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The U.S. Army uses geographic information system (GIS) technology to assist its decision making process in many critical areas, particularly to protect human health.  Examples will be presented that show how the military uses and adapts this technology to its everyday operations, both in the continental U.S. and abroad.

Deployed military forces are frequently exposed to environmental contaminants that may potentially put them at risk of adverse acute or chronic health effects.  The U.S. Army Center for Health Promotion and Preventive Medicine (CHPPM) is often tasked to measure those exposures and assess the potential for adverse health effects.  The CHPPM’s first major effort at measuring the environmental exposures of a deployed force, and attempting to determine the health consequences of that exposure, occurred during Operation Desert Storm (ODS) as a result of the concern over troop exposures to oil fire smoke.  The two biggest challenges of that effort were collecting adequate exposure data (i.e., sampling) and evaluating the data for potential health risks (i.e., risk assessment).  To assess the environment, and subsequent risk to troops caused by the oil fires, approximately 4000 environmental (air and soil) and industrial hygiene (air) samples were collected at 10 major troop locations throughout Kuwait and Saudi Arabia.  Sampling was conducted for 52 specific analytes using USEPA approved methods.  The exposure data was then used to support a classic USEPA “Superfund” health risk assessment (HRA).  Although, the exposure had occurred and was continuing to occur, this approach was considered adequate to determine the potential for adverse health effect (cancer and non-cancer) in the troop population.  

Results of the HRA indicated a small potential for adverse health effects to occur in the troop population as a result of exposure to oil fire emissions.  Total cancer risks were in the 7E-7 to 2E-6 range and non-cancer hazard indexes ranged from 0.6 to 5.0 throughout the theater of operation.  However, following the conflict in the Persian Gulf troops began experiencing health problems upon their return to the United States.  This situation prompted the Congress to pass two laws, PL102-190 and PL102-585, that required the Department of Defense (DOD) to set up a registry of all Desert Storm veterans.  The registry was to be used to determine the oil fire smoke exposure of all ODS veterans and to also conduct scientific research.   At that time the U.S. Army was given the DOD lead for Persian Gulf health issues and the CHPPM was tasked with the responsibility of determining troop oil fire exposure and potential health risk.  To accomplish this mandate the CHPPM selected geographic information system (GIS) technology.  The GIS is capable of analyzing and displaying large quantities of spatially and temporally referenced environmental/exposure, health outcome, demographic, and troop location data.  Because the CHPPM’s environmental sample data only covered a limited geographic area and time period, modeled exposure data was required.  The CHPPM enlisted the aid of the National Oceanic and Atmospheric Administration (NOAA), Air Resources Laboratory (ARL) to assist in the modeling effort.  

The CHPPM used the output from the NOAA HY-SPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectories) model, in conjunction with their AVHRR (Advanced Very High Resolution Radiometer) satellite images, to determine where the oil fire plume impacted troops on a daily basis and at what level.  HY-SPLIT was able to predict the concentrations of individual oil fire contaminants at the breathing zone level (2 meters) for 40,000 points (15 kilometer grid spacing) throughout the theater.   Daily troop unit locations were obtained from the U.S. Joint Services Center for Research of Unit Records, Troop Movement Database.  This database was constructed by examining all existing Gulf War records, such as troop unit logbooks and situation reports, that contained daily troop-unit location data by latitude and longitude.  Over 5 million records were examined.  The individual personnel in each troop unit were determined from the Defense Manpower Data Center’s (DMDC) Persian Gulf Registry.  The GIS can then calculate an individual troops’ exposure and resultant health risk using model or sample exposure data, standard USEPA toxicity factors (i.e., reference dose/concentration and cancer slope factor), and risk assessment algorithms    

The potential exposures and contributing causes of Desert Storm veterans’ health problems are numerous.  Unfortunately the data required to assess these exposures is very limited.  Therefore, the CHPPM GIS is being used to assist in the evaluation of other suspected environmental exposures and the medical outcomes potentially associated with those exposures.  Much of this work is being carried out using troop proximity to a particular event as a surrogate for exposure.  Other exposures, for example too chemical agents, are being modeled from reports of events that occurred during the war and with the aid of simulations.  Troops that were identified as potentially exposed using these model simulations are having their medical outcomes, such as, hospitalization and participation in DOD and Veterans Administration health registries identified.  These potentially exposed groups are being compared to unexposed troops or troops that did not deploy to the Persian Gulf region.  This methodology is being used to try and determine if a potential exposure resulted in an adverse health outcome.  One of the most intense investigations of potential chemical agent exposure occurred following discovery of the destruction of stored chemical agent filled rockets by U.S. forces at Khamisiyah, Iraq.  By combining information on source term (amount and purity of agent), weather conditions, and troop unit location for the days in question and applying several fate and transport and meteorological models, DOD was able to determine the individual service members exposed and for some their level of exposure.             

The situation with ODS veterans health problems and the lack of adequate record keeping with respect to environmental exposures, troop locations, medical records, pesticide usage, etc., has led the DOD to institute numerous changes.  Prior to the deployment to Bosnia DOD initiated the development of an “instruction” for Joint Medical Surveillance for Deployments.  Included in this instruction was the responsibility for determining environmental exposures, ascertaining potential health threats associated with the exposures, and reporting results back to field commanders and medical personnel.  The CHPPM has assumed a large role in this area with the environmental sampling and risk assessment activities being conducted in Bosnia for Operation Joint Endeavor/Guard (OJE/G).  The CHPPM mission is to assess acute and chronic exposures for a wide variety of environmental contaminants and report the potential for adverse health effects back to the field.  The collection and analysis of the complete data (i.e., troop locations and movement, medical records, medical surveillance, pesticide usage, etc.) for the Bosnia deployment has yet to be completed.  Until this is accomplished how much the DOD system for Joint Medical Surveillance for Deployments has improved will not be known.  

The CHPPM is continuing to expand and improve the Deployment Environmental Surveillance Program (DESP), which is an integral part of the CHPPM’s Joint Deployment Medical Surveillance System.  The ultimate goal is to be capable of responding immediately to a military deployment anywhere in the world.  This would include “operations other than war” such as the peacekeeping effort in Bosnia or disaster relief efforts such as hurricane Andrew.  To meet this challenge the DESP is expanding to map larger areas of the world and determine the environmental and health threats that exist in the region on a spatial and temporal basis.  The GIS capability is increasing with respect to the diversity of dispersion model it is capable of running and the ability to interface with the NOAA real-time meteorological prediction network.  The ultimate aim of this system is protecting the health of U.S. forces worldwide and reducing the incidence of disease and non-battle injury (DNBI).                                                                                                                                 

