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TE.  RIHARE, 7708 S A RS I S A A B 3 T ¥ DR /0N 1 38 A ROk 0 B = S BAR M SR A 32 i
SRR 2 LS Y A A A AR EE N AR B AR K SR m /N SRR i R S N SR R AR
£ RS SR, RERRA AT IR &, AN 1 500 kg/hm®, AT LA /& 4R 7= 5 19 %2 42 F= 2Rk (A
A Cd JTuE BB R ITT 4L,
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Effects of super oxidation static aerobic composting of municipal sludge on
the growth of pakchoi and physical and chemical properties of soil

WANG Qiang', ZHENG Meng-lei', YANG Shan-lian', LI Guo-liang’, MA You-hua’
(1.School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2.Bengbu Qi Run Environmental Engineering Technology
Co., Lid., Bengbu 230036, China; 3.New Rural Development Research Institute, Anhui Agricultural University, Hefei 230036, China)

Abstract: Pot experiment was conducted to study the effects of municipal sludge treated by super oxidation static
aerobic composting on the growth of pakchoi and soil physical and chemical properties. The results showed that the appropri-
ate application of sludge could promote the emergence and growth of pakchoi, improve the yield and quality, reduce the ac-
cumulation of heavy metals, and increase the soil nutrient content. Appropriate application of sludge ( not more than 1 500
kg/hm®) can meet the safety production requirements of agricultural products, but the pollution caused by Cd element
should be controlled.

Key words: municipal sludge; super oxidation static aerobic composting; heavy metal; pakchoi; enrichment coef-

ficient; pollution index
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(As) FIFR (Hg) fEFEH AT 5 b i T5 e s & &
DAE A (TG KA BT J5 e b B A IR )
(CJ/T309-2009 ) HAH AR MEA T 4 ', 38 % 18
A 8 Bl ) 75 U8 v ) I 4 T s YL R B EA T O
W E R E A YR G A N, BRTS
K 5 U] LAAE Jy R 2 A g g sk 4 {H Y5 Y 1
WEAAHY EaRMEEY, EEAA /DR ZEK
R BN R A S EEY R FE YR
W BE RN DA A s A B A AT 4 T A
UEAES | R E X5 K 75 U8 32 5 R A 9 A2 R
ARERAG LT 2o v R HE R s A S 2 T
FEARIEA DR RS T 28 2 A H IS
U8, BB SR AR IR [ N AME TS -+ A
YRGS R R AR S T T T 2
FIDTST , B e 25 1 e oY B, 3 T U M A
FERMAASEIE LR S EE Y, WA SIS
FH AR FRAE W 2020 5 58 75 e b 3y 2R R
RI7 A, TSR H 25 I3 175 e AL 3
R AR FH AR B A S B Rz —, HRTH
FHEHERE AR BEAT Te R B &, o o F R A
RO R R HEIE R G0 4 4B o i JREEL, 43y
AV T PR S HE AR 7 SR A SR A 5 23 I T 3, o0 M 2R
RHERCFHUE AL I Ah 22 56 & e 4ok
F, T A S AR A B —Fh He A 22 % B Rl
F] 217 RaE 05 Je A BT =8 (H I ANE A E A E
15, RO s A B S EUARTHBERE , T b (3T ¥ e Ak
P AE IRBEAE S A TR M L B, RRE
A Al 95 15 P IR AL A A (B A G
BF ST A3 KB MER B AR K32, 4b FH) 4 % 8
B B, K2 oK RS IR ) 2 JR A Al AR AL 55
ZRIHENE , Tl A AR BE AN i, 7= i R AR, R
mn XA AR BA fE 3, E N E SRS
R ARBERETS VR HE A F A, I LT R 4 JIE 7= i e 4R
B Y AN N = T A SRS NP/ = V2 PR
LI5S Al T A B R R bR HE IR 4
A, AT R 22 B A BRI T TS e, PR A A R
RHRE, TR EIZ T B S B 15 e 2 &5 1)
PIAC T, ASHIF 5% 3 2k 2 4% 1 06 i 2 G X £ 398 gk
SEBEAR M 0T A B2, SR IR T TS e A B AR AE 6 S
BRI 52T

