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ABSTRACT

Reported are the results of 28 small-scale field trials run to 
investigate the collection efficiency of the Rotorod FP sampler, a low-coat 
impaction sampling device now widely used for the collection of l-Sp FP 
atmospheric tracer aerosols. Since the high impaction speed of the Rotorod 
is essentially constant over a wide range of wind speeds, its collection 
efficiency is primarily a function of the particle sites comprising the 
tracer aerosol to be sampled. From 4-8 trials were run with each of 6 dif­

ferent lots of FP tracer material in order to investigate the dependency of 
collection efficiency on particle site; the mass-mean diameters (MM>) of 
these 6 lots ranged from 1.8 - 3.8 microns.

The Rotorod collection efficiency increased from 28 to 691 as the 
tracer aerosol >MD ims increased from 1.8 to 3.8 microns. Within a given 
trial or series of trials using tracer aerosols having the same or closely 
similar MHD, the collection efficiency coefficient of variation ranged from 
a minimum of 0.058 to a maxim\mi of 0.156.

Collection efficiencies obtained with tracer aerosols having 
particle sites more nearly representative of those lots which are cuircntly 
being used in atmospheric diffusion studies ranged from 531 for 2.4 microns 
MM) to 611 for 3.4 microns MD.

Graphs arc included to show the dependence of Rotorod col'ection 
efficiency on either M0 or PPG; for trials using tracer aerosols for 
which the values of either of these particle sise parameters are known, the 
collection efficiencies to be expected may be estimated from these graphs.
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I . INTIODUCTION AND SUMARY
A. Objective and Conclusion

One of the specific tasks to be performed under Contract CML 5^3 
was to reinvestigate and define with greater ccpfidence the collection 
efficiency of the fP collector rod for the Rotcrod sampler with the coating 
technique as employed at Duguay Proving Ground. Prior to the work reported 
herein the only definitive measurements ot the collection efficiency of the 
PP collector rod as presently used were those made ir. connection with the 
original development work.* Since this earlier work involved collection 
efficiency measurements for sevcial different combinatitns of collector 
configuration and surface ccating, the number of replicate results obtained 
with any one combination was necessarily limited. In addition most of 
these earlier measurements were intentionally made using PP material from 
a single lot fcr which the particle sizc characteristics were fairly well 
knowi. This latter experimental limitation was obviously necessary in 
order that the larger eftect of Ict-to-lot variations in panicle size char­

acteristics would not completely obscure the effect- on collection efficiency 
of the various collector rod configurations and impaction surface coatings 
then being investigated.

As will be shown presently lot to lot variaUons in PP particle 
siac accounted for the major portion of the variations in collection effic­

iency found in th* present investigation. Uithin a glvn trial in which A 
aultable lot of PP material and an efficient mod, of aerosc1iration are 
uaed the uncertainty in sampling results due directly tc variable Rotorod 
collection efficiency appears to be no great.r than the overall uncertainty 
i^t***f*ft lb any other sK>de of aerosol sampling.

This latter statement is in essence the practical conclusion to 
be drawn from the CHL V.3 sen,, of Rctorod PP collection efficiency meaaur.- 
■wta. The detailed cxpetimental data supporting tnis conclusion aa well 
aa tba other subsidiary findings are presented b,low in Section 111.

• Oa 1.48 Mnorandum Report Re. R II May I960.
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B. Scope and Experimental Ptccedures
The CML>S^3 senes of collecilon efficiency measurements consisted 

of 7 field experiments of 4 trials each (Hetronlcs FE's 1)4-140). All 28 
trials were conducted under essentially fair weather daytime conditions.
As the assessment of the ccllectcr rods and reference filters from each 
field experiment was completed the detailed results obtained were then pra> 
seated in preliminary form in a CML-34) Monthly Progress Beport. These data 
have been rechecked and, together with some minor corrections and a few 
additional data ate presented in their entirety in this report.

The test procedures used in each trial were essenrtally as fol­

lows: 1) a line source release of PP was made from a hi-speed blower-type
aerosol generator mounted on the tail gate of a station wagon which was 
driven slowly along a route approximately 300 to 750 feet upwind of the 
•*•**■*•* sampler. 2) the resulting airborne PP were collected at two separate 
statims each of which consisted of a closely spaced array of Botorod 
samplers (BB's) surrounded by reference membrane filter samplers (MP's) 
and )) before, during, and following each scries of trials the wind speed, 
direction, tcsqicrature. and bumidity w*re continuously recorded at a fixed 
station at Metronics building- the field test site being located usually 
not more than a f«w hundred feet from the building. A typical arrangement 
of closely spaced BB's and reference MP comprising each sampling array is 
shown schematically in Pigurc 3.

The PP collector rods used were silicone grease-coated for parti­

cle retention and were of the current standard design being used at Dugway 
nMely the H shaped 60 x 30 x 0.38 mm chromel ribbon collectcr as shown in 
Dwg. iA70 3-1061. revision dared 19 May 1961. Wien rotated at the standard 
speed of 2400 BPM this collector rod smaples air at 41.) i/m. The MP's con­

sisted of 1 inch diameter aerosol sampling membranes held in magnetic type 
holders and aspirated at 5 to 6 i/m.

A more detailed dcscripiton of the PP collector rod. rod coating 
procedures, and the PP materials used are given in Section II and In Appen­

dices B and C. Also presented in Section II are photographs of the Botorod 
sampler. Md the PP dissemination and sampling equipment as set up during a 
typical collection etficiecKy field experiamr<i.

! ^



[j
I

0 

u 

a 

0 

1 
I 
li. 
i:. 
1! 
U

ll

C. Rebult» SiamMry
Presented to Table 1 la a concise suatsary of the PP collection 

efticienclea obtained from the CML-343 series of steasureaenta. Ip thia table 
the avetage percent efficiency obtained in all trials using the saaw lot of 
material Is presented in the order ot increasing PP mass mean diameter OtD). 
Hith one esception the collection elficiency increases in step with the 
Increase in HM>. or expressed in terms of the independent variable explicitly 
measured, the collection efficiency increases as the PP particles-per-gram 
(PPG) decreases.

Table 1

Roto»od PP Collrcticn Etficicncv Susmyirv
PP Material Used Collection Etficiencv Results

mo Color 4 Type m No.Values Avr X Eft. Sid.Dev. Coeff.Var.
1.8 Yellow 2266 7.9 X 10^® 14 28.lt 4.4 0.156
2.4 Yellow 2266 3.3 X 10*^ 12 52.9 3.1 0.058
2.4 Creen 3206 3.3 X 10‘° 24 54.1 4.8 0.089
3.1 Yello-e- 226 7 1.6 X lo‘° 24 74.7 6.3 0.085
3.4 Yellow 2267 1.2 X 10^° 24 60.7 7.1 0.116
3.8 Yellow 226 7 0.9 X lo‘° 16 69.2 8.1 0.117

The exception to the trend Is of course, the 74,7X collection efftc- 
isncy obtained uith the 3.1u PP material. Although the data per se on which 
this result is based appear to be as adequate as those for any of the other 
results shown, there are some othei factors which should be mentioned concern 
lt« the particular teat conditions and SMtetlal used. Shortly after the start 
of the first trial of the acriea from which these data were obtained KO), 
a shift in wind direction necesaitatad a change in the route that had to be 
taken by the PP line source dlascminator vehicle. As a conaequenca a compro 
mise from trie original test plan had to be made io the extent that the Itne 
source- vehicle had to approach within 130 faet of the nearest s«splii« atatton 
instead cf the 300 to 730 feet cloacst upwind approach used In all other teats. 
This shorter travel distance from line source to samplere may have contributed 
to the somewhat greater than usual variation awmg the teference ftller samplers.

