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D INTRODUCTION

D The sa le  o f  o i l  and gas leases a long the  ent i re  U.  S. o u t e r - c o n t i n e n t a l

she l f  {OCS) a n d  h e i g h t e n e d  public  a w a r e n e s s  o f  t h e  p o t e n t i a l  h a r m f u l  i m p a c t

o f  p e t r o l e u m - r e l a t e d  a c t i v i t i e s , r e s u l t e d  i n  t h e  i n i t i a t i o n  o f  e n v i r o n m e n t a l .

base l ine  and moni tor ing  s tud ies  in  the  lease areas,  under  the  sponsorsh ip

of  the  U.  S, D e p a r t m e n t  o f  I n t e r i o r , Bureau of Land ?Janagement. T h e  f i r s t

o f  these s tud ies  was the  MAFLA (Mississippi-&labama-Florida)  p r o g r a m  i n  t h e— — —

n o r t h e a s t  Gulf  of  M e x i c o . To date, four sets of seasonal samples have been

c o l l e c t e d  a n d  a n a l y z e d ,  t h e  l a s t  t h r e e  o f  w h i c h  w e r e  i d e n t i c a l  w i t h  r e g a r d

t o  l o c a t i o n s , measurements and techniques. My l a b o r a t o r y  p a r t i c i p a t e d  i n

o t h e  p r o g r a m  by  a n a l y z i n g  f o r  h y d r o c a r b o n s  i n  w a t e r ,  s u s p e n d e d  p a r t i c u l a t e ,

neuston  and zoop lankton. T h e  l a t t e r  s a m p l e s  a r e  t h e  s u b j e c t  o f  t h i s  r e p o r t .

D

n e t s

NXTHODS

Z o o p l a n k t o n  w e r e  c o l l e c t e d  by  obl ique tows using 0.5 m, 202 pm

w i t h  5:1  l e n g t h  t o  w i d t h  r a t i o . The zooplankton were removed from the

c o d  e n d  ( w i t h o u t  w a s h i n g  t h e  n e t ) ,  p l a c e d  i n  g l a s s  v i a l s  w i t h  T e f l o n - l i n e d

B
caps and frozen. In  the  labora tory ,  samples  were  thawed and fore ign

material  was removed under a 30 power  d issec t ing  microscope. A known weight

o f -oven dr ied (50°C)  samples  was refluxed  in a 1:1  mix ture  o f  benzene and

methanolic  KOH for  four  hours .

The mix ture  was then f i l te red th rough pre-combusted  Wnatman G F / F

f i l te rs  to  remove debr is  and the  benzene layer  was removed f rom the f i l t ra te
B

f o l l o w i n g  a d d i t i o n  o f  o n e  p a r t  o f  d i s t i l l e d  w a t e r .  A f t e r  t w o  a d d i t i o n a l

ex t rac t ions  o f  the  aqueous phase wi th  benzene, the ex t rac t  was reduced to



-2-

dryness and weighed. The residue was taken up in hexane and appl ied to a

p r e w a s h e d  a l u m i n a / s i l i c a  g e l  c o l u m n  (1:5  v /v  ra t io ,  ac t iv i ty  one)  and

eluted  wi th  two co lumn vo lumes o f  hexane (sa tura ted or  non-po lar  hydrocarbon

f rac t ion)  and two co lumn vo lumes o f  benzene (unsatura ted/aromat ic  or  po lar

h y d r o c a r b o n  f r a c t i o n ) . The hexane fract ion was reduced to small  volume and

the benzene f rac t ion  dr ied  and taken up in  a  smal l  vo lume o f  hexane for  gas

chromatographic  (GC) a n a l y s i s .

Primary GC analysis was done with 2.2 mm I.D. x 2 m stainless steel

columns packed with h% FFAP on Gas Chrom Z, 80/I.00  mesh. R e t e n t i o n  t i m e s

w e r e  c o n v e r t e d  t o  r e t e n t i o n  i n d i c e s  u t i l i z i n g  k n o w n  s t a n d a r d s  o f  n–alkanes.

