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Abstract

The human body is composed of three-quarters of water, emphasizing the significant influence of water quality on our health.
Consequently, it is essential to assess water quality in each lithologically distinct region. This research aimed to assess the
Electrical Conductivity (o) of water from Hand-dug Wells and Boreholes in Bida. A total of 40 samples, 20 from each source,
were collected from key locations within Bida town. Analysis of the samples was performed using the Jenway DDS-307
conductivity meter, a versatile digital device adaptable to temperature changes through a probe. The mean ¢ values for Hand-dug
Wells ranged from (260.00 =+ 8.02) - (1335.67 = 40.60) pS.cm'. Borehole mean o values varied from (33.53+0.67) -
(1485.3347.37) .S.cm™'. Among the 40 sampled Wells, nine (9) exceeded the benchmark, while six (6) approached the
benchmark of 1000 pS.cm™" specified by the Standard Organization of Nigeria (SON) and the World Health Organization
(WHO) for drinking water. Consequently, in terms of ¢ as a drinking water standard, this study recommends that 15 sources (both
Hand-dug and Boreholes) are unsuitable for drinking but may be utilized for other purposes. The study also suggests further
investigation of physico-chemical parameters and radionuclide concentration of groundwater in Bida town.
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1. Introduction

According to the United Nations World Water Develop-
ment Report, approximately 2 billion people, accounting for
26% of the global population, lack access to a safe drinking
water supply [1, 2]. While ensuring access to potable water
remains a core value in the United Nation’s Sustainable De-
velopment Goals (SDG-6) [1], the reality in many cities,
towns, and villages in Nigeria is that a significant amount of
time is spent in the pursuit of water. In most cases, the water is
of questionable quality and sourced from distant locations [3].

Water plays a vital role in the ecosystem, supporting the life
of all living organisms. Despite its extensive coverage of

about 70% of the Earth’s surface, a considerable percentage of
the global population, particularly in developing nations,
faces challenges in accessing safe water [4]. Factors such as
high population density, inadequate sanitation practices, and
insufficient enforcement of environmental sanitation laws
have played a significant role in the pollution of water sources.
Pollutants in well water can originate from various sources,
primarily from municipal activities like leakages from liquid
and solid waste landfills, industrial processes involving liquid
waste tanks, pipeline leakages, oil fields, and brines, as well as
agricultural practices leading to saline irrigation return flow.

Figure 1. Sources of groundwater contamination an area showing different sources like urban runoff, pesticides and fertilizers, industrial

waste, leaking sewers (Credit: UK Groundwater Forum Ref. [11]).

The acute water supply issues have prompted a substantial
increase in the construction of hand-dug wells and boreholes,
with some located close to septic systems and pit latrines.
Throughout history, humans have employed various methods
for waste disposal, including burning, direct placement in
streams, storage on the ground, or burial. Human-induced
impacts on surface water quality include not only direct waste
discharge into streams but also contaminated surface runoff
this is shown in Figure 1. Groundwater quality, meanwhile, is
commonly influenced by waste disposal practices and land
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use. A significant source of contamination arises from storing
waste materials in excavations, such as pits or mines which
may eventually infiltrate water sources [5, 6].

Over the past two decades, researchers have examined the
environmental effects of municipal waste, rainwater, and
heavy metals infiltrating through trash in municipal waste
accumulate various chemical and biological substances into
groundwater has been studied [7-10]. Porous and permeable
soils tend to transmit water and certain types of contaminants
with relative ease to the aquifer. The slow movement of
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groundwater also affects the transport of contaminants,
causing them to concentrate and form a plume due to their
slow movement.

Contaminants present in this surface water can contaminate
the groundwater system. Some wells rely on artificial re-
charge to increase the amount of water infiltrating an aquifer,
often using water from storm runoff, irrigation, industrial
processes, or treated sewage as illustrated in Figure 1. The
quality of groundwater resources depends on the management
of human waste in catchment areas, as well as the geological
characteristics of an area. Therefore, it is crucial to obtain the
physico-chemical characteristics of well water to compare and
monitor water quality and determine necessary treatments [6].

