425 51 voom % #® Vol. 42, No. 1
202242 A ACTA MINERALOGICA SINICA Feb., 2022

X EHS: 1000-4734(2022)01-0106-07
AWk E XFEHETIEE B MEREER G E

PRk REWL A", B¥E 9

(1 BRI, SEM 5100 550025; 2. PIERIZERE HOERALZAOT TN PRBEER (22 [E X o R S0, 521 BtfH 550081)

W OB LEORIAE AR e LIRS PRI YR B AR E R AR . SR, SR A FRI R ETS 2
A BEREGEAEES . NIRZEH TR XA LAY BRI, FIRILT 4 FREGH GE
4li7k. 0.005 mol/L DTPA V& &~ 0.1 mol/L CaCl, 1 0.1 mol/L HCD X} /7 LLIZR T [X. A 19 4% dL 2B ] i v 2 e 33 A=
WA A RIIE S B 45 BE0, 7105k XAE M LB Rk & B (12.7+£0.42) mgkg, HFFEN 93%. +
B SR S ERAR, 4 PR FFREU A RES R 5 BRI R 0.005%. 0.018%. 0.003%7F10.036%; 4l
AR LB AE YA BCSR SR I L KRR ZE 0 BRI B A SC, R Al KR AT VA BOE e 7T
WK XA HH AR R AR ) SRS TR o AW 5 R VT L RS e USRI R R AR 5%

R JTILREX; REE R EMERGEK; RIGEOFIE

HESRE: X53 XERAR IS A doi: 10.16461/j.cnki.1000-4734.2021.41.097

F—1EE: HrkaE, B, 199554, WA, HEHERLZ . E-mail: 1593641510@qq.com

A Study on the extraction method of
bioavailabe mercury in the contaminated paddy soil in
the Wanshan area, Guizhou Province, China
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Abstract: The bioavailability of soil mercury (Hg) is an important indicator for the assessment of Hg contamination in
soils and Hg enrichment in crops. However, the contents of bioavailabe mercury obtained by using different extraction
methods are quite different. In order to explore the relevant extraction method of bioavailable Hg in paddy soils in the
Wanshan Hg mine area, four kinds of extractants (H,O, 0.005 mol/L DTPA, 0.1 mol/L CaCl, and 0.1 mol/L HCI) have
been used in this study for the extraction of bioavailable Hg in paddy soils along two sides of two typical rivers in theg
area. The results show that the total Hg (THg) contents in paddy soils are seriously elevated (THg contents of 93% soil
samples are higher than the regulation standard), with an average of 12.7+0.42 mg/kg, but the contents of bioavailable Hg
in paddy soils are relatively low. The proportions of contents of bioavailable Hg, extracted by using the four reagents, to
the THg contents are 0.005%, 0.018%, 0.003%, and 0.036%, respectively. The bioavailable Hg concentrations extracted by
using pure water are significant positively correlated with the THg concentrations in paddy soils, rice roots, and rice stems,
indicating that the pure water extraction method is most suitable one for the determination of bioavailable Hg contents in
paddy soils in the Wanshan Hg mine area. This study can provide technical and data supports for the risk assessment of Hg
pollution in soils.
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K (Hp) f£—FEHHNESECR, BHEEEWEESEUMEG, HPHEK (MeHg) HEMER
st FIE R B R S0t NARA Al AL W A P AR AN R S B e e 8 R, kA ™, U B 7t 38
B P A0 AN A 7K™ i A R RS OR R 7 (0 1 B3R 40, BIE SR, KRS 1 PR ARS8 I T TEHLR
[F) FF R SR (R Ak, 33X 25 B DR M RS FE (10 BR SR A4 R T 0 S I TE LR 17 R 3R 3640, FLKAS
it FR LR IR SR S AR AE D, FERTSYIIX, B KA 2 R R R 1 1 B a0, JRE
SRRECR KR P2 R SR [, KRG B2 4R 28.5%, TH P2 45k 29.1%, HARIRE ) Ak K
R MARERT, H MR RS G X s X | At DO R E T X A g K
R %A ] AR BAW o

