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Introduction

Human biomarkers serve as indicators of actual or potential events in biologic systems or specimen.  There are three types of biomarkers:  biomarkers of exposure, biomarkers of effect, and biomarkers of susceptibility.  Biomarkers of chemical exposure are measured as the unchanged, parent chemical substance, its metabolite, or a product of its interaction with a target within the body.  The ability to detect and measure the parent substance, or a substance-specific metabolite, in an easily accessed tissue, fluid, gas, or excretion product at a sub-toxic concentration makes an ideal biomarker.  Biomarkers of exposure to physical and biological agents (also called stressors) also exist.  These types of biomarkers are measured as the agent in its initial form of contact or exposure, or as direct indicators of its effect on, or in, the body.  It must be noted that the use of “agent” in this context is not restricted to radiologic, biologic, or chemical weapons of military application, but rather, the term is used in the more general occupational and environmental context that applies to all physical and biologic entities, as well as, chemical substances.  

Biomarkers of exposure can be affected by several conditions.  The method for detecting and measuring the biomarker must be sufficiently sensitive and specific.  Ideally, a biomarker should be measurable at a level below which there are no significant or permanent untoward effects.  The measured biomarker may not be specific to exposure to one specific agent, or exposure to only one source of the agent.  The period of time in which the parent or initial agent, or its directly-related metabolite or effect, can be detected in the body determines when specimens for these indicators must be obtained; a biomarker with a short half-life may be eliminated before realization that an exposure had occurred.  In order for a biomarker of exposure or effect to be a valuable tool in medical surveillance, the dose-response relationship between exposure and effect must be established.

Biomarkers of effect are defined as any measurable biochemical, functional, or structural change that is associated with exposure and interaction to an agent.  In some instances, these effects do not represent injury, impairment of health, or disease.  Biomarkers of effect are frequently not specific to a given exposure or a specific agent.  A relationship between exposure (acute, subacute, or chronic) and the biomarker of effect must be established in order to determine causality.  

Biomarkers of susceptibility are indicators of an individual’s ability to respond to a specific exposure.  This type of biomarker usually represents inherent or acquired limitations of the individual, but its presence can also indicate a beneficial condition or response.  The lack of an enzyme, such as glucose-6-phosphate dehydrogenase (G6PD), or the presence/absence of a gene or genes (sickle cell trait or disease), is currently used by the armed services as markers of susceptibility.  

This collection of thirteen candidate biomarker fact sheets contains primarily biomarkers of exposure with some biomarkers of effect.  The fact sheets provide the biomarker toxicologic basis, application, specimen source, and references. 

Table of Contents
iiIntroduction


1Lead



3Mercury


5Cadmium


7Arsenic


9Uranium


11Volatile Organic Compounds


14Polynuclear (Polycyclic) Aromatic Hydrocarbons--PAHs


17Dioxins/Polychlorinated Biphenyls (PCBs)


20Nerve Agent (Cholinesterase Inhibition)


23Nerve Agents


26Sulfur Mustard


29Ionizing Radiation


32Particulate Matter


36Appendix A - Biological Monitoring Information


38Appendix B - Particulate Matter Addendum


43Glossary of Acronyms


48Glossary of Measurement Units




Lead

Toxicokinetics

Inorganic lead compounds are cumulative toxicants with absorption into the body affected by biological and chemical factors.  The age of individual, sex, pregnancy, nutritional status {iron, calcium, zinc}, and route of entry, as well as the concentration, particle size, and solubility of the lead compound are important determinants in uptake.  The blood lead level [BPb] is the best available biomarker for relating severity of toxic effects of exposure to inorganic lead compounds.  Organic lead compounds are acutely toxic.

Biomarker of Exposure:  Blood Lead Level [BPb]
A Biological Exposure Index (BEI) has been established at 30 mcg/dl in a random, whole blood specimen (ACGIH, 2002).  This [BPb] reflects a time-weighted exposure at the current threshold limit value of 50 mcg/m3 for inorganic lead compounds except lead arsenate.  This [BPb] is not applicable to pregnant women or adults with immediate childbearing potential, or children.  The Occupational Safety and Health Administration (OSHA) defines an excessive exposure as a [BPb] exceeding 40 mcg/dl; removal/ termination of occupational exposure is required if the average [BPb] exceeds 50 mcg/dl.   

Method:  atomic absorption spectrophotometry (AA; AAS); inductively coupled plasma (ICP)

Specificity: specific for lead but does not distinguish between past and current exposures, or the source.

Sensitivity: can detect [BPb] in adults below the level known to cause clinical effects.

Population Reference Levels:  NHANES (1999) geometric mean: 8.0 mcg/dl; and Adult Blood Lead Epidemiology and Surveillance (ABLES) 1994-97 prevalence of adults with [BPb] > 25 mcg/dl is 15 - 442 per million population.

Other potentially useful biomarkers for lead exposure:  

Zinc protoporphyrin [ZPP] or free erythrocyte protoporphyrin [FEP] (NOTE: ZPP and FEP are clinically equivalent) level increases and decreases more slowly than [BPb] and can be used as an indicator of intermittent exposure; not sensitive to low lead level exposures equivalent to [BPb] < 20 - 25 mcg/dl); not specific for lead exposure.  [ZPP] and [FEP] affected by specimen handling and time.

Urinary lead level:  indicates exposure, but variable excretion rate causes unreliable results with fluctuations in levels.

Hair lead levels have been used as a non-invasive, stable specimen for sub-acute and chronic exposure.  Results may be affected by use of hair dyes, bleaches, and permanents.  May not correlate with exposures resulting in BPb below ~12 mcg/dl.

Stable lead isotope measurements:  204 Pb, 206 Pb, 207 Pb, 208 Pb can be used to identify source.

Urinary coproporphyrin: not specific for lead; specimen sensitive to light.

delta-aminolevulinic acid (d-ALA): not specific for lead; specimen sensitive to light.

Media

Analytical considerations

Sample:  whole blood in Pb-free ethylenediaminetetraacetic acid (EDTA) or heparin tube—clotted specimen rejected; handle/ship at room temperature

Limit of detection:  to below clinical significance (NHANES, 1999  < 0.5 mcg/dl)
Interference: none in unclotted whole blood obtained from clean venapuncture

Contamination: must be collected through a skin surface that has been thoroughly cleaned to prevent environmental contamination  

Interpretation of results 

Inorganic lead compounds may be present as occupational or environmental contaminants. Lead has no needed biological function and presence indicates exposure.  Common sources of trace levels are food and water.  Direct contamination of the skin surface in extremely small amounts may cause a factious elevation in the results.  When biological specimens are obtained under field conditions where skin contamination is suspected, the site must be thoroughly cleaned before the venapuncture is made.  Agency for Toxic Substances and Disease Prevention (ATSDR) has not established a minimum risk level for lead (MRL).

References

Abadin H and Llados F, chemical managers/editors.  Agency for Toxic Substances and Disease Registry.  Toxicological Profile for Lead.  US Department of Health and Human Services. ATSDR. 587 pages + Appendices.  July, 1999.

American Conference of Governmental Industrial Hygienists (ACGIH).  Threshold Limit Values (TLVs) for Chemical Substances and Physical Agents & Biological Exposure Indices (BEIs). Cincinnati, OH.  2002.

Centers for Disease Control and Prevention.  National Report on Human Exposure to Environmental Chemicals. 72 pages. March 2001. http://www.cdc.gov/nceh/dls/report/PDF/CompleteReport.pdf
Gunter EW, Lewis BG, Koncikowski SM.  Laboratory Procedures used for the Third National Health and Nutrition Examination Survey (NHANES III) 1988 – 1994. USDHHS. National Center for Environmental Health.  1996.

LabCorp; Laboratory Corporation of America.  http://www.labcorp.com/  2002.  

MMWR.  Adult Blood Lead Epidemiology and Surveillance -- United States, Second and Third Quarters, 1998, and Annual 1994-1997.  48(10):213-216, 223 (March 19) 1999.http://www.cdc.gov/mmwr/preview/mmwrhtml/00056742.htm
Sussell, A, editor.  Protecting Workers Exposed to Lead-Based Paint Hazards; A Report to Congress.  US Department of Health and Human Services. NIOSH. 86 pages.  January, 1997. 

Mercury

Toxicokinetics

There are significant differences in absorption and toxicity between the different species of mercury (Hg0, Hg+, Hg++, organo-Hg).  Elemental mercury (via the lung) and the organic compounds (via the gut) are more readily absorbed, and they have more acute neurotoxicity.  Mercury compounds target the kidney; lipid soluble forms enter the nervous system.  The species may undergo transformation between forms within the body and in nature.  The ultimate toxic species appears to be the Hg++ ion.  Although mercury bioaccumulates in the body, the half-life in blood is about three days; overall elimination is chemical species, dose, and exposure time dependent.  The detection of total mercury by bioassay may include mercury of all species and sources; and time, duration, and intensity of exposure.  

Biomarker of Exposure:  Blood [BHg] or urine [UrHg] mercury concentration

Biological Exposure Indices (BEIs) have been established at 15 mcg/l in post-exposure whole blood, and 35 mcg/g creatinine in a pre-exposure urine (ACGIH, 2002).  These BEIs reflect a time-weighted exposure at the current threshold limit value of 25 mcg/m3 for elemental and inorganic mercury compounds.  Hair can be used for methyl mercury and inorganic mercury exposure assessment.  The hair:blood concentration ratio for total mercury is frequently cited as 250; the precise basis for this particular value is unclear.
Method:  atomic absorption spectrophotometry (AA; AAS); inductively coupled plasma (ICP)

Specificity: highly specific for mercury but does not distinguish between past, current, or continuous exposures (amalgam leachate), intensity or duration of exposure, or the exposure source.

Sensitivity: mercury can be detected in biological fluids below levels associated with current clinical significance

Population Reference Levels:  minimum risk levels (MRLs) have been established by the ATSDR for ingestion and inhalation exposures, but there are presently no correlated biomarkers. NHANES 1999 data restricted to children 1-5 years (geo mean = 0.3 mcg/l blood) and women of reproductive age (geo mean = 1.2 mcg/l blood).  Other data for general populations range from 1-8 mcg/l blood for the general population.  High fish consuming groups have blood levels as high as 200 mcg/l.  Urine levels range from 0.4 – 11 mcg/g Cr (ATSDR, 1999).

Other potentially useful biomarkers for mercury exposure:

Expired breath can be used to detect Hg0 following recent exposure.

Media

Analytical considerations

Sample:  blood and urine specimens should be obtained with a few days of exposure in order to associate the level with a specific exposure; BLOOD: collect in EDTA or heparin tube (royal blue top) and handle at room temp.  URINE: aliquot from 24-hr urine collection in plastic container without preservative preferred maintained at room temp (Hg-containing preservative may affect assay).  

Limit of detection: 0.l mcg/l blood (ATSDR, 1999)
Interference: measures total mercury; none in unclotted, whole blood; beware of background sources (dental amalgams and food)

Contamination: gross environmental contamination or hair treatment products may affect hair concentration
Interpretation of results

Urine is the appropriate biomarker for recent inorganic mercury exposure (best for Hg0 exposure assessment. Selenium appears to be protective.  Low-level exposures correlate poorly with measured urine and blood mercury concentrations. ATSDR has established minimum risk levels for elemental mercury (inhal, chronic) at 0.0002 mg/m3 and mercuric chloride (oral acute and intermediate) at 0.007 mg/kg/d and 0.002 mg/kg/d, respectively.
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Cadmium

Toxicokinetics

Chemical and physical factors (compound, size, solubility), as well as route of entry, dose, duration of exposure, diet, and age, affect toxicity.  Cadmium compounds bioaccumulate in the kidney and liver with an extremely long biological half-life.  Cadmium is bound in the body to metallothionein, an inducible and widely distributed protein that prevents toxicity.  The kidney appears to be the primary target following oral or low-dose inhalation exposure to cadmium.

