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Abstract ; Exploring security methods for agricultural application of municipal sewage sludge ( MSS) is an important research subject for the treatment and
disposal of MSS. In this study, a pilot experiment was conducted and eight cultivars of maize ( Zea mays) were planted on the fresh MSS directly. The
results showed that all cultivars could grow normally on fresh MSS. The lowest accumulation of Zn and Cd was by cultivars Dafeng5 and 04Zal ,
respectively, while that of Cu and Pb was by cultivar Huidan4. Planting maize could reduce significantly the rate of water content of MSS. The loss of
water content in the treatments with plants was higher by 9.05% ~ 17. 50% than the control ( without plant), which was beneficial to drying and
stabilization of MSS. The total nutrient (nitrogen + P, 05 + K, O) in maize plants were higher than those required for organic fertilizer ( NY525—
2012). The concentrations of Cd and Pb in maize were below the lowest concentration limit of standard of agricultural organic fertilizer ( except cultivar
Saitian3 ). At the same time, the changes of N, P, and K concentrations in MSS were very small after planting maize. All results indicated that treating
fresh sewage sludge by maize could reduce water content, and produce the materials of organic fertilizer at high quality. This study provided a new way for
resource use of sewage sludge.

Keywords: municipal sewage sludge; agricultural application; maize; heavy metals

ALFETR E AE N B9V 22 B R 075 e A B AL B
% (Fytili et al. ,2008 ; HHF5F,2003 ) . 15 U 1 AL B
AR ARG AEE HENC AN E AR R B RIS AT 4k 3 TR R HE

1 5|5 (Introduction)

EEWE : PRGN 25 HRHITBE T AR 45 % 35 ( No. PM-2zx021-201211-124) 5 B 5 8HE S #1140 35 H (No. 2007BAD8IB14 )

Supported by the Central Pubilic-interest Scientific Institution Basal Research Fund ( No. PM-zx021-201211-124) and the National Science and
Technology Support Program ( No.2007BAD89B14 )

1EEE N EHZR(1979—) , 5 E-mail: giujinrong@ scies. org; * BWAEE (FEIEE) ,E-mail; wuqitang@ scau. edu. cn

Biography: QIU Jinrong (1979—) ,male, E-mail : qiujinrong@ scies. org; * Corresponding author, E-mail: wuqitang@ scau. edu. cn



2988 I

N

33 &

NEAL 2 B N A TG e B E Ak 1Y 32 2 T Bt (Jayara
et al. ,2010; B [RIGEEE 2009) | ka2 AL 9 75 Ve i 1
HiR 2 T Y 8 Ak ik (5K MG 5 4, 2004
NRC,2002) . £ B Ak & — A B T [ Fi 5t 1y i5
Te A By (AR 5 e 0 T 4 JE bR 2 BRI
Hfeny E 2 AR (BRIRDK S, 2003 ) , 10 H FiXF
1ol i i 4 R 0 JBRATI SR AE AR IROUE (fnf 7R 4%
2010;Singh et al. ,2008) . Kt 53K B AT Lkt 50 8 4>
BN fadE (EEEE it A WEE) , T IR 3 B
TEAC H B9 A9 7 ik AR 0 L BOKER TR AR
B RHE W) 2 A6 id & — Fhoae TR AR A (2 R AE,
2011 ; 47 %€ %, 2010a; Wu et al. , 2007 ; B 2% 5
2007 ; EHNLL55,2006) , HA T 72 19 W FH A5 ; i L
TR &K, e PAEEY, X5 U8 T g
TE AL BRI AT F BT LA T KA R R I X 5
z—.

AR G0 2ok E AR T U8 AR EOK IS

TERAET 75 U8 b AR ROIR B S T T AL 1 R
HISENE , E— 20 3B B Kb BB oA Dy A HILAE Sk
sy R i 1% 07 AL BRI U, Ik B IS e T
FIRSE AL BIRICR, , R I A 7= — 5 1 ] AR g A HLAE
SRR ity ( oK B ) o i XUR: 4 i
T VRHEAL A IR AURS: A A7 AL A JURL i 6 465 s L
AP ANBWIEE, TS P B B2 B BT IR A
’ft=%.

