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Table 1 The preparation methods of humic acids from weathered coals sampled in different sites

AL AR S 3, PRk RIS I T AR
Site of sampling coal Weight Activator Water added Extraction Preparation of Humic acid
. - TE40 °C, 2.5%KOHWE HIFFHCIHpHZE7.00, 10000 rE.L>,

it 1008 (NHMHPO: 1 ¢ AL (IEE ) e o inso min i LRt timtiipH 21,00,
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IR 16.0 g NH,HCO, " B R R30 min A UREREE T

1.3 BHEBREHFFEEERERBAE(EDRE)

Bgdil 0 . 0.5, 1, 2.5, Sugml', 7.5 ugml' fY
k2R (IAA) W, Bl 0.01%. 0.05%. 0.1%.
0.2% MIJEMERRIA D, b3 S R, 3 IREX.

BN 1 ~ 2 Wg o mh T, 7EARE
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Table 2 Chemical element content of humic acid extracted from weathered coals from different sources

Ak Fe IR (%) (%) £U(%) H(%) (%)
Material Different source Carbon(C) Oxygen (O) Hydrogen (H) Nitrogen(N) Sulfur(S)
RAAbAHE ZERL 63.16 32.91 2.94 0.31 0.68
FiNs] 75.38 21.17 2.22 0.32 0.91
#R 72.09 2422 237 1.13 0.19
JEHER LR 61.76 33.80 3.04 0.98 0.42
EiRs) 70.06 25.77 2.34 1.11 0.72
ik 70.20 25.79 245 1.40 0.16
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SEFMRIFE WAL & BRI S AR RN R, RS A
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MRS EEA R ENLER, HEHRERERAK, () J S 22 5 o AR XU ARE 1 I 2 ik 5 i 2 2 UL

3 MRS AR S A ROk, HARA M B RE R 1.83 % ZRUXILIE M E58E & 2 1 5 KUk

PE2E S o TR KU B S R R O B R AR B0 1.25 6%, RERIARIER) 2.65 fi. Hib, BR

SRIASHE (FTE) 9B, . MR R R R E R EAR, Kb R s

WAL AT, 09K 5.17% . 27.16% F1 74.79% . MR EmRESEES RS, HitEs TREY
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Table 3 Content of humic acids and oxygen-containing functional groups in weathered coals and their extracts from different sources

Hei E'J%‘*EEZZ‘_%‘% gz *Eﬂf‘iﬁ é‘% %%é‘% E‘Eﬁ&f&% 8 T Eﬁié?ité“i
FEE Different Total humic acid Free humic acid  F/T{H Calcium and Total acid Carboxyl Phenolic
Material source content content (%) magnesium content group content hydroxyl
(%) (%) (%) (mmol g™") (mmol g™ (mmol g™')
RALHE KA 37.14+0.56 b 1.92£021¢ 517  628+026a 1.64+£032¢  0.08+0.02b 1.56+0.02¢c
e 37.15+£030b 10.09+0.34b 27.16 5.03+0.15b 252+025b 0.18+0.03a 2.34+0.05b
R 4094 +0.28 a 30.62+0.22a 74.79 2.37+0.09 ¢ 3.04+£0.27a 0.19+0.02a 2.85+0.03a
JEAH AR AR 82.24+021b 67.86+0.55 b 82.51 0.13+0.08 ¢ 137+£008¢c 037+0.03b 1.00+0.02¢c
HE 87.61+0.87 a 72.77+0.67 a 83.06 1.04 £0.06 b 238+0.02b  0.68+0.05a 1.70+0.06b
R 79.29 +£0.54 ¢ 68.20+0.38 b 86.01 1.74+0.11a 386+0.06a  034+£004c 3.52+0.03a

TE: UKL SHUIBREIR Z [0 AN [R] P RER IR 28 ik 5 B B2/, ARTR) P REFORBEA B#E Ko
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HMEER 22 EONK, AR ] 1Y) S5 M R 22 R, SRR, BT DA ARIR 1 o3 R B K IMRUCA 224
HAEA Wy e 22 7 . WAk E4/E6 {6 (FE7] TG, B ik. E280/E472 By XA MR A4 9 B2 4.14 ~
ULy e B 3 E K 465 nm ((E4) Fl 665 nm &b 4.42, FriIEHERRIERDE 5.04 ~ 7.15, HL{E R
(E6) WGRERY LMY ) 7 3.31 ~3.85 2 0], il ARIR GEHABRERNOCR, BT MR 107 7 1%
JEFETR Y B4/B6 H22 48R, AAUBHIIR E4B6H  WMAaMREMASBESICAEN .. HE . ik
e, JEEHRIEMRRN 1.7 1%, FoRENS iR/, KALKE E472/E644 (HAE 3.03 ~ 3.5 Z[A], FriEHing
WS RA%. XALBE E270/E400 fH7E 2.94 ~ 3.01 22 FIMETE 3.88 ~ 6.56 Z[0], HLAELERAIG, Jo 7R fb e R ik
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Table 4 Ultraviolet spectrum analysis of weathered coals and their humic acid from different sources

