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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION I .::)jn33 spjoaa^j n
 
J.F. KENNEDY FEDERAL BUILDING, BOSTON, MASSACHUSETTS 02203-2211 

Sr- . _ s Center 
March 4, 1991 


BK. : 11 ^fl Christopher Marraro, Esq. 

Kaye, Scholer, Fierman, Hays & Handler O T u L i i : _ _ j L S ^ S ^ ^ 
901 Fifteenth St., NW, Suite 1100 

Washington, DC 20005 


Re: Pine Street Barge Canal Superfund Site 
 SDMS DocID 457856 

Dear Mr. Marraro: 


This is is response to your letter of November 16, 1990, 

concerning certain analytical methods used by EPA's contractors 

in performing the RI/FS for the Pine Street Superfund Site. 


EPA disagrees that the analytical method you refer to was 

inadequately described in the RI/FS Work Plan and QAPP prepared 

by Metcalf & Eddy. EPA believes that the procedures used by by 

its contractors were adequately described in those documents, 

especially Appendix G. However, in order to address your 

concern, EPA has asked Metcalf & Eddy provide further information 

on these processes. Enclosed please find a copy of two letters 

and some documentation from M&E which explains the procedure used 

to try to distinguish between fuel oil and coal tar wastes. 


Second, EPA disagrees with your contention that Section 105(a) of 

CERCLA requires that any analytical method to be used in the 

course of an RI/FS must be specified in the National Contingency 

Plan ("NCP"). As you 3aiow, each Superfund site presents a myriad 

of complex technical issues. This is recognized in the language 

of the NCP which makes clear that EPA may conduct field 

investigations, as appropriate, to characterize the nature of and 

threat posed by the hazardous substances and hazardous materials 

at the Site. 40 C.F.R. § 300.430(d). 


Finally, as I indicated to you on the telephone when we spoke in 

November, EPA is using the extent of coal tar contamination as a 

working hypothesis in defining the Site. However, the final 

definition of the Site will not be known until the completion of 

the RI/FS at the earliest, since its exact boundaries cannot be 

not known until investigatory studies are completed. 


L4£ 
Margei Adams 

Assistant Regional Counsel 


cc: Ross Gilleland, Remedial Project Manager 6 T o , 
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Metcalf & Eddy 


004609-0010-003-003 

January 18, 1991 	 'H£C ED, 

Mr. Ross Gilleland 

Remedial Project Manager 

DSEPA Region I (HPC) 

JFK Federal Building 

Boston, Massachusetts 02203-2211 


Subject: Contract No. 68-W9-0036 

Vork Assignment No. 10-1L19 

Pine Street Supplemental RI/FS 


Dear Ross: 


This letter responds to points raised by the attorney for Ultramar Petroleum, 

Inc. in a letter to EPA dated November 16, 1990. You requested that M&E provide 

a technical response to specific comments on Page 2 of the letter. These 

comments alleged inadequate documentation of the method developed by Enseco and 

used by Metcalf & Eddy to distinguish between fuel oil and coal tar in soil 

samples. 


Metcalf & Eddy provided Kill\im Associates (consultants to Ultramar) with the 

Final QAPP. An updated Appendix G describing the analytical method for 

discerning fuel oil from coal t»ar was provided on 10/30/90 with final corrections 

sent 11/7/90. The method is not "standard"; however, it is a modification of 

the standard method ASTM 3328. Modifications that were made to the ASTM method 

changed the procedures only slightly and should not have hindered the ability 

of a laboratory to perform the analysis. The only changes that were made to the 

ASTM Method 3328 were the following: 


•	 GO temperature ramping rate Is slightly different. 


•	 The DBS capillary column is used to increase resolution capabilities rather 

than the OV-101, as outlined in the original method. 


•	 The ASTM method is written to measure water bom oils and not oils in 

soils. Enseco included a standard soxlet extraction step to quantitively 

remove the oil from the soil matrix prior to analysis. 


It should also be noted that Enseco elaborated on the ASTM method such that it 

provided a more detailed description of the procedures than was outlined in the 

original ASTM method. 


Metcalf & Eddy does not feel that the modified method provided to Ultramar via 

Killum was inadequately described; a qualified and properly equipped laboratory 

would be able to perform the fuel oil versus coal tar analysis. 
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Mr. Ross Gilleland 

January 18, 1991 

Page Two 


I hope this response is sufficient for your needs. If you need further 

information, please call Andrew Beliveau, the ARCS Lead Chemist, or me for 

further information. 


Very truly yo\ir8, 


JP & EDDY, INC. 

Martha L. Zirbel, P.E. 

Project Manager 


MLZ:P0G:jJf 


cc: A. Beliveau 

C. Hagger 

Contract M&E Correspondence 

WA#10-1L19 
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Metcalf & Eddy 

004609-0010-003-004 


February 22, 1991 


Mr. Ross Gilleland 

Remedial Project Manager 

USEPA Region I (HPS-CANl) 

JFK Federal Building 

Boston, Massachusetts 02203-2211 


Subject: Contract No. 68-W9-0036 

Work Assignment No. 10-1L19 

Pine Street Supplemental RI/FS 


Dear Ross: 


This letter is in response to your need for further clarification on differences 

between the ENSECO method for fuel oil versus coal tar and the ASTM Method D­
3328. Included Is a more detailed description of each of the major deviations 

of the two methods. Also included are copies of both the ASTM method and a copy 

of the ENSECO procedure. 


Deviations from the ASTM Method D-3328 are as follows: 


•	 The GC temperature programming is slightly different. The ASTM method 

calls for an initial column temperature of 75*C which is held for the first 

two minutes of the sample run. As the run continues, the GC is programmed 

such that the column temperature increases tintil a final temperature of 

250*C is obtained. The ASTM method does not include a ramping rate. The 

ENSECO method calls for an initial column temperature of 300*C. The final 

temperature is held for ten minutes. This provides better separation of 

the lighter components and minimizes the total analysis time for the 

fraction. 


•	 The ASTM method calls for the use of OV-101 capillary column (0.5 mm x 

16 m). ENSECO uses a 0.32 mm x 30 m DB-5 capillary col\unn to increase 

overall column efficiency and resolution. 


ENSECO adds a soil extraction procedures as the ASTM method is written for 

aqueous samples only. 


Generally, the ENSECO procedure is %rritten to provide the user with more specific 

information conceming the extraction and analysis. The ASTM method for using 

a capillary colvimn is explained in Method B of the ASTM procedure. It is clear 

from comparing the two enclosed procedures that the ENSECO method is written with 

greater detail which we believe should enable a capable laboratory to perform 

the analysis. 
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Mr. Ross Gilleland 

February 22, 1991 

Page Two 


I hope this information is sufficient for your needs. If you need further 

information, please call Andrew Beliveau, the ARCS Lead Chemist, or me for 

further information. 


Very truly yours, 


METCALF & EDDY, INC. 


M / ^ 
^Patrick 0. Gwinn 

Site Chemist 


^ ­

Martha L. Zirbel, P.E. 

Project Manager 


POG:jjf 


cc: A. Beliveau 

C. Hagger 

Contract M&E Correspondence 

WA#10-1L19 File 
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M J J M W M W V lS«af«ai 

T M I X I 

O t a 

wa 

apn*w to ln l l « to« 

t.»ml, gJwL 

a j hi 

« i 

'ninwwpwMWBiMS"'Wf flj'Wf wv^wMWAPfMn^i^Mnie^ff Mrfwwi ivMfiMpwftr^ivyavjvvivtftir 
t f iM WT«w< t i i h f f n f r m m i m̂  iiOMwm rM|rimMMWi«rM«itf «lKhr>»/vnMn<<ito M M h W w ^ r •M*W«I 

WHtmilM, MtotWiMiiitWft iMttjmmtifKKiJi jffmjhtftmimi tn i toi »€nntmta0rmmim mm 
m0tffmrthtmtm«»m*tMTUAm*mmSiMu*.lfHmmtaufU»*Mi».r4 I tM. 
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OMlgMrttom D U28 ­ n (Ranpfnevad i n x  f 

.

•  I •!

• \ < l i i «  -

 • • J lj«

 • »«

 i - • •• 

 • • ' •• 

 H* • . •• . ' 
z 

. . ' :• Hj ' • • I I 

Btandardltathedtror 
COMPARISON OF WATEnBGRNe PETROLEUM OILS DY 
QA8 CHRpMATOQRAPHY^'. 

u
nhiw»ai»efcteiiiiiiiite»*M<iiihneiiiPiMhite»nii I III 'i'A''L*H****fegrL'**'"5g; 0) 
n,,i*7y^^S»i.;iaMtoiMiwMMiaiiYl.>i.>i*wWetoiM.*iM« ii i 

iM<4Mahiniii i i iM» ra). 

t  . flcapa 

I.t Thew madiadi aavar lhe eea»pa>leaa 
of pelraleani nth wenvetad fmrn water or 
beachet.whh •IM"froni']ten|wcl MWCM by 
meant of gai thiuwtegianliy (1> 3* ))•* Snch 
ollfl Includa dialHUte'hiel, Ubifcalhig eR, and 
CTwdo aM. Melhtoli ar^ deanlbad lar packed 
M9 Ctpnlliy t9lW9 M9f]fWfl 9P^|| Sn99f 
lin^a ditactlpn <llaaw hadnalloo) m dwi 
detection (lla^a lonlajMjpn and t̂ama phato-
M i l  k for WttW). '' ' * ( ' 

MV9M9 A^ff9CM9 * » I  7 
Melbod ttwM 
t.2 Method A '^uv ldM' i ' bw eeaelaitaa

aepcTeilott|MllhddBH'(Mai«M|herNepi
hntenfor wow bridttleMadnaltoa. Tka deal
^ M 6 9 0 9 t t M f l M 199919 99 9IR|N9y99 WPtft"
^fitm |p9Wloi9n I  M •l lMn9*fn9l99l9tnC VMCtf*

' den la l w l W aawfonante h an nd|nnte, nat 
a ttdHllnrtef l to tMina Inatiliilon dawtikm to 
thk Idenineailan of wato'ilMraa pahaleaai 
•He (4 to 11). T ^  M t »  t hawanar, eaffeto 
drcnmeiaaoea where tha tedtor ctowMaio* 
gfafffl can wMingnwn vaw ona nwen ma Bieto 

2, AifllcaMa.miMntnla- • 

i lAST i t ' i l i JmdK . 
' D i  m ttellnklato af T<taia Retadeg to 

Wal«r» . . . . 
D imBpeel l ln l lon t > r l l a ^ n l WtNr* 

• •D»4y Method fer Bcpamlan af lUnweml­
aHva .AfomuKe and NoaaaoniafKa f w  ̂  
itoae a^ M«b-aoati«'Oik by Etodon 
Chroawloiinphy^ 

