 
Benzoic Acid 1.87E-03 1.00E+03 
Benzonitrile 1.87E-03 1.00E+03 
Biphenyl 1.87E-03 1.00E+03 
Carbazole 1.87E-03 1.00E+03 
4-Chlorebiphenyl 1.87E-03 1.00E+03 
4,4-Chlorobiphenyl 1.87E-03 1.00E+03 
4Chlorophenylfnethylsulfone 6.94E-01 1.00E+00 
4-Chlorobpenylmethylsulfoxide 6.94E-01 ..1iU©0E+00 
p,p-DDE 7.82E-02 lil'^i'-OOE-t-OO 
p,p-DDT 7.82E-02 .:•; 'Sji.DOE+OO 
Dibenzofuran 1.87E-0SsV ;-:iUüQE*03 
Dieldrin 1.87E-.S31'' vjffim 
Diisopropyt Hethylphosphonate 3.4SS'#t; 2.00E9SS-,-. 
1,3-Dimethytbenzene 1.8^03 ,;v:, 1.00E*03: 

Dimethyl Methylphosphonate zomm*:- -3.40E-02 
Dimethylphosphate 1.8fB»iD3f:' 1.00E+03 
Dioxins/Furans (EPA TEFs) 5.89£-aB- 1.20E*01 
Dithiane                                       J| U::Hl-Sl7E - 03=S|:= .'•;;3.00E*03 
Endrin ;=;1.00E+01 
HexachIorobenzene i.Cff^m 6.00E+00 
Hexachlorocyclopentadi ena $»8?£-03' 1.00E+03 jgto. 
Isodrin                            .süSi::. "lu^TE-OS 1.00E+03 Ulis 
Ma lath ion                      J;:P"'';l:i; .. . fiifc-ra 1.00E+03 w 
Methanol                     .JP       .#;£ mA.m-05 

1,371.03 
1.00E+03 

«-Witpophenol 1.00E+03 
PAHs 

AeeraphthalatsT. -.v^.      :;?•■:> 1.87E-03 1.00E+03 
Acenaphther»/' 1.87E-03 1.00E+03 
Benzo(a){S^.iTEne 8.20E-01 8.47E-01 
Chrysene   ■   . 6.55E-01 1.06E+00 
D l benzo< a, h Ja^Siracfthe 6.04E-01 1.15E+00 
Fluorene         "PlpF 1.87E-03 1.00E+03 
Phenanthrene      '"-hF 9.45E-01 7.34E-D1 
Pyrene 9.74E-01 7.12E-01 

Parathion 1.87E-03 1.00E+03 
Phenol 1.87E-03 1.00E+03 
Pyridine 1.87E-03 1.00E+03 
Ouinoline 1.87E-03 1.00E+03 
Supona 1.87E-03 1.00E*03 
TrichIorobenzene 1.87E-03 1.00E+03 
Urea 1.87E-03 1.00E+03 
Vapena 1.87E-03 1.00E*Q3 

INORGANICS 
Aluminum 1.87E-03 1.00E+03 
Arsenic 1.87E-Q3 1.00E+03 
Barium 1.87E-03 1.00E+03 
Beryllium 1.87E-03 1.00E+03 
Boron 1.87E-03 1.00E+03 
Cadmium 1.87E-03 1.00E*03 
Calcium 1.87E-03 1.00E+Q3 
Chromium (III) 1.87E-03 1.00E+03 
Chromium (VI) 1.87E-03 1.00E+03 
Cobalt 1.87E-03 1.00E+03 
Copper 1.87E-03 1.00E+03 -mi^ 
Iron 1.87E-03 1.00E+03 AHB 
Lead 1.87E-03 1.00E+03 ^^F 
Lithium 1.87E-03 
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Table 7A-2 
(continued) 

Manganese 
Molybdenum 
Phosphorus (total) 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Tin 
Titanium 
Vanadium 
Yttrium 
Zinc 

1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.87E-03 
1.871-03 
1.87E-03 
1.87E-03 

1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
1.00E+03 
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The annual deposition rates (K2) were calculated by multiplying the chemical-specific 

emission rates by the deposition factor of 9.0QE-04 g/m2-year per g/sec. The maximum 

contaminant soil concentrations, as well as the emission rates and annual deposition rates 

used in the calculations, are presented in Table 7A-3. 

7A3.4  Determination of Contaminant Concentration (C) in the Receiving Water 

The receiving water contaminant concentration is a function of the suspended solids in the 

inflow and outflow, as well as the concentration of contaminants in the soil. No data were 

available for the suspended solids concentration of .Engineers Lake. Therefore, it was 

assumed that the lake had a suspended solids outQpiponcentration of 100 mg/L. 

The inflowing suspended solids concentration^« .bjpd on the conservative assumption that 

95 percent of inflowing suspended sediments settle out in Engineers Lake. The equations 

used to calculate the impoundment conta&nnailt'concentration are: 

Si    = So/(l-RE) 
Ci    = Si • Mn • CF 

Where: 

Si = Suspended solids concentration in inflow (mg/L) 
So = Suspended solids concentration in outflow (100 mg/L) (assumed value) 
RE = Suspended solids removal efficiency (assume 95 percent) 
Ci = Inflow total concentration (ng/L) 
Mn = Maximum soil concentration (g/kg) 
CF = Conversion factor, 1,000 mg/g 
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Table 7A-3 

Maxioui Contaainant Soil Concentration«, Eaissien Rates, and 
Annual Deposition Rates in the Engineers Lake Watershed 

Pollutant 

ORGANICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biphenyl 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4Chlorophenylmethylsulfone 
4-Chlorohpenylmethylsulfoxide 
p.p-DDE 
p,p-DDT 
Dibenzofuran 
Dieldrin 
Diisopropyl Methylphosphonate 
1,3-Dimethylbenzene 
Dimethyl Methylphosphonate 
Dimethylphosphate 
Dioxins/Furans (EPA TEFs) 
Dithiane 
Endrin 
HexachIorobenzene 
Hexach I orocyc I opent ad i««;;;;;;;;; 
Isodrin 
Ha lath ion 
Methanol 
4-Nitrophenol    
PAHS 

Acenaphtha|#he ^    . 
Acenaphtfcene 
Benzo(a)pyr«« 
Chrysene 
D i benzo( a, h )aniite«W*ne 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
Phenol 
Pyridine 
Quinoline 
Supona 
TrichIorobenzene 
Urea 
Vapona 

INORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Iron 
Lead 

EMISSION Annual 
Soil Concent RATE Deposition 

Cg/Kg) g/sec (g/m2-year) 

1.48E-16 2.35E-11 2.11E-14 
1.57E-18 2.49E-13 2.24E-16 
1.18E-19 5.53E-14 4.98E-17 
3.22E-H 5.10E-09 4.59E-12 
6.17E-H 9.79E-09 8.81E-12 
1.56E-H 2.47E-09 2.22E-12 
1.48E-17 2.35E-12 2.11E-15 
1.54E-14 2.45E-09 2.20E-12 
2.96E-1B 4.70E-13 4.23E-16 
1.79E-14 2.84E-09 2.56E-12 
2.35E-16 3.72E-11 3.35E-14 
3.10E-18 «tQ8E-13 8.17E-16 
1.15E-17 3i38E-12 3.04E-15 
2.42E-15,;i 4-.14E-10 3.73E-13 
4.85E-1.* iul8S(E-14 7.46E-17 
3.08Ef:J5;: 4.ftffi^0 4.40E-13 
3.22S-S9 5.11E^1i6i;: 4.60E-17 
4,05^17 , ;;.8.98E-i2 8.08E-15 
6.-f?E-1S:i V 9.79E-10 8.81E-13 
3.511«^- 2.14E-10 1.93E-13 
3.70E*«r 5.87E-11 5.28E-14 

w   5»19E-16r-: ;;;;*.71E-11 7.84E-14 
..• $jm"2o. ;:8.98E-15 8.08E-18 
' ■ 2.9SB«;»- 4.97E-K 4.47E-17 
';1MIE-17':' 1.67E-11 1.50E-K 

=2ÜS!2E-18 4.63E-13 4.17E-16 
,. üm-w 1.31E-13 1.18E-16 

•  .1,2&E-18 2.00E-13 1.80E-16 
";%UgV58E-14 5.68E-09 5.11E-12 

1.30E-17 2.07E-12 1.86E-15 

1.54E-14 2.45E-09 2.20E-12 
1.54E-14 2.45E-09 2.20E-12 
1.52E-15 4.89E-10 4.40E-13 
1.72E-15 4.89E-10 4.40E-13 
1.79E-15 4.89E-10 4.40E-13 
3.08E-15 4.89E-10 4.40E-13 
2.78E-15 9.79E-10 8.81E-13 
1.36E-15 4.89E-10 4.40E-13 
1.74E-19 2.76E-14 2.48E-17 
1.67E-13 2.65E-08 2.38E-11 
1.48E-18 2.35E-13 2.11E-16 
7.38E-18 1.17E-12 1.05E-15 
5.23E-19 8.29E-14 7.46E-17 
1.05E-17 1.66E-12 1.49E-15 
2.26E-13 3.59E-08 3.23E-11 
1.39E-18 2.21E-13 1.99E-16 

4.09E-09 6.49E-04 5.84E-07 
8.13E-10 1.29E-04 1.16E-07 
1.99E-10 3.16E-05 2.84E-08 
8.32E-12 1.32E-06 1.19E-09 
6.07E-09 9.63E-04 8.67E-07 
2.37E-11 3.76E-06 3.38E-09 
3.49E-08 5.53E-03 4.98E-06 
5.41E-11 8.58E-06 7.72E-09 
1.90E-12 3.02E-07 2.72E-10 
1.79E-10 2.84E-05 2.56E-08 
7.63E-07 1.21E-01 1.09E-04 
1.0E--08 1.72E-03 1.55E-06 
2.5^-10 4.05E-05 3.64E-08 
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Table 7A-S 
(contimssd) • 

Lithiu» 
Manganese 
Molybdenun 
Phosphorus (total) 
Potasstun 
Seleniua 
Silicon 
Silver 
Sodium 
St rent ium 
Tin 
Titanium 
Vanadium 
Yttrium 
Zinc 

2.50E-11 
3.24E-0S 
2.50E-09 
7.75E-07 
2.58E-07 
2.09E-06 
3.59E-08 
2.16E-08 
2.65E-05 
8.32E-12 
1.83E-09 
1.39E-11 
5.31E-10 
4.85E-12 
3.69E-09 

3.96E-06 
5.HE-03 
3.97E-M 
1.23E-01 
4.09E-02 
3.31E-01 
5.70E-03 
3.43E-03 
4.21E+00 
1.32E-06 
2.91E-JK 
2.20E-06 
8.42E-05 
7.70E-07 
5.86E-04 

3.56E-09 
4.63E-Q6 
3.57E-07 
1.11E-04 
3.68E-05 
2.98E-04 
5.13E-06 
3.09S-06 
3.79E-03 
1.19E-09 
2.62E-07 
1.98E-09 
7.58E-08 
6.93E-10 
5.27E-07 

■f s     v 

• 
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7A3.5 Aerial Deposition on Engineers Lake 

Direct aerial deposition onto Engineers Lake represents an additional source of pollutants. 

The contribution by direct deposition was calculated by first determining the total deposition 

factor for the lake. This factor, 9.00E-04, is the same as that described previously for soil 

loss. 

The concentration due to deposition was calculated by determining the mass of pollutants 

falling onto 1 square meter of lake surface. The pollutant mass was then mixed in the 

volume of water underlying the square meter of lake surface, which was based on an 

average depth of six meters (Nancy Koenig, Personal Communication, 1990). An assumed 

hydraulic residence time of 0.5 year was factqrop into ihl|final equation to account for 

pollutant loss by outflowing water. The equation used to calculate the concentration from 

direct deposition is: 

Md = SA"K2i »Tr 

Where: 

Md = Mass deposited directly into unit volume (grams) 
SA = Unit surface arefflm2) 
K2i = Area-weighted deposition (g/yr m2) 
Tr = Hydraulic residence time (0.5 year) 

The contaminant concentration from sedimentation and aerial deposition were combined 

in the following equation to form an intermediate water concentration: 

Ci2 = Ci + ((Md ' NGG)/Vp) 
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Where: 

Ci2      = Intermediate unit volume concentration (ng/L) 
Ci       = Contaminant concentration due to erosion losses (ng/L) 
Md      = Mass due to aerial deposition (g) 
Vp      = Volume of water under 1 m2 of lake surface (L), based on average depth 

of 6.0 meters (Adams County Parks Dept, 1990) 
NGG  = Conversion factor for grams to nanograms (IE+09 ng/g) 

The concentration of contaminants in Engineers Lake is a function of the intermediate 

concentration, Ci2, the suspended solids concentration in outflow and inflow, and 

partitioning of the contaminant between dissolved and i;solid phases. The equation, which 

is presented below, represents the total water column concentration and takes into account 

dissolved and particle bound contaminants. 

Ct   =   Ci2 • (l + (So * Kp * KGMG))/(f:45i * Kp * KGMG)) 

Where: 

Ct = Total water cqluiii concentration 
Ci2        = Intermedjat€l:-iäiiii voiprne concentration (ng/L) 
So = SuspendJ§ soüdslioncentration in outflow (mg/L) 
Kp = Partition opefficifiat (L/kg) 
KGMG = Conversion feör (1E-06 kg/mg) 
Si = Suspended solids concentration in inflow (mg/L) 

The water concentrations and partition coefficients used in the fish ingestion pathway are 

presented in Tables 7A-4 and 7A-5, respectively. 
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Table 7A-4 

Surface Water Concentratiens for Contaarinents 
of Concern in Fish Ingestion Esposure Pathways 

Pollutant Water Concentration 
for Fish Pathway (mg/L) 

ORGANICS 
Acetonitrile 2.03E-15 
Aldrin 1.08E-18 
Atrazine 2.31E-18 
Benzaldehyde 4.17E-13 
Benzofuran 4.58E-13 
Benzoic Acid 1.87E-13 
Benzonitrile 1.90E-16 
Biphenyl 6.23E-H 
Carbazole 9.91E-18 
4-Chlorobiphenyl 1.37E-14 
4,4-Chlorobiphenyl 1.65E-16 
4Chlorophenylmethylsulfone 7.11E-17 
4-Chlorohpenylmethylsulfoxide 2.&E-16 
p.p-DDE ;^a»0E-15 
p.p-ODT .JSii56E-19 
Dibenzofuran 3iSlffii-15 
Dieldrin                gr   2.2ÄSt»:;;. 
Diisopropyl MethylphosphonataSV'  6.76E-l$p: 

1,3-Ditnethylbenzerve .:;!?.,35E-14 :;: 

Dimethyl Hethylphosphonat« 1.59E-U 
Dimethylphosphate 5.07E-15 
Dioxins/Furans (EPA TEFs)    :.;.:...3.76E-16 
Oithiane .7,£8E-19 
Endrin . *.68E-19 
Hexachlorobenze 7.33E-17 
Hexachlorc<:yclopeptadienB^;:|Bi; "" 2.06E-18 
Isodrin 5.68E-19 
Malathien 7.30E-18 
Kethanol 4.91E-13 
4-Nitropher*»*- 7.37E-17 
PAHs 

Ac«nspfea*lene 1.88E-14 
AMW^th»iS;:   ':'*f 2.20E-14 

.:-i«izo(a)pyh|i» 1.96E-15 
'''Cii%*ne 2.01E-15 
Dib^^8,fepnthraeene 1.99E-15 
Fluor«»::;;- 2.93E-15 
Phenanthirwie 4.87E-15 
Pyrene 2.06E-15 

Parathion 2.82E-19 
Phenol 2.17E-12 
Pyridine 2.01E-17 
Quinoline 8.42E-17 
Supona 2.26E-18 
Trichlorobenzene 1.40E-17 
Urea 3.10E-12 
Vapona 1.82E-17 

INORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Iron 
Lead 
Lithium 

3.10E-09 
6.16E-10 
1.40E-10 
5.84E-12 
4.60E-09 
1.68E-11 
2.45E-08 
3.80E-11 
1.34E-12 
1.26E-10 
5.48E-07 
7.61E-09 
1.83E-10 
1.75E-11 
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Table 7A-4 
(continued) 

Manganese 2.27E-Q8 
Molybdenum 1.76E-09 
Phosphorus (total) 5.87E-07 
Potassiua 2.18E-07 
Seleniuni 1.58E-06 
Silicon 2.72E-08 
Silver 1.62E-08 
Sodium       • 1.86E-Q5 
Strontium 5.8AE-12 
Tin 1.32E-09 
Titanium 9.73E-12 
Vanadium 3.73E-10 
Yttrium 3.41E-12 
Zinc 2.65E-09 
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Table 7A-5 

Position Coefficients for Contaminants of Concern 
in Surface Uater/F ish Ingestion Pathway 

Pollutant Partitior i Coefficient (Kp) 
(L/k9) 

ORGAN ICS 
Acetonitrile 4.57E-01 
Aldrin 2.51E+07 
Atrazine 4.79E+02 
Benzaldehyde 3.02E<-01 
Benzofuran 4.68E*02 
Benzoic Acid 7.41E+01 
Benzonitrile 3.63E+01 
Biphenyl 1.45E+03 
Carbazole 1.95E+03 
4-Chlorobiphenyt 7.94E+04 
4.4-Chlorobiphenyl 3.80E+05 
4Chlorophenylmethylsulfone 1.58E+01 
4-Chlorohpenylmethyl sulfoxide 2.14E+01 
p,p-DDE 4;B0E*05 
p,p-DDT i2l29E+06 
Dibenzofuran 

:1„32E*Q4 
Dieldrin TiJ8B6*06 
D i i sopropy 1 Methylphosphonate..;:

;
:;..

:::' 5.37S*ftl. 
1,3-Dimethylbenzene 1.58E*Q3 
Dimethyl MethylphosphonateSiF .;;;:1 .32E-0?;:' 
Dimethylphosphate Pi .32E-02 
Dioxins/Furans (EPA TEFs)   - 

;  1.26E+06 
Dithiane 5.89E+0Q 
Endrin U-63E+04 
HexachIorobenzene -2.95E+05 
HexachIorocycIopents id!*« ' F3.24E+05 
Isodrin 3.24E+06 
Malathion 7.76E+02 
Methanol 1.51E-01 
4-NitropheflSf:' 8.13E*02 
PAHS 

Acenaphth*li8J«' 1.17E+04 
AcefWpfccfcene-; 8.32E*03 
Bfi«zb(ä>tJ5(i!«ne ^ 2.63E+06 

. jtfcrysene   '-^S- 6.17E+05 
BibepzoO.h-jlBpth racene 3.16E*06 
Flööreoe 2.40E+04 
Phenaittfera.fte 3.72E+Q4 
Pyrene ':;H;-:: 1.51E+05 

Parathion 6.46E+03 
Phenol 2.88E+01 
Pyridine 4.57E+00 
Quinoline 1.07E+02 
Supona 1.29E+03 
Trich Iorobenzene 9.55E+03 
Urea 1.07E-03 
Vapona 2.51E+01 

J 
INORGANICS 
Aluminum 9.00E+04 
Arsenic 9.00E+04 
Barium 4.00E+05 
Beryllium 4.00E-KJ5 
Boron 9.00E+04 
Cadmium 3.00E+05 
Calcium 4.00E+05 
Chromium (III) 4.00E+05 
Chromium (VI) 4.00E+05 
Cobalt 4.00E+05 
Copper 2.00E+05 
1 ron 4.00E+05 
Lead 2.00E+05 
Lithium 4.00E+05 
Manganese 
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Table 7A-5 
(continued) 

Molybdenum 4.00E+05 
Phosphorus (total) 9.00E+W 
Potassi urn 4.00E+W 
Selenium 9.00E+04 
Silicon 9.0QE*04 
Silver 1.00E*Q5 
Sodium 4.00E*05 
Strontium 4.00E+05 
Tin 2.00E+05 
Titanium 4.00E+Q5 
Vanadium 4.00E+05 
Yttritjs 4.00E+05 
Zinc 2.0DE+05 
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APPENDIX 8A 

DERIVATION OF SOIL POLLUTANT CONCENTRATIONS 

This appendix presents a detailed discussion of the methods used to determine the sou 

pollutant concentrations. These values were used to determine exposure through the sou 

pathway. 

Pollutant levels in sou were calculated for those pollutants, identified in Section 7, to be of 

concern through the sou pathway. They include sen*<volatile organics and trace metals 

predicted to increase in the sou by 1 percent or more of.the background concentration. Sou 

pollutant levels were calculated based on deposition over a 2-year period. It was assumed 

that trace metal pollutant levels in the sou aye uaaffected by degradation or other loss 

processes. For organics, degradation was jyj^atl%gy for those pollutants for which half- 

life data in soils were available. ThusÄgradötion through first order rate loss was 

calculated for atrazine, 4<Worophejp||ethyMlfone, 4<hlorophenylmethysulfoxide, DDE, 

DDT, diisopropyl methylphosphon^-liidiöxins/furans, endrin, hexachlorobenzene, 

benzo(a)pyrene, chrysene, dibe^^^^ia^enc, fluoranthene, phenanthrene, and pyrene. 

The equations used to calcul%:|pJcontaniinant concentrations are as follows. 

No Degradation 

The formula for deterrnining the maximum concentration of a pollutant in sou with no 
i 
chemical degradation is: 

C =D    , *    1   x   1   xTxCF ^soil-max        ^ total   A   -±-        r±T 
BD   SD 

Where: 

r =     Maximum pollutant concentration in soil due to deposition (mg/kg). 
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T 
CF 
SD 
BD 

Total deposition rate (g/m2/yr). 
Accumulation time (2 years), life of incinerator. 
Conversion factor (1,000 mg/g). 
Mixing depth of soil (0.1 or 0J2 meters). 
Bulk density of soil (1,425 kg/m3). 

The soil bulk density, which was used (1,425 kg/m3), was based on an average value from 

the various soil types that occur in the Rocky Mountain Arsenal vicinity (Price, 1990). 

Average soil pollutant concentrations that would occur over the 70-year lifetime of an 

individual, assuming no chemical degradation, were calculated as follows: 

*—»iJ-svjj 

2 years C«*^. 68 years       (C^^J 

70 years 2ii:h: ,#"     .   70 years 

Where: ^K'-\ . 

Qoa^g = Average pjlu'^it.cd^entration in soil due to deposition (mg/kg). 

Qoü-iaas = Maximum pöipitant concentration in soil due to deposition (mg/kg). 

The first term in this equatiis^ccou^s for the two years of deposition, and the second term 

accounts for the years foUowing'"'Üe facility lifetime. 

The following equation was used to calculate the maximum concentration of a pollutant in 

soil, assuming that degradation is occurring: 

QoU-ma*  =  DtomJ   X   JL   X   J_   X   (!<*) X CF 
BD   SD k 
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Where: 

e = The base of the natural logarithms, 
k = First order decay constant (yr'1). 

All other variables are as previously defined in this appendix. 

The first order decay constant, k, was calculated as: 

Where: 

ln(2) 
T-half 

ln(2)/T-half 

0.6931472 
Chemical half-life in soil (y|p 

Atrazine = 0.5 years (Eb||cQjp990). 

4-aüorophenylmethjlsulfone"* 1 year (Ebasco, 1990). 

4-CMorophenylmethyisuM9xide = 1 year (Ebasco, 1990). 

DDE = 9 years (Ebasco* 1990). 

DDT m•'=9-5tesrs!(Bbasco, 1990). 

Diisoptopyl melhylphosphonate = 2 years (Ebasco, 1990). 

Dimethyl methylphosphonate = 0.03397 years (Ebasco, 1990). 

Dioxins/Furans = 12 years (EPA, 1986a). 

Endrin = 10 years (Ebasco, 1990). 

Hexachlorobenzene = 6 years (EPA, 1986a). 

PAHs 

Benzo(a)pyrene = 0.847 years (Park et al, 1990). 
Chrysene = 1.06 years (Park et al., 1990). 
Dibenzo(a,h)anthracene = 1.15 years (Park et al., 1990). 
Fluoranthene = 1.03 years (Park et al., 1990). 
Phenanthrene = 0.734 years (Park et al., 1990). 
Pyrene = 0.712 years (Park et al., 1990). 
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An average soil concentration based on degradation was determined by calculating a soil 

concentration for every day over 70 years. For the 2 years of facility operation, it was 

assumed that each successive day would involve a new day's worth of deposition as well as 

the amount left over from the previous day after degradation. The first equation presented 

in this appendix was used to calculate a soil concentration for the first day of deposition by 

assigning T= 1/365=2.74E-Q3. Degradation was calculated using the following equation: 

Cr = C0e -kT 

Where: 

Cj- = Concentration of organic in soü,,ä||clay end (mg/kg). 
C0 = Concentration of organic in soä;iäti;'dav.. start (mg/kg). 
T = Time (2.74E-03 yr). 

The concentration in soil left after the first-days de^|dation (Cj.) was added to the amount 

of contaminant deposited on the second-i^yo/ilrsr'as assumed that this process would 

continue each day over 2 years. The^utam'-sbncentration at the end of year 2 represents 

the maxiniiim soil concentration.;^eq6|ii^iir;the 70-year lifetime of an individual. The 

pollutants were assumed to cosisu#$iidegrade from year 3 to the end of year 70 so that 

each successive day involyg* only li| amount left after the previous day's degradation, 

without any new deposition o:isl||p^!.r 

. 

Soil concentrations for all pollutants of concern were calculated for each of the exposure 

scenarios (i.e., Resident-A, Resident-B, Farmer, Worker) based on total deposition rates 

specific to each receptor location. Based on the selection of the routes of exposure under 

the soil pathway, two mixing depths were used to calculate soil concentrations, 0.1 meter (10 

cm) and 02 meter (20 cm). 

Pollutant concentrations in soil determined for a 0.1-meter mixing depth were used in 

predicting exposure through the following routes of exposure: 

Exposure through child soil/dust ingestion. 
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Exposure through child dermal absorption. 
Exposure through adult soil/dust ingestion. 
Exposure through adult dermal absorption. 

For these exposure routes, the pollutants were assumed to be uniformly distributed in the 

top 0.1 meter of the soil. 

Pollutant concentrations in soil established for a 02-meter mixing depth were used for the 

following routes of exposure: 

Exposure through vegetable consumptions' 
Intake by cattle through grain, hay, and .mm silage ingestion. 

The 02-meter mixing depth was based on thc-sssumption that only the top 02 meter (8 

inches) of soil would be disturbed by diking or rotötiiling (EPA, 1986b). 

For all pollutants, maximum soil.gaacentngions were used in estimating potential 

noncarcinogenic effects. Averageusoil cöBsentrations were used in calculating carcinogenic 

risk for children and adults, since the -calculation of carcinogenic risk is based on a 70-year 

lifetime exposure. Since.dafants aäüa exposed for only 1 year during which exposure 

concentrations will be at a :raiaqm&m, maximum soil concentrations were used in the 

calculation of carcinogenic risk to the infant 

Tables 8A-1 through 8A4 present the pollutant concentrations in soil based on the 

Resident-A, Resident-B, Farmer, and Worker scenarios, respectively. It should be noted 

that the soil concentrations calculated for the Farmer scenario also were used in the 

Resident-A and Resident-B scenarios in estimating pollutant uptake through milk and beef 

consumption. 

