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Treated sludge residue amelioration of contaminated soil at an e-waste dismantling site

GUO Jiangshan"?, GU Weihua"*, BAI Jianfeng"", DONG Bin®’, ZHUANG Xuning', ZHAO Jing', ZHANG Chenglong'

(1. School of Resources and Environmental Engineering, Shanghai Polytechnic University, Shanghai 201209, China; 2. CCCC (Suzhou)
Urban Development and Construction Co., Ltd., Suzhou 215031, China; 3. School of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China; 4. School of Environment, Zhejiang University of Technology, Hangzhou 310014, China)
Abstract: The effects of two types of treated sludge residue on soil improvement were evaluated in a potting experiment by adding pyrolysis
residue and aerobic fermentation residue to the soil. The effects of parameters such as soil nutrients, enzyme activities, leaching content of
heavy metals, and plants (Lolium perenne and Vetiveria zizanioides) on heavy metal accumulation and growth were analyzed. Additionally,
the effects of soil improvement were evaluated using the fuzzy membership function. The results showed that application (5%) of the two
types of treated sludge residue introduced humic acid-like substances into the soil. The soil conductivity (220% —238% ), ammonium
nitrogen (16%—66% ), cation exchange capacity (37%—84% ), available phosphorus (34%—42% ), available potassium (44%-97%), organic
matter content (17%—47%), and enzymatic activity of fluorescein diacetate (67%—119%) were significantly increased. The fresh weight
(32%-36%), height (18%—22%), chlorophyll (12%—16%), phosphorus (33%—48%), and potassium content (12%—21%) of plants were
also significantly increased. The concentrations of Cu(17%-33%), Zn(5%—9%), Pb(32%), Cd(35%), and malondialdehyde (18%—22%)
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were significantly reduced. The leaching amount of Cu(10%—19%), Zn (18%—-20%), Ph(10%—16%), and Cd(13%—-15%) of soil were

significantly reduced. The order of soil improvement effects of each treatment was as follows: aerobic fermentation residue > pyrolysis

residue, V. zizanioides>L. perenne. Our results indicate that the two methods for treating sludge residue promote improvements in soil

quality and plant growth. Aerobic fermentation residue and V. zizanioides show application potential for the ecological restoration of soil at

e—waste dismantling sites.

Keywords:sludge pyrolysis; sludge aerobic fermentation; soil pollution; heavy metal; ecological restoration
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Table 1 Basic physicochemical properties of treated sludge residue and soil

HEIEFE bR IR iy [E37 v

Physicochemical property Aerobic fermentation residue Pyrolysis residue Soil
pH 6.68 7.90 7.85
5 7K Moisture content/% 36.8 — —

A ML Organic matter/(g-kg™) 971 485 7.06
12 Conductivity/(mS+cm™) 5.74 1.19 0.38

45 % B Available phosphorus/(mg-kg™) 873 377 8.30
HALH Available potassium/(mg-kg™) 1519 416 52.9
FH S 758 it Cation exchange capacity/(cmol +kg™) 71.7 32.6 6.71
4% Total nitrogen/(g-kg™") 4.64 1.03 0.36

424 Total copper/(mg-kg™") 287 585 2877

2F Total zine/(mg-kg™) 982 1448 15 255
447 Total cadmium/(mg-kg™) 0.26 2.84 39.1
24} Total lead/(mg-kg™) 29.4 70.7 2950
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AR PR 2R 0 e 2, 0 2 ke 8 )5 R o ol ot
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FEM 5 — R4y L ERE L T 4 T OO RAE  H
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25 H) Fluoro Max B 43 2¢ 661U DOM #E47 = 4k
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22531 (ANOVA) Fll Tukey #5551 Origin 9.04: %1
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Table 2 Effects of treated sludge residue on chemical and biological properties of soil

