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SECTION II

INTRODUCTION

Under the Comprehensive Envi ronmenta l Response Compensation and
Liab i l i ty Act (CERCLA), the US EPA has been g iven broad powers to
act in response to releases of h a z a r d o u s substances in to the
environment. The US EPA may act if such releases present 'a real
or po ten t i a l threa t to pub l i c h e a l t h or w e l f a r e or to the
e n v i r o n m e n t . Th i s m a n d a t e is ca r r i ed out in t h r e e d i s c r e t e
phases: 1) Emergency Removal Actions 2} Planned Removal Actions
3) Planned Remedial Actions.

One of the principal objectives of the above named actions is to
assure that r e s idua l concen t r a t i ons of h a z a r d o u s chemica l s
rel'eased into the environment do not pose a s ign i f i can t threat to
human health. One aid to achieving this goal is the preparat ion
of an Endangerment Assessment.

In its broades t sense, the E n d a n g e r m e n t Assessment mus t r each a
proper ba lance between a chemica l t o x i c i t y ve r sus a c t u a l
potential for human exposure. To achieve this end, such d iverse
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
biological factors must be considered.

The f o l l o w i n g report represents an Endangerment Assessment for
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 ecen t ly 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 soc i a t ed
with incorrect chemical waste disposal practices. Vertac was a
m a n u f a c t u r e r of 2 , 4 - d i c h l o r o p h e n o x y acet ic ( 2 , 4 - D ) and 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 a c i d ( 2 , 4 , 5 - T ) . The s i te has been
i d e n t i f i e d by Fede ra l and Sta te 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
contaminat ion.

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 he p r e p a r e r s of 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 of p u b l i s h e d r e p o r t s on d i o x i n a n d i t s
chemical ly associated compounds. Values expressed as exposure
l i m i t s (see Sec t ion V - "Acceptab le C o n t a m i n a t i o n L e v e l s " ) a r e
taken 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 re 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 not be t a k e n as a b o l u t e e x p o s u r e
l imits .

03105179



SECTION I I I

BACKGROUND

Site History

The site known as Ver tac Chemical C o r p o r a t i o n , located on
a p p r o x i m a t e l y 93 acres in J a c k s o n v i l l e , A r k a n s a s , came into
exis tance in the ea r ly 1940's. At that t ime, it was part of an
ordinance plant needed to assist in World War II efforts. Af ter
the war and in 1948, the si te was purchased by R e a s o r - H i l l
Company. R e a s o r - H i l l conver ted the old o r d i n a n c e p lan t in to 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 i c h l o r o p h e n o x y acetic acid was m a n u f a c t u r e d here d u r i n g the
fourteen years Reasor-Hill owned and/or operated the plant.

Hercules Powder Company (now Hercules, Inc.) purchased the p lan t
in 1962. Agent Orange , a 50:50 m i x t u r e of 2, 4, 5-T and 2, 4-
dichlorophenoxy acetic acid (2, 4-D) was manufac tured at the site
d u r i n g th is time. Agent Orange was produced fo r use as a
defo l ian t dur ing the Vietnam conflict . The site was operated by
Hercu l e s u n t i l 1972 when it was l e a s e d , t o T r a n s v a a l , Inc.
T r a n s v a a l purchased the p rope r ty in 1976. In 1978, T r a n s v a a l
merged w i t h its p a r e n t / h o l d i n g company V e r t a c , Inc., w h i c h
continued to manufac tu re indus t r ia l and agr icu l tu ra l chemicals.
Vertac ceased to manufac tu re 2, 4, 5-T in A p r i l , 1979. The toxic
chemicals 2 ,3 ,7 ,8- te t rachlorodibenzo-p-diox in , c o m m o n l y k n o w n as
d i o x i n , is an unavoidable trace contaminent in 2 , 4 , 5 - T and 2 ,4 -D.

An e x p l o s i o n is known to h a v e ocurred. at the p l a n t in 1974.
Ep i sodes of ch lo racne were repor ted to h a v e occured in an
undisclosed number of employees as a result of the explosion.

In 1978, Sena tor M a r k H a t f i e l d (D-OR) i n i t i a t e d a n a t i o n w i d e
d iox in survey. In i t i a l screening resul t ing f rom this survey at
V e r t a c , showed d i o x i n in was te s ludges and v a r i o u s p r o d u c t i o n
processes. As a direct result of the in i t i a l survey, the US EPA
R e g i o n V I 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
Eco logy ( A D P C & E ) conducted 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
ident i fy sources of d iox in contamina t ion a t t r ibu tab le to Vertac
from on site sources and of f site mig ra t i on .

In M a r c h , 1980, a consen t decree was f i l e d w i t h the US D i s t r i c t
Cour t in L i t t l e R o c k , A r k a n s a s . The ag reemen t was to se t t le
suits ini t ia ted by the Department of Justice on behal f of the US
EPA a g a i n s t Ver tac . The purpose of the su i t s were to co r r ec t
waste disposal problems at the Jacksonvi l le site. Under terms of
the consent decree, Vertac has agreed to the fo l lowing :
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- Retain an independent consult ing f i rm to - cudy groundwater
and surface conditions at the site to ident i fy areas which
may require remedial work.

- Propose and implement remedial actions, if any, to prevent
the discharge of pol lutants f rom the site into the envi-
ronment.

- Develop a p lan for the orderly management of wastes stored
on the plant site by treatment or off -s i te disposal.

- Conduct a study of the fate and movement of pol lu tants in
Rocky Branch Creek and Bayou Meto.

- Propose remedia l measures to remove or s t a b i l i z e pol-
lutants in Lake Dupree, located in Jacksonv i l l e City Park.

- Es t ab l i sh 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
res t r ic ted to assure 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
work at the plant site.

- Develop and implement s tandards for wastewater pretreat-
ment pr ior to discharge to the Jacksonv i l l e sewage treat-
ment plant.

Location of the Site

The V e r t a c P l a n t is loca ted 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 Rock. It is compr i s ed of a
93 acre fenced tract. Its eastern border and m a i n access poin t
is M a r s h a l l Road. It is bordered on the sou th by a r e s i d e n t i a l
sub-division off Braden Street.
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Levels of Contamination

N u m e r o u s m u l t i m e d i a samples (i.e., a i r , su r f ace wa te r , g round-
water, drum and sediment) have been analyzed at Vertac Site since
1979. In April 1982, Vertac contracted an independent environ-
mental f i rm. Developers International Services Corporation (DISC)
of Memphis, Tennessee to study existing on-site conditions. Re-
sul ts of the DISC s a m p l i n g programs are summar ized in F igures
I I I - A th rough D f o l l o w i n g . The DISC study resul ts show wide-
spread on-site contamination through surface water, groundwater
and sediment samples. Surface water samples contained the sus-
pected carcinogens chlorobenzene; 2,4-dichlorophenol; 2-chloro-
phenol; 2-(2,4,5- tr ichlorophenoxy) propionic acid; 2,4-dichloro-
phenoxyace t i c acid ( 2 , 4 - D ) ; 1 ,2 ,4 - t r i ch lorobenzene , and 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 ( 2 , 4 , 5 - T ) in the par t per b i l l i o n
range.

G r o u n d w a t e r samples showed the suspected carc inogens 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-Ch1oropheno1; 2 ,4 -
d i c h l o r o p h e n o l ; ch lo robenzene ; and 1 , 4 - d i c h l o r o b e n z e n e in the
part per b i l l ion level.

S e d i m e n t s a m p l e s s h o w e d the suspec ted 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 1 o r o b e n z e n e ; c h 1 o r o b e n z e n e ; 2-
c h l o r o p h e n o l ; and 2 ,4 d i c h l o r o p h e n o l in the par t per b i l l i o n
range and 2,3,7,8-Tetrachlorodibenzo-p-diox in (TCDD) in the part
per t r i l l ion range.

The DISC repor t conc ludes that no th rea t of c o n t a m i n a t i o n
migra t ion from the cooling water or sediment into the groundwater
is l i k e l y even though they al l c o n t a i n some of the above
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 the s o u r c e of t hese
contaminents is the old drum storage or bur ia l areas.

DISC scientists found concentrations of 50-100 parts per t r i l l i o n
d i o x i n in surface soils at the site. Except for elevated d i o x i n
concentrations near the Reasor-Hil l l a n d f i l l area, DISC resear-
chers feel these represent background levels. Previous samples
taken by EPA and ADPC&E show s igni f icant d i o x i n con tamina t ion in
s i te soils . This is an a rea of concern since soi l can b l o w o f f
the site into adjacent res ident ia l areas.

One f u r t h e r area of concern is d i o x i n l eve l s as h i g h as 8 0 0 ppt
in ed ib 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 waters . A l t h o u g h an
o f f i c i a l ban on c a t c h i n g d o w n s t r e a m f i s h is in e f f e c t ,
eyewitnesses have reported f isherman in these areas.
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^^••rU :1A!!E DATE SAMPLED CJflf^iTRATIGI; Ippbl TYPE SAHrLE LOCATION

305°.0 ;UnFACE WATER

3/;3/?.2 SURFACE WATER

q/5/52 26515 3RCUI;D WATER

GROUND WATER

?/23/S2 170.0 3RGUHD WATER 10

l&COO JHCU;!L. WATER

3/13/82 2750 SURFACE WATER

10 SIGHIFICAHT AMOU;1TS DETECTED

•LCCATIOH;
1 . Ease Di tch at E. Plai\t Boundary, Entire 3" depth

d;' culvert , entire f " depth
lhickness 1.5'
a thickness 0.2"

2. Central Dlt.;n, east
3. East 3ltch, average
•<. Central D i t c n , avera;
?. Wei l ;)o. 9
o. W e l t No. 12
7. Wel l •lo. 18
8. Well 'lo. H
9. Rocky Branch below Ccsling Pond Ave. thickness 0 . 3 '

10. Wel l No. 6
11. Well No. 7
12. Cooling Pond SE Quad. Avg. thickness 1 . 0 '

Avg. thickness 0.8'
Avg. thickness 1 . 0 '
lid depth

EC JlUzation Basin
Cooling Pond, mid depth

Avg. thickness 0 . 9 '

13. Cooling Pond NW Quad.
1'.. Cooling Pond NE Quad.
15. Cooling Pond-Center,
16. Rocky Branch Below EC
'7. Roc-ky Branch, Below C
16. Cooling Pond SW Quad.

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

0 0 5 6 1 2



CHaiTCA: . DATE SAMPLED CONCENTRATION : r p o l TYFE 3AMPLE LOCATIOH

2 , ^ - D

? U ^-T
' " 8/P/82

:

' ^ 2 , t ^ , c - ^ \ P 8/5/83

8/13/S?

a/13/t!2; 9/17/82

8/13/82; 9/17/82

8/13/82; 9/17/82

8/13/82; 1/17/82

8/5/62

7/23/S2

7/23/62

8/5/82

8/6/82

8/13/&2i 9/17/82

8/13/82; 9/17/82

fl/5/92

8/5/82

8/6/82

8/6/8;?

39000

1033; 783.0

5.0; <8

<8; <8

<8; <8

761

7.5

9.0

98500

'.38

12'. CO

1033; 5'.3

<'.; <ii; <i<

'•195

70970

978.0

'•5

208

0 0 3

SURFACE WATER

SURFACE MATER

SURFACE WATER

SURFACE WATER

SURFACE WATER

GROUND WATER

GFOUHD WATER

GROUND WATER

GROUND WATET

GROUHD WATER

SURFACE WATER

SURFACE WATER

SURFACE WATER

GHOUND WATER

GROUND WATER

GROUND WATER

GROUND WATER

GKOUND WATER

61 5

i

2

16

17

18

8

11

C^

6

7

1

2

16

8

6

7

8

7



CHEMICAL DATE 3AHPLK) COnCE'lTRATIOH (ppbl TYPE SAMPLES LOCATION

2^;52'-•. (W)UHD WATER

B / 1 3 / 8 2 <B SURFACE WATER

3 / 1 3 / 8 2 ; 9 / 1 7 / 6 2 33.0; 3 ' . .13 SURFACE MATE!;

8 /13 /62 ; 9 /17 /82 <8; 25.53; 27.20 SURFACE WATER 16

8 / 1 3 / 8 2 9.6 SURFACE WATER 17

8/13/62 16 SURFACK HATER 18

2,3,7,3-C 3836 ppt SEDIMENT '9

2826 ppt SEDIMENT

8/13/82 7859 ppt SEDIMENT

2.?,7.3-D
!6/6/82 t'i50 ppt SEDIMENT

'.350 ppt SEDIMENT 12

3/13/82 998) ppt SEDIMENT 13

8.-6/82 839 ppt SEDIMENT

•LOCATION:
1 . East Ditch at E. PI. nt Boundary, Entire 3" depth

of culvert, entire 'i" depth
thickness 1 . 5 '
ge thickness 0.2'

2. Central Dttch, east
3. East Ditch, average
t. Central Ditch, aver.
5. Well No. 9
6 . Well No. 12
7. Well No. 18
8. Well No. '1
9 . Rocky Branch belou ( ooling Pond Ave. thickness 0 . 3 '

10. Well No. 6
1 1 . Well No. 7
1 2 . Cooling Pond SE Qua . Avi;. thickness 1 .0'

. Avg. thickness 0.8"

. AVg. thickness 1 . 0 '
Mid lieplli

IIJI 1 i;3t. ion Basin

1 3 . Cooling Pond Ml Qua
1 ' . . Cooling Fond ME Qua.
1 5 . Coolinc Pono-Center
I b . Rockv Branch Selow

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

" K E Y ;
GW - Ground Water
SW - Surface Water
Sed - Sediment

0 0 : 6 1 4

ling Pond, Mid depth
vg. thickness 0 . 9 '



SECTION IV

PHYSICAL/CHEMICAL ASSESSMENT

INTRODUCTION

D u r i n g thei r J u l y th rough September, 1982 program. Deve lopers ,
International Services Corporation (DISC) collected soil, surface
water, sediment and groundwater samples for analysis. Classes of
compounds ana lyzed inc lude Ch1 o r o p h e n o 1 s , C h 1 o r o b e n z e n e s ,
C h l o r o a n i s o l e s , Toluene and C h l o r o p h e n o x y herbicides . Since
these results are not inconsistent with previously reported ana-
lytical results they represent the classes of compounds discussed
herein.

CHLOROPHENOXY HERBICIDES

2,3,7,8-Tetrachloro-dibenzo-p-dioxin ( 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 epor ted in the chemica l l i t e r a t u r e in
1872, however, its acute toxici ty did not become understood un t i l
the 1950's. In it 's pure f o r m at room t e m p e r a t u r e TCDD is a
co lor less c r y s t a l l i n e so l id . Because it is an u n w a n t e d by-
product in the manufac ture of var ious herbicides, pesticides and
chlorophenols it is usua l ly found in chemical wastes and sludges
remaining f rom manufac tur ing processes.

Physical Properties

Chemical Formula: cl2H4cl402
Molecular weight: 321.96
Boil ing point at 1 ATM, F: not avai lable
Solubil i ty in water , g/100 g water at 20 C: 200 ppm
Flash point: NA
Vapor pressure at 20 C mm/Hg: NA
Melt ing point, F: 581 F
Upper explosive l imit in air % by volume: NA
Lower explosive l imit in air % by volume: NA
Specific g rav i ty : NA

Incompatibi l i t ies: None known

Stabil i ty:

C h e m i c a l l y TCDD is q u i t e stable. Thermal d e s t r u c t i o n
requires temperatures greater than 700 C. It binds strongly
to soils and particulates. Var ious studies have shown that
d i o x i n s are q u i c k l y degraded by s u n l i g h t or a r t i f i c i a l
light. Once dioxins penetrate soils, however, studies show
they can persist for long periods of time. Studies .at Times
Beach, Missour i suggest that d iox ins can remain underground
in soils for many years.
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Analytical Procedures;

S c i e n t i s t s at the B r e h m L a b o r a t o r y of W r i g h t S t a t e
U n i v e r s i t y have been p e r f o r m i n g d i o x i n analyses under the
auspices of several Federal and State agencies since 1972.
Brehm has developed and appl ied complex m u l t i m e d i a
sampling protocols.

A new a n a l y t i c a l technique has been developed in a j o i n t
Brehm Labora to ry /Ba t t e l I 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
funded by a prime contract between Battelle and the US EPA.
This new method is presented as Appendix A of this report.
USEPA Approved Munic ipa l and Indus t r ia l Waste Water Method
#613 GC/MS; 0.002g/L.

2,4,5-Trichlorophenoxyacet ic acid ( 2 , 4 , 5 - T )

2 ,4 ,5-T is a he rb i c ide which was deve loped f o r use d u r i n g W o r l d
War II. It was d i s cove red in 1955 that the c o n t a m i n a n t TCDD
associated with 2,4,5-T, caused chloracne in workers exposed to
the compound. D i s p i t e th is k n o w l e d g e , use of the h e r b i c i d e
spread. It was used as a weed k i l l e r on r a n g e l a n d , pa s tu re s ,
n u r s e r y and rice crops. In 1974 the US EPA banned use of 2 , 4 , 5 - T
on food crops. 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 co lo r l e s s to t a n , odor less s o l i d or used as a
liquid mix for herbicide.

Physical Properties

Chemical Formula: CoHcCl^Oi
Molecular Weight: 255
Boil ing point at 1 atm,F: Decomposes
Solubili ty in water , 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 , F ( o r o p e n c u p i f 0 C ) :
Incombustible
Vapor Pressure at 20 C mmHg: 0 .00mm
Melt ing point F: 316 F
Upper Explosive Limi t in A i r , % by volume: Incombust ible
Lower Explosive Limi t in A i r , % by Volume: Incombustible
Specific qravity: 1

Reactivity

Incompatabil i t ies: strong oxidizers
I n s t a b i l i t y : Tempera tu re s 158 C may cause sealed m e t a l

container to burst.

