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(57) ABSTRACT 

An arnperornetric electrochemical gas sensor includes a 
permanent electrical resistance rneans disposed betWeen tWo 
electrodes, one of Which is the Working electrode, the 
electrical resistance means having an electrical resistance of 
betWeen about 109 and 200 kQ. This resistance rneans 
provides a permanent shorting link betWeen the electrodes, 
and constantly maintains the sensor in a ready-to-Work 
condition. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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INTRINSIC SHORTING LINK FOR GAS SENSORS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to electrochemical 
gas sensors operated in amperometric mode. 

[0003] 2. Description of Related Art 

[0004] Electrochemical sensors for toxic gas detection 
operate in either amperometric or potentiometric mode, i.e. 
the output current or output voltage is measured as a 
function of gas concentration respectively. In order for an 
amperometric sensor to respond to the presence of a toxic 
gas, the Working electrode of the sensor must be held at a 
potential Where the gas can be effectively oxidiZed or 
reduced. The electrochemical reaction at the Working elec 
trode then generates a current dependent on and usually 
proportional to the gas concentration. 

[0005] Amperometric gas sensors have at least a Working 
electrode and a counter electrode. The Working electrode 
provides a suitable catalyst for the electrochemical reaction 
(oxidation or reduction) of the target gas, While the counter 
electrode acts to balance out the reaction at the Working 
electrode. If, for example, an oxidation reaction occurs at the 
Working electrode, oxygen Will be reduced to form Water at 
the counter electrode. The current ?oWing through the 
counter and Working electrodes is the same. The majority of 
amperometric sensors have a reference electrode in addition 
to a Working electrode and a counter electrode. A reference 
electrode provides a stable, reference potential for the opera 
tion of the Working electrode. 

[0006] In order for the sensor to operate properly, the three 
electrodes are connected to a potentiostatic circuit in such a 
Way that the Working electrode potential is controlled vs. the 
reference electrode potential, and any current produced at 
the Working electrode ?oWs through the counter electrode so 
that the reference electrode remains un-polariZed. Three 
electrode sensors are Well knoWn in the prior art, and are 
described, for example, in US. Pat. Nos. 3,776,832, 3,992, 
267, 3,824,167, and 3,909,386. 

[0007] For sensors having only tWo electrodes, i.e. a 
Working electrode and a counter electrode, the counter 
electrode also serves as a reference electrode. The catalyst 
material of this electrode is specially formulated so that 
polariZation occurs to a lesser extent When current passes 
through the electrode. 

[0008] The use of a platinum or other precious metal 
electrode as a reference electrode has greatly simpli?ed gas 
sensor designs. The potential of a platinum reference elec 
trode is believed to be controlled by the reduction of oxygen 
to Water (1.23 V vs. standard hydrogen electrode under 
standard conditions, CRC Handbook of Chemistry and 
Physics, 68th Edition, 1987-1988, CRC Press Inc, Boca 
Raton, Fla.) and the potential for this electrode is typically 
found to be about 1.0 V vs the standard hydrogen electrode. 
Quite a feW toxic gases including carbon monoxide (CO), 
hydrogen sul?de (HZS), sulfur dioxide (SOZ), hydrogen 
(H2), hydrogen cyanide (HCN), phosphine (PH3), silane 
(SiH4) and ethylene oxide (C2H4O) can be readily oxidiZed 
at a potential signi?cantly loWer than this potential on an 
electrode With a suitably active catalytic surface. Some other 
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gases such as nitrogen dioxide (NOZ), oZone (O3), chlorine 
(C12) and chlorine dioxide (ClO2) can be reduced at a 
potential signi?cantly higher than this potential. 

[0009] In order to detect these gases, the Working elec 
trode can be set at exactly the same potential as that of the 
reference electrode. Thus, a three-electrode cell can be 
operated With a bias of Zero betWeen the reference and 
Working electrodes. The external electric circuitry elimi 
nates the large potential difference betWeen the Working 
electrode and the reference electrode and ensures that the 
sensor is in Working condition Whether or not a target gas is 
present. 

[0010] A tWo electrode cell can be operated With a Zero 
bias voltage across the cell, either by means of a potentiostat, 
or more simply by adding a small load resistor (10-100_) 
betWeen the tWo electrodes and measuring the voltage drop 
across the resistor. 

