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MARINE ALGAE AS BIOINDICATORS OF POLLUTION LEVELS IN THE ARABIAN GULF 
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ABSTRACT 

The extensive distribution of several marine macroalgal species makes them a potential bioindicator tool for monitoring existing levels of 
different types of marine pollutants in the region. The present work illustrates the impm:tanc'e of a few widely distributed species of marine 
algae in depicting the levels of some toxic heavy metals and hydrocarbons along the Qatari and Saudi Arabian shores. Results indicate a 
strong bioaccumulation potential in these species for both heavy metals and hydrocarbons. A similar monitoring scheme using these iden
tified species could very well be extended to other areas in the Gulf in order to form a comprehensive monitoring plan for the region. This 
field study also highlights the potential for removal of pollutants by algae as they are washed ashore in large quantities in the region. 

INTRODUCTION 

The use of biological indicator organisms is a very at
tractive tqol toidentify and demarcate areas of aquatic con
tamination [1]. Some of these organisms not only ac
cumulate certain contaminants from the surrounding 
milieu, allowing inexpensive and relatively simple con
taminant analysis, but they may also represent a moving 
time-averaged or integrated value of the relative biological 
availability of these chemicals at each site studied. How-
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ever, the use of indicator organisms introduces biological 
variables which are not present in physico-chemical studies 
of water or sediments. These variables merit consideration 
in as much as they affect the result of indicator surveys for 
trace pollutants like metals and hydrocarbons [2]. 

It was mainly the capability of certain bivalves to bio
concentrate some priority pollutants, where concentration 
factors of several orders of magnitude higher than the ambi
ent environment were noticed, and the cheap and relatively 
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easy analytical techniques employed that a global "Mussel 
Watch Program" was initiated in 1976 [3]. This program, 
though being very successful world wide, left certain areas, 
like the Arabian Gulf where natural populations of an ideal 
bivalve were scanty and uneven, unrepresented in terms of 
the use of an ideal indicator organism for monitoring stud
ies. The semi-enclosed nature of this water body and the 
peculiar environmental conditions of not only high tem
perature and salinity, and also petroleum exploration and 
exploitation processes whi<:h have increased the pace of in
dustrialization along the west coast, has rendered this area 
very susceptible to the dangers of pollution. Recent events 
like the Nowruz spill and the Gulf War oil spills are a few 
examples of the dangers of environmental disasters that this 
area can be subjected to. Thus, it is felt that there is a real 
need for an ideal bioindicator organism which fulfills the 
major requirements and is wide~pread in its distribution. 

With this in mind, attention was drawn to the use of mac
roalgal species in the Arabian Gulf in depicting pollution 
levels at various coastal sites. The recent Gulf War oil spill 
of 1991 offered an opportunity to investigate- two different 
sites affected to a great extent by the spill; one along the 
southeastern coast of Saudi Arabia (i.e. Tanagib, Abu Ali 
and Jubail) and the other along the entire coast of Qatar. 

Total aromatic hydrocarbons and some heavy metals 
were analyzed in macroalgae collected from these sites 
with a view to determine the state of the environment in 
these areas, especially before and after the oil spill. Our 
study was also useful for determining the potential of these 
macroalgal species to bioaccumulate these pollutants to lev
els which could render them ideal biological indicators. 
This objective assumes greater importance since these mac
roalgal species are widely distributed all along both coasts 
of the Gulf as has been reported by several authors [ 4-8]. 

MATERIAL AND METHODS 

Samples from the Saudi and Qatari coasts were collected 
from areas shown in Figure.l. Utmost care was taken to 
avoid contamination and samples were deep frozen im
mediately after collection. Before analysis, samples were 
thawed, washed with distilled water to remove extraneous 
material, dried at 50 °C and powdered. Aliquots of the 
powdered samples were analyzed for heavy metals using 
the methods described previously [9]. Total aromatics 
(chrysene equivalent) were analyzed using a modifi~d 

method [10]. The methods used were tested by analyzing 
TORT-I Reference Material from NRC Canada for heavy 
metals· while for total aromatics, ROPME and IAEA Mo
naco Reference Materials was used. Recoveries ranged 
from 89 to 98% for heavy metals and were more than 97% 
for total aromatics. Coefficients of variation for all anal
yses ranged between 3 and 13%. Data for dissolved and 
dispersed hydrocarbons as well as for heavy metals con
centrations in sea water were used to calculate concentra
tion factors for the algae inhabiting the Qatari coast (Kure
ishy, unpublished data). 
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RESULTS AND DISCUSSION 

