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I . INTRODUCTION 

Med-Tox A s s o c i a t e s , I n c . (MED-TOX) was r e t a i n e d by Company X 
(unnamed) t o d e v e l o p and implement a h e a l t h and s a f e t y p l a n 
d e s i g n e d t o p r o t e c t o n - s i t e w o r k e r s and t h e p u b l i c in s u r r o u n d i n g 
communi t i es from e x p o s u r e t o h a z a r d o u s m a t e r i a l s d u r i n g r e m e d i a l 
e x c a v a t i o n of a h a z a r d o u s w a s t e s i t e l o c a t e d a t an abandoned o i l 
r e f i n e r y . The s i t e - s p e c i f i c h e a l t h and s a f e t y p l a n d e v e l o p e d by 
HED-TOX c o v e r e d t h e fo l lowing t o p i c s : s i t e c h a r a c t e r i z a t i o n , 
chemica l h a z a r d s , p e r i m e t e r and o n - s i t e p o l l u t a n t m o n i t o r i n g 
n e t w o r k s , work zone d e l i n e a t i o n , p e r s o n a l p r o t e c t i v e equ ipmen t , 
s t a n d a r d o p e r a t i o n p r o c e d u r e s , emergency r e s p o n s e p r o c e d u r e s , 
h e a l t h and s a f e t y t r a i n i n g , med ica l s u r v e i l l a n c e p r o g r a m , 
d e c o n t a m i n a t i o n and d o c u m e n t a t i o n . Th rough i m p l e m e n t a t i o n of 
t h i s s i t e h e a l t h and s a f e t y p l a n , a i r p o l l u t a n t e m i s s i o n s from 
s i t e r e l a t e d r e m e d i a l e x c a v a t i o n a c t i v i t i e s were s u b s t a n t i a l l y 
r educed a long wi th p u b l i c e x p o s u r e t o t h e s e h a z a r d o u s m a t e r i a l s . 
However, i t i s i n e v i t a b l e t h a t t h i s s i t e was c o n s i d e r e d a s a 
p o i n t s o u r c e of h a z a r d o u s p o l l u t a n t s d u r i n g t h e e x c a v a t i o n p e r i o d 
due t o t h a n a t u r e of t h e w a s t e , e x t e n t of d i s r u p t i o n of s o i l 
cove r and p o t e n t i a l r e l e a s e of v o l a t i l e c o n t a m i n a n t s from o n - s i t e 
s o i l s . 

P r e s e n t e d i n t h i s p a p e r a r e e s t i m a t e s of human h e a l t h r i s k from 
p o t e n t i a l e x p o s u r e t o h a z a r d o u s m a t e r i a l s d u r i n g each d i s t i n c t 
p h a s e of t h a p r o j e c t : p r e - e x c a v a t i o n , c o n c u r r e n t e x c a v a t i o n and 
p o s t e x c a v a t i o n . The key components of t h i s r i s k a s s e s s m e n t a r e 
a s fo l lows: 

o S i t e C h a r a c t e r i z a t i o n 

o E v a l u a t i o n of F i e l d Moni to r ing R e s u l t s 

o S e l e c t i o n of I n d i c a t o r Chemicals [ 

o Chemical Hazard Assessmen t 

o T h e o r e t i c a l and Moni tored Asse s smen t of Chemical 
Emission R a t e s , E n v i r o n m e n t a l Fa t e and E x p o s u r e 
C o n c e n t r a t i o n s . 

o P o p u l a t i o n C h a r a c t e r i z a t i o n 

o Human I n t a k e and Risk Asses smen t 

o C r i t i c a l E v a l u a t i o n . 
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P o t e n t i a l h e a l t h r i s k s f o r each p h a s e a r e c a l c u l a t e d u s i n g t h e 
r e s u l t s of f i e l d moni tored p o l l u t a n t c o n c e n t r a t i o n s a n d / o r 
p r e d i c t e d p o l l u t a n t c o n c e n t r a t i o n s d e r i v e d from b e s t e s t ima ted 
t h e o r e t i c a l s i t e s c e n a r i o s . U.S. E n v i r o n m e n t a l P r o t e c t i o n Agency 
(EPA) g u i d e l i n e s were fol lowed in t h e d e t e r m i n a t i o n of p u b l i c 
h e a l t h r i s k s . 

I I . SITE CHARACTERIZATION 

2.x S i t e H i s t o r y 

Based on a v a i l a b l e r e c o r d s and a c t i v i t y l o g s , i t i s known t h a t 
Company X o p e r a t e d a smal l o i l r e f i n e r y a t t h e s i t e from t h e y e a r 
1920 t o 1950. During t h e s e y e a r s , m i s c e l l a n e o u s r e f i n e r y was t e s 
were d i s p o s e d on s i t e in a l a r g e 600' by 100' p i t which was 
l o c a t e d on t h e w e s t e r n b o r d e r of t h e p r o p e r t y . In a d d i t i o n , 
w a s t e s were a l s o d i s p o s e d of i n e i g h t i d e n t i f i e d s m a l l e r p i t s 
l o c a t e d t h r o u g h o u t t h e p r o p e r t y . ( F i g u r e 1) . 

Such w a s t e d i s p o s a l p r a c t i c e s were c o n s i d e r e d a c c e p t a b l e d u r i n g 
t h i s t i m e p e r i o d . Fol lowing t h e c l o s u r e of t h e r e f i n e r y tn 1950, 
a m a j o r i t y of t h e f a c i l i t y was d i s m a n t l e d . S i n c e c l o s u r e of t h e 
r e f i n e r y t o p r e s e n t t i m e , t h e f a c i l i t y h a s o p e r a t e d only a s a 
c r u d e o i l pumping s t a t i o n . I t i s b e l i e v e d t h a t t h e waste 
d i s p o s a l a r e a s on s i t e have no t been a c t i v e s i n c e 1950. 

Company X I n i t i a t e d a r e m e d i a l i n v e s t i g a t i o n / f e a s i b i l i t y s t u d y 
(RI/FS) and s u b s e q u e n t m i t i g a t i v e m e a s u r e s a t t h e s i t e a f t e r 
c o n s i d e r i n g ; 1) t h e p o t e n t i a l e x t e n t of and l i a b i l i t y f o r 
e n v i r o n m e n t a l c o n t a m i n a t i o n and a s s o c i a t e d h e a l t h h a z a r d s posed 
by t h e s i t e ; 2) t h a t with a n t i c i p a t e d F e d e r a l a n d / o r S t a t e 
h a z a r d o u s w a s t e m i t i g a t i v e r e q u i r e m e n t s , i t would p r e s e n t l y be 
more e c o n o m i c a l t o per form r e m e d i a l a c t i o n t h a n in t h e f u t u r e 
b e c a u s e of e s c a l a t i n g c l ean up c o s t s ; and 3) r e c e n t enc roachmen t 
of s u r r o u n d i n g p o p u l a t i o n s h a s e s c a l a t e d p r o p e r t y v a l u e s t o t h a 
p o i n t t h a t deve lopmen t of t h e l a n d i s more e c o n o m i c a l l y f e a s i b l e 
t h a n a r e i t s i n d u s t r i a l a p p l i c a t i o n s . 

Remedia l i n v e s t i g a t i o n s and m i t i g a t i v e m e a s u r e s pe r fo rmed by 
Company X t o d a t e a r e : 

1. A s i t e i n v e s t i g a t i o n t o c h a r a c t e r i z e t h e n a t u r e and 
e x t e n t of c o n t a m i n a t i o n a t t h e s i t e and d e t e r m i n e 
a p p r o p r i a t e r e m e d i a l a l t e r n a t i v e s ( J u l y 1983 t o Augus t 
1983); 

2. S e l e c t i o n of s o i l e x c a v a t i o n a s t h e most a p p r o p r i a t e 
r e m e d i a l a l t e r n a t i v e and i m p l e m e n t a t i o n of such 
r e m e d i a l a c t i o n ( J a n u a r y 1986 t o A u g u s t 1986); and 

3. P o s t r emed ia l i n v e s t i g a t i o n t o c h a r a c t e r i z e t h e n a t u r e 
and e x t e n t of c o n t a m i n a t i o n r e m a i n i n g a t t h e s i t e 
a f t e r r emed ia l a c t i o n (Sep tember 1986 t o O c t o b e r 
1986). 
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West of the s i t e i s 

Excavation operation was temporarily halted in August 1986 due to 
the unexpected cost overrun. 

