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B SR it PR AR TR V5 A R TR TN PRI . 548 FORHEIE (CK ) AbFAH L, it FH A 36 75 1
FARE T /NEAPRT A . SR R PE R S, B TR TS5 U8 6000 keg/hm® (T3 ) AbERAG/INZEAFRLT AT . 1 I
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1.2 ik

M/ N2 A K 22 23, T 20164F 11 A 27 H
FhAE, 2017 455 H 30 H UK. H RV B4 /N2 1
JE R R A A T o SRR RS YRR R R T
55 UG KA BT A B A A TS K, R
WEE TR A RA A AR, SHERsENs
(AR5 VTS Y hilbriE ) (GB 4284-2018), wJ
TR H LA, BARIEbR S IR 1 A

PUBHE R SRR T 45%, A B, B&E5
WM N 2.41%, P05 1.71%, K,0 1.61%; >4
b —FOKFEREAT, SRS TEN: 2E0T7%, &=
W 0.13%, 28 1.80%.
1.3 it

R A 25 750 5t A i ) AS T, a5 10 4
LhER, RRAMHEE 3K, /NXEAN 20 m® (4 mx S
m), 30 A4/NX, IR A FERRINER 2 PR,

® 1 HEFRFRS (RATRSRAZEE) FERIEER

- e fblE 2% e e ok ot pste] B B ZW05RE A9 (a) B
- P (%) (%) (%) (%) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
A GG R 6.9 33.8 388 061 0.73 1.50 24.1 1.28 0.5 66 <5 <2
(ARHABPRE 55 ~85 =20 <3 <30 <3 <300 <500 <5 <2
e ) 42 il b o )
( GB 4284-2018)
®2 HBAERBEARHARE (kg/hm)
B
KbHf YOSLE ST
N P,0; K,0
CK 2, AR 0 0 0
Tl HRUAL, ZAAE (15-15-15)600+ JRE 112.5 141.8 90.0 90.0
T2 B A TRTS YR, Y578 3000 166.4 183 21.9
T3 PTG R, 15T 6000 232.8 36.6 43.8
T4 HEIETEYE 750+ AR (15-15-15) 600 119.1 94.6 95.5
T5 HAEIETGYE 1500+ ZAHE (15-15-15)525 137.0 87.9 89.7
T6 TG TR 2250+ EEIE (15-15-15)450 154.8 81.2 83.9
T7 AT HLAE 1500+ B/ AL (15-15-15)525 114.9 104.4 102.9
T8 BAEI (15-15-15 ) 525+ KAEREFT (T3 ) 6000 125.0 86.6 186.8
T9 HETEIS TR 750+ EAAE (15-15-15) 450+ KAEAEFT (T3 ) 6000 142.8 79.9 181.0

1.4 FESAR

BRI AREAS FF S R A 0 15 8 HP R R FE A
W5E 2 Ra i B (R i) T e
J& I 5 K 4 FhR (HNO,. HF. HClO,. HCl) H,
PRI I AAS 3 180 /N AL P T A SR
12§ (GBIT 5506.2-2008 ) ; ¥& 3 I & % JH %
KAEE (GB 5009.9) ;3 # F Bl e &k HIBLIGE &
% (GB 5009.5); Z XI5 REA TG G &
K B RO 3 (GB 5009.265-2016 ) 5 Fik
PR TG 25 A BIL TS G 1 I ok FHAORE €35 — o ik
( GB 5009.271 ).

L5 Hdaorbr
| FH Excel 2019 Fil Origin 8.0 % 4 %F % 45 % B
MGt .

2 HBREH

2.1 R TG IR RN 77 1 5
B 1A AN [R] AR 3% 75 U H 1 X /N 22 7 Y R
M, HHELAIHD, S5 P AL (CK) Ab 3 AH
E, it A 3 5 U6 S5 AR sl A HLAE 45 B i
RSB /N B 7 83.85% ~ 144.59%., BNt A TG TS
T (T2, T3) B AN (CK) AbEL/NAZ 3 =
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83.85% ~ 139.04%, Hujii/k7G 158 6000 kg/hm’(T3)
AN T BAJ AE 15 V58 3000 ke/hm® (T2 ) AbFH i 242
w TANEE e, Ui ARG TS e A B TR N
FEHE

6000

CK TI T2

T3 T4 TS

psi

B 1 AR4&EFEFREAENNESENHMN
I ARVNG FRFOR IR BF K

AN G e 5 5 A IR EC i f 45 2R o, FENE
A3 75 U8 2250 kg/hm®+ 2 A AR 450 kg/hm® (T6)
M SAET /N 7 i i 2 T A T 75 e 750
kg/hm’+ & 4 I 600 kg/hm® (T4) K it FH A4 1% 75
1500 ke/hm™+ AP 525 kg/hm® (T5) 4bFR, ABFSY
ok LG ) A A R R 75 e
IRIEEA B T/ 45t —3. AHRE A I

