5

Eco-Environmental
Knowledge Web

CKHDV

2019

Vol.40 No.
$40%& 518




w % # 3 40 % 1

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4 1 A 15 H

H &
2015 ~2016 4EAL 5T 3 KA E IS PLLEATUE PM, iR 53T SRR A -oeeeee B, A, AH, BAR, ERFAE( 1 )
K =AM X T B RHENT PM, R FE R RAMH] - eeeerrmmneeremmmmnneereniin e F, TRE, BEER, A, HEE 1)
J:(’Eﬁi*ﬁ{ﬁ{ﬁ{Lm/ﬁ4TZﬁJ1+ﬁ'j§'Jf@@Wﬁ%*ﬁ ................................. eI e
................................................ WE, LT, =3, BR, PHI, £5E, TEL, FER, HER( 24 )
SIS PM, | A (AR oo oo om, FE, 2E, Ktk TRE, A, AHR( 3 )
MODIS C006 WrﬂﬁLJ[f‘ rrﬁuuf}? @ﬁﬁﬂ-ﬂ%fﬁ% ‘FB/]]\EJ:H@ L AL ERLLLILERE =
............................................................ Tk, ;(Mg" B, I, 28 %’iﬁ% BN, HE, G 4 )
RGP ZEA U DX R ETT YL RO woeeeeermmeeeerieneens B, B, W, PR, ZHE, DR, BRE, EHEE( 55 )
X@Eﬁ;ﬂﬁ}:ﬁ):j:mrh PAN 1 O, FURIEFFAE AT - k7, B &8, MMFL, XHUR, T0etE, T4, sx7( 67 )
BT PM, (TS P SRR -+ ooossvvess ool B, R, A%, RER, WEH( 76 )
ﬂg}”ﬁix;&j( PM, 1’5%Jﬂﬁﬁé$ﬂf*‘fﬁﬁ*ﬁ ................................................... BEE, EH, MY, kBT 86 )
HMAEZ PV, WSOC A1 WSON 7% St SRR pT -oooooeeoe Fik, BEME, T, FaL, HEE, FEEA( %)
TN VOCs TE RIS HEHLIE T -evrvreeeerereeesesesesmeesesasassineensesestsbemneaueaes esesunssnssreeesneneessranssens
....................................... T, KB, B, IRE, RAH, K, THT, MEA, T8, £E4(104)
LB AR SRR S BB o vevoe e o Wk, k5T, AT, Eam, BA, FEE( 114)
AP RO T SEAS ORI 2 WEGD | WESP i FE(LRFHE - oooee B, ke, ERE KT, BEX( 121)
RATHE BRI | ORI BR R -rorrerrres e g, EEE, REk, HEK, ﬂ%ﬁ,%%%,%éﬁ,%%(u6)
AL SCEE S T B 5 S 5 YR oo Ko, 24%, 27, AXH, Bk, T8, BH(135)
SCR %EXTEIF}:%WI%FEWW_' PCDD/Fs ., PCBs 1 PCNs E’JUJ‘HHEIKT ............................................................
.................................................................. FEH HE FR, BE, KT, KEE, BET, KEFE(143)
e RRTIR TRy W i = e I VA N LR | e S = LR T T PPN
............................................................... B, Ex4, DR, T, i, B, 25%F, KEE(149)
