N “
CHEE WO e 5539 55 109 2020 4E 10 A
Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 39, No. 10 October 2020

Knowledge Web

DOI:10.7524/j.issn.0254- 6108.2019073103
Tk, DRI, B, S T A B AR Tl O B 45 SR SR T [ 1] 3R 8E 4k, 2020,39(10) :2753-2764.
WEI Zhuangmian, CHEN Huaqing, ZHANG Yu, et al. Pollution characteristics and risk assessment of heavy metals in farmland soils at Shizhuyuan

Donghe River basin of Southern Hunan[ J ].Environmental Chemistry,2020,39(10) ;2753-2764.

MR E T E R REK B T RE S R RS IER XU T4

FoH? O HRAET kB ORZRT ERAT 5 AP

(1. TP AL PR R B A R R, BT, 530007; 2. H Tk (a0 BREE 22, BRI, 430074,
3. B HURRAFK R S HE TRBE, FIRIR, 843300; 4. "FiAR T # T IR TR AR B A RRA R, I, 430205)

8 FE LUNMEIATE AR R H AR R, ST T LI 4 JE TR Pb Zn As Cu Hg Cd 1Y S
FIRAIE AL, T2 F 3 JEPPMN 5 I/ F o X A 40 0 4 J 1 Y A T XUBS DPAN . 45 SR T, 521X 6 o o 4
P L 1A FH M A S Y XU R R, AR R AR 50% , Feimi ik 90.91%. T3 AsCu Hg LIBRIES A
=, Ph DABRIE A AT IR IR 3, Cd W) LA 58 R 41 SRS ] 30 U o 4 X PR A, T Zn 3 R 22 FIOR A5 03 A
TIEJE T i AV A A 25 KU 8 Bk 25 S I W9 X b R Wit BEAR L 38 1 o 7 A 25 IR A 2 23 1) Ry v 45
AR AR R A G E A Cd>Heg>Pb>As>Cu>Zn; JEFAR RN T 55 S YR M Ik g L E W 5 X LT
WrBE TN RIS P BONE - IS o L Cd P R EEG YL T LTI A 0 XU DA 2 A 2k 4

SR Cd J& T8 -1 KUK, Zn Hg J& TP AR XU, Ph  As  Cu J& TR ZR4G 3 R 45 R8I, WP IX L vh

B TR AR 2 KRS 23 AL T A e - e A U KCF Cd R R E SR X A B ROT R SR

KR AR AR M, R KR IT

Pollution characteristics and risk assessment of heavy metals in
farmland soils at Shizhuyuan Donghe River basin of Southern Hunan

WEI Zhuangmian'* CHEN Huaqing™>"" ZHANG Yu* ZHOU Yanzhao®
TAN Xiaoling®  SHI Liv*

(1. Guangxi Bossco-Environmental Protection Technology Co.,Ltd.,Nanning, 530007, China;
2. School of Environmental Studies, China University of Geosciences, Wuhan, 430074, China;
3. College of Water and Architectural Engineering, Tarim University, Alaer, 843300, China;
4. WISDRI City Environment Protection Engineering Limited Company, Wuhan, 430205, China)

Abstract; In this study, the total concentration and speciation characteristics of Pb, Zn, As, Cu,
Hg and Cd in farmland soils at Shizhuyuan Donghe River basin in southern Hunan were tested and
analyzed.Three evaluation methods were used to evaluate the risk assessment of heavy metals in the
farmland soil. The results showed that the total concentration of six heavy metals in the soil all
exceeded the risk screening values for soil contamination of agricultural land, with the minimum
exceeding rate being 50% and the maximum exceeding rate being 90.91%. The analysis of the
speciations for soil heavy metals indicated that As, Cu and Hg gave priority to the residual fractions,
Pb was mainly composed of the residual and reducible fractions, Cd was dominated by the acid-

soluble fractions and reducible fractions, and Zn exhibited various morphological characteristics. The
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potential ecological risk index based on the total content showed that the potential ecological risk
levels of the farmland soils in the upper, middle, and lower sections of the study area were medium,
high, and medium levels, respectively, while the potential ecological hazard index was Cd>Hg>Pb>
As>Cu>Zn.The model-based projection pursuit rating evaluation method showed that the upper and
lower reaches of the study area were mainly light pollution, and the middle reaches was heavy to
extremely heavy pollution level, while the main pollution factors were Cd and Pb.The risk assessment
code based on chemical species showed that Cd belongs to high-pole high risk level, Zn and Hg were
medium risk level, and Pb, As and Cu were low risk level. Therefore, the evaluation results of
above three methods indicated that potential ecological risk of the soils in the upper, middle, and
lower sections of the study area were medium, high to pole high and medium level, respectively.
Notably, Cd was the main pollution factor in the farmland soil. It was urgent to take preventive and
control measures to reduce its harm.

