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White Phosphorus Contamination of Salt Marsh Pond Sediments at Eagle River Flats, Alaska Oct 1993 72 pages

Authors: Charles H. Racine; Marianne E. Walsh; Charles M. Collins; Susan Taylor; Bill D. Roebuck; BATTELLE MEMORIAL 
INST COLUMBUS OH

... , Alaska, was due to the ingestion of highly toxic particles of white phosphorus that entered the bottom 
sediments of shallow ponds ... the bottom sediments preserved the normally highly reactive white phosphorus. 
In 1991 we delineated the extent of ... 50 ha of the 1000-ha salt marsh. Sediment and tissue samples were 
analyzed for white phosphorus by gas chromatography. ... 20 cm. The distribution and highest concentrations 
of white phosphorus were localized in two of the six feeding ... waterfowl become sick showed close correlation 
with white phosphorus contamination in the sediments, dead waterfowl were ... 

Persistence of White Phosphorus Particles in Sediment Nov 1995 51 pages

Authors: Marianne E. Walsh; Charles M. Collins; Charles H. Racine; COLD REGIONS RESEARCH AND ENGINEERING LAB 
HANOVER NH

... sediments at Eagle River Flats, a salt marsh contaminated with particles of white phosphorus (P4), may 
require severe alterations of the wetland ... . However, some sediments may undergo decontamination naturally 
in areas that are seasonally exposed to air. To predict the persistence of white phosphorus particles in 
sediments, a literature review was conducted for the ... millimeter-size white phosphorus particles was studied 
by laboratory and field experiments. White phosphorus particles were found to be persistent indefinitely in 
saturated sediments. In unsaturated sediments, loss was rapid (within ... 

Environmental Fate of White Phosphorus/Felt and Red Phosphorus/Butyl Rubber Military 
Screening Smokes. Phase I. Literature Review

Apr 1983 56 pages

Authors: R. J. Spanggord; R. T. Podoll; R. T. Rewick; T. W. Chou; R. B. Wilson; SRI INTERNATIONAL MENLO PARK CA
... of this phase of the project was to review the literature for data that can be used to estimate the persistence of 
white and red phosphorus and their combustion products in air, ... reported. We conclude that oxidation will be 
an extremely important process for white and red phosphorus and that hydrolysis reactions will dominate the 
transformation of phosphorus oxides in the presence of moisture. We recommend that screening studies ... 
environmental conditions. Originator supplied key words include: White phosphorus, Red phosphorus, 
Transformation products, Rate constant, Fate ... 

Simple Field Screening Method for White Phosphorus (P4) in Sediment Oct 1995 13 pages

Authors: Marianne E. Walsh; Charles H. Racine; Charles M. Collins; Carl Bouwkamp; Philip G. Thorne; COLD REGIONS 
RESEARCH AND ENGINEERING LAB HANOVER NH

A simple field screening method to detect white phosphorus particles in sediment is described. A thin layer of 
wet sediment is heated until all water evaporates. The presence of white phosphorus is indicated by visual 
detection of the inflammation of white phosphorus particles that ... . The field screening method consistently 
gave positive results for samples where solvent extraction followed by gas chromatography indicated white
phosphorus concentrations above 1 micrograms/g. A more sophisticated method, based on solid-phase 
microextraction and gas chromotography determination, was ... 

Method for Producing Performance Evaluation Soil/Sediment Samples for White Phosphorus
Analysis

Sep 1996 16 pages

Authors: Marianne E. Walsh; COLD REGIONS RESEARCH AND ENGINEERING LAB HANOVER NH
... samples are not commercially available for many contaminants. This report describes the development of 
performance evaluation samples for white phosphorus (P4) analysis. To represent the wide range of ... samples 
were prepared. High concentration samples contained particulate white phosphorus in wet soil, and 
concentrations were stable ... over 100 days. Low concentration soil samples containing white phosphorus
dissolved in water or organic solvent were unstable. ... glass beads were substituted for the soil, and a solution of 
white phosphorus in mineral oil added, concentrations were stable ... 

Composite Sampling of Sediments Contaminated with White Phosphorus Dec 1997 26 pages

Authors: Marianne E. Walsh; Charles M. Collins; Ronald N. Bailey; Clarence L. Grant; COLD REGIONS RESEARCH AND 
ENGINEERING LAB HANOVER NH
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White phosphorus from exploded munitions is a difficult contaminant to characterize in the environment. Spatial 
heterogeneity of concentration estimates is extreme, ... the site and monitoring the remedial process for an area 
contaminated by white phosphorus. For each method, closely spaced discrete samples were ... . The 
composites were then divided by size fractions. Mean white phosphorus concentrations were estimated for the 
fine-grain-size fraction that was obtained by suspension with water. The presence of highly toxic solid white
phosphorus particles, the form that may be ingested by feeding ... 

