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Abstract 
In this study, several surface water samples and agbo (herbal mixtures) were collected in parts of Agbor, 
Delta State, and selected physicochemical attributes such as pH, nitrate and phosphate contents were 
determined in accordance with routine procedures described by the American Public Health Association 
(APHA). The PAH profiles of the respective samples were also evaluated with the aid of Gas 
chromatography with flame ionization detection. The mean pH of the water samples ranged from 5.36 
± 0.05 to 5.89 ± 0.04, while those of the agbo ranged from 3.73 ±1.10 to 4.48±3.22.  The total surface 
water borne PAH profiles were very low (0.028–0.050 mg/l), whereas the agbo herbal samples harbored 
elevated concentrations (0.845–1.682 mg/l), dominated by phenanthrene, chrysene, and fluoranthene 
respectively. The presence of potentially carcinogenic PAH congeners such as chrysene and 
fluoranthene in the examined agbo herbal mixtures is a source of public health concern and indicates 
the urgent need for governmental regulatory oversight and public health education measures so as to 
improve on the safety of these artisinally produced herbal (agbo) preparations. 
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INTRODUCTION 
Public health concerns about water quality and safety are still very important, especially in 
developing nations where people frequently rely on raw surface water sources for household, 
agricultural, and even medical needs (WHO, 2022). Flowing water bodies (rivers and streams) 
are known to offer vital ecosystem services by serving as a significant supply of water for 
irrigation, drinking, washing, fishing as well as traditional medical procedures (Omokaro et 
al., 2024). However, anthropogenic activities like solid waste disposal disposal, generation and 
disposal of industrial effluents, agricultural and urban stormwater runoffs has made flowing 
water bodies such as rivers extremely vulnerable to contamination (Uddin and Jeong, 2021). 
Numerous organic and inorganic contaminants are introduced by such contamination 
exemplified by organic compounds, suspended particles, heavy metals, and minerals, all of 
which have the potential to harm anthropogenic health and negatively impact water quality 
(Uddin and Jeong, 2021). 
 
A consequence of inadequate access or non-availability of treated pipe borne water is the 
complete reliance on surface water bodies (where available) for water supplies by Nigerians 
residing in rural and peri-urban areas respectively (Omokaro et al., 2024). Surface water (either 
untreated or treated) sourced from flowing water bodies (rivers, streams) is widely used by 
communities for a variety of domestic purposes. 
 
“Agbo” is a locally produced liquid herbal mixture prepared from the stems and branches of 
several medicinal plants in different parts of South West Nigeria and is becoming more and 
more well-liked in other areas due to its alleged ability to treat a range of health issues such 
as GIT infections, typhoid as well as malaria (Erhunse et al., 2023; Folami et al., 2024). Usually, 
plant parts including roots, bark, leaves, and stems are boiled or soaked in water to create 
these herbal concoctions (Ogbole et al., 2023).  
 
A key factor in determining whether surface water is suitable for anthropogenic consumption 
or usage in the preparation of herbal medications such as Agbo is its physicochemical quality. 
Parameters such as pH, suspended particles, phosphates, nitrates, sulphates, amongst other 
physicochemical attributes can reveal relevant information pertaining to nutrient loading, 
chemical balance as well as eutrophication risk (Mishra et al., 2023). Increased concentrations 
of these factors have been connected to poor water quality, less aesthetic appeal as well as 
adverse health effects. For instance, excessive phosphate can cause algal blooms, which 
deplete oxygen and cause ecological stress, whereas high nitrate levels in water are linked to 
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methemoglobinemia in babies (Johnson, 2019). In addition to affecting water clarity, total 
suspended solids can obstruct disinfection procedures and serve as potential carriers of 
chemicals and pathogens (Braga et al., 2022). 
 