Biomarker of Exposure Blood Cadmium [BCd] and Urine Cadmium [UrCd] Levels

A Biological Exposure Index (BEI) has been established for cadmium and its inorganic compounds at 5 mcg/l in a random, whole blood specimen and 5 mcg/g Cr in a random urine specimen (ACGIH, 2002).  These BEI levels reflect a time-weighted exposure at the current threshold limit value of 10 mcg/m3 for cadmium, or 2 mcg/m3 for inorganic cadmium compounds.  

The Occupational Safety and Health Administration (OSHA) defines an “excessive” occupational exposure as a [BCd] exceeding 5 mcg/l or a [UrCd] exceeding 3 mcg/g Cr.  Removal/ termination of occupational exposure is required if the [BCd] exceeds 15 mcg/l; the [UrCd] exceeds 15 mcg/g Cr (or the beta-2 microglobulin exceeds 1500 mcg/g Cr—this assay cannot be used as a sole indicator of cadmium exposure). 

Method:  atomic absorption spectrophotometry (AA; AAS); inductively coupled plasma (ICP)

Specificity: cadmium measurements are specific regardless of source;  [BCd] reflects recent cadmium exposure and [UrCd] reflects both current and past exposure; neither assay identifies exposure source.

Sensitivity: can detect cadmium in blood (LOD = 0.3 mcg/l) and urine of adults below the level known to cause clinical effects.

Population Reference Levels:  NHANES 1999 geometric mean in urine of > 6 years of age is 0.33 mcg/l (uncorrected) and 0.27 mcg/g Cr; geometric mean in blood of US population > 20 years of age is 0.3 mcg/l.  

Other potentially useful biomarkers for cadmium exposure:  

Fecal cadmium reflects the poorly-absorbed, dietary cadmium in the current diet; it can be used to indicate current inhaled/ingested cadmium of known, exposed populations

Hair/nail cadmium level: may not be reliable for low dose exposure, or reflect actual internal dose as external surface may be contaminated with cadmium

Beta-2 microglobulin: assay of this small protein as a non-specific indicator of protein leakage from the kidney is non-specific for cadmium and affected by many factors in addition to cadmium and other toxic chemicals; this assay is not a good biomarker for cadmium exposure 

Cadmium may be quantified in tissue biopsies (kidney and liver) to determine etiology of disease state
Media

Analytical considerations:

Sample:  BLOOD: whole blood in ethylenediaminetetraacetic acid (EDTA) or heparin tube (royal blue top); handle/ship at room temperature.  URINE: random specimen in plastic container without preservative and maintained at room temperature

Limit of detection:  to below clinical significance (NHANES III: 0.3 mcg/l)
Interference: Reference level may be adjusted for smoking

Contamination: hair or nail assays may be elevated by presence of surface contamination; mercury-containing preservative (Stabilur) may affect assay.

Interpretation of results
Cadmium compounds are distributed widely in nature in plants, animals (bound to metallothionein in organ meats), water, and air; they are also frequently found in metal ores (lead, zinc, and copper).  Dietary exposure may result in higher levels than found in background population.  Smokers have higher levels than non-smokers.  Due to accumulation in kidney, urine levels reflect past and recent exposure.  When compared to the urine concentration, the blood concentration can be used as an indicator of recent exposure.  ATSDR has established a minimum risk level for chronic oral exposures at 0.0002 mg/kg/d. Smokers receive about 50% of their daily dose from cigarettes.
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Arsenic

Toxicokinetics

Arsenic is a ”metalloid” (not a true metal) widely distributed in nature with its chemical forms ranging in increasing toxicity from organo-As compounds < As+5 < As+3 < arsine (AsH3).  The “CCA-treated” wood preservative (“salt-treated”/”pressure-treated” wood) that has been used extensively in the past, contains arsenic in the arsenate (As+5) form.  The organoarsenic compounds have a very low order of toxicity.  The toxicity of As+5 (arsenate) is associated with the inhibition of oxidative phosphorylation.  The toxicity of As+3 (arsenite) is associated with reaction with sulfhydryl (-SH) groups).  Arsine is a short-lived gas that causes rapid hemolysis.  The effect of metabolism on toxicity is dependent upon dose; the methylation pathway becomes saturated.  There are some data that suggest that low levels of dietary arsenic may be beneficial (hormesis theory).

Biomarker of Exposure:  Urine Arsenic [UrAs] Level
A Biological Exposure Index (BEI) has been established for elemental arsenic and its soluble inorganic compounds at 35 mcg/l As (measured as inorganic and methylated As metabolites) in a urine specimen collected at the end of the workweek (ACGIH, 2002).  This BEI reflects a time-weighted exposure at the current threshold limit value of 10 mcg/m3 for arsenic and its inorganic compounds (as As).

Method:  atomic absorption spectrophotometry (AA; AAS); inductively coupled plasma (ICP)
Specificity: arsenic measurements are specific for arsenic regardless of source or form;  “speciation”, or the separation of arsenic by organic and inorganic forms and further, the inorganic fraction by valence, is performed by some laboratories.  Urine arsenic [UrAs] reflects fairly recent exposure of the past few days.  Speciation can assist in source identification and is essential to discern the presence of organic dietary forms that can cause significant elevations in the test results. (Arsenic speciation methods: hydride generation with ICP-MS or ion chromatography with ICP-MS)

Sensitivity: can detect arsenic in urine, blood, hair and nails below the level known to cause clinical effects; total [UrAs] includes forms that do not contribute to toxicity

Population Reference Levels:  NHANES 1999 does not address the arsenic burden in the US population; “background” generally considered < 50 mcg/l urine and hair/nail arsenic concentration less than 1 ppm.

Other potentially useful biomarkers for arsenic exposure:  

Hair/nail arsenic level: may be a useful indicator of past exposure, but may not be reliable for low dose exposure; external contamination may occur and not reflect actual internal dose; quantitative relationship between exposure and hair/nail arsenic level is lacking 

Blood arsenic level: arsenic is cleared within a few hours from the blood; the level reflects very recent and not chronic exposure 

Media

Analytical considerations

Sample:  URINE: random specimen (best: aliquot of 24-h collection) in plastic container without preservative (Hg-containing preservative (Stabilur) may affect assay); maintain at room temp

Limit of detection:  to below clinical significance 
Interference: “seafood” arsenic (arsenobetaine and arsenocholine) can substantially elevate total arsenic level and does not reflect toxic exposure

Contamination: hair or nail assays may be elevated by presence of surface contamination

Interpretation of results

Organic arsenic forms are common in seafood and may cause substantial increase in total urine arsenic concentration.  Avoid seafood ingestion for 72 hours before urine collection.  Speciation of arsenic is an important tool in interpretation of results and identification of source. Inorganic arsenic compounds usually represent the important exposure sources.  A provisional minimum risk level (MRL) has been established for the oral route at 0.005 mg/kg/d for a period of 14 days or less, and 0.0003 mg/kg/d for a period of one year or more.
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Uranium

Toxicokinetics

The health effects of oral and dermal exposure to uranium (U) and depleted uranium (DU) are primarily due to the chemical (toxic), and not the radioactive, effects.  Exposure via the inhalation route may have a radiological component of injury due to retention of substance in lung.  Absorption into body is low via oral, inhalation, and dermal routes.  The more water-soluble U compounds have greater renal toxicity.  The insoluble compounds have little renal toxicity, but can result in greater pulmonary toxicity when inhaled and retained.  Two-thirds of the absorbed U in the blood is excreted via the kidney within 24 hours.  The half-life in bone is 11 days; in the kidney is 2-6 days (about 1% of renal U is retained with a half-life of over 4 years).
Uranium is widely distributed in trace quantities in rocks, soils, water, air, and living matter; uranium in phosphate rock and coal is released by human activity with these substances.  The isotope 238U, comprises, by weight, over 99% of naturally occurring uranium and it is the least radioactive of the U isotopes.  Uranium is an alpha emitter; decay progenies are weak beta and x-ray emitters.  The inhalation route represents the most significant mode of entry.  Entry of uranium into the lung and the systemic circulation is dependent on the size and solubility of inhaled particles.  Inhaled, insoluble particles that remain in the lung may present a radiation hazard; soluble uranium compounds are distributed throughout the body and target the kidney.  

Biomarker of Exposure:  Urine Uranium [UrU] Level
The United States Nuclear Regulatory Commission (NRC) has set an action level for uranium in urine to protect workers occupationally exposed to uranium. This urine uranium level is 15mcg/l (238U); this is below the 90th percentile of urine uranium levels given in NHANES 1999.  The NRC notes that it is unknown if the population levels reported in the NHANES 1999 data represent cause for health concern and state that more research is needed.
Method:  atomic absorption spectrophotometry (AA; AAS); inductively coupled plasma (ICP); ionizing radiation detectors
Specificity: specific for U and isotopes

Sensitivity: sensitive to levels below clinical significance

Population Reference Levels:  The NHANES 1999 geometric mean is 0.008 mcg/l urine in a representative sample of the US population of 1006 individuals older than 6 years of age.  The TLV for the soluble and insoluble compounds of natural uranium is 200 µg/m3; a BEI has not been established. The EPA’s Maximum Contaminant Level (MCL) for U in drinking water is 20 mcg/l.

Other potentially useful biomarkers for uranium exposure:

Whole body counting of  238U can detect 10-3 microCi ( ~ 0.5 mg) 

Biodosimetry is an indicator of effect with chromosomal damage being an excellent indicator of adsorbed radiation dose regardless of source; chromosomes with two centromeres (dicentrics) are used as exposure indicators, the background frequency of dicentrics in blood lymphocytes is 1:103 .  

[U] in soft tissue and bone: can be used but not practical for routine monitoring  

Media

Analytical considerations

Sample:  URINE: aliquot of 24-h collection preferred; random specimen corrected for creatinine (Cr) can be used for “high” U exposure 

Limit of detection:  0.1 picoCi/l can be detected by radiochemical methods; analytical chemistry methods can detect < 0.01 mcg/l and can further identify isotope by alpha-spectroscopy; NRC guide requires LoD of 5 mcg/ml urine with precision of 30%
Interference: none

Contamination: U from drinking water can have significant effect on level  

Interpretation of results

The typical human has a body burden of about 100 – 125 mcg of uranium with about 1 mcg being excreted daily in the feces from dietary sources.   [UrU]  typically reflects recent exposure over the past week, but excretion can be prolonged with high concentration or long duration exposure. 

Urine concentration of > 100 mcg/l is indicative of recent exposure; < 40 mcg/l may be due to slow release and uptake or bone mobilization.

Minimum risk levels (MRLs) have been established for intermediate exposure (2-52 weeks) to the insoluble uranium compounds via the inhalation route at 0.008 mg/m3.  For the highly soluble uranium salts, the MRL for intermediate inhalation exposure is 0.0004 mg/m3; and the chronic inhalation MRL is 0.0003 mg/m3; the MRL for the oral, intermediate exposure route is 0.002 mg/kg/day.

