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I. Introduction

On behalf of Resonant Biosciences, Inc. (RBS or the Notifier), Keller and Heckman LLP
submits the enclosed dossier of information in support of this no.tiﬁcation{hat chlorine
dioxide produced by the Puremash® system is Generally Recognized as Safe (GRAS) for
use as a processing aid in the production of non-food grade and food grade ethanol.
Chlgrine Qioxide is typically added in the first 16 to 24 hours of a fermentation run at a
rate of 10:4(; };pm per batch, with a maximum application rate of 55 ppm per batch that

may be applied on an intermittent basis to treat highly fouled fermentation water.

One of the ethanol fermentation by-products, distillers’ grain (DG), will be fed to food
producing animals in accordance with good manufacturing or feeding practice. Animal
feed is classified as “food” under section 201(f)(3) of the Act. Therefore, residuals in DG
associated with the Notifier’s GRAS substance require evaluation under the Federal Food,
Drug, and Cosmetic Act (FFD&C Act), which broadly prohibits the “adulteration” of

food, the statutory term for rendering food unsafe or unfit for consumption.

In addition, because one of the constituents in DG due to the use of chlorine dioxide,
sodium chlorate, was the subject of a National Toxicology Program (“NTP”), two-year
chronic toxicology study (NTP TR517, December 2005), the safety of chlorate residuals
is evaluated using FDA'’s procedures for addressing the situation in which the use of a
substance in a food additive is known to contain minute, but detectable, levels of a
presumed carcinogenic impurity. The GRAS substance, chlorine dioxide, is not
carcinogenic. These procedures permit the finding that there is no safety risk associated
With the chlorate constituent when chlorine dioxide generated by the PureMash® system

is intentionally added to the ethanol fermentation process at the levels prescribed. -

The determination of GRAS is on the basis of scientific procedures, in accordance with
21 CFR § 170.30(b) and conforms to the guidance issued by the FDA under proposed 21
CFR § 570.36, 62 Fed. Reg. 18938 (Apr. 17, 1997) and the FDA’s Notice of Pilot
Program; Substances Generally Recognized as Safe Added to Food for Animals, 75 Fed.
Reg. 31806 (June 4, 2010). This notification provides supporting information in the

following areas:



GRAS NOTIFICATION
RESONANT BIOSCIENCES, INC. , Page 2

Identity of the substance;

A description of the method of manufacture;

An estimation of daily intake for all migrants;

Safety data and safety evaluation; and

GRAS determination, as a proposed conclusion determined by scientific
procedures for use as a processing aid in the production of non-food grade and
food grade ethanol.

It is the Notifier’s expectation that FDA will concur that the information presented fully
supports the determination that the Notifier’s chlorine dioxide is GRAS for use as a

processing aid in the production of non-food grade and food grade ethanol.

Finally, for purposes of this notification, the GRAS determination evaluates the
downstream use of DG as a component of animal feed for food- producmg target animals
only. This notification does not attempt to assess use in conjunction with DG as a
component of food administered to companion/non-food producing animals. It is the
Notifier’s intention to address the safety for use in food administered to animals such as
cats, dogs, and horses independently, once sufficient processing data are generated to

proceed with the analysis.

II. Administrative Information
A.  Claim Regarding GRAS Status

Chlorine dioxide is GRAS based on scientific procedures for use as a processing aid in
the production of non-food grade and food gfade ethanol. ' DG from the ethanolA |
production process will be used in animal feed use for food producing animals in
accordance with good manufaeturing or feeding practice. Chlorine dioxide is typically
added in the first 16 to 24 hours of a fermentation run at a rate of 10-40 ppm per batch,
with a maximum application rate of 55 ppm per batch that may be applied on an
intermittent basis to treat highly fouled fermentation water. The chlorine dioxide is
geherated by treatment of an aqueous solution of sodium chlorate with hydrogen peroxide
in the presence of sulfuric acid and the generator effluent contains at least 90 percent by

weight of chlorine dioxide with respect to all chlorine species.



GRAS NOTIFICATION
RESONANT BIOSCIENCES, INC. Page 3

The use of Chlorine Dioxide from the Puremash® System in this manner has been
determined to be exempt from the premarket approval requirements of the Federal Food,

Drug and CésmegieyAct (21 U.S.C. § 301 et. seq.)(the Act).

I /fr/2 / /0
t [4
Date
B. Name and Address of the Notifier
Notifier Acknowledgement of Receipt of

Notification and Inquiries to be Directed to:

Mr. Allen Ziegler Keller and Heckman LLP
President 1001 G Street N.W.

Resonant Biosciences, LLC Suite 500 West

11757 W. Ken Caryl Ave., F-308 Washington, DC 20001
Littleton, Colorado 80217 ATTN: Martha Marrapese, Esq.

marrapese@khlaw.com
202-434-4123 (tel.)
202-434-4646 (fax)

A letter authorizing Keller and Heckman to serve as agent for the Notifier is provided as
Appendix 1.

C. Common or Usual Name of the Subject Substance

Chlorine Dioxide
Synonyms: ClO,
D. Intended Conditions of Use and Technical Effect

Chlorine dioxide generated using the PureMash® system will be used as a processing aid
in the production of non-food grade and food grade ethanol. DG from the ethanol
production process will be used in animal feed use for food producing animals in

accordance with good manufacturing or feeding practice.

This GRAS notification is for DG collectively, including at least four nonfermentable
residue byproducts of ethanol fermentation including distiller’s wet grains without

solubles, distiller’s wet grains with solubles, distillers dried grains without solubles, and



GRAS NOTIFICATION
RESONANT BIOSCIENCES, INC. ‘ Page 4

distillers dried grains with solubles. For this purpose, data were provided on distillers
dried grains with solubles because these data represent the “worst case” for potential
residues. The reintroduction of the solubles into the grains will bring any residual that
may be in the solubles into the DG, while subsequent dry'i.ng of the grains will
concentrate any residual in the DG. Therefore, residuals will be highest in distillers dried

grains with solubles. See Figure L

Figure 1: Ethanol production process.

chstillation
column

dned distillers grains
*

[

wetgrains .
with solubles Driers) i
cvaporator —

_modificd wet grains
I

T solublcs
i

. thin : .
‘ stillage DrierA ;
- 'ccntrlfugc x

J- wetgrains .
S without solubles

- indicatessample point

Chlorine dioxide is typically added in the first 16 to 24 hours of a fermentation run at a
rate of 10-ppm per batch, with a maximum application rate of 55 ppm per batch that may
be applied on an intermittent basis to treat highly fouled fermentation water, fermentation -
apparatus and piping. The chloriﬁe dioxide is generated by treatment of an aqueous
solution of sodium chlorate with hydrogen peroxide in the presence of sulfuric acid and

the generator effluent contains at‘ieast 90 percent by weight of cﬁlorine di(;);ide with

respect to all chlorine species.

With respect to the intended technical effect, chlorine dioxide effectively reduces the

amount of unwanted bacterial contamination inside the fermentation vessel during
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ethanol production (Appendix 2). Chlorine dioxide is an oxidizing agent and broad-
spectrum antimicrobial agent. It is intended to control bacterial contamination that can
grow under fermentation conditions and compete with the growth of the intended yeast,

affecting the production of ethanol.

The PureMash® chlorine dioxide technology used for generating the chlorine dioxide is
the same as used fof generating chlorine dioxide cleared under 21 C.F.R. §§
173.300(a)(1)(ii) and 173.300(a)(2) where an ‘aqueous solution of sodium chlorate is
treated with hydrogen peroxide in the presence of sulfuric acid, and the generator effluent

contains at least 90% by weight of chlorine dioxide with respect to all chlorine species.

E. Basis for GRAS Determination

Pursuant to 21 C.F.R. § 570.30, chlorine dioxide has been determined to be GRAS to

produce food grade and non-food grade ethanol and distillers grains for food producing
target animals on the basis of scientific procedures. The GRAS determination is based
upon the publicly available scientific literature pertaining to the safety of the substance,

the enclosed residual data, and a dietary exposure assessment, as demonstrated herein.

F. Availability of Information

Much of the de{ta and information that are the basis for the GRAS determination are
enclosed with the notification.  The Notifier also will retain copies of all of the data and
information that form the basis for the GRAS determination, which are available for
FDA’s review at reasonable times, and copies will be sent to FDA upon reqﬁest.
Requests for copies and arrangements for review of materials cited herein may be

directed to:

Keller and Heckman LLP
1001 G Street, N.W.

_ Suite 500 West
Washington, DC.20001
ATTN: Martha Marrapese, Esq.
marrapese@khlaw.com
202-434-4123 (tel.)
202-434-4646 (fax)
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II1.  Detailed Information about the Identity of the Notified Substance

A, Names and Other Identities

Chemical Name: Chlorine dioxide
CAS Registry Number: 10049-04-4 .
Empirical Formula: chémical formula is O=C!=0; molecular formula is Cl0;;

- molecular weight is 67.45 g/mole.

S
Structural Formula: O O

A mass spectrum for chlorine dioxide is included in Appendix 3.

B. . .Specification and'Product Analysis

The PureMash® technology utilizes two precursors to generate hlgh purity chlorme
dioxide. These are MashGuard® One, which consists of 40% sodlum chlorate and 8%
hydrogen peroxide and 92% sulfuric acid. The product label, material safety da\ta sheet

(MSDS), and specifications for use are provided in Appendix 4.

C. Analysis of Lots

Resonar;t Bioéciences had the residual levels of chlorate and chlorite measured in several
samples of a 4000 ppm éoncentratidn chlorine dioxide effluent prepared by the
PureMash® process. The analytical report is provided as Appendix 5. The results are

_ presented in Table 1.

[N

" TABLE 1. Chlorite and Chlorate Residual Levels in 4,000 ppm Chlorine Dioxide in
Water Effluent Generated by the Resonant Bioscience’s PureMash® Chlorine
Dioxide Generating Process

Sample Chlorite (ppm) Chlorate (ppm)
19G1272-01 335 54.0
19G1272-02 335 41.1
19G1272-03 323 52.1
19G1272-04 325 44.1
19G1272-05 328 39.9
19G1272-06 316 51.9
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19G1272-07 324 44.5
19G1272-08 312 43.2
19G1272-09 314 38.4
19G1272-10 310, 41.9
Average 322 - - 45

On the basis of these analytical data, chlorite is present at a level of 8% (322 ppm/4000
ppm x 100% = 8%); chlorate is present at a level of 1.1 % (45 ppm/4000 ppm = 1.1%).
D.

In Table 2, the physical and chemical specifications of chlorine dioxide such as density,

melting point, maximum impurity levels, and solubility in food simulants are provided.

Physical Description

TABLE 2. Physical properties

SPECIFICATION VALUE

Melting point

-59°C

Boiling point

11°C

Solubility in water

3.01 g/L at 25 °C and 34.5 mm Hg

E.

Method of Manufacture and Calculated Residual Levels

The method for generating chlorine dioxide uses the PureMash® generator. The

PureMash® generation method is based on the reduction of sodium chlorate by hydrogen

peroxide in the presence of sulfuric acid. The PureMash® process is a chlorine dioxide
technology used for microbial contamination control in the fermentation process in

ethanol production. The chlorine dioxide is produced on site within a closed reactor.

The PureMash® generator is an independent unit and the chlorine dioxide solution

produced is vacuum-piped into the fermentation stream through the fermenter fill. The
process unit generating the chlorine dioxide is fed with two separate solutions: one

containing 40 wt.% sodium chlorate and 8 wt.% hydrogen peroxide in water, and the

second a concentrated sulfuric acid (93 wt.%) solution. The reactants are fed in

controlled proportions into a proprietary reaction chamber that regulates mixing,
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residence time, temperature, and pressure. The finished aqueous solution containing
chlorine dioxide in cohcentréted form, typically 4000 ppm, is automatically drawn out of
the reactor and métered into the fermentation vessel through the fermenter fill, typically
in the first sixteen (16) to twenty four (24) hours of ethanol fermer_]tétion resulting in total

batch fermentation treatment concentration levels typically ranging from 10 to 40 ppm in

the fermenter, and no more than 55 ppm. Upon reaction with the bacterial contamination

concentrations of chlorine dioxide are expected as the high organic content of the
fermentation water and the yeast organisms present in the fermenter will react with any
residual levels of chlorine dioxide that has not preferentially reacted with microbial

contamination.

The concentration levels anticipated in the fermenter process water are based on the
chemical stoichiometry of the Resonant Biosciences’ PureMash® chlorine dioxide '

generator system. The following assumptions are used in the calculations:

e The process will typically require an application of 40 ppm chlorine dioxide for
microbial contaminated fermentation water, with a maximum application rate of
55 ppm per batch that may be applied on an intermittent basis to treat highly

fouled fermentation water, fermentation apparatus and piping;

¢ Excess sulfuric acid, approximately 3.7 times the stoichiometric amount, is added

to increase the reaction velocity and reaction efficiency; and

e All the hydrogen peroxide is decomposed in the reaction chamber, and none gets

into the process water.
Chlorine dioxide is produced according to the following stoichiometric equation:
2 NaClO; + H,0; + H;SO, " 2 ClO; (ag) + O+ Na,SO, + 2 H,0

- At 40 ppm, the initial chlorine dioxide concentration [C1O;] is 5.93 x 10* M, as

ca!culated below.
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40 mg ClO, mole CIlO,

x . =5.93x10™" M ClO,
L water 67.45x10" mg i

1. Chlorate (Cl10O3)

Chlorate (ClOy) is introduced to the fermentation process water in two ways. First, as
unreacted sodium chlorate and as a decomposition product of chloring dioxide. The
average level of chlorate in a 4000 ppm chlorine dioxide effluent prepared by the
PureMash® technology is 45 ppm; hence a 40 ppm chlorine dioxide concentration will
have 0.45 ppm (45 ppm x 40/4000 = 0.45 ppm) of chlorate. For a maximum chlorine
dioxide dosing concentration of 55 bpm, the residual levels of chlorate are calculated to

be 0.62 ppm (45 ppm x 55/4000 = 0.62 ppm).

2. Chlorite

Chlorite is present as a degradation product in the PureMash® chlorine didxide generated
effluent. The average level of chlorite is 322 ppm in a 4000 ppm chlorine dioxide
effluent; hence a 40 ppm chlorine dioxide concentration will have 3.2 ppm'(322 ppm X
40/4000 = 3.2 ppm) of chlorite. For a maximum chlorine dioxide dosing concentration of
55 ppm, the residual levels of chlorite are calculated to be 4.4 ppm (322 ppm x 55/4000 =
4.4 ppm). ‘

3. Sulfate, Sodium Salts

Sodium sulfate is one of the primary reaction by-products of Resonant Biosciences’
chlorine dioxide-generation process, as shown in the stoichiometric equation above. The
PureMash® technology uses 3.7 pounds of 93% sulfuric .acid to produce 1 pound of |
chlorine dioxide. The Notifier calculétés that 4.7 moles of sulfuric acid is used to
generate one mole of chlorine dioxi‘de as follows. In the PureMash® techhology, 3.7gof

93% sulfuric acid reacts with 1 gram of chlorine dioxide.

1.7 g-H2S04 x'93% x (mole/98 g-H,S0,) = 0.035 mole H,SO4
1 g-C10; x (mole /67.45 g-C10,) = 0.015 mole

Since only 0.0075 mole of H,SOy is required to produce 0.015 mole of C10,,
0.035/0.0075=4.7 moles of H,SOy, are used to make two mole of chlorine dioxide.
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Based on the stoichiometry and addition rate of sulfuric acid, one mole of Na,SO4 and
3.7 moles of SO4'2 are introduced into the process water for every 2 moles of CIO, that
are generated. None of the SO4~? introduced as sulfuric acid is consumed in the reaction.

Thus, levels of SO4 in the process water are:

5.93x10™ moles CIO, 4.7 moles 50,”  96.06x10" mg
L water 2 moles CIlO, mole SO,

[SO,1=

[SO,?1=133.9mg/L

The levels of sodium ion present in the process water result from NaClOs;. Thus, a total

0f 5.93 x 10" M Na' is added to the process water using the PureMash® process.

5.93x107 moles Na* y 22.99x10° mg

[Na"]=
Lwater mole Na*

[Na*]=13.6mg/L

Below in Table 3 are calculations for the level of each degradation product and reaction
products that will be added to the fermentation process water as a result of the use of

Resonant Biosciences’® chlorine dioxide generator.

TABLE 3. Calculated Residuals in DG

TYPICAL MAXIMUM
CAS REG.

CHEMICAL NAME RESIDUAL | RESIDUAL

NO.
(7o)

Sodium ion (the residual percentage is 17341-25-

calculated on the basis of an application 20 13.6 ppm ---
rate of 40 ppm ClO,)

Chlorate ion (the residual percentage is 14866-68-

calculated on the basis of an application 3 0.45 ppm 0.62 ppm
rate of 40 ppm C10,)

Sulfate ion (the residual percentage is 14808-79-

calculated on the basis of an application 3 134 ppm -
rate of 40 ppm CI10,)
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Chlorite ion (the residual percentage is
calculated on the basis of an application | 14998-27-

rate of 40 ppm ClOy) 7 3.2 ppm 4.4 ppm

F. Self-Limiting Levels of Use

The most advanced feature of the generator is an electronic controller to regulate reactor
feed, calculate efficiency, and control output. The System Operation Manual is provided
in Appendix 6. An ultraviolet (UV) spectrophotometer is used to continuously monitor
the system. The controller providés automated control of chlorine dioxide generation.
The operator enters the desired production rate of chlorine dioxide, and the unit
automatically responds by adjusting reagent flows to maintain chlorine dioxide
production with a conversion efficiency of 90 to 98%. The rate of introduction of the
chlorine dioxide into the fermentation vessel is controlled by monitoring the chlorine

dioxide concentration, and the amount used is dependent on the level of bacterial

contamination. |®) (4)

|

(B) @) {but the total additive concentration in the fermentation water will be no more

than 55 parts per million (ppm) to meet desired residual levels.

IV.  Detailed Summary of the Basis for Notifier’s GRAS Determination’

As a consequence of the fermentaﬁon, separation, and distillation of the ethanol, the
starting materials, chlorine dioxide and its degradatic;n products ére not expected to distill
with the ethanol, and consequently, will not be present in the final ethanol product. Thus,
no residual chlorine dioxide, residual reactants, reduction by-products, or
disproportionation products present are expected to be present in ethanol separated from

the fermentation process as a result of the intended use of the chlorine dioxide.

Information regarding the safety of chlorine dioxide and its various chlorinated species
previously was submitted in Food Additive Petitions (“FAP”) 4A4415, 0A4716, 4A4751,
and Food Contact Notification Nos. 391, 445, 644, and 645. These data are discussed in

Prepared by Michael T. Flood, Ph.D., William W. Reichert, Ph.D., and Robert A. Mathews, Ph.D.,
D.A.B.T., Keller and Heckman LLP.

CONFIDENTIAL



GRAS NOTIFICATION ‘
RESONANT BIOSCIENCES, INC. . ‘ Page 12

FDA review memoranda related tﬁereto, all of which are incorporated herein by reference.
Chlorine dioxide is not a carcinogen and is"the subject of numerous GRAS

determinations by FDA as documented in Appendix 7. Ascited in the Aéency’s FAP
review memoranda for chlorine dioxide, FDA has concluded that chlorine dioxide rapidly
degrades during use. Due to this degradation, chlorine dioxide per se does not raise any

toxicological concern for the purpose of a GRAS determination.

DG removed from the fermentation water is expected to contain certain residuals from
the use oféhlorine dioxide. The fermentation environment of low pH, high organic -
media, and volume of carbon diox‘ide (COy) is expected to reduce the chlorine dioxide to
chloride ion. The chloride ion is then available to interact with other available ions, in
this case sodium ions, to form sodium chloride. An additional residual to be expected is

sodium sulfate.

Sodium ions are GRAS based on GRAS listings for numerous sodium salts as direct food
ingredients, e.g., sodium acetate (21 CFR §184.1721), sodium benzoate (21 CFR
§184.1733), and sodium chloride (listed as “salt” in 21 CFR §182.1(a)). Sodium chloride
has been in use prior to 1958, and is GRAS on that basis as well under 21 U.S.C. § 321(s).

With respect to sodium sulfate, the WHO Joint FAO/WHO Expert Committee on Food
Additives (“JECFA”) reviewed available toxicity data on sodium sulfate. JECFA found (
no toxicity associated with this sodium sulfate to justify establishing an ADI for this
substance.. Sodium sulfate has an AAFCO listing as a mineral source under 57.109,

‘ stipulating only that the minimum sodium and sulfur content must be listed.> Sodium
sulfate as sulfuric-acid is GRAS affirmed for direct addition to food under 21 CFR

§1 84.1695 (“Sulfuric acid”). Sodium sulfate is the sodium salt of sulfuric acid which, if

ingested, will result in exposure to sulfate ions and sodium ions.

In addition, chlorine dioxide readily converts to chlorite and unreacted sodium chlorate

may be anticipated due to overfeed from the reactor. Thus, in the remainder of this

2

See Feed Ingredient Definitions of the 2008 Official Publication, Association of American Feed
Control Officials Incorporated, p. 316.
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notification, the Notifier evaluates the GRAS status of chlorine dioxide based on

anticipated residual levels of the chlorite and chlorate residuals.

A. Analysis of Measured Residuals

Analyses were conducted to identify the residual levels of chlorite, chlorate, and chloride
in DG. In the ethanol production process, water is recycled in the next fermentation
batch, with fresh water added as make-up volume. Analyses were conducted on plant
batches that had reached a steady-state operating condition. Chlorine dioxide was
administered at a maximum application rate of 55 ppm per batch which is used to treat
highly fouled fermentation water, fermentation apparatus and piping. Analyses were
performed according to U.S. EPA Method 300.1 which was modified to achieve a
minimum detection level (MDL) for chlorite and chlorate of 0.2 mg/kg. The test method
and results are provided in Appendix 8. Averaged residual levels per lot expressed on a

dry weight basis are summarized in Table 4.

TABLE 4. Levels of Chlorate, Chlorite, and Chloride in DG
Chlorite Chlorate Chloride
Cl10; Dose % (mg/kg) (mg/kg) (mgkg)

(ppm) Solids

52.5 31.1% <0.8 14.0 1903
52.5 32.8% <0.8 12.8 1783
52.5 84.9% <0.2 10.9 1637
52.5 31.1% <0.6 133 2464
55 85% <0.2 83 2807
55 31.1% <0.6 7.5 2465

CONFIDENTIAL
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0 0 0
)2 Do 7o o/kg o/kg g/kg
1] 0
19J1120-02 55 85% <0.2 95 1543
Control - n ”
191.1077-01 <0.3 <0.3 1050

In those cases where the test reports did not report the levels of chlorate, chlorite, and
chloride on a dry weight basis — namely for samples 19J0395-01, 19J0395-02, 19J1120-
01 and 19J1120-02 — an average solids content of 31.1% was used for wet distillers
grains and 85% solids for dry distillers grains to determine the residual levels on a dry

weight basis.

Chlorate: The average residual level of chlorate in distiller’s grains on a dry weight basis
was 10.9 mg/kg, with a maximum residual level of 14 mg/kg reported. Chlorate was not
detected at a detection limit of <0.3 mg/kg on a dry basis in distillers grains from

fermentation water that had not been dosed with the chlorine dioxide.’

Chlorite: Chlorite was not detected at a maximum detection limit of <0.8 mg/kg on a dry
basis in any of the distillers grains. Chlorite was not detected at a detection limit of <0.3
mg/kg on a dry basis in distillers grains from fermentation water that had not been dosed
with the chlorine dioxide. As worst-case, it was assumed that a maximum of 0.8 mg/kg

of chlorite residuals remain in DG separated from ethanol fermentation.

B. Toxicological Evaluation of Chlorate
1. Absorption, Distribution, and Metabolism

Smith et al. (2005) dosed cattle daily with sodium [**Cl] chlorate at 62.5 and 130.6 mg/kg
bw/day for three consecutive days.* For speciation of the tissue metabolites, ion

chromatography with a gradient solvent system was used to separate and quantify

} These data show higher chlorate residues beyond what would be expected from stoichiometric

calculations strictly associated with the proper use of the PureMash® system. It is thought that higher
chlorate residuals may have be observed, in part, due to the potential for disproportionation of chlorine
dioxide to occur during ethanol production.

4 Smith, D.J., Anderson, R.D., Ellig, D.A. and G. L. Larsen, “Tissue Distribution, Elimination, and

Metabolism of Dietary Sodium [**CI] Chlorate in Beef Cattle,” J. Agric Food Chem , 53, 4272-4280
(2005).
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chlorate and chlorite. Chlorate is rapidly absorbed and excreted in steers. Apparent

absorption of chlorate was 62-68% of the total dose. No chlorite was detected down to

a

sensitivity (LOD) of 50 ppb or less. The major excretory route for [*°Cl] elimination was

urine, with the majority of the urine residue being chlorate (65-100%). Chloride was the

only other chlorine anion species identified in the urine or tissues. These data
demonstrate that when chlorate is administered to cattle, most is eliminated early as
chlorate with the rest being chloride; no detectable chlorite is formed. A similar
disposition and metabolism of chlorate to chlorite was found in feeding studies for rats,

swine, and broilers.’

2. Acute toxicity studies

Chlorate at high doses is a well known herbicide.® There have been several accidental

exposures to humans resulting in death. Helliwell and Nunn (1979) reported on 14 cases

on sodium chlorate poisoning.” The patients ranged from 3-55 years of age. Symptoms

included: methemoglobinemia, cyanosis, abdominal pain, anuria within 24 hours, and
death in 64% of the patients. Doses estimated to be in the range of 79 g (as chlorate)

were uniformly fatal. One person died after a dose of 15 g or 218 mg chlorate/kg bw.
The approximate LDsg for humans is thus near 50 g/person or 830 mg chlorate/kg bw.
liter of drinking water containing this dose would be 50g/L or 50,000 ppm. The acute

oral LDs for most experimental animals is approximately 1.0 g/kg bw.

3. Repeated Dose Toxicology

3 Smith D.J., Anderson, R.C., Huwe, J.K., 2006. Effect of Sodium [**C1] Chlorate Dose on Total

A

Radioactive Residues of Parent Chlorate in Growing Swine. J Agric Food Chem 54, 8648-8653 (2006);
Smith D.J., Byrd J.A., Anderson R.C., 2007. Total Radioactive Residues and Residues of [*°CI] Chlorate

in Market Size Broilers. J Agric Food Chem 55, 5898-5903 (2007); and Hakk H., Smith, D., Shappell,

N,

2007. Tissue Residues, Metabolism, and Excretion of Radiolabeled Sodium Chlorate (Na[*°CI]O5) in Rats.

J. Agric. Food Chem. 55, 2034-2042 (2007).

6 See http://www epa.gov/pesticides/reregistration/REDs/inorganicchlorates_red.pdf.

Helliwell, M. and Nunn, J. (1979). “Mortality in Sodium Chlorate Poisoning.” Brit Med J. 1: 11

Heywood, R., Sortwell, R.J., Kelly, P.J., and Street, J.E. (1972). “Toxicity of Sodium Chlorate
the Dog.” Vet Rec. 90:416-418. Also Clarke, E.G.C. and Clarke, M.L. (1967) Garner’s Veterinary
Toxicology. pp 67-68. Balliére, Tindall & Cassell, London.

7

8

19.

to
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Heywood et al.,(1972) reported that doses greater t_hén 235 mg chlorate/kg bwkday
administered to dogs repeatedly over a 5-day period produced marked clinical symptoms
(marked loss of appetite and body weight) and hematological and biochemical changes.9
At doses below 235 mg/d no clinical symptoms were produced and the hematological
and biochemical changes were variable and borderline. Lubbers ef a/., (1981, 1982, 1984)
gave much lower doses of chlorate in drinking water (5 ppm) to human male volunteers
for 12 weeks and monitored biochemical parameters. ' No clinically significant changes
occurred during the 12 week period. The authors also tested a small group of subjects
with low levels of glucose-6-phosphate dehydrogenase, who are known to be especially
susceptible to oxidation stress. There were no obvious undesirable clinical sequellae
noted by any of the participating subjects or by the participating medical team. The
authors speculated that some observed but clinically insignificant biochemical changes
might become significant on longer exposures, but within the limits of the study the

safety of oral ingestion of chlorate was demonstrated.

Both chlorate and chlorite produce damage in erythrocytes and produce methemoglobiﬁ.
Bercz et al., (1982) administered NaClO; or NaClO; at doses ranging from 25-400 ppm
to African Green monkeys for 30-60 days. The chlorite but not the chlorate induced a
dose-dependent oxidative stress on hematopoesis resulting in decreased hemoglobin and
erythrocyte count and an increased methemoglobin.!' Bercz reported that chlorine
dioxide caused T4 éuppression in the monkeys at doses of 9 mg/kg/day, whereas no such
effects were found with NaClO; or NaClQO, in short-term studies up to doses of 60
mg/kg/day."? |

9

| Heywood et al. (1972), see footnote 5.
0

Lubbers ez al. (1981). “Controlled Clinical Evaluations of Chlorine Dioxide, Chlorate and
Chlorite in Man.” Fund Appl. Toxicol. 1: 334-338; (1982) Environ. Health Perspect 46.57-62; (1984)
The Effects of Chronic Administration of Chlorine Dioxide, Chlorate and Chlorite to Normal Healthy
Adult Male Volunteers. .J. Environ. Pathol. Toxicol Oncol 5(4/5) 229-238.

" Bercz, J.P., Garner, L., Murray, D., Ludwig, D.A., and J. Boston (1982). “Subchronic Toxicity of
Chlorine Dioxide and Related Compounds in Drinking Water in the Nonhuman Primate.” Environ. Health
Perspect 46:47-188.

12

Bercz, J.P., Jones, L.L., Harrington, R. M., Bawa, R. and Condie, L. (1986) “Mechanistic Aspects
of Ingested Chlorine Dioxide on Thyroid Function: Impact of Oxidants on lodide Metabolism.” Environ.
Health Perspect 69:249-255.
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90-Day Rat Study " Male and female Sprague-Dawley rats were exposed to 250, 1,001,
and 4,005 mg/L (3.0, 12.0, 48 mM , respectively) of sodium chlorate in the drinking
water for 90 days. These concentrations resulted in doses of 30-512 mg/kg/day for males
and 42-801 mg/kg/day for females. There were no treatment related deaths, but males
and females in the high dose group had significant weight loss. Pituitary gland
vacuolization and thyroid gland colloid depletion were present in both sexes in a dose
dependent manner. A NOEL of 30 mg/kg/day and 42 mg/kg/day for chlorate was

established in male and female rats respectively.

90-day Rat Study'* The subchronic toxicity of sodium chlorate was evaluated in a 90-day
study in which groups of Sprague-Dawley CD® rats (15/sex/group) received 10, 100 or
1,000 mg/kg/day (7 days per week) via gastric intubation for three months. Dose levels
were based on a range finding study, which demonstrated a no effect level of 1,000
mg/kg/day (the dose level recommended for use in a 90-day limit test in the FIFRA
guidelines of the USEPA). Control animals (15/sex) received the dosing vehicle distilled
water. Study animals were observed twice daily for mortality and gross signs of
toxicological effects. Weekly examinations for physical signs of local or systemic
toxicity, pharmacologic effects and tissue masses were completed. Ophthalmoscopic
examinations were completed prior to initiation of the study and at termination. Food
consumption and body weight were recorded weekly. Hematology and clinical chemistry
evaluations were completed on 10 rats per sex per treatment group, and necropsy of all

animals was completed at the termination of the study.

Evaluation of physical observations, food consumption, ophthalmology, clinical
chemistry values, and gross and microscopic pathology revealed no evidence of an effect
related to treatment. Statistically significant differences in mean terminal organ weights

suggestive of a test material related effect were limited to a slight decrease in absolute

13 McCauly, P.T , Robinson, M, Daniel, F.B., Olson, G.R. (1995). “The Effects of Subchronic
Chlorate Exposure in Sprague-Dawley Rats.” Drug Chem. Toxicol 18(2&3): 185-199

" Bio/Dynamics (1987). “A Subchronic (3 month) Oral Toxicity Study of Sodium Chlorate in the
Rat.” Via Gavage Final Report. Project No.86-3114, December 4, 1987, as cited in NTP Technical Report
on the Toxicology and Carcinogenesis Studies of Sodium Chlorate (CAS No. 7775-09-9) in F344/N Rats
and B6C3F, Mice (Drinking Water Studies), NTP TR 517 (December 2005)
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adrenal weights for high-dose (1,000 mg/kg/day) males and females. There was no such
effect at the mid dose (100 mg/kg bw or 78 mg chlorate/kg bw) which was taken as the
study NOEL. The large dose spacing between the mid dose and the high dose and the
borderline toxicity observed at the high dose assures a larger than usual margin of safety

for an ADI based on the NOEL.

90-Day Dog Study'" The subchronic toxicity study of sodium chlorate was also
evaluated in the dog. Beagle dogs (4/sex/group) were administered 10, 60, and 360
mg/kg/day via oral gavage for 90 days. The dose vehicle, distilled water, served as the
control. Test animals were observed twice déily for mortality and gross signs of
toxicological effects. Ophthalmoscopic examinations were completed prior to initiation
of the study, and at termination. Body weight and food consumption were recorded
weekly. Hematology and chemistry parameters were evaluated prior to study initiation,
and in weeks 6 and 13 prior to termination. Complete necropsy of all animals was

performed postmortem.

All animals survived the study. Body weight gains between control and treated animals
were comparable, with the exception of one high-dose male that exhibited a one kilogram
weight lose during week 11, which was paralleled by a decrease in food consymption.
Evaluation of food consumption, clinical chemistry studies, ophthalmologic observation,
organ weights and organ to body weights, and gross and rﬁicroscopic pathology revealed
no evidence of an effect related to treatment. The NOAEL was taken as the highest dose

tested (360 mg/kg/day or 282 mg chlorate/kg bw/day).

21- and 90-Day Rat Studies (NTP)'® These studies complemented for the subsequent 2-
year NTP cancer bioassay in rats. Male and female Fischer 344 rats were exposed to 0,

0.125, 0.25, 0.5, 1.0, or 2.0 g/L NaClO; for 21 days. Additional male rats were exposed

s Bio/Dynamics (1987). “A Subchronic (3 month) Oral Toxicity Study in the Dog.” Via Gavage

Administration with Sodium Chlorate. Final Report Project No 86-3114, October 19, 1987, as cited in
NTP Technical Report on the Toxicology and Carcinogenesis Studies of Sodium Chlorate (CAS No. 7775-
09-9) in F344/N Rats and B6C3F, Mice (Drinking Water Studies), NTP TR 517 (December 2005).

16 Hooth, M.J., DeAngelo, A.B., George, M.H., Gaillard, E.T., Travlos, G.S., Boorman, G.A. and
Wolf, D.C. (2001). “Subchronic Sodium Chlorate Exposures in Drinking Water Results in a Concentration-
Dependent Increase 1n Rat Thyroid Follicular Cell Hyperplasia.” Toxicological Pathology, Vol. 29 (2):
250-259.
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to 0,0.5,1.0,2.0,4.0, 6.0 g/L of NaClOs for 90 days. NaClOj; treatment induced a
concentration dependent increase in the incidence and severity of thyroid follicular cell

hyperplasia. Male rats were more sensitive to the effects of NaClO; than females.

4. Developmental Toxicity Studies

NTP Study'” Female NZW rabbits were dosed by gavage with sodium chlorate (100,
250 or 475 mg/kg/day) or with the vehicle (water) on days 6-29. The dose volume was 3
ml/kg. The study was conducted in a two replicate design with 12 naturally mated
females per replicate. Sodium chlorate exposure did not significantly affect any
endpoints related to prenatal viability. There were no treatment related effects on fetal
body weight, average litter size, and on external, visceral, or skeletal malformations.
Transient changes in maternal food intake, urinary color, and output were noted at doses
> 100 mg/kg/day, but clear evidence of maternal toxicity was observed only at doses
greater than 475 mg/kg/day. Sodium chlorate did not cause any significant treatment-
related developmental toxicity under the conditions of the study. The maternal and

developmental toxicity NOELS were greater than or equal to 475 mg/kg/day.

Biodynamics Study'® Sodium chlorate was dissolved in distilled water and administered
to 24 mated female CD® rats by gastric intubation during the day 6-15 gestation interval.
Dose levels were 10, 100 and 1,000 mg/kg/day. All animals were weighed and given
detailed in-life physical evaluations at regular intervals during gestation. All animals
were sacrificed at day 20 and given a gross postmortem evaluation. Uteri and fetuses
were examined according to protocol. No mortality occurred in the treated groups; all
females survived to scheduled sacrifice. The mean numbers of corpora lutea,
implantations, live fetuses and resorptions per pregnant female were comparable between

the control and treated groups. No adverse effects of treatment were evident from

" NTP study. Final Study Report, “Developmental Toxicity Evaluation for Sodium Chlorate

Administered by Gavage to New Zealand White Rabbits on Gestational Days 6 through 29.” TER-97005.
The raw data is available on line from the National Toxicology Program website.
http://ntp.niehs.nih.gov/index.cfm?objectid=073 1 167F-9246-568C-4166DAB9305C0C83

'8 Bio/Dynamics Inc., “A Teratogenicity Study in Rats with Sodium Chlorate.” Final Report.

Submitted to the Sodium Chlorate Task Force, Sept 24, 1987. Project No. 86-3117, as cited in NTP
Technical Report on the Toxicology and Carcinogenesis Studies of Sodium Chlorate (CAS No. 7775-09-9)
in F344/N Rats and B6C3F, Mice (Drinking Water Studies), NTP TR 517 (December 2005).
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maternal parameters (pregnancy rates, body weight, weight change, food consumption,
physical observation, uterine implantation data or gross post mortem observations). No
adverse effects of treatment were evident from evaluations of fetal parameters (sex
distribution, external, visceral or skeletal abnormalities) performed on fetuses recovered

from treated females. The NOEL in the study was the highest dose tested.

