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Original Research Article
Lead and cadmium levels of African catfish (Clarias gariepinus) and the effect of cooking
methods on their concentrations

Abstract

Consumption of cadmium and lead contaminated fstep carcinogenic and non-carcinogenic
health risks to human. Levels of Cd and Pb residuesoked flesh oClarias gariepinus have
not been fully explored inspite of their public Hbeaimportance. This study therefore,

determinedhe effect of cooking methods on Cd and Pb conatatrs inClarias gariepinus.

A laboratory-based experimental study design wagpt@d. Thirty-six fish were randomly
distributed into 3 groups (A, B, C). Group A wagesged to 4.9 mg/L cadmium (30% &dy; B

to 24.2 mg/L lead (30% Lgg) for 4 weeks, while group C served as control (0@gg). Flesh
samples were cut into 4 pieces; boiled, fried, mrasted on a charcoal grill while the fourth was
not cooked. Samples were analyzed for Cd and Rig wbmic absorption spectrophotometer.

Data were analyzed using ANOVA at 5% level of digance.

The LG of Cd and Pb were 16.3£0.5 mg/L and 80.6+£0.6 mig¢&pectively. In group A,

Cadmium concentration in boiled, fried and chargpéled flesh samples were 2.2+2.0 mg/kg,
2.842.0 mg/kg and 5.7+1.6 mg/kg respectively. Leamhcentrations in boiled, fried and
charcoal-grilled samples were 25.8+22.0 mg/kg, mg/kg and 38.6£25.5 mg/kg
respectively. Cadmium and lead were not detectethencontrol group C. Cadmium and lead
concentrations were reduced in all cooked samplaitefl < fried < charcoal-grilled < uncooked

samples). Reduction of cadmium and lead conceotrsitivas highest in boiled samples.

Cooking methods reduced heavy metal concentratmior\frican catfish. Effect of cooking
methods on concentration of heavy metals in fistleigendent on the specific heavy metal and
cooking medium. Boiling of fish before consumptisradvocated for the reduction of Cadmium

and Lead concentration @ arias gariepinus.

Keywords. Clarias gariepinus, bioconcentration, Cat-fish cooking metho@admium and

Lead bioaccumulation
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1.0 INTRODUCTION

Toxic chemicals released into the environmeither from point sources such as industrial and
municipal discharge®r from non-point sources like agricultural runaffd atmospheric
deposition are capable of contaminating surface waters agid ¢bediments [1]. Heavy metals
are group of toxic chemicals, persistent in th@remment, bio-accumulative and non-
biodegradable in food chain [2]. Aside the fact theavy metals disrupt and result in
contamination of ecosystems, they exert both cagenic and non-carcinogenic health impacts
on humans. Heavy metals in human system do noadegthis accounts for their chronic
toxicities. Heavy metal contaminated air may p@lsioil and water resulting in contaminated
crops and consumables. Erosion of natural depbsiic& minerals and atmospheric deposition
of gaseous emissions from tailpipes of industnigjiee allow for the mobility of heavy metals
into the aquatic environment. Heavy metals in tipgadic environment remain persistent and
based on their available concentrations are bicaatated into the tissues of aquatic plants and

animals.

Examples of heavy metals released to the environmelude cadmium (Cd), Lead (Pb), nickel
(Ni), Arsenic (As), Mercury (Hg) and Chromium (Cgmong others which are probable
carcinogens in humans. Lead may induce reduceditocg development and intellectual
performance in children and increased blood pressund cardiovascular diseases in adults,
while Cadmium accumulates in the human body and mdyce kidney dysfunction, skeletal

damage and reproductive deficiencies [3].

Fishes are organisms which survive mainly in whteties. Fish is food to human as it remains a
relatively cheap source of protein. Food referghim range of consumables that comprise the
essential body nutrients required for life and glgwsuch as proteins, carbohydrates, fats,
vitamins, or minerals. Nutritional composition asHes encompasses both macro and trace
nutrients beneficial to the human biological syst@ime major nutritional constituents of fish on
analysis are water, protein, lipid, mineral an@wiin B2 [4].

