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RESEARCH ON PERSONAL DOSIME TERS TO MEASURE HYDRAZINE
FUELS IN AIR

INTRODUCTION

A major use of hydrazine (H) and its derivatives is as a rocket
fuel. The hydrazines are strong reducing agents that will burn in air
or any other oxygen source , with a considerable evolution of heat and
conversion to low-molecular-wei ght products. When contined with an
appropriate oxidizing agent such as liquid oxygen, they give high
exhaust velocities and , hence , high specific impulse at rel atively low
combustion temperatures. The hydrazines , however , do present serious
health hazards as toxic chemi cals with threshold limit values (TLVs)

• established at 0.1 ppm for H , 0.2 ppm for monomethylhydrazine (11141),
and 0.5 ppm for unsymmetrical dimethy lhydrazlne (U0t41). Since U and
its methyl deri vatives are widely used as rocket engine fuels by the
U.S. Air Force, a suitable measuring device, such as a passive
dosimeter , is required to record personal exposure.

This report describes the adaptation of the GASBADGETM dosimeter
• for use as a hydrazine monitor. The GASBADGE dosimeter, i llustrated

in Fi gure 1 , is a passive sampler , requiring no sampling pump ,
handling of chemicals , or wearing of a cumbersome apparatus. Based
upon a di ffusi ve principle described later, the dosimeter collects
a total mass of contaminan t which is proportional to exposure time and
the average contaminant concentration . Sanpirng of the gaseous or
vapor contaminants of interest is effected by either chemical reaction

• wi th , or adsorption onto , a col lection element. The collection
• element is subsequently removed from the dosimeter for chemical

analysis , and the time-wei ghted average (TWA) concentration sampled
can be calculated from the analytical results.

The necessary dosimeter adaptation invol ved designing a col lection
element that could collect , and l ater release , hydrazine quantitatively
and selecting an analytical method or methods to measure the hydrazines
collected.

PRINCIP LE OF OPERATION

A suitable dosimeter must collect a sample of the contaminant
proportional to its ambien t concentration and be independent of air
ci rculation patterns in the vicinity of the dosimeter. Movement of the
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subject wearing the dosimeter should have no effect on observed
contaminant concentrations. In the GASBADGE a diffusional resistance
within the sampler far exceeds the diffus ional resistance of convective
mass transfer external to the sampler. Contaminant can be introduced
into the dosimeter only by diffusion through an inert porous draft
shield. This draft shield provides a stagnan t air l ayer (diffusive
barrier) inside the dosimeter which is completely unaffected by external
ci rculatory air patterns. A honeycomb grid provides mechanical support
of the draft shield , holds the collection element in place , prevents
any convection within the sampler, and defines the diffusion path length.

Flass Transfer Considerations

Internal Mass Transfer Resistance--The dosimeter is designed so
that tFi~~1imiting resistance to mass transfer of contaminant to the
collection medium is conta ined in the stagnant air l ayer within the
dosimeter; i.e., between the draft shield and the active collection
element. Fick’ s First Law of Di ffusion (8) describes this diffusiv e
transport process:

N = — D A
~~ 

(1)

where:

N = diffusive transport rate (moles/sec)
D = contaminant diffusivity in air (cm 2/secl
A = diffusion path cross-sectional area (cmi)
x = distance from front of diffusion layer (cm)
c = contaminant concentrati on at x (moles/cm3)

Equation 1 may be integrated over the diffusion layer (of thickness A)
to yield the rate of contaminant collection . The boundary conditions
used for concentration are:

1) the concentration of contaminant at the surface of
the collection element is zero (i.e., complete
collection efficiency);

2) the concentration of contaminant at the badge face
is the ambien t concentration C~ (i.e., all mass
transfer resistance is internal to the dosimeter).

The final result for the rate of contaminant collection is

(2)
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For a given exposure time t (in seconds), the total mass of contaminant
collected becomes:

Nt DP%C~X~t (3)

which is proportional to the ambient concentration and elapsed time .
Chemi cal analysis of the collection element is used to determine Nt,
and ~ may be readily calculated from Equation 3 by substituting the
contaminant diffusiv i ty in air and the exposure time . In practice, an
empirical ly determined calibration factor may be necessary to account
for the infl uence of parameters such as the efficiency of the
collection medium.

External Mass Transfer Resistance--External convective resistance
to mass transfer Is difficult to control , so the GASBADGE has been
designed to minimize these effects. The following relationship
describes convective mass transfer external to the dosimeter for the
case of total boundary-layer-dominated transport:

N = kACU. (4)

where:

k = the convective mass transfer coefficient

The mass transfer coefficient can be estimated from the correlation
for low Reynolds number drag (lO<R e~300O) given in Knudsen and Katz (6).
Using the Chilton-Colburn analogy, which is exact in this case, the mass
transfer coefficien t is given by:

Sh = 
~~~~~ 

= 1.45 (ReL)
°4 (Sc)L’3 (5)

where :

• Sh = the Sherwood number
Sc = Schmidt n umber

~ L= length Reynolds number

or ,

k = 1.45 
~ 

(ReL)
°4 (Sc) 1’3

To minimi ze the effect of ambient convection on dosimeter sampling
efficienc y , the internal di ffusive resistance must dominate the external
boun dary l ayer resistance .

Rdiff sive = A/D (6)

R t i = 1/k (7)
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From Equations 5, 6, and 7:

Rdi ff i ve k V04R t i - 

1 (8)

where:

k1 = proportionality constant dependen t on molecular properties
and geometric dimensions

V = face velocity across the dosimeter

As the face velocity is l owered , the external mass transfe r
• resistance will increase. For the dosimeter to accurately sample the

pollutant of interest , Equation 8 suggests that a minimum air veloc i ty
will be requi red and that once this minimum is achieved , performance
will be velocity insensitive over a wide range . Eva luation of ve loc i ty
effects both at Walden and at the Research Triangle Institute indicates
no significant effect at face velocities as low as 0.27 kph . The face
velocities encountered in most work places have a range of 0.91-1.37 kph.
Field and laboratory experience to date substantiates the negli gible
infl uence of external boundar y-layer resistance on the expected results.

Sensitivity to Amb i ent Conditions

If the limiting resistance to mass transfer is in the diffusive
• l ayer, the only transport parameter sensitive to ambient temperature

or pressure is contaminan t diffusivity , D, which depends on these
• parameters as:

3/2

The ambient concentration expressed in ppmv is a mass/vol ume relationship
also dependent on tempe rature and pressure :

P
~~~

• As noted above , the mass collected by the GASBADGE is proportional
to the contaminant diffusivity and the ambient concentration as follows :

Nt~~~DC),)

Therefore:
T312 PNt ~x (  

~
)

Nt a

6 / 1
,.
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Thus , the mass collected by the dosimeter is dependent only on the
square root of the absolute temperature . The mass of hydrazine
collected at 50°C is only 5% more than the mass collected at 20°C
when all other conditions are equal .

