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Table 1- Mine wastes Ratio used to apply the
contamination levels

(p S 22 05 o) Sl Tobw 71 ime Olaslis

Contamination levels (mg/kg) ~ Mine wastes(%6)

0 0
500 1.57
1000 3.53
1500 55
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Table 2- Summary of sequential extraction method proposed by Tessier et al (1979) to determine the chemical form of zinc.
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& Volume(ml)
1 Pl JB 1 25 16.2 MgCI2 (1mol/l), pH=7
Exchangeable
2 Carbonatels s 8 5 25 16 NaOAc (1mol/l), pH=5
Fia g oal (slaus] NH,OH.HCI(0.04 mol/l)
3 Iron and Manganese 6 96 16 in HOAC (%25 v: v),
Oxides pH=2
3ml HNO; (0.02 mol/l), 8
4 JI 55 85 16 ml H202 (%30), pH=2, 5
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5 °’\3L_“"3L' 2 130 16 (3:1 v/v) HCI:HNO3
Residual

ol o 5 15 sl IS cde (37) phlSen 5 )5 e,
ErSo il & dag pus (S dhwsy g il p I olge I
e gl 5 Sanpeni siagn oy J Sy 132
ol Oglize cilize S I dlge jd Ial ol oy 1y;
Jsloesbi b Jgloea 25 slb S JT oole 4 ol s 1 cllis
e cadllas ) > il axsly Solite ;b Wles e 3l (6 yii
onilagdly JS5 ) ey 50 g ol a4 Jate sy,
g I ot 4 Cams o] eSS i g a)b L5 ST Sloys
2 5l i iz Sl Slggn 8 3k S S
9 ) Gl @l b oS il b ol 3 () (v ol
1y ol clasgu] (7) Ko 5 yonys 3,b callas (37) oh\San
cbale y g)bpme JpuS &S aib o S ppe (68 slopiinms
Lyl SB Jaloee jd ClaS I3l
Skl S > i glatusTaS 5,8 5)l55 (31) (5
G9y cbale 4 Jgas ledMbl 4 ang b 35,15 (g 51 (g9, (o yiad
L cilie clasls 5 oband G JSS 51 S 2 0 25200
alllas Dyg0 slaSE diged jo LA (g)b me M) K0S,
b 24138 51 oslesdly yut (sla JSb ggooma ise )3 (59, JS 5k
e Lo y> 19162 1553135 1 oxilegdl s 45 ¢ doy> 46/65
JSi 4 LaSLs (g 5l (00l doyd &S 29a5 oo oanliie 239
Lld jl g s (uyaws BB olS (glyy (550 () 5 Coul sslesly
5L Lol S e 3] (slallane Can; bawsxa g sl g1y (5541
OhSu 5 A0lE e 55 89y 5 doyd AT dgus b oS iy dv g

oo (46) ohlSen 5 it g (16) ple S 5 6 b5 3l
Ogtde bl e A JSS 0lasdly S8 w9y Sl S
S S w8 ol (16) plers 5 g6 5 (30) oliSen
S 4 (55 295 &) lp 9y o> L lerd sladS
sl obj cwdl W o @pll bl s e LS

5 Cogb cl 203 B a8 U gy, Sl lp Sl
@9 5 ) Logae (Sl slacsls w38 oo 35 (33) zmasslsy

aly SB gy cud B Sal ly; Siun pib oy JB

S bas o8 coMe b alS s

Il 3lse o o Sloj 60,5 ol s (13) Sem 5 55808
Lacln S il of (o pimw 53 30 ¢ ol laswsT g
bl Ols 28T gl oo oS Qo Ay oo

ol b il o8 (onp 2350 GBSE > T Slse wo
2l 69y 3l @YU dop (SB Sagll YU o )3 g
OhlSen 5 L5 Sy 5 (40) (iSen 5 St 285 )15 s

(I olse b 4Bl S g, 92 o e a5 W28 )15 BT)

g e 4 SB s ke Jlde (3 ol g opdle
Al e by se SB o) oIS &S ol clans]
Camd (89 5SS SB Jolgo coanl (19) o s 5l

