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M I G R A T I O N  O F  E X P L O S I V E S  I N  S O I L :  A N A L Y S I S  OF 
RDX. T N T ,  AND T E T R Y L  FROM A 14C LYSXMETER 

STUDY 

E. G. lcayser 
Navalsu~-€aceweaparrsCenter(oodeRl6) 

white oak 
Silver Spring, Marylaxd 20903300 

N. E. e U r l h ~ ~ ? ~  
vnivr?rsity of British Oolupbia 

Vancanrer, B.C., Canada 
Deparhaent of ChEanlStry 

VrT; 1Y6 

ABsTlRAcT 

r m i s r e p a r t d e s c r i b e s t b e c h e m F c d l a n a l ~ ~ t s o f l 2 1  

water and 24 soil Fanples fmu a 14C lysimeter study of TW, 

mx, and tetryl perfoxmed at Battelle Oo1unka.1~ 1;aboratOries. 

w- were Oarstsucted at bttelle by plressixq steel pipes 

intovarialssoils. RLelysimeters  werewithdzawntopreserve 

the soil colums intact. 14c ring-lmed nunitim canpanrlis 

m #an mixed into the surface layer (first 3 inches) of the 

soils and the lysimeters were irrigated m a rq&c basis mer 

a six molrth period. 

taken for analysis at selected intenml s. Ihestudydescribed 

periodic water sanples (l-te) wzre 

herewas-(a) WassesstheenvimrnaentdL fate of 

ampam& in varias soil samples - since soils w i t h i n  

the producticn areas of U.S. mmiticul plarrts have beoome 

axItmimw w i t h  raw materidls, nunitim C a Q a X d s ,  as well as 

waste materials, and (b) to cktemme * thepersistence and 
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mcNement of these cxnpamk and their possible ckurpsitim 

and/or biohansfonnatim pimducts thru the soil to 

gzmmlwaw. Ihesoils (-, Bennirrgtan I - I  and 

~ ) w e r e & c s e n f o r t h e i r r a n g e o f t e x t u r e s ( f r c m f i n e  

to coarse) as w e l l  as their ability to fix caqmrds due to 

theirvari~amxntsoforganicIMtterandicmexchaqe 

capacity. Of the 121 water sanples (leadmte) received, forty- 

six had 14c activity greater than 100 - arri were further 

amlyzed by G c p ,  HPLIC, and TI13 methods. 

Ihe data indicate that neither TWI' nor any of the typiml 

WT biodegraaation or oxidatim pimducts w x e  &senred in thE! 

water samples*l either by G C ~  or HPLc. Analysis of a 

princeton - **INT water ssople** w i t h  high 1 4 ~  activity revealed 

m l y  highly polar, m l a t i l e  pruducts khich a d d  neither be 

separated nor identified. 

Analysis of the Pr- - lanx water Mmples'l revealed 

increasing anumts of Rolx in the leadmte (fmn 1.4 nq/L~ i n  the 

5/2 sarnple to 40.0 nq/L i n  the 8/22 sanple). MI the k i t y  

i n w m s y r r t h e s i s , ~ ~ t o t h e e x t e n d 0 f  lO%oftheRm 

mumt in each water sanple. Ihe Genesee - "RDX water saup1es1* 

alsoccrhmed ' Rax but cpily a t  l / l O  the level of that of the 

Primetcm - IanX wa* sanples". 'Ihe l3emh$m andBroolcston 

- wx water sanples" amtauEd ' 

analysis of the residue frcm evaporation of the ~rinceton - 
virtually no RDx. TLC and14c 

#8/22 water samplen revealed the following ammts: 40 

RXX, 4 nq/L HMX, 60 mg/L 14C labeled volatile 
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deccllpositian prudwts and 

labeled polar m l a t i l e  deccnpositim pmducts. 

30 mg/L of ather 14C 

m y  three -1 water sanples" had sufficient 14c 

activity to warrant analysis. 

but traoe amMRs of picric acid wxe amfirmed by HPLC. TLC 

lktryl cmld not be detected, 

analysis of ane of the VAXyl  w a t e r  saarples" revealed cmly 

mwolatile, highly polar pmducts. 

visual absenmtions of the vari- soil and 

porosities coinciae w i t h  those of Battelle (e.g., mmkstm - 
silty clay, fine texture, Benning-ton - silt laam, lnedirna 

teXtm2, - - silt loam, medium textlm, Pr- - fine 

SaTLdy loam, oaarse texture). Ev- of both degmdatial and 

luig-mticn w a s  in this 14c study. Ihe rekentian of the 

d t i m  ccnpanrds (WT, RDX) as well as their deccnpositim 

ar.Evor biotxansfmuaticn pmducts CII the various soils also 

coincide w i t h  ttre pcmsity of the soils. 2he t h ~ r e t i c a l  

material balaxx2was also deterrmned ' fmmtheQtacbtalmd ' a n  

eacfi iy~imeter segmwt analyzed by 14c TLC, and HPLC. w 
biatsansfonnatian products of "TI the 4-2,6- 

dh.itmtolwre and ttre 2 - a m i n o - 4 , 6 ~ ~ 1 u e n e  uem fan3 in 

themsoilsrtracts. IhePrhcetm - 'IwT soil srmple 

cultahd - M y  6% of eacfi of the aminodinitrotoluenes 

(Atr?r), the Genesee - WT soil had a l l y  0.1% of eacfi of the 

r n ' s .  

