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METHOD 509 

DETERMINATION OF ETHYLENE THIOUREA (ETU) I N  WATER 
USING GAS CHROMATOGRAPHY WITH A 

NITROGEN-PHOSPHORUS DETECTOR 

1.1 This method utilizes gas chromatography (GC) to determine ethylene 
thiourea (ETU, Chemical Abstracts Registry No. 96-45-7) in water. 

This method has been validated in a single laboratory during 
development. The method detection limit (MDL) has been determined 
in reagent water (1) and is listed in Table 2. Method detection 
limits may vary among laboratories, depending upon the analytical 
instrumentation used and the experience of the analyst. In addition 
to the work.done during the development of this method and its use 
in the National Pesticide Survey: an interlaboratory method 
validation study of this method has been conducted. 

1.3 This method is restricted to use by or under the supervision of 
analysts experienced in the use of GC and in the interpretation of 
gas chromatograms. Each analyst must demonstrate the ability to 
generate acceptable results with this method using the procedure 
described in Sect. 9.3. 

1.4 When a tentative identification of ETU is made using the recommended 
primary GC column (Sect. 6.7.1), it must be confirmed by at least 
one additional qualitative technique. This technique may be the use 
of the confirmation GC column (Sect. 6.7.2) with the nitrogen- 
phosphorus detector or analysis using a gas chromatograph/mass 
spectrometer (GCIMS). 

2. SUMMARY OF METHOD 

The ionic strength and pH of a measured 50-mL aliqupt of sample are 
adjusted by addition of ammonium chloride and potassium fluoride. 
The sample is poured onto a column of kieselguhr diatomaceous earth. 
ETU is eluted from the column with 400 mL of methylene chloride. A 
free radical scavenger is then added in excess to the eluate. The 
methylene chloride eluant is concentrated to a volume of 5 mL after 
solvent exchange with ethyl acetate. Gas chromatographic conditions 
are described which permit the separation and measurement of ETU 
with a nitrogen-phosphorus detector (NPD). 

3.1 ARTIFICIAL GROUND WATER -- An aqueous matrix designed to mimic a 
real ground water sample. The artificial ground water should be 
reproduci bl e for use by others. 



• 3.2 CALIBRATION STANDARD (CAL) -- A s o l u t i o n  prepared from t h e  p r ima ry  
d i l u t i o n  s tandard  s o l u t i o n  o r  s t ock  s tandard s o l u t i o n s  and t h e  
i n t e r n a l  s tandards and su r roga te  ana ly tes .  The CAL s o l u t i o n s  a re  
used t o  c a l i b r a t e  t h e  i ns t rumen t  response w i t h  r espec t  t o  a n a l y t e  
concen t ra t i on .  

3.3 METHOD DETECTION LIMIT (MDL) -- The minimum c o n c e n t r a t i o n  o f  an 
a n a l y t e  t h a t  can be i d e n t i f i e d ,  measured, and r e p o r t e d  w i t h  99% 
con f idence  t h a t  t h e  ana l y te  concen t ra t i on  i s  g r e a t e r  than  zero.  

3.4 INTERNAL STANDARD ( IS)  -- A pure  ana l y te ( s )  added t o  a  sample, 
e x t r a c t ,  o r  s tandard  s o l u t i o n  i n  known amount(s) and used t o  measure 
t h e  r e l a t i v e  responses o f  o t h e r  method ana l y tes  and sur roga tes  t h a t  
a re  components o f  t h e  same sample o r  s o l u t i o n .  The i n t e r n a l  
s tandard  must be an a n a l y t e  t h a t  i s  n o t  a  sample component. 

3.5 FIELD DUPLICATES (FD1 and FD2) -- Two separate samples c o l l e c t e d  a t  
t h e  same t i m e  and p l a c e  under i d e n t i c a l  c i rcumstances and t r e a t e d  
e x a c t l y  t h e  same th roughout  f i e l d  and l a b o r a t o r y  procedures. 
Analyses o f  FD1 and FD2 g i v e  a measure o f  t h e  p r e c i s i o n  assoc ia ted  
w i t h  sample c o l l e c t i o n ,  p r e s e r v a t i o n  and s torage,  as w e l l  as w i t h  
1  abo ra to r y  procedures. 

3.6 INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) -- A s o l u t i o n  o f  one o r  
more method ana ly tes ,  surrogates,  i n t e r n a l  standards, o r  o t h e r  t e s t  
substances used t o  eva lua te  t h e  performance o f  t h e  i ns t rumen t  system 
w i t h  r espec t  t o  a  d e f i n e d  s e t  o f  c r i t e r i a .  

3.7 LABORATORY REAGENT BLANK (LRB) -- An a l i q u o t  o f  reagent  water  o r  
o t h e r  b l ank  m a t r i x  t h a t  i s  t r e a t e d  e x a c t l y  as a sample i n c l u d i n g  
exposure t o  a l l  g lassware, equipment, so l ven t s ,  reagents ,  i n t e r n a l  
s tandards,  and sur roga tes  t h a t  a re  used w i t h  o t h e r  samples. The LRB 
i s  used t o  determine i f  method ana l y tes  o r  o t h e r  i n t e r f e r e n c e s  a re  
p resen t  i n  t h e  l a b o r a t o r y  environment, t h e  reagents ,  o r  t h e  
apparatus. 

3.8 QUALITY CONTROL SAMPLE (QCS) -- A s o l u t i o n  o f  method ana l y tes  o f  
known concen t ra t i ons  which i s  used t o  f o r t i f y  an a l i q u o t  o f  LRB o r  
sample m a t r i x .  The QCS i s  ob ta ined  f rom a source e x t e r n a l  t o  t h e  
l a b o r a t o r y  and d i f f e r e n t  f rom t h e  source o f  c a l i b r a t i o n  standards. 
It i s  used t o  check l a b o r a t o r y  performance w i t h  e x t e r n a l l y  prepared 
t e s t  m a t e r i a l s .  . 

3.9 STOCK STANDARD SOLUTION (SSS) -- A concent ra ted  s o l u t i o n  c o n t a i n i n g  
one o r  more method ana l y tes  prepared i n  t h e  l a b o r a t o r y  u s i n g  assayed 
r e f e r e n c e  m a t e r i a l s  o r  purchased f rom a r e p u t a b l e  commercial source. 

3.10 SURROGATE ANALYTE (SA) -- A pure  a n a l y t e ( s ) ,  which i s  ex t reme ly  
u n l i k e l y  t o  be found i n  any sample, and which i s  added t o  a  sample 
a l i q u o t  i n  known amounts(s) be fo re  e x t r a c t i o n  o r  o t h e r  p rocess ing  
and i s  measured w i t h  t h e  same procedures used t o  measure o t h e r  



sample components. The purpose of the SA i s  to  monitor method 
performance with each sample. 