In Nigeria, the lack of efficient water supply facilities has
led individuals, educational institutions, industries, commer-
cial outlets, and even governmental and non-governmental
agencies to prospect underground water for drinking water.
Due to problems associated with shallow wells, such as water
drying out in the dry season, seepage, and susceptibility to
contamination, there is a growing inclination towards drilling
boreholes to tap into underground water sources. Boreholes
are generally perceived to have fewer contaminants than
hand-dug wells due to their increased depth and access to the
aquifer rather than merely relying on the water table. Con-
sequently, water from boreholes is often considered safe and
is seldom subjected to treatment. However, the geological
characteristics of a region also influence the level of water
contamination or its freshness from boreholes. This empha-
sizes the importance of examining the water quality from
these two vital groundwater sources that many people in the
townships rely on for survival.

Pure water is a poor conductor of electric current and gen-
erally has low electrical conductivities. An increase in ion
concentration, however, enhances the electrical conductivity
of water. Generally, the amount of dissolved solutes in water
determines the level of its conductivity. Electrical conductiv-
ity (o) is a measure of the ionic process of a solution that
enables the passage of current through it. The conductivity of
water is therefore influenced by the existence of inorganic
dissolved solids, which may include negatively charged ions
(anions) such as chlorides, nitrates, sulfates, and phosphates,
or positively charged ions (cations) like sodium, magnesium,
calcium, iron, and aluminum [12]. According to water stand-
ards set by the Standards Organization of Nigeria (SON),
United States Environmental Protection Agency (US EPA),
and the World Health Organization, the ¢ value should not
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exceed 1000 pS.cm™! [12-14]. Various standards are used to
assess portable water quality, including physical and chemical
properties like Total Dissolved Solids (TDS), Alkalinity, pH,
and Radionuclide contents.

The primary source of drinking water in Bida and its sur-
roundings is groundwater. It is noted that elevated concentra-
tions of ions and heavy metals in groundwater contribute to
higher levels of total dissolved solids (TDS), resulting in
increased electrical conductivity. Limited research has been
conducted on the electrical conductivity of water in the Bida
region. Ndaigi’s study reported ¢ values ranging from 40.02
to 110.02 .S.cm ' in rivers around Bida [15], while Olusola et
al. found o values of approximately 204 pS.cm ' in certain
hand-dug wells [16].

In the context of this study, a Hand-dug well represents a
traditional shallow groundwater source prevalent in many
rural areas of the world. These wells are manually excavated
using local hand implements, as described by Watt [17].
Typically, the average depth of such wells ranges from 5 to 20
meters. On the other hand, a Borehole is a narrow, drilled hole
in the ground specifically designed to access underground
resources like water. Boreholes are constructed through mo-
torized drilling using a power drill head to reach the aquifer,
as outlined by Gaaloul [18]. The depth of boreholes can vary,
ranging between 30 to over 100 meters, depending on the
geo-logical characteristics of the area. Currently, no com-
prehensive comparison exists regarding water quality in
hand-dug wells and boreholes in the investigated area, espe-
cially concerning conductivity as a parameter. Therefore, this
study aims to provide a thorough assessment of electrical
conductivity in both hand-dug wells and boreholes in Bida
town.

2. Materials and Methods

2.1. Hydrogeology of the Study Area

The study area Bida town is located in Bida local govern-
ment, Niger state, Nigeria along Lattitude 9.08044° N and
Lon- gitude 6.0099° E with a human population of about
188,181 persons (2006 census) inhabiting 51 km?* area. The
hydrogeology of the place consists of flatlying sandstone,
mudstone, and Alluvium deposits of the river Niger flood-
plain [19].
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Figure 2. Sample collection location in Bida Town, Niger State, Nigeria (map of Nigeria modified from [20]) and Bida map modified from
Google Map Maker (https://maps.co/map/65da067481178089318095slz53de8c).

The Bida sandstone is the basal sediment of the middle
Niger Basin, consisting of the confined and unconfined major
aquifers ranging between 3 and 34 m thickness composed of
very fine to highly coarsely-grained, arkosic to feldspathic,
with sandy silt- stones, claystone, and intraformational brec-
cias [20, 21, 24]. Bida is characterized by torrential rainfalls,
infiltration, and percola- tion into the groundwater.

2.2. Method of Sample Collection

Forty (40) water samples, comprising twenty each from
Hand-dug wells and Boreholes, were collected in meticu-
lously cleaned plastic bottles from diverse locations: Areas
surrounding (A) New Market and Niger State Polytechnic, (B)

Federal Medical Center (FMC), (C) Old Market (FMC), and
(D) Government Residential Area (GRA), as illustrated in the
map in Figure 2. Physical visits were made to the Hand-dug
wells and Boreholes, and water drawn directly from the
sources was collected in the bottles, which were then rinsed
with the same water to ensure sample integrity.