NOTE: The depleted uranium (DU) used by the Army is about 98.8% 238U, 0.2% 235U, and 0.0006% 234U and presents 40% less of an external radiation hazard than an equal amount of natural uranium.  The 235U contained in DU is reduced in concentration from 0.7 to less than 0.2%.
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Volatile Organic Compounds

Toxicokinetics

The “volatile organic compounds” (VOCs) are a large grouping of chemical classes that are widely distributed.  They are collectively grouped due to one chemical property, volatility; otherwise, they are chemically and toxicologically diverse.  The VOCs are present throughout nature, as well as in personal, commercial, and industrial products.  By definition, these “volatile” compounds can enter the body via the respiratory route; however, due to other physical and chemical characteristics, they may have substantial absorption via all other routes.  These VOCs may be present in concentrations in the part per trillion (ppt) range.  Therefore, their assay may be easily affected by contamination or loss of the analyte.  The blood VOC concentrations [VOC] change rapidly with onset and cessation of exposure.  The concentrations of most VOCs decrease rapidly upon cessation of exposure, but a small fraction may persist in the body and accumulate with repeated exposure over time.  Non-occupationally-exposed individuals have blood [VOC] of synthetic chemicals on the order of ng/l (ppt); these concentrations are below the levels of clinical significance.

Biomarkers of Exposure

Both blood and urine can be used to detect exposure to VOCs.  The blood [VOC] is more specific as it measures the parent compound; the urine assay often measures a metabolite [VOC-metabolite].  The blood [VOC] generally decreases more rapidly after exposure than does the urine [VOC-metabolite].  The collection and use of both blood and urine can be complementary, or essential, for some VOC assays.  Assay in urine or expired air requires a less invasive collection procedure.  Blood specimens must be kept cold, but not frozen.  

Method:  GC/MS
Specificity: blood [VOC] assays are highly specific and detectable in concentrations of ng/l (ppt); urine [VOC-metabolite] is less specific as there may be a common metabolite of two separate chemicals. The limit of detection in urine is in the mcg/l (ppb) range.   

Sensitivity:  assays performed using GC-MS technologies are highly specific and sensitive

Population Reference Levels:  NHANES III data are available for 32 VOCs in blood and 11 phenol and one phenoxy acid in urine.  NHANES 1999 data are available for metabolites of select organophosphate pesticides and phthalates in urine. (see Appendix A).  BEIs have been established for several VOCs including acetone, benzene, chlorobenzene, 2-ethoxyethanol/ acetate, ethyl benzene, furfural, n-hexane, methanol, 2-methoxyethanol/acetate, methyl chloroform, MEK, MIBK, nitrobenzene, pentachlorphenol, phenol, tetrachloroethylene, tetrahydrofural, toluene, trachloroethylene, xylenes.  OSHA has a specific biomonitoring standard for benzene exposure (measured as urinary phenol, 75 mg/l (corrected for specific gravity).

Other potentially useful biomarkers for VOC exposure:

Expired air can be used to assay a VOC, but the elimination via this route is rapid (usually hours) and primarily reflects short-term exposure. 

Hair/nails technologies are developing and represent an intermediate to long-term exposure sample of the blood [VOC].  

Media

Analytical considerations

Sample:  Blood or urine. Store blood at 4oC for up to 50 days; do not freeze as hemolysis may affect the equilibrium of trace analytes within the matrix.

Limit of detection:  blood: picogram amounts of VOC analyte; urine: nanogram amounts of analyte-metabolite

Interference: smoking may be the most significant confounder; other background contributors include:  water treatment chemicals, personal hygiene products, unintentional food additives, and vehicle exhaust.  

Contamination: VOCs are ubiquitous: water, smoking, venapuncture site contamination, sample preservative, and sample container are VOC sources; care must be taken to prevent accidental contamination or loss (surface adsorption, evaporation) during sample collection, handling and analysis. 

Interpretation of results

A blood or urine “volatile screen” in a typical clinical chemistry analysis includes acetone, ethanol, isopropanol, and methanol.  These compounds are assayed and reported in much greater concentrations.

Intensity, duration, and frequency of exposure affect the elimination of VOCs.  Distribution is multi-compartmental and elimination appears multi-exponential with a residual, trace amount of a VOC remaining in the body for an extended period and enabling a biomarker for exposure. If net uptake exceeds metabolism and elimination, bioaccumulation can occur.   Past exposure and current low-level exposure are not differentiated in the analysis.   

Blood is a complex matrix with many trace components varying normally in life.  Individual baseline assays before exposure can provide a reference point, but may not identify statistically and clinically significant deviations.  Minimum risk levels (MRLs) have been determined for a number of VOCs by various routes.
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NOTE: 
In addition to the 32 VOCs identified and currently tracked by NHANES, there are a few additional military unique or specific VOCs that may arise during the deployment scenario and should also be considered.  These include JP-8 (and additives), gasoline, and n-hexane.  Typical additives to JP-5 and JP-8 include antioxidants (including phenolic antioxidants), static inhibitors, corrosion inhibitors, fuel system icing inhibitors, lubrication improvers, biocides, and thermal stability improvers. These additives are used in specified amounts only, as governed by commercial and military specifications. The exact composition of the jet fuel also varies depending on the crude from which it is refined. As a result of this variability, little information exists on the exact chemical and physical properties of jet fuels; however, the differences among these fuels are considered to be minor.



Polynuclear (Polycyclic) Aromatic Hydrocarbons--PAHs

Toxicokinetics
Over 100 known PAHs are formed from incomplete combustion of natural and synthetic substances composed only of carbon and hydrogen.  PAHs are very stable and found as complex mixtures formed from heating carbon compounds.  These mixtures may exist in the vapor form, or adherent to the surfaces of particulates.  Due to limited human exposure data, animal data are relied upon extensively for toxicity and risk assessment.  Absorption by the oral and dermal routes appears to be influenced by lipid solubility and the presence of a lipid vehicle; inhaled PAHs are affected by the characteristics of the carrier particles.  The skin appears to be a significant route of entry (up to 75% of absorbed dose) for some PAHs.  The level of environmental exposure, and the absorption, metabolism, and excretion of PAHs, do not correspond in limited, human population studies.  Smoking and alcohol ingestion may influence excretion.  Widely distributed metabolic activity results in lipophilic parent compounds becoming more water-soluble with shortened biological half-lives.

Biomarkers of Exposure

Urine, blood, or other fluids can be used as source media from which PAHs or their metabolites can be recovered.  1-hydroxypyrene is a commonly measured, non-source specific metabolite, found in urine in the ppm range (mcg/g Cr); but ppb range reported in blood and other tissue by Brandys et al, 1988.  
Method:  GC/MS

Specificity:  low; 1-hydroxypyrene is a common metabolite of PAHs from multiple sources; individual metabolites much more specific for exposure to given PAH

Sensitivity: ubiquitous nature of PAHs makes sensitivity an analytical issue due to background. 

Population Reference Levels:  NHANES III data are not yet available for PAHs, but they are being considered for future reports. PAHs are under study by the ACGIH BEI Committee.

Other potentially useful biomarkers for PAH exposure: 

PAHs in feces represent acute exposure from primarily oral exposures 

Post-mortem fat samples can be a source of PAH/metabolite in ppt range; sample not practical for monitoring 

DNA adducts can be measured in blood and other tissues at exposure levels in range of mg/kg (ppm; in animals).  Exposure correlation (acute:chronic; low:high) cannot be made.  Sister chromatid exchange frequency is a less sensitive biomarker of effect.  Mutations in peripheral blood lymphocytes are non-specific and not related to exposure conditions.  LoD of 0.1 fmol/mcg DNA has been reported.

Media

Analytical considerations:  Tests for PAH biomarkers of exposure are not currently readily available from commercial clinical laboratories.  

Sample:  Urine, blood, other tissue.  

Limit of detection:  varies with tissue.  LOD reported as low as 50 pg/g sample.

Interference: 1-hydroxypyrene is a commonly measured, non-source-specific metabolite, found in urine in the ppm range (mcg/g Cr)

Contamination: smoking may lead to contamination of the laboratory or sample 

Interpretation of results

The ATSDR considers the following chemicals as a representative group in spite of dissimilar health effects.  The grouping is based upon the overall similarities, availability of data, environmental abundance, and the fact that these compounds demonstrate the more severe toxic effects.  Some members of this group are carcinogenic. 

	• acenaphthene
	• benzo[b]fluoranthene
	• dibenz[a,h]anthracene

	• acenaphthylene
	• benzo[g,h,i]perylene
	• fluoranthene

	• anthracene
	• benzo[j]fluoranthene
	• fluorene

	• benz[a]anthracene
	• benzo[k]fluoranthene
	• indeno[1,2,3-c,d]pyrene

	• benzo[a]pyrene
	• chrysene
	• phenanthrene

	• benzo[e]pyrene
	
	• pyrene


The background environmental level is a variable mixture from natural and anthrogenic sources (wood burning, tent heaters, vehicle exhaust).  Interactions between the various PAHs may significantly alter toxicity.  Tobacco smoke is a significant contributor to PAH burden in indoor air.  Cigarette smoking, and exposure to wood smoke, can affect the concentration of PAHs or their metabolites in tissues.

Past exposure, and current acute, intermediate, or chronic exposures, are not differentiated in the analysis.   Source of PAH/metabolite not identified.  No correlation can be made between presence of a PAH in the body and harmful effect.

MRLs (based only upon non-cancer health effects) for intermediate oral exposure to acenaphthene, anthracene, fluoranthene, and fluorine have been established.  MRLs for inhalation, dermal, and acute and long-term oral exposure to PAHs have not been established.
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Dioxins/Polychlorinated Biphenyls (PCBs)

Toxicokinetics

The dioxins (chlorinated dibenzo-p-dioxins {CDDs} or polychlorinated dioxins) and the polychlorinated biphenyls {PCBs}) are usually found together in the environment with structurally-related chlorinated benzofurans.  The CDDs are a group of 75 compounds of varying toxicity.  2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) has the greatest mammalian toxicity in the series and is the prototype for the other compounds.  CDDs occur both in nature and as an unintentional by-product of human activities.  The ingestion of meat, dairy products, and fish accounts for 90% of the daily intake of CDDs in the general population.  Storage in adipose tissue and the liver occurs with limited metabolism; excretion is principally via the gut.  IARC has classified 2,3,7,8-TCDD as a human carcinogen; it has also been demonstrated to cause reproductive and developmental effects in animals.  The oral and inhalation routes appear to provide better absorption than the dermal route.  The elimination half-life of 2,3,7,8-TCDD is estimated to be between 7- 12 years.  Based upon total lipid weight, serum 2,3,7,8-TCDD content is highly correlated with the content in adipose tissue.  PCBs are synthetic chemicals present as impure solid, liquid, or vapor mixtures.  The use of PCBs in the United States prior to 1977, as coolants and lubricants in electrical equipment, relied upon their very desirable fire and insulating properties.  Their environmental persistence led to their regulation.  Most of the toxicological data for PCBs are from animal studies of mixtures; there are limited human exposure data.  Current human data do not allow determination of the inhalation absorption rate (the major route in occupational exposures); however, oral absorption (major route for general population exposure) appears to be greater than from the dermal route in humans via passive diffusion.  With increasing chlorine content, congeners become more lipophilic.  PCBs undergo metabolism by the cytochrome P-450 system to more polar metabolites that can be conjugated with glutathione or glucuronic acid.  The parent compounds are primarily excreted in feces; the metabolites in the urine.  The apparent biological half-lives of CDD and PCB congeners may range from weeks to years.

Biomarkers of Exposure
Both blood and adipose can be used as specimen sources for CDDs and PCBs.  CDDs: General US population levels of 2,3,7,8-TCDD, on a lipid weight basis, are generally below 10 pg/g (ppt) {range 3 to 7 ppt} of lipid in the blood and fatty tissue.  Higher levels indicate past exposure to “above-average” levels of 2,3,7,8-TCDD.   Assays can be used to estimate past dose of the exposure if the time of exposure is known.  PCBs: have TLV established for 42% and 54% Cl compounds; there are no BEIs.

