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Study on the die! variation of arsenic in Huangshui Creek and the effect of
algae on arsenic release in Shimen realgar mining area, Hunan Province

LUO Tang-hui-zi, REN Xia, MENG Xin-yun and LIU Jing
(School of Resources and Environment, Southwest University, Chongqing 400715, China)

Abstract: The Huangshui Creek in Shimen, Hunan Province was seriously contaminated by historical realgar min-
ing area. Discussing the diel variation of arsenic in creeks and the diurnal regularity of algal-arsenic mineral water-
rock interaction is of great significance for understanding the migration behavior of arsenic in the watershed and con-
trolling contamination. In this research, the diel variations of arsenic concentration and its hydrochemical parame-
ters were investigated in the field, and the algae species in the Huangshui Creek were separated in laboratory, and
the growth of algae and the kinetics of arsenic release from arsenic minerals(realgar) were studied under simulated
photosynthesis. The results showed that the arsenic concentration in the creek ranged from 0. 8 to 1. 1 mg/L, de-
creased at night and increased during the day, and the arsenic stratification effect was the most obvious at the lake
mouth. The changes of temperature, pH value, dissolved oxygen and carbonate content were consistent with those
of arsenic concentration, but the changes of chlorophyll a and bicarbonate content were opposite to those of arsenic
concentration; The algae species in the Huangshui Creek were abundant and had been separated such as Chlorella,

Spirogyra, Scenedesmus, etc. In the experiment, compared with pure realgar, low concentration algae can promote
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the release of 182.1 mg As (1) and 459.3 mg As ( V) per gram of realgar after 48 hours of action. There was a

significant absorption phenomenon in medium concentration algae, and As (Il ) was better than As (V).

High

concentration algae promoted the release of realgar and significantly increased the release of As ( V), which was

2.9 times that of pure realgar. The experimental results showed that the diel variation can also change the concen-

tration and valency states of arsenic, and the presence of algae played an important role.

Key words: Huangshui Creek; arsenic; realgar; algae; diel variation
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i —FaE S BT R, AL TIU R R 4
JEIU1 B0 VAR 38 A7 A T 3580 (FeAsS ) MIEE KA
(FeS,) EFHALYIH P ( Goldhaber et al. , 2003;
Garelick, 2008; Herath et al. , 2016) ., M LG
KB AU BORFEE, HAEBE UM, K
MR GR L i) = R — RV & RGN
( Vahidnia et al. , 2007) > il 45 9% ( States et al. |
2009) U B2 JRAE (Yu et al. , 2006) Rl ( Celik et
al. , 2008) %, HusEh A TE SN 10 me/kg
(Crecelius et al. , 1975; Martin, 1991) ,{H & ik fk
PRI IRAL AL SR B Tl 3% B 2 fdi B 45
il SR R BRI KBRS B Y75 S (Nriagu
and Pacyna, 1988; B F-5¢, 2008) . fifi[a] B1E € fr
e ST AR GE ) R — | 3G [ i P RS
PR FI 45 B < 2 A3 #H C 38 ( Navarro et al.
1993 ; Karim et al. , 1997; Chen et al. , 2001) , WX
K AT e i) 2 BRI, A 4l ok = LA
FEEAR N 3 LIRS R AR RS 62 350
mg/kg(Kim et al. , 2002) , VEHEA 4 A EFEH 1ILAGTL
FRY R s A i 24 2 v I HL B iR AP (Larios
et al. , 2012)  GHEAPEICHE K B2 U5 Z 3] Valilo JE 5
)75 9% (Hajalilou et al. , 2011)

i B A SR RN N IR R R O U
TN R 45 8 B DX R A R P B b R S B s
14.95~363. 19 mg/kg(SEEHITE, 2013) MM i 771 B
X BRI 3% As STk 87. 71~1 351.9 mg/ kg, 2 /K YL
By 1 B A2 5 YL A 10 km® (8BS, 2006)
XLl DX T 2 5 R e TR — 2 SRR T
HAME(1S mg/kg) o PRIH™ XAE RS AT Ay 14 18 A XoF
T AT DS g B B AYE X, Nimick
Z5(2003, 2005) XF 3 [€3Z Montana P4 pg #BE 57747 X
2 A High Ore Creek Fil Prickly Pear Creek P 251
THEAT P B AT o IR A 25 R R | i R AR
ARG . Gammons 5 (2007) ¥ £ 35 [F Montana
MAZIEHRBT X FE M Y Clark Fork TR] 3L Hp i 1% J5 13 A%

