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FE . Cu.Pb.Zn As FAE AWM R A 69-Ewm kA L RGN B AR T ELBETR G, I B KA
ARMIELEETRIAA LR ELFBG RN, AT HIRAG BRI LR E BT e 4 R
M A BT M T ARG () BAR(SRE)BEBRAFRATF,RET 11 i3t KA
P R B BAB A F B TR gk (ICP-MS) M & T A% F Cr.Cu.Zn As .Cd Z Pb k6 A+ &4 B4 F 5
54 R AT (PLL) B EASKREFE (R o R RIS FNAERFN T LR T2 BT EBRE BEALS
R e Fef R e, 25 R & . DCr.Cu Zn % As F¥H 455 54 75.8.32.8.93.7 % 21. 3mg/kg, W2 & T
EHFE;Cd F3H 4 EA 0 09mg/ke, #E THFFM; Ph F3H 22 A 15 2mg/kg, I8 T H H 715,
@Cr LI T Ph A AR AT KRS RAEEHIL As P EIFH,Cu fo Zn 2575 4 M4 K3 KA
EEREAECIFE, 6 FFELBTFHPLI A2, ERLETRATE, OFETLEHIMALSNL, T
¥ RI H 66.26, 43462 SR EARAESRE, @FF % R L3 F 48L& fo AR 5O R IG5 2 9 7 4 0. 06
F20.12, IBERIEIEH A A 1.65x107° F2 3. 67x10° M ETHESCEN, S L AR LEFTLE LR
BiFHE ARKIHREAL As BETFTHEFTEENRLZ JGHEEEmESEELIEETLELSTHLM,

K R BEAK;, LB, Tk, BABSF B T HRMIEE, BEEASAR,; &R EFN

Cgg

(1) PR L3 Cr .Cu.Zn = As B H FE,Cd 3L H T4, Pb AL T #H %14,

(2) PR R L FLETHEREREE A As BRI FRAAERIT EFTE,

(3) BRI BLA R 25 R A AR R £ 45 3E 2B A 2R R

RESES: X821 SCRRARIRED: A

FEZF SRR L R A 25K, FE
G R REZ M, g, 2017 FeEEE
FATHERCE RN 1. 64x10%, i 2S00 oh 8 4 & 1) A HE
A 2. 86x10°t, 352815 71.52%' ", BB M
EADLTR—E R N P K S5m0y, &R
WA PLUIEEL IR, WA EMERE RIRE S
A5 YU s S A i AR A s 12 2R R A LUIE I
70 BRI b AL R SR R, T
SR B B YUREE T e HEE & A KRR A R Ak
R —BE SR ICR M Cu. Zn, As S84 R i RHGR

IFBE 2 T & FRELL T R X
4 J R SOR) FH AR, R B 4 I (i ik 30% ~
90% ) 2xbfi & FEAEHE ARSI AR ET R
R 2 h G SR AT TSk 4 AR E AL I
W, R IEZE P ERE L Zn Cu Cr & 5
Bk 1192. 37,188, 67 il 83. 76mg/kg, Pb Cd . As Fil
He V44 25 B M B AIG, 43 00A 4. 51,0 98.,0. 22 Al
0. 021mg/kg, HAZZT AR BB fabBHAC LE L K B
U RS0, Al S 5 P B R
THHEIE X - 8 4 R 5 YR AR AT Y B IX

Wi EEA: 2021-11-18; fEE HEHY: 2022-02-22; #EZF HHE: 2022-03-26
EL£TH . BXARPIFEESIE (41663004) ; /KA T5 Yeda il 5 ia #AHE 5K £ 11 (20172X07301002-05)
EERINY: EE2 W4 B0, FENFOKIREE RS SE T APFSY . E-mail: mlwang@ ncu. edu. cn,
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Cu.Zn .Cd J Pb WyF-34 5 4t 43 5k 30. 80,91. 33,
0.55 }% 29. 34mg/ kg, ¥ T X315 =6, KL, &K
7 FH K 28 35 68 2 S Al - PR A 5 43 14 [) B
SETHEE B R RLRED MR EY Y
TEH AR B Al Y U B A AR

