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INVESTIGATION OF ODOROUS EMISSIONS 
FROM A FUEL ETHANOL PLANT 

Robert L. Miller 
Donald B. Hunsaker, Jr. 

John E .  Caton, Jr. 

ABSTRACT 

Oak Ridge National Laboratory ( O R N L )  s ta f f  conducted source and ambient 
a i r  qual i ty  sampling and analysis t o  characterize odorous emissions from a 
fuel ethanol plant constructed i n  part w i t h  a loan guaranteed by the U.S. 
Department of Energy, The 52 mi 1 1  ion gal lon (197 mil 1 ion l i t e r )  per year 
plant, which is located i n  South Bend, Indiana, became operational i n  
October 1984, and short ly  thereaf ter  was cited by local c i t izens as a source 
of odor i n  the community. In October 1985, a sui t  was f i l ed  against t he  
plant tha t  would enjoin the plant from producing an odor d u r i n g  operation. 
If the suit were successful, the plant cou ld  be forced t o  close, and the 
company would d e f a u l t  on i t s  loan o f  $127 million, 90% of which is  guaran- 
teed by DOE. 
committee i n  October 1985 t o  characterize the problem and t o  identify 
possible solutions. 
d u c t i n g  source and ambient a i r  quali ty sampling t o  identify the sources of 
odor w i t h i n  the plant, t o  determine the general types of chemical compounds 
producing the odor, and t o  perform sampling and analysis that  wil l  h e l p  
determine the effectiveness of pollution control equipment for reducing the  
odor. 

Analysis of samples taken a t  the plant has determined that  the most 
l ike ly  cause of the odor i s  the exhaust stacks from the f ive rotary-kiln, 
steam-fed dryers for  producing d i s t i l l e r s  dried grains w i t h  solubles. A 
variety o f  organic compounds are emitted from these stacks, i n c l u d i n g  
aromatics, acids, a1 dehydes, and h igher  a1 coho1 s.  The compounds appear t o  
be normal by-products of a whole-grain' fermentation process. Furfural and 
phenylethanol occur i n  condensates from the gases a t  concentrations of about 
1000 parts per million (ppm). 
methylbenzene alcohol and furfural alcohol, occur a t  concentrations o f  100 
t o  300 ppm. 
a few parts per b i l l i o n .  Most of the compounds in the gases are odiferous 

DOE'S Office o f  Alcohol Fuels formed a technical advisory 

As part  of the committee, ORNL was charged w i t h  con- 

A few compounds, such as benzaldehyde, 

The remaining compounds occur a t  concentrations of a few ppm t o  



t o  vary ing  degrees and many o f  them, independent o f  concent ra t ion  i n  the  
gases, c o n t r i b u t e  t o  the  complex odor spectrum observed. The compounds have 
a wide range of physica l  and chemical p roper t ies .  Some o f  the compounds can 
be removed by coo l i ng  the  vent gases o r  by scrubbing the  exhaust gas w i t h  
water, b u t  the r e s u l t i n g  gas re ta ins  about the  same chemical p r o f i l e  and 
also r e t a i n s  a s t rong odor. Scrubbing w i t h  sodium hydroxide s o l u t i o n  i s  
more e f f e c t i v e ,  b u t  l i kewise ,  the  odor i s  not  e n t i r e l y  e l iminated.  
E f fec t i ve  scrubbing and vent ing t o  t h e  atmosphere would probably requ i re  a 
two-component s o l u t i o n  t h a t  would prov ide chemical t rans format ion  o f  the 
odi ferous compounds. Source t e s t i n g  of  a p o l l u t i o n  con t ro l  p i l o t  p l a n t  
us ing sodium hydroxide and sodium hypoch lo r i t e  scrubbing i nd i ca tes  t h a t  i t  
should be e f f e c t i v e  i n  reducing the  odor. Based on a comparison w i t h  worker 
p r o t e c t  i o n  standards and i n t e r n a t i o n a l  ambi en t  a i  r qual i t y  standards, 
compounds emi t ted  by the  p i l o t  p l a n t  should have minimal, i f  any, e f f e c t s  on 
human heal th .  
prepared t o  consider  a loan t o  t h e  New Energy Company o f  Ind iana f o r  t h e  
purchase o f  such an odor con t ro l  system. 

As a r e s u l t  of  t h i s  work, the U.S. Department o f  Energy i s  

v i  i 



1. INTRODUCTION 

The Energy Secur i t y  Act  (Pub l i c  Law 96-294, June 1980) provided f o r  
f ede ra l  loans, loan  guarantees, p r i c e  guarantees and purchase agreements 
promoting expansion o f  the  f u e l  a lcohol  i n d u s t r y  i n  t h e  Un i ted  States t o  
he lp  reduce the  need f o r  imported petroleum. The O f f i c e  o f  Alcohol  Fuels  
was es tab l i shed w i t h i n  t h e  Department o f  Energy (DOE) t o  implement these 
p rov i s ions  o f  P.L. 96-294. 
57 appl i c a t i o n s  were submit ted t o  DOE; these were screened f o r  p o t e n t i  a1 
v i a b i l i t y ,  which reduced the  number t o  eleven. 

The fede ra l  dec is ion  o f  whether o r  not t o  grant  loan guarantees t o  
these eleven app l ican ts  was subject  t o  the  p rov i s ions  o f  the Nat iona l  
Environmental P o l i c y  Act  (NEPA) o f  1969 ( P u b l i c  Law 91-190), which requ i res  
cons idera t ion  o f  environmental f a c t o r s  i n  federa l  decisionmaking. I n  the  
F a l l  o f  1981, the  loan guarantee environmental assessment program was estab- 
l i s h e d  a t  Oak Ridge Nat iona l  Laboratory  (ORNC) t o  assess the  environmental 
impacts o f  t e n  f u e l  ethanol  p l a n t s  (one loan guarantee app l i can t  withdrew 
before the  assessment work began). Environmental assessments were completed 
for t he  o r i g i n a l  t en  p r o j e c t s  i n  t h e  Spr ing o f  1982; no s i g n i f i c a n t  impacts 
were i d e n t i f i e d  f o r  any o f  the  pro jec ts ,  and consequently the  NEPA process 
terminated w i t h  t h e  pub l i sh ing  of  Findings o f  No S i g n i f i c a n t  Impacts f o r  t h e  
p ro jec ts .  

To date, t h ree  of the  o r i g i n a l  p r o j e c t s  have received loan guarantees 
and have come t o  f r u i t i o n .  The f i r s t  t o  be const ructed and t o  begin opera- 
t i o n  i s  the  New Energy Company o f  I nd iana  (NECI) f a c i l i t y  located i n  South 
Bend, Indiana, Construct ion o f  t h e  New Energy p l a n t  was completed i n  
October 1984. 
mate ly  December 1984, and reached f u l l  capac i ty  around May, 1985. The $185 
m i l l i o n  p l a n t  was b u i l t  w i t h  a $127 m i l l i o n  loan, 90% o f  which i s  guaranteed 
by t h e  U.S. Department o f  Energy. As shown i n  F igu re  1, the  p l a n t  i s  
l oca ted  i n  the  southwest corner o f  t he  City o f  South Bend, Indiana. 

The N E C I  p l a n t  i s  a corn-based, d r y - m i l l i n g  f u e l  ethanol  p l a n t  w i t h  an 
annual capac i t y  o f  about 52 m i l l i o n  ga l lons  (197 m i l l i o n  l i t e r s ) .  
combustion i s  used t o  p rov ide  process heat, and wastewater i s  discharged t o  
a munic ipa l  t reatment  p lan t .  Corn i s  de l i ve red  t o  the  p l a n t  by t ruck,  and 

A t  t h e  beginning o f  t he  loan guarantee program, 

The p l a n t  was opera t ing  a t  about 2/3 capac i t y  by approxi-  

Coal 

1 



2 

Figure 1. Locat ion  o f  the New Energy o f  Indiana ( N E C I )  p lan t . . -  
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i s  milled w i t h  ons i te  hammer mil ls .  A mash is  prepared from 
enzyme, lime, water, and steam, using standard techniques t o  
saccharify the cornstarch (Elmore e t  a l .  1982). The mash is  
fermentation tanks, and yeast  i s  added ( i n  using sugar as an 

milled corn, 
1 iquefy and 
trans fe rred to  
energy source, 

the yeast  c e l l s  produce ethanol and carbon dioxide as by-products). After 
a l l  of the sugar has been oxidized, t h e  fermented mash (cal led beer) is  sent 
t o  the beer column, where ethanol i s  separated from the remainder of the 
material (cal led s t i l l a g e ) .  The ethanol is d i s t i l l e d  fur ther  i n  a 
rect i fying column t o  produce 95% ethanol,  and is then dehydrated w i t h  
benzene t o  achieve high-purity ethanol (>99.5% by w e i y h t ) ,  T h i s  ethanol i s  
t h e n  denatured w i t h  unleaded gasoline before b e i n g  sh ipped  o f f s i t e .  The 
s t i l  lag@ i s  sent t o  centrifuges and mechanical evaporators t o  concentrate 
the dissolved residues t o  about 50% sol ids .  The evaporator concentrate i s  
mixed w i t h  the wet-cake from the centrifuges and is  fed t o  f i v e  
steam-heated, rotary kiln driers. T h e  dr ier  product, d i s t i l l e rs  dr ied  
grains w i t h  solubles (DDGS), is sold as  animal feed, 

plant began t o  complain about an odor .  The odor has been described as a 
"brewery odor" s imi la r  t o  t h e  smell of "burning sugar;" i t  was f i r s t  
reported by the local news media i n  January 1985. The odor became widely 
recognized as  a problem by the citizens of South Bend and neighboring 
communities d u r i n g  t h e  Spring of 1985. A combination of compounds has been 
believed to  be contributing t o  the odor, b u t  uncertainty has existed 
regard? ng the individual consti tuents or classes o f  compounds. The odor 
reportedly has been detected as f a r  as 20 miles (32  k m )  downwind of the 
plant ,  b u t  appears t o  remain within a narrow few hundred-yard ( -  meter) wide  
band a t  a1 1 dis tances ,  regardless of meteorological conditions. The 
s i tua t ion  has been exacerbated by the p l an t ' s  location re la t ive  t o  South 
Bend: the plant i s  s i ted  i n  the southwestern corner of the c i t y ,  resulting 

. i n  the odor often passing d i rec t ly  through the center of South Bend because 
of prevail ing winds from t h e  southwest (SW).  
considered t h e  most l ike ly  sources of the odor, due t o  t h e  high volume of 
discharged ef f luent  and due t o  the s imi la r i ty  of  the odor near the stacks t o  
tha t  observed i n  the  community, 

NECI  personnel t o  i d e n t i f y  solutions t o  the problem. In May 1985, NECI 

Shortly a f t e r  the plant became operational,  citizens downwind of the 

The DDGS dryer stacks were 

In l a t e  S p r i n g  of 1985, c i t y  and county o f f i c i a l s  began working w i t h  
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cont rac ted  w i t h  Gabri e 
samples o f  the  exhaust 

Laborator ies o f  Chicago, I 
from one of t h e  UDGS d r i e r s  

l i n o i s  t o  c o l l e c t  grab 
(#513) and t o  analyze the  

condensable organics and the gaseous organics t o  determine i f  known 
odi ferous compounds e x i s t  i n  the exhaust. A number o f  such compounds were 
detected i n  the  condensable f r a c t i o n ,  i n c l  ud i  ng a1 dehydes (acetaldehyde and 
f u r f u r a l ,  among o thers ) ,  ac ids  ( b u t y r i c  and i s o b u t y r i c  acids,  among others) ,  
and some "unknowns" t h a t  were probably h igher  a1 coho1 s (Gabr ie l  
Laborator ies,  1985). No gaseous organics were detected us ing  the charcoal  
tubes, probably because they cou ld  not  be e f f e c t i v e l y  desorbed from the  
tubes f o r  ana lys i s  (Gabr ie l  Laborator ies,  1985). NECI a lso  arranged f o r  
another f i r m  t o  conduct a demonstrat ion du r ing  the  Summer o f  1985 i n  which a 
chemical "deodorant" was added t o  t h e  DOGS stack e f f l u e n t  i n  an e f f o r t  t o  
mask the  odor, A consensus o f  people smel l ing  the ambient a i r  downwind o f  
the  stack f e l t  the  odor was no t  apprec iab ly  improved o r  masked. Las t l y ,  t h e  
Davy k K e e  Corporat ion,  which b u i l t  the  New Energy p l a n t  , designed an odor 
con t ro l  system c o n s i s t i n g  o f  a water-based scrubber t o  capture the odorous 
compounds fo l lowed by d closed loop system t o  recyc le  the e f f l uen t .  Tne 
system was est imated t o  cost  about $3-5 m i l l i o n ,  and was not  guaranteed t o  
be successful. 

Some l o c a l  c i t i z e n s ,  d i s s a t i s f i e d  w i t h  the slow progress i n  so lv ing  the 
problem, organized i n t o  a group named t h e  Committee o f  Envi ronmenta l is ts  
Against  the  Stench o f  Etnanol ( C E A S E ) .  I n  the  Summer o f  1985, they co l -  
l e c t e d  thousands o f  s ignatures on p e t i t i o n s  p r o t e s t i n g  the  odor. I n  the  
F a l l  o f  1985, they f i l e d  s u i t  against  NECI  t o  e n j o i n  the p l a n t  from 
opera t ing  i n  con junc t ion  w i t h  producing an odor. 

any prov is ions  o f  the loan guarantee o r  any environmental regu la t ions ,  and 
t h e r e f o r e  DOE l e g a l l y  cou ld  not fo rce  NECI t o  con t ro l  the odor under the  
loan guarantee. There are  no federa l ,  s t a t e  o r  l o c a l  regu la t ions  governing 
the  odor emissions. The odor cou ld  be c o n t r o l l e d  under l o c a l  nuisance 
ordinances i f  it could be proved t h a t  the odor was a p u b l i c  nuisance. The 
U.S. Environmental P ro tec t i on  Agency (EPA) could, on l y  get invo lved i f  the 
odor was proven o r  suspected t o  be a hea l th  hazard, 

system. They a l so  cou ld  not  ob ta in  a business loan t o  pay f o r  the  equip- 
ment, because under l e g a l l y  enforceable terms o f  t h e i r  loan  agreement, the  

From a regu la to ry  standpoint ,  the  odorous emissions were not v i o l a t i n g  

NECI was unable t o  prov ide the  needed c a p i t a l  f o r  the Davy-McKee 
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company could not  i n c u r  any f u r t h e r  debt on i t s  own w i thout  approval by DOE. 
The agency was u n w i l l i n g  t o  au thor ize  a loan o f  t h i s  magnitude as au thor ized  
by P u b l i c  Law 99-190 ( J o i n t  Resolut ion,  December 19, 1985) un less add i t i ona l  
f a c t s  could be gathered t h a t  would a l l ow  a thorough eva lua t i on  o f  t he  
p o t e n t i a l  e f fec t i veness  o f  the system i n  reducing the  odor. 

Because o f  the  growing seriousness o f  the  problem, i .e., the l awsu i t  
cou ld  c lose  the  NECI  p lan t ,  which i n  t u r n  would cause the  company t o  d e f a u l t  
on i t s  loan,  DOE i n  October 1985 OrgdniZed a specia l  mu l t i - o rgan iza t i ona l  
task fo rce  t o  evaluate the problem and t o  recommend so lu t ions .  The task 
fo rce  was composed o f  members o f  DOE, OKNL, Tennessee Va l ley  Au tho r i t y  
(TVA),  Idaho Nat ional  Engineer ing Laboratory (INEL), and EPA. TVA members 
funct ioned i n  the  lead ing  r o l e  due t o  t h e i r  exper t i se  i n  biomass-related 
p r o j e c t s  i n  general and i n  mon i to r ing  t h e  N E C I  p r o j e c t  f o r  DOE. INEL became 
invo lved  because of techn ica l  mon i to r ing  work f o r  o the r  DOE a lcohol  f u e l s  
p ro jec ts ,  and prov ided b i  ochemical engi neer i  ng support re1 ated t o  potent  i a1 
contaminat ion i n  the  process cyc le .  EPA provided recommendations concerning 
procedures f o r  sampling and ana lys is .  

Sect ion 2 of t h i s  document descr ibes the source and ambient a i r  q u a l i t y  
sampling and ana lys i s  performed by ORNL a t  t h e  N E C I  p lan t .  The o v e r a l l  
sampling pro toco l  i s  f i r s t  described, f o l  owed by a d e s c r i p t i o n  o f  the 
s p e c i f i c  methods and techniques t h a t  were used. Sect ion 3 presents the  
a n a l y t i c a l  r e s u l t s  and discusses t h e i r  r e  evance t o  so l v ing  the NECI odor 
prob 1 em. 



2. CHARACTERIZATION OF ODOR COMPONENTS 

ORNL's role in the task force was to conduct source and ambient air 
quality sampling and analysis to provide as many facts as possible regarding 
the odor problem. 
analyses and recommendations provided by the task force. 

techniques for sampling and analysis, and to use EPA methods wherever 
possible. Because of the nature o f  the sampling, few of the EPA sampling 
methods, which generally deal with the criteria pollutants, were directly 
applicable. 
needed. EPA approved analysis methods were in general directly applicable. 

Based on the results of the Gabriel Laboratories report, and on 
inspections made during a site visit i n  October 1985, it became apparent 
that any ambient sampling would be concerned with the capture of gaseous 
organic compounds, and that any source term sampling would be concerned with 
the same, but usually in the presence of a moisture-rich stream. 
these conditions, it was decided t o  use an overall sampling and analysis 
strategy that was broad in scope initially, and that narrowed in scope with 
successive sampling campaigns until the desired level o f  information was 
obtained. It was also decided to emphasize source-term sampling for the 
characterization o f  possible odor-producing compounds. 
would then be examined for any potential candidates detected in the source 
streams. 

major potential odor sources within the N E C I  plant; (2) characterize the 
principal chemical constituents o f  emissions from these sources; and ( 3 )  
identify the types o f  chemical compounds present in the NECI plume. 
Achieving the first goal would identify the sources to be examined i n  
detail. The second goal would provide Key information needed to select the 
appropriate type o f  odor control equipment. 
known to be hazardous t o  human health were found in the emission samples, 
then the ambient samples (third goa l )  would be examined to determine if 
these same compounds were added to the ambient air as a given air parcel 
passed over the NECI facility. 

DOE'S action on the problem would be based on the 

In general, it was desired to use established methods, procedures and 

In these cases, the most similar EPA method was modified as 

Given 

Ambient samples 

The goal o f  the sampling and analysis was threefold: (1) identify the 

If any classes o f  compounds 

6 
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2.1 SOURCE TERMS 

2.1.1 

Dur ing a s i t e  v i s i t  i n  October 1985, task fo rce  members toured the  N E C I  
p l a n t  t o  i d e n t i f y  p o t e n t i a l  odor sources. 
engineers, examination o f  process f l o w  diagrams and r e l a t e d  in format ion,  and 
inspec t i on  o f  f a c i l i t i e s  w i t h i n  the  p lan t ,  the  f o l l o w i n g  s i x  sources were 
i d e n t i f i e d  as p o t e n t i a l  sources o f  odorous emissions: t he  f i v e  DDGS d r i e r  
stacks; the  evaporator vent; the  c e n t r i f u g e  vents; the  cooker vents; t h e  
fermenter vents; and the  wastewater surge pond. C r i t e r i a  used i n  s e l e c t i n g  
these sources inc lude the  nature o f  the  process occu r r i ng  a t  the  source, 
re lease c h a r a c t e r i s t i c s  (e.g., mo is tu re  content, v e l o c i t y ,  he igh t  etc.), and 
sensory percept ion o f  the  emissions ( i re . ,  whether or  n o t  the odor was 
s i m i l a r  t o  t h a t  detected o f f s i t e ) .  
each o f  these p o t e n t i a l  sources w i t h i n  the  p lan t .  These s i x  sources were 
ta rge ted  for  sampling. 

I n  a d d i t i o n  t o  v i sua l  inspec t ions  o f  these source areas, a number o f  
experiments were performed on the d r i e r  stack t o  gather in fo rmat ion  needed 
t o  design a sampling t r a i n .  Various con f igu ra t i ons  o f  pumps, organic 
compound c o l l e c t i o n  devices ( s t a i n l e s s  s t e e l  t raps  packed w i t h  adsorbent), 
e tc .  were operated a t  a v a r i e t y  o f  f l o w  ra tes .  The samples c o l l e c t e d  from 
these t r i a l s  were analyzed by gas chromatography a t  ORNL t o  determine t h e  
range o f  b o i l i n g  p o i n t s  represented by the  compounds i n  the  exhaust stream; 
in fo rmat ion  on t he  mois ture content  of the  stream and on the  " loading"  of 
t he  s o l i d  adsorbent used t o  c o l l e c t  organics was a lso obtained from analys is  
o f  these traps, This in fo rmat ion  was used t o  design the  sampling t r a i n  
shown i n  F ig .  3 .  

The sampling t r a i n  consis ted o f  t e f l o n  tub ing  running from the odor 
source (s tack,  vent, e tc . )  t o  a condenser and then t o  a bubbler t h a t  was 
packed i n  i ce .  The bubbler was p a r t i a l l y  f i l l e d  w i t h  a l i q u i d  t o  c o l l e c t  
condensate f rom the  moisture- laden stack e f f l u e n t s .  
a second bubbler  and a wide-mouth odor c o l l e c t i o n  t r a p  made o f  g lass and 
f i l l e d  wi th  a sorbent named Tenaxn, and f i n a l l y  t o  an AC pump which drew i n  

Based on d iscuss ions w i t h  N E C I  

F igure  2 i l l u s t r a t e s  the  l o c a t i o n  o f  

The tub ing  cont inued t o  

t h e  sample a t  a h igh  f l o w  ra te .  The second bubbler, which was empty, served 
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to prevent contamination of the wide-mouth t r a p  i n  case of condensate over- 
flow from the f i r s t  bubbler .  Tenax" was used since i t  proved t o  be very 
e f f i c i en t  i n  adsorbing the types o f  compounds which were o f  in te res t  t o  the  
investigation. 

(#513). T h i s  stack was chosen because i t  i s  the same one used by Gabriel 
Laboratories i n  t he i r  1985 study (Gabriel Laboratories, 1985). 

Three t r i a l s  were conducted u s i n g  the configuration shown i n  Figure 3 .  
The f i r s t  two t r i a l s  s tar ted w i t h  50 m l  of d i s t i l l e d  water i n  the f i r s t  
bubbler, while the f i n a l  t r i a l  began w i t h  50 ml  of sodium hydroxide. I n  
each t r i a l ,  sampling was performed u n t i l  50 m l  of condensate collected i n  

Source sampling began i n  November 1985 at  the middle DDGS dryer stack 

the f irst  bubble 
i n  approximately 
the color o f  the 
d u r i n g  sample co 
narrow s t a in l e s s  

( fo r  a to ta l  of 100 m l  o f  l iqu id) .  T h i s  was accomplished 
30 minutes for each t r i a l .  
l i q u i d  i n  the f i r s t  bubbler changed from clear  t o  yellow 
lection. An eight-second sample was also collected i n  a 
s teel  t rap drawn d i rec t ly  from the stack port by the pump. 

I n  the sodium hydroxide sample, 

A longer sampling period i n  t h i s  configuration would have overloaded the 
sorbent w i t h  condensate. 

moisture removal, since the sources were not as laden w i t h  condensable 
moisture as the DOGS dryer stacks. 
consisted o f  a pair o f  narrow s ta in less  s teel  t raps  packed w i t h  Tenax" and 
attached i n  se r ies  t o  an AC powered pump. The leading t rap was usually 
located about two f ee t  (60 cm) from the vent. 
vent each were sampled for an hour us ing  t h i s  configuration. 
t raps  w i t h  battery-powered pumps were ins ta l led  a t  the edge o f  the surge 
pond t o  sample for several hours. 

NECI personnel collected a sample from an experimental apparatus t h a t  
was instal led at  another DOGS dryer stack. The apparatus was designed t o  
simulate the proposed Davy-McKee closed loop system on a small scale. The 
sample was included w i t h  the others for analysis a t  ORNL. 

Lastly, two sol id  samples were obtained for analysis. Grab samples o f  
the wet cake/syrup mixture fed t o  the dryers, and the DDGS product, were 
obtained, and were placed i n  double sealed p las t ic  bags, and then placed i n  
s t a in l e s s  s teel  containers. The ra t ionale  here was to determine if the 

Other sources were sampled us ing  sampling t ra ins  without provis ions for 

In these s i tua t ions ,  the sampling t r a i n  

A cooker vent and a fermenter 
Two se ts  o f  
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compounds found coming out  o f  the  dryer  stack were found i n  t h e  dryer  feed; 
i f  not, then perhaps they  were being formed i n  the  dryer .  

source term sampling was conducted dur ing  two days i n  January, concent ra t ing  
on the  s i x  p o t e n t i a l  sources: t h e  DOGS d r y e r  stacks, surge pond, cooker 
vents, fermenter vents, evaporator vent, and c e n t r i f u g e  vents (F igure  2 ) .  

The middle DDGS drye r  stack ( f513 )  was again sampled. 
c o n f i g u r a t i o n  f o r  t he  sampling t r a i n  was the  same as t h a t  used i n  November. 
Two t r i a l s  were performed a t  t h i s  source: t h e  f i r s t  s t a r t e d  w i t h  50 m l  o f  
d i s t i l l e d  water i n  the  bubbler, and the second began w i t h  50 m l  of sodium 
hydroxide. Flow c a l c u l a t i o n s  were performed f o r  t h i s  conf igura t ion .  I n  
each t r i a l ,  sampling was performed u n t i l  50 m l  o f  condensate c o l l e c t e d  i n  
t h e  bubbler  ( f o r  a t o t a l  o f  100 m l  o f  l i q u i d ) .  Th is  was accomplished i n  
approximately 45 minutes f o r  the  f i r s t  t r i a l  and 20 minutes f o r  the  second 
t r i a l .  The c o l o r  o f  t h e  l i q u i d  i n  the  sodium hydroxide t r i a l  changed f r o m  
c l e a r  t o  pa le  yel low. 

and two t r i a l s  were again conducted w i t h  d i s t i l l e d  water and sodium 
hydroxide. 
was vent ing  from the  evaporator stack; o n l y  two minutes were requ i red  t o  
c o l l e c t  50 m l  o f  condensate i n  the  d i s t i l l e d  water t r i a l ,  and o n l y  th ree  
minutes were needed i n  the  sodium hydroxide t r i a l .  The l i q u i d ' s  co lo r  i n  
the  sodium hydroxide t r i a l  changed from c l e a r  t o  a deep ye l low.  

A cooker vent was again sampled, us ing the  sampling t r a i n  w i t h  t h e  
bubblers, s ince enough condensable mois ture was be l ieved t o  be ava i lab le ;  
indeed, 50 m l  of condensate were obta ined a f t e r  50 and 35 minutes f o r  
d i s t i l l e d  water and sodium hydroxide, respec t i ve l y .  For t h i s  source, the  
c o l o r  o f  the  l i q u i d  i n  both t r i a l s  remained c lea r .  

near ing capaci ty .  This tank was se lected i n  order  t o  maximize p o t e n t i a l  
emissions f o r  t he  sampling t r a i n .  
attempted a t  the  vent, bu t  condensate was no t  c o l l e c t i n g  i n  the  bubbler.  
Several attempts t o  enhance condensation were unsuccessful ; o n l y  about fou r  
drops of condensate were co l l ec ted .  Therefore, due t o  the lack o f  mo is tu re  
emanating from the  vent, a t r i a l  w i t h  sodium hydroxide was not  t r i e d .  

In response t o  the  request  o f  t h e  New Energy Task Force, add i t i ona l  

The 

The evaporator vent stack was sampled us ing the  same sampling t r a i n ,  

It became q u i c k l y  obvious t h a t  a tremendous f l o w  o f  condensate 

Sampling was performed on top  o f  a fermenter tank which was f i l l i n g  and 

A t r i a l  w i t h  d i s t i l l e d  water was 
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The c e n t r i f u g e  vents were no t  r e a d i l y  
p o r t  was a v a i l a b l e  a t  t he  conveyor lead ing  
performed a t  the p o r t  wi th d i s t i l l e d  water 
the  t r i a l s ,  approximately ten minutes were 
con dens a t  e. 

accessible.  However, a sampling 
t o  the  vents. Two t r i a l s  were 
and sodium hydroxide. I n  both o f  
requ i red  t o  c o l l e c t  50 m l  o f  

A number o f  p o t e n t i a l  odor c o n t r o l  systems were i d e n t i f i e d  by TVA. A 
system s i m i l a r  t o  the  proposed Davy-McKee design was evaluated b y  v i s u a l  
i nspec t i on  a t  t h e  Hiram Walker d i s t i l l e r y  loca ted  i n  Windsor, Ontar io.  
Source term sampling and ana lys is  were n o t  permit ted,  however. Vendors of 
commerci a1 l y  avai 1 ab le odor c o n t r o l  systems were a1 so contacted i n  regards 
t o  submi t t ing  proposals f o r  odor c o n t r o l  a t  t h e  NECI  p lan t .  One proposal  
f o r  an odor abatement system, submit ted by  QUAD Environmental Technologies 
Corporat ion o f  Highland Park, I l l i n o i s ,  inc luded an o f f e r  o f  a demonstration 
us ing  a p i l o t  system. The New Energy Task Force agreed t o  the  demonstration 
and requested t h a t  a i r  sampling be conducted by  ORNL s t a f f  a t  several  
l o c a t i o n s  i n  the  f l o w  stream o f  the  p i l o t  system. F ig .  4 dep ic t s  the 
c o n f i g u r a t i o n  o f  t h e  QUAD p i l o t  system. 

Source term sampling was performed dur ing  two days i n  March a t  f o u r  
p o r t s  i n  the  f l ow  stream: (1) between the  DDGS dryer  stack and the  heat 
exchanger (condenser), ( 2 )  between the  heat exchanger and the  ou ts ide  a i r  
i n l e t ,  (3 )  between the  a i r  i n l e t  and t h e  QUAD p i l o t  system, and ( 4 )  at  t h e  
e f f l uen t  stack o f  the  QUAD system. The f o u r  p o r t s  allowed comparisons t o  be 
made regard ing  the  e f fec t i veness  of the  system by us ing r e s u l t s  from t h e  
f i r s t  p o r t  as a basel ine.  A i r  sampling was conducted when the  QUAD system 
was spray ing sodium hydroxide alone, sodium hypoch lo r i t e  alone, and the  
combination o f  t he  two compounds, i n  order  t o  evaluate the  r e l a t i v e  
e f f i c i e n c y  o f  the  th ree  va r ia t i ons .  Two independent runs were made f o r  each 
case a t  Por ts  3 and 4; Por ts  1 and 2 were sampled less  f requent ly ,  s ince the  
r e s u l t s  a t  these upstream loca t i ons  should be unaf fected b y  v a r i a t i o n s  o f  
t h e  QUAD system. I n  add i t ion ,  t h ree  grab samples o f  condensate i n  the  f l o w  
stream were taken: (1) at  a d r a i n  from the  heat exchanger (grab sample A ) ,  
( 2 )  a t  a d r a i n  between the  ou ts ide  a i r  i n l e t  and the  QUAD system (grab 
sample B), and ( 3 )  a t  a d r a i n  from t h e  QUAD system (grab sample C ) .  

The QUAD system was connected t o  the  middle ODGS drye r  stack (#513), 
which i s  the  same stack p rev ious l y  sampled. Cyclones had r e c e n t l y  been 
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ins ta l led  a t  a l l  of the DDGS dryer stacks t o  remove par t iculates;  the 
cyclones d i d  not appear t o  have any ef fec t  on the odor. The configuration 
for the sampling t r a i n  was the same as used before for source sampling: a 
condenser, two bubblers, a wide-mouth odor collection t r a p ,  and an AC pump. 
Teflon t u b i n g  was used exclusively. Two complete sets o f  glassware and 
pumps were ut i l ized so that  two ports could be sampled simultaneously. 

Ports 1 and 2 were sampled w i t h  the QUAD system spraying sodium 
hydroxide and sodium hypochlorite through nozzles i n  the upper r i n g  of the 
system. A l l  
sampl ing  conducted d u r i n g  the two days s ta r ted  w i t h  50 m l  of d i s t i l l e d  water 
i n  the bubbler. Sampling was performed until  50 m l  of condensate collected 
i n  the b u b b l e r  ( for  a to ta l  of 100 m l  of l i q u i d ) .  This was achieved i n  
approximately 15  minutes a t  Port 1 and 30 minutes a t  Port 2. Flow 
calculations were performed f o r  b o t h  sampling t r a ins .  

a t  the QUAD system remaining constant. 
the bubblers a t  these two ports because the eff luent  was diluted by the 
addition of cooler,  d r ie r  air from the outside a i r  intake between Ports 2 

The lower r ing  was not used because of insuff ic ient  pressure. 

The sampling t r a ins  were moved t o  sample Ports 3 and 4 w i t h  conditions 
Very l i t t l e  condensate collected i n  

and 3 i n  the flow stream. The ports were sampled for two hours w i t h  a t o t a l  
accumulation of 65 m l  i n  each bubbler. 

The next variation i n  sampling consisted of s t o p p i n g  the flow of sodium 
hypochlorite so t h a t  only sodium hydroxide was being sprayed i n  the  QUAD 
system. Ports 3 and 4 were again sampled under t h i s  variation. A large 
degree of foaming was observed i n  the bubbler of the sampling t r a i n  a t  Port 
4. The amount of condensate collected remained qui te  consistent w i t h  the 
previous se t ,  however. Sampling was s topped  a f t e r  two hours w i t h  a sum of 
60 ml i n  the bubbler a t  Fort 3 and 55 ml a t  Por t  4. 

Ports 3 and 4 were sampled again, t h i s  time w i t h  only sodium hypo- 
ch lo r i t e  being sprayed i n  the QUAD system. 
hours with a total  accumulation of 60 m l  i n  the bubbler a t  Port 3 and 65 m l  
a t  Port  4. Flow calculations were again performed for b o t h  sampling trains 
t o  ensure consistency w i t h  previous measurements. 

The n e x t  s e t  of sampling was conducted using both sodium hydroxide and 
sodium hypochlorite spray i n  the QUAD system. Prior t o  sampling, two new 
ports were d r i l l ed  into the flow stream: Port 3A which was s l igh t ly  
downstream and around a 90 degree t u r n  from Por t  3,  and Por t  4A which was 

The por t s  were sampled for  two 



immediately downstream from Por t  4 near the  mouth o f  the  QUAD stack.  
add i t ion ,  the  i n l e t  t ub ing  o f  the sampling t r a i n  w i t h i n  the f l ow  stream a t  
each o f  t he  p o r t s  was turned 90 degrees so t h a t  it faced i n t o  the  f l o w  
r a t h e r  than perpendicu lar  t o  the  f low.  These two mod i f i ca t i ons  were 
performed i n  at tempts t o  increase the  r a t e  of condensate c o l l e c t i o n  i n  the  
bubblers.  However, two hours o f  sampling revealed no apprec iab le change i n  
t h e  r a t e :  60 ml o f  l i q u i d  was contained i n  the bubbler a t  Po r t  3A and 65 m l  
a t  P o r t  4A. 

Sampling was repeated a t  Po r t s  3A  and 4 A  w i t h  one change t o  the QUAD 
system: enough pressure was a v a i l a b l e  t o  permi t  sodium hydroxide and sodium 
hypoch lo r i t e  spray t o  both upper and lower r i n g s  o f  the  system, thereby 
doubl ing the  f l o w  o f  these compounds. Two hours o f  sampling r e s u l t e d  i n  a 
t o t a l  accumulation o f  65 ml i n  t he  bubbler a t  P o r t  3A and 70 ml a t  P o r t  4A. 

The sampling t r a i n s  were re tu rned t o  Por t s  1 and 2 f o r  another set  o f  

I n  

sampling. Condensate was q u i c k l y  c o l l e c t i n g  i n  the  bubblers  a t  these por ts .  
A t o t a l  o f  125 m l  was obta ined i n  25 minutes a t  P o r t  1, and 130 m l  i n  20 
minutes a t  P o r t  2. 

The Sampling was conducted w i t h  a s i n g l e  sampling t r a i n  a t  Po r t  1. 
sampling t r a i n  was mod i f ied  s l i g h t l y  by rep lac ing  the  wide-mouth t r a p  wi th a 
narrow s t a i n l e s s  s tee l  t r a p  which was f i l l e d  w i t h  charcoal .  The purpose o f  
t h i s  m o d i f i c a t i o n  was t o  ob ta in  a sample which could be analyzed f o r  
l o w - b o i l i n g  compounds t h a t  are no t  normal ly  detected by a gas chromatograph 
because they  desorb q u i c k l y  from t h e  Tenax" used i n  t raps,  bu t  which would 
be he ld  longer  by the  charcoal i n  the  t rap .  A f i ve -minu te  sample was 
requi red;  t he  bubbler conta ined 6 5  m l  o f  l i q u i d  a t  the  end o f  the  f i v e  
minutes. 

l ec ted  f r o m  the  wastewater discharge po in ts  o f  the  p i l o t  p lan t .  
used t o  he lp  evaluate the  impact o f  odor c o n t r o l  system operat ion on NECI  
wastewater c h a r a c t e r i s t i c s .  

All source term samples were numbered, noted i n  a l o g  book and placed 
i n  locked cases f o r  t r a n s p o r t a t i o n  t o  OWL v i a  commercial a i r l i n e  (checked 

baggage). 
DRNL.  Samples were then t r a n s f e r r e d  t o  ORNL's A n a l y t i c a l  Chemistry D i v i s i o n  
us ing  EPA-recommended cha in  o f  custody procedures (EPA 1977b). 

I n  a d d i t i o n  t o  the  a i r  source term sampling, samples were also co l -  
These were 

The inven to ry  o f  each case was v e r i f i e d  upon opening the  case a t  
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2.1.2 Analysis 

Analysis of the source term samples was performed by ORNL's Analytical 
Chemistry Division a t  Oak Ridge ,  I n i t i a l l y ,  a methodology was employed f o r  
the f i r s t  set of samples i n  which screening techniques were used t o  identify 
groups o f  compounds which were suspect and rule  o u t  others for which no 
further analysis was needed. Selected samples from each sampling expedi t ion  
were thoroughly examined for  a var ie ty  of organic compounds. 
the protocols were designed t o  detect a wide range o f  vola t i le  or semivola- 
t i l e  organic compounds, and whenever possible standard methods (such as 
those recommended by EPA) were employed (see Appendix A for a brief 
description o f  ana'lysis methods). 

were accomplished u s i n g  a purge and t rap sampling technique a t  ambient 
temperature. 
(GC/MS), EPA Method 8240 (EPA 1984a) was followed. 
analyzed for vo la t i le  organic compounds by gas chromatography, Method 8010 
( € P A  1984a) was fol 1 owed. 

L i q u i d  samples (condensates) were also analyzed for  semivolatile 
organic compounds. After sample preparation the analysis was accomplished 
according t o  Method 8270 ( € P A  1984a) or according t o  Method 625 ( € P A  1984b). 
Because the l i q u i d  samples generated i n  this work were of limited volume 
(usually 60 t o  150 m l ) ,  techniques for extraction o f  semivolatile organic 
compounds were adapted t o  accommodate the reduced sample size.  T h u s ,  35-ml 
aliquots of sample were extracted w i t h  3-ml portions o f  methylene chloride 
u s i n g  a Mixxorl separating system. Each sample was extracted three times 
a t  pH 10 and three times a t  pH 2.  Both the basic and acidic extract  were 
combined when semivolatile organics were analyzed by Method 8270. 
acidic and basic extracts  were separately concentrated and analyzed when 
Method 625 was employed. Concentration t o  a f inal  volume o f  1 m l  was 

In general, 

A l l  vo la t i l e  organic determinations made on samples i n  a l i q u i d  form 

For such analysis by gas chrornatography/rnass spectrometry 
When liquid samples were 

The 

accomplished on a Kuderna-Danish concentration apparatus. 
Samples obtained on s o l i d  sorbents (Tenax" t raps)  were analyzed 

thermal desorption techniques. These t raps  were desorbed by heating 
by 
while 

ll'Mixxor'' i s  a trademark of Lidex Corporation, U.S. Patent 
No. 4454231. 
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purg ing w i t h  a stream o f  pure hel ium f l ow ing  i n  the  opposi te  d i r e c t i o n  of 
sampling. The e n t i  r e  desorbed sample was subsequently in t roduced onto a 

column o f  a gas chromatograph. I n  the  case o f  a packed column, the  sample 
was desorbed d i r e c t l y  onto the  column. When a c a p i l l a r y  column was 
employed, the  desorbed sample was cryothermal l y  focused be fore  the 
chromatography process was i n i t i a t e d .  Detect ion was by e i t h e r  f lame 
i o n i z a t i o n  o r  mass spectrometry. 
so l  i d  sorbent t raps  conta i  n i  ny Tenax”. Homogeneous po r t i ons  o f  these t raps  
were thermal ly  desorbed i n  a manner s i m i l a r  t o  the smal le r  t raps.  

The pH o f  some o f  the  samples from t h e  QUAD p i l o t  system was analyzed. 
This  was done t o  evaluate p o t e n t i a l  e f f e c t s  o f  the e f f l u e n t  stream on the 
ma te r ia l  d u r a b i l i t y  of the odor c o n t r o l  system. 

Some s o l i d  samples [wet cake/syrup ( d r y e r  feed) and DOGS] were a lso  
analyzed f o r  organic  components. The s o l i d  samples were prepared by sorbent 
e x t r a c t i o n  according t o  Method 8240 (EPA 1984a). Fo l lowing concentrat ion o f  
the  ex t rac t ,  i t  was analyzed i n  the  same manner as o ther  samples f o r  
semivo la t i l es .  

Samples were a? so obta ined on wide-mouth 

The lack o f  emission o r  ambient a i r  q u a l i t y  regu la to ry  standards f o r  
s p e c i f i c  organic  compounds (condensable and v o l a t i l e )  made the eva lua t ion  o f  
the  r e s u l t s  o f  the  ana lys is  d i f f i c u l t .  F o r  l i q u i d  samples, i t  was decided 
t o  examine the  condensable and v o l a t i l e  components f o r  the  presence o f  EPA 
p r i o r i t y  p o l l u t a n t s ,  which i s  a l i s t  o f  129 designated t o x i c  substances. 
Although not  s t r i c t l y  app l i cab le  t o  a i r  emissions cases [i.e., they are 
promulgated under the  a u t h o r i t y  o f  the  Federal Water P o l l u t i o n  Contro l  Act 
(Pub l i c  Law 9 2 - 5 0 0 ) ]  the  presence o f  these compounds i n  N E C I  a i r  source 
terms w i l l  a t  l e a s t  g ive  some idea o f  the  p o t e n t i a l  harmfulness o f  the 
odorous emissions. 

There were a l so  at tempts t o  de f i ne  the nature o f  the compound o r  
compounds g i v i n g  r i s e  t o  the odor by ” s n i f f ”  t e s t s  on the  e f f l u e n t  from a 
gas chromatograph and by breakthrough t e s t s  on Tenax”. I n  the “ s n i f f ”  t e s t s  
the chromatogram o f  a headspace sample was charac ter ized  and then an 
i d e n t i c a l  sample was chromatographed w i t h  the column d i  sconnected. The 
e f f l u e n t  from the column was then monitored by f r equen t l y  “ s n i f f i n g ”  and 
n o t i n g  the times t h a t  odors were detected. 
s tud ies,  odorous headspace above a condensate was drawn through a known 

I n  the Tenax” breakthrough 
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weight of Tenax" w i t h  a helium ca r r i e r  at a known f l o w  ra te .  The  
breakthrough volume of the odor was noted and related t o  the breakthrough 
volume for  compounds of known vo la t i l i t y .  

The l i q u i d  wastewater samples obtained from the QUAD p i l o t  system were 
analyzed for five-day biochemical oxygen demand ( B O D )  u s i n g  standard 
methods. 

A l l  data generated from these samples were reported through the data 
management system of the Analytical Chemistry Oivision of Oak Ridge National 
Laboratory. Thus, a hard copy has been archived along w i t h  a microfiche 
copy and a tape copy. 

2.2 AMBIENT SPECIES 

The i n i t i a l  approach for anbient sampling i n v o l v e d  upwind and downwind 
ambient s ta t ions t o  sample gaseous compounds. 
analyses from these s ta t ions  was hoped t o  ident i fy  compounds which were 
being added by the  NECI p l a n t ;  the.technique to be ut i l ized involved simply 
subtracting background consti tuents f o u n d  a t  the upwind s ta t ion  from those 
at  the downwind s ta t ion t o  ident i fy  new compounds. 

