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district, in Basra. The research focused on studying the soil content of 
sulfates, chlorides, and organic matter. The research aims to measure the 
concentrations of salts and organic matter, compare them with standard 
specifications, and to know whether these concentrations affect the 
engineering behavior of the soil or not, and chemical tests were carried 
out for them. The results show that the average of sulfate is 0.55%, 
gypsum is 4.75%, chloride is 0.35% and organic matter is 4.28%. The 
study shows that the soil content of chlorides, organic matter, and 
Gypsum were within the effective limits on engineering behavior of soil 
except for other forms of sulfates, and the study shows that the 
fluctuation of the soil content of salts, and organic matter from one site to 
another, and at different depths is subject to change with time due to its 
influence by geological and environmental factors at the study area. 
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Introduction 

       In arid regions, salty soil is a typical type of area degradation [1]. The salt accumulation in 
the soil affects the soil's stability, leading to a decrease in the swelling index, liquid limits, 
and a rise in the compression index [2] because the salts act as cementing materials between 
the grains of the soil, but the opposite occurs when the salt is exposed to solubility [3], salty 
soil cause negative effect on concrete and soil foundation, like sulfates, chlorides, gypsum, and 
organic matter. The confined compressive strength decreased in concrete subjected to high 
saline content from 11to 22% [4]. The chemical test is essential to define the percent of salts 
that cause concrete corrosion, the reinforcing steel, and affect the soil. Therefore, it is 
necessary to study the factors that affect the building design and implementation aspects to 
reduce the cost and effort involved. Below is a summary of the important aspects of the 
process that relates to the chemical properties of the soil. 

Sulfate salts are the common salts in the soil, especially sodium, magnesium, and calcium 
sulfate. Gypsum deposits are the most important sources of sulfates [5]. According to [6] 
increasing the amount of calcium sulfate in the soil reduces the plasticity index and increases 
unconfined compressive strength (UCS). The presence of sulfates 5 percent in the soil is safe 
and do not causes concrete deterioration and structural collapse. [7]. 

The amount and kind of gypsum present in the soil, the ambient circumstances, and the 
type of engineering challenge under consideration all influence the gypsum effect. [8]. When 
dry, it is highly robust and has good characteristics, but as moisture content increases, it 
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gradually weakens. [9]. The storage bulk increased as the gypsum content increased [10]. 
From an engineering standpoint, gypsiferous soils are noted for rapid seepage of water 
through soil pores, cavity formation due to gypsum solubility in groundwater that floods or 

passes through these soils, strength degradation, rising settlements, and compressibility [11]. 
The effect of gypsum is negligible on the unconfined compressive strength of the improved 
clay soil by adding only calcium carbonate, while the mineral composition of clay plays an 
important role in chemical reactions with gypsum [12].  

If gypsum has been in close contact to concrete, it affects the concrete used in foundation. 
The gypsum content in the soil should not exceed 2.5 percent, according to a British standard 
[13]. Increasing the concentration of chloride salts in the soil modifies its geotechnical 
qualities, resulting in increased dry density, decreased moisture content, swelling pressure, 
and plasticity index [14]. Ion chloride has an effect because it can be converted to (HCl), which 
reacts with the iron in the concrete and causes it to corrode. Since chloride salts are very 
soluble in water, they have a substantial impact when they enter the hydration process [15] 
Chloride salts increase the solubility and penetration of sulfate into concrete, while chloride 
salts increase the compressibility of concrete, according to [16], [17] show that the length of 
cracks that occur in soda saline-alkali soil has a linear relationship with its chloride and 
sodium content. The increase NaCl concentration effects facilitated the dissolution of calcite 
and dolomite, thus causing the loss of calcium cement, which resulted in the 
soil structure Ca2+, Mg2+, and K+ leaching, the dissolution of associated minerals, and the 
dispersion of clay particles have also been promoted by the caution exchange [18]. 
 
     Organic matter in soil and degree of decomposition affected on geotechnical properties of 
soil [19]. Increasing the organic content in the soil, increasing the plasticity index resolve 
shows a greater tendency for the soil to expand and shrinks, which can lead to major adverse 
effects on buildings built on these types of materials [20]. The presence of organic matter 
leads to an increase in the percent of void ratio in the soil after the decomposition of those 
organics, making soil unsuitable for filling [21]. When the percent of organic matter in the soil 
ranges from 2-3% change of soil strength and compressibility [22]. 

