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INTRODUCTION

The purpose of th?s,test was to obtain data in support of new
source performance staédards for lead acid battery manufacturing plants.
Three control devices %ere tested at both inlet and outlets. These
devices controlled a v%riety of processes and a detailed discussion can
be found in the process description section of this report. Inlet sam-
pling was performed according to Method 5 with the modification of using
.1 normal nitric acid in the impingers in order'to collect any lead
passing through the fitter. OQutlet saﬁp]ing was conducted using a simul-
taneous dual sampling system. One of these was the same as that used on
the intet. The other differed in the placing of the filter behind two
impingers. These trains also contained .1 nitric acid. The purpose of
the dual sampling train was to establish-whether there was any lead
entrapment occurring in the glass frit of the standard Method 5 train.
Details of this method are discussed in the analytiéal section of this
report. |

A total of 45 samples was collected with the positive Toss of only
one as a result of sampling error and one through apparent contamination.
Mass analysis could not be performed because of the use of nitric acid
which would possibly react with lead, creating compounds which would
cause erronecus weight results.

The lead analysis was performed by Monsanto Research at Dayton,
Ohio, using atomic absorption analysis as prescribed in Method 22.

Details can be found in the analytical procedure section of this report.




This test was the first conducted using the draft method and is the
basis for Method 22 evaluation.

Particle sizing was conducted at-a11 locations and trace metals -
analysis was conducted at all outlet locations.

Due to the cyclic operation of the various processes, transvers-
ing was not always in accordance with Method 1.

Visible emission evaluations were also conducted at various times

during the testing program.
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SUMMARY AND DISCUSSION OF RESULTS

Please refer to Table 1 showing the results of the 45 sampling runs.
Only two of the runs ar? obviously void. Run 5B2 apparently was contami-
nated but no explantation of where or how this occurred can be found. Run
14B2 is void because of{samp]ing error. The probe was not connected during
the first 20 minutes johe~third of the test]. This is reflected in the data
as the results are about one-third lower than 14B1. Even though this cor-

relation can be made, 14B2 must be voided as invalid data.

INLET DATA

The inlet data appears to be quite erratic.. This is probably due to
thefact that most- of-the operation is manual, consequently much variation
can be expected due to personnel changes, inconsistent work habits, or

accidental spillages of lead.oxide, etc. Points C and F are almost totally

. manual and also exhibit_the above mentioned inconsistencies. Only the grid

casting operation going to point AX can be considered semi-automatic with
a minimum of manual operation and these data are somewhat consistent.
Point A alsc reflects this pattern for those times when only grid casting

cycles were being sampled.

QUTLET DATA

As can be seen on Table 1, the outlet data is relatively consistent
considering the quite Tow concentrations encountered. As mentioned above,
two of the outlet tests are void. To further substantiate the validity of
the outlet testing,comparison of data from points B and G should be poted.

Data from Point B is consistently lower than that from Point G and it was



'

suspecfed that there was & problem with the baghouse at poirt G. Also,
note that at point G samples number 8 and 11 are noticeably higher and
these correspond with the dry portion of the cycle when paste was being

dumped and vented to the baghouse.

PARTICLE SIZING

Particle sizing tests were conducted at all points by Monsanto

Research Company. A summary of these results can be found in Tables 21-45.

QPACITY
Opacity observations were made wherever possible during the test.
Thefe-were never any-visible emissions observed from any of the three

sources during the week of testing.

TRACE METALS

Trace metal samples were collected using an in-stack filter contain-
ing a glass fiber filter. The purpose of these samples was to discern
if any elements of the hazardous variety existed in the stack effluent.
This analsis was of a qualitative nature to determine if future tests
or standards should consider any parameters other than lead emissions.
Data from this and two other plants verify that no other hazardous pol-

lutants ara identified as constituents of battery manufacturing emissions.
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Table 1. SUMMARY OF LEAD EMISSIONS
g ua ; »g ug b ¢
Run  DSCF FH Filter'  BH Total yg/DSCF  gr/DSCF  mg/Ni° Comments
1€ 61.29 B2 453 1 936 1385.8  1133.8  .01746  40.0397,
2 5815 1181 §77.5 4.41 . 1762.9  1515.8  .02334  53.529v
3¢ 59.67 2.8 8.1,  31.6 82.5 69.1  .00106  2.4407
SA 3227 440 1.54  25.16  466.7 723.1  .0N14  25.536-
A 37.9%  27.9 3.66 2.9  34.5 45.5  .00070  1.607
LA 37.81  15.63 ' - 3.35 61 19.6 25.9  .00039  0.9]6-—
Lr o 3z 1563 3.85 81 20.3 %83 oooas R
F o 26.74 1116 597.8 38.7  1752.5  3276.9  .05046 e
9F  25.20 718.5  202.5 31.1 ° 952.1  1889.1  .02909  6.678
10F  27.88  499.3  164.6 18.34  682.2  1223.5  .01884  43.207
WF  19.02  82.2 203,76  77.4  363.4 955.3  .01471  33.735
Rix 4067 1zlé Broken 1372 1361 167.3 - .00256  5.908 —
25.02  63.5 2.6 5.66  71.8 79.7  .00123 “BTE —~
By 31.09  48.3 4.24 3.47  56.0 90.1  .00139 6z
_I5A  37.72 4.8 3.81 1.16  51.8 8.7  .00106  2.426
10 67.53  14.57  10.9) .35 - 25.83 19.12 00029  0.675
02 _67.20  22.96  ..2.73 -- 25.69 19.11  .00029  0.675 -
201  60.24  23.32  13.48 35 37.15 30.83  .00047  1.089
202 60.36  31.9 2.97 = 34.87 28.89  .00044  1.020  full cycle
301 68.87  16.56 2.4 Tl 19.67 14.28  .00022  0.504
P2 el.23 2.3 o2 - 25.88 18.95  .00029  0.669
. . . .7 7.00 7.15  .00001  0.252
482 48.25 4.73 2.7 - 7.43 770 .00012 gz 3 Full cycles
581  48.23 1.03 3.21 .23 4.47 4.63  .00007  0.164
*] 582  46.43 842 2.19 --  884.19  909.10  .01400 32.104 3 Wet cycles
€81  28.17 .78 2,21 .73 3.78 6.71  .00010  0.237
682  26.97 2.57 1.37 - 3.94 7.30 .01l o0.258  Dry only
781 20.99 .57 .82 1.9 3.29 7.84  .00012  0.277
782 20.12 2.34 .59 - 2.93 7.28  .00011  g.257 ! Full cycle
861  35.86  13.48  °7.15 .35 20.98 29.25  .00045  1.033
862  35.79  23.51 .25 - 23.76 33.19  .00051  3.172 4 Dry cycles
961  38.94 7.47 7.47 .4 15.34 19.70  .00030  0.696
92  38.42  25.15 .16 i 25.31 32.94 00051  1.163 ! Full cycle
1061 38.77 5.94 6.58 59 1310 16.91  .00026  0.597
1062 38.43  20.1 .28 - 20.38 26.52  .00041  0.937 2 Wet cycles
1161 29.76  15.91 6.67 A1 22,99 38.63  .00059  1.364
162 30.03  22.3 .88 - 23.18 38.50  .00059  1.363 O Dry cycles
1281 32.04 1.21 2.7 .76 3.67 7.20 00001  0.257
1202 30,71 3.81 1.95 -- 5.76 9.33  .00014 ° 0,331 3 Urycycles
1331 43.19 .83 2.1 77 3.7 4.26  .00007  0.151
1332 41.57 2.72 1.96 - 4.68 5.63  .00009  0.j99 2 Full cycles
1231 32,10 1.06 3.91 1.03 6.00 9.35  .00014  0.330 .
*2 1482 30.43 2.64 1.6 -- 4.24 6.97  .00011 0.246 2 et cycles
1581  43.56 1.08 3.31 1.08 5.47 .6.28  .00010  0.222
1582 42.42 2.76 . 2.78 -- 5.50 6.48  .00010  n.229 2 Full cycles

®Tatal wg x 50/DSCF.

b.o/DSCF x 0.00001543.

“.:q/D5¢F x 0.035314.

1. Sarple apparently contaminatzd - void.

*2. Probe not attached during are-third of run - void.
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‘LOCATION OF SAMPLING PORTS AND
EXPLANATION OF SAMPLING PROGRAM

The overall p]anf tayout anﬁ location of the sampling points are
shown in Figure 1B.7 "

Point AX - This iocation isoiated the grid casting operaticn en-
abling the collection of samples of emissions from this operation into
the rotoclone providing inlet data from that source. The sampling was
conducted from a single port using a horizonta] and vertical traverse.
A swiveling probe adaptor was fabricated in order to conduct angular
probe movement to reach the vertical traverse points. The horizontal
duct was reached by means of a hydraulic man 1ift. This pofnt was ideal
in that it met Method 1 criteria fof up-and-down stream diameters. The
port was arranged by removing a cleanout door and replacing it with an
aluminum sheet with a 3" diameter hole in the center. Due to building
interference, the nearest Point (H1) could not be reached so Point H2
ﬁas samp]ed.for two periods. Four, one-hour samples were obtained at
this point.

