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Ecological Risks of Reclaimed Water Irrigation: A Review
CHEN Wei-ping' , ZHANG Wei-ling' , PAN Neng'*, JIAO Wen-tao'

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. Department of Resources and Environmental Sciences, Shihezi University, Shihezi 832003,
China)

Abstract: Wastewater reclamation and reuse have become an important approach to alleviate the water crisis in China because of its
social, economic and ecological benefits. The irrigation on urban green space and farmland is the primary utilization of reclaimed
water, which has been practiced world widely. To understand the risk of reclaimed water irrigation, we summarized and reviewed the
publications associated with typical pollutants in reclaimed water including salts, nitrogen, heavy metals, emerging pollutants and
pathogens, systematically analyzed the ecological risk posed by reclaimed water irrigation regarding plant growth, groundwater quality
and public health. Studies showed that salt and salt ions were the major risk sources of reclaimed water irrigation, spreading disease
was another potential risk of using reclaimed water, and emerging pollutants was the hot topic in researches of ecological risk. Based on
overseas experiences, risk control measures on reclaimed water irrigation in urban green space and farmland were proposed. Five
recommendations were given to promote the safe use of reclaimed water irrigation including (D strengthen long-term in situ monitoring,
@ promote the modeling studies, @ build up the connections of reclaimed water quality, irrigation management and ecological risk, @
evaluate the soil bearing capacity of reclaimed water irrigation, (3 and establish risk management system of reclaimed water reuse.

Key words :reclaimed water; irrigation; ecological risk; risk management

FEIE & — KGR = H I o A A5 iy [
%, AT AP A BRI R, Bk RS A AR
ARl T AL HERR IR T F K B PR AE AL, Sl T ¥ 7K
AR BAT LK B IR . IRIPUKIRET | By
LFFUHEFILF B G E B AL F A E BT A
GFER TR BT R, BT, AU B Y
AR S, M ifg B K, 7 56 [ 5 o R 2 7K
H i HVR 22N F B R OR Y [ ZE AT - 0 B
MUFFLE K AT, 5B 22 [ R XA i 75
IR A A AR DA i phe K T 5 e e ) T O 22—,
Gy gy im/K B TR RS T RIFRIZCR.

AR 2 TR AR K g AR an Aol
B Tl K T 380 A= 25 F K R T B K 45,

Hh 3T gkt R AR Ml VR T 2 A KR Y — b 32 2
wAE. SEEINAIAREJE WM 20 20 J5 W 4R K Al
FHFAEK , 21 2009 47 P A2 7K AF (] 2 2 & 1970 4F
(1) 4 13,35 8. 94 12 m® ,47 % W F-AE 7K [0l F 3k 1l 4
s AV HERE . LA 100% B A 15 5K F 72%
A3 TG KA R 1 L, ARl w0 H 5 o 75 7K ab 3L
MR 46% . JEaUT N 2003 4E I IR K e
AR A, T X N 22 04k b B 8 1) A 0 52 PR A=
IKBETE , DU AF T A K R = 2497 600 77 m® ' A

im BHA . 2012-04-20; 1&ITHHA: 2012-07-21

EETH.: HXARPAEETH (41173123)  HE HARE RS
FAHERMEREIH (41001330)

EERN: PR TF (1976 ~ ), 5B i TF5E 5, FZM9E 7 1) 3 li

AR, E-mail ; wpchen@ reees. ac. cn



12 4 WR P25 PR A K TR 0 A 25 KU T 5 2 4071

2010 4E24 3.0 12 m® ALK Bl FH T I g

[ A 28 Ak P ] B4 PR 5 KA L, P4 7KK
JR A HRAR 5, A SR AR T R85 KUK, H PR T 3l
TSRS MR TN, AN A Y28 0I5 54, Tt
HJREL | BrANs e AR YRI5 Y, B RIS TG
CETA RO 25, DT TR K R A 3k e 3 e )
Jo B AT A — o KU, 2 A FE Hh s I A
TR2E75 Ye s | L i AR (i BE XU, PR A R 7
)+ HE EANG | E Y £ 34 25 R SR AL A 163 K
K, AR RIS Y 1) R 18RS 51 4 1 7K 75 G R
S

Wit 255 P A I T SR R P A 348 o, ECR) XS 45
IRV 5 T 2 A B )z e, E A
ANEF X P A K FE T AU T R T RAIESY. A SCRTE
30 1 X P A KR T AR P A 25 IS AR A= 2350 R THT
P2 25 M, A B PN /AT G T AR KT TR )
JRUE: AR AR 7 R, O 2 [ A 22 36 48 1 P A K
TR TR IR 5 LR G, e O G B I DL, LAY N
FA K E A B (1L 2% | R A 1 3% [ P A KR
PSSO

1 BEKERNBESRKE ST

1.1 FAKIKBRRESHT

PR ZKOK B 2R P A 7RI RS /N 22
MHRRZ—. AFEHLIX | AFEZE | AR T,
A K AT BRI X ). A 4 5 s 2 50 4=
IRAFA T A= AR E RN A FHE AR v B 2K, 51Kk
FHACHA EE , P2 KK 5 ) 8 BEARRAE AR B AE . DR
(VA 0 T4 ) 38 B e, G L 40 5 RN S S
T QABSFER TR T EK,; OB —EMR
WIUE . AFAYLG YRR R, X SR IE e
T HRA KR A B B A A AR S U, A
15 . O Bk B 7k m R i 3R w4k KA
KRB ; QAR T KI5 YK ; @ E 4S8R
IR T BRUARE ; @HTARS Y T K5 e 4
57 5 (S Jir D 1 AR f B AU 46 RURS: P R/ N
5GP KK 5T 2 VI AR DG A, i 37 I 1 3 i e
T =58 2 I R a2, SCMR 58 &
R KPR R P A K 52 ), M U AR
AV B XU X 5 A7 T RGeS0 1 FA K R AR
1) A 25 AU
1.2 X oo Y 5 e

FHAE 7K T 1 o ) S i) 32 BRI 1 4
pH By | - HEdhwifh . 35 ) BAX 3 4

5.
1.2.1 -+ pH

pH {HHIR/IMC R B A K BRI . 75T
T, P A K B TT B+ B pH (A B b
O EEFEREHAKPEAERNEROE,
DA A v RO RIRBR AR AR 43, T S0 pH (3% ™
FRAEK pH AEFE T P, K B A 45 5% o, b
nUi 2R K pH (EATE 7. 70 o4y, Rtk K pH
BT 7.20 247, PR, 0 E G 00T, AR KA
2P pH (E R A W] R AR
1.2.2 ST

EJUR KA L, P AR 7K e B 3 1 K BRI 2
Harm i ashat R, AR KN S 8 e
(RS ) 2 e R A AE - v 1 3T B 2 T
KT, IR MR | A TE T
G R R m B, 56 1E B A
SR, AR B F 5% 45 SR 2 (R4 7 — 2 1 22 53, 9]
N, Friedel %57 75 2 74 8 H [A] 3R 46 & 90 AR 7K K30
FEWEBEAE N IR A0 1Y A B, T Magesan 25
TR H = RACBKEBE 5 a 5 3 BFAH
. RBESE X AU 5 A FEAL KR T 4 Bl Ak
F J A, - 4k 43 BRAREAT T 5%, 45 R R KA FT
AR VEE ] S 3 T R R A LR 3 Bl 5 A H
A K HE X 3R 2 A HE SR B X R X 4 ) BT T
12. 4% 1 84. 2% ; A~ SEENWLFRF LUARL b FHIE B2 23 501 A
64. 5% F1145. 8% 5 AP A=K EWE 25 ffi £k 0 R AR
e R R B LR A N H 2
AFEFAE K (15 7K) HEE D7 52 0 e 6 5T A0 R 3
o TN Dl 4 M, R 4 R RRURE P I T K A FR 15 i i
.

