F390HE F2 M s A0 W ¥ v & Vol. 39, No. 2: 203 ~210
2020 4 3 J] ACTA  PETROLOGICA ET MINERALOGICA Mar. , 2020

7’

FUEREIHATHEEYT XEHT MBERITAMR

RERE, x| B
CIEAR R AL PR S B PALHUE T B A SR == PR B k2%, U1 4iBH 6210105 PHRgK2: BEUIABE24RE, K 400715)

W OZE AT 4 A IORR TR & R HEATRE R AR, IR A L AL A LR BRAT 14, Thiobacillus fer-
rooxidans, TR T. ) F1 2 T J5 B CBR R 2534 )5 5 sulfate reducing bacteria, {8 #% SR ; W8 B& 818 J5U B , Acidiphilium cryp-
tum JE-5, TEIFK JF-5) 3 0 FREAT AR F, 415 AT 5 26 400300 D R A8 A 45 A0 T D A R0 R A 25 420 P R A A 0, 8 T
SEVEAE RN XS o ICP-OES & Ht 43 H7 s, 3 AN AR H IS , M B0 FIOE S8 1 fRe H R FE BB AT PR 168 h %
LB T, f VEHIG RORRE I g ME ST > R8s v 2B S 4 > eSS D™ > S et B . LC-AFS Ji e i
BHEMIESEREY: O T AAER)G, By MMy RO AEE R0 2 51,5 h fEFTG 4 Bl S i ) B i
AsC VO I Ay & AT R > MERED™ > WRIE R R S 4 > MERE s @ 2 e JR B 1R S SR 57 BE {0k i 3%
TR AsCILD » FoRE RS JF-5 B 2 £ ME BBt AsC I 7E 168 h 75 % 20. 64 mg/LCSR) F19. 54 mg/L(JF-5) .
96 h SR YEHIG 4 P& ity Wy R i AsC D U 4 MESTH™ > W /B3 il H > Bl AT AT > A . 96 h
JF-5 FERG 4 B3 iy R 80 AsC D IBUT A EE B4 > BESH™ > RO > WIS miR £ il .

KRR MR SR AR AL AR R

hE S ES: P578.2; P579; F416.1 CRAFRIZAG: A XEHS: 1000 —6524(2020)02 —0203 —08

A study of the release behavior of arsenic in tailings of Shimen realgar
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Abstract: Collecting four different types of arsenic-containing minerals in Shimen realgar mining area, using Thio-
bacillus ferrooxidans(T. f), sulfate reducing bacteria( SR) and Acidiphilium cryptum JF-5( JF-5) to investigate the
release of arsenic from primary and secondary arsenic-containing minerals under biological reduction and oxidation
conditions to determine the potential risk of arsenic release. Quantitative analysis by ICP-OES showed that the con-
centration of arsenic in both realgar tailing and orpiment tailing was increasing under the action of the above T. f,
SR and JF-5. Arsenic released at 168 h under the action of T. f: orpiment tailing > leachate secondary arsenic-con-
taining tailing > realgar tailing > arsenic containing clip rock tailing. The results of LC-AFS atomic fluorescence
spectrometry release showed that: (1) Under the action of T. f, realgar tailing and orpiment tailing showed very ob-
vious differences; after 1.5 h, the order of releasing As('V) for four arsenic-containing minerals is: arsenic contai-

ning clip rock tailing > realgar tailing > leachate secondary arsenic-containing tailing > orpiment tailing; (2) Under
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the action of JF-5 and SR, SR can promote the release of As( [ll) from the orpiment tailing, which is twice as much
as JF-5; the orpiment tailing releases As( IlI) reached to 20. 64 mg/L (SR) and 9.54 mg/L (JF-5) at 168 h. The

order of release of As( Ill) from four arsenic-containing minerals under the action of SR at 96 h was: orpiment tail-

ing > leachate secondary arsenic-containing tailing > arsenic containing clip rock tailing > realgar tailing; the order

of release of As(IIl) by four arsenic-containing minerals after 96 h of action of JF-5 is realgar tailing > orpiment tail-

ing > arsenic containing clip rock tailing > leachate secondary arsenic-containing tailing.
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Sampling diagram of tailings sediments in the Shimen realgar mining area