Analysis

NIOSH M a n u a l o_f Ana ly t i ca l Methods, 2nd Edi t ing , Volume 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 ,
Washing ton .D.C.
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2,4-Dichlorophenoxyacetic Acid (2,4-D)

2,4-D is a herbicide which is commonly used in its salt or ester
forms. Agent Orange is a 50:50 mixture of 2,4-D and 2,4,5-T. It
is a colorless, odorless solid.

Physical Properties

Chemical Formula: Cin Cg H4 OCH^ COOH
PEL: 10 mg/m per 8 hrs.
Molecular Weight: 221
Boiling Point: Decomposes
Specific gravity: 1.1 (estimate)
Vapor Density: (air = 1 at boiling point of 2 ,4 -D) : 7.63
Melting point: 140 C
Vapor pressure at 20 C: Essentially zero
Solubility in water at 20 C: 0.07 ppm

Incompatabil i t ies: Contact wi th strong oxidizers may cause f i res
and explosions.

Analytical Methods:

NIOSH Manual of Analyt ical Methods, 2nd Edition, Vol .3,
1977.

2-(2,4,5-Trichlorophenoxy)propionic acid; Silvex

Phys ical Characteristics

Molecular Formula: OiC^CgH"?
Form: crystals
Molecular weight: 270
Boiling point at 1 aim, F: NA
Solubility in water , g /100 g water at 20 C: sl ightly

soluble
Flash point, closed cup, F: 140 F
Vapor Pressure at 20 C mmHg: NA
Melting Point, F: 327 F
Upper Explosive Limit in air, % by volume: combustable
Lower explosive limit in air, % by volume: combustable
Specific gravity: NA

Incompatibil i t ies: Combustible substances
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CHLOROPHENOLS

Chlo r ina t ed phenol is a class of 19 compounds , made up of a
benzene r ing to which one h y d r o x y ( O H ) group p lus f r o m one to
f i v e c h l o r i n e a t o m s a re a t t a c h e d . D i o x i n s are f o u n d as
u n d e s i r a b l e con t aminan t s formed in the m a n u f a c t u r e of these
compounds.

Chlorophenols are indus t r ia l ly important as raw mater ials for the
m a n u f a c t u r e of o the 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
chlorophenol with a chlorine atom attached to the benzene m/mg at
the number 2 carbon pos i t ion may be a d i o x i n precursor . This
precludes the occurance of d ioxins in pesticide manufacture only.

2-Chlorophenol

Physical Characteristics

Chemical Formula: CgHcCLO
Reportable Quant i ty : I Ib CWA 3 0 7 ( A )
Description: colorless liquid
Molecular weight: 128.6
Boiling point at 1 atm, F: 347 F
Solubi l i ty in water , g/lOOg water at 20 C: 2.8 g/100 ml
Flash point, closed cup F: 147 F
Vapor pressure at 20 mm/Hg: 1 mm at 53.78°F
Melting point, F: 48.2 F
Upper explosive l imit in a i r , % by volume: combustible
Lower explosive l imit in a i r , % by volume: combustile
Minimum explosive concentraction for a dust/vapor: auto-

igni t ion 1022 F.
Specific gravi ty: 1.265

Incompat ib i l i t ies :

Active metals
Amines
Oxidizers
Oxygen
Mois ture
Heat
Peroxides

Analyt ical Method:

EPA Me thod fo 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
Water, Method # 6 0 4 ; GC; Detection l imit ; 0.3 ug/L.
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2,4-Dichlorophenol

Physical Characteristics

Chemical Formula: CgH^CloO
Reportable quantity: I l5. (WA 307(A)
Physical Description: white solid, pale yellow crystals
Molecular weight: 163
Boiling point at 1 atm, F: 410 F
Solubility in water, g/lOOg water at 20 C: 0.45 g
Flash point, closed cup: 237 F
Vapor pressure at 20 C mm Hg: 1 nunHg
Melting point, F: 113 F
Upper Explosive Limit in air, % by volume: combustible
Lower explosive limit in air, % by volume: combustible
Specific gravity: 1.383

Incompatabilities

Heat , 2 , 4 - d i c h l o r o p h e n o l decomposes at h i g h t e m p e r a t u r e s ,
releasing toxic gases:

oxidizers
peroxides
acids
oxygen

Analytical Method:

EPA Method for Municipal and Industrial Wastewater Method
#604 ; G.C.; Detection limit, 0.39 ug/L.

2,4,6-Trichlorophenol

Physical Characteristics

Chemical Formula: C^ti^Cl-sO
Physical Description: yellow solid or colorless needles,
strong phenolic odor.
Molecular weight: 197
Boiling point at 1 atm, F: 475°F
Solubility in water g/100 g water at 20°C: 0.09g
Flash point: non-flammable
Vapor pressure at 20°C mmHg: 1 mmHg at 170°F
Melting point: 156.2°F
Upper explosive limit, % by volume: combustible
Lower explosive limit, % by volume: combustible
Specific gravity: 1 .490

Incompatabilities:

Heat: Decomposes at high temperatures, .toxic or dangerous
gases are released.

Strong oxidizers Oxygen
Peroxides Steam
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Incompatibil i t ies:

Heat : Decomposes at h igh t empera tu res , r e l ea s ing t o x i c
and/or dangerous gases.
Water
Steam

CHLOROBENZENES

Chlo robenzenes are a c o m m e r c i a l l y impor tan t f a m i l y of
organ ic chemicals , especial ly as raw m a t e r i a l s in the
manufacture of other products. 2,4,5-tr ichlorophenol, which
is the s t a r t i n g m a t e r i a l fo 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
he rb i c ide2 ,4 ,5 -T , i s made f r o m 1 ,1 ,4,5-tetrachlorobenzene.

Chlorobenzene

Physical Characteristics

Physical Appearance: Chlorobenzene is a colorless l iqu id
with a mild aromatic odor.
Formula: CgHcCI
Molecular Weight: 112.5
Boiling Point ( . 7 6 0 m m H g ) : 132°C
Specific Gravi ty : 1.1
Vapor Density: 3.9
Melt ing Point: -44°C
Vapor Pressure at 20°C: 8.8 mmHg
Solubili ty in water g/lOOg water at 20°C: 0 .05
Evaporat ion Rate: 1
Flash point: 28.9°C

React ivi ty

Heat contributes to instabil i ty

Incompatibil i t ies

Stong oxidizers

Analytical Method

N I O S H M a n u a l of A n a l y t i c a l Me thods , 2nd E d i t i o n , V o l . 2 ,
1977.
EPA Methods for Munic ipa l and Indus t r ia l Wastewater, Method
#601, G.C. wi th Purge and Trap; Detection L imi t , 0 .25 ug/L.

1,4-PiChlorobenzene (p-diChlorobenzene)

Physical Characteristics

Formula: 1.4-C6H4C12
Appearance: Colorless solid with camphor-like odor
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Molecular Weight: 147
Boiling point (760 m m H g ) : 174°C
Specific Gravi ty: 1.46
Vapor Density: 5.1
Melting Point: 53°C
Vapor Pressure at 20°C: 0.4 mmHg
Solubility in Water g/100 g water at 20°C: 0.008
Evaporation Rate: NA
Flash Point: 65.6°C

Reactivity

Very stable

Incompatibi l i t ies ; none ._

Analyt ical Method C\J

N I O S H M a n u a l o_f 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 , Vol .3 , rn

1972. 0
EPA Method for Munic ipa l and I n d u s t r i a l Wastewater , Method o
#601, G.C. wi th purge and trap; Detection l imits 0 .25 ug/L.

1,2-Dichlorobenzene

Physical Characteristics

Formula: 1.2-C6H4C12
Physical Appearance: Colorless to pale y e l l o w l iqu id w i t h a
pleasant aromatic odor.
Molecular weight: 147
Boi l ing point (760 m m H g ) : 180°C
Specific Grav i ty : 1.3
Vapor Density: 5.1
Mel t ing Point: -17.6°C
Vapor Pressure at 20°C: 1.2 mmHg
Solubi l i ty in water, g/100 g water : 0.015
Evapora t ion Rate: 1
Flash Point: 66°C

React iv i ty

Heat contr ibutes to ins tabi l i ty .

I n c o m p a t i b i l i t i e s : Con tac t w i t h s t rong o x i d i z e r s , hot
a l u m i n u m or a luminum alloys may cause f i res and explosions.

Ana ly t i ca l Method: EPA Method for M u n i c i p a l and Indus t r i a l
Was te W a t e r , M e t h o d #601; P u r g e and T r a p ; De tec t ion L i m i t s
0.15 ug/L.
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1,2,4-Trichlorobenzene

Physical Characteristics

Chemical Formula: C6H3C13
Physical Appearance: Colorless liquid with aromatic odor
Molecular weight: 181.4
Boiling Point at 1 atm F: 415°F
Solubility in water g/lOOg water at 20°C: insoluble
Flash Point: 230°F
Vapor Pressure at 20°C mmHg: 1 mm at 101°F
Melting Point: 6 2 . 6 F
Upper Explosive Limit in air, % by volume: 6 . 6 % at 302°F
Lower Explosive Limit in air, % by volume: 2.5% at 302°F
Specific Gravity: 1.46

C\J
CM
•^0

Reactivity:

Decomposes at high temperatures , releasing toxic and/or (f\
dangerous gases. Q

Incompat ibi l i t ies :

Strong oxid izers

Analyt ica l Method:

EPA Methods for M u n i c i p a l and Indus t r i a l Wastewater , Method
#612, G.C. ; Detection L i m i t , 0 .05 ug/L.

1,3-Dichlorobenzene

Physical Character is t ics

Formula: 1,3-C6H4C12
Molecular Weight : 147.0
Mel t ing Point: 24.7°C
Boi l ing Point: 173°C
Vapor Pressure: (25°C) , tor r : 2 .28
Solubi l i ty in water ( tempera ture u n k n o w n ) , mg/1: 123

Analy t ica l Method:

EPA M e t h o d s fo r M u n i c i p a l and I n d u s t r i a l Was t e s , M e t h o d
#612, G .C . ; Detectioon Limi t 0 .32 ug/L.

Hexachlorobenzene

Physical Characterist ics

Formula: C6C16
Physical Appearance: solid needle-like crystals
Molecular weight : 284 .76
Boil ing Point at 1 atm °F: Sublimes at 613°F
Solubi l i ty in water , g/lOOg water 20°C: insoluble
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Flash Point: 468°F
Upper Explosive Limit in a i r , % by volume: combustible
Lower Explosive Limi t in a i r , % by volume: combustible
Specific Gravi ty : 2.04

Incompatabil i t ies;

Dimethyl Formaldehyde

Reactivity;

Heat ; Decomposes at h igh t empera tu res , r e l e a s i n g t o x i c
and/or dangerous gases.

Analyt ica l Method: ^
C\J

EPA Methods of M u n i c i p a l and Indus t r i a l Wastewater , Method \o
#612, G.C. ; Detection Limi t 0 .05 ug/L. ^

0
0

Toluene

Toluene is an i ndus t r i a l l y impor tant compound used in a va r ie ty
of process ope ra t ions . Some of i ts 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 ubbe 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 fo r pa in t s and c o a t i n g s ; as a s t a r t i n g
mate r ia l and intermediate in organic and chemical synthesis; in
manufac tu re of insecticides.

Physical Characteristics

Chemical Formula: C6H5CH3
Appearance: Colorless l iquid w i th an aromat ic odor.
Molecular Weight : 92.1
Boi l ing Point : 111°C
Specific Gravi ty : 0.86
Vapor Density: 3.14
Mel t ing Point: -95°C
Vapor Pressure at 20°C: 22 mmHg
Solubi l i ty in wa te r , g/100 g water at 20°C: 0 . 0 5
Evapora t ion Rate: 2 .24
Flash Point : 4°C

React ivi ty

Heat: Containers may burst at elevated temperatures .

Incompat ibi l i t ies :

Strong oxidizers

Analyt ical 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., Vol .3 ,1977 .
EPA Methods for Mun ic ipa l and Indus t r ia l Wastewaters; Method
# 6 0 2 , G.C. ; Purge and Trap; Detection l imi t , 0 .2 ug/L.
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Chloroanisoles

After contacting numerous sources (i.e.. Chemical Manufacturers
Assoc i a t i on , H a z a r d l i n e , etc.) it has become ev iden t that
Chloroanisles are not a commercially ava i lab le product. It is
our be l i e f , t he r e fo re , that they are most l i k e l y formed as a
competing reaction or as a contaminant dur ing the manufacture of
2,4-D and 2,4,5-T. 2 -Ch lo roan i so le is p r o b a b l y formed by the
acy la t ion of 2 -ch lorophenol d u r i n g a phase separa t ion w i t h
to luene or other to luene c o n s u m i n g step. In a s i m i l a r m a n n e r ,
2,4-dichloroanisole is probably formed by the acylat ion of 2,4-
dichlorophenol. If this theory is correct, we would expect to see
high levels of Chloroanisoles in toluene still bottoms and lower
levels as contaminents in f inished product.

Phys ica l da ta ( i . e . , • m e l t i n g po in t , vapo r p ressure , spec i f i c
grav i ty , etc.) have not been worked out for these compounds. It ^t

is therefore impossible, at this point , to predict how they w i l l CM
react in the e n v i r o n m e n t . It is p o s s i b l e to say h o w e v e r , tha t ^0
they are persistent in the envi ronment since they are detected by ^
chemical analysis four years a f t e r Vertac ceased to m a n u f a c t u r e Q
2,4 ,5 -T . C h l o r o a n i s o l e s have been detected in the pa r t per
b i l l i on levels in ground water and surface water samples.
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SECTION V

ENVIRONMENTAL ASSESSMENT

in
INTRODUCTION C\J

^0
The fate and transport characteristics of the compounds addressed
in this report (chiorophenoxy herbicides, chlorobenzenes, chloro-
p h e n o l s ) a re d i scussed in this section. The c o n c e n t r a t i o n of a <w

p o l l u t a n t in the e n v i r o n m e n t depends on the a m o u n t and f o r m of O
the chemica l re leased to the e n v i r o n m e n t ; the p a t h w a y s for
migra t ion ; the chemical and physical properties of the compound;
the elapsed time from the release of the chemical to the sample
collection and analysis and the behavior of the chemical 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 the compound in the
environment depends on the physical , chemical and/or biological
processes which affect it.

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 m a y a f f e c t 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 a r e :
vo l a t i l i z a t ion--the loss of organic compounds f rom the water to
the a i r ; and s o r p t i o n — t h e a b i l i t y of chemica l s to a d s o r b or
absorb to suspended and bottom sediments. V o l a t i l i z a t i o n is an
important pathway for compounds wi th high vapor pressures or low
so lubi l i t i es and the sorption to soil or sediments is genera l ly
by more h y d r o p h o b i c compounds . Chemica l processes i n c l u d e :
pho to lys is - -photochem ica 1 t r a n s f o r m a t i o n of a compound through
either direct or indirect reactions produced f rom excited states
or chemical radicals; oxidat ion--f ree radical and singlet oxygen
reactions; and hydrolysis--the introduction of a hydroxyl group
(-OH) in to a chemica l s t ruc tu re . The b i o l o g i c a l processses
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 a n d b i o -
transformat lo^n~a^nd~bio^degradat ion i n v o l v e the uptake and concen-
trat ion of a compound by l i v i n g species, and the enzyme-catylzed
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 m i c r o o r g a n i s m s
respectively.

Other factors relevent to an env i ronmenta l assessment include the
migra t ion route--air, surface water, ground water, sediments or
s u r f a c e r u n o f f ; the po ten 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 imat ic condi t ions, disposal methods and waste characterist ics;
the populat ion at r isk and the current regula t ions or guidelines.
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CHLOROPHENOXY HERBICIDES

2,3,7,8-Tetrachloro-dibenzo-p-dioxin (d i o x i n )'-"

Dioxin , produced as an unavoidable by-product and contaminant of
the herbicide 2,4,5-T, has been discharged or disposed of at the
Vertac site since 1948. It was or ig ina l ly discharged into Rocky
Branch Creek via the production wastewater and later 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 was t e s . W h i l e d a t a is s t i l l
insuf f ic ien t to conclude the most probable fate of d iox in in the
e n v i r o n m e n t , it appears that so rp t ion and b i o a c c u m u l a t i o n are
the primary processes af fec t ing its transport.

^0
The potential for d ioxin to leave the site is supported by sample C\J
r e su l t s showing 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 its ^Q
po t en t i a l source. W h i l e recent sample r e su l t s do not r e v e a l ^
detectable l imits of d iox in in the surface or ground waters (its
s o l u b i l i t y is 0.2 ppb in w a t e r ) , it has shown up in sed imen t —
samples (0 .839 - 9.981 ppb ) , f i s h ( 0 . 8 0 0 ppb) and s u r f a c e soi l °
samples. I t has been g e n e r a l l y f o u n d that d i o x i n s are more
t ight ly bound to soils hav ing r e l a t ive ly higher organic content.
Dioxins applied to the surface of such soils genera l ly remain in
the upper 6 to 12 inches. They mig ra t e more deeply into sandier
soils, to depths of 3 feet or more. In areas of heavy r a i n f a l l ,
not only is vertical migra t ion enhanced but lateral displacement
also occurs by soil erosion wi th runof f and/or f looding. D i o x i n s
may appear in normal water leachate of soils that have received
severa 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 contaminated soils
and sediments . D i o x i n c o n t a m i n a t i o n may a l so be t r a n s p o r t e d
o f f s i t e via airborne dust particles. Few studies have been done
to de t e rmine 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 l an t s . In the
l imi t ed numbers of s tudies conduc ted , r e su l t s seem to i n d i c a t e
very small amounts, if any, are accumulated.

