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Summary 

The sour c e s  f or petroleum hydrocarbon d i s charge s to the Hud son Rar itan 
e s tuary were iden t i f ied and quan t i f ied according to the available informa ­
t i on . S imi larly los s e s  to the sy s tem were quant i f ied a l lowing an overa l l  
budget t o  b e  deve loped . The pos s i ble e f f e c t s  of ex i s t ing concentrat ion s  

o f  petroleum hydrocarbons i n  wa ter and s ed iments o n  plankton , benthic 
invertebrate s ,  f i s h  and birds were evaluated . The importance of petrol eum 
hydrocarbons in s e a food to pub l i c  health wa s a s s e s sed . 

INTRODUCTI ON 

Pollution of the sea due to petrol eum 
c a n  a r i s e  from a wid e  var i ety of s our c e s  
( s ee T a b l e  1 )  . The s e  can be d ivided into 

three broad categor ie s : 

1 .  Extrac t i on and tran sport of 

petroleum produc t s  in mar i ne 

areas 

2.  Atmospher i c  depos i t ion 

3 .  Land--based d i s charges and 

dumping 

4 .  Natur a l  seeps . 

Table 1 l i s t s  the attempts to quan t i fy 

petroleum inputs into the oceans and the 

e s t ima te of 6 . 1 1 x 1 0 6 tonne s /year by NAS 

( 19 7 5 )  is general ly cons idered the most 

accurate . Although tanker acc iden t s  and 

s p i l l s  a r i s ing from other s our c e s  are 

important , many other l e s s  obvious sour c e s  

o f  petroleum are quantitat ively equa l ly 

important . Urban run-of f ,  mun ic ipal 

wa s t e s  and atmos phe r i c  depos i t i on have been 

ident i f ied a s  s ig n i f i c ant i n  thi s group . 

I n  add i t ion , i t  i s  noteworthy that po l lu­

tion from the source s  ident i f ied is not 

un i f ormly d i str ibuted throughout the oc eans 

but tend s to be conc entrated in oi l port s ,  

harbor s , shipping lanes and urban area s . 

P etroleum produc t s  are chemica l ly and 

phy s i c a l ly diver s e  and the fate and e f f e c t s  

can be corre s pondi n g ly d i f f erent b u t  the 

data ind i c a t e s  that quan t i t a t ively petro­

leum hydrocarbons are probably the ma j or 

tox i c  organic pol lutant d i s charged to the 

oceans . 

The general e f f e c t s  of oi l pollution 

on marine l i f e  have been s ummar i z ed by 

1 

GESAMP ( 1 9 7 7 ) as fol lows : 

1. Lethal tox i c  e f f e c t s , where the 

components of the oil inter fere w i th 

c e l lular and subc e l lular proc e s s e s  in the 

organ i sm to such an extent that death 

follows directly . 

2 .  Subl etha l e f f e c t s  that d i srupt 

phy s iolog i c a l  or behavior a l  a c t iv i t i e s  but 

do not cau s e  immed iate death , a l though 

this may fol low becau s e  of inter f erence 

with f eeding and reproduc tive a c t i v i t i e s  

o r  other abnorma l behavior , g r e a t e r  r i s k s  

of predat ion o r  other ind irect c a u s e s . 

3 .  Direct uptake of the oi l ,  or cer­

tain fract ion s  of i t , by the organism 

caus ing tainting or , in s ome c a s e s , cancer s .  

4 .  Pos s ibly the i n i t i at ion of a 

s equence whereby the pol lutant i s  tran s ­

ferred t o  other members of t h e  food web 

c au s ing them to be unf i t  for con s umption 

by other anima l s  inc luding man . 

5 .  D i r e c t  smothering and suf foc a t i on 

or inter f erence with movemen t s  to obta in 

food or e scape predators a s  a result of 

be i n g  coated by oi l .  

6. Alterat ions to the chemi c a l  and 

phy s i c a l  habitat wh ich r e s u l t  in c hange s 

in the populat ion s  of individual spec i e s  

a s  we l l  a s  shi f t s  in spec i e s  compos i t ion 

and d iver s i ty . 

In add i t ion , o i l  pollut ion can 

d i rectly a f f e c t  man i n  a number of way s . 

The hea l th hazards a s soc iated with con ­

taminated food organ i sms and dome s t i c  

wa ter are yet t o  be f u l l y  evaluated 

( Conne l l  and Mi l l e r , 1 9 8 1 ) . Recreat ion 

areas can be severely damaged through 

contamination of beache s , boa t s  and so on . 



Comme r c i a l  f i shing in some areas ha s been 

damaged due to taint ing of f i sh stocks 

( Conn e l l  and M i l l e r , 1 9 8 1 )  and the 

inab i l ity of f i shermen to operate gear in 

oil s l i c k  a f fected area s . 

The ME SA New York B ight Pro j ect ( NOAA , 

1 9 7 8 , O'Connor and S tanford , 1 9 7 9 )  has 

iden t i f ied contaminants o f  ma j or s igni f i­

cance in the B ight . Thi s  r e s u lted in the 

d e s ignat ion o f  po lynuc lear aromat i c  

hydrocarbons ( PAH s )  a s  ma j or threat s  which 

require c ontinued s tudy . Thi s sugge s t s  

that petrol eum hydrocarbons ( PHCs) and i n  

particular , PAH s , are.o f  considerabl e  

importance in t h e  adj ac ent Hud son-Ra r i tan 

e s tuary . 

S ign i f i c ant o i l  po l lution dates from 

the 1 9 2 0's when comparat ive ly large number s  

o f  o i l  burn ing s h i p s  began plying the 

wor ld's s e a lane s .  I n  1 9 2 2  B r i t a in p a s s ed 

an act to contro l wa ter pol lution by o i l  

and two years later the Un ited States 

pa s s ed a s imilar act . S ince that time 

numerous local , state , national and inter­

national laws and convent ions have been 

formulated . 

ENVI RONMENTAL CHEMI S TRY OF 

PETROLEUM HYDROCARBONS 

Crude petrol eum i s  an extreme ly 

c omplex mixture c on s i s t ing of hydrocarbon s 

together with low concentrations o f  

re lated subs tance s  conta in ing su lphur , 

n i trogen , oxygen and other e l ement s . I n  

inve s t i ga t i on s  o f  environmental behavior 

i t  is c onven i ent to d ivide the hydrocarbons 

into the f o l l owing groups ( s ee F i g . 1 ) : 

1 .  Norma l a lkan e s  

2 .  I so and cyc lo a l kanes 

3 . Low mo l e c u l e s  we i ght aromatic 

hydrocarbon s 

4 .  Polynuc lear aromatic hydrocarbons 

( PAH s )  

The n-a lkan e s  have l imited tox i c i ty and 

phy s i o lo g i c a l  e f f e c t s  and are degraded 

comparatively read i ly .  The i s o  and cyc lo 

a lkan e s  are s imilar but are mor e  r e s i s tant 

2 

to envi ronmental degradation . In contra s t , 

the aromatic hydrocarbons are toxi c  and the 

PAH compound s contain many potent carc ino­

gens . In s ome r e f iner i e s  the " cracking " 

proc e s s  i s  used which may lead to the for­

ma t i on o f  another group , the " a lkenes , "  

which have prope r t i e s  somewhat s imilar to 

the norma l a lkanes ( Conne l l  and Mi l l er , 

1 9 8 1 ) . 

� )

···

·

·

··n-alkane 
n-hexane 

�tane

)

······ 

� 'Y'loh<<•o< 

.iso + cyclo 

alkanes 

toluene ) ........ low molecular 
weight aromatic 

hydrocarbon 

F i g . 1 - Examp l e s  of some Petrol eum 
Hydrocarbons 

THE HUDSON - RARI TAN ESTUARY 

The Hudson-Rari tan e s tuary , for the 

purpo s e s  of thi s s tudy , cove r s  the s haded 

area ( about 2 9 0  km2 ) in F i g . 2 in which 

wa ter depths usua l l y  range f rom 5 - 2 0  m .  

The e s tuary rece ive s wa ter from the Hud s on-

Mohawk River sys tem dra ining over 3 4 , 0 0 0  km 

mai n ly in upper New York state and smaller 
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s treams ( Hacken sack , P a s s a i c , Ra�i tan ) in 

central and northern New Jersey with a 

catchment o f  6 , 7 0 0  km2 ( Mue l ler and 

Ande r s on , 1 9 7 8 ) . The e s tuary is t idal with 

s a l twa ter intrus ion pro f i l e s  being meas ured 

at an upstream l imit of Hyde Park ( 1 3 0  km 

upstream) . At the Battery , mean t idal f l ows 

are 1 2 . 0  x 10 3 m3 / s e c , whi l e  fresh wa te� 

reaches a maximum mean f low o f  1 . 1  x 

1 0 3 m3 / s e c  in spr ing and a minimum o f  

0 . 4  x 1 0 3 m3/ s ec in summer ( Abood , 1 9 7 4 ) . 

