15505

Eco-Environmental
Knowledge Web

74
V /4
7

y/

1/17 I
/4
4’[

S

/4
/.
(/[N

¥



W % B 3 43 % B4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2022 4E 4 H 15 H

H &
2015 ~2019 4EiM PMZ_SHfF?%?EEERZj]%ﬁJ\*ﬁ ............................................................... BEF, A5, g, FEFE (1697)
MK PM, o TP A4 175 S E | TR B R AN JE TR AL ovevee oo
.............................................................................. WOLHE, IMEE, B 24, 2A%, x|, TRa, TR (1706)
YA IR FISHRBABAEIT oo WHE, BE, EWX, kE e, FRE, AHH, K (1716)
HEIRIX M, B WL BB I B AR -+ v vveeee e
......................................................... R, DEY, BER, AR, f0BE, R, UEY, 458, AT, % F (1725)
UL AR AR T R I S TG PR AL R oo WEE, Lo, MRE, KE%, 8L, THE, 245 (1738)
FWGRNELEHIRIZR =5 VOCs BALBAIRIAL ooverevereeeneeeenens LW, %%, BWA, KE, FRK, #HF, FEM (1747)
DT T TAVIE VOCs 2N HE RS B TG EL LR RIEFEC  +veevereenee et
..................................................................... Al BRE, VA, THRE, $%, A%, 28, K1A, Z2% (175)
= A AT I VOCs HERCEFAE BT oo KEW, DEE, WHL, THE, BEA, URE, WY, 20K, HER (176)
SEFREWIR A HLENZE VOCs HEHFIE BT ovvvveverovoe Aks, kR, AHE, B2, 0F, FOU, KEE, HxE (1777)
T ZEER VOCs AL MM RGRMER TR ATSRIE oooveevsevrserscsseseeees B, KAK, Tk, HE, T8, B (178)
LT SOA Fil O, A HBE BTN PM, 1Oy BRI +ooveereeesmesnsi M, PR, AFE, FHL (1799)
A HE R Pl T PRk H 2 Bt T R 2 U M HE R R EANE v e veemeemeemessesses et et et ettt ettt
........................................................................... TR, 59, BEX, HEH, REE, FEL, Eni, TAR (1808)
PRI R B NS ST GBI wwoveereerereersemsesnmeenenens et TH%, %, 0k, hRL (1814)
RHEMFFEAS B, BT KU () YRR E I B T R v BE, B, XA, KET, BAH (1821)
BT VIA D T AR =5 B FTEHEZSAMERE v vevereerereerereeser et e
.................................................................. F‘E]‘;]:%/)E, fﬁﬁﬁ, fga@_‘z7 «jﬂﬁ%?ﬁ, %X%, E%&ﬁ,ﬁ, ﬁ”ﬁﬁu %"E}\;ﬁ%, %SE% (1829)
T A B T B T LM TR -+ veververmereeneensen e st s, TR, BEZ, M, KE, T (1844)
CR BB T B M X I KR AR [ PIEME AT o eevereeeererrennnene e R, EEdk, HEa (1853)
v ] R AR K 70 2 1 B0 DA A4 7 JR AT oo BT, MRWEE sk R A, XE %, KR, ®ATF, BXRX, BT (1863)
SRR SR X 327K 5 M T A IKAL S JLBEALIEZe wveeereemeneeneeete sttt e s
........................................................................... Tk, Hak, kA, WEB, BA, 28, hEF, 1%, £EE (1873)
BV BN BRI KK I BRI S RIS v RER, PHE, AL, TEMRK, T—F, AMET (1885)
TTEPE T2 T KNO, NI ZS AR KB PI R oo FEA, MME, KA %, TR, BRI, TEHE (1898)
SN X T AT R B LRI MHT  wververeeeerermemsessenmen ettt s T, kR, FEA, FAL (1908)
B KA G BRI Z I F HLFETREE 0 ovevrereererersenennee s T, PEA, BB, AEM (1920)
AR AR HD X KU AT €T VA BRI B T BB R oo WEW, Rk, ARE, WS, AE, BARE, H47T (1930)
AL R I R AT WL GIE I v veve e e BEH, R, KM, KA, ELE (1941)
I 358, 4 4 ) FF 2 R K K PV AT AU B RIS L AMIIBAI  +-eeveeeeemeemermenmenme e e
................................................................................. %%’ %El;%, ;&EL_@M Eéljj[/j, %}ﬁ\%ﬁj, j}“ﬁla, %'ﬂg’ -ﬁ%ﬁ% (1950)

PR AR LR AN R AR P B AE SO AE R R - &R T, B9, 250, s, KEH, AF, AR, THF (1958)
T‘ .% {ﬁﬂﬂ(ﬁg EFQB}E: ﬁl}] ﬁz@l&( PAES) %ﬁﬁ#ﬁ?ﬁ&{ﬁjﬁywﬁﬂzm .......................................................................................