the W ' s ,  while cmly 0.01% of the 4A26m iSamer was faml in 

theEb?oakstccl-IwTsoilextract. Boththehrincetarand 

Ihe Bennbgm - WT soil amtaimd 0.02% of e!a& of 
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Genesee - RIX soil amtamed * agpmxhately 10% Ha, 4.5% 

volatile materials, and 20% polar type ampmrds. Knmn 

hydrolysis or alkaline degradation products, swh as f o d c  

acid or fonmldehyde were not fami. 

l3mammIm 

The alrrent -is an em' 

to oocloern about the possible axtamma ' tim of soil by 

explosive carpounds and water materials from nunition and 

l cad iq  facilities. Soil COntarmM ' t i o n c a n o c u r a s a r e s u l t  

of ecplipaent fail-, carelessness, routine dntmame I or 

packase breakage. hren law levels of soil ccmbmlm * tionmay 

~ h a r m f u l t o t h e l o c d l e m ~  because of toxicity to 

vegetaticpl ar4/or wildlife, An ~XD=III is the 

possibility that these materials may be transported to 

'?I pollution has lead 

neighborilymi3?menk andthushcreasetheareaof 

ambnimtian. A prcbable means of txansfer wmld be thmqh 

the soil to glmmlwater. 

!Illis study was f u d d  to - the emixammtd fate of 

W, RIX and -1 in  various soils. RLis report describes 

tfie M e a l  analysis results of 121 water  and 24 soil sanples 

fran the 14c iy~imeter study of m, RCK, and tetryi perfarmed 

a t  Battelle Cblunkus Laboratories. 

Ihe cbjectives - to  (1) deterrmne * the 14c activity of 

each water sanple and ccnpare the results w i t h  thee abtzhed 

earlier by Battelle; (2) quantitatively analyze for m, 
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tetryl, d RDO[ in the wa- sanples  here 14c activity was 

greater than 100 dpn per mI, (0.5 &mL) : (3) amlyze for 

tzansfonnation products in the water sanples; (4) check for 

volatile -; ( 5 )  analyze eacfi soil section for total 1 4 ~  

activity and for total aplasive content; d finally (6) 

analyze for any transformation products in the soil samples. 

Lysimeters were co11st3NctBd at Battelle by press- steel pipes 

into varicus soils. Ihe soils (-, Bennirrgton I - I  

and Princetcn ) r n c h o s e n f o r t h e i r r a n g e o f t e x t u r e s ( f m  

fine to coarse) as w e l l  as their ability to fix 

to theirvariw amamtxi of oqanic matter and ion exdmqe. 

capacity. 

due 

!Ihese soils were pad& int0 steel columrr;, 24 hAes lcng 

and2iKfiesindiameter . I h e t o p 3 ~ ~ r e r m v e d f ~  

ea& CO~UPPI, 4 graras of ane of the 14c labeled explcxsives 

(W, WXK, tetryl) was uniformly mixed w i t h  this portion of the 

soil7 and added back to the 

(lysimters]. 

the soil was SWh that 200 disintegratians per minute (dpn) 

of the steel ~01- 

 he 14c activity of eacfi explosive contamd ' i n  

to 1 mi- of explosive. Eacfi oolrnmn antained 

8.0 x lo8 dpn of 14C activity at the start  of the lysimeter 

test. The lysimeters were then irrigated on a regular s&du.le 

with distilled water for 6 months at  Battelle. Every 2 weeks, 

a water sample was 

6 mceRhs, eacfi coluw was cut into fcaw 6-inch sectims for 

analysis. A tatdl of 121 wabr sanples and 24 6-k3-i sectims 

fnm the battcm of each mlunm. After 
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of soil were analyzed. The soil s 2 u ~ l e s  analyzed at Nswc/w) 

included 16 sectims of 'I" soil samples (Prircetcn, 

Berulingtol, Broakstan, and Geneset3), 4 PrinCetxm RDX soil 

secticcs, and 4 Genesee RDlx soil sections. 

the theoretical material balance (based men- . .  
cn 14C aamt) of the soil sections, it ShaiLd be noted that 

Battelle had mmved for its analysis 16% of ead~ soil calm 

( b o t t c m l i n c f i O f e a c h 6 M d m ) .  %-Ofthe 

soil ailums used for the m/W analysis indlude: 