8A-5 
534C/«&A 1/21/91 



■?••• 

Table 8A-1 m ) ft CT # 

Soil Concentrations Sjl \§\f I _ 

Resident-A Scenario 

AVERAGE MAXIM« AVERAGE MAXIMUM 
TOTAL CALCULATED CALCULATED      CALCULATED CALCULATED 

DEPOSITION CQNC  IN CONC  IN CONC  IN COHC  IN 
RATE SOIL SOIL SOIL SOIL 

8/M2/yr .2* .» .1« .IM 
«8/K8 ens/Kg we/Kg ■g/Kg 

«Mi! es 
Acetone m NA NA HA NA 
Aeetenltrile 8.22E-14 5.69E-13 5.77E-13 1.14E-12 1.15E-12 
Aerylenitrile tIA NA NA NA NA 
Aldrin 8.71E-16 6.03E-15 6.12E-15 1.21E-14 1.22E-14 
Atrazine 1.94E-16 1.39E-17 4.57E-16 2.78E-17 9.14E-16 
lenzaldehyde 1.78E-11 1.23E-10 1.2SE-10 2.47E-10 2.51E-10 
ienzeme NA NA NA NA NA 
■enzofursn 3.43E-11 2.37E-10 2.40E-10 4.74E-10 4.81E-10 
S«uoic Aeid                        _     • = 8.64E-12 5.98E-11 6.07E-11 1.20E-10 1.21E-10 
läenzcnitrüe 8.22E-15 5.69E-14 5.77H-14 1.14E-13 1.151-13 
Biphenyt NA NA NA NA NA 
Broa0M%hBT8& m NA NA NA NA ä§& 
Carbazole 1.64E-15 1.14E-14 1.15E-14 2.28E-14 2.31E-14 ^^ 
Carbon Tetracfcloride NA NA NA NA NA """■^ 
Ch I ©rotefsswi© NA NA 8A NA NA 
4-Chlorotiipheniyl 9.94E-12 6.S8E-11 6.9SE-11 1.386-10 1.40E-10 
4,4-Chlerebipftenyl 1.306-13 9.01E-13 9.14E-13 1.80E-12 1.83E-12 
Chloroform NA NA NA NA NA 
4-ChlorQphenylinethylaulfone 3.18E-15 4.58E-16 1.20E-16 9.15E-16 2.40E-14 
4-Chlorcphenylnethylsulfoxide 1.18E-14 1.70E-15 4.47E-14 3.41E-15 8.94E-14 
p,p-0DE 1.45E-12 1.87E-12 9.39E-12 3.74E-12 1.88E-11 
P.P-D0T 2.90E-16 3.75E-16 1.8SE-15 7.49E-16 3.76E-15 
0 ibensof urm 1.71E-12 1.18E-11 1.20E-11 2.37E-11 2.401-11 
Dichlorobenzenes <tetel) NA NA NA NA HA 

1,4-Diehloroberuane SA NA NA NA HA 
1,1-Diehloroethene HA NA HA NA HA 
1,2-Diefcleroethene NA NA NA HA HA 
1,2-Dichlorcprop9re HA NA NA NA NA 
Dieldrtn 1.79E-16 1.24E-15 1.26E-15 2.47E-15 2.S1E-1S 
Diitep-epyl (tethylphosfAenits 3.UE-U 9.06S-15 1.59E-13 1.81E-14 3.17E-13 
1,3-Diaethylbenzene 3.43E-12 2.37E-11 2.40E-11 4.74E-11 4.81E-11 
Diaethytefisulfiefe NA NA HA HA NA 
Oiaethyl itetfoylphosphenat« 7.49E-13 3.57E-15 1.2SE-13 7.14E-15 2.50E-13 
Di nethylphosphate 2.05E-13 1.42E-12 1.44E-12 2.84E-12 2.88E-12 
Dioxins/Furans (EPA TEF8) 5.25E-13 8.91E-13 3.47E-12 1.7SE-12 6.93E-12 
Oithitne 3.HE-17 2.17E-16 2.21E-16 4.3SE-16 4.41E-16 
Ersinn 1.74E-16 2.49E-16 1.14E-15 4.97E-16 2.27E-15 
Ethylbenz«« NA NA NA NA NA 
Mesach l erobern «te 5.84E-K 5.05E-14 3.65E-13 1.01E-13 7.30E-13 
Hexaehleroeyel©pentadiene 1.62E-15 1.12E-K 1.14E-14 2.24E-14 2.27E-14 
Isodrin 4.58E-16 3.17E-15 3.221-15 6.34E-15 6.44E-15 
Malathion 7.00E-16 4.84E-15 4.91E-15 9.68E-15 9.82E-15 
Methanol 1.99E-11 1.38E-10 1.40E-10 2.75E-10 2.79E-10 
Methyl Chloride NA NA NA NA NA 
Methylen« Chloride NA NA NA NA NA 
4-Kitrophertol 7.24E-15 5.01E-14 5.08E-K 

SA-6 

1.00E-13 1.02E-13 

• 
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Table 8A-1 
(continued) 

3R.*tSSSB 

PAHs 
Aeensphthalene 
Aeensphthene 
Benzo(a)pyrene 
Chrysene 
Diberuo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pypene 

Papathien 
PentaehIorobenzene 
Phenol 
Pyridine 
Qui no lifts 
Stypene 
Suporta 
T et rächIopobenzene 
Tetrachloroethene 
Toluene 
TPieh Iopobenzene 
Tpichlopoethene 
Urea 
Vapana 
Vinyl Chlopide 
Xylene 

INORGANICS 
Alumintm 
Mmonia 
Antimony 
Arsenic 
Bariutt 
Berylltu» 
Boron 
Cadmium 
Calcium 
Chrbnium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 

AVERAGE MAXIMUM AVERAGE MAXIMUM 

TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

DEPOSITION 
RATE 

CONC IN 
SOIL 

CONC IN 
SOIL 

CONC IN 
SOIL 

CONC IN 
SOIL 

B/M2/yr .2* .2M 
«g/Kg 

• 1M 
MB/Kg 

• 1M 
MB/Kg 

8.57E-12 5.93E-11 6.02E-11 1.19E-10 1.2W-10 

8.57E-12 5.93E-11 6.02E-11 1.19E-10 1.2OE-10 

1.71E-12 2.09E-13 5.88E-12 4.17E-13 1.18E-11 

1.71E-12 2.61E-13 6.67E-12 5.23E-13 1.33E-11 

1.71E-12 2.84E-13 6.95E-12 5.67E-13 1.39E-11 

5.14E-12 7.65E-13 1.98E-11 1.53E-12 3.96E-11 

1.71E-12 1.18E-11 1.20E-11 2.37E-11 2.40E-11 

3.43E-12 3.62E-13 1.08E-11 7.24E-13 2.15E-11 

1.71E-12 1.76E-13 5.27E-12 3.51E-13 1.05E-11 

9.66E-17 6.68E-16 6.78E-16 1.34E-15 1.36E-15 

2.61E-H 1.81E-13 1.83E-13 3.62E-13 3.67E-13 

9.27E-11 6.42E-10 6.51E-10 1.28E-09 1.30E-09 

NA NA NA NA NA 

4.09E-15 2.83E-K 2.87E-14 5.67E-14 5.75E-14 

NA NA NA NA NA 
2.90E-16 2.01E-15 2.04E-15 4.01E-15 4.07E-15 

1.10E-H 7.63E-14 7.74E-14 1.53E-13 1.55E-13 

NA NA NA NA NA 
NA NA NA NA NA 

5.81E-15 4.02E-14 4.08E-K 8.04E-14 8.15E-14 

NA NA NA NA NA 
1.26E-1C 8.69E-10 8.82E-10 1.74E-09 1.76E-09 

7.73E-16 5.35E-15 5.43E-15 1.07E-14 1.09E-14 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

7.98E-Q8 5.52E-07 5.60E-07 1.10E-06 1.12E-Q6 

4.51E-07 3.12E-06 3.17E-06 6.25E-06 6.34E-Q6 

1.11E-07 7.65E-07 7.76E-07 1.53E-06 1.55E-06 

4.62E-09 3.20E-08 3.24E-06 6.39E-Q8 6.48E-08 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

4.23E-04 2.93E-03 2.97E-03 5.866-03 5.94E-03 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

1.42E-07 9.81E-07 9.95E-07 1.96E-06 1.99E-06 

NA NA NA NA NA 

NA NA NA NA NA 
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Table 8A-1 
(continued) 

Ctercury 
Kolybsfemja 
Nickel 
Phosphat® 
Potass«us 
Selenium 
Silieen 
Silver 
Sodiura 
StrontiuB 
Thalliun 
Tin 
TiMmun 
Wanadiua 
Yittriun 
Zinc 

AVERAGE HAXIWUW AVEMGE MAXIMUM 

TOTAL CALCULATED CALCULATES CALCULATED CALCULATED 

DEPOSIT!« CONC ID CONC 11 CONC II CONC Si 
BATE SOIL SOIL SOIL SOIL 
i/«/yr .2* .a .1M • 1M 

«S/Kg «8/KS ag/Ks ■8/KS 

HA HA HA HA NA 
1.25E-07 8.64E-07 8.77E-07 1.736-06 1.756-06 

HA HA HA HA HA 
HA HA HA HA HA 
HA HA HA HA HA 
HA HA HA HA HA 

1.166-03 8.01E-03 8.13E-03 1.60E-02 1.636-02 
HA HA HA HA NA 

1.20E-05 8.306-05 8.42E-05 1.666-04 1.68E-04 
HA HA HA HA NA 
HA HA HA HA HA 

1.17E-06 8.066-66 8-186-86 1.61E-05 1.646-05 
HA HA HA HA HA 
HA HA HA BA HA 
HA HA HA ÜA «A 
HA 3A 
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Table 8A-2 

Soil Concentrations 

Resident-B Scenario 

*P^ &%   f&   g8**^ 
8 

**# 

-    t*  - tf 

$ 

TOTAL 
DEPOSITION 

RATE 
0/M2/yr 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.2* 
«9/Kg 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
-2H 
wg/Kfl 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.1M 
«s/Kq 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.1M 
«W/KB 

ORGANICS 
Acetone 
Aeetonitpile 
AcrylonitPile 
Aldpin 
Atpazine 
Benzaldehyde 
Benzene 
Benzofursn 
Benzoic Acid 
BenzonitpUe 
Biphenyl 
Bromotnethane 
Carbazole 
Carbon TetpaeMopide 
Chlopobenzene 
«-Chlopobiphenyl 
4,4-Chlopobiphertyl 
Chlopofon» 
4-Ch loreph«nyl»etM«ul fene 
* - Ch I opophenyIwthy t »ul f ox i «te 
p,p-DDE 
p.p-DDT 
Dibenzofupon 
Diehlopobenzenee (total) 

1,4-DiehlePobenxtm 
1,1-DtchloPosther* 
1,2-DichloPoethene 
1,2-Diehlopcpropww 
DieldPin 
DiiBoppopyl Methylpheaphenate 
1,3-Diwethylbenz«« 
Diwethyldiaulfide 
Dimethyl Methylpheaphenste 
Dimethylphosphate 
DioKins/FuP«» (EPA TEFs) 
Dithiane 
ErriPin 
Ethylbenzene 
HexochIopobenzene 
Hesaehlopocyclopentadiene 
Isodrin 
Halathion 
Methanol 
Methyl Chloride 
Methylene Chloride 
4-NitPophenol 

NA 
1.19E-13 

NA 
1.26E-15 
2.S0E-16 
2.58E-11 

NA 
4.95E-11 
1.25E-11 
1.19E-14 

NA 
NA 

2.38E-15 
NA 
NA 

1.44E-11 
1.88E-13 

NA 
4.59E-15 
1.71E-14 
2.09E-12 
4.19E-16 
2.47E-12 

NA 
NA 
NA 
NA 
NA 

2.59E-16 
4.54E-K 
4.95E-12 

NA 
1.08E-12 
2.97E-13 
7.59E-13 
4.54E-17 
2.51E-16 

NA 
8.45E-14 
2.34E-15 
6.63E-16 
1.01E-15 
2.87E-11 

NA 
NA 

1.05E-K 

NA 
8.23E-13 

NA 
8.72E-15 
2.01E-17 
1.79E-10 

HA 
3.43E-10 
8.65E-11 
6.23E-14 

NA 
NA 

1.65E-14 
NA 
NA 

9.94E-11 
1.30E-12 

NA 
6.62E-16 
2.46E-1S 
2.70E-12 
5.41E-16 
1.71E-11 

NA 
NA 
NA 
NA 
NA 

1.79E-15 
1.31E-H 
3.43E-11 

NA 
5.16E-15 
2.05E-12 
1.29E-12 
3.14E-16 
3.59E-16 

NA 
7.30E-H 
1.62E-14 
4.59E-15 
7.00E-15 
1.99E-10 

NA 
NA 

7.25E-U 

NA 
6.34E-13 

NA 
8.84E-15 
6.60E-16 
1.S1E-10 

NA 
3.48E-10 
8.77E-11 
8.34E-14 

NA 
NA 

1.67E-H 
NA 
NA 

1.01E-10 
1.32E-12 

NA 
1.74E-14 
6.46E-14 
1.36E-11 
2.72E-15 
1.74E-11 

NA 
NA 
NA 
NA 
NA 

1-81E-15 
2.29E-13 
3.48E-11 

NA 
.81E-13 
.08E-12 
.01E-12 
.19E-16 

1.64E-15 
NA 

5.28E-13 
1.64E-H 
4.65E-15 
7.10E-15 
2.02E-10 

NA 
NA 

7.35E-K 

1. 
2. 
5. 
3. 

NA 
1.65E-12 

NA 
1.74E-14 
4.03E-17 
3.57E-10 

NA 
6.8SE-10 
1.73E-10 
1.65E-13 

NA 
NA 

3.29E-K 
NA 
NA 

1.99E-10 
2.60E-12 

NA 
1.32E-15 
4.92E-15 
5.41E-12 
1.08E-15 
3.42E-11 

NA 
NA 
NA 
NA 
NA 

3.58E-15 
2.62E-K 
6.85E-11 

NA 
1.03E-U 
4.11E-12 
2.58E-12 
6.29E-16 
7.19E-16 

NA 
1.46E-13 
3.24E-14 
9.17E-15 
1.40E-14 
3.98E-10 

NA 
NA 

1.45E-13 

NA 
1.67E-12 

NA 
1.77E-14 
1.32E-15 
3.62E-10 

NA 
6.95E-10 
1.75E-10 
1.67E-13 

NA 
NA 

3.34E-14 
NA 
NA 

•02E-10 
.64E-12 
NA 

.47E-14 
•29E-13 
.72E-11 

5.44E-15 
3.47E-11 

NA 
NA 
NA 
NA 
NA 

3.63E-15 
4.58E-13 
6.95E-11 

NA 
3.61E-13 
4.17E-12 
1.0OE-11 
.38E-16 
.28E-15 
NA 

.06E-12 

.29E-14 

.30E-15 
1.42E-K 
4.03E-10 

NA 
NA 

1.47E-13 

6. 
3. 

1. 
3. 
9. 
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Table 8A-2 
(continued) "& 

AVEBASE HA»IMUH AVERAGE MAXIMUM 
TOTAL CALCULATES CALCULATES CALCULATED CALCULATED 

BEPOS1T!« CONC  IN CONC  IK CMC  IN CONC IN 
RATE SOIL SOIL SOIL SOIL 

g/M2/yr .« .2M .IM .IM 
«8/lCg ■8/Kg mm ag/Ks 

PAHB 

Acanaphthaltne 1.24E-11 8.58E-11 8.70E-11 1.72E-10 1.74E-10 
Acarcapfithen© 1.24E-11 8.58E-11 8.70E-11 1.72E-10 1.74E-10 
SensoJa)pyr«ne 2.47E-12 3.01E-13 S.50E-12 6.03E-13 1.70E-11 
Chryatr« 2.47E-12 3.78E-13 9.64E-12 7.55E-13 1.93E-11 
0 i taufBot a, h) ensh resam 2.47E-12 4.10E-13 1.01E-11 8.20E-13 2.01E-11 
Fiueranthena 7.44E-12 1.11E-12 2.86E-11 2.21E-12 5.72E-11 
Fluor«» 2.47E-12 1.71E-11 1.746-11 3.42E-11 3.47E-11 
Pfcenanthram 4.95E-12 5.24E-13 1.56E-11 1.0SE-12 3.116-11 
Pytens 2.47E-12 2.54E-13 7.61E-12 5.07E-13 1.52E-11 

Porotbion 1.405-16 9.66E-16 9.80E-16 1.93E-15 1.966-15 
Pentaefo I oreberaens 3.78E-14 2.61E-13 2.65E-13 5.236-13 5.31E-13 
Phenol 1.34E-10 9.28E-10 9.41E-10 1.866-09 1.886-09 
Pyridine NA NA HA NA NA 
Quinotjne 5.92E-1S 4.10E-14 4.15E-14 8.19E-14 8.31E-14 
Styren* NA NA NA NA NA 
Superti 4.19E-16 2.90E-15 2.94E-15 5.80E-15 5.89E-15 
Tetrad) loretenzene 1.59E-14 1.10E-13 1.12E-13 2.21E-13 2.24E-13 
Tetraehloroethene NA NA NA NA NA 
tolyen® NA NA NA NA NA 
Triehlorebanzera 8.40E-15 5.B1E-14 S.89E-U 1.16E-13 1.18E-13 
Iriehloroethene NA NA NA NA NA 
Unto 1.82E-10 1.26E-09 1.27E-09 2.51E-09 2.5SE-09 
Vapona 1.12E-15 7.74E-15 7.85E-15 1.S5E-14 1.S7E-14 
Vinyl Chloride NA NA NA HA JJA 
Sylens HA NA NA HA NA 

liORGftHlCi 
Aluainys HA NA HA HA NA 
Amen is NA HA NA NA HA 
Antiaary 1.15E-07 7.986-07 8.10E-07 1.606-06 1.626-06 
Anwnie 6.53E-07 4.52E-06 4.586-66 9.036-06 9.16E-06 
Sariw 1.60E-07 1.11E-06 1.12E-06 2.21E-06 2.24E-06 
•«rylliia 6.68E-09 4.Ä2E-0S 4.69E-08 9.24E-08 9.37E-08 
iorsn NA NA NA HA NA 
C««UB NA HA NA NA NA 
Dsleius NA HA NA NA NA 
Oirsaiua (III) NA NA HA NA HA 
ChroaiüB (VI) NA NA NA HA NA 
Cobalt NA NA NA NA NA 
Coppsr 6.12E-Q4 4.24E-03 4.30E-03 8.47E-03 8.59E-03 
Cynno®€f) NA NA NA NA NA 
Mydr®§€?"} Cysrn@g NA aA NA NA NA 
Iron NA NA NA NA NA 
LMX) 2.05E-07 1.42E-06 1.44E-06 2.84E-06 2.886-06 
Hthiun NA NA NA NA NA 
ttagnesiuR NA NA NA NA NA 
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Table 8A-2 
(continued) 

Manganese 
Mercury 
Molybder&ffl 
Nickel 
Phosphate 
Potassiua 
Selcniu» 
Silicon 
Silver 
Sodiun 
Strontiu» 
Thalliun 
Tin 
Titanium 
Vanadiun 
tittriun 
Zinc 

AVERAGE MAXIMUM AVERAGE MAXIMUM 

TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

DEPOSITION 
RATE 
g/H2/yr 

CONC IN 
SOIL 
.» 
ng/Kg 

CONC IN 
SOIL 
.2M 
ng/Kg 

CONC IN 
SOIL 
.1« 
ng/Kg 

CONC IN 
SOIL 
.1M 
■V/KS 

NA 
1.81E-07 

NA 

NA 
1.25E-06 

NA 

NA 
1.27E-06 

NA 

NA 
2.506-06 

NA 

NA 
2.54E-06 

NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA 
1.67E-03 

NA 
1.74E-05 

NA 
1.16E-02 

NA 
1.20E-04 

NA 
1.18E-02 

NA 
1.22E-M 

NA 
2.32E-02 

NA 
2.40E-04 

NA 
2.35E-02 

NA 
2.UE-04 

NA NA NA NA NA 

NA 
1.6SE-06 

NA 
1.17E-05 

NA 
1.18E-05 

NA 
2.33E-05 

NA 
2.36E-05 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
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.... 

Table 8A-3 • 
f% 

Bill!   I 

Soil Concentrations l   1 
Fanner Scenario *B$I 

AVERAGE MAS1WLW AVERAGE MAXltW 
TOTAL CALCULATES CALCULATED CALCULATED CALCULATED 

DEPOSITION CMC  IN CMC  IN CONC IN CMC IN 
RATE SOIL SOIL SOIL SOIL 

S/HZ/yr .2* .2W .1H .IN 
as/Kg «8/Kfl ■8/KS ■Q/Kg 

ORGANies 
Acetone m HA HA HA NA 
Acetenltrlle 7.05E-14 4.88E-13 4.95S-13 9.75E-13 9.89E-13 
AcrylenitrHe HA HA NA NA NA 
AldHn 7.47E-16 5.17E-15 5.24E-15 . 1.03E-14 1.05E-14 
Atrazim 1.666-16 1.19E-17 3.92E-16 2.39E-17 7.836-16 
Banzaldefiyst 1.53E-11 1.06S-10 1.07E-10 2.126-10 2.156-10 ■ 

Semen» HA HA HA NA NA 
i«mefur«n 2.94E-11 2.036-16 2.06E-10 4.066-10 4.126-10 
iensoic Acid 7.41E-12 5.13E-11 5.20E-11 1.03E-10 1.046-10 
■enzenitrile 7.05E-15 4.88E-14 4.95E-14 9.75E-14 9.89E-14 ijm 
Siphenyl HA HA HA NA NA JHBm 
Bronomethara HA NA HA HA ÖA W 
Carbasolc 1.41E-15 9.75E-1S 9.89E-15 1.956-14 1.986-14 
Cartoon Ttrtrachleride HA HA HA NA NA 
Chlorobenzone HA HA NA HA MA 
4-ChlorebiphWTsyl 8.52E-12 5.89S-11 5.98E-11 1.18E-10 1.206-10 
6,4-ChlorotoipAewl 1.12S-B 7.72E-13 7.83E-13 1.54E-12 1.57E-12 
Chloroform HA HA HA HA NA 
4-Chlorophenylmeti)yl3ulfone 2.72E-15 3.92E-16 1.036-14 7.84E-16 2.065-14   - 
4-Chlorophanyle»thyloulfoxide 1.01E-H 1.46S-1S 3.S3E-14 2.92E-15 7.666-14 
P.P-D8E 1.24E-12 1.60E-12 8.05E-12 3.21E-12 1.616-11 
p.p-BST 2.49E-16 3.21E-16 1.61E-15 6.42E-16 3.22E-15 
Dibemsof wren 1.47E-12 1.01E-11 1.03E-11 2.03E-11 2.066-11 
DirtlorobsmwwB (total) HA HA HA NA NA 

1,4-Diehlorebanzan8 HA HA HA NA NA 
1,1>Diefeloreath«ne HA NA NA NA NA 
1c2-Dirtler«eth«ro5 HA HA HA HA Sn 

HA HA HA HA HA 
Dieldrln 1.53E-16 1.06E-15 1.08E-15 2.12E-1S 2.1SE-1S 
Diitopropyl ttethylpw»P*»«rat« 2.69E-14 7.76S-1S 1.366-13 1.55E-14 2.72E-13 
1,3-D1«ethylb«waro 2.94E-12 2.03E-11 2.066-11 4.C6E-11 4.12E-11 
Dintethyldiaulfide HA NA HA HA NA 
Bimsthyl Methytphespherate 6.42E-1S 3.06E-15 1.07E-13 6.126-15 2.14E-13 
Dimetfoylphosphat« 1.76E-13 1.22E-12 1.24E-12 2.44E-12 2.47E-12 
Dioxint/Furans (EPA TEPs) 4.50S-13 7.64E-13 2.97E-12 1.536-12 5.94E-12 
Oithiene 2.69E-17 1.86E-16 1.896-16 3.736-16 3.78E-16 
Endrin 1.49E-16 2.13E-16 9.73E-16 4.26E-16 1.956-15 
Ethyltefaec» HA NA HA NA NA 
Hesaeh lorsterae?» 5.01E-14 4.33E-14 3.13E-13 8.66E-14 6.26E-13 
HeaaehIorecycIopsntsdiens 1.39E-15 9.61E-15 9.75E-15 1.926-14 1.95E-14 
Isodrin 3.93E-16 2.72E-15 2.76E-15 5.44E-15 5.52E-15 
MalatMen 6.00E-16 4.15E-15 4.21E-15 8.30E-15 8.42E-1S " 
Methanol 1.70E-11 1.18E-10 1.20E-10 2.366-10 2.39E-10 
Methyl Chloride NA NA NA NA NA 
Methylene Chlorids NA NA NA «A »A 
4-Nittephw»l 6.21E-15 4.30E-14 

8A-12 
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Table 8A-3 
(continued) 

PAHs 
Aeenaphthalene 
Aeenaphthene 
Benzo(a)pyrene 
Chryaene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathien 
PentachIoretoenzene 
Phenol 
Pyridine       . * 
Ouinoline 
Styrene 
Supena 
Tetrachlorebenxene 
Tetraehloroethene 
Toluene 
TrichIorebenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminua 
Afmonia 
An ti warty 
Arsenic 
Bari uii 
Beryl I iun 
Boron 
Cadmiusi 
Calcium 
Chromium (III) 
Siromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 

AVERAGE MAXIMUM AVERAGE MAXIMUM 

TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

DEPOSITION CONC IN CONC IN CONC IN CONC IN 

RATE SOIL SOIL SOIL SOIL 

g/N2/yr .2H 
mg/Kg mg/Kg 

.1« 
■g/Ks 

.1H 
«a/Kg 

7.35E-12 5.08E-11 5.16E-11 1.02E-10 1.03E-10 

7.35E-12 5.08E-11 5.16E-11 1.02E-10 1.03E-10 

1.47E-12 1.79E-13 5.04E-12 3.58E-13 1.01E-11 

1.47E-12 2.24E-13 5.72E-12 4.48E-13 1.14E-11 

1.47E-12 2.43E-13 5.96E-12 4.S6E-13 1.19E-11 

4.41E-12 6.56E-13 1.70E-11 1.31E-12 3.39E-11 

1.47E-12 1.01E-11 1.03E-11 2.03E-11 2.06E-11 

2.94E-12 3.10E-13 9.22E-12 6.21E-13 1.84E-11 

1.47E-12 1.50E-13 4.51E-12 3.01E-13 9.02E-12 
B.28E-17 5.73E-16 5.81E-16 1.15E-15 1.16E-15 
2.24E-14 1.55E-13 1.57E-13 3.10E-13 3.15E-13 

7.95E-11 5.5OE-10 5.S8E-10 1.10E-09 1.12E-09 

NA NA NA NA NA 
3.51E-15 2.43E-14 2.46E-14 4.86E-14 4.93E-H 

NA NA NA NA NA 
2.49E-16 1.72E-15 1.75E-15 3.44E-15 3.49E-15 

9.45E-15 6.54E-H 6.63E-14 1.31E-13 1.33E-13 

NA NA NA NA NA 
NA NA NA NA NA 

4.98E-15 3.44E-14 3.49E-14 6.89E-14 6.99E-14 

NA NA NA NA NA 
1.08E-10 7.45E-10 7.56E-10 1.49E-09 1.51E-09 

6.63E-16 4.59E-15 4.65E-15 9.17E-15 9.31E-15 

NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 

6.84E-08 4.73E-07 4.8OE-07 9.46E-07 9.60E-07 
3.B7E-07 2.6SE-Q6 2.72E-06 5.35E-06 5.43E-06 

9.4BE-Q8 6.56E-07 6.65E-07 1.31E-06 1.33E-06 

3.96E-09 2.74E-08 2.78E-08 5.48E-0S 5.56E-0S 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

3.63E-04 2.51E-03 2.55E-03 5.02E-Q3 5.09E-03 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

1.21E-07 8.40E-07 8.53E-07 1.68E-06 1.71E-06 

NA NA NA NA NA 
NA NA NA NA NA 
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Table 8A-3 
(continued) 

o ä nr 
^ %* 

\t\i § 

Manganese 
Mercury 
Holy***»«* 
Dictel 
Miesphate 
Potassi in 
SeluniuB 
SUicen 
Silver 
Sodiun 
Strcntiu» 
Thalliut 
Tin 
TitBniua 
Vanediun 
Tittriira 
Zins 

AVEBAGE MAXIMUM AVEIA6E MAXIMUM 
TOTAL CALCULATED CALCULATE!) CALCULATED CALCULATED 

DEP0SIT1« CONC IN CONC IN CONC lit CONC IN 
RATE SOIL SOIL SOIL SOIL 

9/m/yr .2« .2* .1* .IN 
is/Kg «B/K8 SEj/Kfi ■s/Kg 

NA NA NA HA NA 
1.07E-07 7.41E-07 7.52E-07 1.48E-W 1.50E-06 

m HA NA HA NA 
NA HA NA NA SA 
HA HA HA NA HA 
HA HA NA HA NA 

9.93E-W 6.87E-03 6.97E-03 1.S7E-02 1.39E-02 
NA NA HA NA NA 

1.03E-0S 7.12E-05 7.22E-05 1.42E-04 1.44E-04 
NA HA HA NA NA 
NA NA HA NA NA 

9.99E-07 6.91E-0S 7.D1E-66 1.38E-0S 1.40E-05 
HA HA HA HA NA 
HA NA NA HA NA 
HA HA NA «A NA 
HA NA NA NA HA 
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Table 8A-4 

SoU Concentrations 

Worker Scenario 

V; 

ORGAN ICS 
Acetone 
Acetenitrile 
Acpylonitrile 
Aldrin 
Atrezine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biphenyl 
Bremomethane 
Carbazole 
Carbon Tetrachloride 
Chlorobenzene 
4-Chlorebiphenyl 
4,4-Chloretoiphenyl 
Chloroform 
4-Chlorephenyli«thyl»ul forte 
4-ChlorephenylwethyUulf oxide 
p„p-DDE 
p,p-DDT 
Dibenzofuran 
Dichlerebenzenes (total) 

1,4-Diehlereijeroene 
1,1-Diehloroethene 
1,2-Diehleroethene 
1,2-Dichloroprepane 
Dieldrin 
Diiaopropyl Methylphosphonate 
1,3-Diistethylbenzene 
Diwethyldisulfide 
DiB»thyl Methylpheaphonste 
Difeetfiy I phosphate 
Dioxins/Furar* (EPA TEF«) 
Dithiane 
Endrin 
Ethylbenzene 
HexachIorobenzene 
Hexachlorecyclopentadiene 
lsodrin 
Malathien 
Methanol 
Methyl Chloride 
Methylen« Chloride 
4-Nitrophenol 

AVERAGE MAXIMUM AVERAGE MAXIMUM 

TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

DEPOSITION CONC IN CONC IN CONC IN CONC IN 

RATE SOIL SOIL SOIL SOIL 

g/M2/yr .2M • 2M .1N .1M 
mg/Kg mg/Kg Mg/Kg mg/tCg 

NA NA NA NA NA 
1.08E-13 7.46E-13 7.57E-13 1.49E-12 1.51E-12 

NA NA NA NA NA 
l.HE-15 7.91E-15 8.02E-15 1.58E-H 1.60E-14 

2.54E-16 1.83E-17 5.99E-16 3.65E-17 1.20E-15 

2.34E-11 1.62E-10 1.64E-10 3.24E-10 3.29E-10 

NA NA NA NA NA 
4.49E-11 3.11E-10 3.15E-10 6.22E-10 6.31E-10 

1.13E-11 7.84E-11 7.96E-11 1.57E-10 1.59E-10 

1.08E-K 7.46E-14 7.57E-K 1.49E-13 1.51E-13 

NA NA NA NA NA 
NA NA NA NA NA 

2.16E-15 1.49E-H 1.51E-14 2.98E-H 3.03E-U 

NA NA NA NA NA 
NA NA NA NA NA 

1.30E-11 9.02E-11 9.15E-11 1.80E-1O 1.83E-10 
1.71E-13 1.18E-12 1.20E-12 2.36E-12 2.40E-12 

NA NA NA NA NA 
4.17E-15 6.00E-16 1.57E-K 1.20E-15 3.15E-14 
1.55E-14 2.23E-« 5.86E-14 4.47E-15 1.17E-13 

1.90E-12 2.45E-12 1.23E-11 4.90E-12 2.46E-11 

3.81E-16 4.91E-16 2.47E-15 9.82E-16 4.93E-15 

2.24E-12 1.55E-11 1.58E-11 3.11E-11 3.15E-11 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA HA NA 
NA NA NA NA NA 

2.35E-16 1.62E-15 1.65E-15 3.24E-15 3.29E-15 

4.12E-14 1.19E-14 2.08E-13 2.37E-14 4.16E-13 

4.49E-12 3.11E-11 3.15E-11 6.22E-11 6.31E-11 

NA NA NA NA NA 
9.82E-13 4.68E-15 1.64E-13 9.36E-15 3.28E-13 

2.69E-13 1.86E-12 1.89E-12 3.73E-12 3.78E-12 

6.89E-13 1.17E-12 4.55E-12 2.34E-12 9.09E-12 

4.12E-17 2.85E-16 2.89E-16 5.70E-16 5.79E-16 

2.28E-16 3.26E-16 1.49E-15 6.S2E-16 2.98E-15 

NA NA NA NA NA 
7.67E-14 6.62E-14 4.79E-13 1.32E-13 9.57E-13 

2.13E-15 1.47E-14 1.49E-U 2.94E-14 2.98E-K 

6.01E-16 4.16E-15 4.22E-15 8.32E-15 E.44E-15 

9.18E-16 6.35E-15 6.44E-15 1.27E-14 1.29E-H 

2.61E-11 1.80E-10 1.83E-10 3.61E-10 3.666-10 

NA NA NA NA NA 

NA NA NA NA NA 

9.50E-15 6.57E-H 6.67E-14 1.31E-13 1.33E-13 
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Table 8A-4 
(continued) 

