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INTRODUCTION

As a result of ten years of extensive research and development, -he

US Army has developed a trailer-mounted reverse osmosis water purification

unit (ROPU) which effectively treats brackish water, sea water, and

chemically contaminated freshwater. The treatment processes consist of

high rate filtration followed by the reverse osmosis system. Under the

present concept there will be two units: one will produce 600 gallons per

hour and the other 3,000 gallons per hour of potable water,

The smaller unit was designed to operate for 20 hours a" day at a

production rate equivalent to 600 gallons per hour on freshwater and 400

gallons per hour on sea water. A climatic requirement to operate at

temperatures ranging between 1.6 0 C and 40 0 C (35 0 F and 1050F) at

relative humidities as high as 90 percent was established to provide a

world wide operational capability. The water quality standards which the

product water had to meet were-astabrl1shed by the US Army Surgeon General.

•The' use of simulants for chemical warfare agents and the search for

better simulants have greatly escalated because of the ban on open-air
testing of agents•-No compound can exactly match all the properties of an

agent and yet be non-toxic because of the interrelationship between

toxicity and chemical structure. The structural features that determine

toxicity may also uniquely determine the chemical and physical properties

of the compound. The properties to be matched in any application are those

that determine the specific parameter under investigation (dissemination,

decontamination, detection, removal from water, etc.).
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The specific mechanisms of the rejection of chemical compounds by

reverse osmosis have not been firmly established. Selection of a simulant

for this process must therefore be based on empirical investigations. The

removal rates of chemical compounde is partly a function of the

configuration and composition of the specific membrane employed. To

evaluate all membranes for all possible chemical contaminants of water

wo-ld be an excessively expensive and laborious task. A test system of

indicator compounds would prove cost-effective as a preliminary evaluation

before extensive testing is undertaken. A lower initial testing cost

should also expand the competition of suppliers, possibly producing an

overall reduction in unit cost and a more effective membrane. ,
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LITERATURE REVIEW

REVERSE OSMOSIS

Reverse osmosis (RO) is a membrane process in which the input water is

pressurized to a value above the osmotic pressure. Pure water passes

through the membrane leaving most of the soluble salts behind. At the same

time, a large part of particulate matter, including microorganisms and

suspended colloids, is removed.

The mechanisms by which RO membranes allow the transport of certain

solutes are still a matter of conjecture. Various theories have been

proposed, but as yet, no one theory has enjoyed universal acceptance.

Three of the more common approaches to membrane transport are shown in

Figure 1 (Blais 1977) representing the solution-diffusion (Panel A), the

sieve tr&nsport (Panel B) and the preferential sorption (Panel C) models.

The solution diffusion model (Lonsdale et al., 1965) envisions a

transport corridor in the interstices between the molecules composing the

"thin film" rejection area of the membrane. A size estimate of these
0

species places it in the range of 6-20 A for membranes with high salt

rejections, which is of the same order of magnitude as intermolecular

distances in swollen polymers (Blais 1977). In this mode, actual passage of

solute and solvent first requires a dissolving into the membrane followed

by diffusion through the rejection layer. A modified form of this theory

includes imperfections in the casting process to allow for some pore

transport (Pusch 1977; Sherwood et al., 1967).

"-3-
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S

Passage of water through the membrane would be governed by diffusive

transport according to the following equatioa, which relates to permeate

quantity:

F - K (Pa - Po) (1)
10

where:

F = Product (permeate) water flux in gal/(sq ft of membrane area)

(day)

K = Constant in gal/(sq ft) (day) (psi)

Pa - Applied pressure in psi

Po -Osmotic pressure in psi

According to equation (1), no product water is produced when the applied

pressure is less than the osmoti.. pressure. However, above the osmotic

pressure, the more the pressure, the more product water. Seawater, for

example, has an osmotic pressure of approximately 350 psi and would require

pressure greater than 350 psi to yield permeate.

Permeate quality would be governed by equation (2):

S -K 2 (Cr - Cp) (2)

where:

S - Salt flux in grams/sq ft of membrane area/day

K2 - Constant in gal/(sq ft) (day)

Cr - Concentration of salt in raw water in grams/gal

Cp - Concentration of salt in product (permeate) water in grams/gal

The constants KI and K2 depend on a variety of factors including

temperature, viscosity, electrical resistance, diffusion and partition :1

-5- 4:-..•..
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coefficients as ;ell as membrane potential. As yet, the specific

interrelationships and mechanisms are not clearly understood. (Spiegler and

"Lavial, 1980; Lindsten, 1972)

The sieve transport model (Bankb and Sharples, 1964) detailed a

non-interactive method cf membrane rejection based on steric exclusion. In

the sieve approach, it is the membrane matrix with its associated pore

structure that governs the rejection of soluite and solvent. As shown in

Figure 1 (Panel B), the distribution of pore sizes allows for varying

rejection between solute and solvent. Compounds such as phenol, however,

which would be rejected at higher rates than sodium and chloride ions based

on their size, tend to penetrate membranes at much higher rates. This type

:••'of information supports the premise that transport processes also depend on

membrane chemistry and its interaction with the solute. The steric

parameters of a molecule are important for larger species, for whatever the

model, there must be a physical space for movement.

The preferential sorption model (Sourirajan, 1970) evaluates three

"molecular parameters as determining factors of solute rejection by RO

"membranes: molecular size and the molecule's polar and nonpolar

characteristics. The steric factor determines passage based on the bulk of

a molecule in relation to the size of the transport corridor. The polar

and nonpolar parameters attempt to quantify the chemical interaction

between the solute and the membrane. With membranes thought to have

specific polar and nonpolar regions (Chian et al., 1975) these two

parameters determine both aqueous type reactions as well as hydrophobic

interactions. This model theorizes a sorption at the membrane-solution

-6-



interface that would show marked differences in a concentration profile

"across the membrane solution junction.

'• There are obviously common elements among these theories. For certain

No membrane configurations all may apply but one may be most appropriate.

The diffus" i coefficient used in the Lonsdale model is determined by the

interaction between solute and membrane, interaction that the Scurirajan

"model attempts to quantify with certain solute characteristics. The models

account for unexplained rejections by including factors for membrane

"imperfections.

The configuration of the membrane will have a direct bearing on the

relationship between the rate of rejection and the amount of potable water

produced. The U.S. Army has adopted membranes in the spiral wound

configuration as shown in Figure 2.

"The pressurized water passing along the length of a RO element is

continuously "dewatered." Therefore, the feed becomes more concentrated

and the quality of the product continually deteriorates through the system

as more salt migrates through the membrane and less water passes through to

dilute it. At the end of the system, the concentrated feed is discharged

as the waste stream. A graphic representation of this cross flow process

is shown in Figure 3. Alleviation of the concentration problem is

achievable by operation at a low "water recovery," i.e., maintaining a high

feed rate so that the product output isa small fraction of the feed.

However, when a highly concentrated waste stream is desired, such as when

processing wastewater, low "water recovery" is undesirable. Also, low

Ilwater recovery" results in a comparatively high energy requirement. A

* 7
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Figure 2. Schematic of construction of spiral wound membrane module
* (Sliger and Quinn 1975).
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drop in flux as a function of time is a commonly encountered occurrence.

It is believed that this phenomenon is a direct result of increEsed flow

resistance due to any or all of the following reasons: (a) compaction of

the porous membrane substructure; (b) release of tiny pinpoints of Air or

dissolved gas on and in the membrane; (c) electrical charge buildup due to

streaming potential; (d) deposition of ra, water turbidity (including

microorganisms, clay, organic turbidity, suspended iron and manganese, and

colloidal particles); (e) deposition of scale due to the precipitation of

sparingly soluble dissolved salts; (f) growth of biological films; and (.g)

accumulation of ions adjacent to the membrane surface, which is responsible

for "concentration polarization." (Nusbaum 1981, Lindsten, 1972)

SIMULANTS

The chemical agent data center at the Edgewood area of Aberdeen

Proving Ground was used to perform a search of the literature based on

chemical properties that would be related to membrane rejection (Coon et

al. 1982). The chemical and physical properties used and their units

were:

1. Molecular weight

2. Vapor pressure, mm Hg at 250C

3. Molecular diffusion coefficient, cm 2/sec at 25°C

4. Solubility in water, gm/l at 250C

5. Hildebrand solubility parameter, (cal/cm )3/2

-10-



"The additional considerations and general guidelines outlined in the

contract proposal listed below were also considered during the selection of

simulants.

1. Stability .n aqueous solutions

2. Similar molecular structure

"3. Simple analytical methods

4. Reasonable detectable limits

5. Non-toxic characteristics

6. Past use as indicator compounds

The criteria used for the selection of these compounds were that

values of the specific chemical properties fall within a plus or minus 10"

"percent range around the value for a volatile nerve agent (GB) and a

non-volatile nerve agent (VX). The range was expanded to plus or minus 20

percent when limited output was generated for various combinations of these

properties. The 20 percent bracket is shown in Table 1 for both GB and VX.

The data base checked the Technical Library at the Chemical Research and

"Development Command (CRDC) and various Department of Defense literature

surveys to identify the approximately. 800 references contained in its

files. Typical of the material contained in this data base are two

Department of Defense Publications. Arthur D. Little, Inc. (1982) reported

"chemical properties, toxicological data, and analytical procedures for

various simulants. Bagley et al. (1977) at Dugway Proving Ground,

reviewed simulants and compared chemical properties of simulants to agents.

i-11-



TABLE 1. A 20 PERCENT RANGE OF SELECTED PROPERTIES
, OF A VOLATILE NERVE AGENT (GB) AND A NON-VOLATILE NERVE

AGENT (VX)

Property AGENT

GB VX
"Molecular Weight 112.0 - 168.1 213.9 - 320.9

Vapor Pressure 2.32 - 3.48 0.00050 - 0.00074
mm Hg at 25 C

Molecular Diffusion Coefficient 0.049 - 0.073 0.028 - 0.041
cm /sec at 25 C

I Solubility in Water Miscible 0.05
gm/i at 25°C

"Hildebrand Solubility Parametei 7.24 - 10.85 6.40 - 9.60
(Cal/cm3 ) '/ t

7

n'.2
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The candidate simulants developed from the literature are lieted in

Table 2. While a literature search was a useful tool, a careful evaluation

of the results must be performed. Highlighting the requirement of this

N follow up was that one of the compounds selected by the search, diethyl

pthalate was insoluble in water even though solubility was one of the

parameters to be matched on. Diisopropyl methyl phosphonate (DIMP) was

¶ chosen for initial study.

i

I
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TABLE 2. CANDIDATE NERVE AGENT SIMULANTS

1. Bis (2-ethyl hexyl) ohosphonate
2. Diethyl glycol dimetaiyl ether
3. Diethyl phosphonate
4. Diethyl phthalate
5. Diethyl sebacate
6. Diethyl sulfite
7. Diisopropyl methyl phosphonate (DIMP)
8. Dimethoxy methyl phosphonate (DMMP)
9. Ethyl dimethyl phosphite

S~-14-
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METHODS

PREPARATION AND ANALYTICAL METHODS

Sample Preparation, Handling and Storage

Glassware Preparation-

All glassware was washed with detergent, rinsed with distilled water

and maintained at 400°C for one hour to remove organics.

Preparation of Simulant Standards-

DIMP standards in water and acetone were prepared from 1,000 mg/l

stock solutions. An aliquot of 0.200 ml DIMP was added to 200 ml of

solvent in a'volumetric flask. DIMP in water standards of 10.0, 1.00 and.

0.100 mg/l were made up in 2,000 ml volumetric flasks. DIMP in acetone

standards of 20.0, 10.0, 5.00, 1.00 and 0.100 mg/l were made up in 100 ml

volumetric flasks. A 0.050 mg/1 standard and a 0.025 mg/l standard were

made by diluting the 0.100 mg/l standard.

Aqueous Samples-

Aqueous samples were collected and stored in 150 ml screw cap bottles. ,

0Caps were lined with aluminum foil which had been heated at 400 C for at

least one hour to remove organics. Samples were stored at 4°C.

DIMP in Acetone Samples-

DIMP in acetone samples included standard solutions and extractions of

aqueous samples. Standard solutions were stored in 10 ml serum bottles "
0og

with teflon faced septa. Sam'p'le extractions resulted in a 2 ml volume of

DIMP in acetone. These were transferred to 1.8 ml screw cap vials with

open top caps and teflon faced septa. All septa were scrubbed with acetone

before placement on vials.

-15- 3



Sample Extraction Procedure

A schematic illustrating the extraction procedure appears in Figure 4. -.

