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2.1 AR XHER

W98 XA T R TR LT (33°08'~34°20'N ., 112°14'~113°45'E), 15PN Aii A K
BUA TR B o i SR A 6 FRGHY Ta] B iy 3o I ) Bt 2 RV, 6-8 H 03 A 7 i XLk g
B, HA A G LA RERAE XS 32, DUNW R 22, TR B0 13%, fe ki)
k24 mis, 44F H BREF02000 h, 850 14.7°C, JoR1 223 d, AHRE & 759 mm,
T+ AR R O B A A e e PSR, R s, HIREEL
1 5~45 cmt™,

ST X T 1956 45, 434 T IXAUHRAY b pa e, HAT RAA I 10 %5, ZRPH 43
FEL30 km, Ay E A R B . W X E L B 2@ R R I s E
W, HHGEENEZE, WA ERTR . 5K AKERK ™ E, SR MR T
B AT 1380 t - km 2 N3 3750 t - km2, H ik 6500 t - km2, HUREHE A kS DY
WTEREEL S, T IXPEIL6 kmib, #4506 m, 1A &R FaEaahEZE
RAHDRLA SR . W . RO AR .

2.2 HEmFEESLE

LA MY 5, D XAy, AR3EAS [R5 A
W TR P RAE b Lk (AR, 4 R S AR
FE o ARORER S REAC R 5T XA RRAE , 7R — Ik
1o B 1 ] — S AR st B BE ML 6 5 3 A B 2270 50 m [ AE
i, BIR3ANER. EBANEE T, R
KREZNIRERE, TMRAFE NI, 3P EE
FEDN R 45 S B S (A Az A A S 4 R
o AN RN AR ERR A, LIS g =S MU R XK
W oA (B, AR X 4B 4 50 m,

100 m. 200 m. 500 m. 1000 m. 1500 m#ib (/& 24

ZRN) IR EZ IR EGH, BLIRAH

FINERE BT ARERXZ2EE, HOCRE 0~ N R

15 cm #J2PE, KM SEICHTRETIE B, BFSE K IE Fi@ ! ﬁﬁﬂiﬁﬁ/ﬁ*ﬁfﬁﬁﬁ
PRI 1, 3R 1 v sampling sites ’

2.3 MR A&

THAERRT AAKTE, HEMEYERAS A6k, BaafEst 2 mm e i, R
51 SRIGHIRZ S HUREZ 5 g, dRERiEs, {2z kit 0.149 mm 4380 (L SL a8 434 H .

AWM E 4 B E S Cu, Zn, Cr. Ni, PoZ5Efifp, HrfCu. Znik#lE GB/T
17138-1997 I 5E , Cr. NiZr 94K #E GB/T 17137-1997 F1 GB/T 17139-1997 il 5E , Pb &
GB/T 17141-1997 M7, BT HAXAS A H A B3 AA-6601F J5 M e et BT, RO AE
BRACIE o HORUEHT 245 FEaf i, R R g4l , KM FK, b fEd
INAFREY) 5t ESS-4 5 #E R AR FRANN E , SIS | AESHEP RVFEEN (5
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F1 WRXRESAER
Tab. 1 Conditions of the sampling sites in the study area

EFE WRm)  BER(m)  HRSREROL P BEEEC) R S O (R ) 4

N1 450 - BT FE 1] 32 FERH,, 75755 (Sweet Wormwood Herb)
N2 434 - e ) 40 FiE L, 757 (Sweet Wormwood Herb)
N3 409 - el 0] 20 TR, Hil#E (Robinia pseudoacacia L. )
N4 394 - e ] 20 ek, 7 (Sweet Wormwood Herb)
N5 383 - e F 1] 14 ek, Tk
N6 356 - ek 1 7] 50 FE ki , 35 (Sweet Wormwood Herb)

Al N7 293 - e 1 1 7] 12 ek, 164
N8 246 - WF R 10 Wkt A6
N9 218 - WF R 5 A A3 DXORCHT, BF 4R % (Buchloe dactyloides)
N16 183 - WREH  FEm 0 AT, 747 (Populus simonii Carr)
N17 173 - WRGH  HEm 0 AT, 747 (Populus simonii Carr)
N18 163 - W R EHL 3] 0 Fie b, VKE (Agropyron cristatum )
N19 154 - WG 0 TR, /N4 (Populus simonii Carr)
N10 202 50 WRGH  FER 0 A THR, /N4 (Populus simonii Carr)
N11 197 100 WFGH  FE 3 Wbk, £k