4. INTERFERENCES 

4.1 Method interferences from contaminants in sol vents, reagents, 
gl assware and other sample processing apparatus may cause discrete  
a r t i f a c t s  or elevated baselines in gas chromatograms. All reagents 
and apparatus must be routinely demonstrated t o  be f ree  from 
interferences under the conditions of the analysis by running 
laboratory reagent blanks as described in Sect; 9.2. 

4.1.1 Glassware must be scrupu1ous1.y cleaned (2) .  Clean a l l  glass
ware as soon as possible a f t e r  use by thoroughly rinsing wit
the l a s t  solvent used in i t .  Follow by washing with hot 
water and detergent and t h o r o u g h  rinsing with t a p  and reagen
water. Drain dry, and heat i,n an oven o r  muffle furnace a t  
400°C for  1 hr. Do n o t  heat volumetric ware. Thermally 
s table  materials mightnot be eliminated by th i s  treatment. 
Thorough rinsing with acetone and methylene chloride may be 
substituted for  the heating. After drying and cooling, seal 
and s tore  glassware in a clean environment t o  prevent any 
accumulation of dust or other contaminants. Store inverted 
or capped with a1 uminum foi 1 ., 

4.1.2 The use of high purity reagents and solvent; helps t o  
minimize interference problems. Purification of solvents by 
di s t i  11 a t i  on in a1 1 -gl ass systems may be required. 

4.2 Interfering contamination may occurwhen a sample containing a low 
concentration of ETU i s  analyzed immediately following a sample 
containing a relat ively high concentration of ETU. Thorough 
between-sample rin'sing of the sample syringe and associated 
equipment with ethyl acetate can minimize sample cross contamin- 
ation. After analysis of a sample containing high concentrations of
ETU, one or more injections of ethyl acetate should be made t o  
ensure tha t  accurate values are obtained for  the next sample. 

4.3 Matrix interferences may be caused by contaminants that  are 
coextracted from the sample. The extent of matrix interferences may 
vary considerably from source t o  source, depending upon the sample. 
Tentative ident i f icat ions must be confirmed using the confirmation 
column (Sect. 6.7.2) and the conditions in Table 1. 

4.4 Studies have shown that  persistent €TU decomposition i s  
circumstantially linked to  free radical mechanism. Addition of a 
f ree  radical scavenger i s  necessary to  prohibit any f ree  radical 
reactions. 

4.5 I t  i s  important t h a t  samples and working standards be contained in 
the same solvent. The solvent for  working standards must be the 
same as the final solvent used in sample preparation. I f  t h i s  i s  
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n o t  t h e  case, chromatographic c o m p a r a b i l i t y  o f  standards t o  sample 
may be a f f e c t e d .  

5. SAFETY 

ETU i s  a suspected carc inogen and te ra togen .  Pr imary s tandards o f  
ETU should be prepared i n  a hood. A NIQSH/MESA approved t o x i c  gas 
r e s p i r a t o r  should be worn when t h e  a n a l y s t  handles h i g h  concentra-  
t i o n s  o f  ETU. Each l a b o r a t o r y  i s  r espons ib l e  f o r  m a i n t a i n i n g  a 
c u r r e n t  awareness f i l e  o f  OSHA r e g u l a t i o n s  rega rd ing  t h e  sa fe  
h a n d l i n g  o f  t h e  chemicals s p e c i f i e d  i n  t h i s  method. A re fe rence  
f i l e  of m a t e r i a l  da ta  hand1 i n g  sheets should a1 so be made a v a i l a b l e  
t o  a1 1 personnel  i n v o l v e d  i n  t h e  chemical ana l ys i s .  A d d i t i o n a l  
r e fe rences  t o  l a b o r a t o r y  s a f e t y  a re  a v a i l a b l e  and have been 
i d e n t i f i e d  (3-5) f o r  t h e  i n f o r m a t i o n  o f  t h e  ana l ys t .  

6.  EQUIPMENT AND SUPPLIES (A1 1 s p e c i f i c a t i o n s  a re  suggested. Ca ta log  
numbers a r e  i n c l u d e d  f o r  ill u s t r a t i o n  on l y . )  

6.1 SAMPLING CONTAINERS -- 60-mL screw cap v i a l s  equipped wi th ,  Te f l on-  
faced s i l i c o n e  septa.  P r i o r  t o  use, wash v i a l s  and septa w i t h  
de te rgen t  a n d ' r i n s e  w i t h  t a p  and d i s t i l l e d  water .  A l l o w  t h e  septa 
t o  a i r  d r y  a t  room temperature,  p l ace  i n  a 105°C oven f o r  1 h r ,  then  
remove and a l l o w  t o  coo l  i n  an area known t o  be f r e e  o f  organics.  
Heat v i a l s  a t  400°C f o r  1 h r  t o  remove o rgan ics .  

6.2 GLASSWARE 

6.2.1 Concent ra to r  tube, Kuderna-Dani sh (K-D) - 10-mL o r  25-mL, 
graduated. C a l i b r a t i o n  must be checked a t  t h e  volumes 
employed i n  t h e  t e s t .  Ground g l a s s  s toppers a r e  used t o  
p reven t  evapora t ion  o f  e x t r a c t s .  

6.2.2 Evapora t i ve  f l a s k ,  K-D - 500-mL A t t ach  t o  concen t ra to r  tube  
' w i t h  sp r i ngs .  

6.2.3 Snyder column, K-D - t h r e e- b a l l  macro t o  which a condenser 
can be connected t o  c o l l e c t  so l ven t .  

6.2.4 V i a l s  - Glass, 5 t o  .lo-mL c a p a c i t y  w i t h  T e f l o n  l i n e d  screw 
caps. 

6.3 B o i l i n g  stones - carborundum, #12 granules,  hea t  a t  400°C f o r  30 min 
p r i o r  t o  use. Cool and s t o r e  i n  a des i cca to r .  

6.4 Water b a t h  - Heated, capable o f  temperature c o n t r o l  ( + Z o C ) .  The 
b a t h  shou ld  be used i n  a hood. 

6.5 Balance - A n a l y t i c a l ,  capable o f  a c c u r a t e l y  weigh ing t o  t h e  neares t  
0.0001 g.  



6.6 Tube heater - Capable of holding 8 K-D concentrator tubes and 
heating the mid-section of the tubes to 35-40°C while applying a 
nitrogen stream. 

- 
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6.7 GAS CHROMATOGRAPH Analytical system complete with GC equipped with 
a ni trogen-phosphorus detector, spl i t/spl i tl ess injector for 
capillary columns and all required accessories. A data system is 
recommended for measuring peak areas. An autoinjector is recommended 
to improve precision of analyses. 

6.7.1 Primary column - DB-Wax oh equivalent,lO m x 0.25 mm I.D. 
bonded fused silica colum'n, 0..25 pm film thicknes.~. 
Validation data presented in this method were obtained using 
this column. Alternative columns may be used provided equal 
or better peak separation and peak shape are obtained. 

6.7.2 Confirmation column - DB-1701 or equivalent, 5 m x 0.25 mm 
I.D. bonded fused silica column, 0.25 pm film thickness. 