PAHa 
Acanaphthalone 
Acenaptithene 
§«ue<ia)pyr©r* 
Chryame 
D i bmxoitt, h )anthraeara 
Fl«spsinth«me 
fluorene 
tenant hr©n© 
f»yr«« 

Pmratbien 
Pentachloreberaen® 
f>henol 
Pyridine 
euinelims 
Styrene 
Supona 
Tetrachlorebenzene 
Tetraetitoroethere 
Toluene 
Triehloreteruene 
Triefcloreethene 
Unsa 

Vinyl Chloride 
Xylare 

INORGANICS 
Aiuairajsa 
AiBimis 
Antiaony 
Araenie 
■ariuB 
tarylUys 
iercn 
Cadnii« 
Calclux 
Oirsniui (III) 
Chroniia (VI5 
Cobalt 
Copper 
Cyanogen 
^y^Pö0*5fi Cyisfli^s 
Iron 
Lwed 
Lithium 
Misgnesiura 

AVERAGE MAX1MU4 ABSAGE MAXIMUM 
TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

BEPOSITI« CMC IN CONC IN CONC IN CONC IN 
RATE SOIL SOIL SOIL SOIL 
S/«/yr .» .2* .1M .IM 

«g/K@ mo/Kg «g/Kg m/Kg 

1.12E-11 7.78E-11 7.89E-11 1.56E-10 1.58E-1Q 
1.12E-11 7.78E-11 7.89E-11 1.54E-10 1.5SE-10 
2.24E-12 2.74E-13 7.71E-12 5.47E-13 1.54E-11 
2.24E-12 3.43E-13 8.75E-12 6.8SE-13 1.75E-11 
2.24E-12 3.72E-13 9.12E-12 7.44E-13 1.82E-11 
6.75E-12 1.00E-12 2.59E-11 2.01E-12 5.19E-11 
2.24E-12 1.55E-11 1.58E-11 3.11E-11 3.15E-11 
4.49E-12 4.75E-13 1.41E-11 9.50E-13 2.82E-11 
2.24E-12 2.30E-13 6.91E-12 4.60E-13 1.38E-11 
1.27E-16 8.76E-16 8.89E-16 1.75E-15 1.78E-15 
3.43E-14 2.37E-13 2.41E-13 4.74E-13 4.81E-13 
1.22E-10 8.41E-10 8.54E-10 1.68E-09 1.71E-09 

HA NA NA NA HA 
5.37E-15 3.71E-K 3.77E-14 7.43E-14 7.54E-14 

NA NA NA NA NA 
3.81E-1& 2.63E-15 2.67E-15 5.26E-15 5.34E-15 
1.45E-14 1.00E-13 1.01E-13 2.00E-13 2.03E-13 

«A NA NA NA ?JA 
NA NA NA NA NA 

7.62E-1S 5.27E-14 5.35E-1« 1.0SE-13 1.07E-13 
MA NA NA NA NA 

1.65E-10 1.14E-B9 1.16E-09 2.28E-09 2.31E-09 
1.01E-15 7.02E-15 7.12E-15 1.40E-14 1.42E-U 

«A NA NA NA aa m HA NA NA NA 

m NA HA HA NA 
NA NA NA NA HA 

1.05E-07 7.24E-07 7.34E-07 1.45E-G6 1.47E-06 
5.922-07 4.10E-86 4.16E-06 8.19E-06 8.31E-06 
1.45E-07 1.OGE-06 1.02E-06 2.01E-O6 2.04E-06 
6.06E-09 4.19E-88 4.25E-08 8.38E-08 8.50E-W m NA NA NA NA m NA NA HA NA 

NA NA NA NA HA 
HA NA HA HA NA 
NA NA HA NA NA 
NA NA NA NA NA 

5.55E-04 3.84E-03 3.90E-03 7.ME-03 7.79E-03 
NA NA NA NA M 
NA NA NA NA m 
NA NA NA NA «A 

1.86E-07 1.29E-06 1.30E-06 2.57E-06 2.61E-06 
NA NA NA NA NA 
NA NA NA NA NA 
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Table 8A-4 
(continued) 

gSITS^a nn A a- -«- 
ii 

Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potass iun 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
T i tani 
Vanedi 
Yittri 
Zinc 

um 
UTC 
um 

' AVERAGE MAXIMUM AVERAGE MAXIMUM 

TOTAL CALCULATED CALCULATED CALCULATED CALCULATED 

DEPOSITION CONC IN CONC IN CONC IN CONC IN 

RATE SOIL SOIL SOIL SOIL 

8/W/yr 
RS/Kg 

.2M 
wg/Kg 

.1M 
tig/Kg 

.1M 
ng/Kg 

NA NA NA NA NA 

L64E-07 1.13E-06 L15E-06 2.27E-06 2.30E-06 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

1.52E-03 LOSE-02 L07E-02 2.10E-02 2.13E-02 

NA NA NA NA NA 
L57E-05 1.09E-M L10E-04 2.1SE-04 2.21E-04 

NA NA NA NA NA 
NA NA NA NA NA 

1.53E-06 L06E-0S L07E-05 2.11E-05 2.15E-05 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
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APPENDIX 8B 

METHODOLOGY FOR CALCULATING POLLUTANT 

CONCENTRATIONS IN VEGETABLES 

This appendix presents a detailed discussion of the methods used to determine the pollutant 

concentrations in vegetables that are considered in the vegetable consumption exposure 

route. Three vegetables (carrots, lettuce, and tomatoes) were selected to represent the 

vegetables that may be grown in a household garden in the area surrounding the Rocky 

Mountain Arsenal. 

8B.1   CARROTS 

«R.1.1   General Approach 

The pollutant concentration (Cu) ini#3|pts resulting from uptake from the sou is expressed 

by the following equation: 

Cu (mg/kg) = PoUtilant consintration in soil (mg/kg) x RUF 

Where: 

RUF = Root uptake factor (unitless) 

' The soil concentrations used in the calculations are presented in Tables 8A-1, 8A-2, and 

8A-3 for the Resident-A, Resident-B, and Farmer scenarios, respectively. The derivation 

of the root uptake factors is described in the following subsection. 

8B-1 
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EKL2 ItatattfamjfJRffirt UptakeJEacfors for Carrots 

Root uptake factors (RUFs) were derived based on the work by Briggs et al. (1982). Briggs 

et al. (1982) studied the uptake of organic chemicals from solution by barley shoots and 

established the following relationship between the root concentration factor (RCF) and the 

K^, (octanol/water partition coefficient) for the organics tested: 

log (RCF - 0.82) = 0.77 log K^ • 1.52 

Where: 

sill;    .=#' 

RCF   - c^/q 
C^     = Pollutant concentration'm thsi&m. (mg/kg). 

= Pollutant eoncentsaiöa inisiter (mg/L). 
.;;i;r      

Given the following relationsip^'tw^p pollutant distributions in soil and water phases: 

Where: 

(KJ (& 

Qoa = Pollutant concentration in soil (mg/kg). 
Qototi«, = Pollutant concentration in water (mg/L). 
KOJ = Organic carbon partition coefficient. 
fÄ - Fraction of organic carbon in the soil, 1.42 percent (Price, 1990). 

8B-2 
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The RUF for each compound could be determined from the RCF as shown in the following 

equation: 

RCF Qoot/Qofctioo CfOOt 

RUF     =           =          =        
(K«)(f«) QojI/CjoJutio,, Cjoj, 

RCFs and RUFs were calculated for the pollutants of concern using K^s and K^s from 

EPA (1986) and a sou organic carbon content (f«) of 1.42 percent (Price, 1990). Log K^ 

and K^ values used in the calculation of RUFs are presented in Table 8B-1. K^ data were 

not available for several chemicals. In these instancesgthe values were calculated based on 

the log K^. If the chemical was an aromatic with sft|w between 2 to 6.6, the following 

equation was used: 

log K^ = 0.937 log K^ - 0.006 (Lymaet al., 1582) 

For aromatics with a log K^ falling «aitsiderie given range, as well as all other organic 

substances, the following equatitHi::was =Kse& 

log K« = 0.544 log K^ + 1377. (Lyman et al., 1982). 

inorganics 

The RUFs used for the inorganic compounds were based on transfer coefficients developed 

by Baes et al. (1984) for tubers. Tubers are similar to carrots in that most tubers grow 

'underground and serve as food storage organs. The transfer coefficients, which are 

expressed as dry weight plant concentrations divided by dry weight soil concentrations, were 

convened to wet weight by assuming a water content for carrots of 88 percent (Baes et al., 

1984). 

RUFs used to determine inorganic uptake by carrots can be found in Tables 8B-2 through 

8B-7. It should be noted that, although the chemical composition of a plant reflects its 
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growth medium, the rate of metals uptake by plants is highly variable and is influenced by 

many factors. These factors include parameters specific to the plant (species, age) and to 

the properties of the soil (pH, organic content, cation exchange capacity, concentration of 

other inorganics, temperature, aeration). Thus, in the absence of specific information 

regarding garden soil characteristics in the RMA area, the calculated RUFs should be 

viewed as best approximations. 

Average concentrations of pollutants in carrots and average daily intakes are summarized 

for the adult and child for the Resident-A, Resident-B, and Farmer scenarios in Tables 8B- 

2, 8B-3, and 8B-4, respectively. The maximum pollutant concentration in carrots and the 

maximum daily intakes are summarized in Tables 8B-5* 8B-6, and 8B-7. 

8B2  TOMATOES AND LETTUCE 

8B.2.1  Surface Deposition of Pollutants o» Tomatoes and Lettuce 

The plant pollutant concentrationffisuiuiigfeom surface deposition (Cd) is expressed by the 

equation: 

Q =      (DR).(VSDF). 
(maximum) 

Q 
(average) 

Where: 

(DR) (VSDF) (2/70) 

DR Pollutant dry deposition rate (mg/m2s). This includes only dry 

deposition. Pollutants falling on plant surfaces from wet deposition 

are washed off the plant and incorporated into the soil. 

VSDF   =      Vegetable surface deposition factor (m2s/kg). 

534CA8B.51 
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In calculating the average pollutant concentration from surface deposition, exposure 

duration was adjusted using a factor of 2/70. This factor is based on the assumption that 

pollutant deposition resulting from the 2 years of facility operation is averaged over a 70- 

year lifetime. 

The VSDF is calculated according to the following equation (Holton et ah, 1984): 

VSDF   =    r(l- e'kt) 

Yk 

Where: 

r =      Interception fraction of the plani {uallless) (Baes et al., 1984). 

k =     Total rate constant for degr;adation;p©cess (s"1) (Baes et al., 1984). 

Growing time(s) (Ells, 1990=^ 

Y =    Plant yield (wet weig^ll|kg/rl|t(Ennis, 1990). 

t 

The interception fraction refers 'm that fraction of the airborne material falling on a given 

growing area that is deposited upos. -(intercepted by) edible portions of the plant. The 

interception fractions used fölistteie (0.15) and tomatoes (0.068) are those computed by 

Baes et al. (1984) based on a theoretical model accounting for growth characteristics of the 

plants during their maturation in the field. 

A number of degradation processes can affect the final concentrations of pollutants 

deposited on plant surfaces. These include weathering (mainly washoff by precipitation), 

volatilization, and photolysis. This analysis considered only weathering as a potential 

mechanism for loss of surface-deposited contamination. It was assumed that pollutants 

would remain sorbed to ash particles; therefore, only negligible amounts would undergo 

either volatilization or photolysis. Thus, the total rate constant for degradation processes 

(k) would be equal to the weathering loss removal constant (kj. The weathering removal 

loss constant was calculated as follows (Baes et al., 1984): 

8B-20 
534CA8B.51 12/31/90 



In2 

k„ =     = 5.78 x 10-7 s-1 

half-life 

A half-life of 14 days (1.2 x 106 seconds), the value used by the U.S. Nuclear Regulatory 

Commission for particles (NCRP, 1984), was considered to be average for ash-bound 

pollutants. To be conservative, it was assumed in this assessment that no attenuation of 

surface contamination (e.g., by washing) takes place between the time the vegetables are 

harvested and eaten. The amount of a pollutant that can be removed by washing is highly 

variable, depending partially on the extent the pollutant is sorbed to, or can penetrate, the 

leaf (e.g., only about 10 percent of benzo(a) pyrene deposited on tomatoes and lettuce can 

be removed by cold water washing) (EPA, 1980). 

Growing times for vegetables in the area siiw^unding RMA were estimated to be 

approximately 45 days (3.89E+06 seconc^life^niaties from fruit set until harvest and 65 

days (5.62E+06 seconds) for lettuce fiom irüüpleaf formation to harvest time (Ells, 1990). 

Average crop yields for the RMA;3rea were estimated to be approximately 1.34 kg/m2 and 

1.58 kg/m2 for tomatoes and lettuc^;ifespectively (Ennis, 1990). 

The concentrations of poUütllfsin löltuce resulting from surface deposition are summarized 

in Tables 8B-8 through 8B-13 for the three exposure scenarios. The concentrations of 

pollutants in tomatoes resulting from surface deposition are summarized in Tables 8B-14 

through 8B-19 for the three exposure scenarios. 

8B.2.2  Plant Uptake of Pollutants bv Tomatoes and Lettuce 

The accumulation of pollutants in edible parts of plants as a result of uptake from the soil 

is dependent on two processes: root absorption and translocation to the edible portion. 

8B-21 
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In the case of the carrot, which is a modified taproot, the transiocation distance is minimal, 

and the concentration predicted for the edible portion is essentially the root concentration 

(see preceding subsection). In the case of tomatoes and lettuce, where the edible portions 

(leaves in lettuce, fruit in tomatoes) are above ground, the potential for transport from the 

roots to the aerial portions of the plant also has to be considered. 

The pollutant concentration (Cu) in the edible portions of tomato and lettuce plants 

resulting from uptake from the soil is expressed by the following equation: 

Cu (mg/kg) = Pollutant concentration in soil (*33g/kg) x PUF 

Where: ,#"'     '"•||%,! 

PUF = Plant uptake factor (unitless). 

The potential for the translocatieS; :-.©f p&öatants to aboveground plant parts varies 

considerably with the nature of iüe po8olaai.and the plant. The subsection that follows 

addresses the translocation j^smalrigr the pollutants of concern and derives uptake 

factors for those that might, potentially accumulate at significant concentrations. 

ÜEglükS 

Travis and Arms (1938) presented the following relationship between the log K^, and the 

plant uptake factor: 

■058 
PUF = 38.9 K^ 

The uptake factors calculated by using the preceding equation were converted from dry 

weight to wet weight by assuming that lettuce and tomatoes have water contents of 95 and 

94 percent, respectively (Baes et al., 1984). 
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The calculated PUFs for the pollutants of concern are presented in Tables 8B-8 through 8B- 

13 (lettuce) and Tables 8B-14 through 8B-19 (tomatoes). 

Inorganics 

The potential for the translocation of inorganics from roots to the aerial parts of the plants 

is influenced by numerous factors. These include the presence of chelating ligands 

(carriers), pH, oxidation-reduction state, competing cations, hydrolysis, polymerization, and 

the formation of insoluble salts (Kabata-Pendias and Pendias, 1985). However, a general 

distinction can be made between those inorganics that are easily translocated and those that 

tend to remain in the roots. 

The uptake factors used for the inorganic compounds in tomatoes are based on transfer 

coefficients developed by Baes et al. (1984) for||suit. Tomatoes, although commonly 

referred to as vegetables, are actually fruit'=The uptake factors used for inorganics in lettuce 

are based on the transfer coefficients, .developed by Baes et al. (1984) for vegetative parts 

of plants, since the edible parts of Ihe k£tue& are the leaves. The coefficients developed by 

Baes et al. (1984) were conve^di:fjra|?;;dry weight to wet weight by assuming that lettuce 

and tomatoes have water «entents ;ä£95 and 94 percent, respectively. The uptake factors 

for the inorganic compounaStiut« presented in Tables 8B-8 through 8B-13 (lettuce) and 

Tables 8B-14 through 8B-19 (tomatoes). 

Average concentrations of pollutants in lettuce and average daily intakes are summarized 

for the adult and child for the Resident-A Resident-B, and the Farmer exposure scenarios 

in Tables 8B-8, 8B-9, and 8B-10, respectively. Maximum lettuce concentrations and 

maximum daily intakes are presented in Tables 8B-11, 8B-12, and 8B-13. Average 

concentrations of pollutants in tomatoes and average daily intakes are summarized for the 

adult and child for the Resident-A Resident-B, and Farmer, exposure scenarios in Tables 

8B-14,8B-15, and 8B-16, respectively. Maximum tomato concentrations and maximum daily 

intakes are presented in Tables 8B-17, 8B-18, and 8B-19. 
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APPENDIX 8C 

METHODOLOGY FOR DETERMINING POLLUTANT UPTAKE 

THROUGH MILK AND BEEF CONSUMPTION 

8C.1  INTRODUCTION 

The calculation of pollutant intakes via the consumption of daiiy and beef products involves 

a number of steps: 

Calculation of the pollutant coaeentratios in locally grown cattle feed 

resulting from surface depositioil^djiptake from contaminated soil. 

Calculation of the concenträü©h:o$Ö«spollutant in the products (milk, beef). 

Prediction of daily Intake öf glairy and beef products by humans. 

This appendix will address.:«!! of tlijb issues. 

8C.2  CONCENTRATIONS RESULTING FROM PLANT UPTAKE 

The methodology used in calculating pollutant concentrations in cattle feed through plant 

uptake from soil was the same as that described for garden vegetables, and is described by 

Jhe equation: 

Cpla„t   -(C«B)(PUF) 

Where: 

CpUnt   = Pollutant concentration in plant resulting from root uptake (mg/kg). 
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Owl    =  Pollutant concentration in soil (mg/kg). 

PUF   =   Plant uptake factor, the ratio between pollutant concentration in soil 

and plant (unitless). 

It was assumed that hay, grain, and corn are grown in fields that are regularly tilled; 

therefore, soil pollutant concentrations were based on a 20-cm mixing depth. The 

contaminant soil concentrations are based on deposition at the Fanner scenario location 

over the 2-year life of the incinerator and are calculated as described in Appendix 8A. 

As discussed in Subsection 8.1.1, for all scenarios, a fapn is assumed to be located in the 

area of highest deposition and air concentration wJsiijgücows were observed grazing. 

8G2.1  Inorganics .ill ,#' 

Plant uptake factors were derived for arSpI|§||s^nic, barium, beryllium, copper, lead, 

mercury, selenium, silver, and thäEaim These are the inorganics that have been 

identified as contributing greateifianjlifefint of background concentrations. 

The uptake factors that vjifß use&lpr antimony in com silage and hay were derived by 

dividing the antimony conceSptiigps that have been reported in corn grain and grass, 

respectively, by a mean concentration for antimony reported in soils (Kabata-Pendias and 

Pendias, 1985). A transfer coefficient developed by Baes et al. (1984) for reproductive 

portions of plants was used as the uptake factor for antimony in grain 

The arsenic uptake factors for grain were based on data reported for barley grain, 

(Kabata-Pendias and Pendias, 1985). The uptake factors for arsenic by hay and com are 

presented in NRCC (1978). 

The barium uptake factor used for hay was derived by dividing the mean barium 

concentration reported in alfalfa hay, by a mean concentration for barium reported in 
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soil. A transfer coefficient developed by Baes et al. (1984) for reproductive portions of 

plants was used as the uptake factor for barium in grain and corn silage. 

A transfer coefficient developed by Baes et al. (1984) for reproductive portions of plants 

was used as the uptake factor for beryllium in grain and corn silage. Baes et al. (1984) 

also developed a transfer coefficient for vegetative portions of plants for beryllium, which 

was used as the uptake factor for hay. 

For copper, uptake factors in hay and grain were based on data reported for pasture 

herbage and barley grain, respectively (Kabata-Pendias and Pendias, 1985). An uptake 

factor for corn silage was derived by dividing the mean copper concentration in corn 

grain by a mean soil concentration (Kabata-Peppas and P%dias, 1985). 

The uptake factors that were used for lead, in grai% corn silage, and hay were derived by 

dividing mean lead concentrations in wheat grahspwrn grain, and clover, respectively, by 

a mean lead concentration reportediis&soüs^i^bata-Pendias and Pendias, 1985). 

Uptake factors for mercury, ishcom;4#age and hay were derived by dividing the mean 

mercury concentration m-ijöirn graMpnd alfalfa by a mean mercury concentration in soils 

(Kabata-Pendias and Pendiasy.1985). A transfer coefficient for mercury developed for 

the reproductive parts of plants was used as an uptake factor for mercury in grain (Baes 

et al., 1984). 

Uptake factors for selenium in corn silage and hay were based on data reported for corn 

jand rye grass, respectively (Kabata-Pendias and Pendias, 1985). A transfer coefficient 

for selenium developed for reproductive parts of plants was used as an uptake factor for 

selenium in grain (Baes et al., 1984). 

Transfer coefficients developed by Baes et al. (1984) for silver and thallium, based on 

reproductive portions of plants, were used as uptake factors for silver and thallium in 

grain and corn silage.    Baes et al. (1984) also developed transfer coefficients for 
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vegetati¥e portions of plants for silver and thallium, which were used as uptake factors 

for hay. The uptake factors are presented in Tables 8C-1, 8C-2, and 8C-3 for grain, hay, 

and com silage, respectively, along with pollutant concentrations for these feeds. 

&C22  Organics 

Plant uptake factors for organic compounds were calculated using the same methodology 

as that described for tomatoes and lettuce, and are expressed by the following equation 

developed by Travis and Arms (1988): 

-0.S8 PUF = 38.9 KoJ 

8C3  CONCENTRATION FROM SURFACE 

The concentrations of pollutants in ca#iifeed ''resulting from surface deposition (Cd) 

were calculated using equations similar.; lo.yS&ose used for lettuce and tomatoes in 

Appendix 8B: 

(maximum) 

(average) 

(DR)(£Dif h: 

(DR)(SDFlp!70) 

Where: 

DR Pollutant dry deposition rate (mg/m2s). This includes only dry 

deposition. Pollutants falling on plant surfaces from wet deposition 

are washed off the plant and are incorporated into the soil. 

SDF Surface deposition factor (m2s/kg). 
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arT 
Table 8C-1 Stf' I 

Average and Maximam Pollutant Concentration in Grain at the Farm Location 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.« ' 
■B/Kfl 

ORGANICS 
AcatenttrUe 4.8SE-13 
Atdrin 5.17E-15 
Atrazine 1.19E-17 
Beraaldehyde 1.066-10 
Beniofuran 2.03E-10 
Baraoic Acid 5.13E-11 
Benzonitrile 4.886-14 
Cartoaiol« 9.75E-15 
4-Chlorebiph«nyt 5.89E-11 
4,4-Chlorotoiphanyl 7.72E-13 
«-ChtoPOphenyl«ethyl8ulfon» 3.92E-16 
4-CMorephanyl»»thyt»ijlf«w<d« 1.466-15 
p.p-DOE 1.606-12 
p,p-00T 3.21E-16 
Oibtnzofuran 1.01E-11 
OialdHn 1.06E-15 
Oiisopropyl Mathylpheaphenata 7.766-15 
1,3-OiaKthyltMnzone 2.03E-11 
Oimthyt Mcthylphosphonato 3.06E-15 
Diwthytphesphate 1.22E-12 
Diewine/Furan« (EPA TEF«) 7.64E-13 
Dithiana 1.866-16 
Endrin 2.13E-16 
Maxachlorebefuene 4.336-14 
MaxacMorocyelepantadiane 9.61E-15 
lsodrin 2.72E-15 
Malathion 4.15E-15 
Methanol 1.18E- 
4-Nitrophanol 4.30E- 
PAHs 

Acenaphthalana 5.08E-11 
Acanaphthane S.08E-11 
Banzo(a)pyrana 1.79E-13 
Chrysana 2.24E-13 
DftoefUO(a,h>onthrac«f» 2.43E-13 
Fluoranthane 6.566-13 
Fluorene 1.01E-11 
Phenanthrana 3.10E-13 
Pyrana 1.50E-13 

Parathion 5.73E-16 
PentacMorofaanaana 1.55E-13 
Phenol 5.50E-10 
OuinoUna 2.436-14 
Sipona 1.72E-15 
Tetrechlorebefuene 6.54E-14 

MAXIMUM AVERAGE 
CALCULATED PLANT UPTAKE    CALCULATED 

CONC IN FACTOR            CONC.   IN 
SOIL GRAIN 
.» no/Kfl 
■O/Kfl 

MAXIMUM 
CALCULATED 

CONC.  IN 
GRAIN 
«8/K8 

-10 
-14 

4.95E-13 
5.24E-15 
3.92E-16 
1.07E-10 
2.06E-10 
5.20E-11 
4.95E-14 
9.89E-15 
5.98E-11 
7.83E-13 
1.03E-U 
3.83E-14 
B.05E-12 
1.61E-15 
1.03E-11 
1.08E-15 
1.36E-13 
2.06E-11 
1.07E-13 
1.24E-12 
2.97E-12 
1.89E-16 
9.73E-16 
3.13E-13 
9.75E-15 
2.76E-15 
4.21E-15 
1.20E-10 
4.366-14 

5.16E-11 
5.16E-11 
S.04E-12 
5.72E-12 
S.96E-12 
1.70E-11 
1.03E-11 
9.22E-12 
4.51E-12 
5.81E-16 
1.S7E-13 
5.S8E-10 
2.46E-H 
1.75E-15 
6.63E-U 

6.13E-MJ1 
1.99E-03 
1.09E+O0 
5.396*00 
1.10E-KW 
3.206*00 
4.84E*00 
4.81E-01 
5.606-02 
2.26E-02 
7.83E+00 
6.586*00 
1.95E-02 
7.96E-03 
1.59E-01 
9.86E-03 
3.866*00 
5.42E-01 
4.79E*Q2 

1.13E-02 
1.39E*01 
8.81E-02 
2.61E-02 
2.486-02 
6.52E-03 
8.20E-01 
1.166*02 
7.986-01 

1.70E-01 
2.07E-01 
7.35E-03 
1.71E-02 
6.61E-Q3 
3.65E-02 
1.12E-01 
8.70E-02 
3.85E-02 
2.40E-01 
4.40E-02 
5.54E*00 
2.596*00 
6.11E-01 
1.14E-01 

2.99E-11 
1.03E-17 
1.29E-17 
5.70E-10 
2.23E-10 
1.64E-10 
2.36E-13 
4.69E-15 
3.30E-12 
1.74E-14 
3.07E-15 
9.61E-15 
3.12E-14 
2.S6E-18 
1.61E-12 
1.05E-17 
3.00E-14 
1.10E-11 
1.47E-12 

8.61E-15 
2.59E-15 
1.886-17 
1.13E-15 
2.386-16 
1.77E-17 
3.40E-15 
1.37E-08 
3.43E-14 

8.62E-12 
1.05E-11 
1.31E-15 
3.82E-15 
1.61E-15 
2.39E-14 
1.14E-12 
2.70E-14 
5.79E-15 
1.37E-16 
6.82E-15 
3.04E-09 
6.286-14 
1.05E-15 
7.436-15 

3.036-11 
1.046-17 
4.25E-16 
5.79E-10 
2.27E-10 
1.666-10 
2.40E-13 
4.76E-15 
3.35E-12 
1.77E-14 
8.07E-14 
2.52E-13 
1.57E-13 
1.28E-17 
1.636-12 
1.06E-17 
5.24E-13 
1.12E-11 
5.136-11 

3.356-14 
2.63E-15 
8.586-17 
8.186-15 
2.42E-16 
1.806-17 
3.45E-15 
1.39E-08 
3.486-14 

8.75E-12 
1.07E-11 
3.71E-14 
9.75E-14 
3.94E-14 
6.196-13 
1.15E-12 
8.02E-13 
1.74E-13 
1.396-16 
6.92E-15 
3.09E-09 
6.37E-14 
1.07E-15 
7.53E-15 
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Table 8C-1 
(Continued) 

ATT \m -~ 

Trichl 
Ur«a 
Vi 

INORGANICS 
Ant is 
Arstmie 
Sariu 
Beryll itai 
Cepp«r 
Lead 
Itercury 
Sslenim 
Silver 
Thallium 

3.446-14 3.496-14 1.91E-01 6.596-15 6.M6-15 
7.45E-10 7.56S-10 2.05E*03 1.53E-06 1.55E-06 
4.596-15 4.6SE-15 6.006*00 2.75E-14 2.79E-14 

4.73E-07 4.80E-07 3.006-02 1.426-08 1.446-08 
2.686-06 2.726-06 3.306-03 8.83E-09 8.966-09 
6.566-07 6.656-07 1.506-02 9.846-09 9.986-09 
2.746-08 2.786-08 1.50E-03 4.11E-11 4.176-11 
2.51E-03 2.55E-03 1.706-01 4.27E-04 4.33E-04 
8.405-07 8.53E-07 2.466-02 2.07E-08 2.106-08 
7.416-07 7.526-07 2.006-01 1.48E-07 1.50E-07 
6.87E-03 6.976-03 2.506-02 1.72E-04 1.746-04 
7.12E-05 7.226-05 1.006-01 7.12E-06 7.22S-06 
6.91E-06 7.Q1E-06 4.006-04 2.766-09 2.806-09 
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In calculating the average pollutant concentration from surface deposition, the factor of 

2/70 accounts for the 2 years of pollutant deposition from the facility that would occur 

over a 70-year lifetime of an individual. 

The surface deposition factor was calculated using the following formula (Holton, 1984): 

SDF(m2s/kg)   =   r H-e^ 
Yk 

Where: 

r   = Interception fraction of the plants (unittessl^Baes et al., 1984). 

k = Total rate constant for degradationüpocesses (sß) (Baes et al., 1984) 

t   = Growing time (s) (Personal ComrrjEaäsüon). 

Y = Plant yield (dry weight) (kg/öa?). 

Pollutant concentrations were d^n^ied ;'ffii; terms of dry weight. The dry weight 

productivity factors (plant yields^l^^vweri^used were based on information from Ron 

Jepson (Adams County Agrieiiltujal Bsöjpnsion Agency, Personal Communication, 1990). 

The plant yield used for "iljj^OJSjIg/m2) was based on one crop of alfalfa hay. The 

plant yield for one crop of coraniipge was assumed to be 1.80 kg/m2. 

An interception fraction for hay was calculated using the following formula (Baes et al., 

1984): 

* Interception fraction = 1 - e^2-88^ 

Where: 

Y = Productivity in dry weight (kg/m2). 
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Using the preceding productivity factor, an interception fraction of 0.635 was obtained 

for hay. An average interception fraction of 0.44 was used for corn silage (Baes et al., 
1984). 

As in the case of vegetable produce, only weathering was considered as a source of 

pollutant loss. The derivation of the weathering loss constant, 5.78 x 1Q*V\ is discussed 

in Appendix 8B. 

