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Distribution of Mercury Species in the Soils from Weathered Coal Mine Spoils and Crops in Shuicheng,
Guizhou Province, China
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(1.College of Resources and Environmental Engineering, Guizhou University, Guiyang 550003, China; 2.Key Laboratory of Karst Environ—
ment and Geohazard Prevention, Guizhou University, Guiyang 550003, China)

Abstract: The distributions of mercury(Hg) in the soils—crops system from weathered coal mine spoils and environmental impacts on the
study area in Shuicheng, Guizhou Province, China were studied and discussed in detail. Hg and methyl mercury in soils and the crops from
weathered coal mine spoils were measured using cold vapor atomic fluorescence technique. And occurrence mode of Hg were analyzed using
the BCR method. The results showed that total Hg concentrations in the soils from weathered coal mine spoils changed from 0.07 to 1.06 mg-
kg™, and negatively correlated with pH(r=-0.68, P<0.01). Total Hg concentrations in the soils from coal mine spoils with long—term weather—
ing process were in the same lever with those in the background soils. Total mercury in the soils from coal mine spoils with short—term weath—
ering process, however, exceeded the national environmental quality standard for soils II . Thus, these fields were condemned unfit to grow
crops. Methyl mercury in the soils from the weathered coal mine spoils changed from 0.52 to 2.68 g-kg™, and correlated positively with total
mercury concentrations (r=0.65, P<0.05). The proportions of methylmercury to total mercury in these soils were higher than those in nature
soils with mercury pollution or no pollution. The BCR results showed Hg mainly existed in residual fraction and organic/sulfide fraction. The
exchangeable mercury fractions in the soils from coal mine spoils with short—term weathering process were slightly higher than those in the
soils from coal mine spoils with long—term weathering process. There were relatively higher mercury concentrations in the soils from coal mine
spoils with short—term weathering process, but mercury concentrations in Solanum tuberosum, corn, and phaseolus vulgaris.L in these areas
did not exceed the national standard, and were higher than those in the same plant species in the soils from coal mine spoils with long—term
weathering process.
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KIETZ BRI WA Y Z—  E T
THURAEAS Fp A Yy AnE A= W Ve F T BB G T R R v itk
58 BEME B K LR OB A, R LA
ARS8 A R BN R, B A5 vk AR
I B R AR RE M 1 A M R R A MR E R R
YR REE , BB AR  ande ST LR X, B
INE BRHEBAAPHERSTERS TREHERE
KL, ERZE A4, 53] 144 pg-keg™, i #8id
KA R R AR E(<0.02 mg-kg™, EK ).
MIX LB F A F Y, REF TP TS, AR HE
BB, SRS A A X, X
SEEAR A T AN RAER P A R G TR S L
FEREM

B AR IEAE R, BRI R IR N
499.8 17, to £ 2008 F1 2009 4F , &4 M =& 435 K
1172+ #11.25 42t BRERBERFAERLIED Y
SRR, IR LRI A M A FREFEREN B, BT
SN AP/ H 350 | X SRR R A AR
AL AR FRERRILE , KPS #hk RAE
SFEAAE T RAEY . X EZEEET SMK IR 55 R
JE BT AL SR T ARG - 3835547 T 4B Zn . Cu,
Cd F1 Pb & B FRAE A K B8 4 TR A mT 1 F PR Y
5T, 45 R F AR A XALTE B A 1338 e R Ve
HALJR Zn.Pb.Cd.Cu A EH R, EEFHEIRE
B, SRAES M TG X MR TR L HMHE =
£, A BT R TP R 10~20 15 4RT , SN ERTA
FSRRE A WA - R AR R G R B 25 4307 i
= A S HAFAE B R B RS A1 I 8 3R G A B
Fid. HIL, TR SR A M A & B B AR AR
Wit AR PSR B RN B 55 A6 2 B LA IS AN B S
=9V