Hulugalle %" AR 57 26 W 241850 1 e HE 7k v
AE R IF, PR AE K X - SR WA 0. Lin
TV IN Sy S 30T P9 AR KT T L AN £ 5 |
(AR T3 TSR IR Ry 55 B e fh | LT 32
P22 T . Fabregat %“8] WhoE KB, Freeffi
FAR K = 7R R BRI 2 R BB T2 T2 R HE b il
FrE R EREN. Qian 4517 3E 1 X 35 R R KRBk Ak
b (PR RS K HEE ) (0T 5%, & B0 4 S
SRR LA S A0 187 % F1 481% . K& HIBFSE
TR A K S BB R B A
BYERE T, SR AR A9 I H AR K R R
FRAK A S R o B S | BESE
BT, FECEERILBR BN B iE MR AR, 1
B R



4072 2N 5%

Bt 2% 33 %

X H R H AN H R L, BfE—
AR B R — A SR R
Al RETCIE I 2 + e R oy i AR k. HRT, AH GRS
(945 EL AR 4 SALTMED . ENVIRO-GRO, SWAP
ALSIS-MODFLOW Fl Hydrus-1D %5854 T VEW 4=
o MR ARAEWR PR SRR T, BEAC N i ff ) 1 45 rp
ROy A BEAT RSB PR AR s
ENVIRO-GRO BERIBIHUAN 55 1 A6 52 AN [A] 5 2E 7K i
WEAAE T 4R i RV AR, 25 R0 W R
A KL T 3 B B SR Ak, 36 0 RBURT™
I, E KT R IR Bk A T
8 R B AR A, RV A K B R R
BN ER BN T 2. 53 dS-m ™~ A BEAA Bk

M2 TR A KR AR, S R AR
TELE A IXURS: PR 2R 1 R R P26 K R A7 T I 4 1)
BTEZRRBR | A | HKAR R HLIX ) A 7]
A2l - 3eEh oy EAL R vk Eh Ak, e rT A
SECH T K ER T PRI T R A A XU R
Jits. EAT, FE PN A K X - 3R 3 ) B2 i)
TR L BB BB 5E 22 46 rh A T 8] 3 56 B
FAERRIR AT ST, B S 2 |, PR % AR
IK AR L RE R 5y B SGE R s AN BUR | TR
AF, b P A AKOK R R A H O 2R DL A .+
HEAEXT R b N OKER S REWT MR LA
s
1.2.3 +HEESEGY

4R R nT DB EEY A K, WrT e
FAK- AR Y- N AR B s 1%, fa 3 N IR RR.
FRAEKEM T, U 48 R, BAKT AR
ERRIEIS A IS SEs

—J7 I, PSR T A 36 15 7K Oy R IR AR K
L4 W AR, o A PR A K AN 2
PAGIE 43 i 4 R i BRL XL A 5
TR A 7K 6] T A AR 4 R A - 8 o 4 T ) BB D AN
P B R R, Kang 260" (1 A) 6 45 5 os | 1
FRAKALE 4 MOKE#ER 1 a5, HIEE SRS
WA 22 R X 5 E N H A — S5 45 R A
L2 Wang %55 B0 55 #5211 3 2 77 A= 2KV T
WA AR 42 8 5 i R KA X Ik TR AR
R A MRt FH 25 i A8y AR E 408, 4 A0 R
A K EE S 2 S 4 R S YL KU A /N IR R
SSHEUREYE SRR, FAKEX HIEELSE
15 Y IR —E A T AR K B, T RRE
TR A T K T A MLt 3

J3— 5, T RAK AR R s, TR K
VEWR T 4w -ER oy 28 AR R AT el AR 3 4 R 1Y
A R . ARG DY I A SR A B, A T
IKFEBEAR LU, B A K N e R 2 L h E 4R
AR ENE [ HIEES)E (Zn, Cd, Cu, As)
FRE PR 5 AR IR A Ak BV T 3 4 )R
A A ] R 5. X 4 i 2 00 o A K T
e Cd BREAT T LIRS , 45 5 3 B R AE P UoRk
B - 0 T 4 T A T HE IR ACHT A R AR
N, AN SR AT s A 5 K A BKAE R
WEBEK , 3 Cd K TEHERE 40 a Jo L [ bR i
WHREBE K Cd &= EF] 5 mg-m S AT, HE
5B RF] 100 a A4 g Cd & & ik B bR e
I AE 1.0 mg-m . BRSO 32 ] STEM-profile
Y A 53 7T 300 P I K T P2 K X AR 4 R Cd
SBUESIEAT T, 455 Won Sl A LR
FIF AR KR4 2 S 80 Cd i 2R, M /K 38 )
it A B AN 23 i Cd B, 7R S BLA W A K
HIBOLT 100 a ZJ51Z X 1) 13 Cd 15 4k 2
W E R HEAEE AR, BHEZ T Cd B s
0. 866 mg-kg .

ST, BAR P AR K P T A R R AR, R
A KHEE 1 398 T 4 i U Gl U A, (H TRl AE D
WK S Y - 41 T 4 i 3 A N TR KO AR,
PR, R A K I S R T e B R e
K. T 3 4R T e AR ELA /N R
A ARE A5 ARER R RS I = B ASE 8 1) 17 FH i 0 B 47
PRF 1 4 Jm T e SRR, T H FTAE DG Y
LA =
1.2.4  +HEHAG QLY g

FEAE K TP A B HLTS YL e 2 i ) Bk A B
R DA R RS, FAKT POPs 3R E /K
P B (40 OCPs it 7E 1 ~ 100 ng-L~' PAHs
FHRAE10 ~1000 ng-L~") RXF T RIS H
B UE, B A /N, R, AR K R B
POPs 35k B KU 52K, AHXT T POPs, — 2558 75
PIRIER B, W EIAE RS REE 1
~10 pg- L~ FRAE KR FLPRSE i () 2R R, X
SRR IR e e

T Az 7K R S G A v B Bl 2K Az A BT
2 B LASEAEN D RHIE A2 . 385 175 K
ARG A REA LB IE TR | 250 I
AN S AN 5 T e W AR D R B s e
Pyt ZRAEBLE , T A K s B S YL G



12 4 WR P25 PR A K TR 0 A 25 KU T 5 2 4073

feing- L™ & pg- L7 K20 55w S W] 281 58 A1
L, TR TG K 259 2 7 Y i A R RN KT
W 3 2 T Bk T KOO K 3 I A AR R K
qzt%.m.

T T s Y gy ELAT < R AR AL R AR
P I 2 BRI - 5 i B S ey, nT AR
Bty VE S SO E s v,
WRAR P A A LR &, LA R 4 9 T A Sl 40 R s 33
ij[48~51].

TR 7K IR 78 Y A 1 b B 5 BR K-
5 HAE LR -t 7 | BRI AR R
FREEIIRAT I B AT 4y, 32 B AR KOK B, 4 5
Mo LA K A T B2 . A2 BRI R A
IS SR | B AR 7K v T Y g 1 S A
AE T ARAEAR K. Xu 2502 RS 45 51 W e e 6 10
9 LA PPCPs 1, - HEMZ B R (K,) AT LA
1 Lekg ™' (4070 3% 2% ) 2246 2L A Lokg ™' (U0 4-n-
Nonylphenol ) , HAN[F] 380 B R %22 S de k. £
BRI Y R AP AR R AE L HEA R R B(K,) AT
PIMAREN 1 Lokg ™" #IULJT Lekg ™", W WLir A 2 0% b
1B SR SGIFAHR R DU R 22 > RIFPI RS > ol
Wil > B > HIELMBE TR > T H KL
Gunnison 254 it F 7% 4% 5 5 % #0975 @) P2 9
NDMA 1) + 30 i R EAR /N, HA 0.56 Lekg ™' 72
4. Nowara 25550 e 8 —COOH B s T BRI P A
() K, {EARAHIT , 76 300 ~500 L-kg ™' M6l 5 0% fff
I FRARL, 7 g rh S Y i R A M AR IR AR
K, N F—KE L E ZEIJLA AP, Sarmah
SOV ST A R R FE R FE A 9 FPELRY PPCPs
BT B B N 1.7 d Kk 77
d. Gan 25T & PLIE R P2 NDMA 78 B fh A
A IR 2R R w2 | ~4 d, ERE L
HERE AP S AR N E] 13 ~58 d. Brown 25147 23 W5
Fhg UL ES 7 HHCB A1 AHTN 75 1 38 v 2 28 3 i oot
1 a.

ZEA T, R B A YW+ 3 bl
FE e b i REURIIEE. SR 14 22 10 i Al PR35
BTG Yy S B — e AR RS B, b A A
fl R KA B R G R K e aE™ . A
XTGP R A L P 25 S OR  TERR S IR BT 4%
PE T 35 XU 37 31 22 b R R B4 TR st 5 i, 75 2240
SR A B A B2 0 o+ S e ELAT VA DRV A ¥
Yy, i — 23 )y 2RI (4 HYDRUS ) % 3455
AT R AT 7 5 TR0 VT AT | 28 T ) R 27 A 3 P2 K

FIFH DA K BRA L XGT A R P55 174 670 TR R0, B2 LA 4l
1.3 SR K5 A R

P2 KT TR X 1 7K BT S Y 52 e SR 2R 1 3R
g3 BEASE BB G A B R A LA O T
1.3.1 #%

KA KFERE T, 3h 0 S 0 2 F i b T 7K
ER) 82 00, WFE RIS P AR 2 L ROk 32
R AR (R 5 7K ) HEBESZ ), L&Ak .
R4, BNER DL R R I A Rk TS e ™
PR AMAA T EZS LAY EH
Swancar %[GOJ%%H:J:%@IE7K?§?% 4.5 a9 4>
R R BRY, 25 R B, T K VA R S RN
B3 ETF. NS K Hogg %5 P84 T — gt Ab 3.
A K FE IR A 2% b, N TH AT 55 Moose Jaw Site ( Hi -4
IKGEHEDT 14 1981 ~ 1995 4E3E 15 a) (UEIEE ,
KA LG I T S A% AT AR R OK
AT, A A 25 Swift Current Site ( H Az 7K 52
VEDT R 1978 ~1995 4L 18 ) ALY S EE 4
b, B T 1558,

FHAE K R X b T 7K A S e SRR BT, g8
Jo 1l B b KA S YRR OGSk, ] PN FAE K
TR 1 7K R RGBS A5 e R A 2
UL (BRI HESN) . FER I AR K E R, A3 s H]
DRASTIC %5 28 55 £ 1 5, HYDRUS, ENVIRO-GRO
LGBl ARG R K TS G ME 55 PR IE AL 5 O M R K
Lh,

1.3.2 AR

FAKE YA KR A, B, s
TCR AN, A PR A K Bede & 58 g,
PEDERE A A K, AR RE U AOARE 4 it Y 2 L fe
FHPFAE 7K E R 35l Rt i R I XU AN 2. 3
R R T FEIRAEY B i, A K A /K R
T TR F 1 2 R KA A R e
ZRTE.

