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New TLV® Heightens -
Industrial Hygiene Momtormg Concerns

BY PHILIP A. SMITH AND ROBERT E. HENDERSON
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In 2003, an uncontrolled release
from a natural gas well in
Chongqing, China, led to the deaths
of approximately 240 people.!
Most deaths occurred in the area
200 to 500 m away from the well-
head, but exposed individuals as
far as 1,200 m away also died.
Over 1,000 people were hospitalized,
thousands were evacuated, and
according to one published report,
“dogs, ducks, rabbits and other
domestic animals were killed.
Even fish did not escape.”!

The devastation was caused by hydro-
gen sulfide (H,S), a colorless gas with a
distinctive “rotten egg” odor that often
occurs naturally within oil and gas de-
posits®3 and in downstream transport?
and refining operations.? In occupational
settings, H,S is a serious threat to worker
health. It is soluble in water, explosive
(with a lower explosive limit concentra-
tion of 4.3 percent by volume), corro-
sive, heavier than air, and highly toxic.
Under certain conditions, decaying or-
ganic material yields H,S,? so it is po-
tentially present in many situations
where workers must enter poorly venti-
lated confined spaces.

In cases where exposure to H,S is
possible, accurate and reliable detection
methods are critical. The poor warning
properties of H,S and the extreme hazard
posed by even brief exposures to high
concentrations literally make recognition
of the potential presence of this extremely
dangerous gas a matter of life or death.

Health Effects

Hydrogen sulfide interacts with hemo-
globin in red blood cells and myoglobin
in muscle tissue,? interfering with oxygen
transport and storage. The most discon-
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certing health effects from H,S arise
from impairing the body’s ability to use
oxygen in the mitochondrial electron
transport chain,* disrupting function of
the nervous system, and causing olfactory
desensitization as the airborne concen-
tration of H,S increases above ~100
ppm.>°> With exposure to H,S concentra-
tions greater than ~1,000 ppm, the
phrenic nerve, which controls the di-
aphragm, ceases functioning almost im-
mediately, causing breathing to stop.?>
This effect combined with a sudden loss
of consciousness is known as “knock-
down.” If the airborne H,S concentration
is not lowered and breathing is not re-
stored, death will ensue quickly. Irrita-
tion and damage to pulmonary, skin, and
eye tissues is also possible.!

Because of the effects of H,S on the
nervous system, as well as damage to
lung tissues, even aggressive cardiopul-
monary resuscitation may not be suffi-
cient to restore breathing or avoid
permanent injury. The knockdown effect
of H2S can give rise to multiple deaths
when improperly protected co-workers
attempt to retrieve a victim from atmos-
pheres with high H,S levels.®

According to the U.S. Bureau of Labor
Statistics, H,S poisoning was the cause of
at least 52 occupational-related deaths in
the U.S. from 1993 to 1999. Nine of these
deaths involved multiple casualties, in-
cluding those killed while attempting to
rescue co-workers.® Deaths from H,S ex-
posure were noted in waste management,
petroleum and natural gas, food process-
ing, asphalt, fishing, and dye industries.
In 1998, occupational- related deaths
from H,S were found to be the second
leading cause of death from toxic chemi-
cals, behind carbon monoxide (C0).”

Real-time H,S Detection
Portable instruments used to measure
H,S usually include one or two instanta-
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neous alarms (peak or ceiling alarms), as
well as short-term exposure limit (STEL)
and time-weighted average (TWA)
alarms based on time-history exposure.
In the past, widely recognized occupa-
tional exposure limits for H,S have ref-
erenced an 8-hour TWA of 10 ppm and a
15-minute STEL of 15 ppm. Most manu-
facturers routinely set instrument alarms
at these values.

In February 2010, ACGIH® recognized
the potential for adverse health effects
from H,S exposure at lower airborne
concentrations and adopted new TLV®
recommendations, lowering the 8-hour
TWA to 1.0 ppm and the STEL to 5.0
ppm.8 The new recommendations forced
many practitioners to reconsider expo-
sure limit guidelines and alarm set
points. A primary concern has been
whether detection instruments are capa-
ble of operation with alarms set to the
new limits. Industrial hygienists may
need to verify with manufacturers
whether this is feasible with a particular
instrument design.

Methods used to detect H,S include
instruments that measure conductivity
changes in a gold film upon absorption
of H,S as well as colorimetric tubes and
indicators. This article focuses on elec-
trochemical sensors, which are the most
widely used means of real-time H,S
measurement.