1 #BE57FE

L1 BmpRESTHAE

2008 4F 6 H 1E 5 M K o B R i TE R AT
FIAR B IEAT BEAT T R GERAE o TEZRIEIER R s %
FE—EHH 10 a ZEA BB A 10— B F 20
a ZEA BERT A 1L E o AT LR IT BRI T R AF
Yy, AT TR R B, K B 0T B A
BN IRE WA R R EFTE— T EEF 10a
ZeA /ML L BRI BRI TRAEY . RERY
R RSB BT N RIMERTAE FR AR £ XUk L
SRR ST IR IR LM Y B AR DL R

A WAL PR R R VB BT BT AR B IE T
AFEREE 28 11 M R R R FR BT A L 8
K B HIMR FEHERAERR AT A 1L, 38 15 M4 B
RRAEALE IR 1. B RS FR R &R
3AVEEAS, IR HER (25 MR AR 3 AR e, S
28 MEYIFE  [FIRT B AEREAT A L AR RS (0.5, 10
m SRR T 5 N E AT A IR R
B RS . T ST AR i, S R
K, T HANTF I B B 1L X, BEMCE B Z AT A L
IR B A B R HIEAER LA TR . Ak, REE
TR AL SR SE TR B SR IR B BT
B 1 XA A K B AR T3 S IR A AL i R
PR, T REEMR MBI, T EFA1LE
B R AR ARSI S BRI, BT ASEBG IR B
BEIIZ BRI A - (HIR TR R
— R AE PR O AT A 1L REERE SR, TE 4RI
TR, OB R 3 AT A IR R . R
KA RS AR, X B RIS s e %
0.5% 14 EBiHn A HCl 77 (0~4 °C)

AT A R HEREREERT AR KT 5 G
DHABTES 2 200 B H; MW RS BART)E,
SR PO AE MR R ML (FZ102 B0 B3R 2 20 B4 A -
R B PR e 5 BH A R 2 B bR Ab 2 B 5% Y
12 H&AEK RERSERRBERSUE

SEATA R ROR R EAKOK BT AR -2 R
THIEMEY, FREUES 0.2 g, A 5 mL Bt & # £
7K, #E 95 CBY 7K 5 min, LA 1 mL BrCl J54k&2/K 1%
30 min, MIAFRREIRZ 41 BrCl, $8J)5 A SnCl, i8
J&, BIIR &R 5T B A AR R F7EIE

FEYIRE R SR : SR ZBRIN S IR o ekl
T, WEFFRBUEYIAE 0.1~0.2 g BT 25 mL BliAESI
Ha s H, I A R Lk HS0, Fivk HNO; IR-A TR 10
mL(V:V=3:7) , 7E84 i 2~3 h(95~140 °C) , ¥B4f1
JEHRK A BB 27K 1 0.5 mL BrCl, FEfiIA SnCl,
WG PR &R T & A GV R F IR INE

A R R R - B LSS GC-
CVAFS Bl xE ™, T SE AR & AR AR U A B R 4 v
W .3 mol - L fiFR . CH.CL, SR G 2R G B 0> , B F 5=
Zéﬁﬁﬁﬂ CH,CL, # ,ﬁé'}:ﬁjk(ﬁ\‘){gf CH.Cl, I ESR
ZEIEPKAT . BOE R AR R FIF NaB(C,Hs),
AT FAL RN, 85 R A Tenax & HE£ 454 GC 4
BI-CVAFS B
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KFEEGR: R BrCl &4k, NH;0H - HCI 2R
BRE REFHEAEGER EEamEEE.
BRI P,

AT A B 3R v R A RATE A5k A BRIL (A5
HEY) R 4R H A9 BCR =20 8L iR kil g, HARHER
BN

(DR : HER FREURE T 0.500 0 g B A 50
mL BB, A 25 mL BEERIE W (0. 11 mol - L),
TEZEIR(20 C)TF ¥ 16 h,8RJ5 3 000 romin™ T &
iL> 20 min, % EIEWZE 25 mL LLAE T,

(2)Fe/Mn LA 10 E—HFREE BEAHMA 25
mL LR Z LW (0.5 mol - L7, pH=2) , ¥z % LA Bz E3E
W SRR E—2 ik .

