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ACFH 

DSCFU 
O W L  
DEG-F (OF) 
DIA.  
FP 
FT/SEC 
9 

GR/ACF 
GR/DSCF 

HP 
HRS 
IN. 
IN.HG. 
IN.WC. 
L E  
LB/DSCF 
LB/HRt 
LW10 BTU 
LB/UNBTU 
LTPD 
CIW 
mq/Nmi 
uq/Nm- 
microns (um) 

ns 

cc tm l )  

GPn 

giescm 

M I N .  

Ohm-Cm 
PH 
PPH 
PPU 
DDmC 
DDm . d 
D0Ill.W 
DDt 
P S I  
SQ.FT. 
TPD 
W 
V/V  
W/W 
< 

‘T q, 

ABBREVIATIOWS 

actual cubic fee t  per minute 
cubic centimeter ( m i l l i l i t e r )  
standard cubic foot of d ry  gas per minute 
dry standard m i l l i l i t e r  
deqrees Fahrenheit 
d i  amete r 
t in ished Droduct f o r  p lan t  
f e e t  per second 
gram 
gallons per minute 
grains per actual cubic f o o t  
grains per dry  standard cubic f o o t  
grams per dry standard cubic meter 
horsewwer 
hours 
inches 
inches o f  mercurv 
inches o f  water 
pound 
pounds Per dry  standard cublc f o o t  
pounds per hour 
pounds per m i l l i o n  B r i t i s h  Thermal Un i ts  heat i n p u t  
pounds per mi l l ion B r i t l s h  Thermal Un i ts  heat Input 
long tons per day 
megawatt 
mil l iqrams per dry standard cubic meter 
micrograms per d ry  standard cubic meter 
micrometer 
minutes 
nanograms 
otrn-centimater 
par t i cu la te  matter 
pounds per hour 
par ts  per m i l l i o n  
par ts  wr m i l l i o n  carbon 
Darts per ml l l i on .  d ry  
Darts per m i l l i on .  wet 
par ts  per t r i l l i o n  
pounds wr sauare i nch  
sauare fee t  
tons per day 
micrograms 
percent by v o l m  
percent by w i g h t  - < (when fol lowrng a number) 

Standard cond i t ions  are defined as 68 OF (20 %) and 29.92 IN. o f  mercury 
pressure. 
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Jeff cole, RTI, says this is a dry bottom boiler, 
the UDI/EEI database. 
for five years and, therefore, I am taking his word on this. 

according to 
Jeff has been working with the NSP data 
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1 INTRODUCTION 

On May 29, 1990, Interpol1 Laboratories personnel conducted a trace 
metal characterization study on the Units 1 and 2 Dry Scrubbing System at 
the Northern States Power Company (NSP) Sherburne County Generating 
Station located in Becker, Minnesota. On-site testing was performed by D. 

Van Hoever, E. Trowbridge and S. Bainville. Coordination between testing 
activities and plant operation was provided by Bob Catron of NSP. 

Units 1 and 2 are identical Combustion Engineering 750 megawatt 
boilers which came on line in 1976. During this test, both boilers were 
fired with 80% Rochelle and 20% Coalstrip pulverized subbituminous coal. 
Emissions are controlled by a wet limestone scrubbing system whlch 
consists of twelve individual rod venturi scrubber spray towers. Cleaned 
flue gas Is exhausted to the atmosphere by a 600-foot radial steel-lined 
concrete stack c m o n  to Units 1 and 2. 

A Multi-Metal Modified Method 5 (4M5) sampling train was used to 
isoklnetically collect solid and vapor phase trace metals. The samples 
were collected and analyzed as per the EPA Draft Method "Methodology for 
the Determination of Metals Emissions In Exhaust Gases from Stationary 
Source Combustion Processes". The aerosol or solid phase trace metal 
samples were collected on high purity Pallflex* filters. The vapor phase 
trace metals were collected in an all glass implnger train. The first and 
second impingers each contalned 100 cc of a mlxture of 5% H N 4  and 10% %Ot. 

The third impinger contalned 100 cc of a mixture o f  4% KMnO, and 10% qS0,. 

This Impinger collects any elemental mercury which might penetrate the 
first two lmpingers and is used only when mercury is being sampled. The 
recovered four-part trace metal samples were combined, dissolved In acid 
(Including the glass flber filter) and analyzed by Inductively Coupled 
Argon Plasma Emission Spectrometry (ICP). Mercury was analyzed by cold 
vapor atomic absorption. A field bia,sed blank was collected and recovered 
at the test site and analyzed with the field samples. 
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An integrated flue gas sample was extracted simultaneously with each 
trace metal sample using a specially designed gas sampling system. 
Integrated flue gas samples were collected in 44-liter Tedlar bags housed 
in a protective aluminum housing. After sampling was cunplete, the bags 
were sealed and returned to the laboratory for Orsat analysis. Prior to 
sampling, the Tedlar bags are leak checked at 15 1N.HG. vacuum with an in- 
line rotameter. Bags with any detectable inleakage are discarded. 

