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Heavy Metal Pb and Cd Distribution in Winter—wheat with Reclaimed Water Irrigation

JU Hui, LI Kang, JJANG Shuai, WANG He-ran

(Institute of Environment and Sustainable Development on Agriculture, CAAS, Key Laboratory of Agro—Environment & Climate Change,
Ministry of Agriculture, Beijing 100081, China)

Abstract: The effect of reclaimed water irrigation on crops metal accumulation is a crucial issue for sewage water safely utilization on agricul—
ture. The research studied heavy metal Pb and Cd content and distribution in soil and winter wheat under reclaimed water irrigation by using
pot planting trails. The results showed that there was no significant difference in soil Pb, Cd content with reclaimed water irrigation compared
with fresh water control treatment. Meanwhile, mixed and alternative irrigation of reclaimed water and fresh water could little reduce Cd and
Pb soil content compare with purely using reclaimed water. Cd content order in different organ of winter wheat was root >leaf >stem >grain,
and it had somewhat increase compared with fresh water treatment. The Pb content order in different organ of winter wheat was leaf> root>
stem> grain, the higher Pb content in leaves was likely related with air pollution of experiment trail site. Both Pb and Cd content in different
organ had no significant difference between reclaimed water irrigation and fresh water treatment. The Pb and Cd content in grains were lower
than National Restriction of Pb and Cd content for food consumption, but Cd content was little higher with reclaimed water irrigation than
fresh water which should be noticed in field practice.

Keywords: reclaimed water; winter wheat; irrigation; heavy metal
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JOLFHFA MV HEBE , AT S ECRAE Y™ )5 Z A R
HEUENTGEFYE SR SBIIRE, RERR
HER TREMEY, B FIRZEISTURIS B0
S, A RN A [r) B J S RE DA R, ZK R o
BB RE 158 T/ INEE , (BN B A WAL RE S U585 T/
20, YRRl A pH (E R B E SR
PRI RAR A, B 4 A B JEg 7 Jo 5 B vy 9 3
R A EERBUN,

HRTAIE S R V57K A BRSPS R 2y , Sl B A
B RBART, FAK B %2 F B T B AR B
AGREBE P (B 5 SRR i 2 PRI IRIRR, IR AR R RG R
T AR IO P 1 A0, A AIGR R P A K P R B
SRITHY A T A T KI5 Y, Hald
3 R A7 70 W O iy ™ HE AR R, 18
I BIEER R AR , R AR 7 PR i A
ERITRM, Z/NERAIH X TEARE/EY , t
T B AR KR, i T B AT TS KA Ry A
B ANF I RE A AR , MR8 DX I A 7K A PR
DU, o HE B/ N A B R B AT, SR
A {5 YA SR A K 2 2 8 AR LA SEB i 5 8 S
1 #E5F*

ET 2004 4F 10 H—2006 4F 6 AT FILAT
HEE X B PP AR B2 B AR T Sl AT o I
HEE R CIFIRE , D42 40 em 5 30 om, iK1
B L AR 1. H#Z 1 om FLRTH,

B+ 12 ke, HiXGZE 40 g, B A HE 20 g(4: N 20%,
P,05 10% ,K,0 20% ) , Bifsk 0.8 kg, IR G54, &/
iR 9508, i fE BAEH 7 #o

I 7 AR, 4351 R %) RS KR (F) . =4
FA K VAl E(T) . R LR K CAiE (S) . =K
FNE K IRV (5B 50%IR 4, TFM ) \ % F-H K Fvg
IKIRHE (& B 50%I8 6, SFM ) . =K FFA K g K 4%
FE(TFR) , G A K R K5 HE (SFR) , BMb PRI
9ANER . XTHRVEKN BdK, ZHEAKM =5
A KB E AL R TR AR5 KAL), Horh — S AR K
Pt K, SHRFA KON G A KR
K, K BRFEARBLANE 2, FIFRE LI RIGOKE, 45
ALFR S K B R 3 A i KK & 170%