G)BEYUERALE : ) E—RFR B R HA 5 mL
H20 ,%/EJ ,?ﬁiﬁﬂﬂ/\ 10 mL 30% HZOZO %lb%ﬂ[l%ﬁ
FIR TN 1 h, 8RS, AR5 EHTE 85 CKIBEH
ks 1 h, HEELE H H0, R3] 1~2 mL,
FEHAMA 10 mL H0,, 7£ 85 C/KiFH ik 1h,
B3 0,0, ZBRIET . R 3, mEFIA 25 mL B
FR VW (1 mol - L™, pH=2),, [AIRIPI , FR-Rk#Rk % 16 h
JaFet% LW

(4)FRER : R R I

13 pH RAHBAE: o

eGSR R T, 4% 20% 04 LG4 A SEATRE, 3
43 )R I e A ) 5 (11 %+ B8 hre , GBW 07405)
AR [ A8 T k4 T 3 AR A R b
HIMERYE . FPA SEATRER RSD BI/NTF 12%, ik Aitds
TV 5T A [T I FR R AE 80%~110%3E A o

2 HRESH

21 B ARK LIER FERSERKNUAREE
E&s
2.1.1 HAbA SRS E

IR SE B R IEAT A 3R R & B VL I
0.07~1.06 mg-kg™ Z[H](F 1), TEERFEHRT XALET
K (20~30a) WEFAILL, THERTELAE
0.07~0.15 mg-kg™ Z 0], #4341 X8 BRAS A 4R
TR & & FEAT A LRSS S2 AT A RS B i )
THOR S B URR TN RS ER LIRS EHEX
T IR R R AR 28 128 138 (Hg<0.15 mg-
kg™) , R BATE MRS AR BR A SEAT A 1L 532 IR A 1Lk
VRV R ) 38 bR R VR AN AEAE R TS G [l 1T
RS — B A LB, A R+

5K A B 0.28~1.06 mg kg Z[a], FHE K 0.55
mg-kg”, KIW/FEFK S RO B ER 12K HHER
5 i B E(E (pH<6.5, Hg<0.30 mg-kg™) , R HTE |
TR A RRIED

MK 1 TIE TR T XA R R Y
AL A 38 pH WA AR, 7E XA AF BR A T
Al R 2 R AT A LA T B L pH B4y
A4 3.8.5.5.3.3; M WAL BREK AT A T80 18
20, HAFa LN TR L pH EH 51k 7.7.9.1,
7.7.9.3.8.7, M pH {HR]F H W ERFA 1L F AR
RALF Bt o IEA1, pH {BELFLE SR 2Z2 8] 77 S35 i TR 26
P (r=-0.68,P<0.01) , X = BTG Kb T35 SR
pH BT A AR R XA B B Z [BIFEAE 2 TR b sk
2.1.2 BAFA XL 3 R AR S

Bl 1 B/ TIEREED F T A &R K KR
FRAEREE . WA 1 AES A XL+
R FERFEA IS IRES S, RS
il Fe/Mn 2558 & 2# ALK, BCR IERERICHAS
Y TS Tessier TRIKIER . AT A KB ERER
SRR, XM S5, RS
BT, R BRESR AR, BA R AW er # M,
EHEZHAZKEFRERE S, NE17EFS,
BEATA LR AL 1 458 BR AT M A SR vk B B L 5 R B
BETFEHTal. RUE—EHRILEEG , BT
A XAk R G VTR AR, xR R A IS R A
VBB RN, X — SRR B AT A 1L
WRIGR & B8 BNIESE . IRTEEIEAT A LSRR 3
AR UE AR R % B 37K 6.68.5.70.6.05 ng- L,
AR T EFZFRE G R 1 23K RS R 'R
W, RIS RIS 0 AT LA I U8
JEI Bl ) 7K A - 3 B AN AE R T5 e o Fe/Mn R A0S
FEREGEREES EE MG E T, R R &
T SR E R k. WE 1 ATER , AERKA
FRRE AL, 2R B BT A LR, BRI
Ak, Fe/Mn EALSEIEF K. BHUBLASRZLL Hg
FHFOE T, SAVEN AL A SR 5HE T4 6
4y. ME 1 BAIF H A R XL AR BR e
KA A R A VU/RASIER &, EE8ET
2.1.3 AP RE LR RS &

