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ABSTRACT

The present study aimed to investigated the assessed total content
of Arsenics, Ba, Pb, Rb, Sn, Sr, U and V in serpentinitic soils and rocks
that wide spread over Penjwin and Mawat area in Sulaymaniyah
governorate/ Kurdistan region of Irag. This research was carried out
during the seasons of 2018-2019 in seven pedons (1, 2 and 3 from
Penjwin area, 4,5, 6, and 7 from Mawat area) that chosen according to
the variation in chemical composition of the parent materials that soil
developed. The pedons of Penjwin area were classified as Inceptisols,
while the pedons from Mawat area were classified as Mollisols. The
results showed that the total selected metals concentration of soils in all
pedons were varied, and the total contents of heavy metal in the soil
samples decreased in the order of V > Sr > Ba > Rb > Pb > As >Sn > U.
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Region, Iraq The total concentration of As, Ba, Pb, Rb, Sn, Sr, U and V in soils were
ranged between (< 0.2 to 11.8, 20 to 310, 1.3t0 22.7,3.2t0 71.4, 0.2 to
4.1, 69.1 to 179.0, 0.1 to 1.9 and 88 to 277 mg kg-1) respectively. In
addition, V contents in these soils were higher in compared to the other
KEY WORDS: studied elements, with considerable variation between pedons on
Serpentine soil, rocks, Heavy different landscapes, which reflected the serpentinitic differences and
metals. degrees in chemical weathering of the associative serpentinitic rocks.

Total concentration of studied metals in rocks from both areas were

varied and these values ranged between (<5 to 6.0, <10 to 10, 6 to 37.3,
ARTICLE HISTORY::

0.2t0 1.2, <0.2 to 17.3, 5.2 to 137, <0.1 to 0.4 and 15 to 206 mg kg-1)
for As, Ba, Pb, Rb, Sn, Sr, U and V respectively.
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INTRODUCTION

Metamorphic or igneous rocks that containing less than 45% silica (SiO2) and characterized
by high contents of Mg, Fe, Ni, Cr and Co with low contents of Ca and K are refers to ultramafic
rocks (Susaya et al., 2010). Nearly 1% of the surface of the Earth cover by ultramafic rocks, that
generally found in ophiolite belts along tectonic plate margins (Garnier et al., 2009; Lee et al.,
2001). The weathering processes of ultramafic rocks (Metamorphic process), which also known as
“serpentinezation” involving hydrothermal processes in which low-silica mafic and ultramafic rocks
are oxidized (anaerobic oxidation of Fe2+ by the protons of water) and hydrolyzed with water at
low temperature (300-600 °C) serpentinite formed (Page et al., 1999). Serpentinite (metamorphic
rock) group has a general formula (Mg, Mn, Fe, Co, Ni)3—xSi0205(0OH)4 (Bayliss, 1981).
Serpentinites contain one or more serpentine group minerals such as lizardite (Mg3Si205(0OH)4),
chrysotile (Mg3Si205(0OH)4) and antigorite (Mg, Fe2+)3Si205(0OH)4) (O’Handley, 1996, Oze et
al., 2004, Oze et al., 2004Db).

* Corresponding author: E-mail: bayan.rahim@univsul.edu.ig
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The originated of heavy metals are from two major sources weathering of ultramafic rocks
(natural geaochemical processes) and anthropogenic activities (human activity) (Lazaro et al.,
2006). Human activities such as metalliferous mining and smelting, metallurgical industries, huge
use of fertilizers and soil amendments in agricultural production, and municipal /solid wastes
municipal /solid wastes discharge to the land are the main source for the soil contamination by
heavy metal in the soils (Alloway, 1995; Adriano, 2001).

