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THE IMPACT OF LEAD-CONTAINING SLAG WASTES ON THE LIFE SAFETY

Abstract: The article presents the analysis and results of the study of technogenic slag waste of lead-
zinc production. Lead-containing slag waste contains a large number of toxic compounds of heavy metals,
such as lead, zinc, osmium, 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 for humans due to their significant toxicity and the ability to accumulate in the
body.

The article presents the analysis and results of studies of lead-containing slags on toxic compounds and
their impact on human health. The results of the conducted studies have shown that poisoning with lead-
containing toxic slags leads to such consequences as damage to the brain, nervous system, cardiovascular
system, digestive system, kidneys and blood in children and adults.

According to the research results, lead gets into products from dishes (covered with lead glaze) and
showers. In the blood — basophilic granularity of red blood cells, reticulocytosis. The increase in the lead
content in the urine is more than 0.04 mg /1.

Key words: environmental protection, life safety, human health, lead poisoning, toxic compounds, heavy
metals, lead-containing slags.

Introduction. Lead and zinc compounds are also dangerous for humans due to their significant toxicity
and the ability to accumulate in the body. Lead poisoning takes the first place among professional intoxications
of workers in the production sector.

Lead compounds negatively affect the human nervous system, reduce intelligence, cause changes in
physical activity, hearing coordination, negatively affect the cardiovascular system and have a significant
impact on the safety of life. 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 who are nursing a baby because it has the ability to penetrate the placenta
and accumulate in breast milk. Unfavorable meteorological conditions during this period of the year also
contribute to the accumulation of lead in the lower layers of the atmosphere. Lead enters the body through
the gastrointestinal tract and respiratory system, and then is carried by 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 calcium in phosphate. Getting into the soft tissues of a person
— muscles, liver, kidneys, brain and lymph nodes. Lead causes a disease called plumbism. Like many other
heavy metals, lead (in the form of ions) blocks the activity of certain enzymes. 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, intelligence decreases. This has a negative impact on the health of the population and, first
of all, 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 one liter of water and drinking such
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water becomes very dangerous. From the atmosphere, lead enters the soil most often in the form of oxides,
where it gradually dissolves, passing into hydroxides, carbonates or another form of cations. The main source
from which lead enters the human body is food. Along with this, the inhaled air plays an important role, and
children also have lead-containing dust ingested by them. Inhaled dust is approximately 30-50% retained in
the lungs, and a significant proportion of it is absorbed by the blood stream. Absorption in the gastrointestinal
tract is 5-10%, and in children up to 50%. A deficiency of calcium and vitamin D increases the absorption
of lead in the gastrointestinal tract. On average, the human body absorbs 26-42 micrograms of lead per day.
About 90% of the total amount of lead in the human body is in the bones, and in children 60-70%.

Materials and methods. 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 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).

578 — lead slag

Element Weight class %  Atomic %
(6] 3315 56.22
Na 244 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 1381
Ni 0.06 0.03 e e
Cu 1.25 0.53
Crektp 1
Zn 3.93 1.63
As 0.17 0.06
Ag 0.00 0.00
Ba 198 0.38
La 0.00 0.00
Au 0.00 0.00
Pb 0.30 0.04
Results 100.00 MNonHaa wkana 3593 umn. Kypcop: 0.000

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

Results. During the study of the chemical composition of the soil in the zone of influence of lead-containing
slag waste, an excess of the content of heavy metal salts was found. The chemical composition of the soil in
the zone of influence of lead-containing waste is shown in Table 1.
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Table 1 - Chemical composition of the soil in the zone of influence of lead-containing slag
Element Pb Zn Cu Cd
Composition of heavy metal salts, % 1,1 -3,7 1,4-38,7 32-99 1,2-17.5

Note: The numerical value of a sample is the average of a randomly selected sample.
The raw materials are lead dusts from the production of agglomerate and rough lead, shown in Table 2.

