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Dynamics of accumulation of heavy metals in Lissachatina fulica living in
contaminated geographical area of East Kazakhstan

In the article presents the results of a study of the dynamics of the accumulation of heavy metals and
macroelements in the body of snails in the vicinity of the Ulbi metallurgical plant in the city of Ust-
Kamenogorsk, East Kazakhstan region, where heavy metals are found in large quantities. Experimental work
was carried out on 40 Lissachatina fulica snails over a period of 48 days. During the work, the snails were fed
with soil contaminated with heavy metals and macroelements, and the dynamics of the accumulation of
chemical elements in the snails’ bodies were studied every week. In the course of studying the accumulation
of macroelements and heavy metals, experimental animals were prepared using the method of two-stage eu-
thanasia in compliance with ethical standards. During the study, mass spectrometry (ISP-MS) analyzed the
amount of elements Ca, K, Mg, N, V, Co, Pb, As, Sr, Cu, Zn in the bodies of intact animals, control and re-
search groups. A large amount of heavy metals and macroelements was found in the body of the animals of
the research group. The amount of heavy metals accumulated in the body of snails increased on the 32nd day
and then decreased again (P<0.001). According to research results, it is known that heavy metals accumulate
in the body in one month, which means that this environmental situation is one of the problems that requires
an urgent solution. Although the accumulation of heavy metals in the soil of geographical area and their
amount in the soil were studied, their accumulation in living organisms, including snails, and the dynamics of
their accumulation as a result of many years of research have been studied for the first time.

Keywords: geographical area, heavy metals, macroelements, bioindicator, Lissachatina fulica, mass spec-
trometry, environmental problem, accumulation.

Introduction

According to the World Health Organization (WHO), human health is 20 % dependent on environmen-
tal conditions. Humanity is constantly exposed to the influence of environmental pollution factors. Radiation
and chemical effects were especially harmful for people of ancient society. And now, the process of scien-
tific and technological development has led to the fact that humanity is exposed to pollution factors from ar-
tificial sources. This stands for the reason of importance to study the impact of heavy metal production in the
fields of medicine, ecology, radiobiology, and nutrition.

According to the data on soil pollution in the vicinity of the Ulba metallurgical plant in Ust-
Kamenogorsk, the largest amount of uranium is concentrated in the snow cover located 300 meters north of
the Ulba metallurgical plant, with a concentration of 1.7-19.7 mg/kg, the average content of uranium in the
soil of Ust-Kamenogorsk was 2.9 mg/kg. The maximum concentration of thorium was determined in the soil
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located 2 km from the north-west of the Ulba metallurgical plant [1]. In addition, academician of the
foundations of Russian medical science Buldakov L.A. presents the positive effects of heavy metals on the
body in his articles in the world literature [2]. Furthermore, according to a study by Italian scientists of
workers who are under the Daily influence of heavy metals, noticed such changes in the organs of workers as
hardening of the carotid arteries. And it is known that these changes lead to diseases such as premature aging
and coronary atherosclerosis [3]. In addition, there are works by Chinese scientists who studied the
accumulation of heavy metals in the bodies of aquatic animals to study sea pollution. The results of the study
showed that the content of CD, Cu and Zn in some samples of gastropods and oysters exceeded the
permissible levels established by WHO. Scientists have concluded that due to its unique ability to
bioaccumulate, Rapana venosa and Ruditapes philippinarum can be used as biomonitors to control water
pollution by heavy metals [4]. Meanwhile, the study conducted by Yuyu Jia together with her colleagues de-
termined that the values of the metal pollution index (MPI-MLI) for mollusk species were placed in
descending order C. fluminea > A. woodiana > S. cancellata > P. eximius > P. Canaliculata, and the need to
take into account the environmental parameters associated with the season when using double-framed
mollusks as indicators is noted by Indonesian scientists [5, 6].

In addition, Middle Mexican scientists I. Gaso, N. Segovia and O. Morton determined the levels of
accumulation of heavy metals in the body of snails by using soil samples and wild Helix aspersa Muller snail
types as bioindicators of radioactivity and heavy metals in their research. Accordingly, the bioindicator
property of snails is directly related to the ability of heavy metals to accumulate in their body, and this
phenomenon has been fully proven due to metallothioneine proteins capable of forming bonds with metals in
their body [7].