LA R EE & FREAA , R EEA R
AR R LR E B AR R R, 2
TSR AR MY AR A 28355 HAR ST () — A =l AR
PO L (2020) Si i, 2019 4EVT & Ol = (8 3k
%] 888. 9402 1270, i &AM BB 25. 5% , 11
Fedh MR H A 454, 6433 42T, 5 B R E B
51.1%, A R(ESBIGRGEAUHA T 1"
RY E AR X 22— W 4 R 5 e 1R 2L ik
SR AN 14,29 H AT VG A A H 43
BTG YT K S Th e LR K Tk &
JKHEWE 5 TS T X 375 3 R K g T 4
JRIE YRR A D BT ST A R R 39
AN KIUFERE G R R 5 38 B Tt FH 3 2 4% 25 1
SEHD A3 M 3% Cu Zn Pb Cd & 8747 T84 5
B, G5 R 7. 8% 1 5. 2% 1y H3ERE S Zn AN
Cd &t T E R T — bR, 15 el
P, PRI, Tt — A s T DY 4 37 A 35 1 K
WA FH 4398 7 4 Ja 1 Yo S LAkt B XUBS: A AF 5

ATV E M TR & K BT E K (5 3%
i) HEWE TIN5, SR R0 T i | PR G
AT PR (ICP-MS) X 354 % 7K 0% + 3
4 )& (Cr.Cu.Zn As Cd . Pb) & w47 T 434 I %E
FIHIS G A 48 %0 (PLD) VAR AR 25 KBS HE (R
RV o DRSPS A %o B 4 S ¥ R O e fe R XU
PEAT T VP4, DT B 575 28 b T fiff 57 5 3 PR /K TR TR IX
M G TS YRR B SIS DR e B T A
FAAR H 14875 YL B iR PR LR 2= A

1 WFEXHESE

TP BN TR & KA %A -3, MM
X DX A 1270km? , J8 T30 P 16 30 A 4
SRR B 1710, Tmm, SN 17. 6°C
R & 4 [ U 10 B BRI AR R R R A
AP FRIEA 7R Vi IX, 2019 4 4 X AR 3 1) 55 4 116. 26
T3k oA RS 80. 37 73k, ANHIFSE BT L LAY
FREEG R IR a0 200 Sk, 0 D1 S A I 20 AR AR
PO EIGSE ) SRR ) R B AT D
FoR AR 2 KES DI IR SR R K
S BRI IE (LIRS 5 B T 2 AR SR R

IKHEWEDS L, BRG0P IX +
3 pH (A ALIE N 4.45~5.32 S F 11 K 4. 86, &
PR 3 (AR ) .

2 SEEGHESY
2.1 FEECRAE

FEACR AR £ X HEFR 0 5 JE 30 i 22 10 Z4F 0
MRS 1 /K S b 1 48 ) R4 11 B i
1~ 11 HbBRRRAE 355 52 53 501 Ry 8 &L BB, 2138
T AEAE B LLE il AR il OB, SR
LSRR AR BB SEH oRAE 5 A RS
FHL0~20 em MYFR)Z T8, LBk L AR R
AP A543, YRR R 5 AR ATR G
Ja PO AR B Tk 26 A A 348 IR E ) 11 MR
GFEE . AR AR ]S S A AR KT BB A 100
H i, 2 0 5 1 S TR IR h 3 B, L&
SRS AT T . AR E R 37 5 2 KRR b A o) T
X, SRFE RN 5 A4,

FERE T KRR T IR GIE 1 HE T, 3 5 14
mn s FETRDELR FFRTE P, 3B A IR B TR |
BE HFLDRL LA I AL DR 7 A 5 R
K HAFR X e 7, HeoREE 6 R
2.2 Witk skl

