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I. INTRODUCTION 

During the week of August 16, 1976, testing was conducted by Monsanto . 

Research, under contract by the Envi,ronmental Protection Agency, on two 

control devices at the ESB Canada Limited manufacturing plant in mississauga, 

Canada. 

o f  a modified method of sample collection applicable to this industry. 

In addition, sampling was conducted to verify the reproducibility 

The sources o f  interest were those from the three-process operation 

which are basically the assembly process and the ball mill process where- 

lead oxide is produced from lead ingots or pigs. 

The emissions of  interest were lead concentration, visible emissions, 

partiLle size, and trace metals. 

This report contains the data collected along with a description of 

the process. 



11. SUMMARY AND DISCUSSION OF RESULTS 

Pb Sampling and Results 

Please r e f e r  t o  Figure 2 ,  Page 17, in order to v isua l ize  the location 

of sampling points in re la t ion  t o  the  process flow. Table I ,  Page 4 ,  

summarizes the r e s u l t s  of sampling fo r  lead concentration a t  these locat ions.  

Sampling was performed using Method 22 as explained in the analyt ical  

section o f  this report .  T h i s  method i s  a modification of Method 5 incor- 

porating d i l u t e  (0.1N) n i t r i c  acid in  the  impingers and placing the f i l t e r  

behind the impinger t r a i n .  

t ra ins  were r u n  simultaneously, i n  order t o  obtain data  ver i fying the 

reproducibi l i ty  of this sampling method. 

acid ba t te ry  f a c i l i t y  had been conducted t o  compare t h i s  method with 

On the o u t l e t s  (points A & D )  two sampling 

Previous sampling a t  another lead 

Method 5 and those resu l t s  supported the  modification. 

(Baghouse Controlling Three Process Operation, Points C and 0)  - The inlet 

( p a i n t  C )  and o u t l e t  (point  D )  were sampled simultaneously during periods 

of normal process operation. As seen on the data summary, the  i n l e t  con- 

centrat ions a r e  much higher than the o u t l e t  indicating good eff ic iency 

across the baghouse. 

should n o t  be confused w i t h  pa r t i cu la t e  loadings. 

Bear in mind t h a t  these are lead concentrations and 

Also of interest i s  the catch as  divided by impinger and f i l t e r .  These 

data tend t o  subs tan t ia te  our  previous f'indings t h a t  the impingers capture 

the majcrity of the lead and-emissions. 

(PbO Mill - % i n t  A)- - Three simultaneous dual t e s t s  were conducted on the 

baghouse control l ing the PbO process. These resu l t s  can a l so  be seen on 

E 

2 



the summary. 

process operation b u t  t h i s  was as expected due t o  the nature o f  the process. 

The i n l e t  was n o t  sampled because of unsu i t ab i l i t y  of duct configuration 

b u t  i t  can sa fe ly  be assumed t h a t  these emissions are  qui te  high as t h i s  

baghouse i s  a product recovery device r a the r  than an indus t r ia l  hygene 

vent i la t ion  system as  i s  Point 0. 

V i  s i  bl e E m i  ss i ons 

The emissions were somewhat higher than those from the three 

Visible  emissions were recorded by a qua l i f ied  observer d u r i n g  each 

t e s t  and no emissions were observed d u r i n g  these periods. 

Par t ic le  Size - P w t i c l e  s i z e  samples were taken  a t  each of the t e s t  

s i t e s .  

s iz ing.  

These d a t a  can be seemin the t e s t  sect ion concerning p a r t i c l e  

I n l e t ,  Point C ,  was sampled using a Brink's co l lec tor  and o u t l e t s  

A and  - D were sampled using Anderson apparatus. 

Trace Metals 

Trace metals samples werz obtained a t  points A and D i n  order t o  obtain 

a q u a l i t a t i v e  sample t h a t  would ind ica te  i f  any other metals were present 

in s i g n i f i c a n t  amounts. These r e su l t s  were negative. 

I 'i 

I I it 
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Table 1. Pb - RESULTS - ESB CANADA LIMITED, YISSISSAUGA, ONTARIO 
. .. . . . .. . - .. - . ... .. 

Run VM STD 

T 
h 
r 
e 
e 

P 
r 
0 
C 

S 
S 

e 

PbO 
M;  
i' 
1 
1 

1C 40.99 
inlet 2C 42.13 

3C 42.23 
1D1 35.46 
102 35.32 
2D1 34.43 
2D2 33.694 
3D1 34.994 
3D2 33.741 
4A1 30.74 

outlet 

4 ~ 2  34.48 
5A1 31.33 
5A2 35.31 
6A1 31.60 
6A2 35.32 

A B C 
FH Filt. Total 

695 
aoo 
475 
5.4 
7.2 
2.2 
.9 
6.4 
.8 

24.8 
22 
24.0 
45 
22.4 
22.4 

1.3 696.3 
1.0 801 
1 .O 476 
- 5.4 
1.7 8.9 
- 2.2 
.5 1.4 
- 6.4 
- .8 
1.9 26.7 
- 22 
.3 24.3 
.5 45.5 
- 22.4 
- 22.4 - 

ug/CF 
Std. 

Ax50 Bx50 Cx50 
VM VM CF 
- -  

848 1.6 849- 
949 1.2 950- 
562 1.2 564- 
7.6 - 7.6 
10.2 2.4 12.6 
3.2 - 3.2 
1.3 .7 2.1 
9.1 - 9.1 
1.2 - 1.2 
40.3 3.1 43.4 c 
32.0 - 32.0 - 
38.3 .5 38.8 - 
35.4 - 35.4 - 63.7 .7 64.4d 

31.7 - 31.7 - 

*The numbers presented in this column are the results of analysis of 
an aliquot o f  1/50 of the total sample. 

?- 

4 



PARTICULATE SUMMARY IN ENGLISH UNITS 

tack Area 
Time o f  Run 

Barometric Pressure 
vg Orifice Pres Drop 
01 Dry Gas-Meter Cond 
vg Gas Meter Temp 

01 H 0 Vapor-Std Cond 

ole Fraction Dry Gas 
ercent C02 by Vol, Dry 
Percent 0 by Vol, Dry 
ercent C6 by Vol, Dry 
ercent N2 by Vol, Dry 
olecular Wt-Dry Stk Gas 
olecular Wt-Stk Gas 
vg Stack Temperature 
et Sampling Points 
tack Pressure, Absolute 
vg Stack Gas Velocity 
tk Flowrate, Dry, Std CN 

Dry Gas-Std Cond 
H20 Collected 

Perce a t Moisture by Vol 

Actual Stack Flowrate 
ercent.Ioskinetic 

UNITS 1c 

8-18-76 

FT2 
MIN 
IN.HG 
IN.H2D 
DCF 
0EG.F 
DSCF 
ML 
SCF 

0EG.F 

IN.HG 
FPS 
DSCFM 
ACFM 

4.909 
60 .O 
29.96 
1.580 
42.21 
.88.1 
41.02 
16.0 
.76 
1.8 
.982 

.o 

.O 

.o 
100.0 
28.95 
28.75 
ai .o 

1 
29.59 
63.529 

100.0 
Z 0 :  

5 

2c 

8-18-76 

4.909 
60 .O 
29.91 
1.670 
43.92 
94.4 
42.20 
15.1 
.72 
1.7 

.o 

.o 

.D 
100.0 

.9a3 

28.82 
28.64 
85.6 

1 
29.54 
65.580 
l a .  
19317. 
100.5 

3c AVERAGE 

8-18-76 

4.909 
60.0 
29.91 
1.670 
44.09 
94.8 
42.27 
13.9 
.66 
1.5 
.985 

.o 

.o 

.o 
100.0 
28.82 
28.65 

1 
29.54 

87.7 

65.726 64.948 
.18072. 
19128. 
100.4 

%: 
100.7 



PARTICULATE SUMMARY IN ENGLISH UNITS a 

e t  Time o f  Run 
Barometric Pressure  

Vol Dry Gas-Meter Cond 
Avg Gas Meter Temp 

6 0 1  Dry Gas-Std Cond 
Total H20 Collected 
01 H20 Vapor-Std Cond 

Percent  Moisttire by Vol 
o l e  Fract ion Dry Gas 
e r c e n t  C02 by Vol, Dry 

Percent  0 by Vol, Dry 
e r c e n t  C6 by Vol, Dry 

g e r c e n t  N2 by Vol, Dry 
Nolecular Wt-Dry Stk  Gas 
klolecular U t - S t k  Gas 

vg Stack Temperature 
‘;et Sampling Po in t s  

Stack Pressure,  Absolute 
\VCJ Stack Gas Veloc i ty  
5tk Flowrate, Dry, Std CN 
Actual Stack Flowrate 

I o s k i n e t i c  

O r i f i c e  Pres Drop 

UNITS 

FT2 
MIN 
IN.HG 
IN.H20 
DCF 
0EG.F 
DSCF 
ML 
SCF 

DEG.F 

IN.HG 
FPS 
DSCFM 
ACFM 

4A 1 

8-19-76 

.994 
64.0 

29.97 
.805 

31.34 

30.79 
ai  .4 

16.0 
.76 
2.4 

.976 
.o 
.o 
.o 

100.0 
28.82 
28.56 
143.0 

1 
29.93 

41.246 
2110. - 
2460. 
99.9 

6 

4A2 

8-19-76 

.994 
64.0 

29.97 
.943 

35.02 
80.1 

34.49 
15.2 

.72 
2.0 

.980 
.o 
.o 
.o 

100.0 
28.82 
28.60 
143.0 

1 
29.93 

44.965 
2309. 4 

2682. 
102.2 

5A1 .AVERAGE 

8-19-76 

.994 
64.0 

29.97 . a07 
31.94 
81.9 

31 -34 
13.7 

.65 
2.0 

.980 
.o 
.o 
.o 

100.0 
28.82 
28.60 
145.0 

1 
29.93 

42.093 42.768 
2155.. 2191. 
2510. 2551. 
99.6 100.5 



DESCRIPTION 

tack Area 
@e I t Time of Run 
Barometric Pressure 

AVQ Gas Meter Temo 
vy Orifice Pres Drop 

Dry Gas-Meter Cond 

I ( 0 i  Dry Gas-Std ~Cbnd 

to1  H-0 Vaoor-Std Cond 
#iota1 H20 Collected 

Perceht Mo\sture by Vol 
le Fraction Dry Gas 

Percent 0 by Vol, Dry 

ercent N2 by Vol, Dry 
Molecular L4t-Dry Stk Gas 
olecular Wt-Stk Gas. 

tack Temperature 

vg Stack Gas Velocity , 

tk Flowrate, Dry, Std CN 

C02 by Vol, Dry 

ercent C a by Vol, Dry 

Points 
Stack Pressure, Absolute 

Actual Stack Flowrate 
tjercent Ioskinetic 

PARTICULATE SUMMARY IN ENGLISH UNITS 

UNITS 

FT2 
MIN 
IN.HG 
IN.H20 
DCF 
DEG.F 
DSCF 
ML 
SCF 

0EG.F 

IN.HG 
FPS 
DSCFM 
ACFM 

5A2 

8-19-76 

.994 
64.0 
29.97 
.995 
35.87 

35.33 
14.7 
.70 
1.9 
.981 

.o 

.o 

.o 
100.0 

.ao.2 

28. a2 
28.61 
144.0 

1 
29.93 
46.199 
2371. - 
2755. 
102.0 

6A1 

8-19-76 

.994 
64.0 
29.97 

32.25 
82.5 
31.61 

.a37 

8.0 
.3a 

.9a8 
1.2 

.o 

.o 

.o 
100.0 

146.0 
1 

29.93 

2164. 
2504. 
100.0 

28.82 
28.69 

41 -983 

6A2 AVERAGE 
8-19-76 

.994 
64.0 
29.97 
.9a6 

35.83 
79.5 
35.34 
13.0 
.62 
1.7 

.o 

.o 

.o 

.9a3 

100.0 
28.82 
28.63 
144.0 

1 
29.93 
46.047 44.743 
2369. - 2301. 
2746. 2668. 
102.1 101.3 

7 



d 
d PARTICULATE SUMMARY I N  ENGLISH UNITS 

tack  Area 
e t  Time o f  Run 

vg O r i f i c e  Pres Drop 
Barometr ic  Pressure 

I$ 01 Dry Gas-Meter Cond 
AVQ Gas Meter Temo 
o i  Dry Gas-Std-Cbnd 
o t a l  H20 Co l l ec ted  
01 H,O Vaoor-Std Cond _. - 

Percefi t  Mo\sture by Vol  
o l e  F r a c t i o n  Dry Gas 
ercent  C02 by Vol, Dry 

Percent 0 by Vol, Dry 
ercent  C 6  by  Vol, Dry 
e rcen t  N2 by Vol, Dry 

Molecular  Wt-Dry Stk Gas 
I o l e c u l a r  Wt-Stk Gas 
vg Stack Temperature 

tack Pressure, Absolute 
vg Stack Gas V e l o c i t y  
t k  Flowrate,  Dry, Std CN 

Sampling P o i n t s  

Actual  Stack F lowra te  
~ . _ _ _  

e rcent  I o s k i  n e t i c  

UNITS 

FT2 
M I N  
IN.HG 
IN.H20 
DCF 
DEG . F 
DSCF 
ML 
SCF 

DEG.F 

IN.HG 
FPS 
DSCFM 
ACFM 

101 

8-18-76 

4.909 
60 .O 

29.96 
1.020 
35.29 
,68.9 

35.49 
11 .o 

.52 
1.4 

.986 
.o 
.o 
.o 

100.0 
' 28.82 

28.65 
81.7 

1 
29.89 

74.810 
21217. 
22033. 

101.8 

1 D2 

8-18-76 

4.909 
60.0 

29.91 
1.100 
35.07 
67.2 

35.33 
12.0 

.57 
1.6 

.984 
.o 
.o 
.o 

100.0 

28.65 
81.7 

1 
29.84 

72.458 
20487. 
21340. 

