
 --

 
  

 
 

 

 

 

 
 

 

 
 

  
 

 

 

 

 

 
  

 
 

.

.
.

• • 

i

1.

4,111 1 1413:11 4„rila• ''''1 •, *••4";17 4.1."4-3. • `:' I f...I.:11:I64•P•11fi:4••••• ;•MUliriiii.s.acau mw:. _?.., its 11 Oar -15,11....... - • - . ------ ,......:, ';',47'....•
We X .44 4* ta44.44ii
iwiffweilit 04.•••2:e.is.... 
tilt4lia;iltv
.;.;;;:• Or,/ t 

„s p.:nut** he 
-: • ' . ' ' :a lk :I...'. • -• .tfr . ,...rtlis„ :1' 4.: •• -ps :: !...•..,-1,4• 'At , i- a • 1.7. riz ragE::::: ,...• ' .,.....,ii.osassiiiiiaii .......-
!itigiNTrgrii:
It/Peet:tr. .ft 71i li . '. .. 4....!.: 

E , iij:-, fvf Ai 
4..___-''‘ ' . qiiti int .94 0 

wiz.... - . , 1 zit:tint .. t,0- t,
..1,.••;.4•I•1•1 ;;:, k,,1441;, Hi
...4.1114y ' 

iltg" rntiet:;. *tita;:: -a; .fAl.11. ;Mt 11::- 0111::-'II 
i17::::::; Itn 
tint:fli t1:17:-.T: 
••I"•• • .....:...,:.•., rtIpmer.::::: ., 

I / 6 L4 to (kid 
: . ..:.,...«. . -

tiltrliPi!,:";ri . vl,...) Vilna:UMW:0. e 
!WM!, t kV • 1 

zsi-SL isoami giu-Nodo
11/ 1 ow Offiliiii'lltd; 

1;4,4i; %.;........1,,:srvi;.,,A..rtzi :....t ;.;ii; -.: .te.ti,:tf,.., .,....i h .......;.. ....i-,:;i: ....::_,.-... ......._ .::.,, ., - .,.. ...... ....1-:,,.. • , • ....• .. ..... . .,.. ,-,..i.,, :f:1t1 ,, . ; .,; . .i,. .,.
A!!:. V: 4 i... ...,,,,,,;;.:::,... ; iti „ i r i,c si s. 4 , 

;:Li t rt : • • - .. - . -.. ...„. ,..„.... ___,.•••.-_1.•ti,••-•.•-.;•,,,...-..-E...-.v.,....u:siiiili::!.. .. -4..TT,-t ,-1..--•:. -- • •• • . .• •. , • • ..._ ,.. ..„ •t•st:...,-; - • ::, -:
It.•.!:s:1:4;04...:5 :,.m:i.iiif;41.!,.... :. •.j,.. .,.., . : . -... ., .. ;!..:4;xi.-:f;-,.-•:”Trig:.:Iitt;t49 lf,-:::./..,:c•, 1,-t 5„iiez. ir Pia:. 47th fi• iti e•tel* is Amos ST:. • 

,. • .i C.W.:::. ilyrtittir ,-''• i: 4 , .1.-..:. . _,...,, .. -et• -.4.4airarf.: ''. W . . ' - . " . . - • .. • •• •--- --- • ....**:••••*-- 4 77 tit ril.T.g.47.•-• • - -. *!•-• • - • • si• •/-ssiiiRrili--•911111!.....io 7.!i. :;itif*:::7;::::: -:1.....:: '::::-::.. : . .•...... - : •.i • • -::i1.:!f .7:44:4:14: il.,ts . s...`!"114:1' t-...1,0Lriii-:,-”,,,,:;i:-41.400%,•!, •-is it &IL:Ls:40..1;s • 3..4 •• I::1r421.. • tsg • It ••••-, -1..--; .... ..s., : ....., • • : .• . ..... „..,;.*, -,177•Mr:,. ...,!..:. • . .. ,.....: ::::...: -of. •,••...........,..,:„,:..1.!Ft. tr ,!..,1. !u.... . . . , At{ iiremet wAswitails SIM: 4.......,,,-• , i- . •::- r' i' ':'itinga 4'11 '1,1''''• ";'4.:.i, .-11ff lite ..'. I."! ii,.... i . ..it.r
;,44••ti./•. • . .. -..*-4•1-1;Pt• j ••••141•44.4V,Ati.4.ir II -• , 30 t•• , (1- --1,-....t. x:;..t;;I§L i • . , • 4 s.1..% Isrerve.•:•:•;;.41,- • .. 

-.:::r....11,1-ui...n..9,..:. ,41.„1„ t....•....,,,.....-.... ,,,...., . .."1•11• .1: (R.p ..110121:timt::!-•• .:,!,:,11.4,4;•,014filarl;..iiTigti4rtriotl-1,1:1::1";;;: 1L4T, f•!titeint:trimlii .• • ,:r-. - --"'. -'7::".."f'!". 
.Si ,. 1•:. • „,„,..°:1-,.... ` 4 :41.0'..a!4• t n-tir.4 tirit t :: :;•••••.::..:4 L• • il •,:.. ":; s;-..!-. :4 ii _Lit14 : 'Aw"..: s •te' . -,..;I:tik ::..1....t.5•.:;,•.41/41,-.1'::;•!CV:-• - -- • :•:••;••;g2,. l'.3.1-:=4:::-:-."'.:1.il."..ta. els:. t4:1;1 - - -••,.._•.r..qua-... :U.:. i ts..."1 - .

-
... , ......: ..,,,/.441114101, ......„,,,,,,,,,,:./,,,,,..,,,,,,,.. ,„ iie gp.r.....;;;;"•-'••••4 : -... 

