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BEa. EERL. RE. |

I. INTROBUCTION

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

Research, under contract by the Environmental Protection Agéncy, on two
control devices at the ESB Canada Limited manufacturing plant in Mississauga,

. Canada. In addition, sampling was conducted to verify the reproducibility

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

The. sources of interest were those from the three-processroperation
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,

particle size, and trace metals. : | ‘ .

This report contains the data collected along with a description of

the process.
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II. SUMMARY AND DISCUSSION OF RESULTS

Pb Sampling and Results

Please refer to Figure 2, Page 17, in order to visualize the location
of sampling points in relation to the process flow. Table I, Page 4,
summarizes the results of sampling for lead concentration at these locations.

Sampling was performed using Method 22 as explained in the analytical
section of this report. This method is a modification of Method 5 incor-
porating di1ute(0.1N)nitrfc acid in the impingers and placing the filter
behind the impinger train. On the outlets (points A & D) two sampling
trains were run simultaneously in order to obtain data verifying the
repraducibility of this sampling method. Previous sampling at another tead
acid battery facility had been conducted to compare this method with

Method 5 and those results supported the modification.

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

(point C) and outlet {point D) were sampled simultaneously during periods
of normal process operation. As seen on the data summary, the inlet con-
centrations are much higher than the outlet indicating good efficiency
across the baghouse. Bear in mind that these are lead concentrations and
should not be confused with particulate Toadings. |

Alsao of interest is the catch as divided by impinger and filter. These
data tend to substantiate our previous findings that the impingers capture

the majerity of the lead and emissions. i

(Pb0 Mill - Point A) - Three simultaneous dual tests were conducted on the

wa  EA3

baghouse controlling the Pb0 process. These results can also be seen on
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the summary. The emissions were somewhat higher than those from the three
process operation but this was as expected due to the pature of the procéss.
The inlet was not sampled because of unsuitability of duct configuration
but it can safely be assumed that these emissions are quite high as this
baghouse is a product recovery device rather than an industrial hygene

ventilation system as is Point D.

Visible Emissions

Yisible emissions were recorded by a qualified observer during each

test and no emissions were observed during these periods.

Particle Size - Particle size samples were taken at each of the test

sites. These data can be seen:in the test secticn concerning particle
sizing. Inlet, Point C, was sampled using a Brink's collector and outlets

A and D were sampled using Anderson apparatus.

Trace Metals

Trace metals samples were qbtained at points A and D in order to obtain
a qualitative sample that would indicate if any other metals were present

in significant amounts. These results were negative.




Table 1. Pb - RESULTS - ESB CANADA LIMITED, MISSISSAUGA, ONTARIO

N
B
. % ug/Pb ug/CF
Std.
A B C | Ax50  Bx50  Cx50
H Run VM STD | FH Filt. Total | VM M CF
H T ¢ 40.99 | 695 1.3 69.3 | 848 1.6  849-
" dnlet 2c 4213 |80 1.0 801 949 1.2 950~
!] e 3¢ 42,23 | 475 1.0 476 562 1.2 564 -
€ 1D1  35.46 4 - 5.4 7.6 - 7.6
ﬂ p 102 35.32 2 1.7 8.9 | 10.2 2.4 12.6
’ : outlet 201 34.43 2 - 2.2 3.2 - 3.2
c 202 33.694 9 .5 1.4 1.3 7 2.1
g 3Dl 34.994 6.4 - 6.4 9.1 - 9.1
. s 32 33.71 | .8 - .8 1.2 - 1.2
X 4A1  30.74 24.8 1.9 26.7 | 40.3 3.1 43.4
| PbO 382 34.48 22 - 22 2.0 - 32.0
ﬂ e 5A1 31.33 | 24.0 - .3  24.3 | 38.3 .5  38.8 =
1 5A2  35.31 45 5 45.5 | 63.7 7 64.4—
1 6A1 31.60 | 22.4 - 22.4 | 35.4 - 35.4
6A2  35.32 2.4 - 22.4 | 31.7 - 31.7 _

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




Ii PARTICULATE SUMMARY IN ENGLISH UNITS
DESCRIPTION UNITS 1C 2C
‘IJATE OF RUN 8-18-76 8-18-76

tack Area FT2 4.909 4.909
let Time of Run MIN . 60.0 60.0
Barometric Pressure IN.HG 29.96 29.91
Avg Orifice Pres Drop IN.H20 1.580 1.670
ol Dry Gas-Meter Cond BCF 42.21 43,92
vg Gas Meter Temp DEG.F 88.1 94.4
Yol Dry Gas-Std Cond DSCF 41.02 42.20
'@I‘ota"l H,0 Collected ML 16.0 15.1
ol H,0"Vapor-Std Cond SCF .76 72
Perce%t Moisture by Vol 1.8 1.7
ole Fraction Dry Gas .982 .983
ercent CO, by Vol, Dry. .0 .0
Percent 0, by Yol, Dry .0 .0
ﬂereent Ca by Vol, Dry 0 .0
ercent N, by Vol, Dry 100.0 100.0
Molecular“Wt-Dry Stk Gas - 28.95 28.82
IoTecular Wt-Stk Gas 28.75 28.64
ivg Stack Temperature DEG.F 81.0 85.6
et Sampling Points 1 !
stack Pressure, Absolute IN.HG 29.59 29.54
évg Stack Gas Velocity FPS 63.529 65.580
5tk Flowrate, Dry, Std CN  DSCFM 17795. 18214,
Actual Stack Flowrate ACFM 18770. 19317.
@{ercent'loskinetic ' ‘ 100.0 ~ 100.5
i

|

b
|
b
i

B, =B B K BA B N

= I

AVERAGE

64.948
18072.
19128,

100.4
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DESCRIPTION

ﬂDATE OF RUM

eiStack Area

et Time of Run
Barometric Pressure

Iﬂﬁvg Orifice Pres Drop
|

ol Dry Gas-Meter Cond
Avg Gas Meter Temp

Hotal H20 Collected

QLVO] Dry Gas-5td Cond

ol H20 Yapor-5td Cond
Percent Moisture by Yol
Mole Fraction Dry Gas

ercent CO, by Vol, Dry.
Percent 0,°by Vol, Ory

ercent Ca by Vol, Dry
,ﬂgercent N, by Vo1, Dry

Mo]ecularzwtnDry Stk Gas

«Molecular Wt-Stk Gas

Avg Stack Temperature

Net Sampling Points

Stack Pressure, Absolute
dvg Stack Gas Velocity

5tk Flowrate, Dry, Std CN

Actual Stack flowrate

‘ercent Ioskinetic

UNITS

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

SCF

DEG.F

IN.HG
FPS
DSCFM
ACFM

4A1
8-19-76

-994
64.0
29.97
.805
31.34
81.4
30.79
16.0

PARTICULATE SUMMARY IN ENGLISH UNITS

4A2
8-19-76

AVERAGE
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o
DESCRIPTION

E’.‘;’lATE OF RUN

tack Area
det Time of Run
Barometric Pressure
vy Orifice Pres Drop
‘ﬁol Ory Gas-Meter Cond
Avg Gas Meter Temp
Mol Dry Gas-Std Cond
ﬂrg’otal H,0 Collected
Vol HZO Vapor-Std Cond
Percent Moisture by Vol
gfo'le Fraction Dry Gas
lercent COZ by Vol, Dry.
Percent 0, by Vol, Dry
ercent C5 by Vol, Dry
Eﬁercent N2 by Vol, Dry
Molecular®Wt-Dry Stk Gas
ﬁo1ecu1ar Wt-Stk Gas:
&\ng Stack Temperature
wet Sampling Points
Stack Pressure, Absolute
\vg Stack Gas Velocity

PARTICULATE SUMMARY IN ENGLISH UNITS

UNITS

Fi2
MIN
IN.HG
IN.H20
DCF
DEG.F
DSCF

SCF

DEG.F

IN.HG
FPS

tk Flowrate, Dry, Std €N DSCFM

Actual Stack Flowrate
cercent Ioskinetic

=

., BEEH e\ I B\ B O EA

=g

ACFM

5A2
8-19-76

.994
64.0
29.97
.995
35.87
.80.2
35.33
14.7
.70
1.9
.981
.0
.0
.0
100.0
28.82
28.61
144.0
1
29.93
46.199
2371, -
2755.
102.0

6A1

8-19-76

.994
64.0
29.97
.837
32.25

AVERAGE




' PARTICULATE SUMMARY IN ENGLISH UNITS

DESCRIPTION
H'JATE OF RUN

tack Area
et Time of Run
Barometric Pressure
ﬁvg Orifice Pres Drop
ol Dry Gas-Meter Cond
Avg Gas Meter Temp
ol Dry Gas-Std Cond
iota] H20 Collected
o1 H,0"Vapor-Std Cond
Perce%t Moisture by Vol
ole Fraction Dry Gas
ercent C0, by Vol, Dry.
Percent 0, by Vol, Dry
ﬁer‘cent Ca by Vol, Dry
ercent N2 by Vol, Dry
Molecular“Wt-Dry Stk Gas
f{iolecular Wt-Stk Gas
&vg Stack Temperature
Net Sampling Points
tack Pressure, Absolute
évg Stack Gas Velocity
tk Flowrate, Dry, Std CN
Actual Stack Flowrate
ﬂercent Toskinetic

B RN E MR MM

UNITS 101 1D2
8-18-76 8-18-76
FT2 4.909 4.909
MIN 60.0 60.0
IN.HG 29.96 29.91
IN.H,0 1.020 1.700
DCF 2 35.29 35.07
DEG.F 68.9 67.2
DSCF 35.49 35.33
ML 11.0 12.0
SCF .52 .57
1.4 1.6
.986 .984
.0 .0
.0 .0
‘0 .O
100.0 100.0
28.82 28.82
28.65 28.65
DEG.F 81.:/; 81.{
. 29.89 29.84
éEg”G 74.810 72.458
DSCFM 21217. 20487.
ACFM 22033. 21340.
101.8 105.0

8

AVERAGE

74.015
20942.

