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The quantification of electrical conductivity in fluids is integral to various applications,
including water engineering, biomedical, and industrial sectors. This study introduces an
innovative methodology harnessing phase-sensitive detection to assess conductance,
thereby nullifying the coupling capacitances' interference between the probe cell's metallic
electrodes. The devised electronic conditioning circuit incorporates a 1 kHz sinusoidal
voltage source, an admittance-to-voltage converter, a lock-in amplifier, and a
microcontroller/LCD interface. Calibrations were performed over two ranges, 1 mS/cm
and 20 mS/cm, utilizing precise combinations of resistors, capacitors, and adjustable
resistors. The experimental findings were juxtaposed with a standard commercial
conductometer across various solutions - calibration solutions, electrolyte solutions (NaCl,
KCI, CaClz, MgSOa), and different water treatment room solutions at a hemodialysis
center (Carbon filter, water softener, Reverse osmosis, Dialysate). The relative error in the
measured conductivity was derived, with a maximum value of 1.45% noted. This error
margin is inferior to those reported by many commercial conductivity meters, suggesting

improved accuracy of our method.

1. INTRODUCTION

The electrical conductivity is one of basic electrical
parameters of fluids and solids. The measurement of this
parameter is very important for water, industrial and
biomedical engineering to provide information about ions
concentration. Thus, the density of electrical conducting
materials is determined indirectly from measurements of
electrical conductivity.

In  water treatment, it is used for monitoring
demineralization process. In electrowinning, the conductivity
of the electrolyte directly influences the quality of the primary
metal related to current efficiency [1].

In battery industry, the design of cells and thermal balance
is enhanced by measuring the electrical conductivity of the
electrolyte [2].

In food industry, electrical conductivity measurement is
related to food characteristics such as free water and contents
concentration [3]. For example, the concentration of
monosodium glutamate (MSG) is evaluated by electrical
conductivity to study these effects on the body's organs [4].

In geotechnical engineering, electrical conductivity sensors
have been used for monitoring correlation of changes in soil
conductivity and water content during cyclic wetting and
drying of the soil [5].

In biomedical engineering, biological parameters are
explored via electrical conductivity such as skin and blood
plasma. In hemodialysis applications, it is used for monitoring
the concentration of solutions in water treatment room and the
dialysate in dialysis machine [6].

The conductivity o is extracted from conductance G of a
probe cell based on metal electrodes. This conductance
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corresponds to an alternating (sinusoidal or square) voltage Vs
applied between electrodes in order to generate the electric
current s given by Ohm’s law:

Vs =R Is 1)
or

Is =G Vs )
where the conductance G is the reciprocal of the resistance R
of probe cell.

The electric field between electrodes due to voltage Vs
causes the ions of solution to move back and forth with
conductance G producing an alternating current Is.

Electrical conductivity is directly calculated from a
measurement of the corresponding conductance G. In the case
of homogeneous dimensions G is given by:

A

G=O'E=O'K (3)

with

A

=_ 4
K= )

then
o=K G (5)

where ois the electrical conductivity, d is the distance between
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the electrodes, A is their section, and K is the cell constant. In
the case when the effective cross-section of the cell A is
variable with d, a cell constant has also an invariable value K.
In general, this value must not be calculated by geometric
dimensions of cell due to the leakage of the electric field at the
ends of the electrode plates. It must be determined by a
calibration with standard liquid of known conductivity. Note
that electrodes of probe cell are generally based on titanium or
stainless steel which are more effective than graphite and
platinum [7].

The aim of the present work is to propose a new device to
eliminate the problems encountered in many conditioning
techniques. This device measures electrical conductivity o
based on a 1 kHz single sinusoidal source, an admittance to
voltage converter and a lock-in amplifier using a technique
known as phase sensitive detection to eliminate
electrodes/solution capacitance. A microcontroller is used to
calculate electrical conductivity and send his value to LCD for
display.

The precision resistors in parallel with capacitors were used
to simulate electrical conductivity and calibrate the proposed
device by using adjustable precision resistors to achieve
accuracy of 1.45% which is generally 2% in commercial
conductivity meters. Finally, the experimental results obtained
by different solutions are showed and discussed.

2. CONDITIONING TECHNIQUES

The role of conditioning circuits is to extract the value of
conductance G because it is directly related to Electrical
conductivity o (Eq. (5)). The most conditioning circuits used
for measuring the conductance G are the bridge techniques like
Wheatstone bridge which must verify equilibrium conditions.