Method:  GC/MS; High Resolution Gas Chromatography (HRGC); Gas Chromatography/Electron Capture Detector (GC/ECD)
Specificity: CDDs: GS/MS and HRGC are sensitive and specific in biological fluids and tissues.  PCBs: multiple analytical procedures specific for congeners and isomers; GC/ECD with mass spectrometry confirmation used extensively
Sensitivity:  CDDs: assays are highly specific and sensitive in the part per trillion range.  PCBs: same, but only to ppb range by specialized clinical lab; inter-laboratory variability can be significant!

Population Reference Levels:  CDDs: An average concentration of 2,3,7,8-TCDD in serum lipid of 5.38 ppt has been estimated for the U.S. population in National Human Adipose Tissue Survey (NHATS, 1987).  For all TEQ congeners, excluding dioxin-like PCBs, the national average was approximately 28 pg TEQ/g lipid.  2,3,7,8-TCDD was detected in 35 of 46 (76%) composite samples with an average lipid-adjusted concentration of 6.2±3.3 ppt.  PCBs: < 20 mcg/L unexposed population.  Individual PCB congeners must be determined to correlate to toxic equivalency.
Other potentially useful biomarkers for CDD exposure:  

- Van den Heuvel et al. (1993) suggested that CYP1A1 gene expression in peripheral blood lymphocytes may be used as a human exposure marker for 2,3,7,8-TCDD and related compounds.

- Mother’s milk and feces have been used for sample sources in several environmental exposure studies.  

Media

Analytical considerations

Sample:  CDDs: blood/serum/plasma, adipose, breast milk-check with lab for specimen container and handling;  PCBs: congener specific metabolites in serum/plasma best reflect exposure; obtained in red/green stoppered tube; handle/maintain at room temperature.  

Limit of detection:  CDDs: < 1.0 pg/g (to ppq with HRGC with HRMS); PCBs: ~ 0.1 ng/ml plasma/serum

Interference: CDDs: smoking may be a significant confounder; very low concentrations of CDDs are found in individuals with no known exposure.  PCBs:  high lipid content of sample media can result in low extraction yield. Extensive sample preparation followed by GC/MS is necessary to validate that a given peak is a PCB.
Contamination: CDDs: Sample prep is critical; extensive extraction and sample clean up are required to separate the CDD homologues/congeners from fatty material and other organic contaminants.  Extreme care to ensure that all reagents and equipment used in analysis are free of CDD contamination. Losses of CDDs can occur as a result of adsorption onto the surfaces of glassware (routine baking of glassware should be avoided as glass will irreversibly adsorb CDDs.  Avoid polyvinyl chloride (PVC) gloves.  PCBs:  do not use sodium fluoride/potassium oxalate tube.  Meticulous technique from sample collection to analysis is essential.

Interpretation of results 

CDDs: Levels of 2,3,7,8-TCDD on a lipid weight basis are generally below 10 pg/g of lipid (ppt) in the blood and fatty tissue of the general population of the United States, and usually range from 3 to 7 ppt. Levels higher than these indicate past exposure to above-normal levels of 2,3,7,8-TCDD.  Although CDDs stay in the body fat for a long time, tests are not used to determine when exposure occurred, but can be used to estimate dose of the exposure if the time of exposure is known.  PCBs:  Enzyme induction can alter levels in chronically exposed populations.  Serum or plasma lipid PCB concentrations are better indicators of body burden than PCB levels uncorrected by lipid content.  Variations in procedures and methods of reporting data can make inter-laboratory comparison difficult.  Except for large exposures, blood should be collected quickly (days to weeks after exposure) if elevation is to document a given exposure; lack of elevation months to years after exposure does not indicate exposure did not occur.
MRLs have been established for:

2,3,7,8-TCDD: 


Oral, acute:


0.0002 mcg/kg/day

Oral, intermediate:
0.00002 mcg/kg/day

Oral, chronic:

0.000001 mcg/kg/day

PCBs : 




Oral, intermediate:
0.03 mcg/kg/day

Aroclor 1254: 


Oral, chronic:

0.02 mcg/kg/day
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Nerve Agent (Cholinesterase Inhibition)
Toxicokinetics

The “nerve agents” act primarily through the inhibition of the enzyme acetylcholinesterase (AChE) at receptor sites innervated by the cholinergic nervous system including skeletal muscles, smooth muscles and glands, autonomic ganglia, as well as in the CNS and efferent organs of the cranial nerves.  This enzymatic inhibition causes the accumulation of, and continued stimulation by, the neurotransmitter, acetylcholine (ACh).  Enzymes with cholinesterase (ChE) activity (also AChE activity) are also found in red blood cells (called RBC, erythrocyte, or “true” cholinesterase {acetylcholinesterase}) and the plasma (plasma cholinesterase, pseudocholinesterase, or butyrlcholinesterase (BuChE).  The three forms of cholinesterase do not have the same substrate specificity.  There are two major classes of cholinesterase inhibitors: carbamates and organophosphorus compounds.  Carbamates (e.g. physostigmine; pyridostigmine; carbaryl) act by attaching at the two binding sites (esteratic and anionic) on the AChE molecule.  The carbamate moiety attached at anionic portion is rapidly split off and leaves the esteratic site (and enzyme activity) reversibly blocked for a variable period of time.  During this period the enzyme is temporarily inactive, but enzymatic activity spontaneously returns.  Most organophosphorus compounds (e.g. parathion, sabin) bind by phosphorylation with variable affinity to the esteratic site.  During this time period, the enzyme is inactive.  If binding occurs for an indefinite period, enzyme activity returns only after new AChE is synthesized.  The measurement of cholinesterase in the RBC is a surrogate measurement of enzymatic activity in peripheral tissue.  However, a heavy sarin exposure resulted in an undetectable level of blood cholinesterase, while the individual remained alert and functioning.  Cholinesterase activity in the tissues may persist or be restored when the measured blood cholinesterase is low.  Cholinesterase levels in the blood can remain lowered for months after exposure. 

Biomarkers of Exposure (Effect)
Plasma Cholinesterase [BuChE] Level provides better correlation of acute exposure to cholinesterase inhibitors {except carbamates--which may not appreciably effect the level}.  Red Blood Cell Cholinesterase [RBC ChE] Level: more stable than {BuChE] and thought to correlate better with tissue levels, and for chronic exposure or tissue level during recovery.  

Method:  colorimetric (wet chemistry, color change)  

Specificity: non-specific for etiology/source; when combined, significant reductions in [BuChE] and [RBC ChE] indicate exogenous source; no differentiation between past/current exposures.

Sensitivity: significant variations in enzyme levels within individuals do not allow for early, low level detection of exposure; baseline drift and variability +/-10%.  

Population Reference Levels:  Clinical normal values for [BuChE] range from 1000-3500 units/l and [RBC ChE] from 5300-10,000 units/l.  A Biological Exposure Index (BEI) has been established for the pesticide “parathion”, one of the more toxic organophosphate insecticides.  This BEI is based upon enzyme activity and measured as a 30% reduction of an individual’s [RBC ChE] previously established baseline level.  The BEI level of 70% of individual’s norm reflects the time-weighted exposure of parathion at the current threshold limit value of 0.1 mg/m3.  For chemical agent exposures, US Army requirements remove exposed individuals at 75% of their established baseline level and do not allow return until the activity level returns to >80% of the baseline.  TestMate OP Kit has been standardized with volunteer Army group (25 males & 5 females); abn < 22.5 Units/g Hb.

Other potentially useful biomarkers for exposure to cholinesterase inhibitors: 

- new methodology to reactivate inhibited ChE using fluoride ion used for retrospective analysis of Tokyo subway victims appears most sensitive methodology (Polhuijs et al., 1997;  Institute of Medicine (IoM), 1999)

- Serum can also be used as the sample for pseudocholinesterase.

- Breakdown products can be measured in the urine, but the tests need to be conducted within days of the exposure since these products are eliminated fairly rapidly. These tests do not predict whether or not the exposure will produce harmful health effects. TB MED 296 lists GC/MS methods for the determination of metabolites of sarin (GB), cyclosarin (GF), and soman (GD) in urine.

- Promising developments for screening kits for field use are immunochemical methods utilizing various murine monoclonal antibodies to acetylcholinesterase and ELISA (IoM, 1999).

Media

Analytical considerations

Sample:  [BuChE]: collect plasma in ethylenediaminetetraacetic acid (EDTA) plasma tube only and transfer immediately into transport tube maintained at 2-8oC.  [RBC ChE]: collect in EDTA whole blood tube without separation; refrigerate and maintain at 2-8oC; analyze within 48h. TestMate OP Kit measures either/both blood enzyme.

Limit of detection: ~10% change in baseline; normal variations of 5-10% of [BuChE] or [RBC ChE] values can occur. 

Interference: [BuChE]: measured plasma ChE level can increase >20% if not immediately separated from cells;  [BuChE] and [RBC ChE] are both affected by anticoagulants other than EDTA;  [RBC ChE] level decreases as cells age.  TestMate OP Kit requires hemoglobin correction.

Contamination: the presence of fluoride and preservatives other than EDTA may inhibit assay.
Interpretation of results 

Plasma ChE [BuChE] decreased by drugs, estrogens (also OCPs), disease, or may reflect genetic variant; level increased in Hirschsprung’s disease.  The blood ChE assay is not specific.  Signs and symptoms of ChE inhibition (poisoning) occur when the blood [ChE] is reduced to about 50% of baseline.  The recovery of reversibly bound inhibitors occurs more slowly in the brain than in blood ChE.  The plasma enzyme is synthesized by the liver (and hence affected by liver diseases); the red cell enzyme is synthesized during erythropoiesis (and increases during reticulocytosis).  Plasma cholinesterase regenerates more rapidly than RBC ChE.  Plasma ChE [BuChE] recovers in 30 to 40 days and RBC ChE recovers in 90 to 100 days after exposure to organophosphorus nerve agents (IoM, 1999).

Enzyme inhibition may only be loosely correlated with clinical signs and symptoms.  High inter-individual variability requires comparison between a baseline level and the level following nerve agent exposure to provide sound evidence of a mild to moderate exposure.  Occupationally exposed individuals must have a baseline [RBC ChE] determined by averaging the results from two separate blood collections obtained at least 24h (chemical agent) to 72h (occupational exposure) apart, within a 14-day period.  For personnel with occupational exposures, if the difference in the two values exceeds 15%, a third test is performed and the closest two are averaged.  

Clinical signs and symptoms of intoxication may occur when plasma cholinesterase levels drop to below 50% of the normal value: 

Mild poisoning, with the patient still ambulatory, may occur when plasma cholinesterase levels are 20–50% of normal; 

Moderate poisoning with inability to walk with levels 10–20% of normal; and, 

Severe poisoning with respiratory distress and unconsciousness with plasma cholinesterase levels <10% of normal 
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Nerve Agents

Toxicokinetics

Following absorption via any route, “nerve agents” act primarily through the inhibition of the enzyme acetylcholinesterase (AChE) at receptor sites innervated by the cholinergic nervous system.  Toxic effects reflect which divisions of nervous systems are affected. The tissue level of this enzyme can be assessed by measuring cholinesterase (ChE) activity in the plasma (or serum) and red blood cells.  Measurement of blood ChE has practical and technical limitations (PLEASE SEE NERVE AGENT: CHOLINESTERASE INHIBITION).  Nerve agents are rapidly metabolized and removed from the blood.  They appear in the urine as the parent compound and metabolites for a relatively brief period following exposure.  The chemical warfare “nerve agents” are analogous to the organophosphate (OP) insecticides, nerve agents are more potent and rapid-acting; OP pesticides generally have more biologically persistent effects and require administration of greater amounts of antidote over a longer period of time (weeks). 
Biomarkers of Exposure
The most specific biomarkers for exposure are the presence of the parent compound and/or its metabolites in tissues and body fluids.  General population and occupational exposure studies have demonstrated pesticide metabolites in samples of blood and urine.  In the NHANES II survey of ~ 7,000 in the US population (1976–1980), ~ 1% were found to have quantifiable levels of malathion metabolites in the urine.  Samples need to be obtained within days of the exposure since metabolism and elimination are fairly rapid. These tests do not predict whether or not the exposure will produce harmful health effects.

