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HYDRA7IPIE AND MONOMETHYLHYDRAZINE I*EASUREMENT
IN WATER AND AIR USI NG THE SCAN METHOD

INTRODUCTION

The SCAN kit 1 is a coim~ercially available product used for analysis
of h drazlne in boiler and waste water. SCAN (simplified colorimetric
analysis) is an acronym for the techninue i nvolving aspi ration of an
aqueou s sample into an air-evacuated (vacuum) ampoule containing a
reagent (o-dimethylami nobenzaldehvde [PDA RJ) that reacts wi th hydrazine
to produce a yel low color. Hydrazine concentration is estimated by
readi ng color intensity on a spectrophotorneter, usinq the sampling
ampoule as a c.Ijvette.

Because of the qrowi nq Air Force i nterest in and need for
hydrazine-measurement techniques , at USAFSAM we included the SCAN method -:
In our hydrazine-methods test and eval uation program. The specific
objective of the USAFSAM testing effort was to look not only at the
manufacturer 1s i ntended use of the SCAN method for boiler- and waste-
water analysis , but al so for its adaptability for (1) measuring hydra- V

zine (Hz) in air and (2) measuri ng monomethyihydrazine (MMH) in both air
and water. MMH was Included in the test orogram because of Its color-
nroducing reaction wi th the hydrazi ne reagent and Air Force-NASA
renuirements for air monitori ng of MMII rocket-fuel use and handl i ng
associated wi th space-shuttle and Mi nuteman III missile operations.

The test and eyaluation presented here includes data on a new
solid-sorbent method’ used for collecti ng samples of hydrazine vapors
from air. Water and impi nqer/bubbler sources of hydrazine were simu-
lated using standard solutions of the hydrazines.

V 
EX PERIMENTAL EQU IP MENT AND PROCE DURES

The Test Kit

The components of a SCAN kit are illustrated schematically in Fig-
tire 1. The kit used for this study (catalog Plo . 5003) consIsts of 30
disposable sampling ampoules , a water blank , a calibration ampoule ,

4 and a sample cup. All ampoules are of glass, approximately 9.5-cm X
1-cm inside diameter (ID). Each sampling ampoule contains a measured

‘Chemetrics , Inc., Mill Run Dr i ve , Warren ton VA 2~186.2Luskus, 1. J. , and H. J. Kilian. Solid-sorbent sampling and
color imetr ic anal ysis of hy iraz ine . USAFSAM , unpublished data . 
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Figure 1. SCAN kit components shown schemat i cally .

amount of reagent that has been sealed under vacuum. Breaking the
ampoule tip under the surface of a liquid sample causes aspiration and
mixing of a quantitative amount of the samp le with the reagent. The
sample cup (Fig. 1) is designed to facilitate clean and reproducible
breaking of the ampoule tip. The i ntensity of col or produced by the
hydrazine-reagent reaction is measured on a spectrophotometer at a
specified time after mixing (10 mm recoiwnended for hydrazine). Read-
i ngs are made at 445 nm , using the sampl i ng ampoule as the cuvette--no
transfer or handling of sol utions is necessary.

The SCAN method uses a calibration ampoule to compensate for di f-
ferences in response between various spectrophotometers an analyst might
use. After 100%T is set with the water blank , the percent transmittance
(%T) of the calibration ampoule is determined. Using Table 1, this
calibration reading is converted into a “calibration factor” which ,
accord i ng to the manufacturer , must be determined only once--a recheck
is necessary only after ma i ntenance is performed on an instrument .

Sample readings made on the spectrophotometer are converted to con-
centration values (pg/mi of hydrazine), using Table 2. These uncor-
rected values are multiplied by the calibration factor (Table 1) to
obtain correct Hz concentration. For example:

4



1. Calibration ampoule reads 46%T.
2. Cal ibration factor (Table 1) is 1.21.
3. Sample ampoule reads 32.5%.
4. Uncorrected concentration (Table 2) is 0.320 pg/mi.
5. Corrected result is 0.320 X 1.21 = 0.387 pg/ml.

