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Effects of different irrigation levels of reclaimed water on the distribution of soil heavy metals and typical pathogenic bacteria.
HAN Yangl’z, LI Ping1’3, QI Xue-bin'**, GUO Wei'?, CUI Bing-jian1’3, LU Hong-feil‘3 (1.Farmland Irrigation Research Institute,
Chinese Academy of Agricultural Sciences, Xinxiang 453003, China; 2.Graduate University of Chinese Academy of Agricultural
Sciences, Beijing 100081, China; 3.The Ministry of Agriculture Water Environment Factor Risk Assessment Laboratory of
Agricultural Products Quality and Safety, Xinxiang 453003, China). China Environmental Science, 2019,39(2): 723~731

Abstract: This study aimed to discern the effect of different levels of irrigation with reclaimed water on soil heavy metals and the
distribution of soil active microorganisms and typical environmental pathogenic bacteria. The effects of two irrigation water qualities
(reclaimed water and tap water) and two irrigation levels (full irrigation and insufficient irrigation) on soil heavy metals and the
distribution of soil active microorganisms and typical environmental pathogenic bacteria were studied through indoor soil column
irrigation. Results indicated that reclaimed water irrigation increased the content of heavy metals in soil , but according to the soil
environmental quality standard, soil after irrigated by reclaimed water did not exceed the standard. Therefore, reclaimed water
irrigation could not cause soil heavy metals pollution. Compared with insufficient irrigation with reclaimed water, full irrigation with
reclaimed water significantly increased the content of Cd and Pb in surface soil, there was no significant difference in the content of
Cu and Zn. At the same irrigation level, the number of bacteria, coliform group and Escherichia coli in surface soil significantly
increased with reclaimed water irrigation, there was no significant difference in the number of soil fungi at two irrigation water
quality. The number of bacteria, fungi, coliform group and Escherichia coli in surface soil under full irrigation with reclaimed water
was significantly higher than with insufficient irrigation using reclaimed water. There was a positive correlation between the content
of heavy metals (Cd, Pb, Zn) and the quantity of bacteria and fungi, and between the content of heavy metals and the quantity of
coliform group and Escherichia coli. Reclaimed water therefore promoted the reproduction of active microorganisms in surface soil,
and increased the risk of soil heavy metals and environmental pathogens pollution. Reasonable irrigation with reclaimed water can
therefore effectively control the content of heavy metals and the quantity of soil pathogens in soil.

Key words: reclaimed water; soil column; irrigation level; heavy metals; active microorganisms; environmental pathogenic bacteria
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ABL PRI 5 F -t W A0 Aol P P AR KRB 2 5 B0
WP 35 K W AT T 7 e E A K A Rk
R R A A A H AT, A KR R R
& I8 S B0 B AR DG L 2 A TR . KRR
S0 (RN A NP 2 7K R 7K R R 4 £ T ORI
HANFRE K KT TR A 349 7 4 R B0 1 20 A 22 5
P Je 3 TR AR I (AR B/ A bl it = Py
A K S, LLFE AR KRN [ SR KA ) 9 7K K P 4%
PER B 3 R BF 50 G2, R AN [ W 7K Ak B K A
4@ (Cd. Pb. Cu. Zn). WEMEMAEMAE. &

PR ) X SR SO T R 5 A IR B K AR 73 A
P35 0, LAY DAy A LK AR P R P05 2 42 R0
WFF AR SR A SCHE M BB K .

1 MR57AE

1.1 PR RIS S0 HK

SG ] AR B A E AR OE R A B A K R
HF ANREEE IR B6: 35 I 0~20em B2 35, S5t Ay
W AU SR AR AR R TR R
1.42g/cm’ A5 WL 5 8.682g/kg, 4 A & 1 0.207g/kg,
A 0.376g/ke, 4= #h i (EC {6)150.57ds/m,pH {H
8.62,F 4 & Cd % & 0.055mg/kg,Pb ¥ & 5.357mg/kg,
Cu ¥ 10.026mg/kg,Zn 5 & 42.971mg/kg. T A4 H
RIAT it Smm i IR A 440 T HUNER 7> L RERE
Jo TR B B A R s 6 = T e A AL
T R 4% L T A A

SEEIG FH P AR K EL AT B A8 BT 2 T IR TR G K
AL ) 5 7K R YR T T AR iV 7K T K AR BE T
2H A0 AEAL A s R S SR AL T2 5K
56 FH 7 A 7KCHE A TR A 58 42 145 6 AR FH RE R 7K
FRUE[GB 5084-2005]. F2E /K /K JFiAR1E[SL368-2006]
FHIR T 75 7K P A= ) FH AR FHRE I FH 7K K ks [ GB
20922-2007 188 &, S 56 H 1542 7K A H R KK BT Ha bR
TEWFE 1.

x1 HEABEKREBRKKER

Table 1 Quality of reclaimed water and tap water

IR - BEdh aod Pb Cu Zn  KIGHRE
xm P H(g/L) (ng/l) (mg/L) (mgl) (mgL) (cful)
Pk 7.64 264 2121 0.026 0.035 0772 1.28x10°

