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This document provides guidance on performing real-time health risk assessment of exposure to chemical warfare agents (CWA).  This process supports the taskings to the Medical Treatment Facility Commander and Bioenvironmental Engineering (BE) outlined in AFI 10-2501, Full Spectrum Threat Response (FSTR) Planning and Operations, and AFMAN 10-2602, Nuclear, Biological, Chemical, and Conventional (NBCC) Defense Operations and Standards.  The focus is to illustrate a process and provide relevant information in an easy to use format.  This process is very similar to activity-based assessments that BEE does in the day-to-day mission.  The familiar tenets of identification, evaluation and control are focused on assessing operational risk following a chemical warfare attack.  This guidance is also applicable as a tool for Civil Engineer Readiness personnel in the event that medical personnel are not available to perform the health risk assessment.
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CHAPTER 1 – INTRODUCTION/BASIC CONCEPTS 

Following a chemical attack on an installation, Civil Engineer Readiness and Bioenvironmental Engineering personnel must work closely and efficiently to support the restoration of wing operations.  AFMAN 10-2602, Appendix 3 lists in detail the tasks both civil engineer and medical UTCs must accomplish to facilitate this end.  In very general terms, civil engineer personnel predict the chemical attack footprint using VLSTRACK, verify the predictions of the model with recon teams using fielded detectors, and recommend revisions to sector MOPP level based on these findings.  For sectors that have received no contamination and are not downwind from contaminated zones, the reduced MOPP decision is straightforward and essentially the responsibility of civil engineer readiness personnel.  However, for sectors verified as contaminated, revised MOPP levels are much more complex and must balance mission needs against the health risk to personnel.  In this case, civil engineer and medical personnel must work as a close-knit team to make the MOPP recommendation to the commander.

AFMAN 10-2602 1.6.1.1 dictates that any Air Force unit conducting or supporting (direct/indirect) combat operations must resume their primary mission within 2 hours of a chemical or biological attack.  This guidance document is aimed at providing the medical personnel assigned the responsibility of health risk assessment with the tactics, techniques, and procedures necessary to effectively advise the wing commander on safely restoring operations.  The ingestion pathway (water and food) is not addressed in this document.

This document provides a process that will allow them to effectively answer operational risk management questions from the wing leadership such as:

When can we go to reduced MOPP operations in the weapons loading area?

What is the risk to personnel if we do a 30-minute operation in MOPP 2 now?

Do we need to collectively protect or evacuate personnel in Sector X?

In order to answer these questions, the health risk assessor must have a thorough understanding of the enemy threat, chemical warfare agent toxicology, exposure pathways, fielded detector and identification system capabilities and limitations, agent dispersion and persistency models, protective systems, risk communication, and base operations.  

To most effectively deal with an attack, there are many actions that should be taken in the pre-attack phase.  While pre-attack actions are dealt with in detail in AFMAN 10-2602, a few items are called out in the guidance document for special attention by BE as these will greatly impact the ability to perform a timely health risk assessment.  

Pre-Attack Actions


- Ensure BE has access to full NBC threat assessment to include likely agents the enemy may employ and available delivery systems.


- Discuss the proposed course of action with wing leadership, and determine which tasks on the base must be accomplished first following attack.  BE personnel should work closely with the Mission Director to understand the Air Tasking Order.  The ATO will dictate how soon tasks must be accomplished, and therefore, whether personnel must be in reduced MOPP levels to maintain desired sortie generation rates.

- Understand the work level associated with tasks that must be accomplished to support sortie generation.  In reduced MOPP levels, the respiration rate is crucial to understanding risk.


- Understand which of these critical tasks are tied to specific infrastructure and cannot be relocated to clean sectors.

This document guides the user through an operational risk management approach to systematically develop the health risk management options for the commander.  AFPD 90-9, Operational Risk Management, states that ORM has 4 guiding principles:

1.  Accept No Unnecessary Risk

2.  Make Risk Decisions at the Appropriate Level

3.  Accept Risk When Benefits Outweigh Costs

4.  Integrate ORM into Operations and Planning at All Levels
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Fig 1-1:  The ORM model

Applying ORM to post-CWA attack health risk analysis is very similar to the application of ORM in the activity surveillance process employed in occupational health.  The health risk assessor accomplishes steps 1-3 and provides recommendations to the commander.  The commander weighs the risks and benefits of the proposed action and provides the decision and directs implementation of appropriate controls.  The health risk assessor in turn evaluates the efficacy of the risk control measures employed and provides further recommendations if warranted.

The remainder of this document guides BE health risk assessors through the ORM process.  Chapter 2 presents information on the hazard identification capabilities that are currently fielded on CEX recon teams, Medical NBC teams, and individual units.  Chapter 3 presents an overview of the information necessary to evaluate the identified hazards.  Chapters 4 and 5 present strategies for developing the risk management recommendations to the commander.  

CHAPTER 2:  IDENTIFCATION OF HAZARD

Reconnaissance and real-time intelligence from the Civil Engineer NBC team is a primary resource for detection of the agents that were used.  The medical team should consider the type of delivery system used, observer reports, evidence of contamination, physiological response among exposed personnel, alarm indicators from fielded detection equipment, color change on M8 paper, reports from other installations in the theater of operations, and intelligence information.

In accordance with the existing Medical and Civil Engineer NBC Team Allowance Standards (AS), the following equipment defines the teams’ detection and identification capabilities.  It must be noted that most of the currently fielded equipment available for use in the field supports only detection of the family of agents (categorization) used but does not provide specific agent identification.  As an example, the M256 kit may detect the presence of a nerve agent, but will not identify which one.  

Each piece of equipment has inherent limitations with respect to response time and detection limits that impact your ability to accurately recognize the existence of a chemical agent.  In other words, a negative reading does not mean that the agent isn’t present at physiologically significant levels; it simply means that the concentration is below the detection capabilities of the device.  Table 2-1 identifies the limit of detection for each piece of fielded equipment.  A brief discussion of equipment capability is also provided in the section below. 

Table 2-1 Summary of Fielded Equipment Sensitivity (As specified in governing ORD)

	Equipment
	SENSITIVITY TO 

NERVE AGENTS

(mg/m3)
unless otherwise noted


	SENSITIVITY

TO BLISTER AGENTS

(mg/m3)

	
	GA
	GB
	GD
	GF
	VX
	HD
	L

	M256A1
	0.005
	0.005
	0.005
	0.005
	0.02
	2.0
	9.0

	CAM
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	N/A

	ICAM
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	N/A

	M22 ACADA
	0.1
	0.1
	0.1
	0.1
	0.04
	2.0
	2.0

	M8 PAPER
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops

	M9 PAPER
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops
	100-( drops


M8 Chemical Agent Detection Paper

The M8 detector paper is currently the only way of identifying the class and type of chemical agent present in liquid form on the battlefield.  M8 will detect liquid G and V series nerve agent and H blister agents in liquid droplets as small as 70 microns in diameter.  M8 Chemical Agent Detection Paper is chemical treated, dye-impregnated paper, issued in a book of 25 sheets.  To be effective, M8 paper must be in position prior to attack.  The chemical reaction between the M8 Paper and a chemical agent produces a pH dependent color change in the paper that indicates the presence of chemical contamination.  M8 paper is primarily intended for detection of surface contamination by liquid chemical agents.  It can have a response time of less than or equal to 30 seconds.  Color changes typically are instantaneous at 70-80°F, but may take as long as three minutes to develop at 32°F.  The appearance of colored specks on the paper indicates agent presence.  G-agents produce a gold, yellow, brown or orange discoloration, while V-agents produce green, blue-green, dark green, or olive green discoloration.  H-agents produce a red discoloration.  M8 paper will function in snow, rain, and sleet.  False positives can occur if liquid insecticides, antifreeze, and petroleum products are on the surface being tested.  Airburst munitions produce very small droplet sizes, which may be difficult for reconnaissance personnel to see with the naked eye—particularly at night.  

M9 Chemical Agent Detection Tape/Paper

M9 Paper is chemical treated, dye impregnated, adhesive-backed paper, issued in a 30-foot roll. M9 Paper reacts to nerve agents G series and V series and to H blister agents.  M9 Paper detects the presence of liquid chemical agent but does not identify either the specific agent or the type of agent encountered.  M9 Paper will detect nerve-agent or blister-agent droplets as small as 100 microns in diameter at an operating range of 32°F to 125°F.  M9 Paper develops multiple color changes to indicate the presence of an agent and also may change color not related to agent exposure.  The paper is green when issued but contains an indicator chemical that when dissolved in liquid agent turns colors.  In the presence of liquid agent droplet spots are produced and can vary in color from pink, red, red-brown to red-purple.   It is important to note that blue, yellow, green, gray, or black spots are not the result of chemical agent exposure.  M9 Paper is intended to be worn on clothing or attached to vehicles or equipment to provide warning of chemical attack.  M9 Paper comes in a dispenser with one 30-foot roll of 2-inch paper.  The indicator dye in the M9 Paper is a potential carcinogen, therefore gloves should be worn during application, and the paper should not contact the skin.  False positives may be seen if the paper is exposed to temperature above 125°F, petroleum products (fuel, grease, brake/hydraulic fluid), DS-2 decontamination solutions, antifreeze, or liquid insecticide. 

M256A1 Chemical Agent Detector Kit

The M256A1 is a portable and disposable chemical agent detector kit used to test for chemical agents in the air.  Each kit consists of twelve foil-wrapped detector tickets containing enzymes as reagents to detect and classify very low concentrations of chemical agent vapors/aerosols and a booklet of M8 paper to detect agents in liquid form.  The sampler-detector kit detects and classifies nerve, blister, and blood agents in vapor/aerosol form.  The limit of detection for vapor of G series agent is at 0.005 mg/m3, VX at 0.02 mg/m3, mustard HD at 2.0 mg/m3, lewisite L is at 9.0 mg/m3, phosgene CX is at 3.0 mg/m3, hydrogen cyanide AC and cyanogen chloride CK has a sensitivity of 8.0 mg/m3.  The M256A1 sampler-detectors are capable of detecting and classifying vapors/aerosols only.  The M8 paper provided is used to classify (will separate G from V series) liquid agents.  It takes 10-22 minutes to test the air for chemical warfare agent vapor/aerosol in an operating range between -25°F and 120°F.  The detector packages are a one-time use item.  Protect the sampler-detector from rain or snow. 

Chemical Agent Monitor (CAM)

The CAM is a hand held point monitor capable of detecting and classifying nerve and mustard agent vapors, giving a rough indication of concentration within one minute of agent exposure. CAMs can detect GA, GB, GD, VX, HN, and L.  It is hand-held, based on Ion Mobility Spectrometry (IMS), and responds selectively (classification only) to agent vapors.  The CAM has two operating modes.  The G mode monitors for nerve agents and the H mode monitors for blister agents.  The CAM is not capable of simultaneous detection of both H and G agents.  The appropriate mode must be manually selected before use.  The switching between modes only takes seconds unless the detector has been grossly contaminated.  The selected mode is shown on the liquid crystal display (LCD).  It can identify the nerve agents, Tabun (GA), Sarin (GB) and VX at 0.03 mg/m3, within 30 seconds.  It can detect mustard HD, and nitrogen mustard HN at 0.1 mg/m3 within one minute.  The purpose of CAMs is to identify contaminated personnel, equipment, aircraft, vehicles, buildings, and terrain.  CAM can help determine the effectiveness of decontamination.  An internal battery or an external source can power the CAMs.  The temperature operating range is between -13°F to 113°F.  The CAM does not provide a digital readout with exact chemical concentration; instead it displays relative intensity of the CWA.  Individuals in the field should use the intensity levels as a guide to determine contamination with an agent.  Users must not rely on a single CAM as an absolute source of information.  The CAM can become contaminated or saturated if not used properly.  The CAM is a point detector; therefore it cannot identify the vapor hazard over a large area.  

The CAM operates by drawing air at atmospheric pressure into a reaction chamber where the constituents of the sample are ionized.  Molecules of a sample are ionized by a 10-millicurie Ni63 beta radiation source.  The ionization results in formation of low-energy, static charged molecules (ions).  The agent ions travel through a charged tube where they collide with a detector plate and the charge is registered.  A plot of the current generated over time provides a characteristic ion mobility spectrum with a series of peaks.  The ions are classified according to their mobility relative to an on-board dopant vapor source.  The intensity of the peaks in the spectrum, which corresponds the amount of charge, gives an indication of the relative concentration of the agent present.  The hazard level is assessed by a microcomputer, and the liquid crystal display (LCD) indicates the detection response accordingly by an increasing number of displayed bars.  Up to eight bars can be displayed with respect to the degree of hazard detected.  The 1st three bars indicate a low concentration, the following 4-6 bars indicate a high concentration, and 7-8 bars indicate a very high concentration of agent (Refer to AFMAN 32-4017 for CAM bar correlation matrix for agent concentrations).

Improved Chemical Agent Monitor (ICAM)

The ICAM is a handheld, device for post-attack monitoring of chemical agent contamination on people and equipment.  It uses the same technology as the CAM with improved timing and microprocessor techniques to reject interferences.  The monitor detects and discriminates between vapors of nerve and mustard agents.  The ICAM has improved reliability and reduced start-up time.  It has a reduced maintenance cost, and field-modular repair which eliminates the need for depot repair.  The ICAM was designed to reduce common battlefield interferences.  One benefit the ICAM possesses versus the CAM involves warning the operator of chemical contamination.  The ICAM automatically switches between G and H modes when contamination is detected.  In addition to saving time, this alerts the operator of a potential danger they may have missed if using the CAM.

M22 Automatic Chemical Agent Detection Alarm (ACADA)

The Automatic Chemical Agent Detection Alarm (ACADA) M22 system will detect and classify nerve and blister agents.  The M22 system is a point-sampling chemical agent alarm system employing ion-mobility spectrometry.  The M22 is man-portable, operates independently after system start-up, provides an audible and visual alarm, and provides a communications interface for automatic battlefield warning and reporting.  The M22 can operate in area warning, survey, or monitoring roles and can be linked to other systems, such as Portal Shield, to support automated detector operations on air bases.

CHAPTER 3:  HAZARD ASSESSMENT
To understand the health impact from chemical warfare agents, the health assessor must have knowledge of the physical properties of the agents, agent physiological effects and routes of entry, and dose-response relationships.  This section provides an overview of each of these areas.  

Physical Properties

The chemical warfare agents that are expected to be employed on the battlefield are typically liquid agents that are dispensed as an aerosol via exploding ordinance or dissemination device.  AFMAN 32-4017 contains considerable information on specific types of delivery systems that may be employed.  The aerosol falls to airbase surfaces based on the mass median diameter of the aerosol droplets and prevailing weather conditions.  Much uncertainty exists concerning the characteristics of the aerosol due to lack of data on enemy weapon systems and thickening agents employed.  However, it is agreed that the deposition process may take up to an hour following an airburst munition attack.

Following deposition, chemical warfare agent present on airbase surfaces will begin to decay through evaporation, interaction with surface materials, and environmental processes.  The enemy, through agent selection, agent thickening, and dispersal techniques, can manage the length of time a particular attack poses a health hazard.  Detailed physical property information on various standard CWAs is shown in Appendix 1. 

Physiological Effects/Route of entry

The physiological effects associated with exposure to chemical warfare agents have been grouped into three categories:  threshold, incapacitation, and lethal.  Threshold effects are defined as the lowest dose at which a noticeable effect can be detected by a general observer. Threshold effects are typically considered minor and serve as “triggers” for taking action, such as increasing the level of protection.  Incapacitation is defined as an effect that is considered moderate to severe such as prostration or convulsions that may prevent a person from taking appropriate protective actions.  Lethal effects are self-explanatory.

Nerve Agents (Inhalation)

Physiological responses are categorized as (1) miosis, defined as 50% reduction in pupil size, and considered a threshold response that results from direct exposure of the eyes to nerve agent vapor; (2) incapacitation; and (3) lethality.  The classic “first noticeable effect” for unprotected nerve agent exposure is miosis, or constriction of the pupil in the eye.  Miosis occurs as a direct effect from exposure to the unprotected eye and thus occurs earlier than from an inhalation or percutaneous only exposure.  If no other warning was received, the onset of miosis can be used to drive immediate increased protective actions.  Based on the toxicology testing methodology used for developing the inhalation values, those values include percutaneous exposure as well.  This mimics operational exposures, since we do not have a “half mask”.  Thus triggering on the rapid and direct eye effect of miosis allows preventive action to be taken well before a person has inhaled enough agent to develop systemic effects.

Nerve Agents (Dermal/Percutaneous Vapor)

If an individual is in respiratory protection (masked, full ventilation option), the percutaneous absorption component becomes the driver.  For the G series agents, the percutaneous vapor penetration is relatively low (90% inhalation vs. 10% dermal) compared to VX (50% inhalation vs. 50% dermal).  Unfortunately, a vapor exposure cannot be expected to be as localized as would be a liquid drop on the skin.  Consequently, the classical “early sign” for percutaneous exposure, muscle fasciculation (twitching), may not necessarily occur with vapor exposure.  In this case, an indication of more systemic toxicity, such as headache or rhinnorhea would be appropriate.  It must be noted that miosis occurring as a result of systemic toxicity is not an effective early warning indicator as it is a small step short of incapacitation.  Miosis may not appear at all when individuals are subjected to small amounts of agent solely through the percutaneous route.