TABLE 1. INSTRUMENT CALIBRATION FOR HVflRAZINE AT 445 nm
(USING STANDARD CAL IBRATION AMPOULE)

I

Calibration ampoul e Calibration
reading (%T ) factor a

35 0.91
36 0.92
37 0.94
38 0.97
39 1.00
40 1.03
41 1.05
42 1.08
43 1.11
44 1.14
45 1.17
46 1.21
47 1.24
48 1.28
49 1.32
50 1.36
51 1.40
52 1.43
53 1.48
54 1.53
55 1.57

aMultiply uncorrected concentration (Table 2) by calibration factor.

Standard Preparation

Standard solutions were prepared by weighing out the appropriate
amount of reagent—grade Hz and MMH sulfate salts and dissolving then in

V 0.1 N sulfuri c acid. Concentrations are expressed in micrograms through-
out this report , either total samp le anal yzed or per milliliter of ana-
lyzed sol ution. When making measurements in air , using the total sample
vol ume is generally more convenient since this vol ume is independent of
the volume of li quid used in the workup and analysis. Hydrazine concen-
tration can be converted from pg/sample to parts per million by vol ume
(ppm) in air (760 mHg, 25°C) by using equatIon 1:

5 -
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V ppm ~~~~~~~~~~~~ ~ 
4450~~~~_hters of air mol ecular weight (1)

Representative ppm values corresponding to tota l ug ’s measured for 15-
mm and 8-hr sampling times at flow rates of I liter/ m m are presented in
Tabl e 3.