21799.
162.0




Elf PARTICULATE SUMMARY IN ENGLISH UNITS
‘] DESCRIPTION UNITS 2D2 301
*DATE OF RUN 8-18-76 8-18-76
- Stack Area FT2 4.909 4.909
s Net Time of Run MIN 60.0 60.0
Barometric Pressure IN.HG 29.91 29.91
! Avg Orifice Pres Drop IN.HZO 1.070 1.030
EI Vol Dry Gas-Meter Cond DCF 34.41 35.47
Avg Gas Meter Temp DEG.F . 82.0 77.5
; Yol Dry Gas-Std Cond DSCF 33.71 35.05
Total H0 Collected ML 14.4 14.5
“ VYol H,0"Vapor-Std Cond SCF .68 .69
] Percer?‘lt Moisture by Vol 2.0 1.9
[ Mole Fraction Dry Gas .980 .981
dPercent CO, by Vol, Dry .0 .0
Percent 0,°by Vol, Dry .0 0
4 Percent CB by Vol. Dry 0 - 0
E Percent N, by Vol, Dry 100.0 100.0
Molecular®Wt-Dry Stk Gas . 28.80 28.82
aMolecular Wt-Stk Gas 28.58 28.61
( Avg Stack Temperature DEG.F 89.0 g8.0
I Net Sampling Points 1 1
_Stack Pressure, Absolute IN.HG 29.84 29.84
Avg Stack Gas Velocity FPS 71.791 71.752
Stk Flowrate, Ory, Std CN  DSCFM 19949. 19987.
Actual Stack Flowrate ACFM 21144, 21132,
E;HPercent Ioskinetic 102.9 106.7

i

B B B B3

- 21

AVERAGE

72.000
19983.
21205.

104.1




PARTICULATE SUMMARY In

DESCRIPTION UNITS
ﬁATE OF RuUN
ftack Area M2
2t Time of Run MIN
Barometric Pressure MM_HG
/9 Orifice Pres Drop MM.H,0
1 Dry Gas-Meter Cond OM3
Avg Gas Meter Temp DEG.C
V91 Dry Gas-Std Cond ONM3
EEta] H,0 Collected ML
1 H,0"Vapor-Std Cond NM3
Parcent Moisture by Vol
le Fraction Dry Gas
rcent CO2 by Vol, Dry.
Percent 0,%by Vol, Dry
ﬁrcent CB by Vol, Dry
rcent N, by Vol, Dry
Folecular®Wt-Dry Stk Gas
“ilecular WE-Stk Gas
“'g Stack Temperature DEG.C
et Sampling Points
Stack Pressure, Absolute MM.HG
ﬂg'Stack Gas Velocity M/S
otk Flowrate, Dry, Std CN DNM3/M
Actual Stack Flowrate AM3/M

gi-cent Ioskinetic

T
.:-_h—a =

1C

8-18-76 -

760.98
40.132

.0
100.0
28.95
28.75

27.2

]
751.59
19.364
504.
530.
100.0

10

METRIC UMITS

2C
8-18-76

.456
60.0
759.71
42.418
1.25
34.7
1.19
15.1
.02

.983

100.C
28.82
28.64

29.8

753,32
19.992
516.
547.
100.5

3C
8-18-76

.456
60.0
759.71
42.418
1.25
34.9
1.20
13.9

1.5
.985

100.0
28.82
28.65

30.9

750.32
20.033
516.
548,
100.7

AVERAGE

19.796
512.
haz.

100.4
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.‘I PARTICULATE SUMMARY IN
DESCRIPTION UNITS 4A1
| .
ATE OF RUN 8-19-76
qtack Area M2 .092
ot Time of Run MIN. 64.0
arometric Pressure MM.HG 761.24
lyg Orifice Pres Drop MM.HZO 20.439
ﬁ] Ory Gas-Meter Cond DM3 © .89
vg Gas Meter Temp DEG.C » 27.4
Vol Dry Gas-Std Cond DNM3 .87
tal H,0 Collected ML . 16.0
1 H,0%Vapor-Std Cond NM3 -02
Perceiit Moisture by Vol 2.4
gple Fraction Dry Gas -976
rcent CO2 by Vol, Ory. -0
Percent 0,"by Vol, Dry -0
“ercent Ca by Vol, Dry -0
ﬁrcent N, by Voi, Dry 100.0
i0lecular®Wt-Dry Stk Cas 28.82
Malecular Wt-Stk Gas 28.56
ﬁg Stack Temperature LEG.C 61.7
et Sampling Points
Stack Pressure, Absolute MM.HG 760.22
g Stack Gas-Velocity - M/S 12.572
k Flowrate, Dry, Std CY DNM3/M 60.
Actual Stack Flowrate AM3/M 70.
iﬁrcent Toskinetic 93.9
| /
11

METRIC UNITS

4A2
8-19-76

.092
64.0
761.24
23.955
.99
26.7
.98
15,2
.02
2.0
.980
.0

.0

.0
100.0
28.82
28.60
61.7

1
760.22
13.705
65.
76.
102.2

AVERAGE

13.036
62.
72.

100.5




ﬂ‘ . _ PARTICULATE SUMMARY IN
. DESCRIPTION UNITS 5A2
ATE OF RUN B-19-76

"Stack Area M2 .092
‘et Time of Run MIN 64.0
Barometric Pressure (M. HG 761.24

avg Orifice Pres Drop MM.H,0 25.273

!Aol Dry Gas-Meter Cond DM3 1.02
vg Gas Meter Temp DEG,C ,26.8
ol Dry Gas-Std Cond DNM3 1.00
otal H,0 Collected MI 14.7
ol H,0"Vapor-Std Cond NM3 .02

Percefit Moisture by Vol 1.9

glole Fraction Dry Gas .981

ercent (0, by Vol, Dry. -0
Percent 0,%by Vol, Dry -0

Iﬂercent Ca by Vol, Dry -0

ercent N, by Vol, Dry 100.0
Molecular“Ht-Dry Stk Gas 28.82
Holecular Wt-Stk Gas 28.61

!ng Stack Temperature DEG.C 62.2

Net Sampling Points : 1
Stack Pressure, Absolute MM . HG 760.22
“vg Stack Gas Velocity M/sS 14.081
9tk Flowrate, Dry, Std CN DNM3/M 67.

Actual Stack Flowrate AM3/M 78.

Eafrcent Ioskinetic 102.0
]

: |

E! 12

N

METRIC UNITS

6A1
8-19-76

.092
64.0
761.24
21.260
91

- 28.1
.90
8.0

AVERAGE
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DESCRIPTION
B

JATE OF RUN

}tack Area
Jjet Time of Run
Barometric Pressure
E}rvg Orifice Pres Drop
ol Dry Gas-Meter Cond
Avg Gas Meter Temp
ol Dry Gas-~Std Cond
Jota] H20 Collected
¢l H 0 Vapor-Std Cond
ercent Moisture by Vol
!ﬁole Fraction Dry Gas
ercent CO by Vol, Dry.
Percent 0 by Vol, Dry
lﬂercent C by Vol, Dry
ercent N, by Vol, Dry
Molecular Wt-Dry Stk Gas
piolecular WE-Stk Gas
§Vg Stack Temperature
Net Sampling Points
Stack Pressure, Absolute
Flvg Stack Gas Velocity:
k Flowrate, Dry, Std CN
Actual Stack Flowrate

orcent Joskinetic
i

i

]
t
)

L HlL B B B

oz

=,

UNITS

M2

MIN
MM HG
MM .H,0
OM3
DEG.C
DNM3
ML
NM3

DEG.C

MM.HG
M/3S
DNM3/M
AM3/M

101
§-18-76

.456
60.0
760.98
25.908
1.00
20.5
1.00
11.0
.01
1.4
.986
.0

.0

.0
100.0
28.82
28.66
27.6

759.21
22.802
601.
624.
101.8

13

PARTICULATE SUMMARY IN- METRIC UNITS

102
8-18-76

.456
60.0
759.71
27.940

2D1

8-18-76

.456
60.0
759.71
25.908

1.00
27.6
.98
11.4
.02
1.5
.985

.0

.0

.0
100.0
28.82
28.65
28.1

1

757 .94
22.792
598.
624.
99.3

AVERAGE

22.560
593.
617.