% —— FHE s AR L AL FDA i
Qb3 .. . Cation exchange Available Available Organic Enzymatic activity
- pH Conductivity/ Ammonium . . 8
[reatment (mS-em™)  nitrogen/(me-ke) capacity/ phosphorus/ potassium/ matter/ of FDA/
g i (emol-kg™) (mg-kg™) (mg-kg™) (g-kg™) [prg* (gemin)™]
AR CK  8.20+0.22a 0.56+0.17b 18.4+2.0b 7.08+1.0c 19.8+1.4b 54.7+4.4¢ 9.7+0.3b 0.032+0.005b
Lolium TS 7.80+0.19a  1.89+0.34a 22.5+1.3a 13.0+1.2a 27.3+2.1a 107.5+10.2a 11.8+0.8a 0.070+0.004a
perenne
TB  8.09+0.15a  0.74+0.06b 20.2+1.1ab 9.67+0.8b 28.2+3.4a 78.8+8.7h 10.5+0.7ab 0.040+0.004h
B CK  8.25+0.25a  0.60+0.08b 16.1+0.4¢ 6.50+1.5b 23.9+2.7h 53.2+2.9b 9.4+0.2¢ 0.039+0.005b
Y““?f; TS  7.8120.19a  1.92+0.18a 26.8+2.2a 11.1£0.9a 25.8+1.5b 91.9+7.1a 13.8+1.0a 0.065+0.003a
zizanioides
TB  7.98+0.20a  0.68+0.04b 18.6+1.3b 8.14+1.2ab 32.0+2.9a 77.9+7.5a 11.0+0.4b 0.042+0.005b

TE AR RR T , [ R ) (AN [ NG - BEROR AL BRE ] 1) 22 57 %5 (P<0.05,n=3) . T,

Note: On the same property, different lowercase letters represent significant differences (P<0.05,n=3) between different treatments on the same plant.

The same below.

1% WHART]
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Figures A—C and D-F represent the soil of Lolium perenne and Vetiveria zizanioides ,respectively

B LR aR= Rt E

Figure 1 3D fluorescence spectra of soil dissolved organic matter

FEMH Y LR SR E T 2 mSem™ B, X A
R4y a0 A A B T R R s F) 1.92
mS-em™, B 0 AE SR A T 4 i FH 2 DA sk e
AR A o it FH P by 10 Ak B i A A 3 AR Dl (X
3V AR 0 B 5 ()9 G, T RE A7 A B B i
R e B BT E . 5 A MRS ik
PSR B IR , T 83k SRR B T 1m0 4 4 R 45 4 1)
e, SRRSO, BHES T a8 i A LT B A
RO RN R - AR T A8 A, it B A S e
A PR B = T AR Ty, — O RO AR B 4
I3, o5 — 5 IR R LR A7 L ) R A T K Y
FETE RO BHES 1~ (K. Ca®  \Mg> Fl NH. 55 ) £ 5538 1 W
B R 3122230, DA 418 155 498 PH 2 7 30 e o B S M
BB R AN R, T U Ak B R
R PR DA D2 B A 0 Tl g R 1, A T 22
AR . I FDA S PR R 2 Wit

Fofrys e A FE i v T R M S R, 1R A
BIneiE—L g .

Ty ES RS ES LIRS ESR SR
LI AR S TR AR S AR 4 o 4 i o AR T U
Ab PR P T B A R R v, TR TE ML PR A
FE2, OB F AW o ¥ e Ad PR K R 67 Y
B A A1 AT I B K/Ca/Na/Mg BS 1, iX #6857~ ] LU FI
SR TR B QBECAE . V5 TR EE A 4R
HAEH AT 5 E 48 I SR LA s E A s QR
B -n BEVER . 5 VR AL B 15 IR o B AR R
HERE TR EREWILM LT 2850, OELRE
Tl 55 e ab Bl op 0 LA 45 5T A ALY IR
b RERRER FIBERRER S TTE , L nT AE T i faf 1 2
(R INER: =4z Pl 1D/ =k A e o T NI K|
GER7/DON: e RS T e Y S NSRS Il - L]
MR I A B, B AR g it Ak R i 2 TN

WWW.Qes.019.CN




bodlllE7 8 it 2541 558 125
60T Lar
A a a 2207 g a 4, - C a . a
a a a 1 o0 a
I N Y B B R Y
ERESI S B 7 Nz 2 165 + 2 V) =z 10| 1 /N
= 7 7 = 7 7/ RS %
5 - / 7 5= sl
®E 30 ”ﬁ@ 5 110 % Zs
%5 bs Z 7wz o
= 2 =
) = 7 == N
B 15f g 55t 7 Z g 04
= = ' 7 7 § 02F /
= 0.
Z Z 2 5 Z
———r - ™ 0 e ™ R e
A TR AT AR R E | ERE
Lolium perenne Vetiveria zizanioides Lolium perenne Vetiveria zizanioides Lolium perenne Vetiveria zizanioides
Fi ) Plant 4 Plant FE ) Plant
;\21.0 D a R 551 —?—ab 6rgp §
=0 a a + a o a . b ? ~ _I_ b a a
2168 b [ o 44t B —H ™ b
= T g b 7 5 27 + 277
pad- — 2 H g )
126 ) w5 3B} EW Gt
3 7 T =
§ g g2 e S8t
=g | sE | g
m g 84 = & 22 ] =
5 =% K3
§ 42 s 1 g 7
5 g g
Q Q Q
0 = = 0 e
A O RAER ARG A A
Lolium perenne  Vetiveria zizanioides Lolium perenne ~ Vetiveria zizanioides Lolium perenne  Vetiveria zizanioides
¥ Plant FHY) Plant FH 4 Plant
Ock OTS TB

