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Abstract: Stressed ecosystem due to rapid industrialization, installation of mega-desalination plants
and suspected biocides (glutaraldehyde: C,H;O,, formaldehyde: HCHO and sodium hypochlorite: NaOCl)
discharges in the Kuwait marine enviromment, instigated us to determine their toxicity on the body structures
(17 dorsal fin ray, eye lens, otolith and scales) of the commercially relished mullet fish, Liza klunzingeri.
96 h toxicity test on biocides, HCHO, C.H,0O, and NaOCl showed L. kfunzingeri to be effective at test
concentrations of 0.10 ug 17', 0.07 ug 17" and 0.029 ug 17", respectively to produce LOEC (lowest observed
effective concentration). L. klunzingeri showed toxicity effect at low LC,; to confirm NaOCl as a toxic biocide
to fish, followed by HCHO and C.H;Q,. Among the body structures, observation showed high biocides
concentration in scales followed by 1* dorsal fin, otolith and eye lens nrrespective of the sampling sites. The
overall bicaccumulation factor (BAF) in body structures was high in the sequence of HCHO> C.H;0, > NaOCIL.
Further, biocides analysis showed lugh bioaccumulation i Kuwait Bay than in the coastal waters. These results
characterize body structures of L. klunzingeri not only a tool to validate aging of the species but also to be an

mdicator of biocide pollution.
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INTRODUCTION

Marmme pollution 1s one major concern of oil
producing states surrounding the Arabian Gulf due
to  their dependence on this semi-enclosed lughly
stressed water body [1]. Pollutants that contaminate the
environment are from untreated mdustrial and sewage
discharges [2]. Thermal, power and desalination plants as
well as from domestic sewage discharges mto the marine
environment were suspected to cause deleterious effects
to the biota [3-4]. Glutaraldehyde (C.H;0,), formaldehyde
(HCHO), sodium hypochlorite (NaOCT), methanol and
ethanol used in the thermal and desalmation plants as
biocides, disinfectant, in medical application, oil and as
solvents i various industries were found discharged
accidentally in the acuatic environment without any
safety measures [5-6]. This effect was observed in the
Kuwait marine environment. Observations showed mass
mortality to sensitive fish, L. klunzingeri in Kuwait Bay
and in coastal waters. The cause was evident to untreated
effluent discharges, fluctuating seawater variables and
inorganic pollutants [7]. Earlier findings [8-11] showed
the influence of site specificity to orgamc pollutants that
caused toxicity in various species of fish. Probit program

[12] calculated the acute toxicity levels in fish exposed
from 1d to 96 h on pollutants. This led investigators
[2,13-16] to determine Bioaccumulation Factor (BAF)
of pollutants to fish. Varied pattemn of inorganic
pollutants accumulate in different fish tissues such as
liver, muscles and gills [17]. Body structure, such as
scales, spmes and otoliths that determines the age and
growth of fish was influenced by environmental
factors and relative to water chemistry [2, 18-19]. Based
on the above, the present study focused to determine
the toxicity and bioaccumulation effect of biocides on the
body structures of L. kunzingeri in Kuwaiti waters.

MATERIALS AND METHODS

Sampling sites: Seawater collected from commercially
important Kuwait Bay and Kuwait coastal water sites
(Sites I-VIT) that represented stressed ecosystem is
described below (Fig.1).

Kuwait Bay Sites: Site [ (Subiyah): It 13 in the Northemn
part of Kuwait Bay. It has a large tidal flat with silt and
clay profile. The thermal plant in this site 1s subjected to
effluent discharges.
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Fig. 1: Sampling sites in Kuwait Bay (KB) and Coastal waters (KC)

Site I (Doha): It was affected by major oil spills
discharged during the Gulf War by the Iraqis. The seabed
is shallow. This site has a power plant and various
industries and thus, demarcated as an industrialized
zone of Kuwait.

Site I (Kuwait Towers): It has a desalination plant,
few beach rocks and infer-tidal flats. This site is
prone to domestic and industrial effluents. This location
iz a center for recreational activities and thus, found
polluted with sewage wastes in the aquatic system.

Site-IV (Salmiya): This beach is an artificially nourished
recreational area. This site prone to domestic and sewage
effluents was choszen for the present study.

Kuwait Coastal waters: Site-V (Fahaheel): Beachrocks are
exposed in this area. The site near the crude oil loading
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terminal was chosen for the study as this areais subjected
to severe oil pollution.

Site-VI (Mina Al Zour): The site is near Al-Zour power
and desalination plants. The rocky surface of the intertidal
zone iz covered by oolithic sand. The presence of oil
pollution in thig area formed the criteria for the present
investigation.

