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Table I Survey of waste water sludge collection 15
1:25
2000 30 min pH pH
CASS 1 mol/L
(13] 1 mol/L [13]
Ca2+ Mg2+
1:5 0.1 mol/L K Nat
HNO; pH 2.0
[14]
0.1 mol/L
2 mol/L
ICP-AES
DTPA 2
[1s) icp-AaEs 21
2
1.4 3 67.7% ~ 72.4%
) [14]
200 g 4g
70% pH
1 pH
25°C 3 ( 2
1 3 6 10 20 30 42 50 60 70 80 90
pH 3
90 [16]
0.25 mm
®2 SRMELTROERMER
Table 2 Basic properties of waste water sludge and pyrolyzed waste water sludge
pH /
(%) (g/kg)  (mmolkg) (g/kg)  (ghkg) (ghkg)  (g/kg) (mg/kg)  (mg/kg)
- 6.5 148.5 157.9 176.2 27.2 25.0 12.1 6.5 860.9 261.3
67.7 7.1 96.9 112.9 109.4 10.9 36.1 18.3 9.9 61.2 17.3
— 6.4 134.6 150.7 145.7 21.6 19.4 10.0 6.6 725.0 1248.0
72.4 7.2 89.6 145.7 98.3 10.4 25.7 14.1 9.8 54.6 33.0
- 6.3 121.9 178.2 134.8 19.3 14.3 11.2 7.1 543.7 4422
69.3 8.9 84.8 216.0 81.2 8.1 19.2 14.3 10.1 37.8 19.3
2.2 /n
3 3 (500 mg/kg) Cu
Cu Zn Pb Cd Ni Cr Zn (Cu 250 mg/kg)
As Zn Ni Cd
(Ni 100 mg/kg Cd 5 mg/kg) Zn
[10] [6]
(GB 4

4284-84)
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®3 TFRERLTRTPELESE(mgke)
Table 3 Heavy metal contents of waste water sludge and pyrolyzed waste water sludge
Cu Zn Pb Cd Ni Cr
143.0+1.6¢ 804+ 11d 748+12b 330+0.1d 33.0+£04f 149.6 £ 0.8 d
2112+ 1.6¢c 1111t4c¢ 104.0+0.8a 45+£0.1b 473+ 12e 2140+ 03¢
320.1£23b 903 +5d 743+0.8b 29+0¢ 136.4+1.3d 311.3+04b
453.7+43a 1204£8¢c 1045+04a 40£0.1c¢ 1859+1.2b 4285+34a
121.6 £ 0.4 f 2145£27b 534+05¢ 46+0D 1419+04c¢c 156.8£0.2d
166.1 £0.8 d 2920£39a 726+£040b 6.1+0a 190.8 £0.3a 211.8+£0.8 ¢
P<0.05
x4 SRMRLSEPEVUSELRERE(ngky)
Table 4 Contents of available heavy metals in waste water sludge and pyrolyzed waste water sludge
Cu Zn Pb Cd Cr Ni
588+0.11¢ 445+1.5d 1.81£0.11b 0.19£0.01 e 0.13£0.08a 1.66 £0.05 ¢
9.88+£031c 37.7+£04d 347+£0.12a 0.16£0.01 e 0t0a 0.95+£0.02¢
5222+3.12a 145.0£0.1b 1.79£0.21b 1.07£0.01 a 0.17£0.02a 17.40+1.22a
19.33+£0.41b 743+£08¢ 3.74+£0.13 a 045£0.02¢ 00l£0a 5.11+0.05b
544+£0.12¢ 551.7+8.1a 0.43£0.01c 0.84+0.01b 0.08t0a 1826+ 0.14a
722+0.13 ¢ 135.1+£0.6 b 337+£0.03a 0.40£0.01d 0t0a 5.04£0.14b
pH
Cu Pb
( 2
Pb pH pH
pH (2
pH( 1)
2.3 pH
1 pH (2
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S6r webeees AN —a— DEILRALT IR e FHRTIR
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Fig. 1 Dynamic changes of soil pH during the incubation of red soil with wastewater sludge and pyrolyzed wastewater sludge
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Fig.2 Contents of soil NH;-N and (NOj3 + NO5)-N at the end of incubation of the red soil with wastewater sludge and pyrolyzed wastewater sludge

