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s5— 113 5! cwd Sand, moisl B
- 9 Saz‘am teq 53“3,“2%‘;’
‘T z 4, o’ 5(_0 Si If a/)c/ band ﬁecot/é’l“
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o= .',;.: 5 7 ?_j Qh["/( b/‘OM)IO a/?C/_ é/afk OOdd/é’j qul;;’o;Q
_L-.;_g}_._.;SS KRV glass and angular rock fragmeny o Ty
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colomite and clag, N
6am/o/€ )
T CLASSIFICATION/BY J..;D&gfr
A-14



HOLE NUM[QEM

DATE .
sranteo /2087 @0 E + E DRILLING AND TESTING SURFACE 5
FINIS‘HED.[..Z'ZZGgC/ [ty cO.. INC. ELevATion 2 sk ¢
Y SUBSURFACE LOG GrounowaTE
- ’ ,
- . PROJECT ‘ff‘)D/'/eIZ)OgDZ/)CJm, Ca / LOCATION
e WELL g BSLOWS onN
, _ ulZ AMPLER
z DIAGRAM 2g) 8 Vy FROFILE FIELD IDENTIFICATION OF SOILS NOTES
b <kl s G 12 .
Q a3 12 ~1g ~ Cll jljd jr INFOZMP IO Pee I
;‘c;‘:? " (‘ 2 - TA“-”:’G © O-12.5 O <C-SA.
e H&:}i f053 / ;Z.. {g 0.0~ 0, 4/\’ Si /fy Loa'.‘m, aark 5a_mf7//";g
o TTaslss | 2 % 7 brown @ blatk, minor vid Lo
e P Ak - organics, grass, rools N
S — bt RN £Ae s6 3 4 | & 1 y / . , S4mPE RN
—Jo(? "‘\’99 z /4 0'4{"01? Sl/zz-j C/a ) /)’)tfdﬂ/m O{.‘"’-Z.O-’
T s |4 P brown, plastic wi 7h yellew [TV
I e PPy AR dark brown and black N0Gules| s oo
e B I KeMWi qlass and angular roch fragmenly 20" <1<
= / - ' coveve
= I 2.0-2.5" Sf/fy C/“7/ as above|"¢ overy
_ @ BR at 13.5° -/ ’ [/ ' ' 06 = X0
5 3 S stae - A ﬁ'ml/é/m AL
"] 3 C1bjack 5//&/ ma lliX, 3:7:’, -ei‘fh
. -/ '
Tl 40745 Clay, mottledfeeorery
2 = brown % b/ack, p/dﬁfféx 0413{9:&/;;54
LN . ¥ YN
] saturateq e,
] 6.0~ 75~ Clay, yellow Prown RecDvery
. . . /
25: 22‘ /)?fd/“m f)/‘Oo{J’), 7[\1’76/7 Q,O :/00A
7] /am,'ﬁaffac 78//2%1] 6beU’?
- S5t ,oarz‘z‘nzﬁ/ occasiona
] sub rounde P{’éb/“, ‘
- /aca(sfrr'r,e/lt/uz//a/ origin,
] _ 75-8.0° Clay, redymassive | upe e
, Saturated, plastic AN
- R éer
| go0-13.5"- jnz‘c’réec/a/(ff/ 06,6?07
N dolomite and clay, No "
] 65(/7;7 /e i J
] - /2,5'7/02/,0 - Lock port C'/O/f?ﬂ?/ff )
- 'med:um gray > gark gray,
I dlar K gra dohen Fresh
u micritic,/ Fine qramé’c/
10088
CLASSIFICATION/BY JDoerr -
recyelecl RICH 1nc A-13 conlopy e SRS e




— Draft —

DATE // c\?ﬁr_ ) HOLE NUMBER i_ﬁé"~5
STA“TED—g-L. [.l' E + E DRILLING AND TESTING CO., INC. SURPACE W30
FINISHEO LL= A/ T \$) SUBSURFACE LOG GROUNDWATER

~EET 2 afF __C DEPTH

)
- -
PROJECT fglz%gi)CH’M/ud LOCATION

e d |8Lows OnN

= H D T FIELD IDENTIFICATION OF SOILS NOTES

E _— 3”-3 12 181 Cl SI Sd Gr

« 18 24 ] 1 ] i , . ]
J1R.5'= 14.1" = CompeTent, mass: /e,
1 VMQ@U],/UCF@QQI")? i 512?” OCRTERCN 1
~ and num ber down Uar‘d/ 626 57 210
— ranges From ~imm B ~/em (257
: /Lllll;' /qll/' [—-{‘Q,Ct(,{re zone /0/
- MY (52" Heavily weaThere
] zone, 3 bea’c//rz; Fracturss
- /5"2/,_ /7’4: f/eau‘/‘ /7 Fra(,Z‘uré’%
_ weaThered L
- 41,0~ Compelenl mass: Ve
_
-
_
-L-‘ -
-
-
-
E

6400848

reqyeled FIPH, o

CLASSIFICATION/BY j@g@ff

A-16

(-1'(llu'_’:.'p.l"'(,lu(.“nlvlllll'“" meut

cnvironmnent



DATE

STARTED: /- :‘—2 ‘3?
FINISHEC [2- 8 __gc/

sHEeT_L oF 3

En

HOLE Numusﬂégic_:_

j E+EDRILLING AND TESTING CO., INC. TLEvASlon D 7Y, £ 2
SUBSURFACE LOG GROUNDWATER
DEPTH

~ PROJECT Soflvent Chemi ca (

re¢¥E\E1RIRHer o

CLASSIFICATION/BY J DO(_’Y‘F

- ALD 1_030 LOCATION
iy o uSLows on
WELL w 2 AMPLER
é DIAGRAM g‘i‘ 4 %% PROFILE FIELD IDENTIFICATION OF SOILS NOTES
g 3‘ 3 ﬁ 18 4 C! S! Sd4 Gr W TOTHATION PeRTAII G TO O -12.5' Feor SC-SA
~ T = = /(} L1 1 \uroz‘r'\}’\ﬂow/?-‘e‘?r'u:m\mc. o 12.6-.q' fPom LL-5b
1 Slss ! =S 0.0~0.4. 5:/I‘f/ Loam, qark 5qmF/qu
Ll Jss > 52 7 brown 1 blatk, minor V'gt 50/;’
=17 |G skads ). o - 9 — oraanics grass roots ' ) P o
5o |17 il 4 | & 1 , PR ‘. SAMPLE Bk
e SS|S T 09-0F S //Z;y. (//aj, medium 02 25
s Vo |4 i %T brownr, plastrc wr 7h yellow |59 = 354
-{ ,'0;55 AN dark brown and black N0QUES| qups punz
lo—s, 3 g5 glass and angular rock fragments Kz.of—qéof
o4 . . a
= ] 2,025 silt C/ay. as above| N0 éf
“-Ho] ‘ 7 ;e . 7 ’ . 016 :\%/0
j-:' oo BR at 12,5 L5-32:6 - Fol ) ﬁ-mwé/m
|5 BN (i B bjack 5/‘/&/ ma (71X, DIUPLE BN >
- el @] r 4.C" - . C
R 1 e 4043 Clag, mottled  |Recovery
el il brown @ ()/QC/</, /7/5(51%/ 10,3 -‘/.5/0
i Safuraleq SHMPER L
:hni ?: (ZIC><— ;{:5 - CTA&:// 9/?/%%%)/Bf0£b”? A?foDVQ?er
25___1:"0 .-:o $ mfd/“/)7 b,‘ownl ][;ne/7 ‘)’O :/00/0
205l et /am,'/)a((c]// 76//014] 6fQLU’7
- ST parl‘z'nzﬁ, occasiona
- sub rounce ,Uffﬁb/"‘, ‘
7] /aCc(sf'rmﬁ/Hut//a/ origin
. 75-4.0 C/ac/fcaféma.%uﬁ _ o
- . $aturatled ,u//as Lic YLy
s | £* A / ecover
47 go-1a.3"- Tnterbeddeq o' =07
0 delomite and clay, no ¢
n Sam le '
0] _ 1R2.5 7/02/.0 - Lock pOrZ' dolomite ‘
medium gray & dark qray,
- \dlar K .gmc/ wohen Fresh
_ micrmtic,/ Fine qramec/
L.Muu

conbo g TR i

A-17



DATE

SHEET_. o0F_3

STARTED //" 5 '%C)

FINISHED_./ 2'& - 52

T

N -
.I.I'{ E+EDRILLING AND TESTING CO., INC.

(4]

Dr "5

HOLE NUMBER

SURFACE —
ELEVATION 270, &

SUBSURFACE LOG GROUNDWATER

DEPTH
{

PRQJECT

4
SD 1030

LOCATION-Z%LQB—ML%—Q&Z
fa,\cfam Falls /\/g

WELL
DIAGRAM

DEPTH — FT
SAMPLE
TYPE

SAMPLE NQ.

BLOWS ON
SAMPLER

| A

12 18
18 24

PROFILE

Cl st Sd
B

Gr
1

FIELD IDENTIFICATION OF SOILS

NOTES

clor v bevv v bong ebvv e b b

|

J1R.5 = I4.1"~ CompeTtent; massi Ve,
V”@@"f/ IHCreqsmg /n St 2_59
and num ber dpwn ward, si2€
ranges Frem ~Iimm bV /CM
/‘I./'7 144" Fracture Zone,
MY - )52 Heavi /f/ weaThered
zone, 3 bedding Fracturss

15,2~ /9,01 _/1@4(// /7 frac[ured

|weathered |
119.0'-19.85" - highly fractured dolom e
(rubble) : mechanical Frocf—ufes feomn
dari i " process. Frnqmeﬁts Show
large vuqs up oV in widthn,
’For‘*Hall\\ Fillea wiin calete - ‘
19.85'- 20.35' - Same dolomite but witrout

20.35-20.5 - Frockure zone .-
20.5%23.25' - Competent dolostone witn
bedding Flane Frockures) some alorq
shylolites, Contains Feuws small Nuqs
(L-Seen) pactially Filled wim
calcite . .
23.25 ’—23.70,- Sawme dolomiTe with vYertical
Stress Fractures and secondand
Miteralization win calaite. . ‘
23.70'- 24.0" - thghly Frochured Zone Lottn
Snall vugs ond calcite . Relieve
Fractured by core varcel sovemestt.
24.0'-24.q' - Same dolomite witnTingle
Jertical fractore shouwnng Seco(‘dorkf
Mineralizadion witn calcte. Some
\age ,upto fp", vus Filed wen
caleite and 2 bedd: e Haoe (horiz )
frochores @ S+‘a\oL,ibeS .
244"~ 254"~ Hiqhly Froctured Zone Wit
Calcite. .

vugs. Contains fwo bedd‘mcr Tlace Frochees

Core run Fra
QoL 2.5’
Recovery
7.2'= %2

Lost drill
water retum

4Q0848

TGRS e A

CLASSIFICATION/BY J@&el”r‘fﬁ MQ}/QF‘S

A-18
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OATE

ceeT. D oF_3

sTarTED M- 5-

FINISHED V2~ 8-89

(£0)

ELEVAT

DEPTH
{

HoLe numeer SC-5¢

i .
'.I E + E DRILLING AND TESTING CO., INC. sunFAc
SUBSURFACE LOG

£ -
lon_27C e

GROUNDWATER,

VT a2

PROJECT _Solvent Cremical

JD 1030

LOCATION 2\d Buffale Ave,

Niacara Falls WY

wELL
DIAGRAM

DEPTH - FT
SAMPLE
TYPE

SAMPLE NO.

BLOWS ON
SAMPLER

0 6
6 12

12 18
18 24

PROFILE

FIELD IDENTIFICATION OF SOILS

NOTES

@ 1 r ¢! @ ]

Pogaa b bo vl v b Cobev e byv e by

25.47-20.5" Sunqle Prece of dolomita wiin |

2.5 -34.5 "Co of\?e,-\:g,r\t Aotom ke padm

N Gty Flled witn calare

few vugs ond siress fracrures Filled

witn calevte conto.‘mc) TThe ro\\owlt\c]

Fractures: .

Lok 'and 21.2 clean mecron cal

breaks alenq kedding Flanes.

21.85 ' Aorizoctal ua’c\d‘mq?\oq\e.

Frockure wirn ShyloWite. .

28.0 ' U5° Frmchure witn Sﬂcu\d’-‘»“f Cﬁxﬁ‘d

283" Horizonka!l Frachure witn

sec,or\dcxf\( caleite.

7—8_-%' Hocizonktal Froicture cx\o\-\q .

pecichi Flane . -

29.0'and 29.V' Frochures alo

Thick Shylolvtes (horizontal)

2965’ Borizoata) Tacture ot shylolite

30»(05'0;‘\d 2\.0' Sc.u\\e.-*-u‘(;,o_ Yrocture]

21.3%'and 313’ Sametuype of
Facture hutk mor= BpZr;ie, pO
minecaliz ahon .

124l 4e 2251 Lamae of e boizoctal
Fracture. wifn shylohite avad
?wﬂdar\{ mineralizatior

Are o of wnte (ass
327’ Worizortal Froaturs witn

C orEe RQur Feo
12k.5'- 3k .€

Recouery

o'z 100%

Rao = 819,

ELOS'L d‘r'] \\
water retune

@ 32.75°

shylolite. avd seconaary miceralizatioe . .

2325 ‘+o 33.70° Arcal with H horizaclh)

froctuces witn stylolites and
Secondary mineralization,

33.70'15 315.5 ' Dolostoae v more
CoMmpetent witn mulcmort small
vugs  but no 9+sf\oll S. Sec,ohdo.n/
minerlizabon witw calcite
‘\'h\'buﬂhou.t- Also has 3 mechanical

froctures ot 33.95 35,2  and 3125,

640088

recyelel AP nr

CLASSIFICATION/BY _ui Rin: fﬁcjg.m

A-19 (-rulug_':‘lg:”‘(l 1-n\irnnmt'u

{
ey il environime



ATE nove numddRaftol!

STARTED \?_-’2_'_(_%(} L[ ) HOLE HumATaEE=
eisneod 219 - 99 't<J'>f) E + E DRILLING AND TESTING CO., INC. SUnFACE 57/ 3%
2 SUBSURFACE LOG GROUNDWATER
€T & oF 1 DEPTH
)
PHOJECT ' 2y . LOCATION
JD 1030
g |BLOWS OR
WELL L-IJJuJ Z SAMPLER PROEILE
DIAGRAM %% g 046—‘2 FIELD IDENTIFICATION OF SOILS NOTES
: “ | g (12~ C! SI Sd Ge
, v |8l 724 7 Y ) ] |
| JR.5=14.1 ~ Comljetenﬁn?assr Ve,
l vuggy,1ncreas: neg n si2€
2.4’ b i a/ [{ ] e
- e and NUM Ber qown warda, s«
mnqt’s Frem ~/mm b '~7Icm
; / o~ ; R
BN 14,0~ 144" Fracture 2one,
Y= 162" Heavily weathered
" zone, 3 bedding Fracturts
/ ’
15:2~19.0 - [fea v /47 Fracfurefl
N weaThered |
19.0'-19.85" - Rignly Frochured dolom te Core run Fro
[rubble) : mechanical fmatues from ‘&:C‘;‘: :?
aclling process. ch\meﬁts Show 72262
~ | large vuqs wg o V' i w‘\d‘{’hj

Tartally Fllea witt, caleite . :
19.85'-20.25/ - Same dolomite but witrout
Nuqgs. Contains fuwo bedd\n:r Flace. Froctures
20.35-20.5 - Fracture zone . - Lost deill
/ f . water retum
20.5-23.25 - Comgetert dologtore witn
bﬂ.dd'\r\q Tlane ?roc,%ures, <ome alorg
Shilolites, Contains T small Nugs
(2-See) partially Filled witm
calcite .

23.25 - 23.70/- Saume dolomiTe wihn Vertical
Stress Fractures and seconcan
Miteralization win calcite.

2370~ 24.0' - Hignly Frockored 2one LWith

Snall vugs end calc ke . Believe

B Frachored by core varre! tmovemesti

74.0'- 24 .9/ - Same dolowite wWitn Tiegae

Nectical Froctore showng secorda

T . MineraliZation wilh calete. Some

lame ,upko ", g Hiled weiny
caleite and 7 bedding Prane (noriz )

Frochrores @ 5+ta\oL,it€S X

1249~ 254"~ Wighly Trochuried Zone with
Calcite .

Lttt e trr v b Er e b b brr e by e bty

[~]
[~

- CLASSIFICATION/BY f@oeﬁ’/ﬁ (\"\‘ve\llﬁrg

A- .
recyuplcshRIPDY  ny 21 vealopy b ensiogronewy



DATE

SHE

STARTED 1L 12 -9

FintisHep A0 14.-99
ET_D oF H

‘LUJ

HOLE NUMBER EC_D

0 . -
' € + € DRILLING AND TESTING Co., INC. SURFACE 5 77/.3¢

ELEVATION
SUBSURFACE LOG GROUNDWATER

OEPTH
{ )

PROJECT _Solveat Cremical

LOCATION 2\l Buffalo Ave,

JD 1020

Miagare Falls | vy

DEPTH — FT

WELL
DIAGRAM

SAMPLE
TYPE
SAMPLE NOQ.

BLOWS ON
SAMPLER

0

6

6

12

18

PROFILE

FIELD IDENTIFICATION OF SOILS NOTES

e b b b caa b e ber e b e

1

RRER

640w

25.4/-2(0.5" Suxjle Prece of dolomite wim |
N MY Tlled with cale'de
2.5 -34.5"' ComPc{e,nt Aolom it poiin Core Quo Feon
few vuas ond stress Froctures Filled 1k.5'- 36 .5
witn calevte containgThe Following | Qecovery -
Fractuores: o'z 100%
2s.ta'and 21.2 " cleon mecronmical -
breaks alenq teddino yiones. Raw = 817
2’1.35’ Horizortal bedd\ﬁq?\&n%
Frockure wimm ShyloWte. . -~
28.0 ' US® frmcture wit SCCd\dof\f co‘aﬁ%_ost aedl
28.'3, Hori2on kal Fracture with water retunn
secondary calcita. @ 22.75°
28.8’ Horizontal fromictrurse Q,\\ONB‘
becid tlane. ! _
29.0"and 29.V' frochures along -
Thick Shylolites (Norizoatal)
2265’ Borizoatal Tmeciare ot shylofitd
20.05'and 2.0 5’11\&.+D‘QL Frocture _J
21.35'and 314" Sametyee of
Feactusre bhut mor= eper;ie, po
Mmineraliz ohion .
1244w 2257 Lame open borizoctal
Fructhure, with shylolite am .
S'CCO"WdGr\{ micermlization
Area of wnte~ loss
327 Horizerkal Frnndure whtrn
S*‘\(\ollﬁﬂ_ ard Secor Aary wirern {zatioe.
3225 "1e 33.70" Area. uwith Y horizanthl
froctures ultn s+violites and t
Secondary r‘\?f\emhilq‘ﬁqn, |
33.70'4s 3p.5’ Volostone & more -
Compeient witn mau\lcmort small J
vuqs, but no shylolites. Scc.oﬁdarf -
minermlizabon wikn colcite -
“mougnout: Also bas B med’\oolcoil [
froctures ot 33.95 7 35.2 and 3035,

reqy el I Pah e

CLASSIFICATION/BY K. Meve rg

ceolopgy nud enviranmeut
Ll'l'll,lll_" unl\ COVITOIe st

.

. A-22



DATE

STARTED 12-12-80
FINISHED \2- 14 - B9

- RET 4 OFJ

Draft

HOLE NUMBER S -2C1

! . M
'Y &+ € DRILLING AND TESTING CO., INC. SR ACE NS . 3
<) S
l SUBSURFACE LOG GROUNDWATER

DEPTH

’_-' PROJECT

Solvent Crenmcald

LocaTion_ WD Rl fale Aye .

M;ag?r;\ Falle,  to9

WELL
DIAGRAM

DEPTH — FT
SAMPLE
TYPE

SAMPLE NO.

FIELD IDENTIFICATION OF SOILS

NOTES

-

Lol oot ot b r o b o

Tolom T2 with dwneus vugs Hom 24.5
o 355" whieh are_?carh'ollx{ e
wan calci,
15.5! +o 3.5 Dolom . e 1S hqmer
webn fewer lowger vuq s complately
Filled win calecta -
24.5 40 29.5 The -r_o\\cw‘\oc\ -frac{—,,.rgg
occur )
347, 3415, 3445 35,8, 3595, 2625
ad 3 S37wnich are beddhctp\cme.
(rotizontal) Froctues
3 e 8’ Large ofen Frochuse,
WkN assvE 2eondafy ety
*.03,37.90 38.20' ThhE Qean
horzontal bedd i plate Frachufe
23873 poc i 2Zootal Frochue Q\C(f'
Shglotte
387340 23.5" Three. Ci€an beriz-
o0tal Deddiq'?\&ﬂ& Frowe yuces .
2Q.5" Hormzeotal Focture alene
54-«‘\'\0 Vo . !
“IComeetent ddam ke whchis NC"Y\H

Frochared - The wast Mayor ity of the
Frochuves ace tht,c\eoﬂ,mec;\cmcc\\

oreaks aloog hedding p\anes or
Sﬂ\o\?t&s witnm e o\\t:uu\r\c1
excepiions ¢ |
o.y ' Senall cen Frociure woin
Styicl e
408 't 1.0 Frockure tone Wi
secondan/ calcte
Uy 6 b 42.57 Hhgnly Fractured 2ene
W cecondbry cale te, Cortany
four obuiously waker bearing
froctures, all nomzorita |

Core 'Qcm'
fem 2345
2G5
Recovery
5.c =100,

Raoz 849

C_Or'&. AN
from 36.5"
+o 5.5
Recovery
2 z1co%

?&D:Lo&"i

Aeea of udier
\CSS .

| 429’ tocizo0tal Frockare alond
L vaay 2ene. -
oo CLASSIFICATION/BY . -«.'.Q»S-/xl(&»fﬁFS
feG&é\ea.leesﬁmr A" 23 vculngl.‘g‘n"d cnyirgnmety

1
Gy ) ecsnarannend



- Draft

DATE ! HOLE NUMBER 9C-5C¢
~ A 0 . - -
STA“TED'—“(L“—/?Q‘ !:J E + E DRILLING AND TESTING CO., INC. Sl EvASion 271 3¢
FINISHED 1214 -84 \ SUBSURFACE LOG GROUNDWATER
cwggT. ! _OF ‘—\ DEPTH
- { )
r PROJECT _ Sciveot Cremical LOCATION_ 2?2 Buffalo Aye. .
ID O30 b eoaa Falls, N
= 3 |BLOWS
LT WELL u_.]:m g sl;xr.:zl.ga\l PROFILE
z DIAGRAM |&a| & I5—Tg FIELD IDENTIFICATION OF SOILS NOTES
o s 6 2 i~ ATIOR PERTAD -i1.s' fFRem sc- .
& 3’,- 3 12 181 Cl SI Sd Gr w?az'a:q:ﬂou ??émS,SZ TOD l“::;-"i' F'?O'?"CSE‘AE'B
Q : % 18l 24| 1 1 1] NEQRMATION PERTANINGTD 18"~ 365" fRon $C-5C
"O.T: ilss| 1 RS ,J 0.0~0,4' Sl/ff/ Loam, cark 54mf/ﬁ/[’_(/
—*ol" y 1 ! A /1
e ? & [ 7 brown 1 black, minor 4
*.| b Black — . , oh
j° stees |" SS17 G °lJ —_ Ofga/)I(—S/ 9!‘&.’)5, rools 625151‘6 R
0o tel< 5| w ‘ / . ) . ;
e S EY e 0.1-0% 5,/;7‘ Clay, medidm | o 2o
45 s |y brown, plastic wiTh gellew |REETHo
O <sls 2 dark brows) aud black /}o‘c/cé/q SAlPLRN
o—p | 0| 4 e glass and angular rock fragmenls 2,-06’-;.2“
H.0 _‘ FTL -7 v | AC O
- ‘0 7 / f . ’ - [4
i o BR at 1d.5 12,5 - 2.6 - /-’,/// ?-\r\at/é/ e ,
5| [ ' ' ¢ PUL2
> 4-° 5 bjack SI{ZL/ gl (71X, ) Sihziu’i“c
-] | 4043 Clay, motl ;0/ fecovery
JEEN ¥
RGN brown @ Olack, plstic, 0.3:/51
20_ '." q. | / 5 »
ol Safafaz?/o/ SLTE L
Tely 6.0- £5~ Clay, yellow Brown\Kecover
& 5 & mediwn Ldroc, finely 12,0=/00,
25— w | : :
ER Jaminaled, gellow orowt,
o g Io St ,Oarl‘/'nZ‘D/ OCCG‘/W‘"%‘
-1 .|, ,.o-. / 0$
S CRERC sub rowncle /0@.’31) 7.
o |7 | Jacuslrine/ Fluvial origin
-4 \0 75-8.0 (/a‘// f"o.d)”m‘%”/é SAMPLE PUNS
—Is g 0" 5a‘(f(,([‘a,f€a// Y /as i /(} 8.0’1'//;‘-‘0(
B0, §0-12.5" Interbedded Y
J4o cdelomite and Clay, No o
—?."‘ ) oo 5¢Z/ZI /? ‘ '
L\S‘i‘g‘ T 12.5L21.0 - Lock porl c/o/omzl‘f
o medium gray & dark qray,
:ze_, . ldarK . rac/ when Fresh
j miermiTiC)/ Finé qra:nec/
L __ 1 N e
640088 - " CLASSIFICATION/BY — i Ao AJOQI T
few&ke&'m%mr A-ZO "““""‘}».'Hl.‘.‘,_{i"?.ﬁ?'«\".”“ﬁ‘.'r'.mm.'m



—

DATE ) HOLE NUMBER Q_{__§!
staRTen 1= 2= 90 'J'] E+E DRILLING AND TESTING CO., INC. TbvATon 270 ey
Finisnep L= 5-40 \5 SUBSURFACE LOG GNOUNDWATER

sHeeT__oF__ (0 DEPTH! '

r' PROJECT __ SDcluent Cheanical LOCATION e L Buffalo Aye .
AD O30 D eeoarn Falls, MY
= G 18LOWS ON
[37] P SAMPLER

: DIAGRAM sl Y =g FROFILE FIELD IDENTIFICATION OF SOILS_ _ NOTES

:; 22| & | % | A7) IEoEmATOS Prean e T ores fon 5%

= n < |12 18 Cl SI Sd Gr [10FORMATION PCRTAGNMNG TD 13- 3.5 (&0 sc-5¢

Q A % 18] 24 L1 11 _liogogmanons Peeraming W apis -#9§ fepn sosce.
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Internauonal Speciahsts in the Environment

LABORATORY REPORT

FOR

SOLVENT CHEMICAL - 3163 BUFFALO AVENUE

JOB #: 9000.352 RE: JD-1030
SAMPLE DATE: 02/06/90 POs#:
DATE RECEIVED: 02/06/90 SAMPLED BY: E & E INC.

SAMPLE TYPE: Water

DELIVERED BY: E & E INC.

E & E Lab # 90:

Customer #:

64993 64994 64995
BA-GW- BA-GW-  BA-GW-
1A 1B . . BL-1

Total Organic Carbon

Total Organic Halogens

Analytical References:

recycled paper

Results in: MG/L

400 340 <1l.0

349 240 <1.0

"Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

B-63
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Draft

\
k‘mecol()gyundenvu'onmcm,mv.

International Speciahsts in the Environment

LABORATORY REPORT

FOR

SOLVENT CHEMICAL -~ 3163 BUFFALO AVENUE

JOB #: 9000.366 RE: JD-1030
SAMPLE DATE: 02/07/90 PO#:
DATE RECEIVED: 02/07/90 SAMPLED BY: E & E INC.
SAMPLE TYPE: Water DELIVERED BY: E & E INC.
E & E Lab # 90: 65191 65192 65193
Customer #: BA-GW- BA-GW=- BA-GW-

2B 2A : © 3A

Results in: MG/L

Total Organic Carbon 4.0 180 - 78

Total Organic Halogens 350 230 0.7

Analytical References: '"Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

B-64 /2

recycled paper
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ecology and environment, inc.

International Specialists in the Environment

LABORATORY REPORT

FOR

SOLVENT CHEMICAL - 3163 BUFFALO AVENUE

JOB #: 9000.384

SAMPLE DATE: 02/08/90

DATE RECEIVED: 02/08/90

SAMPLE TYPE: Water

RE: JD-1030

PO#:

SAMPLED BY: E & E INC.

DELIVERED BY: E & E INC.

Draft

1=
I
I
(o]

Lab # 90:

Customer #:

65395 65396 65397
BA-GW- BA-GW- BA-GW~-
4B 4B BL2
DUP

Total Organic Carbon

Total Organic Halogens

Analvtical References:

recycled paper

Results in: MG/L

29 50 <1l.0

240 580 0.023

"Test Methods for Evaluating Solid

Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

B-65



SOLVENT CHEMICAL -

ecology and environment, inc.

International Specialists in the Environment

Draft

LABORATORY REPORT

FOR

3163 BUFFALO AVENUE

JOB #: 9000.384 RE: JD=-1030
SAMPLE DATE: 02/08/90 PO#:
DATE RECEIVED: 02/08/90 SAMPLED BY: E & E INC.
SAMPLE TYPE: Water DELIVERED BY: E & E INC.
E & E Lab # 90: 65392 65393 65394
Customer #: BA-GW- BA-GW~- BA-GW-

5B 5B 4A

DUP
ResultsAin: MG/L

Total Organic Carbon 42 ‘110 140
Total Organic Halogens 170 120 1400

Analytical References:

recvcled paper

"Test Methods for Evaluating Solid

Waste,
SW-846,

B-66

Physical/Chemical Methods,"
Third Edition, U.S.EPA,

1986.



ecology and environment, inc.

International Speciaiists in the Environment

LABORATORY REPORT

FOR

SOLVENT CHEMICAL - 3163 BUFFALO AVENUE

JOB #: 9000.384
SAMPLE DATE: 02/08/90
DATE RECEIVED: 02/08/90

SAMPLE TYPE: Water

RE: JD=1030
PO#:

SAMPLED BY: E & E INC.

DELIVERED BY: E & E INC.

Draft

E & E Lab # 90

Customer #:

65398 65399

BA-GW- BA-GW-
7A ‘ 5A

- Results in: MG/L-

Total Organic Carbon

Total Organic Halogens

Analytical References:

recycled paper

280 360

1,800 1,500

"Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

B-67



ecology and environment, inc.

international Specialists in the Environmant

FOR

Draft

LABORATORY REPORT

SOLVENT CHEMICAL -~ 3163 BUFFALO AVENUE

JOB #: 9000.402

SAMPLE DATE: 02/09/90
DATE RECEIVED: 02/09/90
SAMPLE TYPE: Water

[}

RE: JD-1030
PO#:

SAMPLED BY: E & E INC.

DELIVERED BY: E & E INC.

E & E Lab # 90: 65738 65739

Customer #: BA-GW- BA-GW-

~ 5C 5C=D
Results in: MG/L

Total Organic Carbon 70 30

Total Organic Halogens 2,100 1,300

Analytical References:

"Test Methods for Evaluating Solid

Waste, Physical/Chemical Methods,"

SW-846,

B-68

recvcled paper

Third Edition, U.S.EPA, 19886.



Draft

ecology and environment, inc.

International Specialists in the Environment

&
- LABORATORY REPORT

FOR

SOLVENT CHEMICAL - 3163 BUFFALO AVENUE

JOB #: 9000.425 RE: JD=1030

SAMPLE DATE: 02/13/90 PO#:

DATE RECEIVED: 02/13/90 SAMPLED BY: E & E INC.

SAMPLE TYPE: Water DELIVERED BY: E & E INC.
v

E & E Lab # 90: 66069

Customer #: ‘ . BA;?W—

Results in: MG/L

Total Organic Carbon 36

Total Organic Halogens 1,100

Analytical References: '"Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

13
B-69
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SOLVENT CHEMICAL -

Draft

ecology and environment, inec.

International Specialists in the Envitonment

LABORATORY REPORT

FOR

3163 BUFFALO AVENUE

JOB #: 9000.366 RE: JD-1030
SAMPLE DATE: 02/07/90 PO#:
DATE RECEIVED: 02/07/90 SAMPLED BY: E & E INC.
SAMPLE TYPE: Water DELIVERED BY: E & E INC.
E & E Lab # 90: 65154 65195 65196
Customer #: BA-GW- BA-GW~- BA-GW-

6A 6B 3B

Results in: MG/L

Total Organic Carbon 17 50 42
Total Organic Halogens 0.3 0.74 320

Analytical References:

recycled paper

"Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods,"
SW-846, Third Edition, U.S.EPA, 1986.

B-70
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Draft

Table B-1

COMPARISON OF TOTAL ORGANICS
TO TOTAL ORGANIC HALOGENS

Total TOX/
Monitoring TOX Organics Total
Well (vg/L1) (vg/1) Organics*
ia 349,000 559,622 .624
2A 230,000 335,667 .685
3a 700 1,520 .460
4A 1,400,000 47,581 29.4
5A 1,500,000 1,164 1,288.
6A 300 148 2.03
7A 1,800,000 118,651 15.2
1B 240,000 344,357 .697
2B 350,000 322,393 1.09
3B 320,000 37,189 8.60
4B 240,000 8,037 29.86
4B (Dup) 580,000 7.878 73.62
5B 170,000 4,542 37.42
5B (Dup) 120,000 4,920 24.39
_6B_ 740 2,525 .293
5C 2,100,000 18,404 114.
5CD 1,300,000 21,898 59.37
SF 1,100,000 3,513 313,

[IL]JD1900:D3048,4085/34

*Total organics: total detected TCL compounds plus
detected TICs.

.
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APPENDIX C

SLUG TEST DATA



SLUG TESTING SUMMARY TABLE
3163 BUFFALO AVENUE

Table C-1

TESTING DATES: MARCH 16, 1990 - MARCH 21, 1990
Bouwer—Rice Method
Water
Screen Level Hydr. Cond. Transmissivity
Well Aq. Type (£t) (ft) (gal/day/ft") (gal/day/ft")
Shallow Wells
MW1A Unconfined 4.0 6.0 5.16 1.4 2.81
MW2A Unconfined 4.0 8.2 7.06 1.6 8.05
MW3A Unconfined 4.5 8.5 6.12 1.2 7.12
MW4A Unconfined 4.0 8.0 4.2 0.4 1.97
MWSA Unconfined 6.0 12.5 7.87 2.5 18.96
MW6EA Unconfined 4.0 9.6 5.93 1.26 7.08
MWT7A Unconfined 3.5 7.5 4.49 18.63 93.17
Intermediate Wells
MW1B Unconfined 6.3 17.15 11.57 38.45 221.9
MW2B Unconfined 8.2 20.0 9.24 3.75 45.02
MW3B Unconfined 9.6 21.2 16.05 0.8 9.34
MW4B Unconfined 8.0 22.5 10.62 == NOT ENOUGH DATA ——
MW5B Unconfined 12.5 21.0 18.04 1.04 8.82
MW6B Unconfined 9.6 20.0 9.6 8.72 90.69
Deep Wells
MW5C Unconfined 26.5 36.5 19.32 19.17 191.72
MW5CD Unconfined 39.5 51.5 23.83 24.77 297.24
MWSF Unconfined 77.0 98.0 17.92 11.31 237.51

Average Transmissivities:

Shallow Wells:
Intermediate Wells:
Deep Wells:

19.88 gpd/ft

02[IL]JD1900:D3048,/1262/22

(heavily weighted by T value for SC7A)
75.15 gpd/ft (heavily weighted by T value for SC1B)
242.16 gpd/ft

Draft
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DATA SET: SOLVEX

CLIENT: SOLVENT CHENMICAL DATL: 2/1:/%7
LOCATION: BUFFALO AVE. WELL NO.: 5713

COUNTY: ERIE Wen L DEPTH: SO S PR
PROJECT: Bail-down Test WATER TABLE: E.ls3 £
AQUIFER: Unknown THICKHESS Donae £
INTAKE RADIUS: ©.667 ft CASING RADIUS: P.167 ft
SCREEN TOP: 4.000 ft SCREEN RAZT: AT B

INITIAL HEAD: 0.680 ft TRANS. RATIO: L.90vy

MODEL PARAMETERS:
TRANSMISSIVITY: .200261 square ft/min
CONDUCTIVITY: .000130 ft/min

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (RBouwer & Ricsa)

No. TIME Head, H (ft)
{mins) DATA
1 1.000E-024 @.730@
2 ©.100 0.729
3 2.70@ @.680
4 ©.800 2.6509
5 ©.950 2.640
6 1.15 9.620
7 1.69 9.629
8 1.75 ©.599
9 2.10 @.560
19 2.80 @.530
11 3.10 @.529
12 3.80 0.480
13 4.1¢@ 2.4609
14 4.80 9.430
15 5.109 ©.410
16 5.89 9.409
17 6.10 9.380
18 6.89 9.359
19 7.10 Q.3420
20 7.809 @.339
21 8.19 .26
22 8.89 9.23%0
23 5.10 ©.280

C-3
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e el SOLYEY I I s
No. TIHE Head, H (ft)
(mins) DATA
24 9.80 Q.270
25 11.80 Q.2929

CURRENT RESOLUTION MATRIIX NOT AVATILABRLE

C-4
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i T SCLB - e
DATA SET: SCILB
CLIENT: SOLVENT CH=RUICAL DATE :
LOCATION: BUFFALO AVE. WELL N2,
COUNTY: ERZXE VERYLD I32%Tr-.
PROJECT: Slug test WATER-TABLE:
AQUIFER: Unknown THICKNESS:
INTAKE RADIUS: @.667 ft CASING RADIUS:
SCREEN TOP: 6.000 ft SCREEN Bazz:
INITIAL HEAD: 6.760 ft TRANS. RATIO:
MODEL PARAMETERS:
TRANSMISSIVITY: .0206 square ft/min
CONDUCTIVITY: .@@357 ft/min

MODEL TYPE: UNCONFINED PARTIALLY

No.