Response Time Conside rations

A rrieasure of response time is the average residence time of
contaminant within the diffusion zone. Assuming 100% collection
efficiency , contaminant concentration at the collecting -element
surface will be zero. Thus , the avera ge concentration within the
di ffusion zone is simply C = C012, and the mass collected is
C../?-AA . The residence time may be readily calculated , as fol lows:

— mass collected 
= 

C~/2-XA = 
A 2

res — 

diffusive transport rate t~ C~ 2D
A

For mon i toring hydrazine , the residence time is calculated to be 9.4
seconds . This short residence time is sufficient for the dosimeter to
s a ri rle a true TWA concentration .

DOSIMETER COI4~0NENTS

Components of the GA SIJADGE hydrazine dosimeter are shown in
Figure 1. The dimensions of the GASBADGE are 6.6 cm L x 5.0 cm W x
1.6 cm D (excl uding the spring clip), and its weight is approximately
28 q.

An exposure info rmation l abel is affi xed to the outside of the
back cover of the dosimeter. Space is provided for: employee name,
date of exposure , duration of exposure , and contaminant of interest.
Since the l abel is removable , it can serve as a positive sample
identification throughout the analytical procedure steps.

COLLECTION ELEMENT DESIGN

Since H is a basic substance that reacts with acids to form salts
more stable and resistant to oxidation than H itself , an acid-
impregnated substrate should be a good collection element for H.

The following substrate material s were imersed in O.1N H2S04 andevaluated for wei ght of acid absorbed and ease of handling:

7
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Glass -fiber fi 1 t~ r p~p r  - Gel nwn
Silica gel on plastic mat
~onwo ven polypropylene sheet — Pellor l251E

Nonwov€ n po lypropylene sheet - Pellon 2lO7A
~on .ov~n po lypropylene shee t - Ty vek 10560
Nonwo ven pol ,propylene shee t - Tyvek 10428

The Pe llon 2 107A and the two Tyveks absorbed minimal amounts of
acid and were rer’~~ve~ from consideration . The Gelma n glass-fibe r paper ,
the si lica gel on p last ic  r -i a t , and the Pe llon N 125 1E all absorbed
signifi can t amoun Ls of acid and were furthe r eva luated with several
different concentrations ~ f HC1 and H2S0 4. A glass -microfiber paper
(Whatrn a n GF/ C) was also included in this lat ter evaluation .

The glass -fi be r and microfiber papers abso rbed the largest amounts
of ac id but tended to break into small fragments during desorption and
analytica l work up. The s i l i ca  gel on plast ic also absorbed large
quantities of acid , but particles of the silica gel coating flaked off
with even minir’~a1 handling. These three materials were deemed
unsuitable for use because of the hand ling problems . Pelion Ii 125l[
was chosen as the substrate for the col lect ion e lements .

Sul furic acid was selected as the col lection medium because it
forms stable H sa l ts ,  is less volati le than HC1 , and reacts with
d ibasic H on a mole/ mole bas s . A Pellon £1 l25lE (hereafter called
Pellon ) coupon impregnated wi th 5N H2S0 4 has the capacity to adsorb a
TWA concentration of more than 1000 ppm of the hydrazines (Appendix B ,
Tab le B - i ) .  This combinat ion was selected as the collection elemen t
for the hydrazine dosimeters .

To demonstrate fe~~ibiiity , 12 dosimeters were exposed to a
10-ppm TWA concentration of H and UDMH . Six dosimeters had glass-f iber
draft shie lds and s ix  had Peilon draft shields; two dosimete rs of each
type were prepared as b lanks.

Hydraz ine and UDMri we re found on all exposed collection elements
and we re not found on blank col lect ion elements. N o sign ificant
diffe rence was found between dos imeters with glass-f iber draft shields
and those with Pellon draft shiel ds . Since glass-fiber draft shields
have been used successful ly in commercial GASBADGE dosimeters for
SO2, NO 2, and organic vapors , they were selected for use in the
hydrazine dosimeter.

SEL ECTION OF ANALYTICAL METHODS

• A major obj ect ive of this program was to evaluate ana lyt ical
riethods for de te rmi ning the hydrazines col lected by the dosimeter.

8
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Both gas chromatograph ic (GC) and colorimetric procedures were adapted
for use with the GASBADGE ; the results of each procedure are given in
this section.

Furaldehyde Gas Chroma toqraphic Method

The Nationa l Institute for Occupational Safety and Health (NIOSH )
analytical procedure for hydrazine compounds in air (1) was used with
minor modifications as detailed in the operations manual (2),
section 7.A . This NIOSII procedure is based on work by Wood and
Anderson (9), and both procedures claim to analyze for H, 1141, UD9I,
and phenylhydrazine. We found significant difficulties with this
temperature-programmed analysis of furaldehyde derivative s of the
hydrazines.

Pro~ranred Analysis for MIII, UDI4I, and Fl--Standa rd solutions were
made up in 0.8N H2S04 so that 2 ml contained M14l, IJDI4I, and H in amounts
equivalen t to those collected by a dosimeter at 100% efficiency during

• a 4-hour exposure to the amb ient concentration indicated. The Mlii
deri vative is known to continue reacting with furaldehyde to form a
secondary product which does not elute from the GC coluim (9). To
minimi ze this problem , standards and samples were extracted with ethyl
aceta te exactly 1 hour after deri vatization ; Mlii was still extremely
diffi cult to quantify.

The MIII derivative peak was hard to detect at the 0.1-ppm level ;
also , the shape of the peak made quantitative measurements difficult at
concentrations below 1 ppm or higher than 3 ppm. Figures 2—5 illustrate
these problems , hut also show the positive identification of the three
hydrazines in the same solution--a significant advantage of this method .