........................................................................... %Eﬁ,E%%,ﬁ&%,ﬂXﬁ,ﬁ#ﬁ,?%,ﬂ%%,%é%(W%)
WA T DU B BT R AR URUR, +ovevvevvemmeemmsc BAE, R, ETEM, RRE, FAEW, R (1976)
BT 2R TR A BB TEA cooeeereermms, R AU, RS, WAE, HEX, BETF, FEZ (1988)
AN E TG B NS IR RUT R YR ovveeveneeenn Kad, TERE, B, 0F, XX, TH, BEE, HEM, BIRK (1997)
RIS 2O N TR A R e | ISP DI BE R oeeeeenee I, BTA, Kas, B, 2, KEA, BEA (2007)
BT X T AR B R TS YA MBI o eereereermermemmnnennenmine e EHE, A7 HEH, AT, TR, EH (2018)
AR BOB R R0 BILHLE oeoveoeo ERA, WRE, Bk, ARG, FEE, WEM, KolF, AEL, KT (2030)
BRALHIVR 548 Co, O, T AL BRIRERFEME S FHIT B ovovvervesss e TWE, BE, Lk, 25, FHE (2039)
R EERE T Fe” * {2 ANAMMOX AWM R AR ooveeeeeerereseseeenens X, 255, TRE, BiE), k88, KIRE (2047)
VoK B KE ] F S S BRRHE  oovreeeeesensemsemses e B, KEE, B, P AL (2055)
KT TAL X A 4 VS YA G ITA -+ vreeeverevresesesesesemseses s K, B, CEg, B, K EE (2062)
fP LA )y ORI A 0 UG AR BRBE RS ovvvevvemme s M, BN, TFH, GEE (2071)
SN SRR DO E AT 60K (PTES) RBES, BN R EHIIE o KE%, U8, HR, BEE (2081)
HB e 5 5 T e B X ] R 5 U S G B A AR e EEL, ANEE, BAR, BF, TEIL, R4 (2094 )
WX JH AR T B A AR AE BTG YT o veeemeemee e g, %5, WAE, FEHE, NFE, 24 (2104)
R RSB R T 4 B B B E 5 2RI e veveeeermermermenmeneee ettt ettt kb REE FTHEE (2115)
FENTT 498 pH 28 125 5 SRR B AT v vvevreeeee e WORE, EEE, R AA (2124)
T AR S IR R TR R oo e, R, FRR, Th, KA, HRE, B, HEHE (2133)
{F3E I Y4 XK BRI RRACRTIR oo KEZ, X AS, THE, ARE, AR, FAK, AHF, KK (2142)
KT AT T MRS T A R S A AR E e A, BmEA, X4, Bk E (2151)
l&ﬁﬁ%%*ﬂﬁi%ﬁ/ﬁﬁﬂﬁ%% Nzo ﬁFﬁiE"]%”rﬂ ...................................................... {;ﬂ@J, g_J&ﬂ%, @iﬁgﬁ, ag;@%’ fﬁ)ﬁgﬁ (2163)
SRS ZEXTRE CH, 1N, O HEALHIBAI vveeeereoeesmsssessc s MR, xR, 2EH, REE, Ak, ZHE (2171)
FATETT T e ot A AR BT 1 A B BT S5 M) S THREREHE  +eveereeeeereere e IEZ, MED, BE (2182)
T EE KA 0 - S R B BERERO R oovvsv oo BAY, Bt £, BRE, B (2192)
pH KRS+ 2T A AN B B FBEELE M ALIEIR - oeeeeeeer e DR, B, T2%, B4F (2204)
PS5 € R DPEBFIZ A LB -oovvevrsssomencnnessssnen KEE, 0, Ak, RHE, 15, T2 (2209)
AR AU B DL LR LBRAOI Ak, B, BRE, B0, BE%, AAR, G, HER (219)
FUTE T IR Al B WURR T TR B R PR W KB FE AT ARAE v ereeeerereermneee st

........................................................................... FNE, AN, BE, i, ERAR, BEH, A, B, BEE (2226)
BRI T X A S R R R R IR IR TR oo MR, WAE, AF, 7 E8 (2237)

(HEREEVIEITIR S (1929)  (FFEERIZEVAERITIN(1975) = (1996, 2029, 2080)