A network of possible s i t e s  for the upwind and downwind sampling 
s ta t ions  was designed dur ing  a "familiarization" t r i p .  The network 
consis ts  o f  thi r teen s i t e s  configured i n  a c i r c l e  w i t h  a radius of about 
three miles (5  km) t o  r e f l ec t  the distance of downtown South Bend, where 
many of the complaints were registered, from the p l a n t  which formed the 
center of the c i r c l e .  S i tes  were selected based on several c r i t e r i a  such as 
adequate exposure, f l a t  t e r ra in ,  distance from local emission sources (e .g. ,  
diesel fumes from trucks) ,  and instrument security.  The network was 
developed i n  advance t o  save time i n  s i t e  selection (one upwind and one 
downwind s i t e )  d u r i n g  a par t icular  sampling expedition. 

tr ip t o  the NECI plant. Two ambient sampling stations were instal led w i t h i n  
the plant near the fence perimeter; the s ta t ions  were positioned a t  opposite 
ends o f  the p l a n t  to sample conditions upwind and downwind of the sources. 
The goal of th is  sampling was t o  learn as much as possible regarding 
effect ive sampl i n g  procedures such as preferred sorbents, odor col lect  i o n  

A comparison of sample 

"Small-scale" sampling was performed dur ing  another familiarization 
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t raps,  sample f l o w  volumes, and sampling per iods.  In fo rmat ion  learned from 
t h i s  exper ience proved usefu l  i n  developing methodology and procedures f o r  
ambient sampling. 

f o r  several  reasons. The odor plume was not e a s i l y  de tec tab le  "by nose" a t  
a d is tance o f  three m i les  ( 5  km) from the p l a n t  on days w i t h  considerable 
atmospheric mixing. On other  occasions, the  odor plume was so t h i n  i n  w id th  
a t  the  ground t h a t  i t  could t r a v e l  between two s i t e s  i n  the  network w i t h  
l i t t l e  o r  no de tec t i on  "by nose1' a t  those s i t e s .  Also,  a s l i g h t  wind s h i f t  
du r ing  the  sampling pe r iod  could s h i f t  a l l  or most o f  the  odor away from a 
downwind s i t e  a t  t h a t  d istance. In addi t ion,  temporary emission sources 
(e.g., an i d l i n g  veh ic le )  occas iona l l y  a r r i v e d  a t  a s i t e .  F i n a l l y ,  analyses 
from ambient sampling conducted us ing  s i t e s  i n  the  network were inconc lus ive  
i n  i d e n t i f y i n g  compounds c o n t r i b u t i n g  t o  the  odor plume; t h e  complex i ty  o f  
the  analyses dampened t h e  e f fec t i veness  o f  t he  simple technique o f  
s u b t r a c t i n g  upwind cons t i t uen ts  from downwind cons t i t uen ts .  

ambient sampling, t he  upwind s t a t i o n  should be s i t e d  as c lose as poss ib le  t o  
t h e  N E C I  p l a n t  t o  p o s i t i v e l y  i d e n t i f y  c o n t r i b u t i o n s  a t  the  downwind s t a t i o n  
as o r i g i n a t i n g  a t  t he  p l a n t  r a t h e r  than a t  another source. Otherwise, i f  
another source was between the  upwind and downwind s ta t ions ,  then a d d i t i o n a l  
compounds detected a t  t he  downwind s i t e  could not  be l i n k e d  t o  the p l a n t  as 
e a s i l y .  
and were no t  expected t o  pose a problem, the  suggestion was accepted. With 
t h i s  approach, however, care would have t o  be taken i n  se lec t i ng  the upwind 
s i t e  t o  ensure t h a t  t h e  p l a n t  i t s e l f  would not  af fect  t he  upwind sampling 
s t  a t  ion. 

The ambient sampling was d i f f i c u l t  t o  implement and operate e f f e c t i v e l y  

A suggestion was made a t  a New Energy Task Force meeting t h a t  du r ing  

Although few o ther  sources were w i t h i n  the  c i r c l e  o f  the  network 

2.2.1 Sampl i n g  

Ambient sampling began i n  November 1985, be fore  the  Hew Energy p l a n t  
became equipped w i t h  cyclones t o  remove p a r t i c u l a t e s  p r i o r  t o  the  a i r  
ven t ing  from t h e  DOGS drye r  stacks.  The cyclones were i n s t a l l e d  t o  meet a i r  
permi t  cond i t i ons  f o r  p a r t i c u l a t e  emissions, and were no t  expected t o  
a l l e v i a t e  the  odor, b u t  background measurements were des i red be fore  t h e i r  
i n s t a l l a t i o n  in case they  d i d  help. 
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During the t r i p ,  meteorological observations and projected conditions 
were studied at  the  National Weather Service (NWS) Office a t  Sou th  Bend 
before and during sampling. Appendix B contains a record o f  meteorological 
data from the NWS off ice  which is applicable t o  sampling on this and l a t e r  
t r i p s .  
projected wind direct ions.  Several approaches to sampling were discussed, 
and a s t ra tegy was selected for  t h i s  t r ip  based on the number of odor 
collection traps and pumps available. 

Ambient sampling was performed d u r i n g  the daylight hours of two days. 
Sampling d u r i n g  the familiarization t r ip  revealed tha t  four  to eight hours 
of ambient sampling would provide an e f fec t ive  sample. Dur ing  the f i rs t  
day, sampling s ta t ions  were established at  upwind and downwind sites located 
approximately three miles (5  km) west and one mile ( 2  k m )  €NE of the p l a n t ,  
respectively.  Selection of the downwind s i t e  was attempted at a distance of 
three miles ( 5  k m ) ,  b u t  the odor was not detected because o f  considerable 
mixing  i n  the atmosphere. 

f i l l e d  w i t h  Tenax" were instal led at  each location. Each set  was connected 
t o  a battery-powered pump drawing  air a t  a h i g h  flow ra t e  t h r o u g h  one t r a p  
or t h r o u g h  two t raps  i n  se r ies .  In the l a t t e r  configuration, the second 
t rap  served to  measure the efficiency of the f i r s t  t r a p  i n  adsorbing 
compounds. A f i l t e r  between the traps and the pump served t o  protect the 
pump from d u s t  or other par t iculates .  f igure 5 i l l u s t r a t e s  the 
configuration for a set  o f  two t r a p s .  
replication. Flow calculations were performed for each se t ,  which was 
standard procedure a t  a l l  ambient s ta t ions d u r i n g  b o t h  ins ta l la t ion  and 
re t r ieva l .  

Because of the cold temperature [the afternoon maximum was 30 degrees F 
(-1 degrees C)], several of the pumps had ceased due to battery fa i lure .  
Diesel fumes from a nearby i d l i n g  truck were detected at the downwind s i t e  
upon return, t h u s  making the ident i f icat ion of ethanol plant odorous 
compounds from the samples d i f f i c u l t .  

problem i n  keeping a downwind s i t e  w i t h i n  the odor plume. 
sampling s ta t ion was established f i r s t  i n  order t o  allow time t o  add another 
downwind s i t e  l a t e r  i f  necessary. Three se t s  o f  t raps  were instal led i n  the 

Po ten t i a l  s i t e s  were examined downwind of the p l a n t  based on 

The odor was s t rong  a t  the s i t e  chosen. 
Three sets of narrow, odor collection t raps  made of s ta in less  s teel  and 

Three se t s  were needed primarily for 

The samples were retrieved from the s i t e s  a t  the end of the day. 

A gradual wind sh i f t  predicted for the second day posed somewhat o f  a 
A downwind 
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odor plume about 1.5 m i l e s  (2.5 km) south-southwest (SSW) o f  the  p lan t .  
upwind s t a t i o n  w i t h  th ree  sets o f  t raps  was set  up a t  a s i t e  loca ted  
approximately f o u r  m i les  (6  km) nor th -nor theas t  (NNE) o f  the p lan t .  
t he  odor vanished from the  downwind s i t e  due t o  the  wind s h i f t ,  t he  s t a t i o n  
was kept  opera t ing  and a new sampling s t a t i o n  w i t h  th ree  sets o f  t raps  was 
es tab l i shed w i t h i n  the  odor plume about two m i l e s  (3  km) WSW o f  t he  p l a n t .  

i t  was again noted t h a t  some o f  the  pumps had q u i t  due t o  the  c o l d  
temperature [ t h e  af ternoon maximum was 35 degrees F ( 2  degrees C ) ] .  
odor was s t i l l  ev ident  a t  t he  second downwind s i t e  upon c o l l e c t i o n  o f  t h e  
samples. The odor plume a t  ground l e v e l  was no t iced  t o  remain q u i t e  t h i n  i n  
w id th  (as judged by the  o l f a c t o r y  senses), even a t  a d is tance o f  several  
m i l es  (severa l  km), an observat ion noted i n  a v a r i e t y  o f  meteoro log ica l  
cond i t ions .  

L im i ted  ambient sampling was a lso conducted i n  January 1986. A 
downwind sampling s t a t i o n  was i n s t a l  l e d  approximately 0.25 m i l e s  (0.4 km) 
southeast (SE) o f  the  DDGS d rye r  stacks. 
downwind s i t e ,  which was i n  a c leared  corn f i e l d  beyond the  p l a n t  per imeter.  
Three sets  o f  narrow s t a i n l e s s  s tee l  t raps  were i n s t a l l e d ,  each se t  
c o n s i s t i n g  o f  a battery-powered pump drawing a i r  through two t raps  i n  
ser ies .  Flow c a l c u l a t i o n s  were performed f o r  each set. 

m i l es  (0.4 km) west ( W )  o f  the  DDGS drye r  stacks.  
area upwind o f  t he  p l a n t  r a i l r o a d  t racks.  
i n s t a l l e d ,  and f l o w  c a l c u l a t i o n s  were performed. The d is tance from the 
p l a n t  t o  each o f  t he  ambient sampling s t a t i o n s  was minimized t o  comply w i t h  
the  p rev ious l y  mentioned suggestion made a t  a task fo rce  meeting. Analyses 
o f  ambient samples dur ing  t h i s  t r i p  could poss ib l y  be compared w i t h  analyses 
o f  prev ious ambient samples t o  determine e f f e c t s  o f  d is tance from the p l a n t  
on r e s u l t s .  

The ambient samples were c o l l e c t e d  a t  the  end o f  the  day, approximately 
e i g h t  hours a f t e r  i n s t a l l a t i o n  of the sampling s ta t i ons .  A l l  bu t  one o f  t h e  
pumps had q u i t  because o f  t he  c o l d  temperature [ t h e  h ighes t  temperature 
du r ing  the  pe r iod  was 34 degrees F (1 degree C)]. A s t rong odor was s t i l l  
ev ident  a t  t h e  downwind s i t e  upon r e t r i e v a l  o f  t h e  samples. 

I n  March, one ambient sampling s t a t i o n  was es tab l i shed approximately 
0.25 m i l e s  (0.4 km) downwind o f  the  DDGS d rye r  stacks. 

An 

When 

Upon c o l l e c t i o n  o f  the  samples from the  upwind and t w o  downwind s i t es ,  

The 

A s t rong odor was detected a t  the  

An upwind sampling s t a t i o n  was es tab l i shed a t  a s i t e  approximately 0.25 
The s i t e  was i n  an open 

Three sets o f  t raps  were 

The s i t e  f o r  the 
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s t a t i o n  was a c leared  f i e l d  immediately ou ts ide  
€NE side. The wind was genera l l y  from t h e  WSW, 

the p l a n t  per imeter  on t h e  
bu t  was f l u c t u a t i n g  g r e a t l y  

w i t h  much atmospheric mixing. The odor was apparent about 50% o f  t he  t ime  
du r ing  s t a t i o n  i n s t a l  l a t i o n .  The s t a t i o n  consis ted o f  a battery-powered 
pump drawing a i r  through a s i n g l e  narrow s t a i n l e s s  s tee l  t r a p  which was 
f i l l e d  w i t h  charcoal .  Charcoal was used i n  l i e u  o f  Tenax" t o  check f o r  
l ow-bo i l i ng  compounds. 
of sampling. Upon r e t r i e v a l  o f  the  t rap, t he  odor was no longer  present 
because the  wind had s h i f t e d  t o  a wes te r l y  d i r e c t i o n .  

s t a i n l e s s  s tee l  cans, and placed i n  a t ranspor t  case t h a t  was then locked 
f o r  shipment t o  ORNL as checked baggage on commercial a i r l i n e s .  
i nven to ry  o f  each case was v e r i f i e d  upon opening the  case a t  ORNL. 
were then t r a n s f e r r e d  t o  ORNL's A n a l y t i c a l  Chemistry D i v i s i o n  (ACD) us ing  
EPA-recommended chain o f  custody procedures (EPA 1977a). 

The pump operated cont inuous ly  du r ing  t h e  2.5 hours 

A l l  ambient samples were numbered, noted i n  a l o g  book, sealed i n  

The 
Samples 

2.2.2 Analys is  

The Tenax" t r a p s  con ta in ing  the  ambient samples were analyzed by 
thermal desorpt ion gas chromatography. No i d e n t i f i c a t i o n  o f  s p e c i f i c  
compounds nor q u a n t i t a t i o n  o f  t he  amounts o f  p a r t i c u l a r  species was 
attempted, p r i m a r i l y  due t o  the  f a c t  t h a t  no p r i o r i t y  p o l l u t a n t s  were found 
i n  t h e  source term samples. Also,  the  l a r g e  number of organic compounds 
present i n  the  samples'would have made d e t a i l e d  sample ana lys is  
time-consuming and expensive. I n  general, the  f r o n t  t r a p  of a two-trap 
sample t r a i n  was analyzed f o r  each o f  an upwind and downwind s t a t i o n  f o r  a 
p a r t i c u l a r  sampling day. Not a l l  o f  the  ambient samples c o l l e c t e d  were 
analyzed. Those no t  analyzed were placed i n  co ld  storage f o r  ana lys is  a t  a 
l a t e r  date i f  requi red.  



3. RESULTS AND DISCUSSION 

" In  most cczs~s, the  exact nature of the pollutants responsible for 
the  odor is, as yet, unknown. 
such samples, using the flame ionization detector only, a feeling of 
futility is inevitable when inspecting the  gas chomatogram which 
registered the presence of very many species." 

In the gas chromatographic analysis of 

(Dravnieks 19721 

3.1 Source Terms 

Analysis of source term samples was performed for  samples collected 

T h e  three condensate samples collected from the DDGS dryer stack (#513) 
from the NECI  plant d u r i n g  a l l  three sampling expeditions. 

i n  November 1985 were thoroughly analyzed by gas chromatography and GC/MS. 
Following the protocol for Method 8270 ( E P A  1984a), no p r io r i ty  pollutants 
were observed i n  these samples. However, the condensate d i d  contain many 
organic compounds. 
these condensate samples were fur fura l ,  benzaldehyde, phenyl ethanol , 
isomers of hydroxynethylacetophenone, methylfuraldehyde, furfural  a l c o h o l ,  
butyrolacetone, and phenyl acetaldehyde. In short ,  the vapor from the dryer 
stack contained many condensable organic compounds. In addition, the 
samples extracted from these condensates showed many additional organic 
components when gas chromatographic analysis was preceded by derivatization. 
Derivatization i s  a procedure designed t o  convert difficult-to-chromatograph 
compounds w i t h  active hydrogen( s )  i n t o  more readi ly  chromatographable 
compounds. 
the stack. 

dryer stack were a l so  analyzed by GC/MS. 
screened for  the presence o f  vola t i le  p r io r i ty  pollutants normally 
determined by Method 8240 (EPA 1984a) and none were found (see Appendix A 
for  descriptions o f  the methods). 
presence of several vo la t i l e  compounds containing oxygen. Some of the 
ten ta t ive ly  ident i f ied compounds included acetone, 2-butanone, furfural  , and 
benzaldehyde. In addition, two vola t i le  samples collected off the plant 

Some compounds ten ta t ive ly  identified i n  one or more of 

The r e su l t s  indicated tha t  many such compounds were present i n  

Volati le samples collected on Tenax" which were associated w i t h  the 
These vo la t i l e  samples were f i r s t  

However, these analyses showed the 

7a 
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s i t e  were a l so  analyzed. Both conta ined hexane ( a  component o f  gasol ine)  
and one contained methylene ch lo r i de ,  benzene, and toluene. However, t h e  
most s i g n i f i c a n t  p o i n t  t o  be made concerning these o f f - s i t e  samples i s  t h a t  
n e i t h e r  contained f u r f u r a l  o r  benzaldehyde -- two o f  the  p r i n c i p l e  
components o f  the  samples associ ated w i t h  the d rye r  stack, 

The November 1985 samples were c o l l e c t e d  on Tenax" i n  the  narrow 
s t a i n l e s s  s tee l  t raps  from the  cooker and fermenter vents. A I  1 samples were 
analyzed using EPA pro toco l  f o r  p r i o r i t y  po l  1 u tan ts  , No p r i o r i t y  po l  1 u tan ts  
were observed. Gas chromatography us ing flaine i o n i z a t i o n  de tec t i on  was 
conducted f o r  one t r a p  from each o f  the  vents, The p r o f i  l es  were q u a n t i f i e d  
w i t h  respect t o  the  f o l  lowing ta rge ted  compounds: hexane, methylene 
ch lo r i de ,  to luene, benzene, benzaldehyde, and isobutanol .  Only one o f  t he  
compounds was found i n  each sample, each a t  a very low concent ra t ion  a f t e r  
normal iz ing  f o r  t h e  t o t a l  a i r  volume drawn through the  sample. 
was i d e n t i f i e d  i n  the  sample from the  cooker vent a t  a concent ra t ion  o f  
3 x lom4 uy/ml. Hexane was i d e n t i f i e d  i n  the  fermenter vent sample a t  a 
concent ra t ion  o f  2 x ug/ml. Another.samp1e from the cooker vent 
was analyzed us ing  gas chrornatoyraphylmass spectrometry techniques which 
produced one major peak t h a t  was i d e n t i f i e d  as ethanol .  

Analysis o f  t he  surge pond sample by thermal desorp t ion  GC i n d i c a t e d  
t h e  presence o f  about 25 organic  compounds. O f  p r i n c i p a l  i n t e r e s t  i s  the 
f a c t  t h a t  none o f  the  major peaks detected i n  the surge pond sample were 
found !n the  downwind ambient sample c o l l e c t e d  i n  the  o f f s i t e  odor plume; 
t h i s  suggests t h a t  the  surge pond i s  not  a p r i n c i p a l  c o n t r i b u t o r  t o  t he  
o f f - s i t e  odor. 
surge pond is an i n t e r m i t t e n t  source; dur ing  the  January sampling t r i p ,  t he  
pond was most ly  dry ,  and the  remaining l i q u i d  i n  the pond was frozen, y e t  
the  odor i s  f a i r l y  continuous. For these reasons, it was decided t h a t  no 
a d d i t i o n a l  sampling o f  the  surge pond o r  ana lys is  of  c o l l e c t e d  samples were 
warranted. 

Benzaldehyde 

This  conclus ion i s  supported by the  observat ion t h a t  the 

The conclusions t o  be drawn from these analyses o f  the  November 1985 
samples are f o u r - f o l d :  

1. The vapor stream associated w i t h  the  DOGS d r y e r  stack (#513) 
conta ins s i g n i f i c a n t  amounts of organic  compounds. Many of these 
compounds conta in  oxygen. 
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2. None o f  t he  p r i o r i t y  p o l l u t a n t s  appear t o  be present i n  t h i s  vapor 
stream i n  s i g n i f i c a n t  quan t i t y .  

3. The p r i n c i p a l  components o f  t h i s  stream were no t  detected i n  the 
o f f - s i t e  samples. 

4. The cooker vents, fermenter vents and wastewater surge pond are 
probably  no t  major c o n t r i b u t o r s  t o  the  o f f - s i t e  odor, and no 
a d d i t i o n a l  sampling o r  ana lys is  o f  samples a l ready c o l l e c t e d  would 
be needed. 

From the  January 1986 sampling expedi t ion,  s i x  samples were thoroughly  
analyzed. These s i x  consis ted o f  two condensate samples ( d i s t i l l e d  water 
and sodium hydrox ide condensing media) c o l l e c t e d  from the evaporator vent 
stack; two v o l a t i l e  samples on Tenax'" c o l l e c t e d  i n  con junc t ion  w i t h  t h e  
condensed samples; and two s o l i d  samples which were dryer  feed and DDGS. 
Analys is  o f  t he  evaporator stack samples was emphasized s ince the  evaporator 
was considered t o  be a major p o t e n t i a l  source, and r e s u l t s  could be compared 
w i t h  p rev ious l y  obta ined r e s u l t s  from t h e  DDGS dryer  stack.  Several 
miscel laneous t e s t s  i n v o l v i n g  headspace analyses and d i r e c t  analys is  o f  the  
condensates were a lso c a r r i e d  out.  

e x t r a c t s  were no t  combined (as was done f o r  the e x t r a c t s  i n  the  p r i o r  
samples), i n  order  t o  get a more d e t a i l e d  ana lys is  for  p o t e n t i a l  a c i d i c  
cons t i t uen ts .  
Method 625 (EPA 1984b) i n  order  t o  q u a n t i t a t i v e l y  determine any p r i o r i t y  
p o l l u t a n t s .  None were found. Subsequently, the  e x t r a c t s  were d e r i v a t i z e d  
t o  increase the  chromatographab i l i t y  o f  po la r  compounds and analyzed by gas 
chromatography w i t h  de tec t i on  by chemical i o n i z a t i o n  mass spectrometry ( t o  
o b t a i n  molecular weight in fo rmat ion)  and by convent ional  e l e c t r o n  impact 
mass spectrometry. 

Resu l ts  i nd i ca ted  the  presence o f  the same classes o f  compounds which 
were found i n  the  dryer  stack.  Numerous organic  compounds were i d e n t i f i e d  
w i t h  many conta in ing  oxygen. 
compounds t e n t a t i v e l y  i d e n t i f i e d  inc luded a l k y l - s u b s t i t u t e d  benzene, a lco-  
ho ls ,  ethers,  hydroxymethylacetophenone, and f u r f u r a l .  These condensate 
samples were a lso analyzed f o r  v o l a t i l e  organic  compounds. The major com- 
ponents found were ethanol  methylbutanol ,  d imethy l  d i s u l f i d e ,  and f u r f u r a l .  
Benzene, chloroform, methylene ch lo r ide ,  and toluene, which are p r i o r i t y  
p o l l u t a n t  v o l a t i l e  compounds, were i d e n t i f i e d  a t  the  p a r t - p e r - b i l l i o n  l e v e l  
i n  these condensates. 

The two condensate samples were ex t rac ted  a t  pH 2 and pH 10 and the 

The r e s u l t i n g  f o u r  sample e x t r a c t s  were analyzed according t o  

The major component was phenylethanol . Other 
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The Tenax" t r a p s  backing the condensate samples were found t o  conta in  
several  v o l a t i l e  organic  compounds i n c l u d i n g  methylene ch lo r i de ,  
te t rach lo roe thy lene,  benzene, to luene,  hexane, 2-butanone, benzaldehyde, 
f u r f u r a l ,  and isobutano l .  O f  these, benzaldehyde, f u r f u r a l ,  and isobutanol  
were ta rge ted  as compounds t o  be examined i n  more d e t a i l ,  p r i m a r i l y  because 
they are c l a s s i f i e d  as odorous compounds (Amoore and Hautala 1983; Hellman 
and Small 1974; Ki rk-Othmer 1978). 

The th ree  ta rge ted  compounds were q u a n t i f i e d  by gas chromatography. 
The absorbed amounts were adjusted by the  a i r  volume passing through the  
t r a p s  t o  de r i ve  concentrat ions o f  the  compounds i n  the  a i r .  Actual 
concentrat ions were probably s l i g h t l y  h igher  s ince these values assume t h a t  
t he  t r a p s  were completely e f f i c i e n t  i n  captur ing  t h e  compounds. Table 1 
d isp lays  the  r e s u l t s .  

were found t o  be regu la ted  by emissions standards o r  ambient a i r  q u a l i t y  
standards i n  the Uni ted States.  Thus, t o  evaluate the  p o t e n t i a l  human 
hea l th  impacts from measured l e v e l s  o f  these compounds i n  the emissions from 
NECI, worker exposu;e standards i n  the  Un i ted  States and ambient a i r  q u a l i t y  
standards es tab l i shed t o  p r o t e c t  pub1 i c hea l th  i n  o ther  c o u n t r i  es were used. 
For benzaldehyde, no worker exposure l e v e l s  o r  i n t e r n a t i o n a l  ambient a i r  
q u a l i t y  standards were located;  the  l i t e r a t u r e  repo r t s  t h a t  the compound i s  
non-toxic,  w i t h  a m i l d  na rco t i c  e f f e c t  from vapors (Kirk-Othmer 1978). 
F u r f u r a l  l e v e l s  i n  the  workplace are l i m i t e d  t o  2 ppm ( v )  o r  less,  averaged 
over a f u l l  work s h i f t  (Amoore and Hautala 1983). 
q u a l i t y  standards f o r  f u r f u r a l  range from 0.013 t o  0.06 ppm(v) [shor t - term]  
(New i l l  1977). Isobutanol  standards i n  the workplace are reported as 50 
ppm( v) ; no i n te rna t i ona l  ambient a i r  q u a l i t y  standards f o r  t h i s  compound 
were located. 

O f  the th ree  odorous compounds examined by q u a n t i t a t i v e  ana lys is ,  none 

I n t e r n a t i o n a l  ambient a i r  

I n  order  t o  a l l ow  a d i r e c t  comparison o f  these standards w i t h  the 
measured l e v e l s  i n  t h e  NECI samples, the  values i n  Table 1 must be reduced 
t o  account f o r  d i spe rs ion  i n  the  atmosphere. This  was done us ing e f f l u e n t  
re1 ease c h a r a c t e r i s t i c s  , meteoro log ica l  data co l  l ec ted  a t  t h e  South Bend 
A i rpo r t ,  and the  EPA-approved atmospheric d ispers ion  model ISCST (EPA 1986). 
Atmospheric d i l u t i o n  r e s u l t s  i n  p r e d i c t @  ambient l e v e l s  o f  about 1 x 

of the  o r i y i n a l  source concentrat ions given i n  Table 1. I n  
add i t ion ,  the  u n i t s  given must be converted t o  match those o f  the  standards. 
Using the  molecular  weights o f  the l i s t e d  compounds, and the  molar volume o f  
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Table 1. Analysis* o f  samples collected a t  t h e  NECI 
evaporator vent 

Trap following condensate collection in d i s t i l l e d  water: 

Tar get ed Adsorbed Sample Air Concentration in Air 
Compound s A m o u n t  (mg) Volume (1) ( u g h 1  1 

Benzaldehyde 1.44 1.50 0.96 
Isobutanol 1 .ll 1.50 0.74 
Furfur a1 1.61 1 S O  1.08 

Trap following condensate collection in sodium hydroxide: 

Targeted Ad sorbed Sample Air Concentration i n  Air 
Compounds Amount (mg) Volume (1) ( u g h 1  1 

Benzaldehyde 0.04 2.25 0.02 
Isobutanol 0.04 2.25 0.02 
Furfural 0.05 2.25 0.02 

* Gas chromatography 
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an i d e a l  gas (22.4 1 )  t h e  values i n  Table 1 can be converted from uy/ml t o  
ppm(v). Upon ad jus t i ng  the  values i n  Table 1 f o r  atmospheric d i l u t i o n  and 
conver t ing  u n i t s ,  p red ic ted  ambient l eve l s  o f  a l l  t h ree  compounds are found 
t o  be we l l  below appropr ia te standards, and thus should have minimal, i f  
any, he a1 t h e f f e c t s  . 

Note t h a t  the concentrat ions i n  the  t r a p  downstream o f  the bubbler w i t h  
sodium hydroxide are d ramat i ca l l y  reduced by a f a c t o r  o f  50 w i t h  respect t o  
concentrat ions i n  the t r a p  f o l l o w i n g  the  bubbler  w i t h  d i s t i l l e d  water. This 
f i n d i n g  i nd i ca tes  t h a t  the  sodium hydroxide s o l u t i o n  i s  an e f f e c t i v e  medium 
f o r  t rapp ing  these organic  compounds. Corroborat ing evidence i s  found i n  
the  dramat ic c o l o r  change o f  the  sodium hydroxide s o l u t i o n  as condensate 
c o l l e c t e d  from the evaporator vent stack. The c o l o r  changed from c l e a r  t o  a 
deep ye l low,  i n d i c a t i n y  a chemical t ransformat ion.  The d i s t i l l e d  water 
sample, on the  o ther  hand, remained c lear .  I t  can be concluded t h a t  an odor 
con t ro l  system which u t i  1 i zes  sodium hydroxide should markedly reduce con- 
cen t ra t i ons  o f  odor-causing compounds such as benzaldehyde, f u r f u r a l  , and 
isobutanol .  

Note t h a t  it i s  not k i n g  assumed t n a t  these compounds are s o l e l y  
responsib le  f o r  t he  odor; ra ther ,  i t  i s  assumed t h a t  they are the major 
components o f  a complex m ix tu re  o f  organic  compounds t h a t  i s  responsible f o r  
the  odor. By t r a c k i n y  the e f f e c t  o f  var ious odor c o n t r o l  technologies on 
these compounds, one can yet  some idea o f  the  p o t e n t i a l  e f fec t i veness  o f  
sa id  techno1 ogi  es i n  reducl  ng the  o v e r a l l  odor problem. 

The s o l i d  samples from the  d rye r  were ex t rac ted  according t o  Method 
3540 (EPA 1984a) and subjected t o  the  same a n a l y t i c a l  procedures as the  
condensate ex t rac ts .  Resul ts  showed t h a t  these e x t r a c t s  contained 
s i  gni  f i c a n t  amounts o f  oxygen-contai n’ ng organic  compounds i nc lud i  ny 
f u r f u r a l  , phenylacet ic  acid,  vani  11 in, acetovani 11 i n, a1 coho1 s, g l y c o l  s, 
ketones, ethers,  and lactones. No s e m i v o l a t i l e  p r i o r i t y  p o l l u t a n t s  were 
detected by the  standdrd pro toco l  (Method 625). No f u r f u r a l  o r  benzaldehyde 
were found i n  the  headspace above these s o l i d  samples even a f t e r  heat ing.  

c o l l e c t e d  i n d i c a t e d  the  same major cons t i t uen ts  found prev ious ly :  t h e  
evaporator vent stack was found t o  be discharg ing the  same classes o f  
compounds as t h e  DOGS drye r  stack.. More d e t a i l e d  analyses were c a r r i e d  o u t  
i n c l u d i n g  separate eva lua t ion  o f  ac id  and base f r a c t i o n s ,  headspace 
analys is ,  and s p e c i f i c  d i r e c t  procedures t o  de tec t  low molecular weight 

I n  conclusion, the  r e s u l t s  of t he  ana lys is  o f  the  January 1986 samples 
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acids. W i t h  these additional r e su l t s ,  the picture became quite c lear  t h a t  
the principal organic consti tuents i n  the process vapor stream were 
fur fura l ,  benzaldehyde, and phenylethanol. There were hundreds of other 
minor organic consti tuents that  could n o t  be spec i f ica l ly  associated w i t h  
the prevailing odor. 
molecular weight organic acids was minimal. 
of the November 1985 and January 1986 sampling trips. 
samples, sampling procedures, analysis methods, and organics ident i f ied are 
given; for  some compounds, approximate concentrations are also l i s ted .  

taken i n  March 1986 t o  evaluate the effectiveness of the QUAD p i lo t  system. 
Due t o  temporal and f inancial  constraints ,  e f fo r t s  focused on one set  of 
samples (condensate collected i n  the bubbler and the associated wide-mouth 
odor collection t r ap )  obtained a t  each of the four por t s .  
samples which was thoroughly analyzed a t  Por t  4 was collected w i t h  the QUAD 
system spraying bo th  sodium hypochlorite and sodium hydroxide t h r o u g h  b o t h  
upper and lower rings of the system. T h u s ,  any chemical transformation 
caused by the system should have peaked i n  this configuration w h i c h  was 
analyzed. Limited ana lys i s  was also performed f o r  other samples a t  Port 4 
to  confirm f i n d i n g s .  Samples analyzed a t  each port are ident i f ied as 
follows: 

. 

Results also indicated t h a t  any content of low 

Source of the 
Table 2 summarizes the r e su l t s  

A se lec t  g r o u p  of samples was analyzed from the en t i r e  set  of samples 

The set  of  

Port 1. Volati le and condensate samples before any system treatment. 

Po r t  2. Volatile and condensate samples a f te r  the stream had passed 
through a condenser. 

P o r t  3.  Volati le and condensate samples a f te r  the stream had passed 
t h r o u g h  a condenser and had been diluted w i t h  a i r .  

Po r t  4.  V o l a t i l e  and condensate samples a f t e r  the stream had passed 
through a condenser, been subjected t o  a i r  di lut ion,  and 
received f i n a l  chemical treatment. 

In addition, three l i q u i d  samples were analyzed: 

L i q u i d  A: liquor sampled a f t e r  the condenser. 
L i q u i d  B: l i quor  sampled a f te r  a i r  d i l u t i o n .  
L i q u i d  C: 1 iquor sampled a f t e r  f inal  chemical treatment. 
Thorough analytical procedures were carried out  on each of the samples. 

Condensate and l i q u i d  samples were analyzed for both vo la t i l e  and 
semivolatile organic compounds. The acid and base extracts  were treated 



Table 2, Sumnary o f  analytical results, source term samples 

Sarnpl i ny Anal y si s Concentration 
Source Procedure Met hod Compound Ident  i f i c a t  i o n  (ug/ml) 

DDGS Dryer Di s t .  Water Bubbled w i t h  Dimethyl e ther  
Stacks Condensate He1 i um (GC/MS) I sobut anol 

F u r f u r a l  
Hexane 
Methylene Chlor ide 

Ex t rac t i on  Fu r fu ra l  
( GC/ MS) Furanmethanol 

Benzaldehyde 
Met hy 1 e t  hy 1 furan 
Methy l fu ra l  dehyde 
Methyl t h i  opropanol 
Phenylacetal dehyde 
Benzene ethanol 
Methy 1 benzene a1 coho1 
Furanylpentanone 
Methoxypheny 1 proyanone 
Dimethyl benzoic ac id  
Hy dr  oxyme t hoxy be nzal dehy de 

Phenyl ethanol, 
Hydroxyrnethylacetophenone 
Fur fu ra l  a lcohol  
Buty ro lactone 
Thymol 

D i r e c t  Acet ic ac id  
I n j e c t i o n  ( G C )  I s o b u t y r i c  ac id  

6 
5 

>>loo0 
20 
90 

5 
30 
30 
10 

> 1000 
80 
10 
10 
60 

5 

> 1000 

100 
20 0 
100 

0.2 
0.5 



Table 2, Sumnary o f  analytical results, source term samples (continued) 

Sampling Analysis Concentrat ion 
Source Procedure Met hod Compound I d e n t i f i c a t i o n  (ug/m? ) 

MaOH 
Condensate 

D i  s t .  Water 
Wide Trap 

NaOH 
Wide Trap 

Cooker Vent Narrow Trap 

Headspace { GC) Acetaldehyde 
Isobuty ra l  dehyde 
Fur fu ra l  
P rop i  onal dehyde 

Ex t rac t  i on Fur fu ra l  
(GC/MS ) Hydroxyrnethy lacetophenone 

(GC/MS) Acetone 
But anone 
Butane-dli one 
Fu r fu ra l  
Benzaldehyde 
E t  ha no 1 

( GC/ F ID) Hexane 
To1 uene 
Methy 1 ene ch 1 o r i  de 
Isobutanal  

(GC/MS) Acetone 
But anone 
Butane-di one 
Fu r fu ra l  
Benzal dehyde 
Ethanol 

( GC/ F I  D) Benzaldehyde 

w 
N 

0.001 

0.00004 
0.00003 

0,001 
0.001 

0.0003 



Table 2, Sumnary o f  analytical results, swrce term samples (continued) 

Samp 1 i ny Analysis Con ce n t r a t  i on 
Source Procedure Met hod Compound I d e n t i f i c a t i o n  ( u g h 1  1 

Ferment e r Narrow Trap (GC/FID) Hexane 
Vent 

Evaporator Di s t .  Water Bubbled w i  t n  Methylene ch lo r i de  
Stack Condensate Helium (GC/MS) Ethanol 

Met hy 1 p ropy 1 a 1 dehy de 
Methyl e t h y l  ketone 
Ethy l  acetate 
Met hy 1 bu t  ana 1 
Dimethyl d i s u l f i d e  
Furanal dehyde, ( furfural  ) 

NaQH 
Condensate 

Ex t rac t  i on 
( G U M S )  

Phenylethanol 
Pheny l e t h y  1 acetate 
D i  - t -bu ty l  phenol 
A1 coho1 s 
Esters 
Furanal dehyde ( f u r f u r a l  ) 
D ie thy l  ph tha la te  
Ethers 
C6H1402 
A 1  k y l  subs t i t u ted  benzenes 
Methyl styrene 

Bu b b 1 ed w i t h 
He1 i urn (GC/MS) Ethanol 

Methylene c h l  o r i  de 

Met hy 1 propy 1 a1 dehyde 
Methyl e thy l  ketone 
Methy 1 but anal 
Dimethyl d i  sul f i d e  

0.000002 

W 
w 



Table 2, Sumary o f  analyt.ica1 results, source term samples (continued) 

Sampliny Analysis Concentrat ion 
Source Procedure Method Compound I d e n t i f i c a t i o n  ( W m 1 )  

Ex t rac t i on  Phenyl ethanol 
( GC/MS ) A1 cohol s 

Benzyl a1 cohol 
Di -t -buty 1 phenol 
Esters 
Di -buty lphthalate 
Dimethyl benzoquinone 
Hydroxyrnethylacetophenone 
Decanoic a c i d  
E thy l  phenyl phenyl e the r  
Furanaldehyde ( f u r f u r a l  ) 
A l k y l  subs t i t u ted  benzenes 

Dis t .  Water (GC/MS) 
Wide Trap 

I MaOH 
Wide Trap 

Methylene ch 1 o r i  de 
Tetrachloroethylene 
Benzene 
To1 uene 
Met hy 1 e t  hy 1 keto ne 
Ketone 

Benzaldehyde 
I sobutanol 
F u r f u r a l  

Methylene c h l o r i d e  
Tet rac h 1 o roe t  hy 1 e ne 
Benzene 
To1 uene 
Hexane 
C 2  hexanonone 

w 
P 

0.96 
0.74 
1.07 



Table 2, Summary of analytical re su l t s ,  source term sampler (continued) 

Sampl i ny Analysis  Concent ra t ion  
Source Procedure Met hod Compound I d e n t i f i c a t i o n  (ug/ml 

Methyl propylaldehyde 
C5 f u r a n  
C6H1202 

(GC/FID) Benzaldehyde 
I sobutanol  
F u r f u r a l  

DUGS Dryer S o l i d  Sample (GC/MS) Fur fu ra l  
Feed Phenyl a c e t i c  a c i d  

Vani 11 i n  
Acetovani 11 i n 
P h t h a l a t e s  
Esters 
A1 coho1 s 
Glycol s 
C3 t r i o l s  
Ketone 
Ethers 
Lactones 

DUGS Dryer S o l i d  Sample (GC/MS) 
Dried S o l i d  (Yrab) 
(Out 1 

F u r f u r a l  
Phenylace t ic  a c i d  
V a n i l l i n  
Acetovani 1 1 i n  
P h t h a l a t e s  

0.02 
0.02 
0.02 



Table 2. Sumnary o f  analytical results, source term samples (continued) 

Sampl i ny 
Source Procedure 

Analysis 
Method 

Concent r a t i o n  
Compound I de n t  i f i c a t  i on (ug/ml ) 

DUGS Dryer S o l i d  Sample (GC/MS) Esters 
Dr ied S o l i d  ( grab 1 A1 coho1 s 
(cont.) Glycols  

C3 t r i o l s  
Ketone 
Ethers 
Lactones 

w 
0, 
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separately.  Samples were analyzed for a l l  organic p r io r i ty  pollutants.  No 
semivolatile p r io r i ty  pollutants were f o u n d .  Because some of these samples 
now included contact w i t h  a chemical treatment t h a t  could cause compounds t o  
become chlorinated, a hexane extract  was prepared for  each l i q u i d  sample. 
T h i s  extract  was examined by capi l lary gas chromatography w i t h  flame 
ionization detection and w i t h  electron capture detection. The chromatograms 
indicated tha t  the chemical treatment changed many of the compounds. 
example, the mass spectral analysis showed rather conclusively tha t  the 
phenylethanol was converted t o  chlorophenylethanol . 

However, these chromatograms a1 so indicated that  the t o t a l  organic 
chemical content was great ly  decreased by t h i s  system. Figure 6 shows the 
change i n  t o t a l  chromatographic area (area under a l l  chromatographic peaks) 
for  the condensate extracts  from the various sampling ports. Based on t h i s  
estimate, approximately 95% of the  organics i n  the vapor were condensed by 
t h i s  treatment system. In f ac t ,  no furfural  was found i n  the condensed 
samples associated w i t h  Po r t  4 or L i q u i d  C. I t  seems l ikely that  the 
furfural  underwent polyneri zation d u r i n g  the chemical treatment. 

For 

The vo la t i l e  hydrocarbons associated w i t h  t h i s  system showed a similar 
trend as evidenced by the reduction of levels o f  benzene th rough  the system 
(Figure 7 ) .  
However, the r e l a t ive  amount of some chlorinated compounds increased i n  th i s  
system; for  example, Figure 8 shows tetrachloroethylene increasing by a 
factor  of six between Port  1 and Port 4. 
because the chemical treatment associated w i t h  P o r t  4 should resu l t  i n  some 
chlorination capabi l i ty .  In fac t ,  the concentration of chloroform 
associated w i t h  the condensate collected a t  Port  4 was around 200 ppb.  

Furfural i n  the gas phase was reduced by a factor of 30, 

T h i s  is probably not surprising 

As an attempt t o  interpret  the significance of this concentration, a 
comparison can be drawn w i t h  chloroform concentrations i n  d r i n k i n g  water. 
Although the comparison is somewhat questionable since concentrations of 
chloroform i n  the gaseous eff luent  may d i f f e r  s ign i f icant ly  from the 
collected sample of condensate, a crude analogy may be derived. Several 
s tudies  (Federal Register, 1979) have determined mean, median, and extreme 
values of chloroform concentrations i n  d r i n k i n g  water. The mean values i n  
the studies ranged between 35 and 83 ppb. Median values varied between 2 1  
and 59 ppb. 

ppb. 

Extreme values ranged between no concentration detected and 540 
Therefore, one would not  expect chloroform associated w i t h  t h i s  system 
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Figure 6.  Decrease in the relat ive amount of total chromatographable 
organics condensed by impinger. (Value assigned to Port 1 is  1.0). 
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Figure 7. Decrease in relative amount of benzene collected on 
solid sorbent. (Value assigned to Port 1 is 1.0). 
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Figure 8. Relative changes in the amount of tetrachloroethylene 
(Port 1 assigned value of 1.0). 
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t o  c rea te  an a i r  q u a l i t y  problem, e s p e c i a l l y  when cons ider ing  the  d i l u t i o n  
capac i ty  o f  t h e  atmosphere and the  l a b i l i t y  o f  ch loroform i n  the  presence o f  
a i r  and l i g h t .  This conclusion i s  re in fo rced  by no t i ng  t h a t  West Germany 
has promulgated an ambient a i r  q u a l i t y  standard f o r  ch lo ro fomi  of 6,000 ppb 
f o r  a 30-minute averagi ny pe r iod  (New i l l  , 1977). 

Table 3 l i s t s  concent ra t ions  o f  several  t a rge ted  compounds i n  t h e  a i r  
stream passing through the  t r a p s  o f  t he  sampling t r a i n  a t  t he  f o u r  p o r t s  of 
t h e  QUAD p i l o t  system. As was the  case i n  eva lua t i ng  the  emissions from a 
water-based and/or sodi urn hydroxi  de-based scrubber system, no ambi en t  a i r  
q u a l i t y  o r  emissions standards app l i cab le  t o  t h i s  source type  are  a v a i l a b l e  
f o r  judg ing  t h e  s i g n i f i c a n c e  o f  t he  l e v e l s  repor ted  i n  Table 3. 
Consequently, a s i m i l a r  approach t o  t h a t  used p rev ious l y  w i l l  be employed 
( 1  .e. , comparison w i t h  worker p r o t e c t i o n  standards and w i t h  i n t e r n a t i o n a l  
ambient a i r  q u a l i t y  standards). 
Table 4. 

atmospheric d i f f u s i o n  and f o r  conver t ing  u n i t s ,  p red ic ted  ambient l e v e l s  o f  
key compounds from opera t ion  o f  t he  Quad odor c o n t r o l  system would be we l l  
below standards se t  t o  p r o t e c t  human heal th,  and thus should have minimal, 
i f  any, impact on p u b l i c  h e a l t h  i n  the  NECI  v i c i n i t y .  

