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The purpose of this study was to characterize aerosols present in the breathing zone of a 
potential user after simulating delivery of a laundry product with the presence of enzyme. The 
aerosol was generated from a trigger sprayer attached to a bottle containing the detergent 
formulation. This study was designed to evaluate size distribution of the aerosols suspended in 
air and the relative mass loading of the particles under reasonable foreseeable heavy usage 
situations. The experimental data will provide the information regarding the particle size 
distribution, relative mass concentration and its decay patterns, and estimation of the mass 
balance between the material sprayed from the containers and that caught on the fabrics. The 
tests were conducted by actuating the trigger sprayer 6 inches from cloth targets which were 
oriented either horizontally or vertically. An aerodynamic particle sizer (Aerosizer, API) was 
used to measure the aerosol size distribution, the peak of relative mass concentration and its 
decay pattern during a spray episode. 

The characteristics of trigger sprayers were also evaluated using a Malvern Diffraction 
Particle Sizer (Malvern Instrument, Inc.) to avoid the possibility of picking an abnormal 
trigger sprayer for the experiment 

The study was conducted frrst at Battelle Columbus facility, and later was transferred to the 
Battelle Richland facility. The study protocol was prepared by Battelle and approved by the 
Sponsor's study monitor, Dr. Jenan Al-Atrash of the Soap and Detergent Association. Mr. 
Thomas Vinci served as the study director for the project conducted at Battelle Columbus, and 
Mr. John Decker served as the study director after the project was transferred to the Battelle 
Richland Facility. The signed protocol and the amendments are attached in Appendix D. The 
study was conducted as Battelle Study Number N003043A. The Study was initiated on 
December 29, 1997 with the signing ofthe protocol. 
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2.0 MATERIALS AND METHODS 

2.1 Test Articles 

2.1.1 Prespotter 

The test material was SDA Generic Laundry Prespotter (formulation 14979-H-4-4) contained 
in plastic bottles. The identity, purity, stability and composition of the test article were the 
responsibility of the Sponsor. A description of formulation 14979-H-4-4 is attached as 
Appendix E. The MSDS for the test article is included in the Appendix F. 

A total of 6 bottles were received at Battelle Columbus and Richland facilities. Two bottles 
contained the prespotter with no enzyme and four bottles contained the prespotter with 
enzyme (Savinase 16.0L EX manufactured by Novo Nordisk) at a stated concentration of 
0.5% by weight. Savinase contains 0.0405 grams of pure enzyme per gram of Savinase. 
Therefore there is 0.203 mg of enzyme per gram of prespotter product. The details of the 
shipments are listed in Table 2.1. Lot numbers 15024-H-47-1 and 2 were sub lots from the 
formulation 14979H4-4. For ease in discussion, each lot number has been assigned an 
inventory ID as shown in Table 2.1. In each case the two bottles with the same lot number 
were labeled as # 1 and #2. 

Table 2.1 Prespotter Inventory 

Date Lot Number Inventory Stock Number Number Formulation 
Received (Formulation) ID of Bottles Description 
12-18-97 14979H 4-4 A BA02604877 2 0.5% Savinase 
07-09-98 15024-H-47-1 B 13249-040-CSTF 2 Without enzyme 
07-09-98 15024-H-47-2 c 13249-040-CSTF 2 0.5% Savinase 

The prespotters were stored under refrigeration (2-8°C) upon receipt. The storage condition 
was appropriate for the stability of the test material according to the information provided by 
the Sponsor. The prespotters were allowed to come to room temperature for about 24 hours 
before use. No precipitate was observed prior to use. The expiration date for the test material 
was not given. 

2.1.2 Fabric and Detergent 

A total of two shipments of the fabric were received at both Battelle Columbus and Richland 
facilities. The fabric shipment received at Battelle Columbus was 65/35 cotton/polyester blend 
material. The fabric was washed (2 wash cycles with detergent and 1 wash cycle with water 
only), then ironed and cut into 18" x 18" pieces. The fabric received at Battelle Richland was 
65/35 Khaki cotton/polyester blend material that required pre-washing. A total of 60 yards x 
45 inches of the fabric was received at Battelle Richland facility on July 8, 1998. 

The detergent used for pre-washing the fabric at Battelle was received at the Battelle Richland 
facility on July 7, 1998. The detergent was manufactured by Lever Brothers Company, and 
was labeled as Ultra "all"@ Free Clear Laundry Detergent (Batch No. 835; Section LHD). The 
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identity, purity, stability and composition of the material were the responsibility of the 
Sponsor. The detergent was stored under room temperature condition during the study. 

The fabric used at Battelle Richland facility was pre-washed according to the Standard 
Operation Procedure (SOP BE.I-006-00) developed by Battelle and approved by the Sponsor 
(Appendix H). Following washing, the fabric was cut into 18" x 18" targets that were used 
throughout the experiment. 

2.1.3 Trigger Sprayers 

The identity of the trigger sprayers was the responsibility of the Sponsor. Six trigger sprayers 
(TS800) manufactured by Calmar Dispensing System, Inc. were received at Battelle Richland 
facility on July 7, 1998. The specifications for these trigger sprayers are included in Appendix 
G. The specified average output of the sprayers, based on water at 90 strokes per minute, is no 
less than 0. 75 mL per stroke. The specified spray pattern, also based on water, is a nearly 
circular pattern with a diameter of no less than four inches at a distance of approximately eight 
inches. The spray pattern is considerably smaller when used in the stream mode which was 
used for dispensing the prespotter. These specifications are dependent on the viscosity and 
surface tension of the test article. The six trigger sprayers were evaluated to determine emitted 
aerosol size distribution, output per stroke and spray pattern in order to avoid choosing a 
trigger sprayers with abnormal characteristics for the experiment. The trigger sprayers were 
stored under room temperature condition during the study. 

2.2 Experimental Methods 

2.2.1 Test Chamber 

All spray tests with the exception of the evaluation of the aerosol size distribution of the 
primary spray from the trigger sprayers were performed in a -13 cubic meter test chamber 
with internal dimensions of 88 inches in height, 94 inches in depth, and 94 inches in width. A 
door was located on the left front of the chamber. Windows in the front and right sides of the 
chamber allowed external viewing and video taping of the test procedures. The chamber was 
equipped with a high volume (-2000 cfm) re-circulating HEPA filtration system that was 
used between spray episodes to eliminate residual aerosol inside the chamber and to reduce 
aerosol background level. The filtration system was operated for about 5 minutes with the 
chamber door closed prior to each spray test. During the spray test, efforts were taken to 
maintain minimal air currents by sealing the chamber, turning off all HV AC system and 
minimizing human movement. A 36-inch tall x 48-inch wide x 30-inch deep table with a 6-
inch tall backsplash was located at the right side of the room. All of the spray test apparatus 
was assembled on the top ofthe table. 

2.2.2 Breathing Zone Aerosol Measurement 

Relative aerosol mass and particle size distribution in the simulated breathing zone were 
measured using an aerodynamic particle sizer (Aerosizer Model LD, Amherst Process 
Instruments, Amherst, MA). The Aerosizer was set up for continuous measurement of aerosol 
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concentration with a sampling period of either 15 seconds (at Colubmus) or 30 seconds (at 
Richland). The Aerosizer output that followed each 30-second sampling period included the 
relative mass loading and mass median aerodynamic diameter (MMAD), which were 
dependent on the time after spraying. 

The Aerosizer was attached to the Aero-Diluter, which was operated at a sampling flow rate 
of 2 liters/min. The Aero-Dilute operates by controlling the mass flow of sheath air supplied 
to the Aerosizer. The total airflow through the Aerosizer nozzle remains constant at 
approximately 6 liters/min because it is operated at a choke flow condition. This total flow is 
the combination of sampling airflow and filtered sheath airflow. By regulating the sheath 
airflow, the sampling airflow can be determined by the difference between the total airflow 
and the sheath airflow. The calibration procedure for the Aero-Diluter was followed each day 
of testing after the device reached its normal operating temperature. The normal warm up time 
for the Aero-Diluter is about 2 hours. A small nozzle was used in the Aerosizer during the 
experiments. The size measurement range for the small nozzle is 0.1-200 J.lm. 

2.2.3 Evaluation of Trigger Sprayers 

The aerosol size distribution, mass output and spray pattern of six trigger sprayers were 
evaluated prior to choosing a single representative trigger sprayer to be used for the evaluation 
of the aerosol in the breathing zone. The test article containing no enzyme (Inventory ID B) 
was used for these tests. 

2.2.3.1 Aerosol Size Distribution from the Trigger Sprayers 

Size distribution of aerosols generated from the six trigger sprayers was measured using a 
laser diffraction particle sizer (Mastersizer Model X, Malvern Instruments Ltd). A 300mm 
receiving lens was used which covers the particle size range of 1.2-600 J.lm. The experimental 
configuration for the measurement of the particle size distribution (PSD) is shown in Figure 2.1. The 
exit of the trigger sprayer was positioned at 20 mm from the lens to the center of the device to avoid 
vignetting, and 120 mm from the laser beam axis to the tip of the trigger sprayer to avoid its 
interference with the laser beam. The measurements were repeated 5 times for each sprayer with a total 
of six sprayers. The refractive index of the formulation was measured using a refractometer (ABBE 
MARK II, Leica). The refractive index ofthe formulation is required by the Malvern Diffraction 
Particle Sizer to calculate the aerosol size distribution. 
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Figure 2.1 The Experimental Configuration for the Size Distribution 
Measurement without the USP Induction Port. 

2.2.3.2 Characterization of Spray Pattern 

The spray pattern and mass balance of the aerosol from the trigger sprayers were also 
characterized in order to identify a trigger sprayer to be used throughout the prespotter testing. 
The test article containing no enzyme (Inventory ID B) was used with the trigger sprayers 
during the testing. The mass balance was determined by weighing the containers before and 
after the spray episode, and weighing the mass caught on the fabric. 

The fabric targets were supported on the table in a vertical orientation as shown in the Figure 
2.2. Each fabric target was backed with a single layer of plastic-backed absorbent paper 
(19"x19"), and supported with the top edge 19.25 inches from the tabletop, and 6 inches from 
the front edge of the tabletop. A pan was placed below the fabric target to catch any test 
article that may drip from the target. The pan was raised 1.75 inches from the tabletop by a 
spacer. The trigger sprayer was located 10.25 inches above and at a 90-degree angle to the 
tabletop and 6 inches from the surface of the target. The fabric target was weighed together 
with the pan before and after the spray episode. The spray episode was repeated three times 
for each trigger sprayers (a total of six trigger sprayers). 
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Figure 2.2 Relative Orientation of Table, Trigger Sprayer, Vertical Target (side view) 

2.2.4 Evaluation of the Prespotters: Horizontal Target 

The configuration and locations of the trigger sprayC?r. the fabric target and the sample port 
were intended to simulate potential regions of likely human exposure. The fabric target was 
placed on a layer of plastic-backed absorbent paper, which was laid on a tabletop surface at 36 
inches above the floor. The front edge of the plastic-backed absorbent paper was 
approximately aligned with the front edge of the tabletop. The trigger sprayer was located at a 
45-degree angle 6 inches from the center of the prespotter "stain" in the vertical plane 
perpendicular to the surface of the fabric target, perpendicular to the front edge of the tabletop 
and passing through the center of the target. The detailed relative orientation of the table, 
trigger sprayer, and the sampling port is depicted in Figures 2.3 (side view) and 2.4 (top 
view). 

The aerosol size distributions and relative mass concentrations were measured using the 
aerodynamic particle sizer (Aerosizer, API). 
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Figure 2.3 Relative Orientation of Table, Trigger Sprayer, Horizontal Target, and Sampling 
Port (side view) 
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Port · " 
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, 
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30" 

Figure 2.4 Relative Orientation of Table, Trigger Sprayer, Horizontal Target, and Sampling 
Port (top view) 
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The HEP A air filtration system was turned on about 5 minutes with the door of the testing 
chamber closed, followed by the measurement of aerosol concentration in the air using 
Aerosizer to check the background of the testing chamber. After finishing the background 
check, the spray episode was begun by turning on the Aerosizer, and waiting for one minute 
to start actuation. The actuation sequence was manually controlled to provide a uniform force 
that delivered five sprays to the fabric target at a rate of one stroke per second. This was 
repeated again for a total of six fabric targets with a 1 0-second lag between targets. After 
finishing the spray, the aerosol concentration in the testing chamber was continuously 
measured for a total of 11 minutes to observe the decay pattern of mass median aerodynamic 
diameter as a function of time, as well as to determine the peak and the duration of the aerosol 
concentration in the testing chamber. 

The experiment was repeated 5 times both for container # 1 and container #2 of the test article 
(Inventory ID C). The total mass output during the spray episode was determined by weighing 
each container before and after the above mentioned time-controlled actuation sequence as 
well as weighing the fabric targets collected in a plastic pan. The information of the mass 
balance was obtained by comparing the net loss from the containers and net gain on the fabric 
targets together with the material collected in the plastic pan. 

2.2.5 Evaluation oftbe Prespotters: Vertical Target 

The relative orientation of the table, trigger sprayer, fabric targets, and sampling port for the 
vertical orientation experiment is shown in Figure 2.5. Each fabric target was backed with a 
single layer of plastic-backed absorbent paper ( 19"x 19"), and supported with the top edge 
19.25 inches from the tabletop, and 6 inches from the front edge of the tabletop. A pan was 
placed below the fabric target to catch any test article that may drip from the fabric target. The 
pan was raised 1.75 inches from the tabletop by a spacer. The trigger sprayer was located 
10.25 inches above and at a 90-degree angle to the tabletop and 6 inches from the surface of 
the fabric target. All other experiment procedures were the same as the horizontal 
configuration described in section 2.2.3 above. 
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Figure 2.5 Relative Orientation of Table, Trigger Sprayer, Vertical Target, and Sampling 
Port (side view) 
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3.0 STATISTICAL METHODS AND DATA CALCULATIONS 

3.1 Statistical Methods 

The average value (mean) and standard deviation (SD) of the experimental data were 
calculated according to the following equations: 

Mean= L',x 
' n 

n""' x 2 -~~ xY 
SD= LJ ~ 

n(n-1) 

3.2. Particle Size Calculations 

(1) 

(2) 

The particle size distribution measured by API Aerosizer is represented by the aerodynamic 
mass median diameter (MMAD) and and the geometric standard deviation (GSD). The 
MMAD is the diameter of the unit density particle that has the same setting velocity as the 
particle in question. Mass median diameter (MMD) is defmed as the diameter at which 500/o 
of the sample is smaller and 50% is large than the MMD, and is expressed as d (v, 50). The 
relationship between the MMD and the MMAD can be expressed as 

MMAD= MMD .JP 

where pis the density of the particle, which was assumed to be 1.0 g/cm3 for this study. 

Under assumption of lognormal distribution for the aerosol, the geometric standard deviation 
(GSD) can be expressed by: 

GSD= d(v,84.1) 
d(v,50) 

where the d.( v, 84.1) is the mass median diameter at which 84.1% of the sample is smaller than 
indicated diameter. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Spray Pattern and Mass Balance from Trigger Sprayers 

The spray patterns from six trigger sprayers can be observed from the video recorded during 
the experiment. A copy of the video is included as part of this report. The mass balance 
between the loss from the spray container and the mass caught on the fabric target are shown 
in Table 4.1. 

Table 4.1 Spray Pattern and Mass Balance from Six Trigger Sprayers. 
The vertical orientation (FigUre 2.2) was used for these tests 

Net loss from Net gain on Circular Shape of 
Trigger container fabric %MD• diameter pattern 
Sprayer (g) (g) (mm) 

4.7 4.4 6.38 14.5 circle 

Sprayer 1 4.9 4.7 4.08 15.0 circle 

5.0 4.6 8.00 14.5 circle 

Mean(SD) 4.9 (0.2) 4.6 (0.2) 6.15 (2.0) 14.7 (0.3) .,: ... .. 

<· -:_·: __ ;···, ' ' ·:i 

4.3 4.4 0.00 21.0 circle 

Sprayer2 4.4 4.3 2.27 20.0 circle 

4.4 4.4 0.00 20.5 circle 

Mean(SD) 4.4 (0.1) 4.4 (0.1) 0.77 (1.3) 20.5 (0.5) ... - ~ -~- -, 

4.3 3.9 9.30 14.0 circle 

Sprayer 3 4.4 4.2 4.55 14.5 circle 

4.4 4.3 2.27 14.0 circle 

Mean(SD) 4.4 (0.1) 4.1 (0.2) 5.37 (3.6) 14.2 (0.3) ;; _-: : .. --_ , __ ... _, ';:-,: ' 

4.3 4.3 0.00 17.0 circle 

Sprayer4 4.1 4.1 0.00 18.5 circle 

4.1 4.0 2.44 17.5 circle 

Mean(SD) 4.2 (0.1) 4.1 (0.2) 0.81 (1.4) 17.7 (0.8) ' ..,. ', ' <: '·:': -:·: __ ;,c ,•· 

4.0 4.1 0.00 18.0 circle 

Sprayer 5 4.2 4.1 2.38 17.5 circle 

4.0 3.9 2.50 17.5 circle 

Mean(SD) 4.1 (0.1) 4.1 (0.2) 1.63 (1.4) 17.7 (0.3) :. -·· . .- - ; '" ' ;~_ ' . . . 
5.6 5.1 8.93 17.5 oval 

Sprayer6 4.2 4.0 4.76 17.5 oval 

4.0 3.8 5.00 16.5 oval 

Mean(SD) 4.6 (0.9) 4.3 (0.7) 6.23 (2.3) 17.2 (0.6) ·:··-'>.·-. .· .. ;; . ,, · 

•%MD (Percent of Mass Difference) = (Net loss from the container-Net gam on the fabnc) x100%/Net loss 
from the container. 

As can be seen from the above table, the spraying patterns from the sprayers were circular 
shapes except one sprayer (Sprayer 6) that had an oval shape. The circular diameter varied 
from 14 mm to about 20 mm. The percentage of mass difference was also calculated 
according to the equation shown at the footnote of Table 4.1. The difference varied 
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significantly from 0 to about 9%, which might be due in part to the low resolution of the 
balance used with respect to the mass weighed. 

The particle size distribution from six trigger sprayers was also measured using Malvern 
Diffraction Particle Sizer as described previously. A 300mm lens was used during the 
experiment. This lens resolves particles in the size range from 1.2 - 600 J.lm. The Malvern 
accurately evaluated the particles from the trigger sprayers that were within this range. 
However, particles generated by the trigger sprayer that were larger than 600 J.lm were not 
resolved by the Malvern. Therefore only the resolvable portion of the size distribution was 
presented in the figures (refer to Appendix C). It would provide misleading information if one 
were to calculate the mass median aerodynamic diameter based upon this partial aerosol size 
distribution. Therefore, these calculations were not done and the evaluation of the trigger 
sprayers was based on a visual compaison of the particle size distribution figures. 

Within the particle sizes that could be resolved by the Malvern, all six trigger sprayers varied 
from one spray episode to the next. Several showed a marked bimodal particle size 
distribution. Trigger sprayer # 4 was chosen to be used for all of the breathing zone tests 
because it was similar to sprayers 1 through 6 with respect to mass output, the spray pattern 
was circular in shape, and the diameter was about in the middle range of the diameters from 
other trigger sprayers. Trigger sprayer #4 also had the most consistent particle size distribution 
within different spray episodes. 

4.2 Results of Mass Balance 

The experiment was initiated at Battelle Columbus and finished at the Battelle Richland 
facility. The experimental data were recorded at both locations, and are presented according to 
their locations. 

4.2.1 Data Obtained at Columbus 

Table 4.2 Experimental Data of Mass Balance Obtained from Columbus 
Sample Container Fabric %MD" 

Pre-Weight Post-Weight Net-Weight Pre-Weight Post-Weight Net-Weight 
(g) (g) (g) (g) (g) (g) 

Container 1 876.4 848.2 28.2 943 .6 970.5 26.9 4.61 

Inventory ID A 848.2 820.5 27.7 945.1 972.2 27.1 2.17 

Horizontal 820.5 792.5 28.0 946.8 973.9 27.1 3.21 

792.5 765.1 27.4 941.4 968.5 27.1 1.09 

765.1 737.4 27.7 944.4 971.4 27.0 2.53 

737.4 709.9 27.5 951.3 978.2 26.9 2.18 

Meaa(SD) [, } ~,:; ~ : : ,- / . 27.8 (0.3) : .' ~ :, ,:- >:/ . . .· 
--

27.0 (0.1) 2.63 (1.2) 

Container2 760.8 735.9 24.9 819.4 843.6 24.2 2.81 

Inventory ID A 735.9 709.1 26.8 821.0 846.9 25.9 336 

Vertical 709.1 683.7 25.4 8223 847.0 24.7 2.76 

683.7 658.1 25.6 824.2 848.9 24.7 3.52 

"658.1 632.5 25.6 680.3 704.9 24.6 3.91 

Meaa(SD) -. " 25.7 (0.7) 0 24.8 (0.6) 3.27 (0.5) . -_. ' 

"%MD (Percent of Mass Difference)= (Net loss from the container-Net gam on the fabnc) x 100% /Net loss from the container. 
b only three fabric targets used, each with double sprays. 
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The experimental data of the mass emitted from the container and the mass caught on the 
fabric targets is shown in Table 4.2. It can be observed that the mass balance data was 
relatively consistent between different trials. The average material lost from the containers 
was about 27.8 grams and 25.7 grams for horizontal and vertical targets, respectively. The 
material caught on the fabric targets was 27.0 and 24.8 grams, respectively. The percentage of 
mass difference between the containers and fabric targets ranged from 1.1 to about 4.6%. It 
can also be seen that the container at the horizontal orientation delivered slightly more 
material as compared to that at the vertical orientation. However there was no apparent 
difference in the percentage of mass difference for both orientations. This is different from 
what we observed during the experiment conducted at Richland. 

4.2.2 Data Obtained at Richland 

Table 4.3 Experimental Data of Mass Balance Obtained from Richland 
Sample Container Fabric %~ 

Pre-Weight Post-Weight Net-Wei8ht Pre-Weight Post-Weight Net-Weight 
(g) (g) (g) (g) (g) (g) 

Container 1 413.9 385.4 28.5 322.1 350.5 28.4 0.35 
Inventory ID C 385.4 355.9 29.5 321.1 350.0 28.9 2.03 

Horizontal 355.9 326.7 29.2 324.0 352.3 28.3 3.08 

326.7 297.1 29.6 322.8 352.0 29.2 1.35 

297.1 268.8 28.3 324.4 351.7 27.3 3.53 

Mean(SD) ' ' : .: ': . 
~; . ;.. .· .;,. . -~ 29.0 (0.6) 

.. . ' . : 28.4 (0.7) 2.07 (1.3) ---. . ·-·. 

Container 2 665.9 636.5 29.4 322.7 351.8 29.1 1.02 
Inventory ID C 636.5 607.2 29.3 321.0 349.8 28.8 1.71 

Horizontal 595.0 566.0 29.0 322.1 350.3 28.2 2.76 

566.0 536.9 29.1 322.7 351.6 28.9 0.69 

536.9 507.7 29.2 323.1 351.6 28.5 2.40 

Mean(SD) l :·:•; · _· ···- ·· fY · './· . .- 5\· 29.2 (0.2) .. :-· ) . ·:)'· ,· 
"':' ' ·._· .. 28.7 (0.4) 1.72 (0.9) 

Container 1 555.9 531.5 28.4 429.3 457.2 25.9 8.80 
Inventory ID C 531.5 502.8 28.7 429.5 456.4 24.9 13.2 

Vertical 502.8 474.0 28.8 430.2 456.7 26.5 7.99 

474.0 445.5 28.5 428.5 455.6 27.1 4.91 

445.5 416.9 28.6 427.6 455.5 27.9 2.45 

Mean(SD) .. -· ... ,;. ;·:·:;·' 28.6 (0.2) : :. __ ;- ,~,- ·<. ··;.:> · · .. ... . • 26.5 (1.1) 7.47 (4.1) ~ / -
., -~ • 4 

Container 2 507.6 479.1 28.5 429.6 456.6 27.0 5.26 
Inventory ID C 479.1 451.0 28.1 429.4 456.0 26.6 5.34 

Vertical 451.0 422.6 28.4 430.5 457.1 26.6 6.34 

422.6 393.9 28.7 430.8 457.9 27.1 5.57 

393.9 365.1 28.8 429.8 456.5 26.7 7.29 

Mean(SD) . · .. . <'. ;:_ · .. - ., ~~ :::. · 28.5(0.3) 
.. - . : 

_. 26.8(0.2) 5.96(0.9) -. '. : ·-:--,~ '- , - - ·- ::;·· .. 7 
. , .. . . .. 

•%MD (Percent of Mass Dtfference) = (Net loss from the contamer-Net gam on the fabnc) x 100% /Net loss 
from the container. 

The experimental data of mass balance for both containers (lot# 14025-H-47-2) obtained 
from the Richland facility are depicted in Table 4.3. There was no difference between the 
average values for different containers as well as the orientations. The mass outputs of the 
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spray at the horizontal orientation were 29 and 29.2 grams for both containers, and the masses 
caught on the fabric targets are 28.4 and 28.7 grams respectively. However there was a 
difference in the percentage of mass difference between the horizontal and vertical targets. 
The material recovered from the fabric target was less in the vertical orientation as compared 
with that in the horizontal orientation. Therefore one would expect that more droplets were 
suspended in the air for the vertical orientation than that in horizontal orientation. 

There are several reasons that might contribute to the difference observed between the 
experiments conducted at the Columbus and Richland facilities. The difference may be due to 
the different trigger sprayers used in different locations. It is also a possibility that there is 
some differences in the experimental set up between two locations. The less movement of the 
fabric targets in the vertical orientation at the Richland facility, which was improved by using 
a layer of plastic-paper as back up, may play an important role in the difference between the 
experimental data. 

