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Extraction of humic acid from excess sludge and its effects on crop seedling establishment

QIAO Sheng"?, YAN Min"?, MENG Qiuxia"?, ZHANG Jiaxing"?, LUO Yuan"*, YANG Zhiping"*

(1.College of Resources and Environment, Shanxi Agricultural University, Taiyuan 030031, China; 2. Shanxi Provincial Key Laboratory of
Soil Environment and Nutrient Resources, Taiyuan 030031, China)

Abstract: The aim of our study is to solve the problems of unclear parameters of the humic acid extracted from excess sludge using the
International Humic Substances Society (THSS) recommended method and lack of evaluation of the toxic effects of the humic acid. The
optimum conditions for the extraction of humic acid from excess sludge were obtained using the response surface methodology, and the
physicochemical properties of the humic acid and its effect on crop seedling establishment were analyzed. Results showed that the optimum
conditions for humic acid extraction were as follows : alkali concentration of 0.19 mol - L™, alkali sludge ratio(mL: g) of 11.6, shaking time
of 3.8 h, and extraction amount of 96.1 mg-¢™'. Compared with the THSS recommended method, the amount of the humic acid extracted by
this method increased by 118%. Elemental analysis of humic acid showed that the O/C ratio was 0.84, the H/C ratio was 0.14, and the C/N
ratio was 4.43. Fourier transform infrared spectroscopy and gel permeation chromatography analyses showed that there were oxygen—
containing functional groups such as carboxyl, alcohol hydroxyl, and phenolic hydroxyl groups, and the weight—average molecular weight

was 8 856 Da. In addition, the application of humic acid at 500 mg « L' did not significantly affected the germination rate and the
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photosynthetic pigment content of cotyledons of Chinese cabbage and radish seeds, but significantly affected radicle elongation in Chinese

cabbage seeds. The extraction amount of humic acid can be significantly increased by optimizing the extraction conditions. Humic acid has

high degrees of humification and aromatization, small molecular weight, strong biological activity, and no adverse effect on early growth

stage of crops at low concentrations.

Keywords : excess sludge humic acid; extraction condition; seedling establishment; seed germination; cotyledon photosynthetic pigment
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1.1 F&TRERESHER

ARG A FH T 4 15 e R i SR A T 1L P 4 KR
HHG KA, F 4 CHRA TR BIRTETR
K 80.5%+0.2% , pH Ky 7.7+0.1, MK (TS) Hy
(195£2) mg- L™, A % P 4k % 75 % & (SCOD) Ny
(4 689+13) mg-L™', Sk 7 A (TCOD) K (67 678+
1 142) mg- L™, # & PERE AR (VS) K 50.9%+0.3% , L5
FHFR 5 1M 17.0%+0.7% .
1.2 REFH*E
1.2.1 g i g ARS8 3

Tl 4315 U 22 3% 1T I 1 7R ED P I A B
TSR PR AL UG, 22 THSS HEFIRS 4 il ib #1
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VS TRAIR 7 B 0 e R BRUTTE , A5 3] 1 38 W00 g A
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Table 1 Response surface optimization test parameter design

ZH0 Parameter B/ (mol - L") R (mL:g) R A/M

-1 0.15 10 3
0 0.20 12 4
1 0.25 14 5
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SE , pH A FH pH A 5E (CJ/T 221—2005) , S JEEAF 1R &
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FI AR AE (30 mmx7.8 mm) , (A FEAE IR H7 40 °C, ¥
AR DU SRR L 37884 1.0 mL-min™,

1.4 HiIELES S

FIFH Excel FAXTEHE 247402, 25 5 LIV {iE +
FRUE 2L FE R . R SPSS 19.0 B4 A 56 K d
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5, W E VBN P<0.05. 2R Origin 2021 F44Hl
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1.3XX;—21.4X,> - 13.8X,>— 18.9X:>,  [u] T #& &I (1Y) R*=
0.982 9, 1 B IZ [ E AR Y AR SeME L 4T, Adj R*=0.961 0,
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Table 2 Design and result of response surface test

GEE o T A
L WRE el g oM BN
Fe Alkali Alkali slud Shaki Measured  Predicted
Number concentration/ ratii/l( :ni.ge) ti?nel/r;lg value/ value/
(mol-L™) ® (mg-g") (mg-g")
1 0.15 12 5 54.7 55.1
2 0.20 14 5 51.7 52.3
3 0.15 12 3 60.4 64.2
4 0.25 14 4 49.4 52.6
5 0.25 10 4 55.5 56.5
6 0.25 12 3 58.6 58.2
7 0.20 14 3 65.8 63.0
8 0.20 12 4 94.5 94.8
9 0.20 10 5 55.8 58.6
10 0.20 12 4 95.1 94.8
11 0.20 10 3 75.2 74.6
12 0.20 12 4 98.7 94.8
13 0.20 12 4 94.2 94.8
14 0.15 14 4 58.8 57.8
15 0.25 12 5 44.6 40.8
16 0.20 12 4 91.5 94.8
17 0.15 10 4 74.8 71.6

