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OPTIMAL CONDITIONS FOR LIME TREATMENT OF MINE WASTEWATER
FROM POLYMETALLIC ORE MINES

NONUMETANN KEHAEPIH ©HAIPY KEHIWUTEPIHIH WWAXTAJbIK AfbIHAbI CYNAPBIH
OKMNEH TA3AJIAYbIH OHTAUIbI XXAFOAUNAPDI

ONMTUMAIbHbIE YCNOBUA U3BECTKOBOW OYUCTKU LLAXTHBIX CTOYHbIX BOA,
PYOHUKOB MO AOBbIYE NOJNIMMETAIINIMYECKUX PY

Abstract. Mine waters of polymetallic mines are multicomponent systems containing ions of heavy
non-ferrous metals, calcium, magnesium, iron, ammonium, as well as chlorides, sulfates, fluorides and
other components in a wide range of concentrations. As a rule, water purification of this type is carried out
by the lime method, which provides a fairly high degree of extraction of the most toxic pollutants (metals),
with relatively small material costs. Taking into account the large volume, complexity and variation of the
composition of mine waters, the tasks of optimizing reagent consumption, methods of its supply and effec-
tive control of the purification process still do not lose their relevance. The article presents the results of la-
boratory studies to determine the optimal conditions for processing model solutions that provide the maxi-
mum degree of purification for specific conditions of the Irtysh mine (East Kazakhstan). Experimental data
obtained on model solutions are confirmed by the results of purification of real mine waste water. The re-
sults of experiments with mine water confirmed that the selected pH region of 9.5-10.5 can be accepted as
optimal, which will allow achieving a high degree of purification of mine water.

Keywords: mine water, heavy metals, lime purification, hydrogen index (pH), precipitation of insoluble
compounds.

AHOamna. [lonumemann KeHilmepiHiH waxmarnblKk Ccynapbl KypambiHOa ayblp mycmi Memarni,
Kanbyud, MazHul, memip, aMMOHUU UoHOapbl, coHOali-ak xinopudmep, cynbhammap, pmopudmep xoHe
backa 0a komrnoHeHmmep 6ap Ken KoMroHeHmmi xyltenepdeH mypadbl. ©demme, myHOal munmeai
cyObl maszapmy ekmac 80iCiMeH Xy3eze acblpblnadbl, o5 canbicmblpmarnbl mypoe a3 mamepuarnobiK
WwhlifbIHOapMeH eH yrbl nacmayuwbl 3ammap0bl (MemandapObl) anyoblH XoFapbl opexeciH Kammamachi3
emedi. lllaxmanblK cynapObiH YrKeH KenemiH, Kypoenirniei MeH KypaMbiHbIH 632epyiH ecKkepe Ombipbirl,
peaceHmMmIiH WhbifbiHbIH OHMauinaHobIpy miHOemmepi, oHbl 6epy adicmepi xxoHe ma3sanay yOHpiciH muimoi
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bakbinay oni KyHee OeliH e3ekminieiH xoranmnalobl. Makanada Epmic keHiwiHiH (LUbifsic KasakcmaH)
Hakmbl arflalnapb! ywiH masanayObiH €H Xofapbl 0spexeciH Kammamacbi3 ememiH mooernboOik
epimiHdinepdi eHOeydiH oHmalinbl xardalifiapbliH aHblKmay xeHiHOeei 3epmxaHarsnbiK 3epmmeynepdiH
Hemuxenepi basHOanraH. Modenbdik epimiHOinepdeH arnbiHFaH 3KCriepuMeHmmik Oepekmep Hakmbl
waxmarnblK arbiHObl cyrapObl masanay HemuxenepimeH pacmarfaH. LllaxmanbiKk cymeH xxypaisinzeH
aKkcriepumeHmmepdiH Hemuxenepi maHOanfaH PH 9,5-10,5 apanbirbiH oHmadlnsl Oen Kabbindayra
6onambiHObIFbIH alfakmadbl, Oyn waxmarnbiK afbiHObl CcyObl masapmyObliH Xofapbl OeHeeliHe KOsl
JXemkizyee MyMKiHOiK 6epedi.

