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      Clean water supply and infrastructure is one of the greatest 
challenges of the 21st century as a result of persistent and emerging 
water pollutants. The purpose of this study was to determine the 
concentration profiles of furan and phenol-based contaminants in the 
boreholes located in the Kerio Valley water basin. The notation KV 
indicates that the sample was collected in Kerio Valley borehole. The 
water samples from the boreholes were extracted using a solid phase 
extraction procedure and characterized by a gas chromatograph 
interfaced with a mass-selective detector. Based on the findings of this 
study, 3-methyl-2,3-dihydro-1-benzofuran was significantly present in 
all the boreholes sampled with a concentration of 9.390±1.12, 0.23±0.02, 
0.213±0.05, and 0.070±0.28 ppm in KV1, KV2, KV3, and KV4, 
respectively. The other major contaminants in the borehole water 
included 2-furanmethanol and 2-methyltetrahydro-2-furanol. The most 
toxic phenol, 2,6-dichlorophenol, was found in KV4 with a concentration 
of 0.06±0.01 ppm. According to the findings of this study, the majority of 
the borehole water in the Kerio Valley basin is contaminated with furans 
and phenolic toxins and may not be safe for human consumption. To 
ensure that residents have access to clean water, it is necessary to 
develop a policy framework for the evaluation and monitoring of water 
quality in the area and to suggest remediation strategies. 
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HIGHLIGHTS 
 Phenols and furans are major contaminants in the groundwater of the Kerio Valley basin 
 Samples from borehole KV4 had elevated 2,6-dichlorophenol concentration 
 Most furan-based contaminants had levels which were above the WHO acceptable limits 
 Hydrocarbon exploratory well drilling could be responsible for the observed furans and 

phenols in borehole water 
 Most of the borehole water assessed in this study were highly contaminated and unsafe for 

domestic use 
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GRAPHICAL ABSTRACT 
 

 
            _______________ 

Introduction  

Because of persistent and emerging water 

pollutants, clean water supply has become one of 

the greatest challenges witnessed in the 21st 

century. Therefore, groundwater has been 

considered the greatest source of potable water 

globally and the most frequently used for public 

water supply. This is because groundwater is 

significantly harder to pollute than surface water 

although it is more difficult to clean when it is 

polluted [1]. It is essential to note that water 

supply issues are of utmost concern globally, 

especially in situations of water scarcity. Since 

many aspects of life depend heavily on water, it is 

important to keep the water clean to safeguard 

the environment, ecosystems, and people [2]. 

This study focuses on evaluating the hazardous 

furan and phenol-based contaminants that 

compromise water quality in the Kerio Valley 

water basin. Of significant importance are 

Tetrahydrofuran, 2-furanmethanol, 2-

methyltetrahydro-2-furanol, and bis-phenol, 

which are well-established toxins and precursors 

to cancer in water systems.  

The Kerio Valley basin in the Kenyan Rift system 

receives moderate rainfall each year, with the 

large amount draining into rivers via surface 

runoff and feeder streams. Consequently, 

boreholes in the Kerio Valley basin provide 

abundance and reliable water sources for 

households and agricultural purposes. 

Nonetheless, the safety of these groundwater 

sources has never been investigated, despite 

concerns about possible contamination from 

mining activities, and exploration of 

hydrocarbons taking place in the area. 

During the hydrocarbon exploration, hydraulic 

fracturing technology is employed where a 

number of harmful chemicals are used in the 

drilling process, which may contaminate 

groundwater. As a result, the likelihood of 

detecting organic contaminants such as furan 

and phenols in the aquifer system is significantly 
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high. Furthermore, the waste water retrieved 

from the extraction process ends as in 

groundwater, resulting in major contamination 

and modifying the water's quality. Most waste 

water is held in open pits, which allow organic 

compounds to seep into the groundwater. 

Therefore, improper waste water treatment and 

disposal can cause organic pollution of 

neighboring water bodies such as rivers and 

streams. 

There are two sources of groundwater pollution 

globally; either through human activities, or it 

can occur naturally. Numerous human activities, 

including farming, industry, and mining, can have 

a negative impact on groundwater quality [3]. 

Some human activities that can cause water 

contamination include hydraulic fracturing 

during the exploration of hydrocarbons and 

mining of minerals of economic value – an 

activity that has been going on in the Kerio Valley 

water basin for more than five decades. 