HD Blister Agent (Inhalation/ocular/percutaneous vapor)

The early alerting signs for mustard are problematic.  The injury from mustard liquid or vapor is immediate, however signs of that injury can be delayed several hours.  Reports from actual mustard attacks in WWI state that, “Aside from a slight irritation to eyes or throat, there were no initial effects and few men even bothered to put on their masks”, although significant eye, lung and blister injuries resulted the following day.  Applying the exposure threshold for mild ocular effects is the only prudent course of action (ThCt50 of 25 mg-min/m3).  

Liquid HD contact can alter human DNA and poses a potential long-term carcinogenic risk although direct evidence for this in humans is scant.

Appendix 2 contains a description of the toxicological properties for each agent, followed by a more detailed discussion of each substance. 

Dose-Response Relationships

Currently, the DoD accepted toxicology model employs Haber’s Law to describe the dose-response relationship for G, V, and H series agents.  Appendix 2 discusses the DoD process and Appendix 3 shows the currently approved toxicology probit slopes curves for the G series, VX, and HD.  Probit analysis can predict the percent population response at a specified effect (threshold, incapacitation, lethal) vs Dose expressed as CT (concentration X time, mg-min/m3).  On the surface, these curves appear significantly different from the dose-response curves BE personnel have typically seen employed in the occupational setting.  Users of this manual are highly encouraged to ensure they have a full understanding of the contents of Appendices 2 and 3.

Body Clearance Mechanism 

The best currently available science still requires additional study to draw a final conclusion on this issue.   However, preliminary evidence from appropriate animal studies clearly suggests that the body is able to accommodate to repeated exposures to given CWA, even at relatively high exposure levels.  Therefore, it is reasonable to assume that unprotected personnel exposed at the threshold effects level for minimal time periods should not be at undue risk if that exposure is repeated another day.  Multiple unprotected exposures within a single day are acceptable provided the combined exposures (Ct1 + Ct2) remain in the threshold effects/time level.  There are, of course, limits to this assessment and a prudent recommendation may be to provide increased medical monitoring to those personnel undergoing such exposures.   

CHAPTER 4:  BASELINE RISK ASSESSMENT

The remainder of this pamphlet is focused on providing the BE the information necessary to efficiently accomplish the post-attack health risk assessment.  The model in Fig 4-1 was developed to help illustrate the relationship between risk levels to exposed personnel and time.  Following a chemical attack, personnel in contaminated areas not sheltered in collective protection or wearing MOPP4 would be exposed to an undetermined level of risk that is indicated as positive responses on currently fielded detector systems.  None of these systems is capable of measuring a definitive vapor concentration, but rather report relative response.  The zone that yields instrument response is labeled as unacceptable risk.  CJCS memorandum MCM-0026-02, Chemical Warfare (CW) Agent Exposure Planning Guidance, specifically prohibits reduced MOPP operations until all currently fielded detectors read zero.  

Fig 4-1.  Post-Attack Health Risk vs Time
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When all standard fielded detector systems reach a non-detect level, the risk level has dropped to the baseline risk level or below.  While risk is at or below this level, it is by definition not higher.  Using this baseline risk and factoring other variables, the risk of various operations and protective measure can be further refined.  For certain airbase operations, reduced MOPP may be an option at the baseline risk level based on agent, duration of task, and mission necessity.  The remainder of this chapter is dedicated to an understanding of baseline risk.

The final area of Fig 4-1 is the Residual Risk level.  Residual risk is the remaining risk that exists at a time after the vapor levels have decreased to below the threshold of detection for a specified detector.  Clearly the magnitude of both the Baseline and the residual risk are directly linked to the sensitivity of the detector system.  The application of sound health risk management techniques within this region is critical for ensuring the airbase can optimize sustained combat sortie generation without absorbing unacceptable losses.  Chapter 5 is focused on assessing risk in this environment. 

Baseline Risk Concept

In many circumstances our currently fielded CWA detection equipment set lacks the required sensitivity to ensure a safe environment exists when we obtain “non-detect” readings with our equipment.  Baseline risk is defined as the measurable risk present at the detection threshold for a given detection system.  The concept of baseline risk is based on the fact that at the limit of detection (LOD) for a given piece of equipment we can establish a maximum CWA concentration and at that concentration a certain physiological effect can be determined.   

Currently, only the M8 paper can provide differentiation between the G series and VX agents.  As a result of this limited agent identification, unless definitive agent information is provided through intelligence channels (adversary possesses only GB for example), the worst-case agent toxicity limit must be used, which for the G series is GD (Soman), to calculate the time personnel may be exposed to concentrations at the Limit of Detection for a specified effect.  For the purposes of this example, 16% and 84% population response at the threshold level were chosen to demonstrate the true operational limitations posed by today’s fielded equipment.  

AFIERA developed the Chemical Health Assessment and Risk Tool (CHART) program to assist health risk assessment when vapor concentrations can be measured or predicted and the desired output is time to health effect or percent of the population exhibiting a health effect for a fixed time of exposure.  CHART is an Excel computer program, which calculates the risk of CWA related health effects associated with user input parameters for exposure concentration and duration.  Detailed information on CHART is included as Appendix 4.

CHART CWA risk calculations are based on the DoD accepted toxicity values (Haber’s Law) for each individual agent and route of entry.  The health effects of interest are miosis/irritation (threshold/mild effects), incapacitation (severe effects), and lethality.  

Based on the user inputs of agent, temperature, equipment limit of detection/concentration, and time of exposure, the program calculates the equivalent dose and identifies the percentile range of the population expected to suffer from the three different identified health effects (threshold, severe, death).  The program provides the calculated exposure dose and an estimate of the risk for health effects for threshold, incapacitation, and lethality over a range of activity levels (light, moderate and heavy) 1.  The calculated dosage is based on Haber’s Law.  The risks are displayed in ranges.  The estimates from the model become less accurate outside of one standard deviation from the mean.  Therefore, the ranges above and below one standard deviation are not subdivided i.e. below the 16th percentile and above the 84th percentile. 

1 Based on SBCCOM input, the toxicological effects based on dosage are linear for ventilation rates up to 60 l/min.  Physiological effects for light are based on 15 l/min, 30 l/min for moderate and 45 l/min for heavy.

We can effectively use CHART to identify our baseline risk.  Fix the concentration at the equipment’s LOD and enter the expected duration for the critical task.  The program will identify the population percentile range expected to suffer from the three identified physiological effects.  You can adjust the exposure duration and explore alternatives to evaluate if prudent ORM opportunities exist to support personnel reduced MOPP configurations.  Table 4-1 below identifies the exposure duration limits for the different fielded detection equipment when accepting personnel risks of 16% threshold and 84% threshold at a light activity workload.

For HD, CHART considers direct ocular exposure, inhalation, and percutaneous (direct exposure of the skin or mucous membranes to blister agent vapors) response.  Note that percutaneous effects are temperature-dependent; “EC HOT” implies that skin surface temperatures exceed 100 degrees F.  Therefore, the response categories are defined as Ocular serious risk (Effective Concentration, or EC), Inhalation Lethal Risk (Lethal Concentration, or LC), and both categories of Percutaneous vapor (EC).

Table 4.1:  Time to Physiological Response (light workload) at Equipment LOD

	Equipment
	Agent
	Time
	Physiological Response

	CAM/ICAM

	
	GD
	2.5 Minutes
	16% Miosis

	
	VX
	0.5 Minutes
	16% Miosis

	
	HD
	110 Minutes
	16% Mild Ocular Effects

	

	
	GD
	5.8 Minutes
	84% Miosis

	
	VX
	2 Minutes
	84% Miosis

	
	HD
	540 Minutes
	84% Mild Ocular Effects

	M22 (ACADA)

	
	GD
	2.5 min
	16% Miosis

	
	VX
	2.0 min
	16% Miosis

	
	HD
	5.5 min
	16% Mild Ocular Effects

	

	
	GD
	6 Minutes
	84% Miosis

	
	VX
	4.5 minutes
	84% miosis

	
	HD
	27 Minutes
	84% Mild Ocular Effects

	M256A1

	
	GD
	53 Minutes
	16% Miosis

	
	VX
	2.5 Minutes
	16% Miosis

	
	HD
	5.5 Minutes
	16% Mild Ocular Effects

	

	
	GD
	118 Minutes
	84% Miosis

	
	VX
	9 Minutes
	84% Miosis

	
	HD
	27 Minutes
	84% Mild Ocular Effects


Table 4-1 provides some very valuable insight to possible ORM strategies when our detection equipment indicates CWA is no longer present.  The first key point is the need to differentiate between the G series and VX or else you must assume the worst-case agent time limit.  However, if with the assistance of our CE partners you are confident with the M-8 paper determination of G series agent only, you can see that the sensitivity of the M256 provides you with a reduced MOPP alternative.  Likewise, the CAM/ICAM provides some alternatives for HD.

The limitations of these times on operations are self-evident.  An attack involving VX will complicate assessments of how long the requirement exists for at least respiratory protection unless techniques are employed to examine residual risk.  Chapter 5 examines the management of residual risk to support sustained wing operations.

CHAPTER 5:  RESIDUAL RISK ANALYSIS AND MANAGEMENT

Previously, this guidance document introduced the concept of baseline risk and how to use the currently fielded equipment set to support the deployed commander with an ORM based decision-making process.  This chapter presents a step-wise approach to understanding and managing residual risk.  This process directly supports commanders that must make appropriate ORM decisions that balance operational needs against potential health impacts.

Fielded Equipment

It is important to understand that as our Modernization Plan is developed and executed our detection equipment will be upgraded.  With each upgrade, the amount of quantifiable risk will increase and thereby effectively decrease the uncertainty region.  The uncertainty region represents a risk management gap we refer to as residual risk.  The goal of the Modernization Plan is to eliminate the residual risk through procurement of detection equipment, which has the required sensitivity.

Residual Risk

Figure 5-1:  Residual Risk Evaluation Process
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In chapter 4, the concept of baseline risk was introduced and again, it represents the quantified risk to personnel from exposure to CWA at the defined LOD for the standard fielded detection equipment found on CEX recon teams or on the MNBC team.  Residual risk (refer to Figure 4-1) represents the un-quantified risk, which remains from exposure to CWA at concentrations below the LOD for the current detection equipment suite.  As discussed earlier in chapter 4, we can quantify a risk that exists at the equipment LOD.  The risk at that point is represented by the baseline risk.  The risk remaining below that point (un-quantified risk) is represented by the residual risk.  As can be seen from Figure 5-1, there are two recommended methodologies for evaluating the remaining residual risk.  The first and most desirable method involves an actual concentration measurement utilizing equipment with enhanced detection sensitivity.  The enhanced device is the HAPSITE (portable GC/MS) and it has been procured for the SWA AOR to more effectively evaluate the actual residual risk.  Development of the final calibration curves for the CWAs are in the final stage and will be pushed to the field as soon as they are completed. The second method is applicable for locations lacking the enhanced detection equipment.  As discussed in chapter 4, our current detection equipment lacks the capability to quantitatively evaluate the residual risk.  As a stopgap method to solve this problem and apply ORM principles, we must make the best use of a combination of our detection equipment including M-8 paper (ground truth), modeling/simulation, risk evaluation tools and the hazard persistency tables (AFMAN 10-2602/AFMAN 32-4017).

Enhanced Detection Equipment

As addressed above, the enhanced detection equipment is the HAPSITE, portable GC/MS.  This instrument corrects a number of the existing deficiencies of our current equipment set.  First, it provides agent identification (not just categorization) and agent quantification (initial tests indicate at low ppt levels).  Provided the final calibration results confirm this initial evaluation, the instrument will provide agent quantification at levels that will allow significant operations in mildly contaminated environments without significant risk of threshold effect.  This capability will allow meaningful risk management decisions to be employed even though detectable levels of agents are not measured using the standard equipment set listed in Chapter 2.  The residual risk will actually be able to be quantified using CHART.  The specific application of the HAPSITE is detailed in the HAPSITE CONOPS located in the AFMS Knowledge Center web site, on the AFIERA, RSHI page.

CHART

The chart tool was introduced in chapter 2 as providing a fast electronic mechanism to establish the baseline risk.  As our detection equipment suite is improved (HAPSITE), CHART can be employed to better manage the remaining residual risk.  

Once an accurate concentration measurement is obtained, run the CHART program using the measured concentration for the appropriate exposure duration (tied to the pre-planning activity of identifying the critical post-attack recovery operations) and determine the associated personnel exposure risks.  The estimated risk of health effects can be used to advise the commander on risks associated with that expected exposure to CWA.

Modeling/Simulation

The CE Readiness team is responsible for NBC plotting and employs the Joint Program CWA modeling tool, VLSTRACT 3.1, to conduct their initial plotting.  It is part of the Joint Warning and Reporting Network (JWARN) on base.  VLSTRACK is our primary tool for estimating agent dispersion following a CWA attack.  The key information that VLSTRACK provides to us for evaluating exposure risk is an estimate of:

· Agent deposition pattern and quantity (g/m2)

· Agent airborne dosage rate (mg-min/m3) relative to position and time

· Agent airborne vapor concentration relative to position and time

VLSTRACK is a model of the diffusion and transport of chemical or biological agents in air.  It consists of four critical input files; meteorology and terrain parameter file, munition parameter file, chemical/biological agent parameter file and surface type parameter file.  The model output file is selected by the user and is either based on deposition, dosage or concentration.  The output can be obtained either as a cumulative hazard from the time of the attack or as a periodic hazard for each time period.  The model also features variable meteorology, allowing for interfacing the attack with a meteorological forecast; this feature is very important for biological and secondary evaporation computations. 

Although there are a great number of input parameters contained in VLSTRACK, three critical input parameters have the greatest impact on the model’s estimate; droplet mass median diameter, height of burst and the product of munition fill weight and dissemination efficiency.  Normally CE would use the values contained in the checklists provided during the C-CW CONOPS training sessions.

VLSTRACK can be run with “rapid approximations” or “rigorous computations”.  The first produces a quick estimate that is used by CE for pre-attack planning and post-attack comparison to ground-truth detector readings.  The rigorous computation mode, which can take hours to complete a single run, is used by modeling and simulation personnel for detailed analysis and is not in use at installation level.

While BE personnel are currently not directly using VLSTRACK to obtain dosage or vapor concentration estimates for health risk assessment, it is covered here as it is the basis for both risk evaluation tools that will be discussed below.  

Risk Evaluation Tools

CHEMRAT

CHEMRAT is a computer-based tool developed by AFRL under the joint modeling and simulation program used to predict the expected hazard duration from a given exposure duration associated with a post-attack recovery operation.  The power of this tool is its ability to provide immediate risk based physiological response estimates based on a minimal set of scalable user-defined parameters.  It provides the medical NBC and CE team with a proactive approach to scale acceptable risk and exposure duration to optimize base recovery operations.

The program utilizes a previously run set of modeling simulations (VLSTRACK v3.1 data) that describe the vapor concentration as a function of time after a CWA attack.  The user selects options that include base size, agent, agent configuration (neat or thickened), weapon system, type of release, surface type, weather parameters, expected exposure duration, area of coverage and the acceptable population-based level of risk.  The selected acceptable level of risk is applied to all three associated health effects/physiological responses (Threshold, Incapacitation, and Lethality).  These user input options provide a partially customized prediction based on the user’s actual situation.  Keep in mind this is based on a predictive model and should not be assumed to be a definitive solution set.  It is one tool and provides some guidance.

NOTE:  When the CHEMRAT program is initiated, it automatically launches the Risk Mode of operation.  Only the Risk Mode of operation for CHEMRAT is to be used and the appropriate input/output parameters are discussed below.  DO NOT use the other two modes of operation (detector and casualty) even for planning purposes.

Input Parameters

Only the key input parameters out of the group identified above will be addressed in the paragraphs below.  Some of the parameters are self-evident while others will be set to a default condition or a limited set of default conditions.

Base Size:  

Small Base equals an area of 3 km by 1km  (ONLY SELECT THIS OPTION)

Large Base equals an area of 5 km by 3 km

Agent and Agent Configuration:  

Self-evident

Weapon System and Release Type:  

Only use CEP 0 options.  Otherwise, munitions that missed the target will be incorporated into the predicted concentration estimates.

Surface Type and Weather:  

Self-evident

Area of Coverage:  

CHEMRAT employs a equal area method of calculating area of coverage percentiles.  A small base is divided into 4961 625m2 grids.  The VLSTRACK plume for the attack conditions selected is deposited on the grid, then the grids are rank ordered.  The peak concentration represents the concentration in the grid receiving the most contamination.  The 99th percentile grid is actually the 50th rank ordered point.  As a rule of thumb, do not use an area of coverage below 95%.  

Exposure Duration:  

Self-evident.  Again the advantage of CHEMRAT is demonstrated with the ability to modify the exposure duration to fit the necessary circumstance.

Acceptable Population-based Level of Risk:

While the program provides the capability to estimate population exposure effects beyond one standard deviation of the mean (below 16th and above the 84th percentile), application outside of these bounds should be avoided since the toxicity data has significant uncertainty associated with the tails in the response curves.  This feature provides the flexibility to help you assist the commander in making ORM decisions regarding the acceptable level of personnel risk.