Serpentinitic soils are a generic term used to describe any soil derived from an ultramafic
rock (peridotite and pyroxenite) or serpentinite (metamorphosed ultramafic rock) (Harrison and
Rajakaruna, 2011; Aksoy et al.,2015), these soils have red, green, blue, or black colors, depending
on their chemical compositions (Kazakou et al., 2008; Kierczak et al., 2016). High geochemical
background of TMs displays in Ultramafic environments due to the weathering of minerals (Amir
and Pineau, 2003; Quantin et al., 2002). The distribution of TMs along with the soil profile
primarily depends on the weathering portability of their initial host minerals, besides climatic
conditions (i.e., rainfall, humidity, snowfall, and temperature) influence the soil forming processes
(Caillaud et al., 2009). Many geochemical studies have shown that TM concentrations in ultramafic
soils are remarkably higher than that of non-ultramafic soils. serpentinitic soils chemistry are
broadly characterized by: (1) high concentrations of potentially biologically toxic elements such as
Cr, Ni, Fe, Mn, Co, and Cd (Amir and Pineau, 2003; Quantin et al., 2002), (2) low concentrations of
plant nutrients such as N, P, and K, (Burt et al., 2001), (3) Unique flora and physical properties
(Brooks, 1987; Kruckeberg, 1991) (4) low Ca/Mg quotients (Burt et al., 2003, Oze et al., 2008).

Serpentinitic Iraq located in the west and northwest of the country, near the borders of Iraq
and Turkey, respectively which cover about 1, 648,000 km2, Penjwin and Mawat ultramafic rock
bodies represented the two common serpentine area from five areas in Iraq that selected for this
study (Mohammad,2008). The aims of this study are to investigate the levels of eight heavy metal in
rocks and serpentinitic soils and their distribution through the soil horizons from two climatically
areas (Penjwin and Mawat).

MATERIALS AND METHODS

Study area and sampling locations: The serpentine area was located in two locations of
serpentinite soils were selected, Penjwin town, which is located 60 km east of Sulaymaniyah city, and Mawat
town that is, located 25 km north east of Sulaymaniyah city, this is an area of serpentine soils in lIrag.
Annual rainfall in the studied area ranged 800-1000 mm for Penjwin area, and 250-350 mm for Mawat area
and the rainfall was between October and May, there is no rainfall during the summer (Table 1). Seven soil
pedons were chosen 3 in Penjwin area and 4 pedons in Mawat area (Figure 1). All Pedons were
morphologically described according to (Kassim et al., 2013).

Table (1): Location, elevation and classification of the soil pedons

. . Profile . . . Soil
Profile Location Number Latitude (North) | Longitude (East) | Elevation (m) classification
o 1 n o 1 " TypiC
Mlakawa P1 35° 35'58 45° 54' 59.8 1306 Haploxerepts
village, P2 35°35'50.3" | 45°54'54.9" 1300 xeric
Penjwin Haplocambids
District, P3 35°35'41.7" | 45°54'555" 1229 Xeric
Haplocambids
Betwata village, o fm " o e " Typic
Mawat District, Pa 35°47'9.46 45°29'16.24 1173 Calcixerolls
Kunjiren Tvpic
village, P5 35°48'53.8" | 45°29 453" 1080 Ha Iggerolls
Mawat District, P
Kura dawia P6 35°50'9.74" | 45°29' 47.9" 1228 Typic
village ' ' Haploxerolls
Mawat District, p7 35°49° 56.5" | 45°29'53.61" 1173 Typic
Haploxerolls
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Figure (1): Location of studied areas

Soil sampling and pre-treatments

34 soil samples were taken representing different horizons of each pedon in June 2019. Soils
samples were collected from each horizon sealed in a clean polyethylene bag, and brought to the
laboratory. All samples after drying were mechanically grounded and passed through a 2-mm
stainless steel screen. Wet digestion method was used for digestion of the soil samples. 1.00 g of
each of the air-dried, ground, and sieved soil samples was accurately weighted into a glass beaker
and concentrated HNOs; (9 ml) solution was added and heated at 150 °C for about 3 h, then
concentrated HCIO4 (3 ml) was added and digestion was continued by evaporation to dryness. After
that (3 ml) of concentrated HCI and heated at 150 °C for 15 minutes. Finally, the sample was
transferred to a 50 mL volumetric flask and diluted up to the mark with double distilled water. The
obtained suspension was filtered through filter paper Whatman No.42, and diluted to 100 ml with 0.5
mol L* HNOs, and stored in bottles at 4 © C for element analysis, then analyzed by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS). (Margesin and Schinner, 2005).
RESULTS AND DISCUSSION