00 ~J O P W

CURRENT RESGCLUTION

T
(

%
Q
Q
Q.
1
1
1
1

IME
mins)

VoL -04
. 2509

. 500
750
.00
.25
.50
.75

PENETRATED AQUIFER

(Bouwue

DITETRENIE

{percent)

Head, H (ft)

DATA SYNTHETIC,

6.76 6.73

5.93 4.35 1

2.34 2.51 1

1.38 1.81 -3

0.240 1.17 -2

Q.810 ©.757

@.430 @.489 -1

©.400 ©.315 2
HATRIIX NOT AVAILABLE

Ecolecgy & Environment
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-------------------------- STh S e memeseeeo-aoo- PAGE
DATA SET: SC2A
CLIENT: SOLVENT CHEIMICAL DATZ: zs1i,¢%
LOCATION: BUFFALO AVE. WBLL NO.: SC2A
COUNTY: ERIE WELL DEPTH. 1,000
PROJECT: Slug Test WATER TAEBLEL: 7.8 f%
AQUIFER: Unknown THTIEMNES S, LTt
INTAKE RADIUS: @.667 ft CASING RADIUS: @.167 £t
SCREEN TOP: 4.000 ft SCREEN BA:3T. A o +
INITIAL HEAD: 1.4590 ft TRANS. RATIO: 1.2090%
HODEL PARAMETERS:
TRANSMISSIVITY: . Q02748 sqguare ft/min
CONDUCTIVITY: .0929149 ft/min
MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice)
No. TIME Head. H (ft) DIFFERETN S
{mins) DATA SYNTHETIC (percent)
1 1.000E-04 1.32
2 Q.200 1.28
3 ©.280 1.24
4 ©.410 1.21
5 ©.580 1.19
6 ©.700 1.14
7 ©.920 1.1@
8 1.20 1.06
3 1.35 1.93
19 1.53 1.00
11 1.77 Q.98
12 2.907 ©.930
13 2.35 Q.900
14 2.85 2.819
15 3.35 ©.740
16 3.85 Q.6802
17 4. 35 D.630
13 4.85 Q.580
1 5.35 @.559
29 5.85 @.5392
21 6.35 @.5109
22 6.85 @.480
23 7.35 @.469 ©.482 ~q,3f
* Ecology & Environment *
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No.
4
S

2
2
27
28
29
39
21
3z
33
34
35
36
37
38
39
49

41
42

CURRENT RESOLUTION

TINE

(mins;

.85
.35
.85
.35
.85
.35
.85
.35
.85
.35
.35
16.
18.
20.
22.
24.
26.
28.
30.

35
35
35
35
35
35
35
35

SCoE e - m — o
Head, H (£ft)
DATA SYNTHETICZ
@.459 @.462
®.449 ?.483
©.429 ?D.428%
@.410 @. 497
2.330 Q.32909
Q,270 ©.3274
@.360 ¥.358
?.359 Q.3&3
@.349 Q.3293
@.330 0.315
D.299 Q.266
Q.22 Q.7224
@.199 0.189
©.150 2.159
0.110
Q.0900
2.2700
©.0420
©.0200

MATRIIX NOT AVAILABLE

BEcology & Environment
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S SIeR= - S - DRGT
DATA SET: SC2B
CLIENT: SOLVENT CHEMICAL DATE . A6
LOCATION: BUFFALO AVE. WVELL No.: SC232
COUNTY: =RIE TEETH: IR
PROJECT: Rail-down Test WATER TABLE: 9,240
AQUIFER: Unknown THICKNZIZS R, 12,00
INTAKE RADIUS: 9.667 ft CASING RADIUS: 2.167
SCREEN TOP: 8.200 ft SCREEN BASE: ERE LAY
INITIAL HEAD: @.430 ft RATIO: 1.00¢
MODEL PARAMUETERS:
TRANSHISSIVITY: .90418 square ft/min
CONDUCTIVITY: .000348 ft/min
MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bcuwer & Rice)
No. TIME Head, H (ft) DIFFERENCE
{mins) DATA SYNTHETIC {percent)
1 1.9200E-04 ©.97% Q.202 79.12
2 @.250 @.200
3 @.500 @.180
4 ©.750 ©.160
5 1.00 ©.160
6 1.25 @.150
7 1.50 @.140
8 1.75 @.140
9 2.00 ©.149
10 2.50 @.130
11 3.00 @.130
12 3.50 Q.129
13 4.00 0.120
14 4.50 ©.120
15 5.00 ©0.11@
1 5.5@ Q.100
17 6.00 Q.1l20
18 6.50 Q.0900
19 7.00 @.0900
20 7.50 ©.99009
21 2.00 Q.0922
22 8.50 2.0800
23 3.00Q Q.0809
C-11
* Ecology & Environment *
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th

No. TIHE Head, H ) DIVIZRINCE

(nins: DATE SYNTERTIC A R
24 9.50 Q.07
25 10 . 6D B.a700
26 19.50 ©.0700
27 11.00 Q.29
23 11.52 BD.0600
29 12.%0 @.DE2D
39 14.40 0.252Q
31 16.00 0.2490

CURRENT RESOLUTION MATRIIX NOT AVAILABLE

Ecolouy & Envirsonmen®
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-
———————————————————— SC3A e e DAGE L
DATA SET: SC23A
CLIENT: SOLVENT CHEMICAL DATE: 3/1%/97
LOCATION: BUFFALO AVE. WELL NO.: S07e

COUNTY: ERIE WELL DEPTH: c.60 ft
PROJECT: Bail-down Test WATER TAZLT. 6 .00 5=
AQUIFER: Unknown THICKNESS : 6.0 £t
INTAKE RADIUS: 0.667 ft CASTNG RADIUS:  2.1:i7 tt
SCREEN TOP:  4.500 ft SCREEN BASE: 3.5 £t

INITIAL HEAD: 2.780 ft TRANS. RATIO: 1.0077

MODEL PARAMETERS:
TRANSMISSIVITY: .00A661 sguare ft/min
:CONDUCTIVITY: .0900119 ft/min

-« HMODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUI

txq

TR (Bouver & Rice)

No. TIME Head, H (ft) DIFFERENTE
{mins) DATA _SYNTHETIC (np2roent)
1 1.900QE-94 2.78
2 Q.250 Q.2%90
3 @.500 @.760
4 @.750 Q.2%200
5 1.00 0.960
6 1.25 1.¢6
7 1.59 1.14
8 1.75 1.12
9 2.00 1.25
10 2.50 1.36
11 3.00 1.51
12 3.5@ 1.30
13 4.00 2.12
14 4.50 2.27
15 5.00 2.38
16 5.50 2.45
17 6.00 2.52
18 6.50 2.56
13 7.9009 2.5%
20 7.50@ 2.53
- 21 3.009 2.66
22 8.50 2.67

C-14
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_______________________ SC3n e T I S e

CURRENT RESOLUTION !IATRIIX NOT AVAILABLE

* Ecology & Environrent
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DATA £ZT: SC3R

CLIENT: SOLVENT CHEMICAL DATE: 3/22/%52
LOCATION: BUFFALO AVE. WELLL NG, Sz
COUNTY: ERIE WELL DEPTH: 20,029
PROJECT: Bail-down Test WATER TARLE: 1.2z 2
AQUIFER: Unknown THICKNESS: 11,56
INTAKE RADIUS: @.5667 ft CASING ERADIUS: AN O
SCREEN TOP: 93.600 ft SCREEN RASE: 21.20
INITIAL HEAD: ©.300 ft TRANS., RATIO: L mira

MODEL PARAMETERS:
TRANSMISSIVITY: . 000867 square ft/min
CONDUCTIVITY: 7.47B-5 ft/min

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice)

No. TIME Head, H (ft) DIFFERENCE

(mins) DATA SYNTHETIC (werosot)
1 1.00QE-04 @.300
2 @.250 @.140
3 @.500 ©.170
4 ©.750@ Q.200
5 1.00 ©.210
6 1.25 ©.2209
7 1.5@ @©.230
8 1.75 @.240
9 2.00 ©.240@
19 2.50 Q.240
11 3.00 Q.240
12 3.50 @.240Q
13 4.00 @.240
14 4.50 @.240
15 5.00 ©.249

CURRENT RESOLUTION MATRIIX NOT AVAILARLE

* Ecology & Environment *
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coaR e e e o m i P DTY

DATA SET: SC4A

CLIENT: SOLVENT CHEMICAL DATE -
LOCATION: BUFFALO AVE. WELL NO.:

COUNTY: ERIE WELZ 7:=2774. i
PROJECT: Bail-down Test WATER TABLE: £
AQJIFER: Unknown THICXN T IE, s

INTAKE RADIUS: ©.667 ft CASING RADIUCS: £z
SCREEN TOP: 3.000 ft SCREEN BaAzZ: fr
INITIAL HEAD: 3.230 ft TRANS. RATIO:
MODEL PARAMETERS:
TRANSMISSIVITY: .000183 sguare ft/min
CONDUCTIVITY: 3.67E-5 ft/min

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice)

No. CTIME Head, H (ft) DIFFERENCE

(mins) DATA SYNTHETIC (percent)
1 1.000E~-04 3.23
2 ©.250 3.06
3 " ©,500 3.06
4 ?.750 2.96
5 1.00 2.91
6 1.25 2.88
7 1.50 2.84
8 1.75 2.81
9 2.00 2.80
10 2.50 2.74
11 3.00 2.68
12 3.50 2.65
13 4.00 2.63
14 4.509 2.61
15 5.00 2.59
16 5.5@ 2.57
17 6.00 2.58
18 6.50 2.54
19 7.00 2.53
20 7.59 2.52
21 28.00 2.59
22 8.50 2.50
23 9.09 2.49

C-19
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————————————— e SCa4a BT PRI Sl W
No. TIHE Head, H (ft) DIFFERENVCE
{mins) DATA SYNTHETIC {merorztn
24 3.509 2.43
25 10.0@ 2.47
26 10.50 12.45
27 11.00 2.44
28 11.50 2.43
29 12.00 2.472
30 12.59 2.42
31 14.00 2.41
32 16.00 2.39
33 18.0@ 2.36
34 20.00 2.32
35 22.00 2.30
36 24.00 2.28
37 26.00 2.25
38 28.00 2.22
35 32.00 2.17
40 36.00 2.13
41 . 49.00 2.08
42 44 .00 2.05
43 43.00 2.01
44 52.00 1.98
45 56.00 1.95
46 60.00 1.92
47 64.00 1.89
48 68.00 1.86
49 72.00 1.34
50 76.00 1.31
51 80.00 1.29
52 84.00 1.16
53 88.00 1.12
54 92.00 1.11
55 96.00 ©.740
56 100.92 ©.63%2
57 104.0 @.640

CURRENT RESOLUTION MATRIIX NOT AVAILARBRLE

* Ecology & Environment *
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------------------------- S4B e A YR 5

DATA SET: 35C48B

CLIEDNT: SOLVENT CHENTCAL DATR: =2/ 0277
LOCATION: BUFFALO AVE. WELL NO.: 3C4R

COUNTY: ERIE WELL DEPTH: AV e
PROJECT: Bail-down Test WATER TABLE: 1,620 fte
AQUIFER: Unknown THICANT:Z: M
INTAKE RADIUS: 0.667 ftr CASING RADIUS: 2,167 £
SCREEN TOP: 3.000 ft SCREEN BAZE. 2R 1

INITIAL HEAD: 0.020 ft TRANS. RATIGC: 1,220

MODEL PARAMETERS:
TRANSHMISSIVITY: UNKNOWN
CONDUCTIVITY: -1.20E-9 ft/min

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer % Rice)

-No. TIME Head, H (ft) DIFPAERINGT
(mins) DATA SYNTHETIC (percent)
1 1.000E-024 Q.02200 Q.0200 . 4,570 -08

2 ©.500 ©.0200

3 Q.750 0.90200

CURRENT RESOLUTION MATRIIX NOT AVAILABLE

* Ecology & Environment
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CLIENT:
LOCATION:
COUNTY:
PROJECT:
AQUITER:
INTAKE RADIUS:
SCREEN TOP:
INITIAL HEAD:

TRANSHMISSIVITY:

CONDUCTIVITY:

MODEL TYPE:

— e m — e e e e

02
et

DATA SET: S

SOLVENT CHENICAL

BUFFALO AVE.

ERIE

Bail-down Test

Unknown
@.667
5.000
2.390

ft
ft
ft

MCDEL PARAMETERS:

LQQA23

CSA

5

Head,

No. TIME
{mins). DATA
1 1.000E-94 2.89
2 @.2509 2.54
3 @.500 2.26
4 @.75@ 2.15
5 1.00 1.56
6 1.25 1.97
7 1.50 1.89
3 1.75 1.81
9 2.00 1.73
10 2.50 1.61
11 3.00 1.54
12 3.5@ 1.42
13 4.90 1.33
14 4.50 1.26
15 5.00 1.15
16 5.50 1.12
17 6.00 1.03
13 6.50 @.95@
19 7.00 Q.2%0
20 7.50 @.860
1 8.00 2,790
22 3.50 @.77@
23 3.00 @.7¢0

ft/min

UNCONFINED PARTIALLY PENETRATED AQUIFER

(ft)
SYNTHETIC

C-23
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WELL NO.:
WELL T TE

WATER TAZLLE:

PUTOY N TS

CASING RADIUS:
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.Q0176 square ft/min
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No.

”

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
49
41

CURRENT RESOLUTION MATRIIX

TI
(mins)

9.
.00
19.

10
11
11

16
18
20

26

32

36

ME

5@

50

.00
.50
12,
14.
.09
.00
41%]
22.
24.
.00
28.
30.

QQ
QO

0o
09

41%
1%

.09
34,
.00

Q9

92]
2
V5

=

tHead,

DATA

. 7009
LETO
. 640
.610
. 580
. 38@
.530
. 400
. 349
. 300
. 250
. 220
.190
.16@
.140
.12
L1109
. 100

[SESE I SIS GEN RIS R RSN I R RS R

13

REE

t) DIEFERENCE

NOT AVAILABLE
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Draft

DATA SET: SCS5B

CLIENT: SOLVENT CHEMICAL DATH: 3/73297/750
LOCATION: BUFFALO AVE. WELL NO.: 3SCE2

COUNTY: ERIE WELT DEFT-: IR
PROJECT: Slug Test WVATER TABLE: 8. 04n £
AQUIFER: Unknown THICKNESS: EA TSI
INTAKE RADIUS: ®.667 £t CASING RADIUS: 2. lae7 £t
SCREEN TOP: 12.500 ft SCREEN RAI7T: B SNRTI O +

INITIAL HEAD: ©.620 ft TRANS. RATIO: 1.29¢2

MODEL PARAMETERS:
TRANSMISSIVITY: .Q00819 square ft/min
CONDUCTIVITY: 9.63E-5 ft/min

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Riuca)

No. TIME Head, H (£ft) DIFPBRENCE

(mins) DATA SYNTHETIC ’ (paerzent)
1 1.000E-04 Q.620
2 @.250 @.550
3 ©.500 ?.530
4 ©.750 Q.500
5 1.00 Q.4%Q
6 1.25 @.480
7 1.50 9.48@
3 2.00 ©.470
9 2.50 0.47@
10 3.00 Q.460
11 3.50 @.460
12 4.00 ©.450
13 4.50 @.2¢50
14 5.00 0.4409
15 5.50 Q.44
16 6.00 Q.449
17 6.5H0 ©.449

CURRENT RESOLUTION MATRIIX NOT AVAILABLE

Ecology & Environment *
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————————————————————— 5CaC e
DATR SET: 3C&C
CLIENT: SOLVENT CHEIIICAL DATE: y
LCOCATION: BUFFALO AVE. WELL MO, o7
COUNTY: ERIE WELL DEPTH:
PROJECT: Slug test WATER TARPLE:
AQUIFER: Unknown THIf‘I{N“S‘h
INTAKE RADIUS: @.667 ft CAZING RADIU
SCREEN TOP: 26.500 ft SCREEN BAS::
INITIAL HEAD: 1.149 £t TRANSG, RATIO: L.ozae
HODEL PARAMETERS:
TRANSHMISSIVITY: .©178 square ft/min
CONDUCTIVITY: .020178 ft/min
MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer &
No. TIME Head, (ft) DIFFERZIN
(mins) DATA SYNTHETIC (percen
1 1.000E-24 1.14
2 0.0800 1.00
3 0.200 0.980
4 Q.300 ©.9192
5 ©.470 ©.880
6 0.580 0.81@
7 0.670 0.760
8 @.830 ©.71@
3 ©.950 @.670
10 1.11 Q.600
11 1.30 Q.57
12 1.47 ©.530
13 1.58 @.480
14 1.73 ©.4€¢9
15 1.83 0.430
16 2.30 ©.420 2.446 ~n. 243
17 2.83 Q.300 ©.321 -7.15
18 3.50 Q.230 ©.212 7,052
13 3.83 @.160 0.173 -8.1%
20 4.5%0 ©.130 ©.11¢ 172.0212
21 4.83 Q.2800 ©.2932 -16.52
22 5.50 0.2700 @.0615 L2.az2
23 5.83 0.2500 @.0502 -@.49
e *
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No. TINE
(mins)
24 6.50
25 6.1
26 7.5@
27 7.83

CURRENT RESOLUTION

Sose e
Head, = (f+*)
DATA SYNTHETIC
@.0400 Q. 033]
D.92300 Q.27
@.0200 o,o178
@.0109 @.@145
HATRIIX NOT AVAILABLE
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DATA
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[87]
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o
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i

I
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i
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|

i

i

1

|

t

|

|

|

{

I

i
as}

2]
L)
tn

SET: =C5CD

CLIENT: SOLVENT CHEMICAL
LOCATION: BUFFALO AVE.

COUNTY: ERIE
PROJECT: Slug test
AQUIFER: Unknown

INTAKE RADIUS: ®.667 ft
SCREEN TOP: 12.500 ft
INITIAL HEAD: 8.180 ft

TRANSMISSIVITY:

CONDUCTIVITY:

MODEL TYPE: UNCONFINED PARTIALLY

No. TIME
{mins)

1.900E-04
. 250

. 500

. 750
.00
.25
.59
.75
.00

W~ uid WP
NP PP, O OO

MODEL PARAMETERS:

.2701 square ft/mi

.@0230 ft/min

Head, H (ft)
DATA SYNTH

.18

.55

L7109
. 240
. 200
. 120
. 140
.130
. 130

(WIS RGNS N e
(WIS IS AN

CURRENT RESOLUTION HATRIIX NOT AVAILABLE
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WE
WELL
WATER
THI
CASTING
SCREE
TRANZ.

n

ETIC

.22¢9
. 201
.176
.154
. 135
.118

DATE: 2/720/59
LL NO. .. SUBCEH
DEPTH: 42,99
TABLE: TROH30
CKNESS: 30,49
RADIUS . 2o 1ET
N BASE: 42,30
SLTIO: 1,000

PENETRATED AQUIFTER (Bouuver & Rice)

DIFFERENCE

(percent)

1.88
-10.53
-4.232
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DATA SET: SCSF

G

N

1.9eg0

Rice)

SRENIE

{percent)

CLIENT: SOLVENT CHEWMICAL DATEH:
LOCATION: BUFFALO AVE. WELL NO.:
COUNTY: ERIE WELL 2HPTH:
PROJECT: Sluy test WATER TABLE:
AQUIFER: Unknown THICKNZIZ
INTAKE RADIUS: @.667 ft CASING RADIUS:
SCREEN TOP: 12.500 ft SCRZEN BASEH:
INITIAL HEAD: 1.670 ft TRANS. RATIO:
MODEL PARAMETERS:
TRANSHMISSIVITY: .29@2 sqgquare ft/min
CONDUCTIVITY: .00105 ft/min
MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer
No. TIME Head, H (ft) DIFTH
(mins) DATA SYNTHETIC
1 1.000E-04 1.67
2 ©.250 @.159 ©.127 14.
3 0.500 ©0.110 ©2.109 @ .
4 ©.750 ©.0900 @.90938 -4,
5 1.00 ©.9720 ©.2803 -1{4.
6 1.25 ©.0600 ©0.06883 -14.
7 1.5@ 2.0600 2.9589 1
8 1.75 ©.0500 ©.0505 -1.
S 2.00 Q.0500 ©.0432 1z.

CURRENT RESOLUTION MATRIIX NOT AVAILABLE
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DATA SET:

3C6A

06

CLIENT: SOLVENT CHEMICAL
LOCATION: BUFFALQO AVE.
COUNTY: ERIE
PROJECT: Slug test
AQUIFER: Unknown
INTAKE RADIUS: ®.667 f*
SCREEN TOP: 4.000 ft
INITIAL HEAD: 2.110 £t
MODEL
TRANSHMISSIVITY: .000657
CONDUCTIVITY: .000117

MODEL TYPE:

No.

WO ~-dJood WM

T
(

.9

W OO J~NOoouddWwWwNNNNRPR P, RL,POOO

UNCONFINED PARTIALLY

IME H
mins) DATA
Q0E-04 3.11
. 250 3.03
. 500 2.94
. 750 2.88
.00 2.85
.25 2.81
.59 2.78
.75 2.76
.00 2.73
.50 2.69
.00 2.65
.50 2.59
.00 2.55
.50 2.82
.00 2.49%
.50 2.46
.00 2.42
.50 2.39
.00 2.36
.50 2.133
.00 2.28
.50 2.25%
.90 2.22

A

DATE: 3/1%/39
WELL NG.:. 8S06a

WELL DEPTH: 5,60
WATER TABLD: EE
THICKNESS: 5.64
CASING RRDTUS: @a.1407
SCREEN BASE: 3. 6¢

TRANS. RATIO: L. oaan
PARAMETERS :
square ft/min
ft/min
PENETRATED AQUIFER (Bouwer & Rice)

ead, H (ft) DIFFERENCE
SYNTHETIC (p2reent)
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No.

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4?2
43
44
45
46
47
48
49
5@
51
52
53
54
55
56
57
58

TINE

{mins)

9.
19.
10.
.00
11.
.00
12.
13.
15.
.00

11

12

17

19.
.00
.00
25.
27.
23.
.00
33.
35.
37.

21
23

31

39
41

45

51

55
57

61

67

5¢
Qo
SQ

50

50
Q0
0o

Q0

41%]
41%]
4Y4]

Q0
Q0
Q0

.00
.00
43.
.00
47.
49.
.00
53.
.00
.00
59.
.00
63,
65.
.00

Q0

Q9
Q0

Q0

Qo

1%
Q0

Head. H
DARTA

th
or

w o~
3

Z R
3 —

HETIC

.20
.17
.13
.12
.99
.07
.04
.02
.94
.83
.75
.66
.58
.52
.46
.49
.20
.96
. 930
.840
.75@
. 680
. 600
.550
.499
L4409
.40
.370
.330
.310
.280
.260
.230
L2190
. 180

SO0 OO OO0 EOIR R ELEEPERRPEREPREEFENDMNDNDODND NN

CURRENT RESOLUTION MATRIIX NOT AVAILABLE
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Head (feet)
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DATA SET: SC6B

CLIENT: SOLVENT CHEIUICAL DATI: I 2,580
LOCATION: BUFFALO AVE. WELL NO.: SCoR
COUNTY: ERIE WELL DEFPTH: oL
PROJECT: Slug test WATER TABLE: 3. e
AQUIFER: Unknown THICKMNESS: LoLgd
INTAKE RADIUS: @.667 £t CASING RADIUS: 0,127
SCREEN TOP: 9.600 ft SCREEN EB2ZT: Sioll
INITIAL HEAD: ©.6%0 ft TRANS. RATIO: Loaned

MODEL PARAMETERS:
TRANSMISSIVITY: .00842 square ft/min
CONDUCTIVITY: .000810 ft/min
MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice)

No. TIME Head, H (ft) DITTz=Tvry

(mins) DATA SYNTHETIC . (percent)

1 1.000E-04 @.690
2 ©.250 @.390
3 @.500 0.311
4 @.750 9.260
5 1.90 ©.240
6 1.25 0.200
7 1.50 @.190Q
3 1.75 0.180
9 2.00 @.170
10 2.50 ©.150
1 3.00 @.130
12 3.50 @.130@
13 4.00 @.129
14 4.50 Q.100
15 5.00 2.1920
16 5.5@ @.100
17 6.00 Q.0900
13 6.50 ©.0%9002
19 7.00 Q.0800
20 7.50 ©.0800

CURRENT RESOLUTION MATRIZIX NOT AVAILABLE
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CLIENT:
LOCATION:

DATA

SOLVENT CH
BUFFTALO AV

COUNTY: ERIE
PROJECT: Slug test
AQUITER: Unknown

INTAKE RADTUS: @.667 ft
SCREEN TOP: 2.500 ft

INITIAL HEAD: 2.300 ft
TRANSMISSIVITY:

CONDUCTIVITY:

MODEL TYPE:

No.

1@
11
12
13
14
15
16

CURRENT RESOLUTION MATRIIX

T
(

)

U B WWNONE R =P OO0

JNCONFINED PARTIALLY

ITME
mins)

C0E-04
. 259
.50
.75@
.00
.25
.50
.75
.00
.50
.00
.50
.90
.50
.00
.50

SET:

EMICAL
2.
VI
VA

CAST

5C

TEA

MODEL PARAHMETERS:

.Q0865 sqguare ft/min
.00173 ft/min
PENETRATED AQUIF

Head,
DATA

H (£t)

SYNTHETIC

.90
.29
.05
.84
.70
.49
.23
. 999
. 750
. 630
.470
. 310
. 220
. 160
.130
. 109

SO0V O0OO0ROSdrRrkEHEENNMN

NOT AVAILABLE
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e 1 X
SATI. /1%y
VDL RO SRR
ELL DEPTH: 7
TER THELE: 5
THICENESS 5
NG RAT VS, 7ol
REEN BASE: 7
NS, RLTTO. a0
TR fBouyger S 23
DIFFERENCE

(peraant)

)

—+

R e (I P 11
Tt T



(S2)1nuUTw) Swrt)

Head (feet)

Draft

AN
. AN
o : —
= - — Y]
| !I!llll L1 Illlll[ d \!H!/
-
_J ]
.{
: )
: : ®
_ /, | m\|
| D
1 /
_ /
//
|
]
] /
- : ]
] |

C-41



Draft

APPENDIX D

LOADING DATA

D-1



Draft

£2/6221/8%0€0:0067aC[TI]

¥HOS ‘YGOS = STTOM UIOYJIION««

WLOS ‘VIDS = STTem UIe3seMy

vlca X 89°71 y-07 16°1 mloa X p8°¢€ vlca X 9% ¢ epTURi)
vloa X Z8°S vloa vZ°g S0T0°0 mloa X Lv°6 ourZ
m|oa X y0°¢ mloa €8°1 mloa X 91°¢ mloa X v9°¥ eseuebuel
vloa x zz°1 vloﬁ 60°T1 m|oa X gT1°¥ mloa X 6L°€E pee]
m|oa X z8°9 mloa 81°9 V|oa X'T°¢ V|ca X 6L°C anIWoIYD
mlcﬁ X 11°1 mlcﬁ v6°6 m|°~ X 6L°§ mlca X LTS untwped
vloa X 96°¢ p-0T 16°¢€ m|oa X 9.°1 mloa X 8671 untieg
mloq X 88°¢ w|oa 6% € mloa X 65°8 mlca X €L°L 2TUeSIY
vloa X v8°L y-07 90°L 121070 60T0°0 euezuULqoIOTYITIL-¥‘Z 1
vloa X 8Z°§ vloa 9LV €0°0 LZ0°0 euszueqoloTY21a-2'1
vloa X 98°8 mloa 9v°8 920°0 €20°0 euszueqoIoTUYITA— ‘T
vloa X 6L 1 mloa S9°1 mloa X 86°¢ mloa X 69°C euezueqoloTysTa-¢€’1
mloa X g mloa X L°C 3v0°0 Zvoo euezusqoioTyd
vloa X v0°¢C vloa X v8°1 - - sueyleocIoTyYsLIJOL
mloa X 66°% mloa X 1% €80°0 ZvLo0° o suszueg
mloa X 8°¢ mloa X v°e - - eusyleo1oTyYsTiL
- - -— - euey3e010TYITA-Z ‘T

mloa X 865°6 mloa X G9°8 - — eusy3leo0i1o0Iy>1tp-z’' I-12301L
mloa X 9°Z mloa LI 2 4 - - eprioTys TAuta

(a/4) Kem (a/4) Aaenagea (a/y%) Aew (a/%) Kieniqeg jueutwejuod

rxAiepunog uieyjlaoN

Alepunog ulejsem

(45D 1s3d) INWOZ-V

YIVaQ SNIGVOT RENNIAV OIVdING €91t

D-2



Draft

WYFOS ‘¥YGIS = STTOM UIOYJAONyx
YLDS ‘YIDS = STIeM uiejsem,

£2/6221/8b0£0:0067AL[TT)

vlca X 16°C vloa X 792 vloa X 8g°¥ p-0T ¥ ricv epTUei>
mloa X ET°1 mloa X1 h.Nao.o ST1°0 |urz
mloH X 6°¢ m|o~ X 16" € mloH X 819 mloa X G6°G oseuebuely
vloa X g€e°C vloﬂ X 80°C mloa X $0°§ m|o~ X ¥o°F peeq]
y-0T ¥ Te° 1 vroa X 1 vloa X L€ vloa X 9¢°¢€ uniwoIyd
vloa X 91°¢ vloa X b1 vloa X L9 mloa X zZz°9 mnimpes
p-0T * T7E y-07 * 8879 m|o~ * 1172 m|oa X 6°1 unyied
wloa X L9°L wuoH X 69°9 p-0T * €071 mloa X 1e°6 STuesiy
mloa X 9¢°1 mloa X 1 9%¥10°0 ZE10°0 ®uszueqoIoTYITAL-v 7 1
p-0T X L1°6 p-01 X 9278 LEO O T€€0°0 suezueqol1oTyd1a-z ‘T
p-0T % L6°1 vloa X 8p°1 L8€0°0 82070 suszueqo1oTY21gd-H 1
vloa X 1°¢€ mloa X 68°7 820°0 mloa X 12°¢ euezueqoIoTysTa—¢ ‘1
mloa X g mloH X L°F LSS0°0 905070 euezueqoioiyd
vloa X 96°¢ vloﬂ X ("€ - - susyjlsoloTyYse1I3e],
wloa X 88°L wloa X I1°L vL80°0 £€8L0°0 suszueg
m|o~ X pL m|oa X 9°9 - - 8UBY]}80I0TYDITIL
- - - - euryleo010TYSTd-Z’'1

mloa X €271 vloﬂ X 96°1 - - eusyleoI10TY3TP~2’ ' T-T¥3I0L
mIOH LIRS 4 mloa X 90" b - — eptaory> 1Auta

(a/4) Aey (a/#) Axeniqes (a/4) Aeu (a/4) Areniqey jueuTwejUO)

rxA1epunog uieyjzion

+A1epunog uiejzsem

{(ASVD ISHOM) HNOZ—Y

YIVAQ DHIAVOT INNAAV OIViANG £91¢

D-3



Drafi

£2/6221/8b0€Q:006TAL[TI]

YpOS ‘¥GDS = STTOM Ul8YU3AO0N4«
¥LDS ‘VYIDS = STIem Uliejsomy

bheEeE’ 0 . esed 31SI0M

110°0 ¢-01 X 988 68770

¢-0T X 9T°9 ¢-0T X 89°¥ 122270 86610 esed> 3sag
DNIGVOT TYLIOL

0T X 2€°9 ¢-01 X L6°S 9L20°0 82170 eseo 3si0M

¢-0T X 6€°¢€ ¢-01 X vog zz0°0 zZ0°0 eseo 3sed
STYLIW

g-0T X 8L°2 01 ¥ Te°T €8T1°0 SLLO"O esed 3sI0M

=0T X LE°2 ¢-0T X 8Z°1 T1L0°0 9€90°0 eseo 3seq
SDINYDHO IATILVIOA-IWIS

0T X (871 p-0T X ¥L°9 TEVT"O 6821°0 esed 3sioM

y-01 X 86°¢€ p-01 X 65°€ 62170 91170 eses jseg
SJOINVO¥O ITILVIOA

(a/4) Aen (a/4) Aienaqeq (a/4) Aen (a/4) Aaeniqed sTejol Butpeotq

syxAiepunog uieylioN

«Klepunog uiejsem

ANOZ-V
VYIVd OHIAGVOT ANEIAVY OoTvddng €91t

D-4



Draft

«xXilepunog uieyjioN

rAlepunog ulejsem

€G0S ‘€bDS = STTeM UIBYUJIIONy«
@105 = STTom UIO]3SOM,

£2/6221/8b080:0061AC(TI]
- - 01 X ¥¢ g 0T X €2 epTueid
0T X v 0T X €v°T €170 £60°0 ourz
Z€E0° 0 82Z°0 vE0 0 ¥20°0 eseuebuey
0T X L€ g-0T X 6972 ¢-01 X ¥'s ¢-0T X 98°¢€ peeT
¢-0T X v°2 0T X LT ¢-0T *x 90°2 0T X Lv'1 anywoIyd
g-0T X 60°1 90T X 8°L p-0T X V€ p-O01 X €V untupe)
- —_ —_ —_ mntieg
g-0T X €71 901 X 6276 p-0T X 9LV p-0T X V'€ oTUeSIY
88€0°0 9LLZ" O 661°0 Zr1°0 euezueqoIoTYSTIL-%’'Z 1
£E6T"0 T8ET" O vob° 0 €820 UsZULqOIOTYITA~Z T
66T 0 890170 S8F° 0 LYE O 8U8ZUBqOIOTYITA~F ‘T
SZ50°0 v0€0°0 8ST0 €T11°0 8U6ZULqOIOTYITA~E ' T
mlo~ X 81°2 m|o~ X 96°1 - _ euezuUeqoi1oTyYd
_ —_ —_ —_ eusyleoloTyorIjey
p-0T ¥ 9°€ p-0T X 9°2 134 L6°8 euszueg
—_ _ — — eueyleolIo0TYoTIL
- - — - eueyleo1o0TyYoTd-z'’ 1
-— - - -— eueyleoI1oTyoTp-z’' 1-Te30L
-— - - — epri10oTyd TAuTA

(a/4) Ken (a/#) Aizeniqeya (a/#) Aew (a/%) Aienigej . JueuTmeluo)

