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Abstract

A study was conducted to experimentally evaluate the maximum acceplable
pre-extraction analytical holding fimes (MHTS) for three nitrocromatic compounds
and two nitramines in water. Three fortified waters (reagent-grade waler, ground
water and surface water) were utilized in the study. Analyles investigated were
HMX, RDX, TNB, TNT and 2,4-DNT, all at the low pug/i level. Subsamples of each
water sample were heid for periods of 0, 3, 7, 14, 28 and 70 days at either room
temperature (22°C) or under refrigeration (2°C). Samples were analyzed by RP-
HPLC without preconcentration.

The two niframines, HMX and RDX, were stable over the entire period for all
waters under both storage temperatures. For the three nitroaromatics (TNB, TNT
and 2,4-DNT) the results were very different. For the surface water, significant
losses of TNB and TNT occurred in only a day or fwo, even under refrigeration.
Loss of these analyles was accompanied by an increase in the concentration
of their microbiological degradation products 3,5-dinitroaniline and 4-amino-
2,6-dinitrotoluene, respectively. The rate of loss of 2,4-DNT was much slower
in the surface water than either for TNB or TNT. The rates of loss of the three
nitroaromatics were much slower in the reagent-grade water and ground water
than in the surfoce water. The recommended MHT for nifroaromatics and
nitromines in relatively sterile weler samples is 50 days under refrigeration.
Surface water samples, or samples likely fo have significont microbial activity,
should be preserved in the field prior fo shipment or anolyzed on-site, or the loss
of TNB and TNT is likely o be significant. Concemn is voiced over the use of
organic solvents for fortification in holding fime studies because of their potentiat
for enhancement or suppression of microbiological degradation raies.

For conversion of Sl metric units fo U.S./British customary units of measurement
consult ASTM Standard E380-89q, Standard Practice for Use of the International
System of Unifs, published by the American Soclety for Testing and Materials,
1916 Race St., Philadelphia, Pa. 19103,
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Evaluation of Pre-extraction Analytical Holding Times for
Nitroaromatic and Nitramine Explosives In Water

CLARENCE L. GRANT, THOMAS F. JENKINS AND SUSAN M. GOLDEN

INTRODUCTION

The U.S. Environmental Protection Agency has
issued a draft reversed-phase high-performance
liquid chromatographic (RP-HPLC) method for
the determination of nitroaromatic and nitramire
explosives in water (EPA 1992).The method was
based on research results obtained at the U.S.
Army Cold Regions Research and Engineering
Laboratory (Jenkins et al. 1986, 1992, Miyares and
Jenkins 1990, 1991). A maximum pre-extraction
sample holding time (MHT) was specified to be
the same as for semivolatile organics (7 days). To
our knowledge, this MHT was based on best judg-
ment rather than on experimental data.

In a recent report, MHTs were estimated for
nitroaromatics and nitramines in water
(Maskarinec et al. 1991). Distilled water, ground
water and surface water samples were fortified
with stock solutions of 1,3,5,7-octahydro-1,3,5,7-
tetranitrotetrazocine (HMX), 1,3,5-hexahydro-
1,3,5-trinitrotriazine (RDX), 2,4,6-trinitrotoluene
{TNT) and 2,4-dinitrotoluene (2,4-DNT) in
acetonitrile (ACN) and stored for periods up to a
year at 4° and 25°C. Quadruplicate subsamples
were analyzed for each combination of water type
and storage temperature at each of eight time
periods, and the resulting concentrations of each
analyte were plotted as a function of holding time.
MHTs were estimated using two procedures: a
modified version of an ASTM (1986) procedure
and one reported by Prentice et al. (1986). A dis-
cussion of these proceduresand adescriptionof an
alternative modification of the ASTM method are
available elsewhere (Grantetal. 1993). Maskarinec
et al. (1991) reported conservative MHTSs because
the estimates depended on factors such as water
sourceand analyte concentrationand because there
was considerable scatter in the data. Although
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HMX and RDX were reasonably stable under re-
frigeration for 30-50 days , they stated that low
concentrations of TNT and DNT must be deter-
mined “very quickly.”