RS R AR R 6 0 20 2 BYRSIR—Eh R -
SURIRIR 2 TR I T e S (Mars 5 %I USA) 1 it
FERE K FNRDEE i 8 43 SR HTAH IR — o SR TH A,
T 5 B9 FE &L ICP-MS (ELEMENT XR #, 56 [F
ThermoFisher 2 ) JIEH: Cr.Cu . Zn As .Cd X Pb &
R BR 23514 0. 010.,0.015.0. 051.,0. 007 ,0. 002
5 0.004mg/ kg, [AIIHASCFATAEFI2S 1, T E K Aw i
Y15 (GBWO8301 ) #E 47 it & 45 il , AH XJ A #E i 22
(RSD) KT 10% , FIrilll s i [ETWs 344 909% ~ 110% .,

Sy ok R T T R 0% K 34 Sy e At K
(18.2MQ -+ em) , f AT R A G 4k, S48 e
(B 3R 5 L3S B 280 20% MR vP vk .

3 VT
3.1 HEEBIGRVH ik
e Y5 YL FA T 4 B0 (PLI) XPBFSE X -3 5 4
JB 15 QAT AR A
C}zc—n (D)
PLI=./C'XC?x---xC" (2)
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K, CHELSRE I IGREEGC, hESRE I FE
SEMME (meg/kg) €, NEAE i I RH (mg/ke) ,
AR SCHUT PG4 $E M T+ 5 4 )@ R 5 75 = M, Cr,
Cu.Zn As.Cd } Pb 75 5e{H 5 5k 44. 01 ,18. 77,
67.37.8.94.0.10 } 37.28mg/kg' ") ; C} (759453 2%
FRUER . Ci <1 NICT5He , 1<Ci<2 NRJET5YL 2<C]
<3 WG YL, C >3 HEETG Y, PLI 15U 5
PARWEN  PLIS 1 NTCI5 Y 1<PLIS2 HREET5YL,
2<PLI<3 HH 5 Y PLI>3 R E BE s Y2
3.2 ARG i ik

TR A 25 XU SR FH VS A A 285 XU 48 2500 (RI)
PEATIEM Y HA R AU

RI= éEf. = é. TixCi= é T'x

1
CO* 1

i (3)

K. C oM i P EESRITS Y R C, ER S
4 R T SE IS (mg/kg) 5 €1 W E 48 I35 5
B (mg/kg) ;B A 000 4 IO 10 A A8 RUBS: SR 4
T' N4 B EEE RS, Cr . Cu Zn As .Cd Sz Pb )
FERB A 2.5.1.10 .30 & 5,

Hikanson £2 /) RI 70 Fhr SR T 8 NS
(As.Cd.Cr.Cu.Hg.Pb Zn PCBs) , SR AHfF 57 b 1
6 1Z2%(Cr.Cu.Zn As .Cd . Pb) , At HEEMH
i 4 TR PP IS S LB RO L RT oy br AT

F %K US EPA (EPA/540/1-69/00La ) il H [H
T Gl S b RS P4 B2 R 5 ) (HJ25. 3—2014) #E
FEMPEM A A T3 R A R

HQ=EHQ.=E(ADDM¥+AD iinh+ADDi(lerm> (4)
l RED iing RtD;,, RiD,,,,
CR=3.CR,=3(ADD,, xSF, +ADD,,,
XSF ;i +ADD,,,, XSF y....) (5)

. HQ WAEBUE AR T8 5, CR Ry U8 A 5 5%,
ADD,, ADD,, FUADD,,.. 53 ilF/RE 1 ZIFR Al
SRR = Fh i A2 H O R i RD,,, R,
RD,,, SRR 28 11 LW WG RN 28 2 bk = Fhagk 42 3k
o H BN TR ; SF,,, SF g F1SF,, 53BN RN 24
128 H R RN 28 IR W — g 4% 1) BUR BRI T
HQ<1, R A 30 KBS s 8 /N HO =1, 3%
EE—E ARSI, CR<107° R
I XURG B KU #7107 S CR < 107 R Al 4252 1Y
H AR B A ; CR >107* F/RAFTE AN AT #2532 1 B0
B, RD AN SF A EUE S B T Y b b XU
fli RS MY (HJ25. 3—2014 ) F1 US EPA 1A%
i, HAR LR 1,