The PP material with which tba 74.7X efficiency was obtained has 
lower than average percentages of particles in both the fine particle and large- 
particle ends of the apectrimi thua tendii^ to he collected efficiently while 
et Che same ttsH exhibiting a smaller than typical MS).
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The collection efficiency result of isost practical interest Is the 

60.7t efficiency obtained %Hth the 3.^u Tf. This rP is fro« Dugvay Lot 12-21 
and is typical of the 12-series lots as will be evident by examining the tabu 
latlons of PPG and >MD values presented in Table 6 of CML 3^3 Pinal teport.

The most encouraging results obtained in this investigation are those 
for the 2.<m yellow and 2.<»u green FP's. Ihe close agreement obtained in col 
lection efficiency Justifies the implicit assiasprton made at the beginning of 
the Investigation that the primary variables to be considered do not include 
such chance differences as these of particle color and intensity, time and pro 
cess of manufacture: and minor differences In chemical cosg>ositlon. The 2.<»u 
yellow is type 2266 FP from SAL Lot 8B which was manufactured several years ago 
by Hew Jersey Zinc Co. The green is type 3206 FP recently developed and
sMnufactured by U.S. Badium Corp. and furnished to Dugway as Lot H32^-2 and 
since used in Dugway Trial 502 B-7.

Although a few tiials were conducted under wind speeds as low as 3 
^h and a few others under winds as high as 18 ^h the winds experienced 
during most trials irete in the range 8 to lu mph. Even though too few data 
were obtained under a range of meteorological condirions sufficient to warrant 
a conclusion in this regard, it should aUo be mentioned that there was 
observed no readily evident variation in collection efficiency that could be 
attributed to differences in meteorological conditions.

D
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II. TEST PROCEDURES
A. FP Collector Rod

The configuration and principal dimensions of the collector rod 
investigated in this study are given in Figure 2. The H-shaped configuration 
shown was developed in December 1959 to provide a device which could be used 
with the Rotorod sampler for the collection of 1~-S^ FP"2267 airborne particles. 
Since it was developed primarily for this purpose this device is generally 
known as the FP Collector Rod and is frequently designated by the abreviation, 
FPCR. To differentiate from the U-shaped l/16-inch collector width square 
brass rod developed earlier for collection of 15-25p particles, the FPCR has 
also been identified In technical reports and memoranda as the H-shaped, 0.38 
imn collector width chtomel ribbon rod.

Fig. 2-FuH tcs'e dras’ng o* FP Collte»or Rod shosmg d:«tnsioo* in (m). |htn 
rotated 2100 Rrt fha four .3B*30«e aad'ng-edg* surfaces (ro'’#ctor area) -tp'itga adiiant air a* 
vcluse rata of .3 'itsrs/ainu*a.

As showi in Figure 2 the FPCR consists of two preformed pieces of .38 
X 1.65 am ctoss-sectlon chromel ribbon wire spot welded together back-to-back. 
The resulting H-sbaped assembly is then welded to a centrally positioned spring- 
wire clip which has been designed to engage in the slotted hub of the Rotorod 
sampler. An FPCR thus assembled and attached to Rotorod sampler is sho%m in 
Figure 1.
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Included in the Appendix is s detailed drawing of the FPCR showing 
its principal dimensions in Inches and also the diswnsional tolerances for 
properly manufactured collector rods. It is estimated that about 20,000 such 
collectors have been manufactured and used in FP tracer field experiments.

As is clearly evident in Figure I and also dimensionally shoim in 
Figure 2, the forearms or collector arm portions of the rod are not straight up 
and down but are Inclined toward center about 4*. When the FPCR is rotated at 
the standard speed of 2400 RPM the resulting centrifugal force acting on these 
collector arms cause them to straighten out and become parallel to the axis of 
rotation. When thus rotated the FPCR presents to any surrounding particle­

laden air two pairs of slightly rounded impaction surfaces 0.38 mm wide x 60 mm 
long and moving at a speed of 905 meters per minute (33.7 mph). The volume of 
air thus swept out per minute is 41.3 liters. If half of the particles in this 
volume of air were to collide and be retained on these surfaces the FPCR would 
then be collecting particles at the same rate as a membrane filter when aspirated 
at a sampling rate of 20.6 liters per minute. For the FPCR this rate of particle 
collection is obtained at a power consumption of less than 2 watts.

B. Collector Rod Coating Procedure
If a shiny clean collector tod is rotated in particle-laden air the 

number of particles colliding on its leading-edge surfaces may be very great, 
l.e., its collection efficiency as derivable from impaction theory may be quite 
substantial. However, very few such colliding particles would be retained, and 
hence "collected". If the intended collection surfaces were not first coated 
with an appropriate tacky material. In earlier impaction sampling experiments 
it was found that an 8 to 10-fold Increase in particle retention could be 
obtained by a proper choice of impaction surface coatings.* From such consider­

ations it IS obvious that the nature of the coating material and application 
procedure greatly affects the overall collection efficiency.

Although some exploratory work toward Improved coatings was undertaken 
during the course of the present investigation, all of the definitive measure­

ments of collection efficiency were made using the currently standard silicone 
grease procedure. In addition to providing high retention efficiency this pro­

cedure has the special merits of simplicity of application and long shelf-life; 
l.e. collector rods can be coated weeks in advance of a test and then used with­

out any apparent deterioration in collection efficiency.

* For example see Table 5. SAL, QR 111-15.
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A brief description of the coating procedure follows. The material 
used is Dow-Coming High Vacuum Grease which is a silicone grease preparation 
commonly used in chemical laboratories as a sealant and lubricant for ground 
glass stoppers and joints. A small dab of the grease is taken up on the pad 
of the forefinger and then spread evenly and thinly between forefinger and thumb. 
A collector rod is grasped firmly just below the bend with the other hand-- 
in such a manner that a pull on a collector arm will not permanently change the 
bend angle. The impaction edges near the bend of one collector arm are then 
grasped between the greased fingers and the fingers moved along the edges to 
the end of the arm. By grasping with gentle pressure and moving collector arm 
in a uniform manner a thin smooth coating of the grease is transferred to the 
narrow impaction surfaces.

Note that by this procedure both edges of a collector arm are coated 
at the same time, hence the collector rod thus prepared can be rotated first 
in one direction and then in the other,, to collect two samples. Since silicone 
grease does not flow or melt and thus distribute itself over the metal surfaces 
there is a tendency to use excessive amounts of grease and for some of this 
excess to overhang the narrow edges of the collector arms. Any such overhang 
increases the effective width of the collector and thus decreases collection 
efficiency. In addition an excessively thick grease coating unnecessarily com­

plicates the particle counting cask. A mote detailed description of the proce­

dures used for coating collector rods for Rororod sampling is given in Appendix 
C.