10; Port  2: 6; Port  3: 4; and Por t  4: 2 .  On t h i s  scale, 10 i s  the  most 
ob jec t ionab le .  Although sub jec t ive ,  t h i s  r a t i n g  technique i n d i c a t e s  t h a t  
t he  system tended t o  s u b s t a n t i a l l y  reduce the  odor. 

be l  ow: 

Appropr iate standards are  l i s t e d  i n  

Using the  same techniques as described p rev ious l y  f o r  ad jus t i ng  f o r  

" S n i f f "  t e s t s  of t h e  condensate samples were ra ted  as fo l l ows :  Po r t  1: 

The pH o f  t h e  samples was a l so  tested, and r e s u l t s  are summarized 

Por t  No, Nominal (average) pH 
1 3.5 
2 5 
3 5.5 

4 7.5 
The r e s u l t s  show t h a t  t h e  upstream samples are  q u i t e  ac id i c ,  which i s  t o  be 
expected y iven  the  presence o f  aldehydes and acids in t h e  exhaust stream. 
The pH then increases i n  response t o  t h e  removal o f  these compounds i n  t h e  
condensor , fo l lowed by t reatment w i t h  caus t ic .  

A ,  B 81 C on F igu re  5 )  were 1980, 2100, and ( 5  mg 02/L, respec t i ve l y .  
Biochemical oxygen demand r e s u l t s  o f  the  grab l i q u i d  samples ( l o c a t i o n s  
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Table 3. Analysis o f  samples collected a t  the QUAD 
p i lot  plant during operation at  NECI 

Concentrat ion i n A i  r ( u y / l  ) 

Targeted Sample Test #13 Sample Test #14 Sample Test #11 Sample Test #12 
Compounds P o r t  #1 Port #2 P o r t  #3A Por t  #4A 

, 
Methylene Ch lo r ide  10.94 
Benzene 1.04 
T r i ch lo roe thy lene  1.25 
To 1 uene 0.26 
Tet r ac h 1 o r o e t  hy 1 e ne 0.42 
Ethy l  benzene 30.21 
m-xy 1 e ne 9.38 

8.18 
0.38 
0.22 
0 .oo 
0.16 
3.59 
0.63 

1.12 
0.25 
0.05 
0.04 
1.49 
2-11 
3.72 

0.25 
0.08 
0.56 
0.02 
2.49 
3.66 
3.10 

Table 4. Workplace and ambient air  quality standards 
for speci f i ed organic cantpounds 

Compound 

Methylene Ch lor ide  
Benzene 
T r i ch lo roe thy lene  
Ta l  uene 
Tet rach l  oroethy 1 ene 
E t  hy 1 be n z e n e 
rn -xy 1 ene 

korkplace 
Standard [ppm(v)]* 

100 
10 
50 

100 

100 
100 

50- loo** 

I n t e r n a t i o n a l  
Ambient A i  r 

Q u a l i t y  Standard [ppm( v) ] * *  

15 
0.46- 3.12 
0.74-15 
0.16-15 

-005- .014 
--- 

0.14-1 5+ 

*As given i n  Amoore and Hautala 1983. 
**AS given i n  New i l l  1977; short- term (30  min exposure) standards. 
***AS glven i n  Mackison, et a1 . 1980. 
+Xylene (no t  s p e c i f i c  t o  m-i somer). 
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These r e s u l t s  i n d i c a t e  t h a t  the e f f l u e n t  from the  f i r s t  two dra ins had a 
grea ter  organic  content,  and thus produced a h igher  demand f o r  oxygen, than 
the  e f f l u e n t  from the  t h i r d  d r a i n  ( a f t e r  f i n a l  chemical t reatment) ,  i n  which 
most o f  the  condensable organic  compounds have been ox id ized  and have 
reacted w i t h  sodium hydroxide. As o r i g i n a l  l y  designed, the BOD o f  the 
o v e r a l l  N E C I  e f f l u e n t  discharge t o  t h e  South Bend munic ipa l  t reatment p l a n t  
was about 300 m y / l  (DOE 1982). For comparison, t y p i c a l  sewage has a BOD of 
about 100 mg 02/1. Although the  BOD f rom s p e c i f i c  dra ins i n  the p i l o t  
p l a n t  d ischarye was h igher  than the  t y p i c a l  discharge, t h e  QUAD system 
should not add s i g n i f i c a n t l y  t o  the e x i s t i n g  wastewater burden o f  the NECI 
f a c i l i t y  on t h e  South Bend treatment p lan t .  

In conclusion, the  t reatment system which was tes ted  s u b s t a n t i a l l y  
reduced the organic  chemical content o f  t he  vapor stream. One cou ld  
es t imate  t h a t  more than 90% o f  the  organic chemical burden was removed from 
the vapor stream. Based on " s n i f f "  t e s t s  o f  t he  samples co l lec ted ,  t h i s  
reduc t ion  may a l l e v i a t e  the  odor problem. 

produce o ther  environmental impacts, bu t  none are expected to -be  
s i g n i f i c a n t .  F i r s t ,  t he  a i r  emissions from t h e  stack w i l l  con ta in  
c h l o r i n a t e d  a l i p h a t i c  organics;  g iven the  nature o f  the compounds and t h e i r  
expected l eve ls ,  they should d i s s i p a t e  r a p i d l y  i n  the  atmosphere. Secondly, 
t he  dra ins from the  odor abatement system w i l l  add t o  the  wastewater burden 
o f  the N E C I  p l a n t ;  however, the increase i n  BOD5 should n o t  be la rge  
enough t o  requi  r e  any addi ti onal pretreatment.  Thi rd, t h e  system w i  11 
i n v o l v e  the  t ranspor ta t i on ,  storage and handl ing o f  chemicals c l a s s i f i e d  as 
hazardous t o  t h e  NECI  p l a n t  (e.g., sodium hydroxide, sodium hypoch lo r i t e ) .  
Hazardous chemicals a re  a l ready used a t  the  NECI p l a n t ,  and the increment 
represented by the  odor con t ro l  system should no t  p lace a s i g n i f i c a n t  burden 
on the storage f a c i  1 i t i e s ,  handl ing procedures and sp i  11 response 
c a p a b i l i t i e s  c u r r e n t l y  i n  p lace a t  t h e  N E C I  p lan t .  Furthermore, i t  i s  c l e a r  
from the  r e s u l t s  o f  the  source term t e s t i n g  t h a t  a water-based system alone 
would not  be adequate fo r  e f f e c t i v e  odor removal , and t h a t  some type of 
chemical t reatment  i s  needed. Thus al though these o the r  environmental 
impacts o f  t he  odor abatement system were no t  evaluated i n  as much d e t a i l  as 
the  a i r  emissions and odor reduct ion,  they are not expected t o  be major 
problems. 

I n  con junc t ion  w i t h  reducing the  odor, the  abatement system w i l l  a l so  
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The r e s u l t s  suggest t h a t  an odor c o n t r o l  system based on ox ida t i on  o f  
organics i n  the  exhaust t o  aldehydes and/or acids, fo l lowed by caus t i c  
scrubbing, should remove most of  the  odor-causing species from the gaseous 
e f f l uen t .  A system based on water scrubbing on ly  would a l so  reduce the  
l e v e l s  of the organic compounds, bu t  not t o  the  extent  o f  the system 
descr ibed above. 

3.2 Ambi en t  Speci es 

Andlys i  s of t he  ambi ent  samples co1 l e c t e d  dur ing  the  November 1985, 
January 1986, and March 1986 sampling t r i p s  was conf ined t o  G C / F I D  analyses 
o f  some of the November and January samples. 

A t  the  ou tse t  o f  t h e  p ro jec t ,  t he  i n t e n t  of the  ambient sampling was t o  
i d e n t i f y  s p e c i f i c  compounds present i n  the o f f s i t e  odor plume t h a t  were 
con t r i bu ted  by t h e  NECI p lan t .  This i n fo rma t ion  was intended t o  be obta ined 
by coinparing a gas chromatogram of a sample taken upwind o f  the  p l a n t  
against  a chromatograsi o f  a sample taken downwind o f  t he  p l a n t  w i t h i n  the  
odor plume. Var ia t i ons  i n  the  types and l e v e l s  o f  organic compounds i n  the  
ambient a i r  could be a t t r i b u t e d  t o  t h e  N E C I  p lan t ,  provided emissions from 
o the r  sources i n  the  area had l i t t l e  or no e f f e c t  on the  downwind sample. 

The upwind and downwind chromatograms o f  t he  f r o n t  t raps  from the  
November sampling i n d i c a t e  the  presence o f  about 50-60 d i f f e r e n t  organic 
compounds i n  each sample. A comparison o f  t h e  two chromatograms ind i ca tes  
t h a t  they d i f f e r  i n  some respects. For example, the  downwind sample 
contained about four  compounds t h a t  were present a t  l e v e l s  s i g n i f i c a n t l y  
h ighe r  than i n  the  upwind sample [ t he  peak i n t e n s i t i e s  ranged from 20% t o  
65% o f  f u l l  sca le for these compounds given the  same GC cond i t i ons  ( recorder  
a t tenua t ion ) ] .  I n  add i t i on ,  the  l e v e l s  o f  th ree  compounds were increased 
markedly i n  the  downwind sample over l e v e l s  present upwind o f  t h e  NECI 
p lan t .  

In theory,  q u a n t i f i c a t i o n  o f  the d i f f e rences  between the  two 
chromatograms could have been accompli shed by more de ta i  1 ed exami na t ion ,  
such as computerized matching o f  peaks, and subsequent i d e n t i f i c a t i o n  o f  the 
matched peaks. I n  prac t ice ,  t h i s  was no t  attempted because of the  l a r g e  
number o f  compounds present,  and because in fo rma t ion  prov ided by t h i s  work 
would no t  be c r u c i a l  t o  the  o v e r a l l  goal o f  abat ing the  odor problem. 
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Consequently, o n l y  q u a l i t a t i v e  r e s u l t s  were ob ta ined f o r  t h e  November 
ambient samples. These d i d  show t h a t  t h e  NECI p l a n t  a l t e r e d  t h e  spectrum o f  
o rgan ic  compounds present  i n  t h e  a i r  as i t  passed over  t h e  p l a n t .  

whether o r  not  s p e c i f i c  compounds i d e n t i f i e d  i n  t h e  source term sampling 
were present  i n  t h e  odor plume downwind o f  t h e  NECI p l a n t .  S p e c i f i c  
t a r y e t t e d  compounds were f u r f u r a l  and benzaldehyde. These were found i n  t h e  
downwind Tenax” t r a p s ,  b u t  were a l s o  found i n  t h e  samples taken upwind o f  
t h e  p l a n t .  I n  bo th  cases, t h e  l e v e l s  de tec ted  were a t  t h e  p a r t  per  b i l l i o n  
(ppb)  range. Two exp lanat ions  f o r  these r e s u l t s  a r e  as f o l l o w s :  (1) t h e  
p l a n t  i s  t h e  source o f  t h e  compounds and eddies t h a t  formed around t h e  p l a n t  
caused t h e  emissions t o  be de tec ted  “upwind” o f  t h e  p r e v a i l i n g  wind 
d i r e c t i o n ,  o r  ( 2 )  t h e  NECI p l a n t  i s  not  t h e  source, and these compounds were 
present  i n  t h e  ambient a i r  upwind o f  t h e  p l a n t .  

concern t o  human h e a l t h  were found i n  t h e  a i r  emissions f rom t h e  NECI p l a n t  
( w i t h  t h e  except ion  o f  methlqene c h l o r i d e ,  which i s  most l i k e l y  an a r t i f a c t  
of t h e  glassware used and no t  a by-product o f  t h e  ethanol  p r o d u c t i o n  
process).  
p r o j e c t ,  t h e r e  was l i t t l e  i n c e n t i v e  t o  analyze t h e  ambient samples i n  d e t a i l  
t o  determine t h e  presence, and q u a n t i f y  t h e  l e v e l s ,  o f  s p e c i f i c  compounds o f  
i n t e r e s t ,  The q u a l i t a t i v e  r e s u l t s  ob ta ined do i n d i c a t e  t h a t  t h e  NECI p l a n t  
changes t h e  spectrum o f  o rgan ic  compounds i n  t h e  ambient a is .  

Ana lys is  o f  t h e  January 1986 samples was d i  r e c t e d  a t  determi  n i n y  

The r e s u l t s  o f  t h e  source term sampling suggest t h a t  no compounds o f  

Consequently, g i v e n  t h e  s t r a t e g y  developed a t  t h e  o u t s e t  o f  t h e  

3.3 D iscuss ion  

Because t h e  r e s u l t s  as descr ibed up t o  t h i s  p o i n t  were s u f f i c i e n t  t o  
a l l o w  e v a l u a t i o n  o f  cand ida te  odor c o n t r o l  measures, no f u r t h e r  a n a l y s i s  o r  
q u a n t i f i c a t i o n  o f  t h e  c o l l e c t e d  samples was attempted. I d e n t i f y i n g  a 
proposed s o l u t i o n  t o  t h e  problem d id n o t  h inge on i d e n t i f i c a t i o n  and 
c o n f i r m a t i o n  o f  every o rgan ic  compound i n  t h e  gas stream. Based on t h e  
r e s u l t s  o f  t h i s  work, t h e  U.S. Department o f  Energy i s  prepared t o  cons ider  
a l o a n  t o  N E C I ,  as p rov ided by s t a t u t o r y  a u t h o r i t y ,  t o  purchase an odor 
c o n t r o l  system a t  l e a s t  as e f f e c t i v e  as t h e  Quad p i l o t  p l a n t ,  In accordance 
w i t h  NEPA, t h e  o v e r a l l  environmental  impacts of t h i s  use o f  f e d e r a l  funds 
w i  11 be eva l  uated. 
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Engi neer i  ng eva lua t ions  o f  the  p l a n t  dur ing  the  odor product ion could 
f i n d  no major opera t iona l  problem o r  excurs ion t h a t  cou ld  be causing t h e  
odor. Consequently, t he  problem could occur a t  o ther  fue l  ethanol  p l a n t s  
and r a i s e  s i m i l a r  ob jec t i ons  w i t h  t h e  p u b l i c  i f  t h e  l o c a t i o n  o f  the  p l a n t  
w i t h  respect t o  p r e v a i l i n g  winds and populated areas i s  s i m i l a r  t o  the  
s i t u a t i o n  a t  NECI. 

The work conducted by ORNL and the  r e s t  o f  the  task force thus 
accomplished the  o v e r a l l  goal o f  i d e n t i f y i n y  a s o l u t i o n  t o  the  problem. The 
sampling and ana lys i s  component o f  the o v e r a l l  task fo rce  e f f o r t  i n  general 
achieved i t s  goals as s ta ted  i n  the  beginning o f  t he  repor t .  S ix  process 
areas w i t h i n  the  p l a n t  were i d e n t i f i e d  as p o t e n t i a l  odor sources (DDGS d r i e r  
stacks, evaporator vent, c e n t r i f u g e  vents, cooker vents, fermenter vents and 
wastewater surge pond), based on i n fo rma t ion  gained dur ing  a s i t e  v i s i t .  
Sampling o f  t h e  a i r  emissions f r o m  these sources, and subsequent ana lys is  o f  
t he  samples determined t h a t  the  DDGS d r i e r  stacks and the  evaporator vent 
were probably t h e  major c o n t r i b u t o r  t o  the  o f f s i t e  odor. A wide v a r i e t y  o f  

' oxygenated organic compounds were detected i n  most o f  the  sources; the  DDGS 
stack and evaporator vent e f f l u e n t s  contained odorous compounds (e.g., 
f u r f u r a l  and de r i va t i ves ,  isobutanol ,  etc,) i n  l e v e l s  markedly h igher  than 
those found i n  many o f  the  o ther  sources. Based on t h i s  in fo rmat ion ,  a 
p i l o t  odor reduc t ion  system us ing sodium hydroxide and sodium hypoch lo r i t e  
was designed and brought t o  t h e  NECI p l a n t  f o r  t e s t i n g ,  Analys is  o f  p i l o t  
p l a n t  process samples i nd i ca tes  t h a t  the odor can be removed by t h i s  type of 
system. Key compounds emi t ted  by the  odor c o n t r o l  systems considered were 
evaluated w i t h  respect t o  human hea l th  standards t o  assess the s ign i f i cance  
o f  the  l e v e l s  observed i n  the  exhaust streams; compounds a t  these l e v e l s  are 
a n t i c i p a t e d  t o  have minimal, i f  any, adverse e f f e c t s  on human heal th .  
Las t l y ,  t h e  ambient samples showed t h a t  t h e  NECI p l a n t  does no t i ceab ly  
change the  spectrum o f  chromatographable organics i n  the  ambient a i r  upwind 
o f  t he  p lan t .  The p l a n t  appears t o  add a few compounds i n  h igh  l e v e l s  no t  
found i n  the  upwind a i r ,  and i t  a lso  increases the i n t e n s i t y  o f  a few more 
compounds. 

The ambient sampling component o f  ORNL's work was the on ly  one not 
c a r r i e d  out t o  the  extent  envis ioned a t  the  ou tse t  o f  t he  p r o j e c t .  The 
l a r g e  number o f  chromatographable organic compounds found i n  both upwind and 
downwind samples made the  i d e n t i f i c a t i o n  o f  t he  e f f e c t  o f  t h e  N E C I  p l a n t  on 
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upwind a i r  d i f f i c u l t .  
p o t e n t i a l  s o l u t i o n  t o  t h e  problem, t h e  i d e n t i f i c a t i o n  o f  the  c o n s t i t u e n t s  i n  
t ne  o f f s i t e  odor plume was not necessary. L a s t l y ,  no compounds o f  human 
h e a l t h  concern ( p r i o r i t y  p o l  1 u t a n t s )  and a t t r i b u t a b l e  t o  t h e  NECI  p l a n t  were 
found i n  t h e  source t e rm samples, thereby  o b v i a t i n g  t h e  need t o  analyze the  
ambient samples f o r  these same compounds. 

Furthermore, f o r  t h e  purpose o f  i d e n t i f y i n g  a 
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I Scope a n d  Application 
1.1 This method covers the determina- 

tion of a number of organic compounds that 
are partitioned into an organic solvent and 
are amenable to gas chromatography. The 
parameters listed in Tables 1 and 2 may be 
Qualitatively and quantitatively determined 
using this method. 

1.2 The method may be extended to in- 
clude the parameters listed in Table 3. Ben- 
zidine can be subject to oxidative losses 
during solvent concentration. Under the al- 
kaline conditions of the extraction step. u- 
BHC. y-BHC. endosulfan I and XI. and 
endrin are subject to &?composition. Hex- 
achlorocyclopentadiene is subject to ther- 
mal decomposition in the inlet of the gas 
chromatograph. chemical reaction in ace- 
cone solution, and photochemical decompo- 
sition. N-nitrosodimethylamine is difficult 
to separate from the solvent under the ehro- 
matographic conditions described. N-nitro- 
sodlphenylamine decompases in the gw 
chromatographic inlet and cannot be sepa- 
rated from diphenylamine. The preferred 
method for each of these parameters is 
listed in TabIe 3. 
1.3 This is a gas chromatographWmass 

spectrometry (GC/MS) method applica 
ble to the determination of the compounds 
listed in Tabla 1. 2, and 3 In municipal and 
industrial discharges as provided under 40 
CF’R 136.1. 

1.4 The method detection llmlt (MDL. 
defined in Section 16.11’ for each parameter 
is listed in Tables 4 and 5. The MDL for a 
specific wastewater may differ from thaw 
listed, depending upon the nature of inter- 
ferences in the sample matrix. 

1.5 Any modification to this method, 
beyond those expressly permitted. shall be 
considered as a major modifiation subject 
to application and approval of alternate tcst 
procedures under 40 CFR 136.4 and 136.5. 
Depending upon the  nature of the modifica- 
tion and the extent of intended use. the ap- 
plicant may be required to demonstrate that  
the modifications will produce equivalent 
results when applied to  relevant 
wastewaters. 

1.6 This method is restricted to use by or 
under the supervision of analysts experi- 
enced in the use of a gas chromatograph/ 
mass spectrometer and in the  interpretation 
of mas spectra Each analyst must demon- 
stnte the ability to generate m p t a b l e  re- 
sults with this method using the procedure 
described in Section 8.2. 

2. Summary of Method 
2.1 A measured volume of sample. a p  

proxlmntely 1-L. is serially extracted with 
methylene chloride at a pH greater than 11 
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and again at  a pH less Lhan 2 using a scpara 
to ry  funnel or a Continuous extractor Tht. 
methylene chloride extract is dr:ed. concen 
LraLed to a volume of  1 mL. and analyzed by  
GC/MS. Qualitative identification of the 
parameters in the extract is performed 
using the retention time and the relative 
abundance of three characteristic masses 
trn/z). Quantitntive analysis IS performed 
using internal standard techniques wi th  a 
single characteristic m/z. 

3. fnlerferences 
3.1 Method interferences may be caused 

by contaminants in solvents. reagents, glass- 
ware. and other sample processing hardware 
that lead to discrete artifacts and/or elevat- 
ed baeltnes In the total ion current profiles. 
All of these materials must be routinely 
demonstrated to be free from interferences 
under the condltlons of the analysis by run- 
nlng laboriktory reagent blanks as descnbed 
in Section 8.1.3. 

3.1.1 Glassware must be scrupulously 
cleaned.’ Clean all glassware as soon as pes- 
sible after use by riming with the last sol- 
vent used h it. Solvent rinsing should be 
followed by detergent washing with hot 
water, and rinses with tap water and dis- 
tilled water. The glassware should then be 
drnined dry. and heated in a muffle furnace 
at 400 ‘C for 15 to 30 mfn. Some thermally 
stable materials. such ~f PCBs. mny not be 
eliminated by this treatment. Solvent rinses 
with acetone and pesticide quality hexnne 
may be substituted for the muffle furnace 
heating. Thmrough rinsing with such sol- 
vents usually eliminates PCB interference. 
Volumetric ware should not be heated in a 
muffle fumnce. After drying and cooling. 
glessornre should be sealed and stored in n 
clean environment to prevent a n y  accurnula- 
tion of dust or other contaminants. Store in- 
verted or cspped wfth aluminum foil. 

3.1.2 The use of high punty reagents and 
solvents helps to minlmize interference 
problems. Purification of solvents by distil- 
l a t h  in all-glass systems may be required. 
3.2 Matrix interferences may be caused 

by contaminants that are co-extracted from 
the sample. The extent of matrix Interfer- 
ences will vary considerably from source to 
source. depending upon the nature and di- 
versity of the industrial complex or munici- 
pality being sampled. 

3.3 The base-neutral extraction may 
cause slgniftcmtly reduced recovery of 
phenol. 2-methylphenol, and 2.4-dimethyl- 
phenol. T h e  analyst must recognize that  re- 
sults obtained under these conditions are 
minlrnum concentrations. 

3.4 The packed gas chromatographic col- 
umns recommended for the basic fraction 
may not exhlblt sufficient resolution for 
certain lsornerlc pairs induding the foilow- 
ing: anthracene and phenanthrene: ehry- 
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sene and benzota)anthracene; and 
bembif luoranthene  and 
benzo(k)fluoranthene. The gas chromato- 
graphic retention time and m s s  spectm for 
thew pdrs of compounds are not sufficient- 
ly different to make an unambiguous ldenti- 
ZicItloh AltemUve techniques should be 
used to identify and qumtffy t h e  specilk 
compounds, such an Method 610. 
3.5 In s8mptes that contain an inordinate 

number of interferences. the w e  of cheml- 
ul ionization (CI) maSI spectrometry may 
makc identification easier. Tables 6 and 7 
glve characteristic CI ions for most of the 
compounds covered by this method. The use 
of CI mas spectrometry to support electron 
ionization (E11 rnns spectrometry is encour- 
aged but not required. 

4. SaJetv 

4.1 The toxicity or  csrefnogenicitY of 
each reagent used in this method have not 
been precisely defined; however. ewh chem- 
i d  compound should be treated as a poten- 
tlrl health hazard. h o m  this viewpoint. ex- 
posure to these chemicals must be reduced 
to the lowest possible level by whatever 
means avrritable. The laboratory Is reswnsj- 
ble for mPinUining a current awarmnes file 
of OSHA regulations regarding the safe 
hmdling of the chemic& specified In this 
method. A reference file of materiai data 
handling sheet6 should also be made avail- 
abie to all personnel involved in the chemi- 
cal maljrsls. Mdltlonal references to Iabora- 
tory safety are available and have been 
identified *. for the information of the  ana- 
bst. 

4.2 The following parameters covered by 
this method have been tentatively clessifled 
as known or suspected. human or mammali- 
an carcinogens: benzota)anthracene. benzi- 
dine, 3.3'-dichlorobenzidine. beneo<a)pyrene. 

dibenzo(a,h)anthracene. N-nitrosodimethy- 
lamine, 4.4'-DDT. and polychlorinated bl. 
phenyls (PCBs). Prlmary standards of these 
toxic compounds should be prepared In a 
hood. A NIOSH/MESA approved toxic gas 
respirator should be worn when the analyst 
handles high concentrations of these toxic 
compcunds. 

5. Apparatus and Matenalr 

a-BHC. /3*BHC. S-BHC. 7-BHC. 

5.1 Sampling equipment. for discrete or 
composit sampling. 

5.1.1 Grab sample bottle-1-L or 1-gt. 
amber glass, fitted with a screw cap lined 
with Teflon. Foil may be substituted for 
Teflon i f  the sample IS not corrosive. I f  
amber bottles are not available. protect sam- 
Dies from light. The bottle and cap liner 
must be washed. rinsed with acetone or 
methylene chloride. and dried beforr use to 
minimize Contamination. 

40 CFR Ch. I(7-1-85 Edition) 

5.1.2 Automatic sampler (optional)-The 
sampler must incorporate glass sample con- 
tainers for the  collection of I minimum or 
250 mL of sample. Sample containers must 
be kept refrigerated at 4 'C and protected 
from light during compositing. If the Sam 
pier uses a Peristaltic pump, a minimum 
length of compmible silicone rubber 
tubing rruy be used. before use. however. 
the compressible tubing should be through- 
ly rinsed with methaol .  followed by repeat 
ed rinsing8 with distilkd water to mlnimlze 
the potential for contamination of the 
sample. An integrating now meter is re- 
quired to collect fIow proportional compos- 
i t a .  

5.2 Glassware (All specifications are sug 
gested. CaLakw numbers are included for 11 
lustration only.): 

5.2.1 SeparaLory funnel-2-L. with Teflon 
stopcock. 

5.2.2 Drying column-Chromatographic 
column. 19 mm ID. with coprsc frit filter 
disc. 

5.2.3 Concentrator tu&. Kuderna- 
Danish-10-mL. graduated (Xontes K- 
570050-1025 or equivalent). Calibration 
must be checked at the volumes employed 
in the test. Ground g l m  stopper is used to 
vrevent evaporation of extracts. 

5.2.1 Evaporative flask. Kudernn- 
Dpnish-5OO-mL (Kvntes K-57001-0500 or 
tquivalent). Attach to concentrator tube 
with wrings. 

5.2.5 Snyder column. Kuderna-Danish- 
Three all macro (Kontes K-503000-0121 or 
equlvalent). 

5.2.6 Snyder column. Kuderna-Danish- 
Two-ball macro (Xontes K-568001-0219 or 
equivalent). 

5.2.7. Vials-10 to 15-mh amber glass. 
with Teflon-lined screw cap. 

5.2.9 Continuous liquid-liquid extrac 
lor-Equipped with Teflon or glass connect 
ing Joints and stopcocks requiring no lubrl 
cation. (Hershberg-Wolf Extractor. Ace 
Glass Company, Vineland. N.J.. P/N 6841 
10 or equivalent.) 

5.3 Boiling chips-Approximately 10140 
mesh. Heat to 400 'C for 30 min of Soxhlel 
extract with methylene chloride 

5.4 Water bath-Heated. with concentric 
ring cover, capable of temperature control 
t t2.C) The bath should be used In a hood 

5.5 Balance-Analytical. capable of arct i  
rately weighing 0 0001 g 

5.6 GC/MS system 
5.6.1 Gas Chromatograph-An anal>tlr\* 

system complete with a ternperaturc pr(1 
grammable gas  chromatograph and all rl 

Quired accessores including syringes ariiilb I 
Ical columns. and gases The injrction wr' 
must be designed for on column i n 1 1 ~ 1  I('!) 

uhen using packed columns and lor 4vlilll ~ . -  
injection u hen using rapillary rolumris 
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t t i t o  n i r t h d  p.rform;irice siaiernents in Sec 
110n 16. t;rc&-itrit~s for the use of alternate 
column cm&ings i r r  providrd in Section 

5.6.3 Co'oEwrnn for acids--1.8 m long x 2 
mrn tDtlrrrr. packed with 1% SP-1240DA on 
Su(~le0parc (100/120 mesh) or equivalent. 
This column vas used to develou the 
method pFrformance statements in Section 
16. Guidetines for the use of alternate 
column wckings are given in Section 13.1. 

5.6.4 Mass  spectrometer-Capable of 
scanning from 3S to 450 amu every 7 s or 
less. utilizing a 70 V (nominal) electron 
energy in the electron impact ionization 
mode, and producing a mfwi S P e C t W  
which meets all the criteria in Table 9 when 
50 ng of decafluorotriphenyl phosohine 
(DFI'PP; biscperfluorophenyl) phenyi phos- 
phine) is injected through the GC inlet. 

5.6.5 GC/MS interface-Any GC to MS 
interface that gives acceptable calibration 
points at 50 ng per injection for each of the 
parameters of interest and achieves all aC- 
ceptable performance criteria (Section 12) 
may be used. GC to MS interfaces con- 
structed of all glass or glPss-lined materials 
are recommended. Glass can be deactivated 
by silanizing w i t h  dichlorodimethylsilae. 

5.6.6 Data system-A computer system 
must be interfaced to the marS spectrometer 
that  allows the contiluous acquisition and 
storage on machine-readable media of at1 
mass spectra obtained throughout the dura- 
tion of the chromatographic program. The 
computer must have software that  allows 
searching a n y  GC/KS data file for specific 
m/z and plotting such m/z abundances 
versus time or scan number. This type of 
Plot  is defined a.s an Extracted Ion Current 
Profile (EICP). Software must also be avail- 
able that  allows integrating the abundance 
in any EfCP between specified ttme or scnn 
number limits. 

6. Rtagents 
Reagent water-Reagent water Is de- 

fined as a water in which an interferent Is 
nor, observed a t  the MDL of the psrameters 
of interest. 

6.2 Sodium hydroxide solution (10 N)- 
Dissolve 40 g of NaOH (ACS) in reagent 
water  and dilute to 100 mL. 
6.3 Sodium thiosulfate-(ACS) Granular. 
6.4 Sulfuric a d d  ( l+lb43lowly.  add 50 

mL of HISO, (ACS. sp. gr. 1.84) to  50 mL of 
reagent water. 

6.5 Acetone. methanol. methlylene chlo- 
ride-Pesticide quallty or equivalent. 

6.6 Sodium sulfate-(ACS) Granular. a n  
hydrous. Purify by heating at 400 'C for 4 h 
in a shallow tray. 

13.1. 
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Prepare stock standard solutioiib bb 
accurately weighing about 0 0100 g of p u r r  
material Dissolve the material in pesticide 
quality acetone or other suitable solvent 
and dilute to volume in a IO-rnL volumetric 
flask Larger volumes can be used at  the 
convenience of the analyst When corn 
pound Purity is assayed to be 96% or great 
er. the %eight may be used without correc- 
tion to calculate the concentration of the 
stock standard Commercially Prepared 
stock standnrds may be used a t  any concen- 
tration if they are certified by the manufac. 
turer or by an independent source. 

6.7.2 Transfer the stock standard solu- 
tions into Teflon-seated screw-cap bottles 
Store a t  4 'C and protect from light Stock 
standard solutions should be checked fre- 
quently for signs of degradation or evapora- 
tion. especially Just prior to Preparing cali- 
bration standards from them. 
6.7.3 Stock standard solutions must be 

replaced after SIX months. or sooner if com- 
Parison with quality control check samples 
indicate a probelm. 

6.8 Surrogate standard spiking solution- 
Select a minimum of three surrogate com- 
pounds from Table 8. Prepare a surrogate 
standard spiking solution containing each 
selected surrogate compound a t  a concentra- 
tion of 100 pg/mL in acetone. Additlon of 
1.00 mL of this solution to l(100 mL of 
sample Is equivalent to a concentration of 
100 pg/L of each surrogate standard. Store 
the spiking solution at  4 'C in Teflon-senled 
glass container. The solutlon should be 
checked frequently lor stabiltty. The soiu- 
tion must be replaced after six months.. or 
sooner If compsrlson with quality control 
check stmdards indicates a problem. 

6.9 DFXPP standard-Prepare a 25 pg/ 
mL solution of DFTPP in acetone. 

6.10 Quality control check sample con- 
centmtt-See Section 8.2.1. 

7. CaLrbraLton 

7 1 Establish gas chmmatographic oper- 
ating parameters wuivalent to those indb 
cated In Table 4 or 5. 

7.2 Internal standard calibration proce- 
dure-To use this npproach. the analyst 
must select three or more Internal stand. 
ards that  are simllar in anslyt~cal behavior 
to the  compounds of interest. The Iuulyrt 
must further demonstrate that  the meas- 
urement of the internal standards IS not af- 
fected by method or matnx Interferences. 
Some recommended internal stsndards are 
lisled in Table 8. Use the  bsge peak m/z as 
the primary m/z for quantification of the  
standards. If tnterferences are noted. use 

6 7 1 
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one of the next two most intense m/z quan- 
tities for quantification. 

7.2.1 Prepare calibration standards a t  a 
mlnimum of three concentration levels for 
each parameter of interest by addlng appro- 
priate volumes of one or more stock stand- 
uds to a volumetric flask. To each calibra- 
tion standard or standard mixture. add a 
known constant amount of one or more in- 
temd standards, and and dilute to volume 
with acetone. One of the cslibrntion stand- 
ards should k at a concentration nesr. but 
above, the MDL and the other concentra- 
tlons should corresmnd to the expected 
range of concentrations found in real sam- 
ples or should define the working range of 
the GC/MS system. 

7.2.2 Using injections of 2 to 5 p L  ana- 
lyze each calibration standard according to 
Section 13 and tabulate the area of the pri- 
mary characteristic m/z (Tables 4 and 5 )  
against concentration for each compound 
and internal standard. Calculate response 
foetors (FW) for each compound using Equa- 
tion l. 

Equation 1. 

where: 
&=Area of the characteristic m/z for the 

&=Area of the chanacterbtic m/z for the 

C,,=Concentratlon of the internal stand- 

C.=Concentmtlon of the parameter to be 

If the RF value over the worklng range is a 
constant (<35% RSD). the RF can be as- 
sumed to be lnvarlant and the average RF 
can be used for calculatiow. Alternatlvely, 
the results can be used to plot s calibrstlon 
curve of response ratlos. AJA, vs. RF. 
7.3 The worklng callbration curve or RF 

must be verlfied on each worklng day by the 
rnewurement of one or more callbration 
standards. If the response for any pamme- 
ter varies from the predicted response by 
more than f2Q%, the tesi must be repeated 
uning a fresh calibration standard. Alzerna- 
tively. a new calibration curve must be pre 
pared for that compound. 

8. Qualily Conlrol 

8.1 Each laboratory that uses this 
method is required to operate a formal qunl- 
i t y  control program. The minimum require- 
men& of this program consist of an inltlai 
demonstration of laboratory capablllty Rnd 
an ongoing analysis of spiked silmples to 

parameter to be measured. 

intermi standard. 

ard (pg/L). 

measured (cg/L). 

44 CFR Ch. I (7-1-85 Edition) 

evaluate and document data quality. The 
laboratory must maintain records to docu. 
ment the quality of data that is generated. 
Ongoing data quality checks are compared 
with established performance criteria to dt -  
termine if the results of analyses meet the 
performance characteristics of the method. 
When result8 of sample spikes indicate 
atypical method performanex!. a quality con- 
trol ch& standard must be analyzed to 
confirm that t h e  measurements were per- 
formed in m in-control mode of operation. 

8.1.1 The analyst must make an Initial. 
one-time. demonstration of the abllity to 
generate acceptable accuracy and precision 
with this method. This ability is establrshed 
as described in Section 8.2. 

8 1.2 In recognition of advances that are 
occurtng In chromatography. the analyst is 
permitted certain options (detailed in Sec 
tlons 10.6 and 13.1) to improve the separa- 
tions or lower the cost of measurements. 
Each tlme such a modification is made to 
the method. the analyst is required to 
repeat the procedure in Section 8.2. 

8.1.3 Before processing any samples. the 
analyst must analyze a reagent water blank 
to demonstrate that interferences from the 
analytical system and glassware are under 
control. Each tlme a set of samples is ex- 
tracted or reagents are changed. a reagent 
water blank must be processed ILS a safe- 
guard against laboratory contunination. 

8.1.4 The laboratory must, on an ongoing 
b a s k  spike and analyze a mlnimum of 5% of 
all samples to monitor and evnluate labora- 
tory data quality. This procedure is d t -  
scribed ln Section 8,3. 

8.1.5 The laboratory must, on an ongoing 
basis. demonstrate through the analyses of 
quality control check standards that  the op- 
eratlon of the measurement system is in 
control. This procedure Is described in Sec- 
tlon 8.4. The frequency of the  check stand- 
ard analyses is equivalent to 5% of all Sam- 
p l e ~  analyzed but may be reduced if spike 
recoveries from samples (Section 8 3 )  meet  
all speclfled quality control criteria. 

8.1.6 The laboratory must maintain Der 
formance records to document the quality 
of dats  that Is generated. Thls procedure is 
descrlbed in Section 8.5. 

8.2 To establish the ability to generate 
acceptable accuracy and precision. the  ana 
iyst must perform the follouing operations 

8.2.1 A auality control (QC) check 
sample concentrate IS required containinrr 
each parameter of interest at a conwnira 
tlon of 100 pg/mL in acetone Multiple sotu 
tlons may be required PCBs and mufticorn 
ponent pesticides may be omitted from 
test. The QC check sample concenltaI~ 
must be obtained from the U S  Enkiron 
menLsl Protection Agency Ent;tronrn~nla~ 
Monitoring Rnd SuDpof't Laboratory in  C'lrl 
cinnali. Ohio i f  akailRble I f  not n s r i l n h l t  
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using stock standards Dreparc*d independ. 
tmtly from those used for calibration. 

8.2.2 Using a pipet. prepare QC check 
samples at a coricentration of 100 pg/L by 
adding 1.00 rnL of QC check sample concen- 
trate to each of four 1-L aliquols of reagent 
water. 

8.2.3 Analyze the well-mixed QC check 
samples according to the method beginning 
in Section 10 or 11. 

8.2.4 Calculate the average recovery (X I  
in wg/L. and the standard deviation of the 
recovery (SI in pg/L. for each parameter 
using the four results. 

8.2.5 For each parameter compare s and 
X with the corresponding acceptance crite- 
ria for precision and accuracy. respectively. 
found in Table 6.  If s and X for all param- 
eters of interest meet the acceptance crite- 
ria. the system performance is acceptable 
and analysis of actual samples can begin. If 
any individual s exceeds the precision limit 
or a n y  individual X falls outside the range 
for accuracy, the system performance is un- 
acceptable for that  parameter. 
NOTE: The large number of parameters in 

Table 6 present a substantial probability 
that  one or more will fail a t  least one of the 
acceptance criteria when all parameters are 
analyzed. 

8.2.6 When one or more of the param- 
eters tested fail a t  least one of the  accept- 
ance criteria. the analyst must proceed ac- 
cording to Section 8.2.6.1 or 8.2.6.2. 

8.2.6.1 Locate and correct the source of 
the problem and repeat the test for all pa- 
rameters of interest beginning with Section 
8.2.2. 

8.2.6.2 Beginning wi th  Section 8.2.2. 
repeat the test only for those parameters 
that failed to meet criteria. Repeated fail- 
ure, however, will confirm a general prob- 
lem with the measurement system. If this 
occurs. locate and correct the source of the 
problem and repeat the test for all corn. 
pounds of interest beginning with Section 
8.2.2. 

8.3 The laboratory must. on an ongoing 
basis. spike a t  least 5% of the samples from 
each sample site being monitored to assess 
accuracy. For laboratories analyzfng 1 to 20 
samples per month, at least one spiked 
sample per month is required. 

8.3.1. The concentration of the spike In 
the sample should be determined as follows: 

8.3.1 If. as in compliance monitoring. the 
concentration of a specific parameter in the 
sample is being checked against a regulatory 
concentration limit. the spike should be at  
that  limit or 1 to 5 times higher than the 
background concentration determined in 
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8.3.1.2 I f  Lhr roriwiitralioir of a s[)t'c'ifil, 
pararnetrr in I h e  saniplt- is nut bclng 
checked against a limit specific to that  pa- 
rameter. the spike should tx at 100 , ,g/L or 
I to 5 times higher than the background 
concentration determined in Section 8.3 2. 
whichever concentration would be larger. 

8.3.1.3 If i t  is impractical to determint. 
background levels before spiking (e.g.. maxi. 
mum holding times will be exceeded). the 
spike conceniration should be ( 1) the regu- 
latory concentration limit. I! any; or. i f  none 
( 2 )  the larger of either 5 times higher than 
the expected background concentration or 
100 p g / L .  
8.3.2 Analyze one sample aliquot to de- 

termine ihe background concentration (B) 
of each pammeter. If necessary. prepare a 
new QC check sample concentrate (Section 
8.2.1) appropriate for the background con- 
centrations In the sample. Spike a second 
sample aliquot wlth 1.0 mL of the QC check 
sample concentrate and analyze it to deter- 
mine the concentration after spiking (A )  of 
each parameter. Calculate each percent re- 
covery (PI as 100(A-B)%/T. where T b the 
known true value of the  spike. 

8.3.3 Compare the percent recovery (P) 
for each parameter with the corresponding 
QC acceptance criteria found in Table 6. 
These acceptance criteria were calculated to 
include an allowance for error in measure- 
ment of both the background and spike con- 
centrations, aDuming a spike to background 
ratio of 5:l. Thls ermr will be accounted for 
to the extent that  the analyst's spike to 
background mtio approaches 5:l . l  If spiking 
WJJS performed at  a concentration lower 
than 100 pg/L. the analyst must use either 
the QC acceptance criteria in Table 6. or op- 
tional Qc acceptance criteria calculated for 
the specific spike Concentration. To calcu- 
late optional acceptance criteria for the re- 
covery of a parameter: ( 1) Calculate Bccura- 
cy ( X I  using the equation in Table 7. substi- 
tutlng the spike concentration (TI for C: ( 2 )  
calculate overall precision ( S ' )  using the 
equation in Table 7. substituting X' for R: 
( 3 )  calculate the range for recovery at the 
spike concentration as (100 X'/T)z2.44(100 

8.3.4 If any individual P falls outside the 
designated range for recovery. that parame- 
ter has failed the acceptance criteria. A 
check standard containing each parameter 
that failed the criteria must be analyzed as 
described in Section 8.4. 

8.4 If any parameter fails the acceptance 
criteria for recovery in Section 8.3. a QC 
check standard containing each parameter 
that failed must be prepared and analyzed. 
NOTE: The freauency for the required 

analysis of a QC check standard will depend 
upon the number of parameters being si- 

S'/T)%' 
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multaneously tested. the complexity of the 
samule matrix. and the mrformance of the 

40 CFR Ch. I(7-1-8s Edition) 

9. Samgle Cofleclion. Prescn~alion. and 
Handling 

lobo--tory. If the entire list of single-corn- 
ponent parameters in Table 6 must be meas- 
ured In the sample in Section 8.3. the proba- 
bility thet the nnslysl6 of A QC check stand- 
ard will be required is high. In this case the 
QC check standard should be routinely ana- 
lyzed with the spike sample. 

8.4.1 Prepare the QC check standard by 
adding 1.0 mL of QC c h a k  sample concen- 
trate t5ectIon 8.2.1 or 8.3.2) to 1 L of rea- 
gent water. The = check standard need6 
only t o  contain the parameters that  railed 
criteria in the test in Section 8.3. 

8.4.2 Analyee the QC check standard to 
determine the concentration memured ( A )  
of each parameter. Calculate each Percent 
recovery (P,) as 100 ( A / T ) % .  where T is the 
true value of the standard concentration 

8.4.3 Compare the percent recovery (P.) 
for each parameter with the corresponding 
QC acceptance criteria found in Table 6. 
Only parameters that failed the test in StW- 
tion 8.3 need to be compared with these cri- 
teria. If the recovery of any such mrameter 
falls outside the designated range. the lnbo- 
ratory performance for that  parameter IS 
Judged to be Out of Control. and the problem 10 1 Samples are extmcted uSing 
must be immediately identified and correct- wpamtory funnel technique. If emulsions 
ed- The anelytlcal Ior pameter will prevent achieving acceptable solvent re 
in the urnpiked samD1e SuSpeet and may covery with sepnratory funnel extractions. 
not be reported for regulatory compliance cont~nuous eXtractlon (Section 1 1 )  may be 
Purposes. 