55 e nj el oS e diile 505 (636 sl (1958 @
9 3l oml S 5B Gl 0 4 s I 3lse b sy,

Bl S abwy 4 5y SIS 5 JTolse o)l
)l dgmg o)l pl o alad d8le 5wl ond &)l Lablie



1329

w039l GBS 51 (B 31 50 s Sy &1 59 (o2l SLOUSE @ 595

S sty conld iy (n) 45 3,8 )8 okileBl 1 ggenne

20 Olagls g anlllas 3)90 SBSB G S il (&2 -3 Uy
Table 3- Some characteristics of studied soils and mineral wastes

8 SK 2yl
N3 .
N T Soil number
Yy o
Q . .
3 g Slals
i’g S 1 2 3 4 5 6 7 8 9 10
S Mine
@ wastes
- 7.49 7.31 7.42 7.15 7.59 7.53 7.39 7.20 7.53 7.59 7.42
CEC 12.89 9.36 5.99 9.36 8.83 8.47 8.65 12.19 1166 12.36 2.03
(Cmol/Kg)
OC (%) 0.47 0.39 0.47 0.43 0.40 0.51 0.51 0.40 0.40 0.43 0.02
0,
Sand (%) 20.60 30.00 38.00 30.60 42.60 29.00 32.60  58.60 8.60 34,60 74.60
Clay (%) 29.04 28.00 28.00 21.04 '3.04 Y3.00 29.04 17.04 47.04 21.04 9.04
Silt (%) 50.36 42.00 34.00 48.36  44.36 48.00 38.36 24.36 44.36 44.36 16.63
clay clay clay clay sandy silty sandy
Texture loam loam loam Loam  Loam  Loam loam loam clay Loam loam
EC (ds/m) 1.05 4.56 7.98 1046 1351 1.73 491 8.01 10.09  3.68 7.97
ca®* (meg/l) 6.90 6.90 35.50 55.00 50.00 10.25 32.00 34.00 33.00 38.00 38.20
2+
(rlrgqll) 1.60 12.50 20.00 2650 25.00 475 17.00 Y9.00 28,50 23.00 24.60
4
(n']\;”) 0.68 3.45 1880 16.86 56.56 1.63 1.42 17.41 38.32 68.36 7.98
K*(meg/l) 0.16 0.73 0.99 5.97 3.16 0.35 0.54 131 1.69 2.01 1.47
CI" (meg/1) 2.00 15.20 26.80 40.80 129.00 1.20 9.20 45.60 70.40 24.80 16.60
(Fr:SaS/gl) 2.30 3.00 2.80 4.40 1.50 2.90 2.40 3.90 1.70 2.60 2.80
CO; (meg/l) 0.20 0.40 0.80 0.4 0.2 0.2 0.40 0.60 0.20 0.40 0.40
CaCO,
(meg/l) 10.21 9.85 3.88 10.18 9.98 10.24 9.89 10.18 10.14 10.23 8.71
SO, (meg/l) 6.24 27.59 44.88 58.73 3.80 12.68 38.00  30.00 29.60 357 53.78
ZnDIPA 470 073 08 074 079 073 074 090 076 069 -
(mg/kg)
Zn total 7219 10000 11656 11188 8219 80.31 93.19 75.00 100.31 25500
(mg/km) 95.63
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Table 4- The concentration of zinc chemical forms in different soil samples

s P ) »
oy sy Exchangeable oS .S S awledly sxiladly  Olesdl
S 5o/ Carbonate Oxides Organic  Residual Non Residual
Zinc Residual
Fractions g g 2o 1D
Number of P IS 2 05 o "
soil mg/kg 0
1 1.75f 133.45 de 20.69d 121.02b 540.03 bcde 33.89 66.11
2 1.89 ef 111.70d 27.82 bc 108.02 cd 533.50 cde 3151 67.39
3 1.97 de 164.90 b 103.96 a 141.93 a 472.00 f 46.65 53.35
4 1.90 ef 131.01¢ 31.26 b 117.81 bc 550.50 bed 33.87 66.13
5 2.64a 107.67d 7.28¢ 94.81d 568.97 abc 27.18 72.82
6 2.09 cd 130.82 ¢ 22.13 cd 119.82 be 501.69 def 35.39 64.61
7 2.29b 183.24a 30.39 be 98.32 de 49491 ef 38.84 61.17
8 2.30b 9.56¢€ 8.72¢ 89 97 ef 610.59 a 24.38 75.62
9 2.20bc 161.58 b 9.22¢ 86.03 ef 506.44 def 33.84 66.16
10 1.96 de 119.25d 9.13¢ 80.91f 587.16 ab 26.46 73.54
WSS 53 (59, otlonsd SIS 52 (59, (29T ilioo Zghans ;31 -5 Sy
Table 5- Effect of different levels of zinc contamination on Zn chemical forms in soils
. 2] gbawsT .
tloosd SIS OF SR pe
(o Y b SleS | e J el sxile,dl sailogdly ool
e fi Exchangeable ~ Carbonate ronan Organic Residual Residual
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Introduction: Zinc is one of the essential micronutrients for plants, mining and industrial activities leading
to pollution of heavy metals, including zinc metal contamination in soils. In addition to the total concentration,
knowledge of the Zinc fractions is necessary to assess the mobility of zinc in the soils. One of the sequential
extraction methods is Tessier method. sequential extraction with plant cultivation simultaneously, is the
appropriate approach for assessing the mobility of toxic metals. Therefore this study was conducted to evaluate
the chemical forms and determine their relationship to the physical and chemical properties of soils in some
fields under cultivation in Khorasan Razavi province.