(0-5 inches soil), S e g m t  2 (7-11 inches soil) ,  Segment 3 (13- 

17 inches soil), d Seqent 4 (19-23 inches soil) . The 
amlyt ica l  results are reuxded by segments of each soil mlunm 

Segment 1 

and reflect 14c, m, and HPLI: analyses of the extracts of 

those -. aLe quantities of explosive, explosive 

dqradatim products ar4'or biotmnsfonnation paducts fand in 

each s e q m t  of soil are tatnIlated in Tables 9 thnxgh 14. O f  

the 121 water (leachate) s2naples received, fortysix had 14c 

activity gmater than 100 dpu/-ml atxiwere further analyzed by 

G C ~ ,  HPLC, and TLic methods. The totdL ammt of activity 

f d  in the water sarples fran each ailunm is negligible 

(0.1%) ~arpared to the origindl totdl ' 4 ~  activity 

(800,000,000 dp~) Of each ail-. 
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EwEmmam 

Liquid Scintillatim C u m t i q  of bath w a h r  and soil 

sauples was dcne with a Searle 00. Scintillatim 

(ncdel-IJnilux 2-A). Ihe sample aisperser w a s E a s t m a n ~ I L  

M-5 scintillation (;rade, and the solvent was Aquasdl universdl 

Gas Urmatqraphy (a) was utilized to assay for 'IKT and 

tetryl in the water sanples. AN Hps700 gas c 2 b m l l a w  with 

a-capture - 'onwasused. Ihewa*smrples 

with benzene 1:l (2,4,6---1,3- 

dimethoJrybenzenewasusedasaninternal stanaarc). W i t h  this 

m, -ti- h to 0.3  p$L oaild be abserved 

with& czmc&mtw the extract. 

High PerfonlElme Liqilid OlraaatOgraFhy (m) was used to 

assay bath water and soil sauples for TNI!, tetryl, and RDX. A 

Waters Model Au= 202/440 isocratic with an M-600OA pmp 

and a 254 m detectcn: was used. 'Ihe analytical column w a s  a 

whatman 10 p m  Partisil oD6-2 u t i l i z i q  

methanol/water (40/60) as the solvent at a flm rate of 2 

ml/min. using this analytical methcd, ooncentrations dwn to 

50 p g / L  auld  be &sewed w i t h  100 pL irrjectims at the M3st 

sensitive set t i rq  of the Waters 440 detector (0.005 AUES) . 
data of the explosive ocnpands and sane of their 

w f o r m & l t i a n  pmducts can be fand in Table 1. 

%in layer Quxrnatopaphy (m) was utilized to separate 

d quantitzte the explcsives and their transfonnatim procfucts 
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in haul wt- and soil saaples. Merck silica Gel HF-254, 

ooated m glass plates, lms used as the abso*. Benzene, 

metharol, and a mixture of bnzene/ether/ethaml (50 : 30 : 20) 

w.re the I3me solvent used. W-visible spats m the 

TLC plate m scraped off 

directly by Scintillatim camtity. 

aapxmds and 

fami in Table 1. 

their 14c activities determined 

w data of the explosive 

of their transfoxnmtion prcduAs can be 

WT u.3 
PiH 6.8 
4A26DNT 16.8 
2A46tM' 18.7 
2,6w4NT 3.0 
2,4W6NT 3.4 

0.84 
1.00 
0.43 
0.80 
0.97 
0.48 

RDo( 5.4 0.33 
W X  2.8 0.32 
Cyclabexanone 5.2 15.80 

U.0 
1.0 

-1 
Picric  Acid 

0.65 
1.40 

0.83 
0.80 
0.28 
0.28 
0.03 
0.03 

0.32 
0.17 - 
0.70 
0.00 

I h e s o i l ~  'on procedure amsisted of scraping each 

soil segment fmmthemetdl casing. Ten to twenty grams of the 

soil were dried memight at 70°C, then reweighed to detennine 

t b  water ccprtent in each segment. 

was extracted w i t h  800 mCbenzene. The soil was stirred in the 

Fa& 14C-'Q?r soil segment" 

extracting solvent far 20 mirnrtes , filteredamiextracteda 

seamdtimewith800mLoffreshbenzeneanltheactracts 
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axbined. Iheabovesoilwasreextractedathixdandfarrth 

time w i t h  acetone (500 a& each) and filtered. zhe acetone 

extractswerecarbined. !l3ebenzeneandaoetaneextractswere 

then reduced in volume a t  man tenperature to the point where 

a l l  extracted pmducts rpmained in solution. These solutions 

or dilutims thereof were used in the liquid scinti l lat im 

oamter, EPIC, or TIC to identify atxi quantitate the 1 4 c - m ~  

other transfonnatim p-. residual 14c activity 

left on the extracted soil was deterrmned * byliquid 

scinti l lat im cumting techniques after dzying the soils a t  

50'C wernight. Ihe same prxxdm?~ were used for the 14C FUX 

soil samples, kwever, due to the relative h l u b i l i t y  of RDX 

in bmzene, m l y  acetorre was used as the extraction solvent 

(total a- - 800 a). 