IS, e BT 22 1> SR A A ) T e B2 7 1 K T
5T 51 %, HT IR K e 5 B K2 Johnston 45
( 2020) 7F Macleay 0] Jit (A 75 48 H, 2505 M B A
JEARA SR IR S BEIER R R B E

WIEE AT XA TR LR (N29°387 117 ~
29°38'43" E111°2'06" ~ 111°2'23") 84 &2 W i
KREHEEH™, BA TAEFF Ry S, 77 A i K i 5 i R
W 80CY M A AZ B E R A E , T K 12
Z RN Y (A5 FT 4 20105 Tang et al. , 2016) , +
HE As 487 84.17~296. 16 mg/kg (R %5, 2006) ,
BRI AT A PR A A < g RE A (Fan et al. , 2017
Yang et al. , 2018; 5KBIZESE, 2020), A THIIXE
Z LY |, H AT B8 % S Py 28 XU R 4] 409
Rk FE i, DRI — 26 py 7 S M B B I SR AR B W A
DL 5 B I s 45 o 0k TR K b, 3 % 22 L v —
IKR—HKE M EZ Y, BKERT AT
B H R B, AL R A X, i iR
R s A0 AR K, 3% s RS2 D
JrffA o R A K 2 B KR B 55 R P
(Zhu et al. , 2015) , A5 5 THRALZR A DX H DL A R P
BRI BK RIS B IR S R M S e ARt T
R AP AE IR AR A 7K A5G 1) B A sy, 3
% BREE T B ) G A A AR oA ELAA R
IR BRI FLX PRI R 5 2 A A A A
PE, BA PG A Y b R th i 1 B RSx4
(Ting et al. , 1991; Zeraatkar et al. , 2016), #i#k
T /NBRIE R SR TR SR D A e R R K A A
BT b R AT 5 1 W B BE ) ( Pandey et al.
2012; Wang et al. , 2013; Xie et al. , 2018; Shah et
al. , 2022) , HTHABESY K B HEOKE R AR R 0. 28
~10. 43 mg/L, 3 H 2515 1 728 fb x5 A %) i 11 38 & A7
M (Li et al. , 2020) . R0 5G4 A8 A6 X Bl P
B A A RS R e B A ST A O HLOG T B
A% B S0 v 00l M, DG Tz el A B 1 AR Ak 1Y)
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IR i ELAT B RS AT DX A e DA
TSPt B2 L, A5 X W A0 1] 3K
Gk B A B AR AR DL G pH fEL, I iR R
(DO) M4g3R a(Chla. ) BRIGHR B2 AR AE (Lt
1 7 BPAM A TR BRIl AEAT TR XY ) i 4
It IOETE TR BE A B R BH ™ ) R T Y 52
PETT AT 1 R B g 2 1o A A ) 407 25 TR A

