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INTRODUCTION 
i 

The purpose of t h i s  t e s t  was t o  obtain data i n  support of new 

!. ” 

! 
I 

.. , source performance staiidards for lead acid ba t te ry  manufacturing plants.  

Three control devices <$ere tested a t  both i n l e t  and ou t l e t s .  These 

devices controlled a variety of processes and a detai led discussion can 

be found in  the process description sec t ion  of this report .  I n l e t  sam- 

p l i n g  was performed according t o  Method 5 with the modification of using 

.1 normal n i t r i c  acid in the impingers in order t o  c o l l e c t  any lead 

passing through the f i l t e r .  

taneous dual sampling system. 

the i n l e t .  

impingers. These t r a ins  a lso contained .1 n i t r i c  acid. The purpose of 

the dual sampling t r a i n  was to  es tabl ish-whether  there was any lead 

entrapment occurring i n :  the glass f r i t  of the  standard Method 5 t r a i n .  

Details of t h i s  method are discussed in  the analyt ical  sect ion o f  t h i s  

report. 

7 I 

! 3 

I 

Outlet sampling was conducted u s i n g  a simol- 

One of these was’ the same as t h a t  used on 

The other  differed i n  the placing of the f i l t e r ’ b e h i n d  two 

. .  

A t o t a l  of 45 samples was col lected w i t h  the posi t ive loss  of only 

one as a r e s u l t  of sampling e r ro r  and one through apparent contamination. 

Mass analysis could not be performed because of the use of n i t r ic  acid 

which would possibly reac t  with lead, c rea t ing  compounds which would 

cause erroneous weight r e su l t s .  

The lead analysis was performed by Monianto Research a t  Dayton, 

Ohio, using atomic absorption analysis a s  prescribed i n  Method 22. 

Details can be fo?ind in  the analytical  procedure section of t h i s  report .  

1 
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T h i s  t e s t  was the f i r s t  conducted using the d r a f t  method and is  the 

basis for  Method 22 evaluation. 
.. 

’ 

Par t i c l e  s iz ing  was conducted a t  a l l  locat ions and t race metals - * 

analysis was conducted a t  a l l  ou t l e t  locat ions.  

Due t o  the cycl ic  operation of the various processes, transvers- b- 

i n g  was not always i n  accordance w i t h  Method 1 .  

Visible emission evaluations were also conducted a t  various times 

d u r i n g  t he  t e s t ing  program. 

2 
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SUMPARY A N D  DISCUSSION OF RESULTS - .  

Please r e fe r  t o  Table 1 showing the results of the 45 sampling runs. 

Only two of the runs are obviously void. Run 582 apparently was contami- 

nated b u t  no explantation of where o r  how this occurred can be found. 

1482 is void because o f  sampling e r ror .  
I 

the f i r s t  20 minutes (one-third of the t es t j .  

as the r e su l t s  are about one-third lower than 14B1. 

re la t ion can be made, 1482 must be voided as invalid data.  

INLET DATA 

Run 

The probe was not connected d u r i n g  d 

This i s  re f lec ted  i n  the  data 

Even though this cor- 
I 

The i n l e t  data appears t o  be qui te  e r r a t i c .  This i s  probably due t o  

the f a c t  t h a t  most-of-the operation i s  manual, consequently much var ia t ion 

can be expected due t o  personnel changes, inconsistent work habi t s ,  o r  

accidental sp i l lages  of lead oxide, e t c .  

manual and also exhibi t  the above mentioned inconsistencies. 

casting operation going to  point AX can be considered semi-automatic w i t h  

a minimum of manual operation and these data are somewhat consis tent .  

Point A a l so  r e f l ec t s  t h i s  pattern f o r  those times when only g r i d  casting 

cycles were being sampled. 

OUTLET DATA 

Points C and F are  almost t o t a l l y  

Only the g r i d  

A i  can be seen on Table 1 ,  the o u t l e t  data i s  re la t ive ly  consis tent  

considering the qui te  low concentrations encountered. As mentioned above, 

two of the o u t l e t  t e s t s  are  void. To fu r the r  substant ia te  the va l id i ty  of 

the ou t l e t  testing,comparison of data from points B and G should be noted. 

Data from Point B i s  consistently lower t h a n  tha t  from Point G and i t  was 

3 
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suspected t h a t  there was a problem with the baghouse a t  @:P!. G. 

note t h a t  a t  point  G smples number 8 and 11 are  noticeably higher and 

Also, 
. .  .. 

these correspond w i t h ' t h e  dry portion of the cycle when paste was being .. . 
dumped and vented t o  the baghouse. 

PARTICLE SIZING 

Par t i c l e  s i z i n g  t e s t s  were conducted a t  a l l  points by Monsanto 

Research Company. A summary of these r e s u l t s  can be found i n  Tables 21-45. 

OPACITY 

Opacity observations were made wherever possible during the t e s t .  

There-were never any--visible emissions observed from any of the three 

sources d u r i n g  the week of tes t ing.  

TRACE METALS 

Trace metal samples were collected using an in-stack f i l t e r  contain- 

i n g  a glass  f i b e r  f i l t e r .  

i f  any elements of t he  hazardous var ie ty  exis ted i n  the stack e f f luent .  

This ana ls i s  was of a qua l i ta t ive  nature t o  determine i f  fu tu re  tests 

or standards should consider any parameters o ther  than lead emissions. 

Data from th i s  and two other plants verify t h a t  no other hazardous pol-  

lu tan ts  ar'! ident i f ied  as consti tuents of bat tery manufacturing emissions. 

The purpose of these samples was t o  discern 

G 
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Table I. SUNWRY OF LEA0 EMISSIONS 

a b C 
IN C o m n t s  - Run OSCF "g FH F i l t e r  "' ' " BH Total pg/OSCF gr/OSCF mg/NM3 

1 c  
d 2c 

3c 
4A 

%A 
m 
iF 
9F 

1OF 
11F 

- ?P 
-1 5A 

101 
102 
201 
202 
301 
302 
48 1 
452 
581 

'1 582 
681 
682 
781 
782 
8Gl 
862 
9G1 
962 

l O G l  
10G2 
llGl 
l lG2 
1281 
12t2 
l3Jl  
1332 
1331 

'2 1432 

1532 
i5ni 

61.29 
58.15 
59.67 
32.27 
37.91 
37.81 
35.82 
26.74 
25.20 
27.88 
19.02 
40.67 
45.02 
31.09 
37.72 

67.53 
.6.7.20 
60.24 
60.36 
68.87 
68.29 
48.92 
48.25 
48.23 
46.43 
28.17 
26.97 
20.99 
20.12 
35.86 
35.79 
38.94 
38.42 
38.77 
38.43 
29.76 
30.03 
32.04 
30.71 
43.19 
41.57 
32.10 
30.43 
43.56 
42.42 

.K? 
1181 

440 
2.8 

27.9 
15.63 
15.63 

1116 
718.5 
499.3 

82.2 
121.4 
63.5 
48.3 
46.8 

14.57 
22.96 
23.32 
31.9 
16.56 
25.36 

1.78 
4.73 
1.03 

.78 
2.57 

.57 
2.34 

13.48 
23.51 

7.47 
25.15 

5.94 
20.1 
15.91 
22.3 

1.21 
3.81 

.83 
2.72 
1.06 
2.64 
1.08 
2.76 

842 

453 I 
577.5 

48.1 , 
1.54 
3.66 
3.35 
3.85 

597.8 
202.5 
164.6 
203.76 
Broken 

2.6 
4.24 
3.81 

10.91 
.-2.73 
13.48 
2.97 
2.4 

.52 
4.52 
2.7 
3.21 
2.19 
2.27 

'1.37 
.K? 
.59 

.7.15 
.25 

7.47 
.16 

6.58 
.28 

6.67 
.88 

2.7 
1.95 

,2.11 
1.96 
3.91 
1.6 
3.31 
2.74 

936 1389.8 
4.41 ~ 1762.9 

31.6 82.5 
25.16 466.7 
2.94 34.5 

.61. 19.6 

.81 
38.7 
31.1 
18.34 
77.4 
14.72 
5.66 
3.47 
1.16 

.35 

.35 

.71 

.7 

.23 

.73 

-- 
-_ 
-- 
-- 
-- 
-- 

1.9 -- 
.35 

.4 

.59 

.41 

.76 

.77 

1.03 

1.08 

-- 
_ _  
-- 
-- 
-_ 
_- 
-- 
-- 

20.3 
1752.5 

' 952.1 
682.2 
363.4 
136.1 

71.8 
56.0 
51.8 

25.83 
25.69 
37.15 
34.87 
19.67 
25.88 

7.00 
7.43 
4.47 

844.19 
3.78 
3.94 
3.29 
2.93 

20.98 
23.76 
15.34 
25.31 
13.11 
20.38 
22.99 
23.18 
4.67 
5.76 
3.71 
4.68 
6.00 
4.24 
5.47 
5.50 

1133.8 
1515.8 

69.1 
723.1 

45.5 
25.9 
28.3 

3276.9 
1889.1 
1223.5 
955;3 
167.3 
79.7 
90.1 
68.7 

19.12 
19.11 
30.83 
28.89 
14.28 
18.95 
7.15 
7.70 
4.63 

909.10 
6.71 
7.30 
7.84 
7.28 

29. Z 
33.19 
19.70 
32.94 
16.91 
26.52 
38.63 
38.59 

7.29 
9.38 
4.29 
5.63 
9 . 3 5  
6.97 
6.28 
6.48 

.01746 

.02334 

.00106 

.01114 

.00070 

.00039 

.00044 

.05046 

.02909 . 01 884 

.01471 

.00256 

.00123 

.00139 

.00106 

.00029 
.00029 
.00047 
.00044 
.00022 
.00029 
.00001 
.00012 
.00007 
.01400 
.00010 
.00011 
.mol2 
.00011 
.00045 
.00051 
.00030 
.00051 
.00026 
.00041 
.00059 
.00059 
.00011 
.00014 
.00007 
.00009 
.00014 
.00011 
.00010 
.00010 

0.675 
0.675 
1 .089 
1.020 
0.504 
0.669 
0.252 
0.272 
0.164 

32.104 
0.237 
0.258 
0.277 
0.257 
1.033 
1.172 
0.696 
1.163 
0.597 
0.937 
1.364 
1.363 
0.257 
0.331 
0.151 
0.199 
0.330 
0.246 
0.222 
n.229 

F u l l  cycle 

3 F u l l  cycles 

4 Wet cycles 

Dry only 

1 F u l l  cycle 

4 Dry cycles 

1 Full cycle 

2 Wet cycles 

3 Dry cycles 

3 ory  cycles 

2 Full cycles 

2 G e t  cycles 

2 F u l l  cycles 

aTotal u g  x SO/OSCF. 
bsg/OSCF x 0.00001543. 

