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ANALYSIS AND IMPACT OF LEAD-CONTAINING WASTE
FROM LEAD PRODUCTION ON HUMAN LIFE
AND THE ENVIRONMENT

Abstract. As a result of the activities of the lead plant, about 2 million tons of waste in the form of lead-
containing slags were accumulated. Lead production slags contain a large number of toxic heavy metal compounds,
such as lead, zinc, osmium, and cadmium, which are dangerous sources of environmental pollution. Due to the open
storage of slags, there is an excess of the maximum permissible concentrations (MPC) of lead: near the plant, the
concentration of lead is more than 3000 mg/kg in the soil, with a MPC of 3.2 mg/kg. Lead and zinc compounds are
dangerous to humans due to their significant toxicity and ability to accumulate in the body. Lead poisoning ranks
first among professional intoxications. Waste water containing zinc compounds is not suitable for irrigation of fields,
the negative effect of zinc compounds on microorganisms and microfauna of the soil reduces its fertility.

The article presents the results of scientific studies of lead slag, conducted by scanning electron microscopy and
X-ray microanalysis, performed on a scanning electron microscope (SEM) JEOL-6490 LV (Manufacturer: JEOL,
Japan). The results of the thermal analysis of samples on the derivatograph of the F. Paulik, J. Paulik and L. Erdey
system in the air environment, in the temperature range of 20-1000°C. are presented.

According to the results of research, it was found that lead slags contain a sufficiently high amount of non-
ferrous metal compounds: lead oxide up to 0.7 % and zinc oxide up to 8.5 % of the weight amount of slag, which
makes the process of recycling toxic waste from lead production technically and economically feasible.

Keywords: waste, lead waste, toxic compounds, lead and zinc compounds, environmental pollution, toxic waste
processing, waste disposal.

Introduction. In the territory of the South Kazakhstan region (now the Turkestan region), in the city
of Shymkent in the period of the 30s of the last century, a lead plant for the production of lead operated
and as a result of the company's activities, about 2 million tons of waste in the form of lead production
slags accumulated [1-3]. Even after the closure of the plant, the remaining waste in the form of slags is a
source of environmental pollution of the soil, groundwater and air. The environmental assessment
revealed a huge excess of the maximum permissible concentrations (MPC) of lead in the soil near the
former lead plant: currently, near the plant, the concentration of lead is more than 3000 mg/kg in the soil
at a MPC of 3.2 mg/kg due to open storage of slags. According to research done by content analysis of
lead compounds in the plants growing near the storage of slag was exceeding 1.83-8.13 times [4-8].
Environmental damage to long-term storage of slag is seriously dangerous when the slag is found in an
acidic environment (earth pH<4). Contamination of the soil cover of the city of Shymkent with lead
compounds and other metals contained in waste slags leads to the entry of harmful chemical compounds
into the human body. Lead compounds negatively affect the human nervous system, which leads to a
decrease in intelligence, causes changes in physical activity, hearing coordination, and negatively affects
the cardiovascular system, leading to heart disease [9]. Among professional intoxications, lead takes the
first place, and there is a tendency to increase it. Among the workers affected by lead exposure, about 40%
are women. Lead is particularly dangerous for women because it has the ability to pass through the




