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ESTIMATION OF HEALTH RISK INDEX DUE
TO PRESENCE OF HEAVY METALS
IN FOOD OF KYZYLORDA CITY (KAZAKHSTAN)

Abstract. This article presents the estimation of health risk index due to presence of
heavy metals in food of Kyzylorda city. The main heavy metals (zinc, copper, cadmium,
lead and manganese) were analyzed in some most commonly used locally produced food
products of Kyzylorda city by atomic absorption spectrometry. The decomposition of food
samples was done by mixture of sulfuricand nitricacidsin a ratio of1:1 without boiling to
complete oxidation.The obtained data were used for the health risk index calculation.

The results showed the highest content of zinc in rice (93.8 mg/kg); lead — in cab-
bage (61.2 mg/kg); cadmium — in peels of onion (14.7 mg/kg); manganese — in peels of
carrot (38.7 mg/kg); copper — in peels of onion (33.2 mg/kg).

Health risk index due to content of zinc and lead in potato and zinc in rice is high.
Consumption of carrots, onions, cabbages and apples produced in Kyzylorda region has
insufficient influence on health of local people, but the content of heavy metals in potato
and rice is recommended to be controlled.

Keywords: heavy metals, food, Kyzylorda city, health risk index, estimation, atomic
absorption spectrometry.

Introduction. The main problem of heavy metals in comparison with or-
ganic pollutants is their disability to be easily decomposed because of their non-
degradable characteristics. As a result, heavy metals are accumulated into the
food chain, resulting to health of the local population [1]. Heavy metals are
regarded as the most dangerous pollutant to food security [2]. Serious systemic
health problems would develop in human body as a result of excessive dietary
intake of heavy metals such as Cd and Pb into human body [3]. Exposure to high
concentration of Cd had been linked to human lung, prostate and renal cancer [4].
Pb was also deemed to have carcinogenic potential in humans, and do some ad-
verse effects on human health such as cardiovascular, nervous system, blood and
bone diseases [5, 6].

Although Cu is an essential trace element, its excessive concentration can
threaten human health [7, 8]. Previous studies also showed that Cu toxicity could
induce changes in cellular activities, such as regulation of lipid metabolism,
neuronal activity, gene expression and resistance of tumor cells to chemothe-
rapeutic drugs [9].

This study included investigation of content of main heavy metals (zinc,
lead, cadmium, manganese and copper) in main food products of Kyzylorda city
market. The most commonly used food products by local population for this
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investigation were chosen. Among them are potato, carrot, onion, cabbage and
apple. As in [10-12] high concentrations of heavy metals, especially cadmium and
lead in rice were reported, rice from Kyzylorda city market was also included in
this research.

MATERIALS AND METHODS

Object description. Kyzylorda region is characterized by a number of
features, among which are socioeconomic conditions, low level of life quality in
rural areas, lack of drinking water quality, and poor environmental situation due
to Aral Sea issues (the processes of desertification, soil salinity over large areas,
pesticide and herbicide pollution, heavy metal contamination) [13, 14].

At the territory of Kyzylorda region significant amount of mineral resources,
such as zinc, lead, uranium, vanadium, gas and petroleum are located [15]. These
mining activities have certainly increased the dispersal of toxic elements in Ky-
zylorda region. The presence of elements such as cadmium, copper, lead and zinc
in soil and water samples obtained from Kyzylorda region was reported in [15].

Samples and sample pre-treatment description. The food samples were
purchased at the local market of Kyzylorda city. The samples were washed with
tap and distilled water. Peels of potato, carrot and onion were removed and were
analyzed separately as individual samples. From apples, cores were removed and
analyzed separately. The wetmaterial was dried in an oven at 30-40 °C and
grinded.

Determination of heavy metals. The weighed mass was decomposed by
wetashingina Kjeldahl flask of 300 ml. For this purpose tothe test samplea
mixture of sulfuricand nitricacidsin a ratio ofl:1 was added and gentlyheated
without boiling to complete oxidation (i.e.cessation of the releaseof colored
vapors of nitrogen oxides).The contents of the flask quantitatively was transferred
toa 25 ml flask, diluted with distilled water. The obtained solution was filtered.
The measurements of content of heavy metals wasdoneby atomic absorptions
pectrometry [16].

Health risk index. The health risk index (HRI) was calculated by following
formula (1):

HRI = DIM/Ry¢4, 1)

where DIM is daily intake of heavy metals, mg/person/day; Ry is the oral refe-
rence dose, mg kg™ body weight d*. Rivalue for Zn, Pb, Cd, Mn and Cu is 1,5;
0,004; 0,001; 0,033; 0,04, respectively [17]. The health risk index values greater
than one for human health were not considered safe [1].