The occurrence of persistent organic pollutants, such as PAHs has continually drawn attention 
in addition to traditional physicochemical characteristics. The incomplete burning of fossil 
fuels, biomass, and other organic materials are the primary sources of PAHs (Patel et al., 2020). 
Vehicle emissions carried by runoff, industrial discharges, artisanal petroleum refining, bush 
burning, and domestic cooking activities are some of the sources of PAHs in Nigerian rivers 
(Okedere and Elehinafem 2022). Being that PAHs are lipophilic and stable, these moieties are 
known to build up in sediments and aquatic life and make their way into the anthropogenic 
food chain (Okedere and Elehinafem 2022). A number of PAHs are known to be carcinogenic, 
teratogenic, and mutagenic and the International Agency for Research on Cancer (IARC) has 
categorised PAH moieties like benzo[a]pyrene as Group 1 carcinogens respectively (Stading 
et al., 2021). As such, their presence in drinking water sources or artisinally produced herbal 
preparations such as agbo can pose a serious public health risk. 
 
The chemical safety of herbal mixtures such as agbo has not been thoroughly studied in 
Nigeria, despite the fact that agbo is consumed widely. This is especially true with respect to 
the possible transfer of harmful pollutants like PAHs from environmental water sources into 
herbal decoctions. Although microbiological contamination and certain physicochemical 
attributes of herbal remedies have been studied (Osunkotun et al., 2022; Shitu et al., 2024), 
there is a paucity of data with respect to the presence of organic contaminants such as PAHs 
in Agbo. Given the increasing popularity of these liquid herbal preparations which are 
generally perceived as safe for human consumption irrespective of the likelhood of chemical 
contamination of these herbal preparations based on the artisinal preparation method(s), this 
information gap is alarming. As such, this study aimed to assess selected physicochemical and 
PAH profiles of raw surface water and agbo (herbal mixtures) samples collected from 
different locations in Agbor, Delta State, Southern Nigeria. 
 
MATERIALS AND METHODS 
 
Collection of surface water samples and liquid herbal preparations 
The water samples were collected from three sampling points on the Orogodo river which 
flows through the municipal area of Agbor town in Delta State.The river is known to originate 
from the dense rainforest area of Mbiri and flows through several towns in Delta State which 
include; Owa, Agbor as well as Abavo prior to discharging into the Ethiope River (Efe, 2013).  
The water samples were collected from the three sampling points on the water body (Fig. 1) 
in February 2025. The water samples were collected in duplicates with the aid of labeled clean 
and sterile 1liter plastic containers and the samples were immediately placed in a cooler 
containing ice blocks.  Samples were taken from three strategic points along the Orogodo 
River namely: station I (Umuaja village), station II (Umutu village) and station III (Agbor town) 
respectively. 
 
Two (2) samples of agbo preparations were purchased respectively from three (3) sellers 
(hawkers) within different parts of Agbor metropolis. The herbal preparations were soaked 
mixture of various plant extracts. The sellers refused to reveal the names of the plants used in 
the preparation of the respective agbo preparations. It was observed that it was the stems of 
the plants that were utilized in preparing the respective agbo samples The samples were also 
purchased in February, 2025 and an identical volume of the preparation (50 ml) was obtained 
and decanted into labeled sterile plastic containers respectively.  
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Fig 1: Map of Orogodo river indicating the various sampling points   

