Toxicologic Basis for Derivation of Airborne Exposure Limits

1.  Exposure Criteria
   a.  Previously established AELs for nerve agents GB and GA were promulgated by the Center’s for Disease Control (CDC) in 1988 (Federal Register, Vol. 53, No. 50, 1988, Page 8504 – 8507) and published as Army policy thereafter.  A more recent analyses of nerve agent toxicity has been documented in the following reports:

      (1) Evaluation of Airborne Exposure Limits for G-Agents: Occupational and General Population Exposure Criteria; ERDEC TR-489, Mioduszewski et al., April 1998 and an ERRATA , SAB, Johnson, 2000.  Available from http://chppm-www.apgea.army.mil/hrarcp/pages/caw/index.html
     (2) Evaluation of Airborne Exposure Limits for VX: Occupational and General Population Exposure Criteria; ECBC-TR-074, Reutter et al, February 2000.  Available from http://chppm-www.apgea.army.mil/hrarcp/pages/caw/index.html
   b.  These reports describe the selection of a critical adverse effect and the associated study from which exposure limits are then extrapolated.  To establish AELs, the selected critical study is used in conjunction with a risk assessment method that includes adjustments for maximal projected exposure duration, estimated dose, and several “uncertainty factors” to account for data and study limitations.  This approach is consistent with current risk assessment models being used by other regulatory agencies when establishing exposure limits/health guidelines for toxic chemicals.  The CDC has reviewed the conclusions of these reports and endorsed the toxicological basis for the changes to the previously existing criteria as well as the establishment of new AELs.  The following paragraphs summarize the information and conclusions drawn from the subject reports.  (NOTE:  Some of the key studies are directly referenced; however, for a complete listing of the supporting data and studies evaluated, see the technical reports listed above.]

2.  Discussion and Conclusions

   a.  Summary of findings and technical basis for AELs.

      (1) Technical basis for nerve agent GB.  In deriving exposure criteria for the nerve agents, data from human short-term nerve agent GB vapor exposures (single as well as repeated) and chronic nerve agent GB vapor exposures in animals were compared.  The CDC took human inhalation exposure data from a study conducted by McKee and Woolcott in 1949 (see Appendix A) to derive the AELs for nerve agent GB.  This study was selected as the “critical study” for deriving the STEL, WPL, and GPL, because mild effects (miosis) did not occur until repeated exposures occurred in humans, indicating a cumulative effect of the exposures.  The IDLH was based on an acute human exposure study by Mumford, 1950, which estimated a critical concentration for borderline incapacitation.  (See Appendix A.)  Specific calculations and a unique set of uncertainty factors were applied to the data to derive the specific AELs.  Specific calculations and uncertainty factors are listed in paragraph F-3.

      (2) Technical basis for nerve agents GA, GD, and GF.  Due to data limitations and property similarities, derivation of criteria for nerve agents GA, GD, and GF were based upon relative potencies of these agents versus nerve agent GB for inducing mild effects (for example, miosis) in humans.  Nerve agents GA and GB are considered equipotent in this regard and half as potent as nerve agents GD and GF.

      (3) Technical basis for nerve agent VX.  Although some studies of VX were evaluated, study limitations led to derivation of criteria for VX from the estimated relative potency of this agent versus nerve agent GB’s ability for inducing mild effects (for example, miosis) in humans.  Nerve agent VX is considered to be 10 times more potent than GB in this regard. 
   b.  Comparison of currently recommended AELs with existing AELs.  The currently recommended AELs for nerve agents GA, GB, GD, and GF and nerve agent VX are given in Table F-1, along with a comparison to previously established criteria.  The currently recommended AEL values are based upon an evaluation of whether a significant difference exists between the previous AEL values and the calculations of the recent analyses.  