Mammalian Toxicology and Toxicity to Aquatic Organisms of White Phosphorus and 'Phossy 
Water', A Waterborne Munitions Manufacturing Waste Pollutant - A Literature Evaluation

Nov 1973 52 pages

Authors: Dickinson Burrows; Jack C. Dacre; AWARE INC NASHVILLE TN
Elemental white phosphorus is highly toxic to both experimental animals and man. Ingestion of even small 
amounts may produce severe gastrointestinal irritation, bloody diarrhea, liver ... is characterized by such effects 
on the osseous system as bony necrosis ('phossy jaw'), spontaneous fractures, as well as by anemia and weight 
loss. White phosphorus appears to be noncarcinogenic when fed to experimental animals. White phosphorus
is also highly toxic to aquatic animals. Crustaceans and many molluscs are more tolerant, but still succumb to 
phosphorus concentrations of 1 ppm or less.

The Subchronic Effects of Repeated Exposure to White Phosphorus/Felt Screening Smokes in Rats May 
1981

123 
pages

Authors: BERNARD J. BROWN; Garnett E. Affleck; Edmund G. Cummings; Richard L. Farrand; William C. Starke; John T. 
Weimer; ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND ABERDEEN PROVING GROUND MD 
CHEMICAL SYSTEMS LAB

Toxicity studies were conducted to determine the subchronic effects of repeated exposure to three concentration 
levels of a white phosphorus screening smoke. When white phosphorus burns, it forms a number of oxides of 
phosphorus which are rapidly converted by moisture to phosphorus and phosphonic acids. It would appear that 
the chance of injury is high at 1161 mg/m cu and low at 193 mg/m cu. At 589 mg/m cu, one-half of the rats 
showed some exposure effects. The rats apparently developed a tolerance to repeated exposures, particularly at 
the lowest level.

Water Quality Criteria for White Phosphorus Aug 1987 140 
pages

Authors: Kowetha A. Davidson; Patricia S. Hovatter; Catherine F. Sigmon; OAK RIDGE NATIONAL LAB TN
Data obtained from a review of the literature concerning the environmental fate and aquatic and mammalian 
toxicity of white phosphorus are presented in order to derive Water Quality Criteria for the protection of humans 
and aquatic organisms and their uses. Laboratory and field studies indicate that white phosphorus is quite toxic 
to aquatic organisms, with fish being more sensitive than macroinvertebrates. In dynamic bioassays with fishes, 
bluegill was the most sensitive species. The most sensitive life stages for ... 

Design, Development, Test, and Evaluation of a Level C Interplant Shipment Pallet for 60 mm M722 
White Phosphorus Filled Body Assemblies

Feb 1993 25 pages

Authors: Yuen H. Lam; ARMY ARMAMENT RESEARCH DEVELOPMENT AND ENGINEERING CENTER PICATINNY 
ARSENAL N J ARMAMENT ENGINEERING DIRECTORATE

... test, and evaluation program to qualify a wooden pallet assembly (drawing 12937963) that is needed for 
interplant and storage of 60 mm M722 white phosphorus filled body assemblies. The final pallet design met the 
U.S. Department of Defense standard, MIL-STD-1905, as well as the performance oriented ... is recommended 
for use as reference for other similar shipment and storage requirements.... 60-mm mortar, M722 cartridge, 
Shipment pallet, White phosphorus, Body assembly, Performance oriented packaging, Plywood partitions, Steel 
straps, POP. 

Development of an Analytical Method for White Phosphorus (P4) in Water and Sediment Using 
Solid-Phase Microextraction

Aug 1996 19 pages

Authors: Marianne E. Walsh; Susan Taylor; Philip G. Thorne; COLD REGIONS RESEARCH AND ENGINEERING LAB 
HANOVER NH

Headspace solid-phase microextraction (SPME) methods were developed for white phosphorus in water and 
sediment/soil to minimize waste generated by methods based on solvent extraction. Headspace SPME provided 
a rapid, non- exhaustive extraction, based on equilibrium, of white phosphorus. Comparison of results obtained 
by headspace SPME and solvent extraction shows that headspace SPME may be used quantitatively for some 
water matrices and qualitatively for more complex matrices such as sediment/soil. Because detection ... 

Remediating and Monitoring White Phosphorus Contamination at Eagle River Flats (Operable Unit 
C), Fort Richardson, Alaska

Aug 2001 95 pages

Authors: M. E. Walsh; C. H. Racine; C. M. Collins; M. R. Walsh; R. N. Bailey; ENGINEER RESEARCH AND DEVELOPMENT 
CENTER HANOVER NH COLD REGIONS RESEARCH AND ENGINEERING LAB

... Army Engineer District, Alaska, and U.S. Army Alaska, Public Works, describing the results of research, 
monitoring, and remediation efforts addressing the white phosphorus contamination in Eagle River Flats, an 
865-ha estuarine salt marsh on Fort ... this year. The pumps kept the ponds drained for an extended period 
during the summer, allowing the pond bottom sediments to dry and the white phosphorus to sublime and 
oxidize. The logistics continued to be fine-tuned, leading to a more effective and efficient operation this year. The 
combination of a ... 