105.0 

28.82 

2D2 

8-18-76 

4.909 
60.0 

29.91 
1.020 
35.14 
81.7 

34.45 
11.4 

.54 
1.5 

.985 
.o 
.o 
.o 

100.0 
28.82 
28.65 
82.5 

1 
29.84 

74.777 
21122. 
22033. 

99.3 

a 

AVERAGE 

74.01 5 
20942. 
21799. 

102.0 



PARTICULATE SUMMARY IN ENGLISH UNITS a1 

Stack Area 
Net Time o f  Run 
Barometric Pressure 
Avg Orifice Pres Drop 
Vol Dry Gas-Meter Cond 
Avg Gas Meter Temo 

d 
VOl Dry Gas-Std Cond 
Total H20 Collected 
Vol H,O Vapor-Std Cond 
Perceht Moisture by Vol 
Mole Fraction Dry Gas 

Elpercent C O ~  by VOI, Dry 
Percent 0 by Vol, Dry 
Percent C6 by Vol, Dry 

dPercent N2 by Vol, Dry 
Molecular Wt-Dry Stk Gas 

~ Molecular Wt-Stk Gas 
Avg Stack Temperature d,et Sampling Points 
Stack Pressure, Absolute 
Avg Stack Gas Velocity 
Stk Flowrate. Drv. Std CN 
Actual Stack ~ F 1 oki*ate 
Percent Ioskinetic 

UNITS 

FT2 
MIN 
IN.HG 
IN.H20 
DCF 
DEG.F 
DSCF 
ML 
SCF 

0EG.F 

IN.HG 
FPS 
OSCFM 
ACFM 

2D2 

8-18-76 

4.909 
60.0 
29.91 
1.070 
34.41 

33.71 
14.4 
.68 
2 -0 
.980 

.o 

.o 

.o 
100.0 
28.80 
28.58 
89.0 

1 
29.84 
71 -791 
19949. 
21144. 
102.9 

3 82.0 

9 

301 3D2 

8-18-76 8-18-76 

4.909 4.909 
60 .O 60.0 
29.91 29.91 
1.030 1.690 
35.47 34.36 
77.5 80.6 
35.05 33.81 
14.5 16.2 
.69 .77 
1.9 2.2 
.981 .978 

.o .o 

.o .o 

.o .o 
100.0 100.0 
28.82 28.82 
28.61 28.58 
88.0 91 .o 

1 1 
29.84 29.84 
71.752 72.457 
19987. 20013. 
21132. 21340. 
106.7 102.8 

AVERAGE 

72.000 
19983. 
21205. 
104.1 



PARTICULATE SUIYMARY IN METRIC U?I ITS  

UNITS 1c 2c 

a 
a.-i8-76 8-18-76 

ack Area 
t Time of  Run 

Barometric Pressure 
g Orifice Pres Drop 
1 Dry Gas-Meter Cond 

1 Dry Gas-Std Cond 
t a l  H20 Collected 
1 H20 Vapor-Std Cond 

Pa-cent Moisture by Vol 
l e  Fraction Dry Gas 
rcent C02 by Vol, Dry 

Percent 0 by Vol, Dry 
rcent C 6  by Vol, Dry 

& - c e n t  N2 by Vol, Dry 
l iolecular Wt-Dry S t k  Gas 

Gas Meter Temp 

Llt-Stk Gas 

ack Pressure,  Absolute 
g Stack Gas Velocity 
I: Flowrate, Dry, S t d  C N  

Actual Stack Flor.irate 
& - c e n t  Ioski net ic  

M2 
M I N  
MM . HG 
MM . H20 
DM3 
D E G .  C 
ONM3 
ML 
NM3 

D E G . C  

MM.HG 
M/S 
DNM3/M 
AM3/M 

-456 
60.0 

760.98 
40.132 

1.20 
31.2 
1.16 
16.0 

I02 
1.8 

.982 
.o 
.o 
.o 

100.0 
28.95 
28.75 

27.2 
1 

751.59 
19.364 

504. 
530. 

100.0 

.456 
60.0 

759.71 
42.418 

1.25 
33.7 
1.19 
15.1 

.02 
1.7 

.983 
.o 
.o 
.o 

1oo.c 
28.52 
28.64 

29.8 
1 

759.32 
19.992 

516. 
547. 

100.5 

3c AVERAGE 

8-18-76 

.456 
60.0 

759.71 
42.418 

.1.25 
34.9 
1.20 
13.9 

.02 
1.5 

.9s5 
.o 
.o 
.o 

100.0 
28.82 
28.65 

30.9 
1 

750.32 
20.033 15.796 

516. 512. 
543. 542. 

100.7 100.4 

10 



~ DESCRIPTION 

l T E  OF RUN 

PARTICULATE SUMMARY IN METRIC UNITS 

ack Area p -t Time o f  Run 
aroine.tr ic Pressure 

1 Dry Gas-l-leter Cond 
9 Gas Meter Temp 

v o l  Dry Gas-Std Cond 
t a l  H20 C o l l e c t e d  
1 H20 Vapor-Std Cond 

Psrceri t  Mo is tu re  by  Vol  
l e  F r a c t i o n  Dry Gas 
r c e n t  C02 b y  Vol, Dry. 

Percent 0 by  Vol, Dry 
r c e n t  C 6  by  Vol, Dry. 
r c e n t  N2 b y  Voi, Dry 

y Stack Temperature 
Sampling P o i n t s  

g Stack Gas-Veloci ty 
k F l o w a t e ,  Dry, S td  C:.l 

Act i ia l  Stack F lowra te  
r c e n i  I o s k i n e t i c  

g O r i f i c e  Pres Drop 

I.ft-D:y Stk Gas 

Pressure, Absolute 

UNITS 

M2 
M I N .  
MM.HG 
MM . H20 
OM3 
0EG.C 
ONM3 
ML 
NM3 

DEG. C 

MM. HG 
M/S 
DNM3/M 
AM3/M 

4A1 

8-19-76 

.D92 
64.0 

761.24 
20.439 

.89 
, 27.4 

.87 
16.0 

.02 
2.4 

.976 
.o 
.o 
.o 

100.0 
28.82 
28.56 
61.7 

1 
760.22 
12.572 

60. 
70. 

99.9 

4A2 

8-19-76 

.092 
64.0 

761.24 
23.955 

.Y9 
26.7 

.98 
15.2 

.02 
2.0 

.9so 
.o 
.o 
.o 

100.0 
28.52 
28.50 

61.7 
1 

760.22 
13.705 

65. 
76. 

102.2 

11 

AVERAGE 5A1 

,8-19-76 

.D92 
64.0 

761.24 
20.433 

.90 
27.7 

.89 
13.7 

.02 
2.0 

.930 
.o 
.o 
.o 

100.0 
28.82 
,28.60 

62.8 
1 

760.22 
12.830 13 -936 

61. 62. 
71. 72. 

99.6 iC0.5 



PARTICULATE SUMMARY IN METRIC UNITS 

AVERAGE UNITS 5A2 6A1 6A2 

.8-19-76 8-19-76 8-19-76 

Barometric Pressure 

01 Dry Gas-Meter Cond 
vg Gas Meter Temp 
01 Dry Gas-Std Cond 
o t a l  H20 Col lec ted  
01 H20 Vapor-Std Cond 

ole Fract ion Dry Gas 
ercent C02 by Vol, Dry 

Percent 0 by Vol, Dry 
-ercent C 6  by Vol, Dry 

dercent N 2  by Vol, Dry 
Molecular Wt-Dry Stk  Gas 

o l e c u l a r  Wt-Stk Gas 
vg Stack Temperature 

Orifice Pres Drop 

Eloisture by Vol 

e t  Sampling P o i n t s  
Stack Pressure, Absolute 

Actual Stack Flowrate 

Stack Gas Ve loc i ty  
tk Flowrate,  Dry, S td  CN 

&rcent Ioskinetic 

M2 
MIN 
14M. HG 
MM. H20 
OM3 
DEG , C 
DNM3 
MI 
NM3 

OEG .C 

MM.HG 
M/S 
ONM3/M 
AM3/M 

-092 
64.0 

761 -24 
25.273 

1.02 
,26.8 
1 .oo 
14.7 

.02 
1.9 

.981 
.o 
-0 
.o 

100.0 
28.82 
28.61 

62.2 
1 

760.22 
14.081 ~~~~ 

67. 
78. 

102.0 

.092 
64.0 

761.24 
21.260 

.91 
28.1 

.90 
8.0 
.01 
1.2 

.988 
.O 
.o 
.o 

100.0 
28.82 
28.69 

63.3 
1 

760.22 
12.796 

61. 
71. 

100.0 

.092 
64.0 

761.24 
25.044 

1.01 
26.4 
1 .oo 
13.0 

.02 
1.7 

,983 
.o 
.o 
.o 

100.0 

28.63 
62.2 

1 
760.22 
14.035 

67. 
78. 

102.1 

28.82 

13.638 
65. 
76. 

101 -3 

12 



PARTICULATE SUMMARY IN METRIC ~ J I T S  

DESCRIPTION ’ UNITS 1D1 1 D2 2D1 AVERAGE 

‘L!JATE OF RUN 8-18-76 8-18-76 8-18-76 

tack Area 

vg Orifice Pres Drop 
01 Dry Gas-Meter Cond 

Dry Gas-Std Cond 
o t a l  H20 Col lec ted  
01 H20 Vapor-Std Cond 

Percent  Moisture by Vol 
o l e  F rac t ion  Dry Gas 
ercent C02 by Vol, Dry 

Percent 0 by Vol, Dry 
ercent C 6  by Vol, Dry 

a ie rcent  N2 by Vol, Dry 
Molecular Wt-Dry Stk Gas 
3 l e c u l a r  blt-Stk Gas a Vg Stack  Temperature 
Net Sampling Po in t s  
‘tack Pressure, Absolute 

y Stack Gas Velocity 
k Flowrate, Dry, Std CN 

Actual Stack Flowrate 

Time of Run 
Barometric Pressure 

Avg Gas Meter Temp 

&-cent Ioskinet i c  

. M2 
MIN 
MM.HG 
MM.H20 
OM3 
DEG.C 
O N M ~  
ML 
NM3 

0EG.C 

MM.HG 
M/S 
DFIM3/M 
AM3/M 

.456 
60.0 

760.98 
25.908 

1 .oo 
20.5 
1 .oo 
11.0 

.01 
1.4 

.986 
.D 
.o 
.o 

100.0 
28.82 
28.66 

27.6 
1 

759.21 
22.802 

601. 
624. 

101.8 

.456 
60.0 

759.71 
27.940 

.99 
19.6 
1 .oo 
12.0 

.02 
1 .6  

.o 

.o 

.o 
100.0 
28.82 
28.65 

27.6 
1 

757.94 
22 -805 

580. 
604. 

105.0 

.9a4 

.456 
60.0 

759.71 
25.908 

1 .oo 
27.6 

.98 
11.4 

.02 
1.5 

.985 
.o 
.o 
. 3  

100.0 
28.82 
28.65 

28.1 
1 

757.94 
22.792 22.560 

598. 593. 
624. 617. 
99.3 102 .o 

13 



PARTICULATE SUMMARY IN METRIC UNITS dl 
DESCRIPTION 

?I 
~ J A T E  OF RUN 

tack Area N let Time o f  Run 
Barometric Pressure 
Ivg Orifice Pres Drop l i t  01 Dry Gas-Meter Cond 
Avg Gas Meter Temo 

Dry Gas-Std Cbnd 
otal H20 Collected 
v01 H?O VaDor-Std Cond 
Perceht Mojsture by Vol 
ole Fraction Dry Gas 

dlercent C02 by Vol, Dry 
Percent 0 by Vol, Ory 
ercent C6 by Vol, Dry 

&cent N2 by voi, Dry 
E4olecular Wt-Dry Stk Gas 
lecular Wt-Stk Gas 
g Stack Temperature 

Net Sampling Points 
<tack Pressure, Absolute 
g Stack Gas Velocity 

@k Flowrate, Dry, Std CN 
Actual Stack Flowrate 

Qrcent Ioskinetic 

UNITS 

M2 
MIN 
MM. HG 

OM3 
OEG. C 
ONM3 
ML 
NM3 

MM. H20 

0EG.C 

MM.HG 
M/S 
ONM3/M 
AM3/M 

2D2 

8-18-76 
.456 
60.0 

759.71 
27.178 

.97 
27.8 
.95 
14.4 

.02 
2 .o 
.980 

.o 

.o 

.o 
100.0 
28.80 
28.58 
31.7 

1 
757.94 
21.88'2 
565. 
599. 
102.9 

14 

301 

8-18-76 
.456 
60.0 

759.71 
26.162 

1 .oo 
25.3 
.99 
14.5 
.02 
1.9 
-981 

.o 

.o 

.o 
100.0 
28.82 
28.61 
31.1 

1 
757.94 
21 -870 
566. 
598. 
106.7 

302 AVERAGE 

8-18-76 
.456 
60.0 

759.71 
42.9.26 

.97 
27 .O 
.96 
16.2 

.02 
2.2 
.978 

.o 
-0  
.o 

100.0 
28.82 
28.58 
32.8 

1 
757.94 
22.065 21. 
567. 5 
604. 6 
102.8 104.1 
. 



LOCATION OF SAMPLING POINTS 

Point C ,  See Figure 2 

This po in t  was located ideal ly  more than 8 diameters upstream and 

more than 2 diameters downstream of obstructions.  

horizontal plane and ve r t i ca l ly  from the bottom allowing access from one 

section of scaffolding placed on the p lan t  f loor  inside the building. 

Twelve sampling p o i n t s  were used and sampling was conducted f o r  5 minutes 

a t  each point  f o r  a t o t a l  of 60 minutes per t e s t .  