1 ARSIk

1.1 iR S R A

6T 2018 4 3 H & 2018 4F 7 HfE % #UAR0
KEFARZE N AT, 15U IR S 5 /KA B
AEFRJE A5 U8, FERR AL o K A S AR AR 1
2 Fon B 4 5 O 2 Bl SR 4 SR A
+ EAETT8.379% 10° hm?, (5 22 B 48 1 3 i 1
(1) 8.0% . F-BL43 A FLUE B =i b | VH T < 35 B
FEALHS - M X, 2 35 e A Y53k vt o) i 32 2 - g2k
AU, T RV XA T RO p AN TEL , S AR AR M
X f H B RE VR L Ml R | R SOR HE U AR 38
1.93 t, HJ& T 2= WS %, 7T RE iR ST RE1E
R AR Y BN SRR T
BEFEMLARAA
F1 R TENSROEABLMER
Table 1 Basic physicochemical properties of soil and sludge

AE O OAHESE 2SR 2sE afeE

el 5

(g/em’)  (g/’kg) (g/'kg) (g/kg) (g'kg)
4 1.26 11.68 1.60 0.38 21.20
15 1.22 338.00 38.80 0.61 0.73

x2 #HTENERENESESERE

Table 2 Heavy metal content and standard in soil and sludge

i (mg/kg)
%l R
(Cr) (Pb) (Cd) (As) (Hg)
+4 58.24 28.44 0.16 10.63 0.41
(- BEIREE B bR UE) 90.00 35.00 0.20 15.00 0.15
GB 15618-1995
15 66.00 0.50 1.28 24.10 1.50

V5 e AR ME O TE K
ReHT RN E A
Je ) CJ/T309-2009

500.00 300.00 3.00 30.00 3.00

1.2 SiRAEFE

15 R INK RS, B 7K % 31K90% ~93% Je I A G iR
P95 pH {4~ 5, SR )5 B0 Jit 5 5308 0.5% ~
2.0% .pH H N9~ 11 ¥ RO I = 2R B8R (& &=
5% ~10% ) , BEPEFE o SN, & 15 1 R TR B A A o 4L
FEAE T, W SRR 285 4 i fie v e 40 B R Rl 15 P
DA 7K TR 248 L 2 1T O S, Ty i I 9 9 e BRI R
RS EOE AR AT K, 159 31 58 2 Akl 1
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IR R
1.3 RWigit

IR E 8 b, 3 WHEE, BRItk 3
IR, AP R IX (1) f R %t R, JEHL NPK (1) AbFE
PERE IR B IR R LA AL ER 3 FhOIL BL4E BN 172.5
kg/hm* . P,0, 75 kg/hm* K,0 100 kg/hm’ it HtJiti AL,
TCHINPKHEE {598 (1) ALBE JCHL NPK+H {5
(IV) &b ¥ TEHL NPK+E 58 (V) AR5 5 e AL B
I e filt L B0t FH 750 kg/hm® (1 500 kg/hm* 3 000
#3 MNAREELESE

Table 3 Fertilization scheme of pakchoi

kg/hm*¥5 e, JGHL NPK+4 HLAE (VI) Ab B 7E b BRI
BERl R 500 kg/hm? & 208 24 HLAE , A HLAE
(VID) A3 e (VD) Ab 3455550 53 000 kg/hm® Ji§
BRI HUALHIB 000 kg/hm?* V578, ZAk 7 = BEALHE
Y, EER A TR N 3 ke, A AL FRACRME R
BBk Mt A 38 it I i 4 16 2.25% 10° kg/hm® +
BT AR BB AR, B RN S
T, [ 5 R AE R 3 AR .

Jiti F it (kg/hm? )
Ab o H
N P,0;5 K,0 JE RS ZEA HLAL 15

TOERXR (1) 0 0 0 0 0
JEHLNPK (1) 172.5 75 100

JHL NP+l 7598 (10) 172.5 75 100 750
JoHL NPK+H 508 (IV) 172.5 75 100 1500
JCHL NPK+E 7508 (V) 172.5 75 100 3000
ToHL NPK+AHUAE (V) 172.5 75 100 1500

AHHUE (V) 3 000

5l (V) 3 000

14 HRFXEE

AR 43 S R A I RUREAR , SR A D 4545
2 A HERE K a3 S S e, R R AT 7R 4R
WEEIAT, AR Sl R AR R R AR, FR T i
2% 65 CHLTZIEFTR, /il i, bricdeds,

1.5 MiXmMBEA*

THIRER T MME MR & 50 R H =
AR R LG 5 | ZE IR o B A8, A
BLT 2R 53 R B IR B A Ak DILIG 251
PE , AR B R S A AN A Rl v
W, FHEE KR Z5 Bt o Aok AL T3 3R T
W, 58 pH | HL 53R T AR DI E , /N2t
PR B A R A S R i st
FEREVEDAE , /N 38 A e b i SR 2Rk R 1240k
S A
1.6 HiE4biE

