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SECTION I

E X E C U T I V E SUMMARY

R e s u l t s of an E n d a n g e r m e n t A s s e s s m e n t f o r V e r t a c C h e m i c a l
C o r p o r a t i o n in J a c k s o n v i l l e , Arkansas prepared by Phoenix Safe ty
Associa tes , Ltd. r evea l ed the release of p o t e n t i a l l y h i g h l y toxic
and c a r c i n o g e n i c c o m p o u n d s i n t o g r o u n d and s u r f a c e w a t e r s f r o m
t h i s f a c i l i t y . T a b l e s 1-1 t h r o u g h 1-4 p r o v i d e a s u m m a r y of the
a v a i l a b l e d a t a .

o 2 , 3 , 7 , 8 - T C D D was d e t e c t e d in o n - s i t e s u r f a c e soi l in the
par t per t r i l l i o n (ppt) range. A l t h o u g h these l eve l s are
t h o u g h t to be n o r m a l b a c k g r o u n d l e v e l s : f o r t h i s a r e a ,
p r e v i o u s EPA samples show s i g n i f i c a n t TCDD c o n t a m i n a t i o n in
so i l s . W i n d b l o w n TCDD c o n t a m i n a t e d p a r t i c u l a t e s m a y
p o t e n t i a l l y adverse ly e f f e c t s u r r o u n d i n g areas.

o 2 , 3 , 7 , 8 - T C D D w a s d e t e c t e d at 800 p a r t s per t r i l l i o n in
e d i b l e p o r t i o n s of w h o l e f i s h t i s s u e up to 50 m i l e s —
d o w n s t r e a m of the V e r t a c s i t e . Al the ug h ^ f i sh i ng has been
banned in these a reas , f i s h e r m a n have been" seen.

in
o O n - s i t e g r o u n d w a t e r m o n i t o r i n g w e l l s and s u r f a c e r u n o f f K^

appear to c o n t a i n par t per m i l l i o n c o n c e n t r a t i o n s of 2,4-D, Q
2 , 4 , 5 - T , and 2 ( 2 , 4 , 5 - T ) P . These s u b s t a n c e s t end to m o v e
v e r y s l o w l y in g r o u n d w a t e r . In s u r f a c e w a t e r , these
s u b s t a n c e s w i l l t e n d to s e t t l e o u t i n t o s e d i m e n t s ,
t h e r e f o r e , they were not detected in s i g n i f i c a n t q u a n t i t i e s
in d o w n s t r e a m s u r f a c e water samples.

0

o P o t e n t i a l l y c a r c i n o g e n i c ch io ropheno l s were detected in on-
s i t e s e d i m e n t s , h o w e v e r , i t is b e l i e v e d t h a t t h e r e is no
t h r e a t to s u r f a c e w a t e r o r g r o u n d w a t e r f r o m t h e
c o n t a m i n a t e d soi l .

o It a p p e a r s t h a t the s o u r c e of g r o u n d and s u r f a c e w a t e r
c o n t a m i n a t i o n is f r o m an old d r u m s torage or b u r i a l area at
Ver tac and th is c o n t a m i n a t i o n m a y c o n t i n u e ' o r increase in
the f u t u r e .

o C h 1 o r o a n i s o 1e c o m p o u n d s w e r e a l s o d e t e c t e d in p a r t per
b i l l i o n c o n c e n t r a t i o n s in g round and s u r f a c e waters . There
are no t o x i c i t y da ta for these chemica l s .



DATA SUMMARY
C H L O R O P H E N O X Y H E R B I C I D E S A N D TCDD

C H E M I C A L R E G U L A T I O N S TOXICITYC O N C E N T R A T I O N S F O U N D
ON SITE ( p p b )

2 ,4 -D GW: 7.5 - 98500 ppb
SW: <8 - 3900 ppb

WQC: 100
M C L : 100
R C R A : EP
DOT: ORM
OSHA: 10

ppb
ppb
Toxic
- A 3
mg/m TWA

H U M A N : H i g h v i a o r a l ; mode ra t e
v i a d e r m a l ; e x p e r i m e n t a l
care inogen

(SAX)
I D L H : 500 mg/m-'

2 , 4 , 5 - T j GW: 978 - 70970 ppb
j SW: <4 - 12400 ppb

Silvex
2 - (2 ,4 ,5 -T )P

GW: <4 - 25520 ppb
Sw: <8 - 34 ppb

WQC: 10 ppb
MCL: 10 ppb
RCRA: EP Toxic
DOT:: ORM - A
OSHA: 10 mg/m-3

TWA

WQC: 10 ppb
RCRA: Listed under 3001
DOT: N . O . S .
OSHA: None es tabl ished

H U M A N : H igh v i a o r a l ; r e a d i l y
adsorbed via i n h a l a t i o n and
inges t ion ; e x p e r i m e n t a l
care inogen

( S A X )
IDLH: 5000 mg/m-'; 480 ppoa

H U M A N : Modera te v ia ora l
( S A X )

IDLH: None spec i f ied

Diox in
2 , 3 , 7 , 8 - D

Sed iments :
839 - 9981 ppt EPA: . 05 ppb

DOT: Poison B, Solid
N . 0. S. or
Poisonous Solid
N . O . S .

HUMAN: H i g h v i a oral and d e r m a l ;
exper imenta l c a r c inogen , tera togen

(SAX)
IDLH: 3 mg/kg oral - dog

( R T E C )

0
(:,;
(̂
0

ŷ:
<
CJ

0 0 5 5 3 1



DATA S U M M A R Y
C H L O R O B E N Z E N E S

C H E M I C A L CONCENTRATIONS POUND
ON SITE

R E G U L A T I O N S TOXICITY

1 ,3 -
d ichio ro-
b e n z e n e
( m e t a )

G W : 15.2 ppb WQC: 400 ppb FRESHWATER A Q U A T I C :
Acute : 1120 ppb
C h r o n i c : 763 ppb

d i c h l o r o -
b e n z e n e
( p a r a )

G W : 843 .8 ppb
Sed iments :

1.0 - 2 . 5 ppb

WOC: 400 ppb
RCRA: K085
DOT: ORM - A
OS HA: 75 ppm TWA

H U M A N : H i g h v i a o r a l ; m o d e r a t e
v i a m e n t a l i n h a l a t i o n ;
e x p e r i m e n t a l ca rc inogen

(SAX)
I D L H : 1000 ppm
F R E S H W A T E R A Q U A T I C :
Acute : 1120 ppb
C h r o n i c : 763 ppb

1,2-
d i ch lo ro -
ben zene
( o r t h o )

GW: 6 .5 ppb
Sed imen t s :

19.3 ppb

WQC: 400 ppb
R C R A : K085
OS HA: 50 ppm

ceil ing

H U M A N : M o d e r a t e v i a oral and
i n h a l a t i o n ; e x p e r i m e n t a l
care inogen
I D L H : 1700 ppm
FRESHWATER A Q U A T I C :
Acute : 1120 ppb
C h r o n i c : 763 ppb

®
^
•̂
0
JS.
y;
<I
^ 0 0 3 5 3 2



DATA SUMMARY
C H L O R O B E N Z E N E S

C H E M I C A L REGULATIONS TOXICITYCONCENTRATIONS F O U N D
ON SITE

1 , 2 , 4 -
tr i c h l o r o -
b e n z e n e

G W : <1.0 - 3 0 . 4 ppb
SW: <1.0 - 2 .0 ppb
Sed imen t s :

<1.0 - 2 .0 ppb

RCRA: K085
DOT: N . O . S .

UN 2 321
A C G I H : 5 ppm TWA
OSHA: None e s t ab l i shed

H U M A N ; M o d e r a t e v i a o r a l ;
suspected ca rc inogen

( S A X )
I D L H : None s p e c i f i e d

1,2,3-
tr i ch lo ro -
benzene

GW: <1 - 9 .2 ppb
Sed imen t s :

<1 - 0 . 4 ppb

RCRA: K 0 8 5
OSHA: None e s t ab l i shed

H U M A N ; M o d e r a t e i r r i t a n t to s k i n ,
eyes and m u c o u s m e m b r a n e s

(SAX)

chloro-
benzene

G W : 5. 2 - 5.6 ppb
SW: <10 - 4030 ppb

WQC: 488 ppb
RCRA: K015 , K085
DOT: F l a m m a b l e l i q u i d
OSHA: 75 ppm TWA

H U M A N : M o d e r a t e v ia oral
i n h a l a t i o n and d e r m a l , suspected
care inogen

(SAX)
IDLH: 2400 ppm

hexach lo ro
benzene

Sed iments :
12.8 ppm

WQC: 0 (no threshold
assumpt ion )

RCRA: U127
DOT: U N 2 7 2 9
OSHA: None es tabl ished

H U M A N : M o d e r a t e v i a o r a l ;
e x p e r i m e n t a l te ra togen

(SAX)
IDLH: 1000Q. mg/kg oral - ra t

0
a
(̂
e
J£-
t?5
<t
^ 0 0 3 5 3 3



DATA S U M M A R Y
C H L O R O P H E N O L S

C H E M I C A L CONCENTRATIONS FOUND
ON SITE

R E G U L A T I O N S TOXICITY

2-chloro-
phenol

G W : 309 - 4 3 , 0 0 0 ppb
SW: 16000 ppb
Sed iments :

3.3 - 12.0

WOC: ( o r g a n o l i p t i c )
0.1 ppb

RCRA: V048
OSHA: None spec i f i ed

H U M A N : M o d e r a t e v i a o r a l , d e r m a l ,
and i n h a l a t i o n
FRESHWATER A Q U A T I C :
Acute : 4380 ppb

4-chloro-
3 m e t h y l
phenol

G W : 13.5 - 8 0 , 0 0 0 ppb
SW: 458 - 2300 ppb
Sed iments :

2 . 4 ppb

WQC: (orgonol i p t i c )
3000 ppb

RCRA: U039
DOT: Poison B, Solid B

N . O . S .
OSHA: None es tabl ished

I D L H : 500 mg/kg oral - ra t
FRESHWATER A Q U A T I C :
Acute : 30 ppb

2,4-
d i c h l o r o -
phenol

GW: 18 - 36000 ppb
SW: 73.3 - 1000 ppb
Sed iments:

8.7 ppb

WQC: 3.09 ppm
RCRA: U081
OSHA: None spec i f i ed

H U M A N : M o d e r a t e v i a o ra l
e x p e r i m e n t a l ca rc inogen
FRESHWATER A Q U A T I C :
Acute : 2020 ppb
Chron ic : 365 ppb

2,4 ,6-
tr i ch lo ro -
phenol

GW: 184 - 7400 ppb
SW: 10 - 192 ppb
Sed iments:

9 .0 ppb

WQC: 0 (on threshold
assumpt ion)

RCRA: K 0 4 3 , K001
OSHA: None spec i f i ed

H U M A N : Modera t e v i a oral
expe r imen ta l ca rc inogen ic
IDLH: 820 mg/kg o ra l - ra t
FRESHWATER A Q U A T I C :
Chron ic : 970 ppb

Penta-
^ ch loro-
S.,3 phenol
^na

GW: 16 - 53 ppb WQC: 1.01 ppm
RCRA: U 2 4 2
OSHA: 0 .5 mg/m3 TWA

sk in no t a t i on

HUMAN: H igh v i a ora l and de rmal
IDLH: 14 ppm
FRESHWATER A Q U A T I C :
Acute : 55 ppb
Chronic : 3 .2 ppb



DATA S U M M A R Y
C H L O R O A N I S O L E S A N D T O L U E N E

C H E M I C A L S CONCENTRATIONS FOUND
ON SITE

R E G U L A T I O N S TOXICITY

2-ch lo ro
an i sole

GW: 26514 ppb
SW: 510 - 3059 ppb

None See Sec t i on VI
c o m p o u n d s

org anoch io r i ne

2 , 4 -
d ichin ro
an i sole

G W : 94 ppb None

4 - c h l o r o
an i sole

GW: 170 - 1 0 0 0 0 ppb
SW: 2750 ppb

None

T n l u e n e GW: < 1 0 ppb
SW: < 1 0 ppb
Sed imen ts:

< 1 0 ppb

W O C : 1 4 . 3 ppm
M C L : 2 . 0 ppm
R C R A : F 0 0 5
DOT: F l a m m a b l e l i q u i d
O S H A : 200 ppm TWA

300 ppm c e i l i n g
N I O S H : 100 ppm

200 ppm ceil ing
(10 m i n u t e s )

H U M A N : M o d e a t e v i a o r a l and
i n h a l a t i o n ; low v i a d e r m a l
I D L H : 2000 ppm
A Q U A T I C :
A c u t e ; F r e s h w a t e r

Ac u te : 17.5 ppm

0̂,.«
i^
c
A>
(7;
•̂
<i

0 0 3 5 3 5



SECTION II

INTRODUCTION

U n d e r the C o m p r e h e n s i v e E n v i r o n m e n t a l Response Compensa t ion and
L i a b i l i t y Act ( C E R C L A ) , the US E PA has been g i v e n broad powers to
a c t i n r e s p o n s e to r e l e a s e s of h a z a r d o u s s u b s t a n c e s i n t o the
e n v i r o n m e n t . The US EPA m a y act i f such releases present a rea l
o r p o t e n t i a l t h r e a t bo p u b l i c h e a l t h or w e l f a r e o r to the
e n v i r o n m e n t . T h i s m a n d a t e is c a r r i e d o u t in t h r e e d i s c r e t e
phases: 1) E m e r g e n c y R e m o v a l A c t i o n s 2) P l a n n e d R e m o v a l A c t i o n s
3) P l a n n e d R e m e d i a l Ac t ions .

One of the p r i n c i p l e o b j e c t i v e s of the above named ac t ions is to
a s s u r e t h a t r e s i d u a l c o n c e n t r a t i o n s of h a z a r d o u s c h e m i c a l s
r e l ea sed in to the e n v i r o n m e n t do not pose a s i g n i f i c a n t t h r e a t to
h u m a n h e a l t h . One a id to a c h i e v i n g th is goal is the p r e p a r a t i o n
of an E n d a n g e r m e n t Assessment . '̂ 0

m
In i t s b r o a d e s t sense , t he E n d a n g e r m e n t A s s e s s m e n t m u s t r e a c h a ^
p r o p e r b a l a n c e b e t w e e n a c h e m i c a l t o x i c i t y v e r s u s a c t u a l ^
p o t e n t i a l f o r h u m a n exposu re . To a c h i e v e th i s end , such d i v e r s e
c o n d i t i o n s as d e m o g r a p h i c , g e o g r a p h i c , p h y s i c a l , c h e m i c a l and (;—)

b i o l o g i c a l f a c t o r s m u s t be c o n s i d e r e d . 0

The f o l l o w i n g r epor t r e p r e s e n t s an E n d a n g e r m e n t Assessment fo r
V e r t a c C h e m i c a l C o r p o r a t i o n , J a c k s o n v i l l e , A r k a n s a s . V e r t a c
r e c e n t l y has d r a w n N a t i o n a l a t t e n t i o n f o r p r o b l e m s a s s o c i a t e d
w i t h i n c o r r e c t chemica l was te d i sposa l p rac t ices . Ver tac was a
m a n u f a c t u r e r of 2 , 4 - d i c h 1 o ro p h e n o x y a c e t i c ( 2 , 4 - D ) a n d 2 , 4 , 5 -
t r i c h 1 o r o p h e n o x y a c e t i c a c i d ( 2 , 4 , 5 - T ) . The s i t e has b e e n
i d e n t i f i e d by F e d e r a l a n d S t a t e i n v e s t i g a t o r s f o r h e a v y d i o x i n
c o n t a m i n a t i o n .

Due to the l i m i t e d a v a i l a b i l i t y of a c t u a l d a t a on the V e r t a c
S i t e , t h e p r e p a r e r s o f t h i s r e p o r t r e l i e d h e a v i l y u p o n a
l i t e r a t u r e s e a r c h o f p u b l i s h e d r e p o r t s o n d i o x i n a n d i t s
c h e m i c a l l y associated compounds. V a l u e s expressed as exposure
l i m i t s (see S e c t i o n V - " A c c e p t a b l e C o n t a m i n a t i o n L e v e l s " ) a r e
t a k e n f r o m p u b l i s h e d l i t e r a t u r e . These l i m i t s a r e u s e f u l as
g u i d e l i n e s o n l y and s h o u l d n o t be t a k e n as a b s o l u t e e x p o s u r e
l i m i t s .



SECTION III

B A C K G R O U N D

Si te H i s t o r y

The s i t e k n o w n as V e r t a c C h e m i c a l C o r p o r a t i o n , l oca t ed on
a p p r o x i m a t e l y 93 a c r e s in J a c k s o n v i l l e , A r k a n s a s , c a m e i n t o
e x i s t a n c e in the e a r l y 1940 's . At t h a t t i m e , i t was p a r t of an
o r d i n a n c e p l a n t needed to assist in W o r l d War II e f f o r t s . A f t e r
the w a r and in 1948, the s i t e w a s p u r c h a s e d by R e a s o r - H i l l
C o m p a n y . R e a s o r - H i l l c o n v e r t e d t h e o ld o r d i n a n c e p l a n t i n t o a
p e s t i c i d e m a n u f a c t u r i n g f a c i l i t y . The h e r b i c i d e 2 , 4 , 5 -
t r ic h 1 o r o p h e n o x y a c e t i c a c i d was m a n u f a c t u r e d h e r e d u r i n g t h e
f o u r t e e n years Reaso r -Hi l l owned and/or operated the p l an t .

H e r c u l e s Powder Company (now H e r c u l e s , Inc.) purchased the p l an t r~~
in 1962. A g e n t O r a n g e , a 5 0 : 5 0 m i x t u r e o f 2, 4, 5-T and 2, 4- ^
d i c h i o r o p h e n o x y acet ic ac id (2 , 4-D) was m a n u f a c t u r e d at the site
d u r i n g t h i s t i m e . A g e n t O r a n g e was p r o d u c e s f o r use as a
d e f o l i a n t d u r i n g the V i e t n a m c o n f l i c t . The site was ope ra t ed by ^
H e r c u l e s u n t i l 1972 w h e n i t was l ea sed to T r a n s v a a l , Inc . 0
T r a n s v a a l p u r c h a s e d the p r o p e r t y in 1976. In 1978, T r a n s v a a l 0
m e r g e d w i t h i t s p a r e n t / h o l d i n g c o m p a n y V e r t a c , Inc . , w h i c h
c o n t i n u e d to m a n u f a c t u r e i n d u s t r i a l and a g r i c u l t u r a l c h e m i c a l s .
V e r t a c ceased to m a n u f a c t u r e 2, 4, 5-T in A p r i l , 1979. The toxic
c h e m i c a l s 2, 3, 7 , 8 - t e t r a c h i o r o d i b e n z o - p - d i o x i n , c o m m o n l y known as
d i o x i n , is an u n a v o i d a b l e t race c o n t a m i n e n t in 2 ,4 ,5-T and 2,4-D.

LH

An e x p l o s i o n is k n o w n to h a v e o c u r r e d at the p l a n t in 1974.
E p i s o d e s of c h l o r a c n e w e r e r e p o r t e d to h a v e o c c u r e d in an
undisc losed n u m b e r of employees as a resu l t of the exp los ion .

In 1978, S e n a t o r M a r k H a t f i e l d ( D - O R ) i n i t i a t e d a n a t i o n w i d e
d i o x i n s u r v e y . I n i t i a l s c reen ing r e s u l t i n g f rom th is s u r v e y at
V e r t a c , s h o w e d d i o x i n in w a s t e s l u d g e s and v a r i o u s p r o d u c t i o n
processes. As a d i r e c t r e s u l t of the i n i t i a l su rvey , the US EPA
R e g i o n VI and the A r k a n s a s D e p a r t m e n t of P o l l u t i o n C o n t r o l and
E c o l o g y ( A D P C & E ) c o n d u c t e d a s a m p l i n g and a n a l y s i s p r o g r a m to
i d e n t i f y sources of d i o x i n c o n t a m i n a t i o n a t t r i b u t a b l e to V e r t a c
f r o m on site sources and o f f s i te m i g r a t i o n .

In M a r c h , 1980, a c o n s e n t d e c r e e w a s f i l e d w i t h the US D i s t r i c t
C o u r t in L i t t l e R o c k , A r k a n s a s . The a g r e e m e n t was to s e t t l e
su i t s i n i t i a t e d by the D e p a r t m e n t of Jus t ice on b e h a l f of the US
E P A a g a i n s t V e r t a c . The p u r p o s e of the s u i t s w e r e to c o r r e c t
was te d i sposa l p r o b l e m s at the J a c k s o n v i l l e site. Unde r te rms of
the consent dec ree , Ver tac has agreed to the f o l l o w i n g :

0^104679



R e t a i n an i n d e p e n d e n t c o n s u l t i n g f i r m to s tudy g roundwa ter
and s u r f a c e c o n d i t i o n s a t the site to i d e n t i f y a reas w h i c h
m a y r e q u i r e r e m e d i a l w o r k .

Propose and i m p l e m e n t r e m e d i a l ac t ions , if any , to p r e v e n t
the d i s c h a r g e of p o l l u t a n t s f r o m the site into the env i -
r o n m e n t.

D e v e l o p a p l a n f o r the o r d e r l y m a n a g e m e n t of wastes stored
on the p l a n t s i te by t r e a t m e n t or o f f - s i t e d i sposa l .

C o n d u c t a s tudy of the f a t e and m o v e m e n t of p o l l u t a n t s in
Rocky B r a n c h C r e e k and Bayou Meto .

P r o p o s e r e m e d i a l m e a s u r e s to r e m o v e or s t a b i l i z e pol-
l u t a n t s in Lake D u p r e e , located in J a c k s o n v i l l e Ci ty Pa rk .

CO
r̂ i- E s t a b l i s h a t r u s t - f u n d in the p r i n c i p a l sum of $ 6 0 , 0 0 0

r e s t r i c t e d to a s s u r e l o n g - t e r m m a i n t e n a n c e of r e m e d i a l
w o r k at the p l a n t s i te. £ Lr'

f^
- D e v e l o p and i m p l e m e n t s t a n d a r d s f o r was t ewa te r p re t r ea t - 0

m e n t p r i o r to d i s c h a r g e to the J a c k s o n v i l l e sewage t rea t - Q
men t p l a n t .

S i te L o c a t i o n

The V e r t a c P l a n t is l o c a t e d in J a c k s o n v i l l e , A r k a n s a s and is
a p p r o x i m a t e l y 7 1/2 m i l e s f r o m L i t t l e R o c k . It is c o m p r i s e d of a
93 a c r e f e n c e d t r a c t . Its e a s t e r n b o r d e r and m a i n access p o i n t
is M a r s h a l l R o a d . It is b o r d e r e d on t he s o u t h by a r e s i d e n t i a l
s u b - d i v i s i o n o f f B r a d e n Street .

Levels of C o n t a m i n a t i o n

N u m e r o u s m u l t i m e d i a s a m p l e s ( i . e . , a i r , s u r f a c e w a t e r ,
g r o u n d w a t e r , d r u m and sed imen t ) h a v e been ana lyzed -at Ver tac Site
s i n c e 1979. In A p r i l 1982, V e r t a c c o n t r a c t e d an i n d e p e n d e n t
e n v i r o n m e n t a l f i r m . Deve lope r s I n t e r n a t i o n a l Services C o r p o r a t i o n
( D I S C ) of M e m p h i s , T e n n e s s e e to s t u d y e x i s t i n g o n - s i t e
c o n d i t i o n s . R e s u l t s of the DISC s a m p l i n g p r o g r a m s are s u m m a r i z e d
in F i g u r e s 111-A t h r o u g h D f o l l o w i n g . The DISC s t u d y r e s u l t s
s h o w w i d e s p r e a d o n - s i t e c o n t a m i n a t i o n t h r o u g h s u r f a c e w a t e r ,
g r o u n d w a t e r a n d s e d i m e n t s a m p l e s . S u r f a c e w a t e r s a m p l e s
c o n t a i n e d t h e s u s p e c t e d c a r c i n o g e n s c h l o r o b e n z e n e ; 2 , 4 -
d i c h 1 o ro p h e n o 1 ; 2 -ch 1 o r o p h e n o 1 ; 2 - ( 2 , 4, 5-tr i ch i o r o p h e n o x y )
p r o p i o n i c a c i d ; 2 , 4 - d i c h i o r o p h e n o x y a c e t i c a c id ( 2 , 4 - D ) ; 1 , 2 , 4 -
tr ichi o robenzene , and 2, 4, 5-tr ichi o rophenoxyace t i c acid ( 2 , 4 , 5 - T )
in the pa r t per b i l l i o n r ange .

G r o u n d w a t e r s a m p l e s showed the s u s p e c t e d c a r c i n o g e n s 1 , 2 , 4 -
t r i c h l o r o b e n z e n e , 2 , 4 , 5 - T ; 2 ( 2 , 4 , 5 - T ) P ; 2 - C h 1 o r o p h e n o 1 ; 2 ,4 -
d i c h l o r o p h e n o l ; c h l o r o b e n z e n e ; a n d 1 , 4 - d i c h l o r o b e n z e n e in the
p a r t per b i l l i o n l e v e l .



S e d i m e n t s a m p l e s s h o w e d t h e s u s p e c t e d c a r c i n o g e n s 1 , 2 , 4 -
t r i c h l o r o b e n z e n e ; 1 , 4 - d i c h l o r o b e n z e n e ; c h l o r o b e n z e n e ; 2-
c h 1 o r o p h e n o 1 ; and 2 , 4 d i c h i o r o p h e n o 1 in the p a r t per b i l l i o n
range and 2, 3 ,7 ,8 -Te t r ach lo rod ibenzo-p -d iox in (TCDD) in the pa r t
per t r i l l i o n r a n g e .

The D I S C r e p o r t c o n c l u d e s t h a t no t h r e a t of c o n t a m i n a t i o n
m i g r a t i o n f r o m the coo l ing w a t e r or sediment in to the g r o u n d w a t e r
is l i k e l y e v e n t h o u g h t h e y a l l c o n t a i n some of t he a b o v e
c o n t a m i n e n t s . I t is b e l i e v e d t h a t t h e s o u r c e o f t h e s e
c o n t a m i n e n t s is the old d r u m s to rage or b u r i a l areas .

DISC sc ient i s t s found concen t r a t i ons of 50-100 parts per t r i l l i o n
d i o x i n in s u r f a c e soils at the s i te . Except f o r e l eva t ed d i o x i n
c o n c e n t r a t i o n s near the R e a s o r - H i l l l a n d f i l l area , DISC resear-
chers fee l these represen t b a c k g r o u n d levels. P rev ious samples
taken by EPA and A D P C & E show s i g n i f i c a n t d i o x i n c o n t a m i n a t i o n in
s i t e so i l s . T h i s is an a r e a o f c o n c e r n s ince soi l can b l o w o f f
the site into a d j a c e n t r e s i d e n t i a l areas . ^r\

i LPl

One f u r t h e r a r e a of c o n c e r n is d i o x i n l e v e l s as h i g h as 8 0 0 pp t fQ
in e d i b l e p o r t i o n s of f i s h in d o w n s t r e a m w a t e r s . A l t h o u g h an Q
o f f i c i a l b a n on c a t c h i n g d o w n s t r e a m f i s h ' i s i n e f f e c t , ^
e y e w i t n e s s e s have r e p o r t e d f i s h e r m a n in these a reas .



F I G U R E I I I - A

S U M M A R Y OF LEVELS OF C O N T A M I N A N T S
V E R T A C SITE

CHLOROPHEHOL

C H E M I C A L DATE S A M P L E D CONCENTRATION ( p p b ) TYPE S A M P L E D LCCATIC.':

0
u
^A

0
Ai
ys
®
N

2-chlorophenol

l---. hi oro-3r.ell-.yl phenol

2 .x-dlchloropr.enol

8 / 1 3 / 8 2

8/6/82

8/6 /82

7/23/82

8/5/82

8/6/82

8/5/82

8 / 1 3 / 8 2

8 / 1 3 / 8 2 '.58.0

8/6/82 2.'.

