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Abstract; Tongren mercury mine located in Yun-chang-ping town, Bijiang district, Tongren City. It used to be one
of the largest mercury mines at Guizhou province. With an aim to investigate the characteristics of mercury pollu-
tion in Tongren mercury mining area, we collected the air, water, calcine, soil and crop samples to analyze the con-
centration of mercury in samples. The results showed that the total gaseous mercury (TGM) concentrations ranged
from 7.29 to 138.9 ng-m>(with an average of 57.4 ng-m™), the total mercury (THg) concentrations in surface wa-

ters ranged from 81.59 to 4.25x10° ng-L™', the THg contents in calcines ranged from 2.79 to 510 mg-kg™ and the
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THg contents in soils ranged from 3.06 to 2.92x10° mg-kg™'. All the samples had the mercury concentration excee-

ded the control site or national environmental standards. Totally 10 crops including corn (Zea mays L), sorghum

(Chinese sorghum), jujube (Ziziphus jujuba Mill), pear (Pyrus spp), eggplant (Solanum melongena), gourd (Luffa

cylindrica), tomato (Lycopersicon esculentum), pumpkin (Cucurbita moschata duchesne), bitter gourd (Balsam pear)

and pepper (Capsicum annuum) were collected for mercury analysis. With the exceptions of eggplant and pumpkin,

mercury concentrations in edible sections of crops exceeded national food safety standard. In summary, Hg mining

and retorting activities have resulted in serious Hg pollution at local environment and affected the food safety in the

study area. Mercury pollution of Tongren Hg mine shouldn’ t be ignored.

Keywords: mercury; air; surface water; calcine; soil; crops

TR SR G IR o A1 AR S v, RBUR T £ 40 Aii
TR X, H A 206 80% R 4341 75 1 M 85 1N
F M R FUB R ™ FF R AR F 1 X AR A R 3
TGS, HRTR BT I A 8, A R
Gy R EL BN HRAE R X, [T s 8t B RS
Y] SR SRAFAE

R E T HE BTGP EE R R
B R B 4 R 2 —, SN B R ET IX
BN BT IX, FFIRIRE X IR EE R 15 YL i
I8, el XORTG YL i P 3Rl ©AT 2 B e 3R [ 5t
MIT I RAT X S M AT SR X 5 45 )1
SR IXE FEM SRR X T R KR SR A
X EER S Lok a7 X O R B 7 ) BH SR A X 4
T ORI YL R B RN 5T, DAy 3 26 X 3 ok 75 4L By
TR PR T IERETERE

B R T4 T 2T X = I b4, i R
WG e R R A 22—, FER D7 L A& A, A 36 39 5 B
5], IZRETE T 1996 ARG, (HZSRE TR ANE Hk
XTI S PR B S ma ATy AN T A i HL 3t R Y K R Y R
F AT SR 2 KR A B

KT T FRZ R IR JE i A A IR G R
ARG RGRAE THI R X KR A T
T HERAAEYIRE S, 9T T R A T5 Y RRAE . ARTFST
2R TR PEI AT X R 15 YL FRbE XURS: AT e ok
15 YR TARR UL IR B

1 3 XIEHER ( Introduction of research area)
A SR AT AN, T B PR 4 58 AR B B AT AR
W PP, AR 3% 0 rE A RUBLEL 2% B db i e A
200 M SRR SR, BRI T ARE 109°17' &
109°22" b4 27°43' & 27°47' Z 8], =G EPAE AR P
K 8.6 km, AL 8.4 km, BHIFL 35.6 km® , &4
FEI 250 d oAy BEFR B 1 250 mm,, 4R AR i AR
249 hm?, HA K H 172 hm?, 5 #FH R FRAY 69.2% |

B 76.5 hm?, (8 ALY 30.8% .