A concern with the Maskarinec et al. (1991)
study is the addition of an organic solvent (ACN)
during analyte fortification. In particular, addi-
tion of 10% ACN has been recommended as one
element in a method of preservation to retard
chemical and biological changes in water samples
containing nitroaromatics and nitramines (Miller
et al. 1983). However, current standard proce-
dures do not specify the addition of any preserva-
tive. While the concentration of ACN used by
Maskarinec et al. in their fortified waters was not
reported, it was probably considerably less than
the 10% recommended by Miller et al. for preser-
vation. Nevertheless, the concentration of ACN
was undoubtedly many orders of magnitude
greater than that of the analytes, and the extent of
either reduction in microbial activity due to toxic-
ity to microorgarisms or stimulation of activity
due to the availability of a readily legradable
source of organic carbon is uncertain. Hence, we
feel that MHTs developed in the absence of ACN
may be more representative of actuai sample be-
havior than those reported by Maskarinec et al.

OBJECTIVE

The objective of the following study was to re-
examine the issue of MHTs for nitroaromatic and
nitramine explosives in water without the use of
organicsolvents duringanalyte fortification. MHTSs
were obtained by plotting the concentration of
analytes as a function of holding time and using a
modified version of the statistical procedure rec-
ommended by the ASTM (Grant et al. 1993). We
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used thesame four analytes studied by Maskarinec
etal. (1991)along with 1,3 5-trinitrobenzene (TNB),
acommonly occurring phototransformation prod-
uctof TNT (Burlinson 1980, Spanggord etal. 1980).
Microbiological degradation of TNBand TNT were
verified, not only by their disappearance, but also
by theappearance of selected transformation prod-
ucts: 3,5-dinitroaniline (3,5-DNA) from TNB, and
2-amiro-4,6-dinitrotoluene (2-AmDNT) and 4-
amino-2,6-dinitrotoluene (4-AmDNT) from TNT
(Won et al. 1974, McCormick et al. 1976, Goerlitz
and Franks 1989).

EXPERIMENTAL METHODS

Chemicals

All standards and test solutions were prepared
from Standard Analytical Reference Materials
(SARMs) obtained from the U.S. Army Environ-
mental Center (formerly the Toxic and Hazardous
Materials Agency), Aberdeen Proving Ground,
Maryland. Aqueous standards and test solutions
were prepared in reagent-grade water obtained
from a Milli-Q Type I reagent-grade water system.
The methanol used in preparing the analytical
standards and the HPLC eluent was HPLC-grade
from Alltech. The HPLC eluent was prepared by
combining equal volumes of methanol and water
and vacuum filtering through a 0.45-um nylon
membrane to degas it and remove particulate
matter.

Analyte spiking solutions

All analyte spiking solutions were prepared in
water. SARMs for TNT, 2,4-DNT, TNB, RDX and
HMX were placed in individual brown glass jugs,
reagent-grade water was added, and the contents
were stirred at room temperature for a week. The
solutions were then filtered through 0.45-um ny-
lon membranes into clean, brown glass jugs. No
solvents, other than water, were used in the prepa-
ration of these solutions.

The concentration of analyte in each aqueous
spike solution was determined against standards
prepared in methanol or acetonitrile (Jenkins et al.
1986, EPA 1992) diluted 1:1 with reagent-grade
water prior to analysis. A multianalyte spiking
solution was prepared by combining appropriate
volumes of these individual analyte solutions and
filtering through a 0.45-um nylon membrane. The
combined analyte spike solution was stored in a
brown glass bottle in the refrigerator until used.

Water samples

Blank water samples were collected from three
sources: reagent-grade water from a Milli-Q Type
[ water system, surface water from the Connecti-
cut River in West Lebanon, N.H., and ground
water from a deep well in Enfield, N.H. (Table 1).