However, cadmium and lead pollution of the aquatiosystem threatens the suitability of fish as

an important food source for humahRsh being the final chain of aquatic food webb#eao bio
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accumulate heavy metals in aquatic environment. @beumulated metals in fishes are
transferable through food chain into humans. Fstety just as food safety is an important
public health issue because there are numerouasgisacquired by humans on the consumption
of contaminated fish [5].

Processing of fish into forms suitable for humanstonption or to be used as a supplement in
animal feed has been a cultural practice as itngsual for fishes to be consumed raw.
Processing methods of fishes are methods applidtietdishes from the time of harvest to
consumption period. Processing methods like bailfingng, roasting and smoking have effect
on the texture, nutrient composition and flavofisies [6], [7]. Processing may be suspected to
change the level of heavy metal contamination fufoal substance depending on the processing
method and the nature of food substance. Deterromaif heavy metal levels of fish is
extremely important for human health ([2]. Thisdst therefore aimed at assessing the effect of
boiling, frying and charcoal roasting on cadmiund dead concentrations in African Catfish

(Clarias gariepinus).

20 Materialsand methods

Juveniles ofC.gariepinus of mean body weight 14.4+0.7 g and mean stanéagth 15.3+0.6
cm used for the study were collected from the fisbearch laboratory of the Department of
fisheries, Oyo State Ministry of Agriculture, IbadaNigeria. The fish were acclimatized in the
laboratory for four weeks inside plastic tanks 6fl@es capacity before experiment. During the
acclimatization, the fishes were fed adequatelyh s mean fish body weight equivalence of
their regular feed stock i.e Durhante fish peliatural groundwater from well located in the
vicinity of the fisheries Department of the Ministof Agriculture was used as aquarium water to
maintain the fish. Water samples were taken inlitapes at different sampling times and
analyzed for cadmium and lead with the metals mbéated before water sample was accepted
adequate for use. Commercial grades of cadmiunrideldCdC}) and lead chloride (Pbgl

were used as Cd and Pb sources respectively.

21  Wél water sampling procedure
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Composite samples were collected at various degfttise well. A narrow mouth plas 1 litre
sample bottlevas used for the collection of the sam Sample bottle was rinsed thoroug|
with the well water before use. Triplicate samphesre collectec The aquaria water sampl
were taken for physicochemical analysis for derratof pH alkalinity, dissolved oxyger

hardness and temperature levels.

2.2 Procedurefor LCsy determination

Twenty four hours (24rs) acute cadmium and lead toxicity experimentseweerformed fo
Clarias gariepinus after acclimatization at different concenions. The weight of the fishes w
measured by sensitive weighing balance and staneiagthwas obtained usit metre rule. Fish
samples used for this experiment had mean bodyhiveig66.6+2.. g and standard length
21.1+1.8cm. Feeding was stoppewo days before the fishes were subjected to exgertinm
order to avoid change in toxicity of metals dueetaretory product{8]. The following tes
concentrations were used:

Cd 0,5, 10, 20, 40, 80, 160 m¢

Pb 0,5, 10, 20, 40, 80, 160 m¢

Test comentrations were obtained by dissolving the requweight of salt per litre of aquar
water (well water). The required weight of salt eglent to the weight of test chemical requi

was calculated using the formt

Molecu.lar wt of test metal salt (g) xWeight of test metal (g)
Atomicweightof testmetal @) ~ Equation 1

The juvenile fishwere randomly selected and divided into seven graafpsix fish each. Th
seven groups include the control and five test entrations. Each group occupied an aqual
for each of the twheavy metals (i.e Cd and Pb) for the fish spedibs.experiment was carri

out in triplicates.