4.3 Measurement Results of Horizontal Orientation 

The experimental set up has been discussed in the previous section. The experiment conducted 
at Columbus used two bottles of material (lot# 14979H 4-4, Inventory IDA), which were 
shipped to Columbus when the project was initiated. The material used at Richland was two 
new bottles (lot# 15024-H-47-2, Inventory ID C) supplied by the SDA, and shipped directly 
to the Richland facility. 

4.3.1 Data Obtained at Columbus 

The relative aerosol mass concentration emitted from the trigger sprayer as a function of time 

1.6 

"'& 1.4 
DiJ 1.2 ,! 
Cl 1.0 = ~ 
f 0.8 ... 
6 0.6 u 
IS u 0.4 
il!l 

:i 0.2 
0.0 

0 200 400 600 
Time (seconds) 

Figure 4.1 Aerosol Mass Concentration as a Function of Time for the Horizontal 
Orientation (Container#l, Columbus Data). 

is plotted in Figure 4.1. The Aerosizer measurement period was set for 15 seconds, and 
measured the aerosol continuously for about 10 minutes. The spray episode started one minute 
after the beginning of the Aerosizer sampling (about four measurement points). As can be 
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seen from the figure, the aerosol concentration started to rise after spraying, and decayed 
gradually to the backgroWld level. However the experimental data showed several late 
occuring peaks after about 400 seconds, apparently caused by personnel movement inside the 
exposure chamber. 

The aerosol size distribution as a function of time after spraying is shown in Figure 4.2. The 
size distribution measurements were taken at the same time as the mass concentration 
measurements. Each data point presented in Figure 4.2 corresponds to a data point shown in 
Figure 4.1. The mass median aerodynamic diameter increased as a result of spraying from 
about 2 J.Lm (backgroWld) to about 8 J.Lm, and decreased gradually to about 3 J.Lm after 10 
minutes sampling. The trend of the aerosol size distribution can also be easily visualized 
before and after the spraying episode. 
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Figure 4.2 Aerosol Size Distribution as a Function of Time for the Horizontal 

Orientation (Container #1, Columbus Data). 

4.3.2 Data Obtained at Richland 

The data obtained at the Richland facility of the relative aerosol mass concentrations for the 
horizontal targets as a function oftinie is depicted in Figures 4.3 and 4.4, which illustrate the 
experimental data for containers #1 and #2, respectively. The relative mass concentration 
measured by the Aerosizer increased immediately from the backgroWld level after spraying, 
and then gradually decreased to the backgroWld level. The mass concentration level during the 
backgroWld check was maintained close to zero for both containers, and the peak of the mass 
concentration level was about 0.12 mg/m3 for the horizontal orientation. 

It should be noted that the aerosol mass concentration level from the spray was a relative 
value because of the particle loss in the measuring region of the Aerosizer. 
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As can be clearly seen, the decay pattern of aerosol mass concentration was similar between 
the two containers. There were two decay rates for the aerosol mass concentration after 
spraying. One was the rapid decay rate that took about one minute for the mass concentration 
level to reach around 0.04 mg/m3 and the other was a slow decay rate that reduced the mass 
concentration from 0.04 mg/m3 to background level. 
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Figure 4.3 Aerosol Mass Concentration as a Function of Time for the Horizontal 

Orientation (Container #1, Richland Data). 
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Figure 4.4 Aerosol Mass Concentration as a Function of Time for the Horizontal 

Orientation (Container ##2, Richland Data). 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 

Page 25 
Battelle Study No.: N003043A 

Preparation Date: January 18, 1999 

The aerosol size distributions for the horizontal orientation of both containers measured by the 
Aerosizer are shown in Figures 4.5 and 4.6. The Aerosizer measurement period was set to be 
30 seconds, and continuously sampled for about 11 minutes. The spray was triggered after one 
minute sampling, which produced two data points. As can be seen from Figure 4.5 the mass 
median aerodynamic diameter for the background particles was about 1-2 J..lm. However the 
background data of aerosol size distribution may involve some errors because the number of 
particles was too low to be statistically accurate. 
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Figure 4.5 Aerosol Size Distribution as a Functioa of Time for the Horizontal 
Orientatioa (Coatainer #1, Richlaad). 
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Figure 4.6 Aerosol Size Distributioa as a Function of Time for the Horizoatal 

Orieatation (Container #2, Richland). 
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The mass median aerodynamic diameter increased immediately after the spraying, and then 
gradually decreased to about 4 !Jm at the end of the 11 minutes sampling. The largest MMAD 
during the spray episode was about 6-8 !Jm for the horizontal orientation, which occurred 
about 30 seconds after spraying. The experiments for the horizontal orientation were repeated 
5 times each with six targets and the experimental results were quite consistent between the 
five trials. The mass median aerodynamic diameters were also reduced at almost the same 
decay rate after reaching the highest point during each spray episode. 

The experimental results obtained were consistent for both containers as shown in Figures 4.5 
and4.6. 

4.4 Measurement Results of Vertical Orientation 

The experimental data for the vertical orientation also contains the results from both locations 
at Battelle Columbus and Richland. The experiments were conducted at the Columbus facility, 
and then repeated at the Richland facility. 

4.4.1 Data Obtained at Columbus 

The experiment conducted at Battelle Columbus used container #2 for the vertical orientation; 
container # 1 for the horizontal orientation. 

The relative aerosol mass concentration as a function of time for the vertical orientation is 
shown in Figure 4.7 including both background measurement and spray episode. One ofthe 
experiments had an extremely high concentration after s~raying, which was about 1.2 mglm3

• 

The vertical scale of the figure was reduced to 0.4 mg/m in order to illustrate information of 
the entire experiment in detail. The trend of the aerosol mass concentration after spraying can 
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Figure 4.7 Aerosol Mass Concentration as a Function of Time for the Vertical 
Orientation(Container #2, Columbus). 
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be observed from the figure, however the experimental data fluctuated greatly between 
different trials. 

The MMAD for vertical orientation is shown in Figure 4.8. The MMAD for the background 
particle was about 2 ~m, and increased after spraying. The peak value of the MMAD was 

between 8-10 J.lm as can be seen from the figure. However there is large variation in the 
experimental data between the different trials, and it is difficult to track the decay pattern of 
the MMAD as a function of time for the vertical orientation. 
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Figure 4.8 Aerosol Size Distribution as a Function of Time for the Vertical 

Orientation (Container #2, Columbus). 

4.4.2 Data Obtained at Richland 

The relative aerosol mass concentrations of the vertical orientation are shown in Figures 4.9 
and 4.10 for containers # 1 and #2, respectively. The relative mass concentration measured by 
the Aerosizer increased immediately from the background level after spraying, and then 
gradually decreased to the background level. The mass concentration level during the 
background check was maintained close to zero for both containers, and the peak of the mass 
concentration level was about 0.4-0.8 mglm3 for different trials of both containers. 

As can be clearly seen, the decay pattern of aerosol mass concentration was similar between 
the two containers. There were two decay rates for the aerosol mass concentration after 
spraying. One was the rapid decay rate that took about one minute for the mass concentration 
level to reach around 0.2 mglm3 and the other was a slow decay rate that reduced the mass 
concentration from 0.2 mglm3 to background level. 
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Figure 4.9 Aerosol Mass Concentration as a Function of Time for the Vertical 
Orientation(Container #1, Richland). 
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Figure 4.10 Aerosol Mass Concentration as a Function of Time for the Vertical 

Orientation (Container #2, Richland). 
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The mass median aerodynamic diameters of the vertical orientation are shown in Figures 4.11 
and 4.12 for both containers, respectively. The largest MMAD was about 10 J.Lm after 
spraying, and decreased to about 4-6 J.Lm at the end of the measurement. 
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Figure 4.11 Aerosol Size Distribution as a Function of Time for the Vertical 
Orientation (Container ##1, Ridaland). 
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Figure 4.12 Aerosol Size Distribution as a Function of Time for the Vertical 
Orientation (Container ##2, Richland). 
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The experimental data for the mass balance obtained at both locations were slightly different 
between horizontal and vertical orientations as can be seen from Tables 4.2 and 4.3. From the 
experimental data shown in the tables, the mass recovered after spraying was higher for the 
horizontal orientation as compared to that of vertical orientation. There was no significant 
difference in the experimental data of percentage of mass difference obtained at Columbus 
between horizontal and vertical orientations. However the experimental data obtained at 
Richland (Table 4.3) showed a relatively large difference in the percentage of mass difference 
between two orientations. Another observation made from both the Columbus and Richland 
data was that the mass delivered from the sprayer for the horizontal orientation was slightly 
higher than that of the vertical orientation. 

The experimental data of relative aerosol mass concentration obtained at Columbus had 
almost no difference between two orientations, however the experimental data obtained from 
Richland showed considerable difference between horizontal and vertical orientations. The 
peak. relative aerosol mass concentration ( averafe of all tests) was about 0.14 mg/m3 for the 
horizontal orientation, and was about 0.6 mg/m for the vertical orientation. This difference 
may have been caused by the different formation of aerosol cloud after spraying. The 
phenomena can also be seen from the experimental data of aerosol mass balance, in that the 
mass loss from vertical orientation was higher as compared with that of the horizontal 
orientation. The increase in aerosol mass concentration after spraying was also slightly 
different in that the aerosol mass concentration increased almost immediately for the vertical 
orientation and took about 30 seconds longer for aerosol mass concentration to rise in the 
horizontal orientation. However the result is not conclusive since the sampling resolution of 
the Aerosizer was 30 seconds. 

The mass median aerodynamic diameter was also different between the horizontal and vertical 
orientations. The peak value ofMMAD was 6-8 J..Lm for the horizontal orientation and about 
10 J..Lm for the vertical orientation. 
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This study evaluated the time profile of the particle size distribution and relative mass of 
aerosols near the breathing zone of a potential user resulting from simulated spray delivery of 
an SDA Generic Laundry Spay Detergent (formulation 14979H4-4). Test article with the 
addition of0.5% Savinase (16.0L EX manufactured by Novo Nordisk) was tested using two 
test configurations; a vertical and a horizontal fabric target. In both configurations the spray 
nozzle was 6 inches from the fabric target. The fabric targets were 18 inch square desized 
65/35 Khaki cotton/polyester blend backed with plastic-backed absorbent paper. The test 
article was sprayed from Calmar Dispensing Systems, Inc. Standard TS800 trigger sprayers. 
Six spray triggers were characterized for particle size distribution, spray pattern and mass 
output. One spray trigger, characteristic of the six, was chosen for the breathing zone tests. 

Tests were run at two sites; Battelle Columbus and Battelle Richland. The results of the 
Richland tests are summarized below. The breathing zone tests were conducted on two bottles 
of test article (lot number 14979H4-47-2), both containing Savinase. The same spray trigger 
was used for each bottle. Each test was repeated 5 times for each bottle and each 
configuration. Each breathing zone test consisted of a manually controlled actuation sequence 
of five sprays at a rate of one spray per second repeated six times per cloth target with a 10-
second lag between targets (a total of 35 sprays per target over a period of approximately 80 
seconds). Aerosol measurements were made using an API Model LD Aerosizer. Aerosol 
measurements began one minute prior to the actuation sequence to measure the background 
and continued for 11 minutes following the actuation sequence to measure the time course of 
the aerosol concentration and particle size distribution. In addition to the aerosol 
measurements, the total mass lost from the spray trigger and the total mass deposited on the 
cloth targets were measured during each actuation sequence. 

The spray trigger chosen for the tests had a circular spray pattern with an approximate 
diameter of 18 mm from a nozzle to target distance of 6 inches. The average output of the 
spray trigger was 4.2 grams 

The average mass output for the six spray sequences is shown in the Table 5 .1. 

Table 5.1 Mass Balance Summary 

Container Fabric 
Net-Weight Loss Net-Weight Gain 

Test Configuration (g) (g) 

Container 1; Horizontal Configuration 
' 

29.0(0.6) 28.4 (0.7) 
Container 2; Horizontal Configuration 29.2 (0.2) 28.7 (0.4) 

Container 1; Vertical Configuration 28.6 (0.2) 26.5 (1.1) 

Container 2; Vertical Configuration 28.5 (0.3) 26.8 (0.2) 
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The average output for the spray trigger for each of the four tests was consistent at 28.5 to 
29.2 grams per test or about 0.81 to 0.83 grams per spray trigger actuation. The average mass 
captured on the fabric targets was about 2 grams less in the vertical configuration than in the 
horizontal configuration. Therefore, one might expect that more droplets were suspended in 
the air for the vertical configuration than the horizontal configuration. 

The time course of the mass concentration measured by the aerosol monitor at the breathing 
zone was plotted for each of the tests. The average peak relative concentration and the time to 
reach this mass from the onset of spraying is shown in Table 5.2 

Table 5.2 Peak Relative Aerosol Concentration and Time to Reach Peak Concentration 
Measured at the Breathing Zone for Each Container and Configuration (average of 5 tests) 

Average Peak Average Time 
Relative to Reach 

Concentration• Peak Concentration1 

Test Configuration (mglmi (sec) 
Container 1; Horizontal Configuration 0.14 166 
Container 2; Horizontal Configuration 0.13 166 

Container 1; Vertical Configuration 0.56 94 
Container 2; Vertical Configuration 0.72 122 

Avemge of all tests for each contamer 

The peak relative concentration detected during vertical configuration tests was considerably 
greater than the peak concentration detected during the horizontal tests. The time to reach the 
peak concentration was shorter in the vertical than the horizontal configuration tests. These 
data are consistent with the finding that less test article was captured on the fabric targets in 
the vertical than the horizontal configuration tests. One possible explanation for these findings 
is that the spray was pointed down and away from the breathing zone sample location in the 
horizontal test configuration. In this situation, particles would have tended to be carried away 
from the breathing zone by both momentum and gravity. The affect of both momentwn and 
gravity in carrying the particles away from the breathing zone would be expected to decrease 
as the angle between the spray direction and the breathing zone sample location decreased as 
was the case for the vertical configuration. 
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Date : 01/17/98 

Run name: :ontrol Run : sda1 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0.0076400 2.82 1315 
3 19 0.0032000 1. 840 11';i1 
5 38 0 . 0035300 2. 017 1065 
7 57 0.0034500 2. 030 1083 
9 76 0 . 0030900 1.857 1106 

11 95 0 . 0954000 4.766 2518 
13 114 0 . 0026300 1. 906 861 
15 133 0.0081700 3 . 064 1075 
17 152 0.0032300 1. 889 1063 
19 171 0 . 0097100 3.138 1 212 
21 190 0.0026800 1. 881 91 2 
23 209 0 .'0022800 1.859 803 
25 22 8 0.0126000 3 . 789 1316 
27 247 0.0067400 2.848 1182 
29 266 0.0027200 1.811 102 1 
31 285 0.0036700 2.238 96 0 
33 304 0.0051400 2.294 120 5 
35 323 0.0061200 2 . 630 1150 
37 342 0.0041100 J.191 1100 
39 361 0.0077200 2.896 1256 
41 380 0.0026500 1. 773 1036 
43 399 0.0023200 1 . 636 1069 
45 418 0 . 0042800 2.532 648 
47 437 0.0026200 1. 823 966 
49 456 0. o.036200· 1 .980 1083 
51 475 0.0027400 1. 765 1068 
53 494 0.0027500 1. 797 1007 
55 513 0.0040100 2.069 1189 
57 532 0 . 0044400 2.358 1085 
59 551 0.0033300 1. 987 1109 
61 570 0.0062100 2.510 135 3 
63 589 0.0031200 1. 846 1166 
65 608 0 . 0032500 2.083 935 
67 627 0.0023100 1. 764 902 
69 646 0.0022900 1.872 806 
71 665 0.0020100 1. 704 869 
73 684 0 . 0024600 1.787 1010 
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Columbus Data Page 35 
Date: 01/17/98 

Run name: Horiz Run 1 sda2 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"'3 mean channels 
1 0 0 . 0024700 1. 874 865 
3 19 0.0034200 2.329 884 
5 38 0.0042400 2.019 1109 
7 57 0.0725000 8.842 966 
9 76 0.2410000 9.699 1912 

11 95 0.3560000 8.269 3245 
13 114 0.5910000 9.323 3907 
15 133 0.1440000 7.488 1869 
17 152 0.1410000 7.909 1921 
19 171 0 . 1180000 7.383 1772 
21 190 0.1260000 7.183 1857 
23 209 0 . 1220000 7.359 1798 
25 228 0.1480000 7 . 469 1822 
27 247 0.0970000 6.776 1887 
29 266 0. 0927000 6 . 88 0 1689 
31 285 0.0722000 6.149 1913 
33 304 0.0287000 4.378 1516 
35 323 0 . 0169000 2.836 2084 
37 342 0.0496000 5.725 1606 
39 361 0 . 0440000 5.414 1637 
41 380 0.0521000 5.505 1757 
43 399 0. 0378000 5.110 1643 
45 418 0.0305000 5.o5o 1359 
47 437 0.0235000 3.891 1561 
49 456 0.0138000 3.420 1284 
51 475 0 . 0147000 3.351 1434 
53 494 0.2330000 7.030 4357 
55 513 0.0327000 5.163 1504 
57 532 0.0244000 3 . 931 1698 
59 551 0. 0132000 3.448 1260 
61 570 0.0319000 4.807 1749 
63 589 0 . 0165000 3.662 1460 
65 608 0 . 0030700 5.723 2154 
67 627 0.0054200 2 . 284 1220 
69 646• 0 . 0143000 3.641 1337 
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Columbus Data Page 36 
Date: 01/17/98 

Run name: Horiz Run. 2 sda3 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0.0021100 1. 779 878 
3 19 0.0028100 2 . 090 886 
5 38 0 . 0052200 3.041 879 
7 57 0.0034400 2 .027 980 
9 76 0 . 0097800 3.272 1298 

11 95 0.0632000 6. 83 6 1594 
13 114 0.3220000 8.464 3421 
15 133 0.1600000 8 . 277 1895 
17 152 0.1530000 7.592 2217 
19 171 0.0604000 5 . 797 1946 
21 190 0.8220000 11 . 320 3210 
23 209 0.5790000 5.477 1914 
25 228 0.0485000 7 . 371 1280 
27 247 0.0987000 6.880 2067 
29 266 0.0436000 5.186 1633 
31 285 0.0201000 3.877 1395 
33 304 0 . 0225000 4 . 018 1415 
35 32 3 0 . 0255000 4 . 178 1534 I 

37 342 0.0381000 5 . 183 1450 
39 361 0 . 0502000 5 . 772 1610 
41 380 0.0185000 3 . 736 1427 
43 399 0.0088800 2.653 1359 
45 418 0 . 0261000 5 . 002 1194 
47 437 0.0172000 4. 762 1118 
49 456 0.0213000 3.928 1606 
51 475 0 . 0333000 5 . 144 1539 
53 494 0.0280000 4 . 602 1646 
55 513 0.0145000 3 . 816 1256 
57 532 0.0166000 3. 728 15~9 

59 551 0.0099800 2 . 868 1508 
61 570 0.0148000 3. 716 1337 
63 589 0 . 0114000 3.249 1456 
65 608 0.0138000 3 . 538 1443 
67 627 0.0029500 l. 826 1008 
69 646 0.0179000 4.151 1430 
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Columbus Data Page 37 
Date: 01/17/98 

Run name: Horiz Run 3 sda4 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0.0030100 2.223 950 
3 18 0. 0019200 1. 659 863 
5 37 0.0023600 1.813 870 
7 56 0.0316000 6.345 1091 
9 75 0 . 1180000 8.499 1755 

11 94 0.1870000 8.672 199 0 
13 113 0.1200000 8.045 1862 
15 132 0.1080000 7.270 1992 
17 151 0.2070000 9.451 1855 
19 170 0.1500000 7 . 940 1846 
21 189 0.1210000 7.349 2087 
23 208 0.0741000 6.40 0 1921 
25 227 0.0594000 5 . 602 1826 
27 246 0.0755000 5.975 1996 
29 265 0.0933000 6. 711 1878 
31 284 0.0444000 5. 716 1661 
33 303 0.0367000 4.897 1558 
35 322 0.0457000 5 . 425 1666 
37 341 0 . 0267000 4.525 1454 
39 360 0.0749000 6 . 140 1986 
41 379 0.0523000 5. 728 1700 
43 398 0.0250000 4.300 1532 
45 417 0 . 0876000 7.950 1631 
47 436 0.0405000 5.017 1949 
49 455 0.0669000 6.120 1563 
51 474 0.0364000 4.801 1961 
53 493 0.0193000 3.977 1455 
55 512 0 . 0215000 4.217 1551 
57 531 1.5300000 9.576 5031 
59 550 0.0205000 3.868 1725 
61 569 0 . 0300000 4 . 799 1734 
63 588 0 . 0186000 3.849 1612 
65 607 0 . 2570000 7.240 3.299 

67 626 0.0141000 3.600 1404 
69 645 0 . 0138000 3.586 1469 
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Columbus Data Page 38 
Date: 01/17/98 

Run ni:UI\e: Horiz Run 4 sda5 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0 . 0014600 1. 523 777 
3 19 0.0029900 1. 875 1133 
5 38 0.0021900 1. 703 992 
7 57 0 . 1130000 7.391 1944 
9 76 0.2220000 8.440 2655 

11 95 0.1030000 7.778 1700 
13 114 0.0989000 6.987 2026 
15 133 0.1050000 8.225 1545 
17 152 0.0913000 7.243 1873 
19 171 0.0725000 6.433 1873 
21 190 0.0260000 4 . 579 1591 
23 209 0.0508000 5. 715 2016 
25 228 0 . 0158000 4.880 1354 
27 247 0.0339000 5.129 1466 
29 266 0 . 0523000 5.785 1811 
31 285 0 . 0469000 5.573 1585 
33 304 0.0065900 2.341 1346 
35 323 0.0108000 2.950 1477 
37 342 0.0179000 J.888 1387 
39 361 0. 0037100 i. 874 1220 
41 380 0.0173000 3 . 821 1419 
43 399 0.0119000 3.231 1354 
45 418 0.0166000 4.148 1442 
47 437 0.0129000 3.755 1142 
49 456 0. 0099200 3.007 1420 
51 475 0.0159000 3 . 768 1414 
53 494 0.0124000 3.568 1245 
55 513 0.0121000 3.469 1414 
57 532 0.0123000 3.596 1287 
59 551 0.0079400 3.041 1165 
61 570 0.0034800 1.777 1302 
63 589 0.0035600 1. 866 1248 
65 608 0.0087700 3.093 1253 
67 627 0.0065500 2.663 1188 
69 646 0.0035500 1 . 849 1195 
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Columbus Data Page 39 
Date: 01/17/98 

Run name: Horiz Run 5 sda6 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds rng/rn"3 mean channels 
1 0 0.0016800 1. 576 822 
3 19 0.0023100 1. 822 877 
5 38 0.0018200 1. 680 811 
7 57 0.0299000 5.766 1229 
9 76 0.0719000 7.174 1625 

11 95 0.0844000 7.096 1602 
13 114 0.1340000 7.582 2129 
15 133 0.0641000 6.568 1631 
17 152 0.1020000 7.311 1801 
19 171 0.0782000 7. -612 1470 
21 190 0.0792000 6.470 1762 
23 209 0.0381000 5.205 1545 
25 228 0.0363000 5.117 1633 
27 247 0.0393000 5.216 1529 
29 266 0.0470000 6.093 1417 
31 285 0.0494000 5.869 1576 
33 304 0.0472000 5 . 561 1644 
35 323 0.0467000 5.972 1562 
37 342 0 . 0234000 4 . 541 1407 
39 ·361 0.0035500 1. 910 1091 
41 380 0 . 0128000 3.471 1283 
43 399 0.0275000 4 . 630 1569 
45 418 0.0303000 5.143 1587 
47 437 0.0123000 3.357 1289 
49 456 0.0213000 4.149 1532 
51 475 0.0068600 2.536 1317 
53 494 0.0098400 2.885 1461 
55 513 0.0191000 4 . 309 1349 
57 532 0.0132000 3.555 1443 
59 551 0.0142000 4.022 1297 
61 570 0 . 0088700 3.177 1217 
63 589 0.0121000 3.697 1252 
65 608 0 . 0147000 4.003 1201 
67 627 0.0048500 2.446 1059 
69 646 0.0095200 3;193 1287 
71 665 0.0501000 9.233 52869 
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Columbus Data Page 40 
Date: 01/18/98 

Run name: :ontrol Run sda7 

Mass Particle 
Run Time Loading Si~e sum 

Numbers seconds mg/mA3 mean channels 
1 0 0.0031700 1. 867 1434 
3 18 0.0022000 1. 527 1306 
5 37 0 . 0024000 1.468 1491 
7 56 0.0020900 1. 538 1199 
9 75 0.0027300 1. 755 1300 

11 94 0.0024700 1. 610 1327 
13 113 0.0027300 1. 680 1375 
15 132 0 . 0028900 1.592 1568 
17 151 0.0027100 1.572 1472 
19 170 0.0028500 1. 795 1334 
21 189 0.0037800 2 . 040 1564 
23 208 0.0030800 . 1. 631 1609 
25 227 0.0029600 1. 644 1513 
27 246 0 . 0037300 2.175 1273 
29 265 0.0028600 1. 59 0 1510 
31 2 84 0. 0027200 1. 774 1290 
33 303 0.0034400 2.026 1350 
35 322 0.0028700 1. 78 1 1323 
37 341 0.0042900 2.057 1683 
39 360 0.0029600 1 .702 1412 
41 379 0.0038500 2.001 1499 
43 398 0.0041800 2.036 1575 
45 4:1,.7 0.0025300 1. 496 1564 
47 436 0.001"9400 1. 445 1227 
49 455 0.0020200 1. 401 1397 
51 474 0.0028500 1.621 1466 
53 493 0.0024900 1. 673 1262 
55 512 0.0031200 1. 864 1348 
57 531 0.0030000 1 .. 783 1416 
59 550 0.0030700 1. 914 1302 
61 569 0.0018100 1. 355 l265 
63 588 0.0025400 1. 630 1355 
65 607 0.0021700 1. 535 1281 
67 626 0.0019400 1. 385 1330 
69 645 0.0023800 1. 479 1524 
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Columbus Data Page 41 
Date: 01/18/98 