Model Output:  Predicted Hazard Times

Since only 0 CEP data is to be used in the risk assessment/management process, the mean and standard deviation (both + and -) hazard duration times will be identical.   

As stated earlier, CHEMRAT converts VLSTRACK output into an equal area grid and percentage of base coverage when assessing physiological risk.  This creates a challenge for our heath risk assessment approach and care must be taken when interpreting the CHEMRAT predicted hazard times.  Since we know the size of the small base configuration, wind direction, and will have the current CE recon teams verified NBC plotting information, we can somewhat determine the where and how much area associated with an attack.  Unfortunately, M8 paper cannot tell us much about the concentration impacting an area other than a very qualitative assessment (a few small specs or lots of droplets). 

By understanding the areas associated with each grid, we can develop a tiered structure for examining CHEMRAT output.  The peak concentration is applied to the worst contaminated grid and all grids that exist above the 99th percentile.  This equates to approximately 30000 m2.  The 99th percentile coverage is similarly applied to areas between 30000 and 150000 m2.  The 95th percentile may be used for all other areas that show contamination but are not within these zones.  This tiered approach is shown in Fig 5-2.
Fig 5-2 Plume Deposition on “Small Base”  
[image: image3.wmf]3 km

1 km

ChemRAT 

Small Base Area (Not to Scale)

1% Area of Coverage 

–

30,000 m

2

5% Area of Coverage 

–

150,000 m

2

ChemRAT

Peak 

Area of Coverage 

Hazard Duration 

Estimate

ChemRAT 

99% 

Area of Coverage 

Hazard Duration 

Estimate

ChemRAT

95% Area 

of Coverage Hazard 

Duration Estimate


You must employ a set process when selecting the area of coverage.  Always start the evaluation based on the peak area of coverage and determine the recommended hazard times.  Then apply the 99% area of coverage and evaluate that impact on the hazard times.  As a final step, apply the 95% area of coverage and evaluate the corresponding predicted hazard times.  When hazard times drop dramatically between levels, it indicates that VLSTRACK is predicting a plume that is smaller than the area of coverage.  NOTE:  Always apply tiers with caution as the actual plume deposition patterns will differ significantly from what any model predicts and hot spots may exist well away from the predicted peak zone.  

Hazard time estimates are provided for each of the three key physiological responses associated with exposure (threshold/miosis, severe/incapacitation and lethality/death).  If operational considerations dictate a need for reduced MOPP in a known contaminated area prior to the time estimated by the model for threshold effects, evaluate the implication of severe effects based on our current detection capabilities and apply the standard ORM principles.  Refer to Table 5-1.

Table 5-1:  Time to Physiological Response (light workload) at Equipment LOD

	Equipment
	Agent
	Time
	Physiological Response

	CAM/ICAM

	
	GD
	190 Minutes
	16% Incapacitation

	
	VX
	65 Minutes
	16% Incapacitation

	M22 (ACADA)

	
	GD
	195 Minutes
	16% Incapacitation

	
	VX
	170 minutes
	16% Incapacitation

	M256A1

	
	GD
	990 Minutes
	16% Incapacitation

	
	VX
	340 Minutes
	16% Incapacitation


Table 5-1 Illustrates a key point, if conflict exists between tools or if a model predicts a severe effect which limits operational execution, our current equipment set is capable of discerning if a severe effect concentration is truly present. 

Summary

CHEMRAT uses a statistically based estimate of multiple VLSTRACK runs to estimate a concentration at a given time following an attack, instead of real-time data, and does not allow the user to enter measured or actual real-time predictive estimates.  The program provides an estimate of how long after-attack the user would have to wait until conditions exist that meet the chosen exposure time and risk level of health effects.  The user can use this program with multiple configurations of options.  This data will be useful in providing a rough estimate of hazard duration when real-time data is not available.  The simulation data only covers 72 hours and therefore must be used with caution when the recommended wait-time is very close to 72 hours (be careful if the concentration rapidly decays near 72 hours).

CHEMRAT is best used to predict waiting times before resuming operations of limited duration.  Whenever available, use enhanced detection equipment and the CHART utility to apply real-time concentration estimates before accepting the CHEMRAT predictions.

When using CHEMRAT to predict waiting times and acceptable exposure durations, apply the following concepts:

· Initially determine hazard time for activities occurring with the peak concentration area.  While the contour boundaries of the peak area impacted cannot be determined directly from CHEMRAT, a review of the contour predicted by VLSTRACK may be used to determine this region.  

· Determine hazard times for the 99th and the 95th percentile areas.  If the 99th percentile region results in a hazard time that is more than an order of magnitude lower than those predicted within the peak region, consider application of the peak stay times to all areas potentially impacted by the VLSTRACK-predicted plume.  Otherwise, for areas outside of the peak that are known to be contaminated, consider using the wait times predicted for the 99th and/or 95th percentile regions.

Additional detailed information on the use and operation of CHEMRAT can be found in the users manual.

Hazard Persistency Tables

Inhalation

Consult the latest change to AFMAN 10-2602 and AFMAN 32-4017 for the most current hazard persistency tables.  The table approach provides valuable information regarding agent fate and estimated hazard times; however, they lack the flexibility required to evaluate a constantly changing environment.  These tables were generated using a methodology that scales VLSTRACK vapor concentration curves to generate the range of hazard persistence values.  They also include the latest physical testing data which may point to a more realistic expected concentration picture.  The tables apply the 95% predicted concentration within the plume to any contaminated area and a one hour exposure duration.  The individual tables provide a range of expected hazard times and were generated based on munition type, type of release, type of surface and multiple meteorological inputs (temperature, wind speed and atmospheric stability).   

How to Read the Vapor Hazard Duration Tables. 

Surfaces listed on the charts represent the primary operating surfaces found on airbases that would contribute to an area vapor hazard. 

Additional surfaces such as glass and bare metal, represent a much smaller percentage of surface area on a base and are not considered to impact the area vapor hazard, but could present a local hazard for those personnel working directly or in close proximity to such surfaces.  These surfaces are covered under the 10-foot rule explained in AFMAN 10-2602.  

The cases are color-coded to indicate the time range of the hazard, as follows:

· Dark Green:  Hazard duration is less than 1 hour

· Lighter Green:  Hazard duration is between 1 and 6 hours

· Yellow:   Hazard duration is between 6 and 12 hours

· Orange:  Hazard duration is between 12 and 24 hours 

-     Red:  Hazard duration is between 24 and 72 hours 

Table 5-2:  Example Table from DRAFT 32-4017, VX on Concrete
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Agent Release Munition Temp °C (°F)

VX

Low Alt.

TBM

-5 (23) 0 0 0.0 0 0 0

 VX High Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 VX Low Alt.  TBM 10 (50) 0.0 0 0 0 0.0 0.0

 VX High Alt.  TBM 10 (50) 0 0 0 0 0.0 0.0

 VX Low Alt.  TBM 25 (77) 0 0 0.01 0.01 0.01 0.0

 VX High Alt.  TBM 25 (77) 0 0 0.0 0 0 0

 VX Low Alt.  TBM 50 (122) 1 0 0.13 0.08 0.07 0.05

 VX High Alt.  TBM 50 (122) 0 0 0 0 0.0 0.0

PSC D PSC F PSC D PSC F PSC D PSC F

Agent Release Munition Temp °C (°F)

VX

Low Alt.

TBM

-5 (23) 0.21 0 0.0 0 0.03 0

 VX High Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 VX Low Alt.  TBM 10 (50) 24.0 16 0.49 0 0.3 0.1

 VX High Alt.  TBM 10 (50) 9 0 0 0 0.1 0.0

 VX Low Alt.  TBM 25 (77) 72 72 3.57 1.5 1.88 0.9

 VX High Alt.  TBM 25 (77) 72 20 4.6 0.43 0.6 0.22

 VX Low Alt.  TBM 50 (122) 72 72 56.19 72 45.19 22.19

 VX High Alt.  TBM 50 (122) 72 72 43.19 16 7.8 13.5

PSC D PSC F PSC D PSC F PSC D PSC F

Agent Release Munition Temp °C (°F)

 VX Low Alt.  TBM -5 (23) 0.01 0 0.0 0 0 0

 VX High Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 VX Low Alt.  TBM 10 (50) 0.0 0 0.01 0 0.0 0.0

 VX High Alt.  TBM 10 (50) 0 0 0 0 0.0 0.0

 VX Low Alt.  TBM 25 (77) 0 0 0.06 0.03 0.04 0.0

 VX High Alt.  TBM 25 (77) 0 0 0.0 0.01 0.01 0.01

 VX Low Alt.  TBM 50 (122) 4 3 0.66 0.39 0.35 0.27

 VX High Alt.  TBM 50 (122) 3 4 0 0 0.2 0.1

PSC D PSC F PSC D PSC F PSC D PSC F

Agent Release Munition Temp °C (°F)

 VX Low Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 VX High Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 VX Low Alt.  TBM 10 (50) 0.0 0 0 0 0.0 0.0

 VX High Alt.  TBM 10 (50) 0 0 0 0 0.0 0.0

 VX Low Alt.  TBM 25 (77) 0 0 0.02 0.01 0.02 0.0

 VX High Alt.  TBM 25 (77) 0 0 0.0 0 0.01 0

 VX Low Alt.  TBM 50 (122) 1 1 0.3 0.2 0.1 0.1

 VX High Alt.  TBM 50 (122) 1 1 0 0 0.1 0.0

 

Stability

Wind Speed (knots)

2

2 6

6 10

10

Vapor Hazard VX On Concrete ECt 16

  Wind Speed (knots)

 

Stability

Vapor Hazard VX On Concrete LCt 16

Vapor Hazard VX On Concrete CAM Detector Times

2 6

Stability

 

Stability

Wind Speed (knots)

6 10

Wind Speed (knots)

2

10

Vapor Hazard VX On Concrete ACADA Detector Times


Contact

AFMAN 10-2602 and 32-4017 contain tables listing the estimated hazard durations for liquid contact on a collection of different surfaces.  The tables are based on 16% severe effects and it must be noted that both temperature (range from –5 to 50) and wind speed (2-11 mph) have no effect on the liquid hazard time.  The DRAFT contact Table 5-3 from AFMAN 32-4017 is shown below.

Table 5-3.  Liquid Chemical Hazard Estimates for Selected Airbase Surfaces
	Chemical Warfare Agent Liquid Hazard Estimates


	Agent

	
	GA

Tabun
	GB

Sarin
	GD

Soman
	GF

Cyclosarin
	HD

Distilled Mustard
	R-33

(Russian VX Isomer)
	VX

	-5, 10, 25, 50o Celsius 

Severe effects for 16th Percentile Population Response
	
	
	
	
	
	
	

	Airfield Surfaces

(Estimate In Hours)
	Wind Speed
	Temp (oC)
	Temp (oC)
	Temp (oC)
	Temp (oC)
	Temp (oC)
	Temp (oC)
	Temp (oC)

	
	KPH
	MPH
	-5-50
	-5-50
	-5-50
	-5-50
	-5-50
	-5-50
	-5-50

	Concrete
	4-18
	2-11
	0
	0
	0-0.5
	0*
	0
	0-*
	0-0.1

	Asphalt
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0-0.9

	Grass
	4-18
	2-11
	0
	0
	0*
	0*
	0-0.2
	0*
	0-33

	Sand
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0-0.5

	Sandy Loam
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0-1

	Bare Ground
	4-18
	2-11
	0
	0
	0*
	0*
	0-0.1
	0*
	0-1

	Tar and Chip
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0*

	AC Topcoat
	4-18
	2-11
	0
	0
	0*
	0*
	0-0.3
	0*
	0-14

	CARC Paint
	4-18
	2-11
	0
	0
	0*
	0*
	0
	0*
	0*

	Alkyd
	4-18
	2-11
	0
	0
	0*
	0*
	0
	0*
	0-1

	Polyurethane
	4-18
	2-11
	0
	0
	0*
	0*
	0
	0*
	0*

	Glass
	4-18
	2-11
	0
	0
	0-3
	0*
	0
	0*
	0*

	Bare Metal
	4-18
	2-11
	0
	0
	0-3
	0*
	0-0.8
	0*
	0*

	Wood
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0-1

	Snow
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0

	Ice
	4-18
	2-11
	0
	0
	0*
	0*
	0*
	0*
	0*

	NOTES:

1.  Based on 95th percentile highest deposition results from VLSTRACK 3.1 using a range of tactical ballistic missile and bomb attacks.

2.  Assumes 420 cm2 hand as pick-up area for severe effects 16% response dose based on experimental pickup data adjusted by relative skin penetrability of palm vice whole body spatial average.

* The entries reflect the expected hazard duration (after the completion of liquid deposition; may take from 2-60 minutes), but in some cases, particularly involving high concentrations of large droplets associated with bomb delivery and/or ground burst craters, the contact hazard could extend for longer periods.  However, there is currently not sufficient data to estimate what that hazard duration would be with 100% transfer.  Hazards are possible but we cannot predict if/how long the risk exists.


Making the Decision

Inhalation

Due to numerous ways of accounting for and deal with uncertainties, expect some variation and disagreement between the various “soft” methods for estimating the remaining residual risk.  The power in this process is using the “collective” information, both conservative and liberal, to help make an operational risk management decision.  

There is a clear and set hierarchal approach for applying this collection of information.  First, ground truth from detection equipment will always trump modeling/calculations.  When you compare the estimates from two different models you have three potential outcomes; greater-than, less-than or equal.  For the case when both tools are predicting similar outcomes, your confidence in an acceptable risk is increased.  However, disagreement between tools is not necessarily a bad thing as it ensures that risk acceptance is approached with caution.  The process to employ when your tools are in disagreement is as follows.  

In order to effectively compare CHEMRAT output to AFMAN 32-4017 tabular information, ensure that you have set CHEMRAT fields to comparable values found in the tables.  The tables contain values for wind speeds in knots while CHEMRAT employs wind velocities in meters per second.  These can be compared directly, however, as 2 knots essentially equates to 1 m/s, 6 knots to 3 m/s, and 10 knots to 5 m/s.

Example Case 1:  hazard persistency table predicts shorter hazard time than CHEMRAT

Scenario:  Single TBM aerial dispersion of VX at 20(C, wind at 6 knots, and PSF category D, affecting the runway area of your base (concrete surface).  Altitude of burse is not known.  The Wing CC wants to know how long he must wait before allowing personnel to go to MOPP 2 to generate sorties.  The task at MOPP 2 is expected to take 1 hour but could possibly require 2 hours.  The ATO may be delayed so the commander is only willing to accept low levels of threshold casualties.  

Table Output (see Table in previous section):  The table states that VX vapor concentrations will be at or below a level that permits operations without respiratory protection with less than 16% miosis level between 3.57 hrs and 4.6 hrs following the attack.  

CHEMRAT Output:  

CHEMRAT predictions for this scenario are shown below for the Peak and 99th percentile at 1 hr and the 99th percentile at 2 hours.  Essentially, CHEMRAT states that the time to wait before VX vapor concentrations will decay sufficiently to allow reduced MOPP operations at or below the 16% threshold effects level will exceed 72 hours (values at or near 72 are terminated and do not actually represent the time shown) at the peak, 99th and 95% (not shown).  CHEMRAT also indicates that at the peak area of coverage, incapacitation may occur in 16% of the population if operations commence before waiting 8.8 hrs.  At the 99% level, the waiting time for 16% incapacitation is less than 1 hr.  
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When the exposure duration is increased to 2 hours, the wait times for incapacitation at the 16% level increase from less than 1 hour to over 33 hours with lethal effects shown.
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Comparison of Methods.  For 1 hour of operations, the 2 models agree that there should be no incapacitation for the vast majority of the area covered by the attack.  However, CHEMRAT does show incapacitation as a possibility for the peak area of coverage.  Recalling the information from Table 5.1, the limit of detection for both the CAM and 256 kit provide sufficient warning for this exposure duration.  Therefore advise the commander that there is considerable uncertainty in the percent of the population that may exhibit threshold effects, but there should be no incapacitating effects observed if the area of reduced MOPP operations is thoroughly monitored by CE or BEE teams and all readings are below the LOD.

For the 2 hour scenario, the tables provide no information.  CHEMRAT shows considerable waiting times.  Once again, the currently fielded instrumentation listed in Table 5.1 has operational useful times that can be used to avoid incapacitation.  Observation of personnel will be the best tool in this case for avoidance of excess miosis.

The medical NBC team must record all measurement data in GEMS and keep notes associated with how well the models predicted the actual outcomes.