6.7.3 Detector - Ni trogen-phosphorus (NPD) . This detector has 
proven effective in the analysis of ETU in fortified reagent 
and art i f i ci a1 ground waters. 

REAGENTS AND STANDARDS 

REAGENT WATER -- Reagent water is defined as water in which an 
interference is not observed at the retention time for ETU at the 
method detection limit. A Millipore Super-Q Water System or its 
equivalent may be used to generate reagent water. Water that has 
been charcoal filtered may a1 so be suitable. 

Methylene chloride, ethyl acetate -- distilled-in-glass quality or 
equi val ent . 

7.3 Nitrogen gas - high purity. 

7.4 Extrelut QE Extraction column - Obtained from EM Science (Catalog 
No. 902050-1) or equivalent. Extrelut QE columns contain a 
speci a1 ly modified form of 1 arge pore Kieselguhr with a granul ar 
structure. 

7.5 Ammonium chloride, granular, ACS grade -- for pH and ionic strength 
adjustment of samples. 

7.6 Potassium fluoride, anhydrous, ACS grade -- for ionic strength 
adjustment of sample. 

7.7 Dithiothreitol (DTT) (Clelandys reagent) - for use as a free-radical 
scavenger (avai 1 able from Aldri ch Chemical Co. ) . 
7.7.1 DTT in ethyl acetate, 1000 pg/mL - May be prepared by adding 

1 g DTT to a l-L volumetric flask and diluting to volume with 
a 



e t h y l  ace ta te .  Smal ler  amounts may be prepared i f  o n l y  a 
smal l  number o f  samples a r e  t o  be analyzed. S to re  a t  room 
temperature.  

7.8 Propy lene t h i o u r e a  (PTU) - For  use as a su r roga te  standard. 
Prepared f rom carbon d i  su1 f i de and 1,2-di ami nopropane u s i n g  t h e  
procedure pub l i shed  by Hardtmann, e t .  a l .  (Journal  o f  Med ic ina l  

, Chemistry,  l 8 ( 5 ) ,  447-453, 1975), o r  purchase from commercial 
sources. 

7.9 3,4,5,6-Tetrahydro-2-pyrimidinethiol (THP) - >98% p u r i t y ,  f o r  use as 
an i n t e r n 3 1  s tandard ( a v a i l a b l e  f rom A l d r i c h  Chemical Co.) . 

7.10 STOCK STANDARD SOLUTION (0.10 pg/pL) - The s tock  s tandard s o l u t i o n  
may be purchased as a c e r t i f i e d  s o l u t i o n  o r  prepared f rom pure  
s tandard m a t e r i  a1 us ing  t h e  f o l l o w i n g  procedure: 

7.10.1 Prepare s tock  s tandard s o l u t i o n  by a c c u r a t e l y  we igh ing  
0.0010 g o f  pure  ETU. D i sso l ve  t h e  ETU i n  e t h y l  ace ta te  
c o n t a i n i n g  1000 pg/mL o f  DTT and d i l u t e  t o  volume i n  a 10-mL 
v o l u m e t r i c  f l a s k .  Larger  volumes may be used a t  t h e  
convenience o f  t h e  ana l ys t .  I f  ETU p u r i t y  i s  c e r t i f i e d  a t  
96% o r  g r e a t e r ,  t h e  we igh t  may be used w i t h o u t  c o r r e c t i o n  t o  
c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s tock  standard. 
Commercial ly prepared s tock  standards may be used a t  any 
c o n c e n t r a t i o n  i f  they  a re  c e r t i f i e d  by t h e  manufacturer  o r  by 
an independent source. - 

7.10.2 T r a n s f e r  t h e  s t o c k  s tandard s o l u t i o n  i n t o  a T e f l o n  sealed 
screw cap v i a l .  S to re  a t  room temperature and p r o t e c t  f rom 
1 i g h t .  

7.10.3 The s t o c k  s tandard s o l u t i o n  should be rep laced  a f t e r  two 
weeks o r  sooner i f  comparison w i t h  l a b o r a t o r y  c o n t r o l  
s tandards i n d i c a t e s  a problem. 

7.11 INTERNAL STANDARD FORTIFYING SOLUTION -- Prepare an i n t e r n a l  
s tandard  f o r t i f y i n g  s o l u t i o n  by a c c u r a t e l y  weigh ing 0.0010 g o f  pure  
THP. D i s s o l v e  t h e  THP i n  e t h y l  ace ta te  c o n t a i n i n g  1000 pg/mL o f  DTT 
and d i l u t e  t o  volume i n  a 10-mL v o l u m e t r i c  f l a s k .  T rans fe r  t h e  
s o l u t i o n  t o  a T e f l o n  sealed screw cap b o t t l e  and s t o r e  a t  room 
temperature.  A d d i t i o n  o f  50 pL  o f  t h e  i n t e r n a l  s tandard f o r t i f y i n g  
s o l u t i o n  t o  5 mL o f  sample e x t r a c t  r e s u l t s  i n  a f i n a l  i n t e r n a l  
s tandard  c o n c e n t r a t i o n  o f  1.0 pg/mL. 

7.12 SURROGATE STANDARD FORTIFYING SOLUTION - Prepare a su r roga te  
s tandard  f o r t i f y i n g  s o l u t i o n  by a c c u r a t e l y  weigh ing 0.0010 g o f  pure  
PTU. D i s s o l v e  t h e  PTU i n  e t h y l  ace ta te  c o n t a i n i n g  1000 pg/mL o f  DTT 
and d i l u t e  t o  volume i n  a 10-mL v o l u m e t r i c  f l a s k .  T rans fe r  t h e  
s o l u t i o n  t o  a T e f l o n  sealed screw cap b o t t l e  and s t o r e  a t  room 
temperature.  A d d i t i o n  o f  5 pL  o f  t h e  su r roga te  s tandard f o r t i f y i n g  
s o l u t i o n  t o  a sample p r i o r  t o  e x t r a c t i o n  r e s u l t s  i n  a su r roga te  

a 



s tandard  concen t ra t i on  i n  t h e  sample of 10 pg/L and, assuming 
q u a n t i t a t i v e  recovery  o f  PTU, a  sur roga te  s tandard concen t ra t i on  i n  
t h e  f i n a l  e x t r a c t  o f  0.10 pg/mL. 

7.13 INSTRUMENT PERFORMANCE CHECK SOLUTION - Prepare t h e  ins t rument  
performance check s o l u t i o n  by adding 10 pL o f  t h e  ETU s tock  standard 
s o l u t i o n ,  1.0 mL o f  t h e  i n t e r n a l  s tandard f o r t i f y i n g  s o l u t i o n ,  and 
100 pL  o f  t h e  sur roga te  s tandard f o r t i f y i n g  s o l u t i o n  t o  a  100-mL 
v o l u m e t r i c  f l a s k  and d i l u t i n g  t o  volume w i t h  e t h y l  ace ta te  
c o n t a i n i n g  1000 pg/mL o f  DTT. T rans fe r  t h e  s o l u t i o n  t o  a  T e f l o n  
sealed screw cap b o t t l e  and s t o r e  a t  room temperature.  