Method: GC/MS

Specificity: assay of parent (sarin (GB), soman (GD), cyclosarin (GF)) and metabolites (phosphonic acids) are specific for compound by US Army methods; limitation of biological half-life makes assay a biomarker for acute exposure only; new methodology to reactivate inhibited ChE using fluoride ion used for retrospective analysis of Tokyo subway victims appears most sensitive methodology (Polhuijs et al., 1997; IoM, 1999)

Sensitivity: LoD is about 10 mcg/l (ppb)

Population Reference Levels:  no dose-response curves to correlate toxicity—only exposure.  Population reference levels have been established for OP pesticide metabolites that account for ~ 75% of pesticide use in US (NHANES 1999). 
Other potentially useful biomarkers for exposure to cholinesterase inhibitors: 

- Plasma or serum  [BuChE] and Red Blood Cell Cholinesterase [RBC ChE] Levels: are non-specific biomarkers of effects; plasma ChE recovers in several weeks; RBC ChE in 120 days (about one percent per day)

- Monoclonal antibodies have been developed and when used in a competitive inhibition enzyme immunoassay had a limit of detection of 80 ng/ml.

Media

Analytical considerations

Sample:  must collect sample within ~ 7 days following chemical agent exposure; cannot be applied for past exposure; kept frozen until analyzed 

Limit of detection: OP pesticides to < 1 ppb (mcg/l) in urine; Army methods (1-10 ng/ml by compound)

Interference: inorganic phosphates can interfere with analysis

Contamination: minor external contamination with agent can grossly elevate results
Interpretation of results 

Acute, intermediate, and chronic minimum risk levels (MRLs) have been established for several OP insecticides.  

Analytical methods for detection of metabolites of OP pesticides (e.g. malathion) in urine are more sensitive than [RBC ChE] and [BuChE] assays of blood.  Sensitivity of method detects levels that may represent exposures without toxic effects.  Rapid metabolism necessitates sampling within a few days of exposure or analysis may not detect significant exposure. 
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Sulfur Mustard

Toxicokinetics
Sulfur mustard (bis[2-chloroethyl]sulfide; sulfur mustard; mustard gas; H & HD) is a vesicant and alkylating agent that produces local and systemic cytotoxic effects via all routes of exposure.  The hematopoietic (blood forming) tissues are especially sensitive.  Alkylation reactions with tissues are rapid and irreversible, but the skin lesions do not appear for one to several hours after exposure.  The burns are typically severe and heal slowly.  The eye is more sensitive than the skin or respiratory tract. Detoxication occurs slowly and repeated exposure produces a cumulative effect.  Sulfur mustard is a known human carcinogen.  Sulfur mustard alkylates nucleic acids and proteins that can affect a variety of cell functions and structures; DNA is the most functionally sensitive intracellular target.  About 12% of dermally absorbed H/HD reacts with skin components and the rest is fairly evenly distributed throughout the body (except kidney higher) as the parent compound or hydrolyzed metabolite.  Elimination follows first-order kinetics with a thiodiglycol (TDG) half-life of  ~ 1.2 days.  TDG undergoes chemical and enzymatic transformations, but one author reported TDG in urine 13 days after acute exposure.
Biomarkers of Exposure

The assay of sulfur mustard in urine is difficult due to its reactivity; however, the parent compound was found in urine and feces samples from two Iran-Iraq War casualties.  One metabolite, thiodiglycol (TDG), is commonly used as an indicator of H/HD exposure and was also found in the urine of these individuals.  TDG is also found in paints, polymers, coatings, inks, and photographic chemicals.  Urinary excretion is the primary route of elimination for H/HD and its metabolites. 
Method:  GC/MS; immunochemical assay 

Specificity: Thiodiglycol is also found in unexposed persons and cannot be used to quantify exposure.  High urinary TDG values (or presence of parent H or HD) may reflect large exposure.
Sensitivity: can detect urinary TDG levels below the H/HD dose required to cause toxic effects

Population Reference Levels:  limited human exposure data

Other potentially useful biomarkers for exposure 

- thiodiglycol sulphoxide is the major urinary metabolite and found in concentrations > 30 x [TDG]; other more unique H/HD metabolites have been identified and suggested for use in < 1 ppb range
- A sensitive and specific immunochemical assay for detection of adducts of sulfur mustard to the N7-position in guanine (N7-HETE-Gua) in DNA of skin and blood exposed to sulfur mustard has been recently developed for USAMRMC.  This assay appears to be able to detect adducts > 45 days following exposure to H/HD.

- GC-MS analyses of adducts formed with H/HD (Hb and albumin) have been used to verify exposure in casualties of the Iran-Iraq conflict and are described in the IoM publication.  Development and validation of standard assays are needed.

Media

Analytical considerations

Sample:  for TDG, must be stabilized and analyzed promptly; urine samples should be refrigerated as soon as possible after collection and frozen within 6h (or packed in dry ice) and maintained at < 0oC.  Refrigerate and do not freeze blood specimens.  

Limit of detection: ~ 5 ng/ml (TDG) by US Army assay using GC-MS; 50nM (H/HD) by immunochemical assay; 10mM (H/HD) by GC-MS of adducts  

Interference: other sources of TDG; degradation over time

Contamination: other sources of TDG

Interpretation of results  

A sulfur mustard metabolite, thiodiglycol (TDG), is used as an indicator of exposure. TDG is also found in paints, polymers, coatings, inks, and photographic chemicals and may be found in low concentrations in normal urine.  The presence of thiodiglycol in urine at a concentration of 10–100 µg/l does not prove mustard gas poisoning.  The odor threshold for mustard gas is 0.6 mg/m3. In humans, an ICt50 (estimated concentration-exposure time period product incapacitating to 50% of exposed individuals) for inhalation exposure is 1,500 mg-minute/m3 (SBCCOM ).
The following MRLs have been derived: 

- Acute oral MRL of 0.5 mcg/kg/day has been derived for oral exposure <14 days 
- Intermediate oral MRL of 0.02 mcg/kg/day has been derived for exposure of 15–364 days

- Acute Inhalation MRL of 0.0002 mg/m3 
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Ionizing Radiation

Toxicokinetics

Macromolecules, specifically DNA, are critical targets for damage by ionizing radiation through direct or indirect interaction.  The DNA molecule may be directly ionized or intermediates (such as, free radicals, hydrogen peroxide, hydroperoxy radicals, and hydroperoxy ions) may be formed and interact with any available target molecule.  With loss of DNA information and instruction, cell homeostasis is disrupted and a variety of responses occur.  These responses include non-carcinogenic and carcinogenic end points.  Genotoxicity is a major toxicological end point for exposure to ionizing radiation; specific end points consist of chromosomal aberrations and breaks, reciprocal translocations, deletions, sister chromatid exchanges, dominant lethal mutations, sperm anomalies, and mutations.  The very slight elevation in temperature resulting from a potentially lethal dose of radiation is not clinically significant.

Biomarkers of Exposure and Effect

As with chemical biomarkers, measurement of the actual agent (parent chemical; isotope) or a direct derivative (metabolite; emitted particle or energy) in the body is the best indicator of exposure to an isotope (radionuclide).  The actual level or concentration must be compared to population norms to reveal additional exposure.  Different types of ionizing radiation can be detected and measured externally (dosimeters) and internally (scanner-counters) with very sensitive instruments.  Through identification of the types and energies of the released radiation, radionuclides can be identified.  Biomarkers of ionizing radiation effects include changes in white blood cell count, dicentrics, DNA disruption, and formation of adducts with DNA and other molecules.  These effects can result from any form of ionizing radiation from any source.   

Method:  radiation survey meters, dosimeters, scanner-counters, spectrometers; microscopy    

Specificity: external or internal measurement of type and energy is very specific for radionuclide; measurement of WBC count, DNA disruption, or formation of adducts non-specific and applied after known exposure to assess effect.  Comparison to individual’s baseline/reference reveals acute and chronic changes.  
Sensitivity: measurement of activity and energy is very sensitive and can be applied in the field; measures of effect are less sensitive.  WBC changes (need >10 rads/0.1 Gy acute exposure) and cannot detect small changes from normal or baseline.  Lymphocyte dicentrics stable ~ 14 days.

Population Reference Levels: have been established for natural and anthropogenic sources for the general US population; the Nuclear Regulatory Commission (NRC) established exposure standards for radiation workers (0.05 Sv/year= rem/year); unborn child of a female radiation worker (0.005 Sv =0.5 rem per 9-month gestation period); the general public (0.001 Sv/year=0.1 rem/year, with special provisions for a limit of 0.005 Sv/year=0.5 rem/year).  Dicentrics normal established.

Other potentially useful indicators of exposure

Lymphocyte counts. With minimal field resources, lymphocyte levels may be used as a biologic dosimeter to confirm the presence of pure radiation injury but not in combined injuries. Acute injury parameters established.

Media

Analytical considerations:  

Sample:  Ambient dose rates and total dose for external radiation can be directly measured with survey instruments.  This is usually done with a personal monitoring device, such as an electronic dosimeter, pocket dosimeter, film badge, or thermoluminescent dosimeter (TLD).  Blood, feces, saliva, urine, or whole body can be assayed for radioactivity.  URINE or BLOOD samples can be analyzed for DNA adducts; blood for chromosome effects.  WHOLE BLOOD specimens drawn in heparin tube, maintained at room temp, and analyzed within 48 h for dicentrics and other abnormalities; do not freeze.

Limit of detection: thermoluminescent dosimeters (TLDs) and nuclear emulsion monitors (film dosimeters) are used to measure and distinguish between exposure to β, x ray, and γ radiation doses; integrated over time to measure total dose during period the device is used.  Direct, self-reading pocket dosimeters available.  

Interference: background sources

Contamination: background sources
Interpretation of results

The NRC has established limits on the total dose of ionizing radiation above background from natural and anthropometric sources. It also sets limits for the amounts and concentrations of radioactive material that will give these doses if taken into the body called Annual Limits on Intake (ALI) and derived air concentrations (DAC).  Number of lymphocyte dicentrics can be related to dose by standard curve.  Two MRLs have been derived for exposures to ionizing radiation:

- An MRL of 0.004 Sv (0.4 rem) for acute external radiation exposure (14 days or less).

- An MRL of 1.0 mSv/yr (100 mrem/yr) above background for chronic exposure (>365 days).

NOTE:  Although not strictly considered as producing a “toxic effect”, ionizing radiation causes effects that have been termed as “radiotoxicity”.  These effects are caused by the release of high-energy particles and electromagnetic radiation capable of removing electrons.  By definition, toxic effects are harmful effects caused by chemical interactions that are produced by other than physical means.  Ionizing radiation is a “physical” agent.  A radioactive chemical may also have independent toxicity; concentration at a specific site due to its physiological and pharmacological interactions may increase the damage caused by the ionizing radiation (I-131).  
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Particulate Matter 

Toxicokinetics

Airborne or ambient particulate matter (PM) does not consist of a single pollutant, but rather it is a mixture of subclasses of substances in solid and liquid states.  Each subclass contains many different chemical substances.  (Note: PM may be radioactive, however the radioactivity adds significant radiotoxicity, therefore consideration of using ionizing radiation biomarkers is recommended.)  Atmospheric PM results from both natural and human (anthropogenic) sources releasing fine-mode and coarse-mode particles that differ in size ranges, formation mechanisms, chemical composition, and exposure relationships.  PM is called “primary” if it exists in the same chemical form in which it was emitted or generated.  PM is called secondary if it is formed through the atmospheric reaction of a precursor gas that forms a condensable product that “nucleates” to form new particles, or condenses on existing particles. 

