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Destruction of cyanide and thiocyanate ions by bacterial and chemical methods

This article deals with the destruction of cyanide and thiocyanate ions by bacterial and chemical methods.
Adsorption with granulated activated carbon and oxidation with sodium pyrosulfite in the presence of a cop-
per sulfate catalyst were used as methods of chemical destruction. The bacterial method of destruction was
carried out using the bacterial consortium Agrobacterium tumefaciens AC-1, Agrobacterium tumefaciens
AC-2 and Pseudomonas sp. AC-3. The control solutions were placed under identical conditions without the
addition of any reagent. Sodium pyrosulfite was effective reagent at removing cyanide ions with 97 % effi-
ciency in 1-1.5 hours, while the bacterial consortiumwas the most productive against thiocyanate ions, result-
ing 99 % removal at 120 hours. Thus, the significant amount of cyanide ions has been removed chemically in
the first stage, to reduce the effect of high cyanide concentrations on the bacterial process. In the second
stage, the cyanide ions have been removed until the MPC levels. In addition, thiocyanate ions were neutral-
ized completely. Model experiments with technological solutions from the gold mining plant were carried
out. According to the results of the studies, the respective degrees of bacterial destruction of CN- and SCN-
are 99 % and 99.9 %. The residual concentration of CN- and SCN-ions in the treated solution was <0.1 mg/1
and < 4 mg/l, respectively. These amounts correspond to the maximum permissible concentrations approved
in the Republic of Kazakhstan and CIS countries.

Keywords: cyanide, thiocyanate, destruction, removal efficiency, degradation, sodium pyrosulfite, granulated
activated carbon, bacterial consortium.

Introduction

Environmental protection has a big priority not only in the Republic of Kazakhstan, but also at interna-
tional level. One of the biggest sources of contamination of the environment is a waste from the mining and
processing industries. Disposal of cyanide- and thiocyanate containing residues after manufacturing is a big
concern for the current waste management companies worldwide [1].

There are sufficient number of techniques for the treatment of waste water with the high content of cya-
nide- and thiocyanate ions, mainly, they are chemical approaches like hydrogen peroxide treatment [2], ad-
sorption with activated carbon [3], alkaline chlorination [4], iron sulfide and zinc sulfate treatment,
ozonation, UV and electrochemical neutralization [5, 6]. Most of them showed an ability to remove cyanide
from the liquid phase, but with low efficiency. In addition to the high cost, they might cause secondary toxic
compounds.

Methods

Quantitative accounting of microorganisms was carried out with the use of methods of serial dilu-
tions [7], Goryaev's counting chamber and «Zeiss Standart 25» microscope with phase contrast device [8].
The pH and redox potential (Eh) were determined through the use of universal analyzer «Mettler Toledo
Seven Multi S47-K».Thiocyanate concentrations were determined photometrically with appropriate com-
plex [9], while the determination of cyanides was conducted use of photometry with pyridine and barbituric
acid [10] and by titration with silver nitrate [11]. The determination of the metal concentration was carried
out using the Kvant-2AT atomic absorption spectrometer with atomization in a graphite furnace [11].

Results

High concentrations of cyanide and thiocyanate ions are commonly observed in industrial water after
cyanide leaching of gold-containing sulfide ores or concentrates. The formation of thiocyanate occurs during
gold cyanidation as a product of the reaction between cyanide ions and sulfur compounds (including ele-
mental sulfur) [12]:

S"+CN — SCN-
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$* +CN +H,0 +S — SCN +20H"
$,05" + CN™ — SO;* + SCN~

Depending on the sulfur content and the number of turnover cycles, the concentration of thiocyanates in
sewage or circulating waters can range from several milligrams to several grams per liter. Various model
solutions containing CN™ ions with a concentration of 300 mg/l and SCN™ ions of 2500 mg/l were prepared
for experiments. Adsorption with activated carbon and oxidation with sodium pyrosulfite in the presence of a
copper sulfate catalyst were used as the methods of chemical destruction. The bacterial method of destruc-
tion was carried out by a consortium of bacteria Agrobacterium tumefaciens AC-1, Agrobacterium
tumefaciens AC-2, Pseudomonas sp. AC-3. As a control in the above experiments, the control solution was
prepared under identical conditions without adding any reagents.