Materials and Methods: The experiment was conducted in a completely randomized design with factorial
arrangement includes 4 levels of contamination (0, 500, 1000 and 1500 (mg/kg)) and 10 soil types from different
regions of Khorasan Razavi province of 0-30 cm depth in the range of electrical conductivity 1 up to 15 ds/m,
with three replications at Research greenhouses of Ferdowsi University of Mashhad. An example of mining
waste was prepared as a source of pollution. The soil samples were kept at field capacity moisture for 6 months.
Then air-dried soil samples were used for planting borage and determine the Zinc fractions. Then soil samples
were air dried and used for planting borage and determining the Zinc fractions. Texture, cation exchange
capacity, organic carbon, electrical conductivity, pH and Available phosphorus and potassium were measured in
the saturation extract. DTPA-extractable Zinc was measured by atomic absorption spectrometry. Borage was
planted in greenhouses in 3 kg pots with three replications. During flowering, the plants were harvested and dry
digestion method was used to measure the concentration of Zinc. Chemical forms and Pseudo total concentration
of zinc in the samples were determined using Tessier and digestion by HCI and HNO3 acids (3:1) methods
respectively. The concentration of the extracts was measured by atomic absorption spectrometry. Statistical
analysis was done using Minitab and Excel softwares.

Results and Discussion: Chemical Forms Average of zinc in soils was as follows:

Exchangeable < iron and manganese oxides < organic < carbonate < residual

Despite the low percentage of organic matter in these soils, in high levels of Zinc contamination a large
amount of zinc was saved. Lack of organic Zinc, in addition to the low amount of organic matter soil is related to
the dominance of iron oxides. In high levels of soil contamination, increased concentrations of zinc in all
fractions, especially organic and carbonate which leads to an increase in the availability of zinc, is a serious
threat to environment. The amount of exchangeable zinc was insignificant. Also the exchangeable, forms a small
part of total amount of metal in the soils. The correlation between the chemical forms with each other and with
the pseudo total, absorbed by plant roots and shoots and extracted with DTPA together, was significant. Absence
of correlation between the exchangeable and iron and manganese oxides is probably indicative of the fact that
the main supplier of soluble and exchangeable zinc normally after carbonates are iron and manganese oxides,
that have little role in these soils. There is a significant positive correlation between different fractions of zinc
with each other and this indicate a dynamic relationship between the zinc chemical forms in the soil. Correlation
coefficients between plant available and chemical forms of zinc showed that plant available zinc derived from all
fractions. A higher correlation coefficient between the plant available with carbonate and organic zinc was
obtained, which indicates that carbonate and organic are the major suppliers for available plants zinc.

Conclusion: In this study, the residual, carbonate and organic fractions are dominant form of zinc in soils,
respectively. With increasing level of contamination, percentage of residual zinc decreased and percentage of
other fractions increased, particularly organic and carbonate. Increasing the availability of zinc, is a threat to the
environment. There is a high correlation coefficient between different fractions of Zinc with each other and with
the pseudo total, amount of plant and available plant zinc showed that there is a dynamic relationship in the soil
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systems. There is a higher correlation coefficient between the available zinc and carbonate and organic fractions
of soils, which indicate available plant zinc, are mainly derived from carbonate and organic fractions.
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