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WANESESEEIEERKR, 85 CuPb.Zn.Cd F1 Co TEWNMN 5 MESEE SR MANEEEZEM>FR ~ 1, Mn N EFFR>ZE
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Investigation on the Heavy Metal Contamination of Farmland Soil and Brassica Campestris Nearby Mining Ar—
eas in Daye City, China

SUN Qing-bin', YIN Chun—qin'*, DENG Jin—feng', XIONG Qiao®

(1.College of Environmental Science and Engineering, Huangshi Institute of Technology, Huangshi 435003, China; 2.College of Natural Re—
sources and Environment, Wuhan University of Technology, Wuhan 430070, China )

Abstract: Many mining enterprises are distributed in Daye City because of the abundant mineral resources. With the development of industri—
alization, the environments nearby these enterprises were destroyed severely. Investigation was conducted to evaluate the heavy metal con—
tamination of farmland soil and Brassica campesiris plant around typical copper mining areas in Daye City. The results showed that the soils

were contaminated with different heavy metals compared with soil natural background values of Hubei Province, and among them cadmium

(Cd) was mostly contaminated, followed by copper(Cu) as second severely contaminated element. While using China National Standard

(CNS) as an evaluation standard, the soils were contaminated with heavy metals except for Zn, Cr and Pb. Nemorow integrative index method

was further employed to evaluate the heavy metal contamination level, and the result showed that all the tested soils were severely contami—

nated based on both soil natural background values and CNS as evaluation standard, with soil sample No. 2 as an exception, which was sub—
jected to the moderate pollution level. The heavy metal concentrations varied in different parts of Brassica campestris, with a character of
leaf>grain=root for Cu, Pb, Zn, Cd, and Co, and seed>leaf>root for Mn. The concentrations of Cd, Pb, Cu and Zn in Brassica campestris were

all exceeded the national food sanitation standard, and the exceed level for Cd and Pb were higher than Cu and Zn. The order of the enrich—
ment coefficients was Mn>Zn>Cd>Ni>Cu>Pb>Co.

Keywords: mining area; farmland soil; heavy metal; brassica campestris
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ANENFER W EHETENT L, TR S
NFGR T ERWE 0 PR IR A & F B R 5
1R B EA T EEME X2 R 1L TR 5]
B X R H R EASHRNEE., AT RIPESE
VR, 6 SR F AR S PR IR M A (R E Ak 2 A0 T RE
SRR N X M TE R PG IEE SR Y
FIRFFE E.5 R E NANE B BT 12 R, A B /T
5N X LA TR, 20 EE L E0TE e
by e we = S AN S B W oS =AY NG S U T
Y=,

WL KB R ER, BA B EEEH,
LR ER"ZFEE, R AH SO & # 1, $ =5
RTNAFREE, ik TV EE, ENELZZRT 4
N RN eSS F AR Wi P . &i e Zan
SER S RE, A IR ORBIR, £ 2
XA H - EZ RN E K, HE-RE-THER
SGREREYHEA RN FERIBEZ —, KRR GG
PEEXRRI LR SR EMESRN R EY S,
TV 0 BT DX SRR SRR . TR, A
FE ARG ARG X oL iR A R B DAL
B+ ARE F(EM GB 15168—1995 (A
BAME) AIKTE  IRAAED X L EARE P ESE T
& ({245 Cu.Pb.Zn.Cd.Cr.Co Ni #1 Mn) A543
R, FERAEREFEEEE M Nemerow 25548 50E 3
TVEM Kb, R RES RSP IR RR:
fiE, BFENT KR H 385 2R RR 7= i e =
AR KRR,

1 #BE57FE

1.1 AREHER

KA T AR B BRI A4 % o s s ,
AR b ARG, mE AL R T, TR
W E 120~200 m, AR IR 16.9 C, R kR
SR 40.1 C, WIGHRARRIE-10 C, FHTLFEW 261
d, &K E 1 385.8 mm, ARBFFTHIRAES FERE
FERETHAREEH L (RS E R LD
%5 ) LA B AHAR A8 TR MHIE B SR L
1.2 HREEFTLE