Analyte spiking

The three blank water samples were fortified by
combining 20 mL of the filtered multianalyte spike
solution with 20 mL of filtered aqueous HMX
solution in each of three separate 2-L volumetric
flasks. The need to add additional HMX solution
was due to its limited solubility. Spike solutions
were diluted to volume with blank water from the
appropriate source and mixed thoroughly.
Subsamples were prepared by filling test vials to
overflowing and immediately capping with Teflon-
coated caps. The day O vials were set aside, and the
remaining vials were divided into two sets. One
set was stored in the dark at room temperature,
and the other was stored in the dark under refrig-
eration.

Test parameters

Forall water samples, two storage conditions were
used (Table 2): room temperature (22 + 2°C) and
refrigerator (2 + 2°C). Subsamples stored under
these conditions were analyzed after 0, 3, 7, 14, 28
and 70 days of storage. Triplicate portions were
analyzed for each storage temperature and time,
with the exception of day 0, on whichsix replicates

Table 1. Chemical properties of water samples.

Property Reagent-grade water Surface water Ground water
pH 64 55 5.5
Conductivity (umhos/cm) 1 9 198
Dissolved oxygen (mg/L) 4.6 4.6 4.8
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Table 2, Experimental factors for water holding time study.

Factors No. of levels Levels

Analytes 5 HMX, RDX, TNB, TNT, 24-DNT

Waters 3 Reagent Type I, Surface water, Ground water
Storage temperature (°C) 2 22+2,2%2

Storage time (days) 6 0,3,7,14,28,70

Replicates 3-6 6 for day 0, 3 for all other days

were used to establish initial concentrations. Prior
to HPLC analysis, each sample was brought to
room temperature, and 5.00 mL was combined
with 5.00 mL of methanol. The combined sample
wasmixed and filtered througha0.5-pumMillex SR
filter.

RP-HZLC analysis

Allwater samples were analyzed by RP-HPLC.
Analysis was conducted on a modular system
composed of a Spectra-Physics Model SP’8800 ter-
nary HPLC pump, a Spectra-Physics Spectra 100
UV variable-wavelength detector set at 254 nm
(cell path 1 cm), a Dynatech Model LC 241 auto-
sampler equipped with a Rheodyne Model 7125
Sample Loop Injector, a Hewlett Packard 3393A
digital integrator and a linear strip-chart recorder.

Allsamples wereanalyzed ona25-cm x4.6-mm
(51) LC-18 column (Supelco) eluted with 1:1 metha-
nol/water (v/v) at 1.5 mL/min (Jenkins et al.
1988). Samples were introduced by overfilling a
100-mL sampling loop. Retention times of the
analytes of interest are shown in Table 3. Confir-
mation of identities of analytes and transforma-
tion products were obtained on a 25-cm X 4.6-mm
(5p) LC-CN column (Supelco) under the same
operational conditions (Table 3).

Concentration estimates were obtained for most
analytes from peak heights from the digital inte-
grator. Because of problems with the baseline,
particularly for the surface water samples (Fig. 1),
results for HMX were obtained by manual peak
height measurement. Manual peak heights were
also used to estimate the very small peaks for the
transformation products throughout (Fig. 2) and
for TNB in the surface water after 70 days of
storage at room temperature (Fig. 3).

Data analysis

The means and standard deviations were calcu-
lated for cach of 170 sets of triplicate measure-
ments and 15 sets of 6 replicates. Suspect indi-
viduai measurements were flagged on the basis of
extreme values of the % RSD (> 50%) and inconsis-

tencies in the overall pattern for that compound.
Each suspect value was checked for possible com-
putation or transcription errors. Nine individual
extreme values (three for HMX, one for RDX, two
for TNT, one for TNB, one for 3,5-DNA and one for
4-AmDNT) with no assignable cause were arbi-
trarily excluded because they produced large dis-
tortions of both means and standard deviations.
Exclusion of more than one datum from a tripli-
cate set occurred only once. These nine exclusions,
which all occurred in the surface water samples,
amounted to less than 1.5% of the values.