Generally, the electrodes/solution system is represented by
complex admittance that is a conductance G (real part) in
parallel with capacitance C (imaginary part). Different
transformer bridges are used for measuring the phase shift
between the current and voltage in probe cell with the aim to
eliminate capacitive current injected in complex admittance
[8-11].

These bridge techniques are not able to measure rapid
variations of conductivity and rapid changes in solution
concentration because the measurement requires the balancing
of the bridges for fixed values of passive components (resistors
and capacitors) constituting of the bridge. The precision of
measurement of conductivity is limited by the accuracy of the
value of passive components.

By using square-wave source and Fourier transforms
calculations, the conductance G can be estimated from
complex admittance. This method measures rapid changes in
conductivity but it requires complex programs and it is
difficult to implement this solution in compact device [12].

The proposed device is capable to measure rapid changes of
conductivity by using an admittance to voltage converter
which does not require equilibrium conditions. A lock-in
amplifier is used to eliminate capacitive influence of
electrodes/solution system and extract value of conductance G
from complex admittance. A simple program is implemented
in microcontroller to calculate electrical conductivity.

3. CONDUCTIVITY MEASUREMENT SYSTEM

The Figure 1 shows the block diagram of proposed
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electrical conductivity meter with two measurement ranges of
conductivity o (20 mS/cm and 1 mS/cm) and accuracy of
1.45%. The proposed device consists of a sinusoidal voltage
source, an admittance to voltage converter, a phase detection
sensitive stage and microcontroller/LCD card.

Sinusoidal
voltage
Source
Ve |
el Vir
20mS/em> 1mS/cm
Range ‘ Range
Probe — Y/V
Cell <_ converter
rr,,* v

Phase sensitive
detection

§

Microcontroller

+ g, mS/cm

LCD Display
Conductivity

Figure 1. Block diagram of proposed device

The voltage source is an oscillator that produces a signal
whose frequency f is 1 kHz at constant amplitude (Vsr or
Vsr2). This signal is the input of the admittance to voltage
converter which provides an output sinusoidal voltage ¥y
proportional to complex admittance ¥ of solution/electrodes
system that is composed of conductance G with parallel of
capacitor C. Thus,

VY = KYY (6)
where, K, is the conversion factor and ¥ is given by:
Y =G +j2rfC (7

The output signal of this converter is applied to the phase
sensitive detection based on lock-in amplifier to extract a
conductance G from Y.

The output signal is DC voltage which is proportional to
value of G. This DC voltage is given by:

VG = KGG (8)
where, Kg is the factor that depends on components of lock-in
amplifier consisting of an analog multiplier followed by a



lowpass filter.
The voltage Vg is converted to the electrical conductivity o
from K cell constant by microcontroller using equation:
o=K G 9)
This microcontroller is also used to select two measurement

ranges of ¢ (20 mS/cmand 1 mS/cm) and display on LCD the
calculated electrical conductivity.

4. DESIGN OF THE CONDITIONING CIRCUIT
4.1 The sinusoidal voltage source

The use of the sinusoidal voltage source allows to avoid the
electrolysis of solution which generates errors in measured
electrical conductivity as the case of DC polarization. On the
other hand, this source is applied to probe cell and serves as
the reference to lock-in amplifier. As a result, the phase shift
between the output of admittance to voltage converter and the
lock-in reference corresponds to the phase of admittance Y.
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Figure 2. Sinusoidal voltage source

The configuration of sinusoidal voltage source is shown in
Figure 2. It uses a sinusoidal oscillator based on XR-2206 that
is a function generator integrated circuit capable of producing
stable output waveforms (sine, square, triangle, ramp) with
low total harmonic distortion and amplitude and frequency
adjusted by external resistors making it appropriate for the
designed device.

Frequency of operation can be selected over a range of 0.01
Hz to more than 1 MHz and can be adjusted by the external
capacitor, C;, across Pin 5 and 6, and by the resistor, Ry,
connected to either Pin 7 or 8. The frequency is given as [13]:

(10)

Output sinusoidal amplitude (pin 2 of XR2206) is directly
proportional to the adjustable resistance Ryi connected on pin
3 of XR2206.
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The DC level at the output (pin 2 of XR2206) is
approximately the same as the DC bias at Pin 3. This DC level
which is not suitable for polarization of cell probe is removed
by first order passive high-pass filter Rv.,Cs. The cutoff
frequency is given as:

1

=— 11
27TRV2 C3 ( )

fu

This filter has two sinusoidal outputs. The first (pin 2 of Ry»)
is used as the reference signal Vs in lock-in amplifier and is
adjusted by Ry1. The second (pin 3 of Ry») is adjusted by Rys,.