8.5 As part of the Qc pragram for the used. T h e  separarory runnel extraction 
scheme described below assumes a sample 

laboratory. method accuracy for wastewater volume of 
samples must be asessed and records must 
be maintained, After the snalysls of five are to be extracted. use 250. 100. and 100-mL 

volumes of methylene chloride for the serial spiked wastewater samples as In Section 8.3. 
; t a ~ ; a g e , ~ ; n ; ~  r;ecyzc;E; ~ ~ ~ ~ ~ ~ m o & ~ ~ l  ~~~~~~~~~y 1~~~ E:: 

recovery (q). Express the accuracy assess- ‘Ide lor the acids‘ 
85 a Dercent interval from p-& to 10 2 Mark the water meniscus on the side 

P+&.. If p=go% and s,= 10%. for euam>le. Of the  sample bottle for later determination 
the accuracy lnrerval Is as of sample volume. Pour the entire sample 
70-1107~ Update the accuracy m e s m e n t  Into a 2-L separatary funnel Pipet 100 rnL 
for each parameter on regular basis (eg .  Of the SUrrOgaLe srandard splking solution 
after each five to ten new accuracy measur- into the separatory and u e l l  
ements). Check the pH of the sample with uidt  

8 6 As a quality control check. the labo. range PH Paper and adjust to pH> 11 uith 
ratory must spike all samples with :he sur- sodium hydroxide solution 
rogate standard spiking so)u&}on &S de 10 3 Add 60 mL of methylene chloride t O  
scribed in Section 10 2. and calculate the the sample bottle. seal. and shake for  30 s tfl 
percent recotery of each surrogate corn. rinse the Inner surface Transfrr the solkenr 
pound to the separatory funnel and extract t h t  

8 7  I t  IS recommended that the laborat0 %ample by Shaking the f1Innt.I for 2 171111 
ry adopt additional quality assurance prRc with prriodic kenting to rrleasc t”xct’\’r vrv\  
tices for u w  uith this method The sprcific surr Allou the organic la)rr to \t-parat‘ 
practices that are mobt productiLe depend from the ua tw phase for a rninirnuni of 1 0  
upon the needs of the laborator, and the min If the emulsion interface b c t u c f ”  
nature of t h e  samples Field dupllcates ma> layers IS more than one4hrrd [ f ir  rolirrnc o f  
be anallzed to asess thc prcwsion of  thr t h v  solkcnt layer, the anaI\\ t  must t ~ n i p l o ~  
environmental me%wrements Whcnerct rnrchanrral t ~ c h n i q i i ~ s  to coniplt i t *  I t i t  
~ ~ s s i b l c .  the laborator) Fhould anal)/i* p h ~ w  wparatiun Tht- optimum t t y  t in iq i~*  
standard rPfvrerice rnattLriels arid partifi drpeiitl% upon l h e  sarnplc~ bur m a t  i r i c ’ l ~ i t l f  
P R t P  in rcle~alr twrformancr. wal i iat ion stirring filtration or [ t i t ,  tvn\il\ioii t t i r < p i i k ’  

sti1tlit.s K I W ~  uool crntrifuKxtiori o r  0 1  l i t  r p ~ i !  II I ’  

When sample volumes of 

9.1 Grab samples musL be collected in 
glass containers. Conventional sampling 
practices ’ should be followed. except that 
the bottle must not be prerinsed with 
sample before collection. Composite samples 
should be collected in refngerated g l m  con- 
tainers in accordance with the requirements 
of the  program. Automatic sampflng wuip 
ment must be as free as W b l e  of Tygon 
tublng and other potentla1 sources of con- 
tamination. 

9.2 All sampling must be iced or refriger- 
nted at  4 ‘C from the time of collection until 
extraction. Fill the sample bottles and. if re 
sidual chlorine is present. add 80 mg of 
sodium thiosulfate per liter of sample and 
mix well. EPA Methods 330.4 and 330.5 may 
be used for measurement of residual chlo 
rine: Field test kits are avarlable for this 
purpose. 

9.3 All samples m w t  be extracted within 
7 days of collection and completely analyzed 
within 40 days of extraction. 

10. Separatory Funnel Erlraction 
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:::I v i r o r i  m t, n 1 a I P r o f  

. ' (  I ! l l r < l . ~  < '#I l l*  I! 1 1 1 , .  l : ~ ~ ' l l l \ l l ~ l l ~  ~ 1 1 1 / ? 1  , : I  ! \ 

' I 4  I l!I :I 2 3 1  . I l l  l . : l ; *  : l l ! l t  \ t ' l  I.'L.<k I I  : : I , .  

, ~: I I I~:~I~I I I  \ ' . i l i l l c j i  1 7 ,  I 1 t ~ i k i ~ i i  ( i t ' ,  I J \ C ' I  i ~ J I  it,..\ 

!l,iii UOY I h e ,  ! ~ ! ~ ~ ! ! ~ y l t . t ~ ~ ~  ~ ~ l i l < i r i t l < ~ ,  ( ' o r  
: e . t  t i ~ i  II>I 1 1 1 1 .  u ; i t i ' r  > i ~ i i i b i I i t ~  of i ~ i t , t I i >  I i .11 i .  

l i l t ~ r i d t ~ ) ,  1rniihft.r 1111. s u i i p l t s ,  s i i l i t , i i t .  ~ i i d  
1 ~iiuls ior i  into 1111, c .xtrnc ' t ioi i  cl ixii ibi*r of ;I 
I ~ ~ r i t i i i u o r i s  e x t r a r ~ i i r  : i i id  i)roc'fvxI :IS < I f ,  
,~ , r ibt ,d  iii Scbciioii 11.3. 

Add a . s i ~ w i d  tiO.niL vol~riiiv of m r t t i  
i I ~YN '  chloridr t o  [ t i t>  sampli. bot t lc  and  
rcapt'at the rxtracliun prorrdurr a .icrond 
;1inv. combiniriv rhr extracts in  t he  Erlen. 
nii:yer flask. Perfoini a third extraction in 
I I I C  same manner. Label t t i t .  combined c x -  
irnct as the base/neutral fraction. 

10.5 Adjust the pH of the aqueous phase 
to less than 2 using sulfuric acid. Serially 
extract the acidified aqueous phase three 
times with 60-mt aliquots of methylene 
chloride. Collect and combine the extracts 
in a 250-mL Erlenmeyer f lask and label the 
combined extracts as the  acid fraction. 

10.6 For each fraction, assemble a Ku- 
derna-Danish (K-D) concentrator by attach- 
ing a 10-mL concentrator tube to a 500-mL 
evaporative flask. Other concentration de- 
v i m  or techniques may be used in place of 
the K-D concentrator if the requirements 
of Section 8.2 are met. 

10.7 For each fraction, pour the com- 

f I o n Age  n c 7 
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! I ,  1 1 1 )  : s , ; ,  i ' l ; t , , t .  ! t i ,  ti I )  ; \ ~ ~ i l ~ l ! . ~ l l l ~  O I I  ., 
l i q / i  u:ict.r ) : t ! t l  < i i O  1 , )  ti5 ( ' 1  st i  1!1,ti !I,. ( . l , t ~  

1 ' ~ ' ~ ~ ~  r ; i i i i r  1 1 i t i t ~  iir ~i;irli;iIl\ i t i i i t i t ' r ~ t . t I  i t i  !I,II 
!r: i l i ' r  Ad)iist ! l i t ,  vt.rtic:il positiuri of ! l i t ,  
ixirn! ii.? arid i t i t ,  u3Ii-r ttmi)t'rai iiri' x-5 rts- 
quirr-d to compl?tc the ruricwitr;i!ioti 111 5 f ( t  

10 n i i i i .  At the* pruppr rat<* of dislillalioii t t i a a  
balls o f  t h e  coliriiiri wi l l  actively cliattc'r bur 
t h t v  clianibers will iiot flood w i t h  rondt'nwd 
solvt,nt. When t t ir  apparent volrimt* of 
liquid reachcs about 0.5 mL. remove the K -  
D apparatus from the  water bath arid allou 
it to drain and cool for a t  l e s t  10 min. 
RtbmovP the Snydrr column and r inse f h c  
flask and its lower joint into the concentra. 
tor tube with approximately 0.2 mL of ace- 
tone or methylene chloride. Adjust the final 
volume to 1.0 mL with the solvent. Stopper 
the concentrator tube and Store refrinerated 
if  further processing will not be performed 
immediately. If the extracts will be stored 
longer than two days. they should be trans- 
ferred to Teflon-sealed screw-cap vials and 
labeled base/neutral or acid fraction as ap- 
propriate. 

10.10 Determine the original sample 
volume by refilling the sample bottle to the 
mark and transferring the liquid to a 1000- 
mL graduated cylinder. Record the sample 
volume to the nearest 5 mL. 

bined extract through a solvent-rinsed 
drying column containing about 10 crn Of 
anhydrous sodium sulfate. and collect the 
extract in the K-D concentrator. Rinse the 
Erlenmeyer flask and column with 20 to 30 
mL of methylene chloride to complete the 
quantitative transfer 

10.8 Add one or two clean boiling chips 
and attach a three-ball Snyder column to 
the evaporative flask for each fraction. 
Prewet each Snyder column by adding 
about 1 mL of methylene chloride to the 
top Place the K-D apparatus on a hot 
water bath (60 to 65 'C) so that  the concen- 
trator tube IS partially immersed in the hot 
water. and the entire lower rounded surface 
of the  flask is bathed with hot vapor Adjust 
the vertical position of the apparatus and 
the water temperature as required to com- 
plete the concentration in 15 to 20 min A t  
' h e  proper rate of distillation the balls of 
':,c column will actively chatter but the 
(tiambers will not flood with condensed sol- 
i rn t  When the apparent volume of liquid 
reaches 1 mL. remove the K-D apparacus 
from the water bath and allow it to  drain 
and cool for a t  least 10 min. Remove the 
Snyder column and rinse the flask and i t s  
lower joint into the concentrator tube with 
1. to 2 mL of methylene chloride. A 5-mL sy-  
ringe is recommended for this operation. 

109 Add another one or two  clean boil- 
ing chips to the concentrator tube for each 
fraction and attach a two-ball micro-Snyder 
column. Prewet the Snyder column by 
adding about 0 5 rnL of methylene chloride 

If. Continuous Exfracfion 
11.1 When experience with a sample 

from a given source indicates that a serious 
emulsion problem wvill result or an emulsion 
is encountered using a separatory funnel in 
Section 10.3, a continuous extractor should 
be used. 

11.2 Mark the water meniscus on the side 
of the sample bottle for later determination 
of sample volume. Check the pH of the 
sample with wide-range pH paper and 
adjust to pH > 11 with sodium hydroxide so- 
lution. Transfer the sample to the continu. 
ous extractor and using a pipet. add 1.00 mL 
of surrogate standard spiking solution and 
mix well. Add 60 mL of methylene chloride 
to the sample bottle. seal. and shake for 30 s 
to rinse the inner surface. Transfer the sol- 
vent to the extractor. 

11.3 Repeat the sample bottle rinse with 
an additional 50 to 100-mL portion of meth- 
ylene chloride and add the rinse to the ex-  
tractor. 

11.4 Add 200 to 500 mL of methylene 
chloride to the distilling flask. add suffi- 
cient reogent water to ensure proper oper- 
ation. and extract for 24 h. Allow to cool, 
then detach the distilling flask. Dry. con- 
centrate. and seal the extract as in Sections 
10.6 through 10.9. 

11.5 Charge a clean distilling flask with 
500 mL of methylene chloride and attach it 
to the continuous extractor. Carefully. 
while stirring. adjust the pH of the aqueous 
phase to less than 2 using sulfuric acid. Ex- 
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tract for 24 h. Dry. concentrate, and seal 
the extract as in Sections 10.6 through 10 9. 

12. Daily GC/MS PerJomance Tests 
12.1 A t  the beginning of each day that 

analyses are to be performed. the GC/MS 
system must be checked to see if acceptable 
performance criteria are achieved for 
I3FTPP.t. Each day that  benzidine is to be 
determined. the tailing factor criterion de- 
scribed 1n Section 12.4 must be achieved. 
Each day that  the acids are to be deter- 
mined, the tailing factor criterion in Section 
12.5 must be achieved 

12.2 These performance tests reauire the 
following instrumental parameters 

Electron Energy: 70 V (nominal) 
Mass Range 35 to 450 amu 
Scan Time To give at l e u t  5 scans per 

peak but not to exceed 7 s per scan. 
12.3 DFITPP performance test-At the 

beginning of each day. inJect 2 FL (SO ng) of 
DFTPP standard solution. O b t i n  a back- 
ground-corrected maSS spectra of DFTFP 
and confirm that all the key m/z criterm In 
Table 9 are achieved. If all the  criteria are 
not achieved. the analyst must retune the 
m a s  spectrometer and repeat the test until 
all criteria are achieved. The performance 
criteria must be achieved before any sam- 
Dles. blanks. or standards are analyzed. The 
taililn factor tests in Sections 12.4 and 12.5 

40 CFR Ch. I (7-1-85 Edition) 

tion times and MDL that can be achieved 
under these conditions. Examples of th r  
separations achieved by these columns arc 
shown in Figures I through 12. Other 
packed or capillary (open-tubular) columns 
or chromatographic conditions may be used 
if  t h e  requirements of Section 8.2 are mel. 

13.2 After conducting the  GC/MS per- 
formance tests in Section 12. calibrate l h e  
system daily as described in Section 7. 

13.3 The internal standard must be 
added to sample extract and mixed Lhor- 
ouehly immediately before it is injected into 
the instrument. This procedure minimizes 
losses due to adsorption. chemical reaction 
or evaporation. 

13.4 Inject 2 to 5 pL of the sample ex 
tract or standard into the GC/MS system 
using the solvent-fIush technique. Smaller 
(1.0 pL) volumes may be injected if ruto- 
matic devices ate employed. Record the 
volume injected to  the nearest 0.05 pL. 

13.5 If the respoonse for any m/z exceeds 
the working range of the GC/MS system. 
dilute the  extract and reanalyze. 

13.6 Perform all qualitative and quanttra 
tive measurements as described in Sections 
14 and 15. When the extracts are not being 
used for ana1yse.s. store them refrigerated at 
4% protected from light in screw-cap vials 
equipped with unpierced Teflon-lined septa. 

14. Qualitative Identification 
14.1 Obtain EICPs for the primary m/z 

and the two other masses listed in Tables 4 
and 5. See Section 7.3 lot masses to be used 
with internal and surrogate standards. The 
following criteria must be met to make a 
qualitative identification: 

14.1.1 The characteristic masses of each 
parameter of interest must maximize in thr  
same or within one scan of each other. 

14.1.2 The retention time must fal: 
within -30 s of the  retention time of Lhc 
authentic compound. 

14.1.3 The relative peak heights of the 
three characteristic masses in the ElCPs 
must fall within 220% of the relative inten- 
sities of these masses in a reference rnw 
spectrum. The reference mass spectrum can 
be obtained from a standard analyzed i n  l h l -  
GC/MS system or from a reterenrt. Iihrnr' 

14 .2  Structural isomers that havc t t ' r ' s  

similar mass spectra and less than 30 x d l f  
ference In retention time. can be t-xpltrill> 
identified only i f  the resolution betucrn :t11 
thentlc isomers in a standard mix is accr.Pca 
ble, Acceptable resolution is achirvcd i f  t h +  
baseline to valley height br tuwn 111t' I.< 

mers is less than 25% of t he  siiiii of 1 1 1 t .  t u a '  
peak hriyhts. Otherwise. s t r ~ c t ~ i r a l  I V I I ~ ~ ~ ' ~  ~ 

are idwitifit4 as isornrric ixhirs. 

may be performed simultaneously with the 
D F P P  test. 

12.4 Column performance t s t  for base/ 
neUtMls-At the beginning of each day that 
the base/neutral fraction is to be analyzed 
for benzidine. the benzidine tailing factor 
must be calculated. Inject 100 ng of benzi- 
dine either separately or ps a part of a 
rtandard mixture that may contain DF'TPP 
and calculate the tailing factor. The benzi- 
dine tailing factor must be less than 3.0. 
Calculation of the tailing factor is illustrnt- 
ed in Figure 13." Replace the column D W k -  
ing if the tailing factor criterion cannot be 
achieved. 

12.5 Column performance test for acids- 
A t  the beginning of each day that the acids 
are to be determined. inject 50 ng of pen- 
tachlorophenol either separately or as a 
part of a standard mix that may contain 
DFTPP. The tailing factor for pentachloro- 
phenol must be less than 5 .  CalculaLlon of 
the tailing factor is illustrated in Flgore 
13." Replace Lhe column packing if  the  tail- 
ing factor criterion cannot be achieved. 

13. Gas Chroma 1 ogra ph y /Mass  
Sprclromelry 

Tablr 4 sumniarizes thP recommend- 
ed gas chromatographic operating condi- 
tions for the base/neutral fraction. Table 5 
sitrnrnari7rs the recommended y&$ chrome- 
tographic operating conditions lor thv acid 
frartion. Incliidrd in t h r w  Inb1t.s art' rrtvn. 

13.1 



A- 9 

(A. )I I. ) '  Concrn t rat ion ( p K L )  

u here 
&=Area of the  characteristic m/z for the 

parameter or surrogate standard to be 
measured. 

A,.=Area of the characteristic m/z for the 
internal standard 

I,=Amount of internal standard added to 
each extmct ( f ig) .  

V,=Volume of water extracted (b). 
15 2 Report results in pg/L without cor- 

rection for recovery data. All QC data ob- 
tained should be reported with the sample 
results. 

16. Method Performance 
16.1 The method detection limit (MDL) 

IS defined as the minimum concentration of 
a substance that  can be measured and re- 
wr ted  with 99% confidence that the value 
IS above zero.' The MDL concentrations 
listed in Tables 4 and 5 were obtained using 
reagent water." The  MDL actually achieved 
in a given analysis will vary depending on 
instrument sensitivity and matrix effects. 

16.2 This method was tested by 15 lab- 
oratories using reagent water. drinking 
hater. surface water. and industrial 
Hastewaters spiked a t  six concentrations 
over the range 5 to  1300 pg/L" Single oper- 
ator precision. overall precmon, and method 
accuracy were found to be directly related 
to the concentration of the parameter and 
rssentially independent of the sample 
matrix. Linear equations to describe these 
vlationships are presented in Table 7 

17  Screening Procedurefor 2.3.7.8- 
ret rachlorodtbenro-p-dtorln ( 2,3,7.8-TCDD ) 

17.1 If the sample must be screened for 
ih? presence of 2.3.7.8-TCDD. it IS recom- 
mended that  the reference material not be 
handled in the laboratory unless extensive 
safety precautions are employed. I t  is suffi- 
cient to analyze the base/neutral extract by 
selected ion monitoring (SIM) GC/MS tech- 
niques. as follows: 

17.1.1 Concentrate the  base/neutral ex 
tract to a final volume of 0.2 ml. 

17.1.2 Adjust the temperature of the 
base/neutral column tSection 5.6.2) to 220 
'C. 

17.1.3 Overate the m a s  spectrometer to 
acquire data in the SIM mode using the ions 
at m / z  257. 320 and 322 and a dwell time no 
greater than 333 milliseconds per mass. 

17.1.4 Inject 5 to 7 WL of the base/neu- 
tral extract. Collect S I M  data for a total of 
10 min. 

17.1.5 The possible presence of 2.3.7.8- 
TCDD is indicated if all three masses exhib- 
it simultaneous peaks at any point in the se- 
lected ion current profiles. 

17.1.6 For each cccurrence where the 
possible presence of 2.3.7.8-TCDD is indicat- 
ed. calculate and retain the relative abun- 
dances of each of the three masses. 

17.2 False positives LO this test may be 
caused by the presence of single or coelut- 
ing combinations of compounds whose mass 
spectra contain all of these masses. 

17.3 Conclusive results of the presence 
and concentration level of 2.3.7.8-TCDD can 
be obtained only from a properly equipped 
laboratory through the use of EPA Method 
613 or other approved alternate test proce- 
dures. 
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TABLE I.-EASE/NEUTRAL EXTRACTA~~LES 

.... ------+----5---- 

I 39330 

1 34230 ; 34242 
34247 
34521 ’ 34292 
39338 

94259tMle- 
86-8 

34273 
~ 2 7 8 t 0 1 1 1 -  

91-1 
39100 
34283 

34526 

83-32-9 

120- 1 2-7 
309-03-2 
56-55-3 

205-99-2 
2001-08-9 
M-32-8 

191 -24 - 2 
85-68-7 

319-85-7 

m-86-e  

1 1  1 - 4 4 - 4  

1 1  7 - 8 1 -  7 
lOa.6D- 1 
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TAC~LE 1 .--BASE/Nf UTRAC EXTRACTA~LES- 
Continued 

34.536 
39350 
34s 1 
34641 
34320 
39310 , 
39320 
39300 
34556 
391 10 
24566 
34536 
3457 1 
34631 
39360 
34336 
3434 1 
N 6 1 1  
34826 
34596 
3435 
34366 
31376 
31381 
39410 
39420 
397w 
34391 
34396 
34403 
WQe 
34696 
all? 
3-4428 
34671 
39469 
39492 
39496 
39500 
39504 
39508 
34461 

101 -5S3 
51-74-9 
91-S-7 

7005-72-3 
21 8-01 -9 
72-54-8 
72-55-9 
50-29.3 
53-70-3 
84-74-2 

541-73-1 
95-50- I 

106-46- 7 
91-94-1 
60-57- 1 

84-2 
131-11-3 
121-14-2 
606-20-2 
I 17-84-0 

1031 -07-8 
7421 -93-4 

206-44-0 
86-73-7 
7-1-a 

1024-57-3 
118-74-1 
07-68-3 
67-72- 1 

193-3!+-5 
7n-as-I 
91-20-3 
98-95-3 

621-64-7 
12574-11-2 
11104-28-2 
I ! 141 - 16-5 
,3469-21-9 
12672-294 
IWld9-  1 
1096-82-5 

85-0 1-8 
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2.4.Oimirol~ne .............................. 
Olemyl phthstate ..................................... 
N-N~troswApbnylamne ' .......................... 
HexKIJaobenzene ............................... 
P-BHC' .................................................... 
I-&anophany( P h n y l  ether .................... 
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0-BHC ....................................................... 
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Wutyl phthalate ............. .,- ................ 
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4.4-OoE .................................................... 
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TAHLt 3 -AOOITIONAL EXTRACTABLE 
PARAMETERS 

T A ~ L E  3 -ADDITIONAL E X T R A C T A ~ L E  
PARAMETERS "-Continued 

TABLE 4.-~HROMATOGRAPHIC CONOITIONS. METHOD DETECTION LIMITS. AND CHARAClERlSTlC 
MASSES FOR BASE/NEUTRAL EXTRACTAeLES 

. 

Parameter 

I 

...... 

...... 

7.< 
71 
8.d 
8.d 
8.4 
9 . : 

11.1 
13.4 
11.6 
11.g 
12.1 
12.2 
13.1 
15.8 
17.4 

18.3 
W.7 
19.5 
19.5 
19.8 
20.1 
20.5 
21 . 0 
21.1 
21.2 
22.4 
22.11 
22.8 
23.4 
23.4 
23.7 
24.0 
24.7 
25 6 
2 6 4  
26.5 
272 
27.2 
27.3 
27.9 
28.6 
28.6 
28.8 
29.3 

29.8 

........ 

17.8 

........ 

1 9  
4 1  
1.6 
5.7 
I . 9 
5.7 

1.9 
0 9  
1 9  
2.2 
1.6 
5.3 

1 . 8 
3.5 
1.9 
1.6 
1.9 
1.9 
4.2 
5.7 
1.9 
19 
1.9 

............. 

............... 

1.9 

5.4 
1.9 
4.2 
1.9 
3.1 
1 9  
2.5 
2 2  

.............. 

2 2  
2 5  
5 6  
1 9  

2.11 
44 
4.7 

to235 
5.6 

__ 
h v  . 

1 4f 
1 44 
11; 
9: 

144 
4! 

1X 
7; 

22: 
1 K  
8i 

1% 
93 

23'1 
162 
152 
154 
163 
165 
188 
201 
165 
149 
169 
ZBl 
183 
2411 
103 
1711 
178 
181 
1Do 
183 
66 

149 
353 
237 
202 

78 
246 
202 

81 
237 
2% 
184 

237 
272 

67 

14f 
1 4  
201 
6: 

14s 
77 
4i 

1 2: 

182 
85 

126 
95 

231 
164 
151 
I53 
1W 
M 
la 
20e 
63 

177 
1 1  
142 
181 
2% 

179 
1 ?9 
103 
272 
108 
263 
150 
355 
330 
101 
263 
2- 
101 
263 
339 
237 
92 

165 
38? 
us 

ia i  

I ' Ch 
.. 

sacw- 
aw 

113 
113 
199 
95 

113 
79 

101 
65 

227 
145 
l3l4 
127 
123 
272 
127 
153 
1 5 2  
161 
121 
167 
141 
1 I 2  
153 
167 
249 
109  
141 
108  
176 
176 
109 
274 
181 
220 
104 
3S1 
34 1 
100 
279 
196 
IM) 
82 

341 
165 
185 

. 

Me* 
.ne __ 

146 
145 
1 99 
63 

145 
77 

1 24 
223 
181 
139 
129 
65 

235 
163 
152 
154 
151 
183 
(€6 

183 
177 
169 
2a4 

249 

178 
i 78 

149 

203 

............... 
203 

lol m. 

M h -  
ane 

... 

118 
148 
201 
107 
148 
135 

152 
225 
183 
167 
157 
107 
231 
191 
1W 
155 
163 
211 
167 

211 
225 
170 
286 

2511 1791 179 

P 

205 

23 1 

150 
150 
203 
1 0 9  
150 
137 

1 6 4  
227 
M9 
178 
169 
137 
239 
203 
181 
183 
164 
223 
195 

223 
251 
I98 
286 

277 

207 
207 

279 

243 
........ ......I ................ 
................... , ........ 

231 243 
............. .................................. 
............. 1 ................................. 
........................ .............. 

105 213 225 

. . . . . . . . . . . . . . .  ., . . . . . . . . .  
422 . . . . . . . . . . . . . . . . . . . . . . . . . .  
250 ............................. 
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149 91 
167 279 I 
228 2* 
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................... 
J.YahlOm&rmircrr, ............................... 
W p M M m  .................................... 
v a r r m l f m  .............................. 

Itld.nc(I.2.3e) weno ........................... 

aoluo(gt%)peylan ................................. 
K- ' .......................... 
-'... ............................................... 
PCB 1016 ........ ........... .. 
PCB 1221 ........ .......................... 
Pcfl 1232' .................................................. 
PCB 1242' .................................................. 
Pca 1248' ............................................... 

8.ruo(h)hror- ................................ 
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-o(&h).nWW8WlW ................... 

ToY#mly ............................................... 

TABLf 4 . d O M A T O G R A P H I C  CONOlTK3NS. METWO !%TECTlON LIMITS, A N 0  CHARACTERtSTlC 
MASSES FOR BASE/NEUTRAL ExTRAClAl3LES-Continl~ed 

................ 

................ 
................. 
................. 

30 
................. 
................ 
.............. 

I 

74 
375 
231 
280 
224 
224 
260 
330 

t 1. 377 
233. 
281, 
2so 
280 
294. L 
262. 

29.9 
2.5 

31.5 
31.5 
32.2 
32.5 
34.9 
34.9 
36.4 
42.7 
43.2 
45.1 

1 4 3 0  
25-34 
In-30 
15-30 
15-32 
15-32 
12-34 
22-34 
23-32 

............. 

I 

42 
373 
159 
224 
180 
190 
224 
294 
294 
330 - 

288 

229 "i 
253 
253 
253 
277 
279 
27 7 

327 

257 
25? 

28 1 
iW1 
28 1 
305 
3 0 7  
305 

TABLE ~ . ~ H R O M A T O G R A P W C  ~ O I T I O N S .  DETECTION LJM8T.S. AND CHARACTERISTIC 
MASSES FOR Acto EXTRACTA8US 

I 

2-CNOIOphsn01 ........................................ 5.9 3.3 128 

m ...................................................... 
2 . 4 - h m W @ m d  .................................. 
2.4-Dibr(oropheno( ..................................... 
2.4.BTrrMaophM ......................... 
4 4 M X f X h W  my)phenol ...................... 

.................................. 6.5 3.6 138 

...................................... 15 D 
............... 

. . . . . . . .  
. .  . . .  . . . .  

c&um mllom Supekqort ( IOOl120 mesh) cmted n r n  1 %  SP-i24ODA p.ccgd n a i e m Ion x Zmm ID 
c o h n n  rmh hs)unn canm g a1 30 mL/mn I- rate column remper8lwe hold rsotherrnsl a1 70 '8 101 2 mn 
POgBlnmd 81 8 ' C l W .  lo 'C 

- -  

157 
122 
135 
163 
167 
Ml 
183 
225 
239 
269 
122 

glass 
then 
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T A H L  E 6 -0c ACCEPTANCE CQITERIA---ME~HOO 625-Continued 

cD(IcIuyon Test ~trnfls fm s Rrnge  to‘ l o r  

p p. (r9’L) W 4 ’ C )  (Pertenl) 
P r r d r n e l r r  

Ir9’L) * 

100 
1w 
100 
100 
100 
1 0 0  
loo 
I00 
100 
100 
100 
1 w  
100 
100 
1w 
100 
100 
100 
100 
100 
1 M  
100 
100 
100 
I00 
100 
1 M  
1 w  
100 
100 
100 
100 
100 
160 
100 
100 
100 
100 
100 
100 
1 w  
100 
1w 
100 
1w 
100 
160 
100 
100 
100 
100 
la0  
IW 
100 
100 
100 
100 
100 
100 
100 
1w 
100 

390 12-1522 
320 434-1180 
276 418-1330 
388: 420-1404 
3 2 3  252-145 7 

589 0-1950 
234 0-1399 
31 5 I 41 5-1306 
21 6 I 0-1000 
550 429-1260 

390 31 1-14ao 

345 
46 3 
41 I 
23 0 
130 
33 4 
48 3 
31 0 
32 0 
61 6 
70 0 
18 7 
309 
41 7 
32 1 
71 4 
307 
265 
232 
21 8 
296 
31 4 
I6 I 
32 5 
32 8 
201 
37 2 
547 
24 9 
26 3 
24 5 
44 6 
633 
30 1 
39 3 
55 4 
54 2 
206 
25 2 
28 1 
37 2 
28 7 
26 4 
26 1 
49 8 
93 2 
35 2 
4 7  2 
4% 9 
226 
31 7 

49 2-1€4 7 
628-1386 1 
259-1368 I 

44 1-139 9 

19 2-1 19 7 I 
0-134 5 1 
0-1706 
0-199 7 

84-1110 
486-1120 
16 7-1539 
37 3-105 7 

44 3-119 3 1 
0 -1w 0 

475-1269 
88 1 - 1 x  7 
18 6 1 3 1  8 
0- 103 5 1 
&la 8 

429-121 3 1 
71 6-1084 I 

70 9-109 4 

37 8-102 2 
55 2-100 0 

46e-iao2 
356-1196 1 
543-1576 I 
136-1979 I 
193-121 0 
652-1087! 
696-1WO 
57 3-129 2 
a0 8-127 9 
362-1201 
52 5-121 7 

0-1729 
53 0-1 00 0 
I S  0-166 7 
130-1065 

166-1000 
52 4-129 2 

8?-212 5 1 

D-1000 1 

0-1 72 2 I 
70-141 5 ~ 

0-1509 j 

41 8-2090 

~ l l 1 - 1 5 1  a 

0-166 
2 7 - 1 3  
33-143 
24- I59 
11-162 
17-163 
0-219 
0- 152 

24-149 
0-1 10 

12-1% 
33- I e4 
3 6 - 1 6 6  
8-158 

53-127 
60-111) 
25.1% 
17-188 
0- I45 
4-136 
0-203 
0-227 
1-1 18 

32-129 
0- 172 

20-124 
0-262 

29- 1 36 
0-114 
0 - 1  12 

39- 129 
50-156 

4-146 
0-107 
0-Zos 

26-137 
59-121 
0-192 

26-155 
0-152 

24-116 
40-113 
0-171 

21-196 
21-133 
35-180 
D-230 
D 1 M  

54-i20 
52-11s 
44-142  
22-147 
23- 134 
39-135 
32-1 19 
0-191 
0-181 

0-132 
14-116 
5-112 

37-144 

29-182 
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uhn . 
Breo(r).nmnon .................................................................................................. 
8.rpoofiumhrw ................................................................................................ 

w- .......................................................................................................... 
Bmo(' ................................................................................................. 

&twcc ............................................................................................................... 
&-Bccc ................................................................................................................ 

......................................................................... ............................... 

................................................................................................. Bmqr)npnnchm 

& r u y l c - e  ....................................................................................... 

0 . 9 6 C ~ O . 1 9 ~  O.lS%-O.lZ 02ti(.-0.67 
o.esc+o.74! 0.242-r.oe o . a s 1 - 0 . ~  
0.7nc+i.tx 0.~7X-1.2e 0.43x.113 
o.doc+ 0.64 
0.886-0.6( 
0 . 9 K -  1.N 
0.87C- 1.g 
0.m-0.1: 
0.9BC-o.et 
O M C -  1 . a  
0.87C-0.94 
0.29c - 1 05 

B0(2--)ethrr ............................................................................ 

4.m- phsny( e m  ............................................................................... 
.................................................................................................. 
u?vllnqlwl)i pheyl emar ............................................................................. 
4.4'-ooo ................................................................................................................. 
4.4 ' -DM .............................................................................................................. 
4,4'.WT .............................................................................................. 
Db.ru&.h)mWrcme . . . . . . . . . . . . . . . . . . . . . . . . . .  ....... 
ocnanylphmahl~ ........................................................................... 
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t . 3 - Y ~  ........................................................................................... 

3.3. -OicNcrobr\nks ........ 

~24m+itmxy()Qhnmolll0 ................................................................................... 

........................................................................................................... 

l.l.0dJorobhnro ............................................................................................... 
................................................................................ 

...................................................................................................................... 
p*a*r pMhll).(s ....................................................................................................... 
muay phmwo .................................................................................................... 
2.4-OindrOlOLun ........................................................... ............................... 
2€-mllNJm ..................................................................................................... 

phltdate ................................................................................................ 
Errbsunan d a t a  ............................................................................................ 
Enrkm .......................................................................................... 
FLumnfflau ................................................................................................ 
Fluoram .............................................................................................................. 
HIpuchla ........................................................................................................ 
H i q % W  .parid. ........................................................................................ 
Mexmmor~ane ........................................................................ 
Hexachb- .............................................................................. 
HsuEMomenUne ................................................................. 
Indeno(l.2.3cd)Wr ene ............................................................... 
isopbmm ............................................................................. 
N.ph(h.iera ............................................................... 
Fktr.nrene ...................................................................... I 

0 21g . 0.32 0 272 . 0 64 
015%+093 O e - O Z B  
O Z ? i ( + O 4 3  0 2 9 X + O %  
O l S % + l M  0351(+040 
022Xr048 I 032x11 35 
O Z O X + 2 4 0 .  P S l f - Q 4 4  
018i(+09A 053X+092 

, 1.03C-2.31 
0 8 4 C - l . l t  
0.91C- 134 
0.8% + 0.01 
V.91C + o s  
0 . ~ 3 ~ -  1.a 
0.S6C-0.a 
0.7OC- 0.54 
0.7% . 3.2C 
0 8 8 C + 4 7 i  ' 05Dc+0.71 
0 . w  +0.21 
0 . M  -0.7C 
0.73.--1.47 

r . n c  - 12.e 
0.W-0.16 
O . 4 X +  1.00 
O.ZOC+ 1.03 
0.9s-4.81 
r.wC-3.6a 
0.7%-0.79 
0.3% + 0.4 1 
0 7% . 5.86 
O.SlC+ 1.10 
0.9oc-0.00 
0.87C-297 
0.92C . 1.17 
0.74C + 0.66 
0.71C- 1.01 
0.73C . 0 83 
0 . 7 K  . 3.10 
1 12C+ 1.41 
0 7% t 1.58 
1 09C 3.05 .. 

0 2 0 2 - 0 %  
0 342 +O b6 
0 351 -0 99 
016X+134 
0 24% + O  28 
026X+073 
0 13X+O66 
0 07% + 0 52 

028%+0 13 
0 291 -0 32 
026%-1 17 
0 4Zx e 0 19 
0 30x + 8 51 
0 132 + 1 16 
0 20% +047 
0 25% + 068 
0 242 +O 23 
02%i(+733 
020%-0 16 
O Z O X + 1 4 4  

0201-094 

oS1%+0 19 
D l Z i ( + l 0 6  

O212+1 19 
0 14%+ 1 26 

0 12% + 2 47 
0 1 8 X + 3 9 1  
0 222-0 13 
0 12%+026 
0 24%-0 56 
O33%-046 
0 18%-a 10 
0 l 9 % + 0 9 2  
0 1 7 1 r 0 6 7  
0 29: e 1 46 
0 27X +O 77 
0 21%-0  41 
0 192 -0 92 

0 30X . 1 94 
0 9 3 x - 0  t 7  
0 3% r O  10 

0 25x + 1 04 
036X*067 
0 16X*066 
0 13x1034  
0302-016 
0 33k -0 09 

030x- 104  
0 6 % - 0 5 8  
0 59x + 0 25 
0 395.0 60 
O Z I X  +039 
0 4 t % + O  1 1  
029% + O  36 
0 4 7 f + 3  45 
0 2 6 k - 0 0 7  
0 521 + 0 22 
1052- 0 92 

0 192 + 0 35 
O 3 7 X + l  19 
063.%.103 
0 73X 062 
028X om 
0 1 3 k + 0 6 1  
O M ?  . 0 2 3  
0 2 8 X  + O  64 
0432 - 0 5 2  
0 26! + 0 49 
0 l7X*080 
0 4 4  SO% r O  

0 261 9 2 01 

O S X - 0 9 6  

0 2 1 i + l M  

0 33% + O  26 
030x 068 
J 27% 1 0 21 

027i(rO68 0 1 4 X . 0 4 7  

0 1 2 % - 0 5 7 :  0 1 5 X - 0 2 5  
0 1 6 X - 0 0 6  I 0 1 5 X - 0 3 1  
0 IS! . 0 85 0 2 1 i  . 0 39 

o 352 + 3 61 o 43jl . i a2 

........... G ... 
U L J A r U I >  U L Y I -  I J '  

0 182 . 1 4 6  02EX . 0 9 .  . .  . . .  . . . . . . . . . . . . . . . .  .. 

.............. 
X 
I. E.pecled sq le  aoaiysi slandard dovialion of rneaswmnls dl an akerage concentr l l o n  tom0 01 R n ". . Erpecied recoren, 101 one DI more moasurem'ntq 0 1  a sample ccmrammg a ccmcentrafon 01 C 10 pg L 
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TABLE 8.-sUGGESTED INTERNAL AND 
SURROGATE STANDARDS 

4.4.. 

__ 222'- 

.......... 

TABLf g.-Df%'P KEY MASSES AND 
ABUNDAUCE CRITERIA 
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Environmental Protection Agency Pt. 136, App. A, Meth. 625 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM 5OoC FOR 4 MIN. 8"C/MIN TO 2 7 0 O C  
DETECTOR: MASS SPECTROMETER 

m/t =375 

rn/z=373 
I I I 1 1 

18 2 0 2 2  24 26 28 30 32 34 36 

RETENTION TIME, MIN. 
Figure 4. Gas chromatogram of chiordane. 

18 24 26 28 30 32 34 36 

RETENTION TIME, MIN. 
Figure 4. Gas chromatogram of chiordane. 
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COLUMN: 3% SP-2250 ON SUPELCOPQRT 
PROGRAM: 50°C FOR 4 MJN, 8*C/MnlN TO 2 7 O O C  

, DETECTOR: MASS SPECTROMETER 

22 24 26 28 30 32 34 36 38 

RETENTION TIME, M I N .  

Figure 5. Gas chromatogram of toxaphene. 



A-21 

Environmental Protection Agency Pt. 136, App. A, Math. 625 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: 50°C F O R  4 MIN, 8OC/MIN TO 270°C 
DETECTOR: MASS SPECTROMETER 

RETENTION TJME, MIN . 
Figure 6. Gas chromatogram of PCB-1016. 
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k. 136, App. A, Meth. 625 40 CFR Ch. I (7-1185 Ed i th )  

COLUMN: 3% SP-22SO ON SUPELCOPORT 
PROGRAM: 50% FOR 4 MIN, 8 W M I N  TO 270% 
DEfECTOR: MASS SPECTROMETER 

m/t =224 

m/z -790 
t 

18 20 22 24 26 28 30 32 

RETENTION TIME, M1N. 

Figure 7 .  Gas chromatogram of PCB-1221. 
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Environmental Protection Agency Pt. 136, App. A, Meth.  625 

I 

7 

m/t=19O 
I L  I I 1 I 1 ! 

COLUMN: 3% SP-2250 OM SUPELCOPORT 
PROGRAM: 50°C FOA 4 MIN, 8*C/MIN TO 270°C 
DETECTOR: MASS SPECTROMETER 

RETENTION TIME, MiN. 

Figure 8. Gas chromatogram of PCB-1232. 
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Pt. 136, App. A, htk 625 40 CFR Ch. 1 (7-1-85 Edition) 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: 50% FOR 4 MIN. 86C/MIN TO 270OC 
DEXCTOR: MASS SPECTROMETER r 

m/ 2-224 
18 . 20 22 24 26 20 30 32 

RETENTION TIME, M I N .  

Figure 9. Gas chromatogram of PCB-1242. 
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Pt. 136, AQQ. A, Meth. 625 Environmrniot Protection Agency 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: 50°C FOR 4 MIN, 8 W M I N  TO 270°C 
DETECTOR: MASS SPECTROMETER 

RETENTION TIME, MIN. 

Figure 10. Gas chromatogram of PCB-1248. 
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H. 136, App. A, Moth. 625 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM: 50% FOA 4 MIN. 8OC/M1N TO 270OC 
DETECTOR: MASS SPECTRONIEER 

40 CFR Ch. I (7-1-85 Ediiion) 

ARENTlON TIME. MIN . 
Figure 11. Gas chromatogram of PCB-1254. 
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Environmental Protection Agency 

COLUMN: 3% SP-2250 ON SUPELCOPORT 
PROGRAM S O T  F O R  4 MIN. @.OC/MIN TO 270°C 

1 DETECTOR: MASS SPECTROMETER 

Pt. 136, App. A, Msth. 625 

A 

RETENTION TIME, MIN. 

Figure 12. Gas chromatogram of PC8-1260. 
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BC TAILING FACTOR= - 
AB 

Example calculation: Peak Height = DE = 100mm 
10% Peak Height=BD=lOmm 
Peak Width at 10% Peak Height =AC = 23 mm 

AB=11 mm 
BC = 12 mm 

12 
11 

Therefore: Tailing Factor = - ~ 1 . 1  

Figure 13. Tailing factor calculation. 
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METHOD 3540 

SOXHLET EXTRACTION 

1.0 Scope and A p p l i c a t i o n  

1.1 Method 3540 i s  a procedure f o r  e x t r a c t i n g  n o n v o l a t i l e  and semivola- 
t i l e  o rgan ic  compounds from s o l i d s  such as s o i l s  and sludges. The Soxhlet  
e x t r a c t i o n  process ensures i n t i m a t e  contac t  of t h e  sample m a t r i x  w i t h  t h e  
e x t r a c t i o n  so lvent .  Subsequent cleanup and d e t e c t i o n  a r e  descr ibed i n  t h e  
organ ic  a n a l y t i c a l  method t h a t  w i l l  be used t o  analyze t h e  ex t rac t .  

2.0 Summary o f  Method 

2.1 The s o l i d  sample i s  mixed w i t h  anhydrous sodium su l fa te ,  p laced i n  
an e x t r a c t i o n  th imb le  o r  between two p lugs of g lass wool, and ex t rac ted  us ing  
an approp r ia te  so l ven t  i n  a Soxhlet  ex t rac to r .  Methylene c h l o r i d e  should be 
employed when a so lvent  i s  not speci f ied.  The e x t r a c t  i s  then d r i e d  and 
concentrated, and e i t h e r  cleaned up f u r t h e r  or  analyzed d i r e c t l y  by t h e  
approp r ia te  measurement technique. 

3.0 In te r fe rences  

3.1 A procedura l  b lank should be performed f o r  the  compounds o f  i n t e r e s t  
p r i o r  t o  t h e  use o f  t h i s  method. The l e v e l  of i n te r fe rences  must be below 
t h e  method d e t e c t i o n  l i m i t  be fo re  t h i s  method i s  performed on ac tua l  samples. 

3.2  More ex tens ive  procedures than those o u t l i n e d  i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

3.3 Procedures f o r  t h e  removal o f  i n t e r f e r i n g  compounds coext racted 
w i t h  t a r g e t  compounds are descr ibed i n  t h e  organ ic  a n a l y t i c a l  method t h a t  w i l l  
be used t o  analyze t h e  e x t r a c t .  

4.0 Apparatus and M a t e r i a l s  

4.1 Soxhlet  e x t r a c t o r :  40-mm I.D., w i t h  500-ml round-bottom f l ask .  

4.2 Kuderna-Danish apparatus w i th  t h r e e - b a l l  Snyder column. 

4.3 Chromatographic column: Pyrex, 20-mm I.D., approx imate ly  400 mm 
long, w i t h  c o a r s e - f r i t t e d  p l a t e  on bottom and an approp r ia te  packing medium. 

4.4 Glass or paper th imb le  o r  g lass wool t o  r e t a i n  sample i n  Soxhlet  
e x t r a c t i o n  device. Should d r a i n  f r e e l y  and may r e q u i r e  p u r i f i c a t i o n  be fore  use. 

