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ZZZZZZZZZZZZZZZZZZZZZZZZZZZZ-3

ooooooooooooooooooooooooooooo
OOTOOOtOOOOrv-OOOUJOlCMOOlOOOOLOOflOCOOO

»- «- in TO

ce i—
LU 4
I- O

Z ut

LU
o ce
z O
LU U-
10
LU >cez ce
CLUJ 4

> to
U-t-i tO
OO UJ

o
LULU LU
03 Z

LU4 tO

>Z 10
UJ4 >-i

X tO
LUI— >-
> —I
•-ice •<
h-LUI-Z
Q. 1-1-14
S4ZUJ

UJO O
ce zz
Q.LUO4

I 031-1
Z I-O
»O4Z

»>4 4
» >_IO
» UJ 4i—
tOO— li-iQ
iu44cez
i— ce3iu>->
OLUH-I—
Z>040
I-44ZO

I I I IOO
If If If If



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

This document was prepared by Roy F. Weston, Inc., expressly for EPA. It shall not be released or disclosed, in whole or in part,
without the express written permission of EPA.

Remedial Investigation Report
ABC One-Hour Cleaners, Inc.
Jacksonville, Onslow County, North Carolina
Section: Appendix C
Revision: 1
Date: November 1992

SEPTIC TANK

PESTICIDES/PCBs

B:\A1\ABC\APPEND01.CWS 11/82



I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I

8 •

g
O

' 8

• 2

8..8• •Kin

.g 5
• O O>

U N

Id 8
9 • See
u L-><
— • inzK
^ • iHotn

" - "K§

> -pf»»—

.
u u* »iu

*n »
1/lUJ »

"• S(P • SB

r .«=
V ^ ̂ i5 _j
1/1

s

^ ^%^̂ ^̂ ^̂
S ^?gl€
»- CMNNO N

CV

I
LU

i SN
00

|. Ur .<

.* BCD

<«K

§"5
i/)
u*
CL, I

l/l UJLJl-

x g * w sSx?5S
g 5 ^ LLL ^
UJ _J «-l • • • M|/l

* a "i » —

^TIT i.^5^9»ggg5wa

OOOOOO -GOOOOOOOQ
O

•»•>».1/1

**

s S
tt O
uj O

i s

w* «T w

BzYS
fi-LUUSC

> u
Sc j

Hjs 5
2< 2
o> o
l-i UJ

£1 -
Z LU

LUh- O

ftOt .(/)
KlUt-MJ
MSfi*"
S *""
CA!Z_IO
UJL9 2a: »<
O.UJOH-I O~>uj

f05*
^tg

-^2--JD<h-
<Z32
>ZQiu
Otnmw
UjMgl-i

is>g
M_J»lO

K5"8
UJ UJ .;*!*•2^u,^M .
u I «y>
^visi
^ S£
UJ22K
IL.LVI i—
qotuk.
UJ«ZLO
5OK§
VSa°
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ẑo .
lOLU »

l/>:> .

> —— j •

zo » —<r— o
O • LO

QLU
ZQZ . ••
< 1 LU

< . CL
UJQ. >•

— JUJ . t—
Q_

S . uj
< —1
LO . CL

. <
to

1̂
. IT)

O)
• IT)

.
o

*
. UJQZ

1 uj
• CLZ

1- Z<
o: . <uj
O lO-JlO
O- . O 1
UJ —
QZ . QZO

Z> 1
< • oooiri
i- inxo
< » I-* 1 O
O 1 UJ 1

. — Z t/1
i/i oioto
o »
Z • OCDO
< z«i —
o »
QZ t- • Z
O • OUJO

UJO —
UJ . -3QZI—

CO • QZOt-
^t £. L/) I/)
UJ *

ce .

•»»

tt

t»

f

^

*
(*•

«*•

tt

^
* LO

.—
* _J
3

* LO
LU

* OC.

* _J
<

* o
*- t—

>.
t* —I

<
» 2
<

•tt

*
rv. *f
ID

m
tt

. tt

o
2 *

0
• * ̂

Q \
tt O

=>
tt

tt

tt

tt

tt

tt

tt

tt

0 »
z
.

LO
< .

»

CO
. 1—

t

. Z)
to

. UJ
QZ

—1
. <

o
. 1— 1

t—
. >-

—1
. <

z
. <
tt

tt
•—
O) .
ID
ID .

tt

.
o
z .
LU . 0

< . -^-
{_) O

» o

.

LU
2
LU

tu >
Z X
UJ 1—
—1 UJ
>• o
X ce
l- O
UJ —1
O LU X LU
ce 2 oz

LUO LU < <
Z — i Q. uj ce x
UJ X LU O Z l— l—
a. o uj z QZ o LU LU

LUO— Z< O. t-UJH- O
zozoz<x a ujz—it.
<H O- 1— XI— QZ ¥.OLUO
CLO— 1— UJ O t-Z— 1 UJ
oazujLuo _i _JUJUJ:E ce
QZOZSQ: x >^xo =>
Q — iiuOO <— i— i— < ujuj i/ii—
OXXCC-J — Z._ IUJQZ ZZ UJtO
QZOI— OX O OD>OI- LULU Z —
O — uj— jo i Of-ctruj MM ajO
-JQOX— '-OSi/iZ)Ot- ZZ _JE

OCOOOt— UJ--O XINUJCQCOUJX! —
— --is. i z i ii — i— 10 zo z z
O — IOCMUJl/lO>XlMUJQZ— ILU-JUJ
i i ooz -Mzsxxce :.o>oz<o

CMtO — CO— Z<OI— t— 1 -J — 1 1 >- f— QZ
.— QZ>_ - LU Q; re uj uj LU oil— t— CLU

— Of— O — GDI— C133:Sl— •— f—OUJtOt— CL

O^OZ>Z)Z)Z>!DZ>^— 3:DCflZ)Z>ZJI3'—
(OIOIDIDIOCQIDIOCOCOCOIO IDIDIDIDCM

*-~ r—

,~-
IU

5
—1

X
UJ
o
QZ
o
—1
X
O '-

0 <
1 1—

— o
1— UJ

— — ZLUUJ
— tu<oz

UJ LUUJUJ UJl^Ii— Kt
o zzz zoi-cei
t-« UJUJOUJ <f-LUOl—
QZ OXXX XLUO— IUJ

uj O — 1— t— t— i— :^QZIS
UJ O — J LuLUUJUJ UJ OOO
zuj — uji -JOOO o_i_J<az
<zozzo ziceozoz ce>iazo
x<o< u-.ooosoxoi-_j
H~ T. - -f T" ixJ *~' — J _j i ty i ^— i-̂  1^1 3T
UJI— XI-Z OXXXOXlUOZI-O
SLUOLUUJLU OOOLUO t— —
OS O-IZZ — — — O — .J 1 ZO
QZO— iaz>ooaooceo> — OO
OS>OXI-OD 1 1 1 O 1 X -03S
— IOZ— II— LUQZ— — CM— ICMt- — QZO
la: — iujo< - - -I iu -<a:
oco>os<o— — — o — :s — oca

COCOCOrOOOlCLOltilOlOlO("JlDlOlD

CO

ce

S

oo

.̂»o<z

_
<zz>to

_ ^ —otos

zujcaio

ZOMO

Z
uj
QZ

aj«cez
t— QZ3UJ —

O i i i i
O<i«iz>az
U- . . . .



I
I
I
I

O)
o

s
f—
to
X
too
t— -
ZlO
UJZ
SLU
LUX
Of-
«
Z

ŝo
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ŝo .
to

lOLU ft

to> «
>. 1— (
— J .
<z
zo .
< —

o .
OLU
zaz .
< 1 LU

< . CL
UJQ. >-
—llul . D—
a
S . uj
< —1
CO . CL

^s
* to
ft

ft T QZ
CO lul• in ID
O) S

« in o
2

ft
O tO

» 2 <
to

ft UJ
-I

» a.
s

tt ̂
f- CO
Ot ft
o —
CL ft O
UJ 1
OZ ft 00 O —

in oo)
< » rx oiD
I - I 1 ID
< ft — CD —
O O) u.

to az
~ * O o ii i
CO 2 -CD
0 » E
CL f- ZO
•x.. OUJOZ
to ujo —
UJ ft -3OZf-UJ
O OO<tO
— • azot-<
O ^L l/l tO O
1— I ft
1—
to •

tt

tt

tt

*
tt

tt

tt

*

^

»

tt
l/l

. f—
_l

» 0
to

. UJ
QZ

tt
_1

* ̂o
* >— (

r—

_J

2

** ̂
tt

tt

tt-

tt

•tt

tt

tt
_J

*» \
o

tt :o
tt

*f

tt

tt

tt

tt

tt

tt

tt

tt

tt

*
tt

tt
I/)

* >—
_1

» r>
l/l

tt UJ
a

tt
_l

** <
0

H-
H >

_J

tt ̂z

tt

tt

tt

tt

tt

tt

tt

tt
_J

tt "Vv

o
. o
.

^_

\

^v
UJ

0 O — CMCMOOTO
f- — CM CO T ^T LO ID
XCMCM OCMCMCMCMCMCM

ce oz QZ az QZ oz QZ
o o o o o o o

UJIUJUJ _J _J — 1 _l — 1 — J — J
oozz ooooooo

uj>uj« OO OOOOO
QZZXI-OO ce QZ ce QZ ce ce QZ
OOiu— ceo: <«««£<

I LU —I UJ — 1 — 1 UJ

>- < OOUJ — CMCOT ^T LO ID
X.ZZO 1 1 IOCMCMCMCMCMCM

IOZOZOSK 1 1 1 1 1 1 1
f- OO— JSCLxa3mtaoocacD03
UJZZK-JOOL. OOOOO
SLULUOOO— CuCLCLCLCLQ.a.

o o ̂  o o — i o — ' — > — ̂  — i — i ̂ j
ooz oooooooooo
LO— LOLO UTinmLOtO

oo oo~ooooo'"~
1
1

— . , —
r-^ <J — ̂  ^ r-* f— .

UJ LU I UJ f— OUJf-
Z OCu O luOf- O
< — -1 O COO<O
O x< 1 — 1 u- 1
z o— - - -j-
— Q. Q. — Q.OCL
_J UJ— — -I/I
— Q. CL CL

az ozz — z— z —
O OOO O< < <
IOII— 1 —LuZlul luOU-f-
03100031 X-I—:O -JO-JO

1 03 1 t OZOOQZOZOOOO
< 1 «< — <OQ 1 —CO 1 l/l 1
X<f-Sf-QZI-O_J~ QZO- O-
A u- 'S^ f— iQ O i i tTT f— iflT^O'J

lUJLuKUJ ILUZ— ZZ Z
•^^OOI^IUJO^UJLU^TUJ^T

0000—30000000000
OOOOOOOOOOOOOOO

ooooinooo
o ooooooo

OOOO OOO
o

CO
^
QZ

l/l
i<Z
QZ

UJ
ot

<

QZ
LU
I—

o

oo

ouji/ico>
—IO<UJCO
<_IXI-

. X <O

. >—JOUJ

. uj < —S
lOO_J — OOZ
UJ«OZZ —
f-azouj- u.
OtUf-f- Z
z>o<oo
f-«SOO
O I I I I I



E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

s

" 8

>iu in

u
I/I •
5)3

o -
ft ^M 09

•**3 8u

cnQk/i

25^2
U

ss

S .S
UJ
(X * ••

-Jiu «»-

s

C

PO
R

T S
A

M
LE

A
-O

a

D
A

TA
 

R

9
T

-7
7

5
O

NE
 H

O
A

B
C

-F
B

S

M
O

.
AB

C
ID

.

/P
C

CT E
-

O
N

1/1 UJLJF*

5 <

CMCM MO i
••• 1

i i
1 1

i i i i
1 1 1 1

pai pin
1 05 CM

>
UJ
o
M
XO
O.
kb

OCfiC
OOO
-J-IZ
£zEuo i

aoo iui- atetoL
B< ODD

1 1 1 >-"U-SJ
uu

_j ODD
< 1 1 1v- . . « -l

CL.O.O. "-"SuJ
u
Q
S

I/I •
IU * » • • •

• = »•»••• •»•-»-•- — N — CNCNtNCNU)

• ododddddocioooood'

•»in

a nce o
1U jf)

i £& P
uz «•<
IU 2Q
tn OK

_
i lij I <

5 £

5 §

o<

u i

• IU

tk)
tO

UJUJ
NBC
>

* >-jp
• u <5
LOU-/""

T6-6"-8 ' J.N3?



E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

O)

O)
o

o
O
• .
o
O

OO

o
CO

o co — OJOJOOTO
f- — CM co ̂ r T in to
XCMCM O CM CM CM CM CM CM

-
.< OZ QZ OZ QZ Q: QZ OZ

Z OO OOOOO
.< UJXLUUJ — I — J — J —I — I — I — J

OOZZ OL.' OOOOO
. iui>uj« OO OOOOO

ozzit-aa QZ QZ QZ o: QZ QZ QZ
» OOUJ-^QZQZ <<5«<«

— II— O OO *~ — — *-'• -- •— •
j

— CMCMCOTO

XZZO I I XOCMCMCMCMCMCM — —IUJ
i. O — — QZ«Q- — — — — — — — LUZI— CLZ

XOtOtOSX< I ..... I » OXZS<
. I— OO— JSCLXCQOOcncaaZlCOID » — IO«O

LU Z Z X •? _ J O O O O O O O O * <I Z O cO QZ

UJZ UJ OO ^ QZ— J
SUJ « UJZ » QZ QcOS I
UJX O>— I —I OO< OOOOOOOOOO < UJ— O O
Of- .Of-— l . ̂  OOZ OOOOOOOOOO S f- Si—
« I < Q Z — o o o i n — LOLOLnLfiLnLnLr) cu <uj — ziu
Z .O.OO .O • — • — — OZ SOZlulUJ
< - OO OO OOOOO . — -I- tOtO
SO . . . f- <SUJ

tO I . C0> QZ
IOUJ » » I UJ LUO.O
— I —II UJ
tn> . uj .
>-— I-
— I . < .
<z to
zo » z .
<— —O * QZ .
OUJ
zaz » •• .
< I tu

< » CL .
LUCL >
—JUJ .1— .
Q.
S » uj .
< —I
to » CL »

» a> ot »
GO LU l/l

. LO CD . I—
O) S -J

« LO O *0
z to

» . LJJ
O to oz

« z < .
to _i

. UJOZ . <
—IUJ O

* CLZ . —
S< i- ~

*<UJ . >• — < — • <'~ --•
t— LO— I _ \ UJ UJX LU f— OUJf—
az « o .< z oo. Q LUQI-Q
o — z < — _j o cQa<a
a., ozo »< o x< i — i i u i
UJ O I Z O— - - -I-
az.CDOO— . — CL CL — CLOCL

LOxoo) —i uj— • — -in •
< . rx i Oto » — • a. CL a.
f- I UJ I CO Ot OtZ -^ Z~^Z —
< « — zca— . o ooo O< < <
O 0)OOZ XOXX-I -JU-ZUJ U-QU-f-

. • » CDXCDCOX X — I — O — IO-IQ
10 -O -OZ I CO I I OZOOOZQZOOOQ <t_ISf-
- . O OJ Q LU • <!<«- < t O O I — C O I C O I » X < Q
CD Z< — CD X<tf- St—OZI— O— J« OZO~ O- . >— JOlul
O» S » Q.t—.JSCLOa.OuJTQO'TOT » » UJ <— S
CL t- • ZO _ILULU<UJ_IUJZ— -ZZ -Z • » tOO_l — OQZ
^x.OUJOZ " <OODC3X<IUJO^-UJUJ^ruJT » LU«OZZ —
1/1 UJO— LO f- QZOLU — LU
LU.-^OZf- UJ » i£ OUJf- f- Z
Q O O < L O — J OOOO-5OOOOOOOOOO QZ Z>O<OO
— »OZOf-< »\ OOOOOOOOOOOOOOO < f- «KSOO
o en/lino L3 LnLOLOinoLOLnLO — — — — — — — s o i i i i i
— . .o OOOOIOOOO • LU
f- • o OOOOOOO QZ
CO » . OOOO OOO "
uj....... o »
G-. ...... .



E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

This document was prepared by Roy F. Weston, Inc., expressly for EPA. It shall not be released or disclosed, in whole or in part,
without the express written permission of EPA.

Remedial Investigation Report
ABC One-Hour Cleaners, Inc.
Jacksonville, Onslow County, North Carolina
Section: Appendix C
Revision: 1
Date: November 1992

SEPTIC TANK A1ND SUBSURFACE SOILS QA/QC

METALS

B:\A1\ABCWPEND01.CWS



E
E
E
E
E
E
E
E
E
E
E
B
E
E
E
E
E
E
E

O)

CM
CM

S

o
o
o
o
o
o

to
* LU

QZ

. <
O

to OS S S
uj> —o o o
ZQZ—llO — OZS— —
<OUJLOZLUO—I O

— _I <O

<LU — OUJ — OX — < —
SSZ£LlOlOlOf-t->rxJ LO

Q̂Z

— ZCMCO

»QZ

CO

to
* LU

QZ

O
» i—i

f—

s > o s o
OZO —SEO —
zo—s-joo—f-oz in
— 3EZO—l —— S—IUJ LU
S —LU —>SOO<O-ZQZ
Of-tOOZaZQ_JOZOOQ-O<O
_jzaz<uj«xooazuj<
««D!DOOOOO — —IS

o
» o

o
OO O O
— OOOOOOOOO —OCO
— CM^ — — CMrxCMTCO — CM —

10

QZ

S
lul
QZ

. UJ < —
tno_i—o
LU«OZZ
f- OZOUJ —
Oujf-1—
z>o<o
f-«3EO
O I I I I
O<*ZOQZ



E
E
E
E
E
E
B
E
E
E
B
E
E
B
B
B
B
E
E

\ *
00
«— It
"̂ v
rx *
O

.

.

» O
O

» *s.

. 8
QZ ^x

* UJ O
u- 0

» i-i
X ••

* CL CL.
O

»> D-
UJ 10

» —1

§0
z

O LO
« - -CO

••f-CO
» >-lO —

CO
»

Q —
. iu O

1- -x.
» o o

UJ CO
» — 1 -x.

»o o
o

— II—
S * — QZ

f- » tnzi-tn • mom
x . in
too --j^z

»zoo
1— - LU< —
ZlO » — I-3D-
UJZ UJ O
SLU . - -UJ
UJX O>_ I
of- » ot— — i« oz— o
z » CLOO

so »
LO

1/1LU »

L0> *

-i""1 »oz
<Z UJ
ZO « f-

U * 2
OUJ
ZOZ » ••
< 1 UJ

< » a.
LUCL >
—IUJ » f-
a.
S * UJ
< -1
CO « CL

to
»

• 00
en

« 00
O)• in

ft .

o* z.
» UJQZ

-JUJ
* CLZ

5<TCM
* <lulO

to_i 1
» ooo
» QZO

0 1
* LOO CD

* rx. i
1 UJO

» — ZCD
i- o>o<
az «
o -o ••
a. » otao
UJ Z< —
az »

f- - -Z
< > OIUO
f- UJO —
< « -30ZI-
Q O0<

» atOf-
LO 0.1/110

.
«
.
«
.

*
*
*
.
tt
.
»

in
» t-

—i
« o

to
* LU

az»
—i

* <
o* —
f—

» >—i» <
» <
„
«
w

a

•
#

*

» -J
•̂

* CD

it

*

it

it

«•

w

it

*
it

*

*

*
it

it
CO

*t t—
_J

# o
CO

* UJ
tt

It

*<o
It HH

H-
w >-

i
it ̂

Z
it <(

tt

it

it

it

it

it

it

it
i

*t ^v.
o

s s
s>-> —
OtO StO
— UJ OLOozz — <
— 10001-
«QZOOos — ma

cotoorxo
CM -O -O

CMLOO) •
O CM

6

s
o

o — ;
az— z-i
UJZZO-I
>UJO — >
-itoazazoz
i— *OZO ̂  LU
CO < CD CD 02

OO<OO
oozoo
— CO — •

az
UJ
f-

S

u.
O

*o<

LO
i<Z
QZ
<
UJ
az

z>o

StOS Z >S OOSSS O
O UJ ZO — — OOOS —3 -_

-—ozo-j o— t-a:———o zazzz
J5LUOQLLI SZ ZOZ-IO— OO —<

i—IU O_l<—KOZOOOSO
_ . _ tf-_izaz_ii-<zi-zazc
Q»—I UJ Z UJ i-l t—UJ *—IX ̂  f—I—' I—IU

in<coo6ajoooosz_i<int-tnf-f-f-»MrMS<t:

ooz oooo oooooooiocoooooo^zco^ro
— CO — • • —— — — CM'3-CO^J-CM-LO —O — — • ——

LOlO — O UJaz



B
E
E
B
B
B
E
E
B
B
B
B
E
E
B
B
B
E
I

CM — —CM . . OZ f-
\ UJ <
03 . » I- O

O < —. » S U.