Reports of the National Academy of sciences of the Republic of Kazakhstan

placenta and accumulate in breast milk. As a rule, the highest concentration of lead in the atmospheric air
is observed in winter, which is associated with additional emissions of fuel combustion products into the
atmosphere. Unfavorable weather conditions during this period of the year also contribute to the
accumulation of lead in the lower atmosphere. Lead enters the body through the gastrointestinal tract and
respiratory system and is then carried by the blood throughout the body. Moreover, the inhalation of lead
dust is much more dangerous than the presence of lead in food. Lead compounds also accumulate in the
bones, partially replacing the calcium in the phosphate. Getting into the soft tissues-muscles, liver,
kidneys, brain, lymph nodes, lead causes a disease — plumb. Like many other heavy metals, lead (in the
form of ions) blocks the activity of certain enzymes. The authors [10-11] found that the activity of
enzymes decreases by 100 times with an increase in the concentration of lead in the blood by 10 times —
from 10 to 100 micrograms per 100 ml of blood. At the same time, anemia develops, the hematopoietic
system, kidneys and brain are affected, and intelligence decreases. This has a negative impact on the
health of the population, especially children, who are most susceptible to lead poisoning. Lead can easily
enter the body with drinking water if it has come into contact with metal: in the presence of carbon
dioxide, soluble bicarbonate slowly passes into the solution. It is enough that there is only one milligram
of lead in a liter of water — and drinking such water becomes very dangerous. From the atmosphere to the
soil, lead enters most often in the form of oxides, where it gradually dissolves, passing into hydroxides,
carbonates or the form of cations [12]. The main source from which lead enters the human body is food,
along with the important role played by the inhaled air, and in children also ingested lead-containing dust.
Inhaled dust is approximately 30-50% retained in the lungs, a significant proportion of it is absorbed by
the blood stream. Absorption in the gastrointestinal tract is generally 5-10 %, in children-50 %. Calcium
and vitamin D deficiency increases the absorption of lead in the gastrointestinal tract. On average, the
human body absorbs 26-42 micrograms of lead per day. This ratio may vary. About 90 % of the total
amount of lead in the human body is in the bones, in children 60-70% [13]. In addition to lead, lead
production slags contain zinc compounds, which also adversely affect the environment: wastewater
containing zinc is not suitable for irrigation of fields, and the negative effect of zinc on microorganisms
and microfauna of the soil significantly reduces its fertility. Many manifestations of zinc intoxication are
based on the competitive relations of zinc with a number of other metals. Thus, a significant decrease in
the total level of calcium in the blood serum was found in residents of nearby areas [14]. Excessive intake
of zinc in the body was accompanied by a drop in the calcium content not only in the blood, but also in the
bones, while the absorption of phosphorus was disrupted; as a result, osteoporosis developed. The toxicity
of zinc oxide is explained by its catalytic activity. Zinc can be a mutagenic and oncogenic hazard. Thus,
due to the great harm to the health of the population of the adjacent areas of Shymkent, the problem of
recycling of lead production slags is very acute and urgent [15-17].

Problem statement. To determine the chemical composition of lead production slags, the results of
scanning electron microscopy and X-ray microanalysis of lead production slag, performed on a JEOL-
6490 LV scanning electron microscope (SEM) (Manufacturer: JEOL, Japan). The results of the thermal
analysis of samples on the derivatograph of the F. Paulik, J. Paulik and L. Erdey system in the air
environment, in the temperature range of 20-1000°C are presented. The research was conducted at the
Institute of Metallurgy and Enrichment of NAS RK, Almaty and the Institute of geological Sciences
named after K. I. Satpayev.

The study of the material composition was carried out on a loose slag material, externally black in
color, with a size from 2 to 6 mm. A heavy fraction was isolated from the sample, according to which
polished artificial anschlyphs (briquettes) were made. The anschlyphs were studied under a LEICA DM
2500P microscope. Along with this, the sample was studied under a microscope in immersion fluids, and
as a result, samples were selected for further research.

Scanning electron microscopy of slag is performed on a JEOL-6490 LV scanning electron microscope
(SEM) (Manufacturer: JEOL, Japan) to measure the scale factor of the video image by obtaining an image
of the surface of an object with high spatial resolution, as well as for elemental analysis and elemental
mapping at small magnifications (figure 1).