      (1) Long-term exposure AELs (WPLs and GPLs).  The existing AEL for nerve agents GB, GA, and GD (WPLs and GPLs) remain unchanged, because the uncertainty of estimates derived using the currently accepted long-term exposure risk assessment method are considered to span perhaps an order of magnitude or greater.  The existing AEL values (WPLs and GPLs) for GB, GA, and GD remain unchanged, since they vary from the recalculated values by only a factor of 2 to 3 and are thus not considered to be different.  Therefore, the existing AELs for G-agents are considered reasonable estimates of airborne concentrations, which are considered thresholds for given levels of human toxic response.  For nerve agent VX, the existing WPL was also determined to be an appropriate AEL; however, the VX GPL was determined to be inadequate in terms of estimated relative potency to nerve agent GB.  The revised VX GPL is ten times lower than that previously cited in Army regulations.

      (2) IDLH.  The IDLH values previously cited in Army regulations are considered to be somewhat inadequate given the potential for increased sensitivity of females in the worker population.  Specifically, revised IDLH values for all the nerve agents are one-half of those IDLH values previously cited in Army regulations
      (3) STELs.  Since STELs for nerve agents have not previously been established, there is no comparison to be made.  However, previous operational use of the WPL for alarm applications is overly protective.  Such applications warrant reconsideration and possible implementation of the STELs.

Table 1

Comparison of Currently Recommended AELs versus Previous AELs for the Nerve Agents (mg/m3)
	AEL
	GB
	GA
	GD
	GF
	VX

	WPL (8-hr TWA)
	0.0001a
	0.0001a
	0.00003a
	0.00003
	0.00001a

	STEL (15 min x 4/day)
	0.0004
	0.0004
	0.0002
	0.0002
	0.00004b

	IDLH (30 min)
	0.1

0.2c
	0.1

0.2c
	0.05

0.1c
	0.05
	0.01b

0.05c

	GPL (24 hr/day, TWA)
	0.000003a
	0.000003a
	0.000001
	0.000001
	0.0000003b

0.000003c


a Same as existing exposure criteria (DHHS 1988; DA, 1997).

b Based on relative potency to GB.

c    Indicates previous AEL.

3.  Derivation of AELs for nerve agents (WPL, STEL, IDLH and GPL)

   a.  The derivation of the WPL for nerve agent GB from human data by Mioduszewski et al (1998) (see Appendix A) is based on the following equation:
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Where—

      (1) LOAEL
=
Lowest observed adverse effect level (mg/m3).

      (2) Respexptl
=
Experimental respiratory volume (liter per minute (L/min)).

      (3) Respoccup
=
Occupational respiratory volume (20.8 L/min).

      (4) Expexptl

=
Experimental exposure (min/day x days/wk).

      (5) Expoccup 
=
Occupational exposure (480 min/day x 5 days/wk).

      (6) UFS

=
Uncertainty factors.

      (7) MF

=
Modifying factor.
   b.  For the purpose of establishing occupational exposure criteria, a study conducted by McKee and Woolcott in 1949 was selected by Mioduszewski et al., 1998 as the most appropriate study.  The WPL was calculated as follows—

WPL = 0.000033 mg/m3
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Where—

      (1) LOAEL

=
0.06 mg/m3 (Lowest observed adverse effect level).

      (2) UFH

=
1 (To protect sensitive subpopulations).

      (3) UFA

=
1 (To extrapolate from animals to humans).

      (4) UFL

=
3 (To extrapolate from a LOAEL to a NOAEL).

      (5) UFS

=
10 (To extrapolate from a subchronic to chronic exposure).

      (6) UFD

=
1 (To adjust for inadequacies in the database).

      (7) MF

=
1 (Modifying factor; to adjust for deficiencies in the study).
4.  Derivation of STEL for nerve agent GB

   a.  The derivation of the STEL by Mioduszewski et al (1998) from human data is based on the following equation:
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Where—

      (1) LOAEL
=

Lowest observed adverse effect level (mg/m3).

      (2) Respexptl
=

Experimental respiratory volume (L/min).

      (3) Respoccup
=

Occupational respiratory volume (20.8 L/min).

