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ABSTRACT

Mar k Wendel | Wbod. An Eval uation of the 37 mm

Cassette for Seunpling an Airborne Pharnaceutical Dust.
(Under the direction of Mchael R Flynn, Sc.D., CIH)

The use of the 37 nmm cassette for sanpling total
dust in industrial hygiene is well established. This
nmethod is used to make full shift and short-term exposure
measurenents. Environnental |evels of ranitidine
hydrochl oride are typically in the ug/m'” range. This
necessitates taking short-tern1sanR4es at flows markedly
hi gher than the usual flow of 2 LP The results of
t hese neasures shoul d be conparable. If not, then a bias
exists in the method of collectionin this flow range.

~ An evalution of the cassette to sanple airborne
rani tidine was conpleted b% conparing palred sanples with
respect to concentration obtained and particle size
sanpled. Pairs were run at 2 and 4 liters per mnute.

_ No significant difference in concentration was found
in pairs taken in the Fette and di spensing areas. The
particle size distributions sanpled at 2 and 4 liters per
mnute were very simlar. Thus, no bias was detected In
the sanpling method between 2 and 4 LPM Full shift and
short-term measures are conparabl e.

Anal ysis of the cassette indicates that significant
quantities of ranitidine are depositing on the wall. In
the Fette roomnore ranitidine deposited at |ow flow than
at high flow This indicates a possible residence tine
phenomenon is responsible. Data fromthe dispensing area
I ndi cates wall deposition is equal between 2 and 4 LPM

Possi bl e exglanatlons I ncl ude sedinentation, inpaction
and electrostatic effects.
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SECTI ON ONE: | NTRODUCTI ON
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CHAPTER ONE: LI TERATURE REVI EW AND OBJECTI VES
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Rani ti di ne hydrochloride is a pale, yell ow substance
used as the active ingredient n1ZantaéRtabIets and
injection. Chemcally, it is identified as N[2-[[[5-

[ (di met hyl am no) met hyl ] -2-furanyl]nethyl]thio]ethyl]-N
met hyl -2-nitro-1,1 ethenedi am ne hydrochloride. Its

nol ecul ar structure is:

(CHB)2 NCHA A Y57 CHSCHRCHONHND, A/ NHCHR*  HO
NC N CHNGS
The enmpirical formula is (C23H22N403S, HC1). Ranitidine
hydrochl oride has a formul a weight of 3 50.87 atonmi c nmass
units. Its packed bulk density is 0.74g/cc. As a salt,

its vapor pressure is insignificant.

As a treatnent for duodenal ulcers, ranitidine's

mode of action is as a histam ne H2-receptor antagoni st.

The manuf acture of Zantac tablets involves a conbi nati on
of unit processes. The first is the dispensing of raw
materials. D spensing in the Zantac suite is done by
using a "Matsui". Essentially, this is a |large netal
hopper attached to a vacuum source. Bulk ranitidine,
magnesi um stearate and m crocrystalline cellul ose (trade
name is Avicel) are taken fromlarge plastic barrels and
evacuated into the hopper. One can observe dust being
generated during dispensing. Then, the mxture is sieved
using a Russell sieve. This creates the proper particle

size for conpressing the tablets. The mxture is then
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transferred to the "buls cube". This is a container in

whi ch the conponents are m xed thoroughly.

From the dispensing station the buls cube is taken
to the mxing room |t is here that the raw nmaterials
are churned by rotating the buls cube continuously. No

personnel are permtted in the mxing roomduring the

pr ocess.

After the conponents are m xed the hopper is noved
to the Fette, or tablet conpression room The Fette
machi ne fornms tablets by conpressing the powdered m xture
using a piston. The raw material is enptied into the
Fette by placing the buls cube above the nachine and
allowing gravity to feed the materials into it. The
process is simlar to using a funnel to load oil into an
autonobil e. Because the process is energy intensive, the
production of tablets creates an airborne dust. This is
evi denced by a heavy |ayer of dust coating the machine
after a batch is produced. After the tablets are made
they are coated (hardened) in the coating room The
final step before packaging is inspection. The tablets
are placed on a conveyor belt and are inspected by two to

three persons. Figure I.|l is a flowhart outlining the

manuf acture of ranitidine tablets.

Cccupational exposure to ranitidine is major concern

to Gaxo, Inc.. Although the conpound has been shown to
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THE MANUFACTURI NG OF RANI Tl DI NE HYDROCHLORI DE TABLETS

RAW NMATERI ALS

DI SPENSI NG

M XI NG

FETTE OR TABLET
COVPRESSI ON ROOM

COATI NG OR
HARDENI NG

I NSPECTI ON AND

QUALI TY ASSURANCE

FI NAL PACKAG NG

Figure |.I: Flowhart outlining the manufacture of
Rani tidi ne Hydrochl oride Tablets. The highest exposures are
expected in the Fette and di spensing areas.


NEATPAGEINFO:id=4D83A3D0-F9EC-43AD-8EFD-D7A82B51EF4A


be non-carcinogenic/tunmorigenic in mce and rats with
oral doses up to 2,000 ng/kg day, rare cases of
hypersensitivity reactions (e.g. brochospasm have been
seen (11). Slight dermal irritation has al so been

observed (11).

The potential for exposure to ranitidine is mainly
in the dispensing and Fette roons, although, the coating
room al so presents concern. Based upon previous data
collected by Gaxo it is suspected that the greatest

exposures are in the Fette room (5).

Assessnent of exposure to Ranitidine has been done
by using an open-face 37-nm di sposabl e cassette. The
collection mediumis a CGelman type A/E gl ass fiber
filter. No organic binders are contained in the filter
(9). Chem cal analysis has been perforned using high
performance |iquid chromatography (HPLC). Because
ranitidine is a proprietary conpound, produced only by
d axo Inc., a nmethod of air sanpling has not been
eval uated. Therefore, it is necessary to objectively

eval uate the current nmethod of sanpling and anal ysis.

SANMPLI NG Al RBORNE DUST

Eval uati on of occupational health hazards often

necessitates assessnent of a potential exposure to a
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worker. This is done in many cases by an industrial

hygi eni st. The manner in which this is done depends
upon the chem cal and physical characteristics of the
contam nant. Also, the purpose of the sanmpling nust be
consi dered. For exanple, one may wish to estimate a
wor ker' s exposure to respirable particulate. In this
case size selective sanpling would be appropriate (4).

G ven the plethora of sanpling techniques available to
eval uate airborne dusts it is reasonable that the

sel ecton of a method should satisfy the requirenents of
sound aerosol science and practical industrial hygiene.
Wth this in mnd, a method of sanpling airborne
ranitidine is evaluated. The nethod considers both the
theory of sanmpling wth cassettes and the practical

limtations inposed by the manufacture of Zantac.

Traditional ly, hygienists have sanpl ed airborne
dusts using a cl osed-face cassette, or filter hol der.
This practice is especially prevalent in governmnental
i ndustrial hygiene (1). There exists, however, debate as
to whet her open or closed face cassettes provi de the nost
reliable estinmate of airborne dust concentration (13).
Prior to a detailed discussion of the sanpling efficiency

of 37-nmm cassettes a brief review of pertinent sanpling

nmechani cs i s i ndi cated.

I SOKI NETI C AND ANI SOKI NETI C SAMPLI NG
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|f a particular method of aerosol collectionis to
be accurate it is inperative that it be unbiased. That
I's, the sanmple should closely resemble the original

aerosol in both concentration and size distribution (4).

The nost effective way to attain accurate sanpling
Is to maintain isokinetic sanpling conditions. This
demands that the sanpler inlet be parallel to the gas
stream ines. Additionally, the gas velocity of the
sanpler inlet nust be identical to that of the gas
approaching the inlet (13). [Isokinetic sanpling ensures
that distortion of gas streanlines at the inlet does not

occur .

This is illustated in Figure 1.2a.

|f the free streamvelocity is Uy, the velocity of
gas in the sanpler inlet by U and the angle of the inlet

with respect to the streantines is O then isokinetic

conditions exist when U=Ug and 0=0 (13).

\Wen these conditions are not nmet the sanmple will be
biased. |f the sanple inlet is not properly aligned the
aerosol concentration is underestimated. This results
because particles in the original gas streamhave inertia
too great to make the turn into the inlet. This is seen

in Figure 1.2b.
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Figure 1.2: Illustration of isokinetic and ani sokinetic
sanpling conditions. Adapted from( ).

Figure 1.2a: Isokinetic sanpling conditions present
1.2b: Sanpling probe is msalligned
1.2c: Sanpling flowate is > free airstream
1.2d: Sanpling flowate is < free airstream


NEATPAGEINFO:id=1ACA4FD1-DCA5-403D-AFD8-F75FC1015235


Dur ham and Lundgren (7) have investigated the
relationship between m salignnment of sanpling inlets and
aspiration efficiency. They found that collection
efficiency drops narkedly as the a probe is noved away
fromthe airstreamthrough angles of 15- 90 degrees.
Additionally, it was found that aspiration of particles

decreases as particle dianeter increases.

If it happens that the sanpling flowate is greater
than the isokinetic flowate particles with significant
inertia may not follow streamines and enter the inlet.

This can be see in Figure 1.2c. Therefore, sanples

coll ected under these conditi ons underesti nate act ual

concentrati ons.

Wien the flowate of the sanpler is |lower than the
isokinetic flowate the neasured concentration will be
greater than the actual concentration. This occurs
because the stream ines diverge at the inlet and | arge
particles which were not in the sanpled gas volune trave

into the inlet (13). This is illustrated in Figure 1.2d.

Much of the preceedi ng di scussion is based upon
sanpling in flow systens. Usually, experinments testing
the validity of such theory are conpleted in w nd
t unnel s. The industrial environment, however, may not

resenbl e these condi ti ons. There are sone i nstances in
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whi ch the hygi enist may assune that he is sanpling in a

calmair setting.

|f there exists in the occupational environnment |ow
air turbulence and low air velocity then it is sonetines
possible to assune the sanple is taken from"still air".
According to Davies, there are two errors associated with
sanpling fromstill air: an error due to the term na
settling velocity of a particle and one due to the
particle's inertia (6). The termnal settling velocity of
a particle is given by:

v=Tg, (1)

where T is the relaxation time of a particle and is equal

T = (1/18) dMu, (2 , Where d is the
particle dianeter and u is the kinematic viscosity. In

equation (1) g is the acceleration due to gravity (980
cm sech).

If the sampling rate is low and the inlet is
oriented upward, particles may settle out of the air and
into the inlet. Thus, the nmeasured concentration is an
overestimte of the true concentration. |In fact, the
sampling error is considered infinite when the flowate
approaches zero. Conversely, if the orientation of the

inlet is downward an underesti nati on of concentrati on

occurs (13).
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As a particle approaches the inlet of the sanpler
the influence of the sanpler's flow field becones nore
marked. As a result, the particle's velocity , and hence
its inertia, is increased. As this occurs the stopping
di stance of the particle also increases. This quantity
describes the distance which a particle with a given
velocity in still air will travel under its own inertia
before stopping. |f the stopping distance is large
relative to the dinmensions of the inlet, the particle
may travel across or away fromthe inlet and escape

capture (13).

