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APPENDIX C
LA BO RA TO RY  DATA REPO RT  C H EC K  SHEET  (page 1 o f 2)

Reviewer___________________________ Date_______________
Project__________________________________ ________________

1. Laboratory name ___,_address_______telephone_number____, fax number
QA Officer Signature______ date signed______

2. Report date____
3. Analyte of interest, or target analyte_____
4. Extraction method # and name■ ■ - ■ — /

5. Type of matrix____
6. Field sample number____
7. Lab sample number____
8. Lab f;!e ID number____
9. Date sampled____
10. Date received____
11. Date extracted____
12. Date analyzed___
13. Sample collection point____
14. Site or project name____
15. Concentration of analyte (mg/kg dry or mg/L)____

% solids analysis or explanation_____
method detection limit or method reporting limit indicated____

16. Identification of flags or qualifiers____
All corrections and strikeouts initialed and dated____

17. Precision and accuracy value for each sample set_____
18. Ambient container temperature upon receipt of sample____

time/date temperature measured  sample refrigerated temperature__
date/time____

19. Sample transfer log/release/chain-of-custody form____
20. Analyst's name on all report pages with date prepared____

Analyst’s signature/initials on all chromatograms____
21. Dilution factor____
22. Case narrative summary____
23. Report securely bound______ , with sequentially numbered pages______
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LABORATORY DATA REPORT CHECK SHEET (page 2 of 2)

N O T E : A ll item s lis ted  b e lo w  m u s t b e  k e p t o n  f ile  fo r a t least th ree  years a f te r  an a ly sis :

1. L abora to ry  file  id en tif ic a tio n  n u m b e r____________________

2. O rig inal d a ta  p ack ag e  (w ith  an a ly s t 's  in itia ls )

S am ple  q u e u e  c h ro m a to g ram s in c lu d e d  ch ro m a to g ram s c lea rly  la b e le d ____

ch ro m ato g ram s b ase lin e -b ase lin e  in te g ra te d ___

in teg ra tio n  rep o rt in c lu d ed  (c le a rly  la b e le d )___

in teg ra tio n  ran g e  c lea rly  in d ic a te d  d a te /tim e  o n  all ch ro m ato g ram s______

3. C a lib ra tio n  re p o rt (w ith  an a ly s t 's  in itia ls )

D ate /tim e o f  in itia l c a l ib r a t io n   co n c en tra tio n  ran g e  c lea rly  in d ic a te d ______

co m p o sitio n  o f  c a lib ra tio n  s tan d a rd (s )   L ab  C o n tro l S tan d ard  ana ly zed , d a te /tim e

C o n tin u in g  C a lib ra tio n  S tan d a rd  an a ly z ed , d a te / t im e _____

4. S u rro g a te  u s e d   su rro g a te  p ro p e rly  id e n t i f ie d ______

%  reco v ery  fo r e a ch  s a m p le  ac c e p ta b le  ra n g e  in d ic a te d ______

o u tlie rs  e x p la in e d ______

5. A lk an e /w in d o w  re te n tio n  tim e  s tan d a rd  a n a ly z e d ______

co m p o n en ts  p ro p e rly  id e n t i f ie d _______

6 . C o lu m n  p e rfo rm an c e /sep a ra tio n  n u m b e r   D a te  d e te rm in e d ______

an a ly st's  in i t ia ls ______

7. S p ik e /sp ik e  d u p lic a te  a n a ly z e d  re c o v e r ie s  re la tiv e  %  d if fe re n c e ______

accep tab le  ran g e  c lea rly  in d ic a te d   o u tlie rs  e x p la in e d ______

8. B lan k  d a ta  (n o  b lan k  co rrec tio n  o f  fie ld  sam p le s!)

R eag en t b la n k  , M e th o d  b la n k  , B o ttle  b la n k ______

9. O p tio n a l .  R efe ren ce  (lib ra ry ) sam p le  in c lu d e d   P a tte rn  m atch /n arra tiv e

s u m m a ry ______
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The AK Methods in Appendix D are repealed and replaced as follows:

APPENDIX D

Alaska Series Laboratory Methods 
for the Analysis of

Gasoline Range Organics (AK101), 
Diesel Range Organics (AK102), and 

Residual Range Organics (AK.103)
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Forward for All AK Series Methods

T he A lask a  D e p a rtm en t o f  E n v iro n m en ta l C o n se rv a tio n  (A D E C ) h as  p u b lish ed  th ese  labora to ry  
m ethods to  p ro v id e  A D E C -a p p ro v ed  lab o ra to ry  tes t m eth o d s  and  re la ted  in fo rm atio n  for 
labora to ry  an a ly s ts , d a ta  u se rs , and  o th e r  in te re ste d  p arties. T h e  te s t m eth o d s m ay  be  used , 
w ith o u t p e rm iss io n , fo r  lab o ra to ry  te s tin g  to  p ro v id e  m easu rem en ts  re la tiv e  to  reg u la tio n s in 
A D E C  p ro g ram s. Except where explicitly specified in a regulation, th e  use  o f  these  te s t 
m ethods is  n o t m an d a to ry .

T h ese  te s t m e th o d s  h av e  b ee n  w ritte n  to  p ro v id e  co m p reh en siv e  g u id an ce  fo r an a ly sts  a ttem p tin g  
to  ana lyze sam p les . H o w ev er, A D E C  d o es  n o t in ten d  fo r u sers  to  fo llo w  all d e ta ils  o f  a  m eth o d  
in  a  p rescrip tiv e , ro te  fa sh io n . R a th e r, except where specifically indicated by the words 
“shall,” “ must,” or “ required,”  an a ly s ts  h av e  th e  flex ib ility  to  m o d ify  m eth o d  p ro ced u res, 
p aram eters , eq u ip m en t, reag en ts , e tc . fo r  a ll m e th o d  steps, i f  th e  ch an g es do  n o t ad v e rse ly  a ffec t 
the  m e th o d  p e rfo rm a n c e  n ee d ed  to  a c h ie v e  th e  d a ta  q u a lity  needs o f  the  stu d y  b e in g  co n d u c ted . 
E xam ples o f  th e  ty p es  o f  f le x ib ility  a llo w e d  in c lu d e  ch an g es in  ch ro m a to g rap h ic  co n d itio n s, 
co lum ns, trap s , s a m p le  ex tra c tio n  co n d itio n s , g la ssw a re  an d  sam p le  size.

T he flex ib ility  is  in te n d e d  to  p ro v id e  lab o ra to rie s  a  w ay  to  im prove te s t m eth o d s (fo r exam ple , 
reduce th e  g e n e ra tio n  o f  la b o ru o ry  w a ste s , use  ex is tin g  eq u ip m en t, red u ce  costs) w ith o u t h av ing  
to undergo  e la b o ra te  s tu d ie s  an d  a  tim e -co n su m in g  app ro v al p rocess. In  ex e rc is in g  th is 
flex ib ility , lab o ra to rie s  m u s t be  ab le  to  d em o n s tra te  an d  d o cu m en t th a t the  ch an g es im p lem en ted  
can  p ro d u ce  re su lts  th a t a re  c o n s is te n t w ith  th e  d a ta  q u a lity  n eed s o f  the  in ten d ed  ap p lica tio n , 
b ased  o n  th e  re su lts  o f  in itia l a n d  o n g o in g  q u a lity  co n tro l ac tiv ities .

C h ap te r O ne o f  E P A ’s p u b lica tio n  S W -8 4 6  d esc rib es  a  v arie ty  o f  q u a lity  co n tro l ac tiv itie s  that 
m ay  be u sed  to  e v a lu a te  th e  a p p ro p ria ten ess  o f  an y  m eth o d  m o d ifica tio n  an d  o f  th e  sam p le  
resu lts. A d d itio n a l q u a lity  co n tro l a c tiv itie s  a re  d esc rib ed  in  the in d iv id u a l m eth o d s.

T he te s t m e th o d s  p ro v id e  in fo rm a tio n  re la tiv e  to  th e  ex p ec ted  p erfo rm an ce  (accu racy , p rec is io n  
and  sen s itiv ity ) o f  th e  m e th o d  w h e n  a p p lied  by  a  w ell o p e ra ted  labo ra to ry . T h ese  perfo rm an ce  
d a ta  sh o u ld  b e  u se d  b o th  to  a ss is t in  th e  se lec tio n  o f  a  m eth o d  fo r a  g iv en  ap p lica tio n  an d  to 
ev a lu a te  w h e th e r  a  m o d ific a tio n  is  ap p ro p ria te .

In  su m m ary , th e  te s t m e th o d s  in c lu d ed  in  th is  ap p en d ix  p ro v id e  co m p reh en siv e  g u id an ce  w h ich  
m ay  be u sed  by  lab o ra to rie s , in d iv id u a l an a ly s ts , an d  th e  reg u la ted  co m m u n ity . T h e  re su lts  from  
q uality  co n tro l sa m p le  an a ly se s  a re  u se d  to  e  llu a te  th e  q u ality  o f  sam p le  re su lts  re la tiv e  to  the 
in tended  u se  o f  th e  d a ta .



Method AK101
For the Determination of Gasoline Range Organics

Revision 3.1,1/21/97

1.1 Analytes

1.1.1 This method is designed to measure the concentration of Gasoline Range 
Organics (GRO) in water and soil. This corresponds to an alkane range from the 
peak start of C6 to the peak start of C 10 and a boiling point range between 
approximately 60 °C and 170°C.

1.1.2 Components greater than or equal to C,0 present in products such as diesel or fuel 
oil are detectable under the conditions of the method.

1.1.3 With the optional photo ionization detector (PID), this method can be extended 
for specific determination of volatile aromatics (BTEX) as specified in EPA 
methods 602 and 8020.

1.2 Quantitation Limits

1.2.1 The Practical Quantitation Limit (PQL) of this method for GRO is approximately 
5 mg/kg GRO as gasoline for soils and 0.1 mg/L GRO as gasoline for water.

1.3 Dynamic Range

1.3.1 Dilutions should be performed as necessary to put the chromatographic envelope 
within the linear range of the method. In general, the approximate range is 0.5 to 
2 mg/L of gasoline.

1.4 Experience

1.4.1 This method is based on a purge-and-trap, Gas Chromatography (GC) procedure. 
This method should be used by, or under supervision of, analysts experienced in 
the use of purge-and-trap systems and gas chromatographs as a quantitative tool.

2. Summary of Method

2.1 This method provides gas chromatographic conditions for the detection of volatile
petroleum fractions such as gasoline. Other nonpetroleum compounds, with similar 
characteristics and boiling points, may also be detected with this method. Samples must 
be analyzed using purge-and-trap sample concentration. The gas chromatograph is 
temperature programmed to facilitate separation of organic compounds. Detection is 
achieved by a flame ionization detector (FID) or PID/FID in series. Quantitation must be 
performed by comparing the total chromatographic area between and including C6 
(hexane) and C9 (nonane), to the peak start time of C 10, including resolved and 
unresolved components, based on FID response compared to a blended commercial 
gasoline standard (paragraph 3.2) and using forced baseline-baseline integration. See 
Table 1, for suggestions regarding purge and trap operating parameters.

1. Scope and Application
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W ater sam p les  c a n  b e  an a ly z ed  d irec tly  fo r  G R O  by  p u rge-and-trap  ex trac tio n  and  gas 
ch ro m a to g rap h y . S o il o r  w a ste  sam p les  a re  d isp ersed  in  m ethanol to  d isso lv e  the vo la tile  
o rg an ic  co n s titu en ts . (S ee  T ab le  2 ). A  p o rtio n  o f  th e  m ethano l so lu tio n  is  in jec ted  in to  
w a te r and  th en  an a ly zed .

S pecia l fie ld  sam p lin g  tech n iq u e s  a re  req u ired  to  m in im ize  the loss o f  v o la tile s  from  so il 
re su ltin g  fro m  c o n v e n tio n a l sa m p lin g  and  sam p le  h an d lin g  techniques.

T h is  v e rs io n  o f  th e  m e th o d  w a s  d ev e lo p e d  by  D r. M ary  Jane F. P ilg rim , and  is b ased  in 
p art o n  U .S . E P A  S W -8 4 6  [1] m e th o d s  5 0 3 0 , 8000 , 8020 , 8015, a  s ing le  labora to ry  
m e th o d  ev a lu a tio n  s tu d y  co n d u c te d  b y  th e  A m erican  P etro leum  Institu te  (A P I) [2], w ork  
by th e  E P A  T o ta l P e tro leu m  H y d ro ca rb o n s  M eth o d s  C om m ittee  [3], and  w o rk  by  the 
A la sk a  D e p a rtm en t o f  E n v iro n m en ta l C o n serv a tio n , S ta te  C hem istry  L aborato ry , w ith  
su p p o rt fro m  th e  S to rag e  T a n k  P rogram .

Definitions

G a so lin e  R an g e  O rg a n ic s  (G R O ): A ll ch ro m ato g rap h ic  peaks, bo th  reso lved  and 
u n reso lv ed , e lu tin g  b e tw een  th e  p ea k  s ta rt tim e  fo r C 6 (hexane) and  the  peak  sta rt tim e  fo r 
C ,0 (decane). Q u a n tita tio n  is b ased  o n  a  d irec t co m p ariso n  o f  the base line  - base line  
in teg ra ted  a rea  w ith in  th is  ran g e  to  the  to ta l a rea  o f  the  ca lib ra tion  standard  o v e r the  sam e 
C 6 - Ciq'* ran g e  u s in g  F ID  resp o n se .

G aso lin e  C a lib ra tio n  S tan d a rd  (G C S ): A n  eq u a l-w e ig h t m ix tu re  o f  un lead ed , leaded , and  
p rem iu m  co m m erc ia l g a so lin e s  m ix ed  an d  d ilu ted  to  app ropria te  co n cen tra tio n s, used  to 
p rep are  a  s tan d a rd  cu rv e . In  a reas  w h e re  lead ed  g aso lin e  is no t ava ilab le , a  second  
u n lead ed  re g u la r  g aso lin e  m ay  b e  u sed  to  p rep are  th e  ca lib ra tion  standard . L eaded  
g aso lin e  is g en e ra lly  a v a ila b le  fro m  re ta ile rs  o f  av ia tio n  fu e ls .'

C a lib ra tio n  V e rif ic a tio n  S tan d a rd  (C V S ): A  g aso lin e  q uality  con tro l s tan d ard  (p referab ly  
E R A  C ertified , o r  e q u iv a le n t)  p re p a re d  a s  in  3 .2  b u t w ith  p ro d u c t from  a  so u rce  o th e r 
th an  th a t u sed  to  p re p a re  th e  G a so lin e  C a lib ra tio n  S tan d ard . It is used  by  th e  labo ra to ry  
as a  q u a lity  c o n tro l ch e c k  to  v e rify  th e  accu racy  o f  ca lib ra tion .

C o n tin u in g  C a lib ra tio n  S ta n d a rd  (C C S ): A  m id -ran g e  w ork ing  s tan d ard  d ilu ted  from  the  
G aso lin e  C a lib ra tio n  S tan d a rd , u sed  to  v e rify  th a t th e  analy tica l system  is  o p era tin g  in  a 
m an n e r co m p arab le  to  th a t a t th e  tim e  o f  ca lib ra tio n .

S u rro g a te  C o n tro l S tan d a rd  (S C S ): E ith er b ro m o flu o ro b en zen e  o r triflu o ro to lu en e , o r  a  
m ix tu re  o f  bo th , u se d  a s  a  lab o ra to ry  d a ta  q u a lity  con tro l.

S u rro g a te  C o n tro l S am p le : A  m e th o d  b lan k  sam p le  sp ik ed  w ith  the  su rro g a te  u sed  in  the 
m eth o d . T h e  su rro g a te  reco v ery  is u sed  to  ev a lu a te  m eth o d  contro l (sec  7 .3).

L ab o ra to ry  F o rtified  B lan k  (L F B ): A  m eth o d  b lan k  sam p le  sp ik ed  w ith  a  co m m erc ia l 
g aso lin e  o th e r th an  th e  o n es  b len d ed  to  p rep are  th e  G C S . T h e  sp ike reco v ery  is  used  to 
ev a lu a te  m e th o d  co n tro l. T h e  C V S  is  u sed  in  the  L ab o ra to ry  F ortified  B lank .



Retention Time Window Standard : A normal alkane standard containing n-hexane and 
n-decane (C6 and C 10) which is analyzed once per 24 hour day or with each batch of 
samples, whichever is less frequent, not to exceed 20 samples per batch. This standard is 
used to establish the retention time window for quantitation of GRO. The compounds of 
BTEX can be included if all quality control criteria are met (see section 10).

Other terms are as defined in SW-846 [1].

Interferences

High levels of heavier petroleum products such as diesel or heating fuel may contain 
some volatile components producing a response within the retention time range for GRO. 
Other organic compounds, including chlorinated solvents, ketones, and ethers are also 
detectable by this method. As defined in the method, the GRO results include these 
compounds.

Samples contaminated with a single compound which is detectable using this method 
(e.g., some solvents,) and which are quantitated against the GCS, may result in a value 
which is biased high for that compound. This is caused by the difference in response 
factors seen with the GCS and various solvents. An alternative detection and quantitation 
procedure may be more appropriate if the identity and quantity of the compound are 
specific project concerns.

Samples can become contaminated by diffusion of volatile organics during shipment and 
storage. A trip blank prepared from reagent water (for water samples) or methanol (for 
soil and sediment samples) and carried through sampling and subsequent storage and 
handling is recommended to serve as a check for such contamination.

Contamination by carryover can occur when high-level and low-level samples are 
sequentially analyzed. To reduce carryover, the sample syringe and purging device 
should be rinsed between samples with reagent water and methanol. If an unusually 
concentrated sample is encountered, it should be followed by analysis of a solvent blank 
or reagent water to check for contamination. For volatile samples containing high 
concentrations of water-soluble materials, suspended solids, high boiling compounds or 
organohalides, it may be necessary to wash the syringe or purging device with a detergent 
solution, rinse with distilled water and methanol, and then dry in a 105 °C oven between 
analyses. The trap and other parts of the system are also subject to contamination. 
Therefore, frequent bake-out and purge of the entire system may be necessary. A 
screening of all samples prior to analysis is recommended to protect analytical 
instrumentation (see 9.6.1).

49



5. Safety Issues

5.1 T h e  to x ic ity  o r  ca rc in o g en ic ity  o f  e a ch  re ag en t u se d  in  th is  m eth o d  h as  n o t been  p rec ise ly
d efin ed . H o w ev er, each  ch em ica l c o m p o u n d  sh o u ld  b e  trea ted  as a  p o ten tia l h ea lth
hazard . E x p o su re  to  th ese  ch em ica ls  m u s t b e  re d u ced  to  th e  lo w est p o ss ib le  leve l by 
w h a te v e r m ean s  av a ilab le . T h e  lab o ra to ry  is re sp o n sib le  fo r m ain ta in ing  a  cu rren t 
aw aren e ss  file  o f  O S H A  re g u la tio n s  re g a rd in g  th e  safe  han d lin g  o f  th e  ch em icals  
sp ec if ie d  in  th is  m eth o d . A  re fe ren ce  file  o f  m a te ria l safe ty  d a ta  shee ts  sh o u ld  also  be 
m ad e  av a ila b le  to  a ll p e rso n n e l in v o lv ed  in  ch em ica l ana lyses. A dd itiona l re fe ren ces  to  
lab o ra to ry  sa fe ty  sh o u ld  b e  m ad e  av a ila b le  an d  id en tified  fo r the  in fo rm atio n  o f  th e  
an a ly st. S o m e  d a ta  (i.e ., o n  m e th an o l) is av a ila b le  from  the D epartm ent.

6. Apparatus and Materials
(U n less  o th e rw ise  in d ica ted , a ll a p p a ra tu s  an d  m a te ria ls  a re  rep resen ta tive , n o t req u ired .)

6 .1 ...Glassware

6 .1.1 4 0  mL g lass  v ia ls  w ith  T e flo n -lin e d  se p ta  an d  sc rew  caps (a .k .a ., V O A  o r  V O C  
v ia ls).

6 .1 .2  4  oz . am b e r g lass  w id e  m o u th  ja r s  w ith  T e flo n -lin ed  sep ta  w h ich  are fused  to  th e  
sc rew  caps.

6 .1 .3  V o lu m etric  flask s , c la ss  A : 10 m L , 50 m L , 100 m L , 500 m L and  1000 m L  w ith  
g ro u n d  g lass  s to p p ers .

6 .1 .4  D isp o sab le  p ip e ttes : P asteu r.

6 .2  S y rin g es

6.2.1 5 m L  L u erlo ck  g lass  sy rin g e  an d  5 m L  g a s - tig h t sy ringe  w ith  sh u to ff  valve.

6 .2 .2  F o r  p u rg in g  la rg e  sam p le  v o lu m es  fo r lo w  d e tec tio n  lim it ana lysis, 25 o r  50 m L  
sy rin g es  m ay  b e  used . R e m e m b e r to  ad ju s t o th e r v o lum es as necessary  
th ro u g h o u t the  m eth o d .

6 .2 .3  M ic ro sy rin g es : 1 ,5 ,1 0 ,2 5 ,1 0 0 ,2 5 0 ,5 0 0  an d  1000 uL.

6.3 A n a ly tica l b a lan ce , cap ab le  o f  accu ra te ly  w e ig h in g  to  the  nearest 0 .0001 g  fo r p rep a ra tio n  
o f  s tan d a rd s  an d  p e r cen t m o is tu re  d e te rm in a tio n s , and  a  top -load ing  balance cap ab le  o f  
w e ig h in g  to  the  n ea res t 0.1 g  fo r sam p les .

6 .4  S ta in le ss  s tee l sp a tu la
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6.5 Gas Chromatography

6.5.1 Gas Chromatograph: Analytical system complete with gas chromatograph 
suitable for purge-and-trap sample introduction and all required accessories, 
including detectors (FID required, additional PID optional), column supplies, 
gases and syringes. A data system capable of determining peak areas using a 
forced baseline and bi. seline projection is required. A data system capable of 
storing and reintegrating chromatographic data is recommended.

6.5.2 Columns:

6.5.2.1 - Column 1: 105-m x 0.53 mm ID. Restek RTX 502.2, 0.3 micron 
film thickness or equivalent.

6.5.2.2 - Capillary columns may be essential to achieve necessary resolution.
The column must resolve C6 from the methanol solvent front in a mid-range LCS 
standard and, if BTEX is to be done simultaneously, must resolve ethylbenzene 
from m/p-xylene.

6.5.2.3 - The column must be capable of separating typical gasoline components 
from the surrogate and (optional) internal standard.

6.5.3 Purge-and trap device: The purge-and-trap device consists of three separate 
items: the sample purger (sparging device), the trap, and the desorber 
(furnace). Several complete assemblies are commercially available. See 
Method AK 101, Table 1 for summary.

6.5.3.1 - Purging chamber: The recommended purging chamber is designed to 
accept 5 mL samples with a water column at least 3-cm deep. The gaseous 
headspace between the water column and the trap should have a total volume of 
less than or equal to 15 mL. In any case, the purge chamber must be configured so 
that the quality assurance requirements specified in section 10 of this method are 
met.

6.5.3.2 - Trap: The trap must be capable of retaining GCS components at the 
highest concentration of the calibration curve, and concommitantly meet the 
quality assurance requirements specified in section 10 of this method. Before 
initial use, the trap should be conditioned as specified by the manufacturer. Vent 
the trap effluent to the hood, not to the analytical column. Before daily use, the 
trap should be conditioned, according to manufacturer’s specifications, with back 
flushing. The trap may be vented to the analytical column during daily 
conditioning; however, the column should be run through the temperature 
program before analysis of samples to assure that any contamination from trap 
conditioning has been removed.

An alternate trap uses 7.6-cm Carbopack B and 1.3-cm Carbosieve S-II1 
(Supelco Cat# 2-0321R). This trap should be desorbed at 240°C and 
baked to 300°C. /mother useful trap is the “J” trap, and should be 
conditioned and used according to manufacturer’s specifications.

51



6 .5 .3 .3  - D e so rb e r (F u rn a ce ): T h e  d e so rb e r shou ld  be cap ab le  o f  rap id ly  h ea tin g  
th e  trap  to  th e  re q u ire d  tem p e ra tu re  fo r deso rp tio n . T h e  trap  sh o u ld  n o t be  h ea ted  
h ig h e r th an  th e  m a n u fa c tu re r  sp ec if ied  to lerances.

6 .5 .4  T h e  p u rg e -an d -trap  d e v ic e  m ay  b e  a ssem b led  as a  sep ara te  u n it o r  m ay  be coup led  
to  a  g as  ch ro m a to g rap h , a s  lo n g  as co m p le te  tran sfe r o f  the  sam p le  is assu red .

7. Reagents and Standards

7.1 R eag en t W ater: C a rb o n -filte red , p u rg e d  w a te r w h ich  h as  been  sh o w n  to  b e  free  from
pu rg ab le  co m p o u n d s  (th is  h a s  a lso  b een  ca lled  o rg an ic -free  w ater). N itro g en  o r h e lium  
m ay  serve  as p u rg e  gas.

7 .2 M ethano l: P es tic id e  g rad e  o r  eq u iv a le n t. S to re  aw ay  from  o th er so lv en ts . A t a 
m in im u m , th e  m e th an o l m u s t n o t  sh o w  G R O  co n tam in a tio n  above the  P Q L .

7.3 S to ck  S tan d ard  S o lu tio n s  - P re p a re  th e  fo llo w in g  s to ck  s tandards. U n less  o th erw ise  
no ted , a ll a re  p re p a re d  u s in g  th e  m e th an o l lis ted  in  7 .2  as  so lven t. S tan d ard  p rep ara tio n  
sh o u ld  fo llo w  g u id e lin es  in  S W  846  [1]. A ll s tan d ard s p rep ared  by  th e  lab o ra to ry  m ust 
be s to red  w ith o u t h ea d sp ace  a t  -1 0  to  -2 0 ° C  an d  p ro tec ted  from  ligh t. S tan d a rd s  m u st be 
rep laced  w ith in  6 m o n th s  o f  p re p a ra tio n . S tan d ard s  sh o u ld  be  ch eck ed  reg u la rly  to  assu re  
th e ir in teg rity . S tan d  'rd s w h ic h  are  p u rch ased  p re -m ad e  from  co m m erc ia l su p p lie rs  m ay  
be k ep t fo r  th e  life , an d  u n d e r  co n d itio n s , sp ec if ied  by th e  m an u fac tu re r i f  d iffe ren t th an  
d escrib ed  in  th is  p a rag rap h .

7.3.1 In te rn a l S tan d ard : A n  in te rn a l s tan d ard  ( l-c h lo ro -4 -f lu o ro b en ze n e ) is 
re co m m en d ed  fo r 6 0 2 /8 0 2 0  q u an tita tio n  o n  the  P ID . D ue to  p o ten tia l 
in te rfe ren ces, th e  in te rn a l s tan d a rd  is n o t reco m m en d ed  fo r G R O  (F ID ) 
q u an tita tio n .

7 .3 .2  R eco m m en d e d  S u rro g a te : 5 0  u g /m L  o f  b ro m o flu o ro b en zen e  an d  /o r  
tr iflu o ro to lu en e  . A d d  5 .0  u L  o f  th is  su rro g a te  d irec tly  in to  the  5 m L  sy rin g e  w ith  
ev e ry  w a te r sa m p le  a n d  re fe re n ce  stan d ard  ana lyzed . S u rro g a te  is  sp ik ed  in to  so il 
sam p les  d u rin g  th e  ex tra c tio n  s tep  (see  8 .2 .1 ). A  seco n d  su rro g a te  m ay  b e  u sed  in 
a d d itio n  to , b u t n o t in  p la c e  o f, th e  su rro g a te  sen t to  th e  fie ld  (8.2 . 1).

7 .3 .3  R e ten tio n  T im e  W in d o w  S tan d ard : T h is  m ix tu re  o f  hex an e  an d  d ecan e  serv es  as 
a  re te n tio n  tim e  w in d o w  d e f in in g  m ix  fo r  G R O . T h e  co n cen tra tio n  o f  th e  
in d iv id u a l co m p o n e n ts  sh o u ld  n o t be  less th an  50 0  ug /m L  an d  n o t m o re  th an  1000 
u g /m L . A d d itio n a l s ta n d a rd s  m ay  be ad d ed  to  th is m ix  i f  602  o r  8020  is to  be 
d o n e  co n co m itan tly .

7 .3 .4  C a lib ra tio n  S tan d a rd s : A  m ix tu re  o f  equa l w eigh ts  o f  leaded , u n lead ed  and  
su p rem e  g a so lin e s  se rv es  as  th e  G aso lin e  C alib ra tio n  S tandard . N o  few er th an  3 
co n cen tra tio n s  o f  th e  G C S  a re  d ilu ted  d irec tly  in to  a  5 m L  sy rin g e  ( lin ea r range 
ap p ro x im a te ly  0 .5  to  2 .0  m g /L ) a t the tim e o f  ca lib ra tion . B T E X  ca lib ra tio n  
sh o u ld  m ee t the  c r ite r ia  sp ec if ie d  in  E P A  m eth o d  602  fo r w ate rs  [11] an d  in  
S W 8 4 6  m e th o d  8020  fo r  so ils  [1], O th er than  o n e  s tan d ard  co n c en tra tio n  n ea r the 
p rac tica l q u a n tita tio n  lim it, th e  ex p ec ted  ran g e  o f  co n cen tra tio n s fo u n d  in  real 
sam p les  sh o u ld  d e fin e  th e  w o rk in g  ran g e  o f  the  G C  (see  9 .3 .2).
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7.3.5 Stock Standard for Calibration Verification: From a blend of commercial
gasolines other than those used to prepare the GCS, make an equal weight mixture 
as described in 7 3.4. Prepare a dilution of 500 ug/mL in methanol. Addition of 
the following amounts yields the indicated concentrations when preparing LFBs:

0.005 mL added to 5 mL water: 0.5 mg/L
0.5 mL added to !0 g soil: 25 mg/kg

When verifying the BTEX calibration curve, the criteria set forth in EPA method 
602 should be met [11].

8. Sample Collection, Preservation, Handling, and Holding Times

8.1 Aqueous Samples:

8.1.1 Aqueous samples should be collected without agitation and without headspace in 
contaminant-free, amber glass 40-mL vials with Teflon-lined septa in the caps. A 
sufficient number of samples should be collected to provide for quality control 
criteria, and for back-up in the event of breakage. If amber glass vials are not 
available, clear glass may be substituted if the samples are protected from light. 
The Teflon layer must contact the sample (zero headspace). Sample vials should 
contain 200 uL of 50% HC1 as a preservation for volatile analytes. Refrigerated 
samples (4° ± 2° C) must be analyzed within 14 days of collection.

8.1.2 A trip blank (contaminant-free amber glass 40-mL vial with Teflon-lined septum, 
filled to zero headspace with purged, organic free water) must accompany all 
sampling kits, at a recommended ratio of 1 for every 10 samples collected, and 
should be stored and analyzed with the field samples.

8.2 Soils and Sediments: Soil and sediment samples require special procedures to minimize
the loss of volatiles during transit from the field to laboratory.

8.2.1 Soil or sediment samples must be collected into appropriately sized containers and 
submerged in surrogated methanol.

8.2.2 Solid samples should be collected with minimum disturbance into tared 4 oz (or 
larger, if  appropriate) jars with a Teflon-lined septum fused to the lid. 25 mL 
aliquots of methanol (includes 1.2 mL of a surrogate solution at 50 ug/mL) should 
be carefully added to the undisturbed soil until the sample is submerged.

8.2.3 It is extremely important that the weight of the jar, the weight of the 
methanol/surrogate solution and the weight of the sample collected be known. 
These must either be measured directly, or sufficient information documented so 
that these weights can be calculated.

8.2.4 The ratio of soil to methanol used to calculate the MDL and PQL offered in this 
method was 1:1 (w: w). However, absorbent, organic soils such as muskeg and 
tu> idra will require a higher methanol-to-sample ratio, while beach sand may
tc .erate a lower ratio.
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8.2.5 Soil for volatiles analysis can be collected using any coring device that minimizes 
soil disturbance. Any scraping, stirring or similar activity will result in a loss of 
volatiles during sampling. A  sufficient number of samples should be collected to 
provide for backup in the event of breakage.

8.2.6 Although it is not necessary to refrigerate all preserved samples at 4±2°C after 
collection and until analysis is complete, collected samples must be kept below 
25° C.

8.2.7 A second surrogate added to the methanol and soil mixture after sample collection 
may be used in addition to, but not in place of, the surrogate with which the field 
methanol was prepared.

8.2.8 A reagent methanol trip blank should be prepared in the same manner as the 
sample vials, and should contain surrogated methanol. Trip blanks must 
accompany all sampling Icits, at: a recommended ratio of 1 for every 10 samples 
collected, and should be stored and analyzed with the field samples.

‘8.2.9 Field blanks may be added to the sampling protocol and are prepared in the field 
by addition o f surrogated methanol to the prepared container, as required by the 
Assessment Firm or the Project Manager.