,7/23/82 1 3 . 5
I

'7/23/82 ' 3'..2

7/23/82 : e 8 . 1

8/5/82 !SO,000.0
n

8/6/82 . ' 7800 \ GW ; 7

8 / 1 3 / 8 2 1000 . SW • I

8 / 1 3 / 8 2 .367 .0 SW 2

,9 /17 /82 ' 7 3 . 3 SW 2

8 /6 /82 • .8.7 • Sed. 9

r\ r\ ~z c- /i r\

16000 (ppb)

3.3

1 2 . 0

10500.0

^3,000

1500

309

2300

SW

Sed.

Sed.

GK

GW ; 6

GW • 7

GW

SW 1

SW 2

Sed. 9

GW 1 0

GW n

GW 5

GW 6

1

3

tf

5

8



DATE: SA;-TLED -;-?:; SA"PLED

20-. .0 G'.;

,7/23/82 ' 50.0 GW

1 8 . 0 i GW 10

,3/5/82 36000

'•Q/6/S2 7600

1 9 2 . 0 sw

5 / 1 3 / 8 5 92.6

9 / 1 7 / 8 2 1 0

per, tachlorophenol

I

i

S/6/82

8/5/82

8/5/82

8/5/82 53.0

8/5/82 1 6 . 0

9.0 Sed.

18', .0 GW

7t.OO GW

GW

GW

! 9

' 3

' 6

I 8

6

" L O C A T I O N :
1. East Di t ch at E. Plant Boundary, entire 3" dep th 15.
2. Centra l D i t c h , East of Culver t , ent i re t," depth 16.
3. East Di tch , average thickness 1 .5 ' 17.
4 . Cent ra l D i t c h , average thickness 0 .2 ' 18.
;. Well No. 9 19.
?,. Well No. 12
7. Well No. 18
8. Well No. '.
9. Rocky Branch below Cooling Pond average thickness 0.3'
10. Well No. 6
11 . Wel l No . 7
12. Cooling Pond SW Quad. average thickness 1.0 '
13. Cooling Pond HW Ouad. average thickness 0.8'
1 ' < . Cool ing Pond NW Quad. average thickness 1 .0 '

Central Ditch, East of Culvert, entire ' < " depth
Cooling Pond-Center, mid depth
Rocky Branch below Equlllzation Basin
Rocky Branch, below Cooling Pond, mid depth
Cooling Pond Sw Quad. average thickness 0 . 9 '

0
?.'!
^
Q
1^
<y;
GD
U 0 0 5 5 4 1



FIG';?: :;;-B

' , 3-^i;nlcrGi.;er,zer.e

,'•-^icniorobenzer.e

i' ,2-dichloroaenzene

"i ,2,--tr-ichloroDenzene

"• ,2 ,3-t.rlchlorobenzene

0
a
&"A
0
A

0̂3
*ik

£L':-L'';ARY OF LEVELS OF CONTA'-iI HANTS
VESTAC SITE

C"LCROBE:;ZENE

DATE SAMPLED CONCENTRATION (ppb ) TYPE SAMPLED LOCATIO'v

3 /6 /82

8 / 1 3 / 8 2

a /6 /82

8 / 1 3 / 8 2

8 / 1 3 / 8 2

7/23/82

8 / 1 3 / 6 2

8/6/82

7/23/82

8/6/82

7/23/82

8 / 1 3 / 8 2

8/6/82

8/6/82

8/5/82

7/23/82

8/5/82

8/682 0.'.

; i

0 0 3 5 4 2

0.88 (ppb)

0.5

0.7

0.5'.

0.75

1 5 . 2

1 . 0 Sed.

2.5

8'.3.8

1

1 9 . 3

6.5 j GW I 1 0

i i

2.0

2.0

1 .3

5.5

30.'.

29.0

Sed.

Sed.

Sed.

Sed. 1 3

Sed. i 1'.

GW 1 0 '

Sed.

GW 1 0 :
1

Sed.

Sed. [ 1

Sed. ; '.
f

Sed.

GM

GW

GW

Sed.

3

1 2
\

<4 '

-.2

H

9 ,

9

8

1 0

6

i,



:'-

.

1

-e

c-

13/13/82

• 3/13/82

•

• r

1 .

2.
^
^.
5.
6.
7.
8.
9.
1C
11
12
13
1',
15

r.''.! CA'L.

•

xa:hlorobenzene

Icrobenzene

O C A T I O N :
East D i t c h at E. P lant Bounda
Central D i t c h , East of Cu lve r
East D i t ch , average thickness
Centra l D i t c h , average th i ckn
Hell No. 9
Wel l No. 12
Well No. 18
Well No. '.
Rocky Branch below Cooling Pond average thickness 0.3'
W e l l No. 6
Wel l No . 7
Cool ing Pond SE Quad . average thickness 1.0'
Cooling Pond NW Quad. average thickness 0.8'
Cooling Pond HE Quad. average thickness 1.0'
Central D i t c h , East of Cu lve r t , ent i re '." depth

0
? 1
•̂
0
'•^*^

y>
03en

DATE SAMPLED CO";CEt ;TRAT:OK l p p & )

5/5/52

7/23/82 9.2

13/6/82 12.8

'8/13/82

^ / t 3 / a 2

3/13.82

7/23/82

7/23/82

7/23/62

ry, entire 3" dep th ^. Cooling Pond-Center , mid dep th
t, entire '." depth ^ p^y Branch below Equi l iza t ion Basin

1 - 1 3 ' 18. Rocky Branch, below Cooling Pond, mid depth
ess ° - 2 ' 19. Cooling Pond SW Quad. average thickness 0.9 '

.

0 0 3

1 .0

35.0

'.030.0

318.0

705.0

35.0

!
5.. j

5.3 j

T Y P E S A M P L E D L O C A T I O N

GW S

GW 10

Sed. '.

,

SW 1;

SW 16

SK

SW

SW

GW

GW

GW

I

it

5 4 3

17

13

15

10

11

5



-;HE III - C

'^ L.'. 1 n 1̂  ^) 1 I L

CHLOROAtUSOLES A N D TOLL;;;;;:;

C H E M I C A L ; I A M E D A T E S A M P L E D C O N C E I I T R A T I C I ; I ppb I T Y P E S A M P L E

8/13/82 S U R F A C E ; W A T E R

3 /13 /62 S U R F A C E W A T E R

9/5/82 2 6 5 1 5 ^C'JI-'D '.'ATE?,

3/5/82 G R O U N D W A T E R

7 /23 /62 170 .0 ^OUt.'D WATE.-i

3/5 /32 10000 3nOLit;L. WATER

3/13/62 2750 S U R F A C E W A T E R

;0 SIGNIFICANT AMOUNTS DETECTED

East Ditch at E . Plan Boundary, Entire 3" depth
2 . Central Ditch, east cf culvert, entire ^ " depth
3 . East Ditch, average thickness 1 . 5 '
' i . Central Ditch, average thickness 0 . 2 '

Hell M e . 95.
6.
I .

S.
o.

10.
11 .

Well No. 12
Well No. 18
Well No. ^
Rocky Branch below Ccoling Pond Ave. thickness 0 . 3 '
Well No. 6
Well No. 7

1 2 . Cooling Pond SE Quad. Avg. thickness 1 . 0 '
A v g . thickness 0 . 8 '

U . Cooling Pond NE Quad. AVg. thickness 1 . 0 '
1 5 . Cooling Pond-Center, "lid depth
1 6 . Rocky Branch Below EcJilizatlon Basin
' 7 . Rocky Branch, Below Csoling Pond, mid depth
' 8 . Cooling Fond SW Quad. Avg. thickness 0 . 9 '

1 3 . Cooling Pond NW Quad.

• K E Y :
GW - Ground Water
SW - Surface Water
Sed - Sediment

0 0 3 5 4 4



F I G U R E I I I - D
VEi-.TAC S I T E

CHLOROPHEI iOX ' i H E R B I C I D E S

C H E M I C A L D A T E SAMPLE? T Y F E S A M P L E LOCATION

j

0
0

0̂

(̂?)
Q)
<I

2 , ' < - D

?•'1•5•T 18/13/82

2 ( 2 , ' . , 5 - T ) P '8/5/82

8 / 1 3 / 6 2

8 /13 /62 ; 9 /17 /62

8/13/82; 9 / 1 7 / 6 2

8/13/62; 9 / ' 7 / e 2

8/13/82; 9 /17 /82

8/5/&2

7/23/82

7/23/62

8/5/82

8/6/82

8/13/62; 9 /17 /82

8/13/82; 9/17/82

8/5/82

E/5/82

/6/82

8/6/82

3900H

1033; 783.0

5 .6 ; <£

<8; <8

<8; <c

761

7 .5

9.0

98500

-38

WCO

1033; 5^3

<'.; <'.; <'<

''195

70970

978.0

'.5

208

0 0 3 !

S U R F A C E W A T E R

S U R F A C E W A T E H

S U R F A C E W A T E R

S U R F A C E W A T E R

S U R F A C E W A T E R

G R C U : . D WATEF,

GFOU'.iS W A T E R

GROU;;D W A T E R

G R C U K D W A T E i :

G R O U N D W A T E R

SURFACE WATER

S U R F A C E WATER

' 9

SURFACE W A T E R

GI.-OUND WATER

G R O U N D W A T E R

GRC.UMD WATER

G R O U N D W A T E R

GROU;;D W A T E R

, 4 3

i

2

16

17

18

8

1 1

C

5

7

1

2

16

8

6

7

8

7



CHLOROPliE. ' iOn H E R B I C I D E S A.'.'S TC33

C I ' E M I C A L D A T E S A M P L E D C O N C E N T R A T I O N ( p p b ) T Y P E SAMPLES LOCATION

0
<•.'!
•̂
ĉ

,
t^i

(^
Q;
GD

2 ( 2 , - , 5 - T ) P

2 , 3 , 7 , 6 - C

2, - ' ' ,7 ,3-0

•LOCATION:
1. East Di t ch at E. PI,
2. Central D i t c h , east
3. East D i t c h , average
i * . Cen t ra l D i t c h , aver,

-. 5. Well No. 9
6. Well No. 12
7. Wel l No. 18
8. W e l l N o . A
9. Rocky Branch below (

10. W e l l Ho. 6
1 1 . Wel l No . 7
12 . Cool ing Pond SE Qua
13. Cooling Pond HW Qua,
H. Cooling Pond NE Ouai
15. Cool ing Pond-Center
15. R o c k y B r a n c h Below

9/5/S?

8/13/82

8/13/82; 9 /17 /62

8/13/82; 9/17/82

3/13/62

8/13/62

8/13/82

8/13/62

8/13/82

8/6/82

8/13/6;

8/13/82

8/6/82

nt Boundary, Ent ire 3" depth
of cu lver t , entire t," dep th
thickness 1 .5 '
ge thickness 0 .2 '

ooling Pond A v e . thickness 0 .3 '

. A v g . th ickness 1 .0 '

. A v g . th ickness 0.8 '

. A V g . th ickness 1 .0 '
Mid dep th

' qu i l l s a t i on B a s i n

2552^

<8

33.0; 3 ' < . ; 3

<8; 2 5 . 5 3 ; 27 .2C

9.6

16

3836 ppc

2826 ppl

7859 ppt

6'i50 ppt

^350 ppt

9981 ppt

839 ppt

17. Rocky Branch, Below Co
18. Cooling Pond SW Quad.

• K E Y :
CM - Ground W a t e r
SW - Surface W a t e r
Sed - Sediment

0 0 :

C:ROJND W A T E R

S U R F A C E W A T E R

S U R F A C E WATE; ;

SUHFACL' W A T E R

SURFAC:: W A T E R

SL'RFAC- . W A T E R

S^.,^-

SESI'- 'ENT

SEDIMEl iT

SEDIMENT

SEDIMENT

SEDIHEKT

SEDIMENT

)ling Pond, Mid depth
Ivg. thickness 0 .9 '

5 5 4 6

6

1

L

16

1 7

;8

19

\ ̂

i,

3

12

13

9



SECTION IV

P H Y S I C A L / C H E M I C A L ASSESSMENT

I N T R O D U C T I O N

D u r i n g t h e i r J u l y t h r o u g h S e p t e m b e r , 1982 p r o g r a m . D e v e l o p e r s ,
I n t e r n a t i o n a l Serv ices C o r p o r a t i o n (DISC) collected so i l , s u r f a c e
w a t e r , s e d i m e n t and g r o u n d w a t e r samples for ana lys is . Classes of
c o m p o u n d s a n a l y z e d i n c l u d e Ch 1 o ro pheno 1 s , Ch 1 o rob en zen es ,
C h l o r o a n i s o l e s , T o l u e n e and C h l o r o p h e n o x y h e r b i c i d e s . S ince
these r e su l t s a r e not i ncons i s t en t w i t h p r e v i o u s l y r epor ted ana-
l y t i c a l r e su l t s they r ep re sen t the classes of compounds discussed
h e r e i n .

C H L O R O P H E N O X Y H E R B I C I D E S

2 , 3 , 7 ,8 -Te t r ach lo ro -d ibenzo -p -d iox in ( T C D D , D i o x i n )

2 , 3 , 7 , 8 - T C D D was f i r s t r e p o r t e d in the c h e m i c a l l i t e r a t u r e in
1872, h o w e v e r , i ts acute t o x i c i t y d i d not b e c o m e ^ u n d e r stood un t i l
the 1950's . In i t ' s p u r e f o r m at r o o m t e m p e r a t u r e TCDD is a
c o l o r l e s s c r y s t a l l i n e s o l i d . B e c a u s e i t is an u
p r o d u c t i n the m a n u f a c t u r i n g of v a r i o u s h e r b i c i d e s ,
and c h 1 o r o p h e n o 1 s i t is u s u a l l y f o u n d in c h e m i c a l
s l u d g e s r e m a i n i n g f r o m m a n u f a c t u r i n g processes.

t e m p e r a t u r e TCDD is a
i t is an u n w a n t e d by-

p e s t i c i d e s
wa s te s a nd

P h y s i c a l P rope r t i e s

C-

^

in
m
o
o

C h e m i c a l F o r m u l a : C - n H / C U O ?
M o l e c u l a r w e i g h t : 321.96
B o i l i n g po in t a t 1 ATM, °F: no t ava ilable

water at 20°C:S o l u b i l i t y in w a t e r , g/100 g w a t e r at 20°C: 200 ppm
Flash p o i n t : NA
Vapor p r e s s u r e at 20°C m m / H g : NA
M e l t i n g p o i n t , °F: 581°F
Upper explosive l i m i t in a i r % by v o l u m e : NA
Lower explosive l i m i t in a i r % by v o l u m e : NA-
S p e c i f i c g r a v i t y : NA

I n c o m p a t i b i l i t i e s

N o n e known

S t a b i l i t y

C h e m i c a l l y TCDD is q u i t e s t a b l e . T h e r m a l d e s t r u c t i o n
r e q u i r e s t e m p e r a t u r e s g r e a t e r than 700°C. It b inds s t r o n g l y
to soi ls and par t i cu l ates. Va r ious s tud ies have shown that
d i o x i n s a r e q u i c k l y d e g r a d e d by s u n l i g h t or a r t i f i c i a l



l i g h t . Once d i o x i n s pene t r a t e soi ls , h o w e v e r , s tud ies show
they can persist fo r long per iods of t ime. Studies at Times
Beach , M i s s o u r i suggest tha t d i o x i n s can r e m a i n u n d e r g r o u n d
in soils f o r m a n y years .

Analytical Procedures

S c i e n t i s t s a t t h e B r e h m L a b o r a t o r y o f W r i g h t S t a t e
U n i v e r s i t y h a v e been p e r f o r m i n g d i o x i n a n a l y s e s u n d e r the
auspices of severa l Federa l and State agencies since 1972.
B r e h m has d e v e l o p e d and a p p l i e d c o m p l e x m u l t i m e d i a
sampl ing protocols .

A n e w a n a l y t i c a l t e c h n i q u e has been d e v e l o p e d in a j o i n t
B r e h m L a b o r a t o r y / B a t t e 1 1 e C o l u m b u s L a b o r a t o r y w h i c h was
f u n d e d by a p r i m e c o n t r a c t between Ba t t e l l e and the US EPA.
This new method is presented as Append ix A of th i s repor t . QQ
US EPA Approved M u n i c i p a l and I n d u s t r i a l Waste Wate r Method .
#613 GC/MS; 0 .002g/L. ^£ in

2 , 4 , 5 - T r i c h l o r o p h e n o x y a c e t i c ac id ( 2 , 4 , 5 - T ) t^
0

2 , 4 , 5 - T is a h e r b i c i d e w h i c h was d e v e l o p e d f o r use d u r i n g W o r l d (-^
W a r I I . It was d i s c o v e r e d in 1955 t h a t the c o n t a m i n a n t T C D D
assoc ia ted w i t h 2 ,4 ,5 -T , caused c h l o r a c n e in w o r k e r s exposed to
the c o m p o u n d . D e s p i t e t h i s k n o w l e d g e , use of the h e r b i c i d e
s p r e a d . It was used as a weed k i l l e r on r a n g e l a n d , p a s t u r e s ,
n u r s e r y and r i c e c rops . In 1974 t he US EPA b a n n e d use of 2 , 4 , 5 - T
on f o o d c rops . It was w i d e l y used in V i e t n a m f r o m 1962 u n t i l
1969. It is a c o l o r l e s s to t a n , o d o r l e s s s o l i d or used as a
l i q u i d m i x for h e r b i c i d e .

Phys ica l P r o p e r t i e s

Chemica l F o r m u l a : CgH5Cl - i03
M o l e c u l a r W e i g h t : 256
B o i l i n g po in t at 1 a tm, °F: Decomposes
S o l u b i l i t y in w a t e r , g/100 g water at 20°C: 0 . 0 3 %
F l a s h p o i n t , c l o s e d c u p , O F ( o r o p e n c u p i f 0 ° C ) :
I n c o m b u s t i b i e
Vapor P re s su re at 20°C mmHg : 0 . 0 0 m m
M e l t i n g po in t °F: 316°F
Upper Explos ive L i m i t in A i r , % by v o l u m e : Incombus t i b l e
Lower Explosive L i m i t in A i r , % by V o l u m e : Incombus t ib le
S p e c i f i c q r a v i t y : 1

I n c o m p a t i b i l i t i e s

s t rong o x i d i z e r s

Ins t ab i1 i ty

T e m p e r a t u r e 158°C m a y cause sealed m e t a l c o n t a i n e r to b u r s t .



A n a l y s i s

N I O S H M a n u a l of A n a l y t i c a l Methods , 2nd E d i t i n g , V o l u m e 5,
1979, a v a i l a b l e f r o m the G o v e r n m e n t p r i n t i n g o f f i c e ,
W a s h i n g t o n , D . C .

2 , 4 - D i c h l o r o p h e n o x y a c e t i c Ac id ( 2 , 4 - D )

2 ,4-D is a h e r b i c i d e which is c o m m o n l y used in its sal t or ester
fo rms . Agent Orange is a 50:50 m i x t u r e of 2 ,4 -D and 2,4,5-T. It
is a co lor less , odorless so l id .

Physical Propert ies

Chemica l F o r m u l a : Cl^ Cg H 4 OCHs COOH
PEL: 10 mg/m per 8 hrs .
M o l e c u l a r W e i g h t : 221 0-\
B o i l i n g Po in t : Decomposes
Spec i f i c g r a v i t y : 1.1 ( e s t i m a t e )
Vapor Dens i ty : ( a i r = 1 at b o i l i n g point of 2 , 4 - D ) : 7.63
M e l t i n g p o i n t : 140°C t^
Vapor p r e s s u r e at 20°C: E s s e n t i a l l y zero 0
S o l u b i l i t y in w a t e r at 20°C: 0 .07 ppm ' 0

I n c o m p a t i b i l i t i e s

C o n t a c t w i t h s t r o n g o x i d i z e r s m a y c a u s e f i r e s a n d
explos ions.

Analyt ical Methods

NIOSH Manual of A n a l y t i c a l Methods , 2nd Edi t ion, Vo l .3 ,
1 9 7 7 .

2- ( 2 , 4 , 5 - T r i c h i o r o p h e n o x y ) p r o p i o n i c ac id ; S i lvex

Phys ica l C h a r a c t e r i s t i c s

M o l e c u l a r F o r m u l a : 0- ,c i - iCqH7
F o r m : c rys t a l s
M o l e c u l a r w e i g h t : 270
B o i l i n g p o i n t at 1 a t m , °F: NA
S o l u b i l i t y in w a t e r , g /100 g w a t e r at 20°C: s l i g h t l y

soluble
Flash p o i n t , closed c u p , °F: 140 F
Vapor Pressure at 20°C m m H g : NA
M e l t i n g P o i n t , °F: 327°F
Upper Exp los ive L i m i t in a i r , % by vo lume : combus t i b l e
Lower explos ive l i m i t in a i r , % by vo lume : c o m b u s t i b l e
S p e c i f i c g r a v i t y : NA

I n c o m p a t i b i l l t ies

C o m b u s t i b l e subs tances



C H L O R O P H E N O L S

C h l o r i n a t e d p h e n o l is a c lass of 19 c o m p o u n d s , m a d e up of a
b e n z e n e r i n g to w h i c h one h y d r o x y ( O H ) g r o u p p l u s f r o m one to
f i v e c h l o r i n e a t o m s a r e a t t a c h e d . D i o x i n s a r e f o u n d as
u n d e s i r a b l e c o n t a m i n a n t s f o r m e d in the m a n u f a c t u r e of these
compo unds .

C h 1 o r o p h e n o l s a r e i n d u s t r i a l l y i m p o r t a n t as r a w m a t e r i a l s for the
m a n u f a c t u r i n g of o t h e r p r o d u c t s i n c l u d i n g p e s t i c i d e s . A n y
c h l o r o p h e n o l w i t h a c h l o r i n e atom at tached to the benzene r i n g at
t h e n u m b e r 2 c a r b o n p o s i t i o n m a y be a d i o x i n p r e c u r s o r . T h i s
p r e c l u d e s the occurance of d i o x i n s in pes t ic ide m a n u f a c t u r e on ly .

2-Chlorophenol

Phys ica l C h a r a c t e r i s t i c s

C c H q C I O £

347°F
water at

147°F
1 mm at

Chemica l F o r m u l a :
R e p o r t a b l e Q u a n t i t y : " I Ib CWA 3 0 7 ( A )
D e s c r i p t i o n : color less l i q u i d
M o l e c u l a r w e i g h t : 128.6
B o i l i n g po in t at 1 a t m , °F:
S o l u b i l i t y in w a t e r , g / l O O g
Flash p o i n t , closed c u p °F:
Vapor p r e s s u r e at 20 m m / H g :
M e l t i n g po in t , P: 48.2°F

20°C: 2 .8 g/100 ml

53.78°F

v o l u m e : c o m b u s t i b l e
v o l u m e : combus t ib l e
for a d u s t / v a p o r : au to -

Upper exp los ive l i m i t in a i r , % by
Lower explos ive l i m i t in a i r , % by
M i n i m u m exp los ive c o n c e n t r a c t i o n

i g n i t i o n 1022°F.
S p e c i f i c g r a v i t y : 1.265

Incompati bi1i ti es

A c t i v e me ta l s
Am ines
Ox id i zers
Oxygen
Mo i s tur e
Heat
Pe rox ides

A n a l y t i c a l M e t h o d

E PA M e t h o d f o r A n a l y s i s of M u n i c i p a l and I n d u s t r i a l W a s t e
W a t e r , Method # 6 0 4 ; GC; Detec t ion l i m i t ; 0 .3 ug/L.



2 , 4 -Dich lo ropheno l

Phys i ca l C h a r a c t e r i s t i c s

Chemica l Fo rmula : C g H ^ C l o O
R e p o r t a b l e q u a n t i t y : I 15. (WA 3 0 7 ( A )
Physical Desc r ip t i on : wh i t e sol id , pale yel low crystals
M o l e c u l a r w e i g h t : 163
Bo i l i ng point at 1 a tm , °F: 410°F
S o l u b i l i t y in w a t e r , g / l O O g wate r at 20°C: 0 . 4 5 g
Flash p o i n t , closed cup: 237°F
Vapor p res su re at 20°C mm Hg : 1 mmHg
M e l t i n g p o i n t , °F: 113°F
Upper Explos ive L i m i t in a i r , % by v o l u m e : combus t ib le
Lower explosive l i m i t in a i r , % by v o l u m e : combus t ib le
Spec i f i c g r a v i t y : 1.383

I n c o m p a t i b i l i t i e s '~——————————————— ^

H e a t : 2 , 4 - d i c h i o r o p h e n o 1 d e c o m p o s e s at h i g h t e m p e r a t u r e s , l^
re leas ing toxic gases: l^

ox id i zer s
p e r o x i d e s
ac id s
oxyg en

A n a l y t i c a l Method

EPA Me thod f o r M u n i c i p a l and I n d u s t r i a l Was tewa te r Method
# 6 0 4 ; G . C . ; Detec t ion l i m i t , 0 .39 ug/L.

2 , 4 , 6 - T r i c h l o r o p h e n o l

P h y s i c a l C h a r a c t e r i s t i c s

Chemica l F o r m u l a : C c H - i C l i O
Phys ica l Desc r ip t ion : y e l l o w sol id or color less need l e s ,
s t rong pheno l ic odo r .
M o l e c u l a r w e i g h t : 197
B o i l i n g po in t at 1 a t m , °F: 475°F
S o l u b i l i t y in wa te r g/100 g wa te r at 20°C: 0 .09g
Flash po in t : n o n - f l a m m a b l e
Vapor pressure at 20°C m m H g : 1 mmHg at 170°F
M e l t i n g po in t : 156.2°F
Upper explosive l i m i t , % by v o l u m e : combus t ib l e
Lower explos ive l i m i t , % by v o l u m e : combus t i b l e
S p e c i f i c g r a v i t y : 1 .490

I n c o m p a t i b i l l t ies

H e a t : Decomposes at h i g h t e m p e r a t u r e s , t o x i c or d a n g e r o u s
gases a re r e l eased .

0
0



St rong o x i d i z e r s
Oxygen
P e r o x i d e s
Steam

Analyt ical Method

EPA Approved Method fo r M u n i c i p a l and I n d u s t r i a l W a s t e w a t e r ,
Method # 6 0 4 ; G . C . ; De tec t ion L i m i t , 0 . 6 4 ug/L.

Pen tach lo ropheno l

P h y s i c a l P r o p e r t i e s

C h e m i c a l F o r m u l a : CgHOCIc,
Repor tab le quant i ty : 1 0 Ibs CWA 3 1 1 (B) ( 4 ) ; 1 Ib CWA 307
( A ) ; 1 Ib RCRA 3 0 0 1 ; 1 Ib CERCLA.
Physical description: solute in light hydrocarbon carr iers;

light brown solid with a pungent odor when hot.
Molecular weight: 266 .3 c\j

Boiling point: (760 mmHg); 311°C (592°F) decomposes Ln

Specif ic qravity: 2 £ LTk
Vapor density: not applicable ^
Melting point: 1 8 2 - 1 9 0 ° C Q
Vapor Pressure at 20°C: 0 . 0 0 0 1 - 7 mmHg •
Solubility in wa te r , g /100 g water at 20°C: 0 .002 °

0

Incompatibilities

Ox idi zers
H e a t : T o x i c v a p o r s and gases ( i .e . , h y d r o g e n c h l o r i d e ,
c h l o r i n a t e d pheno l s , ca rbon m o n o x i d e ) maybe re leased.

Stability

Highly stable

Analytical Method

NIOSH Manual fo r Ana ly t i ca l Methods, 2nd Edit ion, Vo l .4 ,
1978. EPA Method for Municipal and Industrial Wastewater ,
Method # 6 0 4 ; G.C.; De tec t i on Limit, 7.4 ug/L.