A double switch (DSW) is used to send each of the two
outputs Vs (pins 1 and 3 of DSW) to the next stage (pin 2 of
DSW) and select in pin 5 of DSW which is the digital input
D4 of microcontroller one of two ranges of measurement 1
mS/cmand 20 mS/cm.

4.2 The admittance to voltage converter
The configuration of the admittance to voltage converter

Y/V is a non-inverting operational amplifier (1/2 TL082) as
shown in Figure 3.

To lock-in amplifier
X2 of AD633

X1 of AD633

AV O s

RS

o =]
—

SW_2

1
3

R&
Precision resistors
for calibration

BNC

Probe cell 2

A
Figure 3. Circuit of Y/V converter

The voltage at the inverting (-) input will be the same as at
the non-inverting (+) input. The sinusoidal voltage Vs is then
indirectly applied to probe cell whose admittance is Y. Its
current I flows into resistor Rys.

The output of this stage is the voltage ¥, across Rys:

VY = Rval_s (12)
where,
Is=Ys (13)
then,
Vy = Ry3 Vs V=K, Y (14)
where, Ky is the conversion factor given by:
RY = Ry3 17'5 (15)



4.3 The phase-sensitive detection

This stage uses a lock-in amplifier to detect the phase 9 of
admittance ¥ and measure the conductance G from V. As
shown in Figure 4, this stage is composed of analog multiplier
and low-pass filter.

To Micro-Controller
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Figure 4. Lock-in amplifier circuit based on AD633
multiplier and low-pass filter

from Y to V converter

7.

The voltage V; is the complex amplitude of the input vy
(between pinl et pin 2) of AD633 analog multiplier. The Vg
is the complex amplitude of the reference signal vsg (pin 2 of
XR2206) and is applied to pin 3 of AD633. Then,

Vsr=Vsr COS(2 zft+ ) (16)
and
vy=Vy cos(2 zft+ &) (17)

The output of analog multiplier (pin 6) is the product of two
sine waves vsg and vy given by [14]:

Vm=Knm %Vgr €0S(27ft) xVy cos(2 #ft+ &)

=Km KyVsrxY x cos(2 zft) <cos(2 #ft+ &) (18)
where, Ky=0.1 V'is the multiplication factor of AD633.
So that,
vng K KyVsrY [cos(4rft+@+Gr)+cos(G-6r)]  (19)

Since the two inputs vsg and vy of the analog multiplier are
at exactly the same frequency, the first term of vy is at
frequency of 2f and the second term is a DC voltage given by:

Vo= XKy Ky VerxYcos( - 6sr) (20)

The phase @ of admittance Y can be determined from Eq.
(14), then §=6wr+6Hand Vg is given by:
V=K KyVsrx<Yx2xcos 0 (21)

Since the conductance G is defined as the real part of ¥, then,

G=Yxcosé (22)

The DC voltage is obtained as:
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VG:%XKM Ky VsrxG (23)

Using (Ky = Ry V), the expression of Vg can be rewritten
as:

Ve=Ke*<G (24)
where,

Ke= %XKM XRyg*xVsxXVer (25)

The first term with frequency 2f is removed using first order
passive low-pass filter R7Cs. The cutoff frequency is given as:

1
"~ 2nR,C,

fi (26)

4.4 Stage of the microcontroller and LCD

In this stage, the ATMEGA 328P microcontroller is used to
read analog signal Vg (pin A0) from the follower amplifier
(2/2 TL082) connected with the output of low-pass filter R;Cs
as shown in Figure 5.

LcD1
Wi

Conductivity mS/cm

288 pp. msumaEBs
T FH

from Lock-in amplifier

ATMEGA 328F card

Figure 5. Interfacing circuit measurement with ATMEGA
328P and The LMO016L LCD

The analog-to-digital converter (ADC) inside the
microcontroller converts this DC voltage to 1024 discrete
levels. The potentiometer Rvs is used as a voltage divider to
select value of reference voltage in pin REF of ADC.

The values of Vg, Ku, Rvs, Vs and Vsg are used in the
program to calculate value of conductance G. Therefore,
electrical conductivity o is calculated from G by using the
value of cell constant K trough equations:

Ke= %XKM XRy3XVs*xVsr (27)
Vs

G = X (28)

o=K G (29)

The pin 5 of double switch DSW in electronic circuit (see
Figure 2) is connected with digital input (D4) of
microcontroller to select range of electrical conductivity to 1
mS/cmif D4 isat5V leveland Vsat2 V. If D4 isin 0 V level
and Vs at 100 mV the range is selected to 20 mS/cm.