Aqueous DIMP samples were poured through silica gel columns (Baker 10 SPE

disposable reversed-phase extraction columns, octylsilane bonde6 silica

gel) under low vacuum to collect and concentrate the DIMP on the sorbent

bed. The retained DIMP was then eluted with acetone into a volumetric

flask. A detailed description is given below. Multiple extractions were

conducted simultaneously on a vacuum manifold.

Sample Extraction Steps

1. Column Preparation

1.1 Place column on manifold (one column per extraction).

1.2 Fill column with HPLC grade methanol.

1.3 Turn on vacuum and draw methanol through column.

1.4 Turn off vacuum immediately to avoid drying the column.

2. Extraction

2.1 Using a volumetric pipet, apply desired volume of sample to the

column and draw through with vacuum.

3. Elution -'.4-.

3.1 Remove column from manifold and place on a volumetric flask of the

appropriate size.

3.2 Using a volumetric pipet, add chromatography grade acetone to the

column and force it through with compressed air.

3.3 Remove the column from the flask and adjust the volume to the mark
Iw.with acetone. ;:'

-16- O
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4. Storage

4.1 Transfer extracted sample to an appropriately sized vial and seal .

with septum cap.

Gas Chromatographic Analysis "

Equipment-- �

Gas chromatographic analysis was performed with a Hewlett-Packard

5830A gas chromatograph equipped with a carbowax column and a

nitrogen-phosphorous detector (N-P detector). The &pecific chromatographic

conditions are listed below.

Chromatographic Conditions

1. Detector: Hewlett-Packard nitrogen-phosphorous flame ionization

detector (HP 18847A/8A) with long wide bore jet.

2. Column: 10% Cazbowax 20M on 80/100 chromosorb W-HP. Type: glass.

Length: 2 meters. Outside diameter: 1/4 inch. Inside diameter: 2 mm.

3. Carrier gas: Helium, 99.995% minimum purity with inline molecular """

sieve drying.

4. Support gases: Rydrogen, 99.995% minimum purity and 'dry' quality air,

both with inline molecular sieve traps.

5. Injection port: On column injection. Septum: Thermogreen LB-i

(Supelco 2-0659).

Operating conditions-

All results were obtained under the following operating conditions:

Operating Conditions

1. Gas flows, measured wii:h soap bubble flow meter: helium 30 ml/min,

hydrogen 3 ml/min, air 60 ml/min;

-18- p
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2. Oven temperature: 165°C, isothermal;

3. Injection port temperature: 220°C;

4. Detector temperature: 300 C.

5. Offset: set at approximately 100 mm at the start of each series of

analyses.

Injections were performed manually by the solvent flush technique using

acetone as the solvent. Injection volumes were approximately 2

microliters. In order to minimize the effects of detector sensitivity

variations, samples were grouped according to approximate DIMP

concentration and the groups were analyzed in order of increasing

concentratioi. A DIMP in acetone standard of approximately the same

concentration was injected with each set of samples in a fixed sequence.

The sequence was repeated for three to five replicate injections. Any

variations in sensitivity thus did not exert an inordinate influence on any

one sample.

For each injection, the peak area and injection volume were recorded.

The response was then calculated as peak area per microliter injected and

averaged for replicate injections. Calculation of the corresponding DIMP

concentration was based on a least squares line of best fit for calibration

data. The calibration curve was adjuated for day to day variations in

sensitivity on the basis of responses to standards analyzed at the same

time as the samples. Reported concentrations were adjusted for the density

and purity of DIMP.

-19-
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EXPERIMENTAL PROTOCOL

Stability of pH

The stability of the pH of tap water from the Edgewood area of Aberdeen

Proving Ground, Building 1956, was evaluated over a thirty hour period

under various conditions of pH and salt concentration. A five gallon

sample of filtered tap water was collected in a carboy which had been

washed and rinsed three times with triple distilled water. The sample was

dechlorinated by aeration for 48 hours followed by the addition of sodium

thiosulfate sufficient to remove the remaining residLal. The absence of

chlorine residual was confirmed by regular determinations with

NN-diethyl-p-phenylene-diamine (DPD) according to Standard Methods for

the Examination of Water and Wastewater (1981).

Aliquots of the dechlorinated tap water and salt solutions containing

35,000 and 5,000 mg/l NaCl were dispensed in brown glass bottles. For each

trial, the pH was adjusted to 5, 7 or 9 with 0.1 N solutions of sulfuric

acid or sodium hydroxide. The bottles were stored at room temperature.

The pH waa determined electrometrically with a Beckman Zeromatic Model

II pH meter according to Standard Metiods for the Examination of Water

and Wastewater (1980). Samples were agitated with a magnetic stirrer

during the measurement.

Evaluation of Extraction Procedure

Efficiency-

The efficiency of the extraction procedure was evaluated for 10.0, 1.00

and 0.100 mg/l DIMP iz aechlorinated tap water and brackish water (5,000

mg/l NaCl in dechlorinated tap water) solutions at pH values of 5, 7, and

r-20-



9. These solutions were prepared as described above. Dechlorination of the

tap water and pH adjustment were described in the previous section. The

efficiency was determined by comparing the response (area per microliter)

for an extracted aqueous sample with that for a DIMP in acetone standard of

the same nominal-concentration.

Variability-

The variability of the extraction procedure was assessed by performing

six replicate extractions each of a feed water sample and a product water

sample from the Johns Hopkins University reverse osmosis test stand. Five

replicate injections of each extraction were made.

Stability of'DIMP in Acetone

To determine the stability of DIMP in acetone, solutions containing

10.0, 1.00 and 0.100 mg/l DIMP were prepared as described above. Aliquots

of each were stored under three different conditions: 1) at 25 0 C, with

normal diurnal variations in light; 2) at 25°C, in the dark; and 3) at

4 C, in the dark. On each day that the samples were analyzed, the gas

chromatograph was calibrated with fresh standards. Analyses were performed

on days 0, 1, 6 and 20.

Stability of DIMP in Aqueous Solution

The stability of DIMP in aqueous solution was determined for 10.0, 1.00

and 0.100 mg/1 DIMP in dechlorinated tap water and brackish water at pH

values of 5, 7 and 9. Extractions were performed on days 0 and 14. Having

established the stability of DIMP in acetone, the day 0 extractions were

stored and analyzed at the same time as the day 14 extractions. The

percent change in response between the twO'provided an indication of the

stability.

-21-



Rejection of DIMP by Reverse Osmosis

Bench Scale Test" Cell--

The RO test cells were assembled with 47 mm diameter pieces of UOP

TFC-801 membrane material. The flow system for these smaller units was a

once through system. The feed solutions were prepared, as needed,

in 100 liter containers with tap water filtered through a 10 micron cotton

filter for removal of rust and scale. The tap water was dechlorinated with

the addition of 15 mg/l of sodium thiosulfate. Dechlorination was

confirmed by the determination of chlorine concentration by the DPD

technique as described above. Required levels of NaCl were added to the

100 liter batch and mixed for one half hour by a chemical mixer. A

schematic of the bench scale test cell is shown in Figure 5.

The test cell system incorporated high pressure pumps capable of

operating the system at pressures up to 800 psi. Complete mixir.g was

obtained by rotating magnetic stirrers at 400 rpm. On exiting the cells,

the waste stream was returned to atmospheric pressure through a pressure

relief valve.

Four Inch Module Test Stand-

The four inch module reverse osmosis test stand was supplied by the

Ft. Belvoir Research and Development Command. The evaluation of rejection

was performed using a recirculation mode of operation shown in Figure 6.

The reservoir was a 500 gallon water storage tank. The energy dissipation

on return to atmosphere caused an increase of temperature of the feed water

ever the course of a run, necessitating the recording and inclusion of

temperature as an additional variable. The tank was cleaned when received

-22-
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from Fort Belvoir Research and Development Center and after each sample

run. The water used for each run was tap water filtered through a 10

micron cotton filter wound cartridge (Filterite # CIOA1OA). The tap water

was dechlorinated and the residual was measured as described in the

previous 3ection, Upon addition of the solute and required level of sodium

chloride to the feed water, two Lightning heavy-duty stirrers operating at

1750 rpm were engaged. The mixing action coupled with the flow from the

high pressure discharge line provided the blending of the return of product

and waste streams. The return product line was fixed eighteen inches above

the surface of the tank to avoid solute contamination of the product

sample. At fhe start of a test run, the feed pump operated for

approximately 1 minute before the high pressure pump was engaged. The

system temperatures could not be controlled but were measured to ensure

that the membrane was not exposed to temperatures greater than 340C.

Three 4 inch UOP spiral wound elements were provided, one with previous use

and two new.

The module with previous operational use was employed for tests to

bring the system on line and for personnel training. Of the two remaining

modules, one was flawed in some manner as shown by very high product water

flow rate (in excess of three gallons per minute). The only remaining

module proved satisfactory and w!* used for all testing.

-25-
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RESULTS

STABILITY OF pH

* Three samples of dechlorinated tap water containing 35,000 mg/i NaCI,

5,000 mg/i NaCI and no salt were tested for pH stability over time at pH

S'values of 5, 7 and 9. Plots of pH versus time are shown in Figures 7, 8,

and 9. The samples were kept at room tempereture and sample temperature

. was recorded when pH determinations were made. The temperatures ranged

from 23 to 25°C. Five pH measurements were made over 24 hours. Although

9. •small fluctuations occurred, no trends were observed over this period.

ANALYSIS OF DIMP

Characteristics of the Nitrogen-Phosphorous (N-P) Detector

The level of sensitivity of the N-P detector can be varied by applying

different voltages to the ceramic bead in the collector. The offset can be

measured from a trace on the chart and provides a measure of this

sensitivity. It is desirable to maintain a constant offset over the course

of an analysis in order to avoid distortion of the results due to

variations in sensitivity. The manufacturer's literature on this detector

indicated that it should be stable over an eight hour period, but that

variations from day to day and from one collector to another can be

expected. No quantitative dascription of the relationship between offset

variations and sensitivity were provided by the manufacturer however.

"Prior to analysis of samples in this study, an attempt was made to

characterize the variation in offset with time and the effect of changing

offset on the detector response. In the course of the study, variations in
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Figure 7. Stability of piH over time for dechlorinated Edgewood Arsenal tap
water with-35,OOO mg/i NaCi.
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Figure 8. Stability of pH over time for dechlorinated Edgewood Arsenal tap
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detector response independent of offset were observed and considerable

differences in behavior between two collectors were noted.

Offset and Detector Response--

To observe the variation in offset over time, the offset was monitored

continuously for a twelve hour period without injecting any samples.

Smooth peaks and valleys were seen in the resulting trace. Figure 10 shows

the offset at high and low points over the period starting with the first

measured value. The maximum value was 90.5 mm at 0.42 hr and the minimum

was 66.5 mm at 11.53 hr, a difference of 27%. Overall, the plot showed a

downward trend with irregular fluctuations.

In order to assess the significance of offset variations with respect

to the response of the detector, three replicate injections of 1.00 mg/l

DIMP in acetone were made at offset values ranging from 74.0 mm to 123.0

mm. After each injection, the offset was higher than it had been before

the injection. Time was allowed for the offset to restabilize at the

original setting before the next injection. At offsets over 100 mm, this

was not always possible to accomplish in a reasonable period. A plot of

the detector response (area per microliter) versus offset is shown in

Figure 11 with the least squares line of best fit. The response varied

from about 21,000 to 25,000, that is, by 19% for a 66% increase in offset

over the range tested.

Variation of Response Indepeudent of Offset--

The variation in the response is the result of numerous factors other

than the offset. These include irregularities in gas flows, uncertainty of

of injection volume, fluctuations in temperature at the injection port, in
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the oven and at the detector, condition of the column and age of the

collector. In addition, variations due to the extraction procedure can be ...-

expected.

Two collectors were used in the course of the study; the first was

expended af ter three months of use. The observations reported above in

relation to the offset were obtained with the first collector. The same

type of variation may be expected with any collector. No effort was made

to characterize the second so extensively, but important differences were

seen. The first collector gave higher responses than the second. Typical

responses to DIMP in acetone are shown in Table 3. The second appeared to'

be more stable since there was considerably less change in off~set following I

injections andi a more rapid recovery to pre-injection levels.

Table 4 shows the initial offset values and the response (area per

microliter) for the analysis of 0.100 mg/l DIMP in acetone performed on

different days. Although the offset values were all appeoximately the

.same, the average responses on different days showed considerable

variation. The minimum and maximum average responses were 1,40 and 1,690

respectively, corresponding to offsets of 101.5 and 100.0 mm. The ol~erall

-mean response was 1,550 with standard deviation of 111.