2.2 Site and Population Description 

Regionally, t he s i t e is located in the coastal range mountains of 
Southern California, approximately 20 miles inland from the 
Pacific Ocean. Topographically, the s i t e i s located on a r iver 
a l luv ia l fan within a small valley of the coastal range 
mountains. Bordering the fac i l i ty t o the north and east are 
steep h i l l s . South of the s i t e i s a r i ve r 
in t e rmi t t en t ly depending on ra infa l l levels , 
a small ru ra l c i ty . 

The main waste p i t at the oi l refinery i s located adjacent to the 
western border of the s i t e . A small canal sepa ra te s the waste 
p i t from an adjacent r es iden t ia l area of the c i ty . 

Populations which may be maximally impacted by a i r contaminant 
emissions or ig ina t ing from the s i t e include t h i s r e s iden t i a l area 
and a local school also bordering the west side of the main waste 
p i t . Possible sensi t ive individuals within t h i s area include 
in fan t s , chi ldren and pregnant women, as well as elderly people 
and the chronical ly i l l . 

2.3 Soils and Groundwater Description 

As reported in remedial s tudies , t he s i t e and nearby city are 
located on a la rge a l luvia l fan. Soils cons i s t of erosional 
mater ia ls which include quar ternary clays, sands and gravel . 
Groundwater underneath the s i t e i s found at approximately 85 foot 
below t h e . ex i s t ing ground surface. Flow i s estimated to be 
southwester ly . Water levels f luctuate s igni f icant ly year to year 
depending on cl imatic condit ions. 

Water supply for the ci ty i s derived from two water wells located 
in the northwest section of the c i ty . As reported, these wells 
are not considered downgradient of t h e oil re f inery , therefore , 
are not believed to be impacted by s i t e contaminants. Prior to 
the i n s t a l l a t i on of these wells, the ci ty obtained water from 
th ree wells located 1/2 to 2/3 of a mile southwest of the 
f ac i l i ty ; which i s considered downgradient. These wells were 
reported not t o be used as a water source except in extreme 
emergencies. Records indicate an i r r iga t ion well located 1400 
feet southwest of the waste p i t . The cu r ren t s t a t u s of t h i s well 
was not es tabl i shed. 

Water for the present crude oil pumping fac i l i ty is supplied by 
an o n - s i t e production well located southeast of t h e main waste 
p i t . Records indicate tha t t h i s well der ives water from deep 
zones t ha t a re hydraulically isolated from upper shallow 
groundwater aqui fers . As reported, t h i s well was not considered 
endangered by contaminants in the upper groundwater tab le aquifer 
and was not sampled for analysis . 
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Three w a t e r w e l l s were d r i l l e d o n - s i t e d u r i n g r e m e d i a l i n v e s t i g a 
t i o n a c t i v i t i e s t o e s t a b l i s h w h e t h e r c o n t a m i n a n t s from t h e was te 
p i t had impac ted u n d e r l y i n g g r o u n d w a t e r . 

2.4 Cl imato logy 

The s t u d y a r e a i s s u b j e c t t o ho t summers and mild w i n t e r s . 
P r e c i p i t a t i o n i s a p p r o x i m a t e l y 20" p e r y e a r , o c c u r r i n g p r i m a r i l y 
d u r i n g t h e w i n t e r months . Winds were r e p o r t e d t o be p r e d o m i 
n a n t l y from t h e wes t and s o u t h w e s t . 

I I I . FIELD MONITORING RESULTS 

A c c u r a t e q u a n t i f i c a t i o n of p o l l u t a n t c o n c e n t r a t i o n s a t a h a z a r d 
ous was t e s i t e i s e s s e n t i a l and c r i t i c a l i n : (1) p r o t e c t i n g t h e 
h e a l t h and s a f e t y of on s i t e w o r k e r s and t h e p u b l i c a t l a r g e 
d u r i n g m i t i g a t i v e a c t i o n s ; (2) p r o v i d i n g immedia te v a l u a b l e 
i n f o r m a t i o n f o r t a k i n g emergency a c t i o n shou ld i t become n e c e s 
s a r y ; (3) p r o v i d i n g a d a t a b a s e f o r a s s e s s i n g human h e a l t h r i s k s 
from e x p o s u r e t o s i t e h a z a r d o u s p o l l u t a n t e m i s s i o n s ; and (3) 
e v a l u a t i n g t h e f e a s i b i l i t y and e f f e c t i v e n e s s of m i t i g a t i v e 
m e a s u r e s . 

1.0 P r e Remedial E x c a v a t i o n 

Company Y- (unnamed) was r e t a i n e d by Company X t o c o n d u c t an 
i n i t i a l r e m e d i a l i n v e s t i g a t i o n / f e a s i b i l i t y s t u d y of t h e s i t e . A 
c o m p r e h e n s i v e m o n i t o r i n g p rogram was i n i t i a t e d by Company Y t o 
c h a r a c t e r i z e t h e n a t u r e and e x t e n t of c o n t a m i n a t i o n in p o t e n 
t i a l l y impac t ed a i r , s o i l and g r o u n d w a t e r . M o n i t o r i n g methodo
l o g i e s employed i n c l u d e d r e a l t ime f i e l d m o n i t o r i n g f o r o r g a n i c s , 
SOj and HjS a s we l l a s an i n t e n s i v e a i r , s o i l and g r o u n d w a t e r 
sampl ing and l a b o r a t o r y a n a l y s i s p rogram t o q u a l i f y nnd q u a n t i f y 
o r g a n i c and i n o r g a n i c chemica l c o n t a m i n a n t l e v e l s . The r e s u l t s 
of t h i s i n v e s t i g a t i o n a s r e p o r t e d by Company V a r e a s fo l lows ; 

o A i r M o n i t o r i n g 

An i n i t i a l s t u d y v a s c o n d u c t e d t o d e t e r m i n e t h e emiss ion 
r a t e s of v o l a t i l e compounds from u n d i s t u r b e d s u r f a c e 
s o i l s . Emiss ion r a t e s f o r S O , , t o t a l h y d r o c a r b o n s (THC) 
and o r g a n i c s were found t o be low (Table 1). Under s t e a d y 
s t a t e c o n d i t i o n s , SO, emiss ion r a t e s r a n g e d from b a c k 
ground (0.14 u g / m V " i n . ) t o 5.6 ug /m^/mln . , and THC 
emiss ion r a t e s r a n g e d from background (7.3 ug/m- ' /min.) t o 
120 ug/m-' min. Emiss ions e x h i b i t e d a h i g h d e p e n d e n c e on 
d i u r n a l t e m p e r a t u r e f l u c t u a t i o n s with i n c r e a s e d o m i s s i o n s 
o b s e r v e d d u r i n g h i g h e r mean t e m p e r a t u r e p e r i o d s , a s 
e x p e c t e d . Air c a n i s t e r s s a n p l e d d u r i n g t h i s s u r v e y a l lowed 
q u a l i f i c a t i o n and q u a n t i f i c a t i o n of v o l a t i l e o r g a n i c 
emiss ion from u n d i s t u r b e d s u r f a c e s o i l s (Table 2). Air 
c a n i s t e r sampl ing r e s u l t s a r e used in t h i s p a p e r f o r 
e s t i m a t i n g p r e - e x c a v a t i o n s o i l v o l a t i l e o r g a n i c emiss ion 
r a t e s . 
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S o i l Mon i to r ing 

A s o i l m o n i t o r i n g program was c o n d u c t e d by Company Y t o 
c h a r a c t e r i z e t h e c o n c e n t r a t i o n of o r g a n i c and i n o r g a n i c in 
s o i l s a s we l l a s t h e emiss ion p o t e n t i a l of SOj and THC in 
s o i l b o r i n g samples and downhole s a m p l e s . Seven b o r e h o l e s 
were d r i l l e d in t h e main was te p i t w i th d e p t h s r a n g i n g f r o a 
2 ' t o 50 ' below t h e s o i l s u r t a c e . 

