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Abstract
The hazardous material resulted from the industrial activities have many of negative effects on the human and
environmental health. The wastewater generated from petrochemicals factories have heavily loads of heavy
metals, the direct discharge of these wastes into the landfill and water system contribute in the contamination of
water resource. In the present study, the level of underground water pollution with heavy metals was evaluated.
The underground water samples were collected from the surrounding area of General Company of Chemical
Industries (GCCI) at Abu-Kammash, Libya. The concentrations of heavy metals were determined using
inductively coupled plasma (ICP-Mass) Spectrometry. The results revealed a detectable concentrations of heavy
metals in the water samples but their concentration still within the rage recommended by WHO standards. About
80% of fish exceeded the Food and Agriculture Organization (FAO) standards (1 pg g™). The maximum
concentrations was noted in Sarpasalpaand S. aurata (3.95 vs. 7.86 and 1.05 vs. 10.3pg g™ for tissue and liver
respectively). Detectable concentrations of Cu** and Hg?* were determined in the Grape, Figs andOlive leaves
obtained from environmentadjacent to petrochemical industry zone. It can be concluded that the heavy metals in

the surrounded area of GCCI represent a real hazards for human and environment.
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Introduction

Heavy metal pollution is a problem associated with the direct discharge of the factories wastewater into the
environment [1]. The possibility of heavy metal to contaminate the underground water depend on the properties
of soil which received the disposed wastewater. The soil might play an important role for filtration of polluted
water. However, the over discharge of the wastewater into the soil contribute significantly in the immigration of
metal ions into the underground water [2]. Heavy metal ions is quite different from other chemical pollutants,
since it has no subjected for the biodegradation process which take place by the microorganism in the soil [3].

Rather than, it might be accumulated in the plants tissue and transmitted into the human and animals. Again
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once the type of the soil as acidic or alkaline soil might effect on the level of contamination of underground
water, in the acidic soil the metal ions become more applicable to immigrate into the wells and underground
basin. In the contrast, the alkaline soil might contribute in participating of metal ions and limit their transmission
into the lower layer of the soil and then into the underground water. The ability of heavy metals to persist in the
water system and the environment for long time represent a real hazards for the peoples in the developing
countries, since most of these peoples depend on the well waters as a main source for the drinking water without
farther treatment [2]. On the other hand, the consumption of contaminated foods such as fish, vegetables and
fruits or the products such as olive oil contaminated with Hg?* might lead to increase the Hg** concentrations in
the body systems [4]. The methylmercury poisoning resulted from consumption of mercury-contaminated fish
has reported in different region in the world [5]. The high concentrations of Hg in the cells lead to causes
damage of their functions [6].

In the present work, the concentrations of Cu®*, Cd**, Hg*" in the underground water, Grape, Figs
andOlive Leaves, Different fishes species (tissue and liver) was evaluated in order to understand the level of
pollution generated from the direct discharge of General Company of Chemical Industries (GCCI) wastewater
into the environment and water system.

Materials and Methods

Study area

Abu-Kammash is an industrial area about 200km far from the capital city (Tripoli), while GCCI is company
located at Abu-Kammash zone which has established on 1970s. GCCI has four units include poly vinyl chloride
(PVC) (60, 000 tons/year), Ethylene di-chloride (with productivity of 104,000 tons/year), caustic soda (50,000
tons/year) and chlorine (45,000 tons/year). Besides, the compant produce sodium carbonate, sodium
hypochlorite and HCI. The wastewater geneertaed from GCCI are discharged into the surounded envionmnt and

natural water systems [3].
Collection of samples

A total of 62 samples (in triplicate) included, water, plant leaves and fisheswere collected from
different locations around GCCI during the period from January to September 2015. Table 1 illustrated the types

of samples collected and their sources.
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Table 1 Types of samples collected and heavy metals analysed in the study

No. Heavy metals
No. Sample types Source
samples analysed
1 Water 20 underground water Cu”, cd”, Hg™
2 Grape, Figs andOlive Leaves 4 for each Surrounding area Hg*, Cu®
3 Different fishes species (tissue and liver) 30 Marine water Hg®

Plastic bottles (1 L) were used for the collection of water samples, 2.4 mL of a 15 % solution of
ethylene di-amine-tetra acetic acid (EDTA) tetra-sodium salt (R & M Marketing, Essex, UK), was added as a
chelating agent to sample. Grape, figs andolive leaves (about 100 g for each)were collected into paper bags.
Fishes samples were collected using local fishermen from the sea batch closed to GCCI. All the samples were
transported inside ice box to the laboratory and kept in deep freezer at -4°C until analysis.