The variation between injections on a single day for a series of DIMP

concentrations was observed by perfo..ming ten to twenty replicate

injections for each concentration. Table 5 shows the response (area per0

microliter) for DIMP concentrations from 0.025 to 20.0 mg/l. The

coefficient of variation was highest for the 0.025 mg/l concentration at .-

about 7%. For concentrations of 0.050, 0.100 and 20.0 mg/l, the0

.-33
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1 TABLE 3. RESPONSE OF THE N-P DETECTOR WITH DIFFERENT COLLECTORS
FOR A RANGE OF DIMP CONCENTRATIONS. COLUMN: 10% CARBOWAX
20 M ON 80/100 CHROMOSORB W-HP, 2 M x 2 MM ID GLASS.
FLOW RATES: 30 ML/MIN HELIUM, 0 3 ML/MIN HYDROGEN, 60 ML/MIN
"AIR. TEMPERATURES: COLUMN 165 C (ISOTHERMAL), INJECTION
PORT 220 0 C, DETECTOR 300 0 C

Response (area/microliter)

DIMP Concentration (mg/l) 0.100 1.00 10.0

I 1 2,200 23,000 220,000
' •, Collector

2 1,500 16,000 163,000

F'"-34-
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TABLE 4. RESPONSE TO 0.100 MG/L DIMP IN ACETONE FROM DAY TO
DAY WITH INITIAL OFFSET APPROXIMATELY 100 MM. COLUMN: 10%
CARBOWAX 20 M ON 80/100 CHROMOSORB W-HP, 2 H A 2 MM ID GLASS. FLOW
RATES: 30 ML/MIN HELIUM, 3 ML/MIN HYDROGEN, 60 ML/MIN AIR.
TEMPERATURES: COLUMN 165 C (ISOTHERMAL), INJECTION PORT 220 C,
DETECTOR 300 0C

Initial Offset Response Average Response
Date (Mm) (area/microliter) (area/microliter)

"2/2/84 101.5 1,465 1,407
"1,412
"1,345

2/3/84 99.5 1,476
8:50 to 9:15 am 1,545

1,434
1,449

11:10 to 12:15 1,418 1,420
1,426
1,443
1,391

2/9/84 102.0 1,634 1,560
1,505
1,584
1,538
1,540

2/23/84 109.0 1,666 1,647
1,701
"1,672
""1,591
1,607

"2/25/84 100.0 1,713 1,687
1,649
1,672

"44 1,715

2/29/84 103.0 1,686 1,618
1,725
"1,564
"1,497



TABLE 4. continued

Initial Offset Response Average Response
Date (m)(area/microliter) (area/microliter)

3//4101.5 1,634 10658
1,734
1,667
1,549
1,696
1,669

3/8/84 102.0 1,407 1,441
1,416
1,430
1,483
1,524
1,481
1,495
1,377
1,388
1,407

Mean 1,550
Standard Deviation11
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TABLE 5. RESPONSE OF THE N-P DETECTOR FOR REPLICATE INJECTIONS
OF DIMP IN ACETONE. COLUMN: 10% CARBOWAX 20 M ON
80/100 CHROMOSORB W-HP, 2 M x 2 MM ID GLASS. FLOW RATES: 30
ML/MIN HELIUM, 3 ML/MIN HYDROGEN, 60 ML/MIN AIR. TEMPERATURES:
COLUMN 1650C (ISOTHERMAL), INJECTION PORT 220°C, DETECTOR
3000 C

Concentration

' '."Injection 0.025 0.050 0.100 20.0

1 255 638 1473 338842
2 284 657 1397 312105
3 246 633 1419 319282
"4 246 641 1407 335282
"5 231 689 1416 321179

-' 6 246 624 1430 339800
7 263 624 1483 322513
8 239 638 1524 321000
9 287 640 1481 338316

10 260 637 1495 329100
, 11 ND ND 1377 347282

12 ND ND 1388 341474
13 ND ND 1407 327700
14 ND ND ND 330051
15 ND ND ND 338256
16 ND ND ND 340718
17 ND ND ND 345744
18 ND ND ND 327333
19 ND ND ND 333053
20 ND ND ND 319590

Mean 255 642 1438 331481
Standard Deviation 18.3 18.9 47.0 9826

- -Coefficient of Variation (Z) 7.18 2.94 3.27 2.96

ND- Not done.

-37-

-. 9.**°o**6*



coefficients of variation were substantially the same at about 3%. The

mean response for 0.025 mg/l DIMP was 255. Greater variation is to be

expected at such low levels.

The assay of DIMP in water by gds chromatography requires the

extraction of DIMP from the water by adsorption on treated silica gel and

elution with acetone. To assess the variability associated with thi

extraction procedure, six extractions each of a single product water and a

single feed water sample were made. Five replicate injections of each

"extraction were performed. The data appear in Table 6. Mean values for

the response (area per microliter) obtained with the product water

extractions ranged from 323 to 419. Standard deviations ranged from 14 to

91. The mean of all responses was 376 and the overall standard deviation

was 55. The coefficient of variation was 14.6%. For the feed water

extractions, meaa responses ranged from 292,000 to 306,000 with standard

deviations from 5,100 to 9,210. The mean of all responses was 297,000, and

the overall standard deviation was 7,810. The coefficent of variation was

2.6%.

Calibration of Response to DIMP in Acetone Standards

Before the reverse osmosis testing began, it was anticipated that

concentrations of DIMP in the extractions would range from 0.10 to 20 mg/l.

Figure 12 presents a calibration curve over Lhis range with collector #2

*! installed. The response over,.the range of concentration tested was linear.

The least squares line of best fit is given by the equation:

Response 18,900 x Concentration + 1,080

The correlation coefficient, r, was 0.997. It was subsequently found that

. -38-



. TABLE 6. RESPONSE OF THE N-P DETECTOR FOR SIX REPLICATE EXTRACTIONS OF A
PRODUCT SAMPLE AND A FEED SAMPLE. COLUMN: 10% CARBOWAX 20 M ON
"80/100 CHROMOSORB W-HP, 2 M x 2 MM ID GLASS. FLOW RATES: 30 ML/MIN
HELIUM, 3 ML/MIN HYDROGEN, 60 MLtMIN AIR. TEMPERATURES: COLUMN 165°C

- (ISOTHERMAL), IN:ECTION PORT 220 C, DETECTOR 300 CI
Response (area per microliter)

Extraction Number

M Product Water
1 2 34 56

444 398 405 348 423 332
476 460 377 356 335 318
554 389 367 365 324 295

S373 344 378 352 408 301
296 409 403 384 351 352

Mean 419 400 386 361 368 323
* Standard 91 41 17 14 44 27

Deviation

Overall Mean 376
Overall Standard 55

Deviation
Coefficient of 14.6
Variation (Z)

-, Feed Water

306263 300895 302368 305526 299895 294579
- 297179 286500 285421 305892 298900 294684

296769 304051 279282 306923 293282 307316
295026 301026 294632 299210 284950 292211
292308 300821 296526 313250 290667 285684

Mean 297504 298658 291645 305760 291558 294894
Standard 5256 6931 9210 5096 7687 7849

* Deviation

Overall Mean 297000
' Overall Standard 7810

Deviation
Coefficient of 2.6
Variation (M)
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the product water extracts gave results below this range. Figure 13 gives

a calibration curve for the range of 0.025 to 0.100 mg/i. The response was

again linear; the equation of this line was:

Response - 15,000 x Concentration - 143

with r - 0.9980. No attempt was made to force the curve through the origin

or extrapolate below the data, since it seemed likely that some. threshold

amount of DIMP would be required to produce a response. Calculations of

concentrations on the basis of response utilized these equations.

Figure 14 shows four calibration curves generated by a single set of

DIMP in acetone standards on four different days with collector #1

installed. As discussed above, variation was to be expected from day to

day. In order to relate the response of an unknown sample to a

concentration it was therefore necessary to incorporate calibration samples

in each analysis. Such variation may have accounted for the difference in

slope between the low range and high range calibration curves.

Evaluation of Extraction Procedure

The recovery efficiency of the extraction procedure was evaluated by

comparing responses to DIMP in acetone standards and to extracted DIMP in

water standards. The aqueous systems included brackish (5000 mg/i NaCl)

and dechlorinated tap water at pH values of 5, 7 and 9. Responses and

percent recoveries are given in Table 7. Overall, recoveries ranged from

86.0 to 100%. It appeared that recoveries were higher for 1.00 mg/1 than

for 10.0 mg/1 and that for the 10.0 mg/1 standards recovery increased with

increasing pH. The results must be treated with caution, however, since in

the course of analyzing the 10.0 mg/i samples, a significant drop in the

-41-
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TABLE 7. RECOVERY OF DIMP FROM AQUEOUS SOLUTIONS WITH AND WITHOUT
5000 MG/L NaCI at pH 5, 7, AND 9. COLUMN: 10% CARBOWAX 20 M ON
80/100 CHROMOSORB W-HP, 2 M x 2 MM ID GLASS. FLOW RATES: 30 ML/MIN
HELIUM, 3 ML/MIN HYDROGEN, 60 ML/MIN AIR. TEMPERATURES: COLU"N 165°C
(ISOTHERMAL), INJECTION PORT 220 C, DETECTOR 300 C

Response

area per microliter (percent recovery)

Sample 1.00 mg/l 10.0 mg/i

DIMP in Acetone Standard 21,400 218,000,

DIMP in Dechlorinated Tap Water

pH 5 21,400 (99.9) 187,000 (86.0) I
pH 7 20,900 (97.4) 194,000 (89.2)
pH 9 21,000 (98.0) 211,000 (96.9)

DIMP in Dechlorinated Tap Water with 5000 mg/l NaCI

pH 5 21,000 (98.2) 193,000 (88.8)
pH 7 21,600 (100) 200,000 (92.0)
pH 9 20,200 (94.1) 209,000 (96.0)
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offset occurred. It was readjusted, but whether the sensitivity returned

to the same level as when the DIMP in acetone standards were analyzed was

uncertain. There was also the possibility that the extraction columns were

overloaded for the 10.0 mg/l aqueous standards since relatively large

volumes of 15 and 25 ml were passed through. In extracting feed water

samples during the reverse osmosis tests, only 2 ml of sample were

extracted.

Variation between extractions was discussed above. As expected, the

relative variation was lower for the feed water extractions which yielded

responses nearly 1,000 times greater than those of the product water

extractions.

STABILITY OF DIMP

In Acetone

The stability of DIMP in acetone was evaluated under three different

storage conditions over a period of twenty days. The conditions were 1)

room temperature (23-25 0 C), with normal diurnal variations in light, 2)

0
room temperature with no light and 3) 4 C with no light. For no light

storage, the vials were wrapped in foil and kept in the dark except during K
analysis. Figures 15 through 17 present the results for the different

storage conditions for the three concentrations of DIMP tested: 0.100, :
1.00 and 10.0 mg/l. No degradation in the response with time was observed.

One of the more useful implications of this result was that once extracted,

samples could be stored before analysis. Also, the same standards could be "

kept and reused over long periods, obviating the burden of preparing fresh "-*

standards for each analysis.
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In Aqueous Solution

The stability of DIMP in aqueous solution was tested for brackish

water and dechlorinated tap water at pH values of 5, 7 and 9 over a 14 day

period. The tap water results appear in Table 8. The brackish water

results are presented in Tabl% 9. Overall, average responses (area per

microliter) decreased from 1.5% to 19% between day 0 and day 14 for the

0.100 and 1.00 mg/l DIMP concentrations. No consistent trends related to

pH, salt or concentration were seen. A significant portion of the

variation in these results was probably due to sources discussed above.

The responses for day 14 extractions of the 10.0 mg/l DIMP samples were

higher than the day 0 values by 9% to 34.4% for all but one sample which

showed a decrease of 1.62%. The same precautions in interpretation of the

results for the 10.0 mg/1 solutions discussed in relation to extraction

efficiency apply here as well. During the reverse osmosis trials, samples

were generally extracted within 24 hours and all were extrazted within 48

hours.