8. SAMPLE COLLECTION, PRESERVATION. AND STORAGE 

8.1 SAMPLE COLLECTION -- Grab samples must be c o l l e c t e d  i n  60-mL g lass  
c o n t a i n e r s  f i t t e d  w i t h  Tef lon-1 i j e d  screw caps (Sect.  6.1).  Conven- 
t i o n a l  sampl ing p r a c t i c e s  (6) shoul'd be fo l lowed;  however, t h e  
b o t t l e  must n o t  be p r e r i n s e d  w i t h  sample be fo re  c o l l  e c t i o n .  

8.2 SAMPLE STORAGE -- The samples must be i c e d  o r  r e f r i g e r a t e d  a t  4°C 
and p r o t e c t e d  f rom l i g h t  f rom t h e  t ime  o f  c o l l e c t i o n  u n t i l  
e x t r a c t i o n .  Samples should be e x t r a c t e d  as soon as p o s s i b l e  a f t e r  
c o l l e c t i o n  t o  avo id  p o s s i b l e  degrada t ion  o f  ETU. A l l  samples must 
be e x t r a c t e d  w i t h i n  14 days o f  c o l l e c t i o n .  E x t r a c t s  must be s to red  
under r e f r i g e r a t i o n  and p r o t e c t e d  f rom l i g h t .  E x t r a c t s  must be 
analyzed w i t h i n  28 days o f  e x t r a c t i o n . '  

SAMPLE PRESERVATION -- ETU may chem ica l l y  degrade i n  some samples 
even when t h e  sample i s  r e f r i g e r a t e d .  When t h i s  method was 
developed, mercu r i c  c h l o r i d e  was used t o  ensure aga ins t  b i o l o g i c a l  
degradat ion.  No s u i t a b l e  p r e s e r v a t i o n  reagent  has been found o the r  
than  mercu r i c  c h l o r i d e .  However, t h e  use o f  mercur i c  c h l o r i d e  i s  
n o t  recommended due t o  i t s  t o x i c i t y  and p o t e n t i a l  harm t o  t h e  
environment.  B i o l o g i c a l  degrada t ion  may occur o n l y  r a r e l y  i n  
samples w i t h  1  i m i  t e d  b i o l o g i c a l  a c t i v i t y  such as f i n i s h e d  d r i n k i n g  
waters .  

9. gUALITY CONTROL 

9.1 Each l a b o r a t o r y  us ing  t h i s  method i s  r e q u i r e d  t o  operate a  formal  
q u a l i t y  c o n t r o l  (QC) program. The minimum requi rements o f  t h i s  
program c o n s i s t  o f  t h e  f o l l o w i n g :  an i n i t i a l  demonstrat ion o f  
l a b o r a t o r y  c a p a b i l i t y ;  measurement o f  t h e  sur roga te  compound i n  
each sample; a n a l y s i s  o f  1  abora to ry  reagent  blanks, 1  abora to ry  
f o r t i f i e d  b lanks,  1  abora to ry  f o r t i f i e d  m a t r i x  samples, and QC check 
s tandards.  A  MDL f o r  ETU must a l s o  be determined. 

9.2 LABORATORY REAGENT BLANKS -- Before p rocess ing  any samples, t h e  
a n a l y s t  must demonstrate t h a t  a l l  g lassware and reagent  
i n t e r f e r e n c e s  are,under c o n t r o l . ,  Th i s  i s  accomplished by ana l yz i ng  
a  l a b o r a t o r y  reagent  b l ank  (LRB). A  LRB i s  a  50-mL a l i q u o t  o f  
reagent  water,  f o r t i f i e d  w i t h  t h e  i n t e r n a l  s tandard and t h e  
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surrogate compound, that is analyzed according to Sect. 11 exactly 
as if it were a sample. Each time a set of samples is analyzed or 
reagents are changed, it must be demonstrated that the laboratory 
reagent blank is free of contamination that would prevent the 
determination of ETU at the MDL. All interfering contaminants must 
be eliminated before sample analyses are started. 

9.3 Initial Demonstration of Capability. 

9.3.1 Select a representative fortified concentration (about 10 
times MDL or at a concentration in the middle of the 
calibration range established in Section 10) for ETU. 
Prepare a 4-7 replicate LFBs containing ETU at the selected 
concentration, and analyze each LFB according to procedures 
beginning in Sect. 11. 

9.3.2 The mean recovery value for these samples must fall in the 
range of + 20% of the fortified amount. The precision of 
these measurements, expressed as RSD, must be 20% or less. 
If the data meet these criteria, performance is considered 
acceptable. If acceptance criteria is not met, this 
procedure must be repeated using fresh replicate samples 
unti 1 satisfactory performance has been demonstrated. 

9.3.3 To determine the MDL, prepare a minimum of 7 LFBs at a low 
concentration. The fortification concentration in Table 2 
may be used as a guide, or use calibration data obtained in 
Section 10 to estimate a co'ncentration that will produce a 
peak with a 3-5 times signal to noise response. Extract and 
analyze each replicate according to Sections 11 and 12. It 
is recommended that these LFBs be prepared and analyzed over 
a period of several days, so that day to day variations are 
reflected in the precision of the measurements. Calculate 
mean recovery and standard deviation for each analyte. Use 
the standard deviation and the equation given in Section 13 
to calculate the MDL. 

9.3.4 The initial demonstration of capability is used primarily to 
preclude a laboratory from analyzing unknown samples via a 
new, unfami 1 i ar method prior to obtaining some experience 
with it. It is expected that as laboratory personnel gain 

1 experience with this method the quality of data will improve 
beyond those required here. 

9.4 The analyst is permitted to modify GC columns or GC conditions to 
improve the separations, identifications, or lower the cost of 
measurement. Each time a modification is made, the analyst is 
required to repeat the procedure in Sect. 9.3. 



9.5 ASSESSING SURROGATE RECOVERY 

9.5.1 A l l  samples and b lanks must be f o r t i f i e d  w i t h  t h e  sur roga te  
compound accord ing t o  Sect.  11.1 be fo re  e x t r a c t i o n  t o  mon i to r  
p r e p a r a t i o n  and a n a l y s i s  o f  samples. 

9.5.2 Surrogate recovery  must be evaluated f o r  acceptance by 
de te rm in ing  whether t h e  measured sur roga te  concen t ra t i on  
(expressed as percen t  recovery )  f a l l s  w i t h i n  t h e  r e q u i r e d  
recovery  l i m i t s .  Performance-based recovery  c r i t e r i a  f o r  PTU 
has been generated f rom s i n g l e- l a b o r a t o r y  r e s u l t s .  Measured 
recovery  o f  PTU must be between 70 and 130 percent .  

