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ACFH 
cc I m l )  
DSCFH 
DSHL 
DEG-F (OF) 
DIA.  
FP 
FT/SEC 
9 
w n  
GR/ACF 
GR/DSCF 
g / d s a  
HP 
HRS 
IN.  
1N.HG. 
1N.WC. 
LB 
LWDSCF 
LB/HR8 
LW10 BTU 
LB/WWBTU 
LTPD 

- 1  mg/Nm 
us/Mn3 

ng 

microns (un) 
MIN. 

O h m a l l  

ABBREVIATIONS 

actual cubic fee t  per minute 
cubic centimeter ( m i l l l l i t e r )  
standard cubic foot of  dry gas per mlnUte 
drv standard m i l l l l i t e r  
deqrees Fahrenheit 
diameter 
f in ished product f o r  p lan t  
f ee t  per second 
gram 
gal lons per minute 
grains Der actual  cubic foot 
grains per dry standard cubic foot 
grams oer dry  standard cubic meter 
horseoower 
hours 
inches 
inches 
inches 
wound 
pounds 
wunds 
pounds 

o f  mercury 
o f  water 

per d ry  standard cubic f o o t  
per hour 
wr m i l l i o n  B r i t i s h  Themal Units heat input 

pounds per m i l l i o n  B r i t i s h  Thermal Units heat i npu t  
long tons per day 
megawatt 
mi l l ig rams per dry standard cubic meter 
micrograms per dry  standard cubic meter 
micrometer 
m i  nutes 
nanograms 
ohmcentimeter 
p a r t i c u l a t e  mat ter  
pounds Der hour 
par ts  per m i l l i o n  
pa r t s  per m i l l i o n  carbon 
D a r t s  per m l l l i o n .  dry 
par ts  per m i l l i o n ,  wet 
Darts per t r i l l i o n  
pounds Der sauare inch 
sauare f e e t  
micrograms 
oercent by volume 
percent by welght - < (when f o l l o w i n g  a number) 

Standard condi t ions are def ined as 68 OF (20 %l and 29.92 IN. o f  mercury 
pressure. 
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Jeff Cole, RTI, says this is a dry bottom boiler, according to 
the UDI/EEI database. Jeff has been working with the NSP data 
for five years and, therefore, I am taking his word on this. 

Jj 

I 



1 INTRODUCTION 

On March 2 3 ,  1390, I n t e r p o l 1  Lsborato-ies personnel Conducted a 

d i o x i n  emission performance t e s t  on Un i t  3 a t  the  Northern States Power 

Company (NSP) Sherco Plant located i n  Becker, Minnesota. On-site t e s t i n g  

was performed by D. Van Hoever, M. Kaehler and S. a a i n v i l l e .  Coordination 

between t e s t i n g  a c t i v i t i e s  and p l a n t  operation was provided by Bob Catron 

o f  NSP. 

The Un i t  3 i s  a Babcock and Wilcox 860 megawatt b o i l e r  which came on 

l i n e  i n  1987. The b o i l e r  i s  f i r e d  wi th  pulver ized subbituminous coal from 

Montana. Par t i cu la te  and s u l f u r  d iox ide  emissions are cont ro l led  by a dry 

scrubber consis t ing o f  a spray dryer absorber (SDA) and baghouse. 

Scrubbed f l u e  gas i s  exhausted t o  the atmosphere by a 650-foot h igh r a d i a l  

br ick- l ined concrete stack. 

Polyclr lor inated dibenzo-p-dioxins (PCDDs) and polychlor inated 

dibenzofurans (PCDFs) sampling was conducted using a Modif ied Method 5 

(MM5) sampling t r a i n  w i t h  32 g o f  p u r i f i e d  XAD-2 res in  i n  accordance wi th 

EPA Method 0010 (SW 846, 3 rd  Ed.) A spike (2-component mix ture o f  

isotop ica l ly - labeled d i o x i n  and fu ran  surrogates) was added t o  the  t o p  o f  

t h e  XAD-2 res in  ca r t r i dge  by T w i n  C i t y  Test ing a t  the  t ime the  car t r idges 

were packed. The pre-sample spikes provide an overa l l  evaluat ion o f  the  

accuracy o f  sampllng, recovery and analysis. A f ie ld-biased blank was 

co l lec ted  by loading t h e  e n t i r e  sampling t r a i n ,  leak checking it and then 

recovering the  sample i n  a manner i d e n t i c a l  t o  t h a t  used f o r  the f i e l d  

samples. 

The recovered PCDDs and PCDFs samples were stored over i ce ,  returned 

t o t h e  laboratory,  c a r e f u l l y  packed and then shipped t o  Twin C i t y  Test ing 

where they were analyzed f o r  t e t r a -  through octachlorodibenzodioxins and 

chlorodibenzofurans homolog groups as we l l  as for  a l l  o f  the  2,3,7,8- 

ch lor inated dibenzodioxin and dibenzofuran isomers as per EPA Method 8290 



using HRGC/HRHS. I t  i s  important t o  note t h a t  quant i ta t ion  has been 

performed by isotope d i l u t i o n  mass spectrometry by Twin C i t y  Test ing and 

thus the reported d i o x i n  and furan masses and concentrations have already 

been corrected f o r  the recover ies of i n te rna l  quan t i f i ca t i on  standards. 

In tegrated f l u e  gas samples were extracted simultaneously w i t h  each 

d iox in  sample from the sampling t r a i n  exhaust po r t s  as pa r t  o f  the Overal l  

p ro jec t  q u a l i t y  assurance using a spec ia l l y  designed gas sampling system. 
In tegrated f l u e  gas samples were co l lec ted  i n  4 4 - l i t e r  Tedlar bags. P r io r  

t o  sampling, the Tedlar bags are leak checked a t  15 1N.HG. vacuum w i th  an 

i n - l i n e  rotameter. Bags with any detectable inleakage are discarded. 

A f t e r  sampling was complete, t he  bags were sealed and returned t o  the 

laboratory f o r  Orsat analysis.  

Test ing on the b o i l e r  was conducted f r o m  two t e s t  po r t s  or iented a t  

90' on the stack. These t e s t  po r t s  are located 7 stack diameters 

downstream o f  the breeching i n l e t  and 11 diameters upstream o f  t he  stack 

e x i t .  D iox in  sampling was conducted using a 24-point traverse. Each 

traverse po in t  was sampled t e n  minutes f o r  a t o t a l  sampling t ime of 240 

minutes per run. 

A summary and discussion o f  a l l  o f  the important resu l t s  o f  t h i s  

engineering t e s t  i s  given i n  the  fo l l ow ing  section. More de ta i l ed  resu l t s  

o f  the samplings are presented i n  Section 3 together wi th  per t inent  

sampling parameters. Supplemental informat ion such as f i e l d  data sheets, 

laboratory resu l ts ,  procedures and ca lcu la t ion  equations are presented In 
the appendices. 
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2 S U M R Y  AND DISCUSSION 

The resu l t s  o f  the d iox in  and fu ran  stack t e s t s  presented by homolog 

The resu l t s  o f  the 2,3,7,8- o r  c h l o r i n a t i o n  l eve l  are given i n  Table 1. 

isomer s p e c i f i c  analyses are presented i n  Table 2. 

The US €PA has published t o x i c i t y  equivalence fac to rs  (TEFs) for the 

various non-2,3,7,8-polychlorinated isomers and 2.3,7.8-polychlorinated 

isomers. These fac to rs  may be used t o  convert the weight o f  these 

moieties t o  an equivalent weight o f  2,3.7,8-tetrachlorodibenzo-p-dioxin. 
A f t e r  the equivalent weights are ca lcu lated,  they may be summedto g ive a 

s ing le  estimate o f  the t o x i c  impact o f  t he  e n t i r e  group o f  compounds based 

on the  equivalence o f  each isomer group t o  2,3.7,8-TCDD. This analysis 

has been performed i n  Table 3 using the  l a t e s t  US EPA TEFs. 

Examination o f  these r e s u l t s  show t h a t  t h e  concentration of 2,3,7,8- 
TCDD equivalents from Un i t  3 averaged 0.020 ng/Nm f o r  the three t e s t s  

using s t a t e  o f  the a r t  sampling and a n a l y t i c a l  procedures. The 

corresponding 2,3,7,8-TCDD equivalent emission r a t e  averaged 51.8 
g/sec . 

1 

No d i f f i c u l t i e s  were encountered i n  the f i e l d  o r  i n  the laboratory 

evaluat ion of t he  samples. On t h e  bas is  o f  t h i s  f a c t  and a complete 

review o f  a l l  o f  t he  f i e l d  data, ca lcu la t ions  and laboratory 

documentation, it i s  our op in ion t h a t  t he  concentrations and emission 

ra tes  reported herein are accurate and c lose ly  r e f l e c t  the actual values 

which ex is ted  a t  the time the t e s t  was performed. 

3 



Table 1 
R e s u l t s  o f  t h e  M a r c h  2 8 ,  1990 D i o x i n  Homolog A n a l y s i s  o n  U n i t  3 
a t  t h e  N S P  S h e r c o  P l a n t . 

RUN 1 R U N  2 R U N  3 Homo1 09 
(Concentration ng/Nm') 

TCDD 
PeCDD 
HxCDD 
HpCDD 
OCDD 
TCDF 
PeCDF 
HxCDF 
HpCDF 
OCDF 

(Erni ssi on 

TCDD 
PeCDD 
HxCDD 
HpCDD 
OCDD 
TCDF 
PeCDF 
HxCDF 
HpCDF 
OCDF 

. 0 4 3  

.OB4 
.35 
1.3 
3.8 
.35 
.61 
1.5 
5.5 
18 

Rate lO-eg/sec) 

4.0 
7.8 
32 

119 
351 
32 
57 

143 
512 

1670 

.022 

.041 
.17 
. s o  
1.3 
.11 
.24 
.71 
2.1 
5.6 

2.0 
3.8 
16 
46 

116 
10 
22 
65 

197 
512 

.016 

.018 

.093 
.26 
.79 

. O S 2  
.13 
.35 
1.3 
4.4 

1.4 
1.7 
8.6 
24 
72 

12 
32 

118 
402 

4 . 8  
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Table 2 
Results o f  t h e  M a r c h  28, 1990 2.3.7.8-Isomer A n a l y s i s  on U n i t  3 
a t  t h e  NSP Sherco P l a n t  ( p r e s e n t e d  in 2.3,7.8-TCDD Equivalents]. 

Isomer R U N  1 R U N  2 R U N  3 
(Concent rat i o n  ng/Nm>) 

2.3.7.8-TCDD 

1.2.3.4.7.8-HxCDD 
1.2.3.6,7,8-HxCDD 
1.2.3.7.8,9-HxCDD 
1,2.3.4.6,7.8-HpCDD 

2.3.7.8-TCDF 

1.2.3.7.8-PeCDD 

1.2.3.7.8-PeCDF 
2.3.4.7 8-PeCDF 
1.2.3.4,7,8-Ai~CDF 
1.2.3.6.7.8-HxCDF 
1,2.3.7,8,9-HxCDF 
2.3.4.6,7.8-HXCDF 
1,2.3.4.6.7.8-HpCDF 
1.2.3.4.7.8.9-HpCDF 

( E m i s s i o n  Rate  lO-sg/sec)  

2,3,7.8-TC!lD 

1.2.3.4.7.8-HxCDD 
1.2.3.6.7.8-HXCDD 
1.2.3.7,8.9-HxCDD 
1.2.3,4.6,7,8-HpCDD 

2.3.7.8-TCDF 

1.2.3.7.8-"eCDD 

1.2.3.7.8-PeCDF 
2.3.4.7.8-PeCDF 
1.2.3.4.7.8-HxCDF 
1,2,3,6,7.8-HxCDF 
1.2.3.7.8.9-HXCDF 
2.3.4.6.7.8-HxCDF 
1.2.3,4,6,7.8-HpCDF 
1,2.3.4.7.8.9-HpCDF 

.OOl 

.007 

.014 

.038 

.032 
.7 

.06 1 

.027 

.058 
.32 
* 10 
.02 
.28 
1.5 
.7 

.12 

.67 
1.3 
3.5 

3 
65 

5.7 
2.5 
5.4 
30 

9 . 1  
1.8 
26 

138 
65 

. OD1 

.005 

.009 

.018 

.028 
.26 

.022 

.011 

.028 
.13 

.053 . OD9 
.10 
.59 
.28 

.ll 

.48 

. 8 6  
1.7 
2.5 
24 

2.0 
.97 
2.5 
12 

4.8 
. 8 3  
9.2 
54 
2 6  

0008 
.002 
.OD7 
. OD6 
.006 
.15 

.OlO 

.006 

.014 

.07 3 

.024 

.008 . DO6 
.35 
.I9 

,078 
. 2 3  
.62 
.56 
.56 
14 

.97 

.51 
1.3 
6.1 
2 . 2  

. 7  
.56 
32 
17 
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Table 3 
Results o f  t h e  March 28. 1990 Dioxin Determination on Unit 3 
a t  the NSP Sherco Plant (presented i n  2.3.7.8-TCDD Equivalents). 

2.3.7.8-TCOO Eauivalents 
TEF R U N  1 R U N  2 RUN 3 

(Concent r a t 1  on ng/Nm 1 

2.3.7.8-TCDD 
other TCDDs 

2.3.7.8-PeCOO 
other PeCODs 

other HxCDDs 

other HpCDDs 

2.3.7.8-HxCDD 

2.3.7.8-HpCDD 

1 
.01 

. 5  
.005 
.04 

.0004 
.OOl 

00001 

. 00 1 
.0004 
.004 
.0004 . 00 3 
. 0001 
.0007 

,000006 

.OOl 
.0002 
.003 
.0002 
.002 

.00005 
.0003 

000002 

.0008 

.OOOl . 00 1 
.00008 
.0008 

.00003 
.oooz 

000001 

2,3.7.8-TCOF .1  .006 .002 . 00 1 
other TCDFs . 00 1 .0003 .00009 .00004 

2.3.7.8-PeCDF .1 .008 .004 .002 
other PeCDF s .OOl .0005 .0002 . 000 1 

2.3.7.8-HxCDF .Ol .007 . 00 3 . 00 1 
other HxCDF s . 000 1 .00008 .00004 .00002 

2.3.7.8-HpCOF .001 .002 .0009 .0005 
other HDCDFS .00001 .00003 .00001 .000007 

Totals .035 .017 .008 

(Emiss ion  r a t e  lO-ag/sec) 

2.3.7.8-TCDD 
other TCOOs 

2.3.7.8-PeCDD 
other PeCDDs 

2.3,7.8-HxCOD 
other HxCOOs 

2.3.7.8-HpCDD 
other HpCDDs 

1 
.01 

. 5  
.005 

. 0 4  
.0004 
.001 

.00001 

.12 
.039 
.34 

.036 
.31 
.Ol 

.065 
.0005 

.ll 
.019 
.24 
.016 
.20 

.004 

.024 
.0002 

.078 

.014 
.ll 

.007 
.07 

.003 

.014 
.OODl 

2.3.7.8-TCDF .1 .57 .20 .097 
other TCDFs .OOl .02 7 .008 .004 

2.3,7,8-PeCOF .1 .79 .35 .18 
other PeCOFs . 00 1 .049 .018 .011 

2.3.7.8-HxCOF .01 .67< .27< . l o <  
other HxCOF s .0001 .008< .004< .002< 

2,3,7,8-HpCDF . 00 1 .20 .080 . 0 4 9  
other HpCOFs .00001 .004 . 00 1 .0009 

Totzls 3.2< 1.6< .74< 

- .  
,obi : ; : )  tQ;;raitnct !a:tors ; i i i ! ;  ~ s t l  i n  !tf C 5 ! C U l i t ! G f l  o f  t h e  a b c t r  TIES are thc!c 
currcc:!) r e c c r n e n a t d  b f  ' I t e r i r  P r o c t d u r t r  f c r  Fs : i sa t i ng  k i r k s  A s s o c i a t e d  w i t h  
f xposu res  to l l i r t u r e r  o f  C h l o r i n a t e d  D ib tnZG-p -O lC) ln t  an< D ibenzo fu rans  [:DES i n d  CDfrl' 
J.S. G t l l i n  anc G.G. E a v e s ,  U S E P A  R i s k  A s s t s i l ~ n t  f o r u r ,  October 198E. 
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3 RESULTS 

The resu l t s  o f  a l l  f i e l d  and laboratory  evaluations are presented i n  

t h i s  section. Gas compositlon (Orsat and moisture) are presented f i r s t  

followed by the d iox ins and furan sampling data. Preliminary measurements 

inc lud ing t e s t  po r t  loca t ions  are given i n  the  appendices. 

The resu l ts  have been ca lcu la ted  on an I B M  PC Computer using 

programs w r i t t e n  i n  Extended BASIC s p e c i f i c a l l y  f o r  source t e s t i n g  cal- 

culat ions. EPA-published equations have been used as the basis o f  the 

ca l cu la t i on  techniques i n  these programs. 

Emission rates have been ca lcu la ted  using the product o f  t he  

concentration times f low method. 



6 

1 
0.00 

I n t e r p o l 1  R e p o r t  No. 0-3009 
N o r t h e r n  S t a t e s  Power - S h e r c o  

Becke r .  M i  nne s o t a  

T e s t  No. 3 
U n i t  3 S t a c k  

3 . 1  R e s u l t s  o f  O r s a t  6 M o i s t u r e  A n a l y s e s - - - - -  Me thods  3 6 4(tv/v) 

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e . .  .......... 
o x y g e n . . . . . . . . . . . .  ........ 
n i t r o g e n  .................. 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e . . . . . . . . . . . .  

o x y g e n . . . . . . . . . . . . . . . . . . . .  

n i t r o g e n  ................... 
w a t e r  vapor . . . . . . . . . . . . . . .  

D r y  m o l e c u l a r  w e i g h t  ........ 
Wet m o l e c u l a r  w e i g h t  ........ 
S p e c i f i c  g r a v i t y  ............ 
W a t e r  mass f l o w  ...... ( L B / H R )  

FO 

8 

Run 1 
03-28-90 

13.40 

6.30 

80.30 

11.42 

5.37 

68.42 

14.79 

30.40 

28 .56  

0 ..987 

0.00 

1.090 

Run 2 Run 3 
03-29-90 09-29-90 

14.10 

5.80 

80.10 

12.00 

4.94 

68.17 

14.90 

30.49 

28.63 

0.989 

0.00 

14.10 

5.80 

80.10 

11.95 

4.91 

67 .87  

15.27 
t 

1.071 1 .071 



I n t e r p o l  1 R e p o r t  NO. 0-3009 
N o r t h e r n  S t a t e s  Power  - S h e r c o  

Bec k e r ,  M i  nne  SOta 

T e s t  No. 3 
U n i t  3 S t a c k  

3.2 S a m p l i n g  D a t a  for PCDD and PCbF Test-------SYB46 M e t h o d  0010 

D a t e  o f  run  
Run 1 

0 3 -28- 90 

Time r u n  s t a r t / e n d  . . . . .  (HRS) 1225/1644 
S t a t i c  p r e s s u r e  ...... (1N.WC) 
C r o s s  s e c t i o n a l  a r e a  (SO.FT) 
P i t o t  t u b e  c o e f f i c i e n t  . . . . . .  
W a t e r  i n  samp le  g a s  

c o n d e n s e r . .  ........ 
i m p i  nge  rs  .......... 
d e s i c c a n t . . . . . . . . . .  
t o t a l . . . . . . . . . . . .  .. 

Gas m e t e r  c o e f f i c i e n t  
B a r o m e t r i c  p r e s s u r e . .  
Avg. o r l f . p r e s . d r o p . .  
A J g .  g a s  m e t e r  temp. .  

Volume t h r o u g h  g a s  me 
a t  m e t e r  c o n d i t i o n s  
s t a n d a r d  c o n d i t i o n s  
s t a n d a r d  c o n d i t i o n s  

T o t a l  s a m p l i n g  t i m e . . .  

. . (ML) 
GRAMS) 
GRAMS) 
GRAMS) 

...... 
1N.HG) 
IN.WC) 
DEF-F) 

e r . .  .. 
. . (CF)  
(DSCF) . (NMJ) 

. ( M I N I  
N o z z l e  d i a m e t e r  ......... ( I N )  
A v g . s t a c k  g a s  t e m p  ..(DEG-F) 

V o l u m e t r i c  f l o w  ra te . . . . . . . .  
a c t u a l  .............. (ACFM) 
d r y  s t a n d a r d  . ......( DSCFM) 

I s o k l n e t i c  v a r i a t i o n  ..... ( Z )  

9 

- 0 . 8 0  
683.49 
0.840 

414.0 
0.0 
35.0 

449.0 

0.9980 
28.83 
0.91 
80.3 

129.34 
121.78 
3.448 

240.00 . I80 
164 

2845685 
1971603 

99.6 

Run 2 
03-29-90 

815/1233 

-0.80 
683.49 
0.840 

416.0 
0.0 
30.0 

446.0 

0.9980 
28.85 

0 . 8 8  
77.6 

126.68 
119.95 
3.397 

240.00 
.180 
169 

2819906 
1939776 

99.7 

Run 3 
09-2 9 - 90 
1405/1818 

-0.80 
683.49 
0.840 

430.0 
1.0 

33.0 
464.0 

0.9980 
28.85 
0.89 
75.2 

127.44 
121.21 
3.432 

240.00 
.180 
168 

2846579 
1952851 

100.1 
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1 I n t e r p o l l  L a b o r a t o r i e s ,  I n c .  
( 6 1 2 )  786-6020 

Nozz le  C a l i b r a t i o n  
D a t a  Sheet 

Nozzle Number MM5-3 Date o f  C a l i b r a t i o n :  March 2.8. 1990 
Technician: D .  Van fioever 

Nozzle r o t a t e d  by 60  degree increments and d iameter  measured t o  neares t  

0.001 inch.  Observed readings and average: 

P o s i t  i o n  Diameter 
( inches)  

0.180 

0.177 

0.183 

1 
-~ 

Average : 0.180 

1 
I 
3 
s 

I 
Il 

a 

A- 3 



Interpoll  Laboratories 

S-Type P i to t  Tube Inspection Sheet 

(612)786-6020 

Pitobe No. g- Iq 

p i to t  tube dimenstons: 

1. External tubing diameter (Dt) 
2. Base t o  Side A opening plane (PA) 

,314 IN. 

e v&> IN. 
. f& ZI In. 

3,  Base t o  Side B opening plane (PB) 

A1 i gnment : 

4. 5. a1 a2<100 <loo 

6. B1 < 5O 1 
7. B 2 <  50 

8. Z <.125' * d 3  
9. Y C.0625' e & &  

Distance from P i to t  t o  Probe Cmponents: 
io. P i t o t  t o  0.500 IN. nozzle 7/a in. 

T. AA 11. P i t o t  t o  probe sheath 

12. P i t o t  to thermocouple (paral le l  b ptobc) 

13. P i t o t  t o  thermocouple (perpendicular to probe) 

IN. 

I d  IN. 

7 6 m .  

_. 
Date o f  Inspect i on : 

/2 -8-84 

A- 4 

Inspected by: 

11 

II 



Interpol1 Laboratories, Inc. 

Temoerature Measurement Devlce 
Calibratlon Sheet 

Des1 red Temperature of 

Nomlnal Simulated Temp (OF) 
Standard or Temp (OF) 

Unlt under test: 
vendor GoRDod 

'r OF Thennocouple ~ y p e  K, Model 
Range -112 F 

.q - 6-90 Technlclan S. BA I d  Y /U€ 

73/0 K SerTa1 Number pa7 - / O  

Date o f  Callbratton 

Response of 
Unlt Under Test 

(9) 

Method o f  Callbration: 
17 Conparisan against A S l H  aercury i n  glass theraoneter using I thrraostat ted and insulated t l u i i n u a  block designeo 

t o  provide a n i f o r i  temeratur t .  l b e  tcaperature i s  adjusted by adjust ing the voltage on the block bratar 
cartridge. 
Oaega lode1 EL-100 1yoe I lheriocouole S i i u l t t o r  i h i c h  provides 12 precise tewerature eouiralent iillirolt 
ci9nals. lhe EL-300 i s  cold junctioncorucnrated. Calibration rccuracy i c i  0.11 of span I Z l O O ~ I  1 degree 
(for neqatire te ioeratures add i 2 deqrees. lhe CL-100 t i i u l a t e s  exactly the i i l l i r o l t a g e  of I Type I 
theriocouole a t  the indicated tenoerature. 

E 
8 

1800 
1900 
2000 
2100 

k 
/9dd - - I 

Averages: 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 

' .8 
1.7 - 
29B 
y9y 

a 95-  

1400 
1500 I 
1700 - 17o;L 
1600 rAdO 

Devla ion 

ZFLT 

Unit In tolerance 
Unit was not in tolerance: recalibrated - See new calibration sheet. 

5-433 

A- 5 



I n te rpo l1  Laboratories, Inc. 

1- 
ga l i b ra t l on  Sheet 

' vendor 
Model 
Range -/I2 .d 'F 

Date of Calibrat ion 2 - 5  -5  

Method o f  Calibratlon: 
a Comparison against ASTW mercury i n  9 l1 rs  thermometer using a thermostatted and insulated aluiinum block deri 

cartridge. 