TR R TR R REZ AR
FHL AR K ] s IR R A S
T, —JrmE, FAKE T, B TR A R
(R HE UL B s itk 80 1 B, LS i AR TS o, AT DA
YD R BB T R K A R B — T,
BEER oy ZEARAT AR AR W W K I R ZR R, T 3
IR FE A IRIR. 5 3CE S X b BT A K
WE XA TR bR K ER 43 52 e A B ST 45 SR I
7N, 12 m AL R B X B SRR IAF 97.3%
BUEW T B A S AR T M T K SUE, R A



4074 EZ

FRAE KR 3 TR 3 K S 3O T 7K K B & A= B 7%
k. (BTE—LEHFBRIG LU, B0 22 BRI, AT 3L
TR KAE S A AR . B A — SE 5T R
WY, P AR K T TBE AT S B T K R AR 1 A T
oot

SR B KRS B A TS A
RAEAFIKS E R T AW AL, BAR IR 5T
SR PR AR K R O T K TS G i T RE M A
% R A KT AR FERS S RIS Je it T
K XU
1.3.3 GBS HeY

BEA B AR A B2 i, AR KRR N TS de Y
R KT QLA a6 52 3 0. AR 20 22 90
AEARARTFFUR JEU: PPCPs X FRAE A5 He | 33X — [7] i
TERER A 5 R E M. L E 3k TAE
2003 AF-ZERAE A2 KR AR A9 2 — A7 A 2504
BB Yy ] i A A P AR KR A 15 R
AR W AT e o . B AT Qe R 2 B
2 TS Yl R R RS | T DULE bR ik
B bR K IRAFAEHEAE Y. Dougherty 2517 ()14
A4 N BA KR B b 20 PPCPs 1] it
ARZH T K. Fang % 058 45 5 WoR |, AR KR
FHIg AR R 85 4L ) 7 E 2 5% ( Gemfibrozil ) 7] GE F)
ﬁﬂﬁ—Fﬂ(, e BER] 3Kk 6. 86 ng-Lfl. Kuroda fff[m 0]
W4 /R, PPCPs 1E 2K 5 68% HY AN SZ BR il 1 T
B K IZFN 44% 1932 BRI b T 35 K 2R g A i
Hoip K 5 P4 S ( Carbamazepine ) Fl 3 %' K il
( Crotamiton ) K H 451 %6 5/ , Hi R 7K v PPCPs A€ JiE
EEBTTBOT KM L ~2 MRS, Haruta %5 528
J HYDRUS 3l Jg 2 B RT3 780 3 55 @) 7= 4
NDMA (R 7K 75 G JRURS: , A8 45 SR e /s 76 754 K
HEWERY A rh  NDMA 7552 2007 5 Z5 10 T i) LUK i
SR ML T 7K, V5 Gt /KU 2 1T U AR {EERE. Xu
A5 R A RS DR A T 10 Bl PPCPs UM T
K G XU, 45 SR 3 WP A 7K — 263 5 e
1% 7% (ibuprofen) | VIR ( Clofibric Acid) 55X
T KFEAETELE T e XU

A LTS Gy T 7K TG G XU AT LA 3o — L
PEAEAY (screening model ) HEATE PEVEAR , W Jury
SELOLTF R AR 2R TR AR R (B Jury AN
Gustafson 271 48 19 1 F /KI5 Y BF 4 5 ¥k
( groundwater ubiquity score , GUS) , LA & Cohen %"
P AT, X BT VAT BT X R B TG Qe T K
15 YL HEAT PR O 8 |, 1555 A5 1 1Y) - 49 IR R

Bt 2% 33 %
Rl (S B [ R SR BT RS 8 1 45 5 52
HbIF 5T Ko 811 1 2 AR RIS A T 50 IE.

1.3.4 JHEH

AR EH 2RISR, bR s Kbl
8 15 BT 0 e B IR A1, A K A 3 3 B A
T RERN AL R K, KK 2e 4. A A
A K MR K I TR v 0 S A A e e e
X4, B ) W B A K B R T AN BE A AR
FH A, El-Arabi 257 Ji A5 K HAT 70 a FAEK
(FLIUI AT A6 T B 2 A B K ) SR D s B X 1Y
SER R, Hoh R K 52 2K B B 52 0. Sheikh
SR Adello 2517 B3 fift FH P A K TR TE 4 b P
B, 76 P UK 2 8] e AR T, R AT i 2R
PIET L 90% W KIAAT I8 2 0 B e L3R )21
2.5 em ZWN IS BER 30 em DLV EHRE. HiL,
FEAE K H 8 KT BEAS 206 i 7K s .

1.4 HYAEKZmE

P A K R 7 A e ) B R IR K 45 A
FEATIALE A LUR 5 N7 .

1.4.1 2%

b i A ST B v TR A, T S B
Peot Bt D A fE F AR, A <S5 mg L™
BRI 2 A, — B R AR 7K i A SN g
it 1.0 mg-L7".

1.4.2 JEEIGHE

FAK R R A e FE R AR AR
WY 25 55, g1z o B AR, AR B A ( <
0.5 mg-kg ™) XA B A KR 1Y, R AE S
X B8 £ 2 e R 2 o AR, AR B L A L TR ALSE
AREFUER, H B AE 0.5 ~0.75 mg-kg ™' Z [0, /NFE
) H 2% | FAREAG AR A5 L A fsk , (B 7 0. 75 ~
1.0 mg-kg ™' PFAKRE A B R L R
FURT XA A v 0 3 (EAE S H S L R 4R
ity SRR 2 T X Hl ) s B R MG
1.4.3

b B SR RO R R B T R |
FHKERRE | B R AE AR BB 0 5h E 25 2 07
HEIHE. SRR —id B M2 Bk 2
FEIR AR AZ BH A AR AR G AR AR 2R IR
SEREAR, M HE A i 2 R S5 R 25 R
Ak, BB AR 25 AT R A K
1.4.4 fEFMAET

B ES T AT e R SR8 T R B R L)
WA FE5 A B SRR AT, Al B (i - 4 sc



12 4 WR P25 PR A K TR 0 A 25 KU T 5 2 4075

KAV B DAY AR TR L 5Bk e i T
BREGITAET, 4h B 7 rh Bk ol g i vt R K.
K B AN T S 8 R A R (A
2 /NG - 39 ke S8 7T B A L B P R B R
AT, 7 (R 32 375 o S W] b R 1. G5 % A A s
135 1) 2 BEREAR R AR B 2 B R A K B
I, ST R WA W W (EE R A
FIVE A GV B AR S Rk, X AR W i A 4, &
WP <70 mg-kg WA, 70 ~ 355 mg-kg ™ HE
R, 355 mg-keg ™' LA HEE RN X I AL A A
Yy, EHE <100 mg-kg " A M, >100 mg-kg”
HHRERZ I LA L
1.4.5 EFRYR

HAKPEAEENA, B, B, 8. A
PS5 TR0, P G 14 K A B T R
A, (AR B = 0 ki e 1 P AR K R
i, W28 5 B e e, 2 bR AR K = A R .
FRAE K e AR 1T 5 R AR T B AR () A
WR S HAWE FRY TN P, K EBISR TR fin e e
Y= .
1.5  TIERAYRUN

I | TR A P K X RS
AN M TEEFRBR. NA B AR 15 K R
- 4 T 4 JE U R R AILIS YR, vl RE S A
(1) ISl A SO T YA 485 A AR R T

(1) FEG A B T Rk Y Rl R el s o)
THAE 7K T R A5 2R MR I 2 e 2 v R A AR
N AEA, PP AR AL AR I Ry AR SR B P A S
FERG I, % A K AR A AR DL A S O KRR 1Y b
D75 G300 WL ST Hh B B3 2%, BE VR 2R
T BN, sk AR AR B 5T 2 B AR K R R
XA B A W ih R BOLE R >, B A
W N PEAR 5, 2ot — e iR S, IR E vt
G BOAE SO M B A A R A Y B R T P Y
A 2 AT DL i R A A A g b S W o
Ak o] AR W ORI A 3 5 B A, R S AT
HF 5 2 B [ 0 7K S Ak B8R 9 AR0 A W S B T P
TKHEWE , P28 7K HE T X 40 7 ) BT A AR AR .k
ARG A K T o T A R A R e A
THESE S5 R A T KR Y A R R
A G Ao BT | A T R R LT 2
225 MANAE — BRI oT 45 R, gk e AR
T 5 2 W A 70 T TR fofF - 9 200 T 50 R R X35 7K T R
AbFEIEN . A KR = 2 P A K R AL B TR] F