9.5.3 I f  t h e  sur roga te  recovery  f o y  a sample o r  b l ank  i s  ou t s i de  o f  
t h e  r e q u i r e d  sur roga te  recovery  l i m i t s  s p e c i f i e d  i n  Sect. 
9.5.2, t h e  l a b o r a t o r y  must t ake  t h e  f o l l o w i n g  ac t i ons :  

(1) Check c a l c u l a t i o n s  t o  make sure t h e r e  a re  no e r r o r s .  

(2) Check i n t e r n a l  s tandard and sur roga te  s tandard 
s o l u t i o n s  f o r  degradat ion, contaminat ion,  o r  o t h e r  
obvious abno rma l i t i es .  

(3 Check ins t rument  performance. 
I 

R e i n j e c t  t h e  e x t r a c t  i f  t h e  above s teps f a i l  t o  
r evea l  t h e  cause o f  t h e  problem. The problem must 
be i d e n t i f i e d  and c o r r e c t e d  be fo re  con t i nu ing .  
Reanalyzing t h e  samqle o r  b lank,  i f  poss ib le ,  may be 
t h e  o n l y  way t o ' s o l v e  t h e  problem. 

I 

9.6 ASSESSING THE INTERNAL STANDARD 
I 

9.6.1 The a n a l y s t  i s  must mon i t o r  t h e  i n t e r n a l  s tandard peak area 
i n  a l l  samples and b lanks d u r i n g  each a n a l y s i s  day. The I S  
response f o r  any sample chromatogram should n o t  d e v i a t e  f rom 
t h e  I S  response o f  t h e  most r ecen t  d a i l y  c a l i b r a t i o n  check 
s tandard by more than  20%. 

9.6.2 I f  >20% d e v i a t i o n  occurs w i t h  an i n d i v i d u a l  e x t r a c t ,  op t im ize  
i ns t rumen t  performance and i n j e c t  a  second a l i q u o t  o f  t h a t  
e x t r a c t .  I f  t h e  r e i n j e c t e d  a l i q u o t  produces an acceptable I S  
response, r e p o r t  r e s u l t s  f o r  t h a t  i n j e c t i o n .  I f  a d e v i a t i o n  
>30% i s  ob ta ined  f o r  t h e  r e i n j e c t e d  e x t r a c t ,  reanalyze t h e  
sample beg inn ing  w i t h  Sect.  11, p rov ided  t h e  sample i s  s t i l l  
a v a i l a b l e .  Otherwise, r e p o r t  r e s u l t s  ob ta ined  f rom t h e  
r e i n j e c t e d  e x t r a c t ,  b u t  mark them as suspect.  

9.6.3 I f  consecu t i ve  samples f a i l  t h e  I S  response acceptance 
c r i t e r i a ,  immediate ly  analyze a medium c a l i b r a t i o n  check 
s tandard.  I f  t h e  check s tandard p rov ides  a response f o r  t h e  
I S  w i t h i n  20% o f  t h e  p r e d i c t e d  value, then  f o l l o w  procedures 
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. i t em ized  i n  Sect.  9.6.2 f o r  each sample f a i l i n g  t h e  I S  
response c r i t e r i a .  I f  t h e  check s tandard p rov ides  a  response 
which dev ia tes  more than  20% from t h e  p r e d i c t e d  va lue,  t hen  
t h e  a n a l y s t  must r e c a l  i bra te .  

9.7 ASSESSING LABORATORY PERFORMANCE 

9.7.1 The 1  abora to ry  must analyze a t  l e a s t  one l a b o r a t o r y  f o r t i f i e d  
b l a n k  (LFB) p e r  sample se t .  The ETU f o r t i f y i n g  concen t ra t i on  
i n  t h e  LFB should be 10 t imes  t h e  MDL o r  a t  a  concen t ra t i on  
near  t h e  m idd le  o f  t h e  c a l i b r a t i o n  range demonstrated by t h e  
l a b o r a t o r y .  C a l c u l a t e  t h e  pe rcen t  recovery  o f  t h e  ETU. I f  
t h e  recovery  f a l l s  o u t s i d e  t h e  c o n t r o l  1 i m i t s  (see Sect. 
9.7.2), t h e  system i s  judged o u t  o f  c o n t r o l  and t h e  source of 
t h e  problem 

. 
must be i d e n t i f i e d  and reso l ved  b e f o r e  c o n t i n u i n g  

analyses 

9.7.2 U n t i l  s u f f i c i e n t  LFB da ta  become a v a i l a b l e ,  u s u a l l y  a  minimum 
o f  20 t o  30 r e s u l t s ,  t h e  l a b o r a t o r y  should assess i t s  
performance aga ins t  t h e  c o n t r o l  l i m i t s  descr ibed  i n  Sect. 
9.3.2. When s u f f i c i e n t  l a b o r a t o r y  performance d a t a  become 
a v a i l a b l e ,  develop c o n t r o l  l i m i t s  f rom t h e  mean percen t  
recovery  (R) and s tandard d e v i a t i o n  (S)  o f  t h e  pe rcen t  
recoverv .  These da ta  a re  used t o  e s t a b l i s h  upper , . and lower  
c o n t r o l " 1 i m i t s  as f o l l o w s :  

Upper Cont ro l  L i m i t  = R + 3s 
Lower Con t ro l  L i m i t  = R - 3s 

A f t e r  f i v e  t o  t e n  new recovery  measurements a re  made, c o n t r o l  
l i m i t s  should be r e c a l c u l a t e d  us ing  o n l y  t h e  most r e c e n t  20 
t o  30 da ta  p o i n t s .  Cont ro l  l i m i t s  must not exceed t h e  f i x e d  
acceptance l i m i t s  i n  Sec t i on  9.3.2. 

9.8 Assessing Ana l y te  Recovery - Labora to ry  F o r t i f i e d  Sample M a t r i x  

9.8.1 The l a b o r a t o r y  must add a  known concen t ra t i on  t o  a  minimum o f  
5% o f  t h e  r o u t i n e  samples o r  one sample p e r  se t ,  whichever i s  
g r e a t e r .  The f o r t i f i e d  concen t ra t i on  should n o t  be l e s s  than  
t h e  background concen t ra t i on  o f  t h e  sample se lec ted  f o r  
f o r t i f i c a t i o n .  I d e a l l y ,  t h e  concen t ra t i on  should be t h e  same 
as t h a t  used f o r  t h e  l a b o r a t o r y  f o r t i f i e d  b l ank  (Sect. 
9.3.1). Over t ime,  samples f r om a l l  r o u t i n e  sample sources 
should be f o r t i f i e d .  

9.8.2 C a l c u l a t e  t h e  percen t  recovery,  P o f  t h e  c o n c e n t r a t i o n  f o r  
each ana ly te ,  a f t e r  c o r r e c t i n g  t h e  a n a l y t i c a l  r e s u l t ,  X, f r om 
t h e  f o r t i f i e d  sample f o r  t h e  background concent ra t ion ,  b, 
measured i n  t h e  u n f o r t i f i e d  sample, i .e., : 

P. = 100 ( X  - b) / f o r t i f y i n g  concent ra t ion ,  

. 
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and compare these va lues re ,cover ies 1  i s t e d  i n  Table 2 .  The 
c a l c u l a t e d  va lue  o f  P  must f a l l  i n  t h e  range o f  k 25% o f  t h e
amount f o r t i f i e d .  I f  P exceeds t h i s  c o n t r o l  l i m i t  t h e  
r e s u l t s  f o r  t h a t  ana l y te  i n  t h e  u n f o r t i f i e d  m a t r i x  must be 
l i s t e d  as suspect due t o  m a t r i x  i n t e r f e r e n c e .  