(2SVO Lsad)
VIVad DNIAYOT IAONNIAV OTVIANG £91€

D-5



Draft

g6DS ‘€gFDS = STTem UI8YJIONxx
(ese> 3seq Se SONTeA ewes) HIDS = STT9M UI0]150My

£2/6221/8%0€0:0061AC[II]
~ - 01T ¥ Vg g-0T X €v°2 eprueds
mlcu X £0°6 mloa X 9%°9 £1°0 £60°0 outz
¥I%0°0 F620°0 FE0" O ¥Z0°0 esauebuey
m|oa X 69°S m|oa X L0°V mloa Xv's mloa X 98°¢ peel
mloa X 66°¢ m|o~ X €£78°1 mlca X 9072 mloa X Lv'1 untwoIyd
mloa X 60°S mloa X ¥9°¢ vloan Ve vloa X €V°2 unyupes
_ —_— - — untieg
mloa X 90°9 muoa X €€°Y v|o~ X 9LV vloa X re dTuesiy
T0v0°0 L8CO0°0 661°0 [4 A1) suezueqoaoTysTaL-4‘z’1
69610 80¥T1°0 vov° 0 682°0 8uezueqoioTys21Qg-z°1
CIsT°0 1807°0 S8r°0 Lye 0 ®uezZueqoIoTyYdTg-§ ‘T
€EVO0° 0 1€0°0 86170 €TT°0 8UsZUSqOIOTYITd-£ T
£010°0 mloa X 8Z°L — - euszueqoloTyYd
_ - - : — eueyleo10TYoeIIOL
mloa X 69°1 mloa X 12°1 ) s 1 L6°8 euszued
—_— _ - —_ euey}e0I0TYsTI]
- - - - 8urY180I0TYDTQ-Z ‘T
—_— - —_ —-— eueyleo010TYITIP-7‘ 1-T€I0L
— —_— —_ - epraoTys TAUuTA

(a/%) Aen (a/#) Aaeniqeyz (a/%) Aen (a/4) Aaeniqeg jueutTweEjUOD
sxdAiepunog uaeylaoN . sAiepunog uiejsem

(asvo IssoM) INOZ-4
VIVQ SNIAVOT AONAAV OTVIing €91€

D-6



Draft

£2/6221/8v0€A:006YAC[TI]

9605 ‘gpDS = STTOM UIOUIION.
G108 = STTOM U19]1S0My

TT05°0 ' 68BGSE°0 Z6°€T 0°01 esed 3sioM

89%°0 6L°0 76°€1 0°0T eseo 3seg
HNIAYOT TVIOL

8850°0 8140°0 9LT"0 134 8] esed 3sioM

STHO 0 S€T°0 9LT" 0 6210 ese> 3seg
STYLIN

STEV°0 980€°0 9T 1 168°0 eseo 3sioM

124 A1) £55°0 v 1 168°0 eseo 3sed
SOINYDHO FTILVIOA-IWIS

6TT0°0 mloﬂ X §v°8 S°CT L6°8 9seD ISIOM

g-0T x vs°T g0 X 2871 14 L6°8 eseo jsed
SOINVOHO FTILVIOA

(/%) Aen (a/%) Aieniqea (a/4) Kew (a/4) Azeniqed stejor burpeot

sy Aivpunog uiey3lioN

sA3epunog uieisem

INoZ—9

VIVd DRIAQVOT ANNIAVY OTVdANE €9TE

D-7



Draft

“sT1em Kiepunoq uieyjiou ei1e [Te JGIHS TI[eM = eU0Z I !d-I6D5 Tlem =

£2/6221/8v0£0:0061ar(I1]

euoz Q-> !J5DS TI8M = BUDZ Dy

Yoaiey v0°0 v0°0 o epTUueid
yo1ew (0T X 60°8 (0T X €LL > surg
yoaey m|o~ X £9°¢ muoH X 9b° ¢ o) eseuebuey
Yoey mloa X Z1°1 mloa X (L0°T ] pesT
ysiey vloa X 8S°S vloa X £€°6 2 anywoIyd
yoaey —-— — o) wnTWped
yosaew — —_ o] unyleqg
yoaey p_0T X 6°5 0T X ¥9°S > STuesiy
PEELT LY0°0 95500 .} eUBZULQOIOTYITIL-p ‘T’ T
yoaey $90°0 290°0 o] euszueqoloys>Ta-2‘T
ysaey ZE0°0 . Z0£0°0 ) o euszueqoIOIYDITA-H‘T
Yyosarew ¥ZT1°0 Z6TT°0 2 8UeZULqOIOTYDITd-E'T
Yyoaey oo ¥890°0 o] PUL82ULGOIOTYD
yosaey mloH X g€€°S m!mﬁ.x 60°S ] susyleoroTYorvIILL
yoaen £ST°0 ’ Lvi°o0 bo) suszueg
Yyosaew mloH XSy mloa X L6°¢ o] 8UBUSYI®OIOTYDTIL
ysiew _— - o] sueyleocl1oTyYLITA-T ‘T
yosaen 9€T10°0 €10°0 o) suey38010TYITP~Z‘T-TEIOL
yoaey 01 X 8T°1 0T X €T°T b) eprioTy> TAUTA
ueyel “T°M (a/§) esed 3siom (a/4) ese>r 3seq ¥ 8UuoZ JueuTWEIUOD
Yyjuoy

VEVA OHIAVOT INEIAV OIVSINE €91€

D-8



Draft

syTem Xiepunoq uiey3aou ear TP JJAGDS [IOM = 8UOZ J {O-D6DS [Tem =

£2/6221/8v0£G:006TACITII]

euUo0Z g-D D6DS TIOM = 8UO0Z Dy

Aen sy0°0 Z0" 0 a-o epTuURAD
Aen TT0°0 g0 X LL°6 a-o surg
Aey ZE0°0 $10°0 a-o eseuebuey
Aen 0T X LY ¢-01 * 6072 a-2 peeT
Aew ¢-0T X E€°T p-0T X 1675 a-o wntwoayd
Aen —_ - a-o> untuped
Kew - - a-o wntieg
Kew —_ : —_— a-o oTuesay
Len 280°0 $9¢0° 0 a-o> euezueqoIoTYITIL-5'Z’' T
Key 86770 N SIT 0 a-> euszueqoloTyYoTQG-Z'‘T
Xew SIT 0 1s0°0 a-> euUs2ULqoIoTYITA-%"'1
Aey ¥v0°0 G6T0°0 a-o 2UeZU8qoIOTYITQ-E ‘1
Aew S6E°0 SLT"O a-o euezuaqoIoTyYd
Aey - — a-o eusyjeol0TYdIR1IIe]
Aen L3070 S620°0 a-2 euszueg
Kew —_— - a-> eususY}80I0TYOTIL
Aen - — a-o eueyjeo1oTysTaA-‘T
Kew 9b€0°0 ¥S10°0 a-2 euey30010TY2TP~Z ‘ T-T2310L
Kenw — —_ a-> epTioTys TAuTA
ueyey “I'M (a/4) esed 3saom (G/4) eseD jseg »0UOZ JURUTWEJUOD
Yauon

YIVd SHIQVOT INNAAV OIVIANE £971¢

D-9



Draft

s7Tem Aiepunoq uisyjiou eie TTe 4GOS TIOM = eUoZ J

£2/6221/8v0£A:00614C1T1)

!d-26D0S T1em =

8uoz J-D> ‘DGDS TTeM = euoZ Dy

el —_— - a epTueid
KAew Z90°0 LTIT°0 4 ourz
Aen ZEOO =0T X v0°9 4 esauebuey
Aen ¢-0T X LS°L 0T X €1 E{ peeq
Aen 90°¢ 8LS°0 4 WNTWOIYD
Kew _— - d untmped
Kew —_— - E mnrieg
Aew _— - K oTUeSsaY
KRey —_ — K auezZusqoIoTYITAL-%b‘2‘1
Rey 9€710°0 mucﬁ X (5°2 4 ®U8ZU8qoIoTYDTa-7 ‘T
Aen mloa X 8"V vuoa X 90°6 d 8uezueqolioTyYsTa-v‘T
KRel - ~— g suezueqoloTU ITQ-£’'1
Key —_ —_ a eu8zueqoIoTyd
Key _ —_ K susyleoIoTyowIza]
Aen — —_— a suszueg
Key —_ —_— E eueuUeYy3e010TYSTIL
Rey —_ — 4 euey3eo01oIyYsTg-2’y
Aey 9€8°0 851°0 4 8U8Y3E0I0TYS TP~ ‘ T-T€IOL
Ren 14243 990 4 spTi0TY> TAUTA
ueyel “T°M (a/4) esed 3siom (q/#) eseD 3seg youoz JueuTwElUO)
Yyjuon

VIVd ONIQVOT IONIAY OTV4AAnd €91t

D-10




Draft

£2/6221/8v0£0:0061aC[T1)

€V L 11 ¥2LS° 0 eses 15104
16°1 ¥98v°0 89%5°0 esed> j3seg
ONIQVOT "IVLOL
91°¢ So0T° 0 960°0 ese> 3S10M
¥ZoL"0 9¥v0°0 £ESO0°0 eseo> jseg
STYLIW
¥810°0 66%°0 89T 0 esed> 3sioM
mloﬂ X 9LF°¢ 6122°0 96Z°0 ese> 3sef
SOINVOYO ITIIVIOA-IWIS
96C°¥ 996%°0 P8Y¥Z°0 @ses 3SI0M
Vo080 6617°0 SLET"O esed> jsed
SJOINVOY0O JTILVIOA
euoz 4 suoz Q-> euoz > syejol burpeotq

YIVQ ONIQVOT ANNIAV OIVId0H £91¢

D-11



Draft

"d6DS 2Q-D6-2S {DG6DS !DGDS !€AGDS !°dpOS !VHDS = STTOM UISYIIONa«
"HIDS !VIDS = STTOM U193S0My

€2/6221/8%0€0:00670L[TT])

-~ - OHE A
- . - OHE @
- - oHe ¢
- —_ OHE ©
3AIDIXSAd
aNoz >
- - OHE A
g-0T X sL°L — oHE @
- — oHE ¢
SGT1°0 11070 DHE D
3QIDIIS3d
INOZ €
- - OHE A
- _0T X 6°¢ OHE @
_0T x 6°¢ - oHE ¢
0T X 6°6 0T X 671 OHE ©
3QI0ILS3d

aNoZ V¥

xxAlepunog uzeylioN +L1epunog uileisem

(esen j3siom [ye)
(Awp/q1 utr weatrh senyea)

VYIVO ONIGVO] ANNAAV OTViing £91f

D-12



Draft

£€7/6721/8%08Q:006Tar[11])

- OHE A
- ond @
- oHa g
¢-0T X 8 DHE 1
3QIDILS3d
45 TTeM INOZ 4
0T X ¥ OHE A
- OHd ¢
¢ X S5°¥ oHE ¢f
910°0 OHE D
3gIDILS3d
a-25 TTeM 3NOZ G-D

(esed jsiom [iw)
(Aep/q1 ur uweatbh senywva)

VIVU OHIQVYO] HNNAAV OTVAING €91¢E

D-13



Draft

APPENDIX E

TOXILOGICAL PROFILES

E-1



ARSENIC

Arsenic is a naturally occurring element usually found combined
with one or more other elements such as oxygen, chlorine, and sulfur.
Arsenic combined with these elements is referred to as inorganic
arsenic, while oxygen combined with carbon and hydrogen is referred to
as organic arsenic. The organic forms are usually less toxic than the
inorganic forms (ATSDR 1989). Arsenic is widely distributed in the
environment from natural sources, but higher concentrations have been
found associated with the following situations: waste chemical disposal
sites, smelting of copper and other metals, fossil fuel combustion, and
pesticide use. Average 24-hour ambient air arsenic levels in the United
States (U.S.), based on National Air Sampling Network data, ranged from
2.6 ng/m3 to 10.9 ng/m3 (Akland 1983). The natural arsenic content of
soils varies between 0.1 and 80 ppm, with an average of 5 to 6 ppm
(Walsh and Keenly 1975). Over 90% of all surface water contains 10 ug/L
arsenic or less. The average concentration of arsenic in U.S. drinking

water supplies is about 2 ug/L (Greathouse and Craun 1978).

Environmental Chemistry and Fate

Arsenic may be released to the atmosphere as a gas or vapor, or
adsorbed to particulate matter and transported to other media by dry or
vet deposition (ATSDR 1989). Trivalent arsenic may undergo oxidation in
the air; therefore, atmospheric arsenic is usually a mixture of the tri-
valent and pentavalent forms. Most airborne arsenic is usually adsorbed
on small-diameter particulate matter. Photolysis is not considered to
be an important fate process for arsenic.

Arsenic in surface water can undergo a complex pattern of trans-
formations: oxidation-reduction, ligand exchange, biotransformation,
precipitation, and adsorption (EPA 1978). As a consequence of these
reactions, arsenic is extremely mobile in aquatic systems, and river-
borne arsenic is capable of being transported great distances. Factors
most strongly influencing the rates of these reactions include: Eh, pH,
metal sulfide and sulfide ion concentrations, iron concentration, pres-
ence of phosphorus minerals, temperature, salinity, and distribution and
composition of biota (EPA 1979).

E-2
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Sorption onto clays, iron oxides, manganese compounds, and organic
matter is an important fate mechanism in surface water, with sediment
serving as a reservoir for most of the arsenic entering surface water.
Sediment-bound trivalent and pentavalent arsenic, methylated by aerobic
and anaerobic microorganisms, may be released back into the water
column.

Soluble forms of arsenic adsorb to soil and travel with the soil
matter. Shifts in oxidation state may occur in either direction,
depending on the particular characteristics of the soil and groundwater.
Volatilization of methylated arsenicals from groundwater is possible.

Arsenic in soil is predominantly found in an insoluble, adsorbed
form. Clay with high anion-exchange capacity strongly adsorbs pentava-
lent arsenic. Other important adsorption processes include complexation
and chelation by organic material, iron, or calcium. Leaching of
arsenic is usually important in the top 30 centimeters of soil, but may
also be important at greater depth in sandy soils. Arsenate predom-
inates in aerobic soils; arsenite is the predominant form in slightly
reduced soils; and arsine, methylated arsenicals and elemental arsenic
predominate in very reduced conditions (e.g., swamps and bogs)(ATSDR
1987).

As noted above, microorganisms may reduce and methylate arsenicals
in wvater and soil, resulting in volatilization and emission to the air.
The volatilization rate is heavily dependent on whether the soil is
oxygenated or anaerobic, the pH, and the microbe types and concentra-
tions in soils.

In aquatic systems, bioconcentration of arsenic primarily occurs in
algae and lower invertebrates, but biomagnification does not appear to
be significant (EPA 1979).

Plants may accumulate arsenic via root uptake, with uptake being
dependent on the species, soil arsenic concentration, and soil char-

acteristics.

Toxicokinetics
Exposure to arsenic compounds may occur orally and through inhala-
tion. Little is known about the dermal absorption route. Inorganic

arsenic compounds are generally well absorbed, widely distributed and
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promptly excreted. The rates of these processes depend on the chemical
and physical form, particularly the water solubility, of the arsenic
compound. Exposure of animal species to either trivalent or pentavalent
arsenic leads to the initial accumulation of arsenic in liver, kidney,
lung, spleen, aorta, skin, hair, and upper gastrointestinal tract (EPA
1984a). These tissues are cleared rapidly except for skin and hair,
where the sulfhydryl groups of keratin may promote tight arsenic (III)
binding (ATSDR 1989).

Metabolism of arsenic occurs predominantly in the liver by methyl-
ation. The major metabolite is dimethylarsinic acid, which is excreted

in the urine.

Noncarcinogenic Effects

At high doses, arsenic compounds have been shown to produce acute
and chronic toxic effects, including irreversible systemic damage. The
trivalent compounds are the most toxic and tend to accumulate in the
body. Animal studies have shown that chronic arsenic exposure may cause
body weight changes, decreased blood hemoglobin, liver damage, and kid-
‘ney damage.

There is evidence that arsenic is an essential element enhancing
growth and development in certain animal species, and it has been sug-
gested that arsenic may be an essential element for humans (NAS 1980).
Whether or not arsenic is an essential element is the subject of
continuing research.

Teratogenic effects of arsenic compounds at relatively high expo-
sure levels have been demonstrated in a number of animal species (ATSDR
1989). Generally, these effects have been observed following parenteral
(injection) administration; whereas, administration at lower doses by
the more relevant oral route has not resulted in any significant repro-

ductive or developmental effects.

Mutagenicity and Carcinogenicity

Arsenic has been shown to be mutagenic in several assay systems and
to induce chromosomal aberrations in vivo and in vitro. Animal carcin-
ogenicity studies have reported conflicting results. Several studies

have reported an increased incidence of bronchogenic carcinomas in rats
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exposed intratracheally to an arsenic-containing pesticide. Reasons for
inconsistent carcinogenicity findings in animals may include inappro-
priate selection of an animal model, and use of flawed study designs.
In humans, epidemiologic studies and case reports have documented that
arsenic is associated with tumors of the skin, lungs, genital organs,
and visual organs (EPA 1987, ATSDR 1989).

EPA has classified arsenic in Group A, a human carcinogen, based on
extensive evidence of human carcinogenicity through inhalation and

ingestion exposure (EPA 1990a,b).

Quantitative Indices of Toxicity

Quantitative indices of toxicity for arsenic are presented in
Table 1.

Using the absolute-risk linear model, EPA derived the upper-bound
95% confidence limit slope factor (SF) based on human exposure data.

The upper-bound estimate for the inhalation route is 50.0 (mg/kg/day)—l°

Standards and Criteria v

Standards and criteria relevant to arsenic are listed in Table 2.
The current MCL for arsenic under the National Interim Drinking Water
Regulations is 50 ug/L. The NAS Drinking Water Committee has analyzed
the toxicology of arsehic (NAS 1983a). Based upon this evaluation, NAS
recommended the retention of the MCL, pending resolution of the question
wvhether arsenic is an essential element in the human diet.

Consistent with the NAS recommendations, EPA has proposed that the
MCL remain at the current MCL of 50 ug/L. 1In its determination, EPA
stated that the MCL was below concentrations at which noncarcinogenic
toxicity had been demonstrated and was within the concentration range
which might be, based on further investigation, essential for humans
(EPA 1985, 1987).

References

ACGIH, 1989, Threshold Limit Values and Biological Exposure Indices for
1989-1990, American Conference of Governmental Industrial
Hygienists.
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Table 1A

NONCARCINOGENIC INDICES
OF TOXICITY FOR ARSENIC

Oral Route
Chronic Reference Dose (RfD) mg/kg/day 1x 1073
Subchronic RfD (RfDs) mg/kg/day 1 x 10"3
Confidence Level NS
Critical Effect keratosis; hyperpigmentation;
cancer
Test Species for Critical Effect Human
RfD Basis S Inhalation
RED Source HEAST - EPA 1990b
Uncertainty Factor
- - Chronic RfD 1
- Subchronic RfD 1

NS = Not specified.
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Table 1B

CARCINOGENIC TOXICITY INDICES
FOR ARSENIC

Draft

Oral Route

Slope Factor (SF) (mg/kg—day)_’1
Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

Inhalation Roﬁte

Slope Factor (mg/kg—day)-1

Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

NA

A

Skin

Human populations
Vater

IRIS - EPA 1990a

50.0

A

Respiratory tract
Human populations
Occupational air

IRIS - EPA 1990a
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Table 2
STANDARDS AND CRITERIA
FOR ARSENIC
Standard or Criterion Value Reference

Drinking VWater
U.S. Primary Drinking Water
Standards

MCL (a) 0.05 mg/L EPA 1990a

MCLG (b) ‘ 0.05 mg/L EPA 1990a
Surface Water
U.S. EPA Ambient Water
Quality Criteria

Inges?ing Vater and _6

Organisms 2.2 x 10 © mg/L EPA 1990a

Ingesting Organisms Only 1.75 x 10-5 mg/L EPA 1990a
Occupational Air Concentrations

OSHA PEL TWA 10 ug/m> OSHA 1989

ACGIH TVA 0.2 mg/m’ ACGIH 1989

(a) Maximum contaminant level
(b) Maximum contaminant level goal

E-9
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BARTUM

Barium (Ba) is a naturally occurring silvery;white metal used
industrially commercially in the form of Ba compounds, primarily as
barite (BaSOA). Barite is used extensively as a weighting agent in oil
and gas drilling fluids. Other major uses for barite are in the produc-
tion of barium chemicals and in the glass, paint, and rubber industries.
Barium concentrations have been monitored in various environmental
media. In soils, barium concentrations range from 100 to 3,000 mg/kg,
the median being about 500 ppm (Adriano 1986). Concentrations of barium
in drinking water supplies generally range from <0.6 ug/L to approx-

imately 10 ug/L.

Environmental Chemistry and Fate

In soils, barium is not expected to be very mobile because it forms
wvater-insoluble salts and because it does not form soluble complexes
with humic and fulvic materials (EPA 1985a). Under acidic conditions,
howvever, some of the water-insoluble barium compounds may become more
soluble and partitioning to groundwater may occur.

In aquatic media, barium is likely to be present as suspended
particulate matter or sediments. In the absence of any other possible
removal mechanism, the residence time of barium in aquatic systems would
be several hundred years (EPA 1985a).

Noncarcinogenic Effects

Acute exposure to barium in animals and humans results in a variety
of cardiac, gastrointestinal, and neuromuscular effects (EPA 1985a).

The role of barium in the development of hypertension in experimen-
tal animals and humans is open to question. In deriving an oral refer-
ence dose (RfD), EPA identified a no-observed-adverse-effect level
(NOAEL) reported in a study by Perry et al. (1983), in which mice chron-
ically received 5.1 x 10_1 mg/kg/day of barium (EPA 1990b). EPA applied
an uncertainty factor to the NOAEL to derive an oral RfD of 5.0 x 10'2
mg/kg/day (EPA 1990b). EPA has also derived an inhalation RfD of 1.4 x
10—4 mg/kg/day by application of an uncertainty factor of 1,000 to a
subchronic no-observed-effect-level (NOEL) of 0.14 mg/kg/day identified
in a study in rats (EPA 1990b).
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Reproduction and Development
No adequate mammalian studies on the potential reproductive or

developmental effects of barium have been identified (EPA 1987).

Mutagenicity and Carcinogenicity

No adequate studies on the mutagenicity and carcinogenicity of bar-
ium have been identified (EPA 1987). Based on the absence of data, EPA
has placed barium in carcinogenicity category D, not classified (EPA
1987).

Quantitative Indices of Toxicity

Quantitative indices of toxicity for barium are presented in Table

Based upon the studies by Perry et al. (1983), EPA has derived an
oral reference dose (RfD) and RfDs of 5 x 10-2 mg/kg/day. An inhalation
RfD was calculated from the experiments by Tamsenko et al. (1977). The
RfD is 1 x 10_4 mg/kg/day for chronic and 1 x 10—3 mg/kg/day subchronic.

Standards and Criteria

Standards and criteria relevant to barium are listed in Table 2.

References

Adriano, D., 1986, Trace Elements in the Terrestrial Environment,
Springer-Verlag, New York, 533 pp.

American Conference of Governmental Industrial Hygienists (ACGIH), 1989,
Threshold Limit Values and Biological Indices for 1989-1990.

Environmental Protection Agency (EPA), 1985a, Health Effects Assessment
for Barium, Environmental Criteria and Development Office,
Vashington, D.C.

, 1985b, National Primary Drinking Water Regulations, Syn-
thetic and Organic Chemicals and Microorganisms, Proposed Rule,
Environmental Protection Agency, 50 Federal Register 46935-47022.

, 1986, Superfund Public Health Evaluation Manual, Office of
Emergency and Remedial Response, Washington, D.C.

, 1987, Health Advisories for Legionella and Seven Inor-
ganics, Office of Drinking Water, Washington, D.C.
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, 1989, National Primary and Secondary Drinking Water
Regulations, proposed Rule, 54 Federal Register 22062-22160, May
22, 1989.

, 1990a, Computerized Search of the Environmental Protec-
tion Agency Integrated Risk Information System (IRIS) Database.

, 1990b, Health Effects Assessment Summary Tables, Envi-
ronmental Criteria and Assessment Office, Washington, D.C.

Occupational Safety and Health Administration (OSHA), 1989, 29 CFR Part
1910, Air Contaminants, Final Rule, 54 Federal Register 2329-2984,
January 19, 1989.
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Table 1

INDICES OF TOXICITY

FOR BARIUM

Oral Route

Chronic Reference Dose (RfD) mg/
Subchronic RfD (RfDs) mg/kg/day
Confidence Level

Critical Effect

Test Species for Critical Effect
RED Basis

REfD Source:

Uncertainty Factor

- Chronic RFD
— Subchronic RFD

Inhalation Route

Chronic RfD, mg/kg/day
Subchronic RfDs, mg/kg/day
Confidence Level

Critical Effect

Test Species for Critical Effect
RfD Basis

RfD Source

Uncertainty Factor

- Chronic RfD
- Subchronic RfD

kg/day

5 x 1072

5 x 10“2
Medium

Fetotoxicity; increased blood
pressure

Rat

Drinking water

HEAST, IRIS (EPA 1990a,b)

100
100

1 x 10'4

1 x 10—3
Medium

Fetotoxicity; increased blood
pressure

Rat
Drinking water
HEAST, EPA 1990b

1,000
100
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Table 2

STANDARDS AND CRITERIA FOR BARIUM

Standard or Criterion Value Reference

Drinking Water

National Primary Drinking Water Regulations

MCL (a) 1.0 mg/L EPA 1989
(5.0 mg/L proposed)

MCLG (proposed) (b) 1.5 mg/L EPA 1989

Occupational Exposure Limits (Air)

Barium-Soluble Compounds as Ba
OSHA PEL TWA 0.5 mg/m OSHA 1989

ACGIH TVA 0.5 mg/m3 ACGIH 1989

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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BENZENE

Benzene has a long history of industrial use. Most notably,
benzene has found extensive use as a solvent and as a starting material
for the synthesis of other chemicals. Currently, benzene is used as an
octane enhancing additive to gasoline to replace alkyl lead compounds.
Benzene has been detected in drinking water, food, and air. Based upon
federal drinking water surveys, concentrations of benzene in approxi-
mately 1.3% of all groundwater systems are estimated to exceed 0.5 ug/L,
The highest level reported in groundwater was 80 ug/L. Benzene has been
reported in urban and suburban air at levels less than 30 ug/m3 (10
ppb). Benzene also has been reported in indoor air at levels higher

than in outdoor air.

Environmental Chemistry and Fate

The relevant physical and chemical properties and environmental
fate of benzene (CAS No. 71-43-2) are summarized below (Howard 1989;
MacKay and Shiu 1981):

Chemical Formula ' C6H6
Molecular Weight 78.1 g/mole
Physical State at 20°C Liquid
Water Solubility 1.79 E+03 mg/L (25°C)
Liquid Density at 20°C .88 g/ml
Vapor Pressure 95.2 mm Hg (25°C)
Henry’s Law Constant 5.43 x 10_3 atm'm3/mole
Octanol-Water Partition

Coefficient (Log Kow) 2.13
Organic Carbon Partition

Coefficient (Koc) 83 ml/g
Bioconcentration Factor (BCF) 5.2

Benzene has a high water solubility and vapor pressure. As a con-
sequence of these two properties, benzene can be characterized as a
highly mobile chemical. For benzene released to air, some rainwater
washout is anticipated. After deposition in water or soil, volatiliza-

tion is expected to return some portion back to the atmosphere. Based
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upon benzene’s high Henry’s Law Constant, volatilization following
release to water will result in substantial loss to the atmosphere.

Benzene’s half-life in surface water has been estimated to range
from 1 to 6 days, depending on the water temperature, depth, turbulence,
and air movement over the water surface. Its half-life in air has been
estimated to be 6 days or longer, with the major degradation mechanism
being photooxidation.

Due to its high water solubility and high vapor pressure, transport
to sediments is not expected to be a major surface-water fate process.

Benzene released to soil can be transported to air via volatiliza-
tion, to surface water via runoff, and to groundwater via leaching. The
first two pathways predominate in surficial soil, whereas the third
pathway predominates at lower soil depths.

Benzene, like other low-molecular-weight organics, is subject to
biooxidation in subsurface soil and groundwater. No estimates of the
half-life in these media were found. Frequently, the availability of
other nutrients such as nitrogen, phosphorus, sulfur, trace minerals,
and oxygen is a rate-limiting factor in this process°

According to criteria developed by Kenaga (1980), benzene, with a
Koe of 83, would be considered mobile in soils. Other factors which
influence soil mobility include soil type, amount of rainfall, depth to
groundwvater, and extent of degradation (ATSDR 1989).

Benzene is rapidly degraded in the atmosphere via reaction with the
hydroxy radical. In soils and water, biodegradation is also an impor-
tant process. In contrast to water, the biodegradation process in soil
has not been well characterized. In this medium benzene metabolism
proceeds through the formation of cis-dihydrodiols and with further
oxidation, to catechols which are substrates for ring fission (Gibson,
1988; Hopper, 1978).

Toxicokinetics

Benzene is readily absorbed via inhalation and ingestion, but
poorly absorbed through skin (NIOSH 1974). If benzene behaves like
other low-molecular-weight organics, it will be absorbed almost com-
pletely via ingestion. However, in humans, only about 50% of an inhaled

dose is absorbed (Nomiyama and Nomiyama 1974a, b). Benzene is highly
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lipid soluble and distributes preferentially to adipose tissue, bone
marrow, and the liver (EPA 1983).

Metabolism occurs via oxidation to phenol, followed by conjugation,
preferentially with sulfate, but also to glucuronic acid. The metabo-
lites are excreted in the urine (EPA 1985a). Elimination of benzene
from the body is biphasic. The initial rapid phase is due to exhalation
of unchanged benzene, with a half-life of about 5 hours, while the
remainder is excreted much more slowly as metabolites in the urine

(Nomiyama and Nomiyama 1974a, b).

Noncarcinogenic Effects

The main effects of brief exposure to high levels of benzene are
drowsiness, dizziness, and headaches. These symptoms should disappear
after exposure stops.

The best-known and longest-recognized toxic effect of benzene in
humans is depression of bone marrow function. Benzene-exposed individ-
uals have been found to display anemia, leucopenia, and/or thrombocyto-
penia (Kalf 1987; EPA 1987; ATSDR 1989). When simultaneous depression
of all three cell types (pancytopenia) is accompanied by bone marrow
necrosis, the syndrome is called aplastic anemia.

Benzene and its metabolites localize in the bone marrow, and it is
widely agreed that the metabolites are primarily responsible for various
hematotoxic effects.

The potential mechanisms for the development of pancytopenia in
humans include the destruction of bone marrow cells, the impairment of
the differentiation of these cells, or the destruction of more mature
hematopoietic cell precursers and circulating cells (Goldstein 1977).

This conclusion is based upon studies which demonstrate that
chemicals which alter benzene metabolism also alter benzene toxicity.
For example, coadministration of agents such as toluene and
phenobarbitol alleviate benzene toxicity, while agents such as ethanol
increase benzene toxicity.

Specific benzene metabolites for which hematotoxic effects have
been demonstrated experimentally include: benzene oxide, hydroquinone,

phenol, catechol and trans, trans-mucondialdehyde.
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Carcinogenicity and Mutagenicity

Excess leukemia mortality, particularly acute myelogenous and
monocytic leukemia, has been demonstrated among humans occupationally
exposed to benzene (see for example, Aksoy 1985; Rinsky et al. 1981; Ott
et al. 1981). According to its veight-of-evidence carcinogenicity
criteria, EPA has classified benzene in Category A, "human carcinogen,"
based on sufficient evidence from epidemiological studies on man (EPA
1987). In addition to this definitive human evidence, several long-term
bioassays have demonstrated increased incidences of tumors and leukemia
following administration in animals.

Benzene has been tested extensively for genotoxic properties.
Benzene was not mutagenic in several bacterial and yeast systems.
Equivocal results have been reported for clastogenic results in vitro;
several investigators have reported positive results in mouse micro-
nucleus assays, as well as chromosomal observations in rabbits. Many
investigators have reported significant increases in chromosomal aber-
rations in symptomatic and asymptomatic workers with either a current or

past history of exposure to benzere (ATSDR 1989).

Quantitative Indices of Toxicity

Table 1 summarizes the quantitative indices of toxicity for
benzene. :

Both carcinogenic and noncarcinogenic quantitative indices of tox-
icity have been derived for benzene. EPA has derived a slope factor
(SF) for benzene from epidemiologic data from studies of workers
occupationally exposed to benzene (Rinsky et al. 1981; Ott et al. 1978).
The SF of 0.029 (mg/kg;/day)_1 adopted by the EPA is an average value
derived from the application of several mathematical carcinogenesis
models (EPA 1990a, b).

EPA has derived an oral acceptable daily intake of 0.0007 mg/kg/day
(EPA 1987) using data from Wolf et al. (1956) and leukopenia as the

severest noncarcinogenic toxicological end point of concern.

Standard and Criteria
Standards and criteria applicable to benzene are summarized in
Table 2.
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FOR BENZENE
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Oral Route

Slope Factor (SF) (mg/kg—day)_1
Weight of Evidence Classification
Type of Cancer

Test Species

-SF Basis

SF Source

Inhalation Route

Slope Factor (mg/kg—day)_1

Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

2.9 x 1072

A

Leukemia
Human
Occupational

IRIS - EPA 1990a

2.9 x 1072

A

Leukemia
Human
Occupational

HEAST; EPA 1985a,
1987a
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Table 2

STANDARDS AND CRITERIA FOR BENZENE

Standard or Criterion Value Reference

Slope Factor (SF) 2.9 x 10 %(mg/kg/day)”! EPA 1990a

Drinking Water

National Primary Drinking
Vater Regulations

MCL (a) 0.005 mg/L EPA 1990a

MCLG (b) 0 EPA 1990a

Surface Vater

EPA Ambient Water
Quality Criteria

Drinking Vater Only 0% EPA 1986

Occupational Air Concentrations

OSHA PEL TWA 3.0 mg/m> (1.0 ppm) OSHA 1989
OSHA STEL 15 mg/m> (5 ppm) OSHA 1989
ACGIH TLV TVA 30 mg/m> (10 ppm) ACGIH 1989

*Recommended concentration ig drinking water is 0; concentration of 0.67
ug/L corresponds to the 10 ~ lifetime cancer risk value.

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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CADMIUM

Cadmium is a naturally occurring mineral distributed in trace
amounts in the earth’s crust. Many of the lead and zinc ores contain
small amounts of cadmium and cadmium is produced as a by-product of lead
and zinc smelting. The principal uses of cadmium are in the fabrication
of alloys and solders, metal plating, as pigments, as stabilizers in
plastic materials and in batteries.

Background concentrations of cadmium in surface waters are usually
less than 1 pg/L. Surface waters contain more than 2 ug/L of cadmium
have probably been contaminated by discharges of industrial wastes or by
leaching from areas of landfill or from soils to which sewage sludge has
been added (WHO 1984). Drinking water normally contains 1 upg/L or less
of cadmium. Higher levels of cadmium (up to 5 pg/L in tap water may be
associated with plated plumbing fittings, silver-based solders, and
galvanized iron piping materials (CEC 1978). Cadmium has been detected
in ambient air at concentrations less than 0.001 ug/m3 in rural areas to
0.5 ug/m3 in urban and industrialized areas (WHO 1984). Most food
stuffs contain trace amounts of cadmium (less than 0.1 mg/kg wet
weight). Typical dietary intakes range from 15 to 60 pg of cadmium per
day.

Environmental Chemistry and Fate

The primary sources of atmospheric cadmium are combustion of coal
and petroleum products. Cadmium from these sources is primarily
adsorbed on small, highly respirable particles, which can be transported
over large distances and transferred to other environmental compartments
via wet and dry deposition. Cadmium adsorbed to small particulates is
more persistent in the atmosphere than that adsorbed to larger
particulates. Photochemical reactions are apparently not involved in
the environmental fate of cadmium (ATSDR 1989).

Relative to other metals, cadmium is mobile in surface water. 1In
natural waters, cadmium exists as a hydrated ion, metal-inorganic com-
plexes with carbonate, hydroxyl, chlorine or sulfate anions; or as
metal-organic complexes with humic acids (ATSDR 1989).

Because it exists only as the divalent catgon, aqueous cadmium is

not strongly influenced by the redox potential of water. However, under
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reducing conditions forming sulfide, cadmium will precipitate in sed-
iments as cadmium sulfide. The concentration of aqueous cadmium is
usually inversely related to the pH value and the amount of organic
material present (ATSDR 1989). Humic acid substances account for most
of the organic complexes, with solubility dependent on the nature of the
humic substance. Sorption by clays and iron oxides is important in
reducing aquatic cadmium concentrations.

Cadmium concentrations are typically low in groundwater due to
several factors. These factors include sorption by mineral matter and
clay, binding to humic substances, precipitation as cadmium sulfide in
the presence of sulfide, and precipitation as cadmium carbonate at high
pHs.

In soil, cadmium may occur as free cadmium compounds or as the
divalent ion dissolved in soil moisture. As a consequence of cation
exchange, cadmium may be bound to soil minerals or organic constituents.
The aerobic nature of topsoils tends to reduce the amount of cadmium
bound to sulfide. High soil acidity favors release of the divalent
cadmium cation and facilitates uptake by plants.