. . U. QZ
O uj

. O » >
O LU

. -x. . O QZo z o

. o » iu Lu
•x, to

. O * LU >
O ozz oz

. . CLUJ <
> CO

» IO CL « LU— to
— o OO Lu
. Ot t- . O

ot to to LUUJ uj
* o . f- oo z

zo _j z_i
» Z » O UJ< tO

co LO in o:> *-"
» .-0 « iu •••_• •f-rx. at >Z to
»>to— . tu< —

CQ —j x in
» . < ujf- >

Q — o > -i
» UJ O) .1-1 I—IQZ •<

f- -X, |- f-UJf-Z
» O OD . > CJ-t— — <

UJ CM -I S<Slul
. _I -x, » < OUJ —QZ

_i 10 z maz—i
* O O . < UJO O
o QZ zz

. •• » Q-UJO<
—It—IO I CDi—i

S « —QZLO . UJ S Z I—O
UJ u_x*z CO OS S S «O<Z
t- »lOZf- CO » LU> —O O O t-f- —
LO • tooin zoz-iio — ozs— — HH-'
>-«t » LO • • . <tOLULOZLUO I O ILIZt— CL
LOO --i^ZOZ OO>i<UJ>-—I <O » OSZZ

»Sooiu * zozot—_i io<zzz * —io<^
f- - UJ< — ID <uj —Ouj —OX —<— » <ZOtO
Zio . _i-5f-s » ssza-tOtOtOf-f-XM to >i^Oiu
UJZ UJ 00 *t Ot
SLU » --LUZ . QZ QtOS
UJX O>—I < UJ —O •
Of- »Of--JO . S i - Sf-
« oz—os - i - 3 uj <uj—z
Z .CLOO «\ O OZ SOZUJ
< - o o * —_i—tn
SO * . O CM O O » t-<SUJ

tn o -OCMOOCMO<OO » to> ot
tOUJ . . CMOTTTCMCM — ZCMCO UJ UJCJ,
i-i I — IX
(/)> » UJ . "5<D— lul
>— f— . O CO
—j . < . f-tn
tfz to o—f-
ZO » Z » tn< O
S— — uj i azz

o * az . o_iuj
OUJ Z • CO>
zaz . . . . uj s<
< i uj az os

< . a. . ujzz
uja. > u-uj QZ
—iuj » D— » az>ujo
CL UJftX

*< . ——llulO
tO «t—Z

• » Z>00
* LUO

. rx az . Zt— CL
CO UJ LO <LUZ

• O CQ . f— IOO
O) E -I ,_•- O• 10 o »o o f-

z to Lutno •
. . »uj Minzuj

O to oz >"J —i
• Z < . _J_lf-CO

to _j < o<
• UJOZ . < ZUJOQtO

. CLZ . — OtZ

»<uj . > OD—u.
IO—I _J Z <

. O . < I ZQD-

» ozo . < zorsio
o I • Z>

• oooo— » *-^*~iftxoo «
• rx i oto . tfiZX

I LU I tO *—'^ D—
• —ZID— » S S UJ

D- O)OQZ s>- o z o oujinto
QZ » •• . OZO f>SS=> — _IO<UJ
o -o --Q: zo—S-joo—D-QZ to <_jxi-
Q..OCDQLU . —SZO—i —— S—IUJ uj * >^ <
UJ Z< —CO S —UJ —>SOO<0-ZQZ " >-IO
oz • E » OD-tnazozo_iozcDa.o<o • * "-1 <>-1

t-.-zo _izoz<uj«xooa:uj< • LOO-I—Q
<»OUJOZ . «<CDCDOOOOO — -IS » LU«OZZ
f- ujo— i" i—azouj—
<T • —>£V|—UJ • ^ OUJt—t—
o oo<to _i ot 5>"<<J

»azoi—< »^ < D-«so
tn 0.10100 o S giilzoi



B
B
E
E
E
E
B
B
E
E
E
E
B
B
E
E
E
E
E

This document was prepared by Roy F Weston, Inc , expressly for EPA It shall not be released or disclosed, in whole or in part,
without the express written permission of EPA

Remedial Investigation Report
ABC One-Hour Cleaners, Inc
Jacksonville, Onslow County, North Carolina
Section Appendix C
Revision 1
Date November 1992

SEPTIC TANK AND SUBSURFACE SOILS QA/QC

CYANIDE

B \A1 \ABC\APPEND01 CWS 11/82



E
E
B
E
B
E
E
E
E
E
E
E
I
B
E
E
E
B
E

O ) . ...... _l
~x » » <
CM —
CM » » QZ
-x, uj
oo * * t—
o <. . s

. . u.
O» o .

O LU
. ^x « O

o z
. O » LU

-x to
» O * "Jo ozz
• . Q.UJ

:>
. in CL * u_i—i

— OLO OO
» OZ f-LO «

QZ LO^Z UJUJ
. O CD » OO
so z_j

» Z •• . LU<
m oo o>

» -OZ . —
••f-rx ;>Z

. >in—Q « uj<t
co S X

» . . UJI—
o — >

. UJ 0) » —OZ
f- \ r-UJi-

. O 00 » Q.I——
UJ CM S<S

» _J >x » OUJi-i
-I (O lOQZ—I

» O O » UJO
O QZ Z

. •• . a. ujo
—It— I CO —

S . — az . z t-
uj u-><t . O<
f- »mzf- » D—r—
to • tooto —
>•< . LO . LUZI—
LOO -^z osz

. soo » —io<
t- . UJ<— <ZO
zm «-1-31- •• .
LUZ UJ O •
SLU . -LuO . OcnS
UJX O>-_IZ UJ —O
OD- »OI——I « f - Z
« QZ —O • QZ <UJ —
Z .O.OOQ . LUI ZOZ
< • f-UJ ——J —
SO » » UJQ f-<Z

tn S— tO>
tOUJ . . <Z lul UJ
— Ot< I -IX
CO> . UJ . O -><tf-
>-f f- ao »o
_i . < • i—to
<z to o—
ZO » Z . tO_J IO<
<— — f- ^x LU I OZ

O * OZ » —O O-IUJ
QUJ ZO Z » CD
zaz « •• » o uj z
< I UJ O OZ O

< . CL » O luizz
UJQ. > tO- LuUJ

ILU • f— . 1 — QZ2»UJ
CL —I UJftT
S * uj . o f—Of-
1 —l to Z
tO » O- » LUI I—IUJ

S az i oo
» < » ——IUJ

IO «f-
• « z>o

• UJ
.to . ZD-

CO <XUJ
» O) « XO

O) i-
» 10 » Q f-

LUCOO
• • • . rsiioz

O O >UJ
» Z Z » —I—Jf-

«I O
• ujaz to * ZUJCD

IUJ < ^OQ
• O-Z to • OZ

f- S< fcOO
az. <uj . Ot— tu
O to—l Z
CL • O « I ZO
uj —
ot» azo »

O I » >
<»oooo » *:-i
i- u~>xo <
< »rx i o « tozo i uj i — —<

»—ZCOO) » UJ
to O) OLU to oujto
— • to • —IO<
tn -o ••— <-i3
> . OCDQ . •><
_j Z<— •• » ^-1
< • • • • UJ <
z i- --zo tno-i—
<»OLUOZ . uj«az

ujo— • f- azouj
Q«-5QZf—IU • OUJf-f-
uj oo<to z>o<
— »OZOf-< « f-«Z
u, CLiOtno O i i i



E
E
E
E
E
E
E
E
B
E
E
E
E
E
E
E
E
E
I

0)

IX.

o

UJ
f-
LO •

LOO

ZLO
LUZ

UJX
OD-

SO
tn

CO lul

<z
zo

3
OLU
zaz
< i
uja.
_JUJ
a.

« QZ
UJ

• *

• UJ
—I. a.

« 00
en• oo
O)

» LO

« UJQZ
—ILU

• O.Z
t- E<£CM
az « <LUO
O LO—J I
a-» oo
LU O
oz. *o
< » LOOca
f- fxXU.
< » IX |
O I LUO

» —ZOO
to C7)O<
i-i «
in -o ••
> » OOQQ
_i z< —
z D- -z
< * OLUO

UJO —
Q • -5QZf-
UJ OO<
— • ozoi-
LU a co to
I—I »
o
UJ •
Q. .... I
10» » » tt <

oo

. O<

LO

ôt

az
UJ
f-LU
LUUJ

<z
az<
O
O.O

tn_i
—o
zo
o

o
to

o
to

UJ
az
o
in

az
o

to

o
LU
LO

» O
1/1LU
*:CL
azio
<o
ZtO
LU
az<



E
B
fl
E
B
E
I
E
B
E
E
E
fl
fl
I
E
fl
E
E

CM —
CM » » OZ
\ UJ
0 0 » « f-
o <

o
o
o
o

oo

. o

QZ <UJI-I
LU ZOZ
f-LU >-l_Jl-4
UJO I— <S
S— CO>
<Z UJ LU
QZ< I -IX

CLO • O
I-CO
O —

IO_J LO<
t--x. LU I OZ
— O O—IUJ

Oto—

0
co

O O >UJ
»Z Z » _l_lf-<t o
» UJOZ tO • ZLUCO

_IUJ < <CD
• Q.Z 10 » QZ

f- S< fco°
OZ » <lul » Of- U.o tn_i z
a. . o * i zouj — <2uJ
az » azo » zoisio i » z>
< • oooo « ^— '
I- LOXO <
< » rx i o » toz
Q I UJ I — — <

tt— ZCDO) » UJ
tO OlOOttO OLUlO
i-i • ID * — IO<
to - o - — <-)»
>»OCDO » »><
-I Z<— •• • >-J
< » • » . UJ <
z f- -zo too_i—
< . OLUOZ • UJ«QZ

UJO— • f-OSOUJ
Q»-iazi— uj » Oujf— f-
UJ OO<lO Z>O<
— »azoi— < " f- «S
U- CLlOtOO O I I I



E
E
I
E
E
B
E
E
E
E
I
E
E
E
E
E
E
E
E

O)...... —I
^x. » * <
fx —
— » » ot
•-x UJtx » « t—
O <» « s

» tt LU
O

« O »
O UJ

» ^x » O
O Z

» O * uj
^x '- CO

* O * UJ UJ
to o z azz
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• This document was prepared by Roy F. Weston, Inc., expressly for EPA. It shall not be released or disclosed, in whole or in part,

without the express written permission of EPA.

I Remedial Investigation Report
ABC One-Hour Cleaners, Inc.
Jacksonville, Onslow County, North Carolina
Section: Appendix C

I Revision: 1
Date: November 1992
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RESIDENTIAL WELLS AND SUPPLY WELLS QA/QC

• VOLATILES

• SEMI-VOLATILES

PESTICIDES/PCBs

• METALS
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Remedial Investigation Report
ABC One-Hour Cleaners, Inc
Jacksonville, Onslow County, North Carolina
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Revision 1
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DIRECT-PUSH TECHNOLOGY SPLIT SAMPLES
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
ENVIRONMENTAL SERVICES DIVISION

REGION IV
960 COLLEGE STATION RD.

ATHENS, GA 30613

MEMORANDUM

DATE: September 30, 1992

SUBJECT: Evaluation of Split Sample Data from ABC One-Hour
Cleaner, Jacksonville, NC

FROM: John P. McConney
Environmental Scientist!
Laboratory Evaluation & Quality Assurance Section

TO: Darcy Duin, RPM
North Superfund Remedial Branch
Waste Management Division

THRU: Wade Knight, Chief
Laboratory Evaluation & Quality Assurance Section

We have received and evaluated data for 25 water samples which
were collected at the subject site in December of 1991. The
samples were split between a mobile laboratory operated by In-
Situ Technology and a CLP laboratory.

The split samples were analyzed for a select group of 13 volatile
organic compounds (VOCs) by the mobile laboratory using method
601. There was poor qualitative and quantitative agreement
between the two laboratories for these analyses. The mobile
laboratory claimed a detection limit of 1 ug/L for benzene but
did not report any positive values for benzene. However, the CLP
laboratory reported benzene in seven samples in amounts ranging
from 1J to 12. The mobile laboratory also consistently failed to
detect trichloroethene and 1,2-dichloroethene. The CLP lab
reported twelve positive values for these compounds in amounts
that ranged from 4J to 5700 ug/L. Both laboratories reported the
presence of tetrachloroethene in fourteen samples; however, the
numerical agreement was poor with the mobile laboratory reporting
lower amounts of tetrachloroethene in most samples. Please note
that the CLP laboratory reported positive values for carbon
disulfide in eighteen samples in amounts that ranged from 8J to
110 ug/L. This compound was not included in the 13 VOCs that the
mobile laboratory analyzed for.

The mobile laboratory did not receive BSD blank and spike samples
for analysis.



I
( Based on the limited split sample results, the data from the

mobile laboratory does not appear to be acceptable.

_ Copies of the ESD split sample data are attached. If you have
• any concerns or questions please contact me at (706) 546-2445.

Attachments

• CC: Bokey/Hall w/o attachments
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Region IV

Environmental Services Division
College Station Road, Athens, Ga. 30613

***MEMORANDUM******

DATE: 02/06/92

,ri SUBJECT: Results of Purgeable Organic Analysis;
92-0176 ABC ONE-HOUR CLEANER

JACKSONVIL NC
CASE NO: 17580

FROM: Robert W. Knight
Chief, Laboratory Evaluation/Quality Assurance Section

TO: WADE KNIGHT

Attached are the results of analysis of samples collected as part of
the subject project.

As a result of the Quality Assurance Review, certain data qualifiers
may have been placed on the data. Attached is a DATA QUALIFIER
REPORT which explains the reasons that these qualifiers were required.

If you have any questions please contact me.

ATTACHMENT
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ORGANIC DATA QUALIFIER REPORT

Case Number 17580 Project Number 92-0176 SAS Number
Site ID. ABC One-Hour Cleaner, Jacksonville, NC.

Flag
Affected Samples Compound or Fraction Used Reason

Volatiles
64336,64337,64349 trichloroethene J <quantitation limit
64348 benzene J <quantitation limit
64349 1,2-dichloroethene J <quantitation limit
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UJ
O tt

§ z o
* UJ U.

\ f lO
• O • LU IU >

O Z ttZ tt
• * UJ CLUJ 4

^ _| > 10
• 10 CL • UJ > U-i-j lO

MH o Z X OO UJ
• tt D- • l/l UJ D— O

Q£ tO D— —J UJ UJUJ IU
• O • -I > O <J=> Z

SO 3 X tt Z-J
• Z • l/l D- O UJ4 l/l

CO O UJ UJ _J O> "-1
• "T «tt O UJ XUJ f
-I-.- tt Z OZ >Z l/l

• >IO— • _J iuo iu 44 UJ4 f
CD 4 Z-l CL UJ ttX X lO

• • O LUX uj O Z D—D— IUD— >
O — MH O.OUJZ tt O UJUJ > -I

• UJ O » I- UJOf>Z4 CL. D-IUD-O •-'tt -4
f. ^ >. Ztttt4X O UJZ—tt D-UJD-Z

• O T • -I 4O.D-XD- tt iiOUJO fe^2**
lu — 4 O.O—I-UJ O D-Z—I S4SIU

• —I ^ • Z OttUJUJO —I -JIUUJX 3lUfitt
-J csi 4 ttOZZtt X S-i^XO lOtt-l

• O — • CL—IUJOO O D— D—4 UJUJ i/l LUO O
O OXXtt-J MH 3_liutt ZZ LU tt ZZ

• • • ttOD-OX O CD>OD- UJUJ Z O.IUO4
—If— OfiUJ—JO I Ol—ttUJ MM UJ I COfi

• MHO: • _iooxfi cost03Oi- zz -J 2^tT$2
U-X X I ttOtt -ttfiOQ—I I UJUJ > »O4Z

• LOZD- m* orooOD-iu —O XCSILUCDCOUJX D-D-fi
looio o M- ._is i z i u-_i_io -zo z —""r1

• LO X» O —XOCS|IUlOO>->4CSIUJtt—IUJ-J UJZD-a
•*Z CD I I Ott -MZSXXtt -3O>tt4 » 33TZS

• SOO • CMi/lMHto —Z4OH-D— t—— —J—IX>»— ~- * -JO44
UJ4MH . .MHfiCMH -UJttttUJUJUJ -OXD-D—O * 4Z31/1

• -I-5D- • —OD-O —COD-COSZD- —D-OUJlOl- lO >*OUJ
UJ O O ^ Ot

• uj z* ot a ins
O>_l < UJMH3 •

• OD--I • -I 33333333333333333 S D- SD-
ttMHQ O -v OOOOOOOOOOOOOOOOO UJ 4UJMHZ

• Q. O O «e3 •-*-•— — •-•—•- — •- — — — — — — *--- tt Z3Z1U

g,

• CL 4 • 1U i-iiu -2
S lO Z I 3O

« 4 * LU MH—JUJO

• ̂  >; SSG§
X » UJO

»m * t- zi-a
T 10 IU <UJ5I• co • i- o xoo
T -J tt D - O

• «O • 3 O Q D—
LO -J lUlOO •

• . • uj X MlOZUJ
O tt O — >UJ -J

• Z • fi -J —I—ID-ID
-I O 4 < 34

• UJtt • 4 I D — ZUJtDlO
—jiu o — o ^ .̂.S

• O.Z • MH - t- uj -.2:2;
l— 34 f •- >^ 2 UJUJ f-OO3
tt»4iu •> — IU4OZ 2*""-^.

IO-I -I IU ujujuj UJZXMH4 2_-.<
i o »4 o zzz ZOD-KX J,S°t;

UJ CSI Z MH UJUJ4UJ 4D—UJOD— SfUJ4
tt* ttO •< tt OXXX X LUO-JUJ ZOMO

(O3 I UJ O MHi-t-i— 1-^ttXS * Z>
<»r^ot~- • UJ O —J u_ UJUJUJ iu OOO ^—JI—
f. ^ if ZIUMHUJX —lOOO O_l-I4tt -SS
4 * O I O • 4ZttZO 3tttttt tt>XttO LOZX
O I iu I O X4O4 lOOOOZOXOI--! fi4D-

• CSIZQ. 00 • D—X—IXUJ M-_l_l_l£^_If-MHUjX UJ
LO ooo io UJD-XD-Z OXXXOXIUKD-O =>.m>£(/]
O* f^ • SUJOIUUJUJ OOOU-O f- ft —J34UJ
MH -O " *~ OS O—JZZ^I—IMHQl—1—J I ZQ 4—JXD—

Z»OCDO • ttO_ltt>OOQQOttO> —OO * >4 4
4 Z4MH - O3>OXD-CD I I I O I X -COS
O» •• _JOZ-ll-ujtt —— Csl-lCsID- —ttO *
Ot D--Z O XttMHXUJ04 - • -X -UJ -4tt •
O*CHUO Z» OCO>OZ4O — — — O — S — OCO *

1UOMH I/I

-Mrf».-5Q:>- UJ • >£ OIUD-D-
—I O34 l/l _| 3 tt Z>O4O
<a*ttOD- 4 • "̂  3333O3 333333333 < *-<<3tO
4 0.101/1 O O OOOOCSIOTOOOOOOOOO S Q I I I I
UJ » *3 ^-f^-- ^^^^^^^^^.^^ UJ O4iii3tt
£j tt u-» • • •
o: * • • *
3 > * • • » • • • •



I
I
c
I
I
fl
fl
t
I
1
i
i
i
i
9
i
fl
fl
fl

CSI
01

LO
O

csi
o

8

• l/l CL * UJ >• U-MH tO
ft o Z X OO UJ

• tt D- • I/I UJ D— O
tt in i— _j iu ujuj uj

• O • _j > O O3 Z
XL) 3 X tt Z-l

• Z • IO D— O LU4 IO
CO O uj uj —I O> ft

• "T »K O UJ XUJ MH
• •D-CO tt z oz >z in

• >lO— • —I UJO UJ 44 UJ4 MH
CO 4 Z-l CL uj ttX X LO

• » O LUX LU O Z D-D- UJD- >
O — MI O.OUJZ tt O UJUJ > —I

• UJ O » t— UJO'->Z4 fl. D—uj»—O ftt -4
D- v, > Ztttt4X O UJZ— tt t-iUD-Z

• O T •-I 4O.D-XD- tt i^OUJO O.D-MH4
uj — 4 O.O—D-UJ O D-Z—I S4ZUJ

• -I v. • Z OttUJUJO —I -JUJ UJX 31UMHOC
_i csi 4 ttozstt x >*:xo intt_i

• O — • O-_ILUOO O D- D-4 UJUJ IO LUO O
o oxxtt_i f> 3-iiua: zz tu tt zz

. . . » t tOD-OX O 03>OD- UJUJ Z O.IUO4
-ID- Of UJ-IO I OD-ttlU MM UJ I CQMH

• fitt • -JOOXf COSIO3OD- ZZ —I Z D-O
U->4 X I ttOtt -ttf CO-I I UJUJ > >O4Z

• 1/1ZD— T» OCOOOl— LU —O XCSILUCDOQUJX D—I—MH
lOOlO O — -_IS I Z I U.-J-IO -ZO Z f-I

» to x» O —XOCSILUiOO»4CSIUJtt—IUJ—I UJZD— CL
-^Z CO I I Ott -MZSXXtt -3O>tt4 * 3»Z3

• ZOO • CSIlOfiCO—Z4Ot-D-t-*--l-JX>t- - * -JO44
1U4MH - .ftOtft -UJttttUJUJlU -OXD-D-O * 4Z3LO

•—I-5D- •• — OD-O — 03D-CDZZD- — D-OIUlOD- 1/1 >^OUJ
LU O O * tt

» "1U Z* tt OLOS
O>—I < UJfl3 •

»OD-_I • •-I 33 3333333 333333 X D- SD-
ttMHQ O -̂  r^f^Ol^f^^»'^f^'v-'^O's-fs"'^f»^-'<» UJ 4IUfZ

»Q.OO »O — — O — — — — — — — O — — — — — — tt S3ZUJ
3 — CSI • MH-JMHtO

• O * O-JUJ
Z»CO>

• •• » UJ 34
IU tt 33

• CL ••* LUZZ
> • U-IU tt

§ • tt>iuO
UJMHX

• UJ • D— OD— >
_i in ~ z 4

• CL 4 • uj —iuj -S
S io z I 3O

» 4 • UJ MH IUJO

IO —I 44D-Z
• * > Z>O3

X • UJO
• T » D- ZD-O.