The e s tuary i s  par t i a l l y  s trat i f i ed with 

maximum stratificat ion in spring and a 

minimum in winter . 

The c atchment contains the l arge s t  

manufactur ing and popul a t i on centre in the 

U . S . , with a popul a t ion e stimated at 
1 5 . 5  mi l l ion in 1 9 7 0 . Mo s t  o f  thi s  i s  

concentrated a long the shores o f  the e s t uary; 

the wa s t ewaters are generated from domest ic 

3 

wa ste and indus t r i e s  produc ing s uch produc t s  

a s  chemic a l s , petrol eum , fabr i c a ted meta l s  

and e lectrical equipment (Mue l l er and 

Ander son , 1 9 7 8 ) . 

A subs tantia l proportion o f  the shore­

l ine i s  occupied with port and shipping 

activ i t i e s  which requi re dredging o f  Upper 

and Lower New York Bay , Newark Bay , E a s t  

and H a r l em Rive r s , K i l l  van Kul l , Arthur 

K i l l , par t s  o f  Jama i c a  Bay and the Hudson 

River . The zone is also u s ed for s and and 

grave l mining . Sport and commerc i a l  f i s h­

ing , swimming and recreation a l  boating 

are popular activ i t i e s  in the Lower New 

York Harbor and Raritan Bay ( Dueda l l  

et a l . , 1979), 
There are relative ly high concentra­

t i on s  o f  nutr i ents in the e s tuary whi c h  

ori g inate f rom sewage e f f luent s  a n d  a r e  

used substan t i a l ly i n  b i o l o g i c a l  proc e s s e s  

then tran sported seaward t o  New York B i ght 

( Dued a l l  et a l , 1 9 7 9 ) . Swar t z  and 

Brinkhu i s  (19 7 8 )  have reported that the 

bottom waters o f  the l ower Bay can be 

depleted during the summer months when 

microbiologic a l  activity is incre a s ed 

and th� water c o lumn i s  poor ly mixed . 

Hardy and Wey l  ( 1 9 7 1 )  f ound that in 

Augus t  1 9 7 0 , the en t i r e  water c o l umn in 

the E a s t  River was le s s  than 2 5% s aturated . 

Thi s  wa s attributed to the e f f e c t s  o f  

s ewage e f f luents and indu s t r i a l  waste s . 

S OURCES OF PETROLEUM HYDROCARBONS 

I n  previous inve s t igation s , g loba l 

e s t imates for inputs o f  petrol eum sub­

s tanc e s  to the oc eans were made ( s ee 

Table 1 )  . Con s ideration o f  the s e  s tud i e s  

h a s  a l lowed t h e  ident i f i c a t i on o f  the 

factors in Table 2 as re levan t in puts to 

the Hudson-Rar itan e s tuary . 

There ar� c on s i derabl e  d i f f i cult i e s  

in quan t i fy ing the mass loads o f  PHCs 

be ing d i scharged to the H RE due to the 

lack o f  data. However , data on somewhat 

s im i l a r  s ituat i on s  is o ften avai lable and 

can be app l i ed . The re l evance o f  t h i s  
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Table 1 .  L i s t ing o f  E s t imated P e troleum I nputs to the Mar ine Environment 
( in mi l l i on metr i c  ton s per annum ) * ·  

S OURCE 

Mar ine Oper a t i on Lo s s e s  
LOT tanker s 

·Non-LOT tanker s  
B i l g e s , Bunker ing , 
and other norma l ship 
operations ( a l l  s h ip s )  

O f f s hore 
acc idental d i s c harge s 

Tanker acc iden t s  
Acc ident s , other s h i p s  
P i p e l ine acc idents 

O f f s hore oil product i on 
Natural marine o i l  s e e p s  

Atmo s pher i c  depo s i t ion 

Land b a s ed d i s c harg e s  
Re f in e r i e s  
Termin a l  tran s f e r  
operat i on s  
P ip e l i n e  accidents 
Runo f f  ( urban 
and r iver 

P< 
fil 
CJ 
Cll 

0 . 0 3 
0 . 5 0 

0 . 5 0 

0 . 1 0 

0 . 1 0 

0 . 3 0 

O . lOd 

0 . 4 5 

0 . 1 0 
0 . 6 0 

0 . 0 5 

0 ... 2 0  

0 . 1 5 

0 . 3 0 

0 . 5 0 4 . 4  

1 .  7 2  

0 . 1 2 

e 

1 .  9 8  

0 . 2 5  
0 . 7 5 

0 . 5 0 

0 . 1 2 ·  
0 . 0 2 

0 . 1 0 

0 . 3 0 

0 . 0 1 

0 . 5 0 

.-I 
rtJ 
.µ 
Q) 
H 
Q) 
.µ 
H 
rtJ 

..c: 
CJ 

0 . 2 6 
0 .  4 6  

0 . 2 1 
0 . 1 4 

0 . 1 2 

0 . 2 0 

0 . 0 3 
0 . 0 3 

0 . 7 2 
1 .  0 3  

1 .  5 

i:: 
·rl 
Q) 
.µ 
{/) 
H 
Q) 
;::s 
Q) 
"' 

0 . 4 -
0 . 8  

{/) 
H 
H 
0 
.µ 
Cll 

0 . 0 8 

i:: 
0 
{/) 

.-I 
· rl 
::.:: 

0 . 0 8 
0 . 2 -
6 . 0  

0 . 3 1 
0 . 7 7 

0 . 5 0 

0 . 20 
0 . 1 0 

0 . 0 8 

0 . 6 0 

0 . 4 1 

0 . 2 2 

< 0 . 0 1 
<0 . 3 8 

0 . 2 4 -
7 .  0 0  

0 . 2 0 <0.6 2 c 

0 . 2 5 f 

1 .  9 0  

0 . 3 0 

<0 . 0 1 

� 
{/) 
i:: 
0 
0 
::<: 

..c: 
.µ 
·rl 
s 
Cll 

1 .  0 0  

0 . 3 0 

0 . 3 5 

0 . 1 5 

0 . 6 0 0 . 6 0 

1 .  3 0  
Industr i a l  wa s t e s  
Automot ive wa s t e s  
Avi a t ion wa s t e s  
Mun ic ipal wa s t e s  ( 1 1 . �) b , g  0 . 2 0 0 . 3 0 

1 .  6 4  
1 .  0 3  
0 . 0 5 

TOTAL 2 . 0 8 

* Data f rom Goldberg ( 1 9 7 9 ) 

1 . 9 0 9 . 5 0 2 . 5 5 3 . 8 1 

ainc l ud e s  product tanker s ,  ore and bulk - o i l  carr i er s , d i sposal 

bprior to dry-doc k ing , and tanker barge s  and b i l g e s . 
Not included in tota l . �I nc lude s  onshore o i l  product ion acc iden t s  
I n c l ud e s  a l l  nonship acc idental s p i l l s . 

• • • • • 

2 . 4 -
3 . 8  

6 . 1 1 3 . 6 -
1 1 . 4 

�Inc luded in 1 . 7 2 mi l l ion tons above . 

3 . 7 0 

Inc ludes dry-docking opera t i onal spi l l s . 
gBased on Phi lade lphia average o f  0 . 0 1 7 7  tonsj ( person * yr )  

extrapolated t o  a world popu lation o f  4 x 1 0 9 and 
corrected for 3 0 %  of total wor ld o i l  usage by Un i ted 
States . 

• • • • • 
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TABLE 2 

SOURCES OF PHC RELEVANT TO THE HUDSON- RARI TAN ES TUARY 

Sewage d i s charge s 

Re f i nery di scharges 

Non - r e f inery indus t r i a l  d i s charge s 

Urban and rural run-o f f  from the c a tchment 

Acc identa l spi l l s  

Atmo spher i c  depo s i t ion 

tran sposed data to the HRE cannot be 

determined but should provide a " f i r s t  

approximation . "  T h u s  it should be 

recogni z ed that the e stimate s  made are 

approximations only. Neverthele s s , some 

idea of relative importance can be 

obtained and is u s e ful in d e l ineating 

areas for future r e s earch or c on s ideration 

of management opt ion s . 

Sewage Disaharge 

Mue ller and Anderson ( 1978) and 

Mue l ler et a l . ( 1 97 6 )  have pub l i s hed data 

indicating locat ion s, quantitie s and load s 

of var ious subs tances in municipal was te­

water d i s c harged to the e stuary . The 

total volume for the HRE for s ewage 

d i scharge s is shown in Table 3 .  It s hould 

be noted here that a substantial proport i on 

of the indus trial di scharges in the area 

are made to the munic ipa l was tewater sys tem 

and mun i c ipal was t ewater can be d i s c harged 

raw or treated to primary or secondary 

standard . 