5. Long-term feeding studies

NTP Study"® Sodium chlorate was the subject of a National Toxicology Program
(“NTP”), two-year chronic toxicology study (NTP TR517, December 2005) on sodium
chlorate and two NTP genotoxicity studies: an in vitro Salmonella mutagenicity test and
an in vivo micronucleus assay. Sodium chlorate was not mutagenic in Salmonella
typhimurium strains TA97, TA98, TA100, TA102, TA104, or TA1535 at doses of 100
t010,000 pg/plate; all tests were conducted with and without exogenous metabolic
activation (induced rat or hamster liver S9 enzymes). No increases in the frequencies of
micronucleated normochromatic erythrocytes (NCEs) were seen in peripheral blood
samples from male and female B6C3F1 mice exposed to concentrations of 125 to 2,000

mg/L sodium chlorate in drinking water for 3 weeks.

Groups of 50 male and 50 female rats were exposed to drinking water containing 0, 125,
1,000, or 2,000 mg/L sodium chlorate for 2 years (equivalent to average daily doses of
approximately 5, 35, and 75 mg/kg per day for male rats and 5, 45, and 95 mg/kg per day
for female rats). All study rats in the 1,000 and 2,000 mg/L. groups had thyroid gland
follicular cell hypertrophy at 3 and 14 weeks. There were positive trends in the
incidences of thyroid gland follicular cell carcinoma in male rats and of thyroid gland
follicular cell adenoma or carcinoma in males and females. The incidences of thyroid
gland follicular cell hypertrophy were significantly increased in all dosed groups of males
and in 1,000 and 2,000 mg/L females. Thyroid gland focal follicle mineralization

occurred in most 1,000 and 2,000 mg/L female rats. The incidences of hematopoietic cell

19

NTP Technical Report on the Toxicology and Carcinogenesis Studies of Sodium Chlorate (CAS
No. 7775-09-9) in F344/N Rats and B6C3F; Mice (Drinking Water Studies), NTP TR 517 (December
2005), see http://ntp.niehs.nih.gov/files/517 Web.pdf.
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proliferation in the spleen of 2,000 mg/L. males and bone marrow hyperplasia in 1,000

and 2,000 mg/L males were significantly greater than those in the controls.

Groups of 50 male and 50 female mice were exposed to drinking water containing 0, 500,
1,000, or 2,000 mg/L sodium chlorate for 2 years (equivalent to average daily doses of
approximately 40, 80, and 160 mg/kg per day for male mice and 30, 60, and 120 mg/kg
per day for female mice). Survival of exposed mice was similar to that of the control
groups. There was a positive trend in the incidences of pancreatic islet cell adenoma or
carcinoma (combined) in female mice. Thyroid gland follicHlar cell hypertrophy was
significantly increased in 2,000 mg/L females. The incii;ehces of bone marrow

hyperplasia were significantly increased in all exposed groups of females.

Under the conditions of this 2-year study, there was evidence of carcinogenic activity of
sodium chlorate in male and female F344/N rats based on the increased incidences of
thyroid gland neoplasms. There was no evidence of carcinogenic activity of sodium
chlorate in male B6C3F | mice exposed to 40, 80, and 160 mg/kg bw per day of sodium
chlorate. There was equivocal evidence of carcinogenic activity of sodium chlorate in
female B6C3F; mice exposed to 30, 60, and 120 mg/kg bw per day of sodium chlorate
based on marginally measured incidences of pancreatic islet neoplasms at these exposure

levels.

For a calculation of a cancer unit risk factor (“URF”) for thyroid cancer, the Notifier used
the thyroid lesion data for rats in the NTP 2-year carcinogenicity study. Tables 5 and 6

summarize the tumor incidences reported in the study.

TABLE 7. NTP Results Summary/Male Rats

Dose g bw/da
R 0 D
0 5 35 75
Thyroid: follicular cell carcinoma 0/47 0/44 0/43 4/47

Thyroid: follicular cell adenoma 1/47 0/44 0/43 2/47
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Dose (mg/kg bw/day)

Male Rats: Tumor Site/Type

Thyroid: follicular cell adenoma or carcinoma | 1/47 0/44 0/43 6/47

TABLE 8. NTP Results Summary/Female Rats

Dose (mg/kg bw/day)
Female Rats: Tumor Site/Type
95

Thyroid: follicula' cell carcinoma ’ 1/47 | 0/47 1/43 2/46

Thyroid: follicular cell adenoma ' 0/47 | 0/47 | 0/43 2/46

Thyroid: follicular cell adenoma or carcinoma | 1/47 | 0/47 1/43 4/46

As demonstrated in the above tabulated data, male rats exhibited the highest overall
tumor incidence in the NTP study. Therefore, the tumor incidence data for male rats was
used to calculate a cancer URF for sodium chlorate. On this basis, the URF for each

tumor site may be calculated as the incidence of tumors relative to the dose, as follows:
URFhyroid = [(6/47 — 1/47)} —75 mg/kg bw/day =
0.0014 (mg/kg bw/day)” = 1.4 x 107 (mg/kg bw /day)’

6. Toxicology Summary for Chlorate

References supporting the discussion above are provided in Appendix 9. The results of

the repeat-dose toxicology studies discussed above are summarized in Table 7 below.

TABLE 9. Subchronic and Chronic Toxicology Studies on Sodium Chlorate

Study Test Doses Effects NOEL
Animal (mg/kg/bw) ( mg/kg bw/day)
Bio/Dynamics | Beagle 10, 60, 360 None treatment related. | >360
90-day gavage | dogs
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Test

Study

Doses

Effects

NOEL

Animal (mg/kg/bw) ( mg/kg bw/day)
Sprague | 10, 100, 1000 | Some hematological 100 (mid dose)
Bio/Dynamics | -Dawley parameters consistent
90- day rats with anemia at the
gavage highest dose.
NTP NZW 100, 250, 475 | No treatment- related > 475
Teratology rabbits developmental effects.
(abstracts) Maternal toxicity
observed only in
screening studies at
higher doses.
Biodynamics | Sprague | 10,100, 1000 No treatment related
Teratology -Dawley adverse effects either > 1000
rats from maternal or fetal
parameters.
McCauly ef al | Sprague | 30-512 Pituitary gland 30 (males)
-Dawley | male vacuolization; 42 (females)
rats 42-801 Thyroid gland depletion
female
NTP Fisher 0, 20, 35, 75, Heart weights were NOEL for thyroid
Subchronic 21 | 344 rats | 170 and 300 significantly decreased in | follicular cell
and 90 day males 300 mg/kg males. hypertrophy at
Incidences of thyroid 35.
0, 20, 40,75 gland follicular cell
150, 340 hypertrophy were
females significantly increased in
males and females at
doses of 75 mg/kg or
greater.
NTP Chronic | Fisher 5,35,75 Increased incidence of NOEL for tumors
bioassay 344 rats | males thyroid gland adenoma at 35.
5, 45,95 and carcinoma combined | NOEL for
females at 75. decrease in
Thyroid gland thyroid hormones
hypertrophy increased in | at 5.
males at 5. NOEL for
decrease in
hypertrophy in
males <5.
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Animal (mg/kg/bw) ( mg/kg bw/day)
NTP Chronic | Mice 40, 80, 160 Thyroid follicular cell NOEL for
bioassay males hypertrophy increased at | hypertrophy at
30, 60, 120 120. Bone marrow 160.
females hyperplasia increase in NOEL for bone
all exposed females. marrow
hyperplasia < 30.
C. Dietary Exposure Assessment for Target Animals for Chloraté

and Chlorite

Data collected from DG from fermentation water treated with the PureMash® technology
indicate that it may contain of <0.8 mg/kg chlorite and as much as 14 mg/kg of chlorate
(on a dry basis) when the fermentation water is dosed at up to 55 ppm chlorine dioxide.
Therefore, an assessment of dietary exposure at these dosage and residual levels was
conducted. These conditions are thought to represent worst case conditions, given that
typical dosages range from 10 to 40 ppm and measured residuals included chlorate

concentrations that may or may not be fully attributable to the Notifier’s technology.

Distiller’s grains are typically fed as a portion of daily feed to target animals such as
cattle, diary cows, sheep, swine, and broiler chickens. The daily feed diets of cattle, diary
cows, sheep, and swine include up to 30% distillers grains on a dry weight basis. The
daily feed intake of broiler chickens may include up to 15% by weight dry distillers

grains.”’

Feeding data for animals which the Distillers Grain Technology Council has indicated
that DG can be used in daily feed are presented in the table below.?! Weights and intakes
of feed are nominal, meaning that they are representative of populations of animals
generally, and may not be specific to particular categories of food animals raised under

specific conditions.”? The quantity of food consumed per day per animal may not be

2 Using Distillers Grains in the U.S. and International Livestock and Poultry Industries, see

http://www.matric.iastate.edu/DGbook/distillers_grain_book.pdf.

2l Distillers Grains Technology Council, University of Louisville, Lutz Hall Room 435, Louisville

Kentucky 40292: www distillersgrains.org.
22

’

SAX’S Dangerous Properties of Industrial Materials. Ninth Edition (1996). Table 2. Van
Nostrand Reinhold Company. New York.
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representative of food intakes for a specific period of time during growth, but rather

reflect an average that approximates intakes over an expected lifetime.

TABLE 5. Feeding Data for Food-Producing Target Animals -

. . Food Distillers Grains (dry weight basis)

Animal Weight Consumed ConsumeEl per Dagy
(kg) (g/day) (%) (g/day) | g/kg bw/day

Beef Cattle 500 10,000 30% 3,000 6
Dairy Cattle 500 10,000 30% 3,000 6
Poultry 25 190 15% 28.5 114
(broiler)
Sheep 60 -2,400 | 30% 720 12
Swine 60 2,400 30% 720 12

The amount of distillers grains consﬁmed on a dry basis for each animal is calculated as
follows for cattle: |

(10,000 g-food/500 kg bw) x (0.3 g-distillers grains/g-food)

= 6 g-distillers grains’kg bw '
The dietary intake of the distiller grains by other is similarly calculated. The maximum

distillers grains consumed by beef cattle, on a dry weight basis, is 6 g/kg bw/day.

With a maximum residual level of 14 mg/kg of chlorate in distiller’s grains on a dry

weight basis, a'maximum dietary intake for beef cattle is calculated as follows:

6 g-distillers grain/kg bw x (14 mg-chlorate/kg-distillers grains) x (kg/1000 g)
= 0.084 mg chlorate/kg bw/day

The dietary intake of chlorate by other target animals is similarly calculated.

With a maximum residual level of 0.8 mg/kg of chlorite in distiller’s grain on a dry
weight basis, a maximum dietary intake for beef cattle is calculated as follows:
6 g-distillers grains/kg bw x (0.8 mg-chlorite/kg-distillers grains) x (kg/1000 g)
= 0.0048 mg chlorite/kg bw

For chlorite, the dietary intake of chlorite by other target animals is similarly calculated.
Estimated daily intakes (“EDIs”) of chlorite and chlorate for each type of animal are

presented in the table below:
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TABLE 6. EDIs for Target animals

Animal Chlorate Chlorite
EDI EDI
(mg/kg-bw/day) (mg/kg-bw/day)

Beef Cattle 0.084 <0.0048
Dairy Cattle 0.084 <0.0048
Poultry
(Broiler) 0.16 <0.009
Sheep 0.168 <0.0096
Swine 0.168 <0.0096

D. Safety of Chlorite in Humans and Target Animals

FDA has evaluated the safety data on chlorite in conjunction with the Agency’s review of
previous notifications and petitions relating to chlorine dioxide. The U.S. U.S.
Environmental Protection Agency (EPA) Integrated Risk Information System (IRIS)
reviewed the available literature on the toxicity of chlorite and established an acceptable
daily intake (ADI) of 30 pg/kg bw/day.? EPA relied on neurodevelopmental effects
reported in a 2-generation reproductive toxicity study of sodium chlorite in drinking
water. The NOAEL was determined as 3 mg/kg bw/day, and the ADI was calculated by
applying a 100-fold safety factor. The estimated maximum EDI for chlorite in target
animals of 0.01 mg/kg bw/day is below the ADI established by EPA.

Published literature has reported that any chlorite that is consumed by animals, such a
cattle, swine, and poultry, is not detected in the animal after consumption and is believed
to be metabolized to chloride ion. Consequently no dietary exposure to chlorite for
humans is expected as a result of the intended use of the chlorine dioxide generated by

the PureMash® technology.

Analysis of distillers grain treated with chlorine dioxide did not detect chlorite at a 0.08
mg/kg detection level. Therefore, a maximum of 0.08 mg/kg of chlorite residuals was
assumed to remain in the distiller’s grain after ethanol fermentation. The maximum EDI
for chlorite from this intended use was determined to be 0.01 mg/kg bw/day or 10 pg/kg
bw/day. The U.S. EPA IRIS ADI for chlorite is 30 pg/kg bw/day. The estimated EDI of

23

The acceptable daily intake is the amount of a substance that can be safely orally ingested over a
lifetime based on animal toxicology or human studies.
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chlorite of 10 pg/kg bw/day is below the ADI established by EPA and is therefore

considered safe for humans and target animals.

E. Safety of Chlorate in Target Animals

Sodium chlorate was the subject of an NTP two-year chronic toxicology study (NTP
TRS517, December 2005) and two NTP negative genotoxicity studies: an in vitro
Salmonella mutagenicity test and an /» vivo micronucleus assay. A unit risk of 1.4 x 107
(mg/kg/da)v/)'I has been determined for sodium chlorate on the conservative assumption
that the compound is a human carcinogen. However, under the conditions of the intended
use of chlorine dioxide, because the target animals live out only a fraction of their natural
lifespan, the carcinogenicity toxicol‘ogy endpoint is not appropriaté to use to evaluate
chlorate residual in this analysis. For example, broiler chickens are typically slaughtered
28 weeks while the normal lifespan for a chicken is about 12 -15 years. Therefore, it is
more appropriate to use sub-chronic oral studies to determine a safe ADI for chlorate for

the target animals intended for food consumption.

Such an evaluation requires assessing sub-chronic oral studies on sodium chlorate in rats
relative to the target animals. Specifically, an ADI for the target animals was calculated
by applying a 100-fold safety factor to the NOAEL value obtainéd in a subchronic rat
study as discussed below, resulting in an ADI of 0.30 mg/kg bw/day. —

For this purpose we used the demonstrated no observed adverse effect level (NOAEL) of
100 mg/kg bw/day for rats for sodium chlorate. This NOAEL corresponds to a NOAEL
level of 78 mg/kg bw/day for only chlorate ions as reported in the Biodynamics, Inc.

study (1987) and a NOAEL of 3Q mg/kg bW/day for only chlorate ions as reported in the
McCauley study (1995). There are some difficulties associated with interpreting fhe
McCauley study results as 10 animals were used in a group, and, although thyroid colloid
depletion was réported, the “Methods” section does not state that thyroids were examined.
However, the Notifier has selected the lower NOAEL of 30 mg/kg bw for use to
determine an AD], since thyroid effects observed in this study correlate with 2-generation

studies where thyroid effects were also observed. The ADI was established by applying a
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safety factor of 100 to the results of the McCauley study to allow for interspecies

differences.

We think the determined ADI of 0.30 mg/kg bw/day is conservative for ruminants, due to
additional reports in the literature that chlorate and chlorite, when dosed to ruminants,
such as cattle, diary cows, sheep, and goats, afe rapidly reduced to chloride by interaction
with ruminant fluids when ingested, prior to absorption into the body or elimination®*.
Chlorate is reduced by interaction with nitrate-reductase-containing bacteria that have the
ability to intracellularly convert chlorate to chlorite where the chlorite is rapidly reduced
by the presence of dismutase enzymes capable of rapidly metabolizing chlorite to
chlo9ride ion.” via ruminal bacteria. Oliver ef al report that in addition to bacteria
present in the ruminant of target animals, the chemical environment of the rumen with
chemical redox potentials of -200 to -450 mV provides an electrochemical environment
for the reduction of chlorate to chloride. Oliver ef al report that a greater relative fraction
of a low chlorate dose is chemically reduced to chloride compared to higher chlorate dose
when added in vitro to ruminal fluids. For example, approximately 15% of a 300 mg/L
chlorate dose is reduced to chloride over 24 hours compared to a 100 mg/L chlorate dose
which is reduced by 60% over a period of 24 hours in the rumen environment. As these
dose levels are much greater that the ADI of 0.30 mg/kg bw/day developed by the rat
studies, which is equivalent to a dietary concentration of 15 ppm in cattle*’, we would
expect a much lower amount of actual chlorate ion absorbed into the ruminants as
chlorate would quickly be conveﬁed to chloride in the upper digestive tract of these
animals. Therefore, the ADI developed from the rat studies is highly exaggerative for
ruminént target animals. However, the ADI is applicable for non-ruminant target animals,

such as poultry (broilers) and pigs. The referenced papers are provided with Appendix 9.

24

C.E. Oliver, M.L. Bauer, J. S. Canton, R. C. Anderson, and D.J. Smith, “The 1 vitro reduction of
sodium [36Cl]chlorate in bovine ruminal fluid,” J. Anim Sci, 85, 2059-2068 (2007).

» D.J. Smith, C.E. Qiiver, J.S. Canton, and R.C. Anderson, “Effect of Sodium [3°CI] Chlorate Dose
on Total Radioactive Residues and Residues of Parent Chlorate in Beef Cattle, J. Agric. Food Chem, 53,
7352-7360 (2005).

26

0.30 mg/kg bw/day x 500 kg bw + 10 kg-food = 15 mg/kg or 15 ppm
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Next, we employ the ADI and the estimated residual chlorate in DG to benchmark the
safety associated with ingestion of the DG as a component of animal feed. Recall that as
much as 14 mg/kg chlorate may remain in the DG on a dry weight basis based on the use
of the chlorine dioxide. As calculated above, based on this residual level of chlorate in
DG fed to target animals, the worst-case EDI for chlorate for target animals (sheep and
swine) consuming DG with this level of chlorate residual is 0.17 mg/kg bw/day (0.168
mg/kg bw/day rounded to 0.17 mg/kg bw/day).

The maximum dietary intake of chlorate by target animals is determined to be 0.17 mg/kg
bw/day, which is below the calculated ADI for chlorate ingested by target animals of 30
mg/kg bw/day. We conclude that chlorate byf)roduct from this process can be deemed

safe for animals when present at levels generated by the PureMash® system as described.

Table 12. EDI Summary for Chlorite and Chlorate

CAS 1 pe EDI
REG.
NO (ppb) | (mg/person/day)

Animal Dietary
Exposure

14866- 0.17 mg/kg
Chlorate 68-3 7 bw/day

. 14998- 0.01 mg/kg

Chlorite 277 bw/day
Human Dietary '
Exposure

14866- 0.000015 mg/kg
Chlorate 68-3 0.3 ppb bw/day

F. Human Dietary Intake for Chlorate

High doses of sodium chlorate were directly administered to cattle and swine 24 to 72
hours or to broilers 8 hours prior to slaughter and the disposition of the chlorate within
the animal was measured. More specifically, sodium chlorate in the form of radioactive
Na*®[C1]O; was dosed to animals and the fate of the chlorine and parent chlorate in

animal tissues was measured on the basis of the radioactive markers.
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Summarized below are the data associated with the metabolism of chlorate ion, in the
form of sodium chlorate, in animals, with the levels of sodium chlorate present in animal

tissues 24 hours after dosing for cattle and swine, and 8 hours for broilers.

TABLE 10. Direct Feed Chlorate Residue Data

Animal/Dose Liver (ppm) Kidney (ppm) Muscle (ppm) Adipose (ppm)
Beef Cattle®’ ,
21 mg/kg bw 0.13 0.27 0.05 0.02
42 mg/kg bw 0.10 0.40 0.20 0.13
63 mg/kg bw 0.08 0.04 0.41 0.21
Swine?®
20 mg/kg bw 0.01 0.18 0.07 0.19
40 mg/kg bw 0.02 0.20 0.07 0.13
60 mg/kg bw 0.04 0.19 0.18 0.49
Broiler”
164 mg/kg bw 0.063 Not determined 0.088 0.07
292 mg/ kg bw 0.095 Not determined 0.09 0.05
407 mg/ kg bw 0.087 Not determined 0.135 0.129
Rat™"
3 mg/kg bw 0.00029 0.00045 0.00028 0.00034

The published literature thus indicates that the fate of chlorate in rats is very similar to
that of cattle, swine, and poultry. The dose levels of chlorate administered to target
animals in these studies were several orders of magnitude greater than the chlorate levels
. likely to be ingested by animals fed distiller grains from ethanol plants using the

PureMash® technology.

27

Smith, D.J., Oliver, C.E., Caton, J.S., Anderson, R.C. 2005. “Effect of Sodium [36Cl] Chlorate
Dose on Total Radioactive Residues and Residues of Parent Chlorate in Beef Cattle ” J. Agric Food Chem.
53, 7352-7360 (2005).

28 Smith, D.J., Anderson, R.C., Huwe, J.K. 2006. “Effect of Sodium [**Cl]Chlorate Dose on Total
Radioactive Residues of Parent Chlorate in Growing Swine.” J Agric. Food Chem 54, 8648-8653 (2006).
2 Smith, D.J., Byrd, J.A., Anderson, R.C. 2007. “Total Radioactive Residues and Residues of
[**Cl]Chlorate in Market Size Broilers.” J Agric. Food Chem 55, 5898-5903 (2007).

3 Hakk, H., Smith, D., Shappell, N 2007. “Tissue Residues, Metabolism, and Excretion of

Radiolabeled Sodium Chlorate (Na[*°Cl]O;) in Rats.” J. Agric. Food Chem. 55, 2034-2042 (2007).

31

See text for the calculation of residual chlorate levels.
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There are two published reports of the disposition of single doses of chlorate of 3 mg/kg
bw’? and 0.06 mg/kg bw*” reported for rats. It is appropriate to use the toxicology data
on the fate and metabolism of chlorate when administered to rats at these lower dose
levels which are more comparable to a maximum chlorate dietary exposure of 0.17 mg/kg
bw/day experienced by animals fed distillers grains treated by the chlorine dioxide. The
reports on the lower dose levels of chlorate provide confirmatory information on the
disposition of chlorate ingested by animals. There is no accumulation of chlorate; nearly
all the chlorate ingested is metabolized to chloride ions. Based on the data reported by
Hakk et al. (2007), rats dosed with radioactive sodium [36Cl]03 after 72 hours of
exposure. had only 0.2% of the total [*°Cl1] residues in the muscle tissue attributed to the
presence of chlorate ion with the remainder being chloride ion. The amounts of chlorate
in the liver and kidney were not detectable. The amounts of chlorate in adipose (fatty)
tissue were not reported; however, as seen below, the Notifier calculates that as much as
0.2% chlorate remains of the total chloride content, a level similarly reported for muscle

tissue.

The total chloride content, which included both chlorate and chloride ions, in the various
tissues were measured for adipose tissue (0.17 ppm), liver (0.29 ppm), kidney (0.45 ppm)
and muscle (0.14 ppm), where the ppm amounts are based on chlorate equivalents. The
Notifier assumes that as much-as 0.2% of the total chloride content is due to the presence
of chlorate ion, with the exception of the kidney and liver tissues where chlorate was not
detectable; the Notifier uses a residual percentage of 0.1% for chlorate as a worst-case
assumption for these latter organs. The residual chlorate levels in the various edible
tissues are calculated as follows:

adipose tissue: 0.17 ppm x 0.002 = 0.34 ppb

liver: 0.29 ppm x 0.001 = 0.29 ppb
kidney: 0.45 ppm x 0.001 = 0.45 ppb
muscle: 0.14 ppm x 0.002 = 0.28 ppb

32 See Footnote 7.

33 M. S. Abdel-Rahman, D. Couri, and R. J. Bull, “The Kinetics of Chlorite and Chlorate in the Rat.”
Journal of the American College of Toxicology, 3(4), 261-267 (1984). In this article dosing levels were
reported to be 5 mg/L chlorate in water, and the male rats consumed 3 mL of the treated water. Assuming
an average weight of 235 g for a Sprague-Dawley rat, the male rats in this study ranged from 220 to 250 g,
the dose levels are calculated to be 3 mL x 5 mg/L x (L/1000 mL) + 0.235 kg = 0.06 mg-chlorate/kg bw.
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Confirmation of the order of magnitude of the chlorate concentration in edible tissues is
provided by Abdel-Rahman, et. al. (1984) where the levels of total chloride [36Cl] ion
from both chlorate and chloride residues in male rats dosed with 0.06 mg/kg bw of
sodium [* 6C]] chlorate were approximately 0.7 ppb in'the liver and 1.4 ppb in the kidney.
Amounts of chlorate in the adipose tissues and muscle tissue were not measured.
However, no residual levels greater than 2 ppb were measured in any tissues of the rat,
including plasma and blood. Based on the weight of this evidence, and that no more than
0.2% of the chloride containing species resulting from the ingestion of sodium chlorate
remain in the form of chlorate, the Notifier believes that chlorate will not be present at a
residual level greater than 0.45 ppb in any of the edible tissues of target animals based on
the analysis outlined above. The Notifier also uses this maximum level of 0.45 ppb as a

residual level for chlorate in milk and eggs produced from cows and poultry, respectively.

As further support for these residual concentrations of chlorates, it is reported that
chlorate is further reduced by animal tissues themselves. For example, chlorate ion was
transformed to chloride ion when skeletal muscle samples of cattle were stored at 14 days
at 3.1°C.>* Essentially, chlorate levels ranging from 0.04 to 0.25 ppm in skeletal muscle
tissue were reduced to non-detectable levels during this time period. Furthermore, D. J.
Smith et. al. (2005) report that 10% of the chlorate fortified in fresh skeletal muscle from
cattle is converted to chloride within 1 hour; by 4 days, over 25% of the fortified chlorate
was converted to chloride. Additional siudies indicated that 20-86% of chlorate fortified

in human blood, brain, or liver was no longer present after a 60 hour period.*®

In the studies cited above, there is no evidence of chlorite in excreta or tissue of broilers,
swine, cattle and rats due to chlorate ingestion. From a mechanistic point of view, any
chlorite produced by the metabolic reduction of chlorate would be followed by a further

reduction of chlorite by metabolic reaction to chloride.*®

34 See footnote 25.

3 J. 8. Oliver, H. Smith, and A. A. Watson, “Sodium chlorate poisoning,” J. Forensic Sci , 12, 445-
448 (1972).

36 Hakk, H., Smith, D., Shappell, N. 2007. Tissue Residues, Metabolism, and Excretion of
Radiolabeled Sodium Chlorate (Na[*°C1]0O;) in Rats. J. Agric. Food Chem. 55, 2034-2042 (2007).
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To determine the dietary intake of chlorate by the consumption of edible parts of a
species of target animals, FDA assigns consumption values for different edible products
of each species, based on the relative amount of each organ or tissue that is consumed by
individuals.>” The consumption value (i.e., grams consumed, per person, per day) is
applied to all species of target animals, as it is assumed that an individual will not
consume the same full portion of a meat product from a different species, after having
consumed the full portion from the first species. These values are used to determine the
exposure of chlorate, based on the level of chlorate in each location. The consumption
values and the chlorate levels are summarized here:

TABLE 11. Consumption Values for Chlorate

Edible Product Consumption Chlorate Level
(g food/day) (ng/g tissue)

Muscle 300 g 0.00028
Liver 100 g 0.00029
Kidney 50g 0.00045

Fat 50g 0.00034

Milk 1.5L 0.00045
Eggs 100 g 0.00045

To estimate the dietary exposure of chlorate, the Notifier considered each edible portion
of cattle, as well as considering both milk and eggs as individual commodities, as FDA
assumes that milk and eggs are consumed in addition to the edible muscle or organ
tissues consumed. FDA assumes that on a daily basis a person consumes a full portion of
milk in addition to the full portion edible muscle or organ tissue. The intake estimate for
milk is 1.5 L. For eggs, the intake estimate will be changed to 100 g. Again, the FDA
assumes that on a daily basis a person consumes a full portion of eggs in addition to the
consumption of muscle or organ tissue. The Notifier calculated the relative amount of
each edible product based on the chlorate level in the edible product, to obtain, in essence,
a dietary exposure for individual consumers. The Notifier is submitting separately
calculated exposures due to milk as well as eggs, and the sum of all values to obtain the

cumulative exposure. The calculations are detailed here:

3 As described in FDA's Guidance for Industry: General Principles for Evaluating the Safety of

Compounds used i Food-Producing Amimals; http://www .fda.gov/downloads/
AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/ucm052 180.pdf.
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Muscle:

(0.00028 pg chlorate /1 g muscle) x (300 g muscle/person/day)

= 0.1 pg chlorate/person/day

Liver:

(0.00029 pé chlorate /1 g liver) x (100 g liver/person/day)

= 0.03 pg chlorate/person/day

Kidney:

(0.00045 pg chlorate /1 g kidney) x (50 g kidney/person/day)

= (.023 pg chlorate/person/day

Fat:

(0.00034 pg chlorate /1 g fat) x (50 g fat/person/day)

=0.017 pg chlorate/person/day

Total Dietary Exposure to Chlorate for a Person not Consuming Eggs and
Milk:

0.01 pg chlorate/person/day (muscle) + 0.03 pug chlorate/person/day (liver) +
0.023 pg chlorate/person/day (kidney) + 0.017 pg chlorate/person/day (fat)
= 0.17 pg chlorate/person/day

Milk:

(0.45 pg chlorate / 1.0 L milk) x (1.5 L milk/person/day)

= (.68 ug chlorate/person/day

Eggs:

(0.00045 pg chlorate / 1 g egg) x (100 g egg/person/day)

= (.045 pg chlorate/person/day

Thus, the cumulative exposure to cattle, milk, and eggs is:
0.17 pg + 0.68 pug + 0.045 pug = 0.9 pg chlorate/person/day

Assuming an individual consumes 3 kg of food per day, this calculates to a dietary
concentration of 0.9 ng/3 kg = 0.3 ppb per day. The EDI for chlorate is calculated as
follows:

EDI (chlorate) = 0.3 pg/kg x 3 kg-food/p/d = 0.9 ng/p/d

Assuming that an average individual weighs 60 kg, the EDI also may be expressed as




GRAS NOTIFICATION
RESONANT BIOSCIENCES, INC. Page 35

0.9 pg/p/d + 60 kg bw = 0.015 pg/kg bw/d.
G. Safety of Chlorate and Humans

Again, a unit risk factor of 1.4 x 10” (mg/kg/day)'] was determined for sodium chlorate
on the conservative assumption that the compound is a human carcinogen. This is
equivalent to a virtual safe dose (VSD) for human dietary exposure of 14 ppb for sodium
chlorate, assuming that an average individual weighs 60 kg and consumes 3 kg of food
per day.*® "The unit risk factor is adjusted to 1.79 x 10” (mg/kg bw/day) for chlorate
ions. > i:urther to account for the presence of only chlorate ion, the VSD is adjusted to 11

ppb (14 ppb x 83.44 g-chlorate/106.44 g-sodium chlorate = 11 ppb).

Based on the maximum residual levels of chlorate that may be present in edible tissues,
organs, eggs', and milk that may be derived from animal sources consuming distillers
grains from ethanol distilleries that use this product, the Notifier calculated an EDI for

humans of 0.015 pg/kg bw/day immediately above.

Based on an EDI of 0.015 pg/kg bw/day, a worst-case upper bound cancer risk of
2.7 x 10° for chlorate as a degr;advation product is calculated (0.000015 mg/kg bw x
1.79 x 10” (mg/kg bw/d)' =2.7 x 10’8). The estimated dietary exposure to chlorate
ion associated with the intended use of chlorine dioxide in ethanol production is 0.3
ppb in the human diet. This level is 2.7% of the VSD of 11 ppb, well below .1/10 of
the VSD. '

Guidance 159 is intended to assess the safety of animal drug residues present in human
food and the effect of these residues on human intestinal flora. As outlined above, only
chlorate residues are expect to possibly enter the human gut based on any residuals
remaining in the tissues, muscles, and fats of livestock. We have determined that the
dietary exposure of humans to chlorate in 0.015 pg/kg bw/day. Specifically, we address

whether chlorate residues at these levels are microbiologically active against strains of

3 ((1 x 10°)/1.4 x 10 (mg/kg bw/day)™") x 60 kg bw = 3 kg/day = 0.014 mg/kg = 14 ppb
3 1.4 x 107 (mg/kg bw/day) x (106.44 g-sodium chlorate/83.44 g-chlorate) =
1.79 x 107 (mg/kg bw/day)™
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human intestinal flora. It has been reported in the literature that chlorate does not
adversely affect the commonsol microtlora of gastrointestinal tracts.* The presence of
chlorate does not adversely affect the commonsol microflora of gastrointestinal tract. We
may conclude that the residue is not microbiologically active against human intestinal

flora, especially at these very low levels.

As further support to demonstrate that chlorate at a concentration of 0.015 pg/kg bw/day.
or 0.3 ppb ppm is not microbiologically active against human intestinal flora, we note
that people are exposed to sodium chlorate in drinking water. California, for example,
has set a notification level for chlorate in drinking water of 800 pg/L (0.8 ppm), and the
World Health Organization has set a guideline limit of up to 700 pg/L (0.7 ppm) in
drinking water.®' If one were to drinks 2 liters of water containing 0.7 ppm sodium
chlorate, the resulting exposure would be 1, 400 pg chlorate/day. Just as drinking water
(and its related potential exposure to sodium chlorate) is not microbiologically active
against human intestinal flora, any residual amounts of chlorate occurring in meat and
target animals products as a result of the animals being fed DGs is not microbiologically

active in the human gut.

In fact, chlorate levels may not be present at all in meat products derived from target
animals for rumens such as cattle, diary cows, and sheep. Chlorate (and chlorite) are
rapidly reduced to chloride by interaction with chlorate-reducing bacteria present in the
rumen. Oliver et. al. report that during studies with in vitro rumenal fluids, that, in
addition to being rapidly reduced to chloride, the rate of chlorate reduction to chloride
depends on the dose level. A greater relative fraction of a low chlorate is chemically
reduced to chloride at a faster rate compared to a higher chlorate dose. For example,
approximately 15% of a 300 mg/L chlorate dose is reduced to chloride over 24 hours

compared to a 100 mg/L chlorate dose which is reduced by 60% over a period of 24

hours in the rumen environment. As these dose levels are much greater that the chlorate

0 R.C. Anderson, S.A. Buckley, L. H. Stanker, R.B. Harvey, and D.J. Nisbet, “Bacterial Effect of

Sodium Chlorate on Escherichia coli 0157:H7 and Salmonella Typhimurium DT104 in Rumen Contents in
vitro, J. Food Prot., 63, 1038-1042 (2000).

4l See http://oehha.ca.gov/water/pals/index.html and

http://www.who.int/water_sanitation_health/dwg/chemicals/chlorateandchlorite0505.pdf.
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intake of 0.17 mg/kg bw/day, which is equivalent to a dietary concentration of 8.5
ppm,* we w;)uld expect only traces, if any at all, of chlorate ion absorbed into the
muscles, tissues and fats of ruminants as chlorate would quickly be converted to chloride
during the residence time in the upper digestive tract of these animals. Therefore, the
daily intact of chlorate into the human digestive tract is highly exaggerated by our
calculations.
&

H. Antibiotic Resistance and Chlorine Dioxide
Chlorine dioxide is used as antimicrobial for the ethanol fermentation process. One of
the ethanol fermentation by-products, DGs, will be fed to food-producing animals. As
established earlier in this submission (Section IV. A and B), we expect that no chlorine
dioxide will be present in the DGs fed to food-producing animals and have determined
that residues of an impurity present as a result of the chlorine dioxide generation is

present at a level of 14 mg/kg in the DGs.

In this section, the Notifier addresses Guidance 152 (“Guidance for Industry: Evaluating
the Safety of Antimicrobial New Animal Drugs with Regard to their Microbiological
Effects on Bacteria of Human Health Concern”) and CVM Guidance 159 (“Guidance for
Industry: Studies to Evaluate the Safety of Residues of Veterinary Drugs in Human Food:
General Approach to Establish a Microbiological Acceptable Daily Intake (ADI)”).
These guidance documents are for antimicrobial drugs and not feed products. However,
the issues raised in these guidance documents are relevant to the extent that chlorine
dioxide is used to reduce the level of microbial matter in ethanol fermentation tanks and
the presence of chlorine dioxide and chlorate levels in DGs fed to target animals may

provide antimicrobial effects in animals similar to antimicrobial animal drugs.

Chlorine dioxide is a chemical disinfectant and is not considered an antibiotic.
Guidance 152 assesses the risk to human health resulting from microbial resistance as a

result of animal drug applications. We do not expect any introduction of chlorine dioxide

* For cattle, 0.17 mg/kg bw/day x 500 kg bw + 10 kg-food = 8.5 mg/kg or 8.5 ppm
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into the target animals and thus there is no concern of bacteria developing resistance to

the use of chlorine dioxide from this intended use.

Antibiotics function by destroying a specific enzyme within the cell organism, targeting
active sites within the organism. Bacterial resistance to antibiotics arises from a genetic
mutation that leads to either enzyme deactivation of the target site, a change in the

metabolic pathway. or an increase in efflux within the cell.*?

In contrast, chlorine dioxide effectively kills microbes by breaking down cell walls. This
type of cell destruction is not changed by a genetic mutation that allows a microbe to
survive the application of chlorine dioxide. Therefore, chlorine dioxide is not expected to

induce antibiotic resistance.

We also note that chlorate is present at very low levels as an impurity in the DGS fed to
animals. Chlorate ion is not used as a human drug; therefore, there is no concern of any
bacteria developing resistance to chlorate as it is not used for treating human bacterial

infections.