2 ##l5 7% (Materials and methods)

2.1 BAH
TR BT H B B 3k T ¥ e A oK.
wWiEe. R 1 sl TS Je 45 1R
() A TRDERC T RV 5 K Ak B T A 7 b A e 7K
V58, FEARBRARE R LS 1. AR 5256 R T A0 75 TR AR
5 eIl

F1 WWmiERNELER

Table 1 ~ Main physico-chemical properties of municipal sludge
. : , AE KIGHT
VEIR A Aok & AN ik L
15ieds Bk e {7 S /(g-cm'3) /(103 MPN-g")
5k | 78.72% +1.21% 3.37% +0.05% 2.06% +0.04% 1.44% +0.05% — —
Hie 80.61% +0.65% 3.18% +0.12% 2.27% +0.02% 1.99% +0.03% 1.0035 +0 1100 +59
Hie Il 83.70% +0.78% 3.33% +0.08% 0.52% +0.01% 0.83% +0.02% — —

P F K ARG T 8 A~ KM Fh, Horfr,
TN502 \TN506 K153 04 221 JbH 203 flkES 5
Bk A i , AU R PO R 2 5 4
SIS TR AP L 3 H 3 58
TR ER A T AR AR B

BT, JeH B ORKE W B R K
TEZKTA Y THE R b2, U8 TOK 40 5, PR 72808
IR 3 ~4 WA IK A £ SRR BRI 2 30 AR UR
A ERFP P 5 M 2 F R 3+ b, B
E251 em BREF L ONMERNFEE D, B AR 1
228 em . EARFFRERNG 7ESE 7 i R b B AR
M FR Gk, R 4F 58, fF R KE
10 em Z2A7, PR EE K/ | BE A 0 KT
AL,

2.2 Rkt

RIRTERE P Ll K7 BE M2 BE M B2 5 T
FERME 47, L b 35 6 — A8 XUad 28 6t
M, AR B 55 TR Z2 R . AWFoY i 8 A EoK i FiAb
R 2SR IR ORI ) , 2 9 A-abH &

NP3 AEE (B 1), FOEERA N 0. 12 m’
(K58 3439 0.3.0.3.0. 4m) , 4540 34 8] 1] 1
A PVC AR BRI, A4 BHCE B B3R T T R SR
0.3 m, FHEZH 90 kg, £ 40 BEFP A £ oK 9 Bk, FifE
BFER 3 ~4 A IRERHEAS A BEK.

FORFIAE 100 d J5 WK KRGS Je ke S ik A 7
53T

DTN502
@TN506
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@FH3 5
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Fig. 1 Distribution of corn cultivars in the experiment
2.3 HESTIE

2.3.1 wFRHERSNMNE TGRMAEKE AL
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JT 4 N 4 P pH {E 34 R F & B3 Bl 2 75 v, &
PSR A2 40k ) (8- 1 2000) , 15
Very a8 4B 24, 2 R H HCI-HNO,-HF-
HCI0, H 7&-Ji W ol 5 2, 2 BRE R br o 7 i
(GB/T 17138—1997).
2.3.2 MERSNNE  FRBGRES BN
HRFRBY I WSk b3R5y, e sk A P i, g Ah Pk
O 3 MR A SR oK R 25 85 /K P4, Wk 480+
PR, DN S T SR o T RERE N 105 C R
30 min,#R)5 70 °C ,48 h T, iC T &, T
L FESR AL P 0. 25 mm 1 JE e N i, 25 00 N,
PK MELE HY 2R, 28k, 280 EkH
H,S0,-H,0, 127 , 5 4 & Ji i v B I e R A T K
- TR OGTE 2, H BRI 2 2 B R ekl Ak
o AT (B 2000) .
2.3.3 K #E (Lepidium sativum L) F F K 3 % %
( Germination Index,GI) 8 EAKM = Hréfis st i
FHEB Tk LK 1 10( VAT R B2 1h 5
7 4 CARIR T, 12000 remin ' .0 15 min, i
0.45 pm ZF4ERI R DRI, W AR FHLuB . 35 TR L 3 1
SRUEAC, B A 10 FiK ER T I AR 1R E
5.0 mL,7E 25 °C BB R F-4 P87 3% 48h )5, 15
RAFRIFMERRK B AR 3 ANER , RIA L2
B KRR K, SR E A (D) IR R 19 &
ny X Ly x 100%

— (1)
Ky WM R ZER, n, ATZHKEFR, L,
AAEHREK, L, A HR K.
2.4 BELAHE

KM Excel B4 3547 8098 S A RN &7 40 #E ) 9F
FH SASS. 1 8t AT B S 1T R4 #r.