Aug 2003 152 
pages
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Environmental Assessment for the Use of White Phosphorus Rockets at Melrose Air Force Range, 
New Mexico

Authors: AIR COMBAT COMMAND LANGLEY AFB VA
... resources. WP rocket use would have minimal adverse consequences to safety, materials management, 
physical, biological, and cultural resources. White phosphorus can create handling safety risks, potential water 
and soil contamination, and increased fire risk. Cannon AFB ... ground disturbance. Potential risks to soil and 
water are minimal as the environmental conditions at Mel rose AFR are not conducive for white phosphorus to 
remain in its reactive state. Alternative A avoids the more environmentally sensitive areas on the south range.

Demilitarization of White Phosphorus Munitions Aug 1990 17 pages

Authors: Darrell R Rainey; Mark M Zaugg; CRANE ARMY AMMUNITION ACTIVITY IN
This paper highlights one of the first resource recovery projects undertaken by the U.S. Army to meet the intent of 
the Resource Conservation and Recovery Act, which was the development and successful operation of a White
Phosphorus to Phosphoric Acid Conversion Plant for disposal of white phosphorus filled munitions. 
Background for the plant development is presented, along with an operational history of the plant, and a 
description of the plant and how it operates.

Environmental Fate of White Phosphorus/Felt and Red Phosphorus/Butyl Rubber Military 
Screening Smokes

Apr 1985 189 
pages

Authors: Ronald J. Spanggord; Robert Rewick; Tsong-Wen Chou; Robert Wilson; R. T. Podoll; SRI INTERNATIONAL MENLO 
PARK CA

Investigations were conducted to identify those processes that control the loss and movement of White
phosphorus/felt, Red phosphorus/butyl rubber, and their combustion products in air, soil, and aquatic 
environments. The fate of RP/BR will be controlled by oxidative transformation. In air, half- lives of 1.8 years were 
found while in aerated water, the half-life approach 3 years and was found to be dependent on both particle size 
and oxygen concentration. In soil, the transformation was limited by oxygen diffusion and ... 

Summary and Evaluation for White Phosphorus Remediation: A Literature Review Oct 1996 72 pages

Authors: Yilda B. Rivera; Trudy Olin; R. M. Bricka; ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG 
MS

This report summarizes an extensive literature search that was conducted regarding the environmental fate of 
white phosphorus (WP) and applicable treatment technologies. The health risks associated with WP exposure, 
documented environmental effects, transformation processes, degradation products, ... of atmospheric oxygen. 
However, Berkowitz et al. (1981), in assessing the potential hazards associated with the use of phosphorus
smoke munitions, reported that WP residues in aquatic systems can be extremely toxic. Berkowitz stated ... 

RECOMMENDATION FOR A SAFER TREATMENT OF WHITE PHOSPHORUS BURNS Sep 20, 
1967 13 pages

Authors: R. Quentin Blackwell; NAVAL MEDICAL RESEARCH UNIT NO 2 MANILA(PHILIPPINES) DEPT OF 
BIOCHEMISTRY

One to three per cent solutions of copper sulfate have been used in the treatment of wound areas of casualties 
suffering white phosphorus burns. Excessive copper absorption with acute toxicity reportedly has occurred in 
some cases where such solutions have been left in contact with appreciable areas of open wound for extended 
intervals of time. Laboratory tests suggest that 0.05 per cent copper sulfate is equally effective. Field trials are 
recommended.

MIL-STD-1660 Test of Unitization Procedure for 105mm White Phosphorus (WP) Projectiles Nov 1987 31 pages

Authors: Alfred C. McIntosh Jr; ARMY DEFENSE AMMUNITION CENTER AND SCHOOL SAVANNA IL EVALUATION DIV
... has been tasked by the U.S. Army Armament Research, Development and Engineering Center, SMCAR-ESK, 
thru the Storage and Outloading Division, USADACS, to test a unitization procedure for the shipment of 75mm 
thru 106mm/4.2-in white phosphorus (WP) projectiles. Projectiles received for testing were inert-filled 105mm 
WP, weighing about 25 lbs each. These projectiles were unitized in accordance with the unitization procedure 
and subjected to the MIL-STD-1660 ... 

Remedial Investigation Report: White Phosphorus Contamination of Salt Marsh Sediments at Eagle 
River Flats, Alaska

Mar 31, 
1992

200 
pages

Authors: Charles H. Racine; Marianne E. Walsh; Charles M. Collins; Susan Taylor; ARMY TOXIC AND HAZARDOUS 
MATERIALS AGENCY ABERDEEN PROVING GROUND MD INSTALLA TION AND RESTORATION DIV

The bottom sediments of the two contaminated ponds in ERF likely contain a large number of very small white
phosphorus particles (<0.1 mm) and a small number of much larger particles (1 mm). The larger particles could 
provide a lethal dose (around 0.25 mg) for a small duck such as a green-winged teal. The very small WP 
particles in the sediments can become suspended in the water column and could provide another source of 
exposure for waterbirds, fish or plankton. WP poisoning of non-waterfowl species, particularly phalaropes, was ... 