Example Case 2:  CHEMRAT predicts shorter hazard time than hazard persistency table 

Typically, this will not occur for VX cases due to the methods employed by the two tools.  A sample case for GF is shown below. (Low, Alt TBM; 2 knots, asphalt, PSC F, 10(C)
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Agent Release Munition Temp °C (°F)

 GF Low Alt.  TBM -5 (23) 0.03 0 0.0 0 0 0

 GF High Alt.  TBM -5 (23) 0 0 0.0 0 0 0

 GF  Grnd. Burst  Bomb -5 (23) 0.1 0 0.1 0 0.1 0.1

 GF  Air Burst  Bomb -5 (23) 0 0 0 0 0.1 0.0

 GF Low Alt.  TBM 10 (50) 0 0 0.05 0.03 0.03 0.0

 GF High Alt.  TBM 10 (50) 0 0 0.0 0.01 0.01 0.01

 GF  Grnd. Burst  Bomb 10 (50) 0 0 0.35 0.06 2.44 0.08

 GF Air Burst  Bomb 10 (50) 0 1 0 0 0.4 0.2

 GF Low Alt.  TBM 25 (77) 1.48 2 0.25 0.23 0.11 0.08

 GF High Alt.  TBM 25 (77) 2.4 2.8 0.31 0.13 0.13 0.05

 GF  Grnd. Burst  Bomb 25 (77) 0.78 0 0.66 0.11 0.59 0.11

 GF  Air Burst  Bomb 25 (77) 0 4 0.42 2.9 0.65 2.2

 GF Low Alt.  TBM 50 (122) 1 1 1 0.19 0.04 1

 GF High Alt.  TBM 50 (122) 1.85 1.81 0.49 0.42 1 0.14

 GF  Grnd. Burst  Bomb 50 (122) 1.23 2 1 0.24 1 0.19

 GF  Air Burst  Bomb 50 (122) 0.47 3 0.73 2 1 1.92

PSC D PSC F PSC D PSC F PSC D PSC F

Agent Release Munition Temp °C (°F)

 GF Low Alt.  TBM -5 (23) 20.26 8 0.9 0 0.51 0

 GF High Alt.  TBM -5 (23) 8 5 0.4 0.11 0.14 0.05

 GF  Grnd. Burst  Bomb -5 (23) 55.49 30.59 44.25 31.22 37.18 22.9

 GF  Air Burst  Bomb -5 (23) 72 67.2 29.29 12 11.0 7.2

 GF Low Alt.  TBM 10 (50) 72 61.69 5.5 3.42 2.42 1.9

 GF High Alt.  TBM 10 (50) 45.85 35.85 7.8 7.5 5.81 0.63

 GF  Grnd. Burst  Bomb 10 (50) 72 3 72 72 72 72

 GF Air Burst  Bomb 10 (50) 72 72 72 72 72 72

 GF Low Alt.  TBM 25 (77) 9.33 12 3.94 5.41 2.4 2.26

 GF High Alt.  TBM 25 (77) 18.9 27.71 3.94 6.91 3.21 5.19

 GF  Grnd. Burst  Bomb 25 (77) 6 3 4 2 5 2

 GF  Air Burst  Bomb 25 (77) 3 20 10.48 22.6 7.18 13.7

 GF Low Alt.  TBM 50 (122) 1 2 1 2 1.83 1

 GF High Alt.  TBM 50 (122) 3.76 6 2 4.58 1 1.97

 GF  Grnd. Burst  Bomb 50 (122) 2 3 1 2 1 2

 GF  Air Burst  Bomb 50 (122) 3 3 2 2 1 2

Vapor Hazard GF On Asphalt LCt 16

 

Stability

Wind Speed (knots)

2 6 10

2 6 10

Vapor Hazard GF On Asphalt ECt 16

 

Stability

Wind Speed (knots)


In this case, CHEMRAT is predicting 4.83 hrs while the Tables are predicting 62 hours.  Once again, currently fielded detectors may be employed to evaluate the actual risk for a 1-hour operation by employing the M256 (see table 2.1) after waiting the minimum time.  A negative at the LOD provided 45 minutes at the ECT16mild level (calculated using CHART).  Obviously, the wait time to check with the M256 can be shortened based on operational need as the sampling personnel are fully protected.  

Based on this assessment, the risk to personnel of receiving an incapacitating exposure is rather low.  Other factors to consider are that neither tool predicts lethal effects and CHEMRAT does not predict incapacitating effects.  NOTE:  the 99th and Peak concentration outputs from CHEMRAT must also be considered for a comprehensive analysis.  This limited output was used for example purposes only.

Risk Management

Inhalation

The primary purpose for assessing health risks is to give your commander information to decide which critical operations may be accomplished at a given location.  In some cases, depending on the importance of conducting an operation at a reduced MOPP level, your commander may be willing to accept a certain number of casualties.  For example, for GD nerve agent, miosis occurs at concentrations well below the incapacitation and lethal concentration levels.  The commander may be willing to accept anywhere between 16 and 84 percent miosis among his personnel if the operational need is important enough.  However, it is important for the commander to realize that miosis is a “trigger” effect that must prompt immediate protective action, either increasing MOPP level or removal from exposure.  Although not technically exact, it is easier to think of the 16 and 84 percent as a “likelihood” estimate of seeing the effect in an unprotected group of personnel.    

Based on your evaluation of the risk, work with your commander and unit staffs to match concentration, dose, and exposure durations against task durations for the list of critical tasks that require reduced MOPP protection.  If necessary, re-run the CHART and/or CHEMRAT tools for critical task durations to support options your commander may be considering.

Contact

Currently, the only available and applicable guidance regarding CWA contact hazards can be found in AFMAN 10-2602 and 32-4017.  If you must conduct operations in a contaminated environment, don’t recommend glove removal unless mission accomplishment drives this requirement.  When fielded, consider utilizing Skin Exposure Reduction Paste Against Chemical Warfare Agents (SERPACWA) to support ORM application for reduced MOPP decision.  

Controls

Administrative controls especially worker rotation is highly acceptable as a mechanism for controlling exposures.  In fact, it is more desirable than having the same individuals exposed on a daily basis

Observation and Monitoring of Personnel

Nerve Agents:  the classic “first noticeable effect” for unprotected nerve agent exposure is miosis, or constriction of the pupil in the eye.  Miosis has been accepted for this purpose since it actually occurs as a direct effect from exposure to the unprotected eyeball, thus would be expected to occur earlier than from an inhalation or percutaneous only exposure.  This provides a small but significant “comfort” factor in using miosis as a key effect that drives immediate protective actions.  Observing miosis in the real world environment can be problematic however, since response to the agent and the counteracting effect of high stress varies with the individual.  Clearly, this is a situation that calls for “buddy aid”.  Conceivably, a scenario may arise where it becomes mission critical to insert a small team into a known contaminated environment without MOPP.  A reasonable approach would be to include one individual in full MOPP to serve as the team observer.  The observer’s sole task would be to monitor the team while they performed the critical task and to alert them to any signs.  Minimal training of the observers should allow them to recognize the differences in average pupil size before and after insertion into the area.  This coupled with the team members’ own subjective reporting of visual problems; tension and/or headache should allow prompt protective actions to be taken upon alert. 

If in respiratory protection (masked, full ventilation), the percutaneous absorption component becomes the driver.  For the G series agents, the percutaneous vapor penetration is relatively low compared to VX.  Unfortunately, a vapor exposure cannot be expected to be as localized as would be a liquid drop on the skin.  Consequently, the classical “early sign” for percutaneous exposure, muscle fasciculation (twitching), may not necessarily occur with vapor exposure.  Although team members certainly should be alert to muscle twitching as an alerting sign, additional indications of more systemic toxicity, such as headache and miosis, must be included as triggers to take further protective action.  Again, there is no substitute for good mutual observation and “buddy aid” among team members.    

Mustard:  The early alerting signs for mustard are problematic.  The injury from mustard liquid or vapor is immediate, however signs of that injury can be delayed several hours.  Reports from actual mustard attacks in WWI state that, “Aside from a slight irritation to eyes or throat, there were no initial effects and few men even bothered to put on their masks”, although significant eye, lung and blister injuries resulted the following day.  There may be little warning that a team member or a trained observer could use to alert for protective actions when HD is the issue.  Consequently, a scenario that calls for moving personnel into a known HD contaminated area to perform mission critical tasks should call for full MOPP protection.  Only if the contamination level is known to be below the thresholds for mild ocular vapor (ECt50 25mg*min/m3) would insertion into an HD contaminated area without MOPP be supportable.  Even then, minimum inclusion of respiratory/ocular protection (mask only option) would be prudent for the duration of the task.  

Personnel Monitoring:  Recording of personnel exposures to chemical warfare agents is required by CJCS memorandum MCM-0026-02, Chemical Warfare (CW) Agent Exposure Planning Guidance.  Whenever possible, personnel should be monitored during operations in contaminated environments using the procedures recommended by AFIERA.  The typical equipment set of the PAM team employs TENEX tubes and SKC pumps for this purpose.  When this is not possible, assign an estimate of personnel exposures to SEGs identified in GEMS based on plume laydown verified with M8 and the results of direct reading instrumentation.  At a minimum indicate that the SEG or individual was exposed to a specific CWA.  Indicate the level of MOPP assumed by personnel within the sector.

Appendix 1:  Agent Physical Properties

Nerve Agents

Nerve agents are organophosphate ester derivatives of phosphoric acid.  The nerve agents are divided into two series.  The G series, developed by Germany in the 1930’s and the V series, developed later by Britain in the 1950’s.  The G-agents are fluorine or cyanide containing organophosphates.  G series nerve agents share several common physical and chemical properties.  At room temperature, the G series nerve agents are volatile liquids, making them a serious risk for two routes of exposure: dermal contact with liquid agent and inhalation of agent vapor.  The high water solubility of GA and GB allows for water to easily wash them off surfaces, these agents can also easily contaminate water sources, and they will not penetrate the skin as readily as the more fat-soluble agents, such as VX and Soman.  Nerve agents to a certain extent are volatile that is they volatize or evaporate, and form an often-invisible vapor.  The tendency of a chemical agent to evaporate depends on its chemical composition and on the temperature, air pressure, wind velocity and the nature of the underlying surface with which the agent is in contact.  Volatility is inversely related to persistence, because the more volatile a substance is, the more quickly it evaporates and the less it tends to stay or persist as a liquid and contaminate terrain and material.  The liquid hazard of a persistent agent is generally more significant than the danger created by the small amounts of vapor that it may generate.  The opposite is true of non-persistent agents, which may pose a serious vapor hazard, but which also evaporate quickly enough not to create a liquid hazard for an extended time. 

GA
Tabun (GA) is the easiest of the nerve agents to manufacture and in low concentrations is very irritating to the eyes.  GA is a brownish to colorless liquid that gives off a colorless vapor with a faintly fruity smell.  In pure state it has no odor.  GA easily contaminates surfaces for a sufficiently long time, which makes it a relevant contact hazard.  Its molecular weight is 162.3 g/mol it has a volatility of 610 mg/m3 and a vapor pressure of 0.037 mm of Hg at 20°C.  It is readily soluble in organic solvents and miscible with water.  GA evaporates about 20 times more slowly than water.

	 Chemical Agent: 
	Tabun

	Symbol: 
	GA

	MW:
	162.3

	State @ 20°C:
	Colorless to brown liquid

	Odor:
	Faintly fruity: none when pure

	Vapor Density (Air=1):
	5.63

	Liquid Density (g/cc):
	1.073 @ 25°C

	Freezing/Melting Point (°C):
	-50

	Boiling Point (°C):
	240

	Vapor Pressure (mm Hg):
	0.037 @ 20°C

	Volatility (mg/m3):
	610 @ 25°C

	Decomposition Temperature (°C):
	150

	Eye & Skin Toxicity:
	Eyes: Direct rapid effect. Skin: Very toxic, liquid penetrates skin readily. 


	Rate of Action:
	Very rapid

	Stability:
	Stable when in pure form


GB
Sarin (GB) is known as the “non-persistent” nerve agent.  At room temperature it is a volatile liquid and in its pure state it is odorless and colorless.  It has a molecular weight of 140.1 g/mol and a volatility of 22,000 mg/m3 at 25°C and a vapor pressure of 2.10 mm of Hg at 20°C.  Its high volatility makes it the most volatile of the nerve agents.  GB is very soluble in water whereas other nerve agents are more sparingly soluble.  GB evaporates at the same rate as water.
	Chemical Agent: 
	Sarin

	Symbol: 
	GB

	MW:
	140.1

	State @ 20°C:
	Colorless liquid

	Odor:
	Almost none when pure

	Vapor Density (Air=1):
	4.86

	Liquid Density (g/cc):
	1.0887 @ 25°C

	Freezing/Melting Point (°C):
	-56

	Boiling Point (°C):
	158

	Vapor Pressure (mm Hg):
	2.10 @ 20°C

	Volatility (mg/m3):
	22,000 @ 25°C

	Decomposition Temperature (°C):
	150

	Eye & Skin Toxicity:
	Eyes: Direct rapid effect Skin: Liquid does not injure skin but penetrates rapidly. 

	Rate of Action:
	Very rapid

	Stability:
	Stable when in pure form 


GD

In its pure form GD is a colorless liquid with a fruity odor.  When mixed with impurities it is amber or dark brown in color and has an odor similar to oil of camphor.  The addition of agent thickeners can greatly increase GD’s persistency while making it a less volatile nerve agent.  The molecular weight of GD is 182.18 g/mol and it has a volatility of 3,900 mg/m3 at 25°C and a vapor pressure of 0.4mm Hg at 20°C.  The solubility of GD in water is moderate.  It is the second most volatile nerve agent and is primarily a vapor hazard.  GD evaporates about four times slower than water. 

	Chemical Agent: 
	Soman

	Symbol: 
	GD

	MW:
	182.18

	State @ 20°C:
	Colorless liquid

	Odor:
	Fruity; camphor odor when impure

	Vapor Density (Air=1):
	6.33

	Liquid Density (g/cc):
	1.0222 @ 25°C

	Freezing/Melting Point (°C):
	-42

	Boiling Point (°C):
	198

	Vapor Pressure (mm Hg):
	0.4 @ 20°C

	Volatility (mg/m3):
	3,900 @ 25°C

	Decomposition Temperature (°C):
	130

	Eye & Skin Toxicity:
	Eyes: Direct rapid effect. Liquid does not injure skin but penetrates it rapidly.  



	Rate of Action:
	Very rapid

	Stability:
	Less stable than GA or GB


GF

Cyclosarin (GF) is less stable than the other G agents and it is subject to excessive flashing or burning upon explosive dissemination.  GF is the most persistent and least volatile of the G agents.  In its natural state it is a liquid with a sweet, musty, peach like, shellac odor.  The molecular weight of GF is 180.2 g/mol and it has a volatility of 438 mg/m3 at 25°C with a vapor pressure of 0.044 mm Hg at 20°C.  As a slightly volatile liquid it is almost insoluble in water. 

	Chemical Agent: 
	Cyclosarin

	Symbol: 
	GF

	MW:
	180.2

	State @ 20°C:
	Liquid

	Odor:
	Sweet; musty; peaches; shellac

	Vapor Density (Air=1):
	6.2

	Liquid Density (g/cc):
	 1.1327 @ 25°C

	Freezing/Melting Point (°C):
	-30

	Boiling Point (°C):
	239

	Vapor Pressure (mm Hg):
	 0.044 @ 20°C

	Volatility (mg/m3):
	438 @ 25°C

	Decomposition Temperature (°C):
	---

	Eye & Skin Toxicity:
	Direct rapid effect in eye; penetrates skin readily

	Rate of Action:
	Very rapid

	Stability:
	Relatively stable in steel


V - Nerve Agents

The V-agents are sulfur-containing organophosphorous compounds.  They are oily liquids with high boiling points, low volatility, and resultant high persistency.  V-agents are more persistent than G-agents, and can remain on clothes and other surfaces for longer periods of time, this characteristic makes them exceptionally toxic. 

VX

VX is the most common of the V series agents.  It is a highly persistent and nonvolatile nerve agent that is substantially more toxic than any known G-agent.  VX is a very persistent, odorless, amber-colored liquid, similar in appearance to motor oil.  Its molecular weight is 267.38 g/mol and it has a volatility of 10.5 mg/m3 with a vapor pressure of 0.0007 mm Hg at 20°C.  VX has a low solubility in water that is temperature dependent (higher in cold water) and is hydrolyzed only minimally.  VX is soluble in organic solvents.  Due to its low volatility, liquid droplets on the skin do not evaporate quickly, thereby increasing absorption.  Under certain conditions a disadvantage of VX is that it is highly flammable.  

	Chemical Agent: 
	VX

	Symbol: 
	VX

	MW:
	267.38

	State @ 20°C:
	Colorless to amber liquid

	Odor:
	None

	Vapor Density (Air=1):
	9.2

	Liquid Density (g/cc):
	1.0083 @ 20°C

	Freezing/Melting Point (°C):
	Below –51

	Boiling Point (°C):
	298

	Vapor Pressure (mm Hg):
	0.0007 20°C

	Volatility (mg/m3):
	10.5 @ 25°C

	Decomposition Temperature (°C):
	Half life 36 hours at 150

	Eye & Skin Toxicity:
	Extremely toxic by skin & eye absorption. Liquid does not injure the skin or eye but penetrates rapidly. 

	Rate of Action:
	Very rapid

	Stability:
	Relatively stable at room temperature


Blister Agents

Blister agents in their pure states are colorless and almost odorless.  When odor is present it smells like rotten onions or mustard. 

HD Distilled Mustard. 