2018)
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Table 1 Chemical composition in tailings samples

BEE As,0, SOy Fe,05 CaO  MgO  Si0, Sh,05 ALO; P,05 K,0 SO,

MnO BaO ZnO SO Na,O0 TiO,

MEFYT99.57 77.30 21.27 0.09 0.36 0.21
MESEHT  99.47 65.12 32.12 0.13 0.65 1.19
FRIEAT AT 96.06 21.75 0.78 47.05 8.05 12.54 5.33
WESHREN 79.94 7.82 10.25 0.69 39.02 17.09 3.53
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Fig. 2 SEM (a, ¢) and EDX analysis (b, d) of sediments from the tailings of the Shimeng realgar tailings
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/No SR FJF-5 AEH T 4 B RAT A 25 2 B WL 1
deAd, TEEYICIFRAER T, 4 MR B HE T As
CHDD dy 4xf = S A7 . B b A i SR A B S
0] 1R AR A A — B, ] — 5 i BT A R 2R 458 i
B R OB 1 Wi b AsC I 75 B BE I 18] 28 4kt A
— B ARE AT A BRI B AT ) S R DA B
BRFFMEREAT 7 AsCHD (8 4, A — B0 J R —
TR B S HA—2 5 — 7 & ik R L
PR CORBR B ER D A — B, 1T BB B 38 B AE F R W)
B B A A G e T A IR E S
YR A . 182 SR 1ER] Rid 2 JF-5 15 ]
N, BHE 1.5.96 F1 168 h B AsC I & —
BAE BB BT 2 MR, X R M s T A
W) J g R s ME BT (R AHORE IR AT R B IR IR AE R
HAEDTVE, v 682 2L )00 IR B 70 ME B 38 JR As
CID A filbsr . SR EFRAHER &, 5 1.5 h
B AsCID WK BEAR EL, SR VEH R & i e o 2
W AE 96 h #1168 h Bt AsC LD W FE 34 72 T B,
I FE AsCVOIWREEILA /MREER EFF.

3 4
(1) SFALBED T, fFAERR, R e Bl 1)

R AT, TE SR S M BTN 5 i I b R A 4
FEMEC A6 hORE AR FEOSCR ME S > A iR AT

> HESH™ > S IIAT R AsC VD BRI b A
PO > FRAT R > RS > MESH”;

(2) g AR T, SRR AZCR L JF-5
4f; 24 h Ji SR AR N RS ME ST > 5 il e At
W™ > HESH™, JF-5 1 1R RE Al R ME ST > 3
B> SRR CRA & iR ER A 2%, 48 h
Fefifis ) o SR AEFN AsCILD R I A7 b b i o
B> FRATRET > My > AR JF-5
PEFIR AsCIID RO EE O &5 b R A BT > ME B
B> AR > HERET

(3) HEBH™FE AL I8 S5l A= WA YT R B 34
S5 (R P K TS s B b AT AT A AL I R AR
PoAE RYR e Afons A5 0 Bl K T VA 5 R
SO AE AL I8 SR WA T R o PS5 £ K
TERIAT Y.

References

Fan Lijun, Zhao Fenghua, Liu Jing, et al. 2018. Dissolution of realgar
by Acidithiobacillus ferrooxidans in the presence and absence of zero
valent iron: Implications for remediation of iron-deficient realgar tail-
ings[ J]. Chemosphere, 209: 381 ~391.

Gu Guohua, Sun Xiaojun, Hu Keting, et al. 2012. Electrochemical oxi-
dation behavior of pyrite bioleaching by Acidthiobacillus ferrooxidans
[J]. Transactions of Nonferrous Metals Society of China, 22(5):
1250 ~1 254(in Chinese with English abstract).