A growing time of 4.5 weeks (2.72E + 06 seconds) was assumed for one crop of alfalfa 

hay, and 130 days (1.12E-f07 seconds) for one crop 0 corn silage (Ron Jepson, Adams 

County Agricultural Extension Agency, Personal Qpeipnication, 1990). 
.::::-■ ■::::::::■■ 

For the Resident-A Resident-B, and Farmer, scenarios, it was conservatively assumed 

that all hay, com, and grain fed to the,:cattle ^ssr=§ grown at the farm location. As 

discussed in Subsection 8.1.1, for all scenarios, aiarm is assumed to be located in the 

area of highest deposition and air eepsgntrliln where cows were observed grazing. 

8C4 ESTIMATE OF FQhimmfmTAME BY CATTLE 

It was assumed that dairy cäl%g^pume 22.45 kg (dry weight) of feed per day, and beef 

cattle consume 13 kg (dry weight) of feed per day (Dr. Tim Stanton, Colorado State 

University, Personal Communication, 1990). It was assumed that in the Rocky Mountain 

Arsenal area, a dairy cow's average diet consists of 55 percent grain, 17.5 percent corn 

ülage, 17.5 percent hay, and 10 percent protein supplement. The average diet of beef 

cattle consists of 80 percent grain, 5 percent com silage, 5 percent hay, and 10 percent 

protein supplement (derived from information provided by Dr. Tim Stanton, Colorado 

State University, Personal Communication, 1990). It was assumed that protein 

supplement is not exposed to pollutants in the area, and thus does not contribute to 

pollutants that cattle receive through their diet. 
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In addition, although some cattle in the area may graze, lactating dairy cattle and 

finishing stock do not graze, and thus, pasture grass and incidental soil ingested while 

grazing will not be evaluated. 

The average pollutant concentration in the feed from all sources was calculated using the 

following general equation: 

Cfeed = [(C^ x DI^) + (Ceo» x DIroJ + (C^ x DI^Jl/DI^ 

Where: 

cfced = Pollutant concentration in cattle f#iid, mg/k^lp 

Q.y = Pollutant concentration in hay, sag/kg,''' 

Dl^y = Daily intake of hay, dry wej|hj* kg/ä^, 

Ccora = Pollutant concentration in com s'üagä^ mg/kg. 

Dl^nj = Daily intake of corn «Jage* dry;nveight, kg/day. 

Cgrein = Pollutant concentration in psas, mg/kg. 

DIg«in = Daily intake oigpfisin, dsyweight, kg/day. 

DI** = DI^ + DI^; + DI^, kg/day. 

The calculated average dairy cattle feed pollutant concentrations are presented for the 

Resident-A and Resident-B scenarios in Table 8C-4, and for the Farmer scenario in 

Table 8C-5. The maximum dairy cattle feed pollutant concentrations are presented in 

Tables 8C-6 and 8C-7. The calculated average beef cattle feed pollutant concentrations 

are presented in Tables 8C-8 and 8C-9, and the maximum beef cattle feed pollutant 

concentrations are presented in Tables 8C-10 and 8C-11. 

8C-13 
5MC/A&C 1/14/91 



80 

.£ 

£ 

■8 

Si 

2 
a? 

© a. 
& 

I 

Ipii 
«n — _j »» 

«8 ° 

18 

g<e^M2j£jn©m^tfto-o-ffK.i««o©.i«. 

'kNeee>iinN4innnKNS. 

?! 
11 

rl!s 



»-m^- **«»'«in«-K'Cin 

SrnKJ lft(V*«g<»«ggJj 

4C4 ssggssgsgg 
«jh-mfvii'imfy»-»-^' 

fcSf:      ^gSSSSSSSS 

u 

«S3 
^«M»- i<iineM9>^N«-<0ii>* 

4) ISSfe Sooooooooo 
3 
C 

uuu ggggSSSggg 
h>«3N •-««»••■»««»"»NOI 

o 
U 

*0<^f\J ^-«M w* «ft** ^ *Ö ^*■" 

N 

I 
!   ! 

— «i a. 
u   k.   C 
•- 3> 3<<aBUJt 

U 
00 < 



1 

U 

.* 

iS>w* 
•g §S"oas        ©> ^«- «-1^ «d «e •"« «i so d «~ iö «r»- to ^ «~ «-    •* •» e> «*• o>«- «- •- «3    K <e »»5 ►» •»>>e «J e> ^■>öm-ö •* eh *• 
« *m   "9 

a t- ■» < a UJ 

I    «sS= fa 
v o 22^£ ^^SSS^^SS ESSfcfcS'*?   ■* ** S ■* "* ■* "^""'" °" * ■* • *■ *• 

§    s8 ° 

i?z~"     

"" »- M ■U 

p    sspp 

£ ** I 
SS s  I  ff       ^ g 

* tsi-: m § -iii r*, i ilitilil i i 
§il£lilliS:-!3&y!i:J£!itii!il!!"afia^"illii! 



III  ilihißskk 
nj<4>N > «Ö «Ö «J >* <ö •* •-~-«- 

oaofvi 
I   I   I   I   I  
ujujujujiuiuyjuiwi&i 

UJ Ui UJ 
v- «o «- 

jrgSSSSgSSS 

BnNinK<IMOON 

I« T3 

0 s 
SO j; 
4) 'S 
s s 

I     I     I 
UJ UJ UJ 

SK3 SoiAOmuMnoeo 

«o^fvj        «^ «M K» <» m •* ^ «o ^ »- 

u a — « _ 
L. i. e 
l- 3> 

.!   ! 

< 

3 



1 

U 

± 

m 
& 

I 
I 

e 
■§ 

S£ 
TJ 
B 

s 

sifssl 

»2      1 
•- 3 t- »- »u "0 

'«I'M 
S i- — et e 

lglg> 
{US 

u. U >rf M 

■ft«i 
2 
c 
8 
B 

a 

i       -5 

E a 
E 

*3 a 
s 

5fc8St:5RRSfcRi528!fc£sSRi   ssstssisss 

J«- tf»«* «-~- «a*. o-     <*m*& w m —■ e> »»• I 

>ft»«-'aM'»MM»»f>»'^*ein<Njso^»*(i>n«-«~« 
 ^spiiiiiiilll 
s tnm> ft» <©*-o-K o-  «-«-M4.-<c »- *n^«»^ «»mCMo> w 

IS 

Ae>    «- 00 1« « <& ©> « es  •# -* rv to <M m ■» •» m ©> in •* to ©> <e 

^A^«fisl;s«ssS!^ 
i»-n<ir<«w^Kiww«-inin?' » <JB »«. p-) K>       SVlNVtN4IMN<'4"^«>' 

•     »     »     t     »     I     t     »     1     I      till» 

tju &M U£ yj u UJ UJ UJ &u UJ wi UJ tu UJ yj 
U3» ►■» ^» S ^ jij C^ O iNt IM S» Ä >I S* S 

»<©«y*»<Öff^«-<^SO^«»-«~«tf<J-«>» **WfWtfM«J<©ff-*£       ®**©ff\ähnfM*-*-ffn*-BA0*fW«IOv-«- 

I 
8 

lags» 
 I    I    »    I    t    t I    I    I    t    t    I    I    t    I 

8 

flfllfiiilUJ 
.32 

•  8x3  9"« a. a. o. o «• «- 



LSJ UJ UJ 
*- «r 69 

■sinN        •- •* <* *o *" "»•" *"• ** "> 

KÄS 

•o u 
3 
C 

« 'S 
£ 

£ 
c 
o 
U 

£?£' 3SS&823838 

(V «-««-< 

"!i! thill- 
s 



u 
00 

S 
a 

© 
•c es 

I 
So 

s 
© 

© a. 
E 
s 
I 
•5 
es 
s 

Slip!    ^s^ss^s^^e^g ^äsässs wggsgäÄjjigKggggg 

cSxi- "■" 

Ili-f ! 
s = 

eg«. ,x 

« ^g^oog^g Jg j? m «M <« «J «<9 «•» •-»• mniifi«miniflin|4     «- «- IM IM ru s- «w «- CM <O -# g «r ir> «# 

,1     f . 
S3 8   I   B        | s 

"rf!     Ijlfi   if      !.! I, ,   t    I 
. -      ,.       **** e      «**2 21 -     lit     XJ I I 



xofy 
I    I     I     I     I     I     t     I     I    I 

UllUUJUJUJIUUiUJIUUi 

£22: SfegSSSSSiSfe 
KSÄ egäg«SS8jK!ä 
■*»«•- inN<MNinN<fl>INi- 

SHIN. ' «n4Kn44KtNI>l 
*-o oooooooooe 

*>K.O eoinenminooo 

»-©•-   oeoeoeoeoe 

in«»*.   «ninnMnso'O« 
<M«-fO«-v»«««V<tf( 

u L. *  5ci-a«o««>« — .c t- 3 >  u < « a a u-i z M u i- 

< 

3 



<s 

€8 
2 
2:   __ 
Is-£l 

eg 

s 

s 

im 

a 

"o 

s 
< 

KJUU. ugsu 

O *- — 89 

«S   ' 
U. U t^ M 
<» — U ^ 
ütsstr 

-B-.S 
Ul « UJ — 
—i (— 4jj <3»rf 0&-J 

£ 

5     8§S 

I 
8 



JMS, 

•-OKI >» •»» u"> «O ft >» «™ Jfc *~ *" 
ill i     i     i     i     i     I     i     •     I     i 
WUIU UUUUUUIlUUjIllltl 
m«rN K «f (9 <* *" * 2 23 "T Sc 

t\ikf>fsi «\5»«t»i N «a •• y> *» ft *• 

rsjo~f ir>>* in r>- g m «- g «- fi 

III lllhhm 
o>nio> «> 0> •- ©•**■* ~ «M •- f- 

JSSÜS 
«-■*«M »-^p#»«M«ne>«»mm«- 

00 
1 

3 
C 

ä~£ ooeeoooooo 
u oSJÜ ggggggggSB 
Z 
es 

C o 
U 

MN« «-«M^-»-^-(»»«W^ft«» 

28*  S8S2S8S31S 

ggg  gggggggggs 
^1^^ »-«*«*•-• 

N 

t- 3 > S5. 
8 

< 



u«5°fä        »> w»-« °-f» «o •» vö «-«i* — M «-«-«-«-,*.«-    *»»-«, m <a <o .^ ^    ^ „© m ti ~ ~ ^ m m «e <e « •& e* -' 
iu IB 

ü        <J J— -= "^   CJ 

•*■}       OJUav. 
, UJ = |f UJ  J§ 

2 

e 

O)     « -j oa 

<S. 

T* gog'*^ ^ ~ «* tn m w «* «<j «o w «-<ss «-<© <e «^ .* in «n         i» «J M «i «4 »«!<e m m N in » <* §»I es «^ ni rw ni «j <^ W in 

flj H   (MB   UJ   4*                                                                                                                                                                                                                                                                                  . 

I s 
«HA © 3£fc^2S22KK^2!22£® S&SSJStC22*,,4A^^'MB|8*s' ^«^«^^^^^^^^^^«01» 

111 1119 

& 
2 

u 



IV«-<M ~~■ »-^ o»- ©©«-•- 
iii iiiiiiiiii 

tu UJ IM uimumiuuiwwuiu ^ l/> ^ s»OK*s»-Kt-»-t-K 
in — so Ki«mt>i>)f)0>*TiM>> 
«r^>* «» ^ i>-* ^ IM «- ~t*.tn 

S»IM KIN «» u-> to * e op o «- 
iii IIIIIIIIII 

UiUIUJ UJUJIUUIUIUUIIUIUUJ 
«-Q^» «* S K> 5 P. * *-* 5 5> 

K.-eo* o» •-€«!«•- N-io^s 
•P» w v« *p»0^*^0*^0000 
Stuau ujujujujiuuiujujujtij 
DOO «5 * •=-© m o* IM & o •* 
«-»»«« •■»■|ltiVlfl»i»lftKl<- 

» i 

«-©   ooeooeoooe 

■*<OW SSini£o«Mnio 
N(M«S «- «v •- •- *- w\ IM «- «<* 

•SS2 SSS2SSSSS8 
III IIIIIIIIII 

»w & IN UJ UJ W 1U Ui UJ UJ UJ 1U UJ 
on? •# 5t 3 S iQ i« tn 3 K l>j 
<e«-rü «^»»! ^ «^ W <* «^ K» »^ HI 



ha UJ S 

«££ 

s 

«?»>.«<-<« «#<# in •»too-»««-«i<fu«-&«-t^rtj     <d i« p»i <© nj in «-*» •-     <e *f> »- P» »^ in «ä in a» m «^ m «j -«a «^ 

S<HflXv ~f£*r w ,-,-,-0- .-f^«. 
3C «5       — f» 

■ o>«^r^m»     NN^NSN<r IM>«     NN«<>K^e>NnNin^rNi 

gj        lust- V 

T3 
s 
es Is* UJ 8 

1 !§:§*    g*ggg£ssgg£s*g££ii!£i   £££&&*£ iiHiiilliilili 

g   z Huf     ^s^^^s^^^s^  j|w»KÄgi8i igggggggiijsggsg* 
„. •«■        « «£ Ja ■ ^ « ^ t^ <*^ <p^»« nj»<•{ tn <^ant»im °-^mm «^ ©^ (^ ts m «^ in «5     fü «w >• «^ K -<r « » m <^ m KJ ni w m 

I    "" 
SUi « W" g 
Ä «— fr- MJ   «Srf ■ 

.2     °S"e "* 
2 

a, SI 2 S 2 2 £ •''', "* "" ~ ™ "* "* "* ^ *9 ■*' *" *" ^ 2 "^ "* S 'r' 's 2 ^ "?     «" =• •"•' *'J •*•' ~J ■"-l ^ •■*-' "*J •£ £• ••-* ■>'•*-' 

| IIHB;? sMH^s^^H^e^e^si^ gg&gggigggggss 
u ppll 
§ .-8 
3 ö O 8     ~     « e « 

£ 55 'S.    C 1 22 I  I   £        i 2 
i -iff     lilsi   st       • i 1       2i 

"5 

2 
"Ba   Uli     S     -£|S      i*       1   Jlfc   .1   !     i 

O 
5 



III llllllllll 

mum ujujujujujujujujujuj 

>HAM •- »- «V <o »- <0 »• IV «0 <« 

NNN •- •- «-»- So- «-©»-•- 

AAS ÄSJSKÄääasK 
^tvj«- ^ tft •-«*>» OJ f> •- P»> M 

«r«3<- o — — »-o »n 3 sF o* •■; 
Kw'rj ^- r- rg m ^ in ►» «M «o tf> 

2^ 

ä  o 

o«- o ooeooooooe 

•*<om        SSiitioSiAwee 

SS*      SfefeSSfefeSSfe 

•^«^»J        <B «e •» f» »» •» «v •- «-» 

liii Ifl   ö—   S —   L. L—   1."- 

3f«»auJZHM» 

s 



oe 

3 
as 
H 

e r 
tea 

I 
es 

(a 

s 

a 
s 

E 
S3 

S 
1 
1 

II§P 

138» 
2 

u —     a 
u- U U. M 
<« — W »y, 

eg ° 

IfSiSfeSSgfegggSfeSgSgiSigS 

^|SSSS£S2   SSS5Sn>,,,,'e''','*,09"e 

feSSSSSgS   S3ggg8S35SSfeSSS 

»»K««^B( I«»-K<«»«-I>IMVIKI, 

I 
2 

u 

u 



• ii    itiiiiiiit 
IUUJUJ UJUJUJUJUIIitUUJUJUJ 

tO*-sf\ CM««*«>^*«J»-""iri»-»" 

ft «-<VJ 

woo 
UlUJUUIUJUJttlUUJU 

0"-(v^o>m^>rvi^o-«' 

£25  gSS'SSfeSfefe 

n<N        »- •- CM i« •- m >»■ w >o i« 

— "3 
■ aj u I 

es c 

Ä o 

<* <o m eemSeominoe 
oJn!<e        •- «x •» •- ^ m CM *- m «* 

«jig  gggissgggi 
•-•^«!   •> * »- «i^ »- oj »• •- «* 

<-3> 

1 

3 



8CS CM£3JUJIQKIW TOE POLLUTANT CONCENTRATION IN FARM 

EEQBnas 

The pollutant concentration in beef and dairy products resulting from ingestion of hay, 

grain, and com silage by beef and dairy cattle is calculated as follows: 

C„_„«   =      Cd:rtxDUF "prod yet 'diet 

Where: 

Cprodu«   =      Pollutant concentration in fai^fsfpiduct (milk, beef) (mg/kg). 

'diet Average pollutant concesi-ati®: in total animal diet (mg/kg). 

DUF Diet uptake  factor, ;rpo!lifem- concentration ratio between farm 

product and f«&/"Sped$c to pollutant and product (unitless). 

8C5.1 DStwrims 

The DUFs for dioxin werliigkjf' from current research that has investigated the 

feed/product pollutant relationslp. Fries and Paustenbach (1990) reported a steady- 

state transfer ratio for dioxin of 5-to-l between milk fat and dairy feed (dry weight), and 

between beef fat and cattle feed (dry weight). These DUFs were used to calculate 

Hioxin concentrations in milk fat and beef fat 

8G5.2 Other .Pollutants 

Concentrations for inorganics as well as all other organics were calculated in milk and 

beef. The DUFs for these pollutants were calculated by multiplying transfer coefficients 

(day/kg) by the daily feed intake, 22.45 kg/day (dairy cattle), and 13 kg/day (beef 
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cattle).    Transfer coefficients (TC) for the organics were derived using equations 

developed by Travis et al. (1988): 

TCmük = IO^^KO*) 

TC^f = 10<-
7

-
6
 

+
 
U

*
K

OW) 

The log KQW can be found in Appendix 8B, Table 8B-1. 

Transfer coefficients for the inorganics were identifiejpby Baes et al. (1984) for dairy and 

beef cattle. 

The calculated pollutant concentrations in nu^ipp milk fat as well as daily intakes are 

summarized in Tables 8C-4 and 8C-5 .^swexage levels) and Tables 8C-6 and 8C-7 

(maximum levels). Beef and beef fat pl^ujlnf-concentrations and daily intakes are 

summarized in Tables 8C-8 an4|iÄ::(ave^ge levels) and Tables 8C-10 and 8C-11 

(maximum levels). 
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APPENDIX 8D 

CALCULATION OF THE ESTIMATED DAILY INTAKE 
FOR THE SOIL/DUST INGESTION R#ÜTE OF EXPOSURE 



Table 8D-1 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Adult, Resident-A Scenario 

08GAN ICS 
Acetonitrlle 
Aldrin 
Atrazinc 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorebiphenyl 
4-Chlorophenyliaethylsulfone 
4-Chlorophenyl»ethyl8ulfoxide 
p,p-D0E 
p.p-DOT 
Dibenzofuren 
Oieldrin 
Diisopropyl Methylphoaphonete 
1,3-Diwethylbenzene 
Dimethyl Methylpheaphonate 
Diaethylphoaphate 
Dioxirw/Furam (EPA TEFs) 
Dithiane 
Endrin 
HexachIorofaanzene 
Hexach I orocyc I opentadi am 
Uodrin 
Ha Isthion 
Methanol 
4-Nitrophenol 
PAHS 

Acenaphthalene 
Acenaphthane 
Benzo(a)pyrene 
Chrysene 
Dibanzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthren« 
Pyrane 

Parathion 
PentachIorobenzene 
Phenol 
Ouinoline 

C toil EDI C toil EDI 
CALCULATED ESTIMATED CALCULATED ESTIMATED 

CONC IN DAILY CONC IN DAILY 

SOIL INTAKE SOIL INTAKE 
.1M MB/Kg/day .IM mg/Kg/day 

1BQ/K9 «S/KS 

1.HE-12 1.63E-18 1.15E-12 1.65E-18 
1.21E-H 1.72E-20 1.22E-14 1.75E-20 
2.78E-17 3.98E-23 9.14E-16 1.31E-21 
2.47E-10 3.53E-16 2.51E-10 3.58E-16 
4.74E-10 6.77E-16 4.81E-10 6.87E-16 
1.20E-10 1.71E-16 1.21E-10 1.73E-16 
1.14E-13 1.63E-19 1.15E-13 1.65E-19 
2.28E-H 3.25E-20 2.31E-H 3.30E-20 
1.38E-10 1.96E-16 1.40E-10 1.99E-16 
1.80E-12 2.57E-18 1.83E-12 2.61E-18 
9.15E-16 1.31E-21 2.40E-14 3.43E-20 
3.41E-15 4.87E-21 8.94E-14 1.286-19 
3.74E-12 S.34E-18 1.88E-11 2.68E-17 
7.49E-1& 1.07E-21 3.76E-15 5.37E-21 
2.37E-11 3.38E-17 2.40E-11 3.43E-17 
2.47E-15 3.53E-21 2.51E-15 3.596-21 
1.81E-14 2.59E-20 3.17E-13 4.53E-19 
4.74E-11 6.77E-17 4.81E-11 6.87E-17 
7.14E-15 1.02E-20 2.50E-13 3.57E-19 
2.84E-12 4.06E-18 2.88E-12 4.12E-18 
1.7BE-12 2.55E-18 6.93E-12 9.91E-18 
4.35E-16 6.21E-22 4.41E-16 6.30E-22 
4.97E-16 7.10E-22 2.27E-15 3.25E-21 
1.01E-13 1.44E-19 7.30E-13 1.04E-18 
2.24E-H 3.2OE-20 2.27E-14 3.25E-20 
6.34E-15 9.06E-21 6.44E-15 9.19E-21 
9.68E-15 1.38E-20 9.82E-15 1.40E-20 
2.75E-10 3.93E-16 2.796-10 3.996-16 
1.006-13 1.43E-19 1.026-13 1.45E-19 

1.19E-10 1.69E-16 1.20E-10 1.72E-16 
1.19E-10 1.69E-16 1.20E-10 1.72E-16 
4.17E-13 5.96E-19 1.18E-11 1.686-17 
5.23E-13 7.47E-19 1.33E-11 1.91E-17 
5.67E-13 8.11E-19 1.39E-11 1.996-17 

1.53E-12 2.19E-18 3.96E-11 5.65E-17 

2.37E-11 3.38E-17 2.40E-11 3.43E-17 
7.24E-13 1.03E-18 2.15E-11 3.07E-17 
3.51E-13 5.01E-19 1.05E-11 1.50E-17 

1.34E-15 1.91E-21 1.36E-15 1.94E-21 
3.62E-13 5.17E-19 3.67E-13 5.24E-19 
1.28E-09 1.83E-15 1.30E-09 1.86E-15 
5.67E-14 8.09E-20 5.75E-14 8.21E-20 
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Table SEM 

(continued) 

Supeno 4.01E-15 5.73E-21 4.07E-15 5.826-21 
Tatrachlorebsroom 1.53E-13 2.18E-19 1.55E-13 2.21E-19 
Trichlorotafuerw Ä.04E-14 1.15E-19 8.15E-14 1.16E-19 
Urea 1.74E-09 2.48E-15 1.76E-09 2.52E-15 
Vapora 1.07E-K 1.53E-20 1.09E-W 1.55E-20 

NORGANICS 
Antimony 1.10€-06 1.58E-12 1.12E-06 1.60E-12 
Arsenic 6.25E-06 8.92E-12 6.346-06 9.05E-12 
Barim 1.53E-Q6 2.19E-12 1.55E-06 2.225-12 
S«rylliuB 6.39E-0S 9.13E-14 6.486-08 9.26€-14 
Ceppur 5.86E-03 8.371-09 5.94E-03 8.49E-09 
Lead 1.96E-Q6 2.80E-12 1.996-06 2.84E-12 
Mercury 1.73E-06 2.47E-12 1.75E-06 2.51E-12 
Seleniua 1.606-02 2.296-08 1.63E-02 2.32E-08 
Silvtr 1.66E-G4 2.37E-10 1.686-04 2.41E-10 
Thalliua 1.61E-05 2.306-11 1.646-05 2.34E-11 

Annual average soil/dust ingestion rate (100 mg/day) 
Exposure frequency (365 days/year) 
Body weight (70 kg) 

8D-2 
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■1 Table 8D-2 

- 

•■ Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Adult, Resident-B Scenario 

C soil EDI C aoil EDI 
CALCULATED ESTIMATED CALCULATED ESTIMATED 

CONC IN DAILY CONC IN DAILY 
SOIL INTAKE SOIL INTAKE 
.1« ■e/Ks/day .IM ■g/Kg/day 
■a/Kg ■B/KB 

ORGAN ICS 
AcetonitrUe 1.65E-12 2.35E-18 1.67E-12 2.38E-18 
Aldrin 1.74E-14 2.49E-20 1.77E-14 2.53E-20 
Atrazine 4.03E-17 5.75E-23 1.32E-15 1.89E-21 
Benzaldehyde 3.57E-10 5.10E-16 3.62E-1D 5.17E-16 
Benzofuran 6.8SE-10 9.79E-16 6.95E-10 9.93E-16 
Bcnzoic Acid 1.73E-10 2.47E-16 1.75E-10 2.51E-16 
Benzonitrile 1.65E-13 2.35E-19 1.67E-13 2.38E-19 
Carbazole 3.29E-U 4.70E-20 3.34E-14 4.77E-20 
4-Chlorobiphenyl 1.99E-10 2.84E-16 2.02E-10 2.88E-16 
4,4-Chlorobiphenyl 2.60E-12 3.72E-18 2.64E-12 3.77E-18 
4-eh(orophenylR8thylsulfone 1.32E-15 1.89E-21 3.47E-14 4.96E-20 
4-Chlorophenylaethylsulfoxide 4.92E-15 7.03E-21 1.29E-13 1.85E-19 

j/migfk^ p.p-DDE 5.41E-12 7.73E-18 2.72E-11 3.88E-17 
p.p-OOT 1.08E-15 1.55E-21 5.44E-15 7.77E-21 

w D < benzofuran 3.42E-11 4.89E-17 3.47E-11 4.96E-17 
•vgltf&ir 

Dieldrin 3.58E-15 5.11E-21 3.63E-15 5.18E-21 
Diisopropyl Methylphoaphonete 2.62E-H 3.74E-20 4.58E-13 6.55E-19 
1,3-Di«ethylbenz*ne 6.85E-11 9.79E-17 6.95E-11 9.93E-17 
Di«ethyl Methylphosphonate 1.03E-H 1.47E-20 3.61E-13 5.16E-19 
D i «»thy I phosphate 4.11E-12 5.87E-18 4.17E-12 5.96E-18 
Dioxina/Furans (EPA TEF») 2.58E-12 3.68E-18 1.00E-11 1.43E-17 
Dithiane 6.29E-16 8.98E-22 6.38E-16 9.11E-22 
Endrin 7.19E-16 1.03E-21 3.28E-15 4.69E-21 
HexechIorebsraara 1.46E-13 2.09E-19 1.06E-12 1.51E-18 
NexachIorocycIepantad i ene 3.24E-14 4.63E-20 3.29E-14 4.70E-20 
laodrin 9.17E-15 1.31E-20 9.30E-15 1.33E-20 
Malathien 1.40E-14 2.00E-2O 1.42E-H 2.03E-20 
Methanol 3.96E-10 5.68E-16 4.03E-10 5.76E-16 
4-Nitrophenol 1.45E-13 2.07E-19 1.47E-13 2.10E-19 
PAN« 

Acenaphthaiana 1.72E-10 2.45E-16 1.74E-10 2.49E-16 
Aconaphthens 1.72E-10 2.45E-16 1.74E-10 2.49E-16 
Benzo(a)pyrane 6.03E-13 8.62E-19 1.70E-11 2.43E-17 
Chrysene 7.55E-13 1.08E-18 1.93E-11 2.76E-17 
0ibanzo(a,h)anthracene 8.20E-13 1.17E-18 2.01E-11 2.87E-17 
Fluoranthene 2.21E-12 3.16E-18 5.72E-11 8.17E-17 
Fluorene 3.42E-11 4.89E-17 3.47E-11 4.96E-17 
Phenanthrana 1.05E-12 1.50E-18 3.11E-11 4.UE-17 
Pyrero 5.07E-13 7.25E-19 1.52E-11 2.17E-17 

Parethion 1.93E-15 2.76E-21 1.96E-15 2.80E-21 
Pentachlorebenzene 5.23E-13 7.47E-19 5.31E-13 7.58E-19 
Phenol 1.86E-09 2.65E-15 1.88E-09 2.69E-15 

^^pF 

Ouinoline B.19E-H 

8D-3 
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Table 8D-2 
BK' 

(continued) Jl\l 
Si^sn® 5.80E-15 8.29E-21 5.S9S-15 8.411-21 
T et roch Ieretoeroen© 2.21E-13 3.15E-19 2.24E-13 3.20S-19 
Triehlorebwu«» '     1.16E-13 1.&6E-19 1.18E-13 1.686-19 
Urea 2.51E-09 3.596-15 2.55E-09 3.&4E-1S 
Vapona 1.55E-H 2.21E-20 1.57E-K 2.24E-20 

IWOJJGAUJCS 
Antimony 1.60E-0& 2.28E-12 1.62E-06 2.31E-12 
Arsenic 9.03E-G6 1.29E-11 9.16E-Q6 1.311-11 
Bantu 2.21E-06 3.16E-12 2.24E-06 3.21E-12 
Beryl Uua 9.24E-08 1.32E-13 9.37S-08 1.34E-13 
Ceppsr 8.471-03 1.21E-08 8.59E-03 1.23E-08 
lead 2.84E-06 4.05E-12 2.S8E-06 4.11E-12 
W«reury 2.50E-06 3.57E-12 2.54E-06 3.62E-12 
S«l«niua 2.32E-02 3.31E-0S 2.35E-02 3.5Ä-08 
Silver 2.40E-Q4 3.43E-10 2.44E-04 3.486-10 
Ttolliuu 2.33E-05 3.33€-11 2.366-05 3.386-11 

AFI 

Annual average soil/dust ingestion rate (100 mg/day) 
Exposure frequency (365 days/year) 
Body weight (70 kg) 
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Table 8D-3 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Adult, Fanner Scenario 

ORGAN !CS 
Acetenitrile 
AldHn 
Atrszirte 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorooiphenyl 
4,4-Chlorooiphenyl 
4-Ch lorophenylwethylsul f one 
4-Chlorophenyleiethylsulf oxide 
p,p-DOE 
p.p-DOT 
Dibenzofuran 
Dietdrin 
Diisopropyl Methylphoaphonate 
1,3-Dimethylbenzene 
Dimethyl Methylphoaphonate 
D i «ethylphosphate 
Dioxine/Furons (EPA TEFs) 
Dithiene 
Endrfn 
HexachIorobenzene 
Hexachlerocyelopentadiene 
Isodrin 
Malethion 
Methanol 
4-Nitrephenol 
PAHS 