~ 1 9 n 1 l r .  he et-Joo i s  cold junct ion coinensatad. Calibration accuracy is r 0.11 of soan 1 2 1 0 0 ~ 1  1 deg 81 Owga modal CL-IOO lyaa I Thermocouple Sirnulitor rh ich provides 22 precise teIoerature eouiralent m i l l i  

I f o r  ne9atire temoeraturas add t 2 degrees. lhe CL-100 simulates e x a c t l i  the m i l l i r o l t a q c  of I True I 
thermocouole a t  the indicated temoeritura. 

to provide nnifori t e m ~ e r a t ~ r u .  The tampercture i s  ~ d j u s t e d  by adjust ing the voltage on the block hea J. .I 

I1 

n 

Devi a t  ion m s i  red TempBratUr8 of  Response of 
Standard or Unit Under Test 

Nminal  simulated Temp (OF) ( O F )  (X) 
Temp (OF) 

OF = o f f  scale response by u n i t  under tes t  (OF) 
X dev = 100 At / (460 + t) 

Bd u n l t  i n  tolerance 
ff Uni t  was no t  I n  tolerance: recal ibrated - See new ca l i b ra t i on  sheet. 

A- 6 
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APPENDIX C 

FIELD DATA SHEETS FOR DIOXIN SAMPLING 



I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

Source #3 L T f - 4  a 
Test - 3 Hun Date 3hf 
Stack dimen. 3 r.$ I N .  

Dry bulb 'F Wet bulb OF 
llanometer: P R e g .  0 Exp.  0 Elec. 
Barometric pressure  2t:fi in Hg 

I 
\ 

I - A  



~~ ~ 

INTERPOLL LAROR~TORIES EVA WODIFIED METHOD S ShMPLE LOG SHEET 

.. ~~ ~ 

Condensate t r a p  

No. of t r a v e r s e  lest p o i n t s  - + - -  I 3 ob Aj.S.P, Si+EIZLO Date 3/zP{*o 

0 YesF No 
XAD-2 r e s i n :  - g Hatch No. - cyclone:  

Gnal ytes:  
~ ~ ~ l d  recovery s p i k e  added: 0 Yes 0 No Reference: E F A  SW-846 Method 00 

source Llm+ a 3 .%uk 
F i l t e r  ho lder :  MM5 F i l t e r  type: 4" G 1  ass f i ber 

?I 

c . 

Sample T r a i n  Leak Checks 

- 
0 cfm a t  k in. Hg. (vac)  Pes tes t : - 

p r e t e s t :  < 0.02 cfm a t  15 in .  Hg. 

S e m i v o l a t i l e  Catch Data: 

NU.S of  f i l t e r s  used: Recovery s o l  vent  ( 6 )  

No. of b o t t l e s  f o r  condensate t r a p  catch: 
Samples recovered by: ad - z c R  

Condensate Data: 

. .  
Weight ( g )  

I t em 
F i n a i  Tare D i f f e r e n c e  

Condensate t r a p  
1 

I mpi ngers  to0 Z 6 D  0 

I n t e g r a t e d  Gas Sampling Data: 

z3 Bag No. / Bag Pump No. 55 Box No. 

Bag M a t e r i a l :  + layer  Aluminized Tedlar Size: 4 s  

P r e t e s t  l eak  check: r, cc/min a t  / y  i n .  ~ g .  

Time s t a r t :  /2 (HRS) Time end: i b  '3 (HRS)  

San,pling r a t e :  100 c c l m i n  02 Analyzer S I N :  Y 

c- 2 

Rev. 1 CF-026 

s-3i I 
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INTERPOLL LABORATORIES EPA MODIFIED METHOD 5 SAMPLE L O G  SHEET 
2 

N.S.?. SH&&o Date </Jq/". Test 3 R u n  
No. of t r a v e r s e  p o i n t s  Y8 { / 6 )  

Job 

Cyclone: 0 Y e s P o  F i l t e r  ho lder :  MM5 F i l t e r  type:  4" G1 ass f i bet- 
Cinal ytes:  XAD-2 r e s l n :  - g Batch No. __ a F i e l d  recovery sp ibe  added: r e s  0 No Reference: EFG SW-846 Method 1:K)lO 

Source D":+ 3 Ss.4 

Sample T r a i n  Leak Check: 

P re tes t :  ( 0.02 c f m  a t  15 in. Hg. (vac) 
Fos tes t :  - 600 cfm a t  10 i n .  Hg. (vac)  

S e m i v o l a t i l e  Catch Data: 

I 
r 
b 

No.s of f i l t e r s  used: Recovery so l ven t  (5) 

M e C 1 2  t+"; < Zn:>:d.3 . / V )  

3 othercs)  +*(ae.,p RcE70NE 

b No. of b o t t l e s  f o r  condensate t r a p  catch: ' 
Samples recovered by: P 5.%6 M.k .  

1 Condensate Data: 

1 
b 
c 
3 
I 
a ' I n t e g r a t e d  Ea6 Sampling Data: 

._ 
Hag M a t e r i a l :  4- layer Aluminized Tedlar  Size: 44 - L 

Pre tEs t  leak  check: 0 cc/min a t  's- i n .  ~ g .  

Time s t a r t :  bfiIse ( H R ~ )  Time end: 1233 (HRS) 

~ s m p l i n q  r a t e :  l" c c / ' m i n  02 

c- 5 

R e v .  1 CF-t:126 

5-393 
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INTERPOLL LABORATORIES EPA MODIFIED METHOD S SFIMPLE LOG SHEET l i  
Job ,US?/ +/Eaco Date 3.2q. 

c y c l o n e :  0 YesWNo F i l t e r  h o l d e r :  MM5 F i l t e r  t y p e :  4 "  G l a s s  f i b e r  
A n a l y t e s :  XFID-2 r e s i n :  - g B a t c h  No. 
F i e l d  r e c o v e r y  s p l k e  added: No R e f e r e n c e :  EFA SW-846 Method 

S o u r c e  U U / T  -3  STA .z/c 

v s  
Sample T r a i n  L e a k  Check: 

Fretest: ( 0.02 c f m  a t  15 i n .  Hg. ( v a c )  
F'ostest: - - o cfm a t  9 i n .  Hg. ( v a c )  

S e m i v o l a t i l e  C a t c h  Data: 

N0.s of f i l t e r s  used: Recovery  s o l v e n t  ( 6 )  

+ M e t 1  2 / V )  

&other 

No. of b o t t l e s  f o r  c o n d e n s a t e  t r a p  catch: 
Samples  r e c o v e r e d  by: n d d C / f - ( ~ B  b A/r K 

/ 

C o n d e n s a t e  Data: 

Weight ( g )  I I t e m  
F i n a l  1 T a r e  I D i  f f e r e n c  

n I H 11 C o n d e n s a t e  t r a p  1 
49 0 I q30 C o n d e n s a t e  t r a p  

ao/ zoo / Imp i n g e r s  

_" ....... . . -. ... ._ _ _  . ............ ................. T o t a l  --.---.<"----- ..... 

I n t e g r a t e d  G a s  S a m p l i n g  Data: 

~ a g  pump NO. 8 3  BO,: NO. x3 ~ a g  NO. 3 
Bag Material: 4 - l a y e r  CIluminized f e d l a r  S i z e :  44 - L 

Fretest l e a k  check:  4 0 cc /min  a t  /C i n .  tig. 

r i m e  start:/il(b ( H H S )  T i m e  end:  ( HRS ) 

 ampl ling rate:  /do cci 'min 02 Analyze r  s m :  _S 

I I  
II 
11 
I I  
I1 
I I  
II 
II 
I I  
It 
II 
I I  
I I  
I I  
l l  

C-8 
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APPENDIX D 

LABORATORY DATA SHEETS FOR METHOD 3 



I n t e r p o l  1 Labora to r ies  
(612) 786-6020 

Samples 

Probe Wash: nAs per €PA M-5 

Chain of Custody 
Sample Depos i t ion  Sheet 

p c e t o n e  nother 

Job  ,V , S , k  S-Hz.@L.U Source M,?, f 
Team Leader I Test S i t e  
Date Submitted /39/9D Date of Test 
Test NO. 3 / /  No. of  Runs - 

~ 

Audi t Samp 1 es 
F u l f u r  Diox ide 
UOxides of N i t .  
p t h e r  

ps per EPFI M-6 
p s  per EPA M-7A 
nother  

F i  1 t e r  : 
04" G.F. 
F . S .  Thimble 
02.5" G.F. 
[f47 mm G.F. 

4 

- 

Imp i nger Catch : 
p. I .  Water 

04M5 Hg O n l y  
n4M5 Metals 
01.0 N NaOH 
p t h e r  

03" nIor 

I n teg ra ted  
Gas sample 

'Oxides of 
1Ni t rogen (NO,) 

06s per  EPA M-5 
p s  per €PA M-17 
nother 

~~~ ~ 

p l N  P r o t o c o l  
P I  P r o t o c o l  
oEPA M-6 or 8 
p c i d  Gases 
UFormal dehyde 
p e t a l s  
nother  

per EPA M-3 
per €PA PI-10 

[IOther 

p s  per  €PA M-7A 
nother  

jl 
" 

Date 
Time(Hl3S) 

a 
P a r t i c l e  Size OX-Hay Sedigraph 

p a h c o  Method 
p t h e r  

1) Type of @ c s : x B o i l e r  n y p h a l t  P l a n t  0 I nc ine ra to r  0 Dryer - PILL__  / 

S-278HRRR D- 1 



~~~ ~~~~~ -~ . 
Interpol  1 Laboratories 

(612) 786-6CEU 

Orsat anal  yni s 
EPa nothod 3 Data Reporting Sheet 

No. of Runs 

Oil: 

Gas: 

D i s t i l l a t e  1.260-1.413 
Residual I .  210-1.370 

Natural 1.600-1.8.56 
Propane 1.454-1.586 
Butane 1.405-1.553 

LSC-04-BR 
1.000-1.130 I I F-Flask (250 cc a11 glass) 

B=Tedlar Bag (%layer) Wwd/Wood Bark D- 2 - 
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APPENDIX E 

TWIN CITY TESTING DIOXIN AND FURAN ANALYSES 



REPORT OF CHEMICAL ANALYSES 

Reported to: 

lnterpdl Labwatories, Inc. 
Attn: Ms. Kathleen Eickstadl 

Cirde Pines. MN 55014-1819 
. 4500 Ball Road N.E. 

By: 

Twin C i i  Testing Corporation 
Organic Chemistry Deparbnent 

662 CromweU Avenue 
st Paul. MN 55114 



tuin citv testinq 
COCPOCatmn 

862 CROMWELL AVENUE 
ST PAUL, MN 55114 
PHONE 612IW53601 

I 
I 
I 
I 
I 

emission samples which were submitted by a representative of Interpoll Laboratories, Inc. 4 
I 

REPORT OF: CHEMICAL ANALYSES 

NSPBHERCO DATE: June 15. 1990 PROJECT: 

ISSUED TO: Interpoll Laboratories, Inc. INVOICE NO: 4410 90-4052 
Attn: Ms. Kathleen Eickstadt 
4500 Ball Road N.E. 
Circle Pines, MN 55014-1619 

INTRODUCTION I 
This report summarizes the results from the analyses performed on four multi-component sta 

samples were analyzed for the presence or absence of polychlorinated dibenzo-p-dioxins (PCDDs) 
and polychlorinated dibenzofurans (PCDFs) using a modified version of EPA Method 8290. 

SAMPLE IDENTIFICATION 

Client ID 

T3RO Field Blank 9242-(54-57) 
T3R1 9242-(56-61) 
T3R2 9242-(62-65) 
T3R3 9242-(66-69) 

METHODOLOGY 

TCT ID 

187226 
187228 
187229 
187234 

I 
1 
I' 
1 

PCDDPCDF Extraction 

The XAD-2 resin portion of each MM-5 sample component set was spiked with laCl,-labe 1 
and continuously extracted with benzene for 16 hours. The condensate portion of each sample 8 

# 
PCDD/PCDF internal standards (Table l), combined with the filter and placed in a Soxhlet extractor 
The probe rinse solvents, which did not contain particulate, were added to the Soxhlet without filte ! 

extracted with methylene chloride in a separatory funnel and the extracts were combined with 
XAD-2 extracts. The combined extracts were quantitatively transferred to Kuderna Da 
concentrators, concentrated, and solvent exchanged to hexane. The hexane extracts were the 
spiked with 2,3,7,8-TCDD-nCI, enrichment efficiency standard (Table 1) and processed through 
analyte enrichment procedures described below. 

I 
I 

8s UUTUAL PROTECTW TO CLEWS.  M WBLC AND OURSELVES. Ul W l N  C m  TESTffi CORFURATDI REPWTS -E SUBUKED AS 7HE WNFDENTIAL PROPEAN OF 
AND WTWKATION FOR PuBLC4TIQI OF STATEUENTS. CONCLUSWNS OR M I C T S  FRW OR REOLRDffi OUR REPORTS IS RESERVED PENDING OUR P R C 4  WRITTEN APP 

E-2 
~ ~ ~ ~ _ _  - 



twin ci tw testinq 
cotpotamon 

662 CROMWELL AVENUE 
ST. PAUL, M N  55114 
PHONE 61216453601 

REPORT OF: CHEMICAL ANALYSES 

PROJECT: NSPlSHERCO DATE: June 15, 1990 

PAGE 2 INVOICE NO: 4410 90-4052 

AnaMe Enrichment for PCDDPCDF Anabes 

The extraction procedure often removes a variety of compounds, in addition to the PCDDs and 
PCDFs. from the sample matrix. Some of these compounds can directly interfere with the analyses 
while others can overload the capillary column causing degradation in chromatographic resolution or 
sensitivity. The analyte enrichment steps described below were used to remove interferences from 
the extracts. 

The extracts were diluted to 100 ml with hexane and washed with 1N sodium hydroxide, concentrated 
sulfuric acid, and distilled water. The hexane layers were concentrated to 1 ml and quantitatively 
transferred to liquid chromatography columns containing alternating layers of silica gel, 44% 
concentrated sulfuric acid on silica gel, and 33% 1 N sodium hydroxide on silica gel. The columns 
were eluted with 60 ml of hexane and each entire eluate was collected and concentrated, under a 
gentle stream of dry nitrogen, to a volume of 1 ml. 

The extracts were then fractionated on liquid chromatography columns containing 4 g of activated 
alumina. The columns were eluted with 10 ml of hexane followed by 7 ml of 2.0% methylene 
chloride/hexane and 25 ml of 60% methylene chloride in hexane. The 60% methylene chloride/hexane 
fractions were concentrated to 1 ml under a stream of dry nitrogen and applied to the tops of 
chromatography columns containing 1 g of 5% AX-21 activated carbon on silica gel. Each column was 
eluted with cyclohexane/methylene chloride (50:50 V M  and cyclohexane/methanol/benzene (75:20:5 
V/V) in the forward direction, and then with benzene in the reverse direction. Each benzene fraction 
was collected, spiked with recovery standards (1 .2,3,4-TCDD-13CI, and 1,2,3,7,8,4HxCDD-'C,3 and 
concentrated to a final volume of 20 UL 

PCDDPCDF Anahrses 

m e  extracts were analyzed for the presence of PCDDs and PCDFs using combined capillary column 
gas chromatography/high resolution mass spectrometry (HRGC/HRMS). The instrumentation 
consisted of a Hewlett Packard Model 5890 gas chromatograph and a VG Model 70SE high resolution 
mass spectrometer. The capillary column was interfaced directly into the ion source of the mass 
spectrometer. thus providing the highest possible sensitivity while minimizing degradation of the 
chromatographic resolution. 

AS A UUNAL PROTECTDN TO UIENTS. WE R l s L l t  AND CURSELMS, UL W l N  CIW T E S T M  CORWRATYYI R W ' S  *RE SUBUITI'ED b3 ME CONFIDENTIAL PROPERN OF CLIENTS 
AND AlJlWORUAllOH FOR PUBLKAlIoN Of  SlAlEUENTS. M N U U S O N S  OR EXTRACTS FRDU W REGIRDlNo OUR REPORTS IS RESERMD P E N D M  OUR P R M  WRITTEN APPROVAL ;I E-3 
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REPORT OF: CHEMICAL ANALYSES 

PROJECT: NSPBHERCO 

PAGE: 3 

PCDDPCDF Analvses (Cont) 

I 

DATE: June 15, 1990 

IMlOlCE NO: 4410 90-4052 

11 

The data were acquired by selected-ion-recording (SIR) monitoring the groups of ion mass 11 

The mass spectrometer was operated in the electron impact ionization mode at a mass resolution 
10,ooo-11,0~ (M/AM, 10 percent valley definition). This resolution is sufficient to resolve most 

of PCDD/PCDF are not false positives resulting from interferences. Typical operating parameters f $ 1  interferences, such as PCBs, thus providing the highest level of confidence that the detected lev 

the HRGC/HRMS analyses are summarized in Table 2. 

described in EPA method 8290. The five groups corresponded to the tetrachlorinated throu h 
octachlorinated congener classes. Each group contained three ion masses for the PCDDs (with t 

corresponding ion masses from the two isotopically labeled internal standards, and the ion ma 
characteristic of the polychlorinated diphenylether (PCDPE) which, if present, could cause fa1 
rasponses in the dibenzofuran channels. The third PCDD ion mass monitored in the pentachlo 
through octachlorodibenzo-p-dioxin groups prevented the possibility of misinterpretation of 

this purpose. 

exception of TCDD which contained two ion masses), two ion masses for the PCDFs, t BI 
11 

' polychlorinated biphenylene isomer as a PCDD. The two ion masses monitored for TCDD also fulftll@ I 
Each group of ion masses also contained a lock mass which was monitored during the analyses M 

tl 
detect suppressive interferences. lt is particularly important to detect this type of interference since 
it can cause the quantification of congener class levels to be artificially high if  it occurs during 
elution of an internal standard or low if it occurs during the elution of the native analytes. 

The lock mass was also used by the data system to automatically correct the mass focus of 
instrument. 
cycle and corrected the mass focus of the analyte and internal standard ion masses to assure 
the centers of the mass peaks were being monitored. 

The data system determined the centroid of the lock mass during each data 

The criteria used to judge positive responses for the PCDD/PCDF isomer included: 

- Simultaneous response at both ion masses of the PCDD or PCDF 
I I  

- Signal to noise ratio equal to or greater than 2.51.0 for both ion masses II 
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PCDDPCDF Anahrses (Cow) 

The criteria used to judge positive responses for the PCDD/PCDF isomer included: 

- 
- 

Chlorine isotope ratio within 15% of the theoretical Value 

Chromatographic retention time within -1 to +3 seconds of the authentic standards (where 
applicable) 

Chromatographic retention times within elution windows determined from analyses of 
standard mixtures I - 

- Absence of simultaneous response between the PCDF and diphenylether ion traces 

A list of the exact ion masses monitored for the determination of PCDD/PCDF isomers and the PCDPE 
interferences is presented in Table 3. Also included are the theoretical chlorine isotope ratios for the 
ten congener classes. 

Quantification and Calculations 

me  PCDD/PCDF isomers were quantified by comparison of their responses to the responses of the 
labeled internal standards as described in the draft version of EPA Method 8290. Relative response 
factors were calculated from analyses of standard mixtures containing representatives of each of the 

il 
I /  

PCDD/PCDF congener classes at five concentration levels, and each of the internal standards at one 
concentration level, as shown in Table 4. The PCDD/PCDF response factors were calculated by 
comparing the sum of the responses from the two ion masses monitored for each chlorine congener 
class to the sum of the responses from the two ion masses of the corresponding isotopically labeled 
internal standard. Table 5 shows the response factor at each of the calibration levels as well as the 
average response factors and the relative percent deviation for each. The formula for the response 
factor calculation is: 

~f - An x Qis 
Ais x Qn 

LSAUUlUAL PROTECTKUTOQIENTS. ~ R I B L K * M ) W R Y L V E S . U L ~ C l P l T E S T V X j C O R R ) R I T ~ R E P W T S * R E  SUBUnlED*STHE WNFIDENTUL PROPERNOF CLIENTS 
AND WTHWlZATON FOR FV0LCATDH OF STATENEWS. OWUUSONS OR D(TRICTS F W Y  OR REWDW OUR REPORTS Is RESERVED PENDING OUR P R M  WRlllEN APPROV:: 
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Quantilication and Calculations (Cork) 

where: 

Rf = Response factor 
An = Sum of integrated areas for native isomer 
Qis = Quantity of labeled internal standard 
Ais = Sum of integrated areas for labeled internal standard 
Qn = Quantity of native isomer 

I I  
I I  
I I  
It 
I I  The levels of PCDD/PCDF in the samples were quantified using the following equation: 

An x Qis 
AisxwxFt f  

C =  

where: 

C = Concentration of target isomer or congener class 
An = Sum of integrated area for the target isomer or congener class 
Qis = Amount of labeled internal standard added to the sample 
Ais = Sum of integrated areas for the labeled internal standard 
W = Sample weight, volume or area 
Rf = Response factor 

I I  
I I  
I I  
I I  

Each pair of ion mass peaks in the selected-ion-current chromatograms was evaluated manually 
determine if it met the criteria for a PCDD or PCDF isomer. Areas of all peaks exhibiting correct i 
ratios and having retention times within the correct windows were then summed for calculations of 
total congener concentrations. A summary of the high resolution initial calibration chlorine isoto 
ratios is presented in Table 6. 

A limit of detection (LOD) based on producing a signal that is 2.5 times the noise level, was calculatfl 
for each undetected 2.3,7,8-substituted isomer of any tetra through octa chlorinated congener cla . 
The noise heights used to calculate the detection limits were measured at the retention time of 
specific isomer. The formula used for calculating the LOD is: 

\ 
I 
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LOD = Single isomer limit of detection I Hn = Sum of noise heights at native isomer retention time 
Qis = Quantity of labeled internal standard 
His = Sum of peak heights for labeled internal standard 
W 
Rf = Response factor 

I The recovery of the 2,3,7,8-TCDD-%I, enrichment efficiency standard and each lJCl,-labeled internal 
standard, relative to either 1 ,2,3,4-TCDDJSC,, or 1 ,2,3,7,8,4HxCDD-"CC,,, was calculated using the 

J following equation: 

= Sample weight, volume or surface area 'I 

%R = Ais x Wrs x 100% 
Rfr x Ars x WIS 

mere: 

%R = Percent recovery of labeled internal standard 1 AIS = Sum of integrated areas of internal standards 
Wrs = ng of recovery standard 
Ars = Sum of integrated areas of recovery standard 1 Rfr = Response factor of the specific labeled internal standard relative to the recovery 

I Wis = ng of the labeled internal standard congener added to the sample prior to extraction 
standard 

RESULTS 

Sample analysis results are included in the following: 1 
I 
I 

Table 7 
Appendix A - PCDD/PCDF Analysis Results 
Appendix 6 - Chain of Custody Documentation 

- Summary of Pre-Sampling Spike Recoveries 
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The recoveries of the isotopically labeled PCDD/PCDF internal standards in the MM-5 samples we 

enrichment steps. Recoveries of several isomers were affected by interferences in the extract; the 
are distinguished by apparent recoveries of 140-150 percent. Since the msthod is based on isotoa’] 
dilution, the quantifications are automatically corrected for variations in recovery and accurate 
measurements are obtained for the 2,3,7,&substituted native isomers in the samples. 

A laboratory method blank was prepared and analyzed with the sample extraction batch as part of 
our routine quality assurance/quality control procedures. The data sheet, included at the beginni 
of Appendix A, shows that It contained low background levels (typically less than 

These levels were typically one or more orders of magnitude below the levels measured for the sa 
isomers in the actual samples. This indicates that the sample processing steps did not contrib 
significantly to the levels determined for the samples. 

A laboratory matrix spike sample was also prepared and analyzed with the sample batch. The native 
analyte recoveries from this analysis, included at the end of Appendix A. typically ranged from 1 
125%. This indicates a high degree of accuracy in the determination of the native isomers. 

typically in the range of 80-120%, indicating a high level of efficiency through the extraction 

a 
picogramshsomer) of selected PCDD/PCDF, with a somewhat higher level OCDD (130 

I, 
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REMARKS 

The sample extracts will be retained for a period of 60 days from the date of this report and then 
discarded unless other arrangements are made. The raw mass spectral data will be archived on 
magnetic tape for a period of not less than one year. 

I 
‘! TWlN CITY TESTING CORPORATION 

1 
‘I 
I 
I 
I 
I 
I 
I 
I 
‘I 
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Charles V. Sueper f 
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Approved by: 

a-O& 
Fred L DeRoos, Ph.D. 
Vice President 
Chemistry 

D JD/CVShlS 

AS A MUTUAL PROTECTWN TO CLIENTS. THE WBLK AND OURSELVES. UL W I N  Cm TESTING WRFQRITDN R E F ” S  mE S U B M m D  *s THE CONFIDENTIAL PROPERW OF CLIENTS 
AND ~ T H O R U A T W N  FOR P U B L U l D l  OF SlIlEUENTS. CCUCLUSWNS OR EXlMCTS FROM W RECUROW OUR REPORTS IS RESERMD PENDING OUR P R M  WRITTEN APPROVAL. 