TABLE 2. CONVERSION OF XI TO HYDRA ?INr CONCENTRAT ION AT 445 mi (FOR
SPECTRON IC 20 ANI) MINI 20) t

Sample ~iydraz ne ju~/n~Jarnpoule C%T) QV__1
~~~~~~ V~~~~ V~~? 

3 5 6  7 8 9
10 .104 .6~3 .645 .619 .595 .572 .551 .532 .513 .495

20 .4~~ .463 .44~ .433 .419 .406 .303 .381 .369 .358

30 .347 .336 .326 .315 .306 .297 .288 .279 .210 .261

40 .253 .245 .23’ .230 .222 .215 .209 .201 .194 .187

50 •
1L81 .174 .168 .162 .156 .150 .144 .138 .133 .126

60 .121 .116 .112 .109 .106 .103 .098 .095 .090 .087

70 .083 .079 .075 .07 2 .069 .065 .061 .058 .054 .050

80 .04 7 .044 .041 .033 .034 .031 .029 .025 .022 .019
90 .016 .013 .010 .007 .0J4 .001 - -  -- - - --

TABLE 3. CONVERSION OF ~ig IIYDRAZ INE AND MMII TO ppm (760 mmHg, 25°C)

Hy d r~~~~~~~p~~~_ MMIjjpp~~

15-l iter 480-liter 15-liter 480-liter
sample___ s~~~~e _~~ V~~~~~~~~~~~~~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 0.05 0.0016 0.035 0.0011
10 0.51 0.016 0.35 0.011

50 2.5 0.079 1.8 ru.oSS

Solid-Sorbent Sampling Tubes

Sampling tubes were prepared by filling 10-cm X 6-rn-ID glass
tubing with ~O0 my of 20% by weight H2S04 on firebrick (GasChrom R. -

30/60 mesh). The f irebrick was held ir place with glass-wool plugs.
Tube ends were capped with Parafil m until the tubes were needed for sam-
pling. These sampling tubes were exposed to the hydrazines by directl y
pipetting known microl iter amounts of standard sol utions onto the solid
sorbent . The tubes were allowed to sit at least 24 hours after exposure
and before analysis .

6 
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Ana lytical Procedure

Samples for this study were prepared in two ways. Microliter quan-
tities of standard acidic solut ions of Hz and £?IH were pipetted (1)
directly into a final volume of 12 ml of 0.1 N H2504 or (2) di rectly
onto the solid sorbent contained in a sampling tube--the solid sorbent
then was extracted over a 10-m m period with 12 ml of 0.1 N H2S04. The
two methods of preparing samples simulated , respect ively, impi nger and
solid—sorbent sampl i ng of hydrazine contaminants in air. Actual col lec—

4 
tion of hydrazines from air by the impi nger and solid-sorbent methods
was not Included in this study because earl i er work on the PDAB analy-
sis2 had established the valid usefulness of the simulation. Once the
Hz/~?1H sampl e was prepared , the resulting 12 ml of sol ution was analyzedV as follows :

1. After a 10-mm warmup of a Spectronic 20 spectrophotometer, a
calibration factor was determined at 445 nm by reading %T of the cal i-
bration ampoule and then using Table 1. The distilled water blank was
used to set 100%T.

2. The entire 12-mi sample was added to the plastic sample cup. V

3. A sampl i ng ampoule was inserted under the liquid to the bottom
of the cup and the tip was broken (see Fig. 1). The vo lume of sample
not drawn into the ampoule would normally be saved in case the Hz/MMH
concentration produced too intense a col or to read. The retained sampl e
could he aliquoted/diluted for further analysis.

4. For col or development , 10 mm were allowed for Hz and 60 mm
for MMH.

5. A reading was made at 445 nm--using the water blank to set
100%T (0 absorbance). For Hz , Table 2 was used to convert the %T read-
ing to concentration (pg /mi); this was then multipl ied by the calibra-
tion factor to get the fina l corrected concent ration , again in pg/mi .
To obtain total sample trapped on the sorbent or by the impi nger , it was
on ly necessary to multiply by the sample volume (12 ml).

Calibration factors and concentrat ion (%T) data were not available
for ~?IH since the SCAN method was developed only for Hz; otherwise , the
analytical procedure was the same.

RESULTS AND DISCUSSION
4.

Testing of the SCAN method started with a check on quality control
of kit component s and sol utions . Specific potential problem areas
Investigated Inclu ded variation of ampoule path lengths, reproducibility
of cal ibration ampoule readings , vari ation of vol umes sampled , and color
stability.

L
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— Va n  i ~. ion f °npoui e Opt i cal o ath kr~r,~~ h

The reproduc ihil i t y  of o p t i c~ path length f o r  10 samp le amp ou les
(randomly se lected from a tut u of 160) was determined by analyzing a
sol ution of known hydrazi n - ~or~cen~ rat i j~ . A ouan absorhance of 0.337
(47%T ) wi th a coef f ic ient  of var ia t ion uf 1.58% in~~cated insiyn~f icant
path -length dif ferences between ~mpoules . -~ che~L on the difference in
path length as a function of posi tio n ing in the spec t ro photometer of the
sane ampoules (10 a mpoules —- i  pos iY ons ) uvc ~ the same absorbance and
coefficient of variat ion. The ampou les appear ~~ orkab l y wel l quality

V controlled dimensio nal ly.

Ca l ib ra t ion  Ampoule I~~pro~1u~ ibl ity

The color intensity of the culi b r a t ion ampou l es showed no change
when hel d over a 3-mon th per i od. °~~uut ed readings of six calibration
am poules , including re al in gs at each (

~f s ’x  pos it io ns , gave an absorb—
ance value of 0.339 ± .~)1fl (45.~ 

4V •5  ~T)  at 445 no on our Spectronic 20
instrument.

Sampled Vol ume

The vo lume of aqueous sample drawn into the analysis ampoule was
5.9 ± 0.2 ml (coeff ic ient of var i at i on of 3.4 %). This was based on
weighing 20 ampou les before and af te r as p i ration. Minimum safe volume
needed for anal ys i s when using the cup supp l ied  with the SCAN ki t , is
about ‘~5 ml. We used 12 ml and had a fa i lure rate of about 5%—-where
breaking the samp l i ng am poule  resul ted in  asp i rat i on of an i ndeterm i na-
ble amount of air along with sample . Since air sampling at the American
Con ference of Governmental and Industrial Hygienists (ACGIH) threshold—
limit-value ~TLV) concen trations (0.1 ppm Hz and 0.2 ppm MMII) requires
as much sens itivity as can be obtained , it may be useful to redesign the
cup for use with less sample (about ~ ml ). A sim ple technique we found
a pp l i cable was to use glass  bea ds to decrease the wasted res i dual volume
needed to keep the t ip of the a rnpoulo covered with liquid during aspira-
tion.

Color ~t~ bi l ity

~~~~~~ ne: Color intens ity reached maximum wi th in 10 mm of adding
the colo r rea gent to aqueous samp les conta i n i n g 0.01 to 0.7 pg/mi of
hydraz ine. The co~cr was stable for at least 30 mm , al l owing some
freedom in set t ing up timed multisamp ling procedures .