FA“S” R 10 poRBEEBUEIR G, REEREE N 0~
20 cm HRZE T3, FIBSREX NAEYIFRE & AT IE
WE 16 NSRS (E 1),

TREEEE , KT, B AR A FFEYIFRAR , R A
O3k, BRI, R iR AR R A TR R R &

Fo THSREAE i FIZE B K e R T IR, TR
B K, SR DU A, 2 A SR AR L ZE - FFRL
R REEEAEE T, 7E 105 CRE 15 min,75 C
T ZIEE, e, U AT T RSP R,
1.3 HRMNEES SR

+ W & 5 B 38 pH LA K Cu.Pb.Zn.Cd.Cr,
Co.Ni F1 Mn 8 P EH & B & &, MWW EW BHEFE
Cu.Pb.Zn.Cd.Co Ni #1 Mn 7 HMEL BT &,

R (1 10 HF)pH B E 72 ) NY/T
1377—2007 , T3EFFEYIFES: (G 100 H i ) E 48
FERTHMRTES DL SCRT). AT KIEEE , E
27K (Milli-Q Academic A10, 3 )EZ, SIE 2Rl
AR R B0 2 B, 5 R . TR A
i TPE A R &R F W4y ok B AY (Varian
AA240FS, £ )l .

2 HREWE

2.1 TIEHESEARER

ABFFER L H R B R 195 Qa5 BOR N iy
B G T AR BEHATIUR PN E . WA
H AR 5 A 5K 8 20 5 ot B — o hn M (GB
15618—1995 WE A PFMMARAES (R 1), M KIGTHH X
JElA AR 3T 4 R A PR B IR DAL PR AT

S3AILL 16 I RAE R 8 Fh B TR LB IS4
AR A LR R T I s YedE
BT (R 2)0 LIIHLE 135 RAEMEA TN ARIE, 8
MES RS RIEEEEIART 1.0, RZMbX 1%
EXFEE R Y ARIE BN B R R E
BB RBREFERRES, NSREH EE Cd>
Cu>Pb>Zn>Co>Mn>Ni>Cr, HH, Jig RME I RAE &

® 1 L EESRFEITFNRAE (ng-kg")

Table 1 The evaluated standards of heavy metal concentrations in

soil environment(mg-kg™)

45 2% (GB 15618—1995) Wb e
'SR sy
pH<6.5  6.5<pH<7.5 >7.5 AR *
cd 03 0.6 1.0 0.172
Cu 50 100 100 30.7
Pb 250 300 350 26.7
Cr(EH) 150 200 250 86.0
Zn 200 250 300 83.6
Ni 40 50 60 373
Co — — — 154
Mn — — — 712

5 AP EIHOTREREN,



GRIE-C L.

Moy ¥ W 87

s [FjH

s B

NS
K

B art
\.,

B 1 Ky RAKHDRAERER (n=16)

Figure 1 Sampling sites of farm soils in Daye mining area(n=16)

T3 Cd ZRFEEBAR , V375 Y8 BR 3 23.56,
MR FHREM 1.0, Cu TS YEBEREE , F¥E
7 5.89, X FERFE R 1.2.4 SH S5 Y8 EE S P
o 1.2 SREEALTHIL D5 X HHHEA A8, 240
T B A Z I 4 SHE A EA BRI SSILZ
b, BEE T XSGR, BT R AT T 2 Az
RS T REXT Hot BRI Pb (1975 Y8 50718

R 4.47, R R HAth 5 ME SR (Zn,Co Mn,
Ni I Cr) )75 G388 F{ETE 1.07~2.11 Z[f], {5
YRR BB