Davies, in 1968, established sanpling criteria which
sought to minimze the errors caused by settling and
inertia. To mnimze settling error it is reconmended
that the air velocity at the inlet be at least 2 5 tines
greater than the termnal settling velocity of the

particle or:

U> 25V (3)
where Uis the air velocity at the inlet, and Vis the
termnal settling velocity of the particle. This equation

may al so be expressed as a function of the sanpling flow

D< 2/5 (QnTg)°>-* (4)
where Dis the dianeter of the sanpler inlet and Qis the
sanple flowate. |f we assune standard tenperature and

pressure this equation reduces to:

10.
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D< 4.1(Q-Vvd)  (5)
where Dis in centinmeters , Qis flowin cc/sec and d is
t he aerodynanic dianeter in mcrons. Standard pressure

is 1 atnosphere, or 760 Torr. Standard tenperature is

273° Kel vi n.

If the conditions of this equation are fulfilled
then the error due to settling is negligible (13).

Davi es al so derived an equation which ensures negligible

error due to the inertial forces di scussed above:

D> 0.062 qO-33 dO. 67" " grpp  "gj
Disincm Qincc/sec and d in um Conbining the | ast
two equati ons we have an upper and lower lint for the
di aneter of the inlet which mnimzes the sanpling error

in still air (13):

0.062* QU-33*d>-AA <D< 41 Q- 1/d  (7)

If during still air sampling the inlet of the sanpler is
oriented horizontally to the sanpling axis the error due
to settling is negligible (13). Therefore, the right
side of equation 7 is ignored. All sanples in this study
were taken horizontally. According to equation 7 the
maxi mum di aneters of particul ate that may be sanpl ed
without inertial error in still air using 37 nm open

face cassettes with flows of 2 and 4 LPM are 63. 4um and

45. 1lum respectively.
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12,

Marple and Liu give a sinpler and far |ess

restrictive relation for the establishnent of still air

condi ti ons:

W< 0.002 (DU dA)°--A-A  (8)

where Wis tbe wind velocity in cnis, Dis the probe
diameter incm Uis the entry velocity in cms, dis the
aerodynam c particle diameter in cm A restriction on
equation 8 is that d nust be |ess than 0.003*D% U °A,
It is noted that equation 8 seens to have a major flaw.
If wind speed is equal to zero then D, U and d nay have
any value. The theoretical Iimts of this equation were
not included in the reference cited. It is recommended

t hat equation 8 not be used when WeO. Because of its
sinmpler formthis criterion is used in this paper.
Conmpl i ance wth the above equation permts the assunption
of about 90% inlet efficiency for a specified particle

size range (3).

The effect of low velocity winds on sanpling dust in
t he industrial environnent has been investigated by Ogden
and Wod (19). These workers sanpl ed benzene sol ubl e
material in coke-oven em ssions using Casella personal
sanplers. The sanplers were nounted on rotating arns to
produce a relative wi ndspeed of 2.6 mis. They concl uded
that the mass of dust collected depended on the w ndspeed

when | arge particles (>25um were present. At very |ow
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w ndspeeds the sanpler was found to have collected al
particles up to 15um Al though the sanpler was not a
cassette this exanpl e underscores the need to establish
still air conditions in order to mnimze sanpling error.
Raynor (21) also found that wi ndspeed markedly effected

the efficiency of sanpling for filter hol ders.

In sanpling for the evaluation of airborne dusts
W th cassettes paraneters which receive prinmary
consi deration usually include flowate, sanpling tine and
the sensitivity of the analytical nethod used. Rarely,
If ever, 1is the aspiration efficiency of the cassettes

consi dered by Industrial Hygienists (8).

As is discussed above, sanpling errors are generally
of two sorts: inertial and gravitational. Fairchild (8)
mai ntains that sanpling errors , to some extent, depend
on inlets being "thick or thin walled". Sanplers are
defined as thick walled if D1 > 1.1 ; t/1 > .05. They
are thinwalled if 1 < 1.1; t/1 < .05 \WereDis the
inlet outside dianeter, 1 is the inlet inside diameter
and t is the inlet wall thickness. A 37-mmcassette is a
thick walled sanpler. For an open face cassette D/l =1.2

and t/l=.10. These dinmensions are illustrated in Figure

1. 3.

13.
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POSf TI ON | 38, I mm
?=31 . 8mm
o/r =12 4¢3, 2
N 1
=3"SJ- —+
37-mm OPEN- FACE
SAMPLER
Figure 1.3: Dinensions of a typical 37nm sanpling cassette.
The cassette is considered a thick walled sanpler. Adapted from

Fairchild et al.

i nl et outside di aneter
inlet inside dianeter
inlet wall thickness

14.
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Strictly speaking, thick walled inlets cannot
achieve a collection efficiency of 100% One possible
explanation for this is that particles have a tendency to
rebound fromthe wall of the inlet (8). Levin et al (8)
describe equations which predict the efficiency of thin
wal | ed sanplers in significant w nd. Fairchild et al
(8) used these equations to predict the efficiency of 37-
mm cassettes in still air. They maintain that with
proper adjustnent the equations may be applied to 37-nmm

cassettes and used as reasonable estimate of inlet

ef ficiency.

Levin et al (8) describe the efficiency of the
sanpl er as the aspiration coefficient, A
A= ¢/ Cq (9)
where ¢ is the measured concentration and c" is the true
concentration. |f we consider the aspiration coefficient

as a product of several conponents each contributing to
the loss of aerosol at the inlet the above equation is
remritten as:A = AMAAy. \Vhere Ais the aspiration
coefficient, A" is the conponent of A due to aerodynamc
and inertial characteristics, A" is the conponent of |o0ss
due to wal| deposition and Ay is the conponent of |oss

due to particle rebound. AM and Ay can only be estimted
by experinent. Therefore, the authors limted thenselves

to the inertial conmponent, A",

15.
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16.
An enpirical equation was devel oped which is based
upon Stokes' nunber (STK) and the inverse of the
| sokinetic sanpling parameter (U Uq):
Ai= 1+ [(UUo)-1] B(STK U Uo) Ag
where U Ug is the inverse of the isokinetic sanpling

paraneter (Uis the velocity of gas inthe inlet; U is
the velocity of the gas in the airstreanmj. The Stokes

nunber i s defined as:
STK= FUQ/*g M
where Vis the terminal settling velocity of the

particle, U is the airstreamvelocity, g is the

accel eration due to gravity and 1 is the inlet dianeter.

B(STK, U Uo) = | -{I/[1+(2+0. 62U Uo) STK])  (12)

Substituting B into the aspiration equation we have:

= T+ (UUg)-1)[1-{1/[1+(2+ 62U o) STKI}] (7).

The above equation, when strictly applied, estimates
inlet efficiency for thin walled inlets in significant
w nds. However, Fairchild et al (8) applied another
version of the equation to the case of still air sanpling
with thick wall ed cassette sanplers ( 37-mm cassettes ).
They assumed that the STK coul d be replaced by anot her

paraneter, Ky K" is the Stokes' number cal cul ated by
using the velocity at the sanpling inlet rather than the
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17.

free airstreamvelocity (8). As a result, the aspiration

equati on reduces to:

A= [-{0.62KM [ 0. 05Ky+(1 0. 62KN ]} (14)

Fairchild et al (8) used these equations to predict
the efficiency of 37-nm cassettes sanpling in still air.
The cassette flowate was 1.8 LPM They showed t hat
open face cassettes oversanpled for increasing particle
si ze. The authors maintain that the oversanpling is
not in gross violation of Davies' theory which predicts
negligible error (8. It may be possible that
significant rebounding of particulate into the inlet was
occurring. This would be especially relavant using a

thick wall ed sanpl er

The aut hors al so noted that as the open face
cassette was noved away fromdirectly facing the
airstreamin the wind tunnel the efficiency drops
markedly. This is in good agreement with Durham and
Lundgren (7). Additionally, isokinetic sanpling theory
predicts this result (13).

Moreover, the authors (8) found that wall deposition
was significant. Using Eosin-Y-flourescent dye as an

aerosol, the group states that wall |osses averaged from
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4% to 59% of total nmass collected for open face

cassettes.

The aerosol used ranged from4 to 2lumin size. There

was an increase in wall deposition as size increased.

Buchan et al (3) also studied the efficiency of 3 7nm
cassettes. Using a wind tunnel, sanples with both open
and cl osed face cassettes were taken while being conpared
to an isokinetic sanpling probe upstream The chal |l enge
aerosol was conposed of pol ydi sperse al um num spheres
ranging in size from2.4 to 24um They concl uded t hat
sampling efficienies of all cassettes decreased with
increasing particle size. |In the case of the open face
cassette the authors submt that inpaction of |arge
particles on the walls of the inlet explains the
decreased efficiency. Al t hough this explanation is
pl ausi bl e the authors did not support their position by

exam ning the atcual mass deposited on the walls of the

inlet.

Beaulieu et al (1) also investigated the efficiency
of the 37mm cassette. They found that particle size
mar kedly effected the efficiency of the closed face
sanpler. Sanmpling in calmair, industrial conditions,

the authors conpared the results of sanpling with open

face cassettes to those obtained with cl osed face

cassettes. Cosed face cassttes consistently

18.
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19.
undersanpled. It is proposed that |arge particles
possess too nuch inertia as they approach the inlet.
Therefore, they mss the inlet. Although this
explanation is consistent with theories of isokinetic
sanpling the authors nmake no attenpt to verify it by

measuring the diameters of the particle which deposit in

t he cassette.

The authors (1) suggest the use of a 37-nmm open face
cassette for total dust sanpling due to the biased

sanpling seen with the closed face cassette.
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OBJECTI VES OF THE STUDY

The maj or objective of the study is to performa
field test of the 37nm open-face cassette in sanpling

ranitidine hydrochl oride. This study shoul d:

1. Provide confidence that sanpl es taken
at low flows, such as full shift personal sanples, are
conparable to high flow sanpl es used i n neasurenents of
ceiling limts. |If they are not conparable a sanpling
bias exists within this range of flowates. The study
does not neasure accuracy. However, if paired sanples
run at very different flowates are conparable it does

suggest that both are sanmpling well.

2. The study should provide daxo with

sone environnental nonitoring of ranitidine levels in

suite air.
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SECTI ON TWO:  EXPERI MENTAL METHODS
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CHAPTER TWO. CHEM CAL METHCDS


NEATPAGEINFO:id=983392EA-735B-42AF-9168-4491A016FEFD


The anal ysis of environnental sanples for the
detection of ranitidine has been described previously by
d axo met hod AMO119-03. This nmethod outlines the use of

hi gh performance |iquid chromatography (HPLC) as the

nmet hod of choi ce.