There is data available on the o i l  and 

gre a s e  c ontent o f  municipal wastewater 

discharging to the HRE ( Mue l ler et a l . , 

1 9 76) . However , P HC constitute only a 

proport ion o f  the o i l  and grease content o f  

munic ipal wa s t ewater ( Farr ington and Quinn , 

197 3 ;  Anon , 1 9 7 5) .  Therefore , average 

date on the P HC c ontent of municipal 

was tewater f rom Rhode I s land and Trenton , 

N . J. ( Van Fleet and Quinn , 1 9 7 7 ; Whipple 

5 

et al . , 197 6 ;  Farrington and Quinn , 1 9 7 3 )  

was used ( pee Table 3). T h i s  a l lowed an 

e s timate of tota l quan t i ty o f  PHC d i s c harge 

to be made . Tanacredi ( 1 9 7 7 )  has produced 

data indicating that PHCs are present in 

biota , water and sed iments in Jamaica Bay . 

The type o f  PHC was identi fied as crank­

case oil o r i g inating from mun i c ip a l  wa ste­

water d i scharge s . 

I t  is dif f i cult to evaluate the accu­

racy o f  this e s t imat i on but the prime 

s ource o f  error is in the f i gure used for 

PHC conten t . This wi l l  vary according to 

treatment procedur�s and the nature of 

industries discharging to the wa stewa ter 

system . The on ly method to obtain a more 

accurate f i gure is by d i rect analy s i s  o f  

t h e  various mun i c ipal wa s t ewater di scharges 

to the HRE . 

OiZ Refinery Discharges 

From the data produced by Mue l ler and 

Anderson ( 1 97 8 )  the volume of direct 

discharges to the HRE by oil re f in e r i e s  

was calculated ( s ee Tab l e  3 ) . Bond and 

S traub ( 1 9 7 4 ) have e s t imated the average 

concentration from data obtained f rom 

twe lve r e f ine r i e s  ( see Tab le 3 ) . I n  

earl ier work a c oncentrat i on o f  2 0  mg/i 

was used ( NAS , 1 9 7 5 )  wh ich would g ive a 

total quan t i ty disc harged at approximately 

hal f that in Tab l e  3 .  Thus the quan t i ty 

in Table 3 could be an overe s t imate . 



TABLE 3 

ESTIMATES OF THE PHC DISCHARGES TO HRE 

Fac tor 

sewage d i s c harge s 

oil re f inery d i scharge s 

non-oil re f inery 
indus trial d i scharge s 

oil spills 

atmospheric 
depo s i t ion 

urban and rural 
run-o f f  

Total Volume 

( x  1 0 6 R./day) 

9 , 230 

2 3  

1 , 134 

Coa st Guard f i gure s 

NAS ( 1 9 7 5 )  f i gure s 
for depo s i t i on rates 

from Eganhou s e  et al . 
( 1 9 8 0 )  

Concentrat ion 

(mg/R.)  

3 . 8  

5 7  

1 5  

PHC 
Quant i ty 
( kg/day) 

35 , 0 0 0  

1 , 3 0 0  

1 7 , 0 0 0  

1 , 5 0 0  

2 

37 , 0 0 0  

Reliability 

moderate 

. ·moderate 

low 

moderate 

low 

moderate 

Total ca. 92 , 0 0 0  kg/day 

Non-oil Refinery INdustrial Discharges 

The total volume o f  direct non-o i l  

re f i nery industrial d i scharge s to t h e  HRE 

was obtained from Mueller and Anderson 

( 1 9 7 8 ) . Data on average PHC content o f  

d i s c harge s from the wide variety o f  indu s ­

trie s  i n  the HRE catchment i s  no t ava ilable 

is not ava i lable . 'l'hus a f igure of 1 5  mg/R. , 

typ i c al o f  metal industri e s , was used ( Bond 

and S traub , 1 9 7 4 ) . I n  view o f  the large 

range o f  indus trie s  pre s ent , many of whi c h  

have low PHC content i n  the ir e f f l uent s , 

thi s  could be an overe s t imate . The total 

quantity d i s charged is s hown in Table 3 .  

6 

Oil Spills 

Direct observa t ions on the quant ity 

o f  petroleum spilled in HRE are made by 

the United S tates Coast Guard ( 1 9 8 0 ) . The 

average rate of s pills in the s y s tem was 

calculated from the data gathered between 

1 9 7 4  to 1 9 7 9  ( see Table 3 ) . 

Atmospheric Deposition 

The rate o f  depo s i tion o f  hydro­

carbons from the atmo sphere into the 

oceans _wa s calculated by NAS ( 1 9 7 5 )  • U s ing 

th i s , the quan t i ty depo s i ted in HRE 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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wa s e s t imated ( see Table 3) . There are 

many s ources o f  hydrocarbons in the 

a tmo s phere other than f ossi l  fuels and 

Goldberg ( 1 97 9) has drawn attention to the 

low r e l i ability o f  estimates of quant i t i e s  

o f  PHC deposi ted in thi s way . I n  addition , 

mo st PHC deposited in the reg ion will be 

in terrestrial areas and some of these 

sub s tanc e s  could be present in urban run­

o f f . In view of the heavy concentration 

of motor vehicles in the reg ion ,
· 

it i s  

likely that atmosphe r i c  depos i tion is 

h i gher than the f igure shown in Table 3 .  

Nevertheles s , the estima te suggests that 

atmo s pheric deposit ion is insigni f icant 

as PHC source. 

Urban and Rurai Run-Off 

No data is ava ilable on the concentra ­

tion s o f  PHC i n  urban and rural run-o f f  

water . I n  many respects est imates o f  

quant i t i e s  o f  substanc es i n  run-o f f  

presents some particular difficulties . 

The principal prob lem is c oncerned with 

vai:iat ; .. on of concentrations of substances 

in r ela t i onship to rainfa l l  events . Usually 

h ighe s t  concentrations are observed in 

initial run-off but the s e  decrea s e  with 

increas ing quant ity o f  run - o f f  water . 

Taking the s e  factors into account 

Eganhouse and Kaplan ( 1 981) and E ganhouse 

et al . ( 1 98 1) ,  in stud i es of the Los 

Angele s area , estimated that run- o f f  wa ter 

c onta ined PHCs in rela t i on to populat i on 

at the rate o f  8 7 5  g/person/year . App lying 

thi s  to the HRE catchment , an input o f  PHC 

in run-off can be made ( see Table 3) . 

DISTRIBUTION AND TRANSPORT PROCESSES 

AFFECTING PHCs IN THE HRE 

GESAMP ( 1 97 7 )  have rev iewed the fate 

o f  petroleum in the aquatic environment 

princ ipally in the f orm of sur face slicks . 

I n  addit ion Van Flee t  and Quinn ( 1 97 7 )  and 

Van F l e e t  and Quinn ( 1 9 7 8 )  have invest i ­

g a t e d  t h e  f a t e  o f  low concentrations o f  

7 

PHC in sewage discparg e s . In general , 

the s e  investig a t i on s  have ind ic ated that 

PHCs in sewage are bound to sus pended 

matter and are comparatively rapidly 

sedimented out of the water ma s s  to 

enter bottom sediments . 

Los ses of PHCs in the HRC can be 

expected to occur through evaporation 

from surface slicks, advec t i on ,  degrada­

tion by microorgqn i sms dur ing r e s p irat ion , 

bed sed imentary tran sport , r emova l by 

dredging and permanent incorporation in 

sediment s . A diagrammatic repr e s entat i on 

o f  these processe s i s  shown in F i g . 3 .  

Van Fleet and Quinn ( 1 9 7 7  and 1 9 7 8 ) 

have identi�ied proc�sses in the bottom 

sed imen�s as be ing of c r i t i c a l  importance 

to understanding the proc esses PHCs 

undergo in aquatic areas . They found 

that PHCs decrease a t  inc r e a s ing depths 

o f  sediment due to degradation of the 

more readi ly degraded alkan e s  l eaving 

higher molecular weight cyc lopa r a ff i n s  

plus aroma tic aml napthcno-arcimatic hydro­

carbons . These complex subs tanc e s  are not 

read i ly degraded and rema in in the s e d i ­

ments for signifi�ant periods o f  t ime . 

The generali z ed pattern i s  shown in F i g . 4 .  

I n  many aqua t i c  sed iment s ,  the upper 

l aye r s  o f  sed imen t contain oxygen , derived 

from the water ma ss , but litt l e  oxygen 

i s  present at greater depth s . Degradation 

o f  PHCs occurs in the sedimentary zone 

where oxygen is p�e sent but l i ttle 

degradation occurs in the absence o f  

oxygen (GESAMP, 1977). Thus i t  c ould b e  

expected that the decrea s e  in PHCs with 

depth will be related to the sed iment z one 

where oxygen is �re sent ( see F i g . 4 ) . 

Olsen et al ( 1 9 7 8 ) have conducted a 

geochemical aGalysis o f  sedimen ts and 

sedimentat ion in the HRE. By examinat ion 

of the coloration o f  the sed iment , they 

e s t imated that oxygen was present i n  the 

0 . 1  - 3 cm upper layer . Normally when 

oxygen is present iron occur s  as brown 

iron oxides but when abs ent, is converted 

to black iron sulphide s .  Thus PHCs in 
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the H RE would be expected to follow the 

pattern s hown in Fig .  4 with maximum 

conc entrat ion s at the sedim�nt surface 

and min imum concentrations at 0 . 1  - 3 cm 

depth . Thus in taking s ample s of bottom 

sed imen t the removal of s ample s in excess 

of 3 cm of the upper layer will conta in 

concentrations mor e  clo s ely approximating 

the minimum concentration at depth than 

the maximum at the sur f ac e . 