>g/CjCF x 0.035314. 
I. 
2.  

C - 
Sarrqle apparently contaniinztid - void. 
Probe not attached during x o - t h i r d  o f  run - void. 

" 
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LOCATION OF SAMPLING PORTS AND 
EXPLANATION OF SAMPLING PROGRAM . .  

The overall  p lan t  layout and location of the sampling points a r e  

shown in Figure 1B.-':- .- 

Point AX - This iocation isoiated t he  gr id  casting operation en- 
\ 

abling the  collection'^ of samples of emissions from t h i s  operation in to  

the rotoclone providing i n l e t  data from t h a t  source. The sampling was 

conducted from a single port  using a horizontal and ver t ica l  traverse.  

A swiveling probe adaptor was fabricated i n  order t o  conduct angular 

probe.movement t o  reach the vertical  t raverse  points. The horizontal 

duct was reached by means of a hydraulic man l i f t .  

in tha t  i t  met Method 1 c r i t e r i a  f o r  up-and-down stream diameters. 

p o r t  was arranged by removing a cleanout door and replacing i t  w i t h  an 

aluminum sheet with a 3" diameter hole in the center.  Due t o  building 

interference,  the nearest  Point (H1) could not be reached so Point H2 

was sampled for  two periods. Four, one-hour samples were obtained a t  

this point. 

T h i s  point was ideal 

The 

. .  

Point A - This  point functions the same as  Point AX with the addi- 

t ion of emissions from the wet portion o f  t h e  paste mixing operation. 

The wet portion i s  when acid i s  being added to the paste. Therefore, 

P o i n t  A would furnish data on grid casting plus paste m i x i n g  emissions. 

This point was also traversed in ver t ical  and horizontal planes. The 

f i r s t  sample (Al) was conducted d u r i n g  three e n t i r e  cycles f o r  a t o t a l  

o f  60 minutes. The second sample (A2) was run only during the wet 

22 
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.. . 

p o r t i o n  of the paste mixing operation. 

four of these cycles f o r  a to ta l  of 74 minutes. 

verse p o i n t s  were sampled because of the unpredictabi l i ty  o f  cycle 

time. Figure . l A  shows how these cycles were sampled. 

i + > L  T Z  YX conducted d u r i n g  
. .  

Three additioria'i.,.+ra- 
.. . . . . .  

,. 
,.. ' I  ., 

After making thede two runs, we moved t o  baghouse F and G t o  .' 
ensure get t ing data on a l l  sources i n  the time available.  

returned t o  P o i n t  A. 

We l a t e r  

Run A4 and A5 were conducted over f u l l  cycles. 

Point B - Point B was the exhaust o f  the rotoclone control l ing g r i d  

casting and the wet cycle o f  paste mixing. 'An extension was erected and 

a traverse o f  25 points was selected.  A 'dual sampling t r a i n  was used i n  

-order--to compare- Method 5 with a .modified .Pb collection method, These 

t r a in  diagrams can be seen i n  Figures 2 and 3 . 
collected d u r i n g  8 runs. 

runs a t  A and AX.  

were made i n  re la t ion  t o  process cycles.  

Sixteen samples were 

The runs were conducted simultaneously w i t h  

Figure 1 A  graphically i l l u s t r a t e s  how these runs 

Points C and D - Point C was the i n l e t  t o  the baghouse controll ing 

emissions from the  assembly (or  three process operation).  

the o u t l e t ,  this being a continuous operation, three simultaneous samples 

of 72 minutes each were obtained without incident.  

Point D i s  

Points F and G - Points F and  G are  the i n l e t  and o u t l e t  of the 

baghouse controll inq emissions from the g r i d  pastinq operation and the 

dry portion of the paste mixing operation. 

sampling periods f o r  t h i s  source. 

Figure 1A i l l u s t r a t e s  the 
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! - .- - - -. 
Run 

number 
48 
58 
68 
78 
128 
138 

. 148 
158 

4A 
5A 
14A 
15A 

8F-G 
9F-G 
1 OF-G 

: 11F-G 

KUfiBER OF CYCLES I -  

. .  

- . .  - .. .. .. . .. . . . . .. . 

.xxxxxxxx 

. . . . . . . - . .. . 

xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 
xxxxxxxxxx 

xxxxxxxxxxxxxxxx~ 
xxxxxxxx) xxxxxxxx 

xxxxxxxxxx xxxxxxxxx 
xxxxxxxxxxxxxxxxxx 

.xxxxxxxxxx 

- .  . 
DRY -- When Paste Mixer Directed t o  Baghouse 

WET -- When Paste Mixer Directed t o  Rotoclone 

. ... 

time 
66 . 

63 . ' 
44 .. 
34 . . 

39 . '- 

70 
54 
64 . . 

66 
63 
54 
64 

41 
43 
45 

1 34 

Samples AX, C and D were done on Continuous Operations 

! 

Graphic Showing how Sampling was Conducted 
During Operation Cycles 
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FIGURE IA 
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Aluminum sheet  
replacing e x i s t i n g  

Box notion 

FIGURE 7 

OF HORIZONTAL DUCT 
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PROCESS DESCRIPTION AND OPERATION 
I 

GENERAL DESCRIPT1,ON OF LEAD-ACID BATTERY MANUFACTURING. 

Battery manufacturing begins with two unrelated op- 

erations; grid casting and paste mixing. The grids are 

generally cast from lead hardened by the addition of between 

6 and 12 percent antimony. 

Casting techniques for grids,vary with the alloy used, 

the type of molds; and mold preparation before casting. 

Grid casting machines can have melting pots attached di- 

rectly to them or  have a central pot furnace from which th- 

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

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

mately 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 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 

pasts  to beccss stiff and difficult to apply to the grids. 
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Varying amounts of expander and other constituencs are 

added depending on whether a positive or negative paste 

batch 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 

exceeding 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 

tenperature controlled, heated tunnel about 20 feet long, 

where the surface water is removed. This allows the plates 

to be stacked without sticking together. It is important 

that only the surface water be removed since the plates 

depend on moisture to produce the chemical reaction within 

the paste while curing - very much similar to a cementitious 
process. The plates are cured for about 72 hours to in- 

crease plate strength. 

Following the curing stage, the plates are normally 

sent to the three-process operation. This operation en- 

compasses stacking, burning, and assembly. First, the 

plates are stacked in an alternating positive and negative 

block formation. Insulators are sandwiched between each 

plate to insulzte the oppositely charged plates while 

permitting free ionic flow. These dividers are made from 
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materials such as wood, treated paper, plastics, or rubber. 

'N'hile machines have been designed which can stack the plates 

and separators automatically, hand stacking is not uncomon, 

even in some relatively large plants. 

Leads (pronounced leeds) are welded to the tabs of each 

positive plate and each negative plate, fastening the 

assembly (element) together. This is the burning operation. 

An alternative to the welding or burning process is the 

"cast strap" process. In the latter, molten lead is poured 

around and between the plate tabs, thus forming the con- 

nection. Then a positive and negative terminal is welded to 

the elercent. T h e  completed elements can go to either the 

wet or dry 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 

th'e terminals project out of the inserts. The covers are 

sealed to the cases and the batteries are filled with dilute 

sulfuric acid and made ready for formation. 

Thz only c?ifference between the wet battery and the c ? q  

battery process is that, f o r  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 

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

batterlr an indefinite shelf-life. 
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Formation is a chemical process wherein the inactive 

lead oxide-sulfate paste is converted into an active elec- 

trode. Formation is essentially an oxidation-reduction 

reaction wherein the positive plates are oxidized from lead 

oxide 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 sulfuric acid 

solution and connecting the positive plates to the positive 

pcle of a dc source and the negative plates to the negative 

pole of the dc .source. 

When manufacturing wet lead-acid batteries it is common 

practice to place the cells into the battery cases, place 

=?,e lis 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 boost charge given to the battery. 

uait is then ready for use and only requires decoration and 

nanufacturer's markings. 

The 

The plates used in dry batteries are formed in one of 

several ways. Some! plates are individually formed in tanks 

of sulfuric acid and then assembled. However, most dry 

batteries are made by assembling the plates into the ele- 

ments beforehand. The completed elements are then formed in 

ope . ~ f  tm rmnnerz. First, the elements themselves can be 

placed into large tanks of sulfuric acid, electrically 

. 
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connected, and formed. Some companies place .the assembled 

e1ei:isnts directly into the battery case. Thereafter, the 

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

and elements rinsed and dried, reassembled and shipped dry. 

Formation takes anywhere from one to four days. Most 

Flants use a 3 6 -  to 48-hour forming cycle. The charging 

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

during the remaining 12 hours. The ampere rates are de- 

pendent upon the battery size. ' Figure 11 shows a typical 

battery plant flow diagram. 

PROCESS DESCRIPTION 

Globe Union's Canby, Oregon plant has a normal op- 

erating output o f  2,400 batteries per day with a maximum of 

4,000 batteries per day. The plant is a conventional wet- 

battery operation, except the finished units are sent to 

another plant for formation. Figure 12 is a schematic 

diagrzm of the Globe Union facility. 

Lead oxide is received by truck approximately three 

times per week and pneumatically conveyed to storage hop- 

pers. 

The plant has three Wirtz grid casting furnaces each 

with three grid casters (a total of nine casters) vented to 

a conuxon stack. The exhaust ducting is designed for a 

fourth furnace. A small parts casting furnace connects to 

the zzin casti?? exhaust system which is cleaned through an 
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&?erica? A i r  F i l t e r  Type N Roto-Clone sys tem ( s i z e  2 4 ,  

Arrangement D). The s m a l l  p a r t s  produced are, b a t t e e y  

e l e m e n t  s t r a p s  used a t  t h e  T i e g e l  bu rn ing  machine. There 

a r e  t y p i c a l l y  from 26,500 t o  30,000 pounds o f  l e a d  a l l o y  

used i n  t h e  g r i d  c a s t i n g  f u r n a c e s  p e r  2 4  hour day. Another 

930 pounds of l e a d  p e r  s h i f t  are used t o  produce s m a l l  

p a r t s .  