SRR H YRR AT RS IR R
KW B 2R i (0 2 A S 3 4 O L 38 B B 40 i) i
(N R = R o /N o 7l o
CiXEFx(IngRCXEDCL

PR B O RbRE R B <40 IR, 40 < E! ADDy == BW.,
<80 & XK, 80 < E' <160 M F XU, 160 < E! lngRaXEDa> 105 (6)
. — ) X
<320 MERUK,E =320 M= XS, RI BYIAR BW,
FRAEF C Beflk ERRESR IS EE 4 )8 T 2 fis 3, DD = C;xEF « (InthXEDCL
HAGR BN, V03 5 9 RI 4> Bbs e " PEFXAT BV,
RI<105 M X XU B, 105 < RI <210 & 25 XK, lnhRaxEDa) 7
210 <RI<420 XU , RI=420 g7 XU 254 BW,
3.3 [RHERURTERY 5 o, CXEFXABS (SACxSLC xED,
idorm = X +

T E GBI A N INE R EEA S TEA o AT BW,
25 J R L A S 2 P W B G FLPE AN R S B SAaXSLaXEDa) <10 (8)
ZEE | ey a R R R R ES @ RY AN oa a i i NS BW,
#1 FELBERE 2B (RD) E8om AR H T (SF)
Table 1  Reference dose (RfD) and carcinogenic slope factor (SF) for health risk assessment of heavy metals

B Z2 54 RD[ mg/ (kg - d) ] G RPR AT SF(kg - d/mg)
FHIRTH ~
Z A R A (N ) PRI A (L) B A fk Z A I A A J A2 i

Cr 3.0x107° 2.35%x107° 3.91x107° 7.5%x107° / / /

Cu 4.0%x1072 / / 4.0%x1072 / / /

7n 3.0x107! / / 3.0x107" / / /

As 3.0x107* 3.52x107° 5.86x107° 3.0x107* 1.5 4.3x107 1.5

Cd 1.0x1073 2.35%x107° 3.91x107° 2.5x107° 6.1 6.3 6.1

Ph 3.5x107° 8.21x107° 1.37x10™* 5.3x107* / / /

. /7 IR E QGRS PEAR AR T ) (HJ25. 3—2014) F1 US EPA 38045 45 HY ik SE 40
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*2 HERBERRU T R S8

Table 2 Exposure parameters for health risk assessment of
heavy metals
TR PN . N s
P ERNSVe B ILESHZME  WASHE
ED TR a 6 24
BW FH R E kg 15.9 56.8
EF TR d/a 350 350
N HUE 26280 o 26280
AT 7GR E] d
AEHUE 2190 AEEUE 2190
IngR B HBA LR  mg/d 200 100
InhR £ H 2SR me/d 7.5 14.5
SA BEFEEBERmMBE em? 2848.01 5373.99
s. ommEmEs Y 0.2 0.07
(em” « d)
PEF  MWFERHBHET  m’/kg 1.36x10° 1.36x10°

Cr:0.001; Cu:0.06; Zn:0.02;
Pb:0.006; As:0.03: Cd:0.001

ABS BRI A T -

3.4 Bwibr i

ABIFFE B AL B AR S A 23 B A 2 iy
B Excel2013 i1 SPSS18. 0 5E 1%, #l K1 fi Sigmaplot
2000 FE

4 RS
4.1 HHOESRE R
WFFEIX TSR Jm S AR UL 1,

120 .
0‘%?1
o 012}
2yl ot
2 006 —%
B 60 .
&1
SO
% I [ ]
20 === —
0F ——

Cr Cu Zn As Cd Pb

Fl1 X A3EESE A S M (n=11)

Fig. 1 Heavy metal contents in the investigated soils (n=11)