TIERE R G R DR B IS AR, (AR SR EIBOR B E RS . R E S
WA R 5 R AR S B BEX R, T EER R T AR RS, R g E 4R
RS TEARARVE I B 3985 etk o e Y, e R R S B ARG S L S kSR RS
BRI AR SRR 22 7R B R B R

HAT, &M TR SRR E RO R — 320k . Z7k R R — M A& 2
Al AR —E M 3R ], DA S AR AR Ty s AT — SR U K EAT ekt Eh (i
WAS . RERRANFIRY R E55) SREUFIRRTE AN S REGIE e AR E 4 B A s &', XE
St SC I RYIAA Y I Cd. Zn 53E CaCly,. NaNO; A NH OAc $2ELUK Cd A1 Zn 2 [A) S PE LT
[FIE IR R VU 2./ (EDTAD R4 G Ee 058, SV ESE & &M SHRLr, HRE
FHF R e 135 A I VR S S A IR SRR T LR A XI5 e IR R TS AT HAT T 72, 45
T, AR R AR A RMOR ELBI 0.03%. B 25 R HCL. CaCl, #il DTPA $2EUHTL
BAKRBMBE S L= X A AR, 4558 DTPA IREUAE J1f %, HCl Al CaClL 3REUR & &5
IKFEFFRLI He & B AH M LT

TR AE LI b (A 2 TS AR 7 AR Bk, BB 138G RES oK il A $2 U7
AR 4 FHREGAF] GBZE/K. 0.1 mol/L CaCl,» 0.1 mol/L HC1 1 0.005 mol/L DTPA), X Et7r#fr
4 FRERIGRI G 3985 RS TR PR EL AR 71 % 57K A8 &A1 LR & BIAHOCOC R, e 1& TR 5 4
Hh DX 8 HH A G R AR EC V2, B AR N PEAl I3RS Y R R R R S Hs

1 MRS TTEA
LURRARE

FLRE XA T3 NE o8, Wb E KRR Tk, KB KRR EEMEEMNR &, %
O E A “oR#E” BN, BRI IR S T LR AT X A 4 L BT, R I AR KR FE
IKYR, BEER AR IR I LR R X, PARTIRAETR M 2SI, fERCKEEIC NI . ABFFLLX 2
SRR RIS 5 KA O RIFFE 8T 5, SR AEAE HH 3R B () SRR B AR RS, SRFE A2 LL 3 km DNIA]EE, &
15 AREES (D,

1.2 HRRESAE

K FIAGAE T B KA KR AR PR 13 (JRFE 0~10 ecm) AN N R /K FEHEARAE S o ZKFERE SR

FESRK. K MBAEKIEYE, LM LRI, A M E TR AT FEKAd /N

F5EHL (JLGIB-45 B INLHAEREK, HFHL GirE INMJI3) ACFESRISHRE K, M KME (IKA-A11)
100 H, /KRR, 2. Mg 100 H, RS 200 H, B8R0,
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IKFERR . 25 MRLRRE K
FE K DMA-80 E 205K
% (Mileston 5], =ARH)
AT EOR S ENE, (AR H
PN 0.01 pg/kg. HRIEKFEH .
2. ARSI S EKE, BR
BUS A (0.03~0.5 g) it
FE, BB INFAREA 650°C LA
PR IR 1) 56 2R T

HIEEOR SRR F-732
MAL CEEHED e,
s PR A 0.01 mg/kg. FREX
0.2000 g TIEAEN CH R
0.0001 g) T 25 mL th &,
AN 5 mL 4K (DDW), 3 e FEthA
FMAFTELH]# F7K (HCI: Fig. 1. Spatial distribution of sampling sites.
HNOs=3:1) 5 mL, 95° C /K
RWAA S min, JIAN/bE DDW Ml 1.0 mL BrCl, k8K H# 30 min, FAHEERSE 25 mL, HE
24 h LAk, WEBCRA SnCL R R, F-732 R4 &,