D 3415 Placiice Ibr idcMlllndan of Waleri 

o•'	 honicOlh* 
03335 f m U c t Ibr Prianvatlan of Waaa- 3 

batnaOnSaMplte* m 
03334 rtoctfoca t  v nepamlan of Stenpte z 

MMdlcalkMerWbkfhoraeOai' 	 U) 
mO 3337 Metliodi Ibr Analyeialbr Setteted El»> O 

awNfhiWai ibanirOiW o 
1210 r n e i k i h r ( i H i m l D  M I m 

I 

1333 n a t l k t to Oto 

3.1 IdenliMaalian af n 
tennhwd	 hy aaMparian 

 i i l n i i d t i r i ea io t»ek 

o 
o 
T> 
3> 
m 

«ate< T) 

to die part 9H* •99 IUM9ni 

 ,99 t • • • 91 
f ineb knawn alte oMWi hacOTteclad 

anbnihted along wfeh lhe hnknown lor 
.analydi. A l pfaaani* idenllfleadon nf * a 

•9 t9 |9W9f 

• M m nf an o r tMwn • « by M f cnnnni he 
I RM9V fjfm 9M9iiyl i« PP09I 9 H9f9fy 9 l 9 i 

3 j ' T h o b t o a f a l h n i e phaiaaieirtei 

tor hi addlihin to tfw «awia toaUatten i 


I Ttew MMte* tw wrfn «»toWMtea et ARM I 
T l 

CMOTi a«aM i w u r f te* » , I * * > • • * * >
nie. OM«M» aniMMi w o J ia • m r ua fw 

» ' ! * y - p ' j g • • * * * ! • _ ( . 1 .^VM,,-,,*,„tiMiLiji 

o.<; ' i>iM^nii«^4«yMWiM«ii i)»v^i»at 
CB 

'ilni«rfi>i4 4MrMm»iJ>rK v,« i«ai 
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lor prflvidca a Mcoad. Independeirt proAla wl 
the MAM «ff, Ihi t  h , ilgnlMcanlly a ie i* lafor* 
nal ion k availabli Itom t tingle analyiti with 
thai detecllmi. 

3 J Many doM dmlarWea (wlihia uncef. 
lilMtea  c f wwpftag and anilyib) wW b« 
needed to eiUhlUk Mcnlhy beyond a laaaon. 
able daabt. t h e analyte* deacrlbad wM dittto. 
1)1 kh imnyi hot not nH wrnpln. t^caaea bi 
whkk Ihla mathod daaa no* cicaily MenlHy a 
pah  o l tomplea* and for Important eaeea 
whcra addtttotol cnnpariMnt  M « Handed to 
abanilbeii oonckwlaaa, nther anelyeto w l  l bn 
•cfUlMd, inch ea Method  • , and athar apptn 
prlate toaikodi (ftacttea O 3415,4.4). 

3 4 fcrh(eihod|l.iha«deaiphaited"llrao. 

b pNpuwd to ptvvlda • umpte Iran of  n ­
pmiTCrw nv 

•ft FMv WIVHUViM VC • • f i l l *  V W 91 IIIW9 
nethodi» laCir to rtaellM D3415, OeBal. 
ttene 0 1 1 2 9 , and Keeemmiadad rtoettoa 
£395. 

f . toteihiiaiae 

S.l Compoandi thai hnto die HHna rataA. 
lion ihno aa patialemn hydracerbona win to* 
lerfcta to Iko compafhon af the onknoam 
whk known ollt. TMt  l i pafihidaily ttne If 
anutai lat to vigalabtoall,natoral^nconftlng 
hydmcafbana, «r lpni>liwlaMnt ehamfcila 
ara piatawl hi inhrtlaaly h r i a emanate. I n d  ̂  
peddcni analyil i,  i w asabipte, taflrand ipeo. 
tmcepy, will aalibllih tka prcaeiiM of Ihcw 
cuniamlnnnte I I thair piaaenoe le awpeeled, 
AidnMl or togtttbli  O M can hn nawvnd 
effecdvely by kldbad D 2S49 to hy riaclleM 
D33}4(h la«wdO) . 

Nan t ' -MMHd0354Pvln ' ihofaaMwdH 
atehnnten. 

d. 
t . l nwhy  n / ReiveMf-Keaianl f * ' * 

themkite tkaN ba BMd to aH Metel Untew 
nlherwlM Indleewd h It Intended that ah 
naicnu ahil l oontarm tn the tpecMtendone of 
l to commkiea na Analydtol Raaiaate af dw 

OMaa 

AaMduaChanieil Sockly.* 
6.2 UnleH otheiwkN hdlcMcd Tefcrencea 

In wafer iheli be andentaad to mean nasenl 
water oonforniliti  lo SpetHkaiion D1193 . 
Type 11. 

« J A k - r  m Oto wllfe Iha nMne.|m«lMllon 
and flamcpliotomclrlc dateclorr, may ba ob> 
Uhied neing n faboialory pwa air gMwrator, 
or t n m n lero grade tank nipply. 
.  « 4 Cerrter Gto-HI |h.pnr i t^ grada ha. 
I w n la med aacanlar |aa. 

a J C>cf»heMiw<-Fw hto in 

4 4 M y d t o f n - H a r ato wfch tfie llnmn­
lanteatlnn and atma<phototoalrM datacMrat 
May ha nhtatead Mk t | a hydtogna geaoratoe, 
to itom a pnpnrlflad flwda tank anpply. 

i .T Mtthylmt O h r t d a - r o r Ma ta nlb«> 
aaw alinderdi and gliato wa d rankig. 

« A M*rMar<4«a««4rwa<lbnte-Normalat­

4.P^Warmnf fWmww-Cbioaata gtollly« 
normal peniana a taad  n r i 

t . i a ThtepAwir^For naa to optl i i l i i i i l i i i i 
nf aama phaioniatttei 

T. 

^ t .  l Wnrmnf rtoniJlMb 
n 9 y M 9 M ffratf9PM 9 f •pipV9SMMfn)f < 
19 b«9 l l f lM99 l«99 ,  9 f ••1iCt94 I f tAvkhn l 999* 
9 M y9f9 l i l l l t t W9 T99 9 9 ^ f f 9019191 MMtyv t 

M 9M( f9 l l99 9Mt9 l l99 l iNMf  # • 

2 4 ReMtaMaflMteWfv-BgndiMhMnaor 
n toradarwie, n.ociadccana and elcoeena to 
ayekheaane aohiltaa (IOO ^ of aach ditated 
to 10 ml wbh cyctohauna). ! • •  * i p imn lar 
dMaNa iHoAIJ . ! ) . . , • . 

. '  * * * 11 , 

f . lampllng i 

• . ] Oallect t fepretonlaMw lampto. The* 
method navo oepaade apon tha gnentlty  o f 
Mtopla avallabla. I f only a tkhi ehean  l l prca* 

•MiMi«i*»iMe*ff«rf«iiaMMiM*aM«)riWAM«t««a 
C l u i l i i l l«<«r>*~ l l m t f M C U m i t ^ Ma t i n i l l 111.* 
l y tan^a n«lM. IX  V M NMlnaeOft. I M .  M M V M I . M. 
r.Mrfite'UitaeSMMirtonMMtob'i •• 
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<|b

ant on the water, dm ofl  em bo ptebod ap hy 
dipping TPE-lluonKubonviHpt C5Q by 79 hy 
0.15 mm). Tha adtorfni praparltee of the 
TFB-naoroeaibaM can bn aahantod by 
teBg|hbig(oldilH)(ba iadtoa,«r by perferal. 
I rg «kh 1 jfr-mn hoHa <9/tanF). The i n  ­
nworocaibon i h t y i ara plaeed te a enhwnl. 
Tintml (law ) t r i n d an t id wMt TTB4hwm> 
carbon or alanilnnm.UMd cap to ivnM p lau t 
etoeraontamlnntfan.'' 

i a If l lw nmp l i b no! to bo analywd 
wlihto I wwk» It iheatd ba pnaarvtd hi 
•enordanca wbh Medwd O 3333 haeaato af 
the poeriMlttyol haciettel d i t om f i d i l i n nf 
9 0 n M l p9 t9nM i 91 «M Ct9ipW« 

1.2 Tho eamyto ihaaU ba pcapatod «w 
anilyela In aoemdanw wUh Tracdew 0 3334. 
bacaow of tfw gMM toftely of aa te iMi and 
eiRnmiuneto mi i r t i ted wbh aollaering pa^ 
travewm one itnea tna ewtemnnwae. t aw pm^^ 
arailan preeadiM ateaovM trat i r i partlcniaM 
aMMer and eephehiaii <hlgh mahadir 
WttH^R COMB999flmV ^BM w999l 9Wi9  9 ^ M 
dw aalnato and aUbcdaatr dtotlra Ite m a M 
die). 

A-.PAaiBD CaUOMN 

9t'Seepa i •• • 
9.1 Ihamathodfaeppneehtetoeanipteaoi 

raiidna. * • >•'• : ' 
• 1 . . 


I f . ftomaaryafMaAad >>. 

10.1 TM l malhod aato B  J M «hramat» 

giaphie yeckad aolamn ayttom tat the eeyn* 
ration of pattotewa kydtocmboM. Tna ar* 
llaani n f lha eahuMi may bn dalacMd with a 
llanM4oahBdon dmaelor,  o r It may ba apHt 
CI't-2) hatwcaa a amw lonlaatloii aad • 
llamo phoieamtila dalacter. The flmM pho. 
tomatrtc daiacmr le a^alpped wfth • aarraw 
handpatt toteiteianto Mier Ibr epedral b a a . 
thm o f tho nUto amlHhm al  J M B « . Tha 
lahtlva ptok the afoach i impi iant  ( M todt­
cated by i i i intfaa itaa)  af rHwiamd oi l to 
•emparcd vtnall;^ ddih thn rahdva p n k aba 
o f aach oomponani (af Nba tatendan tbne) ef 
the Mipeeied eewoB. A dboamlon ofgae ( l ix^ 
maiogMphy te pteeenled  i n SUoonimanded 
PnelteeB340l 

Hon »-Thh  a m di l i i t i r mnhidh bead en 

02211 

dw Mrtrwatk dene by Kelin <»), Oiria  W,  i M 
Adicfd  0 1 Kcka  u d Oaru einwMly na a wdlMid 
* a l dMt not twploy an enatnt MlH hr itewtonn. 

Z 

10.3 tolMitoalfiod.ahrthmafthiMcte*. 
lalU hydrocaibnaa nccnn geneially In oidir et 
Inaeadng bolllag patat. 