The use of chronmatographic methods in industrial
hygiene is widespread. The ability to resolve conplex
mxtures into their respective conponents is inval uable.
However, it is believed that no separation is necessary
in the case of nonitoring for ranitidine. Therefore, a
separate nethod of analysis is presented. It is based
upon ul traviol et absorption of radiation by the
ranitidine molecule. The furan ring systemon the
ranitidine nolecule presents an excellent chronophore.

In order to be consistant with d axo's standard

operating procedures the validation of this method
follows the conpany's outline for the verfication of

nmet hods. Thi s i ncludes review of:

Specificity of the nethod

Linearity of the method
Pr eci si on of the nethod

Limt of detection
Anal ytical recovery from filter

medi a

oA e

SPECI FI CI TY

|f separation is not part of the method described

one nust be certain that all interferences are well

characterized-1t is well known that within the Zantac


NEATPAGEINFO:id=E9173947-E319-4B17-8242-BB729551BE7D


characterized.lt is well known that within the Zantac

suite three conmponents are present, possibly as dusts.
These are magnesi um Stearate, mcrocrystalline cellul ose

and ranitidine.

Each compound was scanned in the ultraviolet region
for significant absorption. The spectra are presented in
Figures 2.1, 2.2 and 2.3. No absorption was found in the
uv range for either magnesium stearate or
mcrocrystalline cellulose. The concentration of the
solutions used were 50ug/m. This |level was chosen in
order to duplicate suspected |evels in the suite,

al though no quantitative justification is possible.

It is noted that the solubilty of these conpounds
(magnesi um stearate and cellul ose) in water is very poor.
Therefore, it is inmportant to filter the samples prior to
analysis. It is possible that undissolved materials in
the sanple wll scatter light and bias the anal ysis.

This effect is commonly called turbidity. However,
turbidity was not anticipated as no absorbance was found

even without filtering the solutions.

In Figure 2.3 it is seen that ranitidine shows
mar ked aborbance in the uv region. This is due to the
i deal furan chromophore | ocated on the nolecule. In
met hanol the wavel ength of maxi mum absorbance is noted as

322nm (10). However, as a practical and econom cal

22.
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Figure 2.1: WV scan of magnesi um stearate suspension,
the l'ack of absorbaance in the uv range.
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Figure 2.2: W scan of mcrocrystalline cellul ose (Avicel)
suspension. Note the |lack of absorbance in the uv range.

24.
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Figure 2.3: WV scan of Ranitidine Hydrochloride. Note the

mar ked absorbance in the uv range. The concentration is 50ug/ m
and the solvent is deionized water.
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alternative distilled water is used in the uv net hod.

Therefore, solvent effects nust be investigated.

Cenerally speaking, if the pH of a solvent is
| ower ed t he wavel ength of maxi num aborption for a given
chronophore may decrease (23) . An exanple of this is the
common i ndi cator phenol red. |In basic solution the
absorption maxi numis about 558nm In acidic solution
(lower pH the maximumis reduced to 4 3 3nm These shifts
are primarily caused by shifts in the position of

chem cal equilibria in the absorbing species (23).

Due to this change in solvent an investigation into
a possible shift in wavel ength of nmaxi num absorption was......
made. A solution of ranitidine was scanned for
absor bance at wavel engths in the region of interest. The

data are presented in Table 2.1 and in Figure 2.4.

Table 2. 1: Absorbance of ranitidine in distilled water

(50ug/ n)

WAVEL ENGTH ABSORBANCE WAVEL ENGTH ABSORBANCE
300 2. 2723 316 2. 6944
302 2.3748 317 2. 6695
303 2. 4236 318 2. 6346
304 2. 4685 319 2. 6065
305 2.5115 320 2. 5663
306 2. 5570 321 2. 5155
307 2. 5923 322 2. 4626
308 2. 6245 323 2. 4005
309 2. 6518 324 2. 3330
310 2.6783 325 2. 2608
311 2. 6950 326 2. 1846
312 2.7018 327 2.1028
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Tabl e 2. 4 conti Nnued 27 .

313 2.7104 328 2. O21 6
*314 2.7110 =29 1. 9301
315 2. 7040

* WAVELENGTH OF MAXI MUM ABSORBANCE

Because of the shift in absorbance 314nin is the

wavel ength of choice in this analytical nethod.

LI NEARI TY

In the devel opnent of any anal ytical nethod a
cal i bration curve covering the expected range of interest
is usually constructed. According to Beer's |aw the
absorbance of a conpound is linear with respect to the
concentration of analyte. This relation is usually true
for dilute solutions. Accordingly, a curve was
constructed over the range 0.2410ug/m to 24.lug/ .
This corresponds to absorbances in the range of 0.0187AU
to 1.2961AU. It is noted that only three standards were
used to construct the calibration curve seen in Figure
2.5. The software installed in the spectrophotoneter's
conputer did not permt any nore than three. Another
curve is presented in Figure 2.6. This curve contains

nore standards and illustrates the linearity of the

met hod wel | .
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The justification for using 0.2419 and 24.lug/m as
a standard range follows fromthe instrunment
specifications (Appendix | ). The stated photometric
accuracy is about +/- 0.005AU with |.00AU as a maxi num
scal e value. Therefore, a repeatable value, in ug/m~*
was sought that gave an absorbance reading three tinmes as
| arge as the reported accuracy. An absorbance of 0.0187AU
was obtained for a solution of 0.2419 ug/m.  24.1ug/n
was chosen as the upper range limt because it
corresponded to an absorbance reading of about 1.00
(1.296). This ensured that the information on
photonmetric accuracy woul d apply to work conpleted with
the calibration curve. Using a reading three times the
photonetric accuracy ensures that the [imt of detection

is not violated.

LIM T OF DETECTI ON
The imt of detection can be defined as the

concentration of analyte which gives a detector response
two times as great as the noise (23) . The neasured noise
at 314 nmwas 0.0008AU. Twi ce this value is 0.0016AU,
corresponding to a solution concentration of 0.024ug/m .
This is taken as the limt of detection. G ven that
filters are desorbed in 10m of water after being
collected in cassettes the limt of detectionis

approximately 0.2ug per filter (HPLC limt of detection
is 1.CQug/fliter).
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SYSTEM PRECI SI ON

A series of six replicate neasurenents were taken

for each of three standard concentrati ons.

statistics are presented in Table 2. 2.

The data and

31
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Tabl e 2.2; Assessnent of system precision made by making

replicate neasurenents on three standards.

REPLI CATE NUVBER CONCENTRATI ON. uq/ m
1. 24. 0926
2. 24. 0905
3. 24. 0997 Mean: 24. 098
4. 24. 0997 Actual : 24. 100
5. 24. 1047 CV: 0. 021%
6. 24. 0994
REPLI CATE NUVMBER CONCENTRATI ON. ua/ i
1. 4. 7550
2. 4. 7547
3 4. 7556 Mean: 4. 756
4 4. 7555 Actual : 4. 810
5 4. 7598 CVv: 0, 042%
6. 4. 7564
REPLI CATE NUNMBER CONCENTRATI ON. uqg/ i
1. 2.3776
2. 2.3776
3. 2.3774 Mean: 2.377
4 2.3785 Actual : 2.410
5 2. 3821 CV: 0.168%

. 3745

32,
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In order to be acceptable, the coefficient of
variation for each set of readings nmust not exceed 3.0%

These data are well within this A axo nethod guideline.

ANALYTI CAL RECOVERY

In order to evaluate the recovery of active (ranitidine)
fromfilter nedia a study was conducted in accordance
wi th the guidelines suggested by NIOSH (18). These
gui del i nes suggest that three levels of analyte be spiked
onto nedia. The levels should cover the entire range of
analyte that is likely to be found in sanpling.
Specifically, six filters are to be spiked at each of the
| evel s. The recovery of ranitidine nmust be greater than

90% The pool ed coefficient of variation cannot exceed

0. 07.

The three | evels chosen were: 5, 50, and 500ug per
filter. |If we assunme an 8 hour sanple is taken at 2.0
liters per mnute 0.96 cubic nmeter of air is sanpled.
This corresponds to levels in the suite of 5.2, 52, and
520 ug per cubic neter. This should cover the expected

range of air levels of ranitidine in the suite. This

assunption is based on data previously collected in the

suite.

A stock solution of ranitidine was prepared and

aliquots spiked onto the fliters. After allowng the
filters to sit undisturbed for ten mnutes they were
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placed in a 125m flask. Using a volumetric pipette 10n
of distilled water is added to the beaker. A capis
placed on the beaker's top. The beaker is shaken
vigorously for one minute. The filter is then |eft to
desorb for fifteen mnutes. After fifteen mnutes the
solution is once again shaken for one mnute. Then 2-3n
Is transferred to a quartz cell that provides a 1lcm
pathl ength. Another |-cmaquartz cell is filled with

dei oni zed water. This cell is placed in the reference
cell holder. The concentration of the solution is read
fromthe calibration curve stored in the conputer, or
froma graph created by the anal yst. Because the

Ranitidine is first desorbed in 10m of solvent the

resulting concentration is multiplied by 10 in order to
obtain the mcrograns of active on the filter.

In the anal ysis of environnental sanples two
procedural changes are noted. Because magnesium stearate
and mcrocrystalline cellul ose are present, and are
insoluble, filter sanples should be filtered prior to
analysis. This is done by using a 0.45um Acrodisc filter
attached to a disposable syringe. It is inperative that
the filter and syringe not be reused. Additionally, the
wal | of the cassette holder nmust be rinsed in order to
extract deposited ranitidine. This is done by gently
washing the inside of the mddle piece of the cassette
with 10m of solvent. A volunetric pipette should be

34.
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used. Generally, this rinse can be done over a 50ni

beaker to avoid | osses.

The cassette rinse is treated as a separate sanple.
This is necessary as renoving Ranitidine fromthe
cassette is probably a good deal |ess quantitative than
desorbing a filter. The error in extracting ranitidine
fromthe wall may be significant. If included with the
filter extract it may bias the entire sanple. Treating

t hem separately allows one to be confident that at |east

the filter extraction result is accurate.

Table 2.3 illustates the recovery obtained in the

spi king of glass fiber filters.

Table 2.3 : Analytical recovery obtained by spiking known

masses of active onto filters.

_ AMOUNT SPI KED AMOUNT RECOVERED
— _ — — _ i
— _ = — _ a1
= _ = = _ =
= _ = = _ L @ J
= _ p— = _ =
= _ = = _ I

mean recovery: 98.7% CV: 0.0199%
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AMOUNT SPI KED AMOUNT RECOVERED

49. 8ug 50. 6
49. 8 51. 4
49. 8 50. 0
49. 8 49. 7
49. 8 50. 8
49. 8 50. 4

Mean recovery: 101.3% CV: 0.0109%

AMOUNT SPI KED AMOUNT RECOVERED
498ug 502
498 484
498 499
498 479
498 475
498 479

Mean recovery: 97.6% CV. 0.0209%

The pool ed coefficient of variation for all three
levels is 0.0175% Bartlett's test of honpbgeneity was

applied to test the hypothesis that no difference between

the CVs exists at the 95% /| evel . No such difference is

found. Bartlett's test can be found in Appendix I
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Currently environmental sanples are anal yzed using HPLC
(method AMO 1-03: Appendix I11). Because of this, analytica
recovery is reported for this method as well as for the W
nethod. @Gass fiber filters are spiked in a simlar manner
as that described above. The results are illustrated in

Tabl e 2. 4.

