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IR R R S AR T LR T . Hid, Cu. Cd VA K Hg 25 35 M5 o 19 1 4 i LABR i S A, i
Zn FINi FEUATRESFA . EaBE LD B 6 2805, 2608 R 2]+ AL 4,
BRI, 15 3™ b it FH Mo, oy ok %) i 4 i B35 IR [ R A5 DG 7

SR PEA 5 7 i E R b e 1T BB A R W AR S IR BRI, ARWFIEIE SR 5 AR T T5 2Kk b
PTG U6 HEAE = St A bR, 45 it I A R b 2 5 A S 4 &8 (Cu, Zn. Hg.
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AT 5 S B8 IX AV T AU B T A 2 X i S 0T Vb FiE S R bR g s A R A R o 2 R
B L ZTAE AR AE EL A B AU VD T BE i BRI AR Bl o 1 B4R S AR 10 A T S A 45 T 20 AR T AR 1) W £
P A, R, DO DSR4 11 R P VE 58 A . SR B b e T eIk T ¥5 oK A BT 28 5 HE
JEL &b B 5 1 75 U HE AR 7= 5 (5 7K R 40%) SEAT MR E AR, RBRE T SOR A SRR VA, B EE AR 3L (K 2k
W) ek L ok 2 Hb TET 1 £k )40~60 em Ak 43 142 T R 200300 40, 50 em 14 it HE B 14 1E 47 .
Jite FH 95 U S A 7= i ) T 4 T B i AN AT A UL 1. P R P b e B G AR B A 4 A 4 AR, A
i A K SRR AR TR B R AR 10 9505 4 AN M Hrb it FH s e MERE 7 i S 3R )2 R IR BT L
SR 10% . 20% . 30%. 40%CUNIE 1 FT7R), DALk AL b5 109%~40% ik b 43 5500 r i FH 09 T
15U 43 52 0.045, 0.090, 0.135, 0.180 t, iz it FH &2 A & A5 HE® vt &2 A B 3 30 thm (LA T
HH) HLE .

TG URH EA0% 15U HE30% 15U E20% 5k E10%

F1 SRERFRESERE % % % ?% S|
Table 1 Heavy metal content in sludge composting products ,:?’: g%% ,;?1 %
= & @
it AL F 4 Zn Cd Hg Pb. As. Cr Cu Ni
201545 H 580 0.2 581 15 6.08 45 29.1 133 % gg’j% % %

: o L AN
20164F6 H 1000 142 7.76 46 879 101 28.4 219 v, %% %‘% i
20174F11 A 708 121 3.89 19 178 72 227 148
20184F105] 486 <5 624 25 747 49 219 181 E1 XBXEREE

Fig. 1 Schematic diagram of the experimental area
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R B Al HESR S TR A U7 Ak 3 BRAE A EATHORE, REEIFIRSI G0 LA R RS, ik
B 1 HEH R E i AN BT ME I R A TR 25 . R AR AR 0~20 om TR EE Y HIERE AL, AR
A o KT AR S A 2 om SR )Z T B il KR XU, ERI R A BD Bk SR ) R AR A
BT PR XU g R B M A, A5t 2 B0 I DU A ik o BUR AR A, At 20 B JE e, it
100 H J& Je 0 J5 i o - SEAE S 4% A [ V5 U8 MENE it 1 L ] . S [) BBORE R B2 6 A 7 4 55 A2 T o
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M2 . 2mL AR . 2 mL AR . A5 S5 IR A S B BIEME D, 05 BT 0 I8 i i 2
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b, RIS BE AR B J7 ¥ (5 120 10 min VZE TR FHIR 2 100 °C, f4F 3 min; %5 2 25 10 min M 100 °C
FHE 2 150 °C, PAFF 3 min; 28 3 25 S min M 150 C FHE £ 190 C, f#%F 45 min; 55 4 2 K4 15 min)
BEAT I M o o8 8 PN U B2 A 2 YR i DA XUBET R LA 2t R, AT R A 5 o R S
RSB T, 87K VR I M RE 2~3 YO IR IS BEW , FH 0.45 pm A9 SR MU £ It g, Ik
LW ZE FRKERZ S0mL, T4 C TRAARFIN . Hrb, Hg & 5 R G0 I -l 9O
A EL, Cu, Zn, Cr. Cd. Pb. As. NiZ§ 7 FhEE 4@ & 5 5 P00 T e - v ol 45 25 3 1
T
1.4 DA E