E YT, CDOM (25 6] 5345 5 RS RSSO SAARMSRALERILEEE IR %EIE, Eﬁ%ﬁk, E?@, F/\'%y F P (157 )
T AHET LTRERARK IR CDOM = A SIRETAT I FAPHT evereesoonees KEH A, BE EEF, FH(164)
T UV-vis 2 EEMs ff B F& 7K 1 BEBK TR B4 R DR 437 I3 ik DOM BB RERSE LR < veefveneen bl
............................................................... BLE, k4l HEA, NHE, KE, 2HE, B4, Tr(172)
SRR KB R SR WL SR R B U PE oo ES EHJL‘%F, j% Ek, 247, RN 185 )
Em@%m,:ﬂﬁﬁuﬁﬂ{ﬂyj( m%’.ﬁ CO Qﬁﬁg&ﬁ um.% ..................... e z f;é’ 1 E%, ZT,KE\/]%( 192)
%Tﬁﬁﬁi’%ﬁéﬂk%@m‘}iﬁimfﬁl%ﬁ*’]&ﬁJﬁﬁ --------- ZH, 28, ATk, 5&3\% KB, HAEIE, 5 (200)
SR T L] R U A AR ST ooeeeeeeeeeeeeeeeseeeeens Sk WA, s, TH( 211 )
fl‘n“jtiﬁifﬁﬂ(uﬁ%): TR I 254540 B A Wtk Ljﬁi%ﬁﬁ-j‘j‘j/{ﬁj .....................................................................
L LR ﬁﬂﬁ’ ﬁ, EI‘% WEF‘)'], %ﬁf?’(%@, F/iﬁﬁ:fiF- = /ﬁ/i }@EW ( 219 )
AT (O R — M B )é/gﬂk&%,’tA%E/]%%ﬁ&ﬁ# ......................... S
............ T T M R, BAA, B, PR, B, ﬁ;g Ak, I (228 )
EIJMEJZFHZ”#{%%T?JﬁngTﬁXNE c%ﬂ:&;'g{ﬁ ...................................................... %'Lﬁ‘?ﬂ”{, éﬁk%( 239 )
SR Tk DAL AT IR s 5L, e B a. SR T, SR T b 218 )
LIRS BRI STV 50 SRR o oveeeeomees e s ﬁ%ﬂ,?~%,ﬁﬁ,ﬁﬂ(%6)
JEKPE BN BT & Ca* S IR BERNRBES BRI <oveeeeeeeneeeenees WL, B, REMN BT, TN, TAA(263)
7J<1Z'§Efjﬁ%}¥”qamu£|lﬂ§}w¢zﬁy/g ...................................................... ES g%’ FEF . AEE(273)
MoS,/BIOL S RMEML T & S DRI RIOE PR - K% MR S Aoz, ENE S RIR(3I)
DR T L8 VK DL oo A, AWK, BB, HER, Tk, £, W 293)
T[—Jﬂ&ﬂ‘u LDHs ﬁﬁg& ﬁﬂi/ﬁEXTCr( VI) uﬁl}ﬂ@ﬁg ....................................................................................
............................................................ gﬁﬁaég Xﬁ%t% ﬁ}&fﬁ ﬂ?I‘ﬁ ,ﬁgﬁ, %‘E{%’ ﬁ;ﬁz}&’ T{ﬂfi( 300)
SR P KRR f RIRBIERE —oo UL 7R, R B, R4ER(310)
T E 25 T T R R R LD FE IR BB IK O PRAL, v eeeeeermeeeneeneenenenns JESLIR, #AB, B, K, XEB, MHEE(318)
TH%%rTﬁ%*”E%IﬁWﬂJ@ﬁM*“E’Jfiﬁ'é&ét%ﬁﬁﬁ%ﬂ[’]f" ..................................... FRERTITREHRNE
