


ENVIRONMENTAL HARM ISSUES REGARDING 
A VOLUMETRIC REPORTING TRIGGER 

I .  INTRODUCTION 

In 1982, Chevron USA, Inc. requested that EPA modify its oil discharge 
reporting regulation (40 CFR Part 110) to exclude spills of less than one 
barrel (42 gallons), thus replacing the sheen test with a volumetric trigger 
for reporting. Chevron suggested that excluding small spills from reporting 
requirements would reduce administrative and operational costs of complying 
with the current reporting level, without posing significant risks to the 
environment or public health. In the preamble to the proposed discharge of 
oil regulation, published on Plarch 11, 1985 (50 Federal Register 9776), EPA 
solicited information on the effects of volumetric alternatives to the sheen 
test. 

Chevron's argument for a volumetric reporting trigger was based on both 
economic and environmental considerations. Chevron asserted that evidence 
collected since 1970 now proves that oil spills of under 42 gallons "rarely, 
if ever, cause environmental damage.I t  Environmental implications of a 
volumetric trigger are discussed in this Issues Paper. Chevron's cost and 
implementation arguments for a volumetric trigger are discussed in a separate 
Issues Paper. 

EPA received a total of 35 comment letters on the Chevron request in 
response to its solicitation in the Federal Register. Many of the comments 
received pertain to environmental issues regarding a volumetric trigger and 
have been carefully reviewed for the purposes of preparing this discussion. 

Some commenters expressed the belief that small spills have a negligible 

impact on the environment or that they cause no significant environmental 

harm. Others cited their own experience to support the claim that small 

spills have caused no discernable environmental harm or adverse effects. 

Still others argued that a sheen may be caused by quantities of oil that have 

been proven to be harmless. 


Only three commenters submitted extensive documentation in support of a 
volumetric reporting trigger. Chevron submitted a literature review by 
McAuliffe (1981) entitled "Sources, Fates, and Effects of Hydrocarbons 
Introduced into the Environment." The Offshore Operators Committee (OOC) 
submitted an undated report entitled "Minimum Impact of Small Oil Spills.' 1  

The American Petroleum Institute (API) submitted eight documents: 

A bibliography of freshwater oil spills with 
approximately 2,500 citations, but no abstracts 
(Environmental Protection Service, undated); 

A laboratory study of effects of oil and chemically 
dispersed oil on selected marine biota (Vaughan 1973) ;  
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A laboratory'study of responses of marine animals to 

petroleum and specific petroleum hydrocarbons,with a 

background literature review (Neff and Anderson 1981); 


A literature review on the effects of oil and oil 
dispersants on fishes (Whitman, Brannon, and Nakatani 
1984)  ; 

A study of naturally occurring hydrocarbon seeps in 
the Gulf of Mexico and the Caribbean Sea (Geyer et al., 
undated); 

Proceedings of a symposium on sources, effects, and 
sinks of hydrocarbons in the aquatic environment, 
including a literature review summarizing five field 
studies of the impact of oil on marine life (Mertens 
1976); 

A literature review on the worldwide status of 

research on fate and effect of oil in the marine 

environment (Koons and Gould 1984); and 


A booklet on fate and impact of oil spills (American 

Petroleum Institute 1980). 


The McAuliffe and OOC reports, together with the last three documents 

listed above, provide the strongest statements and examples of minimal 

environmental harm from oil discharges. Specifically, although McAuliffe 

(1981) cites numerous studies, some of which support and others that refute 

the possibility that oil has only a negligible impact in the marine 

environment, he concludes that no evidence has been obtained to support claims 

of biological effects on populations of marine organisms. In a very limited 

discussion of the impacts of small oil spills, the report submitted by the OOC 

draws a similar conclusion. Xoons and Gould (1984) further conclude that 

petroleum impacts on the marine environment are usually of short duration, 

that there is no evidence of permanent damage on a broad oceanic scale, and 

that there is little danger to human health. The American Petroleum Institute 

(1980) booklet points out that adverse ecosystem effects of open-sea oil 

spills are generally short-lived and that the populations of relatively few 

species of seabirds are in jeopardy. Furthermore, even in near-shore and 

coastal areas, spills of crude oil evidently have had no serious long-term 

effects. Mertens (1976) suggests, based on a review of five field studies of 

chronic low-level exposure of marine life to oil, that no measurable effects 

have been observed on the populations of various organisms, on species 

diversity, or on size, growth rate, or reproductive ability of various 

organisms in the local marine communities. Moreover, he finds no evidence of 

adverse effects such as abnormal growth and biomagnification of petroleum 

fractions in the food chain. 


A review of other literature submitted by commenters, referenced in 
comment letters, or compiled in the public docket during the comment period, 
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demonstrates t h a t  not  a l l  researchers  agree with the  conclusions of these  
s t u d i e s  and t h a t  many types of adverse e f f e c t s  from o i l  have been widely 
documented. Sect ion I1 of t h i s  paper presents  laboratory s tud ie s  showing both 
l e t h a l  and sub le tha l  e f f e c t s  from small  q u a n t i t i e s  of o i l .  Sect ion I11 
reviews f i e l d  s t u d i e s  of impacts from o i l  po l lu t ion .  The d iscuss ion  
d i s t ingu i shes  acute  from chronic  e f f e c t s  and coas t a l  from open ocean po l lu t ion  
e f f e c t s .  Sect ion I V  evaluates  i ssues  of Congressional i n t e n t  re levant  t o  t h e  
environmental harm quest ion,  including t h e  Clean Water Act d e f i n i t i o n  of harm 
and the  a p p l i c a b i l i t y  of t h e  sheen t e s t  t o  a l l  waters .  
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I I .  LABORATORY STUDIES 

Commenters favoring a volumetric t r i g g e r  c i t e d  few s p e c i f i c  laboratory 
s t u d i e s  t o  support  t h e  idea t h a t  small  amounts of o i l  a r e  harmless. The 
documents submitted by t h e  American Petroleum I n s t i t u t e ,  however, include 
d iscuss ions  of t h e  r e s u l t s  of numerous laboratory s tud ie s  on organisms exposed 
t o  o i l  and ind ica t e  t h a t  a g r e a t  dea l  of research has been done i n  t h i s  a rea .  

Some commenters considered laboratory study r e s u l t s  t o  be unsa t i s f ac to ry  
because they o f t e n  co r re l a t ed  poorly with f i e l d  observat ions.  Because of t h e  
d i f f i c u l t y  of e s t a b l i s h i n g  r e l i a b l e  cont ro ls  i n  f i e l d  s t u d i e s ,  however, 
l abora tory  s tud ie s  a r e  usefu l  f o r  comparing t h e  r e l a t i v e  s e n s i t i v i t i e s  of 
d i f f e r e n t  spec ies  and the  r e l a t i v e  impacts of d i f f e r e n t  petroleum products.  
They a r e  e a s i l y  con t ro l l ed ,  permi t t ing  the  e f f e c t s  of t h e  tox in ,  i n  t h i s  case 
o i l  o r  i t s  cons t i t uen t s ,  t o  be e a s i l y  observed. Laboratory s tud ie s  are usefu l  
f o r  determining t h e  s p e c i f i c  concentrat ions of o i l  t h a t  cause e i t h e r  sub le tha l  
responses or l e t h a l  e f f e c t s .  

This s e c t i o n  examines t h e  l e t h a l  and sub le tha l  e f f e c t s  of o i l  on aquat ic  
organisms a s  determined by laboratory s tud ie s .  Lethal e f f e c t s  a r e  discussed 
f i r s t ,  along with general  conclusions drawn from the  l i t e r a t u r e  and s p e c i f i c  
examples support ing these  conclusions.  Sublethal  e f f e c t s  a r e  discussed next .  
A summary of conclusions drawn from laboratory s tud ie s  on the  e f f e c t s  of o i l  
is provided a t  t h e  end of t h i s  s ec t ion .  

Lethal Effects from Very Small Quantities of Oil 

Laboratory s t u d i e s  have been conducted on a v a r i e t y  of organisms, both 
inve r t eb ra t e  and v e r t e b r a t e ,  i n  order  t o  determine l e t h a l  concentrat ions of 
o i l .  In t h e  labora tory ,  l e t h a l  e f f e c t s  a r e  commonly-measured i n  terms of 
s h o r t  dura t ion  median l e t h a l  concentrat ions (LC5Os). LC5Os provide t h e  
concentrat ion o f  p o l l u t a n t  necessary t o  k i l l  50 percent of a given t e s t  
population wi th in  a given time span. 