9.9 ASSESSING INSTRUMENT PERFORMANCE -- Inst rument  performance should be 
mon i to red  on a  d a i l y  bas i s  by ana lyz ing  t h e  ins t rument  performance 
check s o l u t i o n  (IPC). The I P C  s o l u t i o n  con ta ins  compounds mon i to r  
i ns t rumen t  s e n s i t i v i t y  and column performance. The IPC components 
and performance c r i t e r i a  a re  l i s t e d  i n  Table 4. I n a b i l i t y  t o  
demonstrate acceptable ins t rument  performance i n d i c a t e s  t h e  need f o r  
remedia l  a c t i o n  on t h e  GC-NPD system. A chromatogram f rom t h e  
a n a l y s i s  o f  t h e  IPC i s  shown i n  F igure  1. The s e n s i t i v i t y  
requ i rements  a re  s e t  accord ing the '  MDL. MDLs wi 11 va ry  somewhat i n  
d i f f e r e n t  l a b o r a t o r i e s  accord ing  t o  ins t rument  c a p a b i l i t i e s .  The 
l a b o r a t o r y  should a d j u s t  t h e  amount o f  ETU i n  t h e  I P C  based on t h e  
demonstrated s e n s i t i v i t y  o f  t h e  i ns t rumen ta t i on  used. 

9.10 QC Samples- It i s  recommended t h a t  t h e  l a b o r a t o r y  p e r i o d i c a l l y  ( a t  .
l e a s t  q u a r t e r l y ) ,  analyze one o r  more s tandard m a t e r i a l s  f rom an 
o u t s i d e  source t o  v a l i d a t e  performance. 

9.11 ADDITIONAL QC -- I t  i s  recommended t h a t  t h e  l a b o r a t o r y  adopt 
add i t ionad  q u a l i t y  assurance p rac t ' i ces  f o r  use w i t h  t h i s  method., 
The s p e c i f i c  p r a c t i c e s  t h a t  a re  mo:st p roduc t i ve  depend upon t h e  
needs o f  t h e  l a b o r a t o r y  and t h e  na$ure o f  t h e  samples. 

10. CALIBRATION AND STANDARDIZATION 

 

 

10.1 E s t a b l i s h  GC ope ra t i ng  parameters equ i va len t  t o  those i n d i c a t e d  i n  
Tab le  1. Ensure t h a t  t h e  gas chromatographic system i s  work ing 
p r o p e r l y  by i n j e c t i n g  t h e  ins t rument  performance check s o l u t i o n  
(Sect. 7.14) and check ing f o r  p roppr  peak shapes, reasonable 
r e t e n t i o n  t imes, and s u f f i c i e n t  s e n s i t i v i t y .  The GC system i s  
c a l i b r a t e d  us ing  t h e  i n t e r n a l  s tandard technique (Sect.  10.2). 

10.2 INTERNAL STANDARD CALIBRATION PROCEDURE -- Th i s  approach r e q u i r e s  
t h e  a n a l y s t  t o  use a t  l e a s t  one i n t e r n a l  s tandard compat ib le  i n  
a n a l y t i c a l  behav io r  t o  t h e  compound o f  i n t e r e s t .  The a n a l y s t  must 
f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  s tandard i s
n o t  a f f e c t e d  by method o r  m a t r i x  i n t e r f e r e n c e s .  I n  develop ing t h i s  
method, THP (3,4,5,6-tetrahydro-Z-byrimidinethiol ) was found t o  be a

, s u i  tab1  e  i n t e r n a l  standard. 

10.2.1 Prepare ETU c a l  i b r a t i o n  stahdards a t  f i v e  concen t ra t i on  
1  eve1 s  by adding volumes o f  t h e  ETU s tock  s tandard s o l u t i o n  
t o  f i v e  v o l u m e t r i c  f l a s k s .  To each f l a s k ,  add a  known 
cons tan t  amount o f  i n t e r n a l i  s tandard and d i l u t e  t o  volume 
w i t h  e t h y l  ace ta te  c o n t a i n i n g  1000 pg/mL o f  DTT. One o f  t h e  
s tandards should be r e p r e s e n t a t i v e  o f  an ETU concen t ra t i on  
near, b u t  above, t h e  MDL. The o t h e r  concen t ra t i ons  should 
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correspond t o  t h e  range o f  concen t ra t i ons  expected i n  t h e  
sample concentrates,  o r  shou ld  d e f i n e  t h e  work ing range o f  
t h e  d e t e c t o r .  

10.2.2 I n j e c t  each c a l i b r a t i o n  s tandard and t a b u l a t e  t h e  r e l a t i v e  
response f o r  ETU t o  t h e  i n t e r n a l  s tandard (RR,) u s i n g  t h e  
equat ion :  

RR, = Aa/Ais 

where: A, = t h e  peak area o f  ETU, and 
Ais = t h e  peak area o f  t h e  i n t e r n a l  standard. 

Generate a c a l i b r a t i o n  curve  o f  RR versus ETU 
concen t ra t i on  i n  t h e  sample i n  pg/k. 

- 10.2.3 The work ing  c a l i b r a t i o n  curve  must be v e r i f i e d  on each 
work ing day by t h e  measurement o f  a minimum o f  two 
c a l i b r a t i o n  check standards, one a t  t h e  beg inn ing  and one a t  
t h e  end o f  t h e  a n a l y s i s  day. These check s tandards should be 
a t  two d i f f e r e n t  concen t ra t i on  l e v e l s  t o  v e r i f y  t h e  
c a l i b r a t i o n  curve.  For extended pe r i ods  o f  a n a l y s i s  ( g r e a t e r  
than  8 h rs . ) ,  i t  i s  s t r o n g l y  recommended t h a t  check standards 
be i n t e r s p e r s e d  w i t h  samples a t  r e g u l a r  i n t e r v a l s  d u r i n g  t h e  
course o f  t h e  analyses. I f  t h e  ETU response v a r i e s  f rom t h e  
p r e d i c t e d  response by more than  20%, t h e  t e s t  should be 
repea ted  us ing  a f r e s h  c a l i b r a t i o n  standard. A l t e r n a t i v e l y ,  . 
a new ETU c a l  i b r a t i o n  curve  should be prepared. Any sample 
e x t r a c t s  analyzed s i nce  t h e  l a s t  acceptable c a l i b r a t i o n  check 
should be cons idered suspect, and should be reanalyzed a f t e r  

. 

PROCEDURE 

c a l i b r a t i o n  i s  r es to red .  