High c o n c e n t r a t i o n s of SOj and THC were d e t e c t e d in bo th 
downhole and s o i l b o r i n g samples (Table 1). Peak c o n c e n t r a 
t i o n s f o r SOj and THC downhole were >1 .9x l0* and 
>3.8xlO* ppm, r e s p e c t i v e l y . I n s o i l s amples t h e peak THC 
c o n c e n t r a t i o n was 2500 ppm. S i g n i f i c a n t c o n c e n t r a t i o n s of 
SO, and_ THC were a l s o d e t e c t e d in t h e v i c i n i t y of b o r e 

" d r i l l i n g a c t i v i t i e s b u t d e c r e a s e d r a p i d l y a t downwind 
b o r d e r m o n i t o r i n g l o c a t i o n s (Table 1) . Peak c o n c e n t r a t i o n s 
f o r SOj and THC fo r v i c i n i t y m o n i t o r i n g were <20 and 500 
ppm, r e s p e c t i v e l y , for b o r d e r m o n i t o r i n g t h e peak SO2 
c o n c e n t r a t i o n was 0.12 ppm. 

All s o i l s a m p l e s were found t o be s i g n i f i c a n t l y impac ted b / 
b o t h o r g a n i c and i n o r g a n i c c o n t a m i n a n t s (Tab l e s 3 and 4) 
wi th t h e t o p 6 ' of s o i l b e i n g r e p o r t e d a s t h e t h e most 
s e v e r e l y c o n t a m i n a t e d . T h i s i n c l u d e s homogeneous w a s t e s in 
t h e s o u t h e r n s e c t i o n of t h e main p i t and s o i l / w a s t e 
m i x t u r e s i n b o t h t h e n o r t h e r n and s o u t h e r n s e c t i o n s . I n 
t h e n o r t h e r n s e c t i o n , w a s t e s ( n e u t r a l pH) were found t o be 
c o v e r e d wi th 3 ' of s o i l f i l l w h e r e a s i n a r e a s of t h o 
s o u t h e r n s e c t i o n w a s t e s (pH 2.0) were e x p o s e d a t t h e 
s u r f a c e and had a c o n s i s t e n c y t y p i c a l of r e f i n e r y s l u d g e s . 

S o i l s below t h e w a s t e s a r e p r e d o m i n a n t l y a l l u v i a l g r a v e l s 
mixed wi th sand and s i l t . S o i l m o n i t o r i n g and sampl inq 
e f f o r t s i n d i c a t e d s i g n i f i c a n t y e t l o w e r l e v e l s of o r g a n i c 
c h e m i c a l c o n t a m i n a t i o n t o maximum d e p t h s sampled of - 4 0 ' . 

o G r o u n d w a t e r Moni to r ing 

T h r e e m o n i t o r i n g we l l s were i n s t a l l e d t o a s s e s s t h e d e g r e e 
of m i g r a t i o n of c o n t a m i n a n t s from t h e s i t e t o u n d e r l y i n g 
g r o u n d w a t e r . One well was i n s t a l l e d u p g r a d i e n t and two 
d o w n g r a d i e n t of t h e main w a s t e p i t ( F i g u r e 1) . Well #1 was 
r e p o r t e d t o be l o c a t e d in a p e r c h e d w a t e r a q u i f e r 
h y d r o g e o l o g i c a l l y d i s c o n n e c t e d from w e l l s 12 and #3. 

The two—downgrad ien t we l l s were found t o be impacted by 
v o l a t i l e o r g a n i c s (Table 5) . Benzene was d e t e c t e d a t 800 
p p b . G r o u n d w a t e r a n a l y s i s pe r fo rmed d id n o t i n c l u d e semi 
v o l a t i l e o r g a n i c a n a l y s i s , t h u s i m p a c t s from t h e s e 
c h e m i c a l s were no t e v a l u a t e d . G r o u n d w a t e r was n o t found t o 
be impac t ed by i n o r g a n i c c o n t a m i n a n t s . 
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2.0 Remedia l E x c a v a t i o n 

MED-TOX e s t a b l i s h e d and c o n d u c t e d an o n - s i t e m o n i t o r i n g program 
for SOj , H ,S , THC (Table 1) and O r g a n i c s (Table 2) d u r i n g 
s i t e r e m e d i a l e x c a v a t i o n a c t i v i t i e s . Moni to r ing of h a z a r d o u s 
was t e e m i s s i o n s was p e r f o r m e d t o p r o v i d e a c t u a l p o l l u t a n t 
c o n c e n t r a t i o n s ; ( l ) f o r r e s p o n d i n g t o emergency s i t u a t i o n s 
should t h e y o c c u r ; (2) t o a id in t h e a s s e s s m e n t of worke r and 
p u b l i c h e a l t h and s a f e t y d u r i n g e x c a v a t i o n a c t i v i t i e s ; and (3) t o 
p r o v i d e c o n t a m i n a n t emiss ion r a t e i n fo rma t ion r e q u i r e d in t h i s 
h e a l t h r i s k a s s e s s m e n t . The Moni to r ing Program i n c l u d e d e x c a 
v a t e d s o U h e a d s p a c e sampl ing (Table 2) t o a id in t h e c a l c u l a t i o n 
of c o n t a m i n a n t e m i s s i o n r a t e s used in t h i s p a p e r in e v a l u a t i n g 
p u b l i c h e a l t h r i s k s posed by v o l a t i l e o r g a n i c e m i s s i o n s d u r i n g 
r emed ia l e x c a v a t i o n a c t i v i t i e s . 

Along with MED-TOX's o n - s i t e , h o t zone m o n i t o r i n g . Company Y a l s o 
p rov ided b o u n d a r y m o n i t o r i n g d u r i n g e x c a v a t i o n a c t i v i t i e s . 
SOj , THC a s w e l l a s m e t e o r o l o g i c a l c o n d i t i o n s were moni to red 
(Table 1). 

Due t o t h e n a t u r e of o i l r e f i n e r y w a s t e s o r g a n i c s , S O j , HjS 
and a s s o c i a t e d b i o d e g r a t i o n b y - p r o d u c t s were f r e q u e n t l y d e t e c t e d 
a t h igh l e v e l s d u r i n g e x c a v a t i o n a c t i v i t i e s (Tab les 1 and 2). 
Due t o peak c o n c e n t r a t i o n s moni to red f o r S O j , THC and HjS 
immediate downwind were 2000, 10 and 40 ppn , r e s p e c t i v e l y , b o r d e r 
moni tored peak c o n c e n t r a t i o n s f o r SOj and THC were 9.2 and 52 
ppm, r e s p e c t i v e l y , t h e p r o x i m i t y of a r e s i d e n t i a l a r e a immedi
a t e l y west of t h e main p i t , s t r i c t p r e c a u t i o n s and r e g u l a t i o n s 
were imposed on e x c a v a t i o n a c t i v i t i e s . E x c a v a t i o n was only 
allowed u n d e r f a v o r a b l e winds and c o n d i t i o n s . S t r o n g o d o r s 
t y p i c a l of p e t r o l e u m was te were a s i g n i f i c a n t p rob lem d u r i n g 
e x c a v a t i o n a c t i v i t i e s . E x t e n s i v e t e m p o r a r y / p e r m a n e n t foams were 
used t o c o n t r o l o d o r o u s e m i s s i o n s . O t h e r a b a t e m e n t measu re s 
i n c l u d i n g b a c k f i l l , heavy p l a s t i c t a r p i n g , and a i r d i s p e r s i o n 
with a l a r g e a g r i c u l t u r a l fan were a l s o t a k e n . 