—— 100 ——
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578 — lead slag

Element Weight class % Atomic %
o 33.15 56.22

Na 2.44 2.88

Mg 1.86 2.08

Al 2.68 2.70

Si 10.90 10.53

S 1.54 1.30

K 0.86 0.60

Ca 11.04 7.47

Mn 0.49 0.24

Fe 27.40 13.31

Nt 0.06 0.03 — imm Snexmnwe uzoBpaxenme 1
Cu 1.25 0.53

Zn 3.93 1.63

As 0.17 0.06

Ag 0.00 0.00

Ba 1.93 0.38

La 0.00 0.00

Au 0.00 0.00

Pb 0.30 0.04
Results 100.00 MNonHaa wkana 3593 wmn. Kypcop: 0.000

Figure 1 - Scanning electron microscopy and X-ray microanalysis of lead slag

The thermal analysis of slag samples was carried out according to the data of DTA and TGA
measurements. Thermal analysis of the powder sample of the slag sample was performed on a Q-1000/D
derivatograph of the F. Paulik, J. Paulik and L. Erdey system of the company "MOM" (Hungary,
Budapest). The survey was carried out in air in the temperature range 20 to 1000°C heating mode -
dynamic (dT/dt = 10), the reference substance, calcined Al 2 O_3, weighed samples of 500 mg from
valuable scale weight change of the sample is 500 pv. The studies revealed the following parameters: the
sensitivity of the balance 100 mg, the sensitivity of other measuring systems of the device: DTA = 250 puV,
DTG =500 uV, TG =500 uV T =500 pV.

The method used is based on the recording by the device of changes in the thermochemical and
physical parameters of the substance that can be caused during its heating. The thermochemical state of
the sample is described by the curves: T (temperature), DTA (differential thermoanalytic), TG
(thermogravimetric) and DTG (differential thermogravimetric), the latter curve is a derivative of the TG
function.

The optimal thermochemical parameters obtained during high-temperature treatment of the test
system allowed us to reveal the nature of the destruction of thermally active components.

The composition of the powder sample was identified by the morphologies of the thermal curves and
the obtained numerical values of the intensities of endo-and exothermic effects, using the
thermogravimetric readings of the TG lines associated with them.

The results of the analysis were compared with the data given in the atlases of thermal curves of
minerals and rocks and compared with the descriptions of the thermal behavior of monomineral samples
described in other reference sources and accumulated in the data bank of the laboratory that conducted
these studies.

A sample of slag in the dynamic heating mode on (DTA-, DTG -, and TG-) curves in different
temperature ranges left a series of effects caused by endo - and exothermic reactions, as shown in figure 2
and their quantitative values in table.

— 10l ——=
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Figure 2 - Derivatogram of the slag sample

Sequence of quantitative values of weight loss of volatile components

Weight Loss Sequence Weight loss, in % Volatile components Decomposition
temperature range, °C
Amy 1,75 H,0 20-200
Am, -6,0 -0, 280-930
Am; 0,25 0, 930-1000
Amlooooc 4,0 HzO, -02, 02 20-1000

Note: to figure 2 and to table: the minus sign (-) for the value of Am2 indicates the introduction of atmospheric oxygen into
the system. This sign is the opposite of the sign applied to the weight loss parameter.

Within low temperatures (20-200°C) in the studied system, an endothermic effect was observed with
a weight loss of Aml equal to 1.75% of the sample weight, shown in figure 2, table 5. Many powder
samples contain atmospheric water, which is carried into the atmosphere in the specified temperature
range. In this case, the main part of the evaporated molecular water can be attributed to the dehydration of
the powder slag particles adsorbed-H 20. After the sample dehydration process, the enthalpy of the
system in the range of 200-280°C practically does not change, which is caused by the lack of weight loss
in this temperature range. It should be noted that in the range of 280-930°C, the thermogravimetric curve
(TG) steadily shifts upwards - in the direction of increasing the mass of the sample, which is caused by the
introduction of atmospheric oxygen into the system. The increase in mass is accompanied by the rise of
the DTA curve line, which, in the range of 640-800°C, formed clearly pronounced exothermic peaks at
700 and 740°C. The processes that caused the introduction of heat into the system are associated with the
oxidation of the ferrous components of the sample. Iron oxides enriched with oxygen are usually formed
within the marked temperature limits. These high-temperature peaks are caused by the transition of iron
oxide from the lower level of acidity to the higher level. At a higher temperature (930°C), the increase in
the mass of the sample reaches its limit (Am2=-6%). And further heating of the sample (up to 1000°C)
leads to a decrease in its mass by 0.25%.