Table 2 - Composition of lead dust produced by agglomerate and rough lead

Composition, %

Ne Name of components sinter mill dust sinter melting dust
1 Lead 55+59 45+50

2 Copper 0,27+0,3 0,33+0,4

3 Zinc 1,5+2.,5 10+25

4 Cadmium 2,5+6,5 2,0+6,0

According to the results of the study, the average concentration of lead is 553 mg/kg, which exceeds the
MPC by 16.5 times. Zones of abnormal pollution are investigated. Zone over 5000 mg / kg, where production
facilities and residential buildings of SMU-4 with an area of 200m x 100m are located. Zone from 5000 mg /
kg to 3000 mg/kg, in which there is a residential building SMU-4 and its plots with an area of 500m x 400m
and 200m x 200m. Zone from 1000 mg / kg to 3000 mg/kg, covering the residential districts “Kursai” (lead
content 591 mg/kg-4056 mg/kg), “Karl Marx”, “Hamza” and multi-storey residential buildings SMU-4, as
well as 5 schools and 4 kindergartens.

For example, on the territory of the kindergarten “Sholpan” located closest to the former lead plant, lead
contamination of the soil cover showed an average of 3564.9 mg/kg, which is significantly higher than in
other areas, and is on average about 100 MPC.

Studies were conducted on the analysis of the lead content in the blood of children living in the zone of
influence of the former lead plant. It was revealed that the lead content in the blood of children is on average
20.1 micrograms/dl, and in the contamination zone the average value is 28.07 micrograms/dl. For children
with an excess of the MPC, it is 91.9% of the surveyed. It was also examined in the adult population, lead was
found in the blood, with a concentration not exceeding the permissible level.

Table 2 shows the impact of lead on public health and their consequences.

Table 2 — The impact of lead on public health and their consequences

Name of the impact | Impact
Children Adults
Brain Behavioral problems, decreased 1Q, | Memory loss, absent-mindedness,
hearing loss, loss of learning ability |headaches, irritability, depression
Body Decrease in the rate of growth of Fatigue, joint and muscle pain

bone and muscle mass

Nervous system

Excessive irritability

Various injuries, including
numbness and pain in the
extremities

Cardiovascular system

Arterial hypertension

Hypertension, the development of
atherosclerosis

Digestive system

Vomiting, constipation

Constipation, nausea, poor appetite

Kidneys

Renal colic

Kidney failure

Blood

Anemia, decreased immunity

Anemia

The influence of heavy metals of lead on the human body leads to lead poisoning, affects the human body,
its central nervous system, blood and kidneys, affects the nervous, cardiovascular, digestive systems.

The impact of toxic lead slag compounds on the health of children leads to damage to the central nervous
system, which is characterized by problems of memory loss, headaches, degradation of mental activity,

96



Reports of the Academy of Sciences of the Republic of Kazakhstan

decreased 1Q, hearing loss, speech impairment (dysarthria), loss of learning ability, leads to damage to the
human body, which leads to a decrease in the growth rate of bone and muscle mass. It also leads to visual
impairment, partial loss of the visual field, hallucinations. It leads to damage to the circulatory system
(anemia).

Neuropsychiatric disorders, decreased intelligence and learning ability were found in newborns.

The impact of toxic lead slag compounds on the health of adults leads to damage to the central nervous
system, which is characterized by problems of memory loss, headaches, depression, insomnia, irritability,
damage to the cardiovascular system-hypertension, damage to the digestive system, which leads to loss of
appetite, constipation, diarrhea, nausea. The influence of heavy metals of lead slag leads to damage to the
neuro-muscular system, which leads to coordination problems, convulsions, reaction delays, weakness and
spasms.

The results of the studies conducted by the authors showed that lead poisoning (saturnism) leads to such
consequences as damage to the brain, nervous system, cardiovascular system, digestive system, kidneys and
blood in children and adults.