T IO LU <IUZ
• CO • t- O XQO

T -I tt D - O
• IO * 3 O O D-

10 —I LUlOO •
• • » UJ X Ml/)ZLU

O tt O — >UJ —I
• Z • MH —I _J_JD-CO

-J O 4 4 34
• lUtt • 4 I D — ZlUCOlO

—IUJ O — O 4CO 3
• CLZ »MH - D- UJ ttZ

D- 34 D- .- — ZIUUJ D-OO3
tt>4lU •> — 1U4OZ OD-U.
O in_i -l uj ujujuj UJZX«4 Z 4
CL* o «4 O ZZZ ZOl-ttX I ZOD-
uj — Z MH UJIU4UJ 4D—luOD— 4*lu4
Ot* oto »<. tt OXXX XUJO-IUJ ZOMO

(03 I UJ O MHD—D—D— D— xfttXS • Z>
4»f^OO • lu O —I u-iuujuj uj OOO ^—JD—
D- — X — ZUJfiujX -JOOO O_l-I4tt 44
4 » O I O • 4ZttZO 3tttttt tt>XttO l/lZX
O I uj I O X4O4 1/1OOOSOXOD--I MH4»_

• csizo. oo • i—x_JXuj i—_j_j_ice_it— MHIUX uj
IO OOO LO UJD-XD-Z OXXXOXlUttD-O 3IUlOlO
O* t^ * SlUOUJlUUJ OOOU-O D— MH _I34UJ
MH .O" — OS O-IZZfi-ifOfi-l I ZO 4_I*D-
Z»OCOO • ttQ-Jtt>OOOOOttO> —OO »>4 4
4 Z4MH - OZ>OXD-CQ I I I O I X -COS
O» •» —IOZ—ID-UJtt — — CSI-lCSID-— ttO •
tt D- - -Z O XttMHXUJO4 • • -X -UJ -4tt •
O»OUJO Z* OCO>O-S4O — — — O — S — Off) •IUOMH in

O34 10 -I 3 tt Z>O4O
(D*ttOD- 4 • V. 33 3r^3333 333333 4 D-44ZO
4 CLinin o o r^^ot**—t^f^f**^Of^-^f*.'•*''*• t^ Z O l i i i
UJ » »3 — — CO— — — — .-!>..- f^^^r. UJ O4}_3tt
o ^ ttl^****

tt * * * *=,****•*» » •
a.******* » *



1
I
I
I
B
fl
I
i
fl

LO ft ft
o * * ot f-
\ UJ 4
CSI • • D— O
O 4 MH

8

'il
'-S

s
i
fi
i
i
i
t
i
i

U. K
O IU
LU

_ , .. O tt
o z o

• o • iu u.
\ ^ in

• O • uj uj >
o z ttz tt

• • uj CLUJ 4
— _i > in

• in CL * uj > U-MH to
MH o Z x OO iu

• tt D— • l/l LU D— O
tt IO D- —I UJ UJLU IU

• _J > O 0= 2
3 X tt Z-l

• in D— o uj4 in
LU UJ —I O> ft

_ • tt O uj xuj f
• D-CM tt z oz >z in

• >-m— • —I UJO IU 44. UJ4 fi
CO 4 Z-J CL UJ ttX X l/l

» • O LUX UJ O Z D—D— IUD— >•
O — MH O.O1UZ tt O UJUJ > —I

• UJ O » D— tuOfZ4 O. D—UJD—O fOt •<
t- \ > Ztttt4X O UJZ—tt D-UJD-Z

• O T • —I 4O.I-XD- tt *£OUJO ^D-~4
iu — 4 CLO—D-UJ O D-Z—I 34SUJ

• —l \ • Z OttUJUJO -J -JUJ UJX 3iUMHtt
—I CM 4 ttOZStt X >^XO LOtt—I

• O — • Q.—JUJOO O D- 1—4 UJUJ in UJO O
O OXXtt_l — 3-JUJtt ZZ UJ tt ZZ

• •• • ttOD—ox O CD>OD— ujuj z O.LUO4
_JD- OM-.LU—IO I OD-ttlU MM UJ I CDMH

S * fOt » -lOOXf COS103OD- ZZ -I Z D-O
UJ u-x X I ttOtt -ttMHCD-l I UJUJ > »O4Z
I- »LOZD- LO • OCOOOD-UJ —O XCMLUODOQUJX I— D-f
LO • i/ioio O MH -_is I Z I U.-J-IO -ZO Z f —I
>4 • LO X » O — XOCSJUJlOO»4CMUJtt —IUJ-J UJZD-O.
LOO "^Z CD I I OK -MZZXXK -3O>K4 * 3XZS

• ZOO • CMl/lMH(D — Z4OD— D— H> — —I—IX>-I— " • —IO 4 4
D- • UJ4MH •• -ftOtft -lUttttlUUJUJ -OXD—D—O • 4Z31/1
ZlO •—I-3D— • • — OD— O — (OD— COSZD— — D— OLUlOD— I/I >HOUJ

- UJZ LU O O ^ tt
ZUJ • "UJ Z» tt Ql/13
LUX O>_l 3 4 1UMH3 .
Ol— »OD-_J • • -I 33 33O3333 333333 X D- SD-
44 ttfiQ O -̂  OOOOO —OOOOfOOOOOOO UJ 4lUfiZ
Z »O.OO >O — — CM — — — — .-.-T —— — — — — tt 33ZUJ
4 - 3 » fi-lM-lO
SO • • * I-4ZLU

LO * l/l> tt
LOLU • • 1U IUQ.
ft 4 I -IX
l/l> • 2 • -5 4 D-UJ
>MH Q »3 CO
-I • Z • D—I/I
4Z 3 Ofil-
ZO »O • 104 O
4MH K UJ I ttZ

O • O • O—IIU
Ouj Z»CD>
Ztt • •• • LU 34
4 I IU tt 33

4 • a. •• * ujzz
UJO. > • U-IU tt
—iiu • f- O* tt>iuO
CL Z IUMHX

X • IU » D-OD->
4 _J 10 ~ Z 4
LO • CL 4 • UJ f UJ -X

? tO Z I 3O
• UJ MH-JUJO

10 -J 441-Z
• * >• Z>03

X » IUO
• LO • D- ZD-O.

T IO LU 4IUS
• n * f- o xoo

T -I tt D - O
• tO * 3 O O D—

10 -I LUlOO •
• • • iu X MlOZlU

O tt O — >UJ -J
• Z • MH —J —I—ID—D

—I O 4 4 34
• ujtt *4 I D — ziumo

—JUJ O •— O 4CO 3
• CLZ » f • D— UJ ttZ

D- Z4 D- — — ZIUUJ D-OO3
tt*4iu •> — LU4OZ OH-U.
O lO—I —J UJ UJUJUJ UJZXMH4 Z 4
Q. • o »4 Q ZZZ ZOt-ttX I ZOD-
iu CM Z MI UJUJ4UJ 4D— luOt— 4*UJ4
Ot* OtO *< tt OXXX XUJO-IUJ ZOMO

(O3 I IU O fiD-D-D- f-^ttXZ *^>

4*rvOO • UJ O —I u-ujujuj LU OOO *:_ll—
I- —XCM ZIUMHUJX —IOOO O—l-J4tt 44
< « O I O • 4ZttZO 3tttttt tt>XKO LOZX
O I UJ I O X4O4 LOOOOZOXOD--I fi4D-

• csi 2 a co* D-X—ixiu fi_i_j—itt-iD-MHiux uj
i/i ooo io UJI-XD-Z oxxxoxiuttD-o 3iumin
O* l» • IE UJ OUJ LULU OOOU-O D— MH -J34UJ
Ml -O" — OX O-IZZMHMHMHQfl-l I ZO 4-I»t-

z»ocaa • ttO_itt>oooootto>—oo •>< 4
4 Z4MH - OS>OXD-CO I I I O I X -COS
O» •• —loZ—ID— UJtt — — CM—JCMD- — ttO "
tt I Z O XttMHXlU04 • • -X -UJ -4K •

^" o • oiuo z* om>oZ4o———o—z—om *
ujoi—i in

iu*r>tth- iu * *: OUJD-
_J 034 10 _J 3 tt Z>0
CD»ttOt- 4»\ 3333O3 33 333333 < f?*
4 0.1010 O O OOOO —OCOOOOOOOOOO 3E fi ' '
uj • »3 ^^^^- »-LO — — CO — — — — — — UJ O<*£a tt u, • «
tt • • » »



fl
I
I
I
I
1
fl
1
I
I
I
I
fl
fl
i
i
i
i
t

8

CM » » » • * • »
01 i 2 ,
\ • • 4 O
LO ft ft
O * * tt D-
< UJ 4
CSI • • D - O
O 2 ~• * Z u.

MH
• • U. tt

O uj
• o • >

O iu
• -v • O tt

§ z o
» LU U.

•-> in
• UJ IU >

Z ttZ tt
• UJ CLUJ 4

— _j > in• uj >• u-fi inz x oo iu
• l/l UJ D- O

t— —I UJ UJUJ UJ
• -I >- O 03 Z

3 X tt Z—I
• i/i i— o iu4 in

UJ UJ -J O MH

• tt O uj Xuj *•*
tt z oz >z io

•-I UJO UJ 44 UJ4 «-•
4 Z-J O. UJ ttX X in

• O LUX LU O Z I-I- UJD- >
" Q.OUJZ tt O UJUJ > —I

• D- iuOfZ4 O. D-iui-O "tt -4
> ZKK4X O UJZ—tt D-IUD-Z

•-I 4O.D-XD- tt ^OIUO ^*~~<-
< O.O—D— UJ O D—Z-J Z4SLU

• Z OttUJUJO —l —iiuaix 3iu>»tt
4 ttOZZtt X >^XO intt—J

• CL—jiuOO O D— D—4 UJLU i/l UJO O
OXXtt_l ~ 3_lUJtt ZZ UJ tt ZZ

• ttOD-OX O CD>Ol- lUUJ Z O.IUO4
OMHUJ—JO I OD—ttUJ MM UJ I (Oft

• -JOOXMH COS103OD- ZZ -I Z D-O
X I KOtt -ttMHCO-l I UJUJ > *O4Z

§ • orooOD-iu — o x csi iu com ujx
M H . - - - -LO • i/iom o MH -_js i z i u-_j_io -zo _ —

>4 • IO X » O — XOCMluinO»< CSIlUtt— IUJ— I IUZD-O.
LOO -x:z co i i OK -Mzzxxee: -3O>tt4 „ • =>Szz

• ZOO • CMlOMHttl — Z4OH- D— D— — — I— JX>-D— • — IO44
D- • IU4MH .. -MHKMH -UJttttUJlUU.1 -OXD-D-O • 4Z31O
zm • _ i-iD— •• — Of-o— COD— COSSD— — D— ouji/iD— LO >x:ouj

• » -I 33 3333333 333333
O «v OOOOOOOOOOOOOOOOO

»O (0<OQtO<0<O<O(£(O<OO<O<O(O<O(O<£
3 COCO — fOCOCO CO CO CO CO Off) CO CO CO CO CO

LO
4»
LO

• (D • H-T in iu
• fO • t— O

T -I tt
• IO • 3 O

1/1 —I
• • • iu x

O tt O *->
• Z • MH -I

-J O 4
• luce • 4 I D —

_iuj o — o
• O.Z • MI - i — uj

D- S4 D- — — ZIUUJ
OC*4iu •> — UJ4OZ
O l/l-J —I UJ UJUJUJ UJZXMH4
O. • O »4 O ZZZ ZOl-ttX
UJ — Z MH UJUJ4UJ 4D— UJOD—
at * oto »< ot oxxx XiuO-Jiu

(O3 I uj O fit-t-i- »-^ttX5
4 > r x Q — • uj O -J U.UJIUIU iu OOO
I- — XCM ZlUMHiuX -IOOO O_t-J4tt
4 > O l O • 4ZttZO 3tttttt Of>XOtO
O I uj I O X4O4 IOOOOSOXOD--I

• CMZO. CO* D-X— IXUJ MH-J— I— IK— ID-MHUJX
l/l OOO ul lUD-xi-Z OXXXOXlUttD-O
O» r- • ZUJOUJUJUJ OOOU-O D— MH
MH .0" — OZ O_IZZfi~fOfi_/ l ZO
Z*OB3O • ttO-JK>OOOOOttQ>-OO
< Z4MH . OS>OXD-CD I I I O I X -COS
O* •• — lOZ-JD-UJtt— — CM-ICMD- — ttO
tt D--Z O XKfiXUJO4 • - -X -uj -4tt
O » OIUO Z» OflO>OS4O — — — O'i-Z — OffJ

UJOMH

- LLf»-5ttD- UJ •
-I O34 10 -I 3
CO»ttOt- 4 • ̂ - 3333O3333 333333
4 0.1010 O O OOOOlOOOOOOOOOOOO

O COCOP5CO fOCOCO CO CO CO CO CO CO CO CO tt U- • • » »
tt» • CSI * *
3 » * » * » » * » •
o . * * * * * * * • •



I
1
I
I
I
I
I
t
fl
I
I
I
I
fl
i
fl
i
i
t

8

e n ******* _ i z
\ • » 4 O
LO f. MH

O • • tt D-
-̂ UJ 4

CM • » D— O
O 4 f

• * X u.

• * u. at
O uj

• O • >
O uj

• -̂  • O tt
O Z O

• O * uj u.^ tn
U-l UJ >
Z ttZ tt
IU CLUJ 4

• • ~ _i > m
• lO Q. • UJ >• U - M H l O

MH o Z X OO UJ
• tt D- • I/I LU I— O

K l/l D— —I LUI UJUJ LU
• O • -l > O O3 Z

SO 3 X tt Z-l
• Z • l/l D— O UJ4 i/l

CO O UJ UJ —I O> f<
• " ( ^ • t t O u J X i u *"*

••i-O K Z OZ >Z lO
• >lOO » —I 1UO iu 44 UJ4 fi

co 4 Z-J a iu ttx x i/i
• • O IUX UJ O Z D—D— IUD— >

O — MH CLOIUZ tt O UJUJ > -I
• IU O • I- IUO—1Z4 CL D-UJD-O *->Ot -4

t- \ > Ztttt4X O UJZ—tt D-IUD-Z
• O 00 • —I 4Q.D—XD- tt *:OUJO CLD—f«4

UJ — 4 O.O- I-UJ O D-Z—I S4SUJ
• —I \ • 2 OttUJUJO —I -JLU UJX 31UH4tt
-I CM 4 ttOZStt X >^XO lOtt-J

• O — • a.—ILUOO O i— »—< UJLU in iuo O
O OXXtt-J fi 3_lujtt ZZ UJ tt ZZ

» •• » ttOD—OX O eO>Of- UJiu Z O.IUO4
—JD— OfiUJ—IO I OD— ttlU MM UJ I COfi

S • MHQ: . JOOXMH rosmsOf- zz _i z i-o
uj u-X x I ttott -ttMHCQ_j I UJLU > »O4Z
t— »inzt— O» OCOOOD-UJ — O XCMIUCDIDUJX H-H-f"
LO . LOOiO — — -_IS I Z I u-_i_io -ZO Z "H-I
>4 • IO X • O —XOCMUJinO»4CMUJK_)UJ_J lUZf-O.
LOO -x:Z CO I I Ott -MZSXXtt -3O>tt4 • 3ZZS

• ZOO • CMlOftED — Z4OD- t-l— — -I_IX>I- - » —IO44
I- - UJ4fi •• -MHOifi -lUttttUJUJUJ -OXD-D-O • 4Z3I/1
Zl/> • —I-5D— • —Ol—O—(Ot—COSS^ —D—OUJLOD— l/l >^OIU
JUZ ^ uj o Q ^ tt

UJX O>_J
ot oins

— 4 IUMH3 •
OD- »OD-_ I • • -I 33333333333333333 X D- ZD—_ -
44 ttfiO O \ OOOOOOOOOOOOOOOOO UJ 4ujfiZ
z •a.oo »o — — — — — — — — — — — — — — — — — tt Z3ZUJ
4 - 3 • MH_JMHt/l

XO * * * D-4ZUJ
LO • LO> «

1/llU • • UJ UJOL
MH 4 I -IX

l/l> * f * -54D-UJ>MH a * 3 co
4Z 3 OfiD-
ZO »O • l/»4 O
<" ot uj i ttZ

o »o • o_iuj
OLU Z * eo>
ZOt * .. * uj 34
4 I UJ tt 33

4 * 0 . •• * UJZZ
UJQ. > • U.1U tt
-JUJ * D- O« OOIUO
a z UJMHX
Z • UJ • D-Ot->
4 -I 10 ~ Z 4
l/l • O. 4 * UJ MHIU -2

S LO Z I =C3
. < . UJ MH-JIUO

LO —l 44D-Z
• • > Z>03

X * luO
» K. » D- ZD-O.

T in iu <ujs
• CO • I— O XOO

T -J tt D - O
• IO * 3 O O I—

in _i ujioo •
• • * uj X MlOZUJ

O tt O — >iu
-I O 4 4 34

• lUtt • 4 I D - ZUJ CD l/l
-JUJ o — O 4 CD 3

• az *MH • D- iu ttz
D- S4 D- — — ZlUlU D-OO3
tt*4UJ •> — IU4OZ OD-U.
O l/l—J —I UJ UJUJUJ UJZXMH4 Z 4
O. • O »4 O ZZZ ZOl-ttX I ZOD-
UJ — Z MH UJUJ4UJ <t—UJOI— 4XIU4
tt> ceo -4 K OXXX XUJO-JUJ ZOMO

(osi uj o ft-i-t- f-^atxx »z>
4»rxO(O • uj O -J u-ujujuj uj OOO *_ii-
I- —XCO ZUJMHUJX -JOOO O-I-I4K 44
4 * O I O • 4ZKZO 3ttttK tt>XttO lOZX
O I LU I O X4O4 lOOOOSOXOD--! f<>-

• CMZO. oo • t—x—ixuj fi—i—j_jtt—JD—MHIUX LU
l/l OOQ 10 LUD-XD-Z OXXXOXIUKD-O 3UJl/)LO
O* f-• SUJOIUIUUJ OOOU.O D- MH -J34LU

O-IZZ~-HfiOfi-l I ZO 4_I*D-
z*ocao • ttO-itt>oooootto>—oo »x 4
4 Z4MH - OS>OXI-ca I I I O I X -COS * >_IO
O* •• _lOZ—ID-UJtt — — CM-JCMD- — ttO * * UJ 4MH
tt D- -Z O XttfXuj04 • • -X -UJ -4K * inO-lfiO
O » OIUO Z» O03>OS:4O-— — O —Z—OCa » IU44ttZ

IUOMH in D— tt3UJi-i
_|UJ» -5ttD- UJ • ^ OlUD-D-

—I O34 IO -I 3 tt Z>O4O
CO»KOI- 4 * ^ 3333O3 333333333 4 D-44SO
4 o-ioin o o oooo—ooooooooooo s o i i T i
UJ • »3 »-^ — *- »-lO- —— — — '•- — •-•- UJ O4^3tt
O tt U. • • * *
tt • • * *



I

i

fl
I
1
fl
I
I

fl
I
I
i

CM » » • * » * *cn *»*»»»* -i z
•̂  • • 4 O
LO ft ft
O * * tt D-
-^ UJ 4
CM • • I- O
O < «

• • Z u.
MH

• • U- tt
O uj

• O • >
O uj

• -^ • o tt
§ z o

• UJ u.
\ ^ LO

• O * LU 1U >•
O Z KZ tt

w * UJ CLUJ 4
— _i > in

> U-MH |/1

X OO LU
I- O
UJ lUUJ UJ
O 03 Z
tt Z-l
O UJ4 lO
-I O3» f

u i XUJ *"—'
z oz >z in
UJ 44 1U4 f
a. uj KX x in
O Z D-D- UJD- >
tt O UJUJ > —I
Q. *-uJD—O f tt -4
O UJZ—tt D-UJI-Z
tt ^OIUO O-f-f 4
O D-Z-I S4ZIU

I —JUJ1UX 31UMHtt

X >a£XO i/ltt_i
O I- 1-4 UJUJ LO IUO O
f 3—llUtt ZZ UJ tt ZZ
O OOD— uJiu Z O-UJO4
I OD-ttlU MM LU I COf

COZL03OD- ZZ -J Z D-O
_ . -ttMH{O_l I LUUJ > »O4Z

• LOZD— CM* OCOOOD-UJ —O XCMIUCO03UJX H-D—MH
lOOLO — MH -_JS I Z I U--I—IO -ZO Z f-I

• IO X» O — XOCSIIUIOO»4CMLUK—IUJ-1 UJZI-CL
••*:Z CD I | Ott -MZSXXtt -3O>tt4 • 3X23

• SOO • CMl/lMHCO — Z4OI— D— D— — —J—JX>D— — • —IO44
1U4MH .. -MHKMH -UJttttUJUJUJ -OXD-D—O " 4Z31/1

• |->D— •• *— OD— O — 03D— COZSD— — D— O1UI/1D— IO >j£OUJ
UJ O O ^ tt• "lu 2» tt omx
8>_j 4 UJf 3 •

D-—I - * -I 33333-533333333 3 X t- SD-
ttMHO O \ OOOOO — OOOOOOOOOOr>- UJ 4>Uf Z

• O.OO »O ^^ —^— ^^^^^^^^csi —LO K 33ZLU

• • *~ • D-4SIU
• 10> tt

• • LU IUO.
4 I -IX

• f • -5 4 D-UJ
Q * 3 ffl

• z » D-m
3 Of t—

• o • m4 o
tt uj I ttZ

• U • O-IUJ
z»co>

• •• • uj 34
UJ tt 3S

• Q. •• • 1UZZ
> • U-UJ tt

• t- o* tt:>iuO
Z lUfX

• UJ • D-OD->
_i in ~ z 4

• O. 4 • UJ *-"U -^
s in z i

. * > Z>03
X • IUO

• co » D- zi-a
T in iu S!y3l• co •»- o xoo
T -I tt f- O

• IO • 3 O O tto j ujino •
• • • iu X MlOZlU

O t t O f >-UJ

I

J O 4 4 34
• UJtt • 4 I D — ZUJ CD l/l

-JUJ O — O 400 3
• O.Z » ft D— IU ttZ

D— Z4 D— — — ZUJIU H-OO3
K»4iu » >• — LU4O2 OD-U-
O in_J _J iu UJUJUJ UJZXf«4 Z 4
O. » O »4 O ZZZ ZOD-ttX J,S°t
UJ — Z f IUIU4UJ 4D—IUOD— 4aPlU4
tt» ttO »4 K OXXX XUJO—IUJ ZOMO

(O3 I IU O fiD-l-D- D-^ttXS " 2>
4 * f^OO * UJ O —J U.UJIUIU lu OOO iu^^—
D- —XCO ZIUMHUJX -IOOO O-l-J4tt <<
4 * O I O * 4ZttZO 3tttttt tt>XttO LOZX
O I LU I O X4O4 LOOOOSOXO!--! f 4D-

• CMZO. 00 * D—X—JXIU fi—J_J^tt ID—MHIUX UJ
i/i ooo in IUD-XD-Z oxxxoxiuKD-o siuinin
O * f** * SlUOUJUJUJ OOOU-O D— MH —J34UJ
MH .0" — OX O_IZZf— MHOMH-I I ZO 4_I»D-

Z»OCDO » ttO-IK>OOOOOttO> — OO »>< 4
4 Z4M- •• OS>OXD-<D I I \ O I X -(OS • >-JO
O* •» -JOZ_JD-lUtt — — CM-ICMD- — ttO * "UJ 4 —
tt D- - -Z O XttMHXUJ04 - • -X -IU -4tt » lOO-lfQ