      (4) Expexptl 
=

Experimental exposure (min).

      (5) Expoccup 
=

Occupational exposure (60 min; 4 STEL per day).

      (6) UFs

=
Uncertainty factors.

      (7) MF

=
Modifying factor.
   b.  The McKee and Woolcott (1949) (see Appendix A) study on human volunteers was considered the most appropriate by Mioduszewski et al (1998) for deriving a STEL for nerve agent GB.  The threshold sign of miosis was observed after a single, 40-minute exposure to 0.062 mg/m3 in one group of 4 human volunteers.  The STEL was calculated as follows:
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STEL = 0.0004 mg/m3
Where—

      (1) LOAEL
=
0.06 mg/m3 (Lowest observed adverse effect level).

      (2) UFH

=
1 (To protect sensitive subpopulations).

      (3) UFA

=
1 (To extrapolate from animals to humans).

      (4) UFL

=
3 (To extrapolate from a LOAEL to a NOAEL).

      (5) UFS

=
3 (To extrapolate from a short term to a long term exposure).

      (6) UFD

=
1 (To adjust for inadequacies in the database).

      (7) MF

=
5 (Modifying factor).
5.  Derivation of IDLH concentration for nerve agent GB

   a.  Mioduszewski et al (1998) proposes that the IDLH concentration (for 30 minutes) for nerve agent GB be based upon short-term human exposure data contained in a study by Mumford completed in 1950 (see Appendix A).  The Mumford study reviewed data from acute human exposures (ranging from 1.5 to 8 minutes) to nerve agent GB vapor and concluded that Cts above 15 mg min/m3 produced a marked fall in blood AchE with concomitant pronounced symptoms of systemic nerve gas poisoning, including generalized weakness, nausea and vomiting, in addition to eye and respiratory effects. The effective concentration (EC) for borderline incapacitation (pronounced signs and symptoms of systemic nerve gas poisoning, including generalized weakness, nausea and vomiting in addition to eye and respiratory effects) was identified as a 1.5-minute exposure to 10 mg/m3.  By adjusting the minute volume from 15 L/min to 42 L/min, Mioduszewski et al (1998) approximated increased respiratory volumes anticipated during escape conditions.  

   b.  Adjusting the EC for a 30-minute exposure was completed by using the following calculation--

EC(30 min) = EC x (1.5 min/30 min) = 10 mg/m3 x (0.05) = 0.5 mg/m3

   c.  Adjusting the EC (30 min) for 42 L/min (minute volume anticipated during escape activity) to calculate IDLH for a 30-minute exposure period was calculated as follows:

IDLH (30 min) = EC (30 min) mg/m3 x (15 L/min) ( (42 L/min) = 0.18 mg/m3

IDLH (30 min) = 0.2 mg/m3

   d.  Additional information was found in the literature to suggest the possibility that gender differences in sensitivity to G agent vapors may exist among observed experimental animals.  Therefore, the IDLH for nerve agent GB was further down-adjusted by a factor of 2 to estimate the IDLH value considered protective for a female occupational worker population; thus, the recommended IDLH is 0.2 mg/m3 divided by 2, or 0.1 mg/m3.

IDLH (30 min) for GB (based on male human data) = 0.18 mg/m3 or 0.2 mg/m3

IDLH (30 min) for GB (male + female workforce) = 0.2 mg/m3 ( 2 = 0.1 mg/m3

6.  Derivation of GPL for nerve agent GB

   a.  The derivation of the GPL from human data is based on the same approach as used to derive the WPL and STEL.  The Mioduszewski et al, 1998, study selected McKee and Woolcott (1949) as the most appropriate study.  (See Appendix A.)
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Where—

      (1) GPL

=
Concentration in ambient air.

      (2) LOAELINHAL
=
Lowest observed adverse effect level (mg/m3).

      (3) Respexptl
=
Experimental subject minute volume (10 L/min).

      (4) RespGP

=
General population minute volume (13.9 L/min 

over 24 hrs).