Point A - This point functions the same as Point AX with the addi-
tion of emissions from the wet portion of the paste mixing operation.
The wet portion is when acid is being added to the paste. Therefore,
Point A would furnish data on grid casting plus paste mixing emissions.
This point was also traversed in vértical and horizonial planes. The
first sample (A1) was conducted during three entire cycles for a total

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

22
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portion of the paste mixing operation. leui /7 vas conducted during
four of these cycles for a total of 74 minutes. Three additiunaiwtrg-
verse points were sampled because of the unpredictability of cycle
time. Fjgure 1A showsihow these cycles were sampled.

After making the%e two runs, we moved to_baghouse F and G to
ensure getting data 05 all sources in the time available. We later

returned to Point A. Run A4 and A5 were conducted over full cycles.

Point B - Point B was the exhaust of the rotoclone contfo]ling grid
casting and the wet cycle of paste mixing. An extension was erected and
a traverse of 25 points was selected. A dual sampling train was used in
.order--to compare Method 5 with a modified Pb collection method. These
train diagrams can be seen in Figures Z and 3 . Sixteen samples were
collected during 8 runs. The runs were condqcted simultaneously with

runs at A and AX. Figure 1A graphically illustrates how these runs

were made in relation to process cycles.

Points C and D - Point C was the inlet to the baghouse controlling

emissions from the assembly (or three process operation). Point D is
the outlet, this being a continuous operation, three simultaneous samples

of 72 minutes each were obtained without incident.

Points F and G - Points F and G are the inlet and ocutlet of the

baghouse controlling emissions from the grid pasting operation and the
dry portion of the paste mixing operation. Figure 14 illustrates the

sampling periods for this source.
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Run
number ..
48
5B
6B
7B
128
138
148
158

4A

" 14A
15A

8F-G
9F-G
10F-G
11F-6

PEXXXAXXXXXXXXXXXXX A
XXXXXXXXKE

DRY WET

XXX XXXXXX
XXOOONXOOCXX X XXX XXX

RN AT

PoT TSP

o Al W T A

T Sk A I A R T S R L T N3

NUMBER OF CYCLES

XAXXXXXXXX

PXXXXXXXXXXXXXXXKX

XAXXXXKX

PEXXUXXXXXXXKXXXXXX
PXXXXXXXXXXXXXXAXX

XXXXXXXX
XXXXAXXX

PXOCKXXXXX XX XXXXKXX
DXOOOOBOOOE

AXXXXXXX XXX XX XX XXX

: XXXXXXXXX.
IXXXXXXXXXX

. DRY -- When Paste Mixer Directed to BaghoUsé

" WET -- When Paste Mixer D{rected td Rotoc]oﬁe

During Operation Cycles

FIGURE 1A
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. Graphic Showing how Sampling was Conducted

- o LA Fr-alihts iyt by S bl ;:‘-:'—'—'-:‘7:.':’_'—'_'—';_ Ay vy S t—?l.‘—--:q.?_"_ :——.-u:..._.
DRY  WET DRY WET DRY  WET tima
XXX XXX XX X0 KX XX KX KX KX XX XXXX ) 66
XXXXXXXX XXXXXXXX xxxxxxxxl 63 -
XXXXXXXXN . 44
_ . 34
XX XXXXXX XX XXXXXXX 39 -
XXX XX XX XXXXXXXX 70
XAXXXXXX XXXXXXXXN 54
XXXXXXXXXKXXXXXX 64
OO0 XXX XXX XXXXXXXKXXA . 66
XXXXXXXX XXXXXXXX ) XXXXXXXXE 63
_ XXXXXX XX XXXXXXXXA . 54
XXXXXXXXXXXXXX XXX 64
XXXXX XXX XXX XX XXX XXXXXXXXX a1
. » . 43
XXXXXXXXX 45
XXXXXXXX . KX XXX XXXX 34

:Samples AX, C and D were done on Continuous Operations |
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FIGURE 7
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PROCESS DESCRIPTION AND OPERATION

]
GENERAL DESCRIPTIbN 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 the
molten lead is either pumped or fed by gravity. Lead alloy
'ingots are meited 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 acidris then added, and the mixture is
blended to form a stiff paste. Because of the exothermic
conditions, mixers are usually water-jacketed éﬁd air-cooled
to prevent excessive temperature build-up which causes the

paste to beccm2 stiff and difficult to apply to the grids.
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Varying amounts of expander and other constituents are
added depending $n~whether a positive or negative paste
batch is'desiréd:v“?he time of.the mixing cycle is dependent
on the type of mixerlutilized. 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 griés are called plates
after the paste has been applied). The freshly pasted
plates are transported by a horizontal chain through-a
‘temperatﬁre controlled, heated tunnei about 20 feet long,
where Fhe surface water is removed. Tﬂis 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 chehical 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, bﬁrning, 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.
While machines haée Been designed.which can stack the plates
and separators auéomatically, hand stacking is not uncommon,
even 1n some relaéively large plants. |

(o

Leads (pronoﬁnced leeds) are welded to the tabs of each
positive plate and each negative plate, fastening the
assembly {element) together. This is the burning operatiocn.
An alternative to the welding or bufning 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 negﬁﬁive‘terminal is‘Qeided to
the element. The com?leted 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. Cqﬁers
equipped with openings and lead inserts are aligned so that
the 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.

‘The only difference between ths 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 shippéd without acid. Sulfuric acid is then

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

batterv 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—reducﬁion
reaction wherein the positive plates are oxidized from lead -
oxide to lead peroxide, and theAnegative plates are-reéuced
from lead oxide to metallic lead. This is accomplished by
blacing tﬁe unformed plates in a dilute sulfuric acid
solution and connecting the positive plafes to the positive
p~le 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
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 ba;téries, new
acid added, and a boost charge given to the battery. The
unit is then ready for use and only requires decoration aﬂd
manufacturer's markings.

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
ore 0% two manners. First, the elements themselves_can be

placed into large tanks of sulfuric acid, electrically
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connected, and formed. Some companies p;ace'the assembled
elements directly into tﬁe battery case; Thereafter, the.
formed élements afe removed, the aéid dumped, and the cases
and elements rinsed and dried, reassembled and shipped dry.
i

Formation takes anywhere from one to four days. Most
plante use a 36~ éo 48-hour forming cycle. The charging
rate is high during the first 24 to 36 h&urs, the lower
during the remaining 12 hours. The ampere rates are de-

pendent upon the battery size.  Figure !1 shows a typical

battery plant flow diagram.

- PROCESS DESCRIPTION

Globe Union's Canby, Oregon plant has a normal op-
erating output of 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
diagram 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) Q;nted to
a common stack. The exhaust ducting is designed for a
fourth furnace. A small parts casting furnace connects to

the main casting exhaust system which is cleaned through an
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American Alr Filter Type‘N Roto-Clone system (size 24,
Arrangement D). The small parts produced are battery
element straps used at the Tiegel burning machine. There
are typically'from 26,500 to 30,000 pounds of lead alloy
used in the grid casting furnaces per 24 hour day. Another
930 pounds of lead per shift are used to produce small
parts.

Globe is operating one Beardsley.and Piper paste mixer
in Canby, although two identical mixers were originally
installed. The second mixer, transfer cﬁnveyor, dryer, and
curiﬁg station_have been removed. The common components,
such as the baghouse and lead oxide hopper, were designed as
part-of the two mixer system. A typicél amount of lead
oxide charged during a shift is 28,950 1b. Positive batches
require 2,400 1bs. while negative batches require 1,800 1lbs
of lead oxide.

The paste mi#er exhaust vents to two separate control
systems. As the lead oxide is dumped, the gases are vented
- through an Amefican Air Filter Type 3-96 baghouse. The
system has a 75 horsepower fan. This baghouse-has three
compartments with a total of 636 bags. Total cloth area is
8,755 square.feet, yielding an air~to-cloth ratio of 3.3 to
1. However, one compartment is closed for approximately ten minutes
each hour for shaking and dust settlina. The air-to-cloth ratio during

~ this period increases to 4.9 to 1. The exhaust gases are

40




rerouted during mixing via. an automatic damper toAthe LR
Type N Roto-Clone which also cieans the cast furnace exhaust
gas. p

The paste isgcontinuously applied to the grids as they
are automatically:féd £o the pasting machine. The pasted
grid is then drie&, slit (each grid becomes two plates after
pasting and slitting) and stacked. The pasting operation is
not vented but the drying operation.is.A Slitting and stack-
ing operations are vented to the same Eaghouse 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. Therg is a spare slitting
machine that is periodically used. This 1is also vénted to
the baghouse. However, it was idle during the tests and its
exhaust systembwas dampered frow the baghouse.