Harrington ] M, Fendorf S E and Rosenzweig R F. 1998. Biotic generation
of arsenicCIl[) in metal(loid)-contaminated freshwater lake sediments
[J]. Environmental Science & Technology, 32(16): 2 425 ~2 430.

He Lile, Zhou Lei, Zhou Jimei, et al. 2017. The effect of bio-nano FeS coat-
ing layer on neutralization capability of limestone[ J]. Acta Petrologica et
Mineralogica, 36(1): 110 ~114Cin Chinese with English abstract).

Jong T and Parry D L. 2003. Removal of sulfate and heavy metals by sulfate
reducing bacteria in short-term bench scale upflow anaerobic packed
bed reactor runs[ J]. Water Research, 37(14): 3 379 ~3 389.

Kyoung-Woong K, Sang Woo L and Ji Hyun K. 2006. A survey of arsenic
and other heavy metals in vegetation from markets or mine tailings
[ J]. Journal of Environmental Sciences-China, 18(2): 287 ~291.

Li Lianfang, Zeng Xibai, Bai Lingyu, et al. 2010. Soil arsenic content and its
health risk assessment for agricultural products in the region surrounding
Shimen arsenic sulphide mine[ J]. Chinese Journal of Applied Ecology,

21(11): 2946 ~2 951Cin Chinese with English abstract).



210 = A W

mo¥ A

Wz o Aﬁ‘ﬁ 39 %

Li Yuhu, Liu Zhihong, Zhao Zhongwei, et al. 2012. Determination of arsenic
speciation in secondary zinc oxide and arsenic leachability[ J]. Transac-
tions of Nonferrous Metals Society of China, 22(5): 1209 ~1 216.

Muiioz O, Vélez D and Montoro R. 1999. Optimization of the solubiliza-
tion extraction and determination of inorganic arsenic [ AsC ) +
(AsC V)] in seafood products by acid digestion, solvent extraction
and hydride generation atomic absorptions spectrometry[ J 1. Analyst,
124(4): 601 ~607.

Lloyd J R, Islam F S, Gault A G, et al. 2004. Role of metal reducing
bacteria in arsenic release from Bengal delta sediments[ J]. Nature
(London) , 43006 995): 68 ~71.

George W, Rebok G W, Karlene B, et al. 2014. Ten-year effects of the
advanced cognitive training for independent and vital elderly cognitive
training trial on cognition and everyday functioning in older adults
[J]. Journal of the American Geriatrics Society, 62(1): 16 ~24.

Lucia R F, Moore S E, Reyes S A, et al. 2016. Arsenic remediation by
formation of arsenic sulfide minerals in a continuous anaerobic biore-
actor[ J 1. Biotechnology & Bioengineering, 113(3): 522 ~530.

Shi Rong, Jia Yongfeng, Wang Chengzhi, et al. 2009. Effect of dissolved
organic acids on arsenate adsorption-desorption onto Soil Mineral[ J1.
Chinese Journal of Soil Science, 40(4): 761 ~766(in Chinese with
English abstract).

Wang J, Zhu S, Zhang Y S, et al. 2014. Bioleaching of low-grade copper
sulfide ores by Acidithiobacillus ferrooxidans and Acidithiobacillus thio-
oxidans[ J ]. Journal of Central South University, 21(2): 728 ~734.

Yang Fen, Zhu Xiaodong, Wei Chaoyang, et al . 2015. An overview on
the process and mechanism of arsenic transformation and transporta-
tion in aquatic environment[ J]. Chinese Journal of Ecology, 34(5):
1 448 ~1 455(in Chinese with English abstract).

Yang Tingting, Bai Yaohui, Liang Jinsong, et al. 2016. Competitive mi-
crobial oxidation and reduction of arsenic[ J]. Environmental Sci-
ence, 37(2): 609 ~614(in Chinese with English abstract).