8.2.10 A sample of the same soil to be anai/zed for GRO should be collected into a 
moisture-proof container for % moisture determination. This sample should be 
processed as soon as possible upon arrival at the laboratory to assure that the 
resulting moisture determination is representative of the preserved sample as 
surveyed.

8.2.11 Trip blanks, field blanks, method blanks, etc. should be prepared from the same 
batch of solvent, reagents and vials as are used for sample collection.

8.3 28 days is the maximum holding time for soil and sediment samples collected into 
methanol.

8.4 ^Because the jars are pre-weighed, it is extremely important that the sampler put evidence 
tape on the kit ONLY and not on the individual bottles. Removal of evidence tape is 
extremely difficult and the additional weight biases final results.. Also, the glue on the 
evidence tape can contribute to the volatiles concentration in the sample (per Rocky 
Mountain Analytical).

8.5 Trip blanks, field blanks and bottle blanks should be prepared as appropriate to meet the 
quality assurance goals of tire project plan.
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9. Procedure

9.1 Volatile compounds are introduced into the gas chromatograph by purge-and-trap. Purge
gas should be set at a flow rate of 25 - 40 mL/min. and purge time at 12 min., or
conditions necessary to optimize the resulting cliromatography.

9.2 Waters:

9.2.1 Purge-and-trap may be used directly on most water samples.

9.2.2 Water samples high in dispersed sediments (non-settling or slow settling solids) 
must NOT be filtered before analysis, as this results in loss of volatiles. In most 
cases, a muddy water sample can be left undisturbed until the solids settle out. An 
aliquot of the sample can then be taken with a 5 mL gas tight syringe, being 
careful not to disturb the sediment layer. Introduction of sediment into the purge 
device can result in occlusion of the frit, leading to incomplete purging of the 
sample and low-biased results. In any case, sample preparation should be noted, 
and an approximate volume given for the solids, if present.

9.3 Soils and Sediments:

9.3.1 Soils and solids are methanol extracted. An aliquot of the extract is added to 
reagent water and analyzed as in 9.10.

9.3.2 For best retention of volatile compounds, samples should be collected into tared, 
methanol and surrogate containing sample jars (see 8.2).

9.3.3 The entire volume of soil must be submerged in a methanol and surrogate 
solution.

9.3.4 Weigh the sample jar upon receipt and record the total filled weight. Swirl the jar 
gently for 2 minutes to be sure that the soil sample is dispersed into the methanol, 
and allow the sediment to settle. It is recommended that the meniscus of the 
methanol be marked and dated on the outside of the jar.

9.3.5 Best results are obtained by allowing the sample volatiles to equilibrate with the 
methanol for at least 48 hours before continuing with the analysis. However, this 
is not always possible. In any case, note the time difference between when the 
methanol was delivered into the soil sample and when analysis was initiated.

9.4 Soils and Sediments Collected without Methanol Preservation:

9.4.1 When solids are collected by the sampling techniques in SW-846 [1], volatile 
results are biased low. Therefore, data from these samples (collected without 
methanol preservative) must be reported as "greater than or equal to" the 
calculated mg/kg GRO as gasoline and may not be accepted as valid by state 
project managers.
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9 .4 .2  T o  p re p a re  ex trac ts  fro m  th ese  ty p es o f  c o lle c tio n  co n ta in ers , g en tly  m ix  the 
c o n ten ts  o f  the  sam p le  co n ta in e r w ith  a  n a rro w  m e ta l spatu la. D o n o t d isca rd  any  
su p e rn a tan t liq u id s , as  th e  en tire  co n ten ts  o f  th e  sam p le  co n ta in e r m u st be 
rep resen ted .

9 .4 .3  F o r  sed im en t/so il an d  w aste  th a t a re  in so lu b le  in  m eth an o l, w e ig h  10 g  (w et 
w e ig h t) o f  sam p le  in to  a  ta red  2 0  m L  v ia l, u s in g  a  to p  load ing  balance. N o te  an d  
re co rd  th e  ac tua l w e ig h t to  0.1 g.

9 .4 .4  Q u ic k ly  add  9.5 m L  o f  m e th an o l an d  0 .5  m L  o f  th e  50  ug /m L  su rro g a te  sp ik in g  
so lu tio n  to  the  v ial (or, a f te r  ad d in g  sp ik in g  so lu tio n , fill to  the  line on  th e  
v o lu m etric  flask ), cap  a n d  sw irl (d o  n o t sh ak e ) fo r  2 m in .

9 .4 .5  A llo w  sed im en t to  se ttle . N o te  a lte rn a te  sam p le  p rep a ra tio n  p ro ced u re  o n  d a ta  
tran sm itta l.

Note: To avoid loss of volatile organics or cross contamination, these steps must be 
performed rapidly and without interruption, in a laboratory free from solvent 
fumes.

9.5 M eth an o l S o lu b le  So lids:

9.5.1 F o r  w aste  th a t is so lu b le  in  m eth an o l w e ig h  1 g  (w e t w eigh t), to  the  n ea res t 0.1 g, 
in to  a  ta red  10 m L  v o lu m e tric  flask .

9 .5 .2  Q u ick ly  ad d  9.5 m L  o f  m e th an o l an d  0 .5  m L  o f  th e  50 ug /m L  su rro g a te  sp ik in g  
so lu tio n  to  th e  v ial (o r, a f te r  ad d in g  sp ik in g  so lu tio n , fill to  th e  lin e  on  the 
v o lu m etric  flask ), c a p  a n d  sw irl fo r  2 m in u te s , to  d isb u rse  the w aste  in to  the  
m eth an o l.

9 .5 .3  A llo w  sed im en t to  se ttle , p ip e tte  an  a liq u o t to  an  a m b e r g lass  v ial fo r s to rag e  at 
4 ± 2 ° C  (zero  head sp ace).

9.6 S am p le  S creen in g :

9.6.1 It is h ig h ly  re co m m en d ed  th a t a ll sam p les  be  sc reen ed  p rio r to  ana lysis , as these  
sam p le s  m ay  co n ta in  e n o u g h  p e tro le u m  p ro d u c t to  o v erlo ad  the  co lu m n  an d /o r 
d e te c to r s ) .  T h is  sc reen in g  s tep  m ay  be a n a ly s is  o f  a  so lid  sam p le 's  m ethano l 
ex tra c t (d ilu ted ) u sin g  A K 1 0 1 , th e  h ead sp ace  m e th o d  (S W -846  M ethod  3810  [1]) 
o r  the  h ex ad ecan e  ex trac tio n  an d  sc reen in g  m e th o d  (S W -846  M eth o d  3820  [1]).

9.7 G as C h ro m ato g rap h y  C o n d itio n s  (reco m m en d ed )

9.7.1 C o lu m n  1: S e t h e liu m  co lu m n  p re ssu re  to  2 0 # . S e t co lu m n  tem p era tu re  to  3 0 °C  
fo r 1 m in ., th en  ram p  a t a  ra te  o f  5 °C /m in . to 1 0 0 °C , then  8°C /m in . to 2 4 0 °C  and  
h o ld  fo r 7.5 m in . C o n d itio n s  m ay  b e  a lte red  to  im p ro v e  the reso lu tio n  o f  G R O .

9 .7 .2  O th e r  co lu m n s: S : t  G C  co n d itio n s  to  m ee t th e  c r ite ria  in  6 .5 .2 .2 .

56



9.8 Calibration:

9.8.1 The GC system should be set up as in Section 6.5. This should be performed prior 
to calibration or to final preparation of the samples or sample extracts for analysis.

9.8.2 The GRO calibration curve must be represented by no less than 3 concentrations 
of GCS (a 5 point calibration curve is recommended). Prepare final solutions of 
GCS and Surrogate directly in a 5-mL glass syringe containing reagent water in 
the following manner: Using a microsyringe, add the aliquot of calibration 
standard directly to the reagent water in the glass syringe (refer to 9.10.7) by 
inserting the needle through the syringe opening. When discharging the contents 
of the microsyringe, be sure that the tip of the needle is well beneath the surface 
o f the reagent water to prevent escape of calibration standard components. 
Similarly, add 5.0-uL of the 50 ug/mL SCS. Inject the prepared dilution(s) into 
the purge vessel(s) through the two way valve, and proceed with calibration.

9.8.3 Choose GCS concentrations to cover the GRO range expected in the samples or 
the linear range of the instrument, whichever is less. One of the concentrations 
must be near the practical quantitation limit. Due to potential carry over, it is 
recommended that not more than 10 ug of gasoline in 5 mL of water (2 mg/L) be 
purged. A calibration concentration at 0.01 mg/L (0.5 to 1.5 ug/L for individual 
volatiles) is recommended for additional quantitation if BTEX is to be included.

9.8.4 Tabulate the area response of the gasoline against mass injected. The ratio of the 
amount injected to the response, the response factor (RF), can be calculated for 
the standard at each concentration. If the percent relative standard deviation 
(%RSD) is less than 25% over the working range, linearity through the origin can 
be assumed, and the continuing calibration response factor can be used in place of 
a calibration curve. Use the average response factor from the calibration curve as 
reference.

External Standard Response Factor = Standard amount injected
Total area of Standard

Internal Standard Response Factor = I Ax) fOis)
(Qx) (Ais)

Where: Ax = Area response of analyte
Ais = Area response of internal standard 
Qis = Amount of internal standard 
Qx = Amount of analyte

9.8.5 The calibration curve must be confirmed using the CV,. This second source 
standard (7.5.3) verifies the accuracy of the calibration. The concentration of the 
CVS should be within the expected concentration range of the samples to be 
analyzed.
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9 .8 .6  T h e  w o rk in g  ca lib ra tio n  cu rv e  o r re sp o n se  fac to r m u st be verified  on  each
w o rk in g  d ay  by  th e  in jec tio n  o f  a  m id p o in t C C S . T h e  C C S is a  d ilu ted  a liq u o t o f  
th e  sam e  s tan d a rd  u sed  to  in itia lly  ca lib ra te  th e  in strum en t. I f  the  re sp o n se  fac to r 
fo r  th e  C C S  v arie s  fro m  the  av e rag e  re sp o n se  fac to r from  the  ca lib ra tio n  cu rv e  
(9 .8 .4 )  b y  m o re  th an  2 5 %  a  n ew  ca lib ra tio n  cu rv e  m u st be prepared .

P e rcen t d iffe ren ce  =  R , - R ; x 100

R ,
w here:
R , =  A v erag e  R F  fro m  th e  ca lib ra tio n  curve.
R 2 =  R esp o n se  fa c to r fro m  C C S .

9 .9  R e ten tio n  T u n e  W in d o w

9.9.1 B e fo re  e s tab lish in g  w in d o w s, be ce rta in  th a t th e  G C  sy stem  is w ith in  o p tim u m  
o p e ra tin g  co n d itio n s  (6 .5 ). M ak e th ree  in jec tio n s o f  th e  R e ten tio n  T im e W in d o w  
S ta n d a rd  (7 .3 .3 ) th ro u g h o u t th e  co u rse  o f  a  72 h o u r period . S erial in jec tio n s o v e r 
less  th an  a  72  h o u r p erio d  re su lt in  re te n tio n  tim e  w in d o w s th a t a re  too  tig h t.

9 .9 .2  C a lcu la te  th e  stan d ard  d ev ia tio n  o f  th e  th ree  ab so lu te  re ten tio n  tim es fo r each  
c o m p o n e n t an d  fo r the  su rrogate .

9 .9 .2 .1
T h e  re te n tio n  tim e w in d o w  fo r in d iv id u a l p eak s is  d e fin ed  as p lu s  o r 
m in u s  th ree  tim es the  s tan d ard  d ev ia tio n  o f  th e  ab so lu te  re ten tio n  tim e  fo r 
e a c h  com ponen t.

9 .9 .2 .2
In  th o se  ca ses  w h ere  th e  s tan d a rd  d ev ia tio n  fo r a  p a rticu la r an a ly te  is zero , 
th e  lab o ra to ry  sh o u ld  u se  ± 0 .0 5  m in . as  a  re ten tio n  tim e  w indow .

9.9 .3  T h e  lab o ra to ry  m u s t ca lcu la te  re ten tio n  tim e  w in d o w s fo r each  stan d ard  o n  each  
G C  c o lu m n  an d  w h en  a  n ew  G C  co lu m n  is in s ta lled  o r in stru m en t co n d itio n s  
ch an g ed . T h e  lab o ra to ry  m u st re ta in  the  d a ta  an d  u p d ate  it a t least o n ce  a  year.

9 .10  G as C h ro m a to g ra p h  A n a ly sis :

9 .10.1  S am p le s  a re  an a ly zed  by  G C /F ID . W ate r, w ith  o r  w ith o u t m eth an o l ex trac t, to  be 
an a ly z e d  fo r  G R O  is in tro d u ced  in to  th e  p ro g ram m ed  gas ch ro m a to g rap h  (sec tio n  
9 .2 ) u s in g  p u rg e -an d -trap  sam p le  co n cen tra tio n .

9 .1 0 .2  I f  in itia l ca lib ra tio n  (9 .8 ) has b een  p e rfo rm ed , verify  the  ca lib ra tio n  by  an a ly s is  o f  
a  m id -p o in t C C S  (9 .8 .6 ). W ith  each  d ay ’s run , o p en  a  24 h o u r an a ly sis  w indow . 
T h is  is  d o n e  by ru n n in g  th e  R eten tio n  T im e  W in d o w  S tandard .
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9.10 ;3  A n  L F B  a t a  c o n c e n tra tio n  re p re sen ta tiv e  o f  th e  f ie ld  sam p les  b e in g  an a ly zed
m u s t a lso  b e  ru n  o n c e  e v e ry  20 sam p les  an d  a t  th e  e n d  o f  each  seq u en ce  o r  tw ice  
in  e a c h  b a tc h , w h ic h e v e r  is  m o re  freq u en t. I f  th e  re su lt d o es n o t fa ll w ith in  the 
ra n g e  sp e c if ie d  in  T a b le  3 , c o rrec tiv e  ac tio n  m u s t b e  p erfo rm ed . A  m atrix  
sp ik e /m a tr ix  sp ik e  d u p lic a te  m ay  b e  u sed  in  p la c e  o f  the  L F B s i f  th e  q u ality  
co n tro l c r ite r ia  sp e c if ie d  in  T a b le  1 fo r L F B s  is m e t b y  th e  m a trix  sp ik e  and  
d u p lica te .

9 .1 0 .4  C a lc u la te  th e  p e rc e n t d iffe re n c e  o f  th e  re sp o n se  fa c to r fro m  the  m id -p o in t C C S  
fro m  th e  m e a n  re sp o n se  fa c to r fo r  ea ch  a n a ly te  to  b e  q u an tita ted  (as  in  9 .8 .4 ).
T h is  is  d o n e  fo r G R O  as  a  "g ro u p "  fro m  th e  C C S  i f  G R O  o n ly  is  to  b e  q u an tita ted  
a n d  fo r  eac li o f  th e  c o m p o n e n ts  in  th e  R e ten tio n  T im e  W in d o w  S tan d ard  i f  
ad d itio n a l q u a n tita tio n  fo r  B T E X  is re q u ired . I f  th e  re sp o n se  fac to rs  h av e  a  
d if fe re n c e  g re a te r  th a n  2 5 % , co rrec tiv e  a c tio n  m u s t b e  taken .

9 .10 .5  A  re a g e n t w a te r  b la n k  m u s t b e  an a ly z ed  ea ch  d ay  to  d e te rm in e  th e  a rea  g en e ra ted  
fro m  n o rm a l b a se lin e  n o ise  u n d e r  th e  c o n d itio n s  p r e v a l in g  w ith in  the  24  h o u r 
p e r io d . A d d  100 u L  o f  m e th an o l to  th e  b la n k  w h e n  so il o r  sed im en t ex trac ts  are 
to  b e  a n a ly z ed . T h e  n o ise  a rea  is g en e ra ted  by  p ro jec tin g  a  h o rizo n ta l b ase lin e  
b e tw e e n  th e  re te n tio n  tim e s  o b se rv ed  b e tw een  the  b eg in n in g  o f  h ex an e  an d  the  
b eg in n in g  o f  d ec an e . T h is  lab  co n tro l sam p le  is in teg ra te d  o v e r th e  G R O  a rea  in  
th e  s a m e  m a n n e r  a s  fo r  th e  fie ld  sam p les  a n d  is re p o rted  a s  the  re ag en t b lank . D o 
n o t  b l a n k  s u b t r a c t .  T h is  in fo rm a t io n  is f o r  d a t a  i n te r p r e ta t io n  p u rp o s e s  
o n ly .

9 .1 0 .6  B la n k s  sh o u ld  a lso  b e  ru n  a f te r  sam p le s  su sp ec te d  o f  b e in g  h ig h ly  co n cen tra ted , to  
p re v e n t c a n y o v e r .  I f  th e  b la n k  a n a ly s is  sh o w s co n tam in a tio n  ab o v e  th e  p rac tica l 
q u a n tita tio n  lim it, th e  trap  an d  co lu m n  m u st b e  b ak e d  o u t an d  su b seq u e n t b lan k s 
an a ly z e d  u n til th e  sy s te m  is  sh o w n  to  re ta in  co n ta m in a n ts  a t co n c en tra tio n s  less 
th an  th e  P Q L .

9 .1 0 .7  W a te r  s a m p le s  m ay  b e  in tro d u ce d  in to  th e  sy s te m  in  th e  fo llo w in g  m an n er:

9 .1 0 .7 .1 R e m o v e  th e  p lu n g e r  fro m  a  5 -m L  sy rin g e  a n d  a ttach  a  c lo sed  sy rin g e  
v a lv e . O p en  th e  sam p le  o r  s tan d a rd  b o ttle , w h ich  h as b een  a llo w ed  to 
c o m e  to  a m b ie n t te m p e ra tu re  an d  p o u r th e  sam p le  in to  th e  sy rin g e  u sin g  
c a u tio n  n o t to  a g ita te  th e  sam p le  w h ich  w o u ld  re su lt in  loss o f  v o la tiles . 
R e p la c e  th e  p lu n g e r  an d  co m p re ss  th e  sam p le . In v e rt th e  sy rin g e  so  th a t 
th e  a ir  b u b b le  r ise s  to  th e  to p  (v a lv e  en d ) o f  th e  sy rin g e . O p en  the 
s y rin g e  v a lv e  an d  v en t an y  re s id u a l a ir  w h ile  ad ju s tin g  th e  sam p le  
v o lu m e  to  5 .0  m L . A d d  5 uL  su rro g a te  sp ik in g  so lu tio n  th ro u g h  the  
v a lv e  b o re  o f  th e  sy rin g e  and  p ro ceed  w ith  an a ly sis .

9 .1 0 .7 .2  T h is  p ro c e ss  o f  tak in g  an  a liq u o t d e s tro y s  th e  v a lid ity  o f  the  liqu id  
s a m p le  fo r  fu tu re  an a ly s is . T h e re fo re , i f  th e re  is o n ly  o n e  4 0 -m L  v ia l o f  
s a m p le , th e  a n a ly s t  sh o u ld  fill a  sec o n d  sy rin g e  a t the sam e  tim e th e  first 
o n e  is p re p a re d , in  th e  sam e  m an n er , to  p ro te c t ag a in s t p o ss ib le  lo ss o f  
s a m p le  in teg rity . T h is  seco n d  sam p le  is m a in ta in ed  a t 4 ± 2 ° C  w ith  v a lv e  
c lo se d  o n ly  u n til su ch  tim e  as  th e  an a ly s t h a s  d e te rm in ed  tha t the  first
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sam p le  h as  b ee n  a n a ly z e d  su ccessfu lly . I f  a  seco n d  an a ly s is  is  n eed ed , it 
m u s t b e  fro m  th e  s e c o n d  sy rin g e  an d  m u st be  an a ly zed  w ith in  2 4  h o u rs  
o f  th e  o p en in g  o f  th e  o rig in a l sam p le  v ial. C are  m u st b e  tak en  to  p rev en t 
a ir  fro m  leak in g  in to  (a n d  to  p rev en t vo la tile s  from  leak in g  o u t o f) th e  
sy rin g e  c o n ta in in g  th e  b ac k u p  a liquo t.

9 .10 .8  M eth an o l ex trac ts  fro m  so ils  o r  sed im en ts  m u st b e  d ilu ted  in to  re ag en t w a te r  fo r 
an a ly s is , as  a re  m eth an o l so lu b le  d ilu tio n s . T ab le  2  is p ro v id ed  a t  the  en d  o f  th e  
m e th o d  to  h e ip  d e te rm in e  th e  v o lu m e  o f  m eth an o l ex trac t to  ad d  to  the 5 m L  
v o lu m e  o f  re g e n t w ate r, in  o rd e r  to  k ee p  th e  re sp o n se  o f  th e  m a jo r co n s titu en ts  in 
th e  u p p e r h a l f  o f  th e  lin e a r  ra n g e  o f  th e  cu rve . T h e  m ax im u m  v o lu m e o f  
m eth an o l e x tra c t u sab le  p e r  5 m L  p u rg e  v o lu m e  is  u su a lly  100 u L  (th is  is  u sed  in  
ca lcu la tin g  th e  P Q L , se c tio n  1.2).

9 .10 .8 .1  F o llo w  d irec tio n s  fo r  fillin g  a  sy rin g e  as o u tlin ed  in  9 .1 0 .7 .1 , e x c ep t use  
re ag en t w a te r in s te a d  o f  sam p le . In tro d u ce  d esired  v o lu m e  o f  m e th an o l 
ex tra c t by  in se rtin g  th e  n ee d le  o f  a  m icro sy rin g e  th ro u g h  the  v a lv e  
o p en in g  o f  th e  re a g e n t w a te r  f illed  5 m L sy rin g e  an d  d ep re ss in g  the  
m ic ro p ip e tte  p lu n g e r  w h e n  th e  n ee d le  is w ell b e lo w  th e  su rface  o f  the  
re ag en t w a te r. T h e  su rro g a te  h as a lready  been  ad d ed  (see  8.2). P ro ceed  
w ith  ana lysis.

9 .1 0 .9 . D ilu tio n s:

9 .10 .9 .1  I f  th e  p ro d u c t c o n c e n tra tio n  ex ceed s  the linear ran g e  o f  th e  m e th o d  as 
d e fin e d  b y  th e  ra n g e  o f  th e  ca lib ra tio n  curve, the  sam p le  (o r  e x tra c t o r  
d ilu tio n ) m u st b e  d ilu te d  an d  rean a ly zed . T he re sp o n se  o f  the m a jo r  
p e a k s  sh o u ld  b e  k e p t in  the  u p p e r h a lf  o f  the  lin ear ran g e  o f  the 
ca lib ra tio n  cu rve .

9 .1 0 .9 .2  I t  is m o s t d es irab le  to  a d ju s t the  v o lu m e o f  ex trac t in tro d u ced  in to  the 
re ag en t w a te r a s  in  9 .10 .8 .1  to  co m p en sa te  for co n cen tra ted  sam p le  
ex tra c ts . H o w e v er, i f  th a t is n o t p o ss ib le , the  fo llo w in g  p ro c ed u re  is 
a p p ro p ria te  fo r d ilu tin g  sam p les . A ll s tep s  m u st b e  p erfo rm ed  w ith o u t 
d e lay s  u n til th e  d ilu te d  sam p le  is in  a  g as-tig h t sy ringe:

9 .1 0 .9 .3  D ilu tio n s  m ay  be m a d e  in  c la ss  A  v o lu m etric  flasks (1 0  m L  to 100 m L  
see m  m o s t u se fu l) . S e le c t th e  v o lu m etric  flask  tha t w ill a llo w  fo r  the  
n e c essa ry  d ilu tio n . A lth o u g h  in te rm ed ia te  d ilu tio n s  m ay  be n ecessa ry  
fo r  h ig h ly  co n c e n tra te d  sam p les , rem em b er tha t th e  m o re  tran sfe rs  th e  
sam p le  m ak es, th e  g re a te r  th e  ch an ce  co m p o n en ts  w ill be  lost.

9 .1 0 .9 .4  C a lcu la te  the a p p ro x im a te  v o lu m e o f  reag en t w a te r to be ad d ed  to  the 
v o lu m etric  flask  se lec ted  an d  add  slig h tly  less th an  th is to  the flask .

9 .1 0 .9 .5  In jec t th e  p ro p e r a liq u o t o f  sam p le  from  the  sy rin g e  p rep ared  in 
P a ra g rap h  9 .1 0 .7 .2  in to  the  flask . A liq u o ts  o f  less than  1-m L a re  n o t 
re co m m en d ed  fo r  d ilu tio n  o f  w a te r sam p les  u sing  th is  m eth o d . M ak e 
su re  a liq u o t is in tro d u c e d  w e ll b e lo w  the su rface  o f  the re ag en t w a te r in 
th e  v o lu m etric  flask  to  m in im ize  sam p le  loss.
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9 .1 0 .9 .6  D ilu te  the  sam p le  to  th e  m ark  w ith  reag en t w a te r, d is tu rb in g  th e  su rfa ce  
as little  as  p o ss ib le . C a p  th e  f la sk  an d  in v ert th ree  tim es. R e p e a t the 
a b o v e  p ro c ed u re  fo r  a d d itio n a l d ilu tio n s. C o n tin u e  a s  in  9 .10 .7 .

9 .1 0 .1 0  A lte rn a tiv e  D ilu tio n  T ech n iq u e :

9 .10 .10 .1  A lte rn a tiv e ly , th e  d ilu tio n s  ca n  b e  m ad e  d irec tly  in  th e  g la ss  sy rin g e  to  
a v o id  lo ss  o f  v o la tile s . I f  d ilu tin g  m e th an o l ex trac ts , fo llo w  9 .1 0 .8  
u s in g  a  sm a lle r  v o lu m e  o f  ex tra c t in  th e  5 m L  p u rg e  v o lu m e  o r  the  
p ro c ed u re  o u tlin e d  fo r  th e  d ilu tio n  o f  w a te r sam ples.

9 .1 0 .1 0 .2  A ttach  a  sy r in g e -sy rin g e  v a lv e  assem b ly  to  th e  sy rin g e  v a lv e  o n  th e  
p u rg in g  d ev ice . O p e n  th e  sy rin g e  v a lv es  an d  in jec t sam p le  in to  th e  
p u rg in g  ch a m b e r. P ro c e e d  w ith  th e  an a ly s is . F o r m o re  in fo rm a tio n , 
re fe r  to  p u rg e -a n d -tra p  m e th o d s  in  S W -8 4 6  [1].

9 .11 . M o is tu re  D e te rm in a tio n  fo r S o lid s

9.11.1 M o is tu re  d e te rm in a tio n s  m u s t a c c o m p a n y  all so ils  d a ta  (rep o rted  in  m g /d ry  k g ) so  
th e  c lie n t c an , a t w ill, d e te rm in e  th e  re su lts  in  th e  o rig in a l so il co nd ition . 
R ep o rtin g  in  m g /d ry  k g  c a n  b e s t be  d o n e  i f  an  u n p reserv ed  p o rtio n  o f  th e  sa m p le  
(co lle c ted  w ith o u t m e th an o l)  is  p ro v id ed . B ecau se  o f  the  p o ten tia l fo r h ig h  
g aso lin e  o r  re la ted  co m p o u n d  c o n c en tra tio n s  in  th e  so il, a ll d ry i ig sh o u ld  b e  d o n e  
u n d er a  fu n c tio n in g  hood .

9 .11 .2  T o  d e te rm in e  p e rcen tag e  o f  m o is tu re , p re -w e ig h  an  a lu m in u m  w e ig h in g  boat. 
W eig h  5 -1 0  g  o f  th e  sam p le  in to  th e  b o a t and  reco rd  b o th  w e ig h ts  to  the n ea re s t 
0 .001 g. D ry  the  sam p le  o v e rn ig h t in  a  w arm  (  1 0 0 ± 5 °C ) oven .

9 .11 . 3 R em o v e  th e  sam p le  fro m  th e  o v e n  and  co o l in  a  d es icc a to r u n til th e  sam p le
reach es  ro o m  tem p era tu re , an d  w e ig h  to  the  n ea res t 0 .0 0  lg . R eco rd  th e  w e ig h t.

9 .1 1 .4  R e tu rn  th e  so il sam p le  to  th e  o v e n  fo r a n  ad d itio n a l tim e  p e rio d  (n o t le ss  th a n  2  
h o u rs), co o l ag a in  in  the d e s ic c a to r  u n til the  sam p le  reach es  ro o m  tem p era tu re , 
an d  w e ig h  to  th e  n ea res t 0 .00 lg .

9 .11 .5  I f  th e  w e ig h t o f  the  sam p le  h as  re m a in ed  co n stan t (±  4 % ) from  the in itia l "d ry"  
w e ig h t (9 .1 1 .4 ) , u se  th is  n u m b e r  fo r th e  m o is tu re  d e te rm in a tio n  (see  9 .1 2 .2 ). I f  
th e  sec o n d  w e ig h in g  sh o w s th a t th e  sam p le  h as  lo st fu rth e r w e ig h t, co n tin u e  
d ry in g  an d  w e ig h in g  the  sa m p le  u n til th e  w e ig h t b eco m es co n stan t, th en  p ro c eed  
to  9 .12 .2 .

9 .1 1 .6 I f  a  sam p le  c o n ta in s  a  h ig h  c o n c en tra tio n  o f  p e tro leu m  p ro d u c t, co n s tan t w e ig h t 
m ay  be d iff ic u lt to  a tta in . If, a f te r  sev e ra l tries, the ± 4 %  c rite ria  c a n n o t be 
reach ed  an  e s tim a ted  %  m o is tu re  m ay  b e  repo rted  w ith  ap p ro p ria te  ex p lan a tio n .
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9.12 Calculations:

T h e  c o n c e n tra tio n  o f  G aso lin e  R an g e  O rg an ics  in  th e  sam p le  is  d e te rm in ed  by 
c a lc u la tin g  th e  ab so lu te  w e ig h t o f  an a ly te  p u rg ed , fro m  a  su m m atio n  o f  p eak  
re sp o n se  fo r  a ll ch ro m a to g rap h ic  peak s, re so lv e d  a n d  u n re so lv ed , e lu tin g  b e tw een  
th e  p e a k  s ta r t  tim e  fo r  C6 (h ex an e) and  th e  p e a k  s ta rt tim e  fo r C ,0 (decane), u sing  
th e  ca lib ra tio n  cu rv e  o r  th e  ca lib ra tio n  fac to r d e te rm in e d  in  9 .8  an d  b ase lin e - 
b a se lin e  p ro jec tio n . R e fe r to  S ec tio n  9 .9  (R e te n tio n  T im e  W in d o w .)

T h e  co n c en tra tio n  o f  G R O  m ay  b e  ca lcu la ted  a s  fo llo w s  [M eth o d  8 0 0 0 A, 1 ]:

Aqueous Samples:

C 5 (m g /L ) =  (A xX D )

9.12.1 External Standard Calibration:

(RFXVs)
W here:

C , =  C o n cen tra tio n  o f  G aso lin e  R an g e  O rg an ics
R F  =  R esp o n se  facto r, as  d e sc rib ed  in  9 .8 .4
A x  =  R esp o n se  fo r the G aso lin e  R an g e  O rg an ics  in  the  sam ple ,

u n its  in  a rea  
V s =  V o lu m e  o f  sam p le  p u rg ed , in  lite rs .
D  =  D ilu tio n  facto r, i f  d ilu tio n  v /as p e rfo rm ed  o n  th e  sam p le

p rio r  to  an a ly sis . I f  no  d ilu tio n  w as  m ad e, D  =  1, 
d im en sio n le ss .

S o lid  s a m p le s  (m e th an o l ex trac tio n ):

C , (mg/kg) =  (A x)fVt)g>Jt 
(R F )(W )(V i )

W here :
V t =  V o lu m e  o f  to ta l e x tra c t (u L ) (u se  10000 u L  fo r s tan d ard  10

m L  ex tra c t vo lum e).
V i =  V o lu m e  o f  ex trac t a c tu a lly  p u rg e d  (uL )
W  =  W e ig h t o f  sam p le  ex trac ted , kg . T h e  w e t w e ig h t is used .
Ax, RF, and D hav e  th e  sam e d e fin itio n  a s  above .

Note: Some chromatographic software programs are capable of performing 
these calculations with minimal analyst intervention.

9 .12 .2  M o is tu re  D e te rm in a tio n  (% )
M o is tu re  (% ) =  (A -C )/(A -B ) x  100 
W here:
A  =  w e ig h t o f  a lu m in u m  boat + w e t sam p le  
B =  w e ig h t o f  b o a t 
C  =  w e ig h t o f  b o a t + d ry  sam p le

9 .12 .3  In ie m a l S tan d a rd  C a lib ra tio n .
I f  in te rn a l s tan d a rd  ca lib ra tio n  is u sed , p lease  re fe r  to  S W  846  M eth o d  8000A [1].
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10. Quality Control (See Method AK 101, Table 3)

10.1 T h e  lab o ra to ry  m u s t d e m o n s tra te , th ro u g h  th e  a n a ly s is  o f  q u a lity  co n tro l ch e c k  s tan d a rd s , 
th a t the  o p e ra tio n  o f  th e  m e asu rem en t sy s te m  is in  co n tro l. T h is  m u s t in c 'u d e  th e  
an a ly sis  o f  Q C  ch e ck  sam p le s  p lu s  th e  ca lc u la tio n  o f  a v e rag e  reco v ery  an d  th e  s tan d a rd  
d ev ia tio n  o f  th e  re c o v e ry  as o u tlin e d  in  M e th o d  8 0 0 0 , S ec tio n  8 .0 , an d  in  th is  m eth o d .

