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A. novel porous organosilicatc material was evaluated for application as a solid phase elltraction . 

, • 1- ~ 

sOThent for preconccntration of nitroenergetic targets from aqueous solution prior to HPLC analysis. ',,:" 
The perfonnance of the sOThent in spiked deionized water, groundwater, and surface water was c_ . 
evaluated. Targets considered included 2,4,6-trinitrolo\uene, 2,4.dinitr~toluene. RDX, HMX, and ';-, 
nitroglycerin. The sorhent was shown to provide improved performance over Sep-Pak RDX. The 
impact of complex matrices on target preconcentration 'by'thc ' sorhent was also found to be less 
dramatic than that observed fo r LiChrolut EN. The ifnPact of changes in pH on target .; 
preconcentration was considered. AqUeous soil extracts generated from Samples collected at sites of 
ordnance testing were also used 10 evaluate the materials: The results presented here demonstrate the 
potentia l of this novel sorhent for application as a solid phase extraction material for the '._ 
preconccntralion of nitroenergelic targets from aqueou~ solutions. '; . 
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Introduction . ." " by nilroenergetic compounds cao'\ esult ' from a number of 
.. .. . .' ." '. ,.-" actiVities. On munitions testing, I~jning, ~d disposal sites in the 

N!lroenergeltc compounds, mcludlng 2,4,6-tnmtrotoluene " United Siales the most cOminon cause oriesidualcontamination 
(TNT), 2,4-dinitroto[uene (ONT), ROX, HMX, and nitroglye- .. is device malr~nction in which the nitrocnergetie compounds are 
erin (NG). are common componenlS of ordnance with ONT and - • no t" full y utilized. These tYPcs 'of sites ~an he found at Massa­
NG often found as propellants. Environmental contamination ehusetls Military Re~rv-ation (MA, USA) and -Holloman Air 

Force Base (NM, USA);' for exampl~_ Contamination can also 
result from spillage of the compounds'during ordnance manu-

'Ctn/rr f or Bw fMoft culor Scimce amJ Enginuring. Na~/R;starrh facture, as is the case at Joliet Army <o\rn~unition Plant (Il, 
Lahorll/ory. Washington. DC, USA . E-mail: brondy. lllhitt@!lrl.navY.mil; • 
Fax: + I 202404 8897; Tel: -+- f 202 404 6100 ,.' ~, ; .' USA). Contamination has : also . been ' noted to result from 
"NOVA Rue(luh Incorporated, Alexandria, VA. USA. E-m~i1: iI~~ruJ.' degradation of munitions lert in the environment, for example, 
lelko.ctr@nrl.novy.mif; Fox: +1202 404 8897; Tel: +/ 202 4f!4 6115 those disposed of by burying or dumping inio bodies of waler 
' Enginur Restarch und Del"tlopmenl Cenltr. US Army 'COrPI of ,',' and unrecovered land mines-.ln Ih~sC caseS: th~re is conlamina-
l;.·ng/l1ftfl, Ifono'ftr_ NH. USA ,.; ,~.'" ~9 . ' . " . " . 
t Electronic supplementary information (ESI) available: Co~plete ' " _ lion .f75ultmg f~om leak~ge ;~f ,com~oun~$ as corros~on of tbe 
results of HPLe analysu for exlraClion of TNT, ONT, NO, RDX, and mu~mllOns hOUSings progresses. ,. ' .. ~. . 
HMX from deionized water, artificial sea water, ground Water, surface > .Offsite analysis or samplcs by a 'US Environmental Protection 
waler, samples or \-aried pH, and soil sample extracts are provided in , Age'ncy (EPA) certified 'method co~iinu~ to be the 'standard for 
the ESI. Materia ls characterizalion data for the MMI organ'Osilicate ' ': ' . . . ' . ,.. -.. . 
materia]. Sep-Pak, and LiChrolut EN arc also provided.' See DO]: , evaluatmg these SlIes or poterltlal contarnmatJon and for mOnl-
]Q. ]OJ9fc lcmlOQJ4c. .; ......., toring levels at si tes of known con~in~~ion. The methods c:mploy 

