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Effects of Acidifying Yellow Earth and Limestone Soil on the Extraction of
Humic Acids

MA Liangang'. XIAO Baohua®, JIA Yanlong', TANG Haiming’

(1. Guizhou Institute of Technology, Guiyang, Guizhou 550003; 2. State Key Laboratory of Environmental
Geochemistry/Institute of Geochemistry, Chinese Academy of Science, Guiyang. Guizhou 550002, China)

Abstract: In order to enhance extraction rate of humic acids(HA) from various soil types, and to
explore whether it is necessary to acidify yellow earth and limestone soil during the extraction process, The
authors compared the HA extracted from yellow earth and limestone soil and that extracted from the
acidified counterparts. Results: There is no need to acidify the soil in advance because there is no effect on
the extraction amount and properties of HA by acidifying the yellow earth. On the contrary, it is necessary
to acidify the limestone soil for extracting HA because acidifying the limestone soil could raise the
extraction rate and change the characteristic of HA. In limestone soil, HA were enveloped by CaCO;
precipitation or reacting with Ca®" to form the calcium humate could be responsible for these results.
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[18-20] R s ’ 1 . ’ s
o , 12 c¢m, 25 kg,
, 100 g , 3
, 1.2
, NaOH 0. 5 mol/
1 L, 1.
1.1 : 2 ,100 g/ ,
, H Y, .Y 2 ,100 g/ ’ L.
1
Table 1 Information of sample sites of yellow earth and limestone soil
(m)
Profile name Sampling site Soil types Latitude and longitude Altitude Topography
GY-Y N26°4027" E 106°4104" 1310
ML-L N25°1825" E 107°5609" 765
90 r/min 24 h ,3500 r/min 10 min,
NaOH (0.5 mol/L) ( 2 ), ,
R Cl™ , ,
i HAY, .HAL, . ( <
6 mjfc = il 1%) o XAD-8
0.1 mol/L KOH +solid KC1 );:zf 0.1 mol/L NaOH ’
pH 7, , ,
6 mol/LHCI 0.1 mol/L NaOH FAY,,FAL,. L,.Y, ,
Loy | | e o | 0.5 mol/L NaOH ,
HCVHF | 6 mol/LHCI pH=7
[wmmss | | mamew | HAL, (HAY, .FAY, .FAL,.
BT R | WA 1.3
[ omm | [ s=m | 1.3.1 Sartorius BT 125D
1 ,
Fig. 1 Extraction and separation scheme for soil HA (105°C 24 h) (
L. Y, L, ’ ( ,750°C 4 h, 575°C 4 h,
) 1 mol/L HCI , pH 1~2, 1.3.2
0.1 mol/L HCI , 1D . s
4mlL:1g, 90 r/min 500 mg/L, 0.1 mol/L, pH
lh , . 2.9 . , 50 mL
. 1 mol/LL. NaOH pH 7, R
, 400 mL 0.5 mol/L NaOH, , s , 0.05 mol/L
90 r/min 4h (3 500 r/min) NaOH s R
R 6 mol/L HCI pH 1. 0.02 mL, pH,
, . pH 11,
o 0.5 mol/L .
NaOH ) . 2) te2] | Glan
400 mL 0.1 mol/L KOH s ( )
KCl [K"] 0.3 mol/L, ( )
0.5h ,10 000 r/min 10 min, ( ) s
s s o ., ApH/Av
6 mol/L. HCI pH 1,3 500 r/min Vv R R
10 min . 400 mL (K, ,K,) R Henderson—
(0.1 mol/L. HCI 0. 3 mol/LL HF) Hasselbalch
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pH = pK, + nlog (At X a + [H" D/ ) 4 em !,
(At[l1—a]—[H'D (D (ATR)™Y,
9At o o N
2
’ . pKa
J[LH] o 2.1
[H" J<< a, [H"] . 2 ; . 13.3%,
Henderson-Hasselbalch 10. 49 . ,
pH = pK,+ nlog a/(1—a) (2) ; C.N.SiO, CaO
1. 3.3 - Agilent , ALO Fe,O, .
Technologies Cary series UV-VIS 2.2
200~800 nm , 465 nm 3 . HAL,
665 nm sl HAL, 2.2
1.3.4 s FAL, FAL, 1.12: 1,
(Bruke VERTEX 70) s .
2
Table 2 Basic chemical property of yellow earth and limestone soil
(%) pH (%) Chemical composition
Sample Moisture
C N SiO, Al O, Fe, O, CaO
name
Yellow earth 13. 30 4,62 411 0.208 8.69 23.92 12. 14 0.22
Limestone soil 2. 81 6.69 5 0. 386 59. 10 14.16 6. 00 2.16
R . HAY, HAY, o
1. 00 ¢ 1. 05, FAY, FAY, 2.3
1.00 : 1. 25, , 2.3.1 2 ,
H ’ S ’
, FAY, FAY, s
FAY, s FAY,
[25-26] y 2 R
o b
/ .
b ~
[2] 3
’ ’ ’ !
- 20 2 6 8
NaOH , T 52 F{AF (mL)
12 Titrant volume
o b b
b
; (
) ( ), D 1 2 3 4
[27] T E AR (mL)
° Titrant volume
’ , . 2
. , , Fig. 2 The curves of titration of fulvic acids and humic acids
b b ’ ’
3 [28] ° D)
Table 3 HA weight in yellow earth and limestone soil N
(mg) (mg) pH.
Sample name Weight Sample name Weight ° Glan C 3) pH (ApH/Av)
HAL, 1643.28 FAL, 13 956. 99 (V) « b,
HAL, 754.79 FAL, 13 768. 4 4
HAY, 686.78 FAY, 8 989. 25 N °
HAY, 722.32 FAY, 18 192.59
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Glan plot for the starting point (left) and Glan plot for the ending point(right) of HAY,