Hydraulic fracturing, used in conjunction with 

deep horizontal drilling, enables the extraction of 

natural gas and crude oil from so-called 

unconventional reservoirs, where they are 

trapped in tiny rock pores rather than flowing 

naturally [4]. Fracturing fluid is injected into the 

borehole under high pressure during this 

operation. The fluid then induces cracks in the 

rock via penetrating pipe’s perforations in the 

horizontal borehole. Proppants, or beads with a 

diameter of approximately 1 mm, such as sand or 

ceramic, are employed into the drills with other 

fracturing fluid. Their purpose is to ''prop'' the 

pores open when the liquid medium is 

withdrawn after pressure release. Water is often 

employed as the liquid media [5]. Fracturing 

fluids contain chemical additives, which are often 

added to the water on-site at the drilling location 

to maintain the proppants suspended in the 

liquid phase as they travel down to the 

horizontal pipe until they are deposited in the 

fissures [6]. 

In earlier research, the influence of petroleum 

refinery wastewater on the quality of water in 

Nigeria's Niger Delta was examined. The findings 

revealed that waters mixed with the discharged 

effluent had negative effects on aquatic life [7]. 

Furthermore, long-term exposure to these 

harmful hydrocarbons and compounds, such as 

phenols, can be carcinogenic and result in a 

variety of serious health problems in humans, 

including infections of the lungs, liver, kidneys, 

and vascular systems [8]. Because they are 

soluble in water and persistent, these 

contaminants have the potential to enter 

groundwater. Phenolic chemicals are among the 

most worrisome persistent pollutants and are 

mostly produced by the catalytic cracking and 

fractionation of crude oil in petroleum refineries. 

In addition, the desalted effluent, waste water 

from extraction sites, the neutralized wasted 

caustic waste streams, and tank water are the 

other sources of total phenolic compounds in the 

petrochemical effluents. Numerous phenolic 

chemicals are reportedly released into the 

environment every year. The normal level of 

phenols in the waste streams that are discharged 

might vary, depending on the industrial source of 

the effluent [9] . This is despite the fact that the 

release of untreated effluents containing phenol 

pollutants into the environment, even at low 

concentrations, can result in the threat to aquatic 

life and ecosystem harmony as well as the 

contamination of soil, groundwater, and other 

surfaces water [10]. 

The main source of phenolic compound water 

contamination from an agricultural source is the 

use of pesticides, insecticides, and herbicides 

[11]. The detection of phenol, several 

chlorophenols, including 2,4-dichlorophenol, 

among others in the aquatic environment has 

been linked to the degradation of some of these 

pesticides. These herbicides include 2,4-

dichlorophenoxyacetic acid, 4-chloro-2-

methylphenoxyacetic acid, and 2,4,5-

richlorophenoxyacetic acid. Pentachlorophenol, 
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another pesticide that is widely used in the 

agricultural sector, eventually breaks down into 

other chlorophenols with fewer chlorine 

substituents [12]. 

Another source of phenolic compounds entering 

groundwater is through influents and effluents 

from municipal waste treatment facilities, 

domestic waste disposals, and leachates from 

municipal solid waste landfills [13]. From 

previous studies, cresols have been found in 

leachates from municipal waste disposal sites 

and are believed to result from the byproducts of 

incineration [14]. Similar to 2,4,6-

trichlorophenol, 4-tertrabutylphenol, and 

bisphenol A, which were all observed in 

leachates and are thought to originate from fly 

ash, whereas 4-tert-octylphenol was found in 

landfill leachates and was thought to originate 

from combustion events [15]. Municipal garbage 

disposal sites have been shown to include some 

chlorophenols, 4-nonylphenol, and phenol [16]. 

As a result, the discharge of untreated leachates 

from landfills, the discharge of incineration 

byproducts such as solid fly ash, and the 

discharge of incombustible materials into 

neighboring water bodies all contribute to the 

pollution of the environment. 