2 ## 57 % (Materials and methods)
2.1 FEA AR AR RO TRAL B

T 2014 4% 9 A XIS MA B R X0 A
YEY) 48 KA IK AT T RAE, SR A UL
1(Fig. 1),
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Fig. 1 The sampling sites of Tongren Hg mining area

OB EE A FREERIZE S em LIR U0 6 1,
WHEE It 200 H i, 2 A H B4R

RAEW) : AR NI RAED) /T B 5. AED)
AU $E E K (Zea mays)L 5 5 (Chinese sorghum) %
(Ziziphus jujuba Mill) . %% (Pyrus spp). i ¥ (Solanum
melongena) . %2 J\(Lufta cylindrica) . V4 £1.4i (Lycoper-
sicon esculentum) . 7 JI\ ( Cucurbita moschata Duch-
esne) . 17 JN(Balsam pear) F13 I ( Capsicum annuum),
AAEYIRE i T B R oK S ST e, 25 R B R R T
w1 SR G LB FKEvE T R il sk fif i, Bl
J&  FEVED 53 50 T e e I gt v sk T XU T 4R AL A
SR FRHA AR TR SR e

358 AR AEARANE WAL S () TR SR SR 0 AR A
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PR EIEQT 1), AR M A48, HERe S
FNRT G bRy IRAIRES Ifid 200 H i€ H

KA FIH RA-915+ZE B0 SR AT B35 52
W DX KA B TR IR 38 13 i, W40
FEDEPHSRAE 3 AN Rox B A4 RAE S I 10 min,

H K SR T8 HE IR D VR B X R T Rk
MILLIRIK 3t 6 ASSRFE R, X BRAKFEG AR SR
B T3 N ARV AR 32 0K 5 Y s i g X 8,
T 5 VA SR K BE BRI FE 0.45 um (FL B AR 2T
HEPE I IR E A 0.5% B T B Ehig ; T2
MORIIKEEIIZINA 0.5% () T 2 alishmg , s
B SUZ R EEAS 406 . T K FELE S0 B BT R ZE vk AR
W4 CIR-AF,

SO FHER TR A R AN S 00 2 B 34 R 43 b
afi W 1 v 25 RS A V5 R B Y 4B R A B
i, e [ VG Bl Ak T 0y A BN B 5 TR AR B 1 4l oy
BioXtra (>99%), 4 H Sigma /A Fl ,

2.2 AT

IKEE R . S IR IENE 0 SE 2 T s TR R 8K
FEFIA 0.5% BrCl &k 24 h, EHLRTIIA 0.2% £k
R R 22t Y BrCl, SnCL ik 7 45 R 2605 &
FEAAE, R AR J5 A R 28 6 7 (Tekran 2500
UMK AL) (Tekran Co., Canada)ill 5 7K % & .

IKFEIR R AS R AR 1 B8 K FET A 0.5% BrCl
Ak 24 h, EHLRTIIA 0.2% £5 R #4245 2 B ad 19
BrCl, SnCL i J5 5 ¥ R 78R E SR AE &4, MR IR 5
FHYR T2 '3 (Tekran 2500 FUI R A & 7R &

IKBEIEE R AR A I BB K BE B, A SnClL i 5
JEHRZFRBERESE, MIRIE 5 51 9O
(Tekran 2500 ZR43 R AN 7R 7% 4

IKFERURLAS K « KA UKL A 5K N oKk 5 1 A 25
R 2,

W# ROR FREL 0.1 g 2247 BORE &L, FH B /KK
RIS, A 0.5% BrCl %4k 24 h, SnCl, it )5 5 H
F732 -V BHUSRAL (A AR R e ,

