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Table 1 Chemical properties of humic acid and fulvic acid
separated from soil, compost and weathered coal

BB BRE I3
B & pyg | DRENR E ) (oase) | RAE | (neass)
(meq/g) & l:l 81 Phenolic De £ CEC
Sample M7 |rotal acidi ArboXy hydroxyl POl —
ty group group dissociation pHS.02 l pHS.50

o ®

Humic acid

|
Black soil 1 1960 6.44 3.25 3.19 0.50 6.82 3.44
Rt 2
Black soil 2 2550 7.21 4.70 2.51 0.49 6.42 3.58
SRR B ARE )
Albic brown forest 944 6.02 2.75 3.27 0.83 4.59 2.58
soil, albic horizon
890 : 6.20 2.78 3.41 0.53 5.49 2.79

Dark brown forest soil

FRLINGER &)
Laterite (granite) 2200 6.56 3.92 2.63 0.56 5.60 3.10

R 1
Compost 1 985 » 4.18 1.69 2.9 0.63 3.49 1.46
2 €1 A=)
Peat (Beiiing) 2770 8-09 4.36 3.73 0.71 5.90 3.16
R GRIL) _ _
Peat (Zhanjiang) 3600 - 0.48 7.87 | 5.34
RALRGFHED
Weathered coal (Xinjiang) 2200 7.46 4.79 2.67 0.70 5.02 2.78
" B B
Pulvic acid
A2
Black soil 2 1450 8.73 6739 2.33 0.63 7.36 5.14
M mERS)
Laterite (granite) 710 8.64 7.21 1.43 0.745 8.00 | 5.83
FRIM(ZRE)
Laterite (basalt) 675 9.02 7.07 . 1,95 .0.747 7.80 5.56
RALORE)
- Weathered coal 1290 9.92 8.16 1.76 0.48 10.02 ] 6.99
(Gong xian)

B EESE 0.48—0.83 Z[H, BR,A—1WP I HHNRER, KASROBEEYR
NFEEEERNRE, RARFOAER. S ERORSESE —E2R. Ao, LER
LR E BRI B B IROX 0.48, 5B T SRR, i1 B RALAR G M L B R BRI
RN &L 0.83, HEHFZHE,

AL RES R R, S MBS Y S0 pHS.02202 B, ERMEY AN,
EEBAORKRELE 7.36—10.02 BIEYE/7E, RN 3.49—7.87 B R/ ; pH 5.50
WNEERRKEX 5.14—6.99 BRAR/F, FHEBMAKREN 1.46—53¢ BT Y B/
13 MR RERESNTRYR, URERAMREERONIRN, BRFYRSAERER
Ko

— RN WA B R R MRS RESY, B&2 T, THAERN



L KBS, RER-BEAUREENTR 57
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Table 2 Optical density of humic acid and fulvic ‘acid

' ' % G B
F o Optical density
Semple E, E, E,/E,
B & B
Humic acid
x 1
'%mack s0il 1 0.57 0.11 5.28
- - o 2
Black soil 2 0.88 0.23 3.82
BRI £ B |
Albic brown forest soil, albic horizon 0.41 ;0.057 7.20
Dark brown forest soil 0.52 0.10 5.05
RLMGERE) 0.52 10 .
Laterite (granite)
el 1 ‘ ‘
Compost 1 0.22 0.039 5.74
®o®R EE)
Peat (B:ijing) 0.56 0.11 4.99
B B R
Peat (Zhanjiang) 1.11 0.22 5.00
Rt % (hl)
Weathered coal (Xinjiang) 1.10 0.24 4.49
¥ B R
Fulvic acid
R £ 2 ‘
Black soil 2 0.19 0.023 8.51
R o0 0000 .
Laterite (granite)
HaOm(ZRE)
Laterite (basalt) 0.071 0.007 10.70
Rt 8 (AR 1.21 0.22 5.46

Weathered coal (Gong xian)

(2) TERAR- B MHBELH

TR SHNEER-SFE SN REFBEEERB R ERIMERNENR, H
REBTRHRENANRSRGEERARE, BhANEERRENRANARE
%o £ 3IEY, B—MEERERUES FRE . SERERRMERETIRAREITH
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B logK H, BOBRR M ENAEBRAKRIN (ZRE) EERIZRAKX, £/
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EREFEERAMNTRHZERER, PEZ 2 MER, FETRMHBR(RL 28
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%3 RAR-HEZSWVBEEHK (logk)
Table 3 Stability constant (log K) of zinc-humic and fulvic acid complexes
(pH = 5.50, u=0.2, T = 30C)