Yao Jing, Xu Wenjing and Li Hongyu. 2005. Transportation characteriza-
tion of copper ion in adapted Thiobacillus ferrooxidans[ J]. The Chi-
nese Journal of Nonferrous Metals, 15 (12): 2 009 ~2 015Cin Chi-
nese with English abstract).

Yue Tingting, Zhou Jimei, Zhou Lei, et al. 2018. Arsenic release behav-
ior in the process of interaction between acidophilic iron-reducing bac-
teria and biological oxidized arsenopyrite products[ J]. Acta Mineral-
ogica Sinica, 39(5): 579 ~585(Cin Chinese with English abstract).

Zhang Xuexia, Jia Yongfeng, Chen Liang, et al. 2009. Arsenate reduc-
tion characteristic sand diversity analysis of arsenic-reducing bacteri-

aen enriched from an arsenic contaminated soil[ J]. Chinese Journal

of Ecology, 28 (1): 64 ~69(in Chinese with English abstract).

Zhang Weiwei, Li Chao and Li Dongwei. 2011. Heavy metals leaching
experiment from the pyritic tailings by the T. F. and T. T bacterias
[ AJ. International Forum on Pollution Site Repair Industry and 9th
Annual Meeting of Chongqing Society of Environmental Science.
Study on The Contarninated Sites Remediation Technology[ C ] Cin
English with Chinese abstract).

Zhao Yonghong, Zhang Jing, Zhou Dan, et al. 2013. Diversity analysis
of arsenic resistance genes in Acidithiobacillus genus[ J]. Ecology
and Environmental Sciences, 22(7): 1 141 ~1 147Cin Chinese with
English abstract).

Zhou Lixiang. 2008. Biogenic iron oxyhydrosulfate and iron oxyhydroxide
occurring in a cid mine drainage and their environmental engineering

implications[ J]. Earth Science Frontiers, 15(6): 74 ~82(in Chi-

nese with English abstract).

Bt e 32 2% TRk

IS, PN, T, 2 2012, AL ERBRAT H RS A R
By Az AT 0T ] A 8 R
1 254.

ISESR, J %, JA4KHE, 5 2017, EANK FeS B 20 K4
e gl )], A AT P¥AE, 36(1):

ST, GAM, AR, %2010 A THERH G HIX 4 5w o
A B AR S A R TPAE LT D, R AR A5 3R, 21 (11): 2 946
~2951.

AR, BUKEE, TR, S 2000, WEPEGHLER N e - SER 4
TR B - AT S RO mal ) ). e, 40(4): 761 ~766.

Wi 35, SRIEAR, WM. 2015, il H A EREE d b T A8 H AR )]
AR, 34(5): 1448 ~1 455.

Wrlepler, ROHHE, B4k, 5 2016 TR ) 4 A K S5 5% 4
[J]. 3REERL, 37 (2): 609 ~614.

Wk FE, PROCEE, ARLLE. 2005, UL BB R 94 1 B X4 2 T
il 1] PR ESESIR, 15(12): 2 009 ~2 015.
A, G, T . 55 2018, WS R B 5 Ak R L R

FEOE RS R R BT 0T . TR, 38(5): 579 ~585.
TKEE, TUKREE, BRO2E, S5 2009 Ffnd SR R A K IE AR F
BRI Z R TLT]. A&, 28C1): 1 141 ~ 1 147,
BAKLL, gk B, A JT, S 2013, WEERBRAT I Acidithiobacillus 3t

TEE R 2 AR LS AT ) D, AR FR AR, 22(7):
JEISEAE. 2008, FRAEAT L 2 7K T AR R PR A v R AT A0 £
BT XLI]. H2ATT4k, 15(6): 74 ~82.

, 22(5): 1 250 ~

110 ~114.

1141 ~1 147.
AL EN



