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Effects of Dispersant and Crude Oil Ingestion 
on Mallard Ducklings (Anas platyrhynchos) 

W. C. Eastin, Jr. and B. A. Rattner 
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The use of chemicals to t rea t  o i l  s p i l l s  in in te rna t iona l  
waters has become commonplace and accordingly,  there has been con- 
s iderable e f f o r t  to develop more e f f i c i e n t  products to disperse o i l .  
Because o i l  s p i l l s  a f fec t  marine l i f e  and aquatic b i rds ,  decisions 
concerning the app l ica t ion  of dispersants to o i l  s p i l l s  should be 
made by weighing the dispersing e f f i c iency  of the chemical against 
any increased potent ia l  for  b io log ica l  t o x i c i t y  (TARZWELL 1970). 

Tests of the tox ic  ef fects of dispersants have been performed 
on marine invertebrates and f i sh .  PORTMANN & CONNER (1968) found 
solvent emuls i f ie rs  h igh ly  tox ic  to marine crustaceans, mollusks, 
and f i s h ;  but solvent emuls i f ie rs  in combination wi th o i l  usual ly  
were less tox ic .  Comparatively high concentrations of Corexit  7664 
(Esso) were needed to induce mor ta l i t y  in subtropical  marine crusta- 
ceans and f i sh  (MCMANUS & CONNELL 1972), but no comparisons were 
made with ef fects of o i l  or of o i l  plus dispersants. I t  was also 
shown that  crustacean larvae were more suscept ible than adults to 
dispersants (PORTMANN & CONNER 1968) and that Ba l t i c  herr ing larvae 
were 50-100 times more sens i t i ve  to o i l  plus dispersant than to o i l  
alone (LINDEN 1975). BALDINI & CUGURRA (1974) studied ichthyotox ic  
ef fects of dispersants and o i l  in both a r t i f i c i a l  seawater and 
freshwater systems and concluded that  Corexit  8666 and Corexit  7664 
had the lowest t o x i c i t i e s  of the 14 products tested. 

Sublethal concentrat ions of an o i l  dispersant (Gulf Agent 1009) 
alone were shown to have an ar res t ive  ef fect  on swimming in winter  
f lounder (WILDASH 1974). Corexit  9527 has been reported to have 
deleter ious ef fects  on f e r t i l i z a t i o n  and embryonic development in 
several species of marine f ishes.  Furthermore, the combination of 
t h i s  dispersant with o i l  had greater ef fects than e i ther  component 
alone (LONNING AND HAGSTROM 1976), although the dispersant concen- 
t ra t ions  used may not have been environmental ly r e a l i s t i c  (CANEVARI 
& LINDBLOM 1976). 

Whereas numerous inves t iga tors  have studied the impact of 
dispersants on marine animals, the ef fects on aquatic avian species 
are r e l a t i v e l y  unknown. Corexi t  9527 and dispersant- t reated crude 
o i l  applied to eggshells of developing mallard embryos s i g n i f i c a n t l y  
reduced hatching success (ALBERS 1979). External exposure of incu- 
bating mallard hens indicated that  Corexi t  9527 alone or in combi- 
nat ion with crude o i l  had no e f fec t  on egg ha t chab i l i t y ,  whereas 
o i l  alone s i g n i f i c a n t l y  reduced ha tchab i l i t y  (ALBERS 1980). 

The present study was undertaken to measure ef fects of ingest ing 
Corexi t  9527 on growth and blood chemistr ies in mallard duckl ings. 
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MATERIALS AND METHODS 

Animals. 

Day-old mallard ducklings were obtained from a commercial 
source (Whistling Wings, Hanover, IL),  were banded and weighed, and 
randomly divided into four groups (n=25/group). The ducklings were 
i n i t i a l l y  housed in a brooder unit  (Petersime, Gettysburg, OH) main- 
tained at approximately 35 L I~ and at I I  days of age the ducklings 
were moved to 0.9 x 0.9 x 0.6 m high vinyl-coated wire mesh cages 
(8-9 per cage) where the ambient temperature averaged 24 + 2~ 
Water and commercial duck s tar ter  mash were provided ad ITbitum, 

Treatment. 

At 4 days of age the ducklings were started on the experiment- 
al diets.  Prudhoe Bay crude oi l  (PBCO), the dispersant, Or both 
were mixed with duck s tar ter  mash in the following concentrations: 
O, 0.15% PBCO, 0.15% H20 + 0.015% Corexit 9527 (Exxon), and 0.15% 
PBCO + 0.015% Corexit 9527. 