AR A 22 5 W 3 HL B R T ORI AR
TKRETRE XS L P S LA AN R 5 AR K RE B fl R AR
o - SR AR P 18 o 0 R il O M . SR
FAE SRS R 5 SRR B A L, P AR K B
AT ) T B PR B A 5 G I, LR A
FIFZEAAF B A 380, (XA R SRR R 2 W
pRTE S}

(2) X T IERE G B A —E %W Liang &cl82]
EFEUE%I' Ag+ R Hg2+ R Cd2+ . Ni2+ . As3+ . Cr3+ . B3+ R
A" | Sett | Mo® " B T ik F] 5 mmol kg™ B
SLAA RN R RS AL . Antl 5N 4R
TE P FUR (19 % 38 B 08 Tk BE A 2 5 ) i A
Yy, RS ALFN SRR TS V. LA AR 15 K R
FEE KRB A K TS B ) G0 i 4 i A R B AR 1T
T35 7K R B HLB RN J5T Rk Sh fA  AE  BAi
PRt TR E B SRR, A R T iR R Y
AR, RIERE TR PET . L, £ FH A K R
WO T AT R M A YRR W, Chen
A5 Stk S P S P P A K T TR R e 3
TR, FRAE K BE I T A4 vy - B A Wl T v el
Heli , A BEEEIFRICRMPERR L IR | o
TR Tt | REWHREG | IS0 RN S Ak SR X 5 P+ 1R
S I AR AT AR Ry AN 0 P A K T e A A
AN AR, AR ZEdL R A A R I R,
FEAE IR VERE T 7 bl 2 b - S AR A= 0yt B RN BTG P 2
i o B e KO BRE X (AR B B TR .

1.6 fEFREXE

JUE 25— RE BT A AL B 99 B B0 KR
RAARR, L9 L A 2 A AR SR J2 ol FH -2 7K ) e K1)
TR, A A KERE A LT, 185
ATHA S AT Xof A AR At B it il e 5, 9K T 1 P 4=
TR B (L A 0 T RE AT SR AR B HERR. FAE K
TR SR T LA = RS B | Ak (R
A ) AR R, B RS TR R ALE R
9 A At R XU PAN 6 B 18 A — 2 Jmy BRPE | i 48 A
X 240 TR R AR B R PR AR 4 (B AEXT T 48 7R B 1
Ji A Bl R B 7 THT R 2 , 1T I 5 118 ft ke I B K
Zead FEAE K BEHE R 2 L, 7K TP B8 JRUIAR £ B 25 7
REARFNEEE I ) AR flgliAr vl g di g i 5 5 Al
KRBT 4k % WL X, FARREEE & 2 F
BRTRIRE ol A5 Jir A ) A I 3 IR R A2
NARA AT g i VIR R e R B S RAIE T AR K Y
LA R S0 A P AT R RS A+
WL,



4076 AN 5%

Bt 2% 33 %

RIS A BIF 5 2 PR 2B KR T T e AL
WEET , AR HAIA A4S BbR I 7 B 76 R B 55 ¥ B
HPFAERE R A e B RURS: . DA I 2507 Bl 9 25 2R 36
HIZe 8 + SIHE” L 2AE M35 KT
ARAEWE BRI T 2 A I, JH vl i X A A4 {t B XL
B AR/IN. T 25 Xt e P A K e 5 A e B XL
B PPAN 285 SR 2R B, i JE 4 7Kk FH T 55 UL TR Bk B T 3
AARAE T A 22 4>, Tanaka 2% i I #02E 9 E & X
B RO B P T AR JE L 4 A 805 K Ak
PRI B9 A2 7K T 5 R Bk A RV Y0 I sl
TR IXURS: , 285 3 3 WY P AR K T AR R
AP & AT 5 mg-L" B AT i H ] & 4 ik
100% , T FH T 85 2K % 3K 37 W, n 560 & 75 35 10
mg- L~ A 0] I A

I 993 JE AT A1, P A 7R A R DU G 3 1) 2 —
DRI A TR R, DU E R 2
5 [ B XSS - ¢ 0 26 1k B s S 5 00 . B iR TP AN
- A3 KU DT, %o A K S0 R 2
Tes A2 ) SO T o A AR R M BB TR 1) £ R DRI 144 7
TV G5 R B R AL B RS Y P AR K R AR
g K TE 10 7> F g, 10 AR SO W 8RR A2 XU
P10 B, e T 2w L ] I A s
T AR T AT AR, B A R 2 AR 1Y 2 B
TN T R AP A A SR T A 7K ORI 2 8
AP K BB A A2 H 33 2 88 i, IR Eh 17
FHAE 7K BT 5 R 7 ) 00 i BRE AU . G A, AN [ 2%
FECXT KR PAHs . T2l | 48 ST
JE Tl R XU 5T, F 5% 45 R (/s P AR K R 1 R
I, 3% 28 75 gL Py i £l FE KR 13 Ak T R) 4 A2 UK
_le[so,92,93]‘

25 a3 AT, P AR KR T 3T 2 s A M R T T
A BEA T A A B RS 80N P2 K i
PRTXUSS: 52 A0 BT 25 R B8ORS ), FETE R AN
WhETE. HRTIE Gk Z AT = R, TR R 2 2% 6
SFAFEEICHE 22 R AN g AL SRS = 5 —
B, O BA KBS A 25 R TS EEAR R FR i £
AR S A

2 BHKEBRNKEERE

FRAE K RE R P A AR 22 0008 A XU, SR BCRE
I A it T A Rk S AR TP A K R A fe
AU R S XUBG . R T AT B, P A
SRR HX 3 AT I R SR SE T3 i HE
A K HERE AR P 28 s F P 487 B2 56y, X P > B A0 52

BIHEAT T 500, LA EWAMYE R FA K
TR B R b WIS | 7T 25525 R AN T 1

(1) X TRk HEWE , N7 585375 JE 2B 7K T T XoF
Ty a0 52w, P AR B S B
SRR AIEN A KEM RS, AHEM S, R
HUE IR B 1 P A K R e P R RS
f& % FRAEZKUE W X JE s B ST — AP X,
KNG 5 P K R A B K AR, O 20 6 36
AR HEAATE ] T B B HIVE Y e i 8 R X
BB RHKHA 15 m LB, WiEMATIEEEEH
YEDTE R B B A FHZKHE 90 m DAL | 24 DA =X
R , 23 B AN LT Al X 30 m LA b5 FEfE 5
AR KBS R SR AT A8 4 o A5 B, P I 2 ST R g 7K [l
T LA BT 1k 75 AE K A0 HE, AT SR B4 i T R
B0 SRR 0 HE Wy 2 LA M R AR I AT A
A7 LAREXS 25 PR AR AL A A HE A A7 | B K B
15 Bl H K K sk 31) [ 5 0 I FH 7K 2K B AR T S5 T RE
FRAEAE 4 ) R AR B[] K VR R | 5 B 0] 748 7K
GETE MRS 11 B B] s A P 2B K rb O A Y AT R
HEANEDNT 5 S 3% B

(2) X F A L, NS i HEE A AR SR i D
(AR [) B, DAl 2D N2 s 25 A=A S L2,
PEPETEMG I 22.00 ~ K H 0600 2 [i] 17 5 VL
BE, PTRE A AR5 FAE K Y B Al o 31 e AR B, 4
T Al e ) 3 T 1 N T2 A P A AR 42 i
AR, TAE S 25 0 B AT 3 O ) s TH A2 2R 2 AR TR
IKATFAA I BB — 2 1R B H S
V1) A 7K K o A T S T B R T 1 T A R (32
P e S TN 75 S o B =o I SV E AP il 2
e ) A 5 T IR R R VR R i v | SR 3t 3
M oRE I I 2 iR 5[] 2 PR - SR AE
YL B R oK A PRS2 R J AT e A R S ), DA
IR AR R B R | BEARER 2352 A , by Hl T 24 4
AT R SRl S A A1)

3 HFit5EW

W 5 P A 7 T TR AR P Ay 8, G A 2R BRI 2000,
LG T o A B B2 . AT
XA K P RS e angh | R R | S
YL IR S AR ARG | T K R A Ak f
FERYSZMTERE 1 R AIBESE, Ba5 T

(1) 553 A 8 5 2 A /K E R P Y 32 220
8, PN T[4 1 58 AR S P58 58 70 25 45 4 7 AN [
FHEKOR T, FEBERE G | AR5 AR T R



12 4 WR P25 PR A K TR 0 A 25 KU T 5 2 4077

OSSR A SRR B AR B X AR K
PR A DU FLEREAT VO, 2 1 S DU i 24 it 2
PERbE S RERIBCR AR K 5 5 SR R A /KR
B SRR ER A Y . RIS B RE R K Uk 25
Ao B R R M S 18 ) A PR LA R A
A SRR, A vl 3 5 UK A AN A B 8 i 45
FEERIAR | AP K R Eh i

(2) FRA A HEBR R 97 B 95 ey A A XU 32
PR R HR THMEE S | R EAS
ARG A 5 2 1 LA S fik = AH VL Y BR G A
BUAT RS X LA RCPP A LRI XU , 1oz i A5G
AR5,

(3) FFAE KT FH 3 05 1 8 A0 XU, 4 26
FEAE B B LUK AT 8 T2 B4R AR AR R 104 BERE
Jiti AN BEA PR UETH 75 K BIROR , 5 B T o
B AR OGS HR LAHRRR A 7K 3 B 1L & 19 7T fiE
P, U 28 HE A 22 M S A 46 A 6 s P AR K H 3
HER.