The coordinates for the Hand-dug Wells and Boreholes,
from which the samples were sourced, were determined uti-
lizing the Global Positioning System (GPS) integrated into the
Android device. Details of these coordinates are shown in
Table 1. Following sample collection, the samples were
hermetically sealed, appropriately labeled for identification,
and transported to the laboratory for subsequent analysis.

Sample Area

New Market

Label

AW1

Table 1. GPS coordinates of Hand-dug wells and Boreholes in Bida Niger State, Nigeria.

Hand-dug Lat.("N)

9.075397

Wells Long.(CE)

6.012894
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Label

AB1

Boreholes Lat.( ~N)

9.075861

Long. (CE)

6.012295
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Sample Area  Label Hand-dug Lat.("N)  Wells Long.(CE)  Label Boreholes Lat.("N)  Long. (E)
AW?2 9.074206 6.012295 AB2 9.073109 6.018386
AW3 9.070426 6.014021 AB3 9.067011 6.016468
AW4 9.073761 6.011031 AB4 9.072839 6.013831
AW5 9.065867 6.016480 AB5 9.063426 6.015974
FMC BW1 9.078222 5.994950 BB1 9.078320 5.993026
BW?2 9.076694 5.995166 BB2 9.074305 5.995002
BW3 9.073773 5.998800 BB3 9.072594 6.001063
BW4 9.072594 5.991280 BB4 9.0778632 5.998387
BWS5 9.071783 5.995590 BB5 9.0700711 5.995858
Old Market Cw1 9.079679 6.009702 CB1 9.082508 6.011398
CW2 9.078625 6.009742 cB2 9.084522 6.004925
CwW3 9.084679 6.001743 CB3 9.079679 6.009702
CW4 9.081670 6.010071 CB4 9.078683 6.009011
CW5 9.082700 6.001529 CB5 9.088871 6.006547
GRA DwW1 9.070414 5.987224 DB1 9.069366 5.986905
DwW2 9.069660 5.990350 DB2 9.069366 5.992986
DW3 9.065439 5.988748 DB3 9.065439 5.989408
DwW4 9.064916 5.996152 DB4 9.064916 5.996392
DWS5 9.068110 6.004680 DB5 9.062995 5.990932

2.3. Instrument and Measurement of Electrical

Conductivity ch)LtlxrgeI:]
. )
2.3.1. DDS-307 Conductivity Meter N
The DDS-307 is employed for measuring the electrical I
conductivity of liquids by determining the concentration of Voltmeter
charge carriers, namely ions, within the liquid. The extent of = +

conductivity in a given liquid is contingent upon the density of
ions present in the solution per unit volume. Upon applying
voltage across the electrode’s two points, namely the anode
and cath- ode, negative ions (anions) migrate towards the
positive pole (anode), moving away from the negative pole
(cathode).

The DDS-307 meter comprises an electrode that is im-
mersed in a liquid solution, as illustrated in Figure 3. When an
electric current is applied, it results in conductance (G), which

is the inverse of resistance (%). According to fundamental

Figure 3. Description of conductivity measurement.

physics, the resistivity (p) can be expressed in (2).

P = @

and
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R o 2

where A is the Area of the electrode plate and | is the distance
(d) between the electrodes. The conductance is then given by
the (3) [22].

G ==X

®)

IR
Ul

Here % is the conductivity given by 6. The conductance G

in Siemens (S) can now be written as

And
Gd
o = ; (5)

A represents the area of the electrode plates in cm? d de-
notes the distance between the plates in ¢cm, and ¢ is the
electrical conductivity measured in S.cm ™.

The plate geometry for a specific cell is commonly char-

acterized by the ratio of distance to area (%), denoted as the

cell constant (k) and expressed in units of cm™'. The equation
governing the calculation of k is provided in (6).

k=2 (6)

Digital Display

Calibration knob

For the DDS-307, k = 0.991 cm™'. Thus the electrical
conductivity of a liquid measured using this instrument is
given by (7):

o = 09916 @

The Jenway digital conductivity meter DDS-307 has a
comprehensive measurement range spanning from 0.001 - 2
x105 pS.cm—1, with a measuring accuracy of =+ 1%. This
standard digital conductivity meter, illustrated in Figure 4, is
equipped with a platinum black-model DJS-1C electrode and
an integrated temperature probe. The temperature probe is
capable of compensating for variations within the temperature
range of 15-40<C during the measurement process.