HkK  7.90 0.62 042  0.005 0.006 0.016 —

1.2 SRt

ST R K (CK) S FRAEZK(RW)2 FifEE K R,
e HEIK(D) AE 78 73 HEK (F1)2 FhHEK K, 78 50
KAk B LR 458 75 K ey ) G 4 7K 26 (FH) 1)
90%, 4F 78 73 W 7K Ab BEAR 4 L 458 75 /K 300 78 43 HE K
AEFETR 70%. 30 4 AN AR BE: B kK FE 78 4 R
(CKDI). HR/AKFE/HEM(CKF) A KAE 78 40
BE(RWDI). FFAE/K 78 70 HEBE(RWFL), BN b B 3
AL SEIG H - AEA O PVC,AME 400m, 15
70cm,BE 5L 0.98cm. T AT (S g )24 B AL ) B HE
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S SEEG M 2017 4E 8 H 1 H~20184E3 H 29 HF
EWHEAT, 78 HE K AL PR AR IRHE K B2 9.70L,AE 78
I3 REZKAE BRI HE K 54 6.80L.#E /K JE 3 4y 20d, T
SRR 5 B 241d 34T T3S IORE, 2 BT AL
0~10. 10~20. 20~30. 30~40. 40~60cm %121
HEH 4 JE(Cd. Pby Cu. Zn) & WEHEMCEY (4
[N Rk T I ONE M NS N 7] )
oY g
1.3 WdaPs 577

A SEHACHE A P S s -3 pH {E R PHS-1
TR R TH s 38 R 73K FH Fi 392:(DDB-303A Y
i 2 R T 2R A, 3 ) I A ML K
FH AR TR B A - A IR s e A A Al o
TR a9 {X (75 [F] BRAN LUEBBE AA3)JI%E.
13 Cd. Pb. Cu. Zn FEEN FAK- SRR
KR IRICor Ye e FETHE I . - 8 M AR ) K
2R B0 B EE R AR AT AR B E
1.4 Hls ot

I Excel 2010 Al SAS 9.2 MEATHUR ) 7 22
I3 BT RIAR SHE 43 M5 B 95 % AR 7K1, 8 FH B /s &2
75 e (LSD)HEAT AN [R] &b B [H] 1) 22 B LU AR 43 A

2 HR5SH

2.0 FAARANRIE AR KT 35 4 43 A1 1) 5

AN AR BEAN [ - 2 R P 3 4 7 o LR 2.
fE 38 Cd /AT U7 1, A HEWE 240d J5,RWDI AR HE
30~40cm )z Cd 1% 1 i % 5 T CKDI AL #(P<0.05),
T AE oA 4 2, B 20~30cm #NRWDI 4B R +-4% Cd
SRS ST CKDI ARHE {H 22 55 AN B 2 (P>0.05).
RWFI 4 # T 0~60cm 12 Cd &EBEE T
CKFI AbFE(P<0.05).3X 2 B AH [RI#E K AR AH EE H
KK FFAEAKHEEAE— e REE L4 T HEcd & &,
H P RS HER AT =8 2 5 B3 A

T R AR E) [GB15618-1995]+ Cd &
T BRAE (1.0mg/kg), Ui 9 7 A2 K HE R AN 2 51 1 15
Cd V5% RWFI 4t # K 0~30cm + )2 13 Cd &8
# =T RWDI 41 (P<0.05), i 7E 30~60cm + 276 i
0 22 e, U B P AR 7K 78 4 HE AR L AR 78 2 E R
m RPN cd SR

7643 Pb 4347 J7 T, RWDI 43 0~20cm +
2 Pb SR E T CKDI 4 BE(P<0.05),M7E 20~
60cm 1)Z, RWDI &b -3 Pb & &l 5T CKDI
AL PR TG 3 M 25 7(P>0.05) RWFI 4L FE R 0~20cm.
30~40cm 12z Pb 7 & i 3 5T CKFI AL 3H(P<0.05),
20~30cm. 40~60cm 2305 =T CKFI AR B H 2 57
AN 25 (P>0.05). Ut B AEAH [F]BE K KT B A2 7K
WEAH LG FoR/KER S T L3 Pb &, HAR 2 T a4
A EAR AR T € 3 R BT T b UE D
[GB15618-1995]1" Pb % & f A (350mg/kg), 13 FH T
AOKBEM A 25k 13 Pb ¥5 4 RWFI b HE R
0~10cm 1)z Pb 7% & {2 # =T RWDI 4 3(P<0.05),
10~60cm 1 )23 22 5 AN J 25 3R WH P AE 7K 78 43 E R AH
LU AR 7R /0 B o] 2 e = 3R 2 1458 Pb A

763 Cu 43477 TH,RWDI 4 ¥ R 0~40cm +-
2 Cu SR EEmE T CKDI 4 (P<0.05),40~60cm
+ RS ARG (P>0.05). RWFI #4F T 0~60cm +
& Cu SRS T CKFI AP HY LB ER
(P>0.05).1% 3 W AH [ E K AR AHEG B R K, A2
IKEEME T AE— e A g 8 Cu &, H TR
IYREBL A R I g ) 22 R B AE A
KT (IR R EAAUE) [GB15618-1995]+ Cu
7 5 FRAE (100mg/kg), Ui B P A2 K EE AN 2 51 &
1 Cu V54 RWFI 4P 0~60cm + )2 Cu & &g =T
RWDI 4b 3 {355 3 P 22 5:(P>0.05),1X Ui W 7542
IKANFRE K AKX 135 Cu & 25 s AN K.