Run name: Vert Run 1 sda8 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0 . 0023700 1. 534 1298 
3 19 0.0234000 3 . 493 1925 
5 38 0.0025100 1. 532 1399 
7 57 0.0029700 1. 546 1681 
9 76 0.0034000 1. 578 1791 

11 95 0.0024500 1. 563 1342 
13 114 0.0066900 2.761 1608 
15 133 0.2400000 9.623 2886 
17 152 0.1240000 7.399 2675 
19 171 0.0134000 3 . 259 1966 
21 190 0.0302000 5.461 2103 
23 209 0.0155000 3.696 1904 
25 228 0.0650000 6 . 450 2155 
27 247 0.0606000 6.458 2202 
29 266 0.0535000 6.042 2142 
31 285 0.0230000 4. 346 1967 
33 304 0.0188000 3.802 1826 
35 323 0 . 0398000 ~.734 1890 
37 342 0.0042600 l·. 840 1547 
39 361 0.0324000 5.351 1876 
41 380 0.0224000 5 . 527 1709 
43 399 0.0322000 5.545 1665 
45 418 0.0043300 1. 881 1540 
47 437 0.0034200 1. 719 1440 
49 456 0.0062400 2.264 1712 
51 475 0.0074400 3.223 1700 
53 494 0.0117000 3.283 1800· 
55 513 0.0028400 1. 636 1417 
57 532 0.0034700 1. 624 1747 
59 551 0.0058300 2.195 1785 
61 570 0.0079600 2.644 1856 
63 589 0.0034100 1. 678 1602 
65 608 0.0107000 3.399 1794 
67 627 0.0051600 2 . 107 1693 
69 646 0 . 0032000 1. 635 1530 
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Columbus Data Page 42 
Date: 01/18/98 

Run name: Vert Run 2 sda9 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0.0026700 1. 681 1289 
3 19 0.0033700 1. 784 1490 
5 38 0.0024600 1. 567 1330 
7 57 0.0068300 2.669 1659 
9 76 0.0143000 3.380 1869 

11 95 0.0034100 1.871 1403 
13 114 0.1750000 8.605 2 490 
15 133 0.0255000 5.215 1573 
17 152 0. 0133000 3 . 446 1688 
19 171 0.0281000 5.303 1718 
21 190 0.0154000 4.082 1750 
23 209 0.0337000 5.673 1938 
25 228 0.0277000 4.937 1942 
27 247 0.0170000 3 . 768 1913 
29 266 0.0104000 3.216 1668 
31 285 0.0116000 3.247 1801 
33 304 0.0314000 5.479 1881 
35 323 0.0053900 2.202 1612 
37 342 0 . 0100000 2.866 1890 
39 361 0.0049900 2.094 1568 
41 380 0.0055700 2 .269 1612 
43 399 0.0230000 4.993 1912 
45 418 0.0084000 2.614 2035 
47 437 0. 0071100 2.759 1566 
49 456 0.0089000 2.981 1640 
51 475 0.0065800 2.863 1497 
53 494 0 . 0029900 1. 689 1348 
55 513 0.0049200 2.242 1467 
57 532 0.0080200 2.778 1635 
59 551 0. 0072800 2.673 1629 
61 570 0.0054500 2.531 1400 
63 589 0 . 0025600 1.474 1431 
65 608 0.0062300 2.565 1553 
67 627 0 . 0041100 2.101 1485 
69 646 0 . 0032800 1.585 1648 
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Columbus Data Page 43 
Date: 01/18/98 

Run name: Vert Run 3 sdalO 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 .mean channels 
1 0 0.0033900 1. 875 1532 
3 18 0.1150000 4.968 3777 
5 37 0.0028200 1. 727 1385 
7 56 0.0026900 1.514 1523 
9 75 0.0030300 1. 603 1559 

11 94 0.0034000 1. 765 1554 
13 113 0.0252000 4.915 1756 
15 132 0.0028600 1. 659 1379 
17 151 1.3000000 10.470 3971 
19 170 0.0040800 1. 812 1521 
21 189 0.0200000 4.222 1871 
23 208 0.0166000 3 . 891 1743 
25 227 0.0059300 2.439 1436 
27 246 0.0083100 2.822 1622 
29 265 0.0266000 5.261 1788 
31 284 0.0198000 4. 712 1659 
33 303 0.0031700 1. 683 1388 
35 322 0. 00808-00 2.787 1623 
3 7 341 0.0075200 2.812 1431 
39 360 0.0099200 3.332 1481 
41 379 0.0070300 2.790 1495 
43 398 0 . 0080500 2. 721 1715 
45 417 0.0063200 2.553 1470 
47 436 0.0039400 2.016 1349 
49 455 0.0023800 1. 627 1147 
51 474 0.0048900 2.401 1307 
53 493 0 . 0031900 1. 725 1401 
55 512 0.0029900 1. 624 1472 
57 531 0.0063600 2. 672 1534 
59 550 0.0034100 1. 664 1572 
61 569 0.0061300 2.452 1578 
63 588 0:0029900 1. 612 1494 
65 607 0.0042400 2. 105 1482 
67 626 0.0042600 2.216 1323 
69 645 0.0061800 2.572 1533 
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Colwnbus Data Page 44 
Date: 01/18/98 

Run name: Vert Run 4 sdall 

Mass Particle 
Run Time Loading Size sum 

Nwnbers seconds mg/m"3 mean channels 
1 0 0 . 0026600 1. 535 1411 
3 19 0 . 0034400 1. 882 1289 
5 38 0 . 0025500 1. 567 1329 
7 57 0.0031200 1. 696 1338 
9 76 0 . 0094000 3.347 1435 

11 95 0.0628000 5.974 2120 
13 114 0.1270000 8.666 1872 
15 133 0 . 0228000 4.227 1897 
17 152 0.0076300 2.765 1436 
19 171 0 . 0368000 5.495 1807 
21 190 0 . 0164000 3.746 1574 
23 209 0.0216000 4.853 1378 
25 228 0 . 0162000 4.033 1617 
27 247 0.0075400 2.810 1330 
29 266 0 . 0089500 3.414 1401 
31 285 0.0077800 2. 729 1447 
33 304 0.0059400 2.138 1683 
35 323 0 . 0042900 :j,.940 1389 
37 342 0.0060300 2.318 1485 
39 361 0.0103000 3.331 1474 
41 380 0.0054500 2.196 1596 
43 399 0.0083800 3.022 1435 
45 4f8 0.0047700 2.094 1426 
47 437 0.0068500 2.847 1335 
49 456 0 . 0034600 1 . 803 1314 
51 475 0.0033900 1. 762 1369 
53 494 0.0030300 1. 728 1297 
55 513 0.0101000 3 . 241 1503 
57 532 0.0036000 1. 888 1290 
59 551 0.0032200 1. 716 1347 
61 570 0.0027800 1. 713 1167 
63 589 0 . 0031000 1. 805 1225 
65 608 0 . 0031000 1.671 1414 
67 627 0.0058800 1. 407 1427 
69 646 0 . 0058800 2 .664 1354 
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Columbus Data Page 45 
Date: 01/18/98 

Run name: Vert Run 5 sda12 

Mass Particle 
Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels 
1 0 0.0619000 5.249 2432 
3 18 0.0241000 3.632 1625 
5 37 0.0027000 1. 918 973 
7 56 0.0026400 1.820 1052 
9 75 0.0020500 1.555 1061 

11 94 0 . 0034700 1.989 1179 
13 113 0.0367000 5.899 1450 
15 132 0.0745000 8 . 045 1438 
17 151 0.0362000 6.085 1570 
19 170 0. 0118000 3.605 1272 
2 1 189 0.0039700 1. 852 1325 
23 2 08 0.0178000 4.045 1360 
25 2 27 0.0074700 2 .751 1282 
27 2 46 0 . 0038200 1. 848 1294 
29 2 65 0 . 0135000 3 . 730 1306 
31 2 84 0.0259000 5.025 1469 
33 3 03 0 . 0067000 2.612 1272 
35 322 0.0060600 2.225 1548 
37 3 41 0.0088600 3.038 1370 
39 3 60 0.0031500 1. 809 1115 
41 3 79 0.0025200 1. 662 1080 
43 3 98 0.0085800 3.035 1425 
45 417 0.0056600 2.479 1219 
47 436 0.0058200 2.716 1118 
49 455 0 . 0113 000 3.794 1279 
51 474 0.0029900 1. 763 1160 
53 493 0.0055400 2 .383 1303 
55 512 0.0030900 1. 757 1192 
57 531 0.0065800 2 .429 1399 
59 550 0.0024300 1. 660 1079 
61 569 0.0076100 2.901 1452 
63 588 0.0067000 2.949 12.68 
65 607 0.0026600 1. 697 1169 
67 626 0 . 0078100 3 . 307 1253 
69 645 0.0044700 2 . 295 1331 
71 664 0. 2 030000 9.992 89881 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure ft -2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Aerosol Mass Concentration and Size Distribution 
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Figure A-1. Aerosol.!Vlass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Aerosol Mass Concentration and Size Distribution 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 

200 400 . 600 

Time (seconds) 

Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosoll\'lass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Aerosol Mass Concentration and Size Distribution 
for Vertical Target (Container #2, Control Run 1) 
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Figure A-1. Aerosoll\tlass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time." 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Aerosol Mass Concentration and Size Distribution 
for Vertical Target (Container #2, Run 3) 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Figure A-1. Aerosol Mass Concentration as a Function of Time. 
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Figure A-2. Aerosol Size Distribution as a Function of Time. 
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Battelle Study No.: N003043A 
Preparation Date: January 18, 1999 

Appendix B. Experimental Raw Data Obtained from Richland 
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Richland Data Page 59 
Date: 7/23/98 Date: 7/24/98 

Run name: CON1H-81 Mimic Run name: CON2H-B1 Mimic 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m-'3 mean channels 
13 0 0.0001260 1.782 115 357 0 0.0000616 1.397 78 
15 36 0.0002850 1.574 263 359 36 0.0003110 2.252 119 
17 72 0.0001490 1.509 178 361 72 0.0002470 1.580 256 
19 108 0.0002280 1.436 272 363 108 0.0001330 1.439 178 
21 144 0.0001310 1.367 167 365 144 0.0002280 1.516 290 
23 180 0.0003890 1.526 404 367 180 0.0003720 1.613 368 
25 216 0.0002570 1.587 266 369 216 0.0001940 1.463 255 
27 252 ·0.0003940 1.607 374 371 252 0.0003660 1.480 446 
29 288 0.0004930 1.571 505 373 288 0.0003410 1.680 348 
31 324 0.0006080 1.603 591 375 324 0.0002640 1.475 355 

Date: 7/23198 Date: 7/24/98 
Run name: CON1H-T1 Spray test Run name: CON2H~T1 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
33 0 0.0005760 1.575 . 602 377 0 0.0003970 1.324 588 
35 36 0.0007320 1.536 786 379 36 0.0005320 1.396 700 
37 72 0.0011600 1.931 835 381 72 0.0093000 5.472 885 
39 108 0.0638000 7.397 1642 383 108 0.0629000 7.554 1590 
41 144 0.0325000 5.802 2281 385 144 0.0628000 6.758 2799 
43 180 0.1320000 6.476 5068 387 180 0.1180000 7.039 3704 
45 216 0.0521000 6.130 2899 : 389 216 0.0655000 6.521 2734 
47 252 0.0595000 6.364 2386 391 252 0.0388000 5.770 2678 
49 288 0.0331000 6.028 2209 393 288 0.0527000 5.935 2850 
51 324 0.0300000 5.736 2186 395 324 0.0265000 5.243 2276 
53 360 0.0208000 4.797 2237 397 360 0.0365000 5.736 2614 
55 396 0.0217000 5.248 2200 399 396 0.0303000 5.526 2261 
57 432 0.0227000 4.554 2605 401 432 0.0384000 5.330 2897 
59 468 0.0156000 4.569 2190 403 468 0.0300000 5.257 2567 
61 504 0.0204000 4.510 2368 ' 405 504 0.0187000 4.782 2209 
63 540 0.0199000 4.232 2730 407 540 0.0280000 5.491 2281 
65 576 0.0112000 3.810 2288 409 576 0.0200000 4.750 2451 
67 612 0.0131000 4.604 2131 411 612 0.0134000 4.579 2286 
69 648 0.0144000 4.328 2517 413 648 0.0124000 4.308 2091 
71 684 O.D101000 3.816 2224 415 684 0.0135000 4.621 2167 
73 720 0.0279000 4.942 2191 417 720 0.0155000 4.294 2355 
75 756 0.0144000 4.330 2072 419 756 0.0133000 4.068 2259 
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Richland Data Page 60 
Date: 7/23/98 Date: 7/24/98 

Run name: CON1H·B2 Run name: CON2H-82 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
n 0 0.0000126 0.870 46 421 0 0.0000594 1.585 92 
79 36 0.0001230 1.386 148 423 36 0.0001190 1.271 207 
81 72 0.0001230 1.502 150 425 72 0.0001900 1.578 224 
83 108 0.0001960 1.349 283 427 108 0.0001620 1.375 219 
85 144 0.0003060 1.448 335 429 144 0.0003050 1.329 431 
87 180 0.0001640 1.304 253 431 180 0.0002800 1.411 385 
89 216 0.0002570 1.416 344 433 216 0.0003130 1.419 422 
91 252 0.0003110 1.384 378 435 252 0.0002680 1.304 408 
93 288 0.0003580 1.473 427 437 288 0.0002620 1.309 413 
95 324 0.0004640 1.403 598 439 324 0.0003710 1.474 468 

Date: 7/23198 Date: 7/24/98 
Run name: CON1H-T2 Spray test Run name: CON2H-T2 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
97 0 0.0003640 1.340 507 441 0 0.0002660 1.246 413 
99 36 0.0005530 1.481 658 443 36 0.0003830 1.417 506 
101 72 0.0133000 6.037 1150 445 72 0.0297000 6.799 1335 
103 108 0.0162000 6.234 1108 447 108 0.0302000 6.040 1693 
105 144 0.0651000 6.898 2440 449 144 0.1540000 7.701 3072 
107 180 0.1210000 6.911 3663 451 180 0.1260000 7.009 3949 
109 216 0.0326000 5.451 2161 453 216 0.0885000 6.657 3419 
111 252 0.0343000 5.641 2329 455 252 0.0767000 6.427 3059 
113 288 0.0505000 6.387 2338 457 288 0.0780000 6.266 3111 
115 324 0.0464000 6.047 2287 459 324 0.0280000 5.101 2814 
117 360 0.0308000 5.554 2029 461 360 0.0445000 5.987 2526 
119 396 0.0273000 5.304 2234 463 396 o.o2nooo 5.384 2317 
121 432 0.0218000 4.936 2508 465 432 0.0286000 5.475 2408 
123 468 0.0160000 4.817 2049 467 468 0.0271000 5.145 2570 
125 504 0.0071500 3.241 2084 469 504 0.0248000 4.90~ 2499 
127 540 0.0115000 4.246 1845 471 540 0.0239000 5.033 2387 
129 576 0.0223000 4.9n 2320 473 576 0.0358000 5.355 2631 
131 612 0.0132000 4.330 1985 475 612 0.0225000 4.979 2363 
133 648 0.0161000 4.329 2422 477 648 0.0192000 4.658 2504 
135 684 O.D129000 4.656 1925 479 684 0.0158000 4.288 2519 
137 720 0.0108000 4.243 1911 481 720 0.0111000 4.036 2204 
139 756 0.0151000 4.192 2217 483 756 0.0162000 4.418 2370 
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Richland Data Page 61 
Date: 7/23/98 Date: 7/24/98 

Run name: CON1H-83 Run name: CON2H-83 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
141 0 0.0000737 1.493 102 485 0 0.0001310 1.606 140 
143 36 0.0000713 1.278 114 487 36 0.0004570 2.186 267 
145 72 0.0002190 1.485 238 489 72 0.0013800 2.148 1003 
147 108 0.0000789 1.151 144 491 108 0.0002950 1.425 402 
149 144 0.0001110 1.535 120 493 144 0.0001850 1.494 230 
151 180 0.0001990 1.439 247 495 180 0.0002480 1.436 307 
153 216 0.0002950 1.649 312 497 216 0.0003060 1.403 402 
155 252 0.0001900 1.513 223 499 252 0.0003190 1.506 410 
157 288 0.0001730 1.447 217 501 288 0.0003450 1.429 440 
159 324 0.0002100 1.413 291 503 324 0.0002480 1.296 410 

Date: 7/23/98 Date: 7/24/98 
Run name: CON1H-T3 Spray test Run name: CON2H-T3 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
161 0 0.0002660 1.332 395 505 0 0.0275000 5.059 1274 
163 36 0.0003270 1.582 346 507 36 0.0002830 1.164 530 
165 72 0.0302000 7.628 912 509 72 0.0082200 5.324 1030 
167 108 0.0304000 6.006 1548 511 108 0.0358000 6.513 1567 
169 144 0.0693000 6.420 2767 513 144 0.1130000 7.286 3136 
171 180 0.1630000 7.636 2811 . 515 180 0.1150000 6.892 3559 
173 216 0.0958000 6.976 2546 ~ 517 216 0.0641000 6.328 2751 
175 252 0.0391000 6.173 2041 519 252 0.0282000 5.670 1966 
177 288 0.0365000 6.044 1947 521 288 0.0510000 6.270 2074 
179 324 0.0505000 5.924 2492 523 324 0.0297000 5.500 2463 
181 360 0.0180000 5.175 1669 525 360 0.0339000 6.521 2038 
183 396 0.0223000 4.972 2251 527 396 0.0156000 4.737 1904 
185 432 0.0418000 5.412 2577 529 432 0.0226000 5.442 2108 
187 468 0.0261000 5.099 2191 531 468 0.0147000 4.722 1938 
189 504 0.0316000 5.127 2189 533 504 0.0184000 4.285 2472 
191 540 0.0114000 3.974 1851 535 540 0.0106000 3.913 2121 
193 576 0.0169000 4.880 1829 537 576 0.0182000 4.895 2283 
195 612 0.0059000 3.353 1749 539 612 0.0093600 4.030 1855 
197 648 0.0136000 3.804 2154 541 648 0.0098500 4.410 1767 
199 684 0.0293000 5.378 1840 543 684 0.0146000 4.326 2257 
201 720 0.0108000 3.309 2676 545 720 0.0118000 4.336 1974 
203 756 0.0094200 4.119 1621 547 756 0.0150000 4.500 2073 
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Richland Data Page 62 
Date: 7/23/98 Date: 7/24/98 

Run name: CON1H·B4 Run name: CON2H·B4 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
205 0 0.0002430 2.164 129 549 0 0.0000930 1.695 93 
207 36 0.0001530 1.902 143 551 36 0.0001100 1.407 152 
209 72 0.0004140 2.020 252 553 72 0.0002000 1.410 259 
211 108 0.0001750 1.585 182 555 108 0.0002050 1.422 275 
213 144 0.0000608 1.220 112 557 144 0.0001250 1.381 179 
215 180 0.0000616 1.097 122 559 180 0.0002300 1.409 309 
217 216 0.0001310 1.327 212 561 216 0.0001940 1.310 286 
219 252 0.0001630 1.485 221 563 252 0.0003340 1.392 449 
221 288 0.0001030 1.278 199 565 288 0.0003410 1.366 467 
223 324 0.0002500 1.380 339 567 324 0.0004010 1.408 525 

Date: 7/23198 Date: 7/24/98 
Run name: CON1H-T4 Spray test Run name: CON2H-T4 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
225 0 0.0004130 1.539 473 569 0 0.0003380 1.272 520 
227 36 0.0002710 1.509 343 571 36 0.0004090 1.370 580 
229 72 0.0150000 6.148 720 573 72 0.0101000 5.571 975 
231 108 0.1560000 7.737 2863 575 108 0.0124000 5.346 1401 
233 144 0.1930000 7.574 4024 577 144 0.1180000 7.449 3135 
235 180 0.1890000 7.122 4853 . 579 180 0.1430000 7.086 4289 
237 216 0.0863000 7.064 2576·· 581 216 0.0356000 5.555 2502 
239 252 0.0349000 5.645 2231 583 252 0.0393000 5.809 2608 
241 288 0.0516000 6.367 2568 585 288 0.0617000 6.215 2641 
243 324 0.0366000 5.399 2400 587 324 0.0267000 5.139 2410 
245 360 0.0572000 6.207 2407 589 360 0.0326000 5.330 2705 
247 396 0.0560000 5.966 2339 591 396 0.0354000 5.482 2439 
249 432 0.0267000 5.046 2225 593 432 0.0380000 5.584 2448 
251 468 0.0324000 5.816 2124 595 468 0.0192000 4.421 2446 
253 504 0.0441000 5.581 2517 597 504 0.0294000 4.993 2753 
255 540 0.0302000 4.939 2515 599 540 0.0222000 4.663 2329 
257 576 0.0285000 5.311 2380 601 576 0.0305000 5.056 2841 
259 612 0.0172000 4.409 2305 603 612 0.0202000 5.136 2304 
261 648 o.oo8noo 3.554 1915 605 648 0.0116000 4.059 2100 
263 684 0.0280000 5.485 1951 607 684 0.0210000 4.661 2262 
265 720 0.0121000 4.753 1585 609 720 0.0183000 4.291 2494 
267 756 0.0147000 4.612 1812 611 756 0.0102000 3.727 2139 
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Richland Data Page 63 
Date: 7123/98 Date: 7/24/98 

Run name: CON1H-85 Run name: CON2H-85 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
269 0 0.0008740 2.571 275 613 0 0.0002590 1.704 214 
271 36 0.0000592 1.545 80 615 36 0.0002210 1.824 165 
273 72 0.0000945 1.530 115 617 72 0.0017000 2.345 1447 
275 108 0.0001850 1.456 223 619 108 0.0003190 1.620 321 
2n 144 0.0002400 1.679 231 621 144 0.0001740 1.424 242 
279 180 0.0002590 1.217 442 623 180 0.0002580 1.358 359 
281 216 0.0004200 1.507 476 625 216 0.0002180 1.400 299 
283 252 0.0002930 1.440 370 627 252 0.0004190 1.399 556 
285 288 0.0002960 1.482 376 629 288 0.0002150 1.359 310 
287 324 0.0002960 1.406 366 631 324 0.0002870 1.359 413 

Date: 7/23198 Date: 7/24/98 
Run name: CON1H-T5 Spray test Run name: CON2H-T5 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
289 0 0.0006800 1.395 874 633 0 0.0004470 1.496 555 
291 36 0.0003190 1.365 467 635 36 0.0004190 1.411 515 
293 72 0.0149000 6.156 831 637 72 0.0096800 6.131 750 
295 108 O.Q153000 5.811 1037 639 108 0.0206000 6.088 1418 
297 144 0.0924000 7.351 2212 641 144 0.1240000 6.566 3822 
299 180 0.0754000 6.436 3345 643 180 0.1220000 6.714 4202 
301 216 0.0396000 6.222 1950 645 216 0.1040000 6.8n 3114 
303 252 0.0242000 6.106 1694 647 252 0.1060000 6.865 3182 
305 288 0.0477000 6.326 2135 649 288 0.0548000 5.941 2889 
307 324 0.0156000 4.815 1664 651 324 0.0566000 5.542 3630 
309 360 0.0216000 5.299 1685 653 360 0.0839000 6.427 2941 
311 396 0.0227000 5.006 2045 655 396 0.0648000 6.021 3158 
313 432 0.0175000 4.481 2039 657 432 0.0494000 5.854 2893 
315 468 0.0193000 5.191 1811 659 468 0.0446000 5.504 2899 
317 504 0.0109000 4.386 1719 661 504 o:o507ooo 5.660 3081 
319 540 0.0157000 4.484 2400 663 540 0.0472000 5.397 3186 
321 576 0.0075900 3.804 1730 665 576 0.0432000 5.522 3095 
323 612 0.0113000 4.573 1721 667 612 0.0299000 4.829 3248 
325 648 0.0203000 5.186 1994 669 648 0.0248000 4.766 2668 
327 684 0.0150000 4.560 1941 671 684 0.0407000 5.447 3013 
329 720 0.0111000 4.061 1782 673 720 0.0299000 4.982 3006 
331 756 0.0103000 4.046 1929 675 756 0.0181000 4.476 2350 
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RJchland Data Page 64 
Date: 7122198 Date: 7/24/98 

Run name: CON1V-81 Run name: CON2V-B1 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/111"3 mean channels Numbers seconds mg/m"3 mean channels 
585 0 0.0001650 1.675 146 1 0 0.0003580 1.763 315 
587 36 0.0002390 1.709 218 3 36 0.0003230 1.571 336 
589 72 0.0000975 1.261 164 5 72 0.0001530 1.729 130 
591 108 0.0003390" 1.600 343 7 108 0.0002830 1.500 328 
593 144 0.0004350 1.703 372 9 144 0.0007160 2.950 398 
595 180 0.0003850 1.533 436 11 180 0.0001600 1.263 266 
597 216 0.0004060 1.649 356 13 216 0.0004250 1.376 590 
599 252 0.0003710 1.508 427 15 252 0.0005350 1.478 636 
601 288 0.0004400 1.644 378 17 288 0.0003490 1.323 507 
603 324 0.0003800 1.470 473 19 324 0.0004230 1.346 591 