PR . . DA E4/E6 E270/E400 E280/E472 E472/E664

Material Different source

KA ZEAL 3.85+0.02a 3.01+0.03a 440+0.18a 3.50+0.07 a
Ié 3.71+0.07b 2.94+0.02b 4.14+0.10b 3.43+0.02b
R 3.31+0.08 ¢ 2.99+0.03 a 3.43+0.02b 3.03+£0.18 ¢
ZEAL 7.50+0.32a 397+024a 7.15+021a 6.56+0.13 a

[ R FiR=] 620+021b 337+0.02b 575+0.13b 541+021b
R 4.39+0.01 ¢ 3.08+0.02 ¢ 5.04 +0.03 ¢ 3.88+0.01 ¢
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Fig.1 Relationship between calcium and magnesium content of weathered coal from different sources and E4/E6, F/T value and phenolic

hydroxyl content

2.5 ARERIERKEREBEBRIIMERRER
HIEL 2 AT, 3 HXURAREAE 4000 e ! ~ 750 em™!
BB LD A E B B R A —3, Kk
L) F2 BLRRAE MRS AL, R A R LA AR PR B
DL KB SR AR5, 76 3500 em™ B3 = Wl
WEHERE ST, HEHRIERA R R, GRS R T
BRAEDMARIRS), IR RIRE S R, ST
SCIE B R o P2 5 B e e e 25 LA TR] . 7E 1600 em™!
) U5 5 AR TR b B e A U T BB R TR IR R R B
920 cm™" R E AL I B I W OIS R F O BOR FE Y O-H
HER TSNS i IREIE B, (R RRECN, BT ROR

T, H, AR AR/, RIS R
A,

i B 3 RAT, 3 Ml T B B A R A FH 21 A 1 A
1500 cm™' ~ 4000 cm ! AN, LAY EHGGE R
FAR—FL, HE 2 KA 2o —2, HiIgm
UK, Ui RN B ReA & a . 7€ 3500 cm™
B I S 0 YR IR BT B, BT DA ZERUR S
B o PR 920 emt Ab R R A A AR 2 1) B fE AT
BE, FRMETE RN, BT LR RIS AL,
2.6 ANERFEXEFIZEERITSRENEMENE

HE 4 AT, HFmEIRCER (1IAA) BA R

i



544 X ¢ @ R % 53 %
80 _ A
— ZAURLE so AU
70+ --- AL XL ol %FFF[;?*H@&
6ol AR AU T BEANRIREC ~. P
60 " -
S 25 > '
2V 5% E
=2 2 g
W = 30 &8
L & =
20k
10 +
O L L L L L L L
4000 3500 3000 2500 2000 1500 1000 500 _12000 35'00 30'00 25'00 20'00 15'00 10'00 5(')0
WA (em 1) ek em)
Wave number Wave number
B2 RRRERCROISNSEOESEER B3 ERER AR EER NS R
Fig.2 Infrared spectrum scanning results of weathered coals Fig.3 Infrared spectrum scanning of humic acids from different coals

from different sources
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Fig.4 Promoting effect of humic acid extracted from different weathered coals on rerooting of mung bean
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0.05% it A JES A R E 2 v A6 AR AR A B (104 FH A
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it 35.56%; 0.01% 115 AR R b BRAR U 4% 5 AR
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0.01% .3 JE AR AL FRAE i 2 O P AE AR IR KRR 5
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59.71%; 0.01% 1.5 PR AL BEARE P28 & PR AR AR
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B IR A 0.05% AR J F R X 4 5 1) P AR AR AR 2
B IR FEE T BAR T TAA AR F . 0.05%

SRR AR ARELGE 53 4>, 0.01% 1.6 MR IR
REGK 46 1>, 0.01% AEAUE AR IARISEGA 28 1~
ZEA5THT, 3 M RUAR AR BT B JE A P %o o 0 4 1 P A AR
PR A TGP AR . AR AR > BB AR > 42
FUEHERR
3 g