The all studied serpentine soils in both areas Penjwin and Mawat were characterized by
elevated levels of heavy metals that show typical properties of ultramafic environments. Table (2)
shows the total concentration of elements As, Ba Pb, Rb, Sn, Sr, U, and V in soil horizons, and the
elements contain were vary in soils for both Penjwin and Mawat areas. The highest concentrations of
V, Sr and Ba were found in all studied soils while, the As, Pb and Rb contained were normal. But
very low concentrations of Sn and U were observed for both areas. The most abundant metal
followed by: V>Ba>Sr>Rb>Pb>As>Sn>U, the total mean was 375.71, 240.57, 210.21, 49.44, 16.62,
8.59, 2.32, 1.53 respectively.

The soils content of As in all different horizons were lower than the studied elements
excepted Sn and U. the As values in all studied soils ranged from <0.2 to 11.8 mg kg* (Table 2). The
As contained in soils from Penjwin area were higher than soils from Mawat area (Fig.2). The As
content in different horizons from Mlakawa (Penjwin area) pedons (1- 3) were ranged from 11.8 to
2.3 mg kg?! and generally these values showed variation in distribution through horizons. It
decreased with increasing depth for pedon 1, but the contrast noticed with pedon 2, while the
irregular distribution was happened in pedon 3 (Fig. 3, 4, and 5). In Mawat area pedons (4, 5, 6 and
7) the total concentration of As in soil horizons ranged from <0.2 to 8.4 mg kg™. Irregular As
distribution in these soils through all horizons were recorded (Fig. 6, 7, 8 and 9). The Widely
variation of As concentration in soil may be due to the variation in initial concentration in
(background) in parent material, natural geochemical cycles and soil type (Diez et al. 2007).
Kanellopoulos, et all., (2015) obtained similar results when studying the levels of As in the
serpentinitic soils of the Atlantic region and Greece. The average levels of As in the surface layer
were (11 mg kg™), indicating that they were slightly higher than the permissible limit compared to
Greek soil and European soil which is (7 mg kg™).
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Table (2): Total concentration of some heavy metals in the studied soils

Total concentration (mg kg™)
Pedon

Name | Pedon No. Rﬂ?h Horizon | As | Ba Pb | Rb | sn Sr U v
0-10 Al | 32 | 120 | 125 | 183 | 09 | 891 | 0.9 | 245

1028 | A2 | 32| 8 | 64 | 103 | 1.0 | 1150 | 0.7 | 266

. 2844 | C1 | 27 | 80 | 51 | 94 | 1.1 | 917 | 06 | 275

4470 | C2 | 26 | 80 | 50 | 79 | 0.9 | 1045 | 0.6 | 255

7082 | C3 | 23| 80 | 41 | 83 | 0.8 | 1380 | 04 | 272

8295 | C4 | 37 | 90 | 64 | 79 | 1.0 | 1130 | 0.8 | 243

z 0-20 Ap | 43 | 160 | 104 | 293 | 10 | 857 | 0.9 | 257
= 2035 | A2 | 93 | 260 | 146 | 243 | 41 | 998 | 15 | 277
3 2 35-50 B | 111 | 280 | 16.1 | 51.3 | 2.0 | 1050 | 1.8 | 261
L 5070 | C1 | 106 | 250 | 142 | 322 | 1.8 | 955 | 1.5 | 183
70-82 | C2 | 118 310 | 227 | 59.1 | 2.3 | 111.0 | 1.9 | 213

0-18 Ap | 39 | 130 | 9.8 | 359 | 0.9 | 993 | 0.8 | 183

1829 | A2 | 43 | 130 | 88 | 404 | 1.0 | 851 | 09 | 186

3 2943 | C1 | 34 | 120 | 76 | 326 | 1.0 | 803 | 0.8 | 189

4359 | C2 | 34 | 100 | 59 | 262 | 0.7 | 69.1 | 0.7 | 181

5970 | C3 | 24 | 90 | 90 | 222 | 1.1 | 702 | 06 | 195

Ag’ﬂeg:ge 9.67 | 277.65 | 18.66 | 48.89 | 2.55 | 182.62 | 1.81 | 433.06
0-15 Ap | 67 | 190 | 120 | 497 | 14 | 1410 | 1.4 | 107