B8 N12 191 200 WRGH  FE 4 ek, Fk
N13 186 500 WFGH  FE 3 Wbk, Tk
N14 185 1000 WrREH  EEN 0 ek, ok
N15 182 1500 WrEH  FEIN 0 ek, ok

2), BADTAEREPLPEE 1O (FEEMB Y, HAEHEAMAX R 2249/0 T 10%, 47
R R
R2 MELBIRENRBLESSATRUELER

Tab. 2 Determination results of ESS-4: An environmental soils standard reference material for brown soil

JLE Cu Zn Cr Ni Pb
S (mg - kg™) 27.18 67.36 68.92 31.67 21.60
2% (mg - kg?) 26.3+1.7 69.1£3.5 70.4+4.9 32.8+1.7 22.6+1.7

24 TEEEREIFHRTN
L 4 3 S {5 Y BR B AR S IR A 3R . IR REAL, 1B 8
T ARBCAE AT e SR AL SN R . R BHEE (1) 2 1960 4F AR I 7 KR
N K JRE AR R )32 T TR DUAR ) B A g T v S R 33 J 5 e R JEE ) B AR AR,
DA RCR AN AR T 7 22 A AN R0, 28 BT DL bt o 4 J 70 1) A AR 2 AR ARAE
Wn] DA R 16 Sl B s, 2 X NOTE shse i B2 24, Ha A=y
1,,=log,(C,/1.5B,) (1)
A COTCEn S s BT A T ICE n HIERIL = SAE & &5 L5 WAL,
FEORF B A A B A T2 S AT RE 2 g RS SHE R ST R 8. L R Er 9
PRHER : 10<0, FRIRTETTHY; 0<le<l, FRTITRINPRETTY; 1SIwW<2, FRHPETS
e; 2<1geo<3, FORPPETGRBNRTTHY: 3<lpw<d, FIRMRITHY; 4<lp<b, FRiRI5YE]
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SR IETS I s 1,025, FomBiss .,
3 R

31 TEESES SIS

X+ R S R T RS, RS SIKIEREE (BTE) RIS
HhE TR S E LI A IS S AP A L, Cul Cr. NiFlIPb -3 & &34
AN SE, Zn P EEIRTESE, #2531 &8, Cu. Zn, Cr. Ni, Pb &M
BEAT SRR 0 73.7% ., 15.8%. 94.7%. 100% . 42.1%, ViJFgis st bn 223 5k
84.2% . 10.5% . 84.2% . 100%. 57.9%, Wi 138k NiBirRE, HhCrficCu,
AL AT L X B 3 X = Fpoe 2 i REUE LN, PoERAFE AR, 11 Zn HA
ASBIEES MR, UL Zn B2 {ARIE . B E R RS a0 T AR (6.5<pH<
7.5) "ML, Cu. Zn, Cr. Pb & YRR, Ni & mlBin%mik72.2%, Uil H5ENi
TGY G, NG shIR AT RS B R, X 7R AR I th A B SR, B T N
PRI DTG Ye HoA — e o fr e mT L, ST 0 DX e i i b+ A7 AE A [ A B 1 o
SEEM, XBETZARM BTN, S50 XA REhA 5, BRI R
s AT R . KSR KBRS EMALY, XSRS ST K
WIZE, KBHEPHESBHEECRUANFRGREBERBIME S, Sl ESEoRELIED
T — 5 H A B2

M ITCEUTZL AR E (F3), CrRINIi &L (A%l b 2R
Ak (BAh) HARSEYHE/N, BB Cr NI n] GE5 M BERfLA s A 56 9T L3 Cr
FINI EZAZ W R ST X AR RS 2 s . B, H TR
2, W5z BIRALRI k. K T i A AR DR SR R & Bh A N R IR, 155t
FEAWIEAB SRR A LI L, SRR 5 R sl 5 S )4 RSP oL
W IXJEAEECr, NI E, XNIZEHA 5 RN EZEN, (BRI IS
AfRES Cr. NigTRMIEREAA L, BTG —La0r. Mz T, Cu. Zn, P
FVEY S AR, W Ph AR B R A ik 71.3%, T AER" X T AU A8 F 0] B AN, 3]

®3 tEEEREAEMRERIT

Tab. 3 Descriptive statistics for soil heavy metal contents

etk et Cu Zn Cr Ni Pb

FHHE 34.29 54.86 72.33 58.24 33.90

E il 5 ZHU(%) 37.2 495 14.2 18.7 712
ALl (mg - kg ™) 18.12~61.98  35.19~15543  46.03~92.58 39.06~73.33 8.48~88.02

o F-H{E(mg-kg™) 32.68 56.79 71.97 57.00 37.51

ﬁfﬁﬁ 8 5 R E(%) 446 55.5 16.5 20.2 72.6
AR AL Rl (mg - kg ™) 18.12~61.98  35.19~155.43  46.03~92.58 39.06~73.33 8.48~88.02