• • • . . ,• fa' 1* • .a.f.:-0%:;!i':"4111:!!''- "-!". -.17.."::!'7144.-iiiii. ..14 " tar4r1t::::44#:!;-k ::: ::• • - • ••••: - -,4;i:lifil '.Ift;4f 
1#+.4":11".7:-!:•41::I;;.$17:711s.rti. ‘ s.1:::.:; t '1:•-fS;111;44•«:;:ttt lht4;;41 • ::::islt:#1-4::::4,i:•14.:•:::•,.41:::::::::::•4 . 4.41tfie •7.4: ...." Pj:j. r."114;?:;;•22i.lt.?:-1:•.1•2!"•!:II.F11 ii..111 

.,g:s.”•::::si ttr'4 •"".."KL 4 .... 1. . -"a -''':t1;isH-l:'?'''''''?"'"t: 2-:1•1 1.2.44r-o 111.:171f.4.-::: ::11: i;:ri,A •141,•2,:ifit44:•0061,:,....:4•:si=tili:E1 11,k, ilit!lnir. . -i":':':::::r.- -"t:fi';'-:w:i:tr; -i.,Iii.liiiieu:::::;:i:lia.r.hh:ifiti . 
-....'t4!"."..1"..... : i•flt... et:fp.142i..1.7i: m,"nre..-;:!..gut..4.=jio ti414i;•ifer at•Ii! i•niiiite::1:11p 9-E-L :, . , If g,e,1.4.ii:Uitiiirit.z 14.44 ;lot iftileft*r'l'ititi -:,"44,6 4:..i..: ne wt.a:7,1:214 ,04....i Ifiria • *-. .-. "4...-; f! , _.* 44: i.i.e•:;'!; . ^"*** r• , eis,"21149..i1=31:Z4Sa. i.: .. lt $ :.1.1:1:-11r.... siLts.p ikkie4i1=‘ I ••it-ti:*•••••?-• 7 " p.;.7•.;•:.•• •!..o,r•V:,:eq.c..9 . so6i

• Om 
.• ,,...f4,14:iiiifi.F.,Fi;;#:.V.!=tiiiiit.4 .-- ::51,1:91 ' 511,7;„,. 4.. .3NPLIFIsti.liau:144. .4 tt.11/114:14#aZtriIi.;;-;4;&..449: ( 00 ) ,. .I iniiiiiiiiplFilmilsititita . r; ' len .• i : 4. Ai«, *a.* • • '•••••!•,,' hi z!..) -14,. ..,.:,,,,,,:,.,... eiv;„4044wiiittnt.F,,, iii,, ,L.r%wz;:f....,21:.:?.-- ......w.,7„..,,„,.,.. :4, __. titit-::::?t41:1 Itrailli!!1'44;;RitNi-RtFilig r. i 017F :; -, 

-irE ..;i4.,-„,-;i„tliriittilgilimg_ ,,,„„,„:„....,ipiiagliwiri,,.0,,.,:=1::iwitf,t‘ .. ta, st:,,-.,:,,......:;••:.- -., i";17#P911141:0.,;,TMPLI:r.-11404 riu 'fftr44-ifficighltwwatiti:94, ,42.,::-:=I. ittit...*:-.3..egmiti. -,.......„--- • 
• 'vtin;N;gi'iiiiiiii r u„,r,r414.1irtor..iy,:.:40.--ilijair- " • •IiVV ' a: t Kyiglff4F.7.,..4 :1, .. ..,.,:.:....., .:5;;;Riika, g I; • .,...„ 1•10de:4"'"" ."'"ti;:ivt.f.. : His,p,, ,I;ira...,44dgf-iwi .5.,44,.., , , : 

7'7,,Ty„.. =cr ....41T-4. ,. ilinitp::rarsigingligs---4044,-4iiiii:,,,"410,:-.4it•Pvug: :....ii--1;..741.-..,t .....,-4•.,-..fitir.•,:iittininr4:.: 7... -.., • 1_• •, _ .„.„_,,,_ ._ ..,., • tr,„ ...If:. z..s..... !.r..!... e .. t.....1.. ..: sii..treerz.,•:441itawf Iir--a. le 2 ife.s.e..ttf..Iteffepto; .-_,.:-,,,:,. turgezt..,. , .u.• 
. : . 1 11 -. n i : Jangs.,....e............• •••. .. . , , . _ . . 

1-; .....„.--:--. ....1 r. ...;A.41, 4 
ii .. . 

::L 1.11tg ii42211.t."t 
11 4t1!)M tii:Siil 11:: . 
ita, 

..... .141=Zte 

2.R. ,...;Eltu 1 t.trilit';::.
: rz e::. w ,,••••• •• :n Itisb;•=4,1'.I. 
I. "itit;i7'• .

!::f:_.. 
, t. emi..... I; r,... 

w.. 
Oiliattto= 

. ,......... .4-tit. 

.. 

'1441:441..1.1411,1,-;,Ii::. 
Lialt!ir.rri
1,4:91 aTi;il: i • ! • ,y .. 1....,: :t 
7:7'it'45•• 41!!'. 
• .,.... •=1'.4..1'. ."Zia:!----• ' 

•Iitr.-. • "••,.r. . B..ntei, •- .-wit a rim TV .72 +sal "".:,:ti. 
...tigill2:1LI :Nii;;; 

,•••••.7ir.‘ .t.--_

lialitiiii::. .:7 •I'••••••••
7;fr.0:744;•:.
iiii:121ohniii ..... 

ij.erliiLi!..,1!: 
tteu;;itttntti-,-
jl'ili, iii:Iiiit• 
Tr, ..:-....... .-.
iii g a :3 igitilit::
!,:iN.-11::,.,.„.;,;;
sri:1:14.24: , 

44 
1 111 4c,. !-r: •a:t:".! *1:ti:&• .. 
i2:4„Ter:trs,..,:. .•- . 
.'•'•+":•4.4r..rtr....t.
iitmillat i,4,..