Test concentrations were under check and deadngsk removed periodically. Mortality wi
recorded per dose along the l2durs of exposure and percentacortality was calculated. Lso
values at 24 has for each of Cadmium and Lead was calculateprobit graphic method ai

the unweighted regression mett[9].
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2.3  Exposureof fish samplesto 30% L Cs of test heavy metals

A set of fish samples of mean weight 116.2+8.8 @y standard length 26.5+1.4 cm were exposed
to 30% LGy obtained for cadmium and lead. Three groups ofidt®2 samples each were set.
Group A was exposed to 30% t4of cadmium, B to 30% Légof lead, and C was the control
group (0% LGp of cadmium and lead). Each group was made upretthquaria with 4 fish
sample in test concentration. Three fish sample® Warvested per week from each group i.e 1
per aquaria. The aquaria water sample was alseatetl weekly for analysis of some
physicochemical parameters. Harvested fish samptae dissected with stainless dissecting
blade to eviscerate the gills and liver. The flsamples were isolated into plastic sample bottles
and labeled appropriately. Fish samples were storetie refrigerator of the Department of
fisheries.

24  Fish samplepreparation and processing

The fish samples were removed from refrigerator &k@n for processing within two hours.
Fish samples were thoroughly washed with tap waieremove ice and blood from flesh.
Samples were beheaded and divided into four pigcgsece of the flesh was left raw. For the
other three pieces, a piece was boiled on ther@letove at 180°C for 5 minutes, the other was
fried with refined vegetable oil in a pan at 18G8C5 minutes and the last piece was grilled on a
charcoal grill until the two side of fish sample svaompletely grilled for 10 minutes. The
charcoal grill was constructed by placing a staslesire mesh on a local household charcoal
burner. Fish samples were placed on the mesh itbngrafter the ignition of charcoal.

All samples were oven dried to constant weight @G5 for 24 hours. Dried samples were
homogenized in a clean stainlessortar and pistii homogenizer in the laboratory obef

digestion.

25 Acid digestion
Homogenized sample (1 g) of fish flesh was weigheal pyrex digestion flask. Analytical grade
Nitric acid (HNG;) with perchloric acid in ratio 4:1 (5 ml) was addeto the flask content. The

flask was placed on an electric heater in a funpboard until complete dissolution and almost
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dryness. Digest was filtered using Whattman Noil& fpaper and filtrate was made up to 25 ml

with de-ionized water in a volumetric flask.

Water sample (10 ml) was measured into a pyrexstime flask. Acid containing analytical
grades of nitric acid (HN§) and hydrochloric acid (HCI) in ratio 2:1 (5 mljag added to the
sample. The flask was placed on an electric heatdrheated slowly in a fume cupboard until
reduction of volume to about 2 ml. Digest was mageto 25 ml with deionized water in a
volumetric flask.

Blank digests were also prepared using the santeguoe as above.

30 RESULTS

3.1 Physico-chemical characteristics of well water samples

The samples collected from the well were analyzeditieir physico-chemical properties. The
mean values of the parameters investigated arellagv$;: temperature (25.2 £ 0.8 °C), pH (6.7
+ 0.3), dissolved oxygen (7.8 + 0.8 mg/l), hardn@gk2 = 2.1 mg CaC4l) and total alkalinity
(119.5 £ 3.9 mg CaC4ll). Cadmium and lead were not detected in the $ssnfResults were
compared with the Food and Agriculture OrganizatfBAO) guidelines for fish pond water

quality as shown in Table 1.