Mustard agents react with a wide range of biological materials.  They irritate cells, causing tissue damage and blistering.  Distilled mustard HD is an oily liquid with a color ranging from light yellow to brown.  Its odor is that of garlic, onion, or mustard.  Its molecular weight is 159.08 g/mol with a volatility of 610 mg/m3 @ 20°C and a vapor pressure of 0.072 mm HG @ 20°C.  It is insoluble in water but soluble in many organic solvents and subject to hydrolysis.  Under temperate conditions, mustard evaporates slowly and is primarily a liquid hazard, but its vapor hazard increases with increasing temperature.  At 100°F or above, it is a definite vapor hazard.  Mustard freezes at 57°F, and since a solid is difficult to disperse, mustard is often mixed with substances with a lower freezing point, e.g. Lewisite, so that the mixture will remain liquid at lower temperatures.  Distilled Mustard HD originally was produced from Mustard H by a purification process of washing and vacuum distillation.  HD is a colorless to amber-colored liquid with a garlic-like odor.  HD has less odor and a slightly greater blistering power than H and is more stable in storage.  It is used as a delayed-action casualty agent, the duration of which depends upon the munitions used and the weather.  Although HD is heavier than water, small droplets will float on water surfaces and present a hazard.  

	Chemical Agent: 
	Distilled Mustard

	Symbol: 
	HD

	MW:
	159.08

	State @ 20°C:
	Colorless to pale yellow liquid

	Odor:
	Garlic or horseradish

	Vapor Density (Air=1):
	5.9

	Liquid Density (g/cc):
	1.268 @ 25°C  

	Freezing/Melting Point (°C):
	14.45

	Boiling Point (°C):
	217

	Vapor Pressure (mm Hg):
	0.072 @ 20°C

	Volatility (mg/m3):
	610 @ 20°C

	Decomposition Temperature (°C):
	149 – 177

	Eye & Skin Toxicity:
	Eyes and lungs very sensitive; Readily damages skin

	Rate of Action:
	Delayed – hours to days

	Stability:
	Stable in steel aluminum


L Lewisite 

Organic arsenical agents pose a difficult problem because the arsenic remains toxic after the organic portion of the molecule is converted to nontoxic products.  L is the principal arsenical of military interest.  It is a liquid with an odor like geraniums and very little odor when pure.  It is used as a moderately delayed-action casualty agent with a persistency somewhat shorter than that of HD.  Its molecular weight is 207.35 g/mol with a volatility of 4,480 mg/m3 @ 20°C and a vapor pressure of 0.394 mm Hg @ 20°C.  It hydrolyzes faster than other arsenical compounds and has a low solubility in water.  When humidity is high, L hydrolyzes so rapidly that it is difficult to maintain a concentration sufficient to blister bare skin.

	Chemical Agent: 
	Lewisite

	Symbol: 
	L

	MW:
	207.35

	State @ 20°C:
	Colorless to brownish Liquid

	Odor:
	Variable: may resemble geraniums

	Vapor Density (Air=1):
	7.1

	Liquid Density (g/cc):
	1.89  @ 25°C

	Freezing/Melting Point (°C):
	-18

	Boiling Point (°C):
	190

	Vapor Pressure (mm Hg):
	0.394  @ 20°C

	Volatility (mg/m3):
	4,480 @ 25°C

	Decomposition Temperature (°C):
	> 100

	Eye & Skin Toxicity:
	Eyes highly sensitive; Readily damages skin

	Rate of Action:
	Rapid

	Stability:
	Stable in steel and glass


Nitrogen Mustards

The nitrogen mustards, which are derivatives of ammonia, have nitrogen as the central atom with the hydrogen atoms replaced by various organic groups.  Derivatives of the nitrogen mustards have been used in the treatment of certain types of cancer.  Due to their physical properties, mustards are very persistent under cold and temperate conditions.  It is possible to increase their persistency even more by dissolving them in thickeners.  Mustards are less persistent in hot climates but can reach relatively high concentrations in air because of greater evaporation rate.  As a class, the mustards are highly reactive and the damage they inflict on body tissues can be considered cumulative. 

HN-1 is similar to mustard in its properties and effects; however, it is more volatile and less persistent than mustard but only one-fifth as damaging and not as stable.  HN-1 is a colorless liquid with a faint, fishy or musty odor.  It is used as a delayed-action casualty agent that has a delay of 12 hours or more before skin-damaging symptoms are felt. 

HN-2 is a liquid with a fruity odor in high concentrations.  It is rated more toxic than HN-1.  

HN-2 affects the eyes in lower doses than do the other mustards.  HN-2 has the greatest blistering power of the nitrogen mustards in vapor form but is intermediate as a liquid blistering agent.  Skin effects are delayed 12 hours or longer after exposure.  HN-2 is highly unstable and is not presently considered seriously as a chemical agent. 

HN-3 is the principal nitrogen mustard because its properties are almost equal to those of HD.  It also is the most stable in storage of the three nitrogen mustards.  Because of its low volatility, HN-3 does not constitute a grave vapor hazard to the skin in open air.  HN-3 is a liquid that has no odor in its pure form.  It is used as a delayed-action casualty agent that has a persistency that is considerably longer than HD. 

HT Mustard-T mixture is a clear, yellowish, highly viscous liquid.  It has a garlic-like odor similar to HD.  It is a mixture of 60% HD and 40% T.  T is a sulfur, oxygen, and chlorine compound similar in structure to HD.  HT is used as a delayed-casualty agent, the persistency of which depends on the munitions used and the weather.  Properties are essentially the same as HD but HT is more stable, has a longer duration of effectiveness, and has a lower freezing point than HD.  Its low volatility makes effective vapor concentrations in the field difficult to obtain.  HT has a strong blistering effect. 

CX Phosgene oxime

CX is one of the most violently irritating substances known.  Due to its extreme instability, pure CX is not likely to be used in military operations.  Phosgene oxime may appear as a colorless, crystalline solid or as a liquid.  It has a high vapor pressure; its odor is very unpleasant and irritating.  Its molecular weight is 113.94 g/mol with a volatility of 1,800 mg/m3 @ 20°C and a vapor pressure of 11.2 mm Hg @ 25°C.  By the addition of certain compounds it is possible to liquefy phosgene oxime at room temperature.  It is fairly soluble in water and in organic solvents.  In aqueous solution phosgene oxime hydrolyzes fairly rapid, especially in the presence of alkali.  Even as a dry solid, phosgene oxime decomposes spontaneously and has to be stored at low temperatures. 

	Chemical Agent: 
	Phosgene oxime

	Symbol: 
	CX

	MW:
	113.94

	State @ 20°C:
	Colorless solid or liquid

	Odor:
	Sharp, penetrating

	Vapor Density (Air=1):
	3.9

	Liquid Density (g/cc):
	---

	Freezing/Melting Point (°C):
	35-40

	Boiling Point (°C):
	53 – 54 @ 28 mmHg

	Vapor Pressure (mm Hg):
	11.2 @ 25°C (solid)

13 @  40°C (liquid)

	Volatility (mg/m3):
	1,800 @ 20°C

	Decomposition Temperature (°C):
	Decomposes slowly at normal

Temperature

	Rate of Detoxification:
	---

	Eye & Skin Toxicity:
	Powerful irritant to eyes & nose; liquid

corrosive to skin

	Rate of Action:
	Immediate effects on contact

	Stability:
	Decomposes slowly


Appendix 2:  Agent Toxicological Properties

Toxicity/Dose Relationship

The toxicity of any chemical is directly related to the total absorbed dose (mg/kg) and chemical warfare agents (CWA) are no exception.   However, the application of the dose response relationship is different for CWAs.  Essentially, consider the dose response curve broken into three, one for each of the three physiological effects of interest (mild/incapacitation/lethality).  Each dose response curve was generated based on a percent of the test population that demonstrated the physiological effect of interest.  Standard probit analysis is used to linearize the dose response relationship and to provide information on the slope of the dose-response curve.  The steepness of the slope is an indication of the rapid change in effect with a change in dose.  Agents with a steep dose-response slope, such as VX, have very little separation between doses that cause incapacitation and those that result in death.  Probit dose-response curves allow prediction of a total dose value associated with a percent population expected to demonstrate the effect.  Refer to the charts in Appendix 3 and the table below the chart for those total dose limits.  The concept of the “total dose” forms the basis for our health risk assessment and is different for liquids and vapors.  For liquids the most common total dose values, identified as the ED50 or LD50, are defined as the mass quantity (mg) of liquid agent expected to cause a specified effect in 50% of the exposed group.   ED50 is the “effective dose” can either be mild or incapacitating and should be specified when ED50 values are presented.  Thus an ED50 for a mild effect could serve as a “trigger” level for taking protective action.  Conversely, an ED50 for an incapacitation effect would be very dangerous, especially for those agents with a high slope value.  Conversely, the LD50 is more straightforward, as the endpoint is always death.  Liquid dose values are normalized to the weight of a 70kg man.

Table App2-1:  Dosage values of Interest for Toxicity of Liquids

	

	ED50 Mild
	Dosage required for threshold effects in 50% of exposed individuals

	ED50 Severe
	Dosage required for incapacitation in 50% of exposed individuals

	LD50
	Dosage required for lethality in 50% of exposed individuals


For vapors the total dose is modified to a concentration (mg/m3) times time (minutes), which is represented by the ThCt50, ECt50 or LCt50, defined as “threshold dose”, “effective dose” and “lethal dose” respectively.  Here, the mild effect is covered by specifying it to be the threshold effect.  Similar to liquid dose, these values denote the concentration times the time (mg-min/ m3) of vapor agent exposure expected to cause the specified effect in 50% of the exposed group.  The dose quantity is modified by an assumed ventilatory rate of 15 lit/min and normalized by the weight of a 70kg man.  Recent scientific studies have demonstrated that the dose response relationship is linear for different ventilatory rates.  The section below, Haber’s Law, will address how to apply the total dose concept for vapor exposure.
Table App2-2:  Ct values of Interest for Toxicity of Vapors or Gases

	

	ThCt50:
	Ct for threshold effects in 50% of exposed individuals

	ECt50:
	Ct for incapacitation in 50% of exposed individuals

	LCt50:
	Ct for lethality in 50% of exposed individuals


Haber’s Law

Haber’s Law resulted from very early work with chemical warfare agents.  It technically applies only to inhaled agents and is valid only over short time scales for most compounds.  It applies a very simple concept; the total dose received dictates the physiological response and the concentration times the exposure time equals a constant (C*t =k).  For example, an exposure to a concentration of 4 mg/m3 of GD vapor for ten minutes results in a Ct of 40 mg·min/m3. Similarly, an exposure to a concentration of 8 mg/m3 for five minutes results in the same Ct value (40 mg·min/m3).  As a result, the expected physiological effect would be identical from those two exposure scenarios.  Refer to Table App2-3 for further examples of Haber’s Law.

Table App2-3 Example of Haber’s Law for Toxicity of Vapors/Gases

	

	The Ct concept: CONCENTRATION x TIME

	1 mg/m3 x 8 min = 8 mg-min/m3

8 mg/m3 x 1 min = 8 mg-min/m3

4 mg/m3 x 2 min = 8 mg-min/m3

2 mg/m3 x 4 min = 8 mg-min/m3


Nerve Agents

Nerve Agents are the most potent known non-biological chemical agents.  Nerve agents can be dispersed from missiles, rockets, bombs, howitzer shells, spray tanks, land mines and other large munitions.  Nerve agents are liquids under temperate conditions.  However, they are hazardous in their liquid and vapor states and can cause death within minutes after exposure.  Nerve agents inhibit acetylcholinesterase (AChE) in tissue, and their effects are caused in part by the resulting excess acetylcholine (ACh).  Nerve agents, also known as organophosphorus compounds, were developed in pre World War II Germany by German scientists during the 1930s as insecticides which later were developed into chemical weapons by the Nazi military.  Since then, nerve agents have been the main chemicals stockpiled as chemical weapons and are considered a major military threat.  Chemical agents may enter the body by several routes.  When inhaled as gases, vapors, or aerosols they may be absorbed through the mucosa of the nose and the mouth and through the alveoli of the lungs.  Liquid droplets and solid particles can be absorbed by the surface of the skin, eyes, and mucous membranes.  Some agents may contaminate food and drink and can be absorbed through the gastrointestinal tract.  Any type of wound or abrasion is presumed to be more susceptible to absorption than intact skin.

The initial effect of exposure to a nerve agent depends on the exposure dose, exposure duration and the route of entry.  The speed at which physiological symptoms associated with nerve agent poisoning appear is linked to the rate of absorption of the agent into tissues.  In general, direct exposure to the eye results in the quickest onset of signs while inhalation exposures cause a more rapid onset of systemic signs than do skin (percutaneous) exposures.  The progression from mild (or threshold) signs to incapacitating to lethality is directly related to both the rate of absorption and the duration of exposure.  We can take advantage of these principals when observing for “triggering” signs that warn of an exposure early in the process.  For example, since pinpoint pupils (miosis) result from a direct exposure of the nerve agent to the mucous membranes of the eye, it is a very early sign appearing well before more substantial “systemic” effects.  If no protective action is taken, continued exposure to low levels of vapor or aerosols will result in symptoms ranging from runny nose, tightness in the chest, excessive salivation, sweating, and nausea.  These signs indicate that the extended exposure time has allowed agent to absorb through the respiratory system, or even the skin in some cases, resulting in “systemic” effects.   Higher concentrations of vapor or aerosol exposure only accelerate the rate of absorption.  Thus severe systemic signs such as vomiting, cramps, twitching or jerking, staggering, headache, confusion, and loss of muscle control to coma, convulsions, and death can occur within minutes in an unprotected exposed individual.  When a large amount of liquid agent is applied to the skin, effects occur within minutes.  In general an asymptomatic period of 1 to 30 minutes is followed by the sudden onset of an overwhelming cascade of events, including loss of consciousness, seizure activity and muscular flaccidity.  By comparison a small amount of liquid agent applied to the skin may not elicit signs for as long as 18 hours after contact.  In addition to the effect of amount deposited, the ability of the nerve agent to penetrate the skin varies by agent, which helps to explain the observed delay in signs. 

G series and V series

Nerve agents are organophosphate ester derivatives of phosphoric acid.  They are generally divided into the G agents, which in the unmodified state are volatile, and the V agents, which tend to be more persistent.  G agents are capable of being thickened with various substances to increase the persistence and penetration of the intact skin.  The principal nerve agents are Tabun (GA), Sarin (GB), Soman (GD), Cyclosarin (GF) and VX.  In general it is believed that an area exposed to G agents will decontaminate itself in a few days because of the agents’ volatility, which is about equal to the volatility of water.  The uptake of G agents is primarily through inhalation.  However, V agents, which are known to be the most potent nerve agents, are more stable and less volatile and therefore can remain on the ground for several weeks.  Plants also rapidly absorb V agents.  The uptake of V agents is mainly through the skin but can also penetrate by inhalation of the vapor or aerosol. 

Physiological Disruption

Nerve agents are chemicals that disrupt the mechanism by which nerves transfer messages to organs.  They do so by binding to, and blocking the activity of, AchE (acetylcholinesterase), an enzyme that normally destroys and stops the activity of ACh (acetylchline), a neurotransmitter. Once bound to AchE, the nerve agent undergoes a process called “aging” wherein the binding becomes irreversible.  Aging occurs at different rates for the various agents.  For example, GD ages very quickly, within a few minutes.  Once aging has occurred new enzyme has to be produced.

Once inhibited, the nonfunctional enzyme (AchE) is unable to perform its normal task of destroying ACh, thus allowing a build up of that potent neurotransmitter.  ACh has activity in both the peripheral and central nervous system.  It activates 2 types of peripheral nervous system (PNS) receptors, muscarinic and nicotinic.  Nicotinic ACh receptors are found at the skeletal muscle and at the pre-ganglionic autonomic fibers.  Muscarinic receptors are found mainly in the post-ganglionic parasympathetic fibers.  In addition, ACh is believed to mediate neurotransmission in the central nervous system (CNS).  ACh is released when an electrical impulse reaches the presynaptic neuron.  It travels across the synaptic cleft and reaches the postsynaptic membrane.  In the postsynaptic membrane, ACh binds to the receptor causing activation of the receptor and signal transmission in the postsynaptic side of the cleft.  Normally, the ACh-receptor binding is quickly followed by enzymatic hydrolysis action by AchE to remove and degrade the ACh transmitter.  This “regenerates” the receptor and removes the stimulation of the receptor and nerve.  Clearly, inhibition of the enzyme allows the level of ACh to accumulate resulting in constant stimulation of the nerve receptor.  The physiological and clinical effects of nerve agents are the result of this persistent stimulation and subsequent fatigue at the ACh receptor.  As previously discussed the rate of appearance and even the nature of the resulting clinical signs/effects is affected by exposure dose and route of entry.  Individuals poisoned by nerve agents may display the following symptoms for each respective system: Neuromuscular effects may include twitching, weakness, paralysis and/or respiratory failure. Autonomic Nervous System effects may include reduced vision, small pupil size, miosis, drooling, sweating, diarrhea, nausea, abdominal pain and/or vomiting.  Central Nervous System effects may include headache, convulsions, coma, respiratory arrest, confusion, slurred speech, depression, and/or respiratory depression.  Table App2-4 summarizes some of the effects that result from nerve agent intoxication.