Ports were cu t  on a 

Point 0, See Figure 3 

This point  was also ideal ly  located and sampling was conducted 

simultaneously w i t h  the above. 

Point A 

This sampling location was a l so  idea l ly  located and 1 2  points were 

selected f o r  sampling. 

stack wall so only 8 points were sampled. 

sampled fo r  8 minutes giving a to t a l  time o f  64 minutes per t e s t .  

Four of these points f e l l  within 1 inch of the 

Each of these points was 

.e 

15 
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F igu re  1. 

Inlet to Baghouse and Three-Process Operation Exhaust 
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Figure 3 .  
Baghouse S t a c k  (Three -Process )  
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Top View 

?A 0 
std ' 

F i g u r e  4. 

I n l e t s  to PbO S t a c k  
- .  

_.- 
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PARTICLE S'IZE RESULTS 

The following pages contain p a r t i c l e  s i z e  results as  analyzed and 
reported by Monsanto Research. 
an Anderson sampling apparatus and the i n l e t  o f  the baghouse. ( C )  was 
co.llected with Brinks equipment. 

The o u t l e t  samples were col lected using 

.c 

23 



iiun 1A 

S t a g e  
n o z z l e  

0 
1 
2 
3 
4 
5 
6 
7 
F 

Run 2A 

S t a g e  
n o z z l e  

0 
1 
2 
3 
4 
5 
6 
7 
F 

Run 3A 

S t a v e  
n o z z l e  

0 
1 
2 
3 
4 
5 
6 
7 
F 

-0 

5- 

DPC 
( rnic r o n s  ) 
>5.42 
5.42 
3.38 
2.26 
1.58 
0.98 
0.51 

0.20 
<o .  20 

0.31 

DPC 
( m i c r o n s )  
S5.32 
5.32 
3.38 
2.23 
1.57 
0.98 
0.50 
0.31 
0.20 
<0.20 

DPC 
( m i c r o n s  ) 
>5.32 
5.32 
3.32 

1.55 
0.96 
0.50 
0.31 
0.20 

<o. 20 

2.25 

Andersen  P a r t i c l e  S i z e  Data 
ESB Canada  L t d .  

M i s s i s s a u g a ,  O n t a r i o  

Wt. o f  Material ( m g )  

4.04 
0.1 
0.3 
0.1 
0.5 
0.7 
0.9 
0.5 
0.1 
0.2 

Wt. of  M a t e r i a l  (mg) 
, ' 3.74 

0 
0.2 
0.1 

- 

0.2 
0.2 
0.1 
0.1 
0 
0.1 

Wt. of  M a t e r i a l  (mg) 
1.84 
0 
0.1 
0.4 
0.4 
0.4 
0 
0.5 
0.1 
0 

wt. % 
54.30 
1.34 
4.03 
1.34 
6.72 
9.41 
12.10 
6.72 
1.34 
2.70 

\It. % 
78.90 
0 
4.22 
2.11 
4.22 
4.22 
2.11 
2.11 
0 
2.11 

wt. % 
49.19 
0 
2.67 
10.70 
10.70 
10.70 
0 
13.37 
2.67 
0 

Cum. b/t. % 
1 0 0 . 0 0  
45.70 
44.36 
40.33 

32.27 
22.86 

4.04 
2.70 

38.99 

10.76 

Cum. Wt. % 
100 :oo 
21.10 
21.10 
16.88 
14.77 
10.55 
6.33 
4.22 
2.11 
2.11 

cum. Wt. % 
100.00 
50.81 
50.81 
45.14 
37.44 
26.74 

16.04 
2.67 
0 

-16.04 

24 



8 u n  1 D  - 
Stage 
n o z z l e  

0 
1 
2 
3 
4 
5 
6 
7 
F 

4 
3~ 

Run 2 D  

4 Stage 
n o z z l e  

0 
I 
2 
3 
4 7  
5 
6 
7 
F 

4, 

4: Run 3D 

' S t a E e  
, n o z z l e  

0 
1 - a: 2 

1: 5 

l' 
g 
fi 

3 
4 

7 
P 

..,- 

DPC 
( m i c r o n s )  

>4 .26  
4 .26  
2.67 
1 . 7 5  
1 .25  

0 .40  
0.24 
0.16 

~ 0 . 1 6  

0.78 

DPC 
( m i c r o n s )  

> 4 . 2 0  
4 . 2 0  
2 . 6 2  
1 . 7 4  
1 . 2 3  
0 .77  
0 .39  
0 . 2 4  
0 . 1 6  

<O. 1 6  

D PC 
( m i c r o n s )  

> 4 . 3 3  
4 .33 
2 . 7 3  
1.80 
1 . 2 6  
0 .79  
0 . 4 1 '  
0 . 2 5  
0.17 

C0.17 

Andersen  ? a r t i c l e  S i z e  Data 
ESB Canada  L t d .  

M i s s i s s a u g a ,  O n t a r i o  

l i t .  o f  Material (mg) 
2.34 
0 . 1  
0 . 1  
0 
0.1 
0 
0 
0 
0 
0.1 

Flt .  of  Material (ma) 
2 . 5 4  
0 
0 . 1  
0 
0 
0 . 2  
0 . 1  
0 
0 
0 

l i t .  o f  Material (me) 
2 . 1 4  
0 . 2  
0 
0 
0 
0.3 
0 
0 
0.1 
0 

T- j 

25 

Wt. % 

3 .65  
3 .65  
0 

0 
0 
0 
0 
3 . 6 5  

85 .40  

3 . 6 5  

W t .  % 
86.40  

0 
3 .40  
0 
0 
6 . 8 0  
3 .40  
0 
0 
0 

1Jt. % 
78.10  

7 .30  
0 
0 
0 

1 0 . 9 5  
0 
0 
3 .65  
0 

Cum. l i t .  5 
1 0 0 . 0 0  

1 4 . 6 0  
1 0 . 9 5  

7 .30  
7 - 3 0  
3 .65  
3 . 6 5  
3 .65  
3 .65  
3 . 6 5  

Cum. bit.  % 
1 0 0 . 0 0  

1 3 . 6 0  
13.60 
1 0 . 2 0  
1 0 . 2 0  
1 0 . 2 0  

3 .40  
0 
0 
0 

Cum. Wt. % 
1 0 0 . 0 0  

2 1 . 9 0  
1 4 . 6 0  
1 4 . 6 0  
14 .60  
1 4 . 6 0  

3 . 6 5  
3 .65  
3 . 6 5  
0 



4 IuOVE'lBER 1976 

SANPLXNG T I M E  
PRESSURE CROP 
S T A T I C  PRESSURE 
P A R T I C L E  D E N S I T Y  
BAROMETRIC PRESSURE 
GAS K G L  WT 
GAS TERPERATURE 
GAS V I S C O S I T Y  
GAS D L N S I T Y  

M I rd 
I N  HG 
I N  ti20 
G / C C  
I N  HG 

DEG F 
P O I S E  
G/CC 

30.0 
1.66 

-4.15 
9.53 

29.99 
28.8 

156.0 
0.0001& 
o . f l o 1 0 0  

c Y c L 0 NE 20.600 9.84 47.95 100.00 

1 3.787 1.25 1.81 8.82 52.05 

2 5.383 0.72 2.57 12.53 43.23 

3 5.137 0.47 2.45 11.96 30.70 

4 4.048 0.22 1.93 9.42 18.74 

5 3.802 0 .I2 1.82 8.85 9.32 

F I L T E R  0.200 -0 .10  0.47 0.47 

- 

.- 

T-4 



4 NOVEM8EH 1 9 7 6  

CASCADE IKPACTOR PARTICLE S I Z E  DISTRIBIJTION FOR RUN 1 C  

INPUT VAHIAELE -------------- 
SAMPLING r I H E  
PRESSURE IIROP 
STAT IC PHE SSURE 
PANTICLE O E N S I T Y  
BARONETRIC FRESSURE 
GAS M O L  W f  
GAS TEWPEHATURE 
GAS VISCOSITY 
GAS CIENSITY 

U N I T S  INPUT D A T A  ----- --_------- 
MIN 30.0 
CH h G  4.27 
CM H20 -1 0.54 
G / C C  9.53 
CM HG 76 1 7  

28.8 

POISE 0 . 0 0 0 1 8  
G / C C  0.00100 

DEG C 68.9 

CYCLONE 20.600 0.28 r(7.95 100.00 

1 3.737 1.25 0.05 8.82 52.05 

2 5.383 0.72 0.07 12.53 43.23 

3 5.137 0.47 0.07 11.96 30.70 

4 4 .048 0.22 0.05 9.42 18 .74  

5 3 .802 0.12 0.05 8.85 9.32 

F I L T E R  0.200 0.00 0.47 0.V7 

T- 5 
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STATE 

CYCLOUVE 

1 

2 

3 .  

4 

~ 

5 

F I L T E R  

CdSCACE INPACTOK PPHTICLL S I Z E  O I S Y R I B U T I O N  FER 3u:. ii 

SANPLIFlG T I 8 E  
PRESSURE O R 9 2  
STATIC PRESSURE 

EANOPETPIC PRESSURE 
GAS 9OL U T  
GAS T E hl P E H A T U K E 
GAS V i S C O S I T Y  
GAS OEhSITY 

P R H T  ICLE CErisITr 

M I N  
I N  nG 
I N  h 2 G  
G/CC 
I N  HC; 

DEG F 
P O I S E  
G/CC 

2G.i 
1.66 

-4” 10 
9 . 5 3  

2 9 . 9 9  
28.0 

188.0 
0.OC316 
3.CG;00 

1 5 . Q O O  1 0 . 8 0  V9 .&0  1 G O . i ) C  

4.172 1.23 2.92 13.44 50.40 

3.533 0.71 2.48 11.38 3 6 . 9 6  

2.487 a,+6 1.74 8.01 25.58 

1.762 0 . 2 2  1.24 5.68 17.57 

3.c.93 0.11 2 . 5 9  1 1 . 8 9  1 1 . 8 9  

o.noo 0 . 0 0  0.00 c . 0 3  

T-6 
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STAGE 
-e---  

C Y C L ON E 

1 

2 

3 

r) 

5 

F I L T E R  

~ 

z- 

4 r iOVEleER 1976 

CASCADE IiYlPACTOR P A R T I C L E  S I Z E  D I S T R I G U T I O N  FOR RUN 2C 

I N P U T  VARIAQLE -------------- U N I T S  IhiiPUT D A T A  
-e--- ---------- 

SAPPLING T I E €  
PRESSURE DROF 
S T P T I C  PRESSURE 
P A R T I C L E  DENSITY 
BAROWETRIC PRESSURE 
GAS MOL UT 
GAS TEb!PERATURE 
GAS V I S C O S I T Y  
GAS G E k S I T Y  

M I  IJ 

CM H20 
G/CC 
CM HG 

DEG C 
P O I S E  
G/CC 

c n  HG 
20.0 
4.27 

-10.41 
9.53 

76.17 
20.8 

0.00018 
0.00100 

86.7 

15.400 0.31 43.60 100.00 

4.172 1.23 0.08 13.44 50. 40 

3.533 0.71 0.07 11.38 36.96 

2.487 0.4b 0.05 e.01 2 s .  58 

1.762 0.22 0.03 5.68 17.57 

3.693 0.11 0.07 11.89 11.89 

0.000 0.00 0.00 0.00 

T-7 
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4 NOVEYBER 1 9 7 6  

ml 
d 
PI 

STAT€ 
a 
a CYCLONE 

1 

2 
- 

3 

'4 

5 

FILTER 

/ CAsCfiOF: IMPACTOR PASTICLE S I Z E  OISTPIBUTIOM FOR R I J ~  3 C  

INPUT VARIABCL -------------- 
SAMPLING T I n E  
PRESSCRE DROP 
STUTIC PRESSURE 
PARTICLE OEKSITY 
BAROMETRIC PRESSURE 
GAS F?@L WT 
G A S  TEMPERATURE 
G P S  VISCOSITY 
GAS DENSITY 

U N I T S  INPUT D A T A  
- - - -e  ---------- 

M I N  

I N  H 2 0  
G/CC 
I N  HG 

DEG F 
POISE 
G/CC 

I N  nG 
3 0 . 0  
1.66 

- 3 . 7 0  
9 . 5 3  

23.9s 

160.0 
2 0 . 8  

0. n o 0 1 6  
o.aoioo 

23.500 1 1 . 2 0  55.23 1 0 0 . 0 0  

7 . 7 7 5  

2 . 1 0 6  

3 . 1 0 4  

3 . 3 4 2  

2 . 7 2 0  

0 . 0 0 0  

1 . 2 5  3 . 7 1  1 8 . 2 7  

0 . 7 2  1 . 0 0  U.?S 

0 . 4 7  1.48 7 . 3 0  

4 4 . 7 7  

26.(19 

21.54 

0 . 2 2  1 . 5 9  7 .85  1 '4 .25  

0 . 1 2  1 . 3 0  6 . 3 9  6 .39  

0 . 0 0  0.00 0.00 

7- 

T-8 
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4 hJOVEi1GER 1976 

CASCPCE 1,hlFACTOR P A K T I C L E  S I Z E  C I S T R I G U T I O N  F O R  R U h l  5 C  

I !'!PU T V A R  I A F! L E U N I T S  I W U T  D A T A  

STAGE, 
e - - - -  

CYCLCNE 

1 

2 

3 

4 

5 

- 

F I L T E R  

.< 

S W P  L I ht G T I PE 

S T A T I C  PRESSURE 
P A R T I C L E  DEi'dSITY 
BAROMETRIC PkESSURE 
GAS VOL WT 
GAS T F M P E R P. TU R E 
G A S  V I S C O S I T Y  
G A S  CEidSITY 

PRESSURE OROP 
M I V  
C?4 HG 
CH H 2 0  
G / C C  
CH titi 

OEG C 
P O I S E  
G / C C  

30.0 
4.27 

-9.40 
9.53 

76 17 
28.8 
71.1 

0.00010 
0.00100 

23.500 0.32 55.23 

7.775 1.25 0.10 18.27 

2.106 0.72 0.03 4.95 

3.104 0.47 0.04 7.30 

3.342 0.22 0.05 7.65 

2.720 0.12 0.04 6.39 

0.000 0.00 0.00 

C U M  X T  PCfJT ----------- 
130.00 

Q4.77 

26.49 

21.54 

14.25 

6.39 

0.00 

T-9 
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I. PROCESS DESCRIPTION AND OPERATION 

.GENERAL DESCRIPTION OF LEAD-ACID BATTERY MANUFAC’I JG 

Battery manufacturing begins with two unrelated opera- 

tions; grid casting and paste mixing. The grids are general- 

ly cast from lead hardened by the addition of between 5 and 

12 percent antimony. 

