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Figure 1- Location of sampling points in Guilan provice
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Table 1- Selected Physical and chemical properties of samples studied

5,lowd ailxio PH  cate Iy Josk o o o)
Namber Zone Supsi OC (%) OM (%) Sand (%) Silt (%) Clay (%)
EC(dS/m)
3 el
! (Astaral) 6.16 0.17 3.12 5.38 47 35 18
¥kl
2 (Astara2) 6.33 0.13 2.73 471 61.5 25.3 13.2
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8 (Talesh1) 568 017 663 1143 43 30 27
v il
4 (Talesh2) 5.75 0.15 5.85 10.08 53.5 28.7 17.8
Vretslys)
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Jlbe
7 (Masal) 7.17 0.22 4.68 8.07 27.1 37.9 35
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8 (Siyahkal1) 6.4 0.19 2.73 4.71 61.4 26.8 11.8
v Sal
9 (Siyahkal2) 6.03 0.14 6.24 10.76 35.3 34.8 29.9
¥ JSalew
10 (Siyahkal3) 5.66 0.18 5.07 8.24 44.8 30.7 245
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Table 2- Selected properties of extracted humic acid
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Namber Zone acidity Humification i
(mg/g) (mmol/g) (MmolG) (cmoiigy o oy E4/ES ratio
Vool
1 (Astaral) 8.5 3.50 5.87 9.37 27.30 5.14
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Y Sl
9 (Siyahkal2) 26.9 2.75 2.87 5.62 43.11 4.32
v ek
10 (Siyahkal3) 20.6 3.25 6.12 9.37 40.63 5.01
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Table 3- Pearsons correlation coefficients between soils physico-chemical properties and humic acids properties

SLlogad ¢ h sl lsio Humic acid value 595 K JonSapi S dipdesl 6 SlagidSim] G
Soil Properties COOH Phenolic OH  Total acidity E4/E6 ratio
pH 0.640* 0.647* 0.552* 0.567* 0.829**
o589 colan(EC) -0.349 0.696* -0.199 0.028 0.565*
S s (0C) 0.880** 0.704* 0.662* 0.684* -0.560*
o (Sand) -0.343 -0.454 0.059 -0.050 -0.144
e (Silt) 0.158 0.655* -0.023 0.177 0.306
w (Clay) 0.423 0.317 -0.128 -0.022 0.048

o0 o pd by gxe /o a3 )b Gre w
**Significance at a level of 0.01,* Significance at a level of 0.05



VFeo Cliguod,l — (320,959 ) o)w‘rb..\.lq‘gﬂa’jgiqrﬁd \YA

—®— Humic acid7 vsoagpm o
—&—Humic acid8 Asiesm !
B Humic acid9 s du!

0.35
—— Humic acidl \siaprins!
4% 0.3 S R— —8— Humic acid2 YSoagm il
. _g == e —&— Humic acid3 ¥samin
Y : - — ——— ———— ) 3
% % 0.25 e R e —— B Humic acid4 ¥usasm sl
" £ Ry e R A Humic acids acsieysi
33 0.2 - —— pESESe ol
- = —®—Humic acid6 £ i
T 8 —
45 - 0.15 ,
J 9
W B
- z
25

0.05

—&— Humic acid10 \+ el

T T T T

(esla) ola

Time (hour

S Spagh duwwl 2 oo
Figure 2- Time changes of cop

T T T T T

16 20 24 28 32 36 40 44 48

)

i Ploj Olydi =Y S
per adsorption on soil humic acid

d = all
® 2 ‘ > 0.8709x + 0.3435
. 4 y =1.6355x + 1.2648 = Do /UPR T
r=17 e 3 — ’ ; 1= R -
30 | ¥=17.363x £39.593 = R2=0.9973 4 A R2=0 372:__0
- R*—O.B.i:.‘- E ‘ -,
S 20 7 Pt [e} = ¢ -~
£ S “1 S
2 10 2 g -
() 5 - . 3 »
5 Q)‘" 05 1 .
: L 2
p
-10 (P 0 0
Ln Ce (mglL) 1 2 4 6
log Ce (mg/) Ce (mg/l)