! 

E-9 



Spike Levels of PCDD/PCDP Standards 

rnternal  Standards: 
*a 2,3,7,8-TCDF- Ctz 

2,3,7, E-TCDD-”Ciz 

1 I 2 I 3,7 I E-P~CDF-”CU 

2,3,4 I 7, ~-P~CDF-“CI~ 

1 I 2,3,4,7,8-PeCDD- Ctz i a  

3a 1,2,3,4,7,8-HXCDF- CIZ 

1,2 3,6,7,8-HxCDF- Cn 

1,2 I 3,7,8, ~-HXCDF-”CW 

2,3,4,6,7,8-HxCDF- Ciz 

1,2 I 3 4 I 7, 8-HXCDD-”Cn 

1 , 2,3,6 7, E-HxCDD-”Cw 
la I, Z,3 I 4,6,7 I 8-HpCDF- C’z 

I, 2,3,4,7 I 8 8 9-HpCDF- Cu 

1,2 3 I 4,6,7, E-HpCDD-”Cia 

OCDD-”Cia 

13 

13 

(3 

pecoverv standard s 

1 2 3 I 4 -TCDD-“C~~ 

1,2,3,7 8 ,  ~-HXCDD-”CW 

Snrichment Efficiency B t  andard 

2 I 3,7 I 8 -TCDD-”Cl. 

gvike Level (nul 

2.2* 

2.3* 

2.4 

2.2 

1.7 

4.6 

5.1 

4 . 8  

5.0 

5.0 

5.2 

5.0 

5.0 

4 . 8  

14.3 

2.0 

2.0 

0.8 

I 
I 

*These standards were spiked into the sampling media prior t o  sample 
collection. 

‘I 
I ifi=yy==- I 
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High Resolution BCDD/PCDP Analyses 
ERGC/ERM operating Parameters 

Mass Resolution 

Electron Energy 

Accelerating Voltage 

Source Temperature 

Preamplifier Gain 

Multiplier Gain 

Chromatographic Column 

Transfer Line Temperature 

Injection Mode 

Carrier Gas 

Carrier Flow Velocity 

10,000-11,000 (M/m, 10% valley) 
32 electron volts 

8,000 volts 

275OC 

lo8 amp/volt 

-10' 

60 M DB-5 

3 0 O°C 

splitless 

Helium 

-30 cm/sec 
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Exaat Ion Masses Monitored 
for the Determination O f  PCDDS, PCDPS, and PCDPEs 

Accurate Mass Theoretical Ratio 
C C  ound S ass Mass 2 Mass 3 

Tetra-CDDs 319.8965 321.8936 
Tetra-CDFs 303.9016 305.8987 
Hexa-CDPEs 375.8364 

Penta-CDDs 353.8576 355.8546 357.8517 
Penta-CDFs 339.8597 341.8567 
Hepta-CDPEs 409.7974 

Hexa-CDDs 387.8187 389.8156 391.8127 
Hexa-CDFs 373.8207 375.8178 
Octa-CDPEs 445.7555 

Hepta-CDDs 421.7798 423.7766 425.7737 
Hepta-CDFs 407.7817 409.7788 
Nona-CDPEs 479.7165 

Octa-CDD 455.7409 457.7377 459.7347 
Octa-CDF 441.7428 443.7398 
Deca-CDPE 513.6775 

0.77 

1 0.77 

1 
I 

1.54 
1.54 

1.23 
1.23 

I 1.03 
1.03 

1 
0.88 
0.88 

I m 

CDDs = Chlorinated Dibenzo-p-dioxins 
CDFs = Chlorinated Dibenzofurans 
CDPEs = Chlorinated Diphenylethers 

1 
L 

I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE I 

High Resolution Calibration Bolutions 

Concentration tDa/ ULI 
pative CDDS/CDPS 

2,3,7,8-TCDD 
2,3,7,8 TCDF 
lI2,3,7,8-PeCDD 
lI2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,a-~xc~~ 
1,2,3,7,8,9-~xc~~ 
lt2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HXCDF 
1,2,3,7,8,9-HXCDF 
2,3,4,6,7,8-HXCDF 
lt2,3,4,6,7,8-HpCDD 
lI2,3,4,6,7,8-HpCDF 
lI2,3,4,7,8,9-HpCDF 
OCDD 
OCDF 

mtexnal Standards 

2 , 3 , 7 ,  8-TCDD-"Cq2 
2 , 3,7 , 8-TCDF-'3Cln 
1.2 , 3,7 , 8-PeCDD-'3C,2 
12,3 I 7, ~-P~cDF-"c,~ 
2 , 3,4,7, ~-P~cDF-"c,~ 
1,2,3,4,7 I a-nxcm-' c,n 
1,2 I 3,6,7 , 8-HXCDD-"Ct2 
1.2,3 , 4,7 I 8-HXCDF-"C12 
1.2 , 3,6 , 7 , 8-HxCDF-"C12 
1 I 2 I 3,7 I 8 9-HXCDF-"Ctz 
2 , 3,4 , 6,7 I 8-HXCDF-'aC12 
1,2,3 I 4'6 I 7,8-HpCDD-"Cq2 
1,2 3,4 I 6,7 I 8-HpCDF-"C1n 
1,2 3,4 7 8,9-HpCDF-"C,n 
OCDD-%,2 

Becoverv Standards 

1 , 2,3 I 4-TCDD-'3Cln 
1 I 2,3 I 7 I 8 I 9-HXCDD-"C12 

B # 
2,3,7,8-TCDD-nC14 

w 
0.5 
0.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
5.0 
5.0 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 

100 
100 

0.5 

- cs2 

2 
2 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
2 0  
20 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 

100 
100 

2 

!zB - cs4 

10 
10 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 

100 
100 

10 

4 0  
4 0  
200 
2 0 0  
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
400 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 

100 
100 

40 

- c55 

200 
200 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
2000 
2000 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 

100 
100 

200 
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TABLE 7 r'l I 

INTERPOLL LABORATORIES, INC. 
SUMMARY OF PRE-SAMPLING* SPIKE RECOVERIES 

2.3.7. 8-TCDD-"C1z 
I 

client ID 2.3,7. ~-TcDF-"c,, 

T3RO Field Blank 

T3R1 

T3R2 

90% 

92% 

92% 

8'1 9 1% 

93% I 
94% 

92% 96% T3R3 

All values are expressed as percent recovered and were calculated using 
the following equation: 

19 Standard x 100% Recovery = % R ecoverv of C l a  

% Recovery of 37Cl. Standard 

*2.2 ng of "C,Z~2,3 I 7 I 8-TCDF and 2.3 ng of 1aC,z-2 I 3 I 7 I 8-TCDD were spiked 
into the sampllng media prior to field sampling. 

1 
I.1 
f I 
4 1  
'I1 

Laboratory No: 4410 90-405 
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Sam le.ID (TCT 
Filename...... 
Ana P ysis Date. 
Analvst....... 

2378-TCDF 
TOTAL TCDF 
2378-TCDD 
TOTAL TCDD 

12378-PeCDF 
23478-PeCDF 
TOTAL PeCDF 
12378-PeCDD 
TOTAL PeCDD 
123478-HxCDF 
123678-HXCDF 
123789-HXCDF 
234678-HXCDF 
TOTAL HXCDF 

123478-HXCDD 
123678-HXCDD 
123789-HXCDD 
TOTAL HXCDD 

1234678-HpCDF 
1234789-H CDF 
TOTAL HpCgF 
1234678-H CDD 
TOTAL HpCgD 

OCDF 
OCDD Q 

'#).........METHOD BLANK 4- ........... 5-8-90 ........... V00508E 
...........DJD ........... 1.0000 sample ........... 5-3-90 ........... V00508A 

CONC. 
ng/ sample 
0.0120 
0.0290 

nd 
0.0430 

0.0035 
0.0046 
0.0420 

nd 
0.0170 

0.0130 
0.0034 
0.0073 

0.0450 
nd 

nd 
nd 
nd 

nd 
nd 

0.0370 

0.0074. 

0.0150 
0.0280 

0.0200 
0.1300 

DL 
ng/ sample 

0.0021 ----- 

0.0150 
0.0024 

,17-90 

INTERNAL 
STANDARDS 

1234-TCDD-C13... . 
123789-HXCDD-C13. 

2378-TCDD-C137... 

A%; 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 

PERCENT 
RECOVERY 

46 
40 
51 
69 
72 
63 
53 
65 
65 
59 
65 
59 
62 
55 
38 

2.00 
2.00 

0 . 8 0  53 

J'I 

a i  DL- Detection limits, calculated as described in EPA method 8290. 
na= not applicable 
nd= not detected .I1 TCT Invoice Number..'..4410 90-4052 
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Sample ID Client's# 

Ana P v s i s  Date....... 
Sam le.ID [TCT#). ... 
~~ 

Filebame .,.......... 
Anal st............. 
sam$e mount ....... 
ICA Date ........... 
CCAL Filename....... 

NATIVE 
ISOMERS 
2378-TCDF 
TOTAL TCDF 
2378-TCDD 
TOTAL TCDD 
12378-PeCDF -~~~ 
23478-PeCDF 
TOTAL PeCDF 

12378-PeCDD 
TOTAL PeCDD 

123478-HXCDD 
123678-HXCDD 
123789-HXCDD 
TOTAL HxCDD 
12 3 4 678-HpCDF 
1234789-n CDF 
TOTAL HpC E F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............ 
*TWIN CITY TESTING CORPORATION* * PCDF/PCDD ANALYSIS RESULTS * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 
Client.. ..INTERPOLL 

)... .... .... .... .... .... .... .... 

.T3RO FIELD BLANK 

.la7226 

.5-6-90 

.V00508F . BB 

.i.oooo sample 

.5-3-90 

.V00508A 

CONC - 
0.0270 
0.1300 

nd 
0.0450 

ng/sample 

0.0095 
0.0280 
0.2200 

0.0070 
0.0580 
0.0740 
,0.0330 
0.0510 
0.0055 
0.2700 
0.0120 
0.0210 
0.0280 
0.1900 
0.1600 
0.0480 
0.3300 

DL 
ng/ sampl e 

9242-(54-57) 

PERCENT 
An,%;: RECOVERY 

INTERNAL 
STANDARDS 

_ _ _  ~ 

OCDD-Cl3.:. ...... 

4.20 
4.30 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2 . 0 0  
2.00 
4.L) 

1234-TCDD-C13.... 2.00 
123789-HxCDD-C13. 2.00 

8 8  
89 
7 7  

166 
94 
108 
90 
106 
122 
111 
104 
96 
114 
83 _ _  
90 
na 
na 

2378-TCDD-C137... 0.80 98 

----- ----- 1234678-H CDD 0.2000 
0.3400 

OCDF 0.6000 
OCDD 0.5200 

cONC= Concentrations, calculated as described in EPA method 8290. 
DG- Detection limits, calculated as described in EPA method 8290. 
na= not applicable 

nd= not detected 

Total 2378-TCDD ----- E ivalence = 0.0155 ng/sample ----- 
TOTAL HpC E D 

(%sing EPA 8290 Factors ) 

TCT Invoice Number....4410 90-4052 
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Sample ID Client's# 

Ana P y s i s  Date....... 
Filename............ 

Sam le.ID ITCT#) .... 
Anal st............. 

CCAL Filename....... 

Sam 1 e Amount....... 
ICAe Date.. ......... 

2378-TCDF 
TOTAL TCDF 
2 3 7 8 -TCDD 
TOTAL TCDD 
12378-PeCDF 
23478-PeCDF 
TOTAL PeCDF 
12378-PeCDD 
TOTAL PeCDD 

123478-HXCDD 
123678-HXCDD 
123789-HXCDD 
TOTAL HXCDD 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*TWIN CITY TESTING CORPORATION* * PCDF/PCDD ANALYSIS RESULTS * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Client .... INTERPOLL 

).. . .... .... .... .... .... .... .... 

CONC. 
ng/sample 
0.2100 
1.2000 
0 ."004 3 
0.1500 
0.0920 
0.2000 
2.1000 
0.0250 
0.2900 
1.1000 
0.3600 
0.9700 
0.0680 
5.3000 

0.0470 
0.1300 
0.1100 
1.2000 

1234678-HpCDF 5.1000 
1234789-H CDF 2.4000 
TOTAL HpC E F 19.0000 
1234678-H CDD 2.4000 
TOTAL HpC E D 4.4000 

OCDF 62.0000 
OCDD 13.0000 

.T3R1 9242-(58- 

.la7228 

.5-8-90 

.V00508G . BB 

.i.oooo sample 

.5-3-90 

.V00508A 

DL 
ng/ sample 

.61) 

PERCENT 
A% RECOVERY 

INTERNAL 
STANDARDS 

4.20 
4.30 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.. 00 

1234-TCDD-C13.... 2.00 
123789-HxCDD-C13. 2.00 

101 
102 
57 
87 
80 
117 
109 
116 
14 1 
151 
115 
108 
137 
104 
127 

na 
na 

2378-TCDD-C137... 0 . 8 0  110 

Total 2378-TCDD 
Equivalence = 0.1200 ng/sample 
( Using EPA 8290 Factors ) 

CONC= Concentrations, calculated as described in EPA method 8290. 
DL= Detection limits, calculated as described in EPA method 8290. 
na= not applicable 

nd= not detected TCT Invoice Number.. . . u i o  90-4052 1 I 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*TWIN CITY TESTING CORPORATION* * PCDF/PCDD ANALYSIS RESULTS * 
******************e************ 
Client....INTERPOLL 

Sample ID .... T3R2 9242-(62-65) 
Anayysis Date.. ......... .5-8-90 

le mount.. .......... ~ . O ~ O O  sample same ICA Date ................ 5-3-90 

Sam le ID ......... 187229 
Filename ................. V00508H 
Anal st .................. BB 
CCAL Filename ............ V00508A 

NATIVE CONC . 
ISOMERS ng/sample 
2378-TCDF 0.0760 
TOTAL TCDF 0.3800 

2378-TCDD 0.0042 
TOTAL TCDD 0.0760 

12378-PeCDF 0.0360 
23478-PeCDF 0.0940 
TOTAL PeCDF 0.8100 

12378-PeCDD 0.0180 
TOTAL PeCDD 0.1400 

123478-HXCDF 0.4400 
123678-HXCDF 0.1800 
-1237897HXCDF 0.3400 
;234678-HXCDF 0.0310 
TOTAL Hx(;DF 2.4000 

123478-HXCDD 0.0320 
123678-HxCDD 0.0620 
123789-HXCDD 0.0940 
TOTAL HXCDD 0.5900 

*1234678-HpCDF 2.0000 
-1234789-H CDF 0.9600 
TOTAL HPC E F 7.3000 
1234678-H CDD 0.8800 
TOTAL HpC E D 1.7000 

OCDD 4.3000 
OCDF 19.0000 

DL 
ng/ samp 1 e 

PERCENT 
A%E RECOVERY 

INTERNAL 
STANDARDS 

4.20 
4.30 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 

1234-TCDD-C13.. .. 2.00 
123789-HxCDD-C13. 2.00 

89 
91 
61 
74 
68 
84 
27 
75 
102 
83 
61 
71 
85 
61 
89 
na 
na 

0.80 97 2378-TCDD-C137 ... 

Total -2378-TCDD 
Equlvalence = 0.0579 ng/sample 
( Using EPA 8290 Factors ) 

CONC= Concentrations, calculated as described in EPA method 8290. 
DL= Detection limits, calculated as described in EPA method 8290. 
na= not applicable 
nd= not detected TCT Invoice Number....4410 90-4052 
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+*******+********************** - - -_.  
*TWIN CITY TESTING CORWRATION* * PCDF/PCDD ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ 
Client. ... INTERPOLL 

Analysis Date.......... 
Filename............... 
Anal st................ 

CCAL Filename.......... 

Sam Y e Amount.......... ICAE Date.. ............ 

NATIVE 
ISOMERS 
2 378-TCDF 
TOTAL TCDF 
2 370-TCDD 
TOTAL TCDD 

- 
12378-PeCDD 
TOTAL PeCDD 

12 3 470 -HxCDD 
123676-HxCDD 
123709-HxCDD 
TOTAL HXCDD 

12 3 4 678-HpCDF 
1234709-H CDF 
TOTAL HpCgF 

CONC. 
ng/ sample 

0.0360 
0.1800 

0.0029 
0.0540 

0.0190 
0.0400 
0.4600 
0.0084 
0.0630 
0.2500 
0.0820 
0.2000 
0.0260 
1.2000 

0.0230 
0.0210 
0.0210 
0.3200 

1.2000 
0.6400 
4.4000 

----- ----- 1234-TCDD-C13.... 
123789-HXCDD-C13. 

A:%;: 
4.20 
4.30 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 

2.00 
2.00 

0.80 

PERCENT 
RECOVERY 

78 
02 
43 
57 
52 
135 
113 
121 
14 6 
97 
100 
96 
127 
104 
127 

na 
na 
05 

----- 
---e- 

1234670-H CDD 0.5300 
0.0900 TOTAL HpCgD 

OCDF 15.0000 
OCDD 2.7000 

CONC= Concentrations, calculated as described in EPA method 0290. 
DL= Detection limits, calculated as described in EPA method 8290. 
na= not applicable 

nd= not detected 

Total 2378-TCDD 

(%sing EPA 0290 Factors ) 
----- E ivalence = 0.0295 ng/sample ----- 

It 

TCT Invoice Number....4410 90-4052 
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Sam le.ID (TCT#) 

Filename........ 
Analvst......... 

Ana P ysis Date... 
Sam le Amount... 
ICAe Date ....... 
CCAL Filename... 

NATIVE 
ISOMERS 
2 3 7 8 -TCDF 
TOTAL TCDF 
2 3 7 8 -TCDD 
TOTAL TCDD 
12378-PeCDF 
23478-PeCDF 
TOTAL PeCDF 
12378-PeCDD 
TOTAL PeCDD 

12347t -HXCDF 
123678-HXCDF 
123789-HXCDF 
234678-HxCDF 
TOTAL HXCDF 

****************************e** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*TWIN CITY TESTING CORPORATION* * PCDF/PCDD ANALYSIS RESULTS * 

Client .... INTERPOLL 
.......... .......... .......... .......... .......... .......... .......... 

.SPIKE 

.5-8-90 

.VOO508P . BB 

.5-3-90 
, .V00508A 
.i.o000 sample 

0.80 1.00 
0.80 1.00 
0.80 1-00 
0.80 1.00 

4.00 4.80 
4.00 4.80 
8.00 9.60 

4.00 4.60 
4.00 4.60 

4.00 4.40 
4.00 4.80 
4.00 4.70 
4.00 4.70 
16.00 19-00 
4.00 4.30 
4.00 4.90 
4.00 4.10 . . ~ ~  
12.00 13.00 

% 
REC . 
125 
125 
125 
125 

120 
120 
12 0 

115 
115 

110 
120 
118 
118 
119 

108 
123 
103 
108 

INTERNAL 
STANDARD 

PERCENT 
%ED RECOVERY 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 

48 
48 
60 
73 
74 
68 
50 
62 
69 
8 0  
58 
71 
82 
60 
61 

2.00 xx 1234-TCDD-C13.... xx 123789-HXCDD-C13. 2.00 

63 2378-TCDD-C137... 0.80 

1234678-HpCDF 4.00 4.20 105 
1234789-H CDF 4.00 4.50 113 
TOTAL HpC g F 8.00 8.70 109 
1234678-H CDD 4.00 4.90 12 3 
TOTAL HpC E D 4.00 4.90 123 

8.00 11.00 138 OCDF 
OCDD 8.00 9.50 119 

Qs= Quantity spiked. 
Qm= Quantlty measured. 

%REc.= Percent recovered. 

TCT Invoice Number....4410 90-4052 
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In t e rpo l l  Laboratories 
I ( 612 ) 786- 6020 

Inter laboratory t r ans fe r :  
Person in  custody of sample 
Person t o  receive custody 

I n i t .  
I n i t .  LI, 

I 

Sample Custody Transfer Form 

Out  of  laboratory t r ans fe r :  
Date shipped 3-70 -Go Date received 
Method of shipment Cr;P Carrier Bt'// i>n;kL 
Person releasing samples I R M  && I n i t .  h7.J. 
Person receiving custod I, I n i t .  1 5 .  

Sample Log 
Number 

I n i t i a l s  of Person I n i t i a l s  of Person 
Receiving Samples in  Custody of Samples 

Storage Instruct ions : 

Ins t ruc t ions  fo r  Receiving Laboratory: 
1. F i l l  ou t  form and re turn  t o  In t e rpo l l  Laboratories. 
2. I n i t i a t e  your labora tory  chain-of-custody. When ana lys i s  is 

complete, mail copy of  your chain-of-custody documents w i t h  
ana ly t ica l  r e s u l t s .  
Store  samples fo r  four ( 4 )  months. 3.  

E-25 5-365 



In terpol  1 Laboratories 

F i e l d  Sample Chain O f  Custody Sheet 

( 612)786- 6020 

I I  
Job n/<P /ldc- 0 

J*Lk 
Test 3 Run 0 , Team L e a d e r h ,  L‘,ACw,/r 

~ y p e  o f  h m p l e  Train:-&,/,/,& k/rfi,./ . s e 

11 
11 

Sample Collection/Recovery II 
/ 4 1  

*I 

Date o f  S a m p l i n g j - z B - 9 0  S i t e  /I.. 4 )e. 

Person performing sample recovery: - T i t l e  /’c& ka,, 

&a &&,, A@& . 
Specia? transport/storage requirements? r-+~- ,LL/’J- .,/ (*,,&J 3-/ 

No. o f  Ass i gned 
Sample Oescri pt ion I tems Log Number . 

I-&# 
1. K / b ”  A. 0 r o o  ’ 7 Z V 2 - 5 7  

4 .  - /v 

2. 
3. b A f i r L  kauu / v  - 5 6  

-5.7 
5. 
6. 
7. 

9. 
10. 
11. 
12. 
13. 
14. 
IS. 
16. 
17. 
18. 

a. 
11 
II 
I I  

._ 

II 
It 

Sample Transport 

Method o f  t ransport  

41 
( i f  not recovery person): 

/q&!i&ytmq,q k 
Time o f  rece ip t  HRS 

S-0157RR-1 
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I' 
I 
I 
I 
1 
1 
I 
b 
'I 
a 
I' 
1 
I 
I 
I 
I 
I 
I 
I 

Interpol 1 Laboratories 
(612)786-6020 

Field Sample Chain O f  Custody Sheet 

Job  n l $ P  / J A m -  
Date of Sampling 3 - 2 9 - 9 0  S i  t e l l ! ,  No, 7 *.A, 
Test . 2 Run . / Team L e a d e r h e  

Sample Collection/Recovery 
Person performing sample recovery: 
Signature- T i t l e  Ted 6. 
Location a t  which decovery was done-,, 
Special transport/storage requirements?Je&- bd ,,4 /-s 

/Ked,,.& I 

No. o f  Assigned 
Items Log Number Sample Description 

F. /J# r A/- A Irli 1. 
X . / " d  rc #a# I, 

3.  t d n  .7 f l L , . r n  
2. 

4 .  /A 1, ?M 1. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

, I/ q t C / L - S F  

I 

L l  

Sample Transport 
Method o f  t ransport  

i f  not recovery person): 
i t l  e ~ ~ ~ M L ~ ~ ~ \ \ ~ \ ~ [ \  

Date o f  receipt  %k,b 1% Time o f  receipt  HRS 

S- 0157RR- 1 
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Interpol l  Laboratories 
( 612) 786- 6020 

Fl.eld Sample Chaln O f  Custody Sheet 

Job&# / < h d m  

Date o f  Sampl ing3 .As-sn  S i t e A k . +  7 CAU k 

Type o f  Sample Train:-& A 4 d . f  s 
Test 3 Run 2 Team L e a d e r A  ,, 

11 
Sample Coll ection/Recovery 1.1 

Signature x, Ti t l  e&.& &*. II 
/,- II 

Person performing sample recovery: 

Location a t  which {ecovery was d o n e A m , ,  M,J,~: A,,- 
Special t ransport /s torage requi rements?W-.  / .A- .  & &,uL 

No. of 

1. F , / k  N o  A ? / l 2  Y 

2. <d”& &.ut* / ”  
3. Y d r l -  2 Ha, , *  / -  

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Sample Oescri p t i o n  I tems 
. -  

- 
4 .  a’ 7- A 

Assigned 
Log Number 

I I  
II 
I1 

Sample Transport 

5-0157RR- 1 
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I' 
P 
I 
J 

I n t e r p o l 1  Labora to r ies  

F i e l d  Sample Chain O f  Custody Sheet 

(612)786-6020 

Job & 3 P  /- 
Date o f  S a m p l i n g j . 2 9 - s n  S i t e  0.. + A/* 7 SA& 

Test 3 Run _? Team Leader&-, u',&,pLIv 

Sample Co l lec t ion /Recovery  
Person per fo rming  sa'mple recovery:  

Locat ion  a t  which'recovery was done JAWC,, 
signa t u r e f l L A  u- T i t l e  f,&l 7 d  45- z 

M,. 