11.1 SAMPLE EXTRACTION 

11.1.1 P i p e t  a 50-mL a l i q u o t  o f  wa te r  sample i n t o  a sample b o t t l e  
(Sect .  6.1) c o n t a i n i n g  1.5 g o f  ammonium c h l o r i d e  and 25 g o f  
potass ium f l u o r i d e .  Seal t h e  b o t t l e  and shake v i g o r o u s l y  
u n t i l  s a l t s  a re  d i sso l ved .  F o r t i f y  t h e  sample w i t h  5 pL  o f  
t h e  su r roga te  s tandard f o r t i f y i n g  s o l u t i o n  (Sect.  7.13). 

11.1.2 Pour con ten ts  o f  t h e  b o t t l e  on to  t h e  E x t r e l u t  (so rben t )  
column (Sect.  7.4). A l l o w  t h e  column t o  s tand  und i s tu rbed  
f o r  15 min. 

11.1.3 Add 5 mL o f  1000 pg/mL DTT i n  e t h y l  ace ta te  t o  a K-D 
concen t ra to r  tube  equipped w i t h  a 500-mL f l a s k .  

11.1.4 Add 400 mL o f  methylene c h l o r i d e  i n  50-75 mL p o r t i o n s  t o  t h e  
E x t r e l u t  column and c o l l e c t  t h e  e l u a n t  i n  t h e  K-D apparatus 
(Sect .  11.1.3). 
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11.2 EXTRACT CONCENTRATION 

11.2.1 Conduct t he  f o l l o w i n g  work i n  a fume hood which i s  p rope r l y  
vented. Add 1 o r  2 b o i l i n g  stones t o  t h e  K-D apparatus and 
a t tach  a macro Snyder column. Prewet t he  Snyder column by 
adding about 1 mL o f  methylene c h l o r i d e  t o  the  top.  At tach a 
condenser t o  the  Snyder coJumn t o  recover t he  methylene 
c h l o r i d e  as i t  escapes the  column. Place the  K-D apparatus i n
a 65-70°C water bath so th 'a t  t he  K-D tube i s  p a r t i a l l y  
immersed i n  the  ho t  water,, and the  e n t i r e  lower rounded 
sur face o f  t he  f l a s k  i s  bathed w i t h  ho t  vapor. When the  
apparent volume o f  l i q u i d  reaches 5 mL, remove t h e  K-D 
apparatus and a l l ow  i t  t o  d r a i n  and cool f o r  a t  l e a s t  10 min. 

11.2.2 Reduce t h e  l i q u i d  volume i n  the  K-D tube t o  approximately 1 
mL by p l a c i n g  the  sample i h  a tube heater  a t  35-40°C under a 
stream o f  n i t rogen.  The tube heater  heats the  so lvent  i n  the  
K-D tube a t  volume markings between 1 and 10 mL. 

11.2.3 D i l u t e  sample t o  5 mL w i t h  e t h y l  acetate; r i n s e  w a l l s  o f  K-D 
tube w h i l e  adding e thy l  acetate. Immediately f o r t i f y  t he  
sample w i t h  50 ,uL o f  i n t e r n a l  standard f o r t i f y i n g  s o l u t i o n  
(Sect. 7.12). A g i t a t e  sample t o  d isperse i n t e r n a l  standard. 
Trans fer  sample t o  a GC v i a l  and determine ETU by GC-NPD as 
descr ibed i n  Sect. 11.3. 

11.3 GAS CHROMATOGRAPHY 

.3.1 Tab1 e 1 summarizes the  recommended GC opera t ing  cond i t ions .  
Inc luded i n  Table 1 are r e t e n t i o n  t imes observed us ing  t h i s  
method. An example o f  t h e s e p a r a t i o n s  achieved us ing  these 
cond i t i ons  are shown i n  F igure 1. Other GC columns o r  
chromatographic cond i t i ons  may be used i f  the  requirements o f
Sect. 9.3 are met. 

11.3.2 C a l i b r a t e  o r  v e r i f y  t he  system c a l i b r a t i o n  d a i l y  as described 
i n  Sect. 10. The standards and e x t r a c t s  must be i n  e t h y l  
acetate.  

11.3.3 I n j e c t  2 pL o f  t he  sample e x t r a c t .  Record the  r e s u l t i n g  peak 
s i z e  i n  area u n i t s .  

11.3.4 The w id th  o f  t he  r e t e n t i o n  t ime window used t o  make 
i d e n t i f i c a t i o n s  should be based upon measurements o f  actual  
r e t e n t i o n  t ime v a r i a t i o n s  o f  standards over t he  course o f  a 
day. Three t imes the  standard dev ia t i on  o f  a r e t e n t i o n  t ime 
can be used t o  c a l c u l a t e  a suggested window s i z e  f o r  a 
compound. However, t he  experience o f  t he  ana lys t  should 
weigh h e a v i l y  i n  t he  i n t e r p r e t a t i o n  o f  chromatograms. 

11.3.5 Conf i rmatory techniques such as chromatography w i t h  a 
d i s s i m i l a r  column, o r  an a1 te rna te  technique such as p a r t i c l e

 

. 

 

 



beam/HPLC/mass spect rometry  (EPA Method 553) may be used f o r  
' c o n f i r m a t i o n  o f  ETU i n  e x t r a c t s  prepared by t h i s  method. A 

suggested c o n f i r m a t i o n  column i s  descr ibed  i n  Table 1. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1 Calcul.ate t h e  ETU concen t ra t i on  i n  t h e  sample f rom t h e  ETU r e l a t i v e  
response (RR,) t o  t h e  i n t e r n a l  s tandard u s i n g  t h e  m u l t i - p o i n t  
c a l i b r a t i o n  curve  descr ibed  i n  Sect.  10.2.2. Do n o t  use t h e  d a i l y  
c a l i b r a t i o n  v e r i f i c a t i o n  s tandard t o  q u a n t i t a t e  ETU i n  samples. Do 
n o t  e x t r a p o l a t e  beyond t h e  l i n e a r  range e s t a b l i s h e d  d u r i n g  
c a l i b r a t i o n .  

13. , METHOD PERFORMANCE 

13.1 In a  s i n g l e  1 abora to ry ,  ETU recovery  and p r e c i s i o n  da ta  f rom reagent  
wa te r  were determined a t  f o u r  concen t ra t i on  l e v e l s .  Resu l ts  were 
used t o  determine t h e  MDL and demonstrate method range. These da ta  
a re  g i v e n  i n  Table 2. The equat ion  used t o  c a l c u l a t e  t h e  MDL a re  as 
f o l  1  ows : 

MDL = tCn-l, l-a,pha = 0.99) 

where : 

t(n- ,>-alpha = 0.99 = Student 's  t va lue  f o r  t h e  99% 
conF~dence  leve'l w i t h  n-1 degrees o f  freedom 

n  = number o f  r e p l i c a t e s  

S = s tandard d e v i a t i o n  o f  rep1 i c a t e  analyses. 