From the mentioned literature, we can determine that the accumulation of heavy metals and
macroelements in the substrate in the body of snails has been studied. However, the study of the dynamics of
the accumulation of chemical elements aggregated in the soil near the geographical area — Ulba
metallurgical plant, which is engaged in the production of heavy metals in the city of Ust-Kamenogorsk, for
a certain period of time in the snail's body was not carried out. Accordingly, the purpose of our research was
to study the dynamics of the accumulation of heavy elements in the body of Lissachatina fulica — a
bioindicator of environmental pollution in laboratory conditions. In order to achieve the goal set, the
following steps were established:

1. Adaptation of Lissachatina fulica snails to laboratory conditions, determination of the amount of
chemical elements in the soil, which is a substrate for them.

2. Study of the dynamics of accumulation of heavy metals in the substrate in the body of experimental
animals using a 4-day interval.

3. Study of accumulation of macroelements in Lissachatina fulica organism placed in polluted soil.

4. Correlation study of accumulated heavy metals and macroelements in the body of bioindicators —
snails living in the soil of Ust-Kamenogorsk.

Materials and methods

The research work was carried out in the laboratory at the Nazarbayev Intellectual School of Physics
and Mathematics in Semey. 40 hermaphrodite Lissachatina fulica snails weighing 18+2 grams, 4+0.5 cm
long and 2 cm high were taken as the object of study. 5 research objects were placed in each container with a
length of 25 cm and a width of 15 cm. In order to adapt to the conditions of Experimental Research,
bioobjects were fed for 14 days without soil, with a single sort of cucumbers (Table 1).

Table 1
Division of animals into experimental groups
Research series Number of
animals
1 2
Determination of the amount of chemicals in the body of biobjects before initial research — placement on the 5
substrate — control group
Determination of the amount of chemical elements in the first 4 days of the organism of snails placed in the sub- 5
strate (soil) — “4" day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 8 days after placement on the 5
substrate — “8" day, n=5" group
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Continuation of Table 1.

1 2
Determination of the content of chemical elements in the body of bioindicators 16 days after placement on the 5
substrate — “16" day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 32 days after placement on the 5
substrate — “32™ day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 40 days after placement on the 5
substrate — “40" day, n=5" group
Determination of the amount of chemical elements in 48 days of the organism of bioindicators placed on the 5
substrate — “48" day, n=5" group
Determination of the amount of chemical elements in 48 days of the organism of bioindicators not placed on the 5
substrate — “48" day without substrate, n=5"" group
Total 40

In order to determine the content of heavy metals in the organism of snails, two-stage euthanasia was
carried out before the analysis. The progress of euthanasia work was carried out through the research
methodology proposed by Cody R. Gilbertson and Jeffrey D. Wyatt scientists in 2016. To determine the
composition of the soil and the content of heavy metals and macroelements in the snail's body, mass
spectrometry analysis was conducted in the Educational Center “Institute of Radiation Safety and Ecology”
in Kurchatov, according to “General requirements for the competence of testing and Calibration Laborato-
ries” to the requirements of Gost ISO/IEC 17025-2009 in the laboratory of elemental analysis accredited in
the accreditation system of the Republic of Kazakhstan. During the analysis, the amount of about 14
chemical elements was determined: heavy metal group: V, Co, Ni, Cu, Zn, As, Cd, Pb, Cr, Cu, Sr, Cd,
U. Group of macroelements: K, Ca, Mg, Na.

Statistical processing of the material was carried out by calculating the value of +m, the average error of
variational statistics according to the T-student method.

Results

In the course of the work, the dynamics of the accumulation of heavy metals and macroelements in the
body of bioindicators was studied, the results of the study are shown in Tables 2-4 and Figures 1-3.
According to the first and second graphs, heavy metals are absorbed by the snail's body between 04 days, as
it can be observed that a given amount is higher (p<0.001) than the control group.