V. Conclusion

The Notifier is providing supporting information concerning the regulatory framework
upon which the foregoing determination of GRAS is based in Appendix 10. In summary,
based on scientific procedures, chlorine dioxide is GRAS for the Notifier’s intended
condition of use because:

e Chlorine dioxide added during fermentation is intended to reduce the presence of
unwanted organic acids that lower ethanol production yields. Chlorine dioxide is
not intended to have a technical effect in ethanol or the DDG byproduct of
ethanol production that may be used as a component of animal feed for food
producing animals. Chlorine dioxide is highly reactive and is not expected to be

present as a result in the DG;

s See http://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/ucm 134455 htm.
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¢ The maximum levels at which chlorate and chlorite may enter the diet of animals
is 0.17 mg/kw bw/day and 0.01 mg/kg/bw/day, respectively. The maximum level
at which chlorate may enter the diet for individuals consuming meat and products
produced from animals fed distiller grains treated with the PureMash® technology
15 0.015 pg/kg bw/day. No measurable chlorite is expected to enter the diet of
these individuals as a result of the use of the chlorine dioxide. Sodium and
sulfate ions are generated in the form of sodium sulfate and sulfuric acid and are

GRAS at the expected levels at which they may be present from the technology.

e Based on the 2 year NTP carcinogenicity studies, a unit risk factor for a one in a
million occurrence of cancer was calculated to be 1.4 x 107 (mg/kg bw/day) for
sodium chlorate. This is equivalent to a virtual safe dose for human dietary
exposure of 14 ppb for sodium chlorate, assuming that an average individual
weighs 60 kg and consumes 3 kg of food per day.44 To account for the presence
of only chlorate ion, the VSD is adjusted to 11 ppb
(14 ppb x 83.44 g-chlorate/106.44 g-sodium chlorate = 11 ppb);

e The estimated dietary exposure to chlorate ion associated with the Notifier’s
intended use is 0.3 ppb in the human diet. This level is 2.7% of the VSD, which
is well below 1/10 of the VSD. The Notifier’s calculations are designed to be
extremely conservative and actual exposures due to the use of its technology are

likely to be significantly lower.

Based on the documentation provided in this GRAS notification, and as discussed above,
the Notifier has concluded that chlorine dioxide is GRAS via scientific procedures for use

as a processing aid in the production of non-food grade and food grade ethanol.

44

((1 x 10°)/1.4 x 10”° (mg/kg bw/day)™") x 60 kg bw = 3 kg/day = 0.014 mg/kg = 14 ppb.
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Feod and Drug Administration

Center for Veterinary Medicine

7519 Standish Place -
.-Rockville, Maryland 20855

Re: Authorization fo Act as Agent for R'esonant'Bipséicnces, LLC .

Dear Sir or Madam:

This is to advise that the law firm of Keller and Heckman LLP; its emgifoyeés, associates, and
agents, specifically including; but not limited to Seott A. Krygier dnd Martha E. Marrapese are

hereby authorized to act as agents on behalf of Resonant Biosciences, LLC with regard (o
submissions to the U.S. Food and Drug Administration by Resonant Biosciences, LLC.

This letter is our authorization to you to permit said firm to undertake appropriate
communications relevant to making submissions or inquiring as to the status of any and all
submissions filed or to be filed by or on behalf of Resonant Biosciences, LLC, including
examination of all relevant information including confidentiat business, proprietary, and trade
secret information submitted or developed under the Federa) Food, Drug, and Cosmetic Act.

Sincerely,

Allen M 1-egler
Preside,

Resonant BioSaiences
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Internal Report Summary:
. 10/24/2008 ) .
Chlorine Dioxide Use at[5) (@) ®

Executive Summary

A PureMash chlorine dioxide generator was installed at(b) (4)
and was utilized to generate chlorine dioxide on site for application to process mash stream.
Chlorine dioxide was added-to the mash at the fermentor fill at 1000 ppm. The main objective of
the study was to determine if the PureMash technology could replace the current antibiotic
addition for control of bacterial contamination with no negative effect on the ethanol
fermentation process. This was demonstrated by a decrease in bacterial cell contamination levels
in the chlorine dioxide treated (PureMash) fermentor compared to the untreated control

Background

Chlorine dioxide is a gas which has high bactericidal effect at low dissolved concentration. This
system is designed to chemically generate, on site, high purity chlorine dioxide at the point of use.
Laboratory work has shown the killing effect to be much greater on bacteria than on yeast. Previous
work showed an equivalent kill compared to the effects of antibiotics in whole corn mash. As a dry
grind corn ethanol producer looking for non-antibiotic alternatives (0) (%) __ lagreed to
an installation of a PureLine chlorine dioxide generation system for subsequent trial.

Experimental

Plate Count Source Site — South Dakota State University

Conducted By: Dr. William Gibbons-Professor Industrial Microbiology

Treatment Rate/Mg/: 10 mgl/|

Fermentor Volume: 650,000 Gallons

Chlorine Dioxide/lbs: 54

Treatment Time: 16 Hours

Treatment Regime: Chlorine dioxide applied on fill of fermentor from 0-16 Hours. Chlorine
dioxide application discontinued after 16 hours

NoOGOhoON

Methods

For cell counts, mash samples in sterile containers were held refrigerated until they could be
delivered to the laboratories at South Dakota State University. Sample aliquots were diluted using
sterile saline blanks (10 to 10° dilutions) and plated on Petri plates containing MRS medium. Plates
were prepared in triplicate and incubated at 37°C for a minimum of 48 hours. Plate counting was
done manually and reported in colony forming units per ml (CFU/ml). Cell concentration was
determined by choosing the dilution that yielded between 20 and 200 CFU/m| and averaging of the
triplicates multiplied by the plate dilution.

Results

Resonant BioScaiences, uc 1



Fermentation Fill

Chlorine dioxide was applied through continuous feed at the fermentation fill of mash into the
fermentation vessel. The average bacterial contamination increased and remained elevated in the
untreated fermentation vessel (see Table 1, Figure 1 and 3), while the chlorine dioxide treated
vessel demonstrated significantly lower bacterial counts (see Table 1, Figure 2 and 3).

Table 1: Bacterial Counts in Untreated and Chlorine Dioxide Treated Fermentation Vessels

Untreated Chlorine Dioxide Treated

Time CFUlg Time CFUIg
0.67 1.80E+03 1.25 7.67E+02
1.67 3.10E+08 2.25 5.00E+01
5 6.40E+08 3 5.10E+01
7.00 3.70E+08 \ 3.5 2.12E+03
8.00 6.40E+08 4.75 5.70E+01
9.50 1.12E+07 8.50 3.30E+06
10.00 1.49E+09 9.00 3.30E+01
11.50 2.47E+06 12.50 8.27E+03
15.50 5.30E+06 13.00 1.03E+02
16.50 5.80E+07 17.00 2.10E+01
17.75 3.30E+03

Resonant BroSaences, uc 2



Bacterial Contamination During Ethanol Production - Untreated
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Figure 1: Microbiological samples from an untreated fermentation vessel during ethanol production.
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Bacterial Contamination During Ethanol Production - Chlorine
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Figure 2: Microbiological samples from a chlorine dioxide treated fermentation vessel during ethanof

production.
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Bacterial Contamination in the Fermentor During Ethanol Production

e S 'Y\ .
1.00E407 / ﬂ \//

o 1.00E+06 / / \ —e— Untreated
E 1.00E+05 - —e— Treated
1.00E+04 / / /\
1.00E+03 _\ //9\\ / \\ / /
1.00E+02
No——¢ e Y \/
1.00E+01
1.00E+00 : - ' ; ' ; ;
] 2 3 4 5 6 7 8 9 10 11

Comparable Time Points

Figure 3: Composite graph of bacterial contamination assuming the time intervals are comparable.

Figure 3 combines the graphs from Figure 1 and Figure 2 making the assumption that the time
points tested are comparable. Although the samples were taken at differing times and interval, the
important conclusion to draw from the data is that chlorine dioxide treatment decreased bacterial
contamination at all time points from a 1-log to a 6/7-log reduction.

Conclusion
Based on the data obtained from the plant trial utilizing the PureMash chlorine dioxide treatment, this

high purity chlorine dioxide system is effective at reducing bacterial contamination within the
fermentation vessel during ethanol production.
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MashGuard One' I8

AF Chermical iorUseOntyh!hahnMash“'ChmexIdaGmmtw
MWMbhhmmhmmmmmm a pesticide devics that vbed Info Ivater, i addition to this précursor, the
PreMash Chiaring Dioxide G usually reqy 2 feed: 'amxmmmmmhmmwmmw:ommm

FOR INDUSTRIAL USE ONLY -
KEEP OUT OF REACH OF CHILDREN

DANGER

) FIRST AID
: IFINEVES + Hold eya open and Rush with 3 directed siream of wates for 15-20 mntes. .
* Remove contact lenses, # present, after tha first 5 minutes, then continue rinsing eyes.
» CaB a poison control center or docior for advice.
IF ON SKIN OR « Take off contaminated clothing. ’
CLOTHING « Finse skin immediately with plenty of water for 15-20 minutes,
» Call a poison control center or doctor & ly for advice.
IF SWALLOWED » Call 2 poison control center or doctor immediately for reatment advice.

* Have person sip a glass of water § able 10 swallow.
* Do not induce vomiting unless toid to do 50 by a polson control center or doctor
« Do not give anything by mouth to an unconscious person.

- ‘] FINHALED * Move person to fresh eir.

. . * i person Is not breathirig, call 911 or an ambulance, m;manlﬂcianspmﬂm
R preferably mouth-to-mouth if possible.
» CaB a poison control center or doctor for further treatment.

Hot Line Number
mmwwmeomamwhbelwmywmaﬁngapbmmmwluadoﬁa orgomglonreauned_
Youmay also contact 1-B00-227-5301 for

Note o F Jan: Probrable ge may the use of gastne lavage.
Active Ingrediént: -
Sodlum Chiorate (vaCI03). 40,0%
Other Ingredk §50.0%
Total - 100.0% -
Distributed by: ) EPA Reg. No. 49620-4-84923
- mmm»sdmces.uc EPA Est. No. 62215-CO-1

11757 W. Ken Canyl Ave., F-308
Litlieton, CO 80127 N
. B 866-933-0408 Net Contemis ____ Gallons

PRECAUTIONARY STATEMENTS

Hazards to Humans and Domestic Animals
DANGER

hGi Oneis ive. Catses L le eye ge. Causes skin burns, Do not get in eyes or skin or elothk of face shield). Wear protective clothing and

muemyovaawash"wmﬂywﬁhsoapandwmeraﬂummw\g May be fatal if inhaled. Rmnavemmanﬂnatedcbﬂ»rgmdwashbdmm
ENVIRONMENTAL HAZARDS

J’hispmdu:llstwﬂc!oﬁshmﬂaqmﬂc i Do not d effluent e p into lakes, , PONS, est ocearis 0f oiher waters unless in accordance withthe |

G ot aN: Poltutant D ge Efimtnatl SWswn(NPDES)paTMmeapamﬂﬂngmmﬁymbeenmuﬁedhmihngwwmdasdwgo.oomlmsd\a'gadmmeommm

P to Y ‘without g7 Iy nottying the locad I plant y. For ntact your State Water Board or Regional Office of the EPA.

CHEMICAL HAZARDS
MamemOnoisns\rmgm-dlzing agent. Do not contaminate with dut, oils or organic matter of any sort. Conlamination may cause vialent i 4 tre an
3 Spiiis g spiils to dryor may cause combustion. In case of chemical spills, avoid bodily contact and wear approp:

DIRECTIONS FOR USE
; ltmammdmhwhmthamWMRWmmmmg L
General Directons )
MashGuard One Js for use only in the PureMash Chlorine Dioxide -] de device tog dioxids for the registered uses hsted below. Feed rates for MashGuard
One ara datesmined by !he operator to ach the desired p Hon rate for chirine dioxide As ibed below, the ap, duciion rate wil) depend on tha severity of conlamination, the
degree of control desyred, the size-of the System and residual y for effectt omtmlForall\ses.vnpomd!eeddd’dcmmdnxndeshmﬂdbebelnwhvm&u)evenoprevemvnlmaﬁm
of the chlorine dioxide. Chiorine dioxide must be added to the water stream at 2 point where adequoate mixmg and uniform distiibution Can occur.
D:hkhpwmuTmmnl
cduct B ap d for use in water hat rinking water in with the Safe Drinking Water Act. A typical dosage of chlorine dioxide for water systems.

bbetwemOSMSppmmamnmmbmb.MashGuadvahasbeen J by the N ¥ for usein ing water syst
ndustrial Process Water Uses
This product is approved for the control of Fal, algal and . ink of waste watty al the sites Nisted below The dosage of dioxide
mmwﬁcmmmmb&mmﬂmﬂmwhw&tohﬂhbm&unﬁﬁcm

and Non-RecH i CODEngwmerTocornm!mobnalandalgasEmehcoolingwaw an ion may be used i using a conbnuous feed,

hlonne dioxde k 0.7-1 0 ppm. if using In feed, th i M01-50pprmlnmcmhmsystemdumdioxndeshmﬁbe
addadwmeddpmuﬁdwmuwelamhupdmswmmadeq\mamhmmwﬂmmdiswiwhonmnoocmmremaadm fusks in once- gl cooling water sy ani dose
of 02-25 ppm_ts necassary; the exact dose is xderd on the present. i a i doselsp apply dioxde at rates that maintan 025-2 ppm m the cooling water. To
prevent settfing and attach of the tree g larvae of gers), apply a ieedto hieve a residual of 0.3-0.5 ppm.
Fue)andMWEMoIhmemmTopmmummbmmmmwmpmamwwﬂn‘ fon of by ot i ion, ch dioxide should be
addadbybatchmethodbachmanhu”na'dmhﬂwimneﬂuolmppm|o5uppmﬂepealweeklyorassagmbfbac\erwloommﬂnamaupwTheexacmoseofdﬂmdnoxldawrnnzedio
be adjusied forfevels of contamination, pH and type of contamination.

P Claan up a8

418 d "

STORAGE AND DISPOSAL
STORAGE:
Unless defivered in bulk, stors in the onginal Store at ambi from Q0°F to 300°F. Store separately from sulfunc acld precursor and all other acids. Store i fira-resistant
area from patible materials such as acids, powdered me\als. organic chemicals, combusifble materials and dirt. Clean up pils knmedialely.
DISPOSAL OF WAS‘I’ES.
. Pesﬁadew:stuwemxlc.unpmpadlsposalolexc&psnade.spmymmwmaa!evsavbl.mmoifedemlaw R} these wastes cannot be of by use to labet
- instzuctions, contact your State Pesticide or Environmenta! Control Agency, or the H: dous Waste rep! ot the nearest EPA Regional Office for gudance.
{ "CONTAINER DISPOSAL:
. Iﬂplempreq;wabn!)ﬂmoﬂwlw ycling or ioreng. If recycling is i p and dispose of iner m a ¥ kandfill, or by | or ¢ aliowed by State
P and local authonties, by buming. ¥ bumned, stay out of smoke. -
WARRANTY
RESONANT BIOSCIENCES, L1C that this p: to the ch iption on ihe fabel and Is reasonably fit for purpases stated on such label when used In the PureMash
Chilorine Dioxids Generator.
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UnsuﬁabIeExIﬁfgﬁjsﬁ?ngMe 4 i,f:ajldﬁ;e(_i-.to Bvaporate, solid. é‘-ddiﬁrfr‘l}.cﬁjjﬁra\té»'e'ox;ﬁ‘d-be‘f{-)i’m"éd‘

ddes not:burn, but if exposed tofiré it decompgges 10:ive iof
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Protection of Firbj'ﬁg"htéy:h"“ o o T :
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Protective ,Equipt'm_e'nt for - Avoid all bodily contact. Wear self-contained breathiﬁg-apparatus, pressure demand, .- . -’
Fire Fighters . - shoes, or

.~ MSHA/NIOSH approved and full protective gear. Do not allow clothing,
.gloves to become impregnated with sodium’ chlorate in solution, as they will become
highly combustible if allowed to dry, and may be ignited by friction or heat, In case of

external fire, cool containers of sodium chlorate and hydrogen peroxide solution with )
plenty of water. )

Specific Hazards Avising From DO NOT allow solution to come in contact with any combustible materials. Paper, wood,
the Chemical

cloth, and leather impregnated with sodium Chlorate solution are highly combustible if
CoL ~ - allowed to dry, and may be ignited by friction or heat. DO NOT aliow the temperature of
: : the storage container to rise above 100 °F {38 °C).
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R full face shield. Contact lenses should nbt bg-Wdij{l when.handling this product.” ) Lo
“Skin - Use impervious clothing to avoid- skin contact. Avoid all bodily contact. Wear Lo

- self-contained breathing apparatus and-appropriate protective equipment. Donotallow -~ * -
clothing, shoes or gloves to become impregnated with sodium chlerate in solution, as ]
they will become highly combustible |f allowed 1o dry, and may be ignited by friction or

’ ) heat. In case of external fire, cool containers of sodium ¢hlorate and hydrogen peroxide
* o solution with plenty of water.

‘Respiratory Not applicable under normal conditions of use. For vapor er mist concentration in excess
of 10 ppm, a self-contained breathing apparatus should be used. DO NOT USE
OXIDIZABLE SORBANTS. :

Hygiene Measures - o " Do not wear leather gloves.
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Fsh - . "% Rainbow Trout _— BT _ ‘
) R EC50: > 1000.mg/l, 96 Hours - - ' "
. . Fish . ‘
NOAEL: 16.4-37.4 mg/, 96 Hours

Aquatic toxicity ; . The 96 hour LC50 in rainbow trout forsodium ghlerate is greater than 1000 mg/1
. (practically nontoxic). The 96 hour LC50 vélues‘forshydrdgen:percxide in fish range from
16.4 - 37.4 mg (slightly toxic). : )
Enviropmental Effects Hydrogen peroxide occurs natural
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, ’SARA 31312 - . -Classified as imr_nédlate healih hazard-and fire :haz_arii,‘Mi_himuhthréshéld_quantit)‘/ffq'r‘ .
- - . reporting is 10,000 pounds, R . ‘ R - .
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WHMIS Classification
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Class E: Corrosive | |

General ' corrosive waste This product confains -

 of California to cause cancer reproductive harm:
chromium byproduct Cr(yj) 0.05 mg/m* ACGH TLY TWANTP: Cr(yi) cor
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CONTENTS: DVULGED WITHOUT WRITTEN PERMISSION. , : . . . i e,

the technology prepareg-ihe information presented-in this document, 1t is intended for- 2l who will be involved with the dse/ :

Implementation of this technology or the use, tandling, slorage, ransport of materials associated with the't This information has.begn prepared for the guidance of engineering,

-operapons. arid management personnel. While Resonant BioSciences, LLC bebeves this fazration to be reliable and p t6 date, Resonant BioSciences, L1.C.makes no warranty that itis,

~~=* BioScientes, LL.C makes no warranty or guarantee, express or implied, regarding the accuracy, completeness, apphcability, performance at your plant, etc. -Prior todmplementation;
{ uid make its own Independent evaluation of the technolopy and particularly the implementation of the technology intheir faciity given their individua! circimstances. R
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T The product s intended for sale only to industrial users. The information in this document is intended to provide users with basic information about this product. The Material Safety )
Data SheetMSDS) for this product should be consulted for more complete information, Users must mspect and test the product before use to satisfy themselves as 1o the contents
.. “ahifity. Resonant BioSciences, LLC specifically disclaims &l warranties express or-
{

i implied; specifically, afl warranties as to suitability, fitness fora particolay PUIppSeE or
{ ‘ability of this product. The exclusive remedy for all proven claims is replacement of our product. In no event sh

21l Resonant BioSciences, LLC be fable for any special,
- 4, or consequential damages. The MSDS for this product should be provided by the buyer, transporter or other handlers of this product to o who will use, handle, store,
transport or otherwise potentially be exposed to this product, Resonant BioSciences, LLC believes this miormation to be reliable and up 1o date as to the date of publication, but
miakes no warranty thatt is. If the revision date of this dociment is more than three years old, then contact Resonant BioSciences, LLC for an vpdated version, MashGuard One™
is a registered trademark in the United States and several other covntnes.
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ANTIBIOTIC-FREE FERMENTATION YECHNDLOSY

7/8/08

Martha Marrapese, Esq.
Keller & Heckman LLP
1001 G Street N.W.
Suite 500 West
Washington, D.C. 20001

Dear Martha,
RE: PureMash Technology
Overview

PureMash is a chlorine dioxide based antimicrobial technology designed to replace the use of antibiotics
currentiv utilized in_nronasatinn/farmantatinn in fual athamal ceod..oaio o FRVAY

(b) (4)

PureMash is “generated” chlorine dioxide utilizing pure, molecular chlorine dioxide. The PureMash
technology does not require a low pH media to “activate”.

Application Engineering

rs to

The generated chlorine dioxide solution is directed to a batch tank on the skid than furthar dictribaitad
via a nuiimn tn fhol(b) (4)

(b) (4)

'NITY +n hacin &—,.-.;_..jl‘ The dosa e par Vti —====(h) (4}‘ d ﬁ;
(b) (4) ge parameters are pre-programmed into the

for each plant proccss. “rur exdinpie, d _ to a fermentor equates to approximatelyl

s of chlorine dioxide applied over a period o_ depending on the plant metrics. Th
spectrophotometer located on the skid

CONFIDENTIAL
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Fermentation Conditions

Mass Balance — Chlorine Dioxide

The electrochemical half-reaction for the chemical reduction o- can be written as: |

- »

From the equation it can be seen that one mole of chiorine dioxide is comletely reduced to one mole of

chloride. The actual reaction mechanism pathways that lead from likely involve the transient

formation of I \

000007
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The typical background chloride concentration in the distillers grains ranges from 40 to 300 mg/|.

Sulfate (SO,7)

The PureMash technology utilizes [ EBI suifuric acid to produce ound of chlorine dioxide.
The average dosage [} of chlorine dioxide per fermentor, therefore, gallons of
sulfuric acid.

Volume of- Required to Treat a Fermentor

Equation 3 is a well-known chemical equation that can be used to determine the volume of a liquid
required to dilute a more concentrated liquid:

CONCLUSION

This memorandum provides the predicted mass balance based on chemical stoichiometry for the
reduction of chlorine dioxide to chloride in a corn mash fermentation study. No other chiorine-
containing species were considered in this mass balance equation as none was detected in the IC
analytical data provided.

The stoichiometric conversion of S will result in the generation of chloride at approximatelyfl}
the dose of the chlorine dioxide applied. More precisely, for every _ applied and

completely reduced, [{EI the by-product.

000008
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The PureMash additions to the fermentor consist of chloride and sulfate both of which are minor in

concentration when compared the background concentration of these chemical components in both
mash and distillers grain.

Best Regards,

Allen M, Ziegler

Allen M. Ziegler
President

000009



CONCENTRATION OF DEGRADATION COMPONENTS IN
GENERATED CHLORINE DIOXIDE SOLUTION

The concentration levels anticipated in the fermentor process water are based on
the chemical stoichiometry of the Resonant Biosciences’ PureMash® chlorine dioxide
generator system. Actual measurements of the chlorate and chlorite levels in the chlorine
dioxide generator effluent are also presented.

The following assumptions are used in the calculations:

1. The process will typically requires an application of 40 ppm CIO; for
microbial contaminated fermentation water.

2. Excess sulfuric acid, approximately 3.7 times the stoichiometric amount,
is added to increase the reaction velocity and reaction efficiency.

3. All the hydrogen peroxide is decomposed in the reaction chamber, and
none gets into the process water.

Additionally, Resonant Biosciences had the residual levels of chlorate and
chlorite measured in several samples of a 4000 ppm concentration chlorine dioxide
effluent prepared by the PureMash process. The analytical report is attached. The results
are presented in Table 1 below: ,

Table 1: Chlorite and Chlorate Residual Levels in 4,000 ppm Chlorine Dioxide in
Water Effluent Generated by the Resonant Bioscience’s PureMash® Chlorine
Dioxide Generating Proce§s

Sample Chlorite {ppm) Chlorate (ppm)
19G1272-01 335 540
19G1272-02 335 411
19G1272-03 323 52.1
19G1272-04 325 44 1
19G1272-05 328 39.9
19G1272-06 316 51.9
19G1272-07 324 445
19G1272-08 312 43.2
19G1272-09 314 384
19G1272-10 310 419

Average 322 45




On the basis of these analytical data, chlorite is present at a level of 8%
chlorate is present at a level of 1.1 %

= 1.1%).

Below are calculations for the level of each degradation product and reaction
products that will be added to the fermentation process water as a result of the use of
Resonant Biosciences’® chlorine dioxide generator.

Chlorine dioxide is produced with Resonant Biosciences® chlorine dioxide
generator according to the following stoichiometric equation:

At 40 ppm, the initial chlorine dioxide concentration [C10,] is 5.93 x 10™ M, as
calculated below.

Chlorate (C103)

ays. First, as
The

pm chlorine dioxide effluent prepared by the

m chlorine dioxide concentration will
chlorate. For a maximum chlorine

the residual levels of chlorate are calculated to

Chlorate (C103’) is added to the fermentation process water in

average level of chlorate in a
PureMash technology i

Chlorite

Chlorite is present as a degradation product in the PureMash chlorine dioxide
generated effluent. The average level of chlorite is 322 ppm in a 4000 ppm chlorine
dioxide effluent; hence a # ppm chlorine dioxide concentration will have
ppm X ) of chlorite. For a maximum chlorine dioxide dosin
concentration of the residual levels of chlorite are calculated to be_

pPpm X

Sulfate, Sodium Salts

Sodium sulfate is one of the primary reaction by-products of Resonant
Biosciences’ chlorine dioxide generation process, as shown in the stoichiometric equation
above. The PureMash technology use* o' sulfuric acid to produce 1
pound of chlorine dioxide. We calculate that oles of sulfuric acid is used to generate
one mole of chlorine dioxide as follows:



In the PureMash technology, [{NISI sufuric acid reacts with 1 gram of
chlorine dioxide.

Since only mole of] required to produce- mole of Cl0,,
used to make two mole of chlorine dioxide.

Based on the stoichiometry and addition rate of sulfuric acid, one mole of
an are introduced into the process water for every.moles of
that are generated. None of the ntroduced as sulfuric acid is consumed in the

reaction. Furthermore, only sodium and sulfate ions are expected to be present in the
fermentation water as reactlon by-products of the FCS.

Thus, levels of SO4 72 in the process water are:

The levels of sodium ion present in the process water result from NaClO3 Thus,
a total of added to the process water using the PureMash® process.
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ANALYTICAL REPORT
July 30, 2009
Work Order: 19G1272 Page 1 of 4
Report To Work Order Information

Allen M. Ziegler Date Received: 07/23/2009 10:48AM

Resonant BioSciences, LLC Collector:

11757 West Ken Caryl Avenue, F-308 Phone: (866) 933-0408

Littleton, CO 80127 PO Number:

Project : PureMach
IECt: (b) (4)
Project Number: - areMash
Container Client Supplied
| Analyte Result MRL Batch Method Analyst  Analyzed Qualifier 1
19G1272-01 #1 Matrix:Water Collected: 07/21/09 10:30
Chlorite 335 mg/l 1.0 1G93010 300 1 KRM  07/30/09 836
Chlorate 54.0 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
72-02 #2 Matrix:Water Collected. 07/21/09 11:00

Chlorite 335 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 41.1 mg/| 1.0 1G93010 3001 KRM  07/30/09 836
19G1272-03 #3 Matrix. Water Collected: 07/21/09 11:15
Chlorite 323 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 52.1 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
19G1272-04 #4 Matrix:Water Collected: 07/21/09 13:40
Chlorite 325 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 44.1 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
19G1272-05 #5 Matrix:Water Collected: 07/21/09 14:40
Chlorite 328 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 39.9 mg/I 1.0 1G93010 3001 KRM  07/30/09 836
19G1272-06 #6 Matrix:Water Collected. 07/21/09 15:05
Chlorite 316 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 51.9 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
19G1272-07 #7 Matrix Water Collected: 07/21/09 15:15
Chlorite 324 mg/l 1.0 1G93010 3001 KRM  07/30/09 836
Chlorate 44.5 mg/l 1.0 1G93010 300.1 KRM  07/30/09 836
19G1272-08 #8 Matrix. Water Collected: 07/21/09 16:00
(¢ 312 mg/ 1.0 1G93010 3001 KRM  07/30/09 836
Chi. ate 43.2 mg/l 1.0 1G93010 3001 KRM  07/30/09 836

The results i this report apply to the samples analyzed in accordance with the cha
is entirety Samples were preserved in accordance with 40 CFR for pH adjustmen

(b) (4)

(b) (4) [
(b) (48 2 |

n of custody document This analytical report must be reproduced in
t unless otherwise noted MRL= Method Reporting Limit

CONFINDENTIAL
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Work Order: 19G1272

July 30, 2009
Page 2 of 4

LAnalyte Result MRL Batch Method Analyst  Analyzed Qualifier 1
19G1272-09 #9 Matrix:Water Collected: 07/21/09 16:15
Chlorite 314 mg/l 1.0 1G93010 3001 KRM  07/30/09 836

Chlorate 38.4 mg/l 1.0 1G93010 300.1 KRM  07/30/09 836

19G1272-10 #10 Matrix: Water Collected: 07/21/09 16:45
Chlorite 310 mg/l 1.0 1G93010 300.1 KRM  07/30/09 836

Chlorate 41.9 mg/l 1.0 1G93010 3001 KRM  07/30/09 836

The results i this report apply to the samples analyzed in accordance with the chamn of custody document This analytical report must be reproduced in
is entirety. Samples were preserved i accordance with 40 CFR for pH adyustment unless otherwise noted MRL= Method Reporting Limut

(b) (4)

12 oveve




July 30, 2009
Page 3 of 4

Determination of Inorganic Anions - Quality Control

Reporting Spike Source %REC RPD
Analyte Result Limit Umts Level Result %REC Limits RPD Limat Notes
Batch 19G3004 - 1G93010
Calibration Check (19G3004-CCV1) Prepared- 07/29/09 Analyzed 07/30/09
Chlorite 302 mg/l 29 9665 101 90-110
Chlorate 291 " 29 1000 100 90-110
Calibration Check (19G3004-CCV2) Prepared 07/29/09 Analyzed. 07/30/09
Chlonte 288 mg/t 29 9665 960 90-110
Chlorate 275 " 29 1000 946 90-110
Batch 1G93010 - General Prep HPLC/IC
Blank (1G93010-BLK1) Prepared 07/29/09 Analyzed. 07/30/09
Chlonte ND 01 mg/!
T -ate ND 01
~  .(1G93010-BS1) Prepared 07/29/09 Analyzed 07/30/09
Chlonte 117 01 mg/l 11 8575 987 90-110
Chlorate 260 01 " 26 7500 973 75-125
Matrix Spike (1G93010-MS1) Source: 19G1272-01 Prepared 07/29/09 Analyzed 07/30/09
Chlonte 456 4 10 mg/l 118575 3350 102 67-140
Chlorate 3181 10 " 267 500 540 987 75-125
Matrix Spike Dup (1G93010-MSD1) Source: 19G1272-01 Prepared- 07/29/09 Analyzed 07/30/09
Chlonte 4511 10 mg/l 118 575 3350 979 67-140 118 12
Chlorate 3082 10 " 267 500 540 950 75-125 316 20

ND = Non Detect; REC= Recovery; RPD= Relative Percent Difference

Certified Analyses included in this Report

Method/Matrix Analyte Certifications

Code Description Number Exprres

The results in this report apply to the samples analyzed in accordance with the chan of custody document. This analytical report must be reproduced in
1ts entirety Samples were preserved in accordance with 40 CFR for pH adyustment unless otherwise noted MRL= Method Reporting Limit




July 30, 2009
Work Order: 19G1272 Page 4 of 4

End of Report

Project Manager

The results in this report apply to the samples analyzed in accordance with the chain of custody document. This analytical report must be reproduced in
Hs entirety Samples were preserved in accordance with 40 CFR for pH adjustment unless otherwise noted MRL= Method Reporting Limit
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CONFIDENTIAL

NOTICE AND INTENDED USE

This operating manual and all information, technical advice and recommendations provided herein or otherwise,
whether orally or in writing, are intended solely for use by competent, technically-trained-personnel with experi-
ence and skill in the operation of industrial equipment and the handling of potentially hazardous chemicals. Opera-
tors of the PureMash‘equipvment should always consult with their corporate Environmental, Health and Safety
(EHS) organization prior to starting the operation of the PureMash equipment to ensure compliance with all of the
environmental, health and safety procedures required by your corporation.

Under the terms of our pur‘chase and/or lease agreement, Resonant BioSciences, LLC (RBS) has warranted that the
equipment and chemicals supplied by RBS are free from defects in materials and workmanship for a period of one

(1) year.

There are no other warranties, representations or conditions, expressed or implied, statutory or otherwise—
including, without limitation, warranties, representations or conditions of merchantability or fitness for purpose—
relating to the use of this “General Operating Manual” or equipment or chemicals supplied by RBS or their appli-
cation. : :

i

This manual is designed to provide sufficient information and direction to enable site personnel to operate and
maintain the PureMash system. While every effort has been made to ensure the accuracy of the contents of this
manual, Resonant BioSciences, LLC assumes no contingent liability either for inaccuracies in the content or for
uses to which the customer may put the equipment described, with or without the benefit of statements made
herein.

Your comments, questions and corrections are appreciated and will help us make the documentation more useful to
you. Please send comments to Resonant BioSciences; 1400 16th St. Ste. 400, Denver CO 80202; USA.

2

THIS MANUAL CONTAINS IMPORTANT
SAFETY PRECAUTIONS THAT MUST BE
ADHERED TO. PLEASE READ ALL
SAFETY INFORMATION THOROUGHLY.

CONFI

DENTIAL
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SAFETY PRECAUTIONS

Safety Warnings

Study this operating manual’s safety instructions carefully before installing, operating or servicing the equipment.
Become familiar with operating instructions and with the system’s automatic shut-offs and alarms. The system will
operate efficiently and reliably only if it is properly installed, operated and maintained. Most system-related acci-
dents can be avoided by following the basic safety instructions contained in this manual. In addition, all safety-
related regulations, local codes and instructions that appear in this manual or on the equipment must be observed to
ensure personal safety and to prevent damage to either the instrument or equipment connected to it. If equipment is
used in a manner not specified by the manufacturer, the protection provided by the equipment may be impaired.

Within this manual the following terms describe potentially dangerous or harmful situations and have the follow-
ing meanings: ‘

WARNING! Describes a potentially dangerous situation which, if not avoided, could result in serious physical
injury or damage to the equipment and/or system components. '

CAUTION! Describes a potentially harmful situation which, if not avoided, may result in physical injury or dam-
age to the equipment and/or system components.

!

RESONANT BIOSCIENCES’ GENERATORS ARE EQUIPPED WITH A NUMBER OF SAFETY
FEATURES THAT AUTOMATICALLY SHUT OFF THE SYSTEM IN THE EVENT CERTAIN
SAFETY CRITERIA:-ARE NOT MET. AN OPERATOR SHOULD BE AWARE OF THESE FEA-
TURES AND SHOULD INSPECT THESE FEATURES WHENEVER THE PUREMASH EQUIP-
MENT IS STARTED. :

WARNING! The air vent pipe should not be blocked under any circumstance. Blockage can result in over pres-
surization, which can lead to a system rupture and the potential release of chlorine dioxide.

WARNING! Only use MashGuard One™ and Sulfuric Acid for the precursor feeds to the system. Utilization of
any other chemical can result in reactions that can cause damage to the equipment or produce chemicals for which
the system is not rated.

CAUTION! Always use appropriate eye, respiratory and exposed-skin protective equipment required by your
EHS department when handling potentially hazardous chemicals. (See the Material Data Safety Sheets in Section
8 of this manual for chlorine dioxide and MashGuard One)

WARNING! Under no circumstances should the chlorine dioxide generation equipment be operated if there is no
vacuum indication on the HMI (Human Machine Interface) or the motive booster pump is off. This can result in an
over-concentration of chlorine dioxide which can cause auto-decomposition of chlorine dioxide and a potential
explosive condition.

CAUTION! Do not attempt to operate the chlorine dioxide generator until any and all chlorine dioxide leaks are
located and repaired. (See the Material Data Safety Sheets in Section 8 of this manual for chlorine dioxide)

C N F i B E N T E A L (Continued on page 5)
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CONFIDENTIAL

WARNING! Electrical Equipment

It is essential that anyone working with the electrical components of the system observe and have knowledge of
standard industry safety guidelines regarding electrical equipment.

¢ No metallic jewelry should be worn while working on the system or moving around the system.
e Wear proper protective clothing. Consult your EH&S department for requirements.

e Voltages or currents in some assemblies are LETHAL. If these assemblies are handled while energized, death
or severe personal injury may occur.

» High voltage components should never be placed in areas where they may get wet.

e  Standard cautionary practices should be followed when working with the system when the unit power is ener-
gized. It houses equipment operating at 460 and/or 230 volts AC and is dangerous. Should the system require
maintenance, be sure to disconnect the power either by unplugging it from the power source or using the dis-
connect at the power.source. Using the breaker in the electrical enclosure does NOT fully isolate the equip-
ment electrically.

CAUTION! High Pressure Water Sources

The system requires high-pressure water sources. Improper connection or piping may result in failure and expo-
sure to water at dangerously high velocities and/or contact of water with electrical supplies.

CAUTION! Reagents and Samples

Standard laboratory practices should be followed when working with any process water samples and reagents
which may be used with the system. Failure to handle reagents properly and safely may result in severe personal
injury. It is essential that vessels containing process water or reagents be stored and handled with caution. No
liquid should be permitted to come in contact with electrical apparatus. Standard equipment should be used for
regulation and dispensing of feed chemicals. Reactors, pump, piping and tubing must be completely flushed with
water and drained before working on any internal components.

CAUTION! Personal Protective Equipment

When the potential for exposure exists from one of the reagents, personnel must wear safety goggles, face shields,
neoprene or vinyl clothing or aprons, neoprene or vinyl boots: Other protective equipment that the on-site facility
may require may include the following: hard hats, escape respirators, acid resistant clothing, ear protection and
safety shoes. Familiarize yourself with the facility’s personal protective equipment requirements before entering
the PureMash system area.