13.2 I n  a s i n g l e  l a b o r a t o r y ,  ETU recovery  and p r e c i s i o n  da ta  f rom two 
a r t i f i c i a l  ground waters  were determined a t  a  s i n g l e  concen t ra t i on  
l e v e l  o f  10 pg/L.  Resu l t s  were used t o  demonstrate a p p l i c a b i l i t y  o f  

' 

t h e  method t o  d i f f e r e n t  ground water  ma t r i ces .  These da ta  a r e  
l i s t e d  i n  Table 3. 

,l4. POLLUTION PREVENTION 

• 

14.1 A l though t h i s  method r e q u i r e s  400 mL methylene c h l o r i d e  e x t r a c t i n g  
s o l v e n t  p e r  sample, no p o l l u t i o n  o f  t h e  environment w i l l  occur  due 
t o  t h e  recove ry  o f  t h e  s o l v e n t  d u r i n g  t h e  e x t r a c t  c o n c e n t r a t i o n  
procedure. Very l i t t l e  s o l v e n t  w i l l  escape t h o  fume hood. No o t h e r  
s o l v e n t s  a r e  u t i l i z e d  i n  t h i s  method except  f o r  t h e  ve ry  smal l  
amount o f  e t h y l  ace ta te  needed t o  make up c a l i b r a t i o n  and 
f o r t i f i c a t i o n  standards. These smal l  amounts o f  s o l v e n t  pose no 
t h r e a t  t o  t h e  environment.  

14.2 For  i n f o r m a t i o n  about p o l l u t i o n  p reven t i on  t h a t  may be a p p l i c a b l e  t o  
l a b o r a t o r y  opera t ions ,  c o n s u l t  "Less i s  B e t t e r :  Labora to ry  Chemical 



Management f o r  Waste Reduction" a v a i l a b l e  from t h e  American Chemical 
S o c i e t y ' s  Department of Government Rela t ions  and Science Pol icy,  
1155 16th S t r e e t  N.W. ,  Washington, D . C .  20036. 

15. WASTE MANAGEMENT 

I t  i s  t h e  1 abora tory ' s  responsi bill i  t y  t o  comply with a1 1 f e d e r a l ,  
s t a t e ,  and loca l  r egu la t ions  governing waste management, 
p a r t i c u l a r l y  t h e  hazardous waste i d e n t i f i c a t i o n  r u l e s ,  and 1 and 
d isposa l  r e s t r i c t i o n s .  The l abo ra to ry  has t h e  r e s p o n s i b i l i t y  t o  
p r o t e c t  t h e  a i r ,  water ,  and land by minimizing and cont ro l1  ing a l l  
r e l e a s e s  from fume hoods and bench opera t ions .  Compliance i s  a l s o  
requi red  with any sewage d ischarge  permits  and r egu la t ions .  For 
f u r t h e r  information on waste management, consu l t  "The Waste 
Management Manual f o r  Laboratory Personnel , " a1 so avai 1  ab l e  from t h e
American Chemical Socie ty  a t  t h e  address  i n  Sec t .  14.2. 

I 
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17. TABLES. DIAGRAMS, FLOWCHARTS. AND V A L I D A T I O N  DATA 

TABLE 1. PRIMARY AND CONFIRMATION CHROMATOGRAPHIC C O N D I T I O N S  

Analyte 

Retention Time, min 

Primary col umn Confirmation col umn 

ETU 
THP (internal standard) 
PTU (surrogate standard) 

Primary conditions: 

Col umn : 10 m long x 0.25 

Carrier gas : 
Makeup gas: 

Detector gases: 
Injector temperature: 
Detector temperature: 

Oven temperature: 
Sampl e: 

Detector: 

Confirmation conditions: 

Col umn : 

Carrier gas: 
Makeup gas: 

Detector gases: 
Injector temperature: 
Detector temperature: 

Oven temperature: 
Sample: 

Detector: 

mm I.D. DB-Wax bonded fused 
silica column (J&W), 0.25 m film thi~kness 
He @ 30 cm/sec linear velocity 
He @ 30 mL/min flow 
Air @ 100 m~/rnin flow; H2 @ 3 mL/min flow 
220°C 
230°C 
220'"C isothermal 
2 pL spl itless; 9 sec split delay 
Nitrogen-phosphorus 

5 m long x 0.25 mm I.D. DB-1701 bonded fused 
silica column (J&W), 0.25 m film thickness 
He @ 30 cm/sec linear velocity 
He @ 30 mL/min flow 
Air @ 100 m:/min flow; H2 @ 3 mL/min flow 
15C°C 
270°C 
150°C isothermal 
2 pL spl itless; 9 sec split delay 
Nitrogen-phosphorus 



TABLE 2. RESULTS FROM MDL AND METHOD RANGE STUDIES (a) 

I 

For t i f i ed  A m t  in 
Level, Bl ank, 

PS/L MIL n(d) R(e) S(f )  RSD(g) MD L 

5 .0  0.492 7 97 (c)  0.845 17 2 .7 ,  - 10 
2 5 

ND (b) 
ND 

7 
7 

102 
9 $ 

0.886 
1.31 

9 
6 - 

100 ND 7 97 5.96 6 - 

(a)  Studies conducted in reagent water; average recovery of PTU surrogate 
from seven f o r t i f i e d  reagent water samples was 100%' (RSD) was 8.5%. 

I 

(b) ND - not detected.  
, , 

(c)  Data corrected f o r  amount detected i v  blank. 

(d) n = number of recovery data  points .  

R 
b 

(e)  - average percent recovery. 
I 

( f )  S = standard deviat ion.  

(g) RSD = percent r e l a t i v e  standard deviat ion.  



TABLE 3. RESULTS FROM MATRIX EVALUATION STUDIES (a) 

Matrix 

A m t .  i n  
Bl ank, 

P ~ / L  

Hard (b )  N D  ( d l  7 9 3 0.372 4 

Organic- contaminated ( c )  N D 7 9 3 0.253 3 

( a )  Samples were f o r t i f i e d  a t  10 pg/L l e v e l  wi th  ETU. 

(b) Absopure Natural Ar t e s i an  Spring water  ob ta ined  from t h e  Absopure Water
Company i n  Plymouth, Michigan. 

(c) Reagent water  f o r t i f i e d  wi th  f u l v i c  a c i d  a t  t h e  1 mg/L concen t r a t i on  
l e v e l .  A we l l- cha rac t e r i zed  f u l v i c  ac id ,  a v a i l a b l e  from t h e  
I n t e r n a t i o n a l  Humic Substances Soc i e ty  ( a s soc i a t ed  with t h e  United 
S t a t e s  Geological Survey i n  Denver, Colorado),  was used. 

(d)  ND = no t  d e t e c t e d .  

( e )  n  = number o f  recovery d a t a  po in t s .  

( f )  R = average pe rcen t  recovery.  

(g)  S  = s t anda rd  d e v i a t i o n .  

(k) RSD = pe rcen t  r e l a t i v e  s tandard  d e v i a t i o n .  
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