4.5 B o i l i n g  c h i p s :  Approximately 10/40 mesh. Heat t o  400' C f o r  
30 min or Soxhlet  e x t r a c t  w i t h  methylene ch lo r i de .  

4.6 Rheostat c o n t r o l l e d  heat ing  mantle. 
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5.0 Reagents 

5.1 The specific reagents t o  be employed i n  th is  method may be l isted 
under the organic a n a l y t i c a l  methods t h a t  w i l l  be used t o  analyze the extract. 
Check ana ly t i  cal method for speci f i t  extract ion reagent 
extracting reagent i s  not  l i s ted f o r  the compound(s) of interest ,  methylene 
chloride shall be used. 

I f  a speci f i c 

5.2 The solvent o f  choice should be appropriate for the method o f  
measurement t o  be used and should give an analyte-to-solvent parti tion 
coefficient of a t  least 1 t o  1000. 

400’ C for  4 h r  i n  a shallow tray). 
5.3 Sodium sulfate: (ACS) Granular anhydrous (purified by heating a t  

5.4 S o i l  samples: Soil samples shall be extracted u s i n g  either of the 
f o l l o w i n g  solvent systems. 

5.4.1 Toluene/Methanol, 1 O : l  v / v  ACS reagent grade only.  

5.4.2 Acetone/Hexane, 1:l v / v  ACS reagent grade only. 

5.5 Methylene chloride: Pesticide quality or equivalent. 

6.0 Sample Collection, Preservation, and Hand l ing  

methods for collection, preservation, and handling. 
6.1 Adhere t o  those procedures specified in t h e  referring a n a l y t i c a l  

9.0 Procedure 

7.1 Blend 10 g o f  the solid sample w i t h  an  equal weight o f  anhydrous 
sodium sulfate and p lace  i n  either a glass or paper extraction thimble. 
extraction thimble must d r a i n  freely f o r  the duration o f  the extraction 
period. 
acceptable. 

The 

The use of a glass wool p l u g  above and below the sample i s  a l s o  

7.2 Place 300 rnl of the extraction solvent into a 500-ml sound-bottom 
flask containing a boiling stone. 
extract the solids f o r  16 hr. 

Attach the flask t o  the extractor, and 

7.3 Allow the extract t o  cool af ter  the extractdon I s  complete. Rinse 
t h e  condensor w i t h  the extraction solvent and drain the Soxhlet apparatus 
into the collecting round-bottom flask. Fil ter  the extract and dry i t  by 
passing i t  through a &in. column o f  sodium sulfate which has been washed 
with the extracting solvent. Collect the dried extract in a 500-ml Kuderna- 
Danish (K-0) flask f i t t ed  w i t h  a 10-ml graduated concentrator tube. 
e x t r a c t o r  f l a s k  and sodium sulfate column w i t h  100-125 m l  of the extracting 
Sol vent. 

Wash the 
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7 . 4  Add 1 or 2 clean boiling chips t o  the flask and attach a three-ball 
Snyder column.  Prewet t h e  Snyder column by a d d i n g  about 1 ml solvent t o  the 
t o p .  Place the K-D apparatus on a steam o r  h o t  water b a t h  so t h a t  the 
concentrator tube and the entire lower rounded surface of the f l a s k  are 
bathed i n  hot  water o r  vapor. Adjust the vertical position o f  the apparatus 
and the water temperature as required t o  complete the concentration in 
lfa-20 rnin.  A t  the proper rate o f  dis t i l l a t ion ,  the balls o f  the column will 
actively chatter b u t  the chambers , 4 1 1  not f lood .  When the apparent volume 
af l i q u i d  reaches 1 ml , remove the K-D apparatus and allow i t  t o  drain for a t  
least 10 rnin while cooling. 

7.5 Rinse the K-D apparatus w i t h  a sinal1 volume of solvent. Adjust  the 
sample volume t o  10.0 rnl w i t h  the solvent t o  be used i n  instrumental analysis. 
Proceed w i t h  analysis and cleanup i f  necessary. 

8.0 Quality Control 

8.1 Comprehensive q u a l i t y  cont ro l  procedures are specified f o r  each 
target compound in the referring analytical method. 

8 . 2  The analyst should demonstrate t h a t  the compounds of interest are 
being quantitatively recovered before applying this  method t o  actual samples. 
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3.0 Interferences 

3.1 Samples can be contaminated by diffusion of  volat i le  or;”ganics 
(part  i cu 1 a r l  y chl orof 1 uorocarbons and  methy 1 ene ch 1 ori de ) through the samp 1 
container septum during s h i p m e n t  and storage. 
from reagent water and carried through sampling and subsequent storage and  
h a n d l i n g  can serve as a check on such contamination. 

A f i e l d  sample blank preparea 

3.2  Contamination by carryover can occur whenever high-level and low- 
level samples are sequentially analyzed. To reduce carryover, the sample 
syringe or purging device m u s t  be rinsed out between samples with reagent 
water. Whenever an unusually concentrated sample i s  encountered, i t  should 
be followed by a n  analysis of reagent water t o  check for  cross contamination. 
For samples containing large amounts of water-soluble materials, suspended 
so l ids ,  high boiling compounds or h i g h  organohalide levels,  i t  may be neces- 
sary t o  wash out the syringe o r  p u r g i n g  device w i t h  a detergent solut ion,  
r inse i t  with d i s t i l l e d  water, and then dry i t  i n  a 105’ C oven between 
ana lyses. 

3 . 3  Before processing any samples, the analyst should demonstrate d a i l ,  
through the analysis of a n  organic-free water or solvent b l a n k  tha t  the 
en t i re  analytical system i s  interference-free. Standard q u a l i t y  assurance 
practices should be used with th i s  me thod .  
collected t o  validate the precision of the sampling technique. Laboratory 
replicates should be analyzed t o  validate the precision of the analysis. 
Fortif ied samples should be analyzed t o  validate the accuracy o f  the a n a l -  
yses. 
chromatogram, confirmatory techniques such as mass spectroscopy should be 
used. 

Field replicates should be 

Where doub t  ex is t s  over the i d e n t i f i c a t i o n  of a peak on the gas 

3 . 4  The analyst should maintain constant surveillance of both t h e  
performance of the analytical system a n d  the effectiveness of the method I n  
dealing with each sample matrix. This i s  done by s p i k i n g  each waste sample 
w i t h  known amounts of the compounds t h a t  the waste i s  being analyzed f o r .  
Using these spiked waste samples, the sens i t iv i ty  o f  the instrument i s  ther- 
readjusted so that  1 pg/g o f  sample can be read1 ly detected. Detection 
1 imi t s  necessary f o r  groundwater monitoring are much 1 ower. The analyst 
should adjust instrument sens i t iv i ty  according t o  Table 1 (below) when 
a n a l y z i n g  groundwater samples. 

4.0 Apparatus and Materi a1 s 

alent) .  
dry a t  105’ C before use. 

4 . 2  Septum: Teflon-faced si1 icone (Pierce #12722 or equivalent ). 
Detergent wash, rinse w i t h  t a p  and  d i s t i l l ed  deionized water, a n d  dry a t  

4.1 Vial w i t h  cap: 40-1111 capacity screw cap (Pierce #13075 or equlv- 
Detergent wash, r inse w i t h  t a p  and d i s t i l l ed  deionized water, a n d  
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'05'  C f o r  30 min before use. 
&,-io& o f  t ime (i.e., more than 1 h r )  because t h e  s i l i c o n e  laye r  s lowly  
,,grades a t  105' c ,  

NOTE: Do not  heat t he  TFE seals f o r  extended 

4.3  Sample i n t r o d u c t i o n  apparatus f o r  Methods 5020 and 5030. 

4.4 Gas chromatograph: Ana ly t i ca l  system complete w i t h  programmable 
gas chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n  or purge-and-trap sample 
introduction and a l l  requ i red  accessories, i n c l u d i n g  HSD or F I D ,  column 
Supplies, recorder, and gases. 
recommended. 

A data system f o r  measuring peak area i s  

4.5 Gc columns: 

Column 1: 8 - f t  x 0.1-in, I'D. s t a i n l e s s  s tee l  o r  g l a s s  column packed 
w i t h  1% SP-1000 on Carbopac B 60/80 mesh. 

Column 2: 6 - f t  x O.l-in. I.D. s t a i n l e s s  steel o r  glass column packed 
w i t h  n-octane on Poras i l -L  100/120 mesh. 

4.6 Detector :  E l e c t r o l y t i c  conduc t i v i t y  (HSD). 

4.7 Syringes: 5-ml glass hypodermic w i t h  Luer lok t o p  (2  each). 

4.8 Microsyr lnges:  10, 25, 100 p l a  

4 '9  Two-way syr inge va l ve  w i t h  Luer ends ( 3  each). 

4.10 Syringe: 

4.11 B o t t l e :  15 -m l  screw-cap, w i t h  t e f l o n  cap l i n e r .  

5 rnl, gas - t i gh t  w i t h  s h u t o f f  valve. 

5.0 Reagents 

5.1 Ac t i va ted  carbon: F i l t r a s o r b  200 (Calgon Corp.) o r  equivalent. 

5.2 Oryanic- f ree w a t e r :  Generated by passing tap  water through a 
carbon f i l t e r  bed con ta in ing  about 1 l b  o f  a c t i v a t e d  carbon. A water pur- 
l f i ca t i c rn  system ( M i l l i p o r e  Super-Q o r  equ iva len t )  may be used t o  generate 
organic-free deion ized Hater. Organic- f ree water may a l so  be prepared by 
bo1 l i n g  water f o r  15 min. Subsequently, wh i l e  ma in ta in ing  t h e  temperature 
d t  90' C, bubble a contalninant-free i n e r t  gas through t h e  water for 1 hr .  

5-3 Stock standard so lu t i ons :  Stock standard so lu t i ons  can be prepared 
fiwn pure  standard ma te r ia l s  or purchased as c e r t i f i e d  so lu t ions .  

'Ylinders as appropr ia te.  

Prepare 
standard s o l u t i o n s  i n  methyl a lcohol  us ing  assayed l i q u i d s  o r  gas 

Because o f  the t o x i c i t y  o f  many of t h e  compounds 



A- 34 

4 ,' ORGANIC ANALYTICAL METHODS - GC 

b e i n g  ana lyzed ,  primary d i l u t i o n s  of these m a t e r i a l s  should be prepared i n  
a hood. A NIOSHIMESA-approved t o x i c  gas r e s p i r a t o r  should be  used when t h e  
a n a l y s t  handles  high concen t r a t ions  of such ma te r i a l s .  

5 . 3 , l  Place about 9 rnl of methyl a lcohol  i n t o  a 10-ml ground- 
g lass -s toppered  volumetr ic  f l a s k .  Allow t o  stand about 10 m i n  o r  u n t i l  
a l l  a lcohol-wet ted s u r f a c e s  have dr ied.  Weigh the f l a s k  t o  the neares t  
0.1 mg, 

5-3.2 Add the assayed reference ma te r i a l  

5,3.2.1 Liqu ids :  Using a 100-pl s y r i n g e ,  immediately add an  
amount of assayed r e fe rence  ma te r i a l  t o  the f l a s k ,  t h e n  reweigh. 
Be sure t h a t  t h e  r e fe rence  ma te r i a l  f a l l s  d i r e c t l y  i n t o  the alcohol 
without  con tac t ing  the neck of  the f l a sk .  

5-3.2.2 Gases: To prepare  s t anda rds  from any of the organic  
compounds t h a t  bo i l  below 30' C ,  f i l l  a 5-mi valved g a s - t i g h t  
sy r inge  w i t h  the reference s t anda rd  t o  the 5-rnl mark. Lower the 
needle  t o  5 mm above the methyl a lcohol  meniscus. Slowly inject  
the reference s t anda rd  above the s u r f a c e  of the l i q u i d  ( t h e  heavy 
gas w i l l  r a p i d l y  d i s s o l v e  i n t o  the methyl a l coho l ) .  

5.3.3 Reweigh, d i l u t e  t o  volume, s t o p p e r ,  t h e n  m i x  by i n v e r t i n g  
the f l a s k  seve ra l  t imes.  C a l c u l a t e  the concen t r a t ion  i n  pg/pl from 
the net gain i n  w e i g h t .  When compound p u r i t y  is  cer t i f ied  a t  96% 
o r  greater, the weight can be used without  c o r r e c t i o n  t o  c a l c u l a t e  
the concen t r a t ion  o f  the s tock  s tandard.  Commercially prepared s tock 
s t anda rds  can be used a t  any concen t r a t ion  i f  they a r e  c e r t i f i e d  by the  
manufacturer  o r  by an independent  source.  

5.3.4 Trans fe r  the s tock s tandard  s o l u t i o n  i n t o  a Teflon-sealed 
S t o r e  a t  4 '  C and p r o t e c t  from l i g h t .  screw-cap b o t t l e .  

5.3.5 Prepare fresh s tandards  weekly f o r  t hose  compounds whose 
b o i l i n g  po in t  is l e s s  than o r  equal t o  30' C and f o r  the 2-chloroe thyl -  
vinyl ether. All o t h e r  s t anda rds  must be rep laced  a f t e r  1 month, o r  
sooner  i f  canpar i son  w i t h  check s tandards  i n d i c a t e  a problem. 

5 - 4  Secondary d i l u t i o n  s t anda rds :  Using s tock  s tandard  s o l u t i o n s ,  
p repare  secondary d i l u t i o n  s t anda rds  i n  methyl a lcohol  t h a t  conta in  the 
compounds of i n t e r e s t ,  either s i n g l y  o r  mixed toge the r ,  
t l o n  s t anda rds  should be prepared a t  concen t r a t ions  such t h a t  the prepared 
aqueous c a l  i b r a t  i on  s tandards  w i  1 1 completely bracket  the working range Of  
t h e  a n a l y t i c a l  system, Secondary d i l u t i o n  s tandards  mus t  be s t o r e d  wi th  
ze ro  headspace and should be checked f r equen t ly  f o r  s i g n s  of degrada t ion  Or 
eVapOratiOn, e s p e c i a l l y  just p r i o r  t o  prepar ing  c a l i b r a t i o n  s tandards  f ro in  , 
t h e m ,  Q u a l i t y  cont ro l  check s t anda rds ,  a v a i l a b l e  f r o m  the E P A ' s  E n v i  ronmentd 
illoni t o r i  n g  and Support Laboratory i n C i  nci  nnat i , can be used t o  determi ne the  
accuracy of c a l i b r a t i o n  s t anda rds .  

The secondary d i h -  
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5.5 Ca l ib ra t i on  standards: I n  order t o  prepare accurate aqueous 
solut ions,  the fo l l ow ing  precautions must be observed. 

5.5.1 Do not i n j e c t  more than 20 pl of a l coho l i c  standards into 
100 m l  of reagent water. 

5.5.2 Use a 25-pl Hamilton 702N microsyringe o r  equivalent. 
(Var ia t ions i n  needle geometry w i l l  adversely a f f e c t  the abi 1 it1 
t o  d e l i v e r  reproducible volumes o f  methanolic standards i n t o  water.) 

5.5.3 Rapidly i n j e c t  t h e  a l coho l i c  standard i n t o  the f i l l e d  vo lu-  
metr ic  f lask. Remove the  needle as fast  as possible a f t e r  i n jec t i on .  

5.5.4 Mix aqueous standards by i n v e r t i n g  the f l a s k  three times 
only. 

5.5.4 Discard the contents contained i n  the neck o f  the f lask.  
F i l l  t he  sample syr inge from the  standard so lu t i on  contained i n  the 
expanded area of the f lask.  

5.5.6 
standards. 

Never use p ipe ts  t o  d i l u t e  or t r ans fe r  samples o r  aqueous 

5.5.7 Aqueous standards are not s tab le and should be discarded 
a f t e r  1 hr unless preserved, stored, and sealed according t o  6.1 
and 6.3. 

6.0 Sample Co1 lec t i on ,  Preservation, and Hand1 ing  

6.1 Grab samples must be c o l l e c t e d  i n  glass containers (see Apparatus, 
Sections 4.1 and 4.2) having a t o t a l  volume of a t  l eas t  25 ml. F i l l  t h e  
sample b o t t l e s  i n  such a manner t h a t  no a i r  bubbles pass through the sample 
a s  t he  b o t t l e  i s  being f i l l e d .  
entrapped i n  it. Sol id  and semisol id samples are t o  be taken i n  the same 
way. 
v i a l .  

Seal t h e  b o t t l e  so t h a t  no a i r  bubbles are 

Assure t h a t  no s o l i d  mater ia l  i n t e r f e r e s  w i t h  seal ing o f  the glass 
Maintain the hermetic seal on the sample b o t t l e  u n t i l  t ime of analysis. 

6.2 Sample t r a n s f e r  implements: Implements a re  required t o  t rans fe r  
Portions o f  s o l i d ,  semisolid, and l i q u i d  wastes from sample containers t o  
laboratory glassware. The t r a n s f e r  must be accomplished r a p i d l y  t o  avo id  
loss of v o l a t i l e  components dur ing t h e  t r a n s f e r  step. Liquids may be trans- 
ferred using a hypodermic syr inge w i t h  a wide-bore needle attached or  wi th  no 
needle. Sol ids mdy be t rans fe r red  using a conventional laboratory spatula, 
spoon, o r  co r ing  device. A co r ing  device t h a t  i s  su i tab le  f o r  handling some 
samples can be made by using a glass tub ing saw t o  cut  away the enclosed end 
of the ba r re l  o f  a glass hypodermic syringe. 



A-36 

6 / OKtiANIC ANALYTICAL V i T H O U S  - GC 

6.3 The samples m s t  be iced o r  refriyerdtetl Fr9.n the tirne of collec- 
t i o n  until extraction. 
add sodium thiosulfate  preservative ( l o  my/40 m l  w i l l  suff ice  for up t o  5 ppm 
C12) t o  the empty sample bot t les  j u s t  prior t o  shipping t o  the sampling s i t e ,  
f i l l  w i t h  sample just t o  overflowing, seal the bot t le ,  and shake vigorously 
for 1 min. 

If the sample may contain free o r  combined chlorine, 

6.4 A l l  samples must be analyzed w i t h i n  14 days of collection. 

7.0 Procedures 

7.1 The recormnended gas chromatographic columns and operating conditions 
f o r  the instruiiient are: 

Coluinn 1: Set helium gas f l o w  a t  40 rnl/min flow rate.  Set column 
temperature a t  4 5 '  C for  3 i n i n ,  then p-ograin a n  8' C/min temperature 
r i s e  t o  220' C a n d  hold fo r  15 in in .  

Column 2:  Set helium gas f l o w  a t  40 ml/min flow rate. Set column 
temperature a t  50' C f o r  3 min, t h e n  program a 6' C/min temperature 
r i s e  t o  17U' C and  hold for  4 min .  

7.2 Calibration 

7.2.1 Ry injecting secondary standards, adjust the sens i t iv i ty  o f  
the analytical system fo r  each compound being analyzed so as t o  detect 
quantit ies of less t h a n  o r  equal t o  1 pg f o r  waste samples. Oetection 
l imits t o  be used for  groundwater analysis a re  given i n  Table 1. C a l i -  
brate the chromatographic system u s i n g  ei thes the external standard t e c h -  
nique (Section 7.2.2) or the internal standard technique (Section 7 . 2 . 3 , .  

7.2.2 External standard calibration procedure 

7.2.2.1 Prepare calibration standards a t  a m i n i m u m  o f  t h r e e  
concentration levels for each parameter by carefully add ing  20.0 I.: 
of one o r  more secondary dilution standards t o  100, 500, or 1,Oou 
m l  of reayent water o r  the matrix under study. A 25-pl syringe 
s h o u l d  be used for  t h i s  operation. One of the external standards 
should be  a t  a concentration near, b u t  above, the method detection 
l imit  and the other concentrations should correspond t o  the expecte' 
range of concentrations found in seal samples or should define t h e  
working range of the detector. 
prepared P resh daily. 

These aqueous standards must be 
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7.2.2.2 Analyze each c a l i b r a t i o n  standard accord ing t o  the  
procedure be ing  used ( d i r e c t  aqueous i n j e c t i o n ,  headspace, o r  
purge-and-trap) and t a b u l a t e  peak h e i g h t  o r  area responses against  
the  concent ra t ion  i n  the  standard. The r e s u l t s  can be used t o  
prepare a c a l i b r a t i o n  curve for each compound. A1 t e m a t i v e l y ,  if 
the r a t i o  of response t o  concent ra t ion  ( c a l i b r a t i o n  f a c t o r )  i s  a 
constant over  t h e  working range (less than 10% r e l a t i v e  standard 
dev ia t i on ) ,  l i n e a r i t y  th rough the  o r i g i n  can be assumed and the  
average r a t i o  or c a l i b r a t i o n  f a c t o r  can be used in p lace  o f  a 
c a l i b r a t i o n  curve. 

7.2.2.3 The working c a l i b r a t i o n  curve or  c a l i b r a t i o n  f a c t o r  
must be v e r i f i e d  on each working day by t h e  measurement o f  one o r  
more c a l i b r a t i o n  standards. I f  the response f o r  any parameter 
var ies  from the  p red ic ted  response by more than - +lo%,  t he  t e s t  must 
be repeated us ing  a f resh  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 c a l i b r a t i o n  curve or c a l i b r a t i o n  f a c t o r  must be prepared f o r  
t h a t  compound. 

7.2.3 I n t e r n a l  standard c a l i b r a t i o n  procedure. To use t h i s  
approach, t he  ana lys t  must se lec t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  compounds o f  i n t e r e s t .  The 
analyst must f u r t h e r  demonstrate t h a t  the measurement o f  the i n t e r n a l  
standards i s  n o t  a f fec ted  by method o r  m a t r i x  i n te r fe rences .  Because o f  
these l i m i t a t i o n s ,  no i n t e r n a l  standard t h a t  would be app l i cab le  t o  a l l  
samples can be suggested. The compounds recommended f o r  use as surrogate 
spikes have been used successful  l y  a s  i n t e r n a l  standards, because o f  
the i r  general l y  unique r e t e n t  i on  t imes . 

7$2.3.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  t h ree  
concentrat ion l e v e l s  f o r  each parameter o f  i n t e r e s t  as descr ibed 
i n  Sect ion 7.2.2.1. 

7.2.3.2 Prepare a sp i k ing  s o l u t i o n  conta in ing  each of  the  
In te rna l  standards us ing  t h e  procedures descr ibed i n  Sections 5.3 
and 5.4. 

7.2.3.3 Analyze each c a l i b r a t i o n  standard accord ing  t o  
appropr ia te methods ( d i r e c t  i n j e c t i o n ,  5020, 5030), adding the  
i n t e r n a l  standard s p i k i n g  s o l u t i o n  d i r e c t l y  t o  an a l i q u o t  o f  the 
sample or ,  i n  t h e  case o f  purge-and-trap, t o  the  syr inge.  Tabu- 
l a t e  peak he igh t  o r  area responses aga ins t  concen t ra t i on  f o r  each 
compound and i n t e r n a l  standard,  and c a l c u l a t e  response f a c t o r s  (Rf) 
fo r  each compound as fo l l ows :  
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where: 

A, = Response f o r  the parameter  t o  be measured 

Ais = Response f o r  the i n t e r n a l  s tandard  

Cis = Concentrat ion o f  t h e  internal s tandard  

Cs = Concentrat ion of  t h e  parame:ler t o  be measured 

If the RF va lue  over  the working range i s  a cons t an t  ( l e s s  than 
10% r e l a t i v e  s tandard  d e v i a t i o n ) ,  t h e  RF can be assumed t o  be 
i n v a r i a n t  and t h e  average RF can be used f o r  c a l c u l a t i o n s ,  
n a t i v e l y ,  the r e s u l t s  can be used t o  p l o t  a c a l i b r a t i o n  curve of  
response r a t i o s ,  As/Ai a g a i n s t  Re. 

on each working day by measuring one or more c a l i b r a t i o n  s tandards .  
I f  t h e  response f o r  any parameter  v a r i e s  from the predicted response 
by more than  +lo%, e i ther  the test mus t  be repeated using a f resh 
c a l i b r a t i o n  syandard,  or a new c a l i b r a t i o n  curve must b e  prepared 
f o r  t h a t  compound , 

Al te r -  

7.2 .3 .4  T h e  working c a l i b r a t i o n  curve o r  Rf must be v e r i f i e d  

7.3 Gas chromatographic a n a l y s i s  

7.3.1 Introduce v o l a t i l e  compounds t o  the gas chromatograph u s i n g  
di rec t  i n j e c t i o n ,  headspace (Method 5020), or purye-and-trap (Method 
5030). 

7.3.2 Table 1 summarizes the est 
number of o rgan ic  compounds a n a l y t a b l e  
of t h e  s epa ra t ion  achieved by Column 1 

7.3.3 C a l i b r a t e  the system immed 
ana lvs i s  and recheck f o r  each t y p e  of 

mated r e t e n t i o n  times f o r  a 
using t h i s  method. An example 
i s  shown i n  Figure 1. 

a t e l y  p r i o r  t o  conducting any  
a s t e .  C a l i b r a t i o n  should be 

done-no less f r equen t ly  than  a t - t h e  beginning and end  of each ana lys i s  
ses s i  on . 

8.0 Qual i ty  Control 

through the ana’lysis o f  a d i s t i l l e d  water method blank t h a t  a l l  glassware 
and reagents  a r e  i n t e r f e r e n c e - f r e e .  
or there is a change i n  r eagen t s ,  a method blank should be processed a s  a 
safeguard a g a i n s t  ch ron ic  l abora to ry  contamination. 
be c a r r i e d  through a1 1 s t a g e s  of the sample p repa ra t ion  and .measurement. 

8.1 Before process ing  any samples ,  the a n a l y s t  should demonstrate  

Each time a set of  samples i s  e x t r a c t e d  

The blank samples s h o u l u ’  
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iMLE 1. ESTIMATED RETENTION TIMES FOR SOHE HALOGENATED VOLATILE ORGANICS 

--a- - --- ---I----- ----I-------.---------- 

Retention time E s t i ma t ed 
( m i  n )  detect i on 

---a limita 
Compound Col. 1 Col. 2 (u9/1) 

--I----.L---(-.-.--- ---uu.II----uI--I--- 

6is(2-~hloroethoxy)methane 
Bis(2-chloroisopropy1)ether 
€3 r om0 be n z e n e 
6romodi c h l  oromethane 13.7 14.6 0.10 
Bromoform 19.2 19.2 0.20 

Carbon tetrachloride 13.0 14.4 0.12 
Chloroacetaldehyde 
Chlorobenzene 24.2 18.8 0.25 
Chl oroethane 3.33 8.68 0.52 
Chl orof  onn 10.7 12.1 0.05 

l-Chlorohexane 
2-Chloroethyl vinyl ether 18.0 0.13 
Chl oromethane 1.50 5.28 0.08 
Chl oro to l  uene 
D i  b r  omoc h 1 o rorne t ha ne 16.5 16.6 0.09 

D i  b r omorne t ha n e 

1,3-Di ch 1 orobenzene 34.0 

Di chl orodi f luoromethane 

1,Z-Di chl orobenrene 34.9 

1,4-Di chl orobenzene 35.4 

1,l-Dichloroethane 9.30 

1,l-Dichloroethylene 8.0 

D i  chl oromethane 6.5 

1,Z-Dichloroethane 11.4 

trans-1,Z-Dichloroethylene 10,l 

1,Z-Dichloropropane 14.9 
trans-l,3-Dichloroproyylene 15.2 
1,1,2,2-Tetrachloroethane 21.6 
l,l,l,Z-Tetrachloroethane 
Tetrachloroethylene 21.7 
l,l,l-Tri c h l  oroethane 12.6 
1,l.Z-Trichloroethane 16,5 
Trichloroethylene 15.8 
Trichlorofluosomethane 7.18 
T s i  chl oropropane 
Vinyl chloride 2.67 _ _ _  --- --- -- - L - I _1_- 

aUsi ng purge-and-t  rap method (5030) .) 

23.5 
22.4 
22,3  

12.6 
15.4 
7.72 
9.38 

16.6 
16.6 

15-0 
13.1 
18.1 
13.1 

5.28 

See a l s o  
, --- - - --- 

0.15 
0.32 
0.24 

0.07 
0.03 
0.13 
0.10 

0.04 
0-34 
0.03 

0.03 

0.03 
0.02 
0.12 

0.18 _-- -- - --- --- 
Sect ion  8.3 .  
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8.2 Standard q u a l i t y  assurance p r a c t i c e s  should be used w i t h  t h i s  
&od. 
w-sampl ing  technique. 

F i e l d  r e p l i c a t e s  should be c o l l e c t e d  t o  v a l i d a t e  t h e  p r e c i s i o n  o f  
Laboratory r e p l i c a t e s  should be analyzed t o  v a l i d a t e  

p rec i s ion  o f  t he  ana lys is .  F o r t i f i e d  samples should be c a r r i e d  through 
tages of sample p repara t i on  and measurement; they should be analyzed t o  
a t e  t h e  s e n s i t i v i t y  and accuracy o f  t h e  ana lys is .  
es do no t  i n d i c a t e  s u f f i c i e n t  s e n s i t i v i t y  t o  de tec t  less than or equal 
pg/y o f  sample, then t h e  s e n s i t i v i t y  o f  t h e  inst rument  should be increased 
e e x t r a c t  subjected t o  a d d i t i o n a l  cleanup. Detec t ion  l i m i t s  t o  be used 
roundwater samples a re  i n d i c a t e d  i n  Table 1. Where doubt e x i s t s  over 
d e n t i f i c a t i o n  o f  a peak on t h e  chromatograph, conf i rmatory  techniques 

8.3  The method d e t e c t i o n  l i m i t  (MDL) i s  def ined as t he  minimum concen- 
on of a substance t h a t  can be measured and repor ted  w i t h  993 conf idence 
the value i s  above zero. The MOL concentrat ions l i s t e d  i n  Table 1 were 

Simi l a r  r e s u l t s  were achieved us ing  represen- 
The MDC a c t u a l l y  achieved i n  a g iven ana lys i s  w i l l  vary 

If t h e  f o r t i f i e d  waste 

~9 as mass spectroscopy should be used. 

aafned us ing  reagent water. mve wastewaters. 
&ding on inst rument  s e n s i t i v i t y  and m a t r i x  e f f e c t s .  

8.4 In a s i n g l e  l abo ra to ry ,  us ing  reagent water and wastewaters sp iked 

obtained. The standard d e v i a t i o n  of t h e  measurement i n  percent recovery 
or near background l e v e l s ,  t h e  average recover ies  presented i n  Table 2 

inc luded i n  Table 2 .  

9.0 References 

B e l l a r ,  T.A. ,  and 3 . 5 .  Lichtenberg.  1974. J. Arner. Water Works 
ASSOC. 66( 12) : 739-744. 

B e l l a r ,  T.A., and J.J. Lichtenberg.  1979. Semi-automated headspace 
ana lys is  o f  d r i n k i n g  waters and i n d u s t r i a l  waters f o r  purgeable 
v o l a t i l e  o rgan ic  compounds. I n :  Van Hal 1 (ed. ) ,  Measurement of 
organic  p o l l u t a n t s  i n  water and wastewater. ASTM STP 686, pp. 108-129, 

Devel opment and appl i c a t i o n  o f  t e s t  procedures for s p e c i f i c  organi  c 
t o x i c  substances i n  wastewaters, Category 11 - Purgeables and 
Category 12 - Acro le in ,  A c r y l o n i t r i l e ,  and Dich lorodi f luoromethane.  
Report f o r  EPA Cont f a c t  68-03-2635 ( i n prepara t ion) .  
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TABLE 2. S INGLE O P E R A T O R  ACCURACY AND PRECISION 

Average Standard Spike Number 
percent devi ati on range of Matrix 

Pa fame t e r recovery ( K I / ~ )  analyses types 
-______c--_----I ------------I__-----_c______ 

Bromodi chl oromethane 100.9 
Bromoform 89.5 
Carbon tetrachloride 82.5 
Chlorobenzene 93.9 
Chl oroethane 91.5 
2-Chl oroethyl v i  nyl ether 96.3 
Chloroform 101.7 
Chloromethane 91.4 
D i  b r omoch 1 o r ome t hane 98.3 

1,3-Dichlorobenzene 91.6 

1,l-Dichloroethane .102.3 

1 , 2 4  chlorobenzene 102.0 

1,4-Dichlarobenzene 97*5 

1 ,Z-Dichloroethane 97.8 
1,l-Oi chl oroethyl ene 101.1 

1,2-0i chl oropropane 97.7 
t r a n s - 1  ,Z-Oi  chl oroethyl  ene 91 .O 

trans -1,3-Di chl orapropylene 73.5 
1,1,2,2-Tetrachloroethane 91.9 
Tetrachloroethylene 94.1 
l,l,l-Trichloroethane 75.1 
1 , 1 ,Z-Yri chl oroethane 91.0 
Trichloroethylene 106.1 
Vinyl chloride 101.9 

5.0 
9.0 
25.6 
8.9 
22.4 
9.9 
20.6 
13.4 
6.5 
2.0 
4.3 
9.3 
5.5 

21.7 
19.3 
8.8 
17.2 
15.0 
18.1 
12.5 
25.1 
7.4 
11.4 

4.8 

0.43-46.7 
1.45-50 
0.55-50 
2.21-50 
3.95-50 
4.39-133 
0.44-50 
0.55-23.9 
0.75-93.0 
4.89-154 
2.94-46.7 
2.99-51.6 
0.44-46.7 
0.44-46.7 
0.37-50 
0.44-98.0 
0.29-39.0 
0.43-50 
0.46-46.7 
0.50-35.0 
0.37-29.0 
0.45-50 
0.38-46.7 
0.82-32.3 

21 
20 
19 
20 
21 
20 
20 
21 
21 
21 
21 
21 
21 
21 
19 
20 
21 
20 
21 
21 
21 
21 
21 
21 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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METHOD 8240 

GC/MS METHOD FOR VOLATILE ORGANICS 

1.0 Scope and Application 

1.1 Method 8240 i s  used t o  determine vola t i le  organic compounds in a 
variety of sol id  waste matrices. 
types of samples, regardless of water content, including groundwater, aqueous 
sludges, caust ic  liquors, acid l iquors,  waste solvents, oi ly  wastes, mousses, 
t a rs ,  fibrous wastes, polymeric emulsions, f i l t e r  cakes, spent carbons, spent 
catalysts ,  s o i l s ,  and sediments. 

1.2 The detectiorl l imit  of Method 8240 for  an individual compound i s  
approximately 1 pg/g (wet weight) in  waste samples. For samples containing 
more than 1 mg/y of to ta l  vo la t i le  material, the detection l imit  i s  propor- 
t ionately higher. 

This method i s  applicable t o  nearly a l l  

1.3 Method 8240 i s  based upon a purge-and-trap, g a s  chromatographic/ 
mass spectrometric (GC/MS) procedure. T h i s  method i s  res t r ic ted  t o  use by o r  
under the supervision of analysts experienced i n  the use of purge-and-trap 
systems and gas chromatograph/rnass spectrometers and s k i  1 led in the interpre- 
ta t ion o f  mass spectra and t h e i r  use as a quantitative tool.  

2.0 Summary of Method 

2.1 The vola t i le  compounds are introduced t o  the gas chromatograph by 
direct  inject ion,  the  Headspace Method (Method 5O20), or the Purge-and-Trap 
Method (Method 5030). Method 5030 should be used fo r  groundwater analysis. 
The components are  separated via the gas chromatograph and detected using a 
mass spectrometer which i s  used t o  provide both qua l i ta t ive  and  quantitative 
information. The chromatographic conditions as well as typical mass spec- 
trometer operating parameters are  gi v m .  

2.2 If the above sample introduction techniques are not applicable, 
a portion of the sample can be dispersed in methanol o r  polyethylene glycol 
( P E G )  t o  dissolve the vola t i le  organic constituents. A portion o f  the 
methanolic o r  PEG solution is combined w i t h  water i n  a specially designed 
purging chamber. An iner t  gas i s  then bubbled through the solution a t  
ambient temperature and the vola t i le  comnponents are e f f i c i en t ly  transferred 
from the aqueous phase t o  the vapor phase. 
sorbent column where the volatile'components a re  trapped. 
completed, the sorbent column i s  heated and backflushed with iner t  gas t o  
desorb the components onto a gas chromatographic column. The gas chroma- 
tographic column i s  heated t o  e lu te  the components, which are  detected w i t h  a 
mass spectrometer. 

-tandard t o  determine Dercent recovery and detection l imits for  t h a t  sample. 

The vapor i s  swept through a 
After purging i s  

2.3 An aliquot of each sample must be spiked w i t 0  an appropriate 
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2.4 Table 1 lists detection limits that can be obtained i n  wastewaters 

in the absence o f  interferences. 
would be signi f icantly hi yher. 

Detection limits f o r  a typical waste sample 

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 
.-,--------------- _-----_.------------ 

Retention time Method 
(min) detection limit 

Parameter Column la (W) 

Chloromethane 2.3 NO 
Bromomethane 3.1 WD 
Vinyl chl ori de 3.8 ND 
Chl oroethane 4.6 NO 
Methylene chloride 6.4 2.8 
T r i  chl oro f l  uoromethane 8.3 NO 
1,l-Di chloroethene - 9.0 2.8 

trans-l,2-Dichloroethene 10.8 1.6 
Chloroform 11.4 1.6 
lS2-Dichloroethane 12. f 2.8 
l,l,l-Trichloroethane 13.4 3.8 
Carbon tetrachloride 13.7 2-8 
Rromodi chloromethane 14.3 2.2 
1,Z-Di chl oropropane 15.7 6.1) 
trans-1,3-Dichloropropene 15.9 5.0 
Tri chl oroethene 16.5 1.9 
Benzene l7.U 4.4 
Di bromochl oromethane 17.1 3.1 
l,ls2-Tri chl oroethane 17.2 5.0 
c i  s-l,3-Di chl oropropene 17.2 ND 
2-Chloroethylvinyl ether 18.6 NO 
B roino f orm 19.8 4.7 
1,1,2,2-Tetrachloroethane 22.1 6.9 
Tetrachl oroethene 22.2 4.1 
To1 ucne 23.5  5*0 
Chlorobenzene 24.6 6.0 
Et hy 1 be n z e ne 26.4 7.2 
1 3-Di chl ofobenzene 33.9 ND 
1 2-Oi c h l  orobenzene . 35.0 ND 
1,4-Di chl orobenrene 35.4 ND 

,I_------ -------_I- ----------I- ..-u 

1,l-Oichloroethane 10,l 4.7 

NO = not determined. 
aCol umn condi t i  ons : Carbopack B (60180 mesh) coated w i t h  

1% SP-1000 packed i n  a 6-ft by 2-mm I.D. g lass  column with helium 
carrier yas at a flaw rate o f  30 ml/min. Column temperature i s  
isothermal at 45' C f o r  3 min, then programmed at 8" C per minute 
t o  220' and held for 15 min. 
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3.0 In te r fe rences  

3.1 In te r fe rences  coex t rac ted  from the  samples w i l l  vary considerably  
from source t o  source, depending upon t h e  p a r t i c u l a r  waste or e x t r a c t  be ing 
tested. The a n a l y t i c a l  system, however, shou ld  be checked t o  ensure 
freedom from in te r fe rences  under t h e  candi t i o n s  of t he  ana lys i s  by running 
method blanks. Method blanks are  run by ana lyz ing  organ ic - f ree  water i n  t h e  
normal manner. The use o f  non-TFE p l a s t i c  tub ing ,  non-TFE th read sealants,  
o r  f l o w  c o n t r o l l e r s  w i t h  rubber  components i n  t h e  pu rg ing  dev ice should be 
avoided. 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
( p a r t i c u l a r l y  methylene c h l o r i d e )  through the  septum seal i n t o  the  sample 
dur ing  shipment and storage. 
and c a r r i e d  through the  sampling and hand l i ng  p ro toco l  can serve as a check 
on such contaminat ion.  

A f i e l d  blank prepared from organ ic - f ree  water 

3 .3  Cross contaminat ion can occur whenever h igh - leve l  and low- level  
samples a re  s e q u e n t i a l l y  analyzed. 
purg ing  dev ice and sample sy r inge  should be r i nsed  ou t  tw ice  , between samples, 
with organic- f ree water, 
encountered, i t  should be fo l l owed  by an ana lys i s  o f  o rgan ic - f ree  water t o  
check f o r  cross contaminat ion,  For samples c o n t a i n i n g  l a r g e  amounts o f  
wates-soluble ma te r ia l s ,  suspended s o l i d s ,  h i g h  b o i l i n g  compounds, or h igh  
organohal ide l e v e l s ,  i t  may be necessary t o  wash ou t  t he  pu rg ing  device w i t h  
a soap s o l u t i o n ,  r i n s e  w i t h  d i s t i l l e d  water, and then  d r y  i n  a 105" C oven 
between analyses. 

To reduce cross contaminat ion,  t h e  

Whenever an unusua l ly  concentrated sample is 

3.4 Low molecu la r  weight  i m p u r i t i e s  i n  PEG can be v o l a t i l i z e d  du r ing  
t h e  purg ing  procedure. 
f i e d  before use as descr ibed i n  Sect ion 5.2. 

Thus, t h e  PEG employed i n  t h i s  method must be p u r i -  

4.0 Apparatus and M a t e r i a l s  

4.1 Sampling equipment 

4.1.1 V i a l  : 25-ml capac i ty  o r  l a r g e r ,  equipped wi th a screw cap 
(Pierce #13075 o r  equ iva len t ) .  
d i s t i l l e d  wi l ter ,  and dry f o r  I h r  a t  105' C before use. 

4.1.2 Septum: Tef lon-faced s i 1  i cone (Pierce #12722 or equ iva len t ) .  
Detergent wash, r i n s e  w i th  tap  and d i s t i l l e d  water and d ry  a t  105' C f o r  
1 hr  before use. 

Detergent wash, r i n s e  w i t h  tap  and 

4.2 Purge-and-trap device:  The purge-and-trap dev ice cons is ts  of  
t h e  pu rg ing  chamber, t r a p ,  and the  th ree  separate Pieces of equipment: 

desorber. Several complete devices a re  now COmm€?rCial l y  ava i l ab le ,  
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4.2.1 T h e  purging chamber must be designed t o  accept 5-ml o r  
25-ml samples w i t h  d water column a t  least  3 cm deep. The gaseous head 
space between the water column md the t r a p  must have a total volume of 
less t h a n  15 m l .  The purge gas must pass t h r o u g h  the water column as 
finely divided bubbles w i t h  a diameter o f  less t h a n  3 mm a t  the origin, 
The purge gas must  be introduced no more than 5 mm from the base o f  the 
water column, The p u r g i n g  chamber, i l lustrated i n  Figure 1, meets 
these design cr i ter ia .  

4.2.2 The t r a p  must be a t  least  25 cm l o n g  and have an inside . 
diameter of a t  least  2.5 mm, 
fo l lowing  m i n i m u m  lengths-of-adsorbents: 
coated packing (Section 5.3.2), 15 cm of 2,6-diphenylene oxide polymer 
(Section 5.3.1), and 8 cm of s i l ica  gel (Section 5.3.3). 
specifications for the trap are illustrated i n  Figure 2. 

The t r a p  m u s t  be packed t o  contain the 
1.0 cm of methyl-silicone- 

The m i n i m u m  

4.2.3 The desorber must be capable of rapidly heating t h e  trap 
t o  180' C within 30 sec, 
not be heated higher t h a n  180' C and the remaining sections should n o t  
exceed 220' C. 
these cr i ter ia .  

The polymer section of the t r a p  should 

The desorber design, i l lustrated i n  Figure 2, meets 

4.2.4 The purge-and-trap device may be assembled as a separate 
. u n i t  or be coupled t o  a gas chromatograph as illustrated i n  Figures 3 

and 4. 

4.3 Gas chromatograph/mass spectrometer system 

4.3.1 Gas chromatograph: An analytical system complete w i t h  a 
temperature-programmable gas chromatograph and a l l  required accessories 
including syringes, analytical columns, and gases. 

4.3.2 Column:  2-m x 2-mm 1.0. stainless steel or glass, packed 
w i t h  1% SP-1000 on 60/80 mesh Carbopack 8 or equivalent. 

4 .3 .3  Mass spectrometer: Capable o f  scanning from 40 t o  250 amu 
every 3 sec or less, u t i l i z i n g  70 volts (nomina l )  electron energy 
i n  the electron impact ion iza t ion  mode and producing a mass spectrum 
which meets a l l  the c r i te r ia  i n  Table 1 when 50 ng o f  4-bromofluoro- 
benzene (t3F-B) i s  injected t h r o u g h  the GC inlet  or introduced i n  the 
purge-and-trap mode. - 

4.3 .4  GC/MS interface: Any GC-to-MS interface t h a t  gives 
acceptable calibration points a t  50 ng per injection f o r  each compound 
of  interest and achieves acceptable t u n i n g  performance cr i ter ia  (see 
Section 9 )  may be used. GC-to-MS interfaces constructed of a l l  glass 
or glass-lined materials are recommended. Glass can be deactivated by 
silanizing w i t h  dichlorodimethylsilane. The interface must be capable 
of transporting a t  least 10 ng of  the components o f  interest from the 
(;c t o  the MS. 
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14 mm 0. D. 