C. Field Test Procedures and Equipment
1. FP Materials
Although the implications of impaction theory on Rotorod collection 

efficiency will be considered in more detail later in connection with the dis­

cussion of results, it is quite appropriate that such implications be taken Into 
account in discussing the selection of the FP materials used. In addition to 
impaction theory there are a number of practical considerations which should be 
taken into account in the selection of test materials; some of these will be 
mentioned below in connection with specific lots of FP material.

From a consideration of impaction theory it is evident that the col­

lection efficiency varies as the particle size-density parameter P and vanes 
as the resultant impaction velocity (i.e. resultant of wind and collector speed). 
Thus for a given collector geometry, coating material, rotational speed, and 
particle density, as was used in this investigation, the collection efficiency 
of the Rotorod sampler is primarily a function of particle diameter squared and 
to a much lesser extent, is a function of wind speed.



f I
I
I
D
0

0

D
D

0

FP tracer material, like any other finely ground powder, is comprised 
of a broad-band spectrum of particle sizes. Most FP materials which have been 
used as atmospheric tracers have particle size diameters ranging from below 
l/2p to about 5|i. Some lots of FP tracer have an occasional few particles larger 
than lOp diameter.

For expressing and comparing the size properties of powdered materials 
several different kinds of averaged or mean-valued diameters are customarily 
measured. The kind of mean-valued diameter that is most useful and technically 
correct depends on the intended application or purpose of the powdered material.

Fairly early in the development of the FP tracer technique it was found 
that the most appropriate criterion for characterizing and assessing the useful­

ness of various lots of tracer material is the number of particles-per-gram (PPG) 
that can be made airborne when a weighed specimen from a given lot is aerosol­

ized in a reproducible manner.
The PPG number for a given FP lot may also be expressed in terms of a 

reciprocally related number; when the solid state density of the material is 
known (for FP 2267, = 4.0 gm/cm^) and it is assumed that the FP are essentially
spherical, then this number is the mass-mean-diameter (HMD) of that FP lot. Such 
a mass-mean-diameter is related to particles-per-gram by the expression

MMD
75 X 10 10*\
PPG -J

The theoretical model and experimental technique used in making stan­

dard aerosollzation tests for determining the PPG values of FP tracer materials 
has been described in detail in the FP Manual.* Additional theoretical and 
experimental considerations together with a review of the reliability and appli­

cation of data from several such tests has also"been presented in Quarterly 
Report 111-10.**

Except for some recent improvements in equipment and procedures the 
aerosollzation tests and related physical analyses of FP materials performed in 
connection with this investigation were made essentially as described in the

* ‘The Stanford Fluorescent-Particle Tracer Technique: An Operational
Manual", June 1955, Contract DA-18-064 CML-2564.

Laboratory Quarterly Report 111-10, July-August-September 
1956, Contract DA-42-007-403-CML-111. ^
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foregoing referenced reports.
To investigate the dependence of Rororod collection efficiency on 

tracer particle size a survey of existing data from both earlier and currently 
run aerosolization tests was made to select FP lots which would be representa-- 
tive of a broad spectrum of those mateiials which would be likely to be used in 
tracer work. The lot numbers and particle size properties of the materials 
selected for this purpose are given in Table 2. The data columns are arranged 
in the order of increasing MMD from left to right across tne cable.

All of the materials listed in Table 2 have been used as tracers in 
atmospheric diffusion studies. The material which has been used in the largest 
variety of tracer experiments is SAL 8B-, the material was manufactured by New 
Jersey Zinc Co. in 1952 and has been used quite extensively in the past by this 
Laboratory, and has been adopted as a "standard" or reference FP material. For 
example, the PPG value of 3.3 x 10^^ given for SAL 8B is based on 42 observa­

tions accumulated over a period of several years. Because of the comparatively 
large amount of field and laboratory test data available on this FP lot, it was 
selected for use in the original development series of Rotorod trials. Hence 
it was logical to use this particular material as a control material for investi­

gating the Rotorod collection efficiency in greater detail.
The other materials listed in Table 2 are representative of "small 

size", "middle size", and "large size" FP tracers. In order to obtain collec­

tion efficiency measurements that might be more directly related to such measure­

ments obtained elsewhere, two of the "middle size" materials were selected from 
among lots that have been used extensively at Dugway, namely, green fluorescing 
H324-2 and yellow fluorescing DPG 12-21.

The green fluorescing H324-2 material was also selected primarily to 
determine the effect on collection efficiency of using an FP material which, 
tdiile having a PPG and MMD closely matching (see Table 2) that of standard lot 
SAL-8B, is otherwise of different manufacture, type, lot, and fluorescent color.

From impaction theory it Is evident that FP materials of different 
manufacture and color but having closely similar PPG and MMD values should like­

wise give closely similar Rotorod collection efficiencies. From a practical 
point of view, however, since the identification and counting phase of an FP 
tracer system is dependent on the intrinsic brilliance, color, and shape of the 
individual particles comprising such materials, it is conceivable that there 
could be apparent differences in their experimentally measured collection effic­

iencies. Thus, since the experimental procedure used in this investigation 
tacitly excluded color, brilliance, etc. as collection efficiency variables, then
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In essence the close agreement obtained (see Table 1) between this green FP and 
the standard yellow FP Is a test of the adequacy of the experimental procedure 
per se.

2. Test Conditions and Procedures
Given in Table 3 is a list of the field experiments run^, together trlch 

the range of meteorological conditions, the amounts of FP disseminated and the 
number of sasiples collected during each of the 28 trials run.

Shown schematically In Figure 3 is a typical close-spaced arrangement 
of lotorod samplers (U) and surrounding reference membrane filter samplers (NP) 
used at each of the two sampling stations operated during each trial. In the 
first two experiments of the series (FE 134 and FB 135) the array at each station 
consisted of a single Rotorod surrounded by a trio of MF's; this was Increased to 
a dual array of two RR's and five HF's per station in FE 136 and FE 137; the array 
was then enlarged to that shown In Figure 5 for FE 138 and the remaining experi­

ments run during this series.

I
I- @

fiQ. Tro’ca’ srrangemnt of W; a"d (F’a jsed « '2 a t of ‘.ha CW.-511 tar-as o‘ FF 
collact’on aff'cancr f a'd atper'aan^s. E«cap^ for faaar usp'art par array ir'a tasa ciota 
tpac’ng MS used i" a' otha'' f"-'a s o* t‘' $ sfias

In addition to the sampler arrays for making collection efficiency 
measurements, a n«aber of auxiliary EE's and HF's were used In each trial to 
monitor the FP aerosol cloud. The procedure of using these monitor samplers was 
essentially as follows. After sufficient tlttc had elapsed for the FP cloud to 
have traveled from the moving line source to beyond the sampling array, one of



f
'^i.: 
-.*!