KA AT A 4 e v F LR & 7E 0.52~2.68
pg-kg? ZIA], HEALE (FERMEKRWMHE)E
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Table 1 Distributions of sampling sites and concentrations of mercury and methyl mercury in soils from weathered coal mine spoils

FEA ILATR R SR FCR L pH {8 FKERimg-kg'  HHER/pg kg
EREY AL BERFA LLURER 15 m AL, KRG 6.9 0.15 1.32
(UL 20~30 a Z245) BERFA LLJEHS 10 m K, KFF 8.1 0.20 1.60
BERFA LR 5 m Tk, KT 7.6 0.12 2.30
AT A LIRS 0 m K, KT 7.8 0.12 1.72
FEA L3I0 AR 13 Tk, KT 8.0 0.1 1.21
A ILRIRE ToAEBE 7.7 0.15 1.38
A LHTE () EXR BEEEM, KT - 0.10 1.23
A L HEp TeAEBE 9.1 0.09 1.08
A L 3 (e2) ToAEBE 7.7 0.07 1.06
FEA L _EE ToAEBE 9.3 0.15 1.61
FEA L E#R(e3) ER ETEF, KHGF 8.7 0.11 1.36
FEA LTS (c4) EXRFETEF, KRG - 0.09 1.54
ERIE HFA L FEA L -3#B(b1) s WIS VNS 33 1.06 1.30
(0~10 a) A LR (b2) R KEZER, KP4F 55 0.28 2.68
A ILTFER(b3) R KEZER, KP4F - 0.39 228
FFAILSERY /N A HE(b4) O, KR 3.8 0.47 2.20
AL LS AR L (a) EXR, KT 6.15 0.09 1.37
BEEERT A (EBIE, n=6) - 0.77
T TR L BT A (CE3{H , n=5) 9.3 0.18
(10~20 a) FRA LS 1L A AR O, KT - 0.09 0.52
ZRFA LR IR B AR L O, KT - 0.16 141
FEA LSS /ML AR AL 4 O, KR - 0.50 2.03
BRI O, KT 3.6 0.21 1.91
HAFA LTS R, K¥7 - 0.18 -
A ILTES (XL 10 a 24) TCAEB 6.7 0.21 2.30

R FORERE AN, BRI

K Rimg k!

P mscids
(¥ :a Fo % [ s 380 ;1. b2 b3 b4 A3 BIFR FARAT A 1L _EF il ARS8 B/ VAT A 3 op R R s o1 02,03 M BIFRIR BHAT A LT
B B AR HERE)

RFeMo £ O FIBMLS

RS

B 1 ARERAEERTA LRFRNBERSSEEMSBS S/

Figure 1 Concentrations and distributions of mercury species in the soils from weathered coal mine spoils with different weathering time

0.1%~1.9% 8], £k 0.9%, BRIFEREFHATA L BB R, B SR BTE M AU REY
TERRE AL, ML H B EOR A R Z AR EIE  pH AR FE S HEA X2 ERE AL
MHRKZR (r=0.65,P<0.05) , HIEFHEK G EBRMEK  FRREE AT A 1L 3 SR &R & TR
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SERREK AT A L. BRI SR ESRIN, R PR
AT A 1L - 48 v A g BT P 43 R LA B A X IR Y
pH T] BBEMEHE TR B Ak RERFSTRM, H54
BB AN 65K & B th A S VIR SR BX-1, B LR & &
BEr g TR ERENMAY , ENRTES)
2B A — PR IR B A TR R R 1 R B
W&, It B PR ESRY S E&T R HAha
R 3B EHEBERAYUR, FTREM R A B4R
15, T DX P SR L e B S 1R T At b X % SR 1 e
B2 SR TG Y ) M, ER TR A L TR AR
b ROR O B, T SRR R B ARG, X T R
AT A PRl R A AURAEDR . FEXA R IR
TFa RAERR AR, 2tk bR SRR {f
AT A HLURARXER I
2.2 REFARL L RRE £ F A