Table 2
Content of chemical elements in the substrate, mg/kg
Chemical \ Cr Co Ni Cu Zn As
elements
Substrate 83.00+£13.00 |130.00£20.00 (14.00+£2.10 (40.00+£6.30 |47.00+£7.00 [190.00+£29.00 [10.60+1.70
Cd Pb U K Na Mg Ca
1.60+0.44 61.00+9.50 0.50+0.08 9400+£1400 |1100£160 9300+1400 14.0+£2.10
Table 3
The content of heavy metals in the body of snails, mg/kg
Heavy metal |  Control 4" day 8" day 16" day 32" day 40" day 48" day
group
\ 0.06+0.01 2.60+0.40%* [2.00+£0.31** [2.00+0.30** |2.70+0.42** ]0.81+0.13** |1.404+0.23**
Cr 0.32+0.05 1.40+0.22%* 10.74+0.12** 10.60+0.09** [0.05+0.08** [0.03+0.05** |1.10+0.18**
Co 0.12+0.02  [3.00+0.47** |1.80+0.27** |2.30+0.36** [2.50+0.38** |1.00+0.16** |2.40+0.37**
Ni 0.27+0.05 5.80+0.90** [2.90+0.45** |3.804+0.59** |3.70+0.57** |2.30+0.36** [4.30+0.68**
Cu 81.0£13.0  |32.0+5.00%* [36.0+6.00** |41.0+£6.00** [48.0+7.00** |34.0+£5.00** [59.0+£9.00**
Zn 50.0+8.00 130£20.0** |110£17.0** |130+£20.0** |180+27.0** |58.0+£9.00** |110.0+17.0**
As 2.30+£0.36  |5.20+0.81** (4.30+£0.67** |4.60+£0.71** |6.30+£0.97** |3.10+£0.51** |6.10+0.98**
Cd 0.65+0.11 1.80+£0.28** |1.60+0.24** |2.20+0.35** (3.20+£0.05** |1.20+£0.21** |2.60+0.42**
Pb 0.61+£0.10  [2.50+0.38** |2.00+0.30** |2.30+0.36** |3.60+0.55** |1.50+0.24** |3.10+0.48**
U <0.003 0.41£0.06%* |0.19+0.03** [0.17+0.03** |0.36=0.03** | <0.003** 0.17+0.03**
** — accuracy of difference according to the control group (p<0.001)
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Table 4

Content of macroelements in the body of snails, mg/kg
Macroelement gg)?};m 4" day 8" day 16" day 32" day 40" day 48" day
K 6400+940  |6900+£1100 [5300+£790  [4800+£710  [5200+£770  [3000+£440  [5000+730
Na 2500+£370  [3500+£590 26004380  [2600+£380  [2400+400  [2000+£290  (2600+380
Mg 2700390  {3300+580 34004£500 32004480  [3800+560  {1900+£290  |3400+510
Ca 12.0+1.8 25.044.2%*% |8.8+1.3* 9.9£1.5 12.0+1.7 5.3£0.8* 14.0+2.1
* —accuracy of difference according to the control group (p<0.05)
** — accuracy of difference according to the control group (p<0. 0.001)

However, it can be noted that up to the next 8 days, the amount decreases, and the snail's body tries to
get rid of excess heavy metals. We find that heavy metals increase again up to the 16th day and accumulate
in the snail's body. In the course of the study, according to the indicators of the content of heavy metals in the
bodies of the biobject, you can find interesting data: according to the 32™ day, the indicators take the highest
values on the graph.

Figure 1. Dynamics of accumulation of heavy metals
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One of the most abundant accumulating heavy metals, Zn, showed a significantly higher value, reaching
50.0+8.00 mg/kg at 32 — day (p<0.001) to 180+27.0 mg/kg. Later, by the 40™ day, the amount of heavy
metals decreased again, but the amount of heavy metals was higher than the initial control group. If in the
indicators of the control group the content of the element cobalt was 0.12+0.02 mg/kg, then within 40 days it
increased by 0.88 mg/kg. However, when it comes to day 48, the size increases again, however, the size
takes on a much lower value than on day 32. For example, the cadmium content on day 32 shows a maxi-
mum of 3.20+0.05 mg/kg, while on day 48 it is 2.60+0.42 mg/kg.
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Figure 2. Differences in the dynamics of accumulation of heavy metals in the body of living and non-living snails on the
substrate