Laboratory s t u d i e s  show a wide v a r i a t i o n  i n  t h e  l e t h a l  e f f e c t s  of small  
q u a n t i t i e s  of o i l ,  although c e r t a i n  r e s u l t s  have been commonly observed. 
Commonly observed r e s u l t s  include:  

Di f fe ren t  spec ies  exh ib i t  varying S e n s i t i v i t i e s  t o  
I_o i l .  Various physiological  and behavioral  d i f f e rences  
make' some species  more suscep t ib l e  t o  l e t h a l  e f f e c t s  
than o the r s  (Whitman, Brannon, and Nakatani 1984; 
Vaughan 1973;  NAS 1985) .  

O i l  exh ib i t s  la rge  d i f f e rences  i n  chemical 
composition, and c e r t a i n  types of o i l ,  such a s  re f ined  
pertroleum products ,  a r e  more tox ic  than o thers  (Neff 
and Anderson 1984; National Academy of Sciences 1985).  

The l i f e  s t age  a t  which organisms a r e  exposed t o  o i l  
can have a g rea t  inf luence on observed t o x i c i t y  
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(Whitman, Brannon, and Nakatani 1984; Neff and Anderson 
1981; National Academy of Sciences 1985) .  Lethal . 
e f f e c t s  of o i l  a r e  genera l ly  most dramatic i n  eggs and 
la rvae ,  with l e t h a l  concentrat ions i n  t h e  0 . 1  t o  1 . 0  ppm 
range (Neff and Anderson 1981). For t h e  adul t  s t ages  of 
a wide v a r i e t y  of aquat ic  animals, l e t h a l  e f f e c t s  from 
water-soluble  f r a c t i o n s  (WSF) of petroleum and 
petrochemicals occur i n  t h e  1 t o  100 ppm range (Hyland 
and Schneider 1976). 

Most s tud ie s  on the  e f f e c t s  of o i l  on aquat ic  animals focus on 
inve r t eb ra t e s  (Alexander 1983). One reason f o r  t h i s  i s  t h a t  i nve r t eb ra t e s  as  
a c l a s s  comprise t h e  g rea t  bulk of animal biomass and product iv i ty ,  making 
them ecologica l ly  important.  In  addi t ion ,  most aquat ic  i nve r t eb ra t e s  a r e  
benth ic ,  i . e . ,  bottom-dwelling, and a r e  the re fo re  i n  c lose  contac t  with 
sediments i n  which petroleum po l lu t an t s  tend t o  accumulate. A s  a r e s u l t  of 
t h i s  behavior,  they cannot escape exposure t o  o i l  a s  r ead i ly  a s  more mobile 
organisms such as pe l ag ic  spec ie s ,  i . e . ,  species  l i v i n g  i n  t h e  open ocean, and 
b i r d s .  Inver tebra tes  include economically s i g n i f i c a n t  s h e l l f i s h  such a s  
shrimp, l o b s t e r s ,  c rabs ,  clams, mussels, and o y s t e r s .  One s tudy (Rice 1979) 
provides a compilation of median l e t h a l  concentrat ions f o r  s eve ra l  d i f f e r e n t  
types of i nve r t eb ra t e s  exposed t o  crude o i l  and No. 2 f u e l  oil. The 96-hour 
LCSOs a r e  genera l ly  l e s s  than 10 ppm f o r  crude o i l  and, f o r  a few spec ie s ,  
l e s s  than 1 ppm f o r  No. 2 f u e l  o i l .  

A l a rge  number of s t u d i e s  have a l s o  been conducted t h a t  examine t h e  l e t h a l  
e f f e c t s  of o i l  on f i s h .  Tes ts  i nd ica t e  l a rge  v a r i a t i o n s  i n  t h e  s e n s i t i v i t i e s  
of d i f f e r e n t  spec ies .  F ish  behavior may be a f a c t o r  i n  determining t o x i c i t y ;  
f o r  example, f l o a t i n g  o i l  s l i c k s  w i l l  a f f e c t  a su r f ace  feeder more than a 
bottom feeder  (Vaughan 1973). 

Exhibi t  2 - 1  compares 96-hour LC50 values f o r  s eve ra l  spec ies  of f i s h e s  
exposed t o  crude o i l  and No. 2 f u e l  o i l .  The No. 2 f u e l  o i l  i s  apparent ly  
more t o x i c  than crude o i l ,  wi th  LC5Os of l e s s  than 1 m g / l  ( 1  ppm) recorded fo r  
some spec ie s .  Pelagic  f i s h  appear t o  be more s e n s i t i v e  than benthic  o r  
i n t e r t i d a l  i i . e . ,  coas t a l  a reas  between t h e  low and high t i d e  mark) f i s h  (Rice 
e t  a l .  1979). In  a l a t e r  s tudy ,  Rice e t  a l .  (1981) examined t h e  t o x i c i t y  of 
ba l l a s t -wa te r  treatment p l an t  e f f l u e n t  i n  flow-through t e s t s  with pink salmon 
f r y .  The 48-hour LC50 ranged from 1 9  t o  43 percent  d i l u t i o n  of t h e  
ba l las t -water  e f f l u e n t ,  o r  0 . 8  t o  2.8 ppm t o t a l  aromatic hydrocarbons. 

Many aquat ic  organisms have ep ipe lag ic  eggs, i . e . ,  eggs t h a t  r e s i d e  i n  t h e  
upper layers  of t h e  oceanic zone where enough l i g h t  pene t r a t e s  f o r  
photosynthesis ,  t h a t  may encounter f l o a t i n g  o i l .  S tudies  on the  e f f e c t  of o i l  
on eggs,  however, have had mixed r e s u l t s ,  with v a r i a t i o n s  seen among spec ies  
and o i l  types (Whitman, Brannon, and Nakatani 1984). For example, eggs of 
winter  f lounder exh ib i t  extreme s e n s i t i v i t y  and have a high mor t a l i t y  r a t e  
with exposures as  low as 1 pprn of t h e  water so luable  f r a c t i o n  (WSF) of N o .  2 
f u e l  o i l .  Herring eggs a r e  a l s o  very s e n s i t i v e ,  and water ex t rac ted  under 
f i lms of d i f f e r e n t  crude o i l s  is found t o  be h ighly  t o x i c  t o  them. In 
c o n t r a s t ,  pink salmon eggs a r e  r e s i s t a n t  t o  Prudhoe Bay crude o i l  and surv ive  
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EXHIBIT 2-1 

MEDIAN LETHAL CONCENTRATIONS FOR FISH EXPOSED 
TO CRUDE OIL AND NO. 2 FUEL OIL  

Species Habi ta t  

Pink salmon Pelag ic  
Dolly Varden Pe lag ic  
Great s cu lp in  Pe lag ic  
S t a r r y  flounder Benthic 
Crescent gunnel I n t e r t i d a l  

96-hour LC50 (mg/l 
To ta l  Hydrocarbons) 

No. 2 
Crude O i l  Fuel O i l  

1.50 0 . 5 4  
2.27 0.72 
3.82 2.41 
4.69 1.72 
5.59 1 . 7 2  

Source: 	Rice, S . D . ,  e t  a l .  1 9 7 9 .  S e n s i t i v i t y  of Alaskan Marine Species t o  
Cook I n l e t  Crude Oil and No. 2 Fuel O i l .  In A P I ,  EPA, and USCG 
Proceedings 1979 O i l  S p i l l  Conference, pp. 549-54. Washington, D . C . :  
American Petroleum I n s t i t u t e .  
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exposure to the oil for a number of days (Whitman, Brannon, and Nakatani 

1984). Studies on the effects of oil on larvae also show great variation 

among species. Thus, it can be seen that although the egg and larval stages 

of fish are frequently extremely sensitive to oil contarnination, there are 

exceptions, and certain species are more resistant than others. 