Met ?4 lnch 0. D. 

I 1  
: I  

2-Way Syringe Valve 
17 cm, 20 Gauge Syringe Needle 
6 mm 0. D. Rubber Septum '/a Inch 0. 0. Exit 

1/16 Inch 0. D. 
Stainless Steel 

13x Molecular 
Sieve Purge 
Gas Filter 

Purge Gar 
Flow Control 

10 mm Glass Frit 
Medium Porosity . 

Figure 1. Purging chamber. 
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Glass Wool 

-.- -' Grade 15- 
Silica Gel 

- _  

Tenax 

3?6 ov-1 
Glass Wool 

Packing Procedure ~ 

Trap Inlet 

Construction 

Figure 2. Trap packings and construction to inciude desorb capability. 
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Figure 4. Schernaric of p u q e  and t rap device - desarb mode 
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4.5 Syringes: 5-ml and 25-ml glass hypodermic, equipped with ZO-gauge 
needle, a t  least 15  cm i n  length. 

4.6 Micro syringes: lO-pl, 25-p1, lOO-pl, 250-pI and 10OO-pl. These 
syringes should be equipped with 20-gauge needles having a length sufficient 
t o  extend from the sample inlet  to within 1 cm of the g l a s s  f r i t  i n  the 
purging device (see Figure 1) .  The needle length required will depend upon 
the dimensions of the purging device employed. 

4.7 Centrifuge tubes: 50-ml round-bottom glass centrifuge tubes with 
Teflon-lined screw caps. 
approximate 2 0 4 1  graduation. 

The tubes must be marked before use t o  show an  

4.8 Centrifuge: Capable o f  accommodating 50-rnl glass tubes. 

4.9 Syringe valve:  2-way, with h e r  ends ( 2  each) (Hamil ton  #86725 
valve equipped w i t h  one Hamilton 835033 Luer f i t t i n g ,  or equivalent). 

4.10 Syringe: 5-mi gas-tight with shut-off valve. 

4.11 Bottle: 15-ml, screw-cap, Teflon cap liner. 

4.12 Balance: Analytical, capable of accurately weighing 0,0001 9. 

4.13 Rotary evaporator :  equipped with Teflon-coated seals ( B u c h i  
Rotavapor R-110, o r  equivalent). 

4.14 Vacuum pump: mechanical, two-stage. 

5.0 Reagents 

5.1 Reagent water: Reagent water i s  defined as a water i n  which an 
interferent is  not  observed a t  the method detection limit of the compounds of 
interest. 

5 . 1 . 1  Reagent- water may be generated by passing tap water through 
a carbon f i l l e r  bed containing about  500 g of activated carbon ( C a l g o n  
Corp., Filtrasorb-300, o r  equivalent). 

5.1.2 A water purification system.(Mil lipore Super-q or  equiva- 

Reagent water may also be prepared by boiling water f o r  

l e n t )  may be used t o  generate reagent water. 

15 min. 
bubble a contaminant-free inert gas through the  water f o r  1 hr. 
While S t i l l  h o t ,  transfer the water t o  d narrow-mouth screw-cap b o t t l e  
and seal with a Teflon-lined septum and cap. 

5.1.3 
Subsequently, while m a i n t a i n i n g  the temperature a t  YO'  C ,  
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5.1.4 
water"  from . severa l  manufacturers  (Burdick  and Jackson,  Baker and 
Waters, Inc.). 

Reagent water may a l s o  be purchased under  the name "HPLC 

5.2 Reagent PEG: Reagent P E G  i s  def ined a s  PEG having a nominal 
average  molecular  w e i g h t  of  400, and i n  which  interferents are not  observed 
a t  the method d e t e c t i o n  l imi t  f o r  compounds o f  i n t e r e s t .  

5.2.1 Reagent PEG i s  prepared by p u r i f i c a t i o n  of  commercial P E G  
h a v i n g  a nominal average  molecular  we igh t  of 400. 
a round-bottom f lask equipped w i t h  a s t anda rd  t a p e r  j o i n t ,  and t h e  
f l a s k  i s  a f f i x e d  t o  a r o t a r y  evapora tor .  The f l a s k  i s  immersed i n  a 
water  ba th  a t  90-100' C and vacuum i s  maintained a t  less than 10 mm Hg 
f o r  a t  l e a s t  1 h r  u s i n g  a two-stage mechanical pump. 
system i s  equipped w i t h  an a l l - g l a s s  t r a p ,  which i s  maintained i n  a dry 
i ce /met ha no1 bath . 

The PEG i s  placed i n  

The vacuum 

5.2.2 In o r d e r  t o  demonstrate  t h a t  a l l  interfering v o l a t i l e s  
have been removed from t h e  PEG, a reagent  water/PEG blank must be 
ana 1 yzed. 

5.3 Trap m a t e r i a l s  

5.3.1 2,6-Diphenylene oxide polymer: 60/80-mesh Tenax, chromato- 
g raph ic  grade  o r  equ iva len t .  

5.3.2 Methyl s i l i c o n e  packing: 3 percent  O V - 1  on 60/80 mesh 
Chromosorb-W o r  equ iva len t .  

5.3.3 S i l i c a  g e l ,  Davison Chemical (35/60 mesh), grade-15 o r  

5.3.4 Prepared t r a p p i n g  columns may be purchased from severa l  

equi v a l e n t  . 
chromatography suppl i ers. 

5.4 Methanol: D i s t i l l e d - i n - g l a s s  q u a l i t y  or equ iva len t .  

- 

5.5 C a l i b r a t i o n  s t a n d a r d s ;  s t o c k  s o l u t i o n s  (2 mg/ml): Stock solu- 
tdons  o f  c a l i b r a t i o n  s t a n d a r d s  may be prepared from pure s tandard  m a t e r i a l s  
o r  purchased a s  cer t i f ied  s o l u t i o n s .  Prepare s tock  s t anda rd  s o l u t i o n s  of  
i nd iv idua l  compounds i n  methanol u s i n g  assayed l i q u i d s  o r  gases a s  appro- 
p r i a t e .  
d f l u t i o n s  of  these m a t e r i a l s  should be prepared i n  a hood. A NIOSH/MESA- 
approved t o x i c  gas r e s p i r a t o r  should  be worn by a n a l y s t s  when handl ing h i g h  
concen t r a t ions  o f  these mater i  a1 s. 

Because o f  the t o x i c i t y  o f  some of t h e  organohal ides ,  primary 

5.5.1 Place about 9.8 rnl o f  methanol i n  a 10-ml ground-glass- 
A1 l ow  the f l a s k  t o  s t a n d ,  unstoppered,  f o r  s toppered volumetr ic  f l a s k .  

about 10 m i n  or u n t i l  a l l  a lcohol-wet ted s u r f a c e s  have dr ied .  Weigh 
the f l a s k  t o  the n e a r e s t  0.1 mg. 
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5.5.2 Add t h e  assayed reference m a t e r i a l  as descr ibed below. 

5.5.2.1 L iqu ids :  Using a 100-pl syr inge,  immediately add 
2 drops o f  assayed reference ma te r ia l  t o  t h e  f l a s k ,  then reweigh. 
The l i q u i d  must f a l l  d i r e c t l y  i n t o  t h e  a lcohol  w i thout  con tac t i ng  
t h e  neck o f  t h e  f lask,  

5.5.2.2 Gases: To prepare standards f o r  any campounds 
t h a t  b o i l  below 30' C (e.g., bromomethane, chloroethane, ch lo ro-  
methane, or v i n y l  c h l o r i d e ) ,  f i l l  a 5-ml valved gas - t i gh t  syr inge 
w i t h  a reference s tandard t o  t h e  5.0-ml mark, Lower t h e  needle t o  
5 mm above t h e  methanol meniscus. Slowly i n t roduce  t h e  reference 
standard above t h e  sur face  of t he  l i q u i d .  
d isso lves  i n  t h e  methanol. 

The heavy gas r a p i d l y  

5 .5 .3  Reweigh, d i l u t e  t o  volume, s topper ,  then mix by gen t l y  
i n v e r t i n g  t h e  f l ask  severa l  t imes. Ca lcu la te  t h e  concent ra t ion  i n  
ug/pl p e r  m i c r o l i t e r  from t h e  ne t  ga in i n  weight. When compound 
p u r i t y  i s  assayed t o  be 96% o r  g rea te r ,  t h e  weight  may be used w i thout  
c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock standard. 
Commercial l y  prepared stock standards may be used a t  any concent ra t ion  
i f  they are c e r t i f i e d  by t h e  manufacturer or by an independent source. 

5.5.4 Trans fer  t h e  s tock  standard s o l u t i o n  i n t o  a Tef lon-sealed 
screw-cap b o t t l e .  
p r o t e c t  f rom l i g h t .  

Store, with minimal headspace, a t  -10 t o  -20' C and 

5.5.5 Prepare f r e s h  standards weekly f o r  gases o r  f o r  r e a c t i v e  
compounds such as 2 - c h l o r o e t h y l v i n y l  e ther .  A1 1 o the r  standards must 
be rep laced a f t e r  one month, o r  sooner i f  comparison w i t h  check 
standards i n d i c a t e s  a problem. 

5.6 C a l i b r a t i o n  standards; secondary d i l u t i o n  s o l u t i o n s :  Using stock 
so lu t i ons  descr ibed i n  Sect ion 5.5, prepare secondary d i l u t i o n  standards i n  
methanol t h a t  c o n t a i n  t h e  compounds o f  i n t e r e s t ,  e i t h e r  s i n g l y  or mixed 
together .  
t i o n s  such t h a t  t h e  methanol or aqueous PEG c a l i b r a t i o n  s o l u t i o n s  prepared as 
descr ibed i n  Sect ion 6.3.2 w i l l  b racket  the  working range of the a n a l y t i c a l  
system. Secondary d i  1 u t i  on standards should be s to red  with minimal headspace 
and should be checked f requen t l y  f o r  s igns o f  evaporat ion,  e s p e c i a l l y  j u s t  
p r l  or t o  p repar ing  c a l  i b r a t  i o n  standards from them. 

The secondary d i l u t i o n  standards should be prepared a t  concentra- 

5.7 Surrogate standards:  Surrogate standards may be added t o  samples 
and c a l i b r a t i o n  s o l u t i o n s  t o  assess the  e f fec t  of t he  sample m a t r i x  on 
recovery e f f i c i ency .  The compounds employed for t h i s  purpose are  1,2- 
dibromotet~af~~Oroethane, b is (pe r f1uo ro i  sopropy1 ) ketone, f luorobenzene, 
and m-bromobenzotri f l uo r ide .  
standards us in9  t h e  procedures descr ibed i n  Sect ions 5.5 and 5.6. The 

Prepare methanol ic  s o l u t i o n s  of  the  surrogate 
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concen t r a t ions  prepared and the amount o f  s o l u t i o n  added t o  each sample 
should be those  required t o  g i v e  an amount of  each su r roga te  i n  the p u r g i n g  
device  t h a t  i s  equal t o  the amount o f  each i n t e r n a l  s tandard  added, assuming 
a 100% recovery of the s u r r o g a t e  s t anda rds .  

5.8 I n t e r n a l  s t anda rds :  in t h i s  method, i n t e r n a l  s t anda rds  are 
employed du r ing  a n a l y s i s  o f  a1 1 samples and d u r i n g  a1 1 c a l i b r a t i o n  procedures.  
The a n a l y s t  must select one o r  more i n t e r n a l  s t anda rds  t h a t  a r e  s i m i l a r  i n  
a n a l y t i c a l  behavior  t o  the compounds o f  interest. The a n a l y s t  mus t  further 
demonstrate  t h a t  t h e  measurement o f  the internal s t anda rd  i s  no t  a f f e c t e d  by 
method o r  ma t r ix  interferences. Because o f  these l i m i t a t i o n s ,  no internal 
standard can be suggested t h a t  i s  a p p l i c a b l e  t o  a l l  samples. However, f o r  
genera l  use, D4-1 ,Z-dichl oroe thane ,  06-benzene and 05-ethyl benzene a r e  
recommended as i n t e r n a l  s t anda rds  cover i  ng a wide boi 1 i ng po in t  range. 

5.9 4-6romofluorobenrene (EFB): BFB is added t o  the i n t e r n a l  s tandard  
s o l u t i o n  or analyzed a l o n e  t o  permit the mass spec t rometer  tun ing  f o r  each 
GC/MS r u n  t o  be checked. 

5.10 In t e rna l  s t anda rd  s o l u t i o n :  Using t h e  procedures  described i n  
Sec t ions  5.5 and 5.6, prepare a methanol ic  s o l u t i o n  con ta in ing  each i n t e r n a l  
s t anda rd  a t  a concen t r a t ion  o f  12,5 pg/ml. 

5.11 Sodium monohydrogen phosphate:  2.0 p i n  d i s t i l l e d  water. 

5.12 n-Nonane and n-dodecane, 98+% purity.  

5.13 H-Hexadecane, d i s t i l l e d - i n - g l a s s  (Burdick and Jackson,  or 
e q u i v a l e n t ) .  

6-0 Sample C o l l e c t i o n ,  Handling, and P rese rva t ion  

the c o n s i d e r a t i o n s  discussed i n  Sec t ion  One o f  t h i s  manual. 
6.1 A l l  samples must be c o l l e c t e d  u s i n g  a sampling plan t h a t  addresses  

6.2 All samples must be s t o r e d  i n  Tef lon- l ined  screw cap v i a l s .  Sample 
c o n t a i n e r s  should be f i l l e d  as completely a s  p o s s i b l e  so a s  t o  minimize 
headspace or void space. 
an inverted p o s i t i o n .  

t o  the time of a n a l y s i s ,  and should be p r o t e c t e d  from l i g h t .  

V ia l s  con ta in ing  l i q u i d  sample should be s t o r e d  i n  

6.3 Al l  samples mus t  be iced o r  r e f r i g e r a t e d  from the time of c o l l e c t i o n  
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7.0 Procedure 

7.1 Cal i bration 

7.1.1 Assemble a purge-and-trap device t h a t  meets the specifications 
in Section 4.2 and connect the device t o  a GC/MS system. Condition the 
trap overnight a t  180' C by backflushing with an inert gas f l o w  of a t  
least 20 m l / m i n .  
while backflushing a t  180' C. 

Prior t o  use, condition the trap d a i l y  f o r  10 m i n  

7.1.2 
in Section 7.3.5 and operate the mass spectrometer using the condi t ions  
described i n  Section 7.3.2.  

Operate the gas chromatograph using the conditions described 

7.1.3 Calibration procedure 

7.1.3.1 Conduct calibration procedures using a minimum of 
three concentration levels for each calibration standard. One of 
the concentration levels should be a t  a concentration near b u t  
above the method detection limit. The remaining two concentration 
levels should correspond t o  the expected range o f  concentrations 
found i n  real samples or should define the working range of the 
GC/MS system. 

concentrations of calibration standards, including surrogate 
standards, directly in the purging device. To the purging device, 
add 5.0 ml of  reagent water or reagent water/PEG solution. 
solution i s  prepared by taking 4.0 ml of reagent water or  reagent 
PEG and diluting t o  100 ml with reagent water. The reagent water/ 
P E G  solution i s  added t o  the p u r g i n g  device using a 5-ml glass 
syringe f i t t ed  w i t h  a 15-cm 20-gauge needle. The needle is  inserted 
through the sample inlet  shown in Figure 1. The internal diameter 
of; the 14-gauge needle that forms the sample inlet  will permit i n -  
sertion of a 20-gauge needle. Next, using a 10-pl or 25-pl micro- 
syringe equipped with a long  needle (see Section 4 .6 ) ,  take a 
volume of the secondary d i l u t i o n  solution containing appropriate 
concentrations of the calibration standards (see Section 5.6). Add 
the aliquot of calibration solution directly t o  the reagent water 
or redgent water/PEG solution in the purging device by inserting 
the needle through the sample inlet. When discharging the contents 
of the micro-syringe be sure t h a t  the end of the syringe needle is  
well beneath the surface of the reagent water or water/PEG solu- 
t i o n .  Similarly, add 20 pl o f  the internal standard solution (see 
Section 5.10). Close the 2-way syringe valve a t  t h e  sample inlet. 

7.1.3.2 Prepare the f i n a l  solutions containing the required 

This 

7.1.3.3 Carry ou t  the purge and analysis procedure as - 
described in Section 7.3.4. Tabulate the area response of the 
primary characteristic ion against concentration for each compound 
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including the internal standards. Calculate response factors ( R F )  
f o r  each compound as fo l  lows: 

where : 

As = Area of the primary characteristic ion for the compound 
t o  be measured 

A i s  = Area o f  the primary characteristic ion of  the internal 
standard 

C i s  = Concentration o f  the internal standard 

Cs = Concentration of the compound t o  be measured. 

The internal standard selected for the calculation of t h e  RF o f  a 
compound and subsequent quantification of the compound i s  generally 
the internal standard t h a t  has a retention time closest t o  t h a t  o f  
the compound. I t  i s  assumed t h a t  a linear calibration p l o t  w i l l  be 
obtained over the range of concentrations used, I f  the RF value 
over t h e  working range i s  a constant ( less t h a n  10% relative 
standard deviation), the RF can be assumed t o  be i n v a r i a n t ,  and the 
average RF can be used f o r  calculations. Alternatively, the 
results can be used t o  p l o t  a calibration curve of response ratios, 
As/Ais, versus RF. 

The 
concentrations selected s h o u l d  be near the midpoin t  of the working 
range. The response factors obtained f o r  the calibration standards 
analyzed immediately before and  a f te r  d set of samples must be 
w i t h i n  +20% o f  the response factor used f o r  quantification of the 
sample concentrations. 

7.1.3.4 The RF must be verified on each working day, 

7.2 Daily GC/MS performance tes t s  

7.2.1 A t  the beginning of each day t h a t  analyses are t o  be performed, 
the GC/MS sys$em must be checked t o  see t h a t  acceptable performance 
c r i te r ia  are achieved for  BFB (see Table 2) .  

7.2.2 The BFB performance t e s t  requires the f o l l o w i n g  instrumental 
parameters : 

Electron Energy: 70 volts (nominal ) 
Mass Range: 40 t o  250 amu 
Scan Time: t o  give approximately 6 scans per peak b u t  no t  

t o  exceed 3 sec per scan. 
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7.2.3 Bleed BFH vapor i n t o  the mass spec t rometer  and tune the 
instrument t o  ach ieve  a l l  the  key ion c r i t e r i a  f o r  the mass spectrum o f  
BFB g i v e n  i n  Table  1. 
onto the gas chromatographic column i n  o rde r  t o  check the key ion  
c r i t e r i a .  

A s o l u t i o n  con ta in ing  20 n g  of  EFB may be injected 

7.2.4 The peak intensi ty  o f  Dg-benzene is used t o  monitor  the mass 
spectrometer  sensi t i v i  ty .  
d u r i n g  each sample a n a l y s i s  must be between 0.7 and 1.4 times the  Dg-benZene 
peak intensity observed dur ing  t h e  a p p l i c a b l e  c a l i b r a t i o n  runs. For example, 
i f  the peak in t ens i ty  o f  De-benzene observed dur ing  c a l i b r a t i o n  was 355,000 
a rea  counts ,  t h e n  each subsequent sample or b lank  must g i v e  a D6-benzene 
peak in tens i ty  of between 250,000 and 500,000 a rea  counts .  If the D6-benzene 
peak in tens i ty  i s  o u t s i d e  the s p e c i f i e d  range ,  the sample m u s t  be reanalyzed. 
If t h e  peak i n t e n s i t y  i s  aga in  o u t s i d e  the specified range ,  the a n a l y s t  must  
i n v e s t i g a t e  the cause of the v a r i a b i l i t y  i n  sens i t iv i ty  and c o r r e c t  the 
problem. 

The peak i n t e n s i t y  f o r  1)6-benZene observed 

7.3 Sample e x t r a c t i o n  and a n a l y s i s  

7.3.1 The a n a l y t i c a l  procedure involves  e x t r a c t i n g  the  non-aqueous 
sample w i t h  methanol o r  po lye thylene  g lycol  (PEG) and ana lyz ing  a 
por t ion  o f  the e x t r a c t  by d purge-and-trap GC/MS procedure.  
o f  the e x t r a c t  t o  be t aken  f o r  the GC/MS a n a l y s i s  i s  based on the 
es t imated  t o t a l  v o l a t i l e  con ten t  (TVC) of the sample. The TVC i s  
es t imated  by e x t r a c t i n g  the sample w i t h  n-hexadecane and ana lyz ing  t h e  
n-hexadecane e x t r a c t  by gas chromatography. 

The amount 

7.3.2 The e s t ima ted  TVC is based on the t o t a l  a r e a  response 
r e l a t i v e  t o  t h a t  o f  n-nonane f o r  a l l  components e l u t i n g  p r i o r  t o  the 
r e t e n t i o n  time of n-dodecane. The response f a c t o r  f o r  n-nonane and t h e  
r e t e n t i o n  time o f  n-dodecane a r e  determined by ana lyz ing  a 2-p1 a l i q u o t  
of an n-hexadecane s o l u t i o n  con ta in ing  0.20 rng/rnl of n-nonane and 
n-dodecane. 

7.3.2.1 The GC ana lyses  are conducted u s i n g  a flame i on iza -  
t i o n  d e t e c t o r  and a 3-rn x 2-mm I.D. g l a s s  column packed w i t h  10% 
OV-101 on 100-200 mesh Chrmosorb  W-HP. The column tempera ture  i s  
programmed from 80. C t o  280’ C a t  8’/min and h e l d  a t  280’ f o r  
10 min. - 

7.3.2.2 Determine the a rea  response f o r  n-nonane and d i v i d e  
by 0.2 t o  o b t a i n  the area response f a c t o r .  
time of n-dodecane. 

Record the r e t e n t i o n  

7.3.2.3 Add 1.0 g of  sample t o  20 ml of n-hexadecane and 
2 rnl Of 2.0 M Na2HP04 conta ined  i n  a SO-ml g l a s s  centrifuge 
t u b e  and cap securely w i t h  a Tef lon- l ined  Screw cap. 
mixture  vigorously f o r  one minute. 

Shake the 
I f  the sample does not disperse 
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during the shaking process, sonify the mixture i n  an ultrasonic 
b a t h  for 30 min. A l l o w  the mixture t o  stand until a clear 
supernatant i s  obtained. Centrifuge i f  necessary t o  fac i l i t a te  
phase separation. 

7.3.2.4 Analyze a 2-pl a l i q u o t  of the n-hexadecane super- 
natant using the conditions described i n  Section 7 . 3 . 2 . 1 .  
the t o t a l  area response of a l l  components eluting prior t o  the 
retention time of n-dodecane and subtract the corresponding area o f  
an n-hexadecane blank. 
f o r  n-nonane i n  Section 7.3.2.2, calculate the TVC as follows: 

Determine 

Using the area response factor determined 

x 20 TVC = TARsampl e - TARblank  
n-Nonane Area Response Factor 

where: 

TVC = t o t a l  volatile content o f  the sample i n  mg/g 

TARSampl, = total  area response obtained f o r  the sample 

TARblank = t o t a l  area response obtained for a b l ank .  

7.3.3 
w i t h  methanol o r  PEG should be made as quickly as possible t o  minimize 
loss of volatiles from the sample. 

The transfer of an a l i q u o t  of the sample for extraction 

7.3.3.1 To a 50-1111 glass centrifuge tube w i t h  Teflon-lined 
cap, add 40 ml o f  reagent methanol or  PEG. Weigh the capped 
centrifuge tube and methanol or PEG on an analytical balance. 

7 .3 .3 .2  Using an  appropriate implement (see Section 4 .4 ) ,  
transfer approximately 2 g of sample t o  the methanol or PEG i n  the 
centrifuge tube i n  such a fashion t h a t  the sample i s  dissolved i n  
or submerged i n  the methanol o r  PEG as qu ick ly  as possible. Take 
care n o t  t o  touch the sample-transfer implement t o  the methanol o r  
PEG. 
balance t o  determine an accurate sample weight. 

The mixture may be agitated manually or w i t h  the a i d  o f  a vortex-mixer. 
I f  the sample does not disperse during this  process, sonify the 
mixture i n  an ultrasonic bath fo r  30 min. Allow the mixture t o  
stand u n t i l  a clear supernatant i s  obtained as the sample extract. 
Ccntri fuge i f  necessary t o  f a c i  1 i t a t e  phase separation. 

Recap the centrifuge tube immediately and weigh on an a n a l y t i c a l  

7.3.3.3 Disperse the sample by vigorous agitation for 1 m i n .  
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7.3.3..4 The sample e x t r a c t  may be s to red  f o r  f u t u r e  a n a l y t i c a l  
needs. I f  t h i s  i s  desired, t r a n s f e r  t h e  s o l u t i o n  t o  a 10-ml screw 
cap v i a l  w i t h  Te f lon  cap l i n e r .  
f r o m  l i g h t .  

Store a t  -10 t o  -20. C, and p r o t e c t  

7.3.4 Reagent water, i n t e r n a l  standard so lu t i on ,  and t h e  sample 
e x t r a c t  a re  added t o  a purg ing  chamber t h a t  i s  connected t o  t h e  purge-and- 
t r a p  dev ice and t h a t  has been f l ushed  w i t h  he l ium d u r i n g  a 7-min t r a p  
recond i t i on ing  s tep  (see Sect ion 7.3.4.4). The a d d i t i o n s  a r e  made us ing  
an appropr i  a t e l y  s i  zed s y r i  nge equi pped w i t h  a 15-cm 20-gauge need1 e. 
Open t h e  sy r inge  va l ve  o f  t he  sample i n l e t  (shown i n  F igu re  1) and 
i n s e r t  t he  needle through t h e  valve. 

7.3.4.1 Add 5.0 fn l -o f  reagent water o r  aqueous sample t o  
which 20.0 p1 of t he  i n t e r n a l  standard s o l u t i o n  has been added (see 
Sect ion 5.10) t o  t h e  purg ing  chamber. I n s e r t  t h e  needle o f  t h e  
syr inge w e l l  below t h e  sur face  of t h e  water f o r  t h e  a d d i t i o n  o f  
t h e  i n t e r n a l  s tandard so lu t i on .  I f  t h e  sample i s  aqueous go t o  
Sect ion 7.3.5. 

7.3.4.2 Add an a l i q u o t  of t h e  sample e x t r a c t  f r o m  Sect ion 
7.3.3.4. The t o t a l  q u a n t i t y  of v o l a t i l e  components i n j e c t e d  should 
not  exceed approximately 10 pg. i f  t h e  t o t a l  v o l a t i l e  content 
(TVC) of  t h e  sample as determined i n  Sect ion 7.3.1.4 i s  1.0 mg/g o r  
less,  use a ZOO-pl a l i q u o t  o f  t h e  sample ex t rac t .  If t h e  TVC i s  
g rea ter  than 1.0 mg/g, use an a l i q u o t  of t h e  sample e x t r a c t  t h a t  
conta ins approximately 10 pg o f  t o t a l  v o l a t i l e  components; t h e  
volume ( i n  p l )  o f  t h e  a l i q u o t  t o  be taken can be c a l c u l a t e d  by 
d i v i d i n g  200 by t h e  TVC. 
a 5OU-pl a l i q u o t  o f  t h e  sample e x t r a c t  and d i l u t e  t o  10 ml w i t h  
PEG. I n  t h i s  case c a l c u l a t e  t h e  a l i q u o t  volume (in p l )  of t h e  
u n d i l u t e d  e x t r a c t  t o  be taken by d i v i d i n g  4,000 by t h e  TVC. I f  t h e  
TVC i s  l ess  than 1.0 mg/g and grea ter  s e n s i t i v i t y  i s  desi red,  use a 
l a r y e  purg ing  chamber con ta in ing  25 m1 of reagent water and use a 
1.0-ml a l i q u o t  o f  t h e  sample ex t rac t .  

7.3.4.3 Close t h e  2-way syr inge va lve  a t  t h e  sample i n l e t .  

I f  t h e  TVC i s  grea te r  than 20 mg/g, take  

7.3.5 The-sample i n  t h e  purg ing  chamber i s  purged w i t h  he l ium t o  
The t r a p  i s  then heated t r a n s f e r  t h e  v o l a t i l e  components t o  t h e  t rap .  

t o  desorb t h e  v o l a t i l e  components which a re  swept by t h e  hel ium c a r r i e r  
gas onto t h e  GC column f o r  analys is .  

7.3.5.1 Adjust  t h e  gas (hel ium) f l o w  r a t e  t o  40 + 3 ml/min. 
Set t h e  purg ing  dev ice t o  purye, and purye t h e  sample f o r  
11.0 _t 0.1 min a t  ambient temperature. 
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7.3.5.2 A t  the conclusion of the purge t ime ,  adjust  the 

device t o  the desorb mode, and begin the GC/MS analysis and data 
a c q u i s i t i o n  using t h e  f o l l ow ing  GC operating condi t ions:  

6 - f t  x 2-mm 1.0. glass column o f  1% SP-1000 on Column: 
Carbo-pack 8 (60-80 mesh). 

Temperature: Isothermal a t  45' C f o r  3 min, then increased a t  
8' C/min t o  220' C, and maintained a t  220' C f o r  15 min. 

Concurrently, Introduce the  trapped mater ia ls  t o  the  GC column by 
r a p i d l y  heat ing the  t r a p  t o  180' C wh i le  backflushing the t r a p  wi th  
helium a t  a f l o w  r a t e  o f  30 ml/min f o r  4 min. 
heating requirement cannot be met, t h e  GC column must be used as  a 
secondary t r a p  by coo l i ng  i t  t o  30' C o r  lower during the 4-min 
desorb step and s t a r t i n g  the GC program a f t e r  t he  desorb step. 

and continue acqui r ing GC/MS data. 

I f  t h i s  rap id  

7.3.5.3 Return the  purge-and-trap device t o  the purge mode 

7.3.5.4 Allow t h e  t r a p  t o  cool f o r  8 min. Replace the 
purging chamber wi th a clean purging chamber. 
i s  cleaned a f t e r  each use by sequential washing w i th  acetone, 
methanol, detergent Solut ion and d i s t i l  l e d  water, and then d r ied  
a t  105' c. 

The purging chamber 

7 .3 .5 .5  Close the syr inge valve on the purging chamber 
a f t e r  15 sec t o  begin gas f l o w  through the trap. 
ambient temperature f o r  4 min. 
t o  189' C, 
since the sorpt ion/desorpt ion i s  adversely af fected when the t r a p  
i s  heated t o  higher temperatures. A f t e r  heat ing the t r a p  f o r  
approximately 7 min, t u r n  of f  the t r a p  heater. 
i s  ready f o r  the next sample. 

Purge the t r a p  a t  
Recondition the t rap  by heating i t  

Do not a l low the  t r a p  temperature t o  exceed 180' C, 

When cool, t he  t r a p  

7.3.6 I f  the response f o r  any i o n  exceeds the working range of the 
system, repeat the analysis using a correspondingly sinal l e r  a1 iquot  o f  
the sample ex t rac t  descr ibed i n  Section 7.3.2.3.  

7.4 Qua l i t a t i ve  i d e n t i f i c a t i o n  
- 

7.4.1 Obtain an E ICP fo r  the primary c h a r a c t e r i s t i c  i o n  and a t  
l e a s t  two other c h a r a c t e r i s t i c  ions for each compound when p r a c t i c a l .  
The fo l l ow ing  c r i t e r i a  must be met t o  make a q u a l i t a t i v e  i d e n t i f i c a t i o n .  

7.4.1.1 The c h a r a c t e r i s t i c  ions o f  each compound of i n t e r e s t  
must maximize i n  the same or w i t h i n  one scan of each other. - 
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7.4.1.2 The retention time must f a l l  w i t h i n  - +30 set  o f  the 
retention time of the authentic compound. 

7.4.1.3 The relative peak heights of the characteristic 
ions i n  the EICP's mus t  f a l l  w i t h i n  ~ 2 0 %  of the relative intensities 
of these ions i n  a reference mass spectrum. Reference spectra may 
be generated from the standards analyzed by the analyst o r  from a 
reference 1 ibrary. A1 1 reference spectra generated from standards 
must be obtained from an appropriately t u n e d  mass spectromter. 

7.5 Quantitative determination 

7.5.1 When a compound has been identified, the quantification of 
t h a t  compound wi l l  be based on the integrated abundance from the EICP of 
the primary characteristic ion. In  general, the primary characteristic 
ion selected should be a relatively intense i o n ,  as interference-free as 
possible, and as close as possible i n  mass t o  the characteristic i o n  of 
the internal standard used. Generally, the base peak of the mass 
spectrum i s  used. 

8,O Quali ty  Control 

8.1 Each laboratory that uses this method i s  required t o  operate a 
formal q u a l i t y  control program. The m i n i m u m  requirements o f  this program 
consist of an i n i t i a l  demonstration of laboratory capability and  the analysis 
o f  spiked samples as a continuing check on performance. The laboratory i s  
required t o  main ta in  performance records to  define the q u a l i t y  o f  the d a t a  
t h a t  are generated. 
established performance cr i ter ia  t o  determine i f  the results of analyses are 
w i t h i n  the accuracy and precision l imi t s  expected of the method. 

Ongoing  performance checks must be compared w i t h  

8.1.1 Before performing any analyses, the analyst must demon- 
s t ra te  the a b i l i t y  t o  generate acw-table accuracy and precision with 
this method. This abi l i ty  is established as described i n  Section 8.2. 

8.1.2 The laboratory must spike a l l  samples including check 
samples w i t h  surrogate standards t o  monitor  continuing laboratory 
performance, T h i s  procedure is described i n  Section 8.4. 

8.1.3 Before processing any samples, the analyst should daily 
demonstrate, through the analysis of an organic-free water method b l a n k ,  
t h a t  the entire analytical system i s  interference-free. The b l ank  
samples should be carried t h r o u g h  a l l  stages of the sample preparation 
and measurement steps. 

13.2 To establish the a b i l i t y  t o  generate acceptable accuracy and 
precision, t h e  analyst must perform the f o l l o w i n g  operations u s i n g  a 
representative sample as a check sample. 
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8.2.1 Analyze four aliquots of t h e  unspiked check sample 
according t o  the method i n  Section 7 . 3 .  

8.2.2 For each compound t o  be measured, select a spike 
concentration representative o f  twice the level found i n  the unspiked 
check sample o r  a level equal t o  10 times the expected detection limit, 
whichever i s  greater. 
compounds i n  methanol a t  the appropriate level s. 

Prepare a spiking solution by dissolving the 

8.2.3 Spike a minimum of  four aliquots of the check sample w i t h  
the spiking solution t o  achieve the selected spike concentrations. 
Spike the samples by adding the s p i k i n g  solution t o  the PEG used for 
the extraction. 
Section 7.3, 

Analyze the spiked aliquots according t o  the method i n  

8.2.4 Calculate the average percent recovery, R ,  and the 
standard deviation of the percent recovery, s, f o r  a l l  compounds and 
surrogate standards. Background corrections m u s t  be made before R and 
s calculations are performed. The average percent recovery must be 
greater t h a n  20 fo r  a l l  compounds t o  be measured and greater t h a n  60 
for a1 1 surrogate compounds. The percent relative standard deviation 
o f  the percent recovery, s/H x 100, must be less t h a n  20 f o r  a l l  
compounds t o  be measured and a71 surrogate compounds. 0 

8.3 The analyst must calculate method performance cr i ter ia  f o r  each 
of the surrogate standards, 

9.3.1 Calculate upper and lower control limits f o r  method 
performance f o r  each surrogate standard, using the values for R and s 
calculated i n  Section 8.2.4: 

Upper Control L i m i t  (UCL) = R + 3s 
Lower Control Limit  ( L C L )  = R - 3s 

The UCL and LCL can be used t o  construct control charts t h a t  are useful 
i n  observing trends i n  performance. 

8.3.2 For each surrogate standard, t h e  laboratory must maintain 
a record of-the R and s values obta ined  f o r  each surrogate standard i n  
each waste sample analyzed. An accuracy statement should be prepared 
from these d a t a  and updated regularly. 

8.4 The laboratory is required t o  spike a l l  samples w i t h  the surrogate 
standards t o  monitor spike recoveries. The  spiking level used should be t h a t  
which w i l l  give an amount i n  the purge apparatus t h a t  i s  equal t o  the amount 
o f  the internal standard assuming a 100% recovery o f  the surrogate standards. 
%6 t h e  recovery for any surrogate standard does n o t  f a l l  w i t h i n  t h e  control 
l i m i t s  f o r  method performance, the results reported for t h a t  sample must be 
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q u a l i f i e d  a s  being outside of control limits, The laboratory must monitor 
the frequency of d a t a  so qualified t o  ensure t h a t  i t  remains a t  or below 5%. 
Four surrogate standards, namely 1,2-di bromodi fluoroethane, bis (perfluoro- 
isopropyl ) ether, fluorobenzene, and m-bromobenzotrifluori de, are recommended 
for general use t o  monitor recovery of volatile compounds varying i n  v o l a t i l i t y  
and polarity. 

8.5 Each day, the ana lys t  must demonstrate t h r o u g h  the analysis o f  a 
process b l a n k  t h a t  a l l  glassware and reagent interferences are under control. 

8.6 I t  i s  recommended t h a t  the laboratory adopt  additional q u a l i t y  
assurance practices f o r  use w i t h  th is  method. The specific practices t h a t  
are most productive depend upon the needs of the laboratory and the nature 
of the samples. 
the sampling technique. Whenever possible, the laboratory should perform 
analysis of standard reference materials and participate i n  relevant per- 
f orma nce eva 1 u a t  i on stu d i  es . 

Field replicates may be analyzed t o  monitor the precision of 

8.7 Standard  q u a l i t y  assurance practices should be used w i t h  th is  
method. 
the sampling technique. 
the precision of the analysis. Fortified samples should be carried throush  
a l l  stages of sample preparation and measurement; they should be analyzed 
t o  v a l i d a t e  the sensitivity and  accuracy o f  the  analysis. I f  the fortif ied 
waste samples do not indicate sufficient sensitivity t o  detect less t h a n  or 
equal t o  1 pg/g o f  sample, then the sensitivity o f  the instrument should be 
increased or the extract subjected t o  additional cleanup. Detection limits 
t o  be used for groundwater samples are indicated i n  Table 1. 
exists over the identification of a peak on the chromatograph, confirmatory 
techniques such as mass spectroscopy should be used. 

Field replicates s h o u l d  be collected t o  validate the precision o f  
Laboratory replicates should be analyzed t o  validate 

Where doub t  

8.8 The method detection l imit  (MDL) i s  defined as the m i n i m u m  concen- 
tration of a substance that can be measured and reported w i t h  99% confidence 
t h a t  the value i s  above zero. The MDL concentrations l is ted i n  Table  1 were 
obtained using reagent water. Similar results were achieved using represen- 
tative wastewaters. The MDL actually achieved i n  a given analysis w i l l  vary 
depending on instrument sensitivity and matrix effects. 

8.9 In a single laboratory, using reagent water and wastewaters spiked 
a t  o r  near background levels, the average recoveries presented i n  Table 3 
were obtained. The standard deviation of the measurement i n  percent recovery 
i s  also included i n  Table 3. 
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TABLE 3. ACCURACY AND PRECISION FOR PURGEABLE ORGANICS 

Pa ramet e r 

-I 

Reagent Water Wastewater 

Average Standard Average Standard 
percent deviation percent deviation 
recovery (%I  r e  co v e ry 1 

Benzene 
Bromodichloromethane 
Bromoform 
B romomet h a ne 
Carbon tet rach 1 ori de 
Chlorobenzene 
Chloroethane 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
Dibromochloromethane 
1 ,l-Dichloroethane 
1 , Z - D i  chl oroethane 
1,l-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
t rans-1 ,3-Oi chl oropropene 
Ethyl benzene 
Methylene chloride 
1. , 1 2,2 -Te t ra ch 1 oroet hane 
Tetrachloroethene 
To1 uene 
1 ,1,1 -T r i ch 1 or oet ha ne 
1,1,2-Trichloroethane 
T r i  chloroethene 
Tri chl orof 1 uorornethane 
Vinyl chloride 

99 
102 
104 
100 
102 
100 
97 
101 
101 
99 

103 
101 
100 
10 2 
99 

102 
105 
104 
100 
96 
102 
10 1 
101 
101 
101 
10 1 
103 
100 

9 
12 
14 
20 
16 

7 
22 
13 
10 
19 

10 
8 

17 
12 
8 

15 
11 
8 
16 
9 
9 
9 

11 
10 
9 

11 ’ 

13 

11 

9a 10 
103 10 
105 16 
88 23 
104 15 
102 9 
103 31 
95 17 
101 12 
99 24 
104 14 
1 0.4 15 
102 10 
99 15 
101 10 
103 12 
102 19 
100 18 
103 10 
09 28 
104 14 
100 11 
98 14 

102 16 
104 15 
100 12 
107 19 
98 25 

Samples were spiked between 10 and 1000 pg/ l .  
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METHOD 8270 

GC/MS METHOD FOR SEMIVOLATILE ORGANICS: 
CAPILLARY COLUMN TECHNIQUE 

1.0 Scope and A p p l i c a t i o n  

organic compounds i n  a v a r i e t y  o f  s o l i d  waste matrices. 
1.1 Method 8270 i s  used t o  determine t h e  concent ra t ion  o f  s e m i v o l a t i l e  

1.2 This method i s  app l i cab le  t o  nea r l y  a l l  types of samples, regard- 
less of water content ,  i n c l u d i n g  aqueous sludges, caus t i c  l i q u o r s ,  a c i d  
l iquors, waste so l  vents, o i  l y  wastes , mousses, t a r s ,  f i b r o u s  wastes, po ly -  
meric emulsions, f i l t e r  cakes, spent carbons, spent c a t a l y s t s ,  s o i l s ,  and 
sedi merits. 

1.3 Method 8270 can be used t o  q u a n t i f y  most neu t ra l ,  a c i d i c ,  and bas ic  
organic compunds t h a t  are so lub le  i n  methylene c h l o r i d e  and capable o f  being 
eluted w i thout  d e r i v a t i r a t i o n  as sharp peaks f rom a gas chromatographic fused 
s i l i c a  c a p i l l a r y  column coated w i t h  a s l i g h t l y  p o l a r  s i l i c o n e .  
include po lynuc lear  aromatic hydrocarbons, c h l o r i n a t e d  hydrocarbons and 
pest ic ides,  ph tha la te  esters ,  organophosphate esters ,  nitrosamines, ha loethers,  
aldehydes, e thers,  ketones, a n i l i n e s ,  py r id ines ,  qu ino l ines ,  aromatic n i t r o  
compounds, and phenol s , i n c l  u d i  ng n i t  rophenol s . 

Such compounds 

1.4 The d e t e c t i o n  l i m i t  of Method 8270 f o r  determin ing an i n d i v i d u a l  
compound i s  approximately 1 pg/g (wet weight), 
than 1 mg/g o f  t o t a l  so l ven t  e x t r a c t a b l e  ma te r ia l ,  t h e  d e t e c t i o n  l i m i t  i s  
p ropor t i ona te l y  h igher .  

For samples t h a t  con ta in  more 

1.5 Method 8270 i s  based upon a so lvent  e x t r a c t i o n ,  gas chromatographic/ 
ma s s s pect rome t r i  c (GC/pIS ) procedure. 

1.6 Th is  method is r e s t r i c t e d  t o  use by or under t h e  superv is ion  o f  
ana lys ts  experienced i n  t h e  use o f  gas chromatograph/mass spectrometers and 
s k i l l e d  i n  t h e  i n t e r p r e t a t i o n  o f  mass spectra. 
t h e  a b i l i t y  t o  generate acceptable r e s u l t s  wi th th is  method. 

Each ana lys t  must demonstrate 

2.0 Summary of  Method 

2.1 P r i o r  t a  us ing  t h i s  method, the waste samples should be prepared 
f o r  chromatography (if necessary) us ing  t h e  appropr ia te  sample prepara t ion  
method - i .e., SeparatOry funnel l i q u i d - l i q u i d .  e x t r a c t i o n  (Method 3510),  
son ica t i on  (Method 3550), o r  soxh le t  e x t r a c t i o n  (Method 3540). I f  emulsions 
are a problem, COntjnuOuS e x t r a c t i o n  techniques should be used. 
describes chromatographic cond i t ions  which a l l o w  f o r  t h e  separa t ion  of  t h e  
compounds i n  t h e  ex t rac t .  

This method 
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3 .o Interferences 

3.1 Solvents, reagents, glassware, and other sample processing hardware 
may yield discrete art ifacts and/or elevated baselines causing misinterpreta- 
t i o n  of chromatograms. 
from interferences under the conditions of  the analysis  by running method 
blanks. 
distillation i n  a l l - g l a s s  systems may be required. 

from source t o  source, depending upon the diversity of the industrial complex 
o r  waste being sampled. 