•,.. . , 
.!:4... if' I,49 4 5 i i' e. . . . , . .. ! ,
7 z:, ; ,; :;. :: i ., - P,114111f1;!r,z..7 , . :I 

1:0111•113f;klii 
:glit, itinv 1 

1,:'t!,itL:1.5::: "* -7::: 

iii::rO ir4a lrhiifi: 
7 0:; ....,,,Eno 4,..-.1...,j7. 

atitiii:$iii...tit 

h.:;ii. • 1 5:;• - N I ,.! uf• r4.4.4. • • is.n. . 
- "...qnlitrIpt , . [ etl:!:i., A..,1,. 

11.1tal. Ole 0 vn: 

1 VII
Th., ito ,-ti .."..) -ell .. .-:•,.”... r. 
P4=4101.414 '.41'. I. ' MA il
Pti. itl • .. e at
•• i fiii 

4. ...46 .

TR .ig ,4,ii 1 
t 1,4NA i 1 i

10y4;.101 l.
4.1 ,t 4 top 
;11rtLit'ithilit •• -: •.1? ti 

' •ktiVI: ti.f•F:4 to :,'t! 

-imiti .„.. 
31 

41,mitlifor:4 
gii;iii'..-ta•-rqi. ..,:.•,..41ttir 'll.On,•.' el * 

......, / 
1 Aj.-Kii(1-S-Iliji901039 ' s. 

An 
.0."' .., ' .,"fri 

TVIII3IVIAI 3210D-110S Uts.IV 213IVM 

9NIIIVINIIINVINOD S3A1SOldX3 X021 (I NV IN.11 

AO SISAIVNI.V 31-11 2I0A UOHI3141DIHdV2190IVINOIIHD SV9 
tiNg•ilit

frt4,7- I3P.PLO:= i,11l•:": 
iitiigipitri . .., u.s.a. .. f.!:1., -.4t::,;.!. • -.7,11ti.„ !...............,. J.; ti tr• .....,:t.t.....,;•.?,q.4.. .,•ir•-• t'•11 , ..1....•'•:•ii if 1 ritigi% ..4 s:.;:,ifi: .:!,' pr,44;tirt„.;:,.:..! ••: :. ::1• ' CC'-, IF; Rz!..lq, :j =• trl.... t ...40.t,:•!;itie • ti#4,113.1..iiNi...,w4.-,:r•-•Aie4;:.4.: zr:sin z Vi4:,;1' :''''' r.:--; '4: ' IZA:liititin IP:. i•.;::.'•:••-.,•.,..:i.,:•,..,:,: •••94;;;;Itiitt41,. .-_,....7.eturnt: ., ti-glithlt. r.:41.:,..:-.44.m.limkilizit-Les;,.;:::,:,:-

_r. ittetaitlitIrrii:;J:ipPiit .1 lit ; 1.1? %:: t •F •bs;:auf,1*!tti,:.. .... -„y„-tailL., ...
Ilr i ii.u:-: • !,.14,1:::Z14• . ..:Prini!4igurili*:-;:o!-`•zglx•pirnsiTzr...fa..szi::;R:T=, ,fr-,=,-,. :,;”:444.;:mg,4!;;.15.:0.1etizzatgl., 'Arigainr!. rir• i. I-tsgii4P-wirrT 1 ratitit;,•rP4itiv: ....:.-4,,,,-...ttii,r;:girti.iiitmr,•it4iturau.- i•iizaiitip...*--,•..,.:.•..,..:i.......1....4•Avon-5,..4:=1.....m:tt;,,, ..e.-?:•••,...12 te,i3i..41.1i i ift1,11,4 11:Dill si .,..... . -"ini;n:411.cltitttrtttr.tyr,o.t.

!ititi.i, .iy;74 -lt v.1.... in ivil.,,.*-1.. F,:,fir-itotitit.5.1opmiiiirt liapt,'ll;i•i"Ii;•;sti;,'F)12-
4 'i•tte'l'. i.,„:41:1L!. i lit..„.,..;t3v,taine, rd4:atilimi.,4:1".!i=7.=.4.:1141,:is tritA4'01-::ietin.viii=h11-?:,•=efr:,

iq; !Ptivii,i10.!114.4. , . „.Itai . ,i; ,„.1111:-...i; 4, .0441.1:Pir'''' •l'iti÷::1144iNiffeigivrp iiHalltaVilir.;7iNtilirigtliMiartipIifir ,.4%,•:;47.k.$74"1.;:"Mtlilli•l'Igtt•T Itirtit tit 14.mintil ..-T a -4---. ......,,,.,„.,,:c.,.:4„,.:.„..,.,.i.,, ...... ,.. ....,,, ,R,,I.1. 4.,..:..,11-0, trine ,r 0j4 t nil - li 4-.4zirirt Paiiiiit ---9!-4„1: .--1 4.11.11 -, .;.•04. tr4.-.,-;•:,..tr•il-ablitesil•91;-•;.:Ik ;. lihpls nil ir,t,.--.2,1?... ..f: !i,,--11,„.:-,:-:::17.:telF 1 I; 1,i47•P'f.i» ,..-.37:340trUirgi:igitetirnrrt7r-''T.11;:tiu-
Hit di -lip matee......,...;_......z....1:: •-.ill: vi,.... -. -...---..i !!-- - i,ism, ••4•,Itt,--,-..t;"7.,Iiittieirut r.41lin.. tter„.!.. .. iileto witui -• . , • 1 0 lit Z: , ''". :,• ifilryt .411.."ti1 , 6.1.1 „..e - it ,.. I: tree,•:-.4 F.: ,,:i 1•:• -'--: .• ...If': t 7 f.a 