Table App2-4 Signs and Symptoms by Region of the Body

	Location of Action
	Signs and Symptoms

	LOCALIZED EEFFECT

	Muscarinic
	

	   Pupils
	Miosis, usually maximal pinpoint

	   Ciliary body
	Frontal headache, eye pain on focusing, blurring of vision

	   Nasal mucous membranes
	Rhinorrhea, hyperemia

	   Bronchial trunk
	Tightness in chest, increased secretion, cough

	   Gastrointestinal
	Nausea, vomiting

	SYSTEMIC EFFECT

	   Bronchial trunk
	Tightness in chest, wheezing, dyspnea, pain in chest, increased bronchial secretion, cough, cyanosis, pulmonary edema

	   Gastrointestinal
	Anorexia, nausea, vomiting, abdominal cramps, cardiospasm with heartburn, diarrhea, involuntary defecation

	   Sweat glands
	Increased sweating

	   Salivary glands
	Increased salivation

	   Lacrimal glands
	Increased lacrimation

	   Heart
	Bradycardia

	   Pupils
	Miosis, occasionally unequal, later maximal miosis (pinpoint)

	   Ciliary body
	Blurring of vision, headache

	   Bladder
	Frequency, involuntary micturition (urination)

	Nicotinic  
	

	   Striated muscle
	Easy fatigue, mild weakness, muscular twitching, fasciculation, cramps, generalized weakness, flaccid paralysis, with dyspnea & cyanosis

	   Sympathetic ganglia
	Pallor, transitory elevation of blood pressure followed by hypotension

	Central Nervous System
	Immediate Effects: generalized weakness, depression of respiratory and circulatory centers with dyspnea, cyanosis & hypotension, convulsions, loss of consciousness and coma

Delayed Effects: giddiness, tension, anxiety, jitteriness, restlessness, emotional lability, excessive dreaming, insomnia, nightmares, headaches, tremor, withdrawal & depression, bursts of slow waves of elevated voltage in EEG, especially on hyperventilation, drowsiness, difficulty concentrating, slowness on recall, confusion, slurred speech, ataxia


Routes of entry

The route of absorption into body tissues affects the nature, as well as the sequence and intensity of symptoms.  In general, the lungs and the eyes absorb nerve agents rapidly.  Changes occur in the smooth muscle of the eye, resulting in miosis and in the smooth muscle and secretory glands of the bronchi, producing bronchial constriction and excessive secretions in the upper and lower airways.  With continued exposure, the nerve agent is carried from the lungs throughout the circulatory system causing widespread systemic effects in as little time as one minute. 

Effects of Nerve agent by route of exposure

In unprotected personnel, exposure to vapor or aerosol challenges the body by direct exposure to the eye and skin and to the respiratory system via inhalation.  Unprotected exposure is defined as exposure to the agent when not wearing the MCU-2AP, or equivalent.

Direct eye (ocular)

The local ocular effects of a nerve agent begin within seconds or minutes after exposure, and before there are any evidence of systemic absorption.  The earliest ocular sign is miosis.  It is also the last ocular manifestation to disappear.  The pupillary constriction may be different in each eye after vapor exposure.  Within a few minutes after the onset of exposure, redness of the eyes and a sensation of pressure with heaviness in and behind the eyes occur.  There may be a slight dimness especially in the peripheral field or when in dim or artificial light and the ability to accommodate of focus is affected, even at relatively small levels of miosis.  Continued exposure to the agent vapor at threshold or slightly higher levels results in increased miosis, pain in and behind the eyes attributing to ciliary spasm, especially when focusing, and frontal headache.  The pain becomes worse when the casualty tires to focus the eyes or looks at a bright light.  Some twitching of the eyelids may occur.  Occasionally there is nausea and vomiting which, in the absence of systemic absorption, may be due to a reflex initiated by the ocular effects.  These local effects result in moderate discomfort and some loss of efficiency but although they may not necessarily produce casualties they should serve as “triggers” for initiating immediate protective actions.  Following minimal symptomatic exposure, the miosis lasts from 24 to 72 hours.  After exposure to at least the minimal symptomatic dose, miosis is well established within half an hour.  Miosis remains marked during the first day after exposure and then diminishes gradually over 2 to 3 days after moderate exposure but may persist for as long as 14 days after severe exposure.  The eye pain and headache may last from 2 to 15 days depending on the dose absorbed. 

Respiratory inhalation

 Respiratory inhalation exposure usually results in onset of symptoms in 2 to 5 minutes. Unprotected exposure to relatively low concentrations of nerve agent vapor causes immediate ocular symptoms, rhinitis, and in some patients, difficult breathing.  Unprotected exposure to relatively high concentrations of nerve agent vapor causes immediate loss of consciousness, followed shortly by convulsions, flaccid paralysis, and respiratory failure.  Significant exposure to inhaled nerve agent vapor can have full effect within minutes.  The local respiratory effects following minimal exposure on the respiratory tract are a watery nasal discharge, nasal hyperemia, a sensation of tightness in the chest and occasionally prolonged wheezing expiration suggestive of bronchoconstriction or increased bronchial secretion.  The rhinorrhea usually lasts for several hours after minimal exposure and for about 1 day after more severe exposure.  The respiratory symptoms are usually intermittent for several hours after mild exposure and may last for 1 or 2 days after more severe exposure.

Dermal (percutaneous) absorption
The effect of dermal exposure to nerve agent depends on the area of the body exposed, ambient temperature, and amount of agent absorbed.  Vapor, aerosol and liquid forms of agent may all penetrate skin.  However, the greatest concern centers on liquid agent simply because of the higher mass delivered to the skin by the liquid form.  Relative to inhalation, the onset of poisoning takes longer when the nerve agent enters the body through the skin.  It takes some time before the poison reaches the deeper blood vessels.  Consequently the first symptoms do not occur until 20-30 minutes after the initial exposure.  However, the subsequent progress of the poisoning process may be rapid if the total dose of nerve agent is high.  Percutaneous absorption of nerve agent typically causes sweating in the area of contact followed by twitching of muscles.  Weakness may occur as the agent penetrates deeper and an effect is created in underlying muscle.  In moderate dermal exposures, vomiting and/or diarrhea occur.  Vomiting and/or diarrhea soon after exposure are not favorable signs.  With further absorption, full-blown systemic or remote effects occur.  After thorough skin decontamination, symptoms may occur several hours later if some agent was absorbed prior to decontamination.  A small droplet of GB liquid on the skin may not produce any clinical effects for as long as 18 hours after exposure.  A large droplet of GB liquid rapidly causes loss of consciousness, seizures, paralysis, and respiratory failure but only after a brief period where there are no symptoms, typically lasting 10-30 minutes. 

Nerve agent poisoning and antidote 

Nerve agents are cumulative poisons.  Repeated exposure to low concentrations, if not too far apart, will produce symptoms.  Since the effects of a nerve agent are progressive and cumulative, prevention of further absorption is urgent once symptoms have begun.  Nerve agents cause death in part by respiratory failure, due to increased airway resistance, respiratory muscle paralysis, and most importantly, loss of central respiratory drive. Nerve agents have an extremely rapid effect.  If an antidote is to serve any purpose, it must be introduced immediately.  Management of a casualty with nerve agent intoxication consists of decontamination, ventilation, administration of the antidotes, and supportive therapy.  The condition of the patient dictates the need for each of these and the order in which they are done.  Three therapeutic drugs are used to treat nerve agent exposure, they are atropine, pralidoxime chloride and diazepam.  Pyridostigmine bromide is a pretreatment drug used for nerve agent exposure.  Each military individual is issued twenty-one 30mg tablets of pyridostigmine bromide.  The dose regimen is one 30 mg tablet every eight hours.  Pyridostigmine bromide is not an antidote and should only be used as a pretreatment drug for nerve agent exposure. 

Effect of Blister Agents  
Blister agents, also known as vesicants, are so named because they cause blisters.  Vesicants burn and blister the skin or any other part of the body they contact.  The severity of a blister agent burn is directly related to the concentration of the agent and the duration of contact with the skin.  Their intent is primarily to produce casualties and force opposing troops to wear full protective equipment, degrading the fighting efficiency, rather than to kill, although exposure to such agents can be fatal.  They cause both a vapor and liquid threat to all exposed skin and mucous membranes.  They may act on the eyes, mucous membranes, lungs, and skin; mustards may act on blood-forming organs.  They damage the respiratory tract and when inhaled, and when ingested cause vomiting and diarrhea.  Thickened blister agents will contaminate terrain, ships, aircraft, vehicles, or equipment and present a persistent hazard.

Categories. 

There are three categories of blister agents; mustards, arsenicals, and urticants.  Mustards include the sulfur mustards (H) and distilled mustard (HD).  The nitrogen mustards are HN-1, HN-2, and HN-3.  The mustards penetrate well into skin and other materials, such as wood, clothing, rubber, and paints, and are very persistent in cold and temperate climates.  Because mustards have delayed effects (4-6 hours), unprotected individuals can be exposed to large doses without immediate response.  Arsenical vesicants have delayed action, but unlike mustards, they tend to produce immediate pain to whatever part of the body they contact.  The principal arsenical of military interest is lewisite (L).  Other arsenicals are the mustard-lewisite mixture (HL) and the substituted double-chlorinated arsines phenyldichloroarsine (PD), ethyldichloroarsine (ED), and methyldichloroarsine (MD).  Urticants are vesicants with a disagreeable and penetrating odor that cause an immediate and severe burning sensation, as well as intense pain, numbness, and swelling.  The only urticant of current military interest is phosgene oxime (CX). 

Mustard Blister Agents

Distilled mustard HD is the best known of the mustard agents.  It is mainly used to force troops to wear protective equipment causing them to fight less efficiency.  HD can contaminate anything it touches for long periods of time.  Adding polymer can thicken HD, making it a more persistent hazard.  The Nitrogen Mustards (HN) are another type of mustard blister agent with three forms: HN1, HN2, and HN3.  For various reasons the nitrogen mustards were not suitable as military agents, however, nitrogen mustard has been used in cancer chemotherapy for over 50 years.  These agents are similar to sulfur mustard in many ways and were derived as a by-product of research on sulfur mustard; however, they seem to cause more severe systemic damage.  

Distilled Mustard Vapor

The effects of exposure to HD agent are delayed, appearing hours after exposure.  The organ most commonly affected is the skin, eyes, airways, and upper respiratory tract.  In a single exposure the eyes are more susceptible to HD than either the respiratory or the skin. Conjunctivitis follows exposure after 1 hour to concentrations barely perceptible by odor.  A latent period of 4 to 12 hours follows mild exposure, after which there is lachrymation and a sensation of grit in the eyes.  The conjunctiva and lids become red.  Heavy exposure irritates the eyes after 1 to 3 hours and produces severe lesions.  A well-known fact of sulfur mustard exposure is the occurrence of a latent symptom and sign free period of some hours to post exposure.  The duration of this period and the severity of the lesions is dependent upon the mode of exposure, environmental temperature and on the individual himself.  High temperature and wet skin are associated with more severe lesions and shorter latent periods.  Some people are markedly more sensitive to mustard than others.  Burns may be the result of either vapor or liquid exposure. 

Table App2-5:  Effects of HD Vapor

	Organ
	Severity
	Effects
	Onset of 1st Effect

	Eye
	Mild
	Tearing, itchy, burning, gritty feeling
	4-12 hours

	
	Moderate
	Tearing, itchy, burning, gritty feeling, reddening, swelling of lids, moderate pain
	3-6 hours

	
	Severe
	Marked swelling of lids, possible cornea damage, severe pain
	1-2 hours

	Airways
	Mild
	Runny nose, sneezing, nosebleed, hoarseness, hacking cough
	12-24 hours

	
	Severe
	Runny nose, sneezing, nosebleed, hoarseness, hacking cough, severe productive cough, shortness of breath
	2-4 hours

	Skin
	Mild to severe
	Erythema (redness), blisters
	2-24 hours


Arsenicals

The arsenicals are a group of related compounds in which arsenic is the central atom.  The main arsenical vesicants are lewisite (L), mustard-lewisite mixture (HL) and phenyldichloroarsine (PD).  Arsenicals are less toxic than other blister agents and are much more dangerous as liquids than as vapors.  The liquids will cause severe burns of the eyes and skin.  Absorption of either vapor or liquid through the skin in adequate dosage may lead to systemic intoxication or death.  The rate of detoxification in sub-lethal amounts is rapid.  Immediate decontamination is necessary to remove the liquid agents, but decontamination is not necessary for vapor unless pain is present.  Inhaled vapors cause sneezing and may produce mild to moderate irritation of the upper respiratory tract.  

Lewisite (L)

Lewisite (L) causes immediate burning of eyes, and stinging to skin.  Lewisite is readily absorbed through the skin, eyes, and respiratory tract, as well as by ingestion and via wounds.  It is systemically distributed to almost all organs and tissues of the body where it participates in a variety of chemical reactions.  The body does not detoxify L and its clinical effects appear within seconds of exposure.  It is eventually eliminated primarily as reaction products in the urine.  Lewisite causes immediate pain or irritation of skin and mucous membranes resulting in erythema and blisters on the skin and eyes.  In addition it will damage the airway in a similar manner as mustard.  After absorption it causes an increase in capillary permeability to produce shock and organ damage.  Lesions require hours to become full-blown.  Management of a Lewisite casualty is similar to management of a mustard casualty, although a specific antidote, British-Anti-Lewisite (BAL, dimercaprol), will alleviate some effects.  

Mustard-Lewisite mixture (HL)

Mustard-Lewisite mixture (HL) is a vesicant and alkylating agent that acts on the blood forming tissues.  HL is absorbed through skin contact and by inhalation of vapors, causing systemic toxicity such as damage to the lungs, bone marrow, lymph nodes, spleen, and endocrine system. Contamination of the skin produces immediate stinging of the skin, turning red within 30 minutes.  Blistering is delayed for 13 hours and tends to cover the entire area of reddened skin. Blisters from HL exposures are deeper and more painful than with HD.  Exposure of the eyes to HL vapor or aerosol produces lacrimation, photophobia, and inflammation of the conjunctiva and cornea.  Local action on the eyes is extremely rapid, and produces sever necrotic damage and loss of eyesight.  When HL vapor or aerosol is inhaled, the respiratory tract becomes inflamed after a few hours latency period, accompanied by sneezing, coughing, and bronchitis, diarrhea and fever.  The respiratory damage is similar to that produced by mustard.  In these cases, fluid in the chest cavity may accompany fluid in the lungs. 

Phosgene oxime (CX)

Phosgene oxime (CX) is not a true vesicant because, unlike mustard and Lewisite, it does not produce fluid-filled blisters, it produces lesions resembling urticaria.  However, it causes immediate, severe, burning sensation; intense pain; and a feeling of numbness and swelling.  But due to its extreme instability, pure CX is not likely to be used in military operations.  CX is one of the most violently irritating substances known.  It produces immediate pain varying from a mild prickling to almost intolerable pain resembling a severe bee sting, hence it has been called the “nettle gas”.  It causes violent irritation to the mucous membranes of the eyes and nose. When it comes in contact with the skin, the area becomes pale in 30 seconds and a red ring surrounds the area.  A wheal forms in about 30 minutes, the blanched area turns brown in about 24 hours, and a scab forms in about a week.  The scab usually falls off in 3 weeks and itching may be present throughout healing.

Effects of Blister Agents by Routes of Entry

Mustard vapor and liquid readily penetrate thin layers of most fabrics but not the chemical protective ensemble to reach underlying skin.  Although mustard dissolves relatively slowly in aqueous solutions such as sweat, the lipophilicity of mustard guarantees effective absorption through even intact skin.  Penetration is rapid and is enhanced by moisture, heat, and thin skin. Ocular and respiratory routes of entry are also important, as is parenteral absorption in casualties with conventional wounds.  Ingestion is an important route of entry for mustard, approximately 10% of the amount of mustard that begins to penetrate the skin will bind to the skin as “fixed” (reacted) mustard; the remaining 90% of the dose reaches the circulation an is systemically distributed as “free” (unreacted and unhydrolyzed) mustard.  Distribution to almost all organs and tissues including the kidneys, liver, intestines, and lungs occurs; although, because of dilutional effects and reactions of mustard in the bloodstream, clinical effects from systemic distribution are seen only at high does.

Percutaneous

Mustard crosses the skin or mucous membrane barrier and within a minute or two after contact it attaches to cellular or tissue components where it will later cause damage.  Decontamination later than a minute or two after contact will reduce but not prevent tissue damage.  Mustard causes no clinical effects on contact, and it is only hours later that the damage becomes apparent. Sometime between 2 and 24 hours later the skin will redden, and this erythema will be followed by blister formation sometime later.  The initial effect in the eye is irritation and reddening, and depending on the amount of exposure there may later be inflammation and edema of the lids or corneal damage.  Airway damage, which begins with destruction of the mucosa, starts in the nose and sinuses and descends down the airways in a dose-dependent manner to produce hoarseness and a non-productive cough.  Once the agent is in the lower airways, a productive cough is accompanied by increasing dyspnea.  The following skin changes occur with exposure to mustard: Erythema that occurs 2-48 hours to post exposure is very striking and reminiscent of scarlet fever.  Slight accumulation of serous fluid of the skin may occur and itching is common and intense.  As the erythema fades areas of increased pigmentation are left such as in sunburn. Except with mild vapor burns, blisters follow erythema.  The blisters may or may not be painful but are uncomfortable and feel tense.  Blisters at points of flexure, anterior aspects of elbows and posterior aspects of knees, can seriously impede movement.  Mustard blisters are delicate and may be easily ruptured by contact with bed linen, bandages or during transport of casualties. Crops of new blisters may appear as late as the second week post exposure.  Blister fluid is not dangerous and does not produce secondary blistering if applied to the skin.  Lesions tend to be painful and patients complain of very severe intense pain.  Healing of skin lesions is slow.  The sensitivity of the skin depends on its thickness and upon the density of sweat and sebaceous glands.  Apart from the mucous membranes the most sensitive areas are the face, armpits, genitalia, neck, skin between the fingers and the nail beds.  The palm of the hand, sole of the foot and skin of the scalp are very resistant.

