ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




W % B 3 $36% 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4 4 H 15 H

H &
32 SR RFE B AQD) ST HUFGE JUE AR veveeerevesmeesmeesnes s Bk Kb, E A, ESUE(1141)
2013 4F 1 LT PM,  IXERUEMEHT «-ovovveveeresmmmmesmieisii e FRe,FEVAE,INEA(1148)
2013 4 1 AU — A IGYLP ST oo evvvoeveeosssenseenens BAK,FEH KA, BH B, H0N(1154)
B G UEE S Tt o L el Y IR e = T Wik, Dok ERE,KZ(1164)
I 142 PM,, 1t PAHs M ERHE KOG TG BRMIGE AT e W, HEE L I E KB, A R(1173)
BRI R B SALAR T PM, § SPBRRRER I -ovveveeeeeeeenn B PEA, R AT, %X, BB, R (1182)
SEEMOCT IS SMHT 2014 LEB B AT — IR SGUGIRL ererserresennsenenneens aF, RER,BF G FHEH(1187)
HFARRS IIAF SR PM, F1PM, o H KT BE TEHLES TARIE  oveeeeeereeeseeee et
................................................................................. A, KR TR, R R R R, KB (1195)
VAT RBEHERC A IR BAT LI | TEBTRAGBIESE +vevvereeeeessessesssen s Bt HUR, E A8, 8, 24 (1202)
DU |2 8 B B 15 YR BRI 2 3 ATRRIE v veeeeeesees e B, 5, 5,90 %, £ F(1208)
TN TR B S I ABHEITE oveeereeeesseesseene ol PR, IR, A BB, K RE(1217)
B A U T 1o B U S B MBI R +- v ee ettt INE A EER R, S (1227)
éﬂﬁﬁﬁﬁ-%%(ﬁﬂﬁ(&r}f&*ﬁféﬁﬁ*#?ﬁ ................................................ ?{’(ﬁéifq\ , g g_r%j'}g , 7‘7%% , Ejiﬁﬁ , ?( 1234 )
T SURRUE R R I B RS T AR oo WEER), KEE, ERA, AL EE, EER, RHT(1241)
B /N IK ZE AR VD TEAEXT DOC BRI FEMH  veeeeeneeeneen e 7K K40 E HH A , EZF i( 1249)
K YD T AR I SEHERT BT 11 ORI S0 5 B L5 WAL IE AR oeeeeeeeensee e
...................................................................................................... E%%,ﬁ‘%%,ﬁ%?,}_ﬁﬁ,}_f?@( 1256)
B WA R LU K MR AL A AR RO o eeeveee TER, #FE, Bam—, FMHL, Kok, ENE, ZRI(1263)
AR T S0 ) S DX T < R AR AR SR URAFATT -+ e A, EH P, KR, F5AE(1270)
CTT RIS T B KA 1 = 5 TR JRUBS AL <+ eemeeememmmememeee ettt et e et e e WEA FEE(1277)
FIR IR T2 VS SR SR I oo vveoeveeesensneninennes R, E% okl ERE HOR, ZE AM(1285)
e P DX T - S R A A TR R A S R e DM TAT I weeeeeermmmeneeee e ettt e
.......................................................................................... ﬁ%/ﬁfj, f@z{;ﬁ, )%]%?)\gy ;’B%Y El‘ﬁﬁ, E%E)[]ﬁ( 1293)
EFRARI AR AWK RIS P AL S RO oo eveeeeeeeees s IEH,Emy, EhT, I8, THT(1301)
— /NI RIS D175 BRI BE FTTE - ooveveeeseessesseeseesees WX, ok, K, AT B F % (1309)
BB 25 W X I 2 PR A T VR AR R AR AL AEARHT  ovevveeeeersmmemmmmeee s niie ettt ettt
