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Fig. 1 Locations of sampling sites in the study area
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A HEG W, A A 60 AFAR, 2% IR AT V5 K EE V5 e e ) L S SO X 41
Cd Hg {5 a7, B0 e A o) E AT B 3 LA R T ¥ K b B3R 4R 125 Y 7K
KA BB 2 . 2003 AEAUEF) 9 DR Dy At e i F AR 2K 7S 3 DR R AR K R AT A
FHEE o R 2R I DX I 32 B2 AR IR PT O , 2 B/ N 15K B K 77 4R
AFFLEACGHATHERE . FIHILEF T REXCA 15K RERE Y I 5, B & R e 14 R AR (H 5 Jefe
FE BT HE AT S R X O BB IX ) 07 380 M AR I B T AT R, 61X 38R 10 G
B S O TRE IR TR 2 , A SO A DA R /Kol 2

L2 #HmR&E

PR TR AE UK HE DR AR 1L AN BT HE X 15 A4S, HOKHEREIX. 14 A4~ ; Bk ] 3
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PR DI R /KRR SR AR S A RATTRER AR LB 6 4>, BARGL B AN 1, SRAES A N
A AWK, SRR AL 2007 - 07 %2 2008 - 07, FLIEE A R i 66 1>,

1.3 #HFmaHhRNE

AKAE EALINE F AR e 4 25 A%, Ik AR 10 mL JH28 2 | mL 245, 5@ 4 T 50 mL 4%
M, A ICP-MS ( Perkin Elmer SCIEX ELAN DRC-e) Il 7€ P A9 Cr \Ni . Pb . Cd, & fk¥ %k
A = IR IOEIE I (AU AR 2\, AFS2202) Il 7E As, KO — JELF IR IS5 125 T
Cu.Zn,

INAERFRLT 2 B T KRV LR R R B I B T 2R . RIS o Ze ke,
JNAIR 45 mL 338, R H] HNO,-H, 0, VAT A& /NEKPRL, 72 130 C A A T A B0sE BRI, iR
WA, A HE I Hy0, 422714 . I ICP-MS (Perkin Elmer SCIEX ELAN DRC-e) {ll] &
Cd .Cr Ni \Pb, AW K — IR T 565 E (ALt A 7], AFS2202) I 3E As, 2k
1 = BT IROE TS Cu Zn,
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®1 SARWFK HAKEEBRE(n=18)

Table 1~ Statistics of heavy metals in the effluent of wastewater treatment plants of Beijing (n =18)
Tl BRI (pg - L) REBRTARE
M Bkt i AR bR /Cug - 170)

As 1.51 21.0 3.73 5. 47 4.90 100 0.00
Cd - 0.030 0. 005 0. 006 0. 008 10 0. 00
Cr - 2.72 0.41 0. 88 0. 85 100 0. 00
Cu 3.13 13.3 4.82 6.34 5. 65 1 000 0. 00
Ni 10.3 92.9 17.0 27.2 25.1 - -

Pb 1.40 4.45 2.85 2.81 0.90 200 0. 00
Zn 22.0 149.0 45.4 63.5 38.0 2 000 0. 00

T 7Rk TR K BTAR 1 ( GB 5084—2005)

2.2 BAK(BEKER)SHTKEERESELER

54 T B /K BObRE ( GB 5084—2005 ) AH LL , AL HF | 78 DX iR SRR 4 19 145 A 2K KRR
HEBR AR O, F 4 Ja v Pzt o I T4 R K b o -5 98 58 IX Sl P — R % X s T 7K B
SIRUSEARLL AL HE XU T IR A A2 7K As (Cd | Cr,Cu | Ni \Pb ¥% B2 553t T 7K 45 J ik
JETCW R 22 57 , AN Zn WP R 25 T H oK Zn MR RITIREF ) RE X ORI AR K
R UPE SN R X3 TR B R AN Y o (E R S HEBE AR AF R, BR Zn Sb, 8 2 DX 5
PR K RE R AR EL 2 Ji A — 7 HoH R RBEBE A SR Z .