Ocular Exposure

The eyes are more susceptible to mustard than either the respiratory tract or the skin. Conjunctivitis follows an exposure time of about 1-hour to a concentration barely perceptible by odor.  A latent period of 4-12 hours follows mild exposure, after which there is lacrimation and a sensation of grit in the eyes.  The conjunctiva and the lids become red.  Heavier exposures irritate the eyes after 1-3 hours and produces severe lesions.  Although temporary blindness may occur, permanent blindness is very rare. 

Respiratory Tract

Inhalation of mustard vapor causes damage primarily to the laryngeal and tracheobronchial mucosa.  Respiratory tract lesions develop slowly and do not reach maximal severity for several days.  Symptoms begin with hoarseness, which maybe progress to loss of voice.  A cough that is worse at night appears early and later becomes productive.  Fever, dyspnea, and moist rales may develop.  The cough may persist a month or longer.  Mild respiratory tract injury, with hoarseness and sore throat only, usually requires no treatment.  Cough may be relieved by codeine.  Laryngitis and tracheitis may be treated symptomatically with steam or sterile cool mist inhalations.  Every effort should be made to replace loss of fluids and electrolytes.  After exposure to high dose of mustard vapor, especially under tropical conditions, nausea, vomiting and symptoms of collapse are usually evident before erythema develops completely.  It is important to recognize that this occurs also among personnel who are masked during exposure.

Gastrointestinal Tract

Ingestion of mustard produces vacuoles and swelling of the epithelial cells of the gastrointestinal tract, with eventual necrosis and hemorrhage.  Ingestion of food or water contaminated by liquid mustard produces nausea and vomiting, pain, diarrhea and prostration.  Mustard vapor does not significantly contaminate food or water. 

Lewisite Routes of Entry and Exposure

Percutaneous exposure 

Lewisite vapor or liquid causes immediate pain or irritation.  A person with a droplet of Lewisite on his skin will note the burning and will immediately take steps to try and remove it.  The vapor is so irritating that a person will seek to mask or leave the contaminated area if possible.  Within about five minutes after contact liquid Lewisite will produce a grayish area of dead epithelium. Erythema and blister formation follow more rapidly than in a similar lesion from mustard, although the full lesion does not develop for 12 to 18 hours.  The lesion has more tissue necrosis and tissue sloughing than does a mustard lesion.

Ocular exposure

Lewisite causes pain and blepharospasm on contact.  Edema of the conjunctiva and lids follows, and the eyes may be swollen shut within an hour.  Iritis and corneal damage may follow if the dose is high.  Liquid Lewisite causes severe eye damage within minutes of contact.

Respiratory exposure 

The extreme irritancy of Lewisite to the nasal area and upper airways causes the person to mask or exit the area.  Scanty data indicate that Lewisite causes the same airway signs and symptoms as mustard.  The airway mucosa is the primary target, and damage progresses down the airways in a dose-dependent manner.  Pseudomembrane formation is prominent.  Pulmonary edema, which occurs rarely and usually only to a minimal degree after mustard exposure, may complicate exposure to Lewisite.

Phosgene Oxime Routes of Entry and Exposure 

Percutaneous exposure

Phosgene oxime liquid or vapor causes pain on contact, which is followed in turn by blanching with an erythematous ring in 30 seconds, a wheal in 30 minutes, and necrosis later.  The extreme pain may persist for days.

Ocular exposure

Phosgene oxime is extremely painful to the eyes.  The damage is probably similar to that caused by Lewisite.

Respiratory exposure

Phosgene oxime is very irritating to the upper airways.  This agent causes pulmonary edema after inhalation and after skin application.

Toxicity 

Mustard vapor and liquid readily penetrate thin layers of most fabrics to reach underlying skin. Although mustard dissolves relatively slowly in aqueous solutions such as sweat, the lipophilicity of mustard guarantees effective absorption through even intact skin.  Penetration is rapid and is enhanced by moisture, heat and thin skin.  The LCt50 of sulfur mustard dispersed as a vapor is 1500 mg-min/m3 in an unprotected group and 10,000 mg-min/m3 in a group with respiratory protection.  This demonstrates not only the importance of respiratory protection, but also the fact that sufficient concentrations of vapor and sufficient exposure times render mustard vapor lethal, even in masked individuals.  The LD50 of liquid mustard on the skin is 100 mg/kg. Thus, administration of 7 g (about a teaspoon) of liquid mustard to each member of a group of individuals weighing 70 kg would be expected to cause the death of half of those exposed. Although 7 g of a liquid applied evenly to the surface of the skin may cover approximately 20 to 25% of the total body surface area (BSA), the correlation between BSA involvement and deaths from mustard in the field is poor.  One plausible reason for this discrepancy is that using BSA figures by themselves ignore the inhalation component of mustard exposure.  Another conceivable explanation is that measurement solely of affected BSA neglects factors such as the thickness of coverage, subsequent spread, contact time, and continued exposure.  A 10mcg droplet of sulfur mustard can produce a small vesicle on exposed skin.

	Table II

Mustard Liquid Toxicity

	Blister
	10 kg

	Death
	100 mg/kg

7 gm/70 kg


	Mustard Vapor Toxicity

	Eye
	10 – 50 mg min/m3

	Airways
	100 – 500 mg min/m3

	Skin
	200 – 1,000 mg min/m3

	Death
	1,500 mg min/m3


Absorbed mustard must first dissolve in aqueous solution such as sweat or extracellular fluid. Although mustard molecules dissolve slowly in such solutions, once they dissolve they rapidly (within seconds to a minute or two) rearrange to form extremely reactive cyclic ethylene sulfonium ions that immediately bind to intracellular and extracellular enzymes, proteins, and other cellular components.  Mustard has many biological actions, but the exact mechanism by which it produces tissue injury is not known.  Biological damage from mustard results from DNA alkylation and crosslinking in rapidly dividing cells, such as basal keratinocytes, mucosal epithelium, and bone marrow precursor cells.  This leads to cellular death and inflammatory reaction, and, in the skin, protease digestion of anchoring filaments at the epidermal-dermal junction and the formation of blisters.

Mustard also possesses mild cholinergic activity, which may be responsible for effects such as early GI symptoms and miosis.  It should be re-emphasized that mustard reacts with tissue within minutes of entering the body and that blood, tissue, and blister fluid do not contain free mustard, nor do they represent a contamination risk for medical personnel.

Arsenical Blister Agent Lewisite (L)

Liquid arsenical vesicants on the skin, as well as inhaled vapor, are absorbed and may cause systemic poisoning.  A manifestation of this is a change in capillary permeability, which permits loss of sufficient fluid from the bloodstream to cause hemoconcentration, shock, and death.  In nonfatal cases, hemolysis of erythrocytes has occurred with a resultant hemolytic anemia.  The excretion of oxidized products into the bile by the liver produces focal necrosis of that organ, necrosis of the mucosa of the biliary passages with peribiliary hemorrhages, and some injury of the intestinal mucosa.  Lewisite causes nasal irritation at a Ct of approximately 8 mg-min/m3, and its odor is noted at a Ct of about 20 mg-min/m3.  Lewisite causes vesication and death from inhalation at the same Ct as mustard.  Liquid Lewisite causes vesication at about 14 mg, and the LD50 of liquid Lewisite applied to the skin is about 2.8 grams.  Although Lewisite contains trivalent arsenic and combines with thiol groups in many enzymes, its exact mechanism of biological activity is unknown. 

Urticant Blister Agent Phosgene Oxime (CX) 

Penetration of exposed surfaces to CX is rapid, and systemic distribution to most organs and tissues, including the GI tract occurs.  The estimated LCt50 by inhalation is 1500-2000 mg min/m3 and the LD50 for skin exposure has been estimated as 25 mg/kg. 

Antidote. 

Distilled Mustard HD 

Immediate decontamination is the only way to reduce damage.  There is no antidote to mustard poisoning.  Management consists of keeping the skin lesions clean by frequent irrigation and application of topical antibiotics, good pulmonary care including intubation and assisted ventilation, and irrigation of the eyes followed by frequent application of topical antibiotics.  Following exposure to large quantities of mustard, precursor cells of the bone marrow are damaged, and there are sometimes central nervous systems signs.  There is no specific antidote, and management is symptomatic therapy.  It has been suggested that sodium thiosulphate will prevent or reduce systemic damage from mustard, provided that it can be given intravenously within 20 minutes of exposure. 

Arsenical L

There are two types of treatment for the skin contamination of arsenical vesicants.  Local neutralization on and within the skin by application of BAL ointment or an IM injection of BAL in oil is given deep into the muscles of the buttocks.  Intramuscular injection of BAL in oil should be repeated at different sites in the buttocks at 4, 8, and 12 hours after the initial injection, for a total of four equal doses.

Appendix 3:  CWA Toxicological Response Curves

Figure App3-1:  GA 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	84.81

	LC50
	70

	LC16
	57.78

	EC84
	62.95

	EC50
	50

	EC16
	39.72

	ThC84
	1.58

	ThC50
	1

	ThC16
	0.63


Figure App3-2: GB 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	42.40

	LC50
	35

	LC16
	28.89

	EC84
	31.47

	EC50
	25

	EC16
	19.86

	ThC84
	1.58

	ThC50
	1

	ThC16
	0.63


Figure App3-3:  GD 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	42.40

	LC50
	35

	LC16
	28.89

	EC84
	31.47

	EC50
	25

	EC16
	19.86

	ThC84
	0.59

	ThC50
	0.4

	ThC16
	0.27


Figure App3-4:  GF 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	42.40

	LC50
	35

	LC16
	28.89

	EC84
	31.47

	EC50
	25

	EC16
	19.86

	ThC84
	0.63

	ThC50
	0.4

	ThC16
	0.25


Figure App3-5: VX 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	22.02

	LC50
	15

	LC16
	10.22

	EC84
	14.68

	EC50
	10

	EC16
	6.81

	Th84
	0.18

	Th50
	0.1

	Th16
	0.06


Figure App3-6 HD Inhalation/Ocular 
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	1467.80

	LC50
	1000

	LC16
	681.29

	EC84 Ocular
	215.44

	EC50 Ocular
	100

	EC16 Ocular
	46.42

	ThC84 Ocular
	53.86

	ThC50 Ocular
	25

	ThC16 Ocular
	11.60


Figure App3-7 HD Percutaneous Vapor
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/m3)

	LC84
	1467.80

	LC50
	1000

	LC16
	681.29

	EC84
	215.44

	EC50
	100

	EC16
	46.42

	ThC84
	53.86

	ThC50
	25

	ThC16
	11.60


Figure App3-8:  HD Hot Percutaneous Vapor
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Applicable equations:

Exposure Concentration (C) Units: mg/m3 

Exposure Duration (t) Units: minutes  

Exposure Dosage (Ct) Units: mg-min/m3

C x t = Ct or Concentration multiplied by time equals Exposure Dosage

C = Ct/t

	Physiological Effect and Percentile
	Dosage Limit (mg-min/3)

	EC84
	430.89

	EC50
	200

	EC16
	92.83

	ThC84
	53.86

	ThC50
	25

	ThC16
	11.60


Appendix 4:  Chemical Health Assessment and Risk Tool (CHART)

As addressed in the body of the document, CHART is a computerized tool designed to provide the Medical NBC Team with an easy mechanism for evaluating the health risk posed by exposure to CWAs.  As a base recovers from a chemical attack, having a tool, which quickly can evaluate the health impact/risk to personnel required to conduct critical recovery tasks in reduced MOPP will significantly increase the commander’s decision making capability.  The implementation of CHART is very straightforward.  The user selects/enters four items and the program computes the predicted risk estimates.  The four items are: select the agent of interest from the pick menu (Step 1); input the temperature (Step 2); enter the measured concentration (Step 3); and input the estimated exposure duration (Step 4).  Refer to Appendix Figure 4-1 below for an example.

Appendix Figure 4-1:  Sample Program Data Entry Sheet
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Input Parameters

It is absolutely critical that the users understand the units associated with each input parameter for Steps 2 and 4.  When entering the temperature for Step 2, you must select the check box if your temperature measurement is in degrees Fahrenheit.  Degrees Celsius is the default unit for this entry.  When entering the concentration for Step 3, you must select the appropriate unit button to match your concentration measurement.  As can be seen from the Appendix Figure 4-1, the user may select any one of four potential units.  There is no associated default unit for this entry; however, you must select one of the four units or the previously selected unit will be applied.  When entering the exposure duration for Step 4, make sure you enter your time unit in minutes.  The program output data is described below.  Refer to Appendix Figure 4-2 for an example.

Tool Output Data

First, you will notice three different work levels, which produce three different estimates of physiological risk associated with an expected exposure.  As addressed previously in this document, the three work levels are associated with different levels of risk based on SBCCOMs data indicating that the expected physiological risk is linear for increasing ventilation rates.  The light, moderate and heavy work levels are associated with ventilation rates of 15 lit/min, 30 lit/min and 45 lit/min respectively.  Refer to Appendix Table 4-1 for examples of light/easy, moderate and heavy work levels (incorporated from AFPAM 48-151:  Thermal Injury)

Appendix Figure 4-2:  Sample Output Data
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Appendix Table 4-1:  Guide to Determination of Workload

	· Walking on hard surface @ 2.5 mph with <  30 lb load

· Weapon Maintenance

· Manual of Arms

· Marksmanship Training

· Drill and Ceremony


	· Walking on hard surface @ 3.5 mph with < 40 lb load

· Walking loose sand @ 2.5 mph with no load

· Patrolling

· Low crawl, high crawl

· Defensive position construction

· Field Assaults
	· Walking on hard surface @ 3.5 mph with > 40 lb load

· Walking on loose sand @ 2.5 mph with load


It must be noted and understood that the increased ventilation rate is not associated with the calculated dosage (Ct mg-min/m3) as one might initially expect.  The calculated dosage remains the same for all three-work levels.  Instead, the increased ventilation rate is accounted for and associated with a decrease in the dose required for percentile response.  You can see from Appendix Figure 4-2, as the work rate increases, the dose required for a given percentile response decreases.  For the moderate work level, the decrease is by a factor of two and for heavy work, the decrease if by a factor of three.  

The tool output results show that for GD, the most toxic agent in the G-series, the time limit for 16% miosis at the LOD for the M256 Test Kit is 54 min.  The risk @ the calculated dose and the calculated dosage are color coded to quickly point out concerns as they arise.  The risk @ Calculated Dosage identifies the percent of the exposed population expected to exhibit a given physiological effect.

The color-coding demonstrated by the previous GD exposure scenario makes a perfect example for use in interpreting its application.  The Risk @ Calculated Dosage for threshold effects is green only for risk levels below 16%.  It is yellow between 16% and 60% and red for greater than 60%.  However, for severe and lethal effects, anything greater than 16% is red.  The reason behind this is the steep prohibit slope.  At the 16% severe effects level you can expect 1-3 deaths in the exposed group.  The Calculated Dosage is also color coded to provide an idea of where within the risk range the exposure is.  For example, if it is less than or equal to 0.75 of the Dose required for percentile response, then the box is colored green; its yellow between 0.8 and 0.99 and red for greater than 0.99.

A limitation of the tool is it assumes the exposure concentration is constant over the entire exposure duration, which is clearly conservative but still provides useful ORM information.