Cadmium is not reduced or methylated by microorganisms. However,
the biological production of sulfide results in cadmium precipitation.
Cadmium is strongly accumulated by all organisms, with typical concen-
trations in freshwater and marine organisms being hundreds to thousands
of times higher than in water. Bioaccumulation of cadmium is strongly
correlated with soil cation-exchange capacity (CEC), increasing with
decreasing CEC. Bioconcentration in aquatic life is greatest for bottom
feeders (e.g., mollusks and crustaceans), followed by fish and aquatic
plants (ATSDR 1989). Bioaccumulation due to the use of cadmium-

containing fertilizers on food crops has been noted in beef and poultry.

Toxicokinetics

Cadmium ingested in food and water is poorly absorbed from the
gastrointestinal tract with absorption efficiencies ranging from 1 to 6%
depending on the chemical form and dose level of the cadmium and on the
age, sex, and gastrointestinal contents of the receptor organism.
Absorption of cadmium via the inhalation route gepends on the size of

the particles carrying the cadmium and how deeply they penetrate into
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the lungs. WNo information on inhalation absorption was found for
humans. However, values from 30 to 60% have been reported for animals.
Once absorbed, cadmium distributes to most tissues but it is pref-
erentially accumulated in the kidneys and liver. Excretion is primarily
via the urine and is very slow with a half-life in humans estimated to
range from 17 to 38 years. The long half-life leads to a marked ten-
dency for cadmium to accumulate in exposed organisms. Cadmium accumu-
lation in the renal cortex leads to the characteristic renal injury that

is the most common toxicological consequence of chronic exposure.

Noncarcinogenic Effects

Acute and chronic exposure to cadmium in animals and humans results
in renal dysfunction, hypertension, anemia, and altered liver microsomal
activity. The kidneys are considered to be the critical target organ in
humans chronically exposed to cadmium by ingestion. The early clinical
signs of renal injury include proteinuria, glucosuria, and amino-
aciduria.

To calculate a drinking water equivalent level (bWEL),'USEPA used
renal dysfunction as an endpoint, and the most widely accepted estimate
for the critical (threshold) concentration of cadmium in the renal
cortex--200 ug/g. Using a 4.5% absorption of the daily dose and 0.01%
excretion in the total body burden per day, USEPA calculated an lowest
observed adverse effect level (LOAEL) of 352 ug/day for renal effects in
humans. Incorporating an uncertainty factor of 10, USEPA has developed
a reference intake of 35 ug/day. Adjusting the intake for consumption
of 2 liters of water per day, USEPA has derived a DWEL of 18 ug/L (EPA
1989).

Embryotoxic and teratogenic effects have been demonstrated in many
mammalian species following parenteral administration of high doses of
cadmium. In contrast, there is little evidence of these effects at
lover doses by either of the more relevant inhalation or oral exposure
routes (USEPA 1981; USPHS 1987).

Carcinogenicity and Mutagenicity

Cadmium chloride aerosol administered by iﬁhalation for 18 months

produced lung tumors in rats. In contrast, all cancer bioassays in
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which cadmium has been administered orally have been negative. Recent
epidemiological studies indicated that workers chronically exposed to
cadmium are at risk of elevated lung cancer mortality. According to its
veight-of-evidence carcinogenicity criteria, USEPA has classified cad-
mium in Group Bl (probable human carcinogen) for inhalation based on the
epidemiological data (USEPA 1986).

While the Agency has concluded that cadmium is a carcinogen by the
inhalation route, USEPA has classified cadmium in Group D, inadequate
evidence for carcinogenicity for the oral route of exposure, because of
the negative results reported for cancer bioassays in which cadmium was
administered orally (USEPA 1989). Consistent with this categorization,
USEPA has proposed that the maximum contaminant level (MCL) for cadmium

be set based upon noncarcinogenic toxicological endpoints (EPA 1989).

Quantitative Indices of Toxicity

Quantitative indices of toxicity for cadmium are presented in Table

EPA has derived a reference dose (RfD) based upon the assumption
that absorption of cadmium is 2.5% for food and 5% for water. Thus the
toxicokinetic model predicts a NOAEL of .005 and .01 pg/kg/day for water
and food respectively. Vith a UF value equal to 10, an RfD of .005_
ug/kg/day for cadmium in water and an RfD of .001 ug/kg/day for cadmium

in food was established.

Staﬁdards and Criteria

Standards and criteria applicable to cadmium are summarized in
Table 2.

The current MCL for cadmium, under the National Interim Primary
Drinking Water Regulations, is 10 pg/L. This level was designed to pre-
vent renal dysfunction, and was based on a critical value of cadmium in
the kidney cortex of 200 ng/g, and assumptions on gastrointestinal
absorption, excretion of the absorbed dose, daily excretion of the total
body burden, and daily dietary cadmium intakes. The World Health Organ-
ization (WHO) guideline for drinking water is 5 ug/L. This value was
based on a value for provisional tolerable weekiy cadmium intake, assum-

ing that 25% of the total cadmium intake was attributable to drinking
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water. USEPA has proposed a maximum contaminant level goal (MCLG) of 5
ug/L based upon the WHO guidelines and the National Academy of Science
(NAS) recommendations (USEPA 1989).

The WHO’s provisional tolerable weekly intake criteria of 0.0067 to
0.0083 mg/kg/week is used to evaluate dietary intake of cadmium by the
Food and Drug Administration (FDA). Standards for cadmium
concentrations in food are ﬁot currently available and cadmium in food
surveys are not routinely conducted by Federal regulatory agencies. The
FDA’s contaminants team is proposing to develop criteria for evaluating

inorganic contaminants in shellfish (FDA 1989).
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NONCARCINOGENIC INDICES OF TOXICITY

FOR CADMIUM

Oral Route
Chronic Reference Dose (RfD) mg/kg/day
- Food
- Water
Subchronic RfD mg/kg/day
Confidence Level
Critical Effect
Test Species for Critical Effect
RfD Basis
RfD Source
Unéerfainty Factor
- Chronic RfD
- Subchronic RfD
Modifying Factor

— Chronic RfD
— Subchronic RfD

ND

High

Significant proteinurea
Human - renal cortex tissue
Food and Vater

IRIS - EPA 1990a

10
ND

ND = Not determined.
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INDICES OF TOXICITY
FOR CADMIUM
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Inhalation Route

Slope Factor (mg/kg—day)_1

Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

6.1

Bl

Respiratory tract
Human
Occupational

HEAST - EPA 1990b

I



Table 2

STANDARDS AND CRITERIA

For Cadmium

Standard or Criterion Value Reference
Drinking Water
National Primary Drinking
Vater Regulations 0.005 mg/L (p) EPA 1989
Maximum Coﬁtaminant Level 0.010 mg/L EPA 1989
Proposed Revised MCL 0.005 mg/L EPA 1989
Maximum Contaminant
Level Goal 0.005 mg/L (p) EPA 1989
Surface Water
EPA Ambient Water
Quality Criteria
Vater Consumption Only 0.010 mg/L EPA 1990a
Occupational Air Concentrations
OSHA PEL TWA: Dust 0.2 mg/ms (£) OSHA 1989
Fumes 0.1 mg/m~ (£f) 3 OSHA 1989
All forms 0.001/0.005 mg/m~ (p) 0OSHA 1989
ACGIH TWA 0.05 mg/m> ACGIH 1989
() final standard

(p)

proposed standard

0
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CHLOROBENZENE

Chlorobenzene is used as a chemical manufacturing intermediate and

as a heat transfer medium. Industrial uses of chlorobenzene include in

metal cleaning operations and as an organic solvent. Releases of chlo-

robenzene to the environment have occurred near industrial areas. The

EPA reports that a maximum of 0.1% of groundwater sources of drinking

water contain chlorobenzene levels between 0.5 and 5 pg/L. Chloroben-

zene has been identified as a contaminant in air at very low levels

(less than 1 ppb) in urban and suburban areas.

Environmental Transport and Fate

The relevant physical and chemical properties and environmental

fate of chlorobenzene (CAS No. 108-90-7) are summarized below (EPA

1986a):

Molecular Formula C6HSCl
Molecular Weight 113 g/mole
Physical State at 20°C Liquid
Water Solubility 466 mg/L (25°C)
Density 1.10 g/ml
Vapor Pressure 11.7 mm Hg (25°C)
Henry’s Law Constant 3.7 x 10_3 atm-m3/mole (20°C)
Octanol-Water Partition

Coefficient (Log Kow) 2.84
Organic Carbon Partition

Coefficient (Koc) 330 mL/g
Bioconcentration Factor (BCF) 10

Chlorobenzene’s moderate water solubility, vapor pressure, and
Henry’s Law Constant indicate that volatilization is probably a major
loss mechanism of chlorobenzene from surface water and surficial soils.
A half-life range of 0.5 to 9 hours has been estimated for surface
wvaters, depending on water temperature, depth, turbulence, and air move-
ment across the water surface. A half-life in air has been estimated to
be 3.5 days (EPA 1986). .

Chlorobenzene’s moderate water solubility, vapor pressure, Koc’ and
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log Kow values suggest that this compound will have a low to moderate
mobility in the subsurface. Biodegradation of chlorobenzene in the sub-
surface is possible; however, limited data suggest that it is a slow
process for this compound. Accordingly, chlorobenzene is estimated to
have a soil half-life of several months.

Chlorobenzene has a moderate BCF and reportedly bioaccumulates in

fish, aquatic invertebrates, and algae.

Toxicokinetics

No specific data were found in the available literature on the
absorption of chlorobenzene. However, based on the physical properties
of the compound and extrapolation from related compounds, chlorobenzene
would be expected to be nearly completely absorbed via the oral route
and about 60% absorbed via inhalation (Astrand 1975; Dallas et al.
1983). In rats, chlorobenzene absorbed by inhalation was preferentially
found in the adipose tissue, liver, and kidneys (Sullivan et al. 1983).
Metabolism occurs via oxidation to p-chlorophenol, p-chlorolatechol, and
 p-chlorophenyl-mercapturic acid (Williams et al. 1975). At lower doses,
chlorobenzene is excreted mainly as metabolites, including conjugation
products, in the urine. However, as these pathways become saturated at
higher doses, excretion of unchanged chlorobenzene in exhaled air

increases (Sullivan et al. 1983).

Noncarcinogenic Effects

Data on toxic effects in humans is sparse and is derived from
incidents of accidental poisoning or occupational exposure in which the
dose or even the causative agent may be unclear. Adverse effects
reported include CNS depression, eye and respiratory irritation, and
decreased blood cell counts.

In animals (mainly rats), increases in liver/body weight and
kidney/body weight ratios, decreased body weight gains, and histopath-
ological lesions in the liver, kidney, and lymphoid tissue have been
reported (Monsanto 1980; Knapp et al. 1971; Hazelton 1967b; NTP 1985;
Battelle 1978).

No data vere found in the available literafure on the reproductive

effects of chlorobenzene.
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Two studies in rats and rabbits in which pregnant females were
exposed to chlorobenzene during the major organ-forming period failed to
produce any evidence of teratogenicity, although some maternal toxicity
(increased liver/body weight ratios) was noted at higher doses (John
et al. 1984; Hayes et al. 1982).

Chlorobenzene has been shown to be mutagenic in some experimental

systems, but not in others (EPA 1987).

Carcinogenicity and Mutagenicity

Chlorobenzene was tested in the NTP bioassay program (NTP 1985).
The results indicated a borderline significant increase in liver tumors
in high-dose male rats. No increased tumor incidence in female rats or
male or female mice was detected. According to its weight-of-evidence
carcinogenicity criteria, EPA has placed chlorobenzene in Category D,

"not classified."

Standards and Criteria
Standards and criteria applicable to chlorobenzene are listed in
Table 1.
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Table 1

STANDARDS AND CRITERIA
FOR CHLOROBENZENE

Standard or Criterion Value Reference
Reference Dose
Oral 3x 10“2 (mg/kg/day) EPA 1990
Inhalation 5 x 1072 (mg/kg/day) EPA 1990
Surface Water
EPA Ambient Water Quality
Criteria
Vater Ingestion Only 488 pg/L EPA 1986
Freshwater Acute Aquatic
Toxicity 488 pg/L EPA 1986
Occupational Air
Concentrations
OSHA PEL TVA 350 mg/m> (75 ppm) OSHA 1989
ACGIH TVA 350 mg/m3 (75 ppm) ACGIH 1989
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CHROMIUM

Chromium is a naturally occurring element that is used mainly for
making steel and other alloys. Chromium compounds are also used in
refractory brick for the metallurgical industry and in the chemical
industry for metal finishing, manufacture of pigments, leather tanning,
wood treatment, and water treatment. Larger amounts of chromium are
emitted into the environment from the mining of ores containing chromium
and the use of chromium compounds in industrial processes than from nat-
ural processes. The atmospheric chromium concentration in the United
States is typically less than 0.01 ug/m3 in rural areas and 0.01 to 0.03
ug/m3 in urban areas (Fishbein 1984). The concentration of chromium in
United States river waters usually ranges between 1 and 30 ug/L. Chro-
mium concentrations in soils are reported to range from 5 to 1,500 mg/kg
(Carey 1982).

Environmental Chemistry and Fate

The dominant chromium species in water and sediment are hexavalent
chromium, or Cr(VI), and trivalent chromium, or-Cr(III), both of which
will partition between water and sediment. The principal chromium
species which will enter into chromium equilibrium in natural water is
Cr(OH)3. In soil, Cr(III) is the dominant species. Cr(VI) is soluble
in water, existing in solution as a complex anion. Cr(III) may be
soluble as an organic complex (Towill et al. 1978), depending on the
availability of suitable complexing agents. Cr(VI) is reduced readily
by organic matter to Cr(III), while Cr(III) may be oxidized slowly to
Cr(VI) in ambient water (EPA 1985a). Cr(III) is likely to be precip-
itated as insoluble Cr(OH)3 and deposited in sediment. In the pH range
of natural water (5.0 to 9.0) and in the presence of chlorides, Cr(III)
compounds are likely to precipitate as Cr(OH)3. Higher pH levels are
likely to increase Cr(OH)3 formation. Most of the Cr(III) present in
surface water is present as particulate matter in sediment.

Most chromium is present in soil in a mineral state, either
adsorbed or precipitated (EPA 1985a). Organic matter present in soil is
likely to reduce any soluble chromate to insoluble chromium trioxide
(Cr203). The most common form of chromium in sgil is Cr(III) as
Cr203—nH20 (EPA 1985a).
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Chromium may be deposited in surface water and sediment by surface
runoff, atmospheric deposition of chromium-containing particulate mat-
ter, and emissions from specific chromium sources (Versar 1979).
Cr(VI), due to its solubility, is likely to be transported by water.
Cr(I1I) may also be transported by water as suspended particulate matter
or as bedload sediment.

Flooding of soils and the resulting anaerobic decomposition of
plant matter may increase dissolution of Cr203—nH20 in soil (Towill et
al. 1978). Chromium is also transported from soil by runoff and may be
transported to the atmosphere by aerosol formation (John et al. 1973).

No data were found to indicate that photolysis, volatilization, or
sorption are important factors in the environmental fate and transport
of chromium (EPA 1985a).

Toxicokinetics
Absorption of chromium and chromium compounds is associated with
the inhalation, oral, and dermal routes of exposure. Orally admin-

istered chromium in humans resulted in approximately 0.4% of thevSICr

(from 51 51

CrCl3) and approximately 10.6% of the “"Cr (from NaZCrO4) being
absorbed (Donaldson and Barreras 1966). Dermal absorption of chromium
is dependent on the chemical species, as well as on physical factorst

Chromium may be distributed throughout the body, with the highest
concentrations found in the kidneys, lymph nodes, lungs, spleen, liver,
and blood.

Chromium is metabolized by reduction of Cr(VI) to Cr(III) (ATSDR
1987). In vitro studies have shown that Cr(VI) is readily reduced to
Cr(III) by gastric juices or glutathione (GSH) (Kitagawa et al. 1982;
Levis et al. 1978).

Excretion of chromium occurs in multiple stages: a rapid phase
representing clearance from the blood, and at least two slower phases
representing clearance from tissues. Urinary excretion is the primary

route of elimination (Cavalleri and Minoia 1985; Mertz et al. 1965).

Noncarcinogenic Effects
. . . . . r . .
Following inhalation, Cr(VI) is a respiratory tract irritant.

Nasal irritation and slight transient effects on pulmonary function
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occur at the lowest-observed-adverse-effect level (LOAEL). Ulceration
and perforation of the nasal passages have been observed at concentra-
tions of 20 to 46 ug/m3 (ATSDR 1989). In vitro studies of chromium-
induced toxicity following inhalation have indicated that the immune
system may be affected. Depression of some indices of the immune system
were reported at the higher concentrations, and stimulation was reported
at lower concentrations. Hypersensitivity reactions have been reported
in humans following inhalation exposure to chromium compounds (Glaser
1985; ATSDR 1989; Moller 1986).

Occupational exposure to chromium compounds by inhalation have
resulted in changes in the kidney and liver. Reports of kidney damage,
but not liver damage, following oral and dermal exposure to Cr(VI)
compounds have been cited (ATSDR 1989).

Carcinogenicity and Mutagenicity

Based on positive animal studies and positive epidemiological
studies demonstrating excess cancer mortality in humans among
Cf(VI)-exposed workers, and according to its weight-of-evidence carcin-
ogenicity criteria, EPA has placed Cr(VI) in Category A, "human carcin-
ogen" (EPA 1985a). However, since chromium has not been shown to be
carcinogenic by the oral route, EPA has concluded that chromium in
drinking water should be regulated based upon noncarcinogenic chronic
toxicity data (EPA 1985a, b).

Cr(VI) has demonstrated consistently positive mutagenic activity in
a number of bacterial systems. Both Cr(III) and Cr(VI) have been shown
to interact with DNA in bacterial assays. Cr(VI) has inhibited DNA
synthesis and increased unscheduled DNA synthesis in mammalian cells in
culture. Both valences have been demonstrated to produce clastogenic
effects in mammalian cells. Increased frequencies of chromosomal aber-

rations have also been observed in occupationally exposed workers.

Quantitative Indices of Toxicity

Table 1 summarizes the quantitative indices of toxicity for chro-
mium (III) and chromium (VI).

There are two chromium valences of principgl concern in soil and

drinking water: Cr(III) and Cr(VI). Cr(VI) is much more toxic than
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Cr(III) and has been shown to produce liver and kidney damage, internal
hemorrhages, and respiratory disorders. EPA has developed an adjusted
acceptable daily intake (AADI) for total chromium based upon the effects
of Cr(VI) for the following reasons (EPA 1985a):

o The two valences are in dynamic equilibrium in aqueous
media;

o An AADI based upon Cr(VI), the more toxic of the two
valences, will be more conservative (health-protective);
and

o Reduction of Cr(VI) to Cr(III) in the stomach following
oral intake is incomplete and, relative to Cr(III), there
is greater Cr(VI) absorption and tissue accumulation.

EPA derived the provisional AADI for total chromium based on a
no-observed-adverse-effect level (NOAEL) reported in a study in which
rats were exposed to Cr(VI) in drinking water for one year. Based on a
NOAEL of 2.41 mg/kg/day, an uncertainty factor of 500, and standard
intake and physiological assumptions, EPA derived an oral reference dose
(RfD) of 5.0 x 10'3 mg/kg/day (EPA 1987, 1990a,b). ‘
Standards and Criteria

Standards and criteria applicable to chromium are summarized in
Table 2.
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Table 1A

INDICES OF TOXICITY
FOR CHROMIUM (IIT)

Oral Route
Chronic Reference Dose (RfD) mg/kg/day 1.0
Subchronic RfD (RfDs) mg/kg/day 10
Confidence Level Low
Critical Effect Hepatotoxicity
Test Species for Critical Effect Rat
RfD Basis Diet
RED Source " IRIS - EPA 1990a
Uncertainty Factor
- Chronic RfD 100
-~ Subchronic RfD 100
Modifying Factor
- Chronic RfD 10
- Subchronic RfD NS

Id
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Table 1B

INDICES OF TOXICITY

FOR CHROMIUM (VI)

Oral Route
Chronic Reference Dose (RfD) mg/kg/day
Subchronic RfD (RfDs) mg/kg/day
Confidence Level
Critical Effect
Test Species for Critical Effect
RfD Basis
RfD Source
Uncertainty Factor
- Chronic RfD
- Subchronic RfD
Modifying Factor

- Chronic RfD
— Subchronic RfD

5% 1075

2 x 1072
Low

Cancer - not defined

Rat

‘Vater

IRIS - EPA 1990a

500
100
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Table 1C

CARCINOGENIC INDICES OF TOXICITY
FOR CHROMIUM (VI)

Inhalation Route

Slope Factor (mg/kg—day)—l 41.0

Veight of Evidence Classification A

Type of Cancer Lung

Test Species Rat

SF Basis Occupational Air
SF Source IRIS

E-46



Table 2
STANDARDS AND CRITERIA
FOR CHROMIUM
Standard or Criterion Value Reference
Drinking Vater
National Primary Drinking
Vater Regulations
MCL (a) present 0.05 mg/L EPA 1989a
proposed 0.1 mg/L EPA 1989a
MCLG (b) proposed 0.1 mg/L EPA 1989a
Surface Water
EPA Ambient Water
Quality Criteria
Water and Fish Consumption
Cr(III) 179 mg/L ATSDR 1989
Cr(VI) 50 ug/L ATSDR 1989
Occupational Air Concentrations
OSHA PEL TWA 3
Chromates 0.1 mg/m~ (ceiling) OSHA 1989
ACGIH TLV TVA 3
Chromium Metal 0.5 mg/m ACGIH 1989
Cr(II) and Cr(III) 0.5 mg/m ACGIH 1989
Water-Soluble Cr(VI) 3
Compounds 0.05 mg/m ACGIH 1989
Certain Water-Insoluble 3
Cr(VI) Compounds 0.05 mg/m ACGIH 1989
Chromite Ore Processing 0.05 mg/m ACGIH 1989

a MCL = Maximum contaminant level.
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CYANIDE
Environmental Chemistry and Fate

The relevant physical and chemical properties and environmental
fate for three representative cyanides (Clement Associates, Inc. 1985)

are summarized below.

Hydrogen Potassium Sodium
Cyanide Cyanide Cyanide
CAS # 74-90-8 151-50-8 143-33-9
Chemical Formula HCN KCN NaCN
Molecular Weight (g/mole) 27 65 49
Physical State at 20°C Liquid
Vater Solubility 1.0 x 10° 5.0 x 10° 8.2 x 10°
Density at 20°C .70 - -
Vapor Pressure 6.2 x 102 - -
Henry’s Law Constant 1.2 x 107% - -
Log K 2.5 x 100 - -
ow
K : 0.66 . =0.44 _—
oc : : A .
Bioconcentration Factor 0 0 0

Cyanides (CNs) are naturally occurring substances found in a number
of foods and plants and are produced by certain bacteria, fungi, and
algae. Minute amounts of cyanocobalamin (vitamin B-12) are a human die-
tary requirement (ATSDR 1989).

Cyanides have industrial uses as intermediates in a variety of pro-
cesses. Widespread use contributes to the numerous sources from which
cyanide is released to the environment.

Hydrogen cyanide (HCN) gas and soluble cyanide salts are the most
mobile forms of cyanide in the environment (EPA 1984). Residence tihes
in soil and water are variable and are influenced by such factors as pH,
1979).

A pH less than 9.2 is considered more condusive to environmental

wvind speed and cyanide concentration (Callahan et al.
transport. Volatilization is considered a major fate process from sur-
face water and surficial soils. Half-life estimates for atmospheric
residence have been reported at approximately 334 days (Fritz et al.
1982). The long residence time results in widespread distribution
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before removal by wet and dry deposition.

A number of common plants may bioaccumulate large quantities of
cyanogenic glycoside. Hydrolyzation may occur upon ingestion, forming
free HCN, resulting in toxicity.

In aquatic environments, hydrogen cyanide is not expected to
undergo direct photolysis, to chemically hydrolyze, to adsorb signif-
icantly to suspended sediments, or to bioaccumulate significantly in
aquatic organisms (Callahan et al. 1979). Biodegradation will occur
unless cyanide concentrations are at levels toxic to microorganisms.
High concentrations of cyanides in subsurface soils (i.e., landfills,

spills) may leach into groundwater (EPA 1984).

Toxicokinetics

Cyanides are readily absorbed via the inhalation, oral, and dermal
routes of exposure. Inhalation of HCN is reportedly the most rapid
route of entry resulting in the most rapid onset of toxic effects (ATSDR
1989).

Following absOrptién, cyanide is distributed throughout the body.
Detoxification and excretion occur through the formation of thiocyanate,
which is excreted in the urine. Small amounts of cyanide are also
released through the lungs (ATSDR 1989).

Cyanide exerts its acute toxic effects through interference with
the electron transport chain, preventing the utilization of oxygen by
cells (ATSDR 1989).

Noncarcinogenic Effects

Cyanide is acutely lethal at high concentrations (Dudley et al.
1942). 1Inhalation of 270 ppm HCN (300 mg/m3) results in nearly imme-
diate death, whereas inhalation of 135 ppm (150 mg/m3) is fatal after 30
minutes of exposure. The human oral and dermal LDSOS have been esti-
mated to be 1.52 mg/kg (EPA 1987) and 100 mg/kg (Reiders 1971), respec-
tively. Symptoms of acute exposure to HCN include tachycardia accom-
panied by palpitation, vertigo, buzzing in the ears, headache, epi-
gastric burning, vomiting, general weakness, tremor, sensory obtusion,
dyspnea, and loss of consciousness (Carmelo 1955). The severity and

rapidity of the onset of effects depends on the route, dose, and dura-
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tion of exposure and the CN compound administered.

Neurotoxicity is the major target organ effect in cyanide poi~-
soning. The nervous system is sensitive to cyanide toxicity partly
because of its high metabolic oxygen demands. Symptoms of chronic
exposure to CN in humans and laboratory animals include enlargement of
the thyroid gland (Vanderlaan and Bissel 1946). The enlarged thyroid is
thought to result from an iodine imbalance caused by thiocyanate,
cyanide’s principal metabolite.

Evidence of possible developmental effects following inhalation
exposure to concentrations of CN below fetotoxic doses is not conclu-

sive.

Carcinogenicity and Mutagenicity

Cyanides have not been associated with carcinogenic effects in
animals or humans. Mutagenicity studies have been negative or only
slightly positive (ATSDR 1989).

Quantitative Indices of Toxicity

The reference dose (RFD) for cyanide was based upon a dietary rat
study by Howard and Hanzel (1955). This study provided the highest
NOAEL, 10.8 mg/kg/day, and was chosen for the derivation of aanfD for
Cyanide of 1.5 mg/day or .02 mg/kg/day. Quantitative indices of toxic-

ity are summarized in Table 1.

Standards and Criteria

Standards and criteria relevant to the cyanides are listed in Table
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Table 1
INDICES OF TOXICITY
FOR CYANIDE
Oral Route
Chronic Reference Dose (RfD) mg/kg/day 2 X 10—2
Subchronic RfD (RfDs) mg/kg/day 2 x 1072
Confidence Level Medium
Critical Effect Myelin degeneration,
wveight loss,
thyroid effects
Test Species for Critical Effect Rat
RfD Basis DIET
RfD Source IRIS ~ EPA 1990a
Uncertainty Factor
- Chronic RfD 100
- Subchronic RfD 100

Modifying Factor
- Chronic RfD
— Subchronic RfD

W Ln
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Table 2
STANDARDS AND CRITERTIA
For Cyanide

Standard or Criterion Value Reference
Drinking Vater

Lifetime drinking water

health advisory 0.154 mg/L EPA 1987
Surface Water

EPA Ambient Water

Quality Criteria

Aquatic Organisms and

Drinking Water 200 ug/L EPA 1986
Occupational Air Concentrations

OSHA PEL TVA S mg/m> OSHA 1989

ACGIH 5 mg/m3 ACGIH 1989
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1,2- and 1,3-DICHLOROBENZENES

Draft

Industrial uses of 1,2-dichlorobenzene (1,2-DCB) and 1,3-dichloro-

benzene (1,3-DCB) include use as intermediates in chemical manufactur-

ing, in metal polishing agents, and in industrial odor control.

Envi-

ronmental releases have resulted in the detection of 1,2 DCB and 1,3-DCB

in various media.

been reported.

Environmental Transport and Fate

Surface water concentrations of 0.13 to 0.4 ppb have

The relevant physical and chemical properties and environmental

fate of 1,2-DCB (CAS No. 95-50-1) and 1,3-DCB (CAS No. 541-73-1) are

presented below (Howard 1989; MacKay and Shiu 1981):

1,2-DCB 1,3-DCB

Chemical Formula C6H4C12 C6H4C12
Molecular Weight (g/mole) 147.0 147.0
Physical State at "20°C Liquid Liquid
Water Solubility (mg/L at 25°C) 156 111
Density at 20°C 1-3 1-3
Vapor Pressure (mm'Hg at 25°C) 1.47 2.35
Henry’s Law Constant (atm'm3/mole) 1.20 x 10_3 1.8 x 10_3
Octanol-Water Partition

Coefficient (Log Kow) 3.38 3.6
Organic Carbon Partition

Coefficient (Koc) 1,700 1,700

Bioconcentration Factor (BCF)

5

The log Kows’ high Kocs’ and low vapor pressures indicate that
adsorption to soils is the major fate process of DCB isomers in soils.
Adsorption to sediments will dominate the transport and fate of isomers
discharged into aquatic media. Both isomers are heavier than water,
causing DCB to sink in standing water.

The log Kows suggest that DCB isomers will bioaccumulate. Biode-
gradation is not likely to be a significant degradation pathway for DCB

isomers, based upon data which indicate that chlorobenzene is resistant
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to biodegradation and that resistance increases with increasing chlori-
nation of the benzene ring (ATSDR 1989). Very little information is
available on the meta-isomer (1,3-DCB). Therefore, unless otherwise
noted, the properties of this isomer will be assumed to be identical to
those of the ortho-isomer (1,2-DCB).

Toxicokinetics

The DCB isomers exhibit low water solubilities and high lipid
solubilities (Neely et al. 1974). The absorption characteristics are
assumed to be similar to those of benzene and the low-molecular-weight
chlorinated aliphatics. As such, approximately 100% of an orally admin-
istered dose of DCB is absorbed, while approximately 30% of any DCB
isomer inhaled over a period of one to several hours is absorbed and
retained (Astrand 1975). 1In laboratory animals, following absorption,
DCBs are primarily distributed to adipose tissue, and subsequently to
the liver and kidneys (EPA 1985). Metabolism proceeds by oxidation of
the parent compound, forming principally phenols and catechols. Further
metabolism to form conjugates of glucoronic or sulfuric acids occurs as
the major elimination pathway. Hawkins et al. (1980) studied the kine-

tics of excretion of 1.4C--p—DCB in rats. Most of the 14

C activity (91 to
97%) was eliminated in the urine within 5 days after cessation of expo-
sure, wvhile small amounts were found in thé feces and expired air.

About 50 to 60% was excreted in the bile during the first 2 days, sug-

gesting reabsorption in the enterohepatic circulation.

Noncarcinogenic Effects

The principal toxic effects of 1,2-DCB in humans and other animals
following acute and longer-term exposures include central nervous system
(CNS) depression, blood dyscrasias, and lung, kidney, and liver damage.
Similar data are not available for 1,3-DCB. However, EPA has determined
that short-term assessments developed for 1,2-DCB should apply to
1,3-DCB (EPA 1985a, b).

Carcinogenicity and Mutagenicity

The few studies available on the carcinogenic potential of DCBs

have been negative or insufficient to clearly classify any DCB isomer as
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carcinogenic. Preliminary results of a National Toxicology Program
(NTP) stomach tube (gavage) bioassay indicate that 1,2-DCB was not car-
cinogenic under the conditions of the experiment. Pending receipt of
the final NTP report for 1,2-DCB, and according to its weight-of-
evidence carcinogenicity criteria, EPA has placed 1,2-DCB in Group D,
"not classified" (EPA 1987d).

In general, DCBs have shown little or no mutagenic activity in a
range of bacterial systems. However, several studies with mold and
plant cultures treated with DCBs have reported mutations and chromosomal
alterations (EPA 1987d).

Quantitative Indices of Toxicity

EPA is in the process of establishing an enforceable MCL for
1,2-DCB, but not for 1,3-DCB. As a first step in the process, EPA has
issued a proposed MCLG for 1,2-DCB based upon a no-observed-adverse-
effect level (NOAEL) reported in a subchronic gavage study in mice and
rats. Based upon a NOAEL of 125 mg/kg/day and an uncertainty factor of
100, EPA has derived -a proposed MCLG for 1,2-DCB of 0.6 mg/L (EPA
1985b). - |

In the absence of sufficient data, EPA has not developed, and is

not in the process of developing, a drinking water standard for 1,3-DCB.

Standards and Criteria
Standards and criteria applicable to 1,2-DCB are presented in Table

1, and those applicable to 1,3-DCB are presented in Table 2.
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STANDARDS AND CRITERIA FOR 1,2-DICHLOROBENZENE

Table 1

Draft

Standard or Criterion Value Reference
Reference Dose
oral 9 x 1072 mg/kg/day EPA 1990a
Inhalation 4 x 10—2 mg/kg/day EPA 1990a
Drinking Water
U.S. Primary Drinking Water
Standards
MCL (proposed) 0.6 mg/L EPA 1989
MCLG (proposed) 0.6 mg/L EPA 1989
Surface WVater
EPA Ambient Water Quality
Criteria
Adjusted for Drinking
Vater Only 470 ug/L EPA 1986
Aquatic Organisms and
Drinking Water 400 ug/L EPA 1986
Occupational Air Concentrations
OSHA PEL TVWA 300 mg/m3 (50 ppm) (Ceiiing) OSHA 1989
ACGIH TWA 300 mg/m> (50 ppm) (Ceiling) ACGIH 1989
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Table 2

STANDARDS AND CRITERIA FOR 1,3-DICHLOROBENZENE

Standard or Criterion Value Reference
EPA Ambient Water Quality Criteria

Ingestion of Aquatic Organisms

and Vater 400 pg/L EPA 1986
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1,4-DICHLOROBENZENE (p-DCB)

p-DCB is commonly used as an insecticide, and as a component of
deodorant blocks used in restrooms. It is estimated that 70 million
pounds of p-DCB are used each year in the manufacture of these two types
of products. It is also used in the manufacture of certain resins;
smaller amounts are used in the pharmaceutical industry and as a general
insecticide in farm operations.

Home use of products containing p-DCB can result in release of
large amounts to the indoor air, resulting in indoor air concentrations
wvhich are much higher than outdoor concentrations. A survey of select
chemicals in indoor air, undertaken by the EPA Total Exposure Assessment
Methodology (TEAM) Study (Wallace et al. 1986), reported mean personal
air concentrations of 5.5 to 18 ug/m3. By contrast, outdoor mean con-
centrations ranged from 0.53 to 4.2 ug/m3° The TEAM Study by Wallace et
al (1986) reported on the combined occurrence of m- and p-DCB in drink-
ing water in selected cities in New Jersey, North Carolina, and North
Dakota. These DCB’s were detected in >3% of the drinking water samples,

with the reported concentration ranging from <1 ug/L to 100 pg/L.

Environmental Chemistry and Fate ,

The relevant physical and chemical properties and environmental
fate of p-DCB (CAS No. 106-16-7) are presented below (Howard 1989;
MacKay and Shiu 1981):

Chemical Formula C6H4C12
Molecular Weight (g/mole) 147.0
Physical State at 20°C Liquid
Water Solubility (mg/L at 25° C) 80
Density at 20°C 1.3
Vapor Pressure (mmHg at 25° C) 1.8
Henry’s Law Constant (atm—m3/mole) 2.89 x 10_3
Log Kow 3.6
K 1,700
oc
BCF 1.31

Little is known about the environmental fate of p-DCB. The high
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log octanol/water partition coefficient suggests that adsorption to
organic matter in sediments and soil is probably an important enviro-
nmental fate process. Atmospheric transport of p-DCB occurs following
volatilization. The estimated half-life for evaporation of p-DCB from
surface waters is 9 hours or less (ATSDR 1989). The residence time for
p-DCB in the atmosphere is estimated at more than 38 days. p-DCB
appears to be fairly resistant to biodegradation and persistent in the
environment. Bioaccumulation is estimated to be an important fate proc-
ess. Sorption, bioaccumulation, and volatilization with subsequent
atmospheric oxidation are likely to be competing processes, in which the
dominant fate is determined by local environmental conditions (ATSDR
1989).