I
I
I
I
I
a
D
D

D.
D
D
a
0
D
0

[’

Table 3

SUM^RY OF DISSEMINATION. SAMPLING. AND METEOROLOGICAL 
CONDITIONS FOR THE CML-5^3 SERIES ROTORCT) FP COLLECTION EFFICIENCY TRULS

Trial Series Date Time Trials Meteorological Conditions Range/Average
FB No. 1%2 Period Dlr.Var. Temp 

56 *P
IS

134 26 Jan 1515-
1632 PST

4 3-5 mph 45*
sss
69X

135 27 Mar 1518-
1556 PST

4 9—11 mph 15* 71 •? 50X

136 9 May 1447-
1537 PDT

4 11--16 mph 30* 68 •? 45X

137 14 May 1521-
1715 PDT

4 13—18 mph 00 • 64‘F 49X

138 17 Jul 1659-
1754 PDT

4 9—12 mph 30* 79 *P SOX

139 21 Aug 1515-
1606 PDT

4 13-15 mph 22* 83*P 45X

140 16 Nov 1544- 4 9—13 mph 24* 58 *F 28X
16^3 PST

FP Dissemination Samples Collected
Trial Series 

FE No.
Min. Travel Dist. 

to Nearest Sampler
Avg. Feed

Rare
Line Source 
Strength-Ave.

Collector
Rods

Membrai
Filtei

134 300 ft 5.0 gm/min 0.013 gm/ft 9 24
135 300 ft 8.1 gm/min 0.015 gm/ft 20 40
136 300 ft 8.0 gm/min 0.025 gm/ft 20 40
137 750 ft 5.1 gm/min 0.030 gm/ft 20 56
138 300 ft 6.3 gm/min 0.024 gm/ft 30 48
139 500 ft 8.6 gm/min 0.024 gm/ft 28 48
140 150 ft 7.0 gm/min 0.017 gm/ft 28 48
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the auxiliary samplers was stopped and its collection surface limnediately examined 
under UV illumination. If too few FP's had been collected the disseminator crew 
was then signalled to make another pass with the aerosol generator. Hhen the 
deposition density was deemed to be sufficient for obtaining statistically adequate 
total count estimates, the samplers were turned off simultaneously on count-down, 
thus completing that trial. Two passes were usually sufficient, although In a few 
cases, under highly variable wind conditions, as many as four passes have been 
required. The manner of using the FP aerosol generator for each trial Is shown 
in Figure 4.
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(e.g. more than 25% less than l/2(i) unduly complicates the overall assessment 
phase of a tracer experiment. Particle counts made by different operators and 
even repeat counts made by the same operator became highly variable. This is 
just as true for membrane filters as for Rotorod collectors and any other conven­

tional particle collector. From an economic point of view the time and effort 
spent in the careful analysis and selection of candidate FP tracer materials 
will be repaid many times over in the reduction of counting time and in the en­

hancement of the reliability of results.
The use of "too coarse" an FP material, i.e. from a lot having small 

PPG or large HMD, obviously results in enhancement of the Rotorod collection 
efficiency, as well as that of other in^action sampling devices such as the drum 
sampler. Although the use of large-particle FP does suggest the likelihood of 
significant fallout loss, it should be pointed out that FP material from lots 
having HMD's as large as any used in this investigation have previously been used 
in long distance travel experiments without any readily measurable loss ascrib- 
able to fallout. However, it is undesirable to use a tracer material containing 
a high percentage of large particles because the sensitivity of the tracer 
technique is reduced. If large particles are present the number of particles 
per gram is sharply reduced and for a given weight of tracer released, sample 
size and sample reliability will be reduced. Accordingly a tracer material 
having maximum collection efficiency with the Rotorod sampler is not necessarily 
the optimum material for field test use.

B. Collection Efficiency as a Function of FP Tracer Particle Size
The collection efficiency of the Rotorod FP sampler depends on the 

impaction efficiency of the collector. This impaction efficiency is in turn a 
function of the impaction parameter, K, where

Is tTF"
p - particle density 

d = particle diameter

V = speed of collector relative to aerosol 

= viscosity of air 

D = width of collector

Since any actual FP tracer material covers a wide range of particle 
sizes, the mean collection efficiency is not a simple function of particle size 
but depends also on the variation of efficiency with the impaction parameter, K. 
If the efficiency is propcrtional to K within the range of interest, then the
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aean collection efficiency will be proportional to the nean square diameter of 
the particles (MSD). Theoretical impaction efficiency vs log K for cylinders is 
approximately linear over a wide range of particle site. In this case the mean 
collection efficiency should depend on the geometrical mean diameter (GMD) of the 
particles.

Since the experimental procedures Itivoleed measurement of the number of 
particles per gram of material, only the mass mean diameter (IMD) was determined 
directly. However, for some of the materials tested the fraction of particles 
less than 0.5n and greater than 5^l were determined. Assuming that the particles 
have log-normal distributions the GMD can be estimated by plotting the cumulative 
percentages of particles on log-probability paper. The Offi Is then determined 
from the Intersection of the curve with the SOX level. The mean square diameter 
may then be coeq>uted from the O0> and the M»l> by the relation

j 2/3

MSD- [(ItlD) - (GMD)]

Impaction parameters were computed from the measured )M> and from the estimated 
GMD and MSD. These values were plotted against collection efficiency and com­

pared with theoretical curves for Impaction on a cylinder and on a ribbon. The 
points decermined from the CM) appear to be closer to the theoretical curve for 
the ribbon while those determined from the MSD lie closer to the curve for the 
cylinder. Since the Rotorod collector Is more nearly a ribbon than a cylinder, 
the former values may be more appropriate to use as the basis for efficiency esti­

mates.

In view of the uncertainties Involved in the estimates of the GM> 
and MSD of the particles and since the MB can be determined readily from FP 
aerosoliratlon tests without obtaining the sixe distributions, plots of 
efficiency against P>G (Figure 6) and against MB (Figure 7) were made, and 
smooth curves drawn, ignoring points for the 3.In FP material since its effic­

iency appeared to be out of line with respect to the other materials. The 
curves shown in Figures 6 and 7 should be adequate for Interpolation within the 
range of the measured efficiencies, and may be adjusted when additional measure­

ments are obtained.

Although the impaction efficiency parameter K Increases .with the square 
of the particle diameter the number of particles per gram varies Inversely as the 
cube of the particle diameter. Hence the masher of recoverable particles per 
gram of FP tracer disseminated will Increase as particle diameter Increases only
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within the range of diameters which give the most rapid Increase in collection 
efficiency with diameter. The maximum recoverable particles per gram of FP dis­

seminated will be obtained when the particle diameter d and the collection 
efficiency are related by

u
J

) ^

d In
d In d * ^

Using experimental data obtained from earlier collection efficiency 
studies an attempt has been made to obtain a function relating the Rotorod col­

lection efficiency to particle size. After trying a number of different functions 
It was found that a linear function could be used to obtain results consistent 
with the limited amount of data available on FP lots for which both particle 
size distributions and gross efficiency values are known. The constants derived 
from this limited amount of data indicate the efficiency to be zero for particles 
smaller than 0.9u and to be 100% for particles greater than 3.4|i with a linear 
increase from 0 to 100% between 0.9|a and 3.4^1. To the degree that this particu­

lar function is correct the optimum particle size giving the maximum number of 
particles recovered per unit weight is 1.35|i.

(1



I
I 

I
D
fl
D 
«

0

iS.

Particles per Gram

0
Fig. 6—Rotorod FP Collection Efficiency vs Parti cl es-per-6raiii (PPG). Ilata points troB results 

suMary for CML-543 series of collection efficiency field experiisents (Table 1).
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FE-Trlal

No.