 
Physicochemical and PAH analysis of the respective samples 
The physicochemical parameters were determined in accordance with methods described by 
APHA (2017). The pH of the samples was determined using a calibrated electrometric pH 
meter while the Total Dissolved Solids (TDS) parameter was determined using the weight 
difference method. The sulphate and nitrate parameters were determined using the 
turbidimetric and ultraviolet spectrophotometric methods respectively. The phosphate 
content of the respective samples was evaluated using the ascorbic acid colorimetric technique.  
The PAH concentrations of each water and herbal liquid (agbo) sample were evaluated using 
gas chromatography equipped with flame ionisation detector (GC-FID). Column clean-up 
procedure for each sample prior to PAH analysis entailed packing of the GC column of about 
15 cm length with glass wool and about 10 g activated silica gel prepared in a slurry form in 
dichloromethane. About 10 g of anhydrous NaSO4 was placed at the top of the column to 
absorb any water in the sample or the solvent. Pre-elution was achieved with 30 ml of 
dichloromethane, without exposing the NaSO4 layer to air, so as to prevent the drying up of 
the silica gel adsorbent. The reduced extract was run through the column and allowed to sink 
below the NaSO4 layer. Elution was done with 3 × 10 ml portions of dichloromethane and the 
eluate was collected in a solvent rinsed 100ml conical flask. The eluate was transferred to a 
round bottom flask and concentrated to 1ml final volume with the aid of a rotary evaporator. 
The concentrate was then transferred into a clean 2ml Teflon screw-cap vial, capped tightly, 
labeled and preserved to prevent oxidation prior to GC-FID analysis. 
 
AccuStandard stock solution of the 16 USEPA priority PAHs calibration standard which 
included; naphthalene (NaP), acenaphthene (Ace), acenaphthylene (Acy), fluorene (Flu), 
phenanthrene (Phe), anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), benzo(a)anthracene 
(BaA), chrysene (Chr), benzo(b) fluoranthene (BbF), benzo(k) fluoranthene (BkF), 
benzo(a)pyrene (BaP), indeno(1,2,3-cd)pyrene (InP), dibenzo(a,h) anthracene(DBA), and 
benzo(g,h,i)perylene (BP) were prepared and then serially diluted to produce different 
concentrations ranging from 0.5 ppm to 20.0 ppm. Stock standard solutions were stored in 
amber-coloured bottles at 4˚C and working standard solutions were freshly prepared before 
use. Standard solutions of the PAH were run on GC-FID under the set chromatographic 
conditions and mean peak areas were plotted against concentrations to obtain calibration 
curves of the respective PAHs. 
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The GC utilized was an Agilent 6890 gas chromatograph equipped with an auto sampler 
connected to an Agilent 5973N mass selective detector. About 1µl of sample solution was 
injected in the pulsed spiltless mode onto a 30m × 0.25mm HP5 coated fused capillary column 
with a film thickness of 0.25µm. Helium was utilized as the carrier gas and the column head 
pressure was maintained at 13 psi to give constant flow of 1.0 ml/min. The column 
temperature was initially held at 70 oC for 2mins, increased to a final temperature of 300 oC at 
a rate of 12 oC/min and held for 8mins.  The PAHs identification time was based on retention 
time since each of the PAHs has its separate retention time in the column. Those with lower 
retention times were identified first followed by those with longer retention times. 
 
Statistical analysis 
The physicochemical values obtained for each of the sample sets were converted into mean 
values and the standard deviation of the mean values was also derived using Microsoft excel 
2019 version. 
 
RESULTS AND DISCUSSION 
Physicochemical properties of the surface water and agbo samples  
The physicochemical properties of the water and agbo samples in this study are presented in 
Table 1. The pH of the water samples ranged from 5.36 ± 0.05 to 5.89 ± 0.04, while those of the 
agbo ranged from 3.73 ±1.10 to 4.48±3.22. TDS concentrations ranged from 8.00 mg/l ± 1.50 to 
11.0 mg/l ± 1.20 (water) and 604 mg/l ± 15.0 to 1195 mg/l ±25.00 (agbo). Sulphate 
concentrations ranged from 0.43 mg/l ±0.03 to 0.52 mg/l ± 0.11 for water samples, and 8.91 ± 
2.01mg/l to 62.90 mg/l ±12.10 for agbo. The mean nitrate values ranged from 0.22 mg/l ± 0.01 
to 0.36 mg/l ± 0.02 for water, and 1.33 mg/l ±0.04 to 1.89 mg/l ±0.02 for agbo. The mean 
phosphate concentrations were 0.01 mg/l ± 0.01 for all water samples, while for the agbo 
samples, the mean phosphate readings   ranged from 0.01 mg/l ± 0.01 to 0.08 mg/l ± 0.01. 
Comparatively, the mean pH data documented for the water samples was higher than those 
observed for the agbo samples while the mean TDS, sulphate, nitrate and phosphate values 
for the agbo samples was higher than values documented for the respective water samples.  
 