1. 
2.  
3. 
4.  
5. 
6. 
7.  
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Sample Transpor t  

Method o f  t r a n s p o r t  &+-, UP, 
I 

rec/overy ( i f  no,t recovery  person): 
Title'v(\V$\L fi{L\yiG:, 

Date o f  receipt7t /7 ,b)% Time o f  r e c e i p t  HRS 

5-0157RR-1 
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Interpol1 Laboratories 
( 612) 786- 6020 

F ie ld  Sample Chain O f  Custody Sheet 

Job n/tP / f d C F C  0 

Test 3 Run Team Leader-,- J 
Date of Sampl i ngJ-2  B - Po Site /1.,.4 A/ 0 .  T r A t k  

Sample Collection/Recovery 
Person performing sample recovery: - T i t l e 6 d . J  7 &L b, 

# 

e- AV*/-- kQ9- 
< 

Special transport/storage r e q u i r e m e n t s ? m A ,  .4 52'4 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. ~~ 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

No. of 
Items 

Assigned 
Log Number 
qt. /2-5 L/ 

-55 
c 56 
-57 

Sample Transport 
Method o f  t ransport  L/- 
Recipient o f  s a m p l e s e r y  ( i f  not recovery person): 
Signature T i t l e  
Date o f  receipt  Time o f  receipt  HRS 

S-0157RR-1 
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Sample Check-In a t  Interpol1 Labs 

Laboratory person receiving samples: 
Signature f&& Title  fd 6- 
Date o f  receipt 3-3C. -qd Time o f  receipt d g a u  

Special storage conditions? 

HRS 
Sample storage location &rwu;C AP--U-x;h. &&& 

Analysis 

Date o f  Method o f  Ini t ia l s  Sample o f  Analyst 
Log No. Anal ysi  s Analysis 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. - 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Signature o f  each analyst: 

In i t ia l s  Signature 

S- 0157RR- 2 
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I n t e r p o l l  Labora to r ies  

F i e l d  Sample Chain O f  Custody Sheet 

(612) 786-6020 

Job n / J P  / I A v r e  
Date o f  Sampling 3-38-PO Site- No. '7 nb,k 
Test  7 Run / Team Leader& 

Sampl e Col lect ion/Recovery 
Person per forming sample recovery:  
S ignatureJ5L.L T i t l e  A& red 6. 
Locat ion  a t  which 4ecovery was done>,, 

Special  t ranspor t / s to rage  requirements?/i#,- && ,,4 

ded, , .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

No. o f  Assigned 
I terns Log Number Sample D e s c r i p t i o n  

r. /Ir r IL n 7 f I /  / qwt-5f 
X . / " J  I t u r  -I- -59 
t 4 n  .7 &&',a I- -60 

-41 /-r Y M  L , 

Sample Transpor t  
Method o f  t r a n s p o r t  

Rec ip ien t  o f  s a m p l e e ( i f  n o t  recovery person): 
S ignature  T i t l e  
Date o f  r e c e i p t  Time of r e c e i p t  HRS 

S- 0157RR- 1 
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Sample Check-In a t  Interpol1 Labs I I  
Laboratory person receiving samples: 
Signature i 

Date o f  receipt 3-4. Time of receipt />;wJ HRS 

Tit le  &-d- &.+&,& f 

Sample storage location J#&Ue-uL - -A +&L wLI/v 11 
Special storage conditions? 

Anal ysi s 

Sample Date o f  Method o f  Init ials  
Log No. Analysis Anal ysi s o f  Analyst 

1. 
2. 
3 .  
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Signature o f  each analyst: 

In i t ia l s  Signature PI 

S-0157RR-2 

It 
F-4 - 



I 
I 
I 
I 
1 
1 
1 
I 
1 
t 
I 
1 
I 
1 
I 
I 
I 
I 
I 
- 

Interpol1 Laboratories 
(612 ) 786- 6020 

Field Sample Chain O f  Custody Sheet 

Job A/JP / < h a m  

Date of S a m p l i n g _ t - ~ ~ - s r ,  S i t e  f.!..+ AL, T % k  
Test 3 Run 2 Team Leader--- 

Type of Sample Train: A.d,#,rd_ 

hmpl e Coll ection/Recovery 
Person performing sample recovery: 

Location a t  which {ecovery was done rl.rrn A~J,, 

si g n a t u r e J L L  T i  t l  e d , ( d  Ted &m. 

Special t ransport /s torage requirements?T&-, +-/iuA & L,,Mc _shJ, 

1 .  
2.  
3. 
4. 
5. 
6 .  
7. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

a. 

Assigned 
Log Number 

Sample Transport 
Method of t ranspor t  /- u- 
Recipient of samples upon reco/very ( i f  n o t  recovery person): 
Signa tore T i t l e  
Date of receipt  Time o f  receipt  HRS 

S-0157RR- 1 
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Sample Check-Xn a t  Interpol1 Labs It 
Laboratory person receiving samples: 
Signature O B &  Tit l e  t&? &+&,-#- 
Date o f  receipt 3-30 -4r~ Time o f  receipt U S 0 0  

Special storage conditions? 
Sample storage location a - P  d A - -  c& 1 

Anal ysi s 

Sample Date o f  Method o f  In i t ia l s  
Log No. Anal ysi  s Anal ysi  s o f  Analyst 1 1 

, 
1. 
2. 
3.  
4. 
5. 
6. 
7 .  
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 
18. 

Signature o f  each analyst: 111 
I n i t i a l s  Signature 

5-01 57RR-? 
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I n t e r p o l  1 Labora tor ies  
( 612) 786- 6020 

F i e l d  Sample Chain O f  Custody Sheet 

Job A I _ ( P / ~  
Date o f  Sampling 3 - 2 9 - 5 m  S i t e  ua.4 d! A 5&G4 

Test 3 Run p Team L e a d e r q ,  -. r/&ouu 

Sample Col lec t ion /Recovery  

Person per forming sample recovery:  

Locat ion  a t  which'recovery was done >4cea 
Special  t r a n s p o r t / s t o r a g e  r e q u i r e m e n t s ? - F L  SF- ~ , A , ~ ~  r 

s i  g n a t u r e m  A'&* T i t l e  f,,=./ d T d  &< 

d 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

No. o f  
Sample D e s c r i p t i o n  I tems 

c , / b  A n.qn T I 
R. era I 

/.&L 7 4 e  A 
Y A I I  2 &0,.e I 

Assigned 
Log Number 
q 1 Y L - 6 6  

-6 7 

-6q 

Sample Transpor t  

Method o f  t r a n s p o r t  ,5* 
Rec ip ien t  o f  samples upon recovery  ( i f  no t  recovery person): 
S ignature T i t l e  
Date o f  r e c e i p t  Time o f  r e c e i p t  HRS 

,-, # 
- 

F-7 



Sample Check-In a t  In te rpo l1  Labs 11 
Laboratory person receiv ing sampl es : 

Date o f  rece ip t  3-3J-9d  Time o f  rece ip t  Odd0 

Sample storage locat ion  accrQruB A h - -  
Special storage condit ions? 

signature I ~ L ~ ~ J - Q A  T i t l e  &* u/ 

HRS I I 

Analysis 

Sample Date o f  Method o f  I n i t i a l s  
Log No. o f  Analyst I I Ana 1 ys i s Analysis 

U 1. 
2. 
3. 
4. 
5. 
6. 
7 .  
8. 
9 .  

10. 
11. 
12. 
13. 
14. 
15. 
16. 
1 7 .  
18. 

Signature o f  each analyst:  

i l  
I I  
I I  

I n i t i a l s  Signature 

I I  
S-Ol57RR-2 
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Interpoll Laboratories 
4500 Ball Road N.E. 

55014 c irc l e  Pines. Minnesota 

COLLECTION OF SEMIVOLATILE C W N D S  

EPA NETHOD 0010 



METHOD 0010 

MODIFIED METHOD 5 SAMPLING TRAIN 

I 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl icable t o  the deteminat ion o f  Destruction and 
Removal E f f i c i ency  (DRE) o f  semivolat i le Principal Organic Hazardous Compounds 
(POHCs) from inc inera t ion  systems (PHS, 1967). This method also m y  be used 
t o  determine pa r t i cu la te  emlssion rates f r o m  stat ionary sources as per EPA 
Method 5 (see References a t  end o f  t h i s  method). 

2.0 SUMMARY OF METHOD 

2.1 Gaseous and par t i cu la te  po l lu tants  are withdrawn f r o m  an emission 
source a t  an i sok lne t i c  sampling ra te  and are col lected I n  a rnultlcomponent 
sampl i n g  t r a i n .  Pr incipal  components o f  the t r a i n  include a high-eff iciency 
glass- or quar tz - f iber  f i l t e r  and a packed bed o f  porous polymeric adsorbent 
res in .  The f i l t e r  i s  used t o  co l l ec t  organic-laden pa r t i cu la te  materials and 
the porous polymeric res in  t o  adsorb semivolat i le organtc species. 
Semivo la t i le  species are defined as compounds wi th  b o i l i n g  potnts >lOO*C. 

2.2 Comprehensive chemical analyses of  the co l lected sample are 
conducted t o  detennlne the concentration and i d e n t i t y  o f  the organic 
mater ia ls .  

3.0 INTERFERENCES 

3.1 Oxides of  ni t rogen (NOx) are posstble ln te r fe ren ts  I n  the 
determlnat lon o f  cer ta in  water-soluble compounds such as dioxane, phentl, and 
urethane: reac t i on  of these compounds w i th  NO t n  the  presence o f  mots tun  
w t l l  reduce t h e i r  concentratton. Other p o s s l ~ i l t t l e s  t h a t  could resu l t  I n  
p o s i t i v e  or negative bias are (1) s tab t l i t y , . o f  the  comounds I n  methylene 
ch lor ide,  (2) the fomat lon  o f  water-soluble organic s a l t s  on the res in  I n  the  
presence o f  motsturn, and (3) the solvent u t r r c t l o n  r f f t d e n c y  of uatcr -  
so lub le  colnpounds fmm aqueous r d l a .  Use of t w o  or .ore lons per  coqound 
for q u a l i t a t i v e  and quant l ta t l ve  maTysls can overcome interference a t  one 
mass. These concerns should be rddrtssed on a cotwound-by-coapotmd bas is  
before us lng  t h i s  method. 

4.0 APPARATUS AND MATERIALS 

4.1 Sampling t ra in :  

4.1.1 A schematic of the sampling t r a i n  used i n  t h i s  method i s  
shown I n  Figure 1. This sampling t r a i n  conf igurat ion 1s adapted f r o m  EPA 
Method 5 procedures, and, as such, the major i ty o f  the required equipment 
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I s  Ident ica l  t o  t h a t  used i n  €PA Method 5 determinations. The new 
components required are a condenser co i l  and a sorbent module, which are  
used t o  c o l l e c t  semivolatile organic materials that  pass through the 
glass-  o r  quartz-fiber f i l t e r  i n  the gas phase. 

Construction de ta i l s  f o r  the basic t ra in  components are given 
I n  APTD-0581 (see Martin, 1971, In Section 13.0, References); comnercial 
models of t h i s  equipment are a l so  available. Specifications for the 
sorbent module are provided in the following subsections. Additionally, 
the following subsections l i s t  changes t o  APTO-0581 and identify 
a1 lowabl e t r a i n  configuration modi f ications.  

4.1.3 Basic operating and maintenance procedures f o r  the sampling 
t r a i n  a r e  described in  APTD-0576 (see RON, 1972, i n  Section 13.0, 
References). As correct usage i s  important i n  obtaining val id  results,  
a l l  users  should re fer  t o  APTD-0576 and adopt the operating and 
malntenance procedures outlined therein unless otherwise specified. The 
sampling t r a i n  consists o f  the components detailed below. 

4.1.3.1 Probe nozzle: Stainless  steel  (316) o r  glass wtth 
sharp,  tapered (30' angle] leading edge. The taper shal l  be on the 
ou t s lde  t o  preserve a constant I.D. The nozzle shall be buttonhook 
or elbow design and constructed from seamless tubing ( i f  made of 
s t a i n l e s s  s t ee l ) .  Other construction materials may be considered 
f o r  par t icu lar  applications. A range of nozzle s izes  suftable f o r  
l sok ine t i c  sampling should be available i n  Increments of 0.16 cm 
(1/16 in.), e.g., 0.32-1.27 cm (1/8-1/2 in.), or larger If higher 
volume sampling t r a ins  are  used. Each nozzle shall be calibrated 
according t o  the protedures outlined In Paragraph 9.1. 

4.1.3.2 Probe l iner :  Borosilicate or quartz-glass tubing w l t h  
6 heating system capable of maintaining a gas temperature of 120 2 
14.C (248 + 25'F) a t  the exi t  end during sampling. (The tes te r  may 
o p t  t o  operate the equipment a t  a temperature lower than tha t  
specif ied.)  Because the actual temperature a t  the outlet of the 
probe i s  n o t  usually monitored during sampling, probes constructed 
according t o  APTD-0581 and u t l l l r l n g  the callbratlon curves of APTD- 
0576 (or cal ibrated accordtng t o  the  procedure outlined i n  APTD- 
0576) a r e  considered acceptable. Etther borosll lcate or quartz- 
g l a s s  probe liners may be used for  stack temperatures up t o  about 
480'C (900'F). Quartz l l ne r s  sha l l  be used for  temperatures between 
480 and 9 O O Y  (900 and 1650'F). (The softening temperature f o r  
b o r o s l l l c a t e  l s  82O'C (1508.F). and f o r  quartz 15OO'C (2732'F).) 
Water-cooling of the stainless s t e e l  sheath will be necessary a t  
temperatures approaching and exceedi ng 5OO'C. 

4.1.3.3 P i to t  tube: Type S, as  described In Section 2.1 of 
EPA Method 2, or other appropriate devices (Vollaro, 1976). The 
p i t o t -  tube shal l  be attached t o  the probe t o  allow constant 
monitoring of the stack-gas velocity.  The impact (high-prcssure) 
opening plane of the p i to t  tube s h a l l  be even with o r  above the 
nozzle entry plane (see €PA Method 2, Figure 2-6b) dur ing  sampling. 
The Type S p i t o t  tube assembly shal l  have a known coefficient, 
determined as  outlined i n  Section 4 of EPA Method 2. 

4.1.2 
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4.1.3.4 D i f fe ren t ia l  pressure gauqe: Incl ined manometer or 
eauivalent device as described I n  Sect ion  2.2 o f  €PA Method 2.. One 
manometer sha l l  be used f o r  velocity-head (AP) readings and the 
other f o r  o r i f i c e  d i f f e r e n t i a l  pressure (AH) readings. 

4.1.3.5 F i l t e r  holder: Borosi l icate glass, wi th  a glass frit 
f i l t e r  support and a seal ing gasket. The sealing gasket should be 
made o f  mater ia ls tha t  w i l l  not introduce organic material i n t o  the 
gas stream a t  the temperature a t  which the f i l t e r  holder w i l l  be 
maintained. The gasket sha l l  be constructed o f  Teflon or mater ia ls 
of equal or be t te r  character ist ics.  The holder design sha l l  provide 
a pos i t i ve  seal agalnst leakage a t  any point  along the f i l t e r  
circumference. The holder shal l  be attached imed ia te l y  t o  the 
o u t l e t  o f  the cyclone or cyclone bypass. 

4.1.3.6 F i l t e r  heatinq system: Any heating system capable o f  
m i n t a i n i n a  a temerature o f  120 14'C (248 * 25'F) around the - .~ 
f i l t e r  hoider during sampllng. Other temperatures may be 
appropriate f o r  p a r t i c u l a r  applicatlons. Al ternat ively,  the tes te r  
may opt  t o  operate the equipment a t  temperatures other than tha t  
specif ied. A temperature gauge capable o f  measuring temperature t o  
w i t h i n  3.C (5.4.F) sha l l  be l ns ta l l ed  so tha t  the temperature around 
the f i l t e r  holder can be regulated and monitored during sampling. 
Heating systems other than the one shown i n  APTD-0581 may be used. 

4.1.3.7 Organic sampling module: This u n i t  conslsts o f  three 
sections. includina a pas-conditionina section, a sorbent t rap.  and r condeniate knockout h a p .  The gas-conditioning system shal l  be 
capable o f  condi t ioning the  gas leaving the back h a l f  o f  the f i l t e r  
holder t o  a temperature no t  exceeding 20'C (68'F). The sorbent t rap  
shall be sized t o  contain approximately 20 g o f  porous polymeric 
r e s i n  (Rohm and Haas XAD-2 or equtvalent) and sha l l  be jacketed t o  
maintain the In ternal  gas temperature a t  17 3.C (62.5 + 5.4.F). 
The most comnonly used coolant i s  i c e  water f r o m  the ialpiiiger ice-  
water bath, constantly c i rcu la ted  through the outer jacket, uslng 
rubber or p l a s t i c  tubing and a p e r i s t a l t i c  pump. The sorbent t rap  
should be o u t f i t t e d  w i th  a glass w e l l  or depresslon, appropriately 
t l z e d  t o  accormodate a small themcoup le  I n  the t rap  f o r  m n i t o r l n g  
the gas c n t v  tccnperatun. The condensate knockout trap sha l l  be of  
s u f f i c i e n t  slze t o  c o l l e c t  the condensate fo l lowing gas 
condit ioning. The organic module components shal l  be oriented t o  
d l n c t  the  f low of  condensate f o m d  v e r t i c a l l y  downward f r o m  the 
condi t ion ing section, through the adsorbent media, and I n t o  the 
condensate knockout trap. The knockout t rap  i s  usually s im i la r  i n  
appearance t o  an empty Implnger d i r e c t l y  underneath the sorbent 
mdule; i t  may be oversized but  should have a shortened center stem 
(at a minimum, one-half the  length o f  the normal lmpinger stems) t o  
c o l l e c t  a large volume of  condensate without bubbling and 
overf lowing i n t o  the impinger t ra ln .  A l l  surfaces o f  the organic 
module wetted by the gas sample shal l  be fabricated o f  boros l l l ca te  
glass, Teflon, or other i n e r t  materials. Comnercial versions o f  the 
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complete organic module are no t  current ly available, but may be 
assembled from comnercially avai lab le laboratory glassware and a 
custom-fabricated sorbent t rap.  D e t a i l s  o f  two acceptable designs 
are shown i n  Figures 2 and 3 (the thermocouple w e l l  i s  shorn i n  
Figure 2). 

4.1.3.8 Impinger t ra in :  To determine the stack-gas moisture 
content, four 500-mL impingers, connected i n  s e r i e s  wi th  leak-free 
ground-glass jo in ts ,  fo l low the knockout trap. The f i r s t ,  t h i rd ,  
and fou r th  implngers sha l l  be o f  the Greenburg-Smlth design, 
modi f ied by replacing the t l p  w i th  a 1.3-cm (l/Z-in.) I.D. glass 
tube extending about 1.3 cm (1/2 from the bottom o f  the outer  
cy l inder .  The second Impinger sha l l  be o f  the Greenburp-Smith 
design w i th  the standard t i p .  The f i r s t  and second implngers s h a l l  
con ta in  known quant i t ies o f  w a t e r  or appropriate trapping solution. 
The t h i r d  sha l l  be empty or charged wi th  a caustic solution, should 
the  stack gas contain hydrochloric acid (HCl). The fourth sha l l  
conta in  a known weight o f  s i l i c a  gel  or  equivalent desiccant. 

4.1.3.9 Metering system: The necessary components are a 
vacuum gauge, leak-free pump, thennometers capable o f  measuring 
temperature t o  w i th in  3'C (5.4'F), dry-gas meter  capable o f  
measuring volume t o  wi th in  l X ,  and related equlpment, as shown i n  
FIgure 1. A t  a minimum, the  pump should be capable o f  4 cfm f r e e  
f low,  and the dry-gas m e t e r  should have a recording capacity o f  
0-999.9 cu ft wi th  a resolut ion o f  0.005 cu ft. Other metering 
systems capable o f  maintaining sampling rates w i th in  1 O I  of 
i s o k i n e t i c i t y  and o f  determining sample volumes t o  w i th in  211 MY be 
used. The metering system must be used I n  conjunction wi th  a p i t o t  
tube t o  enable checks o f  i s o k i n e t i c  sampling rates. Sampling t r a i n s  
us ing  metering systems designed f o r  f low rates higher than those 
descr iL>d I n  APTD-0581 and APTD-0576 may be used, provided that  the 
spec i f i ca t ions  o f  t h i s  method are met. 

4.1.3.10 Barometer: Mercury, aneroid, or other barometer 
capable of measuring atmospheric pressure t o  wi th in  2.5 m Hg (0.1 
In. Hg). I n  mny  cases the  barometric 'reading m y  be obtained f r o m  
a nearby Natlonal Weather Scrvlce s tat lon,  I n  which case the r t a t l o n  
va lue (which I s  the absolute barometric pressure) i s  requested and 
an adjustment f o r  e levat ion d i f ferences between the weather s ta t i on  
and sampling point  1s applied a t  a r a t e  of minus 2.5 m Hg (0.1 In. 
Hg) per  30-m (100 ft) increase (vice versa f o r  elevat ion 
decrease). 

in.) 

c levat lon 

4.1.3.11 Gas density detennlnatlon equipment: Temperature 
sensor and pressure gauge (as described in Sections 2.3 and 2.4 of 
EPA Method 2). and gas analyzer. I f  necessary (as described I n  EPA 
Method 3). -The t&peratu& sensor i d e a l l y  should be pemanently 
at tached t o  the p i t o t  tube or sampling probe I n  a f i xed  
conf igura t ion  such that  the t i p  o f  the sensor extends beyond the  
lead ing  edge o f  the probe sheath and does not touch any metal. 
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I Alternatively, the sensor may be attached just  pr ior  t o  use i n  the 
f ie ld .  Note, however, t h a t  i f  the temperature sensor i s  attached i n  
the f i e ld ,  the sensor must be placed i n  an interference-free 
arrangement w i t h  respect t o  the Type S pi to t  tube openings (see EPA 
Method 2 ,  Figure 2-7). As a second al ternat ive,  I f  a difference of 
no more than 1% i n  t he  average velocity measurement i s  t o  be 
introduced, the temperature gauge need not be attached to  the probe 
or Ditot tube. 

!I 

4.1.3.12 Cal ibration/field-preparation record: A permanently 
baund lahoratorv notebook. i n  which duDlicate coDies of data mav be - - - - . __. - 
made as they a& being recorded, I s  .required f o r  documentiniand 
recording cal ibrat ions and preparation procedures (i .e., f i l t e r  and 
s i l i c a  gel ta re  weights, clean XAD-2, qual i ty  assurancelquality 
control check results, dry-gas meter, and thennocouple calibrations,  
etc.) .  The duplicate copies should be detachable and should be 
stored separately i n  t he  t e s t  program archives. 

4.2 Sample Recovery: 

4.2.1 Probe l lner :  Probe nozzle and organic module conditioning 
sect ion brushes; nylon b r i s t l e  brushes w i t h  s ta in less  s teel  wire handles 
a r e  required. shall  have extensions of s ta inless  s t ee l ,  
Teflon, or i ne r t  material a t  l ea s t  as  long as the probe. The brushes 
sha l l  be properly sized and shaped t o  brush out the probe l iner ,  the 
probe nozzle, and the organic module conditioning section. 

4.2.2 Wash bottles:  Three. Teflon or glass  wash bottles are 
recomnended: polyethylene wash bot t les  should not be used because organic 
contaminants may be extracted by exposure t o  organic solvents used f o r  
sample recovery. 

4.2.3 6lass sample storage containers: Chemically res i s tan t ,  
bo ros i l i ca t e  amber and c l e a r  g lass  bottles,  500-mL or 1,000-nL. Bottles 
should be t in ted  t o  prevent action of l i g h t  on sample. Screw-cap l l ne r s  
s h a l l  be e i t h e r  Teflon or constructed s.0 as t o  be leak-free and resis tant  
t o  chemical attack by organic recovery solvents. Narrow-wuth g lass  
bottles have been found to  exhlbl t  less tendency toward leakage. 

4.2.4 Petr l  dlshes: 6lass, sealed around the clrcumfennce w i t h  
wide (1-in.) Teflon tape, fo r  storage and transport of f i l ter  sanples. 

4.2.5 6raduated cy l lnder  and/or balances: To measure condensed 
water t o  the  nearest 1 mL or 1 g. Graduated cylinders shall have 
subdivisions not >2 mL. Laboratory triple-beam balances capable o f  
weighing to  - 40.5 g or b e t t e r  are required. 

4.2.6 Plastlc s torage  containers: Screw-cap polypropylene or 
polyethylene contalners t o  store s i l i c a  gel. 

4.2.7 Funnel and rubber policeran: To aid i n  t ransfer  of s i l l c a  
gel  t o  container (not necessary If s l l i c a  gel i s  weighed i n  f ie ld) .  

The probe brush 
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4.2.8 Funnels: Glass, t o  a ld  I n  sample recovery. 