Sublethal Effects from Very Small Quantities of Oil 

Sublethal effects of oil range from alterations in respiration, growth, 

reproduction, and behavior to changes in the more specific processes of 

calcification, molting, ion transport, and enzyme function (National Academy 

of Sciences 1985). Other sublethal effects of oil include physiological, 

morphological, and histopathological changes and bioaccumulation and retention 

of oil (Whitman, Brannon, and Nakatani 1984). Laboratory studies show a 

variety of sublethal effects from exposure to oil pollution such as 

chemosensory disturbances, reproductive disorders and developmental defects 

(Atema 1977; Rice et al. 1979). For example, the reported threshold 

concentrations for the adverse developmental effects are well below 1 mg/l (1 

ppm), and even down to 1 pg/l (1 ppb), for acute exposures in the laboratory 

(National Academy of Sciences 1985). Although these effects do not directly 

cause death, they may indirectly kill organisms by increasing their 

vulnerability to normal environmental stresses like predation, food 

competition, and temperature. 


Invertebrate species demonstrate wide variations in their sensitivities 
and reactions to exposure to oil. Sublethal effects with possible long-term 
consequences have been documented by some laboratory studies, while other 
studies have shown few or only short-term effects (llalins 1982; Neff and 
Anderson 1976). These studies indicate that, in general, factors such as the 
type of oil to which the organism is exposed, the species and developmental 
stage of the organism, the mobility of the organism, and environmental 
conditions are at least as significant as the concentration or total quantity 
of hydrocarbons present. There is still substantial disagreement and 
uncertainty, however, regarding the effects of low concentrations of oil . 

pollution on invertebrates. Even less is known about the specific causes of 
those effects. 

An evaluation of current literature, presented by llalins (1382), shows 
that oils are capable of inducing a variety of sublethal morphological changes 
in exposed marine organisms. Examples of such studies, in which relatively 
small concentrations of oil were used, are presented in Exhibit 2-2 .  Although 
the morphological alterations are clearly documented, little progress has been 
made in delineating the significance of these changes on the health and 
survival of organisms and marine ecosystems. 

Another example of a sublethal effect of oil contamination is the reduced 
ability of mollusks to reproduce as a result of impaired growth and 
development. This occurs when sexual maturity is delayed beyond the potential 
spawning season. Asynchronous spawning may result in otherwise viable gametes 
remaining unfertilized. Thus, most species may disappear from an oil polluted 
environment, leaving only those few species tolerant of relatively high 
pollution levels (Sanders et al. 1980). 
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EXHIBIT 2-2 

EXAMPLES OF BIOLOGICAL EFFECTS OF EXPOSING MARINE 
INVERTEBRATES I N  THE LABORATORY TO LOW 
CONCENTRATIONS OF PETROLEUM I N  SEAWATER 

Concentrat ion 
Type of Petroleum (Exposure Biological  
Organism Component Period) E f fec t s  

Clams Pheno 1 Cytological  damage 
i n  g i l l ,  d iges t ive  
gland, and hindgut 

Lobsters South Louisiana 100 & 1000 Distended chroma-
crude o i l  Frg/ 1 tophores 

(15 d)  

Mussels Aromatic hyrocar- 30 p g / l  Reduction i n  
bons from North ( 3 4 - 1 8 2  d) he ights  of d iges-
Sea crude o i l  t i v e  c e l l s ;  s t r u c -

t u r a l  changes i n  
secondary lysosomes 

Sea urchin Benzo(a)pyrene 4 - 5  Frg/1 Abnormal cleavage 
eggs ( 3  h) i n  embryos; develop-

rnent i n t o  i r r e g u l a r  
morulae 

Source: 	Nalins ,  D . C .  1982.  A l t e ra t ions  i n  t h e  Cel lu la r  and Subcel lular  
S t ruc tu re  of ?farine Teleos ts  and Inver tebra tes  Exposed t o  Petroleum i n  
the  Laboratory and F i e l d :  A C r i t i c a l  Review. In  Canadian Journal  of 
F i she r i e s  and Aquatic Sciences,  Vol. 3 9 ,  pp. 877-889. 
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Laboratory s t u d i e s  by Atema (1977)  of t h e  e f f e c t s  of WSF on adu l t  l obs t e r s  
suggest t h a t  o i l  i n  t h e  marine environment can i n t e r f e r e  wi th  t h e  chemical 
s i g n a l s  used f o r  feeding, mating, h a b i t a t  s e l e c t i o n ,  and migrat ion,  and for  
emergency and escape s i t u a t i o n s ,  thus demonstrating the  s u b t l e  but  p o t e n t i a l l y  
far-ranging e f f e c t s  of o i l  po l lu t ion .  A t  WSF concentrat ions between 0.08 and 
0.15 pprn, l i t t l e  e f f e c t  was not iced o ther  than a s l i g h t  slowness of movement. 
A t  0 . 3  ppm, however, normal feeding behavior ceased and t e s t  l obs t e r s  would 
pass over food without recognizing i t .  A t  1 .5  ppm, severe neuromuscular 
e f f e c t s  occurred. Lobsters curled-up l i s t l e s s l y  with t a i l s  tucked t i g h t l y  
under t h e  carapace,  o r  s tood high on t h e i r  legs  a t t ack ing  imaginary ob jec t s  
and running i n t o  wa l l s ,  o r  lay on t h e i r  backs slowly moving and twitching 
t h e i r  l egs .  Atema points  out  t h a t  i n  an o i l  po l lu ted  environment, heavier  
f r a c t i o n s  become p a r t  of t h e  benthic  sediment f o r  many years .  Thus, t hese  
chemicals may cont inua l ly  i n t e r f e r e  with normal b io log ica l  s i g n a l s ,  
represent ing  one of the  l e a s t  de t ec t ab le  e f f e c t s  of o i l  po l lu t ion .  

Many researchers  have focused on t h e  sub le tha l  e f f e c t s  of o i l  t h a t  
inf luence f i s h  feeding behavior,  migrat ion,  o r  reproduct ion.  Behavioral 
responses,  such a s  avoidance of petroleum o r  e f f e c t s  on equi l ibr ium, swimming 
performance, o r  spontaneous a c t i v i t y ,  genera l ly  occur i n  t h e  low ppm range 
(Malins and Hodgins 1981) .  Some changes i n  behavior o r  physiology can 
u l t imate ly  reduce t h e  l i f e  span of t h e  organism. The National Academy of 
Sciences (1985) concludes t h a t  on f i s h  t h e r e  e x i s t s  "considerable information 
on t h e  e f f e c t s  of petroleum a t  very low l eve l s  ( l e s s  than 100 pg/ l  !0 .1  
ppmC), i . e . ,  t h e r e  is t h e  knowledge t h a t  o i l  exposure can enhance 
s u s c e p t i b i l i t y  t o  d i sease ,  t h a t  t h e r e  e x i s t s  a d i f f e r e n t i a l  s e n s i t i v i t y  of the  
var ious l i f e - c y c l e  s tages  and a g r e a t e r  s u s c e p t i b i l i t y  of l a r v a l  s t ages ,  t h a t  
t h e r e  can occur gene t ic  e f f e c t s  (although not documented i n  a l l  of i t s  forms, 
ye t  i n d i c a t i v e  of a problem a r e a ) ,  and t h a t  t h e r e  is  a wide range of 
de l e t e r ious  e f f e c t s  on metabolism." 

Nalins and Hodgins (1981) summarize t h e  r e s u l t s  of s eve ra l  s tud ie s  showir 
physiological  e f f e c t s ,  as well  a s  high mor ta l i ty  and gross  morphological 
abnormali t ies ,  i n  f i s h  eggs and la rvae  exposed t o  petroleum hydrocarbons. Or 
example involved t h e  exposure of sand s o l e  eggs and la rvae  t o  crude o i l  i n  a 
layered sur face  s l i c k .  While 90  percent  of t he  embryos and la rvae  i n  t h e  
cont ro l  group were normal, none of t h e  embryos o r  la rvae  exposed t o  t h e  
sur face  s l i c k ,  with 1 . 9  ppm t o t a l  hydrocarbons i n  t h e  water ,  were normal. 
(The 1 . 9  ppm concentrat ion was t h e  a n a l y t i c a l l y  determined t o t a l  hydrocarbon 
content i n  water sampled on day 3 of a 7 day per iod from f e r t i l i z a t i o n  t o  
hatching.  ) 

Physiological  changes i n  f i s h  as  a r e s u l t  of exposure t o  o i l  a r e  commonlj 
observed. In  a study of t h e  sub le tha l  e f f e c t s  of crude o i l  i n  cu t th roa t  
t r o u t ,  Woodward, Pfehrle, and Mauck (1981)  repor t  reduced growth f o r  f i s h  
exposed continuously f o r  60 days t o  a concentrat ion of 0 . 1  mg/l. The author: 
also document g i l l  and eye les ions  i n  t h e  f i s h  a f t e r  90 days with exposure 
concentrat ions of 0.45 mg/l. Fin erosion d i sease ,  which i s  o f t e n  assoc ia ted  
with s t r e s s ,  is reported i n  mullet  held i n  e s tua r ine  pond-ecosystems and 
exposed t o  enough crude o i l  t o  give a ca l cu la t ed  s l i c k  of 0.0013 t o  0.0023 co 
o r  a ca l cu la t ed  4.0 t o  5 . 0  ppm concentrat ion (Minchew and Yarbrough 1 9 7 7 ) .  
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This d i sease  had previously been found i n  f i s h  from highly po l lu t ed  waters, 
such as t h e  New York Bight.  