3 Z5RA1TFi8 (Results and discussion)

3.1 ERAEKBEARAENE

FKFRHL 100 d J5 , BUE KM E 3R, sEATHET
JEFREE A5 AN [R] 6K A R B A (T
) WE 2 iR,

M 2 FTLUE 4 TR AR A Y i K&/
KK FEM 3> KIE3>04 248 1 >4 > KES
> TN502 > TN506 > JLE 203. A= ¥ & [ B As 4
A e EAE AT bR, AR 0 I S i e Y 8 AR
KA A D PEH 3 REE 3 R 04 4% 1
A ANEETG R A K SR AS A A R A K, HE B AT T HE

CI(%) =

BB IG e b AR B3 N AE ) AR

250

200+ ab

150 cd
50t '
cde

de
100 - N

A48 /(g-plot™!)

50+

0

Jb& 203 L84 FKiE3 TNS06 04251 KF5 2€MH 3 TN502
A

B2 BERRMNENME
Fig.2 Biomass of different maize cultivars
(I ARYE Duncan 4% (p =0. 05) , 45 A AR 7 55 ) &b 280 ) 7 82
FExH,n=3.)

3.2 ERMEMWEAHRHEMELERERE
JFE 2 T LU Y, S TR 35 K R AR AP AR R
B AEE ST R A TR A B 22 5. I
PR EICR M RR E R PEH 3 SR
FKFE 5. TN506 FALF 203 §hf, HoAx 5 Ahla) &
i P IF IO A W 25 S 5 AR AR P B DT 3R A9 o ik
JENARE ,FEH 3 255 4 NTS02 104 7% 1 fhFp A
PR R R R, R TR 5 M

R2 AEEKSMEMHH NP K FRERE

Table 2 Concentrations of N, P and K in the shoots of different maize

cultivars
o N BUEMREE P EREE K ERE B
/gkg™)  (grke™h)  /(gkg) A

JEH 203 43.99 £11.50" 2.83 057 9.87 £0.64"> 6.24%
234 50.07 £8.90™ 3.45 +0.4912.62 £1.56* 7.32%
K3 48.01 £9.60" 2.53+0.25¢ 8.96+0.81" 6.46%
TN506 39.71 £6.95" 2.97 +0.38"¢ 8.42+1.91" 5.67%
04 241 46.13 +7.83% 3.52+£0.24™10.65 +1.16" 6.71%
K*S5 44.49 +7.20"  2.69 £0.15% 10.02 +0.87" 6.28%
FEH 3 60.6 £6.22"  3.35+0.22%10.59 £0.47* 8.11%
TN502 51.78 £3.51™ 3.73+0.15° 9.66+1.33" 7.20%

FrifE(NY525—2012) =5%

7 ARYE Duncan ﬁg{l\(p =0.05) , A A 6 55 14 ] — 30 £ 4l
[A)JCE 25 n =3 #HRIEA HUIEFRME(NY525—2011) HE X, 4
Frm A + AL T+ FARE B R B (DT ) .

K3 G BT ZR 7645 i B e 9 o v B R /MR
WO 284 >4 221 >38H 3> KF5>46F 203 >
TN502 > K53 > TN506. Zi4 3 Mhaedr i 38
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3434 TN502 B 5% 40 B, s A R A LI
Jiskt

HEZAYIEEEE bR HE(NY525—2012) XA HL
NE BSR4 B e IR SR A HE , A B0 2 FH Y 8 A~ oK
an AR B O SR (A + TR R + A AL
B By T A AU L s v v R SR A i S R BR (A
(5% ), Ktk , N7 40 £ BE oA, AR 50 T 26 FH 1) 8
AT K B R AR M T 4 2 R S G B B A LIE

MR 3 AIA AN [R] FOK A A R R AR A B
WIRER —E 225 B RS UL, K 5 AT EE
B AR T 4 PR S R UG, X 5 E R E N
T 45 S AR — 5 (Lei et al. , 2006; Wu et al. ,
2007 ; A5 45,2007 ; 5858 745 ,2010) .