Site-VII (Al Kiran): It iz located on the southern region
of the country and it represents the discharges of
seawater from tidal creeks. The sea is shallow with fine
sandy beach and observed for its recreational activities.

Formaldehyde determination in seawater: Based on
the concentration ranges of formaldehyde (HCHO)
employed in desalination plants, test solutions ranging
0.10-0.40 pg L' was prepared and added to seawater in
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the aquarium tanks. After preparing the test solution,

samples of 10 ml were subjected to 4-amino-3-hydrazine-
Smercapto-1, 2, 4-triazole (AHMT) method [20] using a HP
Spectrophotometer. Standard curves of HCHO (37% v/v)
reagent was obtained to calculate their concentrations
(pg L") in seawater.

Glutaraldehyde determination in seawater: Stock
solution of glutaraldehyde (C,H.0,) ranging 0.07-0.10
ng L7 was prepared based on the biocide use in
desalination and power plants. The test method employs
a titrimetric chemistry using sulfuric acid and sodium
sulfite with phenolphthalein indicator [14].

Sodium hypochlorite determination in seawater: Test
solution of sodwm hypochlorite (NaOCl: 5%) with
range of 0.023-0.042 g L~" were
prepared based on their
desalination and power plants. Followmg DPD (N-N
Diethyl-P-Phenylenediamine)  method, hypochlorite
concentrations was determined as DPD compounds
reacted with hypochlorite ions [21, 22].

concentrations

concentrations used In

Fish samples: Fish (10 replicates), each weighing 20 +3 g
and total length 9 £ 3 cm were acclimated separately in
aquarium tanks m the laboratory contamning filtered
disinfected seawater (250 1.) collected from Kuwait Bay
and coastal sites (Fig. 1). Besides the filters provided
inside the tanks, seawater (5 %) was exchanged every
two days. Antibiotics and fungicides were used in
both test samples and in control before the initiation of
toxicity tests.

Acute toxicity test to L. klunzingeri: L. klunzingeri were
acclimated for 24 h m the lab and tested for toxicity (LCs;).
In each tank, stock solution (1 g/1) of each biocide was
added to the filtered seawater collected from the Kuwait
Bay and coastal sites (Fig. 1) to produce the required LC,,
test concentration ranges. Biocide solution was renewed
every 24 h as described to prevent lowering of toxicant
levels [13]. Fish reared in the respective seawater
sampling sites (Sites [-VIL) without the addition of biocide,
served as control. The 96 h LC.-LC,, values using the
Probit Program were calculated [12].

Bioaccumulation tests on L. klunzingeri: Tn each tank,
L. klunzingeri (10 Nos.) were exposed for 180 d to
biocides at lowest observed effective concentration
(LOEC: LC,) and sub-lethal concentrations (I.C,;). The
mitial biocides level was determined by sacrificing ten
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fish on the second d. Biocides bicaccumulation factor
(BAF) in L. klunzingeri was calculated by the formula
given below [23]:

BAF Concentration of biocides in fish body
structures (g kg™') () /Concentration of biocides in
seawater (pug 17 (a).

Wherein, BAF 1s the ratio of biocide concentration in
the fish body structures (b) (1" dorsal fin, eye lens,
otoliths and scales) to its simulated biocide concentration
at LOEC and 1.C,; in the culture tanks on second day (a).
Fish were fed to satiation and the unconsumed food
removed after 45 minutes. Live fish from the tests were
sacrificed after 180 d exposure. Cleaned body structures

such as first dorsal fin, eye lens, otoliths and scales were
removed [24-25]. Biocides bioaccumulation in fish at
LOEC was assessed following the method described [10].
The body structures were freeze-dried in an oil-free
freeze-drier and Soxhlet extracted with (4:1) n-hexane-
dichloromethane for 18 h. Analiquot (10%) of this extract
was used to measure total extractable lipid weight after
evaporation to dryness. Water content was determined
by weight difference before and after freeze-drying.
Then, it was reduced to 2 ml of »-hexane and cleaned up
by agitating with sulfuric acid. After vigorous stirring
in a Vortex (2 min), the two layers were decanted by
centrifugation and sulfuric acid removed. The n-hexane
extract was washed three times with Milli-Q water for pH
neutralization. The »-hexane was concentrated under
vacuum to a small volume for instrumental analysis. GC
analyzed the accumulation of biocides in the fish body
structures.

Hydrological variables: Seawater variables like
temperature, dissolved oxygen, salinity and pH were
measured on board as well as in the laboratory usmng a
multiple sensor (Hach Incorp, US).