O PR R A A 22 e M el NP AR K RE TR ) 2R
A SRR, AT

(D) s K ERLOFSE. th TV 25 Il
JRURSE 5 2 2 () P A K B R A BE R B ok, mT g
TERLII N MELLZE5E , O 1 R n] RE AR HCHE A K 8K
5 K SBON AR AR B, el N A FH KRS | 1o XA 7K
TEE DAY 8 | AR MR K SEBEAT E
T R4 5E (7 1A S ST

(2) RS, i T FF A KK B 5 2k
DAK e | A B K ik 7 U5 Y 22 Ak
XitFEAE K HE B T SR s e ) + A S AA A AT
TEA L. DA BIFSE 22 R T S01EEF A/ L 000 R 52 36 = A6
FUBIETE , e = A ROR AR AOR BB, 0 Bk
FIE R BT U 2 N RERS OWT L. T R S
A IR T IR T A1 R A B AR R 65 T 552 b O 0 3K
0 A — RS DN 7 3k B B N A SO B AR
KRR 5 Yy LSRR B | DAl P AR K
JRURSE | DA P A 7R XS 2.

(3) JESLAAEKOK B | R AT B A 2 KU 14
APLOCHE. AT, - E RS HERE 5 K BEIRAL , dnfa
e AR Aol PP A 7 o P SR 9 A 25 AU E i 3
DI Z A DR p IRl [ PN A A KR A il h 22 5
R, Bl i A AR L S I EE |
W7 285 AT A R AR A K R KU BT 2
BT F URME LKV W B0 5 2 25 RURS A L b G B
AR R JC 3 A A0 i 45 5P A K T Tk 22 4 0 .

[Fi) Py, 7 o P A 7K K B A5 A 25 XU, ) BB, e 25 30

A BI7K AR AR £
(4) FEAT A K RE R+ R BT, A

A TSR FAHSC IR BE AR , £ 7 5k T2 2 AR

WL TR S )P A 7K R TBE T SR 2 VAN O 1 B

XA TR TR AR FVRRALE, 2 H P A K T TR 1 3 7R 2

1,465 P K RE R 2 e A
(5) AT XRS5 B A R . 7 PR AP K R

11, PR RS AL AR AR K P i Sr K IR A

AR A - K 5 A - i P A B ) XU 4 B A

FDRBE A K 22 a2 R A

SE Lk

[ 1] UNEP and Global Environment Centre Foundation. Water and
wastewater reuse: an environmentally sound approach for
sustainable urban water management [ R ]. United Nations,
2006. 48.

(2] BRIV SR AR A K R 28 56 30 BT Ko 3 1 Y )8 7R
[J]. HEIRER, 2011, 5(5) : 961-966.

[ 3] Friedler E. Water reuse-an integral part of water resources
management ; Israel as a case study[J]. Water Policy, 2001, 3
(1):29-39.

(4] XUBEEE. JLmUT G /K BR BE AL BE 5 1 A /KOG 30 R LR O 58
[J]. KTk, 2008, (6): 37-39.

(5] Xk, R3cH, MZR, % et K H g 5 i
BITFEMELI]. R TSR, 2006, 22(S2) : 289-291.

[6] Stewart H T L, Hopmans P, Flinn D W, et al. Nutrient
accumulation in trees and soil following irrigation with municipal
effluent in Australia [ J ]. Environmental Pollution, 1990, 63
(2): 155-1717.

[7] Qian Y L, Mecham B. Long-term effects of recycled wastewater
irrigation on soil chemical properties on golf course fairways[ J].
Agronomy Journal, 2005, 97(3) : 717-721.

[ 8] Mancino C F, Pepper I L. Irrigation of turfgrass with secondary
sewage effluent: soil quality[J]. Agronomy Journal, 1992, 84
(4): 650-654.

(9] RICH, Xuekk, Moks, & HAKERSARTTRICRSE
JEE[T]. Al T R4, 2008, 24(5) : 302-306.

[10] Bouwer H, Idelovitch E. Quality requirements for irrigation with
sewage water [ J ]. Journal of TIrrigation and Drainage
Engineering, 1987, 113(4) : 516-535.

[11] kbR, EHE. FRAKREBE R AR PR LR R AR P4
HAFEM[)]. TOKHERE, 2009, (3): 5-8.

[12] Ramirez-Fuentes E, Lucho-Constantino C, Escamilla-Silva E, et
al. Characteristics, and carbon and nitrogen dynamics in soil
irrigated with wastewater for different lengths of time [ J].
Bioresource Technology, 2002, 85(2) . 179-187.

[13] Friedel J K, Langer T, Siebe C, et al. Effects of long-term waste
water irrigation on soil organic matter, soil microbial biomass and
its activities in central Mexico[ J]. Biology and Fertilize Soil,

2000, 31(5) : 414-421.



4078 ®oom B ¥ 3%

[14] Magesan G N, Williamson J C, Sparling G P, et al. Hydraulic wastewater irrigation impacts on water quality, soil, and rice
conductivity in soils irrigated with wastewaters of differing cultivation in paddy fields[ J]. Journal of Environmental Science
strengths; field and laboratory studies[ J]. Australian Journal of and Health, Part A Toxic/Hazardous Substances and
Soil Research, 1999, 37(2) . 391-402. Environmental Engineering, 2007, 42(4) . 439-445.

[15] WRAE, BRIF, B30, 5. SR /Kt e dh i 2R [32] Baite, RN, JICSC, 4. AR ZKHEBEXS L 3 4k 73 il
BB HT[ 1], BRBERL2E, 2012, 33(12) : 4088-4093. G B AW AR 1], WK 4, 2008, 27

[16] Hulugalle N, Weaver T, Hicks A, et al. Irrigating cotton with (3):5-8.
treated sewage[ J]. Cotton Grower, 2003, 24(3) ; 41-42. [33] AR, B, XA, 45, AR K I VE I X R

[17] Lin W, Xun G, Jerry B. Studies of recycled water irrigation and PSR R IR ST [ J]. Rl TRE2E 4, 2006,
performance of landscape plants under Urban landscape 22(7): 91-96.
conditions[ R]. Slosson Report, 1999-2000. 302-308. [34] ®%, BRFEE, A, 25 o i A K E T 1 R1E

[18] Fabregat S, Mas J, Candela L, et al. Impact of urban treated Yy 4 @ 15 g X ﬁ[]] A 9&%/@%*&, 2011, 26(2):
wastewater reuse during irrigation of golf courses[ J]. EGS XXVII 209-216.

General Assembly, 2002, 77(3) : 21-26. [35] Wang Z, Chang A C, Wu L, et al. Assessing the soil quality of

[19] Hkabkhk, Bpiais, M, 55 FEAz K R XS 4 40 2 Ah 1 o long-term  reclaimed ~wastewater irrigated cropland [ J ].
SEMRRIRIEATIE ], KRR, 2006, 20(2) : 82-85. Geoderma, 2003, 114(3-4) : 261-278.

[20] =97, Hpdlle, (R, S5 BODEAE K HERE T 50 e [36] Al-Nakshabandi G A, Saqqar M M, Shatanawi M R, et al. Some
HEABTFLHEBHRBHI ], RALIABER 2, environmental problems associated with the use of treated
2009, 28(1): 101-106. wastewater for irrigation in Jordan [ J ]. Agricultural Water

[21] R/INJC, FNEEET, ROCH, 5. FRAE KX S 4 e dh 4y Management, 1997, 34(1) ; 81-94.

A TFWREMEm )], Rl TR, 2010, 26(5) : 34- [37] Mapanda F, Mangwayana E N, Nyamangara J, et al. The effect
39. of long-term irrigation using wastewater on heavy metal contents of

[22] Toze S. Reuse of effluent water-benefits and risk [ J ]. soils under vegetables in Harare, Zimbabwe[]J]. Agriculture,
Agricultural Water Management, 2006, 80(1-3) . 147-159. Ecosystems and Environment, 2005, 107(2-3) ;. 151-165.