MMII: Color intensity did not reach maximum until about 180 mm
after the color reagent was added , alt hough 90% of final intensity was
reached within 60 mm for MMII concentrations in the range of 0- 4 pg/ml
(Table 4) .  Higher MMH concentrations would require longer development
t ime , as would be expected if , ~or examp le , an insufficient amount of
color reagent was ava i lab le  for reaction.
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TABLE 4. COLOR INTENSITY OF THE *IH-SCAN REACT ION
AS A FUNCTION OF TIME

MMH concentration 
- 

Absorbance
(pg/sampl e pg/mi) m m :  10 20 30 60 90 120 180 240

50 4.17 .432 .558 .597 .632 .638 .638 .645 .647

40 3.33 .350 .467 .495 .518 .518 .521 .528 .529

7.5 0.42 .072 .085 .094 .098 .098 .100 .103 .104

2.5 0.21 .029 .032 .038 .038 .037 .037 .041 .042

Hydrazine Analysis of Standard Sol utions

Samples of hydrazine in 0.1 N sulfuric acid were analyzed by the
SCAN method, with results presented in Table 5. Hydrazine concentration
is given in pg ’s. which represents the total amount of hydrazine col-
lected from air , usi ng 12 ml of acid in an impinger. The microgram val ue
is obtained simply by multiply ing corrected Table 2 pg/mi of analyzed
solution values by the impinger vol ume in mil liliters . Accuracy and
precision of the method were evaluated using triplicate samples--a larger
number of samples would have been desirable , but we were limited to
ampoul es on hand . Accuracy was found acceptabl e, especiall y when consid-
ering that concentrations of 1.20-0.30 pg correspond to air concentra-
tions of 0.06-0.015 ppm for a 15-liter air sampl e, and to much l ower
concentrat ions for larger air sampl es . Precision of the method was very
good, as can be seen from the coefficients of variation, al so listed in
Table 5.

TABLE 5. ANALYSES OF STANDARD HYDRAZINE SOLUTIONS BY THE
SCAN COLO RIME TR IC METHOD

Hydrazine concentration (p91
Coefficient of

True value SCAN % Recovery Variation (%)

6.00 6 2 8  ± .06 105 1.0

4.50 4.69 ± .05 104 0.2
3.00 3.04 ± 0 101 0
1.80 1.65 ± .03 92 1.8
1.20 1.05 ± .03 88 2.9
0.60 0.49 ± .02 82 3.5
0.30 0.26 ± .03 87 11.5

9
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HydrdV ’ine Anal ys is  of I xp ose d Sol id—Sorbent Samp l ing Tubes

Results of ana lys i s  of hydrazine -exp osed sol id-sorbent (ac id i f ied
f ireb nick) sampling tubes are ;ummanized in lah ie 6. Compared with
impingen/hubbier techniques wi th co l lec t ion  e f f i c ienc ies  of 60 -90% , the
sampling tubes are bas ica l l y  100% e f f i c i ’nt; however , an extraction
step is required that could affect recovery . The percent-recovery
val ues l is ted in Tabl e 6 indicate that ext r ac t  ion is not a serious prob-
lem and that the accur acy of the  ~~C1~V ’J method is re la t ive ly  good for what
is essent ia l ly  a f ie ld r~ither t han a labo ratory technique. Precision of
the measure m ents mad e on the order of that expected for typ ical
co lonimetric ana lyse ;  e; I nq a k pe~ t - u ’  c 20 spe I rophotometer. Accuracy
and prec I si on comp are t l V o r V m b l y  wi ~i re su l t s  from the sol ut ion analys is
discussed in the last  sec t ion.

