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ABSTRACT 

In the field of llborltory toxlcologlcll Uudles of 011 on 
marine organls.s, the Obtllned results end their Interpretltlon end 
intercomperlson Ire dependent on the experimentll conditions, 
especllllY the method by which the testlng IlIlldlun Is prepered. The 
IlIlldlun Is usually either oil In dispersion or the wlter 
Iccommodltlon frIction of 011 (VAF). 

In this work, the effects of the experlmentll conditions during 
the preperltlon of VAFs of Arlbl." helYY crude 011 Ire IIlOrtltored 
Ind discussed. 80th the rltlo of 011 to wlter end the durltlon of 
oll·wlter phlSes separltion Ire considered. Also, vlrlltlons in 
the concentrltlon of VAFs off 011 were followed Ilong the habitual 
tillle of toxlcologlClI experhentl: frOll 1 to 5 days. 

The results showed thlt the working IlIlldII of VAFs of 011 Ire 
usually In direct correlltlon with the lbove IIlI"tloned two fectors 
to the Inltlll concentrltlon of 011 ·In the -.dIu. corresponds end 
never the flnel one during the experiment. However, IIOst probably, 
this Is why ." over III CGq)lrltlve _lysis of the IVIlllble datI 
on the toxicology of 011 on the ..rlne orglnl_ hIS not yet been 
Itt~ted. 

INTRODUCTION 

By reviewing laboratory toxicological studies searching 
on the effects of oil on marine organisms, range of toxic 
and threshold concentrations of petroleum is exceedingly 
wide for the majority of the investigated organisms
(Mironov, 1972; Anderson et al., 1974 and patin, 1982). Such 
variations in obtained results is mainly due to variability
in the different experimental methods employed as~ell as 
behaviour and conversion of petroleum in the media during 
the bioassays. In fact, ~etroleum hydrocarbons in aquatic
environment are exposed to 1nstance microbial activit~ as to 
physiochemical factors. A major factor is the continuous 
fractionati~n of thousands of chemical compounds contained 
in crude oils. Strictly speaking, the concentration and 
composition of petroleum products in solution ar~ never 
constant eYen under the controlled conditiohs of 
toxicological experiment. By consequence, test-organi~m will 
be under continuous variable concentration stress. Hence, 
the final result- at the end of the experiment-sh~uld be 
dependent either upon the magnitude of variations in, total 
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~~~centration during the experiment or upon cert~,~ 'Il~lu~1 

r Ii lijij[~l~~~ ~r~~~I' lranstormation (for example
conversion of, untoxic product to another toxic one). Th~ 
problem becomes more complicated when the dynamic factor of 
oil in water is considered resulting in the distribution of 
petroleum hydrocarbon products between the gas, solution, 
emulsion and film phases. This is beside the variations in 
behaviour between different types of oils even variations of 
the same type in different sorts of natural waters. 

Because of the above mentioned problems, the majority of 
workers were limiting thei~ efforts on searching the effects 
of water-soluble fraction (WSF) preferably called water 
accommodated fraction (WAF) because all the petroleum 
hydrocarbons present in water experiment are not necessarily 
in a soluble form (Widdows et al., 1982). In spite of 
unifying the form of oil hydrocarbons in the works reviewed 
by Anderson (1977), Johnson (1977), Kuhnhold (1977) and 
Patin (1982), data on the effects of petroleum WAF for 
different taxonomic groups indicate ambi~uous sequence of 
resistance even when the same type of 011 is used. These 
variations in results are primordially attributed to 
variations of the followed technique for WAF preparation 
although the basis is usually the same.. The preparation
usually includes: adding certain amount of crude oil to 
water, shaking the mixture mechanically, leaving the 
produced oil/water emulsion for ~tabilization and phases
separations and withdrawing the lower aqueous layer which 
could be used directly or after dilution in the bioassay 
tests. 

From local point of view, contamination by Arabian crude 
oils is the most probable in the marine environment along
the Saudian Red Sea coast (Awad, 1988). However, the present
work includes a trial to standardize a method for the 
preparation of WAF from one type of these crude oils (heavy 
Arabian) to be followed in-in vitro-petroleum toxicological 
studies. Practical demonstration for the magnitude of 
effects due to variations in WAF preparative steps on its 
concentration in the aqueous experimental media is also 
included. 

MATERIALS AND METHODS 

Using different ratios of oil to natural seawater, water 
accommodation fractions (WAF) from heavy Arabian crude oil 
were prepared. Changes in the produced WAF concentrations 
with time are followed. 