Tylin ce3dep: waxmarsblk cynap, ayblp Memandap, okneH masanay, cymeei kepcemkiwi (pH),
epimelmiH KocblrbicmapOblH myH6achl.

AHHOmMauyus. LllaxmHeie 800b! nonumemarnnuyeckux pyoHukos rnpedcmassnstom coboli MHO20KOMIO-
HEeHMHbIe cucmeMbl, codepawjue UOHbI MSXKerbIX UBeMHbIX MEemMarsisios, Karbyus, MagHus, xenesa, am-
MOHUSI, @ maKxe xsiopudbl, cynbghamai, hmopudbi U Opyaue KOMMIOHEHMbI 8 WUPOKOM UHMepease KOH-
ueHmpauuu. Kak npaeuso o4ucmka 600 makoz2o mura rnpogoodumcs U38ecmKosbiM MemoooM, KOmopbIl
obecrieyugaem 00B0/ILHO BbICOKYIO CMErNeHb u38/1e4YeHuUss Hauboriee MOKCUYHbIX 3az2psa3HsoWuX ee-
wecms (Memarnos), rnpu cpasHUMesbHO HebonbWUX MamepuasbHbIX 3ampamax. Yuyumsbigas 6osbwol
06bEM, CIOXXHOCMb U 8apbUpOBaHUe cocmasa waxmHbix 800, 3adaqyu onmumu3sayuu pacxoda peazeHma,
criocobos e2o rnodayu u aghheKmueHO20 KOHMPOs npoyecca o4yucmku 0o cux nop He mepsirom ceoell
akmyasibHocmu. B cmambe u3noxeHbl pe3ynbmambl 1abopamopHbix uccredosaHull ro ornpedesnieHuro
onmumarnbHbIX ycrosuli 0bpabomku MOOerbHbIX pacmeopos, obecriequgarujux MakcuMarbHyr cme-
rneHb o4ucmku Ofisi KOHKpemHbIx ycrosuli Mipmbiuwickoeo pyOHuka (BocmouHbil KaszaxcmaH). Okcrniepu-
MeHmarbHble O0aHHble, MOlyYEHHbIE Ha MOOesbHbIX pacmeopax, noodmeepxoeHbl pe3ynbmamamu
o4ucmKu peasibHol cmoYHoU waxmHol 800bl. Pe3ynbmambi 3KCepuMeHmos ¢ waxmHol 8odol rnod-
meepdusu, Ymo 8blibpaHHyto obnacmeb pH 9,5—-10,5 MOXHO NpuHAMb 8 KadYecmee ornmumasibHoU, 4Ymo
o3eonum 006umsCs 8bICOKOU CMeENeHU 0O4UCMKU waxmHou mekywel 800kl

Knroueesie cnosa: waxmHbie 800bl, MsKesble Memariibl, U3gecmkogasi o4ucmka, 8000pOOHhbIU Mo-
Kkasamenb (pH), ocaxdeHue HepacmeopuMbiX COeOUHEHUU.

Introduction. Water resources play an important role in social and economic development,
and clean water is an environmental and social necessity identified in the UN Sustainable De-
velopment Goals [1, 2].

The most important environmental problem in the mining industry is the formation of a large
volume of contaminated mine wastewater [3], which requires treatment, since the discharge of
untreated wastewater into surface sources negatively affects the quality of water for fisheries
and general purposes [4]. This problem is especially relevant in areas where mining enterprises
are concentrated, which includes the East Kazakhstan region.

In world practice, mine water purification methods are usually limited to two methods - me-
chanical sedimentation [5] and chemical neutralization [6]. With known general patterns, each
treatment plant has its own characteristics that affect the overall treatment efficiency.

In this regard, the problem of water purification is becoming increasingly urgent, which is
reflected in a number of studies devoted to this topic.

To purify these wastewaters, reagent purification is usually used, in which heavy metal ions
are converted into insoluble hydroxides using alkaline reagents [7].