Table 1: Physico-chemical parameters of well water samples

Parameter Range Mean £ SD FAO Guideline
Temperature (°C) 24-26 25.2+0.8 25-30

pH 6.2-7.9 6.7+0.3 6.5-85
Dissolved Oxygen (mg/l) 6.9-8.9 7.8£0.8 >3

Hardness (mg CaG{) 50.3 - 55.7 54.2+2.1 >25*
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Total Alkalinity (mg CaCQ@/l) 115-125 119.5+£3.9

Cadmium (mg/l) ND**

Lead (mg/l) ND**

>25*

Food and Agriculture Organization [113a]
*Food and Agriculture Organization [11b].
** Not Detected

3.2  Fifty percent lethal concentration (L Csp) at 24 hours

The 24 hours fifty percent lethal concentration {§)@or both cadmium and lead were calculated
by the regression method. Number of deaths offi@stobserved at each concentration after 24
hours of exposure for each of the three replicstatiown in the probit Tables 2 and 3.. Twenty
four hours 50% lethal concentration @JCof cadmium and lead f&Zlarias gariepinus and the

physico-chemical characteristics of the fish aquarivater samples are shownTables 4 and

5.

Table 2: Probit for 24 hours exposureto cadmium
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5 0.699 ©6 1 16.67 4.05 - - - 16.64.05
10 1.000 6 2 33.33 4.56 2 33.3856 2 33.33 4.56
20 1.301 6 3 50.00 5.00 3 50.06.00 3 50.00 5.00
40 1.602 6 5 83.33 5.95 5 83.33.95 5 83.33 5.95
80 1903 6 6 100 - 6 100 - 100 -
160 2204 6 6 100 - 6 100 - 100 -
Table 3: Probit for 24 hours exposureto lead

zm IS %  Replicatel Replicate 2 Replicate 3
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0o - 6 - - i i i i - i i

5 0699 6 @ - i - i . - i i .
10 1.000 6 - - - 1 16.674.05 - - -
20 1.301 6 - - - 1 16.674.05 1 16.67 4.05
40 1.602 6 2 33.33 4.56 2 33.3856 2 33.33 4.56
80 1903 ©6 3 50.00 5.00 3 50.06.00 3 50.00 5.00
160 2204 6 4 66.67 5.44 4 66.63.44 4 66.67 5.44

Table 4: Twenty four hours50% lethal concentration (L Csg) of cadmium (Cd) and lead
(Pb) for Clarias gariepinus
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Heavy metal Replicate 1 Replicate 2 Replicate 3 Mean
LCso(mg/l) LCso(mg/l) LCso(mg/l) LCso(mg/l) £SD

Cadmium 16.01 16.88 16.0F 16.30+0.5

Lead 79.98 81.03 80.83 80.61 + 0.58

Values with different superscript are significardifferent at (p<0.05)

Table5: Physico-chemical characteristics of the fish aquarium water samples

Parameter Range Mean + SD FAO guideline
Temperature (°C) 23-26 24.8+0.6 25-30

pH 6.1-7.2 6.8+0.3 6.5-8.5
Dissolved Oxygen (mg/l) 53-84 7.1+0.6 >3

Hardness (mg CaG{) 32.4-64.7 45.3+9.9 >25*

Total Alkalinity (mg CaC@l) 100 - 162 128.9+19.4 >25*

Food and Agriculture Organization [114a]

*Food and Agriculture Organization [11b].

3.3  Effect of cooking methods on cadmium concentration in Clarias gariepinus
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Mean concentrations in mg/kg dry weight (wt) of iweidm in boiled, fried and charcoal-grilled
flesh samples of the test fish were 2.2 + 2.0 mgk@§ + 2.0 mg/kg and 5.7 = 1.6 mg/kg
respectively. Concentrations of the boiled anddfsamples were lower than the charcoal grilled
(p<0.05). Cadmium concentrations of all cookedtlsamples were significantly lower than the

level detected in uncooked flesh (8.8 + 5.1 mg/kg).

34  Effect of cooking methods on lead concentration in Clarias gariepinus

Mean concentrations in mg/kg dry weight (wt) ofdea boiled, fried and charcoal-grilled flesh

samples of the test fish were 25.8 + 22.0 mg/kg8 3022.3 mg/kg and 38.6 + 25.5 mg/kg

respectively. Although the concentration of leaccaoked samples varied in the order boiled<
fried<charcoal-grilled, however the difference iancentration was not significant (p>0.05).