A modified version of the ASTM procedure
was used to estimate MHTs where appropriate.
Except for day 0, triplicate measurements were
used throughout. To gain degrees of freedom (d.f.)
and to fairly represent precision for the entire
experiment, pooled standard deviations were cal-
culated for the five sets of triplicates and one set of
six replicates for each water-storage condition
where rapid degradation was absent. This pro-
duced more d.f. for the standard deviation esti-
mate than the nine that would have been obtained
if we had run ten replicates on day 0 as suggested

Table 3. Retention times of test analytes
and transformation products for two re-
versed-phase columns.

Retention time (mm)

Analyte LC-18* Lc-cnt
HMX 26 1L.7
RDX 38 8.1
TNB 49 7.3
35-DNA 68 8.0
TNT 7.8 104
4-AmDNT 8.7 94
2-AmDNT 9.0 9.4
2,4-DNT 94 85

* Eluent 1:1 methanol/water at 1.5 mL/min.
1 Eluent 65:23:12 water/acetonitrile/ methanol at 1.2
mL/min,
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Figure 3. Chromatograms of surface water showing very small TNB peaks after 70 days of storage at

room temperature.

by ASTM. Confidence intervals (99%) were calcu-
lated using the pooled standard deviation withn =
3. These confidence limits were centered on day 0
means and examined for the time when they inter-
sect the best graphical fit to a plot of mean concen-
tration vs. time. This procedure worked well, and
the results should be very comparable to the stan-
dard ASTM procedure.

RESULTS AND DISCUSSION

Overview

Mean analyte concentrations and percent rela-
tive standard deviations (RSD) for the three forti-
fied water samples as determined by the analysis
of six replicates on day 0 are given in Table 4. The
mean concentration of HMX ix the surface water
was significantly (o= 0.05) lower than in the other
two waters. All other comparisons of day 0 mean
concentrations in the three waters showed very
minor variations, and the only other significant
difference (a = 0.05) was the slightly low mean for
TNB in the surface water. The precision of the
measurements was excellent, with anaverage per-
cent RSD of 2.4%, and this provided the ability to

detect very small differences in means. We believe
that the only difference of practical significance is
thelow mean for HMX. Unfortunately the cause of
this low value is currently unknown with cer-
tainty, but a large sloping background under the
HMX peak in the surface water sample offers a
plausible explanation, since this background is
absent in the other samples.

The excellent precision observed for day 0 data
continued throughout the study. Therefore, the
99% confidence limits computed according to our
modified ASTM procedureshowed only very small
departures from day 0 means. Percent differences
between day 0 means and 99% confidence inter-
vals are summarized in Table 5. The ASTM proce-
durerequires these differences not toexceed £15%.
Since all of these values are much less than £15%,
very small changes from day 0 concentrations can
lead to estimates uf quite short MHTs. In some
cases these times may be shorter than necessary,
since sampling variations are often £15% or more
within dynamic hydrologic systems. It is also in-
teresting to note that the refrigerated samples
often show poorer precision than the samples
stored at room temperature (Table 6). Not surpris-
ingly the surface water shows poorer precision




Table 4. Initial concentrations of nitroaromatics and nitramines in fortified waters estimated by RP-

HPLC.
Reagent-grade water Surface water Ground water
Compound X (pgl) RSD (%) X (ug/L) RSD (%) Xug) RSD (%) *)
HMX 46.0 21 385 46 475 4
RDX 726 14 720 17 732 29
TNB 492 09 7.2 38 490 1.3
TNT 50.6 1.2 51.1 49 51.1 1.2
24-DNT 414 14 212 20 415 29
* Means are significantly different (a = 0.05) from the means for those analytes in reagent-grade water and ground water.
than the ground water and reagent water samples. day calibration error. Consistently low values for
both HMX and RDX on days 3 and 7 caused

Behavior of analytes as a function of deviations that are logically assigned to calibra-
holding time tion bias. Since standards were prepared fresh on