Testing was conducted from four test ports on the Stack oriented at 
90 degrees. These test ports are located seven stack diameters downstream 
of the breeching inlet and eleven diameters upstream o f  the stack exit. 
A 16-point traverse was used to extract representative trace metal 
samples. Each traverse point was sampled four minutes to give a total 
sampling time of 64 minutes per run. 

The important results of the test are sumnarized in Section 2. 
Detailed results are presented in Section 3. Field data and all other 
supporting information are presented in the appendices. 
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2 S W Y  AND DISCUSSION 

The r e s u l t s  o f  t h e  t r a c e  metals determinations are summarized i n  

Tables 2.1 and 2.2. 

Our review o f  t he  r e s u l t s  suggest t h a t  the on ly  anornolous r e s u l t  

might be the h igh  n i cke l  concentrat ion observed dur ing the  second run. 

This high value may be due t o  contamination. 

No other  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 o f  t he  samples. On the  basis o f  t h i s  f a c t  and a 

complete review o f  the e n t i r e  data and resu l ts ,  it i s  our opinion, subject 

t o  the above qua l i f i ca t l ons ,  t h a t  t he  resu l t s  reported here in 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. 
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Table 2.1  S u m r y  o f  the Results o f  the May 29. 1990 Trace M e t a l s  
Engineering Test on U n i t s  1 & 2 a t  the NSP - Sherco Plant Located 
I n  Becker. Minnesota. 

I tem Run 1 Run 2 Run 3 

(Concent rat1 on 
Alumf nom 
Antimony 
Arsenic 
Barium 
Beryl 1 i urn 
Boron 
Cadmi um 
Cal c i  urn 
Chrorni um 
Copper 
Iron 
Lead 
Hagnesl urn 
Manganese 
Mercury 
Molybdenum 
Nickel 
Pot as s i urn 
Sel en i  um 
S i l v e r  
Sodi urn 
Strontturn 
Vanadium 
Zinc 

Uo/-l) 
725.0 

0.1 
2.5 

267.5 
0 .3  

332.1 
1 .7  

5431.7 
16.5 
10.5 

837.7 
9.0 

571.7 
24.8 
0.8 
2.3< 
1.51 

127.7 
6.6 
0.9c 

383.1 
203.6 

21.0 
21.8 

1870.3 
0.3 
3.5 

514.8 
0 . 3  

6900.3 
1.1 

11327.4 
14.3 
13.5 

1102.6 
7.5 

1481.2 
26.3 

1.6 
3.8 

21.1.. 
165.6 

9.0 
0.W 

549.4 
367.3 
26.3 
24.8 

A t n l l l n g  'c'  i nd l ca t t r  t ha t  the trne value Is kla the detection llrlt. 
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662.6 
0.8 
2.8 

226.4 
0.3 

3723.9 
0.81 

6224.2 
7.6 

11 .4  
821.6 

8.3 
569.4 

52.2 
1.2 
2.3< 
1.6 

159.0 
10.6 

469.5 
212.0 

25.0 
20.4 

1.k 



Table 2.2 
Engineering T e s t  on U n i t s  1 & 2 a t  the NSP - Sherco Plant  Located 
i n  Becker. Minnesota. 

Sumnary o f  the Resul ts o f  t h e  May 29. 1990 Trace Metals 

I t em Run 1 Run 2 Run 3 

(Emission rate lO-JLB/HR) 
A1 umi  num 
Antimony 
Arsenic 
Barium 
Bery l  1 ium 
Boron 
Cadmi urn 
Calcium 
Chromium 
Copper 
I r o n  
Lead 
Wagnes f urn 
Manganese 
Mercury 
Molybdenum 
Nickel  
Potassium 
Sel en1 um 
S i  1 ver  
Sodium 
S t  ront i urn 
Vanadium 
Zinc 

