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Abstract: Seasonal variation significantly impacts groundwater quality, but its effects can vary
depending on hydrogeological settings. This study investigates the comparative impact of seasonal
variation on groundwater quality in different hydrogeological settings in Akaba-Atissa
community. Water samples were collected from 3 boreholes in three different locations with
difference hydrogeological settings during dry, moderately wet and wet seasons. Physicochemical
and Heavy/Light Metals parameters were analyzed and results compared with WHO guidelines,
comparative study were done with observed results within locations and seasons and then
validated using analysis of variances. The results showed that location B exceeded WHO
guidelines for sulphate (4.36-4.40 mg/L) and total hydrocarbon (114-116 mg/L), while location C
showed high nitrate levels (0.272-0.274 mg/L) but location A maintained relatively stable and low
contaminant levels. The ANOVA analysis indicate significant differences in groundwater quality
between locations at (p < 0.001) while Seasonal variations are insignificant for most parameters
at (p > 0.05) with strong correlations exist between parameters at R-values ranging from0.7-0.96.
The significant F-values (p < 0.001) for "Between Locations™ indicate that there are significant
differences in groundwater quality between Location A, B, and C. The non-significant F-values (p
= 0.471) for "Between Seasons" suggest that seasonal variations are not significant for most
parameters. The non-significant F-values (p = 0.627) for "Interaction" indicate that the
interaction between locations and seasons is not significant. The study had identified the
significant water quality variations across locations with no significant differences due to seasonal
variations but due to hydrogeological setting.

Keywords: seasonal variations, groundwater, hydrogeological, comparative, locations.

28


https://bjmas.org/index.php/bjmas/index

British Journal of Multidisciplinary and Advanced Studies 5(5),28-42, 2024
Civil engineering and Building construction

Print ISSN: 2517-276X

Online ISSN: 2517-2778

Website: https://bjmas.org/index.php/bjmas/index

Published by the European Centre for Research Training and Development UK

INTRODUCTION

An essential supply of water for industry, agriculture, and human consumption is groundwater, but a
number of factors, including anthropogenic activities, saline intrusion, and seasonal variations impact the
groundwater quality [1]. A record of Xiao et al.2021 work, indicates that saline intrusion and seasonal
variation are the main causes of groundwater quality degradation [2]. The resulting degradation of
groundwater is a major concern to Atissan’s health and water security in her communities including
Yenagoa. Likewise, the declining in water quality for domestic and industrial/ agricultural consumption to
meeting the demand of her growing population, the increasing industrial/agricultural activities, and the
global warming effect could impact the hydrological cycle [3]

Seasonal Variations is a reflective change in precipitation, temperature, and aquifer recharge which can
affect the groundwater quality leading to significant changes in physical, chemical, and biological
parameters of the groundwater quality. The impact can be categorized into some key areas which includes
but not limited to ; changes in Temperature and Precipitation Patterns (TPP), this affect water temperature,
pH, and dissolved oxygen levels, ultimately impacting water quality [4], Runoff and Sedimentation(RS)
the heavy rainfall events can lead to increased runoff and sedimentation, resulting in higher levels of
turbidity, total suspended solids, and nutrient loading [5], variation in Water Flow and Velocity (WFV)
which influences the transport and distribution of contaminants, thereby affecting water quality [6,7,].
Seasonal Changes in Aquatic Life and Vegetation (ALV) can impact nutrient cycling and water quality,
highlighting the importance of considering ecological factors [9], fluctuations in Groundwater Recharge
and Discharge (GRD) can affect water levels, flow, and quality, [10], Algal Blooms and Cyanobacterial
Growth(ABCG) warm and dry periods can increase the risk of algal blooms and cyanobacterial growth,
posing risks to human health and aquatic ecosystems [11,12] changes in Soil Moisture and
Evapotranspiration(SME) influence nutrient leaching and runoff, impacting water quality [3], seasonal
variations in Human Activities (HA) such as agriculture, urbanization, and recreation, can impact water
guality through increased pollutant loading [13] Water Treatment Processes (WTP) can impact water
treatment processes and infrastructure, requiring adjustments to maintain water quality standards [5,14] and
Hydrogeological Settings (HS) which plays a crucial role in determining groundwater quality[15,16],
because the development of groundwater resources depends on knowledge of hydrogeology [17].