AFF 9 DX 3 11 B A bR b it FH %) 75 D ME A SR R 3R TS 7K A BT 5 e Ak B AR Ve b o ) ™ kA7
WM. A 20154 5 H 2 2018 4F 10 H AR4FHAL 1 %k, ILHAL 4 vk, 2 2019 4F 5 H I £ Wil 5 k.
W00 it B S ARk IR G R A i, PTARSE R S 1 BRI EE I AR i A T G U A
P GRXAT) ) 16.5<pH<7.5) 1 8 T 4 J 19 15 Y XUBS: T S (ELVE N S LU (B o 76 0 A 905 G A bR il it
B BE £ 75 Y KU i 3 (L AE M S b, nT 4R AT G 3] H 3 & @ B e UG, — B AR R v BB A7 1
T YL AR, T A S YR T B A T KRS R L, IS g XU AR, — R nT 2

AT R FH B R - B0k X bRk, S R AT PR B AT AL, O RHNE e A B e FEe BukitE— 2
PRAU it AT AR b 1 8 v 5 4 J 7 A T A AR SRR o B IR R A 0 LK (1),
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WX ). HWHEZE, 188 Fy M Fy (8, 2B SFERbRE (W3R 2) #1700

FRI:iFEIir:Zm:Ti% @)
i=1 i=1 r

Ky Fo NG ESARAEEG Fy MR —EESBOBELESKB L, T —E SR LY S
PR R, PESCHERUY AT 40, Zn=1{ Cr=2. Cu=Pb=Ni=5, As=10, Cd=30. Hg=40; Ci ¥ —H 4
BRI REM; SHESBEBNS M, SHhsERA (RS EARE R 13575 YR
B hRAE GRTT) ) 10 R T Y XU 3 1

ABIFFE R 505 e ik BR B OB R AR R ] AR 4 A JE A P i RS R A A R
B A ReJy A R A L L R L BR B SRR Y S A A R TSR A S e
HE B, AT R,

G YA T n R BRI
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Table 2 Relationship between potential ecological hazard

W,= BK"+R K: 3) coefficient and hazard index and pollution degree
XMI_K RE  WEESWRIEHEL  GALER R
R=—"7 “4) i8 <40 <150
Rof WO LR R, mekg s 40-80 150-300
ng TG e AE B Bk IX dR b HE Y B THER 80~160 300-600
mgke's BN LHEE R g A PO 160-320 600~1200

i, omgkes KRR B R vy 0 e oL
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BT HEREYEE, mgkg's GHHER RN LETE, kgem?; MAEFENIFREHE,
kgm?. MK B8 SCHR [18) AT H1, 254k 5256 T 15 K [ I 4 & 19 4F 5% B % 8 Cu=Pb=Cr=Cd=As=99% .
Zn=95% . Hg=86%.

2 HER518

2.1 FRHbHE SRR SR R AR

W5 DX 3583 652 4 47t FH 14 75 Ve HE R op 5 4 Lor [CJHg 70 [IgPb [JCu
. o Ccd CJAs o N
J& S AR 2 R, SHE AR (IAH osl

0.6 ey B

15K BT V5 AL EAR e B bn e ) © HEl 2
ALLAEH, 8ME4JE Cu, Zn, Hg. Cr. Cd.
Pb. As. Nily P {HI/NT 1, XKW ERER
TR R (A TS K AL B S TR AL B AR

0.4}
PAnE ) B bR E(E . RIET, HEART5 b E 0. H_'m H_"h_m mm “_H_H_h
SRS REARE, K, Hg P {HALT 0.26~ ,

P AH (5 URTRS)

[\S)