—r O*OIUO Z* OCOOZ4O —— — O —S —OCO » UJ44ttZ
UJO i—i 10 D— tt3IUMH

r-sttD- uj» ^ OIUD-D-
_ O34 10 _J 3 tt Z>040
CQ»ttOl- 4»^v 3333O3 333333333 • < D-44ZO
4 fl.inm o o oooo—oooooooooooo s o i i i i
Uj * >3 —f^-f >-in —— — — — — — — — UJ O4^3tt
(̂  tt U- * * * *
tt» • • •
3 » » » * » » » • •
C L * * * * * * * • •



I
B
t
fl
I
I
I
1
f
1
I
fl
fl
I
I
fl
I
I
I

CM
O

O

CSI

O

O uj
=C • o
O • uj

O
o

• tO CL * UJ >
MH O Z X

• tt D- • in iu i—
tt i/l )— —J iu

• O • -J > O
XL) 3 X Ot• z • in i— o
CO O IU UJ «J

• "O * Ot O iu Xlu
••t-T tt Z OZ

• >IO — » _J UJO UJ 44
03 4 Z-J O. UJ ttX

• • O UJX IU O Z D-D—
Q — MH a. ouj 2 tt O ujuj

• UJ O » V— UJOfZ4 CL D—UJD—O
D- ^ > ZKK4X O UJZ—tt

• O 00 • —I 4O.D—XD— tt
4 O.O— D— uj O l — Z— l

• _J \ • Z OttUJUJO -I -JUJ UJX
-I CM 4 ttOZStt X >itXO

• O — • Q.-JUJOO O D— D-4 UJUJ in
O OXXtt-l MH 3_IUJtt ZZ UJ

• •• • ttOI-OX O COO I- lUUJ Z
-ID- Of 1U-JO I OD-ttUJ MM UJ

S • —tt • -JOOSfi COSIO3OD- ZZ _)
uj U->4 X I ttOtt -ttMHffi— I I UJLU >
D- »LOZD- T» OCOOOD-LU — O XCMlUCOCOUJX
10 • lOOi/l — f --IS I Z I U.-J-IO -ZO Z
X • i/l X • O — XOCSIlULOO»«NLUCe_ IUJ— I
LOO -^Z CD I I OOC -MZSXXtt -3O>tt4 •

• ZOO • CMiOMicO — Z4OI-D-D- — — l-JX>D- - •
I— - UJ4MH • -ftOtft -lUttttlUUJUJ -OXD— D— O •
ZlO • -1-31- • • — OD-O — 03D-COSZD-- D-OIUIOD- l/l
UJZ uj O O ^Suj • "Uj z* ot
UJX O>_l 4
Ol- »OD-— I • • -I 33-53333333 333333 X
44 ttMHO O >» OOTOOOOOOOOOOOOOO UJ
Z »O-OO »O — — .-.- — .-.-.-.-CM — — — — — — tt

lO>

LU
z
LU

Z 4—uj -s

T in iu <UJB
T -I tt D - O

• (O * 3 O O D-
LO -i Luino •

• • • UJ X MlOZLU
O tt O ^ >UJ -J

• Z • fi -I -I—ID-CO
_i a 4 < =<

• lUtt *< I D — ZlUCDlO
_JUj o — O <«D 3

• CLZ * f • D— iu ttZ
34 i— *- *^ ZlUUj t—OO3

:»4iu • >- — iu4OZ OD—u.
I l/l—j —j iu UJUJUJ UJZXMH4 Z 4
.• O »4 O ZZZ ZOI-ttX I ZQD-
1 — 2 MH IUIU4IU 4D—IUOD— 4XIU4
:• oto »4 tt oxxx xuJO-iiu zorso

<o=i uj o MH^-D-i— i-i<:ttxs • z>
• uj O —I u. ujujuj uj OOO ^—11-

ZlUf-iuX -JOOO O-i-i4tt 44
• 4Zttzo 3ttKtt tt>Xtto inzx

O X4O4 IOOOOSQXOD--J f 41-
ao» f-x_ixiu f—j—i_jo:_jt——LUX uj
io UJI-XD-Z oxxxoxiuttD-o 3iuioin
r>. • SIUO1UUJUJ OOOU-O D— ft —134uj
— OX O-JZZf M-fiOfi-i i ZO 4_J»D-

• KO_ltt>OOOOOKO> — OO *>4 4
OS>OXD-CD I I I O I X -COX • >-JO

•• —!OZ_JD-lUtt — — CSI-JCMD- — ttO * * UJ 4f
O XttfXUJ04 - . -x -IU -4K • inO-lfiQ
Z* OCD>OS4O — — — O — S — OCD • IU44ttZ

lO I—OC31UMH
UJ • ^ OlUD-D-
l/l -I 3 tt Z>O4O
4*^. 3333O3 33-5333333 4 D-44SO
O O OOOO —OCOOOTOOOOOO Z O I I I I

»3 ^ —^^- ,-^ —^ ^^.^^^^ UJ O4^3tt
K u- • • • •



fl
I
fl
fl
I
I
1
fl
fl
I
I
I
fl
I
I
fl
I
1
I

CM
O)

10
O

CM
O

LO •
>4
LOO

Zl/l
"LUZ
ZUJ
LUX
Ol-
44

%
LOLU

L0>
>MH
—I
4Z
ZO
4MH

OUJ
Ztt
4 I

4
UJfl.
—Jiu
CL

<
LO

C
O

LL
E

C
T

E
D

 
B

Y
: 

B
 

M
O

R
R

IS
S

T:
 

N
C

: 
1

2
/1

8
/9

1
 

1
7
0
0

 
S

T
O

P
: 

0
0
/0

0
/0

0

-ID-
. MHK

u-X
• lOZD-
i/ioin

• IO
••*z

• ZOO
UJ4MH

A
N

A
L

Y
T

IC
A

L 
R

E
S

U
L

T
S

«.

ljO»

X »
OQ

w

• *

R
O

P
R

O
P

A
N

E
C

H
LO

R
O

P
R

O
P

E
N

E
TH

E
N

E
 (

 T
R

IC
H

LO
R

O
E

T
H

Y
LE

N
E
 )

O
R

O
M

E
 T

H
A

N
E

H
LO

R
O

E
 T

H
A

N
E

D
I C

H
LO

R
O

P
R

O
P

E
N

E

B
U

T
Y

L 
K

E
TO

N
E

Y
L 

K
E

TO
N

E
O

E
TH

E
N

E
 (

 T
E

T
R

A
C

H
LO

R
O

E
T

H
Y

LE
N

E
 )

TR
A

C
H

LO
R

O
E

 T
H

A
N

E

EN
E

EN
E

N
E

S

OMHUJ— JO 1 OD— ttUJ MM UJ
-IOOXM- COSl/)3OI~ ZZ -1
X 1 ttOK -ttfiCO— 1 1 UJUJ >
OCOOQD-UJ — O XCMIUCD031UX
fi --IS 1 Z 1 U 1-10 -ZO Z
O— XOCMUJlOO»4CNUJtt_IUJ_l

1 1 Ott -MZSXXtt -3O>tt4
CMlOfCO — Z4OD—D— D-- — 1— IX>D—

•M-KMH -lUttttUJlUlU -OXD-D-O
— OD-O — COI-COSZD- — D-OUJlOl-

O>_l
• OD-—I

KMHQ
• 0.00

4

"1
• Z

• o
tt

• o

• o.
>

• 4
10

ro
T
IO

• 1UK
-JUJ

33333333333333333
OOOOOOOOOOOOOOOOO

tt
4

UJ
tt

o»

l/l
4 •
to

I- X<
tt » 4UJ
O tO_J
a. • o
iu ro
tt • ceo

<O3 I
4 »i^OO
D- — XO
4 * O I O
O I iu I

• CMZCOin OOKo •

» 3
to

• 4
o

• 4

• 4

cao
4~

z *
4
o •
tt D- -Z
O * OUJO
- - IUOMH

UJ » -5ttD-
_l O34
CO »ttOD-
4 o.inin
UJ *
o
tt »

8.
LO

oz •
LU *
in _j
4 • ~v
o o

• 3

og
O f
fl _l
O 4
I D-

— o
- D- IU

— — Z1UIU— IU4OZ
IU UJUJUJ UJZXMH4
Q ZZZ ZOl-ttX
MH IUUJ4UJ 41— IUOD—
tt OXXX XLUO-IUJ

IU O fD— D— D— f-X.OtXS
O —I u-ujujuj uj OOO

UJX —IOOO O-J-J4tt
4ZKZO 3tttttt tt>XKO
X4O4 LOOOOSOXOI-_I
D— X—JXUJ fi_l_J_Jtt—JD—f UJX
UJI-XI-Z OXXXOXUJttl-O
SlUOIUIUUJ OOOU.O I- MH
O.X O_IZZfMHMHOfl-l I ZQKO-itt>ooaootto>—oo
OS>OXI-CO I I I O I X -CDS
-JOZ-JD-lUtt —— CSJ-JCMD- —KO
XttfXlUO4 • - -X -UJ -4tt
O«O>OS4O —— — O —Z—Offl

3333033333333333
OOOOCMOOOOOOOOOOO

in
tt
4

UJ
tt



fl
I
t
I
I
I
I
1
fl
1
I
I
1
I
fl
fl
fl
I
fl

CM * • • • • • *
en * * * * * * * -j z
\ • • 4 O
10 MH MH

O • • tt D—
\ UJ 4
C M • • D - O
O 4 f

• • S u -

n n U- K
O 1U

• O • >
O uj

• \ • O K
O Z O

• O • uj u-
\ in

• O • iu >
O cez tt

• • O.IU 4
> in

• in o. * U-MH tn
MH O OO lU

• K i- » o
tt tn ujuj iu

• o * <->3 z
So z-i

• z •• » iu4 in
03 OO O> f

• "LOZ • f-t-o >z in
» >m—o • uJ4 f

co x x m• • iui— >
0,- > -I

• uj O • f tt '4
D— \ I—UJD—Z

• O 00 • O.f-fi4
UJ — S4ZIU

• —I \ » 3IUMHtt

—i CM mot-i
• o — • iuo oo tt zz
• •• • O.IUO4

—Jt— I CQMH

X • MHtt • Z I-O
uj U-X » O4Z
(— • LOZI— • I—D—MH
LO • tOOtOCM MH-J
>4 • l/l — • UJZD-O.

• SOOCD • " —IO44
D— - Lu4—i 4Z31/1
ZlO »_|-5I-" • >^OUJ
LUZ UJ O • ttsiu • "iuo * omx
LUX O>—IZ UJf 3 •
OD- • OD-—I • D- ZD-
44 ttfO • 4UJMH2
2 • O.OOO • S3ZIU
4 • fi-iftn
SO • • D-4ZUJ

in m> tt
LOLU • M IU UJO.
M- 4 I -IX
m> •x • :
>MH Q * 3

—I * Z » h-lO
4Z 3 OMH»-
ZO »O » 104 O4f ce —• iu i ttZ

o * o * in in o_iu
OUJ — I K O Z • C0>
Ztt • •• » \ LU Z UJ 34
4 I 1U O S 3 tt 33

4 • a • 3 o o ujzz
UJQ. > I/I O. U-LU tt
—IUJ • f- • tO MH S tt>lUO

CL I— tu O UJ—>X
Z • UJ • _J CM ZUJO l-OD->
4 —I 3 — 4Z Z 4
LO • fl. • 1/1 XIUO MHUJ -X

S UJ UJUJ UJMUJ I 3O
f- • 4 • tt ZZ XZf MH-IIUO
tt LO 4LU1UO1UU. 44D—Z
o» • —i D-D-Z—ieoMH z>o3
Q. 4 ZZ4O-ID- * UJO
iu»oo « o ujiux»z Z t-fl-
ee T MH fl.a.iuoxuj 4iuz

• co • D— i—ix—ji— o xoo
4 T > »O>UJMH I- O
|-»IO * -I XX-IXSZ O D-
4 - - 4 D-D-OI-MH3 lUlOO •
o* • • * z iuiu>iutt Minzuj

O O 4 ZZOZI-T >UJ -I

I 4 34
» ujtt in * zuj03to

l/l -JUJ 4 22222-5 400 3
o*o.z io • ~*—>-^—>-so KZ
MH X< OOOOOO D-OO3
Z»4iu • oooocoro OD-U.
4 LO—I T —CM— Z 4
o • o • i ZOD-
tt — 4XUJ4
O» KO • ZOMO

IO3 I — •

-I -XCO 44
03 * O I O • I/1ZX
4 I UJ I O f 4D-
iu»cMza.ao • uj
O OOOLO 31ULOIO
tt • rv. • —J34UJ
3 -o-- 4_I»D-a. • ocoo • »>4 4

24—i •• * >—JO
l/l * . * * IU 4f
3 D- -zo ino_ifto
O*OluOZ • !U44ttZ

- UJ UJOMH . D—tt3IUMH
Z»^ttH>tU » OlUD—D—
4 O34lO Z>040
_J*ttOD-4 • f-443O
-J CLLOtOO O I I I I

O U. » » * *
l/l • • »



fl
I
fl
1
K

• _

f

I
I

I
I
I
fl
I
I
fl

U N I T E D STATES E f . V L R C H f - : > J T A L P R O T E C T I O N A G E N C Y
Fe 5; o j '.J

E n v i r o n r a e n i a l E : r v _ : t 3 D i v i s i o n
C o l l e g e Stat icn R j £ , d . A thens . . G a . 3 0 6 1 2

* * *• * * -' M E M O R A N D U M

DATE: 01/15/92

S U B J E C T : R e s u l t s o f P u r g e a o l e O r g a i : :
9 2 - O W 5 A B C O N E - H O U R

F R O M : R o B e i
C h i e f , L a b o i a t o r y I ^ v A l u a ^ i o i / 1 ) j c ^i: y A s s u r a n c e S e c t i o n

T O : V 'ADE K N I G H T

Attached are the results of anaiJ/sis of samples collected as part of
the subject project.

As a result of the Quality Assuranca rtav..=w. certain data qualifiers
nay have been placec on the data. Ati-.acnsc is, a DATA QUALIFIER
REPORT which explains the reasons tia.i. tnste cualifiers were required,

If you have any questions please coita;t nt.

ATTACHMENT

JAN 2 3 1992
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ORGANIC DATA QUALIFIER REPORT

Case Number 17535 Project Number 92-0175 SAS Number
Site ID. A£C One-Hour Cleaner, Jacksonville, NC.

Affected Samples Compound or Fraction

Volatiles
64351-64354,64358,
64360 tetrachloroethene
64353,64355-64356,
64359,64364 benzene
64354,64357-64358,
64363 carbon disulfide
64355 trichloroethene

Flag
Used Reason

J

J

J
J

<quantitation limit

<quantitation limit

<quantitation limit
<quantitation limit
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This document was prepared by Roy F. Weston, Inc., expressly for EPA It shall not be released or disclosed, in whole or in part,
without the express written permission of EPA.
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Î • T ̂ J'lx.
D— nxo
4 • o i in
Q 1 UJ 1

o*
" -0 ••

i-iss
o*
tt f- "Z
O » OIUO

lUOf
UJ* -SttD-
J O34
O3» ttOD-

IU •
0
tt •

*

*

.
"

It

* 1/1
t—tt _, 1
=>
UJ

» or

« _J
^» o

» H-
>-

* -J
^« z

.J*1

•

8"
1- •
10

*
. *

O
z •

• • J
Q ^x

• O
3

*

•

•
O*
COo»
CM
IX, •

• . •

f^ it
2»
in
4 »
10

.

in
• D—
j

• 3
I/I

• IU
tt

It
J

• 4
O

• MH
D-

It >•
J

• 4

• 4

It

»

CO

g"
00*

«

. It
oz *
UJ »

^J ^* =>
tt

UJ

Ml

f J
UJ >
Z X
IU D-
J IU
> o
X Ot
1- O
UJ J
O UJ Xuj
Ot 2 OZ

IUO LU 44
ZJ a LU OtX
UJX UJ O 2 D— D—
O.OUJZ tt O UJIU

UJO"21 O. M-UJD- O
2OtCt1X O LUZ—Ct
ICLt-XI- Ot XLOIUO
aox^D— uj o D— zj
OttUJUJO J Jiuiux
ttOZZtt X >-X^XU
ajUJOO O f- D-4 UJUJ l/lg XXOt-1 " 3JIUtt ZZ IU

OD-OX O OQ>OD- UJIU Z
Of 1UJO 1 OD-ttlu MM UJ
-JOOX" fOZl/)3OD- ZZ J
X 1 ttOtt -ttf CO J 1 LULU >
OCOOOf UJf O XCMIUODODUJX
f -JZ 1 Z 1 U — IJO -ZO Z
QfXOCMluinO»4CMUJttJIUJ

1 1 Ott -MZZXXtt -3O>tt4
CMl/lf CO'-Z4OI-I-I-'- J JX>f-
.fiQff -UJttttUJUJUJ -OXD-f-O

«-OD-Of O3D-COZZD- — D-OUJCOI-

33333333333333333
ooooooooooooooooo

^^
UJ
2
LU
J

IU
o
tto
J
X
O f
f J
O 4

1 D-
— o

• D- UJ
f — ZIUUJ
•— UJ1O2

UJ UJUJUJ lUZXf 4
O ZZZ ZOf-ttX
f LULU4LU 4D-UJOD-
Ot OXXX X1UOJIU

UJ O fl-D-D- D-^ttXZ
UJ Q J U.UJUJ1U 1U OOO
ZUJf UJX JOOO OJJ4tt
4ZttZO 3tttttt tt>XttO
X4O4 l/IOOOSOXOD-J
D— XJXLU fi J J —IK —It— flUX
UJD-XD-2 OXXXOXUJttD-O
ZlUOIUIUUJ OOOU-O D- f
OX O J2Zf f f Of -I 1 2O
ttQJtt>OOOOOttO>fOO
OZ>OXD-(D 1 1 1 O 1 X -COX
JOZJD-IUtt«-«-CMJCMD— «-ttO
Xttf XUJO4 - - -X -IU -4tt
ooo:>oS4o—'-*-o— Z--OCD

3333333333333333oooooooooooooooo

4 O
fi fi
tt I-
UJ 4
D- Oi r
IU

2 Ouj a.
in
LU >
ttZ tt

u." in
OO UJ

o
UJUJ IU

iu4 in
0> f
MH

>z in
IU< f

x in
UJD— >
> J
f>at •<
r-lur-Z
O-f-f 4
X1XLU
OUJf tt
LOttJ
IUO O
tt ZZ
O.UJO4
I OOf
z t-o
• O4Z

in
XL
Ot
1

ZD-C

I/I
XL
tt



I

I
I
I
I
fl
I
I
I

I
K
I
I
I
I
I
I

CM •

8 "
*

" 8
» ^s.

. 8
" 8
tt

"12 &
• at D-

tt m
"io
• z

oo c^
* "p

• *H- O)
• >*Lnf

CO

O CM
• iu o

r- -x.
• O T

UJ CM

*O O
O

JD-
Z * ftt
UJ U->4
D— . K1ZD-
1/1 • tO OCO
>-4 « inino --xL2

.300
(- . !U4f
zm • j-^i—
UJZ IU O
XUJ » "IU
UJX O> J
Ol- »Ot-J
44 Gt"O
2 »CLOO
4 -
SO *

in
iniu •
f 1m> »f
>f 0
J »2
42 3
20 »0
4f tt

O • O

§1U
tt • ••

4 1 IU
4 »CL

UJO. >
JUJ »D-
a.
X * iu
4 J
to .0.

• 4
in

• in
• CM

CO
.10
«

.§
• lUtt

JUJ
• CLZ

1- 34
tt . <IU
O I/)J
a . o
|U «-
at* oto

•-3 1
4. TOCO
i- mxo
4»O 1 CO
Q Tiu i

• cMzi
I/I OOZ
o •
ft .0 ••
Z»O03Q
4 Z4f
o*
tt I--2
O* OIUO

lUOf
UJ • ->ttD—
J O34
CD.ttOI-
4. ai/ii/i
UJ •
o
tt •

*

•
*

.
It

»
•
tt

*
• I/I

h-
• J
3» in
UJ

• tt
• J
4

• o
MH

• D-
x.

• J
4

* 2
1

*

*
It

rx »
01
D- *
CO

It

. *
o
z »

• » J
o \

• o
3

It

It

.

o*
00
o*
CM
rx, *
• • •

2-

*in
4 »
to

„

„
l/l

• D—
J

• 3
I/I

• UJ
tt

• 4
o

• ft
D-

• 4
z

• 4

*TOg"
00*

*
. It

o
z »
UJ •
l/l J
4 • -x.
o o

• 3

•

UJ
z
UJ

-x J
UJ >
2 X
UJ D—
J UJ
> O
X Ot
\- o
IU J
O uj XUJ
Ot 2 OZ

UJO UJ 44
ZJ a uj atx
UJX UJ O Z 1— D-
aoujz tt o ujuj

lUOf 24 a D-IUD-O
20tCt1X O UJZ—Ot
1CL\-X\- tt XLOUJO
aox^D— uj o t— zj
OttiuiuO J JUJUJX
CCOZZtt X >*XO
ajlUOO O 1— D— 4 UJIU tO
OXXOt-l " 3JIUtt ZZ UJ
ttoi-ox Q oa>oi- LULU z
Of UJJO 1 Ol— ttlU MM UJ
-1OOX" TOZI/13OI- ZZ J
X 1 ttOtt -ttf 00 J 1 UJUJ >
OCOOQD-UJf O XCMIUCOffilUX
f -JZ 1 2 1 u — IJO -ZO 2
QfXOCMUJinO>->-4CMUJttJUJJ

1 1 Ott -MZZXXtt -3O>tt4
CMl/lfiODfZ4OD— D— D— fJJX>-D-
-fiOt" .UJttttlUUJIU -OXt-D-O

fOD-QfCDD-COZZD-fl-OIUl/ll-

33333333333333333
ooooooooooooooooo

.̂x
UJ
z
UJ
J

r-
UJ

e*
O
J
X
D f
MH J

1 t-

" O
• 1- UJ

f — ZIUUJ
— UJ1O2

UJ UJUJUJ UJ2X"1
O 222 ZOf-OtX
" IU1U4IU 4D—UJOD—
tt QXXX XUJOJIU

IU O fD-l-l- t-xLOtXX
UJ Q J U. UJUJUJ UJ OOO
Zujf UJX JOOO OJJ4tt
4ZttZO 3tttttt tt>XttO
X4O4 COOOOEOXOD-J
D-XJXIU f J JJtt Jf-f IUX
lUf-XD-Z OXXXOXIUttf-O
ZUJOUJIUUJ OOOU-O 1— f
OX O_l2Zf f f Of J 1 20
ttOJtt>OOQOQttQ>»-OO
OZ>OXD-tD 1 1 1 O 1 X -ODE
JOZJD-lUtt — fCMJCMD-«-ttO
Xttf XUJO4 • • -X -UJ -<tt

3333333333333333
oooooooooooooooo

IU4 1/1

MH
>z in

in
XL
at

D-CJI->
MHUJ -X

• >4

in
XL
at
i

. * * * *

CL*



I

I
I
fl
I

I
I
fl
I
I
I
fl
I
fl
I
I
t

•x. •

CM •

8 •

" 8
• "x.