The mean concentrations of the five fortified each day of analysis, such an error was certainly
analytes and three transformation products are possible. Clearly HMX and RDX did not rapidly
presented in Table 6 as a function of holding time degrade and then re-form!
and storage condition for the reagent-grade water, By ignoring the 3- and 7-day points, reasonable
surface waterand ground water, respectively. Since MHTSs could be estimated for HMX by the modi-
the nitroaromatics show much less stability than fied ASTM procedure. From Figure 4 we see that
the nitramines, we will discuss the two groups these times range from 40 to 50 days. Since the
separately. mean difference between the 99% confidence lim-

its and the day 0 values was only 5.7% for HMX, o

Nitramines

The mean concentrations of HMX and RDX are
plotted as a function of holding time in Figures 4
and 5, respectively. For each of the three water
samples, a single line was drawn through the
points for both storage temperatures because there
was no significant effect of temperature in any
case.

Because of the outstanding within-day preci-
sion of measurements, the plots offer strong evi-
dence that there wasasmall butsignificantday-to-

these MHT estimates seem quite conservative.
They also agree with the estimates reported by
Maskarinec et al. (1991) for refrigerated water.

If the ASTM procedure had been rigorously
applied to the RDX results (Fig. 5), we would have
concluded that MHTs were only about one day,
because the 99% confidence limits all lie between
69.2 and 70.8 pg/L. This conclusion would result
from the very small difference (3.8%) between day
0 means and the 99% confidence limits and the
large difference in day 0 and day 3 means. In

o

Table 5. Percent change of day 0 means required to reach the lower 99% confidenceintervals
for MHT estimation.

Reagent-grade water Surface water Ground water Y
Analyte 229C (%) 29C (%) 22°C (%) 2C (%) 22°C (%) 29C (%) Mean (%)
HMX 3.63 4.16 6.97 7.70 5.51 6.36 5.72
RDX 3.16 342 3.89 4.13 22 491 3.79
TNB 5.66 647 8.56 7.04 446 4.16 6.06
TNT 2.85 5.08 6.41 9,99 356 484 5.46 ®
2,4-DNT an 5.18 4.13 kN?} 4.01 522 4.13
Column mean 3.68 4.86 5.99 8.92 4.15 5.10 5.03
Water mean 427 6.20 4.63
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Table 6. Concentrations of analytes and transformation products as a function of holding time and storage
condition.

Concentration (ug/L)
Odays 3 days 7 days 14 days 28 days 70 days
Compound  Storage X sD. X sp. X sD. X sD. X SD. X  sD.
Reagent-grade water
HMX Roomtemp. 4597 097 4497 012 4597 127 4623 092 4657 049 4063 142
Refrigerator 4597 097 4590 085 4580 040 4670 101 4647 021 970 223
RDX Roomtemp. 7256 103 6574 084 6597 129 67.00 147 6791 119 6414 217
Refrigerator 7256 103 6564 036 6777 088 6800 050 6665 048 6473 340
TNB Roomtemp. 4921 044 4931 036 4808 063 4399 102 4213 211 37.02 363
Refrigerator 4921 044 4980 019 4945 055 4892 102 5094 030 4569 4.88
INT Roomtemp. 5056 062 5062 066 5086 062 4920 080 4813 040 4231  1.65

Refrigerator 5056 062 5106 078 5127 075 5162 052 5145 005 4724 379
24-DNT Room temp. 4135 059 4040 006 4183 043 4157 090 4143 106 3694 109
Refrigerator 4135 059 4138 050 4144 126 4208 055 4164 055 3897 289