The terminology used to describe particles varies in the literature and in application.  Generally, four schemes are used to classify particulate matter by size:

1. Modes: based on the aerodynamic equivalent diameter (AED) and mechanism of formation

a. Nuclei: less than 0.1 micron AED (also called “ultrafine”)

b. Accumulation:  between 0.1 and 1 micron (also called “fine”)

c. Coarse: larger than 1 micron

2. Cut point:  based on the 50% cut point of the specific sampling device

3. Dosimetry:  based on the ability of particles to enter various regions of the respiratory tract

4. Regulatory:  based on instrument configuration or 50% cut-points (such as PM10, and PM2.5). 

Mechanical impactors are used to sample for particulate matter and determine the mass and composition as a function of size over a widely variable size range.  These particle counting devices are used to determine the number of particles as a function of size.  In nature, there is an atmospheric bimodal distribution of fine and coarse particle mass with a minimum in the distribution range consisting of particles sizes between one and three microns AED.  Environmental sampling conducted prior to 1999 generally measured PM10 (or thoracic PM) with an upper size limited by a 50% cut at a ten micron AED.  Research studies and environmental monitoring conducted since that time measure PM2.5 (or fine PM) and PM10-2.5 (or coarse thoracic PM).  PM10-2.5 is the difference between PM10 and PM2.5 mass measurements obtained at the same time and location, and with similar inlets and other sampling and handling parameters.  The “cut points” for the collection and measurement devices are not perfectly sharp.  The result is that some particles larger than the 50% cut point are collected with the smaller particle size fraction, and some particles smaller than the 50% cut point are not retained.  

The terms “fine” and “coarse” were originally applied to the two major atmospheric particle distributions.  These distributions overlap in the size range between one and three microns diameter.  “Fine” is the term now commonly used for the PM2.5 fraction, and “coarse” is often used to refer to PM10-2.5, or the coarse thoracic PM.  The fine or PM2.5 particle size distribution may also contain some coarse particles in the collection size range between 1 and 2.5 microns AED.  Similarly, under high relative humidity conditions, the larger fine particles in the accumulation mode may also extend into the one to three micron AED range. 

Fine-mode PM is derived primarily from combustion material that has volatilized and then condensed to form primary PM.  Fine mode PM can also come from precursor gases reacting in the atmosphere to form secondary PM in the fine mode size range.  New fine-mode particles are formed by the nucleation of gas phase species; they grow by coagulation (existing particles combining) or condensation (gases condensing on existing particles).  Fine particles are composed of freshly generated “nuclei-mode” particles (also called ultrafine or nanoparticles) and “accumulation mode” particles that are growing in size.  Primary and secondary fine particles may exist for a long period of time in the atmosphere (days to weeks) and travel long distances (hundreds to thousands of kilometers) due to air currents and negligible settling velocities.  In the United States, they have a fairly uniform distribution over urban areas and larger regions.  Generally, it is difficult to attribute their presence back to their individual sources.

Coarse-mode PM is generated by crushing, grinding, or abrading materials into smaller particles.  These particles become airborne and travel by wind or anthropogenic activities.  There are practical limitations to the break-up of large particles and the aggregation of small particles to a minimum size of about one micron in diameter.  Biological material may exist or fragment into smaller sizes. Mining and agricultural activities release coarse-mode particles.  Fungal spores, pollen, and plant and insect fragments are natural bioaerosols of coarse-mode particles.  Coarse particles normally exist for a shorter period of time in the environment (minutes to hours) and travel relatively shorter distances (<10s of kilometers).  In the United States, coarse particles are unevenly distributed over urban areas and often have more localized effects than fine particles.  Dust storms having strong air currents may cause long range transport of small coarse-mode particles. 

Once deposited on respiratory tract surfaces, particles are subjected to translocation and clearance—or local tissue interaction with associated toxicity.  Inflammatory reactions with the release of cytokines, as well as direct and indirect interactions with the autonomic nervous system, have been demonstrated to result in physiologic responses that lead to PM toxicity. See Appendix B Particulate Matter Addendum.

Biomarkers of Exposure and Effect (for short or long term exposures)

Method: Pulmonary Function Tests (PFTs):  spirometric measures of dynamic lung function (forced vital capacity (FVC), forced expiratory ventilation-one second (FEV1), FEV1/FVC ratio; mid-expiratory flow rate (FEF25-75%); and peak expiratory flow rate (PEFR) can be compared to baseline and normal values to detect changes associated with significant exposure to particulate chemicals or chemicals adherent to the surface of transport particles; quantitative and qualitative analyses (chemical analyses):  the parent chemical may be assayed in appropriate biologic specimens (e.g. lead in blood; organics in urine or blood).

Specificity: PFTs: non-specific with many extrinsic (non-PM related) as well as intrinsic factors causing changes; chemical analyses: very specific if parent compound is demonstrated to be present in exposure and also determined in appropriate biologic specimen.

Sensitivity: PFTs: effort dependent and only nominally sensitive with trained administrator due to test variables and compliance of individual, methodology used in testing greatly effects test results.  Chemical analyses: very sensitive depending upon substance—can be measured in part per billion (ppb; mcg/L) or part per trillion (ppt; ng/L) range for metals and many organics. 

Population Reference Levels: PFTs:  reference data are available, frequently these comparison data are incorporated into automated spirometer calculations; intra-individual comparison also valuable (+/- 5%).  Chemical analyses: available for many substances in NHANES or other clinical databases.

Other potentially useful indicators of exposure: indices of inflammation (elevated neutrophil count (with immature forms), fibrinogen, C-reactive protein) are non-specific but potentially useful; EKG with rhythm strip or Holter monitor for cardiac dysrrhymias.  These physiologic changes are more frequently seen with exposure to fine and ultra-fine particles in the elderly or individuals with preexisting respiratory or cardiac disease.  Lung neutrophils have been found to increase in inflammatory response to PM, but considered too invasive for monitoring. Current research using cytokines as markers of local and systemic inflammatory effects is being conducted. 

Media

Analytical considerations:  

Sample:  Pulmonary Function Tests (PFTs) uses individual as source and active participant in the measurement of lung dynamics through spirometry; effects of effort dependence of test can be minimized using good technique and comparison of replicate test results.  PFTs include: forced vital capacity (FVC); forced expiratory volume in one second (FEV1), FEV1/FVC ratio; maximal midexpiratory flow rate (FEF25-75%) measured as the average flow rate between 25 and 75% of the vital capacity; and/or the peak expiratory flow rate (PEFR). The PEFR can be measured with a simple handheld instrument.  Chemical analyses: see appropriate biomarker for substance of concern.

Limit of detection: PFTs: triplicate intra-test variability should not exceed 5%; repeatable changes of 10-15% from a pre-established baseline in an otherwise healthy (no current upper respiratory tract illness; sore throat; muscular pain) indicate abnormal test result—the causal agent(s) must then be elucidated. Chemical analyses: see appropriate biomarker for substance of concern.

Interference:  PFTs: effort dependent, co-existing injury or illness; intrinsic causes of PFT abnormalities; other non-PM contaminants; Chemical analyses: see appropriate biomarker for substance of concern.

Contamination: PFTs:  not applicable (follow standard precautions for obtaining breath specimen); Chemical analyses: see appropriate biomarker for substance of concern.

Interpretation of results

The scientific and medical communities have not made specific recommendations regarding biological monitoring or medical surveillance based upon PM exposure.  Although military personnel represent one of the healthiest population groups in the US, the monitoring of their health status provides fitness and state of readiness information to commanders.  Changes in pulmonary function are non-specific with respect to etiology. However, following individual and collective trends can aid in early recognition of untoward health effects that could result in decrements in military performance.  Lung function measurements (spirometric or peak expiratory flow rate) provide a non-invasive assessment that can be used under most field conditions.  Together with ambient sampling data, causality can be evaluated. There are other biomarkers of PM exposure that have been used in research studies.  These include ECG data, C-reactive protein levels, and fibrinogen levels.  Their routine use at this time for monitoring PM-exposed individuals is not recommended.     

A decrease of 15% in previously established pulmonary function indices is considered abnormal and the etiology should be ascertained. 
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Appendix A - Biological Monitoring Information
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Appendix B - Particulate Matter Addendum

Background

Particulate matter (PM) arises from numerous natural processes and human (anthropogenic) activities.  Natural sources include dust from the earth’s surface (crustal material) and biological material (spores, pollen, carbon from forest and other natural fires, and plant and animal debris).  Anthropogenic sources include emissions from internal combustion engines, combustion of fuels (power plants), and releases from manufacturing and industrial processes, as well as emissions from cooking and home heating devices.  Unlike other regulated contaminants or pollutants of health concern (e.g. carbon monoxide, oxides of nitrogen, lead), particulate matter (PM) is not a specific chemical entity.  PM is a mixture of particles of different chemical compositions, sizes, and properties.  Their chemical composition is an important determinant of their toxicity, but the distribution of particles with respect to their size is an important physical parameter governing their entry into the respiratory tract and behavior in the body.  Exposure to PM can occur inside or outside buildings, enclosures, vehicles, aircraft, or vessels.

The size range of airborne particles in ambient air is from about 0.005 to 100 microns in aerodynamic equivalent diameter (AED).  The deposition, translocation, clearance, and retention of particles within the respiratory tract and extrapulmonary tissues (termed “particle dosimetry”) are extremely active areas of scientific and medical investigation.  There is much that remains unknown or not fully understood at this time.  Current medical concerns regarding the health effects of various particle-size fractions of inhalable material has compelled the United States Environmental Protection Agency (USEPA) to perform a state-of-the-art assessment of the available scientific information regarding ambient particulate matter sources, exposures, and health risks in the United States.  This assessment is being developed as a document to be used in the establishment of air quality criteria for ambient particulate matter.

Based upon current data regarding size, chemical composition, sources, atmospheric behavior, and potential human exposure relationships of fine (PM2.5) and coarse-mode (PM10) particles, it appears that these two categories of particles are distinct subclasses of particulate matter.  The sources of fine PM are generally very different from those releasing coarse PM.  Transport and transformations of precursors can occur over distances of hundreds of kilometers. The coarse PM constituents have shorter lifetimes in the atmosphere, so their effects tend to be more localized geographically. 

The largest or “coarse” particles form the greatest portion of PM mass.  The smallest or “ultrafine” are less than 10% of PM mass, but they are present in extremely high numbers and they have a greater surface area.  Coarse particles above 10 microns AED are substantially deposited in the nose and throat (extrathoracic; ET) region.  Fine and ultrafine particles may reach the deep lung or alveolar (A) region.  In this region, reactions in the lung can occur due to the chemical composition of the nascent particle, or the chemical(s) adherent to the surface. The potential for these smallest particles to cause toxic effects is great.   

PM components include metals [iron (Fe), vanadium (V), nickel (Ni), and platinum (Pt)], organic compounds [volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs)], atomic and molecular species (sulfates, nitrates, hydrogen ion), reactive gases that are condensed or adherent to the particle surface (ozone, aldehydes), and a core material that is frequently carbonaceous.  The coarse particles often contain crustal and biologic materials.  The fine and ultrafine particles are composed of carbon cores and additional metals, organics, and ions.  