3.0 P o s t Remedia l E x c a v a t i o n 

Company Y c o l l e c t e d s o i l b o r i n g s and per formed s o i l a n a l y s e s and 
r e a l t ime o r g a n i c f i e l d m o n i t o r i n g for SOj and THC t o d e t e r m i n e 
t h e n a t u r e and e x t e n t of s o i l c o n t a m i n a t i o n r e m a i n i n g in t h e main 
was te p i t p o s t r e m e d i a l e x c a v a t i o n . Th i s s t u d y was per formed 
b e f o r e s o i l e x c a v a t i o n a c t i v i t i e s had been comple t ed so was 
conf ined t o t h e n o r t h e r n s e c t i o n of t h e was t e p i t . E x c a v a t i o n of 
t h e main w a s t e p i t was comple ted t o a p p r o x i m a t e l y 15-20 f e e t 
below t h e o r i g i n a l l a n d s u r f a c e . O n - s i t e v i s u a l e v a l u a t i o n s and 
o rgano lead a n a l y s e s pe r fo rmed d u r i n g e x c a v a t i o n i n d i c a t e d t h e 
p r e s e n c e of p o t e n t i a l l y c o n t a m i n a t e d m a t e r i a l below e x c a v a t e d 
l e v e l s . 
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Hiqh levels of THC were detected in the vicinity of soil borehole 
drilling activities (Table 1). The peak concentration was 270 
ppm. High levels of THC were also detected in soil samples 
indicating the presence of organics in the soils below excavated 
surface levels. (Table 1). The peak concentration was 500 ppm. 

Various species of volatile and semivolatile organics similar to 
those detected prior to excavation were found at different 
concentrations in all samples collected (Table 3). 

Organolead was not detected in soil samples. Due to the 
limitation of post excavation sampling to the northern main pit 
and the likely spatial variability of contaminated areas, these 
results did not preclude that remaining unsampled areas contain 
lead. 

IV SELECTION OF INDICATOR CHEMICALS 

As a n t i c i p a t e d , h a z a r d o u s w a s t e s i t e s l i k e t h e one u n d e r s t u d y 
c o n t a i n s a l a r g e number of p o t e n t i a l l y h a r m f u l c o n t a m i n a n t s . To 
i n c l u d e a l l I d e n t i f i e d c h e m i c a l s and e v a l u a t e t h e t o t a l p o t e n t i a l 
i m p a c t s of t h e s e c h e m i c a l s in t h i s p u b l i c h e a l t h e v a l u a t i o n i s 
b o t h I m p r a c t i c a l and u n r e a l i s t i c . EPA, i n i t s g u i d e l i n e s , h a s 
recommended t h a t c o n t a m i n a n t s which p o s e t h e g r e a t e s t p o t e n t i a l 
h e a l t h r i s k s h a l l b e s e l e c t e d a s i n d i c a t o r c h e m i c a l s and r e c e i v e d 
a t h o r o u g h r e v i e w in o r d e r t o d e t e r m i n e t h e magn i tude and 
s i g n i f i c a n c e of h e a l t h r i s k s posed by t h e s i t e . Two i m p o r t a n t 
f a c t o r s f o r s e l e c t i n g i n d i c a t o r c h e m i c a l s a r e t h e i r measured 
a n d / o r p r e d i c t e d c o n c e n t r a t i o n s a t t h e s i t e and t h e i r t o x i c i t y . 
O t h e r f a c t o r s such a s p h y s i c a l and chemica l p a r a m e t e r s r e l a t e d t o 
e n v i r o n m e n t a l m o b i l i t y and p e r s i s t e n c e of t h e chemica l a r e a l s o 
c o n s i d e r e d in t h e s e l e c t i o n p r o c e s s . 

Benzene , t o l u e n e , t o t a l x y l e n e s , e t h y l b e n z e n e , h e x a n e , me thy lene 
c h l o r i d e , a c e t o n e , and n a p t h a l e n e were s e l e c t e d a s i n d i c a t o r 
c h e m i c a l s f o r e v a l u a t i n g s i t e h a z a r d s fo l l owing EPA's g u i d e l i n e s , 
c r i t e r i a and me thodo logy . 

V TOXICITY ASSESSMENT 

T o x i c i t y a s s e s s m e n t i s u s e d t o g e n e r a t e c h e m i c a l - s p e c i f i c 
c r i t i c a l t o x i c i t y v a l u e s t o be used in c o n j u n c t i o n wi th r e s u l t s 
of t h e e x p o s u r e a s s e s s m e n t t o c h a r a c t e r i z e h e a l t h r i s k a s s o c i a t e d 
wi th t h a t c h e m i c a l . T o x i c i t y i n f o r m a t i o n f o r a chemica l i s 
commonly o b t a i n e d from c l i n i c a l s t u d i e s , e p i d e m i o l o g i c a l s t u d i e s , 
an ima l s t u d i e s , in v i t r o s t u d i e s , o r s t r u c t u r e a c t i v i t y r e l a t i o n 
s h i p s . The most a c c u r a t e and s t r o n g e s t e v i d e n c e of human 
t o x i c i t y i s b e l i e v e d t o be from c l i n i c a l s t u d i e s , u n f o r t u n a t e l y , 
f o r most c h e m i c a l s human h e a l t h d a t a a r e n o t r e a d i l y a v a i l a b l e . 
Most r e s e a r c h e r s and r e g u l a t o r y a g e n c i e s t h e r e f o r e h a v e t o 
e x t r a p o l a t e non-human e x p e r i m e n t a l r e s u l t s t o e s t i m a t e t h e 
t o x i c i t y of a c h e m i c a l t o humans. 
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Nonca rc inogens a r e c u r r e n t l y b e l i e v e d t o a c t p r i m a r i l y v i a 
t h r e s h o l d mechan i sms . T h i s means t h a t a d v e r s e h e a l t h e f f e c t s 
wi l l r e s u l t on ly a f t e r t h e l e v e l s of e x p o s u r e exceed t h i s 
t h r e s h o l d l e v e l . Because of t h i s t h r e s h o l d e f f e c t , accep tab l - e -
d a i l y i n t a k e (ADI) or e x p o s u r e l e v e l s can b e computed . The 
t o x i c i t y of a n o n c a r c i n o g e n chemica l i s f u r t h e r d e t e r m i n e d by 
c o n s i d e r i n g ADI. A v a i l a b l e ADIs fo r n o n c a r c i n o g e n i c i n d i c a t o r 
chemica l s a r e p r e s e n t e d in Tab le 6. 

Unl ike n o n c a r c i n o g e n s , c a r c i n o g e n s a r e c u r r e n t l y b e l i e v e d t o a c t 
p r i m a r i l y v i a n o n t h r e s h o l d mechanisms . T h i s means t h a t t h e r e i s 
a h e a l t h r i s k a s s o c i a t e d with e x p o s u r e t o a l l l e v e l s of a c a r c i n o 
gen. The EPA's C a r c i n o g e n Asse s smen t Group h a s p r e p a r e d q u a n t i t a 
t i v e e s t i m a t e s of c a n c e r r i s k s p e r u n i t dose and p o t e n c y f a c t o r ^ 
f o r human and s u s p e c t e d human c a r c i n o g e n s , based on n o n t h r e s h o l d 
dose r e s p o n s e models . Po tency f a c t o r s fo r t h e two I d e n t i f i e d 
c a r c i n o g e n i c i n d i c a t o r c h e m i c a l s , b e n z e n e and m e t h y l e n e c h l o r i d e 
a r e 2.9X10"'' and 1.4x10"^ r e s p e c t i v e l y (U.S. EPA 1986). 
C a r c i n o g e n i c p o t e n c y f a c t o r s e x p r e s s e d a s a l i f e t i m e c a n c e r r i s k 
in t h e u n i t of mg chemica l p e r kg of body we igh t p e r day were 
used as an i n d i c a t o r of a c h e m i c a l ' s t o x i c i t y t o a s s e s s human 
c a n c e r r i s k . T h i s f a c t o r r e p r e s e n t s an e s t i m a t e of u p p e r 95* 
c o n f i d e n c e l i m i t of a c h e m i c a l ' s c a r c i n o g e n i c p o t e n c y . 

VI. THEORETICAL AND MONITORED EXPOSURE ASSESSMENT 

In o r d e r t o f u l l y c h a r a c t e r i z e t h e e x t e n t and s i g n i f i c a n c e of 
h e a l t h impac t s from h a z a r d o u s was t e s i t e s , comple te and a c c u r a t e 
e s t i m a t i o n s of human e x p o s u r e a r e needed . D i s c u s s e d in t h i s 
s e c t i o n a r e t h e r e s u l t s of and methodology f o r a s s e s s i n g t h e 
e x t e n t and d u r a t i o n of human e x p o s u r e t o t o x i o c h e m i c a l s r e l e a s e d 
from t h e s i t e . 