10.2 A fte r  su ccessfu l c a lib ra tio n  (S ec tio n  9 .3 ), an a ly z e  a  re a g e n t b la n k  sam p le . T h e  re ag en t 
b lan k  m u s t b e  an a ly z e d  w ith  e v e ry  an a ly tica l b atch . T h e  su rro g a te  reco v ery  m u s t b e  
w ith in  e s ta b lish e d  lim its  (se e  T a b le  3 ), o r  w ith in  th e  lim its  e s tab lish ed  b y  the  p ro je c t p lan  
(w h ich ev e r is  m o re  s tr in g en t) . A lso , th e  m id -p o in t C C S  m u s t b e  an a ly z ed  a t th e  en d  o f  
ea ch  seq u en ce  a n d  o n ce  p e r  20 sam p les , a n d  co m p a re d  to  th e  su cc ess fu l c a lib ra tio n  a s  
d esc rib ed  in  9 .8 .6 , a n d  fa ll w ith in  e s tab lish ed  lim its  (see  T a b le  3). M e th o d  d e te c tio n  
lim its  (M D L ) m u s t b e  e s ta b lish e d  a s  sp ec if ie d  in  4 0  C F R  p a r t  136 ap p e n d ix  B .

10.3 W ith  ev e ry  b a tch , d u p lic a te  L F B s  m u s t b e  an a ly zed . T h e  m a tr ix  fo r th e se  sam p le s  sh o u ld  
be  reag en t w a te r  fo r  b a tch e s  o f  aq u eo u s  sam p les  o r  m e th a n o l/O tta w a  san d  (o r o th e r  
ap p ro p ria te  s ta n d a rd  so il)  fo r  so il sam p le  b a tch  an a ly se s . T h e  accu racy  an d  p re c is io n  o f  
th e  d u p lica te s  m u s t b e  w ith in  e s tab lish ed  lim its  (see  T a b le  3).

10.4 W ith  ev e ry  b a tch  o f  sam p le s  ex tra c ted , th e  re a g e n t b la n k  m u s t b e  an a ly zed . T h e  re ag en t 
b lan k  m u s t h av e  G R O  less  th a n  th e  p rac tica l q u a n tita tio n  lim it.

10.5 I f  a n y  o f  th e  c r ite r ia  in  9 .3 ,1 0 .2 ,  10.3 an d  10 .4  a re  n o t m e t, co rrec tiv e  ac tio n  m u s t be 
tak en  b e fo re  sam p les  a re  an a ly zed .

10.6 C a lcu la te  th e  su rro g a te  re c o v e ry  in  ea ch  sam p le . I f  re co v e rie s  a re  o u ts id e  e s ta b lish e d  
lim its  (T a b le  3), v e r ify  c a lc u la tio n s , d ilu tio n s , an d  s ta n d a rd  so lu tio n s . V e rify  in s tru m e n t 
p erfo rm an ce .

10.6.1 H ig h  re co v e r ie s  m ay  b e  d u e  to  a  co e lu tin g  m a tr ix  in te rfe ren c e  -e x am in e  the 
sa m p le  ch ro m a to g ram .

10.6 .2  L o w  re co v e r ie s  m ay  b e  d u e  to  a d so rp tio n  b y  th e  sa m p le  m a trix  (i.e ., h ig h  h u m u s  
so ils) .

10.6.3 L o w  re co v e r ie s  m ay  b e  d u e  to  a  p o o r  p u rg e  (c lo g g e d  p u rg e  tu b e  o r  frit). I f  th is  is 
su sp ec te d , c h e c k  th e  p u rg e  tu b e  w ith  a  b lan k  b e fo re  re an a ly z in g  th e  sam p le .

10.6 .4  I f  th e  su rro g a te  re c o v e ry  is  o u ts id e  e s tab lish ed  lim its  d u e  to  su sp ec ted  m a trix  
e ffec ts , G R O  re su lts  m u s t be  flagged . I f  th e  su rro g a te  re co v e ry  is  less  th an  5 0 % , 
an d  th e  c a lc u la te d  G R O  re su lts  a re  w ith in  a  fa c to r o f  2 o f  the  ac tio n  lim it, th e  
lab o ra to ry  sh o u ld  re co m m en d  th a t the  c lien t re su b m it th e  sam p le  for m a trix  sp ik e  
an d  m a trix  sp ik e  d u p lica te  an a ly s is . T h is  is a  re co m m en d a tio n , n o t a  re q u ire m e n t 
o f  th e  m e th o d , a n d  th e re fo re , th e  o n u s  is n o t o n  th e  an a ly tica l lab o ra to ry  to  a b so rb  
th e  c o s t o f  th e  ad d itio n a l an a ly ses.

10.7 B o ttle  b lan k s  an d  m a trix  sp ik e s  a re  re co m m en d ed  fo r sp ec if ic  sa m p lin g  p ro g ram s. F ie ld  
b lan k s, tr ip  b lan k s , fie ld  d u p lica te s  a re  req u ired  as s ta ted  in  C h ap te r  2 , sec tio n  9  o f  tire 
U S T  P ro ce d u re s  M an u a l.
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10.8 M in im u m  q u a lity  co n tro l accep tan ce  c r ite ria  are se t fo rth  in  sec tio n  10 o f  th is  m eth o d . 
M o re  s tr in g en t q u a lity  co n tro l c r ite ria  m ay  b e  requ ired  by sp ec ific  p ro jec t p lans.

10.9 C o rrec tiv e  A c tio n

10.9.1 C a lib ra tio n
10.9.1.1 I f  th e  in itia l ca lib ra tio n  d o es  no t m ee t th e  c rite ria  se t fo rth  in  9 .8 .4  and

9 .8 .5 , the  in s tru m en t m u st be  recalib rated .

10 .9 .1 .2  I f  th e  co n tin u in g  ca lib ra tio n  does n o t m ee t th e  c rite ria  se t fo rth  in  9 .8 .6  
an d  T ab le  3, th e  in s tru m en t m u st be  recalib ra ted .

10.9.2 S u rro g a tes

10.9.2.1 I f  su rro g a tes  a re  o u ts id e  e stab lish ed  con tro l lim its  (T ab le  3), th e  
fo llo w in g  a sse ssm en ts  a n d /o r co rrec tion  ac tio n s m u st occur:

A ) C h eck  to  be  su re  th ere  a re  no erro rs in  ca lcu la tio n s  an d  th a t the 
co n c en tra tio n  o f  th e  su rro g a te  and  in ternal s tan d ard  so lu tio n  a re  correc t.

B ) C h eck  in s tru m en t p erfo rm an ce  to d e te rm in e  i f  it is w ith in  accep tab le  
g u id e lin es .

C ) R eca lcu la te  th e  d a ta  a n d /o r rean aly ze  th e  ex trac t i f  an y  o f  th e  ab o v e  
ch e ck s  rev ea ls  a  p rob lem .

D ) R ep rep are  an d  rean a ly ze  the  sam p le  i f  none o f  the  ab o v e  re so lv es  the  
p ro b lem .

10 .9 .2 .2  I f  th e  su rro g a te  reco v erie s  th a t are o u ts id e  the co n tro l lim its  c an n o t b e  
a ttr ib u te d  to  lab  erro r, the d ec is io n  to  rean aly ze  o r  flag  th e  d a ta  sh o u ld  
b e  m a d e  in  co n su lta tio n  w ith  the c lien t. P ro v id ed  all o th e r Q C  
ac cep tan c e  c r ite ria  a re  m e t (sec tio n  10), i t  is o n ly  n ecessary  to  
rep rep a re /re an a ly ze  a  sam p le  one tim e  to  d em o n stra te  th a t a p o o r 
su rro g a te  reco v ery  is d u e  to  m atrix  effects. A  re la tio n sh ip  can  be 
e s ta b lish e d  b e tw een  su rro g a te  recovery  and  m o istu re  co n ten t o f  o rg an ic  
so ils , w h ich  m ay  h e lp  in  d iag n o sin g  the cause  o f  p o o r su rro g a te  
reco v erie s .

10.9.3 B lan k s: A d d itio n a l lab o ra to ry  an d  fie ld  quality  con tro l b lan k s m ay  be n ecessa ry  
fo r c e rta in  p ro jec ts  to  m ee t th e  goals  o f  C hap ter 2 , sec tio n  9 o f  the  U S T  
P ro ced u res  M an u a l.

10.9.3.1 In s tru m en t B lanks:
In s tru m en ts  m u s t be  ev a lu a ted  w ith  each  batch  (o r 
d a ily , w h ich e v e r is m o re  frequen t) and  m ust 
d e m o n s tra te  th a t the  an a ly tica l system  is free from  
co n tam in a tio n . T h is  is b est acco m p lish ed  by 
an a ly z in g  an  In s tru m en t B lank .
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1 0 .9 .3 .2  T rip  B lan k :
T rip  B lan k s  m u s t b e  an a ly z ed  w ith  ea ch  sam p lin g  b a tch  IF  the  re su lts  o f  
th e  fie ld  s a m p le s  sh o w  c o n tam in a tio n  ab o v e  the  M C L . T h e  T rip  B lan k  
fo r  A K 101  m ay  a lso  se rv e  as th e  M eth o d  B lan k  a n d  R e a g e n t B lan k  in  
so m e  cases .

10 .9 .3 .3  F ie ld  B lan k :
I f  th e  fie ld  s a m p le s  y ie ld  G R O  ab o v e  th e  M C L , an d  co n ta m in a tio n  is 
fo u n d  ab o v e  th e  P Q L  in  th e  T rip  B lan k , a  F ie ld  B lan k  sh o u ld  b e  
an a ly z ed  to  id e n tify  w h e th e r  th e  so u rce  o f  co n ta m in a tio n  o rig in a te d  in  
th e  fie ld  s a m p le  co lle c tio n  p ro ced u re , d u rin g  trav e l o r  d u rin g  s to ra g e  in  
th e  lab o ra to ry .

(Note: Blanks are reported by value. DO NOT BLANK SUBTRAC f . This 
information is for data quality assessment purposes only.)

10.9 .4  L a b o ra to ry  F o rtif ie d  B lan k s

10.9 .4 .1  I f  th e  a n a ly te  re c o v e ry  fro m  th e  L F B s is o u ts id e  th e  e s tab lish ed  re c o v e r /  
l im its  (T a b le  3 ), th e  fo llo w in g  a sse ssm en ts  an d /o r c o rre c tiv e  ac tio n s  
m u s t o ccu r:

A ) C h e c k  to  b e  su re  th e re  a re  n o  e rro rs  in  c a lc u la tio n s  a n d  th a t th e  
co n c e n tra tio n  o f  th e  an a ly te  so lu tio n  is co rrec t.

B ) C h e c k  in s tru m e n t p e rfo rm an c e  to  d e te rm in e  i f  it  is  w ith in  ac cep tab le  
g u id e lin e s .

C ) R ec a lc u la te  th e  d a ta  an d /o r  rean a ly ze  th e  ex tra c t i f  an y  o f  th e  ab o v e  
ch e ck s  re v ea ls  a  p ro b lem .

D ) R e p re p a re  a n d  rean a ly ze  th e  sam p les  i f  n o n e  o f  th e  ab o v e  re so lv e s  
th e  p ro b le m .

1 0 .9 .4 .2  I f  th e  re la tiv e  p e rc e n t d iffe ren c e  b e tw een  th e  L F B  re su lts  e x c eed s  th e  
co n tro l lim its , b u t  m ee ts  th e  p e rcen t re co v ery  c r ite r ia  (T a b le  3), th e  
fo llo w in g  a sse ssm e n ts  a n d /o r  co rrec tiv e  ac tio n s  m u s t o ccu r:

A ) C h e c k  to  b e  su re  th a t  th e re  a re  no  e rro rs  in  c a lc u la tio n s , an d  th a t th e  
sa m e  a m o u n t a n d  so u rce  o f  an a ly te  so lu tio n , so lv e n t an d  w a te r  w e re  
u se d  fo r b o th  sam p le s  in  th e  set.

B ) C h e c k  to  d e te rm in e  i f  in s tru m en t p e rfo rm an ce  is  s till w ith in  
a c c e p ta b le  g u id e lin e s , a n d  th a t co n d itio n s  d id  n o t ch a n g e  d u rin g  th e  
c o u rse  o f  tire b a tch  an a ly sis .

C ) R eca lcu la te  th e  d a ta  i f  ca lcu la tio n  e rro r is  su sp ec ted .
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D ) R ep ea t the  L F B  d u p lica te  ex tra c tio n  and  ana lysis , a lo n g  w ith  a 
rep resen ta tiv e  n u m b er o f  sam p les  ( 10%  o f  th e  sam ples from  the b a tch  
O R  1 sam p le , w h ich e v e r is m o re ) fro m  the an a ly tica l batch  w ith  th e  
fa iled  L F B  R PD . T h e  re -an a ly s is  o f  th e  fie ld  sam p les  is to  d em o n stra te  
co m p arab ility  o f  th e  ex trac tio n /a n a ly s is  cond itions a t  the  tim e o f  re - 
e x trac tio n  an d  an a ly s is  to  th o se  a t th e  tim e o f  the fa iled  Q C .

11. Method Performance

1 1.1 S in g le -lab  m e th o d  p e rfo rm an ce  d a ta  fo r th e  m eth an o l ex trac tio n  m ethod  in  O ttaw a  Sand 
an d  o th e r  so il ty p es  is  p re sen ted  b e lo w . A d d itio n a l m e th o d  perfo rm an ce  d a ta  is av a ilab le  
th ro u g h  th e  S ta te  o f  A lask a , D ep artm en t o f  E n v iro n m en ta l C onserva tion .

11.2 R esu lts  fo r  g a so lin e  sp ik es  (M e th an o l e x tra c tio n  p u rg e  an d  trap , so ils)

M a t r ix
G a so lin e  S p ik e  A m o u n t 

mg/kg
P e rc e n t
R e c o v e rv

’O ttaw a  S a n d 1 50 70
O ttaw a  S a n d 1 50 78
H o u s to n  B lack  C la y 1 50 68
H o u sto n  B lack  C la y 1 50 66
N o rw o o d  L o a m 1 50 60
N o rw o o d  L o a m 1 50 57
O ttaw a  S an d 2 50 97
O ttaw a  S an d 2 50 96
M arin e  S an d 2 50 94
G lac ia l C lay 2 50 68
R iv e r  S e d im e n t2 50 53
M arin e  S ed im en t2 50 132
F o res t L o am , m u sk eg , tu n d ra2,3 50 28

1 A n a ly se s  p e rfo rm ed  by R o ck y  M o u n ta in  A n a ly tica l. G aso lin e  used  =  A P I P S 6 .
2  A n a ly se s  p e rfo rm ed  by  S ta te  o f  A lask a , D E C  L aborato ry . G aso lin e  used  =  
G C S .
3 A ll h ig h ly  o rg an ic , h ig h  m o is tu re  so il m a trice s  sh o w ed  less th an  30%  an a ly te  
reco v ery .

11.3 T h e  m e th o d  d e te c tio n  lim it c a lc u la ted  acco rd in g  to  4 0  C F R , P a rt 136, A p p en d ix  B w as
0 .5  m g /k g  G R O  as g aso lin e  fo r  th e  m e th an o l ex trac tio n  o f  so ils  and  .01 m g/L  G R O  as 
g aso lin e  fo r w a te rs . T h e  re co m m en d ed  P rac tic a l Q u an tita tio n  L im it (P Q L ) is 5 m g /kg  
G R O  as  g a so lin e  fo r so il an d  0 . 1 m g /L  G R O  as g aso lin e  fo r w ater. F o r pu rp o ses o f  th is 
m e th o d , th e  P Q L  is d e fin ed  as 10 tim es th e  M D L .

11.4 T h e  P Q L  m u st b e  no m o re  th en  0.1 tim es th e  M ax im u m  C o n tam in an t L im it for the  
p ro jec t.
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Method AK 1 0 1 -Table 1 
Purge and Trap Operating Parameters 

For GRO/602/8020

Parameter_________________

P u rg e  G as
P u rg e  G as  F lo w  R a te  (m L /m in .) 
P u rg e  T irn e  (m in .)
P u rg e  T em p e ra tu re  (° C )
D eso rb  T em p era tu re  (° C )
B ack  F lu sh  In e rt G as F lo w  (m L /m in .) 
D eso rb  T im e  (m in .)
T rap  B ak e -o u t T im e  (m in .)

-g e tt in g

N itro g en  o r  H e liu m  
40 
12.0 ± 0.1 
A m b ien t 
180 
20-60 
4 
10
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Method AK 101-Table 2

Quantity of Methanol Extract Needed for 
Analysis of Soils and Sediments

Approximate Volume of
-Concentration,,Q)RQ_(in g/kg)£__________________ Methanol Extract (uL)b

5 -100  100

2 0 0  50

1000 10

5000  100 uL  o f  1/50 d ilu tion"

C alcu la te  ap p ro p ria te  d ilu tio n  fa c to r fo r co n c en tra tio n s  ex c eed in g  th is  tab le , 

a  T h is  n u m b er is  d e te rm in e d  b y  sa m p le  p re -sc reen in g .

b  T h e  v o lu m e o f  m e th an o l ad d e d  to  5 m L  o f  w a te r  b e in g  p u rg e d  sh o u ld  b e  k ep t co n stan t.
T h ere fo re , a d d  to  th e  5 -m L  sy rin g e  w h a te v e r  v o lu m e  o f  m eth an o l is n ecessa ry  to  
m a in ta in  a  to ta l v o lu m e  o f  100 u L  o f  m e th an o l fo r  each  b lan k , sam p le  an d  con tro l.

c  D ilu te  a n  a liq u o t o f  th e  m e th an o l e x tra c t a n d  th en  tak e  100 u L  fo r an a ly sis .
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Method AK 101 - Table 3

Acceptance Criteria for Quality Control

ANALYTE SPIKE CONCENTRATION CONTROL LIMITS
Water (mg/L) Soil (mg/kg)______ %  Recovery Relative

 %  Difference

Lab-Fortified 
Blanks

G aso line  R an g e  
O rganics

Laboratory Sample 
Surrogate Recovery 
T riflu o ro to lu en e  
o r  B ro m o flu o ro b en zen e

Field Sample 
Surrogate Recovery 
T riflu o ro to lu en e  
o r B ro m o flu o ro b en zen e

Continuing Calibration/
Calibration Verification 
Standards
S ee 7.3 1.0 75-125

T h e q u a lity  co n tro l c r ite r ia  lis ted  in  th is  tab le  re p resen t th e  m in im u m  accep tab le  levels, u s in g  h ig h ly  
o rgan ic so il m a trice s . H ig h e r p e rfo rm an c e  m ay  b e  re q u ired  o n  so m e pro jec ts.

0 .5  25  6 0 -1 2 0  20

0 .05  2 .5  60 -120

0 .05  2.5 50 -150
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Method A K  102 
For Determination of Diesel Range Organics 

Revision 3,1/31/96

1. Scope and Application

1.1 O b jec tiv es

1.1.1 T h is  m e th o d  is d e s ig n ed  to  m easu re  th e  c o n c en tra tio n  o f  D iese l R an g e  O rg a n ic s  
(D R O ) in  w a te r an d  so il. T h is  co rre sp o n d s  to  an  n -a lk an e  range fro m  th e  
b eg in n in g  o f  C ,0 to  d ie  b eg in n in g  o f  C 2J a n d  a  b o ilin g  p o in t ran g e  o f  a p p ro x im a te ly  
170° C  to  4 0 0 °  C . (S ee  M e th o d  A K  102, T a b le  1).

1.1.2 C o m p o n en ts  g re a te r  th a n  p re se n t in  p ro d u c ts  su ch  as m o to r o ils  o r  lu b rica tin g  
o ils  a re  d e tec tab le  u n d e r  th e  c o n d itio n s  o f  th e  m eth o d .

1.2 Q u a n tita tio n  L im its

P rac tica l q u a n tita tio n  lim its  (P Q L ) fo r  th is  m e th o d  fo r  an a ly s is  o f  D R O  are  b a se d  o n  100 
u g /m L  o f  d ie se l # 2  in  th e  e x tra c t an d  a re  a p p ro x im a te ly  0 .1 0  m g/L  fo r w a te rs  a n d  4 .0  
m g /k g  fo r so ils.

1.3 D y n am ic  R an g e

D ilu tio n s  sh o u ld  b e  p e rfo rm ed  a s  n ecessa ry  to  p u t th e  ch ro m ato g rap h ic  en v e lo p e  w ith in  
th e  lin ea r ran g e  o f  th e  m eth o d . L in e a r  ran g e  is  d ep e n d en t in  p a rt up o n  co lu m n  ty p e , 
d e tec to r sen s itiv ity , an d  in jec tio n  v o lu m e. T y p ic a lly , th e  ap p ro x im a te  ran g e  is 0.01 m g /L  
to  100 m g /L  as d iesel.

1.4 E x p erien ce

T h is  m e th o d  is b ased  o n  a  so lv e n t ex tra c tio n , g as  ch ro m a to g rap h y  (G C ) p ro c ed u re . T h is  
m e th o d  sh o u ld  b e  u sed  b y , o r  u n d e r  th e  su p e rv is io n  o f, an a ly s ts  ex p e rien ced  in  th e  u se  o f  
so lv en t ex tra c tio n s  an d  g as  ch ro m a to g rap h s  a s  q u a n tita tiv e  too ls.

2. Method Summary

2.1 T h is  m e th o d  p ro v id es  g as  ch ro m a to g rap h ic  c o n d itio n s  fo r th e  d e tec tio n  o f  se m i-v o la tile
p e tro le u m  p ro d u c ts  su ch  as d ie se ls . O th e r, n o n -p e tro le u m  co m p o u n d s, w ith  s im ila r  
ch a rac te ris tic s  an d  b o ilin g  p o in ts , m ay  a lso  b e  d e tec ted  w ith  th is  m ethod . O n e  lite r  o f  
S am p les  m u s t be  sp ik ed  w ith  a  su rro g a te  c o m p o u n d  an d  ex trac ted  w ith  m e th y len e  
ch lo rid e . T h e  ex trac t is d ried  a n d  co n c en tra te d . A n  a liq u o t o f  the  ex trac t m u st b e  
in jec ted  in to  a  c a p illa ry  co lu m n  g as  c h ro m a to g ram  eq u ip p ed  w ith  a  flam e io n iza tio n  
d e tec to r (F ID ), w h ich  h as b ee n  tem p e ra tu re  p ro g ra m m e d  to  fac ilita te  sep a ra tio n  o f  
o rg a n ic  co m p o u n d s . Q u a n tita tio n  m u s t be  p e rfo rm e d  by  co m p arin g  th e  to ta l 
ch ro m a to g rap h ic  a rea  b e tw een  an d  in c lu d in g  th e  p ea k  s ta rt o f  C 10 to  the  p eak  s ta rt o f  C 2J,
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in c lu d in g  b o th  re so lv e d  an d  u n re so lv ed  c o m p o n e n ts , based  on  F ID  re sp o n se  co m p ared  to  
a  b len d ed  co m m erc ia l d ie se l s tan d ard  (see parag rap h  3 .2). In teg ra tio n  m u st be  p erfo rm ed  
u sin g  fo rced  b a se lin e -b ase lin e  in tegra tion .

T h is  v e rs io n  o f  th e  m e th o d  w as d eve loped  by  Dr. M ary  Jan e  P ilg rim , an d  is based , in  
p art, o n  a  m o d ific a tio n  o f  the  A m erican  P etro leum  In s titu te  co n sen su s "M eth o d  fo r th e  
D e te rm in a tio n  o f  D iese l R an g e  O rg an ics ,” R ev is io n  2 ,2 /5 /9 2  [11], su p p lem en ted  w ith  
in fo rm a tio n  g a th e red  b y  th e  S ta te  o f  A laska , D epartm en t o f  E n v iro n m en ta l C o n serv a tio n , 
S ta te  C h em is try  L ab o ra to ry , w ith  su p p o rt from  the  S to rage T an k  P ro g ram . I t is  b ased  in 
p art o n  U S  E n v iro n m en ta l P ro tec tio n  A g en cy  M ethods 80 0 0  and  8100 , S W -8 4 6 , "T est 
M eth o d s  fo r  E v a lu a tin g  S o lid  W aste ,"  3 rd  E d itio n  [1], M eth o d  O A -2  [2] and  w o rk  by  the 
E P A  T o ta l P e tro leu m  H y d ro ca rb o n s  M eth o d  C om m ittee  [3], and  th e  S ta te  o f  O reg o n , 
"T o ta l P e tro leu m  H y d ro c a rb o n  M ethods"  Q A R  3 4 0 -122-350  dated  D ecem b er 11, 1990.

Definitions

D iese l R an g e  O rg a n ic s  (D R O ): A ll ch ro m ato g rap h ic  peaks, bo th  re so lv ed  an d  
u n re so lv ed , e lu tin g  b e tw e en  th e  peak  start o f  n -decane (C 10) and  the  p eak  s ta rt o f  n- 
p en taco san e  (C 2J). Q u a n tita tio n  is based  o n  d irec t co m p ariso n  o f  the  a rea  w ith in  th is  
ran g e  to  th e  to ta l a rea  o v e r  th e  sam e (C 10 - C 25) range o f  th e  ca lib ra tio n  s tan d a rd  as 
d e te rm in e d  by F ID  re sp o n se , u s in g  fo rced  b ase lin e -b ase lin e  in tegra tion .

D iese l C a lib ra tio n  S tan d a rd  (D C S ): A  b lend o f  equal w e igh ts  o f  a rc tic  d iese l, d ie se l # 1 
and  d iese l #2 ( 1 : 1 : 1), d ilu te d  to  app ro p ria te  co n cen tra tio n s  in m e th y len e  ch lo rid e  o r 
ace tone . In  th o se  a reas  w h e re  a rc tic  d iesel is unavailab le , kero sen e-K 2  m ay  be u sed  to  
p rep are  th e  ca lib ra tio n  s tan d a rd . T h is  d ev ia tio n  m ust be n o ted  o n  th e  fin a l rep o rt. T h e  
D C S  m ix tu re  se rv e s  as a  c a lib ra tio n  standard  for D R O .

S u rro g a te  C o n tro l S ta n d a rd  (S C S ): O rtho -te rpheny l o r equ iva len t, u sed  a s  a  lab o ra to ry  
d a ta  q u a lity  co n tro l.

S u rro g a te  C o n tro l S am p le : A  m eth o d  b lank  sam ple sp ik ed  w ith  su rro g a te . T h e  su rro g a te  
reco v ery  is  u sed  to  ev a lu a te  m eth o d  con tro l (see M ethod  A K  102. T ab le  2).

C a lib ra tio n  V e rif ic a tio n  S tan d a rd  (C V S ): A  quality  co n tro l s tan d ard  (p re fe rab ly  
E n v iro n m en ta l R eso u rc e s  A sso c ia tio n  (E R A ) C ertified , o r  eq u iv a len t) , p rep a red  as in  3 .2 
b u t w ith  p ro d u c ts  from  a  so u rce  o th e r than  those used  to p repare  th e  D iese l C a lib ra tio n  
S tan d ard . It is u sed  by th e  lab o ra to ry  as a  quality  con tro l check  to  v e rify  th e  accu racy  o f  
ca lib ra tio n .

L ab o ra to ry  F o rtif ied  B lan k  (L F B ): A  m ethod  b lank sam p le  sp iked  w ith  a  co m m erc ia l 
d iese l fuel o th e r  th a n  th o se  b len d ed  to  m ake the D iesel C alib ra tio n  S tan d a rd  (3 .2 ). T h e  
sp ik e  reco v ery  is u sed  to  ev a lu a te  m ethod  control (see  M ethod  A K  102, T ab le  2 ). T h e  
C V S  m ay  b e  u sed  in  the  L F B .
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R eten tio n  T im e  W in d o w  S tan d a rd : A  m ix tu re  o f  the  n o rm al a lk an es n -d e c a n e  a n d  n- 
p en tac o san e  ( C 10 a n d  C 25) w h ic h  is  an a ly z ed  o n ce  ev e ry  2 4  h o u r “d a y ”  o r  w ith  e a c h  b a tch  
o f  sam p les , w h ic h e v e r  is le s s  freq u en t, n o t to  ex ceed  2 0  sam p les  p e r  b a tch . T h is  s ta n d a rd  
se rv es  to  d e f in e  th e  re te n tio n  tim e  w in d o w  fo r  D R O .

In te rn a l S tan d a rd : A lp h a  an d ro s ta n e , u se d  to  n o rm a lize  D R O  co n cen tra tio n s . U s e  o f  an  
in te rn a l s ta n d a rd  is  re c o m m e n d e d , b u t n o t requ ired .

S tan d a rd  S o il: O tta w a  sa n d , N o rw o o d  lo am , H o u sto n  b lack  c lay , o r  o th e r  s ta n d a rd  so il 
w ith  ch a ra c te ris tic s  w h ic h  m a tc h  th e  fie ld  sam p les  as c lo se ly  a s  p o ss ib le , u sed  in  q u a lity  
co n tro l s tan d ard s .

C o n tin u in g  C a lib ra tio n  S ta n d a rd  (C C S ): A  m id -ran g e  w o rk in g  stan d ard  d ilu te d  fro m  th e  
D iese l C a lib ra tio n  S ta n d a rd , u sed  to  v e r ily  th a t the  an a ly tica l sy s tem  is o p e ra tin g  in  a  
m an n e r c o m p arab le  to  th a t a t  th e  t im e  o f  ca lib ra tio n .

O th er te rm s  a re  a s  d e f in e d  in  S W -8 4 6  [1].

Interferences

O th e r o rg a n ic  c o m p o u n d s  in c lu d in g , b u t n o t lim ited  to , an im al and  v eg e ta b le  o il a n d  
g rease , ch lo rin a te d  h y d ro c a rb o n s , p h en o ls , p h th a la te  e s te rs  an d  b io g en ic  te rp e n e s  a re  
m easu rab le  u n d e r  th e  c o n d itio n s  o f  th is  m eth o d . H eav ie r p e tro leu m  p ro d u c ts  su c h  as 
lu b rica tin g  o il an d  c ru d e  o ils  a lso  p ro d u c e  a  resp o n se  w ith in  th e  re te n tio n  tim e  ra n g e  fo r  
D R O . A s  d e f in e d  in  th e  m e th o d , th e  D R O  re su lts  in c lu d e  th ese  co m p o u n d s .

M eth o d  in te rfe re n c e s  m a y  b e  re d u ced  b y  w ash in g  all g la ssw are  w ith  h o t so ap y  w a te r  a n d  
th en  rin s in g  it w ith  ta p  w a te r , m e th an o l, an d  m e th y len e  ch lo ride . H e a tin g  th e  g la ssw a re  
to  red u ce  c o n ta m in a n ts  sh o u ld  n o t b e  n e c essa ry  i f  th is  c lea n in g  m e th o d  is  fo llo w ed . A t 
least o n e  b la n k  m u s t b e  a n a ly z e d  w ith  ea ch  ex trac tio n  b a tch  to  d e m o n s tra te  th a t  th e  
lab o ra to ry  sa m p le s  a re  free  fro m  m e th o d  in terferences.

H ig h  p u rity  re a g e n ts  su c h  a s  B u rd ic k  a n d  Jack so n  G C 2 m e th y len e  ch lo rid e  o r  B a k e r  
ca p illa ry  g ra d e  m e th y le n e  ch lo rid e  m u s t be u sed  to  m in im ize  in te rfe ren ce  p ro b lem s.

C o n ta m in a tio n  b y  c a rry o v e r  can  o c c u r  w h e n ev e r h ig h -lev e l an d  lo w -lev e l s a m p le s  a re  
seq u e n tia lly  a n a ly z e d . W h e n e v e r an  u n u su a lly  co n cen tra ted  sam p le  is  en c o u n te re d , it 
sh o u ld  b e  fo llo w ed  b y  a n a ly s is  o f  a  so lv en t b lan k  to  c h e ck  fo r in s tru m en t co n tam in a tio n .
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5. Safety Issues

5.1 T h e  to x ic ity  o r  ca rc in o g en ic ity  o f  each  reag en t in  th is m e th o d  has n o t been  p re c ise ly  
d efin ed . H o w ev er, each  ch em ica l co m p o u n d  sh o u ld  be trea ted  as a  p o ten tia l h ea lth  
hazard . E x p o su re  to  th ese  ch em ica ls  m u st be reduced  to  th e  lo w est p o ss ib le  lev e l by 
w h a te v e r m ean s  ava ilab le . T h e  lab o ra to ry  is re sp o n sib le  fo r m ain ta in in g  a  cu rren t 
aw aren e ss  file  o f  O ccu p a tio n a l S a fe ty  an d  H ea lth  A d m in is tra tio n  (O S H A ) reg u la tio n s  
re g a rd in g  th e  safe  h an d lin g  o f  th e  ch em ica ls  sp ec ified  in  th is  m ethod . A  re fe re n ce  file  o f  
M ate ria l S afe ty  D a ta  S h eets  (M S D S ) sh o u ld  also  be m ad e  av a ilab le  to  all p e rso n n e l 
in v o lv ed  in  ch em ica l ana lysis . A d d itio n a l re feren ces to  labo ra to ry  sa fe ty  sh o u ld  b e  
av a ila b le  an d  id en tified  fo r  u se  b y  th e  analyst.