REEE R Excel #4783 R ] SPSS #x A
TR ZR 7225007, B H Origin 2018 #0444
1.7 EMFE

K LR 15 YR B Z I PR R TS

PEXT/NARE &R s m, i a A =X0n.,
P.=C/S, 5. PO RITG YL AR, C oSk,
S MBS TG G I BR ) GB2762-2012 AR if o E
GBS AR AE, 2R E SR RIEHE G — A%
%, HatH AT .

(1)

L. PSS A6 8 P, TSI
USRI AR Py A TSR R BRK
TS AR EL, LRBTFN  RAR IR . P, <0.7,%
£2:0.7<P, < 1.0, %5 1.0<P, <2.0, 575 4%;2.0<
P,<3.0,i549%; P, >3.0, Hi5HL,

2 GRS

2.1 MERTRM/NEFERKNZIG

2.1.1 A FRAFEGH A HE A, &4k
B /N S R ™ 3 3 v TN R T DRt
XF/IN AR R AN B g BRI I LIV VI
NS o B v O R LAt Ak B 5 X6 BRI
FH2ESE 15 VR X /)N S BT R e N B A Ak
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BNV VIS B 3% TR 5 e it
PR /NE R B A, i S R 5 e Al
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Z  SMEE R R, 5L E R SRR
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BIFTEHENE 5 35 15 Y8 18 7 BRI, 5 % 1R 1) 2 55 4
F A i b AR S5 R AL, B TS
Yo B A, 7 A AR AR

100

50

INEPET i ()

(=]
N

b3

AR B EH/NAREENE
B L7/ s

ARFRT NI IV V VIV VI3 3; MR [E F8 bR A RN 7B
FoN AL BRI 2 5 B 2 (P<0.05)
E1 AELEHPNEEFEER

Fig.1 Production traits of pakchoi under different treatments

2.1.2 A F R DA KBRS Ha HIE 2
AL, SRS e At BN SR A R R i 2 T
HE At A P55 06 BRI i 25 25 57 V5 et FH A 0/
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FhAbER] MR S o F 25, S AR
SRV R it S R A B TR T v
AT 5 it S P B v 1 AR Eh & i, T fie 55
VeI 22 A KA R,

2.2 HERRX TSRS IEE A RA T
22.1 A FRSIERSGH A M3 0,
AL T AT LT P i 44 3 v T R TS e it
FHEXT BIEA BT & s i AN b3V VI VI
1 - 8 A R 0 TN R LAt Ak B 5 X RET
2R 5 A RS B bE TS Ui A 2 Y 1S i £
15 A AL B A A A BRGNP 1T IV AR HEXT R i
F S, 15 VR 0 - HE A T S e N B 5 Ak
FRIT IV VIS A e 4 80 5 o B 35 s T X0 BR Vs T it
FHAEXT - 8 B0 B S e AN B I ¥ e SR it FH RN

20
4 16

—_
(=3
T T T T T T T 1

UN=EAL P R)ies
(g/kg)

Jas:
W Wi S AN B

AAE T NIV V VIV VI 2 35 AR 8 AR A R /N 7 B
FoRAb B 22 57 3 (P<0. 05)

B2 AELLENEFERRER

Fig.2 Quality traits of pakchoi under different treatments
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FRRE B 22 5 B2 (P<0.05)
B3 AELETEFRSESE

Fig.3 Soil nutrient content in different treatments

222 FEAFRMSEEEARTGHw HE 4
ALREN AR ERTD, Vo VI VIR 38 5 /K 38 0 381K T X
HE SR Al A B 55 56 R ] TG ol 2 22 5, Vs et FH )
HEEoK A AN

2221 THEEFEFE BES AT BRI T
A, oAt A B - 5825 5T i 38 L X IR S RRAIG, AR
Jo fe 5 PR ¥ Vet R B AR SHETA
25 T Y AR, V5 18 Hh B A 1 K A LIS T 3
A Y (S A R ) 3 B, TS £
BEFLBRRE PR e o, 48 e TR KK e



SR AT A S A R TS PR/ SR A R AP A R 1011

20
a

il

m v v v

THEEIRE (%)
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i) 2% 5 8. 3% (P<0.05) ,
B4 AESELFEEKER