4-Chloro-M-Cresol

Physc i a l C h a r a c t e r i s t i c s

Chemical Formula: C7H7C10
Repo r tab le Quan t i t i es : 1 Ib. CWA 3 0 7 ( A ) ; 1 Ib RCRA 3 0 0 1 ;
5000 Ib CERCLA.
Phys ica l Descr ip t ion : c o l o r l e s s to pale ye 1 1 o w c r y s t a 1 s

with phenolic odor.
Molecular weight: 1 4 2 . 6
Boiling point at 1 a tm, °F: 455°F
Solubility in water g/ lOOg water at 20°C: 0 .38 g



Flash p o i n t , closed cup , °F: c o m b u s t i b l e
Vapor pressure at 20°C m m H g : N/A
M e l t i n g p o i n t , °F: 131°F
Upper explos ive l i m i t in a i r , % by v o l u m e : combus t ib l e
Lower explos ive l i m i t in a i r , % by v o l u m e : c o m b u s t i b l e
S p e c i f i c g r a v i t y : N/A

I n c o m p a t i b i t i t l e s

H e a t : D e c o m p o s e s a t h i g h t e m p e r a t u r e s , r e l e a s i n g t o x i c
and/or d a n g e r o u s gases.

W a t e r
Steam

C H L O R O B E N Z E N E S

C h 1 o r o b e n z e n e s a re a c o m m e r c i a l l y i m p o r t a n t f a m i l y of
o r g a n i c c h e m i c a l s , e s p e c i a l l y as r a w m a t e r i a l s in the (^
m a n u f a c t u r i n g of o t h e r p r o d u c t s . 2, 4 , 5 - t r i c h 1 o r o p h e n o 1 , ^
w h i c h is t h e s t a r t i n g m a t e r i a l f o r the^ m a n u f a c t u r e of
v a r i o u s i n d u s t r i a l and a g r i c u l t u r a l chemica l s , i n c l u d i n g the \r\

h e r b i c i d e 2, 4,5-T, is made f r o m 1, 2, 4 , 5 - t e t r a c h l o r o b e n z e n e . 1̂

C h l o r o b e n z e n e
0

0

Phys ica l C h a r a c t e r i s t i c s

Phys ica l Appea rance : C h l o r o b e n z e n e is a co lor less l i q u i d
w i t h a m i l d a r o m a t i c odo r .
F o r m u l a : CgH5Cl
Molecu la r W e i g h t : 112.5
B o i l i n g P o i n t ( . 7 6 0 m m H g ) : 132°C
S p e c i f i c G r a v i t y : 1.1
Vapor D e n s i t y : 3.9
M e l t i n g Poin t : -44°C
Vapor Pressure at 20°C: 8.8 mmHg
S o l u b i l i t y in wa te r g / lOOg wa te r at 20°C: 0 .05
E v a p o r a t i o n Ra t e : 1
Flash po in t : 28 .9°C

R e a c t i v i ty

Hea t c o n t r i b u t e s to i n s t a b i l i t y

Incompa t ib i1 i ti es

Strong o x i d i z e r s

A n a l y t i c a l Method

N I O S H M a n u a l of A n a l y t i c a l M e t h o d s , 2nd E d i t i o n , V o l . 2 ,
1977. EPA Methods fo r M u n i c i p a l and I n d u s t r i a l W a s t e w a t e r ,
Me thod f t601 , G.C. w i t h Pu rge and Trap; D e t e c t i o n L i m i t ,
0 . 2 5 u g / L .



1 , 4 - D i c h i o r o b e n z e n e ( p - d i c h l o r o b e n z e n e )

Phys ica l C h a r a c t e r i s t i c s

F o r m u l a : 1 .4-C6H4C12
A p p e a r a n c e : Colorless solid w i t h camphor - l ike odor
M o l e c u l a r W e i g h t : 147
B o i l i n g poin t ( 7 6 0 m m H g ) : 174°C
Spec i f i c G r a v i t y : 1 .46
Va po r De n s i t y: 5.1
M e l t i n g Poin t : 53°C
Vapor P r e s s u r e at 20°C: 0 . 4 mmHg
S o l u b i l i t y in W a t e r g/100 g w a t e r at 20°C: 0 .008
E v a p o r a t i o n R a t e : NA
Flash P o i n t : 65.6°C

R e a c t i v i t y

Very stable

I n c o m p a t i b i l i t i e s ;

none

A n a l y t i c a l M e t h o d

N I O S H M a n u a l of A n a l y t i c a l M e t h o d s , 2nd E d i t i o n , V o l . 3 ,
1972. E PA M e t h o d f o r M u n i c i p a l and I n d u s t r i a l W a s t e w a t e r ,
Me thod #601, G.C. w i t h purge and t rap; Detec t ion l i m i t s 0.25
ug/L.

1 ,2 -Dich lo robenzene

Phys ica l C h a r a c t e r i s t i c s

F o r m u l a : l , 2 - C g H 4 C l 2
Physica l Appea rance : Co lo r l e s s to pa le y e l l o w l i q u i d w i t h a
p leasan t a r o m a t i c odor .
M o l e c u l a r w e i g h t : 147
B o i l i n g point (760 m m H g ) : 180°C
S p e c i f i c G r a v i t y : 1.3
Vapor Dens i ty : 5.1
M e l t i n g P o i n t : -17.6°C
Vapor Pressure at 20°C: 1.2 mmHg
S o l u b i l i t y in w a t e r , g/100 g w a t e r : 0.015
E v a p o r a t i o n Ra t e : 1
Flash Po in t : 66°C

R e a c t i v i t y

Hea t c o n t r i b u t e s to i n s t a b i l i t y .



Incompatibilities

C o n t a c t w i th s t rong o x i d i z e r s , hot aluminum or aluminum
al loys may cause f i res and explosions.

A n a l y t i c a l Method

EPA Method for M u n i c i p a l and I n d u s t r i a l Waste W a t e r , Method
#601; Purge and Trap; De tec t ion L i m i t s 0.15 ug/L.

1 ,2,4-Tr ichlorobenzene

Physical Character is t ics

Chemical Formula: CcHiCli
Physical Appearance: Colorless liquid with aromatic odor
Molecular weight: 1 8 1 . 4
Boiling Point at 1 a tm F: 415°F
Solubility in water g/lOOg water at 20°C: insoluble Lf\
Flash Point: 230°F LU
Vapor Pressure at 20°C mmHg : 1 mm at 101°F , in

mMelting Point: 62 .6 F
Upper Explosive Limit in air, % by volume: 6 . 6 % at 302°F
Lower Explosive Limit in a i r , % by volume: 2 .5% at 302°F 0
Speci f ic Grav i t y : 1 . 4 6 ' 0

React iv i ty

Decomposes at high temperatures, releasing toxic and/or
dangerous gases.

I n c o m p a t i b i l i t i e s

S t rong o x i d i z e r s

A n a l y t i c a l Method

EPA Methods for Municipal and Industrial Was tewate r , Method
# 6 1 2 , G .C . ; Detection Limit, 0 .05 ug/L.

1 , 3 - D i c h l o r o b e n z e n e

P h y s i c a l C h a r a c t e r i s t i c s

Formula: l/B-C^Cl?
Molecular Weight: 1 4 7 . 0
Melting Point: 24.7°C
Boiling Point: 173°C
Vapor Pressure: ( 25 °C) , torr : 2 .28
Solubility in water ( temperature unknown), mg/1: 1 2 3

Analyt ical Method

EPA Me thods for Municipal and Industrial W a s t e s , Method
# 6 1 2 , G .C . ; Detect ioon Limit 0 . 3 2 ug/L.



H e x a c h l o r o b e n z e n e

Physical Character is t ics

Fo rmu la : CgClg
Physical A p p e a r a n c e : sol id needle- l ike crys ta ls
M o l e c u l a r w e i g h t : 2 8 4 . 7 6
B o i l i n g Po in t at 1 atm °F: Sub l imes a t

w a t e r 20°C:
613°F

insolubieS o l u b i l i t y in w a t e r , g / lOOg
Flash Po in t : 468°F
Upper Explos ive L i m i t in a i r ,
Lower Explosive L i m i t in a i r ,
S p e c i f i c G r a v i t y : 2 .04

by
by

vol ume :
vol ume :

combustible
combust ibie

I n c o m p a t i b i l i t i e s

Dime thy l Forma ldehyde

R e a c t i v i t y

H e a t ; D e c o m p o s e s a t h i g h t e m p e r a t u r e s , ^ r e l e a s i n g t o x i c
and/or d a n g e r o u s gases.

A n a l y t i c a l M e t h o d

EPA M e t h o d s of M u n i c i p a l and I n d u s t r i a l W a s t e w a t e r , Method
#612, G . C . ; Detec t ion L i m i t 0 . 0 5 ug/L.

T O L U E N E

Toluene is an i n d u s t r i a l l y i m p o r t a n t compound used in a v a r i e t y
of p rocess o p e r a t i o n s . Some of i t s uses i n c l u d e : use as a
s o l v e n t in p h a r m a c e u t i c a l , c h e m i c a l , r u b b e r and p l a s t i c s
i n d u s t r i e s ; as a t h i n n e r f o r p a i n t s and c o a t i n g s ; as a s t a r t i n g
m a t e r i a l and i n t e r m e d i a t e in o r g a n i c and chemica l synthesis ; in
m a n u f a c t u r e of insec t i c ides .

Phys ica l C h a r a c t e r i s t i c s

C h e m i c a l F o r m u l a : C c H c C H - ;
A p p e a r a n c e : Color less l i q u i d w i t h an a r o m a t i c odor .
M o l e c u l a r W e i g h t : 92.1
B o i l i n g P o i n t : 111°C
Spec i f i c G r a v i t y : 0 .86
V a p o r D e n s i t y : 3.14
M e l t i n g Point : -95°C
Vapor Pressure at 20°C: 22 mmHg
S o l u b i l i t y in w a t e r , g/100 g wate r at 20°C: 0 .05
E v a p o r a t i o n Rate : 2 . 2 4
Flash Po in t : 4°C

R e a c t i v i ty

H e a t : C o n t a i n e r s m a y bu r s t at e levated t e m p e r a t u r e s .

10



Incompatibill ties

Strong ox id izers

Analytical Methods

N I O S H M a n u a l of A n a l y t i c a l M e t h o d s , 2nd Ed., V o l . 3 , 1 9 7 7 .
EPA Methods for M u n i c i p a l and I n d u s t r i a l Wastewaters ; Method
# 6 0 2 , G . C . ; P u r g e and T rap ; Detec t ion l i m i t , 0 .2 ug/L.

C H L O R O A N I S O L E S

A f t e r c o n t a c t i n g n u m e r o u s sources (i.e.. Chemica l M a n u f a c t u r e r s
A s s o c i a t i o n , H a z a r d l i n e , e tc . ) i t has become e v i d e n t t h a t
C h l o r o a n i s o l e s a r e not a c o m m e r c i a l l y a v a i l a b l e product . It is
o u r b e l i e f , t h e r e f o r e , t h a t t h e y a r e mos t l i k e l y f o r m e d as a
compet ing r eac t ion or as a c o n t a m i n a n t d u r i n g the m a n u f a c t u r i n g
of 2 ,4-D and 2,4,5-T. 2-Chl o roan i sol e is probably formed by the
a c y l a t i o n of 2 - c h l o r o p h e n o 1 d u r i n g a phase s e p a r a t i o n w i t h r-
t o l u e n e or o the r t o luene consuming steps. In a s i m i l a r m a n n e r , LT\
2 ,4 -d ich l o roan iso l e is p r o b a b l y f o r m e d by the a c y l a t i o n of 2,4- u^
d i c h 1 o r o p h e n o 1 . If t h i s t h e o r y is c o r r e c t , we w o u l d e x p e c t to ^
see h i g h l eve l s of chl oroan i sol es in to luene s t i l l bot toms and
l o w e r l eve l s as c o n t a m i n e n t s in f i n i s h e d product ' . <—

0
P h y s i c a l d a t a ( i . e . , m e l t i n g p o i n t , v a p o r p r e s s u r e , s p e c i f i c
g r a v i t y , etc.) have not been w o r k e d out for these compounds. It
is t h e r e f o r e imposs ib le , at th is poin t , to p red ic t how they w i l l
r e a c t in the e n v i r o n m e n t . It is pos s ib l e to say h o w e v e r , t h a t
they a r e pers i s ten t in the e n v i r o n m e n t since they a r e detected by
c h e m i c a l a n a l y s i s f o u r years a f t e r Ver tac ceased to m a n u f a c t u r e
2 , 4 , 5 - T . C h 1 o r o a n i s o 1es h a v e been d e t e c t e d in the p a r t per
b i l l i o n l eve l s in g r o u n d wa te r and su r f ace wate r samples .
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A P P E N D I X A

A N A L Y T I C A L M E T H O D

The a n a l y t i c a l p r o c e d u r e u l t i m a t e l y d e v e l o p e d and d e s c r i b e d
h e r e i n fo r d e t e r m i n a t i o n of TCDD's in v a r i o u s i n d u s t r i a l process
w a s t e s a m p l e s u t i l i z e s two s e p a r a t e G C - M S systems. A gas
c h r o m a t o g r a p h c o u p l e d to a l o w - r e s o l u t i o n q u a d r u p o l e mass
spec t rometer (GC-QMS) is used for p r e l i m i n a r y i d e n t i f i c a t i o n of
TCDD's in the ex t r ac t s of the waste samples . A second a p p a r a t u s
c o u p l i n g a g a s c h r o m a t o g r a p h a n d a h i g h - r e s o l u t i o n m a s s
spec t romete r (GC-MS-30) is used to c o n f i r m the r e su l t s ob ta ined
w i t h t he G C - Q M S t e c h n i q u e . The a n a l y s i s m e t h o d e n t a i l s two
steps, s a m p l e p r e p a r a t i o n and i n s t r u m e n t a l ana lys i s , as desc r ibed
b e l o w . It s h o u l d be e m p h a s i z e d t h a t , even w i t h t he e l a b o r a t e
sepa ra t ion techniques employed he re , the 2 ,3 ,7 ,8-TCDD isomer is
s t i l l no t r e s o l v e d f r o m t he o t h e r TCDD i s o m e r s i f these a re
present in sample ex t rac ts . As a r e su l t , the q u a n t i t a t i v e data
obta ined here for TCDD's mus t be considered an upper l i m i t r a the r
than an absolute level fo r any i n d i v i d u a l TCDD i somer . 03

in
inSAMPLE PREPARATION
(̂

The f o l l ow ing p r o c e d u r e s w e r e d e v e l o p e d as an approach to
p r e p a r a t i o n o f i n d u s t r i a l w a s t e s a m p l e s ' a n d h a v e b e e n —
s u c c e s s f u l l y app l i ed in th i s s tudy . 0

1. P l a c e a 2.0 g a l i q u o t of the s a m p l e in each of the two
e x t r a c t i o n ves se l s . To each a l i q u o t , add an a p p r o -
p r i a t e q u a n t i t y of 37 C 1 4 - 2 , 3 , 7 . 8 - T C D D d i s s o l v e d in
"dist i11ed-in-glass" benzene as an i n t e rna l s t andard .
Spike one of the two a l i q u o t s w i t h an a d d i t i o n a l known
q u a n t i t y of a u t h e n t i c n a t i v e 2 ,3 ,7 ,8-TCDD at a concen-
t r a t i o n e q u a l to the n o m i n a l a m o u n t e x p e c t e d in the
sample .

2. Add 30 ml "dist i11ed-in-g1 ass" p e t r o l e u m ether to each
sample and m i x t h o r o u g h l y .

3. E x t r a c t e a c h o r g a n i c s o l u t i o n w i t h 50 ml of d o u b l e -
d i s t i l l e d wa te r and d i sca rd the aqueous layer .

4. E x t r a c t e a c h s o l u t i o n w i t h 50 m l of 20 p e r c e n t po tas -
s ium h y d r o x i d e and d i sca rd the aqueous bas ic layer .

5. E x t r a c t each s o l u t i o n w i t h 50 ml of d o u b l e - d i s t i l l e d
wate r and d i sca rd the aqueous por t ion .

6. E x t r a c t e a c h s o l u t i o n w i t h 50 ml of c o n c e n t r a t e d
s u l f u r i c acid and d i s c a r d the aqueous ac id ic l aye r .

7. Repeat step 6 un t i l the acid layer is n e a r l y colorless .
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8. E x t r a c t each organic solut ion wi th 50 ml of double-
distilled water and discard the aqueous layer.

9. D r y e a c h o r g a n i c s o l u t i o n o v e r a n h y d r o u s s o d i u m
sul fa te .

10. Q u a n t i t a t i v e l y t r a n s f e r e a c h o r g a n i c s o l u t i o n to
a n o t h e r v e s s e l , a n d c o n c e n t r a t e to a v o l u m e o f
a p p r o x i m a t e l y 1 m l by p a s s i n g a s t r e a m of p u r i f i e d
n i t o r g e n over the s u r f a c e of the l i q u i d w h i l e a p p l y i n g
gent le heat (50"C) to the vessel.

11. C o n s t r u c t a c h r o m a t o g r a p h y c o l u m n f o r each s a m p l e by
p a c k i n g a d i s p o s a b l e g l a s s p i p e t t e ( I . D . = 0 . 8 cm) w i t h
glass wool and 2.8 g of W o e l m basic a l u m i n a ( p r e v i o u s l y
a c t i v a t e d by m a i n t a i n i n g i t a t 600°C f o r a m i n i m u m of
2 4 h o u r s , t h e n c o o l e d in a d e s s i c a t o r f o r 0.5 h o u r
p r i o r to u s e ) .

12. Q u a n t i t a t i v e l y t r a n s f e r each c o n c e n t r a t e d o r g a n i c Q^
so lu t ion to the top of a c o l u m n . „->

13. E l u t e each c o l u m n w i t h 10 m l of 3 p e r c e n t " d i s t i l l e d - Ln

in-glass" m e t h y l e n e c h l o r i d e in "d i s t i 1 1 ed-i n-g 1 ass" tr\

h e x a n e , and d i s c a r d the e n t i r e c o l u m n e f f l u e n t . 0
0

14. E l u t e e a c h c o l u m n w i t h 20 m l of 20 p e r c e n t m e t h y l e n e
c h l o r i d e in hexane and co l l ec t the e l u a t e in f o u r 5-ml
f r a c t i o n s .

15 . Elute each co lumn w i th 10 ml of 50 percent methy lene
chloride in hexane and retain the entire column eluate
for analysis.

16. E l u t e e a c h c o l u m n w i t h 3 ml of 50 p e r c e n t m e t h y l e n e
ch lo r i de in hexane and r e t a i n the e luate fo r ana lys i s .

17 . C o n c e n t r a t e all s ix f r a c t i o n s in b e n z e n e to an
appropriate volume (usually 0.1 to 1.0 ml) and proceed
with analysis.

I N S T R U M E N T A L A N A L Y S I S

The a p p l i c a t i o n of GC-MS i n s t r u m e n t a t i o n methods for a n a l y s i s of
T C D D ' s r e q u i r e s k n o w l e d g e a b l e and e x p e r i e n c e d p e r s o n n e l ,
d e d i c a t i o n o f t h e e q u i p m e n t , a n d s i g n i f i c a n t c a p i t a l a n d
o p e r a t i n g costs. The r e q u i r e m e n t f o r de tec t ing low ppt l e v e l s of
T C D D ' s i n these a n a l y s e s n e c e s s i t a t e s such a s e n s i t i v e and
s e l e c t i v e a n a l y t i c a l method. Because th is is c u r r e n t l y the o n l y
k n o w n m e t h o d w h i c h m e e t s t hese c r i t e r i a , t he r e l a t i v e l y h i g h
expense is u n a v o i d a b l e .

The f o l l o w i n g is a b r i e f d e s c r i p t i o n of the i n s t r u m e n t a t i o n
r e q u i r e d for the a n a l y t i c a l p rocedures developed h e r e i n .
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GC-QMS System

T h e G C - Q M S s y s t e m c o n s i s t s o f a V a r i a n M o d e l 2 7 4 0 G a s
C h r o m a t o g r a p h coupled d i r e c t l y (no h e l i u m separator is r e q u i r e d )
to an E x t r a - n u c l e a r Q u a d r u p o l e M a s s S p e c t r o m e t e r . The GC was
a d a p t e d to i n c l u d e a s o p h i s t i c a t e d sys t em of r e m o t e l y a c t u a t e d
h i g h - t e m p e r a t u r e s w i t c h i n g v a l v e s ( V a i c o Co.) and G r a n v i l l e -
P h i l l i p s m o l e c u l a r l eak v a l v e s , so tha t the c o l u m n e f f l u e n t could
be r e a d i l y r e g u l a t e d ( T i e r n a n et a l . 1975a; E r k , T a y l o r , and
T i e r n a n 1978) .

W i t h t h i s a r r a n g e m e n t , the tota l c o l u m n e f f l u e n t can be d i rec ted
i n t o t h e m a s s s p e c t r o m e t e r ion s o u r c e , or t he e f f l u e n t f l o w can
be s p l i t , o n e p o r t i o n g o i n g to the ion s o u r c e and the o t h e r to a
g a s c h r o m a t o g r a p h i c d e t e c t o r , as d e s i r e d . The use of a
d i f f e r e n t i a l h i g h - s p e e d p u m p i n g s y s t e m on the s o u r c e v a c u u m
envelope p e r m i t s i n t r o d u c t i o n of as much as 65 m l / m i n of e f f l u e n t
f r o m the gas c h r o m a t o g r a p h into the mass spectrometer ion source.
A d m i t t i n g t h e t o t a l c h r o m a t o g r a p h e f f l u e n t i n t o t h e m a s s
spec t rome te r source enhances the s e n s i t i v i t y of the analys is . ^

\0
For the purpose of i n s t r u m e n t con t ro l and da t a ^acqu i s i t i on , the m
G C - Q M S s y s t e m is c o u p l e d to an A u t o l a b S y s t e m I V C o m p u t i n g ^
I n t e g r a t o r . A d d i t i o n a l c a p a c i t y fo r o f f - l i n e da ta r e d u c t i o n is —
a v a i l a b l e w i t h a H e w l e t t - P a c k a r d '2116C M i n i c o m p u t e r , w h i c h is
p r o g r a m m e d to accep t d a t a ( p u n c h e d p a p e r t a p e ) f r o m the sy s t em ~
when neces sa ry .

0

GC-MS-30 System

The G C - M S - 3 0 s y s t e m used in these s t u d i e s c o n s i s t s of a V a r i a n
3740 Gas Chroma tog ra ph coup led t h r o u g h an A E I s i l i cone m e m b r a n e
s e p a r a t o r to an A E I M S - 3 0 D o u b l e - F o c u s i n g , D o u b l e - B e a m M a s s
S p e c t r o m e t e r . The m a s s s p e c t r o m e t e r is e q u i p p e d w i t h a u n i q u e
e l e c t r o s t a t i c a n a l y z e r scan c i r c u i t d e v e l o p e d by W r i g h t S t a t e
U n i v e r s i t y , wh ich p e r m i t s the m o n i t o r i n g of as many as f o u r mass
peaks , e s s e n t i a l l y s i m u l t a n e o u s l y , by r a p i d l y and s e q u e n t i a l l y
s t e p p i n g and s w i t c h i n g b e t w e e n the masse s of i n t e r e s t , w h i l e
m a i n t a i n i n g p i c o g r a m s e n s i t i v i t y f o r TCDD's . • The d a t a a r e
reco rded by use of a N i c o l e t 1074 Signal A v e r a g i n g C o m p u t e r .

Sample A n a l y s i s

A n a l y s i s consists of t h r e e steps as desc r ibed below:

1. A n a l y z e e a c h e l u a t e f r a c t i o n ( c o l l e c t e d in t he e l u t i o n
c h r o m a t o g r a p h y s e p a r a t i o n of the s a m p l e ) on the low-
reso lu t ion GC-QMS, using the fo l lowing pa ramete r s :

V a r i a n 2 7 4 0 Gas C h r o m a t o g r a p h

C o l u m n : 2 m x 3 mm I .D. glass packed w i t h 3%
OV-7 on Gas C h r o m Q
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C a r r i e r gas: H e l i u m a t 6 5 m l / m i n ( t h e t o t a l
c h r o m a t o g r a p h i c c o l u m n e f f l u e n t is
a d m i t t e d to the mass s p e c t r o m e t e r ion
source)

T e m p e r a t u r e s : I n j e c t o r : 255°C
C o l u m n : 275°C
T r a n s f e r l i ne : 295"C

Q u a d r u p l e mass spec t rome te r

I o n i z i n g vol tage : 23.5 eV
M u l t i p l i e r : 3200 V
R e s o l u t i o n : 1: 350
Source envelope p ressure : 1.4 x 10~^ torr
A n a l y z e r envelope p res su re : 8.0 x 10~6 tor r
Masses m o n i t o r e d : m/e 320 ,322
Source t e m p e r a t u r e : 250°C
A n a l y z e r t e m p e r a t u r e : 120°C

2. C o n f i r m any samples showing p o s i t i v e levels^ of TCDD's on the ^Q
l o w - r e s o l u t i o n G C - Q M S by a n a l y s i s of trTe c o r r e s p o n d i n g -
e l u a t e f r a c t i o n s u s i n g h i g h - r e s o l u t i o n G C - M S - 3 0 and the
f o l l o w i n g o p e r a t i n g p a r a m e t e r s : ^

0
V a r i a n 3 7 4 0 Gas C h r o m a t o g r a p h 0

C o l u m n : 1.8 x 2 m m I .D. c o i l e d g l a s s c o l u m n
packed w i t h 3% Dexsi l 300 on Supelcoport
(100/120 mesh)

C a r r i e r gas: H e l i u m a t a f l o w ra te of 30 m l / m i n

T e m p e r a t u r e s : I n j e c t o r : 250°C
C o l u m n : 240°C
T r a n s f e r l i n e : 285°C

A E I MS-30 mass spec t romete r

R e s o l u t i o n : 1:12,500
I o n i z i n g vo l tage : 70 eV
Masses m o n i t o r e d : m/e 319.8966, 321 .8936 , 3 2 5 . 8 8 0 5 ,

and 3 2 7 . 8 8 4 6
T e m p e r a t u r e s : M e m b r a n e s epa ra to r : 215°C

T r a n s f e r l ine : 270°C
Source : 250°C

3. D e t e r m i n e the o v e r a l l r e cove ry of the ana ly t i ca l p rocedure
by m e a s u r i n g the a m o u n t of i n t e r n a l s t a n d a r d ( 3 7 Cl A -
2, 3, 7,8-TCDD) r e c o v e r e d .
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SECTION V

ENVIRONMENTAL ASSESSMENT

INTRODUCTION

The fa te and t ranspor t cha r ac t e r i s t i c s of the compounds addressed
in this repor t ( ch lo rophenoxy he rb i c ide s , ch lorobenzenes , chloro-
p h e n o l s ) a r e d i s c u s s e d in t h i s sec t ion . The c o n c e n t r a t i o n of a
p o l l u t a n t in the e n v i r o n m e n t d e p e n d s on the a m o u n t and f o r m of
the c h e m i c a l r e l e a s e d to the e n v i r o n m e n t ; the p a t h w a y s fo r
m i g r a t i o n ; the chemica l and physica l proper t ies of the compound;
the elapsed t ime f r o m the re lease of the chemica l to the sample
co l l ec t ion and a n a l y s i s and the b e h a v i o r of the chemica l in the
e n v i r o n m e n t . The f a t e and t r a n s p o r t of t he c o m p o u n d in the
e n v i r o n m e n t depends on the phys i ca l , chemical and/or b io logica l
processes wh ich a f f e c t it.