AND DISCXISSICN 

A l l  121 water sanples reoeived fmn Battelle w e r e  analyzed 

for 1 4 ~  activity ( ~ 1 s  2, 3, ami 4 ) .  a~ counts obtained a t  

indicate a close oorrelatim with those reprted by 

sattelle. a~ smples~~  with 14c activities greater 

than loo CIpqmJ, w3re analyzd directl y (i.e., no extraction or 

filtering-) by mere+ase liquid c3xum-y. "r was not 

fanrl by this method- a ~ ~ & ~ ~ ~ t i o n s  

obervable us- 100 p L  injections. 

biotransfarmaticol pmduztsl (e.g., 4 - a m h ~ 2 , 6 ,  

2 ~ 4 , 6 - d i . n i ~ l ~  or the diamino derivatives of m) 

to 50 &I& 

Nane of the lawwn "T 
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aZ1 < 500 dl1 < 500 - aZ1 < 500 dll < 500 

6/15 
6/29 
7/13 
7/27 
8/10 
8/24 

RiEebwlm 
4/20/77 
5/4 
5/18 
6/1 

7/13 
7/27 
8/10 
8/24 

684 
597 
610 

1,097 
1 , 944 

1,358 

2,220 

825 
5 , 130 

16 , 753 
18 , 651 
15,662 
13 , 451 
16 , 734 
11 , 676 
10 , 627 

(dl 
5,250 

17,174 
18,543 
15 , 076 
13 , 261 
14,072 
11,340 
10 , 660 

(a) mle size  = 
(b) Error of NSW ’‘?- = f 200 
(c) sanple nmbr = date when sanple was taken by B a p l l e  
(d) sanples filtered and solid material checked for c 

activity-neim fil trate or solids &wed activity 
abave 500 m. 
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1,809 

6/2277 3,752 

--m 
5/25 1,215 
4/27/77 1,382 

6/22 1,472 
7/6 1,392 
7/20 1,160 
w 3  2,190 
8/17 1,335 

1,448 

3,065 

d l l C 5 0 0  dll C 500 

(a) sample size = 
(b) 
(c) 
(d) 

Error of NSWC ’‘?kemmumt = f 200 dpn 
sample m&er = date when -1e was taken by Battelle 
samples filtemd and solid material checked for 14C 
activity-neitbr filtzate nor solids a activity 
above 500- 
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simples B a t t e l l e m t a  (dmn)- 

5,220 
6/ll/77 543 

3 , 898 
< 500 

E!m&&aYRDx dll < 500 a l l  < 500 

Genesee-wIx 

4/18 

5/ 16 
5/30 
6/13 
6/27 

4/4/77 

5/2 

7/U 
8/8 
8/22 

ainceton-lum 
4/ 18/7 7 
5/2 
5/16 
5/30 
6/27 

7/25 
7/3J 

8/8 
8/22 

885 
1,815 
2,504 
9,125 
5,279 

36,056 
34 , 180 
6,994 

17 , 030 
24 , 566 

676 
4,490 

11,317 
22 , 783 
65,557 
94,382 

104 , 465 
124 , 913 
134 , 999 

742 
2,700 
2,243 

10,549 
4,744 

34,262 
42 , 252 
6,975 

16 , 057 
22,121 

794 
4,317 

12,807 
23,202 
68,795 

102 , 609 
u1,019 
129,294 
138,281 

(a) sample size = mC 
(b) 
(c) 

Error of NSWC q4C measurement = f 200 C@tl 
mle rams3er = date when sanple was taken by Battelle 

 he azaxytoluenes, also identified EmJdl during earlier 

WT biodegradation inv&igations were not fand  in these water 

sarrples. 

"T was not fand by the Gc/Ec I E t h C d  in any of the '*INp- 

wa- saxple~~~.  

- i d l y  be detected by this methcd w i t h c u t  c0wentmti.q the 

1:l benzene extract. 

concentrations dam to 0.3 pg/L auld  
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A small quantity of the PrinoetOn 'IWT water sample 

#5/18", with 17,174 awrtS (whi& M ria 'IW p m  by GC 

o r H p L I c ) , w a s e v a p o r a t e d t o d r y n e s s a t r w r m ~ ~ ,  then 

reaxmtd. IheawrtSrepained-, Mcatinganabsence 

of volatile rbarmfiition products. sanple was also 

extra&& w i t h  benzene (1:l) and the benzene layer canrted for 

14c activity. A level of 100 -5 &was indicating 

that the 'IW dsccnpositim produds were  quite polar and water  

soluble. 