HHEROR FRE0.1 g BEdL I EAKOK IR T RIS
HA 0.5% BrCl %4k 24 h, SnCL, 8 J5 5 H] F732 -V
I SRASCI 5

FHHORIEA R IEFSE Ik W RS
R RS S S A FRIR N A RS A LS
GAMEREAR,

KA TR . FH RA-915M ZE 2 50 R
ST AL (LUMEX Co., Russia) Bz & , S &0

1~3 Lemin" Y#5K5 HFR 0.5 ng-m™
RAEW) 5 BRI 0.1 g A2 47 YKL &, JT RA-
915M ZEZ RN K A MU FIFLE PYRO-915 FA4fif 44
#(LUMEX Co.,Russia) FL.{ZE ,
2.3 il
S o A TR A RIS RS oA R (-
HE GBWO07405 ; #4) GBW10014)i 5 19 45 3+ 45 F 45
il FES AT IR A3 BT R X R 25 Ak T £ 5% LA
o TIEERRMERE S GBWO7405 14 A SR 2 {8 7 028+
001 mg-kg'(n=5), 5%l }(0.29+0.04) mg-kg";
PSR MERE 5 GBW10014 A9 & o5 T 52l M (11.1 =
045) pg-kg'(n=53), 2% H 1(109+1.6) ng-kg' .

3 R 5138 (Results and discussion)
3.1 RAUGKRG i

H1 2% 1(Table 1)A] UL 4R A X R ASOR K B 1Y
25 [ AR AR AR, DA v ME s DX S B X 8] i ) = 3
PP b RAORMREE W AR, Lan, i DX i HE B
RS FAHE ] 57.4 ng-m” , 0 X AR =
PR B RAOR M B N 10.4ng - m™ (0K

R1 FALCKRTRKRSKRE(BAL:ng-m™)
Table 1

concentrations at Tongren mercury mine (Unit: ng-m™)

The total elemental gaseous mercury

Mg REERE B/ME EIN ] SR
Description Samples Min Max Mean
JR i M X Jk
. 13.7 139 574
Tailings area
"X JE3L
. . 7.3 13.9 10.4
Mining periphery
$tBH Guiyang 3 5.8 74 6.5

x2 BEHRIMIDERTEXSKRHNESE
Table 2 The total elemental gaseous mercury concentrations

at mercury mines in China and other countries

PRI oA KA KR (ng-m>) Z7% 3k
Name of Hg mine Location TGM/(ng-m'3) References
551 oKRE" HE, SN .
7~4x10 tel
Wuchuan Hg mine  Guizhou, China
TR AR L
. ) ) 17.8~1.1x10 17l
Wanshan Hg mine ~ Guizhou, China
Nevada Hg mine Nevada, USA 13~866 (18]
Palawan Hg mine  Palawan, Philippines 0.9~65 {19
El Callao Hg mine El Callao, Venezuela 280~1x10° 20
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W R AR JE A 5 i T b2 BR N i SR T ik
FE(~1.5 ng - m™)!" PR [E] A 5 BH T AR e
(6.5 ng-m™), 5 [E N HMLF R X KR WK A
L, BRI B2 R BRI AN SR X B KR
e FE W A 1, DL 26 2(Table 2), 3% A BE 5401 R 5~
PGS B R G,

3.2 FKARACREIE AR I 43 A0 R AE

X R KRR ROR MR hy 45.1~56.4 ng-L™ P-4
505 ng- L7 B FRE T 20 11 28 b 32 K it & b
#E(50 ng-L™),

B~ SR X H R K RS TR A 5R 43 A R AE AL
2(Fig. 2), /K FE 5K (THE ) e & 81.6 ~4.25x10°
ng- L' SEHHE N 1.48%10° ng- L', UKL A K
(PHg)He [}y 49.4 ~2.53x10° ng-L™",FH K 1.17%
10° ng- L ; i A5 R (DH) £ 11.0~1.72x10° ng
L7400 314 ng - L W RS R MR N ROR Y
21.2% ;1T RRH) W E N 1.7~15.7 ng- L, F
h5.4 ng- L, Ml IRE X Hb R K BOR R B
TXF X, R XK IR Z Bk 5 4 ™8, fEER
IR R LR, A DX b R 7K A S8 R vk B2 AT
ik 1.4x10° ng- L™, Mg /K5 Y5 | i M AR i) oKk & 2™
AR, A E 5 B Y 4T HL25 2 b il
R —E MR R X K R R
Al 3K 425%10° ng- L™, R e /KSR 15 ety ok (1 3R 5%
AN ZE 20, AEAS 1 B2, 16 PR Ok 1 - ik 3
K54 ng L REZIESAE BRI &7 He 30N

_])

3
5910 000
= —=—RHg
~2 s " —s— DHg
s A —A— THg
o B ° ik
o0 & ~
= 10004 <
£t A
e N
'z _
_%g ® \
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E
= 1
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8 KEE R
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B2 $E{CRET XMRAKPARE SRS T
TERBER 1~6 B IX,7~9 X HEIX
Fig. 2 The distribution characteristic of different mercury species
of surface water at Tongren Hg mining area

Note:Sampling points 1~6 for mining sites, 7~9 for the control areas.