. P (mg-kg ™) 39.01 50.84 76.56 63.64 26.65

4;'::;)% A5 ZAU(%) 9.5 13.8 11.3 14.8 345
ARG (mg kg ™) 35.42~45.52 39.74~56.89 70.33~80.61 50.98~72.13 19.04~35.42

BEAE S HEPVEE)™ (mg-kg™) 21.8 63.8 55.5 22.7 24.7

TR T 5L (mg - kg ™) 20.0 62.5 63.2 27.4 22.3

IR 1 YR (mg-kg™) <100 <250 <200 <50 <300
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RESE RN TEHUE A2 R, 13 Cu, Zn, P CRUTH I BT A4 ik ik

32 AEMEEFEH T LEEEE N MIHE

321 AEBKLEESEAENH HERELESEIHm AL (AR wmE2, 455%
WoR, SR IEYE MG R Z AL, IR RIS, JUH Cu. Zn. Pb EA A
PRSI (B12a), BEHIX =FocR BAMLNITE#A S Cu. Zn, CrHiPb
AT MAE AT Y TR (44 383~434 m) FIE™ X K LR 3 i s (61X, 3 b R i X
B2 5 5439 20.93 mg - kg, 40.58 mg - kg, 76.97 mg - kg, 20.72 mg - kg'!,
MAEW X S LA W (R DX ~F- 35 5% 2 0 43591 4 46.43 mg - kg™*. 79.63 mg - kg™*. 77.86
mg - kg™, 63.55 mg - kg, HHH X KZLITFYE Cu, Zn, Po &M & T, micCr
TCEIE N A RAUG S T . Cu. Zn, Cr, Ph7ES™ X M LI R 3 i & fb An A i — e 3
R IR AR, (AR RO R B — I, IR MR (K 154~
163 m) HIAFIFLE G, JoHPofed X LU RO m g REU Mt . Zn e E 6 T4k
T DX S A S A S T R A, 383 155.43 mg - kg, X5 LA BT R R IX
e Zn 15 P I AGE — 30, AR, Ui Zn R g R E S50 X R RAEE A
5, A= shx I BRGEm/N . HENI SRR G4k 434 m) KhEE S, A
WA NEES XA TE, I KR SRRl K& 73.33 mg - kg™, X 5HAhY
FRICRAAZERL, DX LA 448 Ni % 1t D Bl i B AT T 8 /), (BB R W I o T e &
i, HAEEHOR (B4R 163 m) Ko 3l TH/NEE (E2b),

(12 A[lHER -3 i 5 i oA
Fig. 2 Distributions of soil heavy metal contents at different altitudes

HUL LA HT A, BHECr, Nididim (Afl) AER 4 5 Cu. Zn FlPb R 4t
P, WA, EIPETTH, & 58 m Uy 0 8% o0 A B sz A 43l iy,
W2 LA QAR FRAFEM . — T A2 R AR AR Sas st B v A K L IR i M
WyBEIRAFITRS . DU . WA 2, FE I e f i S TA A O A5 ot PR % 3p T
TIUCRERIFEI T, B X R LR -3 e B e B, 51—, &ouR
TE T3 THURE T R e (L) = 2 2 M B 2 e, B DO 2 75 G T 3R B R ATk
B—E A R, S, N CriUiE R 5 R0 g K = A A R
YA G, JREAWNIST, Nio CrouR e KA T5 Qi # P AR HAT AR B sk Al 7
118, HUBRIERZG N F, BEACESR TR . &t BRI LN
BT RN, S5 SRR R IO NS 5 AR IR B AE s R T 286 - DB B 57, T N
TCRARLS 5y Bl B AE A BRI A AR Ok | IE RS AR A R RG22, [w] I AR I SRRy B K v
Cr A m™, DIBINI. Cries” X KX LL EyemH = g T SRR 0. B, #rd,
Ry BRI 1) R ASALAE S5 UTRE AT BE V- T Ly DX Sl i FeBe e -3 Ni L Crid #8434 i) —Fh 32
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BRAS ., (H NSRS W HC e U™ AR, T N A3 T i 7 vl fiE 32 2 LUB B YR
SMERE N, Cr & S AEn DXL S A4 AU & Tt w] fEJe Py s AR i A 5
S AR B R A REAE S T A AR IS o AHEE Cr. NiJGE, Cu. ZnFIPbEH X K
AR i ) SRR R T, BRI AR DX 3 T BRSSO Y kAR, Ryl
IERA T AR X555