Us- the same three most active water sanples (princetoll- 

1% 5/ian, princetcpt. ~ I X  a/22", and '(tetryl 

6/22"),  thin layer CfiraMtOgraFhc analyses were &tam on 

It was the solid residues frnn each of these wate r  sanples. 

hapea that this methcd wculd isolate sane deaapcsitim 

pmdwts. A 5.0 mL aliquot of the water sanple was taken to 

dryness a t  man tenperature, redissolved in 0.5 

themt.ireamanrtspttedonaWplate. standardsof the 

kmm biotransfozmtim and hyc?mlysis products for eat31 

expllosivewere n m  on the same plate as the unknmn residues. 

Areas of the plate were ~ESUA& M y  into the scintillation 

Of water and 

vial for 14c aanrting. 

Table 5 amtams ' the TIE analysis data of the princetar 

'@"I! 5/18 sanplett which ShaJed no evidence of "T or its )mkJn 

biotransfonnation pmducb. No evidence of any ather benzene 

dxumkqmphable polynitmamnatic ccmpands associated w i t h  

the- 'cal, t3mma.L or alkaline decarposition of 'IW 

(i.e., Pim, piarZoH, P i Q 1 z ~ p i ,  PiH, &.) was f d .  
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TABIE 5. Analysis of WT, "FBiotransf0rnratia-i standards 
ardprhxtm- '*INT 5/18" by TLI: 

lINT and 'MT Biotransfarmatian standards 

- - Rp (-1 +(Magic) 

m 0.78 1.00 

-2 , 6- 0.23 1.00 
2Nk5-4 , 6 4 "  0.20 1.00 

-6- 0.03 0.94 
0.03 0.96 

:& 
28%-4* 

1.0 
1.0 
1.0 
1.0 
1.0 

FT- 5/18 

R,(benZene) & 5E) (a )  
0; 61-0.79 0 58-0 91 
0.44-0.61 0 
0.26-0.44 0 
0.0-0.07 98 

(a) mgic Solvent = ~ / ~ / e t h a n o l ,  50:30:20 

p he WDX water szmples" w i t h  sufficient 14c activity 

spats-tailinyoaxrrring (b) No - * .  

(Table 4) were also analyzed by HpI13. HPIL: analysis msults of 

RDX and €JMX can be fand in Table 6 as d l 1  as quantitative TLC 

andlysis data for m. M is the expcted inplrity in 

prpdry=tion grade RDX and is usually present at a coau=entraticn 

of 8-13%. Ihe findi C O l W  in Table 6 the tatdL 14C 

activity in each water sample canverted to RDX in pa/mC.  Ihe 

data show that the actuaz conzntratian of RDX in the Primeton 

a r ~ I  Genesee water sanples is '28% and -8% respectively of the 

1 4 ~  activity.  ate that the 1 4 ~  activity of the mimeton FtDx 

samples dated 6/27 to 8/22 is higher than the solubility of RDX 

in water (45 p a / m C  at 25'C), idicating that RDX d e a q c e d  in 

the soil and the pmQlcts were fl- art in the leachate. 

Table 7 ocntairrs the analysis data of the primeton- vmx 
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8/22 -leN which irdicated the presence of WX, Rax, 

14c volatile material. o~ler knam hydrolysis or w i n e  

c k p d a t i c m  pmducts, s&l as formic acid 0.1: f d W ,  

Caildnotbeckbnumd - bym. -, inseparate 

50% 

expdmmbcnthePrincetm- taaX 8/22 water sauplett, tests for 

fodchhyde and f d c  acid wre carried cut. Ihe 

chmmtmpic acid test for fonddehyde was regative, krt this 

test is mbleadirq if q- and m3- rn preserrt. -fore, 

the "Ritrobenene mH O f  Hoff- and G l d  Was used to 

detenaine q- ani +- am32ntmtions. I&?sallts of this test 

showled a nitrate amentratiicnr of 2.31 x lo-% and a nitrite 

cumntxatim of 5.8 x 10%. 'Ihe d i n e d  q- + No3- 

OQlCentratian faad is appmchtely 50% more than the value 

expecbd fmn the deccqxsitim of the theoreticdL Rax value of 

U 8  p q / k L  (Table 6) 1- the actual 36 p9/mL RCX. 

suggests several possibilities: 

an the mil, rdeasbq m2- W o r  m3- ach is flushed art of 

the 1ysimete.r w i t h  water but leavw the 14c 

atexbed on tbe soil; (2) a backgrumd oarolsrtration of 

N02-m- in the soil a d  give high readings; or (3) mre 

than three of the six RtX nitrogen atam are ending up as 

!lhh result 

(1) RDX caild be decarposbq 

species 

N"z- q-. 
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TABIE 7 .  Analysis of -, Rm Lkpdatian produds 
and prinoetan -*Wm 8/22" by TLC - 

Rf(benzene) Rf (Magic) 