‘The_piates are stacked in the proper séquence 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-
celled batteries per eight hour shift for -each of the .COS
machines and 150 three-celled batteries on the Tiegél

machine. The £0S machines produce six-celled batteries
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exclusively but the Tiegel machine produces industrial
batteries with bo#h three, four and six cells. Typically
the COS opératioh rgéuires 1.56 pounds of lead per battery.
The amount used peﬁ battery on the Tiegel burner is es-
timated by plant personnel at one pound of lead per elément
burned. Vents from the assembly area enter a common 36 inch
diameter manifold which connects to an AAF Type 3-106
baghouse equipped with a 100 horéepower fan. Total cloth
area is 9757 square feet, yielding an air-to-cloth ratio of
3.3 to 1. However,.one compartment is closed for approxi-
mately 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 td_capture particulate
emissions.

Globe reclaims lead in-house and also sehds lead
residue to RSR*for reclaim. 1In Globe's remelt'room; the
exhaust gases from the lead reclaim furnace are controlled by
a Roto-Clone,

The plant cleans process equiﬁment using a Hoffman
vacuum cleaning system. The dust is collected in one of
three storagé silos. Air is transported through the clean-
ing svstem via a 100 horsepower fan, and out an eight inch
diameter stack approximately 30 feet high.

NORMAIL PROCESS OPERATION

Source testing was done at Globe Union's Canby plant on

* , .
Reserve Smelting & Refining, Portland, Oregon

, A
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June 15-18, 1976 and June 21723, 1976. Tested were g:id and
small parts castihg (stack 2), slitting (stack 1), paste
mixing (Stacks 1 énd 2) and element assembly (Stack 7).

Test locations ar; shown in Figure 13. Element assembly
(stacking, cast-on-strap, and burning) tests were conducted
continuously for each test while other source tests were
synchronized with the mixing cycle.: Source tests for Stacks
1 and 2 were done during an enéire mixing cycle, while the
mixer was ducted only to Stack 2 (RotS—clone), and while the

" mixer was ducted only to Stack 1 (baghouse}.

Element Assembly

The two COS machines and automatic stacker operate
continuously. The stackers jam frequently but the operation
is down only mbmentarily-—rarely over two-or three minutes,
This does not affect strap casting because there ié a surge
bin for plate stacks between each stacker and cast-on-strap
machine. Likewise, a minor malfuniction of a COS machine
does not effect the stacker. A five to-ten minute shut-down
occurs when there is a change in battery types. This
chancgeover requires a change in plate typé, clearing the
surge bin and adjustment of the stacker and COS machine to
accommodate a different number of plates per element.

The Tiegel machine is much slower than the COS machines.
The associated =stacker is ope?ated only as required to keep

pace with the manual burning operation. Leads {pronounced
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leeds) are obtained from small parts casting and placed on
éach element assembly by hand. Thése element assemblies are
then dipéed in a flux solution and burned manually. After
burning, glue 1is aéplied to each elément prior ﬁo placing it
into the battery case. Changeover to a different battery
model requires a much longer time than the autdmated element
assembly machines because of the wide size range of indus-
trial batteries.

Handling cperations on all three assembly lines are
essentially the same. Befare 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 eiements are
manually placed in the battery cases.

Grid and Small Parts Casting

Grid casting at the Canby plant is completely auto-
mated. All three casting machineé receive lead alloy from
individual poits. After the grid is cast it 1is trimmed, then
plabed 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 o the pasting operationg. Trimming scraps and imper-
fect grids are returned to the associated melting pot. The

pots are independent of the casting machines. Casting is

a4
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stoppéd at times to change from one grid type to another or
to adjust the mold. These shutdowns are brief (less than 5
minutes).

Small parfs éasting is a manual operation. Melted lead

, .

alloy is transferred by a hand held ladle to one of several
molds. After the lead cools and solidifies, the parts are
removed. These parts are used at the &iegel machine as bat-
terv 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 personnél to be less than 10

percent of grid casting.

Paste Mixing

Positive and ﬁegative batches of paste are mixed with
the same mixer. Positive batches are always mixed first
each day because residual positive paéte will not affect a
negative batch but residual negative paste will ruin a
positive batch. Therefore, after mixing negativé paste, the
mixer must be thoroughly cleaned. This cleaning is done on
the niaght shift. The number of positive and neéative
batches depends on plant requirements.

Lead oxide requirements are 2,400 and 1,800 pounds for

a positive and negative batch, respectively. However,

fu

approximately 450 pounds of salvage material, about 5 pounds

f carbon black, and a small amount of expander are added to

O
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negative batches. The salvage material contains lead oxide
that has been removed from defective plates. Carbon black
is added for colof coding the plates. Sulfuric acid is
added to both positive and negative batches and additional

water is added to the positive batch. Both types of paste

are mixed approximately 21 to 24 minutes. The dumping cycle

(the time interval when the mixer is vented to the baghouse)

is normally 10-15 minutes. However,-the-average mixer
charging time is approximately five minutes. If the op-
erator is not at the mixer control station at the end of a
mixing cycle, the mixer automatically shuts off and the
swinging gate valve vents the mixer to the baghouse after

approximately 24 minutes of mixing.

‘Slitting

During normal operation, the slitting machine can slit
up to 196 pasted grids (392 plates) per minute. As the
plates exit the slitter hood, two operators remove the
plates in stacké of 50, strike them against a gréted table
to square them, and place several stacks in layers on skids

to b

{0

t

41}

Xen to the curing room. The grated table is vented
to the baghouse. Common causes of slitter shutdown are

replacing the conveyor belt, changing grid type, changing

M

raste type (positive or negative}, and removal of defective

grids.
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PROCESS OPERATION DURING SQURCE TESTS
Element Assembly (Stack 7)
All of the source tests for Globe Union's element
assembly operations were done on June 15 and 16, 1976. Lead -

throughput for each test varied from 8,580 lb during tést'c
and D1, down to 4}790 1b. during C and D2. However, day
shift battery production was 1,532 and 1,619 batteries on
the COS machines for June 15 énd 16, respectively. Tiegel
machine production is best stated in elements, since it
produces batteries with varying voltages. On the June 15
day shift, 420 elements were produced and on the June 16 day
shift, 552 e%ements were produced. The large variance in
lead throughput was due to differences in total.plate
weights for each type of battery produced during each test.
Table 18 shows important process parameters for each element
assembly source test. For the calculations, batteries were
prorated over-a 7 hour day because of breaks, lunch and
cleanup time.

During sample C3 and D3, one of the thfee.COS machines
was shut down for battery conversion after the test had
started. Since this was a normal occurrence, testing
continued., Unexpected difficulties delayed startup df the
COS machine, but the stacker was operational. After deter- -
mining that there was an abnormal delay in startup of the

COS machine (26 minutes after shutdown), testing was discon-
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tinued. Testsrresumed Qhen all processes were operating
normzlly. Since lapses in production are common in the COS
operation, the 26.minute production stoppage at one machine
should not invaliﬁate the test reéults for samples C3 and
D3. | .

Grid and Small Parts Casting and Paste Mixer During
Wet Cycle (Stack 2)

Uncontrolled emissions frqm grid and small ﬁarts
casting were sampled exclusively on June 18 and 22 at Point
X (Tests X1 through X4). Roto-Clone cbntrolled‘emissions
were sampled at Point B on June 22, 1976 when the_m;xér was
ducted té the baghouse (Test B5). All other tests (Tests Al
through A4, Bl through B4 and B6 through B8) at Stack 2
included éemissions from the paste mixing operation. The
process operating mode for each test of Stack 2 was as fol-
lows:

Exhaust gases vented thru : Test Description
Stack 2 during test*

Grid casting and small X1, X2, B5, X3, X4
parts casting pot

Crid casting, small parts A2, B2, B3, B4, B7, A3
casting pot, and mixer

(sample extracted only

during wet cycle of mixer)

Grid casting, small parts Al, Bl1, B6, B8, A4
casting pot, and mixer

{sample extracted over

entlre mixing cycle)

Tests Bl and Al, B2 and A2, B3 and X1, B4 and X2, B5 and
X3, Bb and X4, BB and Ad were conducted concurrently.

[ -
e - Wa b b A
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Table 18.

ASSEMBLY SOURCE TESTS

'PROCESS PARAMETERS DURING ELEMENT

Element Assembly
Test No.2 Cl, Dl c2, D2 C3, D3
Date June 19875 15 15 16
COS battery 1,532 1,532 1,619
production
(day shift)
Tiegel element 420 420 552
production
(day shift)
Test interval 1024-1150_ _} ltlrl5—___}___5_',3,.41_s 1034--1315b
-——-"'-__--'——’ -
(24 hour clock) .
Lead throughput,
1bs
Paste 4,880 4,440 2,540
Straps 480 480 480
Grids 3,220 2,960 1,825
Total lead 8,580 7,880 4,850

& Refer to Figure

This test was stopped from 1118 to 1237 during equipment

shutdown.

for location of test sites C and D.
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There wers no small parts produéed throughout the
tests. However, the small parts pot contained molten lead
and was vented to the Roto-Clone during the tests. There-
fore, while the léad throughput from small parts casting is
considered zero,!a small amount of lead emissions may he
attributed to small parts casting.