S ince c o n t a m i n a n t s in o u r s t u d y s i t e h a v e p o t e n t i a l l y m i g r a t e d ^ 
o f f s i t e , a q u a n t i t a t i v e e x p o s u r e a s s e s s m e n t i s r e q u i r e d and 
i n i t i a t e d t o i d e n t i f y a l l e x p o s u r e pa thways and e s t i m a t e 
e n v i r o n m e n t a l c o n c e n t r a t i o n s of each i n d i c a t o r c h e m i c a l in each 
pa thway . An e x p o s u r e pa thway i s c o n s i d e r e d c o m p l e t e i f i t 
c o n s i s t s of t h e fo l lowing f o u r e l e m e n t s : 1) s o u r c e ~ of 
c o n t a m i n a n t , 2) c o n t a m i n a n t r e l e a s e mechanisms; 3) t r a n s p o r t 
nedium and t r a n s p o r t of t h e r e l e a s e d chemica l ; and 4) human 
e x p o s u r e p o i n t s . 

I d e n t i f i e d major e x p o s u r e p a t h w a y s of c o n t a m i n a n t s from t h e s i t e 
t o s u r r o u n d i n g human r e c e p t o r s i n c l u d e : 1) ambien t a i r e x p o s u r e 
t o v o l a t i l e s u r f a c e w a s t e s ; 2) ambien t a i r e x p o s u r e t o 
r e s u s p e n d e d c o n t a m i n a t e d s o i l p a r t i c u l a t e s ; and 3) e x p o s u r e t o 
con t amina t ed g r o u n d w a t e r . 

Exposu re p o i n t c o n c e n t r a t i o n s of c o n t a m i n a n t s , v i a t h e s e e n v i r o n 
menta l p a t h w a y s , a r e q u a n t i t a t e d be low. Both moni to red d a t a and 
modeling e s t i m a t e s were u s e d t o f u l l y a s s e s s c o n t a m i n a n t e x p o s u r e 
l e v e l s . C o n s i d e r a b l e u n c e r t a i n t i e s e x i s t wi th b o t h s e t s of d a t a . 
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I n o r d e r t o keep a p e r s p e c t i v e as t o t h o r a n g e of r i s k be ing 
e s t i m a t e d , b o t h b e s t and wors t e s t i m a t e s of a l l e x p o s u r e p o i n t 
c o n c e n t r a t i o n s were c a l c u l a t e d and a r e p r e s e n t e d in s u b s e q u e n t 
c a n c e r r i s k e s t i m a t e s . 

1.0 Emiss ion Rate E s t i m a t e s 

As s t a t e d p r e v i o u s l y , b o t h v o l a t i l i z a t i o n and f u g i t i v e d u s t 
g e n e r a t i o n were i d e n t i f i e d in t h i s c a s e a s p o s s i b l e r e l e a s e 
r o u t e s of c o n t a m i n a n t s a long with c o n t a m i n a n t l e a c h i n g t o 
g r o u n d w a t e r . Where a v a i l a b l e , moni to red e m i s s i o n r a t e d a t a i s 
used t o e x t r a p o l a t e s i t e emiss ion r a t e s . U n f o r t u n a t e l y 
m o n i t o r i n g d a t a was e i t h e r d e f i c i e n t , n o n a p p l i c a b l e , o r no t 
a v a i l a b l e t o a s s e s s omiss ion r a t e s f o r a l l s c e n a r i o s e s s e n t i a l in 
e v a l u a t i n g human h e a l t h r i s k . 

F u g i t i v e d u s t ( r e s u s p e n d e d so i l ) l e v e l s w e r e e s t i m a t e d t o be 
n e g l i g i b l e and were n o t i n c l u d e d in s u b s e q u e n t e x p o s u r e l e v e l 
c a l c u l a t i o n s . Moni tored c o n c e n t r a t i o n s of c o n t a m i n a n t s i n 
g r o u n d w a t e r were used in e s t i m a t i n g r i s k l e v e l s from i n g e s t i o n of 
d r i n k i n g w a t e r and f o r compar i son t o d r i n k i n g w a t e r s t a n d a r d s , 
w h e r e a s a m b i e n t c o n c e n t r a t i o n s of c o n t a m i n a n t s r e q u i r e d s u p p l e 
menta l mode l ing of mon i to red d a t a t o a d e q u a t e l y c h a r a c t e r i z e 
emis s ion r a t e s , e x p o s u r e l e v e l s , and a s s o c i a t e d h e a l t h r i s k s . 

T h e o r e t i c a l emi s s ion r a t e e s t i m a t e s of v o l a t i l e c h e m i c a l s from 
s o i l a r e c a l c u l a t e d u s i n g ma themat ica l e m i s s i o n r a t e model ing 
e q u a t i o n s d e r i v e d from P i c k ' s Law Of D i f fu s ion (Hwang 1982). 
I n p u t f o r t h e s e e q u a t i o n s i n c l u d e s a number of chemica l s p e c i f i c 
p h y s i c a l c o n s t a n t s f o r c h a r a c t e r i z i n g a c h e m i c a l ' s b e h a v i o r in 
s o i l and v a p o r p h a s e s and may s i t e s p e c i f i c p a r a m e t e r s such a s 
mon i to red c o n c e n t r a t i o n of c o n t a m i n a n t s in s o i l and s o i l 
p r o p e r t i e s . 

P r e - e x c a v a t i o n moni to red emiss ion r a t e s of v o l a t i l e o r g a n i c s f ron 
u n d i s t u r b e d s u r f a c e s o i l s a r e used t o a s s e s s s i t e emis s ion r a t e s 
f o r t h e s e c o n t a m i n a n t s . U n f o r t u n a t e l y , s a m p l i n g e f f o r t s were 
c o n f i n e d t o t h e s o u t h end of t h e main p i t whe re w a s t e m a t e r i a l s 
a r e e x p o s e d a t t h e s u r f a c e and could no t be e x t r a p o l a t e d t o t h o 
n o r t h end of t h e main p i t which had 3 ' of s o i l c o v e r . T h e r e f o r e , 
t h e o r e t i c a l models a p p l i c a b l e t o e s t i m a t i n g emis s ion r a t e s f ron 
w a s t e v i t h a s o i l c o v e r were employed ( F a r i n o , 1983). 

S i m i l a r l y , d u r i n g r e m e d i a l a c t i v i t i e s m o n i t o r e d d a t a from s o i l 
h e a d s p a c e s a m p l e s a r e used t o e s t i m a t e e m i s s i o n r a t e s f ron 
exposed e x c a v a t e d s o i l s . U n f o r t u n a t e l y , a l l i n d i c a t o r c h e m i c a l s 
were n o t d e t e c t e d d u r i n g l i m i t e d s o i l h e a d s p a c e sampl ing . T h e r e 
f o r e , t h e o r e t i c a l models a p p l i c a b l e fo r e s t i m a t i n g emiss ion r a t e s 
of v o l a t i l e c h e m i c a l s from exposed e x c a v a t e d s o i l s were employed 
(Hwang, 1982) . 

Due t o t h e l a c k of p o s t e x c a v a t i o n m o n i t o r i n g d a t a , t h e o r e t i c a l 
models were a l s o used t o e s t i m a t e emiss ion from s o i l s wi th 1' of 
s o i l c o v e r ( F a r i n o 1983). 