0 
WATER 
(often depleted of oxygen but above zero) 

INTERFACE o �-----------P_H_C _C_ON_C_EN_T_RA _T_IO_ N_� 

SEDIMENT 
DEPTH 

! 

OXIDATION ZONE 
0.1-JcmHRE 

NO FREE OXYGEN 

F i g . 4 - D i a gramma t i c  representat ion of 
proc e s s e s  at the water sed iment 
inte r face . 

Analy s e s  o f  the total hydrocarbons 

greater than ClS in HRE sed iments have been 

1 3 7  mg/t . Us ing thi s , the f igur e s  o f  

McLeod et a l  ( 1 9 8 1) were converted into 

total PHC and are indicated in F i g . 6 . 

By a s suming an active upper s ediment 

layer of 1 . 5  cm and calculating an average 

concentration o f  1 9 4 0  mg/kg ( s ee F i g s . 5 

and 6), thi s  indicated an active PHC 

r e s ervo ir in the sediments o f  approximately 

8 . 4  x 1 0 6 kg ( s ee Table 4) . In a s omewhat 

s i mi lar manner the PHC reservo ir in the 

water ma s s  wa s calculated as 0 . 0 91 x 1 06 kg 

from the data of S earl and Thoma s ( 1 9 7 7) 

as s hown in F i g . 7 .  Stainken and Frank 

( 1 979) have conducted an inve stigati on o f  

PAH in bottom wate r s  o f  Rar itan B a y  ( s ee 

Table 4).  Thi s indicate s the quantitative 

importanc e  of the sediments in under stand­

ing PHC dynami c s  in the HRE . No data was 

ava ilable to allow an e stimation of the 

standing ma s s  of surface s licks in the 

HRE . 

NEW 

40' 

made by Koons and Thoma s ( 1 9 7 9) . These 35' 

analy s e s  s hould account for most o f  the 

PHCs s ince only small proporti on s s hould 

be le s s  than GlS ( s e e  Fig . 5). In addition, 

McLeod et al ( 1 9 8 1) have determined the 

PAH , and in particular , the ben z o ( a)pyrene 

c ontent . An inve stigation by O ' Connor 

et al ( in pre s s) concluded that the PAH s  

in s ewage sludge derives from "waste 

c rankc a s e  o il , " i . e . , from automotive 

engine lubr ican t s . The data of Connell 

and Miller ( 1 9 8 1) on the ben z o ( a)pyrene 

content o f  a wide vari ety o f  petroleum 

products indicated an average content o f  

9 

40°25' 

74°15' 10' 5' 

97 • 
• 26 

•32 

F i g . 5 - D i stribution o f  hydrocarbons 
greater than ClS in sediments 
in the HRE ( f rom Koons and Thoma s ,  
1 9 7 9) ( in mg/kg) . 
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F i g . 7 - Total PHC in wa ter ( µg/t) ( f rom 
Searl and Thoma s, 1 9 77) . 

TABLE 4 

ACTI VE STANDING MAS SES OF PHC IN H RE 

Environmental 
Component 

surface s l i c k s  

water ma s s  

b i o l og i c a l l y  
act ive 

sed iments 

Total Vo lume 

? 

2 3 2  x 1 0 7 

4 3 . 5  x 1 0 5 

* S ea r l  and Thomas ( 1 9 7 7) . 

* * Ca l culated f rom F i g . 5 and 6 .  

1 0  

Average 
Concentration 

? 

3 9 * µg/t 

1 9 4 0 * *mg/kg 

PHC 
Quant i ty 

( k  ) 

? 

9 1 , 0 0 0  

8 . 4 x 1 0 6 
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LOS SES OF PETROLEUM HYDROCARBONS 

I n  the previous s e c t i on , l o s s e s  of 

PHC from the H RE were character i z ed a s : 

permanent depo s i t ion in sed iments 

dredging 

adve c t i on o f  d i s s o lved and suspended 

matter 

bed sed imentary transport 

decompo s i t i on in water and sediments 

evapora t i on 

movemen t  o f  surface s l icks to the s e a  

T h e  e s t imat i on o f  tot a l  quan t i t i e s  

for a l l  o f  the s e  proce s s e s  presents a 

number of d i f f i c u l t ie s . Limited data i s  

ava i lable o n  the H RE but thi s i n  conj unc ­

t i on w i t h  data obtained from other areas 

a l lows e s t imat i on s  to be made. A s  with 

the input c a lculations the transpos i t i on 

o f  data from other areas to the H RE ra i s e s  

que s t i o n s  a s  t o  the accuracy o f  the 

determination s . Thus i t  should be kept 

in mind that the s e  c a l c u l a t ions can only 

repr e s ent " f i r s t  approximat ions. " 

Permanent Deposition in Sediments 

The concentrat i on s  shown in F i g . 5 

and s ome approp r i ate valu e s  f rom F i g . 6 

were taken to represent the concentrations 

o f  PHC in sed iments which wer e  pa s s ing 

into permanent depo s i t i on s i tuat ions. The 

rate o f  accumu l a t i on o f  sed iment s  has 

been determined by Bopp et a l . ( 1 9 7 8 ) for 

var ious s ec t i on s  o f  the H RE . From thi s 

data , the rate o f  los s o f  PHCs f r om the 

e s tuary wa s c a l culated ( s ee Tab l e  5) . 

Thi s  e s t imate would be improved by an 

inve s t i ga t i on o f  PHC sedimentary pro f i les. 

Dredging 

The quan t i t i e s  o f  dredged sed iment s  

taken f r om t h e  H RE have b e e n  e s t imated 

by Bopp e t  a l . ( 1 9 7 8) and average concen­

trations o f  total PHC e s t imated f r om the 

1 1  

data o f  McLeod et a l . ( 1 9 8 1) a l lowing the 

tota l quantity to be c a lculated (see Table 

5) . Direct determination o f  total PHC in 

dredged sediment would a l low a more accu­

rate determination o f  thi s f i gure . 

Losses by Adveation of 

Dissolved and Suspended Matter 

Busby and Darmer ( 1 9 7 0) have e s t imated 

the vo lume transported dur ing the ebb or 

f lood tide in the Hudson River at the 

Battery a s  shown in Table 5 .  A greater 

f l ow wou ld be expec ted a t  the S andy Hook­

Rockaway Point tran s e c t  so the use of t h i s  

f i gure wi l l  r e s u l t  in an .under es timate o f  

total P H E  transported f r om thi s  factor . 

Jay ( 1 9 7 4) ha s c o l la ted data avai lable on 

the E a s t  River and dai ly ebb f low is s hown 

in Tab l e  5 .  Us ing the average PHC 

c ontent in water obtained f rom Searl and 

Thoma s ( 1 9 7 7 ) for the vic i n i ty o f  the 

tran s ec t , the tota l PHC l o s s  wa s c a lcu­

la ted. Overa l l , the s e  f i gures are l ike ly 

to be overe s t imat e s  s in c e  no account i s  

taken o f  re-entry o f  e s tuarine water 

on the f lood t ide . 

Bed Sedimentary Transport 

The large r e s ervo i r  o f  PHC in the 

s ed imen t s  ind icates that sed iment movement 

may be an important fac tor in red i s tr ibu­

tion o f  the PHC l oad in the H RE . Sediment 

movement through the S andy Hook-Rockaway 

Point tran s e c t  wi l l  r e s u l t  in l o s s e s  o f  

P H C  from the H RE. Gadd e t  a l . ( 1 9 7 8 )  

have reported that there i s  the mos t  

inten s e  s ed imentary transport at the 

tran s e c t  and bottom currents in the 

v i c i n i ty o f  8 0  cm/sec are c ommon . The 

rate of net movement of bed s ed iments were 

reported and averaged a t  0 . 3 6 5  g/cm/sec. 

From the d i s tance acros s the tran s e c t  a 

total rate o f  movement wa s calculated . 