Commenters on t h e  proposed volumetric t r i g g e r  pointed t o  bioaccumulation 
of o i l  as another  sub le tha l  e f f e c t .  Studies  show t h a t  marine organisms are 
ab le  t o  accumulate hydrocarbons from e i t h e r  d i l u t e  po l lu t ion  or d i spe r s ion  i n  
seawater (Neff and Anderson 1981). No one marine organism has been found 
capable of a c t i v e l y  excluding petroleum hydrocarbons from i t s  t i s s u e s ,  be it 
p l a n t  o r  animal (National Academy of Sciences 1985). F i sh  r e a d i l y  absorb 
aromatic hydrocarbons from t h e i r  environment and these  compounds a r e  then 
d i f f e r e n t i a l l y  bioconcentrated among t h e  t i s s u e s ,  with t h e  h ighes t  levels  
reached i n  t h e  most l i p i d - r i c h  t i s s u e s .  Ovaries and eggs, with t h e i r  high 
l i p i d  conten t ,  are o f t e n  found to have among t h e  h ighes t  concentrat ions of 
hydrocarbons (Whitman, Brannon, and Nakatani 1984). Concentrations of 
hydrocarbons i n  t i s s u e s  have been shown t o  c o r r e l a t e  both with behavioral  
abnormali t ies  and t a i n t e d  f l avor  of t h e  f l e s h .  

Several  s t u d i e s  c i t e d  by opponents t o  the  sheen tes t  conclude t h a t  marine 
animals a r e  gene ra l ly  ab le  t o  r e l e a s e  petroleum hydrocarbons from t h e i r  
t i s s u e s  when re turned  t o  hydrocarbon-free seawater (Neff and Anderson 1981). 
Because most organisms are ab le  t o  purge o r  metabolize bioaccumulated 
petroleum components, it does not  appear t h a t  petroleum can be biomagnified by 
t r a n s f e r  t o  h igher  l e v e l s  i n  t h e  food chain (Koons and Gould 1984). However, 
according t o  o the r  s t u d i e s ,  bioconcentrat ion does occur and some of t h e  l a rge r  
more complex molecu1e.s may remain i n  an organism f o r  some t i m e  (Whitman, 
Brannon, and Nakatani 1984). For example, e l imina t ion  of  hydrocarbons by 
b iva lves  i s  a long process  and appears t o  occur only incompletely i n  most 
cases  (National Academy of Sciences 1985). 

Summary 

Laboratory s t u d i e s  dembnstrate t h a t  very low concentrat ions of o i l  can 
have l e t h a l  e f f e c t s  on a wide v a r i e t y  of exposed organisms, and sub le tha l  
e f f e c t s  on a broad range of b io log ica l  processes .  The s e n s i t i v i t y  of an 
organism to o i l  depends on spec ies ,  l i f e  s t a g e ,  and the  type of o i l  t o  which 
it i s  exposed. Large va r i a t ions  a r e  seen i n  l e t h a l  and sub le tha l  
concent ra t ions ,  with some Organisms more s e n s i t i v e  t o  very low concentrat ions 
of o i l  than o t h e r s .  Lethal e f f e c t s  are.docurnented a t  concentrat ions below 1 
ppni and s u b l e t h a l  e f f e c t s  a t  concentrat ions as low as  a few p a r t s  per  
b i l l i o n .  Despi te  t h e  d i f f i c u l t i e s  i n  applying laboratory r e s u l t s  t o  f i e l d  
s i t u a t i o n s ,  t h e r e  i s  considerable  evidence t o  suggest t h a t  low l eve l s  of o i l  
r e s u l t i n g  from s p i l l s  can have a s i g n i f i c a n t  adverse impact on aquat ic  
organisms. 
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1 1 1 .  FIELD STUDIES 

The bulk of t h e  evidence c i t e d  by commenters i n  support  of a volumetric 
t r i g g e r  is based on f i e l d  s t u d i e s .  Although f i e l d  s tudy r e s u l t s  may c o r r e l a t e  
more c l o s e l y  than labora tory  s t u d i e s  with events  i n  na tu re ,  t h e i r  
i n t e r p r e t a t i o n  is o f t e n  problematic because of t h e  d i f f i c u l t y  of e s t ab l i sh ing  
adequate con t ro l s .  Hyland and Schneider (1976) po in t  out t h a t  because t h e  
p r e s p i l l  condi t ions ( i . e . l  concentrat ions of petroleum hydrocarbons, spec ies  
dens i ty ,  and d i v e r s i t y  before  a s p i l l )  of an a rea  are o f t e n  unknown, t h e r e  a r e  
no con t ro l  d a t a  t h a t  can be appl ied toward eva lua t ing  the  s p i l l  da t a .  Because 
few f i e l d  s t u d i e s  e x i s t  and da ta  a r e  o f t en  c o n f l i c t i n g ,  ind iv idua l  s t u d i e s  may 
not  be conclusive.  For t h i s  reason and o the r s  (discussed below), a number of 
t h e  s t u d i e s  c i t e d  by commenters have been con t rove r s i a l .  This s e c t i o n  
presents  f i e l d  s t u d i e s  c i t e d  by commenters, as w e l l  a s  o the r s  drawing 
d i f f e r e n t  conclusions.  F i e ld  s t u d i e s  have been use fu l  i n  demonstrating t h e  
d i f f e rences  between acute  and chronic  po l lu t ion  e f f e c t s  and between c o a s t a l  
and open ocean e f f e c t s .  

Acute versus Chronic Pollution 

Acute Po l lu t ion .  Several  s t u d i e s  ind ica t e  t h a t  although acute  p o l l u t i o n  
episodes a r e  damaging, t h e  e f f e c t s  may be sho r t - l i ved .  McAuliffe (1981)  and 
t h e  Ame'rican Petroleum I n s t i t u t e  (1980) no te  t h a t  even i n  those cases where 
o i l  s p i l l s  have a f f ec t ed  s e n s i t i v e  coas t a l  areas, e f f e c t s  have not  been 
long- las t ing  and recovery has been r e l a t i v e l y  rap id  i n  most s i t u a t i o n s .  

Although t h e  degree and r a p i d i t y  of recovery may be open t o  ques t ion ,  t h e  
harmful e f f e c t s  of acute  po l lu t ion  inc iden t s  a r e  well documented i n  f i e l d  
s t u d i e s  (Teal and Howarth 1984) .  The e f f e c t s  of high levels  of o i l  p o l l u t i o n  
may inc lude  reduct ion i n  populat ion s ize  and changes i n  spec ies  abundance and 
d i s t r i b u t i o n .  Mor ta l i ty  from exposure t o  s p i l l e d  o i l  i n  t h e  f i e l d  depends on 
a number of v a r i a b l e s ,  including t h e  na ture  of t h e  petroleum compounds and 
environmental condi t ions (Rice e t  a l .  1 9 7 9 ) .  