1.3 RESLRTT

BRERPRBCE B 1 frr: FRE2.0000 g CRERAIE] 0.0001 g) HIEFESINA 50 mL 505,
FE A B2 LGB I N B BGR], 20 CR/AKPRY, SRJE4E 0 C. 3600 r/min 250> 30 min, HU IEWHK
0.45 um JEMELIE, NN 0.5 mL BrCl i3 7%, KM SnCLIEJR . &8 &% ##i%. Brooks Rand 2500 il
A 52 B A B B LAE K AR E 3SR A BN 100%, VLIRS BT 4 R R 1
PEHLRE ST o

R 1 REGIRECH] 5RO

Table 1. Extractants and extraction method

PRI SEH K S 3k
Atk m(+4): VARIGR=1 : 10, 20 °C/K TR 3h [13]
o 0.005 mol/L DTPA+0.01 mol/L CaCl,+0.1 mol/L TEA, pH=7.3, m(}3%): VFEF)=1: 2.5, 20°C
DTPA R4 W [24]
KPR 2h
CaCl, 0.1 mol/L CaCl , m(F3E): VERBGR)=1: 10, pH=5.6, 20 °C/KT-#k¥% 3 h [25]
HCI 0.1 mol/L HCI, m(1-3): VERIGH)=1:5, pH=2.3, 20 °C/K*F#R¥ 1.5h [26]

1.4 REFEH5HE 2

HIF 7K I Ml B A 4 (GR), 236 F K ON#E4E /K (Millipore, HEFHZR 18.2 MQ¥*em). K
R RS bRiEYI (BCR482 Fil CRM024) FISEAT AR i X S 6 b E 47 o S 4l o A vBe o 1B i
RUNR 2 Frow, WIERHZ I, ~PATRE S DU E AR bRt 22 <10%.

FIFH IBM SPSS 21.0 Gt AT SLER A A 5 22 3 BB VA G, R EEIR A IE SRR S,
K F WAL 5 Pearson S5 20 AH I R BT, A Origin 8 X AFEAT B AFHIE .
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Table 2. Recovery rates of certificated reference materials

PR e (n) SR HEFEE/(mg/kg) I 5E 18/ (mg/kg) YR/ %
BCR482 3 f2y i 0.482+0.02 0.498+0.20 103.4
CRMO024 3 +3% 0.710+0.02 0.738+0.14 104.0

2 ZERE5H
2.1 HEMRXKREREE

W 5E X 3% pH B )y 6.53(5.42<<pH<<6.9), LAFRYE -3 v 32, HHEAHI-FIEEHN (24.140.12)
g/kgo TIBAKFE LR LM 2 () AR AN B8] 2 B o AOHIAT B 22 N R SOR & B8 T R, &
EILEHN 12.7~34.4 mg/kg; TR LHEEOK EEICHEN 0.39~5.29 mg/kg. IR TRIMILE)E,
TR S BIRFFE 15 mgkg Ziti, BANEUN. BT RFE SR IR EOR S EHME N (12.740.42) mg/kg

(0.39~34.4 mg/kg) . T ETHEL TR A AR FEE 0.5 mg/kg (5.5<pH<6.5). 0.6 mg/kg (6.5<pH
<7.5), RAIEREN 93%.

FEER IS KRE R S BN 18.6~40.0 pg/kg, FIERMIIB/KFEG & &5 HE N 8.94~22.0 ng/kg, H

FE AR BRI & R KRB EOR S BIEEN 6.16~57.7 pgkg. Fif KFEARIKR SRS EHMEN
(23.4+0.33) pg/kg (6.16~57.7 pg/kg), KIBRLEREEHIFE (>20 ngkg) A 40%.

B2 T3k X 3R R B ok & B AR E

Fig. 2. Distribution of total mercury concentrations in soil and rice in Wanshan mercury mining area.