{HREAE KA A BE AT AR [ A B SR I A K
SALRERE A P P A A B AR SR ) R R

WORLS R AR KR R B EEAFETEA, 20 4
KRR 78%

WA 3(Fig. 3)FT7n, B X KA o () ks 25 5K 5
ROR S Z )2 B E I IEA R, X 275
FIBIFFE 25 520, 158 B M 27K rh 9 5K 2 B R URL )
SETE—RITH ., NT5 Jedaiil fn B i AT
PR, WU P T UE T 8 25 B DX b R K AR K 43
K, AR R e b R Ok 5 G 18 52 1 — P kg

-1

Concentrations of particulate Hg in surface water/(ng- L )

3 000+
2 500-]
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2 000 L]

15004
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AR RS R & /(nge L)
o
=3
o
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T T T T T T T T

0 1000 2000 3000
KiEE REE/ g LD
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3 SRR Rt RKRBRARSES BRIEXE

T T 1
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Fig. 3 The correlation relationship between particulate Hg and total

Hg in surface water in Tongren Hg mining area

3.3 BBRE A

R X S — B R B, A 3
(Table 3) AT LATE H 5t N AR R A XA 6] RAE S 1 1
R ROR S R AEK . X T BB R S
IK AR R ARG T2 A % BHNT
IK B 7RI B oK 23 B K AT RS 2 R LA
B, REWEOR AR, AN, AR SRR
BT WA R & ' MAR, RIS E T
20 A R, B AR R AN IIG , SR A RDBCRAR T (I

®3 MR ERTERESE (LM mg-kg')
Table 3 The mercury content of calcine at Tongren

Hg mining area (Unit: mg-kg™)

F/ME Min - KM Max FH{H Mean

K (AL n=6)

Mercury content 2.79 510 80.6

(Samples number n=06)
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T 50% ) ; B 1R MR AR W RS 5T AL SR A [Tl
RANWE R, 7T 95%
3.4 HIEHORIIE S RHIE

FH % 4(Table 4)7] U, , -4 SOR & 57 3.06 ~
2.92x10° mg-kg™ ,“FIIME M 322 mg-kg™ , i & H [
KA IFEIREE T G AR iE(GB 15618-1995) T #L
AR R R MR B2 AT {H 1.0 mg kg™, A7 IX 3 EOR
BRI VLK 4 (Fig. 4) , F3EROR &R B R AR
SR BAE PR YU, Has oA 22 F R,
W 5(Table 5)s , 5 E AR HAB RS X -8R &
A EL ORI 3 R 5 A AR K
T ALK b7 BIR A H ] B K B MK R ki
B>A MG GE>AME SRR NS ~ A S
AR SRS AT A HRASFRR IR B 250k
SRR G, SFE N 0.024 mg-kg™, (HZHB4)
KA A A S I S 5 AT AR AS AR R I M S

F4 RICRET X LIEPRERSRSFHFE ( BAL.mg-kg")
Table 4 The distribution of mercury speciation at

Tongren Hg mining area (Unit: mg-kg™)

JZo% 3 R/ME = FN N A
Mercury speciation Min Max Mean
A S s

0.0002 0.20 0.02
Dissolved and
(0.0007% ) (0.026%) (0.007%)
exchangeable
AR B 0.0002 1.24 0.10
Special adsorbed (0.0008% ) (0.16%) (0.029%)
ER e 0.0002 9.18 1.08
Oxidation state (0.002% ) (12%) (0.34%)
AL ES
) 0.047 (0.31%) 630 (59%) 108 (32%)
Bound to organic
BB
) 232 (59%) 291x10%99%) 217 (65%)
Residual
HILRZAN
Sum of different 3.06 2.92x10° 322
forms of mercury
FAKIF AR RO
Aqua regia digestion 2.77 2.89x10° 287
of total mercury
e *
110% 101% 112%