Measurements. 

Ducklings were weighed at 4 days of age ( i n i t i a l  weight) and 
subsequently each week for 9 weeks. A I-2 ml blood sample was with- 
drawn from each duckling by heart puncture at 3 week intervals 
through 9 weeks. Birds were fasted overnight before blood sampling. 
After hematocrit (HCT) determinations, plasma was separated and 
stored frozen at -5~ for subsequent analysis of blood chemistries. 
Biochemical measurements included glucose, total  protein, t r ig lycer ides,  
cholesterol,  sodium, and the ac t i v i t i es  of ornithine carbamyl trans- 
ferase (OCT) (E.C.2.1.3.3) and alanine aminotransferase (ALT) 
(E.C.2.6.1,2). 

S ta t is t i ca l  Analyses. 

Mult ivar iate analysis of variance was used to ident i fy  treatment 
effects on weekly body weight, and the Bonferroni method of mult iple 
comparisons was used for pair-wise comparisons of the treatment 
effects. Body weight data were randomly balanced and incomplete sets 
of observations were excluded from this analysis. The effects of 
treatment on HCT, plasma ac t i v i t i es  of ALT and OCT, and t r ig lycer ide 
concentrations were compared by analysis of variance for repeated 
measures (treatment and sampling time) and plasma cholesterol con- 
centration was analyzed by one-way analysis of variance. Signi f icant 
treatment effects were analyzed by Tukey's HSD method of mult iple 
comparisons. 

RESULTS 

Five ducklings died during the study, two in the group fed 
crude oi l  and one in each of the other groups. These mortal i t ies 
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were probably due to sampling technique and did not appear related 
to o i l  or dispersant exposure. Mean body weight, plasma OCT 
a c t i v i t y ,  and glucose concentration did not d i f f e r  among groups 
during the nine week study. Analysis of variance indicated a 
s i gn i f i can t  in terac t ion between treatment and sampling time (P<0.025) 
for  ALT a c t i v i t y .  No dif ferences in ALT a c t i v i t y  were seen among 
groups un t i l  week nine when the a c t i v i t y  in the dispersant group 
was elevated compared to controls (Table I ) .  A comparison across 
time indicated that ALT a c t i v i t i e s  increased in treatment groups at 
week nine (Table I ) .  

Analysis of variance revealed s ign i f i can t  ef fects of t rea t -  
ment (P<O.OI) and sampling time (P<0.0025) on hematocrit, but no 
in te rac t ion  between treatment and sampling time. Treatment means 
pooled across time were lower (P<O.05) in the o i l - f ed  group when 
compared to the controls (Table 2). Sampling time means pooled 
across treatment were less (P<O.05) at week 3 than at weeks 6 and 
9 (X + SEM: wk 3 = 36.8 + 0.29, wk 6 = 37.6 + 0.28, week 9 = 
37.9 T 0.29). - - 

Table I .  Ef fect  of ingesting 0.15% Prudhoe Bay crude o i l  ( o i l ) ,  
0.015% Corexi t  9527 (d ispersant) ,  or 0.15% o i l  + 0.015% 
dispersant (o i l  + d ispersant))o plasma a c t i v i t y  of 
alanine aminotransferase (ALT . 

IU/L 
Treatment 3 weeks 6 weeks 9 weeks 2 

Control 
n 

Oil 3 
n 

Dispersant  3 
n 

Oil + 
Dispersant  3 

n 

14.33 (I .261) 18.43 ( l . l O l )  17.44 B (0.810) 
19 24 22 

15.70 a (1.096) 18.72 a (0.860) 23.19 A'B'b (1.205) 
24 24 23 

17.71 a ( I .185) 17.36 a (1.231) 28.73 A'b (5.240) 
24 23 21 

17.38 a (1.440) 17.33 a (0.090) 23.17~ 'B 'b (2.212) 
25 24 23 

Values given are means (SEM). 

Treatment group means at week 9 with d i f f e ren t  capi tal  l e t t e r  
superscr ipts are s i g n i f i c a n t l y  d i f f e ren t  (P<O.05). 

Sets of treatment group means were compared across time (week 3 
vs 6 vs 9) and means with d i f f e ren t  lower case le t te rs  are 
s i g n i f i c a n t l y  d i f f e ren t  (P<O.05). 

275 



T
a

b
le

 
2.