(0 
ILiMiparatto 

l l . t dtoHMtempMr Ottewiii Oelamna 
May ba pnchaaan to pnpaiad by the analyiC 

l l . l .  l OI'-MI*-WklM«.by10-a(1-«Mnby u
iwhhQLOI2^.(aLS. 0)

Him} v o l . podMd altf l 40/10 toatfl 

aaib W* faeld waehed and 
 •n<A«*0MCI)«aated) ;D 
irt lh M w d | M « « f O V . W I . 	 o 

H J CeeOieemi«|i<yl A i u m n i i t d d t o 	 3 
m 
z 
VI 

T9<^ to to had 329*C tor hawter nth #i(ghw r> 
ia l ln tdHatBMdtoH,> i Ra i^aM^ o 

Il i a i rnr l%M d^ ~ m 
a a h e a ^ b t e a f i 

; and  d a to caenbh I o 
ol o a a t o i l t t i r c 


I I J  J >^ i ia ie f to»-Theniaofghmhj to 
 Tl 
3>tor ba i r tadmlcan ta ' 
O 

mriimneihMnqi. . m 
HJJItewetew^ A . TI 

9MlMI9HiCtOf iB9P99J999M fof •MC999 A * 9 I 

nddftieaa Bemi ph t lM i t l i h dtteciar whh n 

394 wa hatopMi dtat  l l need tor darf <' 

tfail^N.IUID.*'* 


i lJ.4<jghetoJWton  An 

^ a t y a n a t t o a f U 2 ( F n V P r D ) t e i i ^ a h i d 


1 U . S I B w d t r ^ tfr^rmer Oaapmeea "• 

A divtea tor heJtoa hbnd of a fch taaa 
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'A 

' ^ h i B i i e n i n n i l i l a i a i n i i r a i 
haMl te i i l i i i e to M t V w a ^ n w t i i J i 

•TM toinrMalOMk iTAMII*  XnOwn.  i f AMI*,, T M..•V^ 

amiiktead Tt 
7> 
Q 

nit * l * M r <iM Hkw Mdw MM to*
iiiiiiiwUn •MWiM âvui-iMM.TtwraKM*. 
m » t ma,*t t*mmf»mm l imn, H M M R . O M  . r t o r S 
MCIH Mnvlt I M M M I sC llM ta< (S 
i M M I t a n MM toha  l i ina Ul• n w t ' f

• i f  I f W I W T twnwi toMMl JM^Q. 
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• C))
le^joired, when a i b ^ a llamc'photanwiTfc da> 
tedto. 

I l . 3 j i Si i 'Qi.ClMrr lUeorAr-Ai l i i iMbat 
teooidai l i r e^dnd to mcawwa l i i leclm N> 
•ponw al M M c d i raaga af 1 mV w4ih a 
totpoHi rtm« of 3 a (or hm). A lecond 
reemder, or dna l^m lacordir h re^nifed tot 

I I J i y t * W f - A nactoeyitage a f t f j to I 
ftlcepndty. 

11,4 Gto T><ipe-Any eoaamrieally avam 
nbte gaa filter teapa to N ptecMl to Ibw to 
vemavn irecn hydracathon end water Impvit* 
Itea r m n ww hel lan, hyditigin, nlieogan. mid 
ah gaaaappltaa. '* 

11J / r  o Umarfea « ^ l t o n a t 
to hdl iHto aampailim af FFD 

12. 

13.1 	 fat dm 

I 2 J tha i n i l tha dowmbeam and o f tfte 
ajniato ann praetoelea a a miner faa wpply 
to a'gaga praa«M «f appraihnateily 15 pel 
(103 kPa) ahoto NM npteartagpreMato. Iha l 
oa Ine cyliaww velni end oo tma tho pcatetno 
gega. Ctealdto'tha eyttent t||hl If iMipniMnaa 
dwip te aotod te 10 to 13 a in . U  n n amatf 
aaannt nf a^naaw anap aetotlan to Incnto 
minor faoba. Dw nto a n da aaay whdtew 

I thn nnlimton deteelar.* 
13 J	 Cahawa CbndWan/ng f i f I hm Ct*. 

Nwre 3 - l b r 

tolU. 


12J. I Dhcomiactihaaalumnatlhadeteo. 
tor end to tvaU depoiUhM of volaUha on dte 
cbeectotfe) dnrmg condhlonkig. 

13 J .2 FMlMih ly pnpand odnmne. paw 
haliam dteangh and n  p t to eidnnm whh n 
bnteoraiatoieniteeIpliig.Propadidnd««w 
to 333K: and hnld b r 4 h. Cool and nnwen 
Ito plug. Poe oldw eolumM, piOMed direetly 
w l i h S w p l 2 . 3 J . 

12.3.3 AdMtf te to tTtergaal lawMhid l ­
cmedtoTebtel. 

t 2J .4 Xataa Iha totamo tempefmara to 
275*C and heU kt thb lempemura foe I h 
wkh twraMi eanhr flaw rale. 

13 J J hmewa the colaan tamyeteton w 
SOOnc and bokJ HI dib tempantan tor al 

 Duia 
baa 1 h wlih iMrmal carthr flow, 

1 2 J 4 Inctaiw Iha n t u n a temp^ntwn In 
335*C and hold ovamight with tfw aotnal 
n n t e r How rata. • 

13.1.7 H«a(to350rCindholdbr'Ah. 
1 I J .  I Alter eoadltloning, aooltha labmH 

and oannael It to thn datocior(t). 
12 J .9 Adlai l tha hydrogen and air flow, 

and Iha abAydMgan Itow rarin to tha dttow­
toe(i>t M tpecHhd far tho hamntenl hah^ 
need. Ignba tha Itenwd) <pM 12.4 b  t npd* 
mfauinn). 

12,3.10 Adhat d a cnrrhr | w Ibw « to* 
dteatodtoTdbtel. 

12 J .11 r regnm tha lubmn tomparalan 
M tedlmad to Tabh- I , and hold to dm 
majumiim tampatntmm whin moaltering tha 
offlnaac Ktharaannopaahetotboebaewat 
ngiato wid Ihan h mtotoiel banVna diHI M 
h||h tompaiatmaa, then Iha cbtonn h eaa^ 
m t Wm% 9l9ftfWlM f909IMl|a99 No 

12 J.12 Ratnni «ta waan tanpatmnia f» 

12 J.13 i f dm oohtoto h to bo anaad w 
tiofiQ« 9I1099MCI 99a mm 9Mi 990191 ift t 
99l99Mn W M  9 W t COI9I9A • l 9 M MHM90f 
9V99 M l t f 9 S 9 9 l 9 9 9 M ^ N i l 99HByt i 
aO 9yVM Ml f09 |9 99fl |99lp9f9lVI9 
w i m i w Mnj • w n n m n i N v o m w R t 

12.4 OpdalmHii i 0 f O a w n M i - A d H l 

w T M f p 9 9 M t N f 9 f i V M 99Cmtf0999 I _, 

bteeder ( I I J .9 ) . X M tyOohnmm far PlD 
oplhntaatlon mid tfdo^nn b  r Uw POr nptf. 
9 l lH l l09n 

12, Ofwalhn CbBdid'wi tor Andyt f i g b t e i 
d , f , 4 ) 

Nam 4>ORe ef tta probltae tetaaeaily a» 
eeaMtiedjMth ito lltnw ptoMaairle towctar h 
^MMMAIK 99tn l^nit ••W9MI 91 HVVTCl SCI 
tefMted nbhtto lempto. Tto leeaamwaiedtMapte 
pwyeteilcn pnMdMe evoMi Hrii attoton a ito 
i taa lima tea h piMiiu Ute aae^tawB Mwptae, 
far ttewt *ba ma* •oMiiMtr Nib preMta, a 
tinpte awancadfrntoi been rannad m «kkh 
cemtoi el leveritea Ihe todnifln |at aad ah/ 

Note 4-See dw nwaatactaatyiianual ter 
awlMcMaci bifMaeiteB far dw PPD. PMteM 
niae ytolanMite Mia ihoeld na ba keeled abMe 

iQf

SSQ^,a i t l c t t I t oyke iewta r I t M I M . I . . . n , — . . . . 
to«M »an« to Hlitr t f t t n i oMi r w i to t a m a to 
toitad eb««« iT i rC , r t i todkelhr. h a i y to • 
Miy le aeiova Ihe Bnn i b l end t ken h 
Hhnni ((irctetoient)te a« alliatenb bah. 

13.1 Operaling«nndl(lanara««maHffated 
ta Tibte l  l appatalna npamtod wider ihen 
eeiidlUonMhoidd K U e  n paitlal ntohithM ot 
two p i n nt nannal and bopreneld fcylfanca^ 
bom fcand In many, htrt not aH. amde eita 
and onteto paltolenn ptodntta. to nrdar ae 
aamrienca from tha aalnnm, i h i N « 
dtcena and prbtana»and foindeeaaa 

I S . l . I Bach'day. analyM tfa. 
mfatora toteetthaaoltonn 
hoc	 Iha toMrnt 
maly a^nillbrate thn 
Anntototdelaat). 

1 3 . I J Ap0ly annat pinm^aa » 
fMN C9l9fll9 p9fm9WBCP m M B I ^  H 
yV9l99 Wf td tOl i o f MMiplM <999M9lSf 9i |MW' 
teww wil l changa I ta mehrtai pawar of dte 
90Vtonv9 9 n  9 f99 

14.1 In 
UencMy 
tag chtnmatagrama «f a tpai whh ta 
h nfllctewi to nato date dtatoa at 
Wtnilllcmlan of am 
pamnla hydroaachma te laadny matana oy 
coMpetIng their tetontten 
hnm knnwn n^ntkane (tendiidi. 

14.1.1 IdenUlktotan of peek! ntfar 
•ennal pnmflna b wal tokievad, aaaipt ta 

14.1 J Compnfhonnfpentowkhttai 
Tcientlon tlmea ta i t a known and • ' 
n i h h aho atada wfrii Ttoped W MhMtea peak 
ihe i f l f ad|icanthaaki.'< '* 

14 J To determhw thn retenitewthne nf 
normal petafflia. I ta b ibwing pfocednn to 
reoaminanaeni ,. 

14.2.1 Wlthl tacohimnalAatehMtfpet­
attog tempenlnra. to]ecl 0 J p i af dte Inoam 
MhMre of nonnel patofllne (11.1). 

14.2.2 Tlini an i t a recorder and math I ta 
Injeciten pohil on I ta neacdir chart. 

14 J J Ad)ntt I ta hwtinnani anenaadon 
19 t ta l t ta maxhnnni papk tolghte a n on 
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14J.4 When Iht teitpetmlnre pregiea b 
oampteto and Ito heealtoe M t aeblilied. coal 3> 
Iha ovefl to tha hritltl tomperMtot. Z 
, 14 J .9 HaainM tha MUaitoa time In mki. 
• M l toti teaM twoa%nincanl figaffa bteach 	 - J 

al pviOta to tha known mltlnin. « 
(0 l f . lbncedBMbrnl 

 H ^ ^  ̂  ^^^a^M i^^to ^^i^AMmA^^^^^tf a ^ ^ M ^ ^ a ^ Shto M l

(isa) u 
19J gaiwdwaiilpcitoaeeeerderpea 

aitta 
I 5  J TtodgtodbdMatonatbathM 

Ine, )al bate, karnelnaa, and No. 2 tod od^ , Sr f
tafaet 0 J H  " f •Mopb dbacdy tato toate)a» zlion part whh ttaeatown M teWalnpeeaitog 

U) tennaintwa. N  r hanelnr atfi. I i iadi i ih i Ml m 
IS parte nf paamm. beCaa teleedag dte a.2. o o 

I 
m 
XI 
o 
o 
TI 

m 

to dm hiatal tempefmare. (Tbb b 

antomatb b  r mna toatamann.) After wee*. 


may no anaiyaio. 
19.7 A t a r oomobtlon of i ta ane^tte, ra* 


eerd dm feBewt^ladmmelton be aach tel of 

tengthanddbaatert 


ftiold phan and w d i b i pertanM toPPort mn. 

laritt and meth t to i i toMal and laai aataan 

tempaninew; piogimnateg rttat emria g n 

l ow mta; datectnr manieaM and bijecdan 

part tampaeatneea: t t  O taeler lemperaton 

(tf aeed): hydrogen and ah flow n t a  ; bi(e«­ TI 
lion port e  ̂  nnto and arflaeto tpm rttte <V 3> 
aMp|oy«d)i MMipte atea aad eaipl)*er reoget. O 
(HUbbar ttampe aw ••Mmeretolly •valltbte 

m 
. 

