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otherwise, as in any manner licensing the hol der or any other person
or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented Inventi on that may in any way be related
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A FIELD PROCEDURE FOR DETERMINING LOW CONCENTRAT IONS OF HYDRAZINE

INTRODUCTION

In 1977 the American Conference of Governmental and Industrial
Hygienists (ACGIH) reduced the order of magnitude of the threshold limi t
value (TLV) for hydrazine from 1 to 0.1 ppm (6). Industrial hygienists
had virtually no proven way to determine personal time -weighted-average
(TWA) exposures at the new lower limit. The method recommended (3),
NIOSH rI~ethod S237, involves bubbler sampl i ng, with analysis based on a
colored complex formed with p-dirnethyl ami nobenzaldehyde (PDAB). Bubbler
sampling, however, is not desirable for personal -exposure monitori ng
because it restricts wearer movement. Furthermore , the NIOSH method ,
having been validated only as low as 0.5 ppm (5), does not meet the
0. i—ppm requirement.

To develop a suitable field procedure for Air Force use in deter-
minin g TWA exposure to hydrazine , we have investigated the use of solid-
sorbent sampling tubes (acid-treated firebrick contained in glass
tubing) to col l ect samples for analysis by the PDAB method. Others
(2,8) have studied similar sampl i ng systems wh i ch they have used in con-
junction with gas chromatographic analyses. To make our method truly a
field method, we adapted the Mach Chemical Company water-testi ng l abo-
ratory kit and procedure for hydrazine in water to analyze for airborne
hydrazine col lected with the sorbent tubes. This procedure is particu-
larly advantageous in the Air Force because the kit is available and
used routi nely at many bases to perform various waste-water analyses in
the field. Since battery-operated personal-sampl i ng pumps are al so
generally available at Air Force bases, only the procedures and a source
for the sampling tubes are required to make this an operationally useful
method.

The sampling procedure described here is similar to the one used
for sampl i ng organic contaminants with charcoal tubes. The same con-
siderations are necessary in locating and affixing the sampling tube and
pun~ on the individual , and the same need for accurate measurement of
sample airflow. High-volume (1—3 1pm ) sampl i ng pumps are used for
short -duration area sampling , and low-volume (0.05 to 0.20 1pm ) pumps
for long-duration personal (exposure) sampling.

Field analysis is relatively simple , with minimal handling of the
sample , when using the Mach approach. The exposed solid sorbent is
dumped directly from a sampling tube i nto a measured volume of dilute
sulfuri c acid in a colorisneter bottle. Coninercially available Mach
hydrazine reagent is added to the bottle. After a fixed color develop-

• ment time , the bottle Is topped to a specified vol ume with glacial
acetic acid , and a reading Is ma de on the Hach col orimeter or spectro-
photometer. The ent i re analysis can be completed within half an hour,

1

V - -  - ~~~~~~ -~~~~ • _ - . - -

~ 

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



and runni ng several samp les concurrently would take little more time .
H As little as 0.5 pg of hydrazine per sample can be detected easily.

When the sample contains more than 5 ~g, the complex color is too
H intense to read; however, simp le aliquot i ng techniques can be used to

extend the usefu l upper limit to over 100 pg per sample. Aliquotin g
must be done before adding reagent.

This paper presents the results of a laboratory evaluation at the
USAF School of Aerospace Medicine and a collaborat i ve validation study
of the method by bi oenvironmental engineeri ng groups at several partici-
pating bases. A field application of the technique by the USAF Occupa -
tional and Environmental Health Laboratory is sumarized.

MATER IALS AND METHODS

Sampling Tubes

The solid-sorbent sampling tube is a 6—mm— ID x 15—afl glass tube
packed with 300 mg of 20% by wei ght sulfuric acid on 30-60-mesh fire-
brick. The sorbent is held in place by glass-wool plugs. Tubes used in
this study were sealed at each end by Parafilm . Sample-tube flow
characteristics determined at 23°C and 60% relat i ve humidity with an MSA
model PAS 1000 sampl i ng pump are illustrated in Figure 1.

Sampling tubes used in the l aboratory to eval uate both sampling and
analytical technique were exposed in two ways; statically by doping
with microl iter quantities of aqueous hydrazine sulfate standards, and
dynamically, by using the hydrazine generator/dilution system shown
schematically in Figure 2. Dynamically generated hydrazine concentra-
tions were established from flow rate and vapor-pressure data and
verified by bubbler samples measured precisely by the PDAB method. A
prototype chemi l uminescent hydrazine analyzer (7) was used to monitor
hydrazine generation and concentration stahi~ity in real time. Typi-
cally, dynamically generated concentrations could be maintained within
10% over 30-60-minute periods. Dilution air vari ed from 40% to 70%,
relat i ve humidity at approximately 23°C (73°F).