Dioxin is currently listed as 1) a tox ic pol 1 yj: ant-sunder _.the
C ̂ e a.n̂ .W.â e..r̂ .c.t,J5 ec .UP,".. 3.0.1, CA) ..4 QCrR,J.,2.9 ; , 2 J. g^o^^S^h^^g^ouf
waste~^nd&g^gCRa^^Cg&^26 i'.fs^JS^ 3L. a toxic su'bsEance under^fttt
_ " " -^"•^-..^• '̂•^.••^•^••^IA^* • • i i i* ^•^z*^^ •/^^w« .̂ " • f̂u*w«J—^ • -'y*-̂ *"——"1-*1-!̂ -.**--̂  .^.<^*--—*->- fc<i-i<:A..»* --.. • • k«J««.̂ *.,-̂  -.^ • JfTo xTc . -SUP_SC anc e s._ ̂ on^£.OJ^Aj:1^^nq 4) as a poisonous solicT, N.O.S.
^r"'̂ ^l's^1^~B, solid, N.'0.3. by tHe Department of Transportat ion.
^^t^l^3®^^'V^XsaK c,e£^^ ĵ;re .̂JD^J^^^^2Q^^^^
snor@^^ r̂id^ în^^^%T î"tn-̂ ^ 1 s-ab^v-e"-rppD?1

— — • - — " — — — ' • — — —^-^ f-Ln i*-^ ' ~' "•^——"—^ir ——•— ill"-' i' _M i-^- r——_ --t_i._I_J_|_^'-,^*-.———- i a l * <*r 1 '11 •r •I—- " ~~ L „* ..;-,.-•<

2,4-Dichlorophenoxyacetic acid ( 2 , 4 - D )

2 ,4 -D was produced at the site f o r the m a n u f a c t u r e of Agent
Orange . In F e b r u a r y of 1982, there was an i n v e n t o r y of 9 , 4 7 2
drums of 2,4-D still bottoms. Recovery of 2 ,4-D wastes by Vertac
b e g a n in J u l y of 1982. S i m i l a r i t y to d i o x i n , 2 , 4 - D w a s
discharged and disposed of onsite in product ion wastewater and in
landfi l ls .
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The still bottoms were originally stored onsite in leaking con-
tainers with no storage facilities provided.

2 ,4 -D was found on site in both su r face wa te r ( t race - 39 ppm)
and g round wate r ( t race - 98.5 ppm). It is not c lear f r o m the
sample r e su l t s p rov ided whether 2 ,4-D was not found or not
anablyzed for in the sediments . The presence of 2 ,4-D in par t
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 samples ra ises some
quest ions as it is not very s o l u b l e ( s o l u b i l i t y is 0.07 ppm at 20
C). The most impor tan t fac tor w i t h respect to the m o b i l i t y of
this compound in the environment is the organic matter content of
the soil. 2 , 4 - D is r e a d i l y adsorbed by o rgan i c mat te r . In
acidic systems it is adsorbed by clay particles. Therefore, the
p r i m a r y means of t r anspor t w o u l d tend to be v ia sed imen t s and
soil r u n o f f in the a q u a t i c systems and a i r b o u r n e c o n t a m i n a t e d
particulates. " 1̂ -

The reported 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 round water may represent a s u p e r s a t u r a t e d so lu t ion . As the
samples were col lected in J u l y , a h i g h e r s o l u b i l i t y can be rn

expected if the water temperatures were elevated. However , since 0
the compound tends to be adsorbed to organic matter , the question o
of to ta l suspended and to ta l d i s s o l v e d so l i d s in the sample is
ra i sed . The h ighes 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 production wastewater discharge ditch. The
depth of water in the d i t ch was o n l y 3 to 4 inches. 2 , 4 - D was
not f o u n d above the de tec t ion l i m i t of 8 ppb int the c o o l i n g
pond. In the g r o u n d w a t e r samples 2 , 4 - D c o n c e n t r a t i o n s were
highest in the w e l l s near the N o r t h W a s t e B u r i a l Area and the
Reasor-Hil l Area. Both wells are located between the disposal
areas and Rocky B r a n c h Creek. There appear to be two p r o b a b l e
m i g r a t i o n rou tes of 2 , 4 - D : 1) v i a ons i t e d r a i n a g e d i t ches to
ad jacen t s u r f a c e wate r s and 2) by leaching f r o m the d i sposa l
areas into 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 f a t e is u n c e r t a i n . Because it does not show up in
samples f r o m coo l ing pond wa te r at m i d - d e p t h and it tends to be
adsorbed to organic matter , sediment samples should be ana lyzed
f o r 2,4-D. This is suppor t ed by the s p e c i f i c g r a v i t y of 2 , 4 - D
(i.e is greater than 1). This indicates the compound would tend
to s i n k to the l o w e r s t r a t a . 2 , 4 - D is n o t e x p e c t e d to
bioaccumulate in the environment or enter the food chain. Other
processes w h i c h a f f e c t the f a t e of 2 , 4 - D in the e n v i r o n m e n t a re
b io t r ans fo rma t ion /b iodeg ra t i on and pho tochemica1 d e c o m p o s i t o n .
The presence of d i o x i n is 2 , 4 - D as an i m p u r i t y or b r e a k d o w n
substance increases the concern of env i ronmenta l concentrat ions
of 2,4-D.

.rWW^^
•̂ ^—'a.t-c-h'ifafcopAaaox.y aeeAJL (L-.a.c îd^^s^c urre_ntly listed on 1) the
ToJA&^S'yALS.-t an,ces^C5n^r^Act^^

,S e&t-lon^-.y 7 (A) ; 3) - RCRA^SrS^EC'-SSrSS^aa-: ch-a ra c-fce r i s t ic^of. .EJT
^toxic-rtyr 4) 40CFR 122.21 testing requirements for NPDES permit
applications; 5) the Department of Transportat ion Hazardous
MaterialsTable 49CFR 172.101 as Other Regulated Material ORM-A.
2,4-D is currently regulated under the Clean Water Act^Sect ion

• < . "" i y«»^̂ ^» ̂ ^̂ •̂ ••J^ 11 iî '̂ » * ̂ y l̂ • -—^7 -^ -*"'*• f .» ̂ BT «̂»̂ »< ̂  -J^*w»*f ,-'".r..T,-»- • '-p^ •• ^ " .» ' •««•«,• —•: •<" •«•

304 (A) ;-'Water Qua-1-ity" Criteria for chlorophenoxy herbicides^- atf
^ ^.—- —^ ._-, t-tJ-'r- ——" '•'"•— • —-*-«--—-• «.-^—'-. -1^. .•,>„„.&„ .̂ .̂.•««<-«-w.»»»-f .» t̂-. --»•—«-..•».,_-...,•;,-,.,«»
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Too.ug'/ I: 'J[PPb)^l^^^<>w®^^^^^tJeLr^A^ ; and under
46dFR"'r4'i .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
Regulat ions, Maximum Contaminat ion Level (MCL) at 0.1 mg/1 (100
ug/1).

2,4,5-Trichlorophenoxyacetic acid ( 2 , 4 , 5 - T )

2,4,5-T was one of the major products produced at the Vertac site
f rom 1948 u n t i l Apr i l 1979. As w i t h 2 ,4 -D and d i o x i n , 1,4,5-T
was released into the environment by the discharge of production
wastewater into the central ditch and Rocky Branch Creek and the
onsi te s torage and d i sposa l of p roduc t ion s t i l l bottoms. The
presence of these compounds ons i te and in the s u r r o u n d i n g
environments fours years after production ceased is indicat ive of 00
the persistancy of the chemicals and/or quanti t ies released. CM

^0
2,4,5-T was f o u n d in both su r face wate r ( t race - 1.24 ppm) and ^
groundwater (trace - 70.97 ppm) samples taken by DISC in Ju ly and
A u g u s t 1982. It is not c lear whether 2,4,5-T was not f o u n d or
not a n a l y z e d for in the sed iment samples taken. 2,4,5-T is not ^
very 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 behaves
s i m i l a r l y to 2,4-D wi th respect to its fate and transport in the
environment. It is readily adsorbed by organic matter and under
ac id ic c o n d i t i o n s by c l ay pa r t i c les . T h e r e f o r e , the most
important means of transport in the envi ronment is via sediments
and soil runof f and airborne contaminated particles. The organic
m a t t e r content of the soil is the basis fo r the degree to w h i c h
2, 4,5-T is adsorbed.

As discussed wi th respect to 2,4-D, the highest concentrat ions of
2,4,5-T were found in the onsite production wasterwater d ra inage
d i t ches and the m o n i t o r i n g we l l s wh ich l ie between the b u r i a l
areas (both the North Waste ( ( # 1 2 ) and Reasor-Hil l ( # 1 8 ) ] and the
c o o l i n g ponds and Rocky Branch Creek, the p robab le rou te s of
m i g r a t i o n are o v e r l a n d v i a the su r f ace d r a i n a g e d i tches and by
leachate migra t ion into groundwater and surface water. Once the
2,4,5-T reached the s u r f a c e w a t e r , its most 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 coo l ing pond and Rocky B r a n c h Creek 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
potential route of migra t ion . The advisory Committee on 2,4,5-T
conc luded that the he rb i c ide is not b i o a c c u m u l a t e d in the
environment and is rap id ly excreted by animals . It is therefore
the i r bel ief that 2 , 4 - D does not enter the food cha in . Other
processes which af fec t the fate of2,4,5-T in the envi ronment are
biotransformat ion/biodegradat ion and photochemical decomposition.
l——^WPW^ ""^
f.^'^-e^ ich 1 oropbenQ.x.v^acet ic ac id is currently listed on 1) the
-̂ -̂ '̂̂ r̂nce^^on^FÎ ,̂ n^^y,a ,̂2^^L.ea^BaJt,4X..Act

-TATT 3)RCRA^40•rt^^?T:yr^^ycharacteristic of Ef
* . * ^,*-.farA^*»»^i»^ \^_ _ ,̂ >.<«^t.i**<-*-'-- •—" **- *"<——- -,_-*•—^ .——'• • --• ••-->., . . ^ . , •

_ 4) 40CFR 122.21 testing requirements for NPDES permit
applications? and 5) the Department of Transpor ta t ion Hazardous
M a t e r i a l s Table 49CFR 172.101 as Other Regulated Mate r i a l ORM-A.
2,4,5-T is current ly regulated under the Clean Water Act Section
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304 .CA?'''i33^33aS-Jt¥-J£r̂ §^T???'̂ lTT5F5^̂ n^̂
Sg^TJ^pb,r'"f or domestic wa ̂ g^ -̂-̂ ^ -̂̂ .̂g^^^ -̂.3.̂ J,s:̂ ^J,̂ ,̂ :̂ -o^p p
14i.l2"t'he N a t i o n a l I n t e r i m £^J»ffl.ary D r i n k i n g Water R e g u l a t i o n s
Maximum Contaminat ion Level CVICLJ at 0.01 mg/1 '^T^Tugyi).

^ ^ (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 t h i s t ime w h e t h e r S i l v e x was
in tent ional ly manufactured at the Vertac Site, or was a result of
2,4,5-T reacting with heat dur ing production. Si lvex, along with
the prev ious ly mentioned phenoxy herbicides, was released into
the environment by discharge of wastewater and the onsite storage
and disposal of still bottoms. C\J

v0
S i l v e x was found in both su r f ace water ( t r ace - 8 ppb) and m
g r o u n d w a t e r ( t race 45.0 ppb) samples t aken by DISC in 1982. Q
Since the proper t ies of S i l v e x are s i m i l a r to 2 , 4 - D and 2,4,5-T _
the probable routes of mig ra t ion are a l ike - over land v ia surface
drainage ditches, and by leachate mig ra t i on into groundwater and
surface water. Furthermore, S i lvex can be vo la t i l i zed and enter
the ambien t a i r , adsorbed by o r g a n i c m a t t e r and be d e g r a d e d by
micro-organisms.

>y~^"(T,'4",'5^-'̂ 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 v e x - is
t^^-f^^-l̂ '̂ ^eit-p^ ^,p^ p »..fe^^,, ̂ r̂ ^̂ B...M.a>i-̂ .-a.̂ .±-.g.=u-̂  T_^n_^.ll^^

f 4 ^ anr] ^RCRR-SegMon ^ n O T RS a ha.7ar̂ cms_ îilis^a^c^p,̂ -fl3 .̂.v^

i-s ̂ curr^^4^£egu 1 atedu5der^h.,e^£l̂ ean^aat,er^Ac^^^ct_l,OJî 31 .̂ JB )
't^'w^3'*^-"^^^'"*^-'' TiiiJ ^fusr' i ^ •'*'•'" "••*-—•

^^ItMJAa^J^

CHLOROBENZENES

Chlorobenzene

Ch lo robenzene was f o u n d on-s i te in both s u r f a c e wa te r ( t r ace -
4 0 3 0 ppb) and g r o u n d w a t e r ( t race to 5.4 ppb ) . Th is c o m p o u n d was
not detected in sediment. Chlorobenzene, as other de r iv t i ve s , is
i n s o l u b l e in wate r . It appears that p r i m a r y t r a n s p o r t a t i o n of
these compounds could be f r o m sed iment r u n o f f or suspended
p a r t i c l a t e s in w a t e r . C h l o r o b e n z e n e has an i n t e r m e d i a t e
p ro t en t i a l fo r b i o d e g r e d a t i o n . This compound is expected to
vo la t i l i ze rapidly in surface waters.

I t s h o u l d be no ted t h a t the h i g h e s t c o n c e n t r a t i o n of
C h l o r o b e n z e n e was detected in a sample col lec ted on A u g u s t 13,
1982, f r o m the c e n t e r of the c o o l i n g pond at m i d - d e p t h .
Subsequent s a m p l i n g f r o m September 17, 1982, of the n o r t h and
s o u t h ends of the c o o l i n g pond at m i d - d e p t h r e v e a l e d no
C h l o r o b e n z e n e . The three o ther su r face w a t e r samples showed a
s imi lar decline of Chlorobenzene to' the nondetectable level from
Augus t 13, 1982 to September 17, 1982. C o n c e n t r a t i o n s of
C h l o r o b e n z e n e in g r o u n d w a t e r does not appear at represent a

5 03105200



threat to the environment.
--_..„» 11. J»r i i " • " """•" ""-"'•"'"••"•-•""*"->

The recommended Arnbxent^ îte^^uaJ.iAy^Cri.tex.ia^^AWQCU based on
toxicity data to pYo^Te'c^T n^uina n health from the pot̂ n .̂i.aJ. toxic
ef fec ts of <"h l "^"hpnypn.^^J^ff^J^q^.^^'JTLl.Pig^ to be. 488 P!f>' The
recommended AWQC is 20" ppb ch lorobenzene.J ba sed^dJt^o'rqTno 1 ept ic
, , - , - . te^^£"».< .̂.-.t̂ -̂.I,̂ ^ '̂"W'»P"?'*- •/"'"• - -
data for control l ing undesireable odors and tastes" ~ ^ ' t ' i t ~ -••'-•• ••'•ni i"~"- *~- •-

TlHtiHlh^lll^yflpPV1^VVfSy!3rv9 ̂ 'T* •̂*T^ -
rlb 1 g-LI^P-n^^Jl̂ J1^ '̂̂ '̂1'̂ " '̂ 1 y listed on 1) fcB^^S^^^hrt̂ F f̂re^
(S t̂̂ 5JLL.AJ£t̂ ^sfito^^2) Clean Water Act S^cTî ^TTST?'--''?)
RCiRA 40CFR261.31 as ah EPA hazardous waste; 4) 40CFR122 .21
testing requirement for NPDES.

Dichlorobenzene Q

Dichlorobenzenes were detected in on-site groundwater (trace to
843.8 ppb) and sediment ( t race to 2.5 ppb) at Ver tac . The 1,2, <s0

1,3, and 1,4 isomers of dichlorobenzene act s i m i l a r l y (i.e., are ^
insoluble in water and appear to migra te in a s imi la r fashion to 0
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 Q
d i 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 w i l b i o a c c u m u 1 ate. The
s o r p t i o n p rocess is s u b s t a n t i a l f o r d i c h l o r o b e n z e n e . I n
a d d i t i o n , they 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 may
expla in their absence in surface water samples. Dichlorobenzene
is susceptible to attack by hydroxyl radicals in the atmosphere.

The low ppb concentrat ion of dichlorobenzene in sediment does not
represent a threat to the environment . Well number 6, sampled on
J u l y 23, 1982, was the on ly sampled g r o u n d w a t e r l o c a t i o n t ha t
showed dichlorobenzene. 1,4-dichlorobenzene was present at 843.8
ppb, wh i l e the 1,3 and 1,2 dichlorobenzene isomers were observed
at 15.2 and 6.5 ppb respectively. It appears that contamina t ion
of this well by dichlorobenzene comes f rom the clay capped b u r i a l
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 igns of acute t o x i c i t y to f^
aquatic 1 i fe_a t ] .12Q ppb^and freshwater aquatic at 763 ppb. Th^j
r ecommenaecf YWQC^of^To 0 ppb^T^s been established to protect humfn
heaTEK 'f^m^he^torflp'^pTopeT^Tes of dichlorobenzene.

Tfi >n"'"̂

1 , 4 nĴ hĴ r n hp. n 7^e n ̂  i s ^ ,r " r^3 n h 1 y l isted on 1 ) th'e^SQxJ.l
ffulastance Control Actr Iny^ft^TvJ,?^ the Clean Water Act Section

_^^,..i **• il -* ̂  r l——»^———— l̂»-^^J^^,»<—^-7-.»^^.^?_-.jbg'g^^ '̂

3tr7 ( A ) ; -n CE-BnL îS -̂fTgfoTr̂ -̂ gg l̂LLJ

Trichlobenzene

The 1,2,4-isomer of tr ich lorobenzene was detected in groundwater
( t r a c e to 30 .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 ) a n d
sediment ( t race to 2.0 ppb) samples at the Ver t ac F a c i l i t y .
1,2,4-trichlorobenzene has a high potential for bioaccumulat ion
in l i p i d t issues of organisms. Sorp t ion p l a y s a m a j o r ro l e in
the fate of this compound and 1,2,4-trichlorobenzene 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
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suscpectible to attack by hydrroxyl radicals in the atmosphere.
Migra t ion and transportation of tr ichlorobenzene appears to be
similar to chlorbenzene.

