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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 /l.

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).

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 - 8,7 3,2 – 9,9 1,2 – 7,5

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

№ Name of components
Composition, %

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 × 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 × 400m 
and 200m × 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 IQ, 
hearing loss, loss of learning ability

Memory loss, absent-mindedness, 
headaches, irritability, depression

Body Decrease in the rate of growth of 
bone and muscle mass

Fatigue, joint and muscle pain

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, 
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decreased IQ, 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/l.

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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ҚҰРАМЫНДА ҚОРҒАСЫН БАР ҚОЖДЫ ҚАЛДЫҚТАРДЫҢ ТІРШІЛІК ЕТУ 
ҚАУІПСІЗДІГІНЕ ӘСЕРІ

Аннотация. Мақалада қорғасын-мырыш өндірісінің техногенді қож қалдықтарын зерттеу 
нәтижелері мен талдауы берілген. Құрамында қорғасын бар шлак қалдықтарында қоршаған ортаны 
ластаудың қауіпті көзі болып табылатын қорғасын, мырыш, осмий, кадмий сияқты ауыр металдардың 
улы қосылыстары көп. Қождарды ашық сақтауға байланысты қорғасынның шекті рұқсат етілген 
концентрациясының (ШЖК) артуы байқалады: зауыт жанында топырақтағы қорғасын концентрациясы 
3000 мг/кг артық, ШЖК 3,2 мг/кг. Қорғасын мен мырыш қосылыстары адамдар үшін қауіпті, өйткені 
олардың уыттылығы мен организмде жиналуы мүмкін.
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Мақалада құрамында қорғасын бар токсиндерді улы қосылыстарға және олардың адам 
денсаулығына әсерін талдау және зерттеу нәтижелері келтірілген. Зерттеу нәтижелері қорғасынды 
улы токсиндермен улану балалар мен ересектердегі мидың, жүйке жүйесінің, жүрек-тамыр жүйесінің, 
ас қорыту жүйесінің, бүйректің және қанның зақымдануы сияқты салдарға әкелетінін көрсетті.

Зерттеу нәтижелері бойынша қорғасын ыдыс-аяқтардан (қорғасынмен қапталған) және душтан 
жасалған өнімдерге түседі. Қанда-эритроциттердің базофильді түйіршіктері, ретикулоцитоз. Зәрдегі 
қорғасын мөлшерінің жоғарылауы 0,04 мг/л-ден асады.

Түйінді сөздер: қоршаған ортаны қорғау, тіршілік қауіпсіздігі, адам денсаулығы, қорғасынмен 
улану, улы қосылыстар, ауыр металдар, құрамында қорғасын бар шлактар.
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ВЛИЯНИЕ СВИНЕЦСОДЕРЖАЩИХ ШЛАКОВЫХ ОТХОДОВ НА БЕЗОПАСНОСТЬ 
ЖИЗНЕДЕЯТЕЛЬНОСТИ

Аннотация. В статье представлены анализ и результаты исследования техногенных шлаковых 
отходов свинцово-цинкового производства. Свинецсодержащие шлаковые отходы содержат большое 
количество токсичных соединений тяжелых металлов, таких как свинец, цинк, осмий, кадмий, 
которые являются опасными источниками загрязнения окружающей среды. Из-за открытого хранения 
шлаков наблюдается превышение предельно допустимых концентраций (ПДК) свинца: вблизи завода 
концентрация свинца в почве составляет более 3000 мг/кг, при ПДК 3,2 мг/кг. Соединения свинца 
и цинка опасны для человека из-за их значительной токсичности и способности накапливаться в 
организме.

В статье представлены анализ и результаты исследований свинецсодержащих шлаков на токсичные 
соединения и их влияние на здоровье человека. Результаты проведенных исследований показали, 
что отравление свинецсодержащими токсичными шлаками приводит к таким последствиям, как 
поражение головного мозга, нервной системы, сердечно-сосудистой системы, органов пищеварения, 
почек и крови у детей и взрослых.

Согласно результатам исследований, свинец попадает в продукты из посуды (покрытой свинцовой 
глазурью) и душевых кабин. В крови – базофильная зернистость эритроцитов, ретикулоцитоз. 
Увеличение содержания свинца в моче составляет более 0,04 мг/л.

Ключевые слова: защита окружающей среды, безопасность жизнедеятельности, здоровье 
человека, отравление свинцом, токсичные соединения, тяжелые металлы, свинецсодержащие шлаки.
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