Date: 7/22198 Date: 7/24/98 
Run name: CON1V-T1 Spray test Run name: CON2V-T1 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/111"3 mean channels Numbers seconds mg/111"3 mean channels 
605 0 0.0007270 1.549 774 21 0 0.0054900 2.713 1682 
607 36 0.0007490 1.561 806 23 36 0.0006140 1.414 796 
609 72 0.3870000 9.919 3576 25 72 0.6300000 9.854 5858 
611 108 0.5010000 9.923 4851 27 108 0.7610000 10.030 6538 
613 144 0.0756000 8.715 2458 29 144 0.6370000 9.331 6656 
615 180 0.0105000 5.823 1339 . 31 180 0.1480000 8.431 2474 
617 216 0.0205000 5.940 1818 • 33 216 0.1940000 8.750 2897 
619 252 0.0467000 7.327 1562 35 252 0.1750000 8.232 3430 
621 288 0.0311000 6.945 1673 37 288 0.1290000 8.141 2762 
623 324 0.0087100 4.366 1458 39 324 0.0857000 7.022 2589 
625 360 0.0172000 5.392 1560 41 360 0.1340000 7.498 3296 
627 396 0.0135000 5.753 1560 43 396 0.1070000 7.483 2764 
629 432 0.0096500 4.413 1573 45 432 0.0557000 5.995 3157 
631 468 0.0110000 4.952 1506 47 468 0.0516000 6.413 2527 
633 504 0.0085900 4.844 1385 49 504 0.0537000 6.232 2808 
635 540 0.0073500 4.143 1496 51 540 0.0306000 5.420 2368 
637 576 0.0068300 4.766 1336 53 576 0.0487000 6.230 2601 
639 612 0.0092800 4.284 1675 55 612 0.0430000 5.858 2706 
641 648 0.0031400 2.743 1594 57 648 0.0595000 6.312 3545 
643 684 0.0017400 1.897 1442 59 684 0.0253000 5.893 2231 
645 720 0.0030600 2.212 1705 61 720 0.0400000 5.686 2753 
647 756 0.0050000 3.182 1820 63 756 0.0331000 5.344 2724 
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Richland Data Page 65 
Date: 7/22198 Date: 7/24/98 

Run name: CON1V-82 Run name: CON2V-82 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
649 0 0.0003010 1.693 267 65 0 0.0004300 5.477 157 
651 36 0.0002180 1.575 233 67 36 0.0003560 2.326 228 
653 72 0.0003620 1.471 402 69 72 0.0001150 1.297 185 
655 108 0.0003210 1.417 388 71 108 0.0000923 1.152 171 
657 144 0.0002030 1.440 260 73 144 0.0002430 1.613 258 
659 180 0.0003090 1.657 301 75 180 0.0003440 1.397 448 
661 216 0.0003670 1.493 398 77 216 0.0003300 1.469 407 
663 252 0.0004080 1.552 405 79 252 0.0002040 1.213 349 
665 288 0.0004440 1.549 454 81 288 0.0002380 1.340 370 
667 324 0.0003880 1.451 428 83 324 0.0004650 1.459 599 

Date: 7/22/98 Date: 7/24/98 
Run name: CON1V-T2 Spray test Run name: CON2V-T2 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
669 0 0.0004860 1.424 585 85 0 0.0003790 1.331 563 
671 36 0.0005790 1.490 678 87 36 0.0004420 1.377 612 
673 72 0.6100000 9.607 5565 89 72 0.3370000 10.460 2691 
675 108 0.4330000 9.394 4756 91 108 0.4840000 9.081 6077 
677 144 0.2220000 8.766 3279 93 144 0.6610000 10.010 5605 
679 180 0.1350000 7.905 2853 95 180 0.1250000 7.950 2882 
681 216 0.0832000 8.033 2535' 97 216 0.1670000 8.211 2933 
683 252 0.1050000 7.856 2197 99 252 0.1670000 8.460 2967 
685 288 0.0932000 7.658 2196 101 288 0.1610000 8.162 3176 
687 324 0.0480000 6.621 2242 103 324 0.1350000 7.925 2820 
689 360 0.0573000 6.819 2304 105 360 0.0665000 6.579 2696 
691 396 0.0590000 6.467 2503 107 396 0.1030000 6.948 3063 
693 432 0.0277000 5.460 2249 109 432 0.0676000 7.190 2505 
695 468 0.0140000 4.504 2053 111 468 0.0766000 6.840 2561 
697 504 0.0199000 5.150 1959 113 504 0.0469000 6.165 2542 
699 540 0.0154000 4.891 1980 115 540 0.0662000 6.684 2588 
701 576 0.0265000 5.649 2404 117 576 0.0522000 6.165 2401 
703 612 0.0192000 5.053 2054 119 612 0.0615000 6.098 3423 
705 648 O.D165000 4.980 2199 121 648 0.0285000 5.267 2378 
707 684 0.0162000 4.297 2136 123 684 0.0288000 4.916 2886 
709 720 0.0266000 5.658 1901 125 720 0.0226000 4.968 2161 
711 756 0.0212000 5.247 1842 127 756 0.2980000 8.017 6775 
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Richland Data Page 66 
Date: 7/22/98 Date: 7/24/98 

Run name: CON1V-83 Run name: CON2V-B3 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
713 0 0.0003860 1.971 208 129 0 0.0000700 1.816 58 
715 36 0.0001760 1.927 131 131 36 0.0002190 1.515 253 
717 72 0.0006940 3.166 297 133 72 0.0001870 1.336 264 
719 108 0.0001420 1.543 148 135 108 0.0001720 1.358 260 
721 144 0.0002870 1.686 299 137 144 0.0002420 1.446 296 
723 180 0.0002810 1.543 301 139 180 0.0002760 1.529 288 
725 216 0.0004270 1.548 446 141 216 0.0004060 1.476 485 
727 252 0.0003130 1.391 382 143 252 0.0003050 1.478 384 
729 288 0.0004180 1.462 478 145 288 0.0003360 1.376 457 
731 324 o.ooo2no 1.428 341 147 324 0.0003740 1.407 485 

Date: 7/22198 Date: 7/24/98 
Run name: CON1V-T3 Spray test Run name: CON2V-T3 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mglm"3 mean channels Numbers seconds mg/m"3 mean channels 
733 0 0.0003870 1.417 464 149 0 0.0002720 1.326 398 
735 36 0.0004010 1.402 540 151 36 0.0005140 1.416 662 
737 72 0.5820000 9.605 4911 153 72 0.3980000 9.388 406!1 
.739 108 0.2920000 8.691 4411 155 108 o.anoooo 10.040 8236 
741 144 0.2440000 8.253 4252 157 144 0.6810000 9.222 7428 
743 180 0.1780000 9.017 2778. 159 180 0.1760000 8.582 2728 
745 216 0.1420000 8.574 2279. 161 216 0.1390000 8.783 2626 
747 252 0.1530000 8.286 2790 163 252 0.1190000 8.251 2854 
749 288 0.0802000 7.101 2441 165 288 0.1130000 7.610 3125 
751 324 0.0616000 7.165 2364 167 324 0.1500000 8.125 2892 
753 360 0.0415000 6.584 2332 169 360 0.1120000 7.204 3014 
755 396 0.0454000 6.266 2624 171 396 0.0553000 6.293 2830 
757 432 0.0258000 5.697 2118 173 432 0.0673000 6.665 2572 
759 468 0.0161000 4.882 1995 175 468 0.0645000 6.797 2462 
761 504 0.0520000 6.239 2468 1n 504 0.0717000 6.399 2956 
763 540 0.0413000 5.517 2912 179 540 0.0429000 5.852 2475 
765 576 0.0204000 5.299 2133 181 576 0.0612000 6.619 2498 
767 612 0.0227000 4.997 2465 183 612 0.0300000 5.553 2679 
769 648 0.0182000 4.728 2183 185 648 0.0658000 5.680 2855 
n1 684 0.0264000 4.713 2969 187 684 0.0438000 5.635 2630 
n3 720 0.0120000 4.007 2491 189 720 0.0279000 5.549 2207 
775 756 0.0251000 5.128 2787 191 756 0.0202000 5.005 2383 
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Richland Data Page 67 
Date: 7/22198 Date: 7/24/98 

Run name: CON1V·B4 Run name: CON2V·B4 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/111"3 mean channels Numbers seconds mg/m"3 mean channels 
m 0 0.0003780 2.935 183 193 0 0.0000672 1.439 92 
779 36 0.0001730 1.693 141 195 36 0.0002270 1.353 342 
781 72 0.0002700 1.534 258 197 72 0.0003130 1.560 350 
783 108 0.0002750 1.580 277 199 108 0.0001750 1.449 221 
785 144 0.0002910 1.568 296 201 144 0.0002840 1.342 397 
787 180 0.0003440 1.474 372 203 180 0.0002620 1.559 293 
789 216 0.0002980 1.515 325 205 216 0.0003670 1.467 424 
791 252 0.0003550 1.447 395 207 252 0.0003220 1.496 391 
793 288 . 0.0003180 1.368 415 209 288 0.0003480 1.375 478 
795 324 0.0003260 1.411 393 211 324 0.0001710 1.194 325 

Date: 7/22198 Date: 7/24/98 
Run name: CON1V-T4 Spray test Run name: CON2V-T4 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
797 0 0.0009630 1.784 750 213 0 0.0003180 1.345 476 
799 36 0.0008200 1.717 667 215 36 0.0003290 1.231 530 
801 72 0.0155000 5.953 1064 217 72 0.0552000 6.900 1851 
803 108 0.3570000 9.626 3477 219 108 0.4140000 8.655 5390 
805 144 0.3670000 9.093 4503 221 144 0.4480000 8.997 5433 
807 180 0.1520000 8.217 2707 . 223 180 0.2870000 8.678 3348 
809 216 0.1090000 8.099 2308 225 216 0.1910000 8.529 3019 
811 252 0.1060000 7.702 2578 227 252 0.2650000 8.566 3820 
813 288 0.0702000 7.197 2258 229 288 0.1540000 7.496 3370 
815 324 0.1150000 7.962 2780 231 324 0.1280000 6.775 3796 
817 360 0.0562000 7.140 2262 233 360 0.1100000 6.820 3367 
819 396 0.0662000 7.100 2549 235 396 0.0870000 6.645 3139 
821 432 0.0372000 6.273 2127 237 432 0.0777000 7.068 2648 
823 468 0.0392000 5.845 2476 239 468 0.0432000 5.512 2751 
825 504 0.0242000 5.447 2034 241 504 0.0853000 6.672 3111 
827 540 0.0253000 5.626 2293 243 540 0.0414000 5.720 2815 
829 576 0.0206000 5.056 2266 245 576 0.0611000 6.052 2920 
831 61 2 0.0193000 5.241 2102 247 612 0.0653000 6.213 3066 
833 648 0.0221000 5.479 1978 249 648 0.0486000 6.183 2714 
835 684 0.0148000 4.508 2064 251 684 0.0366000 5.363 2855 
837 720 0.0088900 3.596 1992 253 720 0.0356000 6.072 2631 
839 756 0.0170000 4.731 2235 255 756 0.0334000 5.237 2886 
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Richland Data Page 68 
Date: 7/22198 Date: . 7/24/98 

Run name: CON1V-B5 Run name: CON2V-B5 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
841 0 0.0001350 1.616 141 257 0 0.0001870 1.704 154 
843 36 0.0003810 1.653 374 259 36 0.0002540 1.378 339 
845 72 0.0002540 1.506 270 261 72 0.0003710 1.648 339 
847 108 0.0002800 1.678 221 263 108 0.0002620 1.654 250 
849 144 0.0003170 1.646 278 265 144 0.0002640 1.435 329 
851 180 0.0004080 1.558 410 267 180 0.0003310 1.586 324 
853 216 0.0002740 1.376 331 269 216 0.0001890 1.317 2"94 
855 252 0.0004140 1.600 407 271 252 0.0078400 4.430 1281 
857 288 0.0005300 1.655 469 273 288 0.0004710 1.491 544 
859 324 0.0004740 1.499 521 275 324 0.0004060 1.385 495 

Date: 7/22198 Date: 7/24/98 
Run name: CON1V-T5 Spray test Run name: CON2V-T5 Spray test 

Mass Particle Mass Particle 
Run Time Loading Size sum Run Time Loading Size sum 

Numbers seconds mg/m"3 mean channels Numbers seconds mg/m"3 mean channels 
861 0 0.0024800 2.188 1037 277 0 0.0003120 1.269 486 
863 36 0.0006490 1.587 601 279 36 0.0004620 1.384 583 
865 72 0.7310000 10.400 5268 281 72 0.4670000 9.185 5034 
867 108 0.4630000 9.269 4989 283 108 0.8350000 9.011 9266 
869 144 0.1300000 8.000 2600 285 144 0.5670000 8.869 6505 
871 180 0.0961000 8.196 2057 . 287 180 0.2970000 8.445 4178 
873 216 0.1380000 8.791 2242 289 216 0.3210000 8.548 4270 
875 252 0.1100000 8.027 2485 291 252 0.1630000 7.970 3607 
877 288 0.1330000 8.589 2420 293 288 0.1610000 7.459 3429 
879 324 0.0774000 7.076 2581 295 324 0.1660000 7.651 3749 
881 360 0.0783000 7.273 2722 297 360 0.1060000 6.791 3494 
883 396 0.0480000 6.672 2085 299 396 0.1320000 6.759 3986 
885 432 0.0825000 6.956 3184 301 432 0.0835000 6.304 3606 
887 468 0.0411000 6.159 2252 303 468 0.0963000 6.642 3611 
889 504 0.0392000 5.942 2442 305 504 0.0743000 6.227 3397 
891 540 0.0302000 5.915 2334 307 540 0.0584000 5.807 3343 
893 576 0.0384000 5.548 2666 309 576 0.0685000 6.079 3252 
895 61 2 0.0180000 4.816 2060 311 612 0.0677000 6.247 3438 
897 648 0.0249000 5.131 2268 313 648 0.0611000 5.756 3277 
899 684 0.0141000 4.470 2128 315 684 0.0397000 5.440 2928 
901 720 0.0146000 4.357 2283 317 720 0.0424000 5.800 2824 
903 756 0.0202000 4.596 2627 319 756 0.0485000 5.564 2987 
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Figure B-1. Aerosol Mass Concentration as a Function of Time. 
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Figure B-2. Aerosol Size Distribution as a Function of Time. 
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Figure B-3. Aerosol Mass Concentration as a Function of Time. 
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Figure B-4. Aerosol Size Distribution as a Function of Time. 
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Figure B-5. Aerosol Mass Concentration as a Function of Time. 
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Figure B-6. Aerosol Size. Distribution as a Function of Time. 
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Figure B-7. Aerosol Mass Concentration as a Function of Time. 
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Figure B-8. Aerosol Size Distribution as a Function of Time. 
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Figure B-9. Aerosol Mass Concentration as a Function of Time. 
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Figure B-10. Aerosol Size Distribution as a Function of Time. 
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Figure B-11. Aerosol Mass Concentration as a Function of Time. 
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Figure B-12. Aerosol Size Distribution as a Function of Time. 
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Figure B-15. Aerosol Mass Concentration as a Function of Time. 
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Figure. B-16. Aerosol Size Distribution as a Function of Time. 
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Figure B-17. Aerosol Mass Concentration as a Function of Time. 
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Figure B-18. Aerosol Size Distribution as a Function of Time. 
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Figure B-19. Aerosol Mass Concentration as a Function of Time. 
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Figure B-20. Aerosol Size Distribution as a Function of Time. 
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Figure B-21. Aerosol Mass Concentration as a Function of Time. 
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Figure B-22. Aerosol Size Distribution as a Function of Time. 
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Figure B-23. Aerosol Mass Concentration as a Function of Time. 
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Figure B-24. Aerosol Size Distribution as a Function of Time. 
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Figure B-25. Aerosol Mass Concentration as a Function of Time. 
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Figure B-26. Aerosol Size Distribution as a Function of Time. 
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Figure B-27. Aerosol Mass. Concentration as a Function of Time. 
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Figure B-28. Aerosol Size Distribution as a Function of Time. 
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Figure B-29. ·Aerosol Mass Concentration as a Function of Time. 
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Figure B-30. Aerosol Size Distribution as a Function of Time. 
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Figure B-31. Aerosol Mass Concentration as a Function of Time. 

background spraying 

I 
200 400 600 800 1000 1200 

Time (seconds) 

Figure B-32. Aerosol Size Distribution as a Function of Time. 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 

0.7 
,..-.. 

0.6 .... 

~ s 0.5 ......., 

= Q 0.4 ·-...... C'a ... ...... 
= 0.3 Q,l 
c.J 

= Q 0.2 u 
(IJ 
(IJ 

0.1 ~ 

;; 
0.0 

10 

8 

-s 6 :t ......., 
Q 
< ;; 
;; 4 

2 

0 

0 

0 

Aerosol Mass Concentration and Size Distribution 
for Vertical Target (Container #1, Run 4) 

background 

200 400 600 800 1000 

Time (seconds) 

Page 85 

1200 

Figure B-33. Aerosol Mass Concentration as a Function of Time. 

200 400 600 800 1000 1200 

Time (seconds) 

Figure B-34. Aerosol Size Distribution as a Function of Time. 
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Figure B-35. Aerosol Mass Concentration as a Function of Time. 
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Figure B-36. Aerosol Size Distribution as a Function of Time. 
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Figure B-37. Aerosol Mass Concentration as a Function of Time. 
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Figure B-38. Aerosol Size Distribution as a Function of Time. 
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Figure B-39. Aerosol Mass Concentration as a Function of Time. 
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Figure B-40. Aerosol Size Distribution as a Function of Time. 
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!Ih~~M ASTERS I Z E R 
Result: Analysis Report 

Sample Details 
Sample 10: Nozzle 1 Run Number: 1 Measured: Wed Jul 15 1998 1 :3SPM 
Sample File: SDA Record Number: 1 Analysed: Wed Jul15 1998 1:35PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 1 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 11.7% 
Presentation: 2JHD [Particle R.I . =. ( 1.3566, 0.1000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 2.429 % 
ModifiCations: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.4722 %Vol Density = 1.000 g I cub. em Specific SA = 0.0219 sq. mIg 
Mean Diameters: D (v, 0.1) = 178.83um D (v, 0.5) = 428.05 um D (v, 0.84) = 550.50 um 
D [4, 3] = 394.39 um D [3, 2] = 273.71 um Span = 9.112E..01 Uniformity = 2.808E..01 

Size Low (um) In% Size HiQh (um) Under% Size Low (um_l In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.51 31.01 1.22 
1.32 0.00 1.60 0.00 31.01 0.38 37.79 1.60 
1.60 0.00 1.95 0.00 37.79 0.12 46.03 1.71 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 1.72 
2.38 0.00 2.90 0.00 56.09 0.07 68.33 1.79 
2.90 0.00 3.53 0.00 68.33 0.43 83.26 2.21 
3.53 0.00 4.30 0.00 83.26 0.95 101 .44 3.16 
4.30 0.00 5.24 o.bo 101.44 1.49 123.59 4.65 
5.24 0.00 6.39 0.00 123.59 2.38 150.57 7.03 
6.39 0.00 7.78 0.00 150.57 3.50 183.44 10.53 
7.78 0.00 9.48 0.00 183.44 5.03 223.51 15.56 
9.48 0.00 11.55 0.00 223.51 6.83 272.31 22.40 

11.55 0.00 14.08 0.00 272.31 9.82 331.77 32.21 
14.08 0.09 17.15 0.09 331 .77 13:00 404.21 45.24 
17.15 0.22 20.90 0.31 404.21 20.57 492.47 65.86 
20.90 0.40 25.46 0.71 492.47 34.22 600.00· 100.00 

Volume(%) 
30~----------~~----------~~~--------------------------------~100 
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0.1 

SA TIELLE-Preclinical Drug Development 
Northwest Operations 
Richland, WA 99352 

Particle Diameter (J.Jm.) 
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I 

l 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 1 Run Number: 2 Measured: Wed Jul 15 1998 1:39PM 
Sample File: SDA Record Number: 2 Analysed: Wed Jui1519981:39PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 1 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 240 mm Sampler: None Obscuration: 16.3 % 
Presentation: 2JHD [Particle R.I . = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 2.507 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5981 %Vol Density= 1.000 g I cub. em Specific SA = 0.0247 sq. mIg 
Mean Diameters: D (v, 0.1) = 173.01 urn D (v, 0.5) = 436.16 urn D (v, 0.84) = 553.94 urn 
D [4, 3] = 392.92 urn D [3, 2] = 243.02 urn Span= 9.126E-01 Uniformity = 2.871 E-01 _ 

Size Low (urn) In% Size High (urn) Under% Size Low (urn) In% Size High (urn) Under",(, 
0.50 0.00 1.32 0.00 25.46 0.71 31 .01 2.01 
1.32 0.00 1.60 0.00 31 .01 0.70 37.79 2.71 
1.60 0.00 1.95 0.00 37.79 0.38 46.03 3.09 
1.95 0.00 2.38 0.00 46.03 0.03 56.09 3.12 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 3.12 
290 0.00 3.53 0.00 68.33 0.00 83.26 3.13 
3.53 0.00 4.30 0.()0 83.26 0.54 101.44 3.66 
4.30 0.00 5.24 0.00 101.44 1.26 123.59 4.93 
5.24 0.00 6.39 0.00 123.59 240 150.57 7.34 
6.39 0.00 7.78 0.00 150.57 4.09 183.44 11A2 
7.78 0.00 9.48 0.00 183.44 6.04 223.51 17.46 
9.48 0.00 11.55 0.00 223.51 7.17 272.31 24.64 

11.55 0.00 14.08 0.01 27231 8.93 331 .n 33.56 
14.08 0.41 17.15 0.41 331.n 10.67 404.21 44.26 
17.15 0.37 20.90 0.78 404.21 19.42 492.47 63.74 
20.90 0.53 25.46 1.31 492.47 36.35 600.00 100.00 

Volume(%) 
30~--------------------------~------------~--------------------~100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 1 Run Number: 3 Measured: Wed Jul15 1998 1:41PM 
Sample File: SDA Record Number: 3 Analysed: Wed Jui1519981:41PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 1 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: · 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 14.9 % 

· Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 3.600 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.6054 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0221 sq. mIg 
Mean Diameters: D (v, 0.1) = 196.36um D (v, 0.5) = 448.24 um D (v, 0.84) = 555.83 um 
D [4, 3] = 408.62 um D [3, 2] = 271 .30 um Span = 8.385E-01 Uniformity = 2.501 E-01 

Size Low (um) In% Size Hi_gh (uml Under% Size Low (um) In% Size Hiah (uml Under% 
0.50 0.00 1.32 0.00 25.46 0.83 31.01 1.99 
1.32 0.00 1.60 0.00 31.01 0.33 37.79 2.32 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 2.32 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 2.32 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 2.32 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 2.33 
3.53 0.00 4.30 OJ)O 83.26 0.36 101.44 2.68 
4.30 0.00 5.24 0.00 101.44 0.92 123.59 3.60 
5.24 0.00 6.39 0.00 123.59 2.01 150.57 5.62 
6.39 0.00 7.78 0.00 150.57 3.06 183.44 8.68 
7.78 0.00 9.48 0.00 183.44 4.30 223.51 12.98 
9.48 0.00 11.55 0.00 223.51 6.07 272.31 19.05 

11.55 0.00 14.08 0.00 272.31 8.79 331.77 27.82 
14.08 0.13 17.15 0.13 331 .77 12.88 404.21 40.73 
17.15 0.33 20.90 0.46 404.21 21 .28 492.47 62.07 
20.90 0.70 25.46 1.16 492.47 38.02 600.00 100.00 

Volume(%) 
30r---------------------~------~----------~--------------------__,100 
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!lk~l.SJ:llrn M A S T E R S I Z E R 
Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 1 Run Number: 4 Measured: Wed Jul 15 1998 1:43PM 
Sample File: SDA Record Number: 4 Analysed: Wed Jul 15 1998 1:43PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 1 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 13.0 % 
Presentation: 2JHD {Particle R.I.=-( 1.3566, 0.1000); Dispersant R.I. = 1.3300! 
Analysis Model: Polydisperse Residual: 6.756% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.4878 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0237 sq. mIg 
Mean Diameters: D(v,0.1)= 172.47um D (v, 0.5) = 383.00 um D (v, 0.84) = 530.89 um 
D [4, 3) = 368.66 um D [3, 2) = 252.69 um Span = 1.002E+OO Uniformity= 3.158E-01 

Size Low (um) In% Size Hiah (uml Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.58 31.01 0.98 
1.32 0.00 1.60 0.00 31 .01 0.77 37.79 1.75 
1.60 0.00 1.95 0.00 37.79 0.67 46.03 242 
1.95 0.00 238 0.00 46.03 0.42 56.09 284 
2.38 0.00 290 0.00 56.09 0.29 68.33 3.13 
2.90 0.00 3.53 0.00 68.33 0.37 83.26 3.50 
3.53 0.00 4.30 O;bo 83.26 0.70 101.44 4.20 
4.30 0.00 5.24 0.00 101.44 1.22 123.59 5.42 
5.24 0.00 6.39 0.00 123.59 2.15 150.57 7.57 
6.39 0.00 7.78 0.00 150.57 3.88 183.44 11 .45 
7.78 0.00 9.48 0.00 183.44 6.30 223.51 17.76 
9.48 0.00 11.55 0.00 223.51 9.02 272.31 26.79 

11.55 0.00 14.08 0.00 272.31 12.68 331.77 39.46 
14.08 0.00 17.15 0.00 331.77 15.06 404:21 54.53 
17.15 0.10 20.90 0.10 404.21 20.26 492.47 74:80 
20.90 0.30 25.46 0.40 49247 25.23 600.00 100.00 

Volume(%) 
30r-----------------------------------------------------------------.100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 1 Run Number: 5 Measured: Wed Jul 15 1998 1:45PM 
Sample File: SDA Record Number: 5 Analysed: Wed Jui1519981 :45PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 1 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 13.4 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 4.929 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5227 %Vol Density= 1.000 g I cub. em Specific SA = 0.0228 sq. mIg 
Mean Diameters: D (v, 0.1) = 194.80 urn D (v, 0.5) = 403.82 um D (v, 0.84) = 537.05 urn 
D [4, 3] = 384.56 um D [3, 2] = 263.25 urn Span = 9.046E-01 Uniformity = 2.B66E-01 