Sod Joo (z gdiigd Jowe (@ 329055Y Jao (I

Saogp dpwl g3 i Glosod (S Jao (il - IS

Figure 3-The fitting of the adsorption models on humic acid A) Langmuir model B) Freundlich model C) Tampkin model
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Table 4- Coefficients of determination and roots of mean squared error for isotherm models used

e ol 29o5Y Ja g3 Jsa nSed Juta
Namber  metals Langmuir Freunlich model =~ Tempkin model
model
r? RMSE r2 RMSE r2 RMSE
1 o (Cu) 0.62 0.27 0.95 0.08 0.85 4.13
w9, (Zn) 0.80 0.81 0.98 0.07 0.79 5.67
2 o (CU) 0.95 2.60 0.88 0.07 0.89 1.58
9, (ZN) 0.89 0.51 0.99 0.06 0.84 5.28
3 o (Cu) 0.99 1.33 0.82 0.18 0.51 5.83
9, (ZN) 0.99 0.34 0.83 0.04 0.86 0.28
4 e (CU) 0.84 0.39 0.90 0.1 0.69 4.19
9, (ZN) 0.87 0.42 0.99 0.02 0.87 4.35
5 o (Cu) 0.87 0.39 0.71 0.07 0.82 2.59
9, (ZN) 0.62 0.54 0.89 0.11 0.87 1.92
6 e (CU) 0.66 1.41 1 0.02 0.81 3.21
9, (ZN) 0.65 0.40 0.87 0.13 0.78 4,94
7 o (CU) 0.81 0.17 0.98 0.40 0.92 1.19
9, (ZN) 0.86 0.6 0.98 0.06 0.77 5.65
8 o (CU) 0.98 0.17 0.89 0.07 0.76 2.93
9, (Zn) 0.80 0.97 0.99 0.04 0.79 4.93
9 e (CU) 0.94 0.62 0.97 0.02 0.69 0.93
<9, 2N 0.90 0.42 0.92 0.06 0.91 1
10 o (Cu) 0.88 0.75 0.95 0.02 0.86 351

<9, (ZN) 0.93 0.22 0.97 0.07 0.88 3.98
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Figure 4- Comparison of mean R2 and RMSE for Copper
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Table 5- Parameters of adsorption isotherm models in studied soils

oyloy  oljl 119055Y Jo

Numbe metals Langmuir model

ENgy8 Je e Je

Freunlich model ~ Tempkin model

r
KL b Kk 1/n K1 K2

1 ome (Cu) 0.01 40.98 2.57 1.08 26.26 13.41
9, (Zn) 0.02 9.80 37.15 1.79 40.62 17.29
2 o (CU) 0.03 27.85 1.77 0.55 5.12 5.22
sy (ZN) 0.01 10.72 30.20 1.73 39.38 16.78
3 o (Cu) 0.05 5.56 5.62 1.10 17.77 7.97
sy (ZN) 0.14 5.17 6.76 0.27 0.83 0.96
4 o (CU) 0.01 11.96 3.39 0.98 16.69 8.08
<9, (ZN) 0.01 14.44 18.19 1.63 39.59 17.36
5 o (Cu) 0.67 19.72 251 0.46 13.58 7.59
s, (ZN) 0.01 1342 3.38 0.97 12.08 6.44
6 o (Cu) 0.10 20.05 1.02 0.76 14.93 8.38
s, (ZN) 0.02 19.08 1.99 1.00 22.85 12.23
7 o-(Cu) 001 5988 148 084 1456 8.2
s, (ZN) 0.01 11.23 27.54 1.68 36.82 15.73
8 o= (Cu) 0.07 13.44 1.58 0.53 5.58 4.82
<9, (Zn) 0.01 8.66 40.73 1.70 345 14.46
9 o= (Cu) 0.10 16.24 1.86 0.35 1.39 1.60
s9y 2N 0.03 7.79 1.04 0.58 4.96 3.39
10 o (Cu) 0.01 32.36 2.95 1.10 23.45 12.11

s»@n) 001 2127

10.00 1.48 35.47 16.25
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Figure 6- Comparison of metals adsorption on humic acid
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Figure 7- Comparison of the mean of the Langmuir adsorption maximum
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Table 6- Pearsons correlation coefficients between certain humic acid properties and maximum absorption of metals

Sagh gl Sluogad
Humic acid properties

o $9
Cu zZn

8 Fog Sl S
(E4/E6 ratio)

Jrwg s
(COOH)