Casting techniques for grids vary with the alloy used, 

the type of molds, and mold preFaration before casting. 

Grid casting machines can have melting pots attached ‘direct- 

ly to them or have a central pot furnace from which the 

molten lead is either pumped or fed by gravity. Lead alloy 

ingots are melted in these gas-fired lead pots at approx- 

imately 700OF. The produced grids are sent to the grid 

pasting operation. 

The paste making operation, a batch-type process, takes 

place in either a muller, Day, or dough-type mixer. From 

600 to 3,000 pounds of lead oxide is added to the mixer, 

water and sulfuric acid is then added, and the mixture is 

blended to form a stiff paste. Because of the exothermic 

conditions, mixers are usually water-jacketed and air-cooled 

to prevent excessive temperature build-up which causes the 

paste to become stiff and difficult to apply to the grids. - 
Varying amounts of expander and other constituents are added 

33 



depending on whether a p o s i t i v e  o r  nega t ive  p a s t e  ba t ch  is 

d e s i r e d .  The t i m e  o f  t h e  n i x i n g  c y c l e  i s  dependent on the  

type o f  m i x e r  u t i l i z e d .  Xixing c y c l e s  range from 1 5  minutes 

up t o  a n  hour i n  du ra t ion .  

P a s t i n g  machines f o r c e  t h e  l ead  s u l f a t e  p a s t e  i n t o  t h e  

i n t e r s t i c e s  of  t h e  g r i d  s t r u c t u r e  a t  product ion r a t e s  exceed- 

ing  200 plates  p e r  minute ( t h e  g r i d s  a r e  called p l a t e s  a f t e r  

t h e  p a s t e  has  been a p p l i e d ) .  The f r e s h l y  pas ted  p l a t e s  a r e  

t r anspor t ed  by a ho r i zon ta l  cha in  through a temperature  

c o n t r o l l e d ,  hea ted  tunne l  about 20 f e e t  long,  where t h e  

s u r f a c e  water i s  removed. This  a l lows  t h e  p l a t e s  t o  be 

stacked wi thout  s t i c k i n g  toge the r .  I t  is important  t h a t  

on ly  t h e  s u r f a c e  water  be removed s i n c e  t h e  p l a t e s  depend o n  

moisture  to  produce t h e  chemical r e a c t i o n  w i t h i n  t h e  p a s t e  

while c u r i n g  --- very  much s imi la r  t o  a cement i t ious  process .  

The p l a t e s  are cured  f o r  about  7 2  hours  t o  increase p l a t e  

s t r e n g t h .  

- 

Following t h e  cu r ing  s t a g e ,  the p l a t e s  a r e  normally 

s e n t  t o  t h e  three-process  ope ra t ion .  Th i s  o p e r a t i o n  encom- 

passes  s t ack ing ,  burning, and assembly. F i r s t ,  t h e  p l a t e s  

are s tacked  i n  an  a l t e r n a t i n g  p o s i t i v e  and nega t ive  block 

formation. I n s u l a t o r s  are sandwiched between each p l a t e  t o  

i n s u l a t e  t h e  o p p o s i t e l y  charged p l a t e s  whi le  p e r m i t t i n g  f r e e  

i o n i c  flow. These d i v i d e r s  a r e  made from m a t e r i a l s  such as 



wood, t r e a t e d  paper ,  p l a s t i c s ,  or rubber .  While machines 

have been des igned  which can  s tack t h e  p l a t e s  and s e p a r a t o r s  

a u t o m a t i c a l l y ,  hand s t a c k i n g  is n o t  uncommon, even i n  some 

r e l a t i v e l y  l a r g e  p l a n t s .  

Leads (pronounced l e e d s )  are welded t o  t h e  t a b s  of  each 

p o s i t i v e  p l a t e  and each n e g a t i v e  p l a t e ,  f a s t e n i n g  t h e  assem- 

b l y  (element) t o g e t h e r .  Th i s  i s  t h e  burning o p e r a t i o n .  An 

a l t e r n a t i v e  t o  t h e  welding o r  bu rn ing  p rocess  i s  t h e  " c a s t  

s t r a p "  process .  I n  t h e  la t ter ,  molten l e a d  i s  poured around 

and between t h e  p l a t e  t a b s ,  t h u s  forming t h e  connec t ion .  

Then a p o s i t i v e  and negative t e r m i n a l  i s  welded t o  t h e  

element .  The completed e l e m e n t s  can go t o  e i t h e r  t h e  w e t  o r  

Zry b a t t e r y  l i n e s .  

I n  t h e  w e t  b a t t e r y  l i n e ,  elements a r e  p l aced  w i t h i n  

c a s e s  made of  d u r a b l e  p l a s t i c  o r  hard rubber .  Covers equipped 

wi th  openings and l e a d  i n s e r t s  are a l i g n e d  so t h a t  t h e  

t e r m i n a l s  p r o j e c t  o u t  of  t h e  i n s e r t s .  The cove r s  a r e  s e a l e d  

t o  t h e  c a s e s  and t h e  b a t t e r i e s  are f i l l e d  wi th  d i l u t e  s u l -  

f u r i c  a c i d  and made r eady  f o r  format ion .  

The o n l y  d i f f e r e n c e  between t h e  w e t  b a t t e r y  and t h e  d r y  

b a t t e r y  p r o c e s s  is t h a t ,  f o r  d r y . b a t t e r i e s ,  t h e  e l e m e n t s  are 

formed p r i o r  to  be ing  p l aced  i n  a s e a l e d  c a s e .  

b a t t e r i e s  a r e  shipped wi thou t  a c i d .  S u l f u r i c  a c i d  i s  t h e n  

added t o  t h e  b a t t e r y  a t  t h e  p o i n t  of use.  

The d r y  

This  g i v e s  t h e  
- 
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b a t t e r y  a n  i n d e f i n i t e  s h e l f - l i f e .  

Formation i s  a chemical p rocess  wherein t h e  i n a c t i v e  

l ead  o x i d e - s u l f a t e  p a s t e  i s  conver ted  i n t o  a n  a c t i v e  elec- 

t rode .  Formation i s  e s s e n t i a l l y  an ox ida t ion - reduc t ion  

r e a c t i o n  wherein t h e  p o s i t i v e  p l a t e s  are o x i d i z e d  from l e a d  

Qxide to l e a d  peroxide ,  and t h e  n e g a t i v e  p l a t e s  are  reduced 

from l e a d  o x i d e  t o  m e t a l l i c  l ead .  Th i s  i s  accomplished by 

p l a c i n g  t h e  unformed p l a t e s  i n  a d i l u t e  s u l f u r i c  a c i d  

s o l u t i o n  and connec t ing  t h e  p o s i t i v e  p l a t e s  t o  t h e  p o s i t i v e  

pole  o f  a d c  s o u r c e  and t h e  n e g a t i v e  p l a t e s  to  t h e  n e g a t i v e  

pole  o f  t h e  dc  source .  

When manufactur ing w e t  l ead-ac id  b a t t e r i e s  it i s  common 

p i a c t i c e  t o  p l a c e  t h e  cel ls  i n t o  t h e  b a t t e r y  cases, p l a c e  

t h e  l i d  on  t h e  b a t t e r y ,  and add s u l f u r i c  a c i d .  The p l a t e s  

are t h e n  formed w i t h i n  t h e  b a t t e r y  case i t s e l f .  A f t e r  

format ion ,  t h e  s p e n t  a c i d  i s  dumped from t h e  bat ter ies ,  new 

a c i d  added, and a boos t  charge  g iven  t o  t h e  b a t t e r y .  The 

u n i t  i s  then  ready  f o r  use  and o n l y  r e q u i r e s  d e c o r a t i o n  and 

manufac tu re r ' s  markings. 

The p l a t e s  used i n  d r y  b a t t e r i e s  a r e  formed in one o f  

s e v e r a l  ways. Some p l a t e s  are i n d i v i d u a l l y  formed i n  t a n k s  

o f  s u l f u r i c  a c i d  and then  assembled. However, most d r y  

b a t t e r i e s  are  made by assembling t h e  p l a t e s  i n t o  t h e  elements  

beforehand. The completed elements  are then  forked  i n  one  

- 
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of two manners. First, the elements themselves can be I" 
, :' 

placed into large tanks of sulfuric acid, electrically 

connected, and formed. Some companies place the assembled 

elements directly into the battery case. Thereafter, the 

formed elements are removed, the acid dumped, and the cases 

and elements rinsed and dried, reassembled and shipped dry. 

Formation takes anywhere from one to four days. Host 

plants use a 36-to-48-hour forming cycle. The,charging rate 

is high during the first 24 to 36 hours, then lower during 

the remaining 12 hours. 

the battery size. Figure 8 shows a typical battery plant 

flow diagram. 

The ampere rates are dependent upon 

2. DESCRIPTION OF FSB's MISSISSAUGA PLANT 

- ESa's M i s s i s s a u g a  p l a n t  has  a normal o p e r a t i n g  Ou tpu t  Of 

3500 batteries per day with a maximum of 4500 batteries per 

day. 

The major operations employed are iead oxide production, 

grid casting, paste mixing, 'battery assembly (the three- 

process operation), and formation. Figure 9 illustrates the 

general flow of material through ESB's Miss i s sauga  p l a n t .  
. .  

The plant receives pure lead from an outside source and 

manufactures lead oxide by the ball mill process. There are 

two lead oxide production lines at the p1'ant.which operate 

5 days per week, 2 4  hours per day. A typical feed rate for 

.:- 
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each PbO production line is 15 one-hundred pound lead pigs 

per hour. These pigs are fed into a Harding rotary mill 

which tumbles the pigs and forms lead oxide. After screen- 

ing with a vibrating rotary screen, milling with a Raymond 

impact mill, and collecting the product with a cyclone, the 

PbO product consists of approximately 70  percent lead oxide 

and 30 percent lead. Each lead oxide production line has 

two baghouses which act mainly as control devices but also 

collect the product which is not retained by the cyclone 

separator. Water sprays maintain rotary mill temperatures 

around 410'F. 

Production line 1 is controlled by two NORBLO two- 

compartment baghouses which each have air-to-cloth ratios of 

2 r 1  with both compartments on line. One baghouse controls 

the screens which follow the rotary mill and the other 

controls the product recovery cyclone separator and the 

barrel filling station. The felted dacron bags are cleaned 

in each compartment every 15 minutes by shaking. During 

shaking the baghouses have a air-to-cloth ratio of 4:l. 

These units were rebagged in April 1976. 

Lead oxide production line 2 is controlled by two 

Mikro-pulsaire baghouses (model no. 64S-6-POTR), each having 

air-to-cloth ratios of 4:l. One baghouse controls the 

screens following the rotary mill and the other controls the 

product recovery cyclone separator, a vibrating screen 
- 
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f o l l o w i n g  t h e  c y c l o n e ,  and t h e  b a r r e l  f i l l i n g  s t a t i o n .  The 

fe l ted  d a c r o n  b a g s  a re  c o n t i n u o u s l y  p u l s e  j e t  c l e a n e d .  

These baghouses  w e r e  rebagged i n  J u l y ,  1 9 7 6 .  

All f o u r  baghouse e x h a u s t s  are  combined and r e l e a s e d  t o  

t h e  a tmosphere  th rough  a 50 f o o t  s t a c k  equipped w i t h  a n  

o p a c i t y  meter. If a cont ro l  sys tem shou ld  f a i l ,  t h e  i n -  

creased o p a c i t y  of t h e  e x h a u s t  ac t iva tes  an  a u d i b l e  a l a rm.  

The meter r e c o r d e r  i s  normal ly  se t  a t  1 5  p e r c e n t  even though 

a c t u a l  o p a c i t y  i s  zero. P l a n t  p e r s o n n e l  r e p o r t  t h a t  t h i s  

faci l i ta tes  o b s e r v a n c e  of meter f l u c t u a t i o n s .  

The g r i d  c a s t i n g  f a c i l i t y  c o n s i s t s  o f  f o u r  machines .  

The cas t  gr ids  are t a k e n  t o  t h e  g r i d  p a s t i n g  machine where 

b o t h  p o s i t i v e  and negative p a s t e s  are  a p p l i e d  t o  t h e  g r i d s .  

A f t e r  p a s t i n g ,  t h e s e  p l a t e s  are dr ied ,  s l i t ,  s t a c k e d ,  and 

formed. 

The p a s t e  i s  produced by mixing  d r y  l e a d  o x i d e  powder, 

water, and s u l f u r i c  a c i d  i n  t w o  2000 l b / h r  pas t e  mixers. 

Each mixer i s  c o n t r o l l e d  by a s e p a r a t e  l o w  energy  impingement- 

type w e t  collector d e s i g n e d  for  a 8-10 i n c h  W.G. p r e s s u r e  

drop a t  2000 a c f m .  

The plates used  i n  t h e  dry b a t t e r y  p r o d u c t i o n  l i n e  a r e  

formed i n  va t s  of s u l f u r i c  acid. A f t e r  c h a r g i n g ,  o r  fo rming ,  

the  p l a t e s  are r i n s e d ,  s l i t ,  and s t o r e d .  