8972.5 
8.4 

30.4 
3310.1 

3.3 
4109.7 

20.5 
61224.1 

204.6 
130.2 

10367.2 
111.6 

7075.7 
306.8 

9.3 
2 7 . w  
1 8 . 6 ~  

1580.6 
81.8 
11.2< 

4141.9 
2519.7 

260.3 
269.6 

23387.7 
4.1 

43.3 
6437.5 

3.6 
86285.2 

13.2 
141643.9 

178.8 
169.4 

13787.9 
94.1 

18521.9 
329.4 

19.6 
47.1 

263.5 
2070.5 

112.9 

6870.4 
4592.8 

329.4 
310.6 

11.3 

A t n i l i n p  ’<’ indicates that  the t rue n l u r  i s  k l w  the detection h i t .  
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7705.2 
9.2 

32.6 
2633.0 

3.5 
43307.7 

9.7< 
72385.1 

88.1 
132.1 

9554.5 
96.9 

6622.1 
607.6 

14.1 
2 6 . 4 ~  
18.5 

1849.3 
123.3 

5459.7 
2465.7 

290.6 
237.8 

11.4< 



3 RESULTS 

The results of all field and laboratory evaluations are presented In 
this section. Gas compositlon (Orsat and moisture) are presented first 
followed by the computer printout of the trace metals sampling data. 
Preliminary measurements includlng test port locatlons are glven in the 
appendlces. 

The results have been calculated on a personal computer using 
programs written in Extended BASIC specifically for source testing cal- 
culations. EPA-publlshed equations have been used as the basis o f  the 
calculation technlques in these programs. 

The emission rates have been calculated using the product of the 
concentratlon times flow method. 
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Interpoll Report No. 0-3053 
Northern States  Power - Sherco 

Becker. Minnesota 

Test No. 1 
Units 1 & 2 Stack 

Date o f  run 

Dry basis (orsat) 

carbon d i o x i d e . . . . . . . . . . . .  

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

carbon monoxide . . . . . . . . . . .  

nitrogen .................. 

Wet basis  (orsat) 

carbon d i o x i d e . . . . . . . . . . . .  

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

carbon monoxide . . . . . . . . . . .  

nitrogen .................. 
water v a p o r . . . . . . . . . . . . . . .  

Dry molecular weight ........ 
Wet molecular weight. ...... 
Sped f 1 c gravity . . . . . . . . . . . 
Water mass flow ...... LB/HR) 

Run 1 
05-29-90 

13.50 

6.60 

0.00 

79.90 

11.33 

5.54 

0.00 

67.06 

16.07 

30.42 

28.43 

0.982 

0.00 

Run 2 
05-29-90 

13.50 

6.50 

0.00 

80.00 

11.37 

5.48 

0.00 

67.41 

15.74 

30.42 

28.46 

0.983 

0.00 

Run 3 
05-29-90 

13.40 

6.60 

0.00 

80.00 

11.34 

5.58 

0.00 

67.69 

15.39 

30.41 

28.50 

0.984 

0.00 

FO 1.059 1.067 1.067 
7 



I n t e r p o l 1  R e p o r t  No. 0-3053 
N o r t h e r n  S t a t e s  Power - Sherco 

Becke r .  M inneso ta  

T e s t  No. 1 
U n i t s  1 B 2 S t a c k  

3.2 Results of Multi-Metal Modified Method 5 (4115) Sampling..... 

Date  o f  r u n  
Run 1 

05-29-90 

Time r u n  s t a r t / e n d . .  ... ( H R S )  0845-1001 

S t a t i c  p r e s s u r e  ...... ( 1 N . W C )  
C ross  s e c t i o n a l  a r e a  (SQ.FT) 
P i t o t  t u b e  c o e f f i c i e n t . . . . . .  

Water  i n  sample gas  
condenser  ............. ( M L )  
i m p i n g e r s  .......... (GRAMS)  
d e s i c c a n t .  ......... (GRAMS) 
t o t a l  .............. (GRAMS) 

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 . .  (1N .HG)  
Avg. o r l f . p r e s . d r o p . . ( I N . W C )  
Avg. gas m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas  me te r . . . .  
a t  m e t e r  cond i t i ons  ... (CF) 
s t a n d a r d  c o n d i t i o n s . ( D S C F )  
s t a n d a r d  c o n d i t i o n s . . ( N M 3 )  

T o t a l  s a m p l l n g  t i m e . .  . . ( M I N I  
N o z z l e  d i a m e t e r  ......... ( I N )  
Avg.s tack  gas temp . . (DEG-F)  

V o l u m e t r i c  f l o w  r a t e . .  
ac tua l . . . . . . . . . . . . .  
d r y  s t a n d a r d  ....... 

I s o k i n e t i c  v a r i a t i o n .  