The research aims to measure the concentrations of salts and organic matter, compare 
them with standard specifications, and to know whether these concentrations affect the 
engineering behavior of the soil or not 
 

Study Area Location 
The study area is located in the south of Iraq, on the waterway of Khor Al-Zubair, which is 

a part of Khor Abd Allah, and ultimately leads to the Arabian Gulf, the study area is located 
between longitude 47˚54ʼ30ʺ to 47˚55ʼ30ʺ East and latitude between 30ͦ 1ʼ 0" to 30˚3ʼ 0" North.  
Fig.1. 
 
Geology of the Study Area 
     The study area is one of those that has been marked by a scarcity of rocky findings as a 
result of climate change, it has a low topography and a heavy layer of Quaternary sediment 
(AL –Saeeb etal; 1982)23, The study area is located in the Zubair secondary zone according to 
longitudinal tectonic divisions, the secondary Zubair zone encompasses the southern portion 
of the Mesopotamia plain and is the subsurface geological formations, most notably the sandy 
formations, Al-Luhais and Nahr Omar, continue in a northwest-southeast direction for 
hundreds of kilometers towards Kuwait and the Arabian Gulf,to the north and north-east, the 
Takhdad-Qurna fault runs parallel to the secondary Zubair zone[24]. In terms of Iraq's 
transverse tectonic divisions, the study area lies inside the Basra block Fig. 2, which is defined 
by the existence of numerous parallel subsurface faults that run northeast to southwest [25]. 
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Along the Iraq-Kuwait border, the NE-SW oriented AL-Batin Lineament is a significant surface 
feature within Iraq, the impact of this trait is unknown [26]. 
 

Materials and Methods 
    This stage included collecting information about the study area, selecting four boreholes for 
the sampling and plotting them on the map and given the sequence from 1 to 4 Fig. 1. 
 

Field Work 
Drilling three wells in the study area at four sites to determine the percentage of salt in them 
was part of this stage Fig. 1. Average of one sample per meter, disturbed samples were taken 
from the soil at a depth of 1-3 meters. The hand auger was used to drill the borehole. The 
samples were wrapped in nylon bags and transported to a laboratory for testing. 
 

 

      
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 1.  Map of the study area 
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Fig. 2.  Iraq's tectonic divisions after [27]. 
 
Laboratory Test 

At the College of Agriculture, University of Basra, laboratory tests were performed on 
samples extracted from the study area to determine their chemical properties according to 
British Standard1733- Part 3:1990, which included measuring the percentage of sulfates, 
chlorides, gypsum, and organic matters. 
 

Results and Discussion 
Sulfate SO3% 

The results show sulfate content ranged between 0.36% at BH3 depth 3 m to 0.95% at 
BH1 depth 1 m with an average of 0.55 %, as well as results, show sulfate ranged between 
(0.51-0.95) % with an average of 0.65% at 1 meter, between (0.43-0.60) % with an average 
0.5% at 2m and it ranged between (0.36-0.73) % with average 0.54at depth 3m Table 1. 

It can be seen from Fig. (3) the sulfate varies with depth increasing and decreasing at BH1, 
BH2and BH4, but it decreases with depth at BH3. The reason for the difference in the sulfate 
content because the source of sulfates at Basra is gypsum and anhydrite mixed with recent 
sediments [28], human activities, irrigation, rainfall,  
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dilution, the effect of tidal water, and it reduces due to the presence of chlorides in high 
percent can be increased sulfate solubility. In general, the results of sulfates percent in the 
study area did not surpass the effective value of the engineering behavior of the soil, which is 
5%, according to [7]. 
 
 Table 1: Results of Chemical Test of Soil Study Area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Distribution of Sulfate in Boreholes of the Study Area 

BH.NO. Depth(m) SO3% Gypsum% Cl% O.M% 

BH1 
1 0.95 6.3 0.32 5.43 
2 0.61 3.83 0.24 5 
3 0.73 5.25 0.12 5.1 

BH2 
1 0.62 5.4 0.11 3.3 
2 0.44 4.8 0.22 3.1 
3 0.62 5.5 0.13 5.5 

BH3 
1 0.51 4.2 0.92 4.6 
2 0.43 4.7 0.83 3.8 
3 0.36 3.6 0.86 3.5 

BH4 
1 0.51 4.12 0.21 3.21 
2 0.52 4.43 0.14 4.32 
3 0.43 4.83 0.11 4.54 
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Gypsum Content (CaSO4.2H2O 
      The Gypsum values ranged between 3.6% at BH3 depth 3m to 6.3% at BH1 depth1m with 
an average of 4.45% Table 1. The gypsum values at study area ranged between (4.12-6.3) % at 
depth 1m with average of 5. %, (3.83-4.8)% at  depth  2m  with average  4.4 % and it ranged  
between (3.6-5.5)% with average 4.8% at depth 3m Fig.( 4). 