[0011] Nevertheless, sensors are not alWays connected to 
external circuitry. NeW sensors often need to be stored for 
many Weeks before being installed into an instrument. 
During the initial 4-12 Weeks after manufacture, sensors 
undergo an important aging process through Which their 
sensitivities drop by 10-30% to more stable values. Keeping 
electrodes shorted together accelerates this aging process. 
Gas sensors from instruments in the ?eld are often returned 
for integrity tests, and some instruments are turned off When 
not in use. 

[0012] When a sensor is disconnected from an instrument, 
its electrodes tend to polariZe, i.e. develop a potential 
difference betWeen them. The ?nal potential difference 
betWeen the Working electrode and the reference or counter 
electrode depends on the catalytic materials and morphology 
of the electrodes, nature of the electrolyte, pH and surround 
ing atmosphere. The environment of the Working electrode, 
Which is exposed to the outside atmosphere is different from 
the reference electrode Which is usually Within the body of 
the sensor and thus separated from atmosphere by the 
electrolyte. Therefore, an open cell voltage betWeen the 
Working and reference electrodes gradually develops. For 
example, the open cell voltage of a carbon monoxide sensor 
may be as high as 0.3 volt in relatively clean air. 

[0013] A large open cell voltage usually results in a high 
current spike When the sensor is connected to an instrument, 
and requires a long period of time for the sensor output 
current to stabiliZe before the instrument can be used. The 
time required for a cell to stabiliZe is referred to as the sensor 
“start-up”, or “Warm-up” time, and is usually someWhere 
betWeen 15 minutes and more than 24 hours, depending on 
the type of cell. 

[0014] In order to keep a sensor in a “ready to Work” 
condition When the sensor is not connected to any poWered 
circuitry, an electrical shorting link is usually added betWeen 
Working and reference electrodes to minimiZe polariZation 
of the Working electrode. The electrodes and electrolyte in 
the sensor cell and the external electric means constitute a 
complete, closed loop Which alloWs current to How from one 
electrode to the other. Preferably the electrical means has 
minimal resistance, so that the tWo electrode potentials are 
balanced Within a short period of time. Existing shorting 
means include metal Wires, metal springs, custom-made 
metal containing shorting links and conductive foams. The 
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use of shorting clips is Well known in the prior art, for 
example their use being discussed in US. Pat. Nos. 5,906, 
718, 6,001,240 and 6,074,539. A large current spike, typi 
cally at milliampere level, is usually observed upon con 
necting a shorting link to an open circuit sensor. The peak 
current is a function of the open cell voltage and the overall 
resistance in the closed circuitry. The current decays 
approximately exponentially to about Zero When the sensor 
is surrounded by clean air. Internal and external shorting 
clips have also been described in US. Pat. No. 5,331,310 to 
combine the counter and reference electrodes in a three 
electrode electrochemical cell, for use in a tWo electrode cell 
circuit. HoWever, in all the prior art examples of shorting 
clips, the intention Was to reduce the resistance betWeen the 
thus shorted electrodes to essentially Zero. 

[0015] While a shorting link is used in most amperometric 
gas sensors, manual connection and disconnection of this 
electric means has been very inconvenient, especially When 
hundreds or thousands of freshly produced sensors are to be 
stored and tested. Many gas detection instruments are used 
by personnel With only minimal training in the art of 
electrochemical gas sensors and sometimes the removal of 
the shorting pins is misunderstood or overlooked. Leaving 
the shorting pin in an instrument can cause a potentially 
dangerous situation. In addition to the costs associated With 
extra parts and labor, large current spikes may have a 
damaging effect on sensors themselves. In addition, most 
instruments must be designed With an electrical shorting 
means in place When they are un-poWered, adding additional 
cost and complexity to the instruments. For example, US. 
Pat. No. 4,776,203 describes a potentiostat circuit including 
an electric connection betWeen the sensing electrode and the 
Working electrode. The connection is eliminated When the 
circuit is poWered, With the making and breaking of the 
connection accomplished With a ?eld effect transistor (FET) 
having a loW resistance When turned off and a very high 
resistance When turned on. Similar electrode shorting 
devices associated With potentiostat circuits are disclosed in 
European Patent Application No. 220,896 and US. Pat. No. 
4,776,203. Instead of using a FET, ?xed resistors have also 
been incorporated into the potentiostat circuit. For example, 
US. Pat. No. 5,446,356 describes a potentiostat circuit for 
use in biasing a three-electrode electrochemical cell in 
Which a direct electrical connection is made betWeen the 
Working electrode and the reference electrode during normal 
operation of the sensor. The use of an electrical connection 
in the potentiostat circuit reduces the Zero gas current so that 
additional compensation circuitry is not required. These 
patents, hoWever, do not offer any means of reducing start up 
times needed for a sensor not connected to any circuitry. 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the invention to provide 
a shorting link for a gas sensor Which is alWays in place, and 
Which requires no adjustment or removal by personnel using 
the sensor. 