Toxicokinetics

The dichlorobenzenes exhibit a low water solubility and are highly
lipid soluble (Neely et al. 1974; EPA 1985). This property enables
p-DCB to cross most of the barrier membranes, including those in skin,
brain, and placenta. Quantitative absorption studies are not availéble
and it is assumed that p-DCB possesses similar absorption character-
istics to benzene and the lower molecular weight chlorinated aliphatics.
-As such, it is expected to be 100% absorbed when administered orally and
about 30% absorbed via inhalation when exposure persists from 1 to 3
hours.

Laboratory animal experiments show that p-DCB absorbed following
oral or inhalation exposure is distributed mainly to adipose tissue,
with some distribution to the liver and kidney, and minor amounts to
other organs. Absorbed p-DCB is metabolized mainly by oxidation to
dichlorophenol, conjugated with glucoronic or sulfonic acid, and rapidly
eliminated, mainly in the urine (ATSDR 1989).

Noncarcinogenic Effects

The major target organs of p-DCB are the CNS, liver, and kidneys.
The adverse effects on these tissues are reported in most of the avail-
able literature (ATSDR 1989).

CNS effects have been reported following inhalation of relatively

high doses. Acute poisoning is characterized by signs of disturbance of
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the CNS, including hyperexcitability, restlessness, and muscle spasms or
tremors. The most frequent cause of death is respiratory depression
(EPA 1987a).

Liver effects have been reported in animal studies following short-
term, intermediate, and chronic exposure by the oral and inhalation
routes. Findings typically include liver degeneration or necrosis,
sometimes coincident with porphyria. Effects on liver enzymes have also
been reported. In case studies in humans, cirrhoses and subacute or
acute yellow atrophy of the liver have been diagnosed following inhala-
tion exposure (EPA 1987; ATSDR 1987).

Adverse renal effects have generally been observed in the same sub-
chronic and chronic studies in which hepatotoxicity has occurred.
Reported effects ranged in severity from increased kidney weights to
degeneration, mineralization, and hyperplasia of renal tissue (ATSDR
1987).

Carcinogenicity and Mutagenicity

' No human data are available regarding the carcinogenicity of p-DCB.
Positive studies for carcinogenicity have been obtained using animal
models following oral administration, but not following long-term inha-
lation exposure. In the NTP (1987) 2-year carcinogenesis bioassay of
p-DCB, there was clear evidence of carcinogenicity in male rats and in
mice of both sexes.

The p-DCB was not mutagenic in microbial or mammalian systems
(ATSDR 1989; Anderson 1976). The positive results in carcinogenicity
testing of p-DCB combined with negative results in mutagenicity testing
suggest that p-DCB may act as a tumor promoter rather than as an ini-
tiator in the carcinogenic process. Further studies are needed (ATSDR
1989).

Quantitative Indices of Toxicity

EPA has categorized p-DCB in group B-2: probable human carcinogen.
EPA has derived an oral carcinogenic potency factor of 2.4 x 10_2
(mg/kg/day)—1 based on an analysis of the NTP (1986) carcinogenicity
data. A reference dose of 1 x 10"2 mg/kg/day has been calculated for

p-DCB (EPA 1990b).
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Standards and Criteria
Standards and criteria relevant to 1l,4-dichlorobenzene are listed
in Table 1.
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Table 1

STANDARDS AND CRITERIA
For
1,4-Dichlorobenzene

Standard or Criterion Value

Reference

Referen

ce Dose

Inha

lation 1 x 1072 mg/kg/day

Carcinogenic Potency Factor

Oral

2.4 x 1072 (mg/kg/day)-1

Drinking Water

U.S. Pr

imary Drinking Water

Standards

MCL
MCLG

Surface

0.075 mg/L
0.075 mg/L (Op)

Vater

U.S. EPA Ambient Water

Quality

Aqua
Wate

Adju

Criteria

tic Organisms and
r Consumption 0.4 mg/L

sted for Water

Consumption Only 0.47 mg/L

Occupat

ional Air Concentrations

OSHA

ACGI

PEL TWA 450 mg/m3 (75 ppm)

H TWA 450 mg/m° (75 ppm)

EPA 1990b

EPA 1990b

EPA 1987b

EPA 1987b

EPA 1986

EPA 1986

OSHA 1989

ACGIH 1989

MCL:
MCLG:

Maximum Contaminant Level
Maximum Contaminant Level Goal
Proposed

E-67

Draft



1,2-DICHLOROETHANE (ETHYLENE DICHLORIDE OR EDC)

EDC is a clear, volatile, and flammable synthetic organic liquid
that is not found naturally in the environment. EDC is used primarily
to make vinyl chloride and other solvents that remove grease, glue, and
dirt. EDC is widely used and has been detected in ambient urban and
rural air, and in indoor air samples of residences located near hazard-
ous waste disposal sites. It has also been identified in surface water,
groundvater, and drinking water. The average background concentration
of EDC in ambient air at mid-latitudes has been reported to be 40 ppt
(168 ng/m3). In urban areas concentrations ranged from 0.1 to 1.5 ppb
(Singh et al. 1982). Concentrations of EDC in domestic surface waters
used as drinking water sources have been reported to range from trace
amounts to 4.8 pg/L (Brown et al. 1984). Concentrations in domestic
groundvater supplies used for drinking water have been reported at con-
centrations up to 400 ug/L (Brown et al. 1984). No information was
found on the concentrations of EDC in soil. It is expected that the
lack of available soil monitoring data is due at least in part to rapid

partitioning of EDC released from soils into ambient air and water.

Environmental Chemistry and Fate

The relevant physical and chemical properties and environmental
fate of 1,2-dichloroethane (CAS No. 107-06-2) are summarized below
(Howard 1989; McKay and Shiu 1981):

Chemical Formula C2H4C12

Physical State at 20°C Liquid

Molecular Weight 99.0 g/mole

Density at 20°C 1.25

Vater Solubility 8.52 x 10° mg/L (25° C)
Vapor Pressure 78.7 mmHg (25° C)

Henry’s Law Constant 1.1 x 10—4 atm—m3/mole (25°C)

Octanol-Water Partition
Coefficient (Log Kow) 1.48

Organic Carbon Partition
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Coefficient (Koc) 14 ml/g

Bioconcentration Factor (BCF) 1.2

Based on its high water solubility, high vapor pressure, and high
Henry’s Law Constant, volatilization would be expected to be the pre-
dominant removal mechanism for EDC from surface water and surficial
soils. Its half-life in surface water has been estimated to range from
1 to 6 days, and its half-life in air has been estimated to be as short
as 1.3 days due to photooxidation.

This compound is quite mobile in the subsurface. Its high vapor
pressure, high vapor density, and high water solubility make vapor phase
transport of this compound through the unsaturated zone quite likely.
Its low octanol/water and organic carbon distribution coefficients indi-
cate that it is only weakly adsorbed to soil particles and consequently
only slightly retarded in its movement in groundwater.

Based on its low BCF, EDC is not expected to accumulate signifi-

cantly in aquatic organisms.

Toxicokinetics

EDC is absorbed by humans and laboratory animals following inhala-
tion, ingestion, and dermal exposure. Reitz et al. (1980, 1982) found
that 14C—EDC in corn oil given orally to rats (150 mg/kg) was completely
absorbed by virtue of a complete recovery of radioactivity in exhaled
air, urine, and carcass. Absorption following inhalation and dermal
application were also significant routes of EDC entry into the body (EPA
1985).

Distribution studies have been conducted in vivo in rats. Forty-
eight hours after a single oral dose, the highest EDC concentrations
occurred in the liver and kidneys. EDC was also found in the fore-
stomach, stomach, and spleen (Reitz et al. 1980).

Yllner (1971) reported on excretory pathways of EDC in mice follow-
ing intraperitoniel injection. Eleven to 46% of the dose was excreted
unchanged via the lungs, 5 to 13% of the dose was metabolized to carbon
dioxide and water, and 50 to 73% of the dose was excreted as urinary

metabolites.
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Noncarcinogenic Effects

EDC exhibits a moderate level of acute toxicity, as evidenced by
median lethal doses of 489, 680, and 860 mg/kg for the mouse, rat, and
rabbit, respectively (NIOSH 1983).

At relatively high doses, EDC produces central nervous system (CNS)
depression as well as damage to the liver, kidneys, and adrenals. Symp-
toms of CNS depression typically include headache, dizziness, nausea,
and general weakness. Effects on the liver include necrosis and epi-
thelial cell damage, and effects on the kidneys include degeneration of
the proximal tubule (EPA 1987).

In a multi-generation study in which male and female mice received
doses of EDC in drinking water ranging from O to 50 mg/kg/day for 25
weeks, no reproductive or developmental effects were observed (Lane
et al. 1982).

Carcinogenicity and Mutagenicity

In an NCI-sponsored bioassay, EDC administered by stomach tube
(gavage) was shown to produce statistically significant increased tumor
incidences in both B6C3F1 mice and Osborne-Mendel rats (NCI 1978).

Male mice received EDC doses of 97 or 195 mg/kg/day and female mice
149 or 299 mg/kg/day for 78 weeks. Male and female rats received 47 or
95 mg/kg/day for 78 weeks.

Statistically significant increased tumor incidences of alveolar/
bronchiolar adenomas were reported in both sexes of mice (NCI 1978). 1In
addition, statistically significant increases in mammary adenocarcinomas
and endometrial polyps or sarcomas wWere reported in female mice only
(NCI 1978). Statistically increased incidence of zquamous cell carcino-
mas of the forestomach and circulatory system hemangiosarcomas and mam-
mary gland adenocarcinomas were reported in male and female rats,
respectively (NCI 1978).

EDC has been shown to induce gene mutations in bacteria, plants,

Drosophilia melanogaster, and cultured Chinese hamster ovary cells (EPA

1985). In addition, EDC has been reported to cause meiotic chromosomal
disjunction in Drosophilia. Based upon these data and weight-of-
evidence criteria, EPA has determined that EDC is a mutagen that may

have the potential for causing adverse effects in humans (EPA 1985).
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Based upon the above data, EPA has categorized EDC in group B2,
"probable human carcinogen," according to its carcinogenicity guidelines
(EPA 1987).

Quantitative Indices of Toxicity

Due to insufficient data, EPA has not derived a reference dose for
noncarcinogenic effects (EPA 1987, 1990a,b).

In a National Cancer Institute (NCI) report, EDC has been shown to
elicit statistically significant increased tumor incidences in B6C3F1
mice and Osborne-Mendel rats (NCI 1978). Based on these data, EPA has
categorized EDC in group BZ’ "probable human carcinogen" (EPA 1987).
Applying the linearized multistage model to the hemangiosarcoma inci-
dence data in male rats, EPA has derived a 95% upper-bound estimate of
the oral slope factor (SF) of 9.1 x 10—2 (mg/kg/day)—1 (EPA 1990a). The
inhalation SF is 9.1 x 10"2 (mg/kg/day)_1 (EPA 1990a). Quantitative

indices of toxicity are summarized in Table 1.

Toxicity to Wildlife and Domestic Animals

EDC is one of the least toxic of the chlorinated ethanes to aquatic
iifé. Acute toxicity has been reported in both fresh- and saltwater
species, at concentrations greater than 118 mg/L, and chronic toxicity
was observed at 20 mg/L (EPA 1984).

Standards and Criteria
Standards and criteria relevant to 1,2-Dichloroethane are listed in
Table 2.
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Table 1

INDICES OF TOXICITY
For 1,2-Dichloroethane

Oral Route

Slope Factor (SF) (mg/kg—day)_l
Weight of Evidence Classification
Type of Cancer

Test Species

SF Basis
SF Source

Inhalation Route

Slope Factor (mg/kg—day)—l'
Weight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

9.1 x 10”7
B2
Hemangiosarcoma
Rat - National
Cancer Institute
Sponsored Bioassay

Gavage

IRIS - EPA 1990a

9.1 x 10~
B2

Hemangiosarcoma

‘Rat

Oral exposure

IRIS, EPA 1990a
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Table 2

STANDARDS AND CRITERIA
For 1,2-Dichloroethane

Standard or Criterion Value Reference

Drinking Water

National Primary
Drinking Water Regulations

MCL (a) 0.005 mg/L EPA 1987
MCLG (b) 0 EPA 1987

Surface Water

EPA Ambient Water
Quality Criteria

Aquatic Orgaﬁisms and

Drinking Water 0 (0.94 ug/L)* EPA, 1990a
Occupational Air
Concentrations
OSHA PEL TVA 4 mg/m3 OSHA 1989
OSHA STEL 8 mg/m> OSHA 1989
ACGIH TLV TWA 40 mg/m3 (10 ppm) ACGIH 1989

* The concentration given in pgrentheses for potential carcinogens
corresponds to a risk of 10 ~.

a MCL = Maximum contaminant level
b MCLG = Maximum contaminant level goal
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CIS-1,2-DICHLOROETHENE (cis-1,2-DCE)

The dichloroethylenes are synthetic organic chemicals with no known
natural sources. Cis-1,2-DEC’s major use is as a captive intermediate
in the manufacture of other chlorinated organic chemicals.
Environmentally, cis-1,2-DCE can also occur as the degradation product
of trichloroethylene and tetrachloroethylene.

Monitoring studies have been undertaken to determine the concentra-
tion of cis-1,2-DCE in various media. Results indicate that cis-1,2-DCE
is a relatively rare contaminant of groundwater. It was reported that
the 1,2-dichloroethylenes have been usually found to co-occur with tri-

chloroethylene.

Environmental Chemistry and Fate

The relevant physical and chemical properties (EPA 1986) and envi-
ronmental fate of cis-1,2-DCE (CAS #540-59-0) are summarized below
(Howard 1989; MacKay and Shiu 1981):

Chemical Formula o C2C12H2

Molecular Weight 97.0 g/mole

Physical state at 20°C Liquid

Water Solubility 3.500 mg/L (25°C)

Density

Vapor Pressure 2.00 x 102 mmHg (25°C)
Henry’s Law Constant 7.58 x 10_3 atm—m3/mol (25°C)

Octanol-Water Partition

Coefficient (Log Kow) 1.86
Organic Carbon Partition

Coefficient (Koc) 49 ml/g
Bioconcentration Factor (BCF) 1.6

The relatively high vapor pressure and high water solubility of
cis-1,2-DCE indicate that its predominant loss mechanism from surface
water and surface soils is likely to be volatilization. The half-life
in surface water has been estimated to range from 1 to 6 days, depending
on temperature, water turbulence, and air movement across the water sur-

face. The evaporative loss from surface soils is expected to be in the
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same range as the surface water half-life. The half-life of c¢is-1,2-DCE
in air has been estimated to be less than 2 days (EPA 1987). Cis-1,2-
DCE has been identified as a biodegradation product of trichloroethene

and tetrachloroethene in groundwater.

Toxicokinetics

Cis-1,2-DCE is a neutral, low-molecular weight, lipid soluble mate-
rial which would be expected to be readily absorbed following exposure
by any route (e.g., oral, inhalation, dermal) (EPA 1984). Distribution
and elimination patterns for cis-1,2-DCE are predicted to be similar to
1l,1-dichloroethene (1,1-DCE). As such, the highest concentrations are
expected to be found in the liver and kidneys (McKenna et al. 1978).
Elimination is expected to occur rapidly, with most of a single dose
being excreted in the urine within 24 to 72 hours after exposure (Jaeger
et al. 1977).

Noncarcinogenic Effects

At high concentrations, the dichloroethylenes, like other chlori-
nated ethylenes, possess anesthetic properties. In fact, cis-1,2-DCE
was used as an anesthetic agent, with some success prior to introduction
of newer anesthetic gases (Irish 1963). In laboratory studies, the
0 of 770 mg/kg
for rats (NIOSH 1978). No information was found in the available liter-

cis/trans DCE isomer mixture was réported to have an LC5
ature on the effects of long-term exposures to cis-1,2-DCE (EPA 1987).

Carcinogenicity and Mutagenicity

No information was found in the literature on the carcinogenic
potential of cis-1,2-DCE. Several studies have failed to detect any
mutagenic activity on the part of ¢is-1,2-DCE, with or without micro-
somal activation (EPA 1987). Cis-1,2-DCE has been placed in EPA’s
weight-of-evidence of carcinogenicity category Group D: not classified.

This category is for agents with inadequate evidence of carcinogenicity.

Quantitative Indices of Toxicity and Standards and Criteria

Standards and criteria relevant to cis-1,2-DCE are listed in Table
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TABLE 1

STANDARDS AND CRITERIA
FOR CIS-1,2-DICHLOROETHENE

Standard or Criterion Value Reference
Reference Dose
Acceptable Daily Intake 0.01 mg/kg/day EPA 1987
Drinking Water
National Primary Drinking
Vater Regulations
MCLG (Proposed) 0.07 mg/L EPA 1986
Occupational Air Cohcentrafions
OSHA PEL TVA 790 mg/m> (200 ppm)  OSHA 1989
ACGIH TLV TWA 790 mg/m> ACGIH 1989
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HEXACHLOROCYCLOHEXANE (HCH)

HCH is a synthetic chemical that exists in eight chemical forms

called isomers.

delta-, and gamma-HCH.

Draft

These isomers may be identified as alpha-, beta-,

Gamma-HCH, commonly called Lindane, has been

used as an insecticide and as a human pharmaceutical for the treatment

of lice and scabies.

Technical-grade HCH, a mixture of several isomers, typically

contains approximately 40% Lindane as well as the alpha-, beta-, delta-,

and gamma-forms of HCH.

Technical-grade HCH does not occur as a natural

product and is no longer available in the U.S. for insecticide use.

Also, Lindane has not been produced in the U.S. since 1977.

Lindane is

available in emulsifiable and flowable concentrates, soluble concen-

trates/liquids, wetable powders, dusts, ready-to-use liquids, pressur-

ized liquids and impregnated materials, oil base and aerosol sprays,

granules, and as a smoke generator (Berg 1988; EPA 1985a).

Gamma-HCH is

also sold separately or in combination with fungicides, fertilizers,

other insecticides, or wood preservatives (Hayes 1982).

Environmental Chemistry and Fate

Physical and chemical properties relevant to the environmental fate

and transport of HCH are summarized below (ATSDR 1989):

ProEertz

CAS#
Chemical Formula
Molecular Weight

Physical State @ 20°C

Water solubility

Vapor pressure @ 20°
(mmHg)

o-HCH

391-84-6
C6H6Cl6
290.85

monoclonic
prism

69.5 ppm

.02

B-HCH

319-85-7
C6H6Cl6
290.85

crystalline
solid

5 ppm
.005

E-80

v-HCH

58-98-9

C6H6Cl6

290.85

crystalline
solid;
monoclonic
prism

17 ppm

4x1078

8—HCH

319-86-8
C6H6Cl6
290.85

fine
plates

10 ppm

.02



Henrx’s Lav Constant 6.0x10" 4.5x%10° 8.0x10" 2.1x10°

@ 25 C3
(ATM-m~ /mo1l)

Organic Carbon 3,800 3,800 1,080 6,600
Partition

Coefficient

[Koc(ml/g)]

Octanol/Vater 3.81 3.78 3.61 4.14
Partition

Coefficient

[Log Kow]

Bioconcentration 130 130 130 130
Factor (BCF)
(L/kg)

HCH is a white solid with some tendency to volatilize into the air.
The vapor is colorless and almost odorless (ATSDR 1989).
Lindane and e-, B-, and &-HCH can be found in the air as a vapor or

attached to small particles such as soil and dust.

Transport Processes .

Gamma-HCH present in soil can lead to groundwater, sorbed to soil
particles, or volatilize into the atmosphere. Based upon its moderate
Koc value and a water solubility of 17 ppm (Hollified 1979), gamma-HCH
is expected to leach slowly to groundwater. Gamma-HCH that has sorbed
to the so0il can be released to the atmosphere by wind erosion of surface
soil particles. It is believed that windblown dust contributes
substantially to the occurrence and long distance transport of
pesticides in the atmosphere (ATSDR 1989). This is supported by
monitoring studies performed by Stanley et al. (1971) which found that
many pesticides are present in the atmosphere attached to particulates.
Dust entrainment can lead to the transport of the pesticides from
agricultural areas to the urban areas. Gamma-HCH can also enter the
atmosphere via volatilization from treated agricultural soils and plant
foliage (Lewis and Lee 1976). The widespread global distribution of HCH
isomers is indicative of persistence of gamma-HCH in the air (ATSDR
1989).
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Degradation Process

Gamma-HCH can be present in the air as vapor or sorbed to
particulate matter. Photodegradation and other degradation processes
are not prominent in the removal of gamma-HCH from the air as compared
to wash-out with precipitation or dry deposition. However, gamma-HCH
undergoes photodegradation to form two isomers of tetrachlorohexene and
pentachlorohexane in propanol solution when irradiated with ultraviolet
light from a low pressure mercury lamp (Hamada et al. 1981). Similar
transformations of gamma-HCH and other isomers are though to occur to
some extent in the atmosphere. Biodegradation is believed to be the
significant degradative process for gamma-HCH in aquatic systems.
Zoetemann et al. (1980) estimated river, lake, and groundwater half-
lives for gamma-HCH from degradation data in these bodies to be 3-30
days, and >300 days, respectively. Gamma-HCH in soil and sediment is
degraded primarily by biotransformation. Numerous studies-conclude that
gamma-HCH is transformed to tetrachlorohexene, tri-, tetra-, and
pentachlorinated benzenes, penta-, and tetra-cyclohexanes, other isomers

of HCH, and other related chemicals (Callahan et al. 1979).
Environmental Concentrations

Air. Air monitoring during the years 1970-1972 in 10 states across
the U.S. reported a mean gamma-HCH concentration in ambient air of 0.9
ng/m3 for all years and all states combined (Kutz et al. 1976). Gamma-
HCH was detected in 67.7% of all 2,479 samples, with a maximum concen-
tration of 11.7 ng/m3 reported (ATSDR 1989). A mean alpha-HCH concen-
tration in ambient air of 1.2 ng/m3 was also reported in positive
samples (Kutz et al. 1976). Atlas and Giam (1981) measured the concen-
tration of organic pollutants, including gamma-HCH, in the atmosphere
and precipitation in the remote marine atmosphere. A total of 17
atmospheric samples and 16 rain samples were analyzed and yielded mean
gamma-HCH concentrations of 0.015 ng/m3 and 0.51 ng/l, respectively. A
global distribution and atmospheric transport of chlorinated hydrocar-
bons study performed by Tanabe et al. (1982) confirmed the widespread

distribution of HCH isomers. HCH residues were detected in all 79 air
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and water samples collected. The range of concentrations were 1.1 to

2.0 ng/m3 in air and 3.1 to 7.3 ng/l in water.

VWater. Surface water concentrations of gamma-HCH have been
measured in many areas across the U.S. Much of the available monitoring
studies were conducted in the early to mid-1970s. A recent study in
1980-1981 was performed at the Niagara River near its entry into Lake
Ontario. This study showed gamma-HCH detected in 99% of all samples at
a mean concentration of 2.1 parts per trillion (ppt) (Kuntz and Warry
1983). Gamma-HCH has been detected in groundwater at a median concen-
tration of 16 ppt in Chesterfield County, South Carolina and 163 ppt in
Hampton, South Carolina (Sandhu et al. 1978). Gamma-HCH has also been
detected in drinking water from Cincinnati, Ohio (Keith et al. 1976),
Hampton, South Carolina (Sandhu et al. 1978), and Oahu, Hawaii (Bevenue
et al. 1972) at mean concentrations of 0.01 ppt, 10 ppt, and 0.2 ppt,
respectively. In addition, rain and snow water in Portland, Oregon in
1982, gamma-HCH was detected at mean concentrations of 0.45 to 11 ppt
(Pankow et al. 1984).

Soil. The United States Soils Monitoring Program showed that
gamma-HCH was not detected in cropland soils or crops in 37 states
during the summer and fall of 1971 (Carey et al. 1978). The minimum
detection levels were 0.002 to 0.03 ppm. Gamma-HCH concentrations in
the surface soils of five western Alabama counties were less than 0.1
ppm (Albright et al. 1974). Most of the sediment monitoring data for
gamma-HCH are derived from the Great Lakes. The average concentration
for the Niagara River was 2 ppb (Kuntz and Warry 1983), the Lake Ontario
sediments contained 2.4 ppb (0liver and Charlton 1984) and Lake Michigan
sediments contained less than 2.5 ppt to 0.15 ppt (Schacht et al. 1974).

Human Exposure and Body Burdens

The most probable route of non-medicinal human exposure to gamma-
HCH is ingestion of food or water containing the pesticide. The average
daily dietary intake has been estimated to be 4 ug/kg/day (Duggan et al.
1983). Gamma-HCH can travel through the food chain. Human exposures

can result from the ingestion of plants, animals, animal products, milk,
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and water containing pesticide (ATSDR 1989). The National Human Adipose
Tissue Survey (NHATS) in 1982 showed that beta-HCH detected in 87% of 46
composite samples at <19-570 ug/g concentrations (Stanley 1986). These

concentrations were detected most often in post-mortem samples collected
from southern U.S. citizens.

Human body burdens of HCH may be influenced by factors such as age,
dietary habits, and residence. Saxena et al. (198la) found that non-
vegetarian women between the ages of 26 and 34 who live in a rural area
tend to show higher body levels of gamma-HCH than other women. The
higher levels of gamma-HCH in women at an older child-bearing age
suggest that a longer life span may cause a greater accumulation of
pesticide in the body (ATSDR 1989). In addition, studies indicate that
gamma-HCH is also present in human milk at an average level of 0.006 ppm
in Alberta, Canada (Currie et al. 1979). Takahaski et al. (1981)
demonstrated that of 50 breast milk donors in Oahu, Hawaii, 82% of the
samples showed HCH at a mean level of 81 ppb as extractable lipid with a

range of 0-480 ppb.

Toxicokinetics

Absorption of HCH following oral exposure have lead to many
accidental poisonings in humans (Berry et al. 1987; Nantel et al. 1977;
Harris et al. 1969; Khare et al. 1977; Munk and Nantel 1977; Powell
1980; Starr and Clifford 1972). Information concerning the rate of
absorption from the gastrointestinal tract (G.I. tract) is inferred from
studies conducted in mice and rats.

Gamma-HCH is readily absorbed from the G.I. tract (Aldaya et al.
1981; Turner and Shanks 1980) and then absorbed from the intestine into
the blood. Turner and Shanks (1980) showed that only a small amount of.
gamma-HCH actually entered the lymphatic system from the intestine. The
rapid absorption and excretion of gamma-HCH may be attributed to its
unusually high solubility in water.

Evidence exists that humans absorb gamma-HCH vapor or dusts via
inhalation. Occupational studies have shown adverse health effects,
including hematological abnormalities and neurological effects, as a
result of worker exposure to gamma-HCH in workplace air (Brassow et al.
1981; Czelgledi-Janko and Arar 1970; Kashyap 1986; Samuels and Milby
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1971). However, no specific studies have quantified the rate or extent
of absorption of the HCH isomers following inhalation exposure.

The ready absorption of gamma-HCH through human skin has been
demonstrated in several studies that examined the usage of antiscabies
lotion (Feldmann and Maibach 1974; Grinsburg et al. 1977; Lange et al.
1981). The maximum levels of gamma-HCH reached in scabies patient were
greater than those reported for normal volunteers. Studies involving
topical application of gamma-HCH to the forearm indicated that at least
9% of an applied dose is readily absorbed and that maximum absorption

occurs 2-3 days after application (Feldmann and Maibach 1974).

Distribution

HCH residues are quite lipophilic and are distributed throughout
the body tissues in proportion to their lipid content. The overall
distribution of gamma-HCH is greatest in fat followed by brain, kidney,
muscle, lungs, heart, spleen, liver, and blood (Srinivasan and
Radhakrishnamurty 1983b).

Metabolism

Gamma-HCH appears to be rapidly transformed by hepatﬁc enzymes to
its primary metabolites, chlorophenols, and chlorobenzenes (Chadwick
et al. 1978a; Chadwick and Freal 1972a; Engst et al. 1979; Kujawa et al.
1977). Other urinary metabolites identified include other
trichlorophenols, dichlorophenols, tetrachlorophenols, and dihydroxy-
chlorobenzenes. Following occupational exposure, pentachlorophenol has
also been identified as a urinary metabolite in humans (Engst et al.
1979). In vitro studies have established that an epoxide forms during
the metabolism of pentachlorocyclohexane, a primary metabolite formed by
dehydrogenation of gamma-HCH, which may be responsible for the mutagenic

and carcinogenic effects of gamma-HCH (Fitzloff and Pan 1984).

Excretion

The major route of excretion of HCH in humans appears to be in the
urine, but some excretion also occurs via breast milk and semen (ATSDR
1989). Very little HCH is eliminated in the exhaled air (Ahdaya et al.
1981; Chadwick et al. 1985) and in the feces (Chadwick et al. 1983).
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Noncarcinogenic Effects
The major noncarcinogenic effects of HCH appear to involve the
nervous system, the liver, the blood, and reproduction and development

of offspring.

Neurological Effects
In humans, the nervous system appears to be one of the primary

target systems for HCH toxicity. Most of the information is from case
reports of acute gamma-HCH poisoning. Seizures and convulsions have
been observed in individuals who have accidentally or intentionally
ingested gamma-HCH as insecticide pellets, liquid scabicide, or
contaminated food (Davies et al. 1983; Harris et al. 1969; Munk and
Nantel 1977; Nantel et al. 1977; Powell 1980; Starr and Clifford 1972).
These symptoms were observed in rats following a single intragastric
administration of approximately 60-150 mg/kg (Tilson et al. 1987; Tusell
et al. 1987).

| Paresthesia of the face and extremities, headache, and vertigo have
been reported in a group of 45 workers occupationally exposed to
technical-grade HCH for prolonged periods of time (Kashyap 1986).
Abnormal EEG patterns have been reported in 16 of 37 workers following
exposure to gamma-HCH for 0.5 to 2 years in a fertilizer plant
(Czegledi-Janko and Arar 1970). However, exposure concentrations were
not reported; these EEG changes were found to correlate with blood

levels of gamma-HCH.

Hepatic Effects

In humans, technical-grade HCH exposure caused significant
increases in the blood levels of the enzymes lactate dehydrogenase,
leucine aminopeptidase, and gamma-glutamyl transpeptidase in 19
individuals in a HCH formulating plant (Kashyap 1986). Experimentally,
gamma-HCH was reported to increase liver microsomal activity in Osborne-
Mendel rats exposed to 6.2 and 13.3 ug/kg/day and in CFl and B6C3Fl
strain mice exposed to 16.1 and 34.6 ug/kg/day in the diet for 3 days
(Oesch et al. 1982). Similar effects were also shown in experiments

with alpha-HCH (a mixture of the alpha, beta, gamma and delta-HCH
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isomers, was reported to cause fatty degeneration and necrosis of the
liver in rats exposed to 2.5 upg/kg/day for 33-61 weeks (Fitzhugh et al.
1950); these effects were more apparent at 40 ug/kg/day. Technical-
grade HCH was also reported to cause liver cancer in mice following
exposure to 65 ug/kg/day in the diet for 2-8 months (Thakore et al.
1981; Karnick et al. 1981) and exposure to 0.3-13 ug/kg/day for 32-80
weeks (Kashyap et al. 1979; Munir et al. 1983).

Immunological Effects

A significant increase (approximately 18%) in the level of immuno-
globulin M (IgM) was noted in 19 workers occupationally exposed to
technical-grade HCH during pesticide formulation (Kashyap 1986).

Some evidence of possible immunotoxic effects of gamma-HCH is
available form animal studies. Immunosuppression was reported in rats
exposed by garage to 6.25 and 25 pg of gamma-HCH/kg/day for five weeks
(Dewan et al. 1980) and in rabbits exposed by capsule five times each
week to 1.5, 6 and 12 ug/kg/day for 5-6 weeks (Desi et al. 1978).

Hematological Effects

Hematological effects have been reported in humans following acute
or long-term inhalation exposure to gamma-HCH. Hypochronic anemia was
discovered in a 2.5-year-old boy who was exposed to gamma-HCH in a home
due to operation of an HCH vaporizer. Air concentrations measured in
the basement and living room of the house were 2.4 to 5.5 ug/m3 (Morgan
et al. 1980). Other abnormalities have been reported as result of
chronic human occupational exposure including instances of leukopenia,
leukocytosis, granulocytopenia, granulocytosis, eosinophilia, mono-
cytosis, and thrombocytopenia (Brassow et al. 1981; Jedlicka et al.
1958; Samuels and Milby 1971). Aplastic anemia and bone marrow hyper-
plasia have been reported in a woman as a result of excessive dermal
expose to gamma-HCH when bathing her dog in a 2% solution once a week
for years (Woodliff et al. 1966). 1In addition, reduced hemoglobin and
hematocrit values and near complete absence of red blood cell precursors
in bone marrow were reported in a 2-year-old boy exposed to a dog that

was dipped regularly in mange containing 12% gamma-HCH (Vodopick 1975).
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Standards and Guidelines
Standards and guidelines pertinent to HCH are summarized in
Table 1.

Reproductive and Developmental Effects

Statistically significant increases in levels of serum luteinizing
hormone (LH) were reported in a group of 54 men after occupational
exposure to gamma-HCH for approximately 8 years in a Lindane-producing
factory (Tomczak et al. 1981). Ovarian and uterine weight increases and
atrophy were also associated with exposure to HCH. A 13-week exposure
study to 0.5 ug beta-HCH/kg/day in rats fed 12.5 ug/kg/day displayed
these effects (Van Velsen et al. 1986). Exposure to 12.5 ug-HCH/kg/day
resulted in severed effects in male rats including degeneration of
somniferous tubules and disruption of spermatogenesis (Van Velsen et al.
1986).

Gamma-HCH has not been reported to cause developmental effects in

animals.

Genotoxic Effects

No increase in the frequency of chromosome aberrations was observed
in humans exposed to HCH primarily by inhalation in a pesticide produc-~
tion factory following an exposure of 8 hours/day for at least 6 months
(Riraly et al. 1979). No other studies were located pertaining to
genotoxicity of HCH to humans (ATSDR 1989). In animals, ingestion of
tech-grade HCH was reported to induce dominant lethal mutations in mice
(Lakkad et al. 1982). In rats, exposure to alpha-HCH was reported to
result in mitotic disturbances including an increased mitotic rate and

frequency of polyploid hepatic cells (Hitachi et al. 1975).

Carcinogenic Effects

No studies were located regarding the carcinogenicity in humans
following exposure to gamma-, alpha-, beta-, delta-isomers of HCH, or
technical-grade HCH by any route. Alpha-, beta-, gamma-, and technical-
grade HCH have been found to be carcinogenic in rats and/or mice follow-

ing long-term exposure (Hanada 1973; Ito et al. 1973, 1975, 1976;
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Kashyap et al. 1979; Munir et al. 1983; NCI 1977; Thakore et al. 1981;
Thorpe and Walker 1973; Tsukada et al. 1979; Wolff et al. 1987).
Hepatocellular carcinoma is the most frequently reported tumor type,
although in many studies the liver was the only organ under investiga-
tion (ATSDR 1989). The available animal data suggest that liver cancer
may be of potential concern to individuals exposed to HCH for prolonged

periods of time.
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Table 1
STANDARDS AND CRITERTA
FOR HCH
Standard or Criterion Value Reference
Reference Dose
Oral 3x10™4 mg/kg/day EPA 1990

Carcinogenicity Potency Factor

Inhalation

Drinking Vater

National Primary Drinking
Vater Regulations

Maximum Contaminant Level
(MCL) [Lindane]
MCL (proposed) [Lindane]

Food

EPA Tolerances

(mg/kg/day)—1

< HCH 6.3 EPA 1990

B-HCH 1.8

technical-HCH 1.8

.004 mg/L EPA 1975

(40 CFR 141)

.0002 mg/L EPA 1985¢
Range:

.01 ppm EPA 1974
7.0 ppm (pecans) (40 CFR 180.133)

1 or 3 ppm (fruits
and vegetables)

Ambient Water (Aquatic Organisms) [Lindane]

Fresh Water: Acute
Chronic
(24 hr.
avg.)

Marine: Acute
Chronic
(24 hr.
avg.)

2.0 ug/L EPA 1986
0.8 ug/L

16 pg/L

02[IL]JD1900:D3048/1251
E-90



Table 1 (Cont.)