China [17], Brazil [18], Egypt [19], South Africa 

[20], India [21], and Malaysia [22] have all 

published findings about the presence of these 

priority pollutants in their water bodies. Only a 

few nations, most notably those in North America 

(the USA and Canada) and Europe have 

successfully dealt with phenolic contamination in 

their water supplies. Because of this, there have 

not been many reports of these contaminants in 

their water bodies over the past ten years. On the 

other hand, a few countries in Asia and Africa, 

such as China, India, South Africa, and Egypt, 

have significant concentrations of phenolic 

compounds, which may be a sign of their 

countries' expanding industrialization. In 

addition, a number of developed countries have 

established permissible concentration limits for 

the presence of these phenolic compounds in 

their water, particularly drinking water. For 

instance, countries in Europe set the maximum 

level of chlorophenols in drinking water at 0.005 

g L -1 [23] while Canada at 0.005 g L -1 [24]. 

Despite the fact that these phenolic compounds 

are widely used in industries and particularly for 

agricultural purposes in Africa, there is a lack of 

information on their presence in water bodies 

and drinking water sources within the continent. 

Consequently, no limit has been established for 

these priority pollutants in aquatic environments 

in Kenya and other African countries.  

It is reasonable to assume that leachates from 

urban waste treatment facilities are not the sole 

source of phenols in the groundwater of the 

Kerio Valley. Furthermore, effluents from the 

mining and oil exploration industries, as well as 

agricultural practices, are also thought to be 

significant contributors. Oral exposure to phenol 

is believed to be very hazardous to humans [25]. 

Chronically exposed humans have reported 

symptoms such as anorexia, weight loss, 

diarrhea, vertigo, salivation, dark urine color, and 

effects on the blood and liver. Animals have had 

muscular spasms, trouble walking, and even 

death after ingesting water with incredibly high 

phenol concentrations. The phenols are definitely 

cancer-causing to people [26]. The quality of this 

drinking water from boreholes in Kenya and 

especially the Kerio Valley, with respect to 

phenolic chemicals, is largely unidentified since 

the water is not pre-treated before consumption. 

Furan has been identified as a potential 

groundwater contaminant due to its widespread 

use and persistence in the environment. 

Moreover, furan can enter the groundwater 

through industrial discharges, spills, and leaks 

from storage tanks [27]. Once in the 

groundwater, furan can travel great distances 

and contaminate large volumes of water. It is also 

known to persist in the environment, which 

means that it can remain in the groundwater for 

a long time [28]. Consequently, exposure to 
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furan-contaminated groundwater can pose a risk 

to human health. Furan has been classified as a 

potential human carcinogen, which suggests that 

it may result in cancer. Furan has been 

associated to long-term liver, kidney, and lung 

damage as well as reproductive system harm 

[29]. 

Furan-contaminated groundwater remediation 

can be a challenging and expensive operation. Air 

stripping, activated carbon adsorption and 

chemical oxidation are prevalent techniques. 

These techniques work well to remove furan 

from groundwater but can be expensive and 

time-consuming [30]. Furan-containing products 

need to be handled and disposed of carefully to 

avoid groundwater contamination. Furan-using 

industries should have adequate spill 

containment and storage procedures in place to 

avoid unintentional discharges. Regular 

monitoring of groundwater near areas where 

furan is used or stored can also help identify and 

prevent contamination [31]. The existence of 

furans in groundwater and their possible 

consequences on human health and the 

environment are the subject of numerous 

ongoing studies. For instance, Zhang et al. (2020) 

researched the “Furan occurrence in 

groundwater from a contaminated site and its 

potential health risk”. This study investigated the 

occurrence of furans in groundwater samples 

collected from a contaminated site in China. The 

authors found that furan concentrations 

exceeded the drinking water standard in some 

samples and calculated the potential health risk 

to humans through ingestion and dermal 

exposure. Moreover, Faccio et al. (2019) 

investigated the “Furan contamination of 

groundwater in an industrial area in Italy”. This 

study assessed the levels of furans in 

groundwater samples collected from an 

industrial area in Italy. The authors found that 

furan concentrations were higher in samples 

from the contaminated site compared to a 

control site and suggest that furan contamination 

may be linked to industrial activities in the area.  

Environmental scientists typically concentrate on 

the fate, transport, and impact of petroleum 

hydrocarbons when assessing the environmental 

impact of oil spills and drilling. The 

environmental effects of oil spills into 

groundwater are thought to be reduced by 

several weathering such as biodegradation, 

photoxidation, and physical weathering [32]. 