[0017] It is a further object of the invention to provide a 
shorting link Which reduces start-up time for neW sensors. 

[0018] To achieve these and other objects, the invention is 
directed to an amperometric electrochemical gas sensor 
comprising a permanent electrical resistance means dis 
posed betWeen the Working electrode of the cell and an the 
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reference electrode. In the case of a tWo electrode cell, the 
resistance means is disposed betWeen the Working electrode 
and the counter electrode, since the counter electrode also 
serves as a reference electrode. The electrical resistance of 
the permanent electrical resistance means is betWeen about 
109 and 200 k9. This invention thus embodies incorpora 
tion of a permanent electrical pathWay betWeen the Working 
electrode and at least one other electrode in the cell. The 
electrode shorting link is an electron-conductive medium, 
but has a ?nite resistance to current ?oW. Because the link 
is a permanent part of the sensor, it alloWs electrode poten 
tials to be balanced Within a relatively short period of time, 
but its resistance value is selected such that its presence does 
not affect the sensor response signi?cantly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic diagram of a three electrode 
electrochemical sensor incorporating ?xed resistance ele 
ments betWeen the Working electrode and the reference 
electrode, and betWeen the reference electrode and the 
counter electrode; 

[0020] FIG. 2 is a schematic diagram of a three electrode 
sensor With a ?xed resistance only betWeen the Working and 
reference electrodes; 

[0021] FIG. 3 is a schematic diagram of a tWo electrode 
sensor With a resistance betWeen the Working and counter 
electrodes. 

[0022] FIG. 4 is a bottom plan vieW of a tWo electrode gas 
sensor Which is a variation of the embodiment shown in 
FIG. 3; and 

[0023] FIG. 5 is a side plan vieW With a portion in 
cross-section, of a tWo electrode gas sensor Which is a 
variation of the embodiment shoWn in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] In a ?rst embodiment shoWn in FIG. 1, a sensor 10 
is disposed in a housing 11, and comprises a Working 
electrode 12, a reference electrode 14, a counter electrode 16 
and an ion-conductive electrolyte 18 Which is in ?uid 
contact With all electrodes. An electron conductive means 20 
having a knoWn resistance is connected betWeen the Work 
ing electrode 12 and the reference electrode 14. The resis 
tance of the electronic conductive means is chosen betWeen 
109 and 200 k9, preferably betWeen 1009 and 10 k9. 
Another electron conductive means 22 of similar resistance 
is connected betWeen the reference electrode 14 and the 
counter electrode 16. This second electron conductive 
means 22 is generally not necessary, but occurs inherently 
When the housing is formed of an electron conductive 
material, as discussed hereinbeloW. The sensor 10 also 
includes a Working electrode current collector 24, a refer 
ence electrode current collector 26 and a counter electrode 
current collector 28 to facilitate connections of the sensor to 
an electronic instrument. 

[0025] The sensor 30 shoWn in FIG. 2 differs from sensor 
10 shoWn in FIG. 1 in that no direct electrical connection, 
other than the electrolyte, exists betWeen the reference 
electrode 14 and the counter electrode 16. 

[0026] Sensor 40 shoWn in FIG. 3 is a tWo electrode 
sensor including a Working electrode 42, a counter electrode 
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46 and an ion-conductive electrolyte 48 Which is in ?uid 
contact With the Working electrode 42 and the counter 
electrode 46. An electron conductive means 50 having 
appropriate electrical resistance is connected betWeen the 
Working electrode 42 and counter electrode 46. The sensor 
40 has tWo current collectors 52 and 54 for connection of the 
Working electrode 42 and the counter electrode 46, respec 
tively, to any circuitry. 