..................................................................... %g}%ﬁ,ﬁ]ﬁﬁ,if g(’g&ﬂ il ,ﬁ%ﬁ,ﬁ%%ﬁ,%%ﬁ,%ﬁ%(1317)
AT T B R T i AK B 1) WASP AE TS v vvvvvvemrenreenaaanaeaessannmnnnnnnniniiieieeeeeees KU, A MR TR B H(1326)
y IR K B ERRR RN YD B IBITTE «ovveemveeereeremneneeneeneeee IS FRK BAE, B8, WK, Bk, TR (1332)
AR A ) S A A BRS BE EK SO BRI IBIL oeeeeeeemeeeieenens Mo, KE P, R E TSP AN E, RIR(1338)
Fe-MCM-41 LU LI IR -oeveveeesenennens IXH,ERE, DER Ik, ST, EHCE, AN, %M (1345)
HE ) PR o R 5 g e T B R G2+ vveveeeeeesmmmimeee e e et JER B, 28, TEA AEH(1352)
308 nm JEVEH T a-Fe, K HNO, { ey AT PP PP P PP PP P PP PP MR N KR, B E AR R AT (1359)
L-H R - LT 45 S M P AR IR R U | AR oeevees oo R, TRE, FHE(1365)
BRSLIHRE R A T W3R (PET-AQS) 45 S AL AE W BARAFPEIETE  cveeveeeee e
.............................................................................. Y, REYE, WES, £hM, HEYL, B, BEE(1374)
B SRR TR 0T 1 B M 2-H RS DK R PRI R B 1SR oo G, FEZ B, kY= T8 (1379)
W B R AL T 5 06 e o AL I AR BB AID T -+ e e e ee et e e e e e e e e A EE(1385)
O ) F i A AR EE T S 2 1A AN0) o iE 7 ISR B3 E R, W EE, T 0K, HHR, K (1392)
L R Y el o R o A B P L It QA T = - |
......................................................... ﬁ/ﬂéﬁ”ﬁ, ﬁ/@:ﬁé,éﬁfﬁ,ﬁﬁ,%ﬁﬁ,if,fﬂ_ﬁ%,%ﬂiﬁ, E%ﬁ?( 1399)
PRV 3 A7 S B K TR AR TS e T NER S oo IH AR, EAL, IS, 5 F(1406)
P IS SRR BOD, /TN AHSEUA 2 57 28 2t 16 R S A M RS B oo HRA, KK, FNA,HK(1412)
A B AT PAHS 3 Ik BUMEHRBE L S0 BORBEARIT - ooevveeeeeeeneneenens WL I E N R M, % (1417)
T A EL R 0 T KRR M5 SR S5 YRR I woveveveeeeveeeeeenne W, E R IRT, A (1425)
CE AU R b 2L STve S/ AE U 1) 21 R R TR ST P PRSP P HOOE, Tl , TEF, EAE, AT A(1431)
TN e IR D N B == |t (= ITHW,ERAe, TR, A (1437)
IR PTG YR Cu Ph IOIKPEIESL ooveeeeeeens Mtk HEH, 2, E, FRE FRR TR (1445)
Wb R T Al Jo 75 98 X SV R G L BRI B oo FRAK, BT AR, HE, AP, ¥ K (1453)
ATHLTEHLIERE L A HEA AN]SR DRGSR I BETET oo eereeeenessnssnns Ik, 8 AFE, EER(1461)
TG AR S PR AL ST ASIFTE - vveoeeeeeseeeeeens BER, K, BEE, XY, AB,DET AEE(1468)
i TR D O 2L s L L2 R LT L LT T P PP
................................................... mﬁﬁ,%ﬁ%,%jﬁ,{%fiﬁ,';%ﬂ(ﬁ,id\f/?\,ﬁ@,ﬁﬂ%,%ﬁ%é,?é,i%( 1474)
DL AR LR A5 5 B M P 5 KA B oo FITIR, P, S AR, R R &, T H(1481)
T DX P A TR B BRAUBAICRRS HEBIFZE +oeoveseeees e WA, I, B, T (1489)
RIS 9 B M 5 KA BB AR TR v U, Bk, HIEE, Kin(1497)
Tolk VOCs 2855 F B TAEBARPIHEXT FEAEIIHT ocoveeeeemereeeeeieene EFE K EH RS, MAE, EH#(1507)