ME 2 TR H, HEBESORESENEES SRR S ENBNEHAIFA . YRS ER
N 34.4 mg/kg I, KRR AER S EAUN 23.2 ngke: /KRGS EREN 57.5 nglkg I, %R 415
K BN 129 mgkg, HIOKEREE S LIREAORE &2 B B4 B ZE A (=0.357, p>0.05).
XU R IE X N, IR A E LRSS DIEEOR Z AA BRI R, LROREE
AR HER VA A= 5 e R
2.2 HIHRBERMRE

4 FREREUGRN T8 BES R RIS R E 3 Fs. EAUKIEENA AR TEE N 0.05~1.76
ng/kg, CaCl, FUHRELSE FIEEIA 0.01~0.17 pg/kg, DTPA B A WRIIHEELSE EIEHEN 0.22~0.73 pg/kg,
HC1 WIS BEEY 0.02~1.9 pg/kge &l 3 2SR BB HE AR HCL (0.036%) >
DTPA (0.018%) >#4li/K (0.005%) >CaCl, (0.003%)-
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4 FR A SRR & A AH
{EFEHCRAREAR, FARTETL X A 1)
T2 H LR AR YA RS R B BRI
JL R AT X 3R R B URIE S
B HLEE A S RAEAEN, HE R
faE, ARITAEDHIEER, 5
ARHIF S 285 AR T8 e A% FH R AT
X L3 AR A SR (S )t
A 5 R 0.86% 25 4517,

UNEE S s EERN S
HIIR BRI AA B 2 5, R
— R IR A e i HY (B AP St E &R T E e, B R G BH B T A o -
B4R B B, AR 3 M2 HCL. DTPA. CaCl, M@ 139 (Ff) B2k, %4
FIZEAIH PR CaCly EE B HKIES M ZHASEEEE T, FN CUXRA BN G 68/, CaCly
PRI AE BT M AR 3 L3 A VR o AR SCRAE AL T PE R RE e X, 3% pH {E-FI500 6.53, 55fetE
TIEF R A S SRR S RK. B, AEGERY SSmRME LI AR AR RS S B IR ICRBUK,
CaCl, it 5 IR & R A H Ca™ MR W YR 10 &8 B T H g ke ™, RIF X 135
R EZE LGRS LLE &AL RAFAE, 1 CaCly 7T ZR I H BRI HE R A 22 (FAH e« HCL 2 —
FrARSEAMERR, e s iR e B H T, IR A AR A RIE AR RS S, Rk, %
TR ES, HE R —ANEERFEEPY, HIHH TR RN E LB TSR, HiE
FEA pH IR} 5 FROWR B 55 3 BRI, DRI HCL A2 4 R R B o BT B K AR EREY . DTPA 1E N — g%
ER (A —ENEMWEETD, B SRIERE S, i DTPA AMUBEA AT LS & R, BREK—3
IR R R KL (BB EERD R R, B E RIS AR W S i R
IBE ST, (EASHT 7t Fp L R AR I AE J18 55, SR IR AT g 5 o AR B A TR R A 5P, gk, 24+
WA SR & B HBUKET, DTPA F HCL R E SR OS2 1 mT e 2 5 85 I B AL 1 R ISR TR A A8 1E,
T S0 LR AE 35 rp R A A RO R RORP

CHEFARENAD, &0 T, HRGHIURSES PN HERNRGEES. R, Z AR
FECRFH — P g E B A R ) 8. R - BER A TR AR, RIEKBHRE
5 B — B ERAL R 2 AR R IUE RAFRIA SR R AR T, PIARIIR b R i) - 8Ea MR
SEATEREN, FUEERN (21.6~252 g/kg), RN (22.8~26.6 g/kg), ANFEFEHGHHEEEIE
MK E LAV G EZ AR R E.
2.3 REESKRES ., KEEKRSEMMNE