,. ". -
'.1 .~ 

~, '" . 
En vironmenta l impact 

EnvironmenlaJ contamination by nitroenergetie compounds is of serious concern to populations surrounding the affected areas. 
Trucking the movement of these compounds through natural water sources is critical to ronnulation of appropriate restorati~ri 
eCTons and monitoring tbe success of such programs. The limited sensitivity of portable detection techniques necessita tes the use of 
oCTsite analysis methods that are both costly and timc consuming. Solid-phase extraction for prcwDcentrarion oftarge:ts provides the 
potential to resolve these sensitivity issues 3!ld olTers methods fo r long-term remote monitoring as well as onsite real-time reporting 
on contaminant concentrations. The novel materials described here ofTer improved performance over commercially available 
sorbents and are reusable o~'er hundreds of cycles. 
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liquid or gas chromatography and do not Icnd themselves well to 
transition into portable devices and methods. This type of sample 
collection and analysis process is both expensive and time 
consuming. Onsite methods for monitoring contamination levels 
or as indicators of the need for further testing are desirable. 
Unfortunately, many portable methods either lack the robustness, 
ease of use, quantitative capability, or sensitivity necessary for field 
appliC3.tion.r «l Methods developed for field applications t)'pica11y 
rely on preconcentration of targets prior to analysis. As an 
example, the procedure outlined by the US EPA for colorimetric 
detection of TNT and RDX relies on adsorption of target from 
two litres of sample solution onto membranes functionalizcd with 
poly(styrencdivinylbenzene) and octadecyl particles. ".12 

A number of reports have utilized different materials for solid 
phase extraction of nitroenergetie targets. The development of 
fiber-based solid-phase microextraction (SPME) protocols has 
been the subject of several efforts. , .... 1I These SPME methods are 
typically compatible with gas or liquid chromatography, and 
equilibration times can be lengthy. Other solid-phase extraction 
pTOtoools have utilized a range of polymer materials and even 
clays in various fonnats providing preconcentration for ion 
mobility spectroseopy (IMS), ll-l< spectrophotometric, ".ll->7 and 
electrochemical" detection methods in addition to gas and liquid 
chromatography.l-"')6 Porous organosilicate materials offer 
a class of sorbents with the potential to provide the preconcen­
tration necessary for utilization of portable detection techniques. 
These materials are organic/inorganic hybrids synthesized 
through condensation of organic group hearing silo)(ane 
precursors around surfactant miceHes.l~ The materials offer 
high surface areas and large pore volumes with the rugged 
character of silicates and the binding characteristics more typical 
of organic polymers. 

Our previous efforts havc focused on the synthesis of orga­
nosilicate materials and characteri7..ation of their interaction with 
nitrocnergetic compounds",··l The materials were synthesized 
through co-condensation of bis(trimethoxysilylethyl)henzene 
(DEB) and 1 ,2 -bis(trimethoxysilyl~thane (BTE) (Fig. I). Early 
materials were mcsoporous and utilized Brij®76 micelles as the 
surfactant template'" An imprinting technique in which the 
surfactant head groups were modified with a target analog was 
developed to provide enhanced binding capacity and selectivity 
in the materials. Subsequent efforts focused on altering the 
macroscale structure of the materials in order to reduce the 
res istance of the sorbents to flow of aqueous solutions and 
enhance diffusion throughout the available pore system.""] This 
new class or materials ut ilized Pluronic PI23 (Fig. I), a larger 
surfactant, and a swelling agent (mesitylcne) to produce a hier­
archical structure with both macro- and mesoscale morphology. 
These materials were shown to provide preconcentration of 
targets from laboratory samples prepared in deionized water. 
Here, we demonstrate the applicability of the sorbents to pre­
concentration of nitroenergetic targets in real-world matrices 
and compare their perfonnance to that of two commercially 
available sorbents, LiChrolut EN and Sep-Pak RDX. 