Though all lead pots associated with the casting
machines were heated at all times, tests A2, B2, and B6 were
run with only six of the nine érid cas£ing machines op-
erating. However, these tests were designed to determine
- emissions from-the paste mixer. Tests at site X were’
performed to determine emissions from grid casting. De-
creased grid production will not affect emissions from paste
mixing.

Lead throughput for all stack 2 tests is shown in
Table 19. Grid casting lead throughput was calculated by
using the appropriate shift's lead usage and prorating over
the test interval. Since tests were of varying time lengths,
‘throughputs are also reported in pounds per hour. Hourly
throughputs for the mixer are givén for comparison only
since this is a batch operation.

The mixer was operating normally throughout all ap-
plicable tests. Tests were performed during the mixing of
both positive and negative pastes. Table 19a lists the types

of paste mixed duoring the various tests.
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Table 19A. PASTE TYPE(S) MIXED DURING EACH APPLICABLE TEST

Positive &
Positive . Negative Negative
Bl, Al B4 B3
B2, A2 j ' R6
B7, A3
B8, A4

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 72.5
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
material contained approximately 70 percent solids con-
sisting of lead oxide and a ﬁegligible amount of lead
sulfate. Lead throughput attributed to the mixer for each
Stack 2 test is chown in Table

Slitter and Paste Mixer During Dumping Cycle (Stack 1)

Slitting and stzacking operations alone were tested
curing concurrent tests G3 and F3. All other tests (F and G
1, 2, and 4) involved the dumping cycle of the paste mixer.
All tests invelved concurrent samples of the baghouse inlet

and outlet gas streams. The process operating mode during

cach test was as follows:

N
W




F1, Gl .Mixer.dumping cycféé

F2, G2  Complete mixing cycles
F3, G3-- Slitting and stacking only
F4, C4 .. Mixer dumping cycles

Slitting and-stacking operations appeared normal
throughout applicable tests. During Tests F2 and G2, there
was a problem with the paste feeder which slowed slitting
considerably for less than a ten'minﬁte'interval. . However,
the overall test results should not be affected signif-
icantly. Slittiqg and stackiné lead throughput during the
.tests was calculated using total number of plates slit'
during the shift and an average lead content of 0.324 pounds
per plate.' Table 20 shows the lead throughput for Stack No.
1 tests.

The mixer operated normally during the Stack 1 tests.
Howe&er, both~positive and negative paste batches were mixed
depending on plant demand. For both Batch types, PbhO
dumping is first initiated before the wet ingredients are
édded. The type of paste mixed during each pair of con-

current tests was as follows:

Fl and Gl 3 positive and 1 negative
F2 and G2 1 positive
F3 and G4 Not applicable because the

paste mixer was not ducted
to the control device sampled
during these tests

F4 and G4 3 positive
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Tablezo; LEAD THROUGHPUT FOR EACH STACK 1 TEST.

(CONCURRENT TESTS ARE LISTED TOGETHER)

Stack 1

F2,G2

a ! F1,Gl ¥3,G3 F4,G4
test number® i
Date, June 1976 | 21 21 21 22
Test interval 1024-1302 | 14211504 | 1621-1712 | 0823-09472
{24 hour clock) o
Lead throughput,
during test
period, 1bs.
Slitting 3,430 | 3,600 3,560 3,260
and stacking
Mixer 8,860 1,990 N.A. 6,900
Total 1 12,300 5,590 3,560 10,160
Lead throughput,
1b/hr :
Slitting 5,020 5,020 4,750 5,750
and stacking
Mixer 13,000 2,780 N.A. 12,200
Total 18,000 7,800 4,750 17,900

2 Refer to Figure

for location of test sites F and G.

N.A. - Not applicable
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The weight of lead oxide and of salvage slurry used in
each pasie mixing charging cycle was recorded for each test.

Lead used in the mixer was calculated from these figures.
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HORKING _DRAFT ~ DATE " - 8/9/76

METHOD 22--DETERMINATION OF LEAD
EMISSIOHNS FROM THE MANUFACTURING OF LEAD BATTERIES

1. Principle, Applicability and Range

1.1 Princ%pIe - Partjcu]ate and gaseous emissions are isokinetically sampled
from the source. The co]jected samples are digested in acid solution and analyzed
by atomic absorption spectrophotometry. |

1.2 Applicability - This method is app1%cab1e for the determination of lead
emissions from the manufacturing of lead batteries.

1.3 Range - The upper limit can be cénsiderabiy extended by dilution. For a
minimum analysis accuracy of + 10%, a minimum lead mass of 50 ug should be col-
lected-in each samp1e“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, complete construction details are described in
APTD-0581; for changes from the APTD-0581 document and for allowable modifications
to Figure 22-1, see the following subsections. o T

The operating and maintenance procedures for the sampling train are described
in APTD-0576. Since correct usage is important in obtaining valid results, all
users should read the APTD-0576 document and adopt the operating and maintenance

procedures outlined in it, unless otherwise specified herein.
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nozzie shall be of the bution-hook or elbow cesign, uniess otharwise

i
. L. . . - . . -
cpproved by the Adr inistrator. The nozzle snell be constructed vrim
1
i . e o o . . .
SEEMIASS S 11ess sheei cuding.  Oiher configurations and gonstruction

material may be used subject to epproval from the Adiministrator.

A range of sizes suitabie for isokinelic SGmpliwu should be

available, e.Gv, 0.32 cm (1/8 in.) up to 1.27 w (1/2 in. ) (or ?ar‘er

in increments of Q. 16 cm (1716 in.);_'Eacﬁ nozzle shall be calibrated
accoraing to ;ﬁe procedures outlined in th é alibration section.

2.1.2 Probe 11ner—-30rosi]1cate or Guariz cTnss Tubing with a
neaving sjstem capable o7 maintaining a gas temperature &l the exit end

during sampling of no araater than 20 + 140 ¢ (248 +25% F) or no

- greater than such othar temperature as ;pec1fzad by an epplicedie

subpart of the standards. Since the actual témperature av the Eut!at
ot the probe is not non1toreq dur*rg semplin q, probe s CONSLrUCtEd

according to APTD-058] and utilizing the calibration curves of APTD-057€

or calibrated according to the procadure outlined in APTD-0376 will ba

considerad as acceptable.

o L
— R

i7 nigher volume sampling trains are used) inside diameter (ID) nczzies
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dhen lengih Timitetions, i.e. areater than about 2.5 m (8.2 1), .
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stack gas ve?ccjtz. The face openings &F tbe pitov tube and the nred
nozzle shall be adjacent and parallel o each other, not necessarily
on the same plane, during sempling. The Tree ;pace batween the rozzle
and pitot. tuo; shall be at least 1 9 cm (0 in. ) Tha free space
shail be set based on a 1.3 e (0.5 in.) ID nozzle. If %he samnlin
train is designed for sempling at higher fiow retas then that describad

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

Jdargest sized nozzle shaT] be used to set the free space.

The t ot tube must also meet hc criteria specified in Mathod 2
and calibrated according to the procecurs in the ca11brau1c secticn

o7 that method,.

1Pe1tion of trade names or specific rroducts does not constitute
- erdorsement by the Environmental Protection fcency.
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pressure of 1.3 i (C 05 in.) weter cavoe, micromznometers wiv o -nsi-

Ranomoters ara not éuSl]V adantable to Fi2ld conditions and are not

T easy o use with DuiS ting flow. Thus, methods or oiher davices

accentadle o the Poministrator mav te used when conditicas warrent.