7 135 Zn 5347 J5 TH,RWDI A4 FE K 0~10cm. 20~
40cm 12 Zn HREEE T CKDI 43 (P<0.05),
10~20cm . 40~60cm + JZ G & 3 P 7 57 (P>0.05).
RWFI 43T 30~40em + )2 Zn % &8 2.3 5 T CKFI
AEBL(P<0.05), HoAth TR = AN 3. 14 Zn B REIT
T R EAAAE) [GB15618-1995]H Zn
5t PRAE (300mg/kg), B BH P A2 K HEME AN 2 5+
¥ 7Zn ¥5 Y. RWFI 4b# 5 RWDI 4B R ¥ 0~60cm
T2 Zn EE¥LEFEMZE F(P>0.05), X 3 FAE
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Table 2 Heavy metal content in soil under different treatments

i(}iﬁ&k AFAEH Cd(mg/kg) Pb(mg/kg) Cu(mgkg) Zn(mg/kg)
CKDI 0.081b 5.402d 11.337b  44.620b

010 CKFI 0.087b 6.125¢ 12.193ab  45.183ab
RWDI 0.086b 6.741b 12.511a  46.549a

RWFI 0.114a 7.893a 12.929a  46.353a

CKDI 0.076b 5.335b 11.226b  43.793b

CKFI 0.074b 5.961b 12.231ab  45.554a

10720 RWDI 0.079b 6.826a 12.350a  45.034ab
RWFI 0.111a 6.884a 12.775a  45.546a

CKDI 0.052¢ 5.083b 10.800b  43.460b

20~30 CKFI 0.064b 5.979ab  11.309ab  44.384ab
RWDI 0.049¢ 5.976ab 12.289a  45.882a

RWFI 0.089a 6.363a 12.032ab  45.724a

CKDI 0.042b 5.161b 9.848¢ 43.525b

CKFI 0.048b 5.453b 11.198b  43.019b

0740 RWDI 0.065a 5.821ab 12.199a  44.471ab
RWEFI 0.067a 6.501a 11.553ab  45.545a

CKDI 0.056ab 4.851b 10.067b  43.191a

CKFI 0.052b 5.859a 11.032ab  43.679a

40760 RWDI 0.061a 5.552ab  10.968ab  44.635a
RWFI 0.064a 6.267a 11.463a  44.062a

FEAR AP PRI R R L A7 5 V2 57 (P<0.05).

2.2 A KA AT HE K KPR A 3 Ll A= ) o Al

fosg
224 TR AR IR KK T - 540 4 1 1
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IKAFEAS R HEK AT - 38 40 B 40 A 22 7 3 W, 20
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R S T CKDI AR 3#(P<0.05), 20~60cm 1 /2
75 AN 3% (P>0.05);RWFI 4P R 0~10cm. 10~
20cm. 30~40cm 23 40 B R EUE 3 = T CKFI AR BE,
Fof £ 2 76 B # k2= = b RWDI 4R #E R 0~
10cm. 10~20cm 2240 B st £ 7l & CKDI Ak 2 1)
1.19. 1.34 £ RWFI 42~ 0~10cm. 10~20cm 12
Y S A CKFTARPEf) 137 1.33 5.8 W 1%
ALK REWE A L B OROK S 25 48w 1 3R )= g A B AL
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240d J&i, RWFIAbFE 0~10em + 240 BB 2w T
RWDI 4b#(P<0.05),10~60cm 12370 B & %5
(P>0.05).3X 3 B T A2 7K AN [FE /K 7K P4 326 2% - g8
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Fig.1 Distribution of soil bacteria under different treatments
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35 X R 5 A R IKAH B, T AR K HE 6 T g
T B 5 W AR K A TR E 7K A TR AS [R] E K 7K R &
I AT = AR L, AW 240d )5, RWFL Ak
0~10cm 22 FL B S B 3 5 T RWDI AR P (P<0.05),
M 10~60cm 1 22346 2 35 1 75 5%:(P>0.05) AH L 2.
,CKFI 5 CKDI 42BN %+ )2 T B e 38
F AN (P>0.05). 3 Ut B AH EE B KK, 75 A K AN [R]
E TR KX 22 T2 4 58 0 B B0 s Pk e ) k3 (H
PR 53 M B A W 7K o vy, T K 2 TS A2
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Fig.2 Distribution of soil fungus under different treatments
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2.3 TRAIKANRIRE AR KP4 33850095 B 43 A (1) 5

2.3 FAIKAFREAR AR H B R A
U NI ) S N W N 7 2 TN I I
IKAKPAS [FIE KK T 458 KW B o A 22 58 W,
RWDI 4 0~20cm )2 K s S 20w 3 5 T CKDI
AL HE(P<0.05),20~60cm + )2 76 2. 3% 25 7 RWFI bR
0~30cm 1 J22 K i A S B W 25 = T CKFL Ak B
(P<0.05),30~60cm 1 J2 o i 3 2= 7 S0 RWDI Ab 3
0~10cm. 10~20cm -2 K 25053 il & CKDI 4k
PR 1,154 1.09 £5RWFI AEHE R 0~10cm. 10~20cm 1
JE R RER B B2 CKFI ARFE 1,264 1.22 f%.3X
KA FRAAH B, FRAR /KRR D 4 i T 3R )= e
W GRS (DT 2 K P RS 5 M AN K AH
[FIFEAK K TN R K AT 38K B oA 2 ek
H,RWFL 4P 0~30cm 12 KGR S EURE =T

