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Characterlstlcs of Sludge and r'f&ssomated Risk Assessmént of Urban Sewage;'

Treatment Plants ' ’ ey g - ;
Ll-Juan, LI Jin- Xlang , YANG Yan- yan ) 4 ‘ . 4 J

(Belyl'ng Munlclpal Ecologlcal and Env1r0nmental Momtorlng Center Beijing 100048, China)

Abstract In urban solid waste management ;“the smentlflc and ‘reasonable disposal and utilization of sewage sludge is becoming more
and more important. “It can be said that the pollution status and chemical properties of sewage sludge in urban sewage treatment plants
can proyide a basis for the scientific disposal and utilization of sludge. In this study, the characteristics of pH, moisture content, Cd,
Cr, Cu, Zn, Pb, As, Hg, Ni, mineral oil, volatile phenol, PAHs, organic matter, nitrogen, phosphorus, and potassium were
evaluated in sewage sludge collected from 49 sewage treatment plants in a certain city. The pollution status of heavy metals and organic
pollutants, the frequency distribution of pollutant concentrations, and changes in the nutrient content were analyzed. The Nemero index
and Hakanson potential ecological hazard index were used to assess the potential ecological risks of heavy melals in the agricultural
utilization process of sludge. The results showed that under the condition of neutral pH values and high moisture content, the order of
heavy metal content was Zn > Cu > Cr > Pbh > Ni > As > Hg > Cd. The principal component analysis (PCA) results indicated that Cd,
Pb, Hg, Ni, and As constituted the main load factors of the first main component of heavy metal sources. The most concentrated
contents of 8 heavy metal frequency distributions among the 49 samples were 38.9-1380.0, 62.6-182.7, 63.6-181.3, 0.0-97.8,
19.3-68.4, 0.8-29.2, 0.3-8.7, and 0. 01-0. 96 mg-kg~"'. In addition, the most concentrated frequency distribution of mineral oil ,
volatile phenol, and PAH concentration were 87. 0%, 87.9%, and 77. 6%, respectively. Moreover, the nutrient content of sludge was
higher than the average level in China, and the organic matter content was 67.4%, 75.9%, and 92.5% of that of pig manure, cow
dung, and chicken manure, while the content of nitrogen, phosphorus, and potassium was not very different. The Nemero index and
Hakanson ecological hazard index results showed that the sludge of urban sewage treatment plant in the city has certain ecological risks.
However, four sewage treatment plants were heavily polluted or highly ecologically hazardous among the 44 plants in this study, which
were in line with the Standards for pollutant control of agricultural sludge. In summary, there are certain potential ecological risks for
the agricultural utilization of sludge in the city, and it is necessary to reduce the heavy metal content before resourcing. More
importantly, on the premise that the sludge meets the agricultural standards, a comprehensive ecological risk assessment is required to
select a reasonable sludge recycling method.

Key words :urban sewage; sludge characteristics; heavy metals; potential ecological risk; frequency distribution
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Fig. 1 Frequency distribution of pH and moisture content from urban sewage sludge
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mg-keg "' Z [A] O FE & 5 95.9%, H. 77. 5% BYFE S
Hg il T EGF27KF T ] BE 2 K& 3 i
GO G2 52 935 K LA A 36 15 K R 3 5 K Hg 3k

®3 K49 KEWHEBKAE FRESEEFHIT A

Table 3  Statistical analysis of the sludge composition in 49 sewage plants in a centain city

ﬁ[ﬂqzii,ﬁqu[z,g,nug]

