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Determination of Chlorine Dioxide in Workplace

Atmospheres

d ID-202 | June

Sampling and Analytical Method

2 OFH = 7[&E2 0.1ppm TWA

Search Sampling and Analytical
Methods

Gol

Related Chemical Sampling Information

For problems with accessibility in using figures and illustrations, please contact the Salt Lake Technical Center at 801-233-4900.
These procedures were designed and tested for internal use by OSHA personnel. Mention of any company name or commercial product does not

Method Number:

IMatrix:

constitute endorsement by OSHA.

1D-202
Alr

OSHA Permissible Exposure

0.1 ppm Time Weighted Average (TWA)

Limits
Final Rule Limits:

Transitional Limit:

Collection Device:

Recommended Sampling Rate

Recommended Air Volume
TWWA:
STEL:

Analytical Procedure:

0.3 ppm Short-Term Exposure Limit (STEL

0.1 ppm TWA

An air sample is collected using a calibrated sampling pump and a midget fritted glass bubbler. The
bubbler contains a collection solution of 0.02% potassium iodide (K1) in a sodium carbonate/sodium
bicarbonate buffer.

0.5 Liter per minute (L/min)
120 L (0.5 Limin for 240 min)
7.5 L (0.5 Limin for 15 min)

In the weakly basic solution, chlorine dioxide reacts with Kl to form chlorite (C1O27) which is then
determined by an ion chromatograph equipped with a conductivity detector and gradient pump.
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Y >\ Dual Antiviral and Virucidal Effects of Chlorine
‘ Dioxide on Influenza A Virus

Bo-Hye Shin', Kyoung Ju Song?, Jong Rak Kim? and Kyongmin Kim'
Department of Microbiology, Ajou University School of Medicine, Suwon, Korea
2Purgofarm Co.Ltd, Hwasung, Korea

ABSTRACT

Chlorine dioxide, ClO,, gas is a powerful disinfectant which is 2.5 and 500,000 times more effective than chlorine-based disinfectants and alcohol, respectively. In this study, we
examined whether chlorine dioxide inhibits the proliferations of Influenza A viruses and then how effective this chlorine dioxide to kill the influenza A viruses. Chlorine dioxide gas was
induced from “farm-e Tok". “Farm-e Tok” is a ready-to-use product, without necessitating CIO, gas generator on site. The treated ion of CIO, was 0.0 First, we
inoculated influenza A viruses into 11-day old embryonated eggs and incubated one more day at 37°C. Next day, we exposed chlorine dioxide to virus-inoculated experimental eggs but
not to virus-inoculated control eggs, and incubated further for 48 hrs at 37°C. At 3 days post-infection, amniotic fluids were collected to harvest Influenza A viruses and titrated by plaque
assay on Madin-Darby canine kidney (MDCK) cells. Titer of control viruses reached 6.8 x 105 plaque forming unit (PFU). Whereas, titer of experimental eggs, which were exposed with
chlorine dioxide for 2 days, was 1.0 x 10°PFU, demonstrating that chlorine dioxide gas inhibits the proliferation of Influenza A viruses. On the second experiment, we exposed chlorine
dioxide gas directly to the aliquots of influenza A viruses to examine the virucidal effect of chlorine dioxide. To start this experiment, we activated chlorine dioxide batch for 11 hrs, then
aliquots of viruses were exposed to chlorine dioxide gas for 1, 6, or 12 hrs, respectively and titrated by plaque assay on MDCK cells. Virus titers were about 2,000 times lower after 6 hrs
exposure and more than 3-logs lower after 12 hrs exposure, however control virus titers were slightly deceased with 4.6 times after 12 hrs. Taken together, we suggest that chiorine
dioxide gas has dual antiviral and virucidal effects on influenza A viruses.

INTRODUCTION MATERIALS and METHODS
v Antiviral Effect of Chlorine Dioxide
A Gas on Propagating Influenza A

Viruses in Embryonated Eggs.

¥ Virucidal Effect of Chlorine

Chlorine Dioxide is ... Dioxide gas on Influenza A Virus

' clo.
+ Effective at low dosages o 100 pl of HIN1 Influenza A virus was Activate chlorine dioxide batch for 11 hrs
+ Disinfection activity is very fast i to 11 day-old y eggs before exposure to viruses
* Excellent for removing biofilm § 2 (Broke the “Farm e-Tok")

* Has 2.6 times the oxidising capacity of chlorine

Incubated one more day at 37°C.

.o

Virucidal Effect of Gaseous Chlorine Dioxide on

Murine Coronavirus A59
Jumi Kim', Bo-Hye Shin', Kyoung Ju Song?, Jong Rak Kim?, Kyongmin Kim'

'Department of Microbiology, Ajou University School of Medicine
2Purgofarm Co. Ltd.