Standard or Criterion Value Reference

Ambient Air

No Ambient air quality criteria established

Occupational Air Concentrations [Lindane]
ACGIH TLV TVA (a) .5 mg/mg (skin) ACGIH 1986
OSHA PEL TWA (b) .5 mg/m; (skin) OSHA 1989
NIOSH REL TWA (c) .5 mg/m 3 NIOSH 1985
NIOSH IDLH (d) 1,000 mg/m NIOSH 1985

02[IL]JD1900:D3048/1251

a: American Conference of Governmental Industrial Hygienists, Threshold

Limit Value, Time Weighed Average.

b: Occupational Safety and Health Administration, Permissible Exposure

Limit, Time Weighted Average.

c: National Institute for Occupational Safety and Health, Recommended

Exposure Limit, Time Veighted Average.

d: National Institute for Occupational Safety and Health, Immediately

Dangerous to Life or Health Level.
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LEAD

Lead (Pb) is a naturally occurring metal which is used in such
processes as the manufacture of storage batteries and production of
ammunition, and in miscellaneous metal products (e.g., sheet lead,
solder, and pipes) and various chemicals, including gasoline additives.
Lead has been monitored in the ambient air, surface waters, ground
waters, and soils. Levels of lead in ambient air range from 7.5 x 10_5
ug/m3 in remote areas to more than 10 ug/m3 near stationary sources such
as smelters. Levels of lead in surface waters throughout the United
States typically range between 5 and 30 ug/L, although levels as high as
890 ug/L have been monitored (EPA 1986a). The lead content of soil

ranges from 10 to 30 ug/gm in soils originating from crustal rock to

10,000 ug/g in soils adjacent to roadways (EPA 1986a).

Environmental Chemistry and Fate

Lead and its inorganic compounds exist in the atmosphere mainly as
particulates that can be removed from the atmosphere by either wet or
dry deposition. Particle size and atmospheric turbulence are the pri-
mary factors determining the half life of particulate lead in the atmos-
phere. Lead also readily undergoes photolysis in the atmosphere.

The movement of lead in aquatic environments is influenced by lead
speciation. In water with high concentrations of dissolved organics,
complexation is an important mechanism for retaining lead in solution.
In waters without substantial dissolved organics, lead can become
adsorbed to suspended particulates and eventually settle out.

Sorption processes exert dominant effects on the distribution of
lead in aquatic and terrestrial environments. Adsorption to inorganic
solids, organic materials, hydrous iron, and manganese oxides controls
the mobility of lead in soils and sediments.

The dominant sorption mechanisms are dependent on geological set-
ting, pH, Eh, availability of ligands and chemical composition. Addi-
tional factors operative in sediments include dissolved and particulate
ion concentrations and salinity. The solubilities of lead carbonate,
sulfate, and sulfide are low. Over most of the pH range, lead carbonate
and lead sulfate control solubility. Lead is strongly complexed to

organic materials present in aquatic systems and soil. Lead in soils is
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not easily taken up by plants, so the availability of lead to terres-
trial organisms by this route appears to be limited (EPA 1982).

Bioaccumulation of lead has been demonstrated for a variety of
organisms, with bioconcentration factors typically ranging from 42 to
1,700 (EPA 1986).

Toxicokinetics

The rate and degree of absorption of chemicals are largely related
to their solubility in body tissues and fluids. Each lead compound has
unique solubility characteristics, resulting in compound-specific dif-
ferences in absorption.

Prior to absorption of airborne lead by the lungs, some fraction of
inhaled lead must be deposited in the respiratory tract. The rate of
deposition of airborne particulate lead in adults ranges from 30 to 50%
and is modified by such factors as particle size and deposition rate
(EPA 1986). Relatively little is known about deposition of airborne
lead in children. Once deposited in the lower respiratory tract, lead
is almost completely absorbed (EPA 1986). Particulate lead deposited in
the upper respiratory tract is cleared from the tract by ciliary action
but may then be swallowed.

The primary site of lead absorption in children is the gastrointes-
‘tinal tract (Hammond 1982). For dietary lead, absorption is approxi-
mately 50% in children and 5 to 15% in adults (Goyer 1986). The physi-
cal and chemical properties of the ingested lead and a number of dietary
factors such as nutritional status and the composition of the diet
affect the extent and rate of gastrointestinal absorption of lead.

Dermal absorption of inorganic lead compounds is much less signifi-
cant than absorption due to inhalation or oral exposure (Goyer 1986).

The distribution of lead in the body is initially dependent on the
rate of delivery by the bloodstream to various organs and tissues. How-
ever, lead may subsequently redistribute based upon its relative affin-
ity with various tissues. In humans, roughly 95% of the total body bur-
den of lead is found in the bones (ATSDR 1989).

In humans, any dietary lead not absorbed by the gastrointestinal
tract is eliminated in the feces. Airborne lead that has been swallowed

and not absorbed is also eliminated in the feces. Absorbed lead is
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excreted either by the kidneys or into the gastrointestinal tract via
the bile (ATSDR 1989).

Noncarcinogenic Effects

When toxicological information is considered in assessing the non-
carcinogenic effects of substances, the data are evaluated in order to
identify an exposure level below which no adverse effects are observed.
Historically, the observed threshold, or no-effect level, for lead-
induced toxic effects has continued to decline as increasingly sophis-
ticated experimental and clinical measures are employed to detect the
more subtle effects. These include alterations in physiological func-
tions at blood lead (PbB) levels below the currently accepted maximum
safe level for exposure to children, the segment of the population cur-
rently regarded to be at highest risk of lead-induced effects (EPA
1985a, ATSDR 1989).

The most serious effects associated with markedly elevated PbB lev-
els are severe neurotoxic effects that include irreversible brain dam-
age. For most adults, such damage does not occur until PbB levels
exceed 100 to 120 micrograms per deciliter (pg/dl). At these PbB lev-
els, severe gastrointestinal symptoms and effects on several other organ
systems are often found (Kehoe et al. 196la). Precise thresholds for
occurrence of overt neurological and gastrointestinal signs and symptoms
of lead exposure in cases of subencephalopathic lead intoxication have
yet to be established, but such effects have been observed in chronic
occupationally exposed adults at PbB levels as low as 40 to 50 pg/dl
(ATSDR 1988).

Toward the lower range of PbB levels associated with overt lead
intoxication, less severe but important signs of impairment in normal
physiological functioning in several organ systems are evident among

apparently asymptomatic lead-exposed adults (EPA 1985c). These include:

o Slowved nerve conduction velocities, indicative of periph-
eral nerve dysfunction (at PbB levels as low as 30 to 40
ug/dl) (Seppalainen et al. 1975);

o Altered testicular function (at PbB levels of 40 to 50
ug/dl) (Lancranjan et al. 1975); and

o Reduced hemoglobin production (at approximately 50 pg/dl)
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(Zielhuis 1975).

EPA has concluded that all of the above effects point toward a general-
ized impairment of normal physiological functioning of several different
organ systems at adult PbB levels exceeding 30 to 40 pg/dl. Evidence of
impaired heme synthesis in blood occurs at even lower levels.

The second National Health and Nutrition Examination Survey
(NHANES-II) examined a representative sample of the U.S. population and
found that PbB levels were related to ambient environmental exposures.

A clinically relevant relationship between blood lead and blood pressure
was seen. Younger men (aged 24 to 55 years) with diastolic high blood
pressure had significantly higher blood lead levels than those with
normal pressures (Harlan et al. 1985). Additional analyses of the same
data by Pirkle et al. (1985) found a statistically significant correla-
tion between PbB levels and diastolic blood pressure in white males,
ages 40 to 50, with no threshold apparent in the range of 6 to 30 pg/dl.
0f particular concern is the finding of a 2 mm Hg increase in diastolic
pressure per incremental PbB level increase of 0.5 pg/dl. Possible
increases iﬂ the risk of more severe medical eQents (stroke, heart
attack, death) associated with lead-induced increases in blood pressure
are also estimated in one of the recently published studies (EPA 1986)t

Children represent a sensitive subpopulation with regard to lead
toxicity. As with adults, lead affects many different organ systems and
biochemical/physiological processes across a wide range of exposure
levels. Effective PbB levels for producing encephalopathy or death in
children are lower than in adults, starting at approximately 80 to 100
pg/dl. Permanent mental retardation and other marked neurological defi-
cits are among lasting neurological sequelae typically seen in cases of
nonfatal childhood lead encephalopathy. Other overt neurological signs
and symptoms of subencephalopathic lead intoxication, such as peripheral
neuropathies (functional and/or pathological changes in the peripheral
nervous system), have been detected in some children at PbB levels as
low as 40 to 60 ug/dl. Chronic kidney disease is most evident at PbB
levels above 100 pyg/dl. Moreover, colic and other overt gastrointesti-
nal symptoms occur in children, at PbB levels as low as 60 ug/dl. Frank

anemia is also evident at 70 ug/dl, representing an extreme manifesta-
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Ition of reduced hemoglobin synthesis at PbB levels as low as 40 ug/dl.
All these effects are widely accepted as adverse health effects, and are
reflective of the widespread marked impact of lead on the normal physio-
logical functioning of many different organ systems (EPA 1984d, 1985c,
ATSDR 1989).

Other studies demonstrate additional important health effects
occurring in children non-overtly intoxicated with lead at similar or
lowver PbB levels than those indicated above. Among the most important
and controversial of these electrophysiological and neuropsychological
effects are indications of peripheral nerve dysfunction, evidenced by
slowed nerve conduction velocities (NCV) found in children with PbB lev-
els lower than 30 pg/dl (Otto et al. 1981, 1985). EPA has concluded
that while none of these studies on central nervous system (CNS) effects
can be regarded individually as conclusively proving significant cogni-
tive (IQ) or behavioral effects occurring below 30 ug/dl, they clearly
indicate likely associations between neuropsychologic deficits at PbB
levels as low as 30 to 50 ug/dl. The magnitude of average observed IQ
deficits is approximately 5 points at mean PbB levels of 50 to 70 ug/dl
and about 4 points at mean levels of 30 to 50 ug/dl (EPA 1985b). 1In
testimony given to the Subcommittee on Health and the Environment (COEC
1988),4Dr.:Herbert Needleman reported findings that children with ele-
vated lead levels in shed baby teeth had lower IQ scores, poorer audi-
tory and language functioning scores, and difficulties with attention.
Infants with blood levels greater than 10 ug/dl had IQ scores 4-7 points
below those with blood lead levels below 3 ug/dl.

Many different impacts (representing potentially impaired function-
ing and depleted reserve capacities of many different tissues and
organs) have been noted at PbB levels below 30 ug/dl.

At PbB levels around 10 to 15 pg/dl, initial signs of detectable
heme synthesis impairment occur in many different organ systems, indi-
cations of increasing degrees of pyrimidine metabolism interference,
signs of altered nervous system activity, and interference in vitamin-D
metabolism. EPA has stated that on the basis of these data, these
effects might be viewed as sufficiently adverse to warrant avoidance as
PbB levels exceed 10 to 15 ug/dl (EPA 1988c).
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Reproduction and Development

There is a paucity of exposure data on which to evaluate the
effects of lead on reproduction and development in humans. Early stud-
ies of pregnant women exposed to high levels of lead indicated toxic,
but not teratogenic, effects on the fetus. One recently reported study
hints at birth anomalies which may be associated with exposure to low
lead levels (mean cord blood level of 15 pg/dl) among women in the gen-
eral population. However, the significance of these studies has been
questioned because of the absence of reported statistically significant
associations between cord blood levels and specific types of minor anom-
alies or any major anomalies. Evidence from recent studies indicates
that the length of gestation is reduced as prenatal lead exposure
increases, even at PbB levels below 15 ug/dl (McMichael et al. 1986;
Dietrich et al. 1986, 1987). Based on risk estimates of McMichael
et al. (1986), the risk of preterm delivery increases by at least four-
fold as either cord blood or maternal blood lead level at delivery
increases from < 8 to >14 pg/dl.

A review of the litérature regarding neurobehavioral effects of
prenatal lead exposure suggests that neurobehavioral deficits are asso-
ciated with prenatal internal exposure levels, at maternal or cord blood
lead concentrations, of =10 to 15 pg/dl (ATSDR 1988; 1987; EPA 1986a)
and possibly even lower. There are no reliable data pointing to adverse
effects in human offspring following lead exposure to fathers (ATSDR
1989). However, the contribution of adversely affected sperm is not
ruled out.

EPA has concluded that the current collective human data, regarding
lead’s effects on reproduction and in utero development, are insuffi-
cient for accurate estimation of exposure-effect or no-effect levels
(EPA 1985b). 1In the absence of sufficient data, it has been suggested
that it would be prudent to avoid lead exposures resulting in PbB levels
exceeding 25 to 30 pg/dl to pregnant women and women of child-bearing
age in general. This conclusion was based on the known equilibration
between maternal and fetal blood lead concentrations and growing evi-
dence of deleterious effects in young children as PbB levels approach 25
to 30 pug/dl. Industrial lead exposure of men, in which PbB levels of 40

to 50 pg/dl are seen, also appears to result in altered testicular
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function (EPA 1985b).

Carcinogenicity and Mutagenicity

Several studies have reported renal tumors in Wistar rats following
ingestion of high doses of a lead salt (lead acetate) (Azar 1973). Lead
subacetate (another lead salt) produced benign tumors (renal carcinomas
or adenomas) in Swiss mice and in several strains of rats, but not in
golden hamsters. Gliomas (CNS tumors) were also observed in many of
these studies (Azar 1973; Zawirska and Medras 1972; ATSDR 1989).

There have been a number of epidemiological studies which have
assessed the mortality of lead-exposed workers. In some of the studies,
no excess cancer mortality was observed. In one study, nonstatistically
significant excess cancer mortality of the respiratory system and cancer
of the digestive organs and peritoneum was reported, which on evaluation
by other statistical techniques by another investigator was reported to
achieve statistical significance. Another study has reported increased
mortality from renal cancer among a group of lead smelting workers.
However, this excess mortality, based on only six cases, did not achieve
statistical significance. On review of all of these studies, EPA con-
cluded that the absence of good lead exposure documentation made it dif-
ficult to assess the contribution of lead to the observed results.

The International Agency for Research on Cancer (IARC) has classi-

fied lead in Group 3, inadequate evidence for carcinogenicity in humans,
sufficient evidence for carcinogenicity in animals (for some salts).
EPA has classified lead in category B2 (sufficient evidence in animals,
insufficient evidence in humans) according to EPA’s Guidelines for Car-
cinogen Risk Assessment (EPA 1985b, 1986b). However, the agency noted
that the doses inducing kidney tumors in positive rat studies were
beyond the human lethal dose, and several epidemiological studies have
not shown an association between lead exposure and elevated cancer in
occupationally exposed workers. Nevertheless, EPA has recently proposed
to set a maximum contaminant level goal (MCLG) for lead in drinking
water based on both carcinogenic and noncarcinogenic endpoints (EPA
1988).

Lead is a cellular poison. Consequently, short-term mutagenicity

assays result in significant cellular toxicity prior to expression of
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mutagenicity.

Quantitative Indices of Toxicity

EPA derived an oral reference dose of 1.4 x 10_3 mg/kg/day for lead
based on its determination that a PbB concentration of 15 ug/dl repre-
sents a level of concern for the most sensitive human subpopulation--~
infants (EPA 1985).

The current EPA drinking water maximum contaminant level (MCL) for
lead of 50 pg/L was designed to limit PbB levels in 99.5% of the pop-
ulation to below 30 ug/dl.

EPA has recently proposed (EPA 1988) a new MCL for lead of 0.005
mg/L for finished drinking water entering a distribution system, supple-
mented by requirements for additional corrosion control or educational
measures if either the average lead concentration in the mornings first
draw of water at the tap exceeds 0.010 mg/L or if 5% of the samples
exceed 0.020 mg/L. These primary drinking water standards were proposed
with the intent of achieving a large reduction in the number of people
with blood lead lévels above the range of concern of 10 to 15 ug/dl and
above 25 ﬁg/dl, the level at which the Centers for Disease Control (CDC)

recommends medical intervention.

Standards and Criteria

Standards and criteria applicable to lead are summarized in Table
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Table 1
STANDARDS AND CRITERTA
FOR LEAD
Standard or Criterion Value Reference
Reference Dose (Withdrawn, but not replaced)
oral 1.4 x 107> (mg/kg/day)  EPA 1986b
Inhalation 4.3 x 107* (mg/kg/day) EPA 1986b
Drinking Water
National Primary Drinking
WVater Regulations
MCL (a) ’ :50(5p) ug/L EPA 1988
MCLG (b) 0.02 mg/L (p) EPA 1988
Surface Vater
EPA Ambient Water
Quality Criteria
Aquatic Organisms and
Drinking Water 50 ug/L EPA 1990a
Drinking Water only 50 pg/L EPA 1986
Occupational Air Concentrations
Lead inorganic dusts and fumes
OSHA PEL TWA 0.05 mg/m> OSHA 1989
ACGIH TLV TVA 0.15 mg/m> ACGIH 1989

p proposed (53 Federal Register 31517-31578)
a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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MANGANESE

Manganese is a naturally occurring element, and is an essential
element for both animals and man. Background concentrations vary
depending on geological and other influences. Freshwater may contain
from 1 to 2,000 ug/L, and higher concentrations have been detected in
waters impacted by industrial discharges. Ambient air concentration for
nonindustrialized and industrialized areas of 0.05 ug/m3 and 0.3 ug/m3
have been reported (WHO 1984).

The manganese content of food varies considerably. Low concentra-
tions are found in dairy products (0.0 to 1.9 mg/kg), meats (0.0 to 0.8
mg/kg), and fish (0.0 to 0.1 mg/kg). Higher concentrations have been
found in grains and cereals (1.2 to 30.8 mg/kg), nuts (0.4 to 35.1
mg/kg), and vegetables (0.2 to 12.7 mg/kg). Tea leaves contained the
highest concentration, and a cup of tea can contain from 1.4 to 3.6 mg

(WHO 1984).

Environmental Transport and Fate

Manganese (elemental CAS #7439-96-5) can exist in the oxidation
states from -3 to +7. Its inorganic chemistry is dominated by compounds
in the +2, +4, and +7 states (USEPA 1984). The principle sources of
manganese in the atmosphere are natural including dust, volcanic emis-
sions, and forest fires. Anthropogenic sources of manganesevinélude
industrial emissions and combustion of fossil fuels (Lantzy and
MacKenzie 1979). Manganese in the atmosphere is generally present in
particulate form (USEPA 1982). The atmospheric residence time is esti-
mated at 7 days (Cupitt 1980) with removal occurring by wet or dry
deposition.

In aquatic systems, the fate of manganese is influenced by chemical
and microbiological reactions. In most natural systems manganese is
expected to be predominantly adsorbed to sediments and suspended par-
ticulates, in the form of MnO2 and/or Mn304. Although manganese may
undergo chemical speciation due to chemical and microbiological reac-
tions, the residence time of aquatic manganese may be a few hundred
years (USEPA 1984).

In the soil, manganese speciation may occur through chemical and

microbiological interactions. Soil pH and the oxidation-reduction
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potential will influence speciation. It has been suggested that in
water-logged acidic soils, manganese passes freely into solution and
may leach to groundwater (USEPA 1982).

Toxicokinetics

Manganese is an essential element and is a co-factor for a number
of enzymatic reactions particularly those involved in phosphorylation
and cholesterol and fatty acid synthesis. Absorption of manganese from
the gastrointestinal tract is controlled by homeostatic mechanisms.
Extent of absorption is dependent upon availability, concentration in
the diet, interactions with other metals or other dietary constituents,
and age (USEPA 1982). Limited quantitative data indicate that under
normal conditions gastrointestinal absorption of manganese is low,
averaging approximately 3% of the ingested manganese. It is expected to
be absorbed as Mn2+ (EPA 1984; Mena et al. 1969). Following inhalation
exposure, manganese absorption into the bloodstream occurs only if
particles are sufficiently small to be able to reach the alveoli (WHO
1980). Larger particles are removed by mucociliary clearance.

Absorption through the skin is not expected to occur to any great
extent (Rodier 1955).
v Manganesé is reportediy distributed in the plasma by a transferrin
type of B-élobulin (WHO 1981). Absorbed manganese is concentrated in
the liver and may form complexes with bile components (WHO 1981).

Elimination is almost exclusively through the feces.

Noncarcinogenic Effects

In humans, manganese dusts and compounds have relatively low oral
and dermal toxicity, but may cause a variety of toxic effects after
inhalation exposure (WHO 1981). One of two common syndromes associated
with inhalation exposure (manganism) involves the central nervous system
(CNS). Chronic manganese exposure may result in a psychiatric disorder
with characteristic symptoms including irritability, difficulty in walk-
ing, and speech disturbances. If the condition persists, a Parkinson-
like syndrome may develop (Mena et al. 1967). '

The second condition associated with acute manganese inhalation

exposure (generally due to manganese dioxide in mining or manufacturing)
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is manganese pneumonitis. Men working in industrial plants with high
concentrations of manganese dust show an incidence of respiratory

disease 30 times greater than normal (Goyer 1986).

Carcinogenicity

There is no epidemiological information relating manganese exposure
to cancer occurrence in humans. Results of studies with divalent manga-
nese are suggestive of carcinogenic activity in laboratory animals
(USEPA 1984). More information is needed before a more definitive con-
clusion can be made about the carcinogenicity of manganese and its com-
pounds (USEPA 1984; EPA 1982; Goyer 1986). Therefore, it is classified

by USEPA in category D - not classifiable as to carcinogenicity.

Quantitative Indices of Toxicity

The quantitative indices of toxicity for manganese are summarized
in Table 1.
EPA has derived an inhalation reference dose (RfD) of 3 x 10_4
mg/kg/day based upon studies conducted by Saric et al. (1977). Oral
reference doses were calculated from experiments performed by Laskey
et al. (1982); the RfD chronic is 2 x 10'1 mg/kg/day and the subchronic,

RED is 5 x 107 mg/kg/day.

Standards and Criteria
Relevant standards and criteria for manganese are summarized in
Table 2.

References

American Conference of Governmental Industrial Hygienists (ACGIH), 1989,
Threshold Limit Values and Biological Exposure Indices for 1989-
1990.

Cupitt, L., 1980, Fate of Toxic Hazardous Materials in the Air Environ-
ment, USEPA, ESRL, ORD, Research Triangle Park, North Carolina,
EPA-600/3-80-084.

Goyer, R., 1986, Toxic Effects of Metals, in: Casarett and Doull’s
Toxicology, The Basic Science of Poisons, C. Klassen, M. Andur and
J. Doull, eds., Macmillan Publishing Company, New York, pp.
518-635.

E-113

Draft



Draft

Lantzy, R. and F. MacKenzie, 1979, Atmospheric Trace Metals: Global
Cycles and Assessment of Man’s Impact, Geochim. Cosmochin, Acta.
43:511-525, (as cited USEPA 1984).

Mena, I., 0. Marin., S. Fuenzalida and G. Cotzias, 1967, Chronic
Manganese Poisoning: Clinical Picture and Manganese Turnover,
Neurology, 17:128-136.

Mena, I., K. Horiuchi, K. Burke and G. Cotzias, 1969, Chronic Manganese
Poisoning, Individual Susceptibility and Absorption of Iron,
Neurology, 19:1000-1006.

NIOSH, 1987, NIOSH Pocket Guide to Chemical Hazards.
Occupational Safety and Health Administration (OSHA), 1989, Air Contami-

nants, Final Rule, 54 Federal Register, 2329-2987, January 19,
1989.

Rodier, J. 1955, Manganese Poisoning in Moroccan Miners, British Journal
of Industrial Medicine, 12:21-35.

Environmental Protection Agency (USEPA), 1982, Ambient Air Quality
Criteria Document for Manganese, Environmental Criteria and
Assessment Office, Cincinnati, Ohio, EPA 600/8-83-013A.

, 1984, Health Effects Assessment for Manganese (and
Compounds), Draft, Environmental Criteria and Assessment Office.

, 1984, Final Report, Health Assessment Document for Manga-
nese, Environmental Criteria and Assessment Office.

, 1986, Superfund Public Health Evaluation Manual, Office of
Emergency and Remedial Response.

, 1990a, Computerized Search of the Environmental Protection
Agency Integrated Risk Information System (IRIS) database.

, 1990b, Health Effects Assessment Summary Tables, Environ-
mental Criteria and Assessment Office.

World Health Organization (WHO), 1980, Recommended Health-based Limits
in Occupational Exposure to Heavy Metals: Manganese, Report of a
WHO Study Group, Technical Report Series 647, WHO, Geneva,
Switzerland. pp. 80-101.

, 1981, Environmental Health Criteria No. 17, Manganese, WHO,
Geneva, Switzerland, 11Qp.

, 1984, Guidelines for Drinking Water Quality, Volume 2,
Health Criteria and Other Supporting Information, Geneva,
Switzerland, 33p.

E-114



Table 1

Draft

INDICES OF TOXICITY

FOR MANGANESE

Oral Route

Chronic Reference Dose (RfD) mg/kg/day
Subchronic RfD (RfDs) mg/kg/day
Confidence Level

Critical Effect

Test Species for Critical Effect

RfD Basis

RfD Source

Uncertainty Factor

2 x 10
5 x 10"
NS

CNS; reproductive
Rat

Drinking water

IRIS - EPA 1990a [AND/OR]
HEAST - EPA 1990b

100

- Chronic RfD -

- Subchronic RfD 100
Inhalation Route
Chronic Reference Dose (RfD) mg/kg/day 3 x 1074
Subchronic RED (RfDs) mg/kg/day 3x 1074
Confidence Level NS
Critical Effect CNS
Test Species for Critical Effect Human

RfD Basis
RfD Source
Uncertainty Factor

- Chronic RfD
- Subchronic RfD

Occupational air
IRIS - EPA 1990a [AND/OR]
HEAST - EPA 1990b

100
100

NS = Not specified.
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Table 2

STANDARDS AND CRITERIA
For Manganese

Draft

Standard or Criterion Value Reference
Surface Water
USEPA Ambient Water Quality
Criteria
Ingestion of Fish and Water 50 mg/L USEPA 1986
Occupation Exposure Limits (Air)
OSHA PEL TVA:
Dusts ’ 5.0 mg/m> (ceiling) OSHA 1989
Fumes 1.0 mg/m> OSHA 1989
ACGIH TWA:
Dusts 5.0 mg/m3 ACGIH 1989
Fumes 1.0 mg/m3 ACGIH 1989
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TETRACHLOROETHENE (PERCHLOROETHYLENE)

Tetrachloroethene, also known as perchloroethylene (PCE), is a
synthetic organic chemical with no natural resources. It is used in
industry in a variety of processes, as a solvent for many organic
substances, as a cleaning agent, as a metal degreaser, as an inter-
mediate in the synthesis of certain fluorocarbons, and in the textile
sndustry. It is not consumed during its various uses and may be
released to the environment. Air monitoring data for the United States
has demonstrated mean PCE concentrations of 160 ppt in rural and remote
areas, 790 ppt in urban and suburban areas, and 1,300 ppt in areas near
emission sources (ATSDR 1988). PCE has been detected in many drinking
water sources, with median concentrations of 0.3 and 3.0 pg/L in surface

and groundwaters, respectively (ATSDR 1988).

Environmental Chemistry and Fate
The relevant physical and chemical properties and environmental

transport and fate of PCE (CAS No. 127-18-4) are summarized below

(Howard 1989; Clement Associates, Inc. 1985; MacKay and Shiu 1981):

Chemical Formula C2Cl4

Molecular Weight 165.8 g/mole
Physical State at 20°C Liquid

WVater Solubility 1,500 mg/L (25°C)
Density at 20°C 1.63 g/ml

Vapor Pressure
Henry’s Law Constant

Octanol-Water Partition

18.5 mm Hg (25°C)
2.3 E-04 (25 °C)

Coefficient (Log Kow) 2.88
Organic Carbon Partition

Coefficient (Koc) 364 mL/g
Bioconcentration Factor (BCF) 31

PCE’s moderate water solubility, vapor pressure, and Henry’s Law
istant indicate that volatilization is the major loss mechanism from
face soil and surface water. The half-life in surface water has been

imated to range from 1 to 30 days. Its moderate Koc and moderate
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water solubility indicate that transport from unsaturated zone soils to
groundvater via rain infiltration is an important pathway. In soils and
groundvater, PCE is biodegraded in a series of monodechlorinations to
trichloroethene, cis- and trans-1,2-dichloroethylene, vinylidene chlo-
ride (1,1-dichloroethene), and vinyl chloride (chloroethene). PCE’s
half-life in the subsurface has been estimated to range from as little
as 2 days to about 9 months (Smith and Dragun 1984). Once PCE reaches
the groundwater, its moderate Koc indicates that transport may be mod-
erately retarded by high organic carbon sediments. Finally, PCE is

subject to low bioconcentration in aquatic species.

Toxicokinetics

PCE is absorbed completely by rats following oral exposure
(Schumann et al. 1980). However, only 257 absorption occurred in human
volunteers following a 4-hour inhalation exposure. Animal studies indi-
cate that once in the bloodstream, PCE concentrates in adipose tissue
and the brain (Monster 1979). Metabolism occurs via oxidation, possibly
through an epoxide intermediate, to trichloroethanol and trichloroacetic
acid (Ikeda 1977). PCE is eliminated unchanged via the lungs, with an
estimated half-1life of 65 to 70 hours; its metabolites are eliminated

via the urine with a half-life of 144 hours (Ikeda and Imamura 1973).

Noncarcinogenic Effects

In animals, the most characteristic effect following acute high-
level exposure to PCE is on the central nervous system (CNS). At
increasing concentrations, CNS depression, dizziness, unconsciousness,
respiratory and cardiac arrest, and finally death occur (EPA 1985; ATSDR
1989). Short-term, subchronic, high-level exposure effects are mani-
fested principally as damage to the liver and kidney. Liver damage pro-
gresses from congestion and cloudy swelling to fatty degeneration and
cell death. Kidney damage progresses from increased organ rate, cloudy
swelling of the tubular cell walls, sloughing of cells, and cell death.
Longer-term exposure in animals results principally in the liver and
kidney damage described above. 1In humans, like animals, the principal
effects consequent to high short-term or chronic exposure are CNS and

liver and kidney dysfunction.
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Mild reproductive toxicity was exhibited by B6C3F1 mice and
Sprague-Dawley rats following inhalation exposure to PCE for 7 hours per
day from days 6 to 15 of gestation, the period of highest susceptibility
to teratogenic effects (Schwetz et al. 1975). Pregnant rats exposed to
300 ppm (2,000 mg/m3) had mild reductions in body weight and twice the
number of resorptions per implantation compared to controls, while mice
exhibited a significant increase in liver weight and decreased fetal
veight compared to controls (Schwetz et al. 1975). Following prenatal
exposure, significant subcutaneous edema, delayed skull hardening, and
presence of split sternebrae were observed in mouse pups. Differences
in neurotransmitter levels and some alterations in behavioral tests were
noted in offspring of rats exposed to 900 ppm (3,600 mg/m3), but not in
those exposed to 100 ppm (400 mg/m3). As the more significant findings
occurred at concentrations which may have been maternally toxic, the
relevance of these findings to reproductive risks at lower nonmaternally

toxic concentrations (e.g., 100 ppm) can be questioned.

Carcinogenicity and Mutagenicity

The National Cancer Institute (NCI) concluded that commercially
used PCE-containing stabilizers acted as a liver carcinogen in B6C3F1
mice administered 386 to 1,072 mg/kg by stomach tube (gavage) for 78
wveeks (NCI 1977, as cited in EPA 1987). Because of high mortality
rates, NCI made no conclusion as to carcinogenicity of PCE in Osborne-
Mendel rats (NCI 1976, as cited in EPA 1987).

In a National Toxicity Program (NTP) inhalation bioassay (NTP 1985,
as cited in EPA 1987), B6C3F1 mice and Osborne-Mendel rats were exposed
to PCE in concentrations of 0, 200 (1,340 mg/m3), and 400 ppm (2,680
mg/m3), and 0, 100 (680 mg/m3), and 200 ppm (1,360 mg/m3), respectively.
PCE induced hepatocellular carcinomas in both sexes of mice. Male rats
exhibited a significantly increased incidence of mononuclear cell leu-
kemia and an increased incidence of combined kidney tubular adenomas and
carcinomas. Classification of PCE as a carcinogen in rats is controver-
sial. EPA’s Science Advisory Board (SAB) has questioned the relevance
of mononuclear leukemia to man (a resistant species to this type of
leukemia) and the validity of combining the adenomas and carcinomas to

achieve statistical significance (EPA 1987).
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Based upon these data, and according to its weight-of-evidence car-
cinogenicity criteria, EPA has placed PCE in Category B2, "probable
human carcinogen" (EPA 1987). However, EPA’s SAB has recommended clas-
sifying PCE in Category C, "possible human carcinogen" (EPA 1987).

PCE has been evaluated for its ability to cause gene mutation,
chromosomal aberrations, unscheduled DNA synthesis, and mitotic recom-
bination. In general, these responses have been weak and were observed
at high concentrations that were cytotoxic (EPA 1985). Additionally, no
dose-dependent relationships were demonstrated in these studies (EPA
1985).

Quantitative Indices of Toxicity

Quantitative indices of toxicity for tetrachloroethene are pre-
sented in Table 1. Using the linearized multistage carcinogenesis
model, EPA derived the upper-bound 95% confidence limit slope factor
(SF) based on animal data. The upper-bound estimate for the oral route
is 5.1 x 10_2 (mg/kg/day)_l; the corresponding estimate for the inhala-
tion route is 3.3 x 107> (mg/kg/day)”' (EPA 1990a).

EPA has derived a reference dose (RfD) based upon a study (Buben
and O’Flaherty 1985) in which Swiss-Cox mice received PCE in corn oil by
gavage at doses ranging from 0 to 2,000 mg/kg/day 5 days per week for 6
weeks (EPA 1987). Based upon findings of slight increases in liver
weight, EPA defined 20 mg/kg/day as a no-observed-adverse-effect level
(NOAEL). Based upon findings of significantly increased liver weights,
EPA defined 100 mg/kg/day as a lowest-observed-adverse-effect level
(LOAEL) (EPA 1990a). Using the NOAEL of 20 mg/kg/day scaled to corre-
spond to average daily doses over a 6-week period and dividing by an
uncertainty factor of 1,000, EPA derived an RfD of 1 x 10_2 mg/kg/day
(EPA 1990b).

PCE is the most acutely toxic to aquatic life of the chloro-
ethylenes but is only moderately toxic relative to other types of com-
pounds. The trout was reportedly the most sensitive to PCE exposure
with an LC50 value of 4,800 ug/L. The EPA (1984) reported the lowest
values known to cause toxicity in aquatic organisms; however, the
aquatic species tested was not specified. Freshwater species toxicity

values of 5,280 and 840 ug/L were reported for acute and chronic
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exposure, respectively.

Standards and Criteria

Standards and criteria applicable to PCE are summarized in Table 2.
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Table 1

INDICES OF TOXICITY
FOR TETRACHLOROETHENE

Oral Route
Chronic Reference Dose (RfD) mg/kg/day 1 x 1072
Subchronic RED (RfDs) mg/kg/day 1x 1071
Confidence Level Medium
Critical Effect Hepatotoxicity - mice
Weight gain - rats

Test Species for Critical Effect mice/rat
RfD Basis Oral
RED Source IRIS - EPA 1990a
Uncertainty Factor

- Chronic RfD 1000

- Subchronic RfD 100
Modifying Factor

- Chronic RfD 1

- Subchronic RfD NS

NS = Not specified.
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Table 2

Standards and Criteria
for Tetrachloroethene

Standard or Criterion Value Reference

Drinking Water

National Primary
Drinking Water Regulations

Proposed MCL (a) 0.005 mg/L EPA 1990a,b
Proposed MCLG (b) 0 EPA 1990a,b

Surface Vater

EPA Ambient
Vater Quality Criteria

Aquatic Organisms ‘ 0% " EPA 1986
and Drinking Water

Drinking Water Only 0 EPA 1986

Occupational Air Concentrations

OSHA PEL TVA 670 mg/m3 (100 ppm) OSHA 1989

ACGIH TVA 335 mg/m> (50ppm) ACGIH 1989

*Potential carcinogens have a criteriog value of 0. A concentration of
0.8 ug/L corresponds to a risk of 10 ~, as presented in water quality
criteria documents.

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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POLYCYCLIC AROMATIC HYDROCARBONS

Introduction

Polycyclic aromatic hydrocarbons (PAHs) contain only carbon and
hydrogen and consist of two or more fused benzene rings in linear,
angular or cluster arrangements. PAHs are formed wherever natural or
synthetic chemicals are exposed to high temperature; they may also be
synthesized by some plants and bacteria.

The following sections address specific aspects of PAH-related
information useful in evaluating potential human health and environ-

mental risks of PAHs.