Performance Oriented Packaging (POP) Testing of M722 White Phosphorus (WP) Filled Body 
Assemblies for 60mm Mortar (208) Packed in a Wood Pallet Container

Jun 1992 5 pages

Authors: Yuen H. Lam; ARMY ARMAMENT RESEARCH DEVELOPMENT AND ENGINEERING CENTER PICATINNY 
ARSENAL N J

This report contains the test results performed on the M722 White Phosphorus (WP) Filled Body Assemblies for 
60mm mortar packed 208 per wood pallet container. 
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Physical Processes and Natural Attenuation Alternatives for Remediation of White Phosphorus
Contamination, Eagle River Flats, Fort Richardson, Alaska

Dec 1996 75 pages

Authors: Daniel E. Lawson; Lewis E. Hunter; Susan R. Bigl; COLD REGIONS RESEARCH AND ENGINEERING LAB 
HANOVER NH

This report describes the results of investigations into the role of tidal flat physical systems in the natural 
attenuation of white phosphorus (WP) contamination in Eagle River Flats (ERF) on Fort Richardson, Alaska. 
Waterfowl feeding in ponds and marshes here ingest the WP and die. These investigations found that natural 
attenuation and in-situ degradation of the WP could result from certain physical phenomena operating within the 
EFF ecosystem. Specifically, the on-going erosion and headward recession in the gullies ... 

Dredging as Remediation for White Phosphorus Contamination at Eagle River Flats, Alaska Aug 1998 36 pages

Authors: Michael R. Walsh; Charles M. Collins; COLD REGIONS RESEARCH AND ENGINEERING LAB HANOVER NH
The Eagle River Flats impact area is a Ft. Richardson Superfund site. It is a salt marsh that is contaminated with 
white phosphorus (WP), and remediation of sediments in permanently ponded areas may require dredging. A 
remotely piloted dredging system was designed, constructed, and deployed at the Flats as part of the overall site 
remediation feasibility study. Experience gained over two years of engineering study and contract operation 
indicates that, although feasible and effective, this alternative is slow, difficult, and very expensive. 

The Acute Effects of Single Exposures to White Phosphorus Smoke in Rats and Guinea Pigs. Sep 1980 49 pages

Authors: BERNARD J. BROWN; Dale H. Heitkamp; Garnet E. Affleck; Fred K. Lee; Richard L. Farrand; ARMY ARMAMENT 
RESEARCH AND DEVELOPMENT COMMAND ABERDEEN PROVING GROUND MD CHE MICAL SYSTEMS LAB

Toxicity studies were conducted to determine the acute effects of single exposures to a white phosphorus
screening smoke. Results indicate that the smoke is moderately toxic in rats (16% mortality at Ct of 62,200 mg 
min/cu m; 99% mortality at Ct of 248,250 mg min/cu m) and highly toxic in guinea pigs (16% mortality at Ct of 
4600 mg min/cu m; 99% mortality at Ct of 7439 mg min/cu m). Surviving animals appear fully recovered 2 weeks 
after exposure, based on appearance, blood chemistries, lung function tests, and pathology.

Programmatic Life Cycle Environmental Assessment for Smoke/Obscurants. Volume 2. Red, White, 
and Plasticized White Phosphorus

Jul 1983 74 pages

Authors: R. L. Yon; R. S. Wentsel; J. M. Bane; CHEMICAL RESEARCH AND DEVELOPMENT CENTER ABERDEEN 
PROVING GROUND MD

Phosphorus type smoke/obscurants have been used extensively in the past and will continue to be used widely 
in the future. Their prime function is to obstruct the visual spectrum and conceal the movement of friendly troops 
in the battlefield. The environmental impacts associated with the use of these compounds for testing and training 
purposes have been reviewed and compiled in this report. Based on the toxicological data gathered and the 
regulatory aspects associated with the use of these smoke/obscurants it was concluded that this portion of the 
smoke program will not significantly affect ... 

Physical System Dynamics and White Phosphorus Fate and Transport, 1994, Eagle River Flats, Fort 
Richardson, Alaska

Aug 1996 75 pages

Authors: Daniel E. Lawson; Lewis E. Hunter; Susan R. Bigl; Beth M. Nadeau; Patricia B. Weyrick; COLD REGIONS 
RESEARCH AND ENGINEERING LAB HANOVER NH

... are causing significant changes in the environment. Multiple internal and external forces govern the physical 
and chemical processes by actively altering surface conditions, sometimes in unpredictable ways. ERF is also 
used as an artillery range by the U.S. Army, where past use has resulted in white phosphorous (WP) 
contamination of the sediments within ponds and mudflats. Bottom-feeding waterfowl ingest this WP, which 
causes rapid death. This report documents analyses of the physical environment, describing the nature of the 
physical systems and factors controlling them. It includes data on ... 