ARTFFEAR T, RI R AR 18] 1A ) /NG B 2o b BT ] (1 2 53 (2. 2% (P<0.05,n=3) . "}

Under the same property, different lowercase letters represent significant differences(P<0.05,n=3) between different treatments on the same plant.
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Figure 2 Effects of treated sludge residue on plant growth
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Table 3 Effects of treated sludge residue on heavy metal

accumulation of plants

THYE SRS
Jas:] L
Heavy metals content of plants/(mg-kg™")
Treatment
Cu Zn Ph cd
MEE CK 233.2+123a 794.2+8.6a 112.6+14.2a 3.68+1.04a
Lolium 1§ 21944532  758.145.4b  92.3+7.3a  2.03+0.85a
perenne
TB 194.4+9.6b 750.4+10.2b 76.5+4.9h  1.9420.39a
TARHF CK  211.2#2.9a 538.7+6.9a 75.5x11.7a 2.71x0.34a
Vetiveria. g 141 427,51 489.2¢134b 63.7+5.7a 1.7720.16b
zizanioides
TB 155.7+11.5b 507.3+8.6b  69.1+2.8a 1.84+0.56ab
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Figure 3 Effects of treated sludge residue on heavy metals leaching of soil
F4 EMEFENENMRERBITELER
Table 4 Weight of evaluation index and results of membership function
. b H Treatment
_ R A
v M) S
b il & Variation *XE( L7 PRZE L Lolium perenne FFHLHL Vetiveria zizanioides
Index Correlation ffici Weight
coetlicient CK TS TB CK TS TB
5 Ammonium nitrogen + 0.18 8 1.68 4.80 3.04 0 8.00 1.84
FH 5 F 58405 Cation exchange capacity + 0.27 11 0.99 11.00 5.39 0 7.81 2.75
A Available potassium * 0.27 11 0.33 11.00 5.17 0 7.81 4.95
45 %48 Available phosphorus + 0.16 7 0 4.27 4.83 2.38 343 7.00
4 WL Organic matter + 0.15 6 0.42 3.30 1.50 0 600  2.16
FDA [ 5 Enzymatic activity of FDA + 0.32 14 0 14.00 2.94 2.52 12.18 3.64
Cuiz i Cu leaching - 0.10 4 0 3.60 3.32 0.92 2.80 4.00
Zn iz 4 Zn leaching = 0.10 4 0 2.00 2.80 0.40 3.60 4.00
Pbi& 4 Pb leaching - 0.07 3 0.69 3.00 2.25 0 1.95 2.97
CdiZH Cd leaching = 0.09 4 1.28 3.80 4.00 0 1.04 3.36
i J§i Ht Fresh weight of plant + 0.14 6 0 5.88 5.64 0.48 6.00 5.88
FR 1) Fresh height of plant + 0.10 4 0 2.56 2.80 0.72 4.00 3.60
4% % Chlorophyll + 0.07 3 0.33 3.00 222 0 2.37 2.04
FE % Plant phosphorus + 0.14 6 0.90 3.42 2.82 0 6.00 4.08
FEYIHH Plant potassium + 0.10 4 0 2.36 1.76 2.36 4.00 3.16
N ¥ Malondialdehyde = 0.11 5 0 3.40 4.15 2.95 5.00 3.80
SSFI(U)Sum — 2.38 100 6.62 81.39 54.63 12.73 81.99 59.23
HER Order — — — 6 2 4 5 1 3

T+ F=J0 B3R T8 b5 1 el RACR IR SR AR

Note: + and - indicates that the index is positively and negatively correlated with the soil improvement effect , respectively.
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