Discussion. 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 0.8% and
zinc oxide up to 8.7% of the weight of the slag, which makes the process of recycling toxic waste from
lead production technically and economically feasible. The results of preliminary tests allow us to choose a
technology for more complete and selective extraction of lead and zinc oxides from the slag wastes of lead
plant. When using a selective method for the extraction of non-ferrous metals, it is expected to improve the
ecological state of the environment and reduce the negative impact on human health due to the disposal of
toxic slags of lead plant. At the same time, a significant contribution is made to the development of the system
of rational use of primary and secondary resources.

Conclusion. The results of studies of lead-containing slags containing toxic and harmful compounds
are harmful to human health. The results of the conducted studies have shown that poisoning with lead-
containing toxic slags leads to such consequences as damage to the brain, nervous system, cardiovascular
system, digestive organs, kidneys and blood in children and adults.

According to the research results, lead gets into products from dishes (covered with lead glaze) and
shower cabins. In the blood — basophilic granularity of red blood cells, reticulocytosis. The increase in the
lead content in the urine is more than 0.04 mg/1.

Based on the research results, it is considered appropriate to dispose of lead-containing slag waste in order
to reduce the impact of heavy lead metals on the human body and its environment.

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.
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KYPAMBIHIA KOPFACBIH BAP KOX/Ibl KAJIIBIKTAPAbBIH TIPIIIJIIK ETY
KAYIHICI3AII'THE oCEPI

AnHoTanmusa. Makangaga KOpPFAaCHIH-MBIPBIII OHIIPICIHIH TEXHOTEHII KOX KaJJIBIKTapbhlH 3epTTey
HOTWOKeNepi MeH Tannaybl OepinreH. KypambIHia KOpFachH Oap IUTaK KaJIBIKTapbIHIa KOPIIaFraH OpTaHbI
JacTayIblH KayinTi Ke31 00JbI TaObUIaThIH KOPFACHIH, MBIPBII, OCMUM, KaIMUH CHSKTHI aybIp METaIapAbIH
YJIBI KOCBUTBICTAaphl Kem. Koxkaapmel amblk cakrayra OailaHBICTBI KOPFACBHIHHBIH INEKTI pYKcaT eTireH
koHneHTpanuschiHbH (1LIXKK) apTys! Oaiikanambl: 3aybIT )KaHBIH A TOIBIPAKTAFbl KOPFACHIH KOHIICHTPAIHSICHI
3000 mr/kr apthik, HHIDKK 3,2 mr/kr. KopFacslH MEeH MBIPBIII KOCBUTBICTAphl aiaMaap YILUiH KayinTi, efTkeHi
OJIapJbIH YBITTBUIBIFBI MEH OPTaHU3MIE KHHATYBI MYMKIH.
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Makanaga KypamblHIa KOPFachlH Oap TOKCHHAEPAl YIIbI KOCBUIBICTApFa JKOHE OJApIbIH aJam
JICHCAYJIBIFbIHA QCEPIH Tajjay JKOHE 3epTTey HOTHKENEpl KeNTipiiareH. 3epTTey HOTHKeNepi KOPFachIHIIbI
VITBI TOKCHHJIEPMEH yiaHy Oanaiap MeH epeceKTep/IeTi MUJIbIH, )KYHKe KYHeCiHIH, )KypeK-TaMbIp KYHECiHiH,
ac KOPBITY XKYHEeCiHiH, OYHpPEKTiH jkoHe KaHHBIH 3aKbIMJIaHYbI CHSKTHI CallJapFa OKeJICeTiHiH KOPCEeTTi.

3eprrey HOTHKenepi OOMBIHIIA KOPFAChIH bIIBIC-asKTapaaH (KOPFACBIHMEH KalTalfaH) KoHE IyIITaH
XKacajraH eHimzaepre tyceai. Kanna-sputpountrepniy 6a3odmibai TYHIpLIIKTEpl, peTUKYIOUUTO3. 39peri
KOpFachlH MeJepiHiH xorapbuiaysl 0,04 Mr/a-1eH acasl.