RWDI 4b#(P<0.05),30~60cm 12 2574 8 3 (P>0.05).
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Fig.3 Distribution of soil coliform group under different
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IR 20 A1 22538 1, RWDI. RWFI 4b# R f#) 0~20cm
T2 KA K W35 =+ CKDI Ml CKFI
AbH(P<0.05),20~60cm 1 220 i 3% 7 S L RWDI
AEPE 0~10cm. 10~20cm 2 KW H5 A B 1w £l 4331
#& CKDI AL PE) 1,22, 1.14 £%;RWFI AP 0~10cm.

10~20cm 2 KWiR A INFE AR 50 )2 CKFI b2
191,43 1.27 £i5.3X 3R BAR TE R IK, PR AR K HE IR 0 2%
e TRz IR IR A IR G (H TR R 4%
KI5 TG B 052 Wi AN K AH [R1RE K 7K AN [R)E 7K
IKP T HHER R A TR IR 20 A 22 e & WL, RWFL 4
I 0~20cm R KA KRR 2% & T RWDI
b3 (P<0.05),20~60cm 1 TG 2 3 1 75 7:(P>0.05).
U BH T A K AN R E AKX 26 2% T 38 K W5 A TG
B 5 U P S ) S 2 E KO L R S I
PR Ay IR S A B .

140
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Fig.4 Distribution of soil Escherichia coli under different

treatments
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Table 3 Correlation matrix of soil heavy metal and active microorganism and typical pathogenic bacteria

i H cd Pb Cu Zn Bac Fun TC E.C
Cd 1
Pb 0.615%* 1
Cu 0.667** 0.640%* 1
Zn 0.551%* 0.655%* 0.632%* 1
Bac 0.422%* 0.405* 0.282 0.428* 1
Fun 0.368* 0.413* 0.301 0.382* 0.419* 1
TC 0.443* 0.374* 0.258 0.436* 0.847% 0.437* 1
E.C 0.407% 0.359% 0.284 0.422% 0.866%* 0.425* 0.915%* 1

7E R BacK n A B Funi R FUB G TCR 7R SO I E.CR7m KR Ay [Q IR e * 3 AH S Mk 3] (8 2 BB 2 K1
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2.4 LIEESESIEERCEY) . SO0 R AR
KNE T TR E SR SR A . BRSO R 2
[ AR W% 3. 428 Cd. Pb. Zn & 540
B TTREEL RS KR A IR AL
I 582 IEAH IR (P<0.05), Bt AR & R0 T 4 )8
XOF A 8 v i A ) % B0 R ) AR B LA —
SEFERE F IR BEAE e A, 4 v e B S R S
8] LA 1 25 TEAH R (P<0.05); 41 B B 50 K i e
B KI5 I R 2 (R B A R 2 IE ARGk
(P<0.01); K1 B B KR A I B U 2 A
AW B3 EAR SR ME(P<0.01). 7] W, 338 24 oh AN ] R
A e A K B e R R AT AN R RS ) [
A AAEH.

3 Wit

3 FEAANAEA KT 3T 4 B A (s i

Cd SBHAS HIEMAEY . Ge =GR,
SAEVITEAS AR BE R 2510551 22 07 T3 45 38 J ™ H
U M;Pb XHEDIAR 2 AR AT 7™ F 0 R 75
FAEH,JCIL & S EUEYIRR RN IR 70 Wi 7 52 BH,
ol PR AR e B L S
TKAPAE A A= 7= R HE Ik Ik it o 34052 81 A B o). LA
FHOCHF SR B, R P AR KEE 38 Cd. Pb &
G KM E TG 3 2 O A AR YT N
4 SN ) P AR IR 0 48 R W, AR K
VAR LG F KA — e R B3 T 13 CdLPb 7%
5 AR FEREKAKT R, 2 Bk s 1
Cd.Pb ¥y I A FRIFR B E 2 etk o # J A,
—Je AR ESE AT RS T AR R
) AN T IR Cdy Pb BT RS
H R AAH L, P AR K 8 5 T R B I B . S 97T
FOEM SRS T RIS AL S &2 AU S
R R P A K A T S 8 R B e )
B TR T I SR A WU A H R
IEARSIG T A AR AR ), 8 I AR KRN
(1) A1 4 8 e % 2 B SRR T I A I AR
RIS I FER BRI R T4 R o = AN
SRAKER G LIRS B A — e R L
HUL G H A AR T € 58 B R b UE )
[GB15618-1995] M 545 Ja 7 et FIAEL 1t BH A6 30 P A2 7K
FEWEAN 23 5 e 3 TR 4 v . T AR KN [RIBE KK

NRIZLEE Cd. Pb SRR IERYLA AR #E
W, 3T, 78 ) MEBR A AR (IR A R v, e A
6] - S A A28 1) T < R 2 1 AN R g — g i,
S B TAERE K R R IERE A R R D 32 B A
AL W B ] 5 T 4 A B AT AL = 1 3R =
LB T S A K A REE TR+ Cd.
Pb 5 B i T TE R
3.2 FAIRANFIRE AT XS LS PR R o) A
(IR