The goal of this study was to establish the optimal operating mode of treatment facilities to
achieve maximum efficiency in the treatment of mine wastewater using the example of wastewater
treatment from the Irtysh mine located near the Altai village in the East Kazakhstan region.

In accordance with the set goal, the following tasks were solved:

— collection of statistical data on the composition of mine wastewater from the Irtysh mine;

— laboratory studies of the processes of precipitation of insoluble compounds of heavy met-
al ions in their joint presence from aqueous model solutions

— determination of the optimal dose of neutralizer (lime milk), ensuring maximum extrac-
tion of heavy metal ions in the form of insoluble compounds;
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— finding partial analytical dependences of the degree of metal precipitation on the pH of
the environment for mine waters of a specific deposit.

Treatment facilities for industrial mine water at the Irtysh mine have been in operation since
1975. During this time, significant changes have occurred both in the composition of mine wa-
ters coming for treatment and in the requirements for the quality of treatment.

It should be noted that the study of the chemical processes occurring during the purification
of mine waters, which are multicomponent solutions of variable composition, will make it pos-
sible to select optimal conditions for lime cleaning, which makes the chosen research topic rele-
vant.

The effectiveness of the reagent method for treating wastewater from heavy metals is deter-
mined by the completeness of the binding of metal ions into sparingly soluble hydroxides,
which depends on a number of factors: the concentration of metal ions in wastewater, the pH
value at which precipitation is carried out, the solubility of the resulting hydroxides, the possi-
bility of the formation of complex compounds, the presence in purified water ions of iron, am-
monium, etc. [8, 9].

According to [10], heavy metals are not completely precipitated from solutions by alkaline
reagents, the pH ranges of precipitation of various ions differ significantly from each other, and
acidity, which ensures sufficiently complete precipitation of one of the components, can lead to
the dissolution of the hydroxide of another component, which is associated with amphoteric
properties of heavy metals [11].

The range of optimal precipitation pH values differs significantly for different heavy metals.
According to [12], when treating aqueous solutions with sodium hydroxide, heavy metal ions
are quite completely precipitated by an alkaline reagent at pH 9-9.5. In addition, the combined
presence of a large set of metal ions and anions in mine waters can significantly affect the pre-
cipitation of insoluble compounds due to the occurrence of complexation processes. Heavy met-
al ions are characterized by the formation of hydroxo-complexes and ammonia complexes,
which reduces the efficiency of purification.

According to [13], copper and zinc ions form stable complexes with OH" ions, the pK of
complexes is 16, 15 and 14 for complexes [Cu(OH)4]%, [Zn(OH)4]* and [Zn(OH)s], respective-
ly.

Cadmium, copper and zinc ions are characterized by the formation of stable ammonia com-
plexes [Cd(NH3)4]?* (maximum pK value = 7), [Zn(NH3)4]** (maximum pK value = 9) and
[Cu(NHs)4]** (maximum value pK = 12) [13].

The novelty of the study lies in the fact that for the mine waters of a particular mine, the op-
timal conditions for the precipitation of insoluble compounds of heavy metals in their joint pres-
ence in solutions containing, in addition, sulfates, chlorides and nitrates were determined.

The obtained analytical dependencies can be used to assess the treatment efficiency of simi-
lar enterprises, which determines the practical significance of the study.

Materials and methods. The research was carried out using the methods of chemical experi-
ment, physicochemical and chemical determination of the content of components in solutions,
mathematical analysis of the obtained experimental data with the derivation of empirical equa-
tions describing precipitation processes.

Experimental studies to determine the optimal conditions for lime cleaning were carried out
on model solutions with subsequent verification of the obtained optimal pH values on real mine
water.

Materials:

a) metal salts:

—sulfates of copper, zinc, cadmium, manganese (I1);
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—iron (I1) sulfate or chloride;

—calcium chloride;

6) lime milk 3%;

B) sodium sulfate to adjust the salt background.

The purification process was monitored by the residual content of metal ions in the treated
model solution and real wastewater using approved methods.

Model solutions were prepared in accordance with the content of metal ions in real mine wa-
ters, selected based on statistical data from wastewater analysis during 2021. The composition
of model solutions is presented in Table 1.