Accounts of t h e  1969 barge F lo r ida  s p i l l  of 4,000 b a r r e l s  of K O .  2 f u e l  
o i l  o f f  of West Falmouth, Yassachusetts,  include r epor t s  of mass mor t a l i t y  
(Sanders e t  a l .  1980;  U.S. Environmental Pro tec t ion  Agency 1 9 7 9 ) ;  following 
t h e  s p i l l ,  l a rge  numbers of dead and dying marine organisms were washed onto 
t h e  Buzzards Bay beaches. A t  t h e  most heavi ly  po l lu t ed  s i tes  of t h e  West 
Falmouth s p i l l ,  an average of about 80 percent  of most spec ies  were el iminated 
i n  t h e  immediate p o s t - s p i l l  per iod.  The oppor tun i s t i c  polychaete C a p i t e l l a  
c a p i t a t a ,  considered a good ind ica to r  of p o l l u t i o n  because it rap id ly  
populates  a reas  t h a t  a r e  too  po l lu t ed  t o  support  most o the r  spec ies ,  grew i n  
g r e a t  abundance (10,000/m2)making up about 95 percent  of t h e  whole faunal  
populat ion.  A t  t h e  more moderately po l lu t ed  s i t e s ,  spec ie s  were reduced by 50 
pe rcen t ,  and rap id  growth of another oppor tun i s t i c  polychaete  Mediomastus 
ambiseta w a s  noted.  Sanders r epor t s  t h e  1970 mor t a l i t y  of  769 bushels of 
s o f t - s h e l l e d  clams, 1,135 bushels of na t ive  seed clams, and a l l  seed and 
parent  s tocks  of clams t ransplan ted  i n  t h a t  year  i n  t h e  Wild Harbor River .  A 
few of t h e  s h e l l f i s h  harves t ing  a reas  c iosed a f t e r  t h e  s p i l l  were reopened i n  
1973 ,  but  t h e  ca tch  was below former l e v e l s .  
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Other f i e l d  s tud ie s  document e f f e c t s  of o i l  s p i l l s  on f i s h  eggs. Dead or  
moribund f i s h  eggs were found contaminated with o i l  a f t e r  t h e  Argo Merchant 
s p i l l  o f f  Nantucket (Longwell 1977). In  t h e  case of t h e  tanker  Tses is  
grounding i n  t h e  B a l t i c  Sea, hatching success of eggs was decreased, although 
t h i s  was i n  p a r t  because t h e  o i l  k i l l e d  gammarid amphipods, which reduce 
fungal growth on t h e  f i s h  eggs (Teal and Howarth 1984). 

A t  l e a s t  one s tudy notes  s u b s t a n t i a l  pe r s i s t ence  of e f f e c t s  from an acute  
po l lu t ion  episode. Sanders e t  a l .  (1980) demonstrate t h e  s ign i f i cance  of 
sub le tha l  e f f e c t s  of t he  barge F lo r ida  s p i l l  on populat ions of f i d d l e r  crabs 
i n  Wild Harbor Marsh over a span of seven years .  Sublethal  e f f e c t s  include 
locomotory and behavioral  impairment, r e s u l t i n g  i n  increased v u l n e r a b i l i t y ,  
evident  a t  l e a s t  fou r .yea r s  a f t e r  the  s p i l l .  These behavioral  changes may, i n  
p a r t ,  be caused by physical  changes reducing the  h a b i t a b i l i t y  of t h e  
substratum, probably as a d i r e c t  r e s u l t  of i n i t i a l  mass mor t a l i t y .  The normal 
a c t i v i t i e s  of benthic  inve r t eb ra t e s  loosen the  sediment, al lowing pene t r a t ion  
of oxygenated water t o  a depth of approximately s i x  inches.  Sanders e t  a l .  
r epor t  t h a t  mor t a l i t y  ha l ted  b io turba t ion  and oxygenation f o r  sever.al  weeks. 
Concentrations t h a t  were sub le tha l  f o r  sho r t  per iods,  became l e t h a l  i f  they 
p e r s i s t e d .  The crab population remained low f o r  a t  l e a s t  seven years  
following t h e  s p i l l .  Eight years  a f t e r  t he  F lor ida  s p i l l ,  a number of 
biochemical d i f f e rences  were a l s o  found between t h e  k i l l i f i s h  from Wild Harbor 
Marsh and those  from an uncontaminated marsh. 

Chronic Po l lu t ion .  Although t h e  e f f e c t s  of la rge  o i l  s p i l l s  may be more 
obvious, chronic  o i l  po l lu t ion  involving repeated o r  continuous s p i l l s  may 
present  a more se r ious  long-term ecological  t h r e a t .  The e f f e c t s  of repeated 
s p i l l s  a r e  an important a rea  of s tudy,  but  r e s u l t s  t o  d a t e  a r e  inconclusive.  
For example, Dicks and Hart ley (1982) note  the  complete disappearance of 
gastropods and barnacles  by 1979 from a shore l ine  i n  Wales t h a t  was the  s i t e  
of e i g h t  o i l  s p i l l s  i n  t h e  per iod 1977-1979. However, a nearby area  t h a t  was 
o i l e d  seven t imes i n  t h e  same per iod showed no s i g n i f i c a n t  change i n  these  
communities. 

Commenters opposing the  sheen t e s t  c i t e d  a number of . f ie ld  s tud ie s  and 
examples demonstrating t h a t  i n  c e r t a i n  circumstances harm from chronic  
po l lu t ion  has not  been de tec ted .  Commenters c i t e d  examples of a reas  
ch ron ica l ly  pol lu ted  i n  t h e  course of o i l  production and t r anspor t  a c t i v i t i e s  
and through na tu ra l  marine o i l  seeps.  These examples include t h e  Offshore 
Ecology Inves t iga t ion  by t h e  Gulf Un ive r s i t i e s  Research Consortium (GURC), 
which concludes t h a t  no s i g n i f i c a n t  ecosystem changes have r e su l t ed  from 
petroleum d r i l l i n g  and production i n  t h e  Gulf of Mexico and t h a t  exposure t o  
o i l  from these  operat ions has had no measurable e f f e c t  (Leek, Blevins ,  and 
Lof t in  1981; PfcAuliffe 1981). Simi lar ly ,  i n  Lake Maracaibo, Venezuela, 
desp i t e  s i g n i f i c a n t  discharges of o i l  from o i l  production and n a t u r a l  seeps,  
Mertens (1976) claims t h a t  both labora tory  and f i e l d  da t a  show t h a t  t h e  
presence of o i l  has caused no d iscernable  damage t o  t h e  l o c a l  ecosystem, 
although he c i t e s  no s p e c i f i c  s t u d i e s  t o  support  t h i s  claim. In  Milford 
Haven, United Kingdom, s tud ie s  repor ted ly  show t h a t  t h e  spawning and migration 
of he r r ing  and t h e  clam f i s h e r i e s  do not appear t o  be a f f ec t ed  by B r i t a i n ' s  
l a r g e s t  oil por t  (Leek, Blevins 6 Lof t in  1981; Offshore Operators Committee t o  
EPA 1985), although, again,  no references a r e  provided. 
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The environments of n a t u r a l l y  occurr ing o i l  seeps have a l s o  been examined 
t o  determine e f f e c t s  of low l eve l s  of chronic  o i l  po l lu t ion .  Some s t u d i e s  
conclude t h a t  n a t u r a l  o i l  seepage i n  t h e  Santa Barbara Channel a t  Coal O i l  
Point has had no adverse e f f e c t s  on t h e  benth ic  community i n  t h e  area 
(McAuliffe 1981). In  addi t ion ,  s tud ie s  of n a t u r a l l y  occurr ing hydrocarbon 
seeps i n  the  Gulf of Mexico and t h e  Caribbean Sea conclude t h a t  t h e  low 
i n t e n s i t y  and p e r s i s t e n t  in t roduct ion  of hydrocarbons over thousands of years  
i n t o  the  ecosystem has not been de le t e r ious  t o  the  marine environment (Geyer, 
undated).  

Several  s c i e n t i s t s ,  however, have c r i t i c i z e d  s tud ie s  concluding t h a t  
chronic  po l lu t ion  does not cause harm. The GURC study has been p a r t i c u l a r l y  
con t rove r s i a l .  Sanders (1981) quest ions the  v a l i d i t y  of t h e  GURC 
inves t iga t ion  and c i t e s  t h r e e  major flaws i n  t h e  s tudy.  F i r s t ,  t h e  
p a r t i c i p a n t s  i n  t h e  s tudy expressed concern t h a t  t h e  con t ro l  and r i g  a reas  may 
have been uniformly exposed t o  chronic  low-level petroleum discharges ,  
rendering t h e  con t ro l  s t a t i o n s  inva l id .  Second, t he  s tudy conta ins  no 
information about t h e  passage of  petroleum hydrocarbons i n t o  t h e  bottom 
sediments, which serve  a s  t he  u l t ima te  s inks  f o r  o i l  re leased  i n  t h e  water 
column. Third,  according t o  Sanders, t h e  consensus repor t  is based on t h e  
i n t e r p r e t a t i o n  of t h e  one s c i e n t i s t  who expressed c e r t a i n t y  t h a t  t h e r e  were no 
harmful e f f e c t s  from chronic  po l lu t ion ;  t h e  doubts of t he  o the r  i n v e s t i g a t o r s ,  
Sanders s ays ,  were omitted from t h e  f i n a l  r epor t .  