H11& 1 AT W, Cr Cu . Zn  As Cd }2 Pb HyF-3 5
00 K 75, 8.32.8.93.7.21.3.0. 09 J 15. 2
mg/kg, H A8 5 2B /NITF N As (26. 3%) >
Cd(25.6%) > 7Zn (19. 3%) > Cu (18. 9%) > Pb
(14.5%)>Cr(4.75%) , ¥FHE5 439 Cr Cu . Zn As,
Cd & Pb W& &30 64.5,22. 4 .52. 5,
16.7.0.06 & 17. Img/kg, WF5EIX +3E Pb JLE S
HEHEA BT cd o E S S EER T
S fH 3 5 50 Cd % & (0. 16mg/kg) & T HH 5
{H;Cr Cu.Zn F1 As P35 & AR i i T 5 50 (A
Ay AR R 1,72 1. 75 1. 39 H1 2. 38 1%, 1
X 4 PP 4@ JC E AR T BEAE X IX E 48, A0
B HAE R 1 —E B, H Cu Cr M As @7
B IR B T 100% , Zn W7 35 90. 9%,
¥ Ph SF-25 & AR T 0 HE  HE Ph SRS, KAy
5 FhE 4@ O i X T R N R BRI IR R K
FEEXHEIE X 39 Cr Cu Zn As K Cd 54474 T
—ER

Cu Fl Zn BRI &5 Zeng 2515 % 4 [H 34
T3 G m A RARAL, T Ph R Cd B A
T HS 455 (29. 5Sme/ke, 0. 28mg/kg) , As I
Cr 1Y Y& & & T 4 [ F 1A (8. 03mg/kg, 49. 8
mg/ke) , U FHRIFFY DX 508 42 A VRE T %o JHL 4 SR e - 3
As il Cr 8 T — & 2w, R B AR R A X AL T Y
Tkm ZbAT — G 25 ), 6k 25 T BB 7= A K (Cr
Cu.Zn As .Cd J Pb #8551k 36.9 .44.8 .67. 6.,
287.0.9.4 K 177. Omg/kg, A BF 52 54 ) XF BF 5% X,
1A As WATRESAE —E R, BR T Cd Al Zn,
oM 4 i T A — R R T TS K X
TIHEESE SR, B Cu Z4h,Zn Cd . Pb S
ST HA 30 4575 K BEBE DT 5 19 ok BH 5K -3 1 X+
e Zn Cd . Ph &E Cu Ml Zn SFH & E T
S5 USSR RSO 4 R K I X - 4 Cu Zn
Y&, M Cd F1 Pb P2 & &AL T HAEBEIX Cd AN
Pb HEH &, fH Cu Zn Cd F1 Ph F LT3
PEAEUTIXT Y A AT B R R 3R K it 0 2
()R b - R ) PR A5 R

75 5 ZR BB AT b S B [ SR AR i [ 1) S 3592
SR IR RE f e EE 4 JE A2 Ok R R 15 i
AR S BB R E 4 JE & 2 AR R
FER T AR B R < 15% I AR E AR 575 15%
<5 REU<35% I Ny h AR 5 A8 S R A>35% I
R EAR S WX 13 Cu Zn As 1 Cd J& T
JEAR S i Cr Al P J& TAREE AR S, As A8 7 R AL
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R, R As 125 0] 22 S AV BOR  32 b AT e
M58 K 5 Cr 178 S R AR A /0N, U W HG & £ 25 ) 43 AT
BIE) 2 AN IR AN,
4.2 THEREESIRBIGIREED