BT ER I R E bR T M IR Co A1 Mn
PR TR B ARERR &, AT 58 HX 550 6 FionE i
17 VIS QR EOTH , AP 85 R 3R 3, B3R 3 W] 4,
REFAHH 6 FEEEA B RS RABRERR
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FARERRER B EH 5% 2 A4
—3, M54 8 EF Cd>Cu>Ni>Zn>Cr>Pb, 1iHH
IR PR AR HESRAE T, Cd 15 ek SR i ™ =, HSE-35975
JuABHUE (10.37)im K FHA 5 FpE &8 M HUE.
X — 45 5 5 AR X R I AR X S i 1 38 Cd 75 44K
FHAAE R —8", Z BB S R AT
RBSE KA FEBEK B AR b FA L RIVE R A SR
Fen R R XA ET LSS E, RRBEAREEK,
SHENHESBICER , B RIELIEAR H 3555
MR = 88 Cd & &K, Cu 1975 Y B ™
o, B e BUE A 2.79, 5 HEEREIEN
AR, R E R ZRAr PRI BT, SR A V5 e B
AEH) N V5 Y88 B 258 3 7, NS A8 8O E
W T ELEMTEYY; T Zn.Cr 1 Pb DIEZR —%hn
TR, HAF 5 L8 805070 0.78.,0.55 F1 0.42, 3%
IR ENGYL,

B ETEATA R, BT B AAE REME R %
A R H P NES RS ERGH T 1%
ZEELBARREE RN ER . XA EEE
KRIBH W Kk, FEARHE T kR W RIS, X 243
KHETHAHR TRRMEN, BFE L EELRSES
TARFERRE RGN,

XA S AT NI B B 15 YL AR BOR TN, LA

®2 IRESRFRERTFREETNER(UERETHN)
Table 2 Evaluation results of single—factor index for soil pollution
by heavy metals(Using natural background values
as evaluation standard )

b8 H T REMER AR R RN
MAnER TR S B E IS YRR WA 2, Kt
BESMEMIRE, BB A T e BUE SR
F 977,15 4K F B FEIB Y (ARERP:>3.0), Fn
TR R Y, HE A Y™, KRS 3.5,
11,12 1 14 MZEAT5 AR B Z M T 20, Nz
A AR FBUG R R - LA E R ZBAn i i
Wbnife, LTS B ML AT R EUE A RAE S 2
INF 3.0, )8 FrEEISYOKF, T HARAE S 2R A5 Y
TREEH KT 3.0, £FMFEE LA 15 I8 8 E
7.9, VLB L E R —FAr sk g &, R0 X AR
H 2B TR AENELRITY.
TR A ER, — 2B E SRS
Yool — R85k EWEREAR=RF, A
TR T XS EE BR8N, B2 EER K
fa R o PR [ R AABE R A7 JR) il ) T 5% T oA e
(GB 15618—1995)%} Cd.Cu.Ni.Zn.Cr.Pb £ HE 4R
SRR T T LA RS , (R X At AT
REoX LMY - AN EBEEERANESE SR
P I ORI T 5 . T A E 4R B — R FR 2
B RE S IAET = A — AR M, HAnii Co BB
FE K, STEER E AR ML N A2, 38
3R , 51 I 7R G , AN P4 1 A 3 I

R3 TRESEFRARFEEOTNER
(U ERZRERAETM)
Table 3 Evaluation results of single—factor index for soil pollution

by heavy metals( Using national standard as evaluation standard )