0.52, PAE/NT 1, iXFW Hg KA 150, 2015-05- 2016-06  2017-11  2018-10
Pl 3 S T AKHO G 75 VR NE 7= ) 7 4 M2 SRELRPETW

JBIBEERNE . fTUEH, HefE SFESREZ Fig. 2 P, change of sludge heavy metals

] 7= 24 g V8 2 5 R 1 Sk R, i T o I

ik 87.35%; Cd ) P {H M 0.06~0.25, H X} & 4 35 CICu ECr CHAs [ICd

B 45 Ay 7R 25 KR 9 Tk R AL B AR R, 7E 30}

2018 4F 8 35 28%. BRIIL, 2495 I8 it 20 Aot o 5| = =

J . 7T G He A Cd T AR R 1975 YRR £ 20f

B, B4, P {EHEF N Heg>Zn>Pb>Cu>Cd>As>Cr> sy

Ni, 3XiEW] Hg. Zn. Pb [ PAS AR 5 i 1or D —

i B 7 A A5 DI T kAT He>Cd>As>Pb> il = |

Cu>Zn>Cr>Ni§l§ﬁ, Hg\ Cd\ As | Pb E/‘J {}gfq’i 2015-05 2016-06 2017-11 2018-10

AR R, TR 58 75.56% . 12.53% . B3 SREZRBENR

3.60% . 3.46%. Fig. 3 Potential risk map of sludge heavy metals
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Jiti F R [ B HERR 5 e Jn , Mot 3 4R PEAR L INE 4 i, % bRl (s
JEER bR AE A% b o 3 TS Y KU A bR o (GRAT) ) PI6.5<pH<7.5). ME 4 W LLFE W, Mt )5 11
8 Pl EE )R ) P AR IEAER T A . X Ul IS e HEME = i & S S T E SR SR
B, HSE, 8 E SR P E/NT 1, XRWEH RGN 1 AFENESRNS R RER, 56
TR AR A EOR . (HAE R R, CdM Zn B ORI TR R, a3 3R I HE AR TS U8 Y i
X g Cd, Zn FEEMEK, ARES AR . 20154 5 H 5 2016 4F 4 H A9 W 25 2R
ALLLE e T A JE S R i AT LB R S e 3, 2015 4F 5 A cd SR KR NHE., 7
AFRHEAE FL R, Cd i P {E 2> )4 0.047, 0357, 0.643. 0.997, B R MI5Y:, {H Cdi P {HALE
40% B9 V5 e B R B4 1, RTRE S = AR Y MUK o 4 WR WIS, it S U He ) A
(30% 1 40%) Ry ML, FH 48 PEY B, RIS A Xk . tih, 7E8FE S JE T, Hg.
Zn, Cd Wy P HAN B, e {E 8553 7 0.505, 0.898. 0.996,

Sy it — 2w A £ T A R B T A KU, R RO IR ) AT TV AR S KB A, SR
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Fig. 4 P, Change in heavy metal caused by application of different proportions of sludge in forest land
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MRS 1A, 4 JE VA AR A KU Bl T Ve it %0

FH e {61 B 45 0 T 489 0, A B B A8 R 309% A or -\ Cizn- EPb
40% MM, ARG A RS R [T e A
g, HERUE A4 500 38.31., 56.39; i i A o — s B
Ho 19109 10% Fil 20% (3 1 5 ik RIE 53 5108 ﬁ&

3224 f122.16. BLAh, 78 LHARME T, Cd Ay 3m§ = - _
WA TR 25.25%, MAEMERRIG cd ot 1 | = -
1 KB BTk % K 80.94%, Hg B BTk % M ol — Df%f:
33.10% 34 K & 68.33%, X & B 78 5 e e Ay Ni=|

. Hg. CAFERIMR LB . AT sar somese sty aoire ameor
R EE R 5 AT 45 /A, BRI HEAE Ee /%

