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The toxicity of certain heavy nmetals such as Pb, Hg and
Cd is well docunented (Lippmann, 1990; Mtsunori et
al., 1990; Lohani and Mittamara, 1978; Davies, 1991;
Wat anuki, 1978; Friberg et al., 1985 and 1986).

The effect of environmental pollution on contamnation
of foods and on their safety for human consunption is a
serious global public concern, and data on this subject
have been reported by several investigators (Al egria et
al., 1990; Ellen et al., 1989; Sherloock, 1987).

Since traces of heavy nmetals are found in al nost every
food comodity, an estimation of the intake of food
contaminants is essential and differs considerably from
country to country (Louekari and Sal ninen, 1986). In
Kuwait, data are not available on the |evels of toxic
netals in foods consumed by the various age groups nor
are there any Kuwaiti standards at present on the
permssible Iimts of these nmetals in various food
commodi ti es. Hence, the dietary i nt ake of t hese
el enents cannot be deternined accurately.

The aimof this study was to investigate the levels of
certain toxic netals in locally produced anim
products.

MATERI ALS AND METHODS

Sampl es of animal products including sheep and goat
livers and kidneys, chicken livers, eggs, and cow and
sheep mlk were randomy collected fromlocally reared
animls. The nunber of animals and total nunber of
sanples collected are shown in Table 1. Al animals
were purchased fromlocal |ivestock whol esal ers! except
for the egg, and cow and sheep m |k sanples which were
donated by the Public Authority for Agriculture and
Fi sheries (PAAF).
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Table 1. Nunber of animals and total nunber of sanples
of food commbdity collected fromeach species

Speci es Tot al Liver Kidney MIlk Eggs
Goat 11 11 11 NS NS
Sheep 16 16 16 NS NS
Chi cken 33 33 NS NS NS
M1 king cow 22 NS NS 47 NS
M I ki ng 22 NS NS 30 NS
sheep

Layi ng hen 102 NS NS NS 190
NS = Not sanpl ed

The anpunt of sanple collected varied for the different
products. Usually 200 and 500 mL of sheep and cow nilk
respectively, were sanpled. The liver and kidneys are
target tissues for nonitoring contani nation because
both organs concentrate nmetals. Usually the kidneys and
liver of the slaughtered animals were taken whole

except for the livers of chickens, which were pooled to
provide sanples of sufficient size for analysis, i.e.,
three livers from chickens from the sane area were
pool ed together and honpgeni zed. Eggs were collected
from laying hens on a daily basis. Each sanple
conprised five eggs from a laying hen were pooled
t oget her.

Kidney and |iver sanples were honpgeni zed and stored in

| abel ed plastic bags at -18 °C. Egg and nil k sanpl es
were freeze-dried upon receipt and stored in |abeled

sampl e containers at -18 °C until anal yzed

For the determination of heavy nmetals in the food
commodi ti es, sanpl es wer e i gested as foll ows:
approximately 1 g of the freeze-dried sanple or 3 to 5
g of fresh sanple was placed in a 100-nL beaker. Then

10 nmL of concentrated nitric acid was added to the
sanple, and the beaker was covered with a watch gl ass.

The sanple was then heated gently at 150 °C for 30 to
45 mn. The resulting solution was cooled, and 5 to 10
nL of 72% perchloric acid was added slowy. The

solution was then gently heated at 200 °C unti
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di gestion of the sanple was conplete, i.e., a clear
solution was obtained. The solution was transferred
into a 25-nL volunetric flask and made up to 25 nL with
dei oni zed water.

The concentrations of the toxic metals were determ ned
using an inductively coupled plasma-nass spectroneter
(I CP-MB) nodel VG Pl asma Quad. The | CP-MS' s
instrunental paraneters were forward power of 1350
watts, plasma gas flow of 13.51 L/min, auxiliary gas
flow of 0.91 L/min and nebulizer gas of flow 0.85
L/min. The recoveries were determ ned by analyzing a
certified standard reference oyster tissue (SRM 1566a)
obtained fromthe National Institute of Standards and
Technology (N ST), Githersberg, USA for Hg, Cd and Pb
content. Mean recoveries for the different elenents
ranged from 89% for Pb to 92% for both Hg and Cd.

RESULTS AND DI SCUSSI ON

The Codex Alinentarius Conmm ssion (FAQ VWHO, 1984) has
establ i shed the maximum perm ssible concentration of
metals in some food commodities; however, other foods
such as neat, internal organs, eggs and nmilk were not
i ncl uded. Hence, the nenber states in the Codex
Alimentarius Conmi ssion have adopted their own naxinum
perm ssi bl e | evel s for metals in t hese f ood
conmmodities. The levels of the toxic metals in the
various food comodities investigated are presented in
Table 2. As is shown, Hg was not detected in any of the
sanples examned, nor was the l|egal provisional Cd
concentration of 500 ug/ kg for liver as set by Germany
(Avigdor, 1987) exceeded in any of the liver sanples
exam ned. Anong the liver sanples, chicken liver had

the highest nmean Cd concentration (89 pg/kg), followed
by goat liver (47 pg/kg); whereas, sheep liver had the

| onest nmean Cd concentration (44 pg/kg). As for the
ki dney samples, the nmaxi mum permni ssible concentration

of Cd (1000 pg/kg) set by sone countries, e.g., Hungary
(Code of the Hungarian Health Mnistry, 1985) was not
exceeded, except in one goat Kkidney sanpl e