4.3 F f l t e rs :  Glass- or quar tz- f iber  f i l t e r s ,  without organic binder, 
exhlbltlng-st 99.951 e f f l c iency  (<0.051 penetration) on 0.3-urn d ioc ty l  
phthalate smoke par t i c les .  The f t l t e r  ef f ic iency t e s t  sha l l  be conducted I n  
accordance w i th  ASTM standard method D2986-71. Test data f r o m  the suppller’s 
q u a l i t y  cont ro l  program are s u f f i c i e n t  f o r  t h i s  purpose. I n  sources 
conta ln lng SO2 or  503, the f i l t e r  material must be o f  a type that Is 
unreact ive t o  SO or SO3. Reeve Angel 934 AH or Schlelcher and Schwell 13 
f l l t e r s  work we1 ! under these condltions. 

4 . 4  Crushed ice:  Quant i t ies ranging f r o m  10-50 l b  may be necessary 
dur ing a sampllng run, depending on amblent a l r  temperature. 

4 .5  Stopcock qrease: Solvent-insoluble, heat-stable s l l l cone grease. 
Use o f  s i l l c o n e  grease upstream o f  the module i s  not pennltted, and amounts 
used on components located downstream o f  the organic module shal l  be 
minimfzed. S i l i cone grease usage i s  not  nectssary I f  screw-on connectors and 
Tef lon sleeves or ground-glass j o i n t s  are used. 

4.6 Glass wool: Used t o  p lug the un f r l t t ed  end o f  the sorbent mdule. 
The glass-wool f l b e r  should be solvent-extracted w i th  methylene chloride l n  a 
f o x h l e t  ex t rac to r  f o r  12 h r  and a l r -d r i ed  p r i o r  t o  use. 

5.0 REAGENTS 

5.1 Adsorbent resln: Porous polymerlc res in  (XAD-2 or equivalent) 1s 
recommended. These resins shal l  be cleaned p r l o r  t o  t h e i r  use f o r  sample 
co l l ec t l on .  Appendlx A o f  t h l s  method should be consulted t o  detemlne 
appropr la te prccleanlng procedure. For best results, res ln  used should not  
e x h l b l t  a blank o f  hlgher than 4 ag/kg o f  t o t a l  chromatographable orgenlcs 
(TCO) (see Appendix B) pr ior t o  use. Once cleaned, res in  should be s t o n i  I n  
an a l r t l g h t ,  wlde-wuth amber glass container w i th  a Teflon-lined cap or 
placed i n  one o f  the glass sorbent modules t i g h t l y  sealed w i th  Teflon f i l m  and 
e l a s t i c  bands. The res in  should be used w i t h k  4 wk o f  the  preparation. 

5.2 S i l i c a  el:  Ind lcat lng type, 6-16 mesh. If previously used, dry a t  
175’C ( 3 5 0 ’ d h r  before using. New s l l l ca  gel  my be used as received. 
A l te rna t l ve l y ,  o ther  types of  desiccants (qu l va len t  or better)  ray be used, 
subject  t o  the  approval o f  t h t  Admlnlstrator. 

5.3 Xmpinger solut lons: D i s t i l l e d  organic-free water (Type 11) shall  be 
used, unless sampllng i s  Intended t o  quant l fy a pa r t i cu la r  Inorganic gaseous 
species. I f  sampling i s  intended t o  quant i fy the concentration o f  rdd i t lona l  
species, t he  lmplnger so lu t ion  o f  choice shal l  be subject t o  Administrator 
approval. This water should be prescreened f o r  any compounds o f  Interest. 
One hundred mL w i l l  be added t o  the speci f ied inpinper: the t h i r d  irginger i n  
the  t r a i n  may be charged w i th  a basic so lut ion (1 N sodium hydroxide or sodium 
acetate) t o  p ro tec t  the sampling pump f r o m  acldlc gases. fodlum acetate 
should be used when large sample volumes are ant ic ipated because sodium 
hydroxlde w i l l  react  w i t h  carbon dioxide I n  aqueous medla t o  f o m  sodium 
carbonate, whlch may posslbly plug the lmplnger. 
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5.4 Sample recovery reagents: 

sample recovery and cleanup (see Note t o  5.4.2 below!. 
5.4.1 Methylene chloride: Olst l l led- in-glass rade i s  required f o r  

5.4.3 Water: Water (Type 11) sha l l  be used f o r  r i ns ing  the organic 
nodule and condenser component. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING I I '  
6.1 Because o f  complexity of t h i s  method, f i e l d  personnel .should be 

t r a i n e d  i n  and experienced wi th  the t e s t  procedures i n  order t o  obta in  
r e l i a b l e  resul ts .  

I I  6.2 Laboratory preparation: . 
6.2.1 A l l  the components shall be maintained and ca l ibrated 

according t o  the procedure descrlbed I n  APTD-0576, unless o t h e n i s e  
speci f led .  

6.2.2 Weigh several 200- t o  300-g por t ions o f  s i l i c a  ge l  i n  
a f r t i g h t  contafners t o  the nearest '0.5 g. Record on each container the 
t o t a l  weight o f  the  s i l i c a  ge l  p lus containers. As an a l te rna t ive  t o  
preweighing the s i l i c a  gel, i t  ray lnstead be weighed directly i n  the 
lmpinger o r  sampling holder j u s t  prior t o  t r a i n  assembly. 

6.2.3 Check f l l t e r s  v i sua l l y  agafnst l i g h t  for  l r r e g u l a r i t i e s  and 
f laws or pinhole leaks. Label the shipping containers (glass Pe t r i  
dishes) and keep the  f i l t e r s  I n  these containers a t  a l l  times except 
d u r l n g  sampling and ueighing. 

6.2.4 Desiccate the f l l t e r s  a t  20 + 5.6.C (68 2 10'F) and a d i e n t  
pressure f o r  a t  l eas t  24 hr, and weigh a t  Tntervals of  a t  leas t  6 hr t o  a 
constant weight (1 .e., <0.5ag change from previous weighing), recording 
r e s u l t s  t o  the nearest 0.1 mg. During each weighlng the  f l l t e r  must no t  
be exposed f o r  more than a 2 4 n  period t o  the laboratory atmosphere and I I 
r e l a t i v e  humldlty above 50I. Alternatively (unless otherwise speci f ied 
by the  Admlnistrator), the f i l t e r s  ray  be oven-dried a t  105'C (22O'F) f o r  
2-3 hr, deslccated f o r  2 hr, and weighed. 
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6.3 Preliminary field determinations: 

6.3.1 Select the sampling s i t e  and t h e  minimum number of sampling 
points according to EPA Method 1 or as specified by the Administrator. 
Detennine the stack pressure, temperature, and range of velocity heads 
us ing  EPA Method 2. I t  i s  recomended t h a t  a leak-check o f  the p i t o t  
l ines (see EPA Method 2,  Section 3.1) be performed. Determlne the stack- 
gas moisture content using EPA Approximation Method 4 o r  I t s  alternatives 
to  establfsh estimates of isokinetic sampling-rate settings. Detennine 
the stack-gas dry mlecular weight, as described i n  EPA Method 2, Section 
3.6. If Integrated EPA Method 3 sampling I s  used for molecular weight 
determination. the Integrated bag sample shall be taken simultaneously 

I 
'' I 

w i t h ,  and for-the same total  length of time as, t h e  sample run. 

6.3.2 Select a nozzle s i z e  based on the range of velocity heads SO 
that  i t  i s  not necessary to  change the nozzle size i n  order t o  maintain 
Isokinetic sampling rates. During the run ,  do not change the nozzle. 
Ensure t h a t  the proper differential pressure gauge i s  chosen for the 
range of velocity heads encountered (see Section 2.2 of EPA Method 2) .  

6.3.3 Select a suitable probe l iner  and probe length so t h a t  a l l  
traverse points can be sampled. For large stacks, t o  reduce the length 
of the probe, consider sampling from opposite sldes of the stack. 

6.3.4 A minimum of 3 dscm (105.9 dscf) of sample volume i s  required 
for  t h e  determination of the Destruction and Remval Efficiency (DRE) of 
POHCs from inclneration systems. Additional sample volume shall be 
collected as necessitated by analytical detection limit constraints. To 
detennine the minimum sample volume requi red ,  refer to sample 
calculations i n  Section 10.0. 

6.3.5 Determine the total  length  of sampllng the needed to  obtaln 
the identlfied minimum volume by comparing the anticlpated average 
sampling rate  w l t h  the volume requirement. Allocate the same time to a l l  
traverse points defined by EPA Method 1. To avold thekeeping errors, 
the length of tlme sampled a t  each traverse p i n t  should be an integer or 
an integer plus one-half Bin. 

6.3.6 In  sOme circumstances (e.g., batch cycles) I t  my be 
necessary t o  sample for  shorter times a t  t h e  traverse points and t o  
obtaln smaller gas-sample volumes. In these cases, the Adminlstrator's 
approval must first be obtalned. 

6.4 Preparation of collection traln: 

6.4.1 During preparation and assembly of the sampling train, keep 
a l l  openings where contamination can occur covered with Teflon film or 
aluminum foi l  u n t i l  jus t  prior t o  assembly or u n t i l  sampling i s  about t o  
begin. 
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6.4.2 Fil l  t h e  sorbent trap section of the organic module with 
approximately 20 g of clean adsorbent resin. While f i l l ing ,  ensure t h a t  
the trap packs uniformly, t o  eliminate the possibility of channeling. 
When freshly cleaned, many adsorbent resins carry a s ta t ic  charge, which 
will cause c l ing ing  to trap walls. This may be minimized by filling the 
t rap I n  the presence of an ant is ta t ic  device. Comercial antistatic 
devices include Model-204 and Model-210 manufactured by the 3H Company, 
S t .  Paul, Minnesota. 

6.4.3 If an impinger t r a i n  Is used t o  collect moisture, place 100 
nL of r a t e r  i n  each of the f i r s t  two impingers, leave the third iupinger 
empty (or charge with caustic solution, as necessary), and transfer 
approximately 200-300 g of preweighed s i l ica  gel from i t s  container to  
the fourth impinger. More s i l i ca  gel may be used, b u t  care should be 
taken to  ensure t h a t  it I s  not entrained and carried out from the 
1mpinger dur ing  sampling. Place the container In a clean place for la te r  
use i n  the sample recovery. Alternatively, the weight of the silica gel 
plus lmpinger may be determined t o  the nearest 0.5 g and recorded. 

6.4.4 Using a tweezer or  clean disposable surgical gloves, place a 
labeled (identified) and weighed f f l t e r  i n  the f i l t e r  holder. Be sure 
t h a t  the f i l t e r  is properly centered and the gasket properly placed t o  
prevent the sample gas stream f r o m  circumventing the  f i l t e r .  Check the 
f i l t e r  for tears after assembly I s  completed. 

6.4.5 When glass liners are  used, lnstal l  the selected nozzle using 
a Viton-A O-ring when stack temperatures are (260.C (500'F) and a woven 
glass-fiber gasket when temperatures are higher. See APTD-0576 (Rom, 
1972) fo r  details. Other connectlng systems utiltzing either 316 
s ta inless  steel or Teflon ferrules may be used. When metal llners are 
used, lnstal l  the nozzle as  above, or by a leak-free direct mechanical 
connection. Hark the probe w i t h  heat-resistant tape or by soate other 
method t o  denote t h e  proper distance lnto the stack or duct for each 
sampling point. 

6.4.6 Set up the train as i n  Figure 1. During assembly, do not use 
any silicone grease on ground-glass joints t h a t  are located upstream of 
the organlc module. A very l lght  coatlng of slllcone grease may be used 
on a l l  ground-glass joints that are located downstream o f  the organlc 
module, but l t  should be limited t o  the outer portlon (see APTD-0576) of 
the ground-glass joints t o  minlaize silicone-grease contamination. 
Subject t o  the approval of the Administrator, a glass cyclone may be used 
between t h e  probe and the filter holder when the total partlculate catch 
1s expected t o  exceed I00 or when water droplets are present i n  the 
stack. The organic module condenser must  be maintained a t  a temperature 
of 17 + 3'C. Connect a11 temperature sensors to  an appropriate 
potentio~eter/display un i t .  Check a11 temperature sensors a t  ambient 
temperature. 

6.4.7 Place crushed Ice around t h e  lmpingers and the organic module 
condensate knockout. 
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6.4.8 Turn  on the sorbent mdule and condenser Coil coolant 
reclrculating pump and begin oonitoring the sorbent module gas entry 
temperature. Ensure proper sorbent module gas entry temperature before 
proceeding and again before any sampling I s  initiated. I t  I s  extremely 
Important that  the XAD-2 resin temperature never exceed 50'C (122'F), 
because thennal decomposition will occur. During testing, the XAD-2 
temperature must not  exceed 2O'C (68'F) for efficient capture of t h e  
semivolatile species of interest. 

6.4.9 Turn on and set  the f i l t e r  and probe heating systems a t  the 
deslred operating temperatures. Allow time for the temperatures to 
stabil ize.  

6.5 Leak-check procedures 

6.5.1 Pre-test leak-check: 

6.5.1.1 Because the number of additional intercomponent 
connections i n  the Semi-VOST train (over the H5 Train) lncreates the 
posslbil i ty of leakage, a p r e t e s t  leak-check i s  required. 

6.5.1.2 After the sampling t ra in  has been assembled, t u r n  on 
and set  the f i l t e r  and probe heating systems a t  the desired 
operating temperatures. Allow time for t h e  temperatures t o  
s tabi l ize .  If a Viton A O-ring or other leak-free connection i s  
used i n  assembling the probe nozzle to  the probe liner, leak-check 
the t r a i n  a t  the Sam ling s i t e  by plugging the nozzle and pul l ing  a 
381-mn Hg (15-411. Hg ! vacuum. 
(NOTE: A lower vacuum MY be used, provided that I t  1s not  exceeded 

during the test.) 

6.5.1.3 I f  an asbestos string 1s used, do not connect the 
p -obe t o  the t ra in  during the leak-check. Instead, leak-check the 
t r a l n  by f i r s t  attaching a carbon-filled leak-check iqpinger (shown 
i n  Figure 4) t o  the i n l e t  of the f l l t e r  holder (cyclone, If rpplic- 
able) and t h e n  plugging the Inlet and pu l l ing  a 381-m Hg (15-ln. 
Hg) vacuum. (Again, a lower vacuum may be used, provided t h a t  it 1s 
not exceeded durlng the test.) Then, connect the probe to the trrln 
and leak-check a t  about 25-m Hg (1-ln. Hg) vacuum; rltematlvely, 
leak-check the probe w l t h  the rest of the sanpllng train In one step 
at  381-nn Hg (15-In. hg) vacuum. Leaka e rates In excess of 4X of 

I t  less, are unacceptable. 

6.5.1.4 The following leak-check Instructions for the sampling 
t r a in  described i n  APTD-0576 and APTD-0581 my be helpful. Start 
the pump w i t h  fine-adjust valve ful ly  open and coarse-adjust valve 
completely closed. Partially open the coarse-adjust valve and 
slowly close the fine-adjust valve until the desired vacuum Is  
reached. Do - n o t  reverse direction of the fine-adjust valve; this 
will cause water t o  back up in to  the organic module. If the desired 
vacuum i s  exceeded, either leak-check a t  this  higher vacuum or end 
the leak-check, as shown below, and s t a r t  over. 

the average sampling rate or >0.00057 o 9 /Bin (0.02 cfo), whichever 
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6.5.1.5 When the leak-check I s  completed, f i r s t  slowly remove 
the plug from the i n l e t  t o  the probe, f i l t e r  holder, o r  cyclone (If  
applicable).  When the vacuum drups t o  127 m (5 in.) Hg or less ,  
imnediately close the coarse-adjust valve. Switch off the pumping 
system and reopen the fine-adjust valve. Do not reopen the fine- 
adjust  valve unt i l  the coarse-adjust valve has been closed. T h i s  
prevents the water in  the impfngers from being forced backward in to  
the organic module and s i l i c a  gel from being entrained backward i n t o  
t he  t h l r d  implnger. 

6.5.2 Leak-checks during tanpling run: 

I f ,  during the sampling run ,  a component (e.g., f i l t e r  
assembly, impinger, o r  sorbent t rap)  change becomes necessary, a 
leak-check shal l  be conducted Imnediately a f t e r  the Interruption of 
sampling and before the change Is made. The leak-check shall be 
done accordtng t o  the procedure outllned i n  Paragraph 6.5.1, except 
t h a t  I t  shal l  be done a t  a vacuum greater than or equal t o  the 
maximum value recorded up t o  tha t  point i n  the t e s t .  I f  the leakage 
r a t e  i s  found t o  be no greater than  0.00057 m3/min (0.02 cfm) or 4% 
of the average sampling ra te  (whichever I s  less ) ,  the  results are  
acceptable, and no correction will need t o  be applied t o  the to ta l  
volume of dry gas metered. If a higher leakage r a t e  I s  obtained, 
t h e  t e s t e r  shal l  void the sampling run. ( I t  should be noted tha t  
any 'correction' of the sample volume by calculation by calculation 
reduces the i n t e g r i t  of the pollutant concentratlons data generated 

6.5.2.2 Imnediately a f t e r  a component change, and before 
sampling is r e in l t i a t ed ,  a leak-check similar t o  a pre-test leak- 
check mus t  a l s o  be conducted. 

6.5.3 Post-test  leak-check: 

6.5.3.1 A leak-check I s  mandatory Jt  the concluslon of each 
sampllng r u n .  The leak-check shall  be done with the same procedures 
as those with the  pre- tes t  leak-check, txcept t h a t  it shall be 
conducted a t  a vacuum grea te r  than or q u a l  t o  the  maxima value 
reached durlng the  sampling run. If  the  leakage r a t e  1s found t o  be 
no g r e a t e r  than 0.00057 m3/min (0.02 cfm) or 4X of the  average 
sampling r a t e  (whichever I s  l e s s ) ,  t he  results are acceptable, Jnd 
no correct ion need be applied t o  the to t a l  volume of dry gas 
metered. I f ,  however, a higher leakage rate 1s obtained, the tester 
s h a l l  e i t h e r  record the leakage r a t e ,  correct the sarnple volume (as 
shown In t h e  calculat ion section o f  this method), and consider the 
da t a  obtained of questionable r e l i a b i l i t y ,  or void the sawling run.  

6.5.2.1 

and must be avoided. J 

6.6 Sampling-train operation: 

During the  sampling run ,  maintaln an isokinetic sampling rate 
t o  within 102 of t rue  isoklnetic,  unless o t h e n l s e  specified by the 
Administrator. Maintain a temperature around the f l l t e r  of 120 + 14.C 
(248 + 25'F) and a gas temperature entering the sorbent t rap  a t  a 6 x i m u m  
of 20'C (68.F). 

6.6.1 
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6.6.2 For each r u n ,  record the data required on a data sheet such 

as the  one shown i n  Figure 5. Be sure t o  record the i n i t i a l  dry-gas 
meter reading. Record the dry-gas meter readings a t  the beglnning and 
end of each sampling tlme Increment, when changes i n  flow rates  are  made 
before and a f t e r  each leak-check, and when sampling i s  halted. lake 
o the r  readings required by Figure 5 a t  leas t  once a t  each sample point 

changes (2OX variation i n  velocity-head readings) necessitate additional ! I durlng each tlme increment and additional readings when significant 

adjustments i n  flow rate .  Level and zero the manometer. Because the 
manometer level and zero may d r l f t  due t o  vlbratlons and temperature 

I 
I 

i 

6.6.3 Clean the stack access ports pr ior  t o  the t e s t  run  t o  
climlnate the chance of sampling deposited material. To begin sampling, 
remove the nozzle cap, verify tha t  the f i l t e r  and probe heatlng systems 
a r e  a t  the specified temperature, and verlfy tha t  the p i to t  tube and 
probe are properly positioned. Position the nozzle a t  t h e  f irst  traverse 
point,  with the t i p  polnting d i rec t ly  lnto the gas stream. Iamediately 
s t a r t  the pump and adjust  the flow t o  isoklnetic conditions. Nowgraphs, 
which aid i n  the rapid adjustment of the isokinetic sampllng rate without 
excessive computations, a r e  available.  These nornographs are designed for  
use when the Type S pitot-tube coefficlent i s  0.84 0.02 and the stack- 
gas equivalent denslty (dry m l e c u l a r  weight) is equal to 29 + 4. APTD- 
0576 de ta i l s  the procedure f o r  u s i n g  the nowgraphr. I f  thg stack-gas 
molecular weight and the  pitot-tube coefficient a r e  outside the above 
ranges, do not use the nornographs unless approprlate steps (Shipehara, 
1974) a re  taken t o  compensate f o r  the deviations. 

6.6.4 Uhen t h e  s tack t s  under s lgntf lcant  negative pressure 
(equivalent t o  the' helght of t h e  lmpinger stem), take care t o  close the 
coarse-adjust valve before lnser t lnp  the probe lnto the stack, t o  prevent 
water from backing in to  the  organic nodule. If necessary, the pump may 
be turned on with the coarse-adjust valve closed. 

6.6.5 Uhen the probe 1s In position, block of f  the openings around 1, 
t he  probe and stack access port t o  p.rcvent unrepresentative dilution of 
t h e  gas stream. 

6.6.6 Traverse the  s tack  cmss scctlon, as required by EPA Method 1 
or a s  spec l f i td  by the Admlnlstrator. belng canfuT no t  t o  b w  the  probe 
nozzle l n t o  the stack walls *hen sampling near the walls or when nmovlng 
or lnser t lng the probe through the access port, I n  order  t o  mlnlmize t h e  I I 
chance of cxtract lng deposltcd aatcrlal. 

6.6.7 During the tes t  run .  make periodic adjustments t o  keep the 
temperature around the f l l t e r  holder and the organic nodule a t  the proper 
levels :  add more ice  and, i f  necessary, s a l t  t o  maintain a temperature of 
<2O'C (68'F) a t  the condenser/sllica gel outlet. Also, perlodically 
check the level and zero of t h e  manometer. 

- I 

0010 - 16 

G- 18 

II 
Rev 4 s i  on O 11 

l i  
It 

Date September 1986 



L 
1 
L . 

r 
1 

0010 - 17 
Revision 0 
Date September 1986 

G- 19 

m 
Y 
m v 
v 
Y 
e 

c 

c 

u 
Y 

3 
U 
Y c 

a 
c 

c 

0" 
n 

t 
b 
c 
LL 



7.0 

6.6.8 I f  the pressure drop across the f i l t e r  or  sorbent t rap  
becomes too high, making tsok lnet tc  sampltng d i f f i c u l t  t o  maintain, the 
f i l t e r l s o r b e n t  t rap  may be replaced I n  the mids t  o f  a sample run. Uslng 
another complete f i l t e r  holder/sorbent t rap assembly t s  reconunended, 
r a t h e r  than attemptlng t o  change the f t l t e r  and res in  themselves. After 
a new f i l t e r i s o r b e n t  t rap assembly i s  Instal led,  conduct a leak-check. 
The t o t a l  pa r t l cu la te  weight sha l l  tnclude the sumatton o f  a l l  f i l t e r  
assembly catches. 

6.6.9 A stngle t r a i n  sha l l  be used fo r  the en t t re  sample run, 
except I n  cases where stmultaneous sampltng Is n q u t r e d  tn two or more 
separate ducts or a t  two or more d t f fe ren t  locattons wtthtn the same 

JI 
duct,  or I n  cases where equipment f a i l u r e  necessitates a change o f  
t r a i n s .  I n  a l l  other sttuatlons, the use o f  two or more t r a i n s  w i l l  be 
subject  t o  the  approval o f  the Administrator. 

6.6.10 Note tha t  when two or more t r a i n s  are used, separate 
ana lys is  o f  the f ron t -ha l f  ( t f  appltcable) organic-module and tmptnger 11 
(if appl icable) catches f r o m  each t r a l n  sha l l  be performed, unless 
l d e n t i c a l  nozzle stzes were used on a l l  t ra ins.  I n  t h a t  case, the f ron t -  
h a l f  catches f r o m  the lndtv tdual  t ra tns  MY be combined (as may the 
tmplnger catches), and one analysts o f  f ront -ha l f  catch and one analysis 
o f  lmpinger catch may be performed. 

6.6.11 A t  the  end o f  the  sample run, t u r n  o f f  the coarse-adjust 
valve, remove the probe and nozzle f r o m  the stack, tu rn  of f  the pump, 
record  the  f l n a l  dry-gas meter readtng, and conduct a post-test leak- 
check. Also, leak-check the  p i t o t  l i n e s  as descrtbed I n  €PA Wethod 2. If,l 
The l t n e s  must pass t h l s  leak-check I n  order t o  val tdate the ve loct ty-  
head data. 

6.6.12 Calculate percent Isok tne t tc l t y  (see Sectton 10.8) t o  
detennine whether the run was v a l l d  or another t e s t  run should be made. 

SAnPLE RECOVERY 

7.1 Preparatlon : 

7.1.1 Proper cleanup procedure begtns as soon as the pmbe 1s 

probe t o  cool. When the probe can be sa fe ly  handled, wtpe o f f  a l l  
removed f r o m  the stack a t  the end of  the sampling perlod. 

ex te rna l  pa r t l cu la te  matter near the  t l p  o f  the  probe nozzle and place a 

cap the  probe t t p  t t g h t l y  wht le  the sampltng t r a l n  I s  cooltng down ' 
cap over the  t t p  t o  prevent l o r l n g  or gaintng pa r t l cu la te  matter. 

because t h i s  w i l l  create a vacuum tn the f i l t e r  holder, drawing water 
f rom the  tmptngers i n t o  the  sorbent aodule. 