2.1.5 Filter holdaer--Porcsilicate class with a2 glass Trit

als of

ﬁ)

ter support and a silicone rubder gasket. Other mater
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rom. the ﬁdministrator. E.C. s

i oae Tiner is stainless stee?, then the Tilter holdar mey be
stainless steel:. The holder dasicn shell nrov1de a nositive seal

aaainst learace from the outside or around the filter,
<3%1nnﬁhi.
-2.1.6 Filter heating svstem— Mv heating svstem cenable of
maintaining a temperature around the Filter holder during samoling
; 0 C_({O.L,OJQ- T s dw‘m-I' -EEP
of no areater than. .. or such oth EnnarLtuy

as snecified by an aonlicable subnart of the standcrds. A temperature
aaucae capable of 7 measurino temnerature to within 3° ¢ (5. 40 F) shall:

be installed such that temperature sround ths filter holder can be

. regulated and monitored during sampling. Heating systems otner Lhan:'

shown in APTB-(0531 mrav be used.

l") 5255, Impingers ~ Four Crecuburp~Smith impineers comnecatod
\01[:1:1 g.;]:‘:.t:.': v2ll joint fittines. Inmpingors oue, throe, and four
nedificd by repiacing the tip with a 1/2-indh IJ closs tube
to 1/2-inuch from the f£flashk Lotiow. -

are

extending,

in serics
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2.1.8 Metering system--Vacuunm ceuge, leek~Tree hump, thermometers
capedle of measuring temperature to within 3% ¢ (5.49 F), dry cas meter -
with 2% accuracy, and ralated equipment, or eclivalent, &s required Lo :
maintain an jsokinetic sampling réte and to determine serple volume. ¥ -
Sampiing tra1ns utilizing met “rzrg svszc“s designed for highar flow f
rates than that descrived in APTD-0Z8% ov APTD-0576 may be used pro- é'
vided that the specifications in .section 2 of %his method ere met. YWhen ’
the matering system is used in conjunction with a pitot tube, the systen .
shall enable chacks of isckinetic rates.
2.1.9 Barcmeter--Mercury, &navoid, or other baromcbers canebla o ;
_o. rmeasuring atmospheric prassura to within 2 5 mm Ha (0.1 $a. Kg). {
In many cases. the baroﬁatric réacing may sSe obtained from a nearby - *.E
waather bureau station, in which casa the station ya}ue_(which_is- _ -T 5_”_2
the aosolute barome»rmc prassure) shall ba requested and an‘adjust- ‘ g
ment for eTevation differences between the weather station and a -
A
sampling point shall be applied at a rate of minus 2.5 mm Ho (0.1 in, '%
Ha) per 30 wm (100 ftj elevation increase or vice versa for elevation . =
. : ,
dacreasa, g
2.1.10 Gas density determinaticn quipment~-7emperatura and ' '1§
prassure gauges and aas an§1yzer as cescribed in Methods 2vand 3. z
.54" | _.: C j'_ . ;-- s L - .3




2.2 Sample recovery.

2.2.1 Probe jiter énd probe nozzie brushes--tylen bristles =
with stainiess steé] wire handles. The probe brush shall have -i
H .
extensions, at 1ea§t as long a$ the probe, of stainless Sbcé] ryLon,
|
tevion, or simiiarly inert material. Soth prushes shall be prop:rsj '
sizad and shaped to brush out the pr obﬁ Tirer.and nozzla, S .  §

2.2.2_ (flass wash bottles--Two,

2.2.3 Glass sample siorage coptainers--Chemically .bs istant, _ﬁ“La,ﬂ“;;_
"\/f/ A SR L V“h% ==

borosilicate gleass bottles, Tor sewtese washes, 3C0 ml cr 1,000 ml. g

- --Scvew cap closures shall be teflon ruobcr-b ked liners_ci 6 stch g
construction so as to be leak free and prevent chemical attack from “;
O NS

the ecoveme.  (Navrow mouth alass bottles have Seen found to be less
prone to leakage.) Other types of containers must be approved by

[}
the

unless otherwise specified by the Acministrator.

A

..

dministrator.

2.2.4 Petri dishes--For filter samples, glass or polyethylene, = =

2.2.5 Graduated cvlinder and/or bajance--To measura condensed

water t0 within 1 ml or 1 g. CGraduated cylinders sha11 rave sub- ) _'}?
divisions no areater than 2 ml. Most leborztory balances are capedble . 3%,'
o7 weighing to the nearest C.5 g or ]ess. Any of thesa ca]a 1CaEs are

sujtal

silica gel.

b=

-d

-
-

ble for use here and in secu1on 2.3.4. , L ex

2.2.6 Plastic storage containers--Air tight containzrs to store

2.2.7 Furnzl and rnbber policeman=To zid in transfer of silica -
o containar; not necessary if sx]1ca cel is weighad in the field. =
‘ A

o i

JvJ I

e
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2.3 Analysis.

2.3.1 Atomic Absorption Spéctrophotometer with lead hollow cathode

lamp and burner for air/acatylene Tlame.

2.3.2 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 3.

2.3.6 Membrane filters - Mjilipére* SCWPO 4700 or equivalent.

2.3.7 Filtering apparatus - Millipore filtering unft, consisting of
one of the assemblies shown in Figure 22-1. .

2.3.8 Graduated cylinder - 50 ml,

3. Reagents
3.1 Sampling.

3.1.1 Filters--High purity .glass fiber filters, without organic binder
exhibiting at least 99.95% efficiency (S 0.05% 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 supplier's
quality control program is sufficient for this purpose; TFilters shall be Gelman
Spectro Grade, or équivaient, with lot Assay for Pb.

3.1.2 Silica gel--Indicating type, 6-16 mesh. If previously used, dry

at 175°¢C (350°F) for 2 hours. New silica gel may be used as received.

.

3.1.3 0.1 N HN03~—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 (59%) to 1

Titer with distilled water.

3.1.4 Crushed ice.
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v *hat the Filter and nrobe are un to famperature,

and %hat the nitot tube and nrobe ara nronarly nositioned. posicic

Fl

sha nozzie &t the First traversa point with the tio nointing &i

into the cas stroam., Irmadiately start the rumo &nd acdiust the Taow

(0]

o ‘sokinetic conditions. Pomogranhs are available for sampling

trains using type S nitot tubes with 8,85 - 0,02 ccafficient and

when semnling in air or a stack nas with eguivalent den sity (molecular
waight eaual to 25-% £y, which aid in t.u ranid ediustment of tne o ;___
isokinetic samplina rate without excessnve computetions. APTD-CST6 -

dezails the nrocedura for using thesa nomdarenhs. 1T Cn and Hd are
outsice the abova stated rangss, do not use the nemocreph unless. . = =7

approdriatie steps (Sce Peference 7. 7) are saken to cozpensate for o T

...
ratg bl

. . . . . . - [

When the stack is under sicn‘Fican* ne&ét%ve stack'nwessura E‘
fheiant of imoincer q;en), uaPa care to ciose tne coarse GdlLSu Vcive
before inseriina the orobe into the SbﬁCk to avo1d va er back1n .nto' _
the Tilter hcidar.' If necessary, *be nUTD may. be ture 2d on with the . éi'
coarse adiust valve closed. o | ;‘ 8 B L
Vhen thé_ﬁ?ﬁbe is in nosit%ch} Echk“pff the openings arounc
the nrobe and porthole to nrevent unraoresenta tive ¢ilution of the ?
aas stream. - - R T S .:"é
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DUrInd Tod wast run, Méde nelicaig aciustm .\._..\.., to keep the
4 TR e . .
Nerature around the filter nholder at the nroper temperature and

I7 the oressure drop across the ¥iller hacomas teo hich making

s - = P2 -~ mt - [ —— - R L P
in the midst of a sample run, It is recommendad That another complete

Filter assembly be usad rather then sitemoting to chance the Tiiter

itselv. Pfe er tha new Tilter or FiTter assembly is installec
[ G—Q—L AL S Nt L

concuct a Yeak check, The shall inclucde the

-gurmmation of all filter asserbly catches.

B single train shall be used for the ¢nt*re‘;¢mo la .uw, excans
for Tilter and silica oel chances. Howavar, i7 apurGVcd by the
Aéwinistrator, two or more trains mav be usad for 2 single test run
when there are tvwo or mora ducts or sampling ﬁbrts.: T |

ba the total of all sampling train catches.

m

At the end of the samnla run turn off the nurp, remcve th
probe and rozzle from the stack, and record tha final drv a&s me ter

readinc.. Perform a leak check at a vacuum ectal to or arezter than

the maximun reached during samnlina, falculate percent isckinztic (see

calculaticn secticn) to determine wreuﬂer ancih er test run should ba

76

he rcsu1ts shall




2.1.5 Stopcock orease--Acetone insoluble, heat stable silicone grease.

This is not necessary i1f screw-on connectors with teflon sieeves, or similar. are ..

used.
3.2 Pretest Preparation

3.2.1 6N HNOB--Prepared from reagent grade HiNO, and distilled water. Pre-

3
pare by diluting 390 ml of concentrated nitric acid {69%) to 1 liter with distilled
viater, !
3.3 Sample recovery.
3.2.17 O.1N HNO3——Pfepared from reagent grade HNO3 and distilled water
(same soTution as 3.1.3) '
3.4 Analysis
3.4.1 Deijonized, distiiled water,
3.4.2 Nitvric acid, redistilted ACS reagent grade, ;ogceﬁtrated.
3.4.3 30% HN03, v/v. Dilute 300 ml of redistilled concentrated nitric
acid to 1 liter with deionized distilled water.
3.4.4 Stock lead standard, 100 ug Pb/ml - Dissolve 0.1598 g of reagent

grade Pb {NO in about 700 ml of distilled water, add 10 ml redistilled concentrated

3)2
HN03, and dilute to 1000 ml. -

3.4.5 Lead Standards - Pipet aliquots of-l.O, 5.0, 10.0 and 20.0 m] of
the 100 ug/ml stock Tead standard into 100 ml volumetric flasks. Add 30 ml redistil-
led concentrated HNO3 and dilute to volume with defonized distilled water. These
working standards contain 1.0, 5.0, 10.0, and 20.0 pg Pb/mi, respectively. Additional
standards at other concentrations should be prepared as needed. Use 30% HN03, v/v
(Reagent 3.4.3) as the reagent blank.