Size Low (urn) In% Size High (urn) Under% Size Low (urn) In% Size High _(urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.44 31.01 1.51 
1.32 0.00 1.60 0.00 31.01 0.26 37.79 1.78 
1.60 0.00 1.95 0.00 37.79 0.09 46.03 1.87 
1.95 0.00 2.38 0.00 46.03 0.04 56.09 1.91 
2.38 0.00 2.90 0.00 56.09 0.14 68.33 2.05 
2.90 0.00 3.53 0.00 68.33 0.40 83.26 2.45 
3.53 0.00 4.30 0.00 83.26 0.71 101.44 3.16 
4.30 0.00 5.24 0.00 101.44 1.05 123.59 4.21 
5.24 0.00 6.39 0.00 123.59 1.71 150.57 5.92 
6.39 0.00 7.78 0.00 150.57 2.85 183.44 8.77 
7.78 0.00 9.48 0.00 183.44 4.91 223.51 13.69 
9.48 0.00 11.55 0.00 223.51 8.37 272.31 22.08 

11.55 0.08 14.08 0.08 272.31 12.62 331.77 34.68 
14.08 0.18 17.15 0.26 331.77 15.38 404.21 50.09 
17.15 0.33 20.90 0.59 404.21 22.14 492.47 72.22 
20.90 0.48 25.46 1.07 492.47 27.81 600.00 100.00 

Volume (0AI) 
30,_--------------~--~------------------~------------------~--~100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 2 Run Number: 1 Measured: Wed Jui1519981 :49PM 
Sample File: SDA Record Number: 6 Analysed: Wed Jul15 1998 1:49PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 2 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 18.9 % 
Presentation: 2JHD (Particle R.I. == ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 4.981% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.4807 %Vol Density= 1.000 g I cub. em SpecifiC S.A. = 0.0361 sq. m I g 
Mean Diameters: D (v, 0.1) == 89.56um D (v, 0.5) = 343.98 urn D (v, 0.84) = 52288 urn 
D [4, 31 = 331 .32 urn D [3, 2) == 16s.o2um Span = 1.342E+OO Unifonnity == 4.171 E-01 

Size Low _luml In% Size High(um) Under% Size Low (urn) In% Size High _ium} Under% 
0.50 0.00 1.32 0.00 25.46 2.18 31.01 4.43 
1.32 0.00 1.60 0.00 31.01 1.59 37.79 6.02 
1.60 0.00 1.95 0.00 37.79 0.63 46.03 6.65 
1.95 0.00 2.38 0.00 48.03 0.34 56.09 6.99 
2.38 0.00 2.90 0.00 56.09 0.73 68.33 7.73 
2.90 0.00 3.53 0.00 68.33 1.57 8326 9:30 
3.53 0.00 4.30 o~bo 83.26 2.05 101.44 11 .34 
4.30 0.00 5.24 0.00 101.44 2.62 123.59 13.96 
5.24 0.00 6.39 0.00 123.59 3.34 150.57 17.31 
6.39 0.00 7.78 0.00 150.57 5.17 183.44 22.47 
7.78 0.00 9.48 0.00 183.44 7.13 223.51 29.60 
9.48 0.00 11.55 0.00 223.51 8.14 272.31 37.75 

11.55 0.00 14.08 0.00 272.31 10.25 331.77 47.99 
14.08 0.17 17.15 0.17 331.77 12.07 404.21 60.08 
17.15 0.60 20.90 o.n 404.21 17.46 492.47 n.53 
20.90 1.48 25.46 2.25 492.47 22.49 600.00 100.00 

Volume (0..(,) 
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MASTERSIZER 
Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 2 Run Number: 2 Measured: Wed Jul15 1998 1:51PM 
Sample File: SDA Record Number: 7 Analysed: Wed Jul15 1998 1:51PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 2 (X;,23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 18.7% 
Presentation: 2JHD [Particle R.I . = ·( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 3.267 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5516 %Vol Density= 1.000 g I cub. em Specific SA = 0.0311 sq. rn I g 
Mean Diameters: D (v, 0.1) = 138.00 urn D (v, 0.5) = 324.35 urn D (v, 0.84) = 508.54 um 
D [4, 3) = 329.87 urn D [3, 2) = 192.85 um Span = 1.246E+OO Uniformity"' 3.919E-Q1 

Size Low (urn) In% Size High (um) Under% Size Low (um) In% Size High (urn) Under% 
0.50 0.00 . 1.32 0.00 25.46 o.n 31 .01 2.60 
1.32 0.00 1.60 0.00 31.01 0.57 37.79 3.17 
1.60 0.00 1.95 0.00 37.79 0.33 46.03 3.50 
1.95 0.00 2.38 0.00 46.03 0.20 56.09 3.70 
2.38 0.00 2.90 0.00 56.09 0.28 68.33 3.97 
2.90 0.00 3.53 0.00 68.33 0.63 83.26 4.61 
3.53 0.00 4.30 o.do 83.26 1.23 101.44 5.84 
4.30 0.00 5.24 0.00 101.44 2.18 123.59 8.02 
5.24 0.00 6.39 0.00 123.59 3.99 150.57 12.02 
6.39 0.00 7.78 0.00 150.57 6.17 183.44 18.19 
7.78 0.00 9.48 0.00 183.44 8.78 223.51 26.97 
9.48 0.18 11 .55 0.18 223.51 11 .48 272.31 38.45 

11.55 0.23 14.08 0.42 2n.31 13.10 331 .77 51.54 
14.08 0.34 17.15 0.76 331.77 13.90 404.21 65.45 
17.15 0.48 20.90 1.24 404.21 15.66 492.47 81.12 
20.90 0.65 25.46 1.88 492.47 18.90 600.00 100.00 

Volume(%) 
30~--------------------------------------~--------------------_,100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 2 Run Number: 3 Measured: Wed Jul 15 1998 1:52PM 
Sample Fne:· SDA Record Number: 8 Analysed: Wed Jui1519981 :52PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 2 (X=23mm, Y=117mm} 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 13.4% 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000}; Dispersant R.I. = 1.3300} 
Analysis Model: Polydisperse Residual: 4.491 % 
Modifications: None 

Result Statistics 
Distnbution Type: Volume Concentration= 0.4310 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0276 sq. mIg 
Mean Diameters: D (v, 0.1} = 151.47 um D (v, 0.5} = 348.71 um D (v, 0.9} = 548.30 um 
D [4, 3) = 346.12 um D [3, 21 = 217.02 um Span= 1.138E+OO Uniformity = 3.596E-01 

Size Low (um) In% Size Hiah (urn) Under% Size Lowluml In% Size Hiah (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.71 31.01 2.39 
1.32 0.00 1.60 0.00 31.01 0.36 'Y7.79 2.75 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 2.75 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 275 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 276 
2.90 0.00 3.53 0.00 68.33 0.32 83.26 3.08 
3.53 0.00 4.30 o.:Oo 83.26 1.08 101.44 4.15 
4.30 0.00 5.24 0.00 101.44 2.06 123.59 6.22 
5.24 0.00 6.39 0.00 123.59 3.64 150.57 9.86 
9.39 0.00 7.78 0.00 150.57 5.63 183.44 15.49 
7.78 0.00 9.48 0.00 183.44 7.99 223.51 23.48 
9.48 0.00 11.55 0.00 223.51 10.58 272.31 34.05 

11.55 0.11 14.08 0.11 272.31 12.55 331.77 46.60 
14.08 0.30 17.15 0.40 331.77 14.31 404.21 60.92 
17.15 0.53 20.90 0.93 404.21 17.75 492.47 78.67 
20.90 0.74 25.46 1.68 492.47 21.35 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample 10: Nozzle 2 Run Number: 4 Measured: Wed Jui1519981:54PM 
Sample File: SDA Record Number: 9 Analysed: Wed Jul 15 1998 1:54PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 2 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 240 mm Sampler: None Qbscuration: 16.5 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1 COO); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 4.665 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5256 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0284 sq. mIg 
Mean Diameters: D (v, 0.1) = 154.99 um D (v, 0.5) = 354.58 um D {v, 0.9) = 550.53 um 
D [4, 3] = 350.44 um D [3, 2] = 211.32 um Span= 1.116E+OO Uniformity = 3.519E-01 

Size Low (urn) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.74 31.01 273 
1.32 0.00 1.60 0.00 31.01 0.37 37.79 3.11 
1.60 0.00 1.95 0.00 37.79 0.02 46.03 3.13 
1.95 0.00 238 0.00 46.03 0.00 56.09 3.13 
2.38 0.00 2.90 0.00 56.09 0.05 68.33 3.18 
290 0.00 3.53 0.00 68.33 0.49 83.26 3.67 
3.53 0.00 4.30 0.00 83.26 1.07 101.44 4.74 
4.30 0.00 5.24 0.00 101.44 1.69 123.59 6.43 
5.24 0.00 6.39 0.00 123.59 2.99 150.57 9.43 
6.39 0.00 7.78 0.00 150.57 4.85 183.44 14.27 
7.78 0.00 9.48 0.00 183.44 7.65 223.51 21.93 
9.48 0.01 11 .55 0.01 223.51 10.54 272.31 32.47 

11.55 0.16 14.08 0.17 272.31 12.98 331.77 45.44 
14.08 0.37 17.15 0.54 331 .77 14.20 404.21 59.65 
17.15 0.64 20.90 1.18 404.21 18.09 492.47 77.74 
20.90 0.82 25.46 2.00 492.47 22.28 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 2 Run Number: 5 Measured: Wed Jul15 1998 1:55PM 
Sample File: SDA Record Number: 10 Analysed: Wed Jul15 19981 :55PM 
~ample Path: C:\SIZERX\OATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 2 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 18.9 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 4.300% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5875 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0296 sq. mIg 
Mean Diameters: D (v, 0.1) = 130.68 um D (v, 0.5) = 348.37 um D (v, 0.9) = 546.37um 
0[4, 3)= 340.55 um D [3, 2] = 202.43 um Span= 1.193E+OO Uniformity= 3.707E..Q1 

Size Low (um} In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.76 31 .01 2.50 
1.32 0.00 1.60 0.00 31.01 0.46 37.79 2.96 
1.60 0.00 1.95 0.00 37.79 0.17 46.03 3.14 
1.95 0.00 2.38 0.00 46.03 0.15 56.09 3.29 
2.38 0.00 2.90 0.00 56.09 0.45 68.33 3.74 
2.90 0.00 3.53 o.po 68.33 1.12 83.26 4.86 
3.53 0.00 4.30 0.00 83.26 1.78 101.44 6.64 
4.30 0.00 5.24 0.00 101.44 2.47 123.59 9.11 

' 5.24 0.00 6.39 0.00 123.59 3.65 150.57 12.76 
6.39 0.00 7.78 0.00 150.57 5.21 183.44 17.97 
7.78 0.00 9.48 0.00 183.44 7.22 223.51 25.19 
9.48 0.00 11.55 0.00 223.51 9.53 272.31 34.72 

11.55 0.15 14.08 0.15 2n.31 11 .95 331.n 46.66 
14.08 0.30 17.15 0.46 331 .n 14.60 404.21 61 .27 
17.15 0.53 20.90 0.99 404.21 18.03 492.47 79.30 
20.90 0.76 25.46 1.74 492.47 20.71 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 3 Run Number: 1 Measured: Wed Jul15 1998 1:59PM 
Sample File: SDA Record Number: 11 Analysed: Wed Jui1519981:59PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 3 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

-

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 25.3 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 4.67 4 % 
Modificatior]s: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.7597 %Vol Density= 1.000 g I cub. em Specific SA = 0.0318 sq. mIg 
Mean Diameters: D (v, 0.1) = 198.80 urn D (v, 0.5) = 337.28 urn D (v, 0.9) = 535.74 urn 
D [4, 3) = 347.39 urn D[3,2]= 188.46·um Span = 9.990E-01 Uniformity = 3.251 E-01 

Size Low (urn) In% Size High (urn} Under% Size Low (urn) In% Size High (urn) Under",(, 
0.50 0.00 1.32 0.00 25.46 0.08 31.01 3.11 
1.32 0.00 1.60 0.00 31 .01 9.03 37.79 3.13 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 3.14 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 3.14 
238 0.00 2.90 0.00 56.09 0.00 68.33 3.14 
290 0.00 3.53 0.00 68.33 0.00 83.26 3.14 
3.53 0.00 4.30 0.00 83.26 0.00 101.44 3.14 
4.30 0.00 5.24 0.00 101.44 0.00 123.59 3.14 
5.24 0.00 6.39 0.00 123.59 0.64 150.57 3.79 
6.39 0.04 7.78 0.04 150.57 3.44 183.44 7.23 
7.78 0.20 9.48 0.24 183.44 9.29 223.51 16.53 
9.48 0.45 11.55 0.69 223.51 15.18 272.31 31.70 

11.55 0.76 14.08 1.45 272.31 16.93 331.77 48.63 
14.08 0.80 17.15 2.24 331.77 16.39 404.21 65.02 
17.15 0.54 20.90 2.79 404.21 17.49 492.47 82.50 
20.90 0.23 25.46 3.02 49'2.47 17.49 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 3 Run Number: 2 Measured: Wed Jul151998 2:01PM 
Sample File: SDA Record Number: 12 Analysed: Wed Jul 15 1998 2:01 PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 3 (X=23mrn, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 23.0 % 
Presentation: 2JHD [Particle R.I.=" ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 4.808% 
Modifications: None 

Result Statistics 
Distribu~ion Type: Volume Concentration= 0.7453 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0292 sq. mIg 
Mean Diameters: D (v, 0.1) = 192.95 um D (v, 0.5) = 335.62 um D (v, 0.9) = 543.86 um 
D [4, 3) = 348.60 um D (3, 2) = 205.76·um Span= 1.046E+OO Uniformity = 3.437E-01 

Size Low (uml In% Size High (uml Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.35 31.01 2.67 
1.32 0.00 1.60 0.00 31.01 0.20 37.79 2.87 
1.60 0.00 1.95 0.00 37.79' 0.07 46.03 2.93 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 2.94 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 2.94 
290 0.00 3.53 0.00 68.33 0.00 83.26 2.94 
3.53 0.00 4.30 0.00 83.26 0.00 101.44 2.94 
4.30 0.00 5.24 0.00 101.44 0.03 123.59 2.96 
5.24 0.00 6.39 0.00 123.59 0.98 150.57 3.96 
6.39 0.04 7.78 0.04 150.57 4.21 183.44 8.17 
7.78 0.13 9.48 0.17 183.44 10.34 223.51 18.51 
9.48 0.24 11.55 0.40 223.51 15.31 272.31 33.80 

11.55 0.40 14.08 0.80 2n.31 15.37 331.n 49.17 
14.08 0.51 17.15 1.32 331 .77 14.06 404.21 63.25 
17.15 0.54 20.90 1.86 404.21 17.02 492.47 80.27 
20.90 0.47 25.46 2.33 492.47 19.74 600.00 100.00 

Volume(%) 
20r-----~--------------------------------------------------------~100 

1 

Malvem Instruments Inc. 
Southborough MA, USA 
Tel:+[1) 508-480 0200 Fax:+[1) 508-460 9692 

I . .. .. . ... ........ - . .. . , . 

Particle Diameter (IJm.) 

Mastersizer X Ver. 2.15 
Serial Number: 32736-31 

I 

r 

p. 2 
16 Jul9810:04 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 

Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 3 Run Number: 3 Measured: Wed Jul15 1998 2:02PM 
Sample File: SDA Record Number: 13 Analysed: Wed Jul15 1998 2:02PM 
Sample Path: C:\SIZERX\OATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 3 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 21.2 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 5.975 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.7100 %Vol Density= 1.000 g I cub. em Specific SA = 0.0280 sq. mIg 
Mean Diameters: D (v, 0.1) = 200.88 um D (v, 0.5) = 346.02 um D (v, 0.9) = 546.21 um 
D (4, 3] = 357.05 um D [3, 2) = 214.17 um Span = 9.980E-01 Uniformity= 3.217E-01 

Size Low (urn) In% Size High (um) Under% Size Low (um) In% Size High (um)_ Under% 
0.50 0.00 1.32 0.00 25.46 0.14 31.01 1.99 
1.32 0.00 1.60 0.00 31.01 0.05 37.79 2.04 
1.60 0.00 1.95 0.00 37.79 0.01 46.03 2.05 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 2.05 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 2.05 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 2.05 
3.53 0.00 4.30 0.00 83.26 0.00 101.44 2.05 
4.30 0.00 5.24 o.do 101.44 0.00 123.59 2.06 
5.24 0.06 6.39 0.06 123.59 0.80 150.57 2.86 
6.39 0.20 7.78 0.26 150.57 3.63 183.44 6.48 
7.78 0.54 9.48 0.79 183.44 9.26 223.51 15.75 
9.48 0.00 11.55 0.80 223.51 14.52 272.31 30.27 

11.55 0.00 14.08 0.80 272.31 16.44 331.n 46.70 
14.08 0.00 17.15 0.82 331.n 15.28 404.21 61.99 
17.15 0.72 20.90 1.52 404.21 17.47 492.47 79.47 
20.90 0.33 25.46 1.85 492.47 20.55 600.00 100.00 

Volume(%) 
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Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 3 Run Number: 4 Measured: Wed Jul151998 2:03PM 
Sample File: SDA Record Number: 14 Analysed: Wed Jul15 1998 2:04PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 3 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 17.3% 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 2.848 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5152 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0307 sq. mIg 

. Mean Diameters: D (v, 0.1) = 110.66um D (v, 0.5) = 290.08 um D (v, 0.9) = 530.11 um 
D [4, 3] = 304.96 um D[3,2)= 195.19um Span = 1.446E+OO Uniformity = 4.444E-01 

Size Low (um) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.48 31 .01 1.16 
1.32 0.00 1.60 0.00 31 .01 0.56 37.79 1.72 
1.60 0.00 1.95 0.00 37.79 0.63 46.03 2.35 
1.95 0.00 2.38 0.00 46.03 0.78 56.09 3.13 
2.38 0.00 2.90 0.00 56.09 1.14 68.33 4.27 
2.90 0.00 3.53 0.00 68.33 1.75 83.26 6.02 
3.53 0.00 4.30 O.QO 83.26 2.54 101 .44 8.56 
4.30 0.00 5.24 0.00 101.44 3.66 123.59 12.22 
5.24 0.00 6.39 0.00 123.59 5.43 150.57 17.66 
6.39 0.00 7.78 0.00 150.57 7.57 183.44 25.23 
7.78 0.00 9.48 0.00 183.44 9.74 223.51 34.97 
9.48 0.00 11.55 0.00 223.51 11.26 272.31 46.23 

11.55 0.00 14.08 0.00 272.31 11 .94 331 .77 58.17 
14.08 0.13 17.15 0.13 331 .77 12.43 404.21 70.60 
17.15 0.20 20.90 0.33 404.21 13.71 492.47 84.32 
20.90 0.35 25.46 0.68 492.47 15.69 600.00. 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample 10: Nozzle 3 Run Number: 5 Measured: Wed Jul151998 2:07PM 
Sample File: SDA Record Number: 15 Analysed: Wed Jul151998 2:07PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SOA Nozzle 3 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 16.5 % 
Presentation: 2JHD (Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 2.902 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5156 %Vol Density = 1.000 g I cub. em Specific SA = 0.0292 sq. mIg 
Mean Diameters: D (v, 0.1) = 123.48um D (v, 0.5) = 296.91 um 0 (v, 0.9) = 528.84 um 
D [4, 3] = 310.74 um D (3, 2) = 205.78 um Span = 1.365E+OO Uniformity = 4.157E-01 

Size Low (um) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.50 31.01 1.19 
1.32 0.00 1.60 0.00 31.01 0.53 37.79 1.72 
1.60 0.00 1.95 0.00 37.79 0.49 46.03 2.21 
1.95 0.00 2.38 0.00 46.03 0.53 56.09 2.75 
2.38 0.00 2.90 0.00 56.09 0.78 68.33 3.53 
2.90 0.00 3.53 0.00 68.33 1.33 83.26 4.86 
3.53 0.00 4.30 0.00 83.26 207 101.44 6.93 
4.30 0.00 5.24 0.00 101.44 3.09 123.59 10.02 
5.24 0.00 6.39 0.00 123.59 4.88 150.57 14.91 
6.39 0.00 7.78 0.00 150.57 7.26 183.44 22.16 
7.78 0.00 9.48 0.00 183.44 9.98 223.51 32.14 
9.48 0.00 11.55 0.00 223.51 12.19 272.31 44.32 

11.55 0.00 14.08 0.00 272.31 13.05 331.77 57.37 
14.08 0.00 '17.15 0.00 331.77 13.17 404.21 70.54 
17.15 0.30 20.90 0.30 404.21 14.00 492.47 84.55 
20.90 0.38 25.46 0.69 492.47 15.46 600.00 100.00 

Volume (0,(,) 
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Result: Analysis Report 
Sample Details 

Sample 10: Nozzle 4 Run Number: 1 Measured: Wed Jul15 1998 2:12PM 
Sample File: SOA Record Number: 16 Analysed: Wed Jul151998 2:12PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SOA Nozzle 4 (X=23mm, Y=117mm) 

Measured with 2JHO with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None. Obscuration: 15.1 % 
Presentation: 2JHO {Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.33001 
Analysis Model: Polydisperse Residual: 2.878% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration :: 0.4929 %Vol Density= 1.000 g f cub. em Specific S.A = 0.0277 sq. m I g 
Mean Diameters: 0 (v, 0.1) = 127.91 urn 0 (v, 0.5) = 360.14 urn D (v, 0.9) = 557.68 um 
0[4,3]= 348.24um 0[3, 2] = 216.89 urn Span= 1.193E+OO Uniformity= 3.773E-01 

Size Low Cum) In% Size High (um) Under% Size Low (um) In% Size High _(um) Under% 
0.50 0.00 1.32 0.00 25.46 0.51 31:01 1.60 
1.32 0.00 1.60 0.00 31.01 0.36 37.79 1.96 
1.60 0.00 1.95 0.00 37.79 0.24 48.03 2.20 
1.95 0.00· 2.38 0.00 46.03 0.30 56.09 2.50 
2.38 0.00 2.90 0.00 56.09 0.66 68.33 3.16 
2.90 0.00 3.53 0.00 68.33 1.34 83.26 4.50 
3.53 0.00 4.30 0.00 83.26 2.09 101.44 6.59 
4.30 0.00 5.24 0.00 101.44 2.81 123.59 9.40 
5.24 0.00 6.39 0.00 123.59 4.04 150.57 13.44 
6.39 0.00 7.78 0.00 150.57 5.57 183.44 19.01 
7.78 0.00 9.48 0.00 183.44 7.26 223.51 26.27 ' 
9.48 0.00 11 .55 0.00 223.51 8.62 272.31 34.90 

11.55 0.09 14.08 0.09 2n.31 10.40 331.77 45.29 
14.08 0.19 17.15 0.28 331.77 12.23 404.21 57.53 
17.15 0.33 20.90 0.61 404.21 17.14 492.47 74.70 . 
20.90 0.48 25.46 1.09 492.47 25.35 600.00 100.00 

Volume(%) 
30r-----------------~------------------------------------------_,100 
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l!:L:.i~~~ M A S T E R S I Z E R 
Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 4 Run Number: 2 Measured: Wed Jul151998 2:13PM 
Sample File: SDA Record Number: 17 Analysed: Wed Jul151998 2:14PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 4 (X==23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 10.7% 
Presentation: 2JHD [Particle R.I. "' ( 1.3566, 0.1 000); Dispersant R.I. "' 1.3300) 
Analysis Model: Polydisperse Residual: 2.541% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.4248 %Vol Density = 1.000 g I cub. em Specific SA = 0.0222 sq. mIg 
Mean Diameters: D (v, 0.1) == 178.81 um D (v, 0.5) == 440.34 um D (v, 0.9) =. 570.98 um 
D [4, 3) = 400.97 um D [3, 2) = 270.38 urn Span = 8.906E-01 Uniformity = 2.662E-01 

Size Low (um) In "AI Size High (um) Under% Size Low (um) In% Size High (urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.48 31.01 1.45 
1.32 0.00 1.60 0.00 31.01 0.26 37.79 1.72 
1.60 0.00 1.95 0.00 37.79 0.05 46.03 1.77 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 1.n 
2.38 0.00 2.90 0.00 56.09 0.10 68.33 1.87 
2.90 0.00 3.53 0.00 68.33 0.46 83.26 2.33 
3.53 0.00 4.30 0.00 83.26 0.97 101 .44 3.30 
4.30 0.00 5.24 o:oo 101.44 1.49 123.59 4.79 
5.24 0.00 6.39 0.00 123.59 2.39 150.57 7.18 
6.39 0.00 7.78 0.00 150.57 3.31 183.44 10.49 
7.78 0.00 9.48 0.00 183.44 4.48 223.51 14.97 
9.48 0.00 11.55 0.00 223.51 6.09 272.31 21 .07 

11.55 0.05 14.08 0.05 272.31 8.93 331.n 29.99 
14.08 0.15 17.15 0.20 331 .n 12.62 404.21 42.63 
17.15 0.30 20.90 0.50 404.21 20.87 492.47 63.56 
20.90 0.48 25.46 0.98 492.47 36.52 600.00 100.00 

Volume(%) 
40r---------------------------------------------------------------_,100 
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~MASTERSIZER 

Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 4 Run Number: 3 Measured: Wed Jul151998 2:15PM 
Sample File: SDA Record Number: 18 Analysed: Wed Jul151998 2:15PM 
Sample Path: C:\SIZERX\OATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 4 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler. None Obscuration: 16.9 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I.= 1.3300] 
Analysis Model: Polydisperse Residual: 2.613% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5613 %Vol Density= 1 .000 g I cub. em Specific SA = 0.027 4 sq. mIg 
Mean Diameters: D (v, 0.1) = 132.52um D (v, 0.5) = 339.42 urn D (v, 0.9) = 554.06 urn 
D [4, 3) = 339.52 urn D [3, 2] = 219.35 urn Span = 1.242E+OO Unifonnity = 3.967E-01 