K2 ATRFFREENERKESERELR

Table 2 Comparison of heavy metals in irrigation water from different channels

i/ (pg - L)

A
As cd Cr Cu Ni Pb Zn
I — KD X T K 5 1.92a"  0.022a 1. 84a 2. 66a 1. 68a 0.75a 12.9a
LB HESE PR AR K 4 1. 50a 0.024a 1. 13a 4.47a 2.74a 1.02a 29.2b
A FH K 5 i ) 100 10 100 1 000 - 200 2 000
AR A 127 5 0.1 5 10 - 5 50

T 1) PR 5 AN R 7B 2R R — 21 9 56 2 RIAFAE 10 35 25 57 (P < 0.05) , I [] 3 2) Jy A FH R /K BT b o ( GB
5084—2005) ;3) Sy T /K BT AR ( GB/T 14848—93)

2.3 HREBIENEGESE

AN TFIEE DX T R A LA RN 3 UK X L R S iR, T
H As \Cr Cu Hg Ni FI Zn, Horf Cr Cu Hg Zn 58 W35 5 T8 SE, 5 R AE W . Juiy
JHE DX ST B R A A, R L) RE X L As (Cu NI Zn B S TIEX
TEE SR G HSICT RS RIS EA L, LR R X R S et
HEREREZEFAVL, TSR . 3 X L G w5 i, NiPb # Zn %
BT LR RES R
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®3 MRAREBLIEESESELER

Table 3 Comparison of heavy metals in soils sampled from the study area

ARIFIHE X T 4 A i/ (mg - ke ')

= EL
RAR — cd Cr Cu Hg Ni Pb Zn
FHHE X 14 6.65a 0. 156a 29.8a 15.7a 0.049a 21.8a 13. 1a 46. 1a
JeF)HEX 15 7.99b 0. 185a 31. 1a 20. 1b 0. 005b 28. 4b 17.5b 61.6b
WK X 11 8.61h 0. 186a 42.0b 35. 8¢ 0. 134¢ 27.9b 17. 4b 81. 6¢
jéa;ﬁ{;ﬁ% 115 7.81 0. 145 31.1 19.7 0.057 6 27.9 25.1 59.6

2.4 HEXR.FKTERNEHHPEERESE

AEETH 38 IR DX HE DX 5 UK ATRE DX /N A AL < s o i e A R R, —
BB EERIFARE (K 4) o R HUKMHEX £ As Cr,Cu Ni \Pb Zn FH ¥
TR X LR E AR &, L BUKTIRE X 2384 Cr,Cu Hg Zn 5 QLR AL 2, (H 35
A BUNFPRLI T R R RN

®4 HFERRKITERNEZEHHNESERELR

Table 4 Comparison of heavy metals in wheat grain sampled from Liangshuihe irrigation district and area irrigated with groundwater

/INEFE AR AR (mg - kg ™)

PRkt As Cd Cr Cu Ni Pb 7Zn
HHEX 13 0.038a  0.040a  0.525a 7. 66a 0.367a 0. 14la 36. la
TR X 11 0.031a 0. 048a 0.367a 7.57a 0.362a 0. 106a 41. 4a

3 e

3.1 BEKEBRSEMEENEESRUNEE

AT TR KT XA [ i A R A A B T 45 e B PP P A K T T X IR
TR 5B R A BRI L, AR KRR AR A B E R s 1A TR TR A A AL
T HREERAR (R S) o RAVTREH A MY EE 4R 2 A K HE A A 42 31. 4 (Cd) \13.5(Cr) |
4.0(Cu) \2.7(Ni) \28. 8(Pb) \13. 5(Zn) {5, MRS T RUCE A HUIL T 55 A g Az, il il
FRADKHEMBAC T AR R G JE AR AR, EAMOOTFEE R BRI, (I3 5K A 35
(9 FEA KA A VR AR 2 SO B0 B &R 5 g2 L M0, KA s HUIE
P R X LR B R ) - A A . DR, DA 1 S T 4 19 e DR Sk B AR B 0
JOEAIE 5t WA R TR A HTUME T FH 45 il A R A Il SR (19 2 4 v e AR