[0027] Sensors of the invention employ a built-in elec 
trode shorting link, as illustrated in FIGS. 1, 2 and 3 as a 
permanent component in the sensor cell. The shorting means 
20, 22 or 50 must meet tWo requirements: 

[0028] 1) it must be capable of bringing an open cell 
voltage to a feW mV, and preferably beloW 1 mV Within a 
reasonably short period of time, and 

[0029] 2) the use of the means must have no adverse effect 
on the sensor response, ie both sensor response time and 
amplitude of the output are about the same With or Without 
the shorting means. 

[0030] If the resistance is too small, then the sensor 
response is degraded and if the resistance is too large, then 
the time taken for the sensor to eliminate the large open cell 
voltage is too long. Experimentally, it has been found that 
the preferred value of the resistance of the shorting link is 
betWeen 109 and 200 k9, and most preferably betWeen 
1009 and 10 k9. 

[0031] Amperometric sensors often employ a dilute acidic 
electrolyte, such as diluted sulfuric or phosphoric acid. Due 
to the corrosive nature of these electrolytes, the sensor 
housing is generally made of a plastic such as ABS, poly 
ethylene, polycarbonate, Noryl® (a trademark of GE plas 
tic), or other acid resistant plastic. Other components of the 
sensor are also designed to be acid resistant. 

[0032] In one embodiment of the invention, in order to 
provide an electron conductive path betWeen the electrodes, 
the plastic housing material is ?lled With a conductive 
component. For example, a polypropylene housing is ?lled 
With 10-30% (W/W) carbon ?bers so that a speci?c resistance 
of 10 k9cm'1 to 10 9cm“1 is obtained. Such a ?lled resin 
material is available from RTP Company Winona, Minn. 

[0033] As discussed above, the time required to reach 
equilibrium depends on the electrical resistance of the 
shorting means. The higher the resistance, the longer the 
time needed by the sensor to reach equilibrium. Preferably, 
the housing material is ?lled With 15% to 30% carbon ?bers 
so that the material has a speci?c resistance greater than 10 
9cm“1 but not more than a feW k9cm_1. The use of a 
conductive plastic housing provides a direct shorting means 
betWeen electrodes, in particular betWeen the Working and 
reference electrodes. 

[0034] Alternatively, only a portion of the sensor housing 
is made conductive. Since most sensors have electrical 
contact pins molded in the sensor housing, the speci?c part 
of that housing can be made of conductive plastic While the 
rest of housing remains nonconductive. For example, some 
sensors have metal pins molded into the bottom of the sensor 
housing; a plastic plate made of a conductive plastic can be 
added underneath the bottom to provide a shorting link for 
the electrodes. 
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[0035] In another embodiment, a resistor can be added to 
a printed circuit board betWeen the Working and reference 
electrode pins to make a conductive link betWeen the 
electrodes. The resistor can be added as an electric compo 
nent, or simply screen-printed onto the circuit board. 
Because ?ne platinum Wires are used inside most sensor 
cells, a circuit board having electrode contact pins is 
mounted to the bottom of the sensor to make an electrical 
connection to the platinum Wires. The use of a circuit board 
alloWs a sensor to be used in instruments having different 
sensor con?gurations. 

[0036] In a further embodiment, a conductive coating is 
applied externally onto a portion of housing Where elec 
trodes are disposed. The conductive paint may contain 
silver, copper, carbon, or any other electrically conductive 
material. 

[0037] The above embodiments are shoWn generally in 
FIG. 4, a vieW of the bottom of a tWo electrode sensor unit 
60. Current collector pins 62 and 64 protrude through the 
bottom of housing 61, in a resistive portion 66. This resistive 
portion 66 can be a coating on a plastic housing, a conduc 
tive plastic or a circuit board having a resistive portion 
betWeen the current collectors. 

[0038] In a still further embodiment of the invention, an 
amperometric sensor comprising a solid electrolyte may be 
formed With a rigid support and may be formed directly on 
a circuit board, as disclosed, for example, in US. Pat. No. 
5,437,999, on an electrical insulating substrate or on an 
electrically semiconductor substrate. Further, resistive elec 
trical contacts may be formed betWeen tWo or more of the 
electrodes by screen printing, electroless metallic deposition 
or vacuum deposition. This embodiment is shoWn in FIG. 5, 
in Which a tWo electrode sensor 70 is formed directly on an 
insulating substrate 72 on Which Working electrode 74 and 
counter electrode 76 are formed. A screen printed resistive 
section 78 is formed betWeen the electrodes on the substrate. 
The Working electrode 74, the counter electrode 76 and the 
electrical resistance means 78 are coated by an ion-conduc 
tive electrolyte 80 such as Na?on® Which is a proton 
conductive per?uorinated polymer from Dupont. 