TABLE 2.4 . Analytical recovery fromglass fiber filters
usi ng HPLC.

AMOUNT SPI KED AMOUNT RECOVERED

.01
o1
.01
.01
.01
.01

.0 ug
14

.02
. 05
. 99
. 99

PRRBRPRPP
OO RPR R~

Mean recovery: 102.3% CV: 0. 052%
AMOUNT SPI KED AMODUNT RECOVERED

60. 27ug 62. 86
60. 27 64. 20
60. 27 63 . 67
60. 27 63. 67
60. 27 64. 06
60. 27 sanpl e voi d

Mean recovery: 104.6% CV: 0.0072%
AMOUNT  SPI KED AMOUNT RECOVERED

SOO. OOug 504. 32
500. OO0 506. 75

500. OO0 498. 18
500. OO0 4a492. 89
500. OO0 519. 92
500. OO0 520. 21

Mean recovery: 101.3% CV:0.028%
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AMOUNT SPI KED AMOUNT RECOVERED

Table 2.4 cont'd 1000. OQug 1005. 40
1000. 00 1018. 10
1000. 00 1009. 59
1000. 00 1019. 99
1000. 00 1017. 14
1000. 00 1008. 66

Mean recovery: 101.3% CV: 0.054%

The hplc recovery results are very good (> 90%
However, Bartlett's test of honogeneity shows a significant
difference in the coefficients of variation. In the test
only three levels of spiking were considered. Two tests were
run first with the 500ug |evel then with the | OOQug | evel
This may be due to the | ow range over which the nmethod was
calibrated by daxo. Recalibration was not done because as
a standard nethod, AMOL19-03 can only be revalidated by
d axo's net hods devel opnent departnent. Thus, a pool ed

coefficient of variation is not possible at this tine.
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CHAPTER THREE: TESTI NG BI AS I N SAMPLI NG
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Currently, the internal occupational exposure limt
for ranitidine hydrochloride is 50ug/M". The 15 mnute
ceiling limt is also 50ug/M”. Flows for personal
sanpling for total dust are typically about 2 LPM
G ven the expected low levels of ranitidine in the suite
air and the analytical detection limt of lug/filter
(HPLC), a 15 mnute sanple taken at 2 LPM may not col | ect
enough active on the filter to be detected. This
necessitates taking ceiling neasurenents at high
flowates. The Al pha-one punps used by G axo can to
sanple for 15 mnutes at 4 LPM However, it is necessary
to ensure that sanples taken at [ow flows are conparabl e,
or are not biased. If a large difference is observed

then the sanpling technique as a whol e nust be

questi oned.

In order for a sanpling nethod to be unbiased it

shoul d sanpl e accurately both the true particle size

di stribution and concentrati on of the aerosol of interest
(4). As was discussed earlier in this paper nany
sanpling nethods are validated in wnd tunnels. This

al lows the isokinetic sanpling of an aerosol. Because in
the industrial environnent free streamairflow patterns

cannot be readily characterized certainty with respect to

I soki netic sanpling is not possible.

However, in sone cases the wind speeds present are

| ow enough that one may assune that they are not

39.
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interfering wth the sanpling of a particular aerosol.

In this case one assumes that still air is being sanpled.
The wind speed which allows one to make this assunption

I S based upon particle size, probe diameter and sanpling
flowate. Mrple and Liu give the sinple relation:

Vi 0. 002( D2u/ d' A) °- A (8)

VWhere Wis the maxi numal | owabl e wi ndspeed that may be
present along with probe diameter, D (cm, inlet
velocity, U (cm's) and aerodynamc particle size, (cm
for still air conditions to be assuned. |If this
condition is met the sanpler should sanple particles
within the given size range with at [east 90%efficiency
(3).

The use of the 37mm cassette for sampling total dust
inindustrial conditions is well established (1). It is
not the intention of this paper to revalidate this
nmethod. However, what is inportant is how one uses this

met hod.

Air velocity neasurenents in the Fette room and
di spensing areas (including the dispensing booth) were
made with a TSI hot wire anemometer (Vel oci Cal c; node
8350). The anemoneter was calibrated at the factory.
The air speed was about 15-20 feet per mnute (7.6-10.2
cn's) in both regions of the suite. |f one considers an
open face cassette sanpling at 2 LPM(a freguently used

40.
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flowate) and a particle size range of up to 50 uma

maxi mum air speed of 7.67 cm's may be present in order to
assume still air conditions (fromabove equation).
Particles smaller than 50umwoul d al | ow hi gher airspeeds
to be present. For exanple, a |Qumparticle present may
be sanpled using the still air assunption with a

wi ndspeed up to 71 cm sec (140 FPM

Sanpling at 4 LPMthe maxinum al | owabl e airspeed is
10.50 cm's (for a S50umparticle) 4 LPMis considered
because it is highest flowate that G axo's sanpling
punps (al pha 1) can continuously draw over an extended

sanpling period. Mrple and Liu (1) predict that because
still air conditions are nmet both flowates shoul d

sanpl e the aerosol with excellent efficiency.

Earlier in this paper an equation is described that
Is used by Fairchild to estimate the inlet efficiency of
the 37-nm cassette sanpling in still air. Gven that
still air conditions have been established in the Fette
and di spensing areas estimtes of the sanpling efficieny

of the cassette sanpling at 2 and 4 LPM are cal cuat ed.
Table 3.1 presents the estimates.

Table 3.1 : Calculated estimates of the inlet efficiency
of an open face 37-nmcassette sanpling at 2 and 4 LPMin

still air.

Fl ownrate: 2 LPM Fl owate: 4 LPM
Particle Dameter,um A Particle Diameter,um h?
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Table 3.1 cont'd

O. 5 99. 920 O. 5 99. V2o
1. O 99. 920 1. O 99. 920
5. O 99. 92200 5. O 9O99Y. 920
10O0. O 99. 920 1 0. O 99. 9290
30. O 99. 720 30. O 99. 620

Where AN is the aspiration efficiency of the inlet
cal cul ated using enpirical eguations of Levin et al (8).
The eguation describes only inertial forces.

Gravitational settling is not considered. The estimates
indicate that over the flowate range of 2 to 4 LPM
sampling efficiency should be very good up to 3 Oum
Moreover, the efficiency of both

2 and 4 LPM sanplers is about the same. Thus, there
shoul d be no bhias in the sanpling nmethod within this

range of fl owr ates.

Stan Roach (20) suggests an easy method of testing
this hypothesis that the method is not biased over a
given flowate range. It involves draw ng paired sanples
in the workplace. One sanple is run at twce the
flowate of the other. |f no bias exists in the nmethod
then, on average, there should exist no significant

difference in the concentrations cal cul at ed.

Additional ly, the particle sizes sanpled should, on
average, be identical.

Paired sanples (area sanples) were collected in
the Fette room by using Al pha-one personal sanpling punps
(DuPont Corp.).  The punps were calibrated using a Mni

42,
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Buck Calibrator. This device is reported as being a
primary standard. It operates using a soap bubble tube.
The bubble is sensed by an infrared beamdetector. This
allows for very fast readings to be taken. During the
calibration five readings are taken for each punp at a

chosen flowate. In order for a flowate to be
acceptabl e individual readings must not vary nore than
+/- 5% of each other. The punps were calibrated before
and i medi ately after use. |If the before and after
calibration varied by nore than 5%the data were not
accepted. Sanples were taken for 4 to 5 hours. The
flowates used were 2 and 4LPM They were chosen because

they represent the nost |ikely range of flowates to be
used in the future by d axo.

37-mm pl astic cassettes (Gel man Sciences) were taped
together and each was attached to its own punp. One
sanple is taken at 2 LPMand the other at 4 LPM It is
assumed that pairing the sanples in this manner does not
i nfluence the sanple results (12). Taping the sanples
together ensures that both sanplers are sanpling simlar
air. Inorder to mnimze the effects of settling
cassettes were oriented horizontally with respect to the
sanpling axis (13). In the Fette room sanples were taken

on a table approximately 10 feet fromthe Fette machine.
The table is about 3.5 feet in height. Al sanples are

area sanpl es.
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In the dispensing area one half of the sanple pairs
are taken frominside a |amnar flow booth which
surrounds the dispensing process (air velocity
measur ement shows wi ndspeeds of 20 feet per mnute). The
sanpling punps were taped to the wall of the booth in an
effort to avoid interfering with the dispensing of
ranitidine. The other half are taken fromoutside the
booth on a table about 10 feet fromthe dispensing
operation. Eleven pairs of cassette sanples were taken
for the Fette roomand ten pairs were taken in the
di spensing area. Two sanples fromthe dispensing area
were di scarded because of punp failure. Al sanples were
anal yzed using the uv-spec method previously described.
Both the cassette wall and the filter were assayed for

the presence of ranitidine.

| f indeed no significant difference exists between
sanpling at 2 LPMand at 4 LPMthen one m ght expect that
the sizes of particulate being collected on the filter
are also identical. The air sanples taken for particle
size anlysis were taken in the Fette room This was done
inorder to limt the cost of the study. Sanples were
col lected on 37mm nucl eopore filters at flowates of 2
and 4 LPM  Sanpl es were not taped together because the
obj ective was not to attenpt to perform another pairing
experinent. Rather, the experinent was designed to
determne ,roughly, what sizes of particles were being

44,
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collected by the cassette at 2 and 4 LPMin the Fette

ar ea.

Five sanples at each flowate were collected in the Fette

area. Two SEM stubs were prepared fromeach filter.

STATI STI CAL ANALYSI S

Envi ronnental sanpling data are frequently observed
to follow the | ognornmal distribution (16). As a result,
statistical analysis which uses the nornal distribution
is applied to the logarithmcally transformed data rather
than the raw data itself. In this study it is assumed
that the concentration data generated in the bias
experinent follow the |ognormal distribution. This
assunption is tested by enpl oyi ng the Kol nmogor ov- Sm r nov
test. This test evaluates given sanpling data for its

fit to a specified distribution. 1In this case the |ogs

of the data were tested for fit to the nornmal

di stri buti on.

A two-way fixed factor analysis of variance (ANOVA)
conpleted to investigate possible interactions between
fl ow and | ocation of sanmples. |If an interaction is found
a bias exists in the pairing nethod itself. Therefore
paired t-tests nust be done for each area sanpled. The

data nmay not be pooled in order to conplete the t-test.
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After the distribution was tested and the ANOVA
conpleted a paired t-test was run (95% confidence |evel).
The null hypot hesis was that no significant difference
exi sts between the | ogs of concentrations observed at 2
LPM and at 4 LPMin each pair of sanples. Paired t-tests
were al so run on concentrations considering filter mass
al one. This was done in order to elucidate differences of
active collecting on the filters rather than considering

the overall mass found (wall included). The confidence

| evel used was 95%
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CHAPTER FOUR: PARTI CLE SI ZI NG OF RANI TI DI NE
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Wthin the Zantac suite it is suspected that three
air contam nants are present: ranitidine, nmagnesi um
stearate (MgSt) and mcrocrystalline cellulose (MC).