7.1.2 Before moving the sample t r a t n  t o  the cleanup s i te ,  remove 
the  probe f r o m  the sample t r a t n  and cap the open out le t ,  being carefu l  
n o t  t o  lose any condensate t h a t  might be present. Cap the f t l t e r  I n le t .  

Do not I I 
PI 

0010 - 18 

6-20 



Remove the umbilical cord from the las t  ilrpinger and cap the ilginger. 
If  a flexlble line 1s used between the organic bodule and the f i l t e r  
holder, disconnect the line a t  the f i l t e r  holder and l e t  any condensed 
water o r  liquid drain into the organic module. 

7.1.3 Cap the filter-holder outlet and the inlet to  the organic 
module. Separate the sorbent trap section of t h e  organic module from the 
condensate knockout trap and the gas-conditioning section. Cap a l l  
organic module openings. Disconnect the organic-module knockout t rap  
from the impinger train inlet  and cap both of these openings. 6round- 
glass stoppers, Teflon caps, or caps of other i n e r t  materials my be used 
t o  seal a l l  openings. 

7.1.4 Transfer the probe, the f i l t e r ,  the organic-mdule 
components, and the implnger/condenser assembly to the cleanup area. 
This area should be clean and protected from t h e  weather to minimize 
sample contamination o r  loss. 

7.1.5 Save a portion of a l l  washing solutions (fnethanol/acthylene 
chloride, Type I1  water) used for cleanup as a blank. Transfer 200 aL of 
each solution directly from the wash bottle being used and place each i n  
a separate, prelabeled glass sample container. 

7.1.6 Inspect the train p r i o r  t o  and during disassembly and note 
any abnormal conditions. 

7.2 Sample containers: 

7.2.1 Container no. 1: Carefully remove the f i l t e r  from the f i l t e r  
holder and place i t  i n  its identified Petri dish container. Use a pair 
or pairs of tweezers t o  handle the f i l t e r .  If I t  I s  necessary to fold 
the f i l t e r ,  ensure that the particulate cake i s  lnside the fold. 
Carefully transfer to  the Petri dish any particulate matter or f i l t e r  
fibers that  adhere to  the filter-holder gasket, uslng a dry nylon brlstle 
brush or sharp-edged blade, or both. Label the container and seal u l t h  
I-in.-wide Teflon tape around the clrcumferencc' of the l id .  

7.2.2 Contalner no. 2: f ak lng  care tha t  dust on t h e  outslde of the 
probe or other exterlor surfaces does not get lnto the -le, 
quantitatively recover partlculate matter or any condensate f r w  the 
probe nozzle, probe f i t t ing ,  probe l iner ,  and front half of t he  f i l t e r  
holder b washing these components f i r s t  w i t h  wthanol/methylene chlorlde 
(1:l v/v J into a glass container. Distilled water may also be used. 
Retaln a water ani solvent blank and analyze i n  the same manner as u l t h  
the samples. 

7.2.2.1 Carefully remove the prpbe nozzle and clean the Inside 
surface by rinsing w i t h  the solvent mixture (1:l v/v methanol/- 
methylene chloride) from a wash bottle and brushing w i t h  a nylon 
b r i s t l e  brush. Brush  until the rinse shows no visible particles; 
then make a final rinse o f  the inside surface wlth the solvent mix. 
Brush and rinse the inside parts of the Swagelok f i t t ing w i t h  the 
solvent mix in a similar way until no visible particles remain. 

Perfonn rinses as follows: 
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7.2.2.2 Have two people rlnse the probe l iner w i t h  t h e  solvent 

nix by t i l t i ng  and rotating the probe while s q u i r t i n g  solvent Into 
l t s  upper end so t h a t  a l l  inside surfaces will be wetted w i t h  
solvent. Let the solvent drain from the lower end into the sample '4 1 
container. A glass funnel may be used t o  ald i n  transferring liquid 
washes t o  the container. 

Follow the solvent rinse with a probe brush.  Hold t h e  
probe i n  an inclined position and squirt solvent Into t h e  upper end 
while pushing the probe brush through the probe w i t h  a twis t ing  
action; place a sample container underneath the lower end of the 
probe and catch any solvent and particulate matter t h a t  is brushed 
from the probe. Run the brush through the probe three tfmes or wre 
until no v i s i b l e  partlculate matter i s  carried out with the solvent 
or until none remains i n  the probe liner on visual Inspection. With 
stainless steel or  other metal probes, run the brush t h r o u g h  In  the 
above-prescribed manner a t  least six tlmes (metal probes have small 
crevices i n  which particulate matter can be entrapped). Rinse the 
brush w i t h  solvent and quantitatively collect these washings I n  the 
sample container. After the brushlng, make a final solvent rinse of 
t h e  probe as described above. 

7.2.2.4 I t  I s  recomnended t h a t  two people work together to  
clean the probe to  minimize sample losses. Between sampling runs, 
keep brushes clean and protected f r o m  contamination. 

7.2.2.5 Clean the Inslde of the front half of the f i l t e r  
holder and cyclonelcyclone flask, If used, by rubbing the surfaces 
with a nylon br is t le  brush and r in s ing  w i t h  methanol/wthylene 
chloride (1:l v/v)  mixture. RInse each surface three t i w s  or mre 
l f  needed to  remove visible particulate. Uake a final rlnse of the  
brush and f i l t e r  holder. Carefully rlnse out the glass cyclone and 
cyclone flask (if  applicable). Brush and rinse any particulate 
material adhering to  the lnner surfaces of these components into the 
front-half rinse sample. After aL1 solvent washings and particulate 
matter have been collected i n  the sample container, tighten the l i d  
on the rawple container so t h a t  solvent rill not leak out when It  I s  
shipped t o  the laboratory. lbrk the helght of the f l u l d  level t o  I I 
deternine whether leakage occurs durlng transport. Label the 
container t o  identlfy I t s  contents. 

7.2.3 Contalner no. 3: The sorbent trap section of the organlc 
aodule nay be used as a s a q l e  transport container. or the spent resln 
may be transferred t o  a separate glass bottle for shipment. If the 
sorbent t rap i t se l f  i s  used as the transport container, both ends should 
be sealed w i t h  tlghtly f i t t ing  caps or plugs. Ground-glass stoppers ori 
Teflon caps nay be used. The sorbent trap should then be labeled, 
covered with aluminum fo i l ,  and packaged on ice for transport t o  the 
laboratory. If a separate bottle i s  used, the spent resin should be 

that  adheres to  t h e  walls of the t r ap  should be recovered using a rubber 
quantitatively transferred from the trap into the clean bottle. 

wllceman or spatula and added t o  t h i s  bottle. 

7.2.2.3 
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7.2.4 Container no. 4: Measure the volume of condensate collected 
i n  the condensate knockout section o f  the organic module t o  within +1 mL 
by using a graduated cyl inder or by weighing t o  w i th in  +0.5 g usTng a 
t r ip le-beam balance. Record the volume o r  weight o f  1iquTd present and 
note any d isco lo ra t ion  o r  f i l m  i n  the l i q u i d  catch. Transfer t h i s  l i q u i d  
t o  a prelabeled glass sample container. Inspect the back ha l f  o f  the 
f i l t e r  housing and the gas-conditioning section o f  the organic mdule. 
I f  condensate i s  observed, t ransfer I t  t o  a graduated o r  weighing b o t t l e  
and measure the volume, as described above. Add t h i s  material t o  the 
condens a t e  knockout - t rap catch. 

7.2.5 Container no. 5: A l l  sampling t r a i n  components located 
between the  high-ef f ic iency glass- or quartz- f iber f i l t e r  and the f i r s t  
w e t  impinger o r  the f ina l  condenser system (including the heated Teflon 
l i n e  connecting the f i l t e r  ou t l e t  t o  the condenser) should be thoroughly 
r insed w i t h  methanol/methylene chlor ide (1:l v/v) and the rinsings 
combined. This r inse shal l  be separated from the condensate. I f  the 
spent r e s i n  i s  transferred f r o m  the sorbent t rap t o  a separate sample 
conta iner  f o r  transport, the sorbent t rap  sha l l  be thoroughly r insed 
u n t i l  a l l  sample-wetted surfaces appear clean. V is ib le  f i l m s  should be 
removed by brushing. Whenever t r a i n  components are brushed, the brush 
should be subsequently r insed with solvent mixture and the rinsings added 
t o  t h i s  container. 

7.2.6 Container no. 6: Note the co lo r  o f  the ind icat ing s i l i ca  gel 
t o  determine if i t  has been completely spent and make a notat ion o f  i t s  
condi t ion.  Transfer the s i l i c a  gel f r o m  the four th  impinger t o  i t s  
o r i g i n a l  container and seal. A funnel may make It easier t o  pour the  
s i l i c a  ge l  wi thout sp i l l i ng .  A rubber policeman may be used as an aid i n  
removing the  s i l i c a  gel f r o m  the Irpinger. I t  i s  not necessary t o  remove 
the  small amount o f  dust par t i c les  t h a t  may adhere strongly t o  the 
In; Inger  w a l l .  Because the gain i n  weight i s  t o  be used f o r  moisture 
ca lcu la t ions ,  do not use any water or other l i qu ids  t o  transfer the 
s i l i c a  gel .  I f  a balance I s  avai lable i n  the f i e ld ,  weigh the contalner 
and i t s  contents t o  0.5 g o r  better. 

7.3 Zmpinger water: 

7.3.1 Make a notat ion of any color or f i l m  i n  the  l l q u i d  catch. 
Heasure the  l i q u i d  i n  the first three i w i n g e r s  t o  w i th in  21 mL by using 
a graduated cy l lnder  or by weighing I t  t o  wl th tn +0.5 g by using a 
balance ( i f  one I s  available). Record the  volume or weight o f  I f q u i d  
present. This information I s  requlred t o  calculate the moisture content 
of the  e f f l u e n t  gas. 

7.3.2 Discard the l i q u i d  a f t e r  measuring and recording the volume 
or weight, unless analysis o f  the impinger catch i s  required (see 
Paragraph 4.1.3.7). Amber glass containers should be used f o r  storage o f  
lmpinger catch, i f  required. 

7.3.3 I f  a d i f f e ren t  t y p e  o f  condenser i s  used, measure the mount 
of moisture condensed e i the r  volumetr ical ly or gravimetrical ly. 
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7.4 sample preparation f o r  Shipment: Prior t o  shipment, recheck a l l  
sample containers t o  ensure t h a t  t he  caps a r e  well secured. Seal the l i d s  of 
a11 containers around the circumference with Teflon tape. Ship a l l  l iqu id  
samples upright on ice  and a l l  par t iculate  f i l t e r s  w i t h  the par t iculate  catch 
fac ing  upward. The par t iculate  f i l t e r s  should be shipped unrefrlgerated. 

8.0 ANALYSIS 

8.1 Sample preparation: 

8.1.1 General: The preparation steps f o r  a l l  samples will result 
i n  a f i n i t e  volume of concentrated solvent. The f inal  sample volume 
(usually i n  the 1- t o  IO-mL range) i s  then subjected t o  analysis by 
GC/HS. A l l  samples should be inspected and the appearance documented. 
All samples are t o  be spiked with surrogate standards as  received from 
t h e  f i e l d  pr ior  t o  any sample manipulations. The spike should be a t  a 
leve l  equivalent t o  10 times the MDL when the solvent I s  reduced i n  
volume t o  the desired level (i.e., 10 mL). The spiking compounds should 
be the s tab le  Isotopically labeled analog of the compounds of Interest  or 
a compound tha t  would exhib i t  properties sfmllar t o  the compounds of 
I n t e r e s t ,  be eas i ly  chromatographed, and not interfere  w i t h  the analysis 
o f  the compounds o f  in te res t .  Suggested surrogate spiking compounds are: 
deuterated naphthalene, chrysene, phenol, nitrobenzene, chlorobenzene, 
to1  uene, and carbon-13-labeled pentachlorophenol. 

8.1.2 Condensate: The 'condensate' I s  the moisture collected i n  
the f i r s t  lmpinger following the XAD-2 module. Spike the condensate w i t h  1' I 
t h e  surrogate standards. The volume i s  measured and recorded and then  
t ransfer red  t o  a separatory funnel. The pH 1s t o  be adjusted t o  pH 2 
w i t h  6 N su l fur ic  acid,  I f  necessary. The sample container and graduated #!I 
cyl lnder  a re  sequentially rinsed with three successive 10-mL aliquots of 
the extraction solvent and added t o  the teparatory funnel. The r a t i o  o f  
solvent  t o  aqueous sample should be maintained a t  1:3. Fztract the d, I 
sample by vigorously shaking the reparatory funnel for 5 .in. After 
complete separatlon of the phases, remove t h e  solvent and t ransfer  t o  a 
Kuderna-Danish concentrator (K-D), .filtering through a bed of precleaned, 
dry  sodium su l fa te .  Repeat t he  extraction s t ep  two additional times. , 
Adjust t h e  pH t o  11 w i t h  6 W sodium hydroxide and reextract coabining the 
ac id  and base extracts. Rinse the  sodium sulfate  into the K-D with f resh  - 
solvent and discard the desiccant. Add Teflon boiling chips and 
concentrate t o  10 nL by reducing the volume t o  s l i gh t ly  less than 10 nL 
and t h e n  bringing t o  volume w i t h  fresh solvent. 
necessary detection limit, the sample volume can be fur ther  reduced t o  1 
a1 by using a micro column K-D or  nitrogen blow-down. Should the s a m p l e d  1 
s t a r t  t o  exhibit  p rec lp i ta t lon ,  the concentration step should be stopped 

In  order t o  achleve t h e  , 

f i n i t e  amount. After addlng a standard (for  t h e  
and the sample redissolved w i t h  fresh solvent taking the 

by GC/M), the  sample i s  ready for  analysis, as 
8.2. 
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8.1.3 Implnger: Spike the sample wi th the surrogate standards: 
measure and record the volume and t ransfer  t o  a separatory funnel. 
Proceed as described i n  Paragraph 8.1.2. 

8.1.4 XAD-2: Spike the res in  d i rec t l y  w i th  the surrogate 
standards. Transfer the res in  t o  the al l -g lass thimbles by the following 
procedure (care should be taken so as not  t o  contaminate the thimble by 
touching i t  w i th  anything other than tweezers or other solvent-rinsed 
mechanical holding devices). Suspend the XAD-2 module d i r e c t l y  over the 
thimble. The glass frit o f  the module (see Figure 2) should be I n  the up 
pos i t i on .  The thimble i s  contained I n  a clean beaker, which w i l l  serve 
t o  catch the solvent rinses. Using a Teflon squeeze bot t le ,  f lush the 
XAD-2 I n t o  the thimble. Thoroughly r i n s e  the glass nodule with solvent 
I n t o  the  beaker containing the thimble. Add the XAD-2 glass-wool plug t o  
the thimble. Cover the XAD-2 I n  the thimble w i th  a precleaned glass-wool 
p lug s u f f i c i e n t  t o  prevent the res in  from f l oa t i ng  i n t o  the solvent 
rese rvo i r  of the extractor. I f  the res in  i s  wet ,  e f fec t i ve  extraction 
can be accomplished by loosely packing the  res in  I n  the thimble. I f  a 
question ar ises concerning the completeness o f  the extraction, a second 
ext ract ion,  wi thout a spike, I s  advised. The thimble I s  placed I n  the 
ex t rac to r  and the r lnse  solvent contained i n  the beaker I s  added t o  the 
solvent reservoir .  Addit ional solvent I s  added t o  make the reservoir 
approximately two-thirds f u l l .  Add Teflon bo i l i ng  chips and assemble the 
apparatus. Adjust the heat source t o  cause the extractor t o  cycle 5-6 
t i m e s  per hr. Extract  the res in  f o r  16 hr. Transfer the solvent and 
three 10-mL r inses o f  the reservoir  t o  a K-D and concentrate as described 
I n  Paragraph 8.1.2. 

8.1.5 Par t l cu la te  f l l t e r  (and cyclone catch): I f  part iculate 
loading i s  t o  be determined, weigh the f i l t e r  (and cyclone catch, I f  
appl icable).  The par t i cu la te  fC ' t e r  (and cyclone catch, I f  applicable) 
1s  t ransferred t o  the glass th1mb.e and extracted simultaneously with the 
XAD-2 res in .  

8.1.6 Tra ln  solvent rlnses: A l l  t r a i n  r lnses (1.e.. probe, 
lmpinger, f i l t e r  housing) using the ext ract ion solvent and methanol are 
re turned t o  the  laboratory as a s lng lc  sample. I f  the rinses are 
contalncd I n  mre than one container, the  lntended splke I s  dir lded 
equa l ly  among the  contalners proportioned from a s lng le syrlnge rolme. 
Transfer the  r i n s e  t o  a separatory funnel and add a su f f i c l en t  mount o f  
organic-free water so t h a t  the methylene ch lor ide becomes lnnisclble and 
I t s  volume no longer lncreases wl th  the  addi t ion o f  more water. The 
e x t r a c t i o n  and concentrat ion steps are then performed as descrlbcd I n  
Paragraph 8.1.2. 

8.2 Sample analysis: 

8.2.1 The primary analy t ica l  t oo l  f o r  the measurement o f  emissions 
f r o m  hazardous w a s t e  incinerators i s  GC/MS using fused-si l ica capi l lary  
6C columns, as described I n  Method 8270 i n  Chapter Four o f  t h i s  rranual. 
Because o f  the  nature o f  GC/MS instrumentation and the cost associated 
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w i t h  sample analysis, prescreening of the sample extracts by gas 
chromatographylflame ion iza t ion  detection (GC/FID)  o r  w i th  e lect ron 
capture ( G C / E C D )  i s  encouraged. In fomat ion  regarding the complexity and 
concentrat ion leve l  o f  a sample p r i o r  t o  6ClW analysis can be of 
e n o m u s  help. This in ionnat ion  can be obtained by using e i the r  
c a p i l l a r y  columns o r  less expensive packed columns.. However, the FID 
screen should be performed w i th  a column s imi la r  t o  that  used w i th  the 
GC/MS.  Keep i n  mind tha t  6C/FID has a s l i g h t l y  lower detect ion l i m i t  
than  GC/nS and, therefore, t h a t  t he  concentration o f  the sample can be 
adjusted e i the r  up or down pr ior  t o  analysis by 6C/Ki. 

8.2.2 The mass spectrometer w i l l  be operated i n  a f u l l  scan (40- 
450) mode for  most o f  the analyses. The range f o r  which data are 
acquired i n  a GClMS run w i l l  be s u f f l c l e n t l y  broad t o  encompass the  major  
ions ,  as l i s t e d  i n  Chapter Four, Method 8270, f o r  each o f  the designated 
PDHCs i n  an inc inerator  e f f l u e n t  analysis. 

8.2.3 For most purposes, electron ion izat ion (EI) spectra w i l l  be 
co l l ec ted  because a major i ty of the WHCs give reasonable E1 spectra. 
Also, EX spectra are compatible w i t h  the NBS Library o f  nass Spectra and 
o the r  mass spectral references, which a i d  i n  the Iden t i f i ca t i on  process 
for other components I n  the i nc ine ra to r  process streams. 

8.2.4 To c l a r i f y  some i den t i f i ca t ions ,  chemical lon iza t ion  (CI)  
spectra using e i the r  pos i t i ve  ions o r  negative ions w i l l  be used t o  
e luc ida te  molecular-weight Informat ion and s l r p l l f y  the fragmentation 
pa t te rns  o f  some compounds. I n  no case, however, should CI spectra alone 
be used f o r  compound iden t i f i ca t i on .  Refer t o  Chapter Four, Method 8270, 
for complete descript ions of  6C conditions, lls conditions, and 
q u a n t i t a t i v e  and q u a n t i t a t i y  i den t l f i ca t l on .  

9.0 CALIBRATION - 
9.1 Probe nozzle: Probe nozzles sha l l  be cal ibrated before t h e i r  

j n l t i a l  use i n  the  fiel'd. Using a aicrcnneter. measure the Inside dlameter o f  
t h e  nozz le t o  the  nearest 0.025 ID (0.001 in.). Hake measurements a t  three 
separate places ~CKISS the d l m e t e r  and obtain the average of  the  1 I 
measurements. The difference between the  high and law nuhers  sha l l  not 
exceed 0.1 m (0.004 in.). When nozzles becow nicked, dented, o r  corroded, 
t h e y  s h a l l  be reshaped. sharpened, and recal ibrated before use. Each nozzle & 1 
s h a l l  be permanently and unlquely Ident i f ied .  

9.2 P l t o t  tube: The Type 5 p i t o t  tube assembly sha l l  be ca l lb ra ted  
recording t o  the procedure ou t l ined  i n  Section 4 o f  EPA Method 2. o r  assigned 
a nominal coe f f i c i en t  o f  0.84 i f  I t i s  not v i s i b l y  nicked, dented, or corroded 
and I f  I t  meets design and intercomponent spacing specif icat ions. 
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9.3 Meterinq system: 

9.3.1 Before i t s  i n i t i a l  use I n  the f ie ld ,  the metering system 
s h a l l  be cal ibrated according t o  the procedure out l ined i n  APTO-0576. 
Instead o f  physical ly adjusting the dry-gas meter d i a l  readings t o  
correspond t o  the wet-test meter readings, ca l i b ra t i on  f a c t o r s  may be 
used t o  correct  the gas meter  d i a l  readings mathematically t o  the proper 
values. Before ca l ibrat ing the metering system, I t I s  suggested tha t  a 
leak-check be conducted. For metering systems having diaphragm pumps, 
the  normal leak-check procedure w i l l  not  detect leakages wi th in  the pump. 
For these cases the fol lowing leak-check procedure i s  suggested: Hake a 
IO-min ca l i b ra t i on  run a t  0.00057 m)/min (0.02 cfm); a t  the end o f  the 
run, take the dif ference of the measured wet-test and dry-gas meter 
volumes and d iv ide the dif ference by 10 t o  get the leak rate. The leak 
r a t e  should not exceed 0.00057 m3/min (0.02 cfm). 

the ca l ib ra t ion  o f  the metering system 
s h a l l  be checked by performing three ca l ib ra t ion  runs a t  a s ingle 
intermediate o r i f i c e  set t ing (based on the previous f i e l d  tes t ) .  The 
vacuum sha l l  be s e t  a t  the maximum value reached durlng the test  series. 
To adjust  the vacuum, inser t  a valve between the wet-test meter  and the 
i n l e t  o f  the metering system. Calculate the average value o f  the 
c a l i b r a t i o n  factor. I f  the ca l l b ra t i on  has changed by more than 52, 
reca l i b ra te  the meter over the f u l l  range o f  o r i f i c e  settlngs, as 
o u t l i n e d  I n  APTD-0576. 

9.3.3 Leak-check o f  metering system: That por t ion  o f  the sampling 
t r a i n  from the pump t o  the o r i f i c e  meter (see Figure 1) should be leak- 
checked p r i o r  t o  i n i t i a l  use and a f t e r  each shipment. Leakage a f te r  the 
pump w i l l  r e s u l t  i n  less volume being recorded than i s  actual ly sampled. 
The fo l low ing  procedure i s  suggested (see Figure 6): Close the main 
va lve on the meter box. Inser t  a one-hole rubber stoppcr with rubber 
tub ing  attached i n t o  the o r i f i c e  exhaust pipe. Disconnect and vent the 
low side o f  the o r i f i c e  manometer. Close o f f  the low side o r i f i c e  tap. 
Pressurize the system t o  13-18 cm (5-7 In.) w a t e r  column by blowing i n t o  
the  rubber tubing. Pinch o f f  the tubing and observe the aanometer f o r  1 
Bin. A loss  o f  pressure on the manometer Indlcates a leak I n  the w t e r  
box. 
NOTE: I f  the dry-gas-aeter c o e f f i c l c n t  values obtalned before and af te r  

a t e s t  series d i f f e r  by )5X, e i the r  the t e s t  series shal l  be 
voided o r  calculat ions f o r  t es t  serles sha l l  be perfomed using 
whlchever meter coef f i c ien t  value (i-e., before o r  af ter)  gives 
the lower value o f  t o t a l  s a q l e  volume. 

9.4 Probe heater: The probe-heating system sha l l  be cal ibrated before 
I t s  i n i t i a l  use i n  the f i e l d  according t o  the procedure out l ined I n  APTD-0576. 
Probes constructed according t o  APTD-0581 need not be cal ibrated I f  the 
c a l i b r a t i o n  curves i n  APTD-0576 are used. 

9.3.2 A f te r  each f i e l d  use, 

Leaks, I f  present, must be corrected. 
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9.5 Temperature pauqes: Each thennocouple must be permanently and 
uniquely marked on the casting; a11 mercury-in-glass reference thermometers 
must conform t o  ASTM E-1 63C or 63F speciflcatlons. Thermocouples should be 
ca l ibra ted  i n  the laboratory with and without the use of extension leads. If 
extension leads are  used i n  the f l e l d ,  the themcouple  readings a t  ambient 
a i r  temperatures, with and without the extension lead, must be noted and 
recorded. use of an extenslon lead produces a 
change >I.%. 