Which IbciKaM dw (acardteg af iben daa.) Q) 
154 Prepaw chfomaiogtaaw o< mniptee nf ea 

known otigjn. thm te. from patendel f—— m 
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(na ISJ .1*15.7). 

M . tatorprtlallMi 
l«J ffaab p/JbicMir-Tta maldilaf af 

oS mmpha b ainalhlty a yteflllag tochnlqua 
taad nn tta peaaha that tdimical olh gtea 
identical chraniloimffla. Nemwlly, tta 
maidiing af n ipSad oM to • mapael ell t  m 
ta aaeowplbtod- by annparbwi nf i ta t to*. 
natognaa tar oodl nf tta eHa to n tpn cnn. 

I h  J Oromategram featorm-Tta ntolor 
betaaea of a dwaamtegiato nmd b i nmya^ 
han nw Ibnd n Mlowi and an WaMiaiad ta 
yige. 1 and 3 bnabinmbtogiawaofa RnwiH 
erode all wdibb d i f h l n  o to wal to IVO 

* ^ . '  t I t  a WD«towehonnn lypfeal aep. 
9 n t M I | 99 l9 W9 IMC9M4 9 f 9 WMIWOfOM 
HCfNl ra IKt fMH |MM9fli9S| I  M l lOpmiOM fHf* 
9VnCM«w9al9 pVeaM9B 99a p9J^99il4 199 99f^^ 
m V v W tofVTVI^^V H n W a l ^ n ^ i V m v l v W ^totoKton WM 

td dtew bamna Mi niad to chaiactorln m 
o l , 

I hJ J Tta m oatvo hto bwM nadlly 
9KV1D99 €lMf9CHIlMCtl fflflnW n CfVM Cn9 
wnieW ealfar praOte gentatod by d  a deia» 
lor. It b wteM nnt mdy ^aofltelteaiy. tart 
^n^mla^Mtoto lA#ma^^nflw WInH|BBimM*l*MyB 

I A  J WradtethyClJOtca; 
16J . I MVheii anaW h atlted an open 

W9iCft 9 f A IKilffFWy V M l l ffll099fl 01 Oil Wk 
wUOf dbremid ta an an« nch w « WIga 
lank, waeltaitag wilt paognn npUly. A thin 
endl an opea tartar may b  n tlpilllcani 
«nMauof)ttoatoPBneMBBptoM.C*(27l'C 
atamtptaile taRtag point) tnihto 48 h of 
bcteg ipined. It l l taiportniK to ta r tv i tun i 
ef rta eMada af wealtariag tHa»analyalng 
ipllt mmplci n o  n Iftnn a bw howa aid. It h 
•uviH(9f \u ^no^TV ow J •9DIV pvnMni Of 
0mm^o^%fm IWHIHI 9bo9t pe9la<w9ne k 
QfdCf 10 HMOlnrai 1119 9fiK9C9C9 fvs9lun^ 
Irsni cM9fln A  M lo wMlAcrtafa 

14 J J UghtdhdltfabehwffltalMrvlva 
heavy waaltotmg and ta'to bw bydfocnnwne 
dnwa Cft. Cbmpadaeii nf tfa leikton af 
dwM olle can aniy ta dona ^aUlallvaly­
bmn lANMt Ct-Cd. 

I  M Ompafhoaa/ChromategranK 
144.1 Noraiany a direct BBwpaihni of 

chnmidogetma, oantldicftag tfa hetuteacnw 
mtnted rtMto, wM aHRtoo fcr cdMbMng-
Uenltly or nwiUendtytatwoen nmptee. Tta 
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matdring. wiiliig dirfctcneMar dmlhittha hi 
ntateo peak aha. l i tta chtommogfeflii am 
Ita tofflnan Ita baili ef pe»fc*be>peak nilcb> 
tag. dtera l  l • high dcgie* ofrrDbabliiy tfml 
U l i M 9 l f l M 919 H09I 199 #9919 l09fC9« A 
• i fomlcl i l l obtirifltd w i m A o m n v f 9f9 
i m n O O l a l l M C[|f«m9C9l 9 M i r N « l  9 I9< l l9 
p n n w n of oo« or oio«« toiwye9iHH lo oo9 
•9 i |pn Mpflwi to VHWHrov no in loo l oKnci^ 
9H0M i9 VtntWI llllC9HtiC90K |pC9ll f9Vp09BCt« 
Of oon* Spni fl9npK9 9My OMMOIO oompo* 
nCOtI MQI n lOQi tw99tflf 0Cl9V|C9l9« (VH* 
HCntf la p9ni l MMclt9n 9lCw T I N p f M t O M Oi 
099 o f 90O OOOIpQOMAi 9 i 9 t|NH M 9 l p l l i 
oiftlcB flvt onoirt M 910lp9Ct« l  i M  t mlCPli^ 
91I9 9HlC9llV9 of MMnoiily n 

l T . l b f « l 
IT.l •toednpewttavtamlcompnihonor 

chaamatograaia, and ellar cnnddetbig I J  , 
10 J . and IA4, npart ita tmapto of nnka 

tatongh« to ona of dm < 

•I7.I.I Maea-Ute onn, or nona. af dm 
nmnba albnalited be •atnpnrlam. 

iT . lJAwtaMr Sfa«e*-Llta mm. ae 
toon, af dm nmptea Mbmhtod br amnpad. 
aoa, aneapl: (a) tor changn wMch ooald ta 
9Hn99iB9 i 9 19Mfn i f f9 f ^flfWOnlC 19^ MOW^ 
nfae wehM peak haae^, ar (») dl lbrancn 
MbbHtabte to ^Mdlfe cmitanlnalton. 

17.1 J bAamntaate-Uka ana, or mow, 
of da nm|nea wbmlltcd n r oompaneon, 
aarapl b r certata dineraneaa M to 17.1 J of 
i t f t n OMftlllUOi *9M 9 W Ml^QiMOli IO flflOC^ 
lata wtaltar Hm mnhnowii te t ta wnw od 
999VO^ OOSIMVlOn Of 9 oOUIiy OlOOfVnl 09» 

I 7 . M MtonaaA-UaMkn dm nnpba 

INtftWOO B-CAPIULAmr COUIMN 
paOCCDURK 

n. i i . f I  n *g w9l 9I9I§ 9 Cljrf l lMy 

19. iwmaatyaf Method 
19.t ThtemathadmaheennofagMehro­

aietagwphk eapltefy enlnmn eyatem far aep­
aralion of pelMham hydroombone and either 
n  o or FID and PTO Ibr thah meaiatamnt. 
Tta tetetive peek I I  M af aeeh tompoaani (at 

#

faidlcalad by niMilon IfcM) from a ipM11 
ph l l compitod wbh Ita tataiivn peak t i n of 
aach eompownt («(llto ratantlon daw) af • 
dmflatly pngpamd nin(M ntna ita nipccleo 
mmitn.-Ptae, Mdhnd B h badcatty da nm* 
to Malhod A eanpl h r MM an af a li%tar 
raaotadoa eoloma.. . " •  . 

I . ' 1 • • 

20. Agfonteb - • " . > ­

30,1 Chw>wam|iap4fc Ctbmn ( m l l . l ) ; 
20,1,1 Or. lOrVAOAMn.by904l(ai> 


mm by IOHH) liippMt aaaiod npaa wbnbr 

tICOT) natetentoed aatamn. 


20J CnCbwMawgtaph<toa l l ,3)~Tta 

aanm p  i ctoomatognph mad to Matbad A 

may ta and te Matfmd B peadded b taatta 

996miff^ iMnilfl 19 4 

lOJ. t O m t t ' O m r m a m t Hegnhmr h 

l ow eontiofteia *to giro mora p n d n now 
l a m ta the low llew rengn ( I to 9 adbm) . 

30.2J e j f imnSf l l i l t r h ta^almd be tfa 
ootamn n m n n l . wtth a ipM mtfa af t • 2 
PUWrPD. 

20 J.S Owdw Om t t a k t i ^ te 

d a oHtoent end o l t ta ootamn whha 


29*3 ommtcm ^ A oyoov^M 
don datedor aad tor dnal datecdaa a lama* 
photomatrte detector (  ̂  11 J.S). 

30.4 »ri|p>Cho(t Jbeofd>r(eoo 11.14); 
SOJ «fhfW9ribge(aao 11.3), 
ZOaK Mmtmfjm WMftmnm Ctmpcmm fpm 

UJJ) . 

21.	 T a a l S w f b O y l M i l ) 


» . t Udnt I u 2 ail of HMI 
at pamlto' 
wkh fncih la " 

|l> Adhrd,B.a..»Aa«dtwofMedW«tterme 
ManiMkaten ef toftoitat H^awcaton fto-
WlafVia OM SnW aHS M v Q i V l a ^VBfWBP WW I W 

tuHimt afrttMktm, lirBA, Vd M, » n . 

O) CNi*f, a. I . , -Mtallhalet ef (M Letkt 
win I f i i i l t , " r M t M d l M I •« M  M CtoftMMC 
«n Pttvtaten mt* janw"«^ d Oil SnMli. 
Anwricov n99lMM9 iMnlMlfp ArUfCOa 
i  n I. p. IIP. 

O) Zanrtea, O., llaeM. H., nd Mytn. I.. 
•xrerMteiten at Olb a  d oA rraaaa bf Om 

0 

K M d h a d a f I 
a i  t AatadiaMaOhil 

21PnMdmabrai 

D 
Z 

-0 

(0 

09 

IdaadMk 

3111«h te wbana « tabtel ofaidag s 
tempmdna. h^ad a OJid aaafb tato tfm 
b^mttenptot 
. 2 U 8 M I 5 A z 

rri 
O 

• 312 l  u 195. 
- 19d I n ISA O 

I 

294 Pmp 
tn 

aftamwaaiWatatfmi n 
IS4tolS.T. o 

Tl 
3> 

H  I tfnebnat 
SJ( m 

TI 

ISJ I  n 19.7. 

l igMtt f iUlUtodaa 	 H 

211.1 Jfateft (ma 17.1.1). 

211J f lUa l l i Mmrt (na 17.tJ). 

311J liidiiiniil (tto 17.1 J). 

aiMiNlmmN*(nal7.L4). 


nuMc Imitenbn TMated OaFert. ten . 

