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Soil heavy metal residue under different treated waste-water

irrigation technique and management
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(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China;
2. Graduate School, Chinese Academy of Agricultural Sciences, Beijing 100083, China;
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Abstract Different irrigation techniques (furrow irrigation and subsurface drip irrigation) and management (full irrigation and
partial rootzone drying irrigation) were used to study heavy metal residue in soils irrigated with treated waste-water. The results
show that Cd content in soils after harvest with full irrigation is higher than in that with partial rootzone drying irrigation under the
same irrigation technique and water quality. Cd content in soils under subsurface drip irrigation with treated waste-water is higher
than in those with treated waste-water and a few additional chloride; that under furrow irrigation with treated waste-water is higher
than in soils with fresh water irrigation. Cd content in soils under full irrigation with treated waste-water and subsurface drip irriga-
tion is lower than those with furrow irrigation. However, Cd content in soils with partial rootzone drying irrigation and subsurface
drip irrigation is higher than in soils with furrow irrigation. Pb content exhibits the same trend as Cd for almost all the treatments,
except that Pb content in soils under subsurface drip irrigation with treated waste-water is lower than that with treated waste-water
and a few additional chloride; also those for soils under subsurface drip irrigation with treated waste-water are lower than for furrow
irrigation under both partial rootzone drying irrigation and full irrigation. Soil Pb residue decreases under different treatments after
harvest, while soil Cd residue under treated waste-water irrigation increases by 0.62% ~7.78% after harvest ( though it decrea-
ses under other treatments). The study provides a solid scientific guide for treated waste-water irrigation.
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Tab.1 Design of plot experimental treatments

4b 7 WK K B WP A HEK B
Treatment Irrigated water quality Irrigation technique Irrigated water amount
E ZRAE TS KA H T 37 G AR 38 A R
Treated waste-water with chloride Subsurface drip irrigation Partial rootzone drying
. ZRAE TS KA H T 37 FE53 HEBR
Treated waste-water with chloride Subsurface drip irrigation Full irrigation
G 17K Fresh water VAHE Furrow irrigation iHﬁ S .
Partial rootzone drying
H 17K Fresh water VAHE Furrow irrigation 754> WE % Full irrigation
I AT H T 37 G AR 38 A R
Treated waste-water Subsurface drip irrigation Partial rootzone drying
" Bt 7 151 PN T i FE 53 HE
Treated waste-water Subsurface drip irrigation Full irrigation
A BT
K FaL Ak VAHE Furrow irrigation %m;&ﬁé?@% .
Treated waste-water Partial rootzone drying
—y =
L — AL ARTIK VAHE Furrow irrigation 754> WE % Full irrigation

Treated waste-water

WP RIS K= B 44 :Pb 0. 43
pg-L™',Cr0.380 pg-L ™", pH 6.65, A# 2.4 mg-
L', M&E 40 mg-L™",NH, <5 mg-L™",COD <20
mg-LflO

FH (] 336 7E [ AR Mk Bl 2 B Ak W B T BT
PITRE AT, KB EY N SR E, /DX 24
AR KTE4HI R 11,7 m.6.0 m, fEHL X H K
B 2006 £ 6 A 3 HEA KM (/XK E
430 g) . EAEFH A HMEHIERAHR . SREB
& B[] A0 AR B R] 43 551 R 2006 4F 4 H 5 H Fi 2006

#£6 H20H,

3 Cd.Pb R HIEEKBHNE: SRER
HERHN, 25T 2006 44 A4 H.5 A26 H.6 A
16 HA 6 A 20 HEUESH7 13% Cd.Pb & &, &4
AR L AR AR, BUREEREE 0 ~ 60 cm. 75 ¥ AL
B, kRO, ¥R NR 15 em HENGE 4 4
BURE i s W HEAL B, ZE AP YE (B BE (30 em) M H.
BERBEAAE 4 MRS TREKE 1 FE 2
UCMERERAT. £ Cd.Pb HEBRAEK -
FRE R T W e I E . RaEE KB
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2.1 CdETBPKERAEE
2.1.1 #EKEX Cd ELERKEIN T

