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Abstract: Based on the soil background value of heavy metals in Beijing and the average quality
of sludge products in central urban area in 2021, this paper analyzed the maximum safe application
amount of sludge product, advantages and disadvantages of different calculation methods and the
requirements of land use prevention and control by benchmarking method, static environmental capacity
method and dynamic environmental capacity method from the perspective of environmental management.
According to the benchmarking method, sludge products were suitable for forest land, landscaping, land
improvement and agricultural level B purposes. The specific application amount should be implemented
according to the corresponding standards. The static environmental capacity method did not consider the

attenuation of heavy metals, the maximum safe application amount for one time was 830.9 t/(hm*-a), and
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those for 10 years, 30 years and 50 years were 83.1 t/(hm*-a), 27.7 t/(hm’+a) and 16.6 t/(hm*-a),
respectively. The dynamic environmental capacity method considerd the attenuation of heavy metals, the
maximum safe application amount for 5 years, 10 years, 30 years and 50 years were 247.3 t/(hm*-a),
163.6 t/(hm*+a), 118.3 t/(hm*+a) and 114.7 t/(hm’-a), respectively. According to the environmental
capacity method, the heavy metal pollution risk of sludge products applied to soil in Beijing area was low
and the land use potential was large, and the heavy metal risk in descending order was zinc, mercury,
copper, cadmium, arsenic, chromium, nickel and lead. Mercury was the key element for safety risk
prevention and control, and zinc was the element for ecological risk prevention and control. The dynamic
safety calculation algorithm of “taking the standard limit as the bottom line and the environmental

capacity as the baseline” was proposed to guide the application of sludge products in different land use

%14

directions.
Key words: sludge product; land use;
method; safe application amount
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B ARZ B HACAZE B8 A AR i T 1, i A3y
IR A%, T 805 e e LB IR R S IR e TS
P RCE R 6T, RHE T ER e e B
B35 U 7= i T R = b 0 ISR R — Rl AT 2 A 8L
Ak T2 SR AT Rk B SR R R B AR
IR T5 Y AR, 2 H: A i R P o i A ] £ []
B, WA R A R Tl i AR 2
SEASGAE N FEF K F I, B m s
Ters i B R B LI AR R H bR 5 42 it
BAE, XF T R A AT R vE B oe B Y AT PEH
1587 i = MR 9 05 R 22k R A X
B, ELLIR T A 5 i oy A, SR Al i A
B, 44 [ 5 FH B A O e T AR (B by ik 2
PLT AS T IX 3+ e B MR 25 5 R A IR BT R 38
DK -3 tE (SRR R L AR R 0 A FRIB B RE T, 7Rl
FHE B AR R BR T

2R V5 R 7 A G - R R AL TR R Y
B A 2R e AR EE T 2009 4F—201 1 4 A7 11
I FBRHE S, 28 A AT A ST 5 6 7 i it A = 1
FloFd8 051k o Senubr X 24w £ HoR 38 31
T8 P DA R S B o 2 R T U TR S T
77 i P P A B 1 R R — 2D R, R AR A — L
Y5 U 7 b e A FH s O B AT L AR
FE5 -

BRI, S T B b A 835 e = i - R R R 2

benchmarking method;

environmental capacity

A7 T ST, B T G SR bR A S
21, DA AT S 4 1 S E 2021 4F i kX
15U 7 i o A (E D BE A, DA ER IS4 B A 11 2,
WX bRk ST AR SIS AR L
TR R IR 15 087 it e R 4 F 4
DL s S b A BT P 2K, St T H ok 4 it
BN L R, DI AR E AT L 1 kR
S PR AL AR

1 ATHRREENLLEAEANEST &

b DA R A A — E DR R
PN ST A O b B 7 e XURS: A 42 AR v I, - S8 BT fE
Eas LR L I DR N i b 3 el =
AR NS RS SRR,

1.1 BESMRERE!

RS PR A B TR AR e —E XBGRUBIBR A, f1%
ELIEPEGBEAS ST EAREL T, L%
JIr RE 28 AN L ol E < J A B R B B TR — IR
A B R B A, o T DURR A P 30, T H R4 2
i, B A AT

Q[:Mx(Si—C[)xlo )

n
KF: QW EEELR I WFHFSHABES T, ky
(hm*-a) s M R EEAS 1 0~20 em )2 + i, Hifl N
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1.2 HEMREFEE

AL R AR — i KEURUBIR  , f
E TR E SRS SRR, LT
AEA AN B PN 4 R 1 e KA ik . H IR AR i
IR /NER T 5 BR R 5T A o R 1) IR A (R PR B
(A AN, B 5 3 T 48 14 A oA
K BRI

_225% (S, - C,xK")x(1-K)
@™ Kx(1-K")

A0, W HIEFE SR W SHREARE, ke/
(hm?-a) ;K R+ 408 i (058 B8R, SR .
AR R S R AT G, — 0. 9.