FEYIRE T FAZE B K e T, T 60~80 “CHEZ{H
E: , 751\ ﬁ&ﬁ 0.40 mm ‘7( Lﬁ%ﬁﬁ% s %Fﬁ HNOs—Hzoz—HCIO4 {ﬁ
ff; TEMRE G ESIRAE ARXT, T 0.15 mm
FLAEH , R A E/K-HCIO, #4TH - FARIE A, 5T
R 53HT Pb.Cd STTE S &, IR EIEL SAS 4t
TS, R R R 7 22 530 7 i, i 8 LSD
WL, B 5%/ 51 B E K,

2 GRESH

2.1 MEiEDE EEENPIT
HRNEERKNRERGERRY i —Hi5 %

35 AR MEE A AR A P Bk AR 3 AT I, 45 Ab

S04 3% Pb &K 19.75 mg-kg, G FHKAL

R 1 ARTEABERRKR
Table 1 The soil basic quality for pot planting

B LK Organic matter/  Fgif# N Available N/ %k K Available K/ %L P Available P/ M [Bj#7K & Water +3EZAE Soil bulk
mg-g™ mg-kg™ mg-kg™ mg-kg™ holding capacity/% density/g-cm™
32.8 79.8 1154 91.1 26.35 1.32
R 2 RGEBAKKRERRSR (mg- L)
Table 2 The background quality of irrigation water used in the experiment(mg-L™*)

A2ERGY BOD; COD ss pH cr #4 Pb Hmad

X HEE K (F) Fresh water — 2 4 6.0~8.5 100 — —

=G EK(T) Tertiary effluent 5.85 23.8 5.55 7.5~8.4 143 — —

2K (S) Secondary effluent 9.25 38.1 122 7.8~8.2 133 0.31 0.01
AR HYEE K FEARME Water quality standards for farmland irrigation <150 <300 <200 5.5~8.5 <250 <0.1 <0.005

O =ZgFEK A B s E YA B NS HEAT B BK TREEAL B, #E— 25 3R B th R B S B TR A R B DL LR IR A AR Y K K

T R K [T PR B B R S A K AR R SR

QLK FrBKZE " HAL TR HIK o B HCARBERT Y HEAK KR BE 25BR T Bk s £ R A RS B A ILE 3. ALY 2R n]

15 90%A L, Hi7K H B BODs Flg i A & 47E 30 mg L7 AR,
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P Pb )RR, N 22.52 mg-kg”, “HAKIRHE
ALPRESAR, Sk 17.80 mg kg™, AN /K X BEAH Eb , Ab 2 [A]
ZRABE, BIE(HERR TR (GB 15618—
1995) I RLAE , G R+ B <35 mg kg, B F—
R Beha e, TTE A TER ARRP X EPRAE
TERFIK IR . Z50E4E; aniR R 34N & i <250 mg-
kg™, A R AR, HIETE AT — Bk H LR
S A B SR 4, R AR B XY IR
1 RUEE AT Y ARG I E 19 3N S BR T EIR
RELRE () — b , Ud BAL (e P P A /K e R
RSB Y E . KA ZFEAK . = REEK
FERVEV RV BB BAR L, A B
S, DR A KR H IS B EARA
i

THRFEAKCR AR EATRE R, TSR
TR PEA KSR P, TRUERR AN R 20.9%,
RER A RE R 13.8%, HALERIRERN K ITER T
E ZRIE KRR A + A B AR 0.5%,
RO RE AR 3.8% MM BRR| Z R A BE , U LR
VREH , FRAE KR PR VE AR Oy =X, Lo BR i AR
IKFEBAE AR N o B b — R IEA.

