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2%E c m n t  P A  SW-846 method for High E-tplosiv~~~ (HljJ rmatysis is not well suited to olzsite analytical work 

2%E method in gem& is too compla and time dipemknt to function well in a quick twn mund mode. The 

Mobile C%emical Analytical Lubodoy project at Los Almraos Nhnal Labomtory v)  ha^ used a m&id 

analytical method to gemmte quick t m  mound & to a&kss D e p m  of T-0-n (Dm shipping 

ivq&mem, and with qpropriate md@hns to the QMQC overnight of the method is well suited to deliver 

high qdity qrmrdidve &a 

The organic Analysis Group (CST-12) of the Chemical Sciences and Technology (CST) 

Division at Los A m o s  National Laboratory (LANL) presently operates and manages two 

Mobile Chemical Analysis Laboratories (Chem Vans) for the Environmental Restoration 

Program (ERP). The Mobile Analytical program m e  into existence to address several issues 

in the generation of analytical data in support of the ERP field activities. These issues 

included analytical costs, turn around time, and directed field support. 

The Chem Vans have been active in developing support in the form of screening analysis 

appropriate to making On-Site Measurements. One of the areas in which the ERP has began 

using this type of field screening is in the analysis of High Explosives (HE’S). Initially, the 



Chem Vans analyzed HE's to satisfjr the shipping requirements of the Department of 

Tmportation (DOT). To satisfjr the DOTS requirements, samples may be no more than 5% 

HE's by weight. A system was set up with ERP to perform a modified method 8330 on HE 

samples, following the schematagram in Diagram 1 explaining the Chem Van's role. 
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Iiagram 1. Flow Diagram 

The modified procedure is followed once a sample is taken and determined by spot test to 

have lOOppm or higher of explosives. If the spot test is positive (hi@er than 1OOppm) the 

sample is sent to the Chem Vans; otherwise, it is sent off site to a contract lab. If the Chem 

Vans determine that the sample contains lgkg - 5gkg of explosives, the sample is kept for 

possible fhrther analysis for other contaminants. If analysis shows that the HE concentration 

is less than lgkg but greater than lOOmgkg, then the sample is again sent to the contract 

laboratory for full analysis. The relevance of this arrangement is in its efficiency and 



timeliness; samples in the concentration range of lgkg-lOOmgkg must be analyzed quickly 

enough to ensure that the contractor has sufficient time to extract and analyze the sample 

within the 14 day holding time. 

The approved US EPA Solid Waste 846 method 8330 for the detection of High Explosives is 

not well suited as a screening analysis for the ERP (1). For soil samples, method 8330 

involves an eighteen hour sonication in acetonitrile to extract HE'S. The prepared samples are 

analyzed by reverse phase HPLC on a C-18 column with detection at 2 5 4 q  along with a 

confirmatory analysis on a cyano column with same single wave length detection. This 

method is time-consuming and labor intensive, contrary to what the requirements of the ERP 

are for HE screening. 

The Chem Vans developed a method to screen for HE'S. In addition to providing screening 

analyses, this method was able to be modified to provide data produced under more stringent 

QNQC oversight. Subsequently, the ERP became interested in using the Chem Vans to 

produce higher quality data for risk assessment and directed field sampling decisions. 

Data Quality Objectives @QOs) were identified to address the specific analytical needs of the 

ERP for analysis of HE compounds. For screening to satis@ DOT requirements, the following 

objectives were identified: 

1. To determine the presence or non-presence of HE materials at the 1% limit. 

2. To accurately identifl HE compounds present. 
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3. To supply analytical results to the customer within 24 hours. 

When the ERP expressed interest in using the data generated by the Chem vans in a broader 

sense, additional DQOs needed to be identified and addressed by the Chem vans. The revised 

procedure is illustrated by Diagram 2. 
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Diagram 2. Modified F l o w  

The revised objectives were identified as follows: 

1. To provide data which is able to be verified and validated according to validation 

guidelines specific to this field task. 

2. To generate a Method Detection Limit study using EPA guidelines. 

3. To achieve the lowest possible reporting limits for the HE compounds while retaining the 

fast turn-around capabilities. 
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4. To accurately quantitate HE compounds present in the samples. 