MEFFEAS [A] 36 K i bR B v 19 JoT vk R 0 A
F,KE S SRR R R B R B AR, T
K¥& 3. TN506,04 Z% 1, P& M 3, TN502 /& F, 1
TNS02 & FIAR AR B Y 7 e 0 5 o T LAY A R DA
BRATEAN [F) T K A AR H ) T B MR B AT R, 04 2%
1 b P T v eI, S 3 ISR 3 AR S 3,
TG4 it o 22 Do) AR v 46 ) ol o v B R A B 35 22
S5 Y TE A 7] T K & Al AR A o A9 BT o VR B O3 A
B4 R BT R B I, B 3R T TNS02
04 Z% 1 . K=F 5 TN502 S, i TN502 &b A e i) i
SR R e s VETEAS ] 36K St AR Bk v 1) I i vk
JE AR, 5 4 iy B VR R, BE T
TN502 .04 Z% 1, TN502 &, 1 TN506 (i Fi i i i
R . SR A LA LA, SR 8 A oK A
SR 4 SRR R IR ) o R R R A1, 3R A
2 b PO 4 A A AR B AR AR, 5 TR
45 (2005 ) FORIFRE A SR —30, KI5 F104 24 1 SR
e rH A IR 1 Jo £ VAR BE SR IR, P RE R B B B N 6
AL SR .

SEZA NN A 48 (5 ) BT R
FRAIPRIE(NYS25—2012) AL, X THE AR, Fik
TEVG U LAY 8 A T oK it A A b b 350 539 7 o o
WEEBRFEH 3 5 A S A IR T HLAC MR 1 5
fRRRAE X TEE A B4y, FiRTETs e A 8 &
K it PR b S A 1) Jo e VAR R A IR T A ALK
HHET A SR IR AR R b, BRPE 1 3 St b &1, At 5
14 b5 23 15 AT LIAE S A HLAE R i) SRk i 47 42 42
A .

*£3 FREAEXRBEMEKRS Zn, Cd,Cu.Pb RERE

Table 3 Concentrations of Zn, Cu, Cd and Pb in the shoots of different

maize cultivars mg-kg !
mi A Zn cd Cu Pb
L& 203 142.2 +24.6° 1.69 £0.49" 9.68 +2.76" 1.56 +0. 19"
o34 163.1 £26.7%4 1.75 0. 18> 7.20 £3.42¢ 0.81 +0.33¢
KIE3 194.9 £31.9%* 2.89 +0.21* 11.66 +2.39"! 1,24 +0.48%*
TN506 214.9 £41.2" 1.66 +1.09" 14.02 +2.03%* 2.00 +0.39*
04 41 211.5£22.3% 1,16 +£0.39" 15.53 +2.15% 1.75 £0.50®
KFE5 133.9 £20.0¢  2.18 +0.54*> 13.72 £3.05** 1.06 +0.29"
FEH 3 197.2 £30.5* 3.25+0.95* 11.30 +3.33" 1,37 +0.68"
TN502 240.5 £29.8" 1.89 +0.71™ 17.95 +1.43* 2.06 +0.47*
iE(NY525
R < I

. ARYE Duncan K55 (p =0.05) , A HH [8] 745 1) 7] — 51 5 P
(W JC 2R n =3,

3.3 FEAMMETRADFERE

M 4 nTH, 78 Bl T oK AT, 15 U A K R
83.7% . M EK 50 d J&5 , &AL BRJS (1975 Je 7 KR
i TR, L AR I /D H X R (69, 43% ) 15 9.
05% ~17.50% , 1 H. 220 K S A AL BLS & ACRAR
T e 60% F K FEYEK. X5 7K 73 2 BREK
SRR RIS 3(51.93% ) , 158 Sk R AL
HIFEAS T 30% LA b, Ab FEALCSR B & 1% B, mT 0
Fe R FPAE AT BH S 2 A Bk i s e oK o 1 B
FEHB R4 (2009 ) FIBFFT A5 T ARG, 3. X Ah2s
SATREREH T (EK) A KN ZEBIERESET
15U KA 2B