Keywords : Shizhuyuan, agricultural soil, heavy metal, risk assessment.
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Table 1 Analysis process of modified BCR method

EIR

R S PRI S G|
- X . Solid-liquid ratio/ . S
Steps Fractions Extractions 4 Extraction time
(grmL™)

1 ESIE e 0.11 mol-L™"  HOAC 1:40 16 h
2 LB 0.50 mol- L' NH,OH-HCI 1:40 16 h
8.80 mol-L™'  H,0,,pH=2.0 1:10 Ih
3 CIE=RE#S K 1 h(85 C) J& , -1 8.80 mol-L™" H,0,,pH=2.0 1:10 Lh
1.00 mol-1.”' NH,AC 1:40 16 h
4 TR HCI+HNO, +H, S0, +HF 3¢ £ 7K 1:10 —

T IERE A TS, 4R Pb.Zn As Cu,Cd FVUFRIE IS, He FH (1+1) /KM . R FH L 2GRS
BHEBETEREIHEEEXT Ph Zn Cu,Cd B T , T2 67E X As Al Heg Bt 70 s R A
P2 (W L 1:2.5) W2 358 pH {8 ; R Gk BCR 32 3 Hrp G AL M1y 16 S FEH 9 Pb Zn
As Cu Hg . Cd #FFANFITEZS A3 L, 2 AL IR AR 1 Fron , 38 B (0 7 25 000 X 9k ()R o 0 1k
AT
1.3 Pk
1.3.1 S5k

AR SCHET A AR S AU RT 257 R 3E TP A3 LB e F g TR & 88 50, Pb Zn As .|
Cu ,Hg . Cd M PERZ I R B0 HIEL S 1,2,10,40 30"

1.3.2 B FESFHITMBIRL

ARSCIEF AR ) RS PEA B8 PPE 3%, vk 36 R4 AR 32 AL 138 de A i 5 1
iR R AR AR S — YRR, (AR AR AR PEAR ] BTk B I A, LAk B e AR 4k 4 (8] 40 BT e 24 55040
(I H g7
1.3.3 AU IPAf g ik

AR CHEET HE A BILAS M XS RN R RACTHE %7kl i R 4 B ISR S (SRR ECS ) 76 B
R IT 7 A4 B 43T i 114 A SRR | T o B R, o B T 18y XU A 2

2 5 51718 ( Results and discussion)

2.1 A+ 4w A FRIE
2.1.1  THEE SR SR S R

FF X N A PR SR v 4 B RS T L3 2. 38 pH (ER 5.0—7.2, F34ME K 6.09, Hirh
pH {H/NT 6.5 BYEBL Y 86.36% , IS IX - HELLSF IR0 2.

5T X LA R IEBEAY P Zn  As Cu Hg ., Cd “F¥ & 2 ¥ 0w ot Wi mg 75 (1> Hoh i iy =
& B BAMESHET N Cd>Pb>Zn>Cu>Hg>As, Cd F1 Ph (A HBOAE] T 140 51 42 1%, Cd & 4 0™
5 P b BT Y KU O e (B A L BB R UEAY Cu ARG As BEARSRART 35% LIS, Hidx b
URBLRY) 4 R 4R AR R T 50% , Horb R iR B R Cd BARFIAE] T 100% . 45 B AEAE S A g
T TEREMAVE R # RS K= M) Ph Zn FE B AT AEH B A L 5h BRI L, I
RS N - S 4 R AR A B RN 2 — ST X 6 Bl 4 B A S AR B i > i
> N B A B FEAE 1T A B R BRI T RURBE) T, 3w EACHHE B HEAL, =z X
PIAEAE TE T2 S5 R AR A T AR, 38 6 3R AR AN, 2240 1) R ACHE S 22 3T R Pl B+ 3
FE TS SR R B R A A R B L3 Bh R B AR v e X XN B A A 22 S B R T T 5
WA A R T We B AV R R X, T B LU TE g, Ir DA B IR BT Ui BB T R . S
LUV KB, WL 35 SRR AR TG BT 5 R X SR AR Cd | As A4 R o R T
X e Uk B 4 T F M AR USR] B R AR, I LATTRE 4 7 2tk AR TR b B X iR Bk H
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Table 2 Descriptive statistics of total heavy metals(mg-kg™) in soils of studied area