White Phosphorus Dry Fill Line Aug 1980 64 pages

Authors: Merlin L. Erickson; Harold D. McKinney; Larry Davenport; ARMY ARMAMENT RESEARCH AND DEVELOPMENT 
COMMAND ABERDEEN PROVING GROUND MD CHEMICAL SYSTEMS LAB

An MMT project was conducted to provide a semi-automatic prototype WP dry fill line at Pine Bluff Arsenal by 
modification and improvement of existing equipment. The line was designed to fill the 105-mm M60 projectile, the 
81-mm M375 projectile, the 60-mm M302 projectile, and the 2.75-inch M156 warhead. The line was successfully 
operated with the 105-mm M60 and the 2.75-inch M156. Test were not conducted with the 60-mm and 81-mm 
munitions because components were not available. The WP dry fill line provides a safe, extremely accurate 
system for production rate filling of munitions with WP. It ... 

Remedial Investigation Report: White Phosphorus Contamination of Salt Marsh Sediments at Eagle 
River Flats, Alaska

Mar 31, 
1992

200 
pages

Authors: Charles H. Racine; Marianne E. Walsh; Charles M. Collins; Susan Taylor; COLD REGIONS RESEARCH AND 
ENGINEERING LAB HANOVER NH

The bottom sediments of the two contaminated ponds in ERF likely contain a large number of very small WP 
particles and a small number of larger particles (1mm). The larger particles could provide a lethal dose(around 
0.25 mg) for a small duck such as a green-winged teal. The very small WP particles in the sediments can 
become suspended in the water column and could provide another source of exposure for waterbirds, fish or 
plankton. WP poisoning of non- waterfowl species, particularly phalaropes, was documented; however, extensive 
areas of mudflats used by migrating shorebirds in ERF were not ... 
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Performance Oriented Packaging Testing of XM929 White Phosphorus Filled Body Assemblies for 
120mm Mortar Packed in a Plywood Container

Aug 3, 
1994 6 pages

Authors: Dmitry Kirshteyn; DOD PERFORMANCE ORIENTED PACKAGING OF HAZARDOUS MATERIALS WASHINGTON 
DC

This report contains test results conducted on the XM929 WP Body Assy. for 120 mm Mortar packaged in 
plywood box per drawing 12961145. The tests were conducted in accordance with requirements of 49 CFR part 
107. The packaging is submitted for Performance-Oriented Packaging certification. 

A Literature Review - Problem Definition Studies on Selected Toxic Chemicals. Volume 2. 
Occupational Health and Safety Aspects of Phosphorus Smoke Compounds

Apr 1978 104 
pages

Authors: Khizar Wasti; K. J. R. Abaidoo; Jon E. Villaume; FRANKLIN INST RESEARCH LABS ROCKVILLE MD SCIENCE 
INFORMATION SERVICES DEPT

... information on toxicological aspects and health hazards of phosphorus smoke compounds. The compounds 
covered in this study are red phosphorus, white phosphorus, butyl rubber/red phosphorus ... phosphorus, 
and epoxy white phosphorus. The subjects covered in this review are chemical and physical properties, ... has 
not been studied very well. White phosphorus has been found to be highly ... experimental animals and 
humans. Occupational exposure to white phosphorus vapors has produced necrosis ... no reported cases of 
carcinogenicity in humans after white phosphorus intoxication. Tests for mutagenicity and ... 

Red Phosphorus Jack Grenade Mar 28, 
1968 21 pages

Authors: C. A. ROBINSON; P. A. Nelson; P. G. Bartholomew; RAC EQUIPMENT TRIALS WING WAREHAM (UNITED 
KINGDOM)

CDEE PORTON have produced a Red Phosphorus Jack Grenade for AFV local smoke protection, with ... of 
combining the rapid screening qualities of the No 80 White Phosphorus with the quicker loading and reduced 
fire hazard ... the L5 and L7 Jack Grenades. The Red Phosphorus grenades as tested took even longer to 
provide ... 37 seconds. In other respects it was satisfactory. Its smoke is light grey and is not as noticeable as the 
White Phosphorus smoke, but is more noticeable than the L7 screen. It is thought that development may 
overcome the present slowness in the build-up rate of the Red Phosphorus Grenade.

Chemical Characterization and Toxicologic Evaluation of Airborne Mixtures. The Chemical and 
Physical Characterization of Phosphorus Smokes for Inhalation Exposure and Toxicology Studies

Jun 1984 63 pages

Authors: R. S. Brazell-Ramsey; J. H. Moneyhun; R. W. Holmberg; OAK RIDGE NATIONAL LAB TN
The chemical and physical properties of the aerosols produced from the combustion of red phosphorus
containing butyl rubber (RPBR) and white phosphorus impregnated in felt (WPF) have been examined, The 
aerosols were produced at a uniform concentration by extruding softened raw material and burning the emerging 
filament or by igniting fragments of the formulations in a convective air flow. Aerosol particle sizes were found to 
be within the respirable range, varying from 0.4 to 1.0 micrometer ... 

Ab Initio Studies on Hexavalent Phosphorus Compounds Aug 17, 
2005 12 pages

Authors: Ashley L. Wilson; William E. White; EDGEWOOD CHEMICAL BIOLOGICAL CENTER ABERDEEN PROVING 
GROUND MD RESEARCH AND TECHNOLOGY DIR

... of hexavalent phos-phorus compounds in which a nitrogen atom provided both electrons for the sixth bond 
thereby forming an octahedral complex. In general, electron-withdrawing groups on the phosphorus atom 
increased the strength of the coordinate covalent bond between the nitrogen and phosphorus atoms. When the 
hexavalent phosphorus species was constructed by addition of ammonia and hydroxide to a phosphonate, the P
-N distance was over 4 A. This weak interaction ... 