R4 ERMERMETEREKE KENTFELFRENETL
Table 4  Changes of water content and seed germination index of MSS

after planting maize

Rl TKRE ¥R R

Jt# 203 60.38% +7.91%° 37.1% +5.43%°
SHL4 59.58% +4.12%° 77.2% +4.56%"
K3 51.93% +3.68%° 60.1% +3.98%°
TN506 56.88% +3.82%° 27.6% +5.82%"
04 %=1 56.00% +3.80%° 44.7% +3.12d%°
KFES 57.97% +2.69%° 49.7% +2.77%"
FEH 3 54.10% +11.13%° 75.0% +£2.40%"
TN502 57.23% +1.38%° 83.2% +7.66%

CK 69.43% +1.23%" 91.2% +3.42%"
EUEGHIED 83.70% +0.56%* 92.7% +1.28%*
T R Duncan #:36 (p = 0. 05) , A 41 [ 5 8 14 7] — 5 B
[T 25 5% n =3.

3 4 AT AR A S T S e R 7 R 2E &R
BRI ARAE X HEAL BRI P T % 2F R B0 (91. 2% ) FI4)
TR (92. 7% ) AR | 1 2832 T KA 31U 38 1 95 U8
XK ERF R 2F R B A B R, k5 R AL




11 4] Tr B RAE L AN TA] F K it OGS 9 i 3k i 75 e Ak BEASCR WA 5 2991

ANV BE (0 P A1 . 3 7T R 5 6 K 7 A 1 0 TR AR R 40
WA — L2 HLIR S W ot (PR 52 45,2007 5 58 7K B4
2006 ) A K, 15 AL IR B4 T 77 A A 2 W i
WX K EERR T & 2F P AR I VE . (BRI R = 5 5%
HH 3 ' TN506 .04 Z% 1 4 A5 R ¥4 I () 7K 2 /b ¥
KRBT E PR L0 50% 14T 2 52 K OF
(Barale et al. , 1981).
3.4 EAMHEEFTREMERE L

P S AT, AR B OK S 3T TS R R R 3R A
(NP K) & & —a& WAk, s AR R F K& A E
WG A AR BRI 3 KIE 3 ML E
203 AR S 3R Ts T A R & R B AT
oA G Rl X AT RESE R R € 3 FIEREE 3 SR A
BRMAEY &, 2RO 2 A E SR E,
T ORI K 5 U AU S A IR T s e
HR 4 P fr e 7R R B OK AT N A A B R A
FRS TR KGR, FEERE, KES AdLE
203 FR R 3T S Ve A I e B T e
HIEHE R &, RSP Z A B 225
BRI, B TR TR Ll 45 FOR MR R RS
R IE VAT K /> (B3RS, 2010h; MAsE
4 2007).

&®5 EAMEFGIRS NP KEFENTL
Table 5 Concentration changes of N, P and K in MSS after planting

maize g kg!

i N P K

Jb# 203 32.43+0.82% 5.24+0.05°  9.05+0.51®
4 34.49 £1.32"  5.4120.17*°  8.71 £0.04™
K3 32.59 £0.50* 5.22+0.40°  8.73 £0.03"
TN506 34.25+2.29"™ 5.06+0.30°  7.12£0.14™
04 7% 1 35.33£0.58*  5.470.30°  8.53+0.31%
KES 34.90 £+1.39*  5.41£0.60°  9.18 +0.74*
FEH 3 32.14 +£0.74°  5.22+0.41*  8.72 +0.39"
TN502 34.16 £0.67% 5.04 £0.13*  8.64 +0. 18"
CK 32.66 £0.67" 5.14+0.18"  8.81 +0. 18"
HIRE 33.31£0.76™ 5.57+0.07*°  8.29 +0.09°

T AR Duncan #556 (p = 0. 05) , 47 A7 A 18] 5 Bk B9 5] — 51 B4
(8] 25 ,n =3.