5. To accurately identifl HE compounds present in the samples. 

6. To monitor the extraction and analytical aspects of the method through the use of an 

extraction surrogate and control limits upon the continuing calibration checks. 

Additional QA oversight was developed to address these objectives, and modifications to the 

analytical method were made to help the method achieve the performance required by the 

DQOS. 

The primary modification to the analytical method was the attempt to hit the detection limits 

required by the Screening Action Levels (SACS) established by the ERP. The SACS that have 

been identified for HE compounds are listed in Table 1. 

The analytical method is able to hit well below the SACS for all compounds except for the 

mixture of 2,Lc-Dinitrotoluene and 2,6-Dinitrotoluene. The estimated Minimum Detectable 

Limit (MDL) for this mixture is 0.65(mg/kg). The instrumental detection limit for this mixture 

is l(mg/kg). 



~ l l l p o ~  Scleening Action hvel (mgkg) 

HMX 3300 

l+DillitmbelE4?lN? 6.5 

2,4,6-Tiinitmtoluene 48 

2,4-Dinitmtoluene 130 

2,6-Dinitmtoluene 65 

1\136xtrue of 2,4$,6-Dinitmbluene 0.65 

4Nitmtoluene 650 

The key to providing real-time turn around (less than 24 hours) on sample analysis is a time 

efficient extraction and analysis along with flexible QNQC procedures. Creating a time- 

efficient extraction involved testing several solvents to give the acceptable extraction 

efficiency in the least amount of time. As acetonitrile and acetone yield roughly equivalent 

extraction efficiencies, the latter was chosen for its less advase health effects and greater 

solubilization of the less polar compounds. To generate an efficient analytical method, 

comparisons were made between mobile phase mixtures of isopropanol (IPA):water and 

methano1:water. The final system was a tertiary gradient of 1PA:Methanol:water which gave 

two cuelutions in a run-time of 13.5 minutes. The compounds were detected using a 

Photodiodekray Detector @AD) method developed and published by the Waters 

Corporation (2). The Quality Control (QC) procedures for generating EPA acceptable data 



were modified to address the DQO requirements identified for this quick twn-around analysis. 

EXPERIMENTAL 

Materials: Blind Laboratory Control Samples (LCS) were obtained fiom Michael N. 

Jasperson in the Analytical Services group (CST-3) of LANL. 

S t a n k d s  are fiom Ultra Scientific (North Kingston, RI). 

All solvents: water, methanol, acetone, and isopropanol are HPLC grade. 

The HPLC column is a Supelco C-8 column, 25cm x 1.4cm OSmm pore size. 

Equipment: HPLC: Hewlett Packard series 1050 quaternary pump with 1050 autosampla. 

DAD: Hewlett Packard 104OA UV. 

Sohare: Hewlett Packard HPLC 3D Chemtation. 

PROCEDURES 

Background Initially, it was unclear which solvent would yield the best extraction 

efficiencies. Based on solubility literature, the two best solvents for the away of HE'S were 

acetone and acetonitrile (3,4). Acetone exhibits greater solubility for non-polar and slightly 

polar compounds. To see which one would give the highest extraction efficiency time 

dependent tests were performed on both solvents . Acetone resulted in the greatest efficiency 

for the range of all fourteen high explosives. Table 2 shows the results of these time 

dependent studies. Also, since acetone has less adverse health effects than acetonitrile, 

acetone is best suited for a small isolated laboratory environment. 



Sample Reparation: 1Omls of acetone were added to log of soil. The mix was then agitated 

on a shaker table for 1 hour. An aliquot of the supernatant liquid was pulled off and filtered 

through a 0.45 micron teflon filter into an A L S  vial. Sample extracts were stored at 4 c" or 

less until analyzed. 

Analytical Method In order to decrease the run-time of the HPLC method, many tests were 

performed on binary and tertiary solvent gradients. The column temperature was elevated 

(50-60 C") and high flow rates (2-2.5dmin) were used to elute the compounds quickly. 

However, the instability and inconsistency of these high flow and high temperature runs 

produced unacceptable quantitation results. Eventually, three systems produced consistent 

data, an Isopropanol (IPA):water system, a methano1:water system, and an 

IPA:methanol:water system. HE'S elute more quickly in IPA than methanol. However, the 

resolution of HMX is partially sacrificed in IPA/H20 due to its elution in close proximity to 

the solvent fiont. Methanol exhibits greater resolution than IPA/H,O for HE compounds. 