[23] XuP, Shao Y P. A salt-transport model within a land-surface [38] LG, vuHi, B FAEKEMY b E S RIEES R
scheme for studies of salinisation in irrigated areas [ J ]. B[ )]. AEEis Y5 BiiG, 2011, 33(9) : 58-65.
Environmental Modeling and Software, 2002, 17(1) ; 39-49. [39] B4, fikde, MR, 4. FRAEKEM L3 Cd RBME

[24] Ragab R, Malash N, Gawad G A, et al. A holistic generic PURTRILT]. #EMHEK 2=, 2008, 27(2) : 113-115.
integrated approach for irrigation, crop and field management: 1. [40] AR, BRIV, £30, %5 PR KT e o e i
The SALTMED model and its calibration using field data from SIBEESAMEM[]]. HEEREE, 33(12) : 4094-4099.
Egypt and Syria[ J]. Agricultural Water Management, 2005, 78 [41] ZEM%E, F. REFAKPEZZE G YY) 5% B AKCE KAk
(1-2): 67-88. HHARBIIEHERELI]. kK, 2011, 37(S1) : 259-264.

[25] Forkutsa I, Sommer R, Shirokova Y I, et al. Modeling irrigated [42] Wang Y Q, Hu W, Cao Z H, et al. Occurrence of endocrine-
cotton with shallow groundwater in the Aral Sea Basin of disrupting compounds in reclaimed water from Tianjin, China
Uzbekistan: II. Soil salinity dynamics[J]. Irrigation Science, [J]. Analytical and Bioanalytical Chemistry, 2005, 383 (5) .
2009, 27(4) ; 319-330. 857-863.

[26] Chen W P, Hou Z A, Wu L S, et al. Evaluating salinity [43] Nikolaou A, Meric S, Fatta D. Occurrence patterns of
distribution in soil irrigated with saline water in arid regions of pharmaceuticals in water and wastewater environments [ J ].
northwest China[ J]. Agricultural Water Management, 2010, 97 Analytical and Bioanalytical Chemistry, 2007, 387 (4) . 1225-
(12): 2001-2008. 1234.

[27] Jiang J, Feng X Y, Huo Z L, et al. Application of the SWAP [44] #HULE, EHE, 3. AFAAD AP (PPCPs) XT3
model to simulate water-salt transport under deficit irrigation with BERE e R SR gE R (1], A4, 2005, 14(6) .
saline water[ J]. Mathematical and Computer Modeling, 2011, 947-952.

54(3-4): 902-911. (45] iR, HokR, WIM6, &5 AR o0 T a0 4

(28] B, BRIV, F3ek. BOAVBT  Setk BRI SR 200 WFFE[)]. SR, 2005, 22(3) ; 171-173.

A KR KRB [ 1], FRERIEE, 2012, 33 (12) [46] Lindberg R H, Wennberg P, Johansson M I, et al. Screening of
4108-4114. human antibiotic substances and determination of weekly mass

[29] E#rrt, %T"ﬂz, TSR, A AR AR K X 3K R flows in five sewage treatment plants in Sweden [ J ].
BERE )], R, 2012, 33 (12) ; 4100-4107. Environmental Science and Technology, 2005, 39 (10) ; 3421-

[30] XU, FRi, KA, 5. 3T AR AHEBE PR & 4 R 1Y 3429.

XS AIE[T]. SPEA R, 2008, 24(4) . 445-449. [47] Brown K D, Kulis J, Thomson B, et al. Occurrence of

[31] Kang M S, Kim S M, Park S W, et al. Assessment of reclaimed antibiotics in hospital, residential, and dairy, effluent,



12 4

WR P25 PR A K TR 0 A 25 KU T 5 2

4079

[50]

[51]

[52]

[53]

[54]

[55]

[57]

[60]

[61]

municipal wastewater, and the Rio Grande in New Mexico[ J].
Science of the Total Environment, 2006, 366 (2-3) ; 772-783.
Sengelev G, Agersp Y, Halling-Sgrensen B, et al. Bacterial
antibiotic resistance levels in Danish farmland as a result of
treatment with pig manure slurry[ J]. Environment International ,
2003, 28(7) ; 587-595.

Migliore L, Brambilla G, Cozzolino S, et al. Effect on plants of
sulphadimethoxine used in intensive farming ( Panicum
miliaceum, Pisum astivam and Zea mays) [ J].
Ecosystems and Environment, 1995, 52(2-3) . 103-110.

Litz N, Miiller J, Bshmer W,

Agriculture
et al. Occurrence of polycyclic
musks in sewage sludge and their behaviour in soils and plants,
Part 2; Investigation of polycyclic musks in soils and plants[ J].
Journal of Soils and Sediments, 2007, 7(1) : 36-44.

Sarmah A K, Meyer M T, Boxall A B A,

et al.

A global

perspective on the use, sales, exposure pathways,
fate and effects of veterinary antibiotics ( VAs ) in the
environment[ J |. Chemosphere, 2006, 65(5) ; 725-759.

Xu J, Chen W P, Wu L' S, et al. Leachability of some emerging

occurrence,

contaminants in reclaimed municipal wastewater-irrigated turf
grass fields[ J].
28(9) : 1842-1850.

EH, XVEER, TG BUA RGP I A RO AR R
[J]. 324, 2006, 26(1) ; 265-270.

Environmental Toxicology and Chemistry, 2009,

Gunnison D, Zappi M E, Teeter C, et al. Attenuation
mechanisms of N-nitrosodimethylamine at an operating intercept
and treat groundwater remediation system [ J ]. Journal of
Hazardous Materials, 2000, 73(2) : 179-197.

Nowara A, Burhenne J, Spiteller M. Binding of fluoroquinolone
carboxylic acid derivatives to clay minerals [ J]. Journal of
Agricultural and Food Chemistry, 1997, 45(4) . 1459-1463.

Ingerslev  F,  Halling-Sgrensen  B.  Biodegradability — of

metronidazole, olaquindox, and tylosin and formation of tylosin
degradation products in aerobic soil-manure slurries [ J ].
Ecotoxicology and Environmental Safety, 2001, 48 (3 ). 311-
320.

Gan J, Bondarenko S,

( NDMA ) in

Emst F, et al. Leaching of N-

Nitrosodimethylamine turfgrass  soils  during

waslewalter irrigation [ J ]. Journal of Environmental Quality,
2006, 35(1): 277-284.

JURE, X, FREE SiAERNGAEREA | A5
PEICHTGGE ()], A SFRAR, 2007, 2(3) : 243-251.
AR, RN, ZEA, . dbRtPU RO AR R kR
15 YRR AE LB AR BT (0], 7K SCH BT AR M BT, 2002, 29
(1):5-9.

Swancar A. Water Quality, Pesticide Occurrence, and Effects of
Irrigation with Reclaimed Water at Golf Courses in Florida[ D ].
U. S. Geological Water-Resources

Survey ; Investigations

Report. 1996. 95-4250.
Hogg T J, Weiterman G, Tollefson L C. Effluent irrigation: the
saskatchewan perspective [ J ]. Canadian Water Resources

Journal, 1997, 22(4) . 445-455.

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[72]

[73]

[75]

[76]

Lubello C, Gori R, Nicese F P, et al. Municipal-treated

wastewater reuse for plant nurseries irrigation [ J ]. Water
Research, 2004, 38(12) : 2939-2947.

458, Jayawardane N, Blackwell J, 4%, J5/KHEM R4 A
WFEALIB R RIRIR BT 1], AR, 2004, (4) : 72-79.
FRICH, PR, PRI, . FRAKE X TR
AKERSMSEIA [ T]. Ak TR, 2009, 25(12) ; 22-25.
Dougherty J] A, Swarzenski P W, Dinicola R S, et al.
Occurrence of herbicides and pharmaceutical and personal care
products in surface water and groundwater around liberty bay,

Puget sound, Washington[ ] ].
2010, 39(4) . 1173-1180.

Journal of Environmental Quality,

Fang Y, Karnjanapiboonwong A, Chase D A, et al. Occurrence,
fate, and persistence of gemfibrozil in water and soil [ J].
Environmental Toxicology and Chemistry, 2012, 31 (3): 550-
555.

Kuroda K, Murakami M, Oguma K, et al. Assessment of
groundwater pollution in Tokyo using PPCPs as sewage markers
[J]. Environmental Science and Technology, 2046, 46 (10) .
1455-1464.

Haruta S, Chen W P, Gan J,

nitrosodimethylamine ( NDMA )

et al. Leaching risk of N-
in soil receiving reclaimed
wastewater[ J]. Ecotoxicology and Environmental Safety, 2008,
69(3): 374-380.

Jury W A, Focht D D, Farmer W J. Evaluation of pesticide
groundwater pollution potential from standard indices of soil-
Journal  of

adsorption and biodegradation [ J ].

