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Bioterrorism and Environmental Decontamination

Woodong Jeong - Sungmin Mun - Jeyong Yoon'

School of Chemical and Biological Engineering, Seoul National University

ABSTRACT : Bioterrorism intends to cause mass casualties and social panic by means of malicious pathogenic microorganisms. Environ-
mental decontamination becomes very important as a follow-up measure if that happens. Conventional methods for decontamination is that
aqueous disinfectants are being sprayed for killing or not spreading microorganisms with the purpose of preventing infection. However, these
procedures are not enough to perfectly sterilize space ot surface inside of building, requiring additional measures such as surface disinfection
or gas treatment methods. This article deals with the issues about the present decontamination procedures, global trends, in order to
formulate suggestion for advanced environmental decontamination.
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Table 1. Estimation of mass casualties by chemical and biological weapons®

Chemical & biological weapons attack scenario
- ) : Number of deaths(people)
Target city Delivery Agent Quantity
Vehicles with fog machine Anthrax 100 g 6,500~13,000
Tokyo Vehicles with fog machine Botulinum Toxin 100 g 2~4
(population density: Release from rooftop Anthrax I kg 150,000 ~ 750,000
14,500 people/km”) Bomb Sarin 10 kg 30~50
Bomb Anthrax 1 kg 5,000 ~11,000
. Sarin 300 kg 60~200
Missile
Anthrax 30 kg 30,000 ~ 100,000
Washm.gton(D.C..) Sarin 1 ton 300~700
(population density:
3000~10,000 peoplefkm?) Aireratt Anthrax 100 kg 130,000 ~ 460,000
Sarin 1 ton 3,000 ~8,000
Anthrax 100 kg 1,000,000 ~ 3,000,000
Tokyo : “The New Terror”, Sidney D. Drell, Abraham D. Sofaer and George D. Wilson, Hoover Institution
Reference Press, Stanford Univ, Stanford, California, 1999, p. 111
Washington : “Proliferation of Weapons of Mass Destruction”, Office of Technology Assessment, 1993, p.53 ~54
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Table 2. Toxicity and symptom of disease by biological weapons )
Agents Delivery methods Epidemic irll):li:::ioilf Period of symptoms Fatality
Anthrax spore / aerosol (inha(l::tt:;;eo:uione) 1~5 day 3~5 days high
th dical treated—1
Cholera food or water / aerosol low 12 hrs~6 day fore than medical treate ._)OW’
1 week untreated—high
if untreated within
Plague aerosol high 1~3 days 1~6 days 12~24 hour
—> high
h .
Tularemia aerosol none 1~10 days more than medium
2 week
more than
F ~ 1
Q Fever food / aerosol low 14~26 days 2 week ow
. death within .
Ebola contagion / aerosol modest 4~16 days 716 days high
Smallpox aerosol high 10~12 days 4 weeks high
Venezuel i
enezueian .e gume infected animals / aerosol low 1~6 days days ~weeks low
encephalitis
various death within .
Botuli i high
otulinum Toxin food or water / aerosol none (hrs ~ days) 24~72 hrs ig
Mycotoxin aerosol none 2~4 days days ~months modest
days(death within
Ricin food or water / acrosol none hrs ~days 10~12 hrs : high
oral infection)
Staphyl
apny OC(.)CCUS food or water / aerosol none 6 days hours low
Enterotoxin B
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Fig. 1. Anthrax is a disease caused by spore-forming bacteria.””
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Fig. 2. Photographs of a child with smallpox.w
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Fig. 3. Area decontamination operation Army KM9 vehicle.
(Source : Army Chemical School in Korea)

Table 4. Alternative decontaminant of biological agents” (Source
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Fg. 4. Equipment decontamination operation Army K10 vehicle.

Table 3. Environmental decontamination guide by National
Institute of Health®

Target |- Anthrax contaminated area
arca . inside of building, ventilation system, soil, etc.

- If area can be sealed hermetically
- Sterilize by fumigator inside of building
- 37% formaldehyde solution 15~50 mL in 1~3 m’
volume of fumigator(maintain temperature over 15C)
Methods
and + Soil decontamination
procedures| - Generally incinerate grass(weed etc) in nearby contami-
nated area
- Excavate soil up to 20 cm depth andincinerate(121°C,
20 min)
- Spray Cleaning 50 Lim® with 5% formaldehyde solution

A o] 1tiTable 4, S st L& 24, 2003).
27N ANGL Qe AALSA FFZE = }o}caw
Z(CaCl0y), Holgdait YEFNaCIO;), =2 VA e

: Army Chemical School in Korea)

Detergent Application methods Caution
+ Aqueous solution(area / personnel)
- Smali area surface(5~10%) . Corrosive(metal)
% HTH : =3
CaClo, - water 32 97(flat ground) - Prevent inhalation or skin / eye contact
% decon area : 7 m/gallon Put roteviive alove and mask
- Personnel(0.5%) ut on profeviive
¥ HTH : water = 1 : 99
+ Swabbing with undiluted solution - Caution : skin / clothes
NaClOs - Spraying diluted solution(50%) - Corrosive(metal) metal surface shoul

- decon area : 7 m%/gallon

be rinsed out and dried

- Spraying by fumigator(aerosol)

F Ide-hyd
ormaide-yce |- contanct time > 16 hrs

- relative humidity > 70%
- temperature > 16C
- Ventilate inside of air(after decontamination)

+ Condition : Temp > 217, Relative humidity > 85%
- Formaline undiluted solution 1.1 L or formalin-methanol mixed solution
(formaline5%+methonol3%) 0.88 L can decontaminate 1,000 ft

- Vapor has toxicity / flammable
- Put on protevtive glove and mask
- No contact to sensitive equipment

- 10% solution

NaOH
- decon area :

1 mz/gallon(ﬂat ground)

- Toxicity, metal corrosive
- Caution : skin / clothes

O e K] 20 9%, 20074 9%
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Fig. 5. Schematic diagram of experimental apparatus.
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Fig. 6. Inactivation of spores of Bacillus cereus AHU 1357
by ozone. Spores were conditioned at 54% r.h.(rela-
tive humidity) and exposed to 3 mg/lL ozone on
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Fig. 7. Inactivation by wet gaseous ozone : dried Bacillus
subtilis(ATCC 6633) spores on glass surface(Woodong
Jeong, 2007, unpublished information).
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Fig. 8. Inactivation by wet gaseous ozone : dried Bacillus
subtilistATCC 6633) spores on military material sur-
face(Woodong Jeong, 2007, unpublished information).
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