A l u g  b r e a k i n g  s t e p  is required fo r  d r y  formed p l a t e s .  

These l u g s  are  mere ly  used t o  s u p p o r t  t h e  p l a t e s  i n  t h e  

- ,  
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I formation process. Once the plates are formed, these lugs 

are no longer needed so they are manually renoved with a 

hammer at four lug breaking stations. These stations are 

ducted to the sane baghouse which controls the three-process 

operation. 

Plates f o r  both wet and dry batteries are processed 

similarly in the three-process operations. The plates and 

separators are automatically or manually stacked in the 

proper sequence. 

stacking stations and two automated stations, (a Reed stacker,, 

and a .Winkel stacker). Leads (pronounced leedsl and posts 

are cast on some of these stacks of plates to form elements. 

Two automatic element assembly units (cast-on-strap machines) 

are used. The balance of the stacks of plates are processed 

on a-proprietary system called STAR. Here the stacks are 

inserted into specially constructed battery cases and the 

.leads and posts are connected to the plate stacks at a 

burning station. 

ESB's Mississauga facility 'has four hand 

- 

Lug breaking, hand and automatic stacking, automatic 

element assembly and STAR are controlled by a Xikro-pulsaire 

(Model No. 11F 26410) baghouse. Ducts from each o f  these 

processes join into a 30 inch duct and the baghouse exhaust 

exits via a 4 8  .foot stack that is 30 inches in diameter: 

The baghouse is bagged with felted bags and is rated at 

20,000 acfm with an air-to-cloth ratio of 6.5:l. The felted 

bags are continuously cleaned by pulse jet. 
- 
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Following the three-process operaticn, batteries from 

the dry battery line are washed, decorated and sent t o  ' sh ipp ing  

while the batteries from the wet production. line are sent to 

be formed. These batteries are filled with dilute sulfuric 

acid and formation is initiated. After the batteries are 

formed, the acid is replaced with fresh acid. The wet 

formed batteries are then given a boost charge, washed, 

. .  

I 
I 
I 

decorated, and sent  t o  s h i p p i n g .  

3 .  NORMAL PROCESS OPERATION 

Source tests were performed on August 17 through 19, 

1976. The three-process facility and lead oxide production 

facility were tested. Test sites included inlet and outlet 

of the baghouse controlling the three-process operation and 

the- comnon outlet of the four baghouses controlling lead 

oxide production. These test sites are shown schematically 

in Figure 70. 

a.Three Process Operation 

Both dry and wet battery plates are processed at the 

three-process facility. Production requirements determine 

the amount of each that need to be stacked, made into elements, 

and inserted into battery cases. Normally 3500 batteries 

per day are produced but up to 4500 batteries per day can be 

assembled. This is equivalent to 2 normal and maximum daily 

element production of 21,000 and 27,000 elements, respectively. 

There are four stations in this area for lug breaking - 

i 
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and four for hand stacking. However, only two hand stacking 

st.ations are normally used when the Reed (automatic) stacker 

is operating and lug breaking is performed only on an as- 

needed basis. Dampers isolate the work stations from the 

baghouse when they are not in use. 

A Winkel stacker and a Reed stacker automatically stack 

about 2 plates per second during.norma1 operation. These 

stackers operate at a constant rate with brief periods of 

downtime caused by jams ( 2  or 3 minutes) or changeover ( 5  to 

.10 minutes). Stacker changeover requires adjustment for 

plate size and for the required number of plates per element. 

Both stacking machines are.operated independently. The 

stacks of plates are stored on skids until they are needed 

for the automatic element .assembly units or STAR. 

The operators of the two autonatic element assembly 

lines work on a quota system. When they are ahead of their, 

quota,'the operation is shut down while the operators take a 

brea.k of 10 to 20 minutes duration. Since the lines 2re 

completely independent, one crew can take an unscheduled 

break while the other crew continues work. 

. .  

STAR is a proprietary battery assembly line at the 

plant that was partially operational as of September 1, 

1976. The portions presently controlled by the three- 

process baghouse are two stations for inserting element 

assemblies into the battery case, and the element burning 

process. 

. 
- 
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b.Lead  Oxide P r o d u c t i o n  

The l e a d  o x i d e  p r o d u c t i o n  o p e r a t i o n  a t  ESB Mississauga i S  

star ted up  e a c h  Monday morning and s h u t  down a t  t h e  end of 

t h e  a f t e r n o o n  s h i f t  on F r i d a y .  Lead p i g s  are  f e d  t o  e a c h  

l e a d  o x i d e  m i l l  a t  a normal r a t e  of 1 5 0 0  pounds p e r  hour  

(one 100-pound p i g  e v e r y  f o u r  m i n u t e s ) .  

tumbled i n  a r o t a r y  m i l l .  The a t t r i t i o n  and h e a t  caused  by 

t h e  i n t e r r ac t ion  o f  t h e  lead p i g s  causes t h e  f o r m a t i o n  o f  

lead oxide p a r t i c l e s .  T h i s  r eac t ion  i s  performed a t  a 

temperature o f  approx ima te ly '400°F .  The h e a t  i s  c o n t r o l l e d  

by water  s p r a y s  which a u t o m a t i c a l l y  o p e r a t e  when t h e  r o t a r y  

m i l l  exceeds  41O0F. The lead oxide p r o d u c t  can  b e  pneumati-  

c a l l y  conveyed to storage b i n s  o r  barreled f o r  sh ipment  t o  

o c h e r  ESB f a c i l i t i e s .  The p r o d u c t  i s  n o t  weighed u n t i l  it 

is used. from t h e  b i n s  o r  it i s  sh ipped .  T h i s  cou ld  b e  

several d a y s  a f t e r  p r o d u c t i o n .  

These p i g s  .are 

4. PROCESS OPERATION D U R I N G  SOURCE TESTS 

a. E lemen t s  Assembly 

A l l  t h e  s o u r c e  t e s t s  f o r  the  Mississauga plant's element 

assembly o p e r a t i o n s  were done on August 1 8 ,  1 9 7 6 .  P l a t e  

. s t a c k i n g  w a s  performed by  t h e  R e e d  and Winkel a u t o m a t i c  

stackers and a t  t w o  o f  the f o u r  hand s t a c k i n g  s t a t i o n s .  Enough 

p l a t e s  were s t a c k e d  d u r i n g  t h e  s h i f t  t o  form 1845 twe lve  

v o l t  b a t t e r i e s .  B a t t e r y  assembly f o r  t h e  t es t  s h i f t  was 

1468 b a t t e r i e s  which c o n s i s t e d  o f  9 2 6  and 5 4 2  twe lve  v o l t  

.c 
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batteries assembled on both automatic element assembly units 

and the STAR unit respectively. One or two lug breaking 

stations were operating at various times during the source 

tests. Records are not kept of the process throughput. A 

.plant representative stated that the production data for 

August 18, 1976 indicates normal operation. While these 

figures as reported are after rejects, the same representative 

states that the rejects would amount to the equivalent of 

one or two batteries during one shift's production. Table 10 

shows the time interval when each test was conducted. 

Lead throughput during the tests ranged from 1160 lb/hr 

at the manual stacking stations to 2020 lb/hr at the Winkel 

stacker. The two cast-on-strap machines and the STAR unit 

had lead throuqhputs of 2080 and 1800 lb/hr respectively. 

These figures are based on estimates that plates are made up 

of 60 percent lead oxide paste and 4 0  percent lead grid. 

> 

The paste contains approximately 70 percent lead oxide and 

30 percent metallic lead. The process parameters during the 

source tests are summarized in Table 10. Since these 

figures have been prorated over seven hours of operation, 

and the tests performed the same day. the lead throughputs 

for each test are identical. 

_ _  _ _  

Lead Oxide Production 

The source tests for the lead oxide production operation 

were done on August 19, 1976. During each test, one-hundred 
- 
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Table 10. TIME INTERVALS FOR 

THREE PROCESS OPERATION TESTS (August 18, 1976) 

Test Numbera 

1c 

1Cl11D2 

2c 

2D1,2D2 

3Cb 

3Dl,3D2 

Time Interval (24-hour clock) 

0710-0834 

0710-0821 

0950-1108 

0950-1105 

1140-1339 

1238-1346 

Refer to Figure 10 for test site locations C and D. 
The source test was discontinued from 1155 to 1240 because 
process stopped for lunch break. 

a 



Process 

Hand s t a c k i n g  

Reed s t a c k i n g  

Winkel  s t a c k i n g  

S tack ing  Total  

Automatic element assembly 

STAR 

~ E l e m e n t  assembly T o t a l  

a Lead throughput was pro,rated from s h i f t  p roduct ion  r eco rds .  
A seven hour day was used t o  account  f o r  lunch ,  c leanup 
t i m e ,  and breaks .  

Lead Throughput, l b /h ra  

1160 

1800 

2020  

4980 

2080 

1800 

3880, 

i 
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pound l e a d  p i g s  were a u t o m a t i c a l l y  f e d  t o  each b a l l  m i l l  a t  

t h e  r a t e  of 1 5  p i g s  pe r  hour ( 1 5 0 0  l b / h r ) .  

w a s  pneumat ica l ly  conveyed t o  bulk  s t o r a g e  

b a r r e l e d .  No mal func t ions  occur red  du r ing  

Process parameters  d u r i n g  t h e  source  tests 

Table . .  

The PbO p roduc t  

r a t h e r  t han  

t h e  tests.  

a r e  shown i n  

The o p a c i t y  meter was set a t  2 2 . 5  p e r c e n t  a s  a zero 

p o i n t  d u r i n g  t h e  t e s t s .  Th i s  remained c o n s t a n t  throughout .  

Baghouse p r e s s u r e  drops  were w i t h i n  t h e  normal range supp l i ed  

by t h e  p l a n t  p r i o r  t o  t h e  source  tes ts .  

i 
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T a b l e  12  - 
MILL so 

b T e s t  Number 

4A1, 4A2 

5A1,  SA2 

6A1,  6A2 

TIME INTERVAL FOR EACH LEAD OXIDE 

RCE TESTa ( A u g u s t  1 9 ,  1 9 7 6 )  

T i m e  I n t e r v a l  ( 2 4 - h o u r  clock) 

1050 - 1 1 5 9  

1 2 4 6  - 1 3 5 5  

1 4 4 6  - 1 5 5 9  

R e f e r  t o  Figure 10 for  tes t  s i t e  loca t ion .  
T h e  lead t h roughpu t  r a t e  f o r  each t e s t  was 1 5 0 0  lb /hr .  

a 

- 

. . .  . 
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METHOD 22--DETERMINATION OF LEAD 
EMISSIONS FROM THE MANUFACTURING OF LEAD BATTERIES 

1. Principle, Applicability and Range 

1.1 Principle. Particulate and gaseous lead emissions are 

isokinetically sampled from the source. 

digested in acid solution and analyzed by arsenic absorption 

spectrophotometry. 

The collected samples are 

1.2 Applicability. This method is applicable for the deterviva- 

tion o f  lead emissions from the manufacuring of lead batteries. 

1.3 Range, The upper limit can be considerably extended by 

dilution. 

lead mass of 50 pg should be collected in even sample fraction. 

2. Apparatus 

For a minimum analysis accuracy of + - 10 percent, a minimum 

2.1 Sampling train. A schematic of the sampling train used 

in this method is shown in Figure 22-1. 

train are available. However, if one desires to build his own, com- 

plete construction details are described in APTD-0581; for changes 

from the APTD-0581 document and for allowable modifications to 

Figure 22-1, see the following subsections. 

Commercial models of this 

The operating and maintenance procedures for the sampling train 

are described in APTD-0576. Since correct usage is important in 

obtaining valid results, all users should read the APTD-0576 document 

and adopt the operating and maintenance procedures outlined in it, 

unless otherwise specified herein. 
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2.1.1 Probe nozzle--Stsinless s t e e l  (316) w i t h  sharp, tapered 

leading edge; The angle of  t ape r  sha l l  be - < 30" and the taper  s h a l l  

' b e  o r t h e  outs ide  t o  preserve a conctant in te rna l  diameter. The probe .. . 

nozzle s h a l l  be o f  the b u t t o n - h o o k  o r  elbow design, unless otherwise 

approved by the  Administrator. ,  The nozzle sha l l  be constructed from 

seamless stainless s t e e l  tubing. ,Other configurations and construct ion 

material may be used subjec t  t o  approval from the  Administrator. 

A ra,nge of  sizes suitable for i s o k i n e t i i  sampling should be 

ava i l ab le ,  e,.g., 0.32 cm (1/8 i n . )  up  t o  1.27 cm (1 /2 i n . )  ( o r  l a rge r  

if h,igher volume sampling t r a i n s  are used) ins ide  diameter (ID) nozzles,  

i n  increments o f  0.16 cm (1/16 i n . ) .  

according t o  the procedures o u t l i n e d  in  the ca l ib ra t ion  secton. 

Each nozzle sha l l  be ca l ib ra t ed  

- 
2.1.2 Probe l iner - -Boros i l ica te  or quar tz  glass  t u b i n g  w i t h  a 

.~ 

hea t ing  system capable o f  maintaining a g z s  temperature a t  t h e  e x i t  end 

during sampling o f  no g rea t e r  than 120 - + 14' (248 +25'F) or  no 

.. g r e a t e r  t h a n  such o ther  temperature as  spec i f ied  by a n  appl icable  

. subpart  o f  t he  standards.  Since the actual  temperature a t  t he  outlet  

o f  the probe i s  not monitored d u r i n g  sampling, probes constructed 

according t o  APTD-0581 and u t i l i z i n g  the ca1,ibration curves of APTD-0576 

o r  ca l ib ra t ed  according t o  the  procedure out l ined i n  APTD-0576 wi l l  be 

considered as acceptable. 