Globe i s  o p e r a t i n g  one Beards ley  and P i p e r  p a s t e  m i x e r  

i n  Canby, a l t h o u g h  two i d e n t i c a l  mixe r s  were o r i g i n a l l y  

i n s t a l l e d .  The second mixer ,  t r a n s f e r  conveyor ,  d r y e r ,  and 

c u r i n g  s t a t i o n  have  been removed. The common components, 

s x h  a s  t h e  baghouse and l e a d  o x i d e  hopper ,  w e r e  des igned  a s  

p a r k o f  t h e  t w o  mixer system. A t y p i c a l  amount o f  l e a d  

o x i d e  charged  d u r i n g  a s h i f t  i s  28,950 l b .  P o s i t i v e  b a t c h e s  

r e q u i r e  2 , 4 0 0  l b s .  w h i l e  n e g a t i v e  b a t c h e s  r e q u i r e  1 ,800  l b s  

of l e a d  ox ide .  

The p a s t e  mixer  exhaus t  v e n t s  t o  two s e p a r a t e  c o n t r o l  

systems.  A s  t h e  l e a d  o x i d e  i s  dumped, t h e  g a s e s  are v e n t e d  

through an American A i r  ' F i l t e r  Type 3-96 baghouse.. 

system has  a 7 5  horsepower f a n .  T h i s  baghouse has  t h r e e  

conpart inents  w i t h  a t o t a l  of 636 bags.  T o t a l  c l o t h  a r e a  is 

6 , 7 5 5  squa re  f e e t ,  y i e l d i n g  a n  a i r - t o - c l o t h  r a t i o  of  3 . 3  t o  

1. Eoicever, one compartinent i s  closed f o r  approx ima te ly  ten minutes 

each hour for shaking and  dust  s e t t l i ng .  

t h i s  period increases t o  4.9 t o  1. The exhaust gases a re  

The 

The air- to-cloth r a t i o  durinq 
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rerouted. during mixing via.. an automatic damper to the I:?.?? 

Type N Roto-Clone which also cleans the cast furnace exhaust 
. .. , 
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gas. 
, 

The paste is;continuously applied to the grids as they 

are automatically'fed to the pasting machine. The pasted 

grid is then dried, slit (each grid becomes two plates after 

pasting and slitting) and stacked. The pasting operation is 

not vented but the drying 0peration.i.s. Slitting and stack- 

ing operations are vented to the same baghouse that controls 

the mixer during the portion of the mixing cycle when dry 

ingredients -are-added to the mix. The slitting machine can 

handle 23 ,500  plates per hour. There is a spare slitting 

machine that is periodically used. This is also vented to 

the baghouse.. 

exhaust system was dampered from the baghouse. 

However, it was idle during the tests and its 

. ' 

The plates are stacked in the proper sequence and 

joined on three production lines. Two of these lines have 

mechanical stackers and a cast-on-strap (COS) machine which 

casts the straps onto the elements. The other line has a 

mechanical stacker but the elements are joined by burning on 

leads with a Tiegel machine. This unit is much slower than 

the COS machines. Normal production rates are 800 six- 

cellec? batteries per eight hour shift for each of the COS 

machines and 150 three-celled batteries on the Tiegel 

machine. The CCS machines produce six-celled batteries 
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e x c l u s i v e l y  b u t  t h e  T i e g e l  machine produces  i n d u s t r i a l  

b a t t e r i e s  w i t h  b o t h  t h r e e ,  f o u r  and s i x  cells .  T y p i c a l l y  

t h e  COS o p e r a t i o n  r e q u i r e s  1.56 pounds o f  l e a d  p e r  b a t t e r y .  

The  amount used p e r  b a t t e r y  on t h e  T i e g e l  burner  i s  es- 

t i m a t e d  by p l a n t  pe r sonne l  a t  one pound of l e a d  per e l emen t  

burned. Vents  from t h e  assembly area e n t e r  a common 36 i n c h  

d i a m e t e r  man i fo ld  which connec t s  t o  a n  AAF Type 3-106 

baghouse equipped  w i t h  a 1 0 0  horsepower f an .  

area i s  9757 s q u a r e  feet ,  y i e l d i n g  a n  a i r - t o - c l o t h  r a t io  of 

3.3 t o '  1. Howeve'r, one compartment i s  c l o s e d  for approx i -  

ma te ly  ten minutes each hour for shaking and dust settling. The 

air-to-cloth ratio during this period increases to 4 .9  to  1 . .  The 

assembly area hoods and ducts were designed to-capture particulate 

emissions. 

T o t a l  c l o t h  

Globe reclaims l e a d  in-house and a l s o  sends  l e a d  
* 

r e s i d u e  t o  RSR for  reclaim. I n  Globe's remelt 'room, t h e  

e x h a u s t  gases from the lead reclaim furnace are controlled by 

a Roto-C1 one, 

The  p l a n t  c l e a n s  process equipment u s i n g  a Hoffman 

vacuum c l e a n i n g  system. T h e . d u s t  is c o l l e c t e d  i n  one of 

t h r e e  storage s i los .  A i r  i s  t r a n s p o r t e d  through t h e  c l e a n -  

i n g  sys tem v i a  a 1 0 0  horsepower f a n ,  and o u t  an e i g h t  i n c h  

diamet-er  s t a c k  app-roximately 30 f e e t  h igh .  

NORE.WI, PROCESS OPERATION 

S o u r c e  t e s t i n g  w a s  done a t  Globe Union's Canby p l a n t  on 

* 
Reserve Smelting 6 Refining. Portland, Orcgau 
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June 15-18, 1976 and June  21-23 ,  1976. Tested w e r e  g r i d  and 

sma l l  p a r t s  c a s t i n g  ( s t a c k  2 ) ,  s l i t t i n g  ( s t a c k  11, p a s t e  

mixing ( S t a c k s  1 and 2 )  and e l emen t  assembly ( S t a c k  7 ) .  

T e s t  l o c a t i o n s  ark shown i n  F i g u r e  13.  

( s t a c i i n g ,  ca s t -on - s t r ap ,  and bu rn ing )  tests were conducted  

c o n t i n u o u s l y  f o r  e a c h  t e s t  w h i l e  o t h e r  s o u r c e  tests w e r e  

synchronized  w i t h  t h e  mixing cycle:  Source tests f o r  S t a c k s  

1 and 2 were done d u r i n g  an  e n t i r e  mixing c y c l e ,  w h i l e  t h e  

Element assembly 

mixer  w a s  duc ted  o n l y  t o  S t a c k  2 (Roto-clone) ,  and w h i l e  t h e  

mixer  was ducte-d o n l y  t o  S t a c k  1 (baghouse) .  

Element Assembly 

- .  

The two COS machines and a u t o m a t i c  s t a c k e r  operate 

con t inuous ly .  The s t a c k e r s  j a m  f r e q u e n t l y  b u t  t h e  o p e r a t i o n  

i s  down o n l y  momentar i ly--rarely over t w o  o r  t h r e e  minutes .  

T h i s  does n o t  a f f e c t  s t r a p  c a s t i n g  because t h e r e  i s  a s u r g e  

b i n  f o r  p l a t e  s t a c k s  between e a c h  s t a c k e r  and c a s t - o n - s t r a p  

machine. L i k e w i s e ,  a minor m a l f u n i c t i o n  of a COS machine 

does n o t  e f f e c t  t h e  s t a c k e r .  A f i v e  t o  t e n  minute  shut-down 

o c c u r s  when t h e r e  i s  a change i n  b a t t e r y  t y p e s .  T h i s  

chans-eover r e q c i r e s  a change i n  p l a t e  t y p e ,  c l e a r i n g  t h e  

s u r q e  b i n  and ad jus tment  of t h e  s t a c k e r  and COS machine t o  

accoxmodate a d i f f e r e n t  number of p l a t e s  per e l emen t .  

The T iege l  machine i s  much slower t h a n  t h e  COS machines.  

The associate.’, c t a c k e r  i s  operated o n l y  a s  r e q u i r e d  t o  keep 

pace  w i t h  t h e  zznua l  bu rn ing  o p e r a t i o n .  Leads (pronounced 

I .  . ,. 
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leeds) are obtained from small parts casting and placed on 

each element assembly by hand. These element assemblies are 

then dipped in a flux solution and burned manually. After . 
burning, glue is applied to each element prior to placing it 

into the battery case. Changeover to a different battqry 
.I 

model requires a much longer time than the automated element 

assembly machines because of the wide size range of indus- 

trial batteries. 

Handling operations on all three assembly lines are 

essentially the same. Before the plate stacks are placed in 

the mechanical stackers they are struck against a grating to 

assure plate separation. This is done again after stacking 

and when the element is complete to square the stacks. 

These grates are vented to the baghouse controlling the 

other assembly operations. The assembled elements are 

manually placed in the battery cases. 

Grid and Small Parts Castinq 

Grid casting at the Canby plant is completely auto- 

mated. All three casting machines receive lead alloy from 

indivi.c?ual pots. After the grid is cast i.t is trimmed, then 

placed on a rack. The operator removes the grids from.the 

rack in groups of 50 and puts several groups on a skid to be 

sent tr, the pasting operations. Trimming scraps and imper- 

fect: grids are returned to the associated melting pot. The 

pots are independent of the casting machines. Casting is 

. .  
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I stop?ed at times to change from one grid type to another or 

to adjust the mold. These shutdowns are brief (less than 5 

minutes). * _  

. Small parts basting is a manual operation. Melted lead 
I 

alloy is transferred by a hand held ladle to one of several 

molds. 

removed. These parts are used at the Tiegel machine as bat- 

tery element leads. Small parts casting is not done on a 

regular basis but the associated lead pot is kept hot even 

when the operation is down. Emissions from small parts 

casting are estimated by plant personnel to be less-than 10 

percent of grid casting. 

Paste Mixing 

After the lead cools  and solidifies, the parts are 

Positive and .negative batches of paste are mixed with 

the same mixer. Positive batches are always mixed first 

each day because residual positive paste will not affect a 

negative batch but residual negative paste will ruin a 

positive batch. Therefore, after mixing negative paste, the 

mixer must be thoroughly cleaned. This cleaning is done on 

~. ;he . n icqh t  shift. The nunber o f  positive and negati;re 

batches depends on plant requirements. 