C\J

<D
C o m p o u n d s p e c i f i c c h a r a c t e r i s t i c s t h a t y n a y a f f e c t t h e
c o n c e n t r a t i o n o f a p o l l u t a n t in t h e e n v i r o n m e n t a r e :
v o l a t i l i 2 a t i o n - - t h e loss of o r g a n i c compounds f r o m the water to
the a i r ; and so r p t i o n — t h e a b i l i t y of c h e m i c a l s to a d s o r b or tr\

absorb to suspended and b o t t o m sediments . V o l a t i l i z a t i o n is an 0
i m p o r t a n t pa thway for compounds w i t h h i g h vapor pressures or l ow Q
s o l u b i l i t i e s and the so rp t ion to soil or sediments is g e n e r a l l y
by m o r e h y d r o p h o b i c c o m p o u n d s . C h e m i c a l processes i n c l u d e :
photo l y s i s - - p h o t o c h e m i c a l t r a n s f o r m a t i o n of a compound through
e i ther d i r e c t or i n d i r e c t react ions produced f rom excited states
or c h e m i c a l r ad i ca l s ; o x i d a t i o n - - f r e e rad ica l and s ing le t oxygen
react ions; and h y d r o l y s i s — t h e i n t r o d u c t i o n of a h y d r o x y l g r o u p
( - O H ) i n to a c h e m i c a l s t r u c t u r e . The b i o l o g i c a l processes
b i o c o n c e n t r a t i o n / b i o a c c u m u l a t i o n and b i o t r a n s f o r m a t i o n and
b i o d e g r a d a t i o n i n v o l v e t h e u p t a k e and concent ra t ion of a compound
by l i v i n g species, and the enzyme-cata lyzed t r a n s f o r m a t i o n and
u t i l i z a t i o n of a compound by mic ro -o rgan i sms r e spec t ive ly .

Other fac tors r e l even t to an e n v i r o n m e n t a l assessment inc lude the
m i g r a t i o n route- -a i r , s u r f a c e w a t e r , g round w a t e r , sed iments or
s u r f a c e r u n o f f ; t he p o t e n t i a l to m i g r a t e - - g e o l o g y , h y d r o l o g y ,
c l i m a t i c cond i t i ons , disposal methods and waste cha rac t e r i s t i c s ;
the p o p u l a t i o n at r i s k and the c u r r e n t r e g u l a t i o n s or g u i d e l i n e s .

CHLOROPHENOXY HERBICIDES

2 ,3 ,7 ,8 -Te t rach loro-d ibenzo-p-d iox in ( d i o x i n )

D i o x i n , produced as an u n a v o i d a b l e by-product and con taminan t of
the h e r b i c i d e 2,4,5-T, has been d i scharged or disposed of at the
Ver tac site since 1948. It was o r i g i n a l l y d ischarged into Rocky
Branch Creek v i a the p roduc t ion was tewater and la ter l a n d f i l l e d
o n s i t e as l i q u i d and s o l i d w a s t e s . W h i l e d a t a is s t i l l
i n s u f f i c i e n t to conclude the most probable fa te of d i o x i n in the
e n v i r o n m e n t , i t a p p e a r s t h a t s o r p t i o n and b i o a c e u m u l a t i o n a r e
the p r i m a r y processes a f f e c t i n g its t ranspor t .



The po ten t i a l fo r d i o x i n to leave the site is suppor ted by sample
r e s u l t s s h o w i n g d i o x i n as f a r as 50 m i l e s d o w n s t r e a m of i ts
p o t e n t i a l source . W h i l e r e c e n t s a m p l e r e s u l t s do not r e v e a l
de tec tab le l i m i t s of d i o x i n in the sur face or g round wa te r s ( i t s
s o l u b i l i t y is 0.2 ppb in w a t e r ) , i t has shown up in s e d i m e n t
s a m p l e s (0 .839 - 9.981 p p b ) , f i s h ( 0 . 8 0 0 ppb) and s u r f a c e soi l
s a m p l e s . It has been g e n e r a l l y f o u n d t h a t d i o x i n s a r e m o r e
t i g h t l y bound to soils h a v i n g r e l a t i v e l y h i g h e r o rgan ic content .
D i o x i n s app l i ed to the su r f ace of such soils g e n e r a l l y r e m a i n in
the upper 6 to 12 inches. They m i g r a t e more deep ly into sandier
soils , to depths of 3 f ee t or more . In areas of h e a v y r a i n f a l l ,
not o n l y is v e r t i c a l m i g r a t i o n enhanced but l a t e r a l d i sp lacemen t
also occurs by soil e ros ion w i t h r u n o f f and/or f l ood ing . Diox ins
may appear in no rma l wa te r leachate of soils that have rece ived
s e v e r a l d i o x i n a p p l i c a t i o n s . T r a n s p o r t of d i o x i n v i a s u r f a c e
waters appears to be p r i m a r i l y by erosion of con tamina ted soils
a n d s e d i m e n t s . D i o x i n c o n t a m i n a t i o n m a y a l s o be t r a n s p o r t e d (T^
o f f s i t e v i a a i r b o r n e dust pa r t i c les . Few s tudies have been done ^/-,
to d e t e r m i n e w h e t h e r d i o x i n s a c c u m u l a t e in p lan ts . In the
l i m i t e d n u m b e r s of s t u d i e s c o n d u c t e d , r e s u l t s seem to i n d i c a t e
v e r y s m a l l a m o u n t s , i f any , a r e a c c u m u l a t e d . r<^

0
D i o x i n is c u r r e n t l y l i s t e d as 1) a t o x i c p o l l u t a n t u n d e r the o
C l e a n W a t e r Act S e c t i o n 3 0 7 ( A ) 4 0 C F R 129; 2) a t ox ic h a z a r d o u s
waste under RCRA 40CFR 261.33 (F) ; 3) a toxic substance under the
Toxic Substances Control Act; and 4) as a poisonous sol id , N.O.S.
or po i son B, so l i d , N.O.S. by the D e p a r t m e n t of T r a n s p o r t a t i o n .
C u r r e n t EPA l eve l s acceptable are 0.050 ppb. EPA is proposing a
shor t - t e rm cont ro l plan for sites w i t h d i o x i n l eve l s above 1 ppb.

2 , 4 - D i c h l o r o p h e n o x y a c e t i c acid ( 2 , 4 - D )

2 , 4 - D was p r o d u c e d at the s i t e f o r t he m a n u f a c t u r e of A g e n t
O r a n g e . In F e b r u a r y of 1982, t h e r e was an i n v e n t o r y of 9 , 4 7 2
d r u m s of 2,4-D st i l l bottoms. Recovery of 2,4-D wastes by Ver tac
b e g a n in J u l y o f 1982. S i m i l a r i t y to d i o x i n , 2 , 4 - D w a s
d i scharged and disposed of onsi te in produc t ion wastewater and in
landf i11s .

The s t i l l bottoms were o r i g i n a l l y stored onsite in l e a k i n g con-
t a ine r s w i t h no s torage f a c i l i t i e s provided .

2 , 4 - D was f o u n d on s i te in b o t h s u r f a c e w a t e r ( t r a c e - 39 p p m )
and g r o u n d w a t e r ( t r a c e - 98.5 p p m ) . It is not c l e a r f r o m the
s a m p l e r e s u l t s p r o v i d e d w h e t h e r 2 , 4 - D was no t f o u n d or not
a n a l y z e d for in the sediments. The presence of 2 ,4-D in part per
m i l l i o n c o n c e n t r a t i o n s in the aqueous s a m p l e s r a i s e s some
q u e s t i o n s , as i t is n o t v e r y s o l u b l e ( s o l u b i l i t y is 0.07 ppm a t
20 C) . The most i m p o r t a n t fac tor wi th respect to the m o b i l i t y of
th is compound in the e n v i r o n m e n t is the o r g a n i c m a t t e r content of
the s o i l . 2 , 4 - D is r e a d i l y a d s o r b e d by o r g a n i c m a t t e r . In
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ac id i c systems it is adsorbed by c l a y par t ic les . T h e r e f o r e , the
p r i m a r y m e a n s of t r a n s p o r t w o u l d tend to be v i a s e d i m e n t s and
so i l r u n o f f in the a q u a t i c sys tems and a i r b o r n e c o n t a m i n a t e d
p a r t i c u l a tes.

The r e p o r t e d ppm c o n c e n t r a t i o n s of 2, 4-D in the s u r f a c e and
g r o u n d w a t e r m a y r e p r e s e n t a s u p e r s a t u r a t e d s o l u t i o n . As the
s a m p l e s w e r e c o l l e c t e d in J u l y , a h i g h e r s o l u b i l i t y can be
expected if the water t empera tu res were e levated . However , since
the compound tends to be adsorbed to organic m a t t e r , the quest ion
of to t a l suspended and to t a l d i s s o l v e d s o l i d s in the s a m p l e is
r a i s e d . The h i g h e s t c o n c e n t r a t i o n s of 2,4-D in s u r f a c e w a t e r s
were located in the p roduc t ion wastewater d i scna rge d i tch . The
d e p t h of w a t e r in the d i t c h was o n l y 3 to 4 i nches . 2 , 4 - D was
not f o u n d a b o v e the d e t e c t i o n l i m i t of 8 ppb in the c o o l i n g pond .
In the g roundwa te r samples 2,4-D concen t ra t ions were highest in
the w e l l s n e a r the N o r t h Was te B u r i a l Area and the R e a s o r - H i l l
A r e a . Both w e l l s a r e l oca t ed be tween the d i s p o s a l a r e a s and
Rocky B r a n c h C r e e k . There a p p e a r s to be two p r o b a b l e m i g r a t i o n
r o u t e s of 2 , 4 - D : 1) v i a o n s i t e d r a i n a g e d i t g h e s to a d j a c e n t ^
s u r f a c e w a t e r s and 2) by l e a c h i n g f r o m the d i s p o s a l a r e a s in to l-n
the g r o u n d w a t e r . Once the 2,4-D reaches s u r f a c e w a t e r , its fa te ^r\
is u n c e r t a i n . Because i t does not show up in samples f r o m cool ing Q
pond w a t e r at m i d - d e p t h and it t ends to be a d s o r b e d to o r g a n i c —
m a t t e r , s e d i m e n t s a m p l e s s h o u l d be a n a l y z e d f o r 2 ,4-D. Th i s is
s u p p o r t e d by the s p e c i f i c g r a v i t y of 2 ,4 -D ( i .e is g r e a t e r t han
1). This ind ica tes the compound would tend to s ink to the lower
s t r a t a . 2 , 4 - D is n o t e x p e c t e d to b i o a c c u r n u 1 a t e in the
e n v i r o n m e n t or e n t e r the food c h a i n . O t h e r processes w h i c h
a f f e c t t h e f a t e o f 2 , 4 - D i n t h e e n v i r o n m e n t a r e
b i o t r a n s f o r m a t i o n / b i o d e g r a d a t i o n and pho tochem ica 1 d e c o m p o s i t o n .
The p r e s e n c e of d i o x i n is 2 , 4 - D as an i m p u r i t y o r b r e a k d o w n
substance increases the concern of e n v i r o n m e n t a l concent ra t ions
of 2 ,4-D.

2 , 4 - d i c h i o r o p h e n o x y a c e t i c a c i d is c u r r e n t l y l i s t ed on 1) the
T o x i c S u b s t a n c e s C o n t r o l Act I n v e n t o r y ; 2) C ^ e a n W a t e r Ac t
S e c t i o n 307 ( A ) ; 3) R C R A 4 0 C F R 261.24 as c h a r a c t e r i s t i c of EP
tox ic i ty ; 4 ) 40CFR 122.21 test ing r e q u i r e m e n t s for NPDES pe rmi t
a p p l i c a t i o n s ; 5) the D e p a r t m e n t of T r a n s p o r t a t i o n H a z a r d o u s
M a t e r i a l s Tab le 49CFR 172.101 as Other Regu la t ed M a t e r i a l ORM-A.
2, 4-D is c u r r e n t l y r e g u l a t e d u n d e r the C l e a n W a t e r Ac t S e c t i o n
304 ( A ) ; Wate r Q u a l i t y C r i t e r i a f o r ch lo rophenoxy he rb i c ide s , at
100 ug/1 ( p p b ) fo r d o m e s t i c w a t e r s u p p l y ( h e a l t h ) ; a n d u n d e r
4 0 C F R 141.12 t h e N a t i o n a l I n t e r i m P r i m a r y D r i n k i n g W a t e r
R e g u l a t i o n s , M a x i m u m C o n t a m i n a t i o n Level ( M C L ) at 0.1 mg/1 (100
ug/1) .



2,4,5-Tr ichlorophenoxyacet ic acid (2 ,4 ,5 -T )

2,4,5-T was one of the m a j o r p roduc ts produced at the Vertac site
f r o m 1948 u n t i l A p r i l 1979. As w i t h 2 , 4 - D and d i o x i n , 2 ,4 ,5 -T
was released into the e n v i r o n m e n t by the d i s cha rge of p roduc t ion
was tewate r into the cen t ra l d i t ch and Rocky Branch Creek and the
o n s i t e s t o r a g e and d i s p o s a l of p r o d u c t i o n s t i l l b o t t o m s . The
p r e s e n c e of t hese c o m p o u n d s o n s i t e and in the s u r r o u n d i n g
e n v i r o n m e n t f o u r s years a f t e r p r o d u c t i o n ceased is i n d i c a t i v e of
the pers is tancy of the chemica l s and/or quan t i t i e s released.

2 , 4 , 5 - T was f o u n d in b o t h s u r f a c e w a t e r ( t r a c e - 1.24 p p m ) and
g r o u n d w a t e r ( t r a c e - 70.97 ppm) samples taken by DISC in Ju ly and
A u g u s t 1982. It is n o t c l e a r w h e t h e r 2 , 4 , 5 - T w a s no t f o u n d or
not a n a l y z e d f o r in the s e d i m e n t s a m p l e s t aken . 2 ,4 ,5 -T is not
v e r y s o l u b l e ( s o l u b i l i t y is 0.03 ppm at 20 C ) . 2 ,4 ,5 -T b e h a v e s
s i m i l a r l y to 2,4-D wi th respect to its fate and transport in the
e n v i r o n m e n t . It is r e a d i l y adsorbed by o rgan ic mat te r and under
a c i d i c c o n d i t i o n s by c l a y p a r t i c l e s . T h e r e f o r e , the mos t
impor t an t means of t ranspor t in the env i ronment ;is via sediments
and soil r u n o f f and a i r b o r n e con t amina t ed particles. The organic
m a t t e r c o n t e n t of the soi l is the b a s i s f o r the d e g r e e to w h i c h
2 ,4 ,5 -T is adsorbed. , ^
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As discussed w i t h respect to 2 ,4-D, the highest concent ra t ions of Q
2,4,5-T were found in the ons i te product ion wastewater d ra inage
d i t c h e s and the m o n i t o r i n g w e l l s w h i c h l i e be tween the b u r i a l
areas (both the North Waste [ ( # 1 2 ) and Reasor-Hi l l (#18)] and the
c o o l i n g ponds and R o c k y B r a n c h C r e e k . The p r o b a b l e r o u t e s of
m i g r a t i o n a r e o v e r l a n d v i a the s u r f a c e d r a i n a g e d i t c h e s and by
leachate m i g r a t i o n into g r o u n d w a t e r and su r face wate r . Once the
2 , 4 , 5 - T r e a c h e d the s u r f a c e w a t e r , i ts mos t l i k e l y f a t e w i l l be
a d s o r p t i o n to o r g a n i c m a t t e r and s e d i m e n t a t i o n . A d d i t i o n a l
s a m p l e s of the c o o l i n g pond and R o c k y B r a n c h C r e e k s e d i m e n t s
s h o u l d be a n a l y z e d f o r 2 , 4 , 5 - T to d e t e r m i n e i f t h i s is a
potent ia l route of m i g r a t i o n . The adv i so ry Commit tee on 2,4,5-T
c o n c l u d e d t ha t the h e r b i c i d e is not b ioacc um.ul a ted in the
e n v i r o n m e n t and is r a p i d l y excreted by an ima l s . It is t h e r e f o r e
t h e i r b e l i e f t h a t 2 , 4 - D does not e n t e r the food c h a i n . O t h e r
processes w h i c h a f f e c t the fa te of 2,4,5-T in the e n v i r o n m e n t are
b i o t r a n s f o r m a t i o n / b i o d e g r a d a t i o n and photochemica l decompos i t ion .

2 , 4 , 5 - t r i c h l o r o p h e n o x y a c e t i c acid is c u r r e n t l y l isted on 1) the
Tox ic S u b s t a n c e s C o n t r o l Act I n v e n t o r y ; 2) C l e a n W a t e r Act
S e c t i o n 3 0 7 ( A ) ; 3 ) R C R A 4 0 C F R 261 .24 as c h a r a c t e r i s t i c of E P
tox i c i t y ; 4) 40CFR 122.21 test ing requ i r emen t s for NPDES p e r m i t
app l i c a t i ons ; and 5) the Depar tment of Transpor ta t ion H a z a r d o u s
M a t e r i a l s Table 49CFR 172.101 as Other Regula ted M a t e r i a l ORM-A.
2,4,5-T is c u r r e n t l y r e g u l a t e d under the Clean Water Act Section
304 (A) W a t e r Q u a l i t y C r i t e r i a fo r ch lo rophenoxy h e r b i c i d e s at 10
L19/1 ( P p b ) f o r d o m e s t i c w a t e r s u p p l y ( h e a l t h ) and u n d e r 4 0 C F R
141.12 the N a t i o n a l I n t e r i m P r i m a r y D r i n k i n g W a t e r R e g u l a t i o n s
M a x i m u m C o n t a m i n a t i o n Level ( M C L ) at 0.01 mg/1 (10 ug/1).



2 - (2,4,5-Tr ichorophenoxy) Propionic Acid [2 - (2 ,4 ,5 -T ) P]

SILVEX

It c a n n o t be d e t e r m i n e d at th is t ime w h e t h e r S i l v e x was
intentionally manufactured at the Vertac Site, or was a result o£
2,4,5-T reacting with heat during production. Silvex, along with
the previously mentioned phenoxy herbicides, was released into
the environment by discharge of wastewater and the onsite storage
and disposal of still bottoms.

S i l vex w a s found in both s u r f a c e water ( t r ace - 8 ppb) and
g roundwa te r ( t r a c e 45 .0 ppb) samples taken by DISC in 1 9 8 2 .
Since the p roper t i es o f S i l v e x a re similar to 2,4-D and 2 ,4 ,5 -T
the probable routes of migration are alike - overland via surface
drainage ditches, and by leachate migration into groundwater and
surface water. Furthermore, Si lvex can be volati l ized and enter
the ambient a i r , adsorbed by organic mat ter and be degraded by
micro-organisms. ^0

2 - ( 2 , 4 , 5 - T r i c h l o r o p h e n o x y ) P r o p i o n i c Acid - S i l vex - is
c u r r e n t l y l isted under the 1 ) Clean Wate r Act Sec t ion 3 1 1 (B)

\0
LH

( 4 ) and 2) RCRA Sec t ion 3 0 0 1 as a haza rdous substance. S i l v e x ^
is current ly regulated under the Clean Water Act Section 311 (B) 0
( 4 ) at 1 0 ug /1 . 0

C H L O R O B E N Z E N E S

Chlorobenzenes

Chl o robenzene was found on s i te in both su r f ace wa te r ( t r a c e -
4 0 3 0 ppb) and g roundwa te r ( t r a c e to 5.4 ppb). This compound was
not detected in sediment. Chlorobenzene, as other der iv i t ives,
is insoluble in water. It appears that primary transportation of
these compounds could be f rom sediment runof f or suspended
p a r t i c l a t e s in w a t e r . C h 1 o r o b e n z e n e has an i n t e r m e d i a t e
pro ten t ia l for b iodegradat ion . This compound is expec ted to
volat i l ize rapidly in surface waters.

It shou ld be n o t e d that the h ighes t c o n c e n t r a t i o n of
ch io robenzene was d e t e c t e d in a sample co l lec ted on August 1 3 ,
1 9 8 2 , f r o m the c e n t e r o f the coo l i ng pond at m id -dep th .
Subsequent sampling f rom September 17 , 1 9 8 2 , of the north and
sou th ends o f the coo l ing pond at mid-depth r e v e a l e d no
ch lorobenzene. The three other su r face water samples showed a
similar decline of chlorobenzene to the nondetectabie level from
August 1 3 , 1 9 8 2 to September 17 , 1 9 8 2 . Concent ra t ions of
c h 1 o r o b enzene in g roundwate r does not appear at rep resen t a
threat to the environment.

The recommended Ambient Water Quality Cri ter ia (AWQC) , based on
t o x i c i t y d a t a to p ro tec t human health f rom the potential tox ic
e f f e c t s o f ch lo robenzene , was de te rm ined to be 4 8 8 ppb. The
recommended AWQC is 20 ppb chlorobenzene, based on organoliptic
data for controll ing undesireable odors and tastes.
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C h l o r o b e n z e n e is c u r r e n t l y l i s t e d on 1) the T o x i c S u b s t a n c e s
C o n t r o l Act I n v e n t o r y ; 2) C l e a n W a t e r Act Sec t ion 307 ( A ) ; 3)
R C R A 4 0 C F R 2 6 1 . 3 1 as an EPA h a z a r d o u s w a s t e ; 4) 4 0 C F R 1 2 2 . 2 1
tes t ing r e q u i r e m e n t for NPDES.

D i c h l o r o b e n z e n e

Dich lo robenzenes were detected in on-site g r o u n d w a t e r ( t r a c e to
843.8 ppb) and s e d i m e n t ( t r a c e to 2.5 ppb) at V e r t a c . The 1,2,
1,3, and 1,4 isomers of d ich lorobenzene act s i m i l a r l y (i.e., a re
inso lub le in wate r and appear to m i g r a t e in a s i m i l a r f a sh ion to
c h l o r o b e n z e n e ) , a n d w i l l be d i s c u s s e d t o g e t h e r as
d i c h i o r o b e n z e n e . D i c h i o r o b e n z e n e w i l l b i o a c c u m u l a t e . The
s o r p t i o n p r o c e s s is s u b s t a n t i a l f o r d i c h 1 o r o b e n z e n e . In
a d d i t i o n , t h e y v o l a t i l i z e r a p i d l y in s u r f a c e w a t e r , w h i c h m a y
e x p l a i n t he i r absence in s u r f a c e water samples. Dichi orobenzene
is susceptible to a t tack by hyd roxy l rad ica ls in the atmosphere.

The low ppb c o n c e n t r a t i o n of d ichi orobenzene in sediment does not r--
represent a t h rea t to the e n v i r o n m e n t . Wel l number 6, sampled on .Q
J u l y 23, 1982, was the o n l y s a m p l e d g r o u n d w a t e r l o c a t i o n t h a t
showed d i ch lo robenzene . 1,4-d ich lo robenzene was present at 843.8
ppb, w h i l e the 1,3 and 1,2 d i c h l o r o b e n z e n e isomers were observed ^
at 15.2 and 6.5 ppb r e spec t ive ly . It appears that c o n t a m i n a t i o n 0
of th i s we l l by d i c h l o r o b e n z e n e comes f rom the c l ay capped b u r i a l Q
area .

D i c h l o r o b e n z e n e s in g e n e r a l show s i g n s of acu te t o x i c i t y to sw
aqua t ic l i f e at 1120 ppb and f reshwate r aquat ic at 763 ppb. The
recommended AWQC of 400 ppb has been establ ished to protect human
h e a l t h f rom the toxic proper t ies of d i ch lo robenzene .

1 , 4 D i c h l o r o b e n z e n e is c u r r e n t l y l i s ted on 1 ) the T o x i c
Substance Control Act Inventory; 2) the Clean Water Act Section
307 (A ) ; 3 ) C E R C L A Sec t ion 3 0 6 (A ) .

Tr ich lo robenzene

The 1,2,4-isomer of tr i ch lo robenzene was detected in g r o u n d w a t e r
( t r a c e to 3 0 . 4 p p b ) , s u r f a c e w a t e r ( t r a c e to 2 .0 p p b ) and
s e d i m e n t ( t r a c e to 2 .0 p p b ) s a m p l e s a t the V e r t a c F a c i l i t y .
1,2,4-tr i ch lo robenzene has a h igh potential for b ioaccumul a t ion
in l i p i d t i s sues of o r g a n i s m s . S o r p t i o n p lays a m a j o r r o l e in
the fa te of this compound and 1, 2 ,4 - t r i ch lo robenzene is expected
to v o l a t i l i z e r a p i d l y . T h i s c o m p o u n d is r e p o r t e d to be
s u s c e p t i b l e to a t t a c k by h y d r o x y l r a d i c a l s in the a t m o s p h e r e .
M i g r a t i o n and t r a n s p o r t a t i o n of t r i c h l o r o b e n z e n e appears to be
s i m i l a r to ch lorobenzene .

C o n c e n t r a t i o n s of t r i c h 1 o r o b e n z e n e f o u n d in s e d i m e n t s of the
c e n t r a l d i t c h d o e s n o t a p p e a r to r e p r e s e n t a s i g n i f i c a n t
e n v i r o n m e n t a l threa t . S i m i l a r l y , 2 ppb of t r i c h i o r o b e n z e n e in
s u r f a c e w a t e r of the Eas t d i t c h w o u l d not pose a t h r e a t . W e l l
n u m b e r 6 a n d 12 c o n t a i n 3 9 . 6 p p b a n d 2 9 . 0 p p b o f



t r i c h l o r o b e n z e n e . S i m i l a r l y w i t h d i c h l o r o b e n z e n e ,
t r i c h i o r o b e n z e n e a p p e a r s to h a v e e n t e r e d the g r o u n d w a t e r v i a
l each ing th rough the b u r i a l area. Rapid v o l a t i l i z a t i o n explains
the absence of these compounds in su r face waters .

T r i c h l o r o b e n z e n e is c u r r e n t l y l is ted on 1) the Toxic Substance
C o n t r o l Act I n v e n t o r y ; 2) t he C l e a n W a t e r Act Sec t ion 307 ( A ) ;
3) 4 0 C F R 1 2 2 . 2 1 t e s t i n g r e q u i r e m e n t s f o r N P D E S ; 4 ) R C R A
40CFR261.32, EPA haza rdous waste.

Hexach lo robenzene

Hexach i oroben zene was found on-si te in sed iment in concen t ra t ions
r a n g i n g f r o m trace to 12.8 ppb. This compound Is pers i s tan t and
m a y b i o a c c u m u l ate or enter the food cha in . Hexach lorobenzene is
inso lub le in water and e x h i b i t s t r a n s p o r t a t i o n c h a r a c t e r i s t i c s
s i m i l a r to other ch lorobenzenes . Sorpt ion also appears to p lay a
m a j o r r o l e in the f a t e of t h i s compound . O n l y c e n t r a l d i t c h
sed imen t s con ta in de tec tab le concen t ra t ions of hexach lo robenzene .
It does no t a p p e a r t h a t t h i s c o m p o u n d is m i g r a t i n g o f f - s i t e v i a
g r o u n d w a t e r , s u r f a c e w a t e r or s e d i m e n t t r a n s p o r t a t i o n r o u t e s . —
The 12.8 ppb c o n c e n t r a t i o n of hexach lo robenzene in sediment does Lrt

not appear to r ep resen t a s i g n i f i c a n t t h r e a t to the e n v i r o n m e n t . K^
Hexach lo robenzene is a suspected ca rc inogen and t h e r e f o r e has a Q
r e c o m m e n d e d AW QC of z e r o . T h i s l e v e l was a s s i g n e d based on the /—»
n o n - t h r e s h o l d t h e o r y of ca r e i n o g e n i c i t y . Data i n d i c a t e s t h a t
f r e s h w a t e r a q u a t i c spec ies m a y e x h i b i t a c u t e t o x i c i t y to t o t a l
c h l o r i n a t e d benzenes at concen t r a t i ons as low as 250 ppb.