Acute and chronic exposure to PM of various size ranges has been associated with effects on mortality and morbidity.  The variable results that are found in epidemiologic studies likely reflect differences in particle size and composition differences.  The cellular pathogenesis of respiratory and cardiac effects is presently being explored.  Some populations, the very young and the very old, as well as individuals with pre-existing pulmonary and cardiac disease (either acute or chronic) may be of greater susceptibility to the toxic effects of PM.  
Interaction of Particulate Matter in the Respiratory Tract

For dosimetry purposes, the respiratory tract can be divided into three regions: extrathoracic (ET), tracheobronchial (TB), and alveolar (A).  All of the conducting airways, except the trachea and portions of the mainstem bronchi, are surrounded by parenchymal tissue. This is composed primarily of the alveolar structures of the A region and associated blood and lymphatic vessels. It should be noted that the respiratory tract regions are comprised of various cell types and that there are distinct differences in the cells of airway surfaces in the ET, TB, and A regions.  

Large particles, with an AED >100 microns, have a low probability of entering the mouth or nose in still air, but there is no sharp cutoff to zero probability.  There is also no lower limit to inhalability, as long as the particle exceeds a critical size where the aggregation of very small subunits is sufficiently stable to retain “particulate” properties, as opposed to properties of free ions or gas molecules.  

Particles may deposit within the respiratory tract by five mechanisms: inertial impaction, sedimentation, diffusion, electrostatic precipitation, and interception. When the AED is >10 microns most inhaled particles are deposited.  Sudden changes in airstream direction and velocity cause particles to fail to follow the streamlines of airflow.  Consequently, particles contact, or impact, airway surfaces.  The ET region and upper TB airways are characterized by high air velocities and sharp directional changes.  These regions dominate as sites of inertial impaction.  Deposition by impaction is a significant mechanism for particles larger than a one micron AED.  All aerosol particles are continuously under the influence of gravity, but particles with an AED >1 micron are affected to the greatest extent.  Sedimentation and inertial impaction influence the deposition of particles within the same size range and act jointly in the ET and TB regions.  Particles with actual physical diameters less than one micron undergo deposition due to diffusion and random collisions with air molecules and contact with airway surfaces.  The particle size range from 0.2 to 1.0 micron contains particles that are sufficiently small to be minimally influenced by impaction or sedimentation, but sufficiently large to be minimally influenced by diffusion.  These particles are the most persistent in inhaled air and undergo the lowest extent of deposition in the respiratory tract. Interception is deposition by physical contact with airway surfaces.  This mechanism depends on physical size and fibers represent the main physical form in this process.  The aerodynamic size of a fiber is determined predominantly by the diameter, but length is the factor that influences probability of interception deposition. Electrostatic precipitation is a deposition process that is related to particle charge. The minimum charge that an aerosol particle can have is “zero”, but this is rarely found in nature due to the random charging of aerosol particles by air ions.  Aerosol particles acquire charges from these ions through collisions occurring from random thermal motion.  Electrostatic precipitation may be a significant deposition mechanism for ultrafine, and some fine, particles within the TB region. 

There is scant information available on the total respiratory tract deposition and potential toxicity of ultrafine particles with diameters < 0.1 micron.  Currently available data demonstrate that the total deposition fraction of ultrafine particles increases with a decrease of particle size and with breathing patterns of longer respiratory time. This pattern is consistent with deposition by diffusion mechanism. The nasal passages are highly efficient collectors of ultrafine particles. Data also suggest that there is a differential lung deposition of very small ultrafine particles in men and women. 

The fraction of inhaled particles depositing in the ET region varies according to particle size, flow rate, breathing frequency, and if breathing is through the nose or the mouth.  Mouth breathing bypasses much of the filtration capabilities of the nasal airways and increases deposition in the TB and A regions of the lungs.  The ET region is obviously the site of first contact with PM in the inhaled air and it essentially acts as a “prefilter” for the lungs. 
Particles that do not deposit in the ET region of the respiratory tract enter the lungs.  Regional deposition within the lungs cannot be precisely measured.  Airway structure and its associated airflow patterns are exceedingly complex and ventilation distribution of air in different parts of the lung is not uniform.  It follows that particle deposition patterns within the ET, TB, and A regions would also not be uniform.  Some specific sites exhibit deposition quantities that are much greater than the average levels within the respective regions.

Once deposited on airway surfaces, particles are subjected to translocation and clearance.  One such size mode, as noted above, is the ultrafine mode.  Recent studies indicate that ultrafine particles can be rapidly cleared from the lungs into the systemic circulation and reach extrapulmonary organs. This provides a mechanism for inhaled particles to directly affect cardiovascular function.

Health Effects and At-Risk Populations

Several population groups have been identified as being potentially at increased risk for health effects caused by exposure to ambient PM.  In many epidemiologic studies, elderly individuals (>65 years) have been clearly identified.  Other identified groups include individuals with preexisting cardiovascular or respiratory diseases or conditions.  Smokers and ex-smokers comprise a large portion of the individuals with respiratory and cardiac disease.  Individuals with asthma, especially children, also have been identified as a population group with increased risk. 

Preexisting disease conditions (chronic obstructive pulmonary disease (COPD), asthma, heart disease, and hypertension) represent important risk factors. Cardiovascular and respiratory diseases appear to have the greatest potential to increase risk of PM-associated mortality and morbidity.  Several studies have shown that pre-existing chronic lung disease (especially COPD) is a risk factor for mortality with PM exposure. This category is a specific population group that is not generally applicable to active duty personnel.  It should be noted that even in this group, studies reveal that measurement of blood-gas saturation and lung function do not appear to be sufficiently sensitive to detect mild physiologic changes in those with moderate disease.  The very young and the very old constitute other groups that are especially affected by PM air pollution.  Again, this population is not representative of active duty personnel.  

Several studies demonstrate an association between short-term fluctuations in ambient PM and day-to-day frequency of respiratory illness.  Most of these cases are in children and young people and involve an exacerbation of a preexisting respiratory illness--as opposed to the development a new, acute respiratory infection.  In these individuals, the coexistence of asthma appears to be an additional risk factor.  The use of inhaled bronchiodilators and school absenteeism has also been shown to increase in young asthmatics in response to PM.  Acute respiratory infections complicate underlying cardiac disorders when elderly individuals are exposed to PM. 

Cardiovascular effects, including changes in heart rate variability reflecting autonomic control, has been demonstrated in a wide age range of healthy subjects when exposed to tobacco smoke.  Blood vessel narrowing with exposure to concentrated ambient PM (CAPS) has also been reported.  Changes in plasma viscosity and other factors involved in clotting function offer possible explanations of the conditions associated with sudden cardiac events.  Although the measured changes are small, they are considered clinically significant.  This significance is based on studies of risk in cardiac patients and studies of cardiac disease progression in the general population.  It should be noted that these physiologic changes have not been demonstrated in young healthy individuals.

There is a growing body of evidence that suggest inhaled particles can affect the heart through the autonomic nervous system.  This could occur through direct input from the lungs via the autonomic nervous system and result in effects on both heart rate (HR) and heart rate variability (HRV).  Particulate matter could potentially affect the autonomic nervous system by direct interaction with nerve endings in the lung.  It could indirectly affect the autonomic nervous system through the production of inflammatory mediators.  In addition to affecting the heart via the lung and autonomic nervous system, PM or a components could directly attack the myocardium via translocation.  This is an area of current investigation regarding fine and ultrafine particle effects.

Many epidemiologic studies have demonstrated statistically significant associations between ambient PM levels and a number of health indicators such as respiratory illnesses and complaints, medical treatment facility utilization (office, emergency department, and hospital), and mortality.  These associations are consistent and they have been observed following either short or long-term PM exposures.  The relative risk estimates for PM10 exposures reviewed in the 1996 PM AQCD suggest that an increase of 50 mcg/m3 in the 24 hour average concentration of PM10 is associated with an increased risk of premature total mortality (total deaths minus accidents and injuries).  This relative risk (RR) was determined to be in the range of 2.5 to 5.0% excess risk for the general population.  Higher relative risks were noted in the elderly and those with preexisting respiratory conditions. 

Peak expiratory flow rate (PEFR) studies in asthmatics consistently show small decreases following exposure to PM10 or PM2.5.  For PM10 exposure, most studies showed decreases that were not statistically significant.  The results of many PM10 and PM2.5 PEFR studies in non-asthmatic individuals demonstrated inconsistent increases in PEFR.  

The data from long-term PM exposure studies on lung function and respiratory symptoms have yielded variable results ranging from no effect to highly significant findings.  The methodologies among the long-term studies vary greatly and make comparisons difficult.   Several studies of long-term PM exposures found an association with the incidence of chronic bronchitis.

Our current state of knowledge regarding the adverse health effects of long-term PM exposures is based primarily upon two studies comparing well-characterized cohort survival with air pollution levels in the cities of home residence.  These two national studies, the Harvard Six-Cities Adult Study and the American Cancer Society Cohort Study, found strong associations between increased particulate matter levels and decreased survival.  A similar study in California has not produced any statistically significant overall mortality effects. 

Lastly, individual genetic variability in the response to PM also exists and its role in susceptibility to untoward health effects remains largely unknown.
National Standards

The original National Ambient Air Quality Standard (NAAQS) for particulate matter (PM) was promulgated in 1971 as for “total suspended particulate” (TSP) matter.  This standard was revised in 1987 to specifically address ambient PM less than 10 microns in diameter.  This particle size is capable of being deposited in thoracic (tracheobronchial and alveolar) portions of the lower respiratory tract.  The revision  was made in order to protect against general human health effects associated with exposure to this particle size fraction.  The current NAAQSs were promulgated in July, 1997; this retains the PM10 NAAQS set in 1987 (150 mcg/m3 for 24-h and 50 mcg/m3 for an annual average) in modified forms and adds new standards (65 mcg/m3 for 24 hours; and 15 mcg/m3 for an annual average) for particles <2.5 microns (PM2.5).

Particle mass data have been collected at a number of rural, suburban, and urban sites across the United States under local, state, and national programs. The data have been stored in the Aerometric Information Retrieval System (AIRS).  Data have also been collected at remote sites as part of the Interagency Monitoring of Protected Visual Environments (IMPROVE) in forty national parks and wilderness areas and the eight states participating in Northeast States for Coordinated Air Use Management (NESCAUM) networks.

The median PM2.5 concentration in the United States during calendar years 1999 and 2000 (the first two years of operation of the PM2.5 Federal Reference Method (FRM) network), was 13 mcg/m3, with a 95th percentile value of 18 mcg/m3. The corresponding median PM10-2.5 concentration was 10 mcg/m3, with a 95th percentile value of 21 mcg/m3.  Annual mean PM2.5 levels within tested urban areas are usually within about five mcg/m3 of each other--with a much larger daily variation in the absolute differences in PM2.5 levels.  In about half of the urban areas, the 90th percentile difference in daily PM2.5 levels is greater than 10 mcg/m3.  Extreme values in PM level differences were greater than 100 mcg/m3 in a few cases.  This underscores that caution should be exercised in using data to extend exposure generalizations outside collection boundaries.
Glossary of Acronyms

	ACRONYM
	TERM
	DEFINITION

	AA; AAS
	Atomic absorption spectrophotometry 
	Instrumental method of measuring elements in very small sample sizes using absorption of specific wavelength of light through flame- atomized test material

	A region
	Alveolar Region
	after tracheobronhial (TB) region of respiratory tract; includes respiratory bronchioles, alveolar ducts, alveolar sacs, and alveoli

	ABLES
	Adult Blood Lead Epidemiology and Surveillance 
	State-based surveillance program of laboratory reported adult blood lead levels; started in 1987 with 4 states and has 35 

	ACGIH
	American Conference of Governmental Industrial Hygienists
	Professional organization of industrial hygienists; a committee known as the “TLV Committee” develops guidelines for use in the assessment and control of health hazards.  There are three sub-committees: Chemical Substances, Physical Agents, and Biological Exposure Indices.