Table 1. Composition of model solutions used in the experiment

lon Cu?* Zn* Cd?** Mn?* Ca* Fe? SO#
mg/dm3 560 480 6.6 8.4 240 1 2,200

Lime milk was prepared from quicklime with an active CaO content of 65% as follows:

1. 30% lime milk was prepared, for which a sample of lime containing 300 g of active CaO
was quenched in 700 mL of water, and the suspension was allowed to cool to room temperature;

2. The prepared suspension was diluted 10 times and used to precipitate metal ions.

The resulting suspension was used immediately after its preparation and activity analysis. To
prevent the formation of calcium carbonate, storage without air access is possible.

The treatment of model solutions with lime milk was carried out as follows:

250 mL of the model solution was placed in a chemical heat-resistant beaker and mechanical
or magnetic stirring was adjusted. Lime milk was added in small portions of 0.1+1 mL, mixed
thoroughly for 30—40 minutes, and the equilibrium pH value was measured. When the specified
pH value was reached, the process was completed, the pulp was allowed to settle for 60
minutes, then the resulting mixture was filtered and the metal content in the filtrate was deter-
mined according to approved methods (Table 1), and the pH value was also measured.

After determining the optimal value of lime milk consumption, the results obtained were
tested on real wastewater. The experiments were carried out taking into account the features of
the wastewater treatment system adopted at the enterprise, which includes two stages:

1) chemical (neutralization with lime milk),

2) physical (mechanical deposition of sediment).

Both stages have their own conditions, the violation of which reduces the efficiency of work:

a) chemical treatment requires a certain contact time after mixing mine water with the rea-
gent and achieving the optimal pH (9.5-10.5);

b) for mechanical sedimentation - this is the rate of supply, the point of delivery and the time
of passage of water through radial settling tanks.

The results of the laboratory experiment were verified under real conditions as follows:

A sample of mine water was taken 1-2 hours before the end of pump operation. This ensured
that the water would go through a full purification cycle in compliance with all conditions (con-
tact time, settling time and passing through radial settling tanks). The next day, before the start
of mine water supply, a water sample was taken from the drain part of the radial settling tank
(upper part). At the time of sampling, pH was measured. Within an hour, the sample was trans-
ferred to the laboratory and the samples were analyzed for the components.

An examination of the operation of treatment facilities showed that, considering the free vol-
ume of contact tanks and the rate of supply of wastewater into them, the contact time of water
supplied for treatment with lime milk is no more than 12 minutes, which is obviously not
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enough to achieve the optimal pH value. Goal of the experiment: to confirm the hypothesis
about the need to ensure contact time of mine water with reagents and maintain pH within opti-
mal limits, allowing for maximum purification of wastewater from metal ions at the exit from
treatment facilities. This goal is achieved by a time gap between the contact of mine water with
the reagent (milk of lime) and the discharge of wastewater.

Results and discussions. The completeness of precipitation of sparingly soluble compounds
of the general formula Me Ay is determined by their solubility product in accordance with the
formula (1):

PS(Me.As) = [Me][A]° 1)
where, PS (Me,Ay) is the product of the solubility of a sparingly soluble compound; [Me] —
equilibrium concentration of the metal ion in solution; [A] — equilibrium concentration of the
anion in solution.

Table 2 presents the calculated residual concentrations of metal ions in accordance with their
solubility products, calculated from data on the composition of water entering treatment and
discharged water according to the enterprise.

Table 2. Residual concentrations of metal ions in accordance with solubility products
(concentrations of metal ions before and after purification at pH 8.52)

PS Concentration according to the enterprise, mg/dm?®
lon (solubility Before After treat- | The standard established | Calculation
product) treatment ment for the enterprise
Cu? 2.2:10%° 11.32 0.017 0.00089 0.00013
Cd* 5.9-10%° 2,188 0.002 0.00069 0.605
Zn* 1.2-10Y 301.2 0.343 0.00337 0.0716
Mn?2* 1.9-101 12.89 0.029 0.00637 0.957

As can be seen from the calculated values obtained, the concentration of cadmium, zinc, and
manganese ions at pH = 8.52 significantly exceeds the established discharge standards, which is
due to the rather high value of the solubility products of their hydroxides. At pH = 10, it is theo-
retically possible to achieve discharge standards for zinc ions, but for cadmium and manganese
ions, achieving the specified standards is impossible even at this pH value. Thus, the illogicality
of the established discharge standards is obvious.