11 • 
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2.0 E n v i r o n m e n t a l T r a n s p o r t , F a t e , and 
E x p o s u r e P o i n t C o n c e n t r a t i o n s 

Af t e r r e l e a s e r a t e s of v o l a t i l e a i r c o n t a m i n a n t s a r e d e t e r m i n e d , 
t h e o r e t i c a l methods ( T u r n e r 1970) f o r d e s c r i b i n g t h e a m b i e n t 
c o n c e n t r a t i o n s of a chemica l a t a s p e c i f i e d downwind d i s t a n c e 
from t h e s i t e were u s e d t o d e r i v e an u p p e r b o u n d c o n s e r v a t i v e 
e s t i m a t e o t maximum c o n t a m i n a n t e x p o s u r e c o n c e n t r a t i o n s . 
T h e o r e t i c a l models f o r c a l c u l a t i n g ambien t a i r d i s p o r s i o n model 
e s t i m a t e s a r e d e r i v e d u s i n g e s t a b l i s h e d d i s p e r s i o n c o e f f i c i e n t s 
a s a f u n c t i o n of downwind d i s t a n c e and P a s q u i l l s t a b i l i t y c l a s s e s 
a s wel l as o t h e r s i t e s p e c i f i c v a r i a b l e s such a s mon i to red 
p o l l u t a n t emis s ion r a t e s , wind s p e e d and wind d i r e c t i o n . T h e s e 
models p r o v i d e c o n s e r v a t i v e u p p e r bound downwind a m b i e n t a i r 
p o l l u t a n t c o n c e n t r a t i o n e s t i m a t e s . C o n s e r v a t i v e l y , e n v i r o n m e n t a l 
d e g r a d a t i o n p r o c e s s e s were no t a c c o u n t e d f o r in t h e s e e s t i m a t e s . 

R e s u l t s of e s t i m a t e d e x p o s u r e p o i n t c o n c e n t r a t i o n fo r v o l a t i l i 
z a t i o n of s o i l c o n t a m i n a n t s a r e p r e s e n t e d i n T a b l e 7, t h e 
maximally impac ted r e c e p t o r s were d e t e r m i n e d f ron model ing 
e f f o r t s t o b e t h e c l o s e s t downwind p o p u l a t i o n s and were 
c a l c u l a t e d f o r a p o i n t 0.1 k i l o m e t e r s downwijid form t h o s i t e . 

VII . COMPARISON TO ENVIRONMENTAL CRITERIA, 
STANDARDS, AND REQUIREMENTS 

Where a p p r o p r i a t e e n v i r o n m e n t a l c r i t e r i a , s t a n d a r d s and r e q u i r e 
ments e x i s t , a compar i son was made t o e s t a b l i s h w h e t h e r e n v i r o n 
menta l l e v e l s f a l l w i t h i n t h e s e p r e s c r i b e d a c c e p t a b l e l i m i t s . 
Contaminant l e v e l s moni to red in g r o u n d w a t e r were found t o exceed 
a c c e p t a b l e l e v e l s and t h e r e s u l t s of t h i s e v a l u a t i o n a r e 
p r e s e n t e d in T a b l e 5. 

VII I . HUMAN INTAKE 

Human e x p o s u r e t o c o n t a m i n a n t s I s e x p r e s s e d in t e r m s of i n t a k e , 
which l a t h e amount of s u b s t a n c e t a k e n Intc} t h e body p e r u n i t 
body we igh t p e r u n i t t i m e ( m g / k g / d a y ) . The t e r n i n t a k e i s u sed 
I n s t e a d of d o s e b e c a u s e i n f o r m a t i o n i n d i c a t i n g t h e amount of 
chemica l t h a t may be a b s o r b e d and s u b s e q u e n t l y d i s t r i b u t e d t o 
t a r g e t o r g a n s o r t i s s u e s would be n e e d e d . 

I n h a l a t i o n i n t a k e of v o l a t i l e c o n t a m i n a n t s a r e c a l c u l a t e d 
a s suming t h a t t h e a v e r a g e a d u l t we ighs 70 kg and b r e a t h e s 20 
c u b i c m e t e r s of a i r p e r day. The r e s u l t s of i n h a l a t i o n i n t a k e 
e s t i m a t e s a r e p r e s e n t e d in T a b l e 8. Groundwate r i n t a k e i s 
c a l c u l a t e d assuming t h e a v e r a g e a d u l t consumes 2 l i t e r s of w a t e r 
p e r day . Benzene was t h e only c a r c i n o g e n i c i n d i c a t o r chemica l 
d e t e c t e d in d r i n k i n g w a t e r . At a c o n c e n t r a t i o n of 0.8 mg/ l in 
t h e g r o u n d w a t e r , t h e d r i n k i n g w a t e r l i f e t i m e i n g e s t i o n r a t e f o r 
benzene i s t h e r e f o r e 2 .29x10" m g / k g / d a y . 
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I X . RISK ASSESSMENT 

I n o r d e r t o e v a l u a t e r i s k , a compar ison i s made b e t w e e n p r o j e c t e d 
i n t a k e s and a c c e p t a b l e i n t a k e s fo r n o n c a r c i n o g e n s and be tween 
c a l c u l a t e d r i s k s and a c c e p t a b l e r i s k s for c a r c i n o g e n s . 

9.1 Noncarcinogens 

As s t a t ed , noncarcinogenic r i sk is assessed by comparing 
projected in take levels to calculated acceptable daily intakes. 
A hazard index approach i s conservatively used to assess r isk and 
is expressed as the sum of the projected exposures over the 
acceptable exposures. Exposure concentrat ion est imates for 
noncarcinogens were found not exceed acceptable Intake levels 
the re fore a re not considered a health r i sk . 

9.2 Carcinogens 

For carcinogens, r i sk i s estimated as a p robab i l i ty . The 
carcinogenic potency factor, which is an upper 95% confidence, 
l imit on the probabi l i ty of response per un i t intake of a 
chemical over a l ifetime, converts estimated Intakes d i rec t ly to 
incremental r i sk . 

Conservative assumptions incorporated into both emission ra te and 
a i r d ispers ion modeling est imates are accounted for in best 
estimate Inhalat ion cancer r i sk calculat ions by applying a 10 
fold reduct ion in r i sk for each respect ive est imate. For fur ther 
discussion on uncer ta in t i e s and assumptions re fe r t o c r i t i c a l 
evaluation d iscuss ions (Section X). The t o t a l be s t estimate 
cancer r i s k s from lifetime Inhalation exposure to carcinogenic 
vo la t i l e organic indicator chemical or iginat ing from the main 
waste p i t a re 1.49x10"^, 7.27x10"' and 5.16x10"'' for 
pre-excavat ion, concurrent excavation and post excavation 
operat ions, respect ive ly (Table 9). These cancer r i sk level f^ll 
below the cancer r i sk leve ls of one in a Dillion (1.0x10" ) 
cur rent ly considered as s igni f icant . 

Pre-excavation worst case inhalation cancer r i sk estimates 
(1.49x10"^ - Table 9) based on monitored data exceeds r isk 
levels considered as s igni f icant suggesting t h a t a s ignif icant 
cancer r i sk may have been presen t due to exposure to s i t e - r e l a t ed 
po l lu tan t s . In addition, concurrent excavation worst case 
inhalat ion cancer r isk est imates (9.77xl0"° - Table 9) derived 
fron t h e o r e t i c a l models also exceeds 1x10"° r i sk level . Post 
excavation worst case inhalat ion cancer r i sk was estimated to be 
5.16x10"^° (Table 9) well below the level considered to be 
s igni f icant . 

Benzene was the only carcinogenic indicator chemical detected in 
groundwater during remedial inves t iga t ions . Lifetime cancer r isk 
form ingest ion of benzene contaminated drinking water i s 
calculated to be 6.64x10"*, clearly exceeding acceptable r isk 
leve ls . I t i s believed t ha t t h i s groundwater is not current ly 
consumed by the ci ty and the surrounding community. 

13 
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CRITICAL EVALUATION 

10.1 E s t i m a t i n g Risk • 
and A s s u m p t i o n s 

U n c e r t a n t i e s 

Health r i s k s posed by c o n t a m i n a n t s f ron t h e s i t e have been q u a n t i 
f i ed t o a r e p r e s e n t a t i v e number . T h i s e s t i m a t e of p r o b a b l e 
c a r c i n o g e n i c r i s k and h a z a r d i ndex f o r n o n c a r c i n o g e n i c r i s k s a r e 
d e p e n d e n t on numerous a s s u m p t i o n s and u n c e r t a i n t i e s i n h e r e n t in 
t h e r i s k a s s e s s m e n t p r o c e s s . In r e a l i t y , a c t u a l r i s k co u l d be 
more t h a n 100 t i m e s g r e a t e r o r s m a l l e r . D e s p i t e t h e s e l i m i t a 
t i o n s , q u a n t i f i c a t i o n of r i s k i s i m p o r t a n t in g u i d i n g d e c i s i o n s 
t o p r e v e n t ha rmfu l c h e m i c a l e x p o s u r e s . 