134A*

13^*

134B

134B

134C*

134C*

134D

134D

Table A-1
Rotorod Collection Efficiency Test Results*
FE 134 - Trials A, B, C & D 26 Jan 1962

FP Material: SAL SB - 3.3 x 10^®PPG - 2,4p HMD

Station. Sampler
Total Efficlencv- Rotorod Dosaee

No. Tvpe-Psn Dosaee Efficiency-
Ave. MF Dosaee

1 MF-Left 581

MF-Above 586

MF-Right 587

RR-Center 430 73.5%

RR-Special** 429 73.3%

2 MF-Left * 617

MF-Above 580

MF-Right 650

RR-Center 453 73.6%

1 MF-Left 1972

MF-Above . 2384
MF-Right 2013

RR-Center 1147 54.0%

2 • MF-Left 3089

MF-Above 3070

MF-Right 3016

RR-Center 1587 51.9%

1 MF-Left 553

MF-Above 564

MF-Right 519
•

RR-Center 416 76.3%

2 MF-Uft 429

MF-Above 431

MF-Right 396

RR-Center 341 81.4%

1 MF-Left 1213

MF-Above 1054

MF-Right 1066

RR-Center 544 49.0%

2 MF-Left 1187

MF-Above 1134

MF-Right 1020

RR-Center 546 49.0%

Electric power failure during Trials A and C caused MP samplers to stop 
running several seconds before Rctorod samplers could be turned off. The 
abnormally high collection efficiencies thus obtained in these two trials 
»»ere therefore not used in calculation of average efficiency.
The "special" Rotorod sampler used in Trial A at this position was Insulated 
from ground and electrically charged to an above-ground potential of 1000 
volts. Other Rotorod sampler was grounded.



Table A-2
Rotorod Collection Efficiency Test Results 
FE 135 a* ' Trials A B C & D 27 Har 1962

D
l]
li
U
U
U
ir

FP Material: SAL SB - 3.3 X lolOpPG .. 2.4u MO

FB-Trlal
Mo.

Station 
Mo.

Sampler 
Type Psn

Total
Dosage ^!Hr

135A la MF*Left 6600
MF Above 6180
MF-Right 6040
RR -Center 3190 50.7X

13SA 2a MF-Left 7260
MF-Above 6530
MF-Right 6590
RR Center 3870 57.OX

135B la MF Uft 1840
MF-Above 1720
MF Right 2060
RR Center 1040 55.6X

135B 2a MF Left 2170
MF-Above 1730
MF Right 2050
RR Center 1150 58. IX

135C la MF Uft 1240
MF-Above 1240
MF Right 1130
RR-Cent er 660 55.OX

135C 2a MF-Uft 1680
MF Above 1430
MF-Right 1480
RR Center 760 49.7X

135D la MF Uft 2210
MF Above 2230
MF Right 2200 . . . -
RR Center 1110 50.2X

135D 2a MF Uft 1640
MF Above 2260
MF Right 2130
RR Center 1100 S4 71

I”*. °”‘y lb. r..uli. (to. tho .t.„d.rd
array are presented in this Table. Results from FE 135 b are given in tables 
on the next three following pages. * tablea
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Table A"3
Eotorod Collection Efficiency Teat Eesulta* 
FK 135 b - Trial A 27 Mar 1962

FP Material: SAL 8B - 3.3 x 10 PFG - 2.V MID

* Supplementary results obtained using standard 60~iBn radius and special 
30~na radius collector arms siounted on common Rotorod hub.

Station

No.

Sampler 
Tvne ~ Fsn

MF - Uft 
MF - Above 
MF|f- Right 
RR - Center

60-mm Rad. 
30'mn Rad.

MF - Left 
MF - Above 
MF - Right 
RR - Center

60-imB Rad. 
30-mm Rad.

Total
Dosage

Efflclency-f2i£I^^SSRR 
’ Avg. MF Dos

60-mm Rad.
MS.

6040
6310
5520

2995
1865

50.2X
31.2X

6590
7230
7830

3645
2270

50.5X

Average 50.4X
31.4X 
31.3X
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Table A-4
Itotorod Collection Efficiency Teat Reaulta*

FB 135 b - Trials B & C 27 Har 1962

FP Material: SAL 8B - 3.3 x 10^°PPG - 2A\i MO)

* Supplementary results obtained using standard FPCR'a 
fabricated and coated with silicone grease at Dugway.

r Trial Station Sampler Total

1 No, No. Type - Pan Doaaee

f
B lb MF - Uft 2060

L MF - Above 2050

MF - Right 1590

[ RR - Center 1000

n B 2b MF - Uft 2050u.
MF - Above 1700n MF - Right 1530

1
II- RR - Center 1190

i nI II C lb MF - Uft 1130

mm MF - Above 1290

1 0 MF • Right 1270

r RR - Center 700

1 D
u C 2b MF - Uft 1480

g I] MF - Above 1350u MF - Right 1300

h RR “ Center 780

_ _  . Rotorod Doaaae
Ifflclency - — ^

52. IX

67.4X

56.9X

Average

56.5X 

57.9X
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Table A-5
Rotorod Collection Effici.encv Test Results*
FE 135 b - Trial D 27 Mar 1962

FP Material: SAL 8B - 3.3 x 10 PPG - 2.4n MMD

* Supplementary results obtained using standard FPCR's electrically 
connected to hi-voltage dc power supply so as to be maintained at 
an above ground potential of 1200 volts (positive) during sampling 
operation.

Station Sampler Total Efficiency - g^tprod Dosage
No. Type - Psn Dosage Avg. MF Dosage
lb MF Uft 2200

MF - Above 1980

MF - Right 2210

RR Center 1060 49.9%

2b MF Uft 2130

MF - Above 2490

MF - Right 2110

RR • Center 1230 54.91

Average 52.4%
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Table A-6
Rotorod Collection EffLctencv Test Results
FE 136 - Trials A B C & D 9 May 1962

FP Material: H310 A E - 0.9 x 10 PPG - 3.8mMMD

FE-Trial
No.

Station
No.

136A

136B

Sampler
Tvpe-Psn

Total
Dosaee

. Rotorod Dosaee
Efficiency---y^ DosaL

MF Left 348
MF Above 347
MF Right 270
RR-Center 202 62.81

MF-Uft 270
MF-Abovt 296
MF-Right 294
RR-Center 235 81.9X

MF Lett 3i0
MF-Above 273
MF Right 292
RR Center 224 76.8%

MF Left 292
MF Above 307
MF Right 367
RR Center 261 81.0%

MF Left 310
MF Above 343
MF Right 314
RR'Center 230 71.4%

MF Uft 314
MF Above 291
MF-Right 314
RR -Center 232 75.7%
MF Left 24 3
MF Above 277
MF-Right 270
RR-Center 201 76.4%
MF Left 270
MF Above 260
MF Right 252
RR Center 198 75.9%

A 6 continued on next page)
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No.