Sources and Concentrations of PAHs in the Environment

As discussed above, there are both natural (e.g., forest fires and
synthesis by plants and microorganisms, etc.) and anthropogenic sources
of PAHs. Currently, primary anthropogenic sources accounting for
greater than 90% of total air emissions are fossil fuel combustion, by
electrical power plants, refuse burning, -and agricultural burning (NAS
1972). PAHs are also emitted from automobiles, buses, and trucks and
are typically localized along highways. Those emitted by power plants
or jet engine exhausts'may be spread over long distances. ‘

7 Many of the current combustion processes and certain industrial
processes (e.g., coke production and petroleum refining) have led to the
widespread presence of PAHs in ambient air. The concentrations of PAHs
in air vary greatly depending on the relation to sources. Sawicki
et al. (19635) examined benzo(a)pyrene (BaP) concentrations in air for
131 urban and suburban areas in the United States. 1In urban areas con-
centrations ranged from 0.1 to 61 ng/m3. In nonurban areas concentra-

tions ranged from 0.01 to 1.9 ng/m3.

Gordon (1976) reported the geo-
metric mean of the sum of 15 PAH airborne concentrations to be 10.9
ng/m3, only 4.2% of which was due to BaP.

Typical concentrations with no known sources of BaP in soils of the
world range from 100 to 1,000 pg/kg (Edwards 1983). Where quantified,
total PAH concentrations were reported to be 10 times the value of BaP
alone (Edwards 1983). Measured concentrations ranged from 0.4 pg/kg in

protected remote areas to 650,000 pg/kg in highly polluted areas
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(Edwards 1983).

PAHs in surface waters originate from fallout of particulate
matter, absorption of atmospheric gases, and polluted water (IARC 1983).
Except near major sources, concentrations of PAHs in water are typically
on the order of 0.0003 ug/L. A survey of PAH concentrations found in

vater is given in Table 1.

Environmental Transport and Fate

Relevant physical and chemical properties of selected PAHs are sum-
marized in Table 2. 1In general, most priority pollutant PAHs can be
characterized as having low vapor pressure, low water solubility, low
Henry’s Law constants, high octanol-water partition coefficients (log
Kow) and high organic carbon partition coefficients (Kocs). High Kocs
indicate that most PAHs are strongly sorbed to organic matter in the
soils. Combined with low water solubilities, rates of transport of most
PAHs from the unsaturated zone via infiltration to the saturated zone
will be extremely low. Low vapor pressures, low Henry’s Law constants
and- low Koc, indicate that most PAHs.will not readily volatilize from
surface water nor from surface soils.

The exceptions to this generalization are acenaphthene, fluorene,
fluoranthene, fluorene, naphthalene and pyrene with solubilities greater
than 100 ug/L. Although these compounds have relatively high Koecs (103
or greater) relative to other PAHs, their high solubility indicates that
they are relatively mobile and may be observed in
groundwater.

Typically, although they are regarded as persistent in the environ-
ment, PAHs are degradable by soil microorganisms. Degradation rates and
degree of degradation are influenced by environmental factors, microbial
flora and physicochemical properties of the PAHs themselves. Important
environmental factors include temperature, pH, oxygen status, popula-
tions present, and the relative proportions of bacteria, fungi, and act-
inomycetes (Sims and Overcash 1983). Physico-chemical properties in-
clude chemical structure, concentration, and lipophilicity.

’
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Human Exposure Levels

Because of the ubiquitous presence of PAHs in the environment, it
is important to evaluate baseline, non-site-related human exposures.

For the purpose of this discussion, PAH exposure data have been divided
into four categories consistent with the breakdown of available data:
benzo(a)pyrene, naphthalene, the anthracene group, and the acenaphthene
group.

BaP has been the most studied PAH. Table 3 presents typical
dietary consumption, BaP concentrations in food, and estimated BaP daily
intakes (USEPA 1982). As the table displays, BaP is found in numerous
dietary items including charcoaled beef, o0il, fruits, grains, and
vegetables corresponding to an estimated 0.05 ug/day intake in the diet.

Table 4 presents an estimated distribution of the U.S. population
exposed to ranges of BaP concentrations in ambient air (USEPA 1982).

The table indicates that nearly half the U.S. population is exposed to
concentrations less than 1 ng/m3 and nearly 99.5% of the population is
exposed to less than 5 ng/m3. Using a breathing rate of 0.875 m3/day,
assuming 24-hour exposure and 100% absorption, daily intakes of 20
ng/day and 100 ng/day were predicted for those exposed to the respective
BaP concentrations.

Cigarette smoke is a major source of PAH exposure. Tables 5 and 6
show that, with the exception of acenaphthene and fluorene for which
data were not available, the priority pollutant PAHs are found in
significant concentrations in mainstream cigarette smoke. Assuming 25
cigarettes smoked per day, mean intake estimates range from 0.05 upg/day
for benzo(g,h,i)perylene to 38 pg/day for naphthalene, with an intake of
1 ug/day for BaP. Although the data are far less extensive, side-stream
smoke and concentration in smoke-polluted rooms represent significant
sources of PAH intake for the nonsmoker and smoker alike.

Table 7 summarizes the typical human intakes of BaP, naphthalene,
the anthracene group and the acenaphthalene group of PAHs (USEPA 1982;
IARC 1983). In descending order of intake, naphthalene was followed by
individual members of the anthracene group, benzo(a)pyrene, and individ-
ual members of the acenaphthene group. Not counting exposure to side-
stream smoke or exposures in the "other" category, intakes for naph-

thalene were 41.2 and 3.2 pg/day for smokers and nonsmokers. Values for
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individual members of the anthracene group were 7 and 1 ug/day, respec-
tively. Intakes of benzo(a)pyrene were 2.1 and 1.1 ug/day,

respectively.
Toxicology of PAHs

Noncarcinogenic Effects

Very little attention has been paid to noncarcinogenic effects of
PAHs. It is known, however, that rapidly proliferating tissues (e.g.,
bone marrow, lymphoid organs, testes, etc.) appear to be the preferred
targets for PAH-induced cytotoxicity.

Acute and chronic exposure to various PAHs classified as carcino-
gens has resulted in destruction of specific hematopoietic and lymphoid
elements, ovotoxicity, anti-spermatogenic effects, adrenal necrosis and
changes in the intestinal and respiratory epithelia. This tissue damage
occurs at doses expected to induce carcinomas and malignancy risks pre-
dominate in evaluating PAH toxicity. For PAHs classified as noncarcino-

genic, very little is known about- toxic responses or mechanisms.

Carcinogenicity and Mutagenicity

EPA has issued final carcinogenicity risk assessment guidelines (51
FR 33992-34012, September 24, 1986). These guidelines established
weight-of-evidence criteria for evaluating and categorizing chemicals as
to their potential carcinogenicity. According to this categorization
scheme, five of the 15 priority pollutant PAHs have been placed in
category B2 (probable human carcinogens) sufficient evidence in animals,
inadequate data for humans. A sixth (indeno (1,2,3-cd) perylene) has
been placed in category C, possible human carcinogen based on limited
evidence of carcinogenicity in animals in the absence of human data (EPA
1986A). Table 8 contains EPAs most current categorization of priority
pollutant PAHs (EPA 1986). Following its risk assessment guidelines,
EPA typically performs quantitative risk assessments for groups A or B,
and in some cases, depending on the quality of the data, for group C.
In order to be reasonably conservative (health-protective), estimated
potencies will be used for all six PAHs categorized as B2 or C

carcinogens.
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To date, EPA has estimated a carcinogenicity slope factor (SF) for
carcinogenic PAHs using data for a single PAH, benzo(a)pyrene (BaP).
This limited effort does not take into account the clearly documented
differences in quantitative dose-response relationships for the other
PAHs. Thorslund et al. (1986) have evaluated the relative potency
estimates for the other five carcinogenic PAHs to BaP. Using a series
of sophisticated statistical procedures, these authors have derived
estimated relative potencies for the five other "carcinogenic" PAHs
relative to BaP. For the potency estimation, the authors used only
bioassays from individual laboratories in which BaP and other PAHs were

tested in common. Table 9 summarizes the results of the procedures.

Standards and Criteria
Relevant standards and criteria for PAHs are summarized in
Table 10.
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Table 3

LEVELS OF BENZO(A)PYRENE IN FOODS
AND ESTIMATED HUMAN INTAKES

Benzo(a)pyrene

Contamination
Consumption (g/day) (ug/kg) Intake (ug/day)
Food Typical Maximum Typical Maximum Typical Maximum

Charcoal broiled beef - - - - - -
Hamburger 10 ND ND 2.6 ND 0.03
Steak 3 86 5 50 0.02 4.3
Smoked Pork** 1 27 2 55 0.002 1.5
Smoked Sausage*** 1.5 30 ND 4 0.006 0.12
Smoked Fish? 0.1 14 1 37 0.0001 0.5
0il 18 ND 1 8 0.02 0.14
Fruits 205 ND 0.02 6 0.004 1.2
Grains 256 ND ND 0.3 ND 0.008
Vegetables - Total 248 ND 0.01 0.1 0.002 0.2

- Leafy 40 ND ND 7.5 NA 0.3

Total 0.05

Source: USEPA 1982.

No data available.

Consumption of beef - 86 gs/day, 15% charcoal broiled - 80% hamburger, 20% steak. Worst
case maximum 86 g consumption of charcoal-broiled steak.

Consumption of pork - 27 g/day, 5% smoked. Worst case maximum, 27 g/day smoked.
Consumption of sausage - 30 g/day, 5% smoked. Worst case maximum, 30 g/day smoked.
Consumption of fish — 14 g/day, 1% smoked. Worst case maximum 14 g/day smoked.

Keg H
ND
*

* %
LR B
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Table 4

ESTIMATED DISTRIBUTION OF THE SIZE OF THE U.S. POPULATION
EXPOSED TO RANGES OF BENZO{a)PYRENE (BaP) IN AMBIENT AIR*

BaP Concentration (ng/m3)

<0.5 0.5 - 1.0 1.0 - 5.0 >5.0 Total
Population (1,000’s)
Exposed 73,294 26,731 102,132 1,059 203,216
Percentage 36.1 13.2 50.3 0.5 100.1**

*Monitoring data were not available-for areas representing 50% of the population.
Upper 95% confidence limits of natural average concentrations were used to assign
exposures to these populations. The levels were as follows:

Urban standard metropolitan statistical area (SMSA): 1.3 nq/m3
Urban non-SMSA: 1.4 ng/m 3
Rural: 0.23 ng/m

**Does not sum to 100% due to independent rounding.
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Table 5

DAILY INTAKE FROM CIGARETTE SMOKE FOR 15
PRIORITY POLLUTANT PAHs*

Intake 1 Mean

Concentration Range Range 1,2 Intake
Compound {(ug/100 Cigarettes) (ug/day) (ug/day)
Acenaphthene ND ND
Anthracene 2.3 - 23.5 0.6 - 5.9 3.3
Benzo (a) anthracene 0.4 ~ 7.6 0.1 - 1.9 1.0
Benzo (b) fluoranthene 0.3 - 2.2 0.1 - 0.6 0.4
Benzo (k} fluoranthene 0.6 - 1.2 0.2 - 0.3 0.3
Benzo (g,h,i) perylene 0.1 - 0.4 0.03 - 0.1 0.05
Benzo (a) pyrene 0.5 - 7.8 0.1 - 2.0 1.0
Chrysene 0.6 - 9.6 0.2 - 2.4 1.3
Dibenzo (a,h) anthracene 0.4 0.1 0.1
Fluoranthene 1 - 27.2 0.03 - 6.8 3.4
Fluorene present ND ND
Indeno (1,2,3k-cd) pyrene present ND ND
Naphthalene 300** 75 38
Phenanthrene 8.5 -~ 62.4 2.1 - 15.6 8.8
Pyrene 5-27 1.3 - 6.8 4.1
Key:

ND = No data.

*Unless otherwise footnoted, value from Table 1 (IARC 1983).
**USEPA 1982.

lAssuming 10% absorption and 25 cigarettes smoked per day.
2Rounded to the nearest tenth.
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Table 6

CONCENTRATION OF THE 15 PRIORITY POLYCYCLIC
AROMATIC HYDROCARBONS IN CIGARETTE SMOKE*

Cigarette Side Cigarette
Stream Smoke Smoke~Polluted
Compound (ug/100 cigarettes) Rooms (ng/m”)
Acenaphthene ND ND
Anthracene ND ND
Benzo (a) anthracene ND ND
Benzo (b) fluoranthene ND ND
Benzo (k) fluoranthene ND ND
Benzo (g,h,i) perylene 9.8 5.9 - 17
Benzo (a) pyrene 2.5 ~ 19.9 2.8 - 760
Chrysene ND ND
Dibenzo (a,h} anthracene ND ND
Fluoranthene 126 99
Fluorene ND ND
Indeno (1,2,3-cd) pyrene ND ND
Naphthalene ND 830**
Phenanthrene ND ND
Pyrene 34 - 101 2-66

Key:

ND = No data.
*Unless otherwise footnoted, value from Table 1 (IARC 1983).
*AUSEPA 1982.
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Table 8

EPA CARCIROGENICITY CATEGORIZATION FOR
ORAL AND INHALATION ROUTES OF EXPOSURE FOR THE
15 PRIORITY POLLUTANTS POLYCYCLIC AROMATIC HYDROCARBONS*

EPA Carcinogenicity Classifications*

Compound Inhalation Oral
Acenaphthene D D
Anthracene D D
Benzo (a) anthracene B2 B2
Benzo (b) fluoranthene B2 B2
Benzo (k) fluoranthene D D
Benzo (g,h,i) perylene D D
Benzo (a) pyrene B2 B2
Chrysene B2 B2
Dibenzo (a,h) anthracene B2 B2
Fluoranthene D D
Fluorene D D
Indeno (1,2,3-~cd) pyrene c [
Naphthalene D** D**
Phenanthrene D D
Pyrene D D

>

*Unless otherwise footnoted, classification taken from USEPA (1986a).
**Clagsification from USEPA (1984).
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Table 9

RELATIVE POTENCY ESTIMATES AND SLOPE
FACTORS (SFS) DERIVED
FOR POLYCYCLIC AROMATIC HYDROCARBONS
CATEGORIZED IN GROUP A, B, OR C ACCORDING
TO EPA’S WEIGHT—OF-EVIDENCE CRITERIA

Relative Potency Oral* Inhalation*

Compound Estimates SFs SFs
Benzo(a)pyrene 1 11.5 6.1
Benzo(a)anthracene 0.145 1.7 0.89
Benzo(b)fluoranthene 0.140 1.6 0.85
Chrysene 0.0044 0.05 06.026
Dibenzo(a,h)anthracene 2.82 32.4 17.2
Indeno(1,2,3-cd)perylene 0,232 2.7 1.4

*SFs derived by obtaining the product of the relative potency
estimates and the EPA SF for benzo(a)pyrene.

Source: Thorslund et gl. (1986) .

E-139



Table 10

RELEVANT STANDARDS AND CRITERIA FOR
POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

Draft

Standard or Criterion Value

Reference

Slope Factors (SFs)

-1
Inhalation** 6.11 (mg/kg/day)

-1
Oral** 11.5 (mg/kg/day)

Water Quality Criteria for
Drinking Water 2.8 ng/L

Occupational Exposure Limit

OSHA (PEL) 0.2 mg/m3*

USEPA 1986b

USEPA 1986c

OSHA 1989

*As coal tar pitch volatiles.
-**For benzo(a)pyrene.
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TRICHLOROETHENE (TCE)

Trichloroethene (TCE) is a widely used industrial solvent, particu-
larly in metal degreasing, which consumes the large majority of its pro-
duction. Other miscellaneous applications include use in dry cleaning,

as a lowv temperature heat exchange fluid, and in textile processing.

Environmental Chemistry and Fate

The relevant physical and chemical properties and environmental
fate of TCE (CAS No. 79-01-6) are summarized below (Howard 1989: MacKay
and Shiu 1981):

Chemical Formula CZHCI3
Molecular Weight 131.5 g/mole
Physical state at 20°C Liquid
Water Solubility 1,100 mg/L (25°C)
Density at 20°C 1.46 g/ml
Vapor Pressure 57.9 mm Hg (25°C)
Henry’s Law Constant 4 1.2E-03 atm-m3/mole
Octanol-Water Partition

Coefficient(Log Kow) 2.38
Organic Carbon Partition

Coefficient (Koc) 126 mL/g
Bioconcentration Factor (BCF) 10.6

TCE’s high vapor pressure and Henry’s Law Constant indicate that
volatilization will be the predominant removal mechanism for this com-
pound from surface water and surficial soil. Its half-life in surface
wvater has been estimated to range from 1 to 90 days, depending on water
temperature, depth, turbulence, and movement of air across the water
surface. In air, its half-life has been estimated to be 4 days or more,
with its major degradation mechanism being photooxidation.

TCE’s high water solubility and low to moderate log Kow and Koc
indicate that TCE will be moderately to highly mobile in the subsurface.
Since TCE is denser than water as a liquid and denser than air as a
vapor, it has a marked tendency to sink through the unsaturated and sat-
urated zones. TCE is biodegraded in the subsurface by reductive dehalo-

genation to dichloroethenes and vinyl chloride. Its half-life in
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groundwvater has been estimated to range from minimal at low concentra-
tions to 4 to 9 months at higher concentrations (Smith and Dragun 1984).

TCE is moderately bioconcentrated in aquatic organisms.

Toxicokinetics

TCE was absorbed almost completely (97%) following oral administra-
tion in rats (Dekant et al. 1984). No information was found on absorp-
tion following inhalation exposure; however, only 25% of an inhalation
dose of tetrachloroethene was absorbed by human volunteers. TCE dis-
tributes throughout the body, but the highest levels are found in the
adipose tissues, kidney, lung, adrenals, vas deferens, epididymis,
brain, and liver. TCE is metabolized oxidatively to trichloroethylene
oxide, trichloroacetaldehyde, trichloroacetic acid, monochloroacetic
acid, trichloroethanol, and trichloroethanol glucuronide (EPA 1985b).
TCE is eliminated from the body by exhalation of the original compound

and urinary excretion of the metabolites (EPA 1987b).

Noncarcinogenic Effects

TCE elicits a low level of acute toxicity, as reflected by the
median lethal dose (LDSO) of 4,920 mg/kg in rats, 3,200 mg/kg in mice,
and 2,800 mg/kg in dogs. At near-lethal doses, mild changes in biochem-
ical indices of liver function have been reported. Following short-
duration inhalation exposure to high airborne concentrations, central
nervous system (CNS) effects predominate. Chronic exposure of labora-
tory animals to TCE vapor has resulted in mild kidney and liver damage.

TCE exhibits no embryotoxic or teratogenic toxicity below mater-
nally toxic levels (EPA 1985). Illustrative of this finding is the
absence of significant results in a study by Schwetz et al. (1975) of
the effects on offspring of mice and rats exposed to 300 ppm TCE (1,614
mg/m3) for 7 hours/day during the period of highest susceptibility to

teratogenic effects (during days 6 to 15 of gestation).

Carcinogenicity and Mutagenicity
There has been a series of animal bioassays evaluating the carcin-
ogenicity of TCE following ingestion. The first of these studies showed

a dose-related increased incidence of hepatocellular carcinomas in
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B6C3F1 mice receiving technical-grade TCE by stomach tube (gavage) (NCI
1976). Osborne-Mendel rats, exposed according to the same protocols as
the B6C3F1 mice, showed no increases in tumors (NCI 1976). The finding
of an increased incidence of hepatocellular carcinomas was confirmed in
subsequent gavage studies, in which B6C3F1 mice received purified TCE
(NTP 1982, 1986). Also in these studies, an increased incidence of
kidney adenocarcinomas was reported in a high-dose group of male Fischer
344 rats (NTP 1982, 1986). Maltoni et al. (1986) reported an increased
incidence of leukemia in male Sprague-Dawley rats receiving TCE by
gavage.

Other oral studies tend to confirm the results or show deficiencies
which limit their usefulness (EPA 1987a). A number of inhalation stud-
ies have also been performed. O0f these, Maltoni et al. (1986) show a
statistically significant increased incidence of hepatomas in male Swiss
mice and male and female B6C3F1 mice, as well as hepatomas and lung
tumors in B6C3F1 mice. Male Sprague-Dawley rats exposed under similar
experimental protocols showed a statistically increased incidence in
kidney tumors and Leydig cell tumors, as well as an increased incidence
of leukemia (Maltoni et al. 1986). 1In another inhalation study, female
Han:NMRI mice (but not Han:Wist rats) and Syrian hamsters exposed to TCE
by inhalation showed an increased incidence of lymphomas (Henschler
et al. 1980). Howevef, viruses and/or immunosuppression may have
enhanced susceptibility (Henschler et al. 1980; EPA 1987a). Fukuda
et al. (1983) reported an increased incidence of lung tumors in ICR
mice, but not in Sprague-Dawley rats, and Bell et al. (1978) reported an
increased incidence of hepatocellular carcinomas in B6C3F1 mice, but not
in Charles River rats exposed by inhalation to TCE.

There have been three cohort studies of TCE-exposed workers
(Shindell and Ulrich 1985; Axelson et al. 1978; Tola et al. 1980), one
malignant lymphoma case-control study (Hardell et al. 1981), and two
surveys of liver cancer cases for TCE exposure (Paddle 1985; Novotna
et al. 1978). EPA has concluded that these studies suffered from one or
more deficiencies that diminish their usefulness and/or diminish their
sensitivity to detect a human carcinogenic response: small sample size,
absence of analyses by tumor site, problems with exposure definition,

and problems with duration of exposure (EPA 1987a). Consequently, EPA
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has judged the epidemiologic data to be inadequate for evaluating the
carcinogenic potential of TCE (EPA 1987a).

Based upon the positive animal data and the absence of adequate
human data, and according to its weight-of-evidence carcinogenicity
criteria, EPA has placed TCE in Category B2, "probable human carcino-
gen," for both the oral and inhalation routes of exposure (EPA 1987a;
1990a).

Commercial TCE containing stabilizers (e.g., dioxane, etc.) has
been reported to be weakly mutagenic in a variety of in vitro and in
vivo assays representing a wide evolutionary range of organisms (EPA
1987a). Based on these data, EPA has concluded that commercial TCE may
have the potential to cause weak or borderline increases above the
spontaneous level of mutagenic effects in exposed human tissues (EPA
1987a).

Quantitative Indices of Toxicity

Based on the results of the NTP study (1983), EPA has derived slope
factors for the oral and inhalation routes of exposure. The upper-bound
estimate for the oral route, based upon the gavage data, is 1.1 x 10_2
(mg/kg/day)_1 (EPA 1985; 1990a). The corresponding estimate for the
-3 (EPA 1990a). Quantitative indices of

toxicity are summarized in Table 1.

inhalation data is 1.3 x 10

Standards and Criteria

Standards and criteria applicable to TCE are summarized in Table 2.
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Table 1

INDICES OF TOXICITY
FOR TRICHLOROETHENE

Draft

Oral Route
Slope Factor (SF) (mg/kg—day)“1
Veight of Evidence Classification

Type of Cancer

Test Species
SF Basis

SF Source

Inhalation Route

Slope Factor (mg/kg—day)_1

Weight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

1.1 x 10™
B2
Hepatocellular
Carcinoma
Malignant lymphoma
Mice

Oral, inhalation

IRIS - EPA 1990a

1.3 x 10~
B2
Hepatocellular
Mice

Oral exposure

IRIS
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TABLE 2

STANDARDS AND CRITERIA
FOR TRICHLOROETHENE

Draft

Standard or Criterion Value Reference
Drinking Vater
National Primary Drinking Water
Regulations
MCL (a) 0.005 mg/L EPA 1987
MCLG (b) 0 EPA 1987
Surface WVater
EPA Ambient Vater
Quality Criteria
Aquatic Organisms and
Drinking Water 0 (2.7 ug/L)* EPA 1986
Adjusted for Drinking . _
Vater Only 0 (2.8 ug/L)* EPA 1986
Occupational Air Conéentrations
OSHA PEL TVWA 270 mg/m> (50 ppm) OSHA 1989
OSHA STEL 1,080 mg/m> (200 ppm) OSHA 1989
AéGIH TLV TWA 270 mg/m3 (50 ppm) ACGIH 1989

* The, concentration value given in parentheses corresponds to a risk of

107",

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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1,2,4-TRICHLOROBENZENE

1,2,4-Trichlorobenzene (TCB) is the most widely used as a dye
carrier in the textile industry. The pesticide industry consumes
approximately 28% of produced TCB, in the manufacture of pesticides. 1In
addition, 18% of TCB production is used in dielectric liquids and
transformer oils. Miscellaneous uses include degreasing agents, septic
tank and drain cleaner formulations, wood preservation, and abrasive

formulations used in the manufacture of grinding wheels (EPA 1980).

Environmental Chemistry and Fate

The relevant physical chemical properties and environmental fate of
TCB (CAS No. 120-82-1) are summarized below (Howard 1989; Weast 1983;
MacKay and Shiu 1981; Mabey et al. 19825 U.S. Air Force 1989).

Molecular Formula C_H,CL

6 3773

Molecular Weight 181.5
Physical State at 20°C Liquid
Water Solubility

(mg/L at 25°C) 4.88 E+01
Liquid Density (g/ml) 1.45
Vapor Pressure (mmHg at 25°C) 2.9E-01
Henry’s &aw Constant

(atm-m~/mole) 4.33E-03
Octanol-Water Partition

Coefficient (Log Kow) 4.02
Organic Carbon Partition

Coefficient (Koc) 9,200
Bioconcentration Factor (BCF) 630

The Log Kows’ moderate Koc’ and low vapor pressure, indicate that
absorption to soils and leaching to groundwater will copredominate for
TCB in soils. Similarly, absorption to sediments and solvation will
copredominate in groundwater and surface water. TCB has'a higher

density than water, causing TCB to sink in aqueous media.
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The Log Kow suggests that TCB will bioaccumulate. 1,2,4-TCB is not
expected to be rapidly biodegraded in the environment. In most soil-
groundvater systems, the concentration of microorganisms capable of
biodegrading 1,2,4-TCB is expected to be low and drop off sharply with

increasing depth.

Toxicokinetics

In male rats and female rats at least 89% and 99% of 10 mg of
radiolabelled TCB was absorbed from the gastrointestinal tract (Lingg
et al. 1982). Kociba et al. (1981) has shown that TCB is absorbed in
the respiratory tract following inhalation by rats, rabbits, and beagle
dogs. Unfortunately, the latter study was not designed to provide

quantitative absorption rate data.

Noncarcinogenic Toxicity

Several animal studies have been reported on the subchronic
toxicity of 1,2,4-TCB. 1,2,4-TCB inhalation studies of 1.5 to 6 months
duration in rats, rabbits, dogs, and monkeys showed no major irrever-
sible toxic effects, but reported transient histological changes and
increased - liver weight (Kociba et al. 1981; Carlson and Tardiff 1976).
Increased uroporphyrins vere also reported (Kociba et al. 1981; Watanabe
et al. 1978).

Reproduction and Development

A multigenerational study conducted indicated no adverse reproduc-
tive effects in rats receiving 400 mg/L of 1,2,4-TCB in drinking water
(Robinson et al. 1981). Two studies indicated no teratogenic effects in
rats ingesting 300 mg/kg/day 1,2,4-TCB (Ruddick et al. 1983) but reduced
embryonic development was observed at a maternally toxic dose of 360
mg/kg (Kitchin et al. 1983).

Carcinogenicty and Mutagenicity
Neither oral nor inhalation carcinogenicity bioassays could be
located in the available literature. No oral or human carcinogenicity

data could be located in the available literature.
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Negative results were obtained in a Salmonella typhimurium reverse

mutation assay in five strains without rat liver S5-9 metabolic activa-
tion (Schoeny et al. 1979; Lawelor et al. 1979). However, this test
system is insensitive to chlorinated compounds (Rinkus and Legator
1980).

According to its weight-of-evidence carcinogenicity guidelines, EPA

has categorized 1,2,4-TCB in Group D - not classified (EPA 1990b).

Quantitative Indices of Toxicity
Table 1 summarizes the quantitative indices of toxicity for
1,2,4-TCB.

Standards and Criteria
Standards and criteria applicable to 1,2,4-TCB are summarized in
Table 2.
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INDICES OF TOXICITY
FOR 1,2,4-TRICHLOROBENZENE

Oral Route

Chronic Reference Dose (RfD) mg/kg/day
Subchronic RfD (RfDs) mg/kg/day
Confidence Level

Critical Effect

Test Species for Critical Effect
RfD Basis
RfD Source

Uncertainty Factor

2.0E-02
2.0E-01
NS

Increased liver-to-body
weight ratio

Gavage

HEAST - EPA 1990b

- Chronic RfD 1000

- Subchronic RfD 100
Inhalétion Route
Chronic Reference Dose (RfD) mg/kg/day 3.0E-03
Subchronic RfD (RfDs) mg/kg/day 3.0E-02
Confidence Level NS

Critical Effect

Test Species for Critical Effect
RfD Basis

RfD Source

Uncertainty Factor

—~ Chronic RfD
- Subchronic RfD

Increased uroporphyrin

Inhalation

HEAST - EPA 1990b

1000
100

NS = Not specified.
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Table 1B

INDICES OF TOXICITY
FOR 1,2,4-TRICHLOROBENZENE

Draft

Oral Route

Slope Factor (SF) (mg/kg—day)—1
Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

Inhalation Route

Slope Factor (mg/kg-da'y)_1

Weight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

None

D

NA

NA

NA

IRIS - EPA 1990a

None

NA

NA

NA

NA

NA = Not applicable
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Table 2

Standards and Criteria
for 1,2,4-Trichlorobenzene

Draft

Standard or Criterion Value

Reference

Drinking Water

National Primary
Drinking Water Regulations

Proposed MCL (a) None
Proposed MCLG (b) None

Surface Water

EPA Ambient
Water Quality Criteria

Aquatic Organisms None
and Drinking Water

Drinking Water Only None

Occupational Air Concentrations

OSHA PEL Ceiling 40 mg/m3 (5 ppm)

ACGIH TWA 40 mg/m3 (5 ppm)

EPA 1990a
EPA 1990a

EPA 1990

EPA 1990

OSHA 1989

ACGIH 1989

*Potential carcinogens have a criteriog value of O.

A concentration of

0.8 yg/L corresponds to a risk of 10 7, as presented in water quality

criteria documents.

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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TRANS-1,2-DICHLOROETHENE (t-1,2-DCE)

Draft

Trans-1,2-dichloroethene (t-1,2-DCE) is widely used in industry.

Applications include use as a solvent for fats, phenols, and camphor, as

a refrigerant, as an additive to dye and lacquer solutions, as a low-

temperature solvent for heat sensitive substances, and in rubber manu-

facturing, organic synthesis, and medicine. T-1,2-DCE is a synthetic

chemical with no known natural sources.

Monitoring studies have found

that t-1,2-DCE is a relatively rare contaminant in groundwater, but

levels as high as 40 ug/L have been reported. The majority of detected

concentrations were below 0.5 pg/L (EPA 1985).

Environmental Chemistry and Fate

The relevant physical and chemical properties and environmental

fate of t-1,2-DCE (CAS No. 156-60-5) are summarized below (Howard 1989;

MacKay and Shiu 1981)):

Chemical Formula
Molecular Weight
Physical State at 20°C
Vater Solubility
Density at 20°C

Vapor Pressure

Henry’s Law Constant

Octanol-Water Partition
Coefficient (Log Kow)

Organic Carbon Partition
Coefficient (Koc)

Bioconcentration Factor (BCF)

C2H2Cl2

97 g/mole

Liquid

6,300 mg/L (25°C)
1.26

340 mm Hg (25°C)

6.5 x 10_3 atm-m3/mole (25°C)
0.48

59 mL/g
1.6

The relatively high vapor pressure of t-1,2-DCE indicates that its

predominant loss mechanism from surface water and surface soils is

likely to be volatilization. 1Its half-life in surface water has been

estimated to range from 1 to 6 days, depending on temperature, water

turbulence, and air movement across the water surface. No half-life

estimate in soils was found; however, evaporative loss from surface

soils would probably have a half-life in the same range as the surface
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water half-life. The half-life of t-1,2-DCE in air has been estimated
to be <2 days.

Bulk t-1,2-DCE is denser than water, and t-1,2-DCE vapors are
denser than air. Therefore, the compound has a tendency to sink through
surface and groundwater when present as a bulk liquid and through the
unsaturated zone as a vapor.

The low Koc value indicates that t-1,2-DCE is only poorly adsorbed
by soil particles and therefore only slightly retarded in its movement
through the subsurface. In subsurface soils and groundwater, biologi-
cally mediated reductive dehalogenation to vinyl chloride is probably
the primary fate (Smith and Dragun 1984). However, no half-life esti-

mate has been found.

Toxicokinetics

T-1,2-DCE is a low-molecular-weight, lipid-soluble material which
should be readily absorbed by any route of exposure (oral, inhalation,
dermal) (EPA 1984). No specific information on the distribution, metab-
olism, and excretion of t-1,2-DCE was .found; however, if it behaves like
the cis-isomer, rat studies indicate that it will concentrate in the
liver and kidneys, undergo metabolism by liver microsomal enzymes, and
most of a single dose will be excreted in the urine in a few days (EPA
1987). '

Noncarcinogenic Effects

At high concentrations over short-term periods, t-1,2-DCE, like
other chlorinated ethylenes, possesses anesthetic properties. An oral
median lethal dose (LDSO) of 1,300 ppb for rats has been reported
(Freundt et al. 1977). After prolonged exposure, severe pneumonic
infiltration, changes in blood chemistry and cell counts, and liver
degeneration with lipid accumulation have been observed (Freundt et al.
1977). No information on reproductive or developmental effects was

found in the available literature.

Carcinogenic Effects
No information was found in the literature on the carcinogenic
potential of t-1,2-DCE. Several studies have failed to detect any

mutagenic activity, with or without microsomal activation (EPA 1987).
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Quantitative Indices of Toxicity

No lifetime toxicity data were available for t-1,2-DCE. The oral
reference dose (RfD) was derived based on data from a 90-day feeding
study in which 1,2-DCE was administered to mice in drinking water
(Barnes et al. 1985). Using a no-observed-adverse-effect level (NOAEL)
of 0.1 mg/kg, EPA derived an oral RfD of 0.02 mg/kg/day (EPA 1990a).
EPA has not derived an inhalation RfD for t-1,2-DCE.

The EPA confidence in the database is rated low because of the lack
of chronic studies and the lack of data on reproductive and develop-
mental toxicity. Quantitative indices of toxicity are summarized in
Table 1.

Standards and Criteria
Standards and criteria applicable to t-1,2-DCE are listed in
Table 2.

References

American Conference for Governmental Industrial Hygienists (ACGIH),
1989, Threshold Limit Values and Biological Exposure Indices for
1989-1990.

Clement, Associates, Inc., 1985, Chemical, Physical, and Biological
Properties Present at Hazardous Waste Sites, EPA-530-SW-89-010.

Environmental Protection Agency (EPA), 1984, Health Effects Criteria
Document for the Dichloroethenes, Draft, Office of Drinking Water,
Washington, D.C.

, 1986, Superfund Public Health Evaluation Manual, Office of
Emergency and Remedial Response, Washington, D.C.

, 1987, Health Advisories for 25 Organics, Office of Drink-
ing Water, Washington, D.C.

, 1989, National Primary and Secondary Drinking Water
Regulations, Proposed Rule, 54 Federal Register 22062-22160, May
22, 1989.

, 1990a, Computerized Search of the Environmental Protection
Agency Integrated Risk Information System (IRIS) Database.