Subsequent work with H and UD1V standards at the 10-ppm leve l
indicated problems in obtaining a standard curve . Triplicate injections
of each derivatized standard were made; after discarding obvious
outliers *, UDMH derivative peak areas on replicate injections still
varied considerably (as shown in Table 1). Hydrazine derivative peak
areas were more reproducible , but often a reasonable difference in mean
peak areas for diffe rent concentrations was not found for one or both
of the hydrazines (noted under ‘ Range” in Table 1). When this occurred ,
the most reasonable value for that day ’s run (based on our experience)
was used with a proportionally calculated va l ue for the other
concentration to construc t the standard curve and determine the

*Areas differing by more than 3 standard deviations from the mean
peak area .

9
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hydrazines collected by the dosinieters analyzed that day . Tables A-i
and A-6 in Appendi v A present the results calculated in this way .

It should be notea tha~. these problems occurred in the most ideal
case--analysis of standards with no dosimeter collection elements
present. No pH variations or interferences were present.

As Table 1 shows, refrigerating the standards between ethyl acetate
extraction and analysis improved the precision of UD1II replicate
injections. Refrigerated standa rds of 5 and 10 ppm yielded reasonable
diffe rences in peak areas in most cases.

General Problems with the Pro~raniried Analysis --The procedure is
lengthy and tedious . Practical considerations require handling a
series of samples and standards at the same time, although it is known
that H , MMH, and UDMH deri vative peak areas change somewhat with time .
The Mlvii derivative secondary product may darken the solution ,
precipita te, and adsorb some of the H derivative on the precipitate (3).
We found a few darkened sol utions , but no correlation between
analytical resul ts and darkening. Removing the ethyl acetate l ayer
to a clean septum—sealed vial immediately after extraction may help
overcome this problem ; we did this in our later work.

Each progra med chrorna togram required a minimum of 20 minutes .
Triplicate injections of two standards consumed 2 hours of GC time ;
therefore , desorbed dosime ters we re analyzed by a single injection
because of time constraints . With the known imp recision on standards ,
a single injection did not seem to be a fair eva luation of dosimeter
performance. Resul ts from single injections of dosimeters exposed to
10 ppm of H were incl uded in Table A- l , howe ver, and used to provide
a more complete picture of GASBADGE response at different levels (Table 5,
Fig. 10).

Isotherma l Analysis for jjydrazine Only--Isotherma l analysis
imp rovid both the precision and the speed of the furaldehyde GC method.
Peak areas checked within ±1-7°’ on replicate injections of both
standards and dosimeter samples . Table 1 shows the standard per-
formance with collection elements present. Probably most significant

H is the fact that since a chromatoqram can be run in 6 minutes or less ,
replicate injections can be made on sam ples as well as standards in a
norma l working day.

A measurable I-I deri vative peak occurred in the reagent blank and
was somewhat larger when a desorbed blank collection element was
analyzed. When this deri vative peak area was substracted from the peak
dreas of standa rds , good day-to-day correlation of standard curves for
H was obtained. This procedure was used to analyze dosimeters
exposed to 1 and 0.1 ppm H; resul ts are given in Tables A-2 and A-3.

10
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Benzaldehyde Gas Chromatographic Method

In a further effort to establish an analytical procedure that could
determine both DOll-I and H in a single progranined-GC analysis ,
benzaidehyde was investigated as a deri vatizing agent for the hydrazines.

Beri zal dehyde is not oxidized as easily as furaldehyde and could
be used without distillation . Work done by Gerry Wood at Los Alamo s
(10, 11 ) was the basis for our work. The procedure permitted a more
positive pH adjustment which would overcome slight variations in p1-I of
desorbed collection elements , but required a much longer derivatization
time for UDMH (approximately 12 hours (ii)) than did the furaldehyde
method.

The procedure deve l oped in our laboratory involved making up
standards in 1:1 methanol/iN H2S04. The p11 was adjusted to the
alkaline side , using l.2N NaOH. (Blank solutions were adjusted to a
phenolphthalein endpoint , and the same vol ume of I’laOH was then added
to each standa rd.) Al so, 10 p9. benzaldehyde was added to each
standard , and the solutions were mi xed and left to deri vatize overnight.
The next day , 1 ml ethyl acetate was added to each deri vatized standard
and mi xed thoroughly. Finally, 2-5-p9. injections of the ethyl acetate
layer were analyzed by GC with a flame ionization detector.

A 1-rn x 2-mm-iD s-ilanized glass column was packed with 10% silicone
OV- 7 on 80/100-mesh Supeicoport. N2 was used as the carrier gas in
the h ewlett Packard 5750 gas chroma~ograph , and a Perkin—Elme r Model 1
computing integrator was used for peak area data. The same col umn and
ch rotmtograph were used for the earlier fural dehyde GC work. Standards

- 
- roughly equivalent to the mass collected on a dosimeter during a 4-hour

exposure to 0.1, 1 , and 10 ppm of H and UDII-l (2, 20, and 200 p9) were
• derivat ized and analyzed.

Flydrazine standards alone were run isothermally at 230°C with good
reprodu cibility and a good linear regression line. The same was true of
UDMH standards run isothermally at 160°C. At lower ranges (2—20 pg/2 ml
standard ) the UDMH derivative gave two peaks; the first peak was used in
calculations and gave good results .

Standards containing both II and UDMH were deri vatized and run wi th
temperature programing from 1000 to 230°C. Agreement was good between
replicate injections , but in one 20-ug standard (shown as Fig. 6), no H
deri vative peak showed up on triplicate injections , although the UDMFI
deri vative peak did. The same standards were added to unexposed

- 
. collection elements , and both II and UDMII deri vative peaks showed up

in all. Figure 7 shows the same standard as Figure 6, with a collection
element. Replicat e injections seemed in good agreement , but only a
limi ted number of GC runs were performed.

11
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Dosimeters were exposed to 0.25-ppm levels of H and UDMH for 4 hours
on 4 separate days ; dosimeters from each day were analyzed by the
benzaidehyde GC procedure . Low- l evel standards (1—10 izg/2 ml) were
added to unexposed collection elements to make the standards as similar
as possibl e to desorbed dosimeter elements. Only 1 of the 4 days of
analyses produced a reasonable standard curve for H. The UDI4I
derivative peaks observed during that day ’s analyses were reproducible
but did not correlate with concentration (the 1-pg peak area was much
higher than the 2- and 10-pg areas wh i ch were about the same). Tables
A-5 and A—8 give analytical results for dosimeters analyzed by this
procedure .