Lead oxide requirements are 2 , 4 0 0  and 1,800 pounds for 

a psitive an3 negative batch, respectively. However, 

ap2roximatelv - 450 pounds of salvage material, about 5 pounds 

of carbon blacX, and a small amount of expander are added to 
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n e g a t i v e  b a t c h e s .  The s a l v a g e  material c o n t a i n s  l e a d  o x i d e  

t h a t  h a s  been  removed from d e f e c t i w p l a t e s .  Carbon b l a c k  

i s  added f o r  c o l o r  coding  t h e  p l a t e s .  S u l f u r i c  a c i d  i s  

added t o  b o t h  p o s i t i v e  and n e g a t i v e  b a t c h e s  and a d d i t i o n a l  

wa te r  i s  added t o  t h e  p o s i t i v e  b a t c h .  Both t y p e s  o f  p a s t e  

a r e  mixed approximate ly  2 1  t o  2 4  minu tes .  The  dumping c y c l e  

( t h e  t i m e  i n t e r v a l  when t h e  m i x e r  i s  vented  t o  t h e  baghouse)  

i s  normal ly  10-15 minutes .  However, the .  average  mixer  

c h a r g i n g  t i m e  i s  approximate ly  f i v e  minutes .  I f  t h e  op- 

erator i s  n o t  a t  t h e  mixe r  c o n t r o l  s t a t i o n  a t  t h e  end of a 

mixing c y c l e ,  t h e  mixer  a u t o m a t i c a l l y  s h u t s  o f f  and t h e  

swinging g a t e  v a l v e  v e n t s  t h e  mixer  t o  t h e  baghouse a f t e r  

a63rox ima te ly  2 4  m i n u t e s  of  mixing.  

S l i t t i n g  

During normal o p e r a t i o n ,  t h e  s l i t t i n g  machine can. s l i t  

up t o  1 9 6  p a s t e d  g r i d s  (392 p l a t e s )  per minute.  As t h e  

p l a t e s  e x i t  t h e  s l i t t e r  hood, t w o  o p e r a t o r s  remove t h e  

p l a t e s  i n  s tacks  of  50, s t r i k e  them a g a i n s t  a g r a t e d  t a b l e  

t o  s q u a r e  them, and p l a c e  s e v e r a l  s t acks  i n  l a y e r s  on s k i d s  

t o  bil ta!.:en t o  the c u r i n g  room. The g r a t e d  t a b l e  i s  v e n t e d  

t o  t h e  baghouse.  Common c a u s e s  of s l i t t e r  shutdown are  

r e p l a c i n g  t h e  conveyor b e l t ,  changing  g r i d  t y p e ,  changing  

p a s t e  t y p e  ( p o s i t i v e  o r  n e g a t i v e ) ,  and  removal of d e f e c t i v e  

g r i d s .  

., . 
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pF.3CS.SS OPERATION D U R I N G  SOURCE TESTS 

Elernent Assembly (S tack  7)  
. .  

All of t h e  sou rce  tests f o r  Globe Union 's  e lement  

assembly o p e r a t i o n s  were done on  June 15 and 1 6 ,  1976. Lead 

th roughpu t  f o r  each  t e s t  v a r i e d  from 8,580 l b  d u r i n g  t e s t ' C  

and D 1 ,  down t o  4 , 7 9 0  l b .  d u r i n g  C and D2. However, day 

s h i f t  b a t t e r y  p roduc t ion  was 1,532 arid 1 , 6 1 9  b a t t e r i e s  on 

t h e  COS machines  f o r  June 15 and 1 6 ,  r e s p e c t i v e l y .  T i e g e l  

machine p r o d u c t i o n  i s  b e s t  s ta ted  i n  e l e m e n t s ,  s i n c e  i t  

produces  bat ter ies  w i t h  va ry ing  v o l t a g e s .  

day  s h i f t ,  420 e lemen t s  were produced and on t h e  June 1 6  day 

s h i f t ,  552 e lemen t s  were produced. The l a r g e  v a r i a n c e  i n  

l e a d  th roughpu t  w a s  due t o  d i f f e r e n c e s  i n  t o t a l - p l a t e  

w e i g h t s  f o r  e a c h  t y p e  o f  b a t t e r y  produced d u r i n g  e a c h  t es t .  

Table 18 shows impor t an t  p r o c e s s  pa rame te r s  f o r  each  e l emen t  

assembly s o u r c e  test .  For t h e  c a l c u l a t i o n s ,  b a t t e r i e s  were 

p r o r a t e d  over. a 7 hour day because  of b r e a k s ,  lunch  and 

c l e a n u p  t i m e .  

On t h e  J u n e  1 5  

During sample C 3  and D3, one of t h s  t h r e e  COS machines  

was s h u t  down f o r  b a t t e r y  conve r s ion  a f t e r  t h e  t es t  had 

s t a r t e d .  S i n c e  t h i s  was a normal o c c u r r e n c e ,  t e s t i n g  

c o n t i n c e d .  Unexpected d i f f i c u l t i e s  de l ayed  s t a r t u p  o f  t h e  

COS m a c h i n e ,  b u t  t h e  stacker w a s  o p e r a t i o n a l .  A f t e r  d e t e r -  

mining t h a t  t h i r e  was an abnormal d e l a y  i n  s t a r t u p  o f  t h e  

COS machine (20 minutes  a f t e r  shutdown) ,  t e s t i n g  was 'd iscon-  
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t i n c z < .  Tes ts  resumed when a l l  p r o c e s s e s  were o p e r a t i n g  ... 

normzl ly .  S ince  i a p s e s  i n  p r o d u c t i o n  are.common i n  t h e  COS 

o p e r a t i o n ,  t h e  26  minute p r o d u c t i o n  s toppage  a t  one machine 

- shou ld  n o t  i n v a l i d a t e  t h e  test  r e s u l t s  f o r  samples C3 and 

D 3 .  

G r i C  an? S!nall Par t s  C a s t i n g  and P a s t e  M i x e r  During 
I Wet Cycle  (S tack  2 )  

Uncont ro l led  emiss ions  from g r i d  and smal l  p a r t s  

c a s t i n g  were sampled e x c l u s i v e l y  on  June  1 8  and 2 2  a t  P o i n t  

S ( T e s t s  X 1  th rough X4). Roto-Clone c o n t r o l l e d  e m i s s i o n s  

w e r e  sampled a t  P o i n t  B on  J u n e  2 2 ,  1976 when t h e  mixer was 

d u c t e d  t o  t h e  baghouse (Test B 5 ) .  A l l  o the r  t es t s  ( T e s t s  A 1  

th rough A 4 ,  B 1  through B4 and B6 through B8) a t  S tack  2 

i n c l u d e d  e m i s s i o n s  from t h e  p a s t e  m i x i n g  o p e r a t i o n ,  The 

p r o c e s s  o p e r a t i n g  mode f o r  e a c h  tes t  o f  Stack 2 was a s  f o l -  

lows : 

Exhaust  g a s e s  vented  t h r u  
S t a c k  2 d u r i n g  tes t*  

T e s t  D e s c r i p t i o n  

Gr id  c a s t i n g  and small 
p a r t s  c a s t i n g  p o t  

X1, X 2 ,  €35, X3, X4 

Grid c a s t i n g ,  sma l l  p a r t s  A 2 ,  B 2 ,  B 3 ,  B4, B 7 ,  A3 
c a s t i n g  p o t ,  and mixer 
(sample e x t r a c t e d  on ly  
d u r i n g  w e t  c y c l e  of mixer )  

G r i d  c a s t i n g ,  sma l l  p a r t s  A l ,  B 1 ,  B 6 ,  B8, A4 
c a s t i n g  p o t ,  and mixer 
(sample e x t r a c t e d  ove r  
e n  t i r e  m i x i n g  c y c l e )  

f 

T e s t s  G I  and A l ,  B 2  and A 2 ,  53 and X 1 ,  B 4  and X Z ,  E 5  and 
X 3 ,  I36 am1 X 4 ,  58  and A4 w e r e  cnnrlurted concnrre:;:ly. 
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Table18. PROCESS PARAMETERS D U R I N G  ELEMENT 

-- - 
Element Assembly 
T e s t  N o . "  

Date  J u n e  1975 

COS b a t t e r y  
p r o d u c t i o n  
(day s h i f t )  

T i e g e l  e l e m e n t  
p r o d u c t i o n  
(day s h i f t )  

T e s t  i n t e r v a l  
(24 hour  c l o c k )  

Lead th roughpu t ,  
lbs 

Paste 

S t r a p s  

G r i d s  

T o t a l  l e a d  

a 

C1, D 1  c2, D2 C3, D3 

15 15 16 

1,532 1,532 1,619 

420 420 552 

1024-1150 _ _  1 4 1 5 - r n  1034-131Sb 

4,880 4,440 2,540 

480 480 480 

3,220 2,960 1,825 

8,580 7,880 4,850 



.i .. . , .. ' -  
. 7  

. .  ... . 

T h e r e  wer? no small  p a r t s  produced throughout  t h e  

tes ts .  However, t h e  s m a l l  p a r t s  p o t  con ta ined  mol ten  l e a d  

and was vented  to: t h e  Roto-Clone d u r i n g  t h e  tests. There- 

f o r e ,  w h i l e  t h e  1,ead th roughpu t  from small p a r t s  c a s t i n g  i s  

c o n s i d e r e d  ze ro ,  a s m a l l  amount of  l e a d  emis s ions  may be 

a t t r i b u t e d  t o  smal l  p a r t s  c a s t i n g .  

Though a l l  l e a d  p o t s  a s s o c i a t e d  w i t h  t h e  c a s t i n g  

machines w e r e  hea t ed  a t  a l l  t i m e s ,  tes ts  A 2 ,  B2,  and B6 w e r e  

run  w i t h  o n l y  s i x  of  t h e  n i n e  g r i d  c a s t i n g  machines op- 

e r a t i n g .  However, t h e s e  tests w e r e  des igned  t o  d e t e r m i n e  

emis s ions  f r o m - t h e  p a s t e  mixer. Tes ts  a t  s i te  X - w e r e .  

performed t o  de t e rmine  e m i s s i o n s  from g r i d  c a s t i n g .  D e -  

creased g r i d  p roduc t ion  w i l l  n o t  a f f e c t  emis s ions  from p a s t e  

mixing. 