...... 
(ACFH) 
DSCFM) 

... ( * )  

-1.20 
829.58 

0.840 

0.0 
177.0 

14.0 
191.0 

1.0013 
28.47 

1.88 
75.7 

49.85 
47.02 
1.332 

64.00 
.183 

185 

5068854 
3305953 

101.0 

Run 2 
05-29-90 

1035-1152 

-1.20 
829.58 

0 .840 

0.0 
172.0 

14.0 
185.0  

1.0013 
28.47 

1.85 
71.8 

49.40 
46.94 
1.329 

64.00 
.183 

185 

5104263 
3340203 

99.8 

Run 3 
05-29-90 

1225-1342 

-1.20 
829.58 

0.840 

0.0 
167.0 

13.0 
180.0 

1.0013 
28.47 

1.84 
75.0 

49.40 
46.65 
1.321 

64.00 
.183 

2 9 1  

5505374 
3106503 

106.6 

Q 



APPENDIX A 

RESULTS OF WLWETRIC FLOW RATE DETERUINATIOHS 
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a d 

1 a 
I' 
I' 
i .I 
b 

"I 4 

I' 
II 
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I n t e r p o l 1  R e p o r t  No. 0-3053 
N o r t h e r n  S t a t e s  Power - Sherco  

Becke r .  M i n n e s o t a  

T e s t  No. 1 
U n i t s  1 B 2 S t a c k  

Results o f  Volumetric Flow Rate Determination------- Method 2 

Date  o f  De te rm ina t ion . . . . . . . . . . . .  

Time o f  D e t e r m i n a t i o n  ....... (HRS) 
B a r o m e t r i c  p r e s s u r e . .  . . . . . ( I N . H G )  

P i t o t  tube c o e f f i c i e n t . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s .  ........ 
T o t a l  number o f  p o i n t s  ........... 
Shape o f  duct.................... 

S t a c k  d iamet t? r . .  .. .. . .. . . . .. . ( I N )  

D u c t  a r e a  ................. (SQ.FT) 

D i r e c t i o n  o f  flow................ 

S t a t i c  p r e s s u r e  ........... ( I N . W C )  

Avg. gas temp ............. (DEG-F) 

M o i s t u r e  conten t . . . . . . . . . . ( *  V / V )  

Avg. l i n e a r  v e l o c i t y  ..... (FT/SEC) 

Gas d e n s i t y  .............. (LB/ACF) 

M o l e c u l a r  w e i g h t  ...... (LB/LBMOLE) 

Mass f l o w  o f  gas  .......... (LB/HR) 

V o l u m e t r i c  f l o w  rate. . . . . . . . . . . . .  
a c t u a l  ................... ( A C F M )  
d r y  s t a n d a r d  ............ (DSCFM) 

05-29-90 

810 

28.47 

.84 

4 

16 

Round 

390 

829.58 

UP 

-1.2 

185 

16.07 

102.0 

.05732 

30.42 

1.746359E+07 

5077454 
3308995 
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APPENDIX B 

LOCATION OF TEST PORTS 



E P A  Nethod 1 Specification 

204 - 6.20 di.. 
A - 3 2 . 5  - 10.55 di.. 32.5 

- Total number of traverse 
points required (minimum) 

p - 12 

c FLUE OPENING 

INTERPOLL IN[. 

204' 

343' 
- 

441' 645' 

I S P  SHERBURNE COUNTY GENERATING PUNT 
UNITS 1 U  STACK 

NOT TO SCAL' 

0-1 
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4w5 FIELD DATA SHEETS 



Source  UNZ-. S>#c,t 

T e s t  - Hun 2 D a t e  L--29-qL' 
S t a c k  dimen. 39a I N .  

Dry b u l b  "F W e t  b u l b  "F 

Nanometer :  & R e g .  0  EX^. 0 E l e c .  

B a r o m e t r i c  p r e s s u r e  Zg. r /7  i n  Hg 

S t a t i c  p r e s s u r e  - /# L i n  WC 

O p e r a t o r s  k-zi&&,.we 
P i t o t  NO. 3 J -  cp . W d  

H or n o t h i n g =  r e g .  manometer:  S= expanded;  E = e l e c t r o n i c  
r - i  