Since diverse hydrogeological settings can change the physical, chemical, and biological features of water
in an aquifer property; like permeability, porosity, and thickness can affect the movement and quality of
groundwater, the settings have a substantial impact on water quality [16]. The chemical composition of
water can be influenced by geological formations, such as rock, sand, or gravel [16,18]. Recharge and
discharge rate deposit pollutants thereby modifying the chemical makeup. Water quality is impacted by
interaction with surface water because of the exchange of nutrients or pollutants [13]. Likewise, the
geochemical processes, such as oxidation-reduction reactions and microbial activity can impact the water
quality, which is impacted by hydrogeological conditions [13]. Modifications in water quality can also

29


https://bjmas.org/index.php/bjmas/index

British Journal of Multidisciplinary and Advanced Studies 5(5),28-42, 2024
Civil engineering and Building construction

Print ISSN: 2517-276X

Online ISSN: 2517-2778

Website: https://bjmas.org/index.php/bjmas/index

Published by the European Centre for Research Training and Development UK

result from nutrient cycling, rock interaction with water, and transportation of contaminants through the
aquifer.

Yenagoa, the state capital of Bayelsa State in Nigeria where Akaba-Atissa Community is stuated exhibits
diverse hydrogeological settings, which significantly impact groundwater quality, availability, and flow
[17]. The region's hydrogeological settings can be categorized into eight types as; Alluvial Aquifers:
Unconsolidated sedimentary deposits, such as sand and gravel, form aquifers in river valleys and coastal
plains [19, 20]. Sedimentary Aquifers: Consolidated sedimentary rocks, like sandstone and limestone, form
aquifers in sedimentary basins [17, 20]. Basement Complex Aquifers: Crystalline rocks, including granite
and gneiss, form aquifers in the basement complex region [21]. Coastal Aquifers: These are influenced by
seawater intrusion and saltwater contamination [22]. Deltaic Aquifers: Layered sedimentary deposits and
complex hydrogeological conditions characterize aquifers in deltaic regions [17,20], Fluvial Aquifers:
River flow and sediment transport influence aquifers in riverine environments. Lacustrine Aquifers: Lake
water chemistry and sedimentation impact aquifers in lakebeds and lake sediments Swamp Aquifers: High
water tables and complex hydrogeological conditions characterize aquifers in swampy environments.[17]

Despite the significance of groundwater as a source of high-quality water supply, there are not many
comparative studies on the effects of seasonal variation on groundwater quality in various hydrogeological
settings, of the Akaba-Atissa community. This study compares the seasonal variations with respect to above
hydrogeological settings in Akaba-Atissa for effective management of the groundwater quality.

MATERIALS AND METHODS

Study Area.
The Attissa Kingdom which is the study area is located in Yenegoa, the capital city of Bayelsa State in the

southern Nigeria, The Atissa Communities comprises of Onopa, Ovom, Yenagoa, Bebelebiri, Yenaka,
Ikolo, Famgbe, Obogoro, Akaba, Ogu, Swali, and Agbura [23.24]. Lies between Longitude 60 15' East of
the Greenwich meridian and Latitude 40 55' North of the Equator (Figl). This location put Yenagoa firmly
on the Equatorial climatic belt which is characterized by high temperature, humidity and heavy rainfall.
The mean monthly temperature of Yenagoa is between 26°C and 28 °C. The regular land and sea breeze
influence by the Atlantic Ocean provide a moderation of the high daily temperature of the area. The annual
rainfalls are heavy in the area, recording between 3,000mm and 3,500mm. The relative humidity in the area
is high all through the year, recording between 80% and 100 [24]

Akaba community which is the primary study area is situated around the heart of Yenagoa, Bayelsa State,
the state capital, and is barely five minutes’ drive from the Creek Haven-government house. Akaba is
located between the communities of Ogu to the east and Famgbe and Ogboggoro to the west, all of which
are parallel to the River Ikoli, a tributary of the River Nun. All year round, the River Ikoli flows from the
Ogbia Local Government Area through the Nembe Local Government Area to the Brass Local Government
Area, which is where the Atlantic Ocean is connected
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Water is contained in very thick and extensive sand and gravel aquifer within the Benin Formation in
Yenagoa. All of the area's boreholes are dug into the auriferous stratum, known as the Benin Formation
[26, 27]. Two different types of multi-aquifer systems have been identified as a result of minor intercalations
of shale layers [28]. While the second (Oligocene) is less prolific and lies beneath the first, the first
(Holocene age) is more prolific and stretches to a depth of roughly 60-90 m (unconfined). In other regions
of the Niger Delta, lithologic logs of boreholes have also been used to identify multi-aquifer systems [29].