Total aromatics were determined as chrysene equivalents 
in several species from Qatari intertidal zones as well as in 
those from Abu Ali and Tanagib areas along the Saudi Ara
bian coast. Samples from the Qatari coast have been di
vided into three time periods i.e. pre-spill, spill and post 
Gulf War spill periods. As can been seen from Table 1, the 
pre-spill total aromatics levels were very low, but they in
creased several fold during the spill time (period referred 
here as February 25 to April 10, 1991) although the dis
solved/dispersed values of total aromatics did not show any 
significant increase during this period. In fact, dissolved/ 
dispersed petroleum hydrocarbons values monitored fort
nightly for a two year period (October 1989-December 
1991) along the Qatari shores showed a narrow range of 13 
- 18 J..l.g/1 in the majority of the areas with no significant in
crease attributable to the Gulf War oil spill (Kureishy, un
published data). However, this trend is not evident for total 
aromatic levels in algae (Table .1 ). The levels during the 
pre-spill were low (average 0.024 J.!g/g; range 0.007 - 0.04 
J..l.g/g), ·but they increased several orders of magnitude dur
ing the spill period (average_0.77 J..l.g/g; range 0.46- 1.21 
J.!g/g). The levels did show a marked decrease during the 
post spill period with an average of 0.34 J..l.g/g (range 0.13 -
0.62 J.!g) which , though high, are much lower than the lev
els measured during the spill. The levels for total aromatics 
show a significant bioaccummulation potential in macro
algae even though the dissolved concentrations did not 
change significantly. This increase could be attributable to 
an input of some dissolved fractions in between sampling 
periods for the dissolved/dispersed fractions. 

Total aromatics were also analyzed in three most com
mon species of macroalgae from three different localities 
along the Saudi Arabian coast (Figure 1 ). The sampling pe
riod was roughly one year after the spill (March 1992), and 
the areas covered were Tanagib, Abu Ali and its inner bays 
where the maximum impact of the spill was felt. In addi
tion, an area south of Abu Ali Island (Jubail), where the 
impact of the spill was p1inimal, was also sampled. It is in
teresting to note that levels of total aromatics in these three 
macrolalgal Species varied significantly between the three 
areas (Table 2). It is evident that the highest levels were re
corded in macroalgae around Abu Ali and inner bays where 
submerged oil spill leaches into the overlying waters. Tan
agib samples showed lower values mainly because of the 
fact that this area is open and is easily flushed. South of 
Abu Ali, algae displayed the lowest value which are similar 
to pre-spill levels recorded along the Qatari coast, 

Some heavy metals were also analyzed in macroalgae 
collected from the same locations. It is important to men
tion here that all three areas have different environmental 
characteristics and peculiarities which have a very sig
nificant effect on the heavy metal levels found in the algae. 
Table 3 depicts-the values of Hg, Cd, Pb, Cu, Co and Ni in 
the three areas along the Saudi Arabian coast. it is inter
esting to note that while there is no significant difference 



SPECIES 

Sargassum binderi 
S. heteromorphum 
Cystoseira myrica 
S. binderi 
C. indica 
S. heteromorphum 
S. binderi 
Hormophsa triquetra 
C. indica 
S. boveanum 
Cystophyllum sp. 
S. heteromorphum 
H. triquertra 
S. binderi 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 
H. triquetra 

location 

TANAGffi 
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Table 1 
Total hydrocarbons (chrysene equivalent ~gig dry wt.) in 
marine algae and seaweeds collected from Oatari Beaches 

location pre-spill spill 
oct-dec 90 feb91 

UmmSaid 0.007 0.73 
UmmSaid 0.023 0.89 
UmmSaid 0.031 
Al-Wakra 0.017 0.67 
Al-Wakra 0.040 
Al-Gharya 0.025 0.46 
Al-Gharya 0.034 1.09 
Al-Gharya 0.180 0.73 
Al-Gharya 0.022 0.48 
Al-Gharya 0.035 
Al-Shamal 0.032 
Al-Shamal 0.029 1.21 
Al-Shamal 0.025 0.59 
Al-Shamal 0.022 0.83 
Zikreet 0.150 
MH. Zikreet 0.017 
I 0 km N Zikreet 0.025 
Dohat AI Hussain O.ot7 
UmmBab 0.028 0.68 
7km N ummBab 0.026 
Al-Sarriya 0.026 
Dukan 0.028 0.76 
N Salwa 0.013 
S Salwa 0.022 0.91 

Table 2 
Total aromatic hydrocarbons in macroalgae fromTanagib, 

Abu Ali and south of Abu Ali Island (Saudi Arabia), March 1992. 

species 

Sargassum binderi 
Hormophysa triquetra 
S. boveanum 
Seag rass (unidentified) 

total aromatic 
hydrocarbon 

(~g/g dry wt.) 