HMX is easily separated &om the solvent peak To achieve a lower detection limit on 

the methanol system was utilized so that larger sample injections could be made with 

Method Flow Ramp 
I 

no adverse effects 

&om the acetone peak. - 

E loo Methanol 

IPA 1 * E  $? : '- 
0 3  0 

To decrease the 
0 .5 

analytical run-time, an Water Time 

isocratic flow of 1% 

IPA was added to the 
LQlart Method Flow Ramp 

methanovH,O gradient. The flow diagram is indicated in Chart 1. A constant 1% flow of 



IPA reduced the overall run-time by 3 minutes. 

Detection of explosives was done with a Photodiode-Atray Detector @AD). Bouvier and 

Oehrle of Waters Corporation showed that each spectnun has a slightly different lambda max 

and therefore is more definitively identified using a multiwavelength detector such as the 

DAD (2). Using this detector allowed for compound identification by W spectra as well as 

retention time, thus, eliminating the need for a confirmatory run on a cyano column. 

Elimination of the confb-matoq run saves at least 10 minutes per sample based on a 

consecutive analysis on a secondary HPLC system. A PhotodiodeArray also allows a 

simpler identification of retention times when the varying flow system changes the HE 

elution orders. 

Final method: A starting flow of 90% water, 9% methanol, and 1% IPA for the first minute 

of the run. The flow is then ramped to 60% H,O, 39% methanol, and 1% IPA and held 

constant until the end of the run at 13.5 minutes. Supelco C-8 column at 40 C with detection 

on Photodiode-Array. 

The Quality Controls (QNQC) criteria specified in EPA SW-846 8330 were modified to 

address the analytical requirements of the EW. A QNQC acceptable calibration curve needs 

to be established following the conditions of EPA SW-846. SW-846 requests a 5 point curve 

run in triplicate with a percentage relative standard deviation (%RSD) of < 20% along with a 

daily midpoint calibration run in triplicate with an allowable 15% deviation fiom the initial 



calibration. For the Chem Van method, 

a single 5- pint calibration curve is 

used to confirm the linear range of the 

detector fiom lmg/kg- 1 0 h g k g .  Table 

3 shows the %RSD for this curve. A 

single mid-point is run to establish the 

daily calibration. If the daily 

calibration’s standard deviation is >15% 

for any compounds, any samples with 

hits on those compounds need to be re- 

5-POINT CALIBRATION CURVE 
%RSD High Explosive 
6.89% HMX 
6.99% RDX 
8.21% 1,3,5 TNJ3 
9.44% 1,3 DNB 
3.30% TFZRYL, 
8.68% NB 
9.82% TNT 
8.24% 2-Am-4,6-DNT, 4-Am-2,6-DNT 
7.08% 2,4-DNT, 2,6-DNT 
8.13% 2NT 
9.93% 3 NT 
8.93% 4 NT 

.able 3. Metho E330 requires the Y i D  to be 
2Ph in the determination of linearitv. 

run when the system is in control, (i.e. -45% SD). If the daily calibration check is >30% off 

for the majority of compounds then the analytml system is recalibrated. 

Results: 

To establish the quality of data being generated fiom the mobile laboratory, a comparison was 

drawn between Chem Van data and a LANL contract laboratory, which analyzed HE samples 

for the ERP under SW-846 method 8330 from 1994-1995. The comparison as based on 

Laboratory control samples (LCS) supplied by Michael Jasperson of CST-3 at LANL. The 

contractor was required to analyze LCS samples during routine analytical work. For a 

comparative study, the Chem Vans acquired 10 LCS samples also fiom Michael Jasperson of 

CST-3 for analysis. Table 4 represents a summation of the analysis of the LCS’s by the 

Chem Van and by the contractor. The more polar HE’S, HMX and RDX, along with TNT, 



1,3-DNB, 2,4-DNT and 2,6-DNT gave precise results under the fd l  EPA SW-846 method 

8830. However the percentage recovery and accuracy on the 6 other HE'S analyzed was very 

imprecise. For the LCS' run by the Chem Vans all recoveries were more accurate being 

within 10% of the expected value, except for Nitrobenzene which was at 82.48% recovery. 