Size Low Cum) In% Size High Cum) Under% Size Low _(urn) In% Size High Cum) Under% 
0.50 0.00 1.32 0.00 25.46 0.43 31.01 1.31 
1.32 0.00 1..60 0.00 31.01 0.38 37.79 1.68 
1.60 0.00 1.95 0.00 37.79 0.34 46.03 2.03 
1.95 0.00 2.38 0.00 46.03 0.41 56.09 2.44 
2.38 0.00 2.90 0.00 56.09 0.67 68.33 3.10 
2.90 0.00 3.53 0.00 68.33 1.16 83.26 4.27 
3.53 0.00 4.30 O.(JO 83.26 1.81 101.44 6.08 
4.30 0.00 5.24 0.00 101.44 2.65 123.59 8.73 
5.24 0.00 6.39 0.00 123.59 4.17 150.57 12.90 
6.39 0.00 7.78 0.00 150.57 6.18 183.44 19.07 
7.78 0.00 9.48 0.00 183.44 8.44 223.51 27.52 
9.48 0.00 11.55 0.00 223.51 10.06 272.31 37.58 

11.55 0.00 14.08 O.D1 272.31 11.09 331.77 48.67 
14.08 0.20 17.15 0.20 331.77 12.33 404.21 61.01 
17.15 0.29 20.90 0.48 404.21 15.97 492.47 77.00 
20.90 0.39 25.46 0.87 492.47 23.04 600.00 100.00 

Volume(%) 
30~--~--------------------~~------------------~--------------_,100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 4 Run Number: 4 Measured: Wed Jul151998 2:17PM 
Sample File: SDA Record Number: 19 Analysed: Wed Jul151998 2:17PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 4 (X=23mm, Y=117mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 17.5% 
Presentation: 2JHD (Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 2.409 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5737 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0279 sq. m I g 
Mean Diameters: D (v, 0.1) = 130.54um D (v, 0.5) = 366.00 um D (v, 0.9) = 561.33 urn 
D [4, 3) = 351.75 urn D [3, 2) = 215.21 urn Span= 1.1nE+OO Uniformity= 3.769E..Q1 

Size Low (um) In% Size High (urn) Under% Size Low (urn) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.73 31.01 1.87 
1.32 0.00 1.60 0.00 31.01 0.55 37.79 2.42 
1.60 0.00 1.95. 0.00 37.79 0.31 46.03 2.73 
1.95 0.00 2.38 0.00 46.03 0.24 56.09 2.98 
2.38 0.00 2.90 0.00 56.09 0.47 68.33 3.45 
2.90 0.00 3.53 0.00 68.33 1.09 83.26 4.54 
3.53 0.00 4.30 0.00 83.26 1.85 101.44 6.38 
4.30 0.00 5.24 0.00 101.44 2.65 123.59 9.03 
5.24 0.00 6.39 0.00 123.59 4.06 150.57 13.09 
6.39 0.00 7.78 0.00 150.57 5.73 183.44 18.82 
7.78 0.00 9.48 0.00 183.44 7.50 223.51 26.32 
9.48 0.00 11.55 0.00 223.51 8.63 272.31 34.95 

11.55 0.03 14.08 0.03 272.31 9.75 331.n 44.70 
14.08 0.17 17.15 0.20 331.n 11.43 404.21 56.14 
17.15 0.35 20.90 0.55 404.21 16.52 492.47 72.71 
20.90 0.60 25.46 1.14 492.47 27.35 600.00 100.00 

Volume (0AI) 
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MASTERSIZER 
Result: Analysis Report 

Sample Details 
Sample 10: Nozzle 4 Run Number: 5 Measured: Wed Jul151998 2:18PM 
Sample File: SOA Record Number: 20 Analysed: Wed Jul151998 2:19PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 4 (X=23mm, Y=117mm) 

Measured with 2JHO with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 16.1 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 2.990% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5400 %Vol Density= 1.000 g I cub. em Specific SA = 0.0270 sq. m I g 
Mean Diameters: D (v, 0.1) = 143.94 urn D (v, 0.5) = 376.81 urn D (v, 0.9) = 561.70 um 
D [4, 3] = 359.86 urn D [3, 2] = 221.99 urn Span= 1.109E+OO Uniformity= 3.553E-01 

Size Low (urn) In% Size High (urn) Under% Size Low {urn) In% Size High {urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.50 31.01 1.74 
1.32 0.00 1.60 0.00 31 .01 0.39 37.79 2.13 
1.60 0.00 1.95 0.00 37.79 0.30 46.03 243 
1.95 0.00 2.38 0.00 46.03 0.30 56.09 2.73 
2.38 0.00 2.90 0.00 56.09 0.44 68.33 3.16 
2.90 0.00 3.53 0.00 68.33 0.76 83.26 3.93 
3.53 0.00 4.30 0.00 83.26 1.38 101.44 5.30 
4.30 0.00 5.24 o.do 101.44 2.13 123.59 7.44 
5.24 0.00 6.39 0.00 123.59 3.50 150.57 10.94 
6.39 0.00 7.78 0.00 150.57 5.28 183.44 16.22 
7.78 0.00 9.48 0.00 183.44 7.25 223.51 23.46 
9.48 0.10 11.55 0.10 223.51 8.72 272.31 32.18 

11.55 0.12 14.08 0.22 27231 10.34 331 .77 42.52 
14.06 0.20 17.15 0.43 331.77 12.21 404.21 54.74 
17.15 0.33 20.90 0.76 404.21 17.48 492.47 72.27 
20.90 . 0.48 25.46 1.23 492.47 27.79 600.00 100.00 

Volume(%) 
30r-------------~------------------------------------------------__,100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 5 Ruo Number: 1 Measured: Wed Jut 15 1998 2:23PM 
Sample File: SDA Record Number: 21 Analysed: Wed Jul151998 2:23PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SOA Nozzle 5 (X=22mm, Y=11 Omm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam.Length: 2.40 mm Sampler: Non.e Obscuration: 14.1 % 
Presentation: 2JHO (Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.33001 
Analysis Model: Polydisperse Residual: 6.238 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.4583 %Vol Density = 1.000 g I cub. em Specific S.A. = 0.0274 sq. mIg 
Mean Diameters: D (v, 0.1) = 180.68 um D (v, 0.5) = 356.42 um D (v, 0.9) = 540.26 um 
D [4, 3) = 353.71 um D [3, 2) = 218.75 um Span= 1.009E+OO Uniformity = 3.164E-01 

Size Low (um) In% Size Hiah (um) Under% Size Low (um) In% Size Hiah (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.68 31 .01 2.94 
1.32 0.00 1.60 0.00 31.01 0.26 37.79 3.19 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 3.20 
1.95 0.00 2.38 0.00 46.03 0.00 5Ei.09 3.20 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 3.20 
2.90 0.00 3.53 0.00 '68.33 0.00 83.26 3.20 
3.53 0.00 4.30 0.00 83.26 0.05 101.44 3.25 
4.30 0.00 5.24 0.00 101.44 0.64 123.59 3.90 
5.24 0.00 6.39 0.00 123.59 2.05 150.57 5.95 
6.39 0.00 7.78 0.00 150.57 4.50 183.44 10.44 
7.78 0.00 9.48 0.00 183.44 7.57 223.51 18.02 
9.48 0.00 11.55 0.00 223.51 11.32 272.31 29.34 

11.55 0.14 14.08 0.14 272.31 14.76 331.77 44.08 
14.08 0.40 17.15 0.55 331.77 17.15 404.21 61 .25 
17.15 0.76 20.90 1.31 404.21 19.71 492.47 80.93 
20.90 0.95 25.46 2.25 492.47 19.06 600.00 100.00 

Volume(%) 
20~--------------------------------------~--------~----------_,100 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 5 Run Number: 2 Measured: Wed Jul 15 1998 2:25PM 
Sample File: SDA Record Number: 22 Analysed: Wed Jul151998 2:25PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 5 (X=22mm, Y=110mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 16.6 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 5.368 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5507 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.027 4 sq. mIg 
Mean Diameters: D (v, 0.1) = 177.70um D (v, 0.5) = 387.49 urn D (v, 0.9) = 556.99 urn 
D [4, 3] = 370.55 um D [3, 2] = 219.()4 um Span = 9.789E-01 Uniformity= 3.139E-01 

Size Low (um~ In% Size High (uml Under% Size Low (um) In% Size High {uml_ Under"A. 
0.50 0.00 1.32 0.00 25.46 1.15 31 .01 3.20 
1.32 0.00 1.60 0.00 31 .01 0.67 37.79 3.88 
1.60 0.00 1.95 0.00 37.79 0.21 46.03 4.09 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 4.09 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 4.09 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 4.09 
3.53 0.00 4.30 0.00 83.26 0.00 101.44 4.10 
4.30 0.00 5.24 o.bo 101 .44 0.60 123.59 4.69 
5.24 0.00 6.39 0.00 123.59 2.09 150.57 6.79 
6.39 0.00 7.78 0.00 150.57 4.01 183.44 10.80 
7.78 0.00 9.48 0.00 183.44 6.44 223.51 17.25 
9.48 0.00 11.55 0.00 223.51 9.25 272.31 26.50 

11 .55 0.03 14.08 0.03 272.31 12.23 331 .77 38.72 
14.08 0.26 17.15 0.29 331 .77 14.81 404.21 53.55 
17.15 0.65 20.90 0.94 404.21 20.72 492.47 74.27 
20.90 1.12 25.46 2.06 492.47 25.75 600.00 100.00 

Volume(%) 
30~------------------------~~----~----------------------------_,100 
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~l.~'iFril11 M A S T E. R S I Z E R 
Result: Analysis Report 

Sample Details 
Sample 10: Nozzle 5 Run Number: 3 Measured: Wed Jul151998 2:26PM 
Sample File: SDA Record Number: 23 Analysed: Wed Jul151998 2:26PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 5 (X=22mm, Y=11 Omm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 21 .6 % 
Presentation: 2JHD · [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 5.811 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.7124 %Vol Density= 1.000 g I cub. em Specific SA = 0.0284 sq. mIg 
Mean Diameters: 0 (v, 0.1) = 200.07 urn D (v, 0.5) = 397.84 urn 0 (v, 0.9) = 560.71 urn 
D [4, 3] = 379.94 urn D [3, 2] = 211.00 urn . Span = 9.065E-01 Unifonnity = 3.004E-01 

Size Low (urn) In% Size High (urn) Under% Size Low (urn) In% Size High (urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.32 31.01 2.87 
1.32 0.00 1.60 0.00 31.01 0.14 37.79 3.02 
1.60 0.00 1.95 0.00 37.79 0.03 46.03 3.05 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 3.05 
2.38 .o.oo 2.90 0.00 56.09 0.00 68.33 3.05 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 3.05 
3.53 0.00 4.30 0.00 83.26 0.00 101 .44 3.05 
4.30 0.00 5.24 0.00 101 .44 0.04 123.59 3.09 
5.24 0.01 6.39 0.01 123.59 0.79 150.57 3.89 
6.39 0.05 7.78 0.06 150.57 3.32 183.44 7.21 
7.78 0.15 9.48 0.21 183.44 7.54 223.51 14.75 
9.48 0.28 11.55 0.49 223.51 10.92 272.31 25.66 

11 .55 0.45 14.08 0.94 272.31 12.12 331.77 37.78 
14.08 0.55 17.15 1.49 331.77 13.47 404.21 51.28 
17.15 0.58 20.90 2.07 404.21 20.78 492.47 72.06 
20.90 0.49 25.46 255 492.47 27.97 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 5 Run Number: 4 Measured: Wed Jul151998 2:28PM 
Sample File: SDA Record Number: 24 Analysed: Wed Jul15 1998 2:28PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 5 (X=22mm, Y=110mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 17.7% 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 8.787% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5380 %Vol Density= 1.000 g I cub. em Specific SA= 0.0301 sq. mIg 
Mean Diameters: D (v, 0.1) = 154.78 um D (v, 0.5) = 323.13 um D (v, 0.9) = 515.15 um 
D [4,3]= 326.16 urn D [3, 2) = 199.45um Span= 1.115E+OO Uniformity = 3.486E-01 

Size Low (urn) In% Size Hi!:lh (um) Under% Size Low (um_l In% Size High (um) Under% 
0.50 0,00 1.32 0.00 25.46 0.80 31.01 2.86 
1.32 0.00 1.60 0.00 31.01 0.40 37.79 3.26 
1.60 0.00 1.95 0.00 37.79 0.05 46.03 3.31 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 3.31 
2.38 0.00 2.90 0.00 56.09 0.01 68.33 3.32 
2.90 0.00 3.53 0.00 68.33 0.37 83.26 3.69 
3.53 0.00 4.30 0.00 83.26 0.90 101.44 4.59 
4.30 0.00 5.24 o;bo 101.44 1.65 123.59 6.24 
5.24 0.00 6.39 0.00 123.59 3.15 150.57 9.39 
6.39 0.00 7.78 0.00 150.57 5.49 183.44 14.88 
7.78 0.00 9.48 0.00 183.44 8.74 223.51 23.63 
9.48 0.15 11.55 0.15 223.51 12.80 272.31 36.42 

11.55 0.20 14.08 0.35 272.31 15.82 331.77 52.23 
14.08 0.34 17.15 0.69 331.77 17.41 404.21 69.64 
17.15 0.55 20 .. 90 1.24 404.21 17.04 492.47 86.65 
20.90 0.82 25.46 2.06 492.47 13.32 600.00 100.00 

Volume(%) 
20~--------------------------------------------------------------_,100 
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Gl].l.SHtilJM ASTERS I Z E R 
Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 5 Run Number: 5 Measured: Wed Jul151998 2:30PM 
Sample File: SDA Record Number: 25 Analysed: Wed Jul 15 1998 2:30PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 5 (X=22mm, Y=11 Omm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 240 mm Sampler: None Obscuration: 12.2 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 6.386% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.4016 %Vol Density= 1.000 g I cub. em Specific SA= 0.0268 sq. mIg 
Mean Diameters: D (v, 0.1) = 180.64 urn D (v, 0.5) = 386.93 urn D (v, 0.9) = 559.03 urn 
D [4, 3] = 372.76 urn D (3, 2] = 223.76 urn Span= 9.n9E-01 Uniformity = 3.128E-01 

Size Low (urn) In% Size High (um) Under% Size Low (urn) In% Size High (urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.30 31 .01 2.38 
1.32 0.00 1.60 0.00 31 .01 0.09 37.79 2.48 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 2.48 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 248 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 2.48 
2.90 0.00 3.53 0.00 68.33 0.08 83.26 2.56 
3.53 0.00 4.30 0.00 83.26 0.40 101.44 . 2.97 
4.30 0.00 5.24 0:00 101.44 1.04 123.59 4.00 
5.24 0.00 6.39 0.00 123.59 2.32 150.57 6.32 
6.39 0.03 7.78 0.03 150.57 4.07 183.44 10.39 
7.78 0.08 9.48 0.11 183.44 6.60 223.51 17.00 
9.48 0.17 11 .55 0.28 223.51 9.61 272.31 26.62 

11.55 0.25 14.08 0.53 272.31 12.44 331 .n 39.05 
14.08 0.42 17.15 0.95 331 .n 14.52 404.21 53.58 
17.15 0.59 20.90 1.54 404.21 19.82 492.47 73.41 
20.90 0.54 25.46 2.08 492.47 26.62 600.00 100.00 

Volume(%) 
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Result: Analysis Report 

Sample Details 
Sample 10: Nozzle 6 Run Number: 1 Measured: Wed Jul151998 2:35PM 
Sample File: SDA Record Number: 26 Analysed: Wed Jul151998 2_:35PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 6 (X=24mm, Y=115mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 16.7 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 5.981 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5974 %Vol Density = 1.000 g I cub. em Specific S.A. = 0.0254 sq. m I g 
Mean Diameters: D (v, 0.1) = 216.44 urn D (v, 0.5) = 41 0.58 urn D (v, 0.9) = 558.93 um 
D [4, 3] = 389.61 urn D [3, 2] = 235.86 urn Span = 8.342E-01 Uniformity= 2.715E-01 

Size Low (urn) In% Size High (urn) UnderG.k Size Low (um) In% Size High (urn) Under% 
0.50 0.00 1.32 0.00 25.46 0.32 31.01 1.98 
1.32 0.00 1.60 0.00 31.01 0.35 37.79 2.33 
1.60 0.00 1.95 0.00 37.79 0.48 46.03 2.82 
1.95 0.00 2.38 0.00 46.03 0.60 56.09 3.42 
2.38 0.00 2.90 0.00 56.09 0.58 68.33 4.00 
2.90 0.00 3.53 0.00 68.33 0.26 83.26 4.25 
3.53 0.00 4.30 0.00 83.26 0.00 101.44 4.26 
4.30 0.00 5.24 o.bo 101.44 0.00 123.59 4.26 
5.24 0.00 6.39 0.00 123.59 0.17 150.57 4.43 
6.39 0.02 7.78 0.02 150.57 1.66 183.44 6.09 
7.78 0.05 9.48 0.08 183.44 4.95 223.51 11 .05 
9.48 0.12 11 .55 0.19 223.51 8.36 272.31 19.44 

11.55 0.22 14.08 0.41 272.31 13.54 331.n 32.94 
14.08 0.40 17.15 0.81 331.n 15.50 404.21 48.49 
17.15 0.46 20.90 1.27 404.21 23.95 492.47 72.39 
20.90 0.39 25.46 1.66 492.47 27.61 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 6 Run Number: 2 Measured: Wed Jul151998 2:37PM 
Sample File: SDA Record Number: 27 Analysed: Wed Jul15 1998 2:37PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 6 (X=24mm, Y=115mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 20.8 % 
Presentation: 2JHD [Particle R.I.= ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 5.998% 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.6557 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0294 sq. mIg 
Mean Diameters: D (v, 0.1) = 176.21 um D (v, 0.5) = 396.55 um D (v, 0.9) = 559.27 um 
D [4, 3) = 372.89 um D [3, 2) = 204.06 um Span = 9.660E-01 Uniformity = 3.151 E-01 

Size Low (um) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 1.39 31.01 4.13 
1.32 0.00 1.60 0.00 31 .01 0.48 37.79 4.61 
1.60 0.00 1.95 0.00 37.79 0.01 46.03 4.62 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 4.62 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 4.62 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 4.63 
3.53 0.00 4.30 0.00 83.26 0.27 101.44 4.89 
4.30 0.00 5.24 o.po 101 .44 0.70 123.59 5.60 
5.24 0.00 6.39 0.00 123.59 1.n 150.57 7.37 
6.39 o:oo 7.78 0.00 150.57 3.58 183.44 10.95 
7.78 0.00 9.48 0.00 183.44 6.51 223.51 17.46 
9.48 0.00 11 .55 0.00 223.51 8.94 272.31 26.42 

11.55 0.20 14.08 0.20 272.31 11 .84 331 .n 38.23 
14.08 0.38 17.15 - 0.59 331 .n 13.23 404.21 51.52 
17.15 o.n 20.90 1.31 404.21 21 .26 492.47 7275 
20.90 1.43 25.46 2.74 492.47 27.27 600.00 100.00 

Volume(%) 
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MASTERSIZER 
Result: Analysis Report 

Sample Details 
Sample 10: Nozzle 6 Run Number: 3 Measured: Wed Jul 15 1998 2:38PM 
Sample File: SOA Record Number: 28 Analysed: Wed Jul15 1998 2:38PM 
Sample Path: C:\SIZERX\OATA\ Result Source: Analysed 
Sample Notes: SOA Nozzle 6 (X=24mm, Y=115mm) 

Measured with 2JHO with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 13.9 % 
Presentation: 2JHO [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1 .3300) 
Analysis Model: Polydisperse Residual: 6.350 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration = 0.5207 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0239 sq. mIg 
Mean Diameters: D (v, 0.1) = 195.79 um D (v, 0.5) = 415.80 um D (v, 0.9) = 564.54 um 
D [4, 3) = 389.28 um D [3. 2) = 251 .27 um Span = 8.869E..01 Uniformity = 2.847E..01 

Size Low (um) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.65 31.01 1.99 
1.32 0.00 1.60 0.00 31.01 0.55 37.79 2.54 
1.60 0.00 1.95 0.00 37.79 0.32 46.03 2.87 
1.95 0.00 2.38 0.00 46.03 0.06 56.09 2.93 
2.38 0.00 290 0.00 56.09 0.00 68.33 2.93 
2.90 0.00 3.53 0.00 68.33 0.00 83.26 2.93 
3.53 0.00 4.30 0.00 83.26 0.23 101.44 3.16 
4.30 0.00 5.24 ri:oo 101.44 0.67 123.59 3.83 
5.24 0.00 6.39 0.00 123.59 1.51 150.57 5.34 
6.39 0.00 7.78 0.00 150.57 3.08 183.44 8.41 
7.78 0.00 9.48 0.00 183.44 5.66 223.51 14.08 
9.48 0.00 11.55 0.00 223.51 8.37 27231 22.46 

11.55 0.06 14.08 0.06 272.31 11 .76 331 .77 34.20 
14.08 0.22 17.15 0.28 331.77 13.38 404.21 47.62 
17.15 0.45 20.90 0.73 404.21 21.61 492.47 69.24 
20.90 0.62 25.46 1.35 492.47 30.81 600.00 100.00 

Volume(%) 
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Result: Analysis Report 
Sample Details 

Sample ID: Nozzle 6 Run Number: 4 Measured: Wed Jul15 1998 2:40PM 
Sample File: SDA Record Number: 29 Analysed: Wed Jul151998 2:40PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 6 (X=24mm, Y=115mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 14.6 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1 000); Dispersant R.I. = 1.3300) 
Analysis Model: Polydisperse Residual: 5.829 % 
Modifications: None 

Result Statistics 
Distribution Type: -Volume Concentration = 0.5420 %Vol Density= 1.000 g I cub. em Specific SA = 0.0242 sq. m I g 
Mean Diameters: D(v,0.1)= 187.70 urn D (v, 0.5) = 396.93 urn D (v, 0.9) = 559.77 urn 
D [4, 3) = 379.20 um D [3, 2) = 247.83 um Span = 9.37 4E-01 Uniformity = 2.991 E-01 

Size Low (urn) In% Size High (um) Under% Size Low (um) In% Size High (um) Under% 
0.50 0.00 1.32 0.00 25.46 0.65 31.01 2.03 
1.32 0.00 1.60 0.00 31.01 0.42 37.79 2.45 
1.60 0.00 1.95 0.00 37.79 0.15 46.03 2.60 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 2.60 
2.38 o.oc 2.90 0.00 56.09 0.00 68.33 2.60 
2.90 0.00 3.53 0.00 68.33 0.04 83.26 2.64 
3.53 0.00 4.30 0.00 83.26 0.34 101.44 2.98 
4.30 0.00 5.24 0.00 101.44 0.85 123.59 3.83 
5.24 0.00 6.39 0;00 123.59 1.92 150.57 5.75 
6.39 0.00 7.78 0.00 150.57 3.65 183.44 9.40 
7.78 0.00 9.48 0.00 183.44 6.20 223.51 15.61 
9.48 0.00 11.55 0.00 223.51 8.76 272.31 24.38 

11.55 0.08 14.08 0.08 272.31 12.16 331.77 36.53 
14.08 0.22 17.15 0.30 331.77 15.04 404.21 51.59 
17.15 0.43 20.90 0.73 404.21 21.08 492.47 72.68 
20.SO 0.64 25.46 1.38 492.47 27.35 600.00 100.00 
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MASTERSIZER 
Result: Analysis Report 

Sample Details 
Sample ID: Nozzle 6 Run Number: 5 Measured: Wed Jul 15 1998 2:41PM 
Sample File: SDA Record Number: 30 Analysed: Wed Jul15 1998 2:42PM 
Sample Path: C:\SIZERX\DATA\ Result Source: Analysed 
Sample Notes: SDA Nozzle 6 (X=24mm, Y=115mm) 

Measured with 2JHD with 300mm len 

System Details 
Range Lens: 300 mm Beam Length: 2.40 mm Sampler: None Obscuration: 14.5 % 
Presentation: 2JHD [Particle R.I. = ( 1.3566, 0.1000); Dispersant R.I. = 1.3300] 
Analysis Model: Polydisperse Residual: 4.687 % 
Modifications: None 

Result Statistics 
Distribution Type: Volume Concentration= 0.5255 %Vol Density= 1.000 g I cub. em Specific S.A. = 0.0247 sq. m I g 
Mean Diameters: D (v, 0.1) = 171 .80 urn D (v, 0.5) = 422.17 urn D (v, 0.9) = 568.34 urn 
D [4, 3] = 388.80 urn D (3, 2] = 242.82 urn Span = 9.393E-01 Uniformity = 2947E-01 

Size Low (urn) In% Size High (um) Under% Size Low (um) In% Size High (uml Under% 
0.50 0.00 1.32 0.00 25.46 0.51 31 .01 2.16 
1.32 0.00 1.60 0.00 31 .01 0.17 37.79 2.34 
1.60 0.00 1.95 0.00 37.79 0.00 46.03 2.34 
1.95 0.00 2.38 0.00 46.03 0.00 56.09 2.34 
2.38 0.00 2.90 0.00 56.09 0.00 68.33 2.34 
2.90 0.00 3.53 0.00 68.33 0.29 83.26 2.63 
3.53 0.00 4.30 0.00 83.26 0.83 101.44 3.46 
4.30 0.00 5.24 0;00 101.44 1.46 123.59 4.93 
5.24 0.00 6.39 O:tlO 123.59 2.59 150.57 7.52 
6.39 0.00 7.78 0.00 150.57 3.97 183.44 11.49 
7.78 0.00 9.48 0.00 183.44 5.61 223.51 17.10 
9.48 0.04 11.55 0.04 223.51 7.23 272.31 24.34 

11 .55 0.15 14.08 0.20 272.31 9.51 331.77 33.85 
14.08 0.29 17.15 0.48 331.77 12.68 404.21 46.54 
17.15 0.50 20.90 0.98 404.21 19.91 492.47 66.51 
20.90 0.68 25.46 1.66 492.47 33.57 500.00 100.00 

Volume(%) 
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Battelle Study No.: N003043A 
Preparation Date: January 18, 1999 
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MEASUREMENT AND CHARACTERIZATION OF AEROSOLS GENERATED 
FROJ.\11 A CONSUMER SPRAY PRODUCT - PILOT STUDY 

1.0 PRINCIPALS 

1.1 Sponsor 

Soap and Detergent Association 
New York, NY 

1.1.1 Sponsor's Project Monitor 

Dr. Jenan Al-Atrash 
Human Health and Safety Director 

1.2 Performing Laboratory 

1.2.1 Facility 

Battelle 
505 King Avenue 
Columbus, OH 43201-2693 

1.2.2 Study Director 

Thomas M. Vinci 
Preclinical Drug Development 

2.0 STUDY CONDUCT 

This protocol will be the controlling document in case of discrepancies between the protocol and 
SOPs. This study will be conducted in compliance with the EPA Good Laboratory Practices 
Regulations ( 40 CFR, Part 792) for the conduct of non-e! inical studies. This study will be listed 
on Battelle's list of non-regulated studies. All records that would be required to reconstruct the 
study \vill be maintained. All data generated from any portion of this study will be retained at 
Battelle until acceptance of the final report, when all materials will be returned to the designated 
archinl facility. 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 

3.0 OBJECTIVE 
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The purpose of this study is to characterize aerosols present in the breathing zone of a potential 
user after simulating delivery of a laundry enzyme trigger spray product. This pilot study will 
evaluate the impact of various design and sampling variables on measurement of enzyme aerosol 
concentrations under reasonable foreseeable heavy usage situations. 