Concen t ra t ions of t r i c h l o r o b e n z e n e found in sediments of the
cen t r a l d i t c h does not appea r to r e p r e s e n t a s i g n i f i c a n t
environmental threat. S imi la r ly , 2 ppb of trichlorobenzene in
sur face wa te r of the East d i t ch w o u l d not pose a threat . 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 Ppb of
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 ch lo robenzene appears to have entered the g r o u n d w a t e r v i a
.leaching through the bur ia l area. Rapid vo la t i l i za t ion explains
the absence of these compounds in surface waters.

Trichlorpb^enzene is currently listed on 1) ^he^JrQ îJC^^Sub s taocy ^_
(fS^r^XZA^S-lSve.^Arl'; 2) the Clean Water Act Section 307 ( A ) ;
3) 4 ' O C F R 1 2 2 . 2 1 Testing r e qui r em e n t s for NPDES; ^YScijA
4 &€P»2«T37r"^Py^azard'ou8 '̂vastf. —^ \D

-~ • •J ,,,J|-,-||> .'••"—••'•""••'""•'•"••-" •\ r '•"• • •"•" — ^\

0
Hexachlorobenzene 0

Hexachlorobenzene was found on-site in sediment in concentrat ions
ranging from trace to 12.8 ppb. This compound is persistant and
may bioaccumulate or enter the food chain. Hexachlorobenzene is
insoluble 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 imi lar to other chlorobenzenes. Sorption also appears to p lay a
m a j o r ro le in the fa te of th i s compound. O n l y centa l d i t ch
sediments contain detectable concentrat ions of hexachlorobenzene.
I t does not appear that th is compound 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 wate r or sed imen t t r a n s p o r t a t i o n routes .
The 12.8 ppb concentration of hexachlorobenzene in sediment does
not appear to represent asi^r^i,^ 1c^ nt.,,,t;h r ea t to the environment .
Hexachlorobenzene_ ^s^,a^.suspected'"car<;^nogeJ and therefore has a
recommended'TWO"C'''o? zery'̂ Th'Ts^re'̂ 'e'l was ass igned based on the
n o n -1 h r e s h o 1 d"-tfre yry^ot ca rc inogen ic ! ty. Da ta ^ind.i.cate^ t ha t
f reshwate raaua . t . ^c species may e x h i b i t acu^fiT^x'ici-ty^.cy feotal l-—i .-- »y '— ,*T - ?•-"•-• *»^«w->.—-»—^.-f^^.^-.. - , ' • ' • T.^.-.3Srt'>^f;A.^-..ic,'wi.^»»---« ...— îl
cffi or inated'benzenes at concentrations as low as 250Dph(

-i^rf»^>T ^—^^* i 1 • i - i "" *T_ I irtni'-ii-Taif iJ'hfcilNrr-• • '- if i'«»i l a m'i i • •^ ''f*"r-— if---^ ria-n^Tu- i n ^ f -•-« .. *"^"^ — • •••

CHLOROPHENOLS

Five c h l o r i n a t e d p h e n o l i c compounds were detected on-s i te in
sediment, surface and groundwater at Vertac. Only three sediment
samples contained concentrations of chlorophenol ranging from 3.3
ppb to 20.1 ppb. These concentrat ions a l though they may indicate
o f f - s i t e m i g r a t i o n of the above compounds (i.e., 20.1 ppb was
detected in the sed iment sample of R o c k y B r a n c h , b e l o w the
coo l i ng ponds ) , do not represent a s i g n i f i c a n t th rea t to the
environment in sediments.

Of concern is the c o n c e n t r a i o n of these chemica l s in the pa r t per
m i l l i o n in range su r f ace wate r and g r o u n d w a t e r samples . We l l
numbers 9,12 and 18 are 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 (up to 166
ppm) w i t h c h l o r o p h e n o l . The isomers of concern in g r o u n d w a t e r

7 03105202



are 2-chlorophenol, 4-chloro-3-methyl phenol, 2,4-dichlorophenol,
and 2,4 6-trichloropenol. Pentachlorophenol (PCP) was detected
at 6 ppb over its detection l imit in one groundwater sample.

Only su r f ace wate r samples f r o m the east and centra l d i tches
contain any of the chlorinated phenols (-20 pm at the east ditch
and less than 1 ppm in the cental d i tch) .

It appears that these compounnds have entered or are e n t e r i n g
groundwater via leaching from waste piles.

^C^Tor^tie'noTJ is m o d e r a t e l y SSSSSF' somewhat pe rs i s t an t and
s J*T*gft'b I'y" sot UDI e in water . Acute t o x i c i t y of th is ^""Ip.CUlJ?^ ,^n
freshwater aquatic l i fe occurs at concentrations as fow as 438(y

^SS a———-' ' CVJ

Data indicates that toxici ty of chlorinated phenols to f reshwater ^
aquatic l i fe general ly increases wi th ch l̂_o.r^yi.aj,;.xm«, the acute ^0
t o x i c i t y to .fr.eJg.huater s^ecJ_e^^£^>ia^ir^T^^^ 1 ^
r \ r ' " \\ r ̂ _^\ 7^.iv,v^/ Iv^t Ch.ronI'c^'^ayi-ci'ty-^ueuUT: ̂ •'a^-^Ty^y'/T^^ r /-.Trry-tr.i.̂ l®k^J. ̂ -̂--̂ --"'--̂ •î *^—» .̂— -̂s—^ ^
U s i n g o r g a n o l i p t i c da t a f p Fri .^ yi t. ri" ^ il 1 .̂1^11n^0 ̂  T" r' h 1 ̂ , *• ? ̂ j-a a.yi
o r d o r̂, s^ff^t^^^e<^<>^Ba»»«4^Smb^''&^r^'wa'fe e-r—Qu^-JLL-fc.y..^Zr- i-tvr i a - K. o r .Jf
cnYor^heTroT^^&-J3LJ.^u.g^JiJ Nei ther vo la t i l i za t ion , nor sorpt ion,
appear to a f f e c t the fa te of 2 ch lo ropheno 1. Th is subs tance
probably does not bioaccumulate either.

2^-Ch loropheno^ is currently listed on 1) tTie' TSCA Ihv enko^f; 2)
C'̂ Onr'Sect ion ; 30 'S'l A) ; 3) 40CFR122.21 test^^;equ^rements for
HT-DTST—4"T'CWA'"'5ec1ion 307 (A) ; 5rTCR^40CRF2_6lJ32.

There is insuf f ic ien t data to derive a level that would protect
humans form the toxic effects of 4-chlorophenol. A recommended
level of 0.1 ug/1 prevents undesirable odors and tastes.

'^^dd^hJ^QXOptien^l^ s non-persistant and remains toxic only over
shor t t ime per iods or a j^^uinJb^eddi stance^ f r o m the p o l l u t a n t
source. This compound fs ^a^su speci:e<r"c at c i nog ey. 2-ch loropheno 1
is pe rs i s t an t and tends^"6"'rfcl^a^•it^^'i-n-•^:h:^W'a^r^coJ.umn,.^^Jhis^
s uJ3.s t a TLC e _ j. s n o n b i o a c c u m u l a t i v e . AcJJite. toxiJC.JLAy.of 2f
^liiotOp.h^aROfl to freshwater aquatic l i fe oc'c^'r's'^a't'^'concentratibns
of^SOL^g'/J. There is in su f f i c i en t data to der ive a level which
w o u l d protect humans a g a i n s t th e ,̂DqJ;e.p^^a,J,.̂ ,t..ax.A.c,i ,ty... o.f_.t.h i s
compound. Data from studies show ambient water quality criteria
feS ̂ PJ-O.t^cA^aflains.toe.-un^s i r ab 1 e taste s""ah 3"' o'r'do r s" ' !s"~e s 11 m'a t e d"' a t
0.1^^l-"\(^PJ^.^LSAIlJ. M i r c r o b i a l d e g r a d a t i o n of these 2
compo^unds'^has'^been reported.

Based On <-r>Y l n l^^^^q t-q^fnJ-^ho pr-Q-t-.^-^.^-LQl̂  _eif_.pn •[hi^- ,h,<a.a.-l t-.h^-t-hA

r e c o iaiaA.nd-e<3L-,,aJn b ie}\t__»a t er ^ .cuiaJ- J»Aa'aaS,?a t^e r,i,A ..£ 0 r ̂  2 . 4^ 5^
tr i chJf or.op.bep.P'lTw'as '̂d'e'te rmTned to be 2.6.. .mg-/T. . _Howeve r, ' 1.0 ug/t
of ' this comoowid Irit-w-atsr^-TnaY pr'dduce'" foul taste/arid ord(&:T"""'

*CJ,'J~•"yfylffkf3CS^S ' ̂ ^ rh f1-"—— —Ira r J' ^- •ra r, J,̂  . 1 _>_ 111 l—ili —1-- -• I'l •• —— j— -J--J- - J' ^ ̂  a«fa4«^k——•*——«•- '«4 -̂'fr .̂ r-;̂ (. .wwr^ tt" • •*••
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''2,4J6-lX ten Lor ophen'o ll is persistant and non-bioaccumulative This
c^poTtntrrs^r^eTy '̂oT. uorTs
of human hea l t h

so.
f rom

^ protection
ejects of

ble in water. Fftr,, t'^f. Tfl̂ JJT'"^
the potent j AlJ»in|̂ »g f̂l̂ ^5 f̂eJit _ _ _ _ •- , -• «e,3..sr3Wi»trs« •«.A«o'»»^of human health from the pot- op ̂  ] .ia.lL.nfI'yjL^ ̂ ^^PJl̂ SJfl̂ ^0'"' t'a of

exposure to this compound, the &WQC;sbQuldbezeyo , ba»ed on or
. L , , - . ,- -̂ »*S»*,«t.»"«^3--rf-. £>»«>-("—»-*»—-c-.-' ;•"—•-«

.nPJ3L^ l̂il..f5;^^19.J ldlLl..aai^1\T^a^'1 f>n of carcinogenicity. ^J^^ iV^"^! ^_ .f*'
2,4;y6^^r_ighorqpbepJ9^ th at ma^r.ssu 11 in 10-6 ifi^Jea^se^canqbr
r'T's'TTo^'e'r^i'^'lifetime is T?^. QSL l̂ (EPA, 1 9 8 0 ) . This compound
sorbs to organic material.

ently listed on 1) jAe^Jro^ i
î aa.aptor^ 2) ,C.la<*<^»at«t.,^ciLySection
aJ,flI (A') ; 4) ^gA .̂tQ^^Sl̂ .

% îS- .
'"'l̂ J'Aiir*'̂  r^"4'" " ' ___
(A) ; 3) ^EJ^f^SSSi^SS^Qf (A )"7

1 C

307

I., .»» . '.•».'It ri'̂ -.Wfc' — •~~ ••'- -It

^f v aUa.b̂ p̂ ^̂ hJJ?̂ .̂ -̂  JS -̂fehxi phenol,
jJ 9fr rt ^QXLc. ua/J| is suggested to avo id

This persistant compound shows no

Since n-^J^oxi f f i f e y - y T l a t ^ . i '
an ^a absent- wa.te_ji^_;: ̂ ^^•g, _
unde'sTr^ble tastes and odors.
evidence of bioaccumulation.

^̂ je«Mi>H^m ti •i n Hninl,»[il n t'l" FJ •'ia-cir^
Subgt,ance,JCaP.tXftl-Ax'±^^UBJ>eatory^-

Tfen ̂ L^_LLB-feed'-&n-̂
-* 2)*£SaCUL.Sect&an«:

CWA Section 307 (A) .

———J^ --. ̂ - - ̂  ,. -, - ^

) 1.Jilft,T.p^^^
306 (A); 3)

PentracTilo t Op f̂e'no 17",V'C P) is very persistent and may bioaccumu late
a^a^h^e?^^&~f$S '̂<^ as well as biodegrade. Data indicates
that ^^^StiC •*•»»•* °1-t'Jii .to.. fj-°°^"-'^'="' aquatic life may occur at PCP
levels as low as 3.2_jaq^i. PCP is almost insoluble in water .
Dusts of this compd'iTnd may cause irritation. PCP also penetrates
the skin. PCP is absorbed into leaf litteeer and other organic
matter in the soil and sediments of freshwater sheds.

.̂.i——» a^^ î̂  i J i r r ""."i •'" >"i||l " 1 1 i u—^w-^--^v—'"f^v—'ff

pCpJks-cuJrr ently listed on 1) the To x i c ,S ijb.s,t̂ nge>..Can'trt 1 Acyfc
InveJELfe9:r,j[; 2) CWA Section 307 (ATT'"3TCE^JrfAJ.^<^rQn':3l6^^
^F 4 0-G£^]^22.21 tes t ing requi rements for NPDIS; 5) RCRAj
T©R26.1-.-3Tl
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SECTION VI

TOXICITY EVALUATION

INTRODUCTION

A v a i l a b l e t ox i co log i ca l i n f o r m a t i o n has been rev iewed fo r
chemica ls under e v a l u a t i o n at the Ver tac Site. Pe r t i nen t
exper imenta l m a m m a l i a n an ima l s tudies w h i c h may be suppo r t i ve
data for po ten t ia l toxic e f fec ts and b i o l o g i c a l responses
in humans are presented. These studies include acute and chronic
tox ic i ty , r ep roduc t ive e f f ec 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
carcinoginici ty. Human health effects are discussed in terms of
route of exposure, type of exposure , eg. acute or c h r o n i c
exposure , and type of h a r m f u l or t o x i c e f f e c t , i.e. acute ,
chron ic , local and sys temis e f fec t s . Where 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 observed h u m a n h e a l t h e f f e c t s are rn

presented, inc luding c l in ical case his tories or epidemiologica l ^0
studies. This review also includes some in v i t ro studies which fr\
pertain to potential toxic effects in humans and an imals . Q

The m a j o r rou t e s of e n t r y of t o x i c agen t s in to the body are
through inhala t ion , ingestion and dermal absorption. The extent
of exposu re v i a these routes of en t ry depends on the p a r t i c l e
size, 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 agent . In the
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 exposu res are most o f t e n by
i n h a l a t i o n or dermal abso rp t ion ( 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 inhaled in the form of dusts, mists, aerosols,
vapors , gases, fumes or smoke, where the subs tance are e i t he r
absorbed or deposited in the lungs. The respirable f rac t ion of
a i r b o r n e dusts is tha t f r a c t i o n of p a r t i c l e s in a s ize 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
deposited mostly in the nasopharyngeal air passages; par t ic les
r a n g i n g f r o m 1 to 5 um are deposi ted in the t r a c h e o b r o n c h i a 1
reg ions ; pa r t i c l e s less than 1 um g e n e r a l l y pene t r a t e to the
a l v e o l a r r e g i o n and are deposi ted by s e d i m e n t a t i o n . C u t a n e o u s
Absorption-Some substances have a propensi ty for being absorbed
through the skin, and in s u f f i c i e n t quant i t ies can produce toxic
ef fec ts . The cu t aneous r o u t e of exposu re 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 , mucous membranes and eyes, e i ther by exposure
to airborne concentrations or by direct contact wi th the l iqu id
or solid substances. Ingestion-
T o x i c subs tances can be o r a l l y ingested and absorbed by the
gastrointest inal tract when they are present in the food chain or
in d r i n k i n g water . O c c u p a t i o n a l e x p o s u r e s by i n g e s t i o n o f t e n
occur when contaminated surfaces are touched or toxic ma te 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 are not f o l -
lowed, i.e., hands are not washed, or where smoking and eating in
the contaminated area is permitted.

CHLOROPHENOXY HERBICIDES

2,4-dichlorophenoxy acetic acid and 2,4,5-trichlorophenoxyacetic
acid are used in several hundred commercial formulat ions, and
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sometimes combined in mixtures , e.g. Dacamine 2D/2T. Also in this
group of compounds is 2-(2,4,5- t r ichlorophenoxy)proprionic acid,
commonly known as Silvex.

Human Health Effects -These compounds and their salts and esters
are moderately i r r i ta t ing to the eyes, skin and respiratory and
gastrointestinal tract. Some of these compounds, such as 2,4-D,
can enter the body through the skin. They also are absorbed from
the lungs and t h r o u g h the g a s t r o i n t e s t i n a l tract. G e n e r a l l y ,
they are cons idered to be of low to modera te tox ic i ty . They do
not remain stored in fa t to a great degree, and are excreted
w i t h i n hours , or at the most , w i t h i n days. There have been a
limited number of reports in medical l i terature pf toxic effects
in h u m a n s f r o m exposure to 2,4-D. Three cases of p e r i p h e r a l
neur i t i s were reported for workers occupat ional ly exposed to 2,4- Lr\

D. Local depiqmentation in some i n d i v i d u a l s has been a t t r ibuted l^
to prolonged and repeated dermal contact with chlorophenoxy corn- \o
pounds [1,2]. t^

S i n g l e doses of 5 mg/kg of body we igh t of 2 ,4 -D and 2 ,4 -T were
a d m i n i s t e r e d to human subjec ts w i t h o u t adverse e f fec t s . No °
adverse e f f e c t s were seen in one person who consumed 500 mg of
2,4-D per day for 3 weeks [ 2 ] .