CAUTION! Sulfuric Acid

Health & Safety Conditions

Sulfuric acid solutions are hazardous materials. Only properly trained personnel should be allowed to work in ar-
eas where these materials are being stored and/or handled.

WARNING!
e CAUSES SEVERE BURNS.

e REACTS VIOLENTLY WITH WATER.

CQN FQBENTEAL (Continued on page 6)
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e MAY RELEASE EXPLOSIVE HYDROGEN GAS.

e HIGHLY REACTIVE.

e MAY IGNITE COMBUSTIBLE MATERIAL ON CONTACT.

e KEEP AWAY FROM OPEN FLAME, SOURCES OF SPARKS OR IGNITIdN.

CAUTION! MashGuard One (a mixture containing NaClO; and H;0,)

Health & Safety Conditions

MashGuard One solutions can be hazardous materials if handled improperly. Only properly trained personnel with
protective gear should be allowed to work in areas where these materials are being stored and handled.

WARNING!
e MAY CAUSE MODERATE SKIN IRRITATION.

e MAY CAUSE SEVERE EYE INJURY WITH DELAYED EFFECTS AND POSSIBLE
BLINDNESS.

e MAY CAUSE IRRITATION OF THE UPPER RESPIRATORY PASSAGES, NAUSEA,
HEADACHE, OR WEAKNESS.

e KEEP AWAY FROM OPEN FLAME, SOURCE OF SPARKS OR IGNITION.

e STRONG OXIDIZER—WILL CAUSE FIRE IF IN CONTACT WITH COMBUSTIBLE
MATERIALS, INCLUDING LEATHER.

e DRYING ON CLOTHING OR COMBUSTIBLE MATERIALS WILL CAUSE FIRES.

CAUTION! Chlorine Dioxide

Health & Safety Conditions

Chlorine dioxide is an unstable material. Only properly trained personnel with protective gear should be allowed
to work in areas where these materials are being stored and/or handled.

WARNING!

e CHLORINE DIOXIDE IS AN IRRITANT TO EYES, THROAT AND RESPIRATORY
PASSAGE. DEGREE OF IRRITATION IS RELATED TO CONCENTRATION RANG-
"ING FROM MILD TO SEVERE. '
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SYMBOLOGY

Labeling— the PureMash system has been labeled in such a way that operators or maintenance personnel can eas-
ily identify a component or pipeline by its name and contents. Label colors represent the process fluid inside be
pipeline or component as follows: '

e  Process fluid—water

e  Process fluid — chlorine dioxide (liquid or gas)

e Process fluid —MashGuard One

e  Process fluid — sulfuric acid

In addition to the nomenclature labels there are flow arrows indicating the normal direction of flow within the
pipeline. The flow arrow labels will follow the same color pattern as the nomenclature labels.
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Alarm Troubleshooting Guide

The alarm troubleshooting guide is designed to show the name of the alarm, the device causing the alarm, the area
of the system that the alarm disables and a page number reference to a more descriptive area to guide in resolving

the problem.

ALARM NAME

MANUAL STOP

CLO2 AIR 1, CLO2 AIR 2,
CLO2 AIR 3

LOW CLO2 CONC
CLO2 TANK LVL LOW

ACID PMP PR SWITCH

MASHGUARD PMP PR
SWITCH

HE PR SWITCH
CLO2 TANK LVL HIGH
HE TANK LVL HIGH

LOW MOTIVE PRESS

HE TANK LVL LOW

VACUUM ALARM
DECOMP ALARM

HEAT XCHGR FLOW
ALARM

ACID PUMP FAULT

ASSOCIATED DEVICE

Manual stop button
Chlorine dioxide air moni-
tor

Optek analyzer

CLO2 TANK level probes
1&2

Acid pump pressure switch
MashGuard pﬁmp pressure
switch

Heat exchanger pressure
switch

CLO2 TANK Ilevel probes
1&2

HE TANK level probes
1&2

Motive water pressure
transmitter

HE TANK level probes
1&2

Vacuum transmitter
Vacuum transmitter

Heat exchanger flow sen-
sor

Acid pump VFD

DISABLED AREA

All systems

All systems

Chlorine dioxide generator,
rail supply pump

Rail supply pump

Chlorine dioxide generator

Chlorine dioxide generator
Chlorine dioxide generator
Chlorine dioxide generator
Chlorine dioxide generator
Chlorine dioxide generator

Sweep eductor pump, heat
exchanger effluent pump,

chlorine dioxide generator
Chlorine dioxide generator

Chlorine dioxide generator

Chlorine dioxide generator

Chlorine dioxide generator

DETAILED DESCRIP-
TION PAGE NUMBER

21
21

21
21

21

21
21
'21
22
22

22

22
22

22

22
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ALARM NAME ASSOCIATED DEVICE DISABLED AREA DETAILED DESCRIP-
' TION PAGE NUMBER

MG1 PUMP FAULT MG1 pump VFD Chlorine dioxide generator 23

STARTUP VACUUM Vacuum transmitter Chlorine dioxide generator 23

ALARM

VACUUM ERROR Vacuum transmitter Chlorine dioxide generator 23
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IDETAILED ALARM DESCRIPTIONS

MANUAL STOP—The manual stop button is located on the front -of the control panel. It is designed to allow a
user to quickly stop the entire‘system'in case of errant operation. This is a push-to-activate maintained button
which has to be physically pulled out to deactivate. Upon pulling out the push button the machine should restart
under normal operéti‘ng conditions.

CLO2 AIR 1, CLO2 AIR 2, CLO2 AIR 3— These three alarms are associated with the chlorine dioxide air moni-
tors and usually indicate that a leak has occurred somewhere in the system. Each air alarm is associated with an air
monitoring zone inside of the plant. Depending on which zone is active, look for a chlorine dioxide leak within
that zone. Once the leak has been found and repaired, reset the alarm and the machine should restart normally.

"'LOW CLO2 CONC—This alarm is triggered by the Optek analyzer when it senses a chlorine dioxide concentra-
tion' that is too low in the CLO2 supply tank. This is generally caused by improper calibration of one of the chemi-
cal feed plimps in the chlorine dioxide generator. This alarm can also be caused if one of the precursor chemicals

is not available. Ensure that both chemical precursor tanks are at adequate levels and perform calibration proce-
dures on the'chemical feed pumps as well as the acid dilution water pump. '

CLO2 TANK LVL LOW-— One or both of the ultrasonic tank level probes has indicated to the PLC that the level
in-the chlorine dioxide tank-is low. This is generally due to the chlorine dioxidegenerator not operating properly.
Cheéck for-any active alarms on the chlorine dioxide generator and, if all is working properly, check the connec-
_|tions.on the ultrasonic level sensors to the PLC. ' :

A‘CID »-PMPA PR SWITCH-— On the discharge side of the acid pump in‘the chlorine-dioxide generator is a pressure
' S\}'\;iféh which is usually set to 100 psi. If this pressure has béén exceeded, it is an indicatién that there is blockage
dowristream of the pressure switch which could cause pump damage. Inspect the check valve in the reactor col-
' ‘:umn.‘in’s'ert to ensure that no blockage exists. If that does not.correct the-problem, check the wiring from the pres-
|sure switch back to the PLC. . ' '

MASHGUARD PMP PR SWITCH— On the discharge side ‘of the MashGuard One pump in.the chlorine dioxide
generator is a pressure switch which is usually set to 100 psi.” If this pressure has been exceeded, it is an indication
that there is blockage downstream of the pressure switch which could cause pump damage. Inspect.the check
valve in the reactor column insert to ensure that no blockage exists.- If that does not correct the problem, check the
wiring from the pressure switch back to the PLC. '

HE PR SWITCH— There is a pressure switch located on the back bottom left-hand corner of the chlorine dioxide -
generator behind the acid heat exchanger which monitors the pressure on the discharge of the heat exchanger. This
switch is set to 15 psi, and is designed to protect the heat exchanger from over pressurization. Check the discharge
side of the heat exchanger to the reaction column for any blockage especially at the check valve. Ifno blockages
are found, try to restart the unit. If the alarm occurs again, check all wiring from the pressure switch to the PLC.

CLO2 TANK LVL HIGH— One or both of the ultrasonic tank level probes has indicated to the PLC that the level
{in the chlorine dioxide tank is high. This is a very unlikely alarm and would be an indication that tank level probe
jnumber one did not send a stop command to the PLC. Restart the unit and monitor to make sure that the chlorine
jdioxide generator turns off when the level in the CLO2 tank reaches the stop position. ‘
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HE TANK LVL HIGH— One or both of the ultrasonic tank level probes has indicated to the PLC that the level in
the heat exchanger effluent tank is high. This could be due to the heat exchanger effluent pump not operating
properly or a valve on the discharge side of the pump being closed. Other factors that could cause this would be
that the cooling water flow through the heat exchanger is at a higher rate than the heat exchanger effluent pump is
taking out of the tank. The cooling water flow through the heat exchanger should be 1-3 gpm. Ifit is higher than
this, reduce the flow with the heat exchanger cooling water control valve.

| LOW MOTIVE PRESS— The motive water pressure sensor has indicated to the PLC that the pressure of the mo-
tive water is less than 100 psi. Check the pressure of the system supply water and ensure that it is at least 40 psi.
Ensure that the booster pump is running when the chlorine dioxide generator is on and that the booster pump is not
air bound. Visual verification of the motive pressure is available on the pressure gauge mounted on the inlet side
of the eductor in the chlorine dioxide generator. If the gauge is reading between 100 — 140 psi, then the motive
water pressure transmitter may be faulty.

HE TANK LVL LOW—The ultrasonic level probes mounted on a heat exchanger effluent tank have indicated to
the PLC that the tank level is low. This alarm condition will shut down the sweep eductor pump and the heat ex-
changer tank effluent pump. This alarm would generally be an indication that ultrasonic level probe #1 did not
send the correct signal to the PLC to turn off the heat exchanger effluent pump.

VACUUM ALARM-—This alarm is generated if the vacuum in a reaction column is less than —3 inHg. Common

| reasons for this alarm are lack of motive flow, low motive pressure, high acid strength, impurities in acid, high acid
temperature, clogged eductor, high discharge backpressure, or leaks on the system. Motive flow should be be-

| tween 11 and 13 gallons.a minute at 100 — 140 psig. Acid temperature should be below 120F as verified by the
acid temperature gauge at the bottom of the acid heat exchanger. Discharge backpressure should always be low
unless the check valve is stuck, which would cause an obstruction on the discharge of the chlorine dioxide genera- .

s . . . . .

| tor. Verify all bolts are tight on the reaction column and that all tubing fittings are tight on the reaction column

| insert. Perform a calibration on the acid in dilution water pumps to ensure-that they are set correctly which will
provide 78% acid to the reaction column. Visually inspect the acid to ensure that it is clear in color with no float-

ing debris.

e

DECOMP ALARM—The decomposition alarm is related to the vacuum transmitter, but unlike a vacuum alarm it
is based on a percentage change of the vacuum over time. This is generally caused by high strength acid or high
temperature acid. Verify the acid temperature by using the gauge located at the bottom of the acid heat exchanger
to ensure that the acid tempeérature is below 120F. Perform a calibration on the acid and dilution water pumps to
ensure they are set accordingly to provide 78% acid to the reaction column. If neither of these conditions are caus-
ing the problem, then the most likely cause is poor acid quality.

HEAT XCHGR FLOW ALARM—The heat exchanger cooling water flow sensor will provide an alarm signal to
the PLC if the water flow is less than 0.5 GPM. Check that all valves on the cooling water system are open and that
cooling water is available to the system.

ACID PUMP FAULT—The acid pump is controlled by a VFD in the control panel which will provide an alarm [,
signal to the PLC in the event of a VFD fault. ‘

CAUTION! ONLY QUALIFIED PERSONNEL TRAINED IN THE TROUBLESHOOTING OF ELECTRICAL
GEAR SHOULD TRY TO RESOLVE THIS PROBLEM.

The control panel must be open while the panel is energized in order to read the full code on the VFD. Please con- :
sult the VFD OEM manual to resolve this problem. : y

et Tt
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MG1 PUMP FAULT—The MashGuard One pump is controlled by a VFD in the control panel which will provide
an alarm signal to the PLC in the event of a VFD fault.

CAUTION! ONLY QUALIFIED PERSONNEL TRAINED IN THE TROUBLESHOOTING OF ELECTRICAL
GEAR SHOULD TRY TO RESOLVE THIS PROBLEM.

STARTUP VACUUM ALARM—This alarm also occurs while the chlorine dioxide generator is trying to start up
and the vacuum is less than —3inHg. Check for proper motive flow, leaks in the system and ensure that the reactor
drain valve is' CLOSED.

VACUUM ERROR— This is an indication that the vacuum transmitter is not supplying a signal to the PLC. On
the chlorine dioxide generator information page on the HMI the vacuum should be reading —38inHg, which indi-
cates loss of signal. Ensure that the connection between a vacuum transmitter and the PLC is not broken and en-
sure that the vacuum transmitter is operating normally.

DENTIAL
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APPENDIX B
MATERIAL SAFETY DATA SHEETS
~ MASHGUARD ONE
CHLORINE DIOXIDE
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July 15, 1993 o v

"o
he

Richard Higby, Ph.D. ' : T _ S
Manager, Technical Services N T : . :
_and Regulatory Affairs
. Rio Linda Chemical Co., Inc.
" 410 N. 10th St. _ '
Sacramento, CA 95814

Dear Dr. Higby:

' This is in resporise 10 your letter of June 16, 1993, in-which you reguesied an opinien on
the use of chlorine dioxide: to disinfect water used to. tranisport pecans and other nuts.
~ You note that in this application, whele unshelléd nuts enter the water system but that the

: Please note that FDA advisory opinions ate issned only under 21 CFR 10.85. We
-~ . presume, however, that you are merely secking guidance concerning whethier your
- proposed use constitutes a food additive situati . .Consistent with opinipfis we have -
(. expressed on this subject in the past, we. corisi the use of chilorine. dioxide selution to
' wash or fransport shelled nuts to be an unapproved food additive use. Therefore, yon

would need to submit a food additive petition for the preposed use in- aecordanee with 21
CFR 171.1. L - . - _ 4

You are of course free to make your own GRAS self determination, Section 201(s) of
the Federal Food, Drug, and Cosmetic Act does not restrict such a determination. o
However, a company making a GRAS self-determination does so at its own xisk that the s b fap
' Food.and Drug Administration (FDA) may Uisagree with the GRAS determination and™* . iy,
take regulatory action. A mechanism by whichyou can requesi FDA’s concurrence that -

your proposed use is GRAS is submission-of a-GRAS affirmation petition in accordance - - i

with 21 CFR 170.35. . C . R

) ST N ) Co .'_-*:.:-_C‘}‘-__g_:r-g' 1.5:
In support of your proposed use, you havg stated that.the lipophilic nature of nuts R
prevents aqueous permeation te the interiof much in the same manner as the cuticle on - et

fruits and vegetables prevents aqueous diffusion en uncut and unpeeled fruits and
vegetables. As you are aware, the agency has stated that it has po objection to the use of . - -

"water containing chlorine dioxide at 5 Ppm to process whole fruits and vegetables teen
] r' n — - GoLRER
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Page 2 - Dr. Richard Higby .

provided this process is. followed by a potable water rinse, This was supp'orted,'in part,
by data contained in GRASP 3G0020 which shoied that oxidative chlorine dioxide .
reactions are largely restricied to the surface and that, little or no residue of chiorine

dioxide or its reaction products remained on the washed fruits and vegetables following a
potable water rinse. - : :

Contrary to ybur as’sefﬁdns, we do not find that the two sifuations are mlélogous. First,,

* your proposed use does not allow for a- potable water rinse.. Secondly, even if chlorine -

dioxide treatment was followed by a potable water rinse, you have presented no- data to
indicate that treatment of shelled nuts with a chlorine dioxide solution would leave no
residues of chlorine dioxide and its reaction products on the niits. - The drticles you _
enclosed with your letter-do not address the issue of possible residues that would be left "
on nuts following chlorine dioxide treatment, - . o -

As you noted in your letter, your firm is currently collaborating with other firins and the
National Food Processors Association to petition to broaden approved uses of chlorine ’
‘dioxide to include use in processing cut fruits and vegetables. ~ As you may recall from a-
meeting we had with you and your colleagues on November 6, 1992, cestain studies
designed to address the issue-of residues on cut and: Peeled fruits and vegetables due to
chlorine dioxide treatment are underway with the wlfimate purpose in mind of supporting

a petition for such use. We believe your proposedt use will be covered under this :
forthcoming petition. . R

We trust the foregéing answers your questions. Please feel free to contact us if we can
be of any further assistance. Lo '

Sineerely yours,

" Nega Beru, Ph.D.
Biotechnology Policy Branch, HFS-206
Division of Produet Policy
Center for Food Safety

and Applied Nutrition

cc: HFS-200 HFS-205 HFS-206 HFS-226 HFS-247 HFS-246 GRP 3G0020
R/D:HFS—206:NBeru:254-9519:7/8/93:130819671 :
R/D/Init.:LMTarantino:HFS-206:7/13/93 :
F/T:HFS-206:NBeru:sdd:7/15/93
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i’ C DEPARTMENT OF HEALTH & HUMAN SERVICES: . .~ Publlc Hoatth Servios
v.‘ . . : " s - ‘- - - : ’
'. \Nhn ) ‘ ’ . roodwmn".ill- .

- "December 6,°1993

~ Mr” Eliot I. Harrison
Delta Analytical Corporation
7910 Woodmont Ave. -

- Suite 1000
Bethesda, MD 20814

. Dear Mr. Harrison: . |
. -Thisisin response to your letter' of December 1, 1993, coricerning the use'of chlorine

- diexide generated from’ sodium chlorate rather than sodium chlorite, in the bleaching of

paper and paperboard ftended to contact food. . o e .

In the letter of January 23, 1961, from Mr. Frederick A. Cassidy, which you have attached

to your letter, both sodivm chlorite and chiorine dioxide are stated to be GRAS for use in the
‘manufacture of paper and paperboard. It is our opinion thiat ¢hloripe dioxide, both in the ..
“case of the eatlier letter and your request is the actial additive in the paper making process. -

b At this-time, we know-of nio reason to- gevoks our earlier conclusion: that the use of chlosine . -
‘ dioxide:to manufacture paper and paperboard is GRAS. 4s the vse of soditimi chlorite or
‘ sodium elilorate to generate the chilorine dipxide would not be material to the detision on the
‘ use of the chlorine dioxide as a bleaching agent, the proposed use of sodidm chiforate in Iiéu .
of sodiumn ehlorite is acceptable. ' o _

If we can be of further assistance in this mitter, pleass feel free to cal!npenus )
' Sincerely yours, '

| ] @mas C. Brown B i
. Indirect Additives Branch, HES-216
Division of Petition Contro}

Center for Food Safety’
and Applied Nutrition

. 000287
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Allen W. Maithys, Ph.D. :
Vice President, Technical Regulatory Affair.
National Food Processors Association

1401 New York Ave., NW -
Washington, DC 20005 .

Dear Dr. Matthys; -
This is in respense to your letter of December 16, 1992, in which ydxi'req;uested our

apinion concerning the use of ehlorine dioxide to proeess shelled peas-and-beans whether
blanched or unblanched. Please noté that

21 CFR 10.85. We presume, however, that you dre merely secking guidance ‘from; the

"Office of Premarket Approval concerning whether such a use is a food: additive situation.

"Thus we offer eur comments below.

':You correctly poirit out that the Agency has, in the ;"Jas't, iésued'lettem'staﬁﬂg ¢hat it has -

FDA advisory epinions are issued only under <~

" no objection to the use of water containing 5 paxts.per million (ppm)-ehlorine dioxide for -

processing uncut and unpeeled fruits and vegetables provided this,is followed by 1 -
potable water rinse. As you may know, this was first given in the summer of 1977
“based on the users’ claim that no residues will respit from sueh use, '

This was later supported by data contained in Ohn Corporation’s GRAS aﬁimaﬁéh o

' petition (3G0020; Chlerine Dioxide for the Treatment of Potablé Water and-Washing-&f .-
Fruits and" Vegetables) which shiowed that chlerine dioxide primatily werks as an oxidify
rather than as a chlorinating ageiit and -that,-in uncut and unpeeled fruits and vegetables,” -
to the surface. Furthermiors;, = -

N o
o

exidative chlorine dioxide reactions were largely restricted ‘
it was shown that litile or no residue of chlorine dioxide and its reaction prodiicls -

* remained on the washed fruits and vegetables and the nutritional quality-of such produce. =

was qot significantly affected.

As discussed in the meeting you had with members of my staff on November 6, 1992,
we believe that for shelled beans and peas with intact cuticles, treatment with water
containing up to 5 ppm chloriné dioxide is unlikely to result in appreciable permeation of
chlorine dioxide or its reaction products and little or no residue is expected to remain
following the potable water wash. However, please note that this applies to unblanched
peas and beans with intact cuticles only. We believe that blanching may change the

permezbility of the cuticle, thereby rendering it no longer an effective barrier to chlorine
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Page 2 - Dr. Allen W. Matthys

. dioxide and its reaction products. Unless we are provided wilh information to the.. -
" contrary, we cannot agree that the use of 5 ppm clilorine dioxide on blanched peas and
beans would Jeave no residue after washing. ‘ ' - :

Additionally we would Jike to ¢orrect oii¢ misstatement in your letter. You stated that
current FDA policy also perinits up to 5 ppm chlorine dioxide in water for washing cut -
or peeled potatoes-provide this is followed by a potable water rinse. While some letters -
have stated this position, we know of no basis for using a chlorine dioxide solution above
~ 1 ppm for use when processing cut and pecled potatoes followed by a potable water .
rinse. This concentration has been shown to be sufficient to achieve the intended effect.
The use of 5 ppm chlorine dioxide in water to process cut.or peeled potatogs is greater
than needed to accomplish its effec and, therefore; is not in accordance with good
~ manufacturing practice. : L e o

We trust the foregoing answers your questions. If we can be of any further assistance
please do net hesitate. to contact us again. ' :

"+ - Sincerely yours,

e
Alan M. Rulis, Ph.D.
Acting Director
Office of Premarket Approval
.. - Center for Food Safc
and Applied Nutrition

-~ e
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August 29, 1983

gt
Joseph- M. Kelley, Ph.D. Co
birector of- Operations - < - o~
~Internatjonal pioxide, Inc. (* ’\_ TN\ 'r_."f"
"136 Central Ave. S -:)";L)juf -k‘{,
Cldrk, NI 07066 . LE = =

Dear Dr. Kelley: _
This is in regard to your letter of August 21, 1989

- concerning the addition of-chloting_dioxide to 21 CFR

176.300.

- AB we noted in our earlier ietter, PDA considers chlorine

dioxide to be GRAS for use as a slimicide in'paper mills.

.- &5 such, chlorine dioxide, when used in this manner iz, by
definition, not a food additive and may not be - regulated in

21 CFR 176.300 of the fbod’aaditive-régﬁlatiohs._ As time

. and. xrésources permit,.this and other unlisted GRAS
. substances will be affirmed as GRAS under Parts 184 or 186,

as‘appropriate.

We hope thié responie_satisfactorily to yodf-qﬁégtion.

_Sincerely yours,

" Thomas C. Brown : )
Indirect Additives Braneh, BFP-335
) Division of Food & Color Additives
€enter for Food Safety and
Applied Nutrition

¢c: HFA~224 BPP-335 HFF-330 HFF-300" BEFF~158 HFF-415
HFC-220 MATS No. 2369 )

. HEF-335:PCBrown:tecb: 8/29/89 - .

F/%: HFF~335:TCBrown :srd: 8/29/89 \ ' -
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136.CENTRAL AVENUE, CLARK. NEW JERSEY 07066 - 1201) 499-9660

August 21, 1989

"-Mr. Thomas C. Browrn g .
Department of Health & Human Services

- Public Health Service
Food and Drug Administration

Washington{ DC 20204
.Dear Mr,. Brown: -

. - - . Thank you very. much for your letter of August 11, 1989
L Y " indicating that chlorine dioxide 1S.GRAS for use as a
slimiéide.injpapér[millé. "Your letter is of great help to
the marketiny efforts 6f one of our major distributors.

" However, they have several customers who use 21 CFR 176.300
as a bible and would feel comfortable Seeing chlorine dioxide -
listed as a slimicide under that regulation. - ) ) .

_’askéd_if it would be possible to 1ist chlorine dioxide in the
list of slimicides under regulation 21 CFR 176.300.

. Is this possible and if so what is required to have chlorine
- dioxifge appgar in the listing of slimicides under 21 CFR -

T 176.3002.
* Thank you for your further assistance in this matter.
) » Yours very truly,
‘X ATIONAL. DIOXCIDE, INe.
g2h D Dbolllen
Dr.{ Joseph M, Kelley -
birector of Operations-
JMK. em
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- —~——August_11, 1989
. . ~—".""“"~--...___,..

Joseph M. Kelly, Ph.D.

e Relone  pdd N0y Fac

Clark, NF 07066

" Dear .D'r'. Kelly: S , -

" This is .i'xi regard to your letter of May 22, 1989 concerning
\ the 'use of stabilized chlorine dioxide as a slimicide in
the production of paper and paperboard. - - :

Thé Food and Drug Administration has issued numerous "
létters in the past stating that the use of chlorine
dioxide is GRAS for use in the white water of. paper mills,
& or for use generally in paper millg, whether for slime
- control or bleaching. Aas Your ‘process- for manufacturing
: the stabilized chlorine dioxide uses only GRAS materials to
- Stabilized the solution we see no reason to reverse our -
previous informal opinions on the use-of chlerine dioxide
- in the manufacture of paper and paperboard.. -

If we can be of further &ssistance in this .mati:er, please
feel free to call upon us,

Sincerely yours,

Thomas €. Brown )
N Indirect Additives Branch, HFF-335
@ - Division of Food.& Color Additives
. Center for Food Safety and
Applied NMutritien

ce: HFA-224\/BFF-335 HFF-330 HFF-300 HFF-158"° HFF-415
HFC-220 Letter No. 467 : s

R/D:tcb:8/11/89:467 ) PRV

F/T:BFF-335:TCBrown:srd:8/11/89 o S
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' 186.1750 regulatien.

INTERNATIONAL Dioxcipe, INC,

136 CEATRAL AVENUE. CLARK. NEW JERSEY 07065 1202 239.9660

"May 22, 1989

Dr, Corbin Miles _

Indirect Additive Branch

HFP-335 - . :
Division of Foog & Color Additives .
Food & Drug Administration

200 "C" st.S.W.

-Washington, D.c. 20204

Dear Dr. Miles:

be used as'a slimicide at concentrations of 125 to 250 PPM ip

Paper products to be used in €ontact with foed..

We would like your opinion (ana hopefuliy concurrence) on
whether our 'stabilized ehlorine dioxide (trade name ANTHIUM

TEONCIDE, ANTHIUM 200 and CARNEBON 200) would fall under the
' We have manufactured this: material for

some thirty years under the designation 6f "stabilized
chloxine dioxide", ' - :

I have enclosed a description of our, manufacturing process

_and a patent which covers the process, for your information. -

that we generate a ehlorine dioxide gas which

" You will ﬁote _
is then absorbeq in a mixture of Sodiunm carbonate and

hydrogen peroxide. Sodium carbonate is used. instead of

~.sodium hydroxide so that a carbonate-fbic&.rbona-_te buffer is

incorporated into the stabilized chlorine dioxide solution. — .

our solutions. are sold as either 50,000 ppm (ANTHIUM
DIOXCIDE) and 20,000 ppm, (ANTHIUM.200 and CARNEBON 200)
available ehlorine dioxide. Therefore, 93 - 1g¢ PPM
‘availablg chlorine dioxide would be_‘equivalept in”

( 225 JE £2.45 of C = 93 ppm)

90.45. M4 of Nacl -

What we woulq like from FDA as a statement, if you concur,
is: "We have examined the data submitted to us on ANTHIUM
DIOXCIDE, aNnTHTIUM 200 and CARNEBON 200.- It is our opinion
that, when your ANTHIUM DIOXCIDE, ANTHIUM 200 and CARNEBON
200 solutions dre.added to paper or pPaperboard destined for
food contact ag a slimicide at g concentration of 93 - 186
PPM available chlorine dioxide, they wil} comply with 21 CFR
186.1750 regulation®,

- ) ) 000303
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Dr. Corbin Miles . ' .
L : FDA Food & Drug Administration May 22, 1989

The,EPA‘Regiéfration numbers of these products are 9150-2,
9150~1 and 9150-~3 respectively. They also qualify as Food
Additive - Sanitizer under 21 CFR 178.1010: '

. Thank you for your help in this matter,

. Yours ‘v'ery truly;
'INTERNATIONAL DIOXCIDE, INc.

-Dr. Joseph M. Kelley _
Director of Operations
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This 1s-in further .response to your submission of
1988 and that of your consultant, ) .
‘dated . (988, in which yon requested an opinion.

' regarding tne use of galeium hypochlorite in a fruit ahd -

vegetable wash in -aceordance with 21 CFR 173.315.

the regulatory statis of chlorine. Because the active _
Ingredient is’ the same, whether from sodivm. hypochlorite, .

“calcium hypechlorite or thlorine gis, we offer no
- objection, pending completion of our review, -to the

interchgnge_able‘ use of chlerine gas or calcium'hmiqch},oriﬁe :

‘for sodium hypochlorite uhder 21 CFR 173.315 wlien used in a.

. Anclu ding £oll owing treatmeat with

aquaitional

hmanner .consistent with gooad manufacturing. practices,

o oef ' . ‘ -
.ru'st‘h'hiit ;hi_sﬁﬂre‘sponse is satisfactory. If you neeg

assistanee, pleaseé contact us again.

__s..in'ce re;L_ Yy yolirs ’

Gerad L. McCowin
Director . .
Division of Pood and Color Additives
-Center for Food Safety .

and Applied Nutrition




. APR 10087

Lawrence J. Lin, HFF~334

. Chloiine Dioxide ..
‘Manject Singh, WFF-314

Before we respond-to these %ou%'questions, background
information described beiow would bs helpfui.

FDA has expressed the opinion since 1977 it has no i
objection to-the.use of chilorine dioxide solution- (up to 5

. ppPm) to process unpeeled and uncut fruits and. vegetables
followed by a potable water rinse. In some of its opinion

. lestérs, FpA aiso ‘indicated no objection to this use ot
pesled and cut potatoes. A problem has surfaced due to
different interpretations of what is meant by "“a potable
watei rinse.” The potabile .water as we understand is a -
municipal water which contains no chlorine dioxice. But,,
the potable water: ttese Tirms {e.g.,.1 T > .
Inc.) claim is a’municipal water to which they would add o
themselves 1 ppm oF chlorine dioxide insofar as it meets

the EPA’S primiry drinkg water standards.

.Now, Wwe choose to answer these‘questions as follows:

A. The S ppm limit still applies to the unpeeled and uncut
Truits and vegetables. The 1 ppm limit stated in Manject

Singh’s “memo (dated 3/10/87) will apply only to peslsd and
cuyt potatoes. i : . ‘ )

8. No approval hés_bean given to peelsed and cut fruits ‘and
vegetables except potatoas.

C. The majority of municipal water treatment piants do not
use chlorine dioxids, therefore virtually al1 potable water
contains nc chlorine dioxide. Only two Plants in the U.S.
has used chlorine dioxide significantly. Even so, the )
potable water obtained from these Plants. contain very small
amounts of chlorine dioxide because .this chemical is
reactive and volatils. Therefore, the potable watsr used

. Toir rinsing contains littls or no chlorine dioxide.

‘Gedssry



Page 2 EEEE

D. If the produc; 1s o»he.,uhqn on~sitg qsrerated chlor;ne
" “dioxide, .the concentration limits applv to the total level
of chlorine dioxi¢e, chlorate and chlorita. This is
becauss., when a01dlfled chlorate and chlorlte are
converted back to chlorlne ledee

cc: HFF ~334  HFF-330 HFF-300 HFF-158 HFF-458 HFC-220
' " HFF-314 GRASP 360020 - - S :
R/D:tlin:zleb:4/8/87 - ;
Final:LLin:leb:4/8/87 -

GakBES



- Were referring to this limit tin our letter to your firm of

——

g 1 g

Mr. W. o. Hardy - o ’ . L '

Technicai .Service - .
Bio-Cide Internaticnal, inc.
P.O. Box 2700 .
2845 Broce Drive

Norman, OK 7Joi¢

Dear Mr, Hardy:

Your .letter of December 9, 1986 reo FDA's Division of

‘of chlorine dioxide. t¥e agree that the current, EPA

guidelines allow this maximum limit for the total residual

‘levels ‘of combined oxidants of chlorine dioxide, which -

include chlorite and chlorate.) you then assumed that we

July 16, 1984) as a very small amount of .chlorine dioxide
alloved foy by the EPA. e did not refer to this one ppm-
limit ag g very. smalt amouqnt, What we neant as a very
Small amount was the actual residual concentration of -
chlorine dioxide in the potable water when it ‘reached a
househald or food pPraocessing plant, We know that ehlorine
dioxide is reactive and volatile and its concentration in
water diminishes during its trip from the municipal water
treatment facility to the tap,. Therefore, He believe that
the potable vater obtained from the municipal water supply
<contains very small ameuntsg, if any, of chlorine dioxide
and, without further treatment with chlorine'dioxide. would
be suitable for rinsing cut and peeled fruits and
vegetables, ' . ’

001892
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Mr. Haidy " . . ~ .- Page 2

Concerninx the use of plant process water containing one

. -. Ppm of chlorine dioxide to iash cut ‘and peeled rruits and

vegetables, such use is_uithlh.FDA's Jurisdiction. .
Further, we believe that this use would be in vinlation or
the Federal Food, Drug, and cosmetic Act, beécause there are
insufticient safety data teo Support this general use opn-
peeled and cut fruits and vegetables, Suchyuse would: then
be considered an unapproved tood additive use. Theretore,

it is necessary to establish the sarety ot this use via. the
-Submission of a tood additivq petition in accordanece with

21 CFB 171.1 tcopy enclosed).

Sinéerely yours,

Lawrence J.. Lin, ph.p. '
Direet,AdditiVes'Braneh .
Division of Food & Color aAdditives -
Center for Fopd-Saﬁety : )

. and Applied Nutrition
Enclosure . - o
ce:  HFF-300 HFF-330 -HFF-334 HPF-158 HEF-314 ,

. HFF-458 HFCc-220 HFA-224 HFF-312 ,Zq,quaqqq
R/D:LLin:leb:1/9/87 . . :
r/d/intd. RMGryder/HFF-158/2-4a87

: Kﬁiddle/HFF-}58/2~4-&7
DADennis/HFF-334/2i6~87
MBReddoeh/HFF-312/216-87
JEThomas/HFF-314/2-6-87
EColeman/HFF-334/3/4/8T

: _GMeCowin/BFF-330/3/9/87
redrafted/LJLin/3/3/87 "
Final:LLin:lebt3/10/87

601893 -
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:' Sep -~ . - - '_. _l
: /é DEPARTMENT OF HEALTH & HUMAN SERVICES . ) Public Health Sarvice
S s _ _ .. . Memorandum
" Date MIR10 S ’ . :
- Fiom. CFSAN/Division: of Begulatéryhcuidance (HF_I~‘-316) -
.. . 2N 4 .
Subject Chlorine Dioxide Us_e in Potato. Processing Plants ) . ’f_,‘) \
S'Y' G: i1
: - : h A
To Donald E. Peterson, CSO A
SEA-DO/HFR-0140
In the past, based upon info;ma;ion. submitted in the chlorine diqiidq"
petition, we hgve made an’exception on the use of chlorine ‘dioxide for -cut
and/or peeled potatpes. We have pot objected to the .use of 5 ppm chlorine
"dioxide or cut and/or .peeled potatoes provided that the use of chlorine -
dioxide is followed by a potable water rinse.
,ﬁenént information, how,ev_éi', shows that only .1 ppm .chlorine ‘dioxide is
"sufficient to achieve the rechpical effect ou cut and/or peeled potatoes.-
The use of 5 ppm chlorine’ dioxide on the -cut and/or peeled potatoes is
‘therefore, not in accordange with good manufacturing practice. '.
ra ) In our opinion, . should. be

- informed that.we currently recognize a 1 ppm chlorine ‘dioxide rinse 'for.
¢ut and/or peeled potatoes Follewed by a potable water .rinse to be
sufficient to ‘achieve the intended effect. Their use of 5 ppm chlorzine
dioxide is, _therefore in violation of good manufacturing practice.

. should be infome&'that although they 'are using 1 ppm .
- chlorine dioxide ‘on their cut and/or .peeled potatoes, such treatment must
be followed by 2’ potable water rinse.

We have no objection to the ) ) use of chlorine dioxide
on their cut aand/or peeled pbtatoes, which involves a potable water riuse.

o2 §1861
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. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Mr. J. A. Mason : ) FEB 18 NG?
Chemaco international. inec. )
P.0. Box 605 | : ' .
fheodore, AL 36590

Dedar Mr. Mason:

lhis is .in response to vour letter of vecember 12, 1936
requesting written approval for the use of "Aqua-Pure”, a
‘¢hlorine dioxide product, as a bleaching agent in the
production of pulp for white paper. o .

¥We are aware that chlorine dipxide has a long history

of ‘use as a bleaching agent for pulp in the production of
vhite paper and continues to be used for such purposes -to
"the present day. It is our opinion that chlorine dioxide
. when used as a bleaching agent in the manufacture of wood
‘pulp for food packaging 1s not a food additive by virtue--.