Lead throughput  for  a l l  s t a c k  2 tes ts  i s  shown i n  

Table  19. Grid  c a s t i n g  l e a d  th roughpu t  was c a l c u l a t e d  by 

u s i n g  t h e  a p p r o p r i a t e  s h i f t ' s  l e a d  usage and p r o r a t i n g  o v e r  

t h e  t e s t  i n t e r v a l .  S i n c e  tests w e r e  of  va ry ing  t i m e  l e n g t h s ,  

t h roughpu t s  a r e  a l s o  r e p o r t e d  i n  pounds pe r  hour.  Hourly 

th roughpu t s  f o r  t h e  m i x e r  are g i v e n  f o r  comparison only 

s i n c e  t h i s  i s  a b a t c h  o p e r a t i o n .  

T h e  mixer  was o p e r a t i n g  normally throughout  a l l  ap- 

p l i c a b l e  t e s t s .  T e s t s  were performed d u r i n g  t h e  mixing of 

bo th  p o s i t i v e  and n e g a t i v e  p a s t e s .  Table  1 9 ~  lists the t p s  

of FS:; :~  nixsd. ? ' ^ i r i n g  t h e  v a r i o u s  tests. 

53 



I I .  .( _. . : 
. . . .  I 

I 
. .  _ .  

. .  . ... 

E 
m w 
E 
N 

X 
V a 
E 
VI 

z 
V 
i3 

E? 
3 
C l l  
z u 
3 

X 
E 

2 

ai 
7 

a w 
E 
VI 
H 
cl 

0 

w 
4 

a 

A 
4 
V 
E z w 
H 
a 
... 
.L 

E 

tc. 
H 

.. 
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Negative 

t 
! T a b l e  1961. PASTE TYPE(S) MIXED DURING EACH APPLICABLE TEST 
! :, 

Negative 

........ - ..... __- 

- Positive 

A l ,  A 1  

B 2 ,  A 2  

E l ,  A 3  

B 8 ,  A 4  

...... ..... - __ 
Positive & 

B 4  

R 6  

B 3  

The weight of lead oxide used in 'the mix was recorded 

during appropriate tests. For calculation of lead throughput, 

the composition of the lead oxide was assumed to.be, 7.2.5 

percent PbO and 27.5 percent Pb. Four-hundred fifty pounds 

of salvage material (in a slurry form) was used in each nega- 

tive batch. A plant representative estimated that this 

xterial contained approximately 70 percent solids con- 

sistinq of !ead oxide and a negligible amount of lead 

sulfate. Lead throughput attributed to the mixer for each 

Stack 2 test is shown in Table . 
Slitter and Paste Mixer During Dumping Cycle (Stack 1) 

- .  

Slitting an2 stxking operations alone were tested 

e7xinc; concurrent tests G3 and F3.  A l l  other tests (F and G 

' I ,  2 ,  and 4 )  involved the dumping cycle of the paste mixer. 

2.11 tests invzlved concurrent samples of the baghouse inlet 

ar.d ~utlet gas streams. The process operating mode during 

e ~ c h  test was as follows: 

EC 
"I 



F1, G 1  

F 2 ,  G2 

F3, G3--- 

F 4 ,  c4 

. ,  

Mixer' dumping cyc le-s  

Complete mixing c y c l e s  

S l i t t i n g  and . s t ack ing  o n l y  

?Fixer dumping c y c l e s  . 

' 7  i 

S l i t t i n g  and s t a c k i n g  o p e r a t i o n s  appeared normal . 

t h r o u g h o u t  a p p l i c a b l e  tests. During T e s t s  F 2  and G 2 ,  t h e r e  

w a s  a problem w i t h  t h e  p a s t e  f e e d e r  which slowed s l i t t i n 9  

c o n s i d e r a b l y  for less t h a n  a t e n  minute  i n t e r v a l .  However, 

t h e  o v e r a l l  t e s t  r e s u l t s  shou ld  n o t  be a f f e c t e d  s i p i f -  

i c a n t l y .  S l i t t i n q  and s t a c k i n g  l e a d  throughput  d u r i n g  t h e  

tests was c a l c u l a t e d  u s i n g  t o t a l  number of p l a t e s  s l i t  

d u r i n g  t h e  s h i f t  and a n  ave rage  l e a d  c o n t e n t  of 0,324 pounds 

p e r  p l a t e .  T a b l e 2 0  shows t h e  lead throughput  f o r  S t a c k  N o .  

1 tests.  

The mixer  o p e r a t e d  normal ly  during t h e  S t a c k  1 tests.  

However, b o t h  p o s i t i v e  and n e g a t i v e  p a s t e  b a t c h e s  were mixed 

depending  on p l a n t  demand. For b o t h  b a t c h  t y p e s ,  PbO 

dumping i s  f i r s t  i n i t i a t e d  b e f o r e  t h e  w e t  i n g r e d i e n t s  a r e  

added. The t y p e  of p a s t e  mixed d u r i n g  each p a i r  of  con- 

c u r r e n t  tes ts  was as  follows: 

F1 and G1 3 p o s i t i v e  and 1 n e g a t i v e  

F2  and G2 1 p o s i t i v e  

F3 and G 4  Not a p p l i c a b l e  because t h e  
p a s t e  mixer  was no t  duc tcd  
t o  t h e  c o n t r o l  d e v i c e  sampled 
d u r i n g  t h e s e  t e s t s  

F4  and G 4  3 p o s i t i v e  



Table  20. LEAD THROUGHPUT FOR EACH STACK 1 TEST. 

L, (CONCI 
____ -____ 

- -  S t a c k  1 a 
I t e s t  number 

- Date,  J u n e  197G 
T e s t  i n t e r v a l  , 

(24 hour c lock)  

Lead th roughpu t ,  
d u r i n g  t es t  
p e r i o d ,  l b s .  

S l i t t i n g  
and s t a c k i n g  

Mixer 
.. -. \ 

T o t a l  

Lead th roughpu t ,  
l b / h r  

S l i t t i n g  
and s t a c k i n g  

Mixer 

T o t a l  

RENT TESTS ARE LISTED TOGETHER) 

F1, G1 

21 
1024-1302 

3,430 

8,860 

12,300 

5,020 

13,000 

18,000 

F2,G2 

21 
1421-1504 

3,600 

1,990 

5,590 

5,020 

2,780 

7,800 

F3, G3 

21 
1621-1712 

3,560 

N.A. 

3,560 
.. 

4,750 

N.A. 

4,750 

F4 ,G4 

22 
3823-0942 

3,260 

6,900 

LO, 160 

5,750 

12,200 

17,900 

Refer  t o  F i g u r e  f o r  l o c a t i o n  of test s i tes  F and G. a 

N.A.  - Not a iqJ l icab le  
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_ .  
T h e  weight  of l e a d  o x i d e  and of s a l v a g e  s l u r r y  used  i n  

each p a s t e  mixing c h a r g i n g  c y c l e  w a s  r eco rded  f o r  e a c h  tes t .  

Lead used i n  t h e  mixer  w a s  c a l c u l a t e d  from t h e s e  f i g u r e s .  
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NETHOD 22--DETERMINATION OF LEAD 

EMISSIO:!S FROY THE f4ANUFACTURIWG OF LEAD BATTERIES I A, 

i 
- 1.  Pr inciple ,  Appl icabi1.i t p  a n d  Range 

1.1 Principle  - Par t icu la te  and gaseous emissions a r e  i sok ine t i ca l ly  sampled 

from the source. 

by atomic absorption specttvphotometry. 

The col lected samples a r e  digested i n  acid solut ion and analyzed 

1.2 Applicabili ty - T h i s  method i s  applicable f o r  t he  determination o f  lezd 

emissions from the manufacturing of lead ba t t e r i e s .  

1.3 Range - The upper l i m i t  can be considerably extended by d i lu t ion .  For a 

minimum analysis  accuracy of  2 IO%, a minimum lead mass of  50 pg should be co l -  

lected i n  each sample f r ac t ion .  

2. Apparatus 

. -  

2.1 Sampling t r a i n .  A schematic of t he  sampling t r a i n  used i n  this method i s  

shown i n  Figure 22-1. However, 

i f  one desires  t o  b u i l d  his own, complete construction d e t a i l s  a r e  described i n  

APTD-0581 ; f o r  changes from the  APTD-0581 document and f o r  allowable modifications 

t o  Figure 22-1, see the  following subsections. 

Commercial models of th i s  t r a i n  a r e  ava i lab le .  

- - 

The operating and maintenance procedures f o r  the sampl ing  t r a i n  are  described 

i n  APTD-0576. 

users should read the APTO-0576 document and adopt the operating and maintenance 

procedures outlined i n  i t ,  unless otherwise specif ied herein.  

Since co r rec t  usage i s  important in obtzining va l id  r e su l t s ,  a l l  
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. .  . .  .. 

0:- ci i l ibrated accordicg t o  the proc2durs out!insc i n  P.?TPC57i ,,.;i\l bs . .  
. .  -. . . .  
t. ... . .  c o x f c k r e d  irs acceptzble.  . .  . . .  

. .  

. .- 

._. ..- .. 
:.? 

. . -  . .  . .  

, i 

. . .  \ 
. .  ... . .  
~ .. ... 

. .  . .  
. .  

. .  

. . .  . . .  

. .  

. .  .- 
. .  

. .  
. .  

. . .  . . .  

. .  

. .  . .  

.. 

. . .  

. .  . .  

. .  

. . . .  
. .  

. .  . .  

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

. .  

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

. .  

. . . . .  . .  

. .  

... ... . . .  

. .  

. ..- 
. .  . .  

, .  - 6 i  .. 



, '. .... 
.i. .... . .  . . .  

- . ;  . . . . . .  
. .  

. .  . * .  
. -  . .  

.- 
. .  

.. 

. .  ... - 
2.1.3 P i t o t  tzbs--ryps S. CY 0%;;- G'zvics qp;-av& by the  . ... 

._ A d i i n i s t r a t o r ,  at tach26 t o  probe t o  z ? l a  c ? r , s t c ~ :  zorii:ai+zs o f  .C,X . .  

s k c k  gas ve1Ccity. The fcce ~j)s;lf;7js ;f t k s  p:tat  tub2 cr.2 thz  p ; - c h  

~ 0 2 2 1 2  s h a l l  bc! adjacent a.nd p a r a l l e l  t o  ezck otkei-, n o t  neczssai-:;y 
, .. 