Acenephthelena 
Acenaphthene 
tenzo(a>pyrana 
Chrysene 
Dibemo<a,h)enthreeer» 
Fluor anther» 
Fluorene 
Phenanthrene 
Pyrena 

Parathion 
Pentachlorobanzene 
Phenol 
Ouinoline 

C soil EDI C soil 601 
CALCULATED ESTIMATED CALCULATED ESTIMATED 

CONC IN DAILY CONC IN DAILY 
SOIL INTAKE SOIL INTAKE 
.IM ■g/Kg/day .1M ■g/Kg/day 
««/Kg Mg/Kg 

9.75E-13 1.39E-18 9.896-13 1.41E-18 
1.03E-14 1.48E-20 1.05E-14 1.506-20 
2.39E-17 3.41E-23 7.83E-16 1.126-21 
2.12E-10 3.02E-16 2.15E-10 3.076-16 
4.066-10 5.806-16 4.12E-10 5.896-16 
1.03E-10 1.466-16 1.04E-10 1.496-16 
9.75E-14 1.396-19 9.89E-14 1.41E-19 
1.95E-14 2.79E-20 1.98E-14 2.83E-20 
1.18E-10 1.686-16 1.20E-10 1.71E-16 
1.54E-12 2.216-18 1.57E-12 2.24E-18 
7.84E-16 1.12E-21 2.066-14 2.94E-20 
2.92E-15 4.17E-21 7.666-14 1.09E-19 
3.21E-12 4.S8E-18 1.61E-11 2.306-17 
6.42E-16 9.17E-22 3.226-15 4.606-21 
2.03E-11 2.90E-17 2.066-11 2.94E-17 
2.126-15 3.03E-21 2.15E-15 3.076-21 
1.55E-14 2.22E-20 2.726-13 3.886-19 
4.066-11 5.80E-17 4.12E-11 5.896-17 
6.12E-15 8.74E-21 2.146-13 3.066-19 
2.44E-12 3.48E-18 2.47E-12 3.536-18 
1.53E-12 2.18E-18 5.94E-12 8.496-18 
3.736-16 5.32E-22 3.786-16 5.406-22 
4.26E-16 6.096-22 1.956-15 2.786-21 
8.66E-H 1.24E-19 6.266-13 8.94E-19 
1.92E-K 2.75E-20 1.95E-14 2.78E-20 
5.446-15 7.77E-21 5.526-15 7.886-21 
8.306-15 1.196-20 8.42E-15 1.206-20 
2.36E-10 3.37E-16 2.396-10 3.426-16 
8.596-14 1.23E-19 8.726-14 1.256-19 

1.02E-10 1.45E-16 1.036-10 1.476-16 
1.026-10 1.45E-16 1.03E-10 1.47E-16 
3.58E-13 5.11E-19 1.016-11 1.44E-17 
4.48E-13 6.40E-19 1.146-11 1.63E-17 
4.866-13 6.95E-19 1.196-11 1.706-17 
1.31E-12 1.87E-18 3.396-11 4.85E-17 
2.036-11 2.906-17 2.066-11 2.946-17 
6.21E-13 8.87E-19 1.84E-11 2.636-17 
3.01E-13 4.306-19 9.02E-12 1.296-17 
1.15E-15 1.64E-21 1.16E-15 1.666-21 
3.10E-13 4.43E-19 3.15E-13 4.496-19 
1.10E-09 1.57E-15 1.126-09 1.596-15 
4.86E-14 6.94E-20 4.93E-14 7.046-20 
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Table 8D-3 5 
3 El 1 

(continued) i Mi 
Simons 3.446-15         4.921-21 3.49E-15 4.996-21 
Tetpach lorobefuane 1.31E-13          1.87E-19 1.33E-13 1.896-19 
Trichloreteraw» 6.896-14          9.84E-20 6.996-14 9.986-20 
Urse •   1.496-09          2.13E-15 1.51E-09 2.166-15 
Vapena 9.171-15          1.31E-20 9.31E-15 1.336-20 

INORGANICS 
Antinomy 9.46E-07         1.356-12 9.60E-07 1.37E-12 
Aratnic 5.356-06         7.6SE-12 5.43E-06 7.766-12 
Bari« 1.31E-06          1.87E-12 1.33E-06 1.906-12 
Beryll Im 5.48E-08         7.83E-H 5.566-0« 7.946-14 
Coppsr S.02E-03         7.17E-09 5.096-03 7.28E-09 
Lud 1.686-06          2.40E-12 1.71E-06 2.44E-12 
(tercury 1.486-06         2.12E-12 1.506-06 2.156-12 
Sel@niua 1.37E-02          1.966-08 1.39E-02 1.996-08 
Silver 1.42E-04         2.03E-10 1.446-04 2.066-10 
Ttalliua 1.3a£-05          1.971-11 1.406-05 2.006-11 

Annual average soil/dust ingestion rate (ICK) mg/day) 
Exposure frequency (365 days/year) 
Body weight (70 kg) 
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Table 8D-4 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Adult, Worker Scenario 

 AVERAGE 
C toil 

CALCULATED 
CONC IN 
SOIL 
,1M 
«8/Kg 

EDI 
ESTIMATED 

OAILY 
INTAKE 

■g/Kg/day 

 MAXIMUM 
C soil 

CALCULATED 
CONC IN 
SOIL 
.1M 
ne/Kg 

EDI 
ESTIMATED 

DAILY 
INTAKE 

Mg/Kg/day 

ORGAN ICS 
Acatenitrile 
Aldrin 
Atrazina 
Benzaldahyde 
Benzofuran 
Banzoie Acid 
Banzonitrila 
Carbazola 
4-Chlorooiphanyl 
4,4-Chlorotoiphanyl 
4-ChlorophanylwthyUulfom 
4-Chlorephanylaathylaulfoxide 
p.p-OOE 
p,p-0OT 
D i banzofuren 
Dialdrin 
Diiaepropyl Mathylphoaphenete 
1,3-Diwathylbanzana 
Dimthyl Methytphoaphenata 
Dlwethylphoaphata 
Dioxina/Furena CEPA TEF«) 
Dlthiena 
Endrin 
MexschIorobanzana 
NaxachIorocycIepantadian« 
laodrin 
MalatMen 
Methanol 
4-Nitrophanol 
PAHs 

Acanaphthalan» 
Acenaphthene 
Banzo<a)pyraro 
Chrysane 
D1banzo<e,h>anthraeane 
Fluoranthene 
Fluorar* 
Phananthrena 
Pyrana 

ParatMon 
Pentachlorobenzene 
Phanol 
OuineUr* 

1.49E-12 
1.58E-H 
3.65E-17 
3.24E-10 
6.22E-10 
1.57E-10 
1.49E-13 
2.98E-14 
1.B0E-10 
2.36E-12 
1.20E-15 
4.47E-15 
4.90E-12 
9.82E-16 
3.11E-11 
3.24E-15 
2.37E-14 
6.22E-11 
9.36E-15 
3.73E-12 
2.34E-12 
5.70E-16 
6.52E-16 
1.32E-13 
2.94E-14 
8.32E-15 
1.27E-H 
3.61E-10 
1.31E-13 

1.56E-10 
1.56E-10 
5.47E-13 
6.85E-13 
7.44E-13 
2.01E-12 
3.11E-11 
9.50E-13 
4.60E-13 
1.75E-15 
4.74E-13 
1.68E-09 
7.43E-14 

6.57E-19 
6.96E-21 
1.61E-23 
1.43E-16 
2.74E-16 
6.91E-17 
6.57E-20 
1.31E-20 
7.94E-17 
1.04E-18 
5.28E-22 
1.97E-21 
2.16E-18 
4.32E-22 
1.37E-17 
1.43E-21 
1.05E-20 
2.74E-17 
4.12E-21 
1.64E-18 

„03E-18 
•51E-22 
.87E-22 
.83E-20 
.29E-20 

3.66E-21 
5.59E-21 
1.59E-16 
5.79E-20 

6.85E-17 
6.85E-17 
2.41E-19 
3.02E-19 
3.28E-19 
8.84E-19 
1.37E-17 
4.18E-19 
2.03E-19 
7.72E-22 
2.09E-19 
7.41E-16 
3.27E-20 

1.51E-12 
1.60E-14 
1.20E-15 
3.29E-10 
6.31E-10 
1.59E-10 
1.51E-13 
3.03E-14 
1.83E-10 
2.40E-12 
3.15E-14 
1.17E-13 
2.46E-11 
4.93E-15 

.15E-11 

.29E-15 

.16E-13 

.31E-11 

.28E-13 

.78E-12 

.09E-12 

.79E-16 
2.98E-15 
9.57E-13 
2.98E-14 
8.44E-15 
1.29E-14 
3.66E-10 
1.33E-13 

1.58E-10 
1.58E-10 
1.54E-11 
1.75E-11 
1.82E-11 
5.19E-11 
3.15E-11 
2.82E-11 
1.38E-11 
1.78E-15 
4.81E-13 
1.71E-09 
7.54E-14 

3. 
3. 
4. 
6. 
3. 
3. 
9. 
5. 

6.67E-19 
7.06E-21 
5.27E-22 
1.45E-16 
2.78E-16 
7.01E-17 
6.67E-20 
1.33E-20 
8.06E-17 
1.06E-18 
1.39E-20 
5.16E-20 
1.08E-17 
2.17E-21 
1.39E-17 
1.45E-21 
1.83E-19 
2.78E-17 
1.44E-19 
1.67E-18 
4.00E-18 
2.55E-22 
1.31E-21 
4.21E-19 
1.31E-20 
3.72E-21 
5.67E-21 
1.61E-16 
5.87E-20 

■17 
■17 
■18 
-18 
■18 
■17 

95E- 
95E- 
79E- 
71E- 
03E- 
28E- 
39E-17 
•24E-17 

6.08E-18 
7.83E-22 
2.12E-19 
7.52E-16 
3.32E-20 
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Table 8D<4 

(continued) 

Supora 
T e t rach I or ebem«» 
T rieht or ebenzcs» 

IIOiGANICS 
Ant IE 
kraanic 
Bariu» 
Beryl Mm 
Coppar 
lud 
H«rcury 
Sclaniuo 
Silver 
That Mus 

5.26E-15 2.32E-21 5.34E-15 2.35E-21 
2.00E-13 8.81E-20 2.03E-13 8.94E-20 
1.05E-13 4.64E-20 1.07E-13 4.71E-20 
2.28E-09 1.006-15 2.31E-09 1.02E-15 
1.40E-14 6.18E-21 1.42E-H &.27E-21 

1.45E-06 6.37E-13 1.47E-Q6 6.47E-13 
8.19E-06 3.61E-12 8.31E-0© 3.66E-12 
2.01E-06 S.84E-13 2.04E-06 8.96E-13 
8.3SE-0S 3.69E-K 8.50E-08 3.74E-14 
7.68E-03 3.38E-09 7.79E-03 3.43E-09 
2.57E-06 1.13E-12 2.61E-Q6 1.15E-12 
2.27E-06 9.98E-13 2.30E-06 1.01E-12 
2.106-02 9.25E-09 2.13E-02 9.39E-09 
2.18E-04 9.59E-11 2.21E-Ö4 9.73E-11 
2.11E-05 9.31E-12 2.15E-05 9.45E-12 

Annual average soil/dust Ingestion rate (50 mg/day) 
Exposure frequency (225 days/year) 
Body weight (70 kg) 
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Table 8D-5 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Child, Resident-A Scenario 

ORGAN ICS 
Acetenitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuren 
Banzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorebiphenyl 
4,4-CMerotoiphenyl 
4-ChlQrophenyl«ethyl«ulfofie 
4-CMorophenytaethylaulf oxide 
p,p-D0E 
p.p-DOT 
Dibenzofuren 
Dicldrin 
Oiisopropyl Methylphoaphonete 
1,3-DiBethylbenzene 
Dimthyl Methylpheaphonate 
Diwethylpheaphate 
Oioxirw/Furar» (EPA TEFa) 
DitMane 
Endrin 
Hexaeh iorobenzane 
Haxaeh I orocyc I opant ad i ana 
Uedrin 
MalatMon 
Methanol 
4-Nitrephenol 
PAH« 

Acenapttthalene 
Aeenaphthene 
•enzo(a)pyrene 
Chrysens 
Dibenzo(a,h)enthracem 
Fluernnthene 
Fluorana 
Phenenthrene 
Pyrene 

Parathion 
Pentad) Iorobanzene 
Phenol 
Ouinoline 

C »oil EDI C soil EDI 
CALCULATED ESTIMATED CALCULATED ESTIMATED 

COMC IN DAILY CONC IN DAILY 
SOIL INTAKE SOIL INTAKE 
.1M «g/Kg/day .IM MB/Kg/day 

RV/IC9 ■g/Kg 

1.HE-12 1.47E-17 1.15E-12 1.49E-17 
1.21E-H 1.56E-19 1.22E-14 1.586-19 
2.78E-17 3.59E-22 9.14E-16 1.186-20 
2.47E-10 3.19E-15 2.51E-10 3.23E-15 
4.746-10 6.12E-15 4.81E-10 6.21E-15 
1.206-10 1.54E-15 1.21E-10 1.57E-15 
1.14E-13 1.47E-18 1.15E-13 1.49E-18 
2.28E-H 2.94E-19 2.31E-14 2.986-19 
1.38E-10 1.77E-15 1.40E-10 1.806-15 
1.80E-12 2.32E-17 1.83E-12 2.366-17 
9.15E-16 1.186-20 2.40E-14 3.106-19 
3.41E-15 4.40E-20 8.94E-14 1.15E-18 
3.74E-12 4.83E-17 1.88E-11 2.42E-16 
7.49E-16 9.67E-21 3.76E-15 4.85E-20 
2.37E-11 3.066-16 2.40E-11 3.10E-16 
2.47E-15 3.19E-20 2.51E-15 3.246-20 
1.81E-14 2.34E-19 3.17E-13 4.09E-18 
4.74E-11 6.12E-16 4.81E-11 6.216-16 
7.14E-15 9.21E-20 2.506-13 3.22E-18 
2.84E-12 3.67E-17 2.88E-12 3.72E-17 
1.78E-12 2.30E-17 6.93E-12 8.95E-17 
4.35E-16 5.61E-21 4.41E-16 5.696-21 
4.97E-16 6.42E-21 2.27E-15 2.93E-20 
1.01E-13 1.30E-18 7.30E-13 9.42E-18 
2.24E-14 2.89E-19 2.27E-14 2.93E-19 
6.34E-15 8.18E-20 6.44E-15 8.30E-20 
9.68E-15 1.25E-19 9.82E-15 1.27E-19 
2.75E-10 3.55E-15 2.79E-10 3.60E-15 
1.00E-13 1.29E-18 1.02E-13 1.31E-18 

1.19E-10 1.536-15 1.2OE-10 1.55E-15 
1.19E-10 1.53E-15 1.206-10 1.55E-15 
4.17E-13 5.38E-18 1.18E-11 1.526-16 
5.23E-13 6.75E-18 1.33E-11 1.72E-16 
5.67E-13 7.32E-18 1.39E-11 1.796-16 
1.53E-12 1.97E-17 3.96E-11 5.11E-16 
2.37E-11 3.06E-16 2.40E-11 3.106-16 
7.24E-13 9.34E-18 2.15E-11 2.78E-16 
3.51E-13 4.53E-18 1.05E-11 1.366-16 
1.34E-15 1.72E-20 1.366-15 1.756-20 
3.62E-13 4.67E-18 3.67E-13 4.736-18 
1.28E-09 1.66E-H 1.3OE-09 1.686-14 
5.67E-14 7.31E-19 5.75E-14 7.42E-19 
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Table 8D-5 

(continued) 

Tetr«hlorob«f««n 
THchlorotoenzane 
Urea 

IMORGAN1CS 
Antli 
Arwamie 
Bariua 
■•rylllui 
Copper 
L*ad 
Mercury 
Salnniun 
Silver 
Thalliua 

4.01E-15 
1.53E-13 
8.04E-14 
1.74E-09 
1.07E-14 

1.10E-06 
6.25E-06 
1.53E-06 
6.39E-08 
5.86E-03 
1.96E-D6 
1.73E-06 
1.60E-02 
1.66E-04 
1.61E-05 

5.18E-20 
1.97E-18 
1.04E-18 
2.24E-K 
1.38E-19 

1.42E-11 
8.06E-11 
1.971-11 
8.25E-13 
7.56C-0S 
2.53E-11 
2.23E-11 
2.07E-07 
2.14E-Q9 
2.Q8E-10 

4.07E-15 
1.55E-13 
S.15E-14 
1.76E-09 
1.09E-14 

1.12E-06 
6.34E-06 
1.55E-06 
6.48S-Q8 
5.94E-03 
1.99E-06 
1.75E-06 
1.63E-02 
1.68E-04 
1.64E-05 

5.25E-20 
2.00E-18 
1.05E-18 
2.28E-14 
1.406-19 

1.45E-11 
8.18E-11 
2.006-11 
8.37E-13 
7.67E-08 
2.57E-11 
2.26E-11 
2.10E-07 
2.17E-09 
2.11E-10 

Annual average soil/dust ingestion rate (200 mg/day) 
Exposure frequency (365 days/year) 
Body weight (15.5 kg) 
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Table 8D-6 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Child, Resident-B Scenario 

 AVERAGE 
C soil 

CALCULATED 
CONC IN 
SOIL 
.1« 
MQ/KS 

EDI 
ESTIMATED 

DAILY 
INTAKE 

■8/Ko/day 

 MAXIMUM 
C «oil 

CALCULATED 
CONC IN 
SOIL 
.1M 
■e/Kfl 

EDI 
ESTIMATED 
DAILY 
INTAKE 

MB/Ks/day 

ORSANICS 
AcatonitMla 
Aldrin 
Atrazine 
Benzaldahyd* 
Banzofuran 
Benzoic Acid 
Banzenitrila 
Carbazolc 
4-Chlorebiphtnyl 
4,4-Chlorobiph«nyl 
4-Chlorophanylwthylsulforie 
«-Chlorophanylaathylaulfoside 
P.P-DOE 
p,p-DOT 
Dibanzofuran 
Dialdrin 
Diiaopropyl Mathylphoaphenata 
1,3-Di«ethylbsroana 
Diwthyl Mathylphoaphenata 
Diwathylphoephata 
Diexina/Furara (EPA TEFs) 
DitMana 
EndHn 
Nexaeh lorebanzena 
NexaehIoreeyeIopantadiana 
Iaedrin 
Malathien 
Methanol 
4-Nitrephenol 
PAHs 

Aeenaphthalena 
Acenephthera 
■anzo<a)pyr«rH 
Chryaana 
Diberao<a,h)anthrecene 
Fluorenthane 
Fluorana 
Phensnth rene 
Pyrene 

Pars t Men 
Pentech lorebanzena 
Phenol 
Quinollne 

1.65E-12 
1.74E-14 
4.03E-17 
3.57E-10 
6.85E-10 
1.73E-10 
1.65E-13 
3.29E-14 
1.99E-10 
2.60E-12 
1.32E-15 
4.92E-15 
5.41E-12 
1.08E-15 
3.42E-11 
3.58E-15 
2.62E-14 
6.85E-11 
1.03E-14 
4.11E-12 
2.58E-12 
6.29E-16 
7.19E-16 
1.46E-13 
3.24E-14 
9.17E-15 
1.40E-H 
3.96E-10 
1.45E-13 

1.72E-10 
1.72E-10 
6.03E-13 
7.55E-13 
6.20E-13 
2.21E-12 
3.42E-11 
1.05E-12 
5.07E-13 
1.93E-15 
5.23E-13 
1.86E-09 
8.19E-14 

2.12E-17 
2.25E-19 
5.19E-22 
4.61E-15 
8.84E-15 
2.23E-15 
2.12E-18 
4.25E-19 
2.57E-15 
3.36E-17 
1.71E-20 
6.35E-20 
6.98E-17 
1.40E-2C 
4.42E-16 
4.62E-20 
3.38E-19 
8.84E-16 
1.33E-19 
5.30E-17 
3.32E-17 
8.11E-21 
9.27E-21 
1.89E-18 
4.18E-19 
1.18E-19 
1.81E-19 
5.13E-15 
1.87E-18 

2.21E-15 
2.21E-15 
7.78E-t8 
9.75E-18 
1.06E-17 
2.85E-17 
4.42E-16 
1.35E-17 
6.55E-18 
2.49E-20 
6.75E-18 
2.39E-14 
1.06E-18 

1.67E-12 
1.77E-14 
1.32E-15 
3.62E-10 
6.95E-10 
1.75E-10 
1.67E-13 
3.34E-14 
2.02E-10 
2.64E-12 
3.47E-14 
1.29E-13 
2.72E-11 
5.44E-15 
3.47E-11 
3.63E-15 
4.58E-13 
6.95E-11 
3.61E-13 
4.17E-12 
1.00E-11 
6.38E-16 
3.28E-15 
1.06E-12 
3.29E-14 
9.30E-15 
1.42E-H 
4.03E-10 
1.47E-13 

1.74E-10 
1.74E-10 
1.70E-11 
1.93E-11 
2.01E-11 
5.72E-11 
3.47E-11 
3.11E-11 
1.52E-11 
1.96E-15 
5.31E-13 
1.88E-09 
8.31E-14 

2.15E-17 
2.2SE-19 
1.70E-20 
4.67E-15 
8.97E-15 
2.26E-15 
2.15E-18 
4.31E-19 
2.60E-15 
3.41E-17 
4.48E-19 
1.67E-18 
3.50E-16 
7.02E-20 
4.48E-16 
4.68E-20 
5.91E-18 
8.97E-16 
4.66E-18 
5.38E-17 
1.29E-16 
8.23E-21 
4.24E-20 
1.36E-17 
4.24E-19 
1.20E-19 
1.83E-19 
5.20E-15 
1.90E-18 

25E-15 
25E-15 
19E-16 
49E-16 
59E-16 

7.38E-16 
4.48E-16 
4.01E-16 
1.96E-16 
2.53E-20 
6.85E-18 
2.43E-14 
1.07E-1B 
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Table SIM 

(continued) 

Siberia 
T«tr«ehl 
Tridil 
UPta 
Vupom 

ItJOIGAMICS 
Antiswiy 
Arsanie 
tsriue 
torylllui 
Ccppsr 
lead 
««rcury 
S*l«niUi 
Silvw 
ThalliuB 

5.80E-15 
2.21E-13 
1.166-13 
2.51E-09 
1.55E-14 

1.60E-06 
9.03E-06 
2.21E-06 
9.24E-Q8 
8.47E-03 
2.84E-06 
2.50E-06 
2.32E-02 
2.40S-04 
2.35E-05 

7.49E-20 
2.85E-18 
1.50E-18 
3.24E-14 
2.006-19 

2.06E-11 
1.17E-10 
2.85E-11 
1.19E-12 
1.09E-07 
3.66E-11 
3.22E-11 
2.99E-07 
3.10E-09 
3.01E-10 

5.89E-15 
2.24E-13 
1.18E-13 
2.55E-09 
1.57S-14 

1.62E-06 
9.16E-06 
2.24E-Q6 
9.37E-08 
8.59E-03 
2.88E-06 
2.54E-06 
2.35E-02 
2.44E-04 
2.36E-05 

7.60E-20 
2.89E-18 
1.52E-18 
3.29E-14 
2.03E-19 

2.09E-11 
1.186-10 
2.90E-11 
1.21E-12 
1.11E-07 
3.71E-11 
3.27E-11 
3.03E-07 
3.14E-09 
3.05E-10 

Annual average soil/dust ingestion rate (200 mg/day) 
Exposure frequency (365 days/year) 
Body weight (15.5 kg) 
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Table 8D-7 

Average and Maximum Daily Exposure to the Pollutants of Concern 
Through the Soil/Dust Ingestion Route of Exposure 

Child, Farmer Scenario 

 AVERAGE 
C soil 

CALCULATED 
CCNC IN 
SOIL 
.1« 
■B/Kfl 

EDI 
ESTIMATED 

DAILY 
INTAKE 

■8/Kfl/dey 

 MAXIMUM 
C soil 

CALCULATED 
CONC IN 
SOIL 
.1« 
■8/KS 

EDI 
ESTIMATED 

DAILY 
INTAKE 

OdGANICS 
Ac«tonitrile 
Aldrin 
Atrazirw 
Banzaldehyde 
Banzofuran 
Banzoie Acid 
Banzenitrile 
Cart» so I« 
4-Chlerobiphanyl 
4,4-Chlorebiphenyl 
4-Chlopaphsnylwthylsulfom 
4-Chlorophanyta»thylsulfo*ida 
p,p-OOE 
p.p-DDT 
Di banzofuran 
Dieldrin 
Diisopropyl Methylphesphonate 
1,3-Diwthylbsmtne 
Oiwthyl Mathylphoaphonata 
DiwathyIphosphate 
Dioxina/Furara (EPA T6Fs) 
Oithiana 
Endrin 
MsxaehIerebanzana 
He*eehlorocyclopantadi«na 
Isodrin 
Malathion 
Methanol 
4-«1troph«nol 
PAHe 

Aesnaphthalane 
Acanaphthan* 
B«nxo(a)pyr«nt 
Chrysena 
Dibanzo(e,h)anthr»e«n« 
Fluoranthans 
Fluorane 
Phananthrana 
Pyrena 

Parathion 
PantachIorobenzena 
Phanol 
Ouinoline 

9.75E-13 
1.03E-U 
2.39E-17 
2.12E-10 
4.066-10 
1.03E-10 
9.756-14 
1.95E-H 
1.186-10 
1.546-12 
7.84E-16 
2.92E-15 
3.21E-12 
6.426-16 
2.03E-11 
2.12E-15 
1.55E-H 
4.06E-11 
6.12E-15 
2.446-12 
1.536-12 
3.73E-16 
4.26E-16 
8.666-14 
1.92E-14 
5.446-15 
8.30E-15 
2.366-10 
8.596-14 

1.02E-10 
1.02E-10 
3.58E-13 
4.48E-13 
4.86E-13 
1.31E-12 
2.03E-11 
6.21E-13 
3.01E-13 
1.15E-15 
3.106-13 
1.106-09 
4.86E-H 

1.266-17 
1.33E-19 
3.086-22 
2.736-15 
5.246-15 
1.32E-15 
1.266-18 
2.52E-19 
1.52E-15 
1.996-17 
1.01E-20 
3.776-20 
4.146-17 
8.286-21 
2.626-16 
2.74E-20 
2.006-19 
5.246-16 
7.89E-20 
3.14E-17 
1.97E-17 
4.816-21 
5.50E-21 
1.12E-18 
2.486-19 
7.02E-20 
1.07E-19 
3.04E-15 
1.11E-18 

1.31E-15 
1.31E-15 
4.61E-18 
5.786-18 
6.271-18 
1.69E-17 
2.62E-16 
8.01E-18 
3.88E-18 
1.486-20 
4.006-18 
1.42E-14 
6.27E-19 

9.89E-13 
1.05E-14 
7.836-16 
2.156-10 
4.12E-10 
1.04E-10 
9.896-14 
1.986-14 
1.206-10 
1.576-12 
2.06E-14 
7.666-14 
1.61E-11 
3.22E-15 
2.066-11 
2.15E-15 
2.72E-13 
4.126-11 
2.146-13 
2.476-12 
5.94E-12 
3.786-16 
1.95E-15 
6.266-13 
1.956-14 
5.526-15 
8.42E-15 
2.39E-10 
8.72E-14 

1.03E-10 
1.036-10 
1.01E-11 
1.14E-11 
1.19E-11 
3.39E-11 
2.06E-11 
1.84E-11 
9.02E-12 
1.166-15 
3.15E-13 
1.12E-09 
4.936-14 

1.286-17 
1.35E-19 
1.01E-20 
2.776-15 
5.32E-15 
1.34E-15 
1.286-18 
2.55E-19 
1.54E-15 
2.026-17 
2.666-19 
9.896-19 
2.086-16 
4.166-20 
2.666-16 
2.786-20 
3.51E-18 
5.326-16 
2.766-18 
3.196-17 
7.676-17 
4.886-21 
2.516-20 
8.071-18 
2.521-19 
7.126-20 
1.096-19 
3.091-15 
1.121-18 

1.336-15 
1.336-15 
1.306-16 
1.486-16 
1.546-16 
4.386-16 
2.666-16 
2.386-16 
1.161-16 
1.506-20 
4.066-18 
1.446-14 
6.366-19 
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Table 8D-7 

(continued) 

Supora 
T«traeh lords««» 
TriehlorebtnMn« 
Ura» 

1N0SGMUCS 
Antii 
Anwnie 
Mrtui 
■•rytlfiB 
Cappar 
Lead 
Maretjry 
Sdtniia 
SUwr 
ThalUi« 

3.44E-15 
1.31E-13 
6.896-14 
1.496-09 
9.17E-15 

9.466-07 
5.35E-06 
1.31E-06 
5.4SE-08 
5.02E-03 
1.686-06 
1.486-06 
1.37E-02 
1.42E-04 
1.38E-0S 

4.44E-20 
1.696-18 
8.896-19 
1.92E-14 
1.186-19 

1.22E-11 
6.91E-11 
1.696-11 
7.0TE-13 
6.486-08 
2.17E-11 
1.91E-11 
1.77E-07 
1.S4E-09 
1.786-10 

3.496-15 
1.33E-13 
6.996-14 
1.51E-09 
9.316-15 

9.606-07 
5.436-06 
1.33E-06 
5.566-08 
5.096-03 
1.71E-06 
1.506-06 
1.396-02 
1.446-04 
1.406-05 

4.506-20 
1.71E-18 
9.02S-19 
1.95E-W 
1.20E-19 

1.246-11 
7.01E-11 
1.72E-11 
7.17E-13 
6.576-08 
2.206-11 
1.94E-11 
1.806-07 
1.866-09 
1.81E-10 

Annual average soil/dust Ingestion rate (200 mg/day) 
Exposure frequency (365 days/year) 
Body weight (15.5 kg) 
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APPENDIX 8E 

CALCULATION OF THE ESTIMATED DAILY INTAKE 
FOR THE FISH INGESTION ROUTE OF EXPOSURE 

The accumulation of substances in fish tissue involves the processes of bioconcentration and 

biomagnification. The bioconcentration of pollutants generally refers to the uptake of 

pollutants from water, primarily through passive transport across the gill membrane. Thus, 

the bioconcentration factor (BCF) describes the equilibrium between the pollutant 

concentration in the fish tissue and the pollutant concentration in the water. 