3.4.6 Alr - of a quality suitable for atomic absorption anaiysis.
. q ¥ _ ¥

3.4.7 Aceiylene - of a quality suitable for atomic absorption analysis.

2]
~d

i
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4. Procedure | |

4.1 Sampling. The sampling shall be conducted by competent personnel experienced
with this test procedure.

4.1.1 Pretest preparation. Al1 the components sﬁa]] be maintained and .
calibrated according to the procedure described in APTD-0576. In addition to those
equipment cleaning procedures; rinse all Samp]e éxposed surfaces with GN HI-.'O3
followed by distilled water.

Weigh approximately 200-300 g of silica gel in air tight contafners to the
nearest 0.5 g. Record the total weight, both silica gel and container, on the con-
tainer. More silica gel may be used but cére shou]& be taken during sampling that
it is not entrained and carried out from the impinger. As an alternative, the
si]ica“gef may be weighed—directly in the impinger or its sampling holder just pridr

\

to the train assembly.

.
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e, febel the shipping conlainer (cless or Diastic pelrs Gishes)
T U ;"\".1 Veagerisa
LaG KEep boiae T?]FEF in.Erds consainer et il times excepe SInG
|
sempling and weighing.
s ; / / 4 /7 - ’
- ( .” ) . v / - . b - -

v
4.1.2 Preliminery ceterminations. Select the sampling site and

wha minimum number of sempling points according to Method 1 or &s

specitied by the Acminisiratlor. Detarmina Lhe-staék pressuve, - - e i;
) ucmpurauure, and the renge of velocitly neads us.ng Methed 2 &nd e ;?
isuure content using Approximation Methad 4 or its alternatives g
or the purpose of making isokinetic scwp11ng rcte ca u?atﬁons. f?
Estimates may be used. Howaver, fin31 results will be basad on eciual i
maasurements nade during the test.‘ ;i
Select a nozzls size based on the range of velocily heads such ?

that it is not necessary to change the rozzle size in order to maintein
isokinetic sampling rates. During the run, do not change the nozz]a..:' -
siia; Ensure tkau the differential pressuve geuge is capable of E
measuring the minimum velocity head value to within 105, or as fz
specified by tha Adminisirator. - | | g:
65 ‘
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Szizct & suitable probe Tiner and prode lengin such zhat el

treverse points can be sampied. Consider sampiing from opposite

sides Tor large stacks to reduce the lengih of prodes.
S S M [ — ] e .
Select & uOua] sampling time grecter than or equal to tha
minimun total sampl:ng time specivied in The test procecures Yov

approximate average sampling rate. Note alsc tha% the minimun tolal
semple voiume is corracted to suandgrd conaitions
it is recommenué' that' 1/2 “r an integral. n rbér o7 minutes be
sampied at each point in order to avoid timekeeping errors
In some circumstances, e.g. betch cycles, it mey be necessary .

to sample for shorter times at the trave*se points end vo ostain

¥

swaller gas sample volumes. In uhese CuScS, the Adzinisirator's
approval must first be obtained. e T

4.1.3 Preparation'of collection train. ODuring preparation and
assemsly of the sampling train, keep all cpeninas whare contaminaticn
can oocur covered until just prior to assembly or until sampling is
about to begin. ca;l“i4‘40;

Place 100 ml1 of waker in each of the Tirst two impingers, leave
the third impinger eipty, and place approximately 200-330 g or more,

iT o nacessary, ov preweighed silica gel in th fourth impinger. Record

70
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S T S R S M e S A
e weiaht of the silice cel and containgr 0 Lhe nearest. .o o, :é :?
Piace The contairer in & clean-n1aca *o'.ﬁauer use in Thz sawnia y k
recovary t
lising & tweezer ¢or clein @ sedlo sureicel gicves, nLale the .
Tedeled {identiied) and weished filter in the filter holder. BRe sure
thet the filter is Ara riv canterad end the casket properiy placad :
SO &S not to aliow {he semple aas siream o civcumvent tha fiiter.
Check Tilter for tears atier GSSde;Y is complated. : ' - ifft
Mnan alass Tirers ara used, install selected nozzle using a _ '25;
Viton A O-ring when stack temoe: ratures arve Tess than 280° ¢ (EQOO F) :
or &n asbhestos sitring ocasket when te e:atures are higher. The V%tc: _
A O-rino and asbastos siring casket are inséa]IGé &s a.seaﬁ where ;é
the nozzle is Connécﬁed 0 & alass Tiner,  See APTD-0576 For details.
Wnen metal liners are used, install the nozzle as above or by & ledk " Ifi
© free direct mec n1ca1 connaction. V“arr ﬁrobe w.:h reat resistant %—
tape or by some. obher mathod Lo note uhe nroperT dxs,ance into the ;
stack or duct for each samn11ng point. o T - _;13
linless otherwise spedif%ed hv the“ﬁdministrator attech a %
temperature probe to the metal sheath of the 5cmo11nq proba so thet _:
the sensor extends teyond the probe tin and does rot fouéh any ﬁeta?. E
its nosition should b2 about 1.6 to 2.54'cm‘(0.75'to 1 iﬁ.) Trom Roth
the nitot tude and nrobe nozzle to avoid ihterference with the cas Tl
Set up the train as in Fioure 5—1,.usinc, if necessary, & véry _
1ioht coat of silicone arease on a1l oround alass ﬁoints,'nreasinc i
' 2
onlyv bne outer nor;1on (see ﬁPTD 0:70) to av01d ncss bility of ' “'ﬂ%
7 "'
. s
v . . .
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Piace crushed ice around the

:0:.4 L\Bal': C|Itc
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assemsied, turn on and set the filter and

power recuired to re
@ X ens (,—lr g 3
O Such other

| .. >

P, } e = - - -
ach. @ tamperatursof 520
i )
Temparature

P! AR

and/or Tilter

probe liner, -leak ¢hack the train at *.

qing the nozzle and pulling a 330 ma Ho (15 4§
1

ouer vacuum may he used provicad that it is ndt exceaded during the

- train during the leak check. Instead, leak check the

first piugaing the -inlet-to thae Filtar holder.

o
-
(s

o

~vate in excess of &% o

(0.02 cim), whichaver is less, is unaccep:

1

The following leak check instruction

descridad in APTD-0576 and APTD-0581 may he helpful.

3

viith

-

by-pass valve .“ITy open ard coarsa

closed, Partially open the coarse cddnst valve

the by-pass valve until

Po not reverse direction of by-pass valve. Thais

“back up into the filter holder. If 2380 rm ¥ (15 in.

72

< . test.) If an asbestos strina is usad, do not cornect the pr

train

'8

rain and leak chack at about 25 o Po (1 in, Fc) Vacuunm.
tehle in either case

for the sampling

tart

280 rn Mo (15 in. Pa) vecuum is reachad.

. st

h n cennect

R~ ,‘- 17

will cause wadz==¥ to

as ehove oy

Y 4
vie [oag

£
o

A leakage

£ the averege samnling vate or 0.00057 n/min.

*

w

<t

gun

The pump

adjust valve CCﬂﬂlat 1y

‘and slowly clcsa

Fa) is exceaeded,

5-0[141\56'.‘-_. . :
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SET B4 CRRCK av wiis Digner Voduus ofr el the .céx ciack »s

cak. check s complated, Tirst slowly vemove the

piug Trom the inlet to the probe or ¥Fiiter holder and Trrcd:a?e Y

Lurn OFT the vacuum pump.  This prevents the impincery
‘ . ' .
- I' - . - - - - d :
Fram Seing Torced backward into tha Tilter hoider and silica gel

-~ . . n -_1 ) L ¥ . p o= . e -
Trom teing encvrained backwarc Tnts the third impinger.

test, pDrior 10 each test run, and &t the coms
17 leaks are found o be in axcess of ﬁ.e acceptable rate, the test

wiil be considered invalid. To reducs iosi time due to ?eakage o¢-

currances, it is recommended that l&ak checks be cc“duc»ac between
Lore changes at the highest vaCqu reading drewn during that sampling
traverse. }

2,1.5 Particulate train operatic --Dur.nq the sempiing run,
ysokinetic sempling rate to within 1C%, or &s specifie d by the
Acministrator, of true isokinetic and the temperature around The

tar of no greater than 120 2 14° ¢ (248 = 25° F}, or as Spe f Ga

-
ats
—t
cr

by an applicable subpart of the standards, shall be mawntained.
For each run, racord the date required on ‘he exemple czia
shzat shown in Figure 5-2. Be sure to record the initial dry gas
meter reading. PRecord the dry ocas meter reacings at the begirning
and end of each sampling time incremeni, when changes {n f{cw rates
re mace, and when sampling is halted. Take bther data point reacing

zt least once 3%t zach sample point during each time incrament and

LR ST RSP
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JR 4.40:;—-"’“&'\.&_1&'&“&.““ CRT IS PR