(1250 pg/kg), as shown in Table 2. Furthernore,
el evated nmean Cd levels were detected in both goat and

sheep kidneys (442 and 301 pg/ kg respectively). This
could be due to the fact that Cd is known to
concentrate in the kidneys and Ilivers of animls
(Browni ng, 1969). Moreover, Cd is largely bound to
sul fhydryl groups in the protein metallothionein in the
ki dney and liver organs; the formation of this protein
is mainly caused by Cd ingestion (Verma et al., 1978)
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Table 2. Hg, Cd, Pb, N and V contents in various food comodities

Food type N cd Pb
Mean  Range Mean  Range

Sheep |iver 16 44 5-68 125 26-403
Sheep ki dney 16 301 14-904 145 68-614
Goat liver 11 47 22-110 130 61-233
Goat ki dney 12 442 73-1250 427 55-3496
Chi cken [iver 33 89 42-183 104 21-432
Chicken egg 190 7 ND-23 81 ND-225
Cow mlk 47 ND ND 43 ND-58
Sheep mlk 30 ND ND ND ND

Al values are given in pg/ kg wet weight.
ND Not det ect ed.
N Nunber of sanples.

Hg was not detected in any of the sanples anal yzed.

Telford et al. (1982) conducted a toxicological study
in which field corn was grown on subsoil with a pH of
5.5, that had been anended with 100 t/acre of rmuni ci pal
sewage sludge from Syracuse, New York. The resulting
corn plants, containing 3.88 ppm Cd on a dry-wei ght
basis, were field-chopped and ensiled, and the silage
was fed to growing sheep for 225 d. The results showed
that the sheep fed the sludge-grown corn silage had
hi gher concentrations of Cd in their livers and ki dneys
than did the control animals (2.91 ppmin the control
ki dney, 0.30 ppmin the control liver, 17.84 ppmin the
sl udge kidney, and 3.19 ppmin the sludge liver). In
New Zealand, Solly et al. (1981) neasured the Cd
concentration in the kidneys and livers of clinically
normal cattle, calves and sheep. Their results are as

follows: 250 pg/kg in cattle and sheep kidneys and
100 pg/kg in cattle and sheep livers.

The maxi mum permi ssible concentration of Cd reconmrended
by Hungary (Code of the Hungarian Health Mnistry,

1985) for eggs i.e., 20 pg/kg, was not exceeded in nost
of the egg sanples analyzed; only one egg sanple

exceeded the maximum|limt with 23 pg/kg of Cd. Cd al so
was not detected in any of the sheep or cow nilk
sanpl es.
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The maxi mum [ egal provisional Pb Iimt of 2000 pg/kg in
liver and kidneys as reconmended by Sweden (Avigdor,
1987? was not exceeded in any of the liver and kidney
sanpl es investigated except for one goat kidney sanple

(3496) pg/ kg). Nevert hel ess, el evat ed nmean Pb
concentrations were detected in both goat and sheep

ki dney sanples (427 and 145 pg/ kg respectively) as well

as in goat and sheep liver sanples (130 and 125 pg/kg),
as shown in Table 2. This could be attributed to
grazing aninmals near highways (in the presence of |ead
em ssion from car exhaust systens) which is wdely
practiced in Kuwait, especially during the winter and
spring seasons when desert plants becone plentiful.
This practice nmight contribute to the elevated Pb
concentrations in both goat and sheep ki dneys.

Li kewise, the statutory limt of 300 pg/kg of Pb in
eggs as set by Hungary (Code of the Hungarian Health
Mnistry, 1985) was also not exceeded in any of the
eggs analyzed. As for the mlk sanples, the maximum

provisional limt of 100 pg/ kg of Pb as recommended by
Hungary (Code of the Hungarian Health Mnistry, 1985)
was not exceeded.

In Canada, Salisbury et al. (1991) conducted a national
survey between 1982 and 1989 to determ ne the anount of
Pb residues in slaughtered aninals. Liver and kidney
tissues fromcattle, poultry, calves and sheep were
tested. The follow ng range of |ead concentrations were

detected: 40 to 970 pg/kg in cattle liver, 40 to
2970 pg/ kg in cattle kidney, 40 to 390 ug/kg in poultry
liver, 40 to 1520 pg/kg in veal liver, 40 to 1580 pg/kg
in veal kidney, 40 to 300 pg/kg in sheep and I|anb
liver, and 40 to 980 pg/kg in sheep and |anmb ki dneys.

Based on the results obtained in this prelimnary
study, it can be concluded that the levels of certain
toxic netals in a mjority of the food products
investigated did not exceed the naxinum allowable
concentrations of netals recomrended by different
countries, except for one sanple each of goat Kkidney
and egg, which were higher than the |egal provisional
limts of Cd and Pb in some countries. However, it is
of  utnost i nportance at this stage to further
investigate the levels of these toxic nmetals in other
food commodities consuned by the different age groups
and to assess the public health risks arising fromthe
presence of these toxic contaminants in foods consumed
by the Kuwaiti popul ation.
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