Granular activated carbon (GAC) with a particle size of 2—4 mm and a density of 0.4 g/ml was used as
an adsorbent. Chemical treatment of cyanide and thiocyanate was carried out with sodium pyrosulfite in an
amount of 5 g/g for CN™ and 7 g/g for SCN™ in the presence of a copper sulfate catalyst at pH 9.0-10.0.

Bacterial degradation was carried out by a consortium of bacteria at temperature 30 °C. pH of the medi-
um was maintained with a solution of sodium hydroxide at a level of 9.0-9.5. The experiments were carried
out on an orbital shaker at 200 rpm. The results of the experiments are shown in Table 1 and Figures 1, 2.

Table 1
The results on the effectiveness of using chemical and bacterial methods at cyanide and thiocyanate ions
removing
.. Duration Control Bacter’lal GAC Na,S,05
Characteristics hours ’ consortium

CN- SCN- CN- SCN- CN- SCN- CN- SCN-
Cin, mg/1 0 300 2500 300 2500 300 2500 300 2500
12 279 2488 240 2188 171 2075 24 2463
24 270 2481 225 1750 69 1925 18 2450
Cro Mgl 36 262,5 2475 150 1563 45 1800 15 2433
e 48 247,5 2469 112,5 1250 30 1700 15 2395
96 217,5 2444 57 125 24 1300 12 2305
120 202,5 2425 57 25 24 1200 9 2275

The removal efficiency, % 32,5 3 81 99 92 52 97 9
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Figure 1. The removal efficiency of cyanides with chemical and bacterial methods
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Table 1 and Figure 1 shows that the most effective removal of cyanide ions has been observed when
Na,S,0s5 was used. The removal of CN™ was 97 % in 1-1.5 hours. When the granular activated carbon was
used, the removal of cyanide ions was also intensive and achieved 90 % in 46 hours, while destruction oc-
curred slower with the use of bacterial consortium, achieving 81 % in 96 hours. Probably, this result is relat-
ed to the inhibition of bacterial growth due to the increased concentration of cyanide ions [13].
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Figure 2. The effectiveness of chemical and bacterial methods at thiocyanate removal

The consortium of bacteria was able to remove 99 % of the thiocyanate ions in 120 hours, showing the
highest efficiency. However, other reagents have shown less activity at the same time with 52 % and 9 % for
GAC and Na,S,0;s, respectively. In the control solutions, the decrease in the concentration of cyanide and
thiocyanate ions occurred under the influence of atmospheric oxygen (Table 1 and Fig. 2).

Thus, sodium pyrosulfite was the most efficient reagent at removing cyanide ions with 97 % efficiency
in 1-1.5 hours, while bacterial consortium was the most productive against thiocyanate ions, resulting 99 %
removal at 120 hours.

In this regard, a two-stage combined technology for the removal of cyanide and thiocyanate was devel-
oped. At the first stage, In order to reduce the effect of high concentrations of cyanide on the bacterial pro-
cess, a significant amount of cyanide ions is removed chemically. The second stage is the removal of the cy-
anide ions until the MPC levels, also full neutralization of the thiocyanate ions.

The results of previous experiments have shown that the most optimal method is combining of the
chemical (sodium pyrosulfite treatment) and bacterial methods. In other words, conversion of the cyanides to
the less toxic thiocyanates with subsequent bacterial degradation is a solution to the problem of wastewater
treatment.

Samples of technological solutions from the Aksu gold extraction plant (Agmola region, Kazakhstan)
were selected for model experiments. The mineral ores and concentrates of the plant are treated with cyanide
solutions. Table 2 shows the chemical analysis of the samples taken.

Table 2

The results of general chemical analysis of the solution from the Aksu gold extraction plant

Sample Analyte
p CN | SCN | Cu Fe Zn Mg As Ni Sb
Industrial 21 | 3570 | 15 | 730 7 2 1,7 3 3
solution, mg/1
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In the first stage, cyanides and metal cyanide complexes were oxidized with sodium pyrosulfite (5 g/g),
in the presence of copper ions at pH 9.0-10.0.
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Figure 3. Effectiveness of CN” removal with sodium pyrosulfite

The obtained data (Fig. 3) show that the neutralization degree is 97 % in 90 minutes, the residual CN™
concentration was 6.6 mg/l, whereas the concentration of thiocyanate ions increased due to the oxidation of
cyanide ions, which amounted to 3785 mg/1.

