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Distributions of some heavy metals in different fish organs were studied. Maxi-
mum concentrations (ppm) of lead (1-24), cadmium (0-82), chromium (0-721),
zing (10-9). copper (2-26), manganese (0-33), and iron (1-41) were found in the
brain, whereas the minimum concentration detected in flesh samples were lead
(0-149), cadmium (0-050), chromium (0-080), zinc (0-820), copper (0-420),
manganzse (0-048), and iron (0-£91 ppm).

INTRODUCTION

Fish are often at the top of the aquatic food chain and
may concentrate large amounts of some metals such as
lead, cadmium. chromium. copper, zinc, and iron.
These metals accumulate differently in fish organs
(bone. brain, flesh, gills, gonad, and liver), Eisenberg
and Topping (1986) in Maryland (USA), determined
cadmium concentrations in fish tissues and they found
that the highest concentration (0-87 ppm) was higher
than the permissible limits (0-50 ppm) of FAO (1983).
They also found a significant increase in Cd coneen-
trations in liver tissue in comparison 1o flesh tissue,
This is consistent with the finding of Hegi and Geiger
(1970) who found similar results in livers of fresh water
finfish and also with the finding of Barak and Mason
(1990) who reported that Cd concentrations were
higher in the liver than fiesh. However, Hernandez ef
al. (1990) found low Cd concentrations in muscle as
well as in gonad and gills. They also reported that an
important accumulation of this metal took place in
liver and kidney, in the order, muscle < liver < kidney.
The results obtained by Eisenberg and Topping (1986)
indicated that no detectable concentrations of lead
were found in any liver samples and only 2 of 24 gonad
samples showed detectable concentrations, indicating
preferential bioaccumulation in flesh tissue (mean
value, 1-52 ppm) in samples of various specigs of finfish
harvested from the Maryland section of the Chesa-
peake Bay. Also, Hernandez ez al. (1990) reported that
the gonad and flesh (muscle tissue) showed the lowest
metal content. Hegi and Geiger (1979) found enrich-
ment of lead in the liver of freshwater finfish. More-
over, Halocombe er @l (1976) and Dallinger et al
(1987) concluded that liver and other soft organs are
important targets for lead. Barak and Mason (1990)
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showed that lead concentrations were higher in liver
(ranging from 001 to 0-36 ppm) than in fish flesh
(ranging from 0-01 to 0-30 ppm). However, Hernandez
er al. (1990) reported that high concentrations of lead
accumulated in gills. Different concentrations of zinc
were found in different organs. Eisenberg and Topping
{1986) reported that the concentrations of Zn ranged
from 29 to 3-8 ppm in flesh and ranged from 94 to
230 ppm in gonad samples of American shad har-
vested from the water of Harford county. Also, the
congentrations of Zn were lower in axial muscle tissue
than in liver tissue. Wiener and Giesy (1979) observed
that axial muscle contained 4-948.7 ppm; however, the
liver contained 189 to 48-7 ppm dry weight. Copper
also may accumulate in different organs. Eisenberg and
Topping (1986) found that this metal accumulated at
higher concentrations in gonad (1-21-7-22 ppm) than
flesh (0-40-0-78 ppm). Also, Wiener and Giesy (1979)
reported that Cu concentrations were lower in axial
muscle tissue than in fiver tissue, which ranged from
0:06 to 252 ppm, and 4-10-918-90 ppm dry weight,
respectively.

Chromium is another metal detected in different
organs of fish, Hernandez (1990) reported that the low-
est value of Cr was defected in muscle (ranging from
00 to 010 ppm) and was increased in gills (0-125-0-775
ppm). Manganese also is a heavy metal, which accumu-
lates in fish organs. Wiener and Giesy (1979) reported
that the concentration of manganese in muscle ranged
from 0:13 to 0-70 ppm) which is lower than in liver
(0-80-12-96 ppm. dry weight).