Acute E f f e c t s - The s igns and symptoms of acute p o i s o n i n g f r o m
ingestion of large amounts of chlorophenoxy compounds are i r r i ta -
tion of the mouth, throat and gastrointest inal tract, spontaneous
emesis, chest pa in s (due to e sophag i t i s ) , a b d o m i n a l p a i n , a n d
diarrhea. In ju ry of the gas t ro intes t inal tract u s u a l l y does not
progress to u l c e r a t i o n and p e r f o r a t i o n . Once compounds are
absorbed they can cause f i b r i 1 1 a r y musc le t w i t c h i n g , s k e l e t a l
musc le t enderness , and m y a t o n i a ( s t i f f n e s s of e x t r e m i t i e s ) .
Symptoms associa ted w i t h i nges t i on of very l a rge a m o u n t s of
chiorophenoxy acids are metabol ic acidosis, fever , tachycardia ,
h y p e r v e n t i l a t i o n , v a s o d i l a t i o n and swea t ing . Some cases h a v e
been characterized by coma and convuls ions [2, p.29].

E f f e c t s in Exper i m e n t a 1 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
and 2,4.5-T is s i m i l a r . The low c u m u l a t i v e e f f e c t of these
compounds has been demonstrated in feeding studies where an ima l s
tolerated repeated exposures to doses s l ight ly smaller than the
single toxic dose [ 3 ] .

Based on animal studies done by Rowe and Hymas, it was concluded
that 2 ,4 -D had a low ch ron ic tox ic i ty . For 2 , 4 - D , o ra l L D 5 0
values for several an imal species ranged from 100 to 1,000 mg/kg.
For 2,4,5-T, oral LD50 values ranged from 300 to 1,000 mg/kg for
several species. Dogs were found to be more sensit ive than other
a n i m a l spec ies , w i t h an L D 5 0 of 100 m g / k g f o r 2 , 4 , 5 - T
isopropylestec [4] . In animal experiments, large doses of 2 ,4-D
caused vomi t ing , d ia r rhea , anorexia , weight loss, ulcers of the
m o u t h and 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 ra l n e r v o u s system. M u s c u l a r e f f ec t s have been seen in some
species, speci f ia l ly myatonia , or st iffness of the extremeties,
w h i c h was a p p a r e n t l y due to CNS damage. A l s o , in h e a v i l y dosed
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animals, demyelination was observed in the dorsel columns of the
cord, and EEG changes indicated funct ional disturbances in the
brain.

2 , 4 Dichiorophenoxyacetic Acid ( 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 ro tec t ion Agency dec la red an
emergency suspension of 2,4,5 tr ichlorophenoxyacetic acid (2,4,5-
T) , which con ta ins t e t r a c h l o r o - d i o x i n (TCDD) as a con t aminan t .
This act ion generated pub l i c concern about the pos s ib 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 po t en t i a l adve r se h e a l t h
e f fec t s of TCDD c o n t a m i n a t e d 2,4-D. The concern was focused on
the potential for cancer and miscarriages f rom exposure to TCDD
in 2,4-D. F u r t h e r concern about 2 , 4 - D developed as a r e s u l t of
the Agent Orange con t rave r sy . This d e f o l i e n t used d u r i n g the \0

V i e t n a m War , was composed of 2 , 4 , 5 - T and 2 , 4 - D , and was n e v e r ^
regis tered by EPA for c i v i l i a n use in the U n i t e d States. In \o
response to p u b l i c concern , the EPA i n i t i a t e d a r e v i e w of
ava i l ab l e toxicological data on the potent ia l heal th effects of
2,4-D. Conclusions regarding potential human heal th effects were
pub l i shed in the A p r i l 22 , 1980 Fact Sheet. EPA has based these ^
c o n c l u s i o n s on the ac id f o r m of 2 , 4 - D , a l t h o u g h there are m a n y
2 ,4 -D sa l t and ester d e r i v a t i v e s . Based on the i r r e v i e w , EPA
concluded that 2,4-D was of low to moderate toxici ty , and did not
pose an i m m i n e n t h e a l t h h a z a r d when used p roper ly . Based on
a v a i l a b l e s tudies , 2 , 4 - D is not k n o w n to be ca r c inogen i c in
a n i m a l s or humans . 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 su l t s have been n e g a t i v e , w h i l e there
have been three posi t ive results reported. Reproduct ive studies
conducted on mice , ra t s and h a m s t e r s showed s l igh t f e t o t o x i c
e f f e c t s , at lower dose leve ls , i n c l u d i n g edema ( s w e l l i n g of
tissues.) Very high dose levels caused skeletal m a l f o r m a t i o n s
and cleft palates.

m
0

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 for d iox in contaminants in commercial 2,4-D products. This
p r o g r a m was the resu l t of 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 products which were found to contain 2,7 dichlorodibenzo-p-
d i o x i n and 1,3,7 tr ichlorodibenzo-p-dioxin. The most toxic of the
d i o x i n s 2 , 3 , 7 , 8 TCDD was not f o u n d in the samples t a k e n in
Canada. EPA Reports ( 2 , 4 - D Fact Sheets) were released on January
23, 1981 and Ju ly 21, 1981, which concluded that the m a j o r i t y of
samples taken dur ing the moni to r ing program were free of any form
of d ioxin , whi le a small percentage of the samples contained very
low levels of the toxic d iox in isomers which are of a much lower
degree of toxic i ty than 2,3,7,8 TCDD. '

2,4,5-Trichiorophenoxyace tic Acid

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 ove rexposu re to this compound may
cause abdominal pain, nausea, vomi t ing , d ia r rhea and blood in the
stool. D i o x i n isomers are 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 toxic i somer , 2 , 3 , 7 , 8 - T C D D . 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 w h o w o r k e d in a 2 , 4 , 5 - T
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manufac tu r ing fac i l i ty , was at tr ibuted to the TCDD contaminants
(2,3,7,8-TCDD or 2 , 3 , 6 , 7 - T C D D ) .

Several inc idents of h u m a n exposure to 2 , 3 , 7 , 8 - T C D D h a v e
involved the 2,4,5-T herbicide compound. In March 1979, the EPA
declared an emergency suspension of 2,4,5-T and Silvex [2-(2,4,5-
t r ichlorophenoxy)proprionic acid], because of a reported increase
in mi sca r r i ages in humans in Al sea , Oregon an area where the
herbic ides were sprayed. These e f f ec t s were be l i eved to be a
resu l t of exposure 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
poss ib le c o n t a m i n a t i o n of S i l v e x , because of its 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 . Agent Orange , used d u r i n g the V i e t n a m
W a r , is a 50:50 m i x t u r e of 2 ,4 -D and 2 ,4 ,5 -T , and is a l l eged to
have caused ser ious med ica l p rob lems in many V i e t n a m war
veterans.
Long te rm exposure to d i o x i n c o n t a m i n a n t s in 2 , 4 , 5 - T may cause
c h l o r a c n e and l i ve r damage. 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 K^
exposure to 2,3,7,8-TCDD has been demonstrated in animal studies, ^
and has been observed in human workers af ter indus t r ia l exposure. 1̂
Teratogenic, embryotoxic and fetotoxic effects have been produced Q
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 Q
been 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-TCDD.

Some pos i t i ve r e su l t s h a v e been repor ted on m u t o g e n i c i t y tests
done on 2 , 4 , 5 - T [ 7 ] « 2 , 4 , 5 - T is no t k n o w n to be c a r c i n o g e n i c in
humans or animals.

Dioxins

Unwanted contaminants in 2 ,4 ,5-Tr ich lorophenoxyace t ic acid have
been 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - 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 potent a n i m a l t e r a togen and causes severe
c h l o r a c n e in man. 2 , 3 , 6 , 7 - T C D D is a potent acnegenic agent and
is h e p a t o x i c in a n i m a l s . On a m o l e c u l a r basis 2 , 3 , 7 , 8 - T C D D is
perhaps the most poisonous synthetic chemical. Not only is this
TCDD isomer e x t r e m e l y po i sonous bu t it a lso has e x t r e m e l y h i g h
potential for producing adverse effects under condi t ions of chro-
nic exposure. Human exposure to 2,3,7,8-TCDD has induced chlor-
acne, polyneuropathy, mystagmus, and l iver dysfunct ion as mani -
fes ted by hepa tomegay and enzyme e l eva t i ons . In a n i m a l s , th i s
compound has shown to be teratogenic, embryotoxic, carcinogenic,
and cocarcinogenic. It has been established that under cer ta in
c o n d i t i o n s 2 , 3 , 7 , 8 - T C D D can enter the h u m a n body f r o m a 2 , 4 , 5 - T
treated 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 issues and
secre t ions , i n c l u d i n g m i l k . Es t ima te s done by accepted r i s k
assessment procedures indicate that da i ly human exposure to 0.01
ug of 2,3,7,8-TCDD is the dosage expected to result in "incipient
carcinogenicity". Add i t i ona l ly , dai ly human exposure to 4 mg of
2,3,7,8 TCDD would be expected to result in a shortened l i fespan,
and da i ly exposure to 290 mg would l ikely result in acute toxi-
city 15, p.147] .
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ORGANOCHLORINE COMPOUNDS

H u m a n Heaj, th Ef fec t s - M a j o r routes of en t ry are i n h a l a t i o n of
vapors and percutaneous absorption of the liquid. Most of these
compounds are r e a d i l y absorbed th rough the s k i n and f r o m the
gas t ro in t e s t i na l tract . When dosage is adequa te , most organo-
chlorine compounds interfere with axionic transmission of nerve
impulses result ing in d isrupt ion of the nervous system functions
and brain. These disrupt ions include behavior ia l changes, sen-
sory and equi l ibr ium disturbances, invo lun ta ry muscle act iv i ty ,
and depression of v i ta l centers inc luding respiration.

Acute E f f e c t s - Po i son ing f r o m organoch1 o r ine compounds w i l l
result in the fo l lowing symptoms: apprehension, exc i tab i l i ty ,
d i z z i n e s s , headache, d i s o r i e n t a t i o n , weakness , pa re s thes i ae ,
musc le t w i t c h i n g , t r emor , ton ic and c l o n i c c o n v u l s i o n s , and °^
unconsciousness. Nausea and vomi t ing occur soon af ter ingestion. 1̂
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 , \o
t w i t c h i n g , t remors , c o n f u s i o n and c o n v u l s i o n s . Other symptoms ^
are r e s p i r a t o r y dep re s s ion , p a l l o r w h i c h occurs in m o d e r a t e to /-^
severe p o i s o n i n g s , and cyanos i s as a r e s u l t of r e s p i r a t o r y
interference from convuls ions [2, p. 14-15]. 0

C H L O R I N A T E D BENZENES

1,2-dichlorobenzene is used as a fumigan t , insecticide, solvent
and chemica l i n t e r m e d i a t e . 1 , 4 - d i c h l o r o b e n z e n e is used as an
insec t ic ide , d i s i n f e c t a n t , moth p r e v e n t a t i v e and c h e m i c a l
intermediate. Hexachlorobenzene f inds use as a seed protectant .
Other chlorinated benzenes are used as insecticides and solvents.

Chlor ina ted benzenes are i r r i t a t i n g to the eyes, skin and upper
respiratory tract. Acute exposures to these compounds may cause
drowsiness, incoordinat ion and unconsciousness. Animal studies
h a v e shown damage to the l i v e r , k i d n e y and lungs as a r e s u l t of
chronic exposures [1, p. 258] .

Hexachlorobenzene

Hexachlorobenzene is an organochlor ine 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 occur red in T u r k e y
where several thousand ci t izens ate wheat that had been treated
with the chemical. Prolonged ingestion of treated wheat produced
p o r p h y r i a cu tanea t a rda . Th i s disease is c h a r a c t e r i z e d by
extreme skin mani fes ta t ions including bu l lous dermat i t i s , deep
scarring, permanent loss of ha i r , skin atrophy, and hyperpigmen-
t a t ion . Other symptoms were e x c r e t i o n of red u r i n e , m u s c l e
wasting and liver enlargement [3, p. 394] .

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 with long term exposure to hexachlorobenzene. It is
k n o w n tha 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 s o m e ' ' a n i m a l
species, and is a suspected human carcinogen [7 ,8 ,9 ]

Chlorobenzene
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Effects ̂  Experimental Animals-Chlorobenzene has produced narco-
tic effects in test animals at 1200 ppm. Levels from 220 to 660
ppm were tolerated [4,p.49;ll] Cats showed severe narcosis from
exposure to 8000 ppm a f t e r 1/2 hour , and died 2 hours a f t e r the
exposure. Chron ic exposures of severa l a n i m a l species to 1000
ppm for 7 hour s /day , 5 days/week over a period of 44 days ,
resulted in observable histopathological changes to the l iver ,
kidney and lungs. In this experiment, guinea pigs exposed to 475
ppm showed s l igh t h i s t o p a t h o l o g i c a l changes in the l i v e r [6,
Chlorobenzene]. The hematapoietic effect on the blood which can
resul t f rom exposure to benzene has not been associated w i t h
exposure to chlorobenzene.
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Human Health Effects- I r r i ta t ion to the eyes and mucous membranes
beg in to occur at 200 ppm, and there is a pronounced odor. Pro-
longed or repeated sk in contact may cause sk in burns. L i v e r ,
k i d n e y and lung damage may occur a f t e r p ro longed exposures to
chlorobenzene.

Dichlorobenzene

Ef fec t s in Exper imenta 1 An ima1 s - 1,2-Dichlorobenzene has been
found to cause l i v e r and k idney damage in an imals . In a s tudy by
Cameron and Thomas cited in the ACGIH Documentation for Threshold
L i m i t Va lues , l i ve r damage was f o u n d in a n i m a l s w h i c h were
exposed to concen t r a t ions r a n g i n g f rom 50 to S O O p p m fo r a few
hours . ( 4 ) Rats exposed to 977 ppm fo r 7 { 4 , p.76} hou r s died.
They survived when exposed to two hours at these levels. Af te r 3
hours of exposure to 539 ppm, a n i m a l s s u r v i v e d , but necrosis of —
the l ive r and k i d n e y changes were f o u n d at necropsy [6 , 0- ^
Dichlorobenzene] . \D

m
Human Health Effeets-O-Dichlorobenzene is i r r i t a t ing to the eyes ^
and upper respiratory tract. Liquid in contact w i t h the skin or
eyes can cause burns . Eye i r r i t a t i o n f r o m exposure 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 fo r exposu re s l a s t i ng more t h a n a few m i n u t e s .
Th i s compound has been known 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]. Chronic exposure to high concentrations may result in damage
to the l i v e r and k idneys . 0-dich l o r o b e n z e n e is not k n o w n to be
carcinogenic in humans or animals.

P-Dichlorobenzene

Effects in Experimenta1 Animals-Liver necrosis has been found in
a n i m a l s t u d i e s w i t h r a b b i t s a n d rats. C h r o n i c exposure of
a n i m a l s to 798 ppm re su l t ed 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 ,
weakness , loss of w e i g h t , and some dea ths ; n o n s p e c i f i c eye
changes were noted in r a b b i t s as w e l l as l i v e r necros is , and
k idney and lung damage [6, p - D i c h 1 o r o b e n z e n e ] . S l i g h t l i v e r
necros is was f o u n d in some ra ts in jec ted w i t h 0 .005 g of PDB [ 4 ,
p. 77;12] .

Human Health Effeets-p-dichlorobenzene causes i r r i t a t ion to the
eyes, nose and throat. Exposure may result in headache, swel l ing
of the eyes and running nose. Prolonged overexposure may cause
weigh t loss, loss of appe t i t e , nausea , v o m i t i n g , a n o r e x i a , and
l i v e r damage w i t h j a u n d i c e . C l i n i c a l cases have been ci ted in
l i t e r a t u r e where persons who exper ienced p r o l o n g e d e x p o s u r e
developed these symptoms , but the level of exposure was not
indicated [4 ,6 ] .
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1,2,4 Trichlorobenzene

Effects in Experimental Animals- As with the mono and dichloro-
benzenes, animal studies w i t h 1 ,2 ,4 - t r i ch lo robenzene have pro-
duced l i v e r and k i d n e y damage. Adverse e f fec ts were seen in
acute and subacute inhalat ion studies where animals were exposed
to 1,2,3/1,2,4 t r i c h l o r o b e n z e n e ( 8 % / 9 2 % we igh t /we igh t ) . It was
determined from the study that the target organs from nonlethal
exposures of cats, dogs, rats , r abb i t s and gu inea pigs i n c l u d e d
the l iver, kidney, ganglion cells at all brain levels, and mucous
membranes [4 , p. 4 0 0 ] . S l igh t adverse e f fec t s were seen in ra t
inhala t ion studies where animals were exposed to levels ranging
f r o m 0 to 100 ppm. In one expe r imen t , 20 m a l e ra ts , 4 r a b b i t s
and 2 ma le dogs were exposed for 7 h o u r s / d a y , 5 days /week f o r 6
weeks to 30 ppm or 100 ppm of 1 ,2 ,4 - t r i ch lo robenzene , ( 9 8 . 4 %
p u r i t y , 1.4% 1,2 ,3-tr ich 1 orobenzene. A d v e r s e e f f e c t s were not <—

seen at 30 ppm except for elevat ions in u r ina ry uroporphyr in and ^
c o p r o p o r p h y r i n in ra ts only at 15 and 30 exposu re days. In \o
another study performed with 99.07% pure 1,2,4 t r ichlorobenzene, ^
ra ts , r abb i t s and m o n k e y s were exposed at 0, 25, 50 and 100 ppm Q
for 7 hours/day, 5 days/week for 26 weeks. Microscopic l iver and
k i d n e y changes were observed on ly in the rat g roups . R a t s ~
appeared to be m o r e suscep t ib l e to 1 ,2 ,4 -TCB than o ther species
in which systemic damages were not found [4, p. 401].