“of the fact that it canhot reasoriably be expected to become

2 component of foed through thls'QSé._ Therefore we have
no eobjection to the use of chlorine dioxide as a bleaching

‘agent for the preduction of pulp for white paper to be used

as a food packaging material.
‘Sinéérely yours,
verad L. Metowin .
bivision of Kood & Color Additives

tenter for Food Safety and -
Applied Mutrition

6e: MFA-224° HFF-335 HFF-330 HFF-300 HFF-158 HFF-458
REC-220 . : :

' u/D:ADLaumbﬁch:badSOSS:1- 4-87
~'lvt‘.i‘.':ADL.aumbat:h:bm.r:'n‘;fi:’.m:

Lnitials: T.U.Brown:HFF-335:1/15/87
M.Flood:ﬂFh-458:l/15/87
'S.Grahm:HFF4158:1115/87
C.Miles:HKF-335:1/20/87
R.W.Gill:HFF~304:I/21/87
H.Parran:HFF—330:1/21/87




- CHEMACO INTERNAT_‘IONAL, INGC. -
. . PO.BOX605 .- : .
THEODORE, ALABAMA 36590
PHONE 205/653-9060

December 12, 1986

Food and Drug Administration
200 C Street S.W.
Washington, D.C. 20204
Attention: Mr, Tom’ Brown

Re: Use.of chlorine dioxide in
- the pulp paper 'ind_us_crys ¢

.D.ear ‘Mr. Brown:

Porsuant to our rélephone conversation in November 'we  respectfully

request your assistance in obtaining writter approval for the use of our - .’

‘Product As a water treatment in the pulp and paper industry. .
; We presently generate chlorine. dioxide under E.P.A. Number- 56135. We
market this product unde¥ the’ trade name of "Aqua ~ Pure". As I am sure

~

you - are aware chlorine dioxide, is, and has for many years. been, in use -

as a bleach in almost all paper mills making any form of vwhite - paper.
We have been - unable to find any F.D.4. regalations or requirements
document: stating that this is permissible by F.D.A. . .

We are currently negotiating with a -l.arge mill for the implementation of

our product in their plant, and it is nécessary that we have somerhing
in writing from your ageney indicating approval of use ‘of c:.oz in - ehe
paper making process. ) . -

It is very important that we r’e'ceive.such cotrespondence as soon as
pessible so that we may pursue the above mentioned project . .

Xour prompt attention to this request will be very much appreciated. 1

can be reached at the above phone number should you require any further

information. . - oL . - Ly

\J

Rgspggtfully,ﬂ) ' _

" ']ﬁh- , // : .'

. A. Mason, . PR i.’g'
President o+

14
'

my gy
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. DEPARTMENT QF umvr_ix & HUMAN SERVICES

Ty v

Public Haahth Snvicy

Il : o Divp Adminisubion
FEB 1§ 986 . ., WanngionDC30204 -

’

-Tli‘ts.is‘.‘tn i'ep}y to joui-‘-'\e_t_ier' dated‘be"s;mbe;' 23, 1985 ingitirhig about the .
-use. of 328 aqueous- solution of chlorine dioxide as a rinse-for use on. ‘fresh -
- truits and vegotables 1n grocery stores and restaurants anohy other yses. .

. There fs nb',fbad addftive. requ¥ation which provides fop the safe use 6f 3¢
.2% 3queous -solutfon of chlorfne diexide on fresh frufts ang vogetablas,
" Therafors, the use you {nquired about.ts an f1legal vsos -

Tha aé’,bn'cy 1s m'tfw process of reviewing a GRAS. patition concerning the -~ -
isg ‘of chlorine -dioxide in wash Wator To process fresh froits and vegetable

" Wash ¥3tpr.to process whole fruits and vegetables followed by a pocibla'.'.

. waver riase, We are preparing 1 food addttive regulation whith wil) ‘address
the abova. use and Unitattens, ' o

i iha:u—:;’é ot a 2 aque'u'us sofution without a rinse {s beyend the scopg_of the
EBRAS petition and the proposed: food additive requlation, Therefore, wo

would considepr the product to be an unsafe foad additive, siace there-ts |
as raguiavion witch provides for jts 3afe-use and there §5 po Sxemption in
oHfect which provides for such use, . L S

Wo appreciate you bringing this matter to our attentian, °

Sandra R. Whotstone _
Assistant to the Pirector
- Btvision of Regulatory Guidance
- - . Center for Foed Safety _

' and AppYted Hutrition

S{Agerely yours, , % : - :



AY

ey Tt e———. L WL I e ———— - e e e e -

..Mr,:B.-C. Danner

Bio-Cide Chemical Co., Inc,
P.0. Box 2700-1111 N. Flood Avenue
Norman, Oklahoma 73070 .

‘Dear Mr..Danner: .

e —

FTOC aNG Jrud  Auimees:sancs

Washington OC 2¢20z’

Enclosure

'l4 "

This Js in response to your letter dated'the~4 in which you asked several .

vegetables.

.Your .questions are being answered in thg'séquence they were askgd.

. 1. The basis for making an exception to cut or peeled
T potatoes js a-radiotracer analysis (so called migration)
study) submitted in the GRAS Petition Number.360020. &
-review of this petition indicated that a 5 ppm sotution

- of .chlorine dioxide may be safely used to wash

cut and

peeled potatoes.provided that the wash is followed by s

potab]g water rinse.

2. The 5 ppm chlorine dioxide concentration is to be measured
- before the.fruits and_vegetab]és are washed with the water.

3. MWe would have no objection to a potabTe water rinse evep

“‘though the potable water may contain very small -amounts of
-chlorine or chlorine.ﬁioxide allowed for by EPA regulations.
. We have no requirement - for measuring residual chlorine dioxide

on the fruits and vegetables.

4. FDA's guidelines and fegulations pertaining to

this use of

chlorine dioxide will be published .upon completion of the
petition review. . 'FDA has not decided at present when it

will issue a regula<ion on chlorine,

‘questions concerning the use of chiorine dioxide for rinsing fruits and

5. Assuming that your qiestion 5 referszto the working environment
Perhaps OSHA -

FDA does not have Jurisdiction over this area.

can answer this question concerning acceptable u

chlorine diexide (either gaseous or aqueous) in processing

environments. If your question refers to food p

they are covered in our responses to other questions,

6. The 5 ppm.limit for chlorine dioxide is absolute,

ses of chlorine,

rocessing uses,

Even. thougk

chlorine has been used at higher concentratjons depending on
the demand, chlorine dioxide is distinctly different from

chlerine v+ 50 - cirenerr orident and her

tirenoe oder, -

601834
000314



Poge Z-- ¥r. 5. L, Danner .

Pending final review bf the GRAS'petition, chlorine dioxide has not been

Considered as GRAS by FDA. When used to wash fruits and vegetables it

s considered a food additive.

chlorine dioxide is used.in the. food processing environment should be

Your .question cohcernfng restrictions for protectiﬁg_publit health when

addressed to either OSHA‘gipce they have jurisdiction over such matters.

We trust this information is helpful.

Stncerely youcs,

[ -

/ ) 4 Q 7Q

" Manjeef Singn 7 _
Assistant to the Director’ .
Division of Regulatory Guidance
Genter for Food Safety’

"~ and Applied Nutrition

601835
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" CHEMICAL . P.O. Bok 2200 - 1111 N. Floed Ave Area Code 405 / 329-5556

= : ) - F )
s;g_ CO.iNC. ) Norman, Oxis. USA 73070 Telox (WU) 748-581 .810, nCco

Enclosure 2"

>

Manjeet Singh

Assistant to the Director .
Division of Regulatory Guidance _
Center for Food Safety

and Applied Nutrition

Food & Drug Administration
‘Washington, D.C. 20204

' -Ref: " Your Letter Received June ‘4, 1984
Subjéct;'.Vegetabies k Fruits
'Déai Mr.'Siégha

Thank you for your response to my letiter of May 4, 1984.
It i$s certainly helpful to know that FDA has no objections
. to..using c¢hlorine -dioxide for.rinsing,fruits_and vegetables;
. howeéver, your letter leaves several important issues unanswered,

such as: . . . 3

) 1.  What is the basis for making ap'exception_t6~cut" 
T - or peeled-pdtatoes?. Is this positiqn addressable?
- What does your data say? :

2. Is the 5 PPM to be meusured as the resulting water ' N
.contentration before or after the wash cycle? | 38

3. -The requirement for a potable water rinse may aot
sServe any realisti¢ purpose in as mueh as the
potable water may contain either chlorine or
-chlorine dioxide .as both are approved for potable )
water use. Would a '"no medsured residual® require-~
.ment serve your objection better and/or does a
- no chlorine residual reguirement exist?

4. What is FDA's plan to issue puidelines or regulations
covering the use, differences and limitations for
the use of chlorine dioxide vis-a~vis chlorine
allowable uses, ete.?

e :
o - | | 001832

Manutaciuring Pianmt 4100 N Hwy 77. Norman Okia 12059 000316
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" Manjeet Singh- - .
‘Food & Drug Administration -
- June 4, 1984 . : -
* Page Two

-
*

:'5;_ What uses of chlorine, chlorine dioxide (either °
' faseous or agueous) are acceptable to FDA in 1ood

processing environmeqts?

6. "1s the 5 PPM limit absolute? Chlorine is apparéntily
used at high concentrations depending on the demand
and thé same demand may be present to be served by
the chlorine dioxide. SR

These dueSiions are’important.to us and-theffood ﬁrqcessing
industry. The lack of informationgirom-FDA in. this subject
area is causing a considerable economic- loss as well as

.- 4Dd uncertainty as to.what is expeqtgd“hy Prudent anq
" . eoncerned businesses. We, for example, are a smal].busipess

(less-than $500,000 per year in product sdles). That has .
limited our capability to pursue petitions as a plausible

solution to these questions. .

we“have.understood:verbally from ?bE regional people in the
past that chlorine dioxide was to be placed on the GRAS

. Yist. some time ago. IS that So; is it under consideration

or is there a reason why it Should not be considered GR&S?

We have.EPA registered labels for the use of our agueous

. chlorine dioxige for water trzatment and did.enjoy, since

1968, DUSPa F & 2 approvals (for process water and équipnent
sanitation), If. the Product is sSafe for ‘consumption, then .

what restrietions are really aecessary to protect the publie

health wheb used in the foog Processing environment?

¥e will appreeiate you efforts to assist us in complying
with your- requirements zand I zm sure the -Industry - as sz whole

. would appreciate elarification on the subjeet .

Sincerely,

BIO-CIDE ICAL .CO., INE.

L,

B. €. Danper
President

BCD/lah

€c: Mr. John Thomas :
FPE Djuies. - hepiileiaes Clen
harvld Fopwa, 1aly Producirs o Michigan

000317
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~ é - DEPARTMENT OF HEALTH & HUMAN SERVICES " Public Health Service -

i rrrene : ‘ ) Food and Drug Administratic
Wa_shington OC 20204

" Mr. B. C. Danner .. , _ B :
Bio-Cide Chemical Co. Inc... = - ' RECE{VED /KT
P.0. Box 2700 - 1111 N. Flood Avenue PRI
Norman, 0klahoma 73070

534
Dear Mr. D_a,nner: _

This responds to your 1efter dai:ed.May 4 requesting .information on the.
regulatory-status of cmorine dioxide in a rinse for fresh frui'ts and.

- vegetables.

" As stated to ‘you durmg our telephone conversation of May 2, -1984,
pending the publ'icatwn of a regulation on the above use of chlorme
dmsnde, FOk is not objecting to the ase.of a vinse contaming upto
5 ppm ch]onne dioxide for rinsmg uneut unpee] ed fruits and vegetables
with the exceptron of cut aﬂd peeled potatoes, prbvided t!ns treatment

s followed by a potahle water rinse.

We trust this information is: he]pful.

S1ncerely yours

- . Ass1stant to the Du‘ector
: --  Division of- ‘Regulatory Guidance
Lenter for Food Safety
and Applied Nutrition

©01309 -
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Dr. Donald Deir~ Page 2-

te remain an food from & speidfic. type of food precessing. use,
This weuld

be considered 2 food additive use,

As mentiohed above,

petitions. In each ease, migration and nutrition ofteot &

tha't_use would not

be the ease with the use of chlorine

¢ hope thls: inforiation s helpful to yoi, gnd 12 yoit have any guiestions, pleasa

feel iree to eontaet ud.

- e
HFF-300
HFP-330.
HFP-335 S #
‘GRASP 3G0020
- GRASP 8GO212.

LELinstde:5-30-79

N o .. —_n -
o(jfx .S /3 // .
Fomen onitiabed om

Sineerely yours, -

Lawrenve J. Lin, Ph.D.

GRAS Review Branch- '
Divislen of Food and-Coler Additives
Bureay of Foods

T other el ey

001451
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MEMORANDUM OF CONEERENCE

Date: - January.l;, 1978

" Place: ' Bureau of Foods, FDA WashmgtOn, Dc
GRAS Review Branch Room 3700, North HEW Bulldlng

Participants:
FDA
Joseph W, Lepak, Ph.D., (HFF-122) -
John P. Modderman, Ph. D., (HFF-144). _ . . S :
Rong.C.. Lin, (HFF-414) : .
. Arthur R. Johnson, (HFF-416)
. Damon Larry, (BFF-335)
Lawrence J. Lin, Ph.D., (HFF—335)
Subject: Use of Chlorine Dioxide in Water to Process Fruits

and Vegetableg — Q—R/}SP 3Go020

It was 1ndicaned that from the mierobiological point ‘of view, use -

of chlorine dioxide Presents no problem. The submi tted information
shows~that at a-level of 0.4 Ppm, chlorlne dioxide is effectlve as

" a baci:eriocide. However, it was. suggested that maximum concentra-'
tion should not exceed 10 ppm, and where possible, lower effective -

concentrations of less than 10 ppm should be used inStead

Clarification was made that FDA is not going to regulate the use

- of chlorine diox1de in potable water, but instead wé will regulate
it:s uses in in-plant water, flune water ang cannery cooling water.
GRAS Review Branch has noticed that the Dlvision of Regulatory
Guidance responded in the past to inquiries on chlorine dio:ude by
s;aylng that if no residues will remain under conditions of use

described, it would not constitute a food additive situation.

001225
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Page 2 - Memorandum of Conference, 01/04/78

'There were discussions on whether surface area of fruit aad VEge-

table- could be. used as a criterion,for determlning use on what

- klnd of vegetable constituting a food add1t1ve 51tuation. Such a

criterion was con31dered not ea511y deflnable and await further
assurance that no réaction products are formed on- the surface of

fruit and vegetable.

It ‘was generally agreed thae there are sufficient data in the

~'petition suppcrting.the use of. chlorine dioxide in munieipal water.

However data supporting xts use in processing fruits and vegetables

are deficient. Since mno general agreement has beeén- reaehed c0ncern-'

ing'lts GRAS status, further actlon will not be undertaken until

DT ‘and DCH have completed their evaluations on the Tecently submitted .

supplemental information. -

cc: HFF-3600
HFP-330
HFPF-335 )
¥DA Participants
HFP-195

HFF-335:LJLin:yls:01/16/78:472-4750
Retyped:02/09/78

UU1Z226
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- and 1957 By Monmouth Canning.

" Mmy 12, 1877 -

M¥r. Richard P. Philpite
Registration and Regulation Sexvices
Olin Goxporation

275 Vitachester Avenue
Hewr RBaven, €T 06504

‘Ber GRASP 380020

Dear nr, Phllpiee: _ .
This 48 #n reference to, your -GRAS Petition, GRASP 300028,. roquesting

affivostion of GRAS status for chlorine doxide as a sagitizing agmt.-.

-for water used to progess fruits and vepetsbles.
The data in the petities Bas been reviewed. Ad a_tesult of this vevdew

1t bas Degn coneluded that indecordames witl 21 GFR 170.3 the data

- prasented s dnadequate and ineuffictent to affiye the GRAS status of

chlorine dibxide for the use yom requested. Bpeetf 7» & eaxeful
review of FBA flles nnd data vou submitred o support GRAS affivmution

‘through experience based-on eonuon uad in fod prier to 1958 dves mop

provide & bapiv for sach a- convkuslon. *he Limited uses in 1943, 1936,
Compady and the Sraen Glant Cotpany on

eoxn asd pess are not suffiedent to souply with GRAS eviterdia for

Bignificant une priox o 1958. Further, the sofentific davg subndtted

to data's!ce,:;s 3ot pravide an adequare bame fox naking necessaxy Judgenmente

datn responsive to dach of the items that appeave in the Federnl Register
Hotiee, 41 FR 27856 of July 7, 1976 (enclosqre). In sdditton, the
petitdon ghould state, with ‘Bpecificity, 1F the uge of ehlorine dioxige
15 intended for troatment of the water aod/er fruits and vegstables fo

reduee bacterisl loads only or other effedtg. In eltker case the data - . 2’ .
mast demonstrate efficeey as an sntimigrobial agent on the mieroflors - - &
e ted - . . L . ’ S
wpedted, i < § S
- ) o < TP oA
R j b
> " = —y -~ e
- ~E3. oy AR
R - doa
s oy e s
8
080556
y 4
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' Mr. Philpite, page-2

Please respond within the next thirty (30) days and designate the time
you require to provide data responsive to these questions. If yon find
that thesé data.cénnbt be provided in a relatively short time, we suggest
that you withiraw ‘this petition without prejudice to future filing.

- Should you degire further clarification, please do not hesitate to contaet
us. N C ) °

: .Siﬁ;‘zezaljr YOurs,

pamon Laxrry .
" GRAS Review Branch X - .
Dlvision.of Food and Colox Additives
Bureau of Foods :

Enclosnre

ec: HFP-1544
. RFP-152.
. BEF-300"
© HFP-330
HFP-335,
HFF-416
HFC-20
. GRASP-360020
‘DLArxy:ign:5~12-77

000551

000324
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Determination of Ions in Distillers Grains by Ion
' Chromatography

_ (Bas_sed on Method EPA 300.1)



1.0

SCOPE AND APPLICATI_ON

1.1.

1.2

1.3.

1.4.

L.5.

This method covers the determination of the following inorganic anions in
distillers grains. As a result of different specified injection volumes (See
conditions in Tables 1A and 1B), these anions are divided between the
common anions listed in Part A and the inorganic disinfection by-products
listed in Part B. These different injection volumes are required in order to-
compensate for the relative concentrations of these anions in distillers grains
and maintain good chromatographic peak shape throughout the expected
dynamic range of the detector. Bromide is included in both Part A, due to
its importance as a common anion, as well as Part B due to its critical role
as a disinfection by-product precursor.

PART A.-- Common Anions
Bromide Nitrite

Chloride ortho-Phosphate-P
Fluoride Sulfate

Nitrate

PART B.-- Inorganic Disinfection By-products
Bromate Chlorite,

Bromide Chlorate

The single laboratory Method Detection Limits (MDL, defined in Sect.
3.11) for the above analytes are listed in Tables 1A, 1B and 1C. The MDL
for a specific matrix may differ from those listed, depending upon the nature
of the sample and the specific instrumentation employed.. '

1.2.1. In order to achieve comparable detection limits, an ion
chromatographic system must utilize suppressed conductivity
detection, be properly maintained and must be capable of yielding a
baseline with no mere than 5 nS noise/drift per minute of monitored
response over the background conductivity.

"This method is recommended for use only by or under the supervision of
analysts experienced in the use of ion chromatography and in the
interpretation of the resulting ion chromatograms.

When this method is used to analyze unfamiliar samples for any of the above

. anions, anion identification should be supported by the use of a fortified

sample matrix covering the anions of interest. The fortification procedure
is described in Sect. 9.4.1.

Users of the method data should state the data-quality objectives prior to
2



20

3.0

1.6.

analysis. Users of the method must demonstrate the ability to generate
acceptable results with this method, using the procedures described in Sect.
9.0.

Bromide and nitrite react with most oxidants employed as disinfectants,
The utility of measuring these anions in treated water should be considered
prior to conducting the analysis.

SUMMARY OF METHOD

2.1.

22

A small volume of sample, 10 pL for Part A and 50 pL for Part B,is
introduced into an ion chromatograph. The anions of interest are separated
and measured, using a system comprised of a guard column, analytical
column, suppressor device, and conductivity detector.

The ONLY difference between Parts A and B is the volume of sample
analyzed by the ion chromatographic system. The separator columns and
guard columns as well as eluent conditions are identical.

DEFINITIONS

3.1.

32,

ANALYSIS BATCH -- A group of no more than 20 field samples (Field
sample analyses include only those samples derived from a field sample
matrix. These include the initial and duplicate field samples as well as all
Laboratory Fortified Sample Matrices). The analysis batch must include an
Initial Calibratior Check Standard, an End Calibration Check Standard, -
Laboratory Reagent Blank, and a Laboratory Fortified Blank. Withinan .
ANALYSIS BATCH, for every group of ten field samples, at least one -
Laboratory Fortified Matrix (LFM) and either a Field Duplicate, a _ :
Laboratory Duplicate or a duplicate of the LFM must be analyzed. When
more than 10 field samples are analyzed, a Continuing Calibration Check
Standard must be analyzed after the tenth field sample analysis.

CALIBRATION STANDARD (CAL) - A solution prepared from the
primary dilution standard solution or stock standard solutions and the -
surrogate analyte. The CAL solutions are used to calibrate the instrument
response with respect to analyte concentration,

3.2.1.- INITIAL CALIBRATION STANDARDS -- A series of CAL
solutions used to initially establish instrument calibration and
develop calibration curves for individual target anions.

3.22. INITIAL CALIBRATION CHECK STANDARD - An
individual CAL solution, analyzed initially, prior to any sample
analysis, which verifies previously established calibration curves.



3.3..

34.

3.5.

3.6.

procedures.

3.2.3. CONTINUING CALIBRATION CHECK STANDARD -- An-
individual CAL solution which is analyzed after every tenth field
sample analyses which verifies the previously established
calibration curves and confirms accurate analyte quantitation for the
previous ten field samples analyzed.

3.2.4. END CALIBRATION CHECK STANDARD -- An individual CAL
solution which is analyzed after the last field sample analyses
which verifies the previously established calibration curves and
confirms accurate analyte quantitation for all field samples analyzed
since the last continuing calibration check. ,

FIELD DUPLICATES —~ Two separate samples collected at the same time
and place under identical circumstances and treated exactly the same
throughout field and laboratory procedures: Analyses of field duplicates
indicate the precision associated with' sample collection, preservation and

“storage, as well as with laboratory procedures.

INSTRUMENT PERFORMANCE CHECK SOLUTION (dpPC)--A-
solution of one or more method analytes, surrogates, or other test
substances used to evaluate the performance of the instrument system with
respect to a defined set of criteria. -

LABORATORY DUPLICATE - Two sample aliquots, taken in the
laboratory from a single sample bottle, and analyzed separately with
identical procedures. Analyses-of D1 and LD2 indicate precision

~ associated specifically with the laboratory procedures, removing any

asseciated variables attributed by sample collection, preservation, or storage

'LABORATORY FORTIFIED BLANK (LFB)-- An aliquot of reagent

water or other blank matrices to-which known quantities of the method
analytes are added in the laboratory. The LFB is analyzed exactly like a
sample, and its purpose is to deterniine-whether the'methodology is in control,

* <and whether the laboratory is capable-of making accurate and precise

37.

measurements.

LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- An aliquot

of an environmental sample to which known quantities of the method
analytes are added in the laboratory. The LFM is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix
contributes bias to the analytical results. The background concentrations of
the analytes in the sample matrix must be determined in a separate aliquot
and the measured values in the LFM corrected for background concentrations.



3.8.

3.9.

3.10.

3.11.

3.12..

3.13.

3.14.

3.15.

LABORATORY REAGENT BLANK (LRB) — An aliquot of reagent
water or other blank matrices that are treated exactly as a sample including

‘exposure to all glassware, equipment, solvents, reagents, and surrogates

that are used with other samples. The LRB is used to determine if method
analytes or other interferences are present in the laboratory environment, the
reagents, or the apparatus.

LINEAR CALIBRATION RANGE (LCR) -- The concentration range

* over which the instrument response is linear.

MATERIAL SAFETY DATA SHEET (MSDS) — Written information
provided by vendors concerning a chemical's toxicity, health hazards,
physical properties, fire, and reactivity data including storage, spill, and
handling precautions.

METHOD DETECTION LIMIT (MDL) -- The minimum concentration
of an analyte that can be identified; measured and reported with 99%
'conﬁdence_ that the analyte concentration is greater than zero.

MINIMUM REPORTING LEVEL (MRL) — The minimum concentration
that can be reported for an anion in a sample following analysis. This
defined concentration can be no lower than the concentration of the lowest
calibration standard and can only be used if acceptable quality control
criteria for this standard are met. ' ] .

PERFORMANCE EVALUATION SAMPLE (PE) — A certified solution of
method analytes whose concentration is unknown to the analyst. Often, an
aliquot of this solution is added to a known volume of reagent-water and '
analyzed with procedures used for samples. Results of analyses are used to'
determine statistically the accuracy and precision that can be expected whena
method is performed by a competent analyst.

QUALITY CONTROL SAMPLE (QCS) — A solution of method analytes
of known concentrations that is-used to fortify an aliquot of LRB or

sample matrix. The QCS is obtained from a source external to the'

laboratory and different from the-source of calibration standards. It is used
to check laboratory-performance with externally prepared test materials.

SURROGATE ANALYTE — An analyte added to a sample, which is
unlikely to be found in any sample at significant concentration, and which
is added directly to a sample aliquot in known amounts before any sample
processing procedures are conducted. It is measured with the same
procedures used to measure other sample components. The purpose of the
surrogate analyte is to monitor method performance with each sample.



3.16.

STOCK STANDARD SOLUTION (SSSYy— A concentrated solution
containing one or more method analytes prepared in the laboratory using
assayed reference materials or purchased from a reputable commercial
source.

40 INTERFERENCES

41.

.Interferences can be divided into three different categories: direct

chromatographic coelution, where an analyte response is observed at very
nearly the same retention time as the target anion; concentration dependant
coelution, which is observed when the response of higher than typical
concentrations of the neighboring peak overlap into the retention window -
of the target anion; and, ionic character displacement, where retention
times may significantly shift due to the influence of high ionic strength
matrices (high mineral content or hardness) overloading the exchange sites’

- in the colunin and significantly shortening target analyte's retention times.

4.1.1. A direct chromatographic coelution may be solved by changing
columns, eluent strength, modifying the eluent with organic
- solvénts (if compatible with IC columns), changing the detection
-Systems, or selective removal of the interference with pretreatment.
- Sample ditution will have little to no effect. '

l4. 1 2 :Se;iﬁple dilution may reéol_v’e éome of the difficulties if the

interference is the result of either concentration dependant coelution
+ " orionic character displacement, but it must be clarified that sample -
+ - dilution will alter your-Minimum-Reporting Limit (MRL) by a -
- proportion equivalent to:that-of the dilution. Therefore, careful
*s -oonsideration of project objectives should be given prier to~
- - perforniing such a dilution. An alternative to-sample dilution;
. may be dilution of the eluent-as-outlined in 11.9. '

‘4.1.3. -Pretreatment cartridges can be effective as a means to eliminate
© - certain'matrix interferences. Prior to using any pretreatment, the
analyst should be aware that all instrument calibration $tandards
-+ - mustbe pretreated in exactly.the same manrer as the pretreated
>~ - unknown field samples. The need for these cartridges have been
greatly reduced with recent advances in high capacity anion
“exchange columns. oo

4.1.4. Extreme caution should be exercised in using these pretreatment

cartridges. Artifacts are known to leach from certain cartridges which
can foul the guard and analytical cohsmns causing loss of column
capacity indicated by shortened retention times and irreproducible
results. Frequently compare your calibration standard :



42.

43.

44.

4.5.

4.6.

chromatograms to those of the column test chromatogram (received
when the column was purchased) to insure proper separation and
similar response ratios between the target analytes is observed.

Method interferences may be caused by contaminants in the reagent water,
reagents, glassware, and other sample processing apparatus that lead to
discrete artifacts or elevated baselines in an jon chromatogram. These
interferences can lead to false positive results for target analytes as well as
reduced detection limits as a consequence of elevated baseline noise.

Samples that contain particles larger than 0.45 microns and reagent
solutions that contain particles larger than 0.20 microns require filtration to
prevent damage to instruthent coluymns and flow systems.

Any anion that is only weakly retained by the column may elute in the
retention time window of fluoride and potentially interfere. At
concentrations of fluoride above 1.5 mg/L, this interference may not be
significant, however, it is the responsibility of the user to generate
precision and accuracy information in each sample matrix.

Close attention should be given to the potential for carry over peaks
from one analysis which will effect the proper detection of analytes of
interest in a second, subsequent analysis. Normally, the elution of sulfate
(retention time of 13.8 min.) indicates the end of a chromatographic run, but,
in the ozonated and chlorine dioxide matrices, which were included as part of
the single operator accuracy and bias study (See Table 2B), a small
response (200 nS baseline rise) was observed for a very late eluting
‘unknown peak at approximately 23 minutes. Consequently, a run time of 25
minutes is recommended to allow for the proper elution of any potentially
interferant late peaks. If is the responsibility of the user-to confirm that no

* late eluting peaks have carried over into a subsequent analysis thereby

compromising the integrity of the analytical results.

Any residual chlorine dioxide present in the sample will result in the
formation of additional chlorite prior to analysis. If any concentration of
chlorine dioxide is suspected in the sample, the sample must be purged
with an inert gas (helium, argon or nitrogen) for approximately five minutes
or until no chlorine dioxide remains. This sparging must be conducted prior
to ethylenediamine Ppreservation and at time of sample collection.

50 SAFETY

5.1,

‘The toxicity or carcinogenicity of each reagent used in this method have
not been fully established. Each chemical should be regarded as a potential
health hazard and exposure should be as low as reasonably achievable.



Cautions are included for known extremely hazardous materials or
procedures.

5.2.  Each laboratory is responsible for maintaining a current awareness file of
OSHA regulations regarding the safe handling of the chemicals specified
in this method. A reference file of Material Safety Data Sheets (MSDS) should
be made-available to all personne] involved in the chemical analysis. The
preparation of a formal safety plan is also advisable.

5.3. ’fhe following chemicals have the potential to be highly toxic or
hazardous, consult MSDS.

5.3.1. Sulfuric acid -- When used to prepared a 25 mN sulfuric acid
regenerant solution for chemical suppression using a Dionex Anion
Micro Membrane Suppressor (AMMS).

Equipment angd Supplies

6.1. Ion -chr,omaitograph ~ Analytical system complete with ion chromatograph
and all required accessories including syringes, analytical columns,
-compressed gasses and a conductivity detector.

6.1.1. , Anion guard column: Dionex AG9-HC, 2 mm (P/N 52248),or -

.. equivalent. This colurnn functions as a protector of the separator

. column. If omitted from the system the retention times will be '
shorter. .

6.1.2." Asion separator coluimn: Dionex AS9-HC column, 2 mm P/N
52244), or equivalent. The microbore (2 mm) was selected in the
development of this method 4 a mesns to tighten the bromate elution

~ band and thus reduce the detection limit. An optional column (2 mm
- or4 mm) may be used if comparable resolution of peaks is obtairied,
and the requirements of Sect. 9.0 can be met. The AS9-HC, 2 mm
column using the conditions outlined in Table 1A and 1B produced
.-the separation shown.in Figures 1 through 4.

6.12.1. Ifas mm column is employed, the injection volume
should be raised by. a factor of four to 40 pL for Part
A anions and 200 pL for Part B anions in order to attain
comparable detection limits. A four fold increase in
injection volume compensates for the four fold increase
in cross sectional surface area of the 4 mm standard bore
column over the 2 mm microbore column.

6.1.2.2. Cé)mparable results can be attained using the Dionex,
AS9-HC, 4 mm column. MDLs for the part B, inorganic
8



6.2.

6.3.
6.4.

6.5.

. 66.

6.7.
6.8.

6.9
6.10.
6.11.

disinfection by-products using this 4 mm column are
displayed along with analysis conditions in Table 1C.

6.1.3. Anion suppressor device: The data presented in this method were
generated using a Dionex Anion Self Regenerating Suppressor
(ASRS, P/N 43187). An equivalent suppressor device may be
utilized provided comparable detection limits are achieved and
adequate baseline stability is attained as measured by a combined
baseline drift/noise of no more than 5 nS per minute over the
background conductivity. -

6.1.3.1.  The ASRS was set to perform electrolytic suppression
at a current setting of 100 mA wusing an external source
DI water mode. Insufficient baseline stability was observed
using the ASRS in recycle mode.

6.1.4. Detector -- Conductivity cell (Dionex CD20, or equivalent)
~ capable of providing data as required in Sect. 9.2,

The Dionex Peaknet Data Chromatography Software was used to
generate all the data in the attached tables. Systems using a strip chart
recorder and integrator or other computer based data system may achieve
approximately the same MDL's but the user should demonstrate this by the
procedure outlined in Sect. 9.2.

Analytical balance, 0.1 mg sensitivity. Used to accurately weigh target

analyte salts for stock standard preparation.

Top lbading balance, £10 nig sensitivity. Used to accurately weigh
réagents to prepare eluents. '

Weigh boats, plastic, disposable - for weighing eluent reagents.

Syringes, plastic, disposable, 10 mL - used during sample preparation.

. Pipets, Pasteur, plastic or glass, disposable, graduated, 5 mL and 10 mL..

Bottles, high density polyethylene (HDPE), opaque or glass, amber, 15,
20, 30, 125, and 250 mL.. For sampling and storage of calibration
solutions. Opaque or amber due to the photoreactivity of chlorite anion.
Micro beakers, plastic, disposable — used during sample preparation.

Balance able to be tared.

Sterile spatula — to collect sample.
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6.12. Sterile gloves for sample collection.

6.13.  Centrifuge capable of maintaining 4°C.

" .6.14. Filter paper for filtering solution instead of centrifuging.

Reagents and Standards

7.1

7.2.

7.3.

Reagent water: Distilled or deionized water, free of the anions of interest.
Water should contain particles no larger than 0.20 microns.

Eluent solution : Sodium carbonate (CASRN 497-19-8) 9.0 mM. Dissolve
1.91 g'sodium carbonate (Na2COs) in reagent water and dilute to 2 L.

" 7.2.]1. This eluent solution must be purged for 10 minutes with helium

prior to use to remove dissolved gases which may form micro
bubbles in the IC compromising system performance and
adversely effecting the integrity of the data.

Stock standard solutions, 1000 mg/L (1 mg/mL): Stock standard solutions

. may be purchased as certified solutions or prepared from ACS reagent grade,
* potassium or sodium salts as listed below, for most analytes. Chlorite

requires careful consideration as outline below in 7.3.5,1

7.3.1. Bromide (Br ) 1000 mg/L: Dissolve 0.1288 g sodium bromide
(NaBr, CASRN 7647-15-6) in reagent water and dilute to 100mL ina
volumetric flask. , R

7.3.2. Bromate (BrOs) 1000 mg/L: Dissolve 0.1180 g of sodium
- bromate (NaBrOs, CASRN 7789-38-0) in réagent water dnd dilute to
100 mL in a volumetric flask. '

7.3.3. Chlorate (CI05) 1000 mg/L: Dissolve 0.1275 g of sodium
chlorate (NaC 105, CASRN 7775-09-9) in reagent water. and dilute to

100 mL in a volumetric flask.

'7.34. Chloride (C1) 1000 mg/L: Dissolve 0.1649 g sodium chloride

(NaCl, CASRN 7647-14-5) in reagent water and dilute to 100 mL in a
volumetric flask. . »

7.3.5. Chlorite (C102) 1000 mg/L: Assuming an exact 80.0 % NaC10,

' is amperometrically titrated from technical grade NaC102(See
Sect. 7.3.5.1). Dissolve 0.1676 g of sodium chlorite (NaCl0,
CASRN 7758-19-2) in reagent water and dilute to 100 mL in a
volumetric flask.

10



7.3.6.

7.3.7.

7.3.8..

7.3.9,

7.3.5.1.  High purity sodium chlorite (NaCl0 2) is not currently
commercially available due to potential explosive
instability. Recrystallization of the technical grade
(approx. 80%) can be performed but it is labor
intensive and time consuming. The simplest approach is
to determine the exact % NaClO, using the iodometric
titration procedure (Standard Methods, 19th Ed., 4500-
Cl0:.C). Following titration, an individual component
standard of chlorite must be analyzed to determine if there
is any significant contamination (greater than 1% of the
chlorite weight) in the technical grade chlorite standard
from any of the Part B components. These contaminants
will place a high bias on the calibration of the other
anions if all four Part B components are mixed in an
combined calibration solution. If these other anions are
present as contaminants, a separate chlorite calibration
needs to be performed.

Fluoride (F ) 1000 mg/L: Dissolve 0.2210 g sodium fluoride :
(NaF, CASRN 768 1-49-4) in reagent water and dilute to 100 mL in
a volumetric flask.

Nitrate (NO -N) 1000 mg/L: Dissolve 0.6068 g sodium nitrate

(NaNO ,CASRN 7631-99-4) in reagent water and dilute to 100 ml. in |

a volumetric flask.

Nitrite (NO -N) 1000 mg/L: Dissolve 0.4926 g sodium nitrite
(NaNO, CASRN 7632-00-0) in reagent water and dilute to 100 mL in
avolumetric flask.

Phosphate (PO 4 -P) 1000 mg/L: Dissolve 0.4394 g potassium
dihydrogenphosphate (KH2PQOs, CASRN 7778-77-0) in reagent
water and dilute to 100 mL ina volumetric flask.

7.3.10. Sulfate (SO 4) 1000 mg/L: Dissolve 0.1814 g potassium sulfate

(K 2SO 4, CASRN 7778-80-5) in reagent water and dilute to 100 mL
in a volumetric flask. '

NOTE: Stability of standards: Stock standards (7.3) for most anions are stable for at
least 6 months when stored at 4°C. Except for the chlorite standard which is
only stable for two weeks when stored protected from light at 4°C, and
nitrite and phosphate which are only stable for 1 month when stored at 4°C.
Dilute working standards should be prepared monthly, except those that
contain chlorite, or nitrite and phosphate which should be prepared fresh

daily.



74.  Ethylenediamine (EDA) preservation solution, 100 mg/mL: Dilute 2.8 mL
of ethylenediamine (99%) (CASRN 107-15-3) to 25 mL with reagent water.
Prepare fresh monthly.