      (5) ExpGP

=
General population exposure (1,440 min/day x 

7 days/week).

      (6) Expexptl 
=
Experimental exposure.

      (7) UFs

=
Uncertainty factors.

      (8) MF

=
Modifying factor.
   b.  The GPL was calculated as follows:
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GPL = 0.000001 mg/m3
Where—

      (1) LOAEL

=
0.06 mg/m3 (Lowest observed adverse effect level).

      (2) UFH

=
10 (To protect sensitive subpopulations).

      (3) UFA

=
1 (To extrapolate from animals to humans).

      (4) UFL

=
3 (To extrapolate from a LOAEL to a NOAEL).

      (5) UFS

=
10 (To extrapolate from a short term to long-term exposure).

      (6) UFD

=
1 (To adjust for inadequacies in the database).

      (7) MF

=
1 (Modifying Factor; to adjust for deficiencies in the study).

Toxicological Basis for Derivation of Airborne Exposure Limits, HD

1.
Exposure Criteria. Previously established Airborne Exposure Limits (AELs) for mustard agents H, HT, and HD were promulgated by the Center’s for Disease Control (CDC) in 1988.  (DHHS, 1988).  A more recent, detailed analysis of sulfur mustard vapor toxicity has been documented in the following report:


- Evaluation of Airborne Exposure Limits for Sulfur Mustard: Occupational and General Population Exposure Criteria; USACHPPM Technical Report 47-EM-3767-01, November 2000. 

This report can be viewed at the following website: 

http://chppm-www.apgea.army.mil/hrarcp/pages/caw/index.html.

The report provides a detailed discussion of the physical, chemical and toxicological properties of sulfur mustard and describes the selection of a critical adverse effect and the associated study from which exposure limits are then extrapolated.  To establish AELs, the selected critical study for each AEL is used in conjunction with a risk assessment method that includes adjustments for maximal projected exposure duration, estimated dose, and several “uncertainty factors” to account for data and study limitations.  This approach is consistent with state-of-the-art risk assessment models being used by other regulatory agencies when establishing exposure limits/health guidelines for toxic chemicals.   The CDC has reviewed the conclusions of these reports and endorsed the toxicological basis for the changes to previously existing standards as well as the establishment of newly established AELs.     The following sections summarize the information and conclusions drawn from the subject report:

2.Discussion and Conclusions

A. Summary of Findings.   



1. General. Based on the subject technical report, the previously existing AELs for sulfur mustard (HD) have been lowered, and, in addition there is the provision of new types of standards.  However, while this study focused on the application of current toxicological and risk assessment protocols to calculate specific health guidelines, a general assessment of the application of existing guidelines showed that conservative safety precautions have historically prevented exposures and ensured worker and public health.  As an example, existing requirements established that protective clothing and equipment be donned at air concentrations meeting the current WPL value (effectively minimizing if not eliminating exposures).  As a STEL is actually more appropriate for this application, there is not an anticipated need for change in operational requirements.  In summary, since existing requirements are already protective, no health effects are expected at the previous action level.    



2.  HT and H. Though not specifically addressed in the technical report, AELs are also recommended here for several related sulfur mustard compounds (HT and H).  

Due to similar modes of action and toxic response, these sulfur mustard compounds are conservatively assumed to be equipotent to HD until sufficient agent-specific data become available to adjust this determination.  Specifically, H is undistilled and unstable sulfur mustard (considered 70% sulfur mustard plus 30% sulfur impurities) and HT is a product of a reaction that yields about 60% HD, <40% T (CAS # 63918-89-8), plus a variety of sulfur contaminants and impurities.  HT is considered more active than HD, but since there are insufficient data to support a separate analysis, it is considered reasonable to accept HD values for use in making exposure decisions for HT unless data necessary to perform a separate analysis are available.  