From the graphs, we can observe a significant difference in the indicators of heavy metals in the body
of snails that lived in soil and without soil until the 48th day. The content of heavy metals in the body of
snails that lived without a substrate assumes a lower indicator than the amount of heavy metals accumulated
in the body of snails that lived in the soil for 48 days. For example, if nickel is 4.30+0.68 mg/kg on Day 48,
the nickel content in the body of snails living without a substrate is only 1.00+0.16 mg/kg, which is about
4 times less (p<0. 0.001).
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Figure 3. Dynamics of accumulation of macroelements

Indicators of changes in the accumulation of macroelements are similar to the graph of the dynamics of
the accumulation of heavy metals (Fig. 3). Macroelements are absorbed by the snail's body between 04
days, as it can be seen that a given amount is higher than the control group (p<0.001). During the 4th day of
the experiment, it can be seen that the content of macroelements in the bodies of the biobject has the highest
values. One of the most abundant accumulating macroelements, potassium, increased from 6400+£940 mg/kg
to 6900+1100 mg/kg on Day 4 (p<0.05), showing a significantly higher value. It can be noted that up to the
next 8 days, its amount decreases, and the snail's body tries to get rid of the excess accumulated amount of
macroelements. It can be seen that the content of macroelements in the snail's body increases in small
guantities again at intervals of up to the 16th day and accumulates throughout the biobject. On day 40, the
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amount of heavy metals decreased again compared to day 32, but the amount of macroelements was lower
than the initial control group. In the last 48 days, the amount of macroelements increased again, showing
significantly more values than in the 32nd day. If in the indicators of a group of snails that lived in the
substrate for 32 days, the content of the most necessary and important element calcium in snail frogs was
12.0 mg/kg, then by the 48th day it increased to 14 mg/kg.

It can be said that during the period of one month, the amount of heavy metal and macroelements
decreases at first, and then reaches the greatest values (Fig. 1-3). However, after a period of time of one
month, we can observe that the amount of heavy metals continues to decline. For example, if the most
dangerous cadmium content in the snail's body under normal conditions is 0.65+0.11 mg/kg, on the 32nd day
the maximum value is 3.20 mg/kg. The most interesting thing is that it drops to 2.60 mg/kg between 48 days.
And the content of important macroelements in the organisms of snails, on the contrary, increases. For
example, the content of calcium, the main forming component of the snail shell, under normal conditions
was 12.0£1.8 mg/kg, and during 48 days increased by 14.0+2.1 mg/kg due to a decrease in the content of
heavy metals. In addition, if we pay attention to the results of research by world scientists, it has been proven
that an excess of some heavy metals, namely Pb and Cd heavy metals, negatively affects the amount of
macroelements [3, 7]. For example, an excess of the element cadmium disrupts the absorption of calcium
ions, and a lack of iron and calcium elements increases the toxicity of lead. According to the control group,
taking into account the intervals of day 32 and day 48, we can conclude that the amount of heavy metals
gradually decreases after day 40, and the amount of macroelements tries to accumulate in the body. In the
organism of snails, the dynamics of chemical elements increases between the initial interval and then
decreases sharply, however, this size indicates a value higher than normal, that is, the control group. For
example, a strong relationship between CR and Na elements was established, and a decrease in Cr content
between 8-16 and 16-32 days also led to a decrease in sodium in the macroelement dynamics figure.
However, after the 40th day, it can be determined that the snail's body is trying to get rid of excess heavy
metals by increasing the amount of macroelements.

This corresponds to the “triad” of stress, which was emphasized by G. Selye as the total force of exter-
nal influences affecting the body and its response to the body, that is, the period of alarm to 32 days and re-
sistance after 40 days.

Conclusions

1. The content of heavy metals in the soil, which is a substrate for Lissachatina fulica snails, had a sig-
nificantly high value.

2. During a 48-day study of the dynamics of accumulation of heavy metals in the body of experimental
animals using a 4-day interval, the amount of heavy metals showed the highest value on the 32nd day.

3. In the study of the accumulation of macroelements in Lissachatina fulica, which was placed in pol-
luted soil, their amount was on the contrary increased.

4. It was found that the amount of heavy metal and macroelements accumulated in the body of
bioindicators — snails living in the soil of Ust-Kamenogorsk depends on time. After 40 days in the environ-
ment of a new geographical object, the process of adaptation begins in the body of snails.