The results of laboratory studies showed the content of lead and zinc in the in the form of oxides, the
quantitative content of lead reaches 0.3 % and zinc — 3,93% of the total amount.

—— 102 ——
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Conclusion. According to the results of thermal, X-ray fluorescence semi-quantitative analyses,
scanning electron microscopy and X-ray microanalysis of lead slag, it was revealed that the slag of lead
production contains a significant amount of toxic compounds that are dangerous sources of environmental
pollution. Lead slags contain a sufficiently high amount of non-ferrous metal compounds: lead oxide up to
0.7 % and zinc oxide up to 8.5 % of the weight of the slag, which makes the process of recycling toxic
waste from lead production technically and economically feasible.

Further processing and disposal of toxic slags of lead production will lead to an improvement in the
ecological state of the environment and reduce the negative impact on human health. At the same time, a
significant contribution is made to the development of the system of rational use of natural resources.

3. baropa', K. KanTtacos', I'. Type6ekosa', b. Canapraauesa’
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M.Oye3oB atbiHaarsl OHTYCTIK Kasakcran yHusepcureti, llIsimkent, Kazaxcran;
2 -~ .
AbGaii atbiHaarel Kazak ¥JITTHIK HearorukaliblK yHUBEpeuTeTi, Anmarel, Kazaxcran

KOPFACBIH OHAIPICIHIH KYPAMbBIHJIA KOPFACBIH BAP KAJLJIBIKTAPBIH TAJLJIAY
KOHE AJAMHBIH TIPIIIJIIK OPEKETIHE )KOoHE KOPIIATAH OPTAT'A 9CEPI

AnHoTauus. KopracblH 3aybITBIHBIH KbI3METI HOTHIKECIHJE KypaMmblHIA KOPFachblH 0ap KOXKAap TYpiHIE 2 MIIH.
TOHHAFa JKYBIK KAJIABIKTAp JKUHAKTANbl. KOpFachlH OHIIPICIHIH IIJIAKTapbIHIA SKOJOTHSIIBIK JIACTAHYAbIH KayilTi Ke3i
0O0JTBIN TaOBUTATHIH KOPFACKHIH, MBIPBIII, OCMUIA, KaJIMUIl CHAKTBI ayblp METAIIAPIBIH YJIbI KOCBLUIBICTApBI Kom. Koxaapsl
aIBIK CaKTayFa OaiJIaHBICTBI KOPFACBIHHBIH LIEKTi pyKcaT eTinreH KoHueHtpaumschiHbH (IIDKK) apTtkansl Oaiikamamsr:
3aybITTHIH JKaHbIHAA KOoprachlH KoHueHTpauusicel IIIPK 3,2 mr/kr kesinne tombipakta 3000 MI/KT apThIK Kypaugbl.
KopFacblH MEH MBIPBIII KOCBUIBICTAPHI OHBIH YBHITTBUIBIFBI MEH OpraHM3MC KHHAKTATy KaOijeTiHe OaiaHBICTBI agaMaap
yuriH kayinrti. KopracelHMeH ynaHy KociOM MHTOKCHKaIUsiap apachlHaa OipiHmn opblH ananpl. KypamblHOa MbIpBIII
KOCBUIBICTapBl 0ap arblHIBI CyJap alKamnTapAbl CyapyFa *KapaMChI3, MBIPBIII KOCHUIBICTAPBIHBIH MHKPOOPTaHU3MAED MEH
TOIBIPAK MUKPO(ayHaChIHA TEPIC acePi OHBIH KYHAPIIBUIBIFBIH TOMEHACTE .