3.  AELS and Technical Basis.  The referenced report documents the complete technical rationale for the revised and new standards shown in Table F-1.   A summary of the technical basis for each of the sulfur mustard standards follows. The key critical effect chosen for each AEL was ocular effects, as the data indicate the eyes to yield the most sensitive response to vapor exposures of sulfur mustard.  However, other effect such as pulmonary effects could be anticipated with exposures exceeding the calculated AELs.  Specific critical studies were selected for each AEL based on the most appropriate duration of the study and severity of effects indicated.  A separate evaluation of the carcinogenic potential of mustard exposures for the calculated exposure limits was also performed.   Though mustard has been designated as a known human carcinogen by the International Agency for Research on Cancer, significant increases in cancer risk have only been proven at exposures that are assumed to be relatively high compared to the calculated AEL concentrations.  Estimated increase lifetime cancer risk for repeated exposures at the WPL or GPL levels are in the probability order (1 = 100%) of 0.0028 (2.8 x10-3) to 0.000003 (3 x 10-6).  This probability would be additive to the average U.S. citizen’s probability of developing cancer during a lifetime (probability approximately 0.3 to 0.5).  

	Table 1.   Summary of Recommended Airborne Exposure Limits for Sulfur Mustard Agents (as compared with existing standards)

	AGENT
	GPL mg/m3
	WPL mg/m3
	STEL mg/m3
	IDLH mg/m3

	HD, HT, H
	0.00002

0.0001a
	0.0004

0.003 a

	0.003

---- b

	2.0

---- b



a  existing standard 

b   no existing standard available


(a)  GPL.  The GPL, designed to reflect a safe concentration that the general population could be exposed to on a daily basis for a lifetime without health effects, was recalculated for sulfur mustard compounds through an assessment of the toxicity database for HD, selection of a critical study and endpoint, and application of current scientific risk assessment models.   The GPL was calculated using both human and animal data.  The available human data involved continuous exposures for a maximum time period of 600 min. and the application of a composite uncertainty factor of 300.  Use of short-term data requires the assumption of a linear response pattern over the time periods involved and may, to some degree, overestimate the potential effects if the response pattern is not linear (as suggested by the human studies).  Even so, it was determined that a protective approach would be to use available human data to derive the AEL for the general population.  The fact that the GPL derived from long-term animal data does not differ from that derived using human data supports the conclusion that the calculated GPL is a reasonable estimate, and further suggests that the existing GPL should be lowered.   This recent calculation also takes into account the methodology for quantitatively assessing carcinogenic risk.  The excess cancer risk associated with the newly recommended sulfur mustard GPL is estimated to be in the range of 7 x 10-4 to 3.8 x 10-6, which is consistent with the range of acceptable risk traditionally assumed in environmental health risk assessments for the general population. Finally, it is noted that the GPL for HD was previously denoted as a 72-hour limit  - however, this was based on historic sampling time requirements.  As such, a clarification (that this estimate assumes continuous daily, 24 hour time-weighted average exposures, for a lifetime) has been documented.

  (b) WPL. The WPL is a term now given to the worker 8-hour time-weighted average (TWA).   The WPL is similar to a Threshold Limit value as is used by industry for other toxic chemicals.   It reflects a value that is protective of exposed workers for exposures as long as 8 hours each day, 5 days a week, for a working lifetime.   As in the case of the GPL, the WPL for sulfur mustard was calculated using both short-term human exposure data and long-term animal data.  The short-term human study involved three 8-hr exposures, one on each of three consecutive days.  The effects seen under these test conditions were very mild symptoms of ocular toxicity.  Since this exposure frequency is similar to that which workers would experience, the data are appropriate for calculating an 8-hr/day, 5 day/wk exposure limit.  Although the same uncertainties exist in interpreting the results of this exposure in terms of possible cumulative effects following long-term exposures, data indicates that cumulative effects are less likely if the exposures are separated by a 2-3 day exposure-free period.  Since workers would experience such a recovery period during weekends, the potential for cumulative effects may be greatly diminished.  Nevertheless, additional uncertainty factors were used in deriving the WPL from the human data; the composite uncertainty factor was 100.  The WPL derived from the human data is similar to that derived from the long-term animal data.  However, the WPL for sulfur mustard as calculated in the subject technical report is a lower WPL than the previous 8-hr TWA.   This recent calculation also takes into account the methodology for assessing carcinogens, the excess cancer risk associated with the newly recommended sulfur mustard WPL is in the range of 2.8 x10-3 to 3.0 x 10-6, which is more protective than many workplace standards for carcinogenic chemicals (see Section 3.2.2 in reference 1a).