0 
S c h e m a t i c  of 
C r o s s  S e c t i o n  
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'I 
1 
I- 



-1 

0 z 
W 
c z 
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APPENDIX D 

LABORATORY DATA SHEETS FOR METHOD 3 



In te rpo l1  Laboratories 
(612) 786-6a20~ 

Chain of Custody 
Sample Deposit ion Sheet 

Source r W , r S  / r L  
Test S i t e  S 7 f l C 4  

Job b%/kAd& 
Team Leader E 7 k d d & / / b  4P 
D a t e  Submitted S - a 9  -9.4 Date of Test t- LP-ITO 
Test No. / No. of Runs Completed 3 

ps per EPA M-5 
.S. Thimble 

per EPA M-3 
per EPA M-10 

per EPA M-6 

Source I n f o r m a t  ion 

1 1  Type of  Source: 0 6sphalt  P lant  0 Inc inerator  0 Dryer 

Coal 0 Wood 0 Gas 0 O i l  0 HDF 0 Other 
e combustible? 0 No 0 Yes 

4 )  D o e s  sample need special  handling? No 0 Y e s  I f  y e s ,  explain 

S-278HRK'R 

D- 1 



APPENDIX E 

RESULTS OF TRACE METAL ANALYSIS 



INTERPOLL LABORATORIES. I N C .  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

Results o f  Trace Metal Analysis 

Test: 1 
Source: U n i t s  No. 1 €i 2 Stack 
Sample Type: 4H5 Tra in  Catch 

Trace Metal 

(Log No.) 
A1 umi num 
Arsenic 
Boron 
Barium 
Beryl 1 i u m  
Cal c i  um 
Cadmi um 
Chromium 

Iron 
Potassium 
Magneslum 
Manganese 
Molybdenum 
sodl um 
Nickel 
Lead 
Selenium 
A n t  1 mony 
Stront  1 um 
Vanadium 
Zinc 
Mercury 
S i  1 ver 

copper 

NSP/Sherro 
Laboratory Log No. 9639 

Tota l  Mass o f  Trace Metal i n  Sample tua) 
F i e l d  F i e l d  

EPA Method Blank 1 Blank 2 Run 1 Run 2 Run 3 

SW-846. 6010 
SW-846. 7060 
SW-846. 6010 
SW-846. 6010 
SW-846. 7091 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846, 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846, 6010 
SW-846. 7740 
SW-846. 7041 
3500-sr. B' 
SW-846. 6010 
SW-846. 6010 
SW-846. 7470 
SW-846. 6010 

(9639-21) 
330 

< 0.05 
15 
8 

0.022 
256 

< 1 
4.4 

4 
73 
90 
32 
67 
26 

596 
5.0 
9.8 

< 0.5 
0.2 

10 
< 1 

14 
0.2 
1.2 

(9639-22) 
350 

0.05 
29 

8.8 
0.034 

237 
< 1 

4.2 
3 

76 
80 
33 

6.8 
28 

674 
4 

12 
0.5 

0.05 
< 5 
< 1 

15 
0.2 

< 1.2 

(9639-23) 
1340 
3.27 

464 
364 

0.37 
7480 

2.2 
26 
17 

1190 
250 
793 

38 
28 

1110 
5.8 
22 

8.79 
0.95 

276 
28 
43 

0.40 
1.2 

(9639-24) 
2860 
4.58 
9190 
692 
0.40 

15300 
1.4 
23 
21  

1540 
300 

2000 
40 
31 

1330 
32 
20 

12.2 
0.49 

493 
35 
47 

1.60 
< 1.2 

(9639-25) 
1250 
3.67 
4940 

307 
0.42 
8470 

< 1.1 
14 
18 

1160 
290 
784 

74 
29 

1220 
6.1 

21 
13.8 
1.1 
285 

33 
41 

0.88 
< 1.3 

'Standard Methods. 17th Edi t ion .  



APPENDIX F 

RESULTS OF MINERAL ASH ANALYSIS 



I N T E R P O L L  LABORATORIES, I N C .  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

NSP/ShenO 
Sample Log No. 9639-26 

Results of  the Mineral Ash rUMlyslsl 

les t :  1 

Sample Type: Coal 

A s  Received 
Ignited Basi s, (Dry Basis) 

Parameter 5 by ueisht t by ueiaht 

Si l ica  (S lq)  35.31 2.03 

Alumina ( A l Z 0 3 )  16.79 0.97 

Titania (T iq )  1.07 0.061 

Ferric oxide (FeZ03) 6.93 0.39 

Magnesia (MgO) 4.45 0.26 

Potassium oxide (K20) 0.40 0.023 

Lime (CaO) 19.45 1.12 

Sodium oxide (NaZO) 1.40 0.081 

Sulfur  trloxlde (So,) 12.75 0.73 

Phos. pentoxide (P&) 0.64 0.038 

Nanganese oxide (Mn30,) 0.11 0.006 

Barium oxide (BaO) 0.53 0.03 

Under (over) determi ne& 0.17 

Loss on ignition 94.25 

'Analyses performed i n  accordance r i t h  A S l l l  036112 and 01157 by I C P  c l i s s i o n  s p e c t r o l e t r y .  