RDX 0.11 
€R4x 0.03 
Fbdc k i d  0.00 
Formami& 0.00 

Pr- Rux 8/22(a) 

~f(ben~ene) $14c R f m i c )  (b) 

0.68-1.0 0 0.77-1.0 
0.30-0.68 0 0.07-0.77 
0.08-0.30 26 0.0-0.07 
010-0.08 23 

1.00 
0.94 
0.00 
0.47 

$14c Rf(M€aH) * 
33 0.77-1.0 31 
12 0.07-0.77 13 
7 0.0-0.07 5.3 

(a) 
(b) 

50% of I4c activity d ~ e  to volatile material 
Magic Solvent = berrzene/ether/ethanol, 50:30:20 

TLC analysis was also obtained an the solid residue fmm 

the Pri.nc&m- lanX water szuqle #8/22" w i t h  138, 281 aamts.  

Ihe data i&icate 40% volatile deccnrpositicn pmducts w i t h  25% 

of the activity due to benzenesoluble material (mst ly  m). 
Of the three "Mryl water sanples" whi& had sufficient 

I4c activity to warrant analysis (Table 31, rime stmwed any LL: 

absorptian w- ' totetryl. Iimwer,apeak 

00- * to  picric acid,6 a knam hydroly~is pmduct of 

-1, was abserved by 113 in each of these sanples. 

acid mrprised 14% of the Mal 14C activity in the Bemiqbn 

"6/22 Mryl sanpleBo, 5% in the Brpakstan "6/22 tetryl smrpleBB, 

ard 10% in the Genesee "5/11 tetryl saqlels. The amcentzation 

Picric 

of picric acid in  these saaples was dekmmed by- 

of 14c activity in isolates TLC spots and by peak area in 
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HpL13. Quantitaticm of picric acid was verified us- TLL: by 

removing the spat CQ- * to picric acid and cumtirq its 

14c ocntent. 

Tetryl was not f d  in any of the "tetryl-water szmples" 

by the 

than 0.3 p m  in the sanples atracted with benzene (1:i). 

method. The limit of detection of tetryl is less 

TLC analysis (Table 8) were chtaind cn the solid residue 

of the Bemingh l%elxyl-water sanple81 #6/22, cantaining 1,448 

ccmts. Identical volatility and extraction data were cbserved 

as w i t h  the "T wa- -le, indicating polar /wa~hble  

decapsiticm products. 

62 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



?aBIE 8.  Analysis of Tetryl, P icr i c  Acid, ard the 
-1 6/22 sarrple by TLI: 

Tetryl/Picric Acid stanhrds 

-1 
Picr i c  Acid 

-1 6/22 

- Q4c 

0.79-1.0 0 
0.62-0.79 0 
(picric) 
0.44-0.62 0 
0.26-0.44 0 
0. b7-0.26 52 

Rf(benzene) 

0.7 
0.0-0.17 

Rf (Maqic) 

1.0 
0.45 

Rf (Maqic) - %f4C 

0.92-1.0 
0.07-0.92 

80 
14 

0.0-0.07 6 

0.0-0.07 48 (picric) 

Ihe results of this study indicate that a l l  objectives 

were met. Wideme of both degradation axxi migration was seen 

in the 14c ~~LXIY. s e v e  of the decarpasiticn ana/or 

biotransfomtion products f& in the soil ard water sanples 

were identified an3 quantified. 'IhsoreticdL material bdlarrce 

was determined on each soil cmlumn segmlt analyzed by HPLL: and 

l4c TL13 (SeJl? m1fS 9 atki 10). 

A l l  121 wam sanples received frun Battelle were analyzed 

for I4c activity.  he cclllnts cbtained at NSWC indicate a close 

correlation w i t h  t k s e  by Battelle. Based on 

Bttelle's activity figures, a 14c activity of 100 cipq/m~ 

co?rrespaxk to a ooncgltraticn of 0.5 mg/L of the explosive 

W o r  its transfonaaticn pmducts in the water saaples. 

~ ~ r t y s i ~  water simples had 14c activity greater than 100 
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TABLE 9. TNT Soil SamDle Sumnary 
TOTAL 11 

TLC 
OATA HPLC OATA OATA 

COLUMN SEGMENTS MATERIALS IGRAMSI IGRAMSI (GRAMS 

SEGMENT 1 
N' 05  

A -.: 
TNT 2.82 
2A + 4A 0.108 
TLC ORIGIN 0.232 
UNEXTRACTABLE 0.548 
TNT o.ooo1 
2A + 4A 0.001 
TLC ORIGIN 0.ooCU 
UNEXTRACTABLE 0.008 