.. 03 t he  saz2 plane, d w i n g  sazpl ina.  The irss spice b2twzzn the  cozz:e . .  
.... 

' i  2nd p l t o t . t u b s . s h a l 1  be a t  l e a s t  1.9 cx (0.75 in . ) .  Ths C r z  sp tcz  

s h a i l  be se t  based on a 1.3 GZI (0.5 <e.)  ID x z z l e .  If the s a s ~ l f r , ~  

trzin i s  designed f o r  s z ~ l i n g  zt higi-,;~ flow rLta t h a n  t t ~ t  t2sc;-i:.2C 

. . .  . .  

. .  . .  

i n  CPTD-0581, thus necess i ta t icg  the  us2 o f '  l a rger .  s ized nozzles ,  t?,2 
. .  

.... , L  

:. . l a r ~ ~ s i  s ized  riozzle sha l l  be u s ~ d  t o  s e t  t he  f r s e  space. 
.. 

I 

., the P i t o t  tube must also r 2 e t  ths c r i t e r i a  spec i f ied  i n  1"zthod 2 
. .  

and c a l i b r a t e d  accordicg t o  t k  prccsdure i n  the c a l i b r a t i c n  S S C t i G n  

of t h c t  n2thod. . .  . .  
... 

. . . .  

' r a t i o n  o i  t rade  nares o r  s p s c i f i c  Frcducts t oes  n o t  c o n s t i t u t e  .:i 

. - .  
er<orse?ec t  t y  tb.2 Enviroccsnt;?.Protection Fcxcy .  

. .  . . .  . . . . .  .. , . . . .  . . . . . .  . .  . .  . .  

. . .  

. . ,. . .  
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L?el.  ! h e  holder 6esicn she l l  n r s v i d i  a r ~ s f t f v e  sw.1 . . .. . .  
staf;.? ;.ss 'SA 

ar ia ins t  l e a h o e  f ron  t h i :  outs ide  or arocnd the  f i l t x .  

\ 

. . . - . \  . . .  . . .  . . .  
. .  

I:. 
..I 

. .  . .  
. .. 

0 y T T P - a  I 
. .  

... . - 2.1.6 3 l t 2 r  he5,tina s.vsti.;i,-,-Er,.v h c a t < ~ o  system cznahlz o f  . . ' . 

mfnta inf t ia  a t z i n e r a t u r s  arcund the iiftc-r hslder c!uri;:p saza1fr.g 

o f  RG grea te r  than. 

a s  snecif ied 

, .. 
. .. . .  .. 

'. . . 

. .  or such o t x ~  t e i m r a t c :  
io-c(;.;&& 3"" d-yLf,?  .. I . 

. .  

;ti aonl icable  stiboart o f  t h2 '  s t a n d x d s .  .... A tezpe;-atcrZ 
_' . .  oaua2 capable o f  n2asurino t e m e r a t u r e  t o  w i t h i n  3' C (5.4' F) shz:l , .. -. : . .  . .  . 
. .  

.- . be Snstal led suc5 t h a t  tex.peratur2 ?round th.  f i l t e r  h o l l e r  can be ..' . ' . ' 

.. . 

- .  . .  
rea"' ,laLed - -  ar.6 roni tored durina sampling. Heatinp s y s t e x  c t h e r  than  . .  

shewn f n  D?TCI-CS: r a v  he used. 

. .  
. .  . .  

. .  . .  . .  . L.. 
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cozs'i.~irc"' L I O ~  so  as t o  be leak f r e e  and pr2vsnt c!xa<czl, a';:zck frc;; ,  

t h e  

prone t o  leakage.) 

0 ./!y +Jr% . .- . . (Nai-rcw i~icuth a l a s s  bott!es h ~ v 2  k r ,  ? 'curd t o  be l e s s  
' .  . 

@ t h 2 r  typ2s o f  contair .ers m s t  52 C ~ ~ T G W ~  5y.  
. .. . .. . . .  . 

. . .  .: . .  

. .  
I. 

t h ~  Pdiainistrator. . .  
. .  

2.2.4 .Petri dish2s--For f i l t e r  swp?es,  .glass o r  poiyz:ihy?e:,c-, 
. . ._ . . . .  . .i.. - 

unless otherwise spec i f ied  by t h e  P.dir,inistrator;- 

2.2.5 Graduated cy1 inder and/or b a i  ascz--To ~ 2 2 5 ~ ~ 2  ccndense? 

. . ..* .. wate;- t o  w i t h i n  1 ~1 or  1 p. Craduatzd cyl4r.Cc--s s k ? i  kzvz  sub- 
.. - 

I -  

. .  d- ;v is?ons  XI a r e z t a r  than 2 ml. K G S ~  lcborctory balances a72 capablz . ' . .  
. .  

. .  . .  
. .  . 0-; w z f g h i n g  t o  t h 2  nearest  C.5 a or  less. 

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

P.ny o f  t k s 2  bzi?.r.c~s CY? 
I .  

. . .  
. _.._ . .  . .  

2.2.6 P l a s t i c  stcjrase contair,ers--Air t i g h t  cor. tc<r.irs t o  st or^ . .  

s : l<ca  121. 

. .  . .  . -. . .  
. . .  . ..>. i. - 

t .  
. .  .. 

' -re.' . . . . ,. . . , ; . .  * .. . 
. . . . . . 

.--S?sa 
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2.3 Analysis. - .  

2.3.1 Atomic 4bsorption Spectrophotoxeter w i t h  - lead hollow cathode ~ , . 
. -  . .  

lanip and burwr f o r  airlac.:tylenc ?lLiTms. 

2.3.2 Steam ba th .  

2.3.3 Hot p l a t e .  

2.3.4 Reflux condensers - 24/40 $ t o  f i t  Erlenmeyer f lasks .  

2.3.5 Erlenmeyer f lasks  - 125 ml 24/30 $. 

2.3.6 Membrane f i l t e r s  - f:i'llipore* SCL4PO 4700 o r  equivalent.  

2.3.7 F i l t e r ing  apparatus - Millipore f i l t e r i n g  u n i t ,  consis t ing of 

.. 

one of t h e  assemblies shown in Figure 22-1'. 

2.3.8 Graduated cylinder - 50.1111. 

3. Reagents 

3.1 Sampling. 

3.1.1 Filters--High purity .glass f i b e r  f i l t e r s ,  without organic b i n d w  

e x h i b i t i n g  a t  l e a s t  99.95% efficiency ( 5  0.05% penetration) on 0.3 micron diotyl 

phthalate  smoke pa r t i c l e s .  

accordance w i t h  ASTM standard method D 2986-71. 

qua l i t y  control program i s  suf f ic ien t  f o r  this purpose: " F i l t e r s  sha l l  be Gelman 

Spectro Grade, or equivalent,  w i t h  l o t  Assay f o r  Pb. 

The f i l t e r  efficiency t e s t  sha l l  be conducted i n  

Test data from the suppl ie r ' s  

3.1.2 S i l i c a  gel--Indicating type, 6-16 mesh. If previously used, dry 

a t  175'C (35OOF) f o r  2 hours. New s i l i c a  gel may b2 used a s  received. 

3.1.3 0.1 N HN03--Prepared from reagent grade HN03 and d i s t i l l e d  water. 

I t  may be des i rab le  t o  r u n  blanks prior t o  f i e l d  use t o  e l iminate  a h i g h  blank on 

tes t  samples. 

l i t e r  w i t h  d i s t i l l e d  water. 

Prepare by d i lu t ing  6.5 ml of concentrated n i t r i c  acid (59%) t o  1 

3.1.4 Crushed ice .  

66 
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: . ' i  . 5  Stopcoc!< crease--Acetone insoluble,  heat s t a b l e  s i l i cone  grzase.  . . .  . 
. .  . .  . 

This is not iiecessary i f  screw-on connectors w i t h  t e f lon  sieefe:, o r  s i m ! ' ! 3 7 .  

used. 

.. 

3.2 P w t e s t  Prepar6tion 

3.2.1 6N Hb!03--Prepared from reagent grade HN03 and d i s t i l l ed  water. Pre- 

Pare by di lu t ing  390 ml of concentrated n i t r i c  acid (69%) t o  1 l i t e r  w i t h  dis. t i1led - 
I \ a t e r .  

3.3 Sainple recovery. 

3.2.1 0.1N H>!03--Prepared from reagent grade HN03 and d i s t i l l e d  

(same solution as 3.1.3) 

3.4 Analysis 

3.4.1 Deionized, d i s t i l l e d  water. 

3.4.2 N i t r i c  acid,  r e d i s t i l l e d  ACS reagent grade, concentrated. 

3.4.3 30% HN03. v /v .  Dilute 300 m l  of r e d i s t i l l e d  concentrated 

_- - 

acid t o  1 l i t e r  with deionized d i s t i l l e d  water. 

3.4.4 Stock lead standard, 100 ug Pb/ml - Dissolve 0.1598 g of reagent 

grade Pb (N0312 i n  about 700 rnl of d i s t i l l e d  water, add 10 ml r e d i s t i l l e d  concentrated 

H?{O3, and  d i l u t e  t o  1000 rnl. .- 

3.4.5 Lead Standards - Pipet a l iquots  of 1.0,  5.0, 10.0 and 20.0 ml o f  

the  100 ug/ml stock lead standard in to  100 m l  volumetric f lasks .  Add 30 ml r e d i s t i l -  

led concentrated tIN03 and d i l u t e  t o  volume w i t h  deionized d i s t i l l e d  water. 

warking staiidards cont3in 1 . O ,  5.0, 1 0 . 0 ,  and 20.0 i?g Pb/ml, respect ively.  

standards a t  other  concentrations should be prepared a s  needed., Use 30% tlN03, v /v  

(Reagent 3.4.3) as the reagent blank. 

These 

i?c!ditional 

3 . 4 . 6  Air - o f  a qual i ty  su i t ab le  for atomic absorption atia.iy;.is. 

3.4.7 Acetylene - of a qua l i ty  su i t ab le  for atomic absorption analysis.  



4. Procedtrre -~ 
4.1 Sampling. The saxpling shal l  be conducted by competent personnel experienced 

... .. with t h i s  t es t  procediri-e. 