The National Academy of Sciences (1985) r epor t s  t h a t  recent  f indings c a s t  
doubt on t h e  e a r l i e r  conclusions of the-GURC study.  Studies  show t h a t  t he  
e n t i r e  Louisiana Outer Cont inental  Shelf i s  experiencing chronic  contamination 
and t h a t  t h e  e f f e c t s  of pe r iod ic  f looding from t h e  Miss i ss ippi  River and of 
t r o p i c a l  cyclones mask any o i l  p la t form-re la ted  e f f e c t s .  Furthermore, t he  
National Academy of Sciences explains  t h a t  laboratory s t u d i e s  of organisms 
near  n a t u r a l  o i l  seeps a r e  inconclusive,  although adaptat ion t o  t h e  chronic 
presence of petroleum appears t o  be poor i n  genera l .  

A number of s t u d i e s  do document harmful e f f e c t s  i n  a reas  sub jec t  t o  
chronic  po l lu t ion .  Large-scale s tud ie s  demonstrate t h a t  communities can 
experience dramatic changes and s h i f t s  due t o  low-level o i l i n g  and t h a t  a wide 
range of changes can be expected a t  su rp r i s ing ly  low concentrat ions (National 
Academy of Sciences 1985). Most spec ies  may disappear from an o i l  po l lu t ed  
environment , leaving only those few spec ies  t o l e r a n t  of r e l a t i v e l y  high 
po l lu t ion  l eve l s  (Sanders 1980). 

Around c e r t a i n  of fshore  d r i l l i n g  platforms i n  t h e  North Sea, some 
population dec l ine  and changes i n  spec ies  composition i n  benth ic  fauna have 
been reported wi th in  2 km of t he  platforms (Clark 1982; Dicks and Hart ley 
1982). Although t h e r e  are a number of p o t e n t i a l  environmental s t r e s s e s  
assoc ia ted  with of fshore  explora t ion  and production, t h e  chief  source of 
sediment contamination i n  these  North Sea s tud ie s  appears t o  be chronic  
low-level discharges of o i l -based  d r i l l i n g  f l u i d s .  Such discharges occur when 
water from underground depos i t s  containing o i l  or gas is pumped up with t h e  
o i l  and discharged i n t o  t h e  sea  a t  average concentrat ions of 25 ppm (Hileman 
1981). In  add i t ion ,  acc identa l  t anker  s p i l l s  and t h e  expulsion of b a l l a s t  
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water containing o i l  add t o  t h e  amount of o i l  i n  t h e  water.  The discharge of 
d r i l l i n g  f l u i d s  is prohib i ted  i n  marine waters o f f  t h e  U.S. coas t .  
Nevertheless,  similar loca l  adverse e f f e c t s  on benth ic  faunal  populations have 
been observed a t  some Gulf of Mexico production platforms (Menzie 1983). 

Coastal a n d  inland versus Open Ocean Pollution 

Many commenters acknowledged t h e  harmful e f f e c t s  of o i l  t o  coas t a l  and 
inland areas  but claimed t h a t  o i l  has no adverse e f f e c t s  i n  t h e  open ocean 
environment. Although harm from small  amounts of o i l  i n  c o a s t a l  a reas  i s  wel l  
documented, t he re  i s  indeed much l e s s  evidence t h a t  concentrat ions of o i l  from 
s p i l l s  i n  t h e  open ocean p e r s i s t  long enough t o  produce s i g n i f i c a n t  and 
long- las t ing  tox ic  e f f e c t s  (Teal and Howarth 1984). Some evidence, however, 
is presented i n  t h i s  s ec t ion  of poss ib l e  adverse e f f e c t s  i n  t h e  open ocean. 
I t  i s  c l e a r  t h a t  cont inenta l  she l f  a r eas  (extending up t o  200 miles o r  more 
from t h e  U.S. coas t )  a r e  l i k e l y  t o  be more environmentally s e n s i t i v e  than deep 
ocean waters f a r t h e r  from shore.  

Coastal  and Inland Po l lu t ion .  A s  Rice e t  a l .  (1979)  po in t  ou t ,  t h e  
v u l n e r a b i l i t y  of organisms t o  o i l  depends l a rge ly  on t h e  i n t e r a c t i o n  of t h e- .  

o i l  with t h e  physical  and b io logica l - environment. For example, benth ic  and 
i n t e r t i d a l  environments may be more e a s i l y  damaged because of mixing and 
accumulation of t h e  o i l  i n  shallow nearshore waters ,  and o i l  incorporated i n  
sediments may p e r s i s t  longer than  i n  a pe lag ic  environment. The i n i t i a l  
impact of o i l  on c o a s t a l  a r eas ,  p a r t i c u l a r l y  vulnerable  wetlands,  e s t u a r i e s ,  
bays,  and harbors ,  i s  o f t en  devas ta t ing .  However, t he  long-term e f f e c t s  a r e  
d i f f i c u l t  t o  assess  (Alexander’ 1983). I t  is known t h a t  recovery i s  slow and 
repercussions may be f e l t  throughout t h e  ecosystem f o r  many years  a f t e r  t h e  
i n i t i a l  s p i l l .  

Individual  eco logica l  communities such a s  mangrove swamps and co ra l s  a r e  
h ighly  vulnerable  t o  damage from oil. McAuliffe (1981) concludes t h a t  s p i l l s  
reaching s e n s i t i v e  coas t a l  a reas  have had l i t t l e  ecologica l  consequence f o r  
t h e  ocean community as  a whole; however, he notes  t h a t  co ra l  r e e f s  o f f e r  
na tu ra l  p ro t ec t ion  t o  a v a r i e t y  of marine organisms and t h a t  t hese  communities 
could be slow t o  recover from severe damage. I f  t h e  co ra l s  d i e ,  erosion 
resu l t s ,  with loss  of t he  ecosystem and most of t h e  dependent organisms. 

Coastal  o i l  s p i l l s  o f t e n  have a more de t r imenta l  e f f e c t  on marine 
organisms than s p i l l s  a t  s ea ,  i n  p a r t  because coas t a l  regions may contain 
she l t e red  o r  enclosed areas  where o i l  i s  not r ead i ly  d ispersed ,  as  wel l  a s  
nursery and spawning h a b i t a t s  f o r  many f i s h  spec ies .  Because f i s h  egg and 
la rvae  s t ages  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  o i l  po l lu t ion  (Halins and Hodgins 
1 9 8 1 ) ,  t hese  coas t a l  h a b i t a t s  can be severe ly  damaged. 

Amphibians and aquat ic  r e p t i l e s  a r e  o f t e n  subjec t  t o  high mor t a l i t y  r a t e s  
during t h e  i n i t i a l  periods of a freshwater o i l  s p i l l  (Alexander 1983). Their  
l imi ted  h a b i t a t s ,  usua l ly  l o w  ly ing  wetland a reas ,  a r e  o f t e n  completely 
permeated by o i l  a f t e r  a s p i l l .  Frogs tend t o  r e s t  p a r t i a l l y  submerged i n  
shore a r e a s ;  aquat ic  t u r t l e s  tend t o  r e s t  with only t h e i r  head above water ,  o r  
sun on f l o a t i n g  logs ;  and water snakes s w i m  a t  t h e  su r face  of bodies of 
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water .  Thus, t h e i r  behavioral  c h a r a c t e r i s t i c s  and dependency on water do not  
allow them t o  avoid o i l  s p i l l s  r ead i ly .  

Bird spec ies  t h a t  l i v e  most of t h e i r  l i v e s  on t h e  water o r  t h a t  d ive  t o  
feed o r  t o  escape preda t ion  o r  dis turbance a r e  vulnerable  t o  o i l  s p i l l s .  
Fresh water,  t i d a l  brackish waters ,  and coas t a l  marine waters a r e  c r i t i c a l  
h a b i t a t s  t o  l a rge  populations of waterfowl and wading b i rds .  Alexander (1983) 
r epor t s  t h a t  o i l  s p i l l s  have a f f ec t ed  la rge  numbers of seabi rds  i n  Great 
B r i t a i n ' s  c o a s t a l  waters .  