 
E

ff
e

c
t 

o
f 

in
g

e
s

ti
n

g
 

0.
15

%
 

P
ru

dh
oe

 
B

ay
 

cr
u

d
e

 
o

il
 

(o
il

),
 

0.
01

5%
 

C
o

re
x

it
 

05
27

 
(d

is
p

e
rs

a
n

t)
 

o
r 

0.
15

%
 

o
il

 
+ 

0.
01

5%
 

d
is

p
e

rs
a

n
t 

(o
il

 
+ 

d
is

p
e

rs
a

n
t)

 
O

n
lh

e
m

a
to

cr
it

 
an

d 
pl

as
m

a 
c

o
n

c
e

n
tr

a
ti

o
n

s
 

o
f 

tr
ig

ly
c

e
ri

d
e

s
, 

c
h

o
le

s
te

ro
l,

 
an

d 
so

di
um

 
. 

T
re

a
tm

e
n

t 

H
e
m

a
to

c
ri
t 2

 
T

ri
g

ly
c
e

ri
d

e
s
 3

 
C

h
o

le
s
te

ro
l 4

 
S

od
iu

m
 4

 
%

 
m

g/
dl

 
m

g/
dl

 
m

E
q/

L 
n 

= 
17

-2
4 

b
ir

d
s 

n 
= 

2
0

-2
5

 
b

ir
d

s 
n 

= 
18

 
b

ir
d

s
 

n 
= 

2
1

-2
3

 
b

ir
d

s
 

C
o

n
tr

o
l 

3
7

.8
 A

 
(0

.3
3

) 
1

4
5

.3
 B

 
(8

.6
0

) 
2

3
2

.5
 A

 
(1

2
.0

3
) 

O
il 

3
6

.2
 B

 
(0

,3
5

) 
2

0
1

.5
 A

 
(1

2
.9

6
) 

1
9

3
.5

 B
 

(5
.0

0
) 

D
is

p
e

rs
a

n
t 

3
7

.7
 A

'B
 

(0
,2

9
) 

1
5

8
.6

 B
 

(1
0

.3
6

) 
2

2
3

.9
 A

'B
 

(5
.9

0
) 

O
il 

+ 
D

is
p

e
rs

a
n

t 
38

.1
A

 
(0

.3
1

) 
1

7
7

.4
 A

'B
 

(1
2

.0
9

) 
2

2
9

.3
 A

 
(8

.4
0

) 

12
9.

6 
B

 
(2

.2
6

) 

1
4

0
.2

 A
 

(2
.1

7
) 

1
3

5
.9

 A
'B

 
(2

.8
3

) 

1
4

1
.4

 A
 

(0
.9

2
) 

1 
V

a
lu

e
s 

sh
ow

n 
a

re
 

m
ea

ns
 (

S
E

M
).

 

2 
P

re
se

n
te

d
 

a
re

 
th

e
 

tr
e

a
tm

e
n

t 
m

ea
ns

 t
h

a
t 

w
e

re
 

c
a

lc
u

la
te

d
 

fr
o

m
 

th
e

 
o

b
se

rv
a

ti
o

n
s 

a
t 

w
ee

k 
3,

 
6,

 
an

d 
9.

 
M

ea
ns

 w
it

h
 

d
if

fe
re

n
t 

le
tt

e
r 

s
u

p
e

rs
c

ri
p

ts
 

a
re

 
s

ig
n

if
ic

a
n

tl
y

 
d

if
fe

re
n

t 
(P

<
O

.0
5

).
 

3 
P

re
se

n
te

d
 

a
re

 
th

e
 

tr
e

a
tm

e
n

t 
m

ea
ns

 t
h

a
t 

w
e

re
 

c
a

lc
u

la
te

d
 

fr
om

 
th

e
 

o
b

se
rv

a
ti

o
n

s 
a

t 
w

ee
k 

6 
an

d 
9.

 
M

ea
ns

 w
it

h
 

d
if

fe
re

n
t 

le
tt

e
r 

s
u

p
e

rs
c

ri
p

ts
 

a
re

 
s

ig
n

if
ic

a
n

tl
y

 
d

if
fe

re
n

t 
(P

<
O

.0
5

).
 

4 
V

a
lu

e
s 

p
re

se
n

te
d

 
a

re
 

th
e

 
tr

e
a

tm
e

n
t 

m
ea

ns
 a

t 
w

ee
k 

9.
 

M
ea

ns
 

w
it

h
 

d
if

fe
re

n
t 

le
tt

e
r 

s
u

p
e

rs
c

ri
p

ts
 

a
re

 
s

ig
n

if
ic

a
n

t.
ly

 
d

if
fe

re
n

t 
(P

<
O

.0
5

).
 