. -
Sam:)';iz‘foints ;IJ eri Ph Zn As Cu Hg Cd pH
U IR/ ME 71.90 146.00 17.60 1.30 0.42 0.20 5.00
n=9 BRME 1000.00 768.00 90.80 239.00 1.60 6.30 7.00
YA 440.57 371.33 44.48 52.60 1.02 2.28 6.02
i 22 385.79 218.76 26.43 77.94 0.36 1.85 0.66
75 5 R 0.88 0.59 0.59 1.48 0.35 0.81 0.11
rhi /MY 52.40 169.00 12.50 13.80 0.35 0.20 5.80
n=7 RRIE 3000.00 3500.00 125.00 477.00 1.12 46.70 7.20
S 1245.98 1517.25 72.16 199.21 0.81 18.19 6.23
i 22 1218.67 1383.52 47.02 198.86 0.29 19.68 0.59
5 B 0.98 0.91 0.65 1.00 0.35 1.08 0.10
T iF e/ MA 79.60 75.40 14.90 1.70 0.32 1.10 5.90
n=6 IEYNE] 1200.00 1100.00 96.10 337.00 1.01 18.80 6.30
FHE 386.32 392.68 51.58 77.82 0.67 5.48 6.06
FrifiE 22 461.32 404.44 31.72 145.36 0.31 7.47 0.18
5 5 B 1.19 1.03 0.61 1.87 0.46 1.36 0.03
T s R 1) 29.70 94.40 15.70 27.30 0.10 0.13
IXLJB8 7 a {1 £29) 90.00 200.00 40.00 50.00 0.50 0.30

A5 BB (CV)MEH B T RAF - 48 ez fEas A L9248 SR 4y SR B, CV {<0.1 S 55748
5,0.10—0.30 RS >0.30 SHHRAR S, CV EHER, 1 A2 40 B A 26 Shig mi bl K g IX
R Cu HREBE Cd 1Y CV [EIITE 100% AL 10 F B 3R BR T As He B9 CV {EAXHIKZ A1,
HABITTEM CV BB T 100% , R SIR 5 YA 505 . FIB AR 5 R B0 K, vl e 2 A — Kb
SRS PR S322 4818 12 s 0r T B Ot A U At S i DT B0 S R BEK.