1 MRS IE

1.1 AT REESSH

FEBE KB T Ui BRI B2 T 7K P2 Ak ) ] B 3 B
3 A BRI A5 RAE A BOK IR AT
TAL(C ) BIS B HKEAN TR ICA S (R
SRR TTI T A T (M) 4%l A5 4 N
1.7.1.2 F10.19 m/s, FHZL A A E B985 H AT AR,
4 T AR 2R PR s SRR FH IR A 2 [ 7R B A BR T 1 L o
(FET KT ) AR o (FEIT R ) L BE S 12 ~120
em, DUICR B2 AR 2B KAE, AR RN 8
R DA ZE e T M, B 1K b 22 i 845l . R
FHAE 4R 25 52 ( CHNONLI-CNL-H002 ) M4% KK 5
BIEMBCRAE 3 0. 22 wn FLARRYIERT (K FR ) HA
50 mL .08, JH PR B, S 1 A L
2R 11:50 B85 2 1 4 11:50, 5605 2 h B— ke, 3
24 h, S BUKEE FAE #5202 00 {0 335 43 501 D)
5E pH B A (DO) & & T FORGH 18 /N 58
PR 4% E a( Chla. ) &2, W AT E A HE , A i i
AR ZRECH 0.98, FK HiRIRAR 5 fi R SR & R
FHER B b AR 2 R B I, 8 3 TR Sk
(CS547A , Campbell ) ‘T4 A0l s Ak 3% $ 50 4im 422 I
#%( Campbell , B5- CR300) L S Bf W 1) 7K 44 96 J3 75
ko BFAL pH (I E 25 5 R B B K& pH HAE 8. 1~
9.2 ZI[l, BARIREE N 23~28C, WE—EE
KR KFE T IR 2L 0 = T B
1.2 BEA#A0nES T

K e B R R B AR AR T Y
(ICP-MS, “ZHE(E 7900, 35 B ) 22 5 A iy o & R EE
K G & AR T o4 G R OB AR ik ik
(HPLC-AFS,S-50, Jitian, China ) Il &, 3 o Fi ik
FIBIH LB FKRCE

O3 4k, 3% CNWSep AX 4. 0 mmx 250
mmx 10 pm, W34 1. 96 ¢/L (NH,),HPO, (1 2%
af) i 1.0 mL/min, FEFEAFR 1 mL,

JRF IS S5 B T % HNO,(Phghst) ,
M JFEH) 20 ¢/L KBH, (fE2%46) A1 5 ¢/L KOH (4%
ai)IRA BRI &2 A (0.3 MPa)

FRUEIRI . C(AsO} )= 1 001 pg/mL FfifRER;
C(AsO¥)=1 007 pg/mL AR EE ( [F 5 5 MY IR
WG, P EFERE B ) ; WRERE 10,20,
40.,80,100 pe/L, bM<k R €34 0.995 L I,

il A5 20 ARSI 1 MARERE R
25 LR A R R e o
1.3 BHBFKERESE

WSS ) B KB KR T R 3 J5 9 BG LT WA
B IR LA TSR % | U — R R I AT A —
Aoy aifh, i BT 0 B ok 0 4% B —
HEFTHEE B R IR 3 B AR TR R AT R S R AN 2 &2
TR KRS /KRB M BREE(E L)

VR MRS I K AR R AT 4 SR A B b DL
fR)— T3t 2 R SR T K SV o AR 2 1k e i T
Jo LI V8 B TR IR SE 0, K4 B 5 SR AR L
W B MAARR: FR 58 FEC RG240 (TR 30 °C ot
HR 40 % GRS 10 h < 14 h) ki35, 5 K g nt
PR — U, B3 R 9 15 d, PR B K IRk 48 5
AT VR TF R 12 B 5258
1.4 JKEGB3TEHET VBRI Mm

&4 K45 1 200,400,600 mL ¥ % 43 51 F &
%700 mlL, ¥R B2 2 p R A 3 0 T A
2 a POLIERFRAE (R 1), BFAMIRAZE SR s 8
BRI R a i m ik 2,07, & ELA T
0.00~ 0. 86 Z [a], A b A< 52 56 % % 0. 87.2. 01 Fl
4.79 3X 3 AN PRV BERR FE A AR FRAR L 1 A
BE, Hob i S P 0 T S BRI, FH AR RO ity
k. AT B AN R S B AT, 31T
T A AR N2 E RSN AR R K
By WG PEER OCRB RGN, N A AR AR B
T, N2 SO0V TR, AN 2 R IR R A K, A1 2
PRSI #EK 1T e oK B, By s N 2 3%
B —K—/INBAN 0, O G RE S R4 H TR KIS
B DR IE SC B0 R R IR R GCRARAT Lo B
SR B, 7 g S B R 2o T B I
B (1 2) . B 600 mL /K248 W E A A OGS
VEFR R 25 2% T, HoAy 100 mL VK 4 UBURE J5 Y #b
TR, W45 A 5 E IR K 8 ( Thermofisher Haak-
enbei ) A2, HGUKT (i BRILAX A8 A5 BR 2 &), HF-
GHX-XE-300GQ,300W ) f548L F1 285, 5 i3] (kT e