HE Pa Pp, P Pa P P, Py Py, [=3=3 Pe, Py, Py Pu P Py
1 2346 299 172 1221 099 198 134 1.06 1 14.40 0.32 0.72 7.00 0.57 1.25
2 945 358 231 1314 106 169 197 093 2 2.90 0.32 0.77 3.77 0.46 1.47
3 539 879 280 2885 116 215 155 195 3 1.66 0.78 0.94 8.27 0.50 1.16
4 1099 3.16 241 1753 058 3.00 123 1.68 4 3.37 0.28 0.81 5.02 0.25 0.92
5 438 2227 366 3405 124 210 183 222 5 135 1.98 122 9.76 0.53 1.37
6 595 294 247 2625 120 149 189 1.89 6 3.65 0.31 1.03 15.05 0.69 1.77
7 251 395 274 2827 127 232 183 2.08 7 0.77 0.35 0.92 8.10 0.55 1.36
8 469 524 269 2946 140 209 208 157 8 1.44 0.47 0.90 8.45 0.60 1.55
9 558 256 229 2391 122 261 210 1.87 9 1.71 0.23 0.77 6.85 0.52 1.56
10 161 312 160 1962 113 251 139 183 10 0.99 0.33 0.67 11.25 0.65 1.30
11 240 487 3.02 3039 1.05 223 208 225 11 1.47 0.52 1.26 17.42 0.60 1.94
12 258 128 128 2952 0.83 1.85 141 154 12 1.58 0.14 0.54 16.93 0.48 1.32
13 623 200 123 17.09 083 167 122 0.85 13 3.83 0.21 0.51 9.80 0.47 1.14
14 459 173 123 2973 0.89 159 125 139 14 2.82 0.19 0.51 17.05 0.51 1.17
15 235 166 127 1841 153 194 135 156 15 1.44 0.18 0.53 10.56 0.88 1.26
16 204 144 104 1850 082 203 124 155 16 1.25 0.15 0.44 10.61 0.47 1.16
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Figure 2 Index of soil pollution by heavy metals( Using Nemoro integrative index as evaluation method )

iE, PE NS AR LA w (), 2T, W
I, TR ARFIB LT i —2P 5038 T MR R AR
TR R 2 B T EAS S A R
22 AERHERMEANESESETN

KIGH XA H R SRAHMNES B
MG R IR 40 T KR H P FE S 5B A
&R SRV EAR R AR, H, BR Ni S BAES 0
RS SR EAE (Y ERERE
M) Z 5, HAthf$5 Cu.Pb.Zn.Cd F1 Co 7E Y
5 FPEE 4R & B o A0 AR R 2R SATRL ~ A, Mn U]
FEFPRLSZEMSIR . BEHIR T AR R LR E SR
SEERZIN R RER RS AR R 12 5 U
MR E T EE B TEMEA FEALR 55
T, WARITALA A 5 R BT E 5T, K
AR B R BN Ni>Cu= Co>Cd>Mn>Pb>Zn, {AFLH
THELSBNERENNT . AFRFEEGT N HA

BORMAE R R, ZRIMSRIG YA R K ; Cu
Co MR 7 REULMIAESE , SRIFIKIKSZ Cd Mn.Pb.Zn,

SRR AR A MESE T H £,
St 3 Cu Pb.Zn.Cd & B 3578 H s FRAE, A
ETi & , 3R Cd Pb MAMEEGE R T CuZn, %5
A+ EESEAERELS R (Cd EER, Cu Ik,
T Zn F1 Pb A% 385 5 4 ) /T L, SRR N E 4
JE BRI LR A R 2% , AR AT BB -5 SR RS B At A 45
TSYIRA K . X —45 R 5 E L RIEMSE RN ARRIER AL
SH B AT LR AR Y o

A, 3R E B A DA RS R R R
PR T-th, F] BEAEAE RIRE R B2 G T Y (AL, Hh i xed
F—2em R AT BIBTEE ENE LR TR
Frid s iRk BB 29 R T REM: 2 X 2 2
WRERMBOR K EE N EHF ARG RE, 55—
L, KB HEERIARBERATFBEAR(S

R4 FRARERBREPLINESRSBRITER

Table 4 Statistics results of heavy metal contents in rapes with different samples

e R Cu Pb Zn cd Co Ni Mn
ArETEE Fis 5.00~26.49 250~13.75  19.15~57.82 0~1.06 0.45~5.31 0.50~41.41  11.40~44.15
mg-kg™ 2En} 4.85~33.73 551~2550  21.47~73.42 0.75~3.50 0.40~5.40 0.55~10.31  13.91~53.09
pag A 5.60~25.19 450~11.02  32.87~58.86 0.05~2.00 0.75~4.60 0.55~22.57  22.93~62.71