80  Distiller Grains Sample Collection, Preservation and Storage

8.1.  Collection of distiller grain samples from the fermentation process:

8.1.1.

8.1.2.
8:1.3.

8.1.4.

© 15,
- 8.16.

~-8.1.7.

Wearing sterile glovés, carefully open a sterile bottle into which the
sample will be placed. Care must be taken in order to minimize
potential contamination of the bag or bottle from other sources,

Place the sterile bottle onto a balance and tare the balance.

Using a sterile spatula, or equivalent, transfer 5 g into the sterile bottle.
Close the bag or bottle well.

Label the sample with the following information: (1) where in the
process the sample was taken (e.g,, the centrifuge); (2) moisture content
of the sample; (3) date, time, and plant the sample was taken; (4)
temperature of the sample when taken (if known); and (5) the amount
of C10, used during fermentation.

Let sample cool to room temperature.

Add de-ionized water to each sample to bring up the moisture
volume to 10 mls, add preservative as described in 8.3, protect from
light, and place in refrigerator. Special samiplirig requirements and
precautions for chlorite: "

8.1.6.1.  Sample bottles used for chlorite analysis must be
' opaque to protect the sample from light.

8.1.62.  When preparing the LFM, be aware that chlorite is an
oxidant and may react with the natural organic matter in
an untreated drinking water mafrix as a result of
oxidative demand. If untreated water is collected for
chlorite analysis, and subsequently used for the LFM,
EDA preservation will not control this demand and

-, reduced chlorite recoveries may bé observed.

‘Ship sample with cold packs.

82. Need to separate biomass from water solution for analysis.

8.2.1.

Centrifuge or filter samples at 4°C while protecting sample from light.
12
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9.0

83.

8.4.

8.2.2. Remove aqueous phase and store at 4°C protected from light until

use.

Sample preservation and holding times for the anions that can be
determined by this method are as follows:

PART A : Common Anions

Analyte Preservation Holding Time
Bromide None required 28 days
Chloride None required 28 days
Fluoride None required 28 days -
Nitrate-N Cool to 4°C . 48 hours
Nitrite-N _ Cool to 4°C 48 hours
ortho-Phosphate-P Cool to 4°C 48 hours
Sulfate Cool to 4°C 28 days
PART B.: Inorganic Disinfection By-produc
Analyte Preservation ’ Holding Time
Bromate 50 mg/L EDA 28 days
Bromide None required 28 days .
Chlorate 50 mg/L EDA 28 days
Chlorite 50 mg/L EDA, Cool to 4°C 14 days
When collecting a sample from a ethanol plant employing chlorine

dioxide, the sample must be sparged with
nitrogen) prior to addition of the EDA.

an inert gas (helium, argon,
preservative at time of sample

All four anions, in Part B, ¢an be analyzed in a sample matrix which has
been preserved with EDA. Add a sufficient volume of the EDA .
preservation solution (Sect. 7.4) such that the final concentration is 50 mg/L,
in the sample. This would be equivalent to adding 0.5 mL of the EDA

EDA is primarily used as a preservative for chlorite. Chlorite is

collection,
8.5.

preservation solution to 1 L of sample.
8.6.

susceptible to degradation both through catalytic reactions.
QUALITY CONTROL |

9.1

(b) (4)



9.2.

(b) (4)

INITIAL DEMONSTRATION OF PERFORMANCE

9.2.1. The initial demonstration of performance is used to characterize
instrument performance (determination of accuracy through the
analysis of the QCS) and laboratory performance (determination of
MDLSs) prior to performing analyses by this method.

9.2.2. Quality Control Sample (QCS) -- When beginning the use of this

' method, on a quartetly basis or as required to meet data-quality
needs, verify the’calibration standards and acceptable instrument
performance with the preparation and analyses of a QCS. If the
determined concentrations are not within + 15% of the stated values,
performance of the determinative step of the method is
unacceptable. The'source of the problem must be identified and
corrected before either proceeding with the initial determination of
MDLs or continying with on-going analyses.

9.2.3. Method Detection Limit (MDL) -- MDLs must be established for
all analytes, using reagent water (blank) fortified at a
concentration 6f three to five times the estimated instrument
detectioi limit. To determine MDL values, take seven replicate ~
aliquots of the fortified reagent waterand process through the
entire analytical method over at least three separate days. Perform
all.calcylations defined in the method and report the concentration
values in the appropriate units. Calculate the MDL as follows:

"MDL = () x (S)
where, ¢ ='Students 1 value for a 99% confidence level and a standard

deviation estimate with n-1 degrees of freedom [t = 3.14 for
seven replicates].

S = standard deviation of the replicate analyses.

14



9.23.1. MDLs should be determined every 6 months, when a
new operator begins work or whenever there is a
significant change in the background, or instrument
response. _ ’

9.3.  ASSESSING LABORATORY PERFORMANCE

9.3.1.

Laboratory Reagent Blank (LRB) -- The laboratory must analyze
at least one LRB with each-analysis batch (defined Sect 3.1). Data
produced are used to assess contamination from the laboratory
environment. Values that exceed the MDL indicate laboratory or

- -reagent contamination should be suspected and corrective actions

9.3.2.

must be taken before continuing the analysis.

9.3.1.1.  If conducting analysis for the Part B anions, EDA
must be added to the LRB at 50 mg/L. By including
EDA in the LRB, any bias asa consequence of the EDA
which may be-observed in the field samples, particularly in
terms of background contamination, will be identified.

Laboratory Fortified Blank (LFB) -- The LEB should be prepared
at concentrations similar to those expected in the field samples
and ideally at the same concentration used to prepare the LFM.
Calculate accuracy as percent recovery (Sect. 9.4.1.3). If the
recovery of any analyte falls outside the required concentration’
dependant control limits (Sect. 9.3.2.2), that analyte is judged out of -
control, and the source of the problem should be identified and

v

- resolved before continuing analyses,

93.2.1. 'If cqndubﬁing analysis for the Part B anions, EDA
: must be added to the LFB at 50 mg/L. The addition of
EDA to all reagent water prepared calibration and quality
control samples is required not as a preservative but
rather as a means to normalize any bias attributed by
the presence of EDA in the field samples.

9.3.2.2. Control Limits for the LRB

Concentration range Percent Recovery Limits °
MRL to 10xMRIL, ‘ 75-125%

1 0xXMRL to highest calibration level 85-115%- -



9.3.23.  These control limits only apply if the MRL is
established within a factor of 10 times the MDL.
Otherwise, the limits are set at 85% to 115%.

9.3.24.  The laboratory must use the LRB to assess laboratory
performance against the required control limits listed in
9.32.2. When sufficient internal performance data become
available (usually a minimum of 20-30 analyses), optional
control limits can be-developed from the percent méan
recovery (x) and the standard deviation (S) of the mean
recovery. These data can be used to establish the upper
and lower control limits as follows:

UPPER CONTROL LIMIT =x + 38
LOWER CONTROL LIMIT =x - 3S

The optional control limits must be equal to or better than those listed -
in 9.3.2.2. After each five to ten new recovery measurements, new
control limits can be calculated using only the most recent 20-30 data

points, Also, the standard deviation (S) data should beusedto
establish an on-going precision statement for the level of
conceritrations monitored. These data must be kept on file and be
available for review. '

9.3.3. Instrument Performance Check Solution (IPC) -- The Initial

Calibration Check Standard is to be evaluated as the instrument

" performance check solution in order to confirm proper instrument
performance. Proper chromatographic performance mustbe . -

* demonstrated by calculating the Peak Gaussian Factor (PGF), which is
a means to measure peak symmetry and monitoring retention time -
drift in the surrogate peak over time. Critically evaluate the -
surrogate peak in the initial calibration check standard, and calculate
‘the PGF as follows, :

1.83 x W(1/2) PGF

W( 1/10)

where: W(1/2) is the peak width at half height
W(1/10) is the peak width at tenth height

16



9.3.3.1.  The PGF must fall between 0.80 and 1.15 in order to
: demonstrate proper instrument performance.

9.3.3.2.  Theretention time for the surrogate in the IPC must be
closely monitored on each day of analysis and
throughout the lifetime of the analytical column. Small
variations in retention time can be anticipated when a
new solution of eluent is prepared but if shifts of more
than 2% are observed in the surrogate retention time,
some type of instrument problem is present. Potential
problems include improperly prepared eluent, erroneous
method parameters programmed such as flow rate or some
other system problem. The chromatographic profile
(elution order) of the target anions following an ion
chromatographic analysis should closely replicate the
profile displayed in the test chromatogram that was
shipped when the column was purchased. As a column
ages; it is normal to see a gradual shift and shortening of

" retention times, but if after several years of use,

extensive use over less than a year, or use with harsh
samples, this retention time has noticeably shifted to
anty less than 80% of the original recorded value, the
colimn may require cleaning or replacement.
Particularly if resolution problems are beginning to
become common between previously resolved peaks. A
laboratory must retain a historic record of retention
timhes for the srrogate and all the target anions to provide
evidence of an analytical columns vitality.,

9.4.  ASSESSING ANALYTE RECOVERY AND DATA QUALITY

9.4.1. Laboratory Fortified ‘Sample Matrix (LFM) -- The laboratory
must add a known amount of analyte to a minimum of 10% of the
field samples within an analysis batch. The LEM sample must be
prepared from asample matrix which has been analyzed priorto ~
fortification. The analyte concentration miust be high enough to be

- detected above the original sample and should adhere to the
requirement '0f9.4.1.2. It is recommended that the solutions used to -
fortify the LFM be prepared from the same stocks used to prepare
the calibration standards and not from external source stocks.
This will remove the bias contributed by an externally prepared stock
and focus on any potential bias introduced by the field sample matrix.

9.4.1.1. Ifthe fortified concentration is less than the observed
background concentration of the unfortified matrix, the



94.12.

9.4.1.3.

94.14.

9.4.1.5.

recovety should not be calculated. This is due to the
difficulty in calculating accurate recoveries of the
fortified concentration when the native sample
concentration is so high.

The LFM should be prepared at concentrations no
greater than five times the highest concentration
observed in any field sample. If no analyte is observed in
any field sample, the LFM must be fortified no greater
than five times the lowest calibration level which as
outlined in 12.2 is the minimum reported level (MRL).
For example, if bromate is not detected in any field
samples above the:lowest calibrations standard
concentration of 5.00 pg/L, the highest LFM fortified
concentration allowed is 25.0 pg/L. : .

Calculate the percent recovery for each analyte,
corrected for concentrations measured in the
unfortified sample. Percent recovery should be
calculated using the following equation:

C-C
R= —r x100.
S.

R = percent recovery.

C s= fortified sample concentration

C = sample-background concentration

s = concentration equivalent of analyte added to sample.

Until sufficient data becomes available (usually a
minimum of 20 to 30 analysis), assess laboratory
performance against recovéry limits of 75 to 125%,
When sufficient intemal performance data becomes
available develop control limits from percent mean
recovery and the standard deviation of the mean
recovery.. The optional control limits must be equal to or
betterthan the required control limits of 75-125%,

If the recovery of any analyte falls outside the
designated LFM recovery range and the laboratory
performance for that analyte is shown to be in control
(Sect. 9:3), the recovery problem encountered with the
LFM is judged to be either matrix or solution related,

18



9.4.2.

not system related.

SURROGATE RECOVERY -- Calculate the surrogate recovery
from all analyses using the following formula

SRC
R=es x 100

SFC

where, R = percent recovery.
SRC = Surrogate Recovered Concentration
SFC = Surrogate Fortified Concentration

9.4.3.

94.2.1.  Surrogate recoveries must fall between 90-115% for
proper instrument performance and analyst technique
to be verified. The recovery of the surrogate is slightly
bias to 115% to allow for the potential contribution of
trace levels of dichloroacetate as the halogenated organic
disinfection by-product (DBP) dichloroacetic acid )
(DCAA) Background levels of this organic DBP are
rarely observed above 50 ug/L (0.05 mg/L) which -
constitutes only 5% of the 1.00 mg/L recommended

“fortified concentration. -

942.2.  Ifthe surrogate recovery falls outside the 90-1 15%
recovery window, a analysis error is evident and sample
reanalysis is required. Poor recoveries could be the result of
imprecise sample injection or analyst fortification errors.

FIELD or LABORATORY DUPLICATES -- The laboratory must
analyze either a field ora laboratory duplicate for a minimum of
10% of the collected field samples or at least one with every
analysis batch, whichever is greater. The sample matrix selected for
this duplicate analysis must contain measurable concentrations of the
target anions in order to establish the precision of the analysis set.and
insure the quality of the data. If none of the samples within an
analysis batch have measurable concentrations, the LFM should .

be employed as a laboratory duplicate.

94.3.1.  Calculate the percent difference (%6Diff) of the initial
quantitated concentration (Ic) and duplicate quantitated
concentration (D) using the following formula,



94.4.

9.4.5.

9.4.6.

(IC‘Dc)
%Diff =X 100

(Ic+D)2)
94.32. Duplicate analysis acceptance criteria

Concentration range %Diff Limits
"MRL to 10xMRL +20%

10xMRL to highest calibration level ~ + 10 %

9.433. If the %Diff fails to meet these criteria, the samples
must be reanalyzed.

Where reference materials are available, they should be analyzed
to provide additional performance data. The analysis of reference
samples is a valuable tool for demonstrating the ability to perform
the method acceptably.

In recognition of the rapid advances occurring in
chromatography, the analyst is permitted certain options, such as
the use of different columns, injection volumes, and/or eluents, to
improve the separations.or lower the cost of measurements. Each
time such modifications to the method are made, the analyst is
required to repeat the procedure in Sect. 9.2 and adhere to the
condition of baseline stability found in Sect. 1.2.1.

It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and
the nature of the samples. Whenever possible, the laboratory should
perform analysis of quality control check samples and participate in
relevant performance evaluation sample studies.

10.0 . Calibration and Standardization

-10.1.

10.2.

Establish ion chréniaifog;aphic operating pérameters equivalent to those

- indicated-in Tables 1A or 1B if employing a 2 mm column, Table 1C if

employing a 4 mm column.

Estimate the Linear Calibration Range (LCR) — The LCR should cover
the expected concentration range of the field samples and should not
extend over more than 2 orders of magnitude in concentration (For
example, if quantitating nitrate in the expected range of 1.0 mg/L to 10
mg/L, 2 orders of magnitude would permit the minimum and maximum
calibration standards of 0.20 mg/L and 20 mg/L, respectively.) The

20



10.3.

10.4.

Testriction of 2 orders of magnitude is prescribed since beyond this it is

difficult to maintain linearity throughout the entire calibration range.

10.2.1.If quantification is desired over a larger range, then two separate
calibration curves should be prepared.

10.2.2.For an individual calibration curve, a minimum of three calibration

standards are required for a curve that extends over a single order of
magnitude and a minimum of five calibration standards are required
if the curve covers two orders of magnitude. (For example, using
the nitrate example cited above in section 10.2, but in this case
limit the curve to extend only from 1.0 mg/L to 10 mg/L or a single
order of magnitude. A third standard is required somewhere in the
middle of the range. For the calibration range of 0.20 mg/L to 20
mg/L, over two orders of magnitude, five calibrations standards

~ should be employed, one each at the lower and upper concentration
ranges and the other three proportionally divided throughout the
middle of the curve.)

Prepare the calibration standards by carefully adding measured volumes of
one or more stock standards (7.3) to a volumetric flask and diluting to :
volume-with reagent water.

10.3.1.For the Part B anions, EDA must be added to the calibration
standards at 50 mg/L. The addition of EDA to all reagent water
prepared calibration and quality control samples is required not as
.a preservative but rather as a means to normalize any bias
attributed by the presence of EDA in the field samples,

10.3.2.Prepare a 10.0 ml, aliquot of surrogate fortified calibration
solution which can be held for direct manual injection or used to
fill an autosampler vial. Add 20 pL of the surrogate solution (7.5)
to.a 20 mL disposable plastic micro beaker. Using a 10.0 mL -
-disposable pipet, place exactly 10.0 mL of calibration standard into -
the micro beaker and mix. The calibration standard is now ready
for analysis. The same surrogate solution that has been employed
for the standards should also be used in the section 1 1.3.2 for the
field samples.

Using a 2 mm column, inject 10 UL (Part A) or 50 pL (Part B) of each

" calibration standard. Using a 4 mm column, inject 50 uL (Part A) or 200 pL

(Part B) of each calibration standard. Tabulate peak area responses against
the concentration. The results are used to prepare calibration curves using a
linear least squares fit for each analyte. Acceptable calibration curves are
confirmed after reviewing the curves for linearity and passing the criteria for



10.5.

the initial calibration check standard in section 10.5.1. Alternately, if the
ratio of response to concentration (response factor) is constant over the
LCR (indicated by < 15% relative standard deviation (RSD), linearity
through the origin can be assumed and the average ratio or calibration
factor can be used in place of a calibration curve,

10.4.1. Peak areas are strongly recommended since they have been found to be
more consistent, in terms of quantitation, than peak heights. Peak
height can tend to be suppressed as a result of high levels of
common anions in a given matrix which ¢an compete for
exchange sites. Using peak areas, it is the analyst responsibility to
review all chromatograms to insure accurate baseline integration of
target analyte peaks since poorly drawn baselines will more
significantly influence peak areas than peak heights.

Once the calibration curves have been established they must be verified
prior to conducting any sample analysis using an initial calibration check
standard (3.2.2). This verification must be performed on each analysis day
or whenever fresh eluent has been prepared. A continuing calibration check
standard (3.2.3) must be analyzed after every tenth sample and-at the end of -
the analysis set as an end calibration check standard (3.2.4). The response for
the initial, continuing and end calibration check must satisfy the criteria
listed in 10.5.1. If during the analysis set, the response differs by more than
the calibration verification criteria shown in 10.5.1 ., or the retention times
shift more than+ 5% from the expected values for any analyte, the test must be
repeated, using fresh calibration standards. If the results are still outside
these criteria, sample analysis must be discontinued, the cause determined
and/or in the case of drift, the instrument recalibrated. All samples following
the last acceptable calibration check standard must be reanalyzed.

10.5.1. Control 11m1ts for calibration verification

" _Concenitration range __Percent Recovery Limits
MRL to 10XMRL 75125 %
1 OxMRL tohighest calibration level - 85-115%

-10.5.1.1. These coritrol limits only apply if the MRL is
established within a factor of 10 times the MDL.,
Otherwise, the limits are set at 85% to 1 15%.

10.5.2.SPECIAL CALIBRATION VERIFICATION REQUIREMENT
FOR PART B )

As a mandatory requirement of calibration verification, the laboratory
MUST verify calibration using the lowest calibration standard as the
* Initial calibration check standard.
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10.5.3. After satisfying the requirement of 10.5.2, the levels selected for
the other calibration check standards should be varied between a
middle calibration level and the highest calibration level.

1.0  Procedure

11.1.

11.2.

11.3.

11.4.

11.5.

Tables 1A and 1B summarize the recommended operating conditions for
the ion chromatograph. Included in these tables are estimated retention
times that can be achieved by this method. Other columns,
chromatographic conditions, or detectors may be used if the requirements
of Sect. 9.2 are met. :

Check system calibration daily and, if required, recalibrate as described in
Sect. 10. T

Sample Preparation .

11.3.1. For refrigerated or samples arriving to the laboratory cold, ensure
the samples have come to room temperature prior to conducting
. Sample analysis by allowing the samples to warm on the bench for at
least 1 hour. '

11.3.2. Prepare a 10,0 ml aliquot of surrogate fortified sample which canbe
held for direct manual injection or used to fill an autosampler vial.
Add 20 pL of the surrogate solution (7.5) to a 20 mL disposable
plastic micro-beaker. Using a 10.0 mL disposable pipet, place
exactly 10.0.ml, of sample into the micro beaker and mix. Sample is

now ready for-analysis.

11.3.2.1. The less than 1% dilution error introduced by the
addition of the surrogate is considered insignificant.

Using a Luer lock, plastic 10 mL syringe, withdraw the sample from the
micro beaker and attach a 0.45 pm particulate filter (demonstrated to be
free of ionic contaminants) (_liréctly to the syringe. Filter the sample into an
autosampler vial (If vial is not designed to automatically filter) or
manually load the injection loop injecting a fixed amount of well mixed
sample. If using a manually loaded injection loop, flush the loop thoroughly
between sample analysis using sufficient volumes of each new sample
matrix, -

Using a2 mm column, inject 10 ML (Part A) or 50 pL (Part B) of each
sample. Using a 4 mm column, inject 40 pL (Part A) or 200 pL (Part B) of
each sample. Tabulate peak area responses against the concentration.
During this procedure, retention times must be recorded. Use the same size
loop for standards and samples, Record the resulting peak size in area units.



11.6.

11.7.

11.8.

11.9.

An automated constant volume injection system may also be used.

The width of the retention time window used to make identifications
should be based upon measurements of actual retention time variations of
standards over the course of a day. Three times the standard deviation of a
retention time can be used to calculate a suggested window size for each
analyte. However, the experience of the analyst should weigh heavily in the
interpretation of chromatograms.

If the response of a sample -maMe exceeds the calibration range, the sample

‘may be diluted with an appropriate amount of reagent water and reanalyzed.

If this is not possible then three new calibration concentrations must be

-efnployed to create a separate high concentration curve, one standard near

the estimated concentration and the other two bracketing around an interval
equivalent to + 25% the estimated concentration. The latter procedure
involves significantly more time than a simple sample dilution therefore, it

- is advisable to collect sufficient sample to allow for sample dilution or

sample réanalysis, if required.

"Shifts in retention time are inversely proportional to concentration. Nitrate,

phosphate and sulfate will exhibit the greatest degree of change, although
all anions can be affected. In some cases this peak migration may produce

©poor resolution or make peak identiﬁcation difficult.

Should more complete resolution be needed between any two coeluting
peaks, the eluent (7.2) can be diluted. This will spread out the run, however,
and Will cause late éliting anions to be retained even longer. The analyst
must determine to what extent the eluent'is diluted. This dilution is not be
considered a deviation from the method If an eluent dilution is performed,
jechon 9.2 must be repeated.

11.9.1.Eluent dllutlon will reduce the overall response of an anion due
to chromatographic band ‘broadening which will be evident by
shortened and broadened peaks. This will adversely effect the
MDLs for each analyte o

12.0 DATA ANALYSIS AND CALCULATIONS

12».1.

12.2.

Prepare a cdlibration curve for each analyte by plotting instrument
response, as peak area, against standard concentration. Compute sample
concentration by comparing sample response with the standard curve. If a
sample has been diluted, multiply the response by the appropriate dilution -
factor.

Réport ONLY those values that fall between the lowest and the highest

24
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calibration standards. Samples with target analyte responses exceeding the
highest standard should be diluted and reanalyzed. Samples with target
analytes identified but quantitated below the concentration established by the
lowest calibration standard cannot be reported since the lowest calibrated
concentration is the minimum reporting limit (MRL).

Report results for Part A anions in mg/L and for Part B anions in pg/L.

Report NO," as N, NO3 as N, HPO,  as P, Br'in mg/L when reported
with Part A, and Br’ in pg/L. when reported with Part B









(b) (4)




(b) (4)

(b) (4)

(b) (4)










































































































- | - This article was downloaded by: fAlmoite, Benjamin]
s '] On: 5 January 2010 . -
s  Access details: Access Details: [subscription number 918295517}
( .| . Publisher Informa Healthcare . : . ‘ ‘
Informa 1.td Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
" 41 Mortimer Sire¢t, London W1T 3H, UK S _

International Journal of Toxirology .
Publication details, inchiding instructions for authors and subscription information:

bittpForww informaworld com/smppftitle-content-t713926068

The Kinetics of Chlorife and Chlorate in the Rat
NL!i1“xh44&ﬁunan':ll(}nniﬁICJ.Buﬂ" ’

* Department of Pharmacology, UMDNJ-New Jersey Medical School, Newark, New Jersey b
Department of Pharmacology, Okio Stite Univeisity, College of Medicine, Columbus, Ohio <USEPA,
Health Effects Research Laboratory, Cincirinati, Ohip . .

\ To cite ti;in Article Abdd~Rahman, M. S, Conri, D. and Bull, R, J(1984) ‘The Ihneﬁm of Chlorite and Chlorate in the Rat, |-
Tnternational Journal of Toxicology, 3: 4, 261 — 267 . . ’
Tolink to this Article: DOL 10.3109/10915818409009030

- UREhttp://dx:doi.org/10.3109/10915818409009080

Yoo =

PLEASE SCROLL. DOWN FOR ARTICLE

Full terms and conditions of use: http:I/vw.informaworld.comjtems-and-conditions-of-access.pdf

. -This article may be used for research, teaching and private study puxposes. Any substantial or
systematic reproduction, re-distribution, re-sellj.pg, loan or 'sub-1igensing, systematic supply or
distribution in any form to anyone is expressly forbidden. . . 5 -

* The publisher does not give any warranty express or implied or make any representation that the contents
will be complete oxr accurate or up to date, Thé accuracy of any instructions, formulae ana drug doges
shou¥d be independently verified with primary sources. The publisher sh4ll not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
“or Indirectly in connection with or arising out of the use of thims material. . .

000187



Jamda) Ats 21108 8 Jnuazy 2010

. Pownlozded By: (Alaoit.

JOURNAL OF THE AMERICAN COLLEGE OF TOX)OOLOG_Y .
Volome 3, Number 4, 1984 .
© Mary Ann Liebent, Inc., Pablishers

The Kinetics of Chlorite and .Chloraté
in the Rat

M.S. ABDEL_—RAHMAN,’ D. COURIL? and R.J. BULL?
_ . ABSTRACT . _
. Chlorine dioxide (C10,) is under consideration as an aliemmative to chlorination as a
', disinfectant for public witer supplies, The primary producis resnlting from C10, disinfec-
ion of snrface waters are chlorite (C103) and ¢hlorates (C105). The kinetics of *C10; and
**CIO; was studied in rats. Radioactivity was rapidly absorbed from the gastrointestingl
-iract following the administration of {9.17 rCD.**€10; or (0.85 ;Ci) 2°CI0;3 orally, and *Cl
.in plasma reached a peak at 2 hours and 1 hour, respectively. After 72 hours, radioactivity
“was highest in whole blood, followed by packed cells, plasma, stomsich, testes, skin, lang,
kidney, duodenum, carcass, spleen, lewm, birdiii, bone sidtrow, ind liver in *Cl05 treat-
- ment, **C} excretion was greatestat 24 houis aftér the administiation of *C103, but in the
103, the éxcretion most likely represented satbration of-the bidtransformation 2nd ex-
- cefion pathways. About 40% of the total initial dose was excretéd it 72 hours in the vrine
~and feces in both treatments. No *Cl was fistected in expired air lhlfoughoul the 72 hours
stndied. . .

INTRODUCTION

NDUSTRIAL wastes, domestic sewage,-and agricultural runoff all contribute to the problem of water

- #pollution by organic cheniicals. Recent studies have demonstrated that the intéraction of chlorine

“with various organic subsiances in the Water results in the fomiation of halogenated compounds,

such as chloroform, bromoaichlorqmethane. dibromochloromethane, and bromoform (Rook,
1976). The awareness of the widespread occurrence of this type of pollution is due, in large par, to

™ : recent development in technigues for the identification of trace organic contaminants. Bellar et al. )

" (1974) found that the soncentration of trihalomethanes increased each fime chlorine was added

- within the water treatment scheme.

Therefore, the use of chlorine is to be limited and the possible use of other disinfectants pro-
noted. Among them is chlorine dioxide (C10,), which does not form trihalomethanes in drinking
water {Miltner, 1976). However, the primary products resulting from Cl0, disinfection of surface

“waters include chlorites and chlorates, which appear in concentrations 50% and 30% of ClO; de-
mand, respectively (Miltner, 1976). Metabolism studies revealed that Cl0, is converted to chioride,
chlorite and chiorate in the rat (Abdel-Rahman et al., 1979b).

'Department of Pharmacology UMDNJ-New Jersey Medical School, Newark, New Jersey.
*Ohio State University, College of Medicine, Department of Pharmacology, Columbus, Ohio.
SUSEPA, Health Effects Research Laboratory, Cincinrati, Ohio.
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Effect of Sodium [“Cl]Chiorate Dose on Total Radioactive
‘Residues aqd Residues of Parent Chlorate in Beef Cattlet

D. J. Smrra,*$ C. E. Ouiver $ J. S. C_:.\TON,§ AND R. C. ANDERSON!

Uhited States Depariment of Agriculmre Agricultura) Research Service, Biosciences Research
Laboratory, 1605 Albrecht Boulevard, Fargo, Notth Dakota 58105-5674, Department of Animal and
Range Sciences, North Dakota State University, Fargo, North Dakota, 58105, and United States
Department of Agticulture Agricnltural Research Service, Food and Feed Safety Research, 2881 F&B

. Road, College Station, Texas 77845

The objectives of this study were 1o determine

edible tissues of cattle administered at three lovels
slaughtered after a 24-h withdrawal period. Three
steer, were inftraruminally dosed with a total of 21,

weight. To simulate a 24-h exposure, equal aliquo

tota! radioactive. residues and chiorate residues Jn
of sodium [**ClJchlorats over a 24-h period and
sets of cattle, each consisting of a heifer and a
42, or 63 mg of sodium FCllchlorate/kg of body
ts of the respective doses were adriinistered to -

each animal at 0, 8, 16, and 24 h. Urine and feces were collected in 12-h increments for the duration
of the 48-h study. At 24 h after the last chlorate exposurs, cattle were slaughtered and eiible tissues
were collected. Urine and tissie samples were analyzed for total radicactive residves and for
metabolites. Elimination of radivactivity in urine and feces equaled 20, 33, and 48% of the total dose
for the low, medivm, and high doses, respectively. Chlorate and chloride were the only radioactive
chiorine species present in urine; the fraction of chiorate present as a- percéntage of the iotal urine

rédicactivity decreased with time regarilless of the dose. Chioride was the major radioactive residue
of the tssue Tadioactivity for all animals. Chlorate
ndetectable to an avérage of 0.41 ppmin skeletat

present in edible tissues, comprising over 98%

. concenlrations in edible tissues ranged from no

musgle of the high-dosed animals. No evidence for the presence of chlorite was observed_ In any
tissue. Results of this study suggest that further development of chiorate as a preharvest food safely

tool merits consideration,

INTRODUCTION |

Contamination of beef carcasses with pathogens such as
Escherichia coli'and Listeria during slaughter and processing
have led to the annual recall of over 800 000 kg of beef during
the past decade (/); this average excludes a recall of 16 000 000

"kg of beef in 2002. Food-animal products containing undetected
. pathogens continue to coptribute to an unquantified number of
foodborme illnesses. In beef caltle, it has been established that
hides are a major source of carcass contamination (2) and that
hide-weshing intervention steps effectively reduce subsequent
pathogen loads on carcasses (3,. 9. Although postharvest
sanitation techniques are becoming increasingly efficient, they
are in use because no practical methods exist for removing

1 The use of trade, fism, or Corporation names in this publication is for
information and convenicnce of the reader, Such nse does nol constinute
an official endorsement or approval by the United States Department of
Agriculture or the Agricultura) Research Service of any product or service
to the exclusion of others that may be suitable,
* To whom correspondence should be addyessed. Telephone; 70]-239-
1238. Fax: 701-239-1430. Email: smithd@ .ars.usda.gov.
¥ United States Department of Agriculture Agnicultural Research Service,
Biosciences Research Laboratory.
:ll}lonh ls)a':ota State Unjversity.
nited States Depattment of Agriculture A icultural Research Service,
¥aod and Feed Safety Research. &

pathogens “from -live animals prior to slaughter. It has been
suggested (5) that intervention techniques that eliminate patho-
gen loads in live animals couid have 2 greater relative im-
pact on food safety than any postharvest intervention strategy
known, aside from cooking. In reality, 2 combination of both
pre- and postharvest .intervention strategies will likely be -
employed to minimize risks associated with pathogen-contami-
nated meats.

Recently, a new preharvest technology that greatly reduces
or eliminates the numbers of pathogens inhabiting gastrointes-
tinal tracts of cattle (6—38), sheep (9), swine (10— 12), and pouliry
(13, 14) has been developed. The technology is based on the
feeding of an experimental sodium chlorate-containing product
(ECP) 24—72 h prior to the slaughter of an antmal, During the
chlorate exposure period, bacterial species containing intracel-
lular respiratory nitrate reductase are thought to metabolize
chlorate (C0;™) to the bacterial toxin ehlorite (C10,™: 15).
Chlorate toxicity is specific to nitrate-reductase-comaining
bacteria that have the ability to intracellularly convert chlorate
to chlorite but which lack chlorite dismutase enzymes capable
of rapidly metabolizing chlorite to the chloride ion (16, 17).
Use of chlorate does not adversely affect the commensal
microflora of gastrointestinal tracts (6). Unlike many antibiotics,

10.10214f051414k COC: $30.25 © 2005 American Chemical Society
Published on Web 08/13/2005
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Contarnination of beef carcasses with human pathogens
including Escherichia coli and Listerig during slaughter and
Jprocessing has led to the recall of over 37.8 million pounds of
“beef during the past .decade {I). Beef products containing
undelected. pithogens have contributed 1o an vunquantified
aumber of food-borne illnesses during the same time period.
Althongh beef producers, packers, and retailers ate actively
seeking pre- and postharvest solutions to eliminate beef-boine
pathojens; the problem of carcass contamination remains.

or elindinates the numbers of pathogens inhabiting the gas-
trointestinal tracts of catile (2—4), sheep (5), swine {6—8), and
- ‘poultry (9, 10) has been developed. The technology is based
on the feeding of a sodium chlorate-containing product (ECP)
2472 h prior to an animal’s slaughter. During the chlorate
exposure period, bacterial species containing intracellular
respiratory nitrate redugtase are thought to metabolize chlorate
(ClO5™) to the bacterfal toxin chlorite (C10;~; 11). Chlorate
toxicity is specific to nitrate reductase-containing bacteria that
have the ability to intracellularly convert chlorate to chlorite
but which lack chlorite dismutase enzymes capable of rapidly
metabolizing chlerite to the chloride ion (12, 13). Use of chlorate

FOOD CHEMISTRY

Tissue Distribution, Elimiination, and Metabolism of Dietary
Sodium [*CliChlorate in Beef Cattle

DAV J. Svmt,*t Rosiv C. ANDERSON,! DEE A. ELug,! AND
. GERALD-L. LARSEN'

Biostiences Research Laboratory, Agricultural Research Service, U.S, Department of Agriculture,
1605 Albrecht Bonlevard, Fargo, North Dakota 581 05-5674, and Food and Feed Safety Research,
Agriculiural Research Service, U.S, Department of Agriculture, 2881 F&B Road,

College Station, Texas 77845 .

Two steers (~i 95 kg) were each dosed with 62.5 or 130.6 mg/kg body weight sodium PeClichlorate
for three consecutive days. All excreta were collected dwring the dosing and 8 h withdrawal periods,

- The apparent radiochlorine absorption was 62—-68% of the total dosé Wilh the major excretory route
being urine. Parent chlorate was 65—100% of the urinary radiochlorine; chloride was the only cther

radiochlorine species present, Simflarly, residues in edible tissues were composed of chloride and

chicrate with chloride being the major radiolabeled species present. Chlorate represented 28—57%

of the total radioactive residues in skeletal mu'scle;jr} tiver, kidney, and adipose tissues, chiorate ion

Industry.

KEYWORDS: Sodium chiorate; food safaty; residue; cattle; E coli 01 5T:H7

. cultures and not in mixed cutture 9.

MATERIALS AND METHODS

* To whom correspondence should be addressed. Tel: 701.239.1238.
Fax: 701-239-1430, E-majl: smilhd@&rgo.ars.usda.gov.

? Biosciences Research Laboratory.

3 Food and Feed Safety Research. .

Published on Web 04£15/2605

does not adversely affect the commensal microflora of pas-
trointestinal tracts (2). Unlike many antibiotics, development
of chlorate resistance seems to occur only in pure bacterial

Although the use of chlorate by the cattle industry seems to
be a practical means of reducing the probability of pathogen
contamination at slaughter, data demonstrating the absorption,
distribution, metabolism, and excretion of chlorate in treated
cattle do not exist. Purthermore, the safety of chlorate sesidues
in edible tisspes of cattle has not been demonstrated. In rodents,

. . chlorate appears to be rapidly absorbed and excreted (15) and
Recently, 2 new preharvest technology:that greatly reduces chilorate i3 apparently metabolized to chlorite and chloride fons.
The overall goal of this study was to determine if further
development of chlorate as 2 commercial product was warmanted
from the perspective of the magnitude of- residues in edible
tissues. The objective of this study was to determine the
absorption, distribution, metabolism, and excretion of sodium
chlorate in cattle. Because sodium chlorate disposition in
ruminants has not been previously studied and because the cost
of the test article (Na**C10;) on a per animal basis was
substantial, this communication describes results obtained from
2 preliminary study in which only two animals were dosed,

Reagents and Chemicals. Unlabeled sodium chlorate (CAS no.
7775-09-9; 99.96% NaClOs; 0.03% NaCl; 0.01% H,0) was obtiined
from EKA Chemimls.(Columbus. MS). Radiolabeled sodium chlorate

10.1021/f047338m  This article not subject 1o US, Copw'ght Published 2005 by the American Chemical Sociely
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" Sodium [AC]Chiorate Distibution and Metabolsm

(Na*CIOs), having a specific activity of 0.575 mCi/mmol, was
purchased from Ricerca ‘Biosciences (Concord, OH). Tke aqueous
radioactive sodium chlorate stock solution was stored (<4 °C) untit
.. formulated for dosing. :

Sodium nitrate was obtained from JCA TiiNova, LLC (Marictia, .