1526 | Al | 84 | 140 | 95 | 412 | 1.4 | 1790 | 1.2 | 92

4 2653 | Bl | 7.2 | 130 | 119 | 387 | 1.3 | 1260 | 1.0 | 88

5369 | C1 | 7.1 | 220 | 141 | 55.1 | 1.4 | 1220 | 1.3 | 117

6990 | C2 | 68 | 200 | 139 | 714 | 1.6 | 1050 | 1.5 | 118

0-23 Ap | 30 | 150 | 125 | 287 | 1.7 | 1290 | 0.8 | 141

5 23-40 A 39 | 150 | 90 | 30.7 | 1.7 | 1285 | 0.7 | 167

- 40-65 B 36 | 150 | 89 | 311 | 1.7 | 1265 | 0.8 | 152
g 65-100 | C1 | 33 | 140 | 84 | 289 | 1.4 | 1360 | 0.7 | 145
< 0-20 Al | 05| 40 | 71 | 82 | 1.2 | 1485 | 0.2 | 246
= 6 2042 | A2 | 04 | 40 | 52 | 77 | 07 | 1575 | 02 | 237
42-66 B 14 | 40 | 38 | 101 | 1.1 | 1315 | 03 | 238

66-100 | C 10 | 40 | 34 | 102 | 08 | 1230 | 03 | 220

0-20 Al | 1.8 | 110 | 68 | 189 | 0.7 | 808 | 0.6 | 170

2043 | A2 | <02| 20 | 15 | 32 | 03| 793 | 01 | 173

7 4368 | Bl | 02 | 20 | 13 | 43 | 02 | 727 | 01 | 159

6890 | C1 | <02| 30 | 15 | 58 | 02 | 708 | 01 | 161

90-120 | C2 <5 | 40 | 15 | 57 | 02 | 693 | 01 | 163
Average Mean ca 10474 10004790 200127383 | 1.20 | 304.632

Average content mg kg-1
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Figure (2): Average content of elements in studied areas
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According to the literature, the mean values of As in natural soils range between 0.1 and 80
mg kg worldwide (Bohn et al. 2001; KabataPendias and Mukherjee 2007). Generally, the
concentration level of As in studied soil were lower than permissible (15-20 mg kg™?) (Kabata-
Pendias and Sadurski 2004, KabataPendias, 2011).

High content of total Ba was found in all pedons, these values range from 20 to 310 mg kg
(Table 2). The Ba contained in soils from Penjwin area were higher than soils from Mawat area
Figure (2). Total concentration of Ba in different soil horizons in Penjwin area ranged from 80 in
pedon 1 to 310 mg kg™ in pedon 2. The highest value was concentrated in upper horizon for pedon
1 and 3, but the opposite happened with pedons 2 where high values were found in deeper horizons
Figures (3, 4, and 5). The highest total Ba concentration were found in pedon 2, ranged from 160
mg kgt at Ap horizon to 310 mg kg* at C2 horizon, while the lowest Ba concentration were found
in pedon 1 ranged from 80 mg kg* at A2, C1, C2, and C3 horizons to 120 mg kg* at A1 horizon.
Similar amount and distribution of Ba were found in horizons of Mawat area and value ranged from
20 to 220 mg kg™. The concentration and distribution of Ba was equal or identical in all horizons of
the soil, especially in pedons 5 and 6, while irregular distribution in soil horizons were noted in
pedon 4 and 7 (Fig.6, 7, 8 and 9). The highest total Ba levels were found in soils from pedon 4, and
the value ranged from 130 mg kg? at B1 horizon to 220 mg kg at C1 horizon, while the low
contents were found in pedon 7 and ranged from 20 mg kg™ at both A2 and B1 horizon to 110 mg
kg at Al horizon. In general, the Ba content in studied soils was relatively low compared to the
values observed in non-serpentine soils and considered as non-toxic according to (Kabata-Pendias,
2011) which mentioned that the Trigger Action Value (TAV) for Ba in most world agriculture soils
are (400-600) mg kg™