136C

136D

Table A-6 (continued)

Station Sampler Total
No. Dosage

la MF Left 196
MF Above 185
MF-Right 182
RR-Center 118

lb* MF-Uft 182
MF*Above 208
MF*Right 210
RR Center 119

2a MF-Uft 252
MF-Above 240
MF Right 234
RR-Center 152

2b* MF-Uft 234
MF-Above 251
MF Right 203
RR-Center 139-

la MF-Uft 281
MF-Above 235
MF-Right 252
RR-Center 189

lb* MF-Uft 252
MF-Above 249
MF-Right 278
RR-Center 179

2a MF-Uft 2%
MF-Above 294
MF Right 299
RR Center 169

2b* MF-Uft 299
MF-Above 309
MF-Right 272
RR-Center 176

Efficiency Rotorod Dosage 
Avg■ MF Dosage

Average

62.8%

59.5%

62.8%

60.7%

73.8%

68.8%

57.1%

60.1%

69.2%

* The FP Collector Rods used at these stations were 
fabricated and coated with slltcone grease at Dugway.



Table A-7
Rotorcd Collection Efficiency Test Results

D
D.
0
D
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fl
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FE-Trial
No.

137A

137B

FE 137 - TriaU A, B C & D 14 M<

FP Material : MA 104 7.9 x 10^°PPG

Station Sampler Total
No. Type Psn Dosage

la MF Left 1254
MF-Above 1462
MF Right 1365
RR Center 375

lb MF Left 1365
MF Above 1371
MF Right 1076
RR-^ Center 378

2a MF Uft 1230
MF Above 1101
MF>Right 1326
RR-Center 321

2b MF Uft 1326
MF Above 1037
MF Right 1105
RR Center 3b0

la MF Uft 1639
MF-Above 1321
MF Right 1612
RR Center 518

lb MF-Uft 1612
MF Above 1730
MF Right 1756
RR Center 503

2a MF Uft 1746
MF Above 1686
MF-Right 1754
RR Center 441

2b MF Uft 1754
MF Above 1585
MF-Right 1863
RR Center 518

_ _  . Rotorod Dosase
Efficiency*!- - ^^ Ayg. MF Dosage

27.6X

29.8X

26.3X

31.IX

32.6X

29.6X

25.5X

29.9X

(Table A 7 continued on next page)
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Table A-7 (continued)

Station Sampler Total
No. Typc-Psn Dosase
la MF-Left 803

MF Above 1074
MF Right 1131
RR Center 327 32.6X

lb* MF Left 1131
MF-Above 927
MF-Right 1050
RR-Center 253 24.4X

2a MF Uft 1088
MF Above ■ 1155
MF Right 1005
RR Center 186 17.2X**

2h> MF-Uft 1005
MF-Above %2
MF Right 1007
RR-Center 344 34.7X

la MF Uft 1167
•

MF-Above 1156
MF Right 1175

a RR-Center 264 22.6Z
lb* MF-Uft 1175

MF Above 1117
MF Right 1010
RR-Center 193 17.5X

2a MF-Uft 977
MF Above 971
MF Right 1112
RR-Center 117 11.5X**

2b* MF-Uft 1112
MF Above 876
MF Right 1234
RR-Center 313 29.IX

Average 28.IX

* The FP Collector Rods used at these stations were fabricated and coated with 
silicone grease at Dugway.

** During Trials C and D the RPM of Rotorod at Station 2a considerably below 
noraal due to excessive baiiety drainage. Hence these two efficiency values 
are not representative and therefore are not Included in the average.



I
1

I
I
I
B
C
1!

1!

11.

II 
1: 

1!

Table A*8
Rotorod Collection Efficiency Test Results
FE 138 - Trials A B C & D 23 July 1962

FP Material: H324-2 (Green) 3.3 X 10^°PPG - 2.4n MMD

FE-Trial Station Samp let Total . Rotorod Dosaee
No. No. Tvoe Psn Dosage . MF Dosaee

138A la* MF Uft 2476
MF Above 3006
MF Right 2850
RR Center 1488 53.6X

lb MF Uft 2353
MF Above 2476
MF-Right 1169
RR*Center 1368 68.41

Ic MF Left 1169
MF Above 2850
MF Right 364 7
RR Center 1508 59 .OX

2a* MF Uft 1241
MF-Above 1147
MF-Right 1071

. RR-Center 61b' 53.4X

2b MF-Uft, 944
MF-Above 1241
MF-Right 1127
RR-Center 618 56.OX

2c MF Uft 1127
MF-Above 1071
MF-Right 1116
RR Center 568 51.4X

(Table A 8 continued on next page)
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PE-Trial
No.

138B
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Station Sampler Total
No. Tvoe-Psn Dosaxe
la* MF-Uft 1571

MF-Above 1770
MF Right 1653
RR-Center 851 51.IX

lb MF Left 1339
MF-Above 1571
MF Right 1658
RR-Center 856 56.2X

Ic MF-Left 1658
MF-Above 1653
MF-Right 1847
RR-Center 995 57.9X

2a* MF-Left 1684
MF Above 1316
MF Right 1453
RR -Center 740 49.9X

2b MF-Uft 1447
MF Above • 1684
MF Right 1303
RR Center 690 46.7X

2c MF-Uft 1303
MF-Above 1453
MF-Right 1376
RR Center 787 57.2X

(Table A~8 continued on next page)



Table A~8 (continued)
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FE-Trial Station
No. No.

Sampler
Tvoe-^Psn

Total
Dosage

. RotorodEfficiency-^^^ MF

138C la MF-Ufr 9^4
MF Above 907
MF-Right 921
RR-Center 566 61.3X

lb MF Uft 1147
MF-Above 944
MF Right 989 *
RR Center 558 • 54.3X

Ic** MF-Left 989
MF-Above 921
MF-Right 1232
RR-Center 543 51.9X

2a MF-Uft 1563
MF-Above 1381
MF-Right 1402
RR-Center 776 53.6X

2b MF-Uft 1257
MF-Abcve 1563
MF Right 1579
RR-Center 804 54.8X

2c** MF-Uft 1579
MF Above K02
MF-Rlght 1500
RR Center 882 59. OX

(Table A-8 continued on next page)

I i
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Table A-8 (continued)

FE-Trial Station Sampler Total , Rotorod Dosage
No. No. Ivoe Psn Dosage Efficiency.--™

138D la MF Left 2047
MF-Above 2542
MF-Right 2600
RR-Center 1178 49.2X

lb MF-Uft 2106
MF-Above 2047
MF-Rlght 2627
RR-Center 1082 47.9X

Ic** MF-Uft 26 2 7
MF-Above 2600
MF-Right 1959
RR-Center 1226 51.2X

2a MF-Left 2192
MF -Above 2105
MF-Rlght 2416

• RR-Center 1052 47.OX

2b MF Left 2305
MF-Above 2192
MF Right 1511
RR-Center 1107 55.3X

2c** MF Uft 1511
MF-Above 2416
MF-Rlght 2457
RR-Center 1120 52.6X

* The FFCR's used at these stations have particle collection surfaces 
which had been ground flat on polishing wheel.