Research recommendation

By analyzing the dynamics of the accumulation of studied heavy metals, snails can be used as
bioindicators in order to determine the level of pollution of the environment under the influence of
antropogenic factors. The accumulation of heavy metals reaches its peak on day 32. The results of the
research obtained are fundamental research for ecologists, biologists and scientists interested in
environmental issues.
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HIbsirpic KazakcTaHHBIH JacTaHFAH reorpadusibiK 00beKTiCiHAe MeKeH el TiH
Lissachatina fulica opranm3minae ayblp MeTaJIapAbIH KHHAKTAJTY JTHHAMHKACHI

Makanazna ayelp Metannap aca ken keszfeceTin llIsirpic Kasakctan o0mbichl OckeMeH KalachIHIAFHI Y101
METAUTypPrHsUIBIK  3aybITHIHBIH MaHaWbIHIAFBl ayblp MeTajlgap MEH MAaKpOdJIEMEHTTEpPAIH YIIyJIap.blH
ar3acelHa OJKMHAKTally IHHAMHUKACHIH 3€pTTEY HOTIDKeNepi OepinreH. OKCHEpUMEHTTIK kyMbic 40
Lissachatina fulica ynynapeina 48 kyH apanbiFblHza Kyprisiared. JKymbic GapbIChIHAA YIIyJIap aybip
METaljap MEH MaKpOdJICMEHTTCPMEH JIACTAHFAaH TOIBIPAKICH KOPEKTEHMIpilin, anta caifblH  yiIy
aF3aChIHAAFbl XUMISUIBIK 2JIEMEHTTEPAIH )KUHAKTATy JMHAMUAKACHI 3epTTeNreH. MakpoaieMeHTTep MeH ayblp
MeTaJIapAblH JKHHAKTATYBIH 3€pTTEy OapbhICBIHIA SKCIIEPHUMEHTTIK JXKaHyapiapAbl Mpernaparray STHKAaJBIK
HOpMaJjapJsl CakTail OTBIPBIN, €Ki CcaThUIBl JBTAHA3Wsl SMiCi apKbUIBI JKY3ere acwpbUIFaH. Macc-
criektpomerpusi (ISP-MS) anicimen 3eprTey GapbichiHIa OAKBUIAY JKOHE 3€PTTEY TONTAPBIHBIH OY3bUIMaraH
sxanyaprapsiabi genenepingeri Ca, K, Mg, N, V, Co, Pb, As, Sr, Cu, Zn sneMeHTTepiHIH CaHBIH TAIAAMIbL.
3epTTey TOOBIHBIH JKaHyapIapbIHbIH JACHECIH/IE KONITEreH ayblp MeTallap MEH MaKpOHYTPUEHTTEP TaObLIIbL.
YaymapaslH IeHeciHAe KMHAKTalFaH ayblp MeTajmapblH caHbl 32-IIi KYHI ©cTi, COlaH KeiiH KalTagaH
temenzeni (p<0,001). 3eprrey HoTmxenepi OONBIHIIA aybIp METANAAP AeHe e Oip aii/a )KUHANATBIHBI OeIrii,
SFHA OYJI 9KOJOTMSUIBIK JKaFjalifa LIYFBUT IIENIy/Ai KaXKeT eTeTiH MacelenepiiH Oipi Ooibln caHamaibl
Tonblpakrarsl ayblp MeTaNIapAbIH JKUHATYBl JXKOHE OJIapIblH TOIBIPAKTAFbl MeJIIEpi 3epTTeNreHiMeH,
ONapIBbIH Tipi aF3aja, COHBIH IIIIHIE YiIyJgapia >XHHAIYbl XKSHE OJIApABIH KOIDKBUIABIK 3epTTeylepacH
’KUHAKTaJly TMHAMUKACHI aJIFalll peT 3epTTeIil OTHIp.

Kinm co30ep: reorpadusuiblk 0OBEKT, ayslp MeTaigap, MakpoldieMeHtTep, Ouomnmmkarop, Lissachatina
fulica, Macc-cniekTpoMeTpusi, SKOIOTHSIIBIK, MACEIe, AKKYMYJISIIIHSL.