WR-MEENELELR MALEEHT
RAEW T E A (FAER R S B E R . ARG

RokF (R3), SAHEE LIEEPHEERN 0.147
mg-kg™, AL TERE A 0.130~0.162 mg kg™, RHE(1E
IR EAR ) (GB 15618—1995) Y HLE , fn 2R + 3
R E R <03 mg kg, MIARNWE BN R LIE
B, AT 38 A T — R B Bk 25 R 5
TIEFTREA EXEY RIS A 1 R E G
AT A8 25 SRAK T T IR i R AR R E 1 — b
e, U8B F AR /K RE X 30 1 AR T 4, 1
Yl ek, RASM IR KRR, &40 3
FIXTREAE L, HIERCR B S, UL A K TR VE |
FVEFNSERENT TR S B EARCE o, LIRSS
XL ER S ’RIEAARE,
22 BINEEREWRIESH

BFEEMEYC AR, B —FXHEY A R
A ENTTREY . NPERSGERZTERE
(% 4), EXRIDFRH>RSZESFR, R EETY
5.94 mg kg, ¥R K 0.31 mg-kg,

MK 5387, 1K AR Rk A
B, MR AR RS BRI Z R A B, U
P A K HE R R R 4 & R A B A 5
PR ERE, ZHEAKOEEPHS S EDE
B TIEK B R A S B A IRIRE 25, =R
AR E ERE KA ER  BRE]2ERT

R 3 BEKERMERTIRE RESEHIW

Table 3 Contents of heavy metal Pb, Cd in potted soil with reclaimed water irrigation

AL Treatment
4B Heavy metal i H Item
F S T SFM TFM SFR TFR
Pb H(H/mg kg™ 19.49* 22.52¢ 19.96* 17.80" 19.86* 19.42* 19.20*
PREE/mg kgt 0.36 4.26 0.18 3.55 0.14 0.52 0.49
Cd e/ mg kg™ 0.143* 0.141* 0.152° 0.130* 0.152* 0.152° 0.162°
P/ mg kg 0.012 0.002 0.011 0.027 0.007 0.005 0.037
T RPEEE SAS SETHRAAHT, 8 LSD KB, A HIRR/ NS FRFRERRIXT] 5%BEKF.
R4 ZNEBRETHENRERS®
Table 4 Accumulation of plumbum in winter wheat organs
L £#E Pb & H/mg-kg Pb content in different organ
Treatments s s FPRL
WEAK(F) 3.15:£0.17* 0.51£0.03 5.720.11* 0.34+0.09*
ZHEAK(S) 3.32+0.07* 0.69+0.03* 5.22+0.13" 0.36+0.07*
=G AEK(T) 2.95+0.04° 0.47+0.04¢ 5.85£0.12" 0.37+0.07*
ZIEIR(SFM) 2.50+0.08* 0.55+0.02" 5.50£0.17" 0.30+0.15*
=R (TFM) 3.06+0.12" 0.54+0.06™ 5.47+0.16 0.31+0.02*
—3E#(SFR) 2.58+0.06" 0.45+0.01¢ 6.85+0.08* 0.30+0.04*
=155 (TFR) 2.65+0.09¢ 0.61+0.07" 6.94+1.45* 0.30+0.02*

T R P E AR R RN, 3 WE K, 4 SAS GiT T4, 4 LSD W%, FRAMRARLE 5% B EKF FHER.
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Ko GAKE , BAEKERKRA FBURTEL/NENT
KL B, AR S B A R E AR TA M
RS EARET 0.4 mg-kg™ BIPRME (GB 14935—
1994), ULEHFEAKEHERRL SN, TEFEN
52, R KEZER A B R TR, R
N R ZEFT AR Sh s T B P

MW7 RRE , BRSO MATRLES & B A
BEEF (AR ANRREL IR S B T
SEVEAL IR P E SRR T 17%~18% , {BIRVEFIHE
TEW B B RREE R AR T B SR A HL R, Al
Az K HERAR H , TRLHE FARUE T PR/ NE AR S B
—EMIVER (X 2R AR IE A B R o
23 BINEERERIENH

WA Y &, T H AR H
BRSEENESHEREREE . MNESRE
HBBERE , EARBRSH>ZS kb, RLBR R
15 0.345 mg kg™, ¥R A 0.056 mg kg™,

MOKERE , R F A K = R Ak 2l
AbFE, KPR R A R 5108 0.07 mg kg™ F1 0.08
mg-kg™, B /K X B4 I3 0 84% 1 113% , H £ R
BEGRS), FAKERNS GRS BT
Fil 0.047~0.081 mg kg, BARME TR E & & DA% 2h5
HERLE R 0.1 mg-kg” FEMRME (GB 15201—1994),
B FA K FE MRS 2 {8 A /N PR B & B R T i o
HAnbHAR 25 MR E RS B EA R EA KL
R TEK, BAR AR B K B ER
AT T R FAK AR & B T AR HEEK
SR , Uk B F A K HE R A R AR A R A 2
FEAE—RE A RS