Hi Qaae.M.e. Jr., Mwh,3.,-CtoMcWitatoa 
•r Ctoto, to^N««id Md lUhM* o»> to TJ 

3> tit Jrtom mStTMmSan, ^ M A  . Wd 4, 
IVT4,f. 24*. 

m btac, A. r . Otoa. N. N., CtoNlte, H. I.. 
CwOHiAffOB n,« 9M9 SlOfCNg m, IM« A  9 CD 
teanvta Ttdatew l  a OB MMwMnaM ta 
UtMg Dad Datcilai Oa C1neatM|»ey»y.'* -J 
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Adtlyltal OwaWiy a d Apytod fpaaaa- <M|Orfca, , Y i M , M, U aed OapM. D. 
'  " "denaeaChMaciaftota af lto Mtlper 

m rSatew. O. A., May. D .« . , a d i M a , A. Mte	 Da*) ^wKMM rnOT(MM4lfl1fl Dd44iHfa / i f lP fM i 0 T 
p., ••Aiyk wiii w rfa Kew adibc T>«W«MC to jcraa, Vd iattnWiiWe o a f fM MttKltettten.** t v f t t 1*70, p . 
s i f . i vn laitoHiii OMhMMt Mt A M ^ ^ a t ) MniVy. M U . "aMcNb Om 

Otter ia r *^  Chaw  ChianaaaMpAteb BnyMt Ottedar*/*c d Ctt ieto i j f tad A f y l  M iMclieeMpy. CMWoa. Vr i4 , i n 1  , p. 419, |T> A l t e t * . a . a . , 0 * t M r , L. P. end Ma i tone , 	 4 , i rn , - ' " * ~ f l l ) I taeah, D. P. I . , and I I W ^ M , T , M . 19a> 
nam StacilM Oiuitaw ta Oat CWaiialn 
Many. AntnrtMi Caeaanp, ANCHA, V  d 

OH Kthn. L.Vl(KtMa, O. r , n d Qnpa. U 
"ChMaderhaten end Mkndlleaiten e fOlh 

V^^^^^^^^ l M a^^^^^^f ^  a ^fta^i^^^^^^a^^^^^^m r W ^ ^ ^ B w a # n n ^ B B WM l a n r V M l ^ ^ a H n ^ M i m V^VMI9V9 NOfli CnV OOlifSOBRiRiy 9 l i i f 9 f n O 
m t e a l M i b H t i t o n d A G i r ' - " nw j a m , VM 13, md, P > > I A > ^ 

IfTO. 7a Be law M 9 Q o n i y i fa 6*1 n M N i m 	 4/dtoCtew. 

TAauti 	 tM.U.IM 

M t i k t o l 

^ M * . l y l»M t>Mw »y frat •a i4a , hy M « d . l —« to 
iN iMa l (Ma l l .1.11 naiin*iinito*to.i.o 

OfV^etaooT i » « <iv.4ai*, aom BM 
tW* iAVMIMia) 

ca* 	 3 

to
TfeWMMM*,^ 

V)«>toipta IM 

71 
ua gtn) m tnadfai jmnamafweaiD) 

totediaate 	 n k t M S a t e tsj-	 no in m ono) J ja gravf la) 
ssarnoiawompiD) 

» ( M | 
pBdOWFBHy B fliT I 
to-rlfite».|d a j 04 

••iiptDvryo) HSfPIDIPPD) 
' I tonatoaiawh ba idabae ld iaae 
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onat 

r? ' I 


^ f j ^ ^ i S o ^ ' ^ S ^ 

WlvwiWMi |Jip 
11 I 

0 : 0 K) 15 20 29 30 99 

. TtME (iBlmitaa) 

na , i I'Cl i ialnii i i i iaa ainoai). 

ANNBX 

At. 

AI.1 Ct fnaa l ta l iHann 
A1.I.I Tto hvd a( aadanaiMt af tto abta 

twWMi»Mt u t o a ,te ptnladat lto Mtef tnatn , 
mpScTeteaa, t  m to MMNieaa hv^idcdettea 
• t Aw fMdaten nf apMlnt aanpMfdi. l t o Itnn 
•MMtoitea" a dtftnSd te RaaamwMited pMCtta 
B 3M. t t o Mittatea vdMt ter MMid aMwMe 
Mt nad te-MWag edamn padmnawa b r drii 

dUptniha. 

A  U Piewdaa 
A|«S«| A l fWl>Oi9Wt tP999 f l ' i f * l ' i 99 i * iW* 

| i««t tWHaart ia(«a*adakaiMi i<l«. i r -Cl i , 
>ida<3<>HtotteantaadlaelMdteejUdWMn» 
m I0"ed vateaa. tteaae nt i wine t t lto n a t a 

j t  t tnny oat Itolr< _  I* iffOuClTn T I  M 
tdaliM a papemntea f v a l vteaMincaiMi i f t lCWMa 

A I J  J '. ledfiaanat •edMat, pa aewt, aut 
ItfnMfUlUOl f (MfMM9l i9 V 9 i aticib lto wnw t t 

i toci ionl lVAa.1. tet (to awtywtalawpltl toe tociion IJV A 0.1. aaaiytoadnM|l«a |R k f 'C l l iO Vi lWM w 9M9 lOf M 

a 39te 44 « flAeate recMacf 

mmtaten edatMo tee Badwd iwt iCOn* 
inpcattenaMiMMWterlg. A l . l ana A U  , 

T i J  J Vtoaadedantadaaaapt ton-Ctd 
md»CI4andte fn-CI*a idn<»ewdi i i ia te i i 
n d n henanwatoa matee a ssS. 

l A n A t - ' A ha t r dwa eyat^ ef I M to 2HB 
MmRMM OBI 99DfOW InS |NWMN9Mnn( •  • p w  9 
wMih. Tto aanaraaent of r r tk «Mh a tolf 
toteW aay ta a iwia iy tdmi peek idtognaaai 
UBS I P W O a n i l m l i l I I I ^ V I V ^ V VOTOB^B Wm V  ̂  ^ 

A " 
A I J . I TtorewMtenatcaapaaetefaawen 

yathed adimaaf g a d t n l lend t l , n d f c r i a > T 
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\ " 
 COMPARISON OF WATCRBOfflNB PCTnOLCUM OILt BY,.ra 18-16) - 11.6 
FLUORESCENCE ANALYSIS*.R(18-20) - B.0 u 

11hauto«ktoMde«toAaaMd4w%MllMDM9haa idate aiid>hto Imtei (0 

5 
y«ira«H«|iaifcyaaa,aitoMadw»tea^nny«i«ftoi ' teftaaUal taawytwatoi 
^BB^HV^naL^n Bi to«H*M«) Maili«W*ton*tteaawm twMtawiMtfMMl 

eniwlil<kM|a»niailiteliaiiil«a<>nl»iaiWiMa Itex 	 •n 
o 

1 , leopo < •"•'̂  " ' * ' ..p3339 rnMdn br afWhter 3 
hnrnaOnSamfta^1.1 Thw matnoa oooan Iha oamparwan ae 	 Z' ,03336 Pmrthto br mpataHmt dTwetefboaa pairatenm alte tvlth  o n warn poa. mlOf l9k9NDCHH9 9r^r9HIO099 \9Hrdbte aonroei bf manM of Bnoneeenn ipa^ 	 n

."0333I hbthoda br Canpedno af Wiffaaopy (I).* UteM'Tabranen br Ihh 	 o 
lOM by  Onmethod balndei (2) end  q ) tto laarewenn 	 I 

•nalyibtaganani aad (4|i (S^ and (4)  b r  o l 	 m 
OXM'Mdhoda  b r Oiiaperfmn of tlhtea. 7010 » 20 29 30 tpra idaMlfteetlaotaektoing floareaomea. n 

I J Thh madmdfaapplbnhletoande m 
D34I9 tacdn br MmWhartaa af tbte»ftfl9t9 p9trolK99l |M09CV» Mf Wff MflpW OlTIME (mliMlii) 	 htooeOb' '5 

OiOl 09« 09l9fQ9f99 99g  9 f M O I f l i  91 09* J * 
i 131 PiltaitlBMaf T<rmadndly*nl i t»aoil94 9i9lcrl«l. I M  M tll9 MRplM 9M«0i­IIS.AU 

lectffd toon oUtf A9 9 ipM occ9nn l l  l l ool fatkigtohfotenta tpatomnpy* 
TIB 273 Pmcdn  b r Oeieribtag and Inw<MaMitoieMitofitowaidtoaitoiainMMaeaaaaawdrttoawVM»»wMritotoawnnrfa f9C09NIM9flra l lMt O tM lW lOCil 1901fltf

• M i i ^ M l a y  i III I aiiitattoa>idirdltow^anawna<wr»tnadrnaarf3tojUwiteato<awaater 
^ 

* ndtoaHHHa af tltiavtelet. Tmbi^ 099ft« fc9ftaf994 990 NO« 1 nMI 0 9 l  9 f BOO* 
" • Hmrtabwad tpiaitohdewdm^ lyBM by i n l i i99inOOg 
• 192IB»Bmmiottwa elgBatnm itaaga rapidly wbh wealh.^^am ^^^^w  ̂  V ^ ^ ^ ^ ^ ^ ^ ^ m ^ V g p v J ^ ^ B ^ ^ ^ ^ t oTtonatortMtoaaaiataaayaaaydi . ^ ^ _ -- . . . ' - ^^s^^ 
I*": Odntom taailng. Soan Tto. 2  b d ale ond tf^ cnab 

nto mny nnly'ta Mandniibb npto2 daya
MJM»Mea»atfto«iiriiiiira<tori»Wiid||riia« n iaanini i i iMaMwi»ainaria<i i i inMya» 

n i  i iMtiMiM>*«iito»Ma|«MAar 
l>

• ••ii»'miiaa«MMaM>ato»Mnyinmty>M/>ifitiaji«
i>«>wi>MtoiiiMwete4frteCtoMaaMa itoitei»tetoMat,waintuA»./rauL weaihertag, nrteta,depanalag tw Ita eevetlty S. 

of vaalhaffing. n gaaiml. aamateaaanawfea 
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APPENDIX G 


ANALYTICAL METHOD FOR DETERMINING 


FUEL OIL COMPONENT IN 


SOIL/SEDIMENT 


G-1 
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Scope and Application 


1.1 Polynuclear Aromatic Hydrocarbons (PAH) 


1.1.1	 PAH Analytes - Naphthalene, acenaphthylene, acenaphthene, 

fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 

ben2o(a)anthracene, chrysene, benzo(b)fluoranthene, 

benzolkjfluoranthene, ben2o(a)pyrene, diben2o(a,h)anthracene, 

benzo(g,h,1)p€rylene, 1ndeno(l,2,3-cd)pyrene, 1-methylnaph­
thalene, and 2-methylnaphthalene. 


1.1.2	 Detection limits - The method detection limit for a 30-g sample 

Is 200 fg/kg (dry weight) for resolved PAH components. 


1.1.3	 Applicable matrices - Sediment and soil samples. 


1.1.4	 Dynamic range - 200 /*g/kg to 3,000 pg/kg (120 ng on column). 


1.1.5	 Approximate analytical time - Gas chromatography (6C) analysis 

takes 2.0 hours and Is automated. 


1.2 Petroleum Hydrocarbons 

1.2.1	 Petroleum Analytes - Gasoline, kerosene, paint thinner, 

turpentine, Fuel Oil No. 2, Fuel Oil No. 4, Fuel Oil No. 6, coal 

tar, creosote, lubricating oils, leaf hydrocarbons, processing 

oils, and asphalt. 