.............................................................................. VIEY, YR OBEW, XL, KA, FER(327)
WX O/ A-F/ FREBUE Y IR 649 Ko S A 52 ) BHN, 2FM, T, 28(336)
HEK C/P X SNEDPR 2 S0 AR BEVEREROSZ I —--nmo - TR, TEE, TRE, BOLE, firta, R27%, N (343)
A5 JE S (SRT) Xt SNEDPR %ﬁﬂ)ﬂﬂﬁ%ﬁfﬁ;ﬂﬁ ERE, BAEE, R, TR, HrHE, BEH, BHT KI(352)
Ja BE R IEL AOA-SBR T 252 HIK C/N SR T V5K BT BRI <« vvrerorrerr e
......................................................... NED, TEER, 8¢, TBE, BEE, T4, B5F, £i74(360)
R L A U O 8 TR 35 VR B A B BRAEAB AT oo boemenen o A BHN, Fak, HEE, KA(369)
{ETE SNAD TR VS IE T 2 R BT I coeererrerreerrrmmmmmeeeeeminneeeeii e FA BB, MR, AW, KA (376)
RIFIIBURE R FIECHE T AT RSP PR 2 [ S wovoeeesneeeeessnen e FRE, A, FES, FpE( 383 )
BAE 7 ST AK HUR A PRI oo B Tk, GNR, EE, MK (392)
@,j:N OHFﬁi&%%ﬂﬁ1ﬂﬁ:%ﬁgét*ﬁXT£**ﬂj*{ %’f’bﬁﬂ(}ji@ﬂﬁﬁﬂgunﬁ ...................................................
B ML ER B, TEE, RER, #EE, 5;@’%%( 401 )
A T DA 3t Oy 2R R BRI PRV AR RFAE -oorooeoeee e KRR, SiRiL, HEAL, FHE( 412)
PR JE X ﬂ%*ﬁ?ﬁiﬁ%qﬂ[ﬂﬁ%gﬁi&ﬂCRUStlﬁ }ﬁ\“ﬂu%*ﬁ ...........
...................................................... I E R, BRI, BRE, I, BAE, R, BB, BokE( 421)
TREAER A S A I M S BRI AL v FRR, E2HE, ETLE, &%ﬁn}], x| E b ( 430 )
@%mwrﬁLﬁmi%ﬁﬁﬁmm*m%ﬁ%ﬁﬁm|ﬂﬁf ------ IR, FHu, EEW, AR, $5 OB (437)
AT B X 1A JE Bl T T 4 B B RHUELII] -oeveevvvnrreremmmmnneeemmmmineereeiiianerenaians i, TEK, BTF( 45)
DRI KR G JRIEAE I A BT YT vvee e AT, Ehak, RIE, THE, BEF, HA(453)
I LR TR M B DB TP R R B IURAE - eeeeeeeeeemem e e ﬁcﬁ(ﬁ, TR 2 ( 461 )
Cd. Zn X HAERHST S LRI A S M E L BRI B BYBSIR  cooeeeeereereeee e
................................................... St R, ME, KR, ZEE, ftx, BANE, E, TH(470)
N[ JEE A BEXS BT BE T T KA AN IR BRI -oeeveeeeeeeneees TEA, W, wF, BR HUE, B, FH( 480 )
TV TL A0 AR O i AR AR IE S A W AR R AT oo TR, RFH, éﬁlﬁk g, $hAE, TR, AR ( 488 )
6ﬁ]/H%’%ﬁ/ﬂ]‘x;‘ﬁ{ﬂ‘ﬂméﬁ%ﬁiw%ﬂ':lkf?ﬂﬂlﬂﬂﬂ’] S <oeeeesennennnenineens 2 ST, AR, K e, BHRE(49 )
— R I RERY UL VI B TR G R EURL A i 28 SOPEREPTA  +eveeeeeereeeeee B, A, REFR, AR, BEE(504)