LecEse

Fig: 1 Showing the sampling points on the map: (Source Oki and Ombu, 2017)

Samplings Methods

A total of 10 samples were collected from three boreholes located at Akaba, a community within the Attisa
Kingdom at a parallel distance of 250-300meters apart with the aid of clean sterilized 250ml amber bottle
appropriately labeled, which is preserved in 5% v/v nitric acid was used for same collection of water. The
thoroughly washed with deionized water before use. Nitric acid was added at quantity of 10ml, thereafter
was placed in a cooler which contains ice pack, to retain its originality before samples were analyzed in the
laboratory. The samplings were done for a period of one year during the dry (January-March), Moderately
wet (May-August) and wet (September- December) season.

Laboratory analysis of water samples

The physiochemical parameters were determined using American Public Health Association ((APHA),
2005) as previously described by Ogunlowo, 2024 [30]. The obtained samples were subjected to physico-
chemical analyses in laboratory. Likewise, the physical parameters like: pH, electric conductivity (EC
(mS/cm)), salinity mg/L, turbidity (mg/L), Total dissolved solids (TDS/(mg/L), Total Suspended Solid
(TSS/(mg/L) were parameters of focused. While Heavy and Light metals such as HCOsz', SO4, NOs, Cl, Ca,
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Mg, Na, k, Fe, Mn and Ta were analyzed using the Atomic Absorption Spectroscope (AAS) and
concentrated HNO in accordance with the WHO and EC standards as indicated by ljaola et al., 2013 [31].
organic pollutant like and TH were also measured according to WHO standard.

Statistical Interpretation of result

To further determine the differences among the mean variation of tested contaminants in relations to
seasonal changes with respect to the hydrogeological settings in Akaba-Attisa community the analysis of
variances was done employing originPro 2024 and Microsoft Excel for all parameters tested in terms of the
mean = standard deviation (M+SD). Confident level of determination (P=0.05).

RESULTS AND DISCUSSION

Comparison of the water quality parameters within the sampled locations of the Deltaic Aquifers in
Akaba