Makanaga pacTpibIK JMEKTPOHABIK MHKpockomust xoHe JEOL-6490 LV pacTpiplk >IeKTPOHABIK MHKPOCKONTA
(POM) opblHAanFaH peHTTeHIIK MUKPOAHAIAY 9iCTepiMEH XYPri3ireH KOpFachlH OHAIPICIHIH KOXKbIH FBUIBIMH 3€pPTTEY
notmwxenepi (enaipyuii: "JEOL" dbupmacel, Kanonus), conai-ak AXios peHTreHO(IyOPECHEHTTI TOJIKbIH-TUCTICPCHSIIBIK
CHEKTPOMETPIH/IC OPBIHJANIFAH PEHTICHO(IYOPECICHTTI KapThulail caHIbIK Tanaay HoTwxkenepi (eHaipymi: "PANalytical
B. V." o¢wupmace, Hunepnanapi) yceinbiiFad. F. Paulik, J. Paulik »xone L. Erdey sxyiieciHin aepuBarorpadsiHia,
20-1000°C Temmepatypa AeNa30HbIH/A ChIHAMATIAP.Ibl TEPMUSIIBIK TAJIAAY HOTIIKENIEPi KEeNTipireH.

3epTTey HOTIKENepi OOMBIHINA KOPFAchlH KOXKIApbIHAA TYCTI MeTanjap KOCHUIBICTAPBIHBIH JKETKLTIKTI JKOFaphl
MeJepi 0ap EeKeHIIri aHbIKTangbl: KopracklH okcuii 0,7%-Fa aeliH KOHE MBIPBIII OKCHAI KOXIBIH CaMaKThIK
MenmiepiHiy 8,5%-Ha neilid, Oyl KOpFachklH OHAIPICIHIH yJIbl KaJIBIKTApBIH KJETe KapaTy MpPOLECiH TEXHUKAJBIK JKOHEe
9KOHOMHMKAJIBIK TYPFBIZIAH OPBIHJIBI €TYT€ MYMKIHIIK Oepei.

Tyiiin ce3gep: KanabIKTap, KOPFachlH KaJJBIKTApbl, YJIbl KOCBLIBICTAp, KOPFACBIH JKOHE MBIPBII KOCBHUIBICTAPBI,
SKOJIOTHSUIBIK JIACTaHy, YJIbl KAIABIKTApbl KAHTa OHICY, KATIBIKTaPIbl KOJAETe KapaTy

3. Barosa ', K. JKauracos', I'. Typeexosa', B. Canapraiuesa’

1 o
IOxno-Kazaxcrancknit yausepcurer umenn M.Aya3osa, llIsivkent, Kazaxcran;
2 o o v
Kazaxckuii HallMOHAJIBHBIN Nearornyeckuii ynusepcurer umenu Abas, Anmatsl, Kasaxcran

AHAJIN3 U BJIUSHUE CBUHEIICOJEPKAIIIUX OTXO0JOB CBUHLHOBOI'O TIPOU3BOJACTBA
HA JKN3HEJEATEJIBHOCTD YEJIOBEKA B OKPYKAIOIIYIO CPEQY