The used preparative steps for WAF could be summarized as 
·····follows: 

working crude oil: Arabian heavy (density: O~887, 
viscosity: 19.1 cps at 1000 F) 
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working seawater : natural filtered seawater, salinity: 
39.39% 

Percentages of oil in water: 1%, 2% and 4% (in 2 liters 
total volume) 

shaking mean: mechanically with 3 glass blades propeller. 
- shaking power: fixed at 300 rpm. 

shaking duration: fixed for 24 hr.
 
aqueous phase separation time: 3, 6, 12 and 24 hr.
 
intervals of oil~dosing in WAF: 12, 24, 48, 72, 96 and·
 

120 hr (durations covering the traditional 
toxicological bioassays). 

Total hydrocarbons in samples of WAF collected under any
of the above mentioned conditions were extracted by carbon 
tetrachloride, evaporated to dryness at 600 C and re-taken in 
n-hexane. Detection of concentrations of THC was fixed at 
310 nm and the fluorescent wave length at which THC is 
measured corresponds to 382 nm. The used instrument was 
Baird fluoripoint spectrofluorometer, Ratiometer RC 200. 

RESULTS AND DISCUSSION 

Before the discussion of the obtained data concerning the 
variation of oil-WAF concentration during the bioassay
experiments, it is interested to expose firstly the results 
of a complementary test showing to what extent the working 
oil-WAF concentration could be affected by changing only one 
of its preparative steps. However, while shaking power (300
rpm), phases-separation time (3 hr) and ratio of oil to 
water in the mixture and depth of shaking center (4 cm below 
the surface) are fixed, the shaking time is varied (3, 6, 12 
and 24 hr). The obtained results grouped in Table 1 and 
represented in Figure 1 show that for the three used initial 
ratios of oil in water (It, 2t or 4%), concentration of 
oil-WAF is usuall¥ in ~radual decreasing parallel to 
increase in shak1ng t1me. This phenomenon could be 
attributed to the fact that a part of the produced minute 
particles of oil in WAF solution tends to leave the aqueous
medium and concentrates on its surface (Bishop, 1983). This 
o~eration is normally increased by applying more shaking
t1me. However, more shaking time leads to more loss in 
working oil-WAF. For example, when It of oil in water is 
shaked for 3 hr, the produced concentration is 5.2 ul- . 
This value is diminished gradually with increasing in 
shaking time to reach 3.4 ul-1 at the end of 24 hr shaking, 
losing 34.6% of its initial concentration (Table 1). The 
results indicate also that the rate of loss in oil-WAF 
concentration is increased with increasing the starting 
percentage of oil in oily water mixture. It was found that 
after 24 hr of shaking, the tested oil/water mixture (1%, 2% 
and 4% oil in water) have lost respectively 34.6%, 40% and 
69.6% of their concentrations in comparison to the 
corresponding measured concentrations for 3 hr shaking time 
cases. 
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~~! !t~!~ 111![ resulls group.J in k.hl. shows the2 
trend of variation oil-WAF concentration during bioassay 
tests ranging in duration from 12 hr to 5 dars. It could be 
noted that there is a proportional decl~nation in the 
l!'easured oil-WAF concent~a~i(;m as the duration of bioassay 
~ncreases. Also, the ~n~t~al and final concentrations as 
well as the ~at~ of their loss with time are dependent on 
the character~st~cs of the followed preparative steps: 

- initial ratio of oil to water
 
- oil-WAF/oil phases-separation time.
 
- duration of the bioassay experiment.
 

For example, when only the ratio of oil to water is 
successively doubled in the range from 1\ to 4\ and the 
other preparative steps are the same (6 hr phases-separation
time for 5 days bioassay experiments), oil-WAF 
concentrations are varied from 3.9 to 1.3, from 11.2 to ~.2 
and from 3.1 to 1.6 successively (all expressed in ul- ).
other examples could be concluded by intercomparing any
homogeneous set of results in table 2 and followed in 
Figure 2. 

The results in this work could indicate that the followed 
method for oily aqueous media preparation in one of the main 
reasons for the actual difficulties faced the 
intercomparison of the obtained results in the field of 
toxicology when the crude oils or their products are 
considered. In fact, organisms in bioassay experiments are 
exposed to variable concentration of oil contrary to what it 
is thought. However, their responses to oil contamination 
are parallely varied during the whole duration of the 
experiment. In fact, in long-term bioassay, rapid depletion 
of oil from the medium is the main cause for the apparent
organism survival rather than because of their resistance 
and tolerance to the initial used oil concentration. 