Environmental Quality, 1987, 16(4) . 422-428.

chemical

Gustafson D 1. Groundwater ubiquity score; a simple method for
assessing pesticide leachability [ J ].

and Chemistry, 1989, 8(4) : 339-357.

Environmental Toxicology

Cohen S, Creeger S, Carsel R. Enfield potential pesticide
contamination of groundwater from agricultural uses [ A]. In:
Kruefer R F, (Eds. ).
Waste [ M ]. DC: American Chemical Society,
1984. 297-325.

Treatment J N S Disposal of Pesticide

Washington

El-Arabi N E, Vermeulen M. Environmental impacts of sewage
water irrigation in groundwater[ A]. In; Sustainability of irrigated
agriculture ; managing environmental changes due to irrigation and

Proceedings of workshop at the 16th ICID
1996.

drainage [ C ].
Congress,

Sheikh B, Cooper R C,

Cairo, Egypt,
Israel K E. Hygienic evaluation of
reclaimed water used to irrigate food crops-a case study [ J].
Water Science and Technology, 1999, 40(5) : 261-268.

Aiello R, Cirelli G L, Consoli S. Effects of reclaimed wastewater
irrigation on soil and tomato fruits: A case study in Sicily (Italy)
[J]. Agricultural Water Management, 2007, 93(1-2) ; 65-72.
Rhoades J D, Kandiah A, Mashali A M. The use of saline waters
for crop production[ A]. In; FAO Irrigation and Drainage Paper
No. 48[ M].

United Nations,

Food and Agriculture Organization of the
1992. 133.

Rome

Hani H, Siegenthaler A, Candinas T. Soil effects due to sewage



4080

woooH

F

2% 33 %

[77]

[78]

[80]

[83]

sludge application in agriculture[ J]. Fertilizer Research, 1996,
43(1-3): 149-156.

e, ZER, TR, A5 WEME LR P A K AR B X A R
PR AERE WP [T]. RO ER 2, 2005, 24
(6):1229-1232.

Aleem A, Isar J, Malik A. Impact of long-term application of
industrial wastewater on the emergence of resistance traits in
Azotobacter chroococcum isolated from rhizosphere soil [ J ].

Bioresource Technology, 2003, 86(1) . 7-13.

JESLAL, ZEIRFE, X IGRARN. FRAE K WE R IR 13 Mk
B M [T, & Mol k2 22 4iE, 2008, 30 (5): 721-
724.

feite, WS, 2209, AF. FEAR KRR L etk A R 4 o
AT )], Al BREERF 224, 2010, 29(2) .
319-323.

ST, WK, BT, AT KEE WX PR R R IR
WL T]. hEPRERE, 2006, 26(4) ; 482-485.

Liang C N, Tabatabai M A. Effect of trace elements on nit
rification in spils[ J]. Journal of Environmental Quality, 1978, 7
(2):291-293.

Antil R S, Gupta A P, Narwal R P. Effect of substrate
concentration, soil moisture, and organic amendments on urease
activity of soil containing variable nickel amounts[ J]. Arid Soil

Research and Rehabilitation, 1993, 7(4) . 381-387.

[84]

[85]

[86]

[87]

[88]

[89]

[91]

[92]

[93]

Chen W P, Wu L S, Frankenberger W T, et al. Soil enzyme
activities of long-term reclaimed wastewater-irrigated soils [ J].
Journal of Environmental Quality, 2008, 37(5) : S36-342.
e, IR, PRIF, 45, St A K 3 A W i
R S BEEAERON AT ] . FRBERLEE, 2012, 33 (12) : 4081-
4087.

R, WINEE, B, S B TR KU IR A A K AR Y
SRR E DT[], BKEEK, 2010, 36(5) : 43-48.
OURTE, EBRE. HHHUERRAE K RSN [ T].
ThE 7KK, 2003, 19(4) : 5-8.

EAfl, S, B, SF IR K RER IS I T].
JKFEA, 2009, 3(1): 20-22.

Tanaka H, Asano T, Schroeder E D, et al. Estimating the safety
of wastewater reclamation and reuse using enteric virus monitoring
data[ J]. Water Environment Research, 1998, 70(1) ; 39-51.
PURTIEL, EWE A F BT 20 A AR RIOR S 1 (B s 37
WI]. kK, 2004, 30(4) : 11-15.

ff ity , ik, ZRges, A AR KR A f e XU 22 R T
WL, WERE, 2006, 27(9) ; 1912-1915.

HEEE, RS, WhT, 4. AR K v T R £ R KU AR
[7]. MBS RA, 2007, 24(5) : 301-303.

TR, BWH, REE, AR BT R AR T 200 R f
REXRBATArB5E[ ], PR SRz, 2010, 27(9) : 800-
803.



HUANJING KEXUE Vol.33  No. 12

Environmental Science (monthly) Dec. 15, 2012

CONTENTS

PP CHEN Wei-ping (4069)
Ecological Risks of Reclaimed Water Irrigation; A Review «eoreoeeeeesemessenmineniniiniisne CHEN Wei-ping, ZHANG Wei-ling, PAN Neng, et al. (4070 )
Study on Soil Enzyme Activities and Microbial Biomass Carbon in Greenland Trrigated with Reclaimed Water PAN Neng, HOU Zhen-an, CHEN Wei-ping, et al. (4081 )
Soil Salinity in Greenland Irrigated with Reclaimed Water and Risk Assessment +«+essereersensenssemenenmminiennnins PAN Neng, CHEN Wei-ping, JIAO Wen-tao, et al. (4088 )
Effect of Reclaimed Water Irrigation on Soil Properties and Vertical Distribution of Heavy Metal ~++vseseeeeereesessssseneienienens ZHAO Zhong-ming, CHEN Wei-ping, JIAO Wen-tao, et al. (4094 )
Simulation of Effect of Irrigation with Reclaimed Water on Soil Water-Salt Movement by ENVIRO-GRO Model ««++++sereeeveeeseereeneenmsmneneneens LU Si-dan, CHEN Wei-ping, WANG Mei-e (4100)
Simulation of Effects of Soil Properties and Plants on Soil Water-salt Movement with Reclaimed Water Trigation by ENVIRO-GRO Model ~-++-++-- LU Si-dan, CHEN Wei-ping, WANG Mei-e (4108 )
Modeling the Cd Accumulation in Agricultural Soil Trrigated with Reclaimed Water —«++ssssseseeesessesssssininninsnenninenens ZHAO Zhong-ming, CHEN Wei-ping, JIAO Wen-tao, et al. (4115)
Model Simulation of the Transportation, Transformation and Accumulation of Synthetic Musks in Soils Input Through Recycle Water Irrigation  «eesseseesrereesesemenenssinenensininennnnen

.................................................................................................................................................................. WANG Mei-e, CHEN Wei-ping, JIAO Wen-tao (4121)
WANG Qiao-huan, CHEN Wei-ping, WANG Xiao-ke, et al. (4127)
Public Awareness Assessment of Water Reuse in Beijing ZHANG Wei-ling, CHEN Wei-ping, JIAO Wen-tao (4133)
Temporal and Spatial Distribution of Ozone Concentration by Aircraft Sounding over Beijing ««+:e+sesrereeeeresesnersensinenninneinns CHEN Peng-fei, ZHANG Qiang, QUAN Jian-nong, et al. (4141)
Emission Strength and Source Apportionment of Volatile Organic Compounds in Shanghai During 2010 EXPO «+++eeseeeeeeereens WANG Hong-li, CHEN Chang-hong, HUANG Hai-ying, et al. (4151)
Study on Atmospheric VOCs in Gongga Mountain Base Station «+«+«+sessessesseesereneninimenenisintisstn s ZHANG Jun-ke, WANG Yue-si, WU Fang-kun, et al. (4159)
Regional Atmospheric Environment Risk Source Identification and Assessment «+seseseesserseesiemenenisimeneniininsnsienen ZHANG Xiao-chun, CHEN Wei-ping, MA Chun, et al. (4167)
LIU Gang, SUN Li-na, LI Jiu-hai, et al. (4173)

* HU Zhi-yuan, LI Jin, TAN Pi-qiang, et al. (4181)

LONG Qian, ZHOU Ju-zhen, MENG Jie, et al. (4188 )

YANG Ping, TONG Chuan, HE Qing-hua, et al. (4194)

* LIU Yan, CHEN Shu-tao, HU Zheng-hua, et al. (4205 )

Transport and Differentiation of Polycyclic Aromatic Hydrocarbons in Air from Dashiwei Karst Sinkholes in Guangx,China - KONG Xiang-sheng, QI Shi-hua, SUN Qian, e al. (4212)
)

)

)

)

)

)

)

Impacts of Reclaimed Water Irrigation of Urban Lawn on Groundwater Quality -+

Carbon Tsotopic Compositions of n-Alkanes and n-Alkanoic Acids in the Smoke from Combustion of Rice Straw -++-++++