In the second stage, the processing solution was passed through a bioreactor for destruction of the re-
sidual content of cyanide and thiocyanate by bacterial consortium immobilized on a zeolite. The results of
the experiments are shown in Figures 4, 5.
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Figure 4. Effectiveness of CN™ removal with bacterial consortium Agrobacterium tumefaciensAC-1,
Agrobacterium tumefaciensAC-2, Pseudomonas sp. AC-3

62 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Destruction of cyanide and thiocyanate ions ...

100 4000
2 - 3500
&80 3000
O -

z \ / =
> 60 - 2500 E
2 =+=Removal efficiency z
3 SCN-, % - 2000 2
o=
k5 40 == Conc. SCN-, mg/1 Qa.
E - 1500 ¢
g 3
5 - 1000
o 20
&
= - 500

0 T T T T T 0

0 6 12 18 24 30 36

Duration, hours

Figure 5. Effectiveness of SCN™ removal with bacterial consortium Agrobacterium tumefaciensAC-1,
Agrobacterium tumefaciensAC-2, Pseudomonas sp. AC-3

Based on the results of the experiments, the degree of bacterial destruction of CN'and SCN-are 99 %
and 99.9 %, respectively. Moreover, respective residual concentrations of CN™ and SCN-ions in the treated
solution were <0.1 mg/l and <4 mg/l, which corresponds to the maximum permissible concentrations ap-
proved in the Republic of Kazakhstan and CIS countries.

References

1 Rajesh R.D. Cyanide in industrial wastewaters and its removal: A review on biotreatment / R.D. Rajesh, G. Abhinav,
B. Chandrajit // Journal of Hazardous Materials. — 2009. — Vol. 163. —P. 1-11.

2 Kitis M. Heterogeneous catalytic degradation of cyanide using copper-impregnated pumice and hydrogen peroxide / M. Kitis,
E. Karakaya, N.O. Yigit, G. Civelekoglu, A. Akcil // Water Research. — 2005. — Vol. 39. — P. 1652-1662.

3 Depci T. Apricot stone activated carbons adsorption of cyanide as revealed from computational chemistry analysis and exper-
imental study / T. Depci, Y. Onal, K.A. Prisbrey // Journal of the Taiwan Institute of Chemical Engineers. — 2014. — Vol. 45, Iss. 5.
— P.2511-2517.

4 Lu. J. Anodic behaviour of alkaline solutions containing copper cyanide and sulfite on the graphite anode / J. Lu,
D.B. Dreisinger, W.C. Cooper // Journal of Applied Electrochemistry. — 2002. — Iss. 32. — P. 1109-1118.

5 Botz M.M. Cyanide Treatment: Physical, Chemical, and Biological Processes / M.M. Botz, T.I. Mudder, A.U. Akcil // Gold
Ore Processing (Second Edition). — 2016. — P. 619-645.

6 Hanela S. Removal of iron—cyanide complexes from wastewaters by combined UV—ozone and modified zeolite treatment /
S. Hanela, J. Duran, S. Jacobo // Journal of Environmental Chemical Engineering. — 2015. — Vol. 3, Iss. 3. — P. 1794-1801.

7 Meronsl o6mieii 6akrepuonoruu: [B 3 1.] T. 2 / Ilox pen. @. I'epxapar. — M.: Mup, 1984. — C. 450—454.

8 Clayton R.A. Intraspecific variation in small-subunit rRNA sequences in GenBank: why single sequences may not adequate-

ly represent prokaryotic taxa / R.A. Clayton, G. Sutton, P.S. Hinkle, Jr. C. Bult, C. Fields // International Journal of Systematic Bac-
teriology. — 1995. — Vol. 45. —P. 595-599.

9 Zhang Q. Pseudoepidemic due to a unique strain of Mycobacterium szulqai: genotypic, phenotypic, and epidemiological
analysis / Q. Zhang, R. Kennon, M.A. Koza, K. Hulten, J.E. Clarridge // Journal of Clinical Microbiology. — 2002. — Vol. 40. —
P. 1134-1139.

10 Clarridge J.E. Impact of 16S rRNA Gene Sequence Analysis for Identification of Bacteria on Clinical Microbiology and In-
fectious Diseases / J.E. Clarridge // Clinical Microbiology Reviews. — 2004. — Vol. 17. — P. 840-862.