• 

,t;;;;,;;;;,,,17,;:i..,,.,;......, .i. $ • *** I .... l• -. • • --• • •*• • - • - • - : • s,.... 4- .4... 0,...:h .., ..* .•::••••••v•••,,,,,,,,...r...:1•• ••-•••••••tm.• • • . • vir•- rert. . .„.„,,,.......,-,..,,,,...sii,,i,14,1 ...a:Turf41tr..,,,f, „41,:..0,01,0„,
E. '.., _"•171,3/114/11f;:ttit,!!!4}iltitftiot 41 ,"4 s • ti i • i . Ix: - . 3 tr±t.rtilft O.el. ..,r.. ..... +......migUlagpiiiieg;,:..ihn; :lit Willful/..4.g 2..3. ii,, .

v'EFZIIIsW114•11. ..,-•:„,4:g ...:...t.c..ti W41{ . is -...,. ii• re:i4itle il:4;,7•• *Ili 14 rl7;rr-
1„i 

. -••=grt•`li -17, Hfir • * • lig* jettr:* .-1:1•. "Off i•• -*;• *E.:4J•- • - -. .taittrpulit,•••••!•••••••••••••••••••: 2 ri% ei-H-...::::-.:1,14 •
gltmur, „I. sa, t int •4 - „,-gerlss. saw-7,...,• e .: I: ...S7.: 2: f; i;;;;:ir.g.. ..i...it•ilitzr , . aa• «A.44;4-lie ii..;.4-edi-,:,4;,;..r.r."="•411., .14 ,,••••!r.%•••••1`.;;ii,..nt? :•`'.:•••• .1'••723.1"""tiun 4 a‘, '' "" IgirtailliUtl,' Fairl"r .:11:•...:::

.!1•.:Ter,i1:•!is,-..1;:i• :as! ../••••rmai. '.
•
:Ira!: -:.?;:4+:0-#04:t.:',41a.iiirt-.67;t:: 119111:te.,. •

LAI w.,!::;I; li i! IN' ' '' ,4,A t''''' ta'''%'•E,1•411-fL.."444•111111tri;iii"**AsTaite , i i...;,":"::slipaii 
ti 

,Js -/i iiil , :g.41: ,4..tairt ..,4 .... :Re v .iiii. ‘ .*i..41,441:Tz:1::::11!imtsr4r2 'Iii•na'arr•ttr4.-Ittett.elti.-firati%'•.::.:47t.itEnt 
• 

, 
4:: 4;: "iir.;01111fiilifailiarfiii:tilligt ktY411_, Iiriii-ifittri,,t1-00:5P.,,1!irftt."itifFLtAtai.- •9411 :154ilfilii:i set :elillii.Mii:.;14‘ •- ., J. ..i,mi,...„iii.u.....i.--, µT,to int11...!.

11":Wzit:-.P"--4-ifiTitirNir "-"i ....... -- .i_pit r,.74, ipfi:t..-,,,i-ett ti &IA nitriuliiiiliii,=,,towlifit-AW:fli„4:ttzi;:t;:tt."4:1:::::i :•-•;-'7•,-tr4::::::iL" .:six ,1,,,... 1-4,,,t,ti.Teff4Eir.:r.itti I:a. • :. .1 .i..,' •-!.14:. vs--4:-• -"swag.' alai'4;1•:tilf arAtit;:;i500.111;'-ifti, ilt: .11fii,':;:ii:Itt ' b r tiliti i .....,,ii.4.1i1 4,4,: .._;:,.:,, p • HIP lit • 80A=........„ •,, , 4.-5. 1 p. . "telitito 01441.rzzlildtitiliir": . . s .--;•- • mg-r:sur nt A • 



~.-



II II iiiliuliilii 
1818 00019707 7 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
Water Resources Division 

GAS CHROMATOGRAPHIC METHOD FOR THE ANALYSIS OF 

TNT AND RDX EXPLOSIVES CONTAVINATING 

WATER AND SOIL-CORE MATRIAL 

By D. F. Goerlitz and LeRoy M. Law 

OPEN FILE REPORT 75-182 

Menlo Park, California 
May 16, 1975 



 
 

 

1 

CONTENTS 

Page
Abstract 
Introduction --------
method.................... ..... -----------------------------.......... 2 

Summary of method 2 
Application............... -------------------------------_-
Interference................... 2 
Apparatus..................
Reagents..... .............. --------------------------- ..... 
Procedure 5MIN 

mommirowProcedure for water-- ....m.powmalmadwomwommilwwwwis 5 
~.110411M010M4WORID.1.11041041M011.11.4MIWNIMPOWNWIIINProcedure for soil ........ 6 

Gas chromatographic analysis------------------------- 8 
Calculations 9 

--------------------------------------- 11 
References--------------- ......... -------------------------------------- 11 

TABLES 

Table 1. Gas chromatographic retention values for TNT and RDX 8 

III 



CONVERSION FACTORS 

For use of those readers who may prefer to use metric units rather than 
English units, the conversion factors for the terms used in this report are 
listed below. 

English .Multiply by: Metric 

gal (gallon) 3.785 1 (litres) 

in (inches) 10+1
2.540 x mm (millimetres) 

in2 (square inches) 6.452 x 102 mm2 (square millimetres) 
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GAS CHROMATOGRAPHIC METHOD FOR THE ANALYSIS OF 

TNT AND RDX EXPLOSIVES CONTAMINATING 

WATER AND SOIL-CORE MATERIAL 

By D. F. Goerlitz and LeRoy M. Law 

ABSTRACT 

A gas chromatographic method for the analysis of both water and soil-core 
material for TNT and RDX is presented. The explosives may be determined to 
0.01 microgram per litre in 1-litre water samples and 0.2 micrograms per 
kilogram in 50 grams of soil. Provision is made for removal of environmental 
interference by use of an alumina chromatographic column. 