Bioaccumulation is similar to bioconcentration, however, bioaccumulation is a broader term 

that describes the uptake from both food and water (Clarfc et al.t 1988). Biomagnification 

takes into account the relationship between theipollutant concentration in the fish tissue and 

the trophic transfer of pollutants. Thus, biomagnification refers to the accumulation of 

pollutants due -to uptake of food through Ä« isod chain. Few data are presently available 

to verify pollutant uptake specific to biomagiüßeätion. Current investigations are attempting 

to address the contribution of hiomagiificalön to total bioaccumulation (Cormoly and 

Pedersen, 1988; McKay et al., 198%; Stevens, 1988). Most of the results are highly 

speculative. 

Tissue pollutant concentrations mcTease until the rate of excretion is equal to the rate of 

uptake (i.e., a state of equilibrium is reached). At such a time, the body burden (fish tissue 

concentration) may be many times the concentration in the water. The BCF represents the 

ratio of pollutant concentration in tissue to the pollutant level in water at equilibrium. 

BCFs were obtained for the pollutants of concern using the following procedure: 

The first step was to use BCFs currently recognized by the Environmental 
Protection Agency (EPA) for those pollutants of concern where available 
(EPA, 1989, 1987, 1986). 

If a BCF was not available through the EPA additional sources (Verschueren, 
1983; and Lyman et al., 1982) were searched for BCFs. 

8E-1 
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For those organic chemicals for which no BCF was found, a BCF was 
calculated from the octanol-water partition coefficient (K^) and the soil 
adsorption coefficient (K^.), where possible, using the following equations 
obtained from Lyman et al. (1982): 

log BCF = 0.76^*^-0.23 
log BCF = 1.119 log K^ - 1.579 

Where a BCF was able to be calculated from both a K^ and a K^ the most 
conservative value (the highest BCF) was chosen for the pollutant. The 
specified input range for K^ and K^ in the regression equations is 7.9 to 8.1 
x 106 mL/g and < 1 to 1.2 x 106 mL/g, respectively. If a K^ for a particular 
chemical was below the input range (7.9) and no other alternative existed for 
deriving a BCF, 7.9 was used to derive a .conservative estimate of the BCF. 

There was one organic compound (dimethyl phE^hate||;and eleven metals (aluminum, 

barium, boron, iron, lithium, magnesium, jSfyhdenum, strontium, tin, titanium, and 

yittrium) for which BCFs were not available;;i^|could not be derived. However, the 

contribution offish ingestion to the total ;^l?dBogehfc risk varies from less than 1 percent 

to 1.2 percent for the various scenarios. In monition, the hazard index ranges from 5 to 6 

orders of magnitude below one. Therelbce?- even if the BCFs for these chemicals are high, 

it is anticipated that their contributÜQfi&io risk would be minimal. 

A summary of the BCFs useiior thepollutants of concern is presented in Table 8E-1. This 

table also presents where the BC#S were obtained or how they were derived. 

At best, BCFs are approximations made through laboratory experiments, field studies, 

correlations with physico-chemical factors such as octanol/water partition coefficients, and 

models based on pollutant biokinetics coupled with fish metabolism (EPA, 1986). Normally, 

bioconcentration studies determine the average pollutant uptake as a function of the entire 

fish. However, for the evaluation of human exposure, consumption is generally restricted 

to the edible portion of the fish (i.e., with head, tail, and visceral mass removed). For this 

assessment, consumption of filleted fish was assumed. 
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Table 8E-1 

Bioconcentration Factors (BCFs) Used for the Pollutants of Concern 

Pollutant BCF (L/kg) Derivation3 References 

ORGANICS , 

Acetonitrile 0.06 OR EPA, 1986 

Aldrin 28 OR EPA, 1986 

Atrazine 0 OR EPA, 1987 
Benzaldehyde 8 log K„ (1.48) Verschueren, 1983 

Benzofuran 63 log K, (2.67) Verschueren, 1983 

Benzoic Acid 15.5 log .K, (1.87) Verschueren, 1983 

Benzonitrile 9 log^ (1.56) Verschueren, 1983 
Carbazole 186 &&■$* (3.29) Verschueren, 1983 
4-Chlorobiphenyl 590 OR EPA 1987 
4,4-Chlorobiphenyl 215 W OR EPA, 1987 
4-Chlorophenylmethylsulfone 6   m ^(1-26) Ebasco, 1990 
4-Chlorophenylmethylsulfoxide 6 1^1^(1.33) Ebasco, 1990 
p,p-DDE 51,00® xm EPA,1986 
p.p-DDT 54,000 ©R EPA, 1986 
Dibenzofuran .    796.5W: log K, (4.12) HSDB, 1990 
Dieldrin •5,880.   '-'••. OR EPA, 1987 " 
Diisopropyl Methylphosphonäft*       12 log K^ (1.73) Ebasco, 1990 
1,3-Dimethylbenzene -•■■;. 159 log K„ (3.20) Verschueren, 1983 
Dimethyl Methylphosphoasate1 •V.v&8 log K, (0.9)b Lyman, et al., 1982 
Dimethylphosphate !#TA — — 

Dioxins/Furans (EPA TEFs) ,.:I,000 OR EPA 1986 
Dithiane 2.8 log K, (0.9)b Lyman et al., 1982 
Endrin 680 OR EPA, 1987 
Hexachlorobenzene 8,690 OR EPA, 1986 
Hexachlorocyclopentadiene 488 OR EPA, 1987 
Isodrin 52,000 log K„ (6.51) Ebasco, 1990 
Malathion 0 OR EPA, 1987 
Methanol 2.8 log K^ (0.9)b Lyman et al., 1982 
4-Nitrophenol 96 log K^ (2.91) EPA 1989 
PAHs 

Acenaphthalene 730 log K, (4.07) EPA 1986 
Acenaphthene 242 OR EPA 1986 
Benzo(a)pyrene 930 OR EPA, 1987 
Chrysene 23,000 K^ (2.0E + 05) EPA 1986 
Dibenzo(a,h)anthracene 520,000 K^ (3.3E + 06) EPA 1986 
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—. 

Table 8E-1 • 
(continued) 

Pollutant BCF (L/kg) Derivation2 References 

Fluorene 1,300 OR EPA 1986 
Phenanthrene 2,630 OR EPA 1986 
Pyrene 5,100 log K^ (5.18) EPA 1986 

Parathion 335 OR EPA 1987 
Phenol 1.4 OR EPA 1986 
Quinoline 21 log K^ (2.03) Verschueren, 1983 
Supona 136 log K^ (3.11) Ebasco, 1990 
Trichlorobenzene 991 ORc 

EPA 1987 
Urea 2.8 lqffpC(0.9)b Lyman et al., 1982 
Vapona 7.0 

..:#%, 
Ebasco, 1990 

INORGANICS 
Aluminum NTA     ;l! \~-*W 
Arsenic 350 m§m. EPA 1989 
Barium NTA- V: —»• — 

Beryllium 19 sHIpR EPA 1986 
• Boron .MIA   Wv — — 

Cadmium •.:   326..  :';.:- OR EPA 1979 
Chromium (VI) •'••:.,155'•••••:•' OR EPA 1986 
Cobalt 20 OR Lyman et al., 1982 
Copper •!-'"-:!-'!- .1,133 OR EPA 1989 
Iron :.!NTA — .». 

Lead 180 OR EPA 1989 
Lithium ':;;iili::NTA .— _ 

Magnesium NTA _. — 

Molybdenum NTA — — 

Selenium 16 OR EPA 1986 
Silver 3,080. OR EPA 1979 

! Strontium NTA ... _ 

Tin NTA — ... 

Titanium NTA — ... 

Vanadium 10 OR Lyman, et al., 1982 
Yttrium NTA — ... 

Zinc 578 OR EPA 1989 

• 
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Table 8E-1 
(continued) 

KfflC 

K^    - Soil adsorption coefficient 
K^   - Octanol-water partition coefficient 
NTA - Not available 
OR   - BCF obtained directly from reference 

aIf a BCF could not be obtained from the EPA (1989, 1987, 1986) or other reference 
documents (Lyman, et al., 1982; Verschueren, 1983), a BCF was calculated, where 
appropriate, using values listed in this column as described in this appendix. 

bBased on lower limitations of the regression equation,. 

TTie average of the BCFs for two tricholobeiizetps -182 (1^-trichlorobenzene), and 1800 
(1,2,5-trichlorobenzene). 
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The pollutants present in the fish tissue are concentrated in lipids (fatty materials) found 

in those tissues. Thus, pollutant levels within the tissue are directly related to lipid 

concentration. A fillet lipid content of 10 percent was used to calculate adult and child 

estimated daily intakes. 

Table 8E-2 presents the surface water contaminant concentrations, BCFs, and adult and 

child estimated daily intakes for the fish ingestion pathway. 
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Table 8E-2 

Daily Exposure to the Pollutants of Concern 
Through the Fish Ingestion Route of Exposure 

Adult and Child - Resident-A, Resident-B, and Farmer Scenarios 

ORGANICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4-Chlorophenylmethylaulfone 
4-Chlorophenylmethyl*ulfoxide 
pfp-D0E 
p,p-D0T 
Dibenzofuran 
Dieldrin 
Diikopropyl Methylphosphonate 
1,3-Di«ethylbenzene 
Dimethyl Methylphosphonate 
Dimethylphosphate 
Dioxina/Furans (EPA TEFs) 
Dithiane 
Endrin 
HexachIorobenzene 
HexachIorocyc Iopentadiene 
lsedrin 
Ma lathion 
Methanol 
4-Nitrophenol 
PAHs 

Acenaphthalene 
Acenaphthene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluorane 
Phenanthrene 
Pyrene 

Parathion 
Phenol 
Ouinoline 
Supona 
TriehIorobenzene 
Urea 
Vapone 

SURFACE ADULT CHILD 

WATER BIO. CONC. ESTIMATED ESTIMATED 
COMCEMTRAT. FACTOR DAILY DAILY 

mO/L INTAKE INTAKE 
«g/kg/day mo/kg/day 

2.03E-15 0.06 8.42E-22 1.90E-21 
1.08E-18 28 2.08E-22 4.71E-22 
2.31E-18 0 0.00E+O0 O.OOE+OO 
4.17E-13 8 2.31E-17 5.21E-17 
4.58E-13 63 1.99E-16 4.50E-16 

1.87E-13 15.5 2.01E-17 4.53E-17 
1.90E-16 9 1.18E-20 2.67E-20 
9.91E-18 186 1.27E-20 2.88E-20 
1.37E-H 590 5.60E-17 1.26E-16 
1.65E-16 215 2.45E-19 5.53E-19 
7.11E-17 6 2.95E-21 6.66E-21 
2.62E-16 6 1.09E-20 2.45E-20 
1.80E-15 51000 6.36E-16 1.44E-15 
3.56E-19 54000 1.33E-19 3.00E-19 
3.58E-15 796.5 1.97E-17 4.45E-17 
2.22E-19 5800 8.91E-21 2.01E-20 
6.76E-16 12 5.61E-20 1.27E-19 
2.35E-H 159 2.58E-17 5.84E-17 
1.59E-14 2.8 3.07E-19 6.94E-19 
5.07E-15 
6.48E-16 5000 2.24E-17 5.06E-17 
7.68E-19 2.8 1.49E-23 3.36E-23 
2.68E-19 680 1.26E-21 2.84E-21 
7.33E-17 8690 4.41E-18 9.95E-18 
2.06E-18 488 6.95E-21 1.57E-20 
5.68E-19 52000 2.04E-19 4.61E-19 
7.30E-18 0 O.OOE+00 0.0OE-MX) 
4.91E-13 2.8 9.50E-1B 2.15E-17 
7.37E-17 96 4.89E-20 1.10E-19 

1.88E-H 730 9.49E-17 2.14E-16 
2.20E-14 242 3.68E-17 8.31E-17 
1.96E-15 930 1.26E-17 2.85E-17 
2.01E-15 23000 3.19E-16 7.21E-16 
1.99E-15 520000 7.16E-15 1.62E-14 
2.93E-15 1300 2.64E-17 5.95E-17 
4.87E-15 2630 8.86E-17 2.0OE-16 
2.06E-15 5100 7.27E-17 1.64E-16 
2.82E-19 335 6.54E-22 1.48E-21 
2.17E-12 1.4 2.10E-17 4.75E-17 
8.42E-17 21 1.22E-20 2.76E-20 
2.26E-18 136 2.13E-21 4.80E-21 
1.40E-17 991 9.56E-20 2.16E-19 
3.10E-12 2.8 6.01E-17 1.36E-16 
1.82E-17 7.0 8.82E-22 1.99E-21 
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Table 8E-2 
(continued) 

MORGAN ICS 
Alimifuen 3.10E-09 
Arsenic 6.166-10 350 1.49E-11 3.37E-11 
Barium . 1.40E-10 
Beryllium 5.84E-12 19 7.67E-15 1.73E-K 
Boron 4.60E-09 
Cactaiu» 1.6SE-11 326 3.78E-13 8.53E-13 
Chrowiua (VI) 1.34E-12 155 1.43E-14 3.23E-14 
Cobalt 1.26E-10 20 1.74E-13 3.92E-13 
Copper 5.48E-07 1183 4.48E-08 1.01E-07 
Iron 7.61E-09 
Lead 1.83E-10 180 2.28E-12 5.15E-12 
lithiua 1.75E-11 
Magnesium 2.27E-08 
Molybdenum 1.76E-09 
Seleniwa 1.58E-06 16 1.75E-09 3.95E-09 
Silver 1.62E-08 3080 3.46E-09 7.806-09 
Strentiu» 5.84E-12 
Tin 1.32E-09 
Titaniun 9.73E-12 
Vanadium 3.73E-10 10 2.58E-13 5.82E-13 
Yittrium 3.41E-12 
Zinc 2.65E-09 578 1.06E-10 2.396-10 

Percent body lipid in fillet (10%) 
Adult fish ingestion rate (4.84 g/day) 
Child fish ingestion rate (2.42 g/day) 
Adult body weight (70 kg) 
Child body weight (15.5 kg) 
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APPENDIX 8F 

CALCULATION OF THE ESTIMATED DAILY 
INTAKE FOR THE DERMAL ABSORPTION 

ROUTE OF EXPOSURE 



Table 8F-1 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Adult, Resident-A Scenario 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.2M 
"Q/Kfl 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.2M 
ms/Kg 

ABSORPTION 
FACTOR 

AVERAGE 
ESTIMATED 
DAILY 
INTAKE 

mg/Kg/day 

MAXIMUM 
ESTIMATED 
DAILY 
INTAKE 

Mg/Kg/day 

ORGANICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4-ChlorophenyImethylsutfone 
4-Chlorephenyl*ethyUulf oxide 
p,p-DDE 
p,p-DDT 
Dibenzofuran 
Dieldrin 
Diisopropyl Methylphosphonate 
1,3-Di«ethylbenzene 
Diwethyl Methylphoaphonate 
Diaethylphospnate 
Dioxins/Furans (EPA TEF«) 
Dithiane 
Endrin 
HexachIorobenzene 
Hexachlorecyclopentadiene 
lsodrin 
Malathien 
Methanol 
4-Nitrophenol 
PAHs 

Acenaphthalene 
Acenaphthene 
Benzo(a)pyrene 
Chpysene 
D i benzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
PentachIorobenzene 
Phenol 
Qu incline 
Supona 
Tetrachlorobenzene 

5.69E-13 
6.03E-15 
1.39E-17 
1.23E-10 
2.37E-10 
5.98E-11 
5.69E-14 
1.14E-14 
6.88E-11 
9.01E-13 
4.58E-16 
1.70E-15 
1.87E-12 
3.75E-16 
1.18E-11 
1.24E-15 
9.06E-15 
2.37E-11 
3.57E-15 
1.42E-12 
8.91E-13 
2.17E-16 
2.49E-16 
5.05E-H 
1.12E-14 
3.17E-15 
4.84E-15 
1.38E-10 
5.01E-H 

5.93E-11 
5.93E-11 
2.09E-13 
2.61E-13 
2.84E-13 
7.65E-13 
1.18E-11 
3.62E-13 
1.76E-13 
6.68E-16 
1.81E-13 
6.42E-10 
2.83E-14 
2.01E-15 
7.63E-14 

5.77E-13 
6.12E-15 
4.57E-16 
1.25E-10 
2.40E-10 
6.07E-11 
5.77E-H 
1.15E-H 
6.98E-11 
9.HE-13 
1.20E-14 
4.47E-14 
9.39E-12 
1.88E-15 
1.20E-11 
1.26E-15 
1.59E-13 
2.40E-11 
1.25E-13 
1.44E-12 
3.47E-12 
2.21E-16 
1.HE-15 
3.65E-13 
1.14E-14 
3.22E-15 
4.91E-15 
1.40E-10 
5.08E-H 

6.02E-11 
6.02E-11 
5.88E-12 
6.67E-12 
6.95E-12 
1.98E-11 
1.20E-11 
1.08E-11 
5.27E-12 
6.78E-16 
1.83E-13 
6.51E-10 
2.87E-14 
2.04E-15 
7.74E-14 

1.00E-01 
1.00E-01 
1.OOE-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.OOE-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 

1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 

1. 
2. 
7. 
7. 
5. 

3.39E-20 
3.59E-22 
8.29E-25 
7.35E-18 
1.41E-17 
3.56E-18 
3.39E-21 
6.78E-22 
4.09E-18 
S.36E-20 
2.73E-23 
1.01E-22 
.11E-19 
.23E-23 
.05E-19 
.37E-23 
.39E-22 

1.41E-18 
2.13E-22 
8.46E-20 
5.31E-20 
1.29E-23 
1.48E-23 
3.01E-21 
6.68E-22 
1.89E-22 
2.88E-22 
8.19E-18 
2.98E-21 

3.53E-18 
3.53E-18 
1.24E-20 
1.56E-20 
1.69E-20 
4.56E-2C 
7.05E-19 
2.16E-20 
1.05E-20 
3.98E-23 
1.08E-20 
3.82E-17 
1.69E-21 
1.20E-22 
4.54E-21 

3.44E-20 
3.64E-22 
2.72E-23 
7.46E-18 
1.43E-17 
3.61E-18 
3.44E-21 
6.87E-22 
4.15E-18 
5.44E-20 
7.15E-22 
2.66E-21 
5.59E-19 
1.12E-22 
7.15E-19 
7.47E-23 
9.44E-21 
1.43E-18 
7.44E-21 
8.59E-20 
2.06E-19 
1.31E-23 
6.77E-23 
2.17E-20 
6.77E-22 
1.92E-22 
2.93E-22 
8.31E-18 
3.03E-21 

3.58E-18 
3.58E-18 
3.50E-19 
3.97E-19 
4.14E-19 
1.18E-18 
7.15E-19 
6.40E-19 
3.14E-19 
4.04E-23 
1.09E-20 
3.88E-17 
1.71E-21 
1.21E-22 
4.61E-21 

539C/a8F 
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Table 8F-1 

(continued) 

«do—-. a-:«    a-:«    ;ss    {;?|:?}    {SS 
Vapona 5.35E-15 5Ü43E-15 1.006-01 3.196-22 3.23E-22 

1H0R6MÜCS 5 6O-.07 L006-02 3.296-15 3.33E-15 
***■?* lüg sim-W OÖi-02 1.86E-14 1.896-14 
A™«"* 7 lsI-07 7 766-07 1.006-02 4.566-15 4.62E-15 
■■"W 3 20E-08 3246-08 1.00E-02 1.906-16 1.936-16 
•wylUwi ilii-03 2 97E-03 1.00E-02 L74E-11 1.776-11 
c°PP*r 9 8l|-07 »956-07 1.006-02 5.84E-15 5.926-15 
Lead fi'646-07 8776-07 1.006-02 5.15E-15 5.226-15 
"^«T* t'oil-03 8 13E-03 1.006-02 4.776-11 4.846-11 
S««ni« t"Sol-S 8 42E-05 1.006-02 4.95E-13 5.02E- 3 
*J)*J S:o«-S 8.186-06 1.006-02 4.80E-H 4.876-14 

• 

Number of exposure events per year (117 days/yr) 
Exposed surface area (1,700 cm2) 
Skin adherence factor for soil (0.51 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (70 kg) 

8F-2 
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Table 8F-2 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Adult, Resident-B Scenario 

AVERAGE 
CALCULATED 

COMC IN 
SOIL 
.2M 
«V/KS 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.2M 
«B/tCfl 

ABSORPTION 
FACTOR 

AVERAGE 
ESTIMATED 

DAILY 
INTAKE 

■S/Kg/day 

MAXIMUM 
ESTIMATED 
DAILY 
INTAKE 

«8/Kg/day 

ORGAN ICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
«-Chlorephenylioethylaulfone 
4-Chlorophenyl»ethyl»ulfoxide 
p,p-DDE 
p.p-DDT 
Dibenzofuran 
Dieldrin 
Diiaoprepyl Methylphoaphonate 
1,3-Dimethylbenzene 
Diiaethyl Methylphoaphonate 
Diwethylphoaphate 
Dioxina/Furans (EPA TEFs) 
Dithiane 
Endrin 
Mexachtorebenzene 
HexachIorocyc Iopentadi ene 
Isodrin 
Malathien 
Methanol 
4-«itrophenol 
PAH8 

Acenaphthaiene 
Aeenaphthene 
Benzo(a)pyrene 
Chrysene 
D i benzo(a,h)anthrac«ne 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
PentachIorobenzene 
Phenol 
Quire) line 
Supona 
TetrachIorobenzene 

8.23E-13 
8.72E-15 
2.01E-17 
1.79E-10 
3.43E-10 
8.65E-11 
8.23E-14 
1.65E-14 
9.94E-11 
1.30E-12 
6.62E-16 
2.46E-15 
2.70E-12 
5.41E-16 
1.71E-11 
1.79E-15 
1.31E-H 
3.43E-11 
5.16E-15 
2.05E-12 
1.29E-12 
3.14E-16 
3.59E-16 
7.30E-H 
1.62E-K 
4.59E-15 
7.0OE-15 
1.99E-10 
7.25E-14 

8.58E-11 
8.58E-11 
3.01E-13 
3.78E-13 
4.10E-13 
1.11E-12 
1.71E-11 
5.24E-13 
2.54E-13 
9.66E-16 
2.61E-13 
9.28E-10 
4.10E-14 
2.90E-15 
1.10E-13 

8.34E-13 
B.84E-15 
6.60E-16 
1.81E-10 
3.48E-10 
8.77E-11 
8.34E-H 
1.67E-14 
1.01E-10 
1.32E-12 
1.74E-14 
6.46E-K 
1.36E-11 
2.72E-15 
1.74E-11 
1.81E-15 
2.29E-13 
3.48E-11 
1.81E-13 
2.08E-12 
5.01E-12 
3.19E-16 
1.64E-15 
5.28E-13 
1.64E-14 
4.65E-15 
7.10E-15 
2.02E-10 
7.35E-H 

8.70E-11 
B.70E-11 
8.50E-12 
9.64E-12 
1.01E-11 
2.S6E-11 
1.74E-11 
1.56E-11 
7.61E-12 
9.80E-16 
2.65E-13 
9.41E-10 
4.15E-H 
2.94E-15 
1.12E-13 

.00E-01 

.00E-01 

.00E-01 

.OOE-01 

.00E-01 

.00E-01 

.OOE-01 

.00E-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 
•OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.00E-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.00E-01 
.OOE-01 
.OOE-01 
.OOE-01 

.OOE-01 
•00E-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 

2. 
5. 
4. 
9. 
5. 

4.90E-20 
5.19E-22 
1.20E-24 
1.06E-17 

.04E-17 

.15E-18 

.90E-21 

.80E-22 

.92E-18 
7.75E-20 
3.94E-23 
1.47E-22 
1.61E-19 
3.22E-23 
1.02E-18 
1.07E-22 
7.80E-22 
2.04E-18 
3.07E-22 
1.22E-19 
7.67E-20 
1.87E-23 
2.14E-23 
4.35E-21 
9.65E-22 
2.73E-22 
4.17E-22 
1.18E-17 
4.31E-21 

5.11E-18 
5.11E-18 
1.80E-20 
2.25E-20 
2.44E-20 
6.59E-20 
1.02E-18 
3.12E-20 
1.51E-20 
5.75E-23 
1.56E-20 
5.52E-17 
2.44E-21 
1.73E-22 
6.57E-21 

4.97E-20 
5.27E-22 
3.93E-23 
1.08E-17 
2.07E-17 
5.22E-18 
4.97E-21 
9.94E-22 
6.01E-18 
7.87E-20 
1.03E-21 
3.85E-21 
8.09E-19 
1.62E-22 
1.03E-18 
1.08E-22 
1.36E-20 
2.07E-18 
1.08E-20 
1.24E-19 
2.98E-19 
1.90E-23 
9.7BE-23 
3.14E-20 
9.79E-22 
2.77E-22 
4.23E-22 
1.20E-17 
4.38E-21 

5.18E-18 
5.18E-18 
5.06E-19 
5.74E-19 
5.99E-19 
1.70E-18 
1.03E-18 
9.26E-19 
4.53E-19 
5.84E-23 
1.58E-20 
5.60E-17 
2.47E-21 
1.75E-22 
6.66E-21 
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Table 8F-2 

(continued) 

TriehlerebefKe 
Urea 
Vapew 

INORGANICS 
Antimony 
Arsenie 
Bari« 
Beryll im 
Copper 
teed 
Nercury 
Selenium 
Silver 
Thallium 

5.81E-14 5.89E-14 1.0QE-01 3.46E-21 3.51E-21 
1.266-09 1.27E-09 1.00E-01 7.48E-17 7.59E-17 
7.74E-15 7.85E-15 1.00E-01 4.61E-22 4.67E-22 

7.98E-07 8.1QE-07 1.00E-02 4.75E-15 4.82E-15 

4.52E-D6 4.58E-Q6 1.00E-02 2.69S-14 2.73E-14 

1.11E-06 1.12E-06 1.00E-02 6.59E-15 6.68E-15 
4.62E-08 4.69E-08 1.00E-02 2.75E-16 2.79E-16 
4.24E-03 4.30E-03 1.00E-02 2.52E-11 2.5«-11 
1.42E-06 1.44E-06 1.00E-02 8.44E-15 8-5ÄE-15 

1.25E-06 1.27E-06 1.00E-02 7.44E-15 7.55E-15 
1.16E-02 1.18E-02 1.00E-02 6.90E-11 7.00E-11 
1.20E-04 1.22E-04 1.00E-02 7.15E-13 7.25E-13 
1.17E-05 1.18E-05 1.00E-02 6.94E-14 7.04E-14 

Number of exposure events per year (117 days/yr) 
Exposed surface area (1,700 cm2) 
Skin adherence factor for soil (0.51 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (70 kg) 

8F-4 
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Table 8F-3 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Adult, Farmer Scenario 

Pi *■..;« ±'*£Opt 

3    '"'     — A 

'" 'it\i 
":-n 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.2M 
RS/KS 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.2M 
ne/KS 

ABSORPTION 
FACTOR 

AVERAGE 
ESTIMATED 

DAILY 
INTAKE 

mg/Kg/day 

MAXIMUM 
ESTIMATEO 

DAILY 
INTAKE 

no/Kg/day 

ORGANICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrite 
Carbazole 
4-Chlorebiphenyl 
4,4-Chlorebiphenyl 
4-Chlorophenyliaethylaulfone 
4-Chlorophenyl«*thylaultoxide 
p,p-DDE 
p.p-DDT 
Dibenzofuran 
Dieldrin 
Diiaepropyl Methylphoaphenate 
1,3-Diwethylbenzene 
Dimethyl Methylphosphonate 
Dimethylphosphate 
Dioxins/Furens (EPA TEFa) 
Dithiane 
Endrin 
HexaehIorobenzene 
Mexach I orocyc I epentadi ene 
Isodrin 
Malathion 
Methanol 
4-Nltrophenol 
PAHs 

Acenaphthai ene 
Acenaphthene 
Benzo(a>pyrene 
Chryaene 
Dibenze<a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
Pentachlorobenzene 
Phenol 
Quinoline 
Supona 
T et räch Iorobenzene 

4.88E-13 
5.17E-15 
1.19E-17 
1.06E-10 
2.03E-10 
5.13E-11 
4.88E-14 
9.75E-15 
5.89E-11 
7.72E-13 
3.92E-16 
1.46E-15 
1.60E-12 
3.21E-16 
1.01E-11 
1.06E-15 
7.76E-15 
2.03E-11 
3.06E-15 
1.22E-12 
7.64E-13 
1.86E-16 
2.13E-16 
4.33E-14 
9.61E-15 
2.72E-15 
4.15E-15 
1.18E-10 
4.30E-14 

5.08E-11 
5.08E-11 
1.79E-13 
2.24E-13 
2.43E-13 
6.56E-13 
1.01E-11 
3.10E-13 
1.50E-13 
5.73E-16 
1.55E-13 
5.50E-10 
2.43E-14 
1.72E-15 
6.54E-14 

4.95E-13 
5.24E-15 
3.92E-16 
1.07E-10 
2.06E-10 
5.20E-11 
4.95E-14 
9.89E-15 
5.98E-11 
7.83E-13 
1.03E-14 
3.83E-14 
8.05E-12 
1.61E-15 
1.03E-11 
1.08E-15 
1.36E-13 
2.06E-11 
1.07E-13 
1.24E-12 
2.97E-12 
1.89E-16 
9.73E-16 
3.13E-13 
9.75E-15 
2.76E-15 
4.21E-15 
1.2OE-10 
4.36E-14 

5.16E-11 
5.16E-11 
5.04E-12 
5.72E-12 
5.96E-12 
1.70E-11 
1.03E-11 
9.22E-12 
4.51E-12 
5.81E-16 
1.57E-13 
5.58E-10 
2.46E-14 
1.75E-15 
6.63E-14 

.OOE-01 

.00E-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 
-OOE-01 
OOE-01 
,OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 

OOE-01 
OOE-01 
OOE-01 

.OOE-01 
,OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.00E-01 
.OOE-01 

3.32E-19 
3.52E-21 
8.13E-24 
7.21E-17 
1.38E-16 
3.49E-17 
3.32E-20 
6.64E-21 
4.01E-17 
5.26E-19 
2.67E-22 
9.95E-22 
1.09E-18 
2.19E-22 
6.91E-18 
7.22E-22 
5.29E-21 
1.38E-17 
2.08E-21 
8.30E-19 
5.20E-19 
1.27E-22 
1.45E-22 
2.95E-20 
6.54E-21 
1.85E-21 
2.83E-21 
8.03E-17 
2.93E-20 

3.46E-17 
3.46E-17 
1.22E-19 
1.53E-19 
1.66E-19 
4.47E-19 
6.91E-18 
2.11E-19 
1.02E-19 
3.90E-22 
1.06E-19 
3.75E-16 
1.65E-20 
1.17E-21 
4.45E-20 