ARREAMHER logK

BA log K in terms of concentration of humic substances
“™ RENRETHER
# & Coondi nuR/f | EAE/T
- - ndissociate
. Sample natiobn RIF | BAT/H Gram / carboxyl group
number equivalent/L. Gram
(x) g/L. | Grammol/L. equivalent/L.
pH 8.02] pH 5.50] pH 8.02| pH 5.50
8 % B
Humic acid
Black:tsoil . 1.13 | 1.30 5.01 3.72 | 4.08 | 406 | 4.42
thki‘;oﬂ , 2 1.65 | 1.93 7.57 5.5 | 5.98 | 6.04 | 6.46
SEAAZEY 1 SA-E 4= i
Albic brown forest soil, albic horizon 0.84 1.03 3.52 2.99 3.20 3.64 3.85
- |
Dtk brow foresbsil 1.18 1.49 4,95 414 | 449 | 451 | 4.85
¥ o (TERE
B e Coranies 1.11 1.43 5.13 3.92 | 421 | 4.32 | 4.61
Corpast 1 1.27 1.12 4.92 423 | 492 | 477 | s5.27
ﬁpeatx%neii(ii?;!) 1.29 | 1.61 6.05 449 | 484 | 5.18 | 5.53
R (”i‘hmi(iﬁf)) 1.36 | 1.9 6.81 4.83 | s.06 | 5.2 | s.45
R it % (GE) ‘
Weathered coal (Xinjtang) 1.30 | 1.29 5.63 4,28 | 4.61 | 4.95 | 5.29
L] .
Fulvic acid
Black ool 2 2 1.29 129 | 5.37 | 4.04 | 4.22 | 4.56 | 4.73
RLn fogf: 1.05 1.02 4.00 | 3.21 | 3.35 | 3.83 | 3.98
Rau ((’faﬁf)) 0.99 1.00 | 3.80 | 3.00 | 3.24 | 3.68 | 3.83
Rt % AR
Weathored coal (Gomg xian) 1.68 2.63 7.85 | 5.99 | 6.25 | 6.48 | 6.74

B2, BIENERARRE T RAMER, RABRER-H0 lgK BEHIFREE |
F (X3 BRZZERATRERASHERARIE. M% 3B, BERIRELN
R F/FFRRE 13 MR EER- A A WNRER I log K Eh 3.52—7.85, B
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AERACEEERAORIREHRHLAREA S B, EEER-BH lgK HE
3.80—5.37 ZIH, HAGER SRR log K fHTE 4.92—7.57 ZIH, —MF—LMthHgE@mE
EEBATEER, ARLBHB L EERN log K B TRABAREEH. #EH
FERRASE-SR S MORE R RR/N, SERBNEE; 5508 R X E N RS
B-S&SWHNREREUNTRLHSERANE ERZH.

AEFXHPHENGS S RER- L SR (¢) 7 0.84—1.68 5], 5 3tk
HFHY 0.81—1.70 EHAE—F. MWEER-FHML 111 f1:2 B SHE AW,

=00 #

A& BELMNREE S AT, RN RURN RAESEX. £X
R, SEE TR oH MBS FRESHPRBER, Rit, TN, SRER-%
AMNRERNERT LR O TERERAS NS RARRE, RERRERALR
TR T, Pk B B B A S CANMRRY, X EAE AT
BB E%AFH. RARERTS 5% 4 KM EEMR NRNER EHER, B
REBARER-H% S MORERARRRARR, TH BRI S RERS R
A RHREADME . MEEDRERE, HAIITRE(R ), REFH gk 5B
RESBRTX, TEARENRENSRBEEER (P<0.001), ESRBEREmD
MEENNEBEHERX (P=0.01) ETRREENBREL BRME 4 X5, UPES
log K HEBEHMR; EREEIIF (R 5) R, BI5 gk EEX. SAMURE
BHAFERBEHRENER, RRERES, —RINY, S2N0N% SN, KR

¥4 EARK log K SEANMEREIAX

Table 4 Reclationship between log K and some properties of humic substances

HXRY
N# o Correlation % . .*
o. of samples coefficicnt Probability
) (n) () (»
BERENE/AT '
Total acidity (group/l%[ol.) 12 0.6709 <0.02
REMNMY/AT) ‘
Carboxyl group (group/Mol.) 12 0.7586 <0.01
RKBEBENY/ 2T
Undissociated carboxyl group (g)roup/Mol.) 12 0.8005 <0.001
BREB2ENE/ST
Phenolic hydroxyl group (g)roup/Mol.) 12 0.3999 Ns*
pHB.02 R X(1—a
pg.02 pH8.02X(l—a)) (meq/g) 13 0.7446 <0.01
pH5.50 R B X(l—«a
CEC at pHS.SOX(l-a)) (mea/g) B 0.6876 <o.01
BN TR :
Mn 13 0.6258 <0.05
X B 13 0.8028 <0.001
4