TSR R AR, R A R
AR AHE B ARy 5, L2 5 R — U
BN IR AE L SRES AL W) T S B TE TUE
Jlon FEEVTRREME . RO S5 T A )
0 7F 20 250 i 5 T O L R BRSO
PR E I R Al — e RS mT S vk - 0
TR EEARDL. 40 v AL A FR . ARtk IR AR Y
PR 28 SR AL R g AL AP R e Rt - o
FURAGH AE LHNE i B v R I .
FURRN 3 b 1 247 55 o0 26 vl e B AR A L 0k
HME LI B AT . ATHLAR R et 3R
JRAE AR RE A A 4% D5 T 38 AT T UK S L 2
VA L R i ) T R bR PO AR g4
RALW, 5 H ORI L, 15 AE K REM 2 5 v T R 2
AN G R R R R AN B U R,
FRA A G 4l B 5 v 1 B OROKG 3 2R KA B
FSRK o 2 S e R . SR8 RT3, T S A AR
Ut BE T A 5 1) i R (R A K =
TR B TP o, AN RE HE R L AR 54 3 20 5 Al R
JUAT Y IR A= A7 18 7 (0 BERR st 40 7 5 7 A K
PN 2 - 38 0 T AR S S = R Ji DR T i
TR R 1) PR A AR T 4 4 S e v 4 IR
ARG B AR A A A A B0 52 B A ZKHE B 1Y)
TR E RS AR LG B R X S 3R
ARSI 2 AR 2 W A, T K HE T
FA T AR A R AR (BN R BRI AN
TR AP A e W, 28 17 A K R 1 - e
PR SR A7 A k2 B e, T TR AR 9 I T A B
T SN A He s A DO S 2 W, 1 A K
ES IR AR e TR I N
R AR KA 0 B ARG R RUKE T
ALK RE WA - B A A ARSI A5 R A —



2 34 W VEAE: KKK T < A B0 R A [ 729

FCAHEWT AT BE -5 AR KK T I A8 e i 2 S
PE VEYIPIRLTS DR HEME 25 (1R S5 DR 25 AH OC 2B UK 78
T REBEAR LLAE 78 0 E L 0 | T R E AN
R B TR IO, DR P B R P A K 7R o E I ) - agE rp
K B IR I AR B, P R R K gy
RT3 25 58 A 70 2, 5 A ) 1 ) ik A 4 1) A
FHE I AI A e R RE 7K KAt A B 25 AR 6T B v ) ok
AWy N de, DT A7 R A i A L R R e A B T
a.

3.3 FRARIKAN[RIHE A K56 - 498 7R 30055 B 40 A
) 5%

KM i B FRTE 37°CF REME 20 it LA A 1T ™ 12
PR 22 G TG 2R A R, T B K IR Ay
ICHR AT RR S o 75 AT LR A BV i e
AR N & HEM) b B e 22 10— R i BV 2
B A S A8 Vs e d 7n B T 3 R 545 IR N
K R B v ) — 2R i AR AR AR L L M d R s AR
J¥ T 5 B 5 0 U B I v RE SR i R TR Hh AR K A
Rl AR L YR IR AR Y G R R B
138 39 A T Siz iy 45 SR 1, T A K RE AT EE 1 ke K
WERS TRELIERGEEE. KiniRa KEE0E
JRR AT BE R AR KA G KT KR A B
B v T SRR HE Rt B R B K HE N R 1 K
P AERUR I3 A5 IC TR B A B 2 H il T R AR
B3 1R B e A O g A e R 2 L T R
149 3k 2 P TP AT A 1, A T A K R K T R A
KA IR E B E T 3R 2 118, N5 R =
IR ERE. KR A ICFE RS2 T B .
RO, P AR K P AR 5 A 4 v 5 KR K
R A5 B B[R] 2R K PO B P RN s 25 0 2 K A b s
T B S N T 25 R R RN K i 1 A [ B e
T AR T A 78 L (IR0 IR o3 S At A it 3L A K1
Forslund 25 IF57 22 B, HEE /K R T ek 2 5+
38 v K W AT B R AT A — 2 RS 2 KA R R AT
AT B 88 v N, 3 b R W AT B R R A N R, S
AT 4 FARARL. T AR KA [R]HE 7K K56 b 2 i 45
R P AEIK 78 i REE T 3R 2 L e . K
S TN R T | S e RN = we | S
Z ) TG 3 72 5 Wen  Z5IF 57 ¢ W] M Y i 4 1)
L HE K UK, 3R 2 KW R B 1 U A X R
% ;Libutti 2T g B 2 A B KR

TR I, 8 s SR FH 3 R i D RE K B 1) O] A
IR 2 T BERE D 4 s D B 1 v G AU, DA F 3%
ARSI 48 ARARL. T 32 o st &5 TR ) o D TR
A2 IK F8 53 REWEAR L AR 78 43 HEE 0] 38 b ik (0 K
BEHE RN ORI 2 A T B 200 5 s e O, 742 7K 78 4
TR ) - 358 TP ON R SR T AT B e, 7 A
IR G FNTR I3 4 A 50 A R 38003 B 1 AR .
34 IIEELESIGHMAY . RS0 2 (A
PR