How Electrochemical Sensors Work
In many situations, a multigas meter is
used to simultaneously detect oxygen
(0,) deficiency and the presence of com-
bustible gases and vapors and will also
employ one or more compound-specific
electrochemical sensors. When it is
known that a single gas or vapor is pre-
dominantly present without O, defi-
ciency or a combustible gas hazard, a
single-gas monitor may be used. The
ideal compound-specific sensor would
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respond only to the specific compound, while the ideal “broad
range” sensor would respond to all air contaminants present. In
practice, the selectivity of electrochemical sensors designed for
detection of a specific airborne compound such as H,S falls
somewhere between these two extremes.

Each electrode in an electrochemical sensor (Figure 1) has a
specific purpose. The sensing electrode (Figure 2), often referred
to as the “working” electrode, is where the reaction of interest
occurs. Depending on the gas being measured, the target gas is
either oxidized or reduced on the working electrode, creating a
flow of current proportional to the airborne gas or vapor con-
centration. The counter electrode completes the circuit with the
working electrode. If the measured gas is oxidized at the sens-
ing electrode, some other chemical species (often 0,) is reduced
at the counter electrode in a balancing half-cell reaction. Con-
versely, if the target gas is reduced at the sensing electrode, an-
other chemical species is oxidized at the counter electrode.
Zero- biased (often referred to as “unbiased”) sensors are nor-
mally installed in a circuit that holds the electric potential of
the working electrode at a constant value. The potential of the
counter electrode is allowed to “float” as a function of the
changing concentration of the gas being measured. Three-elec-
trode sensor designs include a reference electrode that provides
a stable output signal unaffected by analyte concentration
changes. This stable output is a reference point for comparison
with the active signal from the sensing electrode as it dynami-
cally changes with analyte concentration fluctuations.

For electrochemical detection of H,S the only materials con-
sumed are H,S and 0O,, and only a small amount of power from
the instrument’s power supply is needed. As long as the sensor
is located in an atmosphere with a minimal amount of 0,, the
0, consumed in these reactions can be replenished.

Figure 3 shows that the instrument readout does not equili-
brate instantaneously when an electrochemical H,S sensor is
first exposed to the target compound at 25 ppm, although the
“time to alarm” in this case was about 4 seconds. Importantly,
the sensor output signal is extremely linear over the full range
of the sensor. The ratio of surface area of the sensing electrode
is physically quite large compared with the number of H,S mol-
ecules that actually enter the sensor. Even if a substantial frac-

Figure 1. An electrochemical H,S sensor module.
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tion of the sensing electrode becomes unusable (for example,
from physical damage or poisoning of the catalyst system), the
sensor usually has more than enough reserve efficiency to oper-
ate normally.

An alternative to the “nonconsuming” type of electrochemi-
cal sensor is a detector where a chemical component within the
sensor is consumed. In these detectors, the sensor will eventu-
ally run out of required reagent. No reagent is consumed within
electrochemical H,S sensors; the oxidation/reduction reactions
can theoretically occur indefinitely as long as O, is present and
even for short periods in oxygen-deficient atmospheres as
residual O, remains in an electrolyte reservoir present within
the detector. Even when exposed to H,S on a regular basis, elec-
trochemical H,S sensors routinely last three years or longer. Al-
though these sensors do not lose sensitivity from exposure to
H,S, regularly testing the sensor by exposing it to a known
concentration of calibration gas is highly recommended.

All electrochemical sensors employ aqueous chemistry and
thus should not be stored at high temperatures, even for brief
periods of time. If an electrochemical sensor (see Figure 2) is
stored in a hot environment or is left in a car on a warm day,
the water within the electrolyte reservoir located within the
sensor can evaporate. If the electrolyte dries out beyond a cer-

Figure 2: Schematic diagram showing the components present
in an electrochemical sensor module.
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tain point, the detector will fail. Also,
since the electrochemical H,S detector
requires a small amount of O, to func-
tion, it will not work correctly for appli-
cations where 0, is absent for extended
periods (for example, for H,S detection
within a natural gas pipeline).

Cross-sensitivity

Some cross-sensitivity may occur with
electrochemical sensors. Depending on
the interfering chemical, either a positive
or negative detector response bias is pos-
sible. However, in the case of an electro-
chemical H,S sensor, because the relative
signal strength is much greater for H,S,
a very high concentration of oxidizing
gas (for example, Cl,) would be required
to materially affect sensor readings.

A greater concern is the positive in-
terfering effect on electrochemical H,S
sensor readings from certain volatile or-
ganic compound (VOC) vapors, such as
limonene, methanol or other alcohols,
including those present in some hand
sanitizers and insect repellents. Always
remember to allow these liquids to dry
completely before handling gas detec-
tors, and never use methanol to clean or
decontaminate gas-detecting instru-
ments. Electrochemical sensors of all
types are designed with specific use
conditions and requirements in mind, so
always follow factory recommendations

regarding cleaning, routine maintenance
and calibration.