322 AEFETEECRAETN WEREIITRIE . AR EEHIEN T, )
Fh 1] o P 2 2 Sl 0 ) 2 L5 o PRI 2 O3 2 OB O BOAR ™Y, S S AT S T o 2R G it
(F£4). 4PRIEsR, Cu, Cr. Ph i GHE N TAAE R RO, 43R B R RE Dol N
MR Zn HYEN T WA, EIFRA BRI T, FERIE Zn i i
VA ARG B (0~5°), RIS T 5°~15°HYH" X, 3267 X i R A1
Wi, Zn i A . NS SO I B WL R AHSCE, R IEI% 0~5°2
(] F) 2 305 sl i NS i i)y, (H I i T i i, 45 AR 1, SR 0-5°FE NI H
MR, AT DXL L3 BRI RO, (H NS A AR (12b), XAl RE
S HTR TR Ni TR IR R AT G

F4 FRFETESEERESER 5 ER Person tHX RE

Tab. 4 Soil heavy metal contents on different slopes and correlation coefficients between heavy
metal contents and slopes

WHE(°) Cu(mg - kg™) Zn(mg - kg™) Cr(mg - kg™) Ni(mg - kg™ Pb(mg - kg™)
>15 21.39 40.07 66.33 56.16 17.90
5-15 33.51 68.08 68.51 67.25 29.67
0-5 43.32 64.47 80.37 49.65 63.40
AHREL -0.635" -0.478 -0.582" 0.149 -0.700"

TE: **50.01/KF CWU) ERZFMHIG, *H0.057KF CR)) FRFAHL.

323 AEFMATHFIAAXNTIBESGERENHM K3 ARSI/ T, Ak
M SR = AR - R AT, SR EOR, SRR A Cu. Zn fIPb &
PRI FARTYCR, MCry Nig RN 53N . X% s 5 Fnid 4%
TCER YT 1 3 A — 2, BEIIABIESE b AR D5 RS ) 3 7 - 398 45 Js 1) 03 A1 AN 7
AWM o I3 AL, AR A =R R R 2 R e R g 2R ),
WeHFHL Cu, Zn F1Ph & AR HE A RINE AR, 10 Cr, Ni & A AT g, BER]
PR 2 it XS B L8 Cr . Ni B2 FHAY ST A R
33 WX THREAEESZLLEEEESETH

B XCR K (B 3w G Jm o A
mE 4, 45R 0K, & EEEITRYTER
BT IX 50 m AL LN & i, 25 Bl
PR, S s, eI
TRUE A E R ROT R E] T XA
s, WENHIE | Ha oK IE I
LRSI B S B TS Qe IR A B S LB A
[FEE B AL Zn & MR T8 Sl k2
VA Zn EEETF AR KR, Ph o P13 AR - MR 5 i) b e e
EEE%ET'Z 200 m ZE?XB{EE?%%{EH Fig. 3 Soil heavy metal contents on different slopes

positions and land use types
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BTRE, B P ITRTEN X K iy
TR EGE ., AR Cu, Cr. Ni
FHYETHERE, IS =MuTRE
DX U] B IR R B A K
34 TIEEEEIFTFTM

M3, & EE R ETFE S
BAERMEMEAK, RS ESEM
FE A S B AR 3 B 4l R B A — ‘ .

N p o 4 X A AR AL+ 4 R

ﬁl N Hﬂ TS'ZDIEE i IZE_)?%E Fﬁi}%’éﬁ Fig. 4@80” il;avyTrrjl_veLtglj;;ir_inEiif;t diﬁijit);izs off
% s iiﬁiéﬁ\@ é‘%%;ﬁﬂ%é’ﬂ% ﬂ[’lﬂ ’ the wind direct from mining area
Nt o B 4 A2 N R S R
TR, DIREE TS SEAE R A2 S e T b BRUE RO, 45 RAnE 5. hK ban]
W, BESRIGRKCETOEAZ (AR FAEREZESR . 0 XEL I+ NiTTE e
I T 0~1 220, 1SR, HMMUFITR B/ T0, HMEER . HILil, 5
SR X DL B3 JCHE TR ) AFE A Rl R ) B 4w RAR, H HA N 3 TR
B0 B IXHEE A ESRITRE A T55%, HIPNITTR LR T 1, B3| EEE g0k
5 CuMIPb TR leo 40 T 0~1Z [0, KBRS YIKF-; Zn I CronR ol A 144
FOIRBVR S YKo 7 DXLL T S 4% 8 & w5 oK P BAAfE—e 2255, HhZnfiiCr
TCE leo/NT 0, HARIEMITY; CUMINITER Lot T 0~1 2 [0], BB EET5GKF-; Ph
JEER A X LUR R o BTSRRI TS Y B Ay TP TS 5