Mammals t h a t  l i v e  c lose  t o  water,  such as muskrats, land o t t e r s ,  mink, and 
r a t s ,  can be adversely a f f ec t ed  by c o a s t a l  o i l  po l lu t ion .  Sublethal  e f f e c t s  
of o i l  on land mammals include matting of t h e  f u r  and subsequent loss of 
i n s u l a t i v e  p ro tec t ion ,  loss of buoyancy, and impaired swimming a b i l i t y  
(Alexander 1983). O i l  taken i n t o  t h e  d iges t ive  t r a c t  when t h e  animals attempt 
t o  groom t h e  o i l  from t h e i r  f u r  may produce t o x i c  e f f e c t s .  

Inland waterways can be devastated by r e l a t i v e l y  small o i l  s p i l l s .  Many 
inland waterways a r e  small  streams t h a t  can be i r revocably damaged by t h e  
d i r e c t  k i l l i n g  of f i s h  and by o i l  en te r ing  the  sediments and k i l l i n g  t h e  
benth ic  organisms t h a t  a r e  t h e  primary food source f o r  t h e  aquat ic  
populat ion.  EPA Region I11 repor t s  a dec l ine  i n  t h e  q u a l i t y  of small  streams, 
e spec ia l ly  i n  Pennsylvania 's  Allegheny National Fores t  and i n  Northern West 
Vi rg in ia ,  a reas  where o i l  production is  a primary indus t ry  and o i l  s p i l l s  and 
unpermitted discharges al ready th rea t en  b i rds  and o the r  w i l d l i f e  (Meyer t o  EPA 
1985). 

Open Ocean Po l lu t ion .  Although o i l  s p i l l s  i n  t he  open ocean may be 
rap id ly  d i l u t e d  and r ead i ly  d ispersed ,  some adverse e f f e c t s  have been 
documented. A s  noted above, benth ic  fauna may be a f f ec t ed  around of fshore  
d r i l l i n g  platforms.  Studies  show t h a t  sediments may be contaminated with 
hydrocarbons, even i n  the  absence of major o i l  s p i l l s ,  around such platforms 
(Howarth 1981). Experiments i nd ica t e  t h a t  f i s h  eggs and la rvae  can be 
a f f ec t ed  by exposure t o  petroleum hydrocarbons i n  water a t  l eve l s  s i m i l a r  t o  
those found i n  pol lu ted  marine a reas  (National Academy of Sciences 1985). 
This i s  of p a r t i c u l a r  concern when o i l  operat ions a r e  conducted i n  an a rea  
thatnsupports  an important commercial f i she ry .  P a r t i c u l a r l y  vulnerable  i s  the  
neustonic  po r t ion  of t h e  plankton populat ion,  which normally l i v e s  i n  the  
immediate su r face  layer ,  and t h e  eggs and la rvae  t h a t  spend p a r t  of t h e i r  l i f e  
cycles  i n  o r  near  t h e  su r face  l aye r .  Some open ocean a reas ,  such a s  Georges 
Bank, which l i e s  150-250 miles of f  t h e  New England coas t ,  provide major 
breeding and nursery grounds f o r  commercially and ecologica l ly  important 
spec ie s .  Low l e v e l s  of so luble  o i l  f r a c t i o n s  may a l s o  t a i n t  commercial 
s h e l l f i s h  or a f f e c t  t h e  behavior of o ther  spec ies  (Hyland and Schneider 1976; 
Howarth 1981) .  

The Argo Merchant s p i l l  occurred 25 miles southeast  of Nantucket I s land  i n  
an important spawning area  f o r  many marine f i s h e s .  After  the  s p i l l ,  t o x i c  
water so lub le  f r a c t i o n s  of petroleum penetrated t h e  water-column and 
contaminated pe lag ic  f i s h  eggs below t h e  s l i c k s .  This s p i l l  cons is ted  of 
about 80  percent  N o .  6 f u e l  o i l ,  which moved out  t o  sea  i n  t h e  form of 
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!Ipancakes" on t h e  su r face  of t h e  water ,  and about 20 percent No. 2 f u e l  o i l .  
A t h i n  o i l  sheen surrounded t h e  "pancakes" and could have cont r ibu ted  t o  t h e  
egg contamination. Highest concentrat ions of petroleum hydrocarbons (on the  
order  of 0.25 ppm) were observed a few meters below t h e  su r face  (Longwell 
1977) .  

Although not p a r t i c u l a r l y  wel l  s tud ied  o r  documented, t he  f a c t  t h a t  
f l o a t i n g  o i l  s l i c k s  a f f e c t  sea  b i rds  and some mammals is unquestioned (Teal 
and Howarth 1984). McAuliffe (1981) notes  t h a t  t h e r e  i s  no acceptable  
evidence t h a t  breeding populations of s ea  b i rds  have been reduced by o i l  

, 	 p o l l u t i o n ,  but he admits t h a t  small  o i l  s l i c k s  even i n  open ocean areas  may 
cause many seab i rd  dea ths .  Small amounts of o i l  were responsible  f o r  one of 
t h e  l a r g e s t  k i l l s  on record,  when 30,000 b i r d s  were o i l e d  i n  t h e  Skaggerak i n  
January 1981 (Clark 1982). F loa t ing  o i l  damages t h e  waterproofing and 
i n s u l a t i n g  p rope r t i e s  of t h e  plumage. Alexander (1983) ind ica t e s  t h a t  a l c i d s ,  
penguins, d iv ing  ducks, and o ther  pe lag ic  sea  b i r d s  a r e  t h e  most f requent ly  
o i l e d  groups when s p i l l s  occur i n  outer  shipping lanes .  

Summary 

Differen t  f i e l d  s t u d i e s  draw conclusions on both s ides  of t h e  quest ion of 
harm from small  amounts of o i l .  Studies  of acute  po l lu t ion  episodes ind ica t e  
r e s u l t i n g  harm, but  recovery times and t h e  s ign i f i cance  of the  damage a r e  
widely disputed.  A number of s tud ie s  of chronica l ly  pol lu ted  a reas  suggest 
t h a t  eco logica l  e f f e c t s  a r e  minimal, but t he  methods and i n t e r p r e t a t i o n s  of 
some of t hese  s t u d i e s  a r e  con t rove r s i a l .  

Commenters have provided l i t t l e  or  no evidence t o  r e f u t e  t h e  U.S.  
Environmental Pro tec t ion  Agency (1976) claim t h a t  f l o a t i n g  sheens of o i l  may 
r e s u l t  i n  de l e t e r ious  environmental e f f e c t s ,  such a s :  

( a )  drowning of waterfowl because of loss  of buoyancy, 
exposure because of l o s s  of i n su la t ing  capaci ty  of f ea the r s ,  
and s t a r v a t i o n  and v u l n e r a b i l i t y  t o  preda tors  due t o  lack of 
mobi l i ty ;  (b) l e t h a l  e f f e c t s  on f i s h  by coa t ing  e p i t h e l i a l  
sur faces  of g i l l s ,  thus  prevent ing r e s p i r a t i o n ;  (c) 
p o t e n t i a l  f i s h k i l l s  due t o  increased biochemical oxygen 
demand; (d) asphyxiation of benth ic  l i f e  forms when f l o a t i n g  
masses become engaged with su r face  deb r i s  and s e t t l e  on the  
bot ton;  and (e )  adverse a e s t h e t i c  e f f e c t s  of fouled 
shore l ines  and beaches. 