** The FPCR's used at these stations were fabricated and coated with 
silicone grease at Dugway.

FE 138 SUMMARY

Efficiency measurements made 24

Average Collection Efficiency 54.11

Standard Deviation 4.82X

Coefficient of Variation .089
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Table A-9
Rotorod Collection Efficiency Test Results
n 139 - Titals A. B, C & D 21 Aug 1962

FP Material: DFG 12-21 - 1.2 X 10^°PPG - 3.4n HMD

FB-Trial Station Sampler Total
Dosaae *ffidenc

Rotorod Dosaae
No. No. Ivpe-Psn ^ Ave. MF Dosase

139A la MF Left 813
MF Above 878
MF Right 8%
RR Center 611 70.9%

lb MF Left 813
MF-Above 813
MF-Right 853
RR-Centet 561 67.9X

Ic . MF Uft 853
MF Above 8%
MF-Right 1032
RR-Center 6A1 69.11

2a MF Left 793

•

MF-Above 813
MF-Right 760
RR-Center 509 64.5%

2b MF-Left 860
MF Above 793
MF Right 654
RR-Center 512 66.5%

2c MF-Uft 654
MF-Above 760
MF Right 713
RR-Center 505 71.2%

(Table A-9 continued on next page)
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Table A-9 (continued)

Station
No.

Sampler 
Type -Psn

Total
Dosase

la MF-Left 437
MF-Above 362
MF-Right 378
RR-Center 261 66.61

lb MF Left 388
MF-Above 437
MF-Right 394
RR-Center 268 66.OX

Ic MF-Le£t 394
MF-Above 378
MF-Right 424
RR-Center 278 69.6X

2a MF-Left 504
MF -Above 471
MF-Rlght 4 70
RR-Center 258 53.5X

2b MF-Uft 525
MF-Above 504
MF-Right 419
RR-Center 256 53. OX

2c MF-Uft 419
MF-Above 470
MF-Right 459
RR-Center 256 57.OX

(Table A 9 continued on next page)
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Table A-9 (continued)

Sampler 
Tvoe-Psn

Total
Dosaae

____ . Rotorod DosaeeEfficiency*. ^ ^ ■Avft. MF Dosese
MF-Left 690
MF-Above 670
MF-Rlght 718
RR-Center 410 59.2%

MF-Left 760
MF-Above 690
,MF*Right 685
RR-Center 390 54.81

MF-Uft 685
MF-Above 718
MF-Rlght 762
RR-Center 407 56 .4%

MF-Uft 658
MF-Abcve 747
MF Right 720
RR-Center 360 50.8%

MF-Uft 739
MF-Above 672
MF-Rlght 728 •
RR-Center 381 53.4%

MF-Uft 728
MF-Above 720
MF-Rlght 699
RR-Center 355 49.6%

•9 continued on next page)
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Table A9 (continued)

Station Sampler Total
No. Tvpe-Psn Dosase
la* MF Uft 710

MF“Above 751
MF-Right 692
RR-Center 506

lb** MF-Left 7%
MF-Above 710
MF-Right 840
RR-Center 462

Ic MF-Left 839
MF-Above 692
MF-Right 894
RR-Center 492

2a* MF-Left 711
MF-Above 708
MF-Right 748
RR-Centet 416

2b** MF Left 580
MF-Above 711
MF Right 867
RR-Center 381

2c MF-Uft 867
MF-Above 748
MF-Right 725
RR-Center 421

. Rotorod Dosase 
Efficiency.-;- ^

70.4X

59. IX

60.9X

57.6X

S3.OX

54.OX

♦ The FPCR's used at these stations are Metronlcs fabricated Rods which 
had been coated with silicone grease 77 days prior to use.

** The FPCR's used at these stations are Dugway fabricated Rods which 
had been coated with silicone grease 8 months prior to use.

FE 139 SUMMARY

Efficiency measurements made 
Average Collection Efficiency 
Standard Deviation 
Coefficient of Variation

24

60. 7X 
7.05X 
.116
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FE-Trl«l

No.

14GA

FE 140 - 
Material:

Station
No.

Trials A, B, C 
1339-2 - 1.6 X

Sampler 
Type-Pfn

& 0 16 Nov 1%2
lOlOpPG - 3.1m MMC

Total
Oosaxe

1

Bfflctency-f°‘^°>^^AvSe MP Dosase
la MF-Left 1229

MF-Above 1377
MF-Rlght 1242
RR-Center 906 70.6X

lb MF-Left 1327
MF-Above 1229
MF-Rlght 1216
RR-Center 920 73.2X

Ic MF-Left 1216
MF-Above 1242
MF-Rlght 1441
RR-Center 910 70.OX

2a MF-Left 1102
MF-Above 1193
MF-Rlght 1247
RR-Ccntcr 856 72.5X

2b MF-Left 1222
MF-Above 1102
MF-Rlght 1209
RR-Center 760 64.5X

2c MF-Uft 1209
MF-Above 1247
MF-Rlght 1315
RR-Center 814 64.8X

(Table A-10 continued on next page)
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Station Sampler Total
Ho. Tvoe-Pan Dosaee
la MF-Left 690

MF-Above 817
MF-Rlght 672
M-Center 552

lb MF-Leit 822
MF-Above 690
MF-Rlght 824
RR-Center 602

Ic MF-Utt 824
MF-Above 672
MF-Rlght 715
RR-Center 581

2a MF-Left 726
MF-Above 852
MF-Rlght 674
RR-Center 686

2b MF-Left 1056
MF-Above 762
MF-Rlght 863
RR-Center 762

2c MF-Uft 863
MF-Above 657
MF-Rlght 1052
RR-Center 694

Wotorod Doaage 
Avtt. MF Doaaae

76.OX

77.3X

78.8X

89.9X

85.2X

80.9X

(Table A-10 continued on next page)
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Table A-10 (continued)

u

Station
No.

Sampler
Tvoe-Paq

Total

la MP-Uft 1A95
NF-Above 1313
MF-Rlght 1037
U-Center 804 62.7X

lb MF-Uft 1200
MF-Above 1495
MF-Kight 1308
U-Center 943 70.7X

Ic MF-Uft 1308
MF-Above 1037
MF-Right 1091
IR-Center 891 77.8%

2a MF-Uft 864
MF-Above 1183
MF-Right 997
Rl-Center 800 78.8X

2b MF-Uft 1213
MF-Above 864
MF-Rlght 1129
RR-Center 826 77.3X

2c MF-Uft 1129
MF-Above 997
MF-Right 1120
RR--Center 886 81.9X

(Table A-10 continued on next page)



Table A-10 (continued)

n-Trtal

140D

Station
No.

D
IJ
II.
y
y
y
y

Sampler
Type-Pan
MF-Left
MF-Above
MF-Rlght
RR-Center

MF-Uft
MF-Above
MF-Rlght
RR-Center

MF-Uft
MF-Above
MF-Rlght
RR-Center

MF-Uft
MF-Above
MF-Rlght
RR-Center

MF-Uft
MF-Above
MF-Rlght
RR-Center

MF-Uft
MF-Above
MF-Rlght
RR-Center

Total
Dosage

749
818
714
590

881
749
832
591

832
714
807
601

546
554
554
390

567
546
471
369

471
554
612
394

Rfflclency-^£^2i202»«ae
Avtt. MF Doniinft

77.6X

72.01

76.61

70.8X

69.91

72.2X

u

FR 140 SISMIV

Rfflclency laeasurements made 24
Average Collection Xfflcltncy 74.7X
Standard Deviation 6.34X
Coefficient of Variation 0.085
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APPENDIX C

Procedure for Coating Collector Rods 
for Rotorod Sampling

I. Coating Hateriala
To ensure the complete retention of all aerosol particles which are 

Impacted on the whirling collector arms of a Rotorod Sampler, it Is essential 
that the intended collection surfaces be coated with a tacky or adhesive mater­

ial. Only those surfaces parallel to the axis of rotation need be coated, i.a. 
coat only those surfaces which sweep out a cylindrical annulus when the col­

lector rod Is rotated. Note * when not being rotated the free ends of the 
normally upward (cr downward) projecting arms of the collector rod are bent 
inward toward each other a few degrees, when the rod is rotated approximately 
2400 RPM these free ends move outward until collector arms become parallel to 
axis of rotation, i.e., become vertically oriented when sampler is operated on 
top of a post or tripod.