PHOSPHORUS FILLING FOR MUNITIONS Jun 1947 20 pages

Authors: J. C. BROSHEER; F. A. LENFESTY; P. L. IMES; TENNESSEE VALLEY AUTHORITY NORRIS
In a continuation of the search for suitable binders for granulated white P in fillings for munitions, several 
additional commercial casting resins were tested. ... filled projectile when the projectile is stored on its side at 65 
C. Of the experimental phosphorus fillings subjected to firing tests, those in which the granulated phosphorus
was bound with plaster of Paris were the most promising. Fillings bound with Duraton, Palestic, ... lower the 
temperature of combustion, appeared in preliminary tests to be worthy of further study as agents for improving 
the performance of the phosphorus fillings.

Physical and Chemical Characterization of Military Smokes. Part III. White Phosphorus-Felt Smokes May 29, 
1981 78 pages

Authors: Sidney Katz; Alan Snelson; Narayanan Rajendran; Ronald Butler; Warren Bock; IIT RESEARCH INST CHICAGO IL
An investigation of the U.S. Army White phosphorus-felt smoke munition is described in this report. The study 
included the chemical characterization of the smoke observations of the fog stability. The wedge- shaped 
generating munition is a pellet consisting of about 80% by weight of phosphorus somewhat irregularly 
distributed in the felt matrix. Principal impurities in the phosphorus were boron, silicon, iron, and arsenic, all at 
concentration levels near 0.1 to 0.01%. No significant levels of metallic impurities were present in ... 

PHOSPHORUS FILLINGS FOR MUNITIONS Mar 31, 
1948 25 pages

Authors: F. A. LENFESTY; J. C. BROSHEER; P. L. IMES; G. W. Richardson; TENNESSEE VALLEY AUTHORITY NORRIS
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In experiments on modification of the physical properties of the P fillings, a procedure was developed for 
conversion of white P to red P in the munition itself. The resultant massive red P filling is very stable 
ballistically ... somewhat less rapidly than is desirable. Most of the work done concerned mixtures of granulated 
white P and fluid binders which set to solid masses at room temperature. ... laboratory reagents were 
unsuccessful, but several commercial products appeared to be satisfactory. A method of producing white P 
granules of suitable particle size was developed in the course of the work. ... 

Chemical Characterization and Toxicologic Evaluation of Airborne Mixtures: The Chemical and 
Physical Characterization of XM819 Red Phosphorus Formulation and the Aerosol Produced by Its 
Combustion

Feb 1986 44 pages

Authors: R. S. Ramsey; J. H. Moneyhun; R. W. Holmberg; OAK RIDGE NATIONAL LAB TN
... were taken. Generation and collection conditions were similar to those used for two other phosphorous 
obscurant sources, red phosporus-butyl rubber (RPBR) and white phosphorus-felt (WPF), to allow direct 
comparisons between the aerosols. The RPNO3 material was also analyzed for composition and impurities. The 
formulation was found to be uniform in weight, density, and composition of phosphorus, extractable, sodium, 
nitrate, and silica. An epoxy containing no unreacted resin detectable by infrared spectroscopy. Elemental 
impurties were determined to be ... 

Acute Toxicity of Smoke Screen Materials to Aquatic Organisms, White Phosphorus-Felt, Red 
Phosphorus-Butyl Rubber and SGF (Smoke Generator Fuel) No. 2 Fog Oil

Apr 1986 168 
pages

Authors: T. M. Poston; K. M. McFadden; R. M. Bean; M. L. Clark; B. L. Thomas; BATTELLE PACIFIC NORTHWEST LAB 
RICHLAND WA

The acute toxicity of three obscurants was determined for nine fresh- water organisms. The materials tested were 
white phosphorus-felt smoke, red phosphorus-butyl rubber (RP-BR) smoke, and smoke generator fuel (SGF) No. 
2 fog oil (bulk and vaporized). The chemistry ... Acute 96 hr tests using Daphnia magna with neutralized and 
nonneutralized exposure solutions indicated that the presence of unidentified toxic component(s) acted 
independently of pH. Additions of phosphorus into aquatic systems can lead to stimulation of algal growth as 
long as the resulting pH is not toxic. Neither the bulk fog oil ... 

PHOSPHORUS FILLING FOR MUNITIONS Mar 31, 
1947 18 pages

Authors: J. C. BROSHEER; F. A. LENFESTY; P. L. IMES; TENNESSEE VALLEY AUTHORITY NORRIS
In a continuation of the study of P fillings for munitions, additional resin binders for granulated white P were 
tested. Several commercial preparations were found to harden readily at room temperature and to form stable 
mixtures with granulated P. Tests of commercial resins are being continued. Firing have shown that the 
performance of rigidly solid P fillings is dependent upon the bursting charge. High-brisance bursters invariably 
fragment the filling excessively with resultant pillaring of the combustion products. Burster charges of a propellant 
powder produced relatively little ... 