O. AN KNG

G
3

f ihe aestiing used ?rr clia Mas & ble
5

this eacateme a

. . . . ." ,._ ,,‘7
s . W AT
s . [« TN BRI
b,..:.:-.'l_. }.‘ = d ] T m o mamde o L P I R T L L e - [H
UL e &2 e!uG Use sn a O QSS S(l.n ‘\. [P \..(J A% u,...\:lc_‘k.. CAE Cobsi-
Irnspect the train priocr ©0 and during disgssernnly &nd Note LnyY

Caretu

Tiv remove the vilter From the <ilter

=~ and nlace in.its identivied matri &ish container.

o7 tweazers and/or'c?ean disposabia surcical oloves to hendic the
fiiter.. I¥ it is necessary to fold the 7iiter, €o so such that the
sarticulate céke is insfdé the fold, ONuantitetively remove any
narticuiace.mé er and/or filter whicn echevres to the filter noicen casus

bv caretully using a dryv nvlon bristle brush anc/cr & sherp-acoad

blaige

2

and piace into this conta' ar.

]

Container Vo,

. Taring cire to see thet dust on &
the proba or other exterior surfacas dces not et into the semdle,
tativelv recover particulete matier or any condensate i

probe nozzle, nrobe fitting

the wash,into a alass container in the follewinc renner:
/ / / - - —-—. g ma-oo - - - - bd - + -'-, - - e u(u ke

tarerul:y reﬂove +re nrobe nozzle and

o N MM
nsinc with acrione from

¢lean the inside surfeace

a wash bottie and brushino with e nvicro

-

bv r &
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last impinger and cep the impinger. L

. .
S - R

. &= s R . U T T -
Lhere 15 CATVICUINY AN MAATe LN NG \SGainetic va

+o source conditions, consult with the ﬁdminis:ra Loy Tor po.
e

verience on the isoxinevic rales.

4,2 Swiple recovery. Proper cleanip procedure tegins &s

savriod. A?]ow the prodba to cool.

When the prooe can be safely hanaled, wipe ofv &1l external -
par;fcu]ate matter near the ﬁip of the probe nozzle and_plaée & cap
. . D0 not cap
oFF the probe tip Tightly vihile the samp?ing trein is ccoiing down &s
seluliom
from the impingers into the filter.’

BeTore moving the sample train o *ne cleenup si te. remova oty
prode Trom the sample train, wipe ovi th _5111coné araase, and ¢Ip’

the open outlet of the probe. B& careful not to lose any concensaia

4T present., Wipe off the silicone grease From the Tilier inlet whare

fter wiping off the silicons grease,
czp off the filter holder outlet and impingar iniet, Either ground
gless stoppers or nlastic ceps or serum caps may be used to c}cse
these_openings. - : ' o '

-~

Troa sfer the orobe and Ti{lter-impinger assembly to the cleanup

arza. This areaz should be clean and nrovected vrem the wind so thet

+ .

78
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siciing in & similar way untii 0o vigitie narticies vomain.

~

LA

QUG ccﬂd@ﬁ* 1ntb jts upper end, while roveting “na probe SO
. ) (_DJ’J f‘f\-’s .
anet 231 inside survaces vill bz rinsec wilh JeeEsne. l.et tha
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o visuai inspecuwon. With stainless steal or cther matal p“CuES.

un the brush through ir the above prescribad mannar a% least six times .

-

since metal probes have small crbv1cos 1ﬂ which particulate matier can
’ f//\/u-:

se entrapped. Pinse the brush with azz;n;e znd auantitatively celiact
thasa washings in the sample coniainer. Fiter the brushing make a
. AN O '
final scetese rinse of the probe as dascr1bed aoove.’

17 is recommended that two peonza ke used to c]ean the pr ot: kel
minimize losing the sample. Eetween sampiing runs, " keep brns”cs clean

nyotected rcm con;a n t*on.
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After ensuring that all joints are wiped clean of si1jc6ne grease, clean

the inside of the front half of the fi]tef holder by rubbing.the Suirases with

a nylon bristle brush and vinsing with 0.1IN HN03. Rinse each surfaﬁé thfee Cor
times or more if needed to remove visible particulete. Make a final rinse of

the brush and filter holder. After all 0.1N HNO3 washings and particulate matter .
are collected in the sample contaiher, tighten the 1id on the sample container
so that O.1N HNO3 will not Teak out when it i§ shipped to the laboratery. Mea-
sure and record the total quantity of 0.1N3HH03 used for rinsing. Marik the
height of the fluid level to determine whether or not leakage occurred during
transport. Label container to clearly identify fts contents.

Container to. 3. Note color of indicating silica gel to determinz if it

has been completely -spent and make a notation of its condition. Transfer the
silica gel from the fourth 1mp1n§er to the original container and seal. A fun-
nel may make it easier to pour the silica gel without spilling. A rubber police-
man hay be used as an aid in removing the silica gel from the impinger. It is
not necessary to remove the small amount of dust pariticles that may adhere to the
walls and are difficult to remove. Since the gain in weight is to be used for
moisture ca1culatiohs, do not use any water or other liquids to transfer the
silica gel. If a b&]ance is availabie in the fie]d,-fo]low the procedure under

analysis.

Container No. 4. Each of the first three impingers and their connecting
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glassware is claned 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
S e -
T |\"":l N

contents as the,rinse solution.

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

-while transferring their contents to a measuring container. The outlet ball

_Jjoint cap Qhou1d be removed and the contents drained through this opening.

(4) The.liquid in the first three ihpfngers is measured either to
within + 1 m] by using a 500-m1 graduated container or to within + 0.5 g by
using a balance. The volume or_weiéht of 1iquid present,'along with a
notation of any color or film observed in the impinger catch, is recorded
in the log. ‘This amount of Tiqu{d (less the initial charge) is added to the

moisture data recorded from the silica gel. The measured impingar contents

O.IN  HAO;
(5) Approximately 50 ml of _ ' is poured into
' R O 1 FHAS;

each of the three impingers and again agitated. The water is then drained

are poured inte the No. 4 container,

through the outlet ball joints into the No. 4 sample container as before.
This operation is repeated a second.time after which the impingers 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 free
. ' <. ‘A /'/:A/L’):,_
of silicone grezse and rinsed twice with ~ ° o This

rinse 1s placed in the impinger contents container. {Note: Do rot rinse

or brush the glass-fritted suppart.)

i -+ Tt : +

(7} Hu.::\u.n._. llh-c;. LR T

'/;-‘lv Yins ‘\%, 8]
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4.3 Analysis

4.3.1 Weigh the silica gel to the nearest grém.
4,3,2 lLead Sample Preparation.

4.3.2.17 Filter. Cut the filter into strips and transfer the strips.: N
and all loose particulate matter to a 125 ml § Erlenmeyer flask. Rinse the patri
dish with a small portion of distilled wafer to assure a quantitetive transfer and - -
add these rinsings to the flask. Evaporate the solution to drynmess in a hood over
a steam bath. Add 15 ml deionized distilled wate$:?5 ml redistilled concentrated
nitric acid. Reflux for two hours and c091 to room temperature. Rinse the con-
denser column with a small amount of deionized distilied water and remove the
flask. Filter the sample through the millipore 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-m1 graduated
cylinder.

4.3.2.2 Impinger samples - Evaporate the 1iquid sample to
approximately 15 ml, transfer to an Erlenmeyer flask, and add 15 ml of redistilled
concentrated nitric acid. Reflux for two hours, rinse the condenser column, cool
to room temperature, and dilute to 50 ml with deionized &}stil1ed vater.

4.3.2.3 Probe wash ~ Treat in the same manner as directed in
Section 4.3.2.2.

4.3.2.4 Filter blank - Determine 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 poﬁer, set the wave-
length, s1it widih, and Tamp cufrent as instructed by the manufacturer®s manual for -
the particular atomic ebsorption 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 curve (Section 5), determine the absorbance of the filter
82
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blank and ecch sample against the weagent blank. Determine the lead concentration.

in the filter blank and in each sample from the standard curve. If the sample
concentration falls above the Timits of the curve, make an appropriate dilution

viith 303 v/v HNO3 such that the final concentration falls within the range of the

curve.

5. Calibration and Standards

5.1 Ca]ibfation -~ Determine the absorbance of the standards against the reagent
blank (Section 3.4.5). These absorbances should be checked frequently during the
analysis to assure thet no drift has occurred. Frepare a standard curve of absor-
bance versus concentration. (Note: For instruments equipped with direct concen-
tration readout devices preparation of a standard curve will not be necessary.) In
all cases, the manufacturer's instruction manual should be consulted for preper

dalibration and operational procedures.