5 .2 A  h ea rin g  p ro tec tio n  d ev ice  sh o u ld  be  u sed  w h en  p erfo rm in g  so n ica tio n .

6. Apparatus and Materials
(U n less  o th e rw ise  ind icated , a ll ap p a ra tu s  and  m ateria ls  a re  su g g ested  o n ly .)

6.1 G lassw are

6.1.1 4 oz. am b e r g lass  w id e  m o u th  ja rs  w ith  T eflo n -lin ed  sc rew  cap s

6 .1 .2  S ep a ra to ry  fu n n e l - 2 0 0 0  m L  w ith  T eflo n  s to p co ck

6 .1 .3  C o n tin u o u s  liq u id -liq u id  ex tra c to r - eq u ip p ed  w ith  T eflo n  o r g lass  co n n e c tin g  
jo in ts  an d  s to p co ck s re q u ir in g  no  lu b rica tio n  (H e rsh b e rg -W o lf E x trac to r, A ce  
G lass  C o m p an y , V in e lan d , N e w  Jersey , P /N 6 8 4 1 -1 0 , o r eq u iv a len t).

6 .1 .4  C o n cen tra to r tube. K u d e m a -D an ish  10 m L  g rad u a ted  (K o n tes  K -5 7 0 0 5 0 -1 0 2 5  o r 
eq u iv a len t) . C a lib ra tio n  m u s t be ch eck ed  a t the  v o lu m es em p lo y ed  in  th e  test. 
G ro u n d  g lass  s to p p er is  u sed  to  p rev en t ev ap o ra tio n  o f  ex trac ts .

6 .1 .5  E v ap o ra tiv e  flask , K u d e m a -D an ish  500 m L  (K o n tes  K -5 7 0 0 0 1 -0 5 0 0  o r 
eq u iv a len t) . A ttach  to  co n cen tra to r tu b e  w ith  sp rings.

6 . 1.6  S n y d e r  co lu m n , K u d em a-D an ish  th ree  ball m acro  (K o n tes  K -5 0 3 0 0 0 -0 121 o r  
eq u iv a len t) . R o tary  ev a p o ra tio n  se t-up  m ay  be u sed  a lte rna tive ly .

6 .1 .7  Jars: O n e  lite r a m b e r g lass, w ith  T eflo n  lined  sc rew  caps.

6 .1 8  T w o  m L  g la ss  v ia ls  w ith  T eflo n -lin ed  cap  (au to sam p le r v ials).

6 .1 .9  D isp o sab le  p ipettes: P asteur.

6 .1 .1 0  G rad u a ted  cy lin d ers: 2 50  m L .
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6.1.11 Glass or Teflon funnels.

6.2  B o ilin g  ch ip s  - A p p ro x im a te ly  10 /40  m esh . H e a t to  4 0 0 °C  fo r 30  m in u te s  o r  S o x h le t 
e x tra c t w ith  m e th y le n e  ch lo rid e .

6.3 M ic ro  sy rin g e s : 1 u l, 5 u l, 10 u l, 25  u l, an d  100 u l.

6 .4  W a te r b a th  - H e a te d  w ith  co n c en tric  rin g  co v e r, c a p a b le  o f  tem p era tu re  co n tro l (+ /- 2 °C ). 
T h e  b a th  s h o u ld  b e  u sed  in  a  hood .

6.5 A n  a n a ly tic a l b a la n c e  ca p ab le  o f  accu ra te ly  w e ig h in g  0 .0001  g  sh o u ld  b e  u sed  fo r 
p re p a rin g  s ta n d a rd s  a n d  %  m o is tu re  d e te rm in a tio n s . A  to p -lo a d in g  b a lan ce  ca p ab le  o f  
w e ig h in g  to  th e  n e a re s t 0.1 g  sh o u ld  b e  u sed  fo r  s a m p le  p rep ara tio n .

6.6 S ta in le ss  s te e l sp a tu la .

6 .7  G as C h ro m a to g ra p h y

6.7 .1  G a s  C h ro m a to g ra p h : A n a ly tic a l sy s te m  in c lu d in g  ap p ro p ria te  g as  su p p ly  an d  all 
re q u ire d  a c ce sso rie s , in c lu d in g  a  F la m e  Io n iz a tio n  D e te c to r (F ID ), co lu m n  
su p p lie s , g ase s , an d  sy rin g es . A  d a ta  sy s tem  c a p a b le  o f  d e te rm in in g  p eak  a reas  
u s in g  a  fo rced  b a se lin e  - b ase lin e  p ro je c tio n  is  req u ired . A  d a ta  sy stem  cap ab le  o f  
s to r in g  a n d  re in te g ra tin g  ch ro m a to g rap h ic  d a ta  is  reco m m en d ed .

6 .7 .2  C o lu m n s

6 .7 .2 .1  C o lu m n  1: 25  M  x  0 .25  m m  Q u a d re x  0 0 7  5%  m eth y l p h en y l 0 .5  m icro n  
film  th ick n ess .

6 .7 .2 .2  A lte rn a te  co lu m n : 30 M  x  0 .5 3  m m  ID  R e s te k  R T X -5 , 1.5 m icro n  film  
th ick n ess

6 .7 .2 .3  O th e r  C o lu m n s  m ay  b e  u sed  - c a p illa ry  c o lu m n s  m ay  b e  essen tia l to 
a c h ie v e  th e  n ec e ssa ry  re so lu tio n . T h e  c o lu m n  m u st re so lv e  C 10 from  the  
so lv e n t fro n t in  a  m id ran g e  D C S  o r  C V S  an d , i f  A K 103  is  to  b e  d one  
s im u lta n e o u s ly , m u s t re so lv e  C 24 fro m  C ^ .

6.8 S o n ic a tio n

6 .8.1 U ltra so n ic  ce ll d is ru p te r: A  h o rn -ty p e  so n ic a to r  eq u ip p ed  w ith  a  titan iu m  tip  
sh o u ld  b e  used . A  H e a t S y s te m s-U ltra so n ic s , Inc . M odel W -385  (475 w att) 
s o n ic a to r  o r  e q u iv a le n t (p o w e r w a ttag e  m u s t be  a  m in im u m  o f  375 w ith  p u ls in g  
c a p a b il ity  an d  N o . 2 0 0  Vi in ch  T ap p e d  D is ru p te r  H o rn ) p lu s  N o . 20 7  3 /4  inch  
T a p p e d  D is ru p te r  H o rn , an d  N o . 4 1 9  1/8 in ch  S tan d a rd  tap ered  M icro tip  p robe .
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6 .8 .2  A  S o n ab o x  o r  eq u iv a le n t is re co m m en d ed  w ith  th e  ab o v e  d is ru p te r fo r d ec rea s in g  
so u n d  (H ea t S y s tem s-U ltra so n ics , Inc . M odel 4 3 2  13 o r eq u iv a len t).

6.9 S o x h le t e x tra c tio n  ap p a ra tu s  as d esc rib ed  in  S W -8 4 6  M eth o d  35 4 0  [1].

6 .10  N itro g en  ev a p o ra to r w ith  h ig h  p u rity  (g rad e  4 .5  o r  eq u iv a len t) n itro g en  g as  sou rce .

7. Reagents and Standards

7.1 R eag en t W ate r: W a te r th a t h as b een  sh o w n  to  be free from  D R O  co m p o u n d s  - a 
M illip o re  sy s tem  o r eq u iv a le n t is re co m m en d ed .

7.2 M eth y len e  C h lo rid e , H ex an e , A ce to n e  -  p es tic id e  g rad e  o r equ ivalen t. A t a  m in im u m , 
th e  so lv en ts  m u st be  sh o w n  to  be free  from  D R O .

7.3 S o d iu m  S u lfa te  - (, iC S  g rad e) g ran u la r, an h y d ro u s. P u rify  by h ea tin g  a t 4 0 0 ° C  fo r 4 
h o u rs  in  a  sh a llo w  tray  o r  by ex trac tin g  th ree  tim es w ith  m eth y len e  ch lo rid e  an d  d ry in g  at 
10 0 ± 5 °  C . In co m p le te  c lean in g  o f  so d iu m  su lfa te  can  re su lt in D R O  co n tam in a tio n  o f  
sam p les .

7.4 S to ck  S tan d a rd  S o lu tio n s  - P rep a re  th e  fo llo w in g  s to ck  s tandards. U n less  n o ted , all a ie  
p rep a red  in  the  m e th y len e  ch lo rid e  lis ted  in  7 .2  above. S tandard  p re p a ra tio n  sh o u ld  
fo llo w  g u id e lin e s  in  S W 8 4 6  [1]. A ll s tan d a rd s  p rep ared  by  the  lab o ra to ry  m u st b e  s to red  
w ith o u t h e a d sp ace  a t -1 0  to -2 0 °C  an d  p ro tec ted  from  ligh t. M ark ing  o f  th e  m en iscu s  is 
h e lp fu l in  m a in ta in in g  s to ck  s tan d a rd  in teg rity . S tan d ard s m u st b e  rep laced  w ith in  6 
m o n th s  o f  p rep a ra tio n . S tan d a rd s  sh o u ld  be  ch eck ed  reg u la rly  to  a ssu re  th e ir  in teg rity . 
S tan d ard s  w h ich  a re  p u rch ased  p re -m ad e  from  co m m erc ia l su p p lie rs  m ay  be  k ep t fo r the  
life , an d  u n d e r th e  co n d itio n s , sp ec ified  by th e  m an u fac tu re r i f  d iffe ren t th an  d esc rib ed  in 
th is  p a rag rap h .

7.4.1 O p tio n a l S to c k  In te rn a l S tan d ard : 1000 u g /m L  5 a lp h a-an d ro stan e . O th e r in te rn a l 
s tan d a rd s  m ay  be used  p ro v id ed  th ey  do  n o t in te rfe re  w ith  the  D R O  co m p o n en ts .

7 .4 .2  R eco m m en d e d  S u rro g a te  C o n tro l S tandard : 20 0  ug /m L  o rth o -te rp h en y l (O T P ).
A  w o rk in g  so lu tio n  is m ad e  a t 2 0  u g /m L  (reco m m en d ed  co n cen tra tio n ) in
acg tone .

7 .4 .3  D iese l C a lib ra tio n  S tan d ard : A  b lend  o f  equa l w e ig h ts  o f  d iese l fuel, m ix ed  
to g e th e r to  fo rm  a  co m p o s ite  d iese l fuel ( 1 : 1 : 1, a rc tic  d i e s e l : d iese l //1 : d iesel U2) 
is u sed  to  p re p a re  s to ck  ca lib ra tio n  s tan d ard s in  m eth y len e  ch lo rid e . N o  few er 
th an  3 co n c en tra tio n s  o f  th is D C S  are  used  fo r in stru m en t ca lib ra tio n . A  five 
p o in t ca lib ra tio n  cu rv e  is reco m m en d ed . O th er than  one  s tan d a rd  co n cen tra tio n  
n e a r  the  p rac tica l q u an tita tio n  lim it, the  ex p ec ted  range o f  co n c en tra tio n s  found  in 
p ro je c t sam p le s  sh o u ld  d efin e  th e  w o rk in g  range o f  the G C . I f  a rc tic  d iese l is no t 
av a ilab le , k e ro s in e -K 2  m ay  be  u sed  in  its p lace . T h is  su b stitu tio n , i f  u sed , m ust
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b e  n o ted  o n  th e  final d a ta  rep o rts . A  m id -ran g e  d ilu tio n  o f  th is  b len d  se rv es  a s  the  
C o n tin u in g  C a lib ra tio n  S tan d ard .

7 .4 .4  R e te n tio n  T im e  W in d o w  S tan d a rd : A  s to c k  so lu tio n  o f  C 10 an d  C 2J each  a t a  
lev e l o f  a t  le a s t 2 0 0 0  u g /m L . T h is  b len d  o f  a lk an es  se rv es  as  a  re te n tio n  tim e  
w in d o w  d e f in in g  m ix  fo r D R O .

7 .4 .5  S to c k  C a lib ra tio n  V e rif ic a tio n  S tan d a rd  (C V S ): F ro m  a  b len d  o f  co m m erc ia l 
d ie se ls  o th e r  th a n  th o se  u sed  to  p re p a re  the  D C S , m ak e  an  eq u a l w e ig h t m ix tu re  
a s  d e sc rib e d  in  7 .4 .3 . A  w o rk in g  so lu tio n  is m ad e  a t a  reco m m en d ed  
c o n c e n tra tio n  o f  5 0 0 0  u g /m L  in a c e to n e .

8.0 Sample Collection, Preservation, Containers, and Holding Times

8.1 W a te r s a m p le s  a re  c o lle c te d , in  d u p lica te , in  o n e  lite r am b e r g lass  co n ta in e rs  w ith  T e flo n - 
lin ed  sc re w  ca p s  a n d  a c id if ie d  to  pH  2 o r  less w ith  HC1.

8.2  S o ils  a re  c o lle c te d  in  a  co re  tu b e , o r  4  o r  8 o z  am b e r g la ss  j a r  w ith  T eflo n -lin ed  lid . T h e  
sam p le s  a re  s to re d  a t  4 °  +  2 °  C  fro m  th e  tim e  o f  co lle c tio n  u n til ex trac tio n . E x trac tio n  
m u s t b e  p e rfo rm e d  o n  w a te rs  w ith in  7 d ay s  an d  so ils  w ith in  14 days [1]. A ll an a ly se s  o f  
ex tra c ts  m u s t ta k e  p lace  w ith in  4 0  days.

8.3 S o il sam p le s  to  be a n a ly z ed  fo r b o th  v o la tile s  and  D R O  m ay  be co llec ted  in  the  sam e, 
m e th an o l p re se rv e d  co n ta in e r a n d  s to red  a s  fo r G R O  (A K 1 0 1 ). I f  th is  o p tio n  is se lec ted , 
th e  m ec h a n ic s  o f  th e  c o lle c tio n , p re se rv a tio n  an d  co n ta in e r sh o u ld  be  d iscu ssed  w ith  the 
c lie n t b e fo re  s a m p lin g  k it p re p a ra tio n . D R O  ex tra c tio n  an d  an a ly s is  m u s t s till m ee t the 
re q u irem en ts  o f  8 .2 , ab o v e .

9. Procedure

9.1 S am p le  P re p a ra tio n

T h e  p re fe rred  m e th o d  fo r w a te r  ex tra c tio n  is S W -8 4 6  M e th o d  3510  (S ep a ra to ry  F unnel 
L iq u id -L iq u id  E x trac tio n ) , a n d  fo r so il sam p les  M eth o d  3 5 4 0  (S o x h le t E x trac tio n ). 
H o w e v er, an y  sa m p le  e x tra c tio n  tech n iq u e  w h ich  m ee ts  th e  q u a lity  assu ran ce  
re q u ire m e n ts  sp e c if ie d  in  S ec tio n  10 an d  T ab le  1 o f  th is  m eth o d  m ay  be  used.

9 .1.1 W a te r ex tra c tio n  - S ep a ra to ry  F unnel.

9 .1 .1 .1  M ea su re  a  1 L  p o rtio n  o f  the  sam p le  and  tran sfe r to  a 2 L sep ara to ry  
fu n n e l. I f  th e  sa m p le  is in  a 1 L o r sm a lle r  b o ttle , m ark  th e  w a te r 
m e n isc u s  o n  th e  s id e  o f  th e  sam p le  bo ttle . M easu re  th e  ex ac t v o lu m e by 
a d d in g  tap  w a te r  to  the  b o ttle  to  the  m ark ed  level, and  th en  tran sfe rrin g  the 
v o lu m e  o f  tap  w a te r  to  a  1 L g rad u a ted  cy lin d er. U se no  m ore than  1 L o f
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sam p le  p e r 2  L  sep a ra to ry  fu n n e l. F o r b lan k s and  q u ality  co n tro l 
s tan d ard s , p o u r 1 L  o f  re ag en t w a te r (7 .1 ) in to  the sep a ra to ry  funnel.

9 .1 .1 .2  C h eck  an d  n o te  th e  p H  o f  th e  sam p le . I f  the  field  sam p les  have been  
p re se rv ed  w ith  HC1, it is  re co m m en d ed  th a t th e  q u ality  co n tro l sam p les 
an d  b lan k s  be p re se rv ed  in  th e  sam e  w ay.

9 .1 .1 .3  A d d  1 m L  o f  su- jg a te  s tan d ard  (7 .4 .2 , reco m m en d ed  level o f  20  ug /m L  i f
o -te rp h en y l i r a;.ed).

9 .1 .1 .4  F o r ev e ry  b a tch  o r  20  sam p les  ex trac ted  (w h ich ev er is m o re  frequen t), 
p re p a re  d u p lica te  L F B s by  ad d in g  1 m L  o f  5000 ug /m L  C V S  (7 .4 .5 ) to  
each  o f  tw o  1 L  v o lu m es o f  re ag en t w ater. D aily  o r fo r ev e ry  20  sam p les  
(w h ic h ev e r is  m o re  frequen t), p rep a re  a  m ethod  b lank  u sin g  1 L o f  reag en t 
w a te r. S u rro g a te  m u st be  ad d ed  to  b o th  th e  L F B s and  th e  m eth o d  b lank.

9 .1 .1 .5  F o r sam p les , ad d  60  m L  m e th y len e  ch lo rid e  to the sam p le  b o ttle  to  rinse  
th e  in n e r w a lls  a f te r  th e  sam p le  h as  b een  tran sferred  to  th e  sep a ra to ry  
fu n n e l. D o  N o t cap  an d  sh ak e  th e  bo ttle , rin se  th e  g lass on ly ; th en  tran sfe r 
th e  so lv en t to  th e  sep a ra to ry  fu n n e l. E x trac t the  sam p le  by  sh ak in g  it fo r 
no  less th an  tw o  m in u te s  w ith  freq u en t v en tila tion .

9 .1 .1 .6 A llo w  th e  lay ers to  sep a ra te  (ap p ro x  10 m in u tes  rest a f te r  shak ing ). I f  
th e re  is an  em u ls io n , b reak  it. I f  th e  em u ls io n  can n o t be b ro k en  (recovery  
o f  < 8 0 %  o f  th e  m e th y len e  ch lo rid e , co rrec ted  fo r w a te r so lu b ility  o f  
m e th y le n e  ch lo rid e ), tran sfe r th e  sam p le , so lven t, and  em u ls io n  in to  the 
ex tra c tio n  ch a m b e r o f  a  co n tin u o u s  ex trac to r and  p ro ceed  as d esc rib ed  in 
S W 8 4 6  M eth o d  3 5 2 0  (C o n tin u o u s  L iq u id -L iq u id  E x trac tion ). A lte rn a tiv e  
p h y sica l tech n iq u e s  fo r b reak in g  u p  em u lsio n s m ay  be accep tab le .

9 .1 .1.7 D ra in  th e  b o tto m  lay e r (m e th y len e  ch lo rid e ) in to  a  2 50  m L  g rad u ated  
cy lin d e r  o r  o th e r  ca lib ra ted  g iassw are .

9 .1 .1 .8 R ep ea t th e  ex tra c tio n  tw ice  m o re , u s in g  a  60 m L  a liq u o t o f  m eth y len e  
ch lo rid e  each  tim e . C o llec t th e  solvent, in the  sam e g rad u a ted  cy lin d er (o r 
e q u iv a le n t)  a s  d esc rib ed  in  9 .1 .1 .7 . R eco rd  the v o lu m e reco v ered  
(reco m m en d ed ) an d  o th er p rep  in fo rm atio n  as an  ind ica tion  o f  ex trac tio n  
e ffic ien cy .

9 .1 .1 .9  P u t a  p lu g  o f  g la ss  w ool in a  g la ss  o r  T e flo n  funnel and  fill abou t 2/3  full 
w ith  an h y d ro u s  so d iu m  su lfa te . R in se  the  funnel and  so d iu m  su lfa te  w ith  
3 0 -4 0  m L  o f  m e th y len e  ch lo rid e , d isca rd  rinsate . P our th e  ex trac t th ro u g h  
the  rin sed  so d iu m  su lfa te  in to  a  5 00  m L  K u d em a-D an ish  (K -D ) 
ev a p o ra tiv e  co n cen tra to r. R in se  th e  g rad u a ted  cy linder, th en  the sod ium
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sulfate, with small amounts of methylene chloride. Add these rinses to the 
K-D.

9.1.1.10 Add a few boiling chips (6.2) to the K-D and attach a 3-ball Snyder to 
the top. Pre-wet the column by adding about 1 mL of methylene 
chloride to the inverted column before attaching it to the K-D.

Note:The concentration step is critical; losses of target compounds 
can occur if care is not taken.

9.1.1.11 Place the K-D in a heated water bath set at 95 °C so that the receiver tube 
is immersed in hot water and the entire lower rounded surface is bathed 
in steam. At a proper rate of distillation, the balls of the column will 
actively chatter, but the chambers will not flood. When the apparent 
volume is less than or equal to 10 mL, remove the K-D from the bath 
and allow it to cool completely.

Note: The extraction and concentration steps must be performed under a 
hood. Not only is the methylene chloride a potential health hazard (see 
MSDS), if  the heated water bath is not properly temperature- 
controlled, the concentration apparatus can explode.

9.1.1.12 After the K-D has cooled, rinse the Snyder column and middle flask 
with a small amount of methylene chloride. Transfer the extract to a 
calibrated 15 mL centrifuge tube, rinsing with a small amount of 
methylene chloride. Rinse all of the ground glass joints well, as 
compounds collect on the ground glass.

9.1.1.13 If further concentration is desired, carefully concentrate the extract to no 
less than 1.0 mL under a gentle stream of nitrogen using the evaporation 
apparatus, tf the extract is highly colored, forms a precipitate, or stops 
evaporating, the final volume should be higher (5-10 mL). Transfer to a 
labeled vial of appropriate size with Teflon-lined cap, mark the 
meniscus. Extracts should be stored in a non-frost free freezer.

9.1.1.14 Record information for the extraction and concentration steps.
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9.1.2 Soil Preparation - Soxhlet Extraction

9 .1 .2 .1  D e can t any  w a te r lay e r th a t m ay  acco m p an y  th e  so lid  layer in  the  
sam p le . N o te  w h a t p e rcen t o f  th e  sam p le  th e  w a te r rep resen ts  an d , i f  
su ffic ie n t v o lu m e  ex is ts , ex trac t and  an a ly ze  th e  w a te r fo r D R O . A lso  
n o te  th e  ap p a ren t co n d itio n  o f  th e  sam p le  (  p resen ce  o f  fo re ign  m ate ria ls , 
v a r ia b le  p a r tic le  s ize , p re sen ce  o f  o il sheen , m u ltip le  phases, e tc).

9 .1 .2 .2  W e ig h  10 g  to  30 g  o f  th e  o rig in a l sam p le  in to  an  ex trac tio n  th im b le .
A d d  an  eq u a l w e ig h t o f  an h y d ro u s so d iu m  su lfa te  an d  s tir  the  m ix tu re  
w e ll w ith  a  w o o d e n  to n g u e  d ep resso r. T h e  sam p le  sh o u ld  h av e  a  g ra iny  
tex tu re  - i f  th e  sam p le  c lu m p s, ad d  m o re  so d iu m  su lfa te  un til a  g ra iny  
te x tu re  is ach iev ed  an d  n o te  th e  add ition . (D o  th is  fo r all sam p les  and  
s tan d a rd s .)

9 .1 .2 .3  P la ce  lo ad ed  th im b les  in  ex trac to rs  an d  add  su rro g a te  to  bo th  fie ld  and  
q u a lity  co n tro l sam p les .

9 .1 .2 .4  A d d  C V S  to  th e  d u p lic a te  L F B s. T h ese  q u a lity  co n tro l sam p les  sh o u ld  
c o n ta in  10 g  o f  m e th y len e  ch lo rid e  rin sed  O ttaw a  S and  o r a lte rn a tiv e  
s tan d a rd  so il. In  ad d itio n , p rep are  a  m e th o d  blank.

9 .1 .2 .5  A d d  3 00  m L  o f  m e th y len e  ch lo rid e  to  th e  500  m L  ex trac tio n  flask . L ess 
e x tra c tio n  so lv en t m ay  be u sed  i f  the  q u a lity  co n tro l c rite ria  sp ec ified  in 
S e c tio n  10 an d  T ab le  1 a re  m et. A lso  ad d  a  few  m eth y len e  ch lo rid e  
w a sh e d  ca rb o ru n d u m  b o ilin g  ch ip s  to  th e  flask . C o n n ec t the e x tra c to r to  
th e  flask  an d  th e  co n d e n se r to  th e  ex trac to r. A llo w  sam p les  to  ex tra c t 
fo r  18-24 h o u rs , o r  a s  lo n g  as n ecessary  to  ach iev e  o p tim u m  su rro g a te  
re co v ery . B e  su re  th a t co o lan t is  flo w in g  a ro u n d  the condensers.

9 .1 .2 .6  R eco m m en d a tio n : A fte r ex trac tio n , d isa ssem b le  ex trac to r an d  ad d  ab o u t 3 
g  an h y d ro u s  so d iu m  su lfa te  to  th e  ex trac t an d  a llo w  to  incubate  fo r 2 hours. 
(T h is  a ssu re s  th a t th e  ex trac t is w a te r-free  befo re  co n cen tra tio n .)

9 .1 .2 .7  T ra n s fe r  ex tra c t in to  a  c lean  500  m L  K -D  and  p ro ceed  from  9 .1 .1 .9 .

9 .1 .3  M o is tu re  D e te rm in a tio n  fo r S o lid s

9.1 .3 .1  M o is tu re  d e te rm in a tio n s  m ust acco m p an y  all so ils  d a ta  (rep o rted  in
m g /d ry  k g ) so  the  c lien t can , a t w ill, d e term in e  th e  resu lts  in the o rig inal 
so il co n d itio n . R ep o rtin g  in  m g/dry  kg  can  b est be do n e  i f  an 
u n p re se rv ed  p o rtio n  o f  the sam p le  (co llec ted  w ith o u t m eth an o l) is 
p ro v id ed . B ecau se  o f  the p o ten tia l fo r h ig h  p e tro leu m  co m p o u n d
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c o n c e n tra tio n s  in  th e  so il, a ll d ry in g  s h o u ld  b e  d o n e  u n d e r  a  fu n c tio n in g  
h o o d .

9 .1 .3 .2  T o  d e te rm in e  p e rcen tag e  o f  m o is tu re , p re -w e ig h  an  a lu m in u m  w e ig h in g  
b o a t. W e ig h  5 -1 0  g  o f  th e  sa m p le  in to  th e  b o a t a n d  re co rd  b o th  w e ig h ts  
to  th e  n e a re s t 0 .001 g. D ry  th e  sa m p le  o v e rn ig h t in  a  w a rm  (1 0 0 ± 5 ° C ) 
o v en .

9 .1 .3 .3  R e m o v e  th e  sam p le  from  th e  o v e n  an d  co o l in  a  d e s ic c a to r  u n til th e  
sa m p le  re ach e s  ro o m  tem p era tu re , a n d  w e ig h  to  th e  n ea re s t 0.00 lg .  
R e c o rd  th e  w eig h t.

9 .1 .3 .4  R e tu rn  th e  so il sa m p le  to  th e  o v en  fo r an  ad d itio n a l tim e  p e rio d  (n o t less 
th a n  2 h o u rs ) , co o l ag a in  in  th e  d e s ic c a to r  u n til th e  sam p le  reach es  ro o m  
te m p e ra tu re , a n d  w e ig h  to  th e  n ea re s t 0.001 g.

9 .1 .3 .5  I f  th e  w e ig h t o f  th e  sam p le  h a s  re m a in ed  co n s ta n t (±  4 % ) from  th e  in itia l 
"d ry"  w e ig h t (9 .1 .3 .4 ), u se  th is  n u m b e r fo r  th e  m o is tu re  d e te rm in a tio n  
(se e  9 .6 .1 ). I f  th e  seco n d  w e ig h in g  sh o w s  th a t th e  sam p le  h as  lo st 
fu r th e r  w e ig h t, co n tin u e  d ry in g  an d  w e ig h in g  th e  sam p le  u n til th e  w e ig h t 
b e c o m e s  co n s tan t, th en  p ro c e e d  to  9 .6 .1 .

9 .1 .3 .6 I f  a  sa m p le  c o n ta in s  a  h ig h  c o n c e n tra tio n  o f  p e tro le u m  p ro d u c t, co n s tan t 
w e ig h t m ay  be d iff icu lt to  a tta in . If, a f te r  sev e ra l tr ie s , th e  ± 4 %  c rite ria  
c a n n o t b e  re ach e d  an  e s tim a ted  %  m o is tu re  m ay  b e  rep o rted  w ith  
a p p ro p ria te  ex p lan a tio n .

9 .1 .4  D ilu tio n  T e c h n iq u e

9 .1 .4 .1  T h is  is  u sed  fo r  p ro d u c t o r  w a s te  sam p le s  fo r  w h ich  ex tra c tio n  is no t 
a p p ro p ria te  an d  w h ic h  a re  so lu b le  in  m e th y le n e  ch lo rid e .

9 .1 .4 .2  W e ig h  1 g  o f  sam p le  in to  a 10 m L  v o lu m e tr ic  flask . D ilu te  to  10 m L  
w ith  m e th y le n e  ch lo rid e . T ra n s fe r  to  a  12 m L  v ia l w ith  a  T e flo n  lin ed  
lid . M a rk  m en iscu s  an d  s to re  a t < 4 °C .

9 .2  G as C h ro m a to g ra p h y

9.2.1 C o n d itio n s  (R ec o m m e n d ed ):

S e t h e liu m  c o lu m n  p re ssu re  to  20# . S e t c o lu m n  tem p e ra tu re  to  4 0 °  C  fo r 2 
m in u te s , th e n  ra m p  a t a  ra te  o f  12° C /m in  to  3 2 0 °  C  an d  h o ld  fo r 15 m in . (ru n  
tim e  =  36  m in u te s ) . S e t F ID  D e te c to r to  3 2 0 °  C  an d  in je c to r  to  2 8 0 °  C . T h e  
re fe re n c e  b o o k  H igh  R eso lu tio n  C h ro m a to g ra p h y  by H e w le tt-P a ck a rd  is a  g o o d  
so u rc e  o f  in fo rm a tio n  o n  h o w  to  o p tim ize  flo w  ra tes , e tc .
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9 .2 .2  P e rfo rm an ce  C rite ria : G C  ru n  co n d itio n s  and  co lum ns m ust be chosen  to  m eet the 
fo llo w in g  c rite ria :

9 .2 .2 .1 R e so lu tio n  o f  th e  m e th y len e  ch lo rid e  so lv en t fron t from  C 10.

9 .2 .2 .2  T h e  sep a ra tio n  n u m b er, T Z , sh o u ld  be g rea ter th an  15 fo r C 24 an d  C 25, i f  
R R O  is to  be  an a ly z ed  co n co m itan tly .

T Z  =  retention,tim e.C -K  - re ten tio n  tim e Co, -1 
W 1/S o f  C 25t +  W 14 o f  C 24

W h ere  "W  v" =  p eak  w id th  a t h alf-heigh t

9 .2 .2 .3  T h e  co lu m n  m u st b e  ca p ab le  o f  separa ting  typ ical d iesel co m p o n en ts  
from  th e  su rro g a te  an d  in tern a l s tandards. In particu lar, th ere  are 
p o ten tia l p ro b lem s w ith  th e  reso lu tio n  o f  n -C 19/o rth o -terp h en y l and  n- 
C 21/5 a lp h a -an d ro s tan e  a t v a ry in g  re la tiv e  concen tra tions.

9.3 C a lib ra tio n

9.3.1 C a lib ra te  th e  G C , se t up  as in  9 .2 , w ith  an  in itia l five po in t (reco m m en d ed ) 
c a lib ra tio n  u sin g  D C S  (7 .4 .3 ). T h e  final ca lib ra tion  curve m ust be rep resen ted  by 
no  less  th a n  3 co n c en tra tio n s  o f  D C S .

9 .3 .2  C h o o se  D C S  co n c en tra tio n s  to  c o v e r  th e  D R O  ran g e  expected  in the  sam p les , o r 
th e  lin ea r ran g e  o f  th e  in s tru m en t, w h ich e v e r is less. O ne o f  the  co n cen tra tio n s  
m u s t be  a t  o r  n ea r the p rac tica l q u an tita tio n  lim it.