Human Heal th Effects- 1,2,4 Trichlorobenzene is i r r i t a t ing to the
eyes and r e s p i r a t o r y t ract and can cause d e r m a l i r r i t a t i o n .
I r r i t a t ion from indus t r ia l exposures has occurred at levels as
low as 5 ppm (4) . Contact with the l iquid can cause burns to the
eyes and sk in . P r o l o n g e d o v e r e x p o s u r e s may 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 lungs . V e r y l i m i t e d da t a is
a v a i l a b l e on the human health effects or potent ia l ef fec ts f rom
1,2,4 TCB and 1,2,3 TCB.
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CHLOROPHENOLS

The degradation of herbicides 2,4-dichlorophenoxyacetic acid and
2,4,5-trichlorophenoxyacetic acid to chlorophenol isomers is on
impor tan t source of human exposure to these compounds in the
environment. Other sources of exposure are (1) from chlorinat ion
of phenols present in natural water and in ef f luents from 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 of c h e m i c a l s f r o m
industrial sources, (3) wet and dry atmospheric fallout.

2 - C h l o r o p h e n o l 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
chlorophenol isomers. Synthesis of herbicides 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 l and 2 , 4 , 5 - t r i c h l o r o p h e n o l as
in te rmedia tes . 2 , 4 , 5 - t r i c h l o r o p h e n o l and 2 ,4 ,6- t r ichlorophenol
and the i r sal ts are used a ge rmic ides in the p r e s e r v a t i o n of p.
wood, leather and other m a t e r i a l s . P e n t a c h l o r o p h e n o l has been ^.
use for several decades as a wood preservat ive and fungicide. It
is ubiquitous in the envi ronment ; low levels have been detected ^
in sewer water , munic ipa l water supplies, human food s tu f f s , and ^
in b lood , u r i n e and f a t of n o n o c c u p a t i o n a l ly exposed persons o
[ 1 0 ] . . 0

Genera l ly , the toxic i ty of chlorophenols to higher organisms is
grea te r as the degree of c h l o r i n a t i o n of the isomer increases.
H o w e v e r , there are except ions ; based on LD 50 v a l u e s , 2 ,4-
d i c h l o r o p h e n o l and the t r i c h 1 o r o p h e n o l s ( 2 , 4 , 5 and 2 , 4 , 6 ) are
less toxic than 2-chlorophenol, and 2,4 d ichlorophenol is less
readi ly absorbed through the skin. Pentachlorophenol is the most
toxic of the chlorophenol isomers.

I n f o r m a t i o n on effect of long term exposures and chronic tox ic i ty
in humans of chlorophenol compounds has not been documented. The
extremely poisonous compound 2,3,7,8- tetrachlorodibenzo-p-dioxin
is a k n o w n i m p u r i t y in 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 of
c h l o r o p h e n o l s , and may be r e spons ib l e f o r repor ted i n d u s t r i a l
cases of chloracne.

Of the compounds under discussion, 2-chlorophenol , 2 ,4-dichloro-
p h e n o l , 4 ch1oro-3methy1 phenol and p e n t a c h 1 o r o p h e n o 1 are 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 or in l a b o r a t o r y a n i m a l s .
Resu l t s of a c a r c i n o g e n b ioassay , comple ted u n d e r the N a t i o n a l
I n s t i t u t e fo r Cancer t e s t ing 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 ichlorophenol as a positve an imal carcinogen in mice and rats
[7 ] . Some p o s i t i v e r e su 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 l o r o p h e n o l a n d 2 , 4 , 6 -
tr ichlorophenol [7].

2-Chlorophenol and 2,4-Pichlorophenol

Human Heal th Effects- Mono and dichlorophenols w i l l burn the skin
and eyes. These compounds can be absorbed through the s.kin - 2-
chlorophenol is readi ly absorbed through the skin, whereas 2,4-
d ich1oropheno1 is less r e a d i l y absorbed. Symptoms of acute
poisoning from 2-4-dichlorophenol include tremors, convuls ions ,
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shortness of breath and inhibi t ion of the respiratory system.

Data on the absorption, dis tr ibut ion, metabolism and e l im ina t i on
in humans of these compounds is not a v a i l a b l e . Low level or
chronic e f fec ts f r o m human exposure to 2 -ch lo ropheno 1 has not
been documented. One study suggested adverse effects in humans
f rom exposure to 2,4-dichlorophenol. Chemical workers involved
in the m a n u f a c t u r e of 2 , 4 - d i c h 1 o r o p h e n o 1 a n d 2 , 4 , 5 -
trichlorophenol developed chloracne and porphyria. Workers were
exposed to several other chemicals, inc luding possible exposure
to t e t r ach lo rod ibenzo -p -d iox in [10, p. 119;13], so that it is
uncertain how much 2,4-dichlorophenol contributed to these toxic
effects.

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
toxici ty data for oral LD 50 values, lower chlorophenols can be
considered of low to modera te tox ic i ty . LD 50 v a l u e s fo r 2 ,4 -
d i ch1oropheno l v i a the ora l i n t r a p e r i t o n e a l , and s u b c u t a n e o u s
rou tes of a d m i n i s t r a t i o n ranged f rom 430 to 1730 mg/kg in one "̂
s tudy [10, p. 67] . For 2 -ch1oropheno 1, the m e d i a n l e t ha l doses ^
range from 100 to 800 mg/kg body weight [10, p. 671. t^

0
A n i m a l s tud ies h a v e i n d i c a t e d tha t 2-ch1orophenol is exc re t ed ^
p r i m a r i l y in the u r i n e in both f ree and c o n j u g a t e d fo rms . The
a b i l i t y of 2-ch1oropheno1 and 2 , 4 - d i c h l o r o p h e n o l to i n h i b i t
oxida t ive phosphorylat ion in v i t ro tests has been suggested as a
mechanism of toxic action [10, p. 117;14]. Lethal 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 ,
int raper i toneal and oral routes, produced restlessness, increased
respirat ion, motor weakness, tremors, convuls ions , dyspnea, coma
and death. Pathological changes caused by lethal concentrat ions
were kidney and l iver damage, and hemorrhaging in the intestine. ,

2 - 4 - d i c h l o r o p h e n o l is m o d e r a t e l y t ox 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 mg/kg fo r 6 m o n t h s showed no
adver se changes in b e h a v i o r , g r o w t h ra te , or b lood g l u t a m i c
oxalacetate and g lu tamic or pyruvate transaminase levels; mino r
histopathological changes were found in the liver.

2 ,4 ,6-Tr ichlorophenol

T r i c h l o r o p h e n o 1 s g e r e r a l l y a re cons idered to be m i l d l y t o x i c ,
wi th 2,4,5- and 2,4,6-tr ich lorophenol appearing to be least toxic
of the higher chlorophenols (oral LD 50 va lues as high as 3 g/kg
of body weight in rats have been reported).

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 t a t i o n and poss ib le cornea l i n j u r y . D u s t s
may be very i r r i t a t ing to the nose and throat.

Documented cases of h u m an t o x i c i t y due to t r i c h l o r o p h e n o l or
t e t r ach1o ropheno1 exposure have not been repor ted . Cases of
a c 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 l o r o p h e n o l and t e t r a c h l o r o p h e n o l f o r m u l a t i o n s have been
repor ted . It has been suggested that the i m p u r i t y 2 ,3 ,7 ,8 -
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tetrachlorodibenzo-p-dioxin, may have been involved in causing
chloracne, present in technical grade 2,4,5-trichlorophenol may
have been involved in causing chloracne among industr ial workers
in r e p o r t e d cases [10, p. 2 0 3 ] . In m a n y r epo r t ed cases ,
employees were exposed to a v a r i e t y of compounds, and symptoms
often cannot be attributed to a specific chlorophenol compound.

2,4,6-Trichlorophenol is not readily absorbed through the skin.
This conclusion has been based on animal studies which indicated
that 2,4,5 and 2,4,6-tr ichlorophenol did not penetrate rabbit or
guinea pig skin. It has been concluded also from animal studies
t h a t t hese 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
gastrointest inal tract. In format ion on rates of absorption from
these compounds in humans and a n i m a l s is not a v a i l a b l e . 2 , 4 , 5
and 2 , 4 , 6 - t r i c h l o r o p h e n o l and some t e t r a c h 1 o r o p h e n o 1 s a re
excreted p r i m a r i l y in the u r i n e . In a n i m a l s tudies , compounds
have been excreted in the f ree fo rms 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 ac ids [10, p. 199]. I n f o r m a t i o n on the ^
t ranspor 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 of h i g h e r ^
c l o r o p h e n o l 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 or not r'°>
conclusive. 0

.IL^.^^.E. -l-n. ^E®.!.-1.1!1®.".̂ .̂ .̂ . A n ^ i m a ^ l s ^ - T r i c h l o r o p h e n o l s and
• t e t r a c h l o r o p h e n o l s have the abil i ty to u n c o u p l e o x i d a t i v e
phosphorylat ion, which may contribute to their toxic act ion, or
may be the p r i m a r y mechan i sm 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 l o r o p h e n o l i n h i b i t s the enzymes l ac ta t e
dehydrogenase and hexokinase in in v i t ro systems [10, p. 201].

Acute T o x i c i t y - In a s tudy done by F a r q u h a r s o n , Gage, and
Northover (1958), in which rats were adminis tered lethol 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 , it was f o u n d t h a t 2 , 4 , 6 -
t r ichlorophenol has a convuls ive action in exper imenta l an imals .
L e t h a l doses 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
in te rmi t tan t convuls ions , fo l lowed by loss of r igh t ing r e f l ex ,
dyspnea , coma and death. For o ther compounds i n c l u d i n g 2 , 4 , 5 -
t r i c h l o r o p h e n o l and 2 , 3 , 4 , 6 - t e t r a c h l o r o p h e n o 1 , symptoms of
poisoning did not include this convuls ive action [10, p. 201;15].

Inject ions of 2 ,3 ,4 ,6- te t rachlorophenol produced a marked rise in
temperature, whereas 2 ,4 ,6- t r ichlorophenol caused only a s l ight
e levat ion in temperature. Other effects of poisoning which were
noted in the a n i m a l s were c h r o m o d a c r y o r r h e a , 1 a c r i m a t i o n ,
sa l i ra t ion, and d ia r rhea [10, p. 202;15].

C h r o n i c T o x i c i t y - In a ch ron ic f e e d i n g s tudy where ra ts were
m a i n t a i n e d on d ie t s w i t h d a i l y in takes of 10 ,30 ,100 ,300 or 1000
mg/kg of 2 ,4 ,5- t r ichlorophenol , no adverse effects were seen in
doses up to 100 mg/kg. M i n o r mic roscop ic damage in the k idneys
or l i v e r were seen in ra t s r e c e i v i n g 300mg/kg or 1000 mg/g. When
rabbits were fed 20 oral doses by in tubat ion in a 29 day period,
ve ry s l i g h t k i d n e y changes were seen at 100 mg/kg , and v e r y
s l igh t k i d n e y and l i v e r changes were seen at doses of 500 mg /kg
[10, p. 202 ;16 ] .

o
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Carcinogenicity - 2,4,5- and 2,4,6-trichlorophenol are not known
to be carcinogenic in animals or humans. 2,4,5-trichlorophenol
has produced benign and mal ignant trumors in mice when used with
an i n i t i a to r , d i m e t h y l b e n z a n t h r a c e n e . The compound does not
appear to be tumoragenic in the absence of the initiator. 2,4,6-
trichlorophenol has not been tumoragenic in tests.
Tera togen ic 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 ec t s of 2 , 4 ,6 -
trichlorophenol is not available.

Pentachlorophenol

P e n t a c h l o r o p h e n o l is a compound w h i c h has been used f o r m a n y
years p r i m a r i l y as a wood p re se rva t ive . The acute t o x i c i t y of
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
pentachlorophenol may be contaminated wi th d iox in compounds which
are more toxic than pentachlorophenol. [6, Pentachlorophenol] .

•̂
Effects ^_n Experimental Animals- The acute toxic i ty of pentachio- ^D
r o p h e n o l is h i g h ( o r a l LD 50 Tor ra t s , 50 mg/kg ; o ra l LD 50 f o r (^
r a b b i t s 70 mg/kg; o ra l LD 50 f o r hams te r s , 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 exposu re to low doses have no t °
been c lear ly demonstrated in exper imental animals . Subchronic
and chronic feeding studies have been done in several m a m m a l i a n
species. In a 90 day feeding study wi th two groups of m a l e rats
fed p u r e p e n t a c h l o r o p h e n o l ( c o n t a i n i n g l o w l e v e l s of
ch1 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 l 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 high levels of these
contaminants) at doses equivalent to approximate ly 50 mg/kg body
w e i g h t per day , p a t h o l o g i c changes in the l i v e r were 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 ca lc ium deposits in the kidneys of rats g i v e n d i e t a r y
doses of p e n t a c h l o r o p h e n o l at 25, 50 and 2 0 0 mg/kg body w e i g h t
f o r 12 weeks. [10, p. 391; 2 2 ] .

The compound has been shown to cause adverse reproduc t ive e f fec t s
in rats (See "Teratogenicity").

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 l o r o p h e n o l is a h i g h l y t o x i c
compound w h i c h is r e a d i l y absorbed t h r o u g h the sk in . A c u t e
sys temic 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
through the respiratory tract, gas t ro in tes t ina l tract and sk in .
This compound is rap id ly 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 . I n cases of s e v e r e or f a t a l
p o i s o n i n g s , symptoms i n c l u d e loss of appe 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 , anas thes ia , h y p e r p y r e x i a , swea t ing , dyspnea and
rapidly progressive coma. Many cases of human in toxicat ion have
been reported, most of w h i c h i n v o l v e d d i r ec t a b s o r p t i o n of
pentachlorophenol or its sodium salt through the skin. Cases of
p e n t a c h l 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 su l t ed p r i m a r i l y f r o m
inha la t ion of vapors or dusts have been reported as well . Acute
poisoning from pentachlorophenol centers in the c i rcula tory sys-
tem and is accompanied by hea 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 su l t s f r o m p o i s o n i n g is m a i n l y
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vascular. Pentachlorophenol dust and mist cause i r r i t a t ion of
the eyes and upper r e sp i ra to ry t rac t ; a b s o r p t i o n resul ts in an
increase in me tabo l i c ra te and h y p e r p y r e x i a ; p ro longed s k i n
exposure causes an acneform dermatitis. Human exposure to dust or
mist concentrations greater than 1 mg/M^ causes pain in the nose
and th roa t , and v io l en t sneezing and cough; O . S M g / M ^ m a y cause
some nose i r r i t a t i o n . P e r s o n s who w o r k r o u t i n e l y w i t h
pen tach lo rpheno l may have some to le rance to these r e sp i r a to ry
e f fec t s , and may to le ra te a i rbo rne c o n c e n t r a t i o n s up to 2.4
mg/ni3. Systemic 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 .
In toxica t ion is characterized by weakness anorexia, weight loss,
and p r o f u s e sweat ing ; there a lso may be headache, d i z z i n e s s ,
nausea , v o m i t i n g , dyspnea, and chest pain . In f a t a l cases, the
body tempera tue 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 death has
occurred as ear ly as 3 hours af ter the onset of symptoms. Other
e f f e c t s w h i c h may r e su l t f r o m repeated exposure to penta-
c h l o r o p h e n o l are 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 -̂0
damage. [6, Pentachlorophenol] . t^-

v0
!̂
0
0
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Minimum lethal concentrations for pentachlorophenol in air have
not been d e f i n e d . The t reshold l i m i t v a l u e , w h i c h is based on an
8 hour time weighted average exposure is 0.5 mg/n^ [4 ] . The r isk
of 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 greater d u r i n g hot wea the r ;
although the vapor pressure of PCP is low (.00011 to 0.12 mmHg at
20 C to 100 C) tox ic levels of vapor can b u i l d up in hot ,
enclosed areas.

The exact dosage which produces i l lness in humans is not known.
An oral lethal dose in humans of 29 ing/kg has been reported [10,
p. 239]. Symptoms of poisoning occur at concentrations of 40 to
80 mg / l i t e r in the blood. In f a t a l cases, blood leve ls h a v e
ranged f r o m 46 to 156 m g / l i t e r , and u r i n e l eve l s f r o m 28 to 520
mg/liter [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 he u r i n e p e n t a c h l o r o p h e n o l [̂
concen t ra t ion is f r e q u e n t l y h igher than the blood l eve l . In
humans and 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 excreted p r i m a r i l y
th rough the u r ine . One s tudy suggested a r a t i o of 1.5 to 2.5 of \0

pen tach lo ropheno l in b lood to p e n t a c h l o r o p e h n o l in u r i n e in ^
humans [10, p. 369;17] . 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 o
exposure to p e n t a c h l o r o p h e n o l may be r a p i d , bu t r e t u r n to Q
background levels may take a month or longer. Approx ima te ly 50%
of the body load is excreted in the u r ine in 24 hours , and 7 0 % to
8 0 % is excreted in f o u r days [10, p. 237;18] . R e n a l c o m p e t a n c y ,
t h a t is, the c a p a c i t y of the r e n a l s y s t e m to h a n d l e the
pen tach1orpheno 1 load, appears to be a fac tor in the e x t e n t of
ind iv idua l susceptibili ty to pentachlorophenol poisoning [10, p.
239] .

Long term ch ron i c e f f ec t s f r o m exposu re to low l eve l s of
pentachlorophenol have not been seen in humans. Low background
l e v e l s of P C P h a v e been f o u n d in the b l o o d a n d u r i n e of
o c c u p a t i o n a l l y and non -occupa t iona1 ly exposed persons , bu t
c h r o n i c e f f e c t s f r o m these leve ls h a v e not been repor ted . A
reversible effect on the kidney 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 eabso rp t ion in the k idney . These e f f e c t s were seen in w o r k e r s
ch ron ica l ly exposed to PCP in the wood treatment industry. Wood
t rea te r s were tested be fore , d u r i n g , and a f t e r v a c a t i o n , and
s igni f icant d i f ferences were seen in blood and ur ine phosphorous
levels and in crea t in ine clearance [10, p. 400;19]. In one study
it was f o u n d that 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 eva t ed l eve l s of 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
serum. Elevated C-reactive protein levels are associated wi th
i n f l a m m a t o r y d i s o r d e r s and t issue d a m a g e , and it was i n f e r r e d
that PCP exposu re may produce i n f l a m m a t i o n or t i ssue or d a m a g e
[10, p. 401 ;20] .