Qin 3
= — X -
H 7 10 (4)

(3)

Kb H AT T f i v (hm-a) o
2 ZRB55H
2.1 EFxirzHREERE

2021 AR b BT H L IR IX TS Y8 7 i A R R
(B B & FH A MR AR o L2 1 15 108 5 6 5 7 TG
SEAREZCR AT, S IR L R H
T Y XU A P b ifE (117 ) ) (GB 15618—2018)
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bl Ak 2 4k FH 38 5 ) (GB/T 23486—2009) (pH=6. 5) |
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RAFFA GB 4284—2018 A 2% h <3 mg/kg (1 BR 1

15 6 77 b it FH e A FH AR PR 2 B AR AT, O
R AELTS AK Ah BT 8 Ak bR b FE U ) B AR
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e o ) F R B AR A 0 7 oK it B 5 e i A K
T30 000 kg ; {4 TG TS Y45 T An ) FLE A 9%
Al TR | Dl A M, B g% T T B |
M BB AR AR M, O RIS e Ak
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Tab.1 Safe application amount of sludge products based on benchmarking method mg- kg™
moH WOk | o R B &l
2021 AFAE T HL IR X V5 R 7 A Al S (LA T EST) [ 0.817.05| 18.56 | 58.14 |8.58|29.73 | 656.65 | 155.44
OB KAE )T e Ak B BRIV ) (CI/T 362—2011) | <20 | <15 | <1000 | <1 000 | <75 | <200 | <3 000 | <1 500
BTG KRBT 5 e Ab B e ARER AU (GB/T 23486—
<20 | <15 | <1000 | <1 000 | <75 | <200 | <4 000 | <1 500
2009)(pH=6.5)
CRBLE KA HT 5 e Ab S b i R U (GB/T 24600—
20 | 15 | 1000 | 1000 | 75 | 200 | 4000 | 1500
2009)(pH=>6.5)
o AL <3 | <3 | <300 | <500 |<30 |<100 | <1200 | <500
15 IRTG Y HIARE) (GB 4284—2018
GRS VTS R P R ) BZ | <15| <15 | <1000 | <1000 | <75 | <200 | <3 000 | <1 500
TR T i385 Y KU S P bR i G AT) ) (GB
(IR R R ﬁ%ﬁmﬂ&aﬁﬁﬁ?(iﬁ»( 06 | 34| 170 250 | 25 | 190 | 300 100
15618—2018) (pH>7.5, Hifh2&)

2.2 ETHENEREEINREKEAS

MR A BB S R S, db T L s 4R 7Y
FH T : Cd=0. 119 mg/kg. Hg=0. 218 mg/kg. As=
7.09 mg/kg. Pb=24.6 mg/kg. Cr=29.8 mg/kg. Cu=

18.7 mg/kg. Zn=57. 5 mglkg. Ni=26. 8 mglkg, 45 &
2021 AF A 5 L 3 DX T 8 7 A JE S P A
(SRR EE T A A b+ 18T g XURS: A A vf: (K
1)) (GB 15618—2018) H < i Hh 4 5875 G XU s
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VEME (pH>7. 5, HiAhZ) , LABLAE Atk , sl —
Uit A AR AL 10,3050 a = Fh JE 337 5L 5045
W AE R KL AR . Z5R R 2 s, LA
) T 4 A% A5 B 0 75 e = i 28 Al FH BB Y 22
SARK, N— KB A 5ok &, 28 3 iR B A
830. 9~17 626. 6 t/(hm*+a) Z [] ; )\ T 4 J& U B HE

KT MR A EES RS HSFRS TS EESE>SHY . P,
HaRE R A R KRR TR, I E SR
S D55 B o8 L 1 VN7 N 4 5, B Y 7 =
— Uit P A LT 0975 U 7 b AR R At = R
830.9 t/(hm*-a) , 10,3050 a J& ] (1) 5 K 4 4 it
PR 83.1.27.7.16. 6 t/(hm*+a) .
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Tab.2 Safe application amount of sludge products based on static environmental capacity method

5 H i BEAE S/ THELSES T . PSR Q) | IBlersfa e P/
N nlia
(mg-kg™) C./(mg-ke™) (kg-hm™-a™) (t-hm2-a™")(F3&)
1 1.08 1336.1
B 10 0.11 133.6
5 0.6 0.119
30 0.04 44.5
50 0.02 26.7
1 7.16 1015.5
10 0.72 101.6
K 3.4 0.218
30 0.24 33.9
50 0.14 20.3
1 40.30 4696.7
10 4.03 469.7
fih 25 7.09
30 1.34 156.6
50 0.81 93.9
1 327.15 17 626.6
10 32.72 1762.7
Y 170 24.6
30 10.91 587.6
50 6.54 352.5
1 495.45 8521.7
10 49.55 852.2
% 250 29.8
30 16.52 284.1
50 9.91 170.4
1 182.93 1176.8
10 18.29 117.7
il 100 18.7
30 6.10 39.2
50 3.66 23.5
1 545.63 830.9
N 10 54.56 83.1
i 300 57.5
30 18.19 27.7
50 10.91 16.6
1 367.20 12351.2
10 36.72 1235.1
] 190 26.8
30 12.24 411.7
50 7.34 247.0
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153 %) 22 42 it FH &, 74 XU 2 Ik 44 4K Rk >
RS SE SIS SESH . LIS HE 4 EiTEA N
B it P e/ IMBLAE Sl e K28 4 it FH A, 4 8 e Tl