- -i Some of the difficulties with the benzaldehyde GC analysis were:
• 

- poor reproducibility of standards , especial ly UDIII.

- peak areas of standards not proportional to concentration ,
as noted above.

- somet imes no deri vative peak for either Fl or UDI4I In a
standard containing both. This was not consistent for
replica te injection s, and was often accompanied by a
change in the shape of the peak which did appear.

- variable n umber of UDPIH derivative peaks (1, 2, or 3 ) ,
even in replicate injections from the same deri vatized
standard.

Attempts to overcome these problems included:

- removing an aliquot of the desorption solution from the
- 

- collection element before deri vatization .

- refrigerating the derivatized solutions until analyzed.

- isothermal GC runs. This was not successfu l for UDII-I
• and could not be fully eval ua ted for H because storage

of derivati zed samples may have caused problems .

None of these measures appeare d likely to so lve the analytical problems .
Individual pH adjustment of each sample and standard before
deri vatization might sign i fi cantly improve the procedure. This was not
tried because it woul d make the analytical method even more tedious
and time consuming.

In sumary, our initial work wi th H and UDlvI-I standards wi th no
collection elements present gave reproducible and reasonable results.
Resul ts of a more ri gorous evaluation of the benzaidehyde deri vative
method , using unexposed collection elements plus standards at low
l evels , showed the problems cited previously. This method was
considered not sui table for eva l uating the hydrazine dosimeters .
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Hydrazine Colorimetri c Method

• The NIOSFI method (2) usIng PDA E3 as a colori metri c reagent was
adapted for use at low levels (1-20 pg) by omi tting the dilution with
glacial acetic acid and reading absorbance in 1” test tubes.
Reference 5: section 7B give s our detailed procedure.

• Good standard curves were obtained, and there was no pH problem with
desorbed dosimeters. This procedure was used to analyze dosimeters
exposed to 1- and 0.1-ppm hydrazine levels; the results are given in
Tables A-2 and A-3.

UDIII Colorimetric Method

The TPF (trisodi um pentacyanoaminoferrate) colorimetri c procedure
(4) used by the Aerospace Medical Research Laboratories was adapted to
anal yze desorbed dosimeters for UDMH at 0.25- and 0.1-ppm levels. Our

4 work showed pH to be an important factor. The anal ysis solution must be
• within pH 3-5.4 for the citri c acid buffer to be effective in keeping

the p11 at 5.4. Since the dosimeter collection elements varied
slightly in the amount of H2S04 absorbed, the pH of each desorbed
solution had to be adjusted individually to work at these low levels.
This proved to be tedious , but successfu l in the 1-10-pg range
(~0.O5-O.5 ppm).

-: The procedure developed in our laboratory included desorbing an
H 

unexposed collection elemen t plus standard (or an exposed dosimeter
collection element) in a test tube containing 2 ml of distilled
water. Small amounts of 5N , l .2N , and O.5N NaOH were added until
pH 3 was reached; a microelectrode was used to monitor the solution
p11. The di fferent-normal ity NaOFI sol utions were needed to keep
the volume low and to avoid overshooting the desired pH range. Each
solution volume was made up to 13 ml wi th pH 5.4 buffer, 1 ml TPF
reagent was adde d, and the resul ting solution was mi xed. After 20
minutes , absorbance was read against a blank at 480 nm. Standard curves
varied from day to day and the need for individual pH adjustment
made the analysis procedure lengthy , but it seemed possible to
analyze dosimeters for UDII-1 at the 0.1-ppm leve l fol lowing this

• procedure.

Using the TPF method , one group of 5 dosimeters exposed to 0.1-ppm
UDM H was analyzed with good results (Table A-9). Attempts to shorten
the procedure by using collection elements impregnated with lN H2S04,
rather than the usual SN H2S04, or by omitting the citric aci d buffer

• were unsuccessful . We had hoped that each of these steps would make
the p11 adjustment less tedious . This was not the case, and the
analytica l resul ts were unreasonably high in both cases.

• 13
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Methods Selected

After eval uation of these various methods , the furaldehyde
isotherma l GC procedure and the hydrazine (PI~U3) colorimetric methodwe re selected to analyze dosimeters exposed to H only. One half of
each day ’s exposure set woul d be analyzed by each method.

EXPOSURE TEST SYSTEM

The experimen ta l equipment to test the performance of the hydrazine
dosimeters consisted of a diffusion system to dynamical ly generate low
ppm levels of the hydrazines , a dilution system to adjust the diffused
concentration to exact levels of interest , and an exposure chanter.

Di ffusion System

Known concentrations of the hydrazines were generated in the
diffusion system shown In Figure 8. A low flow of tan k N2 was passed

• - th rough 25-rn—diameter Pyrex tubing that was filled with glass beads
and submerged in a water bath. The beads aided in heat transfer,
bringing the N2 to the bath (diffusion ) temperature before it passed
over the diffusion tubes.

• The tubes were placed inside a 50-rn—diameter Pyrex joint with an
0-ring seal clamped with a spring-closed pinch clamp and were submerged
in the water bath. The system was one glass—blown unit , with the N2inlet and outlet above water to avoid underwater connections and possible
leaks . The entire unit could be lifted out of the water before the clamp

• was opened to remove the diffusion tubes.

Six di ffusion tubes varying in bore diameter from 0.5 to 5 rn were
purchased from AID Inc., Avonda le , Pa., and were cal ibrated and used
at the bore lengths shown in Table 2. A Nationa l Appliance Company
Model 220 water bath (interior dimenslons--3l cm L x 33 cm W x 18 cm 0)
maintained a constant temperature wi thin ±0.3°C in the 30-40°C range
and within ±0.5°C at the 50°C range. (Run 5 at the 10—ppm leve l had
sign i ficantly more variation , ranging from 50.0° to 51.5°C.)

Bath temperatures were recorded daily, and the mean tempera ture
for the run was used in determining di ffusivity . Runs were long enough
to generate a significant weight loss , well within the accuracy of the
Sartori us Model 2472 analytica l balance used. The tubes were allowed
to come to temperature equilibri um in the diffusion system, then were

14
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taken out and cooled =15 minute s at room temperatu re (to avoid thermal
problems with the balance), weighed in a wi re basket , and returned to
the bath. The same procedure was followed at the end of the run ;
the di ffus ion time was the time a tube was removed from the bath for
final wei ghing less the time it was returned to the bath after initial
weighing.