The DIM was calculated by following equation (2):

DIM = C,*C¢*Dg/ body weight, 2

where Cp, is concentration of heavy metal in plants, mg/kg; C: is conversion
factor, which convert the fresh vegetable weight to dry weight; Dg is daily intake
of vegetables/food, kg/d. According to the food basket of Kazakhstan, each
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citizen of Kazakhstan eat the following amounts: apple — 0.07 kg d*; onion —
0.05 kg d*; carrot — 0.05 kg d™*; cabbage — 0.07 kg d™*; potato — 0.26 kg d; rice —
0.02 kg d™* [18]. Average adult weight for Kazakhstan was considered as 60 kg.

RESULTS AND DISCUSSION

The content of heavy metals in foodare presented in figure 1-5.
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Figure 1 — The content of zinc in food, mg/kg
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Figure 2 — The content of lead in food, mg/kg
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Figure 3 — The content of cadmium in food, mg/kg
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Figure 4 — The content of manganese in food, mg/kg
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Figure 5 — The content of copper in food, mg/kg

The results showed the highest content of zinc in rice (93.8 mg/kg); lead — in
cabbage (61.2 mg/kg); cadmium — in peels of onion (14.7 mg/kg); manganese — in
peels of carrot (38.7 mg/kg); copper — in peels of onion (33.2 mg/kg).The content
of heavy metals in peels of carrot is higher than in carrot. The content of heavy
metals in peels of onion is similar to the values in onion. The content of zinc and
lead in peels of potato is lower than in potato, but for cadmium, manganese and
copper is verse situation. The content of cadmium and copper in core of apple was
higher than in apple, but for zinc, lead and manganese is verse situation.

Based on the obtained experimental data the health risk index was calculated
and the obtained data are presented in figure 6.
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According to [1] index values greater than one for human health are not
considered safe. Figure 6 shows that the health risk index due to content of zinc
and lead in potato and zinc in rice are high, so it is not recommended to use them.

Although the content of zinc in all investigated food products is high, the
health rice index showed the influence only in case of potato and rice. The content
of lead is also high, but the health risk index showed the hazard only for potato.

So, it can be concluded that usage of carrot, onion, cabbage and apple
produced in Kyzylorda city has insufficient influence on health of local people,
but the content of heavy metals in potato and rice is recommended to be con-
trolled.

Conclusion. The results showed the highest content of zinc in rice; lead — in
cabbage; cadmium — in peels of onion; manganese — in peels of carrot; copper —in
peels of onion. The content of heavy metals in peels of carrot is higher than in
carrot. The content of heavy metals in peels of onion is similar to the values in
onion. The content of zinc and lead in peels of potato is lower than in potato, but
for cadmium, manganese and copper is verse situation. The content of cadmium
and copper in core of apple was higher than in apple, but for zinc, lead and man-
ganese is verse situation.

Health risk index due to content of zinc and lead in potato and zinc in rice are
high. Usage of carrot, onion, cabbage and apple produced in Kyzylorda city has
insufficient influence on health of local people, but the content of heavy metals in
potato and rice is recommended to be controlled.
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Pe3rome

H. B. Mameeesa, O. H. [lonomapenko, A. E. [quapos, H. A. Hypcanuna,
Ill. H. Hazapxynosa, A. H. I'ypun, B. U. Kum

KbI3bUIOP/IA KAJIACBIHBIH, (KABAKCTAH) A3BIK-TYJIIK
_ OHIMJIEPIHJIETT AYBIP METAJIJJAP/IBIH BOJIVBIHA
BAMJIAHBICTBI JIEHCAVYJIBIK TOYEKEJII UHJIEKCIH BAFAJIAY

Makanana Kpi3bpuiopa KanachlHbIH a3bIK-TYJIIK OHIMAEPIHICTI ayblp METalIapIbH
GoirybiHa OalJIaHBICTBI JAEHCAYJBIK TOYEKeJl MHAEKCIH Oaranay HOTWOKENEpi YCHIHBIIFaH.
Heri3ri ayslp MeTangap (MBIpbILL, MBIC, KaqMuil, KOPFachlH xaHe Mapraden) Kpi3puiopaa
KaJIaCBIHBIH €H JKHMi KOJIAHBUIATHIH XEPTUTIKTI a3bIK-TYNIK OHIMIepi KYpaMbIHIA aTOM-
IIBIK-a0COPOIMAIIBIK CTIEKTPOMETPHUS OMICIH KOJIAHY apKbUIBl TaITAHIBL. A3BIK-TYIIK
OHIMIepl yiritepid biabipary 1:1 KaThIHACTAFBl KYKIPT JKOHE a30T KBIIKbUIIAPBIHBIH
KOCIIACBIMEH KalHATYCBI3, TOJBIK TOTBIFyFa AEHIH jKy3ere achlpbUIIbl. AJIBIHFaH HOTH-
XKeJep JAeHCcayIbIK ToyeKell HHAEKCIH ecenTey YIIiH Nai aTaHbUIAbL.