TEZFEEATA LS EBR, FE R RE A S5
EMEARNE, ABELVERE, XERIEYRSELE
0.35~10 pg kg’ ZM(F2). MR 2FFEH, Fieh
A L R REY R & BRI B R n R
ih T Hg FREAE , RETEACRIE R ZED AR R XALAE
FREIEAT A L, A LR RIED#E R E 21,
B FEREFHATA 1L ARG BRI A#E
T TR, O AR E Y IR TR ER A
YRR MRS o BLRTZEXT & BRAT A XAk 3R A= 4
AR R ST R B, 78 B R R A KL 13
FIHE AR RAEW AT 3B T R R & b
Hg FRE M, Fr DL an7e s X3 & A 30 B BRI AR
i XAk 13 i v SRR % IR 15 4 fn)
o R IR R & B RIS, (Bl i3S
G2, e AT A L E R R R B R &
BB B F2ETA 1L(P<0.05), FHESERFA 1L
d g WA Y R A SRAE X B 22, AR L fl A
YEY) B AFAE S RIRAE R . TRAE FORFIE
SRS RERARSZEN, e A5 2
M>AR>ERZE SRUITE SR EAMR T, RIR Tk A 4%
Fh, T RER IR SRA %o
3 itig

AT A R BT BRI R, SiE e  fh2¥
AP FE AT 3047 IRE , AT A i E T R Ak
HEXIRBR BT, (B — LR, AT

A MEITTRIF B REE XA TR, SR . W5
A5 S I [ BUR T B RAT A AT S,

R 2 OEREVEFALEMENREDERESE(pg k)
Table 2 Concentrations of mercury in crops in the soils from

weathered coal mine spoils of Wangjiazhai coal mines(ug-kg™)

RAES e e
bl 7.6 10 4.6
b4 6.3 7.2 5.5
cl 3.6 4.5 0.69

RAER Fok Yo% Fant
b2 2.9 2 0.55
b3 8.7 2
c4 3 1.5 0.6
c3 2.3 1.8 0.35

FAES Tk 0 E ]
b2 0.87 6.7
b3 1.8 9.7
c4 0.88 2.7
cl 0.94 4.4

b e A BIARRE RSN A LA AL, LR 1,

BEXACHERT A SR O 28 Wk BE B 2 v T IR BT
&AM AR 0 2R LERT AT 4
FEREALI AR LB, (i FE R AT AR R
R 4 . B EMERAT A ETTRRIT
BTt R B, ALSEART A R B B i TR AL
BT AR o SR, A BTG R R, TR ML
AFFRB AR A 2Rk 5 BB, R AT AR X
M ok B RS AL ) T H A X TS &4
A DOBEAT A7 KL - SRR B R BRI SR X
P22 o