Combined H,S/CO Sensor Designs
A commonly used variant of the electro-
chemical H,S sensor includes a second
working electrode for the detection of
CO. The sensor includes a single counter
electrode, a single reference electrode,
and one electrode each for H,S and CO,
thereby providing a separate signal for
each detected gas. Typically, once the
gas diffuses into the sensor, it first
reaches the H,S working electrode where
most of this compound reacts, and the
H,S working electrode is designed not to
respond to CO. The sampled air contin-
ues to diffuse into the sensor, where it
reaches the CO sensing electrode and the
CO concentration is then measured.
Four-electrode CO/H,S sensors usually
include an internal filter that limits the
amount of VOC interferents and H,S that
reach the CO electrode. However, a certain
amount of H,S is still expected to remain
in the gas that reaches the CO electrode.
While optimized for the detection of CO,
the CO sensing electrode responds to both
CO and H,S. Instruments deduct the ef-
fects of H,S on the CO electrode based on
the expected breakthrough ratio. Such a
system requires calibration with both
gases before use.

[Continued: 32]

Figure 3. Response of a typical electrochemical H,S sensor to a stable concentration

of 25 ppm H,S.
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H,S Monitoring Concerns

The lowering of the ACGIH TLV for
hydrogen sulfide in 2010 caused
concern among industrial hygienists
about their detection instruments.
Below, manufacturers share their re-
sponses to the following question
from The Synergist. “What is the
number one complaint you hear
from industrial hygienists about H,S
monitoring?”

Bryan Bates, President and CEO,

Gas Clip Technologies, Inc.:

It would have to be a tie between
two. The first complaint concerns the
problems associated with having to
switch out existing “disposable”-type
instruments in order to comply with
the changing TLV for H,S, and the
second is the hassle and cost asso-
ciated with enforcing facility SOPs
for required bump testing of H,S
monitors/detectors for contractors.
To solve these issues, we recom-
mend our customers use disposable
H,S detectors with alarm set points
that can be changed and an elec-
tronic “bump test” frequency alarm
LED-flashing indicator. Both func-
tions require a supervisory action
and cannot be changed accidentally
by the instrument user.

Bob Henderson, President,

GfG Instrumentation:

The most common question is about
the new 2010 TLV for H,S, and
whether or not an instrument can be
successfully used with take-action
alarm settings of 1.0 ppm. The an-
swer is a qualified “yes.” It all de-
pends on the specific instrument.
Some gas detectors already have the
necessary range and resolution to
permit users to set the instantaneous
or TWA alarm as low as 1.0 ppm (or
lower). In other cases it may be nec-
essary to update the operating soft-
ware. In some cases, however, it may
not be possible to upgrade older in-
struments to be capable of resetting
the alarms to the new limits. The only
way to determine whether this is the
case for a particular design is to ask
the manufacturer.
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e REACH’s influence in establishing de
facto limits (derived no-effect levels,
or DNELSs)

e a lack of understanding of the differ-
ence between acceptable risk and a
true threshold of toxic risk

Although these challenges are sub-
stantial, the speakers and audience
agreed that countries motivated by the
common goal of protecting human health
can set up a process for sharing scientific
information, develop exposure limits, and
align on the documentation for those
limits. Leadership of this collaborative ef-
fort would reside with a neutral third
party, preferably an international body.
The group also suggested that volun-
teerism, the hallmark of OEL-setting thus
far, could not carry the process forward.
And finally, funding must be made avail-
able to support this effort for the global
community. Presentations are posted at
www.ioha.net/internationaloelssues.html.

Future Collaboration

The October 2010 Professional Confer-
ence on Industrial Hygiene in Ft. Worth,
Texas, continued the dialogue with a
half-day session on OELs that included
presentations on ACGIH’s processes for
setting TLVs, OSHA’s preliminary delib-
erations on updating PELs, DNELs as de
facto OELs, and the pharmaceutical in-

dustry’s reliance on control banding and

its use of risk modeling when data are
limited. These presentations are accessi-
ble at www.pcih2011.org.

Efforts to define an “acceptable expo-
sure level” continue at the national and

international levels. Although approaches
to this task vary, the discussions at [OHA

and PCIH revealed that we have a better
understanding of the challenges. While
no unitary solution is expected immedi-
ately, the conversation on OELs enables
a more robust future collaboration.

Chris Laszcz-Davis, MS, CIH, REA, is principal, The
Environmental Quality Organization, LLC, in
Lafayette, Calif., president of the California Industrial
Hygiene Council (CIHC) and former V.R, EH&S,
Kaiser Aluminum & Chemical Corporation. She can
be reached at ChrisLD@EQ-Organization.com or
(925) 330-1774.