REJECTION OF DIMP BY REVERSE OSMOSIS

Johns Hopkins University Trials

Preliminary trials of DIMP rejection by reverse osmosis were conducted

with the bench scale test cell. The results for both brackish (2,404 mg/1

NaCI) water and salt (33,540 mg/1 NaCl) water trials are presented in Table

10. The salt water rejection, was 75% with a corresponding 88.7% DIMP

rejection in the salt water test. For the brackish water test, the salt

rejectiou was 81.0Z with a DIMP rejection of 98%.
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TABLE 8. STABILITY OF DIMP IN DECHLORINATED TAP WATER AT 35 0 C
"AT pH 5.0, 7.0, AND 9.0 OVER A 14 DAY PERIOD. COLUMN: 10% CARBOWAX
20 M ON 80/100 CHROMOSORB W-HP, 2 M x 2 MM ID GLASS. FLOW RATES: 30
ML/MIN HELIUM, 3 ML/MIN HYDROGEN, 60 ML/MIN AIR. TEMPERATURES: COLUMN

165°C (ISOTHERMAL), INJECTION PORT 220 C, DETECTOR 300°C

Nominal DIMP A.erage Response
Concentration (area per microliter)

pH (mg/i) Day 0 Day 14 Z Change

5 0.100 2820 2630 -6.74
*'-: 1.00 20400 19000 -6.91

10.00 324000 385000 +18.6

7 0.100 2750 2260 -17.9
"1.00 20900 16900 -19.3

10.0 308706 349673 +13.3

"9 0.100 2580 2140 -16.9
1.00 20500 19300 -5.77

10.00 323000 352000 +8.96
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TABLE 9. STABILITY OF DIMP IN DECHLORINATED TAP WATER WITH 5000 mg/l NaCI
AT 35°C AT pH 5.0, 7.0, AND 9.0 OVER A 14 DAY PERIOD COLUMN: 10%
CARBOWAX 20 M ON 80/100 CHROMOSORB W-RP, 2 H x 2 MM ID GLASS. FLOW RATES:
30 ML/MIN HELIUM, 3 ML/MIN HYDROGEN, 60 ML/MIN AIR. TEMPERATURES: COLUMN
1650C (ISOTHERM.AL), INJECTION PORT 220 C, DETECTOR 3000C

Nominal DIMP Average Response
Concentration (area per microliter)

pH (mg/i) Day 0 Day 14 % Change

5 0.100 3100 2670 -13.9
1.00 19700 19000 -3.48

10.0 307000 302000 -1.62

7 0.100 2910 2470 -15.2
1.00 19700 19400 -1.53

10.0 301000 350000 +16.5

9 0.100 2970 2710 -8.98
1.00 19800 19200 -3.31

10.0 325000 437000 +34.4
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TABLE 10. REJECTION OF DIMP AND SALT IN BRACKISH AND SALT WATER BY BENCH
SCALE REVERSE OSMOSIS TEST CELLS

Salt Water Brackish Water

"Temp 24°C + 1°C 24°C + 1°C

"pH 7.5 0.2 7.4 0.2

"Flow 80 ml7min. 85 m,7min.
Pressure 800 PSI + 50 PSI 200 PSI + 20 PSI

Feed

J NaCi mg/i 33,540 mg/i 2404 mg/i
DIP mg/1 19.5 mg/l 25.0 mg/l

Product
NaCl mg/i 8,430 mg/l 445 mg/1
DIMP mg/i 2.2 mg/l 2.5 mg/l

"% Reduction
NaCi 75.0 81.0
DIMP 88.7 98.0
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The rejection of DIMP by reverse osmosis was evaluated for DIMP in

dechlorinated tap water at pH 7 and in brackish water (5000 mg/l NaCI) at

pH 7. Two trials were performed for each. The tap water results are

presented In Tables 11 and 12. Product water concentrations ranged from

0.041 to 0.091 mg/1 for feed water concentrations ranging from 14.6 to 17.8

mg/l. The percent removal varied from 99.5% to 99.7Z. Results for the

brackish water are in Tables 13 and 14. For the two trials, product water

concentrations ranged from 0.023 to 0.063 mg/l for feed concentrations from

16.2 to 18.7 mg/i. Percent removals ranged from 99.6% to 99.8%, with most

of the samples resulting in the latter value.

Figure 18 shows a plot of the logarithm of the percent DIMP remaining

against cumulative flow through the membrane for the tap water trials.

There is little difference between the two trials with the rejection

remaining essentially constant over the course of a run. Figure 19 is the

same plot for the brackish water trials. The same pattern was observed.

CRDC Trials

The trials performed at CRDC comprised two with DIMP in dechlorinated

tap water and one with brackish water. The tap water results appear in

-Tables 15 and 16. Product water concentrations ranged from 0.080 to 0.223

mg/l with feed water concentrations from 22.0 to 22.9 mg/i. Rejection

ranged from 99.0% to 99.6%. Results for the brackish water triaL are in

.- Table 17. The product water concentration ranged from 0.057 to 0.143 mg/I

with the feed water concentration from 21.3 to 22.5 mg/i. The percent

removal was from 99.4% to 99.7%.
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TABLE 11. REJECTION OF DIMP IN DECHLORINATED TAP WATER BY REVERSE
OSMOSIS IN THE JOHNS HOPKINS UNIVERSITY TEST STAND (TRIAL 1) MEMBRANE

Temperature Pressure DIMP (mg/i)
Time ( C) p1H (psi) Feed Product Z Removed

0.25 23 7.1 580 15.6 0.0756 99.5

1.25 24 7.1 550 15.8 0.0625 99.6

2.25 25 7.1 510 15.6 0.0622 99.6

3:25 26 7.1 500 15.3 0.0558 99.6

10:25 33 7.1 500 14.6 0.0413 99.7

--
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TABLE 12. REJECTION OF DIMP IN DECHLORINATED TAP WATER BY REVERSE

OSMOSIS IN THE JOHNS HOPKINS UNIVERSITY TEST STAND 'TRIAL 2) MEM3RANE

I

Temperature Pressure DIMP (mg/i)

Time (0c) pH (psi) Feed Product Z Removed

0.25 20 7.2 600 17.0 0.0912 99.5

1.92 22 7.2 550 17.0 0.0488 99.7

2.42 23 7.2 550 17.6 0.0493 99.7

2.92 24 7.2 525 16.9 0.0472 99.7,

3.42 25 7.2 500 17.4 0.0432 99.7

3.92 25.5 7.2 500 17.8 0.0456 99.7

-15
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TABLE 13. REJECTION OF DIMP IN BRACKISH WATER (5000 mg/i) BY &EVERSE
OSMOSIS IN THE JOHNS HOPKINS UNIVERSITY TEST STAND (TRIAL 1)

DIMP (mg/i)
.Temperature Pressure % Salt

Time ( 0 C) pH (psi) Feed Product Z Removed Removed

0.25 21 7.2 680 17.0 0.0538 99.7 99.0

1.75 24 7.2 650 17.1 0.0353 99.8 99.3

2.75 25 7.2 600 16.2 0.0376 99.8 99.4

3.75 26 7.2 575 18.7 0.0337 99.8 99.3

4.75 27 7.2 575 16.5 0.0330 99.8 99.2

5.75 28 7.2 550 18.7 0.0.i, 99.8 99.3
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TABLE 14. REJECTION OF DIMP IN BRACKISH WATER (5000 mg/i) BY REVERSE
OSMOSIS IN THE JOHNS HOPKINS UNIVERSITY TEST STAND (TRIAL 2)

DIMP (mg/1)
Temperature Pressure % Salt

Time (oC) pH (psi) Feed Product % Removed Removed

0.25 18 7.3 750 18.4 0.0634 99.6 98.7

1.25 20 7.3 700 18.0 0.0437 99.7 99.1

2.25 21 7.3 720 18.2 0.0353 99.8 99.2

2.75 22 7.3 650 17.8 0.0383 99.8 99.3 ,

3.25 23 7.3 650 17.9 0.0327 99.8 99.2

3.75 24 7.3 625 18.3 0.0266 99.8 99.4

4.25 25 7.3 625 17.9 0.0318 99.8 99.3

4.75 25.5 7.3 600 18.3 0.0327 99.8 99.5
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TABLE 15. REJECTION OF DIMP IN DECHLORINATED TAP WATER BY REVERSE
OSMOSIS IN THE CRDC TEST STAND (TRIAL 1)

DIMP Concentration, (mg/i) I

Time Feed Product Waste % Removed

1030 22.6 0.101 24.3 99.6

1200 22.9 0.0952 25.0 99.6

1330 22.0 0.103 24.7 99.5

1500 22.6 0.0849 24.2 99.6
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TABLE 16. REJECTION OF DIMP IN DECHLORINATED TAP WATER BY REVERSE
OSMOSIS IN THE CRDC TEST STAND (TRIAL 2)

DIMP Concentration, (mg/1)

Time Feed Product Waste Z Removed

1015 22.8 0.223 25.3 99.0

1215 22.5 0.0928 24.8 99.6

1415 22.5 0.0796 26.3 99.6

1615 22.5 0.0819 25.5 99.6 "
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TABLE 17. REJECTION OF DIMP IN BRACKISH WATER (5000 mg/NaCl)
BY REVERSE OSMOSIS IN THE CRDC TEST STAND

DIMP Concentration, (mg/i)

'Time Feed Product Waste % Removed

1015 22.5 0.143 25.4 99.4

1215 22.0 0.0582 25.8 99.7

1415 21.3 0.0572 23.8 99.7

1615 22.3 0.0624 26.1 99.7
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Figure 20 shows a plot of the logarithm of the percent DIMP remaining

against time for the tap water trials. Figure 21 is the same plot for the

brackish water trial. The pattern is quite similar. to that observed in the

JHU tests with little change in the percent remaining over the course of a

run.

"It should be noted that in both the JHU and the CRDC trials the

removal for the first sample was lower than for subsequent samples. This

is illustrated in Figure 22 which shows the percent removal of DIMP on an

"expanded scale against time from the first sample. One CRDC run was an

exception. The time between start-up of the reverse osmosis unit and the

first sampling in the CRDC trials was not known, however. It appears from

""-these results that a warm-up period should be provided in order to obtain

optimum removal of the chemical.
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DISCUSSION

SIMULANT CRITERIA

The choice of candidate simulants was based on the desirable

characteristics of an ideal siukulant and a comparison of chemical

properties that might influence the rejection of compounds by membranes.

The primary purpose of the simulant was to develop a system that could be

used to provide a preliminary evaluation of the ability of membranes to

reject important toxic organics. Such a system could also be used to

develop operational and evaluation procedures under field conditions.

Consequently, the toxicity, stability, analytical methodology and membrane

rejection were prime criteria. Unfortunately, information for these

parameters was limited and a more pragmatic approach was employed to make

the initial selection of the compounds to be tested. After the compounds

were chosen for chemical, physical and operational characteristics, the

*short list was subjected to further review. The initial list of simulants

developed in the literature search and additional selected criteria are

shown in Table 18. The list was quickly reduced based on molecular weight,

presence of phosphorous, and solubility in water. Bis (2-ethyl hexyl)

phosphonate was rejected because the molecular weight was near the

exclusion limit suggested for RO membranes (Reid, 1966). Diethyl phthalate

was insoluble in water. Most #gents of concern contain the phosphorous.

The presence of phosphorous would be a useful characteristic for the

simulant and provide a common characteristic that could be used to develop

analytical methods. Diethyl glycol dimethyl ether, dietyl phthalate,
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TABLE Ad. SELECTED PROPERTIES FOR CANDIDATE NERVE AGENT SIMULANTS

Molecular Water
Weight Phosphorous Solubility

1. Bis (2-ethyl hexyl) phospi'onate 306.4 + NL
2. Diethyl glycol dimethyl ether 134.2 - S
3. Diethyl phosphonate (DEMP) 138.2 + S
4. Diethyl phthalate 222.2 - -

5. Diethyl sebacate 255.4 - NL

6. Diethyl aulfite 138.2 - S
7. Diisopropyl methyl phosphonate (DIMP) 181.1 + S

8. Dimethoxy methyl phosphonate (DMMP) 129.1 + S
9. Ethyl dimethyl phosphite 138.1 + S

NL - Not listed.
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diethyl sebacate and diethyl sulfite did not contain p&osphorous and were

not considered further. Of the remaining compounds DIMP, dimethoxy methyl

phosphonate (DMMP) and diethyl pbosphonate (DEMP) were commercially

available. A detailed description of the chemical properties, chemical

reactivity, and toxicity for DIMP and DMMP compiled by the U.S. Army CRDC

Environmental Technical Division on Current Chemical Agent Simulants can be

found in APPENDIX 2.

DIMP was chosen for the initial evaluation because of the ancillary

information available and previous experience with this compound in related

situations. While DIMP did not match within 20Z of the selected chemical

and physicAl properties, the other attributes were considered important for

initial trials. Except for a minor inhalation hazard, little evidence of

acute or chronic toxicity has been reported and at present a threshold

limit value has not been established. DIMP is a hydrolysis product of the

agent GB and contains phosphorous. Outterson and Prociv (1980) reported

the applicability of DIMP as a simulant. The compound was stable in water

and believed to be non toxic. The U.S. Army at Rocky Mountain Arsenal

found DIMP to be a useful indicator of groundwater contamination and

exhaustion of activated carbon used to treat wastes before recharging to

the groundwater (Civil Engineering, 1981). As a result of the use of DIMP

for these investigations, analytical methods have been investigated for the

determination of DIMP in wateT (Fasime, 1982; Broaders, 1982).