X -4 6 R E S8 C; A MR/
FEMRIR J9: As(2.39) >Cu(1.75) >Cr (1. 68) >Zn
(1.39)>Cd(0.90)> Ph(0.41) , Hp As TS
Be Cu . Cr J2 Zn NEEETS YL, Cd Fl Ph A EATS
Yo, BMHRIX HEETA RAE S Ph JB T RI5 4L, 46K
T RS Cd J& T 05 Y FE B, 7 BORFE AT %K
90. 91% ; T A SRAFE S, Cr J& THRIETT YL, K&/ R kR
R Cu M1 Zn J@ FRETS YL, 700 5 BORAE S
72.73%H1 90. 91% ; 46 K ERIFRAE A As J& TH LTS
Yo RCRRE L 90. 91% , BBy RFE M As JB T
JETG YL | i BCREE SR 9. 09% , As S f E BTG Y
KT, 383K Cr Cu.Zn As Cd & Pb FH&
N 7.06.48.1,252.0.25.6.0.22 }% 5.73
mg/kg, TR H Cr Cu.Zn As Cd } Pb E44 & H )
Sk 5. 44 . 207. 1,1075. 3.2. 05.0. 09 } 0. 59
mg/kg, HUMATFE Y, F2 55 K Ak Cu A1 Zn
-3 Er i A B, SR K TR ) Cd . Pb il Cr 7%
LT OIER A 2 A F Y 5 BR 2 25K ) (GB
38400—2019) HABARIWFRAE, T As (15 & T H
FRAE ., As EMSIIR—Fh L@ MR TTR A VLN
il B R B & A TR B e
RSN ORI T8 &7 HH A
BIRNJE MR AR, B & RN 80%
~90% 1 HILIH LA 2454 JE T D\ 35 85 1) A A ot ik 42 HE
ARSI, NS EE B EY P& A KRER AP,
PRI , K S0 it FH 3 28 33 08 TR 7K By 5 B0 TR X O
Cu.Zn M As S 4 )RR R | [R]BP A2 X B % 5
IR ) TR TR 1458 As B JEF Z —
W X+ 38 6 M 48 1) PLIE3(E M 1. 22,
B TR,

PRI, A A0 b o AT 4 2 7K vt P e 350y
b YR SO B IVA o 1 a ik S R SR o v 4 1)
NI R R | SRR SN SA SO 77 E R4
M, A2 28 A BRITAG I 546 Je A g id H
4.3  ERSRE NSRS VG

+4erh 6 P 4 JE TR T LE AR KBS R A
SEHMEYNT 40(F 2) B TIRAESEE, Cr.Cu,
Zn As J Pb JUER VR AE A2 28 AU 2R 5000 e KA A
/NT 40, R R L3RG 3X 5 FhoT R BB TE
A S B B I FARA S KRS, X Ao X AR 35
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Fig.2  Ecological risk factors ( E.) of the heavy metals in the

investigated soils (n=11)

eI TTER R BAIG s Cd o0 AT e A 25 UG 22 2500 i
KAE K 46.5, )8 THELEEKE, NEANELEL
A RECT A, FEE K EE X+ &R S
XU E YR T As A1 Cd, 1 Pb F1 Zn B9 A= 25 XU
FEEE A%

IO FH 5 Y 0 T 1 B0k AP A A 2516 8 R BOE
TR SRE YR, AR TR TS YR
5B AE A S ARG R B B — B0, 32 222 ) A
F Cd, MR 2R E 4R M R, Cd |
TR R BURE (T,=30) , HA SRS AL T 2 05
RZ,Zn AEYFERBURAN(Ti= 1) BOL A SR
B IR IRAR

TSR M E FHESE &8 51 A
XL PE A, B R ME AR W R R, M
Hikanson 4= 25 XU 8 K02 b % 18 1 4 @ & | 2 4h,
W 8T ORI 4 R 0 AR AR RN IR B RN 7 B
AN, A HCERTT 75, J5 74 4 T b S R T 4R X
SRR, BF5E X IR e AR XU 8 50
F57.25~87.08 Z ], "F-¥I{E K 66. 26 KT 105, 4k
FARA XSRS, Hob ¢d 19 EX XF RI AOAY E BTk
K (40.5%) , A2 1 22 0T e AR 28 KU IR 7, R
J& As(36.0%) , P, N fiNsEXT Cd Fl As BIICE T
Pl LAkt G et 4 3 A IR — 2000 Ak
4.4 LEERSIRAERRS VG
4.4.1 AEBURERHRE S T

A B FE KBS PEAL 25 R R (£ 3) i IX
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T G R 4 AT 1 H B 88 B 5 T4l
W A LR JER 2 Ml ) °F- 34 H 32 82 1, 3 AN [RLR A2
e BURIT 4 . ADD,, >ADD,,.,>ADD,, , N[l & 42 &
S H 2585 i S 2RI A  Zn>Cr>Cu>As>Pb>
Cd, JIT A T 43 8 1 28 2 JER 422 fink 0 o R W AP 347 H %
R JLEm TN HAN 2 DA H 558 5
T ILE, Y H R B T LE,

