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SUBJECT: Airborne HCN Liberated From Cypermethrin
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Exposure Assessment Branch . ’
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TO: George LaRocca
Product Manager 15
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EAB has been requested by Toxicology Branch (TB) to evaluate

a report by FMC Corporation addressing air levels of hydrogen
cyanide (HCN) in the air of roons containing their insecticide
cypermethrin (Ammo Technical Insecticide EPA Reg. No.279-3027).
The registrant had previously informed the Agency that detectable
amounts of HCN could be found in the headspace of containers
of this product. In a previous review of this information by
TB, it was determined that the levels of HCN were below those
which would be expected to result in a hazard. The registrant
later reported that the original measured levels of HCN were
inaccurate due to an error in the analytical methodology.

The concentrations would actually be expected to be 15 times
lower than that previously reported, based on equilibriunm
studies. EAB has been requested to evaluate the chemical
nethodology and exposures from various actual and simulated
circumstances. ‘
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DESCRIPTION OF STUDTES
Evaluation of Commercial HCN Detectors

There are several commercially available detector tubes for
measuring HCN in the workplace. The registrant generated an
atmosphere containing 15 ul of HCON per liter. Gas samples of
100 ml were removed from the flask using either a Gastec or
MSA sampler. The results of these tests are presented in
Table 1.

Table 1. Comparison of the Results of Measurement of Air Samples
Containing HCN (15 ul/T) Using Two Different Measuring
Devices.

Gastec Tuhe MSA Tube
19 10
17 7
20 7
19.5

The Gastec tubes consistentlv overestimated the actual
concentrations in the chamber with the average value exceeding
the standard by 27 percent. The results obtained from such

tubes wonld therefore be conservative. The registrant has

also been evaluating other measurement techniques such as Draeger
tubes, ion selective electrodes, and gas chromatography. The
resitlts of these studies have not been submitted to the Agency.

Liguid-Vapor Phase Equilibrium Studies

The registrant submitted a theoretical equilibrium mndel that
showed that the headspace concentration of HCN varies with the
ratio of the headspace volume to the mass of the liquid phase
when the amount of HCN is held constant. The derivation of this

model is presented in Appendix A. An equilibrium evperiment
wAas then conducted. A weighed sample of the insecticide was
placed in a saturator. The atmasphere in the saturator was

circulated for several hours to achieve equilibrium. The
amounts of HCN in both the liguid and vapor phases were then
measured. The distribution coefficient (K) of HCN hetween

the vapor (ul/L) and the associated ligquid phase (ug/g) was
found to be 15 for Ammo 2.5 EC. The technical material was
too viscous to allow sufficient nitrogen flow in the saturator
but it was expected that the K value for this material would
be higher.

Further investigations to determine the potential for hydrogen
cyanide liberation from the formulated product were conducted

in the spring and summer. Monitoring of airborne concentrations
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of HCN was conducted during transfer of technical material,
rinsing of the technical drums, product mixing, and packing.
Samples were also taken during warm room storage of the product.
Measurements were taken using Gastec or MSA tubes and by “contin-
nons monitnaring with a HCN detector with a minimum detection
limit of 1 ppm. Test measnrements taken from the numerous
sources. The results of these samples are presented in Table

CONCLUSTONS

The registrant has submitted data measuring the concentration
of HCN in the air of enclosed areas containing cypermethrin.
The data presented supports the theoretical model described

in Appendix A. The data should be adegunate to allow Toxicology
Branch to determine any hazards to persons in contact with
Fhese atmospheres.
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Appendix A. Derivation of a Model to Predict the Airborne
Concentration of HCN in Equilibrium with Liguid
Cypermethrin.

Assume a closed system containing HCN in both the liguid and
vapor phases. Let:

‘m = mass of the liquid phase
Vh = Volume of the headspace
C]1 = micrograms of HCN per gram of the ligquid phase or ppm

(w/w)

CH = microliters of HCN per liter in the vapor phase or
ppm (v/v)

Qo = Total mass (ug) of HCN in the system

Q6 mCy; + 27.03 g HCN x 1 mol HCN x Vi x Cp

mol HCN 24,46 1 at 25 C, 1 atm

]

mC; + 1,105 VhCh

Henry's Law states that the concentration of a gas dissolved in
a liquid will be directly proportional to the pressure of the
gas in equilibrium with the liquid. The proportionality for
this calculation is:

=
1}
o1

Rearranging, substituting and solving for Qo gives:

%% m(Ch/K) + 1.105 VyCp
= Ch(m/K + 1.105 v})

KQo = Cpim + 1.105 VpK

Ch = KQo

m + 1.105 VLK
or,
Cp = KQo

1 + 1.105 KVp/m
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If the "headspace” is increased, such as the case if a
container is spilled in a room:

Letting V = the new volume of the vapor phase and Cy; = the
concentration of HCN in the new volume, and since Qo is constant:

Ch(m/K + 1.105 Vy) = Cy(m/K + 1.105 V)
solving for C, gives:

Cy = Chx 1 +1.105 KVRp/m
1 + 1.105 KV/m

Suppose the contents of a 55 gallon drum of Ammo 2.5 EC are
spilled in a room with dimensions 40 ft x 20 ft x 20 ft and the
volume of the original headspace is 7 liters. Using a K of 15
as determined by experiment: :

The above equation becomes:
Cy = Ch x 1 + 16.5 Vh/m

1 + 16.5 V/m
if the headspace is 7 L:

Cy = Ch
1 + 7.9 x 10-2 vy

m = 55 gal x 8.4 1b /gal x 454 g/1b
= 2.1 x 103 g
V = 40 ft x 20 ft x 20 £t x 28.3 L/cu ft

4.5 x 105 L

Substituting and solving the above equation gives:

Cy = Cpr/36.8

For example, at room temperature, if the headspace of the drum

had a ‘concentraion of 50 ul/L before the spill, the room air
would contain 1.4 ul/L at equilibrium.
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