The %RSD were all within the 20% Quality Control limit based on EPA's SW-846 method 

8330. 

Chem Van 
%Recovery SD %RSD 

Contractor 
%Recovery SD %RSD High Explosive 

96.71 12.57 13.ooYo 106.7 7.1 6.65% HMX 
94.48 14.15 14.97% 1 04 9.7 9.33% RDX 
94.63 9.20 9.72% 86.5 15.8 18.27% 1,3,5 TNB 
92.93 4.97 5.35% 96.9 6.1 6.30% 1,3 DNB 

50.96% m?RYLP 
~ 

99.58 11.28 1 1.33% 57.5 29.3 
82.48 15.26 18.50% 32.6 35.5 108.90% NE3 
96.59 7.34 7.60% 101.3 7.3 7.21% mr 
92.19 15.97 17.33% Not analyzed NA 2-Am-4,6-DNT, 4-Am-2,6- 

DNT 
95.13 14.62 15.37% 85.05 6.95 8.17% 2,4-DNT, 2,6-DNT 
104.78 15.46 14.75% 32 32.1 100.31% 2NT 
96.33 3.77 3.91% 43.6 30.8 70.64% 3 
98.09 9.87 10.06% 50.5 23.6 46.73% 4 NT 
Table 4. comparison of percent recoveries, standard deviation, and percent relative standard deviation between Chem Van and contract 
laboratory analysis of LCS'. All LCS's were supplied by Michael Jasperson of CST-3 at JANL. 

The results of an MDL study run on the Chem Van method did not give such positive results 

as did the comparison of LCS'. Table 5 shows the MDL established for the Chem Van 

compared with the SAL'S as stated in the DQO's. The Chem Van's are capable of reaching 

the SAL's on all compounds except for the coelutive compounds 2-h-4,6-DNT and 4 - h -  

2,6-DNT. Since these coelutive compomds are of particular interest to ERP officers a 1 fold 

lowering of detection limits by the Chem Van method would make it applicable to the MDL 



levels required. 

I High Explosive 

HMX 

RDX 

1,3,5-”JB 
~ 

1,3-DNB 

NM 

TNT 
_ _ _ _ ~  

2-Am-4,6-DNT, 4 - h -  

2,6-DNT 

2,4-DNT, 2,6-DNT 

2-NT 

3-NT 

4-NT 

Standard Deviation Minimum Detection Site Action levels 

0.425 I 1.276 I 3300 

0.978 I 2.934 

0.25 1 0.754 3.3 

0.3 13 I 0.938 ~ 1 6.5 

0.338 1.014 

0.499 I 1.497 

0.287 0.862 48 

0.422 1.267 0.65 (mix) 

0.266 0.797 130 

65 

0.320 I 0.956 
1 I 

0.23 1 0.692 650 

0.202 I 0.605 I 650 

Table 5. Limits achievable with the Chem Van method compared with the SAL’S as set by the state EPA. 

A possible way to lower the detection levels on an HPLC analysis is by shooting larger 

quantities of sample. Trying to do so under this method resulted in an unquantifiable 



Chromatogram. It is plausible that a slower method with greater separation could use a 

method of increased injections of sample versus standard to lower the detection limit. 

CONCLUSION 

The method developed by the mobile laboratory of CST-12 at LANL is a time efficient and 

cost effective method for the analysis of High Explosives. This method works well in a 

screening role, and llfills all Data Quality requirements pertaining to that role. The 

comparison study showed that this method can deliver equivalent, if not superior performaace 

to 8330 in the analysis of blind QC samples and analyte extraction efficiencies. 

This method also produced acceptable results in calibratrion linearity, calibration stability, and 

compound identification and quantitation. The MDL's and the actual instrumental detection 

lirnits generated by this method are not able to compete with 8330, however. The Chem Van 

method is not able to reliably quantitate the mixture of 2,4 and 2,6 Dinitrotoluene down to the 

screening action level. This does not make the method incapable of producing high quality 

data in support of decision making in the field; rather, care must be taken in the development 

of the DQO process to recognize this weakness, and sampling strategies must be developed to 

overcome it. 
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