1.2.2	 Detection limits - The method detection limits for a 30-g sample 
are 0.25 f tg /g for resolved components and 10 / ig /g for total 
products. 

1,.2.3	 Applicable matrix - Soil samples. 


1.2.4	 Dynamic range - 10 >ig/g to 1,000 f tgfg for the total product. 

1.2.5	 Approximate analytical time - Gas chromatography (GC) analysis 

takes 1.5 hours and Is automated. 


Prepared by: Date: 

Thomas R. Copeland, Ph.D. Sept.25, 1990 


Management Approval:	 Oate: 


QA Officer Approval:	 Date: 
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2. Summary of Method 


A measured mass of sample (approximately 30 g - wet weight) Is Bixed 
with sodium sulfate, spiked with an ortho-terphenyl (OTP) Internal 
standard, and soxhlet-cxtracted (EPA Method 3540, appendix l). The 
methylene chloride extract Is dried and concentrated to 1 mL or less by 
rotary evaporation. Deuterated Internal standards are added to each 
extract and 1-2 f t l of each extract Is Injected onto a capillary gas 
chromatograph/flame Ionization detector (GC/FID). Instrument conditions 
are described that permit the separation and semiquantitative 
measurement of the 16 priority pollutant polynuclear aromatic 
hydrocarbon (PAH) compounds. Total petroleum hydrocarbon concentration 
and qualitative petroleum product Identification are also possible using 
this method. Androstane (a GC standard) Is added to each extract and 1­
2 f l l of each extract Is Injected onto the capillary gas chromatograph/ 
flame ionization detector (GC/FID). The method is intended to afford 
petroleum product identification and quantitation and semiquantitative 
analysis of PAHs. 

3. Comments 


3.1 Interferences 


3.1.1	 Method interferences i r s reduced by washing all glassware 
with hot soapy water and then rinsing it with tap water, 
methanol, and methylene chloride. Reagent blanks must be 
analyzed with each batch or for i v e r y 20 samples to 
demonstrate that the samples are free from method 
interferences. 

3.1.2	 High purity reagents such as Burdick and Jackson GC^ 

methylene chloride or Baker capillary grade methylene 

chloride must be used to minimize interference problems. 


3.1.3	 Matrix interferences may be caused by contaminants that are 

coextracted from the sample. The extent of matrix 

Interference will vary considerably from source to source, 

depending upon the nature and diversity of the industrial 

complex or municipality being sampled. The cleanup 

procedure (EPA Method 3630) can be used to overcome many of 

these Interferences, but is not necessary with the site 

specific analytes of interest. 


3.1.4	 Petroleum hydrocarbon products contain PAH compounds and PAH 

contaminants are formed from the use of petroleum 

hydrocarbon products. Proper Interpretation of the results 

requires an experienced analyst. 
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3.1.5	 Presence of a large excess of a petroleu» product w i l l 
prevent quantitation of coeluting PAHs. 

4. Safety Issues 

4.1	 The tox ic i ty or carcinogenicity of each reagent used in this Bethod 
has not been precisely defined. However, each chemical coopound 
should be treated as a potential health hazard. Froa this 
viewpoint, exposure to these chemicals must be reduced to the 
lowest possible level by whatever means available. The laboratory 
is responsible for maintaining a current awareness f i l e of 
Occupational Safety and Health Administration (OSHA) regulations 
regarding the safe handling of the chemicals specified In this 
method. A reference f i l  e of material safety data sheets (MSDS) 
should also be made available to a l l personnel Involved in the 
chemical analysis. Additional references to laboratory safety are 
available and have been Identi f ied for use by the analyst. 

4.2	 The following parameters covered by this method have, been 
tentatively classif ied as known, suspected, human, or manmallan 
carcinogens. They are benzo(a)anthracene, benzo(a)pyrene, and 
d1ben2o(aih)anthracene, chrysene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, and 1ndeno(l,2,3-cd)pyrene. 

5. Sample Collection, Preservation, Containers, and Holding Tiroes 

5.1	 Sample col lection - Soil samples should be collected with solvent-
rinsed stainless steel spatulas and placed In solvent-rinsed 
aluminum fo i l - l i ned 8-02 wide-mouth ja rs , 

5.2	 .Sample preservation - Samples are placed on ice Immediately after 
collection and refrigerated at 4*C unt i l the time of analysis. 

5.3	 Sample container - Samples are stored In prewashed and solvent-
rinsed 8-02 wide-mouth jars	 with aluminum fo i l - l ined l ids . 

lO 
5.4	 Holding times - The sample holding time Is Jc days after sample 


collection. 
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6. Apparatus 


6.1	 The following glassware Is used for this method. 


• 8-oz wide-mouth Jars with aluminum foil-lined lids. 

• Soxhlet setup. 

• Rotary evaporation setup - Buckler Flash Evaporation. 

• Vials - 1-mL amber glass vials with Teflon-lined cap, 7-mL vials. 

• Glass funnels. 

• 500-mL round-bottom flasks. 

• Nitrogen blowdown setup. 


6.2	 An analytical balance capable of accurately weighing 0.001 g should 

be used. 


6.3	 An HP 5880A or HP 5890A GC with a split/splitless Injector equipped 

with a capillary column and an FID should be used. The output Is 

connected to a Bechman CALS data acquisition system for the 

measurement of peak areas. 


6.3.1	 Column - 30 m long x 0.32 mm I.D. capillary DB5 column (J&W 

Scientific Catalog No. 123-5032). This column will allow for 

the resolution of the deuterated internal standards as well 

as benzo(b)fluoranthene and benzo(k)fluoranthene. 


6.3.2	 FID - This detector has proven effective In the analyses of 

soil samples for the 16 priority pollutant PAH compounds and 

Total Petroleum Hydrocarbons. 


6.3.3	 Autosampler - HP 7671 or HP 7673A 


7. Reagents and Standards 


7.1	 Reagent water - Reagent water Is defined as a water In which an 

Interference Is not observed at the MDL of each parameter of 

Interest. 


7.2	 Methylene chloride, hexane - pesticide or equivalent. 


7.3	 Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 

400»C for 4 hours In a shallow tray. 


7.4	 Silica gel - Grade 923 (100/200) desslcant. Before use, activate 

for at least 16 hours at 130*C In a shallow glass tray that is 

loosely covered in foil. 
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7.5 Standards 


7.5.1	 Prepare standards of the 16 priority pollutants from the 
Supelco Supelpreme-HC PAH mix (Catalog No. 4-8905) at 
10 ng//(L, 20 n g / f i l , 40 ng//iL, 60 ng/^L, and 120 ng/^L In 
methylene chloride. Prepare qualitative standards of the 
Fuel Oil #2 at 2-5 ng product/«L methylene chloride. All 
standards are validated by a concentration check for 
chromatographic purity using a standard prepared at a 
different time or obtained from a different source. Protect 
all PAH standards from excessive exposure to light. 

7.5.2	 Internal standards (IS) are prepared by carefully weighing 

out 200 mg of Dg-naphthalene, DiQ-acenaphthene, DIQ­
phenanthrene, Dig-perylene, OTP, and Sa-androstane and 

adding these compounds to 50 mL of lOX benzene/90X methylene 

chloride. Warm solution until all of the Di2-perylene 

dissolves and transfer 5 1-mL aliquots into 1-mL screw cap 

vials. Warm each 1-mL vial until all ef the Oi2-pcrylene Is 

dissolved prior to adding 10 /tL to the sample extract. Mark 

each vial with a pen after each use and discard IS at 

0.5 mL. Confirm the concentration with GC/MS group 

standards and Supelco standards. 


• 


8. Procedure 


8.1 Sample Preparation 


8.1.1	 Homogenize the soil sample with a solvent-rinsed stainless 

steel spatula. Remove 5 g of the sample and place It In a 

preweighed aluminum pan. Dry It at 55*C for 12 hours and 

calculate the percent solid content. 


8.1.2	 Weigh out 30 Q (wet weight) of the sample. Mix In 30 g of 

sodium sulfate. If the sample has excessive moisture, add 

additional amounts of sodium sulfate. 


8.1.3	 Soxhlet extraction 


8.1.3.1	 Extract sample with soxhlet extraction according to 

EPA Method 3540 In SW-846, volume 3. The solid 

sample is placed in an extraction thimble or 

between two plugs of glass wool^ and extracted 

using methylene chloride for 16 hours. 
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8.1.3.2	 The soil sample may also be extracted via the 

Teflon shaker technique If a fingerprint analysis 

Is all that Is required on the extract. 


8.1.4	 Concentrate the methylene chloride extract on a Buchler 

flash evaporator with the water bath temperature set at 

40*C, Concentrate to approximately 4 mL and transfer 

extract to a 7-mL vial. Rinse the round-bottom flask with 

1 mL of MeClg and transfer the rinseate to 7-mL vial. 

Blowdown extract to <1 mL with nitrogen. Adjust extract 

volume to 1 mL with methylene chloride. 


8.1.5	 Add 10 /iL of IS to each extract. 


8.2 Calibration 


8.2.1	 For PAHs, calibrate each GC with an Initial five-point 

calibration curve. The lowest concentration point in the 

calibration curve should be near the MDL. The highest 

concentration point should be twice the expected sample 

concentration and within the linear Instrument range. In 

addition, analyze a 1000 /tg/kg site specific coal tar 

standard. 


8.2.2	 For TPHs, calibrate each GC with an Initial three-point 
(I.e., 10 ng / i i l , 50 ng/ f i l , and 100 r\g//tl) calibration cvrve. 
The lowest concentration point In the calibration curve 
should be near the MDL. The highest concentration point 
should be twice the expected sample concentration and within 
the linear Instrument range. The calibration compounds are 
decane, acenaphthene, ortho-terphenyl, androstane, eicosane, 
pyrene, ber2o(b)fluoranthene,.and triacontane. The relative 
standard deviation (RSD) of the calibration compound's 
relative response factors (RRF) must be less than J15«. 

8.2.3	 With each day's run, open a 24-hour analyses window. This 
is done by running a midrange standard containing the 
16 priority pollutant compounds plus 10 / t l of the IS, 20 pg 
of OTP, and 20 / ig of 5a-androstane and the 8 TPH calibration 
compounds at 50 ng//iL. 

8.2.4	 The response factor (Rfs) of each compound should agree with 
a standard curve Rfs of i25%. If the Rfs Is outside the 
acceptable limit, the Instrument must be recalibrated. 
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8.2.5	 The IS response and retention times in the calibration check 

standard must be evaluated during or immediately after data 

acquisition. If the retention time for the IS changes by 

more than 30 seconds from the last check calibration (24­
hour), the chromatographic system must be Inspected for 

malfunctions and corrections must be made (as is required). 

If the area for the IS (OTP) changes by ±50X from the last 

dally calibration standard check, the GC must be inspected 

for malfunctions and corrections must be made (as Is 

appropriate). 


8.3 Analysis 


8.3.1	 Samples are analyzed by capi l lary GC/FID. The column used 
Is a 30 mm x 0.32 mm I.D. DBS (J&W Scient i f ic Catalog 
No. 123-5032). The relative standard deviation of responses 
for replicate Injection must be less than lOX. 

^ ' 
8.3.2	 Refer to append1x^2 for standard GC operating parameters. 