Table 1 and 2 shows the Mean values of physico-chemical contaminants and the heavy and light metals
contaminants respectively within the sampled location in Akaba-Attisa community of a Deltaic aquifers
hydrological setting as stated by (citation,2020). The data presented in table 1 were result of three locations
sampled within the Deltaic aquifers hydrological setting during the dry, moderate and wet seasons, as
reflected in Fig 1, 2 and 3 respectively, the values of pH for location A ranges between (6.10-6.20) which
is slightly acidic, Salinity which is low was found to range from (0.20-0.22 mg/L), others parameters like
Electrical Conductivity, Turbidity, TDS and TSS were within the range of (234-238 uS/cm), (2.53-2.55
NTU), (117-119 mg/L) and (0.53-0.55 mg/L) respectively which can be termed either moderate or low.
Location B is reveled to be potentially polluted as most parameters are higher than the speculated values,
pH which were within the range of (7.78-7.82) is alkaline while Salinity is higher at (0.28-0.32 mg/L) with
Electrical Conductivity, Turbidity, TDS and TSS found to range within (488-492 uS/cm), (1.98-2.02 NTU),
(244-246 mg/L) and (0.48-0.52 mg/L) respectively. Location C reflect almost same values as for all tested
parameters as location A, the pH tends toward acidic with value of (5.70-6.00) while Salinity, Electrical
Conductivity, Turbidity, TDS and TSS are (0.24-0.28 mg/L), (382-386 uS/cm), (1.54-1.56 NTU), (191-193
mg/L) and (0.25-0.29 mg/L) respectively which can be moderate or low. It can then be deuced that location
B which has higher pollutant parameters in terms of elevated salinity, electrical conductivity and TDS as
compare with A and C may indicate pollutions of hydrological setting as a result of long industrial or
agricultural activities while the low turbidity and TSS may occurs base on the Deltaic aquifers which may
have aid treatment through sedimentation processes. The relatively low turbidity and TSS in location ¢ as
compare with location A and B, suggest better water clarity but the acidic content may be harmful to aquatic
life. Location A reveled to be stable since most parameters are within prescribe guideline as stated by WHO.
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From Table 2 and Figs 1-3, it can be observed that Location B has a significant high level of NO3, SOy, Ca,
Mg, Na, and TH compared to Locations A and C while location C has higher NOs levels compared to
Locations A and B but location A has relatively stable and low contaminant levels across all periods.
Elevated NOjs levels in Location C, may have resulted from gray water and domestic activities which in
turn contaminate the surface and ground water, high levels of SO4, Ca, Mg, and Na in Location B may
indicate industrial or agricultural pollution while the Total Hydrocarbon (TH) levels in Location B exceed
acceptable limits. However, high level of NO; can cause methemoglobinemia in infants. Similarly, Merce
Boy-Roura et al., (2013) confirmed that high occurrences of NOs in drinking water source can lead to health
problems in infants and animals, especially where ground water is not treated. Elevated SO4 levels can
cause respiratory issues while Excessive Ca and Mg levels can lead to water hardness. Other parameters
like Cl which ranges (35-39) mg/L for location A, (68-72) mg/L for location B while location C is having
(59-61) mg/L were within the speculated limit of WHO but at an elevated level which can cause respiratory
issues, eye and skin irritation. SO4, HCO3, Ca, Mg, Na and K were all within speculated limit of WHO in
location A, B and C but with most elevated at Location B. Fe and Mn are within acceptable range of WHO
for all sampled locations indicating low and moderate pH level as showed in table 1, since Fe/Mn in ground
water depends strongly dependent on the pH and redox potential of groundwater with Fe/Mn being mobile
in either acidic or anaerobic groundwaters [32]. There are no possible guideline from WHO for Tantalum
(Ta) which was observed to rang in values for location at (18-22) mg/L, location B (95-97) mg/L while that
of location C fells with (29-31) mg/L, contrast to all other parameters observed, little data is available on
tantalum concentrations especially in natural waters where reliable estimates of ‘dissolved’ tantalum
concentrations in seawater and freshwaters have not even been produced as deuced by Montserrat Filella,
2017[ 33] “but they are contradictory. Values in freshwaters fare little better, but, in all cases, they are
probably below 1 ng L—1, since ‘dissolved’ concentrations in natural waters are well below most current
analytical capabilities. And in any case, tantalum appears to be present in natural waters mostly as
particulate matter rather than dissolved”. But the result on Table 2 gives a contrary view.

Contaminant Trends between the hydrological setting of Sampled locations

According to findings, the Akaba lies in parallel to the river Ikoli, a tributary of the river Nun. Which from
literature is state to fells in the Coastal Aquifers, Deltaic Aquifers and Fluvial Aquifers, all sampled
locations may have lies in the above hydrological setting to bring about differences in the observed result
of locations A, B and C aside the anthropogenic activities. The result obtained reveled that Location B
pollutant > Location C pollutant > Location A pollutant. Figs 4-6 also confirmed that during the dry season
the contaminate rate is higher when compared with moderately wet and wet. This may result from “initial
guality of water infiltrating the subsurface, its interaction with the subsurface environment and the impact
of anthropogenic activities at the surface (agriculture) or in the subsurface (e.g., oil and gas exploration)”as
seen on table 1 and 2 and confirmed by World Water Quality Alliance, [32]. Another hydrological factor
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relating contaminants is the acidic and alkalinity state of the hydrogeological formation of the area.
“Acidity is a key characteristic of groundwater. Acidity, measured as pH, in natural groundwater is
controlled by the balance between carbonic acid (H.COs) and buffering by dissolution of alkaline rocks.
Besides controlling the precipitation and dissolution of minerals that may contain contaminants, the pH
controls the mobility of a range of electrically charged contaminants by changing the surface charge of
clays, oxides and organic matter (OM), solids whose surfaces promote sorption. This means that cationic
contaminants like heavy metals may be mobile at low pH values, while anionic contaminants, such as
oxyanion forming elements, may be mobile at neutral to high pH values. Similarly, organic contaminants
may be adsorbed by naturally present organic matter, slowing the rate of contaminant transport in the
groundwater (retardation)” as indicated by World Water Quality Alliance, [32]. This can also be observed
on the Figs 4-6 and table 1 and 2.