4.0 DESIGN OVERVIEW 

The pilot study is designed to evaluate three sampling methods using a single product and fabric 
type. The purpose would be: (I) to determine when an aerosol concentration peak begins and its 
duration during a spray episode and (2) the distribution of particle sizes. Upon finalization of the 
study, Battelle will give to the Sponsor and its authorized representatives a presentation of the 
results. Additionally the Sponsor will have the option to review the results and decide whether or 
not to proceed with additional testing. 

All experimentation will be performed in a test chamber that conforms with three requirements. 
First, laboratory personnel will not be exposed to discharged vapors and particles. Gloves, a long­
sleeved lab coat, eye protection and respiratory protection equipment should be worn during this 
study to prevent any potential for skiri irritation and the development of respiratory allergies. 
Second, the experimental region will remain unaffected by air currents and activity in the 
laboratory. Third, the test chamber will be cleared of any residual test compound before discharge 
of the next test compound. The inside volume of the test chamber which will be used during this 
study is approximately 14 cubic meters. 

5.0 PRODUCT EVALUATION PROCEDURES 

5.1 Test Product 

The SDA will provide a prototype spray laundry product. 

5.2 Product use simulation 

The trigger sprayer will be actuated a distance of 6 inches from the spray nozzle to a target. 
The target will be a doub le layer piece of fabric on which a marked area 8 inches from the 
edge of the fabric, represents the "stain". The fabric type will be a polyester/cotton blend 
material (approximately 18 inches x 18 inches) and will be supplied to Battelle by the SDA. 

There will be two product use simulation layouts; see Figures I, 2 and 3. 

Horizontal Target 

The target will be placed on a surface (table-top or \vashing machine) at 36 inches 
above the floor. The nozzle will be placed 40.5 inches above the floor, at a 45 degree 
angle 6 inches from the center of the stain in the vertical plane perpendicular to the 
surface of the target through the center of the stain. 
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The target is supported so that the bottom of the target material touches the horizontal 
surface (36 inches). The center of the "stain" will then be 45 inches above the floor. 
The nozzle will be 6 inches from the target on the axis perpendicular to the center of 
the target. 

Once the initial set of analyses are completed, for both targets, the reproducibility of 
the results will be reported to the Sponsor for assessment of precision. 

Based on the precision of the data, the Sponsor will decide whether to include an 
additional variable in the study. If precision is judged to be appropriate by the 
Sponsor, then the impact of movement of the target during spraying will be assessed . 
The target will be moved during spraying to simulate the potential movement that 
may be encountered during consumer use. To simulate this movement, the target will 
be oriented vertically and rotated within the vertical plane at a rate of approximately 
0.25 revolutions per sec?nd. The sprayer head will be pointed just off center of the 
rotation such that the area covered by the spray of the rotating target is approximately 
50 percent greater than the area covered by the spray when the stationary target is 
used. Thus, if the spray area is 8 in2 for the stationary target then the spray area of the 
moving target should be approximately 12 in2

• All other aspects, distance of sprayer 
from target, positioning of air sampler etc., will be similar to that described for the 
vertical target. 

Sampler Location 

For both test layouts, the center of the sampler inlet will be at 58 inches above the 
floor, at a distance of24 inches from the target stain. The sampler inlet will be 
placed in a plane 30 degrees to the side of the line bet\veen the sprayer and target 
stain and will be tipped 45 degrees from the vertical towards the target. 

The dispensing procedure will simulate consumer use. The trigger sprayer will be 
pre-weighed, placed in its location in the testing chamber and the dispensing 
procedure will begin. The actuation sequence will be manually controlled to provide 
a uniform force which will deliver five sprays to the target at a rate of one stroke per 
second. There will be a 1 0-second lag bet\veen targets. This is repeated again with a 
new target for a total of six targets. 

The configuration and locations of the sprayer trigger sprayer, the target and the 
sampler are intended to simulate potential regions of likely human exposure. 
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5.3 Measurement Methods 
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The total mass output per unit time of the trigger sprayer will be determined by weighing 
each trigger sprayer before and after the above time-controlled actuation sequence during 
each of the sampling experiments. 

Aerosizer particle measuring device will be operated with a flow rate of2 Llmin. The 
aerosizer particle measuring system is capable of measuring individually the size of particles 
in the range of less than 0.2 to 700 JlM. The sampled particles may be in the form of a dry 
powder, may be suspended in a gas, or may be sprayed from a liquid suspension. When the 
particles enter the sensor region, they are in the form of an air suspension. 

6.0 EXPERI1VIENTAL DESIGN 

The sampling will begin 1 minute before application and will continue for 5 minutes after spraying 
cessation. Sampling will include only the aerosizer particle measuring device. 

Actual room volume, air flows, temperature and humidity values must be known and recorded. 
Room air flow will be only due to passive leakage during application (i.e. no open doors or 
windows, and any HV AC equipmentJurned off). Target humidity: 25-50 percent. Target 
temperature: 70°F (65 to 75° acceptable). Actual weight of product applied per target cloth and/or 
per spraying episode will be recorded. The sampling time will be based on mass analysis data to 
assure that aerosol "peak" is sampled. 

Five replicates of the experiment will be run. In addition, a preliminary experimental run will be 
performed to investigate background conditions prior to the start of each compound evaluation. 
The aerosizer will be used and will sample for approximately one minute. Reproducibility of the 
results \Vill be reported to the Sponsor for assessment of precision and for determine if variability 
is acceptable. 

All experiments will be performed in the same test chamber. During sampling, the chamber will 
have no air movement other than that created by drawing the samples. Between experimental runs 
the chamber will be flushed with fresh air for a sufficient time to rid the simulated .breathing zone 
of any unwanted particles and vapors. Verification ofremoval of aerosols and build-up will be 
conducted prior to the start of the test. Thereafter, periodic spot checking will be made. Period of 
time chamber is flushed with fresh air will be recorded. 

The actual test \Viii be recorded on video tape (VHS). 

7.0 REPORTS 

Upon completion of the study, a draft final report shall be prepared and delivered to the Sponsor 
within 4 weeks of the last experiment.· The report will include but not be limited to the following: 

• Objectives and procedures as stated in the approved protocol. 
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• Descriptions of the setup and procedures used to generate and monitor aerosols 

• Descriptions of the total sprayer trigger sprayer output measurement setup and 
procedures used to generate and monitor aerosols 

• Tabulation of the raw and processed data including: gravimetric evaluations of spray 
trigger sprayers and particle size distribution evaluations of the aerosol. 

• General summary of statistical results: mean, median, standard deviation, coefficient of 
variation and distribution of variability will be reported . 

For the mass analyzer, data presented in the study should include: 

1. Plot the total volume of droplets captured over time for each replicate. 
2. Plot the droplet size distribution for each time interval for each replicate. 
3. Plot the average volume of droplets captured over time for each of the two fabric 

orientations. 
4. Express the preceding item (on the same or different plots) in terms of concentration units 

ofnglm3. · 

The SDA will submit comments, ifariy, on the draft report to the Study Director within 30 days of 
receipt of the draft report. The final report will be submitted to the SDA within 30 days of receipt 
of the Sponsor's comments on the draft report. 

Upon approval of the final report, all study file data, raw and processed will be sent, along with the 
final report to the Sponsor. 

., .;.,;. . .•. I.. . ... ... '" 
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Figure I. Relative Orientation of Sprayer, Horilontal Target, and Sampler: 
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Figure 2. Relative Orient·ation of Sprayer, Vertical Target, and Sampler: 
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Figure 3. Relative Orientation of Sprayer, llorizonfnl Target, nnd Sampler: 
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SDA 
614 424 3268 TO 912122130685 

PROTOCOLAMEND~NTNUMBERl 
B11ttdle Study Number: N003043 

"Measurmmcnt and Chanu:terizatioa or Aerosols Gener.-t~:d from 
a Consqmer Spray Product-Pilot Study,, 

'Effective Date: January 14, 1998 

1. Part to be Changed: Page 3, Section 1.1, Sponsor 

Chsnge: 

To: 

. r ustificatiom 

Soap and De~tergcnt Assoda;:ion 
New York. NY 

Soap and Detergent Assor::iation 
475 Park Aventle South 
New York, NY 10016 

A complete address is nc:c~:~~a.ry for GLP protocol compliance . 

2. Part to be Cha.agcd: Page J, Sectlon 2.0, Study Conduct 

Change: 

To; 

Jastification: 

'l11is stUdy will be conducted in complill!lcc: with the EPA Good ... 

This study wiU be conducted in compliaru:e with the EPA Good 
Laboratory Practia:s Regulations (40CFR., Part 792) for the conduct of 
non-clinical studies, with the following exception; this study will not be 
listed on Battelle list of regulated studies. 

Clarification of Battelle's list of regulated studies·. 

3. Pnrt to he Changed: l'9.s;e 4, Section 5.2, Pl'odu~t Us~ Siml.llatian. Par-agraph 1 

Chsngc: 

To: 

Justific.Bticn: 

TI1e target will be a double layer piece affs.bric on which .... 

TI1e target will be a single layer piece offa:bric on which .... 

Thcr~ is very little breakthrough from one piec= cf fabric to another in 
the "vertical target" arrangement. For the "horizontal target•• 
arrangement the fabric will be scpllratcd by layers of plastic-backed 
absorbent paper. 

4. Part to be Changed~ Page 4, Section S.2, Produ~t Use Simulation, Horizontal Target 

Change: 

To: 

The nov.le will be pl~ed 40.5 inches above the: floor at a 45 dcgr~= 
ungle 6 inches from the center of the $tain .... 

The no7.Zle will be placed 41.5 inches above the floor at 11. 45 degree 
angle 6 inches from tha cent::r of the stain. 
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JP~ 15 ' 98 14:42 FR SDA614 424 3268 TO S1212213~685 

\4ltJIJ3 
P.f2l3/04 

Jus tificat1on: 

ProtocoJ Amendment Number I 
Battelle Study Number N003043 

Page 2 of3 
Due to the :si~ of the table .. the container is not able to be below the 
~urfac:e ofthe tabl~;:. To fulfiiJ the requirements of: a 45 degree angle to 
the target and 6 inches from the tlll'get. th~ noz:zle to floor dimension was 
raisad slishtly. 

5. Part to be Chataged: Page 5, Section 5.2, Product Usc Simulation, Verticlll Tare;et 

Chauge: Thes andre contents of Paragraph 3 

To: Delete Paragraph 3 from the protocol. 

Justification: No target movement will be performed. 

6. Part to be Chaa~:cd: Page tS, SeetJon 5.3, Measur~ment 1\oletbods, Paragnlpb l 

Change: 

To: 

Justification: 

The aercsizer particle measuring system is capable of measuring 
individually the size of particles in th~:~ range of less than 0.2 to 700 
microns. 

The a~ro5~r particle: measuring system is capable of measuring 
individuotl!y the si7.e of particles in the range of 0,2 to 200 micron.s. 

When using tha ti!luter to monitor for mass concentration, a $maller size 
nozzle i' required, thereby reducing the particle sizing range from 0.2 io 
200 mi~;:rons. · 

7. Part to be Changed! Page 6, Sec:tion 6.0, Experimeatal Desiga, .Paragraph 1 

Chllnge: 

To: 

Justification: 

The sampling will begin l minuta before application at1d will continue 
for 5 minutes after spraying cessation. 

The sampling will begin 1 minute before application and will continue 
for 9 minutes after sprsying cessation. 

The sampling duration after the spraying c:pisode was increased. 

8. Part to be Changed: Page 6, Section 6.0, Experimental Design, Psr:t.graph 2 

Change: 

To: 

Actual waight of product applied per target cloth and/or pc:r spraying 
episode will be record~tcl. 

Actual weight of the product applied to all si,_ cloths during each 
sprilying episode will be n::corded. at the conclusion of the spraying 
episode. 
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Ju..tification: 

l~rotocol Amendment Number 1 
Battelle Study Number N003043 

Page: 3 ofJ 

lndividuol cloth w~:~ights are not necessary. 

9. Part to be Changed: Page 6, Section 6.0, Experimental Design, Pa:ragraph 3 

Change: 

To: 

Justification: 

ln addition, :1 preliminary experimental run will be pcrfonncd .... 

Ill addltian, two preliminary expedmental runs will be perfonned to 
investigate the: ba.ekground conditions prior to the start of each 
compound evaluation. The aerosizer will be used sample ft:~r 
approximately one minute during a ''no activity .. period. Two i1dditicnal 
runs will oonaist of sampling for a total of ten minutes for the horizontal 
target and ten minutes for the vertical target., performing all of the motion 
activities of a typical spraying run, however without spraying product to 
the cloths. 

To monitor the background during various activities, which src involved 
during the two spraying routines. 

10. Part to be Changad: Page 7, Sedion 7.0, Reports, ltc.m 4 

To: 

Justifil:ation: 

Thomas Vinci 
Study Director 

.. 

Express the preceding item (on tht: :same or different plots) in t=rms of 
concentration units of ngtml, 

Express the preceding item (on lhe same or different plots) in tc:nm; of 
concentration units. 

Unit:; for ~oncentration will be adjtJsted with relevance to the data. 

Date 

~U-tbiP 
Jenan AI-Atrash.~. ])r.. PH 
Director, 

f L Date 

Human HeaJcb & Safety • SDA 

** IOTA~ PAGE.004 ** 
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PROTOCOLAMENDMENTNUMrnER2 
Battelle Study Number: N003043 

"Measurement and Characterization of Aerosols Generated from a 
Consumer Spray Product- Pilot Study" 

Effective Date: May 11, 1998 

1. Part to be Changed: Page 3, Section 1.2.1 

Change: 

To: 

Facility 
Battelle 
505 King Avenue 
Columbus, OH 43201-2693 

Facility 
Battelle 
9000 Battelle Blvd. 
Richland, W A 99352 

Justification: The study will be completed at the Battelle Richland facility 

2. Part to be Changed: Page 3, Section 1.2.2 

Change: 

To: 

Study Director 
Thomas M. Vinci 
Preclinical Drug Development 

Study Director 
John R. Decker 
Preclinical Drug Development 

Justification: The Stl:ldY Director at the new site will be John Decker 

3. Part to be Changed: Page 5, Section 5.2, Vertical Target, Paragraph 3. 

Change: Delete Paragraph 3 

Justification: The impact of movement on the target during spraying may be 
determined in later studies. 
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4. Part to be Changed: Page 6, Section 6, Paragraph 1 

Change: 

To: 

The sampling will begin 1 minute before application and will continue 
for 5 minutes after spraying cessation. Sampling will include only the 
aerosizer particle measuring device: 

The sampling will begin 1 minute before application and will continue 
for 10 minutes after spraying cessation. Sampling will include only the 
aerosizer particle measuring device. The aerosizer sampling and analysis 
window will be 30 seconds. 

J ustification: The increased sampling time will assure that the full time profile of the 
aerosol is captured. 

5. Part to be Changed: Page 6, Section 6, Paragraph 3 

Change: 

To: 

Five replicates of the experiment will be run. In addition, a preliminary 
experimental run will be performed to investigate the background 
conditions prior to the start of each compound evaluated. The aerosizer 
will be used and will. . . 

Five replicates of each product evaluation procedure will be run. In 
addition, prior to each product evaluation procedure, a background 
evaluation procedure will be performed without spraying the product to 
investigate the background conditions. The background test procedures 
will be run identically to the product evaluation procedures with the 
exception that no product will be placed in the sprayer. The aerosizer 
will be used and will... 

Justification: Running five replicates of the procedure without spraying the product 
will provide a better evaluation of non-product aerosol contributed by 
motion in the test system. 

Date 
Study Director 

Director 
Human Health & Safety, SDA 

l · . • : ......... . 
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rs DAJ The Soap and Detergent Association 

July 13 , 1998 

Ivlr. John R. Decker 
Manager, Bioengineering and Aerosol Technology 
Preclinical Drug Development- Northwest Operations 
Battelle 
900 Battelle Boulevard MS K 4-16 
Richland, W A 993 52 

Dear l\t!r. Decker: 

Attached is a signed copy of Amendment 3 of the Protocol "Measurement and 
Characterization of Aerosols Generated from a Consumer Spray Product - Pilot Study." 
Also, please note that SDA is in agreement with the Standard Operating Procedure for 
"Fabric Pre-\Vashing Procedures for t~e Characterization of Consumer Spray Product". It 
is my understanding that study start date is July 13, 1998. 

Thank you for your cooperation. 

JA:em 
En c. 

0 . 
Sincerely, 

Jenan Al-Atrash, Dr. PH 
Human Health & Safety Director 
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PROTOCOL AMENDMENT NUMBER 3 
Battelle Study Number: N003043 

"l\tleasurement and Characterization of Aerosols Generated from a 
Consumer Spray Product- Pilot Study" 

Effective Date: July 10, 1998 

1. Part to be Changed: Page 4, Section 5.1 

Change: 

5.1 Test Product 

The SDA will provide a prototype spray laundry product. 

To: 

5. 1 Test Product 

The SDA will provide two bottles of approximately 650 ml each of a prototype 
spray laundry product, two ~ottles of approximately 650 mi each of control 
product, and six spray triggers. · 

Each spray trigger from the group of six spray triggers will be analyzed for mass 
output per actuation, particle size distribution, and diameter of spray pattern. The 
vertical target setup (Figure 2) will be used for both mass output and spray pattern 
measurements. Mass output will be detennined as the average mass collected on a 
fabric target from 5 consecutive actuations. These measurements will be repeated 3 
times for each trigger. The particle size distribution from each spray trigger from 
the group of six spray triggers will be analyzed using the Malvern Diffraction 
Particle Sizer. A single representative spray trigger will be chosen for all product 
evaluation procedures. 

Justification: Choosing a spray trigger typical of a group of production triggers will 
assure that the product evaluations are not do'ne with a trigger with unusual spray 
characteristics. 

2. Part to be Changed: Page 5, Secti~n 5.2, Paragraph 1 

Change: 

The fabric type will be a polyester/cotton blend material (approximately 18 inches x 18 
inches) and will be supplied to Battelle by SDA. 

To: 

The fabric type will be a polyester/cotton blend material (approximately 18 inches x 18 
inches) of a color that will show the sprayed area. The material will be identified and 
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Protocol Amendment Number 3 
Battelle Study Number 003043 

Page 2 of7 

purchased by SDA. Battelle will prewash the material following a Standard Operating 
Procedure to be provided by SDA. 

Products will be tested on a 36 inch tall x 48 inch wide x 30 inch deep table with a 6 inch 
tall backsplash. The table will be located 6 inches from the back wall of the test chamber. 

Justification: Identification by SDA of a "standard" material and prewash procedure 
will allow Battelle to prewash material for all tests by a defined standard. 

3. Part to be Changed: Page 4, Section 5.2, Horizontal Target. 

Change: Paragraph 1 to read as follows 

To: 

The target will be placed on a layer of plastic-backed absorbent paper on a tabletop 
surface at 36 inches above the floor. The front edge of the target will be approximately 
aligned with the front edge of the tabletop. The spray nozzle will be located at a 45-
degree angle 6 inches from the center of the "stain" in the vertical plane perpendicular to 
the surface of the target, perpendicular to the front edge of the tabletop and passing 
through the center of the target. 

Justification: This wording eliminates an error in the description of the respective 
location of the target and spray nozzle and defines the backing to be placed beneath each 
target. 

4. Part to be Changed: Page 5, Section 5.2, Vertical Target. 

Change: Paragraph 1 to read as follows : 

To: 

The target will be backed with a single layer of plastic-backed absorbent paper. The 
target will be supported with the top edge 19.25 inches from the tabletop and the surface 
parallel to and 6 inches from the front edge of the tabletop. A pan will be placed below 
the target to catch any test article that may drip from the target. The pan will be raised 
1.75 inches from the table top by a spacer. The spray nozzle will be located 10.25 inches 
above and at a 90-degree angle to the tabletop and 6 inches from the surface of the target. 

Justification: This defines the backing to be placed behind each target similar to the 
horizontal target. The backing will help prevent movement of the target during spraying. 
The location of the target with respect to the tabletop and catchpan will allow about '12 
inch of the target to touch the bottom of the catchpan also helping to eliminate target 
motion during spraying. 
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5. Part to be Changed: Page 6, Section 6,. 2"d Paragraph. 

Change: 

Protocol Amendment Number 3 
Battelle Study Number 003043 

Page 3 of7 

Add the following sentence to the beginning of paragraph 2 ... 

All experiments will be performed in a test chamber with internal dimensions of 7 feet 4 
inches high x 7 feet 10 inches deep x 7 feet I 0 inches wide. A door is located on the left 
front of the enclosure. 

Justification: Define the size of the test chamber 

6. Part to be Changed: Page 6, Section 6, 41
h Paragraph. 

Change: 

Eliminate the first sentence of this paragraph and change the following sentence: 

Between experimental runs the chamber will be flushed with fresh air for a .. . 

To: 
Between experimental runs the chpmber :will be flushed with fresh HEPA-filtered air for 
a ... 

Justification: HEPA filtering the test chamber air between experimental runs will 
reduce the background aerosol that may be present in the room air. 

7. Part to be Changed: Attached Figures 

Change: 
Change attached Figures 1, 2 and 3 as shown below 

Justification: Figures corrected to match changes in text. 
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Figure 1. Relative Orientation of Table, Sparyer, Horisontal Target, 
and Sampler: Side View 
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Figure 2. Relative Orientation of Table, Sparyer, Vertical Target, 
and Sampler: Side View 
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Figure 3. Relative Orientation of Table, Sparyer, Horizontal Target, 
and Sampler: Top View 
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irector 
Human Health & Safety, SDA 
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Date 
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Battelle Study No.: N003043A 
Preparation Date: January 18, 1999 

Appendix E. Specifications for SDA Generic Laundry Prespotter 
Formulation 14979 H-4-4 



COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 
JUN.18.1998 2= 41PM PROD DEV RDE 4TH FLR 

a.J&on 
Worldwide CoMumer Products 
Home Cleaners Product De11elopment 

Ms. Mary Frike 
The Procter & Gamble Co. 
Ivorydale Technical Center 
5299 Spring Grove Avenue 
Cincinnati, OH 45217 

Mr. James Wiersig · 
The Clorox Company 
P 0Box493 
Pleasanton, CA 94566-5642 

Ms. Carol Resch 
Unilever Research U.S. 
45 River Road 
Edgewater, NJ 07020 

September 23, 1.997 

. 

N0.986 P.6/7 

I am sending, under separate cover, the following' formulation. I've talc:en most of your suggestions except for 
the Ca at 200ppm. Instead, I used our Racine tap water which has a hardness of 140 ppm and in our testing, 
helps stabilize the enzymes versus deionized water. If you would still like to add Ca to it, please let 1ne know 
what salt and how much. 

The formulation is as follows: 
Material 14979H4·4 
Tap Water 78.50 
Borax, 5 Mol 0.5 
Sodium Citrate 1.00 
Surfonic L24-4 10.00 
Propylene Glycol 10.00 

Total 100.00% 
I would recommend that the enzyme of choice be added by Battelle to the base just before testing to ensure 
compatibility as timing may get longer than desired. 

The sample uses a Calmar trigger that was selected to be inbetween the soil & stain removers on the market for 
spray characteristics and still be consumer acceptable. I have also sent another sprayer along for you to see how 
variable the sprayer will be. 

Please review the formulation and spray the sample to determine it's acceptability. 
If you have a11y comments or questions, please give me a call at 414~260-2737. 

Regards, 

Jeanne O'Brien 
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Preparation Date: January 18, 1999 

Appendix F. MSDS for Test Article 
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MATERIAL SAFETY DATA SHEET 

Page 1 of 4 MSDS # 22545 

SDA GENERIC LAU1WRY PRESPOTTER 
Date~:23JuU998 

US MANUFAc:raRZR: 
S.C. Jclmson li Son, Inc. 
Phone: (aoo) 125-S737 
Racine, Wisconsin 53403-2236 
~rgency Phone: (889) 719-7920 
l:nte::rnaticmal. EtnergeJlCY Phone: 

HAZARD RATING 

4-Very High 
3-:High 
2-f(oderate 
1-S1ight 
0-Insignificant 

(414) ass:-· 14BO 

BMIS HAZARD 

1 Health 
o Flammability 
0 Reactivity 

Special 

NFPA 

1 
0 
0 

Supersedes: 05Dec19.97 

CANAn IAN MANUFACTORER.: 
S.C. Jcbnson and Son, Limited 
Phone: (900) 725-6737 
1 Webster Street 
Brantford, Ontario N3T SRl. 
~pcrtat:ion Emergency~ 

CANCTEC (co~lectl (61.3) 996-6666 
Poison Control= (aaa) 779-7920 

DIS'I'RIBtrl.'ED IN CAN1UJA BY: 
S.C. Johnson and Sen, Limited 
Phone; (BOO) 725-6737 
1 Webster Street 
Brantford, Ontario NJT SRI. 