Results and discussion 

Five targets, TNT, RDX, HMX, DNT, and NG (Fig. I), were 
selected based on their relevance to water quality in regions 
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Fig. 1. Shown here are the molecular structures of the targets TNT (II. 
DNT (2), RDX (3), HMX (4), arid NG (5). Also presented are the 
mole<:u!ar structures of the precursors and structure directing molecules 
used in the synthe~is of MMI: DEB (6), BTE (7), and the modified 
Pluronic PI23 template (8). 

surrounding munitio~s testing and training sites. Extraction of 
targets from solutions prepared using deionized water was 
evaluated in order to detennine a baseline for sorbent perfor­
mance. Target concentrations were selected to cover both those 
within the detection limits for the analytical method and those 
below the detection threshold (0.9 to 200 pariS per bilJion (ppb)). 
For these samples a 20 mL target solution was applied to a 200 
mg sorhent column. The column was rinsed using 6 mL deionized 
water and target was eluted in 4 mL aeetonitrilc. Thecolumn was 
rinsed With an additional 4 mL of acetonitrile and, finally, rinsed 
with 6 mL deionized water. Each of the 5 volumes was collected, 
and their target content was analyzed by HPLC 

Fig. 2 provides representative data on the target recovered in 
the first acetonitrile elution for each of the three sorbents, MM I, 
LiChrolut, and Sep-Pak, following ex.posure to I ).Ig target in 
deionized water. Complete results of HPLC analysis arc 
provided in the ESI (Table SIt). An optimal solid-phase 
extraction sorhent for. application to in·line target preconcen­
tf'J.tion··shouid capturecompounds from dilute solution with little 
breakthrough and pr~vide elution of those targets in a small 
volume of eluate. The result is a higher target concentration than 
that of the original sample, leading to enhanced detection limits. 
Overall, MMI provided effective re1:overy of TNT (>85% from 
concentrations as low as 5 ppb), RDX (>92% from 5 ppb), DNT 
(>89% from 5 ppb) and NG (>87% from 50 ppb); results were , 
comparable to recovery by LiChrolut. None of the three sorbents 
pcrfonned optimally for extraction ofHMX, and the commercial 
materials showed poor recovery of NO. The Sep-Pak material 
demonstrated target brc-J.kthrough and bleeding of target into 
the second acetonitrile elution volume for nearly all compounds. 

While the experiments in deionized water establish a baseline 
for sorbc:nt perfonnance, the samples do not reflect those 
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T.ble I Recovery of largc[s rrom various matrices'" 

Ground waler 
MM1 
Sep--Pal: 
UChrolut 
SUt/Oct waler 
MMI 
Sep--Pak . 
UChrolut 
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TNT 

92 
46 

'" 
87 
63 
83 

MMI "' 70 

DNT 

88 
63 
7J 

87 
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89 
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41 
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FIg. 2 Shown her~ is the target recovered in the first acetonit ri le elution : 
(4 mL) follnwing application of target solutions in deionized ·waler. 
(20 ml) (or eaeh o(the thl"« sorbents. MM I (gray), Scp--Pak (white), and 
liChrolut (black). Total applied target is 1 ~g, ' 

;. 

encountered in a real-world sampling environment. In ord~ 'to 

• pll9 " . , .... )., 
MMI " .~ 85 · ,. 80 ;:<~.:. "S5 ·68 65 
Sep·Pak , 59 " / 64 ·t ;" , 59 41 S2 
.UChrohlt -: ', 62 " 80 ' _' 84 . 59 , ., 62 
,~ . ,} .. :, ' . : 1' 
• Percentagc of targei rccovered in the first acetonitrile elution (4 mL) 
following appl ication or target solutions. Total applied target is t ).Ig. 
Three·sigma variations ror th~sc: analyses are be tween 7% and 10%. 