RESULTS AND DISCUSSION

The present study chose biocides, C.H,0,, HCHO
and NaOCl since they were found discharged from
commercial desalination, water treatment and power plants
into the marine enviromment untreated along with other
pollutants, sporadically [4]. In general, these biocides
concentrations were found below detectable levels in
seawater collected from the Kuwait Bay and coastal sites.
Reasons could be attributed to: (1) their highly photo and
biodegradable nature and upwelling water current [1] and
(2) the effect of seawater treatment used in the industrial
plants before they were let out in the Bay or open sea [3].
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Table 1: Acute biocides toxicity tests on L. Munzingeri (10 replicates) Table 2: Biocides levels in seawater and body structures of
using Probit Program (USEPA 1993) L. Klunzingeri (180 d  exposure) from Kuwait Bay and

Test 95 % C.I. limits Coastal water
Conc. TEst. LC - X2 Kuwait Bay Kuwait Coastal waters

Riocides (ugT™y  Conc. Point lower upper calculated

Kuwait Bay Cone.  Cone? Conc?.

CsH: O, Control BDL Biacides pel! pg gt BAF pg gt BAF
0.07 0.048 05 0.025 0058 0.212%

(a)1* Dorsal fin
0.08 0.056 15 0.035  0.064

0.00 6o 6 006l 0079 CH,0n  LOEC 007 025 3.5 0.22 3.1
010 ol 9 0104 0255 SL 0.08 027 33 0.24 3.0
pr— Contral  BDL HCHO:  LOEC 010 218 218 152 15.2
0.10 0.040 05 0.006 ©0.072  1.330% SL 020 2.3 129 176 88
020 0066 15 0018 0103 NaOCl:  LOEC 00 012 4.1 0.09 3.1
0.30 0.157 30 0.101 0,222 SL 0.036 011 3.0 0.14 3.8
0.40 1092 99 0540 1178 {b)Eye lens (ng g~
NaOCl Contrel  BDL CHeOy  LOEC 007 020 2.8 0.16 2.2
0.020 0016 05 0007 002 L1717 SL 008 023 2.8 0.21 2.6
0.036 0.019 15 0.010  0.024 HCHO: LOEC 010 1.98 198 136 13.6
0.030 0027 50 0.020 0.030 oL 020 220 1o 141 70
0.042 0053 99 03 01z NeOCL  LOEC  0.020 .00 5.1 0.05 17
Kuwait coastal waters SL 0.036 010 27 0.03 0.8
CsHz O, Control BDL (©Otolith (ng g )
0.07 0.051 05 0022 0062 0.203% CHO: LOEC 007 023 . 0.20 -
0.08 0061 15 0036  0.070
0.00 0.083 50 0074 0100 SL 0.08 023 31 0.23 28
0.1 0165 9 0123 0.640 HCHO:  LOEC 010 2.01 201 141 14.1
OO Comrol BDL SL 020 248 124 235 1.7
010 oodl 05 0002 0082  1.001% NaOCL  LOEC 0020 011 3.7 0.06 2.0
0.20 0077 15 0011 01M SL 0.036 012 33 0.0 2.5
0.30 0222 50 0145 0424 (d)Scales (ng g™
0.40 2430 99 0848 3802 CH,0n  LOEC 007  0.27 3.8 0.23 3.2
Na0Cl Control BDL SL 0.08 029 3.6 0.25 3.1
0.020 0022 05 0.008 0027 1.384* HCHO: LOEC 010 226 26  1.83 18.3
0.036 0.027 15 0.015 0.031 SLL 0.20 261 13.0 1.98 9.9
0039 0038 50 0033 0048 NaOCL,  LOEC  0.020 014 4.8 0.10 3.4
0042 0081 99 0057 0436 SL 0.036 015 41 0.12 3.3

conc.: estimated exposure concentration; C.I: Confidence interval; . . .
T P i} ’ Conc.: Experimental concentration; Conc?: concentration in body structure

after 180d exposure; CsHz(y: glutaraldehyde, HCHO: formaldehy de, NaOQCl:
sodium hypochlorite), BAF: bioaccumulation factor = C= 7B/ fe) wherein
() is concentration in fish body structures (i.e. a, b,c and d), (a): LOEC and

X2: Calculated Chi square for heterogeneity *: significant Chi square;
BDL: Below detectable limits

Using Probit program [12], the 96-h L.Cs, tests on

) o . SL concentration in medium respectively, LOEC: least observed effective
L. klunzingeri in seawater collected from Kuwait

concentration, SL: sub lethal concentration.