Reagents

The reagents used in this study were all analytical reagent grade
or better and incl uded:

a. Sulfuri c acid , conc.
b. Glacial acetic acid
c. Firebrick , 30-60 mesh (purchased as Gaschrom-R from Appl i ed

Science Laboratori es, State Col l ege PA)
d. p-Dimethylaminobenzaldehyde hydrazine reagent. (Hydraver II ,

purchased from Mach Chemi cal Co., Ames IA)
e. Hydrazine , anhydrous
f. Hydrazine sulfate

2
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Figure 1. Pressure drop for typical solid—sorbent hydrazine-sampling
tube. Data col l ected at 23°C (corrected to a standard

— 20°C) and 60% rel ative humidity.
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Figure 2. Schematic of hydrazine generator/dilution system used to
expose solid-sorbent sampling tubes .

Instrumentation

A Mach model DR-EL colorimeter , with Hach No. 5543 blue filter , and
a Mach model DR-2 spectrophotometer at a 455-nm setting, were used in
these invest igations. Matched 25-ml colorimeter bottles provided with
the Mach kits were used as the cuvettes for all analyses.
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Ana lytical Procedure

The field analytical procedure , as used in the laboratory and f ield
testing program, is reproduced below in outline form to stress its sim- V

p1 icity :

a. An estimated 10—mi aliquot of O.1N sulfuric acid was measured
i nto a 25-ml colorimeter bottle. (A blank was prepared in the
same manner at the same time.)

b. The solid sorbent was poured directly i nto the bottle.
c. Hydraver II reagent (1 ml) was added using the reagent bottle

dropper.
d. Contents were swirled intermittently during 8 minutes al l otted

for color devel opment.
e. The bottle was filled to the 25—rnl mark with glacial acetic

acid and content s were mi xed.
f. Four minutes were al lowed for sol ution bubbles to di sappear.
g. The sol ution was read on a colorimeter using a Mach No. 5543

(Corni ng 5-60) col or filter or on a spectrophotometer at 455
nm.

h. Concentrations (in pg) of hydrazine were obtained froiii a cal i-
bration curve such as the one shown in Figure 3, wh i ch was made
using a Mach colorimeter. Calibration curves were obtained
using standa rd hydrazine sulfate solutions.

RESULTS AND DISCUSSION

Laboratory Evaluation

Results from a preliminary test and evaluation of the solid-
sorbent/PDAB method are presented in Table 1. Overall recovery when
dosing with micro liter pi pettes was very good over the range of 1— to
9.95—pg sample size, with recovery values all better than 95%, even
after 20 days had elapsed between tube exposure and analysis in aging
tests. Two lots of tubes were subjected to 8 hours of 1-l prn pure air
flow, after loading with 1.01 and 9.95 pg of hydrazine, to investigate
the oxidation stability of hydrazine trapped on the solid sorbent. Data
again showed 95% or better recovery and indicated the usefulness of the
sampl i ng tubes to measure l ong-term exposures where most exposure
results from a short-term hi gh concentration occurring early or late in
the sampl i ng period.

Results obtained for dynamically exposed sampling tubes are pre-
sented in Table 2. Collection efficiency appears to be independent of

- • - concentration and sample flow rate within the ranges of the variab les
H tested. A chemi lurni nescent hydrazine analyzer (sensitive to 0.015 ppm)

and backup tubes were used to determine if and how much hydrazine was
not retained on the prima ry sampling tube. Neither method detect ed any
breakthrough of t~ydrazine. Recovery of hydrazine from the solid sorbent

5
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Figure 3. Calibration curve for hydrazine measured by PDAB on a
Hach co lorimeter.
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TABLE 1. ANALYSIS OF STATICALLY LOADED
IViYDRAZINE SAMPLING TUBES

Hydrazine concentration (ug)

Calc. Anal.
standard standard P-i8 p...7b p...20c p_0d

• 1.00 1.Oi±.03 1.O1±.03 .96±.06 .96±.04 .95±.04
4.00 3.97± .08 3.93±.05 3.88±.1O 3.85±.05

10.00 9.95±.12 9.88±.13 9. 75±.12 9. 70±.1O 9.7~±.39

8Salnp le tubes analyzed irinediately after hydrazine exposure.
bSamp le tubes analyzed 7 days after hydrazine exposure .
cSamp le tubes analyzed 20 days after hydrazine exposure .
dSample tubes analyzed after hydrazine exposure followed by

8 hours of exposure to a 1-lpm air flow.