Determination of heavy metals

The experimental analyses of heavy metals were conducted at International Centre of Environmental
technologies in Tunisia. Fish samples preparation and analysis were carried out according to Bernhard [7].
Liver, muscle, gill, heart, air sac and stomach-intestine were removed before the analysis [8]. Fish samples were
homogenized in a blender. Grape, figs and olive leaves were cut out into small pieces (5 mm in diameter) and
then homogenized in a blender. A weight of 10 gram of homogenate for each of fish as well as grape, figs and
olive leaves were digested as described above. The heavy metals were extracted from the water samples by the
nitric acid digestion method [9]. The concentrations of heavy metals in the digested samples were determined by
using inductively coupled plasma (ICP-Mass) Spectrometry, the samples were sent to CITET in Tunisia for this

purpose.
Results and Discussion

The current study aimed to assessment the toxic metals in the environment adjacent to petrochemical
industry zone in Libya. Three types of samples were collected included underground water, plants and fish. The
concentrations of heavy metals in these samples were carried out to evaluate the level of pollution in the
environment adjacent to petrochemical industry zone in comparison to the international standards. The
concentrations of these metals in the underground water samples (Table 2) and plants leaves (Table 3) were low.

Cu?* in the water samples ranged from 0.007 to 0.01 mg L™, while the Hg®* concentrations was less than 0.002
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mg L™. In the plants leaves, the concentrations of Cu**were less than 5 mg kg™ dry wt. in Grape, Figs andOlive
leaves. Moreover, concentrations of Hg®* differed among the type of plant, the highest concentration was
recorded in olives leaves (ranged from 0.078 to 1.72 mg kg™ dry wt.) followed by figs leaves (ranged from
0.568 to 0.766 mg kg™ dry wt.).

Table 2 Heavy metal concentrations in groundwater samples collected from wells adjacent to petrochemical

industry zone in Libya (n=20)

Metal concentrations (mg L™)

Heavy metals Standards (mg L™)
Min Max Mean
cu® 0.007 0.01 0.009 0.01
cd* 0.003 0.003 0.003 0.003
Hg*" <0.0002 <0.0002  <0.0002 0.006

Table 3 concentrations of Cu?* and Hg®* in Grape, Figs andOlive leaves collected from environment adjacent to

petrochemical industry zone in Libya (n=4 sample for each)

Concentrations (ug kg™ dry wt.)

Heavy
Grape Leave Figs Leave Olive Leave
metal
Min Max Mean Min Max Mean Min Max Mean
cu® <5 <5 <5 <5 <5 <5 <5 <5 <5

Hg® <0.001 070 0351 0568 0.766 0.667 0.078 1.72 0.899

These findings are in agree with previous study, which revealed high concentrations of Hg®" in the
sediments and marine plants samples which were also collected from Farwa island [3]. Some of heavy metals in
the soil are necessary for plant growth because they acts as a trace elements and cofactors for several enzymes.
For instance, Cu®* is an important metal for many biological functions, but at 0.1 to 1.0 mg L™ is become more
toxic to a number of plants [10]. In contrast, some of metals such as Hg** and Pb®" are toxic elements, and has
no usefulness for biological function in the plants [3,11,12]. Akrivos et al. [13] indicated that Zn?*, Cu®**, Ni*
and Cr®" effects on plant growth and crop yields and are known to be cumulative toxins, while Pb?, cadmium

Cd?* and Hg®" are toxic to the animal or human digest of the plants and might be mutagen causing cancer [14].
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Hence, the presence of these metal with concentrations recorded here represent areal hazards for human and
environment.
In order to confirm the hazards of heavy metals on the aquatic organisms the concentrations of Hg?" in

liver and tissue of different types of fish (Table 4).

Table 4 Hg® concentrations in fish tissue and liver specimens collected from water body adjacent to

petrochemical industry zone in Libya (n=30), FAO standards limits (1 ug g*)

Mean concentration of Hg* (ug g™)

Fish species
Min Max Mean
Tissue 0.1 1.6 0.85
Mullussurmuletus
Liver 2.4 5.3 3.85
) o Tissue 0.8 1.7 1.25
Amphilophuscitrinellus .
Liver 0.2 2.6 14
. Tissue 0.3 2.2 1.25
Serranusscriba
Liver 0.2 1.9 1.05
Tissue 2.2 5.7 3.95
Sarpasalpa .
Liver 5.3 10.43 7.87
Tissue 0.3 1.8 1.05
Sparusaurata )
Liver 3.3 17.3 10.3
) Tissue 0.11 1.8 0.96
Lithognathusmormyrus )
Liver 11 2.7 1.90
) ) Tissue 1.2 1.8 15
Diplodusanunularis .
Liver 0.8 3.8 2.3
) Tissue 1.9 3.2 2.55
Oedalechiluslabeo .
Liver 1.04 2.3 1.67
. Tissue 0.1 0.32 0.21
Dicentrarchus labrax
Liver 0.01 0.2 0.11
Tissue 0.01 0.2 0.11
Pagruspagrus .
Liver 0.01 0.09 0.05

The results revealed presence high concentrations of Hg in the liver and tissue. Hg®* concentrations in
liver were more than the tissue among seven fish types tested in the study. The maximum concentrations was
noted in Sarpasalpaand S. aurata (3.95 vs. 7.86 and 1.05 vs. 10.3pg g™ for tissue and liver respectively). These
concentrations are more than that reported in the previous work [3] which might be related to the source of these

fishes where were obtained from very close water to the GCCI region which is the main downstream of the
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wastewater generated from the factory. Among 10 types of fish examined here, eight types (80%) contains Hg
more than the standards limits recommended by Food and Drug Administration (FDA) and FAO-WHO(1 pg g™
) [15,16] as well as United States Environmental Protection Agency (USEPA) (0.3 pg g™) [17]. These findings
indicate to the presence a risk for human who consuming these fishes. It has reported that the fish is one of the
main source of Hg?" for human, because the Hg®* are accumulated in tissue and livers of fish and then
transmitted into the human via consuming the fish [11,12].
Conclusions