Tyiinai ce3mep: KopliaraH opTaHbl KOpray, TIPHIUTIK KayilcCi3amiri, ajam JeHCayJbIFbl, KOPFAaCHIHMEH
yJIaHy, yJbl KOCBUIBICTAp, ayblp MeTajIap, KypaMbIHAa KOPFAchIH Oap IUIaKTap.
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BJIUAHUE CBUHELICOAEP/KAINUX HIJTAKOBBIX OTXOA0B HA BE3OITACHOCTD
KN3HEAEATEJIBHOCTH

AHHoTanusa. B crarbe mpencTaBieHbl aHAN3 U PE3yJIbTaThl MCCIEIOBAHUS TEXHOTEHHBIX IIIAKOBBIX
OTXOJIOB CBUHIIOBO-IIMHKOBOTO TPOM3BO/CTBA. CBUHEIICO/IEPIKAIINE TUTAKOBBIE OTXOJBI COIEPKaT OOIBIIOe
KOJHMYECTBO TOKCHYHBIX COEIMHEHHH TSKENIBIX METAJUIOB, TAKUX KaK CBHUHEI, IIMHK, OCMMI, KaaMHM,
KOTOPBIE SIBIISTFOTCS OMTACHBIMU UCTOYHUKAMU 3arpsI3HEHSI OKpYIKaroIien cpebl. M3-3a OTKpBITOro XpaHeHHS
IIJIAKOB HAOMIO/IAETCs MTPEBBIIIICHHE TPeAeNbHO AomycTuMbIX KoHIeHTpanwmii (I1JIK) cBunma: BOmm3um 3aBoaa
KOHIICHTpAaIMs CBHUHIIA B mouBe coctapisieT 6omee 3000 mr/kr, mpu [1/IK 3,2 mr/kxr. CoennHeHus: CBUHIIA
M IIMHKA ONACHBI JJIg 4YeJIOBEKA M3-3a MX 3HAYMTEIBHOM TOKCMYHOCTH M CIIOCOOHOCTH HAKaIlIMBAaThCS B
OpraHu3Me.

B crarbe npeicTaBneHbl aHATH3 M PE3YAbTaThl HCCIIEJOBAHNH CBUHEIICOICPIKAIIHX [TNTAKOB Ha TOKCHYHBIC
COCMHEHHS W WX BIMSHUE Ha 370POBbE YeJOBEKa. Pe3ynbTaThl MPOBEICHHBIX HCCIEIOBAHUM IMOKA3aJIH,
YTO OTpaBJICHHE CBUHEIICOJEPIKAIIMMU TOKCHYHBIMU IIIJIAKAMHM MPHUBOAUT K TAaKUM TOCIEICTBUSM, KaK
MOpaYKeHHE TOJIOBHOTO MO3Ta, HEPBHOW CHUCTEMBI, CEPAEYHO-COCYAUCTON CHCTEMBI, OPraHOB MHUIICBAPEHHUS,
MOYEK ¥ KPOBH Y JIeTEH U B3POCIIBIX.

ComitacHo pe3ysibTaraM UCCIeIOBaHMiA, CBUHEII MOMAaeT B IPOILYKTHI M3 MOCY/IbI (TOKPHITON CBHHIIOBOW
I1a3ypbio) M JylIeBbIX KaOWH. B KpoBU — 0azoduiibHas 3epHUCTOCTh IPUTPOIUTOB, PETUKYJIOLHUTO3.
YBenndeHue cofiepkaHus CBUHIA B Moue cocTasisier oonee 0,04 mr/i.

KiroueBble cJjioBa: 3aluTa OKPY)KaIOH_Ieﬁ CpcAabl, 0e30IMacHOCTh JKU3HCACATCIBHOCTH, 310POBbLEC
YCJIOBCKA, OTPABJICHHUC CBUHIOM, TOKCUYHBIC COCIUHCHUS, TAKCIIBIC MCTAJLJIbl, CBUHCIICOACPKAIINC NIJIAKH.
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