8.3.3	 Inject 1-2 p i of the sample extract using an autosampler 
device such as a HP 7671A or HP 7673A. 

8.3.4	 The width of the retention time window used to make 

Identifications should be based upon measurements of actual 

retention time variations of standards over the course of a 

day. Three times the standard deviation of a retention time 

for a compound can be used to calculate a suggested window 

size. However, the experience of the analyst should weigh 

heavily In the Interpretation of chromatograms. 


8.3.5	 If the response for the peak exceeds the working range of 

the system, dilute the extract and reanalyze It. 


8.3.6	 If the measurement of the peak response Is prevented by the 

presence of Interferences, further cleanup may be required. 


8.3.7	 Qualitative Identification Is achieved by direct comparisons 

of sample chromatograms to the standard product 

chromatograms. The criteria for matching Includes the 

presence of resolved and unresolved components, product 

boiling range of the unresolved complex mixture, and any 

unweathered resolved components that can be used. The 

accuracy of the interpretation is heavily dependent upon the 

experience of the analyst. 
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9. Quality Assurance/Quality Control (QA/QC) Requirements 


9.1 QC Samples 


9.1.1	 A method blank will be analyzed with every batch of less 

than 20 samples and 1 blank per 20 samples for larger 

batches (e.g., 2 method blanks for 40 samples). 


9.1.2	 A blank spike and blank spike duplicate will be analyzed for 
every 20 samples analyzed. The spiking solution will be 
prepared at 100 f ig/ml methylene chloride and spiked at 
0.5 mL Into 20 g of sodium sulfate (NaS04) and 20/(L OTP 

(IS). The spiking compounds are acenaphthene, pyrene, and 

benzo(a)pyrene. 


9.1.3	 Sample matrix spikes are analyzed for every 20 samples. If 
the % recovery Is not 60% to 120X, reanalyze both samples. 

_. The spiking parameters are found In Append1x^*2. PAH 

recovery may be poor If fuel oil Is present. 


9.1.4	 Sample duplicates are analyzed for every 20 samples. If the 

X difference Is > 30X, reanalyze both samples. 


9.1.5	 Initial calibration correlation coefficients must be >0.99. 

This criterion must be met before analysis of any samples. 


9.1.6	 A midrange continuing calibration standard Is run once every 
20 samples or once every 24 hour analysis window whichever 
Is more frequent. If the % difference Is > 15X, recalibrate 
the Instrument and reanalyze all samples analyzed after the 
last calibration check. 

9.2 Acceptance Criteria 


9.2.1	 Blank levels should be no more than three times the 

reporting limit. 


9.2.2	 Blank spike and blank spike duplicate recoveries and QC 

relative percent differences (RPD) are as follow (from EPA 

Contract Laboratory Program, 2/88). 


Compound QC-RPD I Recovery 

Acenaphthene 19 31-137 

Pyrene 36 35-142 

Benzo(a)pyrene 36 35-142 
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9 .2 .3 The OTP sur rogate recovery c r i t e r i  a Is 60-1205;. 

9.3 Corrective Action Required 

When errors, deficiencies, or out-of-control situations exist, the 
QA program applies systematic procedures (corrective actions) to 
resolve problems and restore proper functioning to the analytical 
system. Laboratory personnel are alerted that corrective actions 
may be necessary I f any of the following problems take place. 

•	 QC data are ou ts ide the warn ing or acceptable windows f o r 
p r e c i s i o n and accuracy. 

• Blanks, Taboratory c o n t r o l samples, or surrogele cor . t rc l samples 
con ta in contaminants above accep tab le l e v e l s . 

•	 Undesi rab le t rends a rc de tec ted i n spike recover ies o r RPD 
between d u p l i c a t e s . 

•	 There are unusual changes i n d e t e c t i o n l i m i t s . 

•	 D e f i c i e n c i e s are de tec ted by the QA department dur ing i n t e r n a l o r 
ex te rna l a u d i t s , o r f rom the r e s u l t s of performance eva lua t ion 
samples. 

•	 Inquiries concerning data qual i ty are received from the c l ient . 

Corrective action procedures are often handled at the bench level 
by the analyst, who reviews the preparation or extraction procedure 
for possible errors, checks the Instrument calibration, spike and 
calibration mixes, Instrument sens i t iv i ty , and so on. I f the 
problem persists or cannot be Ident i f ied, the matter Is referred to 
the laboratory supervisor, manager, and/or the QA department for 
further Investigation. Once resolved, fu l l documentation of the 
corrective action procedure Is f i l e d with the QA department. 
Corrective action documentation is routinely reviewed by the Vice 
President of QA. 
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10.1	 The following are l i s t s
calculation purposes. 
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 of IS's and PAH compounds used for 

10.1.1

10.1.2


10.1.3

10.1.4

10.1.5

 Ds-Naphthalene 

• Naphthalene 

• 1-Methylnaphthalene 

• 2-Methylnaphthalene 


 Dio-Acenaphthene 


• Acenaphthylene 

• Acenaphthene 

• Fluorene 


 Dio-Phenanthrene 

• Phenanthrene 

• Anthracene 

 5fl-Androstane 

• F l u o r a n t h e n e 
• Pyrene 
• 6 e n z o ( a ) a n t h r a c e n e 
• Chrysene 
• Ortho-terphenyl (surrogate) 20 ̂ g/sample 


 Di2-Perylene 

• B e n z o f k ) f l u o r a n t h e n e 
• B e n z o ( a ) p y r e n e 
• Indeno(l,2,3-cd)pyrene 

• Dibenzo(a,h)anthracene 

• Benzo(g,h,1)perylene 
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10.2	 The following equations are used for the PAH method. 


• Rfs • (AgCt$)/(AtsC$) 


where: 


As « area response of analyte to be measured; 

Ajs • area response of internal standard: 

Cis " concentration of Intemal standard, ^g; and 

Cs « concentration of analyte to be measured, p g . 


Hfs values arc calculated from initial dally calibration curve 

for each PAH compound. 


• F « Dilutions/weight of sample (kg). 


From sample analysis, determine the area (As) of unknown and 

calculate the concentration. 


• Cs • (AsCts)/(AisRfs) X F 


10.3	 The response factor (RF) of the OTP IS Is calculated and used to 

calculate the TPH concentration. 


Cis 

• RF » 


Als 

where: 


Afs • Area response of Internal standard (DTP). 

Cis * Concentration of Internal standard (OTP), p g . 


• F » Dilutions/volume of sample. 


From sample analysis, determine the total area (As) of unknown and 

calculate the concentration. The analyst must take care when 

calculating total product areas to be sure, that the appropriate 

baseline is set. 
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• Cs " RF X A$ X F 


where: 


As " Area response of analyte to be measured. 


Cs * Concentration of analyte to be measured, ;ig/g (dry weight). 


10.4 To determine percent solid content, use the following equation. 


Sample wet wt - sample dry wt 

• % Solids « 1- X 100 

Sample wet wt - pan weight 
10.5 Calculation Notes 


10.5.1	 20 pg OTP surrogate Is added to each sample. Percent 
recovery Is calculated using the 5o-androstane (5a-A) IS. 

AOTP X Csa.A x 100 

• % OTP recovery » 

ASa-A X CoTP 


where: 


A Q T P • *!*«« response of OTP; 

ASa-A " *i^i response of So-androstane; 

C Q T P • concentration of OTP; and 

CSa-A " concentration of 5fl-androstane. 


10.5.2	 The RRF calculation for calibration standards is as 

follows. 


Ccs X Ais 

•RRF 


Cis X Acs 


when >: 


Ccs ' Concentration of calibration standard. 

Cis ' Concentration of Internal standard, OTP. 

Ais • '̂'"̂^ of Internal standard, OTP. 

Acs ' Ai"^' ^^ calibration standard. 
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10.5.3	 I f the Di2-P«''yl«"C Rfs Is less than 30i of the average 
Rfs for Os-naphthalene, Dio-acenaphthene, Dio-phenanthrene 
and 5o-androstane, check the GC for mass discrimination 
problems. 

11. Reporting 


11.1	 Reporting units - Units are reported In pg /kg dry weight. 

11.2	 Reporting limits - Reporting limits are 200 pg/kg dry weight for 
resolved component PAHs. TPH reporting limits are 250pgfkg for 
Individual compounds and 10>ig/g (ppm)-for total products. 

11.3	 Significant figures - Significant figures are 2. 


11.4	 Trace concentrations - Values which are larger than 50; of the 

reporting limit but less than the reporting limit are noted on the 

form as trace concentrations, 


11.5	 Total fAH - To report total PAH, sum the concentrations of all PAH 

found In the sample. 


12. Deliverables 


The analytical results shall be presented In a deliverables package 

which shall. If possible, Include the following: 


12.1	 A case narrative describing the procedure performed by the 

laboratory and any deviations from the prescribed method. Any 

problems encountered during analysis and any factors influencing 

the data must be discussed. 


12.2	 Chain-of-custody documentation, pertinent telephone logs or 

telefacsimile transmissions. 


12.3	 A complete record of Internal laboratory daily analytical scheme ­
run logs or Instrument logs Including samples, blanks, spikes, 

etc. In order of analysis. 


12.4	 The dates of receipt, extraction, and analysis of each sample must 

be clearly labeled on the data sheets provided. 
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12.5	 Initial calibration results tabulated as In RAS Form VI (EPA/CLP 

SOW 2/88). 


12.6	 Continuing calibration results as In RAS Form VII (EPA/CLP SOW 

2/88). 


12.7	 Bench sheets or other documentation showing all sample weights, 

final extract volumes and dilution factors. 


12.8	 Spike recoveries, surrogate recoveries and blank results must be 

provided In tabular form, 


12.9	 All sample and standard chromatograms, blank chromatograms and QC 

sample chromatograms must be provided. 


13. References 


13.1	 Method Sources 


U.S. Environmental Protection Agency. 1982. "Method 8100," SW­
846 - Test methods for evaluating solid waste. Second edition. 


American Society for Testing and Materials. "Method 03328-78". 


13.2	 Deviations from Source Method and Rationale 


13.2.1	 A Teflon shaker method may be substituted for samples 

which require fingerprint Identification as well as PAH 

analyses. This preserves the more volatile components In 

the sample (e.g., gasoline and naphthalene). 


13.2.2	 A rotary evaporation system Is used In place pf the 

ICuderna-Danlsh (KD) concentration. This system allows for 

rapid sample concentration without significant loss of the 

more volatile PAHs (e.g., naphthalene). 




APPENDIX^2. 

SPECIFIC CONDITIONS FOR TOTAL PAH ANO FUEL OIL BY GC 


GC CONDITIONS: 

Initial column temperature: 40*C. 

Initial hold time: 5.0 minutes 

Program rate: 3*C/m1nute 

Final column temperature: 300*C 

Final hold time: 10 minutes 

Injector temperature: 275*C 

Detector temperature: 325*C 


MATRIX SPIKES AND DUPLICATES: 


Samples will be spiked with 16 PAHs, each at lOmg/Kg levels. The 

compounds are acenaphthene, acenaphthylene, anthracene, 

ben2[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, 

benzo[gh1]perylene, benzo[k]fluoranthene, chrysene, 

dibenz[a,h]anthracene, fluoranthene, fluorene, 1ndeno[l,2,3-cd]pyrene, 

naphthalene, phenanthrene, pyrene. 