ABSTRACT

Chlorine dioxide, C10,, gas is a powerful disinfectant which is 2.5 and 500,000 times more effective than chlorine-based disinfectants and alcohol, respectively. In
this study, we examined whether gaseous chlorine dioxide can inactivate murine coronavirus A59. Chlorine dioxide gas was induced from the Puristic™. Puristic™
is a ready-to-use product, without necessitating C10, gas generator on site, The treated concentration of C10, was 0.16ppmv/min, We exposed chlorine dioxide gas
directly to the aliquots of murine coronavirus A59 to examine the virucidal effect of chlorine dioxide gas. To begin with, we activated chlorine dioxide batch for 11
hrs, then aliquots of viruses were exposed to chlorine dioxide gas for 1, 6, or 12 hrs, respectively and titrated by plaque assays on delayed brain tumor cells. After 6
hrs, the titer of gaseous chlorine dioxide-exposed virus was about 3.5 times lower than that of non-exposed control virus. Compared to 9.5 x 10° plaque forming
unit/ml of murine coronavirus AS9 after 12 hrs of non-exposure, there were no viable virus after 12 hrs exposure, Tt should be noted here that gaseous chlorine
dioxide can inactivate murine coronavirus A59 in 8% normal bovine serum containing viral inoculum, demonstrating that chlorine dioxide gas may act as a virucide
even in high concentrations of organic material. Taken together, the gaseous chlorine dioxide may suggest the new paradigm of disinfection system to block the
pathogenic viral infections from abroad and the secondary infections, therefore preventing the drastic socie-economic impact by emerging viral infections, which we
have learned from MERS outbreak.

MATERIALS and METHODS

(B) Virucidal Effect of Chlorine Dioxide gas on murine

(A) Virucidal Effect of Chlorine Dioxide gas on Influenza A virus
coronavirus A59

« Effective over a broad pH range (up to pH 12)
with no loss of activity.
+ Does not chlorinate organics or react with ammonia

* Less corrosive than chlorine.
* Highly soluble in water
* No hazardous residues

Next day, expose chlorine dioxide gas to
virus inoculated eggs

(To evaluate the egg's conditions, non-
« Does not hydrolyse in water to form hyperchlorous or infected control eggs were incubated for 3
hydrochloric acids. days with and without chlorine dioxide)

3 days post-infection, amniotic fluids were
harvested and influenza A viruses were on MDCK cells
« Chlorine dioxide residual does not last as long as chlorine. titrated by plaque assay on MDCK cells.

4 shr < activation

Aliquots of H1N1 Influenza A virus in 24
well plate were exposed to chlorine dioxide
gas for 1,6, and 12 hrs.

b

Titrate Influenza A virus by plaque assay

RESULTS

1 2 3 (days)
+ - +
Infection ClO, Expose Harvest
2¢ PR HINL ©)
B)
® (Titer)
HIN1 2nd ClO; (-) 3day ClO; (+) 2day
54 x10° 8x10° | 2x10° |
() &7 Without GO, fo 3days
1E+06
1E+05
16004
16003
16002
16401
16000
HIN12nd  CIO2 () 3day CIO2 (+) 2day Without CIO, for 1day and

exposure 1o gas for 20ays

Fig 1. Antiviral effect of chlorine dioxide on propagating influenza A virus in embr
yonated eggs. Eggs amniotic fluids were harvested and titrated by plaque assay
on MDCK cells. Reference virus (HIN1 2 passage) titer was 5.4 x 10° plaque
forming unit (PFU). 3 days after reference virus inoculation, non-exposed control
viruses reached to 8 x 10° PFU. Whereas, virus titer was 2 x 10° PFU when
chlorine dioxide was exposed to experimental group for 2 days, demonstrating
that chlorine dioxide gas may have antiviral effect on Influenza A viruses.

(A) The virucidal effect
ClO , Stick (Farm-e Tok) Broken

¥ €10, Activation 11hr

Y 1hr 6hr 12hr
IO , Expose
®) © HOhr W1hr W6hr W12hr
riten 1606
10201
Control 46 16405
| . L _ 6hr | 12hr |
24x10° | 11x10° | s51x10* o >
170105l 3X10° | 13x10° | 27x10° bl
" 1hr 6hr 120 16002
ClO; (+) 1E+01
18400
Control @02() <oz ()