-4 o 4 JE AR O fa R KUK 45 BT A 4
(% 4) W, Cr As J2 Pb KNI B EEEE T A 80
XIS BRI N : HQ,, >HO, ., >HQ,,, , TTT Cd K
N :HQ,..,>HQ, >HQ,, ,Cu I Zn G FEN I A 2%
AR, R A TR HQ,, , AR R iER T
B X TR RCR N HO, >HO,,,, , Ui T2
F AR AT IX - 2 R 43 o 4 i AR 30 KUK 1)
FEER . MR L A 50+ 1 4 R ) R B0
RS FEECFEE Y /N T 1, KR R E 48 09 HE 80E X
K6 i = B M 2 As>Cr>Pb>Cu>Cd>Zn , & W BT X
458 4% PRI 4 S e N A4 B O A A AR BUE
AU

MNAEBUE R X T8 58 HQ, “FHI{E N 0. 12,
JLEE AR RS HE 5L HQ, ~F-41{E R 0. 06, 35/
T 1, RATTR X L3 rp 6 FhiE £ )@ X A FLE
(AR SO RRE XURS: /)8, W] Z B AN, AR o it
BRI+ Bk 1 e B (&1 3) |, WF5E DX 0+ 1
lEh ELAEEUE A As A Cr, HOLE R
HQ, 5 8 HQ Z 4> 3 R 68. 48% . 69. 56% FiI
24.90% 24. 54%
4.4.2 SRR I

HTHATER T As.Cd LLAMH AL 4 8 4 )8 %
A BUEAPRA A AW ST AL T 0F5E X 14
As T Cd 2 5% 7= A= i B0 U IR 25 SR 3R W, +

463 R EmARgoR P H Rk

# 4 1IRESIRISoE AR RS fa 4L
Table 4

Non - carcinogenic mean health risk index of heavy

metals in soil

Helw

. N HO,, HO,,y, HO jerm HO;
TR
o JLE 124107 1.01x10™* 2.82x107°  1.53x1072
WA 2.77x107% 113x107* 2.08x107° 2.99x1072
o JLE  4.13x107* / 1.41x107*  5.54x107*
B 9.24x107* / 1.04x107*  1.03x107°
- JLE  1.57x107* / 1.79x10°  1.75x107*
B 3.51x107* / 1.32x107°  3.65x107*
N JLE  3.57x107% 1.95x107*  6.11x107°  4.20x107>
A 8.01x1072 1.88x107* 4.52x1070  8.48x107?
o JLE  4.50x10™°  1.23x10°°%  6.15x10™*  6.61x107*
BA 1.01x10™* 1.18x107®  4.55x10™*  5.57x107*
- JUE  2.18x107° 5.93x10™°  4.91x107*  2.67x107°
WA 4.87x107 573107 3.63x10™*  5.24x10°
Ty /" FoR TR
80
= JLE
60 A
S
H
B 40
HX
Ql
T
20
0 - | |
Cr Cu Zn As Cd Pb
JL#E[24.90] 090 | 028 [68.48| 1.08 | 435
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Fig. 3  HQ contribution rate for soil heavy metals of adults and

children in the study area
b As B9 L E BUE KU 18 8UE 8 1. 37x 107 ~
2.15x107 ,SFEHE A1, 61x107° , As iy Bl A #09