838 HoA 0 W

41 4

Chiorella

Scenedesmus

AR R

BT BOKIR SN B AR A Al B SR B Rh
Fig. 1 Culturable algae species isolated from Huangshui Creek

£1 BWRRAHEE SEVRER
Table 1 Chlorophyll a contents in arsenic release

experiment

200 mL(LA Z1) 400 mL(MA 41) 600 mL(HA 41)

0.871 1.761 4.218
0.854 2.279 5.794

3 0. 870 2.003 4.370
¥I{E 0. 865 2.014 4.794

SO ANV WO R T R K VA B IR R R R 23°C L R
HE G ISV T SE PR IR A 26°C ¥ A DB AR I
N 75 BT IKA ®EmdEas 1 FRE 0. 10 g HEH
T,

ST )E 7 0.5.1.1.5.2.3.4.6.8.10 h i}
A —URRE BRI 3 AN TR, 3L 0,22 um B JE AR
FHFEIESDGE . 10 h BEEZS S | SCHDG IR e 3
DI IE], FF 14 b J5 , P20 T e 26 B AR S —

K2 kg5 MEEAR DG A ke B

Fig. 2 Photosynthesis reactor of Spirogyra communis with

reaglar
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B RERTAE W A VSR DX KR AR AL e B R BB RCRE R BF5 839

HERSE  FEAF ST, BREAT 10 h (U E LR SE 5
TBURE RS [R] A 7 P AN AR 6 R 2H DU SR AN K 48 19
600 mL BG11 $53%3£ 5 0. 10 g M2 1R & a, #4218
I TS 2H A [ ) S5 A T O HREE
1.5 EENESBFRERE(TEM) RE

75 5 L I SR AR AT I R R A IS B R
PR b, SRS PO SR A ST AR AR
S, BT EO AR RN SR R G, I
I IR R R AR , B A4 S B 9 bl I, 5
TR PR R AL Tl LGS DB IER . R
TR KA S R AR e TS, R & S
LT R (HT7700, H A H 3728 Al ) X8t 5280 5
M HER AT TIESMER .

2 GERAHE

2.1 BEARERMIRESHMSBENWERTL
BOKEH CM R 2 SRR 2 B B
WAL R IR 23, 1°C N BAE B4 6:00, 5
R 27. 9°C HILAE T 16:00, e Rl 24 4. 8C
(E3) . 3SR B A 25, C
SR B AR A T 13050 i B — A mi e, 1.1
mg/L ARG N R, Ok B Au IR 0.8~1. 1
mg/L 2Z 1], M S 2 30 o 20, 1)
T %S T FJ2(0.7~1.2 mg/L) , Johnston %
(2020) A Ay il 2 KA 4 DX A A o 3 Y 32 R
,Li 55 (2020) A I BKIR AR =ik 22 5 T 5 2%,
HAEW 22 57 285 0 Il AR RIAR 52 50 45
BATN A B A B 1) 22 5 2 th TR )2 i
AR LK 5 IRE AR R AR T K AR ST
Y53 2 RN T B, 3 A A5 BB v BE TR B
17 50 #A Se T E B AR A a3
HKZR) pH BRI BN R,
KA, W B, A 1T DS YR 6] F 8 ki
R P A (TR E LR K, R S L S R
H* (EUR s )2 8 T f R 46 #b 2 | S0 57K % pH
{H 5855 B8 ( Zhu et al. , 2015) , KAKEER COT
FHCO, WAL R Wos M L F COT , HCO; ¥
JEH B, 355 79. 3~201. 4 mg/L, I HALE B |
e R IR B R, e VR BE S BLAE R 5100,
HCO; A A maIZ i kAR pH I EE N K,
F K A3 7K IR A T s BsF ) A B AR AR 1) 4
TR M 7K A v i 2800 A o3 A I 2R (Fargasova,