9.5.1 Ilplnger, organic mcdule, and dry-gas meter the-ouples: 
For the  thennocouples used t o  measure the tenperature of the gas leaving 
the  Impinger t r a ln  and the XAD-2 resin bed, three-point calibratlon a t  
ice-water, room-air, and boiling-water temperatures i s  necessary. Accept 
t he  thennocouples only i f  the readings a t  a11 three temperatures agree t o  - +2'C (3.6.F) with those of the absolute value of the reference 
thennometer. 

9.5.2 Probe and stack themcoup le :  For the thermocouples used t o  
ind ica te  the probe and stack temperatures, a three-polnt calibration a t  
ice-water, bolllng-water, and hot-oil-bath temperatures must be 
performed; I t  is reconmended tha t  room-air temperature be added, and tha t  
t he  thermometer and the thermocouple agree t o  within 1.52 a t  each of the 
cal  lb ra t ion  points. A callbratlon curve (equatlon) may be constructed 
(calculated)  and the data extrapolated t o  cover the en t l re  temperature 
range suggested by the manufacturer. 

9.6 Barometer: Adjust the barometer I n i t i a l l y  and before each test 
series t o  agree t o  w i t h i n  +25 mn Hg (0.1 In.  Hg) of the mercury barometer o r  
the corrected barometric pkssu re  value reported by a nearby Natlonal Ueather 
Service S ta t ion  (same a l t i tude  above sea level). 

9.7 Triple-beam balance: Callbrate t he  triple-beam balance before each 
test s e r i e s ,  using C l a s s 4  standard weights; the weights aust be withln - +0.5X 
Of the standards,  o r  the balance nust be adjusted t o  meet these l l a i t s .  

10.0 CALCULATIONS 

calculation t o  the  correct number of s lgn i f lcant  figures. 

Correction Is necessary i f  the 

10.1 Carry out calculations. Round of f  f lgures a f t e r  the f ina l  

10.2 Nomencl ature: 

An = Cross-sectional area of  nozzle, (ft2). 

ks = Water vapor In the gas stream, proportion by volume. 

Cd = Type S p i t o t  tube coeff ic ient  (nominally 0.84 2 0.02), 
dlmenslonless. 

I = Percent of isokinetic sampling. 
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La - Maximum acceptable leakage ra te  f o r  a leak-check, e i t h  r pre- tes t  ak 8 or  fol lowing a component change; equal t o  0.00057 m /mln (0.02 
cfm) or 4X of the average sampling rate, whichever I s  less.  II 

--{ I LI = Ind iv idual  leaka e r e t e  observed during the leak-check onducted 
p r i o r  t o  the -It K . component change (1 = 1, 2, 3...n) n 5 /min 
(cfm). 

. Lp = Leakage ra te  observed dur ing the post-test leak-check, m3/mln 

II (cfm) . 
1 - 

Q = S tac tgas  dry molecular weight, g/g-aole (lb/lb-mole). 

n, = Molecular weight o f  water, 18.0 g/g-mole (18.0 lb/lb-mole). 11 
II 
11 
111 
81 
i f 1  
II 

Pbar t Barometric pressure a t  the sampling Site, nn Hg (in. Hg). 

p, Absolute stack-gas pressure, on Hg (in. Hg). 

Pstd = Standard absolute pressure, 760 m Hg (29.92 in. Hg). 

R = Ideal  gas constant, 0.06236 nn Hg-m3/K-g-mle (21.85 in. 
Hg-ft3/*R-lb-moIe). 

Tm = Absolute average dry-gas meter temperature (see Figure 6). K 

Ts - Absolute average stack-gas tenperatun (see Figure 6), K (OR).  

(*R) - 
TStd - Standard absolute tetperature, 293K (528%). 

V i c  - Total  volume o f  l i q u i d  co l lected i n  the organic module condensate 
knockout trap, the  iapingers, and s l l l c a  gel, mL. 

V, = Volume o f  gas sample as measured by dry-gas meter, dscm (dscf). 

Vm($td) Volume o f  gas srnple measured by the dry-pas meter, corrected 
t o  standard condltlons, d s a  (dscf). 

Vw(std) - Volume o f  water vapor in the gas sanple, corrected to standard 
condltions, tu (scf). 

Vs - Stack-gas veloci ty,  calculated by k t h o d  2 Equation 2-9, using 

Ua = Weight o f  residue i n  acetone wash, ~BJ. 

data obtained from Method 5, mlsec ( f t lsec j .  

7 = Dry-gas-meter c a l i b r a t l o n  factor, dimensionless. 

AH - Average ressure d l f f c r e n t l a l  acmss the o r i f i c e  meter (see 
Ftgure 2 P , en Hfl (In. H20). 
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pw = Density o f  water, 0.9982 g/mL (0.002201 lb/mL). 

B = Total sampling t i m e ,  mln. 

81 = Sampling t i m e  in te rva l  f r o m  the beginning o f  a run u n t i l  t he  

B i  = Sampling t i m e  in te rva l  between two  successive component 

f i r s t  component change, mln. 

changes, beginning w i th  the in te rva l  between the f i r s t  and 
second changes, aln. 

u n t l l  the end o f  the sampling run, min. 
Bp = Sampling t i m e  in te rva l  f r o m  the f l n a l  (nth) component change 

13.6 = Speci f ic  g rav i ty  o f  mercury. 

60 = sec/min. 

100 = Conversion t o  percent. 

10.3 Average dry-gas-meter temperature and average ori fi cc pressure 
drop: See data sheet (Figure 5, above). 

as volume: Correct the sa l e  measured by the dr -gas meter 
t o  s t : % d b < 2 O * C  , 760 an Hg 7 68'F. 29.92 In. Hg J ) by using 
Equation 1: 

where: 
, 

K 1  = 0.3858 W m  Hg f o r  metr ic units, or 
K1 - 17.64'Wln. tlg for English units. 

I t should be noted t h a t  Equation 1 can be used as writ ten, unless the leakage 
r a t e  observed dur ing any of  the mandatory leak-checks (i.e., the post- test  
leak-check o r  leak-checks conducted p r i o r  to component changes) exceeds 4. 
I f  Lp or  L1 exceeds La. Equatlon 1 must be modified as f o l l a s :  

a. Case I (no component changes made during s q l i n g  run): Replace Vm 
m a t l o n  1 w i th  the  expression: 
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- 
b. Care I1 (one or more component changes made dur lng the  sampllng 

run) :Replace Vm i n  Equation 1 by the expression: 

n 

r2 
- T (L, - LaN1 - (Lp - La)Bp v, - (Ll - LJB1 

and subs t i tu te  only f o r  those leakage rates (L1 or Lp) t h a t  exceed 

10.5 Volume o f  r a t e r  vavor: 

RTstd 

*here: 

K2 = 0.001333 3 /mL  f o r  n e t r l c  uni ts,  or 
K2 0.04707 f t3 /nL for Engllsh unlts. 

# I  10.6 Molsture content: 

NOTE : I n  saturated or rater-droplet- laden gas s t n r n ,  two ca lcu lat lons 
of  the molsture content of  the stack gas sha l l  be made, one f r o m  
the  impinger analysls (Equation 3) and a second f r o m  the  
assumption o f  saturated condltlons. The lower o f  the tw values 
of E,, sha l l  be consldered correct. The procedure for detemln lng  
t h r  m i s t u r c  content based upOn assmptlon of saturated condft lons 

11 
II -. . - . - - . -. 

i s  glven I n  the Note t o  Sec t l o r  1.2 of  Method 4. For the purposes 
of  th is  method, the  average stack-gas twpera tu r t  frola Figure 6 
m y  be used t o  make th i s  dctcrrlnatlon, provided t h a t  t he  accuracy( I 
of the in-stack teaperaturn sensor 1s +l'C (Z'F). 

10.7 Conversion factors: 

Mu l t l  1 b e l o  

g r i f t 3  15.43 
lb / f t3  2.205 X 
o l d  35.31 

3 

11 

RI 
I I  

ai 
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10.8 Isokinetic variation: 

10.8.1 Calculation f m m  raw data: 

I =  

where: 

K3 = 0.003454 nn Hgd/mL-K for metric units, or 
K3 = 0.002669 in. Hg-ft3/mL-'R for English units. 

10.8.2 Calculation for intemdiate values: 

's"m(std) P std 100 
I -  V MA P 6O(1-Bw,j 'std s n s 

where: 

= 4.320 for metric units, or 
tQ = 0.09450 for English units. 

10.8.3 Acceptable results: If 90s < 1 < llOX, the results are 
acceptable. If the results are low In comparlson with the standard and 
1 I s  beyond the acceptable range, or If I is less than 90%. the 
Administrator may opt :o accept the results. 

10.9 To determine the alnlmum sample volume that shall be collected, the 
fool lowing sequence of calculations shall be used. 

10.9.1 From prlor analysis of the waste feed, the concentration of 
W C s  introduced Into the c W u s t l o n  systa can be calculated. The 
degree of destruction and nmoval efficlcncy that 1s rcqulred 1s used to 
deternine the mxlnum amount of POHC allowed to be present in the 
effluent. Thls may be expressed as: 

(YF) ( POHCl conc) (1 00-SDRE) - Max POHCl mass 
100 100 

where : 

YF = mass flow rate o f  waste feed per hr, glhr (lb/hr). 

POHCi = concentratlon of Principal Organic Hazardous Compound (ut X) 
introduced Into the combustion pmcess. 
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DRE = percent Destruction and Removal Ef f ic iency required. 

Max POHC = MSS f low ra te  (glhr [ lb/hrl) o f  POHC emitted f r o m  the 
combustion source. 

10.9.2 The average discharge concentratlon o f  the POHC I n  the 
e f f luen t  gas i s  detennined by comparing the Max POHC w i t h  the volumetrtc 
f l o w  r a t e  being exhausted f r o m  the source. Volumetrlc f low ra te  data are 
ava i l ab le  JS a r e s u l t  o f  prel iminary Method 1-4 determinations: 

Max POHC, Mass 
= nax WHCI conc 

DVeff(std) ~ 

where: 

I volumetric f low r a t e  o f  exhaust gas, dscm (dscf). DVeff (std) 

WHCi conc = ant ic ipated concentratlon o f  the  POHC I n  the 
exhaust gas stream, g/dsca (lb/dscf). 

10.9.3 I n  making t h i s  calculat ion,  lt i s  ncomnended tha t  a safety  
e a r g i n  o f  a t  l eas t  ten be Included: 

* "TBC 
poHCi conc 

when: 

LDL c = detectable mount  of POHC i n  e n t l r e  s a q l l n g  t ra ln .  
N O T F  The whole extract  fmm an XAD-2 car t r ldge I s  seldom I f  ever, 

l n j e c t c d  a t  once. Therefore, I f  a l lquot lng factors  are 
Involved, the LDL c I s  not. the s a w  as.the analy t ica l  (or 

- colum) detect lon p9H l m l t .  

V T ~  = mInI.rP dry standard vo luc to k tollHtd at  dry-grs 
meter. 

10.10 Concentratlon o f  any glven POHC I n  the  o a s ~ ) u s  a i s s l o n s  o f  a 
colnbustion precess: 

1) 

C p o ~ c  (ug/aL) x sarnple volume (mL) - mount  (ug) of mC i n  sanple 

M u l t i p l y  the  concentration o f  the  POHC as detennined I n  Method 8270 

(9) 

by t h e  f i n a l  concentr r t lon volume, t y p i c a l l y  10 oL. 
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where: 

CPOHC = concentration of POHC as analyzed by Method 8270. 

2) Sum the amount o f  POHC found i n  a l l  samples associated wi th  a s ing le  

(10) 

t ra fn .  

Tota l  (ug) = XAD-2 (ug) + condensate (ug) + r inses (ug) + lmplnger (ug) 

3) Div ide the t o t a l  ug found by the volume of stack gas sampled (m3). 

(Total  ug) / ( t ra in  sample volume) = concentration o f  POHC (ug/m3) (11) 

11.0 Q U A L I T Y  CONTROL 

11.1 Sampling: See EPA Manual 600/4-77-027b f o r  Method 5 qua l i t y  
con t ro l .  

11.2 Anal s l s :  The qua l i t y  assurance program required f o r  t h l s  study 
lnc ludes the  + ana y s i s  o f  f i e l d  and method blanks, procedure val ldations, 
Incorpora t ion  o f  stable labeled surrogate compounds, quant i tat ion versus 
s tab le  labeled in ternal  standards, c a p i l l a r y  column performance checks, and 
ex terna l  perfonnance tests. The surrogate spiklng compounds selected f o r  a 
p a r t i c u l a r  analysis are used as primary indicators o f  the qua l i t y  o f  the 
a n a l y t i c a l  data f o r  a wide range o f  compounds and a var le ty  o f  sample 
matrices. The assessment o f  combustion data, pos i t i ve  ident i f i ca t ion ,  and 
q u a n t l t a t i o n  o f  the selected compounds are dependent on the i n t e g r i t y  o f  the 
samples received and the precis ion and accuracy o f  the analy t ica l  methods 
employed. The q u a l i t y  assurance procedures f o r  t h i s  nethod are designed t o  
n o n i t o r  t he  performance o f  the ana ly t l ca l  method and t o  pmvlde the required 
l n fonna t lon  t o  take correct ive act ion i f  problems are ab ervcd i n  laboratory 
operat ions or i n  f i e l d  sampling a c t i v i t i e s .  

11.2.1 Fleld Blanks: F i e l d  blanks must be submitted wi th  the 
samples co l lected a t  each sampling s i te .  .- The f i e l d  blanks lnclude the 
sample b o t t l e s  contalnlng a l lpuots  o f  sample recovery solvents, unused 
f i l t e r s ,  and res in  cartr ldges. A t  a minimum, one c w p l e t e  sanpllng t r a i n  
w i l l  be assembled i n  the f i e l d  staging ana ,  taken t o  the s q l l n g  area, 
and leak-checked a t  the beginning and end o f  the tes t i ng  (or f o r  the same 
t o t a l  number o f  times as the actual t e s t  train). The f i l t e r  housing and 
probe o f  the  blank t r a i n  w i l l  be heated during the sample test. The 
t r a i n  w i l l  be recovered as I f  l t  were an actual t e s t  sample. No gaseous 
sample w i l l  be passed through the sampling t ra in.  

11.2.2 Method blanks: A method blank must be prepared f o r  each set 
o f  ana ly t l ca l  operations, t o  evaluate contamination and a r t i f a c t s  tha t  
can be derived f r o m  glassware, reagents, and sample handling i n  the 
1 aboratory. 

11.2.3 Refer t o  nethod 8270 f o r  addit ional qua l i t y  control  
considerations. 
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12.0 METHOD PERFORMANCE 

12.1 Method performance evaluation: Evaluation of  analy t ica l  procedures 
fnr a crlcctcd ser ies o f  compounds W f t  Include the sample-preparation - - . - - - - - 
p&dures and each associated . analy t ica l  detemination. . The analy t ica l  
procedures should be chall2nged by the t e s t  compounds spi  ked a t  appropriate 
l e v e l s  and carr ied through the procedures. 

12.2 Method detect ion l i m i t :  The overal l  method detect ion l i m i t s  (lower 
and upper) Q U S ~  be determined on a coapound-by-compound basis because 
d i f f e r e n t  compounds may e x h i b i t  d i f fe ren t  co l lect ion,  retention, and 
e x t r a c t i o n  e f f i c ienc ies  as wel l  as instrumental minimum detect ion l i m i t  (nOL). 
The method detect ion l i m i t  must be quoted re la t i ve  t o  a given sample volume. 
The upper l i m i t s  f o r  the method must be determined re la t i ve  t o  compound 
r e t e n t i o n  volumes (breakthrough). 

The overal l  method preclslon and b ias 
must be determined on a compound-by-cowund basis a t  a given concentration 
l eve l .  The method prec is ion value would include a combined v a r l a b l l l t y  due t o  
sampling, sample preparation, and I n s t r r w n t a l  analysis. The method b ias 
would be dependent upon the co l lect lon,  retentlon, and extract ion c f f l c lency  1 I 
o f  the  t r a i n  components. Flwn cvaluatlon studies t o  date using a dynamic 
s p i k i n g  system, method biases o f  -131 and -16% have been detemfncd f o r  
to luene and 1,1,2,2-tetrachloroethane, nspect lvely.  A prec is ion o f  19.91 was 
ca l cu la ted  from a f i e l d  t e s t  data se t  representing seven degrees o f  freedom 
which resul ted f r o m  a ser ies o f  paired, unsplked Semivolat l le Organic Sampllng 
t r a i n s  (Semi-VOST) sampllng emissions from a hazardous waste lnclnerator. 
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METHOD 0010. APPENDIX A 

PREPARATION OF XAD-2 SORBENT RESIN 

I 

1.0 SCOPE AND APPLICATION 

1.1 XAD-2 res in  as supplied by the manufacturer i s  impregnated with a 
bicarbonate so lu t ion  t o  I n h i b i t  microbial  growth during storage. Both the  
s a l t  s o l u t i o n  and any res idual  ext ractable monomer and polymer sptc les must be 
rem-ved before use. The r e s i n  I s  prepared by a series o f  water and organic 
ex t rac t ions ,  fol lowed by careful  dry ing. 

2.0 EXTRACTION 

2.1 Method 1: The procedure may be carr ied out  i n  a g iant  Soxhlet 
extractor.=-glass thimble containing an extra-coarse frlt I s  used fo r  
e x t r a c t i o n  of  XAD-2. The frlt I s  recessed 10-15 na above a crenel lated r ing 
a t  the bottom of the th iab le  t o  f a c i l i t a t e  drainage. The res in  w s t  be 
c a r e f u l l y  re ta ined I n  the  ex t rac tor  cup with a glass-wool p lug and stainless 
s t e e l  screen because I t  f l o a t s  on methylene chloride. This process involves 
sequent ia l  ex t rac t ion  I n  the fo l low ing  order. t 

Sol vent Procedure 

Water l n l t l a l  rinse: Place res in  I n  a beaker, 
r l n s e  once wi th  Type 11 water, and 
discard. F i l l  w i th  water a second tlw, 
l e t  stand overnight, and discard. 

Ext ract  with Hi$ f o r  8 hr. 

Ex t rac t  f o r  22 hr. 

- 

Water 

Methyl alcohol 

Methylene ch lor ide Ext ract  for.22 hr. 

Methylene ch lo r lde  (fresh) 

2.2 Method 2: 

Extract for 22 hr. 

2.2.1 As an a l t e m a t l v e  t o  Soxhlet extract lon, a contlnuous 
e x t r a c t o r  has been fabr icated for the ext ract ion squence. This extractor has 
been found t o  be acceptable. The p a r t i c u l a r  canister used for  the  @paratus 
shorn I n  Figure A-1 contains about 500 g o f  f in ished XAD-2. Any size m y  be 
constructed; the  choice I s  dependent on the needs o f  the sampling programs. 
The XAD-2 1s held under l i g h t  spr ing tension between a p a i r  o f  coarse and f i n e  
screens. Spacers under the  bottom screen allow f o r  even d i s t r i b u t i o n  of clean 
so lvent .  The three-necked flask should be of su f f i c i en t  s ize  (3 - l i t e r  I n  th is  
case) t o  ho ld  solvent 
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equal t o  twlce the  dead volume o f  the  XAD-2 canister. Solvent 1s ref luxed 
through the Snyder column, and the d i s t l l l a t e  1s  continuously cycled up 
through the XAD-2 f o r  ext ract lon and returned t o  the f lask.  The f low I S  
m l n t a i n e d  upward through the XAD-2 t o  al low maxlmum solvent contact and 

I prevent channeling. A valve a t  the bottom o f  the canister allows removal of 
so lvent  from the canis ter  between changes. 

2.2.2 Experience has shown tha t  i t  I s  very d i f f i c u l t  t o  cycle 
s u f f i c i e n t  water I n  t h l s  mode. Therefore the aqueous r l nse  1s accompllshed by 
s lmply f lush ing the canister w i th  about 20 l l t e r r  o f  d i s t l l l e d  water. A small 
pump may be useful f o r  pumping the water through the  canister. The water 
e x t r a c t i o n  should be carr led out  a t  the  ra te  o f  about 20-40 mL/nln. 

2.2.3 After draining the water, subsequent methyl alcohol and 
methylene ch lor lde extract lons are ca r r l ed  out using the re f lux tng  apparatus. 
An overnight or 10- t o  20-hr per iod 1s normally s u f f l c l e n t  for each 
ex t rac t ion .  

2.2.4 A l l  mater ia ls o f  constructlon are glass, Teflon, or stainless 
s tee l .  Pumps, If used, should not contaln extractable materials. Pumps are 
n o t  used w i t h  methanol and methylene chlorlde. 

3.0 DRYING 

3.1 A f t e r  evaluatlon o f  several methods of removing n s l d u a l  solvent, a 
f lu id ized-bed technlque has proved t o  be the fastest  and aos t  r e l i a b l e  dry lng 
method. 

3.2 A s lqp le  column wtth su t tab le  retainers, as shown I n  Flgure A-2, 
W 1 1 1  serve as a sa t is fac to ry  column. A 10.2-cm (4-in.) Pyrex pipe 0.6 a (2 
ft) long w i l l  ho ld  a11 of  the XAD-2 from the extractor shown In  Figure A-1 or 
t h e  foxhlet  extractor,  w i t h  s u f f l c l e n t  space f o r  f l u i d l r l n g  the bed whl le 
Qenerat ing a minlmum res ln  load a t  t he  e x l t  o f  the column. 

3.3 Method 1: The gas used t o  rerove the solvent 1s the key t o  
p rese rv in  t h c a n l l n e s s  o f  the XM-2. Liquid n l tmgen fm standard 

source of large volumes o f  gas free frw organfc contulnmts. The l l q u l d  
n i t r o g e n  cy l l nde r  i s  connected t o  the  column by a length o f  precleaned 0.95-m 
(3/8-ln.) copper Pubfng, co l l ed  t o  pass through I heat source. As nlt rogen 1s 
b l e d  f r o m  the cyl inder,  It 1s vaporlzed i n  the heat source and passes through 
the  column. A convenlent heat souxe i s  a water bath heated from a steam 
l i n e .  The f i n a l  n l t rogen temperature should only be warn t o  the  touch and no t  
over  40'C. Experlence has shown that about 500 g o f  XAD-2 cay be d r led  
overn igh t  by consuming a f u l l  160 - l i t e r  cy l lnder  o f  l l q u l d  nitrogen. 

As a second cholce, htgh-purity tank nl t rogen may be used 
t o  dry the XAD-2. The h igh-pur i ty  n i t rogen must f i r s t  be passed through a bed 

( 

\ 

comaercla P l l q u l d  n l t m g e n  cy l lnder  has routlnely proved to be a r c l l a b l e  
( 

3.4 Method 2: 
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Figure A-2. XAD-2 fluidized-bed drying apparatus. 
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o f  ac t lva ted  charcoal approx lmte ly  150 mL I n  volume. Wlth e i ther  type o f  
d ry ing  method, the rate O f  f low should gently ag i ta te  the  bed. Excesslve 
f l u l d l z a t l o n  MY cause the p a r t l c l e s  t o  break up. 

( 
4.0 QUALITY CONTROL PROCEDURES 

4.1 For both Methods 1 and 2, the qua l l t y  cont ro l  resul ts  must be 
repor ted for the batch. The batch must be nex t rac ted  I f  the n s l d u a l  
ex t rac tab le  organics arc >20 ug1mL by TCO analysis or the g rav l lw t r i c  resldue 
i s  B.5 mgg/20 g xAD-2 extracted. (See also sectlon 5.1, Method 0010.) 

4.2 Four contro l  procedures are used wlth the  f i n a l  XAD-2 t o  check f o r  
(1) resfdual  methylene chlorlde, (2) extractable organlcs (TCO), (3) spec l f l c  
compounds of In te res t  as determined by SClnS, as described I n  Section 4.5 
below, and (4) n s l d u e  (CRAV). 

4.3 Procedure f o r  rcsldual  methylene chloride: 

4.3.1 Descrlptlon: A 1+0.1-g s a q l e  o f  d r ied  n s l n  I s  welghtd l n t o  
a sml l  v ia l ,  3 mL of toluene a% added, and the  v l a l  i s  capped and we l l  

I shaken. FIve UL o f  toluene (now containing extracted methylene chloride) are 
i n j e c t e d  l n t o  a gas chromatograph, and the n s u l t l n g  Integrated area 1s 
compared wlth a reference standard. The reference so lut lon consists o f  2.5 uL 
o f  methylene ch lor lde I n  100 mL o f  toluene, simulat ing 100 ug o f  n s l d u a l  
methylene ch lo r lde  on the  resin. The acceptable maxlwm content I s  1,000 uglg 
n s l n .  