~ n d e r l o r e r ) d e t e n i n e d  i n  t h e  case o f  t h e  l g n l t e d  b a s i s  results corresponds t o  t h e  s u i  o f  the d c t e r i l n a n t  
errors i n  t h e  l n d i r l d u a l  analyses o f  t h e  vir lous  r e p o r t e d  i n a l y t e  p lus  t h e  percent  by w i g h t  or  any minera ls  
i n  t h e  sa iple  for rhich i n  a n a l y s l s  mas not performed (a  p a s l t l r c  rrlue corresponds t o  m d c r d c t e r i i n c d  and I 
negat ive  va lue  t o  o v e r d c t e r i i n c d ) .  
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RESULTS OF FUEL AluLYSIS 
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I 

INTERPOLL LABORATORIES INC. 
Fuel Laboratory 
(612) 786-6020 

06-18-1990 

C l i e n t :  NSP Sherco 

Laboratory Log Number: 9639-26-7942 

Sample Identification: Coal T e s t  1 5-29-90 

74.90 

5.43 

0.89 

18.15 

0.63 

12912 

WTZ 

Moisture & Moisture As 
e Eree R M  

Moisture, Total 28.06 

Ash 8.00 5.75 

Carbon 68.91 49.58 

Hydrogen 4.99 3.59 

Nitrogen 0.82 0.59 

Oxygen (calculated) 16.70 12.01 

Sulfur 0.58 0.42 

Heating Value, BTU/LB. 11880 8547 

Respectfully submitted, 

Gregg W .  Holman 
Senior Scientist  
Inorganic Chemistry Department 

9796 

G- 1 



APPENDIX H 

PROCELMJRES 



f 
I 1 
3 1 
i 1 

II i 

. 
LzpIL. Flov determinations uen car t14  out In  accordance with EPA 

Method 2, CFR 1 1 t h  40, Part 80,  Appendix A (Rovlsed July 1, 1 9 a ) .  A 
type s pltot  was used to sense velocity prossum and UI inclined manometer 
was used to measum velocity pnssums. 6ar trolpsratums rere measured 
using a calibrated Type K thermocouple md digltal tamparatun meter. Qas 
denslty (1.9. molecular wight )  was calculated fran the composition of the 
gas uhlch was detemlned by Orsat. 



"FI?R~~OLOGY MR mE DETER~INATION OF WAS EMISSIONS 

I N  EXHAUST WES FROM STATIONARY SOURCE COMBUSTION PROCESSES 

1. Applicabili ty and Pr inc ip le  
1.1 Applicability. This method is applicable for the determination of 

t o t a l  chromium ( C r ) .  cadmium (Cd). arsenic  (As). nickel ( N i ) .  manganese (Mn). 
beryllium ( B e ) ,  copper (Cu). zinc (Zn). lead (Pb). selenium (Se).  phosphorus 

(P) .  tha l l ium ( T l ) .  s i l v e r  ( A g ) .  antimony (Sb). barium (Ba). and mercury (Hg) 
emissions from municipal w a s t e  incinerators .  s e w a g e  sludge incinerators.  and 
hazardous w a s t e  incinerators .  This method may also be used f o r  the 

determination of pa r t i cu la t e  emissions following the additional procedures 

described. Modifications t o  the sample recovery and analysis procedures 

described i n  t h i s  protocol f o r  the purpose of determining par t icu la te  emissions 
may potent ia l ly  impact the f ront  half  mercury determination.* 

1.2 Principle .  Pa r t i cu la t e  and gaseous metal emissions a re  withdrawn 
isokinet ical ly  from the source and col lected on a heated f i l t e r .  and in a 

series of ch i l l ed  impingers containing a solut ion of d i l u t e  n i t r i c  acid i n  
hydrogen peroxide i n  t w o  impingers. and ac id ic  potassium permanganate solution 

i n  two (or one) impingers. Sampling train components are recovered and 

digested i n  separate  f ron t  and back ha l f  f ract ions.  

sampling t r a i n  are digested w i t h  acid solut ions t o  dissolve inorganics and t o  
remov@ organic cons t i tuents  t ha t  may crea te  analytical  interferences.  Acid 

digestion is performed using conventional P a r 9  Bomb or microwave digestion 

techniques. The n i t r i c  acid and hydrogen peroxide impinger solut ion,  the 
acidic  potassium permanganate impinger solution, and the probe r inse  and 

digested filter solut ions are analyzed fo r  mercury by cold vapor atomic 

absorption spectroscopy (CVAAS). Except f o r  the  permanganate solution. the 

Materials collected i n  the 

, 

*Fie16 t e s t s  t o  da t e  have shown t h a t  of the t o t a l  amount of mercury measured 
by the method. p l y  0 t o  <21 w a s  measured i n  the front  ha l f .  Therefore, it is 
tentat ively concluded. based on the  above data. tha t  par t icu la te  emissions may 
be measured by- t h i s  t ra in .  without s ign i f icant ly  a l t e r ing  the mercury resul ts .  