In accordance with the methodology described above, a series of laboratory experiments
were carried out to determine the optimal consumption of lime slurry. The experimental results
are presented in Table 3.

Table 3. Experimental conditions and consumption of lime suspension

Experiment Volume of model so- Initial Final Volume of lime milk,
number lution, mL pH pH mL
1 250 6.01 6.60 1.2
2 250 6.01 7.00 1.6
3 250 6.01 7.5 3.5
4 250 6.01 8.03 4.0
5 250 6.01 8.54 4.1
6 250 6.01 9.10 4.3
7 250 6.01 9.50 4.5
8 250 6.01 10.00 4.9
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Experiment Volume of model so- Initial Final Volume of lime milk,
number lution, mL pH pH mL
9 250 6.01 10.56 5.6
10 250 6.01 11.00 6.0
11 250 6.01 11.53 7.7

The results of chemical analysis of water after treatment are presented in Table 4.
Table 4. Residual concentrations of the components of the model
solution after treatment with lime milk

Experiment number/pH Element, mg/dm?

Cu Zn cd Mn Ca | Fewoy | Fe® | Sisos
1/6.6 3.1 340 6.6 8.4 330 0.99 <0.10 | 2,100
2/7.0 2.9 330 6.2 6.9 320 0.87 <0.10 | 2,100
3/7.5 2.4 60 5.2 6.0 420 0.75 <0.10 | 2,000
4/8.03 1.8 14 4.8 57 440 0.65 <0.10 1,900
5/8.54 1.4 8.8 3.6 5.3 460 0.6 <0.10 | 2,200
6/9,10 0.1 7.8 2.4 1.1 440 0.51 <0.10 1,900
7/9.50 0.1 1.2 2.3 0.9 440 0.46 <0.10 | 2,200
8/10.0 0.1 0.1 0.8 0.85 430 0.32 <0.10 | 2,400
9/10.56 0.1 0.1 0.4 0.8 440 0.12 <0.10 | 2,100
10/11.00 0.1 0.1 0.1 0.7 490 0.09 <0.10 | 1,900
11/11.53 0.1 0.1 0.1 0.5 540 0.01 <0.10 | 2,200
Composition of model mine 560 480 6.6 8.4 240 5 1 2,200
water before treatment

The results of the analysis of the composition of filtrates indicate the possibility of deep puri-
fication of mine water in the pH range of 10-11, but not up to the standards established for the
discharge of mine water from an enterprise.

Based on the results of the experiments, the dependences of the degree of precipitation of
components on the pH of the filtrates were plotted (Figure 1), reflecting the nature of the pro-
cess in the selected pH range from 6 to 11.5.
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Based on the study of the experimental results, partial analytical dependences of the degree
of precipitation of impurity components on the pH of the medium were established, which satis-
factorily describes the process of purification of model mine water within the selected range of
pH changes (Table 5), which with a high correlation of 0.92+0.99 describe the behavior of the
components during precipitation in the selected range of pH changes.

Table 5. Partial analytical dependences of the degree of metal deposition
on the pH of the environment

Degree of deposition of impuri- | Correlation | Maximum achievable
Element ty components, coefficient, | degree of deposition pH range
Y (Me) K Y max, %0
Copper 96.12 + 0.71Xcu— 0.03X%¢y 0.98 99.98 9.1-1153
Zinc 133.83Xzn— 6.72X%z,— 557.95 0.92 99.98 10-11.53
Cadmium 22.33; Xcd—146.44 0.99 98.48 11-11.53
Manganese |  83.1Xwmin— 426.74-3.8X?un 0.96 94.05 11.53
Iron 19.56Xre — 125.52Xre 0.92 99.0 11.53

Based on the results of studies on the purification of the model solution - the residual con-
centrations of impurity components, the degree of their precipitation in the selected range of pH
changes - from 6 to 11.53 - it was established that the most convincing indicators of purification
with lime milk are achieved in the pH range of 9-11.