AHEFE APE S FE MR FTRAT G 1L pH (HI] B 2
BRAE: , T & MAT A 1L pH BB B 2 8id , H X AL AEAT
A HIERSRIEEA pH HE BERAHKKR , R
B Xk 138 v SR L pH EATERT A B R XL Y
B2 IFF B R AP IR A9 RHR . BCR L SER LS
RRMTE R BT 1l P L8Rk R A HURL S
FE o S8 BUR L OBRAT G A TR W21t
RERFY, BELRIBEURMT WRERFTE, (2
TEESHRAR LR P M A A E &R AR TRRE D,
BRI BAH™ Y7 A R ) ) B < BB
AT A FCAZE 70 W B, TR SRR R, 3t f
BT R MBI N AP ESR S REEN
R o BIRFH LR A FIRAAE SR 1
W RBIE ok TR RS , T St
R FE BB MR RAFTE , IR KA Y
EIEBRE (2%E4H )" WXL LA R AB ST
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B BRETTE TR UCRE R4 o, AU LS
K FE UGS, v Re A Fa LRSS
B0 W I BRE Ly W7E B R KL
ARG TR, H5HEEE R RHRII 5 T
RUSRE R . JCHAE M S aE = 0 X, SiAk s PR
PRI R (5 33 2 RUAR AR BN K B AR A 335
FRME(LR 1), XTEARARFEE Eime 1 KAkid 2 ok
In) J& FEL AR B R AR B, (AR X LA BR B
AT A R & B BAR F XU AR BR B i At A 1
BRE R, HEKENYLEEFMERANTR
Szczepanska S5 BIFST R B , FEAREAT A 1L 32 B R TR R UE
B ST A AR T LAY 3 SR B : (1) i oy
M B, ISR Na, K 2257 ; (2) B8
MR AL 5 AR N Y B, BEEHREE WO & B Ca-Mg-
0-H-S iR R , R BB R 443 ¥5 HH (%) pH Fl Eh,
WX B 4B KRB ER R FE AT A 5 (3) T
WA E, AT A XA S —E R, B3 AE
() pH B, R A R IR o R R BIAERUAL 18
a Z AR AWM, ME TR AR VR
K, B WEEBTBEAREVHEREAE X R, HFA
Rkt F iR T R R R BEE NS R A
AR, FEX A S R 2 BR 2 B R AR, X 2k
B2 BRI R R A ISR

4 i

2R 3G S X K T R B B IR AT
WAL RAEY R GRS RAENTITT, 5
T4

(1)JERF A XL - 3R R & B FIZE 0.07~
1.06 mg-kg™ Z [H] , FEVER D", WALAT E] B (20~
30a) AYEIERFA I LKA B 7E 0.07~0.15 mg-
kg™ Z I8, AbTEEZR 1 28+ HE3R 5 R BRI P 5
TIZETE R 53 — N IEFE 6 AT A 1L, AT
AR 35K f B 7E 0.28~1.06 mg-kg™ Z[A], F-H{E
4 0.55 mg-kg™, KREIMEM C I EZK 2L
FAR A (pH<6.5, Hg<0.30 mg-kg™), AT AHTE I
T A ARVEY) . TEBFSE XIS, KL AR R
A RAT A L i T XU A B e e A AT
Al R B B R ; ILAh , BEAT A XUtk 3 B R A
pH 2 B E FMAHXKR (r=-0.68, P<0.01) , RIHHIT A
Rk 14 KoK & & pH EAEAT G Kb HE R 2 8 77
FEREFP VI CEK

(2)JERT A KAk + 38 o 3R £ EIRAF A WA AL

BHFREST, BRACHASH Fe/Mn 56 58EH
KA A BR 48 IR 6 R IR RS KRB & T
RARAEBRE K AT A 38 , B 7 — =& A9 XV FL e )
J& , BERE A XA 38 1) 5 VI A e/, %o A B X 34
B B st B R N . RIS, SRR TR K
IR P AR & B T K IR R R B bn e, 2
TR Zead 5K i ) KL J5 B AT A 38
TERONT A B K AR A+ S E S AR TS YL T
JoHoR KA AR BR 48 O AT A 3R sh A WU AL 2
FAEHF L EEHE TRESK,

) FEREMD KA P R B 0.52~
2.68 ng-kg™ Z[H], F AL E (I ESRALERIHER)
TE 0.1%~1.9%2Z 8] , "F-3IEHy 0.9% , B &5 T HAth b
X 5K B B0 BRI AR AT L o0 A
dnAh , KAk 3 R AN R 3SR 2 B A7 AE B 3 IE AR 56
Z(r=0.65,P<0.05),

(HRAEY RS ETE 0.35~10 pg-kg™ ZfH], &
RIERERT FHRF AR RS BB T
R 12K R B bnvE, (HH EMERND4E
FOR EEHREEHBE T EF R T Hg R
BE,BRTFEHEFAILPRERGR S ®. &N
JRA A BIR 5 A BT 38 mp ] (R 0 FE A SR AR
X HE 2, AR AE AR EYP R AR BB R AR A s i
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