(FRBEREEVEI TS (113)  (FREEREYAERS RN (238)  {5H.(93, 262, 342)



W40 % 951 2019481 H
Vol. 40, No.1 Jan. , 2019

s ;7

Eco-Environmental
Knowledge Web

R

Environmental Science

EEIREI BiacH
JX, i HE 'TE

T, O, EERY?, i, w@EP, buo!

(1. AT B R 2 0] SC I 5 AT 8 2 R IF ST v O BE BT SC A% 7 5 IR SO R B T B 48 BRI B8 bty , JF3E 4750015 2. g
KER A 5IEE2EBE, KTV 410083; 3. WFE LR ESE S RN 5B E B A IRE, IR 459000)
m%;u%ﬁ%%%@%ﬁﬁ%,%m@%ﬁﬁ%féﬁVH@Mbﬁ”@W*%%Fﬁﬁi%ﬁmtﬁA S 56 2=
T HEESEIE(Cu, Zn, Pb, Cr, Cd, Ni, V., Co) &, FIH Arcgis 10. 1 #4770 AR BT AIF S X Ik 11 3 rh 4 IR 1Y
é@ﬁﬁ%ﬁ,%ﬂ%%%ﬁ?&\%Eiﬁm@u&@%ﬂ@&ﬂﬁmﬁEﬁﬂﬁi%ﬁé JE 15 Gtk 0 B vk e RV
TV, 2503, WF5E Xk I 3P Cd| Pb, Cr, Zn PPIE S TITHEA A B EHOCR T RE, Cd W FHENER
HHEIREE TR AR 2. 8 £ BFSE XN SRTS Y A BV R AR A, TPERIE ) MRS Ph, Cd TS YLK, 7 3 km 1E
@Wﬁ%LFELE L. ERFRIXIEN, Cd M E TS Y, 5 3FE S Ph, Cu, Zn 5B ™, Cr, Co HRETTYY, Ni
RV ILFASZ T 5. WSS ZE R R, B8R Cd A7 5 T AL AR 25 KU MR XU, Pb | Cu 7 (4™ T 7E
& w,uﬁTﬂFQMﬁﬁﬂw. ( " F
KB G EARITYY; A H 5,

ITEECRTRZEDHIFER

23 [A] 347 5 AR TPA f“-
hE4 S . X53; X820.4 ITHEIFRIRAD. A S'CEfﬁ'q 0250-3301(2019)01-0437-08 DOI. 10. 13227/J hjkx. 201803031 —
o

P
' 4

Spatial Distribution and Risk' Assessment of Heavy Metal Contamlnatlon in

-

Surface Farmland Soil Around a Lead and ch Smelter »
WANG Yiing* yaug', LI Fang-fang' _WAN(; Xiao-yang'*, YANG ZHi-hu?, HAN K, RUAN Xifling” 2

(1 Key Resear(‘h Institute of Yellow. Rlver CLVlhzatlon and @ustamable Developme?{ & Collaboratlve Innovation Centét on Yéllow River
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e
Abstract; Surface farmland soil samples were collectéd"f.rom 135 different sites in a 64 km” area around a lead and zinc smelter in
]iaozlfo City, China. The concentration of the selected heavy metals (Cu, Zn, Pb, Cr, Cd, Ni, V, and Co) was analyzed and the
spatial distribution of these heavy metals in the farmland was determined using the kriging interpolation technique (ArcGis 10.1). The
enrichment factor, potential ecological risk model, and potential health risk model were used to assess the contamination level and
potential risk of heavy metals in farmland surface soil. The results show that the average contents of Cd, Pb, Cr, and Zn in farmland
soil are higher than the background content of these metals in the Henan Province and the average content of Cd is 2. 8 times higher
than that of class Il of the environmental quality standard for soils in China (GB 15618-1995). The heavy metal contamination in the
west of the study area is higher than that in the east and the soil around the lead and zinc smelter (within 3 km) is severely
contaminated with Pb and Cd, which is consistent with the location of the industries causing the pollution. The enrichment factors show
that the soil is severely contaminated with Cd; partial sampling points are seriously contaminated with Pb, Cu, and Zn; the Cr and Co
pollution is small; and Ni and V are almost not affected by human activities. The results of the risk assessment indicate that Cd poses
serious ecological and health risks, Pb and Cu pose serious ecological risks, and Cr poses a serious cancer risk.

Key words :smelter; heavy metal contamination; farmland soil; spatial distribution; risk assessment
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Table 3  Percentage of pollution degree of pollution elements

EF V5 YRR

JLRAEA TG R BE AT o5 LB/ %

Cd Cu Pb Zn Cr Co

<1 Jei5 YL 0.0 73.6 11.6 32.6 99.2 99.2

1~2 s g 0 21.7 48.1 58.1 0.8 0.8
2~5 R Y 0 3.9 32. 6 9.3 0 0
5 ~20 ITEACPC 56.6 0 6.2 0 0 0
20 ~40 SRENTE Y 31. 8 0.8 0.8 0 0 0
>40 e s e 11.6 0 0.8 0 0 0
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Fig. 2 Spatial distribution of heavy metals in the soil around the lead and zinc smelter
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Table 4  Classification standard for the potential ecological risk index
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Table 6 Indexes for the carcinogenic and non-carcinogenic risks
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