11 Vogel A.L. Vodel’s textbook of quantitative chemical analysis: textbook / A.I. Vogel. — London: Longman Group UK Lim-
ited, 1989. — P. 690.

12 Macnenunkuii M.H. Meramnyprust GmaropoaHpix MetauioB: y4eOHuK st By3oB / W.H. Macnenuukuii, JI.B. Uyraes,
B.®. Bop6ar. — M.: Meramryprus, 1987. — 432 c.

13 Adams D.J. Biological cyanide degradation / D.J Adams, J.V. Komen, T.M. Pickett / Young, C. (Ed.), Cyanide: Social, In-
dustrial and Economic Aspects. The Metal Society, United States. — 2001. — P. 203-213.

Cepust «Xumusi». Ne 1(89)/2018 63



N.K. Zhappar, V.M. Shaykhutdinov et al.

H.K. Xannap, B.M. aitxyraunos, O.A. Ten, JI.C. bannanos,
E.H. Kanadun, P.A. Xannanos, P.111. Epkacos, A.A. bakubaes, A.T. Ke3nukbaeBa

BaKTepHﬂJ’lblK-XHMHHJ’ILI TICIIMEH MUAHUA- §KOHEC TUOLMHAHAT-UOHIAD AE€CTPYKIUMNACHI

Maxanaza OGaKTEpUSUIBIK JKOHE XMMHUSUIBIK OMICTEPMEH LHMAHMA JKOHE TUOLMAHAT-UOHIAP NECTPYKLHs
Maceeliepi KapacThIpbllFaH. XUMHUSJIBIK ACCTPYKIHMS SAICTepl peTiHae MbIC CyibhaTbl KaTalu3aTOPbIHIA
HaTpuil nupocynbGaTHeH TOTHIKTBIPY JKOHE OCNCEeHIIpiIreH KOeMipMeH aacopOuusuiay KOJIaHBUIIBL.
JecTpyKUMsHBIH OaKTepHsIIbIK Tocim Agrobacterium tumefaciens AC-1, Agrobacterium tumefaciens AC-2
xoHe Pseudomonassp AC-3 Oakrepusiiap KOHCOPIMYMBIMEH Kyprizimmi. Toxipubenepni Kamaramay
MakcaThIMeH OipJell ImapTrapia peareHT KOCBUIYBIHCHI3 MOMENBAIK epiTiHfinep maiibiHmangsl. [{umanmn
HOH/Ap aNbll MIBFApy YIIIH €H THIMII Tocil HaTpuil mupocynb(UT bIKHansHAa Oaiikanms:: 97 % 1-1,5 car;
Agrobacterium tumefaciens AC-1, Agrobacterium tumefaciens AC-2 >xoHe Pseudomonas sp. AC-3
OaxTepusiap KOHCOPLMYMbI THOLMAHAT-HOHIAP ajbll wibFapy yurin: 120 car — 99 %. ConbiMeH, OipiHmui
Ke3eHJle OaKTepHsUIBIK Hporiecke Gerer 0O0Mybl MYMKIH LMAHUITIH XKOFapbl KOHLEHTPALMSICHIH XUMHSIIBIK
onmicien Temenaerti. Exinmn kesewme umanuma wonmap IIIPK newreifine neitin asaiipll, THOLMAHAT-
HOHZAPABIH TOJBIK 3aNaJICBI3AaHABIPBLUIYbl JKYPri3inmi. AnTbIH wibiFapy (aOpHKaHbIH TEXHOJIOTHSIIBIK
epITIHAIIepIMEH MOJETB/l JKCIHEPHMEHTTEp >Kacayibl. 3epTTey HOTKenepi OoibIHIIA OakTepusuiap
koHcopuuyMbIMeH CN™ xxoHe SCN™ Oy3buty mopexeci 99 xxoHe 99,9 % coiikec. OHnenren epitinmizeri CN
sxoHe SCN-HOHIAPBIHBIH KalIblK KOHIEHTpamusaapsl <0,1 mr/m sxeme < 4 wMr/mx coiikec Gonmsl. By
Kazakcran Pecrry6mkacst men TM/ ennepinge KaObUiianFaH IEKTi PYKCaT eTUITeH KOHIEHTpPAIHs peTiHme
KaObUIIaHFaH JICHrelre cail Keni.