RECEIVED 1 



Cr (1 ng/ml). Pb (1 ng/ml). Se (2 ng/ml). and T1 (1 ng/ml). 
possibi l i ty  of optimum ease in obtaining accurate measurements. the 

concentration of t a rge t  metals in samples should be at least ten times the 

detection limit. Under certain conditions. and w i t h  greater care in the 
analytical  procedure. this concentration can be as low as a p p r o b a t e l y  three 

times the detection l i m i t .  However. the  s c a t t e r  of such da ta  may render them 
unacceptable or may require  many analyses before the desired r e l i a b i l i t y  of 

analytical  data  is obtained. 

To ensure the 

s 
8 
I 
4 

Using the  procedures described i n  this method, the theo re t i ca l  analyticai  

detection l i m i t s  shown above. a volume of 300 m l  f o r  the f r o n t  ha l f  and 150 m l  
f o r  the back ha l f  samples, and a s tack  gas sample volume of 1.25 m 3 ,  the 
corresponding in-stack de tec t ion  limits are  presented in Table A-1 and 
calculated as shown: 

7Rb &cum)nt b b .plllmlmry 
W has not becn formatlv released W EPA - 

I 
1 

- JS8 Should not at  thb W C O t k N C $  
P represrrl Ageno) pollcy. I t  '- ceir?g 
~ P . > ; s - -  tot rjrn.rne-c pr :*-. .. --yicS 

A X B = D  
C .- -. 0 , i  .. I...... 

where: A = ana ly t i ca l  detect ion l i m i t ,  ug/ml. 
B = volume of sample p r i o r  t o  aliquot fo r  analysis ,  m l .  
C = stack sample volume. dscm. m3.  
D E in-stack detect ion l i m i t ,  u g d .  

Values i n  Table A-1 are calculated for the  f ront  and back h a l f  and/or the 

t r a in .  
1 c 

c 

a1 

I 
I 
I 
I 
I 
1 
I 
E 
I 

~ 

Actual method in-stack detect ion l i m i t s  a re  based on ac tua l  test values. 
I f  required, t h i s  method's in-stack detection limits l i s t e d  can be improved for 

a specif ic  test by using one or more of the following options: 
o A normal 1-hour sampling run col lec ts  a stack gas sampling volume of 

about 1-25 m 3 .  
collected.  the in-stack method detection limits would be one fourth of 

the values shown above (this means tha t  w i t h  this change, the method is 
four times more sens i t i ve  than normal). 

The in-stack detect ion l i m i t s  assume that  all of t he  sample i s  digested 

(with exception of the al iquot  f o r  mercury) and the f i n a l  l iqu id  volume 

for  analysis  is 300 ml f o r  the f r o n t  half and 150 m l  for the back half 

sample. .If the f r o n t  ha l f  volume is reduced from 300 m l  t o  30 ml, the 

front ha l f  in-stack detect ion l i m i t s  would be one tenth of the values 

shown above ( t en  times more sens i t i ve ) .  I f  the back ha l f  volume is  
reduced from 150 m l  t o  25 m l  the in-stack detection l i m i t s  would be one 

s ixth of the above values. 

If  the sampling time is increased and 5 m 3  i s  

o 

Matrix e f fec ts  checks are necessary on 
mb &cwl%nt li L'.bn~mfnafy dnfL 

C#d should not at 
'a represent Agene pollcy. It Is t d - p  
zirculated lor  conprnt  on Its techdCL; 
~iurnrr an0 y-llcy trnolllatlons 

hat no! been formally released bj !PI 
stage be cons:ruc: 

U -  E 



the sample w a s  captured. 
becomes a single value for all metals. except mercury for which the 

contribution of Fraction 3 m u s t  be considered. 

The in-stack method detection l i m i t  then 

o The above discussion assumes no blank correction. Blank corrections 
are discussed later in t h i s  method. 