15 P MR 3 2 b He Cd & T B4 s A B 5 titEARELASROESBEERR
SN ESE. 4 LR, Y5t H A Fig. 5 /Potential risk of heavy metals caused by different
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2017 4F 12 A M T 15 8FPE & JE MY P<1, Wi R PRAEZE R B Cd Fl Zn 7€ 2017 4 F1 2018 4F 34 1 2K
PAEKTF 0.7, Bt B, X 2 B3R I5 Je A9 it F X -8 v Cd 1l Zn i K. BEAh, K
WkE, Hem P HEALHKTARIK PAE, HESE S &ML B X FRI5 U0 H
TR P ERESR BB EERFEZ — 0 RS R BRI RS R SR SRR, M 6
HATLLUEIL, Cd. As. Hg. Zn ) PAHESS , T dF— 20 VP40 ik S0 o 4 8 A7 78 T 70 A B XK o

8 FhE 4 8 MU 25 A KU RI (ERERT [ 251k 4n &l 7 iR o N 7 el UE 1, 8 RhE & i e A2
AR F6 50 BI<40 . 2854 A KUR 16 5 RI<150, R BH H AL TR B Br s (HNGESE 5 4 19 W I 45 5 nf
DI, KU Bk g s, XRWESBARZ L E D=4 T BR, H4 TR
Fil o 2545 A 28 JRUIR: 70 it I > 4 2 R 53 5 s i e 32 (2015 4 5 H—2016 4F 4 J1), X AT REZH T
R K T30 4 s ) AN RS T B R T A 5 R AR, 48 1) AN RS Ve AR N, AR
it 5w ) 1 e A A PR AR RS JRD R B (0~60 em) )2 H4Erp % & 4 8 S R AR . (5 Cd 1Y XUBS
FHRT 88t L AE Bt B LG DR 10% (Y i e rh L TR BE DR 40 em B it I BRI 5 BR Ak Cd Y B AR A0 R
0.221 #10.207 mgkg ', 60 cm (it AL FR N 5 FR 515351 0.207 F1 0.290 mg kg ', %35 TARHEME", K
I, % E B CA TRE R A RV o BE A, BUARRRAE SRR AN, (4 Jm 2R A AR B XU T
RN R ISR R A B, PR, AR IURE B[R] A R R AT Y B S A /N o 8 P EE 4 JE T AE XU BT
Mk R B9 0y S Cd>Hg>As>Ni>Cu>Zn>Pb>Cr. HH, Cd. Hg. As B 53 lkFAH X 3K, FIAT
50.74% . -22.09% . 10.41%. HENET5 Vit G Cd 19 BT k3 ARl V5 e 115 19 25.25% 34 2 7t i 5
() 89.07%. X FHIHALX &/ T Cd S = A MR, HMALE 5% Cd T gEr™ 4 XK .
24 EEREREHKETIEFESRES S TN R XK S

DB 4 1 4 R AR IR A T BH(E, SR FH TS ey R R X it A EL A5 A 10% A AR b - 45
T 4 B B AR BR A RBUE SO AT I . AR A 1 AR 4 AR R S R TS e ok R U 5 T
EEEGE, MERAEh SRR VENESBETHN, SRmE3I R, hE3ITUEH,
TS0t HE AR 15 JE 72 11 4RSS, b Zn fl Cd B9 & 0T T 2018 4R R A i ( IR i b
E A% JH b 3305 Gl U A5 AR T GRAT) ) U2(6.5<pH<7.5), X B, TEX Pt il 4140 T vl fEfEAE TS
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Fig. 6 ~ P, Change of heavy metal in forest land with 10% continuous application of sludge in 5 years
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#3 10% Bt RERERE L EEEESETUN
Table 3  Prediction of soil heavy metal content after application of 10% proportioned sludge compost