INTRODUCTION 

The high explosive TNT (2,4,6-trinitrotoluene) was adopted as the 
primary, conventional bursting charge by the U.S. Army in 1904. RDX 
(1,3,5-trinitro-1,3,5-triazacyclohexane), another important high explosive, is 
used extensively in mixtures with TNT as a semi-liquid fusable explosive and 
as a primary detonator. Because of the vast tonnage of TNT and RDX produced 
during and after World War II, there is increasing concern over the possible 
contamination of the environment by these compounds. 

Inherent in the manufacture of explosives, and in other processes such as 
shell loading and demilling, is the use of large quantities of water. It has 
been estimated that a single plant can use as much as 500,000 gal (1.9 million 
litres) of water per day in the processing of explosives and in washing down 
equipment and buildings (Walsh and others, 1973). Walsh and others (1973) and 
Won and others (1974) stated if the volume of contaminated waste water exceeds 
the capability for disposal by incineration it is disposed of by discharging 
into streams or ponds. Munitions have also been disposed by dumping at sea 
(Hoffsommer and Rosen, 1972). 
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TNT is toxic to certain fish at concentrations of about 2 pg/ml 
(micrograms per millilitre) (Won and others, 1974) and is considered to be 
severely toxic to humans (Sax, 1957). Similarly, RDX is toxic to humans, but 
to a lesser degree (Sax, 1957). Hoffsommer and Rosen (1973) experimentally 
determined that, after more than 100 days in contact with sea water, TNT was 
not hydrolyzed to any measurable degree and RDX was only about 12 percent 
hydrolyzed. Both compounds, however, are known to hydrolyze when warmed with 
dilute alkali. In view of the recognized toxicity and refractory nature, 
discharge of TNT and RDX waste into streams or ponds (and potentially ground 
water) may constitute a pollution hazard. 

Previous investigators (Hoffsommer and Rosen, 1972 and Hoffsommer and 
others, 1972) have developed techniques for the determination of explosives 
in sea water, ocean floor sediment and fauna. The following improved method 
affords an accurate determination of TNT and RDX in surface and ground water 
and in soil. The method is not hampered by the presence of mary, naturally 
occurring, organic substances that may also he in the sample and is, 
therefore, useful in determining the extent and concentration of contaminants 
at very low levels. 

METHOD 

1. Summary of method 

The explosives TNT and RDX are extracted from water or soil-core samples 
with volatile solvents. After drying and removing the bulk of the solvent 
the compounds are separated from extraneous material by column adsorption 
chromatography. TNT and RDX are determined by electron capture gas 
chromatography using two columns of different retention characteristics. 

2. Application 

This method is usable for the analysis of both water and soil-core 
material for TNT and RDX. These compounds may be determined to 0.01 pg/1 
(micrograms per litre) in 1-litre water samples and 0.2 pg/kg (micrograms per 
kilogram) in 50 g (grams) of core material. 

3. Interference 

Any compound or compounds having chemical and physical properties similar 
to TNT or RDX may cause interference. The procedure incorporates a column 
chromatographic technique for the purpose of removing extraneous material. ,1 
To avoid contamination, only glass sample containers should be used. Teflon f 
may be used for closure gaskets. No organic matter such as paints, plastics, 
oils, or drilling lubricants should be allowed to contact the sample. 

The use of brand names in this report is for identification purposes only 
and does not imply endorsement by the U.S. Geological Survey. 
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4. Apparatus 

4.1 Chromatography columns: General utility glass columns, 10-mm 
(millimetre) ID (inside diameter) and 300-mm long having a sealed-in coarse 
porosity fritted disc. The columns are prepared by filling to a depth of 
10-mm with granular-anhydrous sodium sulfate. An 80-mm layer of adsorbent 
is added, settled with vibration and topped with a 10-mm layer of sodium 
sulfate. 

4.2 Compressed gases Use gases recommended by the manufacturer of the, 
particular instrument system being used. Select prepurified grade or better, 
furnished in size lA high pressure cylinders (CAUTION: Never use oxygen 
regulators with other gases.) 

4.3 Concentrating apparatus: A Kuderna-Danish concentrator, 500-m1 
(millilitre) capacity with a 1-ball Snyder column and a 4.00-m1 graduated 
receiver tube. 

4.4 Gas chromatograph: A gas chromatograph having an electron-capture 
detector wRia, ?or an injection of 100 pg (picograms) of TNT gives 25-mv-s 
(millivolt-seconds) of response is adequate. A Varian-Aerograph Model 600-D, 
or equivalent may be used. (A radioisotope-byproduct-material license is 
required for electron-capture detectors employing radioactive sources.) 

4.5 Gas chromatographic columns: Two gas chromatographic colums are 
fabricated—nom lengths of pyrex glass tubing 1.5 m (metres) long x 1.8 mm ID. 
One column is packed with 80-100 mesh Supelcoport coated 3 percent by weight 
with Dexsil 300 GC and the other column is packed with 80-100 mesh Supelcoport 
coated 3 percent by weight with OV-17. Prepared and pretested column packing 
materials may be obtained from Supelco, Inc., Bellefonte, PA. 

The columns are installed in the gas chromatograph and are conditioned, 
prior to use, as follows: (1) Purge the columns for 30 minutes with inert 
carrier gas. (2) Turn off the carrier gas flow and heat the columns to 250°C 
for 2 hours. (3) Reduce the temperature to 225°C and allow the temperature 
to equilibrate for 30 minutes. (4) Turn on carrier gas flow to about 
30 ml/min (millilitres per minute) and continue heating the columns at 225°C 
for 12 hours. The columns should not be connected to the detectors during 
conditioning. 