®5 ILH EXTREERANESRESEILE

Table 5 Comparison of heavy metals from different input channels in Beiyechang irrigated area

BWABEWATESE S H/ (g - hm? -a™")

wAmE As Cd Cr Cu Hg Ni Pb Zn
MUt A 18.1 14.6 401 206 1.20 142 168 892
A it 1T 0.244 0.013 3.84 0.513 0.017 - 0.033 6.10
T K ) 6.75 0. 11 5.09 20.1 - 12.3 4.59 131
KAV - 2.72 56.2 65.0 - 28.3 147 1703

VD) AP R ARS8 0S5 0wk [22], 4 HUIEHE A& 2% W0s /K Ab 31 5 e 4k & — A< PR AR M (CI/T
309—2009) V5 YRt F 45k A B SCHR [ 23 1 52) AL AR h 8 4 JR 4 5k 228 S0k [ 24-25 ), AR AR HE P 4k 23 b [ B2 141 %, 2007
HE A A E ST 4076 4 (904 kg + hm =2 - a™") 12073 FAR /K HEIE 4 5 2 i T E SR /K A 1 ( GB 5084—2005 ) 5L b % i
i 34) FATURERAE B A TR 77 38 M — K 24X 2007—2008 4R 1 Wil K o
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3.2 BAKEBRMREDNESETEXKE

ANFIHE X -3 ARAVEY) T 4R A me ) L s AR I, RS UK I X T R A e
FHHE X LI (URFIE X N SR S E S AR S . £ —E S EuEN, il T
3 A G A DA R Y R AR BT, R E SR S e A — & T
INFERFRLE G S AN N . 13 4 T S S A AR R RS AN
ZHPRL, W TR 2 RS R AR AR E N, e SR E N, RIEE S
J& RS I IFA— 8 FEUNEZAPR N E A8 E AN I . B, WA OISR 25 Rk F , FiE
IR T 80N 4w AR I AT BB A K. B A K B 4R S N K E & Jm W B L
AR UL PO Rl AT LU s SRR, FEAE K E IR A S B A R, P8 -
T 15 G iR XU AN 5 o
3.3 ERXLIESEEMKRIE

551980 4E3b 5t AR B AR A BE Vo Y R A AL B FE 4 SR AR L, ACEF TV X L e Cd 28
— BRI R 25. 0% , B AR IR I A 2 A RRIR A&, a0 Cr,
Hg Pb Fl Zn, FHOKIHEX 358 As  Cu BEIRECR, 2 15. 6% F179. 0% , HoAh T 43 @ (3 i
BEHEIFA G (F6) o xR, FAKEE X L KA EH 4 @ 15 PR AE 1976 5 A i)
O AL, XPPRAAE AL B /K TV DX R B

x6 BAEKEXIZEESESEMLER

Table 6 Comparison of heavy metal concentrations in soils from reclaimed water irrigated area

RIS 5T 48 A i/ (mg - kg™

PR DX PH AT I (8]

As Cd Cr Cu Hg Ni Pb Zn

2007 4F 7.99 0.185 31.1 20. 1 0. 005 28.4 17.5 61.6
LB X .

1976 4E117] 8.27 0. 148 56.5 19.0 0. 131 - 23.2 87. 1

_— 2007 4F 8.61 0. 186 42.0 35.8 0.134 27.9 17.4 81.6
T KT X .