The two | atter conponents are used as tablet |ubricant
and bi nder, respectively. Because each is dispensed in a
simlar fashion, as a powder, the contam nants are

probabl y dusts.

In order to objectively evaluate the cassette sanpling

efficiency a particle size characterization of both bul k

active and airborne materials is in order.

A net hod of sizing airborne particles of active nust
be able to distinguish between the active, MySt and MCC
A net hod which is used coomonly as a reference in sizing
is electron mcroscopy. The nmethod enployed in this
study is Scanning Electron Mcroscopy (SEM. SEM was
used because of its ability to perform el enental analysis
and for its superior resolution. It is noted that the
use of SEM can be costly. However, given that a detailed
particle size analysis has not been conpleted for
ranitidine the possibility exists that sone particles
present in the suite air may be below the limt of
resolution on a |ight mcroscope. Moreover, even if
ranitidine could be readily distinguished norphol ogically
fromMwSt and MCC it is likely that sone particles

present may contain a conbi nati on of conponents.
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Therefore, basing analysis on morphololgy could lead to

significant error.

The met hod used to size Ranitidine particles is
based on x-ray mcroanalysis. As electrons are focused
onto the sanple electrons on the sanple surface are
raised to an excited , or elevated energy state. Wen
the electron | eaves its |ower energy orbit for a higher
state a vacancy is created. Because atoms are nore
stable in the ground state an electron in higher energy
orbital drops down to fill this new vacancy, thus
returning the atomto the ground state. The difference
in energy between the higher orbital position and the new
| ower position is released in the formof x-rays (15).

Because each el ement has a unique electronic
structure the x-ray energy produced upon bonbardment with
el ectrons is characteristic to that elenent. 1In this
manner it is possible to examne particles of suspected
ranitidine and identify themby identfying their

characteristic x-rays.

Sampl es of bulk ranitidine were prepared by lightly
dipping a small canel's hair brush into some ranitidine
powder. Then, lightly tapping the brush, ranitidine was
deposited on an al um num SEM stub. The stub had doubl e-
sticky tape onit. Al preparation was done in a plastic
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glove-bag filled with nitrogen. This was done to prevent

contam nation with anbi ent dust.

Then, using a Denton vacuum evaporation unit, a
coating of carbon was applied to the sanple. The sanple
was then analyzed wth the x-ray mcroanal yzer. Recal
that ranitidine contains sulfur and chlorine. These two
atons emt characteristic x-rays between 1.28 and 3. 84
kiloelectron volts (KeV). An x-ray scan of a ranitidine
particle is represented in Figure 4.1. The x-axis
represents the energy of x-rays detected. The y-axis
represents the number of counts per second detected. |t
Is noted that the y-axis lacks units. Mst frequently
el emental analysis is conpleted for qualitative purposes
only. Therefore, ordinate units are not as inportant as
knowi ng whi ch characteristic energy i s being observed.

In Figure 4.1 it can be seen that both sul fur and
chlorine can be readily detected. Carbon is used here as
the coating in order to avoid the possible interferences
that metal coatings may produce. The x-ray output of
carbon is too lowto elicit a response fromthe detector.

However, carbon is a poor conductor of electrons.
Therefore, as the electron beamstrikes the surface,
el ectrons tend to build- up, heating the sanmple.
Destruction of the sanmple may occur quickly. It is,
therefore, common practice to coat the sanple with a

49.
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riPure 4.1: X-ray spectrum of Ranitigine Hydrochl ori de
us

trates the presence of Sulfur and Chlorine as markers.
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Figure 4,2 X-ray spectrumof ranitidine hydrochloride with gold coating
Chlorine is resolved, and hence, may be used as the narker in sizing. Not e

that gold masks sul fur. The scal e has been expanded fromthat of Figure 4.1
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conducting, volatile netal. Exanples of such netals are
gold and pal ladium By identifying Ranitidine in this
manner one can distinguish active particle fromothers
such as magnesium stearate and Mcrocrystalline

Cel | ul ose.

To size the particles a Au/Pd alloy was then vacuum
evaporated onto the sanple of bulk active. It was
observed that gold and palladiumoverlap in their spectra

wth sulfur and chlorine. Because of this interference

using the gol d-pal I adium al | oy coating was not possible.

The problemwas sol ved by coating the sanple with
only gold. As seen in Figure 4.2 gold masks the sul fur
peak. However, the chlorine peak is clearly resol ved.
Thus, we may identify ranitidine particles anong ot her
contam nants (which do not contain chlorine) using a gold

coati ng.

Al t hough the above method is useful, it is time
consumng. This problemis abated by interfacing an
audio jack with the x-ray detector. Consequently, when a
scan "hits" a ranitidine particle very many clicks, or
counts, can be heard. This is acconplished by placing a
wi ndow on the chlorine peak energy. The conputer
automatically tries to match the scanned particle's
spectrumto that of ranitidine. |f the particle contains

52.
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chlorine then the operator will hear the counts.
Al ternatively, the analyst can view the spectrum and
ascertain the presence of ranitidine. This method of
analysis is still a bit tedious. However, it does permt
t he anal yst to have reasonable certainty that nost of the

particles on the inmage are rRanitidine containing.

Particles of bulk ranitidine were sized using the
above nethod of preparation. After being coated with
gol d the sanples were placed into the SEM s speci nen
chanber. This chanber is always kept under vacuum The
vacuumis necessary to prevent electron interaction with
air nolecules. The magnitude of the vacuumis about 10"*
Torr. An image was created on the screen by scanning the
specimen. A detailed treatnment of scanning el ectron
m croscopy i s beyond the scope of this paper. However,

sonme inportant parameters are di scussed bel ow

THE WORKI NG DI STANCE

The working distance used was in the range of 15-
25mm  The working distance is the distance fromthe
final lens to the surface of the specimen. This
paranmeter is proportional to the depth of focus.
Consequently, a large working distance results in good

depth of focus. Because resolution is inversely
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proportional to the depth of focus, short working

di stances give the best resolution (15).

MAGNI FI CATI ON

The magni fications used were about 100, 2 00, 400,
1180 and 3500X. These magnifications allowed the anal yst
to cover a rather w de range of sizes, fromparticles >
2 Oumto those smaller than the pores of the filter. It
Is admtted, however, that the actual choice of
magni fication is arbitrary. The resolution in SEMis
generally equal to the electron beamdianeter. For nany
insruments this is about five nanoneters. This
magni fication was chosen because it permtted a wde

range of particle sizes to be nmeasured.

54.
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ACCELERATI NG VOLTAGE

The accel erating voltage used is about 2 0 KeV. This
plays a crucial role in inmage production. Mst SEMs can
produce accel erating voltages of up to 30KeV. High

accel erating voltages result in good resolution and deep
penetration of the specinen. The accelerating voltage
applied in this study is fairly high. This is done in
order to penetrate the surface of the specinen deeply.
Deep pentration enhances x-ray production. This aids in
el emental analysis of Ranitidine particles. It is noted,
however, that high accel erating voltages can induce
excess charge build-up on the specimen. This can damage
the sanple quite readily (15). A photom crograph of
Ranitidine is presented in Figure 4.4. This particle was
captured on a 25mm nucl eopore filter (.2 um pore size)
held in place by a 25nm pl astic cassette. The flowate

was 4 liters per mnute. Sanpling tinme was about 3-4

hour s.

After images of bulk Ranitidine were created they
were stored in the SEMs conputer in the formof a
digital image. In this manner the inmage may be

interfaced wwth a sizing instrunent.

The instrunment used to size the particles is a Zeiss

Vi deo- Pl an Morphonetry system Basically, the system

55.
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operates by sizing particles (Feret's X-dianeter) seen in
the digital image stored on hard-disk. The operator

produces a digital image on a television nonitor. By

using a magnetic screen interfaced with the Video-Plan TV

screen the operator outlines the perimeter of particles
to be sized with a magnetic pen/tracer. |In order to size
the particles one nust enter an appropriate magnification

factor into the Video-Plan. This is obtained fromthe

magni fication used to produce the digital imge on the

SEM

The nunber of particles sized was 187. An attenpt
was nade to size as many particles as was reasonabl e.
The data were then reduced into intervals and plotted on
a | og-probability graph. A straight line is then drawn

to connect the data points. |If the data are |ognornally
distributed nost of the points will fall on the line.

VALI DATI ON OF THE SEM METHOD

As is discussed above the sanples are subjected to a

very high vacuumin the sanple chanber of the SEM This
vacuumis about 10"" Torr. An effort was made to ensure

that these extreamconditions did not alter the integrity
of the examned material. This was done by sizing the
bul k material using [ight mcroscopy. A dry nmounted
slide of bulk Ranitidine was prepared in the sane nmanner

as the SEM sanples. The slide used was a standard

57.
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haenocytoneter. The Zeiss mcroscope was set at 2 00X
The haenocytoneter enabl ed the anal yst to avoid sizing
particles nore than one time. A total of 178 particles
were sized. The results of the two nmethods of sizing are
then conpared. |If no difference exists then it may be
assunmed that the distribution of sizes is not being
changed by the vacuum of the SEM or for that matter by

t he vacuum of the evaporation unit.

Al R SAMPLES FOR PARTI CLE SI ZE ANALYSI S

Air samples taken for particle size analysis were
taken on 37mm nucl eopore filters (pore size 0.2 um.
After collection a small piece of filter was cut fromthe
mddl e region of the filter and nounted on the SEM stub
wi th double-sticky tape. The sanples were then coated
with gold and exam ned using the above met hod. Because
the method of identifying particles of Ranitidine in the
presence of other dusts is so tedious and quite costly
only 117 particles were nmeasured at 2 LPM and 151 were
neasured at 4 LPM The results of the sizing are

contained in chapter 6 of this paper.
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The concentrations obtained frompairing in the
Fette roomare presented in Table 5.1. Results are
expressed m m crograns per cubic neter (ug/M). Table
5.2 presents the data collected in the dispensing area.
Some sanples are frominside the [amnar flow booth
Tables 5.3 and 5.4 present the data broken down into
mass of ranitidine found on filters and on the inside
wal I of the cassette. Additionally, the tables highlight
the contribution made by the wall mass found to the total
mass col |l ected by the cassette and filter. Table 5.5
presents the air concentrations cal cul ated by considering

only the nasses of ranitidine found on the filters.

TEST OF LOGNORMAL ASSUMPTI ON

The concentration data from both di spensing and
Fette areas was log-transforned in a Systat file. The
data were then standardi zed. The values were then
conpared to the standard normal distribution using the
Kol nogor ov- Smirnov (KS) one sanple test. The results are

present ed bel ow.