0.210 
0.170 
0.097 
0.046 

ABU ALI AND INNER BAYS 

ABU ALI SOUTH (JUBAIL SIDE) 

Sargassum binderi 
Hormophysa triquetra 
Seagrass (unidentified) 

Sargassum binderi 
Hormophysa triquetra 
S. boveanum 
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0.430 
0.330 
0.084 

0.019 
0.012 
0.009 

post- spill 
march 92 

0.42 
0.36 
0.39 
0.29 
0.27 
0.13 
0.62 
0.38 
0.16 

0.62 
0.18 
0.35 

0.32 

0.39 

0.29 



Macroalgae as bioindicators 

rAHAGIB 

An:a nl~;ulk"\:ttnn. lJS•Umm Said, WK•AI Waklah, DOH
·nuhn. AK•I\1 Kh1w, AO-AI Cihariya. MSH•Medinal c 
~hamal, NUII•Nnrrb nr lllU llllllain, NMHZ•Nnrth ul 
Marlr.az IIU~Jc•,.J Zikn:ct, MUZ•Marku badood Zikrcct. 
Z•7Jiuo:cr, UK•Ilukllan, UMD•Umtn Dab, SUMO-South 
uJ ll~111. ,\U • AI ~rriy;a. SL•S:alw:s. NSL• Horlll ofSL 

Fig. 1: Map of ROPME Sea Area (Arabian Gull) Showing the sampling sites. 

between the levels found in algae from the Tanagib and 
Abu Ali areas, samples from south of Abu Ali showed a 
marked increase in the levels of almost all the heavy met
als. It is quite clear that these values are influenced largely 
by the outfalls of the city of Jubail which is heavily in
dustrialized. It is also note worthy that no influence of the 
oil spill was evident from the levels measured at the other 
two sites, viz. Abu Ali and Tanagib, sampled in March 
1992. A follow-up study of these heavy metals in the three 

macroalgal species from Qatar also showed interesting 
trends (Table 4). Around the industrial site at Umm Said 

and near the capital city of Doha, concentrations of prac
tically all the heavy metals are higher compared to those 
from AJ.-Ghariah and Madinat AI -Shamaal which are non
industrial and non-urban areas. However, slightly higher 
values for practically all metals are observed in Dukhan (an 
important oil producing area) and Salwa areas for one spe
cies ofmacroalgae. The two sites are in Salwa bay, a s~mi-

enclosed water body influenced by oil exploration activ
Ities. Our results clearly demonstrate the bio
accummulation efficiency of these macroalgae for de
picting environmental levels of contaminants and more 
specifically the heavy metals. 

Concentration factors were computed using measured 
levels of dissolved heavy metals and petroleum hydro
carbons. While the concentration factors for total aromatics 
are generally low reaching a maximum of 50, the factors 
for heavy metals are generally very high (Table 5). Con-
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centrations factors near industrial and/or urban areas were 
significantly higher than those observed for samples col
lected from areas located away from land discharge. Con
centration factors could .not be established for algae from 
the Saudi coasts since corresponding concentrations of total 
aromatics and heavy metals in water are not available for 
that region. 

As mentioned above, several species of macroalgae are 
widely distributed throughout the Gulf ranging in habitat 
from the lower intertidal to sub-littoral zone. Until the 
1970's, macroalge were widely used in pollution surveys 
[2,11-13] at which time the Mussel Watch Program 
stressed the importance of using bivalves in monitoring 
programs. It is important to note that while bivalves ac
cumulate both dissolved and particulate loads of pollutants, 
thus giving a measure of total pollutant levels in the waters, 
macroalgae species respond primarily to dissolved or sol
uble species of pollutants in the surrounding milieu. The 
present study advocates the need for renewed interest in 
macroalgae to be used in pollution monitoring programs, 
especially those in the Gulf (termed the ROPME Sea Area) 
as there is at present a limited program in having a Mussel 
Watch (bivalve) type program in this region. This is partly 
because of the patchy distribution of bivalve resources 
along the Gulf coasts and more specifically the lack of a 
single bivalve species which is found throughout the region 
to be used as an indicator species. Thus macroalgae spe
cies like e.g. Sargassum may be an excellent substitute due 
to their widespread distribution in the Gulf. Several species 
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Table3 
Selected heavy metals (J.Lg/g dry wt.) in macroalgae from tanagib, Abu Ali and south of 