* NS——#%RB%E Correlation insignificant.
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NFRE, & AMBRE B, UPFROEREENREBFRERE AN,
B, LR, ELIERARRBENRESN, RERBES U 5& 4K, MEAL
R REHY lg K HERMNBRERMAXREE, SHEARNRBEREBET
£ 0.5—10 ], 38.5% BB RBERERIE 2 UTo MRUNXEHTREH(REE
B/NBRENFEFRORNDER, E5LBETEHARE, AN awHREREER
ETRERPEREANYR, IARS gk ANBRESRERNWELEFE. &
BEY BMRT EFEERE N REAUPREY, HEMNERFENTHRERE
B, & A4 MRS MR R D RETRE (REBH) F2X, i S5HREEERRY
BT Ko
5 RARBRSESRY (log K) [BHIMIER ST

Table 5 Partial correlation of stability constant (log K)
with some properties of humic substances

" x B ¥ RN RERAY " *
Variable No. of samples Partial cqr.rclatlon Probability
(n) coefficient C )
y x, x, (r") |4
log K PR BREAN 12 yr1, 2 —0.1753 NS
2 No. of active H| No. of COOH 12 v, 1) 0.5017 NS
lox K kA bﬁ”ﬁﬁﬁ% 12 yx1, %2 —0.2183 NS
g No. of COOH | o O ~lon 12 yx;, *, 0.7588 <0.01
lox K Nfﬁyﬁfaf HES TR 12 yEi, T2 0.8501 <0.01
i sociated COOH Mn 12 ¥ty 2 ~0.1799 NS
lox K ;‘iﬁfﬁfﬁ_ g E 12 yx1, 0.7889 <0.01.
g sociated COOH E, 12 yr,, 2, 0.4661 NS

Tan Z“ ERFTARBEIRESBHNARESHWE BRSHEANRELR, &
MBS FRIW logK ERTRDFHIH log K {E, ERIINWERRY, BRAE
RALR B BB LRSS TRE N, i log K B, —BES FRAXWEER, H
ERERNEamNRE b, ZENEXAETREKE (R4, BRSO
=9, BAEBNS FREX, M FHRORBERELEE, XENARREENRE
BREEEAWREENREK. AERCREERNS FRE/D, BERBEREHE
%, #3t log K HB K,

Matsuda %5 A" R RER- L AW log K HERARNRELBEA X &
ME IRAXE—EHEN, REABRERRNEER, le X HRKX. RINWERDE
B, R EES lg K HERBEEMX (K1), HE, MY TRSE lgK EHIIX
AL RERSTRE GRS, EXEEEXBEANNREREEORER. X, B
BARE. S TFANSEEEAYNREREZANXR, TERETIFHERERS S TH
R ERENBR R TREAEZFANX R,

W, /&

A TFRHERHERET 13 MEER-FEAWORER K log K:
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L ARRERER-BOREEREAER. ENEFET (HSS, BTERE >
0.2), MBS T/t HN, SWEKR-BK lg K HEIHE 3.5—7.8 ZA,

2. RER-2H lg K EE5RERS FHREENARERERBENEMR,

3. AT RERNOBHS FRURGFRMAEES FHRABREREREREMAR, At
S FRMFUUEELS lgK BRTER.
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STUDY ON THE STABILITY CONSTANTS OF ZINC-HUMIC
ACID COMPLEXES

Zhu Yan-wan and Lu Chang-qing

(Institute of Soil Science, Academia Sinica, Nanjing)

Summary

Stability constants of zine-humic acid complexes separated from soils, compost,
peat and weathered coals were determined by ion exchange equilibrium method. Humie
substances studied varied markedly in average molecular weight, content of carboxyl and
phenolic hydroxyl group, degree of dissociation of carboxyl group and aromaticity. The
results showed that the stability constants of Zn-humic acid complexes varied with the
different origins of the humic substances, with the highest logK of 7.85 for a weathered
coal and the lowest value of 3.52 for the albic horizon of a albic brown forest soil. The
log K was correlated significantly with the content of undissociated (or weakly disso-
ciated) carboxyl group, but not with the content of total carboxyl group or phenolie
hydroxy! group, average molecular weight, or aromaticity of humic substances.