It can be concluded that the heavily contamination of fish samples reflect the high level of Hg*
pollution in the environment adjacent to petrochemical industry zone in Libya. Therefore, the surrounding area
need to be treated to minimize the health risk hazardsassociatedwith the direct discharge of industrial
wastewaterin order to prevent the negative effects on the human and environment associated with mercury

contamination.

Acknowledgments
The authors would like to thank Badu Society for Protection Marine Biology and Wild for allow us to

use their laboratories.

References

[1] Banana AA, Al-Gheethi AA, RMSR Mohamed, Efag AN, Gadawi AMS: Environmental Impact Assessment
for Disposal of Sewage Effluents into Sea Water at Sabratah, Libya. The 3™International Conference
on Green Energy and Environmental Engineering (GEEE-2016), 23-25 April 2016, Hammamet,

Tunisia.

[2] Banana AA, Al-Gheethi AA, RMSR Mohamed, Efag AN, Gadawi AMS: Quality of drinking water from
wells and water treatment plants at West Libya. 3“International Conference on Chemical Engineering

and Biotechnology Application-CEBA-2016), 23-25 April 2016, Hammamet, Tunisia.

[3] Banana AS, Mohamed RM, Al-Gheethi AA: Mercury pollution for marine environment at Farwa Island,

Libya. Iran. J. Environ. Health Sci. Eng. 2016, 14:5.

[4] Oken E, Radesky JS, Wright RO, Bellinger DC, Amarasiriwardena CJ, Kleinman KP, Hu H, Gillman MW:
Maternal Fish Intake during Pregnancy, Blood Mercury Levels, and Child Cognition at Age 3 Years in

a US Cohort. Am. J. Epidemiol., 2008, 167(10) 1171-1191.



21°t - 24™April 2017 — Sousse, Tunisia

[5] Ebinghaus R, Turner RR, de Lacerda LD, Vasiliev O, Salomons W: Mercury contaminated sites:

characterization, risk assessment and remediation. New York: Springer, 1999.

[6] AMAP: AMAP assessment report: Arctic pollution issues, Chapter 7 heavy metals. Oslo, Norway: Artic

Monitoring and Programme, 1998.

[7] Bernhard M: Manual of methods in aquatic environment research, part 3: sampling and analyses of

biological material. FAQ Fish Tech Paper No. 158, UNEP Rome. 1976.

[8] Oztirk M, Oz6zen G, Minareci O, Minareci E: Determination of heavy metals in fish, water and sediments

of Avsar dam lake in Turkey. Iran. J. Environ. Health. Sci. Eng 2009, 6(2): 73-80.

[9] APHA: Standard methods for the examination of water and wastewater, 20th ed. American Public Health

Association. Washington, DC. 1998.

[10] FAQ: Irrigation in the Middle East region in figures. Aquastat Survey. Edited by Frenken, K. Land and

Water Division. Food and Agriculture Organization. FAO Water Reports 34 2008.

[11] Al-Gheethi AA, Mohamed RM, Efag AN, Norli I, Amir H, Ab. Kadir MO, Bioaugmentation process of
sewage effluents for the reduction of pathogens, heavy metals and antibiotics. J. Water Health, 2016, in

Press.

[12] Jais NM, Mohamed RM, Al-Gheethi AA, Amir H: Dual role of phycoremediation of wet market
wastewater for nutrients and heavy metals removal and microalgae biomass production. Clean Technol

Environ Policy, 2017, Online.

[13] Akrivos J, Mamais D, Katsara K, Andreadakis AD: Agricultural utilization of lime treated sewage sludge.

J. Water Sci. Technol., 2000, 42, 203-210.

[14] He ZL, Yang XE, Stoffella PJ: Trace elements in agroecosystems and impacts on the environment. J. Trace

Elem. Med. Biol., 2005, 19, 125-140.

[15] Pergent-Martini C: Posidoniaoceanica: a biological indicator of past and present mercury contamination in

the Mediterranean Sea. Marine Environ Res, 1998, 45: 101-111.

[16] Hall RA, Zook EG, Meaburn GM: National Marine Fisheries Service. Survey of trace elements in the
fishery resource. U.S. Department of Commerce National Oceanic and Atmospheric Administration

National Marine Fisheries Service. 1978.



4™ International Conference on Green Energy and Environmental Engineering -GEEE'2017, 21% - 24" April 2017 — Sousse, Tunisia

[17] U.S. EPA: Water quality criterion for the protection of human health-methylmercury. U.S. Environmental

Protection Agency, Office of Science and Technology, Office of Water, USEPA. 2001.

CopyrightIPCO-201
ISSN2356-5608


User1
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608