. 8

. §
• i/i a
f 0

• tt D-
tt in
So

• z
CO O

I>£2
CD

|t

O CM
• UJ Ol

D- "x.
• O CM

UJ CM
• -1 -x.

• O O
O

X * "Ot
uj u_>4i- »IJIZD-in • too en
>4 • tntoo --XLZ

• ZOO
t- - UJ<f
zm »_i-5D-
IUZ UJ O
ZLU • -LU
UJX O>J
OD- »OD-J

z .aoo
SO •

inmiu •
*— ! 1
L0> *X
>f 0
J • Z
4Z 3
ZO «0
4f at

o .0
§IUtt » "
4 I UJ

4 .a
UJO. >
JUJ .D-
a
X *uj
1 J
in »CL

"I
*

41 (D
Q

00• to
It

.2

. lUtt
JUJ

.az
r- 34
tt»4UJ
O COJ
a» o
1U fot * oto

— 3T

D- "<OXO
4 « O 1 CO

°.̂ i
tO OOS
O*
fi -o ••
Z.OCDO
4 Z4f
O*
tt r- --2
O* OIUO

lUOf
UJ* -SKD-
J O34
CO.ttOD-

IU •
O
at •
a . . • • <

*
*

*

it

*
*
*
it
it
• in

D—
• J
3

• I/I
IU

• tt

• J
4

• O
MH

• D-
X,.

» J
4

« Z
4

*
it

*
in*
ao
D- »
ID

*
• *

*
• • J

O x
X

• 0
» =

*
It

•

§"
8"
l*v it

• • *

i"«
in
4 »
l/l

*

*
It

in
• H-
J

• 3
in

• UJ
tt
j

• 4
O

• MH
t-

|t x^
J

• 4
Z

• 4

*TO

g*
00 »

tt

. »
o
2 •

UJ*
in j
4 » ̂ x

* 3

•

It • •

LU

UJ
f J
1U >
Z X
UJ D-
J UJ
> O
X Ot
D- O
UJ J
O LU XUJ
Ot 2 OZ

IUO lu 44
ZJ O. UJ OtX
UJX UJ O Z i— t-
aOIUZ tt O UJLU

iuOf Z4 a. i-iui-o
20tOt1X O UJZxxtt4aD-xi- tt *:oiuoao^*D— uj o D— zj
gttujiuo J Jiuiux

OZZtt X >i_XO
ajlUOO O D- D-4 UJUJ tO
OXXttJ f 3Jiutt 22 iu
ttOD-OX O 00>OD- LUUJ 2
Of LUJO 1 OD— ttUJ MM lu
JQOXf TOZI/13OI- ZZ J
X 1 ttOtt -ttf (OJ 1 UJUJ >
OCOOOD-UJ — O XCMIUCDODUJX
f -JZ 1 Z 1 u- JJO -ZO Z
O— XOCMLUCOO»4CMUJCCJLU_J

1 1 Ott -MZSXXtt -3O>tt4
CMCOfCOfZ4OfD-l— fJJX>D-
•fittf -UJttttUJUJtU -OXD— D— O

.-OD-QflDD-COZSI— — D- OUJCOD-

33333333333333330
ooooooooooooooooo

f-
UJ

UJ
J

X
t_
IU

J
X
O f
f J
O 4

1 D-
— o
. (_ UJ

<f ^ ZIUIU
— UJ4QZ

uj luiuiu UJZXf 4
O ZZZ ZOD-ttX
f IUUJ4UJ 4r— UJOD-
tt QXXX XUJOJIU

lU O f|-D-f- D-^ttXZ
UJ Q J U-UJLUUJ LU OOO
ZUJ" UJX JOOO OJJ<tt
4ZttZO 3tttttt tt>XttO
X4O4 inOOOSOXOD-J
D-XJXLU f JJJttJD-fUJX
lUD-Xt-Z QXXXOXlUttD-O
SUJOIUIUUJ OOOU-O D— fi
OX OJZZf f f Of J 1 ZO
ttO Jtt>OOQOOttO>»-OO
OZ>OXI-CO 1 1 1 O 1 X -03 S
JOZ JI-iUtt»-f <MJCMt-f ttO
Xttf XIUO4 - - -X -UJ '10t
OflD>OS4O'-«-f Of 3«-OCQ

3333333333333333
oooooooooooooooo

I/I

1
^ B r

4lilf
Z3ZI

in
XLat
X

. » » * *



I
I
1
fl
I
I
fl
I
I
I
I
I

I

I
fl
I
I
I
i
l

CM •

in •o

" 8
• -x.

• 8
; 8
• in a
f O

• Ot D-
tt in

"io
• zco Cj
* - • o

"H*CO
• s-i/jf

CD

O CM
• UJ O

f- -x.
• O CO

UJ CM
• J "X.

• o o
0

S • ftt
IU U_>4
D- • l/IZD-
CO • tOOl/1
>4 • in
LOO --XLZ

• soo
D- - IU<f
zm »j->t-
1UZ UJ O
Xuj * "iu
UJX O>J
OD- »OD-J

z *aoo
4 -so •

inmiu •
f 4m> **
J * Z
42 3
ZO «O
4f tt

O * O
QUJ
Ztt . ••
4 1 UJ

4 .a
UJO. >
JIU . D—
a
S *iu
4 J
10 • CL

• 4
in

• to

*8>
• to
9 .

• 2

• UJtt
JIU

• az
D- 3<at • iuj
2 COJ

• o
UJ f
tt«^_ttO

1 * TOO

4 • o i m
O 1 UJ 1

,/,"g§Io»
fi -o ••
Z *OCOQ
4 Z4f
O*
tt 1 Z
O* OIUO

lUOf
uj . -sttl—
J O34
CD.ttOD-

lu •
o
tt •

*
„

•
•

.
•
•
It

• in
D—

• J
3

• in
IU

• tt
• j

4
• O

» D-

• J
4

• 2
1

*
it

*

8"
H- *
ID

*
• tt

i.
• « _j

Q «ŵ>*
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|| This document was prepared by Roy F. Weston, Inc., expressly for EPA. It shall not be released or disclosed, in whole or in part,

without the express written permission of EPA.

I Remedial Investigation Report
ABC One-Hour Cleaners, Inc.
Jacksonville, Onslow County, North Carolina
Section: Appendix C

1 Revision: 1
Date: November 1992
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This document was prepared by Roy F. Weston, Inc., expressly for EPA. It shall not be released or disclosed, in whole or in part,
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ACETONE

SUMMARY

Subchronic and long-term exposure to acetone effects the lungs, gastrointestinal tract,

central nervous system (CNS), and liver. Acetone is listed in Group D of EPA's

carcinogenicity classification. Terrestrial and aquatic organisms also exhibit toxic effects

following exposure to acetone.

HUMAN HEALTH

Noncarcinogenic Toxicity - Workers exposed to approximately 700 to 1,000 ppm in

air for up to 7 to 15 years complained of inflamed respiratory tract, stomach, and

small intestines (NLM, 1991).

Baboons exposed to 500 ppm (in air) for 6 hours/day, for 7 days showed altered

responses to stimulation and response times (ORNL 1989). Acute exposure at

approximately 4800 ppm caused decreased respiration in rats, probably due to a

depression of the CNS (ORNL, 1989).

Carcinogenicity - No apparent carcinogenic effects were noted after 0.1 ml acetone

was painted on the skin of female ICR/HN Swiss Mice 3 times/week for one year

(ORNL, 1989). EPA has classified acetone as a Group D compound.

Genotoxicity - Acetone has been used as a solvent for other compounds in many

genotoxicity experiments and seldom showed potential for chromosomal damage

(ORNL, 1989). Acetone has tested negative in the Ames Test using five separate

strains of Salmonella typhimurium. All other studies reviewed indicated acetone did

not possess genotoxic potential (ORNL, 1989).

paJTO
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ECOLOGICAL TOXICITY

Aquatic Toxicity - The Great Pond Snail (Lymnaea stagnalis) showed inhibited shell

growth, altered eggs and embryonic abnormalities after 240 days of exposure to 1

ug/1. Daphnia magna exposed to 550 mg/L for 7, 21, and 28 days showed 6%, 9%

and 10% mortality, respectively (AQUIRE, 1991).

— Results from a number of static, 96-hour LC50 studies indicate that acetone is not

I toxic to aquatic organisms. The LC50 values for the bluegill (Lepomis macrochirus).

I
fathead minnow (Pimephales promelasl and rainbow trout (Oncorhvnchus mykiss)

ranged from 5,540 to 8,300 mg/L, and those for the water flea (Daphnia pulex). scud

| ( H v a l e l l a azteca^) and grass shrimp (Palaemonetes kadiakensis) were 1,220,2,780 and

2,610 mg/L, respectively (AQUIRE, 1991).

Terrestrial Toxicity - No information was available. The animal toxicity information

presented in the human health section is generally applicable to terrestrial mammals.
I
• Avian Toxicity - No information was available on the toxicity of acetone to birds.

REjFERENCES

• AQUIRE (Aquatic Information Retrieval), 1991, on line.

I NLM (National Library of Medicine), 1991. Hazardous Substance Databank, on line.

I ORNL (Oak Ridge National Laboratory), 1989. The Installation Restoration Program

Toxicity Guide. Prepared for Harry G. Armstrong Aerospace Medical Research Laboratory,

I Wright-Patterson Air Force Base, Ohio, dated July 1989.

I
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ARSENIC (As)

SUMMARY

Long-term oral exposure may lead to anemia, peripheral neuropathy, hepatotoxicity,

nephrotoxicity, cardiotoxicity and a variety of skin disorders. It is also associated with

increased risk of skin cancer and possibly internal cancer as well. Inhalation exposure to

dust or aerosols containing inorganic arsenic may lead to the appearance of some of the

same symptoms as seen following oral exposure. The principle health concern following

inhalation exposure is increased risk of lung cancer. Dermal contact with As is generally

not associated with any systemic effects.

HUMAN HEALTH

Noncarcinogenic Toxicity - Oral exposure of humans to As often produces a range

of gastrointestinal symptoms, with nausea, vomiting, diarrhea, and thirst being the

most common. Gastrointestinal symptoms are rarely noted with As following

inhalation or dermal contact. Gastrointestinal toxicity was observed in people

ingesting As in water at concentrations of 0.4 mg/L and 180 mg/L and 3 to 10

mg/day.

Infants exposed to 3.5 mg/day of As in contaminated milk for 33 days, and adults

ingesting 3 mg/day in contaminated soy sauce experienced anemia and leukopenia

including eosinophilia in infants. Autopsy of infants also showed liver injury.

Rats exposed to arsenate at concentrations of 20 to 85mg/L in water for 6 weelcs

or more resulted in decreased hemoglobin production and decreased enzyme

activity necessary for heme biosynthesis.

The proliferative response of peripheral blood lymphocytes was examined in 10

workers exposed to As during their employment at a semiconductor
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manufacturing facility for at least three years. The level in worker's hair was 0.68

mg/kg compared to 0.05 mg/kg for a comparison group. The proliferative

response of peripheral blood lymphocytes was significantly higher than the normal

comparison group and the stimulation index of workers was three times the

normal level. In vitro exposure of normal lymphocytes to 10 to 100 ng As/ml as

sodium arsenite enhanced the proliferative response. At concentrations 2.500

ng/ml, all samples showed suppression of lymphocyte stimulation (NLM, 1991).

Myocardial infarction and arterial thickening were observed in children consuming

water containing about 0.6 mg/L. Peripheral vascular disease leading to gangrene

of the toes and feet, known as "Black foot disease", was reported with chronic As

exposure in 0.9% of a population of 40,000 who consumed about 0.4 to 0.6 mg/L,

whereas no cases were reported in a population of 7,500 people who consumed

less than 0.02 mg/L. Prevalence rate tended to increase with age and with the As

content of the water. Severity of the disease was directly related to duration of

exposure. Black foot disease was often fatal, with an overall mortality rate close

to 50%.

As-induced peripheral neuropathy has been noted in patients exposed to doses of

3 to 10 mg/day for periods ranging from several weeks up to several years. EMG

(electromyograph) abnormalities were observed in about half of the patients who

were exposed to elevated levels (above 100 ug/L) of inorganic As in drinking

water. A significant decrease in the ulnar sensory nerve function was noted in

both males and females in western communities where drinking water levels of As

ranged from 50 to 387 mg/L.

Hyperkeratoses and hyperpigmentation are two skin disorders seen in chronic oral

exposure to As. These effects have been seen in a number of epidemiological

studies. They are apparent in populations consuming drinking water containing

As at levels of 0.4 mg/L or higher. Similar findings were reported in
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retrospective studies of patients who had been treated with Fowler's solution and

in workers exposed to airborne As in a pharmaceutical plant or a sheep-dip

factory. Liver damage was also demonstrated in patients using Fowler's solution.

Chronic inhalation exposure results in irritation of the mucous membranes of the

eyes and nasopharynx. A hoarse voice and a perforated nasal septum may occur

following prolonged exposures. However, no such effects were noted in workers

exposed to 0.2 mg/m3 in air.

There is evidence of As acting as a contact allergen, causing an increased

response in dermal patch tests of workers who were chronically exposed to As

dust in a copper smelter. However, neither sodium arsenite nor sodium arsenate

induced contact allergy in guinea pigs.

Although reproductive toxicity has not been thoroughly investigated, mice exposed

to 5 mg arsenite/L (about 0.7mg/kg/day) in drinking water showed no effects on

survival after three generations, and the only effects were an increase in the ratio

of males to females in the F3 generation and a small decrease in the average litter

size.

Carcinogenicitv - There is clear evidence that chronic oral exposure to elevated

levels of As increases the risk of skin cancer. The most common cancerous

lesions are squamous cell carcinomas. In addition, multiple basal cell carcinomas

may occur.

The largest study focussed on 40,000 people in Taiwan where As levels in deep

wells used for drinking water ranged from 0.001 to 1.82 mg/L, with average levels

of around 0.4 to 6 mg/L. The skin cancer rate was found to be 10.6/1000.

Typical As blood levels in residents of this area were around 15 ug/L. There was
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a strong relationship between the occurrence of skin cancer and other signs of As

intoxication, and skin cancer incidence was correlated with As levels in the water.

No cases of skin cancer or other signs of As poisoning were reported in a control

population of 7500 people consuming water with less than 17 ug/L of As.

Although the precise dose-response relationship may be questioned due to the

fact that there may have been significant exposure to As from other sources and

the dietary and socioeconomic characteristics of the exposed populations are quite

different from those of average U.S. citizens, they do not alter the conclusion that

chronic As ingestion is associated with increased risk of skin cancer.

A 3.6-fold elevation in the incidence of ulcerative skin lesions was reported in the

M residents of a Mexican town where drinking water contained 0.4 mg/L of As,

* compared to a similar town where water content was 0.005mg/L. Similarly,

• elevated levels of skin cancer have been reported in studies of humans who used

™ Fowler's solution as a medicine. No increased frequency of skin cancer was

• detected in small populations consuming water containing As at levels of around

* 0.1 to 0.2 mg/L.

I
Some studies sugggest that the incidence of some types of internal malignancies

may also be increased by chronic oral exposure to As, but the data are not

adequate to draw a firm conclusion. Several types of internal tumors have been

observed in association with oral As exposure. A number of studies have noted

that hepatic angiosarcoma occurs at increased frequencies in persons exposed to

Fowler's solution. Angiosarcoma was also seen in vintners exposed to arsenical

pesticides.

Correlation between mortality from several types of internal cancer and exposure

to As through ingestion of water containing 0.35 to 1.14 mg/L of As showed that

the standardized mortality ratios (SMR) for bladder, Icidney, lung, and liver were

1100/2009, 772/1119, 320/413, and 170/229 in males/females respectively. A
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positive dose-response relationship with As exposure was noted for bladder, lung,

and liver cancer, but not for kidney cancer.

A follow-up case-control study found that the odds ratio for bladder, lung, and

liver cancers for those who had used well water containing As for 40 years or

more were 3.90, 3.30, and 2.67 respectively, compared to people who had never

used As-contaminated well water.

Limited observations suggest an As association with other types of cancer such as

mammary gland, lymphatic tissue, leukemia, and renal adenocarcinoma.

• An exposure-dependent increase in frequency of respiratory cancer was reported

in workers in a large copper smelter in Montana. SMR values were 239, 478, and

• 667 in low, medium, and high exposure groups respectively. The average levels of

air concentration for these three groups were 0.4, 7, and 62 mg/m3. There was

• additional evidence of a level- and duration-dependent increase in lung cancer

risk. Similarly, workers at a copper smelter in Tacoma, Washington exhibited

• death rates from lung cancer that were higher than expected. Airborne

concentrations of As ranged from 3 to 295 ug/m3 (averaging around 53 ug/m3). It

I has also been suggested in epidemiological studies that there is an increased risk

of lung cancer for nonoccupationally exposed individuals living within several

I kilometers of As-emitting industries.

Genotoxicity - As (III) and As (V) compounds showed negative results for gene

mutations in a number of systems. Arsenite and arsenate were also reported to

be inactive in gene-specific mutation assays in yeast and cultured mammalian

cells. On the other hand, both arsenite and arsenate have been found to result in

chromosome aberrations and sister chromatid exchanges (SCE) in cultured animal

and human cells tested in vitro. Arsenite was about tenfold more potent than

arsenate and dose-related increases in SCE were also reported.
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Several studies have described a positive asociation between As exposure and

chromosome aberration or SCEs in humans. Reports show that there was a

threefold increase in SCEs in lymphocytes from patients who had taken Fowler's

solution for periods of 4 to 27 years. Increased frequencies of chromosomal

aberrations had been reported in patients exposed to total doses of 300 to 1200

mg of As taken in Fowler's solution. There was no increase in chromosomal

aberrations or SCEs observed in a recent study of residents in Fallen, Nevada,

where drinking water contained about 0.1 mg/L of As. Examination of bone

marrow cells and spermatogonia from mice treated with 4 to 12 mg/kg of

arsenate found no significant increase in chromosomal aberrations in either cell

type.

ECOLOGICAL

Aquatic Toxicity - No information was found on the toxicity of As to aquatic

organisms.

Terrestrial Toxicity - The animal toxicity information presented in the human

health section above is generally applicable to terrestrial mammals.

Avian Toxicity - No information was found on the toxicity of As to birds.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1989. Toxicological

Profile for Arsenic. Final Report dated March, 1989.

NLM (National Library of Medicine), 1991. Hazardous Substances Databank, on

line.
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BARIUM (Ba,-

SUMMARY

Very little is known about the human health effects of Ba. Limited human and animal data

suggest that the cardiovascular system may be one of the primary targets of Ba toxicity.

Evidence from case reports suggests that Ba may also cause some neurological effects. No

adequate human or animal studies were available to evaluate the carcinogenic potential of

Ba. Similarly, available data are inadequate to evaluate the genotoxicity of Ba.

HUMAN HEALTH

Noncarcinogenic Toxicity - There is some evidence that gastrointestinal (GI)

absorption of Ba in humans is less than 5% of the administered dose. This suggests

that although individuals may become exposed orally to high levels of Ba, adverse

health effects may not necessarily develop because of the limited GI absorption.

Another important factor affecting toxicity is the solubility of the Ba compound. For

example, barium sulfate and barium carbonate are inefficient sources of Ba2+ ions

because of limited solubility, and are therefore generally nontoxic to humans by way

of the Gi tract.

Case reports of humans exposed orally indicate that Ba induces a number of

cardiovascular effects. These include increased blood pressure, changes in heart

rhythm, and myocardial damage. One epidemiological study and one experimental

study evaluating cardiovascular effects in humans indicated no evidence that

subchronic or chronic exposure to Ba in drinking water was associated with

cardiovascular effects. However, these studies had major limitations that made them

unreliable.

Results from acute, subchronic, and chronic oral toxicity studies with experimental
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There were no changes hi pulmonary weight in rats receiving less than 35 mg

I Ba/kg/day as barium chloride in drinking water in a subchronic study. No gross or

histopathological lesions of the lung were observed in rats exposed to 0.7 mg

V Ba/kg/day as barium acetate in drinking water for their lifetime.

I
K
I
I
I
I

animals indicate that Ba is associated with adverse cardiovascular effects. Rats

administered barium chloride in drinking water for 1 (0, 0.071, 0.71, or 7.1

mgBa/kg/day), 4 (0, 0.0643, 0.643 or 6.43 mgBa/kg/day), or 16 months (0, 0.054,

0.54 or 5.4 mgBa/kg/day) showed significant increases in blood pressure at 7.1,6.43,

0.54 and 5.4 mg/kg/day. No effects on blood pressure were noted with the other

doses. In addition, rats receiving 5.4 mg/kg/day for 16 months also had

abnormalities in cardiac rhythm.

Results from 90 day and 2 year studies with barium chloride and barium acetate

administered in drinking water to rats were not associated with any changes in the

heart weight or gross or microscopic lesions of the heart. The reported no effect

levels were 35 and 0.95 mg/kg/day, respectively.

No studies were located regarding cardiovascular effects in humans after inhalation

exposure to Ba. Guinea pigs exposed to 0.06 mg Ba/m3/min as aerosolized barium

chloride solution for an unspecified period of time developed increased blood

pressure and cardiac irregularities.

Blood effects, pulmonary lesions, impaired detoxifying functions of the liver,

decreased body weight and decreased urinary calcium and testicular changes were

observed in rats exposed subchronically by inhalation to 3.6 mg Ba/m3 as Ba

carbonate dust.

