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Abstract 

 

This research aims to evaluation the concentration of boron in the samples collected from parts of the Iraqi 

marine environment starting from Umm Qasr port to the deep oil port within the Arabian Gulf, where the 

study included 18 samples. Laboratory examination was done by inductively coupled plasma optical 

emission spectrometry technology. The obtained boron concentrations ranged between 3.3846ppm  at The 

waterway of Khor Al-Zubair 1 and 7.3956ppm at the waterway of Khor Al-Zubair 3 within the Iraqi marine 

environment. The results can be utilized to provide distinct complementary contributions when a pollution 

event occurs and to implement water quality standards by the relevant authorities to maintain water samples 

free of radioactive contamination that people need. The study also revealed that 18 samples of surface water 

contained more boron than the detection limit. 
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1. Introduction 
Boron is actually a mixture of two stable isotopes, 10B (19.8%) and 11B (80.2%)[1]. Boron is an element 

found in water, soil and rocks naturally. High concentrations of this element can be found in the areas rich in 

boron up to 100 parts per million. As for the boron concentration in the earth's crust, it was estimated at <10 

ppm[2]. Boron compounds are used during manufacturing processes, such as glass production, fiberglass, 

borosilicate glass, agricultural fertilizers and herbicides, flame retardants, soaps, laundry bleach, detergents, 

and more [3]. 

Mostly, these compounds are found in natural water and wastewater, where their concentration may reach 

tens to hundreds of milligrams per 1dm3. [4], and therefore the contents of borate in ground and surface 

water may increase as a result of wastewater discharge[5].  

Depending on the source of drinking water, the concentration of boron varies greatly, but with regard to most 

of the world, the belief is that the concentration range ranges between 0.1 and 0.3mg /L [4]. As for sea water, 

the concentration of boron ranges between 0.5 and 9.6. mg/L, Average concentration of this element was 

found between 4.5 ppm and 4.6mg/L [6-8]. High boron concentrations are a common characteristic of 

geothermal water sources[3,9,10,11], especially when Total dissolved solids (TDS) is greater than 1 g/L[12]. 

In different parts of the world, the presence of boron is prohibited Direct use of water as drinking water or for 

irrigation,  and causes chemical pollution and environmental problems for groundwater and surface water [3].  

 

 
Figure 1. Some boron chemical structure compounds [13] 

 

    This research includes the results obtained from the measurements of boron concentration in samples 

from the Iraqi marine environment. The goal is to estimate the risks that result from high boron ratios for use 

in future business. The study area is located in the Arabian Gulf in southern Iraq within the Iraqi territorial 

waters, starting from Umm Qasr Naval Base, which is affiliated with the leadership of the Iraqi Naval Force, 

near the Iraqi-Kuwaiti border, passing by waters near the port of Umm Qasr, Khour Al-Zubayr and Khor 

Abdullah, all the way to the port of Faw, as well as the ports of Basra and the deep Oilers. 
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Figure 2.  The area of Al-Faw Port, Khor Abdullah Canal and Khor Al-Zubair Canal from which the studied 

samples were taken 

 

Materials and Methods 

An ICP technique was developed for optical emission spectrometry measurement by Fassel et al. At Iowa 

State University in the United States and by Greenfield et al. At Albright & Wilson, Ltd. In the United Kingdom 

in the mid-1960s[15-17].  

The measurements were made using inductively coupled plasma - optical emission spectrometry (ICP-OES). 

ICP-OES is a powerful technology used to identify minerals in a variety of sample arrays. With this 

technique, liquid samples are injected into the radiofrequency-induced argon plasma using one of a variety 

of nebulizers or sample introduction techniques. The mist sample reaching the plasma is dried, evaporated, 

and rapidly activated by shock excitation at high temperature. The atomic emission emitted by the plasma is 

viewed in either a radial or an axial configuration, collected with a mirror or a lens, and imaged on to the 

entrance slit of a wavelength selection device. Single-element measurements can be made cost-effectively 

with a simple monochromatic / photomultiplier tube (PMT) combination, and simultaneous multi-element 

determinations are performed for up to 70 elements with a combination of a polychrome-ator and an array 

detector. The analytical performance of such systems is competitive with most other inorganic analysis 

techniques, especially with regards to sample throughput and sensitivity[14]. 

 

Results and Discussions 

The samples are located in the marine waters of the Iraqi regional waters within the Arabian Gulf in southern 

Iraq. It was noted through the results that the boron concentrations in seawater are very high compared to 

the freshwater indicated by other research, but compared to the concentrations of seawater they are within 

the range. Through the table(1) it is clear that the lowest concentration of boron is 3.3846ppm in the 

waterway of Khor Al-Zubair 1, while the highest concentration recorded is in the waterway of Khor Al-Zubair 

3 Which reaches 7.3956ppm. It was also noted that 5 samples have a concentration of less than 5ppm, 

ranging from 3.3846ppm to 4.8405ppm, while there are 7 samples with a concentration range between 

5.2952ppm and 5.9861ppm. Also, there are 6 samples containing boron concentration ranging between 

6.0579ppm and 6.5940ppm, and there are two samples include boron concentration with 7.2720ppm and 

7.3956ppm. 
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The boron standard is established all over the world in drinking water,Irrigation water and wastewater, but 

the level of boron content varies in different regions. The recommended content of the World Health 

Organization guidelines in drinking water is 0.5 mg / L In 1998, which is revised to 2.4 mg / L in 2011. 

However, there are few countries follow it. In fact, the value of 2.4 mg / L is below the human tolerant level, 

But, it exceeds the required concentration of several types of the crops sensitive to boron. Therefore, many 

countries still implement their own standards[18]. Table 1 and Figure3 illustrate the boron concentration in 

the studied samples. 

 

Table 1. Measurments of Boron concentration in water samples from the Iraqi marine environment by using 

ICP-OES. 

Concentration of boron Location 
of samples 

 

No of site 
 

6.4766 Umm Qasr S1 

6.4054 Buoy 31 S2 

5.9861 Buoy29 S3 

5.7974 Buoy27 S4 

5.5934 Buoy25 S5 

6.3828 Deep oil port  S6 

5.2952 Basrah Oil Port1   S7 

5.7651 Basrah Oil Port 2  S8 

6.1684 Basrah Oil Port 3 S9 

3.3846 The waterway of Khor Al-Zubair 1 S10 

4.8405 Near the waterway of Khor Al-
Zubair 

S11 

4.4682 Near berth No. 4 in the Khor Al-
Zubair port 

S12 

6.0579 The waterway of Khor Al-Zubair 2 S13 

7.3956 The waterway of Khor Al-Zubair 3 S14 

6.5940 Near the port of Umm Qasr S15 

4.5327 Fao naval base 1 S16 

5.8973 West Breakwater – FAO 1 S17 

7.2720 West Breakwater – FAO 2 S18 
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Figure 3. Distribution of the results of the boron concentration in the Iraqi marine environment water analysis 

by ICP-OES 

 

Conclusion 

This study included measuring the concentration of Surface water for parts of the Iraqi marine environment. It 

is observed from the results that the boron concentrations in the studied marine waters are very high 

compared to the fresh water, but they are not very high compared to the average concentration of boron in 

the seas. Therefore, the use of marine waters for any purposes related to human activity may pose a danger 

to humans. In the event that the competent authorities head to desalinate sea water in the future, 

desalinated water may still contain high levels of boron, which requires reducing high concentrations of  

boron to reach less than 0.5ppm. 
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