Hydrocarbons can, however, be transformed into 

compounds that may be important for the 

environment through processes like 

biodegradation and photochemistry. When 

evaluating the risk of an oil spill, these 

transformation products are often overlooked 

[33]. It is imperative to know that oxygenated 

hydrocarbons are prevalent for longer periods of 

time and hence considered as persistent in the 

environment and, therefore, increase the 

likelihood of their bioaccumulation in an 

ecosystem as well as the human body [34]. On 

oxygenated hydrocarbon, there are limited 

statistics readily available currently on 

persistence, bioaccumulation, and toxicity (PBT). 

Therefore, in light of these regulatory 

requirements, it is crucial to screen the 

representative chemical families of oxygenated 

hydrocarbons. Numerous furan and furan-like 

chemicals have undergone in vivo and in vitro 

tests to determine the extent of pollution in 

water systems. Studies on chronic exposure in 

mammals have shown that furans are linked to 

poor reproductive results, birth abnormalities, 

hepatotoxicity, immunosuppression, and 

carcinogenicity. Mice that consumed furan their 

entire lives got thyroid and liver cancer. Rats that 

were similarly exposed got liver, lung, tongue, 

hard palate, and nose cancers [35]. 

The detection of furan and phenol-based 

contaminants at remarkably high concentrations 

in most of the sampled boreholes is a clear 

indication that the Kerio Valley groundwater 

system is not safe for both domestic and 
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commercial applications. However, periodic 

water quality monitoring of the Kerio Valley 

water regime is essential to inform both 

environmental and public health concerns on 

water quality and safety. 

Experimental 

Reagents and apparatus  

Analytical grade (purity ≥99%) reagents were 

employed in this study. Methanol, hexane, DCM 

and pure stock furan-D4 solution were 

purchased from Sigma Aldrich, Inc., St. Louis, 

Missouri, USA, through its subsidiary, Kobian, 

Kenya and used without further treatment. A 

Whatman no.1 and 2 filter paper, C18 cartridge, 

separating funnel and 2 mL amber vials were 

purchased from Sigma Aldrich, Inc., St. Louis, 

Missouri, USA, through its subsidiary, Kobian, 

Kenya. A rotor vapor, mantle, and Agilent 6890 

Gas Chromatograph hyphenated to a mass 

selective detector (MSD) 5890 series were 

available in the University laboratory.  

Sample treatment 

Groundwater samples were collected from four 

boreholes namely; KV1, KV2, KV5, and KV13, 

along Kerio Valley water basin using sterilized 

plastic bottle containers, and transported to the 

laboratory for further treatment and analysis. 

Whatman no. 1 filter paper was used to filter the 

sample to eliminate the tiny particles. A binary 

mixture of 100 mL of 1:1 n-hexane and methanol 

was added to a 500 mL separating funnel after 

300 mL of water sample. After shaking the 

mixture for 10 minutes to achieve homogeneity, 

it was left to stand for 30 minutes. Heat was 

provided to the mantle from a source that 

operated between 60 and 80 °C. This low-

temperature range is advised to prevent the 

thermal disintegration of molecular components. 

500 mL of water from each sampling location 

was cleaned with a C18 cartridge and filtered 

using Whatman no. 2 filter paper. A solid-phase 

extraction approach was used to filter and purify 

the extract. The extracts were pre-concentrated 

using a rotor vapor before being sampled into 2 

mL amber vials for GC-MS analysis. 20µL of pure 

stock furan-D4 solution was diluted to 10 mL in 

methanol to result in a solution of 2µg/mL, which 

was evaluated for quality assurance/quality 

control. Under instrumental circumstances that 

have been previously designed [36, 37], 2 L of the 

solution combination was injected into the GC-

MS. 

To guarantee the repeatability of the results, 

three replicate analyses were carried out. The 

organic phase was taken and concentrated using 

a rotor evaporator to 10 mL while the aqueous 

phase was drawn and discarded. For the 

extraction of organics, the same method was 

used on all water samples. Gas chromatograph-

mass spectrometry was used to characterize the 

extract in three replicates. 

Study area 

Kerio Valley, the study area (Fig. 1), is located in 

the Rift Valley part of Baringo County in Kenya. 