2.3.2. Measurement of Electrical Conductivity

The Platinum black-model DJS-1C electrode of the con-
ductivity meter was initially calibrated to its cell constant (k =
0.991) by adjusting the CAL knob of the instrument to the
value of the cell constant. Following calibration, the meter’s
knob was then switched to the measurement range mode. The
electrode and temperature probe of the meter were immersed
in each of the water samples. The temperature probe was
inserted to regulate the changes in the temperature of the
water. The conductivity value was then read and recorded for
each water sample. The electrode and the temperature probe
were cleaned with de-ionized water after each measurement to
prevent cross- contamination. This procedure was repeated
for three (3) sets of the same sample, and the mean value was
subsequently calculated.

Temperature Probe

DJS-1C Electrode

Beaker + Water sample

Range knob

Selection knob

Figure 4. Set-up of DDS-307 for measurement of Electrical conductivity (o) of water.

3. Results

The results of electrical conductivities of the water samples,

analysed with the DDS-307 conductivity meter, from both
Hand-dug wells and Boreholes in the Bida township are out-
lined in this section. The associated uncertainties considered
are represented by the standard deviations.
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Electrical Conductivity values for the CPMS area were
measured and recorded in Table 2. The highest ¢ values for
Hand-dug Wells were observed with sample AW4 (1120.67+
21.50) pS.cm™', while the lowest values were recorded at
(1120.67 +21.50) |.S.cm™'. For Boreholes, AB5 exhibited the
highest o value at (1266.33 + 6.66) uS.cm ', and AB3 had the
lowest at (155.33 +3.79) pS.cm™'. In general, o values for
Hand-dug Wells in Sabongida were relatively higher than
those for Boreholes in the same area as shown in Figure 5,
except for Borehole AB5, which exhibited a significantly
elevated o value.

Table 2. Measured electrical conductivity in Hand-dug wells and
Boreholes at New Market Area.

Hand-dug Well Borehole

Sample 6 +S D (LS.cm™) Sample ¢+SD (LS.cm™)
AW1 330.0043.61 AB1 844.0044.00
AW?2 418.0043.00 AB2 555.3347.39
AW3 935.00428.35 AB3 155.3343.79
AW4+ 1120.67+21.50 AB4 800.66420.11
AWS5 388.00+7.55 AB5** 1266.3346.66
Mean 638.67+12.80 Mean 724.3348.39

* and ** are 6 > 1000 pS.cm™' for hand-dug wells and Boreholes
respectively

Table 3. Measured electrical conductivity in Hand-dug wells and
Boreholes at FMC Area.

Hand-dug Well Borehole

Sample 62SD(S.cm™) Sample 6¢+SD (LS.cm™)
BW1+ 1076.00+12.28 BB1+ 1485.3347.37
BW2 898.33.00+23.46 BB2 415.3342.08
BW3 260.3348.02 BB3 468.0045.29
BW4+ 1034.3345.77 BB4 288.334).57
BWS5 362.33430.89 BB5** 1244.6641.53
Mean 732.80+16.08 Mean 780.3313.37

* and ** are 6 > 1000 pS.cm™' for hand-dug wells and Boreholes
respectively
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Figure 5. Comparison of electrical conductivity values of Hand-dug
well and wells in New Market Area.
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Figure 6. Comparison of electrical conductivity values of Hand-dug
well and wells in FMC Area.

At location B around FMC, School of Nursing, and Gov-
ernment College areas, the conductivity values (o) are rec-
orded in Table 3. A graphical representation of the results is
also depicted in Figure 6. Among the hand-dug well samples,
BW!1 exhibited the highest conductivity value at (1076.00 £+
12.28) pS.cm™!, while BW3 displayed the lowest at (260.33%
8.02) pS.cm™'. For borehole samples, BB1 and BB4 had the
highest and lowest conductivity values at ¢ (1485.33 + 7.37)
and (288.33 =+ 0.57) pS.cm™', respectively. Notably, well
samples BW1, BW4, and boreholes BB1 and BB5 exhibited
conductiv- ity values surpassing the recommended limits.