8 S50
(Phenolic OH)

J5
(Total acidity)

-0.555**  -0.779**

0.759** 0.431
0.677**  0.602*

0.741**  0.584*

o]0 pdaw g3 I gime e o /o) i ) > gime i
**Significance at a level of 0.01,* Significance at a level of 0.05
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Figure 8- Comparison of the mean of the Langmuir constant
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Introduction: Copper and zinc are two of the most important microelements affecting plant growth which
can be influenced by many factors. The adsorption processes play a determinative role in solubility of copper
and zinc elements in the soil solution and, therefore, their availability to plants. Organic matter is one of the most
important factor that have an significant role on the absorption and desorption of elements in the soil. These
materials are divided into humic and non-humic groups. Humic substances are divided into three groups of fulvic
acid, humic acid and humic, based on their resistance and solubility in acid and base. Humic acid with a medium
molecular weight and color is soluble into base and insoluble into acid, and has a medium resistance against the
microbial attack. It forms the most important organic part of the soil and is capable to adsorb metals. The
purposes of this study were to extract soil humic acid, study the adsorption of metals on the surface of humic
acid and to determine the metals adsorption coefficients using adsorption isotherm models.

Materials and Methods: Sampling was done from forest areas of northern Iran. Some physical and chemical
properties of the studied soil were determined. Then, the humic acid of the soils was extracted by 0.1 M NaOH
and 6 M HCI, and purified by 0.1M HCI+0.3M HF. Functional group, E4/E6 ratio (Optical density or absorption
of dilute solutions at wavelengths of 465 and 665 nm), and humification index of the extracted humic acid were
measured. Some other properties of the extracted humic acid have also been analyzed. To study the adsorption
isotherms of Zn and Cu in the presence of humic acid, solutions with concentrations of 10, 20, 40, 60 and 80
mg/L of ZnCl; (zinc adsorption testing) and CuSO4 (copper adsorption testing) were prepared, respectively in a
0.01M Ca(NOs), background solution, and added to 250 g of humic acid. The samples were shaken for 12 hours
(based on the time of equilibrium) at pH=5 and 25 °C in incubator shaker, then the samples were centrifuged and
the supernatant was passed through filter paper and measured using atomic adsorption spectrophotometer device.
The difference between initial concentration and final concentration identified the amount of adsorbed element.

Results and Discussion: The results of the acidic functional groups measurement in the humic acid samples
revealed that the most of total acidity (60%) was due to the presence of phenolic groups while the carboxylic
groups were responsible for the remaining (40%). Phenolic groups were abundant in the primary stages of the
decomposition of humic materials. Since the soil used for extracting humic acid was covered with broad leaf
trees and the continuous entry of organic matter into it (the fall of leaves) lasted for many years and due to the
low temperature of the soil in part of the year, it can be said that a significant part of the soil organic matter is in
the primary or middle stages of humification and the phenolic OH groups/carboxylic groups ratio in the humic
acid extracted from them was high. The equilibrium time for adsorption of both metals occured at 12 h to
achieve maximum adsorption level in the presence of humic acid. The obtained experimental data were fitted to
three models of Langmuir, Freundlich, and Tampkin. The accuracy of mentioned models to fit data were
estimated based on the detection coefficient (R?) and the roots of mean square error (RMSE). The results showed
that the Freundlich model with higher detection coefficient and lower roots of mean squared error describes the
adsorption of copper and zinc elements, well. To better compare the adsorption of the elements by humic acid,
Langmuir's b parameter (Expresses maximum adsorption) can be used. The maximum adsorption of copper
(23.04 mg/g) by humic acid was higher than zinc adsorption (13.8 mg/g). This trend is consistent with the
Irving—Williams series of divalent elements: Mn < Fe < Zn < Co < Ni < Cu. It is generally believed that humic
acid is a good complexing agent for many metal ions and its binding to metal ions can improve the adsorption.

Significance differences were tested by a parametric t-test or F statistics in ANOVA (analysis of variance).
There was a significant correlation between the maximum adsorption of metals (b) and the properties of humic
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acid at a probability level of 5%.

Keywords: Adsorption isotherm, Equilibrium time, Extraction of humic acid, Functional group