	AED
	Aerodynamic Equivalent Diameter
	particle diameters are often described by an “equivalent” diameter of a unit density sphere that would have the same physical behavior; depends on the density of the particle and is defined as the diameter of a spherical particle with a density of 1 g/cm3 but with a settling velocity equal to that of the particle in question.

	ATSDR
	Agency for Toxic Substances and Disease Prevention
	ATSDR is directed by Congress to perform specific functions concerning the effects on public health of hazardous substances in the environment

	BEI
	Biological Exposure Index
	Guidance value adopted by American Conference of Governmental Industrial Hygienists (ACGIH) as the level which is most likely to be observed in a specimen collected from a healthy worker who has been exposed to a chemical to the same extent as a worker with inhalation exposure at the Threshold Limit Vale (TLV).

	[BPb]
	Blood lead concentration

[  ] = concentration
	Amount of lead measured in blood; usually expressed in micrograms of lead per deciliter of blood (mcg/dl)

	CAPS
	Concentrated Ambient Particles
	particles from ambient air samplers are collected on filters or other media, stored, and resuspended in an aqueous medium for use in experimental, tracheal installation, or in vitro studies

	COPD
	Chronic Obstructive Pulmonary Disease
	a disease characterized by a progressive airflow limitations; encompasses a number of disorders including chronic bronchitis, chronic asthma, emphysema, bronchiectasis, immunoglobulin deficiency, and cystic fibrosis; may be caused by an abnormal inflammatory reaction to the chronic inhalation of particles (smoking); one of the world’s leading causes of morbidity and mortality and fourth leading cause of death in US

	
	coarse mode particles
	modal classification definition: distribution of particles with diameters mostly greater than the minimum in the particle mass or volume distributions, which generally occurs between 1 and 3 microns; particles are usually mechanically generated (wind erosion of crustal material)

	ELISA
	Enzyme-Linked Immunosorbent Assay
	Rapid and powerful test where an antibody or antigen is coupled to an enzyme as a means of detecting an antigenic match in ng/ml to pg/ml concentrations in biologic materials 

	ET region
	Extrathoracic Region
	ET region of respiratory tract consists of the head airways (nasal and oral passages) through the larynx; represents the areas through which inhaled air initially passes

	
	fine mode particles
	modal classification definition: particles with diameters mostly smaller than the minimum in the particle mass or volume distributions, which generally occurs between 1 and 3 microns; generated in combustion or formed from gases; fine mode includes particles in the accumulation mode and the nuclei mode

	FEF25-75%
	Forced Expiratory Flow Rate during middle half of FVC maneuver
	a test of pulmonary function; maximal mid-expiratory average flow rate between 25 and 75% of FVC maneuver; method to measure the function of the small airways from the simple spirogram; also known as “Maximal Mid-expiratory Flow Rate” 

	FEV1
	Forced Expiratory Volume 

(1 second)
	a test of pulmonary function; timed measurement of volume of air expired during first second of forced vital capacity maneuver; used with FVC as sensitive measure of air flow 

	FVC
	Forced Vital Capacity
	a test of pulmonary function; the maximum volume of air exhaled as rapidly, forcefully and completely as possible from the point of maximum inhalation

	GC/ECD
	Gas Chromatography/Electron Capture Detection
	Method of instrumental chemical analysis that separates components using a gas carrier on a chromatographic column which are detected using a method very sensitive for volatile, semi-volatile organic compounds, especially those containing halogens

	GC/MS
	Gas Chromatography/Mass spectrometry 
	One of the most sensitive and specific methods of instrumental analysis of chemical mixtures by separating components and identifying ions based upon a compound specific fragmentation (mass spectrum) pattern 

	H/HD
	Sulfur mustard 
	Agent “H” contains 20-30% impurities; Agent “HD” is nearly pure.  

	Hb
	Hemoglobin
	Oxygen-carrying pigment in the red blood cells

	HRGC
	High Resolution Gas Chromatography
	High resolution (more sensitive) method of instrumental chemical analysis that separates components using a gas carrier on a chromatographic column

	HRMS
	High Resolution Mass Spectrometry
	Very high resolution (more sensitive) method of instrumental chemical analysis that identifies molecules based on their mass/ charge ratios by producing a unique "molecular fingerprint".

	IARC
	International Agency for Research on Cancer
	A component of the World Health Organization with a mission to coordinate and conduct research on the causes of human cancer, the mechanisms of carcinogenesis, and to develop scientific strategies for cancer control

	ICP; ICP-AES
	Inductively coupled plasma;

ICP-atomic emission spectrometry
	Similar to AAS above; uses argon plasma to excite elements to emit light which is then measured; can measure multiple elements simultaneously

	ICP-MS
	Inductively coupled plasma with mass spectrometry
	ICP method using mass spectrometer to detect and identify component ions

	LoD
	Level of detection
	Minimum amount of substance in sample that can be detected by assay method

	MS
	Mass spectrometry
	Instrumental technique for measuring and analyzing chemicals involving introduction of energy into a target molecule and causing its disintegration. The resulting fragments are then analyzed.  Based on their mass/ charge ratios, a unique "molecular fingerprint" is produced.  Often combined with GC to “clean-up” complex mixtures.

	MCL
	Maximum Contaminant Level
	The highest level of a contaminant that is allowed in drinking water under the National Primary Drinking Water Regulations (NPDWR or primary standard) as established by EPA

	MRL
	Minimum risk level
	MRL is an estimate of daily human exposure to a substance that is likely to be without an appreciable risk of adverse (noncancer)  effects over a specified duration of exposure (ATSDR)

	NHANES

(II, III, 1999)
	National Health and Nutrition Examination Survey 

data collection period: 

II = 1976-1980

III = 1988-1994

latest 1999
	Survey conducted by the National Center for Health Statistics (NCHS), CDC to collect information about the health and diet of people in the United States.  The National Report on Human Exposure to Environmental Chemicals is based upon analysis of specimens collected under the NHANES study.  To date, a variety of environmental contaminants (metals, pesticides, phthalates, and cotinine) have been assayed and form the basis of a US population average. 

	NHATS
	National Human Adipose Tissue Survey   
	One component of the National Human Monitoring Program established under the USPHS in 1967 to study changes in pesticide residues; later program transferred to EPA; precursor of NHANES

	PEFR
	Peak Expiratory Flow Rate
	an indication of how fast a person can 

exhale air;  airway function is measured and moderate to severe levels of disease (asthma or chronic obstructive pulmonary disease) can be detected

	PFT
	Pulmonary Function Tests

(Spirometry)
	measurement and analysis of volume-time and flow-time relationships of lung dynamics

	PM
	
Particulate Matter

	aerosolized solid and liquid matter 

suspended in the ambient air; one of the six National Ambient Air Quality Standards (NAAQS) promulgated under the Clean Air Act of 1970

	PM2.5



	particulate matter

2.5 micron AED mid-point range



	since 1999, EPA regulatory classification of “fine” particulate matter; 50% cut point for air samplers and correspond to the respirable particle fraction capable of penetrating to the alveolar region of the lung

	PM10-2.5

PM2.5-10
	particulate matter

size range between

2.5 and 10 microns AED
	since 1999, EPA regulatory classification of “coarse thoracic ” particulate matter; 50% cut point for air samplers and correspond to the inhalable particles capable of being deposited in the upper respiratory tract

	PM10

	Particulate Matter 

10 micron mid-size range
	EPA regulatory classification prior to 1999 for “coarse” particulate matter; 50% cut point for air samplers

	ppm; ppb; ppt; ppq
	Part per million/billion/trillion/quadrillion parts 
	Ratio of substance present in a second substance on a weight:weight or volume:volume basis 

	TB region
	Tracheobronchial Region
	after ET region of respiratory tract, inspired air enters the TB region at the trachea; from the level of the trachea, the conducting airways then undergo branching for a number of generations; terminal bronchiole is the most peripheral of the distal conducting airways

	TEQ 
	Toxicity equivalent
	Used to compare toxicity of dioxin-related compounds.  Testing results are often expressed in parts per trillion (ppt) of toxicity equivalents (TEQs). The TEQ concentration of individual congeners is calculated as the analytical concentration of that congener times its toxicity equivalency factor, or TEF. The TEF for TCDD and PeCDD (1,2,3,7,8-pentichloro isomer) has been set at 1 since they are the most toxic congeners.

	TLV
	Threshold Limit Value
	A guideline developed by the American Conference of Governmental Industrial hygienists (ACGIH) for use in the assessment and control of occupational health hazards.  Used by professionals to evaluate exposure to chemical and physical agents.  

	TSP
	Total Suspended Particles
	former regulatory classification for PM under Clean Air Act of 1970; particles of all types and sizes up to approximately 40 microns AED

	
	ultrafine mode particles
	toxicologists and epidemiologists use the term “ultrafine” and aerosol physicists and material scientists use the term “nanoparticles” to refer to particles in the nuclei-mode size range; < 0.1 micron in AED

	

	


Glossary of Measurement Units 

	UNITS
	TERM
	DEFINITION

	mcg/dl
	micrograms per deciliter of blood
	Common clinical chemistry unit for reporting mass per volume of blood (liter is also used)

	mcg/l
	micrograms per liter of blood or urine
	Common clinical chemistry unit for reporting mass per volume of blood or urine (deciliter is also used)

	mcg/g Cr
	micrograms per gram creatinine
	Common clinical chemistry unit for reporting mass per gram creatinine contained in urine (corrected for dilution/concentration using creatinine excretion as the standard for comparison)

	mg/kg/d
	milligrams per kilogram per day
	Amount (dose) given in animal study per kilogram body weight each day

	mg/m3
	milligrams per cubic meter
	Mass of substance contained in one cubic meter (1000 liters) of air

	
	Weight:weight or Volume:volume Ratios
	

	ppm
	parts per million parts
	1 in 106

	ppb
	parts per billion parts
	1 in 109

	ppt
	parts per trillion parts
	1 in 1012

	ppq
	parts per quadrillion parts
	1 in 1015 

	
	Mass units
	

	mg
	Milligram
	10-3

	mcg (µg)
	Microgram
	10-6

	ng
	Nanogram
	10-9 

	pg
	Picogram
	10-12

	
	Chemical amounts
	

	mol
	Mole
	The mass of a substance that contains the same number of particles as there are atoms in exactly 12 grams of carbon-12 (6.022 x 1023 (Avagadro’s number));  Molecular mass of an atom or molecule expressed in grams 

	mmol
	Millimole
	10-3

	µmol
	Micromole
	10-6

	nmol
	Nanomole
	10-9

	pmol
	Picomole
	10-12

	fmol
	Femtomole 
	10-15

	amol
	Attomole
	10-18

	
	Ionizing radiation units
	 

	Ci
	Curie
	unit of radioactivity equal to the amount of an

isotope that decays at the rate of 3.7 × 1010 

disintegrations per sec

	milliCi
	Millicurie
	10-3 curies

	microCi (µCi)
	Microcurie
	10-6 curies

	nanoCi
	Nanocurie
	10-9 curies

	picoCi
	Picocurie
	10-12  curies

	
	
	

	1 Sv  
	Sievert 
	100 rem (unit of absorbed dose x weighting factor)

	1 Gy
	Gray
	100 rads (unit of absorbed dose)

	
	
	SI = International System of Units (metric); uses becquerel (be),   gray (Gy), sievert (Sv)

Non-SI = non-metric (English) system uses curies (Ci), rad, rem

	

	


From Screening and Testing Chemicals in Commerce. Office of Technology Assessment.  September 1995


� HYPERLINK "http://www.wws.princeton.edu/cgi-bin/byteserv.prl/~ota/disk1/1995/9553/955312.PDF" ��http://www.wws.princeton.edu/cgi-bin/byteserv.prl/~ota/disk1/1995/9553/955312.PDF� Chapter 10; page 90
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