Metal concentrations in fish are mostly measured in
liver or muscle (flesh), the latter being of most concern
to man because it is the main tissue consumed as food.
On the other hand, liver is now widely recognized as a
valuable indicator of pollution (Hansen et al., 1982;
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Jensen, 1983; Phillips & Segar, 1986, Badsha &
Goldspink, 1988). So, the objective of this study was
1o detect and determine the concentrations of contami-
nation by heavy metals and distribution of these metals
in different fish organs,

MATERIALS AND METHODS
Sample collection

Seven hundred and iwenty-seven composed fish organ
samples were collected from six Governorates (Damitta,
Port-Said, Hourghada, Suez, Ismailia, and Alexandria)
to assess the distribution of heavy metals in the Egyp-
tian fish organs. All samples were taken at random
through the period from January 1986 to January 1989.
The number of the collected fish organs were as fol-
lows: bone (118}, brain (77), flesh (128), gills (159).
gonad (105) and liver (140).

Heavy metal standards

Stock standard solutions of lead (Pb), cadmium (Cd).
chromium (Cr), zinc (Zn), copper (Cu), manganese
(Mn), and iron (Fe), were coltecied from Merck in con-
centrations of 1000 mg/l (Merck, Darmstadt, Germany),

Analytica] methods

A Perkin-Elmer (2380) Atomic Absorption Spectro-
photometer was employed for the analysis. The maxi-
mum absorbance was obtained by adjusting the
cathode lamps at specific slits and wave lengths as
shown in Table 1.

Fish organ samples
The samples were prepared by the method of the Asso-
ciation of Official Analytical Chemists (AOAC, 1980).

Suatistical analysis

To detect the significance of differences in the tested
heavy metals in fish organs, the data were analyzed
using one-way analysis of variance according to the
following model (Winer, 1971).

Fi=p+a+ i,

whete Y, : chservation on element f under effect of a,
a ; general population mean, a, : Jocation effect and

Table 1. Wave Jengths (i) and skit width (wm) for determination

of heavy metals
Metal Wave length (nm)  Slit width (nm)
Cadmium (Cd) 2288 07
Copper (Cu) 248 07
Ferrous (Fe) 2483 02
Manganese (Mn) 2795 02
Lead (Pb) 2070 07
Zinc {Zn) 3199 07
Chromium (Cr) 4254 02

I, : experimental error associated with measurement an
element j.

General Linear Model of SAS (SAS. 1988) were used
10 perform the analysis of variance.

RESULTS AND DISCUSSION

The study was carried out to detect the differences
among the heavy metal concentrations in different fish
organs. The distributions of heavy metals in fish organs
are given in Tables 2, 3 and 4. The obtained results
showed that lead in the brain of the collected fish
samples showed the highest mean concentration of 1.24
ppm wet weight, followed by gonad, liver and bone,
being 0981, 0-889 and 0-368 ppmi. respectively. The
lowest concentration was found in flesh which showed
0-149 ppm.

For cadmium, the lowest concentration was detected
in flesh (005 ppm) and gills (0-15 ppm) followed by
bone (0-27 ppm), liver (0-31 ppm) and gonad (0-37
ppm}). The highest concentration of Cd recorded was in
brain (0-82 ppm). Low concentrations of Cd in gills are
deceptive, because Cd is extremely toxic and cumu-
lative. Benoit et of. {1976). who measured Cd in water
for up to 38 weeks, reporied that kidney accumulated
the highest concentration, followed by liver and gills.
Exposed fish placed in fresh water lost Cd rapidly from
gill tissue but did not lose it from either the kidney or
liver.

The concentrations of chromium in the brain of fish
samples showed the highest concentration (0-721 ppm
wet weight). On the other hand, flesh samples were
found to have the lowest concentration (0-08 ppm).
Bone, gonad and liver contained 0-308, 0-673 and 0311
ppm wet weight.

The results clearly indicate that the brain samples
examined during this study contained the highest con-
centration of zinc, which showed a mean value of 10-9
ppm wet weight, followed by gonad (5-32 ppm). Liver,
bone and gills recorded intermediate values (3-78, 2.32
and 2-14 ppm, respectively). The lowest concentration
was found in flesh which contained 0-82 ppm.

Copper was found at concentrations of 2:26 and 1-60
ppm in brain and gonad, respectively. Gills and flesh
had the lowest concentrations (0-54 and 0-42 ppm).
However, bone and liver had intermediate concen-
trations (0-88 and 0-78 ppm, respectively).