E PA be l ieves  t h a t  the  l i t e r a t u r e  c l e a r l y  demonstrates t h a t  discharges of 
small  q u a n t i t i e s  of o i l  can cause environmental harm. Even many opponents of 
t h e  sheen test  concede t h a t  coas t a l  and inland areas  a r e  vulnerable  t o  damage 
from low l eve l s  of o i l  p o l l u t i o n .  There i s  evidence, however, t h a t  oil i n  t he  
open ocean may a l s o  produce harmful e f f e c t s  i n  t h e  environment. Although 
research is  ongoing, it is  c l e a r  t h a t  a s i g n i f i c a n t  number of s c i e n t i s t s  a r e  
concerned with t h e  p o t e n t i a l l y  harmful e f f e c t s  of even small  amounts of o i l  i n  
t h e  marine environment. 
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I V .  CONGRESSlONAL INTENT RELEVANT TO THE BIOLOGICAL HARM ISSUE 

Some commenters have argued t h a t  t h e  sheen tes t  is  too  s t r i n g e n t  because 
t h e r e  is l i t t l e  evidence t h a t  o i l  discharges cause permanent harm on a broad 
s c a l e  t o  commercial f i s h e r i e s  o r  seabi rd  populations or  t h a t  they cause 
s i g n i f i c a n t  human hea l th  hazards.  There simply is  no persuasive ind ica t ion  i n  
t h e  s t a t u t e  t h a t  Congress intended t h i s  narrow i n t e r p r e t a t i o n  of t h e  harmful 
quan t i ty  s tandard.  In  f a c t ,  t he  Congressional po l icy  expressed i n  CWA sec t ion  

no311(b) ( l )  " tha t  t h e r e  should be - discharge of o i l "  (emphasis added) suggests 
j u s t  t he  oppos i te .  

Equally important,  nothing i n  t h e  l e g i s l a t i v e  h i s t o r y  of t h e  CWA-or i n  
j u d i c i a l  i n t e r p r e t a t i o n s  of the  Act suggests  t h a t  a demonstration of permanent 
harm on a broad s c a l e  is required.  In  court  cases  such a s  U.S.  v .  A t l an t i c  
Richf ie ld  Co., 429 F.Supp. 830, 837 ( E . D .  Pa . ,  1977),  t h e  cour t  suggested t h a t  
Congress bel ieved t h a t  even t r a n s i t o r y  po l lu t ion  of waters was de l e t e r ious  t o  
t h e  environment. In  o the r  cases ,  such as  U.S. v. Boyd, 491 F.2d 1163 (9 th  
C i r .  1973), cou r t s  have s p e c i f i c a l l y  upheld the  sheen t e s t  as  a v a l i d  bas i s  
f o r  d i s t i ngu i sh ing  harmful and nonharmful discharges.  

Some commenters have a s se r t ed  t h a t  a sheen can be caused by a quan t i ty  of 
o i l  t h a t  i s  not  b i o l o g i c a l l y  harmful. A sheen is t y p i c a l l y  assoc ia ted  with 
discharges containing concentrat ions o f  o i l  i n  t h e  10 t o  20 ppm range. 
Woodward, Mehrle, and Mauck (1981), f o r  example, no te  t h a t  t he  10 ppm o i l  
discharge l i m i t a t i o n  e s t ab l i shed  by seve ra l  S t a t e  water q u a l i t y  programs is 
based on a e s t h e t i c  cons idera t ions ;  s p e c i f i c a l l y ,  discharges with 
concentrat ions g rea t e r  than 10 ppm can be seen r e a d i l y  i n  water .  In  t h i s  
regard,  it is  worth not ing  t h a t  Regulation l (16)  of MARPOL 73/78  def ines  c lean  
b a l l a s t  as  e i t h e r  b a l l a s t  t h a t  does not exceed 15 ppm, o r  b a l l a s t  t h a t ,  i f  
discharged i n t o  c lean ,  calm water on a c l e a r  day, would not produce a v i s i b l e  
sheen. Thus, f o r  purposes of t h i s  d e f i n i t i o n ,  a discharge causing a sheen may 
be roughly equated t o  a discharge with a concentrat ion of 15 ppm. Assuming 
t h a t  an o i l  discharge may be d i l u t e d  a hundred-fold wi th in  seve ra l  meters of a 
discharge po in t ,  an o i l  discharge with a concentrat ion of 10  ppm may be 
d i l u t e d ,  i n  t he  rece iv ing  waters ,  t o  a concentrat ion of 0 . 1  ppm. The previous 
sec t ions  of t h i s  paper have ind ica ted  t h a t  adverse b io log ica l  e f f e c t s  from o i l  
occur a t  concentrat ions of 0 . 1  ppm o r  l e s s .  Thus, EPA be l ieves  t h a t  a sheen 
i s  an appropr ia te  i nd ica to r  of a harmful discharge.  

Commenters have not presented a volumetric repor t ing  s tandard t h a t  can 
d e f i n i t i v e l y  be s a i d  t o  meet t h e  harmful quan t i ty  c r i t e r i a .  Various 
recommendations of an appropr ia te  volumetric t r i g g e r  f o r  o i l  were submitted,  
but t h e r e  was no conclusive evidence t o  suggest t h a t  any of t hese  q u a n t i t i e s  
was a l eve l  below which an o i l  discharge can not  cause harm. 

Some commenters conceded t h a t  t he  sheen t e s t  is appropriate  f o r  
ecologica l ly  s e n s i t i v e  waters ( e . g . ,  coas t a l  and inland areas  such as  spawning 
grounds and e s t u a r i e s )  where the re  is s u b s t a n t i a l  evidence t h a t  small  s p i l l s  
a r e  harmful, but they argued t h a t  t he  sheen test  is too  s t r i n g e n t  �or open 
ocean d ischarges .  She l l  O i l  Company, f o r  example, wrote t h a t :  
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For inland waters and near-shore coastal waters (seaward to 

the usual territorial limit of three miles), Shell 

recommends retaining the sheen test as the oil spill 

notification trigger. This will ensure continued maximum 

protection for sensitive shoreline, estuaries and quiescent 

inland waters. 


For open waters seaward of the territorial limit, however, 
Shell recommends replacing the sheen test with a one barrel 
volumetric trigger (Xienle to EPA 1985) .  

EPA believes that the sheen test must be applied to all waters to ensure 
certain, consistent, and effective implementation of the harmful quantity 
standard. A single reporting trigger is entirely consistent with 
Congressional intent as reflected in the 1977 CWA amendments, which eliminated 
the distinction between discharges in navigable waters, including the 
territorial seas, and those in the contiguous zone. Prior to the 1977 
amendments, a discharge in the contiguous zone was only harmful if it 
threatened fishery resources or threatened to pollute the waters of the 
territorial seas. Congressional intent that there be a single reporting 
trigger was also reflected in the 1978 CWA amendments, which eliminated the 
requirement that a determination of harm must consider the specific "times, 
locations, circumstances, and conditions" of a given spill. Senator Muskie, 
in the debates on these amendments, stated that the determinations of harmful 
quantities under CWA section 311 "are nationally applicable, before-the-fact 
decisions and are not expected to reflect the myriad of actual circumstances 
that may occur" (Congressional Record at 519653,  December 15 ,  1977) .  

EPA has previously expressed the view that Congress intended a single 
reportable quantity, for a given CWA hazardous substance, to apply to all 
waters. A s  stated in the 1978 preamble to the regulations establishing 
reportable quantities for hazardous substances, "Congress was aware that 
requiring tailoring of such determinations to water body type and other 
Circumstances is administratively unwise and could prevent achievement of the 
goals of the !Clean WaterC Act'' ( 4 3  FR 10491,  March 13, 1 9 7 8 ) .  EPA believes 
this same principle should apply to discharges of oil. 

EPA continues to believe that a single reporting trigger is a practical 
and environmentally sound requirement. It is true that discharges of the same 
amount of oil into different bodies of water may result in different degrees 
of harm. The boundaries and differentiation of various ecologically 
significant waters are not clearly defined nor readily discernible. Waters 
seaward of the territorial seas or the contiguous zone, which may contain 
neustonic communities or productive fisheries, can be sensitive to small 
spills. As sensitivity of individual aquatic environments to oil is dependent 
on much more than just distance from shore, EPA believes that it would be 
impractical to establish varying oil discharge reporting requirements for 
different waters. The sheen test, identifying a single threshold for all 
waters, provides a clear and definitive trigger for the reporting requirements 
of 40 CFR Part 110. 

D R A F T - - 1 2 / 0 1 / 8 6  




-19- 


A s i n g l e  repor t ing  t r i g g e r  for a l l  waters is thus  p r a c t i c a l ,  e f f e c t i v e ,  
and f u l l y  r e f l e c t i v e  of Congressional i n t e n t  underlying s e c t i o n  311. The 
sheen t e s t  is t h e  appropriate  repor t ing  t r i g g e r  f o r  a l l  waters .  
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