FIWTHE G R IE A, B TR R oK 5 SR GRS U 7R 2 [R) RAE OG P o AN TR LS
KEBESTIELOREE. KBEALLK S BTN ST, DL E3E 1) 580 AR BUT £,
ARG R & B TSGR A PEWIER 3 Fion. DTPA AW CaCly Al HCI =Ml 4R B
RS T ROKRE &IOS & RmEA B & B WA (p>0.05), MBAKIRIESR & & 14
PRFEFEMRIIR G ERRRL (B 49, BAUKRIGE RS ES TEAKERE (=069, p<0.01). /KiH
R (=0.742, p<0.01). 2 (;=0.752, p<<0.01) HXRIHBZEMIEMHKKR, HSHFREGEHESE—
SERTEA M (=0.501, p<<0.05) (HE/KFERIKEEAFEMINE (=0.244) . iS5 ANF SAL
RBAE K BRI A AR RGBSR LA, RIKFE AL 2 8150 A 5 A 8GR o HL (R 2 R

B3 PUARRR GRS RE ) LA

Fig. 3. Comparison of extraction capacities of the four extractants.



%1

BlakaE, 5. 3R DXRE 3R A A B R K SR IO 1

111

4 FhERHGHI, AT AR
) 884 SR B S K REAR
2. MOREEZIH R IR
P (3, B 4. IKFERHRH KR

R3 RESREERS B KBEERSREERARRY

Table 3. Correlation coefficients between extracted mercury contents and

total mercury contents in the soil/rice

FTCHLTR P ARIR RN 12 & R IR AT B P PelA K

. B Al DTPA CaCl, HCI

=] A ¢ -

TERAZESE, KRR R 4 1 0.742" 0.006 0.032 0.417
ok B FE A, MK REAE AR R TG ES 0.752" 0.096 0.029 L0378
e Ll TR LD EL 0.501 -0.089 0.116 -0.354
e - R s 0.244 0.427 -0.152 0320
: o REMLZFIETTE T ol +1% 0.695" -0.407 -0.032 -0.293

ERR A RER Y, KRN ZE)
TR LP-afiok A 58, Bt

AR T RSN KRG &

e =15, "FR p<0.05,

HA B IR R

"p<<0.01.

s K& AIREK B TEN LR 32 K

= T =
avis- Al

2 KRR FIFE K TR TR N 22.6%+3.6%F1 31%£16%38 | Rk —# 5 36 8E K
SRR, KATHRTI T B3GR R 5 AR SR A 5

40 - 1400 -
= 35 | y=13.511x+7.0994 ~ 1200 J y=426.68x+192.94
2 R=0.4841 p=0.004 ¢ op R=0.5475 p—0.002 *
3 30 S 1000 -
& o5 =
H/\Q >0 H\Q 800 -
5 s 5 6004 ¢
" B 400 { we .
_H 10 §/ ® . *
2 s 200 {5on,

0 ) 0 T T )

2.0 0.0 0.5 1.0 1.5 2.0
400 -
y=126.31x+23.424 1200 B
1 % _ 3=290.55x+207.09

. 350 1 R*=0.5662 p=0.001 . R2— 02443 p—0.0494
i) 300 4 = 1000 4 . .
= 250 800 4
fﬁ 200 % 600 -
w150 2 400 1 )
¥ 100 5; ’\

50 200 '.. .0 * *

*
O T T T 1 O T T T 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

w(E ALK IR EUCE 335K )/ (ng/ke) w(HB 2E K B EUA 2SR ) (ug/ke)

Kl 4 EATTK SR R & i 5K RS & LA £ B K 3 SR B AR G b

Fig. 4. Correlations between pure water-extracted mercury contents and total mercury contents in rice plant tissues and soils.

3 4% it

A DX () Ry e o, R R T R, SRR A TR AR S ROk
B BN RK R o 4 i FIROSRIBGRIA, 0.005 mol/L DTPA YR 0.1 mol/L CaCl, il 0.1 mol/L HCI
OB HR 225 5 7K B b A5 B R BB RO, T A K SR H 3R E M)A RS R S KRR . 25,
AR iSRS LA S AR DG, R WTB AU AOE P08 73 LR DR H R 3 W) A oRoRT
AWV 138 & 715k Ge B A MR IIRIUTIE, okt e300 MU A5 A2 R 4%
P E BRI
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