Subchronic inhalation exposure to 2.2 or 9.4 mg Ba/m3 as Ba carbonate dust caused

a shortened estrous cycle and alterations in the morphological structure of the

JOlJ}}
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ovaries in female rats.

No clinically significant changes were noted in any of the blood chemistry parameters

monitored in humans exposed orally to 0.2 mg Ba/kg/day as barium chloride

supplied in the drinking water in a subchronic study. But this study was not reliable

for hematological effects or blood chemistry. Chronic oral exposure of rats to barium

acetate and barium chloride in drinking water has not been associated with any

significant changes in a variety of hematological parameters. Elemental Ba in the

drinking water ranged from 0.7 mg to 35 mg/kg/day.

Chronic oral exposure of rats to nominal concentrations of Ba in drinking water (35

and 14 mg/kg/day) was not associated with histopathological lesions of the lymph

node, thymus, uterus, ovaries or testes. However, this study was of limited value,

because the Ba compound tested was not specified and the chow used to feed the

rats was contaminated with 12 ppm Ba.

Carcinogenicity - No adequate studies were available that evaluated the carcinogenic

potential of Ba in humans. Results from two chronic toxicity studies with rats and

mice exposed to barium acetate in drinking water for lifetime were negative for

carcinogenicity. However, these studies were inadequate.

Genotoxicity - In vivo genotoxicity studies with Ba were not available. In vitro

studies were limited, and cannot support any conclusion on the genotoxicity of Ba.

These studies involved tests of the fidelity of DNA systhesis using an avian

myeloblastosis virus (AMV) DNA polymerase system. The results showed that

neither barium acetate nor barium chloride affect the accuracy of DNA replication.

Similarly, barium chloride did not inhibit growth in wild and recombination deficient

strains of Bacillus subtilis. These results indicate that barium chloride is not

mutagenic.

J0.3J2



ATSDR (Agency for Toxic Substances and Disease Registry), 1990. Toxicological Profile

for Barium. Draft dated October, 1990.

I
I ECOLOGICAL

I Aquatic Toxicity - No information was available on the toxicity of Ba to aquatic

— organisms.

— Terrestrial Toxicity - No information was available. The animal toxicity information

• presented in the human health section is generally applicable to terrestrial mammals.

^ Avian Toxicity - No information was available on the toxicity of Ba to birds.

• REFERENCES

I

I
• NLM (National Library of Medicine), 1991. Hazardous Substances Databank, on line.

K
I
I
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BENZENE

SUMMARY

Human exposure to benzene can induce leukemia. Chronic exposure to benzene causes

blood disorders, both carcinogenic and noncarcinogenic, with the target bemg the cells of

the bone marrow. Inhibition of life cycle changes have been demonstrated at low ppm

levels in crustaceans.

HUMAN HEALTH

Noncarcinogenic Toxicity - Hematological toxicity has been reported in several

studies of humans chronically exposed to benzene in air in the workplace. A

common clinical finding is a decrease in various cellular elements of the circulating

blood. Although no human data are available to evaluate chronic oral exposure,

chronic animal studies also indicate hematological effects following either inhalation

or oral exposure. Oral exposure of rats and mice to benzene (10 mg/kg/day) for 26

weeks produced abnormally low levels of leukocytes (ORNL, 1989).

I Carcinogenicity - Epidemiologic studies have established the relationship between

human exposure to benzene and the development of acute myeloid leukemia.

• Benzene is considered a known human carcinogen (EPA weight-of-evidence

classification - Group A) based on a sufficient level of human and animal evidence

• (EPA, 1991). Occupational inhalation exposure to benzene at 2 ppm for 18 months

has been correlated with an increased incidence of leukemia.

Genotoxicirv - Several studies indicate a variety of genotoxic effects as a result of

exposure to benzene. Studies of occupationally exposed individuals indicate an

association between benzene exposure and chromosome aberrations in human

lymphocytes. Animal studies have demonstrated chromosome and chromatid
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aberrations, sister chromatid exchanges, and micronuclei formation as a result of

exposure to benzene.

ECOLOGICAL

Aquatic Toxicity - The ambient water quality criterion for protection of saltwater

species from chronic exposure to benzene is 700 ug/L. Benzene exposure at 100

ug/L or 5000 ug/L increased the tune required for molting in juvenile blue crabs

(NLM, 1991). Young Coho salmon showed no significant increase in mortality after

4 days exposure at 10,000 ug/L (NLM, 1991).

Terrestrial Toxicity - No information was available. The animal toxicity information

presented in the human health section above is generally applicable to terrestrial

mammals.

Avian Toxicity - No information was available.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1991.

for Benzene. Draft dated October, 1991.

EPA, 1991. The Integrated Risk Information System (IRIS), on

Criteria and Assessment Office, Cincinnati, OH.

NLM (National Library of Medicine), 1991. Hazardous Substances

ORNL (Oak Ridge National Laboratory). 1989. The Installation

Toxicological Profile

line. Environmental

Databank, on line.

Restoration Program

Toxicology Guide. Prepared for Harry G. Armstrong Aerospace Medical Research

Laboratory, Wright-Patterson Air Force Base, OH, Dated July 1989.
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No studies were located demonstrating that CB causes hepatic or renal toxicity in

I humans by any route of exposure. Acute and subchronic exposures in rats

demonstrated that CB causes changes in liver weights and enzyme levels,

• degeneration, necrosis, and alterations in microsomal enzymes. These studies

included acute exposure at 1,140 mg/kg/day by gavage for 5 days, 90-day oral

I exposure at 2.250 mg/kg/day, and inhalation exposure at 75 ppm, 7 hours/day, 5

days/week, for 24 weeks.

I

I

I

I

CHLOROBENZENE (CB)

SUMMARY

CB has been shown to affect the central nervous system, liver, and kidney following

inhalation and oral exposures. There is no experimental evidence suggesting that CB is a

carcinogen or a genotoxin. Reproductive effects have not been established. In experimental

animals, moderate doses are required to produce effects on the liver and kidneys.

HUMAN HEALTH

Noncarcinogenic Toxicitv - Case reports demonstrated that CB caused disturbances

of the central nervous system in humans who inhaled vapors of CB in the workplace

for up to 2 years. Effects included headaches, dizziness, and sleepiness.

Unconsciousness, lack of response to skin stimuli, and muscle spasms were noted

following accidental ingestion. Acute studies in animals confirm that CB is

potentially neurotoxic. These effects appear to be the result of narcotic effects of CB

on the central nervous system. Narcosis was reported at 1,200 ppm and restlessness,

tremor, and muscular spasms at 2,400 to 2,900 ppm in the air.

Results from a 90-day oral toxicity study indicate kidney damage. Effects included

tubular degeneration and necrosis, as well as changes in organ weight which were
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accompanied by histopathological changes at concentrations 2.250 mg/kg/day. In a

two-generation inhalation study, CB did not adversely affect various reproductive

parameters in rats.

Carcinogenecity - There are no reports on the carcinogenic potential of CB in

humans. Chronic toxicity with rats and mice orally dosed with CB at doses of 60 and

120 mg/kg/day did not produce increased incidences of tumors. However, male rats

showed a significant increase in neoplastic nodules of the liver.

Genotoxicity - No studies were located regarding the genotoxic effects of CB hi

humans. No in vivo animal assays were found, except the micronucleus test in mice

which was moderately positive. In vitro tests employing bacterial and yeast assay

systems with and without metabolic activation were negative. CB induced

transformation in adult rat liver epithelial cells, but was not genotoxic to hepatocytes.

ECOLOGICAL

Aquatic Toxicity - No information was available on the toxicity of CB to aquatic

organisms.

Terrestrial Toxicity - No information was available. The animal toxicity information

presented in the human health section is generally applicable to terrestrial mammals.

Avian Toxicity - No information was available on the toxicity of CB to birds.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1990. Toxilogical Profile for

Chlorobenzene. Draft dated February 16, 1990.
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CHLOROFORM

SUMMARY

Chloroform induces effects on the central nervous system, liver, and kidneys of human or

animal species following acute or chronic oral and inhalation exposure. Chronic oral toxicity

studies indicate increased incidences of liver and kidney tumors in mice and rats; however,

the data for mice are conflicting. There is some evidence that chloroform is a weak

mutagen. Aquatic organisms are sensitive to chloroform's toxic effects.

HUMAN HjEALTH

I
I
I
I
I
I
I

Noncarcinogenic Effects - The liver is a primary target organ of chloroform

• toxicity in humans and animals following acute and chronic inhalation or oral

exposures. Impaired liver function as manifested by increased

ff sulfobromophthalein retention has been reported in some patients exposed to

chloroform via anesthesia. Case reports of intentional and accidental

I ingestion of high doses (2.2.5 g/kg) indicate severe clinical and biochemical

effects of the liver. Occupational exposures of 14 to 400 ppm chloroform

• resulted in jaundice in one study and exposures of 2 to 205 ppm resulted in

adverse effects on the liver as indicated by hepatomegaly, enhanced serum

I glutamic-pyruvic transaminase (SGPT), and serum glutamic-oxaloacetic

transaminase (SCOT) activities Hypergammaglobulinemia was observed in

• another study. In contrast, no clinical evidence of liver toxicity was found

among chloroform workers exposed to <, 237 ppm. Liver damage was

]| induced by chronic use of a cough medicine containing chloroform, but not

in individuals chronically exposed to chloroform in mouthwash.

Case studies of individuals who intentionally or accidentally ingested high doses of

chloroform report biochemical changes indicative of kidney damage, as well as fatty

degeneration at autopsy. Albuminuria and casts were also reported in a case of
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chronic use of a cough medicine containing chloroform; however, no renal effects

were observed in individuals chronically exposed to chloroform in a mouthwash.

Neurological effects in humans and animals after acute or chronic exposure are well

documented. Central nervous system toxicity following acute inhalation or oral exposure

appear to be similar. Chronic inhalation exposure to chloroform resulted in exhaustion, lack

of concentration, depression, and irritability in occupationally exposed people. In a case

study, chloroform inhalation for 12 years resulted in psychotic episodes, hallucinations, and

convulsions.

In animals, studies indicate increased kidney weights and cloudy swelling in rats and dogs

following subchronic inhalation of chloroform at concentration >_ 25 ppm. Several

subchronic oral toxicity studies indicate increased relative kidney weights, tubular necrosis,

and chronic inflammation. It has been demonstrated that kidney damage is related to the

ability of the kidney to metabolize chloroform to phosgene. No definite renal effects were

observed in rats or mice dosed orally to chloroform at concentrations of <. 200 and < 477

mg/kg-day, respectively. However, fat deposition in renal glomeruli was reported in dogs

dosed orally to 30 mg/kg-day for 7.5 years.

Adverse effects in the liver have been reported in chronic oral toxicity studies with rats,

mice, and dogs. The effects included nodular hyperplasia, fibrosis, and increased SGPT

• activities at concentrations >_ 15 mg/kg-day.

Carcinogenicity - Epidemiology studies suggest an association between chronic exposure to

chloroform from chlorinated drinking water sources and increased incidences of

gastrointestinal cancer, urinary tract cancer, brain cancer, and Hodgkin's lymphoma.

However, chloroform is one of many organic contaminants found in chlorinated drinking

water, many of which are considered to have carcinogenic potential. No studies were

available regarding cancer in humans or animals after inhalation exposure to chloroform.

The carcinogenic potential of chloroform has been tested in animal studies. A dose-related

increase in the incidence of liver tumors was observed in mice exposed to chloroform for

fa.46»
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Genotoxicirv - In general, most of the assays for chloroform genotoxicity are negative.

V Therefore, it seems that chloroform is a weak mutagen and that its potential to interact with

DNA is low. In in vitro experiments, chloroform did not cause reverse mutations hi

I Salmonella typhimurium or in Escherichia coli with or without metabolic activation.

Inconclusive results were obtained in Saccharomyces cerevisiae and Schistozosaccharomyces

I pombe; however, chloroform induced aneuplodia inAspergittus nidulans. Chloroform caused

forward mutations in L5178Y mouse lymphoma cells after metabolic activation, but did not

M cause mutations at the 8-azaguanine locus in Chinese hamster lung fibroblasts or sister

chromatid exchange in Chinese hamster ovary cells. In human lymphocytes, chloroform did

| not induce unscheduled DNA synthesis and did not increase the frequency of sister

chromatid exchange and chromosome aberrations. In contrast, increases in sister chromatid

p exchange were reported after metabolic activation in another study. Unspecified mutagenic

_ effects occurred in grasshoppers exposed to 16 pph chloroform fumes for 16 hours (NLM,

I 1992b).

intermediate durations. Chronic exposure induced an increased incidence of renal adenoma

and carcinoma in rats exposed to chloroform in drinking water and in rats treated by gavage

with chloroform in oil. Hepatic neoplastic nodules were observed in female rats, and

lymphosarcoma was observed in male rats exposed to chloroform in drinking water. In

addition, hepatocellular carcinoma was observed in mice given chloroform in oil by gavage

and kidney tumors were observed in ICI mice exposed by gavage to chloroform in

toothpaste.

The data concerning mouse liver tumors are conflicting. In contrast to the increased

incidence of liver tumors observed in mice exposed by gavage to chloroform in oil, no

increased incidence of liver tumors was observed in female mice exposed to chloroform in

drinking water. This result is consistent with the absence of liver tumor effects in four other

strains of mice exposed by gavage to chloroform in toothpaste.

EPA has classified chloroform as a probable human carcinogen (i.e., Group B2) which

denotes the presence of sufficient evidence of carcinogenicity in animals and inadequate

evidence in humans (EPA, 1992).

I
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• to 20 mg/L for 24 hours had an increased respiration rate (AQUIRE, 1992).

I

I

ECOLOGICAL

Aquatic Toxicity - Goldfish were exposed to chloroform at various concentrations for four

days. At 160 ppm, the goldfish had darker pigmentation, retarded reproduction and growth

rates, and a loss of equilibrium (NLM, 1992a). At 40 ppm for six months, a five-fold

increase in leukocytes was observed in the goldfish (NLM, 1992a). Rainbow trout exposed

The following teratogenic EC50 values were calculated for various species of amphibians

at hatching and at four days after hatching, respectively: spring peeper, 0.76 and 0.27 mg/L;

leopard frog, 4.56 and 4.16 mg/L; pickeral frog, 28.17 and 20.55 mg/L; and Fowler's toad,

• >40 and 35.14 mg/L (AQUIRE, 1992).

• The following values are the lowest reported LC50 values found: frog, 16.95 mg/L;

salamander, 21.58 mg/L; clawed toad, > 0.068 mg/L; rainbow trout, 1.24 mg/L for 96 hours;

• largemouth bass, 45.4 mg/L for 96 hours; channel catfish, 75 mg/L for 96 hours; bluegill,

13.3 mg/L for 96 hours; guppy, 300 mg/L for 96 hours; zebrafish, 100 mg/L for 48 hours;

I common carp, 9.7 mg/L for 5 days; Daphnia magna, 7.8 mg/L for 48 hours; Limanda

species (dab), 28 mg/L for 96 hours; and pink shrimp, 81.5 mg/L for 96 hours (NLM, 1992a;

• AQUIRE, 1992). Behavioral and color changes were noted in some fish species after

exposure to chloroform (AQUIRE, 1992).

I
Terrestrial Toxicitv - No data were found on the toxicity of Chloroform to terrestrial

• wildlife; however, the information covered in the human health section is generally

applicable to terrestrial mammals.

Avian Toxicitv - No avian toxicity data were available for chloroform.
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™ Noncarcinogenic Toxicity - Chronic human occupational exposure clearly indicates

• that Cr (VI) is a respiratory tract irritant. The apparent "no-observed-adverse-effect

• level" is around 0.2 to 1.2 /ug/m3, with nasal irritation and slight, transient effects on

• pulmonary function tests at levels greater than 2 /ug/rn3. At concentrations of 20 to

46 Mg/rn3, ulceration and perforation have been observed. Mice exposed to higher

• levels of calcium chromate dust at 13 Mg/m3 at a regular dosing interval from 6

months to lifetime experienced marked alteration of the bronchial epithelium,

bronchiolization of the alveoli and alveolar proteinosis.
I

I

I

I

I

I

CHROMIUM (Cr)

SUMMARY

Adverse Human health effects have been associated primarily with occupational exposure

to Cr (VI) salts from Cr plating manufacturing. These are manifested by nasal irritation,

pulmonary effects, contact sensitization and kidney effects. Pulmonary tumors are primarily

associated with selected Cr (VI) compounds inhaled over a chronic period. In vivo and in

vitro mutagenicity studies have been positive for Cr (VI). However, the evidence for

chromium (III) seems to be negative with respect to in vivo tests and limited positive

evidence for in vitro tests.

HUMAN HEALTH

Evidence of contact sensitization reactions have been seen both through the

inhalation and dermal routes of exposure. A steel worker developed an allergy in

which an inhalation challenge with sodium chromate at 1.2 Mg/m3 for 5 minutes did

not result in a reaction, while a challenge at 29 Mg/m3 for 25 minutes resulted in

a reaction (urticaria, vasodilation, bronchospasm accompanied by tripling of plasma

histamine levels). Chromic acid, dichromate compounds, and other Cr (VI)

compounds are not only powerful skin irritants but can also be corrosive. When these
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compounds are deposited on broken skin, a penetrating round ulcer may develop.

A patch test study in Scotland found that out of 1,312 patients examined, 11.58

percent were sensitized to potassium dichromate.

Human kidney damage was indicated by high levels of beta-2-macroglobulin found

in a occupational study of workers exposed during an average workday to 6 Mg/m3

of Cr for an average duration of 5.3 years. Statistically significant levels of beta-2-

macroglobulin present in the urine indicate renal tubular damage.

Carcinogenicity - Carcinogenicity is most often associated with the exposure to Cr

(VI) compounds through the inhalation route. Significant evidence is not available

to characterize Cr as a carcinogen through the oral and dermal routes. In a study

of chromate production workers exposed for greater than one year, the percentage

of deaths due to lung cancer among chromate workers (18.2 %) was significantly

higher than deaths due to lung cancer among control males residing in the same

county where the plant was located. In a population of 136 mice exposed with

regular dose intervals throughout their lifetime to an atmosphere containing calcium

chromate, 14 mice developed lung tumors at 13 mg/m3 compared with 5 mice in the

control. The tumors were pathologically described as being alveologenic adenomas

and adenocarcinomas.

Genotoxicitv - Results of mutagenicity studies have shown positive results for Cr (VI)

compounds and negative results for Cr (III) compounds in standard tests. Available

human jn vivo information indicate evidence of genotoxicity. These studies indicate

a significant increase of chromosomal aberrations in peripheral blood lymphocytes

of workers exposed to soluble Cr (VI) compounds. In those workers who developed

chromosomal aberrations, an age-associated increase in sister chromatid exchange

was apparent. In vitro tests of Cr (VI) for gene mutation, chromosome aberrations,

and cell transformation have been consistently positive for all cell types. The only

apparent genotoxic evidence for Cr (III) have been in tests which examine cells with
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high phagocytic activity. Cr (III) has been shown to interact with isolated and

purified DNA.

ECOLOGICAL

Aquatic Toxicity - For freshwater species the only toxicity information available was

for Daphnia. Effective concentrations for immobilization of 50% of

organisms were the only measured toxic endpoints. The following

immobilization EC50's at a 72 hour exposure interval (AQUIRE, 1991): EL_

- 1700 and 7700 Mg/L, D. galeata - 65600 Mg/L, D. magna - 42100 Mg/L, D,

- 110800 Mg/L.

the test

are the

ambiqua

pulicaria

Terrestrial Toxicity - No information was available. The animal toxicity information

presented in the human health section above is generally applicable to terrestrial

mammals.

Avian Toxicity - No information was available for the toxicity of chromium

REFERENCES

in birds.

ATSDR (Agency for Toxic Substances and Disease Registry), 1989. Toxicological Profile

for Chromium. Draft dated July 1989.
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COBALT (Co)

SUMMARY

Exposure to Co through inhalation can cause lung disease, asthma, pneumonia and wheezing

in humans. Ingestion of Co through drinking water can cause thyroid, heart and lung

problems. In laboratory rats, a one-day ingestion experiment at various levels of exposure

caused kidney, liver, heart and red blood cell damage. Co is not listed as a carcinogen in

humans or animals by any route of exposure

HUMAN HEALTH

Noncarcinogenic Toxicity - People who inhaled 0.038 milligrams of Co per cubic

meter of air (mg/m3) for 6 hours had trouble breathing. Rats that inhaled 9 mg/mg3

for a period of one week died. In another rat study, concentrations of 26 mg/m3

inhaled for 30 minutes caused lung damage.

Ingestion of Co in drinking water caused thyroid problems at 19 ppm in humans after

14 to 25 days of exposure. At 46 ppm, vision problems occurred in humans during

6 weeks of exposure.

I
There is no information regarding dermal Co exposure to humans. However, guinea

I pigs developed sores after 18 days of dermal exposure to Co.

Carcinogenicity - No conclusive evidence was found that Co is a carcinogen in its

non-radioactive form through any route of exposure. However, laboratory animals

developed tumors at the site of Co applications.

Genotoxicirv - No studies are available regarding genotoxic effects in humans or

animals following inhalation, ingestion or dermal exposure.



ATSDR (Agency for Toxic substances and Disease Registry), 1991. Toxicological Profile

for Cobalt. Draft Report dated 15 February 1991.

I
I ECOLOGICAL

I Aquatic Toxicitv - In fresh water, 1,000 ppm Co concentrations killed goldfish in 30

to 32 hours and 10 ppm concentrations killed goldfish in 168 hours. No studies were

| found regarding Co effects in salt water.

| Terrestrial Toxicitv - No information is available. However, the animal toxicity

information presented in the human health section above is generally applicable to

I terrestrial mammals.

I Avian Toxicity - No data on the toxicity of Co to birds is available.
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CIS- AND TRANS-1.2-DICHLOROETHENE (DCE)

SUMMARY

No chronic human health effects data were available. Exposure of experimental animals to

DCE results in liver, lung, kidney and heart damage. EPA does not consider either DCE

isomer to be carcinogenic to humans at this time.

HUMAN HEALTH

Noncarcinogenic Toxicity - There is no information available concerning the relative

toxicities of the cis- and trans-isomers. Most of the available toxicity information is

for trans-DCE. The lowest observed adverse effect level (LOAEL) for Hans-DCE

based on a 16 week inhalation study in rats was 200 ppm; both respiratory and liver

function were reported.