4-AmDNT  Room temp. 000 000 000 ©000 000 000 000 000 000 000 000 000
Refrigerator 000 000 000 000 000 000 000 000 000 000 000 0.0
3,5-DNA Room temp. 000 000 000 000 000 000 000 000 000 000 247 044
Refrigerator 0.00 0.00 000 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Surface water
HMX Room temp. 38.50 1.76 3430 056 2707 250 39.13 110 3633 1,65 3223 023
Refrigerator 38.50 176 2843 162 2.2 1.57 36.27 1.80 3270 1.51
RDX Room temp. 71.96 170 6412 113 6584 073 69.06 240 67.96 1.00 66.89 1.93
Refrigerator 7196 170 6600 237 6701 020 6768 216 68.06 203 63.81 0.52
TNB Room temp. 47.24 1.81 1537 248 763 1.01 4,51 08 354 318 350 391
Refrigerator 47.24 1.81 3277 141 2069 109 1063 093 4.9 066 524 362
TNT Room temp. 51.09 252 3047 150 2596 135 21.84 1.10 1468 046 6.52 1.89

Refrigerator 5L09 252 4326 063 3640 312 2838 119 2291 009 1406 573
24-DNT Room temp. 4120 082 3953 147 4102 088 3924 076 3895 082 M37 121
Refrigerator 4120 082 4124 075 4058 037 4036 054 4004 102 3504 072

4-AmDNT  Room temp. 000 000 000 000 000 000 724 093 831 326 1209 065
Refrigerator 000 000 000 000 000 000 513 068 727 079 745 083
33-DNA Room temp. 000 000 539 007 797 059 873 037 88 065 1592 1.0

Refrigerator 000 000 129 L11 414 049 611 044 825 021 1352 064

Ground water

HMX Room temp. 4753 186 4167 057 4147 253 5063 040 4550 035 3857 133
Refrigerator 4753 186 3940 211 4373 .04 4797 047 4450 249 3957 162
RDX Room temp. 7317 213 6610 111 6691 079 6647 027 6830 329 6505 160
Refrigerator 7317 213 6493 108 6722 032 6926 096 6950 293 6603 3.28
TNB Room temp. 4897 062 4788 026 4759 021 4402 150 4227 211 2164 2209
Refrigerator 4897 062 4923 058 5028 015 4934 032 4794 029 4536 300
TNT Room temp. 51.06 063 5047 042 4940 002 4688 054 41.88 190 2696 1.83

Refrigerator 5106 043 5067 072 5252 039 5066 040 4874 054 4617 366
24-DNT Room temp. 4150 122 4082 098 4181 038 4180 093 4224 032 379 112
Refrigerator 1150 122 4090 104 4205 061 4191 028 4110 095 3913 241
4-AmDNT  Room temp. 000 000 000 000 000 000 000 000 000 000 000 000
Refrigerator 000 000 000 000 000 000 000 000 000 000 000 000
37 DNA Room temp. 000 000 000 000 000 000 000 000 000 000 492 153
Refrigerator 000 000 000 000 000 000 000 000 000 000 093 083
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Figure 4. Effect of holding time on HMX concentrations in threewater samples. The horizontal
dashed lincs represent the lower 99% confidence limit of the day 0 means.
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Figure 5. Effect of holding time on RDX concentrations in three water samples.
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reality the mean decrease in concentration from
day 0 today 70is only 10.3%! Given this very small
and consistent decrease in concentration for all
three water samples at both storage temperatures,
we believe that an MHT of 50 days is reasonable.
(The mean decrease in concentration at 50 days is
only about 6.8%.) Such a result is in agreement
with Maskarinec et al. (1991) and Harvey et al.
(1991) and is consistent with results from
Hoffsommer et al. (1978) and Spanggord et al.
(1980), whoshowed that RDX does notbiodegrade
under aerobic conditions. It is also in agreement
with ourearlier findings for soil MHTs (Grant etal.
1993).

Nitroaromatics

The most stable compound among the
nitroaromatics was 2,4-DNT (Fig. 6). As with the
nitramines, there was no significant difference
between the two storage temperatures. However,
the rate of degradation in the surface water was
greater than for the reagent-grade water and
ground water, and that led to an MHT estimate of
30 days for the former compared to 60 days for the
other two. Still, the loss of 2,4-DNT in surface
water after 30 days was only 3.6%. If the MHT was
arbitrarily increased to 50 days, the loss would still
enly be 8.3% for the surface water. Since 15% has
been specified by the ASTM as an acceptable limit,

a value of 8.3% does not seem excessive.