To check the results obtained under real conditions, two water samples were taken, the com-
position of which is given in Table 6.

Table 6. Results of chemical analysis of mine water samples

Sample Element, mg/dm?
Culzn| Cd Mn Ca |Fe®) | Fe gty | S(sos | Cl
Mine water, sample No. 1| 11 | 390 | 2.8 14 520 <1 5.8 2200 | n/a
Mine water, sample No. 2| <1 | 230 | <1 3.5 | 380 <1 400 n/a | 110

Three experiments on lime precipitation were carried out with sample No. 1 within the opti-
mal pH range of 9.55-10.48.
Conditions and results are shown in Tables 7 and 8.

Table 7. Experimental conditions and consumption of lime suspension
for purifying water sample No. 1

Experiment Model_volume Initial pH Final pH Volume of lime
number solution, ml milk, mL
1 250 6.09 9.55 6.2
2 250 6.09 9.98 7.0
3 250 6.09 10.48 7.6

Table 8. Results of chemical analysis of purified mine water sample No. 1

| Experiment | Element content, mg/L
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number Cu Zn Cd Mn Ca Fe SS04
1 1 1 1 1 800 1 -
2 1 1 1 1 820 1 -
3 1 <1 1 1 870 1 -

One experiment was carried out with water sample No. 2 at pH 10 (which is within the opti-
mal range) while other conditions were met. The results of the experiment are shown in Table 9.
Table 9. Results of an experiment on the purification of mine water sample No. 2 at pH 10

Sample Element content, g/L
Cu Zn Cd Mn Ca Fetotal Ss04 Cl
Mine water No. 2 <1 23 1 3.5 380 400 - 110
Solution after treatment <1 <1 1 1 420 1 300 120

The results of experiments with mine water confirmed that the selected pH region of 9.5—
10.5 can be accepted as optimal, which will allow achieving a high degree of purification of
mine water. Although in this case, for objective reasons, the established standards for the dis-
charge of treated mine water into the reservoir are not achieved.

Based on laboratory experiments on the purification of model solutions and real mine water,
the completeness of wastewater purification from metal ions was assessed and a forecast was
made for achieving standardized purification indicators depending on lime consumption
(achieving a certain pH value). Figure 2 shows the dependence of the amount of lime consump-
tion to achieve a certain pH value (the consumption is calculated for a volume of 1 m?® of active
CaO in 100% lime).

8

7

100% consumption of Ca0, kg/m3 of wastewater
B
]
°

6,0 7,0 8,0 9,0 10,0 11,0 12,0
pH of the final soluticn

Figure 2. Dependence of CaO consumption in terms of 100% activity per 1 m?of wastewater

As can be seen from the graph, a certain plateau is observed between 8 and 9 pH, when a
change in the acidity of the solution occurs practically without the consumption of lime milk.
This is most clearly visible in the differential graph (Figure 3). Three peaks of the main con-
sumption of the reagent can be identified - 7.3; 10.3 and 11.3.

The first peak at pH around 7.0 is associated with the formation and precipitation of the bulk of
insoluble compounds. Then a second peak is observed at pH around 10.0. Presumably, it is associ-
ated with the formation of soluble complex metal compounds from insoluble precipitates. Next is



Ne 1, 2024

187

«IKTY XABAPIIBICBI»

the dilution of the solution with increasing pH, mainly due to the addition of an alkaline agent.
Figure 3 shows the dependence of CaO consumption on the concentration of the pollutant

component.

As can be seen from Figure 3, to ensure an optimal pH for the precipitation of metals, con-
stant addition of lime is required, which leads to an increase in calcium in the solution because
of the decomposition of CaO.

Concentration of cations, g/l

Figure 3. Lime consumption and concentrations of metal cations after treatment
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Table 10 presents a comparison of the results achieved using the model mixture with the
standard requirements [Omméka! cTOYHMK CCHLIKH He HaliIeH.].