Areas of u n c e r t a i n t i e s and a s s u m p t i o n s employed in e s t i m a t i n g 
h e a l t h r i s k i n c l u d e : 

E x p o s u r e A s s e s s m e n t 

o M o n i t o r i n g , sampl ing and a n a l y s i s t e c h n i q u e s 

o Time and s p a t i a l v a r i a b i l i t y in moni to red d a t a ; 
mon i to red d a t a nay n o t r e p r e s e n t a c t u a l c o n t a m 
i n a n t l e v e l s , p a s t c u r r e n t o r p o s t m o n i t o r i n g . 

o E x p o s u r e mode l ing ; i n a d d i t i o n t o i n h e r e n t 
u n c e r t a i n t i e s and a s s u m p t i o n s in t h e o r e t i c a l 
models , s i t e s p e c i f i c c o n s e r v a t i v e a s s u m p t i o n s , 
such a s c o n s i d e r i n g t h e main was te p i t a s a p o i n t 
s o u r c e t o immedia te ly a d j a c e n t r e c e p t o r s , nay 
s i g n i f i c a n t l y o v e r e s t i m a t e e x p o s u r e l e v e l s . 

o P r i o r e x p o s u r e t o o t h e r p o l l u t a n t s . 

o E x t r a p o l a t i o n of s u b c h r o n i c e x p o s u r e t o l i f e t i m e 

e x p o s u r e t o e v a l u a t e l i f e t i m e c a n c e r r i s k . 

T o x i c i t y A s s e s s m e n t 

o I n t e r and i n t r a s p e c i e s e x t r a p o l a t i o n 
o High t o low d o s e e x t r a p o l a t i o n : t h a s h a p e of t h e 

d o s e r e s p o n s e c u r v e a t e x p o s u r e l e v e l s 
e n c o u n t e r e d in t h e e n v i r o n m e n t i s unknown. 

o T h r e s h o l d , n o n t h r e s h o l d e f f e c t s : a l l c a r c i n o g e n s 
a r a c o n s e r v a t i v e l y assumed t o a c t v i a n o n t h r e s 
hold g e n o t o x l c mechanisms . 

o S y n e r g i s m / a n t a g o n i s m 

o Chemical a b s o r p t i o n , d i s t r i b u t i o n and e n d p o i n t 
t a r g e t t i s s u e l e v e l s . 
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TABLE 1: FIELD MONITORING RESULTS OF 
SULFER DIOXIDE (SO,), TOTAL HYDROCARBON (THC) 

AND HYDROGEN SULFIDE (HjS) 

PROJECT 
PHASE 

pre-
excavation 

Pre-
excavation 

Pre-
excavation 

Pro-
^. excavation 
ON 

Pre-
excavation 

SITE 
roCATION 

South main 
pit 

Main pit 

Main pit 

Main pit 

Main pit 

MONITORING 
LOCATION 

Undisturbed 
surface flux 

Soil Sanples 

Soil borehole 
downhole 

Downwind border 
during drilling 

Immediate 
downwind 
during drilling 

SO^ 
PEAK 

5.6* 

NA 

>1.9xlO** 

0.12 

<20.0 

LEVELS DETECTED (PPM\ 

M5AH 

ND 

NA 

7.2x10^* 

not 
provided 

>1.0 

THC 
PFAK 

1.4X10^* 

2500.0 

>3.8xl0'** 

NA 

500.0 

Concurrent Main pit 
excavation 

Concurrent Main pit 
excavation 

Post North main 
excavation pit 

Post North nain 
excavation pit 

Immediate 2000 
downwind during 
excavation 

Downwind border . 9.2 
during excavation 

Immediate NA 
downwind 
during drilling 

Soil Sample NA 

<0.5 

<0.5 

NA 

NA 

10.0 

52.0 

270.0 

500.0 

MEAN 

7.3 

700.0 

NA 

10.0 

1.0 

<1.0 

70.0 

50.0 

HoS 
PEAK ^ M E M 

HA NA 

NA 

NA 

NA 

NA 

40 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

<0.5 

NA 

HA 

NA 

* = ug/m min. 
NO = Not Detected 
NA = Not Analyzed 

TABLE 2; RESULTS OF MONITORED AMBIENT 
AIR CONCENTRATIONS OF ORGANICS (PPMV) 

CHEHICAL 

BENZENE 

TOLUENE 

TOTAL XYLENES 

ETHYL BENZENE 

HEXAHE 

METHYLENE 
CHLORIDE 

ACETONE 

NAPTHALENE 

PRE-EXCAVATIOH 
AIR CANISTER 
SURFACE SAMPLE 
SOUTH MAIN PIT(I) 

0.22 

0.60 

1.58 

0.46 

0.80 

ND 

ND 

0.30 

PRE-EXCAVATION 
AIR CANISTER 

DOWNHOLE 
MAIN 

HAXIMUH 

598.8 

321.8 

358.0 

142.1 

4478.4 

0.11 

ND 

5.0 

SAMPLING 
PIT 

MEAN 

207.4 

17.1 

52.3 

31.8 

957.1 

ND 

ND 

0.6 

CONCURRENT EXCAVATION 
HEADSPACE SAMPLING 

EXCAVATED SOIL 
MAXIMUM 

2.9xl0"2 

2.7xl0"2 

3.0xlO"2 

4.9x10"^ 

2.1X10"^ 

3.2x10"^ 

11.0 

HA 

7 

1 

5 

MEAN 

HD 

8X10"'' 

HD 

ND 

9X10"^ 

ND 

9x10"^ 

NA 

(1) - One sample Collected 
ND = Not Detected 
NA = Not Analyzed 



TABLE 3: RESULTS OF ORGANICS ANALYSIS IH SOIL (mg/kg)'^' 

CHEMICAL 

BENZENE 

TOLUENE 

TOTAL XYLENES 

ETHYL BENZENE 

HEXANE 

METHYLENE CHLORIDE 

ACETONE 

NAPTHALENE 

PRE-EXCAVATIOH 
MAIH pii 

MAJCIHVM M E M 

9.3 

16.0 

61.0 

10.0 

33.0 

ND 

ND 

0.13 

1.0 

1.6 

7.9 

3.3 

ND 

ND 

ND 

NA(2) 

POST EXCAVATION 
MAIN PIT 

MAXIHVH mM' 

0.61 

13.0 

ND 

IB.O 

ND 

ND 

ND 

110.0 

ND 

0.25 

ND 

ND 

ND 

ND 

ND 

ND 

ND = Not Detected 
NA = Not Analyzed 

(1) EPA recommended volatile and semivolatile organic analysis 
methods. 

(2) 2 of 14 pre-excavation soil samples underwent semivolatile-
chemical analysis and were positive. 
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TABLE 4: SOIL CONCENTRATIONS (mg/kg) OF INORGANICS 
DETECTED IN THE MAIN WASTE PIT PRIOR TO EXCAVATION 

CHEMICAL 

Ag 

As 

Ba 

Be 

Cd 

Cr 

Hg 

Ni 

Pb 

Se 

MAXIMVM 

ND 

14.0 

150.0 

NA 

11.0 

120.0 

ND 

NA 

3700 

1.2 

MEAN 

ND 

5.4 

73.0 

NA 

2.6 

24.0 

ND 

NA 

9.8 

0.51 

20 

500 

10,000 

75 

100 

2,500 

500 

2,000 

1,000 

100 

(1) - Total threshold limit concentration established in Section 
66699 of Title 22, CAC. 

HD - Hot Detected. 
NA - Not Analyzed. 
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(1) TABLE 5: RESULTS OF ORGANIC ANALYSIS IN GROUHD WATER 

CHEHICAL 

BENZENE 

TOLUENE 

ETHYL BENZENE 

o,p,m-DICHLOROBENZENE 

(1) - EPA Method 602 Volatile Organics - Not all peaks are 
identified under this method. Semi volatile organics 
analysis was not performed. 