0.- 
O.ooo6 

TNT 3 Irg 

TLC ORIGIN 11 Irg 
UNEXTRACTABLE Irg 

ZA + 4A 14 w 

NOT ANALYZED 

TNT 
2A + 4A 

UNEXTRACTABLE 
P "  n c  ORIGIN 

2.774 
0.189 
0.232 
0.568 

-1 SEGMENT1 TNT 2.94 2.93 
2A + 4A 0.070 

UNEXTRACTABLE 0.758 
TNT 0.0001 O.MD13 
2 A + U  0 . m  
TLC ORIGIN O.ooo4 
UNEXTRACTABLE 0.030 
NOT ANALYZED 

NOT ANALYZED 

n c  ORIGIN o.on 

SEGMENTS 1 +2 TNT 2.91 
2A + 4A 0.07 
T lC ORIGIN 0.08 
UNEXTRACTABLE 0.n I- 

SEGMENT 1 TNT 2122 2.20 
05' 2A + 4A 0.269 

n c  ORIGIN 0.043 
UNEXTRACTABLE 1 . m  

SEGMENT 2 TNT 0.018 0.015 
7-11 2A + 4A 0.008 0.009 

SEGMENT 3 TNT 0.0001 0.0001 

n c  ORIGIN 0.m 
UNEXTRACTABLE 0.137 

1117' 2A + 4A o.wo2 0.00014 
TLC ORIGIN 0.0002 
UNEXTRACTABLE 0.018 

SEGMENT 4 T M  <l.O pg 0.04 pc! 
2A+w 2.4 Irg 4.0 PB 
TLC ORIGIN 20.0 Irg 

Z ~ Z F  19-23' 

UNEXTRACTABLE 0.0027 

2A + 4A 
TLC ORIGIN 
UNEXTRACTABLE 

ga-1: * 2 0  
F2: SEGMENTS 1+2+3+4 TNT 

-1 SEGMENT 1 TNT 1.550 1.78 
0.5- 2A + 4A 0.057 

TLC ORIGIN 0.106 
UNEXTRACTABLE 0.329 

SEGMENT 2 TNT 0.140 0.107 
7 11 2A + 4A 0.412 0.45 

TLC ORIGIN 0.604 
UNEXTRACTABLE 0.229 

* 5 -1 12.17' 2A + 4A 0.003 
TLC ORIGIN 0.011 
UNEXTRACTABLE 0.066 

a SEGMENT 3 TNT 0.0007 

SEGMENT 4 TNT 0.0 x lo-' 
19.23- 2A + 4A 8.2 I 10-6 

TLC ORIGIN 3.1 I lo-' 
UNEXTRACTABLE 0.004 

2.14 

0.052 
1.46 

0.277 

1.69 
0.47 
0.72 
0.59 
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TABLE 10. RDX Soi l  SamDle Summary 
TOTAL TLC 

TLC DATA HPLC DATA DATA 
COLUMN SEGMENTS MATERIALS IGRAMSI (GRAMS) IGRAMSI 

SEGMENT 1 RDX 
05' HMX 

> TLC ORIGIN 
UNEXTRACTABLE 
VOLATILE 

a 

SEGMENT 2 RDX 
7.11, HMX 

% u  

Y " $  

5 ;$ 

TLC ORIGIN 
UNEXTRACTABLE 

$ t i  
i g-. VOLATILE 

SEGMENT 3 RDX 2 u $  13-17' HMX 

v) iiia VOLATILE 

SEGMENT 4 RDX P ah 1923' HMX 

y $ g  TLC ORIGIN 

$ +  VOLATILE 

SEGMENTS 1+2+3+4 RDX 
2 
W 
0 HXM 

TLC ORIGIN 
UNEXTRACTABLE 

$ 2  
0 o-. 
x s 2  

UNEXTRACTABLE 

TLC ORIGIN 
UNEXTRACTABLE 
VOLATILE 

SEGMENT 1 RDX 
06' HMX 

TLC ORIGIN 
UNEXTRACTAELE 
voLAnLE 

s 
I w  

y nu 
SEGMENT 2 RDX 
7-11' HMX 

2 8 s  
TLC ORIGIN 
UNEXTRACTAELE 

a O* 

$ 4 2  VOLATILE 
v) 

: $ 2  TLC ORIGIN 

2 $ 9  VOLATILE 

SEGMENT 0 RDX 
1117' HMX 

UNEXTRACTAELE a o-. 

a A +  
U E  SEGMENT 4 RDX 

1923" HMX 
TLC ORIGIN 

$ & $  
k 'CI UNEXTRACTABLE 
0 VOLATILE 

SEGMENTS 1+2+3+4 RDX 
a HMX 

z_ a 
TLC ORIGIN 
UNEXTRACTABLE 
VOLATILE 

1.904 2.129 
0.386 0.262 
0.342 
o.n1 
- 

o/(w6 
0.006 
0.013 
0.010 
0.003 

0.003 
O.OOO4 

0.005 
O.ooo8 

0.003 
O.ooo1 
0.001 
0.004 
0.0007 

o.mi 

0.034 
0.006 

0.0024 
O.OOO4 

1.946 
0.393 
0.3576 
0.590 
0.001 

1.513 1 .J60 
0.210 0.185 
0.162 
0.409 
0.101 

ams 0.699 
0.113 0.063 
0.094 
0.069 
0.040 

0.014 
0.012 
0.006 
0.004 
0.001 

0.014 

0.0016 
0.003 
0.011 

0.0024 

2.169 
0.337 
0.264 
0.475 
0.153 
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~ a n d ~ f U r t h e r a n a l y z e d b y G c ,  m, andTL13. 