o

’ 21 6
3. 87 mol/kg 7. 67 mol/kg, E«
2.8+ 1 1:1.4, s
b b
, 3.521 mol/kg 0 051 15225 3354 455 556 657 7.5 8
THEFAF (mL)
3. 805 mol/kg ’ Titrant volume
2.25+1 2.40 ¢ 1, HAL,
FAL, .FAL, <
E=
’ 4.611 mol/kg  4.726 mol/ 5
kg, 2.09:1,
0 0.5 1 1.5 2 2.5 3 3.5 4
. Henderson-Hasselbalch TR (ml)
s Titrant volume
4
(PKo s pK.) (o) s () ()
’ ’ Fig. 4 Fulvic acid (up) solution and humic acid (down) so-
lution varied with the titration volume
b
4
Table 4 Content of functional groups and the absorption feature of humic acids and fulvic acids
pH (mol/kg)
Acidy pKai (1) pKas (ny) E4 ¢ E6
Sample name
S N E Ta —COOH —OH
HAY, 4.0 8.1 10.1 3. 879 2.828 1. 051 5.46(1.83) 9.42(1.11) 3.773
HAY, 4.0 8.1 10.1 3.863 2.813 1. 049 5.46(1.95) 9.50(1.02) 3. 844
HAL, 3.9 7.4 10.0 3. 805 2.681 1.124 5.14(1.76) 9.04(1.47) 5.289
HAL, 3.8 7.5 10.0 3.521 2.442 1.078 5.11(1.80) 9.18(1.49) 4,126
FAY, 4.0 6.9 10.1 7.682 3.209 4,473 5.20(1.54) 8.88(1.47) 8.343
FAY, 3.9 7.1 10.0 7.675 3.207 4. 468 5.15(1.76) 9.08(1.05) 8. 459
FAL, 3.8 7.1 9.7 4.611 3.119 1.492 4.89(1.58) 8.55(1.70) 6.556
FAL, 3.8 7.1 9.6 4.726 3.195 1.531 4.86(1.78) 8.38(1.52) 6.373
:S.NLE pH;Ta,-COOH,-OH
s pKar (1) pKaz (nz)

Note: S. N and E denote the humic acid solution pH at the initial point of titration. apparent neutralization point and end point of titration,

respectively; Ta, -COOH and -OH denote the total acidity of humic acid. carboxylic acid and phenolic acidity respectively ; pKa) (1) and pKas

(ny) respectively represent the logarithm of the dissociation equilibrium constant of the acidic functional groups of humic acid and the heteroge-

neous coefficient of the functional groups.
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Fig. 5 The UV-Vis spectra of HA
) [} ) OH ’ C_O ) ,1 250 CH’171
0 ) 1) (C_() ] ()_H )[2: ° 6 —~ 7
[29] o 4 b b b b
, . E4 : E6 R
, , , , FAL,
N ; 1710 cm™* 1250 cm ! s
, E4 : E6 i ,
’ b
b o N
.3.3 ’
:3 500~2 500 cm (
OH )43 000~2 800 cm ' (C-H
),1 710 cm ' (C=0 )51 630 ecm ' (C= [24, 30]
C=0 )+1 400 em ™' ( ’
0.025
2 0015 . = 0.02
2 0.01 FAL, s 20015 PAY,
ol 0.005 § £ 001
= 0 = 20.005
BTy 2500 2000 1500 1000 073500 3000 2500 2000 1500 1000
0.01 YA (em™) 0.03; P (em™)

Wave number

P
o2 FAL, rd
2 £ 0.00 =
= Z =
= 2
=
—0.00: 0
/fiﬁ(( em™) W (em™)
Wave number Wave number
6
Fig. 6 The FT-IR spectra of fulvic acids
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Fig. 7 The FT-IR spectra of humic acids