Abu Ali island, Saudi Arabia (March 1992) 

SPECIES Hg Cd Pb Cu Co Ni 

TANAGffi 

s B 0.083 0.72 0.93 2.21 0.19 0.97 
H T 0.096 0.61 0.81 1.95 0.31 1.27 
s BV 0.088 0.81 1.07 1.68 0.22 1.17 
s G 0.035 0.48 0.76 1.09 0.17 0.93 

ABU ALI AND INNER BAYS 

s B 0.077 0.68 0.87 1.39 0.21 1.13 
H T 0.088 0.75 0.99 1.26 0.27 0.79 
s G 0.062 0.33 0.64 0.98 0.13 1.17 

SOUTH OF ABU ALI (JUBAIL 

s B 0.19 1.21 1.66 1.75 0.38 1.19 
H T 0.24 1.07 1.37 2.31 0.27 1.32 
s BV 0.33 1.37 1.41 2.64 0.52 1.03 
s G 0.09 0.88 0.83 1.38 0.31 0.87 

SB = Sargassum binderi HT = Hormophysa triquetra 
SBV = Sargassum boyeanum SG =Sea grass (unidentified). 

Table4 
Concentrations of selected heavy metals (J.Lg/g dry wt.) in macroalgae from 

the Qatari Coast (Oct. 1990- March 1992) 

SPECIES Location Hg Cd Pb Cu Co Ni 

s B UM 0.130 1.38 1.98 4.12 0.42 2.92 
DH 0.093 1.12 2.25 3.89 0.55 4.35 
GH 0.062 0.63 1.01 3.45 0.21 1.12 
MS 0.048 0.58 0.86 4.12 0.18 1.30 

H T UM 0.187 1.21 1.63 4.89 0.56 2.48 
DH 0.108 1.07 1.74 4.32 0.72 6.18 
AG 0.037 0.84 1.02 3.78 0.31 2.37 
MS 0.042 0.68 0.87 3.18 0.33 1.83 
DK 0.093 0.97 1.32 4.41 0.41 5.22 
sw 0.076 0.83 1.11 3.72 0.33 3.85 

s BV UM 0.099 1.81 1.23 4.95 0.47 5.17 
DH 0.110 1.28 1.44 4.56 0.52 8.02 
AG 0.052 0.94 0.80 3.21 0.28 2.16 
MS 0.033 0.54 0.81 2.62 0.19 3.12 

SB = Sargassum binderi HT = Hormophysa triquetra 
SBV = Sargassum boveanum 
UM = UMM SAID DH =DOHA AG = AL-GHARIYA 
MS =MAD IN AT AL-SHAMAL DK=DUKHAN SW=SAL WA 
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TableS 
Concentration factors for Hg. cd and Pb in selected species of 

macroalgae from the Coast of Qatar 

species location 

S. binderi UMMSAID 
S. binderi DOHA 
S. binderi M.SHAMAL 

H. triquetra UMMSAID 
H. triquetra DOHA 
H. triquetra M.SHAMAL 
H. triquetra DUKHAN 

S. boveanum UMMSAID 
S. boveanum DOHA 
S. boveanum M.SHAMAL 

S = Sargassum H = Hormophysa 

can be identified a& having a uniform distribution in sen
sitive locations in the ROPME Sea Area and, most im
portantly, some have shown a high concentration factors 
and good potential for bioaccummulation of heavy metals 
and, to some extent, total aromatics. 

In addition, it is worth mentioning that these macroalgal 
species are washed ashore in huge quantities along the coast 
of tN: Arabian gulf . Preliminary estimates of the amounts 
deposited on some Qatari beaches range from several hun
dred kilograms to several tons per month. Given the ex
isting concentrations of heavy metals and total aromatics, 
associated with algae, such detrital transport could be an ef
fective way of accelerating the natural removal of dissolved 
contaminants from the Gulf water. However, accurate fig
ures on depositional rates are required to make a viable and 
accurate estimate of this removal mechanism. 
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