6. Calculations

6.1 Amount of lead collected -

Mn = Ma XAX Fd where
Mn = Total ug of lead collected in a fraction
Ma = ug/ml of Jead in the aliquot as read from the standard curve

A = 50 ml/aliquot = sample volume

-
L]

d dilution factor = 1 if the sample hasn't been diluted

B ;/\ . (lc\ rniaf-:.... \'.A-"-I_"..L-\>

. AT A .
¢ M, (f11ter)ﬂ+ M (impingers) - M, (filter blank), vhere

= X
it (]

Total lead collected

6.2 Refer to EPA Method 5 for other necessary calculations.
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PARTICLE SIZING - SUMMARY AND DISCUSSION Or KESULTS |

Particle sizing tests were conducted at all points by personﬁe1

from Monsanto Research, Inc. Because of space fimitations, these samples
were not obtained éimu]taneous]y but were taken during periods of similar
activity in the pr%cess. Inlet samples were collected using "Brinks”
apparatus. Ten-minute samples were collected in triplicate at inlets

A, X, and C. Only one sample could be collected at point F due to time
Timitations. Outlet samples were collected using "Anderson" equipment.
Three one-hour samples were collected at each outlet. A1l weighing was

done in the plant lab using a balance belonging to Monsanto. The par-

" ticle size results and size breaks can be seen on the following pages.

The results are as expected, showing good separation on the inlets
and quite low loading on the outlets, confirming the efficiency of the

baghouses.
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RUN 1D

Stage

nozzle

0

RUN 2D

Stage

nozzle

Mo

[ R e s R ) BN U LN

RUM 3D

Stage

nozzle

T 1OV N O

v

= oW

S = VT W N

v
[ondll el SR WS RV

DPC

43
.22
.51
.05
.670
. .343
. 209
L1441
<.141

DPC

.63
.63
.29
.51

.684
. 347
.210
139
139

_DPC

.57
.57
.22
.48
.03
. 655
. 330
.203
- 137
. 137

Table 41. Andersen Particle Size Data

'"ﬂt of Material (mg)

- .

COOoOO0OCOOo OO
= ==

— o

-—

Wt of Material (mg)

Jl

PR -
D OWY N MO OW D

=

ooy ReloNeNo o Rl

=g

—

Wt of Material (mg)

N

L8
DOOOAOOO OO0

-
Ty
=

OO0 OCOCO

-7

AT L) -

106

LA
OV O O

P b

4T PCT CUM WT PCT
.06 100.00
.23 1.9l
38.71
38.71
.90 38.71
.90 25.81
.68 12.91
.23 3.23
S
0
T PCT CUM WT PCT
.00 100.00
.00 40.00
0
0
.00 20.00
0
0
0
0
0
T FOT CUM WP pO7
.00 100.00
)
0
.00 65.00
.00 60.00
.50 45,00
.09 30.00
.00 5.00
0
0
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Table 42. rndersen Particle Size Data - Continued |

RUM 13

=
+3

inge DPC Wt of Material (mg) PCT CuM WT PCT

noroie >h,13
4.13

.48 160.00
.23 . 64,52
.90 61.29
L5 b8 .39 -
Lu5 41,94

35.49
.23 35.49
.68 32.26
U5 22.58

[NERNAS T = S
— )
O DD L T

.22
. 796
- 323
.240
.161

et dora b = e
—
COO0OQOCO OO O
LR
OO W O O

2 <.161 16.13 16,13
Itzizs DPC Wt of Material (mg) WT PCT CUl WT BoT

.06

<
.l

31.55

FPav,vv 0 ovaglea
(83
» 2LV
(AW
OO OO+

i
A
=
S
=
o
N
L o Ll
Ul aunan
(Al WD \O

c - - ™ - . -~ .
.. ha T aris A: - f_'l.t(-” -—’—‘-1 (mg) \[f‘ ng .: P.. .‘."Jr:

IIl= >, 00 0.o 37.50 100, un
4,00 0.1 SN 17 £2.50
- 2.51 0.2 £.333 55,33 '
: 1.€8 0 0 Lg ag
: 1.18 0 0 23,99
- .739 0 0 N35. %5
: 377 0.2 4.333 53,199
! .232 0.2 4.333 i, 67
- . 155 0.2 5.33 33.23
- <,155 0.f 25 .00 25.00
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) Table 43. Andszisen Farticle Size Data -~ Continued y
\ T
RU!N 4B
ey
Stace DPC ¥t _of iMzterial (mg ) U PCT CUN WD PCT -
nozzle >5.19 ! 1.1 42,31 100. 00 v
0 4,19 , 9.1 3.85 57.6%
1 2.65 0.2 7.69 53. 84
2 1.75 : 0 0 46,158 "
3 1.24 | 0 0 46.15
I 773 0 0 45.15
5 ko0 0.2 7.69 LE. 15
6 L2242 0.2 7.69 3504
7 .163 Q.2 T.69 39,77
F <.163 0.6 23.08 23.03
RUN 5B
Stage DFC Wt cf Material (mg) WT PCT TWT OETT
nozzle s, 23 1.0 20,41 100,09
0 4,23 0 0 70.59
1 2.69 0.1 2.54 70.55
2 1.75 n.1 2.94 £7.45
3 1.24% - 0.2 5.5%82 £u,71
T 873 c.2 '5.88?2 £2 022
5 oo N2 5,242 2. %%
6 242 6.7 20 . 5% ST
7 16U 5.3 3.42 2ELLT
F <.l6l 0.6 17.65 I7.Es
RUN 6B
Stage ors WL ooi Fatzrizl (me) HioeUT B
nozzle >4, 23 oLk ¢2.53 125 "
0 h.23 7 1 .
1 2.60 C f T T
2 1.75 0 3 757 '
§ 1.24 0 7 7oL
4 L8773 C.1 5.%3 7,87
5 LU0n 0.2 11.76 75,23 »
& L2482 0.3 17,65 L.z
7 L16H n.3 1748 BLL17
13 <164 ol 23.53 2.7 o
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Table 44, A&ndersen Particle Size Data - Continued

DPC
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DPC Wt of Material (mg) VT PCT
nozzie >4.00 53.85

.00
.ol
.68
.19
.806
37T
.232
.155
<.155

.62

-

.69

.385
. 385

WS I I S
el e A T g
-t L2 =1

OO0 oOOOO0
(SIS
-
OCOOOUITO =t~

Rl -] Ot

ot
<
|8;
o

DPC Wt of jaterizl (mg)

wn
o

age WT O PCT .- noFUT
nozzle >4, 03 1.5 73.95 105,49

0 4.03 0 0 22,73

1 2.52 0 0 2-.0%

2 1.69 0 0 21.°%

3 1.19 0.3 ‘5,26 21,03

i .809 0.3 5.2% 15,75

5 .377 n.? . 10.53 17,323

6 .233 0 0 g

7 .156 0 0 g

F . <,15€ 0 0 .
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SUBJECT:

rroM:
5

TO:

'Pb'int
3-outlet

O~outlet

C-cutlet

. TR o - = -
Pt} -M—«Ml—w:jd&.mmm“ e b e e e AT . R

- S e e nwy”

UMITED STATES ENVIRONMENTAL PROTECTION AGENCY

Analysis of Filter Strips from lead Acid Battery  DATE: September 24, 1976
Industry .

/'J.
Robert H. Jungers, Chief fd:r-Y
ESLACB:SEMCS (MD-78)
Mpr., Tom Bibb [
(MD-13)

P.0. Robert Max*ti":\_n
Ref: Globe Unilon, Canby, Oregon

The samples were submitted on 1 inch by 8 inch glass fiber filter
strips. The samples and blanks were acid extracted and the extract
analyzed by optical emission spectrography.

Because no sample were provided the blank corrected results are
reported in micrograms of element per as received sample. lead was
found in all Samples while autimony, 51lver, tin, and iron were found
in lesser amounts in a few samples.

Saple No. ' Pb Sb Ag Sn e - tn Cr
§-77-002-061  87. 17 1.6 1.7 18 01 1.3
§-77-002-062 6. 17 <0.1 1.7 18 <0.05 <0.2
S-77-002-063  92. 9 <0.1 1.8  <0.3  <0.05 °<0.2

5-77-002-064 340 <0.05 0.1 <0.2 <0.3 <0.05 <0.2
$-77-002-065 180 <0.05 Q.1 <0.2 <3.3 <0.05 <0.2

3-77-002-056 180 <0.05 0.2 <0.2 <B.3 <0.05 <0.2

S-77-002-067 35 <0.05 D.1 <0.2 <3.3 <3.05 <0.2
S-77-002-068 360 <0.05 0.1 <0.2 <3.3 <9.05 <0.2
§-77-002--068 569 <0.05 <0.1 <0.2 <0.3 <0.05 <0.2

Table 46.

EPA Farm 1320-5 (Rev. 6-72)
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