The system functioned very well at all levels throughout the program.
Table 3 gives the diffusion rates for all determinations, and Table 4
lists the diffus ion coefficients calculated from the experImental data.
Table B-2 gives the equations used for calculating both experi mental
and theoretical diffusion coe ffic ients.

4 The experimental di ffusion coefficient (Do) was used to determine
the mass collected by the dosimeter in test exposures. The
experimental Da val ue was corrected for the actual exposure-chanter
temperature and pressure to give the diffusivity at sampling conditions.

• Tables B-3 and B-5 show the calculations.

Di l ution System

The dilution system is shown in Figure 9 as part of the exposure
system. A low flow (~0.l 1pm) of tank N2 was continual ly passed over
the di ffusion tubes and directed by means of a 2-way valve either to
exhaus t or to the exposure chamber. Another 2-way valve permi tted
entry of dilution air which mixed with the diffusing hydrazines before
their entry into the exposure chamber. The total dilution flow
incl uded the N2 and the “wet” and “dry” air flows——measure d by
Fischer and Porter (Model 1OA 1 300 series) rotameters calibrated
against a wet test meter.

The exposure chamber was located on a bench top =60 cm directly
above the diffusion system, wi th the di l ution air flow coming in at
ri gh t angles to the diffusion flow and mi dway between the diffusion
tubes and the exposure chanter. Only glass or Teflon tubing was

• used in contact with the hydrazines. The 2-way val ves were 3-way
glass stopcocks with Teflon pl ugs connected into the system wi th
Teflon tubing.

Room air pumped through activa ted silica gel and charcoal to
rem ove moisture and organics was used for di l ution . The air stream
was split into two parts to permit humidity control , and its vol ume
was monitored by “wet” and “dry” rotameters. The wet air was
passed through one or two 500-ml impingers filled =2/3 full with
distilled water. The resultant humi dity of the total dilution flow
was measured by wet and dry bulb thermometers placed in the
expos ure chambe r for 30 minutes or more after each dosimeter

-• exposure set.
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Exposure Chambe r

The exposure chambe r (shown in Fig. 9) consisted of a 21-liter
cylindri cal polycarbonate chamber (30 cm high x 30 cm diameter , inte rnal
dimensions) with a removable cover and a wire rack for affixing
dosimeters around the chamber perimeter . A thermometer and the fan
motor shaft were inserted through holes in the cover , and a third
port was connected di rectly to the exhaust system.

Three holes equally spaced around the chamber perimeter permitted
insertion of mi dget imnpingers at the same level as the dosimeters.
Rubber stoppers on the extended glass-impinger tubing sealed these

• chamber openings . Il—conta minated air was pul l ed through the impingers
at a rate of 1 liter/mm using a critical-ori fice-controlled pump .
The ori fi ces were calibrated with a bubble meter before and after
each exposure run , and the average value was used in calculations.

A 10-cm-di ameter squirrel-cage blowe r with a single-speed motor
• was used to provide unifo rm air movement of the chamber volume.
• All dosimeters were exposed to the same face velocity created by the

blowe r’. An Alnor Model 6000 velometer with a low-flow probe
indicated that the velocity was in the range of 0.5 kph . The size of
the probe and the range of the instrument , however, did not seem
appropriate for an accurate measurement.

After the test exposure series were completed , a Baratron
capacitance manometer gave readings equa l to 0.2 and 0.5 kph for
different placements of the pitot tube . The 0.5-kph placement was most
like the dosimeter ’s positioning but somewhat closer to the blower.
The geometry of the tube did not allow its placement in the exact
position occupied by the dosimeters.

Di lution air flows , pumps , and exhaus t system were not in ful l
operati on when either instrumen t measurement was made, and the system
had to be dismantled and moved befo re this could be corrected. As

• noted earlier the dosimeter is relatively insensitive to the face
velocity . It has performed well at =0.27 kph in tests at Wa lden and

• at Research Tri angle Institute . We feel that wi th our exposure
system in ful l operation , the face velocity was above the 0.27 kph value .

Three chamber volumes were required to purge the chamber (remove
• 95% of the former concentration ) (7). At 10 liters/mm it woul d take

more than 6 minutes , and at 5 liters/mm more than 12 minutes , to
change 95% of the 21-liter chamber volume . Our standard practice was
to put the test dosimeters in the chanter; turn on dilution flows ,
pumps, and the exhaust system; direct the diffusing hydrazines into the
dilution flow; and allow 12 minutes for equilibration.

16
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The exposure was timed for 12 minutes afte r entry of the hydrazines
into the chamber. Four hours later the hydrazine flow was diverted to
exhaust and the exposure completed. However, the dosime ters and imping-
ers were left in place 24 more minutes to provide an extra measure of
protection for the lab staff.

Exposure Conditions and Calculations

Table B-3 shows the general calculation of the concentration of
hydrazine delivered to the exposure chamber by the di ffusion and dilu-
tion system. Also shown is the calculation of the mass collected by the
Impingers and dosimeters at 100% collection efficiency.

When several exposure sets were planned , these exposures were all
performed within the same diffusion run. This provided the same
di ffusion rate and D0 for the series of exposure s, but the daily con-
ditions of temperature, pressure, orifice, and dilution flows were used
in calculating delive red concentrations for each individua l exposure
set.

Table B-4 gives the data recorded for an actual exposure on October
• 4, 1978, and Table B-5 uses the data to calculate the delivered concen-

tration and expected mass collected by the dosimeter.

Conditions shown in Table B-4 are typical of those for all exposures
performed. For the 9 exposure days listed in Table 5 and used for
statist ical evalua tion, the mean relative humidity was 57 ± 5%, the mean
atmospheric pressure was 764 ± 6 mHg, and the mean average temperature
during the 4-hour run was 22.9 ± 1.6°C.

Al l analytical results and their statistical evaluation are pre-
sented in pg; the corresponding ppm level is indicate d in the tables.

• VALIDATION TESTING

Dosimeters and impingers were exposed to UD~ 3 and H at 10-, 0.25-,
and 0.1-ppm levels and to H alone at 1 -ppm levels.

Dos imeter Results

Appendix A gives the analysis results for all exposures conducted in
the program, and the table titles indicate the principal purpose of the
analytical series. Tables A-l to A-5 list H results and Tables A-6
to A-9 list UDMH results .