FPE M R W, - 4 8 Cd. Pb. Zn & &
5 R KRR KR A IS
2 ) A 2 E M Sk ) S O g e i, - 03
Cd. Pb & F AR mT o 3 ik A= W 1 A K B
P& i I A K AH BE A TR VR S 1
AN W7 B v, VR P 20 3 A A Sk R RIOR R A Mg
2t W i AR IR 3 R 4 8 T 3 e
AR L S AW SE RARL I Deng 255 %
A v A B T 4 e g e W BRI T A R
B I ELX 3 A ) B 5 48 7 A — 8 R . X e
AL OVt 2 W), AR E WTE e L R REESY
I8 1 398 L < e AR 11 T v T PRI, 5 AT S 5 SR A
P B i PR - R AR ) 4 i 1 g B B e T
9 e TR R RN R A A A 4
Rl o G T (A W B 7N = T )
[GB15618-1995]BRAE; LL AN T 2E W) (1) A K 52 -3 A
52 r 22 Bl DR 25 5, 0 3K 43 L YR ST HL
T Fr i A, RIS i 2 R 2R ) 1 A8 HLAVE AR
SR AR I B 1 s [P A T 20,

4 ZEig

4.1 5 ESRAKHI b, AR K HEREE — e R LR s
TSR A AR T R T A
#E) [GB15618-1995] B AFL; - A K 78 40 WEMEAH L AE 78
IREBR R R TR ZE I Cd. Pb S ,Cu. Zn S E
T %5

4.2 5 ESRAKHIL, AR K HER B s T RE
A v KRR KR A TG A ) I R
B M AN K5 P A 7K 78 43 HE W AH L AR 78 20 E B i
FAEE TR A A KR KR
Ay BB At

43 THECd. Pb. Zn FEL TIEIE. HE. K



730

o[ F

ST
5%

B

39 %

s e KA B Al 2 e) S A O

S 3k

(1

[2]

B3]

[4]

[3]

(6]

(71

(8]

[

[10]

[11]

[12]

[13]

Wang Z, Li J, Li Y. Using Reclaimed water for agricultural and
landscape irrigation in China: a review [J]. Irrigation and Drainage,
2017,66(5):672-686.

Khamisi S A A, Prathapar S A, Ahmed M. Conjunctive use of
reclaimed water and groundwater in crop rotations [J]. Agricultural
Water Management, 2013,116(1):228-234.

Lyu S, Chen W, Zhang W, et al. Wastewater reclamation and reuse in
China: Opportunities and challenges [J]. Journal of Environmental
Sciences, 2016,39:86-96.

Wi ISP, B0 T, A P 2 ) AK M A 2 XU 5 mT 8 R
[7]. AA&24R, 2014,34(1):163-172.

Chen W P, Lu S D, Zhang W L, et al. Ecological risks and sustainable
utilization of reclaimed water and wastewater
ActaEcologicaSinica, 2014,34(1):163-172.

Urbano V R, Mendonga T G, Bastos R G, et al. Effects of treated

irrigation  [J].

wastewater irrigation on soil properties and lettuce yield [J].
Agricultural water management, 2017,181:108-115.

Troldborg M, Duckett D, Allan R, et al. A risk—based approach for
developing standards for irrigation with reclaimed water. [J]. Water
Research, 2017,126:372-384.

Al-Jassim N, Ansari M I, Harb M, et al. Removal of bacterial
contaminants and antibiotic resistance genes by conventional
wastewater treatment processes in Saudi Arabia: Is the treated
wastewater safe to reuse for agricultural irrigation? [J]. Water
Research, 2015,73(1):277-290.

Pedrero F, Maestre-Valero J F, Mounzer O, et al. Physiological and
agronomic mandarin trees performance under saline reclaimed water
combined with regulated deficit irrigation [J]. Agricultural Water
Management, 2014,146:228-237.

Lu S, Wang J, Pei L. Study on the effects of irrigation with reclaimed
water on the content and distribution of heavy metals in soil [J].
International journal of environmental research and public health,
2016,13(3):298.

Chen W, Lu S, Pan N, et al. Impact of reclaimed water irrigation on
soil health in urban green areas [J]. Chemosphere, 2015,119:654-661.
A, S AR A, A IR LR T AR AR KA A R
BALYEFRASEm (D). KB LREREIR, 2016,30(1):196-202.

Wang Z C, Shi HB, Li X Y, et al. Effects of reclaimed water irrigation
on the maize growth and physical and chemical properties of soil
based on the construction backfill [J]. Journal of Soil and Water
Conservation, 2016,30(1):196-202.

TRAR T IR Bl AR, R 5, A5 T A K RE X SR AL S T e s R
RMTEIT [J]. KEER, 2016,(12):72-75.

Zhang T J, Song C S, Chen L R.et al. Effect on reclaimed water
irrigation on soil salinizationand accumulation of heavy metals [J].
Water Saving Irrigation, 2016(12):72-75.

OGN BT REK LG AR U T AR A DX L T G v e
IIAVRFE [J]. WEMEHEK 2R, 2015,34(2):53-55.