ATTACHMENT 2

AFMS KNOWLEDGE CENTER PROCEDURES

1.  Access USAF Medical Service homepage: https://www.afms.mil/sg/index.htm
2.  Click Library/Knowledge Center login

3.  On Library/Knowledge Center login screen, select Knowledge Center

4.  Click Guest

5.  Click Login

6.  Scroll to bottom, click AFIERA

7.  Click Health and Safety Division (RSHI)

8.  Links to documents and subdirectories are located here

9.  To download a file, click on Fetch on the right side of the screen
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016





GD Calculations
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992





HD Perc Calculations
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044





GB Calculations
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016





GD Calculations
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992





HD Perc Calculations
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496





HD Hot Perc Calculations

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



EC84

EC50

EC16

Th84

Th50

Th16

Exposure Time (Min)

Exposure Concentration (mg/M3)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1107522307.xls
Chart9

		2		2		2		2		2		2

		10		10		10		10		10		10

		30		30		30		30		30		30

		60		60		60		60		60		60

		120		120		120		120		120		120

		240		240		240		240		240		240

		360		360		360		360		360		360



EC84

EC50

EC16

Th84

Th50

Th16

Exposure Time (Min)

Exposure Concentration (mg/M3)

215.4434690032

100

46.4158883361

26.9304336254

12.5

5.801986042

43.0886938006

20

9.2831776672

5.3860867251

2.5

1.1603972084

14.3628979335

6.6666666667

3.0943925557

1.7953622417

0.8333333333

0.3867990695

7.1814489668

3.3333333333

1.5471962779

0.8976811208

0.4166666667

0.1933995347

3.5907244834

1.6666666667

0.7735981389

0.4488405604

0.2083333333

0.0966997674

1.7953622417

0.8333333333

0.3867990695

0.2244202802

0.1041666667

0.0483498837

1.1969081611

0.5555555556

0.2578660463

0.1496135201

0.0694444444

0.0322332558



Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044





GA Calculations
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044





GB Calculations

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0



LC84

LC50

LC16

EC84

EC50

EC16

Th84

Th50

Th16

Exposure Time (Min)

Exposure Concentration (mg/M3)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496





HD Hot Perc Calculations
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044





GB Calculations
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016





GD Calculations
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992





HD Perc Calculations

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0



LC84

LC50

LC16

EC84

EC50

EC16

Th84

Th50

Th16

Exposure Time (Min)

Exposure Concentration (mg/M3)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044





GB Calculations
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016





GD Calculations
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496
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Data

		

		Agent		Effect		Exponent (n)		Probit Slope		Percentile Z Value		Dosage (Toxicological Effects mg-min/M3)

		GA		LC 16		1		12		-1		57.7782929688

				LC 50								70

				LC 84		1		12		1		84.806936104

				EC 16		1		10		-1		39.7164117362

				EC 50								50

				EC 84		1		10		1		62.9462705897

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GB		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.6309573445

				Th 50								1

				Th 84		1		5		1		1.5848931925

		GD		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		6		-1		0.2725168276

				Th 50								0.4

				Th 84		1		6		1		0.587119707

		GF		LC 16		1		12		-1		28.8891464844

				LC 50								35

				LC 84		1		12		1		42.403468052

				EC 16		1		10		-1		19.8582058681

				EC 50								25

				EC 84		1		10		1		31.4731352949

				Th 16		1		5		-1		0.2523829378

				Th 50								0.4

				Th 84		1		5		1		0.633957277

		VX		LC 16		1		6		-1		10.2193810359

				LC 50								15

				LC 84		1		6		1		22.0169890143

				EC 16		1		6		-1		6.8129206906

				EC 50								10

				EC 84		1		6		1		14.6779926762

				Th 16		1		4		-1		0.0562341325

				Th 50								0.1

				Th 84		1		4		1		0.177827941

		HD		LC 16		1		6		-1		681.292069058

		IH

				LC 50								1000

				LC 84		1		6		1		1467.7992676221

		OC		EC 16		1		3		-1		46.4158883361

				EC 50								100

				EC 84		1		3		1		215.4434690032

		OC		Th 16		1		3		-1		11.603972084

				Th 50								25

				Th 84		1		3		1		53.8608672508

		PC		LC 16		1		7		-1		7196.8567300115

				LC 50								10000

				LC 84		1		7		1		13894.9549437314

		PC		EC 16		1		3		-1		232.0794416806

				EC 50								500

				EC 84		1		3		1		1077.2173450159

		PC		Th 16		1		3		-1		23.2079441681

				Th 50								50

				Th 84		1		3		1		107.7217345016

		PC		EC 16		1		3		-1		92.8317766723

		HOT

				EC 50								200

				EC 84		1		3		1		430.8869380064

		PC		Th 16		1		3		-1		11.603972084

		HOT

				Th 50								25

				Th 84		1		3		1		53.8608672508





GA Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GA		LC16		57.78		2		28.89

				LC16		57.78		10		5.78

				LC16		57.78		30		1.93

				LC16		57.78		60		0.96

				LC16		57.78		120		0.48

				LC16		57.78		240		0.24

				LC16		57.78		360		0.16

				LC50		70		2		35.00

				LC50		70		10		7.00

				LC50		70		30		2.33

				LC50		70		60		1.17

				LC50		70		120		0.58

				LC50		70		240		0.29

				LC50		70		360		0.19

				LC84		84.81		2		42.40

				LC84		84.81		10		8.48

				LC84		84.81		30		2.83

				LC84		84.81		60		1.41

				LC84		84.81		120		0.71

				LC84		84.81		240		0.35

				LC84		84.81		360		0.24

				EC16		39.72		2		19.86

				EC16		39.72		10		3.97

				EC16		39.72		30		1.32

				EC16		39.72		60		0.66

				EC16		39.72		120		0.33

				EC16		39.72		240		0.17

				EC16		39.72		360		0.11

				EC50		50		2		25.00

				EC50		50		10		5.00

				EC50		50		30		1.67

				EC50		50		60		0.83

				EC50		50		120		0.42

				EC50		50		240		0.21

				EC50		50		360		0.14

				EC84		62.95		2		31.47

				EC84		62.95		10		6.29

				EC84		62.95		30		2.10

				EC84		62.95		60		1.05

				EC84		62.95		120		0.52

				EC84		62.95		240		0.26

				EC84		62.95		360		0.17

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GA		Th84		1.58		360		0.0044
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GB Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GB		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.63		2		0.3155

				Th16		0.63		10		0.0631

				Th16		0.63		30		0.0210

				Th16		0.63		60		0.0105

				Th16		0.63		120		0.0053

				Th16		0.63		240		0.0026

				Th16		0.63		360		0.0018

				Th50		1		2		0.5000

				Th50		1		10		0.1000

				Th50		1		30		0.0333

				Th50		1		60		0.0167

				Th50		1		120		0.0083

				Th50		1		240		0.0042

				Th50		1		360		0.0028

				Th84		1.58		2		0.7924

				Th84		1.58		10		0.1585

				Th84		1.58		30		0.0528

				Th84		1.58		60		0.0264

				Th84		1.58		120		0.0132

				Th84		1.58		240		0.0066

		GB		Th84		1.58		360		0.0044
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GD Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GD		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.27		2		0.1363

				Th16		0.27		10		0.0273

				Th16		0.27		30		0.0091

				Th16		0.27		60		0.0045

				Th16		0.27		120		0.0023

				Th16		0.27		240		0.0011

				Th16		0.27		360		0.0008

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.59		2		0.2936

				Th84		0.59		10		0.0587

				Th84		0.59		30		0.0196

				Th84		0.59		60		0.0098

				Th84		0.59		120		0.0049

				Th84		0.59		240		0.0024

		GD		Th84		0.59		360		0.0016
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GF Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		GF		LC16		28.89		2		14.44

				LC16		28.89		10		2.89

				LC16		28.89		30		0.96

				LC16		28.89		60		0.48

				LC16		28.89		120		0.24

				LC16		28.89		240		0.12

				LC16		28.89		360		0.08

				LC50		35		2		17.50

				LC50		35		10		3.50

				LC50		35		30		1.17

				LC50		35		60		0.58

				LC50		35		120		0.29

				LC50		35		240		0.15

				LC50		35		360		0.10

				LC84		42.40		2		21.20

				LC84		42.40		10		4.24

				LC84		42.40		30		1.41

				LC84		42.40		60		0.71

				LC84		42.40		120		0.35

				LC84		42.40		240		0.18

				LC84		42.40		360		0.12

				EC16		19.86		2		9.93

				EC16		19.86		10		1.99

				EC16		19.86		30		0.66

				EC16		19.86		60		0.33

				EC16		19.86		120		0.17

				EC16		19.86		240		0.08

				EC16		19.86		360		0.06

				EC50		25		2		12.50

				EC50		25		10		2.50

				EC50		25		30		0.83

				EC50		25		60		0.42

				EC50		25		120		0.21

				EC50		25		240		0.10

				EC50		25		360		0.07

				EC84		31.47		2		15.74

				EC84		31.47		10		3.15

				EC84		31.47		30		1.05

				EC84		31.47		60		0.52

				EC84		31.47		120		0.26

				EC84		31.47		240		0.13

				EC84		31.47		360		0.09

				Th16		0.25		2		0.1262

				Th16		0.25		10		0.0252

				Th16		0.25		30		0.0084

				Th16		0.25		60		0.0042

				Th16		0.25		120		0.0021

				Th16		0.25		240		0.0011

				Th16		0.25		360		0.0007

				Th50		0.4		2		0.2000

				Th50		0.4		10		0.0400

				Th50		0.4		30		0.0133

				Th50		0.4		60		0.0067

				Th50		0.4		120		0.0033

				Th50		0.4		240		0.0017

				Th50		0.4		360		0.0011

				Th84		0.63		2		0.3170

				Th84		0.63		10		0.0634

				Th84		0.63		30		0.0211

				Th84		0.63		60		0.0106

				Th84		0.63		120		0.0053

				Th84		0.63		240		0.0026

		GF		Th84		0.63		360		0.0018





GF Calculations
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VX Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		VX		LC16		10.22		2		5.11

				LC16		10.22		10		1.02

				LC16		10.22		30		0.34

				LC16		10.22		60		0.17

				LC16		10.22		120		0.09

				LC16		10.22		240		0.04

				LC16		10.22		360		0.03

				LC50		15		2		7.50

				LC50		15		10		1.50

				LC50		15		30		0.50

				LC50		15		60		0.25

				LC50		15		120		0.13

				LC50		15		240		0.06

				LC50		15		360		0.04

				LC84		22.02		2		11.01

				LC84		22.02		10		2.20

				LC84		22.02		30		0.73

				LC84		22.02		60		0.37

				LC84		22.02		120		0.18

				LC84		22.02		240		0.09

				LC84		22.02		360		0.06

				EC16		6.81		2		3.41

				EC16		6.81		10		0.68

				EC16		6.81		30		0.23

				EC16		6.81		60		0.11

				EC16		6.81		120		0.06

				EC16		6.81		240		0.03

				EC16		6.81		360		0.02

				EC50		10		2		5.00

				EC50		10		10		1.00

				EC50		10		30		0.33

				EC50		10		60		0.17

				EC50		10		120		0.08

				EC50		10		240		0.04

				EC50		10		360		0.03

				EC84		14.68		2		7.34

				EC84		14.68		10		1.47

				EC84		14.68		30		0.49

				EC84		14.68		60		0.24

				EC84		14.68		120		0.12

				EC84		14.68		240		0.06

				EC84		14.68		360		0.04

				Th16		0.06		2		0.0281

				Th16		0.06		10		0.0056

				Th16		0.06		30		0.0019

				Th16		0.06		60		0.0009

				Th16		0.06		120		0.0005

				Th16		0.06		240		0.0002

				Th16		0.06		360		0.0002

				Th50		0.1		2		0.0500

				Th50		0.1		10		0.0100

				Th50		0.1		30		0.0033

				Th50		0.1		60		0.0017

				Th50		0.1		120		0.0008

				Th50		0.1		240		0.0004

				Th50		0.1		360		0.0003

				Th84		0.18		2		0.0889

				Th84		0.18		10		0.0178

				Th84		0.18		30		0.0059

				Th84		0.18		60		0.0030

				Th84		0.18		120		0.0015

				Th84		0.18		240		0.0007

		VX		Th84		0.18		360		0.0005





VX Calculations
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HD Inhalation Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD		LC16		681.29		2		340.65

		Inh		LC16		681.29		10		68.13

				LC16		681.29		30		22.71

				LC16		681.29		60		11.35

				LC16		681.29		120		5.68

				LC16		681.29		240		2.84

				LC16		681.29		360		1.89

				LC50		1000		2		500.00

				LC50		1000		10		100.00

				LC50		1000		30		33.33

				LC50		1000		60		16.67

				LC50		1000		120		8.33

				LC50		1000		240		4.17

				LC50		1000		360		2.78

				LC84		1467.80		2		733.90

				LC84		1467.80		10		146.78

				LC84		1467.80		30		48.93

				LC84		1467.80		60		24.46

				LC84		1467.80		120		12.23

				LC84		1467.80		240		6.12

				LC84		1467.80		360		4.08

				EC16		46.42		2		23.21

				EC16		46.42		10		4.64

				EC16		46.42		30		1.55

				EC16		46.42		60		0.77

				EC16		46.42		120		0.39

				EC16		46.42		240		0.19

				EC16		46.42		360		0.13

				EC50		100		2		50.00

				EC50		100		10		10.00

				EC50		100		30		3.33

				EC50		100		60		1.67

				EC50		100		120		0.83

				EC50		100		240		0.42

				EC50		100		360		0.28

				EC84		215.44		2		107.72

				EC84		215.44		10		21.54

				EC84		215.44		30		7.18

				EC84		215.44		60		3.59

				EC84		215.44		120		1.80

				EC84		215.44		240		0.90

				EC84		215.44		360		0.60

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD		Th84		53.86		360		0.1496





HD Inhalation Calculations
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HD Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Perc		LC16		7196.86		2		3598.43

				LC16		7196.86		10		719.69

				LC16		7196.86		30		239.90

				LC16		7196.86		60		119.95

				LC16		7196.86		120		59.97

				LC16		7196.86		240		29.99

				LC16		7196.86		360		19.99

				LC50		10000		2		5000.00

				LC50		10000		10		1000.00

				LC50		10000		30		333.33

				LC50		10000		60		166.67

				LC50		10000		120		83.33

				LC50		10000		240		41.67

				LC50		10000		360		27.78

				LC84		13894.95		2		6947.48

				LC84		13894.95		10		1389.50

				LC84		13894.95		30		463.17

				LC84		13894.95		60		231.58

				LC84		13894.95		120		115.79

				LC84		13894.95		240		57.90

				LC84		13894.95		360		38.60

				EC16		232.08		2		116.04

				EC16		232.08		10		23.21

				EC16		232.08		30		7.74

				EC16		232.08		60		3.87

				EC16		232.08		120		1.93

				EC16		232.08		240		0.97

				EC16		232.08		360		0.64

				EC50		500		2		250.00

				EC50		500		10		50.00

				EC50		500		30		16.67

				EC50		500		60		8.33

				EC50		500		120		4.17

				EC50		500		240		2.08

				EC50		500		360		1.39

				EC84		1077.22		2		538.61

				EC84		1077.22		10		107.72

				EC84		1077.22		30		35.91

				EC84		1077.22		60		17.95

				EC84		1077.22		120		8.98

				EC84		1077.22		240		4.49

				EC84		1077.22		360		2.99

				Th16		23.21		2		11.6040

				Th16		23.21		10		2.3208

				Th16		23.21		30		0.7736

				Th16		23.21		60		0.3868

				Th16		23.21		120		0.1934

				Th16		23.21		240		0.0967

				Th16		23.21		360		0.0645

				Th50		50		2		25.0000

				Th50		50		10		5.0000

				Th50		50		30		1.6667

				Th50		50		60		0.8333

				Th50		50		120		0.4167

				Th50		50		240		0.2083

				Th50		50		360		0.1389

				Th84		107.72		2		53.8609

				Th84		107.72		10		10.7722

				Th84		107.72		30		3.5907

				Th84		107.72		60		1.7954

				Th84		107.72		120		0.8977

				Th84		107.72		240		0.4488

		HD Perc		Th84		107.72		360		0.2992





HD Perc Calculations
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HD Hot Perc Calculations

		Agent		Physiological Response & Percentile		Dosage Limit (Ct mg-min/M3)		Exposure Time (min)		Exposure Concentration (mg/M3)

		HD Hot Perc		LC16				2		0.00

				LC16				10		0.00

				LC16				30		0.00

				LC16				60		0.00

				LC16				120		0.00

				LC16				240		0.00

				LC16				360		0.00

				LC50				2		0.00

				LC50				10		0.00

				LC50				30		0.00

				LC50				60		0.00

				LC50				120		0.00

				LC50				240		0.00

				LC50				360		0.00

				LC84				2		0.00

				LC84				10		0.00

				LC84				30		0.00

				LC84				60		0.00

				LC84				120		0.00

				LC84				240		0.00

				LC84				360		0.00

				EC16		92.83		2		46.42

				EC16		92.83		10		9.28

				EC16		92.83		30		3.09

				EC16		92.83		60		1.55

				EC16		92.83		120		0.77

				EC16		92.83		240		0.39

				EC16		92.83		360		0.26

				EC50		200		2		100.00

				EC50		200		10		20.00

				EC50		200		30		6.67

				EC50		200		60		3.33

				EC50		200		120		1.67

				EC50		200		240		0.83

				EC50		200		360		0.56

				EC84		430.89		2		215.44

				EC84		430.89		10		43.09

				EC84		430.89		30		14.36

				EC84		430.89		60		7.18

				EC84		430.89		120		3.59

				EC84		430.89		240		1.80

				EC84		430.89		360		1.20

				Th16		11.60		2		5.8020

				Th16		11.60		10		1.1604

				Th16		11.60		30		0.3868

				Th16		11.60		60		0.1934

				Th16		11.60		120		0.0967

				Th16		11.60		240		0.0483

				Th16		11.60		360		0.0322

				Th50		25		2		12.5000

				Th50		25		10		2.5000

				Th50		25		30		0.8333

				Th50		25		60		0.4167

				Th50		25		120		0.2083

				Th50		25		240		0.1042

				Th50		25		360		0.0694

				Th84		53.86		2		26.9304

				Th84		53.86		10		5.3861

				Th84		53.86		30		1.7954

				Th84		53.86		60		0.8977

				Th84		53.86		120		0.4488

				Th84		53.86		240		0.2244

		HD Hot Perc		Th84		53.86		360		0.1496





HD Hot Perc Calculations

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



EC84

EC50

EC16

Th84

Th50

Th16

Exposure Time (Min)

Exposure Concentration (mg/M3)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




