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Table 1. Chemical Inactivation of Selected Toxins

Toxin NaOClI (30 NaOH (30 NaOCI+NaOH Ozone
min) min) (30 min) Treatment
Botulinum neurotoxin >0.1%° >0.25N ND Yes®
Staphylococcal Enterotoxin >0.5%°¢ >0.25N ND ND
Ricin >0.1% ¢ ND >0.1%+0.25N ¢ ND
Saxitoxin >20.1% ¢ ND >0.25% +0.25 N ¢ ND
Palytoxin >20.1% ¢ ND >0.25% +0.25 N ® ND
Microcystin >20.5% ¢ ND >0.25% +0.25N ¢ ND
Tetrodotoxin 20.5%°¢ ND >0.25% +0.25 N ¢© ND
T-2 mycotoxin >2.5% ¢ ND >0.25%+0.25N © ND
Brevetoxin (PbTx-2) >2.5% ¢ ND >0.25% +0.25 N ® ND

Notes:
ND indicates “not determined” from available decontamination literature.

2 Solutions of NaOCI (#0.1%) or NaOH (> 0.25 N) for 30 min inactivate BoNT and are recommended for
decontaminating work surfaces and spills of C. botulinum or BoNT. Chlorine at a concentration of 0.3-0.5
mg/L as a solution of hypochlorite rapidly inactivates BoNT (serotypes B or E tested) in water.20 Chlorine
dioxide inactivates BoNT, but chloramine is less effective.

b Ozone (> 2 mg/L) or powdered activated charcoal treatment also completely inactivate BoNT (serotypes
A, B tested) in water under defined condition.

¢ SEB is inactivated with 0.5% hypochlorite for 10-15 mi.

4 Ricin is inactivated by a 30 min exposure to concentrations of NaOCl ranging from 0.1-2.5%, or by a
mixture of 0.25% NaOClI plus 0.25 N NaOH.17 In general, solutions of 1.0% NaOCI are effective for
decontamination of ricin from laboratory surfaces, equipment, animal cages, or small spills.

¢ The minimal effective concentration of NaOCl was dependent on toxin and contact time; all LMW toxins
tested were inactivated at least 99% by treatment with 2.5% NaOCl, or with a combination of 0.25%
NaOCl and 0.25N NaOH.

f For T-2 mycotoxin and brevetoxin, liquid samples, accidental spills, and nonburnable waste should be
soaked in 2.5% NaOCl with 0.25% N NaOH for 4 h. Cages and bedding from animals exposed to T-2
mycotoxin or brevetoxin should be treated with 0.25% NaOCl and 0.025 N NaOH for 4 h. Exposure for 30
min to 1.0% NaOCl is an effective procedure for the laboratory (working solutions, equipment, animal
cages, working area and spills) for the inactivation of saxitoxin or tetrodotoxin. Decontamination of
equipment and waste contaminated with select brevetoxins has been reviewed.



Table 2. Physical Inactivation of Selected Toxins

Toxin Steam Dry Heat (10 Freeze- Gamma Ray
Autoclave min) thaw

Botulinum neurotoxin Yes? >100°C ® No°® Incomplete ¢
Staphylococcal Enterotoxin Yes® > 100 °C; refolds f Nos® Incomplete
Ricin Yesh >100°C Nol Incomplete
Microcystin No*X >260°C ' No™ ND
Saxitoxin NoX >260°C ' No™ ND
Palytoxin No*X >260°C ' No™ ND
Tetrodotoxin No* >260°C ' No™ ND
T-2 mycotoxin Nok >815°C ' No™ ND
Brevetoxin (PbTx-2) Nok >815°C ' No™ ND

Notes:
ND indicates “not determined” from available decontamination literature.

2 Steam autoclaving should be at >121°C for 1 h. For volumes larger than 1 liter, especially those
containing Clostridium botulinum spores, autoclave at >121°C for 2 h to ensure that sufficient heat has
penetrated to kill all spores.

b Exposure to 100°C for 10 min. inactivates BoNT. Heat denaturation of BoNT as a function of time is
biphasic with most of the activity destroyed relatively rapidly, but with some residual toxin (e.g., 1-5%)
inactivated much more slowly.

¢ Measured using BoNT serotype A at -20°C in food matrices at pH 4.1 — 6.2 over a period of 180 days.
4 Measured using BoNT serotypes A and B with gamma irradiation from a 60Co source.

¢ Protracted steam autoclaving, similar to that described for BoNT, followed by incineration is
recommended for disposal of SE-contaminated materials.

fInactivation may not be complete depending upon the extent of toxin re-folding after denaturation.
Biological activity of SE can be retained despite heat and pressure treatment routinely used in canned
food product processing.

& SE toxins are resistant to degradation from freezing, chilling or storage at ambient temperature.15 Active
SEB in the freeze-dried state can be stored for years.

P Dry heat of >1002C for 60 min in an ashing oven or steam autoclave treatment at >1212C for 1 h reduced
the activity of pure ricin by >99%.17 Heat inactivation of impure toxin preparations (e.g., crude ricin plant
extracts) may vary. Heat-denatured ricin can undergo limited refolding (<1%) to yield active toxin.

i Ricin holotoxin is not inactivated significantly by freezing, chilling or storage at ambient temperature. In
the liquid state with a preservative (sodium azide), ricin can be stored at 42C for years with little loss in
potency



i Irradiation causes a dose-dependent loss of activity for aqueous solutions of ricin, but complete
inactivation is difficult to achieve; 75 MRad reduced activity 90%, but complete inactivation was not
achieved even at 100 MRad.18 Gamma irradiation from a laboratory 60Co source can be used to partially
inactivate aqueous solutions of ricin, but dried ricin powders are significantly resistant to inactivation by
this method.

k Autoclaving with 17 Ib pressure (121-1322 C) for 30 min failed to inactivate LMW toxins.17,19 All
burnable waste from LMW toxins should be incinerated at temperatures in excess of 815°C (1,5002 F).

' Toxin solutions were dried at 1502 C in a crucible, placed in an ashing oven at various temperatures for
either 10 or 30 min, reconstituted and tested for concentration and/or activity; tabulated values are
temperatures exceeding those required to achieve 99% toxin inactivation.

™ LMW toxins are generally very resistant to temperature fluctuations and can be stored in the freeze-
dried state for years and retain toxicity.