Ding G Y, Fan G S, Zhang Y. Pollution and Distribution Characteristic

[14]

[15]

(16

[17]

[18]

[19

[20]

[21]

[22]

[23]

[24]

[25]

of Heavy Metals in Fenhe River Reclaimed Water Irrigation Area of
Shanxi Province [J]. Journal of Irrigation and Drainage, 2015,34(2):
53-55.

Chen W, Lu S, Peng C, et al. Accumulation of Cd in agricultural soil
under long-term reclaimed water irrigation [J]. Environmental
Pollution, 2013,178(1):294-299.

B[k FEE M ARSI KRR R R K R
YR [J]. HEEERIFSY, 2012,31(12):2250-2258.

Ma C, Yang J, Lei M, et al. Assessing the effect of reclaimed water
irrigation on groundwaterpollution of heavy metals in Beijing [J].
Geographical Research, 2012,31(12):2250-2258.

R R I T 8 S, A5 T A A TR 0T S i R T < O
AR [J]. PRI, 2012,33(12):4094-4099.

Zhao Z M, Chen W P, Jiao W T, et al. Effect of reclaimed water
irrigation on soil properties and vertical distribution of heavy metal [J].
Environmental Science, 2012,33(12):4094-4099.

R AR T AR B A AR TR R R TR TR A ARERE T KR
KRRy ERBITBNEE [T, KRR, 2017,(6):242-
248.

Liu Y, Cui E P, Li Z Y, et al. Different effects of biochar and pectin on
maize growth, nutrient and heavy metals migration irrigated by
reclaimed water [J]. Journal of Soil and Water Conservation, 2017,(6):
242-248.

Cirelli G L, Consoli S, Licciardello F, et al. Treated municipal
wastewater reuse in vegetable production [J]. Agricultural Water
Management, 2012,104:163-170.

JWe 5 B R T AT A 5 R TR SR R I SR E 5T (0], b I 2
2004,18(3):170-172.

Teng B X. An experimental study on the relationship between E.coli
and coliform group [J]. Chinese Medicine, 2004,18(3):170-172.
Vergine P, Saliba R, Salerno C, et al. Fate of the fecal indicator
Escherichia coli in irrigation with partially treated wastewater [J].
Water research, 2015,85:66-73.

Qiu Z, Li J, Zhao W. Effects of lateral depth and irrigation level on
nitrate and Escherichia coli leaching in the North China Plain for
subsurface drip irrigation applying sewage effluent [J]. Irrigation
Science, 2017,35(6):469-482.

Li J, Wen J. Effects of water managements on transport of E. coli in
soil-plant system for drip irrigation applying secondary sewage
effluent [J]. Agricultural Water Management, 2016,178:12-20.

TR AR Ry e A T W S5 A KR I A AR R B 5
WD) N AE AR, 2009,20(11):2659-2664.

Zhang Z H, Chen W F, Shi Y F, et al. Effects of irrigation with
regenerated water on the growth and quality of alfalfa [J]. Chinese
Journal of Applied Ecology, 2009,20(11):2659-2664.

Meng W, Wang Z, Hu B, et al. Heavy metals in soil and plants after
long-term sewage irrigation at Tianjin China: A case study assessment
[J]. Agricultural Water Management, 2016,171:153-161.

SN 2, 548 1) 38, 015 FH A5 T AR 7K B T 458 (/KRS L O AR AL
PRSI E AT [J]. K OREER, 2012,26(2):246-250.
Zheng S A, Zheng X Q, Liu S T, et al. Heavy metalsenrichmenti
inparticulate matter from reclaimed water

organic irrigated

purplepaddy soil [J]. Journal of Soil and Water Conservation, 2012,



W VEAE: KKK T < A B0 R A [

731

[26]

[27]

(28]

[29]

[30]

B1]

[32]

[33]

[34]

[35]

[36]

371

[38]

26(2):246-250.

A5 B L E MTE R SRR TR S h R (0], AR
K, 2015,35(20):6584-6591.

Shen R F, Zhao X Q. Role ofsoilmicrobesin theacquisition ofnutrientsby
Plants [J]. Acta Ecologica Sinica, 2015,35(20):6584-6591.

oA,k R RE WA AR URASN IR 2 B R LD e
s (7). P IE SRR, 2016,36(12):3793-3799.

Liu Y, Zhang H, Xiong M H, et al. Effect of climate change on soil
microbial diversity and function [J]. China Environmental Science,
2016,36(12):3793-3799.

MUSEEZ A HwoK A 22N R L P S A R A
W [J]. EFREEREE, 2018,38(7):2722-2730.

Liu M X, Li R, Zhang C, et al. Seasonal characteristics and
influencing factors of soil microbial in Nanshan, Lanzhou [J]. China
Environmental Science, 2018,38(7):2722-2730.

B R E R R R R AR AT S
[0 NHSHEEY AR, 2014,20(2):315-321.

Zhao T, Jiang Y L, Yan H, et al. Research advances on microbial
function in soil ammonifyingprocess [J]. Chinese Journal of Applied
and Environmental Biology, 2014,20(2):315-321.

Schadt C W, Rosling A. Comment on “Global diversity and geography
of soil fungi” [J]. Science, 2015,348(6242):1438-1438.