1994) Mo R S RAER MR THR(E3),
2.2 KBERTHRETYNEMIHZE

TEARFI B K SR VE T, e 3 4 B AN [ 411
A A RN 315 W K 2 X e e R A —
FIFENE (15 4)

FERT 10 h BEATERT, /K40 Ae UE I 5 0 Bl
fift, e B As (I B HGHE AR AL AR As (V) 33X — 4
PEARHR A R I b, 7E 14 h SIS AR i
Jei AV B2 VA PR A 2 A v B AR AN K
HT As (I0) F1 As (V) W43 510 18. 3 mg/L il
29.4 mg/L, BRG5300 17. 4 mg/L F126.9 mg/L,
UL K AR AE TC G A EZE R T As (D) A
As( V) TiHRBEZH A v BE AR 90 As (V)
JETE R, As (T FEAR A9 B0 42, I8 78 1T b vk B 4
As(ID) AT As ( V) W BE 43510 1.0 pg/L Fl 1. 3
pe/ L BG4k 0.1 we/L #116. 1 pg/L, 3 B
WA As( V) B & & Tk AL, B RE
FER 5.2 weg/Lo 33X ud B o 32 2 R e VA B A 1Y As
(D) #4846 R As( V) o

TATA N AR Bl ) 2= fErh K4 — T
T AN WA o I B B As (), 53— J Tl i '
BAER AR E AL W h  As (1) . 7E 10
h A VE G, o e B 7K 4 20 Vs A S8 i fe v, IR
WA, I, 76 14 h B e A A A L IR
WREEL RS As (T 3229k 7K 4 WO, T AN 2 4
6, T LUE AT G As(ID) F As (V) ¥ B2 AR AL AS B
BT e R g R R LA 1 AR R R
1) As( D) B8 Ak, ik 14 h 5, As (V) He B W 2 T+
i, As (L) e B A S AT

FE 14 h PRI I IS | IRk B 4 K 43 I 4R i 47
SeEER AR S W TR, As (D) B 45405 DA
ksl As( V) WRBEE TR K )2 h J5 32 5 PR il ik 5
I RBREE, IUET As( V) W BN 64. 4 mg/1.(0.5 h B
As( V)RR 26.9 mg/L) . FEKEIEEIER —B
BFE) 5, A AL A B2l As (V) W BRE T
AU K 76. 6 mg/L, As (1) e &Kk i
30.3 mg/L, HREHAEREFFHEICEEHE As
(ID) e s — H W E TR RRAL, A5 6 h J5 A —
B T W BEM 0.2 we/L 713 0. 6 pg/L, {HAS
TR FRAL, X HRZA M 1.9 we/L 3 3. 8 pg/L, i As
(VOWRBEM 2.7 pe/L3EKEN 4.5 pg/L, kA
TR SRV EE R AR R R b O R A R
DLW As () 1 8RS0 AT A2 B DG B AE
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Fig. 3 Changes of arsenic concentration and other water chemical parameters in Huangshui Creek
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100
= CK-As(11l)
80} &CK-As(V)
= = LAAs(Il)
—éﬁ{)- ALAAS(V)

+MA-As(I11)
| -aMA-As(V)

< HA-As(11l)
[ -aHA-As(V)