[0039] Many other means for providing an electrical con 
nection betWeen tWo points are knoWn to those skilled in the 
art of gas sensor construction and these and other means for 
providing resistive connections betWeen electrodes may be 
used Within the scope of this invention. 

[0040] The use of conductive plastics is knoWn in the art 
of gas sensor manufacture. As taught in US. Pat. Nos. 
5,302,274, 5,744,697, 5,914,019, 6,099,708, and 6,129,825, 
some prior art sensors use a conductive plastic as current 

collectors in order to improve electrolyte leakage problems 
and simplify manufacturing. The conductive plastic that is in 
contact With an electrode typically has an electric resistance 
around 10-100 9cm_1. In order to provide a direct shorting 
link betWeen electrodes, the nonconductive plastic housing 
can be made of a plastic having a loWer content of conduc 
tive agents such as 10%-25% carbon ?ber that provide about 
1009 to 100 k9 resistance betWeen electrodes, especially 
betWeen the Working and reference electrodes, or the Work 
ing and counter/reference electrode for a tWo electrode 
sensor. The actual value of the resistance depends on the 
resistance of the conductive current collectors. For example, 
if the current collectors have a total resistance of 109, the 
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resistance of the electrode shorting means is preferably 
between 2009 and 2 k9 so that no more than 5% of current 
output is lost When detecting a target gas. 

[0041] Sensors With tWo and three electrodes have been 
shoWn. Sensors With more than three electrodes are also 
knoWn, particularly sensors With multiple Working elec 
trodes. For example, a four electrode sensor might have a 
?rst Working electrode for carbon monoxide, a second 
Working electrode for hydrogen sul?de, a reference elec 
trode and a counter electrode. In this case, both Working 
electrodes Would advantageously be connected by resistance 
means to the reference electrode. 

[0042] Most toxic gas detection instruments have an elec 
tric apparatus such as a J-FET or a ganged on/off stitch to 
short electrodes When the instruments are un-poWered. A 
typical shorting J —FET has a resistance about a feW hundred 
ohms. By using a shorting link of loW resistance in the 
sensor, an electric shorting apparatus becomes unnecessary 
in the instrument as no voltage Will be developed across the 
Working and reference electrodes of the sensor. In addition 
to simpler circuit design and loWer costs, the elimination of 
a shorting sWitch saves poWer, and reduces noise associated 
With un-smooth transitions betWeen connections to the 
potentiostat and the shorting circuit Which enable the instru 
ments to give more accurate signals at loW levels of gas 
concentration. 

[0043] The electric link method, hoWever, does not apply 
to sensors that require a bias voltage, and oxygen sensors 
Which utiliZe a consumable reference electrode such as lead 
or Zinc. 

EXAMPLE 1 

[0044] Avariable resistor Was connected in parallel With a 
tWo-electrode hydrogen sul?de sensor cell manufactured by 
Industrial Scienti?c Corporation, Oakdale, Pa. The sensor 
has an ABS housing and tWo metal pins molded in the 
bottom of the housing as current collectors. The tWo metal 
pins Were shorted With the variable resistor and connected to 
a lab built potentiostat. APC computer loaded With National 
Instruments LabVIEWTM softWare Was used to record the 
output from the potentiostat as a function of time. The sensor 
Was ?rst exposed to clean air, then to 20 ppm HZS gas for 5 
minutes. As shoWn in Table 1 beloW, the sensor sensitivity 
and response time in the presence of the 20 ppm HZS gas 
remained almost constant When the resistance Was varied 
from in?nite to 109. MeanWhile, no signi?cant change Was 
observed in the background current and the stability of the 
output current, indicating relative independence of the sen 
sor response When resistance is greater than 109. 

TABLE 1 
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EXAMPLE 2 

[0045] The open cell voltage for a three-electrode carbon 
monoxide sensor manufactured by City Technology Ltd, UK 
Was found to be —245.5 mV (Working electrode potential vs. 
reference electrode potential) in normal air measured With a 
Keithley Model 200 multimeter. When a 209 k9 resistor 
Was connected betWeen the Working and reference elec 
trodes, the voltage started to increase at 0.005 mV/s. When 
using a 105 k9 resistor, the starting rate of the voltage 
increase doubled. When using a 10.4 kQ resistor, the starting 
rate of the voltage increase changed to 0.1 mV/s. The cell 
voltage continued to increase With time, and the rate of 
change decreased over time as it asymptoted to the steady 
state value of Zero current. 