The electrical conductivity values around Old Market and
the surroundings were measured and recorded in Table 4. The
obtained data revealed that sample CW2 had a conductivity
value (o) of (1131.67 £42.25) pS.cm ', marking the highest
for hand-dug wells in the area. Conversely, sample CWS5, with
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(462.33#19.40) pS.cm ', recorded the lowest o for the
hand-dug wells.

Table 4. Measured electrical conductivity in Hand-dug wells and
Boreholes at Old Market Area.

Hand-dug Well Borehole

Sample  6¢#SD (S.cm™)  Sample ¢ #SD (LS.cm™)
Cw1i 569.3345.86 CB1 33.534).67
Cw2+ 1131.67442.25 CB2 186.0044.73
Cw3 894.3343.06 CB3 513.0045.29
Cw4 978.3313.79 CB4 59.67+1.52
CwW5 462.33+19.40 CB5 909.00435.04
Mean 807.20+14.87 Mean 340.2449.45

* and ** are 6 > 1000 pS.cm ' for hand-dug wells and Boreholes
respectively

[ Hand-dug Wells (W)|

1200 - [ ]Boreholes (B)

1000

800

600 :

400

200

0
Cc1 c2 C3 Cc4 C5

Samples

o (uS.cm™)

Figure 7. Comparison of electrical conductivity values of Hand-dug
well and wells in Old Market Area.

Table 5. Measured electrical conductivity in Hand-dug wells and
Boreholes at GRA.

Hand-dug Well Borehole

Sample  6+SD (1S.cm™)  Sample ¢ +SD (S.cm™)
DW1 511.67421.36 DB1 780.33+10.50
DW2+ 1335.67440.60 DB2 173.3334.16
DW3 612.33+10.60 DB3 741.67473.21
Dw4 564.3344.04 DB4 132.3340.58
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Hand-dug Well Borehole

Sample ¢ +SD (LS.cm™) Sample 6 +SD (pS.cm™)
DW5 520.33441.58 DB5 146.6744.04
Mean 708.87423.64 Mean 394.87+18.50

* and ** are 6 > 1000 uS.cm™' for hand-dug wells and Boreholes
respectively

Hand-dug Wells (W)
L__Boreholes (B)

1

Figure 8. Comparison of electrical conductivity values of Hand-dug
well and wells in GRA.
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200 +

D1 D2 D3

Samples

From Figure 7, Borehole samples CB5 and CB1 had the
highest and lowest ¢ values at (909.00 + 35.04) and
(33.5320.67) pS.cm™!, respectively. A graphical representa-
tion of the o values in the sampled area exhibited significantly
higher o values in hand- dug wells than the boreholes in the
vicinity.

Similarly, data obtained from the measurement of ¢ in the
GRA of Bida revealed that Hand-dug wells samples DW2 and
DW5 had the highest and lowest values, recorded as
(1335.00440.60) pS.cm™' and (520.00241.58) pS.cm™, re-
spectively (see Table 5 and Figure 8). In contrast, boreholes in
the same area had lower conductivity values (o), with DB1
and DB4 having the highest and lowest observed values at
(780.33 10.50) and (132.33#0.58) pS.cm™', respectively.
Generally, the electrical conductivities of hand-dug wells
were comparatively higher than those of the boreholes in this
specific study area.

4. Discussion

Access to safe drinking water is crucial for maintaining
good health, and various standards exist to assess water qual-
ity for this purpose, with Electrical Conductivity (o) being one
of the key physical parameters. In groundwater, ¢ indicates
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water salinity and requires careful monitoring, particularly in
diverse geological regions, especially in urban areas. There-
fore, this study assessed groundwater resources in the Bida
area, with the following findings.

The o values for Hand-dug wells in Bida Municipality
varied from 260.33 (BW3) to 1335.67 (DW2) pS.cm.
Hand-dug wells in Old Market (C) and its vicinity showed
elevated o values.

Specifically, Wells AW4, BW1, BW4, CW2, and DW2
surpassed the recommended limits set by SON, LASEPA,
WHO, and US EPA [6, 12, 14, 25] for drinking water. Also,
Wells AW3, BW2, CW3, and CW4 had o values near the
benchmark which calls for concern. Typically, Hand-dug
wells, being shallow, may experience increased ¢ levels due
to heightened runoff, infiltration, and percolation from
dumpsites, potentially linked to domestic waste, leachates,
and agricultural activities [3, 6, 23].