1976 4£117] 7.45 0.172 57.5 20.0 0.132 - 22.0 78.9

ST KT G S AR (B A KR i e R TS e S, R GE
3o T A AR DX B A R Y A5 R ST TT R R AR A I S B S SR 5 e Y, A
TRHE DX B PR SR /A SR R T RS BT B ST O DB T AT VS KT Rk . RIS
IRAL PRSI 53 , 15 /K A B ARARAR , K vFr i e 2 25 , DRIk , T2 K DX 3 R [l
£ 95 K RE R (TS5 PR MG ) B s 7% AR DX I i B T X L % R X A 95 7K
VI (V5 R ) B SR, DROT A L VS5 K 5 IR ) A5 BB L E 4R T
Yel'T0 1980 4R ZR R ER TS e i A K H B IR R AR DRI 4 SR R, dORGHE X 4 He  Cd
UG L R, AR KR T ORI X LS C AP A R R I T AR S e
B2 V5 K )15 KA B 5 AR T A B M 2 K A B TR 2 A L HE B B 7
A% St ST 95 K T KK AR BAR R i , P K P R 4R VAR S A R T K A
W T DX AR TSR AT R VR T T 95 /K R /K, 254 073 3o P A K I i AR A B T4 R AR
Wb DRI, FEAR K IX A T 4 R 15 Y A — i i P A K O T B, W R R Y
15 K HEWE (5 VRN ) B LI It FH 45 5 1 A o

4 i

(1) 385 P 7K I A A\ B T 4 B 5 R /K A 2, ELAR T R TR R A
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HUAE It FH 554 A ARy AR B s i

(2) SR BRI (CHHE DO AR EE , FAE K HE X I R AR B i 4 R R (H
AN [FIRE DX /N A BT 4 i 5 A 22 5, AR KER I A 2 S ECRIE W & R A

(3) FHAE/KHEIX S 15 YO F A — 5 AR A K = 2, SRR B A 15 K
FEME (T5 et ) A ML e FH 45 HL & i A\ SR
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Assessing the Effect of Irrigation with Reclaimed Water .
The Soil and Crop Pollution Risk of Heavy Metals

YANG Jun', CHEN Tong-bin', LEI Mei', LIU Hong-lu*, WU Wen-yong”, ZHOU Jun’
(1. Center for Environmental Remediation, Institute of Geographic Sciences and Natural Resources Research, CAS,
Beijing 100101, China; 2. Beijing Institute of Water Research, Beijing 100044, China;

3. Beijing Drainage Group Ltd. , Beijing 100044, China)

Abstract; It was difficult to precisely assess the risk of heavy metals pollution of reclaimed water
irrigation by field survey due to the shortage of irrigated area of long-term irrigation with reclaimed
water and the interference cased by wastewater ( sewage sludges) used in some reclaimed water ir-
rigated area. The objective of this paper was to assess the pollution risk of heavy metals with re-
claimed water irrigation by investigating the areas irrigated with irrigation water from different
channels and comparing the heavy metals input from three different channels in the irrigated area.
Compared to heavy metal concentrations of soils irrigated by groundwater, heavy metals were ac-
cumulated in the soils of wastewater irrigated area and reclaimed water irrigated area to a larger
extent. However, there observed no significant difference in heavy metals concentrations of wheat
grain sampled from different irrigated areas. Further investigation on the effluent of Beijing
wastewater treatment plants and water sampled from Beiyechang irrigation canal showed that the
heavy metal concentrations of reclaimed water were much lower than the standards for irrigation
water quality. The input of heavy metals by reclaimed water irrigation was close to the input of
heavy metals by groundwater irrigation, and was lower than the input by atmospheric deposition
and organic fertilizer application. It was proposed that the risk of heavy metals caused by re-
claimed water irrigation was small. Compared to early findings about environmental pollution of
Beijing in 1976, the present study showed that the current heavy metal pollution of soils in the re-
claimed water irrigated area did not necessarily result from reclaimed water irrigation but to a lar-
ger extent was caused by early wastewater irrigation ( sewage sludges) or organic fertilizer applica-
tion and atmospheric deposition.

Key words: reclaimed water; irrigation; soil; crop; heavy metal; risk