(c) STEL. The STEL is a type of standard also used by industry to establish worker–protection criteria.  The exposure level defined by a STEL reflects an atmospheric concentration to which a worker can be exposed for 15 minutes up to four times in a day without experiencing irritation, narcosis or escape-impairing or otherwise significant health impacts.   There were no previously established STELs for chemical warfare agents.  Human exposure data were selected for calculating a STEL for sulfur mustard.  Three different approaches at modeling the data gave results within the same order of magnitude (0.003, 0.0036, and 0.0067).   This comparison provides a degree of confidence that a STEL of 0.003 mg/m3 is reasonable and protective.  Therefore, for both technical and operational reasons, the recommended STEL for sulfur mustard agent is 0.003 mg/m.3.  Use of the STEL as an alarm criterion for the workplace is considered to be a protective approach since the value of 0.003 mg/m3 is a factor of 3 below the estimated no-effect concentration of 0.01 mg HD/m3 for ocular effects. 



     (d) Immediately Dangerous to Life and Health (IDLH). IDLH values for sulfur mustard were not previously established in Army policy.   The calculated IDLH is based on human acute toxicity studies.  Again the critical effect chosen was ocular effects as data indicates that severe and even permanent ocular damage can occur at sulfur mustard concentration lower than those producing similar degrees of injury to the respiratory tract.   It is noted that if workplace procedures dictate use of fully encapsulated protective clothing and equipment at the WPL or STEL, there may be limited application for this IDLH.

Derivation of Worker Population Limit (WPL) For Sulfur Mustard
USACHPPM Technical Report 47-EM-3767 (Nov 2000) contains three WPL derivations, yielding estimates all within the same order of magnitude.  These approaches included 1) adjustment of short-term exposure human LOAEL (Guild et al, 1941)* (ocular effects), 2) adjustment and extrapolation of a NOAEL (ocular effects) from a chronic animal study (McNamara et al, 1975* using data from dogs), and 3) adjustment and extrapolation of a NOAEL (pulmonary effects) from the same chronic animal study (using rat data).

For the purpose of establishing occupational exposure criteria, Guild et al,  (1941) was selected as the primary study.  This study included 4 volunteers who reported “scarcely discernable” eye effects at an exposure concentration of 0.06 mg/m3 for 8 hrs/day for 3 consecutive days.  The study exposure concentration of 0.06 mg/m3 was adjusted by a factor of 3/5 to go from the 8 hr/day, 3-day study period to a full workweek of 5 days. Adjusted human-equivalent NOAELs derived from the McNamara et al, 1975 dog and rat data, were calculated to be 0.003 mg/m3 and 0.0067 mg/m3, respectively.  The calculation and uncertainty factors for each data set used to estimate the WPL are summarized as: 
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Where:

NOAEL   = in mg/m3  (No‑observed‑adverse‑effect level)

LOAEL    = in mg/m3  (Lowest‑observed‑adverse‑effect level)

UFH

= To account for potential human variability in response

UFA

= To extrapolate from animals to humans

UFL

=  To extrapolate from a LOAEL to a NOAEL

UFS

=  To extrapolate from a sub chronic to chronic exposure

UFD

=  To adjust for inadequacies in the data base

MF

=   Modifying Factor; to adjust for deficiencies in the study

Table F-1  Summary of  Derivations for WPL

	Study
	Study type
	LOAEL or NOAEL
	UFH
	UFA
	UFL
	UFS
	UFD
	MF
	Total

Uncertainty
	WPL estimate

mg/m3

	Guild et al, 1941
	Human, 10 hr single exp; ocular effects
	LOAEL=0.036
	3
	1
	3
	10
	1
	3
	300
	0.0004