Table 3  Non-carcinogenic average daily exposure doses for heavy metals in soil

N b ELEETRIEEUE N Y RE R ADD
A TR KU S8 Cr Cu Zn As cd Pb [mg/ (kg - d)]
ADD,,, 3.71x107° 1.65x107° 4.71x107° 1.07x107° 4.50x107® 7.62x107° 1.19x107*
L ADD,, 3.96x107° 1.76x107° 5.02x107° 1.14x107° 4.80x107"2 8.12x1071° 1.27x1078
ADD,,,, 2.11x1077 5.64x107° 5.36x107° 1.83x107° 1.54x107® 2.60x1077 1.33x107°
ADD, 3.73%107° 2.21x107° 5.24x107° 1.26x107° 6.04x107° 7.88x107° 1.32x107*
ADD;,, 8.21x107° 3.95%107° 1.17x107 2.87x107° 1.00x1077 1.80x107° 2.85x107*
Y ADD;, 2.65x107° 1.02x107° 2.91x107° 6.62x1071° 2.78x107"2 4.70x107"° 7.71x107°
ADD ., 1.56x1077 4.17x107° 3.97x107° 1.36x107° 1.14x107® 1.93x1077 9.85%107°
ADD, 8.23x107° 4.37x107° 1.21x10™* 3.00x107° 1.12x1077 1.82x107° 2.95x107*
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Characteristics of Heavy Metal Pollution and Health Risk Assessment of
the Long—term Livestock Wastewater Irrigated Soils in Jiangxi Province

WANG Maolan, HE Chang, ZHAO Qianyu
(School of Resources and Environment, Nanchang University, Nanchang 330031, China)

HIGHLIGHTS

(1) The average concentrations of Cu, Zn, As and Cr were higher than the background values. While the average
concentration of Cd was very close to the background value, the average concentration of Pb was lower than
the background value.

(2) There was generally slight pollution of heavy metal in the study area, yet it was moderately polluted by As in
most sampling points.

(3) The assessment results of the health risk model showed that the non-carcinogenic and carcinogenic risks of

heavy metals were relatively low in the study area.
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ABSTRACT

BACKGROUND: Cu, Pb, Zn and As were widely used as feed additives in the study area. However, the
absorption rate of heavy metals by livestock and poultry was low. The concentration of heavy metals in livestock
wastewater was high. The livestock wastewater as organic fertilizer may lead to the accumulation of heavy metals in
the soil.

OBJECTIVES: To evaluate the pollution degree, the potential ecological risk and health risk of heavy metals from
the long—term swine manure irrigated vegetable soils in Fuzhou City of Jiangxi Province, China.

METHODS; Eleven topsoil samples were obtained from the long—term swine manure irrigated vegetable soils in
Fuzhou City of Jiangxi Province, China. The concentrations of As, Cd, Cr, Cu, Pb and Zn were analyzed by
inductively coupled plasma—mass spectrometry (ICP-MS). The degree of pollution and the potential ecological
risks of the heavy metals were assessed using the pollution load index (PLI) and the potential ecological risk index
(RI), respectively. The health risk was evaluated by a health risk assessment model.

RESULTS: The average concentrations of Cu, Zn, As and Cr are 75. 8, 32. 8, 93. 7, and 21. 3mg/kg,
respectively, which were higher than the soil background values of Fuzhou City. The average concentration of Cd
(0.09mg/kg) was very close to the background value, and the average concentration of Pb ( 15. 2mg/kg) was
lower than the soil background value. The pollution load index indicated that the moderate pollution of As occurred
in the researched soils, and there was slight pollution of Cu and Zn, and no pollution of Cd in the majority of the
sampling sites. There was no pollution of Pb and slight pollution of Cr in all sampling sites. The average PLI of the
six heavy metals from all sampling sites was 1. 22, which was categorized as slight pollution. Low potential
ecological risk was posed by the six heavy metals. The mean RI was 66. 26 which represented a low ecological risk.
The annual child and adult non—carcinogenic risk index was 0. 06 and 0. 12, respectively. The annual child and
adult carcinogenic risk index was 1. 65X107° and 3. 67x107, respectively. Non-—carcinogenic and carcinogenic
health risks of adults and children in the soil were acceptable.

CONCLUSIONS: There was generally slight pollution of heavy metal in the study area but it was moderately
polluted by As in most sampling points. However, due to the accumulative effect of heavy metals in the soil, close
attention must be paid to changes in the concentration of heavy metals in the irrigated soil in the future, to prevent

the risk caused by heavy metals pollution.

KEY WORDS: livestock wastewaters; soil; heavy metals; inductively coupled plasma — mass spectrometry;

potential ecological risk; health risk assessment
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