TNB and TNT present a drastically different
picture from the other analytes. In al! cases the loss
is significantly greater when waters are stored at
room temperature than when stored refrigerated.
Consequently we will focus on the data from
refrigerated samples since it is desirable to stabi-
lize samples as much as possible. Figures 7 and 8
show that both TNB and TNT are quite stable in
reagent-grade water and ground water samples,
which are represented on each figure by a single
line. Estimated MHTs for these refrigerated
samples are 63 days for TNB and 60 days for TNT.
However, in surface water, both TNB and TNT
degrade rapidly, with the accompanying appear-
ance of one of their microbiological degradation
products, 3,5-DNA and 4-AmDNT, respectively.
After seven days, only 45% of the TNB remains,
compared to 70% for TNT. The degradation prod-
uct of TNB, 3,5-DNA, appears in the day 3 sample,
whereas 4-AmDNT, the degradation product of
TNT, first appears in the day 14 sample.

ADDITIONAL COMMENTS

For relatively clean water (i.e. aquatic samples
with low microbiological activity), it appears that
an MHT of 50 days using refrigeration at 2°C
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Figure 6. Effect of holding time on 2,4-DNT concentrations in three water samples. The
horizontal dashed lines represent the lower 99% confidence limit of the day 0 means.
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Figure 7. Effect of refrigerator holding time on TNB and 3,5-DNA concentrations in three
water samples. The horizontal dashed lines represent the lower 99% confidence limit of the day

0 means.

would be acceptable for both nitramines and
ratroaromatics. However, surface water samples,
which normally have substantially larger micro-
bial a-tivity, total organic carbon and solids con-
tent, will lose significant TNB and TNT within a
day or two, even under refrigeration. Ina previous
study of soils (Grant et al. 1993), we reported that
fortified TNB and TNT degraded much more rap-
idly than the same compounds in field-contami-
nated soils. This observation remains to be inves-
tigated for water samples. Meanwhile, we believe
that easily degraded compounds like TNB and
TNT in surface water samples should either be
preserved by adding appropriate chemicals (as
yet undetermined) during sample collection or be
analyzed on site with field-portable or on-site
methods. Any water samples containing HMX,
RDX and 2,4-DNT can be refrigerated for up to 50

days, and relatively pure water samples contain-
ing TNB and TNT can also be similarly stored.
At the outset of this study, we hypothesized
that the addition of ACN during analyte fortifica-
tion of water might modify microbial activity and
consequently the stability of munitions residues.
Comparison of our results (no A._N) with those of
Maskarinec et al. (1991) indicates that the low
concentration of ACN in the latter study had no
detectable effect on MHT estimates for HMX and
RDX, which werestable underall conditions tested.
For low concentrations of TNT and 2,4-DNT,
Maskarinecetal. reported rapid degradation in all
waters tested, even under refrigeration. In con-
trast, we found 2,4-DNT to be very stable in all
waters tested, and TNT was stable in refrigerated
reagent-grade water and ground water. However,
TNT degraded rapidly in refrigerated surface
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Figure 8. Effect of refrigerator holding time on TNT and 4-AmDNT concentrations in three
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Figure 9. Comparison of TNT stability with time for reagent-grade water in the
CRREL and Maskarinec ct al. (1991) studies.




water. Maskarinec et al. did not study TNB, so no
comparison is possible. Since the ground and sur-
face waters were different in the two studies, we
cannot be certain whether the observed differ-
ences were due to the presence or absence of ACN
or to other compositional differences between the
waters. The large differences observed in the sta-
bility of these compounds in reagent waters (Fig.
9), however, does strengthen our view that the
presence of ACN is a major factor. In any case, we
believe that the use of organic solvents should be
avoided during analyte fortification of aqueous-
based systems that are to be held for any extended
period of time prior to analysis. We also believe
that this issue deserves immediate further study
because of the common practice of using organic
solvents during analyte fortification of natural
systems.
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