Var i abl e Nunber P- val ue
(high flow) 4 1pm 19 0. 440
(Il ow Tl ow) 2 1pm 19 0. 690

The data indicate that the assunption of a | ognornal

distribution is solid. A P-val ue |l ess than 0.05
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Table 5.1: Results frompairing in the Fette area

during second shift (FS). Sanples are taken on a table
about 10 feet fromthe Fette nachi ne.

Pai r Locat i on Fl owr at e Concentration, Ug/ MA

1 FS 2 1pm 14. 840
4 1pm 20. 670

2 FS 2 1pm 17. 170
4 1pm 15. 580

3 FS 2 1pm 16. 750
4 1pm 23. 534

4 FS 2 1pm 44. 272
4 1pm 60. 979

5 FS 2 1pm 64. 200
4 1pm 84. 313

6 FS 2 1pm 102. 750
4 1pm 95. 224

7 FS 2 1pm 182. 720
1pm 127. 010

8 FS 2 1pm 30. 287
4 1pm 16. 281

9 FS 2 1pm 20. 343
4 lpm 29. 755

10 FS 2 1pm 28. 495
lpm 63. 971

11 FS 2 1pm 79. 854

4 1pm 30. 999
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Tabl e 5.2: Resul

_ _ Its frompairing in the dispensing area
dur|n% first shift
0 S
e

DB= sanpl es taken frominside | am nar

pénsing area; DT= sanpl es taken from
et outside the lam nar flow booth.

fl ow booth in di
tabl e about 5-7 f

Pai r Locati on Fl owr at e Concentration,ug/ M

12 DB 2 1pm 33. 50
4 1pm 6.72

13 DB 2 1pm 25. 99
1pm 16. 55

lpm 22. 57

15 DT 2 1pm 61. 77
4 lpm 50. 73

16 DT 2 1pm 37.73
4 lpm 29. 29

17 DT 2 1pm 67. 62
4 1pm 71. 72

18 DT 2 1pm 85. 60
4 1pm 48. 79

19 DT 2 1pm 73. 57
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' Tabl e 5.3: Masses of Ranitidine found on filters and on
inside cassette wall. Al were collected in the Fette
area on a table about 10 feet fromthe Fette machi ne.

Pai r Flowate Filter Cassette %of total from
cassette

1 2 1pm 11. 754ug 1. 503ug 11. 34%
4 1pm 31. 990 1. 306 3. 92
2 2 1pm 4. 224 7.812 64. 91
4 1pm 13. 012 9. 985 43. 40
3 2 1pm 5. 785 8. 277 58. 86
4 1pm 19. 663 18. 546 48. 54
a 2 1pm 20. 578 14. 657 41. 60
1pm 82. 084 18. 923 18. 73
5 2 1pm 23. 636 21. 503 47. 63
1pm 104. 598 11. 198 9. 70
6 2 1pm 50. 799 18. 897 27.11
4 1pm 108. 812 18. 436 14. 50
7 2 1pm 67. 959 59. 324 46. 60
4 1pm 98. 913 69. 282 41. 20
8 2 1pm 5.141 13. 640 73. 00
4 1pm 12. 960 7.750 37. 42
9 2 1pm 4.584 12. 020 72. 00
4 lpm 19. 04 26. 441 58. 10
10 2 1pm 7. 390 14. 870 66. 80
1pm 34. 500 63. 069 64. 60
11 2 1pm 30. 912 31. 470 50. 45

4 1pm 23. 680 23. 600 49. 83
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Tabl e 5.4: Masses of Ranitidine found on filters and on
i nside cassette wal |l . All were collected in the

di spensing area. Pairs 12-14 are frominside the |am nar
fl ow booth. Pairs 15-19 were taken on a table about 5-7

feet outside the booth.

Pair Flowate Filter Cassette % of total from
cassette

12 2 1pm 10. 95ug 5. 840ug 34. 78%
4 1pm 2. 280 4.570 66. 72
13 2 1pm 9. 130 4.570 33. 58
1pm 11. 410 6. 850 37.51
14 2 1pm 13. 700 10. 270 42. 85
4 1pm 5.710 18. 260 76.17

15 2 1pm 12. 560 20. 550 62. 070
1pm 25. 110 34. 250 57.70
16 2 1pm 8. 900 13. 700 60. 62
1pm 18. 260 15. 98 46. 67
17 2 1pm 21. 230 18. 260 46. 24
4 1pm 38. 810 29. 680 43. 33
18 2 1pm 18. 260 29. 680 61. 91
4 1pm 29. 680 25.110 45. 83
19 2 1pm 22. 830 17. 120 42. 85

1pm 29. 680 25. 110 45. 83
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Tabl e 5.5: Concentrations obtai ned when considering only
mass of active found on the filters.

Pai r Locati on Fl owr at e Concentrati on
1 FS 2 1pm 13. 16ug/ M
4 1pm 19. 85
2 FS 2 1pm 6. 03
1pm 8. 81
3 FS 2 1pm 6. 89
4 1pm 12. 11
4 FS 2 1pm 25. 85
4 1pm 49. 55
5 FS 2 1pm 33. 62
4 1pm 76. 16
6 FS 2 1pm 74. 89
1pm 81. 43
7 FSs 2 1pm 97. 55
4 1pm 74. 69
8 FS 2 1pm 8. 29
1pm 10. 18
9 FS 2 1pm 5.61
1pm 12. 46
10 FSs 2 1pm 9. 45
1pm 22.62
11 FS 2 1pm 39. 56

4 1pm 15. 53
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Table 5.5 conti nued

Pai r Locati on Fl omr ate Concentration, ug/ M
12 DB 2 1pm 21. 86
4 1pm 2. 23
13 DB 2 1pm 17. 32
4 1pm 10. 34
14 DB 2 1pm 26. 62
4 1pm 5. 36
15 DT 2 1pm 23. 43
16 DT 2 1pm 14. 86
4 1pm 30. 48
17 DT 2 lpm 36. 35
18 DT 2 1pm 32. 61
19 (D | p=d dIAprmm a42. O4
4 1pm 2 6. 43
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Indicates a significant difference between the sanples
and the null hypothesis that the data follow the

| ognormal distribution. Probability plots of the
transformed data are contained in Appendix Il

ANALYSI S OF VARI ANCE
The anal ysis of variance showed no interaction
between flows and | ocation. However, a nearly
significant difference was found when considering
concentrations calculated with only the mass of
ranitidine on the filter. The P-value in this case was
0.06. A value less than 0.05 is considered significant.

Therefore, the mass of ranitidine deposited on the wall
of the cassette should be considered in the cal cul ati on

of concentration.

PAI RED T- TESTS ON CONCENTRATI ON DATA (WALL AND FI LTER)
The pairs of sanples taken in the Fette and

di spensing areas were evaluated using a paired t-test on

the | og-transforned data.

0 .
| evel MThet NEER | Re"od-Eher &F8ns b6, 23% RONL denge
and 4 1pm

resul F'g: oﬁ‘t glll gldf lafagtl tﬂlefrf?rl fi ate dog %o%lldStbe m%rp%fc re%f

as bei ng bi ased.

(bserved P-val ue= 0.1627 (two tailed)
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A P-value of less than 0.05 causes the null
hypothesis to be rejected. Thus, no significant

difference is noted. A two tailed test is used because

one m ght expect random differences between pairs to be

positive and negati ve-

The data obtained fromextracting ranitidine off the
wal | of the cassette is shown in Tables 5.3 and 5. 4.
Wien considering the results obtained in the Fette room
It seems that much nore Ranitidine is depositing on the
cassette in the case of low flow than high flow. The
average ratio of the percentage contribution to total
mass at 2 lpmto the contribution at 4 1pmwthin each
pair is 1.9. This indicates that about tw ce as nuch
ranitidine is depositing (on a percentage basis) on the
wal | of the cassette during lowflowin the Fette room

when one consi ders individual pairs.

\When considering wall deposition in sanples taken in
the dispensing area the situation is different. The
ratio of the average percentage contribution is 0.97.
Thus, in the dispensing area, wall deposition is

occurring at an egual level conparing pairs at 2 and 4

LPM when one considers total ranitidine recovered from

t he sanpl e.
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Consi dering both areas the ratio of the |ow fl ow
contribution to the high flow contributionis 1.27. This
i ndi cates that, on average, about 25%nore ranitidine is
collected on the 2 LPM sanples than on the 4 LPM sanpl es

(total ranitidine considered).

TEST OF LOGNORMAL ASSUMPTI ON | N FI LTER CONCENTRATI ON

DATA

Traditionally, analysts consider only the anount of
material collected on the filter nmounted in the cassette.
Data anal ysis was al so performed on the concentrations of
Ranitidine cal cul ated when considering only the mass of
active found on the filter. These data are present in

Tabl e 5. 5.

The KS test was applied to the data and the results

were as foll ows:

Vari abl e Nunber P- val ue
Cone at high flow 19 0. 996
Cone at | ow fl ow 19 0. 976

The filter concentrati ons can be assuned to foll ow

the lognormal distribution. Plots illustrating the
conformty of the sanples to the standard normal

distribution can be seen in Appendix |1l

PAI RED T- TESTS ON THE FI LTER CONCENTRATI ON DATA

A paired t-test was run on the |og-transforned data.

. I signjficant difference exists,at the
9596conf|dgﬁce nge|9 Letmeen concentrations o? act}ve
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found in pairs collected at 2 and 4 LPM when consi deri ng
only filter active.

050 | | H: A significant difference does exist at the

Qobserved P-value: 0.918 (two tail ed)

A P-value of less than 0.05 is cause to accept the nul

hypot hesis. Therefore, we do not reject in this case.

These results indicate that the concentrations

obtained at 2 and 4 LPM when considering only filter
active are not different. Therefore, we m ght expect
that the particle sizes of Ranitidine inpacting on the
filter are simlar. Confirmng this presents another
met hod of determning sanpling bias. The results of the

particle sizing are presented in the next section of this

paper .
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The results of the bulk sizing are encouraging.
Sizing by using the SEM was validated quite well using
the optical technique. The bulk particle size data
obtained using the SEMis found in Table 6.1. Because
data foll owed the | og-normal distribution the Hatch-

Choat e equation was used to transform count median

di aneters to mass nedi an di aneters.

Table 6.1: Bulk particle size data obtained using
Scanni ng El ectron M croscopy.

I nt erval , um Nunber Cunul ati ve percent age

0.4-1.0 2 1. 07
1-2.0 19 11. 23
2-3.0 32 28. 34
3-4.0 34 46. 52
4-5.0 24 59. 35
5-10. C 52 87. 16
10-15. O 12 93. 58
15-20. O 5 96. 25
20-25. © 3 97. 85
25-30. O 2 98. 92

=30 2 99. 99

Total : 187 particles

A log-probability plot of the data is presented in
Figure 6.1. This was constructed by plotting the upper
limt of the class interval against the cummul ative
percentage | ess than that class. A line was drawn
bet ween the cal cul ated geonetric nean and the 84th
percentile point calculated with the geonetric standard
deviation. It can be seen that the data do fall on a
straight line. Thus, the assuption of |ognormality is

sound (22). The geonetric nean is 4.60. The geonetric
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standard deviation is 2.10.