C/ng-L h

0511523 40681014051152 3 4 6 810
t/h

B4 KASHERTERRK As() 5 As(V)WEL L
Fig. 4 Changes of the concentration of As( Ill) and As( V)
released by the interaction of Spirogyra and realgar
CK—XJHRLL ; LA—(RHERES ; MA—HPIR KA ;
HA— < K 4
CK—control group; LA-—low concentration Spirogyra; MA—medium

concentralion Spirogyra; HA—high concentration Spirogyra

FHEY 10 h Y, 7K 4 — 5 T AS B W WA 3 W T 1 As
(D), —Jr AW A A MR 22 As (1) %64k,
PHLTERT 2 h 9, As( V)IRIERAHZAML, 0.5 h
B As(V)HEH] 5.2 pg/L,2 h Bf A 4.9 wg/L, M3h
ZJG, As (V) JFIRIGHE R N 10. 9 peg/L, T As
(1) BEBE s, SRt A, AT A2 st e v b As (I
FREEREHL

DR TR AR e B e e 35 i R S P 2 e, AT
KA AW E2ALH . @ SeAER AN+
® O, Ret e HH i 0 YA B A Ak ; @ KEi5 i,
WA PR, Rt s P A AR

KR 5 AR 48 h J5 Y S P BB
(TEM) JES /s TE/K 4R BEAA (A ) BRI 19 e v J0RL )
(B) FEAER s BU s R (K 5)

SR SRR, THE 14 A7 A N B TR I B e ) 5 A
FRRSE 2 0 2% 0, — 7 I, BE 2R AN M 3% T A7 AE 2
FIVERE A, WA 4R B g 7 A W R A7 it 328 17 O

K5 oKEs S HERE P RGBSR B R
Fig. 5 Transmission electron microscope image after the

interaction of Spirogyra and realgar
A—IK A BEIRIRAT ; B—HERT IR C— 74

A—Spirogyra body section; B—realgar granules; C—secretion

As(ID) #1 As( V') (Wang et al. , 2013) , [a] i 3 g
SN i R I T AN A AP R R Tl R 8 2 i As () A4
T6(Qin et al. , 2009) , 734, Bk AT LI i il N i Ji
U R R BE A 2 7 R AIK B B 7 (Upadhyay et al.
2018) ., Hzift Shah %5 (2021) FIFHK £ %F Cu®* A1 Ni%*
PEATIRZE | A& BRI 7K 4 % Ni** A= ) BB i B K
Wehg 12N /N R 4.3 £, Shah 45 (2022) X
JEIGK 4R FFE ARG %F As( V) FIZ B XT HE A 5T, & BR
IRERH R R WG R R R 2 R
HI7ES As( V) ROV G AR 4L, HIG AoK 4 33K
AR BRI RE S TR

GG KRB BE TR A FF A L 2005 4R 1R
TR A BE N 0.5~ 14, 5 mg/L (B 545, 2006) ,
2015 4} 0. 67 ~4. 00 mg/L( Zhu et al., 2015),
2020 4F4 0.28~10. 43 mg/L(Li et al. , 2020) , A it
AT LA ZE 15 AR AL RE RS 52 M i) DX A g 1, AR P
AR NS G o — 20 8 7R B R AR I R A AR Ak
A o B A e SR,

3 4

(1) BOKBE U AT 1E B R B G, H b
P BRI B O S 3 TR pH {H R AL(DO) (4R
a (Chla. ) BRFRMFIRRIR SR W B2t A7 75 D)2 1
B IE

(2) HOKEBRRYFEE, SR ARG K4 |
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JINBRBE AR A | TR S | S T S R
X L8 B A7 AR G R R AR 2 385 AR, E TR
Wi fifl L A% T

(3) BEBUFETE AT LS N A SR TR ) o 2 A
&, HAERS 2 AR Befe it As(ID) A As( V) B
JAC; PR T A SR R AR As (D) B
W R AL As (V) B, PR R
RO AT LU RF R As(V) 21k,

(4) AREFIMAA MG — 2R R
JINRE R T e B A 285, P B A A R A Y
e
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