Baringo County is bordered by Turkana County 

and West Pokot County to the north, Samburu 

County and Laikipia County to the east, Nakuru 

County and Kericho County to the south, Uasin 

Gishu County to the south west and Elkeiyo 

Marakwet to the west. Kerio Valley lies between 

35 ⁰20ʹ0ʺE and 0 ⁰10ʹ0ʺN and covers an area of ~ 

50 Km2. It is home to Kenyans whose economic 

activities include farming, fishing, and fluorspar 

mining. The source of drinking water is largely 

boreholes suspected to contain a range of micro-

ionic species and hydrocarbons that have not 

been explored before. Evidently, the quality of 

water may be affected by rock weathering and 

waste materials from mining sites that may 

result in the release of toxic chemicals into both 

the environment and the aquatic system. 
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Fig 1.A map showing the sample collection sites in the Kerio-Valley water basin [38]. 

GC-MS characterization of furan and phenol-based 

contaminants in borehole water 

Following the procedure adopted by Bosire, 

(2016), samples taken from groundwater in the 

Kerio Valley boreholes were processed through a 

10 mL dichloromethane solution (DCM), filtered 

using Whatman no. 10 filter paper, followed by 

characterization using Agilent 6890 Gas 

Chromatograph hyphenated to a mass selective 

detector (MSD) 5890 series. A filtered sample 

volume of about 1 L was injected to a GC column 

(DB-5MS, 30 m, 250 µm, 0.5 µm). 

To enable the transformation of organic species 

into the gas phase prior to MS analysis, the 

injector port's temperature was set at 200 °C. For 

programming the temperature, it was heated at a 

rate of 15 °C/min for 10 minutes, held for 3 

minutes at 200 °C, then heated at a rate of 20 

°C/min for 5 minutes, held for 10 minutes at 300 

°C. An electron impact ionization source of 70 eV 

was applied in the MS platform. The National 

Institute of Science and Technology software 

(NIST, USA) was used to identify the molecular 

products, and the improved data program built 

within the Agilent MSD Chemstation provided 

further confirmation, according to Kibet et al. 

(2012). Standards of pure compounds were run 

through the GC-MS under the same 

circumstances to check that the proper 

compounds were reported, and it was discovered 

that the retention periods and peak shapes 

matched with outstanding precision.  
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Method validation and recovery test 

To ensure repeatability and reproducibility of 

this study, standards of pure compounds in each 

category (phenols and furans) were prepared 

and found to be linear with correlation 

coefficient, � ≥ 0.989. The spiked borehole 

samples were used to determine the accuracy of 

the GC-MS.  The relative recovery experiments at 

various concentrations were assessed and 

relative recovery values ranged between 88.5% 

and 105.6% suggesting commendable accuracy.  

The sensitivity of the GC-MS method was 

evaluated by computing the limits of detection 

(LOD) and quantification (LOQ). Ten (10) 

separate blank solutions were prepared and 

analyzed. The determination of LOD and LOQ 

was performed following the protocol advanced 

by the International Union of Pure and Applied 

Chemistry (IUPAC) [39] using Equations (1) and 

(2).  

LOD = 3 �
�

�
�                                                                  (1) 

LOQ = 10 �
�

�
�                                                                (2) 

Where, s is the slope of the calibration curve for 

each element and �= standard deviation of the 

measurements of the blank solution. 

The calibration curves for each compound were 

constructed by plotting the peak area of the 

optimum GC-area counts to the concentration of 

the standard solution. Next, the least square 

linear regression analysis was performed to 

determine the slope, intercept and coefficients. 

Results and discussion  

Boreholes are the primary water sources for 

agricultural and domestic use in the Kerio Valley 

basin. Despite concerns about possible pollution 

from mining companies and the current 

exploratory wells being conducted in the vicinity 

in search of hydrocarbons, the safety of these 

underground water bodies has not previously 

been assessed. 

Based on the findings of this study, furan 

derivatives such as 2-butyltetrahydrofuran, 2-

(dichloromethyl)tetrahydrofuran, 4,5-diethyl-

2,3-dimethyl-2,3-dihydrofuran, 2-furanmethanol, 

2-methyltetrahydro-2-furanol, 3-methyl-2,3-

dihydro-1-benzofuran, 1-(5-ethyltetrahydro-2-

furanyl)-3,3-dimethyl-2-butanone, and 5-

isopropenyl-3-isopropyl-2,2-dimethyl-2,5-

dihydrofuran as reported in Table 1, were 

present in varied concentrations. 