Lead concentrations of all cooked flesh samplesewest significantly lower than the level

detected in uncooked flesh (44.6 + 22.5 mg/kg) adebf the concentrations of Cd and Pb in the
cooked flesh are shown in Tabe Figure 1 shows the concentrations of Cd andrPthe

cooked flesh relating to the various cooking methosed in the study.

Table 6: Mean concentrationsof Cd in cooked Clarias gariepinusflesh

Sample Cd (mg/kgdry Decreasein Cd Pb (mg/lkgdry  Decreasein Pb
wt) level relativeto  wt) level relative to
uncooked flesh uncooked flesh
(%) (%)
Boiled 2.2+2.0° 75 25.8+22.0° 37

Fried 2.8+2.¢ 68 30.8+22.3 26
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Charcoal- 5.7+1.6 35 38.6 +25.5 18
grilled

Uncooked flesh: 8.8 + 5rhg/kg dry w°

abepjfferent superscripts on the same column denggeifidant mean difference at p< 0
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Boiled Fried Charcoal-grilled  Uncooked
Fish Flesh

Fig. 1: Mean Cd and Pb Concentrationsin Clarias gariepinusflesh

40 DISCUSSION
4.1  Physico-chemical analysis of water

Cadmium and lead were not detected in the well msdenple which served as the source
water for culturing fish for thistudy. Inview of this, the concentration of each heavy n%
introduced into culture water for fish exposure wegarded as the concentration of heavy n
available in the fish external environment as thare no expected cadmium and I
contamination from t water sourc Survival of aquatic lives like fishes depends solah the

physical, chemical and biological characteristitshe water they resid[10]. Water of good
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guality characterized by adequate oxygen, optimthapd temperature, proper dissolved solids
to allow transparency is critical for fish cultuMdaintenance of all physico-chemical factors is

essential for optimum yield in a fish pond.

The water source for maintaining the fish had apemrature of 25.2 + 0.8°C and temperature of
the ponds for the four weeks of exposure was 20&¥C as shown in Table 5. These values are
not significantly different (p>0.05) from the FAQQ13a) suitable water temperature for fish
culture (25°C -30°C). Temperature controls the adtbiochemical reactions and determines the
amount of dissolved gases. An optimum temperatmge of 25 °C -27 °C is regarded adequate
for Clarias gariepinus adults (FAO, 2013a) and is similar to what wasaot#d in this study.
Very high temperature encourages depletion of disdooxygen through increased biochemical
activities in water bodies while low water temparat has been implicated in the buildup of
toxic gases like hydrogen sulphide and methanelwpises a negative effect on fish health. The
fish matrix takes up the temperature of their resa water body. A temperature range of 28°C -
30°C is suggested to be necessary for the optimomtly of Clarias gariepinus [12]. A study on
pond temperature monitored for a 24 weeks Catiigtuie showed average of 30.2 °C, which is
higher than what was obtained in this study[13]akais of the temperature of well water used
for the culture ofClarias gariepinus by some researchevgas alsofoundto be 23.40 £ 1.21°C
[14]. This result is also similar to the one obé&ann this study.

The pHs of source water and test aquarium watepksnwere 6.7 = 0.3 and 6.8 = 0.3. This
result is similar to those documented by earliemtio@ed study on well water [14]. Fish
production is greatly influenced by excessivelybhay low pH. Excessively high and low pH
could lead to high fish mortality. Although fish espes characteristic, fish size and
environmental conditions of the pond determine aepmum pH for cultured fish, a culture
water pH within 6.5 — 8.5 is considered adequat@dmd fish production [11a]. The result of pH
obtained falls within this range. Some works doeeently, however, obtained pH values of
within 7.4 to 7.9 higher than those obtained iis study [15].