HA R FEBE S AR MK KT, LiEH Cd & &
FEor K /NX(FH.L) & TR B #EK/N(E,
G.K) , AT e B9 JR R A WA A - — J2 30 40 9 TR O UK E
RFSREHER, 1 LR AR CdE; R~ L
3 Cd fEMRMRBERT ( <10 mg-kg ') A RIBAEY 4K
BRSSP A R E K £ 1 T 4 Cd XY Y
AR B T8 7 BE R TE 58, 3 0 T AR 4 Xt 4 Cd
W (E2) .
2.1.2 #KKEX Cd L EHPEK B IHEH I

HH R KK BB BB AT, A R KK FRAL
X TR B T AR T, AL BIE K
HEB/DX(1.]) L3 Cd &\ T HAA B I5K M
FHEB/NX (EF) s WHERAT , ZRA 5K B
NX(K\L) 14 Cd & B\ TIHKER/NX (G,
H) o TS T PishK AL 2 L3 Cd & B2
SRR R — R R Cd B TIHRENER
EOLHE W B UTTE R4 A AR SR AL TS K
REMHT.Cd SRV EEHROEE TAET
KT Cd &P, PR T 13 Cd S & ; — R T
Cd FEAR YR BE B X S A A RISAE R, B A vl s £
A YRS L, 7= A THLIR 3, 18] H R B 4 K
ST AR £ Cd B9, TP AR 1 R BB K
FRALHE 14 Cd HRZEFEH, P Cd XA
Yy RIBAE RIS 0 T AR My 3d 18 Cd B9 i sb, iE i
T RALRTT K BE B BE K BB e LA T E
Z BT (K2,

R2 AEBEXEBRLETARNPEIECiEE

Tab.2 Soil Cd contents under different irrigation treatments of

treated waste-water at different time mg-kg ™'
Ab PR WAEH M (H - H) Sampling date ( month-day)
Treatment 04 - 04 05 -26 06 - 16 06 -27
E 1.299 1.095 1.094 1.208
F 1.299 1.120 1.184 1.293
G 1.299 1.200 1.186 1.173
H 1.299 1.247 1.221 1.191
I 1.299 1.433 1.416 1.400
J 1.299 1.329 1.340 1.376
K 1.299 1.235 1.199 1.307
L 1.299 1.342 1.359 1.385
2.1.3 EBRBEARX CdELERERBIHTHM

7] 9 7K K 5 A HE K BT, Y 0 A 7 T BOR X
TR CAd BB EMA R —RALBT5 K FE HEK

WHEALTE (L) B EWIRE(6 A 27 H) 13 Cd &
FREH AL (T) & 0. 66% |, T 43 MR 32 B Vi T 4L 3
(K)Wdk)E 158 Cd R THHEAL# (1) 1R 6. 65%
(£2),
2.2 PbETERKERREE
2.2.1 #EKEX Pb ELEPFEKRBEIHSHIM

A [7] 8 Bt £ R FNHE K K BT, 38 4 /D X
(F.HUJ\L) 1 Pb S ERH TR EER /DX
(E.G.I.K) ; ik /5 (6 A 27 H) /N X 138
Pb -3 & B E M /NXH 0.45 mg - kg™
(£3),

R3 FRABEKERLETAEMNPLEP 8

Tab.3 Soil Pb contents under different irrigation treatments of

treated waste-water at different time mg- kg™

Lb 3 BEEHM(H - H) Sampling date ( month-day)
Treatment 04 - 04 05 -26 06 - 16 06 -27
E 4.782 4.583 3.851 3.242
F 4.782 4.672 4.232 3.594
G 4.782 4.282 3.376 3.050
H 4.782 4.388 3.853 3.490
I 4.782 3.847 3.295 3.061

J 4.782 4.538 3.984 3.405
K 4.782 4.393 3.712 3.328
L 4.782 4.637 4.114 3.987

2.2.2 FEKKEX Pb ELIERKEHTHHME

A [F) E R 5 R A KK BT, A [7] VE 7K 7K 5 X
TP FEEWMA SR T HET , ZR4L
HIEKMEAEBR/PNX(EF) LEP EE/ T R
S FRVS K BEBE /N (1.0) s WHEA M T, R T5
KB /NX (K.L) 38 Pb & B & THEKER/DNX
(GH), iHAHET R B 5K R (K. L) &%
JKFEBE (G H) 3T Pb [a] A (K 3),
2.2.3 EBHEAYM Pb ELEPREHSHNME