eval uate the impact of complex matrices on the perfonnance or .... :. $ 
the sorbents. samples were prepared in artificial sea ' water, .' ....... 
ground water, and surface water. Fig. 3 presents represe1lt3.tive " ~" neia,t.ively ~mpacte~ for all three sorbents by the artificial sea 
data on the target recovered by each sorbent from artificial sea '" water. ...., ., :' 
water; data for other matrices arc summarized in" Tabie ' I. . S.urfaCf' wat~r consist!! of ponds, lakes, streams, and other 
Complete results are provided in the ESI (Table S2, S3, and S4t)" , '_ .bodi;S ~f water that are ' over .the surfaCe: of the land (typically 
The pH of the sea water samples was 6.0, identical to that of the .' exc~ud.es salt water bodies).' Gf(:lUnd water is that in the zone of 
deionized water samples. The recovery of TNT. ONT. aniH M"X vr sat,~rat io~ of> an ~quifer o.r. soi~. Surface water often contains 
from sea water was similar to recovery from deionized waier for ,:' a number of contaminants such as industrial wastes and run-ofT 
M M I (Fig. 3); ROX rcco"ery was slightly reduced. The 'Iack o~ ~. froin . agric'ult,ural, :.ope.r.a~ion~. ' Surf~c;e -: water also typically 
strong impact on sample recovery tcnds to indicate that binding ; • co.n~ms naturally occumng c~ntammants such as algae and 
of the targets by this sorbent is not sensitive to the ionic ~t'rength • ~C!eria: resulting in ~ high conCentration of dissolved organic 
of the matrix. The recoveryofROX and HMX by LiChrolut wa~ car~n. Ground wate~ ~ay co,~~in ',these co~taminants, but 
not impacted by the sea water whilc that of TNT and ONT was often at lower levels OWing to filt~atlOn by the soli. Ground water . 
reduced in this matrix. Recovery of TNT, ONT, ROX, and , gcne?-lIy has ,a ~ighfr. ~il!era~ oontent.tha,n~surface water'also as : 
HMX from sea water by Sep-Pak was not negatively impacted by . a result of soL.I con;a.ct. ' Sur:ra~ wate~ ~ro~ a pond and ground 
the artificial sea water. In fact, recovery of targets was slightly water ' from . a household; well' were ': used as representative 
greater than that from deionized water. The recovery ofN'G was'· . ," ma,trices. In both cases, (h'e water was filtered using Whatman 

.. t;-·')h. GF/~', glass fiber filtcrs (1.6 ~m particle retention) to remove 

.~ ~ .... ~;/ /., l.'~ rg<p.a...~ic~.late prior to spiking with targets. Data on the ' 
• ~ . ';.,1." ' recovery of targets from ground and surface water are presented 

r--------------~·" ';, ... -in Table I (ESI, Table S3 a~d S4t), Recovery of TNT, DNT, and 
1.0 ,'- ,~";: RDX froin these samples by MMI was ' similar to that from 

deionized water: Recovery 'of HMX ~a:S significantly less from 
both matrices whii~ tha t 'of NG ~~ reduCed in only the' ground 
wiLte~i sample: For ' the' LiChrolut material, recovery of TNT, 

'if __ 0.8 : .-

~ j 0,6 

_ 0.4 

'f. 
" 0.2 

'" 0.0 

Fig. 3 Shown here is the target reco\'ered in the first acetonitrile elution 
(4 mL) (oUO"ina application of target solutiOn!; in anificial sea water 
(20 mL) (or each o(the three sorbenU. MM I (gray), Sep--Pak (white). and 
liChrolut (black), Total applied target is I ~g. 
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,~'.: DNT, and NG was negatively impacted by both matrices while 
tliat of HMX and RDX shov.'ed little change from the reS'lilts in 
deionizccf water. Recovcry of TI'h a~d HMX by Sep.¥Pak was 
negatively impacted in both matrices. ,e , . . - ,'. , . ~ 

Contaminant· free precipitation typically, has a pH of 5.6; 
ho"'ever, the pH of environmental water is "Onen jnflu~ced by 
pollution (acid rain 'is one' example) and the surrounding soil 
chemistry. In order to evaluate the effeCt of pH on the capture of ' 
targets by and recovery of targets from the SPE 'materials, 

samples in deioni7.ed water at pH 3.0 and pH 9.0 wcreevail..Iated 
(ESl, Table SSt). As shown in Table I, the recovery ofONT and 
RDX using MM I was not impacted by changes in the pH while 
HMX and NG recovcry was significantly reduced at low pH. 

J. Environ. Monit. 



Recovery of TNT by MMI was reduced atpH 3 but not at pH 9. 
Reeo"ery of targets by UChrorut was significantly reduced at 
low pH; recovery of TNT, DNT and NO was reduced at pH 9. 
Ahering the pH of the target solutions resulted in reduced 
binding of TNT by Sep-Pak but little change was observed for 
the other targets. 