The LMO16L LCD is used for displaying electrical
conductivity. The 4-bit mode is used to send data to LCD and
R/W needs to be set to low level. The pin 3 is connected to
potentiometer Rys (10 kQ) to control the contrast and
brightness of the LCD.

Table 1 showed component values for different stages of
designed device.

Table 1. Component values of designed device

Stage Component Value
R1 200 Q
R2 10 kQ
R3 5.1kQ
R4 5.1kQ
Sinusoidal Voltage Rv1 50kQ
Source Rv2 20 kQ
C1 100 nF
C2 1k
Cs 10 F
Oscillator XR2206
Rs 100 Q+0.1%
Rs 2 kQ+0.1%
Y/V Converter Rya 10 kO
Op-Amplifier 1/2 TL082
Phase-Sensitive Multiplier ADE33
Detection R 10kQ
Cs 10 LF
follower 2/2 TL082
amplifier
Microcontroller ~ Microcontroller ATMEGA 328P
and LCD LCD LMO016L
Rva 10 kQ
Rvs 10 kQ

5. EXPERIMENTAL RESULTS
5.1 Setup of the conditioning circuit

According to the specification of XR2206, oscillator
temperature stability is optimum for 4 kQ<R<200 kQ and
1000 pF<C<100 pF. For this raison the values of R, and C; are
10 kQ and 100 nF respectively and the frequency f is equal to
1 kHz calculated by Eq. (10).

The DC level of output (pin 2) of XR2206 oscillator is
suppressed by first order passive high-pass filter Ry, Cs. For
Rv2=20 kQ and C3=10 pF, the cutoff frequency fy is 0.8 Hz
calculated by Eq. (11).

In this device, two ranges to measure electrical conductivity
are used. The first is 1 mS/cm and is adjusted by Ryi (50 kQ)
to set Vs output (pin 2 of double switched) at 2 V. The second
is 20 mS/cm and is adjusted by potentiometer Ry, (20 kQ) to
set Vs output (pin 2 of double switched) at 100 mV.

The cell conductivity employed in this work has a cell
constant K equal to 1 cm™. As a result, the maximum value of
measured conductance is G=1 mS if Vs=2 V and G=20 mS if
Vs=100 mV. For these two cases, the maximum current which
flows cell is 2 mA and the Rys is selected to 5 kQ to avoid
saturation of output of operational amplifier (1/2 TL 082). This
maximum output is then at 12 V for 1 mS/cm range and 10.10
V for 1 mS/cm range.

The output of pin 2 of Ry; is used as the reference signal Vsr
in lock-in amplifier and is adjusted by Ry:.The value of Vsr is
2 V.

The harmonic with frequency 2f (2 kHz) at output of phase-
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detection circuit is removed by first order passive low-pass
filter R;Cs. For R7=10 kQ and C¢=10 I, the cutoff frequency
f_ is 1.6 Hz calculated by Eq. (26).

In microcontroller, the potentiometer Ry (10 kQ) is used as
a voltage divider to set reference voltage (pin REF) of ADC to
1 V which is the maximum of voltage V¢ for the two ranges.

If the D4 (pin 5 of DSW) is selected at 5 V the value of Vs
which is used in formula Eq. (27) of K¢ factor is 2 V and 100
mV ifD4isat0 V.

5.2 Relative precision of measurement

From Eq. (27), Eq. (28) and Eqg. (29) the formula of relative
precision of measured electrical conductivity &5 is given by:

_Ac  AK AV, AKy

B Ve = Ku

ARv3
RV3

AVSR
VSR

AV,
L As

(@)

E =
7 0 K

A conductivity cell with K=1.0 cm™ cell constant is the
most commonly used because it measures low to high
conductivity. Most conductivity cells available on the
industry today are delivered with certified cell constants from
the manufacturer. The user can simply consider:

AK
—=0 31
- (31)

The maximum relative of analog to digital conversion is
given by:

AV 1

= =~ 0.19
Ve 1024 0.1%

(32)

The ADG633 analog multiplier is laser calibrated to a
guaranteed accuracy of 10 V scaling reference and Km
multiplication factor Ky=1/10 V=0.1 V1. The maximum value
of relative precision of Ky is [14]:

AK,
K—M = 0.25%

M

(33)

The Vsr and Vs are measured by digital multimeter with 0.5%
maximum relative precision, then:

AV, AV.
RS 05%
VSR

v (34)

So, the maximum relative precision of measured electrical
conductivity esmax can be reduced to

Aomax ARy 3 max

= +1.35% + (35)

Eomax =
V3

In the case of ARy 31max/Ryv3=10.1%, the value of &omay IS
+1.45%.