The tota l PHC los s was e s t imated ( s e e  

T a b l e  5) us ing t h e  f i gure obtained a s  

above together w i t h  an average sediment 



Factor 

permanent 
depo s i t i on in 
s e d iments 

dredging 

d i s solved 
and 
su�pended 
matter 
adve c t i on 

bed 
sed imentary 
tran s port 

decompo s i t ion 
in water 
and s ed iment s  

evaporation 

movement o f  
surface s l i c k s  
to s e a  

TABLE 5 

E S T I MATI ON OF PHC LOS SES FROM H RE 

Total 
Vo lume 
or Ma s s  

( per day ) 

5 . 5 x 103 tonn e s  

0 . 6 2 tonn e s  

Concentrat ion 
( mg/kg ) 

1 8 0 0  

34 3 0  

S andy Hook-Ro ckaway P t . Tran s ec t : 

4 . 1  x 1 0 8 m3 0 . 0 1 7  

E a s t  River : 

2 . 5  x 1 0 8 m3 0 . 0 1 7  

3 . 1 5  x 1 0 5 kg 2 2 4  

average rate o f  
decompo s i t i on 
from l i t, 

2 0 . 1 4 g/m /day 

average l i terature 
f r om surface s l i c k s  

2 5% 

c . f .  evaporat ion 

Total ca . 7 0 , 0 0 0  kg/day 

1 2  

PHC 
Quan t i ty 
( kg/day ) 

1 0 , 0 0 0  

5, 8 0 0  

7 , 0 0 0  

4 , 30 0  

7 0  

4 2 , 0 0 0  

4 0 0  

4 0 0 

Re l i ab i l  tiy 

moderate 

moderate 

moderate 

l ow 

moderate 

low 

low 

very low 
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c oncentration in the vicinity obtained 

f rom the data o f  Koons and Thoma s ( 1 9 7 9) 

( s ee F i g . 5 ) . 

Degradation in Water and Sediments 

From inve s t igations reviewed by 

GESAMP ( 1 9 7 7 ), the ha l f  l i f e  o f  petrol eum 

hydrocarbon s in the water ma s s  is commonly 

approximately 3 0  days . From the tota l 

s tanding ma s s  o f  PHC in the water ( s e e  

T a b l e  4) a da i ly r a t e  o f  degradation can 

be c a l c ulated at 1 5 0 0  kg/day . 

GESAMP ( 1 9 7 7) have a l s o  revi ewed 

data on the rate of degradat i on of PHC 

in sed imen t s . Th i s  is o f ten l imited by 

the ava i labi l i ty of nutrients and oxygen . 

Nutr ients are in comparatively p l ent i f u l  

s upply from d i scharges o f  both treated 

and untreated s ewage . Al though the 

bottom laye r s  o f  water in l arge areas o f  

the HRE a r e  o f ten de f i c ient i n  oxygen , 

the observa t i on s  by Ol sen et a l . ( 1 9 7 8) 

indicate that some oxygen i s  avai lable 

in the upper layer s  o f  sediment . 

Thi s  i s  in accord with the inve s tiga­

t io n s  o f  At l a s  and Ba rtha ( 1 9 7 3) who have 

s hown that the microorgan i sms pre s ent in 

Rar itan Bay were able to s upport exten­

s ive degradation o f  crude o i l  when 

n itrogen and pho sphorus were supp l i ed . 

I t  wa s c a l c u l ated that approximately 7 0% 

o f  a crude o i l  wou ld be degraded in 1 8  

day s . 

S ince l ight wi l l  be very l imited on 

the bottom , i t  wou ld be expected that 

microb iologic a l  proce s s e s  wi l l  c on s t i tute 

the ma j or degradation proce s s e s . Rat e s  

o f  degrada t i on ( GESAMP , 1 9 7 7) for crude 

o i l , l ubr icating o i l  and cutting o i l  
2 range f rom 0 . 0 2 - 0 . 4 0 g/m /day and 

average 0 . 1 4 g/m2 /day . T h i s  data wa s 

obtained f rom laboratory exper iment s  

s in c e  no appropr iate data on decompo s i t i on 

r a t e s  in e s tuar i e s  c omparab l e  to HRE are 

ava i l able . T h i s  coup l ed with the area 

of s e d imen t s  in HRE ind icated an e s t imate 

of degrada t i on that would be approximately 

1 3  

4 0 , 0 0 0  kg/day . Thus the tota l amount 

degraded each day in water and sediments 

would be 4 2 , 0 0 0  kg/day . 

The rel iabi l i ty o f  thi s e s t imate wi l l  

be a f f ected b y  t h e  c omparabi l i ty o f  the 

laboratory exper iments to the cond i t ions 

in the HRE . I n  add i t ion , the s e a s onal 

var iat ions in sed iment temperature wi l l  

a f fect decompo s i t ion rate s . 

Evaporation 

I t  i s  expect ed that evaporation wi l l  

pr incipally occur with acc idental s pi l l s  

giving r i s e  t o  surface s l ic k s . The 

other s ource s  of PHCs in the system are 

l ikely to y i e ld PHCs depleted in vo l a t i l e  

fraction s . But l e r  et a l . ( 1 9 7 6 ) e s t imated 

that , as a genera l  rule , approximately 2 5% 

o f  s p i l led petrol eum o i l s  evaporate into 

the atmosphere . Thus an e s t imate o f  

evaporation l o s s e s  f r om acc identa l s p i l l s  

c a n  b e  made ( see Tab l e  5 ) . 

Movement of Surfaae Stiaks to the Sea 

There i s  no data ava i l able to enable 

an e s t imate o f  t h i s  loss from the s y stem 

to be made . I t  wa s therefore a s s umed i t  

would be s imi lar t o  evaporation ( s ee 

Table 5 ) . 

A BUDGET FOR PHCs IN THE HRE 

In the previous s e c t i on s , the quanti­

ties o f  the var ious source s  and l o s s e s  of 

PHCs in the HRE were e s t imated and can be 

summa r i z ed as in F i g . 8 .  Overa l l  PHC 

f igures were arr ived at as f o l lows : 

Total source s - approximately 

9 2 , 0 0 0  kg/day 

Total l o s s e s  - approximately 

7 0 , 0 0 0  kg/day 

Con s ider ing the d i f f i c u l ty in obtai n i ng 

accurate data and the transpo s i tion o f  

data f r om other a r e a s  t o  the HRE , the s e  

f igures a r e  in rea sonable agreement .  The 

f o l lowing area s are tho s e  wher e  accurate 



data wou ld provide more r e l i able e s t i­

mate s : 

1 .  The PHC content of inputs such a s  

mun i c ipal wa s t e s ,  indu s t r i a l  wa s t e s  and 

run - o f f  wa ter 

2 .  The PHC content o f  s e d iments and 

water 

3.  Dynam i c s  o f  PHC in sed iments .  

There are c l early many other areas 

where in format ion is needed but tho s e  

ind icated above c a n  b e  iden t i f ied a s  o f  

pr ime importance . 

Ove r a l l  the r e s ults suggest that 

mo s t  PHC o r i g inates f r om s ewage and indu s ­

t r i a l  d i scharges a n d  run-o f f  water and 

that d i r e c t  r e f inery d i scharges, atmo s ­

phe r i c  depo s i t ion a n d  acc idental spi l l s  

are quan t i tat ively l e s s  impor tant . 

However, i t  i s  s i gn i f icant that r e f inery 

d i scharges and acc idental spi l l s  are 

d i scharged in a concentrated form and 

are probably l e s s  susceptible to break­

down s ince nutr ient concentrations are 

comparatively lower . I n  add it ion, surface 

s l i c k s  create a number o f  spec ial probl ems 

r e l ated to bathing, f i shing, a e s thet i c s  

and s o  on . 

The r e s u l t s  sugge s t  that proc e s s e s  

in the sed iment a r e  highly s i gn i f icant 

in the remova l o f  PHCs from the sys tem 

and a comparat ively low proportion o f  

PHCs d i scharged t o  the H RE a r e  eventua l l y  

d i scharged to New Y o r k  B i ght through the 

Tran s e c t . However, the c ombined total 

d i scharged into the B i ght by dredging 

and advect ion is s ign i f i c ant . 

EFFECTS OF PHC s ON PHY S I CAL 

AND CHEMICAL P ROCES S E S  

I n  s ome c a s e s ,  h i g h  concentrations 

o f  petro leum oil in sed iments have a l tered 

the phy s ic a l  chara c te r i s t i c s  o f  the 

intertidal zone . Th i s  has led to ero s ion 

in
. 

some s i tuations but there i s  no evi­

dence to s ugge st that the s e  proc e s s e s  are 

o f  any s i g n i f icance in the H RE . 

In the previous s e c t ions degradat ion 

1 4 

of the PHC by microorgani sms wa s e s t imated 
2 at 0 . 1 4 g/m /day . The oxygen demand for 

thi s to occur woul d  be about 0 . 6  g/m2 /day 

for a long chain a lkane . Thi s  wou ld 

create an oxygen d emand of about 30 ppm 

over 5 days in the 1 0  cm of wa ter above 

the sed iment surfac e . Thi s  could have a 

s i g n i f icant impact on d i s s o lved oxygen 

in the inter s t i t i a l  water in the sed iments 

and the overlying wa ter depending on 

water movement and o ther factors . 

EFFECTS OF P H C s  ON P LANKTON 

The e f f e c t s  of PHC s on phytoplankton 

have been summar i z ed by GESAMP ( 1 9 7 7) and 

are shown in Table 6 .  O f  the spec i e s  

l i s ted, three exh i b i t  a b s e n c e  or re tarded 

c e l l  divi s ion a t  concentrations of 

0 . 1  - 0 . 0 1 mg/ t . Concentrations reported 

by S earl and Thoma s ( 1 9 7 7 ) range f rom 

0 . 0 1 4  - 0 . 2 7 4  mg/ t . Thus it is po s s ible 

that the concentrat ions o f  PHC present 

may be having an e f f e c t  on the phyto­

pl ankton populat ion . 