coastal sites (Fig. 1) revealed the sequence of NaOCl
(0.038 pg L™ < CH,O, (0.083 ng L™ <HCHO (0.222

) ’ o : Table 3: Hydrological variable in Kuwait Bay and Kuwait costal waters
ug L") (Table 1). This concentration was high in Kuwait

Description Kuwait Bay Kuwait coastal waters
coastal water samples when compared to the 96-h 1.C Water temperature (°C) 532 508
tests on L Kklunzingeri reared i Kuwait Bay sites Dissolved oxygen (mg L) s270 4280
(0.027 ug L™, 0.072 pg L™ " and 0.157 pg L™" in NaOCl, Salinity (%) 1546 1341
C.H;©, and HCHO, respectively). Observation revealed oH 2082 80.82
L. klunzingeri sensitive to NaOCl at LOEC (0.027-0.038 Conductivity (m/Sem) 53506 53255
ug L7 than other biocides described in  this study Turbidity (NTU) 1045 610

(Table 1). Thuis may be attributed to the effect of chlorine
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compounds in the body tissues of fish when compared
with other biocides and supports the earlier findmngs [2, 6].
Statistical analysis revealed significance in all the biocides
by Chi-square heterogeneity test (Table 1).

Site wise analysis showed biocides to be highly
effective at LOEC (correspondingly estimated exposure
at LC,) and LC;; to L. klunzingeri tested with seawater
collected from Kuwait Bay that stations thermal, power
and desalimation plants when compared to sampling sites
of Kuwait Coastal waters (Table 1). This may be attributed
to the fluctuating seawater: (a) salinities (35-46 %) (b) low
mixing and stagnation of seawater, (¢) high evaporation
rate and shallowness of the Bay and (d) temperatures
(18°C-32°C) from the thermal plant discharges nto the
Bay when compared to the above variables observed
[7].
found phote and biodegradable in
Mass mortality of this fish 15 expected to occur when
large quantities of these biocides are untreated and
accidentally discharged into the Kuwait Bay.

Biocides were high in body structures (1* dorsal fin,

These chemicals were
seawater [13].

m Kuwait coastal sites

eye lens, scales and otolith) of fish reared in Kuwait
Bay sites water than in all the three body structures of
fish caught from Kuwait Coastal waters (Table 2).
Parts-wise analysis in L. klunzingeri revealed high
biocides i scales followed by dorsal fin, otolith and
eye lens irrespective of the sampling sites.

Environmentalists opined pollutants level mn fish
tissue increases proportionally to their levels in water
[15,19]. High biocides bioaccumulation was observed
m L. klunzingeri reared m Kuwait Bay samples than
from the Kuwait Coastal waters. This could be related to
the sigmficant variations mn their hydrological variables
(Table 3). Bioaccumulation of biocides were in the
sequenice of HCHO> C.H,0, and NaOCl Among the three
biocides, BAF was least in NaOCI (Table 2). This may be
attributed to: (a) complex formation of NaOC] in the body
structure with orgamc and morganic constituents and
later eliminated [10] and (b) low accumulation and
assimilation of NaOCl m the body structure than other
biocides [6, 8]. Further, high photo and biodegradable
properties of pollutants that have low molecular weight
showing toxicity effects at low concentrations for a short
period could also add to the low bicaccumulation
phenomenon in NaOCl [3]. Biocides, HCHO and C.H,O,
showed high BAF with increasing concentration levels
1n their body structures. This may be due to (a) increasing
test concentration required to produce LOEC and 1.Cy; in
the laboratory [5, 9, 11] and (b) its chelating properties
with other pollutants in the environment [20].
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Observations revealed a high biocide accumulation
in the scales followed by first dorsal fin, otolith and
eyve lens. Biocides revealed high BAF in dorsal fin.
This may be due to adsorption of biocides by the scales
and dorsal fin from the surrounding environment to a
certain extent as well as biocide complex formation
with mucus on the skin when compared to biocides BAF
in eye lens and otolith samples and supports the earlier
views [17-19].

The above findings imply that body structures
from the mullet fish caught from Kuwait Bay can bio-
accumulate biocides than body structure of fish collected
from the coastal waters. Biocides described in the present
study can elevate in relation to seawater physiochemical
parameters, synergistic effect with organic and inorganic
pollutants  or anthropogenic sources, extent of their
mixing through water current, wind action, volume and
concentrations of biocides discharged into the Bay
and coastal waters and to a certain extent of seasonal
Thus, future
recommend the use of L. klunzingeri body structures as
a tool to determine biocide level besides its use in age and

growth validation.

variations. ecological  investigations
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