The collected fish samples, indicated that the concen-
tration of manganes¢ in brain (0-33 ppm) was higher
than in other organs. However, flesh samples had the
lowest concentration, (0-048 ppm). The concentrations
of M1 in gonad, bone, liver and gills were 0-281, 0-158,
0-152 and 0136 ppm, respectively.

It is alse noticed from the data, that fish brain samples
contained a larger amount of iron (1-41 ppm) than the
other organs. In contrast, flesh samples had the lowest
concentration of iron (mean value, 0-191 ppm). The
concentrations of iron in liver, gonad, gills and bone
were 1-16, 093, 0-601 and 0-356 ppm. respectively.
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Table 2. The concentrations of lead, cadmium, chwomium, and zinc in orgaa fish samples collected from different localities in Fgypt

Organ No. of Concentration in ppm (mgkg wet weight)
’ Lead Cadmium Chromium Zine

Range Meant SE Range Mean + SE Range Mean + SE Range Mean £ SE
Bone 118 0-191 0-368+£0034 0-1-50 0270 +0.03 0-1.99 0-308+0037 0-164 232102
Brain 77 0-561 124 £0150 0-760 0820#017 039 0720110 0646 109£176
Flesh 128 0-095 0-149+0017 0030 00501001  0-¢54 008010010 072 0824040
Gills 159 0-129 0262+0022 0-200 0150002 0-076 01390013 0-124 214£020
Gonad 105 0-595 09810140 0-920 0370010 0-546 0673£0-120 0-394 532+082
Liver 140 0-6:39 0-889+0-110 0430 03i10+006 0-343 0311£0049 0238 3 TBL044

Table 3. The concentrations of copper, manganese, and iron in organ fish samples collecied from different localities in Egypt

Organ No. of Concentration in ppm (mg/kg wet weight)
i Copper Manganese Iron

Range  Mean £ SE Range  Mean +SE Range  Mean £ SE
Bone 118 0-12:2 088 £ 016 0072 01580016 0-164 035610034
Brain 7 0-15-4 226+ 042 0211 0333 £ 0057 0505 141 £0150
Flesh 128 0- 74 042+ 010 0-0-56  0-048 £+ 0-070 0-144 0191 £0.025
Gills 159 0-136 034012 0-129 0136 £ 0-0t5 0-324 0601 £ 0052
Gonad 105 0-14-0 1-60 £ 0-26 0-200 0281 £0-49 0-573 09300110
Liver 140 0-14-8 078+ 0-16 0-158 015220024 0-777  L'16 £0140

Table 4. The maximum and the minimum mean levels of the tested metals in orgses from collected fish samples

Metal Maximum Organ Minimum Organ

Mean £ SE Mean + SE
Lead** 124 20110 Brain* 0-149 £ 0-017 Flesh*
Cadrmium** 0-820£ 0170 Brain* 0-050 £ 0010 Flesh?
Chromium** 0721 £0.110 Brain® 0:080 £ 0010 Flesh*
Zinc** 109 +1.760 Brain® 0-820 £ 0-100 Flesh!
Copper** 226 10420 Brain® 0-420 £ 0100 Flesh®
Manganese** 0-333 £ 0-057 Brain® 0-048 + 0-080 Flesh®
[ron** 1-41 £0-150 Brain® 0-191 +0-025 Flesh®

** highly significant P < 0-001.

Means having the same letters is where significant differences were detected.

Statistical analysis proved highly significant differ-
ences among selected organs in fish samples tested for
Cu, Zn, Mn, Pb, Cr, Cd and Fe (P < 0.001). For
copper concgntrations, Duncan's test for mean sepa-
ration indicated that brain has a significantly higher
concentration than gonmad, bone, liver, gills and fiesh,
and flesh showed the lowest concentration. Zinc con-
centration in brain was also significantly higher than
gonad, liver, bone, gills and flesh. However, no signifi-
cant differences were recorded between gonad and
liver, and among bone, gills and flesh. For manganese,
brain has significantly higher values than other organs.
No significant differences were recorded between brain
and gonad. Also, no significant differences were detected
among bone, liver, gills and flesh. The fish brain samples
examined were significantly higher in l¢ad content than
those of other organs. On the other hand, no signifi-
cant differences were observed between gonad and liver
or among bone, gills and flesh. With cadmium the