Recovery rate

A 1.24 mg-ke, VAR X BORMIE R 7311
FEAS RS b2 B AN Y — 1, LR XU A —
B, BRIL, fETF R R TG Y+ R R i B
JEOR 25 (8] 437 15 2 1R PR B8 XU

109° ?0' 0"E

TAE
. RERRE
Soil mercury concentration

i SIO’ 0"N
27° 50° 0"N

109° 20 0F,

B4 $ECRERIBEBRREESH
Fig. 4 The distribution of mercury concentrations

of soils at Tongren Hg mining area

3.5 AAEWII R & B o A FEAE

12 6(Table 6) A U, , AR AEYIFE & bl 3848 (OK
BRI RS E N 241~954 pg-kg' R &
T IR B 2 4 E AR ME ) (GB2762-2012) Y A5 i
TFHIEEN, AR ARV B A AN R AT

A IX TR 5 YA R, S BURIEY) K &
B R A S X R T R AR 3
O 25 1k, FR i TR AT AR 78 PR 858 vh 06 38 (8 % - DL

x5 ERIMNISTRIERNEE
Table 5 The mercury content in the soils collected

from some mercury mines in China and other countries

TE QW FRRIE AR A B

=X
R

R 5 2% T 25 SR 2 A0 i/ E KT i B OR

Note:Percentage in () represents the proportion of different forms mercu-
ry/total mercury; * sum of different forms of mercury content / aqua re-

gia digestion of total mercury content.

THOR R
R R H A Kmg-kg™) 27 3k
Name of Hg mine Location  Soil mercury content References
/(mg-kg™)
5Kk HIE, S
5.1~790 7]
Wuchuan Hg mine Guizhou, China
Jr Ry HIE, SN
0.33~320 (281
Wanshan Hg mine Guizhou, China
Nevada Hg mine  Nevada, USA 62~393 29]
Mieres Hg mine  Asturias, Spain 1.7~472 1301
Idrija Hg mine  Idrija, Slovenia 8.4~415 B1
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W~ 50 T AE S vh RS, SR A WA E Y (R ) o 4R
FE A 7E 357 9% SCJE T B B LW SR BT, Miklav gie (2]
SEP R BIESR T AT 15 4F 2 A TER IXOR AR
AIVED AN A ML 26 15 AR A B A 2 B TR 4 24 Fh
VY, HoR &3k 215~5.68x10° pg-kg™ . I,
FESRA X SRR TS Y + B 5 TAE B 750 5 B
B R R S -0 R 5 RS 1) - 98 — T YL T AT g
SEAEY TR R [3]

F6 RIEMARMARMEE (R pg-kg")
Table 6 Mercury content in the
edible parts of the crops (Unit: pg-kg™)

THEMRE .
VR ) B BME RRME FSE
Dry weight / .
Corp ) Sample Min Max Mean [4]
wet weight
ESS T
5 29 40.7 224
Zea mays L Dry weight
e TR
) 3 33 71.0 342
Sorghum Dry weight
S i B
3 17.8 64.7 453
Jujube Wet weight
S ff
) 3 4.1 73.4 356 [5]
Pear Wet weight
i Lo
) 3 2.7 6.4 420
Eggplant Wet weight
22JI Lo
3 29 375 255
Loofah Wet weight
PYLL A L
5 5.6 199 12.8
Tomato Wet weight
A \ [6]
K fief
3 24 6.4 4.6
Pumpkin Wet weight
PN fief
4 11.8 954 50.7
Balsam pear Wet weight
B fief
4 55 255 154
Chili Wet weight

Bifh: Btk mb fo & & R FAEFIPRALAZT LT H B,

BREE RN B ATK(1968-), F L F £ R
BRI 6 A R ERAL

=

,E
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