24. 15um

The mass nedi an di anet er

IS

71,
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The results of sizing using the optical mcroscope

are seen in Table 6. 2.

Table 6.2: Bulk particle size data obtained using optica
m croscopy.

terval , um Nunmber Cumul ati ve percent age
.4-1.0 9 5. 61
1-2.0 16 14. O5
2-3.0 31 31. 47
3-4.0 17 41. 02
4-5. 0 33 59. 56
5-6.0 23 72. 48
6-10. O 30 89. 33
10- 20. 0O 16 98. 33
20-30.0 3 100. 02

Total: 178 particles

The data are also presented in Figure 6.2. These
data also fit well to a straight line. The geonetric

mean is 4.25um and the geonetric standard deviation is

2.16. The nass nedi an di aneter is 25.13um
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RESULTS OF PARTI CLE Sl ZI NG FROM Al R SAMPLES

The results of sizing Ranitidine particles at 2 LPM
are shown in Table 6. 3.

Table 6.3: Results of particle sizing taking sanples at 2
LPMin the Fette room

I nterval , um Nunber Cumul ati ve percent age
1.28-6.74 31 26. 50
6. 74-12. 21 40 60. 68

12.21-17. 65 18 76. 07

17.67-23. 12 16 89. 74

23. 12-28. 58 5 94. 02

28. 58- 34. 04 5 98. 29

34. 04- 39. 50 o} 98. 29

39. 50-44. 96 1 99. 15

44. 96- 50. 42 (0} 99. 15

50. 42-55. 88 1 100. OO

Total: 117 particles

The | og-probability plot is presented in Figure 6. 3.
The geonetric nean is 10. 14um and a geonetric standard
devi ati on of 2.11. Usi ng the Hatch-Choate relation the

mass nedi an dianeter is 55. 7um

The results of sizing using a flowate of 4 LPMin the
Fette roomare in Table 6. 4.

Table 6.4: Results of particle sizing taking sanples at
4 LPMin the Fette room

I nterval , um Nunber Cumul ati ve per
2.86-5.72 20 13. 25
5. 72-8. 57 36 37. 09
8.57-11. 44 33 58. 94

11. 44-14. 30 26 76. 16
14.30-17. 16 15 86. 09
17. 16- 20. 03 10 92. 72
20. 03- 22. 89 5 96. 03
22.89-25. 75 1 96. 69
25. 75-28. 61 1 97. 35
28. 61- 31. 47 4 100. 00

Total: 151 particles
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The data are also presented in Figure 6.4. The geonetric

mean is 11.32. The geonetric standard deviation is 1.92.

The nass nedi an di aneter is calculated to be 40. 9um

A Kol nogorov-Smirnov test indicates that a
significant difference in the shape of the distributions
at 2 and 4 LPM exists. However, this is probably due to
the differing geonetric standard deviations. The
differing GSDs nmay be a result of the snmall nunber of
particles nmeasured. A two sided t-test reveals no
significant difference between the nedians at the 90%
level. Although the KS test may call the t-test's
reliabilty into question Figures 6.3 and 6.4 indicate
that the distributions are not strikingly different.

Therefore, the results of the t-test are accepted.

78.
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CHAPTER SEVEN: DI SCUSSI ON OF RESULTS
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ANALYTI CAL NMETHODS

The devel opment of an alternate anal ytical nethod
(uv-spec) was conpleted primarily to expedite the
anal ysis of sanples during the study. In order to use
t he HPLC net hod (AMD119-03) a good deal of planning was
necessary. In order to use the HPLC at d axo 2-3 days
noti ce needed to be given. Additionally, 2-3 days notice

was needed to take sanples in the Zantac suite.

Mor eover, the Lab Automation System (LAS) used to
calculate the results of anal yses takes up to 24
addi tional hours to print out a report. Using the new

nmet hod al |l owed rapid analysis with excellent accuracy.

The uv-spec nethod does, however, have a major
shortcom ng. The spectrophotoneters at @ axo do not have
an automatic injection systemas do the HPLCs. This
Injection systemallows the analyst to load up to 4 0
sanples in the system The sanples are injected and
anal yzed automatically. This reduces the man-hours
needed to anal yze a | arge nunber of sanples. However,
for the relatively small nunber of sanples in the present
study preparation of nobile phase and checking the system

suitablity entails a significant amount of tinme.

G ven that the industrial hygi ene personnel do not

have a dedi cated technician or instrunentation the

79.
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current nethod of analysis (HPLC) is probably the better

of the two net hods.

As met hods of analysis both the uv-spec and HPLC
met hods show very good anal ytical recovery. The
variabilty encountered in the HPLC recovery tests can
probably be expl ai ned by the author's inexperience with
the technique. The HPLC nethod can, therefore, be used
as an anal yti cal

met hod in eval uating exposure to ranitidine
hydr ochl ori de.
The limts of detection are also conparable for both

met hods of anal ysi s.
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PARTI CLE Sl ZI NG VMETHOD

The SEM net hod of sizing bul k and airborne
ranitidine has distinct advantages and di sadvant ages.
The nethod allows one to differentially size ranitidine
particles in the presence of other contam nants.
Al t hough effective, the nethod is also quite tedious, and

it is very expensive.

However, if SEMis used in the future to size
ranitidine the validation of the nethod is done. Optical

anal ysi s showed that the vacuum of the SEM speci nen

chanber did not alter the size distribution of bulk

mat eri al .

The results of the sizing do illustrate an
interesting point. The size distribution of bulk active

is markedly different fromthat found in air sanples

taken in the Fette room The bul k materi al shows a count
nmedi an di aneter of 4.60um The count nedi an di anet er of

ai rborne active is between 10.14 and 11. 32um Thi s

difference is attributed to aggl oneration.

Figure 7.1 is a photom crograph of ranitidine taken
fromFette roomair. Note the presence of aggloneration.
Because the Fette nachi ne operates by conpressing
tablets, or agglonerating material, the presence of
aggloneration is not surprizing. This data suggests that

the particle size distributions of each unit process
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3,21KX 20KU WD = 26M 1 8780888 P: 88013
10UM

Figure 7.1: Photomi crogragh of Ranitidine HO. Note the

aggl omeration. Magnification: 3,21 OX
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83.

within the suite may be very characteristic of the

particul ar operati on.

The conparison of particle sizes taken at 2 and 4
LPMin the Fette area is encouragi ng. Because no
signficant difference in air concentrations was found
when considering only filter masses of active no
difference in particle sizes was expected. In fact, none
was found. The geonetric mean for the sanples taken at 2
LPM was 10. 14um The geonetric nmean at 4 LPM was 11.32um
The geonetric standard deviations did vary a bit: 2.11 at
2 LPMand 1.92 at 4LPM This resulted in the mass nedi an
di ameters being different: 55.7umat 2 LPM and 40.9um at
4 LPM The difference in GSD is explained by the | ow
nunber of particles neasured. However, a two sided t-
test showed no significant difference in the nedi ans of

the two distributions at the 90% | evel . Thi s i ndi cat es

that no size bias exists over the flowate range of 2 to

4 LPM

As is mentioned in the results a Kol nogorov- Smi rnov
test did reveal a sigificant difference in the shape of
the distributions found at 2 and 4 LPM  However, when

the distributions are plotted on | og-probability paper

they are very simlar.

Al t hough the sizing results do support the

contention that no bias exists in the nethod in the
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flowate range of 2 to 4 LPMit should be noted that a
possi bl e bias exists in the nethod of collection for size
analysis. |t has been shown that Nucl eopore filters
carry a high charge when sampling (17). Because of this
it is possible that some particles which carry a charge
were differentially attracted to the surface of the
filter or repelled to the wall of the cassette. It is
assuned that sanples run at 2 and 4 LPM experienced the
sane charging on the filters. Thus, any difference in
size distribution wuld be due to sanpling bias present
al so during sanpling with non-charging glass fiber

filters (17).
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The results of the bias experinent were excellent.
They indicate that no bias exists between cassettes
sampling at 2 and 4 LPM This allows G axo to choose a

flowate in this range and be confident that the

concentrati ons obtai ned are consistent with those

obtained at other flows within this range.

Currently, the personal exposure limt to ranitidine is
50ug/ M~ Likew se, the ceiling limt is SQug/M”. The
anal ytical method used by G axo has a limt of detection
of 1 ug of active per filter. Because ranitidine is
present in suite air at |ow concentrations a |arge
quantity of air nust be drawn in order to assess the 15
mnute ceiling limt. The Al pha-one punps used by G axo
have an upper flowate range of 5 LPM However, the punp
may not be able to sustain this flow for nore than a few
mnutes (this was not experinmentally determned). It
will, however, sustain a flow of 4 1pm During sanpling
for ceiling exposure a flow greater than 2 LPMis needed

to accunul ate enough active to detect.

During shift sanpling (10 hours) a nore reasonabl e,
and widely used, flowis 2 LPM The present study
confirns that sanples taken at a high flow and sanpl es
taken at a low flow are conparable. That is, they sanple
with the same degree of accuracy. |If it is found that

sanpling at 4 LPM does not provide enough active for
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anal ysis two suggestions are made. It nmay be possible

for daxo's chem sts to revise the HPLC net hod so that
the limt of detection is | owered enough to detect active
wel | below lug per filter. Another suggestion is that
d axo purchase a high volune sanpler. G lian Instrunent
Cor poration (Wayne, N. J.) markets the Aircon 520 series
punp. This punp draws between 2 and 20 LPM sanpl es
t hrough 37nmm cassettes. It should be noted that the
current literature does not validate the use of the 37mm
cassette at such high flowates. A paired analysis with
a lower flow punp such as is conpleted in this study
could eval uate bias at such high flow ates.
LI M TATI ONS

The accuracy of the nethod was not eval uated. The
eval uation of accuracy is typically done in an aerosol
chanmber. It is difficult, if not inpossible, to mmc
field conditions in a chanber. Factors such as particle
size, electrostatics and cross winds are not controll ed
easily. The accuracy of the open face 37-nmm cassette
sanpling in calmair has been characterized (1,8). It is
al so noted that the use of this nethod to sanple total
dust is well established in industrial hygiene. As a
practical matter it is unlikely that one could question
d axo's use of this nethod. Indeed, it is the nethod of

col | ection used by conpliance agencies to sanple total

dust .
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Because of | ogistical problens personal sanmpling was
not possible during this study. As a result one nust
consi der the application of the nethod to personal
sanpling with caution. The area sanples taken in the
suite were taken fromstill air. It nmay be possible that
persons wearing the cassettes woul d produce air nobvenent
by their wal king that would violate still air conditions.
However, currently the workers in the suite are in ful
contai nnment air suits. Personal sanpling woul d nost

likely be done in the suit. Therefore, air currents due

to wal king are probably negligible.
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Per haps the nost surprising and inportant discovery
in the study is that a significant anount of ranitidine
is depositing on the wall of the cassette during
sanpl i ng.