Table 10. Achievement of target indicators

Final pH Element, mg/L

Cu Zn Cd Mn Ca Fe (total) S(so4)
less than 6.6 56.0** | 480.0** | 6.60** | 8.40** 240** 1.00* 2200**
6.6 3.1** | 340.0** | 6.60** | 8.40** 330** 0.99* 2100**
7.0 2.9** | 330.0** | 6.20** | 6.90** 320** 0.87* 2100**
7.5 2.4** 60.0** | 5.20** | 6.00** 420** 0.75* 2000**
8.0 1.8** 14.0** | 4.80** 5.70* 440** 0.65* 1900**
8.5 1.4** 8.8** 3.60** 5.30* 460** 0.60* 2200**
9.1 0.1* 7.8** 2.40** 1.10* 440** 0.51* 1900**
9.5 0.1* 1.2* 2.30** 0.90* 440** 0.46* 2200**
10.0 0.1* 0.1* 8.0** 0.85* 430** 0.32* 2400**
10.6 0.1* 0.1* 4.0* 0.80* 440** 0.12* 2100**
11.0 0.1* 0.1* 0.10* 0.70* 490** 0.09* 1900**
11.5 0.1* 0.1* 0.10* 0.50* 540** 0.01* 2200**
Standard 0.00078 | 0.0031 | 0.00065 | 0.0062 | 147.81 0.011 122.89
Clarks of river water
(dissolved form) [14] 0.007 0.02 0.0002 0.01 12 0.04 3.8
* — Concentrations that meet regulatory requirements
** _ Concentrations that do not meet regulatory requirements

As can be seen from the data in Table 12, at any pH value for heavy metals, manganese, cal-
cium and sulfate sulfur, it is impossible to achieve standard indicators at existing treatment fa-
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cilities, therefore it is necessary to establish such concentrations at the outlet of treatment facili-
ties that will be safe primarily for the receiving reservoir.

It should be noted that the standards proposed to the enterprise by state regulatory authorities
are significantly lower than the clarks of river water. The question arises regarding the environ-
mental and economic efficiency of establishing such strict standards. It is well known that as the
efficiency of cleaning increases, the costs of its implementation increase disproportionately,
without bringing a significant environmental effect.

At the same time, if a significant decrease in their content in the treated water is observed for
heavy metal ions, then for such indicators as Ca and Ssos) the concentrations established in the
regulatory documentation are under no circumstances achieved. Moreover, the calcium content
increases for objective reasons since this is an indicator of effective removal of metals.

For other regulated substances - saline ammonium, nitrites, nitrates, petroleum products and
chlorides, purification by the physical and chemical method is impossible at existing treatment
facilities. Therefore, standardization of the efficiency of treatment facilities based on these indi-
cators is not carried out.

Conclusion. The work presents the results of laboratory studies to determine the optimal pH
values that provide the maximum degree of purification for the specific conditions of the Irtysh
mine. The experimental data obtained on model solutions were confirmed by the precipitation of
metals from real mine water.

It has been determined that continuous pH monitoring using equipment is necessary to en-
sure optimal lime cleaning conditions.

Based on the conducted research, the following conclusions can be drawn:

1) Since in the process of lime cleaning heavy metals are extracted from mine waters under
the influence of lime milk in the form of hydroxides, as a result of treatment, the concentration
of calcium in the purified water increases.

2) The completeness of extraction of heavy metals from water by precipitation of their hy-
droxides depends on the pH value. Each metal is characterized by a certain pH range, which de-
termines the completeness of precipitation.

3) Theoretical calculations have shown that, in accordance with solubility products, even if
the required pH values are achieved, a situation arises in which one or more metals are deposit-
ed quite completely in the selected pH range, while for others in this range the required com-
pleteness of precipitation is not achieved. Laboratory studies have confirmed that deep purifica-
tion of mine water is in the pH range of 9.5-10.5, but even in this case it is impossible to
achieve the established standards.

4) — “the value of the permissible discharge standard must ensure compliance with the rele-
vant environmental standards for water quality at the control site”.
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