 

Table 1.Major furan and phenol based contaminants in borehole water 

S/No.  Name Molecular 

structure 

RT (min) Molar mass 

1  2-methyltetrahydro-2-furanol 

 

6.41 102.13 

2  2-(dichloromethyl)tetrahydrofuran 

 

8.18 120.58 

3  3-methyl-2,3-dihydro-1-benzofuran 

 

9.82 143.18 

4  2-furanmethanol 

 

10.31 126.15 
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5  2,6-dichlorophenol 

 

13.13 163.00 

6  4,5-diethyl-2,3-dimethyl-2,3-dihydrofuran 

 

17.46 154.25 

7  3-(1,1-dimethylethyl)-4-methoxylphenol 

 

18.95 180.24 

8  2-(1,1-dimethylethyl)-4-methoxyphenol 

 

19.04 180.24 

9  3,5-bis(1,1-dimethylethyl)phenol 

 

20.10 206.33 

10  2,6-bis(1,1-dimethylethyl)-4-methylphenol 

 

22.16 220.35 

11  2,6-bis(1,1-dimethylethyl)-4-ethylphenol 

 

25.81 234.38 

12  2,4-bis(1,1-dimethylethyl)phenol 

 

40.10 278.50 

13  2-anilino-4,6-di-tert-butylphenol 

 

43.19 297.44 

14  1,4-epoxynaphthalene-1(2H)-methanol 

 

46.18 344.27 

 

Furan-based contaminants in Kerio Valley 

borehole water 

Based on the findings of this study, 2-

(dichloromethyl)tetrahydrofuran was found in 

borehole water KV1 and KV3 with 

concentrations of 0.177 ± 0.02 and 0.045 ± 0.01 

ppm, respectively lower than the WHO limit of 

2.0 ppm allowed in drinking water as shown in 
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Table 2. More importantly, 3-methyl-2,3-

dihydro-1-benzofuran was significantly present 

in all the borehole with concentration of 9.390 ± 

1.12, 0.23±0.02, 0.213±0.05, and 0.070±0.28 ppm 

in decreasing order of KV1, KV2, KV3, and KV4 

respectively confirming that it is the major 

pollutant in the groundwater of Kerio Valley 

among other furan derivatives. 

Table 2.Distribution of furan-based contaminants in borehole water 

Borehole Furan derivative Con. (ppm) WHO limits (ppm) 

KV1 3-methyl-2,3-dihydro-1-benzofuran 9.39 ± 1.12 0.28 

4,5-diethyl-2,3-dimethyl-2,3-

dihydrofuran 

0.87 ± 0.09 - 

2-furanmethanol 2.64 ± 0.34 0.20 

2-methyltetrahydro-2-furanol 0.31 ± 0.06 2.00 

2-(dichloromethyl)tetrahydrofuran 0.18 ± 0.02 2.00 

KV2 3-methyl-2,3-dihydro-1-benzofuran 0.24 ± 0.02 0.28 

KV3 3-methyl-2,3-dihydro-1-benzofuran 0.21 ± 0.05 0.28 

2-(dichloromethyl)tetrahydrofuran 0.05 ± 0.01 2.00 

KV4 3-methyl-2,3-dihydro-1-benzofuran 0.07 ± 0.01 0.28 

 

The representative GC chromatogram of the 

analyzed organic contaminants reported in KV1 

according to the structures presented in Table 1 

and Fig 2. 

Tetrahydrofuran is a solvent well known to be 

used in the production of adhesives as used by oil 

explorers among other significant uses such as 

production of rubber, resins, plastics, dyes, 

lacquers, spandex, PVC pipe, and packaging 

materials [40]. Significantly, tetrahydrofuran 

spreads readily through soil, but it is also 

released into the atmosphere and decomposes 

rapidly. Due to its ease of transition from water 

to air and potential for biodegradation, 

tetrahydrofuran has a lower concentration in 

surface water [41].  