3.5 EAMMEEFRELBESEL M

H1 2 6 WA A KT , A AL 3 T 5 e rh
4= 7n Cd ,Cu Pb W& i ARA —E 2B Mk, 5i5MAR
JEAE A H e, Ab B (LS AP ALY 125 AL B )
BE S A Y 4 PP S JE 0 B Tk B R T T, 3
rh R BT VR BE RN YR AS A LU H0GA B i KR X

FEEH T YA S, 75 T8 K 2 AR, AR FH
/N TG Ve 4, i oK SRR G EE 4 R B AR I
AR ( AR 74 2010b; V1 HIZF4E 2012).

®6 EXAMEMNESREFESESENTL

Table 6 Concentration changes of heavy metals in MSS after planting

maize mg-kg !
v A Zn Cd Cu Pb
1t % 203 1125 +18™ 6.03 £0.23™ 356.1 +6.2° 103.5 £0.8%
4 1111 £37% 5.86 £0.22%" 354.5 +4.1%104.4 +2.0*
K3 1134 +25"° 5.88 +0.19* 352.2 +8.8"101.9 +2.4
TN506 1076 £32" 5.82 +0.42% 342.5+2.1> 103.9 £0.0"
04 241 1153 +7°  5.95+0.08™ 350.9 +8.2103.6 +0.7*
K*S5 1114 +4® 6.08 £0.36" 347.8 +5.27105.4 4. 1®
FEH 3 1105 £29™ 5.60 +0. 14" 344.4 +4.2°°104.4 £2.0®
TN502 1097 +18% 5.57 +0.12" 346.5 £4.1107.2 +8.7*
CK 1109 +6™ 6.00 +0.36™ 349.6 +0.4*101.8 £0.7®
WIR{E 1055 +51¢ 5.79 £0.03** 353.3 1.0 100.5 +0.4"

T ARYE Duncan #5535 (p = 0. 05) , #7450 R 2B 1 [7] — 51 5 4
[B] TR 2257 n =3.

3.6 KA AR AL TE B E I T T R T AT AT

AR A 3T V5 U8 — B S K R AE 80% A4, Hfr
AFEEWA B MERTE, A M (E
43,2007 ; D% 2003 ) , AT M AR A4 K ARBETE L
IR FUK Sy, T B KR EA A Y R ARR LI T
BEE AR TS E BT KA A X E AR 1) R R
B, KA Ml 135 0 AT AR S A HLAE R A SRR, BT
SEPAE AL B3 T 95 U8 A TR s AR — a2 e Y R A
SRR A AR RS . TR, SR T K Ak B
TV e B — 2 B T (555 ,2008) .

B2, BT ERAEKEABRK, HRER T
b BRI b, T A 0% A Ak B A g e XA AR T
P A P 5 e BT — 2 R BR .

4 £5i%(Conclusions)

1) FRTEH o 8 7 75 e v A 1 R4, 16 P 16
FHE 8 ASFOK Al | 22 B 4l ofox 5 045 1) SRR
A, 04 2% 1 An AR5 R AR R AR

2) TR G X3k T 75 e TR A — 2 A A itk
PR, i 3k 5 e v 8 3R o (NP K Jo ik
FEARAR N, B it — A A Dy Bl PR k5 B Ao
BT

3) WOER A KM 3R TR TR (R + TR
TR+ SACER) 2 T A HUAC TR v SR
RARBRIEL (5% ), BRFEH 3 &b S H A & b o 58 A
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BT 5T o v BE X AT A A A HILIE A o % BRAE
(NY525 -2012) , A] K iy XU 79 38 17 75 e 2% AR
6 A AILAE SR, 7 Ak B 5 O 1 TR) B 7 A — 2 A 22
VERLRS , MR 5 IR S 32 e IR AL B LB 1 i A2

EEEEBM 2B ¥ (1962—), B 4+ #Hx HL LS
i NELEELBEFT LG EAR, EFTRE A LR
20 % . K& AR X150 % & . E-mail : wugitang@ scau.

edu. cn.
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