Recall that in the Fette roomthe average ratio of the
percentage contribution made by the wall deposits to the
total nass found within each pair is 1.9. 1In the

di spensing area this value is 0.97. The deposition of
Ranitidine on the wall of the cassette can be epl ai ned by

sedi nentation, inertial and electrostatic effects.

SEDI MVENTATI ON EFFECTS

The particle size analysis of air sanples in the
Fette roomreveal ed a count nedi an di aneters of 10.14 and
11. 32um The mass nedi an dianeters are significantly
|l arger: 55umat 2 LPMand 4lumat 4 LPM It may be that
sone settling of particles onto the wall of the cassette
is occurring during sanpling. This explanation is
plausible for large particles. Consider a 50um particle
bei ng sanpl ed by a cassette at 4 LPM |If we assune that
the velocity of the particle is equal to the velocity of
the sanpler air streamit takes 0.3 6 second for the
particle to travel fromthe plane of the inlet to the
filter. The settling velocity of the particle is

calculated to be 5.5 cn sec.
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|f we consider particles that are already close to
the wall (renmenber, the orientation of the sanplers is
hori zontal) say, one half the distance to the wall (1.9

cmsee Figure 1.3) it takes this 50um particle 0.29

second to fall to the wall of the cassette.

Clearly, this nmechani sm does not account for al
wal | deposition. Particles smaller than this 50um
particle will probably not reside in the cassette |ong
enough to settle out. In this case it is nore plausible

that inpaction is taking place.

I MPACTI ON EFFECTS

In Figure 1.3 it can be seen that the 37nm cassette
contains a "lip", or abrupt constriction. The cassette
di aneter changes from38.1lmmto 31.8mm It nmay be that
some particles possess too nmuch inertia to follow air
streamlines around this lip. The result is that

particles inpact on the wall of the cassette.

As was discussed earlier in this paper Fairchild et
al observed significant wall deposition in his study of
t he 37nm open face cassette. Mreover, he observed that
wal | deposition increased with increasing particle size.
This suggests inpaction. Large particles would possess

nmore inertia than small particles and would, therefore,

i npact nore frequently.
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The count nedi an dianeters found in this study
i ndi cate that both high and | ow fl ow cassettes had
simlar particles inpacting on the filters. Because of
this one may tend to expect that the size and anount of
particles found on the wall would also be simlar
(assum ng that the cassettes sanpled a simlar aerosol).
| f particles possess nore inertia at higher velocities
t hen one m ght conversly expect nore deposition in the
cassettes taken at high flow. Although the deposition in
t he di spensing area was equal between flows it was not
equal in the Fette room (nore was seen at low flow) It
may wel | be that inpaction accounts for only part of the

deposition. Electrostatic effects may play an inportant

— «—> 1 — _ —_—
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A PGSSI BLE ELECTROSTATI C MECHANI SM

Several researchers have investigated the effects of
el ectrostatics on aspiration efficiencies of airborne
dust sanplers (2,14,17,). These studies indicate that
when a charged aerosol is sanpled with an inlet
constructed of good insulator, such as the polystyrene
plastic used in field sanpling cassettes, a reduction in

ef ficiency can occur.

In the Fette roomconditions are suitable for

aerosol charging. The relative humdity is low. This
prevents the build-up of noisture on particles. The

moi sture acts as a conductor of electrons and prevents
the build-up of charge on the particle. |In the absence
of noisture a particle may build a charge until its
saturation point is reached. At this point the particle

has a net positive or negative charge.

The Fette operation itself nmay act to produce
charged particles. As the machine conpressess material
to formtablets it is possible that shear forces act to
cause tribo-electrification. Tribo-electrification
Inparts a static charge to particles when they cone into
contact with other particles. This formof charging is
comon (22). Moreover, when tablets are ejected fromthe
machi ne they are in very close contact with each ot her.

This may produce additional charging.
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Pol ystyrene cassettes can devel op electrostatic
fields. It has been shown that plastic cassttes can
carry a charge of -3 00 volts/cmupon being taken out of
t he manufacturer's box (14). The conbination of a highly
charged aerosol and charged cassette has been shown to
affect sanmpling (14). It may be that positivly charged
Ranitidine particles are being attracted to the wall of

the cassette that is negatively charged.

Liu et al (17) offer a possible nechanismfor
el ectrostatic deposition to the wall of the cassette. |If
one considers the change in nunber concentration (dN) of
Ranitidine through a short length of tube (dL) , or
cassette, the deposition ot charged particles on the
wal | s because of surface electric field, E, can be

witten as:

Q dNe - EZNtpi*Dt dL (15)

where Qis the flowate, Zis the particle electica

mobility, Nis the concentration of particles and D" is
the diffusion constant. Integration of the equation

yi el ds an expression thatdescri bes the aerosol

penetration and its relation to the electric field of the

cassette:

P= exp(-AZE/ Q (16)

where A is the surface area of the inside of the cassette

and P is the penetration of the aerosol. The fraction
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that deposits on the wall of the cassette is expressed
by:
1-Por 1- exp(-AZEQ  (17)

If we assune that the electrostatic conditions are the

sanme for low and high flows then it can be seen that the

fraction of Ranitidine that deposits on the wal

i ncreases as fl ow ate decreases. This is a result of the
increased residence time for a particle in the electric

field of the cassette. In fact, within pairs, nore
ranitidine was found on |ow fl ow cassettes in the Fette

room

However, in the dispensing area this phenonmenon was
not observed. Assum ng that the process of dispensing
does not involve charging aerosol, inpaction mechani sns

may play the dom nant role in the dispensing area.

It should be noted that although much ranitidi ne was
found on the walls of the cassettes the author's ability
to recover active fromthe wall quantitativly is not

established. Therefore, any conclusions or specul ation
based on this informati on nust be considered with

cauti on.

Al t hough nuch of the preceeding discussion is
specul ative the deposition of ranitidine is clearly a
fact. It is apparent that very conpl ex mechani sns

account for the deposition. Many of these possible
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94.
mechani sns of error in sanpling have been considered
individually. Currently, there exists no conprehensive

analytic treatnent of the sanpling errors obtained when

using the 37nm cassette in the field. A conplete
description should entail estinmates of settling,

i mpaction and possible electrostatic errors.
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dusts (which do not contain chlorine) has been devel oped
usi ng Scanni ng El ectron M croscopy and X-ray

m cr oanal ysi s.

6. Bulk ranitidine has been sized by optical and
el ectron mcroscopy and is found to have a count nedi an

di aneter of 4.60um by SEM and 4. 25um by the opti cal

nmet hod.

7. Airborne ranitidine was sized and found to have a

geonetric mean of 10.14umat a flow of 2 LPMand 11.3 2um

at 4 LPM
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RECOMVENDATI ONS FOR FUTURE WORK

1. A conprehensive particle size analysis should be
conpl eted at each unit process in the suite. This would
i nclude using inpactors (personal and area) and optical/
el ectron mcroscopy. This may allow further insight into

possi bl e nmechani sns of deposition on the wall of the

cassette.

2. A nethod should be found to evaluate the accuracy
of the 37nm cassette for sanpling Ranitidine.

Frequently, such studies are conducted in w nd tunnels

and aer osol chanbers. Caution is needed in such studi es.

Thi s study suggests that factors such as particle size
and electrostatic effects may play an inportant role in
the sanpling of Ranitidine. Experinents in the

| aboratory may not reproduce the environnmental conditions

whi ch effect particle size and electrostatic fields.

3. A study could be designed to eval uate possible
el ectrostatic effects. Measurenent of electric fields
generated by the cassettes could be nade using an
El ectrostatic Fieldnmeter (14). Additionally, paired
sanpl es may be taken with half being coated with an anti -
static agent and half being untreated. A conparison of
the sanples may indicate the presence of an electrostatic

field problem
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4. Finally, a study nust be perforned that

accurately describes the ability of 3 axo to recover

ranitidine fromthe wall of the cassette.
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I ntroduction

1-2 Speci fications

The Spectrophotonmeter is available in both a Standard and a High

Performance version. Performance specifications apply to both except as
not ed bel ow.

Lanbda 4C is operated by one of the Perkin-El mer Series 7000
Prof essional Conputers equipped with a hard disk, color graphics, an | EEE
interface, and one of the three Lambda 4C Sof t ware packages. Each
sof tware package includes two parts: an | NSTRMI part for
spectrophotoneter setup and data collection, and a CUV-3 part for post-
acquisition data processing. The three software operating packages differ in
t he nunmber of CUV-3 functions they provide.

SPECI FI CATI ONS

Principle Doubl e-beam ratio recording,
UV/ Vi si bl e Spectropliotongeter.

M croconputer control via a Perkin-
El mer Series 7000 Professional

Conputer. Conpatible with various
printers and plotters with an RS232C

interface.
Optics Al reflecting optics with hol ographic
grating rmonochromat or. H gh

Performance version includes pre-
nonochr omat or .

Wavel engt h Range 190-900 nm

Stray Light <0.02% at 220, 340, 370 nm Measur ed
at 2 nm SWB and Response of 5.

<0. 0005% at 220, 340, 370 nmw th High
Per f or mance ver si on.

Wavel ength Accuracy +0.3 nm
Vavel ength Repeatability +0.1 nm
Spectral Bandwi dth 0.25, 1, 2, 4 nmat 656.1 nm selected

via conputer.

Phot onetri ¢ Range -2.000 to 4.000A
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I ntroduction

1-3

SPECI FI CATI ONS (cent):

Phot oretri ¢ Accuracy

Phot onetric Repeatability

Zero Stability (Drift)

Noi se

Basel i ne Fl at ness

Response

Lamp

Ordinate Scal e Expansion

Menu | tens

Scan Speed

Di nensi ons of
Optical Unit

Wi ght  of
Optical Unit

Speci fications

+ 0.005A at | A neasured with NBS 930
Tilters.

+ OOOA at | A neasured with NBS 930
filters.

<0.0005A/ hr. after warmup at 340 nm
4 nm SBW 6 response tinmne.

<0, 0003A at 500 nm 0 A, 4 nm SBW 6
response tine.

+ 0.002A, 120 nmmin., 4 nmSBW 5
response time, from 200-850 nm after
Background Correction.

Al nodes of operation include "soft"
key sel ection of response. The

magni tude of response is selected by
"soft" keys labeled 1-7 with 1 having
the least amount of filtering and 7
having the maxi mumfiltering.

Automatic source change.  Manual

selection of WV | anp.

-2.000 to 4.000 Ain OOCJOA increnents
0 to 200%r in O.1% increnents
0.000 to 9999 in concentration.

Scan, Tinme Drive, Concentration.

Accessory Software programs allow for
addi ti onal nethods.

5, 20, 60, 100, 300, 480, 750 and x2
(multiplier) nmmn.

Wdth: 65 cm (25 1/2 inches)
Depth: 56 cm (22 inches)
Hei ght 20.5 cm (8 inches)

34 kg (75 pounds)
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