Dissolved Oxygen for the source water and aquageew.8 = 0.8 mg/l and 7.1 + 0.6 mg/I

respectively. Similar level of dissolved oxygen4(ing/l) was used in a study to maintain



252
253
254
255
256
257
258
259
260
261
262
263

264
265
266
267
268
269
270
271
272
273

274
275
276
277
278
279
280

Clarias gariepinus fingerlings [16] while in another study, the safisé species were maintained
with water of lower dissolved oxygen level (5.7 A2 mg/l) [14]. Dissolved oxygen is regarded
as the most important water quality factor in agliace systems. Fish require dissolved oxygen
in water for respiration and other metabolic atiég necessary for survival. The oxygen
requirement of fish in water depends on the ratenefabolism of fish and physical chemical
factors like water temperature, pH and carbon diexevel [11a]. Dissolved oxygen level of >20
mg/l causes physiological dysfunctidrence toxic to fish, while at lower level than 3/mfish
exhibit reduced fecundity with low egg and sperrability [12]. Low dissolved oxygen or
excessive oxygen depletion causes poor feedingishf, fstarvation, reduced growth and
ultimately death [17]. The optimal dissolved oxygeoncentration for growth of eggs and
juveniles of African catfish is 9 mg/l, while adsiltvould survive in water of at least 3 mg/I
dissolved oxygen [11a].

Alkalinity of culture water is an important criten for determining the effect and concentration
of essential water quality constituents and herexmessary for the suitability of a water source
for fish culture. For fish culture, the pH of tesgater is closely related to and interpreted for its
alkalinity. The South African water quality guided for aquaculture stipulates a water alkalinity
of below 20 mg CaCé@ | and greater than 170 mg CaglQo be unsuitable for fish culture. A
total alkalinity value of at least 20 mg CagllOs essential for catfish production [18\n
alkalinity of between 100 - 150 mg CagOl is suitable for exerting less energy on osmo-
regulation which translates into better growthddresh water fish lik€larias spp [12]. For this
study, the total alkalinity of culture water fromusce (119 £ 3.9 mg CaGQ|) and aquaria
(128.9 + 19.4 mg CaC4d 1) are similar to values stipulated by the guicel

Water hardness was 45.3 + 9.9 mg CaClO(See Table 5) for the aquaria and 54.2 + 2.1 mg
CaCQ/ | for the source water. A study conducted in 20@¢ommended a range of 30 - 180 mg
CaCQ/ | as desirable for fish culture [19]. Hardness<@D mg CaC®/ | causes fish stress
while at above 300 mg CaGOl, an increase in pH occurs leading to unavdilgof nutrient
[20]. Total hardness ranging from 200 - 230 mg Cad@vas utilized in a recent study; a range
higher than what was obtained in this study for mh@ntenance of a similar freshwater air

breathing fish specie€hanna punctatus) [15]. An experimental culture dlarias gariepinus
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fingerlings was achieved with water of hardness susament of 78.56 + 3.89 mg Cag/Q,

relatively similar to the measurement obtainedtiier present investigation [16].

4.2  Twenty four (24) hours Bioassay

Bioassays are important for the estimation of tamicconcentration capable of posing severe
irreversible negative effects to experimental orgaus [21][22]. Aquatic bioassay serves as tool
for pollution control as it helps to determine tmeasure of a toxicant which may be allowed
into a water body without inducing adverse effemtisthe resident living organisms [16]. The

concentration of a toxicant found lethal to 50%est organisms exposed to it in a toxicity test is

referred to as the Lgg of the toxicant and may be determined for a 24 leaposure time [23].