  Gypsum values in the study area lead to engineering issues with time. According to [13] the 
gypsum content in the soil should not exceed 2.5 percent. In sandy soils, increasing the 
gypsum content increases the percentage of void and optimum moisture content while 
decreasing the dry density [29]. When gypsum is present in dry soils, the behavior of gypsum 
as a binding element for soil particles results in the formation of a stable structure, which 
deteriorates (settlements in the soil) as water goes through it and gypsum dissolves, 
weakening the structure, increased gypsum content increases the ability of soil to collapse 
[30]. 
 

 
Fig. 4. Distribution of Gypsum in Boreholes of the Study Area 

 
Chloride content (Cl)- 

         The content of chlorides in the study area ranged between (0.11-0.92) % at BH1 and 
BH3, with an average of 0.35% Table 1. The results show chloride content ranged between 
(0.11 - 0.92) % at depth 1m with average 0.39 %, between (0.14-0.83) % with average 
0.403% at depth 2m and ranged between (0.11-0.86) % with average 0.305% at depth 3m   
Table1. 
    The chloride content at the study area is varied with depth, but decreasing with depth at 
BH1 Fig. 5, due to high evaporation and dryness. An increase in chlorides causes a drop in 
Atterberg limits, an increase in dry density, and an effect on concrete's compressive strength, 
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chloride content at the study area may attack the reinforcing steel, foundations and leading to 
attack with  time because the chloride percent exceeded 0.1%. 

 
 
 
 

 

 
 

 
 

Fig. 5. Distribution of Chloride in Boreholes of the Study Area 
 

Organic Matter Content (O.M) 
The maximum percent of organic materials is 5.43% at BH1 depth 1m, the minim value is 
3.1% at BH2 depth 2m, with an average of 4.28% Table1. From Fig. 6 can be seen the organic 
matter values Within the no permissible limits, because the percentage of organic matter in 
the soil varies between 2% and 3% in terms of soil strength and compressibility [21], 
secondary compression measures may be used to reduce future settlement 
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Fig. 6. Distribution of Organic Matter in Boreholes of the Study Area 
 

 
Conclusions 

Considering the results of this research; the following conclusions are drawn: 
1.The sulfates in the study area are safe and did not exceed the effective value in the 
engineering behavior of the soil and do not pose a danger to the concrete. 
2. Gypsum concentrations in the study are within the effective limits, creating a future 
engineering issue.  
2. Chloride ions at the study area may attack the reinforcing steel, foundations, and leading to 
eating and ripping with time. 
3. The organic matter values are within the no permissible limits, changes of soil strength and 
compressibility at the study area, and in the future limited settlements are expected. 
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قصر، البصرةوالمواد العضوية في ام تقدير الاملاح   
 

 هدى احمد دحام 

العراق، البصرة، جامعة البصرة، كلية العلوم، قسم الجيولوجي  

sjpas.2022.v4i1.339/10.54153/https://doi.org 

:الخلاصة :معلومات البحث    
منهاج  البصرة. ركزفي الزبير، في ام قصر التي تقع في قضاء  هذه الدراسةاجريت 

العضوية.  الكبريتات والكلوريدات والمادةالبحث على دراسة محتوى التربة من 

مع  التربة ومقارنتهايهدف البحث الى قياس تراكيز الاملاح والمادة العضوية في 

 لا.ك الهندسي للتربة ام ومعرفة هل هذه التراكيز توثرعلى سلو القياسية،المواصفات 

اجريت  مخلخلا،نمودذجا  12وتم اخذ  متر، 3 للنمذجة بعمقمواقع  4اختيرت 

من خلال الدراسة وجد ان ان معدل الكبريتات في التربة  لها. الفحوصات الكيميائية 

%, 4.28%, والمادة العضوية 0.35% والكلوريدات  4.75% ,والجبس0.55

والمادة العضوية والكلوريدات ضمن  الجبسحتوى التربة كذلك تبين من الدراسة ان م

ماعدا الانواع الاخرى للكبريتات كانت  المؤثرة على السلوك الهندسي للتربة الحدود 

وبينت الدراسة ان تذبذب محتوى التربة من الاملاح  ،ضمن الحدود غير الموثرة

والمادة العضوية من موقع لاخر ولاعماق مختلفة قابل للتغيير مع الزمن لتاثره 

 بعوامل جيولوجية وبيئية في منطقة الدراسة .
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