The e f f e c t  out l ined above could a l ter 

the spec i e s  c ompo s i t i on of the populat ion 

o f  phytoplankton o r  may cause a reduc tion 

in b ioma s s .  Such e f f e c t s  could be 

d i f f icult to d i s t ingu i s h  f rom the e f f e c t s  

o f  nutr ients a n d  o t h e r  tox ican t s . Chang e s  

may lead t o  chan g e s  i n  the z ooplankton 

populat ion . 

There i s  l imited i n formation ava i lable 

on the direct e f f e c t s  o f  PHCs on z ooplank­

ton . Some o f  thi s i n formation i s  

summar i z ed in Table 7 .  Extended expo sure 

periods could be expected to lead to lower 

l e t hal concentra t i on s . 

Lee and Takaha s h i  ( 1 9 7 9) noted that 

copepods appear to exh i b i t  lethal e f fects 

at comparatively h i g h  concentrations o f  

hydrocarbons .  However, they had ind i c a ­

t i o n s  o f  s l ower growth r a t e s  for o n e  

copepod spec i e s  dur ing expo sure t o  

0 . 0 4 mg/ t  o f  fuel o i l . Thus e f f e c t s  on 

the z oopl ankton popu lat ion at concentra­

tions obs erved are po s s i b l e . 
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TABLE 6 

HE/\CTION OF /\LG/\E TO VARIOUS OIL CONCENTRATIONS (mg/�) 

The Absence Or 
Retarded Cell 

Type Death of Cells Division 

Glenodinium foliaceum 1,000 - 100 100 - 10 

Chaetoceros curvisetus . 10,000 - 10 10 

Gymnodinium wulffii 1,000 - 100 10 - 0.01 

Ditylum brightwellii 1,000 - 0.1 --

G. kowolovskii 1,000 - 0.1 1 - 0.1 

Prorocentrum mi cans 1,000 100 - 0.01 

Peridinium trochoideum 1,000 1,000 

Licmophora chrenborgii 1,000 100 - 1 

Platymonas viridia 1,000 10 - 1 

Coscinodiscus gr an ii 1,000 1,000 - 100 

Molosira moniliformis 10,000 - 1,000 10,000 - 100 

From GESAMP (1977) 

TABLE 7 

LETHALITY OF OIL TO MIXED SPECIES OF COPEPOD 

(Aeartia elausii and Oithona nana) 

Concentration 
Time (mq/ � ) 

3 - 4 days ca. 10 

24 hours ca. 100 

5 - 60 minutes ca. 1000 

(From GESAMP, 1977) 

1 5  

Do Not Differ 
From Control 

1 - ·o .1 

1 - 0.1 

--

--

0.01 

--

100 - 0.01 

01 - 0.01 

0.1 

100 - 0.1 

100 - 10 



EFFECTS OF PHCs ON BENTH I C  I NVE RTEBRATES 

PHCs in h igh concentr a t ion s  resulting 

from o i l  s p i l l s  are known to cause heavy 

morta l i t i e s  to benthic c ommuni t i e s  

( GESAMP, 1 9 7 7 ) .  Some d a t a  on t h e  letha l 

concentr a t i on s  for a variety of inver te­

brate fauna are shown in Table 8 .  The 

concentrat ions o f  PHCs in the H RE 

generally are lower than these concentra­

t ion s a l though l imited expo sure time s 

have been used to obtain t h i s  data . 

In the c omparatively low concentra­

t ions found in the H RE, e f f e c t s  �an be 

expected to be pr incipal ly of a subl etha l 

nature . For examp le, popu l a t ions of the 

c l am, Mercenaria mercenaria, in 

Narragan s e t t  Bay, Rhode I s l and, were 

found to be patchy and the c l am wa s found 

to have a comparatively short l i f e span . 

Th i s  wa s a ttr ibuted to a stre s s  syndrome 

induced by sublethal concentrations o f  

petrol eum hydrocarbon s ( Je f f r i e s, 1 9 7 2) .  

I t  i s  a l s o  r e l evant that Gra s s l e  et a l . 

( 1 9 8 1) found that low concentr a t i ons o f  

No . 2 fuel o i l  caused a reduc t i on in 

tota l ma cro faun a l  numb e r s  a f ter f ive 

months par t i c u l a r l y  suspen s ion feeder s . 

Michael et a l . ( 1 9 7 5) and Michael ( 1 9 7 7) 

and other worker s  have found a va riety o f  

e f f e c t s  inc luding reduction in number o f  

spec ies,  higher propo r t ion o f  opportun i s ­

t i c  spec i e s  than contro l areas and 

reduc t i on in the number s  of indiv idual s .  

The s i tuations inve s t i gated in the 

stud i e s  d e s c r ibed above conta ined PHCs 

der ived directly f r om petrol eum spi l l s . 

I n  the HRE only a comparatively sma l l  

propo r t i on i s  der ived from o i l  sp i l l s, 

mo s t  PHCs o r i g inate from mun ic ipal was t e ­

wa ter, urban run- o f f  a n d  indus t r i a l  

d i s charge s . As a r e s u l t  t h e  PHCs in the 

H RE co-occur with a var i ety of other 

sub s tanc e s  wh ich exert eco l o g i c a l  e f f e c t s . 

The PHC s are principa l ly depo s i ted 

in the sed imen t s  ( s ee F i g . 8 ) .  Here they 

c an be expec ted to have two principal 

effects of importance to benth i c  biota : 

1 6  

1 .  cause enr ichment o f  the sediments 

with organ i c  matter and energy g iving r i s e  

t o  a reduct i on in t h e  d i s solved oxygen 

content o f  inter s t i t i a l  water and the 

ove r lying water ma s s, 

2 .  have toxic e f f ec t s  on biota due 

to the pre s ence o f  toxic substanc e s  in PHC s . 

The e f fects on c ompos i t ion o f  the 

benthic communi ty w i l l  be d i f ferent in 

each c a s e . With e f f e c t  1 ,  i t  wou ld be 

expected that there would be a reduct i on 

in number o f  spec i e s  but an increa s e  in 

number o f  ind ividua l s  pres ent . With 

e f f e c t  2 ,  there wou ld be a reduct i on in 

the number o f  spec i e s  and a l s o  a reduction 

i n  the number o f  individua l s . 

Ri s t i c h  et a l . ( 1 9 7 7 ) have inve s t i ­

g a t e d  t h e  compo s i t ion o f  t h e  benthic 

invertebrate c ommun i ty in the area s hown 

in Fig . 9 .  The ir r e s u l t s  together with 

r e l evant data on PHC content o f  s e d iments 

and wa ter are shown i n  Tab l e  9 .  

The number o f  indiv idua l s  tends to 

decrea s e  with decrea s ing PHC content 

whe reas l imited var i a t ion can be seen with 

spec i e s  numbe r s . T h i s  s ugge s t s  that 

enr i chment o f  the sed iments with organ ic 

matter i s  having the ma j or impact on the 

benthic biota . The apparent r e l a tionship 

o f  PHCs with number o f  ind ividua l s  pos s i ­

b l y  r e s u l t s  f rom the co�depo s i t ion o f  PHCs 

and organic matter in s ed imen t s . The s e  

r e s u l t s  ( s ee Tab le 9) do not indicate 

that the PHCs are having a toxi c  e f fect on 

the benth ic biota in t h i s  reg ion . An 

analy s i s  o� the change in spec i e s  compo s i ­

t ion over thi s  s e c t ion o f  the r iver may 

provide a more deta i l ed i n s ight into any 

r e l a t ionships . 

McGrath ( 1 9 7 4 )  conducted an inve s t i ­

gat ion o f  t h e  benth ic fauna in Rar i tan 

Bay . He reported depre s s ed commun i t i e s  

( s e e  Table 1 0) and t h e  lack o f  amphipods 

in the genus Ampelisca wh i c h  were dominant 

10 years ear l ier ( Dean and H a s k in, 1 9 6 4 ) .  

The s e  e f fects were attr ibuted t o  PHCs 

al though no data on PHC concentrations 

were ava i l able . Genus AmpeliscJ has been 
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A C C I D E N T A L  

S P I L L S  

U R B A N  

R U N - O F F  

S E W A G E  

R E F I N E R Y  A N D  

I N D U S T R I A L  

D I S C H A R G E S  

3 0 , 0 0 0  

3 5 , 0 0 0  

1 8 , 0 0 0  

G E O L O G I C  

S E D I M E N T S  

> 

> 

A T M O S P H E R E  

£ 4 0 0  

W A T E R  M A S S  

9 0 , 5 0 0  k g  

S E D I M E N T  M A S S  

8 .  4 x 1 0
6 

k g  

m o v e m e n t  

b e d  

1 0 , 0 0 0  

R E  F AC T O R Y  

S U B S T A N C E S  

o f  s u r f a c e  s 1 i c k s  O P E N  

.!Q.Q S E A  

D E G RA D A T I O N P R O D U C T S  

D R E D G I N G 

D E G R A D A T I O N 

P R O D U C T S  

L O N G  

I S L A N D  

S O U N D  

O P E N  

* o x i d a t i o n b y  m i c r o o r g a n i s m s  

F i g . 8 - D i agramma t i c  repre sentation o f  the tran s fer s o f  PHCs i n  the HRE ( kg/day ) . 