TABLE 6. ANALYSES OF [( PP~ P °YPP ~~~
‘ I NE A MP~ I N-~ TUBES BY THE SCAN

COLOR IMET RIC HI TOOl)

H,ydrazine cW centV r~~~~~~(~Ig)
Coeff ic ient  of

True va lu e SCAN 7 Recovery Va r ia t ion~~~~
6.00 5.79 + .22 07 3.8

4.50 4.40 .24 5.3
3.00 ) •75 ± .lfl 3.8
1.80 1.50 ± .02 R3 1.3
1.20 L03 .02 2.2
0.60 fl .72 F .03 120 3.5
0.30 0.20 .01 07 3.5 V

MMI I Analys is  of ~t mndard Solut ion

MMII analyses by the SCAN techni que required much longer co lor devel-
opment than the 10 mir m used for hydrazine analysis.  Figure 2 sumarizes
data col lected on colur develonnie nt (a bsorhance as a function of time)
for different MMII con :entrat ions in 0. 1 N sulfuric acid solutions and
shows the need for at . least a 60 -w in development period. To get more
than 90% of m a X i m u m  color in te ns i ty ,  longer development times were
required at higher concent rations than at lower. The overall slow
color—forming reac t  ion time arm i the longer development times needed with
increases j~ ~V1~ l H  concent rat ion i ndi ( T a t o d  too dii ute a concentrat ion of
PDAB in the Si \N remqent  nix.

The plot of abso rhance versus concentration in Figure 3 resu lted
from ana lys es done at V - i -P nm, us ing  a 60 -win color-development period .
A longer development period woul d have decreased the extent of the

10
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Figure 2. Absorbance as a function of time for various con-
centrations of MMII anal yzed us i ng SCAN (Hydraz i ne)
method and a Spectronics 20 Spectrophotometer at
445 nm.

observed nonl inearity of the plot. Measurements made to obtain the Fig-
ure 3 pl ot were very precise (average coefficient of variation was
3.7%). Sensitivity of the method was adequate for many applications ,
wi th MMII concentrations of 3 pg in 15 liters of air (0.1 ppm) easily
detectable. Analyses were actu~lly done both at 445 nm and at the
literature-recomended wavelength ’ of 480 nm, but because of the insig-
nificant differences observed (Tabl e 7), 445 nm was used throughout the
study.

TABLE 7. COLOR INTENSITY OF MMH-SCAN REACTION AT HYDRAZINE (445mm)
AND LITERATURE-RECOMMENDED MMH (480nm) WAVEL..ENGTHS

MMII concentration (pg) Wavelength (nm) Absorbance

50 445 .594
480 .590

25 445 .315
480 .310

5 445 .071
480 .065

3Reynolcls , B. A. , and A. A. Thomas . A colorimetric method for the
determi nation of hydrazine and monomethyl hydrazine in blood. Am m d  Myg
Assoc J 26:527 (1965).
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Figure 3. Relationship between abso-rbance and MMII concentra-
tion using SCAN method , a Spectronic 20 spectro-
photometer , and 60-mm color development.

CONCLUSIONS AND RECOMMENDATIONS

The SCAN method is a viably accurate and easy to use field method
for analyzing extremely low concentrations of hydrazine in water and
air. Concent rations in air , for example , can be measured to 0.015 ppm
(present ACGIH TLV for an 8-hr-day exposure is 0.1 ppm), using a ~5-liter air sample volume.

For field use where a 30- to 60-mm color development period (which
permits some inaccuracies ) does not interfere with the purpose of the
measu rement, the SCAN technique is also adequate for measuring MMH in
water and air. Under the conditions prevailing in this study, MMII can
be measured at a concentration as low as 0.1 ppm (present ACGIH TLV is
0.2 ppm) using a 15-liter air-sample volume . However, it would be
better if the reagent contents of the SCAN sampling ampoule were modi-
fled to reduce color devel opment time and possibly increase sensitiv-
ity. Sensitivity of the hydrazine tube , as used for MMII, can be
increased by a factor of about 2 simply by reducing the volume of
impinger/bubb ler-col l ected sol ution or solid-sorbent extract and using a
more efficiently designed sample cup that permits aspiration of a larger
fraction of sample.
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