W5y W/ ME LREDE WRAE HfH bR 22 THE i

pH 4.84 6. 43 8. 67 6. 46 0.79 7.12 6~9
HIKR/ % 54.0 84.5 93.0 77. 4 13.2 87.3 10 ~90
Cd/mg-kg ! 0.01 0.43 3.4 0.5 0.4 7.1 0.4~39.9
Cr/mg-kg ™! 32.1 104. 6 444.2 118.5 46.5 136.9 10. 6 ~ 639
Hg/mg-kg ™" 0.31 4.1 35.2 5.0 4.5 2.8 0.1~15.8
As/mg-kg ! 0.85 11.7 91.7 16.8 15.9 15.7 0.9 ~61.8
Cu/mg-kg ! 41.0 99.9 532.1 121.0 64. 8 283.5 55.7~2867.4
Ni/mg-kg ! 19.3 33.2 107. 6 39.7 52.7 63.6 13.1 ~495.3
Ph/mg-kg ! 20 20 346.3 93.6 35.9 78 9.3 ~370
Zn/mg-kg ! 38.9 583.0 1710 686. 1 4327 925.7 42.1~3568.3
B4/ mg kg ™! 58 214 865 250.5 123.2 — 100 ~ 500
YER B/ mg-kg ™! 0.05 1.67 14.8 3.4 0.8 — —
ZIHFFIE/ mg-kg ™! 0.1 0.25 2.32 0.44 0.3 — 1.39 ~143.8
AHLUE/ g-kg ™! 169 480 830 481 136 384 112 ~509
N/g-kg™! 10.8 33.4 52.3 32.1 1.7 27.0 8.4 ~50.3
P/g-kg™! 1.41 12.7 22.7 13.2 4.9 14.3 6.0 ~37.5
K/g-kg ™! 1.93 6.1 11.5 5.8 3.7 7.0 1.4~12.2
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Fig. 2 Frequency distribution of heavy metal concentrations from urban sewage sludge
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DRk 27 AR R 2 4 45 S 3 R K HEI, 73 AR
TRV AT fe = A —E M52, Cd E2kA T
P | ERIRT SRR A Tlb K ) AR i sk A
AR Cd, MR AT ET R AC:, 93. 9% 1Y
R Cd A 8AE 0. 01 ~0.96 mg-kg ™' Z ).
BEAR, &5 6 49 FKiG KA ELT 5 e 4| ]
W AF A A 5 e 5 G i ¥ A bR 1 (GB 4284-
2018) YA A1 B Gl i5 K AL B BRI 9 K

M35 K, 4 5 Ris/KAH) E4 @R, AFET5
VA bR HE , BESCR FH AR e Ab 1 O k. X LA I iF
ZERIRHZ T PR IX 8 KI5 KA BR) VS e T 4R AR
PRARAL BRG], 2019 AF % T it i5 KA BT Y5
RESE S 2011 ~2017 EAH L, H As #1 Zn
M EAREA K, Cu, Cd il Hg & S 90T R 3,
1M Cr. Ni 1 Pb &8 0 LI, X ml e oI5
AR TRFE, B 5 R E A8 & A 0, AR
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43 ARIEAE . RS KA FE T R U TR A R VA R B A 1961
TR EK S =0.601) Z [A & 23R AH O, As Al Cr(r =0.586) Z
2.3 {5UREE 4 EAH AR BT FUOR R [A] 5 G E AR Cr FIENi(r =0.478) Z (Rl &5 i & A

eV K IG e, B4 Z AR B B 2 AR O
KA VENZEB R FEH AR B RES], AL
TE SR T A1 4, LRt 25 32 21 1% 2 55 1 9 5 1
K H Pearson AHIE/ ML X5 e 554 J& 22 8] A e
BEAT T NS 4 TR, AR, Ph T Cd (r

K Ni L As(r=0.523) Z A2 5 i AHC. Ph Fl Cd
ZIAEMRASE R . As Fl Cr Z B A G K&
Cr F1 Ni Z[H] (1) S 5 AH OGO R AN Ni Fl As Z [] 19 ik 3
AR P Al Cd 1l BEELA R IETS YW, As
Cr A1 Ni A REAZ M [R] 1) A 2805 0 52 .

F4 FEH 9 RPEFKLETTREEBHEXESHD (n=49)

Table 4  Correlation analysis of the sludge composition in 49 urban sewage plants in a centain city (n=49)

psX ) KoK psXiti R R Js¥i] B BV
§s8i 1.000
BoK 0. 069 1. 000
B 0.601°  -0.042 1..000
W -0.033 -0.042 -0.027 1..000
Jax] 0. 009 -0.061 0. 108 0.586 1..000
=Sl -0. 056 -0.046 -0. 036 -0.027 -0. 146 1.000 e
B 0.125 0.284 -0.078 -0.026 -0.092 0.083 |~ 1000
et ~0.016 ~0.144 ~0.069 0.478* 0.523" 0.084 ~0.069 000

1)« FORMIHELE 0.01 2 1 3% (WUR) LF ' 7=

X5 U8 T 42 IR HEAT AT T, s N 3 S
P 3 7 15 115 i 7R I R AEARDK T 1 19 s
£ PLRA BRI AN 97. 26%, A AEA 1
TR FT 5 04 17 g, AT 145 — JaAli 411y 1 Bt iy
X T 2 S B, LS K A ST K ff A
ARG R TR S e, HLOG 2 BRI (Rl IR S B |