3.37E-19 
3.57E-21 
2.67E-22 
7.31E-17 
1.40E-16 
3.54E-17 
3.37E-20 
6.74E-21 
4.07E-17 
5.33E-19 
7.02E-21 
2.61E-20 
5.48E-18 
1.10E-21 
7.01E-18 
7.33E-22 
9.25E-20 
1.40E-17 
7.30E-20 
8.42E-19 
2.02E-18 
1.29E-22 
6.63E-22 
2.13E-19 
6.64E-21 
1.88E-21 
2.87E-21 
8.15E-17 
2.97E-20 

3.51E-17 
3.51E-17 
3.43E-18 
3.90E-18 
4.06E-18 
1.16E-17 
7.01E-18 
6.28E-18 
3.07E-18 
3.96E-22 
1.07E-19 
3.80E-16 
1.68E-20 
1.19E-21 
4.52E-20 
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Table 8F-3 

(continued) 
PÄ ET 

Triehlorebenze 
Urea 
Vapona 

INORGANICS 
Antimony 
Arsenic 
Barium 
Beryllium 
Copper 
Lead 
Mercury 
Selenium 
Silver 
Thalliua 

3.44E-14 3.49E-14 1.00E-01 2.35E-20 2.38E-20 
7.45E-10 7.56E-10 1.00E-01 5.07E-16 5.15E-16 
4.59E-15 4.65E-15 1.00E-01 3.12E-21 3.17E-21 

4.73E-07 4.80E-07 1.00E-G2 3.22E-14 3.27E-14 
2.68E-06 2.72E-06 1.00E-02 1.82E-13 1.85E-13 
6.56E-07 6.65E-07 1.00E-02 4.47E-14 4.53E-14 
2.74E-08 2.78E-08 1.00E-02 1.87E-15 1.89E-15 
2.51E-03 2.55E-03 1.00E-02 1.71E-10 1.74E-10 
8.40E-07 8.53E-07 1.00E-02 5.72E-14 5.81E-14 
7.41E-07 7.52E-07 1.00E-02 5.05E-K 5.12E-14 
6.87E-03 6.97E-03 1.00E-02 4.68E-10 4.75E-10 
7.12E-05 7.22E-05 1.00E-02 4.85E-12 4.92E-12 
6.91E-06 7.01E-06 1.00E-02 4.71E-13 4.786-13 

Number of exposure events per year (195 days/yr) 
Exposed surface area (1,700 cm2) 
Skin adherence factor for soil (3.5 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (70 kg) 

8F-6 
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Table 8F-4 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Adult, Worker Scenario 

ORGAN ICS 
Acetonltrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4-ChIorophenytnethyI*uIfone 
4-Chlorephenyl»ethyl«ulfoxide 
p,p*DOE 
p,p-DOT 
Dibenzofuran 
Dieldrin 
Oiisopropyl Methylphoaphonete 
1,3-Di methyIbenzene 
Dimethyl Methylphoaphonate 
Dimethylphosphate 
Dioxins/Furana (EPA TEFs) 
D i th i ane 
Endrin 
HexachIorobenzene 
Hexach I orocyc I opentadi ane 
Isodrin 
Malathien 
Methanol 
4-Nitroph«nol 
PAHs 

Acenaphthaione 
Acenaphthene 
Benzo(a)pyr«ne 
Chpyoene 
Dibenzo(a,h)anthracene 
Fluoranthane 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
Pent ach Iorobenzene 
Phenol 
Ouinoline 
Supona 
T et räch I orobenzene 

AVERAGE MAXIMUM AVERAGE MAXIMUM 

CALCULATED CALCULATED ABSORPTION ESTIMATED ESTIMATED 

CONC IN CONC IN FACTOR DAILY DAILY 

SOIL SOIL INTAKE INTAKE 

.2M .2M mg/Kg/day «g/Kg/day 

«S/Kfl ng/Ke 

7.46E-13 7.57E-13 1.00E-01 5.08E-19 5.166-19 

7.91E-15 8.02E-15 1.00E-01 5.39E-21 5.46E-21 

1.83E-17 5.99E-16 1.00E-01 1.24E-23 4.08E-22 

1.62E-10 1.64E-10 1.00E-01 1.10E-16 1.12E-16 

3.11E-10 3.15E-10 1.00E-01 2.12E-16 2.15E-16 

7.84E-11 7.96E-11 1.00E-01 5.34E-17 5.42E-17 
7.46E-H 7.57E-14 1.00E-01 5.08E-20 5.16E-20 
1.49E-14 1.51E-14 1.00E-01 1.02E-20 1.03E-20 

9.02E-11 9.15E-11 1.00E-01 6.14E-17 6.23E-17 

1.18E-12 1.20E-12 1.00E-01 8.05E-19 8.16E-19 

6.00E-16 1.57E-14 1.90E-01 4.09E-22 1.07E-20 

2.23E-15 5.86E-14 1.00E-01 1.52E-21 3.99E-20 

2.45E-12 1.23E-11 1.00E-01 1.67E-18 8.39E-18 

4.91E-16 2.47E-15 1.00E-01 3.35E-22 1.68E-21 

1.55E-11 1.58E-11 1.00E-01 1.06E-17 1.07E-17 

1.62E-15 1.65E-15 1.00E-01 1.11E-21 1.12E-21 
1.19E-14 2.08E-13 1.00E-01 8.09E-21 1.42E-19 

3.11E-11 3.15E-11 1.00E-01 2.12E-17 2.15E-17 

4.68E-15 1.64E-13 1.00E-01 3.19E-21 1.12E-19 

1.86E-12 1.89E-12 1.00E-01 1.27E-18 1.29E-18 

1.17E-12 4.55E-12 1.00E-01 7.96E-19 3.10E-18 

2.85E-16 2.89E-16 1.00E-01 1.94E-22 1.97E-22 

3.26E-16 1.49E-15 1.00E-01 2.22E-22 1.01E-21 
6.62E-H 4.79E-13 1.00E-01 4.51E-20 3.26E-19 

1.47E-H 1.49E-14 1.00E-01 1.00E-20 1.02E-20 
4.16E-15 4.22E-15 1.00E-01 2.83E-21 2.87E-21 
6.35E-15 6.44E-15 1.00E-01 4.33E-21 4.39E-21 
1.80E-10 1.83E-10 1.00E-01 1.23E-16 1.25E-16 

6.57E-14 6.67E-14 1.00E-01 4.48E-20 4.54E-20 

7.78E-11 7.89E-11 1.00E-01 5.30E-17 5.38E-17 

7.78E-11 7.89E-11 1.00E-01 5.30E-17 5.38E-17 

2.74E-13 7.71E-12 1.00E-01 1.86E-19 5.25E-18 

3.43E-13 8.75E-12 1.00E-01 2.34E-19 5.96E-18 

3.72E-13 9.12E-12 1.00E-01 2.53E-19 6.21E-18 

1.00E-12 2.59E-11 1.00E-01 6.83E-19 1.77E-17 

1.55E-11 1.58E-11 1.00E-01 1.06E-17 1.07E-17 

4.75E-13 1.41E-11 1.00E-01 3.23E-19 9.61E-18 

2.30E-13 6.91E-12 1.00E-01 1.57E-19 4.70E-18 

8.76E-16 8.89E-16 1.00E-01 5.97E-22 6.06E-22 

2.37E-13 2.41E-13 1.00E-01 1.62E-19 1.64E-19 

8.41E-10 8.54E-10 1.00E-01 5.73E-16 5.81E-16 

3.71E-14 3.77E-14 1.00E-Q1 2.53E-20 2.57E-20 

2.63E-15 2.67E-15 1.00E-01 1.79E-21 1.82E-21 

1.00E-13 1.01E-13 1.00E-01 6.81E-20 6.91E-20 

539C/a8F 
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Trlchl 
Urea 
V«per» 

INORGANICS 
Antimony 
Ars«nie 
BariuR 
Beryl 11« 
Copper 
Lead 
Mercury 
Selcniua 
Silver 
Thallium 

Table 8F-4 

(continued) 

5.27E-K 5.35E-K 1.00E-01 3.S9E-20 3.64E-20 
1.14E-09 1.16E-09 1.00E-01 7.76E-16 7.88E-16 
7.02E-15 7.12E-15 1.00E-01 4.78E-21 4.85E-21 

7.24E-07 7.34E-07 1.00E-02 4.93E-H 5.00E-14 
4.10E-06 4.16E-Q6 1.00E-02 2.79E-13 2.83E-13 
1.00E-06 1.02E-06 1.00E-02 6.83E-14 6.93E-14 
4.19E-08 4.25E-08 1.00E-02 2.85E-15 2.90E-15 
3.84E-03 3.90E-Q3 1.00E-02 2.62E-10 2.65E-1Q 
1.29E-06 1.30E-06 1.00E-02 8.76E-14 8.89E-14 
1.13E-06 1.15E-Q6 1.00E-02 7.72E-K 7.83E-14 
1.05E-02 1.07E-02 1.00E-02 7.16E-10 7.26E-10 
1.09E-04 1.10E-04 1.00E-02 7.42E-12 7.53E-12 
1.06E-05 1.07E-Q5 1.00E-02 7.2QE-13 7.31E-13 

Number of exposure events per year (195 days/yr) 
Exposed surface area (1,700 cm2) 
Skin adherence factor for soil (3.5 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (70 kg) 

8F-8 
539C/a8F 12/21/90 



Table 8F-5 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Child, Resident-A Scenario 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.1M 
«V/Kg 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.1M 
«Q/Kfl 

ABSORPTION 
FACTOR 

AVERAGE 
ESTIMATED 

DAILY 
INTAKE 

mj/Kg/day 

MAXIMUM 
ESTIMATED 

DAILY 
INTAKE 

mg/Kg/day 

ORGAN ICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorebiphenyl 
4,4-Chlorobipbenyl 
4-ChIerophenyImethyI*u I f one 
4-Chtorophenyl»ethyt8Ulfoxide 

p.p-DDE 
p.p-DDT 
Dibenzofuran 
Dieldrin 
Diisepropyl Methylphoaphonate 
1,3-Diaethylbenzene 
Diwethyl Methylphoaphenate 
Diiaethylphosphate 
Dioxina/Furen« (EPA TEF«) 
Dithiane 
Endrin 
Hexachlorobenzon« 
HexachIorocycIopentadiene 
lsodrin 
«a Lath ion 
Methanol 
4-Nitrophenol 
PAHs 

Aeenaphthslene 
Acenaphthene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluorenthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
Pentachlorobenzene 
Phenol 
Ouinoline 
Supona 
T et räch Iorobenzene 

1.14E-12 
1.21E-K 
2.78E-17 
2.47E-10 
4.74E-10 
1.20E-10 
1.KE-13 
2.28E-H 
1.38E-10 
1.80E-12 
9.15E-16 
3.41E-15 
3.74E-12 
7.49E-16 
2.37E-11 
2.47E-15 
1.81E-K 
4.74E-11 
7.14E-15 
2.84E-12 
1.78E-12 
4.35E-16 
4.97E-16 
1.01E-13 
2.24E-K 
6.34E-15 
9.68E-15 
2.75E-10 
1.00E-13 

1.19E-10 
1.19E-10 
4.17E-13 
5.23E-13 
5.67E-13 
1.53E-12 
2.37E-11 
7.24E-13 
3.51E-13 
1.34E-15 
3.62E-13 
1.28E-09 
5.67E-K 
4.01E-15 
1.53E-13 

1.15E-12 
1.22E-H 
9.KE-16 
2.51E-10 
4.81E-10 
1.21E-10 
1.15E-13 
2.31E-K 
1.4QE-10 
1.83E-12 
2.40E-U 
8.94E-H 
1.88E-11 
3.76E-15 
2.40E-11 
2.51E-15 
3.17E-13 
4.81E-11 
2.50E-13 
2.88E-12 
6.93E-12 
4.41E-16 
2.27E-15 
7.30E-13 
2.27E-H 
6.44E-15 
9.82E-15 
2.796-10 
1.02E-13 

1.20E-10 
1.20E-10 
1.18E-11 
1.33E-11 
1.39E-11 
3.96E-11 
2.40E-11 
2.15E-11 
1.05E-11 
1.36E-15 
3.67E-13 
1.30E-09 
5.75E-K 
4.07E-15 
1.55E-13 

1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.0OE-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 

1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 

6.56E-19 
6.96E-21 
1.61E-23 
1.42E-16 
2.73E-16 
6.90E-17 
6.56E-20 
1.31E-20 
7.93E-17 
1.04E-18 
5.28E-22 
1.97E-21 
2.16E-18 
4.32E-22 
1.37E-17 
1.43E-21 
1.04E-20 
2.73E-17 
4.12E-21 
1.64E-18 
1.03E-18 
2.51E-22 
2.87E-22 
5.83E-20 
1.29E-20 
3.66E-21 
5.59E-21 
1.59E-16 
5.78E-20 

6.84E-17 
6.84E-17 
2.41E-19 
3.02E-19 
3.27E-19 
8.83E-19 
1.37E-17 
4.18E-19 
2.03E-19 
7.71E-22 
2.09E-19 
7.40E-16 
3.27E-20 
2.32E-21 
8.S0E-20 

6.66E-19 
7.06E-21 
5.27E-22 
1.45E-16 
2.77E-16 
7.00E-17 
6.66E-20 
1.33E-20 
8.05E-17 
1.05E-18 
1.39E-20 
5.16E-20 
1.08E-17 
2.17E-21 
1.39E-17 
1.45E-21 
1.83E-19 
2.77E-17 
1.44E-19 
1.66E-18 
4.00E-18 
2.54E-22 
1.31E-21 
4.21E-19 
1.31E-20 
3.71E-21 
5.67E-21 
1.61E-16 
5.87E-20 

6.94E-17 
6.94E-17 
6.79E-18 
7.70E-18 
8.03E-18 
2.28E-17 
1.39E-17 
1.24E-17 
6.08E-18 
7.82E-22 
2.12E-19 
7.51E-16 
3.32E-20 
2.35E-21 
8.93E-20 

539C/a8F 
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Trieb ioraberame 

Vapor» 

1N0R&MÜCS 
Anti« 
Arsenic 
Sari» 
Serylliws 
Copper 
Lead 
Mercury 
Selenium 
Silver 
ThalUun 

Table 8F-5 

(continued) 

8.04E-14 8.15E-14 1.00E-01 4.6&E-20 4.70E-20 
1.74E-09 1.76E-09 1.00E-01 1.00E-15 1.Q2E-15 
1.07E-14 1.09E-H 1.00E-01 6.17E-21 6.26E-21 

1.10E-06 1.12E-06 1.00E-02 6.37E-K 6.*6E-14 
6.25E-06 6.34E-06 1.00E-02 3.60E-13 3.66E-13 
1.53E-06 1.55E-06 1.00E-02 S.83E-14 8.96E-14 

6.39E-Q8 6.48E-08 1.00E-02 3.69E-15 3.74E-15 
5.86E-Q3 5.94E-03 1.00E-02 3.38E-1Q 3.43E-10 
1.96E-06 1.99E-06 1.00E-02 1.13E-13 1.15E-13 

1.73E-06 1.75E-06 1.00E-02 9.97E-14 1.01E-13 
1.60E-02 1.63E-02 1.00E-02 9.25E-10 9.38E-10 
1.66E-04 1.68E-04 1.00E-02 9.58E-12 9.72E-12 
1.61E-05 1.64E-05 1.00E-02 9.306-13 9.44E-13 

Number of exposure events per year (195 days/yr) 
Exposed surface area (2,188 cm2) 
Skin adherence factor for soil (0.51 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (15.5 kg) 

8F-10 
539C/aSF 12/28/90 



Table 8F-6 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Child, Resident-B Scenario 

AVERAGE 
CALCULATED 

CONC IN 
SOIL 
.1M 
M9/KS 

MAXIMUM 
CALCULATED 

CONC IN 
SOIL 
.1M 
no/Kg 

ABSORPTION 
FACTOR 

AVERAGE 
ESTIMATED 

DAILY 
INTAKE 

mg/KB/day 

MAXIMUM 
ESTIMATED 
DAILY 
INTAKE 

«8/Kg/day 

ORGAN ICS 
Acetonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Bertzofuran 
Benzoic Acid 
Benzonitrile 
Carbazole 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
4-Ch loropheny I»ethyl eul f one 
4-Chlorophenyt»ethyl8ulfoxide 
p,p-DDE 
p,p-DDT 
Dibenzofuran 
Dieldrin 
Diisopropyl Methylphosphenate 
1,3-Di »»thyIbenzene 
Disethyl Methylphosphonate 
Dimethylphotpnate 
Dioxins/Furaf» (EPA TEFs) 
Dithiane 
Endrin 
HexechIorobenzene 
HexachIorocyclopentadien« 
Isodrin 
Kalathion 
Methanol 
4-Nitrophenol 
PAHs 

Acenaphthalene 
Acenaphthene 
Benzo(a)pyrone 
Chrysene 
Dibenzo(a,h)«fithracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
PentachIorobenzene 
Phenol 
Ouinoline 
Supona 
7 et räch Iorobenzene 

1.65E-12 
1.74E-H 
4.03E-17 
3.57E-10 
6.85E-10 
1.73E-10 
1.65E-13 
3.29E-14 
1.99E-10 
2.60E-12 
1.32E-15 
4.92E-15 
5.41E-12 
1.08E-15 
3.42E-11 
3.58E-15 
2.62E-H 
6.85E-11 
1.03E-K 
4.11E-12 
2.58E-12 
6.29E-16 
7.19E-16 
1.46E-13 
3.24E-H 
9.17E-15 
1.40E-14 
3.98E-10 
1.45E-13 

1.72E-10 
1.72E-10 
6.03E-13 
7.55E-13 
8.20E-13 
2.21E-12 
3.42E-11 
1.05E-12 
5.07E-13 
1.93E-15 
5.23E-13 
1.86E-09 
8.19E-14 
5.80E-15 
2.21E-13 

1.67E-12 
1.77E-H 
1.32E-15 
3.62E-10 
6.95E-10 
1.75E-10 
1.67E-13 
3.34E-14 
2.02E-10 
2.64E-12 
3.47E-14 
1.29E-13 
2.72E-11 
5.44E-15 
3.47E-11 
3.63E-15 
4.58E-13 
6.95E-11 
3.61E-13 
4.17E-12 
1.0OE-11 
6.38E-16 
3.28E-15 
1.06E-12 
3.29E-H 
9.30E-15 
1.42E-14 
4.03E-10 
1.47E-13 

1.74E-10 
1.74E-10 
1.70E-11 
1.93E-11 
2.01E-11 
5.72E-11 
3.47E-11 
3.11E-11 
1.52E-11 
1.96E-15 
5.31E-13 
1.88E-09 
8.31E-14 
5.89E-15 
2.24E-13 

.OOE-01 

.00E-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 
•OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 
.OOE-01 

.OOE-01 

.006-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.00E-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

.OOE-01 

9.49E-19 
1.01E-20 
2.32E-23 
2.06E-16 
3.95E-16 
9.98E-17 
9.49E-20 
1.9OE-20 
1.15E-1© 
1.50E-18 
7.63E-22 
2.84E-21 
3.12E-18 
6.25E-22 
1.97E-17 
2.06E-21 
1.51E-20 
3.95E-17 
5.95E-21 
2.37E-18 
1.49E-18 
3.63E-22 
4.15E-22 
8.43E-20 
1.87E-20 
5.29E-21 
8.08E-21 
2.29E-16 
8.366-20 

9.89E-17 
9.89E-17 
3.48E-19 
4.36E-19 
4.73E-19 
1.28E-18 
1.97E-17 
6.04E-19 
2.93E-19 
1.11E-21 
3.02E-19 
1.07E-15 
4.73E-20 
3.35E-21 
1.27E-19 

9.63E-19 
1.02E-20 
7.62E-22 
2.09E-16 
4.01E-16 
1.01E-16 
9.63E-20 
1.93E-20 
1.16E-16 
1.52E-18 
2.0OE-20 
7.46E-20 
1.57E-17 
3.14E-21 
2.00E-17 
2.09E-21 
2.64E-19 
4.01E-17 
2.08E-19 
2.41E-18 
5.78E-18 
3.68E-22 
1.89E-21 
6.09E-19 
1.90E-20 
5.37E-21 
8.19E-21 
2.33E-16 
8.48E-20 

1.00E-16 
1.0OE-16 
9.81E-18 
1.11E-17 
1.16E-17 
3.30E-17 
2.00E-17 
1.79E-17 
8.78E-18 
1.13E-21 
3.06E-19 
1.09E-15 
4.79E-20 
3.40E-21 
1.29E-19 

539C/a8F 
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Table 8F-6 

(continued) 

Trichlorobenze 
Urea 
Vapena 

IMOTGAMICS 
Antisseny 
Arsenic 
Bariui 
Beryl Hu» 
Copper 
Lead 
Mercury 
Seleniua 
Silver 
Thalliin 

1.16E-13 
2.51E-09 
1.55E-H 

1.60E-06 
9.03E-CJ6 
2.21E-06 
9.24E-08 
8.47E-03 
2.84E-06 
2.50E-06 
2.32E-02 
2.40E-04 
2.33E-05 

1.186-13 
2.55E-09 
1.57E-14 

1.62E-06 
9.16E-06 
2.24E-06 
9.37E-08 
8.59E-03 
2.88E-06 
2.54E-06 
2.35E-02 
2.44E-04 
2.36E-05 

1.00E-01 
1.00E-01 
1.006-01 

1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 

6.70E-20 
1.45E-15 
8.93E-21 

9.21E-14 
5.21E-13 
1.28E-13 
5.33E-15 
4.89E-10 
1.64E-13 
1.44E-13 
1.34E-09 
1.39E-11 
1.34E-12 

6.8OE-20 
1.47E-15 
9.05E-21 

9.34E-14 
5.29E-13 
1.29E-13 
5.41E-15 
4.96E-10 
1.66E-13 
1.466-13 
1.36E-09 
1.41E-11 
1.36E-12 

Number of exposure events per year (195 days/yr) 
Exposed surface area (2,188 cm2) 
Skin adherence factor for soil (0.51 mg/cm2) 
Soil matrix factor (0.15) 
Body weight (15.5 kg) 

8F-12 
539C/a8F 12/28/90 



Table 8F-7 

Average and Maximum Daily Exposure to 
the Pollutants of Concern Through the Dermal Absorption 

Route of Exposure 
Child, Farmer Scenario 

AVERAGE ' MAXIMUM AVERAGE MAXIMUM 
CALCULATED CALCULATED ABSORPTION ESTIMATED ESTIMATED 

CONC IN CONC IN FACTOR DAILY DAILY 
SOIL SOIL INTAKE INTAKE 
.IM .IM wg/Kg/day mg/Kg/day 
mg/Kg mg/Kg 

ORGAN ICS 
Acetonitrite 9.75E-13 9.89E-13 1.00E-01 5.63E-19 5.71E-19 
Aldrin 1.03E-H 1.05E-H 1.00E-01 5.96E-21 6.05E-21 
Atrazine 2.396-17 7.83E-16 1.00E-01 1.38E-23 4.52E-22 
Benzaldehyde 2.12E-10 2.15E-10 1.00E-01 1.22E-16 1.24E-16 
Benzofuran 4.06E-1C 4.12E-10 1.00E-01 2.34E-16 2.38E-16 
Benzoic Acid 1.03E-10 1.04E-10 1.00E-01 5.91E-17 6.00E-17 
Benzonitrile 9.75E-14 9.896-14 1.00E-01 5.63E-20 5.71E-20 
Carbazote 1.95E-14 1.98E-H 1.00E-01 1.13E-20 1.14E-20 
4-Chlorobiphenyl 1.18E-10 1.20E-10 1.00E-01 6.80E-17 6.90E-17 
4,4-Chlorobiphenyl 1.54E-12 1.57E-12 1.00E-01 8.91E-19 9.04E-19 
4-Chlorophenylmethylsul forte 7.84E-16 2.06E-14 1.00E-01 4.53E-22 1.19E-20 
4-Chlorophenylmethylaulfoxide 2.92E-15 7.66E-H 1.00E-01 1.68E-21 4.42E-20 
p,p-0DE 3.21E-12 1.61E-11 1.00E-01 1.85E-18 9.29E-18 
p.p-DOT 6.42E-16 3.22E-15 1.00E-01 3.70E-22 1.86E-21 
Dibenzofuran 2.03E-11 2.06E-11 1.00E-01 1.17E-17 1.19E-17 
Dieldrin 2.12E-15 2.15E-15 1.00E-01 1.22E-21 1.24E-21 
Diisopropyl Methylphoaphonate 1.55E-14 2.72E-13 1.00E-01 8.95E-21 1.57E-19 
1,3-Diisethylbenzene 4.06E-11 4.12E-11 1.00E-01 2.34E-17 2.38E-17 
Dimethyl Methylphoaphonate 6.12E-15 2.HE-13 1.00E-01 3.53E-21 1.24E-19 
Dimethylphospnate 2.44E-12 2.47E-12 1.00E-01 1.41E-18 1.43E-18 
Dioxins/Furans (EPA TEFs) 1.53E-12 5.94E-12 1.00E-01 8.81E-19 3.43E-18 
D i th iane 3.73E-16 3.78E-16 1.00E-01 2.15E-22 2.18E-22 
Endrin 4.26E-16 1.95E-15 1.00E-01 2.46E-22 1.12E-21 
HexaehIorobenzene B.66E-H 6.26E-13 1.001-01 S.OOE-20 3.61E-19 
HexachIorocyc1opentadiene 1.92E-H 1.95E-H 1.0OE-01 1.11E-20 1.12E-20 
Isodrin 5.44E-15 5.52E-15 1.00E-01 3.14E-21 3.18E-21 
Malathion 8.30E-15 8.42E-15 1.00E-01 4.796-21 4.86E-21 
Methanol 2.36E-10 2.39E-10 1.00E-01 1.36E-16 1.38E-16 
4-Nitrephenol 
PAHs 

Acenaphthai ene 

8.59E-14 8.72E-14 1.00E-01 4.96E-20 5.03E-20 

1.02E-10 1.03E-10 1.00E-01 5.87E-17 5.95E-17 
Acenaphthene 1.02E-10 1.03E-10 1.00E-01 5.87E-17 5.95E-17 
Benzo(a)pyrene 3.58E-13 1.01E-11 1.00E-01 2.06E-19 5.82E-18 
Chrysene 4.48E-13 1.14E-11 1.00E-01 2.58E-19 6.60E-18 
Dibenzo(a,h>anthracene 4.86E-13 1.19E-11 1.00E-01 2.81E-19 6.88E-18 
Fluoranthene 1.31E-12 3.39E-11 1.00E-01 7.57E-19 1.96E-17 
Fluorene 2.03E-11 2.06E-11 1.00E-01 1.17E-17 1.196-17 
Phenanthrene 6.21E-13 1.84E-11 1.00E-01 3.58E-19 1.06E-17 
Pyrene 3.01E-13 9.02E-12 1.00E-01 1.74E-19 5.21E-18 

Parathion 1.15E-15 1.16E-15 1.00E-01 6.61E-22 6.70E-22 
PentachIorobenzene 3.10E-13 3.15E-13 1.00E-01 1.79E-19 1.81E-19 
Phenol 1.10E-09 1.12E-09 1.00E-01 6.35E-16 6.44E-16 
Quinoline 4.86E-14 4.93E-14 1.00E-01 2.80E-20 2.84E-20 
Supona 3.44E-15 3.49E-15 1.0OE-01 1.996-21 2.01E-21 
Teträch Iorobenzene 1.31E-13 1.33E-13 1.00E-01 7.54E-20 7.65E-20 
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Table 8F-7 

(continued) 

Trichlopobenscne 
Urea 
Vapsna 

INORGANICS 
AntiBony 
Arsenic 
Barium 
Beryllium 
Copper 
lead 
Mercury 
Selenium 
Silver 
Thallium 

6.89E-14 
1.49E-09 
9.17E-15 

9.46E-07 
5.35E-06 
1.31E-06 
5.48E-08 
5.02E-03 
1.68E-06 
1.4SE-06 
1.37E-02 
1.42E-04 
1.38E-05 

6.99E-14 1.00E-01 
1.51E-09 1.00E-01 
9.31E-15 1.00E-01 

9.60E-07 1.00E-02 
5.43E-06 1.00E-02 
1.33E-06 1.00E-02 
5.56E-08 1.00E-02 
5.09E-03 1.00E-02 
1.71E-06 1.OOE-02 
1.50E-06 1.00E-02 
1.39E-02 1.OOE-02 
1.44E-04 1.00E-02 
1.40E-05 1.OOE-02 

3.97E-20 
8.60E-16 
5.29E-21 

5.46E-14 
3.09E-13 
7.57E-14 
3.16E-15 
2.90E-10 
9.70E-14 
8.55E-14 
7.93E-10 
8.21E-12 
7.97E-13 

4.03E-20 
8.72E-16 
5.37E-21 

5.54E-14 
3.13E-13 
7.68E-14 
3.21E-15 
2.94E-10 
9.84E-14 
8.67E-H 
8.04E-10 
8.33E-12 
8.09E-13 

Number of exposure events per year (195 days/yr) 
Exposed surface area (2,188 cm2) 
Skin adherence factor for soil (0.51 mg/cnr) 
Soil matrix factor (0.15) 
Body weight (15.5 kg) 
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APPENDIX 8G 

METHODOLOGY FOR CALCULATING ORGANIC POLLUTANT 

CONCENTRATIONS IN MOTHER'S MILK 

This appendix presents a discussion of the methods used to determine the organic pollutant 

concentrations in mother's milk. These concentrations are used in the calculation of the 

daily intakes of pollutants by infants through the consumption of mother's (i.e., breast) milk. 

The concentration of dioxins in breast milk was calculated using the following equation that 

was developed for dioxins (Smith, 1987): 

Where: 

TEDIxfjxfz 
Q>BM    =   

f3    x    k 

CDBM   =        Concentfalfn dfdioxins in breast milk (mg/kg). 

TEDI =        Total Bsiimated Daily Intake, the maximum daily intake of 
dkadns by the mother through all potential exposure routes 

. (mg/kg#*ay>: 

fx = Proportion of dioxins stored in body fat (unitless). 

f2 = Proportion of breast milk that is fat (unitless). 

f3 = Proportion of body weight that is fat (unitless). 

k = Rate constant (days'1). 

The maximum total estimated daily intake of the mother was used to estimate breast milk 

concentrations for dioxins as well as all other organics. 
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Values of 0.8, 0.04, and 03 were used for flf f2, and f3, respectively (Smith, 1987). A rate 

constant of 327E-04 days'1 was calculated as follows. Assuming a half-life (t1/2) of dioxins 

in the human body of 2,120 days (ATSDR, 1989a): 

ln2 
k'=  

The equation developed by Smith (1987) was applied to the other organic pollutants of 

concern using available information. Data were available on the half-lives of ten organics 

(in addition to dioxin) in humans and mammals. j§£ half-life of 8 hours was used for 

acrylonitrile; the half-life of acrylonitrile in humaasis reported to range from 7 to 8 hours 

(ATSDR, 1989b). A half-life of 3 hours was ^pd for- benzene; the half-life of benzene in 

humans is reported to range from 1 to 3 hours (Bgselt, 1982). Half-lives in humans of 240 

days and 120 days were used for DDE and 'OjE>Tr respectively. These values are based on 

half-lives in rats of 24 days and 12 dap;for1|§f£ and DDT, respectively (ATSDR, 1988a). 