mean separation analysis showed that brain had sig-
nificantly higher values than did liver, bone, gills and
flesh. However. no significant differences were observed
betwean brain and gonad. Nor were there any significant
differences between liver, bone and gills. Brain had the
highest Cd content, whereas flesh and gills had the
lowest concentration, No significant differences were
detected among gonad, liver and bone. The concen-
iration of iron was significantly higher in brain than
gonad, gills, bone and flesh. However, flesh was signifi-
cantly lower in iron than were brain, fiver, gonad and
gills.

The masimum and minimom concentrations of the
tested metals in fish organs are summarized in Table 4,
As shown. the maximum concentrations (ppm) of lead
(1:24), cadmium (0-82), chromium (0:721), zinc, (109),
copper. (2.26), manganese (0-33) and iron (1-41) were
found in brain, whereas, the minimum concentrations
were detected in flesh samples which showed 0-149,
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005, 0-08, 0-82, 0+42, 0-048 and 0191 ppm for Pb, Cd,
Cr, Zn, Cu, Mn and Fe, respectively.

Most previous reports have shown trial accumu-
lation patterns of metals in fish are dependent both on
uptake and elimination rates. The uptake of metals in
fish is influenced by many factors, including the species,
the specific organs studied and various environmental
factors, for example temperature and pH (Hakanson,
1984). Badsha and Goldspink (1988) showed that the
factors affecting uptake and accumulation of pollutants
were locality, species, sex, age and state of gonadal
maturation, as well as environmental factors.

Elimination of metals is an active biochemical and
physiological process. One problem which often remains
unresolved is to know the pathways by which metals
are incorporated into the fish, Several authors demon-
strated that gills play an important, perhaps even a
dominant, role in metal uptake (Part & Svanberg, 1981;
Thomas ef al., 1983; Hughes & Flos, 1978). This may be

o enrlons, o Fne tha sonian ealishla fenntiane af satals
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Metal concentrations in fish are mostly measured in
liver or muscle (flesh), the latter being of most concern
to man because it is the main tissue consemed as food.
On the other hand, liver is now widely recognized as a
valuable indicator of pollution {Hansen ef al. 1982;
Jensen, 1983; Phillips & Segar., 1986: Badsha & Gold-
spink, 1988),

Lead

It can be seen that the highest mean values of lead were
found in brain followed by gonad and liver, which
showed mean values of 1.24, 0:98]1 and 0-889 ppm,
respectively, while the lowest concentration was found in
flesh (0149 ppm). The results of this study completely
disagree with the results of Eisenberg and Topping
(1986). who reportad that no detectable concentrations
of Pb were found in any liver samples and only 2 of 24
gonad samples showed detectable concentrations indi-
caling preferential bioaccumulation in flesh tissue (1-52
ppm) in samples of various species of finfish harvested
from the Maryland section of the Chesapeake Bay.
Also Hernandez et af. (1990) reported that gonad and
flesh (muscle tissue) showed the lowest metal content,
These results partially agreed with the data obtained in
this study in the case of the lowest concentration of Pb
in flesh, but contrasi in the case of gonad. However,
this study agrees with Hegi and Geiger (1979) wha
found enrichment of lead in the liver of freshwater
finfish. Morcover, Halocombe ¢ ol (1976} and
Dallinger er al. (1987} concluded that liver and other
soft organs are important targets for lead. Also the
data obtaingd agree with those obtained by Barak and
Mason (1990) who showed that Pb concentrations were
higher in Ever (0-01-0-30 ppm) than in flesh (0-01-0-36
ppm). In the current study, although gills showed lower
mean values than other organs (0-262 ppm), their con-
tents were higher than flesh. However, Hernandez ot al,
(1990} reported that high concentrations of Pb accume.
fated in gills,