9 .3 .3  T a b u la te  th e  a rea  re sp o n se  o f  th e  ca lib ra tio n  standard  aga inst m ass  in jected . T he 
ra tio  o f  th e  re sp o n se  to  th e  a m o u n t in jec ted , d e fin ed  as the  re sp o n se  fac to r (R F ), 
can  be ca lc u la ted  fo r the  s tan d ard  a t each  concen tra tion . I f  the av e rag e  percen t 
re la tiv e  s tan d ard  d ev ia tio n  (% R S D ) is  less than  2 5 %  o v er the  w o rk in g  range, 
lin ea rity  th ro u g h  th e  o rig in  ca n  b e  assu m ed , and  the  co n tin u in g  ca lib ra tio n  
re sp o n se  fac to r can  be u sed  in  p lace  o f  a  ca lib ra tio n  curve.

In te rn a l S tan d a rd  R esp o n se  F ac to r =  fA x) COis)
(Q x) (A is)

W here: A x  =  P eak  a rea  o f  an a ly te
A is  =  P eak  a rea  o f  in te rn a l s tan d ard  
Q is  =  A m o u n t o f  in te rna l s tan d ard  
Q x  =  A m o u n t o f  an a ly te
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A lte rn a te ly , e x te rn a l s ta n d a rd  ca lib ra tio n  m a y  be  u sed  (S ee  M e th o d  8000  [1]). 

T h en ,

E x te rn a l S ta n d a rd  R e sp o n se  F a c to r  (R F ) =  T o ta l p ea k  a rea  o f  s tan d ard
M ass  in jec ted

9 .3 .4  T h e  c a lib ra tio n  cu rv e  m u s t be  c o n f irm e d  u s in g  th e  C V S  (7 .4 .5 ). T h is  s tan d a rd  
v e r if ie s  th e  a c cu ra cy  o f  th e  ca lib ra tio n . T h e  c o n c en tra tio n  o f  th e  C V S  sh o u ld  be  
w ith in  th e  ex p e c te d  c o n c e n tra tio n  ra n g e  o f  th e  sam p les  to  be  an a ly zed .

9 .3 .5  T h e  w o rk in g  R F  o r  c a lib ra tio n  c u rv e  m u s t b e  v e rif ied  o n  each  w o rk in g  d a y  (24  
h o u rs )  b y  th e  in jec tio n  o f  a  C C S  (7 .4 .3 )  a t a  co n c en tra tio n  m id -p o in t o n  the  
ca lib ra tio n  cu rv e . T h e  C C S  is  a  d ilu te d  a liq u o t o f  th e  sam e  s tan d a rd  u sed  to  
in itia lly  c a lib ra te  th e  in s tru m e n t. I f  th e  re sp o n se  fo r  th e  C C S  v a rie s  fro m  the  
p re d ic te d  re sp o n se  b y  m o re  th a n  2 5 % , a  n ew  ca lib ra tio n  cu rv e  m u s t be p rep ared .

P e rc en t D iffe ren c e  =  R , - R-, x  100

R .

w h e re :
R1 =  A v e ra g e  R F  fro m  th e  c a lib ra tio n  cu rv e  
R 2  =  R esp o n se  F a c to r  fro m  C C S

9 .4  R e ten tio n  T im e  W in d o w  D e fin itio n :

9.4.1 B e fo re  e s ta b lish in g  w in d o w s , b e  ce rta in  th a t th e  G C  sy s tem  is  w ith in  o p tim u m  
o p e ra tin g  c o n d itio n s  (6 .6). M a k e  th ree  in jec tio n s  o f  the  R e ten tio n  T im e  W in d o w  
S ta n d a rd  (7 .4 .3 )  th ro u g h o u t th e  c o u rse  o f  a  72  h o u r  p erio d . S eria l in jec tio n s  o v e r 
le s s  th a n  a  72  h o u r  p e r io d  re su lt in  re te n tio n  tim e  w in d o w s th a t a re  too  tig h t.

9 .4 .2  C a lc u la te  th e  s tan d a rd  d e v ia tio n  o f  th e  th re e  a b so lu te  re te n tio n  tim e s  fo r d ecan e  
an d  p e n ta c o sa n e  an d  th e  su rro g a te .

9 .4 .2 .1  T h e  re te n tio n  t im e  w in d o w  fo r  in d iv id u a l p ea k s  is d e fin e d  as p lu s  o r  
m in u s  th ree  tim e s  th e  s ta n d a rd  d ev ia tio n  o f  th e  ab so lu te  re te n tio n  tim e  
fo r e a c h  co m p o n en t.

9 .4 .2 .2  In  th o se  ca se s  w h e re  th e  s tan d a rd  d ev ia tio n  fo r a  p a r tic u la r  an a ly te  is 
z e ro , th e  lab o ra to ry  sh o u ld  u se  ±  0 .05  m in . as  a  re ten tio n  tim e  w in d o w .



9.4 .3  T h e  lab o ra to ry  m u s t c a lcu la te  re te n tio n  tim e  w in d o w s fo r each  stan d ard  o n  each  
G C  c o lu m n  an d  w h en ev er a  n e w  G C  c o lu m n  is  in sta lled  o r in s tru m en t co n d itio n s  
ch an g ed . T h e  d a ta  m u st be  re ta in ed  by  th e  lab o ra to ry  fo r a t leas t a  year.

9 .4 .4  R e ten tio n  tim e  w in d o w s m u st b e  v e rif ie d  reg u la rly  an d  u p d a ted  no  less freq u en tly  
th an  o n ce  a  year.

9 .5 G as C h ro m ato g rap h  A n aly sis

9.5.1 S am p les  a re  an a ly zed  by  G C /F ID . O p tim u m  in jec tio n  v o lu m es (2 uL  u s in g  the  
co n d itio n s  es tab lish ed  in  9 .2 ) m u s t b e  e s tab lish ed  fo r spec ific  in stru m en t 
co n d itio n s .

9 .5 .2  F o r  in te rn a l s tan d ard  ca lib ra tio n , th e  in te rn a l s tan d ard  is sp ik ed  in to  each  sam p le  
an d  s tan d a rd  a t  a  co n c en tra tio n  o f  2 0 0  u g /m L  o f  sam p le  ex tract. T w e n ty  u L  o f  5- 
a lp h a  an d ro s tan e  s to ck  a t  1000 u g /m L  m ay  be sp ik ed  in to  the  1 m L  final v o lu m e 
o r  a  co rre sp o n d in g  a m o u n t m a y  b e  ad d e d  to  an  a liq u o t o f  the final ex trac t. (N ote: 
D R O  v a lu es  > 2 0 0 0  u g /m L  m ay  lead  to  m easu rem en t b ias due  to  co e lu tio n  w ith  
the  in te rn a l stan d ard .)

9 .5 .3  I f  in itia l ca lib ra tio n  (9 .3 ) has b een  p e rfo rm ed , v erify  the  ca lib ra tio n  by  a n a ly s is  o f  
a  m id -p o in t C C S . W ith  ea ch  d ay 's  ru n , o p en  a  24  h o u r an a ly sis  w indow . T h is  is 
d o n e  by  ru n n in g  the  R e ten tio n  T im e  W in d o w  S tan d ard  (7 .4 .4).

9 .5 .4  C a lcu la te  th e  p e rcen t d iffe ren ce  o f  th e  re sp o n se  fa c to r from  th e  m ean  re sp o n se  
fac to r as in  9 .3 .2 . T h is  is d o n e  fo r D R O  as  a  g ro u p  from  the  C C S . I f  th e  re sp o n se  
fac to r h a s  a  p e rcen t d iffe ren c e  g re a te r  th an  2 5 % , co rrec tiv e  ac tio n  m u st b e  taken .

9 .5 .5  A  m e th y len e  ch lo rid e  b lan k  m u st be  a n a ly z ed  ea ch  day  to  d e te rm in e  th e  a rea  
g en e ra ted  fro m  no rm al b ase lin e  n o ise  u n d e r  th e  co n d itio n s  p rev a ilin g  in  th e  24  
h o u r  p erio d . T h is  a rea  is  g en e ra ted  by  p ro jec tin g  a  h o rizon ta l b ase lin e  b e tw een  
th e  re te n tio n  tim es  o b se rv ed  fo r th e  p ea k  s ta rt o f  C ,0 and  th e  p eak  s ta rt o f  C 25.
T h is  m e th y len e  ch lo rid e  b lan k  is in teg ra ted  o v e r th e  D R O  area  in  the  sam e 
m a n n e r a s  fo r the  fie ld  sam p les  and  is  rep o rted  as th e  so lv en t b lank . (R e fe r to 
re fe ren ce  4 .)  D o  n o t  b a s e lin e  s u b t r a c t .  T h is  in fo rm a tio n  is fo r  d a ta  
i n te r p r e ta t io n  p u rp o s e s  o n ly .

9 .5 .6  B lan k s  sh o u ld  also  b e  ru n  a f te r  sam p les  su sp ec ted  o f  being  h igh ly  co n cen tra ted  to 
p rev en t ca rry o v e r. I f  the b lan k  an a ly s is  sh o w s co n tam in a tio n  ab o v e  the p rac tica l 
q u an tita tio n  lim it, the  co lu m n  m u st be  b ak ed  o u t an d  su b seq u en t b lan k s an a ly zed  
u n til the  sy s tem  is sh o w n  to re ta in  co n tam in an t a t co n cen tra tio n s less th an  th e  
P Q L .
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9 .5 .7  I f  th e  D R O  c o n c en tra tio n  e x c eed s  th e  lin ea r ran g e  o f  the  m e th o d  (as  d efin e d  by  
th e  ra n g e  o f  th e  c a lib ra tio n  cu rv e) in  th e  fin a l ex trac t, co rrec tiv e  ac tio n  m u s t b e  
tak en . T h e  re sp o n se  o f  th e  m a jo r p ea k s  sh o u ld  be  k ep t in  th e  u p p er h a lf  o f  th e  
l in e a r  ra n g e  o f  th e  c a lib ra tio n  cu rv e . D u e  to  p o ten tia l m easu rem en t b ias , in te rn a l 
s ta n d a rd  c a lib ra tio n  sh o u ld  n o t be  u se d  w h e n  D R O  ex ceed s  50 0 0  u g /m L  in  th e  
fin a l e x tra c t (re f. 9 .5 .2 ). T h e  sam p le  sh o u ld  b e  d ilu te d  o r  ex te rn a l s tan d a rd  
c a lib ra tio n  sh o u ld  be  used .

9 .6  C a lcu la tio n s :

9 .6 .1  %  M o is tu re  C a lcu la tio n  fo r  S o ils

%  M o is tu re  =  (A -C )/(A -B ) x  100 

W here :
A =  w e ig h t o f  b o a t +  w e t sam p le
B =  w e ig h t o f  b o a t
C =  w e ig h t o f  b o a t +  d ry  sam p le

N o te : M ak e  su re  d ry in g  o v en  is  p lace d  u n d e r  a  h o o d . H eav ily  co n tam in a ted  so ils  w ill
p ro d u c e  s tro n g  o rg a n ic  v apors.

9 .6 .2  In te rn a l S ta n d a rd  C a lib ra tio n : T h e  co n c en tra tio n  o f  D R O  in  the  sam p le  m u st b e  
d e te rm in e d  b y  c a lc u la tin g  th e  a b so lu te  w e ig h t o f  an a ly te  ch ro m a to g rap h ed  fro m  a 
su m m a tio n  o f  p ea k  re sp o n se  fo r  all c liro m a to g rap h ic  p eak s  e lu tin g  b e tw een  th e  
p e a k  s ta rt  o f  n -d e can e  a n d  th e  p e a k  s ta rt o f  n -p en taco san e , u s in g  th e  c a lib ra tio n  
cu rv e  o r  th e  re sp o n se  fa c to r d e te rm in e d  in  sec tio n  9 .3 . A lso  re fe r  to  S ec tio n  9 .4  
(R e te n tio n  T im e  W in d o w  D efin itio n ). T h e  co n c en tra tio n  o f  D R O  is c a lc u la ted  as 
fo llo w s:

A q u e o u s/S o il sam p les :

C r =  fA x Y C is V D W rt 
(A is )(R F )(V s)

Where:
C s  =  C o n cen tra tio n  o f  D R O  (m g /L  o r  m g /k g ).
A x  =  R esp o n se  fo r th e  D R O  in  th e  sam p le , u n its  in area.
R F  =  R esp o n se  F ac to r fro m  C C S  (see  9 .3 .3 ).
A is  =  R esp o n se  fo r th e  in te rn a l s tan d ard , u n its  sam e  as fo r A x.
C is  =  In te rn a l s tan d a rd  co n cen tra tio n  (m g /m L ).
V t =  V o lu m e  o f  final e x tra c t in  m L .
D  =  D ilu tio n  fac to r, i f  d ilu tio n  w a s  p e rfo rm ed  o n  the  sam p le  p rio r  to  

an a ly s is . I f  no  d ilu tio n  w a s  m ad e , D  =  1, d im en sio n le ss .
V s =  A m o u n t o f  sam p le  ex trac ted  in  L  o r  kg .
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9.6 .3  T o  c a lc u la te  m g /d ry  k g  fo r  so il sam p les ,

m g /d ry  k g  D R O  =  C s_______
l- (%  m o is tu re /100)

T h e  %  m o is tu re  c a lc u la tio n  m u s t b e  in c lu d ed  in  th e  da ta  p ac k ag e  (see  9.6.1).

9 .6 .4  E x te rn a l S tan d a rd  C a lib ra tio n :

A q u e o u s /S o il sam p les:

C W A x)i A H .v.t) ,(D )
(A s) (V s)

W here:
C s  =  C o n cen tra tio n  o f  D R O  (m g /L  o r  m g /kg).
A x  =  R esp o n se  fo r  the  D R O  in the  sam p le , un its in  area.
A s =  R esp o n se  fo r th e  ex te rn a l s tan d ard , u n its  sam e as fo r  A x.
A  =  E x te rn a l s tan d a rd  co n c en tra tio n  (m g/m L ).

V t  =  V o lu m e  o f  F in a l ex tra c t in m L .
D  =  D ilu tio n  fac to r, i f  d ilu tio n  w as p erfo rm ed  o n  th e  sam p le  p rio r  to 

an a ly s is . I f  n o  d ilu tio n  w as  m ad e , D  =  1, d im en sio n less .
V s  =  A m o u n t o f  sam p le  ex trac ted  in  L  o r kg.

9 .6 .5  S o m e  so ftw a re  p ro g ram s  a re  cap ab le  o f  p e rfo rm in g  9.6.1 a n d  9 .6 .3  w ith  m in im al 
a n a ly s t  in te rv en tio n . A d d itio n a lly , so m e  so ftw a re  p ro g ram s can  “ u p d a te” a 
c a lib ra tio n  cu rv e  b a se d  o n  th e  re sp o n se  o f  th e  C C S . I f  a  ca lib ra tio n  cu rve is 
u p d a te d  in  th is  m an n e r , a  v a lid  C V S  m u st be an a ly zed  an d  re su lts  m u s t fa ll w ith in  
th e  Q u a lity  C o n tro l C rite r ia  sp ec if ie d  in  S ec tio n  10 an d  T ab le  1 b efo re  fie ld  
sam p le s  can  b e  an a ly zed .

10. Q u a li ty  C o n t r o l  (S ee  T ab le  1 o f  th is  m eth o d ).

10.1 T h e  lab o ra to ry  m u s t e s tab lish  an d  m a in ta in  th e  ab ility  to  g en e ra te  accep tab le  accu racy
an d  p re c is io n  a n d  to  d em o n s tra te  th ro u g h  th e  an a ly sis  o f  q u a lity  co n tro l ch eck  s tan d ard s 
th a t th e  o p e ra tio n  o f  th e  m e asu rem en t sy s tem  is in  co n tro l. T h is  m u s t in c lu d e  the 
an a ly s is  o f  Q C  c h e ck  sam p les  p lu s  th e  c a lc u la tio n  o f  av e rag e  reco v ery  an d  the  s tandard  
d ev ia tio n  o f  re c o v e ry  as o u tlin e d  in  M eth o d  8000 , sec tio n  8 .0  [1], an d  in  th is  m ethod .

10.2 A fte r  su cc ess fu l c a lib ra tio n  (S ec tio n  9 .8 ), an a ly ze  the  reag en t b lank. T h e  reag en t blank 
m u s t be an a ly z e d  w ith  ev e ry  e x tra c tio n  b atch . T he su rro g a te  reco v ery  m u st be w ith in  
e s tab lish ed  lim its  (see  M eth o d  A K  102, T ab le  1 ) ,  o r w ith in  th e  lim its  es tab lish ed  by  the 
p ro jec t p la n  (w h ic h e v e r  is m o re  s tr in g en t)  an d  the co n tro l sam p le  m u st n o t have D R O s 
ab o v e  th e  p ra c tic a l q u an tita tio n  lim it.
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10.3 W ith  e v ery  b a tch  or  2 0  sa m p le s , d u p lica te  L F B s m u st b e  a n a ly zed  (rea g en t w ater  or  

O ttaw a san d  m atrix , as is  ap p rop riate  to  th e  sa m p les  b e in g  a n a ly zed ). T h e  a ccu ra cy  and  

p r e c is io n  o f  th e  d u p lica te  stan d ard s m u st b e  w ith in  esta b lish ed  lim its  (T a b le  1). A ls o , the  
m id -p o in t C C S  m u st b e  a n a ly zed  at th e  en d  o f  ea ch  seq u en ce  and o n c e  p er  2 0  sa m p les , 

and  co m p a red  to  th e  s u c c e s s fu l ca lib ra tio n  a s  d escr ib ed  in  9 .8 .6 , and  fa ll w ith in  

esta b lish ed  lim its  (T a b le  1).

10 .4  E v ery  batch  o f  sa m p le s  ex tra cted  m u st b e  a cco m p a n ied  b y  a  m eth od  b lan k  to  d em on strate  

that sa m p les  are free  from  m e th o d  in terferen ce. T h e  m eth o d  b lank  m u st h a v e  D R O s le ss  

than  th e  P Q L .

10 .5  E ach  laboratory  sh o u ld  gen era te  co n tro l lim its  b ased  on  th e  a verage  reco v ery , w ith  ±  2  
standard d e v ia t io n s  as a  w a rn in g  lim it and  ±  3 standard d ev ia tio n s  th e  a c tio n  lim it. 

M eth o d  D e te c t io n  L im its  (M D L ) m u st b e  esta b lish ed  u s in g  4 0  C F R  Part 13 6 ,

A p p en d ix  B .

10 .6  I f  an y  o f  th e  criteria  in  9 .3 , 1 0 .2 , 10 .3  and  10 .4  are n o t m et, corrective  a c tio n  m u st b e  

taken  b efo re  sa m p le s  are a n a ly zed .

10 .7  C a lcu la te  the su rrogate  standard  reco v ery  in  ea ch  sa m p le . I f  reco v er ie s  are o u ts id e  

esta b lish ed  lim its , (T a b le  1 ), v e r ify  c a lc u la tio n s , d ilu tio n s , and standard so lu tio n s . V er ify  

in stru m en t p erform an ce.

10 .7 .1  H ig h  r e c o v e r ie s  m a y  b e  d u e  to  a  c o e lu tin g  m atrix  in terferen ce or the p r e se n c e  o f  

h ig h  m o lecu la r  w e ig h t  co n ta m in a n ts; ex a m in e  the sa m p le  ch rom atogram .

1 0 .7 .2  H ig h  r e c o v e r ie s  m a y  a lso  b e  d u e  to  m em o ry  e f fe c ts  ca u sed  b y  p o o r  sa m p le  

v o la tility , b a ck fla sh , o r  carryover; c h e c k  instru m en t c o n d itio n s , in je c tio n  v o lu m e , 

and in jecto r  tem perature.

1 0 .7 .3  L o w  r e c o v e r ie s  m a y  b e  d u e  to  a d sorp tion  b y  the sa m p le  m atrix  (m u sk e g , tundra, 

fo rest lo a m , e tc ).

1 0 .7 .4  L o w  r e c o v e r ie s  m a y  a lso  b e  ca u sed  b y  incorrect in tegration . T h e  

ch ro m a to g ra p h ic  p r o file  o f  D R O s m a y  n o t g iv e  b a se lin e  re so lu tio n  o f  all 
c o m p o n e n ts , re su ltin g  in  a  ch aracteristic  r ise  in  b a se lin e  underneath  th e  re so lv ed  

h yd rocarb on  c o m p o n e n ts . D o  n ot u se  p ea k -to -p ea k  in tegration , u se  fo rced  

b a se lin e  in tegration .

1 0 .7 .5  I f  in ternal ca lib ra tio n  h a s b een  u sed , D R O  resu lts m u st be n o rm a lized  u s in g  the  

in ternal standard re sp o n se . I f  surrogate reco v ery  is  s till o u ts id e  o f  e s ta b lish ed  

lim its , co rrec tiv e  a c tio n  m u st b e  taken.



1 0 .7 .6  I f  ex tern a l ca lib ra tion  has b een  u sed , and  surrogate recovery  is  ou tsid e  o f  
e s ta b lish e d  lim its , o ffered  co rrec tiv e  a c tio n  m u st b e taken.

10.8 I f  f ie ld  sa m p le s  sh o w  lo w  su rrogate reco v ery  d u e  to  su sp ected  m atrix e ffec ts , D R O  

resu lts  m u st b e  fla g g e d . I f  th e  su rrogate reco v ery  is  < 50%  and the ca lcu la ted  D R O  

co n cen tra tio n  fa lls  w ith in  a  factor o f  2  o f  th e  a c tio n  le v e l, the laboratory sh ou ld  

reco m m en d  that th e  c lie n t resu b m it th e  sa m p le  for m atrix  sp ik e/m atrix  sp ik e  d u p lica te  

a n a ly s is . (T o  p erform  m atrix  sp ik e  a n a ly se s , f o l lo w  9 .1 , ex cep t u se  a  fie ld  sam p le  instead  

o f  a  standard  m atrix .) T h is  is  a  reco m m en d a tio n , n o t a  requirem ent o f  the m eth od , and  

th erefore, th e  o n u s  is  not o n  the a n a ly tica l laboratory to  absorb the c o s t  o f  the add itional 
a n a ly ses .

10 .9  M atrix  sp ik e s  are reco m m en d ed  fo r  s p e c if ic  sa m p lin g  program s. F ie ld  b lanks, trip  
b lan k s, f ie ld  d u p lica te s  are required a s  sta ted  in  C hapter 2 , sec tio n  9 o f  the U S T  

'P roced u res M anual.

10 .10  M in im u m  q u a lity  con tro l a ccep ta n ce  criteria  are se t  forth  in  th is sectio n . M ore stringent 
q u a lity  co n tro l criteria  m a y  b e  required b y  sp e c if ic  p roject p lans.

10.11 C o rrectiv e  A c tio n

10 .11 .1  C alib ration

1 0 .1 1 .1 .1  I f  the in itia l ca lib ra tion  d o e s  n o t m e e t the criteria se t  forth in  9 .3 .3  and
9 .3 .4 , th e  instrum ent m u st b e recalibrated.

1 0 .1 1 .1 .2  I f  the co n tin u in g  ca lib ra tion  d o e s  n o t m ee t the criteria set forth in  9 .3 .5  
and T a b le  1, the in stru m en t m u st be recalibrated.

1 0 .1 1 .2  S u rrogates

1 0 .9 .2 .1  I f  su rrogates are o u ts id e  esta b lish ed  control lim its  (T ab le  1), the  

fo l lo w in g  a sse ssm e n ts  an d /or  correction  action s m u st occur:

A )  C h eck  to  be sure there are n o  errors in  ca lcu la tio n s and that the  

con cen tra tio n  o f  the su rrogate an d  internal standard so lu tio n  are correct.

B )  C h eck  instrum ent p erform an ce  to d eterm ine i f  it is  w ith in  accep tab le  
g u id e lin e s .

C ) R eca lcu la te  the data and/or rean a lyze  the extract i f  any o f  the a b ove  
c h e c k s  rev ea ls  a p rob lem .
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D ) R eprepare and rea n a ly ze  th e  sa m p le  i f  n o n e  o f  the a b o v e  r e so lv e s  

d ie  prob lem .

1 0 .1 1 .2 .2  I f  the surrogate r e c o v er ie s  that are o u ts id e  the con tro l lim its  ca n n o t be  

attributed to  lab  error, th e  d e c is io n  to  rea n a ly ze  or fla g  the data sh o u ld  

b e  m ad e in  co n su lta tio n  w ith  th e  c lien t. P rov id ed  a ll o th er Q C  
a ccep ta n ce  criteria  are m e t ( s e c t io n  10 ), it  is  o n ly  n ecessa ry  to  

rep rep are/rean alyze a  sa m p le  o n e  tim e  to  d em on strate  that a  p o o r  

su rrogate reco v ery  is  d u e  to  m atrix  e f fe c ts . A  re la tion sh ip  ca n  be  

esta b lish ed  b e tw een  su rrogate  reco v ery  and  m oistu re  co n ten t o f  org a n ic  

s o i ls ,  w h ic h  m a y  h e lp  in  d ia g n o s in g  th e  c a u se  o f  p o o r  surrogate  

reco v er ie s .

1 0 .1 1 .3  B la n k s:A d d itio n a l b lan k s m a y  b e  n e cessa ry  fo r  certa in  p rojects to  m e e t th e  g o a ls

o f  C h ap ter  2 , sec tio n  9  o f  th e  U S T  P roced u res M an u al.

1 0 .1 1 .3 .1  Instrum ent B lan k s:
In strum ents m u st b e e v a lu a ted  w ith  e a c h  batch  (or d a ily , w h ic h e v e r  is  

m ore frequent) and  m u st d em on stra te  that the a n a ly tica l sy s te m  is  free  

from  con ta m in a tio n . T h is  is  b est a c c o m p lish e d  b y  a n a ly z in g  an  

Instrum ent B lan k .

1 0 .1 1 .3 .2  M eth o d  B lank:
M e d io d  B la n k s m u st b e  a n a ly zed  w id i ea ch  ex traction  batch IF th e  

resu lts  o f  the f ie ld  sa m p le s  s h o w  co n ta m in a tio n  a b o v e  d ie  M C L . T h e  

M eth o d  B la n k  for A K 1 0 2  c a n  a lso  se r v e  a s  th e  R ea g en t B la n k  i f  D R O  

is  le s s  than the P Q L .

1 0 .1 1 .3 .3  F ie ld  B lan k :
I f  th e  f ie ld  sa m p le s  y ie ld  D R O s a b o v e  th e  M C L , and c o n ta m in a tio n  is  

fo u n d  b e lo w  th e  P Q L  in  th e  R ea g en t B la n k , a  F ie ld  B la n k  sh o u ld  b e  

a n a ly zed  to  id en tify  w h eth er  d ie  so u rce  o f  co n ta m in a tio n  o r ig in a ted  in  

th e  f ie ld  sa m p le  c o lle c t io n  p roced u re, d u rin g  trip or  d u rin g  sto ra g e  in  

th e  laboratory.

(N o te :  B la n k s  are reported  b y  v a lu e . D O  N O T  B L A N K  S U B T R A C T . T h is

in fo rm a tio n  is  for data q u a lity  a sse ssm e n t p u rp o ses  o n ly .)

1 0 .1 1 .4  L aboratory  F ortified  B la n k s
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10 .1 1 .4 .1  I f  the a n a ly te  reco v ery  from  the L F B s is  ou tsid e  the esta b lish ed
reco v ery  lim its  (T ab le  1), the fo llo w in g  a ssessm en ts  and/or corrective  
a c tio n s  m u st occur:

A )  C h eck  to  b e sure there are no errors in  ca lcu la tio n s and that the  

co n cen tra tio n  o f  th e  an a ly te  so lu tio n  is  correct.

B )  C h eck  in stru m en t perform ance to determ ine i f  it is  w ith in  
a ccep ta b le  g u id e lin e s .

C ) R eca lcu la te  the data and/or rean alyze the extract i f  any  o f  the a b o v e  
ch e c k s  rev ea ls  a  p rob lem .

D )  R eprepare and rea n a ly ze  the sa m p les  i f  n on e o f  the a b o v e  re so lv e s  
the p rob lem .

1 0 .1 1 .4 .2  I f  there re la tiv e  p ercen t d ifferen ce  b etw een  the L F B  resu lts e x c e e d s  the

con tro l lim its , but m e e ts  the percen t recovery  criteria (T ab le 1), the fo llo w in g  
a sse ssm e n ts  an d /or  co rrectiv e  a c tio n s m ust occur:

A )  C h eck  to  b e su re  that there are n o  errors in  ca lcu la tion s, and that the sam e  
am ou n t and  so u rce  o f  an a ly te  so lu tio n , so lv en t and w ater w ere  u sed  for both  
sa m p les  in  the set.

B ) C h eck  to  d eterm in e  i f  in strum ent perform ance is  still w ith in  accep tab le  

g u id e lin e s , and  that c o n d itio n s  d id  not ch an ge  during the cou rse  o f  the batch  
a n a ly sis .

C ) R eca lcu la te  th e  data i f  ca lcu la tio n  error is  su sp ected .

D )  R ep ea t th e  L F B  d u p lica te  ex traction  and an a ly sis , a lo n g  w ith  a 

rep resen ta tive  n u m b er o f  sa m p les  (10%  o f  the sa m p les  from  the batch O R  1 

sa m p le , w h ic h e v e r  is  m o re) from  the an aly tica l batch w ith  the fa iled  L F B  
R P D , T h e  re -a n a ly s is  o f  the fie ld  sa m p les  is to dem onstrate com p arab ility  o f  

the ex tra c tio n /a n a ly s is  co n d itio n s  at the tim e o f  re-extraction  and a n a ly s is  to  
th o se  at the tim e  o f  th e  fa ile d  Q C .

11. M e th o d  P e r fo r m a n c e

11.1 S in g le  lab  m eth o d  p e ifo rm a n ce  data for the D R O s m ethod  in O ttaw a sand and other so il 
ty p es  is  p resen ted  b e lo w .
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11 .2  R esu lts  for d ie se l sp ik e s  (m e th y le n e  ch lo r id e  ex tra ctio n  d irec t in jec tio n , so i ls )

D ie s e l  S p ik e  A m o u n t  P e r c e n t

M a tr ix____________  m s fo s   R e c o v e ry.

O ttaw a  S an d  7 0  9 7
O ttaw a Sand  7 0  98
G la c ia l B lu e  C la y  7 0  7 0
G la c ia l B lu e  C la y  7 0  7 6
F o rest L o a m  7 0  136

F o rest L o a m  7 0  163
R iv e r  S e d im e n t 7 0  142
R iv e r  S e d im e n t 7 0  167
M arin e S an d  7 0  95

M arin e S an d  7 0  88

N o te s :  A n a ly se s  p erfo rm ed  b y  S ta te  o f  A la sk a , D E C  L aboratory. D ie s e l u sed  =  D C S .
A ll  h ig h ly  o rg a n ic  s o i l  m a tr ice s  sh o w e d  h ig h  an a ly te  r e c o v e ry  d u e to  naturally  o ccu rrin g  

D R O s.

11 .3  T h e  m e th o d  d e te c t io n  lim it  fo r  s o i l  ca lcu la ted  a cco rd in g  to  4 0  C .F .R ., Part 136 , A p p en d ix  

B  (1 9 9 4 )  w a s  1 .6  m g /k g  (ex tern a l standard ca lib ration , O ttaw a sand).
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M e th o d  A K  1 0 2 , T a b le  1 

A C C E P T A N C E  C R I T E R I A  F O R  Q U A L I T Y  C O N T R O L

A N A L Y T E   S P I K E  C O N C E N T R A T I O N  C O N T R O L  L I M I T S
W a te r  (m g /L )  S o i l  ( m e /k g )  %  R e c o v e r y  _ R e la t iv e

%  D i f fe r e n c e

L a b  F o r t if ie d  B la n k s
D ie se l R a n g e  O rg a n ics  0 .5  2 0  6 0 -  120  2 0

C o n t in u in g  C a lib r a t io n /

C a lib r a t io n  V e r if ic a t io n
D ie s e l R an ge O rg a n ics  7 5  - 1 2 5

L a b o r a to r y  S a m p le  

S u r r o g a te  R e c o v e r y
O rtho-terphenyl 0 .0 2  0 .8  6 0 -  120

F ie ld  S a m p le  
S u r r o g a te  R e c o v e r y
O rtho-terphenyl 0 .0 2  0 .8  5 0 -  150
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M e th o d  A K  103  

F o r  D e te r m in a t io n  o f  R e s id u a l R a n g e  O r g a n ic s  

R e v is io n  2 .0 ,1 /3 1 /9 6

1. S c o p e  a n d  A p p lic a t io n

1.1 O b jectiv es

1.1.1 T h is  m e th o d  is  d e s ig n e d  to  m easu re the con cen tration  o f  R esid u al R an ge O rgan ics  

(R R O ) in  s o il .  T h is  corresp o n d s to  an n -a lk an e range from  th e b eg in n in g  o f  C 2J to 

the en d  o f  C 36, and  a  b o ilin g  p o in t range o f  ap p roxim ately  4 0 0 °  C  to  5 0 0 °  C.