Table 1: Physicochemical properties of water and agbo 

Parameters Raw surface water Agbo (Herbal) preparation 

1 2 3 1 2 3 

pH 5.89±0.04 5.36±0.05 5.55±0.02 4.22±1.14 4.48±3.22 3.73±1.10 

TDS (mg/l) 8.0±1.50 10.0±1.10 11.0±1.20 1195±25.00 604±15.00 1040±30.00 

Sulphate (mg/l) 0.43±0.03 0.52±0.11 0.48±0.10 62.90±12.10 29.36±11.10 8.91±2.01 

Nitrate (mg/l) 0.22±0.01 0.36±0.02 0.36±0.12 1.33±0.04 1.89±0.02 1.58±0.05 

Phosphate (mg/l) 0.01±0.01 0.01±0.01 0.01±0.01 0.05±0.01 0.08±0.01 0.01±0.01 

 
The pH of the surface water samples ranged from 5.36 to 5.89, which was indicative of the 
slight acidity of the examined samples and the pH value range was below the USEPA 
recommended limit of 6.5–8.5 for potable water (USEPA, 2018). The agbo samples exhibited 
even lower pH values (3.73–4.48), a trend which was consistent with the likely presence of 
dissolved acidic plant extracts in the agbo herbal preparations.  The acidity of herbal 
preparations has also been previously documented by Akinmoladun et al. (2020). The range 
of total dissolved solids (TDS) observed for the surface water samples (8–11 mg/l) were well 
below the USEPA guideline of 500 mg/l, reflecting minimal mineralization. Conversely, agbo 
samples had markedly higher TDS (604–1195 mg/l), likely due to the presence of dissolved 
phytochemicals and extraction of organic compounds from plant materials, corroborating 
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findings reported by Egemba et al. (2025). The mean sulphate and nitrate concentrations in 
water (0.43–0.52 mg/l and 0.22–0.36 mg/l, respectively) were notably   lower than the USEPA 
limits of 250 mg/l and 10 mg/L, indicating negligible pollution. Agbo samples exhibited 
elevated sulphate (8.91–62.90 mg/l), attributed to plant constituents, while nitrate remained 
low, a trend which was in agreement with observations reported by Agu et al. (2025). 
Phosphate levels were minimal in all samples (≤0.08 mg/l), which was in alignment with a 
report by Ugbenyen and Godwin (2022). The physicochemical results would suggest that the 
physicochemical quality of the surface water samples was within USEPA standards, for 
drinking water. The agbo herbal samples on the other hand, expectedly had higher 
physicochemical values most likely due to the formulation and preparation process of the 
herbal mixture. 
 
PAH profiles of the surface water and agbo samples 
The concentrations of PAHs in the respective water and agbo herbal samples are presented in 
Table 2 below. For the surface water samples, no PAHs were detected in sample 3. Samples 1 
and 2 had a total PAH concentration of 0.050mg/l and 0.028mg/l, respectively. Naphthalene 
and acenaphthylene were detected in sample 1, while only acenaphthene was detected in 
sample 2.  
 
For the agbo herbal mixtures, the total PAH values ranged from 0.845 mg/l for agbo sample 
3 to 1.682 mg/l for agbo sample 2. Sseveral PAHs; anthracene, pyrene, benz[a] anthracene, 
benzo[a] pyrene, benzo[k] fluoranthene, indeno[1,2,3-cd] pyrene and dibenz[a,h] anthracene 
were not detected in any of the respective agbo sample. Meanwhile fluoranthene (sample 2), 
chrysene (sample 1) and benzo[b] fluoranthene (sample 2) were detected in only one agbo 
sample respectively. Three of the PAH cogeners; Naphthalene, acenaphthylene and 
acenaphthene were detected in each of the respective agbo samples (Table 2).  
 