17
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Stati stical Evaluation --Table 5 shows the dosimeters’ mean response
to 10- , l-,and 0.1-ppm levels of H as determined by GC and colorimetric
analysis. Ten dosirneters were exposed on each of the three exposure
dates--30 at each ppm level. Figure 10 is a plot of the dosime ter
response versus delivered concentration for the GC analysis data . In-
dividual data for the three exposure sets at 0.1 ppm could not be shown
on the graph but are listed in Table S and included in the linear re-
gression calculation. The linear regression line for these data points
has a correlation coefficient of 0.995; the equation for the line is:

y = 0.91X - 0.26

As the plot and the correlation coefficient show , there is linear
response of the dosimeter to the concentration delivered in the range
from 0.1 to 10 ppm. This is particularly impressive because resul ts
from programmed GC analysis at 10 ppm were combi ned with isothermal GC
analytical results at 1 and 0.1 ppm. This was the only set of analysis
data available for all three concentrations. As Table 5 shows, sign i fi-
cantl y better precision could be expected if the PDAB colori metric
procedure for H were used to eva l uate dosimeter performance.

Stability of Exposed Dosimeter Samples--As shown in Tables A-l and
A-6, haTf of each day ’s 1 0-ppm H and UDMH exposure set was analyzed the
next day; the other half was stored under refrigeration unti l analysis.
Due to the requirements of the programmed GC method, the most immediate
analysis time was the day after exposure; the second half of each set
was analyzed 3, 4, and 7 days after exposure . A t-test analysis for
difference between the first and the second hal f showed no signifi cant
difference between the halve s, indicating that an exposed dosimeter

• sample was stable for at least 7 days.

Six dosimeters exposed to 10-ppm H and UDMH were stored under re-
frigeration =5 weeks before proyraniiied GC analysis. Table A-4 shows the
H analysis results which averaged 150% of the expected value . Table A-7
gives both programme d GC results and TPF colorimetric results for UDMH.
The GC results were high , averaging 1 34%, but the colorimetri c results
averaged 81% of the expected value . Storing an exposed dosimeter (or
its collection element) for a month or more without loss of sample may
be possible.

Test exposure sets at 1 and 0.1 ppm were stored for =3 days before
colorimetric analysis and 6 days before isotherma l GC anal ysis.
Statistical testing -for difference was not performed on these data , but
no storage losses are suspected.

Exposure Time Dependence--The three exposure tests at the 0.1-ppm
level employed 0.14-ppm concentrations delivere d to the exposure chamber
for 3 hours . As Figure 10 and the linear regression line show , these
correlated extremely well wi th 4-hour exposures to 1- and 10-ppm levels.

18
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Blank Resul ts

Unexposed collec tion el ements were i ncluded whenever exposed
collection elements were analyzed. In the programmed furaldehyde GC
anal ysis, no H or UDMH was found. Even more significant is the fact
that a covered dosimeter exposed to 10 ppm H and UDt4I for 4 hours (#34,
4/18/78 exposure) showed no H or UDMH collected , thereby demonstrating
the effectiveness of the cover. Tables A-i and A-6 show these results .

Blan k collec tion elemen ts di d show a H peak in isothermal GC
analysis at 1- and 0.1-ppm levels. Earlier work indicated this was
princ ip all y a fural dehyde reagent blank , and the peak showed up even
when no blan k collection element was present. The peak area was some-
what larger when a blank collection element was present--perhaps due to
ph effects--and varied from day to day with the batch of furaldehyde
reagent used. Unexposed collec tion elements were added to all standards
used, and the peak area for the blank was used as a zero concentration
value in calculating analytical results. Therefore, no blank results
are reported at these concentration levels.

Impinge r Results

At the 10-ppm l evel , impingers were filled wi th 10 ml 0.8N H2S04 to
simulate the acidi ty of the dosimeter collection elements and were ana-
l yzed by programmed furaldehyde GC. Only 7-33% of the expected H was
found; UuMH results were =40% of the expected value (Tables A-l , A-6).
Al so, the flow rate was changing, probably due to clogging of the
critica l orifices.

Glass-fiber filters were inserted in front of the ori fi ces, and the
orifices were calibrated before and after each 1- and 0.1-ppm exposure.
As for the NIOSH col orimetric procedure, 10 ml O.1M HC1 was used as the
absorbing solution for H. Table A-2 shows precise colori metric results
obtained for H, with =60% recovery at the 1-ppm level; dosimeter re-
covery at this level averaged 74%. Unfortunately, impinger results at
the 0.1-ppm leve l were not too reliable. The reported results (Table
A-3) are from the analysis of small (=0.5 ml) aliquots of impinger
solutions stored for a few days after improper standard makeup inval i-

• dated the original analysis results .

The impinger results did not provide the needed veri fication of
actua l H conce ntration delivered to the exposure chamber. Had more time
remained a fte r final analysis—method selection , this problem would
probably have been solved.
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CONCLUSIONS AND RECOMMENDATIONS

The GASBADGE hydrazine dosimeter containing the collection element
described herein is an effective persona l sampler for hydrazine fuels.
Its linear response to delive red H concentrations from 0.1 to 10 ppm has
been statistically demonstrated in this program .

UDMH was also collected by the dosimeter at these levels , but
analytical problems prevented accurate evaluation of the dosimeter’s
UDMH performance . Colorimetric data showed good UDMH recovery; GC
analysis results were too imprecise to be of value .

More precise and accurate methods need to be developed for analyz-
ing exposed dosimeters . The effect of acidity on the stability of UD~4I
standards and on the derivatizing techniques for GC analysis should be
further studied. The use of a concentrator before the GC column should
be investigated.