The 24 hour LG determined shows that there was no significantetbfice in the values
obtained for the three replicates for both Cd abd Athough no death was recorded in the
control groups for both heavy metals, the percentagrtality of test organism increased with
increase in test concentration of both cadmiumlaad. The increase in mortality with increase
toxicant concentration may be due to the increds&ttant solubility and increased species
susceptibility which accompanies high toxicant @rication in aquatic medium [[24][25].
Lethal concentration (L§g) obtained for cadmium in the three replicates vaggaificantly lower
than those obtained for lead (p<0.05). This resudfgests that cadmium is more toxiclarias
gariepinus than lead. Higher L§gconnotes lesser toxicity since higher concentrasarequired

to achieve a 50% mortality of test organisms [26].

The test organism could tolerate lead contaminatiam cadmium in terms of dose — response
relationship. This may be due to the fact that dadmexerts a more fatal effect on the test
organism than lead. It has been proven that cadnelicits a necrotic damage on the gill
epithelium of Clarias gariepinus leading to desruption of gaseous exchange andwskr
balancing of the fish [27][28]. A negative effeat the gills which serves as a respiratory organ
of the fish may cause asphyxiation which would leéadleath of organism more instantly than
other toxic influence from heavy metals. Cadmiunciisl respiratory distress and increased
operculum beats per minutes in fish [29]. The fasad the lamella leading to reduction in

available surface area for gaseous exchange wasvelsin cadmium toxicity on fresh water
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catfish Heteropneustes fossilis [29]. The higher sensitivity of the test fish tadmium than lead
may be due to the fact that the gills stands aptimeary organ to suffer immediate toxic damage

of cadmium toxicity.

Similarly, there was a report from a study reveglinat a 96 hour L& for lead (300 ppm) was
greater than cadmium (6.5 ppm) for test fish Tii€mca tinca L., 1758) [25]. It was also
established of a higher 24 hour 4gdor lead than cadmium in the common Ca@ygrinus
carpio) and Sutchi catfishRangasius hypophthalmus) [30]. The 24 hour L& values obtained
for cadmium and lead in Sutchi catfish was howevgher than those obtained in this study
[30]. A similar 72 hour LG of 83.3+0.9 mg/| for lead chloride on common catpch is similar

to values obtained for this study has been docusde[81]. It was also discovered that lead

chloride was less toxic to common carp than zidorate and mercury chloride.

4.3  Effect of cooking methods on concentrations of cadmium and lead in flesh of Clarias

gariepinus

Fish is an important aquatic vertebrate whose flsstonsumed by human as a valuable source
of high quality protein, n-3 polyunsaturated fattgids, vitamins and minerals beneficial to
health [32]. Fish flesh is usually not consumed @vd hence further processed with several
cooking methods before consumption by man [33].uResf this study show that cooking
methods affect the concentrations of heavy metéisimflesh. Though cadmium and lead were
not detected in all cooked and uncooked samplesoofrol fish samples, cadmium and lead
levels of test fish varied in the order uncookethgles > charcoal- grilled > fried > boiled
samples. Variation suggests that cooking metholdieaed a reduction in heavy metal content of
fish. This observation may be attributed to theligbof fish flesh to act as a permeable
membrane most especially under the influence oft. h€his permeability may result in
appreciable movement of fish water and oil withviyemetals away from flesh layer into the
surrounding cooking medium [34].

Cadmium concentration of samples varied in the roweooked samples > charcoal-grilled >
fried > boiled samples. Concentration of cadmiurtecked in uncooked flesh, charcoal-grilled,
fried and boiled samples were 8.8+5.1 mg/kg, 5.8+ig/kg, 2.8+2.0 mg/kg and 2.2+2.0 mg/kg
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(Table 6, Fig 1). The difference in the concentragi of cadmium for all cooked samples were
significantly reduced compared to that of uncoolsadnples (p<0.05). There was a similar
documentation of a 100% and 20.7% loss in cadmium td frying and broiling respectively
compared to uncooked flesh of Hammour fish [35]di@am level detected in the boiled
samples was not significantly different from frisdmples. Cadmium level of samples cooked
through the moisture medium process (i.e boilind fayping) were significantly lower than those
cooked with the non- moisture dry process (chargoding) and uncooked samples. This may
be as a result of available cooking medium of tle¢ @ooking method which will facilitate the
softening of fish flesh and enhance permeability.contrast to our findings, there was an
observation of a significant increase in cadmiumele of thermally processed squid compared

to raw samples [36].