Neither WT nor any of the tvpicdl ?NT biodqradaticn or 

ddat icn  pmducts rn ob€mJed in the 'm water sanples" 

either by GcW or m. Andlysis of a 

sanplel' w i t h  him 14c activity revealed a y  highly polar, 

m l a t i l e  decarpositicn products which auld neither be 

separated nor identified. 

- 'm waw 

Analysis of the prinztcn - 'lux water sanples" rwedled 

in=reasing anrurb of RDX in the leachate (frun 1.4 mg/L in the 

5/2 sanple to 40.0 mg/L in the 8/22 sanple). HMX, the imprrity 

i n R D X w a s ~ t o t h e e x t e n t o f  l O % o f t h e ~ a m a n R i n  

each water sanple. 

corrtained RDx but only at YlO the level of that of the 

Pr* - 'war water sanples". Tile Eemiqtm andBrookston 

Ihe Genesee - "RM( water sanple~'~ also 

- 'war water sanples" oantarned ' virtuallynoRux. TLcand14c 

analysis of the residue fmm eyaporation of the Pr* - 

WL RCIX, 4 n q / ~  M, 60 m g / ~  14c labeled volatile 

decapositicn products and apprmimtely 30 nq/L of other 14C 

labeled polar nonvolatile decanpasition products. Ihe d i n e d  

NO2- + NO3- canoerrtration fand in the hrinceton - 1- 8/22 

water sanple' is aFprmrimately 50% more than the value expect& 

f m n  the dscanpositicn of the theonztical Fax value. lhis 

88/22 water sauple'v revedled the following mrmnrts: 40 

several possibilities: (1) RCIX cculd be Caecarposhq 

cn the soil, releasiq NO2- ana/or No3- which is flushed art of 

the 1ysimte.r with water but leaving the 14c txqged species 
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also- on the soil; (2) a backgmund COrYzntration of No2- 

/No3' i n  the soil a d  given high readings; or (3) mre than 
three of the six RDD( nitrogen atars are ending up as m2- 
w o r  No3-. 

m y  three l a t e t r y 1  water samples11 had sufficient 1 4 ~  

activity to warrant analysis. Tietry1 amld not be deteded, 

lxrt trace ammts of picric acid were amfirmed by HPK. T f L :  

analysis of (me of the "tetryl water Salples" revedled only 

m l a t i l e ,  highly polar p-. 

The soils (Broakston, Bennington , Genesee, and Princeton 1 

were chcsen for their ~ange of tatures (fmn fine to warse) 

as well as their abil i ty to fix ocmpcxmds due to theirvaricus 

amxnrts of organic m a t t e r  and ion exchange capacity. 

Visual cbsenmtions of the v a r i a s  soil textures ard 

porosities coincide w i t h  those of Battelle (e.g., Brookston - 
silty clay, fine texture, n - silt loam, medium 

texture, Genesee - silt loam, medium texture, Princeton - fine 

sandy loam, warse texture). Evidence of both degradation and 

migratim of the nunition anpounds was a~parent i n  this 14c 

sbxly. The retention of the nunition ccnpaads (m, RM() as 

well as their decapcsition -or biotrarrsfonoation products 

on the various soils also wincide w i t h  the porosity of the 

soils. 

also - * fran the data abtained an each lysimeter 

segment analyzed by 14C TLL: and Hpll3. Tbm biotransfonoation 

The theoretical material balance (Tables 9 and 10) was 

products of 'I", the 4-a~h0-2,6-did-l- and the 2- 
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amin0-4~6~t .mtoluene  - fand in the m soil extracts. 

'Ihe mincetar - "l' soil sanple oontaned * aFpmotimately6%of 

each of the aminodinitrrRluenes (rn), the Geneseee - m 

soil had d y  0.1% of earn of the m 8 s .  The Bernington -m 

soil cmtalmd ' 0.02% of each of the m ' s ,  while d y  0.01% of 

the 4A26cNT -was famd in the Broalcstrm - "WT soil 

extract. Boththemircebm ard ~enesee - Rux soil contained 

agpmxhwy 10% m, 4.5% volatile materials, ami 20% polar 

type ampour&. mcwn hydrolysis or alkaline aegradation 

products, such as f d c  acid or formaldehyde were nut fand. 
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