(2) - CAG,estimates a 13 ug/l benzene in drinking water equalling 
to i X 10"° cancer risk. 

ND - Not Detected. 

PRE-EXCAVATION 
UG/L 

800 

ND 

14 

HD 

EPA DRINKING WATER 
HEALTH ADVISORIES 
LIFETIME - (UG/Ll 

CARCINOGEN(^> 

10100 

3400 

3125 

NOTE TO EDITORS 

( 
Under the new federal copyright |aw, 

publication rights to this paper are 

retained by the author(s)-
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TABLE 6: ACCEPTABLE DAILY INTAKE (mg/kg/DAY) 
OF NONCARCINOGENS USED IN RISK ASSESSMENT 

CHEMICAL 

TOLUENE 

O-XYLENE 

P-XYLENE 

H-XYLENE 

TOTAL 
XYLENES 

ETHYL 
BENZENE 

HEXANE 

ACETONE 

NAPTHALENE 

HYDROGEN 
SULFIDE 

ORAL 

AT5.^ 

4.3x10"^ 

IXIO"^ 

1x10"^ 

N/A 

IxlO"^ 

0.97 

N/A 

N/A 

N/A 

N/A 

INTAKE 

h l Q ^ 

2.9x10"^ 

IXlO"^ 

IXlO"^ 

N/A 

lxlO"2 

0.097 

N/A 

N/A 

N/A 

2.0x10"^ 

INHALATipH 

AI& 

N/A 

9.6xlO"^T<^l 

1.0 

N/A 

6.9xlO"^Tt^) 

N/A 

N/A 

30.0 

N/A 

N/A 

INTAKE 

AIC 

N/A 

2X10" 

2x10" 

N/A 

4x10"' 

N/A 

H/A 

3.0 

N/A 

N/A 

N/A - Not Available 

(1) - AIS " Acceptable Dally Intake Subchronic exposura. 
(2) - AIC - Acceptable Daily Intake Chronic exposure. 
(3) - T - Teratogen. 
Source: ECAO, U.S. EPA 1984, Sximnary Data Tables for 

Chronic Noncarcinogenic Effects. 
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TABLE 7: ESTIMATES OF WORST CASE AMBIENT EXPOSURE CONCENTRATIONS 
(0.1 KILOMETER DOWNWIND FROM THE SOURCE) (MG/M-*) 

CHEMICAL 

BENEZENE 

TOLUENE 

TOTAL 
XYLENES 

ETHYL 
BENZENE 

HEXANE 

METHYLENE 
CHLORIDE 

ACETONE 

NAPTHALENE 

PRE-EXC^ 

NORTH<^' 
MAIN PIT 

2.40X10"* 

2.02x10"* 

3.71x10"^ 

I.BSXIO"' 

8.99X10"^ 

6.19x10"'-^ 

9.08x10"* 

NA 

iVATION 

SOUTH'2) 
MA^N PIT 

1.80X10"* 

5.84X10"'* 

1.78X10"-' 

5.25X10"* 

7.22X10"* 

ND 

,̂  

ND 

4.01X10"* 

CONCURI 

EXCAVATED' 
SOIL 

3.30x10"^ 

3.04X10"^ 

1.30 

9.17xlO"2 

2.02 

1.67X10"* 

2.03x10"^ 

NA 

'ENT 
[3) 

EXCAVATION 

EXCAVATED'^' 
SOIL 

3.65x10"* 

3.92X10"* 

5.10X10"* 

8.25x10"^ 

2.95x10"^ 

4.36x10"^ 

--, 
1.07x10"^ 

NA 

POS' 

6 

7 

3 

r EXCAVATION 

MAIN<*> 
PIT 

.23X10"^ 

.99X10"* 

HD 

.60X10"* 

HD 

ND 

ND 

NA 

(1) Horth Main Pit, 3' soil cover, 300' x 100' area. 
(2) South Main Pit, exposed surface waste, 200' x 100' area. 
(3) Main Pit, exposed excavated soil, 30' x 30' area. 
(4) Main Pit, 1' soil cover, 600' x 100' area. 

ND = Hot Detected. 
HA = Not Available. 

TABLE 8: ESTIMATES OF WORST CASE INHALATIOH IHTAKE (mq/kg/DAY) 

CHEMICAL 

BENZENE 

TOLUENE 

TOTAL 
XYLENES 

ETHYL 
BENZENE 

HEXAHE 

METHYLEHE 
CHLORIDE 

ACETOHE 

NAPTHALENE 

PRE-EXCAVATION 

NORTH<^J 
MAIN PIT 

6.86x10"' 

5.77x10"' 

1.06X10"^ 

5.29X10"^ 

2.57x10"^ 

1.77x10"^^^ 

2.59x10"^ 

NA 

SOUTH'^' 
MAIN PIT 

5.14X10"^ 

1.67x10"* 

5.09x10"* 

1.50x10"* 

2.06x10"* 

ND 

HD 

1.15x10"* 

CONCURRENT 

EXCAVATED'^' 
SOIL 

9.43xlO"2 

8.69xl0"2 

3.71X10"^ 

2.62xlO"2 

5.77X10"^ 

4.77x10"^ 

5.80x10"^ 

NA 

PXCAVATION 

EXCAVATED(^) 
SOIL 

1.04x10"* 

1.12X10"* 

1.46x10"* 

2.36x10"^ 

8.43X10"* 

1.25X10"-' 

3.06x10"^ 

NA 

POST EXCAVATION 

1 

2 

1 

MAIN'*) 
PIT 

.78x10"^ 

.28X10"* 

ND 

.03X10"* 

ND 

ND 

ND 

NA 

(1) North Main Pit, 3' soil cover, 300' x 100' area. 
(2) South Main Pit, exposed surface waste, 200' x 100' area. 
(3) Main Pit, exposed excavation soil, 30' x 30' area. 
(4) Main Pit, 1' soil cover, 600' x 100' area. 

HD = Hot Detected. 
NA = Not Available. 



TABLE 9: ESTIMATES OF CANCER RISKS FROM IHHALATIOH EXPOSURE 
TO VOLATILE ORGANICS IN CONTAMIHATED SOILS 

CHEHICAL 

BENZENE 

METHYLENE 
CHLORIDE 

BENZENE 

METHYLENE 
CHLORIDE 

BENZENE 

METHYLENE 
CHLORIDE 

BENZENE 

METHYLENE 
CHLORIDE 

BENZENE 

METHYLENE 
CHLORIDE 

PROJECT PHASE 

PRE-EXCAVATIOH'^ > 

PRE-EXCAVATION'^ ' 

COHOnUlENT'^' 
EXCAVATION 

CONCURRENT' ̂ ' 
EXCAVATION 

POST EXCAVATION (4) 

SOURCE OF DATA FOR 
EMISSION ESTIMATE gE?T.ESTIMATE 

MAXIMtm CONCEHTRATIOH 1.99x10 
IH SOIL 

2.47x10" 

SOIL SURFACE FLUX 1.49x10 

-10 

17 

ND 

WORST CASE 
ESTIMATE 

1.99x10 

2.47X10 •15 

1.49x10 -6 

ND 

MAXIMUM CONCENTRATION 
IN SOIL 

SOIL HEADSPACE FLUX 

MAXIMUM CONCENTRATION 
IN SOIL 

9. 

2. 

1. 

6. 

5. 

.77x10"' 

.39x10"'^° 

.07x10"' 

.25x10"' 

.16x10"^'^ 

ND 

9. 

2. 

1. 

6. 

5. 

,77x10 

.39x10 

.07x10 

.25x10 

16x10' 

ND 

-6 

-10 

\ 

(1) Morth Main Pit, 3' soil cover, 300' X 100' area. 
(3) South Main Pit, exposed surface waste, 200' x 100' area. 
(3) Main Pit, exposed excavated soil, 30' X 30' area. 
(4) Main Pit, 1' soil cover, 600' x 100' area. 
ND •- Not Detected. 
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