CO
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F i v e c h l o r i n a t e d p h e n o l i c c o m p o u n d s w e r e de t ec t ed on s i te in
s e d i m e n t , s u r f a c e and g r o u n d w a t e r at Vertac. Only th ree sed iment
samples con ta ined c o n c e n t r a t i o n s of ch lorophenol r a n g i n g f r o m 3.3
ppb to 20.1 ppb. These concen t r a t i ons a l t h o u g h they m a y i nd i ca t e
o f f - s i t e m i g r a t i o n of the a b o v e c o m p o u n d s ( i .e . , 20.1 ppb was
d e t e c t e d in the s e d i m e n t s a m p l e of Rocky B r a n c h , b e l o w the
c o o l i n g p o n d s ) , do n o t r e p r e s e n t a s i g n i f i c a n t t h r e a t to the
e n v i r o n m e n t in sediments .

Of concern is the c o n c e n t r a t i o n of these chemica l s in the par t per
m i l l i o n r a n g e in s u r f a c e w a t e r and g r o u n d w a t e r s a m p l e s . W e l l
n u m b e r s 9 ,12 and 18 a r e s i g n i f i c a n t l y c o n t a m i n a t e d ( u p to 166
ppm) w i t h ch lo ropheno l . The isomers of concern in g r o u n d w a t e r a re
2-ch lo ropheno l , 4-chloro-3-methyl phenol , 2, 4 -d ich lorophenol , and
2,4 6-tr i ch lo rophenol . Pentachi o ropheno 1 (PCP) was detected at 6
ppb over its de tec t ion l i m i t in one g r o u n d w a t e r sample.

O n l y s u r f a c e w a t e r s a m p l e s f r o m the east and c e n t r a l d i t c h e s
c o n t a i n any of the c h l o r i n a t e d p h e n o l s ( -20 ppm at the east d i t c h
and less than 1 ppm in the cen t r a l d i t c h ) .

It a p p e a r s t h a t these c o m p o u n d s h a v e e n t e r e d or a r e e n t e r i n g
g r o u n d w a t e r v i a l each ing f rom waste piles.



2 - C h 1 o r o p h e n o 1 is m o d e r a t e l y t o x i c , s o m e w h a t p e r s i s t e n t and
s l i g t i y s o l u b l e in w a t e r . A c u t e t o x i c i t y of t h i s compound to
f r e s h w a t e r aquat ic l i f e occurs at concen t r a t ions as low as 4380
ug/1. Phys io logica l response of b l u e g i l l and t rout inc lude rap id
and u n c o o r d i n a t e d m o v e m e n t , loss of e q u i l i b r i u m , n e r v o u s
t w i t c h i n g , and an e x t r e m e l y exc i t ab le state.

Data ind ica tes tha t t o x i c i t y of c h l o r i n a t e d phenols to f r e s h w a t e r
aqua t i c l i f e g e n e r a l l y increases w i th ch lo r i na t i on . The acute
t o x i c i t y to f r e s h w a t e r species f r o m 4 - c h l o r o - 3 - m e t h y l pheno l
o c c u r s at 30 ug/1. C h r o n i c t o x i c i t y o c c u r s at 970 ug/1 f o r
2, 4, 6-tr i ch lorophenol .

U s i n g o r g a n o l i p t i c d a t a f o r c o n t r o l l i n g u n d e s i r a b l e tas te and
o d o r s , t he r e c o m m e n d e d A m b i e n t W a t e r Q u a l i t y C r i t e r i a f o r 2
ch lo ropheno l is 0.1 ug/1. N e i t h e r v o l a t i l i z a t i o n , nor so rp t ion ,
a p p e a r to a f f e c t the f a t e of 2 c h l o r o p h e n o l . Th is subs t ance
probab ly does not b i o a c c u m u l a t e e i ther .

0^
2-Chlorophenol is current ly listed on 1) the TSCA Inventory; 2) ^
C E R C L A Section 306 ( A ) ; 3) 40CFR122.21 test ing ; requi rements for ^
N P D E S ; 4 ) CWA S e c t i o n 307 ( A ) ; 5) R C R A 4 O C R F 2 6\. 3 2.

There is i n s u f f i c i e n t da ta to d e r i v e a l eve l that wou ld protect 0
h u m a n s f r o m the toxic e f f e c t s of 4-ch lorophenol . A recommended 0
l e v e l of 0.1 ug/1 p r e v e n t s u n d e s i r a b l e odors and tastes.

2 ,4 -d ich lo ropheno l is non-pers is tant and r ema ins toxic on ly over
s h o r t t i m e p e r i o d s or at l i m i t e d d i s t a n c e s f r o m the p o l l u t a n t
source. This compound is a suspected carcinogen. 2-chlorophenol
is p e r s i s t e n t and t ends to r e m a i n in the w a t e r c o l u m n . T h i s
s u b s t a n c e is n o n b i o a c e u r n u 1 a t i v e . A c u t e t o x i c i t y of 2-
ch lorophenol to f r e shwa te r a q u a t i c l i f e occurs at concen t r a t i ons
of 4380 ug/1. There is i n s u f f i c i e n t data to d e r i v e a l eve l w h i c h
w o u l d p r o t e c t h u m a n s a g a i n s t the p o t e n t i a l t o x i c i t y of t h i s
compound. Data f rom s tudies show ambien t wate r q u a l i t y c r i t e r i a
to protect aga ins t u n d e s i r a b l e tastes and odors is es t ima ted at
0.1 ug /1 ( E P A , 1 9 8 0 ) . M i r c r o b i a l d e g r a d a t i o n o f t h e s e 2
compounds has been repor ted .

Based on t o x i c i t y d a t a f o r the p r o t e c t i o n of p u b l i c h e a l t h , the
r e c o m m e n d e d a m b i e n t w a t e r q u a l i t y c r i t e r i a f o r 2 , 4 , 5 -
tr ichi orophenol was d e t e r m i n e d to be 2.6 mg/1. However , 1.0 ug/1
of th is compound in w a t e r may produce foul taste and odor.

2 , 4 , 6 - t r i c h i o r o p h e n o 1 is p e r s i s t a n t and n o n - b i o a c e u m u l a t i v e .
Th i s c o m p o u n d is f r e e l y s o l u b l e in w a t e r . For the m a x i m u m
p r o t e c t i o n of h u m a n h e a l t h f r o m the p o t e n t i a l c a r c i n o g e n i c
e f f e c t s of e x p o s u r e to t h i s c o m p o u n d , the AWQC s h o u l d be ze ro
based on n o n - t h r e s h o l d a s s u m p t i o n of c a r e i n o g e n i c i t y . The
l eve l s of 2 ,4 ,6- t r ichorophenol tha t may resu l t in 10-6 increased
c a n c e r r i s k o v e r a l i f e t i m e is 1.2 ug/1 ( E P A , 1980) . Th i s
compound adsorbs to o rgan ic m a t e r i a l .



2, 4 , 6 - t r i c h i o r o p h e n o 1 is c u r r e n t l y l i s t e d on 1) the Tox ic
Substance Cont ro l Act I n v e n t o r y ; 2) Clear Water Act Section 307
( A ) ; 3) C E R C L A S e c t i o n 3 0 6 ( A ) ; 4) R C R A 4 0 C F R 2 6 1 . 3 2 .

Since no t ox ic i ty data is a v a i l a b l e f o r 4 ch lo ro -3 methy l phenol,
an a m b i e n t w a t e r l e v e l of 300 ug/1 is sugges ted to a v o i d
u n d e s i r a b l e tastes and odors. This persistent compound shows no
ev idence of b i o a c c u m u l a t i o n .

4 - c h l o r o - 3 - m e t h y l p h e n o l is c u r r e n t l y l i s t e d on 1) the Tox ic
Substance Control Act Inven tory ; 2) CERCLA. Section 306 ( A ) ; 3)
C W A S e c t i o n 307 ( A ) .

Pen tach io ropheno l (PCP) is v e r y pers is tent and may b i o a c c u m u l a t e
and e n t e r the food c h a i n as w e l l as b i o d e g r a d e . Data i n d i c a t e s
tha t c h r o n i c tox ic i ty to f r e s h w a t e r aquat ic l i f e may occur at PCP
l e v e l s as l o w as 3.2 ug/1. PCP is a l m o s t i n s o l u b l e in w a t e r .
Dusts of th is compound may cause i r r i t a t i o n . PCP also penetrates
the s k i n . PCP is a b s o r b e d i n t o l e a f l i t t e r and o t h e r o r g a n i c 0
m a t t e r in the soil and sed iments of f r e shwate r sheds. r~~
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PC P is c u r r e n t l y l i s t e d on 1) the Tox ic Subst 'ance C o n t r o l Act
I n v e n t o r y ; 2) C W A S e c t i o n 3 0 7 ( A ) ; 3) C E R C L A Sec t ion 306 ( A ) ;
4 ) 4 0 C F R 1 2 2 . 2 1 t e s t i n g r e q u i r e m e n t s f o r N P D I E S ; 5 ) R C R A
40CFR261 .31 . ' 0

C h 1 o r o p h e n o 1 s m a y be p r e s e n t i n a q u a t i c e n v i r o n m e n t s in one or
m o r e of the f o l l o w i n g three forms: 1) d issolved in e i the r f r e e
or c o m p l e x e d f o r m , 2) adso rbed to s u s p e n d e d a n d / o r b o t t o m
sediments , or 3) c a r r i e d in b io log ica l tissues. M o v e m e n t of the
compounds in water has not been wel l s tud ied , but it is be l i eved
t h a t m o b i l i t y d e p e n d s p r i m a r i l y on h y d r o l o g i c a l c o n s i d e r a t i o n s
such as c u r r e n t s and , in the case of t r a n s p o r t a t i o n by o rgan i sms ,
on m o v e m e n t and m i g r a t i o n of the o r g a n i s m s . D i s s i p a t i o n of
c h l o r o p h e n o l s f r o m the aqueous phase may occur by v o l a t i l i z a t i o n
to the a t m o s p h e r e , p h o t o i o n a c t i v a t i o n , s o r p t i o n to s u s p e n d e d
and/or bot tom sediments , and biodeg r ada t ion .

M a n y o r g a n i c c o m p o u n d s , i n c l u d i n g c h 1 o ro ph'eno 1 s , u n d e r g o
pho tochemica l decompos i t ion when exposed to u l t r a v i o l e t l i gh t . In
f i n d i n g t h e i r way to sur faces by v a r i o u s mechan isms , ch lo rophenols
a r e e x p o s e d to s u n l i g h t a n d a r e t h e r e b y s u s c e p t i b l e to
pho tochemica l deg rada t ion . I n f o r a m t i o n on photodecomposi t ion of
2 - c h l o r o p h e n o 1 is no t a v a i l a b l e . 2, 4 - D i c h l o r o p h e n o 1 r a p i d l y
d e g r a d e s in a q u e o u s s o l u t i o n s exposed to u l t r a v i o l e t l i g h t .
I n f o r m a t i o n on the pho tochemical react ions of tr ichi orophenol s is
scant. I n f o r m a t i o n is lacking on the photodecomposi t ion of 2 ,4 ,6-
t r i c h i o r o p h e n o l . E v i d e n c e e x i s t s t h a t p e n t a c h i o r o p h e n o 1 is
subjec t to r a p i d pho todecomposi t ion in aqueous so lu t ion .

The m o v e m e n t of chl oropheno 1 s in soil depends on the i n t e r a c t i o n
a n d p e r s i s t e n c e o f t h e c h e m i c a l . The e x t e n t of s o r p t i o n
d e t e r m i n e s whether the c h e m i c a l s a re c a r r i e d in assoc ia t ion w i t h
eroded soi ls d u r i n g o v e r l a n d f l o w or are leached t h r o u g h the soil
p r o f i l e d u r i n g i n f i l t r a t i o n . Soil f a c t o r s a f f e c t i n g s o r p t i o n



i n c l u d e pH, m o i s t u r e , c l a y and o r g a n i c m a t t e r content . Sorpt ion
c h a r a c t e r i s t i c s of c h i o r o p h e n o l s o ther than pen tach lo ropheno l have
n o t b e e n s t u d i e d a d e q u a t e l y . B a s e d on l i m i t e d d a t a , 2-
c h l o r o p h e n o l , 2,4-d ichio rophenol , and 2, 4, 6-tr ich lorophenol seem
to be sorbed o n l y w e a k l y by soil par t ic les . Thus, the po ten t ia l
f o r d o w n w a r d m o v e m e n t t h r o u g h the soil p r o f i l e and f o r g r o u n d w a t e r
c o n t a m i n a t i o n e x i s t s . P e n t a c h i o r o p h e n o 1 , on the o t h e r h a n d , is
t i g h t l y b o u n d by soi l p a r t i c l e s and the l i k e l i h o o d of l e a c h i n g
t h r o u g h soil p r o f i l e into g r o u n d w a t e r is reduced m a r k e d l y .

B i o d e g r a d a t i o n p l a y s a c r u c i a l ro l e in the d i s s i p a t i o n of
c h 1 o r o p h e n o 1 s f r o m so i l . M i c r o b i a l d e c o m p o s i t i o n in soi l
suspensions occur r a p i d l y f o r 2 -Chloropheno l , 2 ,4 -Dich lorophenol ,
a n d 2 , 4 , 6 -Tr i c h 1 o ro ph e n o 1 , b u t pe n tac h 1 o ^-o ph eno 1 is m o r e
persi s tant .

Reviews of the E n v i r o n m e n t a l E f f e c t s of Po l lu t an t s :
XI Chlorophenol US EPA 1979

•;—
T O L U E N E r"-

; in
Toluene was found o n l y at concen t r a t i ons less than 10 par ts per _
b i l l i o n on site. The p r i n c i p a l m e c h a n i s m for r emova l of t o l u e n e
f r o m the a q u a t i c e n v i r o n m e n t is v o l a t i l i z a t i o n , h o w e v e r , —
p h o t o o x i d a t i o n in the a t m o s p h e r e is the p r e d o m i n a n t process 0
d e t e r m i n i n g the f a t e of t o l u e n e . This p r o b a b l y accounts for the
i n s i g n i f i c a n t c o n c e n t r a t i o n s in a l l m e d i u m at Ver tac . EPA Wate r
Q u a l i t y C r i t e r i a fo r h u m a n h e a l t h is 14.3 ppm, howeve r , taste is
i m p a r t e d at less than 0.25 ppm. Lower l i m i t s a r e recommended at
2 ppm ( M C L ) and a SNARL of 1 ppm.

0

Data i nd ica t e s t ha t f r e s h w a t e r aqua t i c species m a y e x h i b i t acute
t o x i c i t y to t o l u e n e a t c o n c e n t r a t i o n s of 17.5 ppm. The s a m p l e
d a t a a v a i l a b l e shows t o l u e n e m e e t i n g the c u r r e n t WQC b u t a r e
i n s u f f i c i e n t to eva lua t e aga ins t the lower recommended c r i t e r i a .

C H L O R O A N I S O L E S

These c o m p o u n d s h a v e b e e n d e t e c t e d in b o t h s u r f a c e and g r o u n d
w a t e r s on site. As m e n t i o n e d in Section IV, t he re is l i t t l e data
on these c o m p o u n d s w i t h w h i c h to p r e d i c t h o w they w i l l r e a c t in
t h e e n v i r o n m e n t . It is a p p a r e n t t h a t c h 1 o r o a n i s o 1es a r e
pe r s i s t en t in the a q u a t i c e n v i r o n m e n t .

10



SECTION VI

TOXICITY EVALUATION

I N T R O D U C T I O N

A v a i l a b l e t o x i c o 1 o g i c a l i n f o r m a t i o n has been r e v i e w e d f o r
c h e m i c a l s u n d e r e v a l u a t i o n at the V e r t a c Site. P e r t i n e n t
e x p e r i m e n t a l m a m m a l i a n a n i m a l s t u d i e s w h i c h m a y be s u p p o r t i v e
d a t a f o r p o t e n t i a l t o x i c e f f e c t s and b i o l o g i c a l r e s p o n s e s
in h u m a n s a r e presented. These s tudies i nc lude acute and chron ic
t o x i c i t y , r e p r o d u c t i v e e f f e c t s i n c l u d i n g t e r a t o g e n i c i t y , and
c a r e i n o g e n i c i t y . Human h e a l t h e f f e c t s a re discussed in te rms of
r o u t e of e x p o s u r e , t y p e of e x p o s u r e , eg. a c u t e or c h r o n i c
e x p o s u r e , a n d type of h a r m f u l or t ox i c e f f e c t , i.e. a c u t e ,
c h r o n i c , l oca l and s y s t e m i c e f f e c t s . W h e r e the i n f o r m a t i o n is
a v a i l a b l e , d o c u m e n t a t i o n on o b s e r v e d h u m a n h e a l t h e f f e c t s a r e
presented, i n c l u d i n g c l i n i c a l case h i s to r i e s or e p i d e m i o l o g i c a l
s tudies . This r e v i e w a lso i nc ludes some in v i t r o s tudies w h i c h C\J
p e r t a i n to po ten t i a l toxic e f f e c t s in h u m a n s and a n i m a l s , p .̂

k

The m a j o r r o u t e s of e n t r y o f t o x i c agen t s i n t o the body a r e
t h r o u g h i n h a l a t i o n , i nges t ion and d e r m a l absorpt ion . The ex ten t ro>

of e x p o s u r e v i a these r o u t e s o f e n t r y d e p e n d s ,on the p a r t i c l e 0
s i z e , v o l a t i l i t y and s o l u b i l i t y of the t o x i c agen t . In t he 0
i n d u s t r i a l e n v i r o n m e n t , h a z a r d o u s e x p o s u r e s a r e m o s t o f t e n by
i n h a l a t i o n or d e r m a l a b s o r p t i o n ( t o p i c a l ) . I n h a l a t i o n - T o x i c
substances can be i n h a l e d in the f o r m of dus t s" ,mTsts , ae roso ls ,
v a p o r s , g a s e s , f u m e s or s m o k e , w h e r e the s u b s t a n c e a r e e i t h e r
absorbed or depos i ted in the lungs . The r e s p i r a b l e f r a c t i o n of
a i r b o r n e d u s t s is t h a t f r a c t i o n of p a r t i c l e s in a s i z e r a n g e
w h i c h p e r m i t s t h e m to p e n e t r a t e the l u n g s w h e n i n h a l e d .
P a r t i c l e s h a v i n g an a e r o d y n a m i c d i a m e t e r of 5 to 30 urn a re
depos i t ed m o s t l y in the na sopha ryngea l a i r passages; p a r t i c l e s
r a n g i n g f r o m 1 to 5 urn a r e d e p o s i t e d in the t r a c h e o b r o n e h i a 1
r e g i o n s ; p a r t i c l e s less t h a n 1 urn g e n e r a l l y p e n e t r a t e to the
a l v e o l a r r e g i o n and a r e d e p o s i t e d by s e d i m e n t a t i o n . C u t a n e o u s
Absorp t ion-Some substances h a v e a p ropens i ty t o r - b e i n g absorbed
t h r o u g h the s k i n , and in s u f f i c i e n t q u a n t i t i e s can produce toxic
e f f e c t s . The c u t a n e o u s r o u t e of e x p o s u r e i n c l u d e s a b s o r p t i o n
t h r o u g h the s k i n , m u c o u s m e m b r a n e s and eyes , e i t h e r by e x p o s u r e
to a i r b o r n e c o n c e n t r a t i o n s or by d i r e c t contact w i t h the l i q u i d
or so l id substances . Inges t ion - Toxic substances can be o r a l l y
ingested and absorbed by the g a s t r o i n t e s t i n a l t ract when they a r e
p r e s e n t in the food c h a i n or in d r i n k i n g w a t e r . O c c u p a t i o n a l
exposures by i nges t i on o f t e n occur when con tamina ted s u r f a c e s a re
touched or toxic m a t e r i a l s are d i r e c t l y h a n d l e d , and good h y g i e n e
p rac t i ces a re not f o l l o w e d , i.e., hands a re not washed, or w h e r e
smoking and ea t ing in the c o n t a m i n a t e d area is pe rmi t t ed .



C H L O R O P H E N O X Y H E R B I C I D E S

2, 4-d ichl o r o p h e n o x y acet ic acid and 2, 4, 5-tr ichi o rophenoxyace t i c
ac id a r e used in s e v e r a l h u n d r e d c o m m e r c i a l f o r m u l a t i o n s , and
somet imes combined in m i x t u r e s , e.g. Dacamine 2D/2T. Also in this
g r o u p of compounds is 2-( 2, 4 , 5- t r i c h i o ro p h e n o x y) pro p i o n ic a c i d ,
c o m m o n l y k n o w n as S i l v e x .

H u m a n H e a l t h E f f e c t s - These c o m p o u n d s and t h e i r s a l t s and
e s t e r s a r e m o d e r a t e l y i r r i t a t i n g to t h e e y e s , s k i n a n d
r e s p i r a t o r y and gastro i n t e s t i na l tract . Some of these compounds,
s u c h as 2 , 4 - D , can e n t e r the body t h r o u g h t he s k i n . They a l so
a r e a b s o r b e d f r o m the l u n g s and t h r o u g h the g a s t r o i n t e s t i n a 1
t r a c t . G e n e r a l l y , t h e y a r e c o n s i d e r e d to be o f l o w to m o d e r a t e
t o x i c i t y . They do no t r e m a i n s t o r e d in f a t to a g r e a t d e g r e e ,
and a r e e x c r e t e d w i t h i n h o u r s , or at t he m o s t , w i t h i n d a y s .
There have been a l i m i t e d n u m b e r of repor ts in med ica l l i t e r a t u r e
of t o x i c e f f e c t s in h u m a n s f r o m e x p o s u r e to 2 ,4 -D. T h r e e cases
of p e r i p h e r a l n e u r i t i s were repor ted for w o r k e r s occupa t iona l ly
exposed to 2,4-D. Local d e p i g m e n t a t ion in some i n d i v i d u a l s has
b e e n a t t r i b u t e d to p r o l o n g e d and r e p e a t e d d e r m a l c o n t a c t w i t h ' '
ch io r o p h e n o x y compounds [1 ,2 ] . *" 1-T\

m
S i n g l e doses o f 5 m g / k g of b o d y w e i g h t o f 2 , 4 - D and 2 , 4 - T w e r e Q
a d m i n i s t e r e d to h u m a n s u b j e c t s w i t h o u t a d v e r s e e f f e c t s . No
a d v e r s e e f f e c t s w e r e seen in o n e p e r s o n who c o n s u m e d 500 mg of
2 , 4 - D per day fo r 3 weeks [ 2 ] .

0

Acu te E f f e c t s - The signs and symptoms of acute poisoning f r o m
Tngestion of l a r g e a m o u n t s of chio rophenoxy compounds are i r r i t a -
t ion of the m o u t h , t h r o a t and g a s t r o i n t e s t i n a l t rac t , spontaneous
e m e s i s , ches t p a i n s ( d u e to e s o p h a g i t i s ) , a b d o m i n a l p a i n , a n d
d i a r r h e a . I n j u r y of the gas t ro in t e s t ina l t rac t u s u a l l y does not
p r o g r e s s to u l c e r a t i o n and p e r f o r a t i o n . Once c o m p o u n d s a r e
absorbed they can cause f i b r i l l a r y musc l e t w i t c h i n g , ske le t a l
m u s c l e t e n d e r n e s s , and mya ton i a ( s t i f f n e s s of e x t r e m i t i e s ) .
S y m p t o m s a s s o c i a t e d w i t h i n g e s t i o n of v e r y l a r g e a m o u n t s of
ch io rophenoxy acids a re m e t a b o l i c acidosis , f e v e r , t a c h y c a r d i a ,
h y p e r v e n t i 1 a t i o n , v a s o d i l a t i o n and s w e a t i n g . Some cases h a v e
been c h a r a c t e r i z e d by coma and c o n v u l s i o n s [2, p.29].

E f f e c t s in E x p e r i m e n t a l A n i m a l s - The a n i m a l t o x i c i t y of 2,4-D
a n d 2 , 4 . 5 - T is s i m i l a r . The l o w c u m u l a t i v e e f f e c t of these
c o m p o u n d s has been demons t r a t ed in feed ing s tudies where a n i m a l s
t o l e r a t e d repeated exposures to doses s l i g h t l y smal le r than the
s ing le toxic dose [3] .

Based on a n i m a l s tud ies done by Rowe and Hymas, it was concluded
t h a t 2 , 4 - D had a l o w c h r o n i c t o x i c i t y . For 2 , 4 -D , o r a l L D 5 0
v a l u e s f o r severa l a n i m a l species ranged f r o m 100 to 1,000 mg/kg.
For 2 ,4 ,5-T, o r a l LD50 v a l u e s ranged f r o m 300 to 1,000 mg/kg for
s e v e r a l species. Dogs were found to be m o r e sens i t ive than o ther
a n i m a l s p e c i e s , w i t h an L D 5 0 of 100 m g / k g f o r 2 , 4 , 5 - T
isopropyi estec [ 4 ] . In a n i m a l e x p e r i m e n t s , l a r g e doses of 2 ,4 -D
caused v o m i t i n g , d i a r r h e a , a n o r e x i a , we igh t loss, u l ce r s of the
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m o u t h a n d p h a r n y x , and i n j u r y to the k i d n e y and l i v e r , and cen-
t r a l n e r v o u s sys tem. M u s c u l a r e f f e c t s h a v e been seen in some
species, s p e c i f i c a l l y m y a t o n i a , or s t i f f n e s s of the ex t r eme t i e s ,
w h i c h was a p p a r e n t l y d u e to C N S d a m a g e . A l s o , in h e a v i l y dosed
a n i m a l s , d e m y e 1 i n a t i o n was observed in the dorsal columns of the
c o r d , and E E G c h a n g e s i n d i c a t e d f u n c t i o n a 1 d i s t u r b a n c e s in the
b r a i n .