Research on NEDC Ultrafine Particle Emission Characters of a Port Fuel Injection Gasoline Car

Magnetic Response of Street Tree Leaves to Particulate Pollution in Shanghai

Diurnal Variations of Greenhouse Gas Fluxes at the Water-Air Interface of Aquaculture Ponds in the Min River Estuary

Effects of Simulated Warming on Soil Respiration in a Cropland Under Winter Wheat-Soybean Rotation +-+++++++

Pollution Characteristics of Polycyclic Aromatic Hydrocarhons in Water of Songhua River Basin During the Icebound Season — +xeseeeeereseeeseseeeees MA Wan-li, LIU Li-yan, QI Hong, et al. (4220
Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Urhan Rivers of Wenzhou City + ZHOU Jie-cheng, CHEN Zhen-lou, BI Chun-juan, et al. (4226
Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Riparian Soils Along Urban Rivers of Wenzhou City -+ ZHOU Jie-cheng, BI Chun-juan, CHEN Zhen-lou, et al. (4237
+++ WU Jiang-yue, LIU Zheng-tao, ZHOU Jun-li, et al. (4244
* PEI Fang, LUO Ze-jiao, PENG Jin-jin, e al. (4251
Heterogeneous Characteristic of PAHs” Spatial Distribution in a Large Coking Site of China ««+«eseesesrerseseesenenennen LIU Geng, GUO Guan-lin,NAN Feng et al. (4256
Vertical Distribution and Source Analysis of Organochlorine Pesticides in Sewage lrrigation Area, Taiyuan City ~«eeovereereeeresneseens LIAO Xiao-ping, ZHANG Cai-xiang, ZHAO Xu, et al. (4263
Distribution and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Agricultural Soil of the Chongming Island in Shanghai
............................................................................................................................................................... LU Jin-gang, BI Chun-juan, CHEN Zhen-lou, et al. <4270>
Mercury and Copper Accumulation During Last Fifty Years and Their Potential Ecological Risk Assessment in Sediment of Mangrove Wetland of Shenzhen, China ««+s«sseseessesseneseneneenees
*+ LI Rui-li, CHAI Min-wei, QIU Guo-yu, et al. (4276)
++ ZHANG Wei, ZHANG Hong, SHAN Bao-qing ( 4284 )

Spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Partial Surface Sediments of Liaohe River

Phenols Pollutants in Soil and Shallow Groundwater of a Retired Refinery Site -+

Characteristics of Heavy Metal Pollution in the Sediments from Shahe Reservoir, the Upper Reach of the North Canal River

Speciation and Pollution Characteristics of Heavy Metals in the Sediment of Taihu Lake ~«+x+xsereresresrenresssnenmenmninenennininens QIN Yan-wen, ZHANG Lei, ZHENG Bing-hui, et al. (4291)
Chemical Composition and Daily Variation of Melt Water During Ablation Season in Monsoonal Temperate Glacier Region: A Case Study of Baishui Glacier No, 1 ««eeeeseersessenescneneenes
..................................................................................................................................................................... ZHU Guo-feng, PU Tao, HE Yuan-ging, et al. (4300)
Experimental Study on the Environmental Fate of Nitrogen in Snail-Macrophyte Ecosystem for Water Purification «+«+esseerereeeesesnene ZHOU Lu-hong, GU Xiao-hong, ZENG Qing-fei, et al. (4307)
Growth Inhibition Effect of Immobilized Pectinase on Microcystis aeruginosa -+ SHEN Qing-qing, PENG Qian, LAI Yong-hong et al. (4316)
A Novel Approach of Using Fouling Index to Evaluate NOM Fouling Behavior During Low Pressure Ultrafiltration Process XIAO Ping, XIAO Feng, ZHAO Jing-hui, et al. (4322)
Characteristics of Monomethylmercury Photodegradation in Water Body «+-«+eseeseereeresresemeneninienenenninniii st SUN Rong-guo, MAO Wen,MA Ming, et al. (4329)
Degradation of Oxytetracycline with Ozonation in Acetic Acid Solvent LI Shi-yin, LI Xiao-rong, ZHU Yi-ping, et al. (4335)
Photodegradation Performance and Mechanisms of Carbamazepine and Its Impact Factors CHEN Chao, ZHAO Qian, FENG Li, et al. (4340)
Investigation of Nitrobenzene Removal by Iron Sulfide (FeS) +rereereeerererermesenmeninmsiieiiis WANG Xia-lin, LI Rui-hua (4346)
Experimental Research on In-Situ Auto-Monitoring for Underground Sewage Pipeline Leakage GUO Lei, JIA Yong-gang, FU Teng-fei, et al. (4352)
Adsorption of Phenol Chemicals by Surfactant-Modified Zeolites «+++«+esseesersrsneesesenenenimncnennininceenene XIE Jie, WANG Zhe, WU De-yi, et al. (4361 )
Acute Toxicity of Antibiotics and Anaerobic Digestion Intermediates in Pharmaceutical Waslewaters «++xtseseseesereresresinenenninennninenns JI Jun-yuan, XING Ya-juan, ZHENG Ping (4367 )
Study on Phosphorus Removal Capability of Constructed Wetlands Filled with Broken Bricks «+«++++++++- WANG Zhen, LIU Chao-xiang, LI Peng-yu, et al. (4373)
Denitrification Water Treatment with Zeolite Composite Filter by Intermittent Operation -+ *+ QING Cheng-song, BAO Tao, CHEN Tian-hu, et al. (4380)
Influence of Nitrate on the Simultaneous Methanogenesis and Denitrification Reaction of Anaerobic Biofilm and Granular Sludge +++++++++++++++- ZHONG Chen-yu, YE Jie-xu, LI Ruo-yu,et al. (4387)
Study on Dewatering of Activated Sludge Under Applied Electric Field JI Xue-yuan, WANG Yi-li, FENG Jing (4393 )
Effects of Multiple Environmental Factors on Triflulsulfuron-methyl Degradation in Soils +++++ ++++ SONG Ning-hui, SHAN Zheng-jun,SHI Li-li et al. (4400)
Effect of Alkaline Post-Treatment on Physicochemical Property of Digested Spartina alterniflora -+ B AR CHEN Guang-yin, ZHENG Zheng, CHANG Zhi-zhou, et al. (4406 )
Structural Changes in Mineral Phases and Environmental Release Behavior of Arsenic During Sintering of Arsenic-containing Waste «+-++«+s++se+++- WANG Xing-run, NONG Ze-xi, WANG Qi (4412)
Study on Emission Standard System of Air Pollutants JIANG Mei, ZHANG Guo-ning, ZHANG Ming-hui, et al. (4417)
Mechanism for Transformation of Environmental Criteria into Environmental Standards in China BI Cen-cen, WANG Tie-yu, LU Yong-long (4422 )
Effect Analysis on the Two Total Load Control Methods for Poisonous Heavy Metals «+«+«+xxssessesesensensnnsnesninnnnmmniiiiissn i FU Guo-wei (4428 )



CGAMERZENE 6 BHREER

E & KA
BIES: B RE 1N
HOF. (FRUEREEHET)

FENL EARR EB%E
AKE XER B
BRFHAZ B&FE 2 M
| i osE 3 4

w#H A7

(HUANJING KEXUE)

TEE
Bt T
R

ER ol
i
I
B RS

A
=

SHN < G b
JE Sl Ak
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(AT 1976 48 A7)
WIRAE12HISH 33% 512 Vol.33 No.12 Dec. 15, 2012
F & TEPER Superintended by Chinese Academy of Sciences
* B P EPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (BIEE NFE) Academy of Sciences
b5 HT BR3P R 2 B ST B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% OB 2% R Protection
* % OB A School of Environment, Tsinghua University
= " << 5B RL5 >> Rl ij:o;‘-m o b '(I?EYE[?dNIG 'le-)]l:and f Envi tal Sci (HUANJING
e Py, NEe v ke 1te y e 1ora oard o nvironmental >cience 7
JEHTTT 2871 {74 (HEE DU
. KEXUE
18 5, BB i : 100085 ) ) _
HLi% .010-62941102 ,010-62849343 P- 0. Box 2871, Beijing 100085, China
B '010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l-hjkx@ rcees. ac. cn E-mail: hjkx@rcees. ac. cn
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 4 3 " " m Published by Science Press
e BT R MR AL AT 16 2 16 Donghuangchenggen North Street,
ZIN N B
Hﬂgﬂéﬁﬁ% .100717 Beijing 100717 5 China
EN R 23T dvsdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 4 * K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHIRER Domestic All Local Post Offices in China
EShE&IT PEERREFR S BT Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f544) Shudian) ,P. O. Box 399, Beijing 100044 , China
—am=  ISSN  0250-3301 s e o
EFIS . e : 2-821
RERRATIS, o001 ERE RS
E ® E :70.005T EShRITRS: M 205

BERSMRFEIT




	2012-12fm.pdf
	ml.pdf
	20121201.pdf
	ywml.pdf
	fd.pdf