Soil samples with varying cOntaminants were obtained from 
sites of prior ordnance detonation. Sitcs varied in the size of 
ordnance and the age of the site. The samples ..... ere COllected, air 
dried, ground, sub-sampled, and analyzed in accordance with 
EPA Method 83308. Complete results of this analysis are 
provided in the ESI (Table S6t). A number of compounds were 
cllpected in these samples. In the case of the 2000 Ib bomb crater, 
low-ordered scattering of tritonal was visible over hundreds of 
metres. Tritonal was exposed to the sun resulting in a reaction 
which produces trinitrobenzene (TNB) and 2,4-dinitroanilinc 
(DNA) from the TNT. 2,4-Dinitrotoluene (DNT) is found as an 
impurity in TNT manufacturing and is employed as a propellant. 
Washing of TNT from the surface of the particles by precipita­
tion results in a reaction which produces 2-amin0-4,6-dini­
trotoluenc (2-ADNT) and 4-amino-2,6-dinitrotoluene 
(4-ADNT). 

SubsampJes of the dried soils were extracted overnight into 
water for evaluation of the target capture by MM 1 from complex 
sample mixtures. Table 2 shows the results of MMI capture and 
elution for sample H()..{)()4 (25 mg sorbent column). This sample 
was taken from an aged 2000 Ib bomb crater. The soil extract 
contained a high concentration of TNT and lower concentra­
tions of RDX, 2-ADNT, 4-ADNT, and DNT (based on EPA 
Method 8330B analysis). When target was applied to the MM! 
column, a small amount of TNT was found in the column 
effiuent. This was ellpected as the total target applied exceeded 
the saturation capacity of the column. Theconcentration o(TNT 
in the eluate was enhanced by nearly 10 t imes using the MM I 
column. TNB, 2-ADNT, and 4-ADNT were not detected in the 
original extract but were found at detectable concentrations in 
the eluate. The concentration of RDX was enhanced by morc 
than 7 times. This difTerence in the enhancement or TNT and 
RDX concentrations is related to the original concentrations of 
the targets as well as the relative affinity of the sorbent for the 
targets. Table 3 provides a qualitative summary of the results 
obtained for three soil samples including analysis by EPA 
Method 8330B and the results for application of the extracts to 

Ttblr 2 Re$ults of HPLe analysis ror yolumrs n:sulting from pre­
concmtration or a soil sample (HO..()l)4) by MM I (25 mg column! 

2,4·0NT 
2·I\ONT 
4-AONT 
DNS 
HMX 
RDX 
TNS 
TNT 

Target concentration (ppmt 

As extracted 

0.01 (0.01) 

0.25 (0.03) 

Emuent 

0.01 (0.01) 

Eluate 

0.10 (O.OI) 
0.24 (0.03) 

0.07 (0.01) 
0.0 1 (0.01) 
2.81 (0. 18) 

• Volume applied 20 roL: eluate volume 2 mt. ' Value in parenthesis is 
equal to 3)( the standard deviation ror the measurement. 

). Environ. Monit. 
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the MM I column. With the exception of TNT, which was often 
found at high concentrations, there was little bleeding of targets 
through the column and target recovery was consistent with that 
expected based on EPA Method 8330B analysis. In some 
instances (sample HO-020, for example), cnhllflced !atgci 
concentrations made detection possible where the EPA method 
faiied. Poor relative recovery andlor low 'water solubility of rome 
targets (rNB, for eia~ple) lead to a failure to detect · those 
comPounds in the presence of compet\ng targets. Complete 
results for all 12 soil samples are provided in the ESI (Table S1t). 
The targets in these complex niixlUres were bound with varying 
affinity by the · MMI 'colurim' Ic~di~g to variations in the 
enhancement factor for the different compounds. In sample HO-
001, for example, the concentration of TNT was enhanced by 
more than 8.times while that of RDX was enhanced by only 
a factor of 4. A similar efTect was observed for the LiChrolut and 
Sep-Pak. materials (E$I. Table SSt). 