1 .1 .2  T h e  m eth o d  is  prim arily  d e s ig n e d  to m easure lubricating or m otor  o ils  or  other  

h e a v y  p etro leu m  p rod u cts. C o m p o n en ts  greater than C 36 present in  products su ch  

as a sp h a lts , and m id -ra n g e  p etro leu m  products su ch  as d iese l and bunker C , are 
a lso  d e te c ta b le  under the c o n d itio n s  o f  the m ethod .

1.1.3 T h is  m eth o d  can  b e an  e x te n s io n  o f  the M eth od  for D eterm in ation  o f  D ie se l 
R a n g e  O rg a n ics  as sp e c if ie d  in  A K 1 0 2 . A ll q u a lity  assurance requ irem ents o f  

both  m e th o d s  (S e c tio n  10) m ust b e  m et. R eason ab le  m o d ifica tio n  in order to 

a cc o m m o d a te  the con cu rren t a n a ly s is  o f  D R O  and R R O  is  w ith in  the s c o p e  o f  th is  
m eth o d .

1.2 Q uantitation  L im its: T h e  practica l quantitation  lim it (P Q L ) for th is m ethod  o f  a n a ly s is  o f  

R R O s is  b a sed  o n  stu d ie s  d o n e  b y  laboratories other than the S tate o f  A lask a , D epartm ent 

o f  E n v iron m en ta l C o n serv a tio n , S ta te  C h em istry  Laboratory and is  a p p rox im ately  100  
m g/k g  for s o i ls  u s in g  m otor  o il  a s  a standard.

1.3 D y n a m ic  R an ge: D ilu tio n s  sh o u ld  b e  p erform ed  as n ecessa ry  to put the chrom atographic  

e n v e lo p e  w ith in  the lin ear ran ge o f  the m eth od . L inear range is  d ep en d en t in part upon  

c o lu m n  ty p e , d e tec to r  s e n s it iv ity , and in jec tio n  v o lu m e . T y p ica lly , the ap proxim ate range  
is  10 m g /L  to  2 0 0  m g /L .

1.4 E xp erien ce: T h is  m eth o d  is  b a sed  o n  a  so lv e n t  extraction , g a s  chrom atography (G C )  

procedure. T h is  m eth o d  sh o u ld  b e  u sed  b y , or under the su p erv ision  o f , an a lysL  

ex p er ien ced  in  the u se  o f  s o lv e n i ex tra ctio n s and gas chrom atographs and sk illed  in  

interpreting g a s  ch ro m a to g ra m s and  their  u se  as a quantitative too l.
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2. Method Summary
2.1  T hi.’ m e th o d  p r o v id e s  g a s  ch rom atograp h ic  c o n d itio n s  for the d e tec tio n  o f  h ig h  m o lecu la r  

w e ig h t  s e m i-v o la t i le  p e tro leu m  products su c h  as m otor  o ils . O ther n o n -p etro leu m  

p rod u cts, w ith  s im ila r  ch aracter istics and b o ilin g  p o in ts, m ay  a lso  be d etected  w ith  th is 
m eth od . T h e  sa m p le  is  sp ik ed  w ith  a surrogate co m p o u n d  and extracted  w ith  m eth y len e  

ch lo r id e . T h e  ex tra ct is  d ried  and con cen tra ted  to  a  k n o w n  v o lu m e . A  p ortion  o f  the  

d ried , c o n cen tra ted  extract is  in jec ted  into a  cap illary  co lu m n  g a s  chrom atograph  

eq u ip p ed  w ith  a  f la m e  io n iz a tio n  d etector  (F ID ), w h ich  h a s b een  tem perature  

p ro g ra m m ed  to  fa c ilita te  sep aration  o f  o rgan ic  co m p o u n d s. Q uantitation  m u st b e  

p erform ed  b y  co m p a r in g  th e  tota l ch rom atograp h ic  area b e tw een  the p eak  start o f  C 25 and  

th e  p ea k  e n d  o f  C 36, b o th  r e so lv e d  and  u n reso lv ed  co m p o n en ts , based  o n  F ID  resp o n se , 
an d  u sin g  fo r c e d  b a se lin e -b a se lin e  in tergation , com p ared  to  a  b len d ed  co m m ercia l 

standard c a lle d  th e  R e s id u a ls  C alib ration  Standard (se e  paragraph 3 .2 ) .

2 .2  T h is  v e r s io n  o f  th e  m eth o d  w a s  d e v e lo p e d  b y  Dr. M ary Jane P ilgrim , and is  b ased  in  part 

o n  U S  E P A  M e th o d s  8 0 0 0  an d  8 1 0 0 , S W -8 4 6 , "Test M eth od s for E va lu atin g  S o lid  
W aste,"  3rd  E d itio n  [1 ] , M eth o d  O A -2  [2 ], the >API co n sen su s  m eth o d  "M ethod fo r  the  

D eterm in a tio n  o f  P etro leu m  H yd rocarb on s" , O riginal v ersio n , 2 /3 /9 2  [3 ] and  w ork  b y  the 

E P A  T o ta l P etro leu m  H yd rocarb on s M eth o d  C om m ittee  [4 ], the S tate o f  O regon , "Total 
P etro leu m  H y d ro ca rb o n  M eth od s"  Q A R  3 4 0 -1 2 2 -3 5 0  dated  D ecem b er  1 1 ,1 9 9 0  and the 

S tate o f  W a sh in g to n , "H ydrocarbon Id en tifica tion  M ethod" W T P H -H C ID  from  G u id an ce  

for R em ed ia tio n  o f  R e le a s e s  from  U n d ergrou n d  Storage T anks, d o cu m en t 9 1 -3 0  dated  

Ju ly  1 9 9 1 , and  data from  A la sk a ’s  S ta te  C h em istry  L aboratory, w ith  support from  the  

S torage  T a n k  P r o g r a m .

3. Definitions

3.1 R esid u a l R a n g e  O rg a n ic s  (R R O ): A ll ch rom atographic p ea k s b oth  re so lv ed  and  

u n reso lv ed , e lu t in g  b e tw e e n  th e  p eak  start o f  n -p en ta co sa n e  (C jj)  and th e  peak  en d  o f . n- 

h ex tr ia co n ta n e  (C 36). Q u an tita tion  is  b ased  o n  d irect com p arison  o f  th e  area w ith in  th is  

ran ge to th e  to ta l area o f  the m o to r  o il  standard w ith in  th e  sa m e (C j5 -  C 36) range as  

d eterm in ed  from  F ID  re sp o n se  u s in g  b a se lin e -b a se lin e  in tegration .

3 .2  R e s id u a ls  C a lib ra tio n  Standard (R C S ): A  b len d  o f  equal w e ig h ts  o f  3 0  w e ig h t  and  4 0
w e ig h t m o to r  o i ls  (1 :1 )  and d ilu ted  to appropriate con cen tra tion s in  m eth y len e  c h lo r ic  *.

T h is  standard s e r v e s  a s  a ca lib ra tio n  standard for R R O . It is  reco m m en d ed  that the R C S
c o m p o n e n ts  be combined v iih  in : DC->' co m p o n en ts  i f  D R O  (A K 1 0 2 ) is  to  be d o n e  

s im u lta n e o u s ly .
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Surrogate C on tro l Standard (S C S ): n -T ria co n ta n e-d 6 2  or  eq u iva len t, u sed  as a  laboratory  
data q u a lity  con tro l. A n y  var ian ce  from  th is  su rrogate m u st be ap p roved  by the A D l C 

A p p ro v a l A u th o rity , and  a  d em o n stra tio n  o f  su ita b ility  m u st b e perform ed. T h is  surrogate  
m a y  b e  c o m b in e d  w ith  th e  surrogate fo r  D R O  (A K 1 0 2 )  i f  th e  m eth od s are to  b e  d on e  
s im u lta n e o u s ly .

S u rrogate C on tro l S a m p le  : A  m eth od  b lank  sa m p le  sp ik ed  w ith  surrogate . T h e  

su rrogate rec o v e ry  is  u sed  as a  laboratory con tro l ( s e e  M eth od  A K  1 03 , T ab le  1.

C a lib ra tion  V er ifica tio n  Standard (C V S ): A  co m m erc ia l m otor  o il b len d , prepared as in
3 .2  but w ith  prod u cts from  a so u rce  o th er than  th o se  u sed  to  prepare the R C S  . It is  used  
b y  th e  lab oratory  as a  q u a lity  co n tro l c h e c k  to  v e r ify  the accu racy  o f  the calibration .

L aboratory  F ortified  B la n k  (L F B ): A  m eth o d  b lank  sa m p le  sp ik ed  w ith  C V S  (3 .5 ) . T he  
sp ik e  reco v ery  is  u sed  to  ev a lu a te  m eth o d  con tro l ( s e e  M eth od  A K  103 , T ab le  1).

R eten tio n  T im e  W in d o w  Standard: A  m ixtu re  o f  th e  norm al a lkanes n -p en tacosan e  (C 25) 

and n -h ex tr ia co n ta n e  (C 36) w h ic h  is  a n a ly zed  o n c e  e v ery  2 4  hour “d a y ” or w ith  each  batch  

o f  sa m p le s , w h ic h e v e r  is  le s s  freq u en t, n o t to  e x c e e d  2 0  sa m p les  per batch. T h is  standard  
se r v e s  to  d e fin e  th e  reten tion  t im e  w in d o w  fo r  R R O .

Internal Standard: N o  internal standard has b een  u se d  in  d ev e lo p m en t o f  th is m eth od .
A n y  in tern al standard w h ic h  m im ic s  th e  c h e m ic a l ch aracter istics o f  h ea v y  petro leum  

p rod u cts m a y  b e u sed , w ith  prior A D E C  approval.

S tandard S o il:  O ttaw a  san d  or other standard so il  w ith  ch aracteristics w h ich  m atch  the  
f ie ld  sa m p le s  as c lo s e ly  a s  p o ss ib le , u sed  in  q u a lity  con tro l standards.

C o n tin u in g  C alib ration  S tandard  (C C S ): A  m id -ra n g e  w o rk in g  standard d ilu ted  from  the 
R C S  (3 .2 ) ,  u sed  to  v er ify  that th e  a n a ly tica l sy s te m  is  op eratin g  in  a  m anner com p arab le  
to  that at th e  tim e  o f  ca lib ra tion .

O ther term s are a s  d e fin ed  in  S W -8 4 6  [1 ],

I n te r fe r e n c e s

O ther o rg a n ic  co m p o u n d s  in c lu d in g , but not lim ited  to , an im al and v eg eta b le  o il and 

g rea se , ch lo r in a ted  h yd rocarb on s, p h en o ls , ph th a la te  e sters , and b io g e n ic  terpcnes m e  
m easu rab le  under the c o n d it io n s  o f  th is  m eth od . S o m e  ligh ter  petro leum  products su ch  as 
bunker C  and d ie se ls , as w e ll  as crude o ils , m ay  p rod u ce a  resp on se  w ith in  the retention  
tim e range for R R O . A s  d e fin e d  in the m eth o d , the R R O  resu lts in c lu d e  th ese  
co m p o u n d s.
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4 .2  M eth o d  in ter feren ces  are red u ced  by w a sh in g  ail g la ssw a r e  w ith  h o t so a p y  w ater  and  then  

r in sin g  it w ith  tap w ater, m eth a n o l, and m e th y le n e  ch lo r id e . H eatin g  th e  g la ssw a re  to  

red u ce c o n ta m in a n ts  sh o u ld  n o t b e  n ecessa ry  i f  th is  c le a n in g  m eth o d  is  fo llo w e d . A t lea st  

o n e  b lan k  m u st b e  a n a ly zed  w ith  ea ch  ex tra ctio n  b a tch  to  d em on stra te  that the sa m p les  
are free fro m  m eth o d  in terferen ces.

4 .3  H ig h  p u d ty  rea g en ts  su c h  as B u rd ick  an d  J a ck so n  G C 2 m e th y le n e  ch lo r id e  or B ak er  

cap illary  g rad e m e th y le n e  c h lo r id e  m u st b e  u sed  to  m in im iz e  in terferen ce  p rob lem s.

4 .4  C o n ta m in a tio n  b y  carry o v er  c a n  o ccu r  w h e n e v e r  h ig h - le v e l and  lo w - le v e l  sa m p les  are 
se q u e n tia lly  a n a ly z e d . W h en  an  u n u su a lly  co n cen tra ted  sa m p le  is  en cou n tered , it sh o u ld  

b e fo l lo w e d  b y  a  s o lv e n t  b la n k  to  ch e c k  fo r  in stru m en t co n ta m in a tio n .

5 . S a fe ty  Issu .es

5 . i  T h e  to x ic ity  or  c a r c in o g e n ic ity  o f  each  reagen t in  th is  m eth o d  h as n o t b een  p rec ise ly
d e fin e d . H o w e v e r , e a c h  c h e m ic a l c o m p o u n d  sh o u ld  b e treated  as a p oten tia l h ea lth
hazard. F rom  th is  v ie w p o in t , ex p o su re  to  th e se  c h e m ic a ls  m u st b e red u ced  to th e  lo w e s t  
p o ss ib le  le v e l  b y  w h a tev er  m e a n s  a v a ila b le . T h e  laboratory  is  re sp o n sib le  for  

m a in ta in in g  a  current a w a ren ess  f ile  o f  O ccu p a tio n a l S a fe ty  and  H ealth  A d m in istra tio n  

(O S H A ) re g u la tio n s  regard in g  th e  sa fe  h a n d lin g  o f  th e  c h e m ic a ls  sp e c if ie d  in th is  

m eth o d . A  re fe r en ce  f ile  o f  M ateria l S a fe ty  D a te  S h e e ts  (M S D S )  sh o u ld  a lso  b e m ade  

a v a ila b le  to  a ll p erso n n e l in v o lv e d  in th e  c h e m ic a l a n a ly s is . A d d itio n a l re feren ces  to  
laboratory sa fe ty  sh o u ld  b e  a v a ila b le  and  sh o u ld  b e  id en tif ied  for u se  b y  th e  an a lyst.

5 .2  A  h earin g  p ro tec tio n  d e v ic e  sh o u ld  be u se d  w h e n  p erfo rm in g  so n ica tio n .

6 .  A p p a r a tu s  a n d  M a te r ia ls
(U n le s s  o th e r w ise  in d ica ted , a ll apparatus and  m ateria ls  arc su g g e s te d .)

6.1 G la ssw a re

6 .1 .1  4  o z . am b er  g la s s  w id e  m ou th  ja rs  w ith  T e fio n -lin e d  screw  cap s

6 .1 .2  2 5 0  m L  g la s s  cen tr ifu g e  tu b es ( i f  u s in g  so n ica tio n  ex traction ).

6 .1 .3  T w o  m L  g la s s  v ia ls  w ith  T e flo n -lin e d  cap  (a u to sa m p ler  v ia ls ).
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6 .1 .4  D isp o sa b le  p ipettes: Pasteur.

6 .1 .5  G raduated  cy lin d ers: 2 5 0  m L .

6 .1 .6  G la ss  or T e f lo n  fu n n els.

B o ilin g  c h ip s  -  A p p ro x im a te ly  1 0 /4 0  m esh . H eat to  4 0 0  °C  for 30  m in u te: or S o x h lc t  
extract w ith  m e th y le n e  ch lorid e .

M icro  sy r in g es:  O n e  u l, 5 u l, 10 u l, 2 5  u l, and 100 ul or  as needed .

W ater bath -  H ea ted  w ith  co n cen tr ic  ring co v er , ca p a b le  o f  tem perature control (+ /-  2 ° C ) .  
T h e  bath sh o u ld  b e  u sed  in a  h ood .

A n  a n a ly tica l b a la n ce  cap ab le  o f  accurately  w e ig h in g  0 .0 0 0 1  g sh ou ld  be used  for  

p reparing  standards and %  m oistu re  d eterm in ation s. A  top -load in g  balance cap ab le o f  
w e ig h in g  to th e  n earest 0.1 g  sh o u ld  be u sed  for sa m p le  preparation

S ta in le ss  s te e l spatu la .

G a s C h rom atograp h y

6 .7 .1  G a s C hrom atograph: A n a ly tica l sy s te m  in c lu d in g  appropriate g as su p p ly  and all 
req u ired  a c c e sso r ie s , in c lu d in g  a F la m e Io n iza tio n  D etecto r  (F ID ), co lu m n  

s u p p lie s , g a se s , and  sy r in g es. A  data sy stem  cap ab le  o f  determ in ing  peak  areas  

u s in g  a  fo rced  b a se lin e  -  b a se lin e  p ro jection  is  required. A  data sy stem  cap ab le  o f  
sto r in g  and rein tegrating  ch rom atograp h ic data is  recom m en d ed .

6 .7 .2  C o lu m n s

6 .7 .2 .1  C o lu m n  1: 5 M  x  0 .5 3  m m  SG E  H T -5 , 0.1 m icron  film  th ick n ess.

6.72.2
A ltern ate  co lu m n s: 3 0  M  x  0 .3 2  m m  ID  J& W  D B -1 or  D B - 5 ,0 .2 5  m icron  
film  th ick n ess .

6 .7 .2 .3  O ther C o lu m n s m ay be u sed  -  cap illary  c o lu m n s m ay be required to
a c h ie v e  the n ecessa ry  reso lu tion . T he co lu m n  m ust reso lv e  C 25 from  C 2., 
in  a m id ran ge R C S or C V S  i f  A K 1 0 2  is  to be d on e  s im u ltan eou sly . S e e
9 .2 .2  for ad d ition al c o lu m n  perform ance criteria.
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6.8 Sonication
6 .8 .1  U ltr a so n ic  c e ll  disrupter: A  h o rn -ty p e  so n ic a to r  eq u ip p ed  w ith  a  titan ium  tip  

sh o u ld  b e  u sed . A  H ea t S y s te m s-U ltr a so n ic s , In c . M o d e l W -3 8 5  (4 7 5  w att) 

so n ic a to r  o r  e q u iv a le n t (p o w e r  w a tta g e  m u st b e  a  m in im u m  o f  3 7 5  w ith  p u ls in g  

ca p a b ility  and N o . 2 0 0  V i in ch  T a p p ed  D isru p ter  H orn ) p lu s N o . 2 0 7  3 /4  in ch  
T a p p ed  D isru p ter  H orn , and  N o . 4 1 9  1 /8  in c h  S tandard  tapered M icro tip  probe.

6 .8 .2  A  S o n a b o x  or  e q u iv a le n t is  r e c o m m en d e d  w ith  th e  a b o v e  disrupter fo r  d ecrea sin g  

so u n d  (H e a t S y s te m s-U ltr a so n ic s , In c . M o d e l 4 3 2  13 o r  eq u iv a len t).

6 .9  S o x h le t  ex tra c tio n  apparatus a s  d escr ib ed  in  S W -8 4 6  M eth o d  3 5 4 0  [1 ].

6 .1 0  N itr o g e n  ev a p o ra to r  w ith  h ig h  p u rity  (grad e  4 .5  o r  e q u iv a le n t)  n itrogen  g a s sou rce .

7 . R e a g e n t s  a n d  S ta n d a r d s

7.1 R ea g en t W ater: W ater that h a s b een  sh o w n  to  b e  free  fro m  R R O  co m p o u n d s - a  

M illip o r e  sy s te m  or  e q u iv a le n t is  reco m m en d ed .

7 .2  M e th y le n e  C h lo r id e , H e x a n e , A c e to n e  - p e s t ic id e  grad e o r  eq u iva len t. A t  a m in im u m , 

the s o lv e n ts  m u st b e  sh o w n  to  b e  free from  R R O .

7 .3  S o d iu m  S u lfa te  -  (A m er ica n  C h e m ic a l S o c ie ty  (A C S )  grad e) granular, an h yd rou s. P urify  

b y  h e a tin g  at 4 0 0 °C  fo r  4  h ou rs in  a  s h a llo w  tray, or  b y  ex tra ctin g  th ree t im es  w ith  

m e th y le n e  c h lo r id e  and d ry in g  at 100:’ 5 °  C . In c o m p le te  c le a n in g  o f  so d iu m  su lfa te  can  

resu lt in  c o n ta m in a tio n .

7 .4  S to c k  S tandard  S o lu t io n s  - Prepare th e  fo llo w in g  s to c k  standards. U n le s s  n o ted , a ll are 

prepared  in  th e  m e th y le n e  ch lo r id e  lis ted  in  7 .2  a b o v e . S tan d ard s preparation sh o u ld  

fo l lo w  g u id e lin e s  in  S W 8 4 6  [1 ] , A ll  stan d ard s prepared  b y  th e  laboratory m u st be stored  

w ith o u t h e a d sp a c e  at -1 0  to -2 0 °  C and  p ro tected  fro m  lig h t. M ark ing  o f  the m e n isc u s  is  

h e lp fu l in  m a in ta in in g  s to c k  standard  in teg r ity . S tan d ard s m u st be rep laced  w ith in  6  

m o n th s o f  preparation . S tandards sh o u ld  b e  c h e c k e d  reg u la r ly  to  assu re  their in tegrity . 
Stan d ard s w h ic h  are p u rch ased  p re-m a d e from  c o m m e r c ia l su p p liers m a y  be k ep t f  - the  

life , and  u n d er th e  c o n d itio n s , s p e c if ie d  b y  th e  m an u factu rer  i f  d ifferen t than d escr ib ed  in 

th is  paragraph.

7 .4 .1  R e c o m m e n d e d  Surrogate: 5 0 0 0  u g /m L  n -T r ia co n ta n e-d 6 2  (d T C ). A  w o rk in g  

s o lu t io n  is  m ad e at 5 0 0  u g / m l  (r e c o m m en d e d  co n cen tra tio n ) in  a c e to n e .
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7 .4 .2  R esid u a ls  C alibration Standard (R C S ): A  b len d  o f  equal w e ig h ts  o f  m o to r  o il, 
m ix ed  togeth er  to  form  a  co m p o site  m otor  o il  (1 :1 , 3 0  w eight: 4 0  w e ig h t : )  is  

u sed  to  prepare s to ck  ca lib ra tion  standards in  m eth y len e  ch lorid e. N o  fe w e r  than  

3 con cen tra tion s o f  th is R esid u a ls  C alibration  Standard are used  fo r  instrum ent  
calib ration . A  f iv e  p o in t ca lib ration  cu rve is  recom m en d ed . O ther than o n e  
standard con cen tration  near th e  practical quantitation  lim it, the ex p ec ted  range o f  

con cen tra tion s fou n d  in  p ro ject sa m p les  sh o u ld  d e fin e  the w ork in g  range o f  the  
calib ration .

7 .4 .3  R eten tion  T im e W in d o w  Standard : A  sto ck  so lu tio n  o f  C 2J and C 36 n -a lk a n es  

w ith  each  co m p o n en t at a le v e l o f  at lea st 1 0 ,0 0 0  u g /m L  (recom m en d ed ). T h is  

b len d  o f  a lk an es serv es  a s  a  reten tion  tim e w in d o w  d efin in g  m ix  fo r  R R O .

7 .4 .4  S to c k  C V S : From  a  b len d  o f  co m m ercia l m otor  o ils  other than th o se  u sed  to  
prepare th e  R C S , m ake an  eq u al w e ig h t m ixture as d escrib ed  a b o v e  (7 .4 .2 ) . 
Prepare a  s to ck  so lu tio n  o f  2 5 ,0 0 0  U g /m L  in  m eth y len e  ch lorid e. A  w ork in g  

so lu tio n  is  m ade at a reco m m en d ed  con cen tra tion  o f  5 ,0 0 0  u g /m L  in  a c e to n e .

S a m p le  C o lle c t io n , P r e s e r v a t io n , C o n ta in e r s , a n d  H o ld in g  T im e s

S o ils  are c o lle c te d  in  a  co re  tube or 4  or  8 o z  am ber g la ss  ja r  w ith  T e flo n  lin ed  lid . T h e  

sa m p les  are stored  at 4  ±  2 °  C from  th e tim e o f  c o lle c t io n  until extraction . E xtraction  
m u st b e p erform ed  on  s o ils  w ith in  14 d a y s .f l ] .  A ll a n a ly ses  o f  extracts m u st take p la ce  
w ith in  4 0  d a y s.

S o il sa m p le s  to  be a n a lyzed  for v o la t ile s , D R O  and R R O  m a y  be c o lle c te d  in th e  sam e, 
m eth an o l p reserved  con ta in er and stored  as for G R O  (A K 1 0 1 ). I f  th is o p tio n  is  se le c te d , 
the m ech a n ic s  o f  th e  co lle c tio n , p reservation  and con ta in er sh o u ld  b e d isc u sse d  w ith  the  

c lie n t b efo re  sa m p lin g  k it preparation. R R O  ex traction  and a n a ly s is  m u st still m e e t the  
req u irem en ts o f  8 .1 , ab ove.

Procedure

S a m p le  Preparation: T h e preferred procedure for ex traction  is  M eth od  3 5 4 0  (S o x h le t  

E xtraction). H o w ev er , an y  sa m p le  extraction  tech n iq u e  w h ich  m eets  the q u ality  

assu ran ce requ irem ents sp e c if ie d  in  S e c tio n  10 and T a b le  1 o f  th is m eth od  m ay  b e  u sed .

9 .1 .1  S o il Preparation - S o x h le t  E xtraction

9 .1 .1 .1  D eca n t any w ater layered  on  the sa m p le . R efer  to m eth od  A K .102, sec tio n
9 .1 .2  i f  D R O  is to b e d o n e  s im u lta n eo u sly . M ix  the sa m p le  w e ll and  note  
any fore ign  o b jec ts  or  a n o m a lie s  (variab ly  particle s iz e , p resen ce  o f  o il  
sh een , m u ltip le  p h a ses , e tc .).
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9 .1 .1 .2  W e ig h  10 g  to  3 0  g  o f  th e  o r ig in a l sa m p le  in to  an  ex traction  th im b le . A d d  

an  eq u a l w e ig h t  o f  an h yd rou s so d iu m  su lfa te  and stir th e  m ixtu re w e ll  w ith  

a  w o o d e n  to n g u e  d e p ie sso r , ta k in g  care to  n o t rupture the th im b le . T he  

sa m p le  sh o u ld  h a v e  a  gra in y  textu re -  i f  th e  sa m p le  c lu m p s, add m ore  

so d iu m  su lfa te  u n til a  gra in y  texture is  a c h ie v e d  and n o te  th e  ad d ition .

(D o  th is  for a ll  sa m p les  and  standards.)

9 .1 .1 .3  P la c e  lo a d ed  th im b les  in  ex tractors and ad d  surrogate to  a ll sa m p les , both  

f ie ld  and  q u a lity  con tro l.

9 .1 .1 .4  A d d  C V S  to  th e  d u p lica te  L F B s. T h ese  standards sh o u ld  co n ta in  10 g  o f  

m e th y le n e  ch lo r id e  r in sed  standard so il. In  ad d ition , prepare a  m eth od  

b lan k

9 .1 .1 .5  A d d  3 0 0  m L  o f  m e th y le n e  ch lo r id e  to  th e  5 0 0  m L  ex traction  flask . M ore  

o r  le s s  ex tra ctio n  so lv e n t  m a y  be u sed  i f  th e  q u ality  con tro l criteria  

sp e c if ie d  in  S e c tio n  10 an d  T a b le  1 are m et. A ls o  add a  fe w  m eth y len e  

c h lo r id e  w a sh e d  carborundum  b o ilin g  c h ip s  to  the flask . C o n n ec t the  

ex tra cto r  to  th e  fla sk  and th e  co n d en ser  to  the extractor. A llo w  sa m p les  to 

ex tra ct fo r  1 8 -2 4  h ou rs, o r  a s  lo n g  as n ecessa ry  to a c h ie v e  o p tim u m  
su rro g a te  reco v ery . B e  sure that co o la n t is  f lo w in g  around th e  con d en sers.

9 .1 .1 .6  R eco m m en d a tio n : A fter  ex tra ctio n , d isa sse m b le  extractor and add about 3 

g  an h yd rou s so d iu m  su lfa te  to  the extract and  a llo w  to  in cu b ate for 2  

h ou rs. (T h is  a ssu res that th e  extract is w ater-free  b efo re  con cen tra tion .)

9 .1 .1 .7  P u t a  p lu g  o f  g la s s  w o o l  in  a  g la ss  or T e f lo n  fu n n el and  f ill  ab ou t 2 /3  fu ll 
w ith  a n h y d ro u s so d iu m  su lfa te . R in se  th e  fu n n el and so d iu m  su lfa te  w ith  

3 0 -4 0  m L  o f  m e th y le n e  ch lo r id e , d iscard  rinsate. P our the extract through  

th e  r in sed  so d iu m  s u lfa te  in to  a 5 0 0  m L  K u d em a -D a n ish  (K -D )  

e v a p o ra tiv e  con cen trator . R in se  th e  graduated  cy lin d er , th en  the sod iu m  

su lfa te , w ith  sm a ll a m o u n ts o f  m e th y len e  ch lo r id e . A d d  th ese  r in ses to  the  

K -D .
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9 .1 .1 .8  A d d  a  fe w  b o ilin g  ch ip s  (6 .2 )  to  the K -D  and attach a 3 -b a ll S n yd er to the  

top . P re-w et the c o lu m n  b y  a d d in g  a b o u t 1 m L  o f  m eth y len e  ch lor id e  to 
th e  inverted  c o lu m n  b efo re  a ttach in g  it to  th e  K -D .

N o te :  T h e  c o n c e n tr a t io n  s t e p  is  c r it ic a l;  lo s se s  o f  ta r g e t  c o m p o u n d s  
c a n  o c c u r  i f  ca r e  is  n o t  ta k e n .

9 .1 .1 .9  P la ce  the K -D  in  a  h ea ted  w ater  bath se t  at 9 5  °C  so  that the rece iv er  tube  

is  im m ersed  in  hot w ater an d  tire en tire lo w e r  rounded su rface  is  bathed in  
steam . A t a  proper rate o f  d ist illa tio n , th e  b a lls  o f  th e  co lu m n  w ill a c tiv e ly  

chatter, but th e  ch am b ers w il l  n o t flo o d . W h en  the apparent v o lu m e  is  le s s  
than  or eq u al to  10 m L , r e m o v e  the K -D  from  the bath and a llo w  it to  c o o l  
c o m p le te ly .

N o te :  T h e  ex traction  and co n cen tra tio n  step s  m u st b e  perform ed  under a  h ood .
N o t o n ly  is  the m eth y len e  ch lo r id e  a  p o ten tia l h ea lth  hazard (s e e  M S D S ), i f  the
h e a te d  w a te r ba th  is  n o t p ro p e r ly  tem p e ra tu re -c o n tro lle d , th e  c on cen tra tion
a p p a ra tu s  can  exp lode .

9 .1 .1 .1 0  A fter  the K -D  h as c o o le d , r in se the S n y d er  co lu m n  and m id d le  fla sk  

w ith  a  sm a ll am ou n t o f  m e th y le n e  ch lo r id e . T ransfer the extract to  a 
calibrated  15 m L  cen tr ifu g e  tube, r in sin g  w ith  a sm a ll am ou n t o f  

m eth y len e  ch lo r id e . R in se  all o f  the grou n d  g la ss  jo in ts  w e ll, as 
c o m p o u n d s c o lle c t  on  the grou n d  g la ss .

9 .1 .1 .1 1  I f  further con cen tra tion  is  d esired , ca re fu lly  con cen trate the extract to  no  

le s s  than 1.0 m L  under a g e n tle  stream  o f  n itrogen  u sin g  the evap oration  

apparatus. I f  the extract is  h ig h ly  co lo red , form s a  p recip ita te , or stop s  

evap oratin g , the fin a l v o lu m e  sh o u ld  b e  h ig h er  (5 -1 0  m L ). T ransfer to a  

lab e led  v ia l o f  appropriate s iz e  w ith  T e flo n -lin e d  cap , m ark the 

m en iscu s . E xtracts sh o u ld  b e stored  in  a  n on -frost free freezer.

9 .1 .1 .1 2  R ecord  in form ation  for the ex traction  and con cen tration  steps,

9 .1 .2  M oistu re  D eterm in ation  for S o lid s
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9 .1 .2 .1  M o istu re  d eterm in a tio n s m u st a cco m p a n y  all s o i ls  data (reported  in  

m g /d ry  k g ) so  th e  c lie n t  ca n , at w il l ,  d eterm in e the resu lts  in  th e  o r ig in a l 
s o il  co n d itio n . R ep o rtin g  in  m g /d ry  k g  ca n  b est be d o n e  i f  an  

u n p reserved  p o r tio n  o f  th e  sa m p le  (c o lle c te d  w ith o u t m eth a n o l) is  

p ro v id ed . B e c a u se  o f  th e  p o ten tia l for h ig h  p etro leu m  com p o u n d  
co n cen tra tio n s  in  th e  s o i l ,  a ll d ry in g  sh o u ld  b e  d o n e  under a  fu n ctio n in g  
h o o d .