( Tho s e  e s t imat e s  made with low to very low r e l i ab i l i ty are unde r l ined . )  

M ILE 40 

CROTON 
POINT 

20 F i g . 9 - S ampl ing s tations in the 
Hudson River used by R i s t i c h  
e t  a l . ( 1 9 7 7 )  . 

1 7  



TABLE 8 

ADULT SENS ITIVITIES TO C RUDE O I LS AND A 

NO . 2 FUEL O I L  FOR VARIOUS INVE RT I B RATE SPEC I ES t t  

Temperature 96 hr LC 5 0 ' s  ( ppm) 
S tudy and 

Spec i e s  Tes ted Range 

Batte lle/Sequim 1 9 7 3 - 7 6 t 

Coon s tr ipe shrimp ( FT )  

Coon str ipe shr imp 

Texa s A&M 1 9 7 4 - 7 6  

4 crustacean sp . 

3 polychaete sp . 

Auke Bay Lab 1 9 7 6  

6 crustacean sp . 

4 l impe t  and c h i ton sp . 

1 2  invertebrate sp . 

( o C )  

1 0  - 1 1  

8 

1 8  - 2 2 

2 0  

3 . 5  - 5 . 4  

3 . 9  - 7 

3 . 6  - 1 0  

tMo s t  o f  the LC 5 0 ' s  reported for the Batte l l e  s tud i e s  

a r e  e s t imat e s  c a lculated f rom Batte l l e ' s  raw data . 

t t From Rice et a l . ( 1 9 7 7 ) 

FT denote s f l owthrough rate s 

1 8  

> 

Crude O i l s  

6 . 6  - 2 4 . 9  

1 . 3  - 4 . 9  

6 - > 1 9 . 8  

9 . 5  - 1 2 . 5  

0 . 6  - 4 . 2  

3 . 6  - 9 . 6  

3 . 1  - 1 4 . 7  

No . 2 Fue l O i l  

> 

0 . 8  

1 . 3  - 4 . 9  

2 . 3  - 2 . 7  

0 . 5  - 1 .  7 

0 . 4  - 5 . 0  

0 . 9  - 5 . 6  
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TABLE 9 

D I S T RIBUT I ON OF INVE RTEBRATES AND PHC IN HUDSON RIVE R  

* S e diment * * S ed imen t 
Concentra t i on Concentrat i on 

o f  PHC o f . PHC 
Stat ion ( mg/ t ) ( mg/ t ) 

Tl 1 3 6 0  ca . 2 1 9 0  - 1 5 3 0  

T2 2 2 6 1  ca . 7 3 0  

T 3 7 5 8  ca . 7 3 0  

T4 ca . 2 1 4  c a  . 9 5  

T S NA NA 

T 6 NA NA 

*From Koon s and Thoma s ( 1 9 7 9 ) . 

* * Ca lculated from McLeod et a l . ( 1 9 8 1 ) . 

* * * From S e a r l  and Thoma s ( 1 9 7 7 ) . 

* * * *F rom Ri s t i c h  et a l  ( 1 9 7 7 )  . 

* * *Water 
Concentration 

o f  PHC 
( mg/ t ) 

0 . 0 4 7 } 
0 .  0 3 7  

NA 

NA 

NA 

NA 

NA 

TABLE 1 0  

* * * * Spec i e s  
Number s 

5 - 2 1  

6 - 1 9  

4 - 2 0  

8 - 1 6  

4 - 1 3  

3 - 1 2  

DATA ON RARI TAN BAY AND OTHER AREAS 

Area 

Upper New York Bay 

Rar i tan Bay 

Mor i c h e s  Bay 

Barnegat Bay 

R i s t i c h  et a l . ( 1 9 7 7 )  

McGrath ( 1 9 7 4 ) 

Number 
o f  

Spec i e s  

5 - 2 1/m2 

4 / 0 . 1  m2 

1 9  

* * * *Numbers 
o f  I nd i v idua l s  

7 8 0 0  - 4 1 , 2 5 0  

2 5 7 6  - 2 0 , 1 9 6  

8 9 4 4  - 1 8 , 4 9 4  

8 8 7 9  - 9 0 2 6  

2 1 1 4  - 3 2 7 4  

1 6 0 4  - 5 8 6 7  

Number o f  
I nd ividual s  

( lm2 J 

2 , 5 7 6  - 4 1 , 2 5 0  

1 0 9  

2 , 4 2 0  

5 0 0  - 6 0 0  



shown to be a s en s i t ive ind i c a tor o f  

petrol eum po l lution ( B lumer e t  a l . ,  

1 9 7 0 ) . I n  add i t ion , amph ipods were 

ent irely abs ent from s amp l e s  c lo s e r  to 

the Arthur K i l l  where PHC concentrat ions 

are higher , l ending some s upport to a 

po s s ib l e  a s s o c i a t i on between PHCs and 

depre s sed benthic commun i t i e s . 

A somewhat s imilar s i tuation e x i s t s  

in t h e  N e w  Y o r k  B i ght where s e d iments 

originating from H RE have been aepos ited . 

Michael ( in pre s s )  has c onc l uded that 

contaminants in the New York B i ght and 

lower Hud s on River e s tuary have a f fected 

the d i s tr ibu t ion and abundance of benth ic 

invertebrates and PHCs play a maj or role 

in th i s . 

EFFECTS OF PHCs ON F I S H  

T h e  var i e ty o f  e f fects wh ich PHC s 

have on f i s h  are cons idered be low . Gener­

ally l e thal concentrations only occur in 

the v i c i n i ty o f  oil s p i l l s  and then usua l l y  

o c c u r  with s p i l l s  o f  l ighter petro l e um 

produc t s  such as ga sol ine , j et fuel , 

kerosene , e tc . , ( GE SAMP , 1 9 7 7 ) . 

However a number o f  deleter ious 

e f f e c t s  have been reported a t  sublethal 

c onc entr a t i on s  by Conn e l l  and Mi l l er 

( 1 9 8 1 ) . The se include : 

depre s s ion o f  metabol i c  rate 

damage to g i l l  t i s sue 

f atty in f i l tration o f  the l iver 

narcotic e f fects 

d e c l ine in l i pogene s i s  in s ome organ s . 

Ander son ( 1 9 7 9 )  in an analy s i s  o f  

t h e  e f f e c t s  o f  PHCs conc luded tha t the 

l etha l tox i c i ty range is approximately 

1 - 20 ppm and the lowe s t  concentr a t i on 

wh ich wou ld be expected to adve r s e ly 

a f fect organ i sms in the New York B i ght 

wou l d  be about 1 0 0  ppb . In add i t i on , the 

combination of low d i s s o l ved oxygen 

concentrat i on s  with PHCs leads to h i gher 

apparent tox i c i ty o f  the PHCs . Many o f  

t h e  e f f e c t s  r eported above have been 

noted at the c oncentrations o f  PHC which 

2 0 

occur in H RE , i . e . , 0 . 0 1 4  - 0 . 2 7 4  mg/ £ . 

The larva l s tage s and eggs o f  f i sh 

are we l l  known as be ing more sens it ive 

than adu l t s  to toxicants ( GESAMP , 1 9 7 7 ) . 

A l s o  the s e  organi sms do not have the mob i l ­

i ty t o  avo id contaminated area s . B l a c k  

S e a  F lounder larva l s tages have been 

shown to have a decreased survival rate at 

c oncentrations o f  0 . 2 5 - 2 . 5  mg/ £ . 

This data sugge s t s  that it i s  po s s i ble 

for exi s t i n g  concentrations o f  PHC s in 

the H RE to have had an impact on the hea l th 

of f i sh in the e s tuary and the surviva l o f  

larvae and eggs . Direct inve s t igat ion o f  

f i s h , larvae and eggs from H RE wou ld 

c l a r i fy thi s s i tuat ion . S indermann ( 1 9 7 6 )  

has conc luded that petro l eum hydrocarbons 

and other contaminants po s e  a s i gn i f i cant 

threat to f i sher i e s  in the Midd l e  Atlantic 

B i ght . 

Another important a spect o f  PHC in 

industr i a l  waterway s i s  the contamina t i on 

o f  food organi sms with PHCs leading to 

tainting and un s a l eab i l i ty of the product 

( e . g . ,  Conne l l  and Mi l ler , 1 9 8 1 ) . Franc i s  

and Busch ( 1 9 7 3 )  have parti a l ly attributed 

the dec l ine in the s had (Alosa sapidissima ) 

f i shery to taint ing by petroleum produc t s . 