Cadmium

The highest mean concentrations of cadmium {ppm)
were detected in brain (0-82) followed by gonad (0-37)
and liver (0-31) while the lowest concentration was
found in flesh (0-05 ppm). These results accorded with
those obtained by Eisenberg and Topping (1986), who
found a significant increase in Cd concentration in liver
tissue in comparison to flesh tissue. This is consistent
with the findings of Hegi and Geiger (1979) who found
similar enrichment in livers of fresh water finfish and
also with the findings of Barak and Mason (1990) who
reported that Cd concentrations were higher in the liver
{0-01-04] ppm) than fiesh (0-01-0-60 ppm). The results
obtained also agreed with those reported by Hernandez
et al. (1990), who found that low Cd concentrations
were detected in muscle, as well as in gonad and gills.
They also reported that an important accumulation of
this metal took place in liver and kidney, in the order:
muscle < liver < kidney. On the other hand, Szefer and
Falandysz (1983) found lower concentrations of Cd in
muscle tissue of fish from the southern Baltic, which
ranged from 0-001 to 0-057 ppm.

Chromium

The lowest mean concentrations of Cr were found in
flesh (0-08 ppm) and increased in gills (0-139 ppm).
Concentrations found in liver, gonad and brain (0-311,
0673 and 0-721 ppm) were much higher than those in
flesh (0-08 ppm). Therefore, it would be advisable not
to ¢ai these organs, if’ possible, in order to avoid poten-
tiat risks to human health derived from the high toxic-
ity and persistence of heavy metals (Hernandez et al.
1990). Similar results were observed by Hernandez et
al. (1990) who found that the lowest values of Cr were
detected in muscle (0-0-1 ppm), and were increased in
gills (0-125-0-775 ppm). Eisenberg and Topping (1986)
reported that mean Cr concentrations in finfish flesh
were below the detection limit in 1978 and 0-16 ppm in
1979. All the above mentioned reports agree with the
results btained in this study which showed that flesh
contained the Jowest concentration of Cr.

Zine

Zn was found at the highest concentration (10-9 ppm)
in brain, with, the lowest concentration being detected
in flesh (0-82 ppm). The results also indicated higher
concentrations in the gonads (5:32 ppm). These results
are in accordance with those obtained by Eisenberg
and Topping (1986}, who found that the mean concen-
trations were 2:9-3-8 ppm in flesh and 94-23-0 ppm,
respectively, in gonad samples of American shad har-
vested from the waters of Harford county. However,
the samples of fish collected from Chesapeake Bay
{Rock Hall) showed Zn ranging from 59 to 89 ppm in
flesh and 15-3 to 80-1 ppm in gonad. Also the concen-
trations of Zn were observed to be lower in axial muscle
tissue than in lkiver tissue, Wiener and Giesy (1979)
(axial muscle, 4-9-48-7 ppm and liver 18-9-48:7 ppm).



Distribution pattern of some heavy metals in Egyptian fish organs 389

Copper

Zopper was found at the highest mean concentration in
srain (2:26 ppm), while the lowest concentration was
fetected in flesh (0-42 ppm). Copper was shown to
wcumulate higher concentrations in gonad and liver
tissues (0-61 and 0-78 ppm, respectively). These results
agree with those obtained by Eisenberg and Topping
[1986), who found that copper showed higher concen-
irations in gonad (1-21-7-22 ppm) than flesh {0-40-0.78
ppm). Also Wiener and Giesy (1979) reported that Cu
concentrations were lower in axial muscle tissue than in
liver tissue, which showed 0-06-2-52 ppm and 4-1-918:9
ppm dry weight, respectively.

Manganese

The highest mean concentration of Mn was detected in
brain while the lowest concentration found in flesh
(0-048 ppm). There was a lower concentration in flesh
{0-048 ppm) than in liver {0-152 ppm). These results
agree with those obtained by Wiener and Giesy (1979)
who reported that the concentration of Mn in muscle
(0-13-0-70 ppm) was lower than in fiver (0-80-12:96
ppm dry weight).

CONCLUSION

From the data presented, it can be concluded that all
heavy metals studied were detected at the highest mean
congentrations in brain followed by liver, and gonad. It
is therefore inadvisable to eat the brain or liver to
avoid potential risks to human health arising from the
high toxicity and persistence ol heavy metals.
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