CONCLUSION 

In the present work, effects of variations in preparative 
steps of contaminated medium with oil on the oil-WAF 
concentration during laboratory toxicological studies are 
monitored. The results showed that unless a standard method 
for the preparation of contaminated media is established and 
followed precisely, it well be impossible to intercompare 
and interpret the obtained results in this field. The 
results showed that any change or slight modification in 
even one prepaJ::'ative steps for oil-WAF could be reflected 
tightly on the actual used concentration, by consequence, on 
the assessed response and tolerance of organisms under 
investigation. Also, it should be taken' into consideration 
that the laboratory conditions in which the bioassays are 
con~ucted are playing important roles on the final report of 
tox~cological studies using oil as contaminant. In fact, an 
organic pollutant as oil is usually exposed to loss from the 
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working medium, mainly through evaporation, biodegradation 
and photochemical decomposition and structural mOdification. 
Howe~er, a precise standard procedure for. the ambient 
cond1tions is also needed as well as for oily contaminated 
working medium preparation. This is the on11 way through
Which. an overall comparative analysis of obta ned data on 
the toxicology of oil on the marine organisms could be 
successfully attempted in the future. 
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TABLE 1
 
Effect of shaking duration on the WAF concentration
 

using different percentage of heavy arabian is seawater.
 

shaking time 

Percentage oil 
in wator 1\ 2\ 4\ 

3 

6 

12 

24 

5.2 

4.3 

3.5 

3.4 

8.5 

6.7 

5.8 

5.1 

5.6 

J.9 

2.6 

1.7 

TABLE 2 
variations in working WAF concentration in ul 1-1 using 
different percentage of heavy arabian oils in water (a) 

using different phases-separation duration in hr (b) with 
time in hr (c). 

a 1\ 2\ U 
b 6 12 24 6 12 24 6 12 24 

c 

0 3.9 2.6 1.7 11. 2 6.7 5.1 3.1 8.6 4.4 

12 2.8 2.0 1.5 7.3 4.4 3.9 2.9 4.4 3.0 

24 2.6 1.8 1.5 6.5 3.0 3.0 2.8 4.1 2.8 

48 2.3 1.6 1.4 5.9 2.5 2.1 2.7 3.8 2.4 

72 1.8 1.3 1.1 5.0 2.3 2.0 2.0 3.7 2.3 

96· 1.5 1.3 1.1 4.6 2.3 1..7 1.6 0.9 1.8 

120 1.3 1.1 1.0 3.2 2.1 1.2 1.6 0.8 1.4 
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Fig. 1 :	 Variation of \V AF concentration of heavy 
arabian with increasing of shaking time. 

39
 



o
il
 

in
 

w
a

te
r 

11

 

1
%

 
11

 '
\ 

2
%

 
\ 

" 
\ 

10

 

1
0

L
 

'\
 

10
, 3 

.....
..-

..
,.
..
..
_~


 

, \. ,
9


 
9


 
9


\ \ \ 
8


 
8


 
\ 

8L
\ 

\ \ 
\ 

7

 

7

 

7

 

\
" 

.....
...
 '. 

\
....

....

 

6

 

6

"
',

 
\ 

.... 
.... 

5

 

\
"'

" 
5


 
....

....
....

..
 
" 

,
.
~

 ...
,

~
 

4

 

4 
, ,

.....
. 

,
.....

...
 
, 

..
..

..
..


 
\.

3

 

3
\

"
,

\ 

.-
.~
.-

---
--..

.... 
--..

.....
.... 

..~.
 

,...
.-.

_.
--.

...
-..,


 
\

2

 

2

 

.....
.....

. _
.
~
.
_
.
_
-

...
_

2

 

~-
--
--
--
--
~,

 .
_
.
~
.
_
.
~
.
~

r 
--

-.
 

... 

o 
6 

12
a4

48
72

• 
8 

12
• 

48
72

96
12

0
0 

6 
12



=

0 
2A

.4
8

7
2

 
96

 
1

2
0


 

T
Il

li
e 

In
 

h
r 

F
ig

. 
2

: 
V

ar
ia

ti
o

n
 o

f 
oi

l 
-

W
A

F 
C

o
n

ce
n

tr
at

io
n

 d
u

ri
n

g
 b

io
as

sa
y

 e
x

p
er

im
en

ts
 

(P
h

as
es

 -
se

p
ar

at
io

n
 t

im
e 

-
-

-
-

".
...r

. 
-.

:.
.-

1
2

h
r,

 
24

 h
r.

) 