)
er_j;ﬂrﬁ In BB R = 55434 Hal 2022484 /1

Eco-Environmental

Knowledge Web Environmental Science Vol43,No4 Apr.,2022

MEEE=ESTEAEMXARLHFAAXTLES
BN MEFIE

TR, R, W/NRC, R, TR, R
(1. B R2EAR2ERE, BtH 550025, 2. ﬂ%ﬁ&?%i&)ﬁ%ﬁ‘%%ﬁ%&aéﬁiﬁim%, FPH 550025; 3. M E R RLE B+
HEACEME ST T, SR 550025)
ﬁﬁ% VG b R Hb B v T SR T st R R RS RSN, S A R V5 YT . O TR R b A Oy ) 3
& @A IR SRR R T B TE PR /N ST X 5, 4 *%%Fﬂl T 3R T 126 14, XA P b | i i R0 b,
iiz@ J&(Cd, As, Pb, Cu Fl Zn) By Z5 (B 7340 . R RN A 28 XU HEAT 20 B FLITAR. G5 SRR, PR X R )Z LI 0 (Cd) |
w(As) . @(Pb) . w(Cu)Fl w(Zn) FHE N 8. 14, 45.07, 263.97, 41.36 F1716.98 mg-kg ', T EHEAY 1.29 ~ 12.33 1%, &
nbb, BHEE AR RN R ML > S > Ak WS EE BR, AR & 8w N R T AR TR HE S A
W e YR L SRZE AR R & TR o A A 2 FOKE KR R E SR m T o, R T
FRRAE. ARSI A0 I AT AR R, 3 Bl R R Iy SR )2 1A Ph Zn A As 22052 BTl 15808 45 A\ B4 3 i
S, Cd A Cu V5 YR B i SE A SIS shIt FIfE 25 1. LB 48 Cd Eﬁiﬁlﬁﬁi,9\ﬂﬁ4§xﬁfnﬁj,ﬁf‘“ﬂiﬁ;\ﬂﬁpﬁﬂ
B, As. Zn, Cu Al Pb iER2fMEH 45 XU E%:F,/T.:.Jﬁfétumi’j%‘é%ﬂtﬁ%i’%fmﬁﬁi?&JXU@,Zzﬁﬁitﬁmﬁ%ﬁf%ﬁ%f,ﬁf&m
ARHBAR X AIG. 768 Wi b B 2 3 B IX %“’E#(éu‘ﬁ?ﬁliﬁi%i’ﬁ)ﬁﬁﬁ%ﬂ?* ’J?ﬁﬂﬁk?;&ﬂﬂﬂﬁﬁﬁfi,i%ﬁé})ﬁﬁi{é
N T AR S KR IO 388 o T 4 3 ﬂiizeﬁﬁi’ﬁff B, \ Y A

SR T BRRA: AR, BRI e SR | 3~

I:F.ﬁ;t'? X53 S‘Cﬁﬁmﬂﬁ% A XERE. 0250 3301(2022)04-2094 10 DOI; 10, 1,3227/J h]kx1202]b7112

# o

'
Dlstrlbutlon Characterlstlcs of Heavy Metals in Soils, Affected by Different’ Land Use

Types in a Superlmposed Pollutmn Area with High Geologlcal Background

WANG Xue«Wen , LIUSHong-yan'** | GU Xiao- feng TV Yu!', YU En -jiang”, WU Pan’ i
(L. Col]ege of Agrlcultu-re Guizhou University, Guiyang 550025 , Chifa; 2.-Key Iah«)ﬁlory of Karst Geological Resources and Emlronmem Ministry of Education, Guiyang
550025,Chm{i 3. Institute of Soil and Fertilizer, Guizhou Academy of Agnuﬂturd Sciences, Guiyang 550025, China)