9 .1 .2 .2  T o  d eterm in e  p ercen ta g e  o f  m o istu re , p r e -w e ig h  an a lu m in u m  w e ig h in g  

boat. W e ig h  5 -1 0  g  o f  th e  sa m p le  in to  th e  boat and record  b oth  w e ig h ts  

to  th e  n earest 0 .0 0 1  g . D ry  th e  sa m p le  o v ern ig h t in  a  v/arm  ( 1 0 0 ± 5 ° C )  

o v en .

9 .1 .2 .3  R e m o v e  the sa m p le  fro m  th e  o v e n  and c o o l in  a  d es icca to r  until the  

sa m p le  rea ch es ro o m  tem perature, and  w e ig h  to  the n earest 0 .0 0 lg .  
R eco rd  th e  w e ig h t.

9 .1 .2 .4  R eturn  th e  s o il  sa m p le  to th e  o v e n  for an  add ition a l t im e  p eriod  (n o t le s s  

than  2  h ou rs), c o o l  a g a in  in  th e  d es icca to r  until the sa m p le  reach es room  

tem perature, an d  w e ig h  to  th e  n earest 0 .0 0 lg .

9 .1 .2 .5  I f  the w e ig h t  o f  th e  sa m p le  h as rem ain ed  con stan t (+  4% ) from  the in itia l 
"dry" w e ig h t  ( 9 .1 .2 .3 ) ,  u se  th is  n u m b er fo r  the m oistu re  determ in ation  

(s e e  9 .6 .1 ) . I f  the s e c o n d  w e ig h in g  sh o w s  that the sa m p le  has lo st  
further w e ig h t , c o n tin u e  d ry in g  and w e ig h in g  the sa m p le  until the w e ig h t  

b e c o m e s  co n sta n t, th en  p ro ceed  to  9 .6 .1 .

9 .1 .2 .6  I f  a  sa m p le  co n ta in s  a  h ig h  co n cen tra tio n  o f  p etro leu m  product, con stan t  

w e ig h t  m a y  be d iff ic u lt  to  attain. If, a fter severa l tries, th e  ± 4 %  criteria  

ca n n o t b e  rea ch ed  a n  e stim a ted  %  m o istu re  m a y  b e rep orted w ith  

appropriate ex p la n a tio n .

D ilu tio n  T ech n iq u e

9 .1 .3 .1  T h is  is  u sed  fo r  p rod u ct or  w a ste  sa m p le s  fo r  w h ic h  ex tra ctio n  is  n o t  
appropriate and  w h ic h  are so lu b le  in  m eth y len e  ch lorid e .

9 .1 .3 .2  W e ig h  1 g  o f  sa m p le  in to  a  10 m L  v o lu m etr ic  flask . D ilu te  to  10 m L  

w ith  m e th y le n e  ch lo r id e . T ransfer to  a 12 m L  v ia l w ith  a  T e flo n -lin e d  

lid . M ark m e n isc u s  and store  at < 4 °C .



9.2 Gas Chromatography
9 .2 .1  C o n d itio n s  (R eco m m en d ed ): S e t h e liu m  c o lu m n  pressure to  2 0 # . S et co lu m n  

tem perature to  4 0 °  C  fc r  2  m in u tes , then  ram p at a  rate o f  12° C /m in  to  3 8 0 °  C  
and  h o ld  fo r  15 m in . (run tim e  =  4 9  m in u tes). S e t  F ID  D etecto r  to  3 8 0 °  C  and  

in jecto r  to  2 8 0 °  C . T h e  referen ce  b o o k  H ig h  R eso lu tio n  C hrom atography by  

H ew lett-P ack ard  is  a g o o d  so u rce  o f  in form ation  o n  h o w  to  o p tim ize  f lo w  rates, 
e tc .

9 .2 .2  P erform an ce Criteria: G C  run co n d itio n s  and  co lu m n s m ust be c h o se n  to  m ee t the  
fo l lo w in g  criteria:

9 .2 .2 .1  R e so lu tio n  o f  the m eth y len e  ch lo r id e  so lv e n t front from  C !0, and  C 24 

fro m  C 25, i f  D R O  (A K 1 0 2 )  is  to be d o n e  sim u lta n eo u sly .

9 .2 .2 .2  T h e  sep aration  num ber, T Z , sh o u ld  b e greater than 15 for  C 24 and C 25 i f  

D R O  is to  b e  a n a ly zed  co n co m ita n tly .

T Z =  reten tion  tim e C :; - reten tion  tim e C 21 - i  

W  Vl o f  C 25 +  W o f  C 24

W here "W  Vt"  =  p eak  w id th  at h a lf-h e ig h t

9 .2 .2 .3  T h e  co lu m n  m u st b e  ca p a b le  o f  sep aratin g  typ ica l m otor  o il c o m p o n en ts  

from  surrogate and internal standards.

9 .3  C alibration

9 .3 .1  C alibrate th e  G C , s e t  up as in  9 .2 , w ith  an in itia l f iv e  p o in t (reco m m en d ed )  
ca lib ra tio n  u s in g  R C S  (7 .4 .2 ) . T h e  fin a l ca lib ration  cu rve m ust b e  represented  by  

n o  le s s  than  3 con cen tra tion s o f  R C S .
9 .3 .2  C h o o se  R esid u a l C alibration  Standard con cen tra tion s to  c o v er  the ^ 1 0  range  

e x p e c te d  in  th e  sa m p les , or th e  lin er  range o f  th e  instrum ent, w h ich ev er  is  le ss . 
O n e o f  th e  co n cen tra tio n s m u st b e at or near th e  practical quantitation  lim it.

9 .3 .3  T ab u la te  the area resp o n se  o f  the ca libration  standard aga in st m ass in jected . T h e  

ratio o f  th e  resp o n se  to  the am ou n t in jected , d e fin ed  as the resp o n se  factor (R F ), 
can  b e  ca lcu la ted  for the standard at ea ch  con cen tration . I f  the average p ercent 
rela tive  standard d ev ia tio n  (% R S D ) is  le s s  than 25%  o v er  the w ork in g  range, 
lin earity  through  the o r ig in  can  b e a ssu m ed , and the co n tin u in g  ca libration  
resp o n se  factor  can  b e u sed  in  p lace  o f  a ca libration  curve.
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Internal Standard Response Factor = (A x l  (O is )  

(Q x ) (A is )

W here: A x  =  P ea k  area o f  an a ly te
A is  =  P ea k  area o f  in ternal standard  
Q is  =  A m o u n t o f  in ternal standard  

Q x  =  A m o u n t o f  an a ly te

A ltern a te ly , ex tern a l standard  ca lib ra tio n  m a y  b e  u sed  (S e e  M eth o d  8 0 0 0  [1 ]). 

T h en ,

E xtern a l S tandard  R e sp o n se  F actor =  T ota l p ea k  area o f  standard
M a ss  in jected

9 .3 .2  T h e  ca lib ra tio n  cu rv e  m u st b e  co n firm ed  u sin g  th e  C V S  (7 .4 .5 ) . T h is  standard  

v e r if ie s  th e  a ccu ra cy  o f  th e  ca lib ration . T h e  con cen tra tio n  o f  th e  C V S  sh o u ld  be  

w ith in  th e  e x p e c te d  co n cen tra tio n  range o f  the sa m p le s  to  b e  an a ly zed .

9 .3 .3  T h e  w o r k in g  r e sp o n se  factor or  ca lib ra tion  cu rv e  m u st b e  v e r if ie d  o n  each  

w o rk in g  d a y  (2 4  h ou rs) by th e  in jec tio n  o f  a  C C S  (7 .4 .3 ) )  a t a  co n cen tra tio n  m id ­
p o in t o n  th e  ca lib ra tio n  cu rve . I f  th e  resp o n se  fo r  th is standard va r ies  from  the  

p red ic ted  r e sp o n se  b y  m ore  than  25% , a  n e w  ca lib ra tion  cu rve  m u st b e  prepared.

P ercen t D iffe r e n c e  =  R i ;  R 2 x ioo

R*vg
w h ere:

R , =  A v e r a g e  R F  from  th e  ca lib ra tion  cu rv e  

R 2 =  R e sp o n se  F actor  fro m  C C S  

R*vg =  (R i +  R 2)/2

R eten tio n  T im e  W in d o w  D e f in it io n

9 .4 .1  B e fo r e  e s ta b lish in g  w in d o w s , b e  certa in  that th e  G C  sy s te m  is  w ith in  o p tim u m
op era tin g  c o n d it io n s  (9 .2 ) . M a k e three in je c tio n s  o f  th e  R eten tio n  T im e  W in d o w  

Standard  ( 7 .4 .3 )  th rou gh ou t th e  co u rse  o f  a  72  h ou r  p eriod . S er ia l in je c t io n s  o v er  

le s s  th an  a  7 2  hour p er io d  resu lt in  reten tion  tim e w in d o w s  that are to o  tigh t.

105



9 .4 .2  C a lcu la te  th e  standard d ev ia tio n  o f  th e  three a b so lu te  retention  t im es  for C 25t C 36 
and the surrogate.

9 .4 .2 .1  T h e  reten tio n  tim e w in d o w  for in d iv id u a l p eak s is  d e fin ed  as p lu s or  
m in u s th ree t im e s  th e  standard d ev ia tio n  o f  the ab so lu te  retention  tim e  for  
ea ch  co m p o n en t.

9 .4 .2 .2  In  th o se  c a se s  w h ere  the standard d ev ia tio n  for a particular an a lyte  is  zero , 
th e  laboratory  sh o u ld  u se  ±  0 .0 5  m in . as a  retention  tim e  w in d o w .

9 .4 .3  T h e  laboratory  m u st ca lcu la te  reten tion  tim e w in d o w s for ea ch  standard o n  each  

G C  c o lu m n  an d  w h e n e v e r  a  n e w  G C  co lu m n  is  in sta lled  or instrum ent co n d itio n s  
ch a n g ed . T h e  data m u st b e  reta in ed  by th e  laboratory.

9 .4 .4  R eten tio n  tim e  w in d o w s  m u st be v er ified  regu larly  and updated n o  le s s  frequently  

than o n c e  a  year.

9 .5  G as C hrom atograph  A n a ly s is

9 .5 .1  S a m p le s  are a n a ly zed  b y  G C /F ID . O p tim um  in jection  v o lu m e s  (2  uL  u sin g  the  

c o n d itio n s  e s ta b lish ed  in  9 .2 )  m u st be esta b lish ed  for sp ec if ic  instrum ent 
c o n d itio n s .

9 .5 .2  F or in ternal standard ca lib ration , th e  internal standard is  sp ik ed  into ea ch  sa m p le  

and  standard at a sp e c if ie d  con cen tration . (N ote: H igh  R R O  v a lu e s  m a y  lead  to 

m ea su rem en t b ia s  d u e  to  c o e lu tio n  w ith  th e  internal standard.)

9 .5 .3  I f  in itia l ca lib ra tion  (9 .3 )  h a s b een  perform ed , v er ify  the ca libration  by a n a ly s is  o f  

a  m id -p o in t C C S  (9 .3 .2 ) . W ith  e a c h  day's run, o p en  a 2 4  hour a n a ly s is  w in d o w . 

T h is  is  d o n e  b y  ru n n in g  th e  R eten tion  T im e  W in d o w  Standard (7 .4 .3 ) .

9 .5 .4  C a lcu la te  th e  p ercen t d ifferen ce  o f  th e  resp o n se  factor from  the m ea n  resp o n se  

factor  a s  in  9 .3 .3 . T h is  is  d o n e  for R R O  a s a  group from  the C C S . I f  the average  

resp o n se  fa cto r  h a s a  d ifferen ce  greater than 25% , corrective  a ctio n  m u st be  
taken .
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9 .5 .5  A  m e th y le n e  c h lo r id e  b lan k  m u st b e  a n a ly zed  e a c h  d a y  to  d eterm in e  th e  area  

g en era ted  o n  n orm al b a se lin e  n o ise  under the c o n d itio n s  p rev a ilin g  in  th e  2 4  hour  

p erio d . T h is  area  is  gen era ted  b y  p ro jectin g  a  h or izon ta l b a se lin e  b e tw e e n  th e  

re ten tio n  t im e s  o b se r v e d  for th e  p ea k  start o f  C 25 an d  th e  p ea k  en d  o f  C 36. T h is  

b la n k  is  in teg ra ted  o v e r  th e  R R O  area in  th e  sa m e  m an n er as fo r  th e  f ie ld  sa m p le s  

a n d  is  rep orted  a s  the s o lv e n t  b lan k  [R efer  to  re feren ce  4 ] . D o  n o t  b a s e l in e  
s u b tr a c t .  T h is  in fo r m a t io n  is  fo r  d a ta  in te r p r e ta t io n  p u r p o s e s  o n ly .

9 .5 .6  B la n k s  sh o u ld  a lso  b e  run a fter  sa m p le s  su sp e c te d  o f  b e in g  h ig h ly  con cen tra ted , to  

p rev en t carryover . I f  th e  b la n k  a n a ly s is  sh o w s  co n ta m in a tio n  a b o v e  th e  p ractica l 
q u a n tita tio n  lim it , th e  c o lu m n  m u st b e  bak ed  o u t an d  su b seq u en t b la n k s a n a ly zed  

u n til th e  s y s te m  is  s h o w n  to  reta in  con tam in an ts at co n cen tra tio n s le s s  th an  the  

P Q L .

9 .5 .7  I f  th e  R R O  co n cen tra tio n  e x c e e d s  th e  lin ear range o f  the m eth o d  (a s  d e f in e d  b y  

th e  ra n g e  o f  th e  ca lib ra tio n  cu rv e ) in  th e  fin a l ex tract, co rrectiv e  a ctio n  m u st be  

tak en . T h e  re sp o n se  o f  the m ajor p ea k s sh o u ld  b e  k ep t in  the u p p er h a lf  o f  th e  

lin ea r  ra n g e  o f  th e  ca lib ra tio n  cu rve. D u e  to  p o ten tia l m ea su rem en t b ia s , in ternal 
standard  ca lib ra tio n  sh o u ld  n o t be u se d  w h e n  R R O  e x c e e d s  5 0 0 0  u g /m L  in  th e  

fin a l ex tract. T h e  sa m p le  sh o u ld  b e  d ilu ted  or  ex tern a l standard ca lib ra tio n  sh o u ld  

b e u sed .

9 .6  C a lcu la tio n s:

9 .6 .1  % M o is tu r e  C a lcu la tio n

%  M o istu re  =  (A -C ) /(A -B )  x  100  

W here:
A =  w e ig h t  o f  boat +  w e t  sa m p le

B =  w e ig h t o f  boat
C =  w e ig h t  o f  b oat +  dry sa m p le

N o te : M a k e  su re  d ry in g  o v e n  is  p la ced  under a h o o d . H e a v ily  co n ta m in a ted  s o i ls  w il l  

p rod u ce  stro n g  o r g a n ic  vap ors.

9 .6 .2  Internal S tandard  C alibration: T h e  con cen tra tio n  o f  R R O s in  th e  sa m p le  m u st be 
d eterm in ed  b y  c a lc u la t in g  th e  a b so lu te  w e ig h t  o f  an a ly te  ch rom atograp h ed  fro m  a 

su m m a tio n  o f  p e a k  r e sp o n se  fo r  a ll ch rom atograp h ic  p ea k s e lu tin g  b e tw e e n  th e  p ea k  start 
o f  n -p e n ta c o sa n e  and  th e  p ea k  start o f  n -p en tetracon tan e, u s in g  the ca lib ra tion  cu rv e  or  

tire r e sp o n se  fa c to r  d e term in ed  in  s e c t io n  9 .3 . A ls o  refer to  S e c tio n  9 .4  (R e te n tio n  T im e  

W in d o w  D e f in it io n ) .
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The concentration o f RRO is calculated as follows:
A q u e o u s /S o il sam p les:

Cc =  ( A x ¥ C i s ¥ D W t )
(A is )(R F )(V s )

W here:

C s  =  C on cen tration  o f  R R O s (m g /L  or m g /k g ).
A x  =  R e sp o n se  for th e  R R O s in  the sa m p le , u n its in  area.
R F  =  R e sp o n se  F actor from  C C S  ( s e e  9 .3 .1 ) .
A is  =  R e sp o n se  for th e  internal standard, u n its  sa m e as for A x .
C is  =  Internal standard con cen tra tion  (m g /m L ).
V t  =  V o lu m e  o f  final extract in m L .

D  =  D ilu tio n  factor, i f  d ilu tio n  w a s  p erform ed  o n  the sam p le  prior to 

a n a ly s is . I f  n o  d ilu tio n  w a s  m ad e, D  =  1, d im en sio n less .
V s  =  A m o u n t o f  sa m p le  extracted  in  L or k g .

6 .3  T o  ca lcu la te  m g/d ry  k g  for so il  sa m p les ,

m g /d ry  k g  R R O  =

l-(%  m o is tu r e /100)

T h e  % m o istu re  ca lcu la tio n  m u st be in c lu d ed  in  the data p ack age (se e  9 .1 .2 ).

6 .4  E xtern al Standard C alibration:

A q u e o u s /S o il  sam p les:

C $ =  { A x ) ( A X Y lX m
(A s ) (V  s )

W here:

C s  =  C on cen tra tion  o f  R R O s (m g /L  or m g /k g ).

A x  =  R e sp o n se  for th e  R R O s in  the sa m p le , units in  area.
A s  =  R e sp o n se  for the extern al standard, u n its sa m e  a s for A x .
A  =  E xtern a l standard con cen tration  (m g /m L ).

V t  =  V o lu m e  o f  F in al extract in m L .

D  =  D ilu tio n  factor, i f  d ilu tio n  w as p erform ed  o n  the sa m p le  prior to a n a ly sis . I f  
n o  d ilu tio n  w a s m ad e, D  =  1, d im e n sio n le ss .

V s  =  A m o u n t o f  sa m p le  extracted  in  L or kg.



9 .6 .5  S o m e  so ftw a r e  p rogram s are ca p a b le  o f  p er fo rm in g  9 .6 .1  and 9 .6 .3  w ith  m in im a l 
a n a ly st  in terv en tio n . A d d itio n a lly , s o m e  so ftw a r e  program s can  “update” a  
ca lib ra tio n  cu rv e  b ased  o n  the r e sp o n se  o f  th e  C C S . I f  a ca lib ration  cu rve is  

u p d ated  in  th is  m anner, a  v a lid  C V S  m u st b e  a n a ly z e d  and resu lts m u st fa ll w ith in  

th e  Q u a lity  C on tro l C riteria  sp e c if ie d  in  S e c t io n  10 and T a b le  1 b efore  sa m p le s  

c a n  b e  a n a ly zed .

10. Q u a l i ty  C o n t r o l  (S e e  T a b le  1)

10.1 T h e  lab oratory  m u st  e sta b lish  an d  m ain ta in  th e  a b ility  to  gen era te  accep tab le  accu racy  

and p r e c is io n  an d  to  d em o n stra te  th rou gh  th e  a n a ly s is  o f  q u a lity  con tro l ch eck  standards  

that th e  o p era tio n  o f  th e  m ea su rem en t s y s te m  is  in  co n tro l. T h is  m u st in c lu d e  the  
a n a ly s is  o f  Q C  c h e c k  sa m p le s  p lu s  the c a lc u la t io n  o f  a v era g e  reco v ery  and the standard  

d e v ia t io n  o f  r e c o v e ry  a s  o u tlin ed  in m eth o d  8 0 0 0 , s e c t io n  8 .0  [1], and th is  m ethod .

10 .2  A fter  su c c e s s fu l ca lib ra tio n  (S e c tio n  9 .3 ) ,  a n a ly z e  th e  reagen t b lank sam p le . T h e  reagen t  

b lan k  m u st b e  a n a ly z e d  w ith  e v e r y  ex tra ctio n  b atch . T h e  surrogate reco v ery  m u st b e  

w ith in  e s ta b lish e d  lim its  ( s e e  M eth o d  A K  1 0 3 , T a b le  1), or  w ith in  the lim its  e sta b lish ed  

b y  th e  p ro ject p la n  (w h ic h e v e r  is  m ore s tr in g en t) and  the con tro l sa m p le  sh ou ld  n o t h a v e  

R R O  a b o v e  th e  p ractica l q u an tita tion  lim it.

10.3 W ith  e v e r y  b atch , d u p lica te  L F B s  m ust b e  a n a ly z e d  (e m p lo y in g  the standard so il m atrix  

ap p rop riate  to  th e  sa m p le s  b e in g  a n a ly zed ). T h e  a ccu ra cy  an d  p rec is io n  o f  the d u p lica te  

stan d ard s m u st b e  w ith in  esta b lish ed  lim its . A ls o ,  th e  m id -p o in t C C S  m u st be a n a ly zed  

at th e  en d  o f  e a c h  se q u e n c e  and o n c e  per 2 0  sa m p le s , and  com p ared  to  th e  su c c e ss fu l  
ca lib ra tio n  a s  d escr ib ed  in  9 .8 .6 ,  and fa ll w ith in  e s ta b lish e d  lim its  (T a b le  1). M eth od  

D e te c t io n  L im its  (M D L s)  m u st b e  e s ta b lish ed  a s  sp e c if ie d  in  4 0 C F R  Part 136 , A p e n d ix

B .

10 .4  E v ery  b a tch  o f  sa m p le s  ex tracted  m u st b e  a c c o m p a n ie d  b y  a  m eth od  b lank to  

d em o n stra te  that sa m p le s  are free  from  m eth o d  in ter feren ce . T h e m eth o d  blank m u st  

h a v e  R R O  le s s  than  th e  P ractica l Q u an tita tion  L im it.

10.5 E a ch  lab oratory  sh o u ld  g en era te  con tro l l im its  b a sed  o n  the a verage  recovery , w ith  ±  2  

standard  d e v ia t io n s  as a w a rn in g  lim it and  ±  3  standard  d ev ia tio n s  the action  lim it.

10 .6  I f  an y  o f  th e  cr iter ia  in  9 .3 , 1 0 .2 , 10.3 and  1 0 .4  are n o t m et, co rrective  a ctio n  m u st be  

ta k en  b e fo r e  sa m p le s  are a n a ly zed .

10 .7  C a lc u la te  th e  su rrogate  standard reco v ery  in  e a c h  sa m p le . I f  reco v eries  are ou tsid e  

e s ta b lish e d  lim its  (T a b le  1) v e r ify  c a lc u la t io n s , d ilu t io n s , and  standard so lu tio n s . V er ify  
in stru m en t p erfo rm a n ce .



10 .7 .1  H ig h  reco v er ies  m a y  b e d u e to  a  c o e lu tin g  m atrix  in terferen ce or the p resen ce  o f  
h ig h  m o lecu la r  w e ig h t  con tam in an ts; ex a m in e  the sam p le  chrom atogram .

1 0 .7 .2  H ig h  reco v er ie s  m a y  a lso  b e  d u e  to  m em o ry  e ffe c ts  cau sed  b y  p oor sa m p le  

v o la tility , b a ck fla sh , or carryover. C h eck  instrum ent co n d itio n s, in jection  
v o lu m e , and  in jector  tem perature.

1 0 .7 .3  L o w  reco v er ie s  m a y  b e d u e  to  ad sorp tion  by th e  sam p le  m atrix (m u sk eg , tundra, 
forest lo a m , etc).

1 0 .7 .4  L o w  reco v er ies  m a y  a lso  b e  ca u sed  b y  incorrect integration. T he  
ch rom atograp h ic p ro file  o f  R R O  m a y  n ot g iv e  b a se lin e  reso lu tion  o f  all 

co m p o n en ts , resu ltin g  in  a  characteristic  r ise in  b a se lin e  underneath the r e so lv e d  

hydrocarbon  c o m p o n en ts  k n o w n  as the "unresolved  c o m p le x  m ixture", or U C M . 
D o  n ot u se  p eak  to  peak  in tegration; u se  forced  b a se lin e  integration.

1 0 .7 .5  I f  in ternal ca lib ra tion  has b een  u sed , R R O  resu lts m u st be n orm alized  u sin g  the  

internal standard resp o n se . I f  surrogate recovery  is s till ou tsid e  o f  e sta b lish ed  
lim its , co rrectiv e  a c tio n  m u st b e taken.

1 0 .7 .6  I f  ex tern a l ca lib ra tion  has b een  u sed  and surrogate recover)' is  ou tsid e  o f  

esta b lish ed  lim its , co rrectiv e  a c tio n  m u st be taken.

10.8 W hen  fie ld  sa m p le s  s h o w  su rrogate recovery  ou tsid e  o f  accep tab le  lim its  due to  

su sp ected  m atrix  e f fe c ts  and  the ca lcu la ted  R R O s con cen tration  fa lls  w ith in  a  factor  o f  2  

o f  the a ctio n  le v e l, th e  laboratory sh o u ld  recom m en d  that the c lien t resubm it the sa m p le  

for m atrix  sp ik e /m a tr ix  sp ik e  d u p lica te  a n a ly s is . (T o  p erform  m atrix sp ik e  a n a ly ses , 
fo l lo w  9 .1 , e x c e p t  u se  a f ie ld  sa m p le  in stead  o f  a  standard m atrix .) T h is  is  a  

recom m en d ation , n o t a  req u irem en t o f  th e  m eth od , and  therefore the on u s is  not o n  the  
an a ly tica l laboratory to absorb  th e  c o s t  o f  the add ition a l an a lyses.

10.9 M atrix  sp ik e s  are reco m m en d ed  fo r  sp e c if ic  sa m p lin g  program s. F ie ld  b lanks, trip  
b lan k s, fie ld  d u p lica tes  are required  as stated  in C hapter 2 , sec tio n  9  o f  the U S T  
P rocedures M anual.

10 .10  M in im u m  q u ality  con tro l a ccep ta n ce  criteria are se t forth in  sec tio n  10 o f  th is m eth od . 
M ore stringent q u a lity  con tro l criteria m ay b e required b y  sp ec if ic  project p lans.
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10.11 Corrective Action
10 .1 1 .1  C alib ration

1 0 .1 1 .1 .1  I f  th e  in itia l ca lib ra tion  d o e s  n o t m e e t  th e  criteria se t forth in 9 .3 .3  and
9 .3 .4 ,  th e  instru m en t m u st b e recalibrated.

1 0 .1 1 .1 .2  I f  th e  c o n tin u in g  ca lib ra tion  d o e s  n o t m e e t the criteria se t  forth  in  
9  3 .5  and  T a b le  1, the instrum ent m u st be recalibrated.

1 0 .1 1 .2  S u rrogates

1 0 .1 1 .2 .1  I f  su rrogates are o u ts id e  e sta b lish ed  control lim its  (T ab le  1), the
fo llo w in g  a sse ssm e n ts  and /or correction  a c tio n s m u st occur:

A )  C h e c k  to  b e sure there are n o  errors in  ca lcu la tio n s and that the  

con cen tra tio n  o f  th e  surrogate and internal standard so lu tio n  are  

correct.

B )  C h e c k  in stru m en t perform an ce to  d eterm in e i f  it is  w ith in  

a ccep ta b le  g u id e lin e s .

C ) R e c a lc u la te  the data and /or rean a lyze  the extract i f  an y  o f  the  

a b o v e  c h e c k s  rev ea ls  a prob lem .

D ) R ep rep are and rea n a ly ze  the sa m p le  i f  non e o f  the a b o v e  r e so lv e s  

the p ro b lem .

1 0 .1 1 .2 .2  I f  th e  su rrogate  reco v er ie s  that are o u ts id e  the con tro l lim its  ca n n o t be  
attributed  to  lab  error, the d e c is io n  to  rean a lyze  or flag  the data sh ou ld  

be m ad e in c o n su lta tio n  w ith  the c lien t. P rovided  all o th er Q C  

a ccep ta n ce  criteria  are m et (sec tio n  10), it is  o n ly  n ecessa ry  to  

rep rep are/rean alyze  a sa m p le  o n e  tim e to  dem onstrate that a p o o r  
su rrogate reco v ery  is  d u e  to  m atrix e ffe c ts . A  re la tion sh ip  can  b e  

e sta b lish ed  b e tw een  surrogate reco v ery  and m oistu re con ten t o f  
o rg a n ic  s o ils ,  w h ic h  m ay h e lp  in d ia g n o sin g  the ca u se  o f  p oor  

su rrogate  reco v er ie s .
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1 0 .1 1 .3  B lan k s: A d d itio n a l laboratory or fie ld  b lan k s m a y  b e n ecessa ry  for certain  

p ro jects  to m ee t the g o a ls  o f  C hapter 2 , s e c t io n  9  o f  the U S T  Procedures  
M an u al.

1 0 .1 1 .3 .1  Instrum ent B lan k s: In strum ents m u st b e  eva lu a ted  w ith  ea ch  batch  

(o r  d a ily , w h ich ev er  is  m ore freq u en t) and m u st dem onstrate that the  
an a ly tica l sy s te m  is  free  from  co n ta m in a tio n . T h is is  best 
a c c o m p lish e d  b y  a n a ly z in g  an  Instrum ent B lank .

1 0 .1 1 .3 .2  M eth od  B lank: M eth o d  B la n k s m u st b e  a n a ly zed  w ith  each  
ex tra ctio n  batch  IF the resu lts o f  th e  f ie ld  sa m p les  sh o w  

co n ta m in a tio n  a b o v e  the M C L . T h e  M eth o d  B lan k  for A K 1 0 2  can  
a lso  serv e  a s  the R ea g en t B la n k  i f  R R O  is  le s s  than th e  PQ L.

1 0 .1 1 .3 .3  F ie ld  B lan k : I f  the f ie ld  sa m p le s  y ie ld  D R O  a b o v e  the M C L , and  
co n ta m in a tio n  is  fo u n d  b e lo w  th e  P Q L  in  the R eagen t B lank , a F ield  
B la n k  sh o u ld  b e a n a ly zed  to id en tify  w h eth er  the sou rce  o f  

co n ta m in a tio n  orig in a ted  in  the f ie ld  sa m p le  c o lle c t io n  procedure, 
during trip or during sto ra g e  in  the laboratory. T h is  a p p lies to  A K 1 0 2  
an d  A K 1 0 3  a n a ly zed  in  co n co m ita n tly .

(N o te : B la n k s are reported b y  va lu e . D O  N O T  B L A N K  S U B T R A C T . T h is  

in fo rm a tio n  is  for data q u a lity  a sse ssm e n t p u rp o ses o n ly .)

1 0 .1 1 .4  L aboratory  F ortified  B la n k s

1 0 .1 1 .4 .1  I f  the a n a ly te  reco v ery  from  th e L F B s  is  o u ts id e  th e  estab lish ed

reco v ery  lim its  (T ab le  1), the fo llo w in g  a sse ssm en ts  and/or corrective  
a ctio n s m u st occur:

A )  C h eck  to  b e  sure there are no errors in ca lcu la tio n s  and that the 

co n cen tra tio n  o f  th e  an a ly te  so lu tio n  is  correct.

B )  C h eck  instrum ent p erform an ce to  d eterm in e i f  it is  w ith in  
a ccep ta b le  g u id e lin es .

C ) R eca lcu la te  the data and /or rea n a ly ze  the extract i f  any o f  the  
a b o v e  c h e c k s  rev ea ls  a  prob lem .

D ) R eprepare and rean a lyze  the sa m p le s  i f  n o n e  o f  the a b o v e  re so lv es  
the p rob lem .
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1 0 .1 1 .4 .2  I f  th e  re la tiv e  p ercen t d iffe r e n c e  b etw ee i. the L F P  resu lts  e x c e e d s  the  

con tro l lim its , b u t m e e ts  th e  p ercen t reco v ery  criteria  (T a b le  1), the  

fo l lo w in g  a sse ssm e n ts  a n d /or  c o rrec tiv e  a c tio n s  m u st occur:

A )  C h eck  to  b e  su re  that th ere are n o  errors in  ca lcu la tio n s , and  that 

the sa m e  a m o u n t and  so u rce  o f  a n a ly te  so lu tio n , so lv e n t  and  w ater  

w ere  u sed  for b oth  sa m p le s  in  th e  set.

B )  C h eck  to  d eterm in e  i f  in stru m en t p erform an ce is  s till w ith in  

a ccep ta b le  g u id e lin e s , and  that c o n d it io n s  d id  n o t ch a n g e  during  the  

co u rse  o f  th e  batch  a n a ly s is .

C ) R e c a lc u la te  the data  i f  c a lc u la t io n  error is  su sp ected .

D )  R ep ea t th e  L F B  d u p lica te  ex tra c tio n  and a n a ly s is , a lo n g  w ith  a  

rep resen ta tive  n u m b er o f  sa m p le s  (1 0 %  o f  the sa m p les  from  the batch  

O R  1 sa m p le , w h ic h e v e r  is  m o re) from  the a n a ly tica l batch  w ith  the  

fa iled  L F B  R P D . T h e  r e -a n a ly s is  o f  the fie ld  sa m p le s  is  to  

d em o n stra te  co m p a ra b ility  o f  th e  e x tra c tio n /a n a ly s is  co n d itio n s  at the  

tim e  o f  re-ex traction  and a n a ly s is  to  th o se  at the tim e o f  th e  fa iled  

Q C .