WA, AN TETR 1500 kghm® (TS) B/
22 7=t i Tt /K RE RS FF 6000 kg/hm® (T8 ) AbBE;
it FHAE 35 75 98 2250 kg/hm® (T6 ) HY/NZZ Peim 4B
7578 750 ke/hm’+ /K FEFE FF 6000 kg/hm® (T9) Aib
B, MORE, AT G TR Bl /NG P 4R
o E—EHEHEN, MGG RHENEK,
NG PR TR AN, X 5 R IR A 0 By
R—3
2.2 N[RIAIE T U8 T /NAZ b BT P S )

B2, 3 505 S A R] AR 36 15 e FH 2 6 /N 22 H R
T WA, 8RR TER S AR R
mE 2, 305, 5% AARMEE (CK) LA,
it FH A TR VS R B R T /NN T I L I A R
By B, B A 35 75 U2 6000 kg/hm® (T3) Ak B ()
INZERERL T TE A LT A A E R A T
19.7% . 15.2% F17.83%. BfiE A6 15 et H i i3
hn, Bt V5 Y8 6000 ke/hm? (T3 ) FY/NZERPRET
THT A5f7 J N TR 797 2 o ol 2 s T B A= 15 5 Ui 3000 ke/

T6 T7 T8 T9

— 326 —

hm? (T2) 4, A 36758 2250 keg/hm’+ & A0 450
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®3 AEMEELENNEFHPESES BN

(mgrkg)

QbR Cr Ph cd As Hg
CK 0.55 0.13  0.021 0.03  0.002
T1 0.41 0.08  0.021 0.02  0.002
T2 0.43 007 0019 003  0.002
T3 0.71 0.10 0022 003  0.002
T4 1.33 0.11 0019 003  0.003
TS 0.55 0.13 0025 005  0.002
T6 0.45 0.10 0020 006  0.001
T7 0.68 0.12  0.021 0.03  0.002
T8 1.03 0.10 0023 006  0.002
T9 1.14 0.16 0022 007 0002

QoL BT LY/ Ny
0.2 0.1 0.5 0.02

(GB2762-2017)

2017 AT, AAbFR/NAEFFRL Ph. Cd. As. Hg 9%
SRR I E AR AR, 5 B A 3 5 T2 3000
ke/hm® (T2) ALFRAIEG, AT 59 6000 kg/hm’
(T3) Wy/NZEHFRLCr, Pb, Cd &R H &, HIFE
AR FHACE T, ARG IR 1500 kg/hm’+ B A
fIEL 525 kg/hm® (TS ) AbFEEHEFE AL 525 kg/hm®+
7K F& 1% #F 6000 kg/hm® (T8 ) F 7 & A HLHE 1500
ke/hm’+ & 4 8 525 kefhm® (T7) Ab B A4 /N 2 F7hi
Pb. Cd &&Efi. i A58 750 kg/hm’+ A
JIE 600 kg/hm® (T4 ) FY/NEZFPRIH Cr. Pb, As. Hg
S ETEAN 600 kg/hm’+ JRE 112.5 kg/hm”(T1 )

WbRE, AGIS R BERE AT TS Uit A R R,
INZZ KPR 43 )8 O i S

it FH A 3% 75 U8 750 keg/hm’+ & A A 600 ke/hm’
(T4) . & A HE 525 kg/hm’+ /K F8 7% FF 6000 kg/hm®
(T8) A1 15 I8 750 kg/hm’+ 5 45 AE 450 kg/hm’+
JK FE R FF 6000 ke/hm® (T9 ) ZLFErf, /NZZFERL Cr
) E R BR R E (1 merkg )o i AR TG 15U
HERE 3 IPEY 4 B AL R, (0 A [R] oG 2 34 g 17
FE22 5 Y, WA SCRIE A TS RS, NE. E
KEAA YRR R AR SRR BN
XA B8 S5t FH 9 A 16 5 T S VR R G i
FH AR 16 5 e 6 /N 22 F 7 o 4 J R B2t R N [ i
MRS, Bl R, N B E A E T
ReMERR S, BT EAEBA BRI Y, AT
HENCAR FHES, DR SR WA AT T, AR AR il
M, AHEMT YR A, Bl e mi s
[T
2.4 TRV 15 U8 /N2 KPR LTS e
IR

405 53 AN R A= T s e B R/ 22 R R
M EZA IR BRI ER A LIS e & w52
4. SaTH, IR Z AT BRI e
KAHEIDW S EHMTROR, fFEaMmieE
FHRUE. Jones 25 2 HFGRHIE . M50, NE
KPR S B i A LTS e s, St 2
R O e O SR | S W \PRR B [ £0)) O
FH 23 A [ R B 18 TR ik B £ 338 b 2 S BOR F 2 36
PR EAHIG RIS Db U FRERE T
15 Ie A LTS e EY B AT 15 RS . {H Waqas