2.4

90 H
pH pH AP (P<0.05)( 5) pH
( D
2 3 H AP
5
3
Ca*™™ Mg K’ (P<0.05)
pH Na® 3
Mg2+
Ca2+
( 2
pH Ca®*
3
H+ A13+
3
pH 0.81 047 0.42
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Table 5 Effects of incorporation of wastewater sludge and pyrolyzed wastewater sludge on soil exchangeable base cations and exchangeable

acidity
Ca M g2+ K Na' AB* a
170+ 0.6 f 31%£0.1g 43+03c¢ 1.0+0.1a 254+08f 498+0.03a 0.29+0.03a
355+ 1.1e 9.5+03d 102+04a 1.0+0.1a 56.2+1.2d 494+0.03a 0.16+£0.01c
41.1+£03¢ 10.3+£03¢ 7.6+020b 1.2+02a 60.2+04c 2.78£0.07d 0.14+£0.02¢
344+04¢ 6.8+02f 74+020b 1.2+0.1a 499+08e 470+£0.04b 0.16£0.01c
383+0.7d 80x02e 72£0.1b 1.0+02a 545+0.7d 250+0.05d 0.14+0.03¢
53.6+06a 10.7+0.1b 9.6£03a 1.8+03a 75.7+08a 4.15+0.08¢c  0.16+0.01 ¢
46.5+0.4b 13.0+0.1a 78£03b 14+02a 68.6+0.7b 1.86+0.08¢ 0.20+0.03b

mmol/kg cmol/kg
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2.5
6
2.6
3
7
( 2 /n
5
2 Cr Zn
(2 Cd
Cu Ni Pb
(P<0.05)
pH Cd Zn
%6 FMTRMEMSRA LA, HRHER (P<0.05)
MEENZN Cd Cr Ni Zn
Table 6 Effects of incorporation of wastgwater s_ludge and pyrquzed Pb
wastewater sludge on the contents of soil organic carbon, available
phosphorus and readily available potassium Cu (P<0.05)
(g/kg) (mg/kg) (mg/kg)

21.84d 79.0 ¢ 156.4d

28.68 a 2238¢ 2190 Zn

27.10 b 24450 2235a

27.78 ab 213.8d 174.0b

26.84b 2503 b 1649 ¢ pH

25.03 ¢ 2179 ¢ 172.7b

2413 ¢ 270.0 a 169.4 ¢

RT AMEEMRETENTIEESNSESRE S EMNEM(ng/ke)

Table 7 Effects of wastewater sludge and pyrolyzed wastewater sludge on the contents of available heavy metals in the red soil

Cd Cr Cu Ni Pb Zn
0.042£0.001 f  0.078 £0.001 f 1.280+£0.010d 0.280+0.001 g  3.683+0.020a 3.13+£0.01e
0.060 £0.001d 0.170+0.001 d 2.080£0.009b 0.553 £0.005¢ 2.997£0.055b 14.36 £0.06 d
0.054 £0.00le 0.145+0.001 ¢ 0.787 £0.005f 0.347£0.005f  2.257+0.022d 14.37+£0.08d
0.064 £0.011c¢ 0311 £0.002b 3.240+£0.016a 1.820£0.007b  2.563 £0.002 ¢ 15.03 £0.05d
0.064 £0.001 ¢ 0.410+0.003 a 0.980+£0.009¢ 1.027+0.014 ¢ 1.390 £0.025f 16.53+0.17 ¢
0.096 £0.001 b 0.183+0.003 ¢ 1.520£0.009¢c  2.107+0.005 a 1.657+£0.029e  33.11+£0.24b
0.110£0.001 af 0.164+£0.002 d 0.367£0.009g 0.980+£0.009d 0.963+0.020g 36.17+0.38a

pH
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Amelioration of Acidified Red Soil by Pyrolyzed Wastewater Sludges

LU Zai-liang'?, LIU Zhao-dong'?, LI Jiu-yu', JIANG Jun', XU Ren-kou'"

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The sewage sludges were collected from three municipal sewage treatment plants in Nanjing, Danyang, and Ma
Anshan and then the pyrolyzed wastewater sludges were prepared at 500°C. The properties of the wastewater sludges and
pyrolyzed wastewater sludges were measured, and their ameliorating effects on the acidity of a red soil and the environmental risk
of application of the pyrolyzed wastewater sludges were investigated. The results indicated that incorporation of pyrolyzed
wastewater sludges increased soil pH and soil exchangeable Ca**, Mg®" and K" and decreased soil exchangeable acidity due to the
alkalinity of the pyrolyzed sludges. However, the strong nitrification occurred due to large amount of ammonium presented in the
sludges when the sludges were incorporated into the soil, which produced the large numbers of protons and offset the
ameliorating effects of the sludges on the acidified red soil. The incorporation of the sluges and pyrolyzed sluges increased the
contents of soil organic carbon, available phosphorus and readily available potassium and thus improved soil fertility. The
pyrolyzation of the sluges led to the increase of the total amount of heavy metals in the sluges, while the contents of the available
species of most heavy metals in the sluges were decreased, which suggested that the pyrolyzation of the sluges decreased the
activity of most heavy metals in the sluges. Compared with control, the incorporation of the pyrolyzed sludges increased the
available species of some heavy metals in the soil, and the content of the available Zn increased obviously. Therefore, there is the
potential environmental risk for the pyrolyzed wastewater sludges used in agricultural soils. It is a better choice to use the
pyrolyzed wastewater sludges to correct the acidity of the forest soils.

Key words: Pyrolyzed wastewater sludge; Red soil; Amelioration of acid soil; Soil fertility; Environmental risk