M 1o TR S0 14 7 22 40 BT UL 26 3. [l AR AR i)
{H°M 44.76, PE<0.000 1, BRI R AT, il 22
S ATES S, PAERN F AR B T 5 DRl % i 1y B 19 5%
Wi R, F BRI, P AR /)N, 45 DRI =7 Xl o 7 (L P9 52 i ik
B RIS R34 5 TR AR R B Bt =2 AL AE AE AR I
ENSRESCZR BRI 0 5 i A 82 Sk i 357 1) 1) (P=
0.001 4)>B e JiF (P=0.005 9)>Hf e It (P=0.0112) .
2.1.2 gy TR e A A R

RIS [ O A5 75 45 3] P ) 4 ¥ e 0 A T 4 B A
2 B E 4 0.19 mol - L BdJE He (mL:g) M 11.6,
P35 BsF 1] Sy 3.8, FUI A5 3] 1) e A T A 1 41 L o Ky
96.1 mg- g MEATIRUE G 5 A B Ia] )= A5 7R (1% T
1B It 22 /N F 5% , Ut B [0 D A5 70 48065 38 A ™, AR i
P20 A1, PR S 1] — S IR A R 4L o B R
e BE FNBR R b A B T R B S BN N R Y
B b — i S R i B 0 R B S 3  J sk/N 1
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Table 3 Variance analysis for response surface tests

x4 BERITESNT

Table 4 Elemental analysis of humic acid

., - A ¥J5
Soumji%f;\lzéaﬂfance :Squuiii[ Degree of Mean i Pt
freedom square
iR Model 5 465.81 9 607.31  44.76 <0.000 1
X 206.04 1 206.04 1519 0.0059
X 158.42 1 158.42  11.68 0.0112
X; 353.78 1 353.78  26.08 0.0014
XX, 24.50 1 24.50 1.81 02209
X Xs 17.22 1 17.22 127 02970
XoX, 7.02 1 7.02 0.52 04952
X2 1921.50 1 1921.50 141.63 <0.000 1
X2 803.31 1 803.31  59.21 0.000 1
X 1 498.08 1 1498.08 110.42 <0.000 1
5k 94.97 7 13.57
AL 68.33 3 22.78 342 01329
afiiR 2z 26.64 4 6.66
syl 5560.78 16

BB BRI — R —E JEFEN, $i% 35 B[R] D
B LU AN BTS00, T A R BT A, o B S G s s s
RS X AT RE A F T B A B[R] A S A R AN T
iV A 2RV VR, 2R B S T BT, 2 T O B
BRRIGIFRAES . WA MR E NN, B e L
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2.2 FgiTiREEERRAL
2.2.1 JLESHT

R T AT R R TR A S A5 L T T 0T
Forpr a5 R 4, FIRISRIEER F 2 H C . H.0
MNJCRA M, Hh €& &N 37.74%, H & & K
5.26%,0 7% & 4 31.80%, N % & 4 8.51%, C 1% & i
Z H& b, AR FE R G IREHR S %4
T A S AR A PR I G R X AR ZE RN . AR
FRFE i 1) O/C JRLF- H nl S8 IR IL 45 5 S B RE AT 9 &5
L ABFSEERIBR Y O/C J9 0.84, B T ok Frin 4x
AR SR X A e ST 5 R A TS R R AR 1 O/
C, 5 H AT 4575 Ve FE HERR 1 O/C 2oL, U A 5 I
MIRRAT R 2 & A B BEA . H/C BT H S Hu gk
v JE L O S A R ROE PE SR . A ST S AR R
1 H/C 2 0.14 , #2300 o AM ) A3 15 Je AR R 1 H/C, FR Itk
AL UL ASE 5 SO A R 1T Re 1 AT 3 2 R i O A R AT
AR R . C/N AT 48 7 i FE R 1) IS B A A
FERO AT x5 Je S A R 1Y) C/N FefIK, Oh 4.43 1iE
HH L 7 A0 R B L TR A B 0 I R MR B

JGE {5 i Element content/% JELF b Atomic ratio Sk

C H 0 N 0/C  H/C /N Source
3774 526 31.80 851  0.84 014 443 AW
55.73 829 28.02 657 050 0.5  8.48 [9]

5720 850 2450 740 0.43 0.15 7.73 [11]
56.27 779 2454  9.64 0.44 0.14 5.84 [27]