HEFIEACOK R AME KR T, WL (K. L) +
E Pb AR B R A E AL HE (1.T) H s Wk (6 A
27 H) ZRALBI5 K FE 43 HE K 1 VE AL 3 (L) B
AL (T) R 17.09% , 73 MR 2S5 1 VE AL 3 (K) 8T
SO (T) TR 8.72% . b FEHELAMFT LK E
BLEMTOAENAK, WRERE T SR ES
HERAWM(FE3), AT 3 Pb B R,
2.3 Cd#nPb#ZETiEh%ERVISE

+4 Cd.Pb R BRI R K 4, NFK 4
AL, R FALEE Cd Fn Pb 78 L3R 3R B BAALEE A
lo T Ab H Y5 K VE WE 48 — % Ak 35 K i 45V
MEKER/NX CdRBES, ARG £ Cd &
EBARMEIEM0.62% ~7.78% ; W IR 5 15 K fi —
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RAL Y5 K Ao RSB HEWE (G.E) #7845 W
(H.F) b3 /h X 148 Cd & BEBAREW L 9.70% |
1.96% .8.31% F10.46% , WIKJG &4 /NX 115 Pb
SRYAERNFEREB/DN, &K EEAKRER
36.22% , B /N RHA AR Y 16.62% ., 113 Pb R &
BRI R —ZABEE K MES IR EER > —
R TF KRB, RO HE G K IMA 5
HEWE > AL PS5 K T8 o HE W, VE K o AR AT R

B < ZRALHRIE K SR AT HEWE K T <
TR TG K TS E B, T Cd 3R R RN E
B R IE KM A S RS < — R3S
KA R EM, R IEK B FREM < =
RALFLT5 K FETHE W, B KRR < —Z 4k
V5 KA R AR VE R, VE K R VE M < R AL HTS
KFEHWEWE . WEKEXT 158 Cd.Pb 3R B RFAH R
WA 4 IR AR HEWE < FE A HE R

F4 HEMNFRE) MEREFAELELZEH CATI P S8

Tab.4 Contents of Pb and Cd before planting ( background) and after harvest under different treatments

Cd (mg-kg™") Pb (mg-kg™')
Trfkajim AR E WOk E AR AR E Wk E AR
Background After harvest Accumulation Background After harvest Accumulation
E 1.299 1.208 -0.091 4.782 3.242 -1.540
F 1.299 1.293 -0.006 4.782 3.59%4 -1.188
G 1.299 1.173 -0.126 4.782 3.050 -1.732
H 1.299 1.191 -0.108 4.782 3.490 -1.292
I 1.299 1.400 0.101 4.782 3.061 -1.721
J 1.299 1.376 0.077 4.782 3.405 -1.377
K 1.299 1.307 0.008 4.782 3.328 -1.454
L 1.299 1.385 0.086 4.782 3.987 -0.795
3 SR, S B LA T — B 5.

Xof W 7K 7K 5V TR B2 R A EE Bk & X% £ 3% Cd . Pb
R W 5T 3R B« AH [ I R 0 K K R
T, DREWRKEFXSERLECI.Pb FERTH
WAL HFAEREARMEKRET, —R
WEIEKEMLE Cd F &/ T R G K MEA
VEWE ; RS KEM R Cd S BER THEAKE
o VEKAKBX Pb fE PR E MBI R
TR IR KEM < R E B K IMEAER, %
SEFRTE K EWE > WEKE . BRBEWIR)E I KE
BrECIBLBER - ROEE G KER L EL
K 3 AR AT HE W AN FE 40 E Wk 3 Cd > B R AR
fHR9.70% 1 8.31% ; &K AL ¥ + 4% Pb S B AR
I 2 BE W /N, 820 B B KGR AR IR Y 36.22% , B
N RAE R 16.62% o S [R) HE 8 52 AR X b 43 4 %
B YRVE AL P + 48 P AR R AL, H R
WTREXGTELEAIER, AATIREE
K WE RS T SREXNESE M. A6 E
KAKBRMEKET, RS EKHELECSER
FFRAHE K 3 T T 5, A R AS B VA 3 Cd
EE/ANT R T HE L3,

ZFRRTEH BRI N ER L WA T B
AKAFEEBRERMEBR X T HEELERE

2% 3k
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