DEVELOPMENT OF ANALYTICAL METHODS

A major task of the present project was to develop a method of

analysis for the assay of the simulants. Conventional colorimetric methods,
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while easy and simple to perform, may suffer from interferences in actual

systems, may not be flexible enough to evaluate different simulants and may

not possess the necessary sensitivity to be of value in detecting the low

concentrations of materials expected in the reverse osmosis product water. 0

The methods employed fo.' the assay of the simulants were selected by the

criteria listed below:

1. SENSITIVITY

2. FLEXIBILITY

3. SPECIFICITY

4. ADAPTABILITY '

5. SIMPLICITY

6. COST

Considerable effort was expended to develop a basic analytical approach

that would provide a workable, flexible, adaptable technique that could be

applied to a variety of simulants. DIMP was used as a prototype simulant

to develop the analytical methodology.

The method for the analysis of DIMP involved the quantitative

adsorption of the DIMP on octasilized silica gel cartridges, the

quantitative elution with acetone, and subsequent analysis by gas liquid 0

chromatography.

The adsorption on the silica gel was performed with commercially

available cartridges and served to remove the compound. The material could

then be eluted, seperated by gas liquid chromatography and analyzed by a

specific detector sensitive for the elements nitrogen, phosphorous and

sulfur. The adsorption step also provides a practical technique to
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concentrate the simulant to increase the sensitivity of the assay. In this

study, small volumes of water were passed through the cartridge since the

increased sensitivity was not needed. For other simulants, the sensitivity

could be increased by several orders of magnitude by simply increasing the

volume of sample applied to the cartridge. The volume of sample applied

would not be unlimited. It would be a function of the adsorbant employed

and the compound to be adsorbed. A lar•,e number of adsorbants are

available and can be chosen to increase or decrease the specificity and

selectivity of the determination.

The elution step can be carried out with a variety of solvents. The

choice of solvent will be influenced by the efficiency of elution of the

simulant from the adsorptive agent, the column and detector used on the gns

chromatograph and the stability of the simulant in the solvent. The

solvent employed can also add specificity and selectivity to the

determination.

Gas chromatography is becoming the standard method for the analysis of

volatile organics in water and a considerable body of literature is

available on specific procedures, methods and techniques. It separates and

-provides quantitative information on complex mixtures that would be found

in any trials conducted under field conditions. The column may be selected

to provide the capability of a wide variety of separations. The detector

may be chosen to yield the necessary selectivity and sensitivity.

Gas Chromatographic Analysis of DIMP

A considerable amount of time was spent establishing satisfactory

operation of the gas chromatograph (CC) and the nitrogen-phosphorous
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detector. As discussed in the Results section, the offset ptovides a

measure o. the detector sensitivity. Wide variations in the offset were a

major point of concern. Variations may be symptomatic of several problems,

including detector performance, column performance and more banal

difficulties such as column and septum leakage. A discussion concerning

the nitrogen-phosphorous detector and various columns baced on experience

and technical information from Hewlett-Packard (HP) follows.

Nitrogen-Phosphorous Detector

The nitrogen-phosphorous detector is a thermionic emission detector,

also known as an alkali flame ionization detector. It employs a rubidium

silicate bead positioned above the flame tip by the collector assemb'g.

The bead is heated by an adjustable current and the sensitivity of the

detector is a function of the bead temperature. When the bead has been

consumed or damaged, the collector must be replaced.

The beads are highly hygroscopic. New collectors must therefore be

conditioned according to the instructions provided by HP. This procedure

drives out moisture slowly and avoids cracking or chipping of the bead.

Likewise, if the GC has been left on standby, the bead may have had an

opportunity to take up moisture. When starting up, the voltage should be

increased slowly until the desired offset is reached. None of the HP

literature was explicit on this point. it was possible that some

collectors suffered damage fr9m rapid heating.

Too rapid application of the appropriate voltage for the desired

sensitivity can also burn the bead. This resulted in the loss of one new
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collector. The voltage should be increased slowly to allow the temperature

of the bead to equilibrate slowly.

Moisture in the injected sample can have a depressing effect on the

detector's response. This can be compensated by increasing the voltage to

the bead; at some level the response will remain stable at a constant,

although depressed value. This will accelerate deterioration of the bead,

however, perhaps through a combination of the effects of higher voltage and

exposure to moisture. If the collector is in good condition, the detector

will recover to its normal operating state when injections of the moisture

laden sample cease.

The response of the detector is susneptible to fluctuations in ambient

temperature. It was observed that opening and closing the cover over the

detector resulted in a transient rise in an otherwise stable offset. The

existing insulation over the oven and around the detector was then

supplemented with glass wool and the GC was subsequently operated with the

cover in place.

The HP manual recommends a collector height of 0.075" (Hewlett-

Packard, 1974), but the Operating Note, "'Evaluating and Optimizing the

-Performance of the Nitrogen-Phosphorous Detector," (Hewlett-Packard, 1978),

indicates Lhat the height can be anywhere from 0.015" to 0.15". HP

reported that they usually obtain best results with settings between 0.025"

and 0.050". All analyses of DIMP presented in this report were performed

with a collector height of 0.075", but some experimentation was done. With

the 2% OV 101 HP test column installed, injections of the performance

evaluation sample (PES) were made with a setting of 0.075". The average
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phosphorous response (area per microliter) for 7 injections was 1370. The

setting was then lowered to between 0.050" and 0.060". The average

phosphorous response for four injections was 2600, an increase of about

100%. The neight was then lowered to between 0.025" and 0.050". A single

injection of PES dropped the offset from 91 to 14 am. It appears from HP's

Operating Note that the optimum setting may vary from one collector to the

next. It is probably not necessary to go thr~ough the relatively cumbersome ,

procedure of optimizing the setting each time a new collector is installed;

unless the sensitivity is unacceptably low, recalibration with standard

solutions should b,. sufficient.

Replacement of the chimney assembly of the detector apparently

resolved certain problems. The offset had been highly erratic, eventually

decaying to zero despite voltage increases. Spiking also occurred when

there was any movement in the area around the detector. With a new

chimney, the problem was eliminated. It is conceivable that earlier

difficulties in obtaining a stable offset were attributable to -

deteriorating performance of this component. ,..

Performance Evaluation--

The 2% OV 101 test column was installed in order to check the overall S

operation of the GC. The collector was '-t changed initially. The

performance evaluation sample supplied with the test column contains

azobenzene, octadecane and ma•.athion in 2,2,4-trimethylpentane. Evaluation

of performance is based on the ratios of azobenzene and malathion peak I..,.

areas to the octadecane peak area and the ratios of these areas to peak to

peak noise measured in millimeters. According to HP, "The response of the
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[N-P detector] to the evaluation sample will vary from instrument to

instrument, from collector to collector, and even from day to day." As

long as the ratio of peak area to octadecane area is greater than or equal

to 3.5 for azobenzene and 7.5 for malathion, and the ratio of peak area to

noise is greater than or equal to 1000 for azobenzent and 2000 for

malathion, the collector is performing acceptably. It is also noted,

however, that for a given analysis, acceptable performance is that which

allows the analysis to be accomplished and that this might be quite

different from their definition of acceptable (Hewlett-Packard, 1978).

There are L!aerefore no precisely defined criteria for acceptable

performance.

A stable offset was obtained for the evaluation and the chromatograms

resulting froir injections of PES appeared reasonable; that is, the relative

retention times were correct, the peak areas were reproducible. the peaks

were well defined and the factory performance criteria based on area ratios

were met. The malathion response was consistently lower than the

azobenzene response, however. According to HP this "can almost 4.lways be

traced to a bad column," since the malathion is the most readily adsorbed

.compound in the sample (Hewlett-Packard, 1978). Other observations were

consistent with this possibility. For example, successive injections

produced increasing malathion peak areas which according to Supelco can be

caused by "adsorption of components and saturation of active sites with

sample (priming the column)" (Supelco, 1983). The offset also ;.ncreased

slightly after each injection which may be attributable to a response to

residual malathion. With a new collector in place, essentially the same
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pattern was observed, although the malathion peak areas were about 250%

greater and the azobenzene areas were about 50% greater. Some

excperimentation with collector height was also done as described above.

HP's Operating Note mentions that most collectors seem to have some

"steady state" offset at which they are most stable. This is usually 25%

to 50% less than the checkout procedure offset of 75 to 100 mm. if the

offset is higher, it will slowly return to the steady state value,

resulting in a change of sensitivity (Hewlett-Packard, 1978). Monitoring

"the offset over a 12 hour period revealed a dicline to about 80% of the

initial value (88.5 mm). According to HP, the offset should be stable over

an eight hour period. In the first eight hours sf observation the offset

had declined to 75 mm or 85% of the initial value. This may have been a

maniftstation of the detector's tendency to approach some steady state

offset value. The significance of offset variaticn was tested as described

in the Results section. Between offset values of 75 and 88.5 mm, the

response for 1.0 mg/l DIMP in acetone increased by 4.5%. Although

intentional changes in the voltage applied to the bead are not necessarily

"equivalent to uncontrolled factors influencing the offset, this result

suggested that offset variations may have a significant impact on the

response. In general, however, on the basis of the performance evaluation

it appeared that the detector was functioning normally.

S. Columns

Several different columns were tried in conjunction with the simulant

DIMP, including both solid and liquid phase types. Because of the

multiplicity of factors Lffecting the response, it was difficult to assign



particular causes to observed aberrations. It was clear that in many

instances, the detector was not functiotilng properly. On the other hand,

column and septum leaks were occasionally responsible. Despite the

uncertainties, it was possible to differentiate the performances of various

columns. These are summarized in Appendix 3. The best results were

obtained with the 13% Carbowax 20M on 80/100 chromosorb W-HP glass column.

The operating conditions that were finally established after investigation

of the detector and columns were reported in the Methods section.

The data collected for DIMP demonstrates the applicability of the

procedure. The gas chromatograph provided a rapid, selective, sensitive

technique. The standard curves prepared were reproducible and provided a

linear response with high correlation coefficients. Typical correlation

coefficients greater than 0.99 were observed. Replicate injections of DIMP

in acetone had a coefficient of variation of about 7% for the poorest

"" conditions tested at low concentrations approaching the sensi:ivity limits

of the detector. At concentrations of 0.05, 0.10 and 20.0 mg/l the

coefficient of variation was only 3%. The observed variations are well

within the variations observed for thistype of analysis.

DIMP was found to be stable in acetone, the elution solvent. The

stability of DIMP in acetone has important implications for the mundane

"manipulations and processing of samples. The levels of DIMP in acetone

showed little change over a period of 20 days for a range of 0.1 to 10.0

mg/l at 40 C and 23-250 C under dark and natural light conditions. For

* .DIMP this means that samples may be collected, adsorbed and eluted in the

field, and shipped to a laboratory for subsequent quantitative analysis
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without any special handling. Determinations in the field may be conducted

without any special precautions concerning the sample.

The adsorption and elution of the DIMP on the octylsilane bonded

silica gel cartridge was quantitative and overall recoveries in tap water

and tap water with 5000 mg/l of salt at neutral and slightly alkaline pH

were 94.1% or greater for samples of 1.0 mg/l DIMP and greater than 89.2%

for samples of 10.0 mg/l DIMP. There appeared to be decreased recovery for

water samples at acidic pH at the 10.0 mg/l level. Only 86.0% and 88.8%

of the DIMP was recovered under these conditions. These results must be

treated with caution since variation in detector sensitivity was

encountered during the analysis. It is also possible that the extraction

,' columns were overloaded for the 10.0 mg/l samples. Relatively large

volumes of 15 aud 25 ml were passed through the adsorption columns for

"these samples. During reverse osmosis zrials, only 2 ml were extracted for

the feed water samples.