SEYME/ ic) 14.60 5.74 31.52 0.66 2.31 1273 28.77

mg-kg™ M 15.40 12.74 4974 1.63 2.95 5.26 29.48

KPR 12.89 7.17 42.92 0.80 2.34 5.14 35.50

FRUEIR S/ Fis 7.45 2.94 9.28 0.31 1.31 6.91 9.53

mg-kg? 2En} 8.53 5.59 14.22 0.71 1.36 2.62 13.63

pac A 6.19 1.55 7.07 0.42 1.23 5.26 10.90

AR % iy 51.01 51.12 29.44 46.70 56.83 54.28 33.14

2=t 55.38 43.87 28.58 4323 46.18 49.77 46.21

pag A 48.06 21.54 16.46 53.03 52.50 102.49 30.71

A5 BAEARERRE (mg+kg™) : Pb<<0.2,Zn<20, Cu<10,Cd<0.05,
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E &, ng kg d?) SERERRERESICEAR
SE, TFER] B R TR, RIA &R T
AEARERE L, I REAE B N ELSE  HERR BTN S —T5
LY feFERE . Hr, US EPA #E# /) Zn Pb.Cd i
BN BAG 70 300x103,3.5x107,1x107 mg-kg -
d™1, ] LA ) g R XU i BioxT B 463 R REX
AR AR e XS HEA T DAY, 3% SR 58t o e ]
T2 HE AN SR R R TIRIF S %
(SR

2.3 HENARECREERBRSIT

T UL I E SR A A BRI E A
JRE B EERER, USRS B4 8 i SR 2R
Frik 25, BUR a5 R BRI AES Gl & 3 AL B
SR ESTIEDESR SR LEN S EORE RN
KT ESERESS HEFESRERE B
Kbk, WRESRNEERBIES,

XA [FIERAL ) 4R R BOHEAT AL 7 , R 4R
ZBOEH Mn>Zn>Cd>Ni>Cu>Pb>Co, A3 T K
XF 7 M E SRR 2R Mo Zn FENEY A K
T EFR TR BN AAER SN EERE. CdIE
HAVMEYARFEEFRNESR, EEERBH
TES =L, EERPIAIMSEA AL 5 R B,
JEHRZEM | FPRLR) B SR RO TARARR R R AL,
VR SRR N E AR Cd 15 QL RRIERR T H3EH
RO SRR R R X HI5 Y= A T ARXT BRI
Mo Ni /7S B AAFTER TR IEA PO A R AE
YT EFLR (HREEPHL AR, BB W
WHRAEYA KIS 17 FubFE oo R, AR,
Ni (OFEE B 4 R BB, AR = T 3,
DO Ni TESHSER N Y & 46 5 B Fr AL B AL AR A o
Cu YE MY A K 1 675 TR BN A B R =
{EMRIR A& BRI Cu E2BIR (=10 mg-kg™), T
T A B i B —E TR RE ) iU R REOE

Ao Pb,Co FIFfTLR ARV LT ILR , MK EE
AETT A ARBLMK

3 #ig

(DBERFIBRBECTNM SR BN, L LIEE R
EHATANY, TR R ESBARBRENT Y, K,
Cd J=HEjfibr,Cu IRZ o R ER A ETMES,
Zn .Cr F1 Pb KX RIS R . HTHNBE LG5
PUIR BRI, KILLL 3B E RE TP AR, &R
FE¥RREEE ™ EI5 YKV ER ZRhrEE
i, R 2 SR S IR T rh BT JUKF, Hith
KA TR B TR ESR T

(2)5 XA H Fr A TSR & 30 B & 8 & &
FIR L IE R . £33% Cu.Pb.Zn Cd F1 Co ZENHY 5
PSR & B AR ZE S AR ~ AR, Mn T2
FPRL>ZEM>AR o JH3EHE b &8 Cu Pb.Zn . Cd & &
B TAEFRE A Y B i BRAEL, Cd  Pb BB S S K
F Cu.Zn, BERZFAEAHMEHN Mn>Zn>Cd>Ni>Cu>
Pb>Co,
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