Peak areas were  automat ica l ly  in tegra ted and conver ted to  we ight  by  app ly ing

GC r e s p o n s e  f a c t o r s  c a l c u l a t e d  f r o m  q u a n t i t a t i v e  n o r m a l  a n d  isoprenoid

alkanes  and aromat ics . T h e s e  c a l c u l a t i o n s  a s  w e l l  a s  c a l c u l a t i o n s  o f  p e a k

r a t i o s , o d d - e v e n  p r e f e r e n c e ,  W.  % compos i t ion  and concent ra t ion  were  done

by a computer program which produced both paper and magnetic tape output

fo r  submiss ion to  a  cent ra l  da ta  bank.

Glassware was washed in detergent ,  s o a k e d  i n  a c i d ,  r i n s e d  w i t h  d i s t i l l e d

water  and oven dr ied. So lvents  were  doub ly

r u n  a n d  r e j e c t e d  i f  m a t e r i a l  w i t h  r e t e n t i o n

p r e s e n t .

d i s t i l l e d . P e r i o d i c  b l a n k s

i n d e x

RESULTS AND DISCUSSION

A ser ies  o f  1 5  s t a t i o n s  a l o n g  f o u r  t r a n s e c t s

were sampled in

The zooplankton

greater than 1200 was

were

in the MAFLA area (Figure 1)

June/Ju ly  1975,  September  197’5  and January /February  1976.

b iomass co l lec ted averaged 91 mg dry weight/ ins in summer,
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B

18 mg dry weight /m 3

T o t a l  l i p i d  c o n t e n t

hydrocarbon content

f r a c t i o n s )  a v e r a g e d

719  lJg/g  d r y  wt.  i n

determined that  the

in fal l  and 1 3  mg d r y  w e i g h t / m 3  i n  w i n t e r  ( T a b l e  1).

w a s  n e a r l y  c o n s t a n t  a t  38-50  mg/g  dry  wt . T h e  t o t a l

(sum of all integratable  peaks in  both  hexane and benzene .

212  ug/g  dry wt.  in summer, 135 pg/g

w i n t e r . I n  l a b o r a t o r y  s t u d i e s ,  L e e ,

t o t a l  l i p i d  c o n t e n t  o f  a  Calanus  s p .

c o n c e n t r a t i o n  o f  phytoplankton  carbon fed to  i t . At 100

dry w-t. i n  f a l l  a n d

et al. (1971),——

w a s  r e l a t e d  t o  t h e

g  o f  phytoplankton

c a r b o n  ~er  l i t e r , t h e  c o p e p o d  c o n t a i n e d  1 2 0  m g / g  o f  t o t a l  l i p i d .  T h e  l o w e r

t o t a l  l i p i d  i n  z o o p l a n k t o n  f r o m  t h e  MAFLA area may be a  re f lec t ion  o f  a  low

s t a n d i n g  s t o c k  o f  phytoplankton. T h e  c o n c e n t r a t i o n  o f  C h l o r o p h y l l  ~averaged

less  than 0 .5  ldg/1 (Iverson,  1976)  a n d  c o n c e n t r a t i o n  o f  P O C  a v e r a g e d  l e s s  t h a n

2 0 0  l-Ig/i  (Knauer ,  1976) d u r i n g  t h e  t h r e e  s a m p l i n g  p e r i o d s .

V isua l  inspect ion  o f  chromatograms  f r o m  s u m m e r  1 9 7 5  i n d i c a t e d  t h a t  t h e

z o o p l a n k t o n  h y d r o c a r b o n s  f e l l  i n t o  t h r e e  c o m p o s i t i o n a l  p a t t e r n s ,  w h i c h  w e r e

d i f f e r e n t i a t e d  p r i m a r i l y  b y  t h e  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n . The same

g r o u p i n g s  r e c u r r e d  i n  f a l l  a n d  w i n t e r . T h e  f i r s t  g r o u p ,  A  ( F i g u r e  2 ) ,  i s

c h a r a c t e r i z e d  b y  h i g h  c o n c e n t r a t i o n s  o f  pristane  and var iab le  amounts  o f

n-alkames  in  the  C21-C32  r e g i o n . (Blumer,  e t  a l .——

are genera l ly  no t  as  abundant  as  in  th is  sample .