Lead levels of samples also varied in the ordecpoked samples > charcoal-grilled > fried >
boiled samples. Concentration of lead detectednicoaked flesh, charcoal-grilled, fried and
boiled samples were 44.6£22.5 mg/kg, 38.6+25.5 qyg2k.8+22.3 mg/kg and 25.8+22.0 mg/kg
(Table 6, Fig 1). The variations were however mainfd to be statistically significant (p>0.05).
Lead levels of cooked samples were significantfyedent from the uncooked sample. Lead
possesses a peculiar chemical stability obvioutsimery high melting and boiling point which
may render its movement away from fish flesh toaunding cooking medium difficult. Similar
findings reported [36] [37][38] on the effect ofetimal processing on cadmium and lead levels

of squid is also consistent with this observation.

The difference in the results of cadmium and leadosed fish flesh may be attributed to
variation in chemical and physical properties othbbeavy metals. Lead exhibits a higher
boiling (1740°C) and melting point (327.5°C) thadmium (Boiling point: 765°C; Melting
point: 321°C) which could account for the greatebdgity of lead relative to cadmium. The
influence of heat processing method, reported messtudies on the concentration of cadmium
and lead in squid are similar to the observatioderthis study [36]. However, a specific report
not consistent with the findings of this study digered a significant increase in cadmium and
lead levels of boiled mushroom compared to raw asignificant reduction in cadmium levels
of boiled mushroom compared to fried [3& therefore suggests that the influence of heat

processing on cadmium and lead residues in a fanyddapend on the type of the food.
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370 5.0 CONCLUSIONSAND RECOMMENDATIONS
371 51 Conclusion

372 Lethal concentration (L&) obtained for cadmium were significantly lower nhthose obtained

373  for lead. This was evident in the higher concerdrabf lead obtained to cause mortality of 50%
374  of test organisms than the concentration of cadmimth elicited the same effect. The fish
375 could accumulate a high concentration of lead diidesmain active and alive, when compared
376  with their exposure to cadmium. In view of thismight be concluded that the consumption of

377 Clariasgariepinusis capable of presenting a higher risk of lead@mmation than cadmium.

378 Boiling, frying and charcoal-grilling o€larias gariepinus resulted in a significant reduction in
379 cadmium level while no significant reduction was recorded foade This suggests that the
380 ameliorating effect of cooking methods on heavy atsetin Clarias gariepinus could be

381 influenced by the specific heavy metal resid@®iling produced the highest reduction of
382 cadmium followed by frying and charcoal-grillingh& effect of cooking methods on heavy
383 metals concentrations i@larias gariepinus therefore, depends on the specific heavy metal and

384  cooking medium.

385

386

387 5.2 RECOMMENDATIONS

388 In view of the high tolerance dflarias gariepinus for lead, fish culturist should not rely on
389  physical examination and mortality rate as a medndetecting heavy metal pollution of fish
390 ponds. Periodic monitoring of culture water shoodddone using standard laboratory analytical
391  methods and techniques to allow prompt detectidmeairy metal pollution level of fish ponds.

392  Boiling and frying should be utilized as cookingthmls for fish than charcoal-grilling method.
393  Boiling is particularly advocated for cookiri@arias gariepinus because it presented the greater

394 reduction of cadmium when compared with the othethwds. Integrated cooking method
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involving combination of two or more of the aforeemioned methods, for instance, boiling and

frying of Clarias gariepinus could be adopted for improved safe consumption.
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