A l l  these materials must be demonstrated t o  be free 

Specific selection of reagents and purification of solvents by 

3.2 Interferences coextracted from the samples wil l  vary considerably 

3.2.1 Glassware must be scrupulously cleaned. Clean a l l  glassware 

Heating i n  a muffle furnace a t  450' C f o r  5 t o  15 hr i s  recom- 
as soon as possible after use by rinsing w i t h  the l as t  solvent used i n  
i t .  
mended whenever feasible. Alternatively, detergent washes, water 
rinses, acetone rinses, and oven drying may be used. 
should be sealed and stored i n  a clean environment t o  prevent any 
accumulation of dust o r  other contaminants. 

Cleaned glassware 

3.2.2 The use of h i g h  purity reagents and solvents helps t o  
minimize interference problems. 

4.0 Apparatus 

100-ml capacity. Screw caps m u s t  be Teflon lined. 
4.1 Sampl ing  equipment: Glass screw-cap vials or jars of a t  least 

4.2 Glassware 

4.2.1 Beaker: 400-1111. 

4.2.2 Centrifuge tubes: approximately 200-ml capacity, g l a s s  
w i t h  screw cap (Corning #1261 o r  equivalent). 
w i t h  Teflon liners. 

Screw caps must  be f i t t e d  

4.2.3 Concentrator tube, Kuderna-Danish: 25-ml, graduated 
(Kontes K 5?0050-2526 or equivalent). 
the volumes employed i n  the test .  Ground-glass stopper i s  used t o  
prevent evaporation -of  extracts. 

or equivalent). 

K-503000-0121 o r  equivalent). 

Calibration must be checked a t  

4.2.4 Evaporative flask: Kuderna-Danish 250-ml (Kontes K-570001-0250 

4.2.5 Snyder column, Kuderna-Danish: Thsee-ball macro (Kontes 

Attach t o  COnCefttrdtor tube w i t h  springs. 
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4.2.6 Snyder column, Kuderna-Danish: Two-ball micro (Kontes 
K-569001-0219 o r  equ iva len t ) .  

4.3 F i l t e r  assembly 

4.3.1 Syringe: 10-ml gas- t igh t  wi th  Teflon l u e r  l ock  (Hamilton 
lOlOTLL o r  equiva lent ) .  

4.3.2 F i l t e r  ho lder :  13-mm Swinny ( M i l  l i p o r e  XX30-012 o r  equiva- 
l e n t )  

4.3 .3  P r e f i l t e r s :  g lass  f i b e r  ( M i l l i p o r e  AP-20-010 or equiva lent ) .  

4.3.4 Membrane f i l t e r :  0 . 2 - p  Tef lon  ( M i l l i p o r e  FGLP-013 o r  
equi va 1 e n t  ) 

4.4 Micro  syr inge:  100-pl (Hamilton #84858 or equiva lent ) .  

4.5 Weighing pans, micro:  approx imate ly  l-cm diameter aluminum f o i l  * 
Purchase or f a b r i c a t e  from aluminum f o i  1. 

4.6 B o i l i n g  ch ips :  Approximately 10-40 mesh carborundurn (A.H. Thomas 
#1590-030 or equiva lent ) .  
l ene t h ?  ori de. 

bath  should be used i n  a hood. 

Heat t o  450' C f o r  5-10 h r  or e x t r a c t  w i t h  methy- 

4.7 Water bath: Heated, capable of temperature c o n t r o l  (+2' - C ) .  The 

4.8 Balance: A n a l y t i c a l ,  capable of accura te l y  weighing 0.0001 g. 

4.9 Microbalance: Capable of accura te l y  weighing t o  0.001 mg ( M e t t l e r  
model ME-30 o r  equ iva len t ) .  

4.10 Homogenizer, h i g h  speed: Brinkmann Po ly t ron  model PT lOST w i t h  
Teflon bearings, o r  equiva lent .  

4.11 Cent r i fuge:  Capable o f  accommodating 200-ml g lass c e n t r i f u g e  
tubes. 

4.12 pH Meter and e lec t rodes :  Capable Of accura te ly  measuring pH t o  - +0.1 pH u n i t .  

4.13 Spatula: Having a metal blade 1-2 cm i n  width. 

4.14 Heat lamp: 250-watt r e f l e c t o ~ - t Y P @  b u l b  (GE #250R-40/4 or  equiva- 
l e n t )  i n  a hea t - res i s tan t  f i x t u r e  whose h e i g h t  above t h e  sample may be 
convenient ly  adjusted. 
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4.15 Gas chromatograph/rnass spectrometer data system 

4.15.1 Gas chromatograph: An analytical system complete with a 
temperature-programmable gas chromatograph sui table f o r  spli tless 
injection and a1 1 required accessories including syringes, analytical 
eolums, and gases. 

4.15.2 Column: 30-m x 0.25-rnm bonded-phase silicone-coated fused 
silica capillary column (J&U Scientific 06-5 o r  equivalent). 

4.15.3 Mass spectrometer: Capable of scanning from 35 to 450 amu 
every 1 sec or less, UtilIZing 70 volts (ntminal) electron energy in the 
electron impact ionization mode and producing a mass spectrum which 
meets all the criteria in Table 1 when 50 ng of decafluorotriphenyl- 
phosphine (DFTPP) is injected through the GC inlet. 

TABLE 1.  OFTPP KEY I O N S  AND ION ABUNDANCE CRITERIAa 

~ 

Mas s Ion abundance c r i  teri a 

5 1  

68 
70 

127 

197 
198 
199 

275 

365 

44 1 
442 
443 

3043% of mass 198 

Less than 2% o f  mass 69 
Less than 2% of mass 69 

40-60% of mass 198 

Less than 1% of mass 198 
3ase peak, 1004, relative abundance 
5-93 o f  mass 198 

10-30s Of IMSS 198 

Greater than 1% of  mass 198 

Present but less than mass 443 
Greater than 40% o f  mass 198 
17-23s of mass 442 

aJ.W, Eichelberger, L.E. Harris, and W . 1 .  Budde. 1975. Reference 
compound to calibrate ion abundance measurement in gas chromatography-mass 
spectrometry. Analytical Chemistry 47:995. . 
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5.0 

4.15.4 GC/MS i n te r face :  Any GC-to-MS i n t e r f a c e  t h a t  gives accept- 
ab le c a l i b r a t i o n  p o i n t s  a t  50 ng per  i n j e c t i o n  f o r  each compound o f  
i n t e r e s t  and achieves acceptable tun ing  performance c r i t e r i a  (see 
Sections 7.2.1-7.2.4) may be used. 
a l l  g lass  o r  g lass - l i ned  m a t e r i a l s  a r e  recommended. Glass can be 
deac t iva ted  by s i  1 an i  z i  ng w i t h  d i c h l  o rod imethy ls i  lane . The i n t e r f a c e  
must be capable o f  t r a n s p o r t i n g  a t  l e a s t  10 ng o f  the  components o f  
i n t e r e s t  from t h e  GC t o  t h e  flS. The fused s i l i c a  column may a lso  be 
i nse r ted  d i r e c t l y  i n t o  t h e  MS source housing. 

GC-to-MS i n t e r f a c e s  cons t ruc ted  o f  

4.15.5 Data system: A computer system must be i n t e r f a c e d  t o  t h e  
mass spectrometer. The system must a l l o w  t h e  continuous a c q u i s i t i o n  and 
storage on machine-readable media of a1 1 mass spectra obta ined through- 
out the d u r a t i o n  of the chromatographic program. The computer must have 
software t h a t  can search any GC/MS data f i l e  for  i ons  o f  a s p e c i f i c  mass 
and t h a t  can p l o t  such i o n  abundance5 versus t ime or scan number. Th is  
type o f  p l o t  i s  def ined as an Ex t rac ted  I o n  Current P r o f i l e  (EICP) .  
Software must a l s o  be a v a i l a b l e  that  a l lows i n t e g r a t i n g  t h e  abundance i n  
any E I C P  between s p e c i f i e d  t ime  o r  scan number l i m i t s .  

4.16 Gel permeation chromatography system 

4.16.1 Chromatographic column: 600-mm x 25-mm 1.0. glass column 
f i t t e d  f o r  upward f l o w  operation. 

4.16.2 Bio-beads S-X8: 80 g pe r  column. 

4.16.3 Pump: Capable o f  constant  f l o w  o f  0.1 t o  5 ml/min a t  up 
t o  100 p s i .  

4.16.4 I n j e c t o r :  With 5-ml loop. 

4.16.5 U l t r a v i o l e t  de tec tor :  254 mm, 

4.16.6 S t r i p  c h a r t  recorder. 

- Reagents 

5.1 Reagent water: Reagent water i s  de f i ned  as a water i n  which an 
i n t e r f e r e n t  i s  n o t  observed a t  t h e  method d e t e c t i o n  l i m i t  o f  each compound of 
i n t e r e s t  . 

5.2 Potassium phosphate, t r i b a s i c  (K3P04): Granular ( A C S ) .  

5.3 Phosphoric a c i d  (H3PO4) : 

5.4 Sodium r u l  fa te ,  anhydrous (NazS04) : Powder (ACS).  

85% aqueous sol u t i  on (ACS) . 
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5.5 Methylene c h l o r i d e :  D i s t i l l e d - i n - g l a s s  q u a l i t y  (Uurdick and 
Jackson,  or equi va'l e n t  ) . 

5.6 D10-Phenanthrene. 

5.7 Decaf 1 u o r o t r i  phenyl phosph ine (DFTPP). 

5.8 Retent ion  ,time s t anda rds :  D3-phenol , 08-naphtha 
010-phenanthrene , D12-chrysene, and 012-benzo(a)pyrene. 0 
may be used i n  p l a c e  of D12-benzo(a)pyrene. 

5.9 Column performance s t anda rds  : D3-phenol , Dg-ani 
05-ni t robenzene,  and D3-2,4-dinitrophenol.  

5.10 Surrogate  s t anda rds :  Decafluorobiphenyl ,  2-f lu  
pen ta f l  uorophenol . 

ene, 
2-perylene 

i ne, 

roani I i ne, and 

5.11 GPC c a l i b r a t i o n  s o l u t i o n :  Methylene c h l o r i d e  conta in inq  100 mg 
corn o i l ,  20 mg di-n-octyl  p h t h a l a t e ,  3 mg-coronene, and 2 mg s u l f i r  per - 
100 nl. 

6.0 Sample C o l l e c t i o n ,  P r e s e r v a t i o n ,  and Handl inq 

6.1 
l i n e d  screw caps.  
sources  o f  Contamination. 

Grab samples m u s t  be c o l l e c t e d  i n  g l a s s  c o n t a i n e r s  having Teflon- 
Sampling equipment must be f r e e  of o i l  and o t h e r  p o t e n t i a l  

6.2 The samples must be i ced  or r e f r i g e r a t e d  a t  4' C f r om the time 
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 .  

6.3 All samples must be e x t r a c t e d  wi th in  14 days of  c o l l e c t i o n  and 
completely analyzed w i t h i n  40 days of  e x t r a c t i o n .  

7.0 Procedure 

7.1 C a l i b r a t i o n  

7.1.1 An i n t e r n a l  s t anda rd  c a l i b r a t i o n  procedure is  used. To use 
t h i s  approach,  t h e  a n a l y s t  must use D3-pheno1, 08-naphthalene,  
D10-phenanthrene, D12-chrysene and D12-benzo(a)pysene. 012-perylene 
may be s u b s t i t u t e d  f o r  Dlzbenzo(a)pyrene. 
demonstrate  t h a t  measurement of  the i n t e r n a l  s t anda rd  is n o t  a f f e c t e d  by 
method o r  mat r ix  i n t e r f e r e n c e s .  Use t h e  base peak I o n  as the primary 
ion  f o r  q u a n t i f i c a t i o n  of the s t anda rds .  I f  i n t e r f e r e n c e s  a r e  noted,  
use the next most intense ion a5 the secondary ion ,  The in te r f ia l  
s tandard  i s  added t o  a l l  c a l i b r a t i o n  s t a n d a r d s  and a l l  sample e x t r a c t s  
analyzed by GC/MS. 

The a n a l y s t  m u s t  f u r t h e r  

Reten t ion  t ime s t a n d a r d s ,  column performance s tandards ,  
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and a mass spectrometer tun ing standard may be included i n  the i n te rna l  
standard s o l u t i o n  used. 

7.1.1.1 A set o f  f i v e  o r  more re ten t i on  t i m e  standards i s  
selected t h a t  w i l l  permit  a l l  components of i n t e r e s t  i n  a chroma- 
togram t o  have re ten t i on  times of 0.85 t o  1-20  r e l a t i v e  t o  a t  
l eas t  one of the r e t e n t i o n  t ime standards. The re ten t i on  t ime 
standards should be s i m i l a r  i n  ana ly t i ca l  behavior t o  the compounds 
o f  i n t e r e s t  and t h e i r  measurement should not be af fected by method 
or m a t r i x  interferences. 
recommended f o r  general use : D3-phenol 08-naphthalene, 
01 2-ch ry sene, and D 1 2-ben zo (a  ) py rene . 
subst i tu ted fo r  D12-benro(a)pyrene . 
as a r e t e n t i o n  t ime standard as w e l l  as an i n t e r n a l  standard. 

The f o l l o w i n g  r e t e n t i o n  t ime standards are 

D 12-pe ry 1 e ne may be 
D10-phenanthrene serves 

7.1 .1 .2  Representative ac id ic ,  basic, and po la r  netural  
compounds a r e  added w i t h  the i n t e r n a l  standard t o  assess the 
column performance o f  the GC/MS system. 
column performance standards should not  be af fected by method or 
matr ix  interferences. 
are recommended f o r  general use: Dg-phenol or D3-pheno1, 
Dg-ani l ine, 05-nitrobenzene, and D3-ZY4-dinitrophenol. 
These compounds can a lso serve as r e t e n t i o n  t ime standards i f  
appropriate and t h e  re ten t i on  t ime standards recommended i n  
Section 7.1.1.1 can serve as column performance standards i f  
appropriate. 

The measurement o f  the 

The fo l l ow ing  column performance standards 

7 . 1.1  . 3 Decaf 1 uorot  r i  p heny 1 p hos ph i ne (DFTP P ) i s added t o  
the i n t e r n a l  standard s o l u t i o n  t o  permit  the mass spectrometer 
tun ing f o r  each GC/MS run t o  be checked. 

7.1 .1 .4  Prepare the i n te rna l  standard s o l u t i o n  by d isso lv ing,  
i n  50.0 m l  of methylene ch lor ide,  10.0 mg o f  each standard compound 
spec i f i ed  i n  Sections 7-1 .1 .1 ,  7 .1 .1 .2 ,  and 7.1.1.3.  The r e s u l t i n g  
so lu t i on  w i l l  contain each standard a t  a concentrat ion of 200 pg/ml. 

7.1.2 Prepare c a l i b r a t i o n  standards a t  a minimum o f  three concen- 
t r a t i o n  l e v e l s  fo r  each compound of i n te res t .  Each m l  o f  each c a l i b r a -  
t i o n  standard o r  standard mixture should be mixed w i th  250 p1 o f  the 
i n t e r n a l  standard so lut ion.  One of the c a l i b r a t i o n  standards should be 
a t  a concentrat ion near, but above, the  method detect ion l i m i t ,  1 t o  
10 pglml, and the  other  concentrat ions should correspond t o  the expected 
range of concentrat ions found i n  rea1 Samples or should def ine the 
working range o f  the GC/MS system. 

Analyze 1 p1 o f  each c a l i b r a t i o n  standard and tabulate the 
area of the primary c h a r a c t e r i s t i c  i o n  against concentrat ion f o r  each 
compound inc lud ing  standard compound. Calculate response fac to rs  (RF) 
for each compound as fo l lows: 

7.1.3 
i. 
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RF = (AsCis)/(AisC,) 

where : 

A, 

Ais = Response for the internal standards. 

= Response f o r  the parameter t o  be measured. 

, 
Cis = Concentration of the internal standard i n  pg / l ,  

Cs = Concentration of the compound t o  be measured i n  pg/l .  

I f  the  RF value over t h e  working range is constant ( less t h a n  20% 
relative standard deviation), the RF can be assumed t o  be invariant and 
the average RF can be used for calculations. Alternatively, the results 
can be used t o  p l o t  a calibration curve of response ratios, A J A i s ,  
agai nst RF . 

7.1.4 The RF must be verified on each working  day by the measure- 
ment of two o r  more calibration standards, including one a t  the beginning 
of the day and  one a t  the end of the day. T h e  response factors obtained 
for the cat ibration standards analyzed immediately before and af ter  a 
set o f  samples must be w i t h i n  +20% o f  the response factor used f o r  
q u a n t i  f i c a t  i on of the sample czncent rat i ons . 
7.2 Daily GC/MS performance tes ts  

7.2.1 A t  the beginning o f  each day t h a t  analyses are t o  be 
performed, the GC/MS system must be checked t o  see t h a t  acceptable 
performance c r i te r ia  are achieved for DFTPP. 

7 . 2 . 2  
mental parameters : 

The OFTPP performance t e s t  requires the f o l l o w i n g  instru- 

Electron energy: 70 volts (nominal )  

Mass Range: 40 t o  450 amu 

- Maximum Scan Time: 1 sec per scan 

7.2.3 Inject’a solution containing 50 pg/ml of DFTPP i n t o  the 
GC/MS system or bleed DFTPP vapor directly i n t o  the mass spectrometer 
and tune the instrument t o  achieve a l l  the key i o n  cr i ter ia  for the mass 
spectrum of  DFTPP given i n  Table 1. 

t o  a l l  samples and calibration sofutions. 
observed for DFTPP d u r i n g  the ana’lysls of  a sample differs by more t h a n  
10% absolute abundance from t h a t  observed d u r i n g  the analysis of  the 

7.2.4 DFTPP i s  included i n  the internal standard solution added 
I f  any key i o n  abundance 
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c a l i b r a t i o n  s o l u t i o n ,  then the a n a l y s i s  i n  q u e s t i n o  i s  cons idered  
inva l id .  The instrument  m u s t  be re tuned or the sample and/or  c a l i -  
b ra t ion  solut iorr  reanalyzed u n t i l  t h e  above cond i t ion  i s  met. 

7 .3  Sample e x t r a c t i o n  

7.3.1 Samples may be e x t r a c t e d  by Methods 3510, 3540, or 3550, 
o r  by the fo l lowing  procedure.  
homogenization of the sample w i t h  methylene chlor ide,  n e u t r a l i z a t i o n  t o  
pH 7, and the a d d i t i o n  of  anhydrous sodium s u l f a t e  t o  femove t h e  water. 
The amount of a c i d  o r  base requ i r ed  f o r  the n e u t r a l i z a t i o n  i s  determined 
by t i t r a t i o n  of t h e  sample, 
while o r g a n i c  l i q u i d s  may be analyzed nea t  or d i l u t e d  w i t h  CHzC12 and 
analyzed. 
the e x t r a c t i o n  desc r ibed  i n  S teps  7 . 3 , l  through 7 - 3 . 3 .  

The e x t r a c t i o n  procedure involves 

Aqueous samples are e x t r a c t e d  using Method 3510 

So l ids  and semiso l ids  a r e  e x t r a c t e d  by Methods 3540 and 3550 or by 

7.3.1.1 Thoroughly m i x  the sample t o  e n a b l e  a r e p r e s e n t a t i v e  
Weight 3-0 g (wet weight )  o f  sample i n t o  a sample t o  be obta ined .  

480-1111 beaker.  Add 75 ml methylene c h l o r i d e  and 150 ml water, 

7 . 3 . 1 . 2  Homogenize the mixture f o r  a t o t a l  of 1 m i n  u s i n g  a 
high-speed homogenizer. Use a metal s p a t u l a  t o  d i s lodge  any 
ma te r i a l  t h a t  adheres  t o  the beaker  o r  t o  the homogenizer before  or 
dur ing  the homogenization t o  ensure thorough d i s p e r s i o n  of  the ?ample. 

7.3.1.3 Adjust  the pH of the mixture  t o  7.0 + 0.2 by t i t r a t i o n  
w i t h  0.4 M H3PO4 or 0.4 M K3PO4 using a ptl meter t< measure 
t h e  pH. Record the  volume of a c i d  o r  base requi red .  

7 . 3 . 2  T h e  e x t r a c t i o n  w i t h  methylene c h l o r i d e  i s  performed u s i n g  a 
f r e s h  po r t ion  o f  the sample. Weigh 3.0 g (wet weight )  o f  sample i n t o  a 
200-ml centrifuge tube ,  Spike the sample with s u r r o g a t e  s t anda rds  a s  
descr ibed  i n  Sec t ion  8.4. Add 150 ml of methylene c h l o r i d e  fol lowed by 
1.0 ml of 4 M phosphate b u f f e r  pH 7.0, and an amount of 4 M H3P04 o r  
4 M K3PO4 equal t o  one t e n t h  o f  the pH 7 a c i d  o r  base volume requirement 
determined i n  Sec t ion  7.3.1,3. For example, i f  the  a c i d  requirement i n  
Sec t ion  7.3.1.3 was 2.0 m l  of 0.4 M H3P04, the amount of 4 M H3P04 
needed would be 0.2 m l .  

7.3.3 Homogenize t h e  mixture f o r  a t o t a l  of 30 sec u s i n g  a h i g h -  
speed homogenizer a t  f u l l  speed. 
o r  co ld  water  b a t h ,  i f  necessary ,  t o  maintain a tempera ture  o f  20-30' C.  
Use a metal s p a t u l a  t o  h e l p  d i s lodge  any ma te r i a l  t h a t  adheres  t o  the 
c e n t r i f u g e  t u b e  o r  homogenizer du r ing  the homogenization t o  o b t a i n  a s  
thorough a d i s p e r s i o n  o f  t he  sample as poss ib le .  
c i a l l y  t h o s e  t h a t  c o n t a i n  much wa te r ,  may not disperse well  i n  t h i s  s t e p  

. but w i l l  d i s p e r s e  a f t e r  sodium s u l f a t e  i s  added. Add an amount of . 
anhydrous sodium s u l f a t e  powder equal  t o  15.0 g p l u s  3.0 g per ml of 
t he  4 M H3PO4 o r  4 M K3P04 added i n  Sec t ion  7 .3 .2 .  
the mixture aga in  f o r  a t o t a l  o f  30 sec using a high-speed homoge- 
nizer a t  f u l l  speed, Use a metal s p a t u l a  t o  d i s lodge  any ma te r i a l  t h a t  
adheres  t o  the c e n t r i f u g e  t u b e  o r  homogenizer d u r i n g  the homogenization 

Cool the mixture i n  an ice bath 

Some samples,  espe- . 

Homogenize 
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t o  ensure thorough dispersion. (NOTE:  This step may cause rapid 
deterioration o f  the Teflon bearing i n  t h e  homogenizer. 
must be replaced whenever the rotor shaft becomes loose t o  prevent 
damage t o  stainless steel parts.) A l l o w  the mixture t o  stand u n t i l  a 
clear supernatant is  obtained. Centrifuge i f  necessary t o  faci l i ta te  
the phase separation. Fi l ter  t h e  S u p e r n a t a n t  required f o r  Sections 
7.3.4, 7.3.5, and 7.3.7 ( a t  least  2 ml) through a 0 . 2 - p  Teflon f i l t e r .  

The bearing 

7.3.4 Estimate the t o t a l  solvent extractable content (TSEC) o f  the 
sample by determining the residue weight of an a l i q u o t  of the supernatant 
from Section 7.3.3.  Transfer 0.1 m l  of the supernatant t o  a tared 
aluminum weighing dish, place the weighing dish under a heat lamp a t  a 
distance of 8 cm from the lamp for 1 m i n  t o  allow the solvent t o  
evaporate, and weigh on a microbalance. 
0.1-ml a l i q u o t  i s  less t h a n  0.05 mg, concentrate 25 m l  of the supernatant 
t o  1.0 m l  and o b t a i n  a residue w e i g h t  on 0.1 rnl of the concentrate. F o r  
the concentration step, use a 25-ml evaporator tube f i t t e d  w i t h  a micro 
Snyder column; add two b o i l i n g  chips and h e a t  i n  a water b a t h  a t  60-65' C. 
Calculate the TSEC as mil l igrams of residue per gram of sample using 
Equation 1 i f  concentration was not required or Equation 2 i f  concentra- 
t i o n  was required. 

I f  the residue weight o f  the 

I residue w e i g h t  (mg) o f  0.1 m l  o f  supernatant 
0.002 

( E q .  2 )  m of residue residue weight (mg) of 0.1 m l  of conc. supernatant 
+6Gi$G- 0.05 

7 . 3 . 5  I f  the TSEC of the sample (as determined i n  Sectidn 7.3) i s  
less t h a n  50 mg/g, concentrate an aliquot of the supernatant t h a t  
contains a total of only  10 t o  20 mg of residual material. 
i f  the TSEC i s  44 mg/g, use a 20-ml a l i q u o t  of the supernatant, which 
w i l l  contain 17.6 mg of residual material, or i f  the TSEC i s  16 mg/g, 
use a 50-ml a l i q u o t  of  the supernatant, which w i l l  contain 16.0 mg of 
residual material. I f  the TSEC i s  less t h a n  10 mg/g, use 100 m l  of the 
supernatant. 
the supernatant t o  a K-D flask f i t t ed  i n t o  a 25-::;; cc.;:~ittrator tube. 
Add two boiling chips, attach a three-bal I macrc 5nyaer L o l u m n  t o  the 
K-D flask, and concentrate t h e  extract using a wdter b a t h  a t  60 t o  65' C. 
Place the K-D apparatus i n  t h e  water bath so t h a t  the concentrator 
tube is about h a l f  immersed i n  the water and the entire rounded surface 
of the f l a s k  i s  bathed w i t h  water vapor. Adjust the vertical position 
of the apparatus and t h e  water temperature as required t o  complete the 
concentration i n  15 t o  20 m i n .  A t  the proper rate of dis t i l la t ion,  the 
balls of the column actively chatter but the chambers do not f lood.  
When the 1 i q u i d  has reached an apparent volume of 5 t o  6 m l  , remove the 
K-0 apparatus from t h e  water b a t h  and a l low the solvent t o  d r a i n  f o r  a t  
least 5 m i n  while cool ing .  
flask and i t s  lower j o i n t  i n t o  the concentrator tube w i t h  the methylene 

For example, 

Perform the concentration by transferri ng the a l i q u o t  of 

Remove the Snyder column and rinse the 
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c h l o r i d e  t o  b r i n g  t h e  volume t o  10.0 m l .  
concent ra to r  tube by i n s e r t i n g  a s topper  and i n v e r t i n g  several  t imes. 

Mix t h e  contents  of the 

7.3.6 Analyze t h e  concentrate from Sect ion 7.3.5 or ,  i f  the  TSEC 
o f  t h e  sample i s  50 mg/g o r  more, analyze the  supernatant from Sect ion  
7.3 us ing  gas chromatography. 
coated f u s e d - s i l i c a  c a p i l l a r y  column under t h e  chromatographic cond i t ions  
descr ibed i n  Sect ion 7.5. Est imate the  concen t ra t i on  f a c t o r  o r  d i l u t i o n  
f a c t o r  requ i red  t o  g i v e  t h e  optimum concen t ra t i on  f o r  t h e  subsequent 
GCIMS ana lys is .  
which the  average peak h e i g h t  o f  t h e  f i v e  l a r g e s t  peaks o r  t h e  he igh t  o f  
an unreso! :eA envelope o f  peaks i s  t he  same as t h a t  o f  an i n t e r n a l  
standard a t  a concen t ra t i on  o f  50-100 pg/ml. 

Use a 30-m x 0.25-mm bonded-phase s i l i c o n e -  

I n  general ,  t h e  optimum Concentrat ion w i l l  be one i n  

7.3.7 I f  t h e  optimum concen t ra t i on  determined i n  Sect ion 7.3.6 i s  
20 mg o f  res idua l  m a t e r i a l  p e r  ml o r  less ,  proceed t o  Sect ion 7.3.8. I f  
the  optimum concent ra t ion  i s  g rea te r  t han  20 mg o f  res idua l  ma te r ia l  p e r  
m l  and i f  the  TSEC i s  g r e a t e r  t han  50 mg/g, apply  t h e  GPC cleanup 
procedure descr ibed i n  Sect ion 7.4. For  t h e  GPC cleanup, concentrate 
90 m l  of t h e  supernatant f rom Sect ion 7.3.3 o r  a p o r t i o n  o f  the super- 
natant  t h a t  con ta ins  a t o t a l  o f  600 mg o f  r e s i d u a l  m a t e r i a l  (whichever 
i s  the  sma l le r  vplume). . Use t he  concen t ra t i on  procedure descr ibed i n  
Sect ion 7.3.5 and concentrate t o  a f i n a l  volume o f  15.0 m l .  Stop the  
concent ra t ion  p r i o r  t o  reaching 15.0 m l  i f  any o i l y  o r  semiso l id  mate- 
r i a l  separates ou t  and d i l u t e  as necessary (up t o  a maximum f i n a l  volume 
equal t o  t h e  volume o f  supernatant used) t o  red i sso l ve  the ma te r ia l .  
(Disregard t h e  presence o f  small amounts o f  i no rgan ic  s a l t s  t h a t  may 
s e t t l e  out .) 

7.3.8 
concentrate f r o m  Sect ion 7.3.5 o r  an a l i q u o t  o f  t he  supernatant from 
Sect ion 7.3.3, o r  i f  GPC cleanup was necessary, an a l i q u o t  of t h e  
concentrate f rom Sect ion 7.4.3 t o  o b t a i n  1.0 m l  o f  a s o l u t i o n  having 
the  optimum concent ra t ion ,  as descr ibed i n  Sect ion 7.3.6, f o r  t he  G U M S  
analys is .  I f  the  a l i q u o t  needs t o  be d i l u t e d ,  d i l u t e  i t  t o  a volume of 
1.0 in1 w i t h  methylene ch lo r i de .  I f  t he  a l i q u o t  needs t o  be concentrated, 
concentrate i t  t o  1.0 m l  as decr ibed i n  Sect ion 7.3.4. Do not  l e t  the 
volume i n  t h e  concent ra to r  t u b e  go below 0.6 m l  a t  any t i m e .  Stop the  
concent ra t ion  p r i o r  t o  reaching 1.0 rnl if any o i l y  or semiso l id  m a t e r i a l  
separates out: and d i l u t e  a s  necessary {up t o  a maximum f i n a l  volume of 
10 m l )  t o  r e d i s s o l v e  t h e  ma te r ia l .  
amounts o f  i no rgan ic  s a l t s  t h a t  may s e t t l e  out ) .  Add 250 ul  o f  t h ~ ,  
i n t e r n a l  standard s o l u t i o n .  co n t a i n i n g  50 pg each o f  the i n t e r n a l  
rta_nddr-d,seLwM.g~m-e s tandaf ls ,  col UmnJerformance standards, and 

m b e d j _ n _ > c t i o n  7.5. Calcu la te  the  concen t ra t i on  i?%iginal** 
sample t h a t  i s  represented by t he  i n t e r n a l  standard us ing  Equat ion 3 i f  
an a l i q u o t  of t he  concentrate f rom Sect ion  7.3.5 was used i n  Sect ion 
7.3.8, Equat ion 4 i f  an a l i q u o t  of  t he  supernatant fron: Sect ion 7.3.3 

Concentrate f u r t h e r  o r  d i l u t e  as necessary an a l i q u o t  of the  

(Disregard t h e  presence o f  small 

DFTPP t o  1.0 m l  o f  t h e  f i n a l  c o m e a n G a ? a o r Z  - 1 v s 7 5  as- 
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Was used i n  Section 7.3.8 or  Equa t ion  5 i f  a n  a l i q u o t  o f  the GPC concen- 
t ra te  from Section 1.4 .3  was used i n  Section 7.3.8. 

( E q .  3 )  
Final Vol . ( m l  ) 

1 x -  lo x pg o f  In t .  S t d .  - 50 150 
-I_ 

g of sample x ( 7 . 3 . 5 )  'C (7.3.8) 

pq o f  I n t .  S t d .  - 50 150 Final Vol. ( m l )  
1 - 7 x -  

"s (7 .3 .8 )  g of sample 

(Eq. 5) 
pg of I n t .  Std.  50 150 yF Fina l  Vol. (ml) 

T X  1 = - x j x -  
's(7.3.7) GPC (7.3.7) g o f  sample 

where: 

Vs = Volume of supernatant from Section 7.3.3 used in 
Sections 7.3.5, 7.3.8, 7.3.7 

Vc(7.3.8) = Volume o f  concentrate from Section 7.3.5 used in 
Section 7.3.8 

VF (7.3.7) = Final volume of concentrate i n  Section 7.3.7 

V ~ p c  = Volume o f  GPC concentrate f rom Section 7.4.3 used i n  
Section 7.3.8 

Use this  calculated value f o r  the q u a n t i f i c a t i o n  o f  individual compounds 
as described in Section 7.7.2. 

7.4 Cleanup using gel permeation chromatography 

7.4.1 Prepare a 600-mm x 25-mm I.D. gel permeation chromatography 
( G P C )  column by slurry packing using 80 g o f  Bio-Beads S-X8 t h a t  have 
been swelled in methylene chloride f o r  a t  least  4 h r .  
in i t ia l  use, r inse-the column with methylene chloride a t  1 m l / m i n  f o r  
16 hr t o  remove any traces o f  contaminants. Calibrate the system by 
injecting 5 m l  of the GPC calibration s o l u t i o n ,  eluting w i t h  methylene 
chloride at  5 ml/min f o r  50 min and observing the resultant UV 
detector trace. 
darkening o r  pressure increases occur and a column efficiency o f  a t  least 
5 U O  theoretical plates i s  achieved. The pressure should n o t  be permitted 
t o  exceed 50 p s i .  

Prior t o  

The column may be used indefinitely as l o n g  as no 

Recalibrate the system d a i l y .  

7.4.2 Inject a 5-ml aliquot o f  the concentrate f r o m  Section 7.3.7 
onto the GPC column and elute w i t h  methylene chloride a t  5 ml/min f o r  
50 m i n .  
represented by the minimum between the corn oil peak and the di-n-octyl 

Discard t h e  f i r s t  fraction t h a t  elutes up t o  a retention time 
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phthalate peak in the calibration run. 
eluting u p  t o  a retention time represented by the minimum between the 
aronene peak and the su l fur  peak in the calibration r u n .  
above GPC separation to  a second 5-ml aliquot o f  the concentrate from 
Section 7 . 3 . 7  and combine t h e  f ract ions collected. 

Collect the next fraction 

Apply the 

7.4.3 Concentrate the combined GPC fractions t o  10.0 ml as 
described i n  Section 7.3.5. Estimate the TSEC of the concentrate as 
described i n  Section 7 .3 .4 .  Estimate the TSVC o f  the concentrate as 
described in Section 7.3.6. 

7.5 Gas chromatography/mass spectrometry 

7.5.1 Analyze the l-ml concentrate from Section 7.3.8 by GC/MS 
using a 30-m x 0.25-mm bonded-phase silicone-coated fused-silica capillary 
column. The recommended GC operating conditions t o  be used are as follows: 

In i t i a l  column temperature hold: 40' 6 fo r  4 m i n  

Column temperature program: 40-270' C a t  10 degrees/min 

Final column temperature hold: 270' C (unt i l  Benzo(ghi)perylene 
has eluted) 

Injector temperature: 290' C 

Transfer l ine temperature: 300' C 

Injector: Grob-type, s p l i t l e s s  

Sample volume: 1-2 p1 

Carrier gas: Hydrogen (preferred) a t  50 cm/sec or  helium a t  
30 cm/sec 

7.5.2 If the response f o r  any ion exceeds the working range o f  the 

7.5.3 Perform a l l  qual i ta t ive and quantitative measurements as 

GC/HS system, d i lu te  the extract  and reanalyze. 

described in Sections 7.6 and 7.7. When the extracts a re  not being used 
for  analyses, s to re  them at 4, C protected from l ight  in screw-cap vials 
equipped w i t h  u n p i  erced Tef 1.m-1 i ned septa. 

7.6 Qualitative ident i f icat ion 

O b t a i n  an EICP for  the primary character is t ic  i o n  and a t  
least  two other character is t ic  ions f o r  each compound when practical .  
The following c r i t e r i a  m u s t  be met t o  make a qual i ta t ive identification. 

* 

7.6.1 



A-77 

14 / ORGANIC ANALYTICAL METHOOS - GC/MS 

7.6.1.1 The c h a r a c t e r i s t i c  i ons  f o r  each compound of in terest  
must maximize i n  t h e  same o r  w i t h i n  one scan o f  each other.  

7.6.1.2 The r e t e n t i o n  t ime  must f a l l  w i t h i n  215 sec (based on 
the  r e l a t i v e  r e t e n t i o n  t ime)  o f  t h e  r e t e n t i o n  t ime  of the  authentic 
compound. 

7.6.1.3 The r e l a t i v e  peak h e i g h t s  of  the  c h a r a c t e r i s t i c  ions 
i n  t h e  EICP's must f a l l  w i t h i n  +2OX o f  the  r e l a t i v e  i n t e n s i t i e s  o f  
these ions  i n  a re ference mass Spectrum. 

7.7 Q u a n t i t a t i v e  de terminat ion  

7.7.1 When a compound has been i d e n t i f i e d ,  t h e  q u a n t i f i c a t i o n  o f  
t h a t  compound w i l l  be based on t h e  i n t e g r a t e d  abundance from the  EICP o f  
t h e  pr imary  c h a r a c t e r i s t i c  ion.  In genera l ,  t h e  pr imary c h a r a c t e r i s t i c  
ion se lec ted  should be a r e l a t i v e l y  i n tense  i o n  as i n te r fe rence- f ree  as 
poss ib le ,  and as c l o s e  as poss ib le  i n  mass t o  t h e  c h a r a c t e r i s t i c  i o n  of 
t he  i n t e r n a l  s tandard used. 

7.7.2 Use t h e  i n t e r n a l  s tandard technique f o r  per forming t h e  
q u a n t i f i c a t i o n .  Ca lcu la te  t h e  concen t ra t i on  o f  each i n d i v i d u a l  compound 
o f  i n t e r e s t  i n  t h e  sample us ing  Equat ion 6. 

of I n t .  Std. As 1 x - x -  
RF 

Concentrat i  on, pg/g = PJ 
g of sample A i  s 

where: 

pg O f  Int* Std* 
g o f  sample 

= i n t e r n a l  standard concent ra t ion  f a c t o r  ca l cu la ted  
i n  Sect ion 7.3.8. 

As 

A is  

= Area o f  the  pr imary  c h a r a c t e r i s t i c  i o n  o f  t he  

= 'Area o f  t h e  pr imary  c h a r a c t e r i s t i c  i o n  o f  t he  

compound being quant i  f i  ed 

i n t e r n a l  s tandard 

RF ='Response f a c t o r  o f  t h e  compound being q u a n t i f i e d  
(determined i n  Sect ion 7.1.3). 

7.7.3 Report r e s u l t s  i n  pg/g wi thou t  c o r r e c t i o n  f o r  recovery data. 
When d u p l i c a t e  and sp iked samples a r e  analyzed, r e p o r t  a l l  data obta ined 
w i th  the  sample resu l t s .  

I f  t h e  surrogate standard recovery f a l l s  ou ts ide  t h e  c o n t r o l  
l i m i t s  i n  Sect ion 8.3, t he  da ta  f o r  a l l  compounds i n  t h a t  sample must 
be l a b e l e d  as suspect. 

7.7.4 
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8.0 Q u a l i t y  Contro l  

8.1 Each labo ra to ry  t h a t  uses t h i s  method i s  requ i red  t o  operate a 
fo rma l  q u a l i t y  c o n t r o l  program. The minimum requirements o f  t h i s  program 
consist o f  an i n i t i a l  demonstration of l abo ra to ry  capabi 1 i t y  and t h e  ana lys is  
o f  spiked samples as a cont inu ing  check on performance. 
required t o  ma in ta in  performance records t o  de f i ne  the  q u a l i t y  o f  data t h a t  
i s  generated. Ongoing performance checks must be compared w i t h  es tab l i shed 
performance c r i t e r i a  t o  determine if the resu ' l ts  o f  analyses are  w i t h i n  the  
accuracy and p r e c i s i o n  l i m i t s  expected o f  t he  method. 

The labo ra to ry  i s  

8.1.1 Before per forming any analyses, t h e  ana lys t  must demon- 
s t r a t e  t h e  a b i l i t y  t o  generate acceptable accuracy and p r e c i s i o n  w i t h  
t h i s  method. 

8.1.2 The l a b o r a t o r y  must sp ike a l l  samples i n c l u d i n g  check 
samples w i t h  surrogate standards t o  mon i to r  con t inu ing  labora tory  
performance. This procedure i s  descr ibed i n  Sect ion 8.4. 

This a b i l i t y  i s  es tab l i shed  as described i n  Section 8.2.  

8.2 To e s t a b l i s h  t h e  a b i l i t y  t o  generate acceptable accuracy and 
prec is ion ,  t h e  ana lys t  must perform t h e  f o l l o w i n g  operat ions us ing a repre- 
senta t ive  sample as a check sample. 

8.2.1 Ana lyze , four  a l i q u o t s  o f  t he  unspiked check sample according 

For  each compound to be measured, se?ec t  a spike concen- 

t o  t h e  method beginning i n  Sect ion 7.3. 

t r a t i o n  rep resen ta t i ve  of tw i ce  t h e  l e v e l  found i n  t h e  unspiked check 
sample o r  a l e v e l  equal t o  10 t imes the  expected de tec t i on  l i m i t ,  
whichever i s  greater .  
compounds i n  methylene c h l o r i d e  a t  t he  appropr ia te  l e v e l s .  

8.2.2 

Prepare a s p i k i n g  s o l u t i o n  by d i s s o l v i n g  t h e  

8.2.3 Spike a minimum of f o u r  a l i q u o t s  o f  t he  check sample w i t h  
t h e  s p i k i n g  s o l u t i o n  t o  achieve the se lec ted  sp ike  concentrat ions. 
Spike t h e  samples a f t e r  they  have been t r a n s f e r r e d  t o  cen t r i f uge  tubes 
f o r  ex t rac t i on .  
described beginning i n  Section 7.3. 

Analyze t h e  sp iked  a l i q u o t s  according t o  t h e  method 

8.2.6 Calcu la te  t h e  average percent  recovery (R) and t h e  standard 
d e v i a t i o n  o f  t he  percent  recovery ( 5 )  f o r  a l l  compounds and surrogate 
standards. Background co r rec t i ons  must be made before R and s ca lcu la -  
t i o n s  a re  performed. The average percent  recovery must be greater  than 
20 f o r  a l l  compounds t o  be measured and g rea te r  than 60 f o r  a l l  sur ro-  
gate compounds. The percent  re1 a t i  ve standard devi a t  i o n  o f  the  percent 
recovery (s/R x 100) must be l e s s  than 20 f o r  a l l  compounds t o  be 
measured and a l l  surrogate compounds. 
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8.3 T h e  a n a l y s t  must c a l c u l a t e  method performance c r i t e r i a  f o r  each of 
the surrogate s tandards .  

8.3.1 C a l c u l a t e  upper and lower con t ro l  limits f o r  method perform- 
ance f o r  each s u r r o g a t e  s t a n d a r d ,  u s i n g  the values  f o r  R and s ca l cu la t ed  
i n  Sec t ion  8.2.4: 

P I  

Upper Control L i m i t  (UCL) = R + 3s 
Lower Control L i m i t  (LCL) = R - 3s 

The UCL and LCL can be used t o  c o n s t r u c t  c o n t r o l  c h a r t s  t h a t  are usefu l  j 

i n  observing t r e n d s  i n  performance. 

8.3.2 For each s u r r o g a t e  s t a n d a r d ,  t h e  l a b o r a t o r y  must main ta in  a 
record of  the R and s values  ob ta ined  f o r  each su r roga te  s tandard  i n  
each waste  sample analyzed. 
from these d a t a  and updated r e g u l a r l y .  

An accuracy statement should be prepared 

8.4 The  l a b o r a t o r y  i s  r equ i r ed  t o  spike a l l  samples w i t h  the s u r r o g a t e  
s t anda rd  t o  monitor  spike recove r i e s .  The s p i k i n g  level used should be t h a t  
which w i l l  g ive  a concen t r a t ion  in the f inal  e x t r a c t  used f o r  GC/MS a n a l y s i s  
t h a t  is equal t o  the concen t r a t ion  of t h e  i n t e r n a l  s tandard  assuming a 100% 
reeovery of the s u r r o g a t e  s t anda rds .  For unknown samples,  the s p i k i n g  level 
i s  determined by performing the e x t r a c t i o n  steps i n  Sec t ion  7.3 on a s e p a r a t e  
a l i q u o t  o f  t h e  sample and c a l c u l a t i n g  the amount of  i n t e r n a l  s tandard  per 
gram of  sample a s  described i n  Sec t ion  7.3.8. I f  the recovery f o r  any sur ro-  
g a t e  s t anda rd  does not  f a l l  w i t h i n  t h e  c o n t r o l  limits f o r  method performance, 
the results r epor t ed  f o r  t h a t  sample must be q u a l i f i e d  a s  being o u t s i d e  of 
con t ro l  limits. T h e  l a b o r a t o r y  m u s t  monitor t h e  frequency o f  d a t a  so q u a l i f i e d  
t o  ensure t h a t  i t  remains a t  or below 5%. Three s u r r o g a t e  s t anda rds ,  namely 
decaf luorobiphenyl ,  2 - f l u o r o a n i l i n e ,  and pentaf luorophenol ,  a r e  recommended 
f o r  genera l  use t o  monitor  recovery of n e u t r a l ,  b a s i c ,  and a c i d i c  compounds, 
r e spec t ive ly .  