Carcinogenicity- No ev idence exis ts tha t p e n t a c h l o r o p h e n o l is
carcinogenic in humans and animals.

Teratogenici ty - This compound does not appear to be teratogenic
in rats. H o w e v e r , e m b r y t o x i c and f e t o t o x i c e f f ec t s have been
observed in experiments with rats. Developmental effects were
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observed when high doses of pentachlorophenol were administered
to m a t e r n a l rats , wh ich cou ld have been due to direct tox ic
effect on the maternal rat, as placental t ransfer of the compound
is minimal [10, p. 4 0 9 ; 2 3 ] .

M u t a g e n i c i t y - Some pos i t ive resu l t s have been reported f r o m
mutagenici ty testing of pentachlorophenol [7 ] .

TOLUENE

Human Health Effects -Routes of exposure - Toluene can effect the
body if it is i n h a l e d , if it comes in contact w i t h the eyes or
sk in , or if it is s w a l l o w e d . It may enter the body th rough the _
skin. Short term exposure - Toluene may cause i r r i t a t ion of the
eyes, respiratory tract, and skin. It may also cause drowsiness. ^
P e c u l i a r s k i n sensa t ion may be produced such as a "pins and '-0
needles" feel ing or numbness. Very high concentrat ions may cause K^
unconsc iousness and death . The l i q u i d sp lashed in the eye may Q
cause i r r i t a t i o n and t empora ry damage. Long te rm exposu re - ^
Repeated or prolonged exposure to l iqu id toluene may cause dry ing
and c r a c k i n g of the sk in . To luene v a p o r s cause narcos i s . Con-
t r o l l e d exposure of h u m a n subjects to 200 ppm f o r 8 h o u r s pro-
duced mi ld fa t igue , weakness, confusion, l ac r imat ion , and pares-
thes ia ; at 600 ppb fo r 8 h o u r s there was a l so e u p h o r i a , headache ,
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 ,
symtpoms were more 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
nervous -ness , 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
several days [6, Toluene] .

03105219
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TABLE I

Permissable Exposure Limits for Occupational
Exposure to Airborne Contaminants

Vertac Site, Jacksonville, Arkansas
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DRAFT
Pernic.-.aMe ExD".".'.;r" Lir.its ror Occu^<T.:oral Ely nor. •-:-?; tpA:-r 'o.-ns Cor.^a-i-.^n;

; ^ , - - 3 1

;,'. ,;-7^;.c-lo"c;•'e^.ox;.•£;etic e:id

2-(;,t,5-T-l::-.:c'opriencxy)
Propicni; a;l(!

2,3,7,S-TetrachlorGdlben7<.i —F-dioxl.n

^-Chlorophenol

<.-Chloro-3 itsthyl phenol

2.t.-Dlchlorophenol

^.'..i-Trlchlcrcrr-elo;

Fe.'i;5;hic'rophenol

P.^'

-

-

-

-

.

:

-

-

" .-..; ;5 )

'iG

1 C

-

-

-

•

-

-

C.5 (sk in 1 3* )

1 •• -

-

-

-

-

-

-

-

-

'^^

•iC

•,0

-

-

-

-

-

-

0.5 (skin!

»-f • i-

??!'

-

-

-

- •

-

-

-

-

. » . .'

;C

-

-

-

-

-

-

-

??:: ••:: •:•'"

0
U
^
0
en
M
M
^

0 0 3 6 5 0



DRAFT
Perinlssable Exposure Units Cor Occupational Exposures to Airborne Contaminants (cont'd.)

MIOSH131

RecoinineRded
Allowable Love};Ch'"^!c3l Groups 4 Compounds OSHA*" Pennissable Limits ACGIH 1 2 1 Threshold Linit Value;

1,3-Dlchlorofcenzene

1,4-Clchlorobenzene

I,2-3ichlorobenzene

1,2,'i-Trlchlorobenzene

),2,3-Trlchlorobenzene

Hexachlorobenzene

Chlorobenzene

'•'"''!
'*' 2-Chloroanlsole

2,'i-Dlchloroanlsole

t-Chloroanlsole

Toluene '

m
PPN MG/M3

-

75

C 1 9 1 50

-

-

-

75

-

-

-

200
300 (Acceotable Celling Concentratlo'i)

500 (Acceplable Maximum peak above the
acceptable celling concentrations)

-

'.50

C 300

-

-

-

350

-

-

-

TWA
FF'i .-'G/H

-

75

C 50

5

-

-

75

-

-

-

100 (skin)

-

'.50

C 300

40

-

-

350

-

-

-

375

STE-J ' ' ,
PFM •••-;/"-

-

1 1 0

-

-

-

-

-

-

-

-

150

-

675

-

• -

-

-

-

-

-

-

560

^
PF*^ I^C/""'

-

-

—

-

—

—

-

-

-

-

100
C 200 ( 1 0 minute;)

-

-

-

-

-

-

—

. • -

.-

-

0 0 5 6 5 1



TABLE I

NOTES

1. OSHA - Occupational Safety and Health Administration, General
Industry Standards, 29CFR 1910.1000 (a) Table Z-l, and (b)'*^
& •

2. ACGIH - American Conference of Governmental Industrial
Hygienists, Threshold Limit Values for Chemical Substances
and Physical Agents in the Work Environment with Interred
Changes for 1983-84. -

3. N I O S H - N a t i o n a l I n s t i t u t e for Occupa t iona l Sa fe ty and
Health, Recommended Standard for Toluene.

4. PPM - Parts of vapor of gas per m i l l i o n parts of contaminated
air by volume at 25 C and 760mm Hg pressure.

5. MG/M3 - Approximate m i l l i g r a m s of par t icula te per cubic foot
of a i r .

6. TWA - Time Wighted Average: permissable exposure l im i t s are
8 - h o u r t i m e w e i g h t e d a v e r a g e l i m i t s . An e m p l o y e e ' s
cumula t ive exposure for an ent i re 8-hour work sh i f t of a 40-
hour w o r k week sha l l not exceed the 8-hour t ime w e i g h t e d
average l imit. Excursions are permitted above the l imi t as
long as they are compensated by excurs ions below the l i m i t ,
and as long as the weighted average of the exposures for the
e n t i r e 8 - h o u r pe r iod does no t exceed the l i m i t . The
excep t ion is where c e i l i n g v a l u e s a re d e s i g n a t e d (see no te
No. 9 ) .

7. STEL - Short Term Exposure Limi t : The concent ra t ion to which
w o r k e r s can be exposed c o n t i n u o u s l y f o r a shor t p e r i o d of
t ime w i t h o u t s u f f e r i n g f r o m (1) i r r i t a t i o n , ( 2 ) c h r o n i c or
i r r e v e r s i b l e t issue dam age, or ( 3 ) n a r c o s i s of s u f f i c i e n t
degree to increase the l i k e l i h o o d of a c c i d e n t a l i n j u r y ,
impair self-rescue or ma te r i a l l y reduce work e f f i c i ency , and
p r o v i d e d that the d a i l y TLV-TWA is not exceeded ( A C G I H ,
Threshold L i m i t Values, 1983-84).

8. SKIN - this nota t ion refers to the potential con t r i bu t ion to
the o v e r a l l exposure by the cu taneous rou t e w h i c h i n c l u d e s
eyes and mucous membranes, either by airborne exposure or by
direct contact with the substance.

9. C- Cei l ing Limits: The l imit which concentrat ions should not
be p e r m i t t e d to exceed at any t ime d u r i n g an 8-hour w o r k
sh i f t . C e i l i n g l i m i t s are app l i ed to substances w h i c h are
f a s t a c t i n g , t h a t is they 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. extreme i r r i ta t ion.

C\J
in
\0
l^t
0
0



. SECTION VI

TABLE II

Warning Properties of Chemicals Under Evaluation

Vertac Site, Jacksonville, Arkansas
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COMPOUHD

ODOR THRESHOLD (parts per mil l ion)

LEVEL SOURCE

t'. ' .-Dlchlorophenoxyacellc add

2,4,5-Trlchlorophenoxy acetic add

Chlorcbenzene

2-Dlchlorobenzene

t-Dlchlorobenzene

1,2.<i-Trlchlorobenzene

2,^-Dlchlorophenol

2,4,6-Trlchlorophenol

Pentachlorophenol

Toluene

Negligable vapor pressure

Hegllgable vapor pressure

60

2-i
50
50

15-30

3

not available

not available

not available

10-15 ppm (olfactory fatigue occurs rapidly)

AIHA

AIKA
May
Patty

Patty

ACGIH

ANSI
Patty

0 0 3 6 5 4



IRRITATION LEVEL (parts per million, unless otherwise Indicated)

COMPOUND EYE NOSE THROAT ODOR SOURCE

2,'i-Dlchlorophenoxy-
acellc acid

2.'«,5-Trlchloro--
phenoxyacellc
acid

Chlorobenzene

2-Dlchlorobenzene

t-Dlchlorobenzene

1,2,'i-Trichloro-
benzene

2,'i-Dlchlorophenol

2, <i,6-Trlchlorophenol

Pentachlorophenol

Toluene

Negllgable vapor pres-
sure, warning properties
not pertinent

Not knoutito be an eye
Irritant

eye Irritant

20-30

80-160

3-5

•»
>1mg/m"

300-AOO
100-500 .

-

0.3mg/ir.3

100-500
»

-

3-5

.

1 oo-5'no

Odorless

Odorless

Sweet, almond odor

Pleasant odor

Distinct Aromatic
(mothballs)

Medicinal odor

Strong phenolic odor

NIOSH Occupational
Health Guidelines
Chris

NIOSK Occupational
Health Guidelines
Chris

AIHA

Patty

ACGIH

Chris

SAX

ACCIH

Frant

0
U
»"*
0
C/I
N
N
0^ 0 0 5 6 5 5
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SECTIC-'I 71

SUM'/ARY OF TOXICITY 5ATA

.^PTCISS D U R A T I G D OF
EXCEED EXPOSURE

TOXIC Wy.
LDLo ;.D

ROUTE;: )F
EXPOSURE

T O X I C
EFFECTSTDLo rCLo REFEREW-F-;-CLo LC

2,'.-31chloro-
phenuxvacp'.ic
acid

0
CJ
»-»
0
U'^̂
^

;

80 n^/kK

6o6nic/kp

125tc/i<c

SOOniK/kR

'•OOme/ke

'•OOmc/kt;

666 mg/kf

370 nr/kK

l^OOran/ki;

3ft^"l (?/!<(?

lOOnp/ke

liOOniR/kn

<i69 nig/kg

^00 ng/kg

' J t , } mg/kg

)75 mg/ke;

O R A L

O R A L

SKIH

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

ORAL

;NTRAP::RITC;IIrtL

O R A L

ORAL

SKIN

INTRAPERITOHUL

INTRAVE;;CtJS

ORAL

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

ORAL

O R A L

; :RAL

HUMA;1

R A T

RAT

RAT

'..-^

l-'CtJSE:

DOG

R A E B I T

RABBIT

RABBIT

R A E E I T

GUINEA PIG

^ U I H E A PIG

HAMSTER

CliICKE?)

.••lAr't-'AL

0 ( i ^ 6 ^ «

"AL'SEA OR VOM!TIh'G,
SCMtlOLENCE, C01-!A

GASTRITIS, SOMNG-
LEtiCE, FATTY LIVER
DEGEMEaATIO?)

STIFFNESS, COt-'A

A T A X I A , PRIMARY
IRRITATION

GASTRITIS, SCtlHC-
LENCE. FATTY LIVER
DEGENERATION

C-.ASTRITIS, SGMNO-
LE:)CE, FATTY L;Y£R
)EGENERATION

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

FI-ICHA^-n, : ;fl,>^0

WRPCA 2° ,1 iq ,70

TIHTAB 20,35,^

AJVRAJ 'S.fc^.^

TXAPA 023,263,72

AEHLAU 7,202,b3

AMFMAR 12,26.51

AFDOAO, 16.3,52

JIHTAB 2P.85,''7

JIHTAB 2°, =5.'•7

AJVRAH 15,622,5'«

JIHTAB Z0,85,'.7

TXAPA9 <«8.A192,79

AJVRAH 15,622,5'.

:CIEA:; "'-5,^6S.fc9



SECTICU '.'I

SWIMARY CF T C X I C I T ; OATA

TOXIC DOSE
CCKt'OUMD TDLo TCLo LDLr> LD,50 LCLo LC,50

ROUTES :F
EXPOSURE

SFrciES
EXPOSED

D U R A T I O N OF T'-,XIC
EXPOSURE EFFECT: REFEREHCC

S.-.S-Trlchloro-
phenoxyacetic
ar.ld

2- .2 ,A,5-Tr ichlor
pher.oxy) Proprior
acid

2,3,7.8-Tetra-
cn-urodifcenzo-p-
rfyxin

û
0
U1
N
CJ
0

'•0

ic

90 i "•:>/'< p

;00 Li'^/ki-

300mg/kg

500 mg/kg

389 ng/kg

100 ms/kg

381 niB/kg

'.25 ns/kg

310 nig/kg

500 •ng/kg

650 xg/kg

650 ing/kg

650 inc;/l<g

Z2500 ".R/kg

11'. u-ykg

ORAL

U N R E P O R T E D

ORAL

O R A L

O R A L

O R A L

ORAL

ORAL

ORAL

O R A L

UNREPORTED

ORAL

ORAL

S K I M

l ' t ;REPORTED

F.A7

R A T

;-!Cb-SE

DOG

G U I N E A PIG

HAMSTER

CHICKEN

MAMMAL

RAT

MAMMAL

MAMMAL

RAT

MOUSE

MOUSE

HOUSE

GASTRITIS, SOHUC-
LEHCE, ( G E N E R A L
DEPRESSED A C T I V I T Y ) ,
FATTY LIVER, DE-
GENERATION

HOT REPORTED

GASTRITIS, SCMHO -
LENCE ( G E N E R A L
DEPRESSED A C T I V I T Y ) ,
FATTY LIVE? OE-
GEt;ERATI;"l

UHREPORTED

F.REVAH 10,97,65

30ZDA9 - ,17,71

A J V R A H 15,622,5'"

P A R E A O !'•,225,62

PCOC - ; l?6 ,c6

MUREAD 65,33,79

AJVRAH ;5,622.5''

SCIEAS 165,'.65,69

RREVAH 10,97,65

SCIEAS 165.'•65,69

30ZDA9 -173,71

EVSRBT 2,708,73

TXAPA9 29.229,7''

RCOCB8 21,101.78

K1YAA9 ;;0,;W,79

0 0 5 6 5 9



SECTIC'l V I

SL't-1-lARY OF T & X I C I T Y DATA

TCXIC DOSE ROUTES OF SPECIES DURATION OF TOXIC
CGlPri)!!': TDLo TCLo LCL^ I C c . 1-CLo LCco E X P O S U R E EXPOSED EXPOSURE EFFECTS REFERENCE

2 Chloro-
phenol

0u
t-r
Qcn
M
U
^

3 mg/kg

~9 ug/k^

•.-. ^-/^

25 ug/kg

950 mg/kf

120 rog/kp

•100 mg/k<'

275 ug/kg

;CO ns/kg

;05i ug/kg

670 nig/kg

230 mg/kR

950 ing/kg

670 mg/kg

O R A L

O R A L

ORAL

SKIN

ORAL

ORAL

ORAL

ORAL

IHTHAPERITCNEAl

SUBCUTANEOUS

ORAL

SUBCUTANEOUS

I N T R A V E N O U S

SUBCUTANEOUS

DOG

MONKEY

RABBIT

BABBIT

GUINEA PIG

HAMSTER

CHICKEH

RAT

RAT

RAT

MOUSE

R A B B I T

R A B B I T

G U I ; ; E A PI(

00 - 5 6 6 0

WEIGHT LOSS OR
DECREASED GAI;J,
SOMNOLENCE (GEI;ERAL
DEPRESSED ACTIVITY)
ALCERATION OR
BLEEDING FROM SMALL
INTESTINE

NOT REPORTED

WEIGHT LOSS, OR
DECREASED G A I N ,
EFFECTS TO HAIR NOT
SPECIFIED

DYSPNEA. WEIGHT
LOSS. OR DECREASED
G A I N

•

ADCSAT 120,55,73

TXAPA9 '•3,175.78

NATUAS 2^2,395,71

EVHPA2 5,97,73

EVSRBT 2,708,73

TXAPA9 59,'•05,91

FCTXAV 11,585.73

FEPRA7 2,76,'•3

BJPCAL 13.20,59

FEPRA7 2,76,'.3

TIVSAI 33,258,69

HBAMAK '.,1361 ,35

HBTXAC 5,112,59

HBA11AK ^ , 1 ici ,35



^WARY JF -C7:;;:'/ DATA

TOXIC JOSE
LDLo Lfr.,-,

SL-JT?:; OF
EXF'JSiIRE

SPECIES DURATIOn CF TOXIC
EXPOSED EXPOSURE EFFECT;

1,2 dichioro-
fcmzene

1 ,-i dicriloro-
benzene

0
y

0̂v\
Nu
N

SOO ing/ka

A 100 niR/l

'.00 m(?/l<;

250 mR/kt

2000 nie/k

22) mg/ki;

<;^30 i-»;/kt;

i?