Fig.4 Soil moisture content in different treatments
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I T m v Vv v VI W
piedil
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IF] 2% 57 8.3 (P<0. 05)

5 AEAEHTERRE

Fig.5 Soil bulk density under different treatments

2222 +HEpH K 6 v, K AEE 3 pH 15
o REREAR , 75 8 FH Xt 38 pH (2 i AR B
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st

Al
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Ab 3
AT TV IV, V VIV VI3 35 R R/NE S8R Ab B
I 2% 5 . 3% (P<0.05)
E6 AEALELE pH
Fig.6 Soil pH under different treatments
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VIHY 4338 e SR I 28 @ X0 AR - 1 e 5K Bl 5 e
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Fig.7 Soil electrical conductivity under different treatments
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AL | 398 13 AL P o 45 PR A D6 A
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eV R s 7 - - P T RS IXUR:
24 WABREMIEPESESENXIT
HIP O AT, AR FH VI e 35 B IR T X0 B
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Fig.8 Heavy metal content in pakchoi under different treatments
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Fig.9 Heavy metal content in soil under different treatments

F4 TRLEBNERESREEERY

Table 4 Enrichment coefficient of heavy metal in pakchoi under different treatments

R
BERTE  pmcnm gk ASLNDR LBLNPRR EBLNPRe - TALAS e
(1) (1) L5 PSR =5l AHUE R (V)
() (V) (V) (VD)
% 0.803a 0.285¢ 0.847a 0.485bc 0.714ab 0.759ab 0.382¢ 0.280c
T 0.215ab 0.083e 0.117cd 0.181ab 0.234a 0.128cd 0.155bc 0.106de
i 0.725a 0.232de 0.283cd 0.343¢ 0.563b 0.403¢ 0.183e 0.181e
fif 0.298a 0.125d 0.173bc 0.248ab 0.310a 0.169bc 0.231ab 0.152cd
K 1.787a 0.453¢ 0.460c 0.502bc 0.803b 0.469bc 0.661bc 0.487bc

AT IV OV OVEVE VIR 35 [RAT Bl Jm b AN [N g3 s A B ) 22 57 8.3 (P<0. 05) .
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2.6 TSHIEM

HER 5 AR, 5 AL BRER G (Cd) b4 RIA BITS
Yok (V5 YL HE 50 < 1. 000) , {H — 2 b BH 45 A R 1
TG R E R s P TCHE XX R (T ) >TCHL NPK+1
BI58 (V) >TEHL NPK+AHLAE ( VI) >TEHL NPK+H
TGV CIV) o U BB AT IR i AL B /)N (1 5 25 B4
W 3 4 Jm , NGRS T5 Y38 BOK E |, #5 Ab #i

£5 TRGREAENSRER

Table 5 Pollution index under different sludge treatments

AL VI, VAL T2 a5 159 (P, <0.7) ,Ab BRI
IV VI Ab TR (0.7<P, <1.0) , 118, 4b 38 |
MV FREG Y (1.0<P,<2.0) , KIEY A
ZH) 35 g, N5 e i A A, S 1500
kg/hm? | AT DL JE A& 7 i 19 42 4 A P 2ok (RN 8
S Cd JTER AT REA R A5 G,

W m Sab ks P 15 el

B (Cr) # (Pb) Hi (Cd) B (As) * (Hg) (Pa)
TEHEX X (1) 0.934 0.203 2.260 0.064 0.720 1.724
JEHLNPK (1) 0.336 0.080 0.700 0.026 0.180 0.434
Tl NPK -+l {5 9e (10) 0.994 0.117 0.860 0.036 0.190 0.845
T NPK+H 5 (V) 0.554 0.173 1.040 0.052 0.230 0.864
JCHL NPK+RI50e( V) 0.806 0.220 1.660 0.062 0.350 1.299
TEHL NPK+AHLUIE (VD) 0.518 0.123 1.140 0.034 0.200 0.923
HHUAL (V) 0.458 0.160 0.600 0.046 0.280 0.509
15U (VD) 0.316 0.100 0.520 0.032 0.210 0.410
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BLYI RPN i, m D o pl Ak B o i | T i
A SR AR B MR & i it S
VG ARSI R Bk 1% & | 58 pH 42
SR () K AL A
el TIESR AR, TS VAT LA /N S5
HeEw A, B AL FR A A IE R AR B TS5,
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7 ora C a5 O (E D IVAG EQSR 4 ol 00 B v e X 4
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