AHHOTauus.B pesynbrare NesSTENbHOCTH CBUHIIOBOTO 3aBOJIda HAKOIMJIOCH OKOJO 2 MIIH. TOHH OTXOJOB B BHJIC
cBUHeLcoJepKauMx nulakoB. Illnmaku CBMHIIOBOTO MPOM3BOJCTBA COAEPKAT OONBLIOE KOJIMYECTBO TOKCHYHBIX
COCIIMHEHHI TSXKEIBIX METAJIOB, TAKUX KaK CBHHEII, IIMHK, OCMUH, KaJMHUl, KOTOPBIC SBJISIOTCS OMACHBIMH HCTOYHHKAMU
9KOJIOTHYECKOTO 3arpsi3HeHus. M3-3a OTKPBITOrO XpaHEHHs IIJIAKOB HAOIIONAETCs MPEBBILICHUE MPEISIbHO AOIMYCTHMBIX
koHuentparmid (ITJIK) cBuHIa: BOMM3HM 3aBOAa KOHIICHTpaIKsl cBUHIA cocTaBiseT Oonee 3000 mr/kr B mouse mpu 1K
3,2 mr/kr. CoequHEHHs] CBUHIIA W IIMHKA IIPEACTABISIOT ONACHOCTH JUISL YEJIOBEKA B CBS3M C €ro 3HAYUTEIHLHOU
TOKCHYHOCTBIO M CIOCOOHOCTBIO HAKAIUIMBAThCS B opranu3Me. CBHUHIIOBOE OTPAaBJICHHE 3aHUMAET MEPBOE MECTO CpEeau
po¢eCCHOHANBHBIX MHTOKCHKAIMK. CTOYHBIE BOJBI, COIEpIKAIUE COCAMHEHHS IIMHKA, HE MPUTOAHBI JJIS OPOLICHHUS
MOJICH, OTPULIATEIBHOE BIMSHUE COCTUHECHUI IMHKA HA MUKPOOPTaHU3MBbI 1 MUKpO(ayHy MOYBbI CHUKACT €€ TUI0J0POIHE.

B crarse npezacraBiieHbl pe3yJIbTaThl HAYYHBIX MCCIEAOBAHUN IUIAKa CBUHIIOBOTO IPOU3BOJICTBA, MPOBEACH-HBIMH
METOJaMH PAaCTPOBOW 3JEKTPOHHOH MHKPOCKOIIMH W PEHTITCHOBCKOIO MHKPOAHAJM3a, BBINIOJIHEHHBIE HA PacTPOBOM
aneKTpoHHOM Mukpockorne (POM) JEOL-6490 LV (IIpousBomutens: ¢upma «JEOL», SInoHus), a Takke pe3ynbTaThl
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PEHTIeHO(IYOPECLEHTHOTO TOJIYKOJINUECTBEHHOIO aHAJIN3A, BHIIOIHEHHBIE HA PEHTTEHO(IyOpPeCc-LEHTHOM BOJIHOIUCIIED-
cuonHoM crnektpometpe Axios (ITpomsBomutens: ¢upma "PANalytical B.V.", Hunepnauaer). [IpuBeneHsr pe3yabTaThl
TepMHUYECKOT0 aHanu3a npod Ha nepusatorpade cucremsl F. Paulik, J. Paulik u L. Erdey B Bo3nymniHoii cpene, B 1uana3oHe
temmeparyp 20-1000°C.

ITo pe3ynbTaTam McCiIeLOBaHHUN BBIIBICHO, YTO B CBUHIIOBBIX LIJIAKAX COJACPIKUTCS JOCTATOYHO BBICOKOE KOJIHYECTBO
COeIMHEeHMH [IBETHBIX METAaJUIOB: OKcuza cBuHIa 10 0,7 % u okcuaa nuHKa 10 8,5 % 0T BECOBOTO KOJIMUECTBA [IUIaKa, YTO
MO3BOJISIET CHENATh NMPOLECC YTUIN3AlUU TOKCUYHBIX OTXOJOB CBHHIIOBOTO NPOM3BOJACTBA TEXHUUECKU U SKOHOMHUECKU
1enecoo0pa3HbIM.

KiroueBble cjI0Ba: OTXO[bI, CBUHI[OBBIE OTXOAbI, TOKCUYHBIC COCAUHEHMS, COCIUHEHUsS CBHHIA M IIMHKA, HKOJIO-
THYECKOE 3arpsisHeHHe, nepepaboTka TOKCHIHBIX OTXOIOB, YTHUIU3ALHUS OTXOJIOB.
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