Hydrolysis of Phosphorus Esters: A Computational Study Apr 2005 33 pages

Authors: J. B. Wright; Gerald H. Lushington; Margaret Hurley; William E. White; EDGEWOOD CHEMICAL BIOLOGICAL 
CENTER ABERDEEN PROVING GROUND MD

Computational chemistry was used to elucidate the reaction paths, transition structures, and energies of 
activation for the hydrolysis of a series of phosphinate, phosphonate, and phosphate esters. Calculations were 
performed at the Hartree-Fock level of theory with the density functional theory and 2nd order Moller-Plesset 
level using the 6-311G(2d.2p) basis set. The SCI-PCM continuum solvation model was also used to determine 
the roll that solvation plays in stabilizing the various transition structures. Transition structures containing one 
and/or two water molecules had lower energies than ... 

High Resolution Electro-Optical Aerosol Phase Function Database PFNDAT2006 Aug 2006 59 pages

Authors: Richard C> SHirkey; David H. Tofsted; ARMY RESEARCH LAB WHITE SANDS MISSILE RANGE NM 
COMPUTATIONAL AND INFORMATION SCIENCE DIRECTORATE

... a wind-lofted desert aerosol; and the Navy Aerosol Model (NAM). The manmade aerosols consist of dust 
produced from high-explosive munitions, white phosphorus, fog oil, and hexachloroethane smokes. Many of the 
models are functions of relative humidity (RH), wind speed, and other ... Henyey-Greenstein snow phase function 
with the traditional Mie generated phase function. We corrected the following errors: the refractive index of white
phosphorus at 1.06 m and 0%RH; all tropospheric aerosol values were calculated at 99% RH; and the snow 
phase functions ... 

Measured Effects of Tactical Smoke and Dust on Performance of a High Resolution Infrared 
Imaging System

Jun 18, 
1982 15 pages

Authors: John A. Roth; WHITE SANDS MISSILE RANGE NM INSTRUMENTATION DIRECTORATE
... hexochloroethane smoke screens do not effectively screen against infrared imaging systems operating in the 8
-12 and 3-5 micron bands. Contrast is reduced, but not obliterated in either band, by XM smoke. Smoke 
produced by the explosion of bulk white phosphorus shells is effective in blocking FLIR imagery if the 
detonation takes place near enough to the line-fo-sight so that the smoke is hot. Dust Clouds are effective 
obscurants in the 8-12 micron band. 

Electro-Optical Aerosol Phase Function Database PFNDAT2005 Nov 2005 58 pages

Authors: Richard C. Shirkey; David H. Tofsted; ARMY RESEARCH LAB WHITE SANDS MISSILE RANGE NM
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... aerosols consist of maritime, urban, rural, tropospheric, fog, rain, snow, and dust aerosols; a wind-lofted desert 
aerosol; and the Navy aerosol model. The manmade aerosols consist of dust produced from high-explosive 
munition; white phosphorus; fog oil; and hexachloroethane smokes. Many of the models are functions of 
relative humidity, wind speed, and other parameters. The database includes information at wavelengths for 0.35 
to 40.0 micrometers dependent on the ... 

Waterfowl Mortality in Eagle River Flats, Alaska: The Role of the Munitions Residues May 
1992 46 pages

Authors: Charles H. Racine; Marianne E. Walsh; Charles M. Collins; Darryl J. Calkins; Bill D. Roebuck; COLD REGIONS 
RESEARCH AND ENGINEERING LAB HANOVER NH

... River Flats not used by waterfowl and white phosphorus in sediments from the bottom of shallow ponds 
where ... observed to die or found dead in the salt marsh were collected, and we found white phosphorus in the 
gizzards of all 11 carcasses ... River Flats. Adult mallards dosed in the laboratory with white phosphorus
showed identical behavioral symptoms ... Eagle River Flats. All evidence indicates that white phosphorus, as a 
particulate in the sediments, is responsible for the death ... of the shallow salt marsh ponds are anaerobic, the 
white phosphorus particles will persist in the sediments indefinitely ... 

Waterfowl Mortality in Eagle River Flats, Alaska: The Role of Munitions Residues May 
1992 46 pages

Authors: Charles H. Racine; Marianne E. Walsh; Charles M. Collins; Daryl J. Calkins; Bill D. Roebuck; COLD REGIONS 
RESEARCH AND ENGINEERING LAB HANOVER NH

... River Flats not used by waterfowl and white phosporus in sediments from the bottom of shallow ponds ... 
observed to die or found dead in the salt marsh were collected, and we found white phosphorus in the gizzards 
of all 11 carcasses ... River Flats. Adult mallards dosed in the laboratory with white phosphorus showed 
identical behavioral symptoms ... Eagle River Flats. All evidence indicates that white phosphorus, as a 
particulate in the sediments, is responsible for the death ... sediments of the shallow salt marsh ponds are 
anaerobic, the white phosphorus particles will persist in the sediments indefinitely ... 

