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Abstract; Heavy metals(HMs ) may cause deleterious effects on human health due to the ingestion of food grain grown in contaminated soils.
Heavy metal contaminated soils resulting from sewage and wastewater irrigation is the major concern because the potential risk on human
health was involved. In the present study, in order to acquire better understanding of the characteristics of translocation and enrichment of
heavy metal in sewage irrigated soil-wheat( Triticum aestivum ) system, we collected the samples from 24 sewage—irrigated fields located at
the suburb Beijing. The concentrations of Cu, Cd, Cr, Pb and Zn in the soil and wheat seed were determined by High Resolution Inductively
Coupled Plasma Mass Spectrometry( HR-ICP-MS ). Based on the results, we assessed the potential health risk for local residents. The results
indicated that the average concentration of Cu, Cd, Cr, Pb and Zn in the sewage—irrigated soil was 26.51, 0.24, 101.29, 28.04 mg-kg™ and
85.59 mg-kg™ respectively, which were higher than soil background value of Beijing, revealing the heavy metal accumulation in the soils of
sewage—irrigated fields. Concentration or accumulation of Cu, Cd, Cr, Pb and Zn in wheat seed followed the sequence:Zn (52.38 mg-kg™)>
Cu(6.09 mg-kg™)>Cr(4.62 mg-kg™)>Ph(0.17 mg-kg™)>Cd(0.04 mg-kg™). The Zn and Cr concentrations of several wheat seed samples
exceeded the permissible limits of China standard for food safety. The facts emphasize that we should be pay additional attention on food safe—
ty. In relation to non—carcinogenic risks, Hazard Quotient( HQ) of individual metal presented values inside the safe interval. However, health
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risk due to the added effects of five HMs was significant for rural children and rural adults, but not for urban adults and urban children. HQ

(individual risk ) and HI(Hazard Index of aggregate risk ) to different inhabitants due to HMs followed the same sequence : country children>

country adults>urban children>urban adults. Amongst the HMs, potential health hazards due to Cu and Zn were large, and that due to Cr was

the minimum. It suggests we should pay more attention on its circulation area and scope of wheat grain in sewage—irrigated area and the po—

tential added threat of HMs to the health of country inhabitants(both children and adults) through consumption of wheat in Sewage—irrigated

area of Beijing.

Keywords: health risk; sewage—irrigated soils; wheat grain; heavy metal
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Figure 1 Location of the sampling areas and sites
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2.1 FHXTEEFES T
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2.2 5%t 1+ 1E Cu.Cd.Cr.Pb #1 Zn S EXM

TIEHAESLE Cu.Cd.Cr.Pb Fl Zn & £ 47
w2 2 fr s ,Cu,Cd.Cr.Pb 1 Zn F) ¥ 1H 53 5 K
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e B3 225 (P<0.05),Cd. Cr.Pb 4351|755 H 5 5{E3.24 |
1.49.1.10 4%, +3¥E Cu.Cd.Cr.Pb F1 Zn 5 1985 4
W E R FAAENR B2 22 5 P(P<0.01), 435 = 1 1985
M E(E 2.63.1.82.1.92.2.16 {5F1 2.02 1%, F2HH 24,
HETEEREP RN ESRERESE NERRE
(Coefficient of variance) 43#7,5 MEL BRI R RE
KX K Cd(0.46)>Cu(0.39)>Cr(0.22)=Zn(0.22)> Pb
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A — ;1 Cd.Cu 2B A5 HRE . HEIE
BT, KRR R X — & 24 THES
WA ZHOK AN A0, IR R E A A HRs 0
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1 ARERLTE(0~20 cm) TEHRISHE
Table 1 The physical and chemical properties of the topsoil(0~20 cm) in study area

RHEX Sample area HEAEZ4K Soil characteristics JLFE{H Range ¥I{H Mean FrrEZE Std
24 KA 24 Subsamples OM/g-kg*! 4.92~42.51 15.90 043
pH1:5 7.57~8.54 8.12 0.04
CaCOy/g kg™ 0.07~60.33 14.44 1.10
Sand/g-kg™ 418.68~452.63 437.63 27.18
Slit/g- kg™ 304.38~331.56 322.26 23.54
Clay/g-kg! 222.50~258.49 240.11 18.67

¥ :OM B MUK ; Sand Sy #PK(2.0~0.05 mm ) ; Slit Fy#r#bk(0.05~0.002 mm) ; Clay JApihz(<0.002 mm).