	McNanamara et al, 1975
	Animal, 5-day/wk, 1-yr, ocular effects in dogs
	NOAEL

=0.003
	1
	3
	1
	1
	1
	3
	10
	0.0003

	McNanamara et al, 1975
	Animal, 24 hr-5-day/wk, 1- yr, pulmonary effects-rats
	NOAEL

=0.0067
	1
	3
	1
	1
	1
	3
	10
	0.0007


*Guild, W.J.F., K.P. Harrison, A. Fairley and A.E. Childs, The Effect of Sulfur Mustard on the Eyes. 


Porton Report 2297, Chemical Defense Experimental Station, Porton Down, 1941.

 McNamara, B.P., E.J. Owens, M.K. Christenson, et al, Toxicological Basis for Controlling Levels of 


Mustard in the Environment, EASP EBSP 74030.  Biomedical Laboratory, Department of the 


Army, Edgewood Arsenal, Aberdeen Proving Ground, 1975.
Derivation of Short-Term Exposure Limit (STEL)

For Sulfur Mustard


The derivation of the STEL documented in USACHPPM Technical Report 47-EM-3767 (Nov 2000) involves calculations based on three separate studies* and using four different mathematical equations/approaches.   A summary of the studies, type of mathematical calculation used to estimate the STEL, and resulting STEL estimate is in the Table F-2 below:

Table F-2.  Summary of STEL Estimated Values (mg/m3)

	Study Reference*
	Key Study Information
	Minimal LOAEL Approach
	Time-Adjusted LOAEL Approach
	Probit Approach
	Logistics Approach

	Reed et al, 1918
	5 human subjects; but previously sensitized by relatively high exposures
	--
	--
	0.0309
	0.0669

	Anderson et al, 1942
	3 human subjects, 3 responses, conjunctival injection
	0.09 
	--
	--
	--

	Guild et al, 1941
	4 human subjects, 4 responses; 24 hr latent observation; mild generalized eye effects
	0.07
	0.0036
	--
	--


The Guild study was selected as the ‘best’ study and the Time-Weighted Adjustment to the LOAEL as the approach most consistent with methodologies used for the other AELs.  A conservative STEL value of 0.003 mg/m3 from this study and approach were selected as a conservative STEL that could be used as alarm criteria, given the latency period associated with effects. Since the overall human database studies indicates a that there is a threshold (e.g. LOAEL) of about 0.1 mg/m3 for mild ocular effects regardless of the exposure time and a no-effect level (NOAEL) could be estimated at 0.01 mg/m3 using the standard default uncertainty factor of 10, the STEL of 0.003 mg/m3 is considered adequately protective. 

*

Anderson, J.S.  1942.  The Effect of Mustard Gas Vapour on Eyes under Indian Hot Weather 

       Conditions.  CDRE Report No. 241. Chemical Defense Research Establishment (India). 

Guild, W.J.F., K.P. Harrison, A.Fairley and A.E. Childs.  1941.  The Effect of Sulfur Mustard  on 

       the Eyes.  Porton Report 2297.  Chemical Defense Experimental Station, Porton, UK.

Reed, C.I. 1918.  The Minimum Concentration of Mustard Gas Effective for Man (Preliminary 

        Report),  Report No. 318.  Pharmacology Research Section, American University.