After conditioning, the columns are ready for use. Performance and 
retention-time characteristics must be determined for each column by use of 
standards. 

4.6 rrlenmeyer flasks: 250-m1 and 500-ml plain-top erlenmeyer flask and 
500-m1 erlenmeyer flask leaving ground-glass stoppers and having spring clips 
for securing the stoppers. 
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4.7 Inte atin equipment: A compensating polar planimeter readable to 
the nearest in (0. 5 mmz) is acceptable. Other instruments or methods 
of integration demonstrating equal or greater accuracy may be used. 

4.8 Microbalance: A Cahn Gram Electrobalance or equivalent. 

4.9 Microlitre cal illary piRets: Volumetric micropipets in 1,5,10 and 
25-pi (miCT,317;777izes, glass disposable type are satisfactory. 

4.10 Microlitre syringes: A microsyringe having a capacity of 10 pl and 
an accuracy of t 0.1 p1. 

4.11 Oven: A thermostated convection current oven capable of maintaining 
150°C. 

4.12 Recorder: A 1-mv (millivolt) full scale response, 1-second pen 
speed, strip chart recorder. Such a recorder having a fixed or selectable 
chart speed of 0.5 in (13 mm) per minute is acceptable. 

4.13 Sandbath: A thermostated-fluidized sandbath, Tecam or equivalent. 

4.14 Shaker: A mechanical wrist action shaker having a 12-container 
capacity. 

4.15 Separatory funnels, Squibb form, 1- or 2-litre capacity. No 
lubricant is used on the stopcocks. 

4.16 Volumetric glassware, Class A volumetric flask in 5, 10 and 25-ml 
sizes. The stoppers should fit well because volatile organic solvents are 
used for dilutions. Volumetric ware such as supplied by Kontes Glass Co., or 
equivalent is acceptable. 

5. Reagents 

5.1 Acetone, pesticide-analysis quality, Nanograde, distilled in glass, 
or equivalent. 

5.2 Alumina neutral aluminum oxide, activity grade I, Woelm. Weigh 
45.0 g activated alumina into a dry 250-m1 glass-stoppered erlenmeyer flask 
and quickly add 5.0 g distilled water. Stopper the flask and mix the contents 
thoroughly by tumbling until all lumps are gone. Allow at least 2 hours 
before use. Keep tightly stoppered and store in a desiccator. 

5.3 Benzene, pestic ide-analysis quality, Nanograde, distilled in glass, 
or equivalent. Benzene is the required solvent for the preparation of 
standard solutions. It is relatively nonvolatile and the solutions can be 
stored for long periods in a safety refrigerator. Most importantly, if other 
solvents are used, reduced response in the electron-capture system may result. 
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5.4 n-Hexane, pesticide-analysis quality, Nanograde, distilled in glass 
or equivalent. 

5.5 Sodium sulfate, anhydrous, granular. Prepare by heating at 300°C 
overnight and sto77177tightly covered glass jar having a Teflon lined 
screw top closure. 

5.6 TNT and RDX standards: Reference or analytical grade chemicals may
mININMI•mml ••••••••••••• 0•INIMOMMOOMNIMM.IIMINV. 

be obtained chemical specialty suppliers or from military sources. 

5.7 Water, distilled, obtain from a high-purity tin-lined still. The 
feed water—n—Fassed through an activated carbon filter. The distillate is 
collected in a tin-silver storage tank, and the water is constantly irradiated 
with ultraviolet light during storage. A gravity delivery system is used, 
and no plastic material other than Teflon is allowed to contact the distilled 
water. 

6. Procedure 

6.1 Standardization: Each chromatographic system must be calibrated to 
reference standards at the operating conditions to he used for analysis. 

6.1.1 Ficogram standards: Weigh 1.00 mg (milligram) of analytical 
reference grade compound on the microbalance and transfer into a 10.00-ml 
volumetric flask. Dilute to volume with benzene and mix thoroughly. Prepare 
a series of picogram standards from this solution. (Example: Take 1.0 pl of 
the above solution and dilute to 10.00 ml with benzene. The concentration of 
compound in the resulting solution is 10 x 10-12g/p1 (gram per microlitre) or 
10 pg/pl (picograms per microlitre). 

6.1.2 Calibration: A 5.0-p1 volume of each of the appropriate standard 
solutions is injected into the gas chromatograph. The concentration of 
compound in the series of standard solutions should be such to calibrate the 
full range of linear detector response. The injection should be made so that 
the solution enters the injection port in a single volume and in a 
reproducible manner. The volume injected should be measured by reading the 
syringe before and after injection. Calibration should be performed on both 
the Dexsil 300 and OV-17 columns. Calibration curves are prepared from peak-
area response plotted against the amount of compound injected. 

6.2 Procedure for water samples. Samples (1-litre) should be collected 
according to the recommended practice for the collection of samples for 
organic analysis (Goerlitz and Brown, 1972). Special care must be taken to 
avoid contamination, see section 3, Interferences. The sample must be cooled 
in ice or refrigerated immediately after sampling. Shipment should be made 
by the most expeditious means so there are no delays in transit and so the 
sample reaches the laboratory during working hours. No preservative is used. 
Unless analyzed without delay, the sample should be protected from light and 
stored in a refrigerator but not frozen. A reagent blank should accompany the 
analysis. 
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6.2.1 Determine the weight of the water sample to three significant 
figures and pour the water into a 1- or 2-litre separatory funnel. 

6.2.2 Add 50 ml of benzene to the sample in the separatory funnel. 
Stopper and shake the separatory funnel vigorously for 1 full minute, venting 
the pressure often. Allow the contents to separate for at least 10 minutes 
and draw off the aqueous layer into the original container. Collect the 
benzene layer in a 250-m1 erlenmeyer flask containing about 1.0 g anhydrous 
sodium sulfate. 