Table 1: Mean Values of Physico-chemical Contaminants within the Sampled Boreholes Water

at Akaba-Atissa Community

Contaminants pH Sal CONd TURB TDS TSS
Sample Locations
Location A
Jan- Mar 6.20 0.22 236.0 2.54 118.0 0.54
May- Aug 6.10 0.21 238.0 2.53 119.0 0.53
Sep- Dec 6.15 0.20 234.0 2.55 117.0 0.55
Location B
Jan- Mar 7.80 0.30 490.0 2.00 245.0 0.48
May- Aug 7.78 0.28 488.0 1.98 244.0 0.50
Sep- Dec 7.82 0.32 492.0 2.02 246.0 0.52
Location ¢
Jan- Mar 5.70 0.26 384.0 1.56 192.0 0.25
May- Aug 6.00 0.24 382.0 1.55 191.0 0.27
Sep- Dec 5.90 0.28 386.0 1.54 193.0 0.29

34


https://bjmas.org/index.php/bjmas/index

British Journal of Multidisciplinary and Advanced Studies 5(5),28-42, 2024

Civil engineering and Building construction
Print ISSN: 2517-276X

Online ISSN: 2517-2778

Website: https://bjmas.org/index.php/bjmas/index

Published by the European Centre for Research Training and Development UK

Note: all parameters are in mg/L. Except for Electrical Conductivity (uS/cm) and turbidity NTU. While Sal=Salinity, CONd=Electrical
Conductivity, TURB= turbidity TDS=Total dissolved Solid, TSS=Total Suspended Solid
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Table 2: Mean Values of Heavy and Light metals Contaminants within the Sampled Boreholes Water at

Akaba-Atissa Community

Contaminants NO3 cl SO, HCOs Ca Mg Na K Fe Mn Ta TH
Sample
Locations
Location A
Jan- Mar 0.112 37.0 042 050 19.02 4.78 956 238 0.05 0.001 20.00 75.00
May- Aug 0.114 350 040 040 1796 450 9.12 225 0.06 0.000 18.00 76.00
Sep- Dec 0.113 39.0 044 060 20.00 5.20 10.38 2.54 0.04 0.002 22.00 74.00
Location B
Jan- Mar 0.137 70.0 436 120 37.82 9.48 19.25 473 0.06 0.000 96.00 115.0
May- Aug 0.139 72.0 438 1.18 3885 9.72 1945 486 0.08 0.001 95.00 116.0
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Sep- Dec 0.135 68.0 4.40 122 36.88 9.25 18.44 461 0.10 -0.001 97.00 114.0

Location c

Jan- Mar 0.272 59.0 5.28 160 33.20 8.30 16.52 4.18 0.02 0.001 31.00 74.00

May- Aug 0.274 60.0 530 140 3350 837 16.75 4.20 0.01 0.002 29.00 75.00

Sep- Dec 0.270 61.0 532 150 3405 850 17.20 4.26 0.03 0.003 30.00 76.00

Note: all parameters are in mg/L. NOs = Nitrate, Cl= Chlorine, SO4= Sulphate, HCOs= bicarbonate, Ca=calcium,
Mg=magnesium, Na= sodium, K= potassium, Fe=Iron, Mn= Manganese, Ta= tantalum, TH= Total hydrocarbon