When lenqth l imi t a t ions ,  i . e . ,  g rea t e r  than about 2.5 m (8.2 f t ) ,  
1 are encountered, s t a i n l e s s  s t e e l  (316) or Incoloy 825 

t u b i n g ) ,  o r  o the r  mater ia ls  as approved by the Administrator,  may be used. 

(both of seamless 

.?. 

.)Mention of t r ade  nares' or spe c i f i c  products does not cons t i t u t ?  endcrsement 
by t h e  Environsental Protection Asency. 
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2.1.3 'Pitot tube--Type S, or other device approved by the 

Administrattr, attached to probe to allow constant monitoring of the 

stack gas velocity. The face openings of the pitot tube and the probe 

nozzle shall be adjacent and parallel to each other, but not necessarily 

on the same plane, during sampling. 

and pitot tube shz111 be at least. 1.9 cm (0.75 in.). 

shall be set based on a 1.3 cm (0.5 in.) ID nozzle. 

train is designed for sampling at higher flow rates than that described 

in APTD-0581, thus necessitating the use of larger sized nozzles, the 

The free space between the cozzle 

The free space 

If the sampling 

.~ la.rgest sized nozzle shall be used to set the free space. 

The pitot tube must also meet the criteria specified in Nethod 2 

and be calibrated according to.the procedure in the.calibration section 

o f  that method. - , .  

2.1.4 Differential pressure gauge--Inclined manometer capable o f  

measuring veloci,ty head to within 10 percent of the minimum mezsured 

,.value or - + 0.013 mm (0.0005 in.), whichever is greater. 

differential pressure of 1.3 rnrn (0.05 in.) water gauge, micromanometers 

with sensitivities of 0.013 min (0.0005 in.) should be used. 

micromanometers are not easily adaptable to field conditions and are 

not easy to use with pulsating flow. Thus, methods or other devices 

acceptable to the Administrator may be used when conditions warrant. 

Below a 
. 

However, 

2.1.5 Filter holder--Borosilicate glass with a glass frit filter 

support and a silicone rubber gasket. Other materials of construction 

may be used with approval from the Administrator, e.g., if probe liner 

is. stainless steel, then the filter holder may be stainless steel. 

. 

.<. 
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The h o l d e r  tjesign shall provide a positive seal against leakage 

from the outside or around the f i l t e r .  

2.1.6 Impingers--Four Greenburg-Smith ircpingers connected in 

ser ies  with glass ball j o i n t  f i t t i ngs .  Impingers one, three,  and four 

are  modified by replacing the t ' i p  w i t h  a l/Z-inch IO glass tube extend- 

i n g  t o  1/2 inch from the flask bottom. 

2.1.7 Metering system--Vacuum gauge, leak-free pump, thermometers 

capable o f  measuring temperature t o  w i t h i n  3' C (5.4' F),  dry gas meter 

with 2 percent accuracy, and related equipment, or equivalent, as required 

t o  maintafn an isokinetic sampling rate and t o  determine sample volume. 

Sampllng trains u t i l i z i n g  metering systems designed for  higher flow 

rates than t h a t  described i n  APTD-0581 or APTD-0576 may be used provided  

t h c t  the ;pec!ficaticns in secticr, 2 -f th i s  r o t h s d  are  ~ : n + .  

metering system i s  used i n  conjunction w i t h  a p i t o t  tube, t he  system shall 

'enable checks o f  isokinetic rates. 

. .. 

Whet the 

2.1.8 Barometer--Mercury, aneroid, or other barometers capable 

of measuring atmospheric pressure t o  w i t h i n  2.5 mm Hg (0.1 i n .  Hg). 

many cases,  the barmetr ic  reading may be obtained from a nearby weather 

bureau s ta t ion ,  i n  w h i c h  case the s ta t ion value (which  is the  absolute 

barometric pressure) shall be requested and an adjustment for  elevation 

differences between the weather station and sampling p o i n t  shal l  be 

In 

a p p l i e d  a t  a ' ra te  o f  minus  2.5 nnn Hg (0.1 in. Hg) per 30 m (100 f t )  

elevation increase o r  vice versa for  elevation decrease. 

2.1.9 Gas density determination equipment--Temperature and 

pressure gauges and gas analyzer as described i n  Methods 2 and 3.  

56 



- . . -__._ __ 

2.2 Sample recovery. 

2.2.:. Probe l i n e r  and probe nozzle brushes--Nylon b r i s t l e s  

w i t h  s t a i n l e s s  s t e e l  wire handles. The probe brush s h a l l  have 

extensions,  a t  l e a s t  as long  as  t he  probe, o f  s t a i n l e s s  s t e e l ,  nylon, 

t e f l o n ,  o r  s imi l a r ly  inert mater ia l .  Both brushes sha l l  be properly 

‘ s i z e d  and shaped t o  brush ou t  .the probe l i n e r  and nozzle. 

2.2.2 Glass wash bottles--One. 

2.2.3 Glass sample s torage  containers--Chemically r e s i s t a n t ,  

bgros i l ica te ,  g lass  b o t t l e s ,  for 9.1 N UNO3 impinger and probe 

-.solutions and washes, 500 m l  or 1,000 ml. 

. .be t e f l o n  rubber-backed liners or of such construct ion SO as  t o  be 

Screw cap closures sha l l  

leak f r e e  and prevent chemical a t t a c k  from the  0.: N Hk!03. 

.mouth g l a s s  b o t t l e s  have been found t o  be l e s s  prone t o  leakage.)  

(Narrow 

. ,Other  types of containers  must be approved by the Administrator. 

2.2.4 Pe t r i  dishes--For f i l t e r  samples, g l a s s  o r  polyethylene,  

. . unless otherwise spec i f ied  by the Administrator. 
~~ 

2.2.5. Graduated cy l inder  and/or  balance--To measure condensed 

water t o  w i t h i n  1 ml or 1, g. 

d iy i s ions  no g rea t e r  t h a n  2 m l .  Most laboratory balances a r e  capable 

.o f  weighing t o  t h e  neares t  0.5, g o r  less. 

- , s u i t a b l e  f o r  use here and  i n  sec t ion  2.3.4. 

Graduated cyl inders  sha l l  have sub-  

Any. o f  these balances a re  

. .  

2.2.6 , P l a s t i c  s torage containers--Air t i g h t  containers  t o  s t o r e  

.. si1 ica. gel. 

2.2.7 Funnel and rubber policeman--To aid i n  t r a n s f e r  of s i l i c a  

, gel t o  container ;  n o t  necessary i f  s i l i c a  gel i s  weighed i n  the f i e l d ,  
... 

57 



2.3 Analysis. 

2.3.1 Atomic absorption spectrophotometer w i t h  lead hO11Qw 

cathode lamp and burner f o r  a i r /ace ty lene  flame. 

2.3.2 Steam bath. 

2.3.3 Hot p la te .  

2.3.4 Reflux condensers--24/40 !j t o  f i t  Erlenmeyer f l a s k s .  

2.3.5 Erlenmeyer flasks--125 m l  24/40 $. 

2.3.6 Membrane i i l t e r s - -Mi l l i po re*  SCWPO 4700 o r  equivalent .  

2,3.7 F i  1 t e r i  ng apparatus--b'il 1 ipore f i 1 t e r ing  u n i t  , cons i s t i  ng 

of one of  the assemblies shown i n  Figure 22-1. 

2.3.8 Graduated cylinders--SO m l ,  100 ml. 

2.3.9. .Volumetric flasks--100 ml. 
. ,. 

. . . . . . . . . 
3. ' :Reagents . .  

. . 3.1 Sampling. 

3.1.1 Filters--High pu r i ty  g lass  f i b e r  f i l t e r s ,  without organic 

binder exhib i t ing  a t  l e a s t  99.95 percent e f f i c i ency  (< 0.05 percent 

pene t ra t ion)  on 0.3 micron d io ty l  phthalate  smoke p a r t i c l e s .  

e f f i c i e n c y  test sha l l  be conducted i n  accordance w i t h  ASTM standard 

method D 2086-71. 

i s  s u f f i c i e n t  f o r  this purpose. 

or equiva len t ,  w i t h  l o t  Assay f.or Pb. 

- 
The f i l t e r  

Test  data  from the s u p p l i e r ' s  qua l i t y  control  program 

F i l t e r s  sha l l  be Gelman Spectro Grade, 

3.1.2 S i l i c a  gel--Indicat ing type,  6-16 mesh. If previously . 
used, dry  a t  175" C (350" F] f o r  2 hours. 

as received. 

New s i l i c a  gel may be used 



3.1.3 0.1N H!N13--Prepared from reagent crade HN03 and distilled 

water. 

eliminate a high blank on test samples. 

o f  concentrated nitric acid (69 percent) to 1 liter with distilled 

water. 

It may be desirable to run blanks prior to field use to 

Prepare by diluting 6.5 ml 

3.1.4 Crushed ice. 

3.1.5 Stopcock grease--Acetone insoluble, heat stable silicone 

grease. 

sleeves. or similar, are used. 

3.2 .Pretest preparatlon. 

This i s  not necessary if screw-on connectors with teflon 

. 3.2.1 6N HN03--Prepared from reagent grade HN03 and distilled 

water. Prepare by diluting 390 ml o f  concentrated nitrj,c acid (69 

.- percent). to 1 liter with distilled-water. . . .  

3.3 Sample recovery. 

. 3.2.1 0.1N HN03--Prepared from reagent grade HN03 and distilled 

water (same solution as 3.1.3). 

3.4 Analysis. 

3.4.1 Deionized, distilled water. 

3.4.2 Nitric acid, redistilled ACS reagent grade, concentrated. 

3.4.3 30 percent HN03, v/v--Cilute 300 ml o f  redistilled concen- 

trated nitric acid to 1 liter with deionized distilled water. 

3.4.4 Stock lead standard, 100 pg Pb/ml--Dissolve 0.1598 g of . 
reagent grade Pb (N03)2 in about 700 ml o f  distilled water, add 10 ml 

redistilled concentrated HN03. and dilute to 1000 ml. 

3.4.5 Lead standards. 
_. 
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3.4.5.1 

10.0 and 29.0 ml of the 100 pg/ml stock lead s t a n d a r d  i n t o  100 m i  

volumetric f l a s k s .  

t o  volume with deionized d i s t i l l e d  water. 

contain 1.0, 5.0, 10.0, and 20.0 pg Pb/ml, respec t ive ly .  

standards a t  o the r  concentrat ios  s h o u l d  be prepared as  needed. 

30 percent HN03. v / v  (Reagent 3.4.3) as  the reagent blank. 

Sclution sample standards--Pipet alicjuots of 1 .0 ,  5.0,  

Add 30 ml r e d i s t i l l e d  concentrated Hi.IO3 an6 d i l u t e  

These working s tandards  

Additional 

Use 

3.4.5.2 F i l t e r  sample standards--Pipet a l iquo t s  of 1.0, 5.0, 
. .  

10.0 and 20.0 ml of the 100 ,pg/ml stock lead standard i n t o  125 m l  

Erlenmeyer flasks. 

f n t o  s t r i p s  in each f lask .  

used for sampli,ng. 

Reflux for two hours and cool t o  room temperature. Rinse the con- 

denser column w i t h  a small amount of  deionizzd d i s t i l l e d  water and 

remove the flask.  

rinse t h e  f i l t e r  and the remaining g l a s s  f i b e r  mass w i t h  several  small 

port ions of  deionized d i s t i l l e d  water,  and combine w i t h  the  f i l t r a t e .  

Dilute each standard t o  100 ml, u s i n g  a 100 ml graduated cy l inder .  

Place a g l a s s  f i b e r  f i l t e r  (Section 3.1.1) cut  

Use f i l t e r s  from the same l o t  a s  those 

Add 30 m l  r e d i s t i l l e d  concentrated n i t r i c  acid.  

- 

F i l t e r  each standard through a mi l l ipore  f i l t e r ,  

3.4.6 Air--of a quality s u i t a b l e  for atomic absorption ana lys i s .  

3.4.7 Acetylene--of a q u a l i t y  s u i t a b l e  for atomic absorption 

ana lys i s .  

4. Procedure 
4.1 Sampling. The sampling sha l l  be conducted by competent 

personnel experienced w i t h  th is  t e s t  procedure. 
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4.1.1 Pre tes t  preparation. Ail the coi;,pcnents sha l l  be main- 

ta ined and s a l  ibrated according t o  the procedure described i n  APTD-0576. 

In addition t o  those equipnent cleaning procedures, r i n se  a l l  sample 

exposed surfaces w i t h  6N HNOj,followed by d i s t i l l e d  water. 

I.!eigh approximately 200-300 g of s i l i c a  gel i n  a i r  t i g h t  containers 

t o  the nearest  0.5 g. Record the to t a l  weisht, both s i l i c a  gel and 

. container. on the container. Fore s i l i c a  gel may be used b u t  care 

should  be taken during sampling t h a t  i t  i s  not entrained and carr ied 

out from the impinger. 

we,lghed d i r ec t ly  i n  the impinger or i t s  sampling holder  jus t  prior 

t o  the  train assembly. 

As a n  a l t e rna t ive ,  the s i l i c a  gel may be 

Check f i l t e r s  visual ly  against  1,ight fo r  i r r e g u l a r i t i e s  and 
flaws o r  pinhole leaks. - . .  . 

- 
Label the s h i p p i n g  containers (glass  or  p l a s t i c  petri dishes) 

and keep each f i l t e r  i n  i t s  respect ive container a t  a l l  times except 

d u r i n g  sampling and weighing. 

4.1.2 Preliminary determinations. Select  the sampling s i t e  

and the minimum number of sampling points according t o  Method 1 or 

a s  specif ied by the Administrator. 

temperature, and the range of veloci ty  heads us ing  Method 2 and 

moisture content using Approximation Method 4 or i t s  a l t e rna t ives  

for t h e  purpose of making i sok ine t i c  sampling r a t e  calculat ions.  