102.0
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4
S ATE OF RUN

DESCRIPTION

tack Area

let Time of Run

Barometric Pressure

g Orifice Pres Drop
|Iiol Dry Gas-Meter Cond
Avg Gas Meter Temp
ol Dry Gas-~Std Cond
otal H20 Collected
ol HZO Vapor-Std Cond
ercernt Moisture by Vol
ole Fraction Dry Gas
ercent CO2 by Vol, Ory.
ercent 0,7by Vol, Dry
ercent Ca by Vol, Dry
ercent N2 by Vol, Dry

HMolecular™Wt-Dry Stk Gas
j lecular Wt-Stk Gas

L N NNy

g Stack Temperature
Net Sampling Points
Stack Pressure, Absolute

Pg Stack Gas Velocity

PARTICULATE SUMMARY IN METRIC UNITS

UNITS

M2
MIN
MM.HG
MM.H,0
DM3
DEG.C
DNM3
ML
NM3

DEG.C

MM, HG
M/S

otk Flowrate, Dry, Std CN DNM3/M

Actual Stack Flowrate
rcent loskinetic

. . |

B R B omE B

AM3/M

202

8-18-76

.456
60.0
759.71
27.178
.97
27.8
.95
14.4
.02
2.0
.980
.0

.0

0
100.0
28.80
28.58
31.7

757.94
21.882
565.

102.9

14

301

8-18-76

.456
60.0
759.71
26,162
1.00
25.3
.99
14.5
.02
1.9
.981
.0

.0

.0
100.0
28.82
28.61
31.1

]

757 .94
21.870
566.
598.
106.7

3D2

8-18-76

.456
60.0
759.71
42.926

27.0
.96
16.2
.02
2.2
.978

100.0

28.82
28.58

32.8

757.94
22.085
567.
604.
102.8

AVERAGE

21.946
566.
600.

104.1
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LOCATION OF SAMPLING POINTS

Point C, See Figure 2

This point was located ideally more than 8 diameters upstream and
more than 2 diameters downstream of obstructions. Ports were cut on a
horizontal p]ane.and vertically from the bottom allowing access from one
section of scaffolding placed on the plant floor inside the building.
Twelve sampling points were used and sampling was conducted for 5 minutes

at each point for a total of 60 minutes per test.

_Point D, See Figure 3

This point was also ideally located and sampling was conducted

simultaneously with the above.

Pofnt A

This sampling location was also ideally located an@ 12 points were
selected for sampling. Four of these points fell within 1 inch of the
stack wall so only 8 points were sampled. Each of these points was

sampled for 8 minutes giving a total time of 64 minutes per test.

15
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PARTICLE STZE RESULTS

The following pages contain particle size results as analyzed and
reported by Monsanto Research. The outlet samples were collected using
an Anderson sampling apparatus and the inlet of the baghouse. (C) was
collected with Brinks equipment.
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Andersen Particle Size Data
ESB Canada Ltd.
Mississauga, Ontario

nun 1A
DEC
Stage (microns) Wt. of Material (mg) Wt. % Cum. Wt. 2
nozzle >5.42 I.oh 54,30 100,00
0 5.42 0.1 1.34 45.70
1 3.38 0.3 4,03 by 36
2 2.26 0.1 1.34 40.33
3 1.58 0.5 6.72 38.99
4 0.98 0.7 9.41 32.27
5 0.51 0.9 12.10 22.86
6 0.31 0.5 6.72 10.76
7 0.20 0.1 1.34 4.04
F <0.20 0.2 2.70 2.70
Run 2A
DEC .
Stage (microns) Wt. of Material (mg) Wt. % Cum. Wt. %
nozzle >5.32 © 3.74 78.90 130.00
0 5.32 0 - 0 21.10
1 3.38 0.2 4,22 - 21.10
2 2.23 0.1 2.11 16.88
3 1.57 0.2 4,22 14.77
Y E 0.98 0.2 h. 22 10.55
5 0.50 0.1 2.11 6.33
6 0.31 0.1 2.11 L 22
7 0.20 0 0 2.11
F <0.20Q 0.1 2.11 2.11
Run 3IA
DPC _
Stage (microns) Wt. of Material (mg) COWt. % Cum. Wt. %
nozzle >5.,32 1.84 bg.19 100.00
0 5.32 0 0 50.81
1 3.32 0.1 2.67 50.81
2 2.25 0.4 10.70 48.14
3 1.55 0.4 10.70 37.44
4 0.96 0.4 10.70 26.74
5 0.50 0 s 0 -16.04
6 0.31 0.5 13.37 16.04
7 C.20 0.1 2.67 2.67
F <(.20 0 0 0
’ T-2
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Andersen Particle Size Data
ESB Canada Ltd.
Mississauga, Ontario

Run 1D
DPC , :
Stage (microns) - Wt. of Material (mg) Wt. % Cum. Wt,
nozzle >4, 26 2.34 85.40 100.00
0 4 .26 0.1 ‘ 3.65 14.60
1 2.67 0.1 3.65 10.95
2 1.75 0 0 7.30
3 1.25 0.1 3.65 7.30
4 0.78 0o 0 3.65
5 0.40 0 0 3.65
6 0.24 0 0 3.65
7 0.16 0 0 3.65
F <0.16 0.1 3.65 3.65
Run 2D
DPC :
Stage (microns) WE. of Material (mg) Wt. % Cum. Wt.
nozzle >4.20 ' 2.54 ' 86.40 100.00
0 4,20 0 0 13.60
1 2.62 0.1 3.40 13.60
2 1.74 0 0 10.20
3 1.23 0 0 10.20
4 = 0.77 0.2 6.80 10.20
5 0.39 0.1 3.40 3.40
6 0.24 0 0 0
7 0.16 0 0 0
F <0.16 0 0 0
Eun 3D
DPC .
Stage (microns) WE. of Material (mg) Wt. % Cum. Wt.
nozzle >4, 33 2.14 78.10 100.00
0 : 4,33 0.2 7.30 21.90
1 2.73 0 0 14.60
2 1.8¢0 0 0 14,60
3 1.26 0 0 14.60
4 0.79 0.3 10.95 14.60
5 0.41" 0 . 0 3.65
6 0.25 0 0 3.65
7 0.17 0.1 3.65 3.65
F <0.17 0 0 0

~1
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CYCLONE

1
2
3
N
S

FILTER

CASCADE ‘IMPACTOR PARTICLE SIZE

INPUT VARIABLE

N W ER A e WP A A ek e

SAMPLING TIME
PRESSURE GROP
STATIC PRESSURE
PARTICLE DENSITY

BAROMETRIC PRESSURE

GAS MGL WT

GAS TEMPERATURE
GAS VISCOSITY
GAS DENSITY

WT OF MATERIAL

UNITS
MIN
IN HG
IN H20
GsCcC
IN HG
DEG F
POISE
G/CC
MG/ACF
9.84
1.81
2,57
2.45
1,93
1.82
6,10
T-4

256
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INPUT DATA

30.0
1.66
""‘1’015
9,53
29.99
28.8
156.,0
0,00018
0.000100

WT PCNT

CISTRIBUTION FOR RUW 1C

CuUM WT PCNT

100.00
52,095
b3.23
30,70

18,74
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. CYCLONE

1
2
3
4
5_

FILTER

4 NOVEMBER 1976

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUN 1C

INPUT VARIABLE

P . e e

SAMPLING TIME
PRESSURE DROP
STATIC PRESSURE
PARTICLE ODEMSITY
BARCMETRIC PRESSURE
GAS MOL WT

GAS TEMPERATURE

GAS VISCOSITY

GAS DENSILITY

WT OF MATERIAL

----- - B S owh o

20,600
3,787
5,383
5,137
5,048
3,802

G.20Y

UNTTS
MIN
CM HG
CM-H20
G/CC
CM HG
DEG C
POISE
G/CC
bPC MG/ACM
0,28
1,25 0.05
0,72 0,07
0.47 0.07
0,22 0,05
0,12 0.05
0,00
T-5
27

INPUT DATA

- oy e gy - -

30.0
4,27
"10o54
9,53
7617
28.8
€3.9
g,00018
g9,00100

WT PCNT

- e

47 .95

CUM WT PCNT.

L R B R N R ¥ ]

100,00
52,05
43,23
30,70
18,74

9,32

0.47
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STATE

" CYCLONE
| 1

2

%

u

S

FILTER

CASCACE IMPACTOR PARTICLE SiZE

INPUT VARTIABLE UNITS INPUT DATA
SAMPLING TIME MIN 2G.¢
PRESSURE OROP IN nG l1.386
STATIC PRESSURE IN H20 -4%,10
PARTICLE UCEMSITY GrsCC 9.53
BAROMETRIC PRESSURE IN HG 29,99
GAS MOL WT 28.8
GAS TEMPELRATURE : DEG F i88,0
GAS VISCOSITY POISE 0.40Co18
GAS DEMSITY _ G/CC 0.C0100
WT OF MaTERIAL opC MG/ACF WT PCNT CumM
15,400 10,80 49,0
4,172 1.23 2,92 15,44
3.533 8,71 2,48 11,38
2.%87 0,456 1,74 8,02
1.762 0,22 1.24 5,68
3.&‘93 0-11 2.59 llt89
0,000 0,00 0.G60
T-6
28