The addition of the extraction step increased the variability

associated with the overall measurement. The coefficient of variation for

replicate extraction and analysis was 14.6% for low concentrations found in

* the product water. It should be noted that the levels approached the lower

sensitivity limit. For the higher concentrations observed in the feed

water the coefficient of variation was only 2.6% The data suggested the

* overall recovery of the DIMP was sufficient for concentrations to be

~i expected in this study. The data also suggested that variation may be

decreased by increasing the sample size . The adsorption step could be

used to concentrate the low level samples and increase the quantity of

material analyzed by the gas chromatograph.
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Once worked out, the procedure was found to be simple, easy, rapid and

Srelatively inexpensive. The sample collection, extraction and gas

"* chromatographic procedures could all be automated and large numbers of

samples could be processed efficiently. The procedure may be interupted at

severql points allowing transport to places where the analysis may be

continued more efficiently and economically. The analytical approach is

sufficiently developed to test other simulants developed in the 'literature

search. Preliminary trials have been conducted with DNMP and DEHP. These

compounds may be analyzed under chromatographic conditions similar to DIMP.

STABILITY IN AQUEOUS SOLUTIONS

* To be of value as a simulant for the agents to be removed by reverse

*! osmosis the simulant should be stable in aqueous solution to facilitate

j testing. Information in the literature suggested that DIMP was stable in

water. At the temperatures of 4-40°C and pH values of 5 - 10 expected to

be encountered in the aquatic environment, the hydrolysis of DIMP would be

slow (Bel'skii et al., 1975). Studies were conducted in our laboratories

% to determine the stability of DIMP under conditions closer to field

conditions. DIMP was added to tap water and tap water with 5000 mg/l NaCl

* .at pH 5.0, 7.0 and 9.0. The latter conditions with salt were intended to

approximate brackish waters. Each test was conducted over the range of

concentrations of DIMP expected to be encountered in the test system (0.10,

* 1.00, and 10.0 mg/l). For each concentration of DIMP and aquatic

conditions, the simulant appeared to be stable for a 14 day period. While

the stability of DIMP was expected, the data collected covered the

conditions to be used in subsequent experiments. In addition, the DIMP
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stability trials in aqueous solutions served to establish workable

experimental protocols for future studies.

REMOVAL OF DIMP BY REVERSE OSMOSIS

Trials were conducted in the reverse osmosis test stand supplied by

Ft. Belvoir Research and Development Center at the JHU field station at

Edgewood Area. DIMP was added to dechlorinated tap water at about 20 mg/i

and the reverse osmosis unit was operated as a closed loop system. The

temperature range over the course of the test was 23-33°C and the pH was

7.1. DIMP was rejected at better than 99% for the conditions tested. The

level of DIMP was reduced from 15 mg/l in the feed water to 0.04-0.08 mg/l

in the product water. The additton of 5000 mg/l of salt had little

"demonstrable effect on the rejection of DIMP in the reverse osmosis test

system . Similar rejections were found for the trials conducted by the

CRDC group with their reverse osnmosis test stand and assayed in our

- laboratory. The average level of DIMP in the feed water was 22.6 mg/i and

the average concentration in the product water was 0.12 mg/1 in tap water

trials. The average level of DIMP in the feed water was 22.0 mg/l and the

* average level in the product water was 0.08 mg/l in the brackish water

trial. Again slightly better removal was observed for the brackish water.

Unfortunately no data is available at this time for the

anticholinesterase agents from CRDC to permit a comparison with the

-" rejection rates observed for DIMP. The suitability of DIMP as a simulant

therefore cannot be judged.with respect to removal by reverse osmosis.

* Some data for the removal of anticholinesterase agents by reverse osmosis

was reported by Lindsten (1978). Removals of 99.9 and 99.1 were reported



CONCLUSIONS

1. DIMP and DMMP were chosen as possible simulants for acetyl choline
esterase inhibitors for testing reverse osmosis membranes.

•2. The system developed for the extraction and analysis of DIMP was
sensitive enough to permit assay down to the 0.02 mg/l range presently
established by the Surgeon General for acetyl choline esterase inhibitors.

3; The extraction, elution, and assay steps provide a method that may be
adapted to other simulants and lower levels of detection.

4,4 DIMP was stable in acetone for at least 20 days and allows for a

flexible sample processing schedule.

--5.ý DIMP was stable in water and will not require special consideration for
development of membrane test protocols

6. The levels of DIMP in the product water was 0.04 to 0.09 mg/1 in tap
water and 0.03 to 0.06 in the brackish water trials. This corresponded 'to
about 99.7% and 99.8% rejection, respectively. The salt rejection for the
brackish water trials was approximately 99%. Similar DIMP rejection was
observed for trials conducted by CRDC.

7.. A comparison between removal of the DIMP and the acetyl choline
esterase iihibitors by reverse osmosis cannot be made. Information on the
rejection of nerve agents by the membrane used in this study is not yet
available.
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RECOMMENDATIONS

1. The current project has set up general operational methods and
procedures that allow for the assay and application of simulants for the

testing of reverse osmosis membranes and reverse osmosis systems. A good
deal of time and effort was directed toward the development of an
analytical methodology and procedures that would be applicable to a broad
range of possible simulants and have the necessary sensitivity and
specificity. The studies should be continued and expanded to evaluate
additional simulants and other membranes.

2. The ultimate test for the simulants would be a thorough comparison of

the simulant with the agent under conditions as close to "in use"
conditions as possible. Unfortunately, open testing of the nerve agents is
not possible but after preliminary comparative testing under controlled
conditions, the functional simulants can be tested in the field. This
would allow a thorough evaluation of the effects of different water quality
parameters on the rejection rates under realistic conditions.

3. The analytical method used in this study employed a gas chromatograph
with a nitrogen-phosphorous detector. The gas chromatograph performed
well, but considerable time was spent with the detector. The advantages of
the gas chromatographic method for analysis warrants further work to
evaluate other detectors.
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APPENDIX 1

SIMULANT DATA SHEETS FROM CRDC



R Et:ORD NU MSEI

I ENTRY 20

2 TYPE =CCmPCUNO

! CCNTA!NS A.GENT =NO

'4 COMMON1 NA-E =2:SCZ- rTHCXYETEYL3CTHER CR BME

STECH NAME =C -THYL GLycC*L DIMETHYL ZTHE~q

S HOLEC WT =134 .17

13 FOR MU LA CSH403

22 LCGTE!4 VPR PqESS MPING 'a

2! X1! TEMP CEOC 25

~'L:Q OENS ^SM/CC .

5X21-24. DERS TEMP OEGC 25

'G VAPOR DENZ ATM '4.6300

71 XZG TEMP OGC = 25

Z8 BOILING PO:NT DEGC 162

N XZ2 P74ESS ?PMHG 760 -

71 W LN 102 C201

M ELT-NG PT CEECC -68

,-4 suRrACE TENSICN DYNES/CM =29.so

5s X4 TEMP OEGC =25

?8 LCGTEIJ CENTISTCI'C VISCCSITY =.0

73 X38 TEM~P CEGC 2

"40 LOGTEN VOLATIL.TY M/MIETER3 4.32'4

41 X'40 TEMiP DEGC 25

'42 'ICLEC oiFFus ccur CMZ/SEC 36

43 X42 TEMP DESC 25

44A LOGTEN HEAT Or VAPORIZATION KCALIIC 1.8EE

'47 REFRACTIVE INCEX 1.4i0S7

4e X'47 TEMP DEGC 23

49 SCL IN WATER M:SC'BLE

67 LOGTEN ETV KCAL/KG "..130

CS SPEC PEAT CP KCAL/CKG OEGC3 So0

7%4 FLArH PCINT CEGC =70

7', H!LCE3RANý SOL PARA



R F RC c NMBER 3

I ENTRY

: TYPE =ccIPOUNO

? CCNTA:14S AGENT = No

'4COMi904 N4AtP = t^THYL SULFITE OR Cl~s

E PIOLEC WT = 3Z1

SFORMULA =C4H':OO!S

ZI LC43TEN V;)R PRESS PMHG

Z! XZI TEM¶P CEOC z 2

?'4 LZ2 DENS CM1/CC 1.7a

Z' X23-24 DENS TEPIP CEOC 2

72 BOILING PC:NT DEGC 123

'3 X2! PRESS MMHG7;

'I WLN 20 ZSC

'1 SURFACZ TENSION DYNES/CM 37

:E X!4 TEMP 0EGC 2

'2 L03TEN CETITSTOPE VISCOSITY - .10e

n3 x!S 'ENp ^EGC =25

"A0 LOGTZ'1 VOLATILITY MG/.PTER3 .3

41 XQO TEMP 3EGC '

42 MCLCC D7TPJS CCEFC C?iZ/SEC =-G

44 LOOTEN HEAT OF VAPORIZATION KCAL/)G 1.832

57 LOOTEN ETV KCALi'KG = 2.05Z

7! HILGEERAND SOL PARA 3 .3.

El !UTE SOURCE -MC3



Appendix 1

R EC OR NO MB E 6

I E..q I :67

I~~ ~ ~ T~-CzcPC UNC

3 CNIAINS AGENT =N

q CCII'MON NAPE = ETHYL C:MCTH"Yý. tlý;C~t*:T:

S MCLEC W~T = : ,Z.1

0 FCRMULA =cqH::C~p

~.LOCTEN VPR PRESS MMHG c .3 1

X241Z TEMP ^CEGC Z 25

4 LIGO, ENS ^M/CC.04

-S X23-24aCN TEMP CECC :25

2 3CZLING PCINT DEGC Z i4

n7 WLN 10 P C 2

-4 SURFACE TE4SICN DYNES,'CP0

73 X34 TEMP DESC :2s

'40 LZIGTEN VOLATILZTY MC/METEq3. = 4~.403

41 X40 TEMP CEGC =25

42 MOLEC DIFFUS CCEFF CM2/SEC = 3:

113 X42 TEMP 'EGC = 25

44 LOGTEN HEAT OF VAPORIZATION KCAL/ ?G=1.5

57 LOGTEN CTV KCAL/KG = 2.4!7

"S HILZEBRAN: SOL' PARA ' .
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Appendix 1

:rECCRC NUMBER I

I ENTRY 19

2 TYPE CaIPCUNL)

? CONTAINS AGCHT NO

4 CCMMCM NAME = SI

S TECH NAME = SC- HY EX 3P~ ~CA

6 MCLtC WT = 364

M FORMULA =C16N350P

Zn LOOTEN VPR PRESS WHNO =-3.194

.4 LIG DENS CF*/CC = .300

Z5 X23-2% DENS TEMP CEGC 252

2! BOILING rýINT CEGC =290

?9 X28 PRESS rMMG =760

WLN = 4Y~t10 ZPHO

.4 SURFACE TENSION OYIES/CM =3.

75 X3% T'EMP DEGC =25

36 LOOTEN CENTIPOI~l VISCOSITY =.785

37 X39 TEMP OCGC = 25

73 LCGTEN CENTIZSTCCE VISCOSITY =.2

"3 X38 TEMP DEGC =2s

410 LOCTEN VOLATILITY MG/wETER3 = 1 012

42 X40 TEMP ZESC =25

'$2 MCLEC DIVFFJS CCCFF CII2/SEC -3

to! X'$Z TEMP DEGC 2!

414 LOCTEN HEAT or VAPORIZATION KCALJ'IG 1.633

4S5 LOCTEN HEAT or COMBUSTION K CAL/KG =3.8el

'$7 REFRACTIVE INCEX =1.4416l

'$8 X%$7 TEMP DEOC =25

67 LOOTEN ETV KCAL/KO 2.5!9

S8 SPEC NEAT CP KCAL/CKG :EGO3=.43

72 LOQTCN SAm1 VAPCR CCNC PC/M3 =1.325

7'$ FLASH POINT DEOC 2155

T-~ H:LCE3RAND SOL. PAIA =6.2



* . .Appendix 1

RECORD NUMBER

1 ENTRY = 33

2TYPE = CCN4PCUNO

3 CONTAINS AC-ENT =No

~ COMMON NA!E =DZETHYL PH4CSPHONATE CR :EHP

S~~ TEONAZETHYL PHOSPHT--E CR DI--THYL HYDRCZEN P

S MOLEC WT 132.11

23 FORMULA :C4HI.C3P

21 LCGTEN VP1 PRESS MMP.O :SOS

!2 21 TEMP CSEC :25

74 L.2 DENS 31d/C : 1.0^578

22 SC-.:u,'G PCINT DEGC : 13

-3 X"! PRESS MM140 760

W LN 410 2PHC

V4. SURFACE TCISION OVNES/CM 3 30. 75

35x!1 TEMP :)EGC 25

-n LCGTEN 'E!fTIPCISE V-SCCSITY .361

-7 X76 TEMP DEGC 25

t! LCGTEN CENTISTC?(E VISCOSITY .D5!