A.II. Kergsipmonauna, H.C. MypartkanoBa, E.M. Typceiaxan, JI.A. OGepkynoBa,
K.E. Ecum6ekoB, M.M. Manuxk, P.C. Xaiipbaesa

JInHAMUKA HAKOIJIEHHUsI TsIKeJIbIX MeTa/uioB y Lissachatina fulica, oourarmomeii B
3arpsi3HeHHOM reorpagu4yeckom od0bexre Bocrounoro Kazaxcrana

B crarbe mpeicTaBieHbl pe3ybTaThl H3yYeHHs JUHAMUKA HAKOIUICHUSI TSKEJBIX METAJUIOB U MaKpPOdJIEMEH-
TOB B OpraHM3Me YJIUTOK B OKPECTHOCTSX YIBOMHCKOTO METAJUTyprHYecKoro 3aBoja ropoma YCTb-
Kamenoropcka Bocrouno-Kazaxcranckoit 061acTu, T/e TsKeble METAIUIbl BCTPEYAlOTCs B OOJIBIIOM KOJH-
JecTBe. DKCIepUMeHTaNIbHAs paboTa npoBoguiack Ha 40 ynutkax Lissachatina fulica B reuenue 48 nueii. B
Xoae pa6OTbI yJ'[I/ITOK KOpMI/IJ'[I/I HOqBOP'I, 3al'“p5{3H6HHOﬁ TSOKCJIBIMA METAJIJIaMHU U MaKpO3HeMeHTaMM, U Kax-
)Iyl() 15(S1(S) 0] M3yqan1/l JlI/IHaMI/I](y HAKOINICHUA XUMHUYCCKHUX DJIEMCHTOB B OpFaHI/ISMe y.]'ll/ITOK. B xXone l/lsyqe—
HUS HAKOIIJICHUS MaKpO3HeMeHTOB U TSOKEJIBIX METAJIJIOB HO)IFOTOBKy 3KCHepHMeHTaHbeIX JKUBOTHBIX HpO—
BOJIMJIA METOJIOM J[BY3TAIHOM 3BTaHA3HMU C COOIIIOICHHEM ITHUECKAX HOPM. B X01e UcCciieToBaHusT METOIOM
macc-criektpomerpun (ISP-MS) ananusuposanu kommdectBo anmementoB Ca, K, Mg, N, V, Co, Pb, As, Sr,
Cu, Zn B Tenax WHTAKTHBIX XUBOTHBIX KOHTPOJILHON M UCCIEN0BATEIBCKON IPyIiil. B opraHu3me »KHUBOTHBIX
MCCIICIOBATENILCKON TPYIIIBI OOHAPY:KEHO OOJIBIIOE KOJTHYESCTBO TSIKEIBIX METAUIOB U MaKpOIJIEMECHTOB.
Konn4ecTBo TsDKENbIX METAJUIOB, HAKOIUICHHBIX B OPTaHU3ME YJINTOK, YBEJIMYHBAIOCH HA 32-¢ CYTKH, a 3a-
TeM cHoBa cHmxkanock (P<0,001). ITo pe3ynpratam ucciae10BaHUNA H3BECTHO, YTO TSDKEJIBIE METAJUIbl HAKaIll-
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A.Sh. Kydyrmoldina, N.S. Muratkanova, Y.M. Tursynkhan et al.

JIMBAIOTCSI B OPTaHU3Me 32 OJMH MECSI], a 3TO O3HAYAeT, YTO JaHHAs SKOJOTHUUECKasi CUTyalusl sIBISETCS OJ-
HOH U3 mpobiem, TpeOyromux 6e30TIaraTeNnbHOTo penieHus. X0Tsd HaKOMIEHHE TSDKEBbIX METaIoB B MOYBE
U UX KOJMYECTBO B IIOYBE U3YUEHBI, HAKOIUICHNUE UX B XMBBIX OPTaHU3Max, B TOM YHCIIE YIUTOK, U ANHAMHKA
UX HAKOIUICHUS B pe3yIbTaTe MHOTOJICTHUX UCCIEI0BaHUN H3Y4atOTCs BIIEPBEIE.

Kniouesvie cnosa. reorpaduuecknii  00BEKT, TsDKENble METaUIBl, MAaKpOAJIEMEHTHI, OHOWHIUKATOp,
Lissachatina fulica, macc-criekrpomMeTpust, 3K0JI0rnuecKast mpobiieMa, aKKyMy ISy,
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