The two materials found to be most generally satisfactory for coating 
collector rods are rubber cement and silicone grease. Other materials used are 
glycerine-gelatine, corn syrup, and double-coated scotch tape. In addition to 
the particle retention qualities, ease of application, and ready availability 
of various coating materials consideration must also be given to the effect 
that a given coating material may have on the preservation and analysis of the 
specific type of particles to be collected and examined. Also for many applica­

tions of the Rotorod Sampler, if the collector rods are to be examined under a 
visible light microscope the bright metal surfaces of the rod should be painted 
with a flat black paint of the type used inside optical instruments.

II. Rubber Cement

A satisfactory coating of rubber cement la applied by dipping each 
arm of the collector rod into a container of properly thinned rubber cement.
A minimum of two dips Is required to build-up a suitably smooth and tacky col­

lection surface - and when properly done two dips are sufficient for obtaining 
high collection and retention efficiency.

Ihe rubber cement as supplied by the manufacturer Is too viscous and 
hence must be thinned with a suitable solvent. Proper consistency is obtained 
when two to five drops of the thinned cement fall from the end of a collector 
rod after it is quickly withdrawn from the liquid. The recommended materials
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for thl* procedure are "Best-Test Vhlte Bubber Paper Cement" and "Bestine 
Solvent and Thinner", both manufactured by Union Bubber & Asbestos Company, 
Trenton, New Jersey. These materials are usually available at a well stocked 
stationery and art supply store. A formulation consisting of about equal 
proportions of cement and thinner usually give the desired consistency.

The thinned cement Is usually stored In two wlde-mouth glass Jars 
with tight fitting screw-top caps - two Jars are prepared so that two arms of 
a collector rod can be Immersed at the same time. The recommended step-«rlac 
procedure for coating rods* Is as follows:

1. The rod arms are dipped Into the cement slowly to facilitate uni­

form wetting of the metal surfaces and to prevent air bubbles from 
being carried Into the liquid where they may later become attached 
to the rod and hence disturb an otherwise smooth surface coating.

2. After both arms of the collector rod have been Immersed to the 
desired depth the rod is irithdrawn slowly to allow the excess 
cement to drain off smoothly so that a uniform layer of cement 
will be retained on the rod.

3. On removal from the liquid the rod Is kept suspended tlp-cnd down 
to allow any excess fluid cement to flow to the tip-end. Any 
globule of liquid collecting at the tip-end should be removed 
promptly by touching the tip of the rod with a piece of blotting 
paper.

4. After allowing at least one minute for the first dip to dry the 
second coating can then be applied by repeating the above steps.

5. After the second coat has been allowed to dry for a few minutes 
the coated rods should then be stored until needed In an essen­

tially dust-free container. Although extreme aging reduces the 
collection And retention efficiency of the rubber cement coating, 
collector rods idilch have been coated up to 90 hours prior to use 
have given about as good collection efficiencies as have freshly 
coated rods.

III. 2iili£S&£_S££Sl£
Under certain environmental conditions such as very high or low temper­

atures or when the Botorod Sampler Is operated in rain or fog the rubber cem«>nt

* This step-wise procedure applies literally only to the 2 arm U-shaped 
brass collector rod designed for 20-micron particles (1.39 ns impactor width); 
modification of this procedure for coating the 4 arms of the H shaped chromel 
collector rod for 1-5 micron particles (0.38 mm Impactor width) should be 
fairly obvious.
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coating tends to lose some of its tackiness. Under such conditions a thin 
coating of silicone grease provides a satisfactory surface for retention of 
Impacted particles. Also for sanpllng very large particles (e.g.^ 50 micron 
glass beads) the silicone grease is superior to rubber cement. For this purpose 
Dow Corning High Vacuum Grease is a satisfactory material and Is used in the 
consistency as supplied by the manufacturer.

A coating of this grease may be applied to either of the two standard 
collector rods In the following manner:

1. Lightly touch the surface of the grease In Its container with the 
forefinger to pick up a small amount.

2. Spread this evenly and thinly on the fingers by ssKaring between 
the forefinger and the thumb.

3. Hold the collector tod firmly at the center and grasp one end of 
narrow impaction surfaces between the two greased fingers. Using 
gentle pressure, slide fingers along entire length of Impaction 
surfaces, thus transferring to these metal surfaces a thin coating 
of grease.

At best a grease coating will not be as smooth as a rubber cement 
coating but if applied carefully will be satisfactory and especially so for 
retention of particles 10 microns and larger. Since both impaction surfaces of 
each collection arm are coated with the silicone grease, the collector rod thus 
prepared can then be rotated, first in one direction and then In the other, to 
collect two separate samples.

Since silicone grease, unlike the thinned rubber cement, does not flow 
and thus distribute Itself uniformly over the metal surfaces there is a tendency 
to use excessive amounts of grease and for some of this excess to overhang the 
narrow edges of the rod. Any such overhang increases the effective Impaction 
width and thus decreases the collection efficiency. Such overhang can be avoided 
by using smaller amounts of grease on the fingers when applying It to rod. Ix- 
cess grease overhanging the edges can be removed without greatly disturbing the 
prepared impaction surfaces by running a sharp edged tool along both sides of 
each collector arm.

One advantage of silicone grease as a collector rod coating Is that 
such coatings do not appear to lose with age any of their particle collection 
and retention effectiveness as do rubber cement and other coating siaterlals.
Thus silicone grease coated rods may be safely prepared several weeks In advance 
of the time they are to be exposed. Prepared rods, coated with grease or any 
other tacky material, should of course be stored in a dust free container, both 
before and after exposure.
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IV. Kemoval of Rod Coatings
The rubber cement coating can be easily peeled off by starting at the 

fixed end of the collector am and merely rolling It toward and off the tip end. 
All particulate material will be enclosed within the tiny rubber ball and the 
rod can then be redipped in the thinned rubber cement without further cleaning 
treatment.

The silicone grease coating can be largely removed by wiping with an 
absorbent lint-free cloth. If necessary, further cleansing can be accomplished 
with ethylene dichloride heated to boiling in a narrow mouth flask. Insertion 
of a collector am into the neck of the flask allows condensation on the rod 
and a resultant washing as the condensate flows down the rod and drips back into 
the flask. This step can be avoided by careful wiping followed by visual inspec­

tion to ensure that all particulate material of the kind to be sampled has been 
removed along with the grease.

D



V4C r-g^

UNCLASSIFIED

UNCLASSIFIED