, 1963). The h i g h e r  n-alkanes

Two peaks w i th  re ten t ion

indices of 1 9 5 0  and 1976 appear  f requent ly . These may be the phytadienes

o r i g i n a l l y  r e p o r t e d  b y  Blumer  a n d  T h o m a s  (1?65).  T h e  b e n z e n e  f r a c t i o n  o f

group A samples  conta ined a  group o f  peaks w i th  re tent ion  ind ices  f rom

2000 to  3200. There  was cons iderab le  var ia t ion  in t h e  c o m p o s i t i o n  f r o m

sta t ion  to  s ta t ion  and season to  season but  the  re tent ion  index range

mentioned above was not exceeded. T h e  c o n c e n t r a t i o n  o f  t o t a l  h y d r o c a r b o n
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TABLE 1: Gravimetric  Data - Seasonal

Summer F a l l W i n t e r

Zooplankton  Biomass rng
d r y  wt./ins

T o t a l  l i p i d  e x t r a c t
mg/g  dry  h.

Tota l  hydrocarbon
Pg/g  dry  d.

Tota l  hydrocarbon
Pg/m3

91

hg.g

212

19.3

18 13

37.7 49.8

135 719

2.4 9.4
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F i g .  2 Zooplankton  hydrocarbons, Group A

A. Sta t ion  1102,  hexane f rac t ion ,  summer  1975

B. Sta t ion  1102,  benzene f rac t ion ,  summer  1975

c . S t a t i o n  1415,  b e n z e n e  f r a c t i o n ,  f a l l  1 9 7 5

D. S t a t i o n  1102’,  b e n z e n e  f r a c t i o n ,  w i n t e r  1976
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,i

a v e r a g e d  250 vg/g  dry wt. A peak in  the  benzene f rac t ion  a t  RI  w3055

c o r r e s p o n d s  t o  squalene  (Blumer,

component which is resolved from

The second group, B (Figure

p r i m a r i l y  p r i s t a n e  i n  t h e  h e x a n e

f r a c t i o n . The to ta l  hydrocarbon

1967) . This peak has” at least one other

squalene  on a non-polar column (SP21OO).

3)  conta ined very  low amounts  o f  hydrocarbons,

f rac t ion  and a  peak a t  RI=2s’jO  i n  t h e  b e n z e n e

c o n t e n t  a v e r a g e d  29 ~g/g  dry wt.

T h e  l a s t  g r o u p ,  C  ( F i g u r e  4),  i s  m o s t  i n t e r e s t i n g .  T h e  h e x a n e  f r a c t i o n s

were much l ike those of group B ,  c o n t a i n i n g  p r i s t a n e  a n d  l i t t l e  e l s e .  T h e

benzene f rac t ions conta ined a  group o f  peaks in  the 2000-3200 re tent ion

index range a l though they were genera l ly  fewer  in  number  and lower  in  concen-

t ra t ion  than those in  Group A. T h e  i n t e r e s t i n g  f e a t u r e  i s  t h e  g r o u p  of

p e a k s  w i t h  r e t e n t i o n  i n d e x  3400  and greater ,  to  an es t imated 4000. The same

p e a k s  s e e m  t o  b e  r e c u r r i n g  i n  t h i s  R I  r a n g e ;  a pair at 3415  and 3450,  a  pa i r

at w3600  and a  very  la rge peak a t  ~3800. Tota l  hydrocarbon content  was

6 4 o  ug/g  d r y w t . The h igher  re tent ion  index peaks in

a c c o u n t  f o r  t h e  b u l k  o f  t h e  t o t a l  h y d r o c a r b o n  w e i g h t .

the  benzene  f r a c t i o n

T h e  i d e n t i t y  o f  t h e s e

c o m p o n e n t s  i s  s t i l l  a  s u b j e c t  o f  i n v e s t i g a t i o n .