The total concentration of Pb was ranged from 1.3 to 22.7 mg kg™X. The Pb contained in soils
from Penjwin area were slightly higher than soils from Mawat area Figure (2). The Pb content in
different horizons from Mlakawa (Penjwin area) pedons were ranged from 4.1 to 22.7 mg kg, and
generally these values were slightly decreased with the depth in pedon 1 and 3 approximately, while
these values increased with depth in pedon 2 (Fig. 3, 4, and 5). The highest Pb values were found in
pedon 2 and ranged from 10.4 mg kg* at

the Ap horizon to 22.7 mg kg* at the lower C3 horizon, while the total Pb content of the
other two profiles (1, 3) was nearly similar and ranged from 4.1 to 12.5 mg kg* and 5.9 to 9.8 mg
kg for pedon 1 and 3 respectively. In Mawat area the total concentration of Pb in soil horizons
pedons (4, 5, 6 and 7), which ranged from 1.3 to 14.1 mg kg and generally these values were
decreased with increasing soil depth except pedons 4 were values increased with increasing soil
depth Figures (6, 7, 8 and 9). The highest values were found for soils from pedon 4, ranged from 9.5
mg kg* at the upper horizon (horizon Al) to 14.1 mg kg at the lower C1 horizon, while the lowest
values were found in Pedon 7, ranged from 1.3 mg kg™ at horizon B1 to 6.8 mg kg™ at upper
horizon Al. Pb concentrations in analyzed serpentine soil samples fall within the low soils, as
(Kabata-Pendias, 2011) reported that the Maximum Allowable Concentrations for Pb in agriculture
soils range 20-300 to 30-500 mg kg™. these results were in agreement with the results found by
(Kanellopoulos et al., 2015; Salihaj et al., 2016).

The total concentration of Rb in all studied soils was ranged from 3.2 to 71.4 mg kg . The
similar contained and distribution of Rb was record in both area figure (2). The Rb content in all
horizons from Mlakawa (Penjwin area) showed irregular distribution. High values contents were
observed in both 2 and 3 horizons while low values content was observed in pedon 1 Figures (3, 4
and 5). The concentration of Rb in the lower horizons of pedon 2 was higher than the upper
horizons, while the contras appeared in the pedon 3 High concentration of Rb was found in pedon 2
ranged from 24.3 mg kg * at A2 horizon and 59.1 mg kg * at C2 horizon, while low content of
Rb found in pedon 1, ranged from 7.9 mg kg " at C2 and C4 horizon to 18.3 mg kg ** at A1 horizon.
In Mawat area high contents of Rb were observed in both 4 and 5 pedons, in contrast in pedons 6
and 7 the Rb contents was low. The Rb concentrations in Mawat area ranged from 3.2 mg kg * to
71.4 mg kg ! (Figures. 6, 7, 8 and 9). The highest content recorded in pedon 4 ranged from 38.7 to

124



Rahim and Neima / Tikrit Journal for Agricultural Sciences (2022) 22 (2): 120-131

71.4 mg kg ! at B1 and C2 horizon respectively. The lowest Rb content was observed in pedon 7,
ranged from 3.2 mg kg™ to 18.9 mg kg™ at A2 and A1 horizons respectively. The content of Rb in
soils is largely inherited from the parent rocks, as is indicated by the highest mean Rb content, 100—
120 mg/kg, in soils over granites and gneisses. (Kabata-Pendias, 2011). Also soils of heavy texture
content relatively high amounts of Rb. The data generally indicated progressive decreases in clay
content with soil depth proportionally with increasing in sand fractions except the (Profile 1) were
progressive increases in clay content with soil depth. The texture classes were ranged from sandy
loam to clay.

Total amount of Sn contents in all studied pedons were much lower than the concentration
of other studied elements excepted U element, and the results in Table (2) showed slightly
increasing in Sn concentration with soil depth for soils horizons in pedon 2 while the same
distribution nearly for soils horizons from pedons 1 and 3 from Mlakawa (Penjwin area) and total
Sn content were ranged from 0.7 to 4.1 mg kg 1. High concentrations were found in pedon 2,
ranged from 1.0 mg kg " at AP horizon to 4.1 mg kg ** at A2 horizon, while low concentrations
were found in both pedons 1 and 3, (Fig. 3, 4 and 5). The same amount and distribution of Sn
through soil profile was found in pedons from Mawat area, ranged from 0.2 to 1.7 mg kg . The
highest concentrations were found in pedon 5, ranged from 1.4 to 1.7 mg kg *, while low
concentrations were found in pedon 7, ranged from 0.2 to 0.7 mg kg * (Fig. 6, 7, 8 and 9). Trigger
Action Value (TAV) for Sn in agriculture soils range 35-50 mg kg . The range level of Sn in all
studied soils were within the values observed in non-serpentine soils and considered as non-toxic
according to Kabata-Pendias, 2011 mentioned that the abundance of Sn in soils averages 2.5 mg kg
1 and it is distributed rather uniformly in soil groups, within the range of <0.1-5, being a bit
elevated in Cambisols and Histosols.