1 1 . M e th o d  P e r fo r m a n c e

11.1 S p e c if ic  m eth o d  p erform an ce  data fo r  R e v is io n  3 .0  o f  A K 1 0 3 , R esid u a l R an ge  O rgan ics,

is  n o t a v a ila b le  at th is  tim e. In form ation  o n  m eth o d  p erfo rm a n ce  for the C 25  - C 4 4  range  

(R e v is io n  2 .1 )  fo llo w s .

11 .2  T h e  m eth o d  p erfo rm a n ce  data p resen ted  is  b a sed  o n  s in g le  lab  w o rk  (S ta te  o f  A la sk a , 

D ep artm en t o f  E n v iro n m en ta l C o n serv a tio n , S tate  C h em istry  L aboratory). P erform an ce  

data for the R R O s m eth o d  in  O ttaw a san d  and o th er  so il  ty p e s  is  p resen ted  b e lo w .
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1 0 .1 1 .4 .2  I f  the re la tiv e  p ercen t d ifferen ce  b e tw een  the L F B  resu lts  e x c e e d s  the  

con tro l lim its , but m e e ts  the p ercen t reco v ery  criteria  (T ab le  1), the  
fo llo w in g  a sse s sm e n ts  an d /or  co rrectiv e  a ctio n s m u st occur:

A )  C h eck  to  b e  su re  that th ere are n o  errors in  ca lcu la tio n s , and  that 

th e  sa m e  a m o u n t an d  so u rce  o f  a n a ly te  so lu tio n , so lv e n t  and w ater  

w ere  u sed  for b oth  sa m p le s  in  th e  set.

B )  C h e c k  to  d e term in e  i f  in stru m en t perform an ce is  still w ith in  

a ccep ta b le  g u id e lin e s , and  that c o n d it io n s  d id  n o t ch a n g e  d u rin g  the  

co u rse  o f  th e  batch  a n a ly s is .

C ) R eca lcu la te  th e  data  i f  ca lcu la tio n  error is  su sp ected .

D )  R ep ea t the L F B  d u p lica te  ex tra ctio n  and a n a ly s is , a lo n g  w ith  a  

rep resen ta tive  n u m b er o f  sa m p le s  (10%  o f  the sa m p les  from  the batch
O R  1 sa m p le , w h ic h e v e r  is  m o re) from  the an a ly tica l batch  w ith  the
fa iled  L F B  R P D . T h e  re -a n a ly s is  o f  the fie ld  sa m p les  is  to  

d em on stra te  co m p a ra b ility  o f  the ex tra ctio n /a n a ly sis  co n d itio n s  at the  

tim e  o f  re -ex tra ctio n  and a n a ly s is  to  th o se  at th e  tim e  o f  th e  fa iled  

Q C .

11 . M e th o d  I c r fo r m a n c c

11.1 S p e c if ic  m eth o d  p erform an ce  d ata  for R e v is io n  3 .0  o f  A K 1 0 3 , R esid u al R an ge  O rgan ics,

is  n o t a v a ila b le  at th is  tim e . In fo rm a tio n  o n  m eth o d  p erform an ce for the C 25 -  C 4 4  range  

(R e v is io n  2 .1 )  fo llo w s .

11 .2  T h e  m eth o d  p erfo rm a n ce  data p resen ted  is b ased  o n  s in g le  lab  w ork  (S ta te  o f  A la sk a , 

D ep a rtm en t o f  E n v iro n m en ta l C o n serv a tio n , S ta te  C h em istry  L aboratory). P erform an ce  

data  for th e  R R O s m eth o d  in  O ttaw a sa n d  and o th er  so il  ty p e s  is  p resen ted  b e lo w .
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11.3 R esu lts  for m otor  o il  sp ik e s  (m e th y le n e  ch lo r id e  extraction  d irect in jectio n , s o i ls )  is  from  

d u p licate a n a ly ses  o f  m atrix  sp ik e s  o n  f ie ld  projects. B ia se s  due to  naturally  occu rrin g  
m aterials and  e x is te n c e  o f  m ix e d  p rod u cts in  the sa m p les  m ay ex ist.

R C S  S p ik e  A m o u n t P e r c e n t
M a tr ix m g /k g R e c o v c r v

O ttaw a Sand  (1 9 9 3 -1 9 9 5 ) 5 0 0 91 ± 1 2

1993 C o m p o site 2 5 0 7 7  ± 1 3

(S .E . A la sk a  S o ils ) 5 0 0 1 0 7  ±  15

1994  C o m p o site 2 5 0 103 ±  10
(S .E . A la sk a  S o ils ) 5 0 0 103 ± 9

1995 S in g le  P roject 

(S . E. A la sk a  S o ils )
5 0 0 116 ±  9

11 .4  T h e m eth od  d etec tio n  lim it  for s o i l  ca lcu la ted  accord in g  to 4 0  C .F .R ., Part 136 , A p p en d ix  
B (1 9 9 4 )  w as 51 m g /k g  (extern a l standard calibration).
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M e th o d  A K  1 0 3 , T a b le  1 

A C C E P T A N C E  C R I T E R I A  F O R  Q U A L I T Y  C O N T R O L

A N A L Y T E  S P I K E  C O N C E N T R A T I O N  C O N T R O L  L I M I T S

Smiling/kg),. %  Recovery Relative

L a b  C o n tr o l S a m p le s

R esid u al R a n g e  O rg a n ics  5 0 0  m g /k g  6 0 -  100 2 0

L C S /C C S

R esid u a l R a n g e  O rg a n ics  2 0 0 0  m g /L  7 5 - 1 0 5

S u r r o g a te  C o n tr o l  S a m p le s

n-T riacon tan e-d 62  5 0  m g /k g  6 0 - 1 0 0

S u r r o g a te  R e c o v e r y  

(f ie ld  sa m p le s )

n -T riacon tan e-d 62  5 0  m g /k g  5 0 - 1 5 0
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A. Statement of Purpose

O n Ju n e  7, 1990, the  G overno r  o f  A laska  s igned  into 

law H ouse  Bill 220  w hich  am ends  A la s k a  S tatu tes  

T itle 4 6 ,  C hap te r  3. This new law b ecam e effec tive  

on S ep te m b er  5, 1990, and is com m o n ly  referred  to 

as the U n d erg ro u n d  S torage Tank s tatute . T h e  s ta tu te  

p rov ides  for  (1 )  the es tab l ishm ent o f  technical  and fi­

nancia l ass is tance m echan ism s to  assis t  the ow ners  

and opera to rs  o f  underg round  s to rage  tank  sys tem s 

(U S T s)  to  c o m p ly  w ith  fede ia l and s ta te  law; and  (2) 

the  c leanup  o f  ex is t ing  leaks and  preven tion  o f  fu ture 

leaks associa ted  with  U STs in order to p ro tec t the p u b ­

lic from  con tam ina t ion  o f  drink ing  w a te r  and  to p r o ­

tect the  env ironm en t.

The U nderground  S torage Tank statute es tablished the 

S torage T ank  A ss is tance  Fund and m a nda ted  tha t the  

D epartm en t o f  E nvironm ental C onservation  subm it an 

annual repor t  to  the legislature on the  status o f  the 

fund. T he  p u rpose  o f  the fo llow ing  repo r t  is to s a t ­

isfy the  requ irem en ts  o f  the s ta tute by p ro v id in g  in­

form ation  listed in A laska Statutes Section 4 6 .0 3 .4 10.

B. Federal Law

C o n g r e s s  p a s se d  th e  H a z a rd o u s  an d  S o lid  W a s te  

A m en d m en ts  o f  1984 to the R esource  C onserva tion  

and  R ecovery  A ct  (RCR A ). These am endm en ts ,  in 

p a r t ,  r e q u i r e  th e  U .S .  E n v i r o n m e n ta l  P ro te c t io n  

A gency  (EPA ) to regula te  USTs contain ing  petro leum  

and  hazardous  substances.  A cco rd ing  to  EPA es ti­

m ates ,  na t ionw ide  there  arc several m il lion  U STs that 

contain  petro leum  o r  hazardous substances-- tcns  o f  

th o u sa n d s  o f  w h ich ,  to g e th er  w ith  the ir  as soc ia ted  

p ip ing ,  are leak ing  and  con tam inating  g roundw a te r ,  a 

m ajo r  source  o f  d r ink ing  water for a  large portion  o f  

the country .

C ongress  d irected  the EPA to deve lop  regula tions for 

the design, construction, and installation o f  new  tanks 

as well as the  addition o f  leak de tec tion ,  co rrosion  

p reven tion ,  and spill and overf low  pro tec tion  to  ex­

isting tanks. The EPA regula tions w en t  into effect 

on D e c e m b e r  22, 1988 and U STs insta lled  on o r  b e ­

fore tha t da te  are considered  “ ex is ting  ta n k s ,” w hile  

those  tanks  installed after i. .t date  are  cons idered  

“new  installations .” New installations are to  m eet the 

p e r fo rm an ce  s tandards set out in the  regu la t ions  at 

the t im e o f  tank  installation. E x is t ing  tanks  are a l ­

lowed to  p hase  in these s tandards o v er  a p er iod  o f  10 

years .

C ongress  a lso  m andated  that all U S T  o w ners ,  except 

s ta te  and  federally  ow ned or  opera ted  tanks,  be able 

to dem ons tra te  specific levels o f  f inancia l r e spons i­

b ili ty  for co rrec tive  action and c lean u p  associa ted  

w ith  re leases  from their  U STs, inc lud ing  th ird  party  

loss and  bod ily  injury. C om m ercia l  po l lu t ion  liabil­

ity insu rance  is the m ost co m m on  type  o f  financial 

responsib il i ty .  T he  financial respons ib il i ty  requ ire ­

m ents  w ere  phased  in according to  th e  type  o f  ow ner  

and  the  n u m b e r  o f  tanks owned. T he  f inal date for 

m os t  tank  ow ners  to meet this r eq u irem en t  w as D e­

c e m b e r  31,  1993. Indian tribes w ho  ow n U STs on 

Indian  lands have until D ecem ber,  1998 to com ply.  

M ost tank  ow ners  are required  to d em o n s tra te  SI 

m illion  o f  financial responsibility  per  occu rrence  and 

S2 m illion  aggregate .  Failure to m ee t  the  req u ire ­

m en ts  m ay  result in fines o f  up to S I 0 ,000  p e r  day.

C. State Law

P rim arily  due  to E P A ’s pending  f inanc ia l  r e sp o n s i­

bility requ irem en ts  and the fact tha t it w o u ld  be v ir­

tually  im poss ib le  for an ow ner  or o p e ra to r  o f  an U S T

Page 1
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to  s h o w  f inanc ia l  responsib il i ty  i f  they  had  a leaking 

tank o r  i f  the tanks needed  to be upgraded , the  A laska 

leg is la tu re  in tro d u c ed  the  A laska  U S T  leg is la t ion --a  

portion  o f  w hich  included the financial assistance leg­

islation. It w as  evident to lawm akers  tha t m ost A laska 

b u s inesses  co v e re d  by the  E P A ’s U S T  regu la tions  

w o u ld  b e  u n a b le  to m eet the f inanc ia l  responsib il i ty  

r eq u irem en ts  o r  pay  the resu lt ing  f ines. D u rin g  the 

leg is la t ive  p ro cess ,  the  EPA  to ld  A lask a  law m akers  

th a t  f e d e r a l  b u d g e t  c u tb a c k s  w o u ld  p r e v e n t  the  

ag e n cy  from  p ro v id in g  ow ners  w ith  techn ica l  ass is ­

tance  fo r  c o m p ly in g  w ith  the new  p e r fo rm a n c e  re ­

qu irem ents .  As a result, the  E P A  p ro g ra m  w o u ld  

cons is t  o f  en fo rcem en t only. F a i lu re  to  m e e t  p e r fo r ­

m ance  s tandards  could  also resu lt  in S I 0 ,000  dai ly  

fines. T he  EPA m ay au thorize  s ta te s  to  im p lem e n t  

the ir  ow n U S T  program  in p lace  o f  th e  federa l  re ­

q u irem en ts  i f  the  s ta te ’s req u irem en ts  a re  “n o  less 

s tr ingent"  than E P A ’s and p rov ide  fo r  ad e q u a te  reg u ­

la tory  en fo rcem ent .

R ecogn iz ing  the potential o b s ta c le s  fac ing  A la s k a ’s 

U S T  ow ners  and operators, the  leg is la tu re  passed  HB 

220 . It was the  intent o f  the leg is la t ion  tha t  the  s ta te

T a b l e  I

S u m m a r y  o f  U S T  F i n a n c i a l  A s s i s t a n c e  P r o g r a m s

P R O G R A M D E S C R I P T I O N E L I G I B L E  C O S T S A S S I S T A N C E  P R O V I D E D

T a n k  T ig h t n e s s  T e s t in g  &  S it e  
A s s e s s m e n t  In c e n t iv e  Progr am

Program  s un set in F Y 9 2 . 
A pp ic a lic n s / ln te n ts  h a d  to b e  subm itted 
by  M arch 5 , 1 9 9 2 .  N o  funds have  b e e n  
a llocated to this program  s in c e  F Y 9 2 .

P rov ides  funds directly to the 
owner/operator specifically  lo  
reim burse costs for tank tightness 
tests or site assessm erts  to 
determ ine if there h a d  b e e n  a 
r d e a s e  o f  petroleum .

5 0 %  of actual costs, not lo  e x c e e d  
$300 per lank  for la n k  tightness tests 
u p  lo  a  m a d m a n  ct $ 12 0 0  per f a d d y  
a n d  S 8 0 0  per tank for site 
a sse ssm en ts  up  l o  S 3 2 C O  per f a d l ly .

T a n k  C le a n u p  G r a n t s  L o a n  Progr am Program  active. A pp lication period 
sunset J u n e  3 0 , 1 9 9 1 .  * F u n d s  currently 
a llocated to the program  through F Y 9 7 . 
A pp lic ations  (or F Y 9 8  h a v e  b e e n  received.

P rov ide s  fund s  directly lo  the 
owner/operator specifically  lo  
cover costs o l  risk a s s c s s m e n l, 
containm ent, corrective action , 
a n d  c le a n u p .

U p  lo  S I  m i i o n  per occurrence , a n d  
ow nerfoperalor is r e s p o n s ib le  for 1 0 %  
of total d e a n u p  costs (n o ! l o  e x c e e d  
$25 ,00 0). w hich Is  e x d u d e d  from lire 
gram.

T a n k  U p g r a d e  &  C lo s u r e  G r a n t  P rogr a m Program  actrvo. Application period 
sunset D e c e m b e r  3 0 .19 9 4 . F u n d s  
currently a llocated to the program  
through F Y 9 7 .

P rov ides  funds  directly lo  the 
owner/operalor specifically  to 
cover o o s ls  of rem ova l, upgrade, 
or replacem ent o l  U S T  system

Grants for u p g r a d e , rep lac em e nt a  
dosure  o l  a n  U S T  c o m p r is in g  u p  to 
s idy  percent o f  tho total e l ig b le  costs 
up  lo  $ 5 0 ,0 0 0

R e im b u r s e m e n t  Progr am Program  inactive, f in d in g  g iven Icwer 
priority by  statute. A p p S c a t io n s h a d  to 
b e  subm itted by  March 5 . 1 9 9 1 .  T o  d a le , 
a lth ough  $ 3 .4  m illion  h as  b o o n  ap p lied  
for, n o  fund s  h a v e  b e e n  a llocated for the 
program .

Prov ides reim bursem ent f a  t ic  
costs of risk assessm en t, 
e n nta i- lent, d e a n u p . c o n c e iv e  
action , u p g r a d n g  or closure 
activities o n  or alter D e com 'jtr  
2 2 , 1 9 B 8  a n d  before S e ptem tc r 
5 19 9 0

Tota l costs forre im bur sem ent to a n  
ow nerfoperalor u n d e r  th is program  
not lo  e x c e e d  $ 2 0 0 ,0 0 0  T h e  
o w n e r fo p e r a la m u s t  h a v e  a p p lie d  f a  
Jus program  before M arch  5 . 1 9 9 1 .

I

" C le a n u p  a p p lic a t io n s  w ere  a c c e p t e d  th r o u g h  J u n e  3 0 , 1 9 9 6  for th o s e  a p p lic a n t s  that h a d  a n  u p g ' a d o  a n d  c lo s u r e  a p p lic a t io n  o n  filo o n  or  b e for e  D e ce rr toer 3 0 , 
19 9 4  a n d  d is c o v e r e d  a n d  r e p o n e d  c o n t a m in a t io n  be for e  Ju ly  1 .  1 9 9 6  a n d  c a n  pr ove  that c o n t a m in a t io n  o c -t jr r c d  bc fc ru D e c e m b e r  2 2 . 1 9 9 3 .
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prog ram  e n su re  th a t  ow ners  and  o p era to rs  receive  

educat ional ,  techn ica l ,  and financial assis tance ,  and 

be p rov ided  w ith  incentives for com pliance  with  fed­

eral and  sta te  r equ irem en ts  ra ther  than  re ly ing  solely 

on an e n fo rce m en t  p rog ram  af te r  p rob lem s develop .

D. Storage Tank Assistance Fund

A portion  o f  the  A laska  U S T  leg is la tion  es tab lished  

the S to rage  T a n k  A ss is tance  F und  to  m a k e  funds 

ava ilab le  for p rog ram  im plem enta tion  and  staffing , 

and  to ad m in is te r  the  fo llow ing  f inancia l ass is tance 

program: re im bursem ent incentives for  tank  tightness 

testing o r  site assessm ents (AS 46 .03 .415); g ran ts  and 

loans fo r  r isk  assessm ent,  con ta in m en t ,  correc tive  

action, and  c lean u p  costs  (AS 4 6 .0 3 .4 2 0 ) ;  and  grants 

f o r  t a n k  s y s t e m  u p g r a d i n g  a n d  c l o s u r e  (A S  

46.03.430). T ab le  1 (Sum m ary  o f  U S T  Financial A s­

sis tance) ,  b r ie f ly  descr ibes  the e l ig ib le  cos ts  and the 

assis tance p ro v id ed  in each o f  the p rog ram s.

T he A laska  U n d erg round  S torage  T ank  legislation 

required the deve lopm ent o f  an U ST  program  through 

the adop t ion  o f  regula tions w hich  set p c r f o r m a r : e  

s tandards  for  both  new  and ex is t ing  U S T  system s; 

p rov ided  for co r rec tive  action  ac tiv i t ies  and  c leanup  

s tandards for  leak ing  USTs; m a n d a te d  that the D e­

partm ent p rov ide  educational assistance to U ST  ow n­

ers and opera to rs ;  required  the ce r t if ica tion  o f  UST 

w orkers ; req u ired  the ow ners  o r  opera to rs  to reg is ter  

all U STs; es tab l ished  a  Board  o f  S to rage  T ank  A s­

s is tance; and  provided  gu ide lines  for  the  a d m in is t ra ­

tion o f  the S torage Tank A ss is tance  Fund , P u rsu a n t  

to this legislation, the D epa rtm en t p ro m u lg a ted  regu  

la tions on the  general requ irem en ts  fo r  e l ig ib i l i ty  for 

f inancia l assistance, ineligible cos ts ,  p ro jec t  p r io ri ty  

rank ing  procedures ,  app l ica tion  req u irem en ts ,  c o n ­

ditions o f  financial assistance, and  g ran t  p aym en t  p ro ­

cedures .

On Ju n e  9, 1994, fo rm er  G o v e rn o r  H ick e l  s ig n e d  

H ouse  B ill  513 into law. The Bill m o d if ie d  the  ex ­

ist ing  U n d erg ro u n d  S torage T a n k  law  by e s ta b l ish ­

ing a D ecem ber  3 0 ,1 9 9 4  appl ica tion  d ead l ine  fo r  the 

c losu re  and  upgrade program , and  ex ten d e d  th e  a p ­

p lica t ion  per iod  for cleanup a s s is tance  for  th o se  a p ­

p lican ts  w h o  have met the c lo su re  u p g rad e  d ead l ine  

or those w ho  are a lready on the c lo su re  upg rade  w a i t ­

ing list. To  be el igible for th is  ex ten s io n ,  the  spill 

m ust  be reported  by July 1, 1996 and  m u s t  h a v e  o c ­

curred  before D ecem ber 2 2 ,1 9 9 3 .

T he  S to rage  T ank  Assis tance fu n d  rece ived  an  in i­

tial cap ita l iza tion  o f  S6 m illion  in fisca l y e a r  1991. 

In fiscal y ea r  1992, no new  m o n ie s  w ere  a p p ro p r i ­

a ted  to  the  fund.

F o r  fiscal years  1993, 1994, 1995, and  1996 the  leg ­

islature appropria ted  to the fund S5 m illion ,  $4 .9  m i l ­

lion, S3.5, and  S3.1 million re sp e c t iv e ly ,  w h ile  for 

fiscal year  1997, $2 .9  million w as  ap p ro p r ia ted  to  

the fund.
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F u n d in g  s o u rc e s  for  the  S to rage  T an k  A ss is tan c e  

F und  fo r  F isca l  Y ear  1996 inc iuded  a fund  transfe r  

from  the  M it iga t ion  A c c o u n t  Fund  o f $ 2 ,7 9 1 ,3 0 0  and 

F Y  96 ta n k  reg is tra t ion  receip ts  o f  $ 2 9 3 ,540 .  N ew  

a p p r o p r ia t io n s  f rom  the  S to rage  T a n k  A ss is tn ac e  

F und  w e n t  to the S to rage  Tank  A ss is tance  P rogram  

fo r  $ 6 6 4 ,0 0 0  to  pay  fo r  p rogram  opera tions ,  to  the 

D iv is ion  o f  In fo rm ation  and A dm inis tra t ion  Services 

fo r  $ 7 0 ,5 0 0  to  p ay  for  f iscal serv ices ,  to  the B oard  o f  

S to rage  T an k  A ss is tance  for $87 ,900  and  $1 ,976 ,200  

to  S to ra g e  T a n k  G rants .  In add i t ion ,  en c um brance  

balances o f  $ 1.37 million for FY 93, FY  94, and F Y 95 

p ro jec ts  w ere  ex ten d e d  to  com ple te  those  p ro jec ts  in 

FY 96.

O n  J u n e  30 ,  1 9 96 ,  a l l  a v a i l a b l e  f u n d s ,  e x c e p t  

$ 2 6 4 ,8 9 5  rese rved  fo r  con t ingenc ies ,  fo r  g ran ts  and 

loans from  the  FY  96  appropr ia t ions ,  h ad  been e x ­

pended  o r  en c u m b e re d .  Funds e n c u m b e re d  in p rior  

f iscal yea rs  w e re  a lso  e x p e n d ed  so  th a t  a tota l o f  

$ 4 ,9 2 2 ,6 6 7  h ad  been  e x p e n d ed  or  e n c u m b e re d  to  

fund tank  c leanup ,  u p g rad e  or  closure .

For  FY  96, 7 0 0  app l ican ts  reques ted  o v e r  $37  m i l ­

lion. F rom  the am oun t  requested , the grea test am ount 

o f  funds  g ran te d  w ere  used  for  the  tank  c leanup  p ro ­

g ram , w ith  a to ta l  o f  $4 ,050 ,733  ex p e n d ed  or e n c u m ­

bered for grants,  and a total o f  $3 ,296 issued for loans. 

T ank  u p g ra d e  w as  the  second  largest a s s is tance  ca t ­

egory ,  w ith  $61 0 ,4 2 3  enc u m b e re d  or  expended . This 

ca tego ry  is fo l lo w ed  by  tank c losures  at $261 ,509 .

This report summarizes:

(1) the am oun t and source  o f  m o n e y  rece ived  

by the fund  during  fiscal yea r  96  (F Y 96);

(2) the am oun t o f  m oney  expended  dur ing

FY 96 for each type o f  expense  au thorized  

u nder  A S 46 .0 3 .4 10(b), inc lud ing  tank  t igh t­

ness testing  or site assessm ents ,  cos ts  o f  r isk  

assessm ent,  con tainm ent,  co r rec t ive  action, 

cleanup, tank system upgrading, and  closure;

(3) depa r tm en t activities paid for  f rom  the fund 

du r ing  FY 96, inc lud ing  the n u m b e r  o f  r e ­

quests for assistance w hich  h av e  been m ade  

to  the depar tm ent to use  the fund  ( fo r  g ran ts  

o r  loans for risk assessm ent,  upg rad ing ,  c lo ­

sure, containment, corrective action , c leanup  

costs)  and the num ber  o f  reques ts  funded  in 

each activ ity  area;

(4) the priority list o f  tank system sites fo r  which

the depar tm en t expects to  p rov ide  f inancial 

assis tance in FY 97;

(5) the p ro jec ted  costs for the  nex t  f iscal yea r

(FY 97) o f  monitoring, opera ting ,  and  m a in ­

ta in in g  s i tes  w here  d e p a r tm e n t  a c t iv i t ie s  

have been com pleted o r  are expected  to start  

o r  be continued  during the fiscal year ;  and

(6) the financial assistance program  from incep ­

tion through D ecem ber 3 1 ,1 9 9 6 .



FEBRUARY 1997 STORAGE TANK ASSISTANCE FUND ANNUAL REPORT

A. Funding

Table  2 lists the  am ount and source o f  m o n e y  received 

by the  Fund  du r ing  FY  96. F unding  sources  inc luded  

a fund  transfer  o f  52 ,791,300 from the M itigation  A c ­

coun t and  529 3 ,5 4 0  from FY 96 ta n k  reg is tra t ion  re ­

ce ip ts  for  a to ta l am oun t  o f  53 ,084 ,840 ,  N ew  a p p ro ­

p r ia t ions  from  the  fund  w ent to  the S to rage  T ank  A s­

s is tance  P ro g ram  for 51 ,056 ,700  to pay  for  p rogram  

o p era t io n s  adm in is tra t ion ,  to  the  D iv is ion  o f  In fo r ­

mation and Administration Services for $70,500 to pay 

for fiscal se rv ices ,  to the  B oard  o f  S to rage  T ank  A s ­

s is tance  fo r  S 87 .900  and to S torage  T ank  G rants  for 

$1 ,976 ,200 . In addition, encum brance balances total­

ling S 1.37 million for FY 93, FY 94, and FY  95 projects

w ere  ex tended  to  com plete  those  p ro jec ts  du r ing  

FY 96.

B. Expenditures

As sh o w n  be low  on  T able  2, as o f  Ju n e  30, 1996, the 

u n s p e n t  b a l a n c e  fo r  FY 96 g r a n t s  a n d  lo a n s  w as  

5259 ,589 .  T h is  balance m a y  be ex p e n d e d  in FY  97 

s ince the  appropria t ion  w as ex tended  by FIB 468 . As 

can be seen  from T able  2, the  m a jo r i ty  o f  ava ilab le  

funds for  g ran ts  w as fully ex p ended ,  w ith  the  balance  

o f  $ 264 ,895  ava ilab le  for g ran t  a m e n d m e n t  and  o the r  

contingencies for FY 97. Table 2 also reflects  $3,296 in 

res tr ic ted  funds in the  gran t ac co u n t  fo r  ou ts tand ing  

loan paym ents .

T a b l e  2

S t o r a g e  T a n k  A s s i s t a n c e  F u n d  A c t i v i t y  f o r  F Y  9 6 *

B u d g e t e d ___________A c t u a l
F Y  9 6  S t a t e  F u n d i n g  S o u r c e s  T o  S t o r a g e  T a n k  A s s i s t a n c e  F u n d

Fiscal Year 96 Registration Receipts 300,000 293.540
Fund Transfer from Prevention Mitigation Account Fund 2,791,300 2,791,300

Total State Fund Sources S 3.171.300 S 3.084.040

F Y  9 6  S t o r a g e  T a n k  A s s i s t a n c e  F u n d s  A p p r o p r i a t e d  f o r  S t a t e  P r o g r a m s
StoragoTank Assistance Program 3.i20,800 2,802,e00
Division of Administrative Services______________________________________________  70,500________70.500

S 3.191,300 S 2.873,300

F i n a n c i a l  A c t i v i t y  f o r  S t o r a g e  T a n k  G r a n t / L o a n  P r o g r a m  -  F Y 9 G  S t a t e  F u n d s

R e s t r i c t e d /
A u t h o r i z e d ________ R e v i s e d _________ E x p e n d e d  E n c u m b e r e d _______ B a l a n c e

Administration
Personal Services 544,000 o 501,143 43.657
Travel 34,700 0 15,979 10,721
Contractual 341.206 0 325.360 10,450 (2.532)
Supplies 17,000 0 9.630 052 6,510
Equipment 4,700 0 15.940 (11,240)
Lust/Ust Match 114,214 0 114.115 09

Subtotal for Administration: S 1,056,700 S - s 982,183 S 19,401 S 55,116

Grants/Loans 1,976,200 -(3,29 G) 632,985 1,075,023 264,095
Board 07,000 93,206 (5,306)
Administrative Services 70.500 70.500

Sii3totd for Grants. Board, Loan S 2,134,600 s (3,296) S 796,691 3 1.075.023 5 259,509

Total 3 3,191,300 s (3.296) 3 1,770,074 $ 1,094,424 3 314,705

* Federal receipts nrd expenditures to the Storage Tank Assistance Fund are not reflected in this table 
•• Loon

Pago 5
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C. Program Activities Summary 

1. Grant Activities

Table 3 sum m arizes  each type o f  assis tance p rogram  

au thorized by statute for w hich funds were  expended 

or e n c u m b e re d  for FY  96. T ab le  3, and the d iscus­
s io n  in S e c t io n  D, " A s s i s t a n c e  R e q u e s t e d  and

Funded for FY 96", also  show  in deta i l  the  funds ex ­

pended and encum bered  from b o th  th e  F Y  96 ap p ro ­

priat ion  and the term ex tens ions  o f  the  prev iously  

encum bered FY 93, FY 94, and FY 95 appropriat ions. 

In summary, as o f  June 3 0 ,1 9 9 6 ,  a total o f  S4,922,667 

had  been  ex p e n d e d  or  e n c u m b e r e d  to  fund  ta n k  

c leanup, upgrade or  closure.

T A B L E  3
Funds Expended or Encumbered by Grant Program Activity

Cleanup
FY 96  48006  e x t  4834 0 -9 3  

FY 96  43007  e x t  48700-93  

FY 96  48008  e x t  48550-94  

FY 96  48010  e x t  48550-95  

FY 96 Appn. 48550-96

Upgrade
FY 96 48006  e x t  48340-93  

FY 96  48007  e x t  48700-93  

FY 9 6  48008  e x t  48550-94  

FY 9 6  48010  e x t  4 8550-95  

FY 96  Appn. 48550-96

Closure
FY 96 48006  ex t  48340-93  

FY 96  48008  e x t  48550-94  

FY 96  480 1 0  ex t  48550-95  

PY 96  Appn. 48550-96

Program Total

June 30, 1996
Encumbered Total

8 ,669 .38 9 ,012 .40 17 ,681 .78
90 ,340 .71 2 94 ,807 .15 3 8 5 ,1 4 7 .8 6

6 5 0 ,6 5 9 .8 0 2 47 ,214 .33 8 9 7 ,8 7 4 .1 3

7 3 7 ,6 2 4 .9 5 761 ,073 .89 1 ,49 8 ,6 9 8 .8 4

27 4 ,6 6 6 .8 7 976 .664 .77 1 .2 5 1 .3 3 1 .6 4

31 .761 ,961 .71 52 .288 .772 .54 5 4 .0 5 0 .7 3 4 .2 5

3 3 .5 4 0 .0 0 7 ,543 .50 4 1 ,0 8 3 .5 0

19 ,843 .85 0 .00 19 ,843 .85

10 ,376 .88 18,270.53 28 ,647 .41

218 ,873 .21 368.70 219 ,241 .91

2 1 7 ,4 5 0 .9 8 84 .155 .46 30 1 .6 0 6 .4 4

S 500 .084 .92 S 110 .338 .19 S 610 .423 .11

6 ,7 0 5 .0 0 14,548 .70 2 1 ,2 5 3 .7 0

10 ,084 .78 6 ,242 .76 16 ,327 .54

57 ,2 1 4 .3 7 11,643.31 6 8 ,8 5 7 .6 8

140 .867 .05 14.203.20 1 5 5 .0 7 0 .2 5

5 2 1 4 .8 7 1 .2 0 546 .637 .97 5 2 6 1 ,5 0 9 .1 7

5 2 ,4 7 6 ,9 1 7 .8 3 $2 ,445 ,748 .70 5 4 .9 2 2 ,6 6 6 .5 3

"Appn." = Appropriation

Loans for Cleanup: O n e  loan in the a m o u n t  of 5 3 ,2 9 6 .4 0  w a s  p r o c e s s e d  in fiscal y e a r  1996,