A R HE K UL I AV HE Ak W

RYEH OB BT K. 2T AT
L B 0 K O 2, B bl R RS R

LIS 2 ST CdPh . He\ Ni I As, I I 241 40
eI 7 JE T X 2 5 7K 22 5 B g 5 .
th_ER AT A AT A 1R R Cd, Ph )
Hg., Ni fll As -2 B A 37 6 AL Ok RSP
ﬂvﬁziﬁ%‘iﬁ%ﬂ@ﬁ. BN, I 3 (b) AL
38. 6% MBS /K b BT 35 U8 T 4 J o I e 5
A IV 2y M T TR BT B KR R R A
BT IA B0 K 90% LA b 17 A 3 95 K S —
iy, Hi5985Z Cd. Pb, Hg, Ni Fl As SEMAHEK.

x5 FEHEEABKAE FRESEEIRSEEMSEFHEER

Table 5 Principal component matrix and analysis factor loading matrix for heavy metals from the sludge of sewage plants in a centain city

AR HE E 4
Ty e oI RITIME - - HHRI - - -
1 44.3 94.17 94. 17 Cd 0. 856 -0.917 0.493 0.230 -0.237 -0.161
2 1.45 3.09 97.26 Hg 0.717 -0.767 0. 489 0. 201 -0.185 -0.223
3 0. 68 1.75 99. 01 Ph 0.281 -0. 804 -0.742 -0.728 0.021 -0.022
4 0.49 0.67 99. 68 Cr 0. 100 0.233 -0. 665 0.871 -0.201 0. 003
5 0.08 0.19 99. 87 As 0. 286 -0.835 0. 286 0.359 -0. 006 0.474
6 0.04 0.09 99. 96 Cu 0.262 0. 404 0. 807 -0.347 -0.059 0.053
7 0. 002 0.04 100 /n -0.073 0.599 0. 090 -0.105 0. 005 -0.013
8 0.000 1 0 100 Ni 0.571 0. 285 0.242 0.308 0. 662 -0.109

TEERIT AT, FRLY 2 ~4 B TTERRARMR, 43
WM 3.09%. 1. 75% F10. 67%, HFEAKZ ff K T4 Zn |
Cu. Cr, Cd il Hg , BEAEFIGE 4418 il FH 253 A Zn
I Cu 155, H MR 24T B &35 % Zn A1 Cu B9T5
Yy, Cr FEZORIET Rz Foil 50 B AR Tolk.
HEJR AR Tl AR A e g Al A e
WAL 235 B Cd F1 He (975 44, P4 V5 7K b
B2 — 53 e HEOR S K IR R G T

PR BT LAAE B 4 T A h 2 AEAE Cd FiT He 12K
TP 7. PRI, 28045 2 ~4 FRe A 3= Bk 5 T DU
SRR | R AR PR B F b . 2 A
3(b) ATLAE Y, 26. 1% MY WAA TS K AL BT V5 e 5 4
JB3Z FIGY 2 ~ 4 SEMEK FE TR AR RS TR R T
90% I3k T A= 1E 157K A, i B A7 i AT HE A5 7K
W RS TAE K, B 3 (b) BESRLAY LA s Zn |
Cu. Cr Fll Hg #BFRAY 5 FIAE TS5 K AL HE T
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Table 6. Average ecological risk level of heavy metals = r

in the sludge from 49 sewagé plants in a centain city

Tald s T
/mg-kg

cd 0.5 0. 145 0.19 I H (W)

Cr 118.5 31.1 3.19 VR (EBETGYL)
Hg 5.0 0.1 1. 68 I 4% (CE B )
As 16.8 7.81 0.45 T 2% (%)

Cu 121.0 19.7 0.37 I H (W)

Ni 39.7 27.9 0.71 I 4% (kR )
Pb 93.6 22.4 0.58 T 2% ()

Zn 686. 1 59.6 0.73 T 2 (&5 RR )

)P HS5.3,P 0191, 15559 0 VR (FERETGYL)
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Table 8 Average potential geological hazard levels of heavy melals
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ELE Y. E} WL A S R
cd 30 547 2
Cr 2 6.4 iU
Hg 40 66. 1 g
As 10 4.6 Bk
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Pb 5 3.0 2
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