« 70 Guizhou Agricultural Sciences
21(2): 213-218.
3 [11] LI PING, FENG Xinbin, SHANG Lihai, et al. Hu-
man co-exposure to mercury vapor and methylmercury
’ ’ in artisanal mercury mining areas, Guizhou, China
s [J]. Ecotoxicology and Environmental Safety, 2011,
74(3): 473-479.
’ ’ [12] ZHANG Hua. Health Risk Assessment for Human
; N - Exposure to Mercury, in Impacts of Selenium on the
. . Biogeochemical Cycles of Mercury in Terrestrial Eco-
, i , systems in Mercury Mining Areas[ M. r Berlin Hei-
delberg: Springe, 2014.
’ [13] LI Lu, WANG Feiyue, MENG Bo, et al. Speciation
s s s of methylmercury in rice grown from a mercury min-
, ing area[ ] ]. Environmental Pollution, 2010,158(10) :
’ 3103-3107.
’ ’ [14] QIU Guangle, FENG Xinbin, WANG Shaofeng., et al.
s Mercury distribution and speciation in water and fish
. _ from abandoned Hg mines in Wanshan, Guizhou
province, China[J]. Science of the Total Environ-
° ’ ment, 2009, 407(18): 5162-5168.
s s [15] YANG Yuangen, LIU Conggiang, WU Pan, et al.
s Soil heavy metal accumulation induced by local smel-
ting and its microbial environmental effects in
’ Hezhang county, Guizhou Province[]]. Geochimica
° ’ 2003,32(2): 131-136.
, [16] ; , .
) [yl
,2012,31(1); 7-11.
’ ’ [17] Swift R S. Organic matter characterization, in Meth-
R ods of soil analysis. Part 3. Chemical methods[ M.
Madison: Soil Sci Soc Am, 1996.

[ ] [18] 9 b 9 9

[1] HAYES M H B, Maccarthy P, MALCOLM R L, et 9012.31(2), 241-247 Ly,
al. Humic Substances II: In Search of Structure[ M. [19] ’ h ’ ’ B
New York: John Wiley &. Sons,1989. ’ ’ ’ [J] 2007. 35

[ 2] STEVENSON F J. Humus Chemistry: Genesis, com- (1), 26-32 ' ’ ’
position, reactions[ M]. New York: John Wiley &. r207] ’ . ’ [
Sons, 1994, , 2007,26(6) ; 436-440.

[3] CHIOU C T,KILE D E,BRINTON, et al. A Com- 217 , ]
parison of water solubility enhancements of organic ’ . 2011.30(4) . 465-471 ’
solutes by aquatic humic materials and commercial (227 TAKAMATSU T, YOSHIDA T.-Determir.lation of
:unilgcg(’;mgzgg) E]nZVSIiO?ZH;,ZntHI Science & Technolo- stability-constants of metal humic acid complexes by

MARS ’ : - . H H H H oN-< H S

[4] CHIOU C T, KILE D E.RUTHERFORD D W, et E;’]tC“g(firfgcrifnctclfrjg?g7fgg( o ;‘;ff;gg clectrodes
al. Sorption of selected organic compounds from wa- 237 CHEN Y. SENESI N. Schni‘;zcr M. in[ormation
ter to a peat soil and its humic-acid and humin frac- provided on humic substances by EA-E6 ratios[ ] .
tions: Potential sources of the sorption nonlinearity Soil Science Society of America Journal, 1977, 41
[J]. Environmental Science & Technology, 2000, 34 (2). 352-358 ’ ’
(7): 1254-1258. [24] ’ , ’ , _

[ 5] KORDEL W, DASSENAKIS M, LINTELMANN J, B U] 2014,42(1) .
et al. Pure and Applied Chemistry[J]. 1997,69(7): 5561 ’ ’ ’ ’
1571-1600 - ’ . .

. o . [25] GOH K M, REID M R. Molecular-weight distribu-

(6] LIPing. I,AhN(,’ Xinbin. QIU Guangle, Ct_ a.l. Mercu- tion of soil organic-matter as affected by acid pretreat-
ry 'pollutlon mn Wuchua{l .mercury mmmg area, ment and fractionation into humic and fulvic acids[ J].
Guizhou, Southwestern China; The impacts from Journal of Soil Science, 1975,26(3) ; 207-222
large scale and artisanal mercury mining[ J ]. Environ- (2617 VELTHORST E, NAKKEN*BRAN.[EUER N, M
ment International, 2012,42 59-66. ULDER J. Fractionation of Soil Organic Matter[]].

L7 ’ ’ o International Journal of Environmental Analytical

bl Chemistry, 1999,73(3); 237-251.
» 2003,22(4); 305-309. (277 BOLLAG J] M . STROTZKY G. Soil Biochemistry

L8] Joor [D]. [M]. New York: Marcel Dekker, 1990.

P I g . [28] BARAK P, CHENY N. Equivalent radii of humic

L9] WANG Jianxu. FENG mem’, A,NDERS,()‘\I (/hrl.s— macromolecules from acid-base titration[ J]. Soil Sci-
topher W N, et al. Mercury distribution in the soil- ence. 1992,154(3): 184-195.
plant-air system at the wanshan mercury mining dis- (297 KONONOVA M M Soil organic matter| M]. New
trict in Guizhou, southwest China[J]. Environmental York. i’crgamon,Eh'nsford, 1966 ’
Toxicology and Chemistry, 2011, 30 (12). 2725 [30] ’ ’ [M]. 2
2731. ,2009

[10] s s , )

Lyl . 2001, ( )