Abstract ;/ The high geological background and the residual pollution of historical zinc smelting in the karst area of northwest Guizhou has led to serious soil heavy metal
pollution. In order to understand the characteristics of soil heavy metal pollution in agricultural land, wasteland, and forestland, 126 surface and profile soil samples were
collected from a typical zinc powder factory-polluted small watershed in Weining County, Northwest Guizhou Province. The concentrations and distribution characteristics of
Cd, As, Pb, Cu, and Zn in soils were studied. The results showed that the average w(Cd) , @(As), @(Pb), w(Cu), and @(Zn) in the surface soil were 8. 14, 45.07,
263.97, 41.36, and 716.98 mg-kg ™", respectively, which were 1. 29-12.33 times higher than the background values. The content of heavy metals in soil of different land
uses in descending order was agricultural land, wasteland, and forestland. From the perspective of spatial distribution, the soil with high heavy metal concentration was
concentrated around the zinc smelting plant and slag, and the accumulation of heavy metals in soil was greatly affected by the pollution sources of mining activities but less
affected by the land use mode. In soil profile, heavy metals in the surface layer were generally higher than those in bottom layers, showing a significant difference (P <0.05)
in wasteland. Five heavy metals in 80-100 cm soil were higher than the background value, reflecting the existence of a high geological background value. Correlation analysis
and principal component analysis showed that Pb, Zn, and As in the surface soil were mainly affected by human activities such as mining and transportation, whereas Cd and
Cu were both affected by high geological background and human activities. The single ecological risk coefficient of Cd in soil was the highest, which reached very strong or very
strong risk, whereas As, Zn, Cu, and Pb reached slight or medium risk. The comprehensive potential ecological risk index indicated strong ecological risk, which in
agricultural land was higher than that in wasteland and forestland. In the karst high geological background area, the influence of lead and zinc smelting on the distribution and
accumulation of heavy metals in soils was greater than that of land use; soil heavy metal pollution was serious, and ecological risk was high in this area. Therefore, strict
control of heavy metal-contaminated soil should be strengthened.

Key words: geological background; lead-zinc smelter; soil heavy metals; land use type; potential ecological risk coefficient
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Table 1  Physical and chemical properties of soil samples
T A T (L) /g-kg ™! pH
A ML (n =45) 45.34 +2.35a 7.25 +0. 14
Fiedi(n=18) 26.61 £1.23b 7.59 £0.21
Mt (n=18) 40.61 +3.74a 6.96 +0. 30

1) ARFR/NG FRERR 28 5 3% (P =0. 05)
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1 Zn MEEMEREUT AR 30, 5, 1075 A5 RI
O R PR R < A2 Y A A AR . TR T
A B3 BT L 3% 2. ;hPJQf
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BRIEIX R 2 LT 42 i A AR LR 3, &
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7.50, 1.29 F17.20 £%. Bk Cu LASh, HAOTR BT 5
{45 37 159 H 9134 9 100%, Cu FARE A AT 48
75. 4% , R TTZE 1 LAk B 4 L AR i —
BRI B Cd Rl Cu S (4L 5 KT
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Fil Zn 76 3 Fh-L MR 5 F T8 B35 2% 57, 7o/
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- - — 5 ; - & . i e A N - £ / [=] Ny
El <40 @ BRI i RI <150 AT _--".-d____--"" 100%9 T{ It :H'I_j; ﬁﬁ uﬁ]ﬁ :le'_3 {E E/J tt fﬁﬂ ﬁ 7JIJ j‘j 100% N
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Table 3 Statistics of heavy metal elements in the surface soils of different land use patterns
EEBTHE
g : i
F R i H c ~ oL o .
N 4.22 ~14.64 31.50 ~89. 19 126.8 ~1714.7 22.42 ~90.4 271 ~2991.5
A YA + hrifE 2 8.69 £2.0a 46.61 £12.0a 361.83 £29.2a 43.78 +15. 6a 751.28 £78. 0a
AT BE(E % 100 88. 89 100 4.44 100
B HIE % 100 0 26.67 — —
S 1.94 ~13.65 26.03 ~51. 89 86. 42 ~581. 30 29.00 ~42.99 216. 50 ~2 084. 80
— Y + bRifi 2 6.70 4. 4b 41.84 £9. lab 274.60 +21. 6a 34.47 +4.9b 779.73 £82. 1a
" HBIRE(E % 100 83.33 83.33 0 88. 89
HEAEHIE % 66. 67 0 0 — —
S 1.25~9.46 27.30 ~47.94 65. 00 ~631. 30 15.44 ~52.09 155. 80 ~ 1 256. 60
ot YA + fRifE 2 6.61 £3.1b 39.78 +7.2b 221.8 +25. 1a 30. 84 =14.3b 478.53 £48. 4a
ARG BE(E % 100 77.78 66. 67 0 83.33
BT % 94. 44 0 0 — —
A 8. 14 45.07 263.97 41.36 716. 98
BRFE 0.33 0.26 0.85 0.35 0. 81
BN 4 S 0. 66 20. 00 35.20 32.00 99. 50

1) HA R SR A mg kg ™' 5 AF/NG FREFORFESI 25 B3 (P =0.05) ; “—" FR AL
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Fig. 2 Spatial distribution of soil heavy metal content
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Table 4  Correlation analysis of soil heavy metals in different land use patterns
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Table 5 Matrix analysis of heavy metals in the surface soils of agricultural land
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Fig. 4 Potential ecological risk coefficient of soil heavy metals
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