In fact , t h i s  prob lem was reported about 

1 0 0  year s  ear l i er by Goode ( 1 8 8 7 )  who 

indicated that shad from Newark Bay had a 

" coal o i l " taint . I t  i s  a l s o  s ign i f ic ant 

that McHugh and Ginter ( 1 9 7 8 )  a s s e s s  the 

shad f i shery a s  underuti l i z ed . 

EFFECTS OF PHCs ON B I RDS 

Bird morta l i t i e s  can be very high when 

o i l  s l ic k s  occur and feathers become 

severely contaminated by o i l . Death 

usual ly r e s u l t s  f rom expo sure or s tarva t ion 

( GESAMP , 1 9 7 7 ) . Avai lable informat ion 

does not indicate that th i s  is a s i gn i f i ­

cant problem in H RE . 

Howeve r , recent work ( Mi l ler and 

Conne l l , 1 9 8 0 )  ind icates that seabirds may 

accumulate petroleum hydrocarbons f rom con­

taminated s e a foods in an e s tuary s u f fer ing 
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f rom chron i c  o i l  po l lution . S uch 

proc e s s e s  would be expec ted to occur in 

the H RE . The s i gn i f icance o f  petro leum 

hydrocarbon s in the musc l e  t i s sue o f  

seabird s , in terms o f  phy s io lo g i c a l  

d i sord e r s  a n d  related a spec t s , i s  not 

known . 

PUBLI C  HEALTH ASPECTS 

The polycyc l i c  aroma t i c  hydrocarbon s 

( PAH ) include a number o f  substan c e s  

which have b e e n  iden t i f ied a s  potent 

carc inogens ( Anon . , 1 9 7 3 ) . Many o f  the s e  

subs tance s  occur in petrol e um produc t s  

a n d  a s  a r e s u l t , i t  has been sugge sted 

that the d i scharge o f  PHCs into the 

aqua t i c  environment con s t i tutes a poten­

t i a l  carc inogen ic haz ard to man and 

aquat ic organ i sms ( Conne l l  and Mi l l er , 

1 9 8 1 ) . 

McLeod et al . ( 1 9 8 1 )  have identi f i ed 

a number o f  PAH s in sedimen t s  and biota 

i n  H RE which are we l l  known carc inogen s , 

e . g . , ben z o ( a ) pyrene and benzo ( a) anthra­

cene . However , an analy s i s  o f  health 

risk in man requires a quantitative eva lu­

a t i on of expo s ure to PAH s and a knowledge 

of expo sure and cancer induc t ion r e l a t ion­

s h i p s . Such i n format ion i s  not ava i l a b l e  

b u t  i t  i s  po s s ible to mak e  an approximate 

evaluat ion of expo sure f rom the ava i l a b l e  

i n f o rma t i on . 

The r o l e  o f  PHCs in a s s e s s ing 

expo sure to PAH s i s  c omp l i cated by the 

fact that there are quite a number of 

other po s s ib l e  source s  o f  PAH apart f rom 

PHC . The se inc lude : 

combus t ion produc t s  o f  fue l s  

cooked and smoked foods 

c i garette smoke 

s e a foods 

dr inking water . 

I n  the H RE area McLeod et a l . ( 1 9 8 1 )  

have obtained data on the concentrations 

o f  a va riety o f  PAH s in s e a food s . S in c e  

mo s t  i n format ion i s  avai lable on benzo ( a ) ­

pyrene t h i s  substance wa s s e l ec ted for 

2 1  

further inve s t i ga t ion . Tabl e  1 1  conta ins 

a s ummary o f  s ome o f  the i r  data . Mo s t  of 

thi s data cons i s t s  o f  f i gures obtained at 

the l ower l imits o f  detect ion thus there 

is cons iderab l e  uncerta inty concern ing the 

actua l amount . I t  indicate s that no part i ­

c u l a r  organ i sm s tand s o u t  a s  b e i n g  heav i ly 

contaminated with ben zo ( a ) pyren e . The 

S t r i ped B a s s  data sugge s t s  that there i s  

n o  var i ation in ben z o ( a ) pyrene concentra­

tion from the we s t  o f  Montauk Point to 

the Hud s on River . Thi s  could be due to 

the mobi l i ty o f  the f i s h  or the f i sh 

acquir ing the PAH f rom s our c e s  other than 

wa ter and s ed iment s ,  etc . , in the H RE 

v i c i n i ty . 

I t  i s  important to note that PAH s 

other than benzo ( a ) pyrene o c cur in 

comparative l y  high concentrations in s ome 

o rgan i sms ( s ee Tabl e  1 1 )  . 

The mo s t  r e l i ab l e  data in Tab l e  1 1  

i s  o n  the S tr iped Ba s s . Th i s  indicates 

concentrations o f  between 4 - 6 ng/g with 

an average of 5 ng/g . U s ing thi s  f i gure 

and data from Conne l l  and Mi l l er ( 1 9 8 1 )  , 

the human expo sure to benz o ( a ) pyrene can 

be c a l culated a s  in Tabl e  1 2 . The average 

U . S .  consumpt ion o f  s e a food is 1 6 . 5  g/day 

( U . S .  Dept . of Commerce , 1 9 8 0 )  which 

yields an annual intake f rom seafood of 

3 0  µ g . Thus for a nonsmoking and non­

smoked food consume r , the intake due to 

sea food is sma l l  compared with the intake 

from food in general ( 2 7 5  - 5 5 0  µ g/year )  . 

An above average s e a food consumer ( i . e . , 

2 0 0  g/day ) could be exposed to 3 6 5  µ g/year 

from sea food and in this c a s e , this wou l d  

be a comparatively s ig n i f icant s o u r c e  o f  

ben zo ( a ) pyrene . I f  the other PAH s are 

taken into account , the expo sure woul d  be 

much higher . 

I t  i s  d i f f i c u l t  to a s s e s s  the hea l t h  

r i s k  from th i s  d a t a  b u t  i t  c o u l d  be impor ­

tant in the c a s e  o f  above average s e afood 

con sumer s  and when a l l  PAH s are cons idered . 



TABLE 1 1  

CONCENTRAT I ONS OF BEN Z O-A-PYRENE I N  B I OTA 

( From McLeod et a l . ,  1 9 8 1 )  

2 2  
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TABLE 1 2  

EST IMATED H UMAN EXPOS URE T O  BENZ O- a-PYRENE 

VIA RES P I RATORY AND GASTRO- INTESTINAL I NTAKES 

IN THE NEW YORK AREA* 

Source 

Respiratory Intake 

Air 

C igarette Smok ing 

Castro-Intestinal In take 

Water 

Food 

Norma l D i e t s  

Smoked Food D i e t  

Poten t i a l  S e a food Contr ibution 

Contaminated S e a food Load ings 
E s t imated by GESAMP 

Dai ly 
Consumpt ion 

20 c igarettes 

40 c igarett e s  

6 0  c igarette s 

2 . 5  l it r e s  

1 .  5 kg 

1 .  5 kg 

1 .  5 kg 

1 0  g 

2 5  g 

5 0  g 

1 0 0  g 

2 0 0  g 

5 0 0  g 

2 4 - 8 4  g 

* Adapted from Conn e l l  and Mi l l e r , 1 9 8 1  . 

2 3  

E s t imated Annual 
Intakes (micrograms ) 

B ( a ) P 

0 . 0 5 - 5 0 0  

1 5 - 9 0 0  

3 0 - 1 8 0 0  

4 2 - 2 7 0 0  

6 - 7 0  

2 5 0  

2 7 5  - 5 5 0  

5 0 0 - 3 0 0 0  

1 8  

4 6  

9 1  

1 8 3  

3 6 5  

9 1 3  

2 9 3 - 9 2 0  



CONCLUS I ONS 

The main conclus ions wh ich can be 

drawn f rom currently ava i l ab l e  information 

are s e t  out below : 

1 .  The ma j or d i s c harges o f  PHCs into 

the H RE probably a r i s e  f rom sewage , 

indu s t r i a l  wa s t e s  and urban run-o f f . 

2 .  Benthic r e s p i ra t i on i s  l ikely to 

be an important mechan i sm for the remova l 

o f  PHC from the e stuary . 

3 .  A comparatively low proportion 

o f  the PHCs d i scharged to the H RE pa s s  

through the S andy Hook-Rockaway Point 

24 

Transect . to the New York B ight . But this 

comb ined with d i s c harges due to dredging 

activi t i e s  i s  s i g n i f icant . 

4 .  Tox ic componen t s  o f  PHC s eem to 

have had a deleter ious e f fe c t  on benthic 

popu l at ions in Rar itan Bay . 

5 .  The sub l etha l toxic e f f e c t s  o f  

P H C s  could have a deleter ious e f fect on 

popul ation s  of f i sh and phytoplankton . 

6 .  Sea food could contr ibute a 

s ign i f icant proport ion o f  benzo ( a ) pyrene 

to the tota l intake of th i s  subs tance in 

some member s o f  the popu l a t i on . 
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