TABLE 2. RESULTS OF DYNAMICALLY EXPOSING
HYDRAZINE SAMPL ING TUBES

Hydrazine Sampling Hydrazine
• concent ration rate Time concentration (~ig)(ppm in air) (1pm) (mm ) Exposed Recovered % Recovery

O 1.0 60 0 0
0.28 0.2 30 2.23 2.09 93.7
0.31 0.3 20 2.42 2.60 107.4
0.46 0.1 40 2.42 2.40 99.2
0. 59 1.0 4 3.10 2.90 93. 5
0.71 0.2 60 11.25 10.56 93.9

10.29 0.5 20 135.40 137.00 101.2

• 7
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did not di f fe r  sig n i f i can t ly  from that reco rded for the stat ic exposures
present ed in Table 1. The small differences that were observed can be
explaine d by the difficulty in controlling the generation of airborne
concentrat ions of hydrazine and in verify i ng the hydrazine concentration
del i vered to the sampling tubes. All data resulted from replicate sets
conta ining at least six samples .

Field Test and Evaluation

• A USAF Occupat ional and Environmental Health Laboratory (OEHL) study
of hydrazine exposures at various maintenance tasks involved with the
F- 16 hydrazine-fueled emergency power unit (1) afforded an opportunity
to fieM test and evaluate the method. A sumary of the samples col-
lected duri ng this study is pres ented in Table 3. Many of the samples
were collected in dup licate and showed the method itself to be very
reproducible; thus , the va riability in exposures for each of the three
tasks is cons idered to be true exposure variabil ity.

TABLE 3. FIELD TEST AND EVALUATION OF
HYDRAZ INE SAMPL ING TUBES

L 

Personal exposure
Task Task Task Other

Variables A B C measurements

Number of samples 12 12 22 12

Time duration - minimum 13 8 19 1.0
(minutes)

- maximum 33 9 108 55

Flow rate - minimum 1.2 1.0 1.2 1.1
(1 iters/Illinute)

- maximum 1.9 2.0 2.1 2.1

Concentration - minimum 0.01 <0.01 0.01 0.03
• (pg/liter)

- maximum 0.17 0.14 0.71 633+

- mean 0.045 0.038 0.161 NA

• - SD 0.054 0.055 0.147 NA
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Colla borative Study

Since laboratory studies of the solid-sorbent sampling tubes with
F lach kit analysis and the OEHL field use of the method showed great
promise , a collaborat ive validation test of the method for fiel d use was
un dertaken. Thirteen participant bases and activities were selected ,
and predosed sample tubes were provided for analysis by each part ici-
pant. Participants were selected on the basis of having the Mach kit on
hand and having an individual operator familiar with other Hach anal-
yses. Detailed procedures were provided and instructions given that
there should be absol utely no deviation from the procedures as written.
Three Hpractice hl tubes were provided to permit familiarization with the
procedure prior to runni ng the test samp l es. Finally three tubes , each
at a different dose level , were provided to each participant , w i th
instructions to analyze the samples on a specified date. This procedure
allow ed the variability of only the ana lytical method to be determined.
Sampl ing variability was assumed similar to that reported for charcoal
tubes in a study by NIOSH (4).

Because of var ious problems encountered with lost samp les , the col-
laborat ive study results are not complete. Preliminary data received
froi~ fi ve of the participating bases are summarized in Table 4. These
results show relatively good agreement with laboratory studies , w i th an

TABLE 4, COLLABORATIVE TEST OF
HYDRAZINE SAMPLING TUBES

Participant Hydrazine found — pg/sample tube

True value 1.00 3.20 4.15

A 0.82 3.20 4.12

B 0.97 3.15 5.40

C 0.68 2.80 3.70

0 0.96 2.93 3.75

E 0.58 2.88 3.87

Mean of 5 groups 0.80 2.99 4.17

SD of means 0.17 0.18 0.68

9
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expected but acceptable small decrease in precision and accuracy. The
use of a laboratory-prepared cal ibration , rather than hav i ng each pa r-
tic ipating base prepare standards for calibration , did not contribute to
the observed variability. In terms of airborne concentrations , the
1.00— , 3.20-, and 4.15—pg val ues were deri ved by trapping hydrazine from
appropri ate vol umes of air containing 0.05, 0.27, and 0.17 ppm respec-
tively .

• CONCLUSIONS

Returns from the collaborative study are not sufficient to deter-
mine a coefficient of variabili ty for this procedure. The limited
resul ts , however , appear reasonable for a field test where participants
had no experience with the method. Even limited experience would be
expected to improve the precision of the method.

~-1 When the trade—off between sampling times and flow rates required
to collect a minim um of 1 pg is considered , the procedure is useful for
determining co ncentrations well bel ow 0.1 ppm for all but very short
sampling times. The sampl e could be aliquoted in the fiel d , and half
the sample could be analyzed on the spot to provide immediate decision -
making data, with the remai nder sent for verification analysis to a cen-
tral laboratory for more precise analysis under l aboratory conditions .
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