R2 tFRERSER TRESCEEE (ng-kg)

Table 2 The concentrations of heavy metal in the sewage—irrigated soils of Beijing suburb area(mg-kg™)

LR Eie:d| WH iR 5 EbRE e L E R 1985 SEEME  EAPREA LA Ratio of

Element Range Mean Std  National secondary standard Soil background value = Concentration in 1985 exceeding standard value
Cu 13.31~60.04 26.51 1034 100 23.6 10.07%* 0
Cd 0.01~0.42 0.24 0.11 0.6 0.074%* 0.132%x* 0
Cr 64.55~166.83 10129  22.05 300 68.1%* 52.66%* 0
Pb 19.9~42.83 28.04 5.98 300 25.4% 13%* 0
Zn 61.59~142.52 8559 18.74 250 102.6%* 42.32%* 0

o R A RIRRIME S S ESHE R 2 7k P<0.05 1 P<0.01 B3 /K¥, TRl. * and ** are significant at 0.05 and 0.01 probability levels

between mean and background level, respectively, the same below.
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Figure 2 The consumption rates of wheat among urban and rural
inhabitants in Beijing
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Table 3 The concentration of heavy metal in wheat seed(mg-kg™)

JLE YL ¥E b

E#RPR{E Tolerance limits of JLETHT 1985 4RI 5E (B

HIERH  EEALLY] Ratio of

Element Range Mean Standard deviation Chinese standards Concentration in 1985 BCF exceeding standard value
Cu 421~12.34  6.09 1.57 10 6.3%% 0.23 0.04
Cd 0.007~0.095  0.04 0.02 0.1 0.015%* 0.17 0
Cr 0.22~8.95 4.62 2.08 1.0 0.147%x* 0.046 0.93
Pb 0~0.63 0.17 0.21 0.2 0.046%* 0.006 0.37
Zn 30.70~95.72  52.38 13.05 50 17.7%* 0.61 0.52
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0.04 mg-kg™.Cd 24 0.003 mg-kg?.Cr & 1.5 mg kg™’
1 Zn K 0.3 mg-kg ™, EEIMERPEBRS T Pb Y
RfDo {8 , 555 H SR F 9 0.004 mg-kg! J2AKHE FAO/
WHO A Pb JABASHRRE (25 pg kg K )it
BB HR,
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BNILER IR AKX, 5 FMESR HQ [AX¥/NF 1,
AR X R KB 5 X NE BB NS
TP S TR R A fa R AR o (E(E A5 1 B A2 T IR
IR RRRIX , L BRI /NES | KW E S BRI
R F BN, X501 MBFR S —302, Ui
JLEE A R XU S INEAS 0 . B—Fh & BT R EA
XU 2R BT 35 20 38 XL EE > A8 XA >3 XL
B> BN ARIEEEN HQ HEAHRKRER K
H1 Cu I Zn ) HQ fHIR K, ¥IHATIX 0.39 1 0.45, 3%
FIRES Cu.Zn TEFEY) AP 75 B0 B 30 R 3
AHK, Cr 1 HQ {EfR/N, Cr 1Y7H RfDo fE (1.5 mg-kg™)
RJFHZ—. Wang OB A, Bise M EaREATT
FHK Cr ) HQ (Eth B E/NF CuZn.Pb M Cd, 5
AR L
3.3 ZEESERKEITFN

NEBAR BV P EENMUEE—MESE,

R4 FERBABRSHESCE HOE
Table 4 HQ of individual HM for different exposure populations

H4: )& Heavy metal Cu Cd Cr Pb Zn

WX R A Urban adults 0.33 0.09 0.006 6 0.09 037
3% X JLE Urban children 0.36 0.09 0.0073 0.10 0.41
FBX M A Rural adults 0.42 0.11 0.0085 0.12 048
ZBIX.JLE Rural children 0.46 0.12 0.0094 0.13 0.3

ZREFSBAAE, N S E LB B EIEBUE
BN, BB ETE EPA b 2% W[5t g Bl XU P4 P
Hah B T AR AE S (HD RS 505E T XU
REOAN, X HI RF 1 B, REAA BRI, 1t
BT,

HI=Y HQ=CDI/RfDo+CDI/RfDoy+---+CDI/RfDo;
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Figure 3 HI of HMs for different exposure populations
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Cd.Pb 5 XUSHE B E 518 9.43%F1 10.38%, 153
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4 i

(1) 5 Bl AR B, B 5T X L3 rh Cu Cd,
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