Hormmxkenep Kypiln KypambIHIaFbl MBIPBIIITHIH H Korapbl Meuiepin (93,8 mr/kr)
KOPCETTi; KOPFAChIH - KbIpbIKKabarTa (61,2 Mr/kr); kaaMuii - nus3 kaOereiaaa (14,7 mr/kr);
Maprasetr - ¢a6i3 Kabpirbiaaa (38,7 Mr/kr); MeIc - musi3 KaObirbiHAa (33,2 MI/Kr).
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Kapron kypaMbIHAarbl MBIPBIII MIEH KOPFACBIHHBIH, KYPIlll KYPaMbIHAAFbl MBIPBIIII-
TBIH OOJIybIHa OaWNIaHBICTBI KOFAphl JEHCAYJBIK TOYEKeNll WHJIEKCI aHbIKTanabl. Kpl-
3BUTOP/IA KaJlaChIHAA OHAIPIITeH ca0i3, N3, KBIPhIKKa0aT jKoHe alnMa eHIMIepiH KoJIIaHy
JKEPTUTIKTI XaNbIKTHIH JEHCAYJIBIFbIHA alTapibIKTail acep eTmeipi, amaiina KapTomn IeH
KYPIIITiH KypaMbIHJaFbl ayblp METaJIAapIblH MOJIIIepiH OaKkpuIaya YCTay YChIHBIIAIBI.

Tyiiin ce3mep: ayplp MeTangap, a3bIK-TYJIIK eHiMIepi, KpI3puiopaa Kaxacel, qeHcay-
JIBIK TOYEKeNl HHAEKC, 6aranay, aTOMIBI-a0COpOIHSIIBIK CIIEKTPOMETPHSI.

Pe3zrome

U. B. Mameeesa, O. U. [lonomapenxo, A. E. Jluapos, H. A. Hypcanumna,
1ll. H. Hazapkynosa, A. H. ['ypun, B. U. Kum

OLEHKA MHAEKCA PUCKA 3]J0POBbA,
OBYCJIOBJIEHHOI'O ITPUCYTCTBHUEM TAKEJIBIX METAJIJIOB
B IIPOAVKTAX IIUTAHN TOPOJA KbI3bIJIOPJA (KA3SAXCTAH)

B crarbe mpencraBieHa OLCHKA MHICKCA PUCKA 3I0POBbsS, 00YCIOBICHHOTO IPH-
CYTCTBHEM TSDKENIBIX METAJUIOB B MPOAyKTax mutaHus ropoga Kemeuropaa. OCHOBHBIC
TSDKENbIe MeTasUIbl (LIMHK, MeIb, KaJMHIi, CBHHEL[ 1 MapraHel) ObUTH [POaHaTH3HPOBAHEI
B HECKOJIbKHX HambOJIee 4acTO HCIONB3YeMBIX MECTHBIX IPOLYKTaX MHTAHHSI rOpoja
KrI3pU10paa METOIOM AaTOMHO-a0COPOLMOHHON CIeKTpoMeTpuH. PasioxeHne o6pasros
MPOJYKTOB THTAHHS MPOBOJUIN CMECHIO CEPHOW M a30THOH KHCIOT B COOTHOIICHHH
1:1 Ge3 KumsAYEHHUsI O TMOIHOTO OKHCIeHHs. [lomydeHHbIe NaHHBIe OBUTH HCMOJIb30BAHBI
JUTsl pacyeTa HHICKCa PUCKA 30POBbSL.

PesynbpTaThl mOKa3aaM camoe BBICOKOE cojepxaHue LuHKa B puce (93,8 mr/kr);
cBHHIA - B KamycTe (61,2 Mr/kr); kanmus - B Koxype Jyka (14,7 mr/kr); Maprasia - B Ko-
Xype MopkoBH (38,7 MI/Kr); Meau - B Koxkype iyka (33,2 mr/kr).

BBL yCTaHOBIICH BBICOKHI HHAEKC PUCKA 3I0POBbsI, 00YCIOBICHHOTO MIPUCYTCTBUEM
[MHKA U CBHHIIA B KapTodeie 1 UHHKa B puce. VICrons30BaHne MOPKOBH, JIyKa, KaIyCThI
H s16JI0K, IPOM3BeICHHBIX B ropoje KbI3buiopaa, Oka3pBacT HE3HAYMTEIFHOE BIMSHHE HA
3I0POBBE MECTHOTO HACENICHHSI, HO COJIpPIKaHNE TSDKETIBIX METaUIOB B KapTodene u puce
PEKOMEH/YEeTCSl KOHTPOJIHPOBATb.

KuroueBble cjioBa: TsHKenble METa/UTbl, MPOAYKTHI MHUTaHUs, ropoa Kei3butopaa,
MHJEKCa PUCKA 3[0POBbsI, OLICHKA, AaTOMHO-a0COPOLHMOHHAS CIIEKTPOMETPHSI.
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