DISTRIBUTION FOR #~UN gu
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E

INPUT VARIABLE UNITS
. SAMPLING TIME MIH
. PRESSURE OROP CM HG
STATIC PRESSURE M H20
st PARTICLE DENSITY G/CC
BAROMETRIC PRESSURE CM HG
GAS MOL WT
GAS TEMPERATURE DEG C
GAS VISCOSITY POISE
GAS GENSITY 6/CC
STAGE WT OF MATEKIAL OPC MG/ACM
CYCLONE 15,400 0,31
i 1 4.172 1,23 0.08
2 3.533 0.71 0.07
EE ER 2,487 0.46 0.05
HI 4 1,762 0,22 0,03
- 5 3,693 0,11 0,07
!! FILTER 0.000 0,00
IE
i
T-7

e

29

4 NOVEMBER 1976

INPUT OATA

2040
4,27
-10.41
J.53
76417
28.8
86,7
0.,00018
0.00100

WT PCNT

- ——— -

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUM 2C

CUM WT PCNT

- e kT e e AL g




STATE

CYCLONE
1
2
3
4
S

FILTER

BN B8 &5

S R !!L

4 NOVEMBER 1976

_CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTIOM FOR RUN 3C

INPUT VARIABLE

SAMPLING TIME
PRESSURE OROP
STATIC PRESSURE
PARTICLE DENSITY
BAROMETRIL PRESSURE
GAS MOL WT

GAS TEMPERATURE

GAS VISCOSITY

GAS DEMSITY

- WT OF MATERIAL

L e e L LT

23,500
T.775
2,106
3.104
3.342
2.720

0.000

DpPC

UMITS
MIN
IN HG
IN H20
GsCC
IN HE
DEG F
POISE
GsCC
MG/ACF
11.20
3.71
1.00
1,48
1.59
1.30
0.00
T-8

30

INPLT DATA

L R e e

30.0
1.68
-3.70
9.53
29.99
28.8
160.0
0.00018
0.00100

WT PCNT cum

WT PCNT
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CASCACE IMPACTCR PARTICLE SIZE DISTRIBUTION FOR RUM 3C
IMPUT VARIARLE UNTITS INPUT DATA
SAMPLING TIME MIN 36.0
PRESSURE DROP CM HG 4,27
STATIC PRESSURE CM H20 -9,40
PARTICLE DENSITY G/CC 9,53
BAROMETRIC PRESSURE CM HG 76.17
GAS MOL WT 28.6
GAS TEMPERATURE DEG C 71.1
GAS VISCOSITY POISE 0,00018
GAS DENSITY G/CC 0,00100
STAGE WT OF MATERIAL DPC MG/ACM WT PCNT CuM WT PCNT
CYCLCNE 23,500 . 0.32 55.23 190.00
1 7.775 1,25 0,10 18.27 44,77
2 2,106 0,72 0,03 4,95 26,49
3 3,104 0,47 0,04 7.30 21,54
4 3,342 0,22 0.05 7.65 14,25
5 2,720 ¢.12 0,04 6.39 6.39
FILTER 6.000 0,00 0.00 0,00
B
T-9
31

4 NOVEMBER 1976
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I. PROCESS DESCRIPTION AND CPERATION

1. GENERAL DESCRIPTION OF LEAD-ACID BATTERY MANUFACTURING

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 technicues for grids vary with the alloy used,
the type of molds, and mold preparation before casting.
Grid.casting machines can have melting pots attached direct-
l§ 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 700°F. 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 gdded, and the mixture is
blended to form a stiff paste. Because of the exothermic

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

‘to prevent excessive temperature build-up which causes the

Easte to become stiff and difficult to apply to the grids.

Varying amounts of expander and other constituents are added

33
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depending on whether a positive or negative paste bhatch is
desired. The time of the mixing cycle is dependent on the

type of mixer utilized. Mixing cycles range from 15 minutes

~up to an hour in duration.

Pasting machines force the lead sulfate paste into the
interstices of the grid structure at production rates exceed-
ing 200 plates per minute (the grids are called plates after
the paste has been applied). The freshly pasted plates are
transported by a horizontal chain through a temperature
conﬁrolled, heated tunnel about 20 feet long, where the
surface wéter is reﬁoved. This allows the plates to be
stacked without sticking together. It is important that
only the surface water be removed since the plates depené_on
moisture to produce the chemical reaction within the paste
whiie curing —-- very much éimilar to a cementitious process.
The plates are cured for about 72 hours to increase plate
strength. |

Following the curing stage, the plates are normally
sent to the three-process operation. This operation encom-
péSSes stacking, burning, and assembly. PFirst, the plates
are stacked in an alternating positive and negative 5lock
formation. Insulators are sandwiched betwegn each plate to
insulate the oppositely charged pla?es while permitting free

ionic flow. These dividers are made from materials such as

L9%]
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wood, treated paper, plastics, or rubber. While machines
have been designed which can stack the plates and separators
automatically, hand stacking is not uncommon, even in some
relatively large plants.

Leads (pronounced leeds) are welded to the tabs of each
positive plate and each negative plate, fastening the assem-
bly (element) together. This is the burning operafion. An
alternative to the welding or burning process is the "cast
strap" process. In the latter, molten lead is poured around
and between tﬁe plate tabs, thus forming the connecﬁion.
Then a positive and negative terminal is welded to the
element. The completed elements can go to either the wet or
&fy battery lines.

In the wet battery line, elements are placed within
cases made of durable plastic or hard rubber. Covers equipped
with openings and lead inserts are aligned so that the
ﬁerminals project out of tﬁe inserts. The covers are sealed
to the cases and the batteries are filled with dilute sul-
furic acid and made ready‘for formation.

The only difference between the wet battery and the dry
battery process is that, for dry.batteries, the elements are
formed prior to being placed in a sealed case. The dry
batteries are shipped without acid. Sulfuric acid is then

added to the battery at the point of use. This gives the

35




battery an indefinite shelf-life.

Formation is a chemical process whergin the inactive
lead oxide~sulfate paste is converted into an active elec-
trodé. Formation is essentially an oxidation-reduction
reaction wherein the positive plates are oxidized from lead
pxide to lead peroxide, and the negative plates are reduced
from lead oxide to metallic lead. This is accomplished by
placing the unformed plates in a dilute sﬁlfuric acid
solution and connecting the positive piatés to the positive
pole of a dc source and the negative plates to the negative
pole of‘the dc source.

When manufacturing wet lead-acid bétteries it is common
p}actice to place the cells into the battery cases, place
the 1lid on the battery, and add sulfuric acid. The plates
are then formed within the battery case itself. After
formation, the spent acid is dumped from the batteries, new
acid added; and a hoost charge given to the battery. The
unit is then ready for ﬁse and only requires decoration and
manufacturer's markings. |

The plates used in dry batteries are formed in one of
several Qays. Some plates are individually formed in tanks
of sulfuric acid and then assembléd. However, most dry
batteries are made by assembling the plates intb the elements

beforehand. The completed elements are then formed in one

G
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of two manners. First, the elements themselves cah be
placed into large tanks of sulfuric acid, electricaily
connected, and formed. Some companies place the assembied
elements directly into the battery case. Thereafter, the
formed elementé 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. Most
plants use a 36-to-48-hour forming cycle. The charging rate
is high dﬁring the first 24 to 36 hours, then lower during
the remaining 12 hours. The ampere rates are dependént upon
the battery size. Figure § shows a typical battery plant

flow diagramn.

2.DESCRIPTION OF ESB's MISSISSAUGA PLANT

- m

1 ° .

P B
8

ESB's Mississauga plant has a normal operating output of
3500 batteries per day with a maximum of 4500 batteries per
day.

The major operations employed are lead oxide production,
grid casting, paste mixing,'battery assembly (the three-
process Operétion), and formation. Figure ¢ illustrates the
general flow of material through ESB's Mi'ssissauga plant.

Thg 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 plant which operate

5 days per week, 24 hours per day. A typical feed rate for

(%)
|
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each PbO production line is 15 one-hundred pound lead pigs
pexr hour,. Thése 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 ié coﬁtrolled by two NORBLO two-

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

2:1 with both compaftments 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 arxe 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.

H‘ Lead oxide production line 2 is controlled by two

'] Mikro-pulsaire baghouses (model no. 645-6-POTR}, each having

| airfto—cloth ratios of 4:1. One baghouse controls the

l screens following the rotary mill and the other controls the

product recovery cyclone separator, a vibrating screen

. 40
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following the cyclone, and the barrel filling station. The
felted dacron bags are continuously pulse jet cleaned.
These baghouses were rebagged in July, 1976.

All four baghousé exhausts are combined and released to
the atmosphere through a 50 foot stack equipped with an
opacity meter. If a control system should fail, the in-
creased opacity of the exhaust activates an audible alarm.
The meter recorder is normally set at 15 percent even though

actual opacity is zero. Plant personnel report that this

. facilitates observance of meter fluctuations.

The grid casting facility consists of four machines.
The cast grids are taken to the grid pasting machine where

both positive and negative pastes are applied to the grids.

. After pasting, these plates are dried, slit, stacked, and

formed..

The paste is produced by mixing dry lead oxide powder,
water, and sulfuric-acid in two 2000 1lb/hr paste mixers.

Each mixer is controlled by a separate low energy impingement-
type wet collector designed for a 8-10 inch W.G. pressure
drop at 2000 acfm.

The plates uéed in the dry battery production line are
formed in vats of sulfuric acid. After charging, or_forming,
the plates are rinsed, slit, and séored.

Anlug breaking step is required for dry formed plates.