Oral toxicity data exist only for trans-DCE. Biochemical changes in the liver have

been reported in mice and cats exposed to cis and trans-DCE. but a relationship

between these changes and impaired liver function has not been established.

Reported exposure of rats to 23-452 mg/kg/day of trans-DCE in drinking water for

90 days resulted in decreased hepatic aniline hydroxylase activity and glutathione

levels. In mice receiving dose levels of 17-452 mg/kg/day of trans DCE in drinking

water for 90 days, increased activity of serum alkaline phosphatase and decreased

activities of serum glutamic-pyruvic and glutamic-oxaloacetic transaminases were

reported. Similarly, no effects on body weight were reported in rats receiving dose

levels of 353-3,114 mg/kg/day in drinking water for 90 days.

Ninety day exposure studies reported NOAEL's (no observed adverse effect level)

in mice ranging from 452 to 3114 mg/kg/day based on liver, kidney, blood and

immune system function. Dogs and cats exposed to cjs,-DCE concentrations of 1,000
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and 1,900 ppm for an unspecified duration exhibited loss of apetite, decreased body

weight, and pathological changes in the liver, kidney and lungs (ATSDR, 1989).

Carcinogenicity - No information assessing carcinogenicity in humans or animals by

either isomer is available. EPA has therefore classified both isomers as Group D

compounds.

Genotoxicirv - No data are available on the genotoxic effects of either isomer in

humans. In-vitro studies using Escherichift coli K12 and Salmonella typhimurium

were negative for both cis and trans-DCE. cjs-DCE was shown to be mutagenic in

vivo in the mouse bone marrow assay. Host mediated (mice) studies with Salmonella

tester strains also showed the cis isomer to be mutagenic.

ECOLOGICAL

Aquatic Toxicity - Only one acute lethality test was available for review. The 96-hour,

LC50 (lethal concentration needed to kill 50 percent of a test population) value for

bluegill (Lepomis macrochirus) was 135 mg/L in a static test (NLM, 1991).

I Terrestrial Toxicity - The animal toxicity information presented in the human health

section is generally applicable to terrestrial mammals.

I
Avian Toxicitv - No information was available on the toxicity of DCE to birds.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1990. Toxicity Profile for cis-
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1.1-DICHLOROETHYLENE (1.1-DCE)

SUMMARY

I
I
I
• Limited evidence suggests that repeated exposure to 1,1-DCE is associated with liver

• damage in humans. The major target organs of 1,1-DCE toxicity in animals appear to be

• the liver, kidneys and lungs. Short-term exposure in both humans and animals has been

• associated with effects on the central nervous system. Available data were inadequate to

evaluate the relationship between the occurrence of cancer and occupational exposure to

1,1,-DCE. Of various carcinogenicity studies conducted with a number of animal species,

only one chronic inhalation study provides clear evidence of a positive carcinogenic effect.

1,1-DCE is mutagenic, and a metabolite is Icnown to alkylate and bind covalently to DNA.

HUMAN HEALTH

I Noncarcinogenic Effects - A high incidence of hepatotoxicity was reported in a

preliminary clinical study of workers exposed to 1,1-DCE for up to 6 years in a 1,1-

• DCE polymerization plant. Marked liver dysfunction was found in 27 of 46 workers.

No other studies were found. In animals, hepatotoxicity is evident by both

I biochemical and histopathological changes. These effects appear to follow a dose-

response relationship that may also be influenced by the duration of exposure. Rats

I exposed by inhalation to >24 ppm 1,1-DCE, 6 hours/day, 5 days/week for 18 months

exhibited fatty changes in the liver. Chronic oral toxicity studies with rats indicate

• few treatment-related changes in the liver at low doses ranging from 9-20 mg/kg/day.

Renal effects have been reported in animal studies primarily following acute

exposures. Severe nephrotoxicity occurred in male mice exposed to 25 ppm 1,1-DCE,

4 hours/day, 4 to 5 days/week for one year. However, no treatment-related effects

were noted following chronic inhalation (24 or 72 ppm, 5 hours/day, 5 days/week,

for 18 months) or oral (25 to 200 mg/kg/day) exposures.
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Subchronic inhalation exposure to 1,1-DCE is also associated with adverse respiratory

effects. Inflammation of the trachea of rats exposed to 72 ppm for 6 months has

been reported. Other pulmonary effects seen in rats, guinea pigs, and dogs exposed

to 48 to 189 mg/m3 for 90 days include discoloration and morphologic changes in the

lungs.

I
I
I
I
I

Carcinogenicity - Available data were inadequate to evaluate the carcinogenic

• potential of 1,1-DCE to humans. The carcinogenicity of 1,1-DCE following

inhalation, oral, or dermal exposure has been evaluated in several animal species.

• However, only one inhalation study with mice provided clear evidence of a positive

carcinogenic effect. In this study increases in renal adenocarcinomas were noted

• in male mice exposed to 25 ppm 1,1-DCE, 4 hours/day, 4-5 days/week for 1 year

and then observed for one year. Results from a dermal initiation-promotion study

I with mice indicated that 1,1-DCE is an active tumor-initiating agent. EPA has

classified 1,1-DCE as a possible human carcinogen (i.e., Group C) which denotes

I inadequate evidence in humans and limited evidence in animals (EPA, 1992).

Genotoxicity - Available studies suggest that 1,1-DCE is genotoxic in a number of

test systems. The results of in vitro and in-vivo studies indicate that 1,1-DCE is

mutagenic in bacteria and yeast in the presence of a mammalian metabolic system.

It also induces gene conversion in yeast, chromosome aberrations and sister

chromatid exchanges in cultured mammalian cells in vitro and DNA damage in mice

in vivo. These results indicate that DCE is mutagenic.

ECOLOGICAL

Aquatic Toxicity - No information was found on the toxicology of 1,1-DCE to

aquatic organisms.

Terrestrial Toxicity - No information was found on the toxicity of 1,1-DCE t o

wildlife; however, the information provided in the human health toxicity section

above is generally applicable to terrestrial mammals.

ytt.490
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• Avian Toxicity - No information was found on the toxicity of 1,1-DCE to birds
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I

I

ATSDR (Agency for Toxic Substances and Disease Registry), 1988, Toxicological Profile for
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ETHYLBENZENE (EB)

SUMMARY

I
I
I
• No long-term health effects have been documented for EB in humans. However, short-term

I
exposure is associated with liver and kidney damage, and changes in nervous system and

blood function in laboratory animals. EB is not toxic to aquatic organisms.

I HUMAN HjEALTH

Noncarcinogenic Toxicirv - Human health effects data are extremely limited for EB.

• Eye irritation and burning sensations were reported at 230 ppm in air. Effects

became more pronounced at higher concentrations and intolerable at 1200 ppm. A

20 year study of occupationally exposed workers showed no cases of liver lesions or

altered function; however, no workplace monitoring data were available.

Subchronic rat studies showed increased white blood cell counts after a 4-week

• exposure to 782 ppm in air. The inhalation NOEL (no observed effect level) was

reported to be 382 ppm. Chronic NOEL's for rats and mice, based on inhalation,

I ranged from 600 to 1610 ppm in all other reviewed publications. One study provided

a chronic NOEL of 77 mg/m3 (18 ppm) in rats (EPA, 1991).

I
A six month dietary study in mice revealed swelling in liver and kidney cells after

I exposure to 408 mg/kg/day. Guinea pigs, monkeys, and rabbits exhibited increased

kidney weights after 186 days of exposure to 400 ppm EB in their diet (NLM, 1991).

Carcinogenicitv - Studies of carcinogenicity in laboratory animals via ingestion,

inhalation and dermal exposure are inconclusive. Therefore EPA has assigned EB

a Group D classification.



I
I Genotoxicity - Available in vitro studies suggest that EB is not genotoxic.

I ECOLOGICAL

I Aquatic Toxicity - No chronic toxicity studies on aquatic organisms were available for

I review. A number of static, 96-hour, jLCSO studies have been performed. Results

suggest that EB is not toxic to fish but is toxic to bay shrimp (AQUIRE, 1991). The

1 9 6 - h o u r LC50 value for fathead minnow (Pimephales promelas). bluegill (Lepomis

macrochirus). bay shrimp (Crangon franciscorum). striped bass (Morone saxatilis).

m rainbow trout (Oncorhynchus mykissl and channel catfish (Ictalums punctatus)

" ranged from 4,300 to 42,330 mg/L (AQUIRE, 1991).

Terrestrial Toxicity - No information was available on the toxicity of EB to terrestrial

• animals. The animal toxicity information presented in the human health section is

generally applicable to terrestrial mammals.

Avian Toxicity - No information was available on the toxicity of EB to birds.

REFERENCES

I
AQUIRE (Aquatic Information Retrieval), 1991, on line.

I
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I EPA, 1991. The Integrated Risk Information System, on line. Environmental Criteria and

Assessment Office, Cincinnati, OH.
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NLM (National Library of Medicine), 1991. Hazardous Substances Databank, on line.
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LEAD (Pb)

SUMMARY

Pb interferes with heme biosynthesis which results in a reduction of the hemoglobin

concentration in blood. Decreased hemoglobin production, coupled with an increase in

erythrocyte destruction results in anemia associated with reticulocytosis. Exposure to Pb in

occupational studies is primarily through inhalation although some contribution to body

burden is derived from the oral route. Conversely, the general population, including

children is exposed to Pb primarily through the oral route, but with some contribution to

body burden through inhalation. The evidence from occupational, clinical, and laboratory

studies suggests that Pb affects the cardiovascular system in humans and animals, producing

• cardiac lesions and electrocardiographic abnormalities at high levels of exposure, and

increases in blood pressure. Gastrointestinal symptoms occur in Pb workers whose primary

exposure is by inhalation and in children whose primary exposure to Pb is oral. Pertinent

data were not reported regarding the carcinogenicity of Pb in humans exposed solely by the

oral route. Several studies in animals reviewed by the EPA qualitatively associate oral

exposure to Pb compounds with renal tumors.

I

I

HUMAN HEALTH

I
Noncarcinogenic Toxicitv - Decreased hemoglobin and anemia have been observed

in Pb workers and in children with prolonged exposure at higher blood Pb levels than

those noted as threshold levels for inhibition or stimulation of enzyme activities

involved in heme synthesis.
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In dogs fed Pb acetate in their diets for 2 years, no effects on heme synthesis or

• hematocrit were produced at <, 50 ppm Pb. Significant inhibition of ALA-D at 2.

I

I

I

I

I

I

I

The EPA concluded that the threshold for a decrease in hemoglobin in

occupationally exposed adults is a blood Pb level of 50 ug/dL. The EPA also

concluded that adults tend to show a threshold for inhibition of pyrimidine-5'-

nucleotidase at a blood Pb level of 2. 44 ug/dL.

The blood Pb threshold for decreased hemoglobin levels in children is judged to be

approximately 40 ug/dL.

In rats fed Pb acetate in their diets for 2 years, no effects on heme synthesis or

hematological effects were observed at 10 ppm Pb. Significant inhibition of AjLA-D

occurred at 2. 50 ppm and a significant increase in urinary ALA occurred at 2. 500

ppm. A slight but significant decrease in hemoglobin concentration and hematocrit

was observed at 2. 1000 ppm Pb.

100 ppm Pb was observed, however no effects on urinary ALA, hemoglobin, or

hematocrit at any exposure level (highest level was 500 ppm) was determined.

I The lowest effect levels of Pb exposure due to inhalation for neurological signs and

symptoms in adults is in the range of 40 to 60 ug/dL. Neurological signs and

I symptoms occur at roughly the same blood Pb levels as do other overt signs and

symptoms of Pb intoxication, such as gastrointestinal complaints.

Deficits in hand to eye coordination and reaction time was noted in 190 workers

(who had been exposed to Pb via inhalation) for 5 to 20 years (mean blood Pb levels

were 60.5 ug/dL).

The EPA concluded that cognitive deficits occur in apparently asymptomatic children

with markedly elevated blood Pb levels (40 to 80 ug/dL) due to ingestion.
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Monkeys administered Pb acetate orally from birth at levels (0.3 or 0.9 mg/kg/day

• Pb) that produced blood Pb levels 2. 32 ug/dL for 5 months to 1 year were

consistently slower in reversal and other learning tasks. The same results were seen

• when the exposure was terminated at 1 year and the monkeys were tested again at

33, 49, and 55 months of age. Blood Pb levels at that time had decreased to 5

• ug/dL, virtually the same as control values. No effects were seen on body weight,

growth rate, hematocrit, or general health. In a supporting study, monkeys were

I given a soluble Pb compound orally from birth throughout the duration of the study.

At low dosages of 0.05 and 0.1 mg/kg/day Pb, the monkeys performed significantly

• less well in learning discrimination reversals at 3 to 4 years of age, in learning a

delayed alternation task at 6 to 7 years of age, and in learning discrimination

I reversals in the presence of irrelevant cues at 9 to 10 years of age.

I

I

I

I

I

An increased incidence of hyperkinetic behavior and a statistically significant

decrease in IQ have been shown in children with blood Pb levels of 30 to 50 ug/dL.

Monkeys fed 0.05 mg/kg/day Pb from birth through testing at 3 to 4, 6 to 7, and 9

to 10 years of age performed significantly less well when compared to controls, in

learning discrimination-reversal and a delayed alternation task.

Exposure of rats to drinking water containing 10 ppm Pb for 35 days (starting at

postnatal day 21 - postweaning) produced a decrease in spontaneous alternation in

a radial arm maze. Estimated maximum blood Pb levels for this study were probably

< 20 ug/dL.

Suckling rats whose dams were given 2000 ppm Pb acetate in drinking water had

significant alterations in the visual evoked responses (VERs) and decreased scotopic

visual acuity at postnatal day 21 which corresponded to an average blood Pb level of

65 ug/dL.

fa.343
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I Approximately 66% of a group of adults, 46 years or older, with chronic Pb poisoning

of occupational origin due to inhalation, had electrocardiographic abnormalities.

8 This rate is four times the adjusted normal rate for that age group.

I A higher incidence (20%) of ischemic electrocardiographic (ECG) changes occurred

_ in Pb smelter workers due to inhalation as compared to an unexposed control group

Ii (6%). In addition, a slight (4 to 5 mm Hg) but significant increase in diastolic blood

pressure was seen in the Pb workers as compared to the controls.I
m Male rats given Pb acetate (50 ppm Pb) in drinking water for 160 days had markedly

* increased blood pressure of 182/138 as compared with 128/98 in controls. This

• correlated with a mean blood Pb level of 38.4 ug/dL. Rats administered Pb acetate

at 5 or 25 ppm Pb in drinking water for 5 months (blood Pb levels of 5.6 and 18.2

ug/dL), did not develop hypertension, although plasma renin activity was increased

at 25 ppm.

The EPA concluded that there is evidence to suggest that chronic nephropathy is

associated with blood Pb levels ranging from 40 to greater than 100 ug/dL due to

inhalation.

I

I

I

I
The EPA concluded that nephropathy occurs in children only at blood Pb levels

• greater than 80 ug/dL, and usually exceeding 120 ug/dL due to ingestion.

I Renal abnormalities were reported in 23 symptomatic Pb workers whose blood Pb

levels ranged from 30 to 87 ug/dL due to inhalation.

I
Histopathological changes were observed in the kidneys of rats exposed to Pb acetate

I in drinking water through the dams during gestation and lactation and then directly

until 9 months of age. No lesions were seen in the 0.5 ppm Pb treatment.

• ***}

I
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Pb appears to interfere with the conversion of vitamin D to its hormonal form, 1,25-

dihydroxyvitamin D. Children exposed to Pb through ingestion with blood Pb levels

of 33 to 120 ug/dL had marked reductions in serum levels of 1,25-dihydroxyvitamin

D comparable to those levels observed in children with severe renal insufficiency or

those found in vitamin D-dependent rickets.

Stepwise multiple regression analyses on data for children less than or equal to 7

years of age indicated that blood Pb levels (range from 4 to 35 ug/dL) were

statistically significant predictor of children's height, weight, and chest circumference,

after controlling for age, race, sex, and nutritional covariates. Exposure was due to

ingestion.

The EPA concluded from a quick review of 65 relevant animal studies that low-level

chronic Pb exposure during prenatal or early postnatal life due to Pb ingestion results

in retarded growth in the absence of overt signs of Pb poisoning.

Prenatal and postnatal exposure of rats to Pb acetate at 25 ppm Pb in drinking water

(indirectly through their dams and then directly) until testing at 35 to 45 days of age

resulted in mean blood Pb levels of 29.3 ug/dL and marked depression of antibody

responses as compared with controls.

Gastrointestinal symptoms have been noted sometimes in workers whose blood Pb

levels were as low as 40 to 60 ug/dL due to inhalation.

The EPA has identified a lowest effect level of approximately 60 to 100 ug/dL for

children due to ingestion of Pb.

Gestational age is reduced as prenatal Pb exposure increases, even at blood Pb levels

below 15 ug/dL. Negative correlations have been found between maternal or cord

blood Pb levels and gestational age. The risk of preterm delivery has been found to
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increase at least by 4 as either cord blood or maternal blood Pb level at delivery

increases from less than or equal to 8 to greater than 14 ug/dL.

Neurobehavioral effects of a group of Pb workers were statistically related to a mean

I blood Pb level of 50 ug/dL due to a mean inhalation exposure duration of 8109

hours (338 days).

Deleterious effects of prenatal Pb on neurobehavioral development were noted in

I

• children with blood Pb levels at birth ranging from 10 to 25 ug/dL.

I

I

Blood Pb levels in children ranging from 40 to 80 ug/dL seem to be associated with

adverse neuropsychological effects.

• Neurobehavioral toxicity from prenatal exposure to Pb in rats was associated with

blood Pb levels of 35 ug/dL or greater.

Reproductive effects (on sperm or testes) may occur in men as a result of chronic

• exposure at blood Pb levels of 40 to 50 ug/dL due to inhalation. Studies of Pb

workers with blood Pb levels greater than or equal to 66 ug/dL indicate that Pb acts

fl directly on the testes to produce severe depression of sperm count and peritubular

testicular fibrosis, and also produces defects in regulation of LH secretion at the

I hypothalamic-pituitary level.

• Concentrations of Pb in blood greater than 52 ug/dL were associated with a high

frequency of altered spermatogenesis.

I
Inhalation of 10 mg/m3 was reported as the effect level for depression of fetal weight

• and hematocrit in rats.

Testicular atrophy and cellular degeneration were observed in male rats given Pb
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acetate in drinking water at 1000 ppm (blood Pb level of 142 ug/dL) for 60 days.

At a blood Pb level of 71.7 ug/dL, the seminiferous tubular diameter and spermatic

count were reduced. No significant changes were observed at a blood Pb level of

54.0 ug/dL.

Delayed vaginal opening was observed in rats exposed to 25, 50 or 250 ppm Pb in

drinking water indirectly through their dams during gestation and lactation and then

directly after birth.

Carcinogen icity - The incidence of total malignant neoplasms, cancers of the

digestive tract, and cancers of the respiratory tract were statistically elevated in both

Pb production workers and battery plant workers due to inhalation.

Pb acetate was administered to rats in their diet for 2 years at the following

concentrations: 0, 10, 50, 100, 500, 1000, and 2000 ppm Pb. Renal tumors occurred

in 5% of the male rats at 500 ppm, 50% of the male rats at 1000 ppm, and 80% of

the male rats and 35% of the female rats at 2000 ppm.

The EPA stated that "little can now be concluded from available epidemiological

studies" regarding the carcinogenicity of Pb. The EPA concluded that animal data

are sufficient to declare Pb to be clearly carcinogenic in animals, but that data are

not sufficient for quantitative risk assessment.

Genotoxicitv - The EPA noted that Pb was consistently negative hi tests for

mutagenicity in microbial systems and concluded that these systems are not

sufficiently developed to demonstrate mutagenicity for metals that are known

carcinogens. The EPA has also noted that conflicting results were reported for

genotoxicity in mammalian tests in vitro and in vivo, although the weight of evidence

suggests a clastogenic effect of Pb.



1
• A few clinical studies have found increased chromosomal defects in workers with

blood Pb levels above 60 ug/dL.

1
ECOLOGICAL

1
Aquatic Toxicitv - A 20% inhibition

• rainbow trout when exposed to 10

— curvature occurred in newly hatched

in erythrocyte ALA-D activity was observed in

ug/L Pb for 16 weeks. An increase in spinal

rainbow trout when exposed to 32 ug/L Pb for

8 189 days. No effect on hematocrit or red blood cell count was noted when rainbow

1
trout were exposed to 100 ug/L Pb for 189 days (AQUIRE, 1991).

1 Terrestrial Toxcity - The studies presented in the human health section above may

apply to terrestrial mammals.

1
• Avian Toxicity - Toxicity data for avian species concerning exposure to Pb was not

1 found in the literature.

1 REFERENCES

• AQUIRE (Aquatic Information Retrieval),

• ATSDR (Agency for Toxic Substances and

for Lead. Draft dated February, 1988.

1
NLM (National Library of Medicine), 1991

1

1

1
• f-j*>

1

1991. On line.

Disease Registry), 1988. Toxicological Profile

. Hazardous Substances Databank, on line.



1
1
1
1

1
•

1

1̂̂
1
1
1
1
1
1
1

2-METHYLNAPHTHALENE (2-MN)

SUMMARY

Human toxicity data were not found for this compound. With the exception of a few animal

studies, most of the available data address aquatic toxicity of 2-MN.

HUMAN HEALTH

Noncarcinogenic Toxicitv - The acute oral LD50 value in rats was reported to be

1630 mg/kg (NLM, 1991).

Carcinogenic Toxicity - No studies were available addressing

2-MN.

the carcinogenicity of

Genotoxicitv - No studies were available addressing the genotoxicity of 2-MN.

ECOLOGICAL

Aquatic Toxicitv - The following acute LC50 values for both marine and freshwater

organisms have been reported (AQUIRE, 1991): Brown shrimp (Penaeus aztecus):

LC50 = 600 ug/1; Grass shrimp (Palaemonetes pugio):

Dungeness crab (Cancer magister): LC50 = 1300 - 5000 ug/1;

(Mvtilus edulis): NOEL = 1420 mg/1.