?9 x3S TEMP OEGC 25

140 LOCTEN VOLATILITY MG/METER3 .7

ill X'S0 TEMP DEGC :25

r-2 MCLEC DIMFS CCVDF CMZ/StC .069

14! X1.2 TEMP DEOC 25

441 LOGTEN HEAT or VAPORIZATION XCAL/IC 1.820

4.7 REFRACTIVE INDEX :1.4.073

48 X47 TEMP 'EGC .20

4.9 S01. IN WATER1 S01.

c7 LOCTEN ETV KCAL/XG 24703

C8 SPEC HEAT ZP KCAL/CKG DEGC3 .s

69 X62 TEMP 0!OC =55

71 AUTOZONITON. TEMP DOC 1.

71. FLASH POINT DEGC :32

7S WILDEBRANC SOL PARA z10
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RECORD NUNBER 4

I ENTRY

Z TYPE CCHPOUND

1 CONTAINS AGENT =NC

4 COMMON NAME Z DETHYL SEIACATE CR DES

6 MCLEC WT = 28.36

M FCRMULA =C1S#H2SC4

=LOGTEN VPR PRESS PMPING -3a252

= Xn- TEMP DESC =25

24 LIG DENS GM/CC =.3597

23 XZ3-24 DENS TEPP DESC = S

-n SOILING PCINT CEGC =307

31 LN z20VSY02

Z4 SURFACE TENSION DYNES /CM =32.30

33 X34 TEMP CEGC =25

't LCOTEN CENTIPOISr VISCOSITY = 708

3r X36 TEMP DEOC 25

-2! LCOTEN CEtJTIS'OKE VISCCSITY .732

39 X38 TEMP OEGC 23

40 LOSTEN ViOLATILITY MO/METER3 .932

41 X53 TEMP DEOC 25

Q MCLEC OITFUS CCEFF CM2/SEC .01.3

4! X42 TEMP DEGC =25

441 LOOTEN HEAT OF VAPOR17ATION KCAL/10 1.814

47 REFRACTIVC INCEX 146

48 X47 TEMP DEGC 20

75 NILDEZRAND SaL PARA7.
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R rCORD NUMBER 5

I ENTRY :5i.

2 TYPE :CCIIPOUtJO

1 CONTAINS IlOEXT :NC

5' COMMON NAFE DIEZTHYL PHTHALATIE Cfl CEP

rTECH NAME ETHYL PHTHALATE

E MCLEC WT :2=2.23

M FORMULA :CI2H15'C4

SLOOTEN VPR PRESS MiIHG -3.180

SX1! TEMP DCGC :2S

14 L13 DCNS CM/CC :1.1230

* 5 X23-291 DENS TEMP DEC 2C

'S VAPOR DENS ATM :7.6;00

_n BOILING POINT OESC 236

" "S X28 PRESS MMNS 760

n W LN 2 OV R BVO0.

r-3 MELTING PT CEGC -ti

7.4 SURFACE TENSICN DYNES/CM = 36.10

!!X3'4 TEMP Z-EC C 25

36 LCGTE?4 CENTIPOZSE VISCOSITY :1.05'9

'37 X36 TEMP OEGC 2 25

U8 LOOTEN CENTISTC)( VIS.CSITY =1.000

!~X38 TfEMP "DEC = 25

410 LOSTEN VOLATILITY MG/METER2F 1.55E

111 X4'0 TEMP DECC

112 MCLEC DIFFUS tLCCFF CP2/SCC 0001g

113 X5'2 TEMP ZECC

5'4 LO'VTEN HEAT Of VAPORIZATION K CAL/ tC lo 1.70

115 LOOTEN NEAT OF COI'SUSTION X(CAL/KG
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47 REFRACTIVZ INDEX = 1.5062

48 X47 TEMP ODGC = 25

S-, sCt. ZN WAT•R INSO1 L

68 SPEC HEAT CP KCAL/r'KG DEOOC = 0$500

n7 £UTCc3N'rT:ON TEMP DEGC = 'u57

-,". COTEN SAT%: VAPCR CCNC MG/M3 = .897

"73 X72 TEMP DEOC 25

N'i FLASH POINT 05C = 152

7! HILME3RAND SOL PARA =8.

77 COST UNITS = POUND

78 COST GUOTC - .50

n1 QUOTE SOURCE MiTHEZSCN-C CLE- BELL

P

I--.

S__

V2
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APPENDIX 2

DETAILED CHEMICAL PROPERTIES AND REACTIVITY
OF CHEMICAL AGENT SIMULANT COMPILED BY
"ENVIRONMENTAL TECHNICAL DIVISION CRDC
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Appendix 2

IDIN rIFIER H. CAS KadG NO

• D .V1P ~Diisopropyl methylphosphonate 1445-75-6

• :iEMIC2AL FORMULA: C7 H ii0 3P)

)YNONYMS: Phosphonic acid, methyl-, diisopropyl ester; phosphonic acid, methyl-, bis (1-metriylethy,
"ster; diisopropyl methyIphosphonate; methanephosphonic acid, diisopropyl ester.

)ISCRIPTORS- OIMP belongs to a group of compounds known as organophosphates.

2HEMICAL AND PHYSICAL PROPERTIES:

Property Value (Ref) Property Value (Ref)

.1olecular weight 180 (0) Specific gravity 0.98 g/mI (1)

oiling point 174 0C (1) Solubility 0.1 - 0.2% (1)

. ' lash point 71 0 ( (2)

• ,iLITARY APPLICATION: DIMP is used as a simulant for the G-agents. The compound has spectral
haracteristics similar to those of the G-agents, and is therefore used in general remote detection.

! •IDUS'RIAL APPLICATION: DIMP has no industrial application.

rORAGE, SHIPPING, AND HANDLING: DIMP is clapsified as a combustible liquid as defined in the US
epartment of Transportatiod 49 CFR 173.115 (b).• The compound is not specifically listed as a

g azardous waste under the Resource Conservation and Recovery Act (RCRA), (40 CFR 261.33), and its
igh flash point (71 0 C) does not qualify it as a hazardous waste on the basis of ignitability, as defined in
"" CFR 261.21.

1-6 F %7 im w-
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Appendix 2

TOYICOLOGY: Acute toxicity of DIWP.

RIUTE SPECIES DOSE EFFECTS/R-EMARKS (Ret)

ntra'.enous Rabbit 224 mm 3 /kg undiluted caused local irritation (5)

Percutaneous Rabbit > 200 mir,3/kg no irritation at the site of
"undiluted application (5)

Ocular (eye) Rabbit 0.25 mm,3 /eye inflammation, mild to severe, ncg in
undiluted 24 hours, lacrimation, edema - slignt,

neg in 24 - 4S hrs. (5)

Intraperitoneal" Mice > 250 mg/kg undiluted LD5 0 (5)

Inhalation Mice Ct = 2ý,811 mg 0/10 died in 14 days after exposuie in

(total exposure) min/m (t=43 rini) a 386 liter chamber. The average
chamber concentration was 577
mg/rn d. No toxic signs. (5)

Subcutaneous Rat > 200 mg/kg LD 5 0 (5)
•i "undiluted

Oral Duck 1490 mg/kg Lh)5 0 (6)
Bird 1000 mg/kg LD 50 (6)
Mammal 503 mg/kg LD5 0 (6)
Cattle 750 mg/kg LD 5 0 (7)

Carcinogenicity: An extensive search of the literature did not present any data on the carcinogenity of
OIMP.
Mutagenicity: Hart8 has reported that specially purified samples of DIMP proved to be non-mutagenic
when administered to Tice, rats, and dogs.
Teratogenicity: Hart also reported that no teratogenic effects were observed in rats given dietary
levels of 80, 250, or 750 ppm on days 6 through 15 of gestation. He observed that the compound
produced no teratogenic effects ii rats when dietary levels of 300-3000 ppm was given on days 6 through
15 of gestation. Dietary incorporation of DIMP at 300-3000 ppm produced no dose-related reproductive
response in the rat over 3 successive generations with 2 matings per generation.
Health Hazards: DIMP imposes a minor acute inhalation hazard. The compound is slightly irritating to
the eyes, nose, skin, and respiratory tract. Presently, no threshold limit value (TLV) has been
established for DIMP.
Plant Data: No. data was found on this subject.

* . . .. .% .. *. %'



Appendix 2

CHEMICAL REACTIVITY:
9

Alkali and Alkaline Earth Metals: An exothermic reaction may occur upon mixing DIMP with alkali and
alkaline earth metals.
,.'\o Conpounds: Azo compounds may react with DIMP to produce hazardous conditions.

.Caustics: The hydrolysis of DIMP under alkaline conditions yields isopropyl alcohol and metal salt of
met hy Iphosphonic acid.
Epoxides: The reaction between DIMP and epoxides may produce hazardoLus conditions.
M\ineral Acids: Excessive strong f5ineral acids can cause decomposition of DIMP to yield primarily
alcohol and methylphosphonic acid.
Organic Peroxides: *thcre ib very little available information on the reaction of DIMP with organic
peroxides. The reaction= between the organic peroxide! and DIMP may produce hazaa dous conditions.
Oxidizing Agents: The exhaustive oxidat=on of DIMP can yield toxic and corrosive fumes of oxides of
phosphorus, sulfur, nitrogen, and heat.
Oxidizing Mineral Acids: Excessive oxidizing acids can de-•ompose DIMP to yield heat and toxic fumes
of nitrogen oxides, sulfur oxides and phcsphorus oxides.
Reducing Agents: For information on the reducing agent, see alkali and alkaline earth metals above.
Wae.- Reactives: The water reactive materials may react with DMvIP to produce highly unstable
miAtures, heat and toxic and/or flammable gases.

ENVIRONMENTAL FATE: Organophosphorus compounds suT h, as DIMP are subject to biological and
chemical degradation upon enteringithe natural environment.Ytial The ultimate degradation product is

* orthophosphoric acid (H 3 PO 4 ) or orthophosphate salts. Chemical degradation occurs primarily through
hydrolysis. The hydrolytic behavrj. phosphate diesters such as DIMP is similar to that of the
corresponding phosphate triesters (b'fwh ile the 1hydrolytic behavior of the phosphonate monoester
parallels that of the equivalent phosphate diester.1u Under alkaline conditions, DIMP hydrolyzes much
more rapidly to produce the monoisopropyl'ester than the monoester does to produce methylphosphonic
,Acid. -A)IP and the monoester hydrolyze at aoproximately the same rates under acid conditions.
Isopropyl methyiphosphonate is very stable under neutral conditiorn.. The primary products anticipated
upon (i-~nplete hydrolysis of DIMP are isopropyl alcohol (flammable, low boiling liquid),
methylplh&.sphcnic acid, and various amounts of isopropyl methylphosphonate, depending on
enviroitmental conditions and the length of time. The rate of chemical hydrolysis of isopropyl
methylphosphorate to produce methylphosphonic acid and ultim' .- y phosphoric acid or its salts may be
very slow, especially under alkaline conditions. However, hydreQis rate can be greatly accelerated by
the presence of microorganisms, enzymes, and other factors ; the environment. DllMP's hydrolysis
product, methyl phosphonic acid, is a very stable compound. 7 compound can be recrystallized from
fairly sVtong hydrochloric acid or hecited in boiling . hydroxide for several hours without
change. M ethyl phosphonic acid and other phosp[=÷e ,',erivatives are susceptible to furthp•
degradation by photolysis with sunlight and ultraviolet radiation -a yield phosphonic acid derivatives.=
Phosph ptes may be assimulated ,oJ subsequently serve as a sole source of phosphorus for aquatic
plants.1 c Methyi phosphonic rcid is also very slowly oxidized by ozone to orthophosphonic acid,
carbon dioxide, and water. DIMP 4 and its hydrolysis products are water soluble and isopropyl alcohol is
nighly volatile. These factors would facilitate their disposition in the environment.
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CONCLUSIONS: DIMP is an irritant of the eyes, nose; skin, and repiratory tract, and irlonge
inha-lation and skin contact should be avoided. Since it is not kno.wn whether DIMP is a carcinogen,
personn•l shouid take extra precautionary measures, and wear protective clothing, rubber gloves, and an
approved respirator. It is sugoesteu that we data gaps concerning the plhytutoxicity and carc nognicy
of DIxIP be investigated in the future.
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I )EN rFlEER C"NUMICAL NAME CAS 9eG No.

.imethyl inethylphosphonate 756-7h-b

Ci-E.\ICAL FOR'RMULA: (CtfI30)2 (O)Ct1 3

SYNONYMS: .%lethanephosphonic acid, diinethyl ester; dimethyl .nethane-phoyicahi t:;
dime thioxy lnethylphosphine

[)ISCRIPTORS: DM.WP belongs to 3 group of stable organophosphorus esters known as the dialkyl alkyl-
phosphonates. It is classified as a diester of fnetltylphcsphonic acid.