These lugs are merely used to support the plates in the

a1




formation process. Once the plates are formed, these iugs
are no longer needed so they are manually removed with a
hammer at four lug breaking stations. These stations are
ducted to the same baghouse which controls the three-process
operation.

Plates for 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. ESB's Mississauga facility has four hand

stacking stations and two automated stations, (a Reed stacker,
and'a‘Winkel staéker). Leads (pronounced leeds) and posts

are cast on some of these stacks of plateé to form elements.
ng automatic element assembly units (cast-on-strap machines)
aré used. The balance of the st%cks of plétes are processed
on & proprietary system called STAR. Here the stacks are
inserted into specially constructed battery cases and the
leads and posts are connected to the platé stacks at a
burning station.

Lug breaking, hand and automatic stacking, automatic
element assembly and STAR are controlled by a Mikro-pulsaire.
(Model No. 11F 26410) baghouse. Ducté from each of these
processes join in£o a 30 inch duct and the baghouse exhaust
exit$ via a 48 foot étack 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 6.5:1. The felted

-

bags are continuously cleaned by pulse jet.
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Following the three-process operaticn, baﬁteries from
the dry battery line are washed, deccrated and sent to 'shipﬁi'ng
while the batteries from the wet productioﬁ line are sent to
be formed. These batteries are filled with diluté sulfuric

" acid and formation is initiated. After the batteries are
formed, the acid is replaced with freshracid. The wet
formed'bafteries are then given a boost charge, washed,
decorated, and sent to shipping.

3. NORMAL PROCESS OPERATION

-Source tests were performed on Rugust 17 through 19,
1976. The three-process facility and lead oxide production
facility were tested. Tes£ sites included inlet and outlet

of the baghouse controlling the three-process operation and

e ST e - p—————————

the’ common outlet of the four baghéuses controlling lead

oxide production. These test sites are shown schematically
in Figure 10.

a., Three Process Operation

ﬁoth 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 prodﬁced but up to 4500 batteries per day can be
assembled. This is equivalent to d normal and maximum daily
element production of 21,000 and 27,000 elements, respectively.

There are four stations in this area for lug breaking
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and four for hand stacking. However, only two hand stacking
stations 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
abbut 2 plates per second during normal 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 automatic element assembly
lines work on a gquota system. When they are ahead of their ,

guota, the operation is shut down while the operators take a

break of 10 to 20 minutes duration. Since the lines are

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 Qxide Production

The lead oxide production operation at ESB Mississauga is
started up each Monday morning and shut down at the end of
the afternocon shift on Friday. Lead pigs are fed to each
lead oxide mill at a normal rate of 1500 pounds per hour
{one 100-pound pig‘every four minutes). These pigs are
tumbled in a rotary mill. The attrition and heat caused by
the interraction of the lead pigs causes the formation of
lead oxide particles. This reaction is performed at a
temperature of approximately 400°F. The heat is contrblled
by water sprays which automatically operate when the rotary
mill exceeds 410°F. Thé lead oxide product can be pneumati-
cally conveyed to storage bins or barreled for shipment to
other ESB facilities.- The product is not weighed until it
is used from the bins or it is shipped. This could be
several days after production. |
PROCESS ;DPERATION DURING SOURCE TESTS

Elements Assembly

All the source tests for the Mississauga plant's element
assembly operations were done on August 18, 1376. Plate

stacking was performed by the Reed and Winkel automatic

stackers and at two of the four hand stacking stations. Enough

plates were stacked during the shift to form 1845 twelve
volt batteries. Battery assembly for the test shift was

1468 batteries which consisted of 926 and 542 twelve volt

46
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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 tﬁe equivalent of
one or two batteries during one shift’s production. Table 10
shows the time interval when each test was condﬁcted.

Lead throughput during the tests ranged from 1160 1b/hr
at the manual stacking stations to 2020 lﬁ/hr at the Winkel
s;acker. The two cast-on-strap machines and the STAR unit
h;d lead throughputs of 2080 ana 1800 1lb/hr respectively.
These figure§ are based on estimates that plates are made up
of 60 percent lead oxide paste and 490 percent‘lead grid.

The péste contains approximately 70 percent lead oxide and
30 percent metallic lead. The process parameters during the
source tests aée summarized in Table:]o.rf Since these
figures have‘been-prorated o;er seveﬁ"houfs of operation,
and the tests performed the same day, the lead throughputs

for each test are identical.

Lead 0Oxide Production

‘The source tests for the lead oxide production operation

were done on Augﬁst 19, 1976. During each test, one-hundred

£
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Table 10. TIME INTERVALS FOR

THREE PROCESS OPERATION TESTS (ARugust 18, 1976)

" Test Number® Time Interval (24-hour clock)
1c ' 0710-0834 |
1cl,1Dp2 0716-0821
2¢C 0950-1108
2D1,2D2 , 0950-1105
3cP | 1140-1339

- 3D1,3D2 o 1238-1346

2 Refer to Figure 10 for test gsite locations C and D.

The source test was discontinued from 1155 to 1240 because
process stopped for lunch break.

48
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Table 11. LEAD THROUGHPUT RATE FOR

ELEMENT ASSEMBLY SOURCE TESTS

Prog¢ess Lead Throughput, 1b/hr?
Hand stacking 1160
Reed stacking 1800
Winkel stacking 2020
Stacking Total 4989
Automatic element assembiy 2080
STAR 1800
"4 - Element assembly Total 3880 «
a

Lead throughput was prorated

from shift production records.

A seven hour day was used to account for lunch, cleanup

time, and breaks.
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pound lead pigs were automatically fed to each ball mill at
the rate of 15 pigs per hour (1500 lb/hr).. The PbO proddct
was pneumatically conveyed to bulk storage rather than
barreled. No malfunctions occurred during the tests.
Process parameters during the source tests are shown in
Table‘ .

The opacity meter was set at 22.5 percent as a zero
point during the tests. This remained constant throughout.
Baghouse'pressure drops were within the normal range supplied

by the plant prior to the source tests.
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Table 12 . TIME INTERVAL FOR EACH LEAD OXIDE

MILL SOURCE TEST® (August 19, 1976)

Test Numberb Time Interval (24-hour clock)
471, 4A2 1050 - 1159
5Al, 5A2 ' 1246 -~ 1355
6al, 6A2 l446 - 15589

2 Refer to Figure 10 for test site location.

b The lead throughput rate for each test was 1500 lb/hr.

]
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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. The collected samples are
digested in acid solution and analyzed by arsenic absorption
spectrophotometry.

1.2 Applicability. This method is applicable fer the determina-
tion of lead emissions from the manufacuring of lead batteries.

1.3 Range. The upper 1imit can be considerably éxtended by
dilution. For a minimum analysis accuracy of + 10 percent, a minimum
lead mass of 50 ug should be collected in even sample fraction.

2. Apparatus

2.1 Sampling train. A schematic of the sampling train used
in this method is shown in Figure 22-1. Commercial models of this
train are available, However, if one desires to build his own, com-
plete coﬁstruction 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.

The operating and maintenance proceduﬁes 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 Pfobe nozzle--Stainless steel (316) with sharp, tapered

leading edgej The angle of taper shall be < 30° and the taper shall

"be on the outside to preserve a constant internal diameter, The probe

nozzle shall be of the button-hook or elbow design, unless ctherwise
approved by the Administrator. The nozzle shall be constfucted from
seamless stainless steel tubing. -Other configurations and construction
material may be used subject to approval from the Administrator.

A range of sizes suitable for isokinetic sampling should be
available, e.qg., 0.32 ¢cm (1/8.in.) up to 1.27 cm (1/2 in.) (or larger
{f higher volume samp1ing trains are used) inside diameter (ID) nozzles,
{n increments of 0.16 ¢m (1/16 in.). Each nozzle shall be calibrated
according to the procedures cutlined in the calibration secton,

2,1.2 Probe liner--Borosilicate or quartz glass tubing with a
heét{ng system capable of maintaining a gas temperature at the exit end

during sahp11ng of no greater than 120 + 14° (248 + 25°F) or no

_greater than such other temperature as specified by an applicable

" subpart of the standards. Since the actual temperature at the cutlet

of the probe is not monitored during sampling, probes constructed
according to APTD-0581 and utilizing the calibration curves of APTD-0576
or calibrated according to the procedure outlined in APTD-0576 will be
considered as-acceptabTe. )

When Tengtﬁ limitations, 1.e., greater than about 2.5 m (8.2 ft),
are enbountered, stainless steel_(316) or Incoloy 8251 {both of seamless

tubing), or other materials as approved by the Administrator, may be used.

by the Environmental Protection Agency.
54
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2,1.3 'ﬁitot tube--Type S, or other device approved by the