Reed, C.I., E.F. Hopkins and C.F. Weyand.  1918.  The Minimum Concentration of Mustard Gas 
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Derivation of Immediately Dangerous To Life and Health (IDLH) Concentration for Sulfur Mustard

USACHPPM Technical Report 47-EM-3767 (Nov 2000) bases a derivation of the IDLH for sulfur mustard on a single human study (Anderson, 1942)*.  This study provides a LOAEL (ocular effects e.g. conjunctival injection; for which high humidity and temperature can exacerbate).  The adjustments and extrapolations are presented below
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Where:

LOAEL    =   in mg/m3  (Lowest‑observed‑adverse‑effect level) of 1.7 mg/m3 adjusted for a 30 min period  =  1.7 x 33 min/30 min = 1.9 mg/m3
UFH

=   1 because of assumed generally health worker population

UFA

=   1 because human data used

UFL

=   1 because a  LOAEL is adequate for IDLH 

UFS

=   1 because IDLH is for short, single exposure

UFD

=   1 data considered adequate To adjust for inadequacies in the data base

MF

=   1 no other uncertainties in study

Thus, 

IDLH = 1.9 mg/m3 = 2.0 mg/m3

* Anderson, J.S.  1942.  The Effect of Mustard Gas Vapour on Eyes under Indian Hot Weather 

       Conditions.  CDRE Report No. 241. Chemical Defense Research Establishment (India). 

Derivation of General Population Limit (GPL)

For Sulfur Mustard

USACHPPM Technical Report 47-EM-3767 (Nov 2000) contains three GPL derivations, each yielding identical GPL estimates.  These approaches included 1) adjustment of short-term exposure human LOAEL (Guild et al, 1941)* (ocular effects), 2) adjustment and extrapolation of a NOAEL (ocular effects) from a chronic animal study (McNamara et al, 1975* using data from dogs), and 3) adjustment and extrapolation of a NOAEL (pulmonary effects) from the same chronic animal study (using rat data).

A single 10 hr long human exposure yielding a LOAEL of 0.1 mg/m3 for mild ocular effects was adjusted to accommodate a 365 day per year exposure scenario; resulting in an adjusted LOAEL of 0.006 mg/m3.   Adjusted human-equivalent NOAELs derived from the McNamara et al, 1975 dog and rat data, were calculated to be 0.0007 mg/m3 and 0.0016, respectively.   The calculation and uncertainty factors for each data set used to estimate the GPL are summarized below: 
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Where:

NOAEL   =   in mg/m3  (No‑observed‑adverse‑effect level)

LOAEL    =   in mg/m3  (Lowest‑observed‑adverse‑effect level)

UFH

=   To account for potential human variability in response

UFA

=   To extrapolate from animals to humans

UFL

=  To extrapolate from a LOAEL to a NOAEL

UFS

=  To extrapolate from a subchronic to chronic exposure

UFD

=  To adjust for inadequacies in the data base

MF

=   Modifying Factor; to adjust for deficiencies in the study

Table F-3  Summary of Derivation of GPL

	Study
	Study type
	LOAEL or NOAEL
	UFH
	UFA
	UFL
	UFS
	UFD
	MF
	Total

uncertainty
	GPL estimate

mg/m3

	Guild et al, 1941
	Human, 10 hr single exp; ocular effects
	LOAEL=0.006
	3
	1
	3
	10
	1
	3
	300
	0.00002

	McNanamara et al, 1975
	Animal, 5-day/wk, 1-yr, ocular effects in dogs
	NOAEL

=0.0007
	3
	3
	1
	1
	1
	3
	30
	0.00002

	McNanamara et al, 1975
	Animal, 24 hr-5-day/wk, 1- yr, pulmonary effects-rats
	NOAEL

=0.0016
	10
	3
	1
	1
	1
	3
	100
	0.00002


*Guild, W.J.F., K.P. Harrison, A. Fairley and A.E. Childs, The Effect of Sulfur Mustard on the Eyes. 


Porton Report 2297, Chemical Defense Experimental Station, Porton Down, 1941.

 McNamara, B.P., E.J. Owens, M.K. Christenson, et al, Toxicological Basis for Controlling Levels of 


Mustard in the Environment, EASP EBSP 74030.  Biomedical Laboratory, Department of the 


Army, Edgewood Arsenal, Aberdeen Proving Ground, 1975.
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