CHEMICAL AND PHYSICAL PROPERTIES: LIMMP is a clear, colorless, mobile liquid witn a very mnild
characteristic odor. The compound is miscible with water, alcohols, esters and aromatic solvents, but
immiscible in aJiphatic hydrocarbons. Selected chemical and physical parameters -,re listed below:

Property Value (Ref) Property / Value (Rel)

'Iolecular weight 124.1 (1) Flash point 104.4 0 C; Open
Cup
(Cleveland) (1)

Boiling point 181°C, 54 mm Hg (4) Viscosity 1.81, 2,)°C (1)
(Centistokes)

\Ielting point below -50 0 C (2) Vapor pressure *0.61 tnrn Hg,
2u 0c (3)

Specific gravity 1.174, 20 0C (1) Volatility 4100 mg/m 3 (3)
1-K

Vapor specilic gravity *4.3 (3) Solubility miscible

note: *estimated values

MILITARY APPI I.ATION: DMMP is extensively used as the simulant for simulating non-persistent
chemical agents. The compound is a volatile agent simnulant, and is used in vehicle
penetration/vulnerability studies, ptotective mask filter elernen: quality assurance tests, freon
decontamination tests, chemical units, and teams decontamination capabilities studies (with K12.
thickc.ner), aircraft spray tank dissemination tests (with K125 thickener), and the shelter vulnerability
tests.

INDUSTRIAL APPLICATION: OMMP is used quite extensively in industry as a flame retardant additive
and viscosity depressant in resins, such as unsaturated polyesters and epoxies. It is also used in heavy
,netal extraction, solvent separation, preignition additive for gasoline, as an antifoam agent, plasticizer
and stabilizer, textile conditioner and antistatic agent, and as an additive in solvents and low
temperature hydraulic iluids.

STORAGE, SHIPPING, AND HANDLING: OMMP is classified as a combustible liquid as defined in tne
US Department of Transportation (DOT)'49 CFR 173.115 (b), and all storage, shipping, and handling
,rocedures must be in accordance with the regulations therein. DMAP is not specifically listed as a
iazardous substance, and its flash point (104.4PC) and oral toxicity value (150 mg/kg) ao not qualify it as
a hazardous waste as defined in 40 CFR 261.21.6 The compound has been reported in the Environmental
Protection Agency (EPA) Toxic Substances Control Act ('SCA) inventcry since 1b60.7
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TOX!COLOGY: Acute toxicity of D&MMP.

ROUTE SPECIES Rose EFFECTS/RfEMARKS/(Re1)

Oral Rat 150 m-g/kg L0 5 0 (8)
(in corn oil)

Rat >'4640 mng/kg LD50 (9)

.Intragastric Rat -,3000 mg/kg LD5 0 (1)

Intraperitoneal White Leghorn 50 mg/kg lowest dose that produced visible
Hen detectable ataxia, produced no

delayed neurotoxic activity (8)

Intraperitoneal 'Mouse 250 )AI/kg 0/10 died in 24 hr, 2/10 died in 7 days,
weakness ataxia, prostration (10)

Inhalation (total IMouse 3900 mg min/m 3  0/10 died in 10 days (13enesh machine)
exposure) (Time =10) (nominal (11)

concn. 77 ppm)

Percutaneous Rtabbit > 4740 mg/kg LD5 0 (9)

Subcutaneous Mouse 50 mg/kg 0/2 died in 10 days (12)
300 mg/kg 0/2 died in 10 days (12)
100 mg/kg 0/2 died in 10 days (12)

Cyc Irritation Rabbits 4740 mng/kg nonirritant (9)

Skin :f f ec ts Human 240 1/kg no ef fect (11)

CarcinogenE:~:!t -little3 reported that DMMP had no effect in asays which wer-e indicative of
dioxy ribonucleic, acid (DNA) dainage 1 3r measured neoplastic, transformation.
\iutagenicitu: Ac--!rding to Little, DMNIP produced no mut agenic responses in the Almes Salmonella
mutagenic * ty assa-;:. -th
Teratogeiclty: DMIMP is currently being tested for teratogenic acitivity in a study conducted uc derth
auspices of the National Toxicology Program, National Institute of Health. No official data has. been
released on the teratogenicity of D.MMP.

Healh ýz,,ds:DMIMP causes irritation of the eyes, skin, and respiratory tract. According to
1)unnik,' the comrpound was toxic to the reproductive system of male rats. The author reported that
with increasin& doses of DMMP, the number of pregnancies decreased, the mean litter size decreased,
and the percent of resorptions increased. The male rats showed some weight decrease, and at high doses
OMIMP showed an increase in the number of abnormal spermns.Id Presently, no Threshold LimitVau
(TLV) has been establjs~ed for DMMP in humans.
Plant Data: Libby, indicated in a recent publication that phosphonates will undergo photolytic
z'e3ctions with sunlight to produce orthophosphates. The orthophosphates tend to serve as a sole
?hosphorus source to aquatic plants.
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CHEMICAL REACTIVITY:16

Alkali and Alkaline Earth Metals: \,hen D.IMP is mixed with these metals, an exothermic reaction maty
occur.
Azo Conpounds: DMMP may react with azo compounds to produce hazardous con~ditions. However,
little inlormation is available on these conditions.

"Caustics: L)MMP is slowly hydrolyzed under alkaline conditions to produce an alkali salt of
methylphosphonic acid and methyl alcohol.' 8

Non-oxicizing Mineral Acids: f'he non-oxidizing mineral acids can hydrolyze DMMP to highly flammable
"mnethyl alcohol (flash point: 1 10 C) and methylphosphonic acid, a fairly strong acid (first ionization
constant (pk 1 ) 2.3 at 20 - 25°C. 1 7
Organic Peroxides: Mixing DMMP with organic peroxides may create hazardous conditions; however,
little information is available.
Oxidizing Agerts: Exhaustive oxidation of DMMP can yield toxic and corrosive fumes of oxides of
phosphorus and other toxic compounds.
Oxidizing Mineral Acids: Excess oxidizing mineral acids can decompose DMMP to yield toxic fumes
such as nitrogen oxides, sulfur oxides, and phosphorus oxides.
lReducing Agents: Dialkyl alkylphosphonates in general are resistant to reducing agents. Materials such
as sodium or aluminum amalgam have little effect. Stronger reducing agents do react, but information
is scant. An exothermic reaction may occur especially if the DMMP cointains sume water.
Water Reactives: DMMP can react with water reactive materials to yield heat along with toxic and/or
flammable gases.

ENVIRONMENTAL FATE: "Having entered the natural environment, organophosphorus compounds are
degraded ,Qy biological and/or chemical reactions to orthophosphate, the ultimate degradation
product.1"1 Hydrolysis is the primary chemical procedure for degrading organophosphorus compounds
entering the environment., 8 Phosphonate diesters (such as DMMP) are similar to phosphate triesters in

their hydrolytic behavior. The lower molecular weight dialkyl alkylphosphonates are moderately
resistant to hydrolysis; however, hydrolysis will occur both under acidic, and less rapidly, under alkaline
conditions. The primary products anticipated upon exhaustive hydrolysis are methyl alcohol and
methylphosphonic acid or its salts (alkaline hydrolysis). Methyl alcohol is very volatile (boiling point:
64.5'C), and completely miscible with water; therefore, it would have little tendency to accumulate in
the environment. The lower alkyl phosphonic acids such as methyl phosphonic acid are hygroscopic
(absorbf7 Igter from the atmosphere) white crystalline solids. Methyl phos.honic acid melts at
105•C. f• Methyl phosphonic acid is a fairly strong acid (pkl: 2.3 at 20 to 251C), and it would tend
to form water soluble salts in an alkaline environment. i tneref ore, both the free methyl phosphonic acid
and itS salts would be washed away over a period of time. Dialkyl alkylphosphonates in general are
resistant to reaction with oxygen and oxidizing agents.9



CONCLUSIONS: )MPhas been reported as an irritant of tile eyes, skin, and possibly a ra.nspecixic
irritanlt of the upper respiratory tract. In addition, the compound causes steriliy of the reproductive
system in ir-alc rats. Thco coompound has bee-n reported to produce no inutagenic responses in thle atries
Sal1i~cnolla Assays, and r.3d no effect in assays %hich ýkerc indicative of [J.'qtx damage or inecisurea
neopl.astic transformation. However, personnel should avoid cortact by wearing protective clotnin;g,
rub!)er gloves, and an approved respirator since the comrpound produces sterility in :riale rats, and the
teratoaenic effects are not available.
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APPENDIX 3

PERFORMANCE OF SELECTED COLUMNS
FOR GAS CHROMATOGRAPHIC ANALYSIS
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Performance of Selected Columns for Gas Chromatographic

Analysis

1. 15% DEGS on 80/100 chromosorb WAW, 6' x 0.125" O.D., 0.085" I.D.,

stainless steel; Date: 4/29/77; max. temp. 200 C.

Prior use: unknown.

Most recent period of use: from ? to 9/23/83.

This column was replaced after difficulties had been encountered in

obtaining a stable offset. Looking at the chromatograms in retrospect, it

may be that the collector was the actual source of the problem, although
/

deterioration of the column cannot be ruled out entirely. The column was

operated at oven temperatures from 150 to 1750C.

2. HP test column: 2% OV 101 )n 100/120 chromosorb W HP, 4' x 2 mm I.D.,

1/4" O.D., glass; no date; max. temp. 350°C.

Prior use: Received with the N-P detector and used during initial checkout.

Most recent period of use: from 11/3/83 to 11/10/83.

This column was conditioned at 250°C overnight. The peak areas for DIMP

were not reproducible. When operated with an oven temperature of 150 C,

peaks showed unacceptable tailing. This was eliminated by raising the

temperature to 175 0 C, but at this temperature, the separation between the

negative acetone peak and the DIMP peak was insufficient. Integratioa of

the DIMP peak therefore started before the response had returned to

baseline. Reduction of the slope sensitivity lead to good positioning of

the end integration mark, but did not ameliorate the peck separation

problem at the start.
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3. 10% Carbowax 20M on 80/100 chromosorb W HP, 6' x 0.125" O.D., 0.085"

I.D., stainless steel; Date: 4/29/77; max. temp. 225°C.

Prior use: not known precisely. Reasonable results were obtained in the

past with this column.

Most recent period of use: 9/28/83 to 11/1/83 (from 9/29 to 10/12, the GC

was not used because the oven heating element had burned out).

Initially, the system seemed to perform acceptably with this column.

However, subsequent difficulty in obtaining a stable offset resurfaced. In

addition, injection of acetone resulted in dramatic drops in the offset.

There was no substantial reason to doubt the integrity of the collector and

a test comparing demoisturized acetone to untreated acetone yielded no

\\indication that the solvent was the source of the problem. Column bleed

with no other changes in the system was a possible explanation. Subsequent

installation of solid phase columns resulted in a quite stable offset,

which suggests that this column was' not in good condition. It was operated

at 150°C throughout this installation period.

4. 10% Carbowax 20M on 80/100 chromosorb W-HP, 2 m x 0.25" O.D., 2 mm I.D.,

glacs; Date: 11/8/83; max. temp. 225°C.

Prior use: none.

Because the Carbowax column described above had performed adequately in the

past, a new column was employed. Use of tiie glass column allowed on column

injection. Operating with a column temperature of 165 C and carrier gas

flow of 30 ml/min, the DIMP retention time was about 1.8 min. Peaks were

reproducible and well formed. Satisfactory performance of this column

resulted in its use for. all gas chromatographic analysis of DIMP samples.
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5. 80/100 Porapak QS, 6' x 0.125" O.D., stainless steel; Date: 10/24/83;

max. temp. 250 0 C.

Prior use: none

Most recent period of use: 11/1/83 to 11/2/83

This solid phase column was tried since it wotl1d eliminate the possibility

of column bleed. A stable offset was obtained. With injections of 0.2 and

10 mg/1 DIMP in acetone, the acetone peak spread from 3 to 6 minutes and no

other peaks were observed after a 20 minute wait. Rather than spend time

experimenting with various temperatures a second solid phase column

containing Tenax was installed.

6. 80/100 Tenax GC, 6' x 0.125 O.D., stainles3 steel; Date: 10/24/83, max.

temp. 375 0C.

Prior use: none

Most recent period of use: 11/2/83 to 11/3/83

The column was conditioned at 300 0 C. The acetone peak appeared at about

0.75 minutes with an oven temperature of 200 0 C. No DIMP peak was evident,

but after 20 minutes and oven temperature increases to 290°C, a low bump

did appear which may have represented the DIMP.
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