2 ,4 D i c h l o r o p h e n o x y a c e t i c Ac id ( 2 , 4 - D )

In M a r c h 1979, the E n v i r o n m e n t a l P r o t e c t i o n A g e n c y d e c l a r e d an
emergency suspens ion of 2 , 4 , 5 tr i ch lo rophenoxyace t i c acid (2 ,4 ,5 -
T) , w h i c h c o n t a i n s t e t r a c h i o r o - d i o x in ( T C D D ) as a c o n t a m i n a n t .
T h i s a c t i o n g e n e r a t e d p u b l i c c o n c e r n a b o u t the p o s s i b i l i t y of
d i o x i n c o n t a m i n a t i o n in 2 , 4 - D and the p o t e n t i a l a d v e r s e h e a l t h
e f f e c t s o f TCDD c o n t a m i n a t e d 2 , 4 - D . The c o n c e r n was f o c u s e d on
the po ten t i a l fo r cancer and m i s c a r r i a g e s f r o m exposure to TCDD
i n 2 , 4 - D . F u r t h e r c o n c e r n abou t 2 , 4 - D d e v e l o p e d as a r e s u l t of
the A g e n t O r a n g e c o n t r a v e r s y . T h i s d e f o l i e n t used d u r i n g the c^j-
V i e t n a m W a r , was c o m p o s e d of 2 , 4 , 5 - T and 2 , 4 - D , and was n e v e r ^
r e g i s t e r e d by E P A f o r c i v i l i a n use in the U n i t e d S ta tes . In
r e s p o n s e to p u b l i c c o n c e r n , the EPA i n i t i a l e d a r e v i e w of
a v a i l a b l e t ox i co log ica l da ta on the potent ia l h e a l t h e f f e c t s of
2,4-D. C o n c l u s i o n s r e g a r d i n g po ten t i a l human h e a l t h e f f e c t s were 0
p u b l i s h e d in the A p r i l 22, 1980, Fact Sheet. EPA has based these o
c o n c l u s i o n s on the a c i d f o r m of 2 , 4 - D , a l t h o u g h t h e r e a r e m a n y
2 , 4 - D s a l t and e s t e r d e r i v a t i v e s . Based on t h e i r r e v i e w , E P A
conc luded tha t 2 ,4 -D was of low to m o d e r a t e t o x i c i t y , and d id not
pose an i m m i n e n t h e a l t h h a z a r d w h e n used p r o p e r l y . Based on
a v a i l a b l e s t u d i e s , 2 , 4 - D is no t k n o w n to be c a r c i n o g e n i c in
a n i m a l s or h u m a n s . R e s u l t s of m u t a g e n i c i t y tests h a v e been
m i x e d ; the m a j o r i t y of r e s u l t s h a v e been n e g a t i v e , w h i l e t h e r e
h a v e been th ree p o s i t i v e r e su l t s repor ted. R e p r o d u c t i v e s tud ies
c o n d u c t e d on m i c e , r a t s and h a m s t e r s showed s l i g h t f e t o t o x i c
e f f e c t s , a t l o w e r dose l e v e l s , i n c l u d i n g e d e m a ( s w e l l i n g o f
t issues.) V e r y h i g h dose l e v e l s caused skele ta l m a l f o r m a t i o n s
and c l e f t pala tes .

in
fn

In the f a l l of 1980, the EPA i n i t i a t e d a m o n i t o ' r i n g p r o g r a m to
test fo r d i o x i n c o n t a m i n a n t s in c o m m e r c i a l 2,4-D products. This
p r o g r a m w a s the r e s u l t o f a ban by the A g r i c u l t u r e C a n a d a of some
2 ,4 -D produc ts wh ich were found to con ta in 2,7 d i ch io rod ibenzo -p -
d i o x i n and 1 ,3 ,7 t r i c h 1 o r o d i b e n z o - p - d i o x i n . The mos t t o x i c of
the d i o x i n s 2 , 3 , 7 , 8 TCDD was no t f o u n d in the s a m p l e s t a k e n in
Canada . EPA Repor t s (2 ,4 -D Fact Sheets) were released on J a n u a r y
23, 1981 and Ju ly 21, 1981, w h i c h concluded tha t the m a j o r i t y of
samples t a k e n d u r i n g the m o n i t o r i n g p rog ram were f r ee of any f o r m
of d i o x i n , w h i l e a s m a l l percentage of the samples conta ined v e r y
low l e v e l s of the toxic d i o x i n isomers which a re of a m u c h l ower
deg ree of t o x i c i t y than 2,3,7,8 TCDD. ~ ' 2



2 , 4 , 5 - T r i c h l o r o p h e n o x y a c e t i c Ac id

The m a m m a l i a n t o x i c i t y of 2 , 4 , 5 - T is low. It is s l i g h t l y
i r r i t a t i n g to the s k i n , and o v e r e x p o s u r e to t h i s c o m p o u n d m a y
cause a b d o m i n a l pa in , n a u s e a , v o m i t i n g , d i a r r h e a and blood in the
s tool . D i o x i n i s o m e r s a r e u n w a n t e d c o n t a m i n a n t s in 2 ,4 ,5 -T ,
e s p e c i a l l y the e x t r e m e l y t o x i c i s o m e r , 2, 3 ,7 ,8-TCDD. C h l o r a c n e
seen in i n d u s t r i a l w o r k e r s who w o r k e d in a 2 , 4 , 5 - T
m a n u f a c t u r i n g f a c i l i t y , was a t t r i b u t e d to the TCDD c o n t a m i n a n t s
( 2 , 3 , 7 , 8 - T C D D o r 2 , 3 , 6 , 7 - T C D D ) .

S e v e r a l i n c i d e n t s of h u m a n e x p o s u r e to 2 , 3 , 7 , 8 - T C D D h a v e
i n v o l v e d the 2,4,5-T h e r b i c i d e compound. In M a r c h 1979, the EPA
d e c l a r e d an emergency suspens ion of 2,4,5-T and S i l v e x [2 - (2 ,4 ,5 -
tr ichi o r o p h e n o x y ) p rop ion ic a c i d ] , because of a reported increase
in m i s c a r r i a g e s in h u m a n s i n A l s e a , O r e g o n an a r e a w h e r e the
h e r b i c i d e s w e r e s p r a y e d . These e f f e c t s w e r e b e l i e v e d to be a
r e s u l t of e x p o s u r e to the d i o x i n c o n t a m i n a n t in 2 , 4 , 5 - T , and
p o s s i b l e c o n t a m i n a t i o n of S i l v e x , because of i ts s i m i l a r i t y to
2 , 4 , 5 - T . The d e f o l i a n t . A g e n t O r a n g e , used d u r i n g the V i e t n a m t^~
W a r , is a 5 0 : 5 0 m i x t u r e of 2 , 4 - D and 2 , 4 , 5 - T , aod is a l l e g e d to LT\
h a v e c a u s e d s e r i o u s m e d i c a l p r o b l e m s in m a n y V i e t n a m w a r |̂
v e t e r a n s . —.

in

Long t e r m e x p o s u r e to d i o x i n c o n t a m i n a n t s i n 2 , 4 , 5 - T m a y c a u s e
c h l o r a c n e and l i v e r d a m a g e . H e p a t i c t o x i c i t y r e s u l t i n g f r o m
e x p o s u r e to 2 , 3 , 7 , 8 - T C D D has been demons t r a t ed in a n i m a l s tud ies ,
and has been observed in h u m a n w o r k e r s a f t e r i n d u s t r i a l exposure .
T e r a t o g e n i c , e m b r y o t o x i c and f e t o t o x i c e f f ec t s h a v e been produced
in a n i m a l s exposed to 2 , 4 , 5 - T c o n t a i n i n g 2, 3 , 7 , 8 - T C D D , and h a v e
b e e n a t t r i b u t e d to the t e r a t o g e n i c and f e t o t o x i c p o t e n t i a l of
2 , 3 , 7 , 8 - T C D D .

Some p o s i t i v e r e s u l t s h a v e b e e n r e p o r t e d on m u t o g e n i c i t y tes ts
d o n e on 2 , 4 , 5 - T [ 7 j . 2 , 4 , 5 - T is not k n o w n to be c a r c i n o g e n i c in
h u m a n s o r a n i m a l s .

Dioxins

U n w a n t e d con t aminan t s in 2 ,4 , 5-Tr ichi o rophenoxyace t ic acid have
been 2, 3, 7, 8 - t e t r a c h 1 o r o d i b e n 2 0 - p - d i o x i n a n d o t h e r d i o x i n
i s o m e r s , e s p e c i a l l y 2, 3 , 6 , 7 - t e t r a c h 1 o r o d i b e n z o - p - d i o x i n .
2 , 3 , 7 , 8 - T C D D is a p o t e n t a n i m a l t e r a t o g e n and c a u s e s s e v e r e
c h l o r a c n e in m a n . 2, 3 , 6 , 7 - T C D D is a p o t e n t a c n e g e n i c a g e n t and
is hepa to tox ic in a n i m a l s . On a m o l e c u l a r basis 2 ,3 ,7 ,8-TCDD is
perhaps the most poisonous syn the t i c c h e m i c a l . Not o n l y is th i s
T C D D i s o m e r e x t r e m e l y p o i s o n o u s b u t i t a lso has e x t r e m e l y h i g h
p o t e n t i a l fo r p roduc ing adverse e f f e c t s under c o n d i t i o n s of chro-
n ic exposure . Human exposure to 2,3,7,8-TCDD has induced ch lo r -
acne, p o l y n e u r o p a t h y , mys tagmus , and l i v e r d y s f u n c t i o n as m a n i -
f e s t e d by h e p a t o m e g a y and e n z y m e e l e v a t i o n s . In a n i m a l s , t h i s
compound has shown to be t e r a togen i c , e m b r y o t o x i c , c a r c i n o g e n i c ,
and cocarc inogen ic . It has been es tab l i shed that u n d e r c e r t a i n
c o n d i t i o n s 2 , 3 , 7 , 8 - T C D D c a n e n t e r the h u m a n b o d y f r o m a 2 , 4 , 5 - T
t r e a t e d food c h a i n and can a c c u m u l a t e in the f a t t y t i s s u e s and
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s e c r e t i o n s , i n c l u d i n g m i l k . E s t i m a t e s d o n e by accep ted r i s k
assessment procedures ind ica te tha t d a i l y human exposure to 0.01
ug of 2 ,3 ,7 ,8 -TCDD is the dosage expected to r e su l t in " i n c i p i e n t
c a r e i n o g e n i c i t y " . A d d i t i o n a l l y , d a i l y human exposure to 4 mg of
2 , 3 , 7 , 8 TCDD w o u l d be expected to resu l t in a shortened l i f e s p a n ,
and d a i l y exposure to 290 mg w o u l d l i k e l y r e s u l t in acute toxi-
c i ty [ 5 , p . 1 4 7 ] .

O R G A N O C H L O R I N E COMPOUNDS

H u m a n H e a l t h E f f e c t s - M a j o r routes of en t ry are i n h a l a t i o n of
vapo r s and pe rcu taneous abso rp t ion of the l i q u i d . Most of these
c o m p o u n d s a r e r e a d i l y a b s o r b e d t h r o u g h the s k i n and f r o m the
g a s t r o i n t e s t i n a 1 t r a c t . W h e n d o s a g e is a d e q u a t e , mos t o r g a n o -
c h l o r i n e compounds i n t e r f e r e w i t h ax ion i c t r a n s m i s s i o n of n e r v e
i m p u l s e s r e s u l t i n g in d i s r u p t i o n of the n e r v o u s system f u n c t i o n s
and b r a i n . These d i s r u p t i o n s i n c l u d e b e h a v i o r i a l changes, sen-
sory and e q u i l i b r i u m d i s t u r b a n c e s , i n v o l u n t a r y musc l e a c t i v i t y ,
and depress ion of v i t a l cen ters i n c l u d i n g r e sp i r a t i on . \0

!--
LH

A c u t e E f f e c t s - P o i s o n i n g f r o m o r g a n o c h 1 o r i n e c o m p o u n d s w i l l
re s u i t T n t h e f o l l o w i n g symptoms: apprehens ion , e x c i t a b i l i t y ,
d i z z i n e s s , h e a d a c h e , d i so r i en ta t i o n , w e a k n e s s , pa r est he si ae , r<^
m u s c l e t w i t c h i n g , t r e m o r , t o n i c and c l o n i c c o n v u l s i o n s , and 0
unconsc iousness . N a u s e a and v o m i t i n g occur s o o n ' a f t e r i nges t ion . 0
F i r s t s y m p t o m s f r o m d e r m a l a b s o r p t i o n a r e a p p r e h e n s i o n ,
t w i t c h i n g , t r e m o r s , c o n f u s i o n and c o n v u l s i o n s . O t h e r s y m p t o m s
a r e r e s p i r a t o r y d e p r e s s i o n , p a l l o r w h i c h o c c u r s in m o d e r a t e to
s e v e r e p o i s o n i n g s , and c y a n o s i s as a r e s u l t of r e s p i r a t o r y
i n t e r f e r e n c e f r o m c o n v u l s i o n s [2 , p. 14-15].

C H L O R I N A T E D B E N Z E N E S

1,2-d i ch io robenzene is used as a f u m i g a n t , insec t i c ide , s o l v e n t
a n d c h e m i c a l i n t e r m e d i a t e . 1 , 4 - d i c h 1 o r o b e n z e n e is used as an
i n s e c t i c i d e , d i s i n f e c t a n t , m o t h p r e v e n t a t i v e and c h e m i c a l
i n t e r m e d i a t e . Hexach i oroben zene f i n d s us.e as a seed protectant .
Othe r c h l o r i n a t e d benzenes are used as insec t ic ides and solvents .

C h l o r i n a t e d benzenes a r e i r r i t a t i n g to the eyes, sk in and upper
r e s p i r a t o r y t ract . Acu te exposures to these compounds m a y cause
d r o w s i n e s s , u n c o o r d i n a t i o n and unconsciousness. A n i m a l s tud ies
h a v e s h o w n d a m a g e to t h e l i v e r , k i d n e y and l u n g s as a r e s u l t of
c h r o n i c exposures [1, p. 258] .

H e x a c h l o r o b e n z e n e

H e x a c h l o r o b e n z e n e is an o r g a n o c h i o r i n e pesticide used p r i m a r i l y
as a f u n g i c i d e . Mass p o i s o n i n g s f r o m HCB o c c u r r e d in T u r k e y
w h e r e severa l thousand c i t i zens ate wheat that had been t rea ted
w i t h the c h e m i c a l . Prolonged inges t ion of t rea ted wheat p roduced
p o r p h y r i a c u t a n e a t a r d a . T h i s d i s e a s e is c h a r a c t e r i z e d by



e x t r e m e sk in m a n i f e s t a t i o n s i n c l u d i n g b u l l o u s d e r m a t i t i s , deep
s c a r r i n g , pe rmanen t loss of h a i r , s k i n a t rophy , and hype rp igmen-
t a t i o n . O t h e r s y m p t o m s w e r e e x c r e t i o n of red u r i n e , m u s c l e
wast ing and l i ve r en largement [3, p. 3 9 4 ] .

L i m i t e d i n f o r m a t i o n is a v a i l a b l e on the c h r o n i c t o x i c i t y
associated w i t h long term exposure to hexach lo robenzene . It is
k n o w n t h a t h e x a c h l o r o b e n z e n e is c a r c i n o g e n i c in some a n i m a l
species, and is a suspected h u m a n ca rc inogen [ 7 , 8 , 9 ]

Ch lo robenzene

E f f e c t s ^ in E x p e r i m e n t a 1 A n i m a I s - C h l o r o b e n z e n e has p r o d u c e d
n a r c o t i c e f f e c t s in test a n i m a l s at 1200 ppm. L e v e l s f r o m 2 2 0 to
660 ppm w e r e t o l e r a t e d [ 4 , p . 4 9 ; l l ] C a t s showed s e v e r e n a r c o s i s
f r o m exposure to 8000 ppm a f t e r 1/2 h o u r , and d i ed 2 hou r s a f t e r
the e x p o s u r e . C h r o n i c e x p o s u r e s of s e v e r a l a n i m a l species to
1000 ppm f o r 7 h o u r s / d a y , 5 d a y s / w e e k o v e r a p e r i o d of 44 days ,
r e su l t ed in obse rvab le h i s t o p a t h o l o g i c a l changes to the l i v e r , f-
k i d n e y and lungs . In t h i s e x p e r i m e n t , gu inea pigs exposed to 475 r^-
ppm showed s l i g h t h i sto pa the 1 og ica l c h a n g e s ^in the l i v e r [6 , .p.
C h l o r o b e n z e n e ] . The hema tapo ie tic e f f e c t on ttfe blood w h i c h can
r e s u l t f r o m e x p o s u r e to b e n z e n e has n o t been a s soc i a t ed w i t h tr\

exposure to C h l o r o b e n z e n e . '"""0
0

H u m a n H e a l t h E f f e c t s - I r r i t a t i o n to t he e y e s a n d m u c o u s
m e m b r a n e s b e g i n to o c c u r at 2 0 0 p p m , and t h e r e is a p r o n o u n c e d
o d o r . P r o l o n g e d or r e p e a t e d s k i n c o n t a c t m a y cause s k i n b u r n s .
L i v e r , k i d n e y and lung d a m a g e may occur a f t e r p ro longed exposures
to C h l o r o b e n z e n e .

D i c h l o r o b e n z e n e

E f f e c t s _ _ i n E x p e r i m e n t a l A n i m a l s - 1 , 2 - D i c h l o r o b e n z e n e has been
f o u n d to c a u s e l i v e r and k i d n e y d a m a g e in a n i m a l s . In a s t u d y b y
C a m e r o n and Thomas ci ted in the ACGIH Documen ta t i on f o r Thresho ld
L i m i t V a l ues , l i v e r d a m a g e was f o u n d T n a n i m a l s w h i c h w e r e
exposed to c o n c e n t r a t i o n s r a n g i n g f r o m 50 to 800 ppm f o r a f e w
h o u r s . ( 4 ) R a t s exposed to 977 ppm f o r 7 { 4 , p.76} h o u r s d i e d .
T h e y s u r v i v e d w h e n exposed to 2 h o u r s a t these l e v e l s . A f t e r 3
h o u r s of e x p o s u r e to 539 p p m , a n i m a l s s u r v i v e d , b u t n e c r o s i s of
the l i v e r and k i d n e y c h a n g e s w e r e f o u n d at n e c r o p s y [6, 0-
D i c h l o r o b e n z e n e ] .

H u m a n H e a l t h E f f e c t s - 0 - D i c h 1 o r o b e n z e n e is i r r i t a t i n g to the
eyes and u p p e r r e s p i r a t o r y t rac t . L i q u i d in con tac t w i t h the
s k i n o r eyes can c a u s e b u r n s . Eye i r r i t a t i o n f r o m e x p o s u r e to
a i r b o r n e l eve l s becomes no t i ceab le at 25 to 30 ppm, and p a i n f u l
to some at 60 to 100 ppm f o r e x p o s u r e s l a s t i n g m o r e t h a n a f e w
m i n u t e s . T h i s c o m p o u n d has been k n o w n to cause s e n s i t i z a t i o n
d e r m a t i t i s [ 6 ] . C h r o n i c e x p o s u r e to h i g h c o n c e n t r a t i o n s m a y
r e s u l t in damage to the l i v e r and kidneys . 0 -d ich lorobenzene is
not known to be ca r c inogen i c in h u m a n s or a n i m a l s .



P-Dich lo robenzene

E f f e c t s in E x p e r i m e n t a l A n i m a l s - L i v e r necrosis has been found
T n a n i m a l s t u d i e s w i t h r abb i t s and ra t s . C h r o n i c e x p o s u r e of
a n i m a l s to 798 ppm r e s u l t e d in eye i r r i t a t i o n , m a r k e d t r e m o r s ,
w e a k n e s s , loss of w e i g h t , and some d e a t h s ; n o n s p e c i f i c eye
c h a n g e s w e r e no t ed in r a b b i t s as w e l l as l i v e r n e c r o s i s , and
k i d n e y and l u n g d a m a g e [6 , p - D i c h ! o r o b e n z e n e ] . S l i g h t l i v e r
n e c r o s i s was f o u n d in some r a t s i n j e c t e d w i t h 0 .005 g of PDB [ 4 ,
p. 7 7 ; 1 2 ] .

H u m a n H e a l t h E f f e c t s - p - d i c h 1 o r o b e n z e n e causes i r r i t a t i o n to
the eyes , no s e a n d t T F T r o a t . E x p o s u r e m a y r e s u l t in h e a d a c h e ,
s w e l l i n g of the eyes and r u n n i n g nose. P r o l o n g e d o v e r e x p o s u r e
m a y cause w e i g h t loss , loss of a p p e t i t e , n a u s e a , v o m i t i n g ,
a n o r e x i a , and l i v e r d a m a g e w i t h j a u n d i c e . C l i n i c a l cases h a v e
been cited in l i t e r a t u r e where persons who experienced prolonged
exposure developed these symptoms, but the level of exposure was QQ
not i nd i ca t ed [ 4 , 6 ] .

1 , 2 , 4 Trichlorobenzene s ln
^

E f f e c t s in E x p e r i m e n t a l A n i m a l s - As w i t h the mono and d ich lo ro - 0
benzenes , a n i m a l s t u d i e s w i t h 1 , 2 , 4 - t r i c h 1 o r o b e n z e n e h a v e pro- Q
d u c e d l i v e r and k i d n e y d a m a g e . A d v e r s e e f f e c t s w e r e seen in
acute and subacu te i n h a l a t i o n s tud ies where a n i m a l s were exposed
to 1 , 2 , 3 / 1 , 2 , 4 t r i c h i o r o b e n z e n e ( 8 % / 9 2 % w e i g h t / w e i g h t ) . It was
d e t e r m i n e d f r o m the s tudy tha t the ta rge t organs f r o m n o n l e t h a l
e x p o s u r e s of ca t s , dogs , r a t s , r a b b i t s and g u i n e a p ig s i n c l u d e d
the l i v e r , k i d n e y , g a n g l i o n ce l l s at a l l b r a i n l eve l s , and mucous
m e m b r a n e s [ 4 , p. 4 0 0 ] . S l i g h t a d v e r s e e f f e c t s w e r e seen in r a t
i n h a l a t i o n s tudies where a n i m a l s were exposed to l eve l s r a n g i n g
f r o m 0 to 100 ppm. In one e x p e r i m e n t , 20 m a l e r a t s , 4 r a b b i t s
and 2 m a l e dogs w e r e exposed f o r 7 h o u r s / d a y , 5 d a y s / w e e k f o r 6
w e e k s to 30 ppm or 100 ppm of 1 , 2 , 4 - t r i c h 1 o r o b e n z e n e , ( 9 8 . 4 %
p u r i t y , 1 . 4 % 1 , 2 , 3 - t r i c h i o r o b e n z e n e . A d v e r s e e f f e c t s w e r e not
seen at 30 ppm except f o r e l e v a t i o n s in u r i n a r y u r o p o r p h y r i n and
c o p r o p o r p h y r i n in r a t s o n l y a t 15 and 30 e x p o s u r e days . In
another s tudy p e r f o r m e d w i t h 9 9 . 0 7 % pu re 1 ,2 ,4 tr ichi orobenzene ,
r a t s , r a b b i t s and m o n k e y s w e r e exposed at 0, 25, 50 and 100 ppm
f o r 7 h o u r s / d a y , 5 days/week f o r 26 weeks . Mic roscop ic l i v e r and
k i d n e y c h a n g e s w e r e o b s e r v e d o n l y in the r a t g r o u p s . R a t s
a p p e a r e d to be m o r e s u s c e p t i b l e to 1 , 2 , 4 - T C B t h a n o t h e r spec ies
in which sys temic damages were not found [4 , p. 401].

H u m a n H e a l t h E f f e c t s - 1 , 2 , 4 T r i c h l o r o b e n z e n e is i r r i t a t i n g to
the eyes and r e s p i r a t o r y t r a c t and can c a u s e d e r m a l i r r i t a t i o n .
I r r i t a t i o n f r o m i n d u s t r i a l exposures has o c c u r r e d at l eve ls as
low as 5 ppm ( 4 ) . Contact w i t h the l i qu id can cause bu rns to the
eyes and s k i n . P r o l o n g e d o v e r e x p o s u r e s m a y r e s u l t in d a m a g e to
[ 4 , p. 401 ] l i v e r , k i d n e y s and l ungs . V e r y l i m i t e d d a t a is
a v a i l a b l e on the h u m a n h e a l t h e f f e c t s or potent ia l e f f ec t s f r o m
1, 2, 4 TCB a n d 1, 2, 3 TCB.



C H L O R O P H E N O L S

The d e g r a d a t i o n of he rb i c ides 2,4-dichl orophenoxyacet ic acid and
2 ,4 ,5 - t r i ch io rophenoxyace t i c acid to chlorophenol isomers is an
i m p o r t a n t s o u r c e o f h u m a n e x p o s u r e to these c o m p o u n d s in the
e n v i r o n m e n t . Other sources of exposure are (1) f rom c h l o r i n a t i o n
of phenols present in n a t u r a l wate r and in e f f l u e n t s f r o m waste
t r e a t m e n t p l a n t s , ( 2 ) d i r e c t a d d i t i o n o f c h e m i c a l s f r o m
i n d u s t r i a l sources, ( 3 ) wet and d r y a tmospher ic f a l l o u t .

2 - C h 1 o r o p h e n o 1 is used as a s t a r t i n g m a t e r i a l f o r h i g h e r
ch lo ropheno l isomers. Synthesis of he rb ic ides 2,4-D and 2,4,5-T
i n v o l v e 2 , 4 - d i c h 1 o r o p h e n o 1 a n d 2, 4 , 5 - t r i c h 1 o r o p h e n o 1 as
i n t e r m e d i a t e s . 2, 4, 5-tr i ch i o ropheno 1 and 2, 4, 6-tr ich lorophenol
and t h e i r s a l t s a re used a g e r m i c i d e s in the p r e s e r v a t i o n of
w o o d , l e a t h e r and o t h e r m a t e r i a l s . P e n t a c h i o r o p h e n o 1 has been
use for several decades as a wood p rese rva t ive and fungic ide . It
is u b i q u i t o u s in the e n v i r o n m e n t ; low levels have been detected ON
in sewer w a t e r , m u n i c i p a l wate r supp l i e s , human food s t u f f s , and -̂-
in b l o o d , u r i n e and f a t of no nocc upa ti o n a l 1 y exposed pe r sons ,/.
[10] . ' ^

G e n e r a l l y , the t o x i c i t y of ch lo repheno1s to h ighe r o rgan i sms is O
g r e a t e r as t h e d e g r e e o f c h l o r i n a t i o n of the i s o m e r i nc reases . 0
H o w e v e r , t h e r e a r e e x c e p t i o n s ; based on LD 50 v a l u e s , 2 ,4 -
d i c h i o r o p h e n o 1 and t he t r i c h 1 o r o p h e n o l s ( 2 , 4 , 5 and 2 , 4 , 6 ) a r e
less toxic than 2-chl oropheno 1 , and 2 ,4 d i ch i ore pheno 1 is less
r e a d i l y absorbed t h r o u g h the sk in . Pentachlorophenol is the most
toxic of the ch lorophenol i somers .

I n f o r m a t i o n on e f f e c t of long te rm exposures and c h r o n i c t ox ic i ty
in h u m a n s of ch lo ropheno l compounds has not been documented . The
e x t r e m e l y po isonous compound 2, 3, 7,8-te t rachio rod ibenzo-p-d iox in
is a k n o w n i m p u r i t y i n t e c h n i c a l g r a d e f o r m u l a t i o n s o f
c h i o r o p h e n o l s , and m a y be r e s p o n s i b l e f o r r e p o r t e d i n d u s t r i a l
cases of c h l o r a c n e .

Of the compounds under d i s cus s ion , 2-chl oro phenol', 2, 4 -d ich loro-
p h e n o l , 4 c h l o r o - 3 m e t h y l p h e n o l and p e n t a c h i o r o p h e n o l a r e not
k n o w n to be c a r c i n o g e n i c in h u m a n s o r in l a b o r a t o r y a n i m a l s .
R e s u l t s of a c a r c i n o g e n b i o a s s a y , c o m p l e t e d u n d e r the N a t i o n a l
I n s t i t u t e f o r C a n c e r t e s t i n g p r o g r a m , h a v e i d e n t i f i e d 2 , 4 , 6 -
tr ich io rophenol as a pos i t i ve a n i m a l ca rc inogen in mice and ra ts
[ 7 J . Some p o s i t i v e r e s u l t s f r o m m u t a g e n i c i t y tests h a v e been
r e p o r t e d f o r t w o i s o m e r s , 2 - c h 1 o r o p h e n o 1 a n d 2 , 4 , 6 -
tr i c h l o r o p h e n o l [7 ] .

2 -Ch lo ropheno l and 2 ,4 -Dich loropheno1

H u m a n H e a l t h E f f e c t s - M o n o and d ic hi o ro pheno 1 s w i l l b u r n the
s " k T n i n d e y e s . These compounds can be absorbed t h r o u g h the sk in
- 2 - c h 1 o r o p h e n o 1 is r e a d i l y a b s o r b e d t h r o u g h the s k i n , w h e r e a s



1, 4 - d i c h l o r o p h e n o 1 is less r e a d i l y absorbed. Symptoms of acute
poisoning f r o m 2 -4 -d ich lo ropheno l inc lude t remors , convu l s ions ,
shortness of b r ea th and i n h i b i t i o n of the r e s p i r a t o r y system.

Data on the absorp t ion , d i s t r i b u t i o n , m e t a b o l i s m and e l i m i n a t i o n
i n h u m a n s of these c o m p o u n d s is no t a v a i l a b l e . Low l e v e l or
c h r o n i c e f f e c t s f r o m h u m a n e x p o s u r e to 2 - c h 1 o r o p h e n o l has not
been documen ted . One s tudy suggested adverse e f f e c t s in humans
f r o m exposure to 2,4-dichlorophenol. Chemica l w o r k e r s i n v o l v e d
i n t h e m a n u f a c t u r e o f 2, 4 - d i c h 1 o r o ph e no 1 a n d 2 , 4 , 5 -
t r i c h l o r o p h e n o l developed ch loracne and porphyr ia . Worke r s were
exposed to several other c h e m i c a l s , i n c l u d i n g possible exposure
to t e t r a c h i o r o d i b e n z o - p - d i o x i n [10, p. l i9 ;13] , so t h a t i t is
u n c e r t a i n how m u c h 2 ,4 -d i ch io ropheno1 c o n t r i b u t e d to these toxic
e f f e c t s .