500 'na;/ke

•^'i0 'nR/kc:

500 me/ka

S

)00 nip/kc;

?56? mz /ke

'950 mf /ka

) i ' »5 n r / k ^

e<?i ppm

300 pprn

O R h L

IMTaAFERITC.'.'EAL

ORAL

INHALATI:;!

I?1TRAPER:TC;IEAL

IMTRP.VE?;OiJS

O R A L

INTRAVENOUS

ORAL

IMHALATIC;!

O R A L

UNREPORTED

ORAL

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

ORAL

SUBCL'TANi-'^US

R A E B I T

GUI:;EA PIG

RAT

R A T

R A T

MOUSE

SA55IT

RABBIT

GUI;IEA PIC

GUI ' lEA PIG

HUMAN

MAN

RAT

R A T

MCIJ.'E

MOUSE

0 0 3

7 hours

2A hours

6 6 1

HYPERMOTILITY.
D I A H R R E A , EFFECTS TO
EYE AND RESPIRATORY
SYSTEM

1'<CYAT 2.139'i,63

RMSRAG 16.'i'>9,;896

WRPCA2 7.135,68

AMIHAB 17.180,=?

MEPAAX 20,51°.69

JPBAA7 '.^,281 ,37

85ARAE 3,32,76

JPBAA7 '.4,281 ,37

I'.CYAT 2,1336,63

PCOC -851,66

85DCA1 2.73,70

WRPCA2 9,119.70

JAPMA8 38.12<«. '«9

GUCHAZ 6,183.73

TOIZAG 2 C ; ( 5 ' 6 ) , 7 7 2 ,
73



SECTIOH VI

SUMMARY OF TOXICITY DATA

&URATI-PN OF TCXIC
EXF.^ 'JRE EFFECTS

TOXIC POSE
LCLo t-DcQ

RCUTKS OF
EXPOSURE REFEREI1CETDLo TCLo LCc-

<i cnloro-
phenol

'i-chloro-3-
methyl-phenol

2.-i-alcnloro-
phenol

0
£t3
t-»
0c^
N
U
C»3

2,i< ,0-tricnloro
phenol

~

'i00 mc,/\'.

500 ng/k

30 raB/kp

200 ne/k

P

•<'i0 nr./kK

26) nie/kp

??1 ne/kp

1030 ru?/kg

;

AOO ir-K/kg

r

590 me/i<R

'i30 mp;/k?

730 nK/kR

600 me/kn;

'520 np/ke

276 me/ks;

SUBCUTAHEOUS

ORAL

T'.U

IDTR.IPFF.I^T^EAL

SUECUTA'.'EOLIS

ORAL

SUBCUTANEGUS

INTRAPERITO;IEAL

SUBCUTANEOUS

O R A L

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

SUBCUTANEOUS

O R A L

O R A L

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

FF.C-;

MAI-i-IAL

R A T

?-."

R A T

RAT

RAT

MOUSE

•10USE

?AT

RAT

RAT

MOUSE

R A T

R A T

HBTXAC 5,112,59

TIVSAI 33,358,''1

28ZPAK -,76.72

BJPCAL 13,20.53

FEPRA7 2,76.t.3

JPETAB QO.260,^.7

OJPPAL 12,212,39

QJPPAL 12,212,3q

OJPPAL 12,212,31'

FEPRA7 2,76,^3

BJPCAL 13,20,59

FEPRA7 2.76,'.3

TO1ZAG 19,356,72

PCOC- 1176,66

BJPCAL i3.ro,5g
r

0 0 3 6 6 2



SKCTICtI V I

SUMMARY OF TOXICITY DATA

TCL,

TOXIC DOSE
LbLo LD

ROUTES OF SPECIES
LCLo • LC;o EXPOSURE EXPOSED

DURATIO'I OF TOXIC
EXPOSURE EFFECT; RFTERE'iCE

pern.acr.'.oro-
sneno;

chloroDenzene

0
U
^
0
UI
Mu
&

1 Gr) rig/I-: !

2° nR/ke

135 mg/k»

70 ing/kg

10 mB/ktt

135 mr,/k(

?0 mp/ke

T'.OO nn/V.

7000 m»;;/l<

50 np/kc

105 mp/kg

56 nR/ka

100 niK/kK

168 ing/k(?

2q i0 mR/ke

z.

a.

15 pm/in3

O R A L

ORAL

ORAL

SKIN

INTRAFERITOt l tAL

SUBCUTANEOUS

SUECUTANECUS

ORAL

SKItI

INTRAFERITOHSAL

SUBCUTANEOUS

ORAL

ORAL

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

SUBCUTANEOUS

I N H A L A T I O N

HUMAN

MAN

RAT

RAT

RAT

R A T

DOG

RABBIT

RABBIT

RABBIT

RABBIT

HAMSTER

RAT

RAT

RAT

MOUSE

CHAi;GE IN MOTOR
ACTIVITY, SWEATING.
INCREASE IN BODY TEMF

272XA3 -256,'••.3

:'. 3F17R 20U25

FT-:CHA2 D233.80

BJIMAG 26,5^»,51

BJPCAL 13.20.58

FEPRA7 2.76,<.3

HBTXAC 5,123.59

JPETAB 76,10<i,'.2

JPETAB 76,10'.,'.2

HBTXAC 5,123,50

JFETAB 76,10'i , '<2

TXAPA9 ' i8,Aiq2,7q

I'.CYAT 2.133'«,63

RKSRAG 16,'.'*q,18Q6

RMSRAG l6,'. ' .q,iqq6

GISAAA 20 (81 , i q .55

0 0 3 6 6 3



SUMMARY OF TOXICITY DATA

TOXIC DOSE

COMPOUND TDLo TCLo LDL o LD 50 LCL o LC,50

ROUTES OF
EXPOSURE

SPECIES
EXPOSED

DURATION OF TOXIC
EXPOSURE EFFECTS REFERENCE

" ,2,'--lr;;hloro
tienzrnf

nexacnioro-
benzene

toluene

0a
»•*

0en
Muv\

\^ v —' ^ ^ "T

-

300 spn

2100 nit/

500 n^/ke

220 "ur/kj

-'.00 ^i'/k.

e

756 ine/ke

300 nR/kg

10.000 me/kR

'^000 ne /kp

•^uO rik;/ '<\i'

^OOO ODn

/

^.'n c

ORAL

ORAI-

ORAL

INTRAPERITONEAL

UNREPORTED

ORAL

INHALATION

I K H A L A T I O D

CBV.

:!;HALATIO-1

It;TRAPi::.1IT:;)RA

^.'.'REPURTED

c;i : ' : ; I A I . A T I ! ; : I

GUINEA PIG

RAT

MOUSE

MOUSE

MAN

RAT

HUMAN

MAN

RAT

^..r.T

R A T

SAT

•"h" n -^

'« hour?;

A' ^'71

BEHAVIORAL CHANGES:
ATAXIA CONVULSIONS:
OR EFFECT ON SEIZURE :
THRESHO'J); ALTERED '
SLEEP TIME (INCL. CHANGE
IN RIGHTING REFLEX) 1 NAIZAM 20,569,78

85DCA) 2.73,70
i

! Q5DPAn -.71/76

RECCRDIHGS FROM SPECIFIC
AREAS OF CNS: AMTIPSYCHOTIC;
CKAKGES IN BLOOD - DECREASE
IN RED CELL COUNT, APLASTIC
ANEMIA (CHANGES MAY H A V E
BEEN DUE TO EEHZEUE COHTAM-
rMANT IN TCLUEt;£l 3AI'!AAP 12:-, • 1CA, ' -3

HA'-LUCINATIOnS. 3I3TO
PeRCEFTIOnS; CHA;;GE :
MOTOR ACTIVITY: CHANG
PHYSIOLOGICAL TESTS

HOT REPORTED : AHIHAB II,'•03,5°

. A I H A A P 30,'.70,h"

riCT i iEr-)RTEC

1'«CYAT2,)338,63

AOHYA3 12,200,60

CBCCT ^.W^

RTED
N
E IN

WEHSAL 0,131,72

7 X A P A O 1 .ISft .".^
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SUMMARY .F TCXiCITY DATA

TOXIC DOSE ROUTES OF SPECIES DURATION OF TOXIC
CalPOUIlD TDI-o TCLo LDLo LDcr) LCl.o '.Ccr; EXPOSURE EXPOSED EXPOSURE EFFECTS REFEREI1CE

120 mp/ki

l l ^ G u g - k g

2000 me/kft

)'i (Wi/ks;

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

UHREPORTED

SKIN

SUBCUTANEOUS

MISUSE

MOUSE

RABBIT

FROG

MOT REPORTED

AGGHAR l f l ,10q,o0

GISAA '.5112)6'i,BO

UCDS 7/23/70

AEPPAE 130,250,29

SOURCE: "REGISTRY CF TOXIC EFFECTS OF CHEI-'ICAL SUBSTANCES," VOLUME I, II, AMD I I I , 1981-82 EDITION. NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH, U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, DHHS ( N I O S H ) PULBICATION NO. 83-107, JUNE 1983

REFERENCES; SEE " IEGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES," PP 10^5-1087, FOR REFERENCE CODES.
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APPENDIX A

ANALYTICAL METHOD

The ana ly t i ca l p rocedure u l t i m a t e l y developed and descr ibed
herein for determination of TCDD's in various industrial process
waste samples u t i l i z e s two separate GC-MS systems. A gas
chromatograph coupled 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
spectrometer (GC-QMS) is used for p re l iminary identif icat ion of
TCDD's in the extracts of the waste samples. A second apparatus
c o u p l i n g a gas c h r o m a t o g r a p h and a h i g h - r e s o l u t i o n m a s s
spectrometer (GC-MS-30) is used to conf i rm the results obtained
w i t h the GC-QMS technique. The a n a l y s i s method e n t a i l s two
steps, sample preparation and instrumental analysis, as described
below. It should be emphas ized tha t , even w i t h the e l abo ra t e
separation techniques employed here, the 2,3,7,8-TCDD isomer is
s t i l l not resolved f r o m the other TCDD isomers if these are \0

present in sample extracts. As a result, the quan t i t a t i ve data ^-0
obtained here for TCDD's must be considered an upper l imi t rather l^
than an absolute level for any ind iv idua l TCDD isomer. Q

00

SAMPLE PREPARATION °

The f o l l o w i n g procedures were deve loped as an approach to
p r e p a r a t i o n of i n d u s t r i a l w a s t e s a m p l e s and h a v e been
successfully applied in this study.

1. Place a 2.0 g a l i q u o t of the sample in each of the two
e x t r a c t i o n vessels. To each a l i q u o t , add an appro-
p r i a t e q u a n t i t y of 3 7 C l 4 - 2 , 3 , 7 , 8 - T C D D d i s s o l v e d in
"distilled-in-glass" benzene as an in ternal standard.
Spike one of the two al iquots wi th an addi t iona l known
quant i ty of authentic nat ive 2,3,7,8-TCDD at a concen-
t r a t i o n equal to the n o m i n a l a m o u n t expected in the
sample.

2. Add 30 ml "distil led-in-glass" petroleum ether to each
sample and mix thoroughly.

3. E x t r a c t each 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 -
dis t i l led water and discard the aqueous layer.

4. E x t r a c t each s o l u t i o n w i t h 50 m l of 20 percent potas-
sium hydroxide and discard the aqueous basic 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
water and discard the aqueous portion.

6. E x t r a c t each 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
sulfur ic acid and discard the aqueous acidic layer.

7. Repeat step 6 unti l the acid layer is nearly colorless.

8. E x t r a c t each o rgan ic s o l u t i o n w i t h 50 ml of double-
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distilled water and discard the aqueous layer.

9. D r y each 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
sulfate.

10. Q u a n t i t a t i v e l y t r ans f e r each o rgan i c so lu t ion to
a n o t h e r vesse l , and c o n c e n t r a t e to a v o l u m e of
a p p r o x i m a t e l y 1 ml by pass ing a stream of p u r i f i e d
nitorgen over the surface of the liquid while applying
gentle 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 co lumn fo r each sample by
pack ing a d i sposab le g lass p ipet te (I .D.=0.8 cm) w i t h
glass wool and 2.8 g of Woelm basic a lumina "(previously
ac t iva ted by m a i n t a i n i n g it at 600 C for a m i n i m u m of
24 hours , then cooled in a dess ica tor fo r 0.5 h o u r o\
pr ior to use) . ^n

12. Q u a n t i t a t i v e l y t r a n s f e r each concen t ra ted o r g a n i c
solution to the top of a column. ^

0
13. E l u t e each co lumn w i t h 10 ml of 3 percent "d i s t i l l ed - 0

in-glass" methylene c h l o r i d e in "dis t i1 led- in-g1 ass"
hexane, and discard the entire column e f f luen t .

14. E l u t e each co lumn w i t h 20 ml of 20 percent m e t h y l e n e
chloride in hexane and collect the e luate in four 5-ml
fractions.

15. E l u t e each co lumn w i t h 10 ml of 50 percent m e t h y l e n e
chloride in hexane and retain the ent ire column eluate
for analysis.

16. E l u t e each c o l u m n w i t h 3 ml of 50 percent methyle .ne
chloride in hexane and retain the eluate for analysis.

17. C o n c e n t r a t e a l l s i x f r a c t i o n s in b e n z e n e to an
appropriate volume (usua l ly 0.1 to 1.0 m l ) and proceed
wi th analysis.

INSTRUMENTAL ANALYSIS

The applicat ion of GC-MS instrumentat ion methods for analys is 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 of the 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 and
operating costs. The requirement for detecting low ppt levels of
TCDD's in these ana lyses necessi ta tes such a s ens i t i ve and
selective analyt ical method. Because this is current ly the only
k n o w n method which meets these c r i t e r i a , the r e l a t i v e l y h i g h
expense is unavoidable.

The f o l l o w i n g is a b r i e f desc r ip t ion of the i n s t r u m e n t a t i o n
required for the analytical procedures developed herein.
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GC-QMS System

The GC-QMS sys tem cons is ts of a Va r i an Model 2 7 4 0 Gas
Chromatograph coupled directly (no helium separator is required)
to an Extra-nuclear Quadrupole Mass Spectrometer. The GC was
adapted to include a sophisticated system of remotely actuated
high-temperature switching va lves (Vaico Co.) and Granvil le-
Phillips molecular leak valves, so that the column effluent could
be readily regulated (Tiernan et al. 1975a ; Erk, Taylor, and
Tiernan 1 9 7 8 ) .

With this arrangement, the total column e f f luen t can be directed
in to the mass spectrometer ion source, or the e f f l u e n t f l o w can
be spl i t , one po r t i on go ing to the ion source and the other to a
gas 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 high-speed p u m p i n g system on the source v a c u u m
envelope permits introduction of as much as 65 ml/min of e f f l uen t
from the gas chromatograph into the mass spectrometer ion source.
A d m i t t i n g the 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 the m a s s
spectrometer source enhances the sensit ivi ty of the analysis .

For the purpose of instrument control and data acquis i t ion , the
GC-QMS system is coupled to an A u t o l a b System I V C o m p u t i n g
Integrator. Addi t ional capacity for o f f - l i ne data reduction 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
programmed to accept da ta (punched paper tape) f r o m the sys tem
when necessary.

GC-MS-30 System

The G C - M S - 3 0 system used in these s tud ies cons is t s of a V a r i a n
3740 Gas Chromatograph coupled through an AEI s i l icone membrane
separa tor to an AEI MS-30 D o u b l e - F o c u s i n g , Doub le -Beam M a s s
Spectrometer . The mass spect rometer is equipped w i t h a u n i q u e
e lec t ros ta t i c a n a l y z e r scan c i r c u i t developed by W r i g h t S ta te
Univers i ty , which permits the moni tor ing of as many as four 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 tepping and s w i t c h i n g between the masses of in te res t , w h i l e
m a i n t a i n i n g p i cog ram s e n s i t i v i t y f o r TCDD's. The d a t a a re
recorded by use of a Nicolet 1074 Signal Averag ing Computer.

Sample Analysis

Analysis consists of three steps as described below:

1. A n a l y z e each e l u a t e f r a c t i o n (col lec ted in the 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 amp le ) on the low-
resolution GC-QMS, using the fo l lowing parameters:

Var i an 2740 Gas Chromatograph

Column: 2 m x 3 mm I . D . glass packed with 3%
OV-7 on Gas Chrom Q
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Carrier gas: H e l i u m at 65 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
admit ted to the mass spectrometer ion
source)

Temperatures: Injector: 255 C
Column: 275 C
Transfer line: 295 C

Quadrupole mass spectrometer

Ionizing voltage: 23.5 eV
Mult ip l ier : 3200 V
Resolution: 1:350
Source envelope pressure: 1.4 x 10~- torr
Analyzer envelope pressure: 8.0 x 10~° torr '~
Masses monitored: m/e 320,322 r"'
Source temperature: 250 C ^
Analyzer temperature: 120 C ff\

2. Conf i rm any samples showing posi t ive levels of TCDD's on the
l o w - r e s o l u t i o n GC-QMS by a n a l y s i s of the c o r r e s p o n d i n g
e lua 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 GC-MS-30 and the
fol lowing operating parameters:

Varian 3740 Gas Chromatograph

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

Carr ier gas: Helium at a f low rate of 30 ml/min

Temperatures: Injector: 250 C
Column: 240 C
Transfer line: 285 C

AEI MS-30 mass spectrometer

Resolution: 1:12,500
Ioniz ing voltage: 70 eV
Masses monitored: m/e 319.8966, 321.8936, 3 2 5 . 8 8 0 5 ,

and 327.8846
Temperatures: Membrane separator: 215 C

Transfer line: 270 C
Source: 250 C

3. Determine the overal l recovery of the analyt ical procedure
by measuring the amount of internal standard {37C1 ̂ -2,3,7 ,8-TCDD)
recovered.

0
0
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