GA). Sodium chloride (VWR, West Chester, PA); heparin, sodium salt
(Sigma Chemical Co., St. Lonis, MO); sodhum hydroxide (50% solution
for ion hy; Fluka Chemical Corp., Milwaukes, Wi}

. Ultima Gold liquid scintillation fluid, Carbosorb-E, and Permafluor E
{PerkinElmer Life and Analytical Sciences; Boston, MA), methylamine

. (The Matheson Co., East Rutherford, NJ); phenyl mercuric nitrate,
phenyl mercuric chloride (Aldrich, St. Eouis, MO), and acetonitrile

and methanol fhigh-performance liquid chromatography (FAPLC) prade; -

EM Science, Gibbstown, NJ] were obtained from well-known vendors,
General LSC Techniques, Background radiochlorine and limits of

" quantitation were determined for individual matrices (i.e., urine, hiver,
kidney, skeletal muscle, and adipose tissue) as described by Smith et
al. (6). Individual samples within 2 matrix set were geaerally counted

. Tor 10~20 min each. Radiochlorine was quantified using Beckman
LS1701 (Fullerton, CA) or Packard 2550 (Meriden, CT) liquid
scintillatton counters. Each instrument was calibrated using a sealed

radiochlorine standard (Analytics Inc., Atlanta, GA) prepared in Ultima .
Gold LSC fluid, A series of nitromethane-quenched vials, constructed

“owith 0.1 uCi of CI” in §5 mL of Ultima Gold, was purchased.

(Analyﬁcshw.)andusedtoeonsh&ctquendzwmforeachhsuumt-

" Quench was corrected using the H¥ (Beckmen) or 1SIE (transformed
spectral index of the extemal standard; Packard) options for each
instrument, .

Test Article Preparation and Characterization. The radiochemical
purity of stock sodium [*Cljchlorate was assessed using two chro~
matographic methods, Thin-layer chromatography (TLC) was performed

on 5 cm x 20 cm, aluminum-backed Silica Gel 60 Fas, plates nsing a”
solvent system composed of 90% acetonitsile and 10% (viv) of 2 33% -

" {w/) methylamine solution in water (17); radiochlorine was quantified
_using a Bioscan Imaging Scanner (Bioscan, Inc., Washington, DC).
Duplicate 10 #L injections of the diluted stock chlorate solution were.
made onto sequential Dionex (Sunnyvale, CA) AG- and AS-11 guard
and analytical columns, Solvent (100 mM NzOH in a 60:40 viv}
mixture of water and methanol) was delivered at a flow rate of 05
mL/min using 2 Waters (Milford, MA) mode! 600E pump and controiler

equipped with Teflon pump heads and a Rheodyne (Cotati, CA) model -

9725TPEEXK injector. Samples were introduced using & Hamilton (Reno,

"NV) 50 ul. syringe. lons were detected using a Dionex CD 25
sonductivity detector {100 mA) equipped with a Dionex ion suppression
- init (ASRS Ultra-4 mm) operated in the external water mode. A Walters
model 746 data module set at 0.5 cm/min was used to record
chromatographic dala. Fractions were collected into LSC vials at
approximate 2 min intervals; Ulima Gold LSC cocktail was added to
‘each vial, and ‘vials were counted for a minimum of 10 min.each.
Radiochemical purity of sodium [Cl)chlorate formulated on its
proprietary carrier was also assessed approximately 6 months after its
formulation, -

. Spesific Activity Determination. The specific activity of sodjum

[*CI)chlorate was determined chromatographically before and after

dilution with unlabeled sodium chiorate. Briefly, unlabeled sodiury.

chlorate (0.1370 g) was weighed (Mettler AEI00 balance, Mettler
Instrument Corp., Heightstown, N), dissolved in water, and transferred
to 2 100 mL volumetric flask. Triplicate 4, 8, 12, and 16 4L aliquots
of the chiorate solution were injected onto the jon chromatography
system, described for the determination of radiochemical purity, and
the respective peak areas were recorded. Quadruplicate injections (10
and 25 uL, respectively) of stock and formulated sodium P’Clichiorate
were made; peak areas were recorded, and the sodfum PSCl]chlorate

peaks were trapped into LSC vials and counted for a minimum of 10

min. The specific activity was determined by dividing the dpm of each
trapped peak by its mass (ug), as determined by regression of its peak
area on the standard curve generated from the standards.
Animals and Feeding, Two Loala steers (nos. 171 and 172;
approximately 166 kg at purchase) were trained to metabolism crates
Imx21mx27mWxHx L) ovet a 7 week period. Steers
wcre provided a mixture of alfalfa and grass hay (provided on an ad

_J. Agric. Food Chem., Vol. 53, No. 10, 2005 4213

libitum basis) from delivery to the completion of the study, Begmnmg
21 days prior to study commencemest, 0.5 kg of cracked com was
provided daily and this amount was gradually increased to 2.7 kg per

" day up to the time of the study.

Study Design. At 72, 48, and 24 k prior to sodium [**Clichlorate .
dosing, a proprietary sodium nitrate premix was fed to each steer as.a
component of the grain. Sodium uilrate is hypothésized to render-
pathogenic bactetia more susceptible to sodium chlorzte (5. 10) and

- was fed in this study to mimic conditions under which bacterial nitrate

reductase might be induced. Sodium nitrate was- delivered in the diet -
at 31 mg/kg body weight before the commencement of chlorate dosing.
At0,24,and 48 h, &uchmimalwasomllydosedwith either 63 or 126

- mg/kg body Wweight of sodium [**Cljchlorate. Time 0 was 24 h-after

the last sodium nitrate feeding. Fifty-four hours (T54) after the initial
sodivm PeCl]chlorate dose and 8 h after the last sodivm P*Cl]chlorate
dose, each animal was slaughtered and Hissues were collected,
The sodium chlorate dose wis selecied based on the anticipation
that the maximum exposure to a chlorate prodact would be three
cousecutive dgys with a preslaughter withdrawal period. of 0 days.
Therefore, test 2nimals were dosed orally with Na*Cl0;, for three
consecufive days starting approximately 24 h after the last administration
of sodium nitrate, Animal 171 was dosed with 63 mg/kg body weight
of sodium chlorate, while animal 172 was dosed with 126 mg/kg body
weight of sodiom chlorate, These doses represent 1.5x the makimal
-intended use levels of 42 and 84 mg/kg body wt per day, i

respectively,
. A L.5x dosing level was used to comply with unpublished, but widely

known, US. Food and Drug Administration Cepter for Veterinary

"Medicine (U.S. FDA CVM) guidelines for the conduct.of residue studies

for compounds having 2 0 day withdrawal period (/6). Approximately
8 h after the last dose administration, each animal was stunned and
exsanguinated. .
Dose Formulation. Stock sodinm [*Cljchlorate (6.402 mCi; 1.185
g) was combined with 180 mL of water and 118.33 g of unlabeled

-sodium chlorate. The sodium chlorate was completely dissolved and

mixed, and a 100 4L sample was removed for pwity and specific
atlivity determinations. Dissolved sodium [*Cljchlorate was added to -
A proprielary catrier (280.0 g), allowed to dry, and stored in a Iabeled
amber glass bottle until use.

Copsule Preparation and Administration. Formulated sodium

- [*Cl]ehlorate was weighed into gelatin capsules. The amount of

Tormulated material weighed was based on body weights of 191.8 and

- 197.7 kg for steers 171 and 172, respectively. Each gelatin capsule

held.roughly 20 g of the PSCl]chlorate formulation. Immediately prior

" 1o dosing, each capsule was lubricated with vegetable oil, placed in a

‘balling gun, and dosed, On dosing day 2, capsule no. 4 broke in the
throat of steer 172 prior to its being released from the balling gun,
Some of the contents of the capsule spilled into the head area of the
meiabolism crate. The capsule and its remaining contents were
Tecovered, repackaged into an additional capsule, and readministered
Yo steer 172, The contents of the spilled capsule were retovered to the
extent possible, and radiochlorine in the recovered fraction was

" quantified by liquid scintillation counting. Dosing was otherwise

uneventful.

Collection of Excreta. Urine and feces were collecied in intervals

of 0~12,'12—-24, 2436, 36—48, and 48—56 h after the initial sodium

lorate administration. Modified incontinent bags (18) were fitted
10 steets to ensure quantitative collection of clean uripe. Urine was
weighed and mixed thoroughly, and subsamples were collected and
stored at —20 °C, .

Slaughter and Tissue Collection, Animals 171 and 172 were stunned,
elevated, and exsanguinated. Blood was collected into basins that
contained approximately 64000 units of sodium heparin and was
weighed, Steers were eviscerated, and blood, brain, liver, kidney,
adipose tissue, skeletal muscle, kung, spleen, small intestine, large
intestine, stomach complex (comsisting of the rumen, reticulum,
omasem, and abomasum), skin, eyes, hean, bone, diaphragm, remainder
of carcass, bile, and adrenal glands were collected. A “remainder of
the carcass™ fraction was collected that contained tissue seraps and tissue
not associated with any ene organ; for animal 17 1, liquid and solid
portions were separated and assayed separately. Edible tissves were
ground the day of slanghter (before freezing), but other tissues were
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Figue 1. Schematic of tissue processing and analysis. -

frozen, partially thawed, and then ground. The summed weights of

. dissues collected at slanghter were 97.3 and 98.1% of the live weights
* of steers 171 and 172, Tespectively. ’

" .Cage Wash. Each metabolism crate was washed with water, and
‘the water was collected. Radiochemical analyses were condncted by
weighing quintuplicate 1 mL aliquots of cage wash samples into glass
LSC vials and diluting with 15 mL of Ultima Gold LSC floid. Eath
sample was counted for S min on a LSC counter.
. - Total Radioactive Residues. Practlcal Demonstration of Limit of
Quantitation of Radioactive Residues, Blank aliquots (2 g) of tives,
kidhey, skeletal muscle, and adipose tissue were fortified with
Na¥ClIO; so that 9.2 g samples would contain nominal levels of 0, 10,
20,200, and 400 DPM, respectively. Kidney samples were inadvertently
fortified with only S, 10, 100, and-200 DPM per 02 . Afer
fortification, sample vials were vortex mixed at high speed for a

inimom of I min. Quintuplicate 0.2 g aliquots of each fortified tissne
Z wvere weighed into glass LSC vials. To each replicate, 8.0 mL of
“~Carbosorb was added and tubes were incubated jn a shaking water bath

2t 60-°C oyemnight. After the-tubes were removed from the incubator
and copled to room temperature, 12 1l of Permafluor was added to
each vial, and vials were placed on the LSC, dark adapted for a
minimum. of 1 h, and were counted ovemight for 20 min each.

- Liquid Samples. Subsamoples from each animal and{or) each time
point were thawed, and quintuplicate 1 mL aliquots wete removed and .
weighed into 7 mL LSC vials. Six milliliters of Ultima Gold LsC
cocktail was added 1o each vial, the vials were mixed, and samples
“were counted for 20 min (or an error rate of 0.2%) on a LSC ¢ounter.
Backgroond radiochlorine was determined by counting 1 mL blank
samples. -. - .

.Solid Samples, Quintuplicate 0.2—0.25 g aliquots were removed and
placed into LSC vials. For fecal samples, 1 ml. of water was added
after thie addition of feces. To each sample, 8.0 mL of Carbosorb E
was added. Tubes were placed in a shaking water bath (Dubnoff,
Chicago, IL) and were incubated ovemight at 60 °C. After the tubes
were removed and allowed to cool, 12 L of Permaftuor E was added
to each tube. Samples were placed on the LSC and allowed to dark
adapt for at least 1 h before the initiation of counting. For some fecal

N

samples, resulting counts were too highly quenched for reliable

quantitation, so 2.0 mL aliquots of each sample were removed and
placed in new LSC vials, and 10.8 mL of Permafluor and 7.2 L of
Carbosorb were added, Samples were mixed by hand and recounted.

Quench values of the recounted samples were well within the limits ~

defined by the quench curve.

Speciation. Edible Tissues. Figure 1 illustrates the sample prepara-
tion scheme used for speciation of tissue metabolites. Edible tissue
samples wete run in sample sets consisting of duplicate 1 g subsamples
of control tissues, fortified control tissues, tissues from animal 171,
and tissues from animal 172, For adipose tissue samples, 2 g subsamples
~were analyzed. Control tissues were fortified with 30 2L of a standard

uion containing 1 ug/uL each of Na¥Cl and Na*Cl0; having

cific activities of 100 dpm/zg. Samples were weighed into 50 ml,
polypropylene tubes (Sarstedt, Newton, NC), coniro} tissues were

Smith et 3l,

fortified with radioactive standards, and 10 mL of nanopure water was
" added to each tube. Tissues were bomogenized using a Tekmar

(Cincinnati, OH) tissee homogenizer and centrifuged for 15 min at
31500g using a Sorvall RC-2 (Norwalk, CT) centrifuge equipped with
a $5-34 rotor. Supemates were decanted into weighed glass LSC vials,

..and the resulting” pellets were resuspended in 5 mlL of water. The
. suspended pellets were mixed and centrifuged, and supernates were

decanted and combined with their respective supemates. From each
pooled supemate, a 2.5 mL aliquot was removed, weighed, and diluted

with 15 mL of Ultima Gold LSC cockrail. A 5.0~7.5 mL. aliquot of

each supemate, depending upon the tissue, was removed and loaded

on‘a previously conditioned (methanol followed by watery C13 Mega

Bond Elut (2 or 5 g of sorbent depending upon tissue; Varian Assoc.,
“Harbor City, CA) solid phase extraction {SPE) column. Each column
was rinsed with water (5 mL), and the load and rinse fractions were
collected into weighed glass 1.SC vials. A 1 mL aliquot of each “load/
rinse” fraction was removed for quantitation of radiochlorine. Depend: -
ing on the tissue, 5 m or the entire remzining loadkinse fraction from
the C18 SPE tube was loaded onto.a precondirioned (methanol followed
by water) ‘cation exchange SPE tube (3 mL LC-SCX; Supelco,

. Bellfonte, CA). Loeded samples were allowed to pass through their

“respective SPE mbes, and tubes were rinsed with 2.5 ml. of water..
Aliqouts(I mL) were removed from the combined load/rinse fraction

,for LSC. The remaining fractions were frozen, lyophilized, reconstitated
- in 1 ml, aliquots of water, and filtered (13 mm, 0.45 yrm, PFTE syringe

filter; Alltech, Degxfield, IL) in Preparation for fon chromatographic.
analysis, . -
Ton chromatography was performed using the chromatographic
equipment described previously. For speciation of the tissue metabolites,
2 gradient solvent system was used consisting of 10 and 100 mM NaOH,

- with Dionex AG- and AS-11 HC guard and analytical columns,.

* 50% 10 mM NaOH, 50%

‘respectively: isocratic 10 mM N20H for 10 min; linear gradient to

1060 mM NaOH from 10 to 30 min; isocratic -
for 2 min; linear gradient to 100% 10 mM N2OH from 32 to 40 min;

reequilibrate for 3040 min, Each day, prior lo injection of samples’ -
Trom a tissue set, 3 standard containing 3CI~ and %CI10;™ was injected
onto the chromatograph so that recoveries and distribution of radio-
activity eould be determined. Individual samples were injected, and
Tractions were collected at approximate 3 min intervals for the first 15

min; thereafier, fractions were collected to minimize the splitting of ~ -

radioactive peaks into separate.vials. Fractions were quantified by LSC
usig:g Ultima Gold LSC cocktail. For chromatographic runs, the first

_Tour vials were used to assess background levels (initial 12 min of

chromalographic num), The limit of quantitation for each nun was defined
as the mean dpm value of the first four vials plus three standard
deviations of the mean, Chromatographic fractions that contained dpm
values less than the limit of quantitation were said to have “0” counts.

' Reaction with Phenyl Mercuric Nitrate. Phenyl mercuric nitrate
(PMN) reacts with agueous chloride jon under acidic conditions to form
Water insoluble phenyl mercuric chloride (19, 20). The reaction was
used in this stedy to quantify P“Cljchloride in tissues and to unambigu-
ously verify the conversion of PCljchlorate to [*CIichloride in tissues.
‘Sample sets consisted of Na*C] and Na*C10; fortified control tissues,
and tissue samples containing incurred residues from steers 171 and
172. Duplicate 2.5 g samples were wejighed into 50 mL polypropylene
‘tubes, control tubes were fortified with PP*Cl)chloride or {**Cl]chlorate
(95.4% chlorate, 4.6% chloride), 10 mL of water was added to cach
tube, and tissues were homogenized, mixed, and centrifuged as
described above. Respective supernates were combined and weighed,
and aliquols were analyzed by liquid scintillation counting. Portions
(5-0 mL) of the remaining supemates were placed in 100 mL, separatory
funnels and acidified to pH 1.5 with 1% nitric acid {~4 mL), and 25
mL of a 0.4 mg/mL. agueous solution of phenylmercuric nitrate was
added. To each separatory funnel, 15 mL of chloroform was added
(3x) and the layers were mixed. Respective chloroform extracts were
removed and combined i 50 mL volumetric flasks; flasks were dilnted
to the mark with chloroform, Duplicate 5 mL aliquots were placed in
LSC vials; the chloroform was allowed to evaporate, and the residne
was reconstituted in { mL of methanol and then diluted with 15 mL of
Ultima Gold LSC fluid. The remaining aqueous phases were placed in
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vohmnetric flasks and diluted to the mark, and aliquots (S mL) were

removed for LSC. Radiochlorine in extracted samples was counteq for-

10 min each. .
Confitmation of phenyl mercuric chioride in chloroform extracts of
skeletal muscle was conducted by gas chromatography—mass spec-

tromeiry. Samples, dissolved in'chloroform, were introduced ontoan -

Aulospec mass spectrometer (Micromass, Beverly, MA) using 2

" Hewlett-Packard 5890 gas chromatograph equipped with a HP-7673A
-, autosampler. Samples (1 uL) were cool-on column injected onto a 30
- m x 025 mm id DBS MS colwmn (J & W Scientific, Folsom, CA)

with a 025 pm film thickness. A 1 I retention gap constructed of
‘deactivated fused silica (0.53 mm i.d.) protecied the cohrm, Phenyl
mercuric chioride eluted at a retention time of approximately 14.5 min
using a temperature gradient starting at 150 °C, held for 2 min, followed
by ramping to 200 °C at a rate of 5 °C per min, followed by ramping
10 320 °C at a rate of 10 °C per min. Total ion clromatograms were
geaerated, and mass specira were evaleated at the retention time of
the phenyl mercuric chloride standard; mass spectra of tissue extract
samples were compared to the mass spectrum of the phenyl mercuric

. Speciation of Urinary Radlochlorine. Uring was analyzed in sample
sets corresponding to collection period and consisting of duplicate
replicates each of control samples, fortified control samples, and samples
from steers 171 and 172 Utine was thawed, 1 mL aliquots wer¢
removed for analysis, fortified samples were spiked with a mixture of

- P*Cllchloride and P*Cijchlorate, and 2 mL of nanopure water was

added to each tube. Tubes were vortex mixed, and their contents were
loaded onto precorditioned (5 mL of methanol followed by 7.5 ml. of
"water) C18 SPE tubes (Bakerbond, 500 mg of sorbent, 3 mL tube; J.
T. Baker, Phillipsburg, NJ), Sample Yoads from each column were

collected and combined with a subsequent I ml. water tinse of each

.tube. A 100 4L aliquot was removed, weighed, and subjected to LSC.

The remaining load/rinse fractions collected from the C-18 SPE tubes
were loaded onto preconditioned (5 mL of methanol followed by 5
mL of water) SCX tbes{(LC-SCX, 3 mL; Supelco). Sample loads were
collected and combined with 1.5 mL water rinses of each tube. An
iliquot (025 inL) was removed fom cach tube and weighed, and
radiochlorine was quantificd by LSC. About 1 mL of each sample wak

filtered through a 0.45 um PTFE syringe filter (17 mm; Alltech) in

preparation for ion chromatographic analysis. Aliquots (20—160 4L,
depending upon the concentration of radioactivity) were injected onto
the HPLC system described for the tissue analysis, and radiochlorine
was cluted using the gradient previously described for tissues.

" RESULTS AND DISCUSSION

Radiochemical Purity. The radiochemical purity as assessed
by HPLC and TLC was 94.5 and 94.3%, respectively. The
radiochernical impurity was Na%Cl, the starting material for
the synthesis of sodium chlorate. During the formulation of the

dosing material, the tota! amount of Na%*Cl0; used was adjusted °

for rediochemical impurity. Radiochemical purity of the for-
mulated Na*C10», 6 months after its formulation, was 96.8%

_as assessed by ion chromatography.

Specific Activity. Unformulated (stock) sodium [*Clichlorate

" had a specific activity of 11573 dpm/ug. Formulated sodiurn

chlorate had a specific activity of 114 dpm/ug,

Live Phase. Animal dosing was without event for steer 171.
On dosing day 2, (24 h after the initial dose) capsule 4 broke
in the mouth of steer 172 and a portion of the capsule was spilled
onto the floor of the metabolism crate, Radioactivity recovered
from the floor of the metabolism crate indicated that 139.4 »Ci
of radjochlorine was present, representing 8.3 g, or 40%, of the
formulated material within capsule 4. The 8.3 g of lost material
represented 10.0% of the total dose for dosing day 2, and 3.3%
of the total 3-day dose of steer 172. Of greater concern was
that Steer 172 stopped consuming food on dosing day 2, eating

e of its daily prain allotment and only a litlle forage.

arthermore, steer 172 failed to consume grain on dosing day

J. Agric. Food Chem., Vol. 53, No. 10, 2005 4275 )

Table 1. Recoveries of Radiochlorine Fortiied into Editle Tissues

- - radiochiorin e
. lissue {dpmig)  (dpmD2g)  (dpm:£SD) %xSD

fiver 50 104 11410 11032100

100 - 204 214121 1048+82

. 1000 202 1972478 - 975108

- 2000 . 415 39264105 M6+14
" Kidney 25 52 49+13 830+242

50 96 8414090 859337 -

500 106 1075+130 101.0+43

1000 205 2135138  1044+10
skeletal muscle - 50 9.7 89120 91.9+201
100 203 194+26 959129
1000 2066 2308+541  431.81282
2000 409.5 3964 +58.3 95.9+159
adipose tissue 50 8.6 10523 . 12151176
’ . 100 18.8 204257 1068+ 14.7

_-1000 176.6 18604547 1046262
2000 . 641665 10341244

3723

2 Theoretical dpm ealculated by: (eonirol tissue wifortification dpm) x subsampla
wi ) ]

3 but did consume some forage. Fecal output for steer 173
stopped entirely during hours 36—48 of the study (12—24 b
after capsule breakage).

Tissue Residues. Radiolabeled chlorate was used so that all
chlorate-related residues (parent chlorate and metabolites) could
be quantified, so that the degree of chlorate metabolism could
be determined, and so that chlorate metabolites could be
identified. Detection of 5 dpm of [PéCl]chlomate fortified into
blank tissues was possible using Carbosorb solubilization of
tissues (Table 1). Recoveries for all tissues were between 91
and"121%. Variation was greatest for low level fortifications
and for skeletal muscle and adipose tissue samples in which
imiform mixing of the. fortified radiolabel was most difficalt.
These data demonstrate that low levels of radiochorine can be
reliably detected in edible tissues using Carbosorb and Perma-
flvor as solubilizers and scintillants, respectively. Other tech-
nigues (combuslion; Soluene 350 digestiotf; Soluene 350 with

- peroxide bleaching; Solubilization with Ultima Gold or Hionic

Fluor ' s¢intillation fluid) led to low recoveries and greater
variation than the technique used for this study (data not shown),
Distribution and Disposition of Radioactive Residues, The
excretion of radiochlorine in urine and feces is shown in Table .
2, and the overall distribution and recovery of radiochlorine are
shown in Table 3. Urine was the major excretory route of
radiochlorine with approximately 39—47% of the total admin-
istered dose being eliminated in vrine by slaughter. Because
the last one-third of the-total dose was administered only 8 h
prior to slaughter, these percentages suggest.a fairly rapid
excretion of ‘radiochlorine. In contrast, fecal elimination of
radiochlorine was minimal with steers 17 and 172 excreting’
only 1.7 and 0.4% of the total dose, respectively. At slaughter,
the small intestine and large intestine collectively contained 8.2
and 5.2% of the total dosed radiochlorine, for steers 171 and
172, respectively, suggesting that absorption or resorption of
radiochlorine was occurring in the lower tract. Edible tissues
contained a significant fraction of the dosed radiochlorine at
slaughter. By virtue of its large proportion of the carcass, skeletal
muscle contained the largest fraction of the radiochlorine
retained in the body. However, tissues with excretory function
such as the liver (bile) and kidney (urine) contained higher
concentrations of total residues, also suggesting that the total
residue is eliminated rapidly. Total recovery of dosed radio-
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Table 2. ExuetionofTotalRao?oacﬁveResiduthﬁneandFeoes
of Steers 171 and 172 .

wine radiothloring fecal radiochloring
tine Toncn? fracion  ooncn®  fraction
~animal  perod*®)  (pom) (kY {ppm) oy
17 0-12 %% 713 2 01 -
12-24 1044 27 - 4 02
24-35 4401 84 48 03
36-48 3927 73 109 o7
43-56 4528 T 107 16 04
slaughter 6080 16 NA
. . totalurine 385 1.7
172 0-12 6720 128 [ 00
12-24 5595 70 30 0.0
24-36 11920 125 55 0.1
36-48 8157 60 0 00
. 4868 . - 7028 84 154 02
Shughter 4521 . - 03 NA
o olwine 470 - 04¢

"Mha!swﬂadosedatﬂ,ﬂ,and%h‘%ham_ﬂlpmdasppmo{
.smﬁmdmequmcmmmmmwmm;mmm

Table 3. Concentration's of Ratflochlorine, Recoveries of Radiochlorine
in Tissues, and Tokal Recoveries of Radiochforine in Steers 171 and
172 e ’

. steer 171 steer 172
fraction ppm HCi % ppm puCi %
wine 7964 2338 18647 259
eces . #s 1.7 144 04
edibla issues?
fiver . 696 . 97 65 sgy7 100 03
Kidngy 226.0 §56 03 2355 82 02
skelslal muscle 529 1852 93 269 1833 a5
atfipose tssue 378 NA NA 292 NA NA
o totals 2005 104 1795 45 .
: Inedible issuest

brain 764 14 0.1 593 12 00
lng - M8 120 068 1634 00 03
spleen 1294 25 01 1258 23 '04
skin . 1407 1213 69 1492 1417  as
heart 930 43 02 1027 47 0.1
diophragm 735 20 01 748 20 01
remziins of C, sofkls 730 247 12 1162 578 15
remains of C, liquid® 992 14.9 07 00 0.0
bone 1 1307 . 68 655 1282 32

slomach complex? 1401 2158 108 4604 8369 210°

smallinlestine 2690 985 49 33207 ms 30
large intesting 2450 655 33 3123 875 22
blood 1879 685 34 24 67.7 17

bile . 1906 03 0 2403 19 00
totals 7624 382 14593 363
cage wash 46 0.2 494 12
fotals 1T 838 35679 899

=Tlaﬁionaﬂye<§bleﬁsueshme0nﬂedstam & Tradifionally nonedible fssues
in the United States.. ¢ Remains of C, remains of carcass; a Tiquid portion was
collected for animal 171 only. 4The stomach complex consisted of the numen,
Teliculum, omasum, and abomasum,

chlorine was 88.8 and 89.9% for animals 171 and 172,
respectively.

For each animal, about 10% of the total radioactivity was

accomnted for. It is conceivable that some radiochlorine

d be lost through respiration, but this is unlikely because

«ne only chlorine species likely to be volatile enough for loss

Smith et al,

in air would be Cl, and Cl0,. Studies by Abdel-Rahman 15
and unpublished studies conducted in our laboratory have clearly
shown that chlorate and jts metabolites are not excreted in
oxpiratory gases of rodents. A more-likely cause of the low
recovery of radiochlorine was the manner in which the hids
was sampled. At slavghter, a sample of the hide was removed
from the center of the back were the animal could not lick and
where contamination with urine or feces was not an issve. Areas
of the hide that were contaminated with saliva, urine, and(or)
feces were not sampled; the total amount of radiochlorine present
on the hide is almost certainly underestimated.
Summation of the total amount of radiochlorine recovered -

in nongastrointestinal tissues and in the urine of the steers
indicates that 62.1~67.9% of the dosed chlorate was absorbed

by steers 172 and 171, respectively. Because cattle were

(33% of the 1otal dose), these data suggest that chlorate and-
(or) its metabolite(s) are rapidly absorbed, Urinary radioactivity

Fipreseated from 569 to 75.5% of the total absorbed raio-

‘172, respectively.
For edible tissues, tota] radioactive residues were greatest in
kidney (226-236 ppm), followed by liver (70—81 ppm), skeletal

-muscle (53—47 ppm), and adipose tissue (29—38 ppm). For

traditionally nonedible tissues, gastrointestinal tissues generally
contained the greatest concentrations of radioactive residue.
Ruminal concentrations, of radioactivity in steer 172 were about

_ 3.3 times more concentrated than the radioactivity in the rumen

tissues of steer 172 matched the concentrations of radioactivity

“in steer 171 closely, despite the 2-fold dose of chiorate that

steer 172 received, If an absorption threshold had occurred, then
one might expect higher gastrointestinal concentrations and
ronghly equal tissue concentrations of radiochlorine between
the two animals, However, animal 172 was tiot consuming

‘normal amounts of feed during the latter portion of the study;

if gastrointestina) motility in animal 172 were decreased, then

- a decteased rate of chlorate absorption would be expected.

Speciation of Tissue Residues, Fignre 2 shows an example.

.ion chromatogram of nonradioactive chlorite (C10;7), (35C1)-

chloride, and [*Cljchlorate and shows the distribution of
radioactivity in fractions trapped as solvent eluted from the
colurn. Baseline resolution of the three ijons was readily
obtained, and the chromatographic distribution of radiochlorine
clearly indicates that if radioactive chlorite were present in a
tissue samiple, it could easily be resolved from either chloride. -
or chlorate.

Figure 3 shows an example chromatogram and a radioprofile
of a kidney extract from steer 171. Radioprofiles from other
tissues were qualitatively similar to the example radioprofile
shown for kidney. Radioprofiles generated from each tissue
indicated the presence of B5Cljchloride and [*Cljchlorate, but
no [*Cl]chlorite-associated radioactivity was detected in any
of the tissues.

The speciation of radioactive residues present in edible tissues
of cattle is shown in Table 4. For steer 171 (low dose), parent
chlorate represented from 1.3 to 28.4% of the total radioactive
residue, depending on the tissye. Total radioactive residues in
liver were comprised almost entirely of chloride, with the
concentration of chlorate residuc being 0.7 ppm. Chlorate
residue concentrations in skeletal muscle, kidney, and adipose
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Table 4. Speciation of Total Radicactive Residues in Edble Tissues of Caifie?
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steer 171 steer 172
: TRR®  edractabiiye chioride. chioralte TRR®  extractabiitye Chlorids chiorate
tissue (ppm) (%) 5 _ v % T o) (%) % ! % pp?
adiposs bissve i3 . 994 99 35.9 52 20 232 748 598 175 402 117
skeleldmuscla . 529 1004 733 383 - 267 . 141 469 100.7 56.0 263 49 211
liver, - 698 982 - 98 523 13. 07 - 807 - 954 985. 462 16 13
kidney 2% 964 88.6 200 - 15 39 | B 9.1 715 169 284 67‘0.
’ReporﬁedvahxesmdeWme’mwmm*Pmmdmmmmdmmmmwa 4 Calculated as
ppm of sodium chiorate equivalents, .
. 8 1
i . 3
i 2a[2]a u
. 3 r
3 ~ !
: ;.
i : !
IE. ; ] 1.
_ coy H i L ] E
bt | gamend i
'3 a
3% L 75
£- ] ;
15 I Lo
i £
123456785 01121312 o 254
) _ Fraction _ &2 1 j
Figure 2. lon chromatogram of ehiorits, PeCllchloride, and [¥Cljchiorate: 1

slandards. {Top) ion chromalogram with verfical lines indicating beginning
and ending poins of numibered fractions, {Bottom) Distribution of
radloactivity In eofected fractions. Datg are expressed as percentage of
. fecovered radioactivily. :

tissue were 14.2, 25,9, and 2. PPm, respectively. For steer 172,
chlorate concentrations ranged from 1.3 ppm in liver 10 67.0
ppm in kidney. Skeletal muscle and adipose tissue had
intermediate concentrations of chlorate at 21.1 and 11.7 ppm,
respectively.

* Results of the skeletal muscle, liver, and kidney chloride
analysis using phenyl mercuric nitrate are presented in Table
. Reaction withi pheny! mercuric nitrate removed over 99% of
the chloride from an aqueous extract of P5Clichloride-fortified
skeletal muscle. In contrast, reaction of phenyl mercuric nitrate
with” an aqueous extract of PeCljchlorate-fortified skeletal
muscle removed only 6.6% of the total radioactivity. Because
5.6% of the total radioactivity in the chlorate fortification was
chloride ion, it was concluded that reaction of radiochlorine with
‘phenyl mercuric nitrate was specific for chloride. Furthermore,
reaction of phenyl mercuric nitrate with radiochlorine extracted
from skeletal muscle of steers 171 and 172 indicated that the
chloride ion represented 71.9 and 58.1% of the total residue,
respectively. These values agree with jon chromatography data
indicating that chloride represented 71.6 and 57.0% of the total
radiochlorine in skeletal muscle of animals 171 and 172,
respectively. In liver, chloride represented an average of 98.7%
e total radioactivity (for animals 171 and 172) as measured
fon chromatography; after reaction with phenyl mercuric
nitrate, chloride in livers from anifmal 171 and 172 assayed at

123456708 0910442314
) Fraction .

. Figure 3. Representative fon chromalogram from a kidney extract of stepr
172, (Top) Jon chromatogram with vertical lines indicating beginning and
ending points of numbered fractions, {Bottom) Distibution of radioactivity
in colected fractions. Dala are expressed as percentags of recovered
radioactivity. .

95.5% of the total residue. Similarly, jon chromatographic -
analysis of steer 171 kidney indicated that chloride ion
represented 88.6% of the radioactive residue, while reaction with
PMN indicated that chloride represented 85.1%; the respective
values for steer 172 kidney were 71.6 and 70.8%.
Radiochlorine extracted into the chloroform layers was
positively identified as phenyl mercuric chloride as evidenced
by comparison of mass spectra of authentic phenyl mercuric
chloride and peaks cluting at the retention time of phenyl
mercuric chloride present in chloroform extracts of animals 171
and 172 (¥igure 4). Each mass spectrum shows a multiplet of
peaks around m/z 314 [M*]; the multiplet is due to the seven
natural isotopes of mercury ['%Hg (0-2%), **Hg (10.1%),
Hg (16.9%), 2Hg (23.1%), ™ Hg (13.2%), MHg (29.7%),
and 2Hg (6.8%); (21)] in combination with the two natural
isotopes of chlorine [°CI (75.77%), 'Cl (24.23%): (21)). The
ion cluster around m/fz 277 represents loss of chlorine, while
the base peak at m/z 77 represents the loss of both mercury and
chlorine. The ion at mfz 112 represents a rearrangement whereby
merciy is lost and chlorine is retained,
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Table 5. DishfbuﬁonofRacﬁod:!omeinAqueous(CMorate)andChlorofmm
Mercuric Nirate and Exiraction of Phenyl Mercuric Chioride into Chloroform

Smith et al.
(Chloride) Fractions after Reaction of Tissue Extracts with Phenyl

recovety of radiochlorine
sample = - tissug Vo agueoys chiorolom aqueous ol
D forification® extzod (%) ebaci (%) . lyerd(y) recovery (%)
- ’ skeletal musde oo
1 contro} 0 Y] 985 11 936
2 contro) - 1002 996 - 07 100.3
3 * contd - 0105~ 1099 73 w37 1010
4 . control 310y~ -1113 59 93 97.7
5 steer 171 nong 935 ng 208 927
8 stees 179 none - 985 749 230 - 949
7 steer 172 nona 1020 586 ) 3685 952
8 steer 172 nong 972 515 365 940
- fiver
1 contro 3CH- . 937 955 0.8 963
2 control &= i 973 9438 - 06 954
3 control . %0105~ 1104 58 . 834 992
43 oontrol | BCI0,~ 109.1 58 9.9 n7
5 sloer 171 . none - 1012 9844 o 25 96.8
] steer 174 none 975 - 9.1 93 . 1054
7 steer 172 . none 99.0 . 845 - 0 " 935
8 . sleer 172 none 98.3 969 . 16 986
’ kidney ; :
1 controt *Cr- . 982" 920 27 T 948
2 control B *Cr- T 958 933 . ‘0 ' 833
-3 control %3105~ 100.4 58 h 859 914
4 control 0104~ 1005 52 . 894 946
5 steer 171 none 100.6 821 39 859
8 steer 171 * nons i 1007 88.0 76 956
7 steer 172 none . 972 756 132 . 682
8 steer 172 none 1024 65.0 -- 152 i 4

2 Radiolabeled chlorate contained approximately 5.6% PSClichioride ion. ®Percentage of lolal forlified or ncurred radfochlorine exbacled into water. © Percentage of total
Tadiochitring in aqueous exiract removed by chiorform, ?Percentaga of total radiochlering in aqueous Jayer not removed Hydﬂo;ofonn ° Sum of percentage radiochlorine

in chloroform and aqueous tayers.