Enhanced Natural Remediation of White- Phosphorus-Contaminated Wetlands through Controlled 
Pond Draining

Nov 1999 30 pages

Authors: Michael R. Walsh; Marianne E. Walsh; Charles M. Collins; COLD REGIONS RESEARCH AND ENGINEERING LAB 
HANOVER NH

Detonation of projectiles containing white phosphorus, a smoke- producing munition, contaminated Eagle River 
Flats (ERF), ... marsh located on Fort Richardson, Alaska. Ingestion of the highly toxic white phosphorus
residues by dabbling ducks and swans resulted in significant waterfowl mortality, leading to the suspension of 
Army training with white phosphorus in wetlands and designation of Eagle River Flats as a Superfund site. The 
permanent ponds at ERF are ideal for long-term storage of the millimeter-size particles of white phosphorus
ejected from detonated mortar and howitzer shells. With ... 

A NEW SMOKE SCREENING CHEMICAL FOR USE IN AERIAL SMOKE TANKS Dec 1965 222 
pages

Authors: William H. McLain; Robert W. Evans; DENVER RESEARCH INST CO MECHANICS DIV
... indicated that liquid agents possessing an obscuring power greater than FS can be developed using selected 
mixtures, solutions, and compounds of phosphorus. A solution of 33 weight % methylene iodide in white
phosphorus had a TOP of about 2800. A eutectic mixture of phosphorus sesquisulfide and white phosphorus
had a TOP of about 2800. The major difficulty of the agents tested was their pyrophoricity which resulted in 
handling difficulties. Considerable reduction in the rate of oxidation was accomplished ... 

Preliminary Assessment of Sedimentation and Erosion in Eagle River Flats, South-Central Alaska Dec 1993 24 pages

Authors: Daniel E. Lawson; Bruce E. Brockett; COLD REGIONS RESEARCH AND ENGINEERING LAB HANOVER NH
... impact range by the U.S. Army since 1945, must be understood to evaluate potential treatments of a high duck 
mortality resulting from ingestion of white phosphorus (WP) particles. The WP originates from smoke-producing 
devices detonated here. A preliminary assessment of erosion and sedimentation during May to ... ranged from 8 
to 16 mm. Recession rates of eroding gully headwalls were highly variable, ranging from negligible to over 3.9 m. 
White phosphorus particles may be in suspended transport through gullies during ebb. Further studies are ... 

Toxicity Testing of Soil Samples from J-Field, Aberdeen Proving Ground, MD Dec 1995 57 pages

Authors: Carlton T. Phillips; Ronald T. Checkal; EDGEWOOD RESEARCH DEVELOPMENT AND ENGINEERING CENTER 
ABERDEEN PROVING GROUND MD

Soil samples from the toxic burning pits, an area adjacent to the toxic burning pits, white phosphorus pits, and 
riot control pits were tested for their toxicity to lettuce and earthworms as part of an ecological risk assessment of 
J-Field. To adequately ... ) ; moderately toxic at two sites (JBPPB and JBPMC); and highly toxic at one site 
(JHDP). An additional site (JBPMB) was not fully evaluated. Results from the white phosphorus pits were 
nontoxic for three sites (JWP1E, JWPPB, and JWP2C) and moderately toxic at one site (JWPPA). One site 
(JBT1W) from the ... 

Dredging in an Active Artillery Impact Area. Eagle River Flats, Alaska Sep 1996 52 pages

Authors: Michael R. Walsh; Edwin J. Chamberlain; Karen S. Henry; Donald E. Garfield; Ed Sorenson; COLD REGIONS 
RESEARCH AND ENGINEERING LAB HANOVER NH

Ongoing investigations into the waterfowl die-offs and the persistence of the causal agent, white phosphorus, in 
Eagle River Flats, an estuarine salt marsh and military impact area, indicate that any remediation strategy will 
have to include ... are constantly flooded, such as the deeper ponded areas, do not allow natural drying of the soil 
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and subsequent sublimation of the residual white phosphorus (WP) particles. Some of these permanently 
flooded areas are interconnected over large areas and would be impractical to address through pond ... 

Medical Criteria for Respiratory Protection in Smoke: The Effectiveness of the Military Protective 
Mask

Jan 1989 23 pages

Authors: James C. Eaton; John Y. Young; ARMY BIOMEDICAL RESEARCH AND DEVELOPMENT LAB FORT DETRICK MD
... could be chosen from among the approved orinasal dust, fume, and mist respirators, but this type of protection 
would not be appropriate for HC, metal, or phosphorus smokes; (c) the greatest uncertainty in the assessment 
of health hazards from smoke and obscurants involves measurement of exposure, which determines the duration 
of effectiveness of the ... HC smoke, which has caused fatalities when used improperly -- the masking policy 
must be strictly enforced, and HC should never be deployed in and enclosed space. Keywords: 
Hexachloroethane, White phosphorus, Red phosphorus, Toxic hazards. (aw) 
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