4.3.2 Experimental: The gas chromatograph condltlons an as 
to1 lows: 

6 - f t  x l / B - l n .  sta ln less steel  column containing 1OZ OV-IO1 on 
1001120 Supelcoport; 

Helium c a r r l c r  a t  30 mL/mIn: 

FID operated on 4 x 10-11 A ~ V ;  

I - 

I n j c c t l o n  port teaperaturn: ZSO'C: 

Detector t a p e r a t u n :  30f'C: 

Prngram: 30'C(4 .In) 4O'ClmIn 2WC (hold): and 

Program temlna ted  a t  1,000 SCC, 

4.4 Procedure f o r  residual  extractable omanlcs: 

4.4.1 Description: A 20+_0.1-g saA2ple o f  cleaned, dr ied n s l n  I s  
welghed l n t o  a precleaned alundum or cel lu lose t h l r b l e  whlch I s  plugged wlth 
cleaned g lass wool. (Note t h a t  20 g o f  res in  w l l l  f i l l  a t h l d l c ,  and the  
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r e s i n  w i l l  f l o a t  out  unless wel l  plugged.) The thimble containing the r e s i n  
Is extracted for 24 hr w i th  200-mL o f  pesticide- grade methylene ch lor ide 

d (Burdick and Jackson pesticide-grade or equivalent pur i t y ) .  The 2Oo-mL 
ex t rac t  I s  reduced I n  volume t o  10-mL using a Kuderna-Danish concentrator 
and/or a ni t rogen evaporation stream. Five uL o f  t ha t  so lu t ion are analyzed 
by gas chromatography using the TCO analysis procedure. The concentrated 
so lu t i on  should not  contain >20 ug/mL o f  TCO extracted f rom the XAD-2. This 
I s  equivalent t o  10 uglg of TCO I n  the XAD-2 and would correspond t o  1.3 aq of 
TCO i n  the ex t rac t  o f  the 130-g XAD-2 nodule. Care should be taken t o  correct  
the  TCO data f o r  a solvent blank prepared (200 aL reduced t o  10 aL) I n  a 
s i m i l a r  manner. 

4.4.2 E x p e r l m t a l :  Use the TCO analysis condit ions described I n  
the  rev ised Level 1 wnua l  (EPA 600/7-76-201). 

4.5 6C/MS Screen: The extract, as prepared I n  paragraph 4.4.1, I s  
subjected t o  GC/HS analysis for each o f  the indiv idual  compounds o f  in terest .  
The SC/HS procedure i s  described i n  Chapter Four, Method 8270. The ext ract  I s  
screened a t  the HDL o f  each compound. The presence of  any collpound a t  a 
concentrat lon >25 uglmL I n  the Concentrated extract  w111 require the XAD-2 t o  
be recleaned by repeating the methylene chlor ide step. 

I 

I 

I d 

4.6 Methodology for  n s t d u a l  gravimetric determination: A f te r  the TCO 
value and 6C/W data are obtained for the res in  batch by the above procedures, 
dry the  remainder o f  the  ex t rac t  I n  a tared vessel. There must be <0.5 mg 
residue reg is tered o r  the  batch o f  res in  w111 have t o  be extracted w i th  f resh  
methylene ch lor ide again u n t t l  I t  r e t s  t h l s  c r l t e r l on .  This l e v e l  
corresponds t o  25 uglg I n  the XAD-2, or about 3.25 mg I n  a res in  charge o f  
130 g. 

I' 
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METHOD 0010, APPENDIX B 

TOTAL CHROMATOGRAPHABLE ORGANIC MATERIAL ANALYSIS 

1.0 SCOPE AND APPLICATION 

1.1 I n  t h f s  procedure, gas chromatography i s  used t o  determine the 
quan t i t y  of  lower b o i l i n g  hydrocarbons (bo i l ing points  between 90' and 300.C) 
I n  the  concentrates o f  a11 organic solvent r inses, XAD-2 res in  and LC 
f rac t ions  - when Method 1 I s  used (see References, Method 0010) - encountered 
I n  Level 1 environmental sample analyses. Data obtained using t h i s  procedure 
serve a twofold purpose. F i r s t ,  the t o t a l  quant i ty o f  the lower b o i l i n g  
hydrocarbons i n  the sample I s  determined. Then whenever the hyd carbon 
concentrat ions i n  the o r ig ina l  concentrates exceed 75 u g h  , the 
chromatography resu l t s  are reexamined t o  detennlne the  amounts o f  indiv idual  
species. 

The extent  o f  compound I d e n t i f i c a t i o n  i s  l i m i t e d  t o  representing a11 
mater ia ls  as normal alkanes based upon comparison o f  b o i l i n g  points. Thus the 
method i s  not  qua l i ta t i ve .  I n  a s imi lar  manner, the  analysis i s  
semlquanti t a t i v e ;  ca l ib ra t ions  are prepared using only one hydrocarbon. They 
are rep l i ca ted  bu t  samples rou t ine ly  are not. 

( 

1.2 A l i c a t i o n :  This procedure applies so le l y  t o  the Level 1 C 7 4 6  
gas chromatograp + c analysis o f  concentrates o f  organic extracts, neat 
l i qu ids ,  and o f  LC fract ions.  Throughout the procedure, It Is assumed the 
analyst  has been given a properly prepared sample. 

1.3 S e n s i t i v i t  : The s e n s i t l v t t y  . o f  t h i s  procedure, defined as the 
slope .of 4 response versus concentration, i s  dependent on the 
Instrument and must be v e r i f i e d  regularly. TRY experience indicates the 
nominal range i s  o f  the order o f  77 uV.V.sec-uL/ng o f  n-heptane and 79 
uV.sec-ul/ng o f  n-hexadecane. The Instrument I s  capable o f  perhaps one 
hundredfold greater  sens i t i v i t y .  The l e v e l  speci f ied here Is suf f i c ien t  f o r  

1.4 Dctect lon l l a l t :  The detect ion l l m l t  o f  t h i s  procedure as wr i t t en  
. I  I s  1.3 ng/uL fo r  a 1 uL I n j e c t i o n  o f  n-decme. This l i m i t  I s  a r b i t r a r i l y  

based on d e f i n i n g  the minimum detectable response as 100 uv-set. This i t  an 
eas ie r  operat ional  d e f i n i t i o n  than def in lng the minimum detect ion l i m i t  t o  be 
t h a t  amount o f  mater ia l  which y ie lds  a s lgnal  twice the noise level. 

1.5 Range: The range of the  procedure ut11 be concentrations of  1.3 
ng/uL and greater. 

1.6 L fml ta t lons  

1.6.1 Reporting l tm i ta t lons :  I t  should be noted tha t  a t r p l c a l  
environmental sample w i l l  contain compounds which: (a) w i l l  not e lute i n  
the  spec i f i ed  b o i l i n g  ranges and thus w i l l  no t  be reported, and/or (b) 

I 

Level 1 analysis.  .. 

\ 
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will not elute from the column at all and thus will not be reported. 
Consequently, the organic content of the sample as reported is a lower 
bound and should be regarded as such. 

1.6.2 Ca1 ibratlon 1 lmitations: Quantitation is based on 
calibration with n-decane. Data should therefore be reported as, e.g., 
q C W m 3  as n-decane. Since response varies linearly with carbon number 
(over a wide ran e the assumption may involve a 2OX error), It Is clear 
that heptane (C7 B detected In a sample and quantitated as decane will be 
overestimated. Llkewlse, hexadecane (C16) quantitated as decane will be 
underestimated. From previous data, It 1s estimated the error involved 
I s  on the order o f  6-71. 

1.6.3 Detect ton 11mi tatlons: The sensitivity of the flame 
ionization detector varies from compound to compound. However, n-alkanes 
have a greater response than other classes. Consequently, using an n- 
alkane as a calibrant and assuming equal responses of all other compounds 
tends to give low reported values. 

2.0 SUMMARY O F  HETHOD 

2.1 A nL aliquot of all 10-mL concentrates Is disbursed for GC-TCO 
analysis. Uith boiling point-retention tine and response-amount calibration 
curves, the data (peak retention t i w s  and peak areas) are interpreted by 
first suming peak areas in the ranges obtained from the bolllng point- 
retention time cal ibration. Then, with the response-amount callbration curve, 
the area sums are converted to amounts of material In the reported bolllng 
point ranges. 

2.2 After the instrument 1s set up, the bolllng point-retention tine 
calibration it effected by fnjectlng a mixture of n-C7 through n-C16 ( 
hydrocarbons and operating the standad temperature program. Response- 
quantity calibrations are accomplished by Injecting n-decane In n-pentane 
standards and perfoming the standard teaperatun program. 

2.3 Definitions 
2.3.1 6 C :  6as chromatography or'gas chromatograph. 

2.3.2 C7-Clb n-alkanes: Heptane through hexadecane. 

2.3.3 6U tcqerature program: 4 min lsothemal at 60*C, 1O'CAin 
from 60' to 220'C. 

2.3.4 TRY tclpcrature program: 5 ain tsothemal at mom 
temperature, then program from 30'C to 250'C at lS'C/min. 

3.0 INTERFERENCES 

Not applicable. 
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4.0 APPARATUS AND MTERIALS 

4.1 Gas chromato ra h: T h i s  procedure I s  Intended for use on a Varlan 
1860 gas c d l p p e d  w l t h  dual flame lonlzatlon detectors and a 
Ilnear temperature programer. Any equlvalent lnstrument can be used provlded 
that  electrometer settings, etc., be changed appmprlately. 

( 

4.2 Gases: 
4.2.1 Hellm: nlnlmum quality I s  reactor grade. A 4A or 13X 

molecular sleve drying tube I s  requlred. A f i l t e r  must be placed between 
the trap and the Instrument. The trap should be recharged after every 
t h l r d  tank of helium. 

4.2.2 A l r :  Zero grade I s  SatlSfaCtOrY. 

4.2.3 Hydrogen: Zero grade. 

4.3 Syringe: Syrlnges are Hamllton 701N. 10 uL, or equlvalent. 

4.4 w: Septa wlll be of such quality as t o  produce very low bleed 
durlng the temperature program. An appmprlate septum I s  Supclco Wlcrosep 
138, whlch Is Teflon-backed. If septum bleed cannot be reduced t o  a 
negllglble level, i t  wl11 be necessary t o  lnstall  septum swlngert on t h e  
Instrument. 

4.5 Recorder: The recorder of  thls procedure must be capable of not 
less than -1-scale dlsplay, r 1-sec ttw constant and 0.5 In. per aln 
chart rate. 

4.6 Inte rator: An lntegrator 1s n p u l r e d .  Peak m a  measurement by 
hand Is sa t  s actory but too tloe-consmlng. I f  manual lntegrrtlon 1s 
required, the method of 'height tlws width a t  half hdght'  Is used. 

( 

-I-?-- 
( 

4.7 Columns: 

of  10% OV-101 on 100/120 mesh Supclcoport. 

of 10% OV-1 (or other slllcon phase) on 100/120 mesh Supelcopott. 

4.7.1 Pmferred oollm: 6 ft x l/8 In. 0.0. stalnless steel column 

4.7.2 Alternate coltm: 6 f t  x 1/8 l n .  O.D. r talnlcst  steel column 

4.8 5 rln e cleaner: m l l t o n  syringe cleaner or qulvrlent connected 
t o  r s u l t a  K F - = - - -  e vacuum source. 

5.0 REAGENTS 

t r a d e m a r k ) f o r a n d a r d s  and for syringe cleantng. 
5.1 Pentane: 'Dlstllled-ln-Slats' (reg. trademark) or  'Nanogrrde' (reg. 
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5.2 Methylene chloride: 'Distilled-in-Glass' (reg. trademark) Or 
'Nanograde' (reg. trademark) for syringe cleaning. 

6.0 SAMPLING HANDLING AND PRESERVATION 

6.1 The extracts are concentrated i n  a Kuderna-Danish evaporator t O  a 
volume less  than 10 mL. The concentrate i s  then quantitatively transferred t o  
a IO-mL volumetric flask and diluted t o  volume. A 1-mL aliquot i s  taken for  
both th i s  analysis and possible subsequent 6C/llS analysis and set  aside In the 
sample bank. For each GC-TCO analysts, obtain the sample sufficiently i n  
advance t o  allow i t  to  warn t o  room temperature. For example, after one 
analysis i s  started, return that sample to the sample bank and take t h e  next 
tamp1 e. 

7.0 PROCEDURES 

7.1 Setup and checkout: Each day, the operator w f l l  verify the 
following: 

7.1.1 That supplies of carrier gas, a i r  and hydrogen are 
sufficient,  t.e., t h a t  each tank contains > 100 pslg. 

7.1.2 That, a f te r  replacement of any gas cylinder, a11 connections 
leading t o  the chromatograph have been leak-checked. 

7.1.3 That the carrier gas flow rate I s  30 2 2 nL/mtn, the hydrogen 
flow rate I t  30 2 2 aL/min, and the a i r  flow rate i s  300 - + 20 mL/min. 

7.1.4 That the electrometer i s  functioning properly. 

7.1.5 That the recorder and Integrator are functioning properly. 

7.1.6 That the septa have been leak-checked (leak-checktng I s  
effected by placing the soap bubble --'flow meter inlet tube over the 
Injection port adaptors), and that  no septum will be used for more than 
20 injecttons. 

7.1.7 That the l ist  of sanples t o  be run I s  ready. 

7.2 Retention time calibration: 

7.2.1 To obtain the terneratun ranges for  reporting the results o f  
the  analyses, the chromatograph I s  given a normal boiling point-retention 
time calibration. The n-alkanes, thetr boiling points, and data 
reporting ranges are given i n  the table below: 
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n-heptane 
( n-octane 

n-nonane 
n-decane 
n-undecane 
n-dodecane 
n-tridecane 
n-tetradecane 
n-pentadecane 
n-hexadecane 

WBP..C Reporting Ranae.'C Rewrt As 

98 
126 
151 
174 
I94 
214 
234 
252 
270 
288 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 
220-240 
240-260 
260-280 
280-300 

c7 
C8 
c9 
c10 
c11 
Cl2 
C13 
C14 
C15 
C16 

7.2.2 Preparation of standards: Preparing a mixture of the C7-CI6 
alkanes is  required. There are two approaches: (1) use o f  a standards 
k i t  (e.g., Polyscience Kit) containing bottles o f  mixtures of selected n- 
alkanes which may be combined to  produce a CI-C16 standard; or (2) use of 
bottles of the individual C7-Cl6 alkanes from which accurately known 
volumes my be taken and colpblned t o  give a C7-CI6 mixture.  

7.2.3 Procedure for retention time calibration: This calibration 
I s  perfonwd a t  the s t a r t  of an analytical program; the mixture is 
chromatographed a t  the s t a r t  of  each day. To attain the required 
retention time precision, both the carrier gas flow rate and the 
temperature program specifications must be observed. Details of the 
procedure depend on the lnstrument being used. The general pmcedure is 
as follows: 

I 

7.2.3.1 Set the programer upper limit a t  250'C. If  this 
se t t ing  does not produce a column tewperatun of ZSO'C, f l n d  the 
correct setting. 

7.2.3.2 Set the programer lower llmlt a t  30'C. 

7.2.3.3 Verify that the instrument =-and samples are a t  room 
temperature. 

7.2.3.4 Inject 1 uL of the n-alkane mixture.  

7.2.3.5 Star t  the lntegrator and recorder. 

7.2.3.6 A l l o w  the instrument t o  r u n  i so theml ly  at roolll 
temperature for  five min. 

7.2.3.7 Shut  the oven door. 

7,.2.3.8 Change t h e  node t o  Automatic and s t a r t  the temperature 
program. 

7.2.3.9 Repeat Steps 1-9 a sufficient number o f  times so that  
the relat ive standard deviation of the retention times for each peak 
1s <52. 
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7.3 Response ca l ibrat ion:  

7.3.1 For the purposes o f  a leve l  1 analysis, response-quantlty 
c a l l b r a t l o n  w i t h  n-decane I s  adequate. A 10-uL volume o f  n-decane I s  
I n jec ted  i n t o  a tared 10 mL volumetric f lask. The weight I n jec ted  I s  
obtalned and the f lask  I s  d l l u ted  t o  the Dark w i th  n-pentane. This 
standard contains about 730 ng n-decane per uL n-pentane. The exact 
concentrat lon depends on temperature, so tha t  a weight I s  required. Two 
s e r i a l  t en fo ld  d i l u t i ons  are made f r o m  t h i s  standard, g iv ing standards a t  
b o u t  730, 73, and 7.3 ng n-decane per UL n-pentane, respectlvely. 

7.3.2 Procedure for response cal lbrat ion:  This ca l l b ra t l on  I s  
p e r f o m d  a t  the  s t a r t  o f  an analy t lca l  program and monthly thereaf ter .  
The most concentrated standard I s  In jected once each day. Any change I n  
ca l l b ra t l on  necessltates a f u l l  ca l lb ra t lon  w i th  new standards. 
Standards are stored i n  the re f r l ge ra to r  locker and are made up monthly. 

7.3.2.1 Veri fy tha t  the Instrument 1s set up properly. 

7.3.2.2 Set electrometer a t  1 x 10-10 M m V .  

7.3.2.3 I n j e c t  1 uL of the hlghest concentration standard. 

7.3.2.4 Run standard temperature program as speclf led above. 
7.3.2.5 Clean syringe. ( 

7.3.2.6 Make repeated ln ject lons o f  a l l  three standards unt i l  
the  r e l a t l v e  standard devlat lons of  the areas o f  each standard are 
ssx. - 

7.4 Smile analysls ~rocedurc:  

7.4.1 The fo l lowlng apparatus 1s requlred: 

7.4.1.1 Qat chromatograph set up and worklng. 

7.4.1.2 Recorder, In tegrator  working. 

7.4.1.3 Syringe and syrlnge cleaning apparatus. 

7.4.1.4 Parameters: L 1 e c t m e t e r  se t t ing  i s  1 x 10-10 A/mV; c 

recorder 1s set a t  0.5 ln./aln and 1 nV fu l l -scale.  

7.4.2 Steps I n  the procedure are: 

7.4.2.1 label  chromatogram wi th  the data, sample number, etc.  
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7.4.2.2 I n j e c t  sample. 

7.4.2.3 Star t  in tegrator  and recorder. 

7.4.2.4 A f t e r  isothermal operation f o r  5 min, begin 

7.4.2.5 Clean syringe. 

7.4.2.6 Return sample; obta in  new sample. 

7.4.2.7 When analysts i s  fintshed, allow instrument t o  cool. 
Turn chromatogram and In tegra tor  Output and data sheet over t o  data 
analyst. 

temperature program. 

7.5 Syringe cleaning procedure: 

7.5.1 Remove plunger f r o m  syringe. 

7.5.2 Inser t  syringe t n t o  cleaner; turn on aspirator. 

7.5.3 F i l l  p ipe t  w i th  pentane: run pentane through syringe. 

7.5.4 Repeat w i th  methylene chlor ide f r o m  a separate p ipet .  

7.5.5 Flush plunger w l th  pentane followed by methylene chloride. 

7.5.6 Repeat w i th  methylene chloride. 

7.6 Sample analysts dectston c r i t e r fon :  ?he data from the TCO analyses 
of organic  ex t rac t  and r lnse  concentrates are f i r s t  used t o  calculate the  
t o t a l  concentrat ton o f  C7-Cl6 hydrocarbon-equivalents (Paragraph 7.7.3) n the  

t h i s  basts, a deciston Is wide both on whether t o  calculate the  quant i ty  of 
each n-a1 kane equivalent present and on which analyt tcal  procedural pathway 
w i l l  be followed. I f  the t o t a l  o anic cobtent Is great enough t o  warrant 
con t inu ing  the  analysts -- >SO0 u g l 2  -- a I C 0  o f  less than 75 u g / d  w i l l  
require only LC f ract ionat ton and gravimetr ic detcminations and I R  spectra t o  
be ob t r fned  on each fract ton.  I f  t h e  TCO It greater than 75 u g l 6 ,  then the  
f i r s t  seven LC f ract ions o f  each sample w i l l  be reanalyzed using t h i s  same gas 
chmmatographtc technique. 

sample w i t h  respect t o  the volume o f  a i r  actual ly sampled, 1.e.. uglm 3 . On 

c 

7.7 Cal cu la t t  ons: 

7.7.1 Bo i l i ng  Point - Retention Time Callbratton: The required 
da ta  for t h f s  ca l i b ra t i on  are on the chrwnatogram and on the data sheet. 
The data reduction t s  performed as follows: 

7.7.1.1 Average the  retent ion t i m e s  and calculate r e l a t i v e  

I I 

standard deviat ions f o r  each n-hydrocarbon. 
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7.7.1.2 Plot  average retentlon times as abscissae versus 

7.7.1.3 Draw I n  ca l ib ra t lon  CUwe. 

7.7.1.4 Locate and record retent ion t i m e s  corresondlng t o  
b o l l l n g  ranges 90-100, 110-140, 140-160, 160-180, 180-200, 200-220, 

7.7.2 Response-munt ca l ibrat ion:  The n q u i r e d  data f o r  t h l s  
c a l l b r a t i o n  are on the chromatogram and on the data sheet. The data 
reduct ion I s  performed as fol lows: 

7.7.2.1 Average the area responses o f  each standard and 
ca lcu late r e l a t l v e  standard deviatlons. 

7.7.2.2 Plot  response (uv-sec) as ordlnate versus ng/uL as 
abscissa. 

7.7.2.3 Draw I n  the curve. Perform leas t  squares regresslon 
and obtain slope (uV-tec.uL/ng). 

7.7.3 Total  C7-Cl6 hydrocarbons analysls: The required data f o r  
t h l s  ca lcu lat ion are on the  chromatogram and on the data sheet. The data 
reduct lon i s  performed as fol lows: 

7.7.3.1 Sum the areas o f  a l l  peaks w i th in  the n t e n t l o n  t i m e  
range o f  in terest .  

7.7.3.2 Convert t h l s  area (uv-sec) t o  ng/uL by d iv id ing  by the 
welght response f o r  n-decane (uV.scc.uL/ng) . 

7.7.3.3 H u l t l p l y  t h l s  welght by the  t o t a l  concentrate volume 
(10 aL) t o  get  the welght of the C7-Cl6 hydrocarbons I n  the sample. 

7.7.3.4 Uslng the  v o l m  of..gas sampled o r  the t o t a l  welght of 
sample acquired, convert the resu l t  o f  Step 7.7.3.3 above t o  141113. 

7.7.3.5 I f  the value of  otal C7416 hydrocarbons fnw Step 

concentratlons I n  accordance *Ith the Inst ruct ions I n  Paragraph 
7.7.5.5 be l  ow. 

7.7.4 Ind iv ldua l  C7-Cl6 n-Alkane Equlvalent Analysis: The requlrcd 
da ta  f r o m  the analyses are on the  chromatogram and on the data sheet. 
The data reduct ion i s  performed as follows: 

7.7.4.1 Sum the areas o f  peaks I n  the proper retent lon t i m e  

normal b o l l l n g  pofnts as ordlnates. 

220-240, 240-260, 260-280, 280-3OO'C. 

( 

7.7.3.4 above exceeds 75 ug1 3 , calculate lndlv ldual  hydrocarbon 

ranges. 
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7.7.4.2 Convert areas (UV-SCC) t o  ng/uL by d l v ld lng  by the 

7.7.4.3 Mul t ip ly  each welght by t o t a l  concentrate volume (10 

7.7.4.4 Using the volume of gas sampled on the t o t a l  welght o f  

proper weight response (uV.sec-uL/ng). 

nL) t o  get welght o f  specles i n  each range o f  the sample. 

sample acqulnd, convert the resu l t  of  Step 7.7.4.3 above t o  ug /d .  

8.0 QUALITY CONTROL 

method. 
8.1 Appmprlate QC I s  found I n  the  pert lnent procedures thmughout the 

9.0 METHOD PERFOMNCE 

9.1 Even r e l a t l v e l y  colaprehenslve error propagatlon analysls 1s beyond 
the  scope o f  t h l s  procedure. Ylth reasonable care, peak area reproduc lb l l l t y  
o f  a standard should be o f  the order of 1 X  RSD. The r e l a t l v e  standard 
dev la t l on  o f  the  sum o f  all  peaks I n  a f a l r l y  colnplex waste might be o f  the 
order  o f  5-102. Accuracy 1s mre d l f f l c u l t  t o  assess. Y l t h  good ana ly t i ca l  
tcchnlque, accuracy and precfs lon should be of  the order of 10-202. 

10.0 REFERENCES 

1. Emlsslons Assessment o f  Conventlonal Stat lonary Combustlon Systems: 
Uethods and Procedure Manual f o r  S a p l i n g  and Analysis, Interagency 
EnergyIEnvl ronmental R&D Program, Indus t r la l  Envlronmental Research 
Laboratory, Research Triangle Park, WC 27711, EPA-600/7-79-029a, January 1979. I 
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Problem: 

Sol ut i QQ: 

RESOLUTION OF CONFLICTS BETWEEN 
ISOMER AND HOMOLOG RESULTS 

z Isaners concentration > homolog concentration 
Z.3.1,B 

This is caused by detection limits for isomers being too hlgh 
(1  nterference) 
But clearly this I s  impossible so, 

11 
assign the homolog concentration value to the isomer sum. 
i .e. 

Thls results In a worst case analysis of the higher toxlcity 
2,3,7,8 isomers. - 

2.31 < 3.6 HpCDD 

Net effect i s  to reduce the concentration estimate of the non- 
2,3,7,8-isomers and tncreasetha concentration estimate of the 
2,3,l,B-lsomers using the hanolog analysis as the best 
estimate of the sum of the 2,3,7,8- and non 2,3,1,8-isomers. 
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