The amount of Sr contents in all studied pedons were high like Ba and V. The amount of
total Sr and distribution through soil profile from Mawat area was higher than soils from Penjwin
area for all pedons approximately (Figure 2). In Penjwin area the values ranged from 69.1 to 138.0
mg kg * (Table 2). The results showed slightly increasing in Sr concentration with soil depth
(pedon 2), but irregular distribution was noticed in pedon 1 while, the Sr content was slightly
decreasing with soil depth for pedon 3 (Fig.3, 4 and 5). The highest concentrations were found in
pedon land the value ranged from 89.1 mg kg at Al horizon to 138.0 mg kg -1 at C3 horizon,
while low concentrations were found in pedon 3, ranged from 69.1 mg kg™ at C2 horizon to 99.3
mg kg * at Ap horizon.

High concentrations of Sr in all pedons from Mawat area were found excepted pedon?,
pedon 4 recorded high content ranged from 105.0 to 179.0 mg kg* at horizons C2 and Al
respectively, while low concentrations were found in pedon 7, ranged from 69.3 to 80.8 mg kg™ at
C2 and A1l horizons respectively (Figures. 6, 7, 8 and 9). These values are highest than the values
that found by (Kanellopoulos et al., 2015 (73 to 86 mg kg™) when they studied Sr distribution in
serpentine soils of the Atlantic region and Greece. Also, the same results approximately (60 mg kg
1y were found by (Romero-Freire et all., 2018) in serpentine soil in Spain. Worldwide reported
background Sr contents of soils ranges from 130 to 240 mg kg, (Kabata-Pendias, 2011).

The lowest concentration of U was found in all studied pedons compared with all previous
studied elements (Pb, Ba, As, V, Rb, Sr, and Sn). The U contained in soils from Penjwin area were
slightly higher than soils from Mawat area (Table 2). Regular distribution and concentration were
found in soils horizons for Penjwin area that ranged from 0.4 to 1.9 mg kg™. Slight increase of U
with depth was noticed with the highest levels was found in pedon 2, and ranged from 0.9 mg kg
at Ap horizon to 1.9 mg kg at C 2, Figures (3, 4 and 5), while pedons 1 and 3 contents the nearly
similar concentration. Similar distribution and concentration concentrations of U in all pedons from
Mawat area were found and the content were ranged from 0.1 to 1.5 mg kg, and the highest value
was found in horizons of pedon 4, while the lowest concentration was found in pedon 7, and the
same U distribution were observed foil pedons 5, 6 and 7 (Fig.6, 7, 8 and 9).

Total V levels in all studied pedons was much more than other elements as the results
showed in Table (2). The V contained in soils from Penjwin area were much higher than soils from
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Mawat area (fig.2). The total concentrations of V found in soils of Penjwin area ranged from 181 to
277 mg kg?. The distribution of V through the soil horizons approximately was the same with
increasing with the soil depth (Fig. 3, 4, and 5). The highest V concentrations were found in soils of
pedon 1, ranged from 243 mg kg at C4 horizon to 275 mg kg™ at C1 horizon, while the lowest V
contents were found in soils of pedon 3, where the values ranged from 181 mg kg™ at C2 horizon to
195 mg kg™ at C3 horizon. Total V concentrations in pedons from Mawat area were less than in
pedons from Penjwin area, (88 to 246 mg kg™). Generally irregular distribution of V through all
horizons from all pedons (Fig. 6, 7, 8 and 9). High concentrations of V were found in pedon 6
which ranged from 220 to 246 mg kg™ at C and A1 horizon respectively. Low concentration was
found in pedon 4 which ranged from 88 to 118 mg kgat Bland C2 horizon respectively. These
results were much higher than the results that found by (Arenas-Lago et al., 2015), and they
mentioned that the Vanadium amounts vary between 21 and 140 mg kg ™. The high V content may
be due to the higher concentration of these metal in parent materials or due to the different degree of
weathering of these rocks which depends on the rock’s types. V soil contents exceed the maximum
limit permitted by different reference guides. The very high concentrations of V clearly exceed the
intervention limits of other international guidelines (VROM, 2000; RIVM, 2001; DEFRA and
Environmental Agency, 2006) and it is, therefore, necessary to control the erosion, lixiviation, and
run-off that may cause contamination in the adjacent areas mainly destined for agriculture and
farming. These results contradict the results obtained by (Arenas-Lago et al., 2016; Marescotti et
al., 2019), that found low contents of within the profiles for all of the ultramafic soil types.