(AEREEVEITRS(1216)  CGREERLA) MRS (1248)  fRE.(1163,1194,1248 ,1424)



536 &5 4 1 7 1% 3 2 Vol. 36,No. 4
2015 4F- 4 f1 ENVIRONMENTAL SCIENCE Apr. 2015

BRILEXL T W EESER TR EWRAEERENA
SEFER TN

FEMEVKD? RETTAR ST, IR, H R

(1. PEILRMBIE REFEREARIE G, % 7121005 2. RV VEILHYE = 5R VB E SELRE, 4% 712100)
FEE . XBEPTILARIEAL T A 150 X VR R G0 B4 Jm AR BRI e 23 [ 0 A AT T IRAIFSE. S5 R EW, T5oK RS 3
TJE AR H A 3E Cd A Cu RS, Ho Cd (AR Bl R R RS — 90hRifE; 3¢ Cu, Zn A1 Pb 1Y SRR F15 Y48 503/
T 1,Cd MR 48 80h 1. 21 JB RIS UL 4 MR GELAET5 Y50 0. 74 B E AR SN, AR L, T ESEITRY
RO AR EING , FEREA HIERZE 0~ 10 cm WHEIN, 7225 B 070 L 15K HE AL 15 3 X S REY E 4% Cu, Zn
1 Cd BYSRZUERAE X H IAE ARG D RHT 100 m JEFI 10 Pb AP 7E 200 m S FI PN, Jf Bl BEAR M PR 25 A3 i 4 R & i 5
RIS, FEL 5K HER A2, KPR Cu, Ph Rl Cd AP35 & 4k 4. 74, 0. 129 F10. 036 mg-kg ™', BA S 5 T4 R
X, A Ph 355 5. 7% AR, TR EE 48 SRR T PR BN T 1, R/ R Pb > Cu > Zn > Cd, 27635 48508 0. 53,
JBEARTETESDR; 4 FEEEITE DB Cd 7E/EYh 5 13 A RS R A i 22 (B34 2 IR 10 3 W IE ARG OC R AN, AR TTRIEY
HOR 3 S ARSI AR IR B B K. R A T AL H B R A P I5 S | R E A R A - 50h i R A i TERIEY
HAFR R B AR X AR R e U, (EL PR T 380 SR A 5 R Y Ph BB BRI S S EE A1

KR A TN; EEE; EY; SRAES,; 5

FESES. X53 XEIRIZE, A XEHS . 0250-3301(2015)04-1453-08 DOI: 10. 13227/j. hjkx. 2015. 04. 044

Accumulation Characteristics and Evaluation of Heavy Metals in Soil-Crop
System Affected by Wastewater Irrigation Around a Chemical Factory in
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(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant

Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

«

Abstract: Soil heavy metals Cu, Pb, Zn, and Cd, are regarded as “chemical time bombs” because of their propensity for
accumulation in the soil and uptake by crops. This ultimately causes human toxicity in both the short and long term, making farmland
ecosystems dangerous to health. In this paper, accumulation and spatial variability of Cu, Zn, Pb and Cd in soil-crop system affected
by wastewater irrigation around a chemical factor in northern Shaanxi province were analyzed. Results showed that wastewater irrigation
around the chemical factory induced significant accumulation in soils compared with control areas. The average concentrations of
available Cu and total Cu were 4. 32 mg-kg ™' and 38.4 mg-kg™", which were twice and 1. 35 times higher than those of the control
area, respectively. Soil Zn and Pb were slightly accumulated. Whereas soil Cd was significantly accumulated and was higher than the
critical level of soil environmental quality ( Il ), the available and total Cd concentrations were 0. 248 mg-kg ™' and 1.21 mg-kg™',
which were 10 and 6. 1 times higher than those of the control areas. No significant correlations were found between available and total
heavy metals except between available Cd and total Cd. All the heavy metals were mainly accumulated in the top layer (0-10 cm).
Spatially, soils and plants high in heavy metal concentration were distributed within the radius of about 100 m from the waste water
outlet for Cu, Zn and Cd and about 200 m for Pb, and decreased exponentially with the distance from the factory. Affected by
wastewater irrigation, contents of Cu, Pb and Cd in maize were 4. 74, 0. 129 and 0. 036 mg-kg ™' which were slightly higher than those
in the control area. The content of Zn was similar to that in the control area. Affected by the vehicle exhaust, the over standard rate of
Pb was 5.7% in maize. All the heavy metals did not show significant correlation between soil and crop, except Cd. The square
correlation coefficients were 0. 83 and 0. 75 between soil available and total Cd with maize. Therefore, the chemical factory contributed
to the accumulation of heavy metals in the soil around it, but the contribution to the crop was limited, and thus temporarily caused no
threat to human health. The reason for the lower accumulation was the high soil pH and low soil organic matter content. But more
attentions should be paid to the higher accumulation of Pb in the maize caused by the vehicle and dust.
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Fig. 1 Natural environment around the chemical factory

and distribution of the sampling sites
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Table 1  Classification of pollution indices of heavy metals in soil and corn
3l LSRR G155 TP LERTSYIREL 15 Y252
1 P <l T Py <0.7 LA T
2 1< P <2 USRS 0.7< Py <1 B, T
3 2< P;<3 SREES 1< Py <2 LELLREE O B S S
4 P >3 iYL 2< Py <3 TSR R RN G
5 Py >3 H{5 e, 2B
) RN 3, KEMEEG IR BT ARG Z . 2 T4

2.1 +HEESESIT

2 2 ATUAAE I, x5 #E X 3 pH A ML
SERE SRR 8. 42 FI11. 04 g-kg ™", 55 MR X AH L
BWHA—ENEE. HRRE T L ELECR
FEORIE T R BT, B 43 F P 4 R Y
i, WA TR B | o TS A

WG HEX P B B ESERR, Tis 4
WIS EAMSESE R E TARX (£2),5H
ed LR, 2B 4Ol E R - R T
HOHARMET . HERER Co FHE AT
4.32 mg-kg ™' EXTHRIXARL Cu 192 £i%5; 134 Cu
G 38.4 mg-kg ', EXTIAX Cu Y 1. 35 15
A R Zn T4 Zn B A B Ph AT 42 Ph & AU

®2 AIUSEXRTEELEEE"

Table 2 Concentration of heavy metals in soil around the chemical factory

i H T brif2 A R X HRIX T hRE(pH >7.5) iPS e AR %
pH 8.42 0.53 24 8.26 — — —
SOM/g-kg ™! 11.04 2.34 37 9.63 —

%% Cu/mg-kg ™! 4.32 1 21 2.15 — 0.63 11.2
4 Cw/mg kg ™! 38.4 3.1 11 28.5 100

HHY Zn/mg-kg ™! 0.912 0.37 47 0.673 — 0.54 1.3
4 Zn/mg-kg ™! 68.7 4.32 5 53.8 300

H# Pb/mg-kg ! 1.82 0.31 25 1.43 — 0.48 6.6
4= Pb/mg-kg ™! 27.6 5.1 18 26.6 350

3 Cd/mg-kg ™! 0.248 0.29 104 0.024 — 0.86 20.5
4 Cd/mg-kg ™! 1.21 1.01 84 0.197 1

1) # = FIRAE P <0.01 KF ERIZER B ARMERARA &R E
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Table 3 Pollution indices of heavy metals in soils

Wi A S A brifE2E BRFE
Cu 0.38 0.31~0.44 0.04 0.11
o " V/ 0.23 0.19 ~0.26 0.03 0.12
LR IS e 8 "

Pb 0.08 0.074 ~0.085 0.007 0.09

cd 1.21 0.53~2.02 0.84 0.69

LEATREL 0.74 0.41 ~0.87 0.21 0.39
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