 
Fig 2.GC chromatogram for organic contaminants 

detected in KV1, as reported in Table 1 

Tetrahydrofuran can be found in quite high 

concentrations in groundwater due to the fact 

that it is difficult to degrade in groundwater and 

challenging to move from groundwater to soil 

and rock thus it has a higher potential to 

accumulate even beyond the WHO (World Health 

Organization) permissible limits [42]. Therefore, 

the difference in concentrations of KV1 and KV4 

depends on their distance from exploratory wells 

injected with the chemical. Nonetheless, this 

chemical was not detected in KV2. The 

concentrations of 2-

(dichloromethyl)tetrahydrofuran in KV1 is 

highest compared to that of KV3, as reported in 

Table 2. 

Remarkbaly, 4,5-diethyl-2,3-dimethyl-2,3-dihyd-

rofuran was found in KV1 to have concentration 

of 0.873 ± 0.09 ppm which might have been used 

during oil exploration in the nearby drills and 

may have contaminated the groundwater. In 

addition, 2-furanmethanol and 2-

methyltetrahydro-2-furanol were found to be 

dominant in KV1with 2.64 ± 0.34 ppm and 0.313 

± 0.06 ppm, respectively compared to the WHO 

standard in drinking water of 0.2 ppm, as 

reported in Table 2. Notably, these organic 

compounds are solvents for tanning agents, dyes, 
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and resins in addition to being used in cement, 

sealants, and as raw materials for furan-based 

polymers such as urea-formaldehyde [43]. 

The most significant application is in the 

production of poly(furfuryl alcohol) resins for 

sand-based cores and molds in foundries, as well 

as for the production of plastics, cement, mortars, 

binders, and adhesives during oil exploration in 

addition to fungicide and weed killer though it is 

possibly carcinogenic to human [44]. Generally, 

the genesis of these organic contaminants in 

borehole may be attributed to exploratory 

activities, chemical farming, and poor 

wastewater management in the study area. 

Phenol-based contaminants in Kerio Valley 

borehole water 

To ascertain the relative contributions of 

drinking water to overall exposure and potential 

risks to human health, a thorough analysis of bis-

phenol compound concentrations was carried 

out in borehole water from the area of study. 

From the results, it is clear that KV1 is heavily 

contaminated with bis-phenol-based compounds 

such as 3,5-bis(1,1-dimethylethyl)phenol, 2,6-

bis(1,1-dimethylethyl)-4-methylphenol, 2,6-

bis(1,1-dimethylethyl)-4-ethylphenol, and 2,6-

bis(1,1-dimethylpropyl)-4-methylphenol, in the 

order of decreasing concentration of 5.99, 1.11, 

0.69 and 0.134 ppm, respectively, as presented in 

Table 3. 

It is significant to note that 3,5-bis(1,1-

dimethylethyl)phenol concentration is twice the 

WHO limits in drinking water as used by the 

inhabitants and approximately fifty times more 

than the concentration reported in KV2. 

Nonetheless, 2,6-bis(1,1-dimethylethyl)-4-

methylphenol and 2,6-bis(1,1-dimethylpropyl)-

4-methylphenol concentration in groundwater of 

KV1 is 1.11 ± 0.07 and 0.134 ± 0.03 ppm, 

respectively, as provided in Table 3 . This 

concentration is significantly higher than the 

WHO allowable limit in drinking water even 

though 2,6-bis(1,1-dimethylpropyl)-4-

methylphenol was lower than the toxic 

concentration limit in aquatic environments.  

 

Table 3.Distribution of phenol-based contaminants in borehole water 

Borehole Phenol derivative Conc. (ppm) WHO limits (ppm) 

KV1 3-(1,1-dimethylethyl)-4-methoxyphenol 9.40 ± 1.20 2.50 

2,6-bis(1,1-dimethylethyl)-4-methylphenol 1.11 ± 0.07 0.10 

3,5-bis(1,1-dimethylethyl)phenol 5.99 ± 0.82 2.70 

2-(1,1-dimethylethyl)-4-methoxyphenol 0.09 ± 0.02 2.50 

2,6-bis(1,1-dimethylpropyl)-4-methylphenol 0.134 ± 0.03 0.10 

2,6-bis(1,1-dimethylethyl)-4-ethylphenol 0.69 ± 0.05 10.40 

KV2 3,5-bis(1,1-dimethylethyl)phenol 0.074 ± 0.01 2.70 

1,4-epoxynaphthalene-1(2H)-methanol 2.804 ± 0.15 0.30 

KV3 2-analino-4,6-di-tert-butylphenol 0.073 ± 0.01 2.00 

KV4 2-analino-4,6-di-tert-butylphenol 0.103 ± 0.02 2.00 

2,6-dichlorophenol 0.06 ± 0.01 0.001 

 