Sign i f i can t  ef fects of treatment (P<O.O05) and sampling time 
(P<~.O001) were detected for  plasma t r i g l y ce r i de  concentrat ion. 
Treatment means were higher (P<O.05) in the o i l - f e d  group than in 
the control  group (Table 2), and t r i g l y c e r i d e  concentrat ion increased 
(P<O.05) at week g (X + SEM: wk 6 = 145.7 + 5.38, wk 9 = 198.8 + 
9.76). Plasma cholesterol  concentrat ion wa~only depressed in the 
o i l  group (P<O.05), when compared to the cont ro l .  The concentrat ion 
of  plasma sodium at week 9 was elevated (P<O.05) in the o i l -  and 
o i l  + dispersant- fed birds compared to the controls.  A s i g n i f i c a n t  
i n te rac t ion  between treatment and sampling time (P<0.0025) was 
observed fo r  to ta l  plasma prote in.  There was a s i g n i f i c a n t  increase 
(P<O.05) in plasma protein between weeks 6 and 9, with the exception 
of the o i l - f e d  b i rds,  but there were no treatment-related ef fects at 
e i the r  week 6 or 9. 

DISCUSSION 

Chemical dispersants are used to reduce o i l /wa te r  i n te r f ac ia l  
tension. Product information (Exxon Chemical Company, 1977) states 
that  these chemicals when applied to o i l  s p i l l s  w i l l  reduce the 
adherence of o i l  to beaches and other surfaces, and w i l l  accelerate 
a quicker d iss ipa t ion  of the s p i l l .  The ef f icacy of these products 
notwi thstanding,  i t  is  cruc ia l  to know the b io log ica l  ef fects of 
dispersants alone and in combination with crude o i l s  before sanc- 
t ion ing  t he i r  app l ica t ion .  

Body weight, one of the var iables employed to assess tox ic  
exposure in growing b i rds,  was not affected by treatment. Plasma 
ALT and OCT a c t i v i t i e s  were used to monitor any ensuing h is to-  
pathological  changes in the l i v e r  and kidney. The only s i g n i f i c a n t  
a l t e ra t i on  was an increase in ALT a c t i v i t y  at week 9 in the 
dispersant group. No other ef fects  of dispersants were observed, 
which indicates that  at prescribed concentrations these chemicals 
are r e l a t i v e l y  innocuous to waterfowl. 

The exposure of birds to 0.15% PBCO reduced hematocrit and 
cholesterol  concentrat ion, and elevated plasma levels of t r i g l y -  
cerides and sodium. The reduction in hematocrit has been consis- 
t en t l y  observed in growing birds receiv ing o i l  in t h e i r  food 
(RATTNER & EASTIN 1981). Single oral doses of crude o i l s  given 
to immature gui l lemots (Cepphus g r y l l e )  and gu l ls  (Larus argentatus) 
produced a dose-dependent chronic i n h i b i t i o n  of growth and a t ran-  
s ien t  r ise in plasma sodium concentrat ion (MILLER et a l .  1977). 
Single doses of crude o i l  affected osmoregulatory a b i l i t y  in ducks 
(Anas platyrhynchos) maintained on I00% sal twater ,  but not in ducks 
given 60% sal twater or freshwater (MILLER et a l .  1976). Although 
the ducks in the present study were not sal twater-st ressed,  an 
increase in plasma sodium suggests that  the chronic ingest ion of 
crude o i l  for  9 weeks had an apparent e f fect  on osmoregulatory 
funct ion.  Reduced cholesterol  concentrations in o i l - f e d  birds 
could be re lated to impaired i n tes t i na l  t ranspor t  or to synthesis,  
whereas the e levat ion of t r i g l yce r i des  a f te r  the overnight fast  
may ind icate a more rapid onset of fa t  mobi l izat ion and gluconeo- 
genesis in o i led birds.  When crude o i l  was fed in combination 
with d ispersant ,  the dispersant appeared to diminish some of the 
tox ic  ef fects  of the o i l .  
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In conclusion, mallard ducklings can probably ingest low levels 
o f  dispersant alone, or in combination with crude o i l ,  for 9 weeks 
without overt or marked biochemical indicat ions of t ox i c i t y .  
Although the present study provides supportive data for the use of 
Corexit 9527, the effects of dispersants on marine invertebrates 
and f ish (BALDINI & CUGURRA 1974; LONNING & HAGSTROM 1976), and on 
avian eggs (ALBERS 1979), warrants fur ther invest igat ion of dis- 
persants. 
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