Estimates may be used. 

actual measurements made d u r i n g  the test .  

Determine the s tack pressure,  

However; f i n a l  r e s u l t s  will be based on 
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Select  2 r.ozzle s i ze  based on the range o f  velcci ty  heads such 

t h a t  i t  i s  not rcccssary t o  change the nozzle s i z e  in order t o  main- 

t a i n  i sokine t ic  ssmpling ra tes ,  

nozzle s i ze .  Fnsure tha t  the d i f f e ren t i a l  pressure aauge i s  capable 

of measuring the niniaum velocity head value t o  within 10 percent,  o r  

a s  specif ied by the Pdministrator. 

Eurinq the run, do not chance the 

Se lec t  a su i tab le  probe line; and probe lenath such t h a t  a l l  

t raverse  points can be sampled. 

f o r  l a rge  stacks t o  reduce the length of probes. 

Consider sampling from opposite s ides  

Select  a t o t a l  sampling t i n e  a r e a t e r  than o r  ecual t o  the m i n i m u m  

t o t a l  sampling time specified i n  t h e  t e s t  procedures for the spec i f i c  

industry such t h a t  the sampling time per point i s  not l e s s  t h a n  2 minutes 

o r  some grea te r  time Interval as  speclf ied by the h-hlnistrator and the 

semple :.clcme t h a t  will  be taken will excced the rcquircd mfnirrum t o t 2 1  

gas sample volume specified in  the t e s t  procedures. The l a t t e r  i s  based 

on an apprcximate average sampling rate .  

.. 

.' 
F'ote a l so  t h a t  the minimum t o t a l  

sample volume i s  corrected t o  standard conditions. 

I t  i s  recommended tha t  1 /2  or an integral  number of minutes be 

sampled a t  each p o i n t  i n  order t o  avoid  timekeepina e r rors .  

In some circumstances, e .a . ,  bstch cycles ,  i t  rzy be necessary t o  

sample f o r  shorter  times ?t  the t raverse  points and t o  obtain w a l l e r  

gas  sample volumes. 

f l r s t  be obtafned. 

In these cases ,  t he  Administrator's approval rust 

4.1.3 Preparation o f  col lectfon t r a in .  During preparation and 

asserbly of the  sampling t r a i n ,  keep a l l  openings where contamination 

can occur covered un t i l  just pr ior  t o  assembly o r  un t i l  sampling i s  

about t o  begin. 
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Place 100 rn1 of O.lE! HFi03 in eech of the f i r s t  two ivnpinpers, 

leave the t h i r d  ippinger wpty,  2nd place approxirately 200-300 a o r  

more, i f  cecessa-y, of preigcigked s i l i c a  oel i n  the f o u r t h  in?pir.$er. 

Record weight o f  the s i l i c a  pel and contaimr t.o the nearest 0.5 o. 

Place the container i n  a clean place for l a t e r  use i n  the sample recovery. 

Using a tv;eezer o r  clean diSpGSZb1e surgical olovos, place the 

labeled ( ident i f ied)  and weighed f i l t e r  i n  the f i l t e r  holder. 

tha t  the f i l t e r  i s  properly centered and the gasket properly placed 

so as  not t o  allow the sample pas stream t o  circunvent the f i l t e r .  

Check f i l t e r  f o r  tears  a f t e r  assembly i s  ccrnpleted. 

Ee sure 

Vhen glass l iners  are used, i n s t a l l  selected nozzle using a 

Vi ton  A O-ring \!hen stack tenperatures are less  than 260" C (500' F) 

o r  an asbestos string gasket when tenperatures are hicher. The Vitcn 

A O-ring and asbestos s t r ing gasket are  installed as a seal where tile 

nozzle is connected t o  a a iass  l iner .  

metal l i n e r s  a re  used, ins ta l l  the nozzle as above o r  by a l e &  f ree  

d i rec t  mechanical connection. 

by sone other method t o  denote the prcper distance i n t o  the s t x k  or 

duct for each sampling point .  

I ..i 

,; 

See APTC-0576 f o r  detai ls .  Nhen 

Elark probe v i t h  heat res i s tan t  tape or 

Unless otherwise specified by the Mninis t ra tc r ,  attach a tempera- 

ture  probe t o  the metal sheath of the samplinp probe so tha t  the sensor 

extends beyond the probe t i p  and does c o t  touch any metal. 

should be about 1 .9  t o  2.54 cm (0.75 t o  1 i n . )  from both the p i t o t  tube 

and probe nozzle t o  avoid interference w i t h  the cas f l o w .  

I t s  position . 

. .  F- 
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Set  up  t h e  t r a i n  as  i n  F i g u r e  5-1, using, !f nfcessary, a very 

: l i g h t  coat of s i l i cone  greasc cn a l l  ?round ? lass  j o i n t s ,  greasing 

only the ou te r  portion (see APTO-0576) t o  avoid pcs s ib i l i t y  of ccn- 

tamication by thc  s i l i cone  grease. F i th  spproval frcm the M r i n i s t r a t o r  

a g las s  cyclone nay be used between the probe and f i l t e r  holder. 

Place crushed ice  around t h e  impingers. 

4.1.4 Leak check procedure--After the sampling t r a i n  has bcen 

assenblcd, t u r n  on  and se t  the f i l t e r  and  probe heating system t o  the 

power required t o  reach temperatures o f  no oreater  t.han 10°C (18°F) 

i n  excess o f  t he  st.ack pas dewpoint, or such other other temperature 

as specif ied by a n  appllcable subpa r t  of the standards fo r  the leak 

check. 

hcating zystcc nzcd x t  Sc G x d . 1  

( I f  water condensation i s  n o t  a problem the Drobe and/or f i l t e r  

A?lo;v t?x  for the t cTpeb tu re  t c  

s t ab i l i ze .  

i n  assembling the probe nozzle t o  the probe l i n e r ,  leak check the train 

a t  t he  s m p l i n g  s i t e  t y  plugging the nozzle and pullinp a 380 m Ha 

(15 in .  Ha) vacuum. 

i t  is  not exceeded d u r i n g  the t e s t . )  

do not connect the probe t o  the t r a i n  d u r i n g  the leak check. 

leak check the  t r a i n  as above by f i r s t  nlugging t he  i n l e t  t o  the  

glassware t h a t  connects the probe t o  the f i r s t  impin(;er. 

the probe t o  the  t r a i n  and leak check a t  abcut 25 mn Hg (1 in. Hg) 

vacuum. /1. leakage r a t e  i n  excess o f  4 percent o f  the  averaae sampling 

r a t e  or 0.00057 n /min. (0.02 cfm), whichever is less,  i s  unacceptable 

i n  e i t h e r  case. 

I f  a Viton A O-r ing  o r  other  leak f r ee  connection i s  used 

(Pote: A lower vacuum ray be used provided t h a t  

I f  an  asbestos s t r ing  i s  used, 

Instead, 

. 

Then connect 

3 

\ 

i 
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The follo:./ing leak check instructions for the sampling t ra in  

described i n  APTC-0576 and APTD-0581 may be helpful. S t a r t  the 

pump w i t h  by-pass valve ful ly  open and coarse adjust valve ccn!pletely 

clsoed. Par t ia l ly  @pen the coarse adjust valve and slowly close the 

by-pass valve u n t i l  38C i:m H q  (15 i n .  Hp) vacuum is rcached. Do no t  

reverse direction of by-pass vaJve. This will cause impinger 

solution back up  i n to  the probe. 

e i the r  leak check a t  th i s  higher vacuum or end the leak check as 

shown below and s t a r t  over. 

I f  380 mm Hg (15 in. t l g )  is exceeded, 

!*lhen the leak check is  completed, f i r s t  slowly remove the plug 

from the in l e t  t o  the probe or f i l t e r  holder and immediately turn 

off the vacuum pump. 

forced backward i n t o  the probe. 

This prevents the impinger solution from being  
. . .. 

Leak checks shall be conducted as  described whenever the t ra in  I 

i s  disengaged, e.g., for s i l i c a  gel or f i l t e r  changes d u r i n g  the 

t e s t ,  prior t o  each t e s t  r u n ,  and a t  the completion of each t e s t  r u n .  

I f  leaks are  found to  be i n  excess o f  the acceptable ra te ,  t h e  test 

will be considered invalid. 

occurrences, i t  i s  recommended that  leak checks be conducted between 

port changes a t  the highest vacuum reading drawn d u r i n g  t h a t  sampling 

traverse. 

To reduce t h e  l o s t  time due t o  leakage 

4.1 .5  .>ample t ra in  operation--During the sampling r u n ,  

isokinetic sampling ra te  to  w i t h i n  10 percent, or as  specified by 

the  Admi.nistrator, o f  true isokinetic and the temperature around the 
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f i l t e r  0-F no g rea t e r  than 120 - i 14" C (248 - + 25" F ) ,  o r  as  spec i f ied  

by an appl icable  subpart o f  t he  s tandards,  sha l l  be maintained. 

For each r u n ,  record the data required on the example data  

shee t  shown in Figure 5-2. Be sure t o  record the i n i t i a l  dry gas 

meter reading. 

and end of each sampling time iFcrement, when changes i n  flow r a t e s  

a r e  made, and when sampling i s  hal ted.  

a t  l e a s t  once a t  each sample point during each time increment and 

addi t iona l  readings when s i g n i f i c a n t  changes (20 percent var ia t ion  in  

velocity head readings) necess i t a t e  addi t ional  adjustments in  flo1.r 

r a t e .  Level and zero the manometer. 

Record the dry gas meter readings a t  the beginning 

Take o ther  data point readings 

Clean the portholes p r i o r  t o  the t e s t  r u n  t o  minimize the  chance 

of sampling the deposited mater ia l . '  To begin s m p l i n g ,  remove the  

nozzle can, ve r i fy  t h a t  the f i l t e r  and probe a r e  u p  t o  temperature, 

and t h a t  the p i t o t  t ube  and probe a r e  properly posit ioned. 

the nozzle a t  t he  f i r s t  t r ave r se  p o i n t  w i t h  the  t i p  pointing d i r e c t l y  

i n t o  the gas stream. 

t o  i s o k i n e t i c  conditions.  Nomographs a r e  ava i lab le  for sampling t r a i n s  

u s i n g  type S p i t o t  tubes w i t h  C.85 - + 0.02 coe f f i c i en t  and when sampling 

i n  a i r  o r  a s tack  gas w i t h  equivalent  densi ty  (molecular weight equal 

t o  29 - + 4 ) ,  which  a id  i n  t he  rapid adjustment o f  the  i sok ine t i c  sampling 

r a t e  w i t h o u t  excessive computatrons. 

f o r  u s i n g  these nomographs. I f  C 

ranges, do not use the nomograph unless appropriate  s t eps  ( see  

Reference 7.7) a r e  taken to  compensate f o r  the devia t ions .  

Posi t ion 

Immediately s t a r t  t h e  pump and ad jus t  the flow 

APTD-0576 de ta i  1 s the procedure . 
and lid a r e  outs ide  t h e  above s t a t e d  

P .  
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When the s tack i s  under s ign i f i can t  negative stzck pressure 

(height  of impinger stem), take care  t o  close the coarse ad jus t  valve 

befoi'e inser t ing  the probe in to  the s tack to  avoid O.1N HN03 backing 

i n t o  t h e  probe. I f  necessary, the pump may be turned on with the 

coarse ad jus t  valve closed. 

When the probe i s  in posi t ion,  block off  the openings around 

the probe and porthole t o  prevent unrepresentative d i lu t ion  of the 

gas stream. 

Traverse the stack cross sec t ion ,  as required by Method 1 o r  a s  

specif ied by the Administrator, beins careful n o t  t o  bump the probe 

nozzle in to  the stack walls when sampling near the walls o r  when 

removing o r  inser t ing  t h e  probe through the portholes,  t o  minimize 

chance of extract ing deposited material .  . . .  

- During the  t e s t  r u n ,  make periodic adjustments t o  keep the 

temperature around the f i l t e r  ho lder  a t  the proper temperature and 

add more i ce  and, i f  necessary, s a l t  t o  maintain a temperature of 

less than 20" C (68" F)  a t  the s i l i c a  gel impinger o u t l e t  t o  avoid 

excessive moisture losses .  Also, per iodical ly  check the level  and 

zero .of  the manometer. 

A s ing le  t r a in  shall  be,used f o r  the entire sample r u n ,  except 

. f o r  f i l t e r  and s i l i c a  gel changes. 

Administrator, two o r  more t r a i n s  may be used fo r  a single tes t  run 

when there a r e  two o r  more ducts o r  sampling ports. 

be the to t a l  of a l l  sampling t r a i n  catches. 

However, i f  approved by the 

The results shal l  



A t  the end of the sainple r u n ,  t u r n  off the p m p ,  remove the 

probe and nozzle from the s tack ,  2nd record the f ina l  dry gas meter 

reading. Perform a leak check a t  a vacuum equal t o  o r  grea te r  than 

the maximum reached d u r i n g  sampling. 

( see  calculat ion sect ion)  to determine whether another t e s t  run 

should be made. 

r a t e s  due  t o  source conditions, consult  with the Administrator f o r  

possible variance on the i sokine t ic  ra tes .  

Calculate percent i sokine t ic  

I f  there i s  d i f f i c u l t y  in maintaining i sokine t ic  

4.2 Sample recovery. Proper cleanup procedure begins as soon 

as  the probe i s  removed from the s tack a t  the end of the sampling 

period. 

Allow the probe to  cool. Idhen i t  can be safe ly  handled, >wipe of f  

a l l  external par t icu la te  matter near the t i p  o f  the probe nozzle and 

place a cap over i t  t o  prevent losing o r  gaining leed. 

cap off  the probe t i p  while the sampl ing  train is  cooling down as 

whis  would c rea te  a vacuum in the probe, t h u s  drawing solution from 

the impingers in to  the probe. 