The three zoop lankton hydrocarbon group ings recur red in  each o f  the

t h r e e  s a m p l i n g  p e r i o d s . In summer (Figure 5) the C group was most abundant,

o c c u p y i n g  t h e  o f f s h o r e  s t a t i o n s  i n  T r a n s e c t s  11,  I I I  and IV. The A group occurrec

i n  T r a n s e c t  I  a n d  t w o  s t a t i o n s  o f  T r a n s e c t  I I  w h i l e

t o  t h e  i n s h o r e  s t a t i o n s  o f  T r a n s e c t s  I I  a n d  I V .  I n

was dominant  and occup ied a l l  the  inshore  s ta t ions .

the B g r o u p i n g  w a s  l i m i t e d

f a l l  ( F i g u r e  6 )  t h e  B  g r o u p

The C group appeared

o f f s h o r e  i n  T r a n s e c t s

o u t e r m o s t  s t a t i o n s  o n

I  and I I I ,  wh i le  the  A group appeared on ly  a t  the  two

T r a n s e c t  I V . I n  w i n t e r , (Figure 7) the B group was not
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D
B

D

F i g .  3. Zooplankton  hydrocarbons, Group B

A. Sta t ion  1205,  hexane f rac t ion ,  summer  1975

B. Sta t ion  1205,  benzene f rac t ion ,  summer  1975
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Fig&e  3a. D i s s o l v e d  h y d r o c a r b o n  d i s t r i b u t i o n ,  f a l l  1975.

Sb . S ta t ion  2 ,  aliphatic  f r a c t i o n ,  d i s s o l v e d  h y d r o c a r b o n s ,

fall 1 9 7 5 .

3C . S t a t i o n  1 5 ,  aliphatic  f r a c t i o n ,

fa l l  19 ’75 .

Zd . S t a t i o n  1 ,  u n s a t u r a t e d / a r o m a t i c

c a r b o n s ,  f a l l  1 9 7 5 .

se. S t a t i o n  2 ,  u n s a t u r a t e d / a r o m a t i c

c a r b o n s ,  f a l l  197’5.

d i s s o l v e d  h y d r o c a r b o n s ,

f r a c t i o n ,  d i s s o l v e d  hydro-

f r a c t i o n ,  d i s s o l v e d  hydro-
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B

F i g u r e  La. D i s s o l v e d  h y d r o c a r b o n  d i s t r i b u t i o n ,  w i n t e r  1976.

Lb. Sta t ion  1 ,  aliphatic  f r a c t i o n ,  d i s s o l v e d  h y d r o c a r b o n s ,

w i n t e r  1976.

4C . S t a t i o n  1 0 ,  aliphatic  f r a c t i o n ,  d i s s o l v e d  h y d r o c a r b o n s ,

w i n t e r  1976.

bd.  S t a t i o n  1 ,  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n ,  d i s s o l v e d  h y d r o -

c a r b o n s ,  w i n t e r  1976.
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Figtue  Sa. P a r t i c u l a t e  h y d r o c a r b o n  d i s t r i b u t i o n ,  s u m m e r  1975.

Sb . S t a t i o n  4,  aliphatic  f r a c t i o n ,  p a r t i c u l a t e  h y d r o c a r b o n s ,

summer 1975.

5C . S t a t i o n  7 ,  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n ,  p a r t i c u l a t e  h y d r o -

carbons, summer 1975.



F

eiq0

(.r&osI

oo

°es

°8S

k) 0 0

8S

!U cli aawbie
B!oàGu!c pAqLocaLoua

tnedo

T
h

b

0

—
_

I

Lm$)coa-m0r-Co0mm

lx



c000
o,R

 -P
.