Barbi F, Prudent E, Vallon L, et al. Tree species select diverse soil fungal
communities expressing different sets of lignocellulolytic enzyme—
encoding genes [J]. Soil Biology and Biochemistry, 2016,100:149-159.
Tedersoo L, Bahram M, Pdlme S, et al. Global diversity and
geography of soil fungi [J]. Science, 2014,346(6213):1256688.

38 I, EARE O AR TR AR KR T AL S T B T B SR A
AN (1] FABIRLE, 2014,35(9):3572-3579.

Gong X, Wang J H, Guan J F, et al. Impact of reclaimed water

irrigation on soil chemical properties and culturablemicroorganisms [J].

Environmental Science, 2014,35(9):3572-3579.

Rendueles O, Amherd M, Velicer G J. Positively frequency—dependent
interference competition maintains diversity and pervades a natural
population of cooperative microbes [J]. Current Biology, 2015,25(13):
1673-1681.

gk AR, EHAAR P AR RKHE R R AR B b SR T R B
S [7]. K H#EBE, 2009,(3):5-8.

Zhang J, Wang Y C. Influenceof Irrigationwith Reclaimed Water on
Soil Peculiarityand Microbes Quantityof Plant Rhizosphere [J]. Water
Saving Irrigation, 2009,(3):5-8.

B SR PNFI L TR AR M T AL KRS HE T B SR o S ARl A M A
BFSE (3], AR /K RIK H, 2015,(11):39-42.

Pei L, Sun LY, Zhang T B. Effectofsoilmicroorganism of greenswith
reclaimed waterdrip irrigation ofruraldomesticsewage [J]. China Rural
Water and Hydropower, 2015,(11):39-42.

g8 B, T, A T B AR S R KSR AR AKX S iR
BRI (1. K ORFRAAR, 2015,29(3):311-315.

Guo W, Qi X B, Li Z Y, et al. Impact ofreclaimed wateron
soilmicroenvironmentunderdifferentnitrogen levels [J]. Journal of Soil
and Water Conservation, 2015,29(3):311-315.

Paruch A M, Mzhlum T. Specific features of Escherichia coli that

distinguish it from coliform and thermotolerant coliform bacteria and

[39

[40]

[41]

[42]

[43]

[44]

[45]

[46

[47]

[48]

[49]

[50]

EZ BT o

define it as the most accurate indicator of faecal contamination in the
environment [J]. Ecological Indicators, 2012,23:140-142.

TR RRFEAT O B REAH SR bR VERR ST [T]. FABEREEL, 2010,
(1):67-69.

Ding C C. Research on Western relevant inspection standards of
coliform group in water body [J]. Environmental Science and
Technology, 2010,(1):67-69.

Ren X, Zeng G, Tang L, et al. Sorption, transport and biodegradation—
an insight into bioavailability of persistent organic pollutants in soil [J].
Science of the Total Environment, 2018,610:1154-1163.

Yang F, Zhang W, Li J, et al. The enhancement of atrazine sorption and
microbial transformation in biochars amended black soils [J].
Chemosphere, 2017,189:507-516.

Bech T B, Johnsen K, Dalsgaard A, et al. Transport and distribution of
Salmonella entericaserovar Typhimurium in loamy and sandy soil
monoliths with applied liquid manure [J]. Applied and environmental
microbiology, 2010,76(3):710-714.

Forslund A, Ensink J H, Markussen B, et al. Escherichia coli
contamination and health aspects of soil and tomatoes
(Solanumlycopersicum L.) subsurface drip irrigated with on-site
treated domestic wastewater [J]. WaterResearch, 2012,46(18):5917—
5934.

Wen J, Li J, Li Y. Wetting patterns and bacterial distributions in
different soils from a surface point source applying effluents with
varying Escherichia coli concentrations [J]. Journal of integrative
agriculture, 2016,15(7):1625-1637.

Libutti A, Gatta G, Gagliardi A, et al. Agro—industrial wastewater reuse
for irrigation of a vegetable crop succession under Mediterranean
conditions [J]. Agricultural Water Management, 2018,196:1-14.

A RSN S RN [ 2SR ISR BRI PR S [D].
Mg PE LR MR R, 2016.

Diao Z. Effects of exogenous heavy metals on nutrients and microbial
activities of different soils [D]. Yangling: Northwest Agriculture and
Forestry University, 2016.

ARLLME, A E B AL A R R A IR IS PR ).
B RCAME K225 3], 2011,34(6):125-128.

Zhu HM, Li G H, Cui J, et al. Effects of lead on microbial activities in
vegetable soil [J]. Journal of Nanjing Agricultural University, 2011,
34(6):125-128.

Deng L, Zeng G, Fan C, et al. Response of rhizosphere microbial
community structure and diversity to heavy metal co—pollution in
arable soil [J]. Applied microbiology and biotechnology, 2015,99(19):
8259-8269.

Xie Y, Fan J, Zhu W, et al. Effect of heavy metals pollution on soil
microbial diversity and bermudagrass genetic variation [J]. Frontiers in
plant science, 2016,7:755.

Dixit R, Malaviya D, Pandiyan K, et al. Bioremediation of heavy
metals from soil and aquatic environment: an overview of principles
and criteria of fundamental processes [J]. Sustainability, 2015,7(2):
2189-2212.

PE(1993-), 5,30 TR H AR R Be i 0T ok,

FZN AR K IR SR TT T I AR S 4 5.