Susan D. Ripple, MS, CIH, is the North America In-
dustrial Hygiene Expertise Center resource leader
and principal coordinator for occupational exposure
limits at The Dow Chemical Company in Midland,
Mich. She can be reached at sdripple@dow.com or
(989) 636-5572.

Luc Hamelin, ROH, CIH, CSF, CRSF, is assistant di-
rector for the Prevention & Safety Department at
Université du Québec a Montréal (UQAM) in Mon-
treal, Quebec. He can be reached at (514) 987-3000
ext. 0872 or hamelin.luc@ugam.ca.

Jimmy L. Perkins, PhD, CIH, is a professor in the
University of Texas School of Public Health San An-
tonio. He can be reached at (210) 562-5502 or
perkinsji@uthscsa.edu.
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Another approach is to take advan-
tage of the cross-sensitivity of the CO
working electrode in an unfiltered car-
bon monoxide sensor. Substance-spe-
cific CO sensors normally include a
robust internal filter designed to re-
move H,S and other contaminants be-
fore they reach the sensing electrode.
When the filter is left out of the design,
H,S readily diffuses into the sensor and
is detected by the CO electrode. The
signal output of this type of sensor is
generally much stronger for H,S than
for CO. Some manufacturers use the
single signal to calculate two readings.
Each reading assumes that the entire
signal is due to the presence of one or
the other gas. Some manufacturers use
the ratiometric difference between the
signal strength for the two gases and
simply set the CO sensor alarm at a
concentration equivalent to the desired
“take action” concentration limit for
H,S. The obvious drawback with this
approach is that the user will not know
which gas is present, or the relative
concentrations of each. Manufacturers
do not usually require calibration of
this type of sensor using both gases,
but calibration is usually with CO only,
which is generally much less expensive
and stable for a much longer period
than calibration gas that includes H,S.

Conclusion

Electrochemical H,S sensors based on
oxidation of the target analyte at a
working electrode are among the most
dependable, stable, and reliable type of
gas-detecting sensors available. How-
ever, no sensor can detect gas unless it
is used. The only way of being sure that
toxic contaminants are not present in
dangerous concentrations is to look for
them with an atmospheric monitor de-
signed for their detection. To protect life
and health, it is important for industrial
hygienists to understand their detection
instrument. Using the instrument when
needed to detect a dangerous airborne
contaminant such as H,S is critical. ¢~

Phil Smith, PhD, CiH, is an industrial hygienist with
the USDOL-OSHA Health Response Team, in
Sandy, Utah, and is the current chair of the AIHA
Real-Time Detection Systems Committee. He can
be reached at Smith.Phifip.A@dol.gov.

Bob Henderson, MBA, is president of GfG Instru-
mentation, Inc., past chair of the AIHA Real-Time
Detection Systems Committee, past chair of the
AIHA Confined Spaces Committee, and past chair
of the International Safety Equipment Associa-
tion’s Instruments Product Group. He can be
reached at bhenderson@gfg-inc.com.

CONNECT for CREDIT
www.aiha.org/syntestseries

References
1. Jianfeng, L. Z. Bin, W. Yang, and L. Mao:

The unfolding of ’12.23’ Kaixian blowout
accident in China. Safety Sci. 47:1107-
1117 (2009).

. Arnold, .LM.F,, R.M. Dufresne, B.C. Alleyne,

and P.J.W. Stuart: Health implication of
occupational exposures to hydrogen sul-
fide. J. Occup. Med. 27:373-376 (1985).

. Woodall, G.M., R.L. Smith, and G.C.

Granville: Proceedings of the hydrogen
sulfide health research and risk assess-
ment symposium, October 31 - November
2, 2000. /Inhal. Toxicol. 17:593-639 (2005).

. Wever, R., B.F. Van Gelder, and D.V.

Dervartanian: Biochemical and biophysi-
cal studies on cytochrome c oxidase.
Biochim. Biophys. Acta 387:189-193
(1975).

. Milby, T.H.: Hydrogen sulfide intoxication.

J. Occ. Med. 4:431-437 (1962).

. Hendrickson, R.G., A. Chang, and R.J.

Hamilton: Co-worker fatalities from hydro-
gen sulfide. Am J. Ind. Med. 45:346-350
(2004).

. Hamilton, R.J., and M.l. Greenberg:

Epidemiology of U.S. workplace carbon
monoxide fatalities [abstract]. Clin. Toxicol.
36:468-469 (1998).

. ACGIH: 2010 Threshold Limit Values for

Chemical Substances and Physical Agents
and Biological Exposure Limits. Cincinnati,
Ohio: ACGIH Worldwide, 2010.

32 The Synergist m March 2011



	H2s
	H2s_p28