E f f e c t s in E x p e r i m e n t a l A n i m a l s - Based on a v a i l a b l e a n i m a l
tox ici ty d a t a f o r o r a l L E T 50 v a l u e s , lower ch lo ropheno l s can be
c o n s i d e r e d of l o w to m o d e r a t e t o x i c i t y . LD 50 v a l u e s f o r 2 , 4 - o
d ic h i o r o p h e n o 1 v i a t h e o r a l in t r a p e r i t o n e a 1 , and s u b c u t a n e o u s QQ
r o u t e s of a d m i n i s t r a t i o n r a n g e d f r o m 4 3 0 to 1^730 mg/kg in o n e .-
s t u d y [10, p. 6 7 ] . For 2-ch 1 o ro p h e n o 1 , t h e m e d i a n l e t h a l doses
r a n g e f r o m 100 to 800 mg/kg body we igh t [10, p. 67] . tc\
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A n i m a l s t u d i e s h a v e i n d i c a t e d t h a t 2 - c h l o r o p h e n o 1 is e x c r e t e d 0
p r i m a r i l y i n the u r i n e in b o t h f r e e and c o n j u g a t e d f o r m s . The
a b i l i t y of 2 - c h 1 o r o p h e n o 1 and 2 , 4 - d i c h i o r o p h e n o l to i n h i b i t
o x i d a t i v e p h o s p h o r y l a t i o n in v i t r o tests has been suggested as a
m e c h a n i s m of toxic ac t ion [10, p. 117;14]. Le tha l dosages of 2-
c h l o r o p h e n o l a d m i n i s t e r e d to r a t s v i a s u b c u t a n e o u s ,
i n t r a p e r i t o n e a l and o r a l rou tes , produced rest lessness, increased
r e s p i r a t i o n , mo to r weakness , t r e m o r s , c o n v u l s i o n s , d y s p n e a , coma
and dea th . P a t h o l o g i c a l changes caused by l e t h a l c o n c e n t r a t i o n s
w e r e k i d n e y and l i v e r d a m a g e , and h e m o r r h a g i n g in the i n t e s t i n e .

2 - 4 - d i c h i o r o p h e n o 1 is m o d e r a t e l y t o x i c to a n i m a l s . M a l e m i c e
r e c e i v i n g a d a i l y dose of 230 m g / k g f-or 6 m o n t h s s h o w e d no
a d v e r s e c h a n g e s i n b e h a v i o r , g r o w t h r a t e , o r b lood g l u t a m i c
o x a l a c e t a t e and g l u t a m i c or p y r u v a t e t r a n s a m i n a s e l eve l s ; m i n o r
h i s t o p a t h o l o g i c a l changes were found in the l i v e r .

2, 4 , 6 - T r i c h l o r o p h e n o l

T r i c h i o r o p h e n o l s g e n e r a l l y a r e c o n s i d e r e d to be m i l d l y t o x i c ,
w i t h 2 ,4 ,5- and 2 ,4 ,6- t r i ch lo ropheno l a p p e a r i n g to be least tox ic
of the h i g h e r ch lo ropheno1s (o ra l LD 50 v a l u e s as h i g h as 3 g/kg
of body w e i g h t in ra ts have been r e p o r t e d ) .

H u m a n H e a l t h E f f e c t s - C o n t a c t m a y cause m o d e r a t e s k i n
i r r i t a t i o n , eye i r r i ta t i o n and p o s s i b l e c o r n e a l i n j u r y . D u s t s
m a y be v e r y i r r i t a t i n g to the nose and throat .

D o c u m e n t e d cases of h u m a n t o x i c i t y d u e to t r i c h 1 o r o p h e n o l or
t e t r a c h 1 o r o p h e n o 1 e x p o s u r e h a v e n o t been r e p o r t e d . Cases of
a e n e f o r m d e r m a t i t i s f r o m c o n t i n u o u s d a i l y e x p o s u r e to



t r i c h 1 o r o p h e n o 1 and t e t r a c h i o r o p h e n o 1 f o r m u l a t i o n s h a v e been
r e p o r t e d . It has been s u g g e s t e d t h a t the i m p u r i t y 2 ,3 ,7 ,8 -
t e t r ach io rod ibenzo -p -d iox in , m a y have been invo lved in causing
ch lo racne , present in technical grade 2 ,4 ,5 - t r i ch lo rophenol may
have been i nvo lved in causing ch loracne among i n d u s t r i a l w o r k e r s
i n r e p o r t e d c a se s [10 , p. 2 0 3 ] . In m a n y r e p o r t e d c a s e s ,
e m p l o y e e s w e r e exposed to a v a r i e t y of c o m p o u n d s , and s y m p t o m s
o f t e n cannot be a t t r i b u t e d to a spec i f ic chlorophenol compound.

2 , 4 , 6 - T r i c h l o r o p h e n o l is not r e a d i l y absorbed through the skin .
This conclus ion has been based on an imal studies which ind ica ted
tha t 2 , 4 , 5 and 2,4,6-tr ichi orophenol did not penetra te r a b b i t or
g u i n e a pig sk in . It has been concluded also f r o m an ima l s tudies
t h a t t h e s e c o m p o u n d s a r e a b s o r b e d r e a d i l y f r o m t h e
g a s t r o i n t e s t i n a l tract. I n f o r m a t i o n on rates of absorpt ion f r o m
these c o m p o u n d s in h u m a n s and a n i m a l s is no t a v a i l a b l e . 2 , 4 , 5
and 2, 4, 6-tr ic h 1 o ro pheno l a n d some te t r ac h 1 o ro phe no 1 s a r e
e x c r e t e d p r i m a r i l y in the u r i n e . In a n i m a l s t u d i e s , c o m p o u n d s
h a v e been e x c r e t e d in the f r e e f o r m s and as c o n j u g a t e s of <—
s u l f u r i c and g l u c u r o n i c a c i d s [10, p. 199]. I n f o r m a t i o n on the QQ
t r a n s p o r t , d i s t r i b u t i o n , m e t a b o l i s m , and e l i m i n a t i o n o f h i g h e r .p,
c h 1 o r o p h e n o 1 s in h u m a n s and a n i m a l s is not a v a i l a b l e o r no t
conclusive.

0

Effects____i_n____Experimental___Animals - Tr ichi orophenol s and 0
t e t r a c h l o r o p h e n o l s h a v e t h e a b i l i t y t o u n c o u p l e o x i d a t i v e
p h o s p h o r y l a t i o n , w h i c h may c o n t r i b u t e to the i r toxic a c t i o n , or
m a y be t he p r i m a r y m e c h a n i s m in e x p e r i m e n t a l a n i m a l s [10, p.
2 0 0 ] . 2 , 4 , 6 - t r i c h 1 o ro p h e n o 1 i n h i b i t s the e n z y m e s l a c t a t e
dehydrogenase and hexok inase in in v i t r o systems [10, p. 201] .

A c u t e Tox i c i ty - In a s t u d y d o n e by F a r q u h a r s o n , G a g e , and
N o r t h o v e r (1958) , in w h i c h ra ts were a d m i n i s t e r e d l e t ho l doses of
t w e l v e c h l o r o p h e n o l i s o m e r s , i t w a s f o u n d t h a t 2 , 4 , 6 -
t r i c h i o r o p h e n o l has a c o n v u l s i v e act ion in exper imen ta l a n i m a l s .
L e t h a l d o s e s a d m i n i s t e r e d to e x p e r i m e n t a l r a t s p r o d u c e d
i n t e r m i t t a n t c o n v u l s i o n s , f o l l o w e d by loss of r i g h t i n g r e f l e x ,
d y s p n e a , c o m a and d e a t h . For o t h e r c o m p o u n d s i n c l u d i n g 2 , 4 , 5 -
t r i c h i o r o p h e n o l and 2, 3 , 4 , 6 - t e t r a c h i o r o p h e n o l ' , s y m p t o m s o f
poisoning d id not i n c l u d e th is c o n v u l s i v e ac t ion [10, p. 201;15].

I n j e c t i o n s of 2 ,3 ,4 ,6- te t r ach io rophenol produced a m a r k e d r i se in
t e m p e r a t u r e , w h e r e a s 2 , 4 , 6 - t r i c h i o r o p h e n o 1 caused o n l y a s l i g h t
e l e v a t i o n in t empera tu re . Other e f f e c t s of poisoning w h i c h were
n o t e d in the a n i m a l s w e r e c h r o m e d a c r y o r r h e a , l a c r i m a t i o n ,
s a l i v a t i o n , and d i a r r h e a [10, p. 202 ;15 ] .

C h r o n i c T o x i c i t y - In a c h r o n i c feeding study where r a t s w e r e
ma in ta ined on d i e t s w i t h d a i l y i n t a k e s of 10, 30, 100, 300 or
1000 mg/kg of 2 , 4 , 5 - t r i c h i o r o p h e n o 1 , no adverse e f f e c t s were seen
in doses up to 100 m g / k g . M i n o r m i c r o s c o p i c d a m a g e in t he
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k i d n e y s o r l i v e r w e r e seen in r a t s r e c e i v i n g 3 0 0 m g / k g or 1000
mg/g. When rabb i t s were fed 20 o r a l doses by i n t u b a t i o n in a 29
d a y p e r i o d , v e r y s l i g h t k i d n e y c h a n g e s w e r e seen at 100 m g / k g ,
and v e r y s l i g h t k i d n e y and l i v e r changes were seen a t doses of
500 m g / k g [10, p. 202.-16] .

Ca r c i nog e n i c i ty - 2 ,4 ,5- and 2, 4, 6-tr ichi orophenol are not known
to be c a r c i n o g e n i c in a n i m a l s or humans . 2 ,4 ,5 - t r i ch io ropheno l
has p r o d u c e d b e n i g n and m a l i g n a n t t u m o r s in m i c e w h e n used w i t h
an i n i t i a t o r , d i m e t h y l b e n z a n t h r a c e n e . The c o m p o u n d does not
appear to be tumoragenic in the absence of the i n i t i a t o r . 2,4,6-
t r i c h l o r o p h e n o l has not been tumoragen ic in tests.

T e r a t o g e n i c i ty - I n f o r m a t i o n on r e p r o d u c t i v e e f f e c t s of 2 , 4 , 6 -
tr ichio rophenol is not ava i l ab le .

Pentachlore phenol

Pen t ach i o ro pheno 1 is a c o m p o u n d w h i c h has been used f o r m a n y /\j
y e a r s p r i m a r i l y as a wood p r e s e r v a t i v e . The acu t e t o x i c i t y of -y.
t h i s c o m p o u n d is v e r y h i g h . C o m m e r c i a l l y p r o d u c e d
p e n t a c h i o r o p h e n o 1 may be c o n t a m i n a t e d w i t h d i o x i n compounds w h i c h Lr\

a r e m o r e toxic than pentachi o r o p h e n o l . [6, Pen t ach lo ropheno 1 ]. tr\

0
E^_£^^_t_s_^J^_EJ<_p^j^J_m^e^^j__A_n_i_ma^J_s - T h e acu ' t e t o x i c i t y of o
p e n t a c h i o r o p h e n o 1 is h i g h ( o r a l LD 50 f o r r a t s , 50 m g / k g ; o r a l LD
50 fo r r a b b i t s 70 mg/kg ; o r a l LD 50 f o r hamsters , 168 m g / k g ) .

C h r o n i c e f f e c t s f r o m c o n t i n u o u s e x p o s u r e to l o w doses h a v e n o t
been c l e a r l y demons t r a t ed in e x p e r i m e n t a l an ima l s . Subchron ic
and chron ic feed ing s tud ies h a v e been done in several m a m m a l i a n
species. In a 90 day f e e d i n g s tudy w i t h two g roups of m a l e r a t s
f e d p u r e p e n t a c h 1 o r o p h e n o 1 ( c o n t a i n i n g l o w l e v e l s o f
c h 1 o r o d i b e n z o - p - d i o x i n c o n t a m i n a n t s ) a n d t e c h n i c a l g r a d e
p e n t a c h i o r o p h e n o l ( c o n t a i n i n g r e l a t i v e l y h i g h l eve l s of these
c o n t a m i n a n t s ) at doses e q u i v a l e n t to a p p r o x i m a t e l y 50 mg/kg body
w e i g h t per d a y , p a t h o l o g i c c h a n g e s in the l i v e r w e r e seen w h e n
e x a m i n e d m i c r o s c o p i c a l l y [10, p. 389; 21]. A dose r e l a t e d
decrease in c a l c i u m deposits in the k idneys of rat's g i v e n d i e t a r y
doses of pen t a c h i o r o p h e n o l a t 25 , 50 and 200 m g / k g b o d y w e i g h t
f o r 12 w e e k s . [10, p. 391; 2 2 ] .

The compound has been shown to cause adverse r e p r o d u c t i v e e f f e c t s
in r a t s (See "Tera togen ici ty") .

H u m a n H e a l t h E f f e c t s - P e n t a c h i o r o p h e n o l is a h i g h l y t o x i c
c o m p o u n d w h i c h i s r e a d f l y a b s o r b e d t h r o u g h the s k i n . A c u t e
s y s t e m i c t o x i c i t y in h u m a n s can occur f o l l o w i n g a b s o r p t i o n
t h r o u g h the r e s p i r a t o r y t r ac t , gas t ro in te s t ina l t ract and sk in .
This compound is r a p i d l y absorbed through the gas t ro in tes t ina l
t r a c t f o l l o w i n g i n g e s t i o n . In ca ses o f s e v e r e or f a t a l
p o i s o n i n g s , s y m p t o m s i n c l u d e loss of a p p e t i t e , r e s p i r a t o r y
d i f f i c u l t i e s , a n a s t h e s i a , h y p e r p y r e x ia , s w e a t i n g , d y s p n e a and
r a p i d l y p rog re s s ive coma. M a n y c a se s ' o f h u m a n i n t o x i c a t i o n h a v e
b e e n r e p o r t e d , m o s t of w h i c h i n v o l v e d d i r e c t a b s o r p t i o n o f
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p e n t a c h i o r o p h e n n 1 or its sodium sa l t t h r o u g h the sk in . Cases of
p e n t a c h i o r o p h e n o l p o i s o n i n g w h i c h r e s u l t e d p r i m a r i l y f r o m
i n h a l a t i o n of vapors or dusts h a v e been reported as w e l l . Acute
poisoning f rom pen tach lo ropheno l centers in the c i r c u l a t o r y sys-
t e m and is a c c o m p a n i e d by h e a r t f a i l u r e . [ 4 , p. 198]. The
p h y s i o l o g i c i n j u r y w h i c h r e s u l t s f r o m p o i s o n i n g is m a i n l y
v a s c u l a r . Pen tach lo ropheno l dust and mi s t cause i r r i t a t i o n of
the eyes and uppe r r e s p i r a t o r y t r a c t ; a b s o r p t i o n r e s u l t s in an
i n c r e a s e in m e t a b o l i c r a t e and h y p e r p y r e x i a ; p r o l o n g e d s k i n
exposure causes an a c n e f o r m d e r m a t i t i s . Human exposure to dus t or
mis t concen t r a t i ons g r e a t e r than 1 m g / M 3 causes pain in the nose
and t h r o a t , and v i o l e n t s n e e z i n g and c o u g h ; 0 . 3 M g / M 3 m a y cause
s o m e nose i r r i t a t i o n . P e r s o n s w h o w o r k r o u t i n e l y w i t h
p e n t a c h 1 o r p h e n o 1 m a y h a v e some t o l e r a n c e to these r e s p i r a t o r y
e f f e c t s , and m a y t o l e r a t e a i r b o r n e c o n c e n t r a t i o n s up to 2 . 4
m g / m ^ . S y s t e m i c i n t o x i c a t i o n is c u m u l a t i v e and has been f a t a l .
I n t o x i c a t i o n is c h a r a c t e r i z e d by weakness a n o r e x i a , w e i g h t loss,
and p r o f u s e s w e a t i n g ; t h e r e a l s o m a y be h e a d a c h e , d i z z i n e s s ,
n a u s e a , v o m i t i n g , d y s p n e a , and chest p a i n . In f a t a l cases , the 1̂ \
b o d y t e m p e r a t u e is f r e q u e n t l y e x t r e m e l y h i g h and d e a t h has QQ
occur red as e a r l y as 3 h o u r s a f t e r the onset of symptoms. Other ^
e f f e c t s w h i c h m a y r e s u l t f r o m r e p e a t e d exposure to pen t a -
c h l o r o p h e n o l a r e a c n e f o r m d e r m a t i t i s , b r o n c h i t i s , and l i v e r
damage . [6, P e n t a c h l o r o p h e n o l ] .

m

0
0

M i n i m u m l e t h a l c o n c e n t r a t i o n s f o r pen tach lo ropheno l in a i r h a v e
n o t b e e n d e f i n e d . The t h r e s h o l d l i m i t v a l u e , w h i c h is based on
an 8 h o u r t i m e w e i g h t e d a v e r a g e e x p o s u r e is 0.5 m g / m 3 [ 4 ] . The
r i s k o f i n t o x i c a t i o n v i a i n h a l a t i o n is g r e a t e r d u r i n g ho t
w e a t h e r ; a l t h o u g h the v a p o r p r e s s u r e o f PCP is l o w ( . 0 0 0 1 1 to
0.12 m m H g a t 2C?C to 100°C) t o x i c l e v e l s o f v a p o r c a n b u i l d up in
hot , enclosed areas.

The e x a c t d o s a g e w h i c h p r o d u c e s i l l n e s s in h u m a n s is no t k n o w n .
An o r a l l e tha l dose in h u m a n s of 29 mg/kg has been repor ted [10,
p. 239] . Symptoms of po isoning occur at concen t ra t ions of 40 to
80 m g / l i t e r in the b lood . In f a t a l cases , b lood l e v e l s h a v e
r a n g e d f r o m 4 6 to 156 m g / l i t e r , and u r i n e l e v e l s f r o m 28 to 5 2 0
m g / l i t e r [10, p. 382] .

F o r a c u t e i n t o x i c a t i o n s , t h e u r i n e p e n t a c h l o r o p h e n o l
c o n c e n t r a t i o n is f r e q u e n t l y h i g h e r t h a n t h e b l o o d l e v e l . In
h u m a n s a n d a n i m a l s , p e n t a c h l o r o p h e n o l is e x c r e t e d p r i m a r i l y
t h r o u g h the u r i n e . One s t u d y s u g g e s t e d a r a t i o of 1.5 to 2.5 of
p e n t a c h l o r o p h e n o l in b l o o d to p e n t a c h l o r o p h e n o l in u r i n e in
h u m a n s [10, p. 3 6 9 ; 1 7 ] . I n i t i a l u r i n a r y e l i m i n a t i o n f o l l o w i n g
e x p o s u r e to p e n t a c h l o r o p h e n o l m a y be r a p i d , bu t r e t u r n to
b a c k g r o u n d l eve l s m a y take a m o n t h or longer . A p p r o x i m a t e l y 50%
of the body load is exc re ted in the u r i n e in 2 4 hours , and 7 0 % to
8 0 % is e x c r e t e d in f o u r d a y s [10, p. 237 ;18] . R e n a l c o m p e t a n c y ,
t h a t i s , t h e c a p a c i t y o f t h e r e n a l s y s t e m to h a n d l e t he
p e n t a c h i o r p h e n o l l o a d , a p p e a r s to be a f a c t o r in the e x t e n t of
i n d i v i d u a l s u s c e p t i b i l i t y to pen tach lorophenol po isoning [10, p.
2 3 9 ] .

1 2



L o n g t e r m c h r o n i c e f f e c t s f r o m e x p o s u r e to l o w l e v e l s of
pen tactile ro phenol have not been seen in humans. Low background
l e v e l s o f P C P h a v e b e e n f o u n d in the b l o o d and u r i n e o f
o c c u p a t i o n a l 1 y and n o n - o c c u p a t i o n a 1 1 y exposed pe r sons , b u t
c h r o n i c e f f e c t s f r o m these l e v e l s h a v e no t been r e p o r t e d . A
r e v e r s i b l e e f f e c t on the k i d n e y has been seen, where PCP exposure
c a u s e d a d e c r e a s e d c r e a t i n i n e c l e a r a n c e and p h o s p h o r o u s
r e a b s o r p t i o n in the k i d n e y . These e f f e c t s w e r e seen in w o r k e r s
c h r o n i c a l l y exposed to PCP in the wood t r ea tmen t i ndus t ry . Wood
t r e a t e r s w e r e tes ted b e f o r e , d u r i n g , and a f t e r v a c a t i o n , and
s i g n i f i c a n t d i f f e r e n c e s were seen in blood and u r i n e phosphorous
l e v e l s and in c r e a t i n i n e c l ea r ance [10, p. 400:19]. In one study
i t was f o u n d t h a t w o r k e r s c o n t i n u o u s l y exposed to PCP had
e l e v a t e d l e v e l s o f g a m m a - m o b i l i t y C - r e a c t i v e p r o t e i n in the
s e r u m . E l e v a t e d C- r eac t i ve p r o t e i n l e v e l s a re associated w i t h
i n f l a m m a t o r y d i s o r d e r s and t i s s u e d a m a g e , and it was i n f e r r e d
t h a t P C P e x p o s u r e m a y p r o d u c e i n f l a m m a t i o n o r t i s sue o r d a m a g e
[10, p. 4 0 1 ; 2 0 ] .

«=^
C a r c i n o g e n i c i t y - No ev idence exists tha t pen t ach io ropheno l is 00
c a r c i n o g e n i c in h u m a n s and a n i m a l s . ^ ^

t̂ >

0
T e r a t o g e n i c i ty - This compound does not appear to be t e r a togen ic
in ra t s . H o w e v e r , e m b r y o t o x i c and f e t o t o x i c e f f e c t s h a v e b e e n
obse rved in e x p e r i m e n t s w i t h ra ts . D e v e l o p m e n t a l e f f e c t s were O
observed when h i g h doses of p e n t a c h i o r o p h e n o l were a d m i n i s t e r e d
to m a t e r n a l r a t s , w h i c h c o u l d h a v e b e e n d u e to d i r e c t t o x i c
e f f e c t on the m a t e r n a l r a t , as p l acen ta l t r a n s f e r of the compound
is m i n i m a l [10, p. 4 0 9 ; 2 3 ] .

M u t a g e n i c i t y - Some p o s i t i v e r e s u l t s h a v e been r e p o r t e d f r o m
m u t a g e n i c i t y test ing of pen t ach io ropheno l [ 7 ] .

T O L U E N E

Human^ H e a l t h E f f e c t s - R o u t e s of e x p o s u r e - T o l u e n e can e f f e c t
the b o d y i f i t is i n h a l e d , i f i t comes i n ' c o n t a c t w i t h the eyes
or s k i n , or i f i t is s w a l l o w e d . It m a y e n t e r the b o d y t h r o u g h
the sk in . Shor t t e rm exposure - To luene m a y cause i r r i t a t i o n of
the eyes , r e s p i r a t o r y t r a c t , and s k i n . It m a y a l so cause
d r o w s i n e s s . P e c u l i a r s k i n s e n s a t i o n m a y be p r o d u c e d such as a
"pins and need les" f e e l i n g or numbness . Ve ry h i g h c o n c e n t r a t i o n s
m a y cause unconsc iousness and d e a t h . The l i q u i d splashed in the
eye m a y cause i r r i t a t i o n and t e m p o r a r y damage. Long term exposure
- R e p e a t e d or p r o l o n g e d e x p o s u r e to l i q u i d t o l u e n e m a y c a u s e
d r y i n g and c r a c k i n g o f the s k i n . T o l u e n e v a p o r s c ause n a r c o s i s .
C o n t r o l l e d exposure of h u m a n subjec ts to 200 ppm fo r 8 h o u r s pro-
duced m i l d f a t i g u e , weakness , c o n f u s i o n , l a c r i m a t i o n , and pares-
thes i a ; at 600 ppb fo r 8 hou r s the re was also e u p h o r i a , h e a d a c h e ,
d i z z i n e s s , d i l a t e d p u p i l s and n a u s e a ; at 800 ppm f o r 8 h o u r s ,
s y m p t o m s w e r e m o r e p r o n o u n c e d , and a f t e r e f f e c t s i n c l u d e d
n e r v o u s n e s s , m u s c u l a r f a t i g u e , and i n s o m n i a p e r s i s t i n g f o r
seve ra l days [6, T o l u e n e ] .
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SECTION VI

TABLE I

Permissab le Exposure L i m i t s for Occupat iona l
Exposure to A i r b o r n e Con taminan t s

Ver tac Si te , Jacksonvi l l e , Arkansas

r~-
00
in
r^
o
o



Per.-.l:.'.J?: ' Eyo" :,•.;"•• L'.-.lls for CCCUI.T. :^r3'. E.ync:-.-.:-": I:' ;:-.-'3.-n": Co-.:3.-.i": ;:1'.^

————-.—————————————-————:———L———— '1——^———————————

;?, ' .-?)

- ? , > , - : - 7 1

2 - (;. l, S-T.-l s'.ls.-ophsncxy)
?ro?ic.-.lc i;l(i

2,;,7,S-T':rac.ilc.-c<;l!)—i70 —p-iloxl.n

;-Ch:orophenol

t-Chloro-3 eithyl phenol

2,'.-51chloro?her,3l

;,'.,{-T.-lchl=^=;^:•.".^:

?;.'',;i:!-.ior3phen5;

•.:^l^; • D.--.-,

?^'

-

-

-

-

-

-

-

~

••-'- 1 • - • • '

- -. ; 5)
1:;.';:-

•iC

1 C

-

-

-

-

-

-

f Q 1
C.5 (skln'- ' l

7'..

-

-

-

-

-

-

-

'

;- - : . - • '? ' .......

. \ ̂  i

\"^i".-\'

' *.

'•Q

-

-

-

-

-

. - r

0.5 (skin)

»'.
? ;;';

-

-

-

-

-

-

-

-

-

: : - ' •• ^ ^

^ f

'•f
1 ->

-

-

-

-

-

-

h;;C---i;:.--

?:-::

^

•:: •:• ;

0 0 5 5 8 8



P e r m l s s a b l e E x p o s u r e L i m i t s ror O c c u p a t i o n a l exposu res to A i r b o r n e Conta . - i lnan t s ( c o n t ' d . )

H I O S H 1 3 1

Recom.Ticr.deC!
A l l o u a C . l e L e v e l :OSHA P e m l s s a b l e L i m i t s A C C I H 1 2 1 TMrcsho lc ; L i n i t V a l u e sri-"n'r.''l Crcur'. < Co-ncnunCi

l ,3-D'.:r.loro^e'::e'-.e

1 , t -S :chloro t ;e - i ;ene

1 ,2 -S lch loro£en :ene

1,2, ' .-Trlchlo. '-o5cn2ene

1 ,2 ,3 -Tr lch lo rc tenzene

H e x a c h l o r o b e n z e n e

Chlorobenzene

•?1 '•• 2-Chloroanlsole

Z.'i-DlchloroaJilsole

i-Chloroainlsole

Toluene

TV:A
PPM 1 ' " 1 MC/M 3

-

75

C 1 9 1 50

-

-

-

75

-

-

-

200
300 (Acces lab le Cel l ing Concent ra t lo ' i )

500 ( A c c e p t a b l e Maximuro peak above the
accep tab le ce l l ing concen t ra t ions )

-

'.50

C 300

-

'

-

350

-

-

-

r^
F ^ ' ; .•'G/!'1

-

75

C 50

5

-

-

75

-

-

100 ( s k i n )

-

'.50

C 3GO

'.O

-

-

350

-

-

-

375

STE--1 ' ' ,
PF'-l ••'•:•/•/

- •

110

-

-

-

-

-

-

-

-

150

-

675

-

-

-

-

-

-

-

-

560

•»
PF"' "C'"'

-

-

•-

-

—

—

-

-

-

-

100
C 200 (10 Binu te ; )

-

-

—

-

-

-

—

'

-

-

0
*.»