2.1.2  THEE SRV AR FE

TR E A BT R ITR R R A S RN MRS A AR B L bR T S R e A R SR R
G S5 E AR TR B RRIE S AR KR, EE RS REEBCS v B Y BRI, i RS
AT SR A S TE— 5 S5 M PTG A S TR PR U | AR i A5 RE R RS 2 A7 e T 138 b R 5 1 A 9 o )
ARG BT  WFE S e /N RS A I SRR D B BCEL A 1R MR Y 16 A SRR s 07
B R FHRR B4 1 BOR ML I K H R E SR C R MBS RIS TR s n A b3
B WFIEA.6 M &R SIS RENILE 2 K 3.
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Fig.2 Distribution of averages of heavy metal fraction in soils
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R BE He |, Cu A7 X5 B 858 4 B HP 26 XU (0 T B, T 5 DR DG Cd Y BRIRBCS E 4 o, T E R,
5 TR, WFIRBE 1T e 1 A A A5y ik, DRI I L XU 55 8 , 2T SR B3 B it i 9 X Pb  Zn TG Y
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Fig.7 Evaluation results of three evaluation methods
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T UZE T RA R AR BER N HZ s L0 5 50 D0 A R SELEPEAN RIS DX W BEAY A= 25 XU
THOLHE WL B 7 (e) , AT H R ST DXL 3 A0 PP i B SRAE LR AT Cd 344 15 i XU, T v 2R
FERUAREAT BSOS IR A Cd AR T KU, IX S BT A RI AT PPE 35X T 3 rh Cd S0 9 AU 25 42
FIE—HC M 6 I, FUA 5 ASRAE R Zn JUERAL TARAE KR 55 9, HAL R 0219 Zn JER 9 KR
SRR R RS, BAFFE XN E AR ER T Cd Z4h, Zn B S5 IR SIS 1115 & B R demi i, (H - B¢
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PR N FR KA, M0 RT I AEAE RS BP0 N AR 0 N 8 A TS B T ER 4, BT AAS A RAC %
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AR PPE VAR T AR A 9 T90, B WL R, (H A M E 5 )3 P 0 BE A ] 5 BRI 7E R
EGIAT B mARERR, TR (0 RE AN H G JE & 5 w5 v R AU E &R {5 R irorid T8
P RAC WA ZIE T 58w A A AT R BE 0 A A= WA S5 P RS2 ) (R 2% 18 B < s A 28 %)
LN D € R ey R S A VD e 8 R UL BB  aN SR 7 ey S o D W - U N U =y
RCEE, A4 BER o7 2 T AP T 51X B0 S T s A P50 RIS, 2 170 B 808 >R JBU 5 )3 BRIt 1 L S BR 055
IR ARSCRAT 3 B PP R S AT P, B E 4 T U A A 12 XA W T A AR
W 238 DL B ordT A X B B VAR AR A XU KPS v A AT RE SR 32 R 33t P [R) RIS ), v i By
15 - i TR A A XU KT, AT R 32 IEAETF SRR BRI 3 SR T R RS20, T i BOR R ST e AR 25
JRURSE , AT RE SR 32 P B R AT R U AR SR . Cd Dy 25 e R 7, KON Hg \Pb  Zin , 75 ZEX] P il R M By
PERENGE , B7 15 QR AU R e Ts 2, S 2] Cd oo, B Ik it — 201088, oAl 3R 975 J A 1 I
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3 %51 ( Conclusion)

(1) W58 X 3 2 551, 23 A9 Pb Zn (As Cu Hg Cd ¥4 7 w42 28 8 1) 5 133845 (6 ik
-3 AU G L (L, 6 i B 43 J X8 S iR AR S K-, Cu 1978 SRV de Ry R W 9T IX 52 N 2905 3l By 5 B i

(2)FRIX HIEF 48 As Cu Hg BRI AN 3, X5 PR 1635 AN 78 il B Al A7 Bel 4 DX B 30 1) SR
FE R PSS IR PR U HY Zn &S s Ph AR IR RS 3 B S5 Y i fa i ; Cd 19 55 R 2 UGS 5 i
i, TR AR Z M 5 16 T PR bR

(3) LR B AEA RS PN 45 SRR BT 5T IX Lo Rl B 0 T e A 25 XU S5 2000 ) D v 55 s 5 rh
S PO FEFYOT S TS R B O R TGA i BO B AR TS G XU fi 5 R A 4 2R
R Cd MR IX EERTE Y0 E , HIROE Hg Al Zn.

(4)3 FIPEH 7 245 M s RN 45 BG5S HOOP I 25 RAFAE — 2 25 57 AR5 IX A - g v o 4
JE ) RS A 28 2 NRIREE K, W AR RI L I PPE TS & T X R IR W 7R A4
BB SER A E ,RAC Bt RIEEAI PPE & AT Zn J02 A9 KA E .

LRGP 4 R R WIS DX Pl By e - o A A XURS A5 9, b U0 B R T il B Ry o A5 A 28 RUR: K-
TEMAEXT Cd, HUSEERXT PhyHe Zn SRHUE Jeia B . X V8 78 Az 25 RS AP E & i 1 i B, g
TNSRIZ BN VA IR /K B IAPRAHE S B, DL R R i) S AR A B 08 1 . % A A ARG o R R Y Cd
JCER ] A ARAS R 7 85 1 Ph  Zin, S RSB FA | By 1- 5 43 i DA - 338 1 A Ml T 7K e o
DRI 75 G, HUCHRN © 2875 YL i) - S0 AT I 07 3 e AR 52, R B 285 o U= Y As  Cu \Hg
TCR , A B O 280 Y i) I T A sl R N B S, O HLNR BB 1K ik
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