0

ts I.irT
i

eE
 .B

I

e
e
.
x
s
 
-

. 
. 

.

&
6-ls

“
f

8
.



S

(#1

0Lo
“-m(N

. .
:

t
.

. . . . .
. .. 

. 
. 

-

;-.
 

●
 

✎
 

✍
✍

✍
✍

-
-
n

:
- 
g
-

--- 
-

-- 
.-.. 

-
:. -

.
-
:4’

/

.. -
..::

.
’

 
.
.
-

.- .
-
.
.

-
.=

. 
. 

.. 
. 

.

.
. .

.

/
.
/

.

-
4

.
.
-
. 

.
.

4
-

. 
. 

. 
. 

.
. 

.



1!

- 9 -

F i g .  4 Zooplankton  hydrocarbons, Group C

A. S t a t i o n  1 3 0 9 ,  h e x a n e  f r a c t i o n ,  w i n t e r  1976

B. Sta t ion  1415,  benzene f rac t ion ,  summer  1975

c. S t a t i o n  1 3 0 9 ,  b e n z e n e  f r a c t i o n ,  f a l l  1 9 7 5

D. S t a t i o n  1 3 0 9 ,  b e n z e n e  f r a c t i o n ,  w i n t e r  1976

B
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B

Fig .  5 Zooplankton  hydrocarbon group d is t r ibu t ion ,  summer  1975
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F i g .  6
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Zooplankton  h y d r o c a r b o n  g r o u p  d i s t r i b u t i o n ,  fall  19’75
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F i g .  1’ Z o o p l a n k t o n  h y d r o c a r b o n  g r o u p  d i s t r i b u t i o n ,  w i n t e r  igT6
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1)

p r e s e n t

- a n d  I I I

C group

and”the  A  g r o u p  o c c u p i e d  t h e  n e a r s h o r e  s t a t i o n s  o f  T r a n s e c t s  I ,  I I

as  we l l  as  one  o f f s h o r e  s t a t i o n  o n  e a c h  o f  T r a n s e c t s  I I I  a n d  I V .  T h e

occup ied the  nearshore  s ta t ions  o f  Transect  IV ,  bu t  was in  i ts  usua l

o f f s h o r e  s p o t  o n  t h e  o t h e r  t r a n s e c t s .

The three hydrocarbon compos i t ions  cou ld  be the  resu l t  o f  th ree fac tors :

a ) d i f f e r e n t  b i o s y n t h e t i c

spec ies

b )  d i f f e r e n t  h y d r o c a r b o n s

or water masses

c )  d i f f e r e n t  b i o s y n t h e t i c

h y d r o c a r b o n s  f r o m  d i f f e r e n t  zooplankton

t a k e n  u p  f r o m  d i f f e r e n t  f o o d  s o u r c e s

h y d r o c a r b o n s  r e s u l t i n g  f r o m  e n v i r o n m e n t a l

v a r i a t i o n  ( e .  g .  t e m p e r a t u r e )

The taxonomy of the zooplankton was determined by  Maturo  and Caldwell

(1-9’7G). A first level  e x a m i n a t i o n  s h o w e d  t h a t  t h e  m a j o r  z o o p l a n k t o n  g r o u p i n g s

o c c u r r e d  i n  n e a r l y  e v e r y  sample  a t  a l l  seasons. Thus the hydrocarbons in  the

A and C group must  be  due to  very  l ip id  r ich  minor  components  o f  the  zoop lankton

if taxonomic  v a r i a t i o n  i s  r e s p o n s i b l e  f o r  o b s e r v e d  h y d r o c a r b o n  v a r i a t i o n s .