Fig 2. Virucidal effect of chlorine dioxide on Influenza A viruses. Aliquots of Influenza A viruses
were directly exposed to the chlorine dioxide gas. We activated chlorine dioxide batches for 11
hrs, then place each batch to the sealed box with aliquot of viruses in it. Viruses will be
exposed to chlorine dioxide gas for 1, 6, or 12 hrs, respectively, and titrated by plaque assay
on MDCK cells. Titer of control virus, HIN1 3, was 3.7 x 10° PFU. Virus titers were decreased
about 2,000 times after exposure for 6 hrs and more than 3-logs after exposure for 12 hrs.
However non-exposed control virus titers were deceased slightly such as 4.6 times below after
12 hrs. Chlorine dioxide gas was acting as the virucides on influenza A viruses.

v CIO, gas is a powerful disinfectant which is 2.5 and 500,000 times more effective than chlorine-based disinfectants and alcohol.

v CIO, gas has antiviral effect on influenza A viruses.
¥ Also CIO, gas acts as a ‘virucide' which it can kill Influenza A viruses.

A PurGo FARM
Bt il il

P LN
v Taken together, we suggest that this chlorine dioxide gas can act as dual antiviral and virucidal agents on influenza A viruses s*“ > OF
og 99 g g () OFFELiZrm

¥ When epidemics of avian flu are emerging, this gas can be used to disinfect contaminated eggs, poultry, and so on. at the same time, this

may kil ing viruses in eggs, if any.

1. Activate chlorine dioxide batch for 11 hrs before exposure to viruses (Broke
the “Puristic™).

2. Aliguots of HINI Influenza A virus in 24 well plate were exposed to
chlorine dioxide gas for 1, 6, and 12 hrs.

3. Titrate Influenza A virus by plaque assay on MDCK cells.

RESULTS

(A) Virucidal effect of Influenza A virus

CI0 , Stick (puristic) Broken

11 hrs
+ + 1hrs 6 hrs 12 hrs
ClO, Activation  CI0, Expase
(Titer] P =0.00051
B o T | © -
Thrs | 24x10
ClOx ()| 6hrs | LIx10° P = 0.00062
12hrs | 5.0x10° 1y
This | 24x10° | F=0029
CIOz ()| 6hrs Lix10* .
12 hes. 2.7x 107

&) S

& : & g
Fig 1. Virucidal effect of chlorine dioxide on Influenza A viruses. Aliquots of Influenza A
viruses were directly exposed to the chlorine dioxide gas. We activated chlorine dioxide
batches for 11 hrs, then place each batch to the sealed box with aliquot of viruses in it,
Aliquoted viruses will be exposed to chlorine dioxide gas for 1, 6, or 12 hrs, respectively, and
titrated by plaque assay on MDCK cells. Titer of control virus, HIN1 3%, was 3.7 x 10°
PFU/ml. Compared to non-exposure control virus, virus titers were decreased about 8.3 times
after exposure for 6 hrs. Also, Virus titers were reduced about 186 times after 12 hrs exposure.
4 independent experiments were performed and results are shown as mean + SD (*p<0.05,
*4p<0.01).

1. Activate chlorine dioxide batch for 11 hrs before exposure to
viruges (Broke the “Puristic™).

2. Aliguots of murine coronavirus A59 in 24 well plate were
exposed to chlorine dioxide gas for 1, 6, and 12 hrs.

3. Titrate murine coronavirus A39 by plaque assay on DBT cells.

(A) Virucidal effect of murine coronavirus A59

€10, Stick (puristic) Broken
11 hrs

t t 1hes 6hrs 12 hrs
CIO, Activation  C1O, Expose

(B) ©)
Control
Lhrs
CI0y ()| 6 hrs
12 hrs
1 hrs
ClO:1+)| 6 hrs
12hes . Coatrol
B3 1
B3 6he
E o 12hes
£

> B
LA

Fig 2. Virucidal effect of chlorine dioxide on murine coronavirus AS59. Murine
coronavirus AS9 were exposed to the chlorine dioxide gas for 1, 6, or 12 hrs,
respectively, and then we determined the titer of viruses by plaque assay on DBT cells.
Control virus titer was 3.1 x 10* PFU/ml. Virus titers were decreased about 3.5 times
after exposure for 6 hrs. There were no viable virus after 12 hrs exposure. 4
independent experiments were performed and results are shown as mean * SD
(*p=<0.05, **p<0.01).

* After 6 hrs of ClO; exposure, the titers of ClO,-exposed Influenza A virus and murine coronavirus A59 were decreased about 8.3 and 3.5 times,

respectively, than those of non-exposed control viruses.

Also after 12 hrs exposure, Influenza A virus titer was 186 times lower than the control,
After 12 hrs exposure, there were no viable murine coronavirus A59 virus after 12 hrs exposure.
Taken together, the gaseous chlorine dioxide may suggest the new paradigm of disinfection system to block the pathogenic viral infections.
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¥ CFU : Colony Forming Unit
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MRSA(Staphylococcus aureus subsp. aureus ATCC 33591)
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