F4 FAREFESTREAENNERH P EAFTREFISLY S =M (mg/kg)
e . " " I #Jf (a) #A3F (b)
sl %8 Tk e Vil [ B B g o _—
J W
o H R 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

CK <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T1 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T2 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T3 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T4 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T5 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T6 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T7 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T8 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
T9 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
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RS5 AEEETRAENNMNEFHRPERRELXEINSENSEZD

( mg/kg)

Ak 3 AROR IR AR WO ABIR T HIR TR AROR IR TR ABR T HIR IR ER
K R 0.1 0.1 0.1 0.1 0.1
CK <0.1 <0.1 <0.1 <0.1 <0.1
T1 <0.1 <0.1 <0.1 <0.1 <0.1
T2 <0.1 <0.1 <0.1 <0.1 <0.1
T3 <0.1 <0.1 <0.1 <0.1 <0.1
T4 <0.1 <0.1 <0.1 <0.1 <0.1
TS <0.1 <0.1 <0.1 <0.1 <0.1
T6 <0.1 <0.1 <0.1 <0.1 <0.1
T7 <0.1 <0.1 <0.1 <0.1 <0.1
T8 <0.1 <0.1 <0.1 <0.1 <0.1
T9 <0.1 <0.1 <0.1 <0.1 <0.1

e DT R SRS RIS WIS e
i 2% ~ 10% A TALI5 T8, AT A REAL R
XL IR IDE . RS 0
T EWNANETT TSI R AA UG Bk, B xR EA
SR BUIRERE 3 V5 Ve R LAY 22 3805 8 e TR
FAER NS Y, NAE N BT A LTS e ok
5% o

3 WiRESiE

3.1 e

it AR TS A B T RN e, R
GRS A RESR, AUTIEYNAERKER
PR E, X SH ARG R -8, A
WP A TE 1578 2250 kg/hm™+ ZAHE (15-15-
15) 450 ke/hm( T6 ) AbHE, AT B FHE /N P i .
AT TG R SRS ARIE A BILIE A A R it 2 4 e A=
TR FERAAR R I 22—, BRI 15 e
PREE KU iy [ B, o] T4 B A HLFR A B R AR T
o it A T TS N N TR T AR T ROR
ANTAl, B AR 3% 75 U8 6000 ke/hm® (T3 ) Ab BEARXF
A HANHEAE (CK ) &b PR /N b T . e
I RIER & B o AR T 19.7% . 15.2% il 7.83%;
A5 U8 2250 ke/hm’+ & AR 450 ke/hm® (T6 ) K
TSR, N RERLTERY & 1 b s AR AE (CK)
AEFRERE T 23.94%. A ) Rl AR XN [RAE ) 5
FHELR, JF Rt AR T V5 Ve S A SR AR K A ALAE Y
AR, S RS B AE T R . AR
B, 587578 3000 ke/hm?® (T2) ARFRAAIG, it
1572 6000 keg/hm® (T3 ) AY/NFEHFRL Cr, Ph, Cd i
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W, WA AT TSV R, N R R 4
JE SRR S, X SRS DY it —
o AURFITRIGEAAAEZE R, A& 151 750
kg/hm’+ & 4 B 600 ke/hm” (T4) . & & HE 525 ke/
hm’+ 7K F8 1% #T 6000 ke/hm® (T8 ) K A 1% 15 I 750
ke/hm? & A B 450 ke/hm*+ 7K 75 5 FF 6000 kg/hm?
(T9) AbHir, /NFERPRL Cr &5 BEYY#E T R 5 R b
e (1 mg/kg) , X ATRESE A FHALIE 255 [k 13
ffl, HPARCEESE SRR, g
WS s AR TS TS — e R T AR i
pH {E, By I Len] w4 4 8 A UL &9
FERE 25 A T U P A LR A3 i a A v T A
RS, IR SR Cr i3 Y, x
HEMNEES Y K E SN Lakhdar 2 Y BFSE 4516
bl AETETSIRA T, B4 E A B MIE Y
FebE, R BRI AR, S It S
Ve S XA Fh i L AR . 28 LT, AR
A GG e AR TR ETR T, B AR T s e
6000 kg/hm® 7K - K A= % 5 8 2250 keg/hm’+ & 45 18
(15-15-15) 450 kg/hm® B jii FH 4, A3 Bh F/NA 7=
SRR