2.3 Precision. The precisions ( r e l a t i v e  standard deviation) for each 
metal detected i n  a method development test a t  a sewage sludge incinerator ,  a re  

as follows: Sb (13.9%). As (13.5%). Ba (13.1%). Cd (11.5%). C r  (12.5%). Cu 

(11.9%). Pb (11.6%). N i  (7.7%). P (13.5%). Se (15.3%). T1 (12.3%). and Zn 
(11.8%). Beryllium. manganese and s i l v e r  were not detected in the  tests: 
however, based on the ana ly t ica l  s e n s i t i v i t y  of the ICAP f o r  these metals. i t  

is assumed tha t  t h e i r  precisions should be similiar t o  those for the  other  

metals. 
- 

2.4 Interferences.  I ron can be a spec t ra l  interference during t h e .  

analysis of arsenic ,  chromium. and cadmium by ICAP. Aluminum can be a spectral  
interference during the analysis of arsenic  and lead by ICAP. Generally. these 

interferences can be reduced by d i lu t ing  the  sample, but this increases the 

method detection l i m i t .  Refer to EPA Method 6010 (SW-846) for d e t a i l s  on 

potent ia l  interferences for this method. For all GFAA.5 analyses, matrix 
modifiers should be used t o  l i m i t  in terferences,  and standards should be matrix 
matched. 

3. Apparatus 

3.1 Sampling Train. A schematic of t he  sampling t r a i n  is shown i n  Figure 

A-1 .  I t  is similar t o  the  Method 5 train. The sampling train consis ts  of the 

following components. 
3.1.1 Probe Nozzle (Probe Tip) and Borosil icate or Quartz Glass Probe 

Liner. Same as Method 5. Sections 2.1.1 and 2.1.2. Glass nozzles are required 
unless an alternate probe t i p  prevents the  poss ib i l i ty  of contamination or 
interference of t h e  sample with its mater ia ls  of construction. If e probe t i p  

other  than g lass  is used. no correct ion of the  stack sauple test r e s u l t s  can be 

made because of the  e f f e c t  on the results by the pmbe t ip .  

3.1.2 Pitot 'Tube and Dif fe ren t ia l  Pressure Gauge. Same as Method 2. 

Sections 2.1-and 2.2. respectively.  
3.1.3 F i l t e r  Holder. Glass, same as Method 5. Section 2.1.5. except that  

a Teflon f i l t e r  support may be used, i f  desired,  t o  replace the glass  f r i t .  

5 mb ekcmnt b I F : ~ n m l ~ y  mt, 
has no+ been h i i y  mieased 

m d  should not 8t UIL hp w cDn,trucd 
re?resMt Ageno) poky. n IS belng 

urcu13ted for C o T r n t  on Itr 1e:hqIw 
e y ~ . c y  *na v-llcy lmplluttoiu 

EPI 

.. - 
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APPENDIX I 

CALWUTIOW EWATIOWS 



CALCULATION EQUATIONS 

METHOD 2 

* A l t e r n a t e  e q u a t i o n s  for  c a l c u l a t i n g  m o i s t u r e  c o n t e n t  f rom wet b u l b  and 
d r y  S u l d  d a t a .  

1-1 



UUCUIATION EQUATIONS 

METHOD 5 

pbar + n/13.6 
= 17.65 ( 1 

'm( s td)  ' rn( avg 

= 0.0472 V I s  'w( s t d )  

- - 'w( s td)  
Bws 'w( s t d )  + 'rn( std )  

V T s ( a v g )  rn(std) 
= 0.0944 (p - 

"sl 
I 

s "s An ' 

272.3 M Ps 

Ts( avg) ('w( s t d t  'rn( std ) )  
- - 

'a 

(fip)l = 8.5714 x . I O - ~  C, Q,,, 

1.3228 x lo-' M p  A - 
(hp)2 - O An 



Absolute pressure o f  s t ack  gas ,  IN.HG. 

Standard absolu te  pressure ,  29.92 IN. HG. 

Actual volumetric s t ack  gas flow r a t e ,  ACFM 

Dry volumetric s t ack  gas flow rate  corrected t o  standard 
condi t ions,  DSCFY 

Relative humidity, X 

Dry bulb temperature o f  s tack  g a s ,  OF 

Wet b u l b  temperature o f  stack g a s ,  O F  

Absolute average dry  gas meter temperature. OR 

Absolute average s t a c k  temperature, OF 

Standard absolu te  temperdture. 528 OF (68 O F )  

Total sampling t ime, m i n .  

Total volume o f  l i q u i d  co l lec ted  in impingers and 
s i l i c a  g e l ,  m l  

Volume of gas sample a s  measured by dry gas meter, CF 

Volume o f  gas sample measured by the  dry gas meter 
corrected t o  s tandard condi t ions,  DSCF 

Volume o f  water vapor i n  the gas sample corrected t o  
standard cond i t ions ,  SCF 

Average ac tua l  s t ack  gas ve loc i ty .  FT/SEC 

Vapor pressure a t  T d b ,  IN. HG. 

1-5 
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