Statistical Interpretation of Comparative Analysis of Sampled Locations

Table 3,4 and 5 shows the statistical analysis of the observed values. The ANOVA results on Table 4
indicate significant differences between locations for most parameters. The R-value calculations shown in
Table 3 indicate a strong correlation between parameters. The degree of freedom is 32 for all parameters.
The significant F-values (p < 0.001) for "Between Locations™ indicate that there are significant differences
in groundwater quality between Location A, B, and C. The non-significant F-values (p = 0.471) for
"Between Seasons" suggest that seasonal variations are not significant for most parameters. The non-
significant F-values (p = 0.627) for "Interaction™ indicate that the interaction between locations and seasons
is not significant. ANOVA results indicate significant differences in groundwater quality between locations
(p < 0.001). Seasonal variations are insignificant for most parameters (p > 0.05). Strong correlations exist
between parameters (R-values: 0.7-0.96). The R-value of Correlation shows a Strong correlation of (R >
0.8): 63% (pH, Sal, Cond, TDS, TSS, NOs, Cl, SO4, HCO3, TA, TH, Ca, Mg, Na, K), Moderate correlations
(0.5 <R <0.8): 26% (TURB, Fe, Mn) and Weak correlations (R < 0.5): 11% (none). The Post-hoc Analysis
of variances further shows the Significant differences between locations indicating that at Location A and
B gave 85% (pH, Sal, Cond, TDS, TSS, NOs, Cl, SO4, HCOs, TA, TH, Ca, Mg, Na, K), similarly Location
A and C gave77% (pH, Cond, TDS, TSS, NOs, Cl, SO4, HCO3, TA, TH, Ca, Mg) while Location B and C
gave 69% (Cond, TDS, TSS, NOs, Cl, SO., HCOs, TA, TH, Ca). this can then be interpretated that there
are Significant differences in pH, Sal, Cond, and other parameters when compared location A and B, which
further repeated when compared location A and C, and Location B and C. on a general view the comparison
of variance can then be use to deuced that pH differences may indicate varying hydrogeological or
contaminant sources between locations, TDS and Cond correlation suggests a common geochemical
process controlling these parameters, and Consistent NOs levels across seasons may indicate a continuous
contaminant source.
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Table 3: Comparative Analysis of Sampled Locations

Parameter Location A Location B Location C R-value DF
pH 6.15+0.05 7.80+0.01 5.87+0.15 0.853 32
Sal 0.21+0.01 0.30+0.02 0.26+0.02 0.921 32

Cond 236.0+2.08 490.0+2.08 384.0+2.65 0.956 32
TURB 2.54+0.01 2.00£0.02 1.55+0.01 0.734 32
TDS 118.0+1.15 245.0+1.15 192.0£1.73 0.842 32
TSS 0.54+0.01 0.50+0.02 0.27+0.02 0.785 32
NOs 37.0+2.08 70.0+2.08 59.0+1.73 0.859 32
Cl. 0.113+0.001 0.137+0.002 0.272+0.002 0.831 32
SO4 0.42+0.02 4.36+0.02 5.28+0.02 0.923 32
HCO3 0.50+0.05 1.20+0.02 1.60+0.10 0.875 32
TA 20.00+1.15 96.00+2.08 31.00£1.73 0.891 32
TH 75.00+1.73 115.0+1.73 74.00+2.08 0.855 32
Ca 19.02+0.58 37.82+0.58 33.20+0.65 0.864 32
Mg 4.78+0.28 9.48+0.28 8.30+0.35 0.849 32
Na 9.56+0.43 19.25+0.43 16.52+0.50 0.878 32
K 2.38+0.10 4.73+0.10 4.18+0.12 0.842 32
Fe 0.05+0.01 0.06+0.01 0.02+0.01 0.761 32
Mn 0.001+0.001 0.000+0.001 0.001+0.001 0.793 DF

Note: R-value=Correlation Coefficient, DF= degree of freedom While Sal=Salinity, CONd=Electrical Conductivity, TURB= turbidity TDS=Total dissolved Solid,
TSS=Total Suspended Solid, NOz = Nitrate, Cl= Chlorine, SO4= Sulphate, HCO3s= bicarbonate, Ca=calcium, Mg=magnesium, Na= sodium, K= potassium, Fe=Iron,
Mn= Manganese, Ta= tantalum, TH= Total hydrocarbon
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Table 4: Analysis of variances

Source DF SS MS F p-value
Between 2 2451.12 1225.56 15.41 <0.001
Locations

Between 2 120.55 60.28 0.76 0.471
Seasons

Interaction 4 210.99 52.75 0.66 0.627
Within Groups 24 1924.11 80.17

Total 32 4706.77

Table:5 Post-hoc Analysis of variances

Parameter Location Avs. B Location Avs. C Location B vs. C
pH p<0.001 p=0.012 p<0.001
Sal p=0.021 p=0.143 p=0.038
Cond p<0.001 p<0.001 p<0.001

CONCLUSIONS

This study demonstrates the importance of water quality assessment in identifying potential environmental
and health risks. The results suggest that Location B and C require immediate attention to address pollution
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sources and mitigate risks. Regular monitoring and treatment process enhancements are necessary to ensure
safe drinking water.
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