8-5 Before p rocess ing  any samples,  the  a n a l y s t  must demonstrate through 
th2 a n a l y s i s  o f  a process  blank 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 .  Each time a set of samples is e x t r a c t e d  o r  there i s  a 
change i n  r eagen t s ,  a process  blank should be analyzed t o  determine the l eve l  
of l abora to ry  contaminat ion.  

8.6 I t  is recommended t h a t  t h e  l a b o r a t o r y  adopt  add i t iona l  q u a l i t y  
assurance  practices f o r  use w i t h  t h i s  method. The specific p r a c t i c e s  t h a t  
a r e  most product ive  depend upon t h e  needs of the l a b o r a t o r y  and the n a t u r e  
of the samples.  F i e l d  r e p l i c a t e s  nay be analyzed t o  monitor  t h e  p r e c i s i o n  
of  the  sample technique. Whenever p o s s i b l e ,  the  l a b o r a t o r y  should perform 
a n a l y s i s  of  s t anda rd  reference m a t e r i a l s  and p a r t i c i p a t e  i n  r e l evan t  perform- 

- ance eval  u a t i  on s t u d i  es . 
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8.7 The features t h a t  must be monitored f o r  each G U M S  analysis r u n  for 
quality control  purposes a n d  f o r  which performance c r i te r ia  must be met are 
a s  follows: 

e Relative ion abundances of the mass spectrometer t u n i n g  compound 
DFTPP. 

a Response factors o f  column performance standards and retention time 
standards. 

e Relative retention time o f  column performance standards and retention 
time standards. 

e Peak area intensity o f  the internal standard, e.g., D10-phenanthrene. 
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GC/MS METHOD FOR SEMIVOLATILE ORGANICS:  
CAPILLARY COLUMN TECIINIQLE 

1.0 PREPARATION OF STANDARD SOLUTIONS 

1.1 I n t e r n a l  s t anda rd  s o l u t i o n :  The i n t e r n a l  s tandards  recommended are 
l,h-dichlorobenzene-d4, naphthalene-d8, acenaphthene-d10, phenanthrene-dlO, 
chrysene-dlg, and perylene-d12. 
s tandards  as long as the requirements  given i n  Section 5.1.2 are m e t .  
Dissolve 200 mg of each compound i n  50 ml of methylene ch lor ide .  For com- 
plete d i s s o l u t i o n ,  5 t o  10% benzene may be used wi th  t h e  methylene ch lo r ide .  
The r e s u l t i n g  s o l u t i o n  w i l l  con ta in  each s tandard  at a concent ra t ion  of 4,000 
ng/u1. Each 1-ml sample e x t r a c t  undergoing a n a l y s i s  should be spiked with 10 
p 1  of t h e  i n t e r n a l  s tandard  s o l u t i o n  r e s u l t i n g  i n  a concent ra t ion  of 40 ng/ul  
of each i n t e r n a l  s tandard .  

Other compounds may be used as i n t e r n a l  

S t o r e  a t  4'C o r  less when not being used. 

1.2 GC/MS t u n i n g  s tandard :  A methylene c h l o r i d e  s o l u t i o n  conta in ing  
50 ng /u l  of decafluorotriphenylphosphine (DFTPP) and of phenanthrenc-d10 
should be prepared. T h i s  s tandard  may con ta in  o t h e r  compounds from t h e  C a l i -  
b r a t i o n  s t anda rd  to verify GC column performance. 
not being used. 

S t o r e  a t  L'C o r  less when 

1.3 Ca l ib ra t ion  s tandards :  C a l i b r a t i o n  s t anda rds  at a minimum of three 
concen t r a t ion  l e v e l s  should be prepared ( f i v e  l e v e l s  are recommended). One 
~f t h e  c a l i b r a t i o n  s tandards  should be at a concen t r a t ion  near, but  above, 
the method d e t e c t i o n  l i m i t ;  t he  o t h e r s  should correspond t o  the range of con- 
c e n t r a t i o n s  found i n  real samples or should d e f i n e  t h e  working range of  t h e  
GC/FIs system. 
d e t e c t i o n  by t h i s  method ( e , g . ,  some o r  a l l  of t h e  compounds l i s t e d  i n  Tables 
1, 2, and 3 may be inc luded) .  Each 1 - m l  a l i q u o t  of c a l i b r a t i o n  s tandard  
should be spiked wi th  10 ul of t h e  i n t e r n a l  s tandard  s o l u t i o n  p r i o r  t o  
a n a l y s i s .  A 1 1  s tandards  should be s to red  a t  4°C or less and should be 
f r e s h l y  prepared as requi red  (perhaps every 6 months a t  a minimum). 

Each s tandard  should con ta in  each compound of i n t e r e s t  f o r  

1.4 Surrogate  s tandards :  The recommended su r roga te  s tandards  are 
phenol-d6, 2-fluorophenol,  2,4,6-tribromophenol, nitrobenzene-d5, 2-fluoro- 
b iphenyl ,  and p-terphenyl-dlc 
and one a c i d ,  may be added. It is suggested t h a t  t h e  acid compounds ( t h e  
first t h r e e  l is ' ted above) be prepared at a Concentrat ion of 100 pg/ml and t h e  
b a s e / n e u t r a l  su r roga te s  at SO vg/ml. Addit ion of 1.0 ml of t h e  su r roga te  
s t anda rd  t o  1,000 m l  of sample is t h e  recommended s p i k i n g  level. 
gate s tandard  should be s to red  at  b"C and should be checked f r equen t ly  f o r  
s t a b i l i t y .  
spiked w i t h  t h e  su r roga te  s tandard  before  actual e x t r a c t i o n  occurs.  

Two a d d i t i o n a l  s u r r o g a t e s ,  one b a s e l n e u t r a l  

The sur ro-  

Each sample undergoing e x t r a c t i o n  p r i o r  t o  GC/MS a n a l y s i s  must be 
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TABLE 1. CHARACTERISTIC IONS FOR SEl4IVOLATILE HSL COMPOUNDS 

Parameter Primary Ion Secondary Ion(s) 

N-N itrosodimethylamine 
Phenol 
Aniline 
Bis( 2-chloroethyl) Ether 
2-Chlorophenol 
1,3-DicNorobenzene 
1 ,b-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
Bis (2-chloroisopropyl) Ether 
&-Methylphenol 
N-Nit rosodipropylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-N i t rophenol 

Benzoic Acid 
Bis(2-ch1oroethoxy)methane 
2 ,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphtha1 ene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-Methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-TrichlorophenoP 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-N it roanil ine 
Dimethyl Phthalate 
Ac enapht hylene 
3 4  itroanil ine 
Acenaphthene 
2,b-Dinitrophenol 
4-Nitrophenol 
D ibenzof uran 
2,b-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl Phthalate 
4-Chlorophenyl-phenyl =her 

. e,&-Dimethylphenol 

’ 42 
94 

. 93 
93 
128 
146 
146 
108 
146 
108 
45 

is8 
70 
117 
77 
82 
139 
122 
122 
93 
162 
180 
128 
127 
225 
107 
142 
237 
196 
196 
162 

65 
16 3 
152 
138 
15 3 
184 
139 
168 
a9 
165 
149 
20 I; 

74, 44 
65 , 66 

66 
63 , 95 
64, 130 
148, 113 
148, 113 
79, 77 
148, 113 

107 
77, 79 
107 

42, 101, 130 
201, 199 
123, 65 
95, 138 
6 5 ,  109 
107, 121 

95, 123 
164, 98 
182, 145 

129 
223, 227 
144, 142 

14 1 
235, 272 
198, 200 
198, 200 
164, 127 
92, 138 
194, 164 

108, 92 
152, 154 

105, 77 

129,  127 

151, 153 

. 63, 154 
109, 65 

63, 182 
89, 121 

139 

177, 150 
206, 141 

(continued) 
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TABLE 1. (continued) 

Par meter Primary Ion Secondary Ion( s )  

Flu0 r e ne 
4-Nit roan il i n e  
b,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butyl Phthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butylbenzyl Phthalate 
3 3 ’ -Dichlorobenz id ine 
Benzo(a)anthracene 
Bis(2-ethylhexyl) Phthalate 
Chrysene 
Di-n-octyl Phthalate 
Benzo(b)fluoranthene 
Benzo( k) fluoranthene 
~enzo(a9pyrene 
Pndeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo( g ,h, i 1 perylene 

164 
138 
198 
169 
248 
284 
266 
178 
178 
149 
20 2 
18 4 
202 
149 
252 
228 
149 
228 
149 
25 2 
252 
25 2 
276 

276 
278 

165, 167 

168, 167 

92, 108 
182, 77 

250, 141 
142, 249 
264, 260 
179, 176 
179,  176 
150, 104 
101, 100 
92 ,  185 
101, 100 

9 1 ,  206 
254, 126 
229, 226 
167, 279 
226, 229 

253, 125 
253, 125 
253, 125 
138, 227 
139, 279 

- 

138, 277 
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TABLE 2. CFL4RkCTERISTIC IONS FOR PESTICIDES/ PCBs 

Parameter Primary Ion Secondary Ion(s) 

Alpha-BMC 
Beta-BHC 
B e l t  a-BHC 
Gama-BHC (Lindane) 
Heptachlor 
Aldr in  
Heptachlor Epoxide 
Endosulfan I 
Die ld r in  

Endrin 
Endosulfan I1 

Endrin Aldehyde 
Endosulfan S u l f a t e  

Methoxychlor 
Chlordane 
Toxaphene 
Aroclor-1016 
Arocfor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
  roc lor-1260 
Endrin Ketone 

4 ,L ' -DDE 

4,b'-DDD 

b 949 -DDT 

183 
181 
183 
18 3 
100 
66 

35 3 
19 5 
79 

246 
263 
337 
235 
67 

27 2 
235 
227 
37 3 
159 
222 
190 
190 
222 
292 
292 
360 
3 17 

181, 109 
183, 109 
181, 109 
181, 109 
272, 274 
263, 220 
355, 351 
3397 341 
263, 279 
248, 176 
82, 81 

339, 341 
237, 165 
345, 250 
387, 422 
237, 165 

228 
375, 377 
231, 233 
260, 292 
224, 260 
224, 260 
256, 292 
362, 326 
362, 326 
362, 394 
67, 319 
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TAi3LE 3. CHARACTERISTIC IONS FOR SURROGATES AXD INTEFJJAL ST.4NDARDS 
FOR SEMIVOLATILE COMPOUNDS 

Paramet e r Primary Ion Secondary Ion  ( s 

Surrogates 

Phenol-d6 
2-Fluorophenol 
2,4,6=Tribrornophenol 
Nit robenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dp 

Internal Standards 

1,4-Dichlorobenzene-d,+ 
Naphthalene-dg 
Acenaphthene-d10 
Phenanthrene-d10 
Chrysene-dp2 
Perylene-d 

99 
112 
330 
82 
172 
244 

152 

164 

2 40 
* 264 

136 

188 

42, 71 
64 

332, 141 
128, 54 

171 
122, 212 

150, 115 
68 

162, 160 
94, 80 
120, 236 
260, 265 
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1.5 M a t r i x  sp ike  s t anda rds :  Matrix sp ike  s tandards  should be prepared 
from a c i d  and  b a s e / n e u t r a l  compounds which w i l l  be r ep resen ta t ive  of t h e  con- 
pounds being inves t iga t ed .  
t r i ch lo robenzene ,  acenaphthene, 2 ,b-d in i t ro to luene ,  di-n-butylphthalate ,  
pyrene, N-nitroso-di-n-propylamine, and 1,h-dichlorobenzene. 
a c i d  compounds are pentachlorophenol ,  phenol, 2-chlorophenol, h-chloro-3- 
methylphenol,  and 4-nitrophenol.  Sepa ra t e  a c i d  and b a s e / n e u t r a l  sp ik ing  
s tandards  should be prepared i n  methanol and should con ta in  each b a s e / n e u t r a l  
compound at 100 p g / m l  and each acid compound a t  200 pg/ml. Addition of 0.5 
m l  of each s tandard  t o  1,000 ml of sample is t h e  recommended sp ik ing  l e v e l .  
S tandards  should be s tored  a t  4°C o r  less and  should be checked f r equen t ly  
for s t a b i l i t y .  

The suggested b a s e / n e u t r a l  compounds are 1,2,4- 

The suggested 

2-0 SAMPLE PRESERVATION 

2.1 See Sample Handling and  Preserva t ion  i n  t h e  in t roduc to ry  material 
t o  t h e  Organic s e c t i o n ,  

3.0 SAMPLE PREPARATION 

3.1 The procedures fo r  p repa ra t ion  of t h e  sample are given i n  Methods 
3510, 3520, 3540, 3550, and P r i o r  t o  sample e x t r a c t i o n ,  t h e  su r roga te  
s t anda rd  must be spiked i n t o  each sample. If ma t r ix  sp ike  samples are 
r equ i r ed ,  t h e  mat r ix  sp ik ing  s o l u t i o n  must be added t o  t h e  sample p r i o r  t o  
e x t r a c t i o n .  The concent ra ted  e x t r a c t s  ob ta ined  from us ing  t h e  above methods 
w i l l  be analyzed by t h e  fo l lowing  procedure.  

4.0 APPARATUS AND MATERIALS 

4.1 Gas Chronaatograph/Mass Spectrometer  data system: 

4.1.1 Gas chromatograph: An a n a l y t i c a l  system complete with a 
temperature-programmable gas chromatograph s u i t a b l e  f o r  splitless i n j e c -  
t i o n  and all r equ i r ed  a c c e s s o r i e s  i nc lud ing  sy r inges ,  a n a l y t i c a l  
columns, and gases, 

4.1.2 Column: -30-m x 0-25-m I.D. ( o r  O,32-m 1.D.) s i l i c o n -  
coa ted  f'used s i l ica  c a p i l l a r y  column ( J & W  S c i e n t i f i c  DB-5 o r  equiv- 
a l e n t  1 . 

4.1.3 Mass spectrometer :  Capable of scanning from 35 t o  450 amu 
every  1 sec or less ,  u t i l i z i n g  70 vol ts  (nominal) e l e c t r o n  energy i n  t h e  
e l e c t r o n  impact i o n i z a t i o n  mode. The mass spectrometer  must be capable  
of producing a mass spectrum f o r  decafluorotriphenylphosphine (DFTPP) 
which meets all of the cr i te r ia  i n  Table 4 when 1 vl of the  GCJMS t un ing  
s t a n d a r d  i s  i n j e c t e d  through t h e  GC (50 ng of DFTPP). 
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TABLE 4 s  DFTPP KEY I O N S  AND I O N  AEUMDANCE CRITERIAa 

Ion Abundance Criteria 

5 1  

68 
70 

127 

197 
198 
199 

275 

365 

441 
442 
443 

30-602 of mass 198 

Less than 2% of mass 69 
Less than 2% of mass 69 

40-60% of mass 198 

Less than 1% of mass 198 
Base peak, 100% relative abundance 
5-95 mass 198 

10-305 of mass 198 

Greater than 1% of mass 198 

Present but less than mass 443 
Greater than 40% of mass 198 
17-23$$ of ~ S S  442 

aJ.W. Eichelberger, L.E. Harris, and W.L. Budde. 1975. fteference 
compound to calibrate ion  abundance measurement in gas chromatography- 
mass spectrometry. Analytical Chemistry 47:995. 
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4.1.4 G C I K 3  i n t e r f a c e :  Any GC-to-MS i n t e r f a c e  t h a t  g ives  accept- 
a b l e  c a l i b r a t i o n  po in t s  a t  50 ng per  i n j e c t i o n  f o r  each compound of 
i n t e r e s t  and achieves acceptab le  tun ing  performance c r i te r ia  may be 
used. 

4.1.5 Data system: A computer system must be i n t e r f a c e d  t o  t h e  
mass spectrometer .  The system must al low t h e  continuous a c q u i s i t i o n  and  
s t o r a g e  on machine-readable media of a l l  mass s p e c t r a  obtained through- 
ou t  t h e  dura t ion  of t h e  chromatographic program. The computer must have 
software t h a t  can search  any GC/MS data f i l e  f o r  ions  of a s p e c i f i c  mass 
and t h a t  can p l o t  such ion abundances versus  time o r  scan number. This 
type of p l o t  is defined as an Ext rac ted  Ion Current P r o f i l e  (EICP).  
Software must a l s o  be a v a i l a b l e  t h a t  a l lows i n t e g r a t i n g  t h e  abundance i n  
any EICP between s p e c i f i e d  t i m e  o r  scan number l i m i t s .  

5 .O ANALYSIS PROCEDURE 

5.1 I n i t i a l  c a l i b r a t i o n :  

5.1.1 Each GCIMS system must be hardware-tuned t o  meet t h e  c r i -  
t e r ia  i n  Table 4 for a 50-ng i n j e c t i o n . o f  DFTPP. Analyses should not 
begin u n t i l  a l l  t h e s e  cri teria are m e t .  The GC/MS t un ing  s t a n d a r d  
should a l s o  be used t o  assess GC column performance. 

5.1.2 The i n t e r n a l  s tandards  s e l e c t e d  i n  Sec t ion  1.1 should permit  
most of t h e  components of in te res t  i n  a chromatogram t o  have r e t e n t i o n  
times of 0.080 t o  1-20 r e l a t i v e  to  one of t h e  i n t e r n a l  s tandards (e.g., 
see Table 5 ) .  Use t h e  base peak ion from t h e  s p e c i f i c  i n t e r n a l  s tandard  
as t h e  primary ion  f o r  q u a n t i t a t i o n  (see Table 3). If i n t e r f e r e n c e s  are 
noted ,  use t h e  next  most i n t e n s e  ion as t h e  q u a n t i t a t i o n  ion ,  i.e., f o r  
1,b-dichlorobenzene-d4 use M/Z 152 f o r  q u a n t i t a t i o n .  

5.1.3 Analyze 1 u1 of each c a l i b r a t i o n  s tandard  ( con ta in ing  i n t e r -  
nal s t anda rds )  and t a b u l a t e  t h e  a r e a  of t h e  primary c h a r a c t e r i s t i c  ion 
a g a i n s t  concen t r a t ion  for each compound (as i nd ica t ed  i n  Tables 1, 2, 
and 3).  Calculate response f a c t o r s  (RF) f o r  each compound as fol lows:  

where : 

Ax = Area of t h e  c h a r a c t e r i s t i c  ion f o r  t h e  compound being 

Ais = Area of t h e  c h a r a c t e r i s t i c  i o n  f o r  t h e  s p e c i f i c  i n t e r n a l  

C x  = Concentrat ion of t h e  compound being measured (ng/rr l )  
Cis = Concentrat ion of t h e  s p e c i f i c  i n t e r n a l  s t a n d a r d  ( n g / u l )  . 

measured 

s tandard  



TABLE 5. SEMNOLATILE I!VIEFU?AJ, SPANDARDS WITH CORRESPONDING HSL ANfUJTES ASSICNH) FY)R QUANTITATION 

1 ,4-DicNorobenzene-d4 Naphtha lenedB Acenaphthene-d Phenanthrene-drO Chrysene-d12 Perylene-d 

N-N it rosod imethyl- 
amine 

Phenol 
A n i l i n e  
Bis (  2-cNoroethy.1) 

Ether  
2-Chlorophenol 
1,3-DicNorobenzenc 
1,4 -Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
 is( 2-ctitoroiso- 

propyl )  Ether  
4-Methylphenol 
N-Nitroso-di-n- 

propy lam i ne 
Hexachloroethane 
2-Fluorophenol 

Phenol-d6 ( s u r r )  
( s u r r )  

Nitrobenzene 
Isophorone 
2-N it rophenol  
2 ,h-Dimettyl- 

Benzoic Acid 
B i s  ( 2-cNoro- 

e thow)methane  
2, h-DicNoro- 

phenol 
1,2,h-Trichloro- 

benzene 
Naphthalene 
4-Ctitoroan i l i n e  
Hexachloro- 

butad iene  
4-Chloro-3- 

mettylphenol  
2-Methylnaph- 

t h a l e n e  
N i t  robenzene-d 

phenol 

(sur) 

Hexachlorocyclo- 

2,4,6-~rictdoro- 

2,4,5-Trichloro- 

2-Chloronaphthalene 
2-N i t r o a n  il i n e  
Dimethyl P h t h a l a t e  
Acenaphthylene 
3-M i t roan f 1 i n e  
Acenaphthene 
2 ,k-Dinitrophenol 
$-Nitrophenol 
D i  b e n z o k r a n  
2,4-Dinitrotoluene. 
2 ,6-Dini t rotoluene 
Diethyl P h t h a l a t e  
4-Chlorophenyl- 

p h e w 1  Ether  
Fluorene 
L-Ni t roani l ine  
2-Fluorobiphenyl 

( s u r r  1 
2,4,6-Tribromo- 

phenol ( s u r r )  

pentad i e n e  

phenol 

phenol 

4,6-Dinitro-2- 
methylphenol 

N-n i t rosod i- 
phenylamine 

4-Bromophenyl- 
phenyl Ether  

Hexachloro- 
benzene 

Pent achloro- 
phenol  

Phenanthrene 
Anthracene 
Di-n-buty 1 

P h t h a l a t e  
Fluoranthene 

Benzidine 
b r e n e  
Wltylbenzyl 

P h t h a l a t e  
3,3 -Dichloro- 

benz id ine  
Benzo( a ) -  

an thracene  
Bis(  2-ethylhexyl)  

P h t h a l a t e  
Chrysene 
TerpheW1-dl4 . 

( s u r r  ) 

Di-n-octyl 
P h t h a l a t e  

Benzo( b l f l u o r -  
an thene  

k n z o (  k ) f l u o r -  
an thene  

Benzo( a )pyrene  
Indeno( 1,2,3-cd)- 

pyrene 
Dibenz ( a, h)- 

ant h r m e n e  
Renzo( g , h , i )- 

p e r y l e n e  

S u r r  = s u r r o g a t e  compound. 
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5.1.L The average response f a c t o r  (RF) should be ca l cu la t ed  f o r  
a l l  cofn_eounds. The percent  relative s tandard  devia t ion  ($  RSD = 
100[S/ i IF] )  should be c a l c u l a t e d  f o r  each compound. I f  t h e  5 RSD is less 
than  20$, t h e  RF f o r  a compound may be assumed t o  be cons tan t  over t h e  
working range of t h e  GC/MS and t h e  average RF m y  be used f o r  subsequent 
c a l c u l a t i o n s  ( i . e., quant i t a t  ion of samples . A l t e r n a t i v e l y  , t h e  
r e s u l t s  can be used t o  gene ra t e  a c a l i b r a t i o n  curve of response r a t i o s ,  
A , / A i s  versus  RF. 

5.2 Daily G C / E  c a l i b r a t i o n :  

5.2.1 Prior t o  a n a l y s i s  of samples,  t h e  GC/MS t un ing  s t anda rd  must 
be analyzed. A 5O-ng i n j e c t i o n  of DFTPP must r e s u l t  i n  a mass spectrum 
f o r  DFTPP which meets t h e  c r i t e r i a  given i n  Table 4. These c r i te r ia  
must be demonstrated each 12-hr s h i f t .  

5.2.2 The i n i t i a l  c a l i b r a t i o n  curve f o r  each compound of i n t e r e s t  
should be checked and v e r i f i e d  once every 12 h r  of a n a l y s i s  t i m e .  This  
is accomplished by ana lyz ing  one o r  more of t h e  c a l i b r a t i o n  s t a n d a r d s .  
The response f a c t o r s  calculated from t h e  check c a l i b r a t i o n  s t anda rd ( s1  
should be within.  +20$ of t h e  response f a c t o r  generated i n  t h e  i n i t i a l  
c a l i b r a t i o n  (Sec t ion  5 a.4) .  
r e c a l i b r a t i o n  of the GC/MS must occur  (Sec t ions  5.1.3 and 5.1.47, 

If the  dev ia t ion  is g r e a t e r  than +20$, 

5.2.3 The i n t e r n a l  s tandard  responses  and r e t e n t i o n  times i n  t h e  
check samples must be evalua ted  immediately af ter  or during da ta  acqui-  
s i t i o n .  I f  t h e  retention t i m e  f o r  any i n t e r n a l  s tandard  changes by mre 
than  30 sec  from t h e  i n i t i a l  c a l i b r a t i o n ,  t h e  chromatographic system 
must be inspec ted  f o r  malfunct ions and c o r r e c t i o n s  made as required.  If 
t h e  EICP area f o r  any i n t e r n a l  s tandard  changes by a f a c t o r  of two ( -50% 
t o  +loo$) from t h e  last d a i l y  c a l i b r a t i o n  s t anda rd  check, t h e  mass spec- 
t rometer  must be inspec ted  for malfunct ions and co r rec t ions  made as 
appropr i a t e .  When c o r r e c t i o n s  are made, r e a n a l y s i s  of samples analyzed 
while  t h e  system w a s  malfunct ioning is necessary.  

5.3 GC/MS a n a l y s i s :  

5.3.1 Spike the 1-ml e x t r a c t  ob ta ined  from sample p repa ra t ion  
(Sec t ion  3.0) with 10 u l  of the  i n t e r n a l  s tandard  s o l u t i o n .  

5.3.2 Analyze t h e  1 - m l  extract by GC/MS us ing  a 30-m x O.25-mm ( o r  
0.32-mm) s i l icone-coa ted  fused s i l i ca  capillary column. The recommended 
CC/MS ope ra t ing  cond i t ions  t o  be used are as follows: 
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Elec t ron  energy: 70 v o l t s  (nominal) 
Mass range: 35 t o  450 amu 

Scan time: 1 sec per  scan . 

I n i t i a l  column temperature  and hold t i m e :  40°C fo r  4 min 

Column tempera ture  program: 40-270°C at lO"/min 
F i n a l  column temperature  hold: 270°C ( u n t i l  benzo [ g , h , i ]  perylene 

I n j e c t o r  temperature:  250-300°C 

Trans fe r  l i n e  temperature:  3 0 0 ° C  

Source temperature:  According t o  manufac turer ' s  s p e c i f i c a t i o n s  

I n j e c t o r :  Grob-type, s p l i t l e s s  
Sample volume: 1-2 p 1  

Carrier g a s :  Hydrogen ( p r e f e r r e d )  at  50 cm/sec o r  helium a t  

has  e l u t e d )  

30 cm/sec. 

5.3.3 If t h e  response f o r  any ion exceeds t h e  working range of t h e  
GC/MS system, extract d i l u t i o n  must t a k e  place.  Addi t iona l  i n t e r n a l  
s tandard  must be added t o  t h e  d i l u t e d  e x t r a c t  t o  maintain t h e  requi red  
40 ng /p l  of each i n t e r n a l  s tandard  i n  t h e  ex t r ac t ed  volume. The d i l u t e 6  
extract must be reanalyzed.  

5.3.4 P e r f o m  a l l  q u a l i t a t i v e  and q u a n t i t a t i v e  measurements as 
described i n  Sec t ion  5.4. 
l i g h t  i n  screw-cap v i a l s  equipped wi th  unpierced Teflon-lined sep ta .  

S t o r e  t h e  e x t r a c t s  at 4 ° C  p ro t ec t ed  from 

5.4 Data i n t e r p r e t a t i o n :  

5.4.1 Q u a l i t a t i v e  a n a l y s i s :  

5.4.1.1 
and 3) shalX be i d e n t i f i e d  by comparison of t h e  sample mass spec- 
trum t o  t h e  mass spectrum of a s tandard  of t h e  suspected compound 
( s t anda rd  r e fe rence  spectrum) . 
should be obta ined  on t h e  u s e r ' s  GC/MS. These s tandard reference 
s p e c t r a  may be obta ined  through a n a l y s i s  of t h e  c a l i b r a t i o n  
s tandards .  Two c r i t e r i a  must be sa t i s f ied  t o  v e r i f y  i d e n t i f i c a -  
t i o n :  (1) e l u t i o n  of t h e  sample component at t h e  same GC r e l a t i v e  
r e t e n t i o n  times ( R R T )  as t h e  s t a n d a r d  conponent; and ( 2 )  correspon- 
dence of t h e  sample component and  s t anda rd  component mass spec t r a .  

A t a r g e t  compound (e.g., those l i s ted  i n  Tables 1, 2 ,  

Mass s p e c t r a  f o r  s tandard  r e fe rence  
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1.' The sample RRT must compare wi th in  k0.06 RRT u n i t s  of t h e  
RRT of t h e  s tandard  component. The RRT should be assigned 
by us ing  t h e  EICP f o r  ions unique t o  t h e  compound of 
i n t e r e s t .  

2. The requirements f o r  q u a l i t a t i v e  v e r i f i c a t i o n  by compari- 
son of a sample mass spectrum t o  a s tandard  re ference  mass 
spectrum are as fol lows:  

a. A l l  i ons  present  i n  t h e  s t anda rd  mass spectrum a t  
a r e l a t i v e  i n t e n s i t y  greater than  10% must be 
present  i n  t h e  sample spectrum. 

b. The r e l a t i v e  i n t e n s i t i e s  of ions  s p e c i f i e d  above 
must agree  wi th in  520% between t h e  s t a n d a r d  and  
sample mass spec t r a .  

c. Ions greater than  10% i n  t h e  sample spectrum 
which are not present  i n  t h e  s tandard  s p e c t r a  
must be considered and accounted for by t h e  
a n a l y s t  

5.4.1.2 For samples which conta in  components not a s soc ia t ed  
wi th  t h e  c a l i b r a t i o n  s t anda rds ,  a l i b r a r y  search  may be made f o r  
t h e  purpose of t e n t a t i v e  i d e n t i f i c a t i o n .  The n e c e s s i t y  of perform- 
ing  t h i s  type  of i d e n t i f i c a t i o n  w i l l  be determined by t h e  type of 
ana lyses  being conducted (e.g., for CLP requirements ,  up t o  20 sub- 
s t ances  of g r e a t e s t  apparent  concen t r a t ion  not l i s t ed  i n  t he  
Hazardous Substance L i s t  must be t e n t a t i v e l y  i d e n t i f i e d ) .  A l l  
requirements  s p e c i f i e d  f o r  i d e n t i f i c a t i o n  of t a r g e t  compounds (Sec- 
t i o n  5.401.1) apply t o  i d e n t i f i c a t i o n  of nonca l ibra ted  components 
i n  t h e  sample. 

5.4.2 Q u a n t i t a t i v e  a n a l y s i s :  

5.4,2.1 When a compound has been i d e n t i f i e d ,  t h e  q u a n t i t a t i o n  
of t h a t  compound w i l l  be based on t h e  i n t e g r a t e d  abundance from t h e  
EICP of the primary c h a r a c t e r i s t i c  ion. Q u a n t i t a t i o n  w i l l  take 
place us ing  t h e  i n t e r n a l  s tandard  technique.  The i n t e r n a l  s tandard 
used shall be t h e  one nea res t  t h e  r e t e n t i o n  time of t h a t  of a given 
s n a l y t e  (e.g., see Table 5) 

5.4.2.2 Ca lcu la t e  t h e  concen t r a t ion  of each i d e n t i f i e d  
a n a l y t e  i n  t h e  sample as follows: 
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Water - 

where : 

A, = Area of c h a r a c t e r i s t i c  ion f o r  compound being measured 
I, = Amount of i n t e r n a l  s tandard  i n j e c t e d  (ng)  

Vt = Volume of t o t a l  extract t a k i n g  i n t o  account d i l u t i o n s  
( i . e .9  a 1-to-10 d i l u t i o n  of a 1-ml e x t r a c t  w i l l  g ive  
vt  = 10,000 ul) 

A i s  = Area of character is t ic  ion for the i n t e r n a l  s tandard  
RF = Response f a c t o r  f o r  compound being measured (Sec t ions  

Vo = Volume of water e x t r a c t e d  (ml) 
5.1.3 and 5.1.4) 

Vi = Volume of extract i n j e c t e d  (111). 

Sediment/Soi l  (on a dry-weight basis) 

where : 

Ax, Is, Vt, A i s ,  RF, V i  = same as f o r  water 
W, = weight of sample e x t r a c t e d  i n  grams 
D = (100 - moisture  i n  sample)/100 

5.4.2.3 Where a p p l i c a b l e ,  an estimate of concent ra t ion  f o r  
noncaf ibra ted  components i n  t h e  sample should be made. The 
formulas given above should be used w i t h  t h e  fol lowing modifica- 
t i o n s :  The areas Ax and A i s  should be from the t o t a l  ion 
chromatograms and t h e  RF for t h e  compound should be assumed t o  be 
one. The concen t r a t ion  obta ined  should be repor ted  i n d i c a t i n g  t h a t  
t he  value is an estimate and i n d i c a t i n g  which i n t e r n a l  s t a n d a r d  was 
used t o  determine concent ra t ion .  

5.4.2.4 Report r e s u l t s  without  c o r r e c t i o n  fo r  recovery d a t a .  
When d u p l i c a t e s  and spiked samples a r e  analyzed,  repor t  all data 

. obta ined  w i t h  t h e  sample r e s u l t s .  
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5.4.2.5 Calcu la t e  t h e  recovery of each su r roga te  i n  each 
sample ( inc lud ing  blanks and s p i k e s ) .  The recovery of m a t r i x  sp ike  
compounds, i f  used, should be co r rec t ed  f o r  sample con t r ibu t ions .  
These recover ies  should be repor ted  i n  t h e  f i n a l  data package. 

6 .o INTERFERENCES 

6.1 I n t e r f e r e n c e s  coext rac ted  from t h e  samples w i l l  vary considerably 
from source  t o  source ,  depending upon t h e  d i v e r s i t y  of t h e  i n d u s t r i a l  complex 
o r  waste be ing  analyzed, 

6.2 Laboratory contamination may affect  sample ana lyses  and, t h e r e f o r e ,  
a l l  precaut ions  s t i p u l a t e d  i n  t h e  sample p repa ra t ion  procedures must be 
followed (e.g., c lean  glassware,  use of high-puri ty  so lven t s ,  e t c , ) .  

7.0 QUALITY ASSURANCE 

7.1 Each l a b o r a t o r y  t h a t  uses  t h i s  method i s  requi red  t o  ope ra t e  a 
formal q u a l i t y  c o n t r o l  program. The minimum requirements of t h i s  program 
c o n s i s t  of an i n i t i a l  demonstration of l abora to ry  c a p a b i l i t y  and the  a n a l y s i s  
of spiked samples as a cont inuing  check on performance. !The l abora to ry  is 
requi red  t o  maintain performance records t o  de f ine  t h e  q u a l i t y  of d a t a  t h a t  
is generated.  Ongoing performance checks must be compared with e s t a b l i s h e d  
performance cr i ter ia  t o  determine i f  t h e  r e s u l t s  of ana lyses  are wi th in  t h e  
accuracy and p rec i s ion  l i m i t s  expected of t h e  method. 

7.2 Surrogate  s t anda rds  must be spiked i n t o  a l l  samples t o  monitor con- 
t i n u i n g  l a b o r a t o r y  performance. Matrix sp ikes  and process  blanks should be 
analyzed on a rou t ine  b a s i s  (it is recormended t h a t  a minimum of 20% QC be 
adopted) .  Process blanks should be analyzed t o  determine t h e  l e v e l  of lab- 
o r a t o r y  contamination p r i o r  t o  a n a l y s i s  and  should t h e r e f o r e  be performed on 
each s e t  of samples on a per-extraction-method bas i s .  Matrix sp ikes  w i l l  be 
used t o  assess t h e  accuracy of t h e  a n a l y t i c a l  methods ( e x t r a c t i o n  and detee-  
t i o n )  and should be performed on a per-extraction-method b a s i s ,  

It is recomknded t h a t  the  l a b o r a t o r y  adopt a d d i t i o n a l  q u a l i t y  7.3 
assurance  p r a c t i c e s  f o r  u se  wi th  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  
are most product ive  depend upon t h e  needs of t h e  l abora to ry  and t h e  na ture  of 
t h e  samples. Whenever p o s s i b l e ,  t h e  l abora to ry  should perform a n a l y s i s  of 
s tandard  r e fe rence  materials and should p a r t i c i p a t e  i n  r e l evan t  performance 
eva lua t ion  s t u d i e s ,  
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S U M M A R Y  OF METEOROLOGICAL DATA RECORDED B Y  THE NATIONAL WEATHER 
SERVICE OFFICE AT S O U T H  BEND, INDIANA D U R I N G  SAMPLING T R I P S  



SOUTH BEND, IN 

November 20, 1985 

SURFACE WEATHER OBSERVATIONS 

Wind D i r e c t i o n  
Time ( E S T )  Temperature ( O F )  Dew Point  ( O F )  (Degrees) 

0053 36 
0152 33 
0252 
0353 
045 1 
0551 
0650 
0751 
0849 
0951 
1021 
1048 
1148 
1248 
1348 
1448 
1544 
1647 
1751 
1847 
1936 
1947 
2046 
2050 
2143 
2147 
2247 
2347 

30 
27 
25 
24 
23 
23 
22 
23 

25 
26 
25 
28 
29 
30 
28 
26 
25 

25 

25 

26 
26 
27 

29 
27 
23 
19 
19 
17  
15 
15 
13 
14 

13 
13 
12 
13 
15 
15 
16 
1 7  
17 

18 

18 

18 
18 
19 

250 
260 
250 
240 
2 40 
2 50 
260 
2 30 
230 
260 
2 50 
260 
260 
2 30 
260 
2 40 
240 
2 40 
260 
240 
2 40 
240 
250 
2 50 
260 
260 
240 
290 

Wind Speed 
(Knots) 

22, Gust: 31 
20, Gust: 32 
22, Gust: 30 
17, Gust: 22 
14 
15, Gust: 23 
16, Gust: 24 
15, Gust: 20 
15, Gust:  20 
10 
14, Gust: 20 
15 
16 
15 
13 Gust: 2 1  
15 Gust: 21  
15 
10 
10 
08 
09 
08 
09 
09 
10 
08 
09 
11 
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SOUTH BEND, I N  

November 21, 1985 

SURFACE WEATHER OBSERVATIONS 

Wind Direction Wind Speed 
Time (EST) Temperature ( O F )  Dew Poin t  ( O F )  (Degrees) (Kno ts )  

0052 
0150 
0251 
0352 
0451 
0550 
0651 
0720 
0750 
0814 
0850 
0950 
1050 
1136 
1150 
1250 
1350 
1450 
1550 
1648 
1750 
1847 
1947 
2050 
2147 
2247 
2347 
2356 

27 
27 
27 
25 
25 
25 
25 

24 

26 
28 
30 

32 
33 
34 
35 
35 
34 
31 
31 
31 
31 
31 
31 
31 

18 
18 
19 
18 
19 
19 
19 

19 

19 
20 
20 

20 
20 
20 
20 
19 
19 
20 
20 
20 
20 
21 
21 
22 

300 
300 
30 0 
320 
340 
350 
35 0 
350 
36 0 
010 
360 
010 
020 
020 
050 
350 
050 
040 
050 
060 
06 0 
060 
080 
070 
080 
080 
06 0 

09 
09 
11 
09 
08 
05 
06 
06 
04 
04 
04 
08 
07 
06 
10 
07 
07 
06 
07 
09 
08 
10 
09 
10 
12 
14 
12 
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Time (EST) 

0048 
01 48 
0248 
0348 
0448 
0548 
0648 
0748 
0836 
0852 
0950 
1051 
1150 
1253 
1350 
1452 
1549 
1648 
1750 
1850 
1948 
2051 
2 142 
2150 
2248 
2348 

27 

SOUTH BEIVD, I N  

January 21, 1986 

SURFACE WEATHER OBSERVATIONS 

Temperature ( O F )  

27 
27 
27 
27 
26 
27 
27 
29 

30 
34 
38 
41  
45 
46 
50 
51 
50 
50 
48 
50 
48 

40 
37 
37 

Dew Point ("F) 

25 
25 
25 
24 
24 
24 
24 
25 

27 
29 
31  
32 
34 
35 
37 
38 
39 
40 
40 
42 
43 

36 
33 
32 

Wind Direction 
(Degrees) 

150 
150 
140 
160 
140 
120 
120 
120 
150 
130 
140 
140 
150 
170 
160 
170 
180 
180 
190 
180 
210 
2 50 
2 40 
270 
2 70 
260 

Wind Speed 
(Knots)  

08 
09 
08 
07 
07 
09 
10 
10 
12  
12 
16, Gust: 23 
13, Gust: 20 
17, Gust: 22 
19, Gust: 30 
14, Gust: 25 
14, Gust: 23 
17, Gust: 22 
12 
09 
09 
14 
14 
15 
16 
16 
18, Gust: 
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SOUTH BEND, IN 

January 22, 1986 

SURFACE WEATHER OBSERVATIONS 

Wind Direction Nind Speed 
T i m e  (EST) Temperature ( O F )  Dew Point ( O F )  (Degrees) (Knots)  

0048 
0150 
0248 
0349 
0448 
0548 
0626 
0648 

0805 
0815 
0850 
0952 
1040 
1050 
1150 
1249 
1350 
1450 
1548 
1637 
1648 
1748 

1948 
2048 
2 148 

0748 

I a48 

2248 
2348 

37 
36 
36 
36 
35 
34 

34 
34 

34 
34 

34 
34 
33 
33 
32 
31 

31 
29 
27 
25 
25 
23 
23 
22 

32 
32 
32 
31 
32 
32 

32 
32 

30 
28 

27 
27 
27 
26 
24 
23 

23 
22 
22 
22 
21 
21 
21 
20 

250 
250 
250 
250 
270 
280 
2 90 
290 
310 
320 
330 
340 
340 
330 
340 
320 
320 
3 10 
310 
3 10 
3 10 
330 
320 
340 
0 10 
3 50 
250 
000 
000 

14, Gust: 21 
13 
17, Gust: 24 
15, Gust: 23 
17, Gust: 23 
19, Gust: 25 
16, Gust: 24 
16 
14 
16 
14 
13 
13, Gust: 22 
15, Gust: 22 
13, Gust: 20 
16 
15, Gust: 21 
12 
15 
13 
10 
08 
05 
04 
03 
03 
03 
00 
00 
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SOUTH BEND, IN 

March 25, 1986 

S U R F ACE W E AT H E R 0 B S E R VAT I 0 N S 

Time (EST) 

0049 
0149 
0252 
0351 
0451 
0549 
0648 
0748 
0851 
0953 
1051 
1150 
1250 
1350 
1450 
1549 
1653 
1750 
1851 
1953 
2052 
2154 
2249 
2353 

Temperature ( O F )  

51  
52 
52 
54 
53 
51 
51  
54 
60 
63 
66 
69 
71  
73 
73 
73 
73 
71  
69 
66 
65 
65 
64 
63 

Dew Point ( O F )  

30 
30 
32 
33 
34 
35 
36 
37 
38 
39 
38 
37 
34 
35 
34 
36 
35 
38 
37 
39 
39 
38 
38 
38 

Wind Direction 
(Degrees) 

180 
180 
190 
200 
200 
210 
210 
200 
2 10 
220 
2 30 
220 
2 20 
220 
210 
2 10 
2 10 
2 10 
210 
2 10 
220 
200 
200 
2 10 

Wind Speed 
(Knots) 

11 
13 
13 
15  
14 
12 
09 
11 
15, Gust: 25 
17, Gust: 27 
2 1  
18, Gust: 3 1  
22, Gust: 33 
19, Gust: 29 
20, Gust: 33 
24, Gust: 36 
25, Gust: 34 
17, Gust: 27 
16, Gust: 22 
12 
12 
18, Gust: 24 
17, Gust: 24  
16, Gust: 24 
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SOUTH BEND, I N  

March 26, 1986 

SURFACE WEATHER OBSERVATIONS 

Wind Direction Wind Speed 
Time (EST) Temperature ( O F )  Dew Point  ( O F )  (Degrees) (Knots) 

0050 
0149 
0250 
0351 
0450 
0550 
0650 
0750 
0813 
0842 
08 50 
0949 
1029 
1046 
1148 
1227 

1350 
1448 
1543 
1651 
1751  
1852 
1950 
2050 
2152 
2259 
2317 
2354 

1248 

63 
61 
60 
59 
60 
60 
59 
48 

47 
45 

47 
51 

56 
57 
60 
6 1  
59 
59 
55 
49 
40 
37 
37 
37 
36 

39 
39 
39 
39 
39 
39 
39 
45 

45 
45 

46 
48 

45 
41 
42 
41 
40 
32 
32 
31 
30 
28 
27 
27 
27 

220 
220 
2 20 
220 
240 
2 90 
280 
2 90 
290 
250 
220 
2 30 
240 
2 70 
260 
260 
260 
260 
240 
300 
300 
310 
360 
340 
340 
3 50 
330 

16, Gust: 26 
18 
15 
12 
15 
15 
12, Gust: 22 
10 
07 
08 
11 
06 
06 
37 
10 
11 
11 
10 
11 
15, Gust: 2 1  
10 
17, Gust: 23 
12 
12, Gust: 2 1  
14, Gust: 19 
13 
12 
11 
11 
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