This may be

was done on

sample  tha t

m o r e  l i k e l y  t h a n  i t  f i r s t  s e e m s  b e c a u s e  t h e  h y d r o c a r b o n  e x t r a c t i o n

a bulk zooplankton  s a m p l e ~ whi le taxonomy was performed on a

h a d  b e e n  s p l i t  f r o m  s e v e n  t o  e l e v e n  t i m e s .  T h e  s p l i t t i n g  c o u l d  h a v e

d i l u t e d  a  m i n o r  y e t  l i p i d  r i c h  c o m p o n e n t .

N e i t h e r  d i s s o l v e d  h y d r o c a r b o n s  n o r  t h o s e  o n  s u s p e n d e d  p a r t i c u l a t e

b e a r  a n y  r e l a t i o n  t o  t h e  z o o p l a n k t o n  h y d r o c a r b o n s  (Calder,  19’76)  and thus

the zoop lankton hydrocarbons

d i f f e r e n t  e x t e r n a l  s o u r c e s .

Because the C group was ,

do not appear to have been taken up from

genera l ly  found o f fshore  it  came f rom waters
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g e n e r a l l y  d e e p e r ,  c o l d e r  a n d

were jus t  as  co ld  and sa l ine

and conta ined the A,  not  the

m o r e  s a l i n e . Y e t  t h e  i n s h o r e  s t a t i o n s  i n  w i n t e r

a s  t h e  o f f s h o r e  s t a t i o n s  i n  s u m m e r  (Rinkel,  1976)

C group. T e m p e r a t u r e  a n d  s a l i n i t y  v a r i a t i o n s  .

do  not  seem to  cause the zoaplankton  t o  a l t e r  t h e i r  b i o s y n t h e t i c  h y d r o c a r b o n

cent ent

Because the hydrocarbon groups do d isp lay  spat ia l  pa t terns ,  ra ther  than

r a n d o m  d i s t r i b u t i o n ,  t h e y  m u s t  b e  t h e  r e s u l t  o f  g e n e r a l  c i r c u l a t i o n  p h e n o m e n a .

H y d r o c a r b o n  a n a l y s i s  o f  t h e  m a j o r  z o o p l a n k t o n  g r o u p s  ( e .  g .  c o p e p o d s ,  j e l l i e s ,

e t c )  m i g h t  b e  t h e  b e s t  w a y  o f  c l a r i f y i n g  t h e s e  o b s e r v a t i o n s .

Tar  ba l ls  were  ub iqu i tous  in  neuston samples  and on rare  occas ion were

found in a zooplankton  s a m p l e . When seen they were removed before analysis.

None of the zooplankton  analyzed showed any evidence

weathered pet ro leum. For comparison, Figure 8 s h o w s

c o n t a m i n a t e d  neuston  ssmple.

CONCLUSIONS

o f  e i t h e r  f r e s h  o r

t h e  chromatogram  of  a

1. Zooplankton  biomass in the MAFLA area is  h igh  in  summer ,

2*

3.

l ow in  fall  a n d  w i n t e r .

T o t a l  l i p i d  d i d  n o t  v a r y  w i t h  s e a s o n ,  lut  t o t a l  h y d r o c a r b o n

was much h igher  in  w in ter . Because o f  g reater  b iomass the

stand ing crop o f  zooplankton  t o t a l  h y d r o c a r b o n s  w a s  g r e a t e s t

in summer.

The hydrocarbon compos i t ion  fe l l  in to  th ree groups,  most

d e f i n i t i v e l y  c h a r a c t e r i z e d  b y  t h e  b e n z e n e  f r a c t i o n .  T h e

same three groups recur red in  each sampl ing  season in  spat ia l

c o n f i g u r a t i o n s  w h i c h  a p p e a r  t o  b e  c o n t r o l l e d  b y  g e n e r a l

c i rcu la t ion  phenomena.
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h.  There  was no e v i d e n c e  f o r  f r e s h  o r  w e a t h e r e d  p e t r o l e u m

i n  zooplankton.
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Fig .  8 Tar  ba l l  contaminated neuston sample

A. h e x a n e  f r a c t i o n

B. b e n z e n e  f r a c t i o n
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