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Environmental concerns dictate the need for reliable methods for the separa- 
tion, identification and analysis of specific contaminants that might be present in 
process and related waters. This is certainly true in the exp!osives industry. In this 
regard, remarkable success has been achieved by several workers for the thin-byer 
chromatographic (TLC) separation of a wide variety of explosives’. Yasuda’s work 
on the two-dimensional TLC separation and identification of trinitrotoluene im- 
puritiesZ, the nitroso- and nitro_derivatives of diphenyhunin~ and ethyl centrzhteq 
are especially noteworthy_ These procedures have depended on TLC separations on 
silica gel plates with organic solvents. The low-level detection of expIosives in water 
has relied on solvent extraction followed by gas cbromatograpbic (Cc) analysis with 
a sensitive electron capture detectoP, or combination TLC-GC, and TLC-visible 
spectromet$_ DifEcuhies arise, however, with both the TLC and GC anaiyser of 
strongly ionizable compounds such as picric and styphnic acids. Extraction eEciencies 
from water into orgauic solvents are usually quite low, and often, these types of com- 
pounds cannot be analyzed by GC and either remain at the origin or taii on TLC 
plates, e.g., trinitrobenxoic acid* and hexanitrodiphenylamiu@mine3. _ 

Reversed-phase paired-ion liquid chromatography (PLC) offers the possibility 
of directly analyzing water solutions containing these strongly ionizable compounds 
such as the polynitrophenols. This approach has recently been outlined in an 
excellent review by Tomlinson et al. _ g These authors cite the work of Culbreth et 
a1.‘O on the analysis of 4nitrophenol in admixture with 4-nitrophenyl Fhosphate. 
We wish now to report the separation and analysis by FL& of synthetic mixtures of 
several types of polyuitrophenols in water contaiuing up to niue components. One 
compound, 2-amin o-4,6_dinitrophenol, has recently been reportedll as a biotrans- 
formation product from picric acid. A preconcentracion step is outhned for the 
analysis of polynitrophenols at ng/ml concentrations. 

AR nitrophenoks were purified by recrystahization from the appropriate 
solvents, and melting points compared with known literature values. Standard 
aqueous sohrtions of each nitrophenol varying from 15 to 350 mg.0 were made by 
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dkolving the nitrophenol directly in water. Synthetic mixtures of nitrophenols were 
m&e fro3 these sttdard solutions. 

A high-pxformance liquid chromatograph (HewIett-Packard, Model 1084A) 
equipped with a variable-wavelength de’tector (HP ,ModeI 1030) and variable-v&me 
injector was used with a l*m RI?-8 c&mm (25 cm X 4.6 mm) maintained at 49°C. 
f=or isocratic eIution, column tlow was 20 ml/n&, methanol-water (50, v/v) 
contsiniug S-iOV3 M tetrabutybunmonium phosphate but&red at pH 7.5 (Pit-A 
reagent; Waters Assoc., hfifford, MA, U.S.A.). Thirty miIIiIiters of P&z-.4 reagent 
were dissolved in I 1 of distikl water, diluted with another liter of HPLC grade 
me&anoI, and t&red through a 0.4Qm filter (MiUipore). For grdient eiution, 
column flow was LO mI/min, methanoI-water (45:55, v/v) containing Pit-A reagent 
for 11 min, then increased to methanol-water (.50:55, v/v) from 11 to 16 min. 
Solutions were degas& at 35°C for 30 min before establishing column ffow. 
Standard injections were 100 ~1. 

i?zeconcetztration of ni?ro~Jieno& 
The acidity of a Xl-100 ml aqueous samp!e containing from 1 to 15 ngM 

each of a mixture of 2-amino-4,6-dinitrophenol and 2,4,6-trinitrophenol was adjusted 
to pH 2.0-2.5 with 0-l N HCI. The aciclifkd sohttion was passed in increments 
through a Sep-Pak C-18 Cartridge (Waters Assoc.) by means of a N-ml glass syringe 
with Luer end-fitting_ The adsorbed nitrophenols were extracted from the cartridge 
with l-2 mI HPLC grade methanol and co&c&d in a IO-ml beaker to which was 
added OS ml distihi water. ,Most of the metkanof was removed on a water-bath 

maintained between 6@“C and 70°C. The residual volume was measured and analyzed 
by liquid chromatography (LC). 

RESULTS AND DISCUSSION 

Tables I and 0 show the detector responses for the PIC separation of five- 
and nineamponent synthetic mixtures of polynitrophenols in water, respectively. 

TABLE I 

RETENTION TIMES AND DETECTOR RESPONSES FOR PIG SEPARATION OF FnQZ 
PoLYNn-R0PHEN0LS 

<=a=) 1.5 - - 
2-kIliuo-4,6dinitrophuol 3-M 133 & 3 (S) I.56 c 0.M (S) 
z4-Dinitrophenol 4.26 IoQi2(S) 0.86 f 0.02 (8) 
2-_,Meeiyl4, 6-&&l-Ophenot 6.34 92 + C(Sj 0.54 * 0.01(S) 
~4,dTrinitro&ez1ol 7.67 103 f 2(6) 05L f 0.01(9> 
bm%t3iyI-~4,6~~~ol 115 s9*3m 0.30 f o-01 (S) 
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TABLE II 

RETENTION TIMES AND =4TEVE RESPONSES 
PoLYNmR0PHEN0Ls 
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FOR PIG SEPARATION OF NINE 

Cmcentratioas, 2-6 c&f; 100~1 injected. Gradient eIution. De-tector wadength, 254 nm, 

Syfdretic mikture ReteRthm (m&l) Relative response 

Area He&ht 

<=--I 3-o - - 

3-Hydn3xy-2,4-diuit.rophenol 5.32 0.44 O-49 
3-Hy&oxy-2,4,~trinitrophcmol 6.11 0.44 0.55 
2-AmkIc+4,~trophextol 7.13 1.0’ 1.0” 
3-Hyciroxy4&din.itrophenol 8.52 0.32 0.28 
2.6Dinitrophenol 9-46 O-79 0.57 
2&Dinitrophcnol 10.5 0.79 0.50 
2-Meffiyt4,6-&nitrophe~ol 16.E 0.69 0.31 
2,4,~Tri.nitrophenol 20.0 0.78 3.39 
3-Methyl-2,4,6trinitrophenol 25.8 0.69 0.29 

- 255 collm;ng. area 
** 1.63 mm/w at sensitivity 2 of 8 10ms - a.u./cm. 