5.3 Measurement results

The electronic circuit of designed device can be seen in
Figure 6. A 9 V DC battery is connected to SX1308 DC-DC
step-up boost converter to provide 12 V DC. The ICL7660 is
used to perform conversion from DC positive voltage +12 V
to negative voltage -12 V. The voltage regulator 7805 is used



to convert +12 V DCto +5 V DC. Theses DC voltages are used
to power integrated circuits of fabricated device.

Conductimetre V2

Figure 6. Photos of the designed device for measuring
electrical conductivity

According to Eq. (35), the precision multiturn
potentiometer Ryvs= 10 kQ was used and adjusted at 5 kQ to
achieve the minimum of & and to calibrate the device in two
ranges 20 mS/cm and 1 mS/cm by using commercial standard
solutions (74.0 pS/cm+0.7% and 1.406 mS/cm+0.5%).

Standard solutions are susceptible to contamination from
atmospheric carbon dioxide and thus increasing the
conductivity. To overcome this problem, the precision
resistors (Rs=100 Q £0.1% and R¢=2 kQ £0.1%) are employed
instead of probe cell (see Figure 3.) to simulate conductive
solutions (10 mS/cm=+0.1% and 500 puS/cm=0.1%).

To check the reproducibility and accuracy of measurements
and the effectiveness of phase sensitive detection, a
combination of resistors Rs and capacitor Cs was used to
simulate conductive solutions/capacitive influence in probe
cell.

Table 2. Conductivity measurement results of simulated

solutions

Rs Cs oM Gwm Gs &ms
1 10.04 10.04 10 mS 0.4

WF mS/cm mS H% %

100Q 100 10.04 10.04 10 mS 0.4
+1% nF mS/cm mS +% %
10 10.04 10.04 10 mS 0.4

nF mS/cm mS +1% %

1 100.6 100.6 100 1S 0.6

WF S/em S H% %

10kQ 100 100.6 100.6 100 1S 0.6
H% nF US/ecm 8] +H% %
10 100.6 100.6 100 S 0.6

nF S/cm LS H% %

1 9.93 9.93 10 1S 0.7

100 WF S/em S H% %
KO 100 9.93 9.93 10 1S 0.7
1% nF S/em (83 H% %
10 9.93 9.93 10 1S 0.7

nF S/cm LS H% %
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Table 2 showed conductivity measurements ow for different
values of RsCs where Gs is the conductance that is reciprocal
of Rs and Gu is conductance corresponding to measured
conductivity om with Gu=om/K and K=1.

The impedances of capacitors Cs: 1F, 100 nF and 10 nF
which simulated conductive solutions/capacitive influence at
f=1 kHz respectively correspond to 160 Q, 1.60 kQ and 16 kQ.

As can be seen in Table 2, the measured conductivity values
are directly related to simulation resistance value and are
independent of the capacitance values.

These results confirm that the fabricated device only
measures the electrical conductivity without the capacitive
influence in probe cell.

From Table 2, the maximum value of relative difference eys
between Gys and Gy for different values of Rs and Cs was 0.7%
which is less than the value of tolerance of Rs.

The fabricated device has been used to measure
conductivities of the NaCl, KCl, CaCl,, MgSOy for different
concentrations maintained at 25°C.

Table 3. Measurement results of different solutions

Solution OF oc erc %
NaCl 17.90 18.36 257
9¢g/L mS/cm mS/cm '
NaCl 12 9.21 268

45g/L mS/cm mS/cm )
KCI 12.81 13.16 273

10 g/L mS/cm mS/cm )
KCI 7.20 7.39 264
5g/L mS/cm mS/cm '
CaClz 9.114 9.351 260
10 g/L mS/cm mS/cm '
CaCl2 4.974 5.102 257
10 g/L mS/cm mS/cm '

MgSOa4 6.39 6.57 282

15¢g/L mS/cm mS/cm '

MgSOa4 3.754 3.836 518

75g/L mS/cm mS/cm )

Table 3 showed conductivity measurement results that are
compared with those measured by commercial conductivity
meter (Shengmeiyu TDS&EC).