[0046] With a 209 k9 register, the cell voltage changed 
very sloWly from —245.52 mV to —238.77 mV in 40 minutes. 
HoWever, When the resistor Was changed to 10 k9, the 
voltage changed from —238.77 mV to —123.67 mV after 1.5 
hours, and after 12 more hours, the voltage increased to 
—21.93 mV. After 72 hours the voltage increased to and 
stabiliZed at —0.034 mV. HoWever, When the resistor Was 
removed, a larger cell voltage developed gradually across 
the cell. 

[0047] This example shoWs that When the Working and 
reference electrodes of a three electrode cell are shorted by 
an electron conductive means, the open cell voltage can be 
eliminated. The time necessary to eliminate the open cell 
voltage increases With increasing resistance of the electron 
conductive means. 

What is claimed is: 
1. An amperometric electrochemical gas sensor compris 

ing at least a Working electrode, a reference electrode, and 
an electrolyte disposed Within a sensor housing, 

said sensor further comprising a permanent electrical 
resistance means disposed betWeen the Working elec 
trode and the reference electrode, the electrical resis 
tance means having an electrical resistance of betWeen 
about 109 and 200 k9. 

2. The sensor of claim 1, Wherein the electrical resistance 
means has an electrical resistance betWeen about 1009 and 
10 k9. 

3. The sensor of claim 1, Which is a tWo electrode sensor, 
Wherein the permanent electrical resistance means is dis 
posed betWeen the Working electrode and a counter elec 
trode Which serves as a reference electrode. 

4. The sensor of claim 1, Which comprises at least three 
electrodes, including a Working electrode, a counter elec 
trode and a reference electrode. 

Dependence of H25 sensor response on 
resistance of the electrode shorting means 

105 20 10 Resistance, 9 Open 10K 2K 1K 500 200 

Background ,uA —0.309 —0.153 —0.139 —0.164 —0.202 —0.239 
Sensitivity 0.669 0.689 0.688 0.684 0.684 0.681 
#A/ppm 
T90, sec 13 13 13 13 13 13 

Drift, % —0.49 0.35 0.71 0.24 0.71 0.36 

—0.236 

0.674 0.672 0.67 

—0.255 —0.257 

13 12 

0.48 —0.24 —0.24 
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5. The sensor of claim 4, additionally comprising at least 
one further permanent electrical resistance means disposed 
betWeen tWo said electrodes of the sensor. 

6. The sensor of claim 5, Wherein the at least one further 
permanent electrical resistance means has an electrical resis 
tance of betWeen about 109 and 200 kQ. 

7. The sensor of claim 5, Wherein the further electrical 
resistance means is disposed betWeen the counter electrode 
and the reference electrode. 

8. The sensor of claim 5, Wherein the further electrical 
resistance means is disposed betWeen the Working electrode 
and the counter electrode. 

9. The sensor of claim 1, Wherein the electrical resistance 
means is made of a conductive plastic. 

10. The sensor of claim 9, Wherein the conductive plastic 
contains 10 to 30% by Weight carbon. 

11. The sensor of claim 9, Wherein the conductive plastic 
forms at least a portion of the sensor housing, and has a 
speci?c resistance of 10 Qcm'1 to 200 kQcm_1. 
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12. The sensor of claim 9, Wherein the conductive plastic 
is permanently mounted on the sensor housing in the vicinity 
of electrode contact pins. 

13. The sensor of claim 1, additionally comprising a Ld 
current collector in electrical connection With each said 
electrode, Wherein the electrical resistance means is dis 
posed betWeen the Working electrode current collector and 
the reference electrode current collector. 

14. The sensor of claim 13, Wherein the current collectors 
comprise contact pins protruding from a circuit board 
mounted on a portion of the sensor housing, and the elec 
trical resistance means is disposed betWeen the contact pins. 

15. The sensor of claim 13, Wherein the electrical resis 
tance means comprises an electrically conductive coating 
applied to the potion of a sensor housing in the vicinity of 
said current collectors. 

16. The sensor of claim 1, Wherein the electrical resistance 
means comprises a screen printed electrically conductive 
material disposed on an insulating substrate Which forms 
part of the sensor housing. 

* * * * * 