W, o

Administratcr, 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. The free space between the nozzle

and pitot tube shall be at Teast 1.9 cm (0.75 in.). The free space
shall be set based on a 1.3 cm (0.5 iﬁ.) 1D nozzle. If the sampling
train 1s designed for sampling at higher flow rates than that described
in APTD—OSB], thu; necessitating the use of larger sized nczzles, the
- largest sized nozzle shall be used to set the free space.
The pitot tube must also meet the criteria specified in Method 2
~and be calibrated according to. the procedure in the calibraticn section
g of that method.
 2.1.4 Differential pressure gauge--Inclined manometer capable of
measuring velocity head to within 10 percent of the minimum measured
value or + 0.013 mm (0.0005 in.}, whichever is greater. Below a
differential pressure of 1.3 mm (0.05 in.) water gauge, micromanometers
with sensitivities of 0.013 mm (0.0005 in.) should be used. However,

micromanometers are not easily adaptable to field conditions and are

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

'acceptabie'to the Administrator may be used when conditions warrant.
2.1;5 fi?ter holder--Boro;T1icate 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 holder design shall provide a positive seal against leakage
] from the outside or around the filter.
2.1.6 Impingers--Four Greenburg-Smith impingers connected in

series with glass ball joint fittings. Impingers one, three, and four

are modified by replacing the tip with a 1/2-inch ID glass tube extend-
ing to 1/2 inch from the flask bottom.
2,1.7 Metering system--Yacuum gauge, leak-free pump, thermometers
" capable of measuring temperature to within 3° C (5.4° F), dry gas meter
with 2 percent accuracy, and related equipment, or equivalent, as required
to maintain an isokinetic sampling rate and to determine sample volume.
Sampling trains uti]iz%ng metering systems designed for higher flow
rates than that described in APTD-0581 or APTD-0576 may be used provided:
z thaf the specificaticns in secticn 2 of this method are met. When the
metering system is used in conjunction‘with a pitot tube, the system shall
‘enable checks of isokinetic rates,
2.1.8 Barometer--Mercury, aneroid, or other barometers capable
of measuring atmospheric prassure to within 2.5 mm Hg (0.1 in, Hg). In
many cases, the barcmetric reading may be obtained from a nearby weather
bureau station, in which case the station value {which is the absolute
barometric pressure) shall be requested and an adjustment for elevation
differences between the weather station and sampling point shall be
app1ied at a’rate of minus 2.5 o Hg (0.1 in. Hg) per 30 m (100 ft)
elevation increase or vice versa for elevation decrease.

2.1.9 Gas density determination equipment--Temperature and

H O R S I N PN E R G S 2 L L Lo

i; pressure gauges and gas analyzer as described in Methods 2 and 3,
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2.2 fSamp]e recovery.
2.2.5 .Probe Tiner and probe nozzle brushes--Nylon bristles
with stainless steel wire handles. The probe brush shall have

extensions, at least as long as the probe, of stainltess steel, nylon,

;eflon, or similarly inert material. 8oth brushes shall be properly
~§ized and shaped to brush out.the probe liner and nozzle,
- 2,2,2 Glass wash bottles——One;
. 2.2.3 Glass sample storage containers--Chemically resistant,

borosilicate glass bottles, for 0.1 N HNOé impinger and probe

~soYutions and washes, 500 ml or 1,000 m1. Screw cap closures shall
“be teflon rubber-backed liners or of such construction so as to be
leak %ree and prevent chemical attack from the 0.1 N HNO,. (Narrow
mouth glass bottles have been found to be Tess prone to leakage.)
.,Oiher types of containers must be approved by the Administrator.
2.2.4 Petri dishes--For filter samples, glass or polyethylene,
. unTess otherwise specified by the Administrator.

2:2.5: Grﬁduated cylinder and/or balance--To measure condensed
water to within 1 m} or 1 g. Graduated cylinders shall have sub-
diyisions no greater than 2 ml. Most laboratory balances are capable
of weighing to the nearest 0;5 g or Tess. Any of these balances are

~syitable for use here and in sectipn 2.3.4,

2.2.@ Plastic storage cbntainers--Air tight containers to store
~silica gel.

2.2.7 Ffunnel and rubber policeman--To aid in transfer of silica

Lo gy gt

~gel to container; not necessary if silica gel is weighed in the field.

LA
3
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2.3 Analysis.
2.3.1 Atomic absorption spectrophotometer with lead hollow
cathode lamp and burner for air/acetylene flame.
2.3.é Steam bath,
2.3.3 Hot plate.
2.3.4 Reflux condensers~-24/40 § to fit Erlenmeyer flasks.
2.3.5 Erlenmeyer flasks--125 ml 24/40 $.
2.3;6 Membrane vilters--Millipore* SCWPO 4700 or equivalent.
2.3.7 Filtering apparatus--Millipore filtering unit, consisting
of one of the assemblies shown in Figure 22-1.
 2.3.8 Graduated cylinders--50 ml, 100 mi.
2.3.9 Yolumetric flasks--100 ml,

.'3;'i§éagéh£s
. 3.1 Sampling.

3.1.1 Filters--High purity glass fiber filters, without organic
binder exhibiting at least 99.95 percent efficiency (< 0.05 percent
penetration) on 0.3 micron diotyl phthalate smoke particles. The filter
efficiency test shall be conducted in accordance with ASTM standard
method D 2986-71, Test data from the supp]fer's quality control program
is sufficient for this purpose. Filters shall be Gelman Spectro Grade,
or eqﬁivalent,lwith Tot Assay for Pb.

- 3.1.2 Silica gel--Indicating type, 6-16 mesh. If previously
- used, dry a; 125? c (350? F) for 2 hours., New silica gel may be used

as recejved.
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3.1.3 0.1N HNO3--Prepared from reagent grade HNO3 and distilled
water. It may be desirable to run blanks prior to field use to
eliminate a high blank on test samples. Prepare by diluting 6.5 ml
of concentrated nitric acid (69 percent) to 1 liter with distilled
water. | |

3.1.4 Crushed ice. ' |

3.1.5 Stopcock grease--Acetone insoluble, heat stable silicone
grease. This is.not necessary if screw-on connectors with teflon
sleeves, or simijar, are used.

3.2 Pretest preparation,

. 3.2.1 6N HN03~-Prepared from reagent grade HN03 and distilled
water. Prepare by diiuting 390 ml1 of concentrated nitric acid (69
percent) to 1 liter with distilled water.

3.3 Sample recovery. _

3.2.1 0.1N HN03-—Prepared from reagent grade HNO3 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--Dilute 300 ml of redistilled concen-
trated nitric acid to 1 liter with deionized distilled water.

3.4.4 Stock lead standard, 100 ﬁg Pb/ml--Dissolve 0.15%8 g of
reagent graae Pb (N03)2 in about 700 ml of distilled water, add 10 ml
redistilled concentrated HN03, and dilute to 1000 mi.

3.4.5 lead standards.
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3.4.5.1 Sclution sample standards--Pipet aliquots of 1.0,'5.0,
10.0 and 29.0 m] of the 100 pg/ml! stock Tead standard into 100 ml
volumetric flasks. Add 30 ml redistilled concentrated HNO3 and dilute
to volume with deicnized distilled water. These working standards
contain 1.0, 5.0, 10.0, and 20.0 pg Pb/ml, respectively. Additional

standards at other concentratios should be prepared as needed. Use

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

. 3.425.2 Filter saﬁp1e standards--Pipet aliquots of 1.0, 5.0,
10,0 and 20.0 m] of the 100 ug/ml stock lead standard into 125 ml
Erlenmeyer flasks. Place a glass fiber filter (Section 3.1.1) cut
into strips in each flask. Use filters from the same lot as those
used for sampling. Add 30 ml redistilled concentrated nitric acid.
Reflux for two hours and cool to robm temperature. Rinse the con-
denser column with a small amount of deionized distilled water and
remove the flask. Filter each standard through a millipore filter,
rinse the filter and the remaining glass fiber mass with several small
portions of deionized distilled water, and combine with the filtrate,
DiIutg each standard to 100 ml, using a2 100 ml graduated cylinder.

3.4.6 Air--of a quality suitable for atomic absorption analysis.
3.4.7 Acetylene--of a quality suitable for atomic absorption
analysis. |
4. Procedure
4.1 Sampling. The sampling shall be conducted by competent

personnel experienced with this test procedure.
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4.1.1 Preteét preparation, A1l the components shall be main-
tained and calibrated according to the procedure described in APTD-OS?E;
In addition to those.equipment cleaning procedures, rinse all sample
exposed surfaces with 6N HN051f0110wed by distilled water,

Weigh approximately 200-300 g of silica gel in air tight containers
to the nearest 0.5 g. Record the total weight, both silica gel and
container, on the container. More silica gel may be used but care
should be taken during sampling that it is not entrained and carried
out from the impinger. As an alternative, the silica gel may be
weighed directly in the impinger or {ts sampiing hoider Jjust prior
to the train assemb]y.‘

Check filters visually acainst 1ight fot irregularities and
flaws or pinhole leaks. | |

Label the shipping containers {(glass or plastic petri dishes)
and keep eéch filter in {ts respective container at all times except
during sampling and weighing,

4.1.2 Preliminary determinations. Select the sampling site
and the minimum number of sampling points according to Method 1 or
as speqifiéd by the Administrator. Determiﬁe'the stack pressure,
temperature, and the range of velocity heads using Method 2 and

moisture content using Approximation Method 4 or its alternatives
fof the purpose of making isckinetic sampling rate calculations.
Estimates may be used. However, final results wf11 be based on

actual measurements made during the test.
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Select & nozzle size hased on the range of velccity heads such

that it is not reccssary to change the rozzle size in order to main-

tain isokinetic sempling rates. During the run, do not change the

nozzle size., Fnsure that the differential pressurc cauge is capable

of measuring the minimum velocity head value to within 10 percent, or
as specified by the Administrator. . |

Select a suitable probe liner and probe lenath such that all
traverse points can te sampled, Consider sampling from opposite sides
for large stacks to reduce the 1ength'of probes.