Table 2: PAH profiles of the surface water and agbo samples 

PAH congeners Surface water (mg/l) Agbo (Herbal) preparation (mg/l) 

1 2 3 1 2 3 

Naphthalene 0.022 0.000 0.000 0.195 0.162 0.119 
Acenaphthylene 0.028 0.000 0.000 0.130 0.131 0.126 
Acenaphthene 0.000 0.028 0.000 0.128 0.130 0.137 
Fluorene 0.000 0.000 0.000 0.000 0.171 0.680 
Phenanthrene 0.000 0.000 0.000 0.329 0.292 0.295 
Anthracene 0.000 0.000 0.000 0.000 0.000 0.000 
Fluoranthene 0.000 0.000 0.000 0.000 0.412 0.000 
Pyrene 0.000 0.000 0.000 0.000 0.000 0.000 
Benz[a]anthracene 0.000 0.000 0.000 0.000 0.000 0.000 
Chrysene 0.000 0.000 0.000 0.574 0.000 0.000 
Benzo[b] fluoranthene 0.000 0.000 0.000 0.000 0.384 0.000 
Benzo[k] fluoranthene 0.000 0.000 0.000 0.000 0.000 0.000 
Benzo[a] pyrene 0.000 0.000 0.000 0.000 0.000 0.000 
Indeno[1,2,3-cd] pyrene 0.000 0.000 0.000 0.000 0.000 0.000 
Dibenz[a,h] anthracene 0.000 0.000 0.000 0.000 0.000 0.000 
Sum 0.050 0.028 0.000 1.355 1.682 0.845 

 
The surface water borne PAH values were very low, with only naphthalene (0.022 mg/l) and 
acenaphthylene (0.028 mg/l) detected in two samples. These values exceed the USEPA 
maximum contaminant level (MCL) for naphthalene (0.0007 mg/L), indicating potential risk 
even at trace concentrations (USEPA, 2004). In contrast, agbo samples harbored a higher range 
of PAH concentrations, dominated by phenanthrene (0.292–0.329 mg/l), chrysene (0.574 mg/l) 
as well as   fluoranthene (0.412 mg/l). The presence of multiple PAHs in herbal mixtures 
would suggest pre-existing PAH contamination of the medicinal plant material utilized in the 
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synthesis and production of the agbo mixtures. Notably, none of the samples contained 
benzo[a]pyrene, a Group 1 carcinogen identified by the International Agency for Research on 
Cancer (IARC, 2010). However, detected PAHs such as chrysene and fluoranthene are 
classified as possible human carcinogens (Group 2B), and chronic exposure is associated with 
mutagenic and endocrine-disrupting effects (Akintelu et al., 2018; Akintelu et al., 2021). Similar 
elevated PAH levels in herbal preparations have been documented in Nigeria and other 
African countries, often linked to biomass smoke contamination during drying or 
environmental deposition (Udom et al., 2025). These findings highlight the urgent need for 
monitoring and regulatory frameworks for traditional medicine preparation to minimize 
PAH-related health risks. 
 
CONCLUSION 
This study assessed selected physicochemical attributes and PAH concentrations in surface 
water collected from three sampling points on Orogodo river as well as agbo herbal 
preparations from three hawkers in Agbor Delta State, Nigeria. It was revealed that the mean 
physicochemical values of the examined water samples were within USEPA permissible 
limits for drinking water with the notable exception of pH. However, the examined agbo 
herbal preparations had notably higher concentrations of dissolved solids, sulphates, and 
phosphates as well as PAH moieties.  The presence of potentially carcinogenic PAH congeners 
such as chrysene and fluoranthene in the examined agbo herbal mixtures is a source of public 
health concern and would indicate the urgent need for Governmental regulatory oversight 
and public health education measures so as to improve on the safety of these artisinally 
produced   herbal (agbo) preparations. 
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