^A
0
t̂ >
s?
CJ
^

0 0 5 5 8 9



TABLE I

NOTES

L . OSHA - Occupational Safety and Health Administration, Gene.r-a.1
Industry Standards, 29CFR 1 9 1 0 . 1 0 0 0 (a) Table Z-l, and Z -
2.

2 . ACGIH - Amer i can Conference of G o v e r n m e n t a l Indus t r ia l
Hygienists, Threshold Limit Values for Chemical Substances
and Phys ica l Agents in the W o r k Env i ronment w i th intended
Changes for 1 9 8 3 - 8 4 .

3. N I O S H - N a t i o n a l I n s t i t u t e f o r O c c u p a t i o n a l S a f e t y a n d
H e a l t h , Recommended S t anda rd fo r To luene .

4 . P P M - Par t s of vapor of gas per m i l l i o n pa r t s of c o n t a m i n a t e d
a i r by v o l u m e at 25 C and 7 6 0 m m Hg pressure .

5. M G / M 3 - A p p r o x i m a t e m i l l i g r a m s of p a r t i c u l a t e s p e r cub ic f o o t
of a i r .

6. TWA - Time Wighted Ave rage : permissable exposure l imits are
8 - h o u r t ime weigh ' ted a v e r a g e l imi ts . An e m p l o y e e ' s
cumulat ive exposure for an entire 8-hour work shi f t of a 40-
hour w o r k week shall not exceed the 8-hour time w e i g h t e d
average limit. Excursions are permitted above the limit as
long as they are compensated by excursions below the limit,
and as long as the weighted average of the exposures for the
e n t i r e 8 -hou r pe r i od d o e s no t e x c e e d the l imit. The
e x c e p t i o n is where ceil ing v a l u e s are des i gna ted ( see no te
No. 9 ) .

7. STEL - Short Term Exposure Limit: The concentrat ion to which
w o r k e r s can be exposed cont inuously for a short per iod of
t ime w i t hou t su f fe r i ng f rom ( 1 ) i r r i ta t ion, (2) ch ron ic or
i r r e v e r s i b l e t issue damage, or ( 3 ) na r cos i s of s u f f i c i e n t
degree to inc rease the l ikel ihood of acc identa l in jury,
impair sel f - rescue or material ly reduce work ef f ic iency, and
p r o v i d e d that the dai ly T L V - T W A is not e x c e e d e d ( A C G I H ,
Threshold Limit Values, 1 9 8 3 - 8 4 ) .

3 . SKIN - this notation refers to the potential contribution to
the o v e r a l l e x p o s u r e by the cu taneous route which includes
eyes and mucous membranes, either by airborne exposure or by
direct contact with the substance.

9 . C- C e i l i n g L i m i t s : The l i m i t which concen t ra t ions should not
be p e r m i t t e d to exceed at a n y t i m e d u r i n g an 8 - h o u r w o r k
s h i f t . C e i l i n g l i m i t s are a p p l i e d to s u b s t a n c e s w h i c h a r e
f a s t a c t i n g , t h a t is t h e y p r o d u c e an i m m e d i a t e t o x i c
response , e .g . ex t reme i r r i t a t i o n .



SECTION VI

TABLE II

Warning Properties of Chemicals Under Evaluation

Vertac Site, Jacksonville, Arkansas
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COMPOUND

ODOR THRESHOLD ( p a r t s per m i l l i o n )

L E V E L

2, ' ' -D, lch ' iorophenoxyacet . ;c add N e g l i g a t l e vapor pressure

negl ig ib le vapor pressure

60
A I H A

2-<
50
50

AIKA
May
Patty

15-30
Patty

1,2 ,4-Tr lchlorobenzene
ACGIH

not avai lable

not available

Pentachlorophenol not available

Toluene 10-15 ppia (olfactory fa t igue occurs r ap id ly )
ANSI
Patty

0 0 3 5 9 2



COMPOUND EfE NOSE THROAT ODOR SOURCE

2, ' ' -Dlcr i lo rophenoxy-
ace t i c add

2 , l , 5 - T r l c h l o r c - -
pher .oi tyacei lc
add

Chlorober.zene

2-Dlchlorobenzene

fi-Dlchlorobenzene

1,2, ' i-Tflchloro-
beniene

2,'i-Dlchlorophenol

2,<,6-Trichlorophenol

Pentachlorophenol

Toluene

N e g l l g a b l e vapor pres-
sure , "arning propert . les
not pe r t inen t .

Kot known to be an eye
i r r i t a n t

eye I r r i t a n t

20-30

60-160

3-5

>1lB6/ffl"

300-400
100-500 .

•

0.3mg/D

IOO-5'OO

3-5

.

10O-5'OO

1

Odorless

Odorless

Sweet, almond odor

Pleasant odor

Dist inct Aromatic
(mothbal ls)

Medicinal odor

Strong phenolic odor

NIOS11 Occupa t iona l
H e a l t h Ccidel lne;
Chris

NIOf.n OecuFatic-.ii
H e a l t h CuiCell.'.s;
Chr i s

AIHA

Patty

ACGIH

Chris

SAX

ACCIH

r.rant

0
f.^

®̂^̂
3
^
^

0 0 3 5 9 3 .
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SECTION VI

SUMMARY OF TOXICITY 5ATA

COI-'PJU,';3

Z. ' . -Dlchloro-
phenuxvace t . l c
di- 1 LJ

•

0
1» •

0̂
J;*
<?
^
CO

TDLo TCLo LDLo

80 m f / k K

666m?/kg

1 P^mff / l /e

80Cms;/kR

'.OOlritt/kK

'.OOmc/kt;

666 mg/kf

;

'-^

370 mc/kR

1500mB/ka

3^^n?/ke

i O O n p / k K

'^OOniF/ka ;

'.69 ing/kg

500 ng/kg

5'.1 mg/kg

)75 mg/kE;

LCLo

.

^50 • EXPOSURE

O R A L

OSAL

S K I N

I N T R A P E R I T O N I A L

CSAL

:r<TRAP;:RI7; ; l ;AL

O R A L

OSn'-

SK:;;

I!1THAPESI7C";AL

I']T?AVt!;CUS

O R A L

I N T R A P E R I T C N I A L

O R A L

O R A L

CF.AL

EXFUSED

H U M A N

RAT

RAT

R A T

;-'3'J5::

[•'CUSE

OOG

R A E B I T

S A E 2 I T

R A B B I T

R A E E I T

G U I H E A PIG

G U I N E A PIG

HAMSTER

C l i I C K E N

;-'At-:MAL

00 J>

E X P O S U R E

11

'•> 96

EFFECTS

N A U S E A OR TOM:TIHG,
SCM!10',ENCE, COMA

GASTRITIS, SOHMO-
LE' iCE, FATTY L I V E R
D E G E N E R A T I O N

STIFF'iESS, CCt;A

A T A X I A , P R I M A R Y
IRP.ITATION

GASTRITIS, SCt-'iMC-
LENCE, FATTY L I V E R
D E G E N E R A T I C H

GASTRITIS , SOHMO-
LEIICE, FATTY L:';ER
) E G E N E R A T I O N

REFERENCE.

A R P A A O , o'.,207,72

FMCHA2-D, =8,10

W R P C A 2 Q , i i q , 7 0

TIHTAB 29,35,-7

A J V R A J !5 ,622, ;<<

T X A P A "23,26$,72

A E H L A U 7,202,53

A M F M A R 12 ,26 ,51

AFDOAO, 16,3 .52

J I H T A B 20,55,'•7

J I H T A B 23, =5.'•7

A J V R A H 15,622,5-

J IHTAB 29,85,'•7

T X A P A 9 '.3.A192.79

A J V R A H 15,622,5 '«

XIEAS 165,''65,69
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;CC ^/kr
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-CO rc/^..-

3c'5 -c/ks

^:C. r.-.,

381 T-iC/ks

'•2; ng''^2

3 1 0 T.c/V.ii

500 ns/ke

550 -.g/ki

650 ng/ke

650 !-?/k.;

?2500 .-:.-,/k5

1 1 ' . L;--y'r;g
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URAL

U^ ,̂

ORAL

OF.r.L

CRAL

ORAL

ORAL

CRAL

i

ORAL

ORAL

UNREPORTEO

ORAL

ORAL
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MOUSE

MOU.-iE

:-'OUSE

0 0 3 ' / ,

n

Q -7
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::C7 F.EFCP-E;

LE;:CE iGE'.'E.̂ 'L''
^EFF.ESSED ACTr;'-:7; .

U11REPCRTED

:0^-..7,-
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FAF.E.-.: • - . ;27,cJ

?::: - • • - : ,^ i

'••-•=;;.;; c;.::-,;-

AJ-.'F.AH :;,i.2,-

SC:EAS i65.-65.69

FF.EVp.n ' 0 ,97 ,65

SCIEAS •65, i•6;,69

30ZDA9 - ^ 7 3 , 7 1

EVSR5T 2 ,706 ,73

T:<AFA9 ;9,2;9,7'-

RCCCE6 ; 1 . ' 0 1 , 7 ?

A;; ' |AA? :;;,;':•-, 7"



SECTION V I

SLWARY OF T O X I C I T Y D A T A

TOXIC DOSE ROUTES OF SPECIES D U R A T I O N OF TOXIC
COMPOUND TDLo TCLo LDLo LDc" 1-CLo LCcn E X P O S U R E EXPOSED EXPOSURE EFFECTS REFERENCE

2 Chloro-
phenol

0
t ".

b^
G
^
<
>*-»
0

3 mg/kg

70 ug/kg

'• ; '-i^/ Kc

25 ug/kg

950 mg,'k(:

120 mg/k£

•iGO mg/ki-i

275 ug/kg

5CO n5/l<g

5C5; u g / k g

670 mg/k?

230 mg/kg

950 mg/kg

670 mp/kg

O R A L

O R A L

O R A L

SKIN

O S A L

C R A L

O R A L

O R A L

I M T R A P E R I T C N E A l

SUBCUTANEOUS

O R A L

SUBCUTANEOUS

I N T R A V E N O U S

SUBCUTANEOUS

30G

M O N K E Y

SABBIT

R A B B I T

G U I N E A PIG

HAHSTSR

CHICKEN

R A T

RAT

RAT

MOUSE

R A F i B I T

R A B B I T

OLO^ p^

i

98

WEIGHT LOSS OR
DECREASED G A I N ,
SOMNOLENCE ( G E N E R A L
DEPRESSED A C T I V I T Y )
ALCERATION OR
BLEEDING FRQ1-1 SMALL
INTESTINE

NOT REPORTED

WEIGHT LOSS, OR
DECREASED G A I ! I ,
EFFECTS TO H A I R NOT
SPECIFIED

D Y S P N E A , WEIGHT
LOSS, OR DECREASED
G A I N

AGCSAT 120 ,55 ,73

T X A P A 9 ' -3,175,78

NATUAS 232,395,71

E V H P A 2 5,37,73

EVSRBT 2 ,703,73

T X A F A 9 59,A05,3i

FCTXAV 11,565,73

FEPRA7 2,76,'.3

BJPCAL 13,20,5S

FEPRA7 2,76,'.3

TIVSAI 33,258,69

HBAMAK - . I 361,35

HBTXAC 5 ,112 ,59

HeAI lA" ; < , 1 3-; 1 , ;5



SUMMARY OF TOXICITY DATA

DURATION OF TOXIC
EXFCSURE EFFECTS

TOXIC DOSE
l-DLo LDco

ROUTES OF
EXPOSURE REFERENCELCLo LCcQTDLo TCLo

'. cmoro-
phenol

'•-chloro-3-
mechyi-phenol

2,----3i,-.-.loro-
pf.enol

0
r^.^

,̂

G
^

<t
^

^

2, '< .•i-tricnioro
phenol

'.00 ms/k

500 Tig/k

30 ma/kp

200 .•ne/k

P

-4^0 nc/kd

26) ne/kg

??1 ne/kc

1030 np/kg

P

'•00 rr.e/kf;

;

580 me/kf:

'<30 np/kz

730 na/k?

600 ms.fV.it,

820 np/ke

27'5 ine/kK

.

SUEClJTANEOUS

O R A L

0""^

inTfA?!?!':?:;;;^

SU5CUTA?!£;'JS

O R A L

SU3C'JTAt)ECJS

I t l T R A P E R I T O ; l E A L

SUBCUTANEOUS

O R A L

IMTSAPERITO. ' IEAL

SUBCUTANEOUS

O R A L

O R A L

I I l T R A P E R I T C i l E A L

FRC3

!••lA;/t•;AL

RAT

?.--

B A T

SAT

F.AT

MOUSE

:'10USE

R A T

R A T '

RAT

I-10USE

R A T

R A T

11

HBTXAC 5 , 1 1 2 , 5 Q

TIVSAI 33,358,W

28ZPAK - ,7S,72

5JFCAL 13,20,55

FEPRA7 2.76,'.3

JFETA3 QC.2'SO, '-7

2JPPAL 12 ,212 ,39

OJPPAL ^ 2 , 2 1 2 , 3 1

QJPPAL 12 ,212 ,30

FEPRA7 2,76,'.3

BJPCAL 13,20.53

FEPRA7 2,76,'.3

T01ZAG iq.356.72

FCOC- 1176,66

3JPCAL 13,20,53

0 0 3 5 9 9



SF.CTIC;! V I

S U M M A R Y OF T O X I C I T Y DATA

DURATION OF TOXIC
EXPOSURE EFFECTS

TOXIC DOSE
LLiLo LDcQ

ROUTES OF
EXPOSURE:

SP^CI^S
EXPOSED RF.FEF,E;iCETDLo T C L o LCLo LC 50

Fentacr.loro-
^nenol

chloroDenzene

0
f ' !
^
0

<̂i^
>*-3

?^

!96 np/k ^

2° n^/kc;

135 ng/kf

70 me/kg

^0 ."IK/kB:

135 m p / k B

70 mp/ka

7'.00 r-ig/l,

7000 m(;;/><

50 -".c/kK

105 np/kf i

56 nR/ka

100 in^/kp;

168 mg/kg

2 q i 0 [TIK/I<K

•.K

<«

-

15 pm/m3

O R A L

ORAL

O R A L

SKIN

I N T R A P E R I T O i l E A L

SUBCUTANEOUS

SUECUTAKECUS

O R A L

SKI!1

I N T R A F E R I T O H E A L

SUBCUTANEOUS

ORAL

O R A L

I N T R A P F . R I T O N E A L

SUBCUTANEOUS

INHALATIO!)

H U M A N

M A N

SAT

SAT

RAT

R A T

DOG

RABBIT

BABBIT

R A B B I T

RABBIT

HAMSTER

RAT

RAT

R A T

MOUSE

f} n ^ (.

fi

, n r\—

CHA;;G£ IN MOTCR
A C T I V I T Y , SWEATING,
I N C R E A S E I;) SCDY TEMI

272XA3 -2=6 ,63

'. 3F17R 20U25

F^;CHA2 0233,60

5.;:".A'3 2e ,53 ,5q

3JPCAL 1 3 , 2 0 , 5 3

FEFF.A7 2."i,'.3

HBTAAC c, I 23,59

JPETAB 76 ,10 '« , -2

JFSTAB 76.'O'.. '•2

K5TXAC 5,123,;°

JFETA5 '"•: ' , '0 '<, '«2

TXAPA9 ' < f l , A i q 2 , 7 < l

l A C Y A T 2,133'.,63

SMSRAG •. 6,'.'.0,1 606

RMSRAG '6, ' . ' .0 ,1BQ6

GISAAA 2 0 ( 9 ) , i q , 5 5



SUMMARY OF TOXICITY DATA

TOXIC DOSE

COMPOUND TDLO TCLo LDLc LD 50 LCLo LC 50

ROUTES OF
EXPOSURE

SPECIES DURATION OF TOXIC
EXPOSED EXPOSURE EFFECTS R E F E R E N C E

1 , 2 OlcMioro-
Cenzene

l ,- dicnioro-
benzer.e

0

(̂^

0
kto<
»»u

300 mg/ka

'.100 [TiR/ti

'.00 mg/kp

250 mK/kf.

2000 nm/k

221 nig/ke

2830 ng/kg

g

500 mg/ks

q'i0 nig/kg

500 mg/kR

6

}00 mp,/kK

?562 nip/ka

'950 mK/ka

3 l ' « 5 np /ka

821 ppm

300 ppn

O R A L

I M T R A P E R I T G I i E A L

ORAL

INHALATI;:!

I M T R A P E R I T C H E r . L

INTRAVE.' iOUS

O R A L

ir ;T?AVEMOUS

O R A L

INHALATION

O R A L

UNREPORTED

ORAL

I N T R A P E R I T O H E A L

O R A L

SUBCUTANEOUS

R A B B I T

GUI;;EA PIG

RAT

RAT

R A T

MOUS£

RA55IT

R A B B I T

G U I N E A PIG

G U I H E A PIG

H U M A N

M A N

R A T

RAT

MOUSE

TO 3 (

7 hours

2A hours

i

> 0 1

H Y P E R M O T I L I T Y ,
D I A H R R E A , EFFECTS TO
EYE A N D RESPIRATORY
SYSTEM

T.CYAT 2,)39' . ,o3

RMSRAG 16, '< ' .o ,^e96

WRPCA2 7,135,68

AMIHAB 17.180,;?

M E F A A X 2 0 , 5 1 9 , £ 9

JPBAA7 '.^,261 ,37

85ARAE 3 ,32 ,76

JPBAA7 '.t.,261 ,37

i ' .CYAT 2 ,1336,63

PCOC -35',56

85DCA1 2.73,70

W R P C A 2 9 ,119 ,70

JAPMA6 38,12'.,'.9

GUCHAZ 6 .183 ,73

TOIZAG 20 (5^1 ,772 ,
73



SUMMARY OF TOXICITY DATA

TDI. o T C L ,
TOXIC DOSE

LDLo LCL 0 LC

ROUTES OF
EXPOSURE

SPECIES
EXPOSED

DURATION OF TOXIC
EXPOSURE EFFECTS R E F E R E N C E

' ,>; . ' • - r . r - icniora
r.t-nz'-'ip

nexacnioro-
Be-zene

icrJene

0
1'!
(^
0
^»<s
•£»-»

-

200 spn

'00 ocn

2800 n<?/

500 rur/kB

220 w/ki

ROO m^/kc

p

756 iriK/ki?

300 ms/kfl;

10,000 inR/kK

^OOO m<?/kp:

i000 me./kK,

'.000 Dpn

5320 G

O R A L

ORAl.

O R A L

I N T R A P E R I T O N E A L

UNREPORTED

O R A L

I N H A L A T I O N

I N H A L A T I O N

O R A L

I N H A L A T I O N

I N T R A P E R I T O N E A L

UNREPORTED

D"l I N H A L A T I O N
-1—————————————

G U I N E A PIG

R A T

MOUSE

MOUSE

M A N

BAT

H U M A N

MAN
-

RAT

HAT

RAT

HAT

muQ. Q 3

csccr '.,107,;;

ii

^ hours

^.cQrs^

i

B E H A V I O R A L CHANGES: :
A T A X I A s C O N V U L S I O K S :
OR EFFECT OH SEIZURE
THRESHOLD: ALTERED
SLEE? TIME ( I N C L . CHANGE:
IN R I G H T I N G n E F L E X ) ;;AI:A,'-' 20,560,7°

SSDCAl 2 ,73,70

85DFAn -.71/76

RECCFiDiNGS FRCH SFECIFIC
AREAS OF CNS; ANTIPSYCH07IC;
CHAiiGES IN BLOOD - DECREASE
IN RED CELL COUNT, APLASTIC
A N E M I A ( C H A N G E S K A Y H A V E
BEEN DUE TO BE.'iZEUE CONTAM-
I N A N T IN T O L U E N E > J A K A A P 12:- ,•1 O f t , - 3

HALLUCINATIONS, OISTORTED
PERCEPTIONS; C H A N G E IN
MOTOR A C T I V I T Y : C H A N G E IN
PHYSIOLOGICAL TESTS

NOT REPORTED ; A M I H A 8 1Q, ' .03,50

, A I H A A P 30,'.70,^>°

NOT REPORTED

1' .CYAT2,n3S,l3

AOHYA3 12,200,-l

WEHSAL 0 ,131 ,72

7 X A P A O 1 .156.5°

G I S A A A '.51 ' 2 1 .'^.^O

J I H T A B 25.2^,,^3



SUMMARY OF TOXICITY DATA

TOXIC DOSE ROUTES OF SPECIES D U R A T I O N OF TOXIC
CCMPO'JFID TDLo TCLo LDLo LD^Q LCLo LC^,-; EXPOSURE EXPOSED EXPOSURE EFFECTS REFERENCE

)20 ff ip /k t

1120 ug/kg

2000 mp/kf f

1t gm/kg

I N T R A P E R I T O M E A L

U N R E P O R T E D

SKIN

SUBCUTANEOUS

MOUSE

MOUSE

RABBIT

FROG

HOT REPORTED

AGGHAR l 8 , 1 0 q , r > 0

GISAA '.5(12)6'.,60

UCDS 7/23/70

A E P P A E 130,250,i°i

SOURCE; "HEGISTRY CF TOXIC EFFECTS OF C H E M I C A L SUBSTANCES;" VOLUME I , I I , AND I I I . 1981-82 EDITION. N A T I O N A L INSTITUTE FOR
O C C U P A T I O N A L SAFETY A N D H E A L T H , U..S. DEPARTM ENT OF HEALTH AND H U M A N SERVICES, DHHS ( N I O S H ) PULBICATION NO. 33-107. J U N E 1933

R E F E R E N C E S ; SEE " 1EGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES," PP 10'<5-'087, FOR REFERENCE CODES.

0
t.-

0 0 3 6 0 3



LOCAL EFl-'ECTS OF CIILOROPHENOLS ON HUMANS
OK EXI 'KRIMENTAL ANIMALS

Cl ' l l lp l J l lUl l

2-Clil . i ->ropli i ."no 1.

2 , ̂  , -1) i i - ' l i l u ro i i l n - ' i i u l

2 ,^1 . 3-Tr iL-hl .oro | ) l i>- ' i>oL

.' .^ , C>-'l"i" i c l i l oroplH. ' i iol

2 , 3.-'' , d- I'fl r . - i r l i l o r o p l i u

2 , 3 , 5 , ?)-'!'>.• I r.n-li lo ropl tu i iu l .

T c t r a c l i l o f o i i i i c i i o l '

P e n c a c l t l o i - o p l i e n o l

"Isomcr not idenc

Kedncss „ , -
, , Chloracne

uniJ edema

Yes

Yes Yes

Yes

Yes Yes

nol.

il'i.ed.

Skin e f f e c t s

Maybe

Yes

Eye e f f e c t s

Chemical -
Imcacion

burn

Yes Yes

Maybe Yes

Maybe Yes

Yes

Yes

Yes

Yes Yes
&

Corneal
in ju ry

Yes

Yes

Yes

Yes

Yes

Yes

Yes
^r
0
^0
1̂
0
0

ORNL, EPA
Reviews of Environmental Effects of Pollutants: XI. Chlorophenols



ABSORPTION OF C H L O R O P H E N O L S BY HU:-1A\'S A:^D E X P E R I M E N T A L ANIMALS

Compound

2-Chlorophenol

2,^-Dichlorophenol

2 , ti,5-Trlchlorophenol

2,A,6-Trichlorophenol

2, 3,^1,6-Tetrachlorophenol

2,3,5,6-Tetrachlorophenol

Pentachlorophenol

Oral

Yes

Yes

Yes

Yes

Yes

Yes0

Cutaneous

Yes

Probably

No

No

Yes

Yes0

Rou

R e s p i r a t o r y

Yes0

ce of admin i s t r a

S u b c u t a n e o u s

Yes

Yes

Yes

Yes

Yes

tion

In t r ape r i tonea l

Yes

Yes

Yes

Yes

Yes

Yes

Yes

I n t r a v e n o u s

Yes

Yes

Determined from human data.

Source:
U . S . Environmental Protection Agency, Office of Research and Development, Health Effects Research Lab.
oratory, and Oak Rtdge National Laboratory, U . S . Department of Energy: Reviews of the Environmental
Effects of Pollutants: X I . Chlorophenols

0 0 5 6 0 5



ACUTE TOXICITT OF C11LOROP11ENOLS TO EXPERIMENTAL ANIMALS

Compound

2-Clilorophcnol

2,4-Dlcl i lorophtfnol

2,4,5-Trichlorophenol

2 ,4 ,6 -Tr l ch lo ropheno l

2,3.4.6-Tecrachlorophenol

2,3,5,6-Tecrachlorophenol

Pencachlorophenol

Guinea pig

Sodium pencachlorophenace

Animal

Rac
Rat
Albino rac

Rabbit
Rabble
Guinea pig
Mouse

Blue fox

unknown manual

Rat
Rat
Rat
Mouse

Rat
Rat
Rac
Rac

Rac
Rac

Unknown mammal
R.IC

Rac
Rac
Rac

Rat
Rac
Mouse
Rac

Mouse

Mouse

Rac
Rabble

Rabble
Rabble

Rac
Rabble
'.'ulnti pig
Rabble

Roucc of
adBlnlsCrddon

Oral
Subcutaneous
Incraperlconcal

Subcutaneous
Incravcncous
Subcutaneous
Oral

Oral

Oral

Oral
Incrapcr l toneal
Subcucancous
Oral

Oral
Oral
Oral
Oral

Subcucancous
Incrapcrl toncal

Unknown
Ural

Oral
Oral
In crape ritonc.il

Oral
Sulicutancous
Subcucancous
Incrapcr iconoal

Incrapcritoncal

Incraper i Concal

Oral
Oral
Oral
Cucaneous
Subcucancous

Oral
Oral
Oral
Cucaneous

LD,.
("B/kg)

670
950
230

950"
120°
8003

670

440

440

580
430

1730
1600

2830
2460

820
2960

2260
355

150,
1620^

2800
820
276

140
210
120
130

250°

5000

78
70-130
50-140

100-200
70-85

210
275

80-160
100-300

Source

Chrlscen&en and Luglnbyhl , 1975
Clirlscensen and Luglnbyhl, 1975
Farquharson, Cage, and

Norchover. 1958
ChrlsCensen and Luglnbyhl , 1975
von Oecclngen, 19*9
Clirlstensen and Luglnbyhl, 1975
Bubnov, Yaphlzov, and Ogryzkov,

1969
Bubnov, Yaphlzov, and Ogryskov,

1969
CliristerfSen and Luglnbyhl . 1975

Clirlsecnsen and Luginhyhl , 1975
Clirlscensen and Luginbyhl , 1975
Clirlscensen and Luglnbyhl , 1975
Cliriscensen and Luglnbyhl , 1975

Howard and Durkln. 1973
Howard and Durk ln , 1973
Dciclimann, 1943
HcColllstcr, Lockwood, and Rowe

1961
Dclchnann, 1943
Farquharson, Cage, and

Norchover. 1958
Chrl.stcnscn and Luglnbyhl , 1975
Howard and Durkln, 1973

Cos.scliri cc al., 1976
Ctirlscensen and Lug lnbyh l , 1975
Farquharson, Cage, and

Norchover, 1958

Dclchmann, 1943
Dclchmann, 1943
Bcchold and Ehlrlch, 1906
Farquli.irsoh, Cage, and

Norchover, 1958
Clirlscensen and Luglnbyhl, 1975

Clirlscensen and Luglnbyhl. 1975

Dctchmann ec al., 1942
Fllcklnger. 1971
Fllcklnger, 1971
Dow Chemical Company, 1969a
Dciclimann et al., 1942

Dow Chemical Company, 1969^
Dow Chemical Company, 1969i>
Dow Chemical Company, 1969b
Dow Chemical Company, 1969&

. M i n i m u m IcLl i . i l >losc.
Sodium sale of 2 ,4 , 5-trlchloroplienol.

Reviews or Environmental Effects of Pollutants: XI. Chlorophenols
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