Kinm coe30ep: uwaHui, THOLMAHAT, ASCTPYKUMS, ajbIll IIbIFApy THIMINIT, a3y, HaTpuil nupocyab(uTi,
TYHipIuikTearen OeaceHaipinreH Kemip, 6akTepusuiap KOHCOPLUYMBI.

H.K. Xannap, B.M. Hlaitxyraunos, O.A. Ten, JI.C. bannanos,
E.H. Kanadun, P.A. Xannanos, P.111. Epkacos, A.A. bakubaes, A.T. Ke3nukbaeBa

IleCprKIII/IH IHUAHUA- 1 THOIHAHAT-UOHOB 6aKTepna.m>H0-ngnqec1mM cnocooom

B craTbe paccMOTpeHBI BOINPOCH! AECTPYKIUH [IHaHKUA- U THOLMAHAT-HOHOB OaKTepUaTbHBIMU U XMMUUECKHU-
MH MeTojaMu. B kadecTBe METOJ0B XMMHYECKON NECTPYKIMU OBUTH HCIOJIB30BaHbI aJICOPOLIUS TPaHyIHPO-
BaHHBIM aKTHBHPOBAHHBIM YIJIEM M OKHUCIECHUE MUPOCYIb(GUTOM HATPHS B IPUCYTCTBUU KAaTAIU3aTOPA CYJlb-
¢dara memu. BakrepuaibHBIi CHOCOO AECTPYKLMHM HPOBEISH KOHCOPLHUYyMOM Oaxtepuit Agrobacterium
tumefaciens AC-1, Agrobacterium tumefaciens AC-2 u Pseudomonassp. AC-3. JInst KOHTPOIISL CTaBUIIM MO-
JeTbHBIC PACTBOPHI IIPU MAEHTUYHBIX YCIOBHAX 0e3 1o0aBieHHst Kakoro-nmbo pearenra. Hanbonee 3 dex-
THUBHOE yAaJIeHHe [IUaHU]-HOHOB HAaOII0aI0Ch IPH BO3ACHCTBHY MUpoCynbhuToM HaTpus: 97 % 3a 1-1,5 q;
JUISL yIaJieHuss THOIMAHAT-HOHOB KOHCOpIMYM Oaktepuit Agrbacterium tumefaciens AC-1, Agrobacterium
tumefaciens AC-2 u Pseudomonassp. AC-3: 3a 120 u — 99 %. Takum 00pa3om, Ha IIEPBOI CTaAUM yAAIIACT-
Csl 3HAYUTENBHOE COJIEP)KaHNE LIMAHU/I-MOHOB XUMHYIECKHM CIIOCOOOM [T CHHKEHHSI BO3JIEHCTBHUS BBICOKHX
KOHLIEHTpaluil IMaHuaa Ha OakTepuanbHbIil mpouecc. Ha BTOpol cTaguy MPOMCXOOUT yAaleHHe LHUAHWI-
noHoB o I1JIK, a Taxxe monHoe 06e3BpeknBaHUE THOIIMAHAT-HOHOB. IIpoBeaeHbI MOJIEIbHBIE SKCIIEPHMEH-
TBI C TEXHOJOTHYECKUMH PACTBOpaMHU 30JI0TOM3BIEKaTeNnbHOI (abpuku. Ilo pesympraTtaM HcciaemoBaHHN
creneHb paspymerns CN™ u SCN -HOHOB KOHCOPIHYMOM Oaktepuid coctaBisieT 99 u 99,9 % coorBercTBeH-
Ho. OcraTtounas koHneHtparus CN™ u SCN -noHoB B 00pabotanHoM pactBope cocraBmia <0,1 mr/m u < 4
MI/J COOTBETCTBEHHO, YTO OTBEYAET MPEJENIbHO JOITyCTUMOIl KOHIIEHTPALMH YTBEPXKICHHBIX B PecrryOnmke
Kazaxcran u ctpanax CHI'.

Kniouesvie crosa: nuaHui, THOUMAHAT, NECTPYKLHs, 3)(EKTUBHOCTD yIAICHUsI, ACrPadallis BEIECTB, THPO-
CyIb(UT HATPUS, TPAHYINPOBAHHBII aKTUBUPOBAHHBIN yrojlb, KOHCOPIIMYM OaKTEpHi.
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