41.10 6.39 40.06 8.3l 0.97 0.16 4.95 [28]
41.80 624 3352 749 0.80 0.15 5.58 [29]
45.12 6.53 4073 6.75 0.90 0.14 6.68 [30]

R AT RE S BT A ALY TR A Y R A TS Y
R e I H A B T2 R i A W i
L AT R ATS Ve R A LT, B KR /Ny
FHEVALS Y 4G T R AT AR 5, i fe it T
Tl 4 15 R S AL R 1 JEE A AR
2.2.2 £5MEE ST

JERE R A I RCR 52 o RE A RS o s, HomT 4
PERE A R AR P R A AW, AT R R A K
IRBES S T E A TS U T R IR Y 45 F AN BE 1A
58 AW T T B AR LTSS . B4
15 8 B AR R 0 1 L AR 2T A UL 1. dn i B
N, TE 4 000~400 cm™ JEEGE P, BT 8 4 R R
FRAEM I . 7E 3 371 e BB T o 0440 2 By R
FEE R E—OH AOFE 3152 927 em™ Ik B[ T it 4 )
DK T i 17 Jot Je 245 4 Hh—CH A A 45 4 35152 361 em”™
TR B /NI 0 SR R 1 —OH FI—H M 45 B
SfFECNE; 1657 em™ A H B It 2 B2 3 11
WG | 3 J2: 2 3 v 1 C=0 M 4 4k sh 512 9975 1 541
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Figure 1 Fourier transform infrared spectrum of humic acid in

excess sludge

www.daes.org.an




m@g 430

VRETRR Rt Y FA3EFE 21

C—O P 45 F1—OH MY A2 TE 4k 21775 1 057 em™ il 564
e Y ER B AT A 0 U1 DL g R T A R 1 e
eI RS BN N R R e Y/ N R R
P DL SR R AR TS R M R AR R 2
AEREA, AEYE R
2.2.3 BERBE G
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Figure 2 Relative molecular weight distribution of
humic acid in excess sludge
23 FTREERNEYSETMN
2.3.1 FhFREE
AN [ B JEE MR VAN K12 V8 NP7k 25
DRSNS FIFR o 32 S AT, R MR R R s
Pl & 2550510 96.7% ,90.0% F184.4% ., 50 mg-
L AR L, 500 mg - L7 J AR R AL B K SRl & 281
W T B #2553 (P>0.05) , 1M 1 000 mg - L& 4 iR
SR FR )R I SERh - 1 2 ZEAE O A0 AE 1 5k 25 57 (P<
0.05) . X Al fgJ2 K R oK 43 & Fh & 28 1 e Tk 4%
AN 1 T R VS R AR EE A ARG T, FE D A B 1 BT
PEVER 7K 53 WA R AN BH S, T 224 5 Al i

P 1%) WHARTY

RORE SR = e, o SRt 2 BT R ) 3
T T AR . AEIRAE LR R A B
AR A IS I XE AR o W P T VR AR s ), e 350K 2R 5
FEAK T = AN 8 b Fh T & 2R 03 T B 25 1
2 5(P>0.05) , K2 %41 51124 90.0% .90.0% F180.0% o
XATRESE T8 D ARR R R, wT AR = vk 3 g A
VSR L7 HE () SR TETSE ), IR R B NPT AR B

SRR , 1T 559 5 LS ARV W0 H™ AR ) 72
M 44431

x5 FRAREBERBRITIEDTFEF RN
Table 5 Effects of different concentrations of humic acid on seed

germination percentage of crops

JEHE R e P KA FRERI% 8 MNhFREE
Humic acid Chinese cabbage seed Radish seed
concentration/(mg-L™") germination rate germination rate/%
0 96.7+0.0a 90.0+5.0a
500 90.0+6.7ab 90.0+5.0a
1 000 84.4+6.9b 80.0+8.7a

1 RPN R NG P 3RR b #IR) 22 57 5 35 (P<0.05) o
Note: Different lowercase letters in the same column indicate
significant differences between treatments(P<0.05).

2.3.2 P IRARfP K

L ZAN [) VA 5 A PR T TR A A N YE A AR K
MR FAEN, AT — LAl A Y #1813 AN
VR B B AR R T RO R 13 VB S A AR 152,
& 3(a) AT %1, 500 mg- L7 5 1 000 mg - L™ & A 2 75 W
R ARMREK R &R R IEER  AX R 53
BA 126.1% F1 140.6% o 3% 2 K A3 2 ) S H R RE A%
i = AL AT (0 365 2 DT S 8 R AR A
BEAL , BEREB B a5 0 BT B A58 B A R 41 1t
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Figure 3 Effects of humic acid solution at different concentrations on radicle length of crops
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Figure 4 Effects of humic acid solution at different concentrations on photosynthetic pigment content of cotyledons of crops
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