. Do not t i g h t l y  

Before moving the sample t r a i n  t o  the cleanup s i t e ,  remove the 

probe from the sample t r a i n ,  wipe off  the s i l i cone  grease, and cap 

the open ou t l e t  of the probe. Be careful not t o  lose  any condensate, 

i f  present by maintaining the probe i n  an  e s sen t i a l ly  level posit ion.  

Wipe off  the s i l i cone  grease from the glassware i n l e t  where the 

probe was fastened and cap i t .  

l a s t  impinger and cap the impinger. 

. 
Remove the umbilical cord from the 

After wiping off  the s i l i cone  
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grease, cap off the f i l t e r -  holder o u t l e t  and imginger i n l e t .  Either 

ground g la s s  stoppers or  p l a s t i c  caps o r  serum caps may be used t o  

c lose these openings. 

Transfer the probe and impinger-fil t e r  assembly to  the cleanup 

area.  This area should be ciean and protected from the wind so tha t  

the chances of contaminating or  losina the sample will  be minimized. 

Save a portion of the 9.114 HN03 used for  sampl ing  and cleanup 

as  a blank. Place about 2013 ml of t h i s  0.1N HN03 taken d i r ec t ly  

from the b o t t l e  being used into a glass  sample container la'beled 

"0.1N HN03 b lank . "  

Inspect the t r a in  pr ior  ' to  and d u r i n g  disassembly and note any 

. .  abnormal conditicns.  Treat the samples as  follows: . , , 

Container No.  1. Carefully remove the f i l t e r  from the f i l t e r  

holder and place in i t s  ident i f ied pe t r i  d i s h  container. 

of tweezers and/or clean disposable surgical gloves t o  handle the 

fi l ter .  

sample s ide  is  inside the fo ld .  quant i ta t ive ly  remove any v i s i b l e  

sample matter and/or f i , l t e r  which adheres t o  the f i l t e r  holder gasket 

by carefu l ly  u s i n g  a dry nylon b r i s t l e  brush and/or a sharp-edged 

blade and place in to  t h i s  container. Seal the container. 

Use a pa i r  

I f  i t  is necessary t o  fold t h e . f i l t e r .  do so such t h a t  the 

Container No. 2. Taking care  t o  see t h a t  d u s t  on the outside of 

the probe o r  dther ex ter ior  surfaces does not get  into the sample, 

quant i ta t ive ly  r x o v e r  sample matter or any condensate from the 

probe nozzle, probe f i t t i n g ,  probe l i n e r ,  and f ron t  half  o f  the f i l t e r  

holder by washing these components with 0 . I N  HNr13 and placing the 

wash in to  a glass  container in  the following manner: 
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Carefully rerove the probe nozzle and clean the inside surface 

by rinsing with 0.lt.I HX03 from a wash bottle and  brushing with a 

nylon br i s t le '  brush. 

vis ible  par t ic les ,  a f t e r  which make a f i n a l ' r i n s e  of the inside 

surface w i t h  0.1N tiN03. 

Brush until the 0.1N HN03 rinse shows no 

Brush and rinse w i t h  0.111 HN03 the inside parts of the Swagelok 

f i t t i n g  in a similar way u n t i l  no visible par t ic les  remain. 

Rinse the probe l iner  w i t h  O . 1 N  HN03 by t i l t i n g  the probe and 

squirting 0.1N HN03 i n t o  i t s  upper end, while rotating the probe so 

tha t  a l l  inside surfaces will be rinsed w i t h  0.1N iN03. 

0.1N HN03 drain from the lower end i n t o  the sample container. 

funnel may be used t o  aid in transferring liquid washes to  the con- 

Let the 

A 

- ta iner .  Fol low the 0.1N HN03 r inse w i t h  a probe brush. Hold the probe 

i n  an inclined position, squirt 0.1N HN03 into the upper end as the  

probe brush is being pushed w i t h  a twisting action t h r o u g h  the probe, 

h o l d  a sample container underneath the lower end of the probe, and 

catch any 0.1N HN03 and sample matter which i s  brushed from the probe. 

Run  the brush t h r o u g h  the probe three times o r  more u n t i l  no vis ible  

sample matter is carried o u t  w i t h  the 9.1N HN03 or remains i n  t he  probe 

l i ne r  on visual inspection. 

r u n  t h e  b r u s h  t h r o u g h  i n  the above prescribed manner a t  l ea s t  s ix  

'times since metal probes have m i l l  crevices i n  which sample matter 

can be entrapped. 

col lect  these washings in the sample container. 

make a final 0.1N HW3.'rinse of the probeeas described zbove. 

Wi th  s ta inless  steel  or other metal probes, 

. 
Rinse the brush w i t h  0.1N HN03' and quantitatively 

After the b r u s h i n g  

.. . . _  . . .  . .. . ,-- 
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I t  i s  recomended t h a t  two people be used t o  clean the probe 

t o  minimize losing the sample. 

clean and protected from contamination. 

Between samplity runs, keep brushes 

After en'suring t h a t  a l l  jo in ts  are wiped clean of si l icone 

grease, clean the inside of the front half of the f i l t e r  holder by 

rubb ing  the surfaces w i t h  a nylon b r i s t l e  brush  and  rinsing w i t h  

0.1N HN03- 

vis ib le  sample matter. 

holder. 

i n  the sample container, tighten the l i d  on the sample container so 

tha t  0.1N HN03 will n o t  leak o u t  when i t  i s  shipped t o  the laboratory. 

Measure and record t h e  total  quantity o f  0.1N HN03 used for rinsing. 

Mark the height of the fluid level t o  determine whether o r  not 

leakage occurred during transport. Label container t o  clearly identify 

i t s  contents. 

Rinse each surface three times o r  more i f  needed t o  remove 

Make a final rinse of the brush and f i l t e r  

After a l l  0.1N HN03 washings and sample matter are collected 

Container No. 3. Note color of indicating s i l i c a  gel t o  determine 

i f  i t  has been completely spent and make a n o t a t i o n  of i t s  condition. 

Transfer the s i l i c a  gel from the f o u r t h  impinger t o  t h 2  original con- 

ta iner  and seal .  

w i t h o u t  s p i l l i n g .  

the  s i l i c a  gel from the impinger. 

small amount of d u s t  particles t h a t  may adhere to  the walls and a re  

d i f f i c u l t  t o  remove. 

moisture calculations, do not  use any water o r  other l iquids to  trans- 

f e r  the s i l i c a  gel. 

procedure under analysis. 

A funnel may make i t  easier t o  pour the s i l i c a  gel 

A rubber policeman may be used as  an aid i n  removing 

I t  i s  not necessary t o  remove the 

- 
Since the gain i n  weight i s  t o  be used for  

If  a balance i s  available in the f i e ld ,  follow the 
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Container F:O. 4. Due t o  the l a rge  quant i ty  involved, the impinger 

so lu t ions  a r e  placed i n  a separa te  container .  However, they Ray be 

combined k ; i t h  t he  contents  of conta iner  No. 2 a t  t h e  time of ana lys i s  

i n  o rder  t o  reduce the number o f  analyses required. 

f i rs t  three  impingers and t h e i r  connecting glassware i s  cleaned in  

t h e  same manner u s i n g  t he  following procedures: 

Each of the 

(1) Impinger ba l l  j o i n t s  a r e  wiped f r e e  of s i l i c o n e  grease and 

capped. 

(2 )  Impingers a r e '  ro ta ted  and ag i t a t ed  using the  impinger contents  

a s  the f i r s t  rinse solut ion.  
c 

' ( 3 )  The impinger pa r t s  ( i nne r  and outer  tubes) must not be 

separated while t r ans fe r r ing  their contents  t o  a measuring container .  

'The o u t l e t  b a l l  j o i n t  cap should be removed and the contents drained 

.tlicough this opening. 
. . .  

- 
(4) The l iqu id  i n  the f i r s t  t h ree  impingers i s  measured either 

t o  w i t h i n  - + 1 m l  by using a 500-ml graduated container  o r  t o  within 

- + 0.5  g by u s i n g  a balance. 

along w i t h  a notat ion o f  any co lo r  o r  film observed i n  t he  impinger catch,  

i s  recorded i n  the log. 

i s  added t o  the moisture data recorded from the  s i l i c a  ge l .  

impinger conten ts  a r e  poured i n t o  the.No. 4 container .  

The volume o r  weight of l i qu id  present ,  

T h i s  amount of l i qu id  ( l e s s  the i n i t i a l  charge) 

The measured 

( 5 )  Approximately 50 m l  of 0.1N HN03 i s  poured i n t o  each of the 

three impingPrs and again ag i t a t ed .  

t h r o u g h  the o u t l e t  ba l l  j o i n t s  i n t o  the No. 4 sample container  a s  before. 

The 0.1N HN03 i s  then drained 
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T h i s  operation i s  repeated a second time a f t e r  which the inpingers 

a r e  inspected f o r  any abnormal conditions. 

( 6 )  The ball  j o in t s  of the qlassware connecting the inpingers, 

and the back ha l f  of the f i l t e r  holder a re  wiped f r ee  of s i l i cone  

grease and rinsed twice w i t h  0,lN HN03. 

impinger contents container. 

f r i t t e d  support .)  

This r in se  i s  placed i n  the 

00 n o t  r inse  o r  brush the glass-  (Note: 

(7)  

r insing. 

Measure and record the to t a l  amount of 0.1N HN03 used for  

4.3 Analysis. 

4.3.1 Weigh the s i l i c a  gel t o  the nearest gram. 

4.3.2 Lead sample preparation. 

4.3.2.1 Filter--Cut the f i l t e r  i n t o  s t r i p s  and t ransfer  the 

s t r i p s  and a l l  loose par t icu la te  matter t o  a 125 m l  + Erlenmeyer f lask.  

Rinse the pe t r i  dish w i t h  15 m l  of d i s t i l l e d  water t o  assure a quantita- 

t i v e  t r ans fe r  and add to  the f lask .  Add 15 m l  r e d i s t i l l e d  concentrated 

n i t r i c  acid. Reflux for  two hours and cool t o  room temperature. Rinse 

t h e  condenser column w i t h  a small amount of  deionized d i s t i l l e d  water 

and remove the flask.  F i l t e r  the sample t h r o u g h  the mill ipore f i l t e r ,  

r i n se  the f i l t e r  and the remaining glass  f ibe r  mass w i t h  several small 

portions of deionized d i s t i l l e d  water, and combine w i t h  the f i l t r a t e .  

Dilute t o  50 r n l .  using a 50 rnl graduated cylinder. - 
4.3.2.2 Impinger samples--Evaporate the l i qu id  sample t o  approxi- 

mately 15 m l ,  t ransfer  t o  an Erlenmeyer f lask ,  and add 15 m l  of redis- 

t i l l e d  concentrated n i t r i c  acid.  Reflux for  two hours, r inse  the 

i 
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condenser column, cool to  room temperature, and d i l u t e  t o  50 ml w i t h  

deionized d i s t i l l e d  water. 

4 . 3 . 2 . 3 .  Probe wash--Treat i n  the same manner as  directed i n  

Section 4.3.2.2.  As an option, t h i s  solution can be combined and t reated 

with the impinger solution. 

4.3.2.4 F i l t e r  blank--Determine a f i l t e r  blank using one f i l t e r  

from each l o t  of f i l t e r s  used in  the sampling t r a i n .  

s t r i p s  and t r e a t  in the same manner as  directed in Section 4.3.2.1. 

C u t  the f i l t e r . i n t o  

4.3.2.5 Instrument preparation--Turn on the power, s e t  the wavelength, 

s l i t  w i d t h .  and lamp current as instructed by the manufacturer's manual 

f o r  the par t icu lar  atomic absorption spectrophotometer. 

and flame charac te r i s t ics  as necessary. 

Adjus t  the  burner 

4.3.2.6 Lead determination--After the absorbance values have been 

obtained for  the standard curves (Section 5 ) .  deternine the absorbance o f  

t he  f i l t e r  blank and each sample against  the reagent b lank .  

lead concentration in  the f i l t e r  blank and in each sample from.the standard 

curve. 

make an appropriate di lut ion with 30 percent v /v  HN03 such t h a t  the f ina l  

concentration f a l l s  within the range of the curve. 

5. Calibration and Standards 

Determine the 

I f  the sample concentration f a l l s  above the l imi t s  of the curve, 

Maintain a laboratory log of a l l  cal ibrat ions.  

5.1 Calibration. Determine the absorbance o f  the  standards against .  

the  reagent (lank (Section 3.4.51, 

frequently during the analysis t o  assure tha t  no d r i f t  has occurred. 

standard curves for  b o t h  the solution sample standards and the . f i l t e r  

These absorbances should be checked 

Prepare 
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sample standards o f  absorbance versus concentration. (Xote: For 

instruments equipped w i t h  d i r e c t  concent:ation readout devices preparation 

of z standard curve will  not be necessary.) 

fac turer '  s inst ruct ion manual should  be, consulted for  proper ca l ibra t ion  

and operational '  procedures. 

6. Calculations 

I n  a l l  cases ,  the manu- 

Carry out calculations,  re ta ining a t  l ea s t  one extra  decimal f igure 

beyond t h a t  of the acquired data.  

la t ion.  

Round off f igures a f t e r  f ina l  calcu- 

6.1 Amount of lead collected: 

M = Ma X A X Fd , where .. 
n 

M, = Total ug of lead col lected in  a f ract ion 

f1 = u g h 1  of lead in  the a l iquot  as read from the standard curve 

A = 50 ml/aliquot = sample volume 

Fd = di lu t ion  fac tor  = 1 i f  the sample has not been di luted 

Mt = M, ( f i l t e r )  + M, (probe wash) + M n  (impingers) - M, ( f i l t e r  

a 

blank), where 

fit = t o t a l  lead collected 

6 . 2  Refer t o  EPA Method 5 for other necessary calculat ions.  

. 

. 
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