3-(1,1-dimethylethyl)-4-methoxylphenol and 2-

(1,1-dimethylethyl)-4-methoxyphenol were also 

dominant in borehole water KV1. The toxicology 

of these pollutants in humans includes liver and 

kidney damage, skin discoloration, and eye 

damage, and may also result in vision 

impairment, as adversely witnessed in the Kerio 

Valley region [45]. The concentration of 3-(1,1-

dimethylethyl)-4-methoxylphenol and 2-(1,1-

dimethylethyl)-4-methoxyphenol were noted to 

be 9.40 ± 1.20 and 0.09 ± 0.02 ppm, respectively 

compared to the WHO limit of 2.5 ppm, as shown 

in Table 3. Nonetheless, 2,6-dichlorophenol and 

2-analino-4,6-di-tert-butylphenol emerged in 
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KV4 water sample in concentrations of 0.06 ± 

0.01 ppm and 0.103 ± 0.02 ppm, respectively. 

More importantly, these pollutants are toxic at 

elevated concentrations in aquatic environments, 

and thus, discharges from mining industries, as 

well as continuous chemical methods of farming, 

need to be inspected more often in order to 

mitigate challenges posed to the environment 

[46]. 

Apart from other pollutants in KV2, 1,4-

epoxynaphthalene-1(2H)-methanol posted a 

higher concentration of 2.804 ppm, which is 

about nine times more than the WHO limits for 

oral ingestion, as summarized in Table 3. The 

pollutants reported in this work may be as a 

result of poorly managed wastewater and 

discharges from mining companies within the 

Kerio Valley region, municipal waste as well as 

continuous chemical farming taking place in the 

area.  

Conclusion 

According to the findings of this investigation, 

the Kerio Valley water boreholes are 

contaminated with furan and phenol-based 

organic pollutants. Although some boreholes 

near the hydrocarbon exploratory wells were 

analyzed, it is possible to believe that the 

majority of borehole water in this region is 

adversely contaminated by these organic 

pollutants and may be unfit for human 

consumption; in addition the borehole water is 

unsuitable for irrigation. Remarkably, 3-methyl-

2,3-dihydro-1-benzofuran and 2-furanmethanol 

showed much greater quantities than other furan 

based pollutants in the KV1 borehole, with 9.390 

and 2.64 ppm, respectively. The concentration is 

significantly higher compared to the WHO 

permissible limit. Moreover, KV1 had significant 

3-(1,1-dimethylethyl)-4-methoxyphenol, 3,5-

bis(1,1-dimethylethyl)phenol, and 2,6-bis(1,1-

dimetylethyl)-4-methylphenol concentration 

profiles of 9.40, 5.99, and 1.11 ppm, respectively. 

However, KV4 had an elevated 2,6-

dichlorophenol concentration of 0.06 ppm, which 

is approximately sixty times the WHO 

recommended levels in drinking water. 

According to these data, the KV1 and KV4 

boreholes are by far the most polluted of all the 

other boreholes analyzed in this study. When 

examining the human and environmental impact, 

it is usually impossible to identify the losses 

produced by the current exposure. The impacts 

of potential water pollution must be carefully 

considered throughout hydrocarbon exploration 

and any other mining activity. 

Surface and groundwater monitoring methods 

and programs, as well as ambient air monitoring, 

must be modified by health authorities. 

Groundwater studies have indicated a high link 

between reported health consequences and 

hydraulic fracturing leachates as well as other 

mining activities taking place beneath the Earth's 

surface. Since epidemiological studies typically 

describe human exposure using various distance 

measures as a surrogate, the challenge for future 

studies will be use not only measured 

concentrations of pollutants, but also the kinetics 

and characterization of organic pollutants during 

hydraulic fracturing and mining activities 

beneath the ground surface. For both humans as 

well as the environment, the use of explosives 

and fracturing using hazardous organic 

compounds continue to be detrimental to both 

public and environmental health. 
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