The hydrazine dosimeter should be tested at varying levels of tem-
perature , humidity, and face velocity to more completely characterize

I • its performance . Al so, the effect of interferences and the effects
produced by the presence of severa l hydrazines when one or all are being
monitored warrant study .
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• a. Cover
b. Front with opening to allow diffusion of gases

- 
or vapors into dosimeter

c. Protective screen
d. Replaceable draft shield
e. Open grid to define diffusion geometry

• f. Replaceable collectio r element
g. Dosimeter back with spring clip

Fioure 1 . Dosimeter components. (Replaceable aluminum
sealing tape and exposure information label
are not shown).
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TABLE 1. UDMH- AND HYDRAZINE -STANDARDS PERFORMANCE--FURALDEHYDE GC
METHOD

1)0MM Ilydra zlfliA n a l y s i s  a b adate Precision Range ~—ec i~ 1on Ring. Co ents

Programeed runs without bl a nk collect ion element ,
4/ 14/78 15 MA 2.2 A
4,17/78 13 A 7 .1 A 8— and 10—ppm sta ndards -
4/ 18/78 14 NA 2.9 NA not refri gereted
4/20/ 78c 8.0 A 4 - 4 NA

4 2 1/ ’B n A — 8 4 A 5- and 10—ppm standards
~. 2 4 / 7 8  4.3 A 9.8 A refrigerated

Iso therma l runs w ith blank collection ,l~~~ntS
‘ ,ll/ 78 — — 1 .0 A 0.4- . 0.8-. 1.6-ppm standa rds

not refrl gsratsd

;/28/~8 — — 4 .7 0.08- , 0.16- . 0.4-ppm sta ndard%’~
10/10/78 : 3 AC no t refrigerated

a relati,, standard deviation of replicate peak areas after discard of Obvious outlines .- average P50
f each Gay s Standards.

b cMnge in peCk area prooo rtlonal to change In concentration . A • acceptable. NA • not acceptab le
for use as Standa rd cur V ,e.

Standards were refrigerated

~ ~thy i ace tate layer was transferred to a clean vial ri ght after extra ction. UD* Standards
not used .

C One of three Standards not acceptable.
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TABLE 2. DIFFUSION TUBE SYSTEM FOR GENERATING HYDRAZINE STANDARDS

Flow
-
~ Conc . Temp . rate 8 Tube dim ensi or% sb

(ppm ) ~C (1pm ) Chem ical diameter hi’) length (cm )

10 50 5 UDMH 2 3.5
Hydraz ine 5 3.OC

S

40 6 Hydrazine 2 1.4

O.l g 40e, 30f 10 UDMH 0.5 4.0
Hydraz ine 1 40e

2

• 
8 To tal Illu t ion flow used to del i ver stated concentration to the

exposure chamber.
Dimensions refer to the bore of the diffus ion tube.

C
Runs 1—3 .

d R S  4-6.
e Runs I and 2.

~Runs 3-10.

V ~ O .l4 ppm generated for actual 3-hour exposures.
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TABLE 3. EXPERIMENTAL DIFFUSION RATES

10-p pm Level

UDMH H

Time loss R loss R
(mm ) (g) (ng /~nin) (g) (ng/mln) CoINflents

1 1 340 -- - —  l iqu id In capillary
2 3861 0.4636 120 ,000 0.181 1 47,000
3 7272 0.8435 116,000 0.3483 48,000
4 7387 0.9159 124 ,000 0.4798 65,000 H—tube cut to 2 cm
5 12700 1.5333 121 .000 0.7954 63.000 UDMH tube refilled

6868 0.9057 132 ,000
6 7200 0.4512 63.000

I -ppm Level

H

Time loss R
Run (m m )  ( g ) (ng/mln) Conanents

4436 0.0348 7,800 40°C
2 4366 0.0324 7,400 H-tube cut to 1.4 cm
3 5532 0 .0418 7 ,600 No UDMH tube

0.1-p pm Level

UDMH H

T ime loss R loss R
Run (mm ) (g ) (ng/mmn) (g) (nq/cnln) Coments

6998 0.0403 5.800 0.0053 760 40°CV 
2 1101 1 0.0656 6,000 0.0082 740
3 9872 0.0318 3,200 0.0193 2,000
4 9997 0.0307 3,100 0.0177 1 ,800
S 40364 0.1192 3,000 0.0787 1 ,900 Larger tube
6 7173 0.0225 3,100 0.0134 1 ,900 for H
7 19609 0.0604 3,1 00 0.0355 1 ,800 30°C
8 8362 O.~’258 3,100 0.0146 1 ,700
9 18650 0.0494 2,600 0.0305 1,600

10 10329 - -  - -  0.0193 1 ,900 UDMH tube removed
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TA P.LE 4. E XPERWENTAL DIFFUSION COEFF IC IEN TS 8 OF HYDRAZ INES
IN AIR AT 25°C , 760 m Hg

10-ppm Level

Run W UDMH H

not calculated not calculated
2 0.10 0.11
3 0.096 0.11

0.10 0.097
0.096 0.092

o 0.10 0.089

1- ppm Level

Run~~ H

0.087
2 0.082
3 0.084

0.1-ppm Level

Run I UDMH H

0.14 0.089
2 0.15 0.088
3 0.14 0.096
4 0.13 0.084
5 0.13 0.090
6 0.13 0.090
7 0.14 0.093
8 0.15 0.091
9 0.11 0.082

10 -- 0.091
Theoretical Va l ues b 01 0 0.15

a Calculated following Anelyt ical Instrument Development ,
Inc.. Application Note 204A , “Develop ing TLV Level
Standards - Diffusion Tubes , p. 12 , adapted from A .P.
Altshul ler & I,R. Cohen , Anal Chem 32: 802 (1960)

- 
b Calculated following the Wilke and Lee Modificat ion of

the Hirschfe lder , Bird and Spotz equation as g i ven in
V R .H. Perry and C.H . Ch ilton , Advisors , Chem ical En-

gineers Handbook ,” 5th ed., p. 3-231 (1973).
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V APPENDIX B: CALCULATIONS

V TABLE B—i . COLLECTION-ELEMEN T CAPACITY FOR HYDRAZINE ADSORPTION

An average of O.35g of SN H2S04 was absorbed by the Pellon coupons.
SN H 2S04 contains 21.3% H2S04 (extrapolated from H2S04 specific grav i ty 

V

table)

TOW 
= 7.6 X 1O~~ M H2S04

The maximum amount of hydrazine that can be adsorbed i’ :

7 .6 X lO~~ X 32 O.0243 g

For a 4-hou r exposure at 25°C at 760 mm Hg , O.0243g hydrazine collected
on a dosimeter would equal the time-weighted average ambient concen-
tration (C~) shown below :

~g collected X 3360 X D25 X~44OO

- 0.0243 X io6 i

V 

- 

32 X 3360 X 0.091 X 14400

V C CoV 1950 ppm
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TABLE B-2 . CALCULATION OF DIFFUSION COEFFICIENTS

Experime nta l results (Analytical Instrument Development) :