M P Sb T, BTN KUl (BAl) AN [ B s A 45 o 4 S 19 Qe R AP TR R 22 57 o
AFFERIAL CuTER 1o A T-0~1, IKFVRPETGHKF-. NiJTER AR 1X 200 m #7E
W o BE R T 1, SRR REVS YK, AEFEESH X 200 m LASMU 42 B T5 s . Cr FIPb R
TAEFEESH X 100 m LN KRR EE IS Gest, HABPEBS AL RIE T . ARIFEEAL Zn IR 1y
BT 0, MARBRENG YK

SRR RS, P X B S EARAAE Zn . Crisdy, LIASRIEN
F, CronHRUTHm T M i RS HIE R A L. Niv Cu, P i X EZ{5 94T
2, UAOESIEN E, KRB RS KNG 3 IR R AR R R

KI5 e m  H AR B A

Fig. 5 Distributions of geo-accumulation index of soil heavy metals
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4z

(1) SEAE AR AT B, SFETLET X bR 3 b - 7 e R TR R BE )
EaE R, R KBIMEKCA NI, Cr, Cu, Pb, Zn, HoFraFE L Ni & REHE
bR, Zn HAH XL SR

(2) RFRERT, 2 EEBICRIET X SR MHT Ry S mam, MEs X
TR IIERE BT IX 50 m TS PN o e, LR BRI R R

(3) Cu. Cr. P& EBESE W /NI, Zn, Ni & BN 5o~15°m |k, 20915
WX R ARG MOTR TR R S A . L3R O s ) 37 + 388 4 1 A A7
AR RN, ARHE . FO . SRR A AR SR W B 2

(4) B IXHHE, SESEYHH T AFRBRERTGY; T XU FYE, Cu, Ni. Pbff
e O — RS, M Zn, CrifRr= sy, B IX LBy, BARSESRYAL
T—E BB, BEANIHHTREDY, 7 X F XU 3 Cu, Nijs ks — ek
¥, Cr. PhisY{H I THER" X 100 miGHEIN, ZnitZE M ARARTE5 YK,

(5) K EEBICREEARIGESR T B X R R 2428 7o X sl
M, fHNi. Cu. PbUUINHIESNIE S, I X EZGYITE, ZnfCrlHARE .
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Distribution and pollution of soil heavy metals in hilly upland
around Pingdingshan coal mining area
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Abstract: An attempt was made to investigate the influence of mining activities upon the hilly
upland soil around Pingdingshan coal mining area. Topsoil samples were collected from this ar-
ea. Subsequently, the contents of five heavy metals, including Cu, Zn, Cr, Ni and Pb, were de-
termined by means of the standard analysis methods of soil chemical composition. We analyzed
their distribution characteristics at different altitudes and at different distances off the wind di-
rect from the mining area, and evaluated the conditions of soil heavy metal pollution by adopt-
ing geo-accumulation index. The results are shown as follows. 1) The accumulations of heavy
metals mentioned above were different from each other at different extents in the hilly upland
soil around Pingdingshan coal mining area, in which Ni was the most significant, followed by
Cr, Cu and Pb in turn. 2) The higher concentrations of five heavy metals at different altitudes
were found in the mining zone, near slope bottom and slope top respectively. On the other
hand, the highest concentrations were found within a distance of 50 m off the wind direct from
the mining area, and contents of five heavy metals decreased as the distance increase. 3) Con-
tents of Cu, Cr and Pb increase with the slope reduction, while the lowest contents of Zn and Ni
were found in soils of slope from 5° to 15°. However, land use patterns showed no effects on
the distributions of heavy metals in the upland soil around Pingdingshan coal mining area.
Moreover, the contents of five heavy metals between forest land, grassland and arable land
were not significantly different. 4) Cu, Zn, Cr, Ni and Pb pollutions were all found in the min-
ing zone, and Cu, Ni and Pb pollutions were also found on the slopes below the mining zone,
yet soils in slopes above the mining zone were only lightly polluted by Ni. Cu and Ni were the
main pollution elements in downwind direction, with light to intermediate pollutions at differ-
ent distances. Cr and Pb showed light pollutions within a distance of 50 m off the wind. Other-
wise, Zn still kept clean in downwind direction. 5) Ni, Cu and Pb contaminations in the hilly
upland soil around Pingdingshan coal mining area were caused mainly by human activities. In
contrast, Zn and Cr were chiefly from natural sources.

Key words: upland soil; heavy metal; soil pollution; hilly; Pingdingshan coal mining area