AT, XA TG U A AT HILTS G AU 4
iy T RIE R D, A HLTE G R EY i
FRMEEE MBS, MFREH TR
IR I AR, s R A LS P I, A
[E/E Y Fh SRS [6) 2R BILT5 G ORI 32 i B
B, USSP AENISERENCR, B
b — 2B 5T, AR 15 U8 e G A O RS Y ]
SO SR A A IO W e X LR v A
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WAE, BIERT, RET 3R [ AR 16 5 e A P AL B
IR . BRI R, I Jel ik . %
Ak . TFELL S EE U R B SRR | BUOR
LS ERIOAIGT o IR A 16 T e A R AL B T A BT
L BB BATEMChRUEREI R, HESh A TGS R
TEIRALAIH
32 45

Jite IR A 16 V5 e AT B FHg R /DA o i, it
AT (T2, T3) B AL (CK) Ab#/N
A2 47" 83.85% ~ 139.04%, 5 Hujii A 1% 15 U 3000
kg/hm® (T2) AbBEAHLEL, PAfEA: 75576 6000 kg/hm®
(T3) WFERE T/ANE" i, fTE—EEEN, Mg
7 Bt A s e FH B B R RE

Jite PR3 LA 3 T U A R T B T /N R i o
HaH AR (CK) AbFEAH e, 5t A 15 75 IR
6000 ke/hm® (‘T3 ) Ak B[ /N 22 A7 R7 T 1f0 7 . 2 1
FFNVERY S o B T 19.7% . 15.2% F17.83%
B A= 5 V58 6000 kg/hm® (T3 ) F/INASFERE T 18 i
T T TR 3 ) P B 3 o T AU V6 V5 U2 3000 kg/hm®
(T2) AbEE,

BT A 35 75 U8 6000 ke/hm® (T3 ) [/ 2 K7 Ki
Cr. Pb. Cd & LBt 157572 3000 kg/hm® (T2)
A PR EBAHE AR TR V5 S 2 A IR R (T4,
T8. T9) AbFR A /INEE PR Cr 75 R A [ 5K P
FRUE (1 me/kg o it FH B A 16 15 U () /N2 7R v
ZIWTFIEA . BRERRA YIS Y S B A B M%E
SEZE bR,

A FH 2B 35 75 U 7E 6000 ke/hm® 7K - B
A= 35T51 2250 ke/hm’+ AR (15-15-15) 450 kg/
hm® P BB T 2 4R
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Study on the effect of municipal sewage sludge on wheat yield, quality and safety

WU Sheng', ZHANG Jun-sen', ZHANG Jie-yu”", WANG Qiang', ZHANG Zhen', LI Guo-liang” *, KANG Ting-ting” *,
MA You-hua' (1. College of Resources and Environment, Anhui Agricultural University, Hefei Anhui 230036; 2. Lu’
an Vocational Technical College, Lu’ an anhui 237158; 3. Bengbu Qirun Environmental Engineering Technology Co.

Lid., Bengbu Anhui 233000; 4. Bengbu Sludge Treatment and Disposal and Resource Utilization Engineering Technology
Research Center, Bengbu Anhui 233000 )

Abstract: Aiming at the potential pollution risk of urban domestic sludge applied to farmland, field experiment was carried
out to explore the impacts of the application of urban domestic sludge on the yield, quality and safety of wheat, in order to
provide a basis for the utilization of urban domestic sludge in agriculture. The results showed that the application of municipal
sewage sludge improved wheat yield. The yield of wheat under single application of domestic sludge ( T2, T3 ) was increased
by 83.85% ~ 139.04% compared with that of CK treatment. Within a certain range, the wheat yield increased with the
increase of the amount of domestic sludge. The treatment of domestic sludge 2250 kg/hm” with compound fertilizer 450 kg/
hm® (T6 ) was more conducive to the increase of wheat yield, and the rational application of urban domestic sludge was
conducive to the replacement of organic nutrients and the reduction of fertilizer. The application of municipal sewage sludge
was beneficial to the improvement of wheat grain quality. Compared with CK treatment, the contents of wheat grain dry
gluten, wet gluten and starch were significantly increased by applying domestic sludge, and the contents of wheat grain dry
gluten and wet gluten were increased by 19.7%, 15.2% and 7.83% by applying domestic sludge alone at 6000 kg/hm® (T3 ).

The Cr content in wheat grains of some fertilizers treated with domestic sludge ( T4, T9 ) exceeded the national limit ( 1 mg/
kg ). With the increase of domestic sludge, the risk of heavy metal enrichment in wheat grains increased, but the increase of
different elements was different. The contents of polycyclic aromatic hydrocarbons and phthalates organic pollutants in wheat
seeds were in line with the national food safety standards. For agricultural use of urban domestic sludge, it is recommended
to apply it separately at the level of 6000 kg/hm’. In the case of the combination application of domestic sludge and chemical
fertilizer, 2250 kg/hm® of domestic sludge + compound fertilizer ( 15-15-15) 450 kg/hm” of dosage is recommended.

Key words: domestic sludge; wheat; production; quality; heavy metals; organic pollutant
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