Select a total sampling time areater than or ecual to the minimum
total sampling time specified iﬁ the test procedures for the specific
industry such that the.sampling time per point is not less than 2 minufes
or some greater time interval as specified by the fdministrator and the
sample velume that will be taken will exceed the required minimum total
gas sample volume specified in the test procedures. The 1at£;r is kased
on an appreximate average sampling rate. lMote also that the minimum total
sample volume is corrected to standard conditions.

It is recocmmended that 1/2 or an 1ntégra1 number of minutes te
sampied at each point in'ordef to avoid;timekeepinq Errors.

In some circumstances, e.a., batch cycles, it mey be necessary to
sample for shorter times at the traverse poinfs and to obtain smaller
gas sample velumes. In these cases, the Administrator's approval must
first te obtained.

4.1.3 Preparation of collection train. During preparation and
assembly of the sampling train, keeﬁ all openings whe}e contamination
can occur covered until just prior to assembly or until sampling is

about to begin,
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Place 100 ml1 of 0,1l HNO3 in each of the first two impingers,
Jeave the third impinger empty, and place approximately 200-360 g or
more, if necessary, of preweiohed silica cel in the fourth impirger.
Record weight of the silica oel and container to the nearest 0.5 o.
Place the container in a clear place for 1atér use in the sample recovery.
llsing a tweezer or clean dispcsab]e surgical oloves, place the
labeled {identified) and weighed filter in the filter holder. Ee sure
that the filter is properly centered and the casket properly placed
s0 as not to allow the semple oas stream to circumvent the filter.
Check filter for tears after assembly is ccmpleted.

Yhen g?éss liners are used, install selected nozzle using a
Viton A O-rihg when stack temperatures are less than 260° C (500° F)
or an asbestos string gasket when temperatures are hjchgr: The Viten
A O-ring and asbestos string gasket are installed as a seal where the
nozzle is connected to a glass liner. See APTD-0576 for details., ‘When
meta1_1iners are useﬁ, install the nozzle as atove or by a leak free
Hirect mechanical cornection. Eark prote with heat resistant tepe or
by some other method to denote the proper distance into the stack or
duct for each sampling peint.

Unless otherwise specified by the Administrater, attach a tempera-
ture probe to the ﬁetaT sheath of the sampling probe so that the sensor
extends beyond the prote tip and does not touch any metal. Its position
should te abéht 1.9 to 2.54 cm (0.75 to 1 in.) from both the pitot tube

and probe nozzle to avoid interference with the cas flow.
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Set up the train as in Figure 5-1, using, if necessary, a very

‘Tight coat of silicone greasc cn all eround alass Jjoints, greasing

only the outer portion (see APTD-0576) to avoid possibility of cen-
tamiration by the silicéne qrease. With approval frem the Administrator
a glass cyclone may be used between the probe and filter holder.

Place crushed ice around the impingers.

4.1.4 Leak check procedure--After the sampling train has becen
assembled, turn on and set the filter and probe heating system to the
power required to reach temperatures of no oreater than 10°C {18°F)
in excess of the stack cas dewpoint, or such other other temperature
as specified by an applicable subpart of the standards for the leak
check. (If water condeﬁsation {s not a problem the probe and/or filter
heating zystem nced not be used.) Allew time for the témpé?ature tc
stabilize. If a Viton A O-ring cr other Teak free connection is used
in assembling the prote nozzle to the probe liner, leak check the train
at the sampling site by plugaing the nozzle and pullina a 380 mm Ho
(15 in, Hg) vacuum. ({(Mote: A lower vacuum may be used provided that
it is not exceeded during the test.) If an asbestos string is usea,
do not connect the probe to the train during the leak check. Instead,
leak check the train as above by first nlugeing the inlet to the
glassware that connects the probe to the first impinger. Then connect
the probe to the train and leak check at about 25 mm Hg (1 in. Hg)
vacuum. A leakage rate in excess of 4 percent of the average sampling
rate or 0.00057 ma/min. (0.02 ¢fm}, whichever is less, is unacceptable

in either case.

64

"
Py




o

3 £ &1 1 A

JI

e

[y

' g et S L S
AP TN S PR PO O (LA P SR e

AR e T

U PR TE | PR L

The following leak check instructions for the sampling train
described in APTD-0576 and APTD-0581 may be helpful. Start the
pump with by-pass valve fully open and coarse adjust valve completely
clsoed. Partially cpen the coarse adjust valve and slowly close the
by-pass valve until 38C rm Hg (15 in. Ha) vacuum is reached. Qg_gg;_.
reverse direction of by-pass valve. This will cause impinger
solution back up into the probe. If 380 mm Hg (15 in. Hg) is exceeded,
either leak check at this higher vacuum or end the leak check as
shown below and start over. |

Yhen the leak check is completed, first slowly remove the plug
from the inlet to the probe or filter holder and immediately turn
off the vacuum pump. IThis prevents the impinger solution from being
forced backward into the probe.

Leak checks shall be conducted as described whenever the train
is disengaged, e.g., for silica gel or filter changes during the

test, prior to each test run, and at the completion of each test run.

. If Teaks are found to be in excess of the acceptable rate, the test

will be considered invalid. To reduce the lost time due to leakage
occurrences, it is recommended that leak checks be conducted between
port changes at the highest vacuum reading drawn during that samoling
traverse.

4.1.5 - Sample train operation--Nuring the sampling run,
isokinetic sampling rate to within 10 percent, or as specified by

the Administrator, of true isokinetic and the temperature around the
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filter of no greater than 120 + 14° C (248 + 25° F), or as specified
by an applicable subpart of the standards, shall be maintained.

For each run, record the data required on the example data
sheet shown {n Figure 5-2. Be sure to record the initial dry gas
meter reading. Record the dry gas meter readings at the beginning
and end of each sampling time ipcrement, when changes in Tlow rates
are made, and when sampling is halted. Take other data point readings
at Teast once at each sample point during each time increment and
additional readings when significant changes (20 percent variation in
velocity head readings) necessitate additional adjustments in flow
rate. Level and zero the manometer.

Clean the portholes prior to the test rﬁn to minimize the chance

of sampling the deposited material. To begin sampling, remove the

| nozzle can, verify that the filter and probe are up to temperature,

and that the pitot tube and probe are properly positioned. Position
the nozzle at the first traverse point with the tip pointing directly
into the gas stream. Immediately start the pump and adjust the flow

to isokinetic conditions. Nomographs are available for sampling trains
using type S pitot tubes with .85 + 0.02 coefficient and when sampling
in air or a stack gas with equivalent density {molecular weight equal
to 29_1 4}, which aid in the rapid adjustment of the isokinetic sampling
rate without excessive computat{ons. APTD-0576 details the procedure
for u;ing th;se nomographs. If Cp.and “d are outside the above stated

ranges, do not use the nomograph unless appropriate steps (see

Reference 7.7) are taken to compensate for the deviations.
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When the stack is under significant negative stack pressure
(height of impinger stem), take care to close the coarse adjust valve
before inserting the probe into the stack to avoid 0.1N HNO3 backing
into the probe. If necessary, the pump may be turned on with the
coarse adjust valve closed.

When the probe is in position, block off the openings around
the probe and porthole to prevent unrepresentative dilution of the
gas stream. |

Traverse the stack cross section, as required by Method 1 or as

" specified by the Administrator, being careful not to bump the probe

nozzle into the stack walls when sampling near the walls or when
removing or inserting the probe through the portholes, to minimize
chance of extracting deposited.material.

During the test run, make periodic adjustments to keep the
temperature around the filter holder at the proper temperature and

add more ice and, if necessary, salt to maintain a temperature of

- less than 20° C (68° F) at the silica gel impinger outlet to avoid

exces#ive moisture losses. Also, periodically check the level and
zero-of the manometer.

A single train shall be used for the entire sample run, except

“for filter and silica gel changes. However, if approved by the

Administrator, two or more trains may be used for a single test run

“when there are two or more ducts or sampling ports. The results shall

be the total of all sampling train catches.
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At the end of tﬁe sample run, turn off the pump, remove the
probe and nozzle from the stack, and record the final dry gas meter
reading. Perform a leak check at a vacuﬁm equal to or greater than
the maximum réached during sampling. ‘Ca1cu1ate percent isokinetic
{see calculation sectien) to_determine whether another test run
should be made. if there is difficulty in maintaining isokinetic
rates due to source conditions, consult with the Administrator for
possible variance on .the isokinetic rates.

4.2 Sample recovery. Proper cleanup procedure begins as soon
as the probe is removed from the stack at the end of the sampling
period. '

— Allow the probe to Eoo]. When it can be safely handled, wipe off
all external particulate matter near the tip of the probe nozzle and -
place a cap over it to prevent losing or gaining lead. Dd not tightly
cap off the probe tip while the sampling train is cooling down as
whis would create a vacuum in the probe, .thus drawing solution from
the impingers into the probe.

Before moving the sample train to the cleanup site, remove the
probe from the sémp]e train, wipe off the silicone grease, and cap
the open outlet of the prbbe. Be careful not to lose any condensgte,

if present by maintaining the probe in an essentially level position.