1

mg:m-
BRI SAUEAL A A] Zn Cd Hg Pb As Cr Cu Ni

ERES 6428 002 026 152 308 1340 1638 1113

S524F 7819  0.02 038 196 324 1467 2033 1191

i34 9141 003 048 241 339 1592 2425 12.69

RS 103.96 003 057 2.84 355 1746 2813 1346

iS4 12829 007 070 423 378 2009 . 3462 1420

T g 64T 15141 0.12 081  5.60 401 2298 41.03 1493
SBTAE 17337 0.16 090 696 - 424 2584 4739 1565

EHGE 19423 020 098 830 447 2868 53.68 1637

ERYS 21405 024 105 /963 470 3148 5991  17.08

1045 232.87 028 1.1 1095 = 492" 3426 6608 17.78

H114E 25076 032 116 1225 514  37.01 7218  18.48

PN GB 15618-2018 250 03 24 120 30 200 100 100
20154F4H 4963 <002 012 1.07 292 1213 1238 1034

20154E5 5832 001 034 358 391 1760 1729 2240

201646 H 12121 016 0.08 1092 888 1488 23.61  26.89

SR

20174121 199.08 0.87 030 3221 5.45 2.56 17.45 1645

201945 H 52.15 /006 087 1746 13.15 4089 1285  20.04

201544 H BYSEIE A AR o

25 #mitTEFEEREESEAE RN

ARG AT AR H A 48 v A AR RS B e EORIE T s e, X R S AR S m T T A
KA OF 2255 MR (P>0.05), K Pearson FR2ZEHHC R 4; 24655 MR, R Spearman #:AH G &
), #RE 4,

it AR+ S 4 R SRR Z R B WA OeE . AR R ATTLLED, As S Crz i,

x4 BEBRHKBTIREDESEMEXMS

Table4 Correlation of heavy metals in the soil of Pinus bungeana forest

HEEITER Cd As Cr Hg Ni Pb Zn Cu

Cd 1 0.046 -0.233 0.124 —0.06 —-0.072 0.734* 0.686*
As 0.046 1 0.783*%* 0.468 0.524 0.485 0.548 —0.139
Cr —0.233 0.783%** 1 0.591 0.344 0.504 0.249 -0.27
Hg 0.124 0.468 0.591 1 -0.277 0.818%* 0.366 0.131
Ni —0.06 0.524 0.344 -0.277 1 —0.066 0.299 —0.141
Pb —0.072 0.485 0.504 0.818%* —0.066 1 0.319 0.168
Zn 0.734* 0.548 0.249 0.366 0.299 0.319 1 0.461
Cu 0.686* —0.139 -0.27 0.131 —0.141 0.168 0.461 1

TE: *7E0.05 T3, **0.01 F 3.
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TEEPESENREATE: Ni. As. Crii&& Fig. 8 Heavy metal clustering map in forest soil
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Eco-environmental risk assessment of urban sludge application in forest land
WANG Lixia'?, DU Ziwen'?, FENG Li'?, SUN Dezhi'?, ZHANG Liqiu'? LIU Yongze'*"

1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China
2. Beijing Key Laboratory of Water Pollution Control Technology, Beijing 100083, China

*Corresponding author, E-mail: liuyongze@bjfu.edu.cn

Abstract The usage of sludge as fertilizers for forest land can improve the soil fertility and the plant growth,
but the environmental risks of sludge usage are still unclear due to the relative high concentration of heavy
metals in the sludge. Based on the five-year data of heavy metal concentration in the soil after the use of sludge
as fertilizers, the single-factor index method and the potential risk hazard index method were used to investigate
the effects of sludge properties, sludge dosage and continuous fertilization on the environmental risks of heavy
metal in this study. The correlation analysis was also conducted. to investigate the relationship between the
change of heavy metal in soil and the use of sludge. The results showed that Hg; Cd, Zn, As and Pb in sludge
had greater environmental risks, compared to other heavy metals. When the sludge dosage was 10% and 20%,
the environmental risks were low. However, the risk to the environment was greater when the sludge dosage was
30% and 40%. The monitoring results showed that the heavy metals in the soil has accumulated but not
exceeded Soil Environmental Quality Risk Control ‘Standards for Soil Contamination of Agricultural Land
(GB 15618-2018) (6.5<pH<7.5) in five years. According to the prediction model of soil pollutant
accumulation, it showed that the heavy metal concentration in the soil would exceed the standard in the 11th
year when the fertilization ratio was 10%, ‘indicating that fertilization was safer in 10 years. Based on the
correlation analysis, heavy metals in soil- might be affected by various factors such as fertilizer sludge,
atmospheric sedimentation, precipitation, and soil parent material. This study can provide a reference for the
application of sludge products in forest land to ayoid the risk of heavy metals.

Keywords sludge composting products; heavy metals; risk assessment; correlation analysis; prediction
model of soil pollutant accumulation
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