6.2.3 Repeat the extraction of the water sample three more times in the 
same manner using 50 ml of benzene each time. Combine all extracts in the 
250-m1 erlenmeyer flask containing the first extract and drying agent. Cover 
the flask containing the extract with foil and set aside for at least 30 
minutes. 

6.2.4 Filter the extract through glass wool into a 500-m1 Kuderna-Danish 
apparatus. Add a sand-size boiling stone and remove most of the benzene by 
heating in a fluidized sand bath at 100-125°C. (CAUTION: the evaporation of 
benzene must be conducted in a well ventilated fume hood.) Wher, the ball in 
the Snyder column just stops bouncing, remove the apparatus from the heat and 
allow to cool. Further reduce the volume of solvent to between 0.4 - 0.5 ml 
by directing a stream of dry nitrogen on the surface of the liquie while 
gently warming with a heat lamp. 

6.2.5 Proceed to column chromatographic separation and purification, step 
6.4 below. 

6.3 Procedure for soil sam les. Soil samples should be collected 
according to the recommende' practice for samples for organic analysis 
(Goerlitz and Brown, 1972). Special care should be taken to avoid 
contamination, see section 3, Interferences. Collect 150 g of solids, if 
possible, for soil analysis. Any particle size separations should be 
performed without delay and the soil not allowed to desiccate. ND 
preservatives are used. Samples should be shipped promptly to VI nnalytical 
laboratory. Unless analyzed without delay the samples should be protected 
from light and stored in a refrigerator. Do not freeze the sample. A reagent 
blank should accompany the analysis. 

6.3.1 Thoroughly mix the sample and then weigh 50.0 g into a 500-m1 
glass-stoppered erlenmeyer flask. Also at this time, weigh an additional 
10.00 g of the sample into a tared 50-m1 beaker to be heated at 130°C overnight, 
in an oven, for moisture determination. 

6.3.2 Measure 40 ml of acetone into the erlenmeyer flask containing the 
sample and clamp the stopper in place. Mix the contents of the flask for 
20 minutes, on a wrist-action shaker, to thoroughly disperse the solids in the 
acetone. Set the resulting slurry aside for at least 12 hours. 
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6.3.3 After allowing to stand for 12 hours or more, add 80 ml of hexane 
to the contents of the extraction flask, clamp the stopper in place, and shake 
for 10 minutes. Decant the extract into a 500-m1 erlenmeyer flask containing 
1 g of anhydrous sodium sulfate. 

6.3.4 Add 20 ml of acetone to the extraction flask, clamp the stopper in 
place and shake for 20 minutes. Add 80 ml n-hexane to the extraction flask, 
clamp the stopper in place, and shake for 10 minutes. Decant the extract into 
the 500-ml erlenmeyer flask containing the solvent from the first extraction. 

6.3.5 Extract the soil a third time as in the second extraction 
collecting the extract in the 500-ml erlenmeyer flask. Cover the flask, 
containing the soil extract, with foil and set aside for at least 30 minutes. 

6.3.6 Filter the extract through glass wool into a 500-m1 Kuderna-
Danish apparatus. Add a sand size boiling stone and remove most of the 
solvent by heating in a fluidized sand bath at 100-125°C. (CAUTION: the 
evaporation of the mixed acetone-hexane solvents must be conducted in a well 
ventilated fume hood.) When the ball in the Snyder column lust stops 
bouncing, remove the apparatus from the heat and allow to cool. Further 
reduce the volume of solvent to between 0.4 - 0.5 ml by directing a stream of 
dry nitrogen on the surface of the liquid while gently warming with a heat 
lamp. 

6.4 Column chromatographic separation and purification, for samples 
containing extraneous interferingco-extractives and when separation of TNT 
and RDX is necessary. 

6.4.1 Using a dropping pipet, quantitatively transfer the contents of 
the Kuderna-Danish receiver to the top of an alumina chromatographic column as 
prepared in step 4.1. 

6.4.2 Elute the extract from the alumina column using benzene. Collect 
40 ml of eluate. (TNT and RDX separate completely on the described alumina 
chromatographic column. TNT passes through the column with the first 5 ml of 
the eluant. RDX starts eluting after 20 ml of solvent have passed through the 
column, and is completely eluted after the passage of 35-40 ml of eluant.) 

6.4.3 Reduce the volume of the column eluate to 1.0 ml by directing a 
stream of dry nitrogen on the surface of the liquid while gently warming with 
a heat lamp. 

Note - The compounds TNT and RDX elute from the alumina chromatographic 
column in a predictable manner and this may be used to augment subsequent gas 
chromatographic analysis. 
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6.5 Gas chromatographic analysis. Extracts of soil and .:.ter are 
analyzed by electron-capture gas chromatography. Two chrom-lc-ographic 
columns, described in section 4.5, Apparatus, having difLerent retention 
characteristics, are utilized. The extracts are analyzed in the same manner 
as the standards and under the same, previously optimized, onerating 
conditions. Each gas chromatographic system, namely each column, must be 
calibrated to benzene solutions of authentic reference standards at the 
operating conditions to be used. As an aid to evaluating column performance 
the operating conditions and retention values shown in table 1 may be used. 

Table 1. Gas chromatographic retention values for TNT and RDX 

Columns 1.5 m long x 1.8 mm ID 

Carrier gas flow 30 ml/min nitrogen 

Column temperature 185°C 

Injection port temperature 210°C 

Electron-capture detector 

Compound Retention time (seconds) 

3 percent 3 percent 
Dexsil 300 OV-17 

TNT 177 217 

RDX 439 641 

6.5.1 The extract is first analyzed by electron-capture gas 
chromatography using a 3 percent OV-17 column. Concentration or dilution of 
the solution may be required to permit quantitative analysis. Proceed with 
the analysis by injecting 5.0 pl of the extract into the chromatograph, 
recording the volume of the extract and the volume injected to two significant 
figures. Do not make any subsequent injections into the chromato graph until 
the last compound has eluted and the baseline returned to normal. 