Percent recovery limits and percent difference limits for 3 of these 

compounds are given In the method. Data regarding the others are not 

available at this time. It Is anticipated that many of these compounds 

will be subject to Interferences due to the presence of high levels of 

petroleum hydrocarbons In some samples. The spiking level may also be 

Inappropriate for samples found to be heavily contaminated with Site 

Specific Coal Tar. 




METHOD 3540 


SOXHLET EXTRACTION 


1.0 SCOPE AND APPLICATION 


1.1 Method 3540 Is a procedure for extracting nonvolatile and semi-

volatile organic compounds from solids such as soils, sludges, and wastes. 

The Soxhlet extraction process ensures Intimate contact of the sample matrix 

with the extraction solvent. 


1.2 This method Is applicable to the Isolation and concentration of 

water-Insoluble and slightly water-soluble organics In preparation for a 

variety of chromatographic procedures. 


2.0 SUMMARY OF METHOD 


2.1 The solid sample is mixed with anhydrous sodium sulfate, placed In 

an extraction thimble or between two plugs of glass wool, and extracted using 

an appropriate solvent In a Soxhlet extractor. The extract Is then dried, 

concentrated, and,.as necessary, exchanged into a solvent compatible with the 

cleanup or determinative step being employed. 


3.0 INTERFERENCES 


3.1 Refer to Method 3500. 


4.0 APPARATUS AND MATERIALS 


4.1 Soxhlet extractor: 40-mm I.D., with 500-mL round-bottom flask. 


4.2 Drying column; 20-mm I.D. Pyrex chromatographic column with Pyrex 

glass wool at bottom and a Teflon stopcock. 

NOTE: Fritted glass discs i r e difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by 
50 mL of elutlon solvent prior to packing the column with adsorbent. 

4.3 Kuderna-Danlsh (K-D) apparatus: 


4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or 

equivalent). Ground-glass stopper Is used to prevent evaporation of 

extracts. 


4.3.2 Evaporation flask: 500-mL (Kontes K-570001-500 or 

equivalent). Attach to concentrator tube with springs. 
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4.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or 
equivalent). 

4.3.4 Snyder coluron: Two-ball micro (Kontes K.569001-0219 or 
equivalent). 

4.4 Boiling chips: Solvent extracted, approximately 10/40 mesh (sil icon 
carbide or equivalent). 

4.5 Water bath; Heated, with concentric r ing cover, capable of 
temperature control ( iS'C). The bath should be used In a hood. 

4.6 Vials: Glass, 2-mL capacity, with Teflon-lined screw cap. 

4.7 Glass or paper thimble or glass wool; Contaminant free. 

4.8 Heating mantle; Rheostat controlled. 

4.9 Syringe: 5-mL. 

4.10 Apparatus for determining percent moisture; 

4.10.1 Oven: Drying. 

4.10.2 Desiccator. 


4.10.3 Crucibles: Porcelain. 


4.11 Apparatus for grinding: If the sample will not pass through a 1-mm 

standard sieve or cannot be extruded through a 1-mr; opening, it should be 

processed Into a homogeneous sample that meets these requirements. Fisher 

Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue Number 8-323, or an 

equivalent brand and model, 1$ recommended for sample processing. This 

grinder should handle most solid samples, except gummy, fibrous, or oily 

materials. 


5.0 REAGENTS 


5.1 Reagent water; Reagent water is defined as water in which ar. 

Interferent is not observed at the method detection limit of the compounds of 

Interest. 


5.2 Sodium sulfate; (ACS) Granular anhydrous (purified by washing with 

methylene chloride followed by heating at 400*C for 4 hr In a shallow tray). 


5.3 Extraction solvents; 


5.3.1 Soil/sediment and aqueous sludge samples shall be extracted 

using either of the following solvent systems. 
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5.3.1.1 Toluene/Methanol: 10:1 (v/v), pesticide quality or 

equivalent. 


5.3.1.2 Acetone/Hexane: 1:1 (v/v), pesticide quality or 

equivalent. 


5.3.2 Other samples shall be extracted using the following: 


5.3.2.1 Methylene chloride: pesticide quality or equivalent. 


5.4 Exchange solvents: Hexane, 2-propanol, cyclohexane, acetonitrile 

(pesticide quality or equivalent). 


6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 


6.1 See the Introductory material to this chapter, Organic Analytes, 

Section 4.1. 


7.0 PROCEDURE 


7.1 Sample handling: 


7.1.1 Sediment/soil samples: Decant and discard any water layer on 

a sediment sample. Mix .sample thoroughly, especially composited samples. 

Discard any foreign objects such as sticks, leaves, and rocks. 


7.1.2 Waste samples: Samples consisting of multiphases must be 

prepared by the phase separation method in Chapter Two before extraction. 

This procedure is for solids only. 


7.1.3 Dry waste samples amenable to grinding: Grind or otherwise 

subdivide the waste so that It either passes through a l-imr. sieve cr can 

be extruded through a l-mm hole. Introduce sufficient sample into the 

grinding apparatus to yield at least 10 g after grinding. 


7.2 Determination of percent moisture: In certain cases, sample results 

are desired based on a dry-weight basis. When such data Is desired, a pcrticn 

of sample for moisture determination should be weighed out at the sa^e time as 

the portion used for analytical determination. 


7.2.1 Immediately after weighing the sample for extraction, weigh 

5-10 g of the sample Into a tared crucible. Determine the percent 

moisture by drying overnight at 105*C. Allow to cool In a desiccator 

before weighing; 


q of sample^- q^of^dry sample , JOQ . i „K,1sture 
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7.4 Place 300 mL ef the extraction solvent (Section 5.3) Into a 500-mL 

round-bottom flask containing one or two clean boiling chips. Attach the 

flask to the extractor and extract the sample for 16-24 hr. 


7.5 Allow the extract to cool after the extraction Is complete. 


7.6 Assemble a Kuderna-Danlsh (K-D) concentrator by attaching a 10-mL 

concentrator tube to a 500-mL evaporation flask, R O T A R Y EVAPORATION W I L L BE 

U S E D FOR ALL FINE STREET SAMPLES. 


7.7 Dry the extract by passing It through a drying column containing 

about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D 

concentrator. Wash the extractor flask and sodium sulfate column with 

100-125 mL of extraction solvent to complete the quantitative transfer. 


7.8 Add one or two clean boiling chips to the flask and attach a three-
ball Snyder column. Prewet the Snyder column by adding about 1 mL of 
methylene chloride to the top of the column. Place the K-D apparatus on a hot 
water bath (15-20*C above the boiling point of the solvent) so that the 
concentrator tube Is partially Immersed In the hot water and the entire lower 
rounded surface of the flask Is bathed with hot vapor. Adjust the vertical 
position of the apparatus and the water temperature, as required, to complete 
the concentration In 10-20 min. At the proper rate of distillation, the balls 
of the column will actively chatter, but the chambers will not flood. When 
the apparent volume of liquid reaches 1 mL, remove the K-D apparatus from the 
water bath and allow It to drain and cool for at least 10 min. 

7.9 If a solvent exchange Is required (as Indicated In Table 1), 

momentarily remove the Snyder column, add 50 mL of the exchange solvent and a 

new boiling chip, and re-attach the Snyder column. Concentrate the extract as 

described In Paragraph 7.6, raising the temperature of the water bath, if 

necessary, to maintain proper distillation. 


7.10 Remove the Snyder column and rinse the flask and Its lower joints 
Into the concentrator tube with 1-2 mL of methylene chloride or exchange 
solvent. If sulfur crystals i r t a problem, proceed to Method 3660 for 
cleanup. The extract may be further concentrated by using the technique 
outlined In Paragraph 7.9 or adjusted to 10.0 mL with the solvent last used. 
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TABLE 1 . SPECIFIC EXTRACTION CO.SDITIO.N'S FOR VARIOUS DETERMINATIVE METHODS 


Exchange Dcchanee VolOK ' Final 
•olvent •olvent of extract extract 
required required required voluae 

Deteniina:lvc Extraction for for for for 
method pH anal>'Sls cleanup cleanup (BL) mtlyiU (ml) 

8>iO* as received 2-propan3l hns ie 1.0 1.0, 10.0** 
806.'» «s received hexane hexane 2.0 10.0 
8D8D «s received hexane hexne 10.0 10.0 
8090 •s received hexane hexsie 2.0 IJO 

8100 •s received none cyclohexane 2.0 1.0 
8120 as received hexane hexane 2.0 IJO 

8140^^ as received hexane hexxie 10.0 10.0 
as received none - - 1.0 ffi»!.' 

8270»,^ as received none - - 1.0 
8310 as received acetonitrile ^ — 1.0 

^  o obtain separate add sr^ base/neutral extracts, Hethod 36^J should be perfonsed following 
concentration of the extract to 10.0 nL. 

Pltnols may be analyzed, by Methad 8:>iD, using a 1.0 BL 2-propa.-v5l extract by Oa'FID. Method 83^0 
also contains an optional derlvatizatlon procedure for pteiols vWch results in a 10 BL hexane 
ectract co be anal>'zed by OC/in>. 

^The specificity of 0C/h6 may makt cleanup of thE extracts vtmecessar\-. liefer to Method 3M0 for 
guidance on the cleanup proc^ares a^'allable if required. 
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7.11 If further concentration Is Indicated In Table 1, add another one 

or two clean boiling chips to the concentrator tube and attach a two-ball 

micro Snyder column. Prewet the column by adding 0.5 mL of methylene chloride 

or exchange solvent to the top of the column. Place the K-D apparatus In a 

hot water bath so that the concentrator tube Is partially Immersed In the hot 

water. Adjust the vertical position of the apparatus and the water 

temperature, as required, to complete the concentration In 5-10 min. At the 

proper rate of distillation the balls of the column will actively chatter, but 

the chambers will not flood. When the apparent volume of liquid reaches 

0.5 mL, remove the K-D apparatus from the water bath and allow It to drain and 

cool for at least 10 min. Remove the Snyder column and rinse the flask and 

Its lower joints into the concentrator tube with 0.2 mL of solvent. Adjust 

the final volume to 1.0-2.0 mL, as Indicated In Table 1, with solvent. 


7.12 The extracts obtained may now be analyzed for analyte content using 

a variety of organic techniques (see Section 4.3 of- this chapter). If 

analysis of the extract will not be performed Immediately, stopper the 

concentrator tube and store refrigerated. If the extract will be stored 

longer than 2 days. It should be transferred to a Teflon-sealed screw-cap vial 

and labeled appropriately. 


8.0 QUALITY CONTROL 


8.1 Any reagent blanks or matrix spike samples should be subjected to 

exactly the same analytical procedures as those used on actual samples. 


8.2 Refer to Chapter One for specific quality control procedures and 

Method 3500 for extraction and sample preparation procedures. 


9.0 METHOD PERFORMANCE 


9.1 Refer to the determinative methods for performance data. 


10.0 REFERENCES 


1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the 

Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 

Rule and Proposed Rule," October 26, 1984. 
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