The data from TabIe I indicated that integrated area or peak height responses could 
be used with equal analytical accuracy with a standard deviation of 3 & 1% for 
repeated injections without internal standard. The somewhat better anaiytical results 
fix the synthetic mixture shown in Table III were obtained with an internal standard 
and integrated areas of eluted phenols. Figs. 1 and 2-show actual LC traces for the 
phenol separations described in Tables I and IL 

TABLE HI 

PIG ANALYSIS OF A SYNTHFXIC MDEURE OF POL YNITR0PHEN0LS 

Syntheic mixture mgll (Act4 mgll (Folmd) - 0 /o -- 

3-Hy&oxy-2,4&drinitropheno~ 4.84 4.81 99-4 
3-Hydroxy4&dinitroprophenQI 4.34 4.39 101 
2,dDinitropbeno~ 3.84 3.86 101 
2&Didrophenol 5.25 5.24 99.8 

* Ei4xxatic e&ion; 100~1 injected. 
** Using integrated peak areas and 3-~ydt-oxy-2,4-dinitrophenol as internal. stmdzrd. 

Detection hits 
From the height responses given in Tables I and IN, the detection limit for ail 

the polynitrophenols was calculated to he 0.03 f 2 mg/l. This limit was made 
assuming a signal/noise ratio of 2. Fig. 3 sbo~s the LC separation of a two- 
component synthetic mixture of phenols at the 1 mg/l level. 

Andyses at nunogrunt levels 
The dyses of aqueous solutions containing l-15 ng/ml concentrations ofthe 

polynitrophenols required a preconcentration step. In order to avoid solvent extrac- 
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Fii 3. PIG separation of 2-amiu~&diaitrophcnoI (1) aad 2,4,~trinitrophenoi (2) at 1 rag,1 COE- 
centxision !ewL 

tion procedures altogether, concentration on a stationary column, such as a &p-F& 
C-18 cartridge, followed by solvent extraction seemed ideal. The analyses of synthetic 
mixtures of 2,4,6-trini@ophenoI and 2-amino-4,kiinitrophenol at the n&al IeveI are 
shown in ‘Fable Iv, Recovery eEciencies for both nitrophenols were found to be 
ma&&y decreased at pH > 2, while recoveries of 2aminti&-dinitrophenol were 
deaeaed at pH c 2. There was also 2 certain zmount of Yvash-out” of the adsorbed 
nitrophenols titb samples larger than 100 ml. The addition of a small amonrrt of 
water to the methanol extract was found necessary to prevent loss of titrophenof. En 
addition, aqueous injections of the po&nitrophenols Save superior LC traces. 

TABLE Iv 

PEtECONCENTRATiON AND ANALYSES OF S YN-rHmnc POLYNiTR0PHEN0L MIX- 
‘FURES AT THE s&ml CONCENTRATION LEVEL 

Gmxntrations, l-15 n&i& WeraIl n3zovay from 50 to IW ml of aqueous solutign aPer concats+ 
tion on Sep-i?& C-18 cartridge. lTsocratic ebtion. 

2-~04,~traphenol 73 f 12(w) 
2&.6Trinitrop~ol 67 f 10 <25) 

YariaMe-wavekngzh mdyses 
2-Asnin~,Yr’nitrophenol has two absorption maxima at 310 nm and 410 nm, 

while 2&Gtrkitrophenoi exhibits a single maximum at 355 am in water. These 
maxima were not found to shift in the presence of_Pic-A reagent, PIG separations of 
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a 1.0 rnd synthetic mbcture of thzse polynitrophenols were Evade with detector 
wavelength set&q at 2& nm, 310 pm, 355 nm and 410 nm. Detector responses for 
2-amin~,&iinitrophenol at 310 nm and 410 nm were found tc be 0.81 and O-91 
times the respcnses at 254 nm, respeAve!y. Detector responses fDr &4,6-&in&o- 
phenol at 355 xxxz were 1.3 time5 the mpcnse at 254 in. At wavelecgtbs Iuwer than 
230 nm, absorption interferences with Pit-A reagent were observed_ Altboougb 
analyses of these ccmpounds at wavelengths other than 25% nm did not markedly 
change their detecticn se,-nsitivities, these rn~ bte response differences could serve 
2s a ikrther rmzms of phenol identification. 

A waste-xater wple was iYtered through a 0.45-m fiIter and analyzed by 
the PIC prccedure dpscri’oed- The LC traces showed the pzesence of a single pe& 
oxrespcnding to 40.7 & O-8 mgjl picrate ion. Spectrophotometric analysis (Gary 16) 
showed 41-S f 0.6 mgjl picrate ion. Since no other peaks were observed in the LC 
traces, ir may be concluded that the sample ccntained noue of the other nitrophenols 
reported in &is study in coxentrations greater tbaa 0.03 i 0.02 n&l_ 
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