From Table 3, the minimum and maximum relative
differences erc of conductivity measurements between
fabricated device or and commercial conductivity meter cc
were respectively 2.18% and 2.82%.

25

1.5

Conductivity (mS/cm)

0.5

0
0 100 200 300 400 500 600 700 800 9S00 1000 1100

Concentration mg/L

Figure 7. Calibration curve for concentration of NaCl



The concentrations of electrolyte solutions can be
determined by measuring conductivity of the solution [15-18].
The example of calibration curve obtained by fabricated
device is shown in Figure 7 corresponding to NaCl solution.

The equation of calibration is given by:

ou=Kc C+owmo (36)
where,

C is the concentration of solution, mg/L;

owm is measured conductivity, mS/cm;

Kc=0.0020 mS.L.mg.cm™ is the calibration constant;

omo=0.0796 mS/cm is the initial conductivity.

This equation is obtained by least square curve fitting. The
mean relative error was 1.32% and the coefficient of
determination was 0.9998.

The device has also been used to measure conductivities of
the hemodialysis solutions, for which the values of
conductivities are known [19-21].

Table 4 showed conductivity measurement results that are
compared with those measured by commercial conductivity
meter (Shengmeiyu TDS&EC).

Table 4. Measurement results of different solutions

Solution GF oc grc %0
Carbon filter 1921 L9 56
Water softener pg;lclm pg?c?m 1.90
Reverse 0smosis L667/gr(r)1 fglg; 2.34
Dialysate nl]g/gg] r#ésl/?:om 2.05

The 1S0O23500 standard recommends daily measuring of
conductivity both pre- and post -filtration and percentage
efficiency in the water reverse osmosis unit. Conductivity of
dialysate should be checked with calibrated measuring device.
Conductivity measurement ensures proper water-to-
concentrate ratio of the dialysate [22, 23].

From Table 4, the minimum and maximum relative
difference erc of conductivity measurements between
fabricated device or and commercial conductivity meter oc
were respectively 1.90% and 2.64%.

6. CONCLUSIONS

The purpose of this work is to measure electrical
conductivity by using a phase sensitive detection technique
and an admittance to voltage converter to eliminate problem
of equilibrium conditions in bridge technique which cannot
provide a rapid measurement of conductivity. The other most
important advantage of this technique is that it provides value
of conductance and eliminates capacitive influence in probe
cell/solution admittance. It also has the advantages of low cost,
simple design compared to Fourier analysis of complex
admittance.

The design of conditioning circuit is based on XR2206
sinusoidal generator source, an admittance to voltage
converter realized by non-inverting amplifier, a lock-in
amplifier realized by AD633 multiplier and RC filter, an
ATMEGA 328P microcontroller card. The conductivity of
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solution is displayed on The LMO016L LCD after processing
by microcontroller.

The high accuracy of proposed conductivity meter is related
to the high relative precision of values of Ku, Rvs, Vs, Vsg, Vo
and K.

The experimental results show that design of this device is
successful. The level of agreement between values of
simulated conductive solutions with tolerance 1% and
measured conductivity (maximum is 0.7%) is satisfactory to
confirm the measurement accuracy of the developed device.

The effective calibration can be performed by 0.1%
precision resistors and maximum value of relative error of
measured conductivity is 1.45% which is lower than that of
commercial conductivity meters (generally 2%; see for
example technical specifications of Elcometer, Extech, Runge
or Hanna conductivity meters).

To verify compliance with 1EC61326 EMC/IEC60610
safety standards, the device should pass the EMC/safety tests
approved by 1SO 17025 accredited laboratories. In accordance
with IEC61010 standard, the measuring category of this device
is CAT | because it is used to measure the conductivity of
solutions without connection to the mains which cannot be
allocated to categories CAT Il and CAT IV. The class of
electrical safety is I11 because the input voltage is 9 V DC and
is not at a hazardous level and thus the user does not need to
be protected from this input voltage.

The performance of fabricated device can be improved by
auto range selection based on analog multiplexers and voltage
dividers connected to the output of oscillator. In order to
miniaturize the device, the sinewave of oscillator can be
generated by using Pulse Width Modulation PWM in
microcontroller and active low-passe filter.

Finally, the 20 mS/cm and 1 mS/cm measurement ranges
are most suitable for industrial and biomedical applications
such as assuring water quality based upon 1SO standards and
facilitating maintenance by biomedical engineers in center
hemodialysis.
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