----SECTION 1 - PRODUCT IDENTIFICATION--------------

PRODUCT N1aME, •••••••••• • SDA GENERIC LAUNDRY PRESPOT'I'ER. 
REASON FOR CHANGE •..••• No significant: changes. Section 2. 
PRODUCT U'Sl::. . . • . . • • • . . . Household: LaUX1d:r:y care . 

. ; 

----SECTION 2- INGREDIENT INFORMATION-------------

Enzyme (CASII: 901-l-Ol-1) • - ••••••••• ." ••••••••••• 

sodium Citrate . (CAS# 68-04-2) ......••••••••... 
Alkoxy1ated Linear Alcohols (CM# S8439-S0-9). 

·prgpylene Glycal (CAS# 57-55-6) ••••••••••••••• 
Water (CAS# 7732-18-5) •••••• · •••••••••••••••••• 

<1.0 

0.5-l..S 
7-13 
1-13 

75-90 

SXPOS'CRE LIMJ:T /TOXJ:Cl:TY 

------------------------------------0.00006 rr¥;I/m'a CE"ILING ACGI:a:/OSHA 
(S"CBTILINS) 

NOT ESTABLJ:.s:s:ED 
NOT ESTABLISBED 
NOT ESTABLISBED 
NOT :S:S'!ABLISm:D 

----SECTION 3 • BEAl:..TH HAZARDS IDENTIFICATION (Also See Section 11) -----

ROm (s.) . OF. :imTR.-£·.-•• ~ ~ - . ~-c:cutact •.. .slcin contact. 
EFFECTS OF ACtTrE EXPOS'ORB: . 

BYE •.•.......•.•••... May cause: Mi1d eye irritation. 
SlCI'N • • • .. .. • • • • • • • • .. • • . • Notle. lc:z:lown.. 
INBJU.A'l'J:ON. • • • • • • • • • • Noc.e 1cnown. 
INGBS'l'J:ON. • • , •• ~ • • • • • Noc.e known. 

MEDICAL CONDIT:tONS. • • • • NO.tl.e known. 
GENERALLY RECOGNIZED 
AS BEDfG AGGRAVATED 
BY BXPOSUR.E 

----SECTION 4 - FIRST AID :MEASURES----------------
EYE ~CT •••••• • ••••• 

SKIN CO~T ••••••••••• 
~TION .•......•.... 
XNGESTION .•.•••.••...•. 

Fl\L9h immediately with plenty of water for at least: 15 to 2o 
mi:&utes. :tf irritation persists, get medical attention. 
ltinse with plenty of water~ 
No special requirements. 
Immediately drink 1-2 glasses of water or milk. seek immediate 
medical attention. 

----SECTION 5- FIRE AND EXPLOSION INFORMATION-----------
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MATERIAL SAFETY DATA SHEET 

Page 2 of 4 MSDS II 22545 

SDA GENERIC LAUNDRY PRESPOTTER 
Date Issued: 23Jull998 Supersedes: 05Dec1997 

---~. SECTION 5- FIRE AND EXPLOSION INFORMATION (continued) --------

PLAHMABLE LDtiTS • • • • . • • llot applicable. 
AtrrO:IGNXTXON. • • • • • • • • . • Rot appl.icahle. 

"rEMPBRAT,ORE 
EXTINGUISHING MEO:IA. • • • .Foam. C02. Dry chemical. Wat:er fog. 
SPECIAl'.. :rnllEl'!QH'r:ING... N0l:11181. tire fight:ing procedure may be used. 

PROCEDURES 
tiNOS'tJAL Film AND....... Container may rael.t and leak i.e. heat of !ire. 

EXPLOSION' HAZARDS 

----SECTION 6'- PREVENTIVE RELEASE MEASURES------------

STEPS TO BE 'l:A1tEN XN ••• 
CASB MATER.D\L IS 
RELEASED OR SPILLEO 

Dike. larg-e .spills. Absorb with oil-dri or similar U1ert material. 
Sweep or scrape up and cont:ai.nerize. 

----SECTION 7- HANDLING AND STORAGE--~------------

PRECAUTIONARY ••••• ~ • • • • May be; Eye izritant:. Av:oid c9ntact with eyes. :If such contact: 
XNFODm.T:ION occur:J, flush ill!med.iately with plenty of wat:er for at: least ~5 to 

20 mdJn1tes. If irritation persists, seek medical aid. Xeep out of 
reach of child.J:'en. 

OTBER DNDL.mG AND. • • . . Wash t:horoughly after ha.ncUing. lteep from freezing. 
STORAGE CONDI'l':tONS 

---- SECI'ION 8- SPECIAL PROTECTION INFORMATION-------------

~SPIRATORY PROTECTION. No spj!cial requirement:s llllder norum.l. use conditions. 
VENTn.A'l'I.ON ••••••••••• ; No spc!cial requirements • 
PROTEC"nVE GLOVES... • . • No spcscial requirements under normal. use conditions. 
BYE PROTEt'l'l:ON. • • • • • • . • No special re.quirement:s under normal. use condi ticns . 
O'rBBR. P.RO'l'ECTIVE. • • • • • • No spc!c:ial requirements. 

MEAS'ORES 
.. 

---- SECTIQN-.9--~-SICAL··AND CHEMICAL PROPERTIES-----------
·.:. .. ........... , . .~ .. . ··- .. . ·---- ... " 

COI.OR. • • • • • • • • • .. • • ~ • 4 • • • 

PRODUC'l' S'tA1'E. • • • , • , ••• 
Ol:JO'R ..................... . 
pH. ••••••••••••••••••••• 
ODOR~ .•..••••• 
SOLtml:Lln' IN WA'I'ER •••• 
SPECIFIC GRAVrrY •••••• ; 

(B:20=-l) 
v:cscos:rn ..•..•........ 
VJ\.POR .DBN'SITY (AIR."'l) •• 
EVAPORATION RATE (Btl'l'YL 

ACETATEs1) 
VAPOR PRESStiRE (tmn RG) . 
BOZLXNG POXNT .•......•• 
FREEZl:NG POmT, ••••.•••• 
COEFFXCIENT OF .••••.•.. 

. WA:rER./OIL 
PERCXNT VOLA'l'II.E BY •••• 
VOL~ (\') 

•, 

Opaque to 'l'ranslucent White 
Viscous Liquid. 
Odorless 
7.8-8.2 
Not available. 
Complete 
1. 01-1.02 

Not: a:vailable. 
Not available. 
Not available. 

Not: available.. 
Not a"Vailable. 
Not available. 
Not:· ava.ilahle. 

'' 

Not available. 
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SDA GENERIC LAUJSDRY PRESPOTTER 
Date Issued: 23Jull998 Supersedes: OSDed997 

----SECTION 9 ·PHYSICAL AND CHEMICAL PROPERTIES (continued) ------

VOLA'IXLE ORGAN:IC....... Not available. 
COMPOOND (VCC) 

'l'BEORE'IICAL vee. . . . . . . . Not available. 
(LB/GAL) 

----SECilON 10 ·STABILITY AND REACT1V11Y-------------

S~I~TY .••••••..•••.• St&b1e 
S~ILITY ~ CONDITIONS. Npt applicable. 

TO AVOID 
INCOMPATIBILITY. • • • • . . • None known. 
DZARDOUS DECOMPOSITION When exposed to fire: Produces noxmal. products of combustion. 

PRODUCTS 
BAZARDOOS •• , •••.•••.••• Will not occur. 

POL'YMElUZM"ION' 
· mlZARDOt1S • • • • • • • • • • • • • • Hot applicable. 

POL"'MElUZATI.ON -
CONDrriONS 'l'O AVOm 

----SEcriON 11- TOXICOLOGY INFORMATION (Also See Section 3) ---~----

L'OS 0 (AetrrE ORAL TOX) • • Not. available. 
LDSO (ACO'l'E llERMAL 'l'OX) Not available .. 

'EFFECTS OF CHR.OlnC:. • • • • None ~. 
BXPOS'CRE . 

SBNSITIZA'I'l:ON. • • • • • • • • • N'm:Le knowu. 
0\R.CJ:HOGENICITY'~... •.• • • Rcn::Le known. 
RBPR.ODtJC'l'IVE TOXl:CI'I'Y. • Noxte Jcncwn. 
TERA'l"'GEN''CI:'l'Y. • • • • • • • • NOJ:te k:nOwn. 
~CI:TY'. •. • • • • • • • • • Ncm:e known. 

----SECTION U- ECOLOGICAL INFORMATION-------------

· ···-mrvm~ llAT.A..... N'ot:··avai-lahle. 

---SECTION 13- DJ'sl'OSAL CONSIDERATIONS-------------
• o 0 1 1 , • 

WASTE DISPOSAL.......... No .9pecial 'lllethod. Obs~e all applicable ·Federal/ Provincial/ 
INFORMATION State regulati.cna a!Sd LocaJ../ Municipal ord.irumces regard.i.ng 

disposal. of non-hazardous ma.terial.9. . . 

---SECTION 14- TRANSPORTATION JNFORrdATIO~~----------

US DOT INFORMJU'ION..... No!: applicable. 
CANMJI:AN SHIPPING NAME. SDA GENER.l:C LAUNDRY PRESPOTTE:R. 
T.OG CLASSIFICAXZON .•... Net applicable. 
PLN/NXP •••••••••••••••. Not applicable. 
PACKING GROUP. • • • • . • . • • Not applicable. 
B:XEMPTION NAME • • •• ••. - • NO· I: applicable. 

. . 

----SECTION 15- REGULATORY ~ORMATION------------

W!DaS CLASSIFICA1'ION' •.• · ~ot app'll.c:able. 
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SDA GENERIC LAUNDRY PRESPOTTER 
Date Issued: 23Jul1998 Supersedes: 05Dec1997 

----SECTION 1S- REGULATORY INFORMATION (continued) ------_,;..... __ _ 

.A1l ingrecli.ellt.s of this pxodu.c~ are listed cr are excJ.uded :f!rom l:.t.sting on t:he o. S. Toxic: 
SUbstances Centro~ Act (TSCA) Chemical Substance Inventcry. 

All ingl;ecli.enta in this product comply with t:he New SUbstances .Notificatiou requirements 
under the Omadian Environme.tltal. Pro~ec::tion Act (<:ePA) . 

This p%'oduct is uot subject tc:• t:he :r~portin9' requirements under California '.s Propositio1:1 ss. 

---SECTION 16- OTHE:R INFORMATION---------------

J\DDl:TIODL 'tNFORMA':t'l:ON. Use ZlS direc~ed. 
EPA. RBGJ:S~TION ft. • • . • Net appl.icahle. 

----PREPARATION .INFORMATION------------------

PREPARED BY •••.•• . •••.• Manu.1:act:urer•s Tecbn1.c:.al support Department. Refer to pag"e 1 
(Manl~acturer) for c:ont:act information. 

· This document .bas been prepared using data. f%0111 sotirces considered technically reliab~e. 
It does not conStitute a: warranty, express or implied, as to the accuracy of the 
info:rmation c:oncaiued herein. Actual conditions o:t: wse and ba.ndling" are beyond seller • s 

.· control. trser is xesponsible to evaluate all available info:rmation when using product !or 
.. any particular use and to comply vith al~ Federal., State, Provincial. and I..ocal laws and 
regulations. 
PRINT DA~: 23JUl1998 
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COPYRIGHT THE SOAP AND DETERGENT ASSOCIATION, 1999, All Rights Reserved. 
__ _ 12_1~Y98 15: 3~ ... F~~ 212 213 0~8~- _ _ _,S=OA~P=&I;>_E:r'ERGENT 14]002 

07/28197 15:21 CA.Ll!A..R L S ~ 002/005 

UNCOKTROUED CO·PY 
Finished Item Specification for TSSOO .. Standard 

1. l'lllU'OSE 
This doc:umcnt defines the bu speci:fi.:atians of the stac.dmd TSSOO Tugger Spmyas. 

2.. SCOPE 
1his specification applies to all standmd TS800 Trigger Spxayers... 

3 .. POLICY 
All J:Daterials and componcns will ccnfoxm to the apprt:Jpriatc specifications and~ 
outlined 'below. Ncte= Special requirements will be c:alled. aut an thc·woaamerperthe customer's 
request. To cnsun: compliance, Inspection pc:rso.DD.C.l M11 test trigger spmycs using tha test methods 
listed below and inspect ttiggc:r spray~ apinst crin:ria included m the ClassificUiott ofDefc:cts.. 

4. DEFlNIYIONS 
Net Applicable 

s.: REFERENCES 
CS410501 Mold~d Item No.t:zle Spedfic:atlon 
CS411301 Molded Item Piston Specificalum 
CS412201 Purt:luzsed Item Spring Speci.ficatiDn 
CS4l2601 Molded /tf!m Closure Speci./i&izlion 
CS412901 Eanuied Item Tubr: Specffiiarton 
CS413201 Molde.d llem Trigger Specificazion 
CS415101 Molded Item DL'icharge Valve Specijicar:i.Qn 
CS417901 Moldd Ite.m YaCve Body Sped.ficario7Z 
CS418301 MiJlded. !rem ShJ,.oud Specification 
CS419701 Mol~d Item Tube Retainer/Ball Seat Specification 
CSXX2001 Pun:htJsed ltJmt. Yalve Ball Sper:ijicat1.on 
.CSXX2303 Purchased Iron Spedjia:alonfor Stainl~ Steel Ball Valves 
CSXX3901 Purdu:zsed Item Gtzsht Specffication 
CXXM"!F08 Ctz1mar A.ppt'ow..tf Marerlali List 
L41QAT01 TSBOO Prodw:t JnspeditJn .Riifb"ena: 

... PD04100 .... . ... rsaoo .. amuaz .Sp~ifiClltion·D,awin.g- ..... . 
PSXXOOOl F'UIUhed Produ1:t Pad:ing Specifiazrian 

Finished Item Spcci:fic:ati.on far TSSOO - St:andsnl 

• ·:~ .. • ..... :.•l,,'- ·-· ·-I• ... ~ ·•":','-

Page 1 of6j 
-· ·--· ---
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6. Sfi:CD1CATIONS 
Type 
Materials af 
Consauctian 
Compoaeau 

Style, Design 
II: 
Ccmsrmctian 

Dm: 07101197 

• All m.an:rials of constlllCtion arc outlined in the Calmar Approved 
Mcerials list. 

• All co111pcnents will be produced in accordance with the 
Component Specifications listed in SectionS of this doc:ument. 

• 1hc TSIOO Trigga- Sprayer will confcnm in style, design, and 
COI1Stl'Uction to the aut=t ICVision afthc: Calmar Cicncal 
Spedfi.Jcation Dxawing 

• Closures The closure shall be fully :fitted om:.o the valve body and 
will tmn without excessive intr:rfetencc and/or drag. 

• Tube: Ieution: 
- fol' mdts DM miDg the "Anti-Blow-Out" tnhe retainer will 

be uo less than .312 .. -(10132) and no more than .532" (17/32). 
- for• Ullits using the "Anti-Blow-Out" tube retainer, pan# 

006203, will be no less than .406" (13/32) and o.o more than 
.594'" (19/32). Units 

' • Tnbe I.eugth: 
- far lmics nm using the "Anti-mow-Out" tube retainer will 

~measured, with the tube fully cxu:nded, from the botiOm 
surface afthe retai=er flange and Ulbcs will be cut to the 
spcc~ificd nomin81 within± I fall'. 

- · fOr UDitl a.sillg the "Anti-Blow-Out" tube retlliner, part# 
·. 006.203. will be~ with the tube .fully extended, frcm 

du: lbctmm Surface of the gasket and tubes will be cut m the 
spec:ified no:miml within± IIJ, ... 

• Tube (:111! will. be cut at an angle to the longitudinal axis ta 
allow unimpahcd dclivc::y with the tube taru:bing the container 
walL 

• Nazzle/Valve Body Pit requires thai the :ao~ be fuily-fitted 
amn tbe Yalve body without clistoriion and wi1h no visible gap 

...... ~b.~~ll.~~~·~~wl .. ·: . : .~ .. .. . ·.,... . ... ,,.~,, 
• Gakd: Jr:at requires 1hat the gBsb:t fit snugly against the tet:Unet· 

and shall be n:taincd above the 1nbs retainer fla:J:ige. 
• Alltf..Blow011t Tube Retainer contigtl(atian n:quircs that the 

&asbt ii:i held into plaa: by 1hc crimped flange. 
• Tri~JriValvc Body Fit .requires tbatthe trigger be: .tWiy fil:re:d at 

the two' points auto the valve body 1llld be free of unrestricted 
movemeat when in the REST position. When actQated, the 
lrlgger :should retmn 'Without resistomce. 

• Tube lRetainerfV alve body Fit 1h.e mbe retainer shall be 
inserted into the 'V1llvc body, and the tube retainer flange shall be 
no man: than .030 fram valve body tcccptacle. 

• Tube J!.etcatioa will withstand an in.stanum.ccus direCt pull of no 
less than five pounds. 

Fi:ishc:d Item Spcci:ficatiou for TS800 .. Stlllldsrd 

~003 

~OOJ/005 

PD04l00 

1'MXXXX66 

TMXXXX15 

TMXX2901 

.. , ....... ....-..... ··---·--···· :: ..• 

TM419701 

Page: 2 of6 
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Type Reql~Ddu'.nt References 

Styte_ Dcsigp • Foamer Atadzmeut Fit reqaires that the foama amchmC"%1t be 
a:. fally fitl:d imo the nczzlc.. aud be fi:= ofun:re3trlctcd movement 
ConSauaiau wbclS"~ fnm1 SPRAY ta FOAM positions. 

•• Lubricllllt the qwmtity oflubrlcmt as:d. shsll be the minimum 
need.ecl co aa:amplisb. me iDtend~ putpcse. 

• l'nedom tram Foreign .Matter 1hc _spmyc:r shall be free of 
fDrcign JDBUcr including. but not limited to! grease. dirt. lint. 
c:h2dt debris, and pbstic chip!. 

• Warkmamhip must be first class throughout the process to 
CDS1Jl'C 1ha1 the 1ri.gger spxaycr is ftcc of any d.cfca: that will affect 
ils quality Image.. 

FUild:i.onal • ACULati:oa. F aree is not specified. 
Tests • Strokes-to-Prime. tested at 90 stro~ per minuu:, shall occur TMXXXXOS 

prim to the temh melee.. Tubes longer 'than 12,.. will take mote 
strokes to prime than sbort.er ~es.. 

• Output-pcr.Sb'okc, t.e:str:d in the spray position at 90 strokes pc:r TMXXXX37 
minate1 will produce an average output·pe:r-sttoke of no less than 
.1S mDJilite:r. 

• SprayJStrum P~ wh= tesWt in the SPRAY po..cdtion at a 1MXXXX05 

ctistaDQ:: of approxin2arcly 8 inches, ~ he a nearly circular 
pattem of no less than four inches in diameter; when tested in the 
STREAM position at approxinunrly 8 inches, the trigger sprayer 

· shoald pradua: pmcm thai is DOticeably D3IXO'Wer tban the 
pam:ra produced in the ~ positian. 

• Leakage: 
- Dur.ing .AduatioD., shall not incur onr: falling drop from TMXXXXOS 

sprayer during 10 continuous strokes.. - Static:: at 3 psig shall not mcur au= falljng ~p in 10 TMXXXX09 
seo:mds.. 

P"king. • lJDen (one-mil PQ~yethyl~) used to store freshly assembled 
~ ...Shi'ppine & - ·-trigger spmJers must ·be clc:an and. whca :fil1e.d. should be folcled . - .. . ·-· 

Snage sa as ta ptcvc:Dt c:airaDce of~gn matter dmiDg mutine 
~andFnl~ axsd stmage.. 

• Carton.1 will be of a design and constractian. suffic:icnt to c:nsure . 
the protection a! :finished product during handling, storage. and 
d.eliveey·. -

• Packin1~ Finished assctUblies will be paclced in accordance with · PSXXOOOl 
the applicable Packing Specification 

I Oat=: 07/01/97 Pue3 of6 
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Type Rcqairellleat R.e.feren~ 

• MarkiDp will be applied by racans of a. gmmncd labd placed in 
l:hc! priJ*d sqt13lC iJJ. the l.owcr rlght cmm:r of o:ac af the 
coa:laiD='s =d. panels. Eadl.lahel will md;cate: 

• C.Wnar Sales Otd= No and Customer P.O. No 

• Cabnar Item Description (e.g.. TSSOO) 

• Clo:run: Size and Dcsc:riplion 

• Quamity 

• Tubei.mgth 

• Cusramcr Part Number • c ~ IJeia&shipped to Califumia will iadndt:llu: 
following wamiDg: Waming: This prudua:t eoutnms a 
c:hemlcallmGWJIIO tbe Sa.te af C3Ufo:nUa to cause 
&:alice&". 

1hc cal1tan will be free of my ambiguous or ccnttadi.ctoty 
mart-Yng:s. 

·. 

·. 

jDate: 07101197 F.mbhcd I1cm Specification for 1"5800- Standard Page 4 of 6 
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STANDARD OPERATING PROCEDURE 

FABRIC PRE-WASHING PROCEDURES FOR THE 
CHARACTERIZATION OF CONSUMER SPRAY PRODUCT 

Approved by: ____ tJ_(!_f-=---r-~~..--------- Date: 
W. C. Forsythe~ Reviewer 

ical Center Manager 

Reviewed and Registered by QAU: 

---=---,~~~S2J~~~~- Date: 

Battelle 
Preclinical Drug Development 

Northwest Operations 
LSL II Building, 900 Battelle Blvd. 

Richland, Washington 99352 
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This Standard Operation Procedure (SOP) describes the procedures for the fabric per-washing 
specifications of the characterization of a consumer spray product by the Bioengineering and 
Aerosol Technology Group in Battelle, Northwest Operations. 

II. REFERENCES 

(1) Battelle Study Protocol N003043A 
(2) EPA Good Laboratory Practices Regulations (40 CFR, PART 792) 

Ill. DEFINITIONS 

Washing machine is General Electric Heavy Duty extra large capacity, and the model number is 
WWA8360 GAL WH (Serial Number: TSI57043G) 

IV. PROCEDURES 

1. Rinsing the Washing Machine 

Materials: 
(1) GE heavy duty washing machine 
(2) Calibrated Thermometer (ERTCO ASTM 12C-FC) 

Procedures: 
(1) Check the outside of the washing machine so that the machine is clean of detergent residue 

and other dirt. 
(2) Set water level at "extra high level", and the temperature level at the "hot water". 
(3) After tilling the machine wi.th water, measured the water temperature and then record the 

data. (The rinsing temperature is controlled at 130°F (+/-) 10°F). 
(4) Agitate the washing machine for 2 minutes and then drain the water from the washing 

machine. 
(5) Check the washing machine to make sure that all visible residues are removed. 
(6) Repeat the step (3) to (5) if necessary. 

2. Rins ing the Washing Procedures 

Materials: 
(1) GE heavy duty washing machine 
(2) Polyester/cotton blend fabric supplied by SDA (65/35/ Khaki 45", Textile Innovators Corp.) 
(3) Detergent supplied by SDA (Ultra "all" Free Clear Laundry Detergent, Lever Brothers Co.) 
(4) Balance (Mettler PE 6000) 
(5) Calibrated thermometer (ERTCO ASTM 12C-FC) 

Procedures: 
(1) Choose the normal cycle on the washing machine and set the machine at "extra high" water 

level. 
(2) Set the "hot water" temperature for washing (130°F (+/-) 1 0°F), and "cold water'' temperature 

for rinsing (70°F ( +1-) 1 0°F), 
(3) Check the Calibration of the balance with two sets of standard wefghts (1 OOg, 2000g). 
(4) Weigh out 139.1 gram of SDA supplied detergent using the balance. 
(5) Add the detergent as the water is filling the machine. 
(6} Weigh out approximately 3400g (7.5 pounds) of the fabric provided by SDA (1pound is about 

453.6 grams). 
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(7) Measure the water temperature with the thermometer and record the data after water has 
stopped filling the machine. 

(8) Put the fabric into water and start washing. 
(9) Allow the machine to proceed through the entire rinsing cycle at the "cold water'' temperature 

setting. 
(1 0) Repeat the step (3) to (9) for a total of 5 cycles. 
(11) Rinse one more time after the washing machine completes 5 washing cycles, and then 

observe the rinse water, which should be clean and free of suds. 
(12) If there is still suds in the water, repeat step (11) and (12) to eliminate residual suds. 

3. Drying Procedures 

(1) Line dry the fabric after the completion of the washing cycle. 

PREWASHING DOCUMENTATION 
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Washing Machine Model# WW A8360 GAL WH Serial# TSI 570430 
Detergent ID #: Cloth ID #: ________ _ 

Cloth Wash 

Load# l Number 

Cloth 

Load# 2 

Cloth 

Load# 3 

Cloth 

Load# 4 

Balance ID#: 

Cloth 

Weight 

Detergent 

Weight 

Detergent 

Weight 

Detergent 

Weight 

Detergent 

. Weight 

Wash Cycle 

Temp (Hot) 

Cal exp date: 

Calibration Wt. Set (lg-1 kg) ID # 442-86-02-022 Exp: 4/28/99 

Comments: All Cloth to be line dried after washing cycle. 

Rinse Cycle 

Temp (Cold) 

Rinse Cycle 

Temp (Cold) 

Rinse Cycle 

Temp (Cold) 

Rinse Cycle 

Temp (Cold) 

- -------

CaiWt. 

Cal Wt. 

Cal Wt. 

Date: 
Initial: ____ _ 

Date: 
- ----

Initial: 

Date: 
-----

Initial: 

Date: -----
Initial: 

Actual 
a 
0 

0 
0 

g 

Measured 

g 

g 
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