4.1.1 P re t e s t  preparation. All the components sha l l  be maintained and  - . 
ca l ibra ted  according t o  the  procedure described i n  APTD-0576. I n  addi t ion t o ' t h o s e  

equipment cleaning procedures, r inse  a l l  sample exposed surfaces  w i t h  G N  H1!03 * 

followed by d i s t i l l e d  water. 

Weigh 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.  

t a i n e r .  

i t  i s  not entrained and car r ied  out  from the impinger. 

s i l i c a . g e 1  niay be weighed--directly in the impinger o r  i t s  sampling holder j u s t  p r ior  
\ 

Record the t o t a l  weight, botli s i l i c a  gel and container ,  on the con- 

More s i l i c a  gel may be used b u t  care should be taken during sampling tha t  

As an a l t e r n a t i v e ,  the 

to  the t r a i n  assembly. 

68 
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about , t o  begin .  0.1 ri 
Place 100 n l  of  wa&s i n  each o f  t h e  first'2do inp,fcS?rs, Ieavs 

_ -  .. 
t h e  t n i r d  i;;pinger e ? q t y ,  acd place a p p r o x i x t c l y  2%-330 9 o r  r o r z ,  

a .  .- 
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i f  x x e s s a r y ,  o f  p r e : e i g h &  s i l i c a  gel i c  t h e  fotirth iz2inSzr.  9ecord 
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.'.* I ths by-pass vaive u n t i l  X% lcn Pa (15 < n .  pn) v a c c x  i s  reach&. ( +  ' . .  

Ps m t  rzverse d < r e c t f o z  of 5y-nass vz?ve. This wiil c a s e  w- .- 
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list < n p f r , ~ 2 r  and cap the im?inpr. 

-. 

'. i 

. .  
.. 

After  r r ip i rg  o f f  t h 2  s i l i c c r , ~  $ E X ; ,  . .'. 
. .  

. .  
C S ~  o f f  the f i l t e r  holder o u t l e t  and i m p i n g r  inist; Either grcczd' .. 

glcss stop3er-s o r  o l a s t i c  czps o r  s e r m  caps zay 52 cs2d t o  c l c s e  

th2S2 0psn:'ncs. . .  . . .  

.. .. 
. .  . 

. . .  . .z . .  . .  
.. 

,I 

. .  arza .  Tkfs a r x ,  sksuld k c!e;n ane n r o t x t e l  frcz the wizd so tkt . .. 
: . . . . . . . . . . . . . . . . . . , . . . 
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After  ensuring t h a t  a l l  j o i n t s  a r e  wiped clean of s i l i cone  grease,  clean 
. . -. 

the  ins ide  of ttie f ron t  ha l f  of the f i l t e r  holder by r u b b i n g  t h e  5 ” :  :ii:xs with 
. .  a nylon b r i s t l e  brush and rinsing with 0.1N HN03. Rinse ezch surface three  . 1  

, 
times o r  more i f  n e e d d t o  remove v i s i b l e  pa r t i cu lz t e .  

the b r u s h  and f i l t e r  holder.  

a r e  col lected i n  the sample container,  t i g h t e n  t he  l i d  on the saxple costainer  

so t h a t  0.1N HN03 wil l  n o t  l eak -ou t  \;‘hen i t  i s  shipped to  t h e  laboratory.  

sure  and record the t o t a l  quant i ty  o f  0.1N;HN03 used for  r icsfng.  

h e i g h t  of the f l u i d  level t o  determine whether o r  n o t  leakage occurred during 

t ranspor t .  

Make a f ina l  r i n se  of 

After a l l  0.1N HN03 v:ashings and  pa r t i cu la t e  matter - 
- 

Mea- 

Kark the 

Label container t o  c l ea r ly  ident i fy  i t s  contents. 

Container 40. 3. Note color  of indicat ing s i l i c a  gel to  determiti? i f  i t  

Transfer the has .been completely-spent and  make a notation of i t s  condition. 

s i l i c a  gel from the fourth impinger t o  the or ig ina l  containe? and  s ea l .  A f u n -  

nel may make i t  eas i e r  t o  pour the s i l i c a  gel w i t h o u t  sp i l l i ng .  

man may be used as an a id  i n  removing the s i l i c a  gel from the ixpinger. 

n o t  necessary t o  remve the small amount of dust  par:S:cles t h a t  may adhere to  the 

walls and a r e  d i f f i c u l t  t o  remove. Since the gain in  weight i s  t o  be used f o r  

moisture ca lcu la t ions ,  do not use any water o r  other  l i q u i d s  t o  t r ans fe r  t he  

s i l i c a  gel .  

analysis.  

A rubber police- 

I t  i s  

. _  

I f  a balamce i s  avai lable  i n  the f i e l d ,  follow the procedure under 

Container No. 4. Each of the f irst  th ree  impingers and t h e i r  connecting 



. .  . .  . .  
& 

glassware i s  clsned in  the same manner using the following procedures: 

( 1 )  1c:pinger hall  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)  Imping-rs a re  rotated.' and ag i ta ted  using the  imp i ng er 
f ; +T 

r 
contents a s  the,,l;inse so lu t ion .  

( 3 )  The impinger par t s  ( inner  and outer  tubes)  must not be separated . 
*while t r ans fe r r ing  t h e i r  contents t o  a measuring conta iner .  The out1.i ba l l  

. j o i n t  cap should be removed and the  contents drained through t h i s  opening. 

(4)  The l i qu id  i n  the f i r s t  three impingers i s  measured e i t h e r  t o  

within - + 1 ml by u s i n g  a 500-ml graduated container  o r  t o  within + - 0.5 g by 

using a balance. 

notation of any co lor  o r  f i lm  observed i n  t h e  impinger  ca tch ,  i s  recorded 

i n  the log. 

moisture data  recorded from the s i l i c a  gel. 

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

The volume or  w e i g h t  of l i qu id  present ,  along with a 

T h i s  amount of l i q u i d  ( l e s s  the i n i t i a l  charge) i s  added t o  the 

The measured impinGer contents - - 
o . / M  

(5) Approximately 50 m l  o f  i s  poured i n t o  

The r&ec i s  then drained 
o . I I J  NrX;, 

each of the three impingers and again ag i ta ted .  

through the o u t l e t  bal l  j o i n t s  i n t o  the  No. 4 sample container  2s before. 

This operation i s  repeated a second time a f t e r  which the impingers a r e  

inspected f o r  any abnormal condi t ions.  

(6) The b a l l  j o i n t s  of the glassware connecting the irnpingers, 

. and the back h a l f  o f  the f i l t e r  holder a re  wiped f r e e  
0 . 1  N HNC3. . .  . . . .  

T h i s  
(Note: --- Do cot  r i n s e  

- of s i l i c o n e  5rs:se and rinsed twice with 

rinse i s  placed i n  the impinger contents  container .  

o r  brush the glsss-fri t ted support .)  
' --- 



!. i 
. .  . .  

4.3 Analysis . .  

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

4.3.2 Lead Sample  Preparation. 

4.3.2.1 F i l t e r .  C u t  the  f i l t e r  i n to  s t r i p s  and t r ans fe r  the s t r i p s  - . 
and a l l  loose pa r t i cu la t e  matter to  a 125 ml Erlenmeyer f l a sk .  Rinse the p s t r i  

dish w i t h  a small portion o f  d i s t i l l e d  water t o  assure  a quant i tz t<ve  t r ans fe r  atid 

add these r insings t o  the f lask .  Evaporate the solut ion t o  dryness in  a hood over 
and 

a steam bath. 

n i t r i c  acid. Reflux f o r  two hours and cool t o  'room temperature. Rinse the con- 

denser column w i t h  a sinal1 amount of deionized d i s t i l l e d  water and remove the 

f l a sk .  

remaining g lass  f i b e 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  t he  f i l t r a t e .  

cylinder.  

. 

Add 15  ml deionized d i s t i l l e d  waterA15 m l  r e d i s t i l l e d  concentrated 

F i l t e r  t he  sample t h r o u g h  the mil l ipore f i l t e r ,  r i n se  the f i l t e r  and the 

Dilute t o  50 ml, u s i n g  a 50-ml graduated 

4.3.2.2 Impinger samples - Evaporate the  l i q u i d  sample to  

ipproximately 15 ml, t r a n s f e r  to an Erlenmeyer f l a sk ,  and add 15  m l  of r e d i s t i l l e d  

concentrated nitr ic acid.  

t o  room temperature, and d i l u t e  t o  50 m l  w i t h  deionized d i s t i l l e d  water. 

Reflux for two hours, r i n se  the condenser column, cool 

4.3.2.3 Probe wash - Treat  i n  the same manner as d i rec ted  i n  

Section 4.3.2.2.. 

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 ters  used i n  the sampling t r a i n .  

and t r e a t  i n  t he  same manner as directed i n  Section 4.3.2.1. 

C u t  the  f i l t e r  i n to  strips 

. . 4.3.2.5 Instrument Preparation - Turn on the power, s e t  the wave- 

l e n g t h ,  s l i t  widih, and  lamp current as ins t ruc ted  by the  manufacturer's manual f o r  

the pa r t i cu la r  atomic sbsorption spectrophotometer. 

cha rac t e r i s t i c s  as  necessary. 

- 
Adjus t  the burner and flame 

4.3.2.6 Lead Determination - After the absorbance values have been 

obtained f o r  the standard Curve (Sectiorl 5 ) .  determine the absorbance of the f i l t e r  
82 
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blank h;,d eccii saxple against  t.bc :-?agent blank. 

. i n  the f i l t e r  blank and i n  each sample from the standard curve. 

concentration f a l l s  above the l imi t s  of the curve, make an appropriate d i lu t ion  

Determine the lead conccntt;ntion, 

If the sanF!e 

with 30% v / v  HN03 such t h a t  the f ina l  concentration f a l l s  within the range of t he  

curve. 

5. Calibration and Standards - 

- 

-- 

5.1 Calibration - Determine the absorbance of the standards against  the reagent 

b lank  (Section 3.4.5). 

analysis t o  assure t h a t  no d r i f t  has occurred. 

bance versus concentration. (Note: For' instruments equipped w i t h  d i r ec t  concen- 

t ra t ion readout devices preparation of a standard curve wi l l  not be necessary.) 

a l l  cases, t he  manufacturer's instruct ion .manual should be consulted for proper 

Lalibration and operational procedures. 