DR e I B R R B 2= SRR K, AU
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Ui B TS AR IR & it T — 338 70% H W 5 & T XUk
M, P ER R AR O i . UERS AR S 2 T
o S AL KO A B Bl XUAR O r ) B A R A 38 4
b, X HZARR G Fph il S5 pEE i 45 R — 3
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TEPEE REHA & 3 22 K, H AR KB I s i
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R RACE P R B s . B EE BRI, 4
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JERERR 73 F R0 R KU B ) 4 o iy
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3 B AR R X o P AR A R ERCR, A
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LAV AR R A AL 55 J AEL R 7R B ARV B 0.01% %44 T
AEYE R, RS RIIRTE 0.05% &4 A TS
PE B o SR A PR X % B2 Y A AR AR fif G
0.1113 g, % IAA & i 35.56%; %%k o iR AR AR
Kk 3546 cm, # IAA &5 34.67%; X&) A
HARERHEFA 6.740 cm?, %5 IAA Bl 59.71%; ik
JERER AR ARBIGR 53 1~ 3 Mbdpe i VR S X & & 1) -
RSP AR A R AR T TAA A fEAb B,
PRI EARIR 0.5 mme AR SCHF 5 S 4 G 16 4 i
) JB8 TR 55 PN v 250 T 9 ok 1 A 35 01 J Ak iy o
P FIARARL, it A SMIE ) 5 AR 2 BB SRS
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Chemical Characteristics and Bioactivity of Humic Acids from
Weathered Coals with Different Sources

HOU Xiao-chan', ZHANG Qiang', YANG Zhi-Ping', YAN Min"", WU Wen-li',
MARIS Klavins*, WANG Yong-liang'

(1. Shanxi Key Laboratory of Soil Environment and Nutrient Resources, Taiyuan 030031, China;
2. Department of Environmental Science, University of Latvia, Raina Blvd. 19, Riga, LV-1586, Latvia)

Abstract: [Objective] To explore the differences in biological activity of humic acids derived from weathered coals
of different sources, this study clarified the relationship between their biological activities and the properties of
weathered coal, so as to provide a reference for finding out active humic acids from weathered coal. [Method] The
weathered coal samples from Zuoquan, Wutai and Jingle in Shanxi Province were collected , treated with different
methods and subjected to plant culture tests. The processing chemical characteristics and biological activity of humic
acids derived from weathered coal samples of different origins were compared and analyzed with ultraviolet
spectrometry, infrared spectrometry and root scanning. [Result] The results showed that the total humic acid contents
of weathered coal from Zuoquan, Wutai and Jingle were between 37.1% and 40.9%, but the free humic acid contents
varied greatly (1.92%, 10.09% and 30.62%, respectively). The content of total acidic functional group phenolic
hydroxyl was significantly different, and the content ratio of the three samples was 1.00 : 1.22 : 1.83. The hydroxyl
group content and carboxyl group content of weathered coal samples from Jingle was the highest. The content ratio of
calcium to magnesium among the three samples was 2.65 : 1.25 : 1.00. There was small difference in the E4/E6 value
of different weathered coal samples, but the E4/E6 value of humic acids extracted was 7.5, 6.2 and 4.39, respectively.
Bioactivity assays showed that humic acids derived from the weathered coal samples of the three places promoted the
regeneration of mung bean roots, showing a typical hormone response similar to that induced by IAA. The weather
coals were ranked as Jingle sample > Wutai sample > Zuoquan sample based on the growth-promoting activities of
their humic acids. The highest growth-promoting activity of humic acid was found at 0.01% in Zuoquan sample and
Wautai sample, 0.05% in Jingle sample. [Conclusion] Among the humic acids extracted from the weathered coals of
three origins, the Jingle sample has the highest biological activity, followed by the Wutai and Zuoquan samples. The
lower the contents of calcium and magnesium are in weathered coal, the higher the contents of free humic acids are.
The wider the absorption peak of hydroxyl is in infrared spectrum, the higher the content of total acidic groups is, the
higher the biological activity of humic acid is. The results provide references for the selection of high-quality
weathered coal used as raw materials for humic acid production, and the appropriate concentrations of humic acids in
the application.

Key words: Weathered coal; Humic acid; UV spectrum; Infrared spectrum; Somatotrophic activity
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