' c I. , 

Experimenta'i 1 

S'olutions of 2,4,6-1rinitrOtoluene (fNT), 2,4-dinitrotoluene 
(ON!), nitroglycerin (NG), 1,3.5-trinitro-l,3,5-triazacyclohex­
ane (RDX), and octahydro-l,3,5,7-tettanitro-l.3.5, 7-ietrazoeane 
(HMX) were , prepared by dilution of I mg mL-1 reference 
standards in acetonitrile obtained from Ceril!iant (Round Rock, 
TX). Bis(trimethoxysilylethyl)bcnzcne (DEB) and 1,2-bis­
(trimethoxysilyl)etnane (BTE) were obtained from Gelest, Inc. 
(Tu!ly!own, PA): Sea salts, 3,5-dinitrohenzoyl chloride ~98%, 
dichlorcimethane (~99.5%) , and magnesium turnings (98%) were 
purchased from Sigma-Aldrich (St Louis, MO). Plutonic PI23 
(referred to here as P123) was a gift from BASF (Mount Olive, 
N! ). Water wasdeionizcd to 18.2 MD em using a Millipore Milli 
Q UV-Plus water purification system. Artificial sea water "-"as 
prepared using salts in deionized water (as di rected by the 
supplier). Pond water was collected from a park in Alexandria, 
VA', USA. Ground water was collected from a well in Hanover, 
NH, USA. Soil samples coHeeted from sites on Holloman Air 
Force BaSe" :Alamogordo, NM and results of their analysis by 
EPA ;' Method 8330B were provided 'by the Cold ' Regions 
Research and Engineering Laboratory, Engineer Research and 
Devclop~ent Center, US Anny Corps of Engineers. 

Synthesis 'of the solid-phase extraction sorhent referred to as 
MMI was accomplished using a variation on our previously 
reported technique4 ..... and has been reported previously.u 
Briefly, PI23 (1.66 g) was combined with imprint templale 
(0.24 g; 3,S-dinitrobenzoyl 'ehloride modified PI2J; described 
previousl~I.4l)and meSitylene (TMB; 0.2 g) in 0.1 M HNOl (6 g) 
at 60 "c. The solution was allowed to cool prior to addition of 
a Slloxane mixture consisting of7 .84 mmol total biS-Sllane (BTl: 
+ DEB at a I to I molar ratio). The mixture was stirred until 
homogeneous and transferred to a scaled culture tube. The tube 
was heated at 6O·C overnight ( .... 18 h). The tube was unsealed 
and heated at 6O"C for a funher 2 days followed by incubation at 
~ '. . 
80 "C (or an aoditional2 days. Product was refluxed in ethanol to . . 
extract ,the surfactant. The resUlting powder was collected by 
suction filtration, rinsed, and dried. Nl sorption experimcnts 
were performed using a Micromeritics ASAP 2010 at 17 K . 

, Samples were degassed to I 11m Hg at lOO · C prior to analysis. 
: Surface area was determined by the Brunauer- Emmett- Teller 
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Table ~ Qualitative 5um~aryofresul lS for selected $Oil samples comparing targetsdetecttd using the standard EPA Method 8330 with results ofHPLC 
analysIS of the aquo:ous $Oil o;tract, the p=nccntration column cffiucntand the concentrated eluant-

Target detecttd 

HMX ROX TN. 
HQ.OOI Method 83308 X 

Extract X X 
Emuent X X 
Eluate X X 

HO-020 Method 83308 
Extract 
Emuent 
Eluate X 

HO-026 Method 8330B X X 
Extract 
Emuent 
Eluate 

- 'X' indicates target detected. 

(BET) method, pore size calculated by the Barrett-Joyner­
Halenda (BJH) method from the adsorption branch of the 
isothenn, and total pore volume by single-point method at 
relative pressure (PIPo) 0.97_ Results of characterization for this 
material as well as the LiChrolut and Sep-Pak sorbents are 
provided in the ESI (Fig. Sit). The BET surface area for MMI 
was found to be 439 m l g- ' with a BJH pore volume of 0.399 em' 
g- I and an average mesopore diameter of 36 A. 