6.5.2 Run a calibration-retention-time standard and a reagent blank as 
an analysis check. Should the chromatogram of the extract reveal a peak that 
corresponds to either TNT or RDX, a check standard of approximately the same 
concentration should be analyzed. Reanalyze the extract by electron-capture 
gas chromatography utilizing a 3 percent Dexsil 300 column. 

6.5.3 Determine the amount of TNT or RDX in the injection from the 
calibration curve. 
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7. Calculations 

Each gas chromatographic system must he calibrated with standards. The 
response of the gas chromatographic detector is usually the display of an 
analog signal on a strip-chart recorder. The signal is recorded as a 
differential curve or peak. The area inscribed beneath the peak is 
proportional to the amount of material passing through the gas chromatographic 
detector. The time elapsed from the introduction of the sample to the 
differential curve maximum is designated as the retention time for a 
particular component. The retention time for a compound on a specified column 
is nearly unique and is used for qualitative analysis. The response of the 
chromatograph must be standardized at optimum conditions and enough 
determinations made so that the data may be treated by the method of least 
squares. During analysis, the standard curve must be checked by running at 
least two standards at different concentrations so corrections can be made for 
day to day fluctuations. 

7.1 Qualitative analysis: Direct comparison of the retention time of a 
sample component and a reference standard on both OV-17 and Dexsil 300 columns 
is the method used for qualitative identification. 

7.1 Quantitative analysis: Measurement of gas chromatogram peak areas 
by use of a planimeter or by any method of equal or, greater accuracy is 
acceptable. If a planimeter is used the average of at least two measurements 
is taken as the peak area. 

7.2.1 Using log-log graph paper, plot area of response, in square inches 
against picograms of compound injected. If six or more values fall in the 
linear response region of the detector, the equation of the line may he found 
by the method of least squares, as follows: 

neE( ) ExsZy 
m = notx (Ex)2 

and 
Ex2.Ey - Ex.E(xy)

h = n•Ex' - (Ex)7 

where 

x = injection amounts, in picograms, 
y = area response values, in square inches, 
b = y intercept, 
m = slope, and 
n = number of points selected. 

For the equation of the straight line, 

y = mx + b (eq. 3) 

the value for b, the y intercept, is an indication of whether any experimental 
bias exists. 
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Two or more daily response check standards are used to correct the slope 
of the standard curve, as follows: 

C= Ac (eq. 4)
As 

where 

C = correction factor, 
Ac = area of check standard obtained from the standard curve, 

and As = area obtained from chromatogram of the check standard. 

7.2.2 Calculationa for samples: The concentration of TNT or RDX in 
water or soil samples may be calculated using the following equation: 

Concentration of compound (Pg/1) 

AC-b Vext 1 
x 7777--x v x 10-6 (eq. 5) 

where 

A = area of component, in square inches 
C = correction factor from eq. 4 
b = y intercept from eq. 3, in square inches 
m = slope from eq. 3, in square inches per picogram 
Vext = volume of extract, in millilitres 
Vinj = volume injected in millilitres, and 
Vs = volume of sample, in litres 

Equation 5 may be used to calculate the concentration of TNT or RDX in soil by 
substituting the calculated weight of dry sample in kilograms for the sample 
volume (Vs) with the resulting concentration expressed as micrograms per 
kilogram. 

Recovery test performed on distilled water samples fortified with TNT and 
RDX at the 0.5 - 1.0 ug/1 level gave the following results: mean recovery for 
TNT was 95 ± 15 percent; mean recovery for RDX was 85 ± 10 percent. The 
recovery of TNT and RDX from soil is mainly dependent on two factors: (1) the 
ability of the solvent to remove the compound from the soil, and (2) the 
amount of solvent reclaimed at each extraction step. Comparative studies of 
single and exhaustive extractions of soil samples contaminated with TNT and 
RDX in situ showed that the extraction technique described removed 93-99 
percent of the compounds. However, only about 55 percent of the TNT and RDX 
was removed from the soil in the first extraction, unless the soil was 
allowed to remain in contact with acetone for 12 hours or more. It is 
imperative that sufficient solvent be reclaimed at each extraction step to 
avoid low results. Recovery of 93 - 99 percent of the desorbed TNT and RDX 
may be expected if at least 75 percent of the solvent is recovered at each 
extraction step. Recovery test of the entire soil analysis procedure gave 
the following results: mean recovery for TNT was 85 ± 15 percent and mean 
recovery for RDX was 93 t 10 percent. 
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8. Report 

TNT or RDX found, in water samples are reported as follows: at 
concentrations of less than 0.1 pg/1 the concentration is reported to the 
second decimal. Report less than 0.005 pel as 0.00 pg/l. At 
concentrations of 1.0 pg/1 and greater, report to two significant figures. 
TNT and RDX found in soil samples are reported as follows: less than 1.0 
pg/kg is reported to one decimal; 1.0 pg/kg and above to two significant 
figures. For concentrations of 1.0 pg/1 or greater in water and of 10 pg/kg 
or greater in sediment, specific detection must be employed. Identities of 
compounds in concentrations of 2.0 pg/1 or greater in water and of 20 pg/kg 
or greater in sediment must he confirmed by mass spectrometry. 

9. Precision 

Precision of the determinative step of the gas chromatographic technique 
is variable for multicomponent analysis. The response of one component may 
be considerably greater or less than that of another. Peaks of compounds 
having longer retention times are affected more by instrumental noise and 
drift. Under ideal conditions a precision of ± 3 percent may be attained 
upon repetitive injections of a single component standard solution. 
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