The measured electrical conductivities for Boreholes
ranged from 33.53 (CB1) to 1485.33 (BB1) LS.cm '. Spe-
cifically, samples AB5, BB1, and BB5 had ¢ values beyond
the recommended limits, while AB1, AB4, and CB5 values
were near the benchmark. Elevated levels of inorganic heavy
metals in Boreholes are primarily influenced by the geological
composition of the surrounding area where the water flows.
Rivers and streams passing through regions with granite
bedrock are often characterized with lower ¢ because granite
comprises inert materials that do not ionize or dissolve into
ionic components when introduced to water. Conversely,
streams in areas with clay soils and siltstones tend to have
higher o due to the presence of materials that ionize upon
entering the water [12]. The impact of groundwater inflows on

conductivity depends on the bedrock through which they flow.

The hydrogeology of the Bida basin is characterized by clay-
stone and siltstones [20, 24]. This formation also allows for
the percolation of water into the underground aquifer. Hence,
the observed high conductivity values in some of the Bore-
holes are not unusual.

In general, Hand-dug wells in the Bida area had higher ¢
values than Boreholes. The Borehole samples in the FMC area
(BB1), recorded the highest o value in this study, while CBI1,
a Borehole in the Old Market area (C), had the lowest ¢ value.
The results did not reveal a clear pattern; however, it was
noted that all measured o values of Boreholes in Old Market
and GRA were within acceptable limits. In contrast,
Hand-dug wells sampled in locations A, B, C, and D all had at
least one hand-dug well with elevated ¢ values beyond the
recommended limits. While ¢ values themselves do not di-
rectly suggest harm to the population’s health, higher ¢ values
indicate the presence of heavy metals and total dissolved
solids in water. Some of these heavy metals or solutes may
pose potential health risks to humans. Consequently, the
measurement of ¢ in Bida township provides valuable insights
that guide further investigations into water standards within
the area. These results will aid in understanding the potential
health implications and facilitate proactive measures to ensure
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the safety and quality of drinking water in the community.

5. Conclusion

In conclusion, this study has presented the electrical con-
ductivity values of groundwater in Bida town. The findings
indicate that five (5) Hand-dug wells and three (3) Boreholes
exhibited elevated ¢ values, surpassing the recommended
standards for safe drinking water set by local and international
monitoring agencies. Moreover, four (4) Hand-dug wells and
three (3) Boreholes approached the benchmark of 1000
LS.cm™'. Out of the 40 groundwater sources sampled, fifteen
(15) are deemed unsuitable for drinking, encompassing those
exceeding and nearing the benchmark. Nonetheless, these
sources remain suitable for non-potable purposes. This study
emphasized the importance of continuous monitoring and
assessment of groundwater quality particularly physi-
co-chemical parameters and radionuclide concentration of
groundwater in Bida town to ensure the provision of potable
water to the community and its environs. Also, the assessment
of electrical conductivity in groundwater sources contributes
essential baseline data, enhancing the existing database on
groundwater quality parameters in the area. This data serves
as a valuable addition to ongoing United Nations SDG-6
efforts to comprehensively understand and monitor the quality
of groundwater, providing a foundation for informed deci-
sion-making and future research endeavors in the region.
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Raw data of Electrical conductivity (o) of groundwater in Al 840.0 844.0 848.0 844.00
Bida. A2 558.1 547.0 561.0 555.33
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Table Al. Electrical Conductivity of Hand-dug Wells. Ad 795.0 823.0 784.0 800.67
New Electrical conductivity (pS/cm) A5 1262.0 1263.0 1274.0 1266.33
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(2 (o o3 G 61 62 03 G 1
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Al 333.0 326.0 331.0 330.00
B2 413.0 416.0 417.0 415.33
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B5 1245.0 1246.0 1243.0 1244.67
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Old Mar-  Electrical conductivity (jpS/cm)
FMC Electrical conductivity (pS/cm) ket
01 O2 03 01 o1 02 O3 c 1
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B2 906.0 872.0 917.0 898.33 C2 190.0 181.0 188.0 186.00
B3 271.0 278.0 262.0 270.33 C3 517.0 507.0 515.0 513.00
B4 1031.0 1041.0 1031.0  1034.33 C4 60.0 61.0 58.0 59.67
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old Electrical conductivity (pS/cm) GRA Electrical conductivity (pS/cm)
Market _
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