Columns of the serben! materials were prepared in BioRad 
disposable polypropylene columns using 25 or 200 mg of serbent 
as specified. Controlled flow (4 mL min-I) experiments were 
conducted. HPLC analysis of the various elution volumes was 
used to detenninc target concentrations. Elution of targets from 
the columns was aceomplished using acelOnitrile or methanol as 
indicated. LiChrolut EN (LiChrolut; VWR International) and 
Sep-Pak RDX (Sep-Pak; 125- 150 !lm; Waten Corporation, 
Milford, MA) materials were handled identically to the sorbents 
prepared in-house. This protocol adhercd to the manufacturer 
recommendations for the commercial sorbents. Soil sample 
e:ltlTacts were prepared by overnight incubation of 2 g soil in 
20 mL deionized water on a rotisserie mixer. PoorlO analysis, the 
heavy particulate was allowed to settle out of solution, and the 
solution was filtered using a 0.21-lffi PTFE syringe filter to remove 
any remaining insoluble material. 

Analysis of samples was carried out on a Shimadzu High 
Perfonnance Liquid Chromatography (HPLC) system with 
dual-plunger parallel flow solvent delivery modules (LC-lOAD) 
and an auto-sampler (SIL-20AQ coupled to a photodiode array 
detector (SPD-M20A). A modification of EPA method 8330 was 
employed. The stationary phase was a 250 x 4.6 mm Ahech 
Alltima CI8 (5 lJ.ITI) analytical column; an isocratie 50: 50 
methanol : water mobile phase was employed. A 100 J.l L sample 
injection was used with a flow rate of 1.3 mL min- '. UVlvis 
detection of largets was accomplished at 254 nm with the 
exception of nitroglycerin which was detected at 214 nm. This 
method gives reliable detection at 8 ppb for the largets consid­
ered. Eight point target calibration curves \\-ere used with all 
experiments to verify method performance, and siock target 
concentrations were measured as a reference for each experi­
ment. The variation in the calibration curves was ±5%. 
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ON. TNT 2-AONT 4_AONT 2,4-0NT 

X X X X 
X X X 
X 
X X X X 
X X X 
X 
X 
X X X X 
X X 

X X 

Conclusions 

Over all, MMI showed better pcrfonnance than the Sep-Pak 
material recovering a greater percentage of the target applied and 
yielding a more concentrated eluate. Unlike the Sep-Pak mate­
rial, there was very little target breakthrough inlO the effluent or 
leakage into the rinse: volumes. LiChrolut showed slightly better 
performance for recovery of targets from deionized water than 
MM 1, however, reco,'ery by LiChrolut was strongly impacted by 
alterations 10 the sample matrix. MM I was shown 10 offer 
consistent recovery of TNT, DNT, and RDX across a range of 
matrices with greater variation in the recovery of HMX and NG. 
The results here demonstrate that the novel sorbent offers 
enhanced performance over the commercially available mate­
rials. The intended application for the new sorbent is in the 
preconcentration of targets for ill situ monitoring of contami­
nants in water sources. When the relevant matrices are consid­
ered, MMI provides 24% and 14% greater target recovery on 
average than Scp-Pak and LiChrolut, respectively. In addilion, 
further enhancements to the perfonnance of MM 1 type sorbents 
may be pOSSible through additional tuning of the structural 
characteristics or through variation in the imprinting process. 
MMI was imprinted with an analog of 3,5-dinitrotoluene. The 
idea was to influence the surface so that interaction with nitro 
groups on an aromatic ring would be favored . This approach is 
not necessarily optimal for increasing the selectivity or capacity 
of the material for binding ofRDX, HMX. or NG. While MM I 
has seme slructural features on the macroscale,o it is possible to 
develop that structure funher.41 A larger, more open structure 
may help to facilitate diffusion of targets throughout the sorbent 
allowing for more effective utilization of the surface area of the 
material. In addition, the rdatively low surface area of MMI 
(439 ml g - I as compared to 683 ml g-' for similar materialsH ) 

indicales the potential for increased order on the mesoscale 
which, in addition to offering additional sites for interaction, 
should a lso provide enhanced access to the available surfaces. 
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