6. Calculations 

These absorbances should be checked frequently during the 

Frepare a standard curve o f  absor- 

In 

6.1 Amount o f  lead col lected - 
M n = M a X A X F d  where 

Mn = Total pg  of lead col lected i n  a f ract ion 

Ma = pg/ml of lead in  the a l iquot  as read from the standard curve 

A = 50 ml/aliquot = sample volume 

Fd = d i lu t ion  fac tor  = 1 if the sample hasn ' t  been d i lu ted  

Mt  = Mn ( f i l t e r ) A + ' k n '  (impingers) - Mn ( f i l t e r  blank) ,  where 

Mt = Total lead col lected 

, 

. + f l  ('*r&- c.J:LzL,) 

6.2 Refer t o  EPA Method 5 f o r  o ther  necessary ca lcu la t ions .  

I 
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PARTICLE S I Z I N G  - SUMMARY AND DISCUSSION 0: kE::,ILTS 

P a r t i c l e  s i z i n g  t e s t s  were conducted a t  a l l  p o i n t s  by  personnel  

from Monsanto Research, Inc .  Because o f  space l i m i t a t i o n s ,  these samples 

were n o t  ob ta ined s imul taneously  b u t  were taken d u r i n g  p e r i o d s  of s i m i l a r  

a c t i v i t y  i n  t h e  prbcess. 

apparatus. 

A, X, and C.  

l i m i t a t i o n s .  

Three one-hour samples were c o l l e c t e d  a t  each o u t l e t .  

done i n  the  p l a n t  l a b  us ing  a ba lance belonging t o  Monsanto. The par -  

t i c l e  s i z e  r e s u l t s  and s i z e  breaks can be seen on t h e  f o l l o w i n g  pages. 

I n l e t  samples were c o l l e c t e d  us ing  "Br inks"  

Ten-minute samples were c o l l e c t e d  i n  t r i p l i c a t e  a t  i n l e t s  

Only one sample c o u l d  be c o l l e c t e d  a t  p o i n t  F due t o  t ime 

O u t l e t  samples were c o l l e c t e d  us ing "Anderson" equipment. 

A l l  we igh ing  was 

The r e s u l t s  are as expected, showing good separa t ion  on the  i n l e t s  

and q u i t e  low l oad ing  on t h e  o u t l e t s ,  con f i rm ing  t h e  e f f i c i e n c y  o f  the  

baghouses. 
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Table 41. Andersen P a r t i c l e  S i z e  Data 

i 
. \ g t  o f  Material (mg) 
I 

. .  
CUM WT PCT 

, n 
D P C  I4T PCT 

.I 1.e .I 
I 0.1 

0 
, I  0 

0.  4 
0.4 
0 .3  
0 . 1  
0 
0 

! 
i _  

i 

58 .06  
3 . 2 3  

0 
. A  

LJ 

1 2 . 9 0  
1 2 . 9 0  

9 .68  

> 3 . 4 3  
3 - 4.3 
2 . 2 2  

1 0 0 . 0 0  
41.94 

n o z z l e  
0 
1 
2 

3 8 . 7 1  
18 .71  1 .51  

1 . 0 5  
, 6 7 0  
. 3 4 3  
.209  
.141 

< .  1 4 1  

- 
3 8 . 7 1  
2 5 . 8 1  

5 
6 
7 

12.91. 
3 . 2 3  
0 

3.23 
0 
0 F 0 

RUN 2 D  

Stage \$t of  Material (mg) 

0 . 3  
0 . 1  
0 
0 
0.1 
0 
0 
0 
0 
0 

DPC PiT PCT 

6 0 . 0 0  
2 0 . 0 0  

0 
3 

s 
0 

2 0 . 0 0  

CUM \IT FrJT 

100. on 
40.00 

0 

n o z z l e  
\ 0 

> 3 . 6 3  
3 . 6 3  
2 .29  
1.51 
1 . 0 6  

.684 

.347  

.210 

1 
2 
3 
4 

0 
20.00 

0 
0 5 

6 n 
'2 

9 
0 
0 
0 

7 
F 

. I 3 9  
< . I 3 9  3 

RUN 3D 

DPC 

73 .57  
3 .57  
2 . 2 2  
1 . 4 8  

' . 6 5 5  
. 3 3 0  
.,203 
. I 3 7  

< .  1 3 7  

___ 

1 . 0 3  

100.00 
0 

35.00 
0 

0 . 7 
0 
0 3 
0.1 

0 
65.00  
60 .00  
45 .00  
30 .00  

5 . 0 0  
0 
0 

, 
2 
3 
4 

0 . 7  
0 . 3  
0 . 5  5 '  

6 
7 
F 

0.1 
.O 
0 

5 .99  
9 

. .I 

106 



. .  
~ . -  . .I 

ii 

! - 
? 

i 

.. 
CUP4 \!I' PCT 

IQO. 00 
64 .52  
6 1 . 2 9  
48 .39  
4 1 . 9 4  
35 .49  
35.119 
32 .26  
22 .58  
1 6 . 1 3  

DPC 

>4.13 
11-13 
2 .58  
1 . 7 4  

WT PCT 

1 . I. 
0.1 
0.1' 

35 .48  
3 .23  

1 2 . 9 0  
6 . 4 5  
6 . 4 5  
0 
3 . 2 3  
9 . 6 8  
6.45 

1 6 . 1 3  

0 . 2  
0 . 2  . 1.22 

.796  

. 3 9 3  
0 
0.1 - - 

, .. 
i 0.3 

0 . 2  
0.5. 

:it o f  blaterial (mg) DPC 

>4.06 
4.06  
2 . 5 5  
1 . 7 1  
1 . 2 1  

.822  

. 3 5 3  

.235  

.15? 
c.155 

\-IT PCT 

1.2 
0.1 
0 
0 
0 
0 
0 
0.; 
0 . 2  
0 . 5  

63 .16  
5 . 2 6  
0 
0 
0 
0 
0 

4 

10.53 
10.53 
1 0 . 5 3  
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_ _  
Tzble 43. i?nd+i'se?. ?article S.i.ze Data - C o n t i n u e d  

S t a g s  

n o z z l e  
0 
1 
2 
3 
4 
5 
G 
7 
F 

R1.iY 5B -- 

S t a g e  

n o z z l e  
0 

2 
3 
1! 
5 
6 
7 
F 

Rli!.! 6n 

:.:e : . _  ~f Xeterfal  (mg). 

1 . 1. 
i 0 . 1 

0.2 
0 

! 0 
0 
0 . 2  
0 . 2  
0 . 2  
0 . 6  

! 
I 

- .. 

1 . (1 

0 
0.1 
9 . 1. 
0.2 
0.2 

c .  ; 

0 . 6  

n -  ;.< - 
0 -  u . j 

0.3 
.o . 3 
0. 
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1 0 0 . 0 0  .., 
5 7 . 6 3  
53.84 
46.15 .I 

46.15  

:-, ,- . - -  - .  . ,. 

.A 

., 

. ... .'.":r:- 
~~ 

. .,. : , . ... - .., . . c . ., _. 





Table 45. Andersen P a r t i c l e  S i z e  Data 
. .  

Ri';.; ! ;G .... 

1 
n o z z i e  >11.00 ' .  ~ 0.7 

0 . 1  1 c 4 . 0 0 -  ! I .  

0.: I -  - 2 . 5 1  
2 1.68 i 3 
3 1.19 0 . 2  

. B O G  0 . 2  

.377  , o  
6 . 2 3 2  0 
7 . I 5 5  0 
i2 < .  1 5 5  0 

!I 

_. .. , 

- Cont inued  

b!T I'CT -- 
53.85 

7 . 6 9  
7 . 6 9  
0 

1.5.385 
1 5 . 3 5 5  

0 
0 
0 
0 

1".00 
46.15 
38.45  
30 .77  
30 .77  
1 5 . 3 8 5  c 

0 
0 
0 

........ 1;,- - :.rp m e  - DPC I*!t of i . i a t e r i e 1  (ng) . I I  ?CT ~ :. I' r ,  1 

n o z z l e  > 4 . 0 3  
0 '1.03 
1 2 .52  
2 1 . 6 9  
3 1 . 1 9  ' . 
4 .807 
5 
6 
7 

.377  

. 2 3 3  

.1.55 
P . <.156 

1 . 5  
c 
0 
3 
0 . j. 
0.1 
3 . 2  
3 
0 
'? 

0 
0 

.A 
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UP.llTED STATES ENVIRONMENTAL PROTECTION AGENCY . .  . ,  .. 
/. . 

. P .O . Robert M a r @ n  
Ref: Globe Union, Canby, Oregon 

I 

The s q l e s  were submitted on 1 inch b\7 @ knch glass fiber f i l ter  
?"ne sanples and blanks w e r e  acid extracted md the extracc strips. 

analyzed by optical  emission spectrography. 

Because no sample were provided the blank corrected r e s u l t s  are 
reported i n  micropars of elerrent per as received smgle.  
found i n  dl1 samples w h i l e  autinnny, s i lver ,  t i n ,  an6 iron were found 
in  lesser  m u n t s  in a few samples. 

Lead w a s  

. . ;+y C r  - -- 5 0  - - - Sn P o i n t  S m l e  No. - sb !% - ..- . 
- PD 

B-outlet  S-77-002-061 87. 1 7  1.6 1 .7  18 0.1 1.3 
i 
, S-77-002-062 86. 17  Q.l 1 . 7  18 (0.05 e 0 . 2  

S-77-002-063 92. 9 4.1 1.8 ( '3 .3  <0.05  .<0.2 

D-outlet  5-77-002-064 340 <0 .05  a.1 ( 0 . 2  < 0 . 3  (0.05 (0.2 

8-77-002-065 180 ~0.05 a.1 <0.2 ( 9 . 3  (0.05 (0.2 

S-77-002-066 180 (0.05 0 .2  <0.2 C 9 . 3  CO.05 CO.2 

C-cutlet 5-77-002-067 35 <0.05 a.l c o . 2  ~ 3 . 3  <3.05 (0.2 

5-77-002-068 360 '0.05 0.1 CO.2  C 9 . 3  <'3.05 <O.? 

s-77-002-069 569 <n.o5 (0.1 < 0 . 2  (9 .3  (3.05 ( 0 . 2  

Table  46. 
EPA F.1.- 1320.5 Ib.. 6-72; . 
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