R = 6.169 x 1O 6D0M (
~-) 

~~~~~~~~~~~ 

rn-i 
log i/-~- 

V

R = diffusion rate at T ng/min V

Do diffusion coefficient at 0°C and 760 mm Hg cm2/sec
M molecular weight of diffusing vapor g
P = tota l pressure - 1 atm . m Hg
A (cross-sectional area diffusion path cm2

I\ cross sectional area of capillary I
L = length of diffusion path = length of capillary cm
T = temperature in diffusion chamber °K V

= I at standa rd conditions , 0°C
V 

= 
(partial pressure of sample at T = ‘

~ m Hg
vapor pressure of compound at T I

-
~~~~ in = 3/2

To convert D0 into 0 at another temperature ,

o - ~ I ‘\~“~f 76O
T °° \~2Th) ~~~~

Theoretical diffusion coefficients (W il ke and Lee):

0 0T3’2 ~~/(1/M1 ) + (l/M 2)

Pr2 
12 1D

D = diffusion coe fficient at I of interest cm2/sec
V B = (10.85 - 2.50 (l/ M) + (1/ ri2 ) x 10—4)

I temperature of inte rest , here 25°C °K
M1 = molecular weight of diffusive vapo r g

molecular weight of air 9
P = absolute pressure atm
r12 = 

(r 0) 1 + (r0 )2 = col l ision diameter A
2

r0 = 1.18 Vb
113 A

molal volume of liquid at boiling point cm3/g—ni le
= col l is ion integra l for diffusion

Tables of coll ision diameters , molal vol umes, and collision
integrals are give n in Perry ’s I Chemical Enginee r’s Handbook .”
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TABLE B-3. EXPOSURE TEST SYSTEM CALCULATIONS

Concentration delivere d to exposure chamber , CE
V 

C = 
diffusion rate = ~g/min -

E total dilution flow mi/ mm — 
j~iTV

C = 
C E ny/mi (22400 x ~~

.— x
1000 X MW

I = Exposure chamber temperature in °K
P = Ambient pressure in m Hg assumed = chamber pressure
MW = Molecular weight

Expected mass collecte d in impingers , pg 1

CE n /ml flow through imp inger time sampled pg
= X in mi/m m X in mm = collected

Expected mass collected by dosimete rs , 
~~d

C,
— E ng/ml X t X ~~- X D

~~d 1000 X I

where :
- V t = exposure time in seconds

A = diffusion path cross-sectional area in
cm2 = 9.54

A = diffusion path length in cm = 1 .31
0T = diffusion coeffic ient at temperature and p ressure of

sampling. To convert the experimental diffusion co-
V efficient to the existing sampling conditions :

- ( TDI 
- D0~~~ -~; ~

—p_

where :
D0 = 0 at 273°K, 760 mm P

V I = sampling temperature
P = sampling pressure

V fo r  a 4 hour exposure , t = 14 ,400 sec and the calculation simplifies to:

= 1g~0
m X 14400 X X D.~.

_ _  _ _ _  ~i: I
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TABLE B-3 (continued)

~~~ = 
104.9 CE mg/mi X

Time -weighted ave rage concentration equivalent to the mass collected on
the dosimeter:

- 22400 1 760 A
- I 

ppm _ pgd _ p g b x 
~ 

X 2-fl .X-_p-.- X D A t

whe re 
~

9b = pg found in the blank

For a 4—hour exposure , the calculation simpl i fies to

ppm 
~ d - ~ b x ~~~
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TABLE B-4. EXPOSURE CONDITIONS (October 4, 1978)

I Date : 10/4/78

V Duration : 4 hours
Approximate concentration: 1 ppm
Ambient atmospheric pressure: 767 m Hg

Chamber relative humidit y : 51%
Wet bulb: 63 °F ( 17 .2 °C) Dry bulb: 75°F (23.9 °C)

Dosimeters exposed : XVI-XX , XX III -XXVI , XXVII I , XXXI -XXXV
I 

Impinge rs exposed: A , B, C
Impinger solution: O.lM HCL
Diffusion run III , hydrazine ra te = 7600 ng/mi n, D0 = 0.074 cm2/sec

- begin ~.nd Average
exposure exposure value

I 
Time 9:15 A.M. 1:27 P.M.

I 
Chamber T 21.7°C 24 2°C 23.0°C

Critical orifices
V A 0.94 1pm 1.02 1pm 0.98 1pm

B 1.04 1.07 1.06

C 0.90 0.94 0.92

Rotameter readings Actual flow

V N2 1.0 1.0 1.0 = 0.1 1pm

Dry air 2.5 2.5 2.5 = 3.1

Wet air 2.7 5 2.75 2 .75= 3.]
V 

Total dilution flow 6.3 1pm
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V TABLE B-S. TYPICAL EXPOSURE TEST CALCULATION (October 4, 1978)

V 
Lon (:efltratiOn delivered to exposure chamb~r, CE

= 
diffusion rate 

= V

E total dilution flow ml

V 
I .  ng / m

I2244~~50 T v Po)
C = ~‘E ng/ml uu A

~~
r—A p—_

* E ppmv 1 0 0 0 X t 4 J

296 760
CE ppmv 

= 
1.21 (22400 x X 7~7

) 
= 0.91 ppmv

Expected mass collected in impingers , pg1

pg1 = 
CE f l~/ml X flow through impinger X time sampled = pg collected 

V

= 0.00121 X 980 X 240 = 285 pg impinger A 
V

pg 1 = 0.00121 X 1060 X 240 = 308 pg impinge r B
pg 1 0.00121 X 920 X 240 = 267 pg impinge r C

Expected mass collected by dosimeters , 
~~~

Ily
d 

104.9 CE ng/ml X DT
296 3/2 760D-

~
. = 0.074 (2m) (

~-~)= 0.083 V

~
9d = 104.9 (1.21 ) (0.083) = .11

line_weighted average concentration equivalent to the mass collected on
the dos i meter

- 0.0186 Tppm _ I1g~ ~
9b X• I

ppm = 13 x 
0.01 86 1

I
V 

- 13 x 0.01 86 296 1V ppm - 

0.083 767 
—

57

V _ _ _~~_  V - - ____~~~~~~
__

~~~~ _~_ V V - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
V V V __V. 

~~~~~~~~~~~~~~~~~~~~~~~~

________ VV~~~~~~V ~~V ~~~~~~~~~~~~~~~~~~ V ~~~~~~~ __________________


