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Table 1 Elemental composition analysis results of humic acid

w/% DN-Ds FF-Ds DN-Unds FF-Unds

C 46.84 48.71 51.40 55.89

H 8.11 7.53 7.88 6.26

N 13.82 13.22 14.91 14.05

S 1.61 0.48 1.07 0.68

0 27.19 29.05 22.04 21.02
w(H)/w(C) 0.17 0.15 0.15 0.11
w(0)/w(C) 0.58 0.60 0.43 0.38
w(N)/w(C) 0.30 0.27 0.29 0.25
w(0+N)/w(C) 0.88 0.87 0.72 0.63
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Fig. 1 SEM image of humic acid
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Fig.2 Infrared spectrum of humic acid
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Table 2 Test results of humic acid extraction rate

— TG AR R A IR
Fit/e Yii/g Rt/ B /%
DN AT 20 49 2.9 2 14.5
DN FiHfk
20 5.56 3.43 213 172
fal
DN i1k
20 6.28 1.68 4.6 8.4
F ol
DN i1k
20 6.07 2.87 32 14.4
FF K41k
20 6.43 1.98 4.45 9.9
P
FF K1k
20 8.24 3.25 499 163
Hhal
FF i1
20 8.3 121 7.09 6.1
FF 41k
20 53 223 3.07 112
fal
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15 e PRV W45 341, id i A1,A2 . A3,B1.B2.B3,
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71555 2410 ¢/ 1 g/L.0.1 o/L ) 250 mL Ji& 58 FR 145 W
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C3, 5 FAXT AL 73, Hop  B-AN/NEZE AL A2 A3
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TeSE R R HIENBEEROR
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Fig. 3 Effect of humic acid from inactivated sludge on the

organic matter content of tailings soil
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310 /L ARG 15 Ve IR o« % 106 V5 U Ji 5 I 11 it
) RE AT A H 05 A0 2E K, 1 mg/L 2R 35 15 TR IS Al R 5 H
WA ZEm R g R KSR EARCC R,
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RS SEE e

®3 KEFREEBY/NEEYEERZIT

Table 3  Effect of humic acid from inactivated sludge on the growth of pak choi seedlings

g 4525 /em SR R em SR -3 pH
14d 21d 28 d 7d 14d 21d 28 d 7d 14d 21d 28 d 7d 14d 21d 28 d
B-A 3.1 3.8 6.7 11.2 3.7 3.6 5.7 11.2 2 5 6 7 9.5 9.1 8.8 8.3
B-B 33 3.7 7.9 13.1 3.7 3.5 5.4 11.1 2 5 6 7 9.5 9.2 8.6 8.2
B-C 2.3 2.2 5.6 8.7 2.6 3.2 4.1 5.7 2 3 4 6 9.5 9.3 9.0 8.6
B-Z 0.6 1.2 1.4 2.1 0.1 0.3 0.3 0.5 2 2 2 3 9.6 9.5 9.3 9.0
F4 KiETRBEBNEXRYEEKNZIN
Table 4 Effect of humic acid from inactivated sludge on the growth of lettuce seedlings
P44 2515 /em SR A em SR R -3 pH A
R G
7d 14d 21d 28d 7d 14d 21d 28d 7d 14d 21d 28d 7d 14d 21d 28d
S-A 2.5 4.7 7.1 8.4 1.2 2.6 32 52 3 4 5 5 9.6 9.4 8.9 8.7
S-B 33 4.6 74 8.6 1.4 34 6.6 6.9 3 4 5 9.5 9.3 8.7 8.4
S-C 1.5 3.8 4.4 5.8 0.8 1.7 2.7 5.7 2 4 4 5 9.6 9.6 9.0 8.7
S-7 05 1.1 32 34 04 09 12 14 2 2 3 4 97 97 96 95
RS KEFREBEBNHESSHERKNZIG
Table 5  Effect of humic acid from inactivated sludge on the growth of cabbage seedlings
RS FH 2K /e I K /om SR -3 pH {H
7d 14d 21d 28 d 7d 14d 21d 28 d 7d 14d 21d 28 d 7d 14d 21d 28 d
G-A 1.2 1.9 3.1 4.2 0.6 0.6 1.3 22 3 4 5 5 9.6 9.5 9.2 8.5
G-B 1.3 1.9 3.2 4.1 0.5 0.6 1.4 2.3 3 4 5 5 9.5 9.1 8.7 8.3
G-C 0.7 1.6 2.8 4.6 0.5 0.7 1.3 2.1 2 3 4 5 9.6 9.1 8.8 8.3
G-7 0.4 0.6 1.2 2.1 0.2 0.4 0.6 0.8 1 1 2 3 9.7 9.6 9.6 9.5
MRS A, 1 o/L K16 175 U8 ) FE R 7 4% 1 3 & B
=A

T PR f o R PR HERCR 10 /L KT T5 U2 I
BER 2 B HG ] S AP HE8CR, , 0.1 /L 2k 36 15 e i A
W A4 e AR AN A A, 33X R W R AT AE — R 7R3
Lo 2SR 2 A A R W AR I R WK 3 7
VR B FEL R RE A3 b A R, 1 - B TP A LB
i, P DI SRR PRALRE T, (e A AR I

D)5, 235 15 TR S AR AN (L RERS I w A
PSS B A e by i e ) ROk PRAL AE
i Hit e fe itk RS P p R . FFESs
RN — LAY RIS AR I T 6 B A e 5
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Experimental study on preparation of humic acid from inactivated sludge and its

application in improving tailings

Liu Beichao!, Wang Haiyang?, Yu Qian’ao®, Yang Wu!
(1. School of Environment, Northeast Normal University; 2. Changchun Gold Research Institute Co., Ltd.;
3. Jilin Changchun Ecology and Environment Monitoring Center)

Abstract: Landfilling or incinerating inactivated sludge can cause secondary pollution, while the humic acid it
contains can improve the physicochemical properties of soil. Tailings soil improvement and vegetation restoration are
important measures for the ecological restoration of tailings ponds. This study explores the extraction of humic acid
from inactivated sludge and its application in tailings soil improvement experiments. The results show that humic acid
from purified inactivated sludge that has not been digested in the DN wastewater treatment plant is more suitable as a
tailings modifier. Humic acid significantly increases the organic matter content in tailings soil, enhancing its fertility;
1 g/I. of humic acid from inactivated sludge has a notable promoting effect on plant growth. This research provides a
new approach and theoretical foundation for soil-based utilization of tailings, and offers certain environmental and
economic benefits.

Keywords: inactivated sludge; humic acid; soil improvement; ecological restoration; soil-based utilization of tailings;

organic matter