An uncertainty factor of 10 was applied-to th'e.'24 and 12 day half-lives to account for the 

absence of human data. A half-life m tmmans of 45 hours was used for 1,1-dichloroethene 

and phenol.    This value is based on -a half-life in rats (1,1-dichloroethene) and an 

unreported species (phenol) sf 4.5 Jours (ATSDR, 1988b; Baselt, 1982).  An uncertainty 

factor of 10 was applied to the fill-life of 4.5 hours to account for the absence of human 

data. A half-life of 266 days in humans was used for dieldrin (ATSDR, 1989c). A half-life 

of 60 days has been reported for hexachlorobenzene in humans (Baselt, 1982). This half-life 

also was assumed for all other semi-volatile chlorinated benzenes (i.e., trichlorobenzene, 
i 

tetrachlorobenzene, and pentachlorobenzene). A half-life of 7.5 hours in humans was used 

for toluene (Baselt, 1982), whereas a half-life of 1.5 hours in humans was used for xylene 

(Baselt, 1982).   For those semi-volatile organics, for which half-life data in humans or 

mammals were not available, the half-life of dieldrin (266 days) was used. The half-life of 

dieldrin is the longest half-life available for the semi-volatile, other than dioxin. Since there 

are few organics that would accumulate in breast milk to the extent of dioxin, it would be 

overly conservative to apply the half-life for dioxins in humans to all semi-volatile organics. 
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Thus, the next highest half-life (i.e., dieldrin) was used. The half-life for 1,1-dichloroethene 

of 45 hours in humans was applied to all volatile organics (as defined in Subsection 7.4.2) 

for which half-life data were not available. This is the longest half-life that is assumed for 

the volatile organics, which are being evaluated. 

From the available or calculated half-lives, the following rate constants (k) were calculated: 

acrylonitrile (2.08E + 00 day1); benzene (5.54E+00 day1); DDE (2.89E-03 day1); DDT 

(5.77E-03 day"1); 1,1-dichloroethene, phenol, and those volatile organics for which 

insufficient half-life data were available (3.70E-01 day"1); dieldrin, and those semi-volatile 

organics for which insufficient half-life data were available (2.61E-03 day"1); 

trichlorobenzene, tetrachlorobenzene, pentachlorobpiene, and hexachlorobenzene (1.15E- 

02 day"1); toluene (2.22E+00); and xylene (1,£§E+01 la|i). The proportion of these 

organics stored in body fat (fx) was assumedll|be;;iie same as that of dioxin (0.8). 

Tables 8G-1 through 8G-3 present poUutä^iCÖniiötänations in breast milk for the Resident- 

A, Resident-B, and Farmer scenarios; Tespeiltfely. 
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Table 86-1 

Pollutant Concentrations in Breast Milk, Resident-A Scenario 

rz. 

ORGANICS 
Acetone 
Acetenitrile 
Acrylonitrile 
Aldrin 
Atrazine 
Senzaldehyde 
Benzene 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biphenyl 
Broroomathane 
Carbazole 
Carbon Tetrachloride 
Chlorobenzene 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
Chloroform 
4-Chloropherrylo«»thyl®ulfone 
4-Chlorophenylnethylsulfoxide 
p,p-DDE 
p,p-D0T 
Dibenzofuran 
Oichlorobenzenes (total) 

1,4-Dichlorobenzene 
1,1-Oichloroethene 
1,2-Dichloroethene 
1,2-D i ch loroprepans 
Bieldrin 
Diisoprcpyl Methylphwphonate 
1,3-Diraethylbenzene 
Dimethyldisulfide 
Dimethyl Methyl phosphorate 
Dimethylphosphate 
Dioxins/Furans (EPA TEFa) 
Dithiane 
Endrin 
Ethylbenzene 
HexachIorobenzene 
HexachIorocycIopent«diene 
Isodrin 
Malathion 
Methanol 
Methyl Chloride 
Methylens Chloride 
4-Nitrophenol 

Maxi nun Breast milk Maximun Maximum 
Total Transfer Breast milk Estimated 

Daily Intake Factor Cone.   Daily Intake 
(mg/kg/day) (day) *g/kg mg/ki/day 

5.04E-17 2.89E-01 1.46E-17 1.296-18 
5.94E-15 4.096*01 2.43E-13 2.16E-14 
3.066-16 5.13E-02 1.57E-17 1.40E-18 
4.28E-17 4.09E+01 1.75E-15 1.56E-16 
7.45E-18 4.09E*01 3.05E-16 2.71E-17 
7.14E-13 4.096*01 2.92E-11 2.60E-12 
6.55E-13 1.92E-02 1.26E-14 1.12E-15 
1.34E-12 4.09E+01 5.49E-11 4.886-12 
3.40E-13 4.09E*01 1.396-11 1.24E-12 
3.28E-16 4.09E*01 1.34E-14 1.19E-15 
3.19E-13 4.09E+01 1.31E-11 1.16E-12 
6.38E-14 2.89E-01 1.84E-14 1.64E-15 
6.38E-17 4.096*01 2.61E-15 2.32E-16 
2.03E-16 2.89E-01 5.87E-17 5.216-18 
1.58E-13 2.89E-01 4.55E-14 4.04E-15 
3.82E-13 4.09E+01 1.57E-11 1.396-12 
5.01E-15 4.096*01 2.05E-13 1.82E-14 
3.22E-17 2.89E-01 9.296-18 8.26E-19 
1.266-16 4.09E*01 5.14E-15 4.576-16 
4.66E-16 4.09E*01 1.91E-14 1.70E-15 
5.61E-14 3.69E*01 2.076-12 1.84E-13 
1.14E-17 1.85E*01 2.11E-16 1.88E-17 
6.60E-14 4.09E*01 2.70E-12 2.40E-13 
1.15E-16 2.896-01 3.31E-17 2.94E-18 
7.25E-18 2.89E-01 2.096-18 1.86E-19 
1.78E-16 2.896-01 5.15E-17 4.58E-18 
1.24E-16 2.896-01 3.58E-17 3.19E-18 
1.45E-17 2.896-01 4.17E-18 3.71E-19 
1.59E-17 4.096*01 6.52E-16 5.80E-17 

1.23E-15 4.09E*01 5.04E-14 4.48E-15 
1.33E-13 4.096*01 5.45E-12 4.84E-13 
3.24E-15 4.096*01 1.33E-13 1.18E-14 
3.11E-14 4.09E*01 1.276-12 1.13E-13 
7.85E-15 4.09E*01 3.21E-13 2.86E-14 
2.02E-14 3.266*02 6.59E-12 5.85E-13 
1.34E-18 4.09E+01 5.47E-17 4.86E-18 
6.65E-18 4.09£*01 2.72E-16 2.42E-17 

1.92E-13 2.896-01 5.53E-14 4.91E-15 
2.27E-15 9.24E*00 2.09E-14 1.86E-15 
7.06E-17 4.096*01 2.89E-15 2.57E-16 
2.97E-17 4.096*01 1.22E-15 1.08E-16 
2.70E-17 4.095*01 1.11E-15 9.B3E-17 
1.45E-12 4.096*01 5.93E-11 5.27E-12 
6.38E-13 2.896-01 1.84E-13 1.64E-14 
6.38E-14 2.896-01 1.84E-14 1.64E-15 
2.82E-16 4.096*01 1.16E-14 1.03E-15 
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Table 8G-1 
(continued) 

Maxi nun 
Total 

Daily Intake 
(mg/kg/day) 

Breast milk Maximum    Maximum 
Transfer Breast »ilk  Estimated 
Factor Cone.   Daily Intake 
(day) mg/kg    mg/kg/day 

PAHs 
Acenaphthalene 
Acenaphthene 
Bef«o(«)pyrene 
Chrysene 
Dibenio(a,h)anthr«cene 
Fluorsnthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
Pentach lorobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
Trichloroberoene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

3.35E-13 
3.31E-13 
6.60E-H 
6.61E-U 
7.33E-H 
1.98E-13 
6.63E-14 
1.32E-13 
6.58E-14 
3.73E-18 
1.02E-15 
4.06E-12 
3.06E-17 
1.64E-16 
6.40E-13 
1.12E-17 
4.45E-16 
2.54E-15 
3.19E-13 
2.24E-16 
3.91E-16 
7.99E-11 
3.11E-17 
6.38E-13 
1.28E-13 

4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
9.24E+00 
2.89E-01 
4.09E+01 
4.09E+01 
2.89E-01 
4.09E*01 
9.24E+00 
2.89E-01 
4.81E-02 
9.24E+00 
2.89E-01 
4.09E+01 
4.09E+01 
2.89E-01 
9.62E-03 

1.37E-11 
1.36E-11 
2.70E-12 
2.70E-12 
3.00E-12 
B.10E-12 
2.71E-12 
5.39E-12 
2.69E-12 
1.53E-16 
9.45E-15 
1.17E-12 
1.25E-15 
6.72E-15 
1.85E-13 
4.60E-16 
4.11E-15 
7.33E-16 
1.54E-14 
2.06E-15 
1.13E-16 
3.27E-09 
1.27E-15 
1.84E-13 
1.23E-15 

1.22E-12 
1.20E-12 
2.40E-13 
2.40E-13 
2.67E-13 
7.20E-13 
2.41E-13 
4.79E-13 
2.39E-13 
1.36E-17 
8.40E-16 
1.04E-13 
1.11E-16 
5.97E-16 
1.64E-14 
4.09E-17 
3.65E-16 
6.52E-17 
1.36E-15 
1.83E-16 
1.00E-17 
2.91E-10 
1.13E-16 
1.64E-14 
1.09E-16 
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Table 8G-2 

Pollutant Concentrations in Breast Milk, Resident-B Scenario 

Maximal 
Total 

paily Intake 
(mg/kg/day) 

Breast milk 
Transfer 
Factor 
(day) 

Maximum    Maximum 
Breast »ilk  Estimated 

Cone.   Daily Intake 
«g/kg    «g/kg/day 

QSGANICS 
Acetone 
Acetonttrlle 
Acrylenitrile 
Aldrin 
Atrazina 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biprtenyl 
Bromomethane 
Carbazote 
Carbon Tetrachloriete 
Chlorobenzene 
4-Chlorobiphenyt 
4,4-Chlorebiphenyl 
Chloroform 
4-CrUorophenylmethylaulfone 
4-Chlorophenylmethylsulfoxide 
p,p-DDE 
p,p-DDT 
Dibenzofuran 
Dichlorobenzenes (total) 

1,4-Dichloretoeraene 
1,1-Diehloreethene 
1,2-Oichloroethene 
1,2-DiehIoreprepane 
Oieldrin 
Diisoprepyl Nethylphosphorwte 
1,3-Dimethylbenzene 
Dimethyldisulfiefe 
Dimethyl Methylphosphemate 
Dimethylphespnate 
Dioxins/Funans (EPA TEFa) 
Dithiane 
Endrin 
Ethylbenzene 
Hexaehlorobenzene 
Hexachloroeyelopentaditf» 
Isodrin 
Malathien 
Methanol 
Methyl Chloride 
Methylene Chloride 
4-Mitrophenol 

7.89E-18 
4.54E-15 
4.79E-17 
1.76€-17 
1.24E-18 
1.53E-13 
1.03E-13 
2.52E-13 
6.61E-14 
6.86E-17 
5.00E-14 
1.00E-K 
1.12E-17 
3.18E-17 
2.47E-14 
6.32E-H 
8.21E-16 
5.04E-18 
2.50E-17 
9.11E-17 
9.44E-15 
2.14E-18 
1.11E-H 
1.80E-17 
1.14E-18 
2.79E-17 
1.94E-17 
2.26E-18 
1.42E-17 
2.32E-16 
2.36E-H 
5.08E-16 
8.09E-15 
1.23E-15 
3.27E-15 
3.84E-19 
1.05E-18 
3.00E-H 
3.93E-16 
2.22E-17 
2.02E-17 
4.57E-18 
1.12E-12 
1.00E-13 
1.00E-14 
5.14E-17 

2.89E-01 
4.09E+01 
5.13E-02 
4.09E-M31 
4.09E+01 
4.09E*01 
1.92E-02 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
2.89E-01 
4.09E+01 
2.89E-01 
2.89E-01. 
4.D9E+01 
4.09E+01 
2.89E-01 
4.09E+01 
4.09E+01 
3.69E+01 
1.85E+01 
4.09E+Q1 
2.89E-01 
2.89E-01 
2.89E-01 
2.89E-01 
2.89E-01 
4.09E+01 
4.09E+01 
4.09E+Q1 
4.09E1-01 
4.09E+01 
4.09E-H» 
3.26E+02 
4.09E+01 
4.09E+01 
2.89E-01 
9.24E*00 
4.09E+01 
4.096*01 
4.09E+Q1 
4.09E+01 
2.89E-01 
2.89E-01 
4.09E+01 

2.28E-18 
1.86E-13 
2.46E-18 
7.20E-16 
5.096-17 
6.26E-12 
1.971-15 
1.03E-11 
2.71E-12 
2.81E-15 
2.05E-12 
2.88E-15 
4.60E-16 
9.18E-18 
7.12E-15 
2.59E-12 
3.36E-14 
1.45E-18 
1.02E-15 
3.73E-15 
3.49E-13 
3.96E-17 
4.56E-13 
5.19E-18 
3.28E-19 
8.07E-18 
5.61E-18 
6.54E-19 
5.82E-16 
9.49E-15 
9.65E-13 
2.08E-K 
3.31E-13 
5.04E-K 
1.07E-12 
1.57E-17 
4.30E-17 
8.65E-15 
3.63E-15 
9.08E-16 
8.26E-16 
1.87E-16 
4.57E-11 
2.88E-K 
2.88E-15 
2.11E-15 

2.03E-19 
1.656-14 
2.19E-19 
6.406-17 
4.53E-18 
5.57E-13 
1.75E-16 
9.17E-13 
2.41E-13 
2.50E-16 
1.82E-13 
2.566-16 
4.09E-17 
8.16E-19 
6.33E-16 
2.30E-13 
2.99E-15 
1.29E-19 
9.11E-17 
3.32E-16 
3.10E-14 
3.52E-18 
4.05E-14 
4.61E-19 
2.91E-20 
7.17E-19 
4.99E-19 
5.81E-20 
5.17E-17 
8.43E-16 
8.58E-14 
1.85E-15 
2.94E-14 
4.48E-15 
9.50E-14 
1.406-18 
3.82E-18 
7.69E-16 
3.23E-16 
8.07E-17 
7.34E-17 
1.66E-17 
4.066-12 
2.56E-15 
2.56E-16 
1.87E-16 
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Table 8G-2 
(continued) 

Maxi nun Breast milk 
Total Transfer 

Daily Intake Factor 
(mg/kg/day) (day) 

PAHs 
Acenaphthalene 6.20E-14 4.09E+01 
Acenaphthene 5.63E-H 4.09E+01 
Benzo(a)pyrene 1.09E-H 4.09E+01 
Chrysene 1.10E-H 4.09E+01 
D i benzo(a,h)anthracene 1.82E-14 4.09E+01 
Fluoranthene 3.26E-U 4.09E*01 
Fluorene 1.15E-14 4.09E+01 
Phenanthrene 2.14E-14 4.09E+01 
Pyrene 1.08E-14 4.09E+01 

Parathion 6.37E-19 4.09E+01 
PentachIorobenzene 1.92E-16 9.24E+00 
Phenol 1.31E-12 2.89E-01 
Pyridine 4.79E-18 4.09E+01 
Ouinoline 3.54E-17 4.09E+01 
Styrene 1.00E-13 2.89E-01 
Supona 1.95E-18 4.09E+01 
Tetrachlorobenzene 1.00E-16 9.24E+00 
Tetrachtoroethene 3.98E-16 2.89E-01 
Toluene 5.00E-H 4.81E-02 
TrJchIorobenzene 3.69E-17 9.24E+00 
Trichloroethene 6.12E-17 2.89E-01 
Urea 1.09E-10 4.09E+01 
Vapona 6.83E-18 4.09E+01 
Vinyl Chloride 1.00E-13 2.89E-01 
Xylene 2.00E-H 9.62E-03 

Maxi nun    Maximum 
Breast milk  Estimated 

Cone.   Daily Intake 
mg/kB    mg/kg/day 

2.54E-12 
2.30E-12 
4.45E-13 
4.50E-13 
7.44E-13 
1.33E-12 
4.72E-13 
8.76E-13 
4.40E-13 
2.61E-17 
1.77E-15 
3.78E-13 
1.96E-16 
1.45E-15 
2.89E-14 
7.98E-17 
9.27E-16 
1.15E-16 
2.40E-15 
3.41E-16 
1.77E-17 
4.47E-09 
2.79E-16 
2.88E-14 
1.92E-16 

2.26E-13 
2.05E-13 
3.96E-14 
4.00E-14 
6.62E-14 
1.18E-13 
4.20E-14 
7.79E-14 
3.91E-14 
2.32E-18 
1.58E-16 
3.36E-14 
1.74E-17 
1.29E-16 
2.57E-15 
7.10E-18 
8.24E-17 
1.02E-17 
2.14E-16 
3.03E-17 
1.57E-18 
3.98E-10 
2.48E-17 
2.56E-15 
1.71E-17 
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ft 
Table 8G-3 ljji\ 

Pollutant Concentrations in Breast Milk, Farmer Scenario 

ORGAN1CS 
Acetone 
Acetonitrile 
Aerylonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biphenyl 
Brofnonie thane 
Carbazole 
Carbon Tetrachloride 
Chtorobenzene 
4-Chlprobiphenyl 
4,4-Chlorebiphenyl 
Chloroform 
4-Chlorophenylmethylsulfcm 
4-Chlorophenylnethylsulfoxide 
p,p-DDE 
p,p-DDT 
Di benzofuran 
Diehloroberaenes (total) 

1,4-Dichlorebenzene 
1,1-Diehloreethiett* 
1,2-Diehloreethene 
1,2-D i chIoroprepane 
Dieldrin 
Diisopropyl Methylphosphomte 
1,3-Dimethylbenzene 
Dietethyldiffiulfide 
Dimethyl Methylphesphenate 
Diiaethylphosphate 
Dioxins/Furans {EPA TEFs) 
Dithiene 
Endrin 
Ethyl benzene 
Hexachlorobenzene 
Hexach I orocyc I opentadi ene 
Isodrin 
Ma lath ion 
Methanol 
Methyl Chloride 
Methylen« Chloride 
4-Nttrephenol 

Maximum Breast milk Maximum Maxinun 

Total Transfer Breast Milk Estimated 

Daily Intake Factor Cone.   Daily Intake 

(mg/kg/day) (day) mg/kg «g/kg/day 

1.77E-17 2.89E-01 5.11E-18 4.54E-19 

1.4QE-14 4.09E*01 5.72E-13 5.08E-14 

1.07E-16 5.13E-02 5.51E-18 4.90E-19 

1.18E-16 4.09E+01 4.85E-15 4.31E-16 

2.97E-18 4.09E*01 1.21E-16 1.08E-17 

3.27E-13 4.09E+01 1.34E-11 1.19E-12 

2.30E-13 1.92E-02 4.42E-15 3.93E-16 

6.45E-13 4.09E+01 2.64E-11 2.35E-12 

1.48E-13 4.09E+01 6.04E-12 5.37E-13 

1.48E-16 4.09E+01 6.07E-15 5.39E-16 

1.12E-13 4.09E+01 4.59E-12 4.08E-13 

2.24E-14 2.89E-01 6.46E-15 5.75E-16 

2.81E-17 4.09E+01 1.15E-15 1.02E-16 

7.13E-17 2.89E-01 2.06E-17 1.83E-18 

5.53E-14 2.89E-01 1.60E-14 1.42E-15 

1.54E-13 4.09E+01 6.32E-12 5.62E-13 

2.08E-15 4.09E*01 8.50E-14 7.55E-15 

1.13E-17 2.89E-01 3.26E-18 2.90E-19 

5.30E-17 4.09S+01 2.171-15 1.93E-16 

1.99E-16 4.09E+01 8.16E-15 7.25E-16 

2.24E-14 3.69E+01 8.27E-13 7.35E-W 

6.80E-18 1.85E+01 1.26E-16 1.12E-17 

2.74E-K 4.09E*01 1.12E-12 9.96E-14 

4.03E-17 2.89E-01 1.16E-17 1.03E-18 

2.55E-18 2.89E-01 7.35E-19 6.53E-20 

6.26E-17 2.89E-01 1.81E-17 1.61E-18 

4.36E-17 2.89E-01 1.26E-17 1.12E-18 

5.07E-18 2.89E-01 1.466-18 1.30E-19 

7.04E-17 4.09E+01 2.88E-15 2.56E-16 

5.14E-16 4.09E+01 2.10E-H 1.87E-15 

5.92E-14 4.096*01 2.42E-12 2.16E-13 

1.14E-15 4.09E*01 4.66E-14 4.14E-15 

1.54E-H 4.09E+01 6.29E-13 5.59E-14 

2.79E-15 4.09E+01 1.KE-13 1.02E-14 

9.01E-15 3.26E*02 2.94E-12 2.61E-13 

7.47E-19 4.09E+01 3.06E-17 2.72E-18 

2.39E-18 4.09E+01 9.80E-17 8.71E-18 

6.72E-K 2.89E-01 1.94E-H 1.72E-15 

1.03E-15 9.24E+00 9.51E-15 8.45E-16 

8.70E-17 4.09E+01 3.56E-15 3.17E-16 

9.79E-17 4.09E+01 4.01E-15 3.56E-16 

1.05E-17 4.09E+01 4.31E-16 3.83E-17 

1.75E-12 4.09E+01 7.17E-11 6.37E-12 

2.24E-13 2.89E-01 6.46E-14 5.75E-15 

2.24E-14 2.89E-01 6.46E-15 5.75E-16 

1.30E-16 4.09E*01 5.34E-15 4.75E-16 
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Table 8G-3 
(continued) 

Maxima» Breast »ilk Maximum Maximum 
Total Transfer Breast «ilk Estimated 

Daily Intake factor Cone. Daily Intake 
(mg/kg/day) (day) mg/kg mg/kg/day 

PAHS 
Acenaphthalene 1.69E-13 4.09E+01 6.91E-12 6.14E-13 
Acenaphthene 1.39E-13 4.09E+01 5.69E-12 5.06E-13 
Benzo(a)pyrene 3.54E-14 4.09E+01 1.45E-12 1.29E-13 
Chrysene 2.79E-14 4.09E+01 1.14E-12 1.02E-13 
Dibenzo(e,h)anthracene 4.51E-14 4.09E-KJ1 1.85E-12 1.64E-13 
Fluorenthene 8.07E-H 4.09E+01 3.30E-12 2.94E-13 
Fluorene 2.95E-H 4.09E+01 1.21E-12 1.07E-13 
Phenanthrene 5.10E-14 4.09E+01 2.09E-12 1.86E-13 
Pyrene 2.61E-H 4.09E+01 1.07E-12 9.51E-14 

Parathion 1.58E-18 4.09E+01 6.45E-17 5.74E-18 
Pentach I orobenzene 5.42E-16 9.24E+00 5.00E-15 4.45E-16 
Phenol 4.32E-12 2.89E-01 1.25E-12 1.11E-13 
Pyridine 1.07E-17 4.09E+01 4.40E-16 3.91E-17 
Quinoline 9.48E-17 4.09E+01 3.88E-15 3.45E-16 
Styrene 2.24E-13 2.89E-01 6.48E-14 5.76E-15 
Supona 4.74E-18 4.09E+01 1.94E-16 1.73E-17 
Tetrachlorebenzene 3.25E-16 9.24E+00 3.00E-15 2.67E-16 
Tetrachloroethene 8.91E-16 2.89E-01 2.57E-16 2.29E-17 
Toluene 1.12E-13 4.81E-02 5.39E-15 4.79E-16 
Trich Iorobenzene 8.78E-17 9.24E+00 8.11E-16 7.20E-17 
Trichloroethene 1.37E-16 2.89E-01 3.96E-17 3.52E-18 
Urea 1.53E-10 4.09E+01 6.28E-09 5.58E-10 
Vapona 1.45E-17 4.09E+01 5.92E-16 5.27E-17 
Vinyl Chloride 2.24E-13 2.89E-01 6.46E-14 5.75E-15 
Xylene 4.48E-14 9.62E-03 4.31E-16 3.83E-17 
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APPENDIX 8H 

CARCINOGENIC RISK FOR INDIVIDUALS UNDER ALL SCENARIOS 
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APPENDIX 9A 

DERIVATION OF SELECTED ORAL REFERENCE DOSES (RfDs) 

In many instances it was necessary to derive an oral RfD from existing toxicity data. 

Chronic oral toxicity data were used, when available. In the absence of chronic data 

subchronic or acute oral toxicity data were used. 

9A.1  Derivation from No-Observable-Adverse-Effect Levels fNOAELs) 

In two cases (benzene and vinyl chloride) oral RQäs were calculated from NOAELS 

according to EPA guidelines (EPA, 1989). The R#fo||>enzene was based on a NOAEL 

of 1 mg/kg/day from a 26-week study in rats. .:#he toxic endpoints manifested in the rats 

were leucopenia and erythrocytopenia (Wolfe «t al., 1956). To extrapolate the oral RfD 

from the NOAEL, uncertainty factors (UF^.were-mcluded. The total UF of 1,000 was 

calculated by multiplying by 10 for each oFthe following categories: subchronic to chronic 

exposure, animal to humans, and human variation. The chronic RfD was then calculated 

by dividing the NOAEL by the ÜFof 1,00k 

The RfD for vinyl chloride was based on a three-generational study in rats (ATSDR, 1989a). 

In this case, a reported NOAEL of 0.13 mg/kg/day was established from a lifetime dietary 

study in rats, in which decreased survival and hepatotoxicity were the most sensitive toxic 

endpoints (Til et. al., 1983). An uncertainty factor of 100 was applied, 10 for extrapolating 

from animals to humans, and 10 for human variation. 

9A2  Derivation from Oral Lethality Data 

In the absence of chronic and subchronic toxicity data, an oral LD^ was used to derive the 

chronic oral RfD. An LD^ is the dose that is lethal to 50 percent of the test animals. This 

process was used for many chemicals in the report (see Table 9A-1). The chronic oral RfD 

was calculated by dividing the LDJO by an uncertainty factor (UF) of 100,000 in accordance 

with the approach developed by Layton et. al., (1987). 

9A-1 
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Table 9A-1 

Chronic Oral Reference Doses (RfDs) Derived from LDa Valnes 

Chemical LD50 Test Species Chronic Oral RID 
(mg/kg/day) 

Acrylonitrile 27 mouse 2.70E-04 

Benzofuran 500 mouse 5.00E-02 

Benzonitrile 800 cat, mouse 8.00E-03 

Carbazole 500 rax. 5.00E-03 

4-Chlorobiphenyl 2,450 ,::|Pat   J;:                    "- 2.45E-02 

4,4'-Chlorobiphenyl 2,330 ^W 2.33E-02 

1,3-Dimethylbenzene 5,000 1 •:        y*S& 5.00E-02 

Dimethylphosphate •€;?i4;.,.. '":,;; rat 8.71E-02 

Methyl Chloride ;;;r  i,«sp rat 2.50E-03 

4-Nitrophenol 8,471 " rat 8.47E-02 

Reference : RTECS, 1990 

533C/S9 

9A-2 
1/20/91 



APPENDIX 9A 

CITED REFERENCES 

ATSDR (Agency for Toxic Substances and Disease Registry). 1989. Tpxicplogigal Profile 
for Benzene. Prepared by Oak Ridge National Laboratory for ATSDR and USEPA PBS9- 
209464. 

EPA (U.S. Environmental Protection Agency). 1989. Risk Assessment Guidance for 
Superfund. Human Health Evaluation Manual - Part A Interim Final Office of Solid 
Waste and Emergency Response.  Washington, DC.  OSWER Directive 9285.7-0 la. 

Layton, D.W., BJ. Mallon, D.H. Rosenblatt, and MJ, Small. 1987. Deriving Allowable 
Daily Intakes for Systemic Toxicants Lacking Chronic Toxicity Data. Regl. Toxicol. 
Pharmacol.  7:96-112. 

Til, H.P., Immel, H.R. and VJ. Feron. 1983. iffespan orfcarcinogenicity study of vinyl 
chloride in rats. Final report. CIVO Institutes, TNO» Report No. V93.285/291099. (Cited 
in ATSDR, 1989b). 

Wolf, M.A, V. K. Rowe, D.D. McColllier,-"WL Hollingsworth, and F. Oyen. 1956. 
Toxicological studies of certain alkylated benzenes and benzene. AMA Arch. Ind. Health 
14:387 (cited in ATSDR, 1989b). ■ 

9A-3 
533C/S9 1/20/91 



APPENDIX 9B 

DERIVATION OF SELECTED INHALATION REFERENCE DOSES (RfDs) 

-*r 



APPENDIX 9B 

DERIVATION OF SELECTED INHALATION REFERENCE DOSES (RfDs) 

An inhalation RfD was derived for only one chemical, lithium, based on toxicity data. 

Lithium hydride was the only form of lithium for which inhalation toxicity data were 

available. Lithium hydride is intensely irritating and corrosive to the skin and mucous 

membranes; its TLV-TWA of 0.025 mg/m3 (ACGIH, 1986) is based on its irritant 

properties. However, concentrations of lithium hydride ranging from 0.025 to 0.10 mg/m , 

associated with a tickling sensation in the nose and a mild nasal discharge, have been 

reported to be tolerated by workers continuously exposed (Clayton and Clayton, 1981). 

Lithium would not be expected to be present asiip hydride if stack emissions and there has 

been no evidence of industrial health hazards bsün^-associated with the inhalation of other 

forms of lithium (Clayton and Clayton, :||||^:;Jll|efore, the use of the TLV-TWA for 

lithium hydride in deriving an inhalation RfD .for lithium would be expected to be overly 

conservative. However, in the ahssncenof inhalation data for other forms of lithium, the 

upper limit of the tolerated range lor lithium hydride (i.e., 0.10 mg/m3) was assumed to be 

an acceptable exposure level for ^orkeft for all other forms of lithium. Substituting this 

value as the TLV-TWA" in. the equation presented in Subsection 9.4.2, Table 9-5, an 

inhalation RfD for lithium of lGlfÖ4 mg/kg/day was derived which would be appropriate 

for the general public. 
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