, 1990b, Health Effects Assessment Summary Tables, Environ-
mental Criteria and Assessment Office, Washington, D.C.
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Smith, L. and J. Dragun, 1984, Degradation of Volatile Chlorinated
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Table 1

INDICES OF TOXICITY
FOR TRANS-1,2-DICHLOROETHENE

Oral Route
Chronic Reference Dose (RfD) mg/kg/day 0.02
Subchronic RfD mg/kg/day 0.2
Confidence Level Low
Critical Effect Increased serum alkaline
phosphatase

Test Species for Critical Effect Mice
RfD Basis Drinking water
REfD- Source IRIS
Uncertainty Factor

- Chronic RfD 1,000

- Subchronic RfD 100
Modifying Factor

-~ Chronic RfD 1

- Subchronic RfD 1

NS = Not specified.
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Table 2

STANDARDS AND CRITERTA
FOR TRANS-1,2-DICHLOROETHENE

Standard or Criterion Value Reference
Drinking Water

National Primary

Drinking Water Regulations

Proposed MCL (a) 0.1 mg/L EPA 1989

Proposed MCLG (b) 0.1 mg/L EPA 1989
Surface Water

EPA Ambient Insufficient data

Water Quality Criteria to develop EPA 1986
Occupational Air Concentrations

OSHA PEL TVWA 790 mg/m3 (200 ppm) OSHA 1989

ACGIH TLV TWA 790 mg/m> ACGIH 1989

a MCL = Maximum contaminant level.
b MCLG = Maximum contaminant level goal.
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VINYL CHLORIDE

Vinyl chloride and polyvinyl chloride (PVC) are used as raw mate-
rials in the plastics, rubber, paper, glass, and automotive industries.
In addition, vinyl chloride and PVC are used in the manufacture of elec-
trical wire insulation and cables, piping, industrial and household
equipment, medical supplies, food packaging materials, and building and
construction materials. Man-made sources are responsible for all of the
vinyl chloride found in the environment. Air in rural/remote and urban/
suburban areas of the United States (U.S.) typically contain no detect-
able amounts of vinyl chloride (Stephens et al. 1986). In areas near
polyvinyl chloride and vinyl chloride manufacturers, the concentration
of vinyl chloride in air typically ranges from trace levels to 105 ug/m3
(ATSDR 1989).

Vinyl chloride has been identified in some surface, ground and
drinking waters in the U.S. 1In a 1982 EPA groundwater supply survey,
vinyl chloride was identified in less than 1% of groundwater supplies.

The maximum concentration detected was 8.4 ug/L (Westrick et al. 1984).

Environmental Transport and Fate

The relevant physical and chemical properties and environmental
fate of vinyl chloride (CAS No. 75-01-4) are summarized below (Howard
1989; McKay and Shiu 1981).

Chemical Formula CHZCHCI
Molecular Weight 63 g/mole
Physical State at 20°C gas
Water Solubility 2,760 mg/L (25° C)
Vapor Density 2.15
Vapor Pressure 2,660 mm Hg (25° C)
Henry’s Law Constant 6.9E-01 atm-m3/mole (°C)
Octanol-water Partition
Coefficient (Log Kow) 1.38
Organic Carbon Partition
Coefficient (Koc) 57
Bioconcentration Factor (BCF) 0.91
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Vinyl chloride has a high water solubility and vapor pressure. As
a consequence of these two properties, vinyl chloride can be charac-
terized as a highly mobile chemical. For vinyl chloride released to
air, some rainwater washout is anticipated. After deposition in water
or soil, volatilization is expected to return some portion back to the
atmosphere. Based on vinyl chloride’s high Henry’s Law Constant, fol-
lowing release to water, volatilization will result in substantial loss
to the atmosphere. Vinyl chloride’s half-life in a typical pond, river,
and lake has been estimated, to be 43.3, 8.7, and 34.7 hours, respec-
tively (EPA 1985). In waters containing photosensitizers, such as humic
méterials, photodegradation may be fairly rapid (ATSDR 1989). The half-
life for vinyl chloride in air, based on reaction with photochemically
generated hydroxyl radicals, has been estimated to range from 1.5 to 1.8
days (EPA 1985).

Due to its high water solubility, high vapor pressure and moderate
Koc, adsorption to sediments is not expected to be a major surface water
fate process.

Vinyl chloride réleased to soil can be transported to air via vola-
tilization, to surface water via‘runoff and groundwater via leaching.
The first two pathways predominate in surficial soil, whereas the latter
predominates at lower soil depths (EPA 1985).

According to criteria developed by Kenaga (1980), vinyl chloride
with a Koc of 57, would be considered to be mobile in soil.

Based on data in aquatic media, chemical reaction of vinyl chloride
in soil does not appear to be a significant fate process, and it appears
that vinyl chloride in soil would be resistant to biodegradation under
aerobic conditions (ATSDR 1989). In soils, vinyl chloride is a biode-
gradation product of trans-1,2-dichloroethene, tetrachloroethene, 1,1,1-

trichloroethane, and trichloroethane.

Toxicokinetics

Vinyl chloride is readily absorbed via inhalation and ingestion,
but poorly absorbed through intact skin (ATSDR 1989). Vinyl chloride
metabolism occurs primarily in the liver, with toxicity apparently
attributable to enzymatic conversion to reactive polar intermediates.

Three alternative metabolic pathways have been postulated for vinyl
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chloride following oral or inhalation exposure (Hefner 1975b). At low
concentrations, sequential oxidation to 2-chloroethanol, 2-chloroace-
taldehyde and 2-chloroacetic acid involving alcohol dehydrogenase
appears to predominate. When this dehydrogenase becomes saturated,
2-chloroethanol may be oxidized by catalase in the presence of hydrogen
peroxide. The third pathway involves oxidation of vinyl chloride by a
mixed function oxidase to form 2-chloroethylene oxide which spontane-
ously rearranges to 2-chloroacetaldehyde. »

At low oral doses (less than 1 ug/kg) of vinyl chloride the metab-
olites are excreted primarily in the urine, whereas, at high oral doses
(greater than 100 ug/kg), most of the chemical is expired as vinyl chlo-
ride (EPA 1985).

Noncarcinogenic Effects

Studies on humans working in vinyl chloride plants suggest that
noncarcinogenic systemic effects may occur above an airborne concentra-
tion of 50 ppm. At levels upwards to and exceeding 1000 ppm, workers
reported dizziness, headaches and/or euphoria. Long-term exposure at
these levels have resulted in numerous pulmonary, gastrointestinal, car-
diovascular and central nervous system effects. Dafa are insufficient

to characterize effects at low air concentration.

Reproduction and Developmental Effects

Infante et al. (1976a,b) reported an association between human
exposure to vinyl chloride and birth defects and fetal loss, but this
association was contradicted by Edmonds et al. (1975) and Hatch et al.
(1981). 1Inhalation exposure of rats and rabbits to vinyl chloride con-
centrations as high as 2,500 ppm (6,500 mg/m3) on days 6 to 15 (rats)
and 6 to 18 (rabbits) of gestation, and mice to vinyl chloride levels as
high as 500 ppm (2,300 mg/m3) on days 6 to 15 of gestation, did not
induce teratogenic effects but did increase skeletal variants in the
high dosed group of mice (John et al. 1977). A developmental effects
study with vinyl chloride in rats exposed by inhalation to 600 or 6,000
ppm (2,160 or 21,160 mg/m3) 4 hours daily on days 9 through 21 of gesta-
tion was negative for teratogenicity and inconclusive for fetotoxicity
(Radike et al. 1977).
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Carcinogenicity and Mutagenicity

Elevated angiosarcoma mortality among workers occupationally
exposed to vinyl chloride have unequivocally shown vinyl chloride to be
a human carcinogen. EPA has placed vinyl chloride according to its
carcinogenicity weight-of-evidence criteria in category A, "human car-
cinogen" (EPA 1990a). In addition to definitive human evidence, several
long-term bioassays have demonstrated increased incidence of tumors in
mice, rats, and hamsters.

Studies of vinyl chloride effects in occupationally exposed workers
shoved increases in the number of chromosome aberrations in peripheral
lymphocytes particularly at exposure concentrations above the current 1
ppm Occupational Safety and Health Administration Standard. Numerous
in vitro assays have shown vinyl chloride metabolites, but not the

parent compound, to be mutagenic.

Quantitative Indices of Toxicity

EPA has derived an estimated oral slope factor (SF) of 2.3
(mg/kg/day)—1 (EPA 1987, EPA 1990a) based upon the incidence of lung and
liver tumors in male and female rats exposed dietarily to vinyl chloride
for a lifetime (Feron et al. 1981). EPA has also derived an inhalation
SF (EPA 1990a) of 2.95 X 10_1 (mg/kg/day)_1 based upon the incidence of
liver angiosarcomas in male and female rats exposed for up to 1 year to
concentrations of up to 30,000 ppm (Maltoni et gl. 1980). EPA has not
derived a noncarcinogenic reference dose for either oral or inhalation
exposure to vinyl chloride (EPA 1990a,b). Table 1 summarizes the

quantitative indices of toxicity for vinyl chloride.

Standards and Criteria
Standards and criteria applicable to vinyl chloride are listed in
Table 2.

References
Agency for Toxic Substances and Disease Registry (ATSDR), 1989, Toxico-

logical Profile for Vinyl Chloride.
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INDICES OF TOXICITY
FOR VINYL CHLORIDE

Draft

Oral Route

Slope Factor (SF) (mg/kg—day)—1
Weight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

Inhalation Route

Slope Factor (mg/kg—day)—l-
Veight of Evidence Classification
Type of Cancer

Test Species

SF Basis

SF Source

2.3
A
Lung
Rat
Diet

HEAST - EPA 1989b

2.95 x 1071
A

Liver

Rat

1 year inhalation
study

HEAST; EPA 1989b
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TABLE 2

STANDARDS AND CRITERIA FOR VINYL CHLORIDE

Standard or Criterion Value Reference

U.S. Primary Drinking Water Standards

MCL 0.002 mg/L EPA 1990a

MCLG 0 EPA 1990a

Surface Vater

EPA Ambient Water Quality
Criteria
Human Health 0.002 mgéL EPA 1986b
(1 X10 risk)

Occupational Air Concentrations

OSH PEL TWA 2 mg/m3 (1 ppm) OSHA 1989

ACGIH TLV TWA 10 mg/m3 (5 ppm) ACGIH 1989

MCL: Maximum Contaminant Level.
MCLG: Maximum Contaminant Level Goal.
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ZINC CAS No.: 7440-66-6

Zinc is a naturally occurring element usually found in the form of
zinc sulfide ores. Smelting or electrolytic processing are the two most
common methods for extracting zinc from the ore. 2Zinc is commonly used
as a protective coating of other metals and in alloys such as bronze and
brass. 2Zinc is also used in organic chemical extractions and
reductions.

Zinc may be released to the atmosphere as dust and fumes from zinc
production facilities, lead smelters, brass works, automobile emissions,
fuel combustion, incineration, and soil erosion (ATSDR 1988). Zinc
concentrations in the ambient air in urban areas have been found to
range from 0.1 to 1.7 ug/m3. Near smelting operations, concentrations
as high as 15.7 ug/m3 were reported (ATSDR 1988).

Urban runoff, mine drainage, and municipal and industrial effluents
are concentrated sources of zinc released to water. The maximum,
minimum, and average concentrations in 1,577 raw surface waters in the
United States were 1.183, 0.002, and 0.064 mg/L, respectively. There
was a 76.5% frequency of detection. The maximum, minimum, and average
concentrations in 380 finished waters in the United States were 2.01,
0.003, and 0.08 mg/L, respectively (NRC 1977). Higher mean
concentrations of zinc in finished water may be due to water treatment
and/or transport through pipe systems.

Data pertaining to ambient concentrations of zinc in so0il are
limited. Zinc is generally found in soils at concentrations between 10
mg/kg and 300 mg/kg with a mean of approximately 50 mg/kg (USEPA 1980).
The major source of zinc for the general population is food (EPA 1987).
Meat products contain relatively high concentrations (6 mg/kg in
potatoes and 8 mg/kg in grains). An average zinc intake in man is on
the order of 0.14 to 0.21 mg/kg/day (NRC 1977).

ENVIRONMENTAL CHEMISTRY AND FATE

Zinc is a metal belonging to Group IIB of the periodic table. 1Its
natural valence states are 0 and 2+. 2Zinc forms a variety of inorganic
compounds and a number of compounds with organic ligands. The element
is amphoteric and forms both acidic and basic salts.

In the atmosphere zinc is expected to be present as dust and fumes
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from zinc production facilities, lead smelts, brass works, vehicular
emissions, fuel combustion, incineration, and soil erosion. Atmosphere
is found preferentially in the smaller diameter particles (<3 um in
aerodynamic diameter). Smaller particles have longer atmospheric
residence times than larger particles; however, no estimate of the
atmospheric half-life is available.

Zinc introduced into the aquatic environment is partitioned into
sediments through sorption onto hydrous iron and manganese oxides, clay
minerals and organic material; a small part may be partitioned into the
aquatic phase through speciation into soluble zinc compounds. Sorption
of zinc is probably the dominant fate of zinc in the aquatic
environment.

Information regarding the fate of zinc in soil is inadequate.
However, zinc is likely to be strongly sorbed onto soil. Soil
conditions not amenable for the sorption of zinc may lead to the
leaching of zinc. The tendency of zinc to be sorbed is affected by the
pH and salinity of soils. Decrease of pH (<7) and increase of soil
salinity favors desorption (U.S. EPA, 1980).

The bioconcentration factors (BCFs) for zinc in aquatic organisms
have been determined by several investigators (U.S. EPA, 1980). BCFs
for zinc in edible portions of aquatic organisms have been found to vary

from 43 in soft-shell ‘clam, Mya arenaria, to 16,700 in oyster,

Crassostrea virginica (U.S. EPA, 1980).

Toxicokinetics

Zinc is an essential element and its uptake from the
gastrointestinal tract depends in part on the zinc status of the
organism. Zinc levels in the body are rigidly controlled by a
homeostatic mechanism. 2Zinc is absorbed and excreted from the
gastrointestinal tract. Apparent absorption ranges from 20% to 80% with
a mean of about 50%. Many dietary factors, including protein, phytate,
and fiber content, seem to influence zinc absorption. 1In one study in
which human volunteers ingested zinc added to bread during baking, zinc
absorption was reported to range from 12% to 39%, with an average of
25%.
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No quantitative studies of zinc absorption via inhalation were
found. However, increased serum and plasma zinc levels have been
observed following inhalation of zinc oxide fumes. An indeterminant
amount of this absorption may have resulted from ingestion of zinc
bearing particles following ciliary clearance from the respiratory

tract.

Noncarcinogenic Effects

Zinc is an essential trace element in human and animal nutrition.
In the body it is found in high concentrations in male reproductive
organs, pancreatic islets, muscle, kidney, liver, and bone. It is
essential for the activity of some enzymes (U.S. EPA, 1980). The human
recommended daily allowance (RDA) of zinc for adults is 15 mg (NAS,
1980). Zinc appears to be toxic only at levels at least an order of
magnitude greater than the recommended daily allowance (RDA); toxicity
appears to result from an overload of the homeostatic mechanism for
absorption and excretion of zinc.

"Acute toxicity resulting from the ingestion of food stored in
galvanized containers has produced symptoms including severe diarrhea,
abdominal cramping, nausea, and vomiting.

There are a variety of reports in the literature cqnce:ning
subchronic exposure to zinc, including both experimental-toxicologicdl
and therapeutic studies. Most commonly no adverse effects of zinc were
noted. Subchronic occupational exposure in humans has resulted almost
exclusively from inhalation of zinc fumes or dusts and has been
associated with a condition called "metal fume fever." This condition
has also been associated with chronic exposure and is characterized by
flu-like symptoms including throat irritation, body aches, weakness,
fatigue, and general malaise followed by fever and chills. The syndrome
commonly runs its course in 24 to 48 hours. "Immunity" to the syndrome
quickly develops among workers, but it is also quickly lost on cessation
of exposure so that the syndrome most commonly re-occurs after several
days away from work.

No teratogenic effects were observed in one experimental study in
rats. However, reduced copper concentrations in the liver and other

organs of the fetuses were found. There are a small number (3) of case
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reports of premature deliveries, including one stillborn fetus, in
pregnant women who took zinc dietary supplements during the third
trimester. Zinc supplementation in animals has resulted in increased
fetal resorption. Zinc supplementation for pregnant women has been
recommended, but because of the known interaction between zinc and
copper, excessive zinc supplementation for prolonged times could have an
adverse effect on the fetus. It is also well-documented that zinc
deficiency during pregnancy may have an adverse effect on the fetus
(NRC, 1978).

No reports of teratogenicity or fetotoxicity in man or animals
associated with inhalation of zinc or its compounds have been found in

the available literature.

Carcinogenicity and Mutagenicity

No pertinent reports associating zinc with cancer in humans were
found in the available literature, nor were any reports of bioassays of
zinc or its compounds available. Accordingly, zinc and its compounds
have been placed in EPA’s carcinogenicity weight-of-evidence category
D - Not classified.

No data were found concerning mutagenicity of zinc or its

compounds.

Quantitative Indices of Toxicity
Table 1 summarizes the quantitative indices of toxicity for zinc.
EPA has derived an oral reference dose (RfD) of 2x10_1 mg/kg/day
based upon studies presented by Pories et al. (1967) and Prasad et al.
(1975).

STANDARDS AND CRITERIA
Table 2 summarizes relevant standards and criteria for zinc.
Standards for zinc in food are not currently available and zinc in
food surveys are not routinely conducted by US regulatory agencies. The
Food and Drug Administration’s (FDA’s) contaminants team are proposing
to develop criteria for evaluating inorganic contaminants in shellfish
(FDA 1989).
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Table 1
INDICES QOF TOXICITY
FOR ZINC
Oral Route

Chronic Reference Dose (RfD) 2 x 10—1
Subchronic RED (REDs) 2 x 1071
Confidence Level NS
Critical Effect Anemia
Test Species for Critical Effect Human
RfD Basis A ‘ ' Therapeutic dosage’
RfD Source HEAST
Uncertainty Factor
- Chronic RfD 10
- Subchronic RfD 10
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Table 2
STANDARDS AND CRITERIA
FOR ZINC
Standard or Criterion Value Reference

Drinking Water

National Secondary
Drinking Water Regulations

SMCL (a) 5 mg/L EPA 1989

Surface Water

EPA Ambient -
Water Quality Criteria

Water Ingestion 5 mg/L ATSDR 1988

Occupational Air Concentrations

OSHA PEL TWA
3

- Z2inc chloride fume 1 mg/m3 OSHA 1989
* Zinc oxide fume 5 mg/m 3 OSHA 1989
+ Zinc oxide dust 10 mg/m OSHA 1989
ACGIH TVA

. Zinc chloride fume 0.01 mg/mg’ ACGIH 1989
+ Zinc chromates 0.01 mg/m ACGIH 1989
+ 2Zinc oxide fume 5 mg/m ACGIH 1989
+ Zinc oxide dust 10 mg/m ACGIH 1989

(a) SMCL is a secondary contaminant level based on aesthetics
rather than adverse health effects.
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CARBON DISULFIDE

Carbon disulfide (CSZ’ also known as carbon bisulfide and dithio-
carbonic anhydride) is a colorless, highly flammable, and highly vola-
tile liquid used to manufacture rayon, cellophane and carbon tetra-
chloride. Applications developed during the 19th century still prevail
in the manufacture of flotation agents, herbicides, insecticides,
ammonium thiocyanate, sodium thiocyanate, xanthogenates, electric vacuum
tubes, etc. Carbon disulfide can be utilized as a direct reactant, a
chemical intermediate, and as a solvent (Timmerman 1978). As a solvent,
it is used by industry for phosphorus, sulfur, selenium, bromine,
iodine, fats, resins, and rubber (CMR 1983; Berg 1981; Windholz 1983).

Carbon disulfide exists in the atmosphere at concentrations
typically around 0.02 ppb (Brimblecombe 1986). Carbon disulfide is
emitted from a wide variety of man-made and natural sources (Hoshika
et al. 1975; Graedel 1978; Beard and Guenzi 1983; Aneja et al., 1982;
Steudler and Peterson 1984; Farwell et al. 1979; Adams et al. 1979;
Lovelock 1974). The major anthropogenic source of carbon disulfide
emissions are viscose rayon manufacturing sites (U.S. Environmental
Protection Agency [EPA] 1980); however, the largest global sources are
natural (Khalil and Rasmussen 1984). Based on average atmospheric
concentrations in rural and urban areas of the United States (Brodzinsky
and Singh 1982), the average daily intakes of carbon disulfide by

inhalation in these areas are 0.0026 and 0.0041 mg, respectively.

ENVIRONMENTAL CHEMISTRY AND FATE
Physical and chemical properties relevant to the environmental fate

and transport of carbon disulfide (CAS#: 75-15-0) are summarized below.

Property Value Source
Chemical formula: CS2
Molecular weight: 76.13
Water solubility
(at 20°C): 2,940 mg/1 Vindholz 1983
Log Kow (calculated): 2.16 Leo et al. 1971
Koc (calculated): 54 EPA 1986a
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Density (at 20/4°C): 1.2632 Windholz 1983

Vapor pressure
(at 20°C): 297 mmHg Timmerman 1978

Henry’s Law Constant: 1.23 x 10_2 atm - m3/mol EPA 1986b

Bioconcentration
Factor (BCF): <26 EPA 1986a

TRANSPORT

Carbon disulfide’s high vapor pressure and Henry’s Law Constant
indicates that it will rapidly evaporate from surface waters and soils.
Its relatively high water solubility and low Koc indicate that it will
be highly mobile in the subsurface. 1Its low BCF indicates that it will

not accumulate significantly in aquatic organisms.

FATE

Carbon disulfide appears to be stable in aqueous media and soil
under environmentally relevant conditions. It does not undergo
hydrolysis, oxidation, or photolysié under these conditions (EPA 1986a).
Since carbon disulfide has been used as a soil fumigant because of its
toxicity to bacteria, it is unlikely to undergo significant biodegrada-
tion in soil or water (EPA 1986a). |

In the atmosphere, carbon disulfide appears to be susceptible to
oxidation by hydroxide radicals, atomic oxygen, and ozone. The half-
life of carbon disulfide in these processes has been estimated to range
from three to 150 days. Khalil and Rasmussen (1984) estimated the

overall lifetime of atmospheric carbon disulfide to be about 13 days.
ENVIRONMENTAL CONCENTRATIONS
Air

Khalil and Rasmussen (1984) estimated emissions of carbon disulfide

to the atmosphere in the northern hemisphere as follows:
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Source Metric tons/year
oceans 300,000
soils 640,000
marshes 50,000
volcanoes 10,000
chemical industries 260,000
sulfur recovery 70,000

Brodzinsky and Singh (1982) measured carbon disulfide at 61 rural/
remote and 88 urban/suburban sites in the United States; the average
concentrations found were 41 and 65 parts per trillion (ppt), respec-
tively. Using these concentrations and assuming an average adult
breathing rate of 20m3/day, the average daily exposure to carbon
disulfide in the U.S. would be 0.0026 and 0.0041 mg in rural and urban
areas, respectively (EPA 1986a).

Air concentrations of carbon disulfide of 16 to 40 mg/m3 have been
reported.at viscose rayon plants (Wesfburg et al. 1984; Cicollelm and

Vincent 1984).

Vater

Carbon disulfide has been identified, but not quantified in drink-
ing waters of Miami, Florida, Cincinnati, Ohio (EPA 1975), and New
Orleans, Louisiana (EPA 1974), and in sewage treatment plant effluents.
It has also been found in Lake Ontario at levels ranging from a trace to
3.9 ppm as well as in the Niagara River waters at levels of O to 25 ppb
(Kaiser et al. 1983). Lovelock (1974) reported levels of carbon
disulfide in the open Atlantic Ocean, in mud at the sea bottom, in the
Atlantic Ocean off Ireland and in stagnant bay waters of 0.52, 29.5,
0.78, and 5.4 ng/l, respectively. Lovelock speculates that anaerobic

conditions on the sea floor are the source of the carbon disulfide.
Human Exposure

Carbon disulfide has been detected in waters, ambient air, grains

that were fumigated with this compound, and the mother’s milk of rayon
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factory employees. Women from Bayonne, New Jersey, Jersey City, New
Jersey, Bridgeville, Pennsylvania and Baton Rouge, Louisiana were
identified as having carbon disulfide in their breast milk. Seventeen
rayon factory employees who were breast-feeding were found to have con-
centrations of 6.8 to 12.3 ug/100 ml. Contamination of milk was still
detected before and after work hours, and even after 23 to 57 days away
from the job (Cai and Bao 1981).

PHARMACOKINETICS

Absorption

In humans, carbon disulfide is absorbed substantially from the
lungs. Herrman et al. (1982) reported that volunteers exposed to 6 to
108 mg carbon disulfide/m3 for 30 minutes retained an average of 52.4%
of the inhaled chemical in the lungs (retention was 48.7% during the
last 5 minutes of exposure). It has been reported that retention of
carbon disulfide is approximately 70 to 80% initially and then declines
to a steady state of 15 to 454 within 1 to 2 hours (Beauchamp et al.
1983; World Health Organization (WHO) 1981).

Distribution

Studies on rats and mice indicate that carbon disulfide and its
metabolites are distributed rapidly to body fat and highly perfused
tissues (McKenna and DiStefano 1977; Bergman et al. 1984). Carbon
disulfide is eliminated more rapidly from the tissues than are its
metabolites, but neither appears to bioaccumulate in any tissue (McKenna
and DiStefano 1977). Danielsson et al. (1984) also showed that carbon
disulfide and its metabolites can cross the placenta throughout gesta-
tion, with metabolites accumulating in the bone, liver and neuroepi-

thelium of the fetus.

Metabolism

Studies on animals and humans suggest that carbon disulfide is
metabolized by reaction with amino acids or reduced glutathione to form
thiocarbamates or conjugated glutathione, and by reactions catalyzed by

cytochrome P450 to form reactive sulfur. Reactive sulfur may further
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react to form thiourea, carbonyl sulfide, or monothiocarbamate (McKenna
and DiStefano 1977; Van Doorn et al. 1981; Soucek and Madlo 1953;
Chengelis and Neal 1980, 1981; Bond and DeMatteis 1969; Freundt and
Dreher 1969; Hunter and Neal 1975; Freundt and Kuttner 1969; Freundt

et al. 1976; Mack et al. 1974; DeMatteis and Seawright 1973; Dalvi

et al. 1974, 1975; Dalvi and Neal 1978; DeMatteis 1974; Zatignani and
Neal 1975).

Excretion

In humans, 10-30% of absorbed carbon disulfide is excreted
unchanged in expired air (Soucek 1957; McKee et al., 1943; Demus 1964)
and <1% is excreted unchanged in urine (Soucek 1957; Soucek and
Pavelkova 1953; McKee et al. 1943). The remaining carbon disulfide is
excreted primarily as metabolites in the urine (Beauchamp et al. 1983).
Urinary excretion appears to be proportional to the exposure concentra-

tion.

TOXICITY

Carcinogenic Effects

Exposure to carbon disulfide has not been proven to be carcino-
genic. It has been reported, however, that there is an association
between lymphocytic leukemia and multiple solvent exposure (Checkoway
et al. 1984; Wilcosky et al. 1984). The cases of 11 hourly male workers
from the U.S. rubber industry whose deaths were attributed to lympho-
cytic leukemia were studied and compared with exposure records from the
plants. It was found that of the 24 solvents to which workers were
exposed, carbon disulfide and carbon tetrachloride were strongly asso-

ciated with leukemia (McMichael et al. 1976).

Mutagenicity

Mutagenicity studies with carbon disulfide have yielded primarily
negative results. Genotoxicity has been reported in foreign literature,
but omission of experimental details precludes interpretation of these

studies (Beauchamp et al. 1983).
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Teratogenicity

Administration of carbon disulfide to CD rats and New Zealand white
rabbits by gavage resulted in adverse maternal and developmental effects
including decreased average fetal body weight, maternal toxicity
(abnormal posture, rigidity, or paralysis of hind limbs, ataxia,
lethargy, and rough or erect coat), a significant dose-related reduction
in maternal weight gain and elevated liver weights (Jones-Price et al.
1984a,b). Salnikova and Chirkova (1974) observed "slight embryo-
toxicity" in rats exposed to 4.2 ppm throughout gestation; however,
failure to report daily exposures makes these results difficult to
interpret. In these studies, congenital malformations such as hydro-
cephalus, club foot, and tail deformation were observed in the F1
generation at 100 and 200 mg/m3. The incidence and severity of these
malformations increased in the F2 generation. It is suggested that
carbon disulfide interferes with hormonal regulation of prenatal
development, which may result in permanent alteration of the xenobiotic
metabolizing function of the body and impaired future ability to
detoxify carbon disulfide (EPA 1986).

Other Reproductive Effects

Based on studies in rats and human occupational exposure, it has
been suggested that inhaled carbon disulfide may reduce male reproduc-
tive performance (reduced sperm count) (Zenick et al. 1984a,b; Tepe and
Zenick 1984; Cirla et al. 1978; Lancrajan et al. 1969; Lancrajan 1972).

In a study in which "mongrel” rats were administered distilled 082
dissolved in peanut oil intraperitoneally, rats treated with 25 mg/kg of
CS2 every second day for 60 days had thickened vascular walls in the
testis and a reduced number of spermatozoa in the tubular lumen. 1In
rats dosed with 25 mg/kg C82 (120 days, every other day), advanced

regressive lesions were found in all parts of the testis (Gondzik 1971).

NONCARCINOGENIC EFFECTS

Studies show that repeated ingestion of 082 causes neurologic and
hematologic damage. Occupational exposure to inhaled carbon disulfide
is associated with cardiovascular, neurological, immunological, and

ocular disorders (Beauchamp et al. 1983).
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Neurological Effects

Case reports from occupational exposures suggest that carbon
disulfide at concentrations of 144 to 321 ppm may cause psychosis,
polyneuritis (absent or weakened Achilles or patellar reflexes),
tremors, weakness of limbs, myopathy, and vertigo (Vigliani 1954).
Epidemiological studies have also linked exposure to psychological
disorders (Hanninen 1971; Tuttle et al. 1976).

Cardiovascular Effects

Occupational exposure to carbon disulfide at concentrations of 10
to 161 ppm has been associated with an increased risk of mortality from
coronary heart disease (National Institute of Occupational Safety and
Health [NIOSH] 1978).

Opthalmological Effects

A majority of occupational exposure reports indicate ocular damage
due to carbon disulfide exposure, but the exact nature of the‘damage is
widely disputed (EPA 1986).

STANDARDS AND CRITERIA
Standards and criteria relevant to carbon disulfide are listed in
Table 1.
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Table 1

STANDARDS AND CRITERIA FOR CARBON DISULFIDE

Standard or Criterion

Value

Reference

Reference Dose

Oral

Inhalation

0.1 mg/kg/day

Drinking Water

National Primary
Drinking Water Regulations

MCL(a)
MCLG(b)

DWEL(c)

Not established
Not established

0.7 mg/L

Surface Water

EPA Ambient Water

Quality Criteria

Occupational Air Concentrations

0.01 mg/kg/day

None established

EPA 1990a,b
EPA 1990a,b

Calculated from
reference dose

OSHA PEL TWA - 12 mg/m3 (skin) OSHA 1989
OSHA PEL STEL 36 mg/m OSHA 1989
ACGIH TLV TWA 31 mg/m, (Skin) ACGIH 1990
NIOSH REL TWA 3 mg/m; (Skin) ACGIH 1990
NIOSH REL STEL 30 mg/m ACGIH 1990
02[AD]TOXIC/PROF/4084,/26

Key:

(a) MCL = Maximum Contaminant Level

(b) MCLG = Maximum Contaminant Level Goal

(c) DWEL = Drinking Water Equivalent Level
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APPENDIX F

CONTAMINANT MIGRATION ESTIMATION METHODS
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This appendix briefly describes the models, assumptions, and input
data used to estimate chemical concentrations in surface water or

ambient air to which workers or recreational fishermen may be exposed.

River Dispersion and Volatilization Loss Model
The model for mixing and dilution in a river described in Thomann

and Mueller (1987) was applied to estimate exposure concentrations in

the Niagara River, as well as the volatilization loss to the ambient air

for volatile chemicals.

The discharge from the Falls Street tunnel into the lower Niagara
River was modeled as a point source to the river. The contaminants
assumed to be entering the river at this point source are the ground-
water contaminants detected in the vicinity of the site, which are
assumed to be captured by the Falls Street tunnel and to flow without
degradation through the length of the tunnel.

Two downstream locations were chosen as points where river concen-
trations were modeled: the Whirlpool (for fishermen exposure), and the
mouth of the Niagara River at Lake Ontario (for residential drinking
wvater exposure). A

The inorganics were modeled as conservative (non-decaying) dis-

solved pollutants. At any downstream location, the in-stream concentra-

tion is given by:-

%)
S_—
Q
wvhere

s = concentration (assuming complete mixing) in mg/L

W = total mass loading rate of a given inorganic (metal or
cyanide), in mg/day

Q = river flow in L/day

In applying this model, the annual average diverted Niagara River flow

of 100,000 cfs, or 2.45 x 10 1L/day, was used for Q. (The actual

average annual flow of the river is 200,000 cfs. However, up to 100,000

cfs is diverted around the Niagara Falls area for public and industrial
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use. Thus, the flow model uses 100,000 cfs because of the diversion.)
The mass loadings W were calculated as described elsewhere.

The river concentrations of organic compounds due to the point
discharge from the tunnel were modeled using the model for nonconser-

vative pollutants from a point source:

e K11 %1/Y;

S1 = concentration of non conservative pollutant due to point
source, mg/L

S10 = maximum concentration in river immediately after complete
mixing with point discharge, mg/L

Kyq = volatilization rate, day—1
Xl = distance downstream from the point discharge, feet

Ul = average river velocity, in feet/day

where
. .
10 ~ Q
1
wvhere
Wl = pollutant mass loading from point source, in mg/day
01 = average river flow in reach just downstream from point source,

in L/day. (01 = Q)

The average river velocity was calculated as follows:

Q
Ul = i;—
vhere
A = B-H
wvhere
A = average river channel effective cross-sectional area, ft2
B = average river channel width, ft
H = average river channel depth, ft

F-3
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The volatilization rate Kll was calculated using the chemicals’
Henry’s Law constants and the estimated stream reaeration coefficient
(see Thomann and Mueller, pp. 532-536).

Table F-1 summarizes the site-specific input parameter values
assumed in applying the river dispersion model.

Volatilization rates of organic compounds from the river surface
vere calculated at the assumed exposure locations, and were then used as
vapor source strengths as inputs to appropriate air dispersion models in
order to ultimately calculate ambient air exposure concentrations of
vapors for nearby fishermen or workers. The total river volatilization
rate was calculated as follows (see Thomann and Mueller, p. 532):

Q= kl'As°fd'CT
where

Q = total mass loss rate from river due to volatilization, mg/s

kl = volatilization rate in m/s

As = river/air,interface surface area over which volatilization
occurs, m

fd = fraction of contaminant dissolved in water column, assumed to
be 1.0

CT = total concentration of contaminant in water column, mg/m3

In the above equation,

1 day
kl = K-§» —mm—
86,400s

where

K = volatilization rate in da)"—1

= Kll above

H = average river depth, in m

Also, CT is calculated as Sl’ using the point source model above. The

river surface area As over which volatilization occurs was taken to be
the area of an appropriate section of the river at each exposure loca-

tion.
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Table F-1

SUMMARY OF SITE-SPECIFIC INPUTS

USED IN THE RIVER DISPERSION AND

VOLATILIZATION MODEL

Draft

Symbol Parameter Units Value Source
Q Average river flow L/day 2.45E+11 Annual average flow for
Niagara River is 100,000 cfs
B Average river width ft 400 At Whirlpool; Estimated from
site map
H Average river depth ft 16.7 Report on Niagara River
A Average river cross—~sectional area ft2 6,680 Calculated as B-H
U1 Average river velocity ft/day 2.59E+06 Site-specific estimate of 30
ft/s near the Whirlpool
Point Source Model
wl Mass loading mg/day - Calculated based on
groundwater concentrations
X, Distance downstream from point- ft 13,800 Estimated distance from
Falls Treet tunhel outfall
to Whirlpool
Kll Volatilization rate for point day_1 - Calculated from Henry’s Law
source constant and river re-
aeration coefficient (see
Thomann and Mueller 1987,
p. 532); chemical-specific
value
02[IL]JID1900:D3048,/1258,/14
Source: Ecology and Environment, Inc. 1990.
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Near Field Air Dispersion: "Box Model™

For scenarios where the receptor is at the source or very close to
the source, within approximately 100 meters downwind, the near field
"box model" of GRI (1988) Section 1.2.2 was applied. This model is as

follows:

C, = 0/(Hb Vb-Um)
vhere
C_. = On-site air concentration (mg/m3)

Q = Compound source strength or emission rate from earth or water
surface (mg/s)

H, = Height of box at downwind edge (m) (depends on downwind
distance x to receptor)

W, = Crosswind width of box = crosswind dimension of land or water
area (m) emitting volatile organic vapors

U = Average wind speed throughout box (m/s)

0.22 U

10 In (2.5 Hb)

wvhere

Uyg = Vind speed at 10 m elevation (m/s)

In applying the above model, Q was calculated as the mass flux from
volatilization from the river surface, as described previously.
Table F-2 summarizes the site-specific input parameter values

assumed in applying this model.

REFERENCES
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