The samples of rocks were collected from Mlakawa (Penjwin area, samples 1 and 2), Betwat
and Kura dawia (Mawat area, samples 3 and 4), representing the parent materials of the soil that had
been collected. (Mohammad, 2008). The total analysis of some heavy metals was shown in Table
(3) the results indicated that there were high variations in chemical composition between the rock
samples which reflected the origin of serpentinite rocks. The variations can be noticed for As, Pb,
Sn, Sr and V elements. The very high concentrations of V contents were found in samples (1and 3)
from Mlakawa and Betwat, also the same content of Sr was notice in the same rock sample [1(197
mg kg?) and 3 (206 mg kg™1)], for Pb and Sn high contents were found in rock samples (3 and 4).
While for Sr high contents was found in rock samples [1(137 mg kg™?) and 2 (94.5 mg kg™)], On the
other hand, the Ba, U and Rb contents were nearly similar in all rock samples.

Table (3): Concentration of total metals in studied rocks

Total concentration (mg kg?)
Rock No. 4T g, Pb Rb Sn Sr U V;
1 36 | <10 | 60 0.2 15 137 | <01 | 15
2 17 | 10 76 12 | <02 | 945 | <01 | 197
3 60 | <10 | 294 | 02 | 145 7.0 04 42
4 <5 | <10 | 373 | 04 | 17.3 52 | <01 | 206

CONCLUSIONS

Ultramafic place varies because of the high diversity in bedrock, climate, and
morphology, and this will affect soil development. Most ultramafic derived soils exceed the
limits of heavy metals and regulated by legislative acts. It can be concluded that all the
concentration of total heavy metals (As, Ba, Pb, Rb, Sn, Sr, U and V) were higher in soils
from Penjwin area than soils from Mawat area except Sr. the average values of the heavy
metals were ranged from 1.81, 2.55, 9.67, 18.66, 48.89, 182.62, 277.65 to 433.06 mg kg
for U, Sn, As, Pb, Rb, Sr, Ba and V respectively for soils from Penjwin districted while, the
average concentration of these metals were ranged from 1.2, 2.0, 6.9, 13.93, 47.33, 194.74,
223.83 and 304.632 mg kg*for U, Sn, As, Pb, Rb, Ba, Sr and V respectively for soils from
Mawat districted. Also, the results indicated that all these metals concentration were within
permissible levels.
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Figure (3): Distribution of heavy metals along pedon 1
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Figure (4): Distribution of heavy metals along pedon 2
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Figure (5): Distribution of heavy metals along pedon 3

127




Rahim and Neima / Tikrit Journal for Agricultural Sciences (2022) 22 (2): 120-131

Pedon 4

Concentration mg kg-1

Concentration mg kg!

0 20 40 60 80 0 50 100 150 200
0 —e—Pb 0 , ,
20 —o—As 20 » ——
g E 40 ®
- 40 —@— Rb s , —o—V
2 60 g 60 .
8 Sn 8 80 \ —@—Sr
80 ——U 100 .
100 120
Figure (6): Distribution of heavy metals along pedon 4
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Figure (7): Distribution of heavy metals along pedon 5
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Figure (8): Distribution of heavy metals along pedon 6
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Figure (9): Distribution of heavy metals along pedon 7
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