FE SR R FH B KR XU T 2R, 5.10.30.50 a JE ARG
B A2 A 4 Bl 247.3.163.6.118.3 Fl
114.7 t/(hm?+a)

xR ETHSENEREENTRFRLEEARE

Tab.3 Safe application amount of sludge products based on dynamic environmental capacity method

+TIEELSIE T E SRR Q,/ | 15l i it H
=] A S/(mg-kg™) _ " AEBR n/a ) % G n? _ N
C/(mg-kg™) (kg-hm™-a™) [(t-hm?+a™)(F3E)
5 0.32 399.3
B 10 0.21 264.7
5 0.6 0.119
30 0.16 191.8
50 0.15 186.0
5 2.00 283.3
10 1.28 181.0
K 3.4 0.218
30 0.89 125.6
50 0.85 121.2
5 12.71 1480.9
10 8.65 1007.8
it 25 7.09
30 6.45 751.5
50 6.27 731.1
5 94.91 5113.9
10 61.96 3338.3
i 170 24.6
30 44.11 2376.6
50 42.69 2 300.0
5 141.88 2 440.3
A 10 91.97 1581.9
% 250 29.8
30 64.94 1116.9
50 62.79 1079.9
5 54.31 349.4
10 35.88 230.8
i 100 18.7
30 25.90 166.6
50 25.11 161.5
5 162.42 247.3
N 10 107.45 163.6
22 300 57.5
30 77.68 118.3
50 75.31 114.7
5 106.33 3576.6
10 69.34 23324
B 190 26.8
30 49.31 1658.5
50 47.71 1 604.8
3 e JXURS: i 16 1B A A4 L LA FH 7= il B A 358 IXURGS: B 928
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B f K 2 4 it FH R 345. 3 t/(hm*+a) , 10,30.50 a
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240 43 Bk 101,466, 6. 47. 8 F1 46.3
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JE AR 25 T, 10~30 a i B ES0I00) 25 H B+ 1 o
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M 3% Szt FH L B 25 6 % bR B AT A R Y
SRR BRAFLAE Ay i 2 4t FH 0 5 45 2% B S 0, Uy
G5 X RRIE AR A R A S AR BR (A A ek
At i o A R JC R I A R 1 B o 1
BUR 0w e 52 A% B R b ) e AL R Y 4
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3.2 BiRFRIHFIAESEHEENR

S At B TR i B B2 TR
15U B R K A i H G I 7 SO R
g5 JEH) e Y5 R 7 R T R A S R A Y
LK FR

V5l i R MR R TR AR R
A58 U, BN 4 S PR T YL R ROk A 7E
Jbt IR AN DY R st TE e A
A A b T g KU 7 {E (pH>7. 5) 43 By PR 4%
i, bt s Ve i R Y 6 T v e XU
RAG, X HET AR 25 R — 58, DR 1 i &
Kz e i K E 7575 I8 4 8 I A % 8
W RICRAS T, 15 U8 7= i = R 2 e B B R
71, AR RS, WS B Mk E T
15 U8 i A A AR B B R FEOC R AE 1 MR
FH A XURS: e K, T S2 B A GB 15618—2018 K , Bk
Y 4 S A R T S (A, O VA A T (B
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KEZMREAE, XY B EZAEA . H MRS HE
ZE ZORITE R R MW, H 5 H i A 3L
ISP L7/ AN N (2195 -2 5y NP N1 - S RE 78 2
RIS R AT AW R B K S R 4
NS EES S Tv I = By fa sl N (594 I/ E v 9
4 %

O ETXFRE, YA s TE 7 R A A
Mt PEARERAL bR R A B R I8, R Y B
Kt FH A R A 30 t/(hm?-a) , ELA FH 06 10 7
] BPRIEIAT . A R FEFZEE SR+
BORE D) BRI A RIEA T B EH S8 =, —
Wt K24 it FH &M 830. 9 t/(hm?-a) , 10,3050 a
S S99 ) e K2 4 it FH 43 01 R 83.1.27.7.16. 6 t/
(hm’-a) ; ISR A RIL % B E &8 Wi ,5.10.,
30,50 a Jif 9 1Y) fe K 22 42 e FH 6 43 0l ok 247. 3
163.6.118. 3 F1114.7 t/(hm*-a),

Q@ ETHEmAEE, I BEFE AT
DL YIS U 7 b 4w 7 o RN A 4 T G XU i i
B (pH>7. 5) 43 M AR 78 ik, 308 e 4 Jm 1 e XU AR
AR, Ve 7 it = R R O K, XU HE 44 R B>
TRSHASERS IS SEESEY  EUR R 51 by 2 4 AU iy
KEEICR B E S K BT & .
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