LC50 = 1100 ug/1;

Common bay mussel

Terrestrial Toxicity - The animal toxicity information presented in the human health

section is generally applicable to terrestrial mammals.

Avian Toxicitv - No information was available on the toxicity of

rx.

naphthalene in birds.
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I REFERENCES

| AQUIRE (Aquatic Toxicity Information Retrieval) Databank, 1991, on line.

I ATSDR (Agency for Toxic Substances and Disease Registry), 1990. Toxicological Profile for

Naphthalene and 2-Methylnaphthalene. Draft Report dated February 1990.

_ NLM (National Library of Medicine), 1991. Registry of Toxic Effects of Chemical

• Substances, on line.
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NAPHTHALENE (NAPH)

I
I
I
I
I
I
I
I
™ Noncarcinogenic Toxicitv - Chronic effects data are not currently available for

• humans and they are limited in laboratory animals. Although NAPH has been used

extensively in mothballs and other insect repellents, human inhalation exposure data

• are sparse and may be confounded by simultaneous exposure to paradichlorobenzene,

another compound used to make mothballs. Effects due to short-term inhalation

• include headaches, vomiting, anemia, kidney damage and jaundice. Concentrations

measured in one home were reported to be 20 ppb. Similar effects have been

I reported following accidental ingestion of N/APH or dermal contact in humans.

Cataracts have been observed in 8/21 workers exposed to NAPH for up to five years

in a plant manufacturing dye intermediates. Cataract formation and retinal damage

has been reported in several animal species following oral administration of NAPH

for 4 to 13 weeks at doses of 1000 mg/kg/day.

SUMMARY

The primary human health concerns associated with acute NAPH poisoning are hemolytic

anemia, hepatotoxicity, and formation of cataracts. Renal, neurologic and hepatic effects

may be secondary to anemia. Laboratory animals exhibited liver and kidney damage

following NAPH exposure. NAPH is not considered a human carcinogen. Effects to aquatic

organisms ranged from altered antennular orientation/movement in crabs to loss of ionic

regulation in dipteran larvae.

HUMAN HjEALTH

Carcinogenicitv - No epidemiological studies were found. In a 2-year feeding study

with rats administered NAPH at 41 mg/kg/day no tumors were reported.



I
I Genotoxicity - No genotoxicity studies were found in humans or animals. NAPH was

not mutagenic in several bacterial/microsomal assay systems including Salmonella

8 tester strains TA 98, 100, 1535, or 1537 in the absence or presence of Aroclor 1254-

induced hamster or rat liver microsomes. NAPH did not cause cell transformations

8 in rodent embryo cells or in a murine mammary gland organ culture system.

I

I

ECOLOGICAL

Aquatic - The freshwater dipteran Chironomus attenuatus showed a loss of ionic

I regulation at a concentration of 1 mg/L. LD50 in sheephead minnows and grass

shrimp were reported at 2.4 and 2.6 mg/L, respectively, in static 24 hour tests. The

I L D 5 0 for the amphipod Parhvale hawaiensis was reported to be 15 ppm (medium not

specified) (NLM, 1991).

• Terrestrial - The animal toxicity information presented in the human health section

• is generally applicable to terrestrial mammals. No other information was available.

• Avian Toxicity - No information was available on the toxicity of NAPH to birds.

• REFERENCES

I ATSDR (Agency for Toxic Substances and Disease Registry), 1990. Toxicological Profile for

Naphthalene and 2-Methvlnaphthalene. Draft Report dated February 1990.

I
jNTLM (National Library of Medicine), 1991. Hazardous Substances Databank, on line.
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TETRACHLOROETHYLENE (Tetra-CE)

SUMMARY

• Humans exposed to Tetra-CE by inhalation and oral exposure showed liver, kidney, and

• central nervous system disfunction. Evidence of carcinogenicity in humans is inconclusive.

• Test mammals exposed to Tetra-CE through oral and inhalation routes developed liver

carcinoma and mononuclear cell leukemia. Toxicity to test mammals occurred following

• oral and inhalation exposure with the chief target organs being the liver and kidney. Tetra-

CE was found to be acutely toxic to many aquatic organisms.

HUMAN HEALTH

Noncarcinogenic Toxicity - Tetra-CE is a commercially important solvent widely used

in dry-cleaning, textile processing and metal degreasing. Humans are exposed

primarily through inhalation and it is readily absorbed through the lungs into the

blood. Information on the chronic toxic effects of Tetra-CE in humans was limited.

Groups of workers occupationally exposed to 60 ppm Tetra-CE for up to 15 years

complained of headaches, fatigue, and dizziness (ORNL, 1989). Similar symptoms

were found for subjects exposed to 25 or 100 ppm for 5.5 hours daily for 55 days.

Hepatotoxic effects (i.e. hepatitis, cirrhosis, liver-cell necrosis and enlarged liver)

resulting from long-term exposure has been documented at concentrations greater

than 100 ppm.

Rats and mice exposed through inhalation to Tetra-CE (e.g. 200 or 400 ppm or 100

or 200 ppm respectively for 6 hours daily, 5 days weekly for 103 weeks) showed

increased mortality for male and female mice and male rats. In another trial, liver

and kidney pathology was observed in rats exposed to 230 ppm for 8 hours daily, 5

days weekly for up to 7 months (ORNL, 1989).
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Increased mortality occurred in mice and rats following exposure to Tetra-CE (e.g.

administered in corn oil by gavage to male rats at 471 and 941 mg/kg/day, female

rats at 474 and 949 mg/kg/day, male mice at 536 and 1072 mg/kg/day, and female

mice at 386 and 772 mg/kg/day as a time weighted average for 5 days/week for 78

weeks). Death was due to toxic nephropathy.

Carcinogenicity - Epidemiological studies of dry-cleaning and laundry workers have

linked Tetra-CE exposure with cancers of the lung, cervix, kidney, skin and/or colon

(ORNL, 1989). However, these studies are regarded inconclusive because of

numerous confounding factors.

Rats and mice of both sexes exposed to Tetra-CE through inhalation (e.g. 200 or 400

ppm, and 100 or 200 ppm respectively for 6 hours per day, 5 days per week for 103

weeks) showed a significant increased incidence of mononuclear cell leukemia for

male and female rats in both treatment groups (ORNL, 1989). Mice showed

significantly increased incidence of hepatocellular adenomas and hepatocellular

carcinomas in males and hepatocellular carcinomas in females.

Rats and mice exposed to Tetra-CE administered in corn oil by gavage (male rats:

471 and 941 mg/kg/day; female rats: 474 and 949 mg/kg/day; male mice: 536 and

1072 mg/kg/day; and female mice: 386 and 772 mg/kg/day as a time weighted

average for 5 days/week for 78 weeks) showed that 40% to 65% of all treated mice

developed hepatocellular carcinoma compared with 0-10% incidence in controls

(ORNL, 1989). A high incidence of nephropathy was observed in both species. A

high incidence of early dose-related deaths in rats due to toxic nephropathy rendered

the bioassay inconclusive for rats.

EPA has classified Tetra-CE as a probable human carcinogen (i.e. Group B2 which

signifies inadequate human evidence for carcinogenicity and sufficient animal

evidence).

fB.361
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Genotoxicity - A large number of studies of the in vitro genotoxicity of Tetra-CE

have been performed using prokaryotic, eukaryotic and mammalian cells. Responses

were weak and required high concentrations of the chemical. No clear dose-response

• relationships were established. Impurities and stabilizers could have contributed to

™ the response. Therefore, Tetra-CE has not been clearly shown to be a mutagen.

• ECOLOGICAL

Aquatic Toxicity - The only chronic aquatic toxicity study found was on the water flea

• (Daphnia magna). In 28 day laboratory tests with renewal of Tetra-CE, reproduction

and growth were adversely affected at concentrations as low as 0.5 mg/1 (AQUIRE,

• 1991).

• Concentrations at which 50% mortality were derived included 13.5 mg/1 for fathead

minnow (Pimephalels promelas)in a 96 hour flow-through test, 13.0 mg/1 for bluegill

B (Lepomis macrochirusMn a 96 hour static test, 9.1 mg/1 for daphnia (Daphnia magna)

in a 48 hour static test, 4.9 mg/1 for rainbow trout (Oncorhynchus mykiss) in a 96

• hour flow-through test, and 30.8 mg/1 for a midge (Tanytarus dissimilis) in a 48 hour

static test (AQUIRE, 1991).

I
In a experimental pond study, Tetra-CE was applied once at 0.44 and 1.2 mg/1 to

• separate compartments. Both doses were lethal to daphnia (Daphnia magna) and

although there was an increase in phytoplankton abundance, there was a decrease

B in species abundance with 4 of 6 selected species being eliminated (NLM, 1991).

8 Terrestrial Toxicity - The animal toxicity information presented in the human health

section above is generally applicable to terrestrial mammals. No additional

8 information was available.

B Avian Toxicity - No information was available on the toxicity of Tetra-CE to birds.

I

I
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• Tetrachloroethylene. Draft dated January 1990.
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Noncarcinogenic Effects - Subchronic oral toxicity studies with mice indicate altered

8 blood chemistry indicative of liver damage in female mice administered doses of

SUMMARY

Limited evidence suggests that the target organs of 1,1,2-TCA toxicity in animals appear to

be the liver and immune system. Acute exposures to 1,1,2-TCA have been associated with

neurological effects. No human data have been reported. Results on the genotoxicity of

1,1,2-TCA were equivocal. However, increased DNA adduct formation in mouse liver in

vivo has been suggested to be associated with increased incidence of hepatocellular

carcinoma.

HUMAN HEALTH

2.44mg/kg/day. Similarly, reduced hemoglobin liter was reported in mice receiving

2. 44 mg/kg/day. This finding indicates an effect of 1,1,2-TCA on the humoral

immune response.
I
I

Carcinogenic Effects - No significant increase in neoplasms occurred in rats following

B oral administration of 1,1,2-TCA at doses of 46 or 92 mg/kg/day. In mice however,

there was a highly significant dose-related increase in the incidence of hepatocellular

fl carcinomas following oral administration of 1,1,2-TCA at doses of 195 and 390

mg/kg/day when compared to control. In addition, there was a significant increase

8 in the occurrence of adrenal pheochromocytomas at 390 mg/kg/day. EPA has

classified 1,1,2-TCA as a possible human carcinogen (i.e. Group C) which denotes

8 inadequate evidence in humans and limited evidence in animals (EPA, 1992).

B Genotoxicity - Results of genotoxicity studies for 1,1,2-TCA are equivocal; both

I pa 491
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positive and negative results were reported. The significance of

humans is not clear. A correlation between increased DNA adduct

these effects for

formation in vivo

and increased incidence of hepatocellular carcinomas in mice, but not rats, has been

suggested.

ECOLOGICAL

Aquatic Toxicity - No information was found on the toxicology

aquatic organisms.

Terrestrial Toxicity - No information was found on the toxicity of

of 1,1,2-TCA to

1,1,2-TCA

to wildlife; however, the information provided in the human health toxicity section

above is generally applicable to terrestrial mammals.

Avian Toxicity - No information was found on the toxicity of 1,1,2-TCA to birds.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1988. Toxicological Profile

1

1

1

1

1

1

1

1

for 1,1,2-Trichloroethane. Draft Report dated December, 1988.

EPA, 1992. The Integrated Risk Information System (IRIS), on line.

Criteria and Assessment Office, Cincinnati, OH.
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TRICHLOROETHENE (TCE)

SUMjMARY

The principal target organs for chronic inhalation exposure to TCE are the central nervous

system, liver and kidney. Animal studies indicate that the liver, kidney and immunological

system are the principal target organs following oral administration of TCE. Available

epidemiological studies are limited and a definite conclusion cannot be drawn concerning

TCE exposure and cancer risk in humans. Chronic oral toxicity studies with mice and rats

indicate increased incidences of hepatocellular carcinomas and renal tubular cell adenomas.

Studies with occupationally exposed workers are inconclusive regarding genotoxicity. In vivo

and in vitro assays are suggestive of a genotoxic effect.

HUMAN HEALTH

• Noncarcinogenic Toxicity - Results from a study of CNS effects of workers exposed

to TCE for an average of 3.75 years indicated vertigo, headache, short-term memory

• loss, and fewer word associations in workers exposed to 85 ppm TCE as compared

to 14 or 34 ppm. The lowest-observed-adverse-effect level for CNS effects in animals

for subchronic inhalation exposure is 100 ppm.

• Information on hepatic and renal toxicity in humans following inhalation exposure

is derived primarily from cases of acute overexposure. No studies were available for
8 oral exposure. Results from three subchronic inhalation studies with mice and rats

indicate increased liver weights and histopathological alterations of the liver at a

B concentration of 237 ppm. Increased kidney weights and renal dysfunction have also

been reported in mice and rats exposed to TCE by inhalation. The LOAEL and

fl NOAEL for subchronic exposure to TCE are 75 and 35 ppm, respectively.

jat.360
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Subchronic and chronic oral toxicity studies also indicate adverse hepatic and renal

effects associated with TCE exposure. The LOAEL for hepatic effects following

subchronic exposure to TCE is 250 mg/kg. The LOAEL for renal effects following

chronic exposure to TCE is 500 mg/kg/day. NOAELs were not achieved.

The immunological system is also a principal target organ in animals following oral

exposure. Depressed cell-mediated immunity to sheep erythrocytes and inhibited

bone marrow stem cell colonization has been reported hi mice receiving 2.18

mg/kg/day TCE in drinking water for 6 months (the lowest dose tested).

In a 2 generation reproductive toxicity study no effects were noted on fertility and

reproductive performance in rats and mice fed diets containing 75, 150 or 300

mg/kg/day and 195, 390 or 780 mg/kg/day, respectively. However, increased liver

and kidney weights were noted in rats exposed to 2.75 mg/kg/day.

Dogs exposed to 500 or 750 ppm TCE vapor for up to 8 hours daily, up to 6 days

weekly, for up to 8 weeks showed toxicity symptoms including lethargy, anorexia,

nausea, vomiting, weight loss, and liver disfunction (NLM, 1991). Cats and guinea

pigs exposed to 1000 ppm TCE for 1.5 hours daily for up to 10 months showed liver

cirrhosis and biliary hyperplasia.

Carcinogenicitv - A number of epidemiological studies have been conducted to

investigate adverse health effects in humans following exposure to TCE in the

workplace. Results of these studies were conflicting and confounded by exposure to

other compounds, unknown duration of exposure, and/or small sample size.

Available evidence indicates that exposure to TCE vapor is carcinogenic in

laboratory animals. Increased incidences of hepatocellular carcinomas were noted

in male and female mice exposed to 100, 300 or 600 ppm technical grade TCE vapor

for 6 hours/day, 5 days/week, for 24 months. No carcinogenic effects were observed

jat)60
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in rats exposed to the same regimen. Two strains of mice exposed to TCE at 0, 100,

300, or 600 ppm, 7 hours/day, 5 days/week for 78 weeks showed an increased

incidence of liver and lung tumors at the two highest dose levels. Rats exposed to

the same dosing regimen for 24 months exhibited increased incidences of testicular

Leydig cell tumors at all concentrations and renal adenomas and carcinomas

combined in the high dose group. Increased incidences of lung adenocarcinomas

were also noted in mice exposed to 150 or 450 ppm TCE, 7 hours/day, 5 days/week

for 104 weeks; no tumors were noted in mice exposed to 50 ppm or rats exposed to

all three concentrations.

Mice and rats were exposed orally to 99% pure TCE in corn oil by gavage 5 days

weekly for 78 weeks and were sacrificed after 90 and 110 weeks, respectively. The

time weighted average exposures were 0, 1169 or 2339 mg/kg/day for male mice; 0,

869 or 1739 for female mice; and 0, 549, or 1097 for male and female rats. No

compound-related carcinogenic effects were seen in rats, but high mortality rates

confounded the results. There was a significant increase in the incidence of

hepatocellular carcinomas in male mice at both dose levels and in female mice at the

highest dose level.

• EPA classifies TCE as a probable human carcinogen i.e. B2, indicating that there is

sufficient evidence of carcinogenicity in animals and inadequate or no evidence in

• humans (EPA, 1991).

Genotoxicity - A large number of in vivo and in vitro genotoxicity studies of TCE

have been conducted, but results have been inconclusive. Jn vitro tests on bacterial,

fungal, animal hepatocyte, and embryo and human lymphocyte cells with and without

metabolic activation had a more or less equal distribution of positive and negative

results. In vivo studies on mice, rats, fruit fly and human occupational exposure

showed both positive and negative results. Metabolites of TCE may also be in rats
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exposed potentially genotoxic. It is concluded that available data suggest that

commercial-grade TCE is a wealdy active indirect mutagen.

ECOLOGICAL

Aquatic Toxicity - No chronic toxicity data were found for aquatic organisms.

However, in acute toxicity studies TCE was found to be toxic to a broad range of

aquatic target species (AQUIRE, 1991). The LC50 values were 39.0 mg/L for the

fathead minnow in a 72-hour flowthrough test; 45.0 mg/L for bluegill in a 96-hour

static test; 18.0 and 24.0 mg/L for Daphnia and scud, respectively, in 48-hour static

tests; and 42.0 and 49.0 mg/L for stonefly and dragonfly, respectively, in 48-hour

static tests.

Terrestrial Toxicity - The animal toxicity information presented in the human health

section above is generally applicable to terrestrial mammals. No other information

was available.

Avian Toxicitv - No information was available on the toxicity of TCE to birds.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry), 1989. Toxicological profile

for Trichloroethvlene. Draft dated January 1988.

EPA, 1991. The Integrated Risk Information System (IRIS), on line. Environmental

Criteria and Assessment Office, Cincinnati, OH.

NLM (National Library of Medicine), 1991. Hazardous Substance Databank, on line.
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VINYL CHLORIDE (VC)

SUMMARY

The liver is the primary target organ for both the noncarcinogenic and carcinogenic effects

of VC in humans and animals. VC has been shown to be genotoxic to humans and it is

mutagenic and genotoxic in a variety of in vivo and in vitro assay systems.

HUMAN HEALTH

Noncarcinogenic Effects - Chronic occupational exposure of humans to VC has

produced "vinyl chloride disease." This disease is characterized by severe damage to

the liver, effects on the lungs, poor circulation in the fingers, changes in the bones

at the end of the fingers, thickening of the skin, and changes in the blood. While the

levels of exposure required to cause these effects have not been quantified, they are

certainly far above levels expected to be encountered in the environment.

Effects on the liver have been documented in rodents after chronic exposure to VC

through ingestion (levels as low as 0.1 mg/kg/day) or inhalation (levels as low as 10

ppm). Chronic rodent inhalation studies have resulted in testicular effects and

reduced body weight gain at levels in the range of 10 to 100 ppm. Chronic rodent

ingestion studies have resulted in blood effects at levels around 10 mg/kg/day.

Kidney effects have been observed in chronic rodent inhalation studies but not until

levels reach over 1000 ppm.

Carcinogenicitv - Vinyl Chloride is regarded worldwide as a chemical that causes

cancer in humans, but exposure levels necessary to cause cancer in humans are not

known. To date, only workers exposed to very high levels of VC have shown an

increased incidence of liver cancer.

In rodent inhalation studies, lung cancer has been observed in mice at levels as low
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Aquatic Toxicitv - Little information was found on the toxicity of VC to freshwater

• or marine organisms. Complete mortality of northern pike after a 10 day exposure

to 388 ppm VC was reported (NLM, 1991).

I
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as 10 ppm and liver cancer has been observed in mice, rats, and hamsters at levels

between 10 and 100 ppm. Cancer has also been reported in rats exposed orally to

VC at levels between 1 and 10 mg/kg/day.

Genotoxicitv - A no observed adverse effect level for chromosomal aberrations in

peripheral lymphocytes of occupationally exposed workers was found to be 1 ppm for

inhalation exposures.

VC tested positive for recessive lethal effects but negative for dominant lethal effects,

chromosomal translocation, and sex chromosome loss in Drosophila melanogaster.

Negative results were also obtained for the dominant lethal test in mice. Positive

results were obtained in mutation and cell transformation tests and in chromosomal

aberration tests in in vivo and in vitro mammalian systems. Positive results were also

reported for DNA alkylation tests in rats and mice and for RNA alkylation in rat

liver microsomes. VC has been found to be mutagenic to bacteria and yeasts.

ECOLOGICAL

Terrestrial Toxicity - No information was found. The animal toxicity information

presented in the human health section above is generally applicable to terrestrial

mammals.

Avian Toxicitv - No information was found on the toxicity of VC to birds.
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XYLENES

SUMMARY

Xylenes consist of a mixture of three isomers (ortho-, meta-, and para-). The history of

industrial exposure to xylenes provides no indication of significant chronic adverse health

effects. Xylenes have not been found to be carcinogenic or genotoxic. Developmental

effects in birds have been reported.

HUMAN HEALTH

Noncarcinogenic Toxicity - Quantitative information on the effects of chronic low-

level exposure of humans to xylenes is not available. Studies involving laboratory

animals generally indicate that xylenes have a relatively low chronic toxicity. Oral

intubation of 500 mg/kg/day for 103 weeks produced hyperactivity and decreased

body weight gain in rats. No adverse effects were observed at 250 mg/kg/day.

Hyperactivity is an indication of central nervous system toxicity, which is the primary

effect of acute, high-level exposure to xylenes.

Carcinogenicitv - There are no reports of cancer causation in humans. Oral

intubation of mixed xylenes (up to 500 mg/kg/day) for 103 weeks produced no

evidence of carcinogenicity in rats or mice.

Genotoxicirv - Xylenes have been found to be nonmutagenic in both bacterial and

mammalian systems. Xylenes failed to induce sister chromatid exchange, both in

cultured human lymphocytes and in paint industry workers (EPA, 1991). Technical

grade xylene was found to be weakly mutagenic in Drosophila melanogaster recessive

lethal tests.
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I ECOLOGICAL

B Aquatic Toxicity - There are no ambient water quality criteria for protection of

freshwater or saltwater species. The 4-day LC50 for fathead minnows was reported

I to be 42,000 ug/L (NLM, 1991).

I Terrestrial Toxicity - No information was available. The animal toxicity information

I presented in the human health section above is generally applicable to terrestrial

mammals.

I

I

I

Avian Toxicitv - Xylenes fed to quail or sprayed directly on the eggs (0.05% or 2%

xylene) resulted in decreased hatching rate. Treatment with xylenes also increased

the ratio of male to female birds (NLM, 1991).
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