Wipe off the silicone grease from the glassware inlet where the

. probe was fastened and cap it. Remove the umbilical cord from the

last impinger and cap the impinger. After wiping off the silicone
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grease, cap off the fiiter holder outlet and impinger inlet. Either
ground glass stoppers or plastic caps or serum caps may be used to
close these openings.

_ Transfer the probe and impinger-filter assembly to the cleanup

~area. This area should be clean and protected from the wind so that

the chances of contaminating or losing the sample ﬁil] be minimized.
Save a portion of the 0.1N HNO3 used for sampling and cleanup
as a blank. Place about 200 ml of this 0.1N HNO3 taken directly
from the bottle being used into a gqlass sample container labeled
"0.1N HNO blank.* |
Inspect the train prior to and during disassembly and note any

abnormal conditicns. Treat the samples as follows:

Container No. 1. Carefully remove the filter from the filter

holder and place in its identified petri dish container. Use a pair
of tweezers and/or clean disposable suraical gloves to handle the

filter. If it is necessary to fold the filter, do so such that the

~sample side is inside the fold. Quantitatively remove any visible

sample matter and/or filter which adheres to the filter holder gasket

by carefully using a dry nylon bristle brush and/or a sharp-edged

blade and place into this container. Seal the container.

Container No. 2. Taking care to see that dust on the outside of

the probe or other exterior surfaces does not get into the sample,
quantitatively recover sample matter or any condensate from the

probe nozzle, probe fitting,‘probe liner, and front half of the filter
holder by washing these components with O.1N HNO3 and placing the

wash into a glass container in the following manner:
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Carefully remove the probe nozzle and clean the inside surface
by rinsing with 0.1HM HNO3 from a wash bottle and brushing with a

nylon bristle brush. Brush until the 0.1N HNO, rinse shows no

3
visible particles, after which make a final rinse of the inside
surface with 0. 1N HN03.

Bru§h and rinse with 0.1N HNO3 the inside parts of the Swagelok
fitting in a similar way until no visible particles remain.

Rinse the probe liner with 0.1N HNO3 by tilting the probe and
squirting 0. 1IN HNO3 into its upper end, while rotating the probe so

that all inside surfaces will be rinsed with 0.1N HNO Let the

3
0.1N HNO3 drain from the lower end into the sample container. A
funnel may be used to aid in transferring liquid washes to the con-
tainer. Follow the 0.1N HNO3 rinse with a probe brush. Hold the probe
in an inclined position, squirt O.1N HNO3 into the upper end as the
probe brush is being pushed with a twisting action through the probe,
hold a sample container underneath the lower end of the probe, and
catch any O.1N HNO3 and sample matter which is brushed from the probe.
Run the brush through the probe three times or more until no visible
sample matték is carried out with the S.1N HNO3 or remains in the probe
liner on visual inspection. With stainless steel or other metal probes,
run the brush through in the above prescribed manner at least six

times since m;tal probes have small crevices in which sample matter

can be entrapped. Rinse the brush with 0.1N HNOa'and quantitatively
collect these washings in the sample container. After the brushing

make a final 0.1N HN03vrinse of the probe-as described above.
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It is recommended that two people be used to clean the probe
to minimize losing the sample. Between sampling runs, keep brushes
clean and protected from contamination.

After enéuring that all joints are wiped clean of silicone

‘grease, clean the inside of the front half of the filter holder by

rubbing the surfaces with a nylon bristle brush and rinsing with

0.1N HN03. Rinse each surface three times or more if needed to remove
visible sample matter. Make a final rinse of the brush and filter
ho]der. After all 0.1M HN03 washings and sample matter are collected
in the sample container, tighten the 1id on the sample container so
that 0.1N HNO3 will not leak out when it is shipped to the Taboratory.
Measure and record the total quantity of O.1N HN03 used for rinsing.
Mark the height of the fluid level to determine whether o; not

Teakage occurred during transport. Label container to clearly identify
its contents.

Container No. 3. MNote color of indicating silica gel to determine

if it has been completely spent and make a notation of its condition.
Transfer the silica gel from the fourth impinger to the original con-
tajner and seal. A funnel may make it easier to pour the silica gel
without spilling. A rubber policeman may be used as an aid in removing
the silica gel from the impinger. It is not necessary to remove the
small amounf of dust particles that may adhere to the walls and are
difficult to ;emove. Since the gain in weight is to be used for
moisture calculations, do not use any water or other liquids to trans-

fer the silica gel. 1If a balance is available in the field, follow the

orocedure under analysis.
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Container %o, 4. Due to the large quantity involved, the impinger

sotutions are placed in a separate container. However, they may be
combined with the contents of container No. 2 at the time of analysis
in order to reduce the number of analyses required. Each of the
first three jmpingers and their connecting_glassware s cieanea in
the same manner using the following procedures:

(1) Impinger ball joints are wiped free of silicone grease and
capped.

{2) Impingers are rotated and agitated using the impinger contents
as the first rinse squtfon.

(3) The impinger parts (inner and outer tubes) must not be

separated while transferring their contents to a measuring container.

‘The outlet ball joint cap should be removed and the contents drained

through this opening.

(4) The liquid in the firét three impingers is measured either
to within + 1 ml by uéing a 500-ml1 graduated container or to within
+ 0.5 g by using a balance. The volume or weight of 1iquid present,
along with a notation of any color or film chserved in the impinger catch,
is recorded in the log. This amount of liquid (less the initial charge)
is added to the moisture data recorded from the silica gel. The measured
impinger contents are poured into the No. 4 container.

(5) Approximately 50 ml of O.1N HNO3 is poured into each of the
three impingérs and again agitated. The 0.1N HNO3 is then drained

through the outlet ball joints into the No. 4 sample container as before.
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This operation is repeated a second time after which the impingers

Eg are inspected for any abnormal conditions.
(6) The ball joints of the glassware connecting the impingers,

and the back half of the filter holder are wiped ffee of silicone

grease and rinsed twice with Q.1IN HNO3. This rinse is placed in the

Sl

impinger contents container. {Note: 0o not rinse or brush the glass-

fritted support.)

(7) Measure and record the total amount of O0.1N HNO3 used for
rinsing.

4.3 Analysis.

4.3.1 MWeigh the silica gel to the nearest gram.

4.3.2 Llead sample preparation.

4.3.2.1 Filter--Cut the filter into strips and t(ansfer the
strips and al] loose particulate matter to a 125 mi § Eriénmeyer flask.
Rinse the petri dish with 15 ml of distilled water to assure a guantita-
tive transfer and add to the flask. Add 15 m1 redistilled concentrated
nitric acid. Reflux for two hours and cool to room temperature. Rinse
the condenser column with a small amount of deicnized distilled water
and remove the flask. Filter the sample through the mi]lieore filter,
rinse the filter and the remaining glass fiber mass with several small
portions of deionized distilled water, and combine with the filtrate.
Dilute to 50 ml, using a 50 ml graduafed cylinder.

4.3.2.é Impinger samples--Evaporate the liquid sampié to approxi-
mately 15 ml, transfer to an Eraenmeyer flask, and add 15 ml of redis-

_ti]led concentrated nitric acid. Reflux for two hours, rinse the
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condenser column, cool to rcom temperature, and dilute to 50 ml with
dejonized distilled water.

4.3.2.3- Probe wash--Treat in the same manner as directed in
Section 4.3.2.2. As an option, this solution can be combined and treated
with the impinger solution.

4.3.2.4 Filter bIank--Detgrmine a filter blank using one filter
from each lot of filters used in the sampling train. Cut the filter. into
strips and treat in the same manner as directed in Section 4.3.2.1.

4,3.2.5 Instrument preparation--Turn on the power, set the wavelength,
slit width, and lamp current as instructed by the manufacturer's manual
for the particular atomic absorption spectrophotometer. Adjust the burner
and flame characteristics as necessary.

4,3.2.6 Lead determination--After the absorbance values have been
obtained for the standard curves {Section 5), determine the absorbance of
the filter blank and each sample against the reagent blank. Determine the
lead concentration in the filter blank and in each sample from the standard
curve, If the sample concentration falls above the limits of the curve,
make an appropriate dilution with 30 percent v/v HNO3 such that‘the final
concentration falls within the range of the curve.

5. Calibration and Standards

Maintain a laboratory log of all calibrations.

5.1 Calibration. Determine the absorbance of the standards against
the reagent Saank {Section 3.4.5), These absorbances should be checked
frequently during the analysis to assure that no drift has occurred. Prepare

standard curves for both the solution sample standards and the filter
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sample standards of absorbance versus concentration. (Note: For

instruments equipped with direct concentration readout devices preparation

‘of 2 standard curve will not be necessary.) In all cases, the manu-

facturer's instruction manual should be consulted for proper calibration
and operational procedures.

6. Calculations

Carry out calculations, retaining at least one extra decimal figure
beyond that of the acquired data. Round off figures after final calcu-

lation.

6.1 Amount of lead collected:

M
n

M

1]

Ma XAX Fd ‘ where

It

Total ug of lead collected in a fraction

-—
=
i

a ug/ml of lead in the aliquot as read from the stﬁndard curve

A = 50 ml/aliquot = sample volume
Fd = dilution factor = 1 if the sample has not been diluted
M =

¢ = M, (filter) + M_ (probe wash) + M_ (impingers) - M_ (filter

blank), where

—
P =
It

¢ total Tead collected

6.2 Refer to EPA Method 5 for other necessary calculations.
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