M ORE , R IR MEFNFE HE AL B, Kb 48
G RACTAEAN I, — A KIRHE R0 4y B ol

HEREAR 24%F0 33%, = FA KB 43 B REAE 40%
M 35%, H 225 .3, Ui BT FIIRVE Lb i 1) A
HK SEXT REATR R & BV E R . 38 IRERD
PORE AR 2 R A R IR ERCR A A
HE R B, Xt ZE S B SR AH b R ARG
T 29%. LZAATE , IREMEHER LR R ARRIG/NE
WEPRA R, LIRS ERSIREL

3 itig

AR F, =R KA RN H 4578
br, BB/ NEPESBEROSER _FHAKE
w5, T LR A5 AT G K R 45 R th— 3, 3 v BB AN
HHEIREE FA KRR BUK A 254 5600, IR AIBT
TR, BT KR ARE PR & BIRR
O E/NE RN IO T EL RS, Ak
INE TR R WS AR R, M AR R A BOR
EEIERN A, AR ARRRTE K FEEPNIHRX
FARZE T X A HEK, Kb TiskEg L, BELE—
PR OA B s, H = A KA G A K R 5
B ESREERAEE, ARG ST, FAkA
JEAA R AT AEHME, IR RefE D T 356t
B = A KB AR IS (TR ] 4R HVE I /K A v
EBRE BT 0.005 mg-L™,GB 5084—1992); F
FH, RN = A KR R R BUK R, A
JEETE KR [, B IR HEBR Bk T5 K AR SR 2
BME R, BTESERURBR T, N R
BIMMAREAE , DMEBE2ZRIERH

—BmE, MEESENSE RIS m R
SIS FPR, RFR/NE R B EH S R, i
KIS BB, XA RE 5 A % . AIRIGH r b
FAC R ASEPIBT A = IR HE R , 1506 R e 2 [ B

R5 EMERRETRORRSH

Table 5 Accumulation of cadmium in winter wheat organs

Qb3 £E Cd & /mg-kg™ Cd content in different organ

Treatments 75y = n faea
K (F) 0.204+0.003" 0.075+0.007¢ 0.170+0.003" 0.038+0.012°
ZHFAK(S) 0.407+0.013" 0.156+0.002" 0.218+0.004" 0.070+0.011*
ERFAEK(T) 0.423+0.005* 0.184+0.003* 0.319+0.007* 0.081+0.002*
ZI5IR(SFM) 0.313+0.011° 0.130+0.003° 0.198+0.004" 0.053+0.008"
=IHIR(TFM) 0.332+0.005¢ 0.112+0.005¢ 0.182+0.004" 0.049+0.010*
5% (SFR) 0.372+0.012° 0.113+0.001¢ 0.203+0.005* 0.047+0.003"
=¥E#(TFR) 0.362+0.003° 0.131+0.006° 0.309+0.082* 0.053+0.005"

T R PEOR P EAREESOR 3 IKE ST, & SAS Q34T i LSD Wi, TRARNARIE 5% B EKF FEES
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R, AP AR TR I B AR P A
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A 1
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WRSERL ) — AR SR . =P S |
FHAER AT KR G RE B SE W E, TR E SR
FOFRAY RIS B A A IR 22 5 AR BB, BT
A RS B EA B W ; FE AR K RE R /N RPAL
B BBRAVIERN, EAPRE S B A RETR T
A LRE BB & B E(GB 14935—1994 ), Fi FF-AE K
FEBRA) /N KPR BRI 2Rl R PR AE
IKHERI AR T /N AAPRLR & B, BRI EIRR
TR E R R DA R, B3R A KRB N
T B 42 R 10 R AR5 T A7 1E— R A 0 XU o

FRAE K AR 2 2 8] F ) B B Am iR B 2 2 0
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