Table 5, Speciation of Radiochlorine Excreted into Uring of Steers 171-
and 172

seerirt . steer 172
imeperiod()  C-(%) GG (%)  O-(%) GO~ {%)
0~12 90 914 34 96.6
12-24 ° 350 650 75 825
2438 34 9.8 19 98.0
“36-48 17 983 00 100.0

48-56 18 8.2 0.3 99.1

The reaction of tissue extracts with phenyl mercuric nitrate
provides additional evidence that the very large peak present -
in jon chromatogram with a retention tine similar 1o chloride
was properly identified. Although quantitative data obtained
from the chloride analysis using phenyl mercuric nitrate agree
with data obtained from jon chromatographic analysis, the assay
was executed to verify that the chloride ion is a major product
of chlorate inetabolism. in ruminants,

Spectation of Urinary Residues. The composition of radio-
chlorine excreted into urine is shown in Table 6, Chlorate was

- the major radioactive species present in urine with the chloride
ion being the only other chlorine species’ present. Chlorate
ranged from 65.0 to 98.3% of the total urinary radioactivity for
animal 171 and 92.5 to 100% of the wrinary radioactivity for
animal 172. For both animals, the largest amount of chloride
Was excreted during the 12—24 h period after the initial dose.
Thereafler, the chloride ion represented a maximum of 3.1%
~€the urinary radioactivity for both animals, Abdel-Rahman et

(15) reported that 72 h after an oral dose of [P*Cljchlorate,
sats had excreted 40% of the total radioactivity in the urine; of

'this, 62.8% was chloride ion, 25.1% was chlorate ion, and 12.1%

was chlotite jon, In cattle, the vast majority of urinary

radioactivity was chlorate with little chloride and’no chlorite
being present. The doses of chlorate administered to cattle in
this study were much greater than the dose administered to rats
{0.15 mg/kg body weight) by Abdel-Rahman et al. (5. In
addition, their data-were tollected over a withdrawal period of
72 h afler a single administration, whereas.data in this study
were collected after three doses and only an 8 h withdrawal
peried. - - :

-In conclusion, chlorate is rapidly absorbed and &xcreted in
steers. Radiochlorine was present in edible tissues primarily as
chleride fon, with lesser amounts of chlorate. The proportion
of chloride and chlorate was highly tissue dependent. In contrast,
chlorate was the major chlorine species present in urine of steers,
indicating that the kidney actively excretes chlorate. Because
there was a large difference between the proportion of the total
residee present as chloride in tissue and urine, it can be
concluded that chloride was actively retained, while chlorate
was actively excreted.

.This study was designed to generate tissue residues afiera 3
day chlorate exposure with animals being slaughtered after a
practical 0 day withdrawal period. Under this scenario, the doses
were high because: (i) chlorate was administered over an
extended period even though chlorate efficacy has been
demonstrated after a single administration (3, 5); @i steers were
slaughtered with an 8 h withdrawal period, when efficacy has
been measured 24 h after dietary exposure to chlorate (9); and
(iii) steers were administered 150% of the target dose because
it was anti¢ipated that a 0 day withdrawal period might be most
useful for cattle producers. With the extended dosing period,
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two of the four edible tissues: (adipase tissne and liver) from

the low dose steer (animal 171) contained chlorate residue levels -

that are thought to be favorable from a food safety point of
* view. Although no safe tissue concentraticns for sodium chlorate

‘have been established by thie U.S: FDA CVM, chloiats residucs
in adipose tissue and liver fell below provisignal estimates of
safe tissue concentrations (unpublished) provided by the agency.
* ‘Because chlorate appears to be rapidly metabolized and excreted

.1n steers and because efficacy has been shown for chlorate at
lower doses with extended withdrawal periods, further inves-
tigaion of sodium’ chlorgte at lower doses and a longer

withdrawal peried is warranted.
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An experimental chiorate-based product has been shown to be efficacious in eliminating economically

important, Gram-negative human pathogens in the gastrointestinal tracts of food animals. Prior to *

815, 837, 83.9% of the total dose for the low, medium, and high doses, respectively. Fecal
elimination of radioactivity averaged 1.1% of the dosed radiochiorine across all doses. Parent chiorate
always represented greater than 97.4% of the urinary radiochlorine with the remaining radiochiorine
being excreted as chioride jon. Chlorate representéd 39—77% of fecal radioactivity, depending upon
- dose. Chlorate conceptrations in edible tissues Tanged from 0.01 to 0.49 ppm, with residues-in liver
ard skeletal muscle generally lowerthan those in kidney and adipose tissua. Chlorate residues were

KEYWORDS: Sodium chlorate; food safety: pathogens; swine
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) - die; those organisms that do not express nitrate reductase were
Respiratory nitrate reduetases function in facullatively anaero- ~ Proposed to be. unaffected by chlorats.

bic bacteria to capture energy during the convezsion of nitrate In vivo studies in both ruminants and nonruminants have
to nitrite (/). Because chlorate (Cl05™) is cometabolized by validated this hypothesis. For example, chlorate significantly
Tespiratory nitrate reductases to chlorite (C10,-) and becauss reduced E. coli O157:H7 populations in gastrointestinal GD)
chlorite is toxic to bacteria (2), Anderson et al, {2) recognized tracts of cattle and sheep (4, 5) but had little effect on bacterial
that the metabolism of chlorate by nitrate reductase in Gram- counts of total culturable anaerobes in ruminal fluid (2). Market-
negative pathogens might be exploited for food safety purposes. age broilers given access to a chlorate-containing product during
The vast majority of bacteria present in food animals do not the 48 h prior to slaughter had significant reductions (40—99%)
possess nitrate reductase activity; however, economically sig- in crop and cecal Salmonella populations (6).
nificant pathogens such as Escherichia coli 0157:H7 and In swine, treatment with chlorate is highly effective at
Salmonella Typhimurium express the enzyme when growing reducing populations of both £, col; (7) and S. Typhimurium
under anaerobic conditions (4, 3). Anderson et al, (2) hypoth- (8—10). Gl concentrations of E. coli were decreased 1.03-2.9
esized that when sufficient levels of chlorate are present in the log units (a 62—99.9% reduction, depending on tissue) when
alimentary tract of food animals, pathogens containing vitrate sodium chiorate was administered to experimentaily infected
reductase will generate “suicidal” levels of chlorite and will Pigs (7) and when the pigs were euthanized 8 h after the last
chlorate administration, In weaned pigs artificially infected with

Fax.' 1:;:)?;;;: 1503%“5,0”’%?? S!ll;léld be addmsedi Te‘}: 701-239-1238. S. Typhinturium (8), animals treated with chlorate contained only
Y Blosciences Re: Tl;bg'l;!w@&'pm'"s £ov. about three colony-formirig units (CFU) of 8. Typhimurium per

? Food and Feed Safety Research, : gram of cecal contents, whereas control animals contained
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approximately 1400 CFUs of the pathogen. Consisterit with these
results are those of Anderson et al. (9) who demonstrated that
chiorate significantly reduced the incidence of S. Typhimurium
in lymph, ceca, and recta of finishing pigs.

Collectively, these data suggest that a chlorate-containing
product could have several commercial applicatipns, with the

~ preslaughter elimination or reduction of both E coli and .

Salmonella species being of primary importance. The purpose
“of this study was to determine the magnitude of total and'

chlorate residues remaining in edible tissues of swine after oral

administration, to determine the metabolism of chlorate in Swine,
-and to determine the absorption and elimination of chlorate in
* tissues and excreta of swine after oral administration.

-. MATERIALS AND METHODS

“Chemicals. Unlabeled sodium chlomte (CAS no. TT75-09-9; 99.96%

. NaCl0s, 0.03% NaCl, and 0.01%. H;0) was provided by EKA
Chemicals {Columbus, MS). Sodinm chlorate was stored dry at room
termperature until use. Sodium chloride (VWR; West Chester, PA);
heparin, sodivm salt (Sigma Chemical Co.; St, Louis, MO); sodivm

chlorite (Fluka Chemical Corp.; Milwaukee, WI); sodium hydroxide -

~ {50% solution for jon chromatography; Fluka Chemical Corp.); Ultima’

Gold liquid scintillation fluid, Carbosorb-E, and Permafluor E (Perkin-

- Elmer Life and Analytical Sciences; Boston, MA); and acetonitrile and
methanol (high-performance liquid chromatography grades EM Science;
Gibbstown, NJ) were also used in the shudy,

Radiolabeled sodium chlorate (N2*C105) having a specific activity
of 0.575 mCi/mmo} and a radiochemical purity of approximately 95%
was purchased from Ricerca Biosciences (Concord, OH). Stock sodium
[*ClJchlorate was purified to a radiochemical purity of 99.9% es-
sentially as described by Roiz-Cristin et al. (J7). Briefly, a 2.5 cm x
63 cm column of Sephadex G-10 was equilibrated with 0.1 M
ammonium acetate (pH 7.0); stock sodium chlorate (0.8 mL aqueous
solution; ~1 mCi) was loaded onto the colmn and was eluted with
ammonium acetate at a flow rate of approximately 0.85 mL per min

- for approximately 24 h. Fractions were collected every 4.7 min (4 mL),
and radiochlorine within each fraction was assessed. by liquid scintil-
fatfon counting of 5 1. aliguots, Under the clromatographic conditions
vsed, **Cljchloride eluted in fractions 39—46, P*Cljchlorate eluted in
fractions* 47—70, and P*Cliperchlorate cluted as a broad peak in
fractions 229-270. Radiochemical purity of the porified P*Cllchlorate
peak was assessed by ion chromatography s described by Smith et al.
2. .

Dose Preparation. Purified [%Cl]chlorate was diluted with nonra-
dioactive sodium chlorate to a specific activity of 399 4 1 dpm/ug.
The specific activity was determined as described by Smith et al. (12).
Three dosing soMtions (1 L each) containing 7.5, 15, and 22.5 mM
sodium PCl]chlorate, respectively, were prepared in aqueous sofutions
of 2.5 mM sodium nitrate. Sodium nitrate has been shown to increase
the efficacy of chlorate in reducing pathogen numbers in live animals
(3), presumably by inducing respiratory nitrate reductase in nitrate
Tespiring bacteria. The actual chlorate concentations were 59.9—1 00.3%
of target values. Each dosing solution was transferred to duplicate 1 L
plastic water bottles (Kaytee; Kaytee Products, Chicago, IL) so that
water bottles contained 498 + 0.5 g of dosing sotution. Sipper tubes,
supplied with the water bottles, were attached, and the bottles were
stored frozen until dosing.

Animals and Aaimal Dosing. Three crossbred barrows 9.2+ 04
kg) and gilts (8.2 £ 0.8 kg) were purchased from the North Dakota
State University swine herd. Animals were ear tagged and housed by
gender in concrete-floored pens during an 18~25 day acclimation
period. Pigs were provided with ad libitum access to 2 swine starter
Tation (21.6% crude protein, 3.3% fat, and 2.6% fiber; 3204-keal/kg
metabolizable energy; 77.7% total digestible nutrients; North Dakota
State University Feed Milf), which they received for the duration of

* study. During the acclimation period, pigs were trained 1o

setabolism crates (4) and 10 drink out of 1 L water bottles equipped
with stainless steel “sipper tubes”,
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Table 1. Target and Actual Doses.of Sodium PYCICorale and
Radiochlorine, Dissolved in Drinking Water Defivered to Barrows and

. Gils
dose gl  yoidose | Gose withdrawal
weight  dose? dwalon®  period®

animal  sex (k) (moka) mokg HCi ) )
38 gt 91 20 208 M 17 - 29
30 barow 199 0" 196 72 56 240
¥ gn 172 4 460 143 5§ 240
X0 baow 281 40 U4 43 6D 241

389 ok 197 60 688 24 55 249

302 bamow 183 60 650 25 64 241

*Deses were delfvered in approximately 500 mL of 7.5, 15, and 2.5 mM sodium
Pschtlwaiehdriddngm.wmﬁmhiﬁalmbmm
containing drinking water to complete consumplion of the fortified waier, ¢ Time
mmmmmmmmmmmmwmmm

Low, medivm, and high chlorate doses were each administered to a
single barrow or gilt in each of two periods (i.e., within period, a low,
medium, and high dose was administered to three swine). Doses were

" administered by placing the appropriate water bottle containing the

frozen chlorate-solution on the metabolism cage immediately above

the feed tray. Drips from the sipper tube fell directly into the fecd and

were thus consumed. The pigs drank the chlorate-containing water as”
it thawed such that the total dose was delivered to pigs within 6.1 £
0.8 h instead of the 24 h a5 originally planned. Nevertheless, a 24 h
withdrawal period was maintained, and pigs were harvested at 24.0 +
0.1 h. The tarpet and actuat doses, length of exposure to the dosing
solutions, and actual withdrawal timés are summarized in Table 1.
Collection of Excreta, Swine were housed in metabolism crates
that enabled the separate collection of urine and feces {14). Urine and

feces excreted in the 0—12, 12—24, and 24—-30 h time petiods were

pooled within excreta type for each animal, were weighed, and frozen.
At collection, urine and feces were collected ss Quantitatively as
possible. On one occasion, urine from a barrow was excreted beyond
the confines of the metabolist crate and urine was recovered from the
Plastic-backed paper floor covering by placing the contaminated paper
in an Erlenmeyer flask, diluting with a known mass of water, and
allowing the paper to sozk with oceasional stirring. Radiochlorine in
the water fraction was quantified using liquid scintillation counting.

Animal Harvest and Tissne Collection. Pigs were harvested at the
appropriate time by captive-bolt stunning followed by exsanguination
into a weighed basin containing 4 ml of heparir (6000 U/mL-in
physiological saline;-Sigma). Pigs were then washed and eviscerated.
Traditionaily edible tissues (adipose tissue, skeletal muscle, Yver, and
kidney) and traditionally nonedible tissues {blood, bone, brain, dia-
phragm, GI contents, GI traét, heart, hung, skin, spleen, thyroid gland,
and remainder of the carcass) were collected, Bile was removed using
a hypodermic syringe. The GI kract, from the esophagus 1o the anus,
Wwas removed (with pancreatic tissues attached); the GI conlents were
removed, and the Gl tissues and contents were each weighed, the G1
contents were subsampled, and both contents and tissues were frozen.
Visceral organs, the brain, and the thyroid gland were removed,
weighed, and frozen intact. The skin was removed and weighed, and a
subsample was removed from the center of the back_ Pigs were boned,
the bones were-weighed, and the scapula was removed as the bone
sample. The total muscle was weighed, and a subsample was removed
from the longissimus dorsi. The vemainder of the carcass fraction
contained the reproductive tract, trachea, connective tissue, and various
tissues not associated with other tissue fractions, .

Partially thawed tissues of masses sufficient 1o pass through a grinder
with greater than 50% recovery (brain, diaphragm, GI tract, heart,
kidney, liver, lung, and skeletal muscle) were gronnd; the spleen and
thyroid gland were homogenized on dry ice as described by Benville
and Tindle (15). Adipose tissue was ground with a mortar and pestle
after the addition of Jiquid Nj. Processed tissues were stored frozen.
Skin was prepared for total residuc analysis by placing 10 + 0.1 g
aliquots into a glass container, adding 90 mL of 1 N NaOH, weighing,
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and incubating at 46 °C for approximately 60 h. Under these conditions,
the skin was dissolved. Bone was prepared by dissolving approximately
one-half of the scapula in 350 mL of 1 N NaOH over 72 h at 5 °C.
The solubilized bone solution tended 1o gel upon cooling; therefore,
bone solutions were reheated, prior 1o analysis by Jiquid scintiflation
counting (LSC) (described below). i :

Analytical Methods. LSC technigues, dstermination of background
radiochlorine, and speciation (determination of idenfity) of total
radioactive residues were conducted as described by Smith et al. (J6)
With the following exceptions. Total radivactive residues in skin and
bone were determined by placing 0.5 (bone) or 2.0 mL (skin) aliquots
of the dissolved tissue in a LSC vial, adding Ultima Gold LSC fluid
(15 mL), and counting for 20 min each. The SCX solid-phase extraction
‘step, described by Smith et al. (76), was eliminated from the tissue
extraction procedure. Briefly, samples were homogenized in water and
centrifuged, protein in the resulting supematant was precipitated with
ice-cold acetonitrile, the acetonitrile was evapotated, and the resulting
aqueous phase was evaporated under N,. The remaining aqueous Jayer
“was then passed throngh a C-18 solid-phase extraction cartridge, and

*the unretained aqueous Jayer was Iyophilized. The dry residue was
redissolved in | mL of water, and the concentrate was filtéred (13 mm,
045 ym, PTFE), and subsequently analyzed by jon chromatography
as described by Smith et al. (16). Urine and tissue sample sets were

- 70 with both blanks and blanks fortified with known amounts of

" PéCl]chloride and [*Cljchlorate to determine recovery.

.RESULTS

Disposition of Radiochlorine. Table 2 shows the distribution
of radiochlorine among edible tissues, nonedible tissues, urine,
" and feces of dosed swine. Urine contained the grtatest portion
of the dosed radioactivity. Urine excreted during the first 12 h
of the study contained a greater fraction of dosed radiochlorine
than any other compartment measured. By the time of slavghter,
the cumulalive excretion of radiochlorine in urine was 83.1 +
6% of the total dosed activity. Across all doses, feces contained
« cumilative 1.1 & 1.8% of the administered radiochlorine, an
amount equal to the 1.0 -t 0.1% of the dosed radicchlorine
Temaining in edible tissues at slaughter. Nonedible tissues
contained an average of 3.9 - 0.7% of the dosed activity, with
bone, skin, and blood retaining the largest percentage of
radiochlorine, largely due to the fairly large masses of these
fractions, .
Concentrations of total residues are shown in Table 3. As
expected from the recovery data, urine contained high concen-
trations of total residues, ranging from 62 to 2627 ppm

depending upon the animal and excretion period, Concentrations -

of urinary radiochlorine dropped continuously with time periods
for all animals. Concentrations of fecal radiochlorine ranged
from nondetectable to 524 ppm in gilt 387. Radioactivity in
gilt feces was- generally greater than concentrations of radio-
chlorine in barrow feces due to contamination of feces from
gilts with urine. In bamrows, fecal radiochlorine concentrations
ranged from nondetectable to 102 ppm. At slaughter (ie., 24 h
after the last exposure to chlorate containing water), total
radicactive residues in feces were 13—-215 ppm.

Total radioactive residues in edible tissues generally fell into
the following rank order: kidneys > adipose tissue > liver >
skeletal muscle. Concentrations of total residues in edible tigsues
generally showed an apparent dose—response relationship,
cxcept for adipose tissue in which residues in tissue of the low
- and medium dose animals did not appear to differ. Because the
pigs were enly 17—23 kg, carcasses- contained only a small
" amount of adipose tissue, and the collected adipose tissue
samples contained a relatively high proportion of connective

‘18- Analysis of the adipose tissue samples indicated that they
ained 62.6 + 7.6% fat, whereas adipose tissue from a market
Pig would contain approximately 90% fat (17).

Smith et al, -

*Table 2. Distibuton and Recoveies of Radiochiorine i issues and

Excreta of Pigs? ]
fow dose? medium dose high dose
gt bomow- gt baow gt barow.
B & %) ® o
- edible tissuos
adipose 00 0.0 00" o0 00. 00
kidney 0.0 00 .01 01 00 0.0
fiver 0.1 01 04 01. 01 0.1
" skeletal musde 11 .10 08 07 09 07
total in category 12 11 100 09 10 038
Inediblo tissues
blood 06 ., 04 04 - 04 05 04
brain . 00 00 00 00 0.0 00
diaphragm 00 00 90 00 00 00
Gl tissue N 04 - 04 . 03 03 04 05 .
Gl contents 06 04 .04 03 02 05
hng .01 0.1 0.1 01- 04 0.1
skin 13 . 11 07 08 . 07 10
Spleen - 00 - 00 00 0.0 00 - 00 -
thyrold gland - 0o 00 00 00 0.0 0.0
heatt - 0.0 02 00 . 09 0.0 0.0
bone 20 18 14 4. 12 16
blle 00 0.0 00 00 00 0.0
remainder ofcarcass 0.4 0.1 0.1 0.1 0.0 01
tolal in category 51 43 34 35 31 42
. * urine )
0-12h 466 550. 623 63.0 544 448
0-12h spid i 02 07
_12-24h 286- 252 40 214 184 334
24-30h 45 33 143 24 17 4.3
total in category ~. 797 835. 806 868 84.7 830
. feces :
0-12h NFd 00 18 NF 0.0 00
12-24h 13 NF 10 °NF -NF NF
24-36h . 04 0.0 17 01, 00 02
total in category 17 0.0 45 0.1 00 02
©age wash 17 84 82 63 A 85
total recovery 954 90 917 976 959 %67

" Data are expressed as percentages of the tofa! radiochioring administered.
* Doses were delivered i approximalely 500 L. of 7.5, 45, and 22.5 mM sodium
mbmmm@mm=mmmmo%nwmymmmemmy
have nondetectable residues (see-Table 3); generaly, the tissues were not of -
sufficlent mass fo contain >0.1% of the dosad radiochlorine. $NF, no feces were
excreted duwing the indicated tims period.

Nature of Residues. Naiure of Urinary.and Fecal Residues.
The composition- of radiochlorine excreted in urine and feces
of swine is showi in ‘Table 4. In no instance was chlorite ion
detected in urine or fecal samples, Urinary radiochlorine
composition was greater than 97% chlorate, regardless of dose
or time of radiochlorine excretion. During the initial 12 h of
collection, all radiochlorine deteeted in the urine was parent
chlorate. Radioactive residues present in feces collected in the
6 h period prior to slaughter were composed of both chlorate
and chloride ions. Chiorate comprised from. 39 to 77% of the
total fecal residue. Bamows tended to excrete more parent
chlorate in feces than gilts,

Natire of Residues in Tissues. The composition of radioactive
residues in edible tissues of swine is shown in Table 5. In
contrast to the composition of residues in excreta, tissue residues
were composed primarily of chloride ion rather than chlorate
ion. In general, radicactive residues Wwere greatest in adipose
tissue (0.13~0.49 ppm) and kidney (0.18—0.20 ppm), followed
by skeletal muscle (0.07—0,18 ppm). Chlorate residues were
always below 0.04 PPm in the liver, repardless of dose. In
contrast to edible tissues, a relatively high concentration of
parent chlorate was retained by the thyroid gland (Table S).
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Table 3. Concentrations {ppm) of Total Radicactive Residues in
Tissues and Excreta of Swine Administesed P¥CliChlorale in Drinking
Watep? .

lowdose*  medumdose”  highdose
St barow R bamow gt bayow
W W0 W IW 9

b o) om)_om)_gem) ).

. Yy 1 13 28 28
adiposa 15 15° 18
* Jidney 24 17 29 26- 45 59
. lvet 0.9 07 12 10 17 21
skeletal muscle 05 05 09 08 14 13 .
blood . 35 32 44 39 75 77
brain 14 12 20 15 29 32
diaphragm 12 12 15 11 23 28
Gl ¥ssue 16 13 20. 19 33° 45
G! contents 19 1w 22 17 23 a1
ling 24 20 32 28 45 . 54
skn * 18 14 21- 20 32 40
~ spleen 14 14 22 17 34 45
- thyroldgland 182 198, 140 183 176  sog
heant - . 12 10 18 14 26 . .29
. bone 13 15 25 21 a4
blle 19 15 00. 22 43 .69
Temainder of carcass 2.0 16 35 22 79 52
. urine - 7
0-12h 830 835 2387 1413 2627 1904
12-24h 423 M 50 M2 421 1060
24-30h 3 % 33 35 62 267..
. _ feces -
0-12h NFe NDRY 54  NPe - 35 <1
_12-24h 199 NES 307 NPT NP NP

T 24-36h 30 19 215 102 13° 35-

'Dataarae)qudassotﬁumuﬂmteequiva!enlsﬁﬂosawmdeﬁvemd .

« approximately 500 mL of 7.5, 15, and 2.5 mM sodium PCljchlorate Jn drinking
water. NF, no feces were excreted duxring the indicated ime period. INDR, no
detectable residue, )

Yablo 4. Chiorate Compsion of Urnary and Fecal Radioctine in
Plgs Administered [F*Cl)Chiorale-in Drinking Wateps ,

low dose? medium dose . high dosa
. gt banow git banow  “git bairow
time 388 39 klirg 39 389 392
urine ’

0~12 1600 1000 . 1000 4000 1000 1000

12-24 962 997 985 ° 991 - 985 985

230 © 993 %91 1000 1000 974- 995
feces®

24-30 388 651 509  -734 533 766

'Dataareexpfeswdasmepememageoﬂdamdodwmmuspam
as chioride lon.
°Dosesweredaﬁveredhappmﬂm!ely500mLof7.5, 35, and 22.5 mM sodium
[**Clichtorate in drinking waler. <Residues in feces wers speciated only for the
24-30 h time period.

For example, chlorate residues in the thyroid glands ranged from
a low of 3.4 ppm in pig no. 387 to a high of 41.9 PPm in pig
no. 392.

DISCUSSION

. Data generated in this study clearly demonstrate that chlorate
s rapidly absorbed and excreted in the urine of swine. In
3€ pigs, 83.1 £ 2.6% of the dose was excreted in the urine

auring the 30 h study period with 56.2 & 8.5% of the dosed
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* radiochlorine excreted during the first 12 h of the study. Overall,

67% of the radiochlorine excreted in the urine was excreted
during the first 12 h of the study. This 12 h period included the
6 h dosing period and the subsequent 6 h period after completion
of dosing. The rapid absorption and elimination of chlorate -
clearly indicate that. oral delivery of chlorate via the ‘drinking
water is an inefficient means to deliver chlorate to the lower

- GI tract. Presumably, a more efficient delivery of chlorate to

the lower’ GI tract would increase the efficacy at killing
pathogens. Nevestheless, even with the inefficient delivery of
chlorate to the lower GI tract, numerous studies have demon-
strated chlorate’s efficacy against E. coli and Salmonella
enterica in swine (7—9) dosed in a manner similar to the
procedure used in this study.

Chlorate concentrations of 1.25 mM (equivalent to 160 ppm)
in bovine ruminal fluid were sufficient to cause 3 log unit.
reduetions of £. coli 0157:H7 and S, Typhimurium (2). Feces
excreled during the 6 h period immediately prior to slaughter

-contained 13—215 ppm of total radioactive residue, of which

chlorate sesidues, rznged from 7 to 110 ppm. Thus, chlorate
concentrations in these swine were typically below chlorate
concentrations shown to be active against relevant pathogens
in vitro. Total radioactive residues in GI coptents (whole tract
contents) at slaughter were only 1—4 ppm. It is not known if
chlorate is active against Gram-negativ_e pathogens at levels
below this, but the low GI residues at 24 k might help o explain
why chlorate reduced cecal § Typhimurium concentrations about
3 log units 16 b after the last exposure to chlorate but not 24 h
after the last chlorate dose (8). Anderson et al. (8) suggested
that the absence of a chlorate effect at 24 h was a fimction of
the kinetics of chlorate in live swine. The current study serves
to emphasize Anderson et al.’s point that there is a “need to
develop practical administration procedures that optimize
delivery and maintenance of effective concentrations of chlorate
to the lower gut.” :

In contrast to previous reports (18, 19) suggesting that chlorate
is metabolized to chlorite (C10;7) and excreted as the chlorite

-ion, no evidence for the existence of chlorite in urine or tissues.

of swine was generated in thig study. In this regard, swine are
similar to cattle (12, 16).. This finding diverges from studies
conducted in the 1980s, which indicated that rats metabolize
chlorate to chlorite and that chlorite is excreted as a urinary
metabolite in appreciable quantities (i.c,, up to 12% of the dosed
chlorate). As discussed by Smith et al. (16), and as verified by
Hakk et al. (submitted for publication) in a replication of Abdel
Rahman’s rat study, the analytical method used to measure
chlorite in rat excreta (20) was not adequate, and results from
the studies in rats (78, 19) could not be corroborated (Hakk et
al, submitted for publication). Subsequent studies in' our
laboratory utilizing %¥C105~ in rats demonstrate that chlorite is
not present in rat tissues or excreta. The absence of chlorite in
tissues of food animals treated with chlorate has important food
safety implications because chlorite is a strong oxidizing agent
with toxicological concerns (21) of its own.

Residues of parent chlorate in edible tissues of these swine
were generally less than 1% of the total radioactive residue, As
indicated by the urinary chlorate levels, chlorate is apparently
actively excreted, presumably because of extremely poor tubular
resorption in the kidney. In contrast, little to no radioactive
chloride was excreted into urine during the study. Under normal
physiological conditions, about 99% of the chloride ion filtered
through the glomerulous is resorbed in the proximal and dista}
tubules (22). Suh and Abdel-Rabman (23) determined that the
half-lives of chloride absorption and excretion in rats are
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Smith et al.

Table 5. Total Radioactive Residues, CHlorida Residuss, and Chiorate Residues in Edible Tissues and Thyroid Glands of Swing

tissua

Dver “Kdney skelotal muscle adipose Essue Biyroid gland
dosa TRR* O "CI0s TRR* Ci* Clos° TRR? ® Coys TRR? Orb CIO;‘_‘ TRR* O~ Cioye
{mohg) anmimal  sex  {opm) (opm) (ppm) (ppm) -pm) . {pom)- (ppm) (ppm) {ppm) (ppm) (ppm) {pm) {ppm) {ppm)  {ppm)
20° 30 bamow - 074 074 000 175 - 168 007 052 045 009 150 123 0% 198 129 64
388 gt 052 091 - 001 240 205 030 053 047 006 151 140 o011 182 78 103
average 082 o008 . 186 018 . 048 007 131 019 190 - 103 84
40 393  bamow 100 099 002 255 233 017. 083 055 008 143 122 0.17 183 62 119.
387 gt 113 138 002 294 269 022 083 083 007 162 152 009 140 99 34
. avesage 109 002 254 o2 - 063  0.07 138 013 162 89 7.7
60 392 bamow 211 209 003 508 48 o017 128 097 028 28 226 058 598 {70 419
389 gt 168 161 005 446 424 022 143 131 010 275 235 040 176 81 91
average 185  0.04 455 . 019 14 o018 230 04 37 254.

only that
percentage chlorate in extracted sample by the ppm of toldl

radioactive residues.

approximately 19 and 52 h, respectively. In contrast, the
absorption and elimination half-lives of chlorate in cattle were

approximately 0.7 and 7.7 h, respectively (24). If the kinétics

of chlorate and chloride in swine are consistent with measure-

ments taken from eaitle and rats, then the preponderance of

radioactive residues present as chloride-ion n tissues of these
swine is easily explained: Chlorate is rapidly eliminated whereas
chloride is retained in the body. : N ’
From 2 chemical residue perspective, the chlorate residues
remaining in edible tissues of swine, regardless of dose, were
always 25% or less than chlorate concentrations provisionally
estithated by the U.S. Food and Drug Administration to be safe

cledrly indicated that chloride and chlorate, not perchlorate, wero
present. Thus, these data suggest that chlorate is similar. to
perchlorate in that it will accumulate in the thyroid tissbes of

Ireated animals. This accumulation may be related to the chronic
effects of high dose chlorate on cellular proliferation in the

. thyroid (28).
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«<in edible tissues (unpublished results). The. relatively high
““concentration of chlorate in the thyroid gland would be of no
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The oral administration of chilorate salts reduces the numbers of Gram-negative pathogens in

" gastrointestinal tracts of live food animals, Although the efficacy of chlorate salls has. been

pemonstrated repeatedly, the téchnology cannot be infroduced into oommt_ercial seftings without first

demonstrating that chlorate residues, and metabolites of chlorate remaining in edible tissues, représent
a negligible risk to copsumers. Typically, a first step in this risk assessment is to quantify the parent

‘compound and to identify metabolites remaining-in edible fissiies of animals treated with the

experimental compound. The objectives of this study were to determine the pathway(s) of chlorate

metabolism in market broilers and to determine the magnitude of thiorate residues remaining in edible
_ fissues. To this end, 12 broilers (6 weeks; 2.70 - 0.34 kg) were randomly assigned to three treatments

of 7.4, 15.0, and 22.5 mM sodium [**Clichlorate dissolved in drinking water (n = 4 broflers per
treatment). Exposure to chiorate, dissolved in drinking water, occurred at 0 and 24 h (250 ml per
exposure), feed was withdrawn at hour 38, water was removed at hour 48, and birds were slaughtered
at hour 54 (16 h aiter feed removal-and 8 h after.water removal), The radioactivity was rapidly
eliminated in excreta with 69—78% of the total administered radioactivity being excreted by slaughter.
Total radioactive residues were proportional to dose in all edible 1issues with chioride ion corprising
greater than 98.5% of the radioactive residue for the tissue (9.4—97.8 ppm chiorate equivalents).
Chlorate residues were typically greatest in the skin (0.33—-0.82 ppm), gizzard (0.1-0.137 ppm),
and dark muscle {0.05—0.14 ppm). Adipose, liver, and white muscle tissue contained chlorate

concentrations from 0.03 1o 0.13 ppm, In contrast,

chlorate concentrations in excreta eliminated during.

- the 6 h period prior to slaughter ranged.from 53 to 71 ppm. Collectively, these data indicate that
- broilers a;ap?dly conveit chlorate residues to an innocuous metabolite, chloride ion, and that chlorate”
residues in excreta remain fairty high duwring the time around slaughter. Because the target tissue of
chlorate is the Jower gastrointestinal tract, the relatively high distribution of parent chlorate toinedible -
gastrointestinal tissues and low distribution to edible tissues is favorable for the biological activity
and for food safely considerations. These data, when used in conjunction with a toxicological
assessment of chlorate, can be used to determine a likely risk/benefit ratio for chlorate.

KEYWORDS: Broilers; chlorate; food safety; preharvest; residue

" INTRODUCTION
According to statistics compiled by the U.S. Department of -

Agriculture’s Food Safety and Inspection Service (FSIS), the
baseline rate of Salmonella contamination of broiler carcasses
within the Unjted States is 20% (1), while that of ground pouluy
meat is 44.6% (2). In response to the high rates of pouliry
product contamination, the U.S. Department of Agriculture FSIS

*To whom ndence should be addressed. Tel: 701-239-1238.
Fax: 701-239-1430. E-mail; smithd@fargo.ars.usda gov.
1 Biosciences Research Laboratory, Agricultural Research Sepvice, U.S.
Dc?axtmem of Agriculture.
Food and Feed Safety Research, Agriculural Research Service, U.S.
Deaprtment of Agriculture.

10.1021/070936s  This article not subject 1o U.S. Cop
Published on Web 06/16/2007

established a series of Hazard Analysis and Critical Control
Point (HACCP) rules for “large”, “small”, and “very small” -
poultry slaughter establishments that were implemented from
1996 to 2000. Nationwide surveys of broiler carcasses and
ground chicken taken since the establishment of the HACCP
rules have indicated that rates of Salmanella contamination for
poultry products (including ground turkey) are typically greater
than 50% of the pre-HACCP baseline values (3. Indeed, for
breiler and ground chicken, rates of Salmonella contamination
increased each year from 2003 to 2005 (3)- As a result of these
high numbers, FSIS has stated that “FSIS is concemed with
increases in Salmonella rates observed over the Jast 3 years
€2003—2005) among the three poultry product categories...In

yright. _Published 2007 by the American Chemical Society
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Chiorate Residues in Broflers

response, FSIS increased resources aliocated to comprehensive
Food Safety Assessments in establishments displaying negative

- performance trends...” (3).

Unfortunately, for most poultry-rearing and —pmcmssmg

_cstablishments, there are few affordable technologies available

to address the growing concern of carcass contamination by

_ Salmonella species, Spexifically, few practical technologies other -

than compétitive exclusion (4) are available that aliow the
reduction or elimination of Salmonella ‘pathogens in live animals

prior to harvest. Unfortunately, even with the availability of

competitive exclusion, Salmonella remains a problem for the
poultry industry (4).
A recent jnnovation in prelarvest food safety has been the

.development of an experimental chlorate product (ECP), which,

when provided as a drinking water supplement, significanty
reduces the incidence and quantities of Salmonella in the crops
and(or) ceca of market weight broilers (5, 6). In addition to
effects in broilers, other studies have shown that ECP also
decreased Salmonella incidence and numbers in forced-molt

- laying hens (7) and in other species such as swine (8, 9), catile

‘(10, 11), and turkeys (12).
Prior to the commercial use of a chloratc-based product in
food animals, the metabolism of chlorate in target species must

be demonstrated, and the magnitude: of residaes in edible tissnes
_of target animals must be measured. Metabolism and residue

stadies in cattle (13, 14 and hogs (/5) have demonstrated that
chlorate is metabolized to chloride jon in both ruminant and
nonruminant food animals and that under anticipated commercial
use sitmations, chlorate residues remaining in edible tissues were
sufficiently low to warrant further development of chiorate as
a preharvest food safety tool. The purpose of this study was to
determine the metabolism and magnitude of chlorate residues
in broiler chickens, a commercially important avian species for
which the preharvest control of Salmoneila would have signifi-
-ant impact.

MATERIALS AND METHODS

‘Chemicals and Dose Formulation. Chemicals used were essentially
those described by Smith et al, (15). Sodium [*Clichlorate was purified,
radiochemical purty was assessed, and the specific activity was
determined as described by Smith et al. (15). The final specific activity
was 404 = 2 dpmfug with a radiochemical -purity of 99.9%; the
radiochemical impurity was [*Cljchloride ion. Radjoactive ["‘Cl]—
chlorite, used as an analytical standard, was synthesized and stored as
described by Hakk et al. (/6).

Three 2 L solutions were prepared to contzin 7.5, 15, and 22.5 mM
sodium [*Cl]chlorate, respectively, for delivery to broilers via drinking

water. The 15 mM solution corresponds to the *1x” dosing regimen .

of Byrd et al. (5). Dosing solutions also contained 2.5 mM sodium
nitrate and 20 mM D,L-sodivm lactate. Nitrate and lactate were added
to the drinking water solutions to indoee bacterial nitrate reductases
and to provide readily available reducing equivalents as described by
Jung ct al. (6), It is hypothesized that induction of nitrate reductases in
pathogens renders them more sensitive to the bactexicidal effects of

_ chlorate (6).

Broilers. A detailed animal protocol was appmved by the Institu-
tional Animal Care and Use Committee prior to initialing the study.
Day-old Jembo Comish x Rock cockerels (n = 25) were parchased
fcom McMurray Hatchery (Webster City, TA). Upon delivery, chicks
were placed into 2 battery equipped with 60 or 75 W bulb heating
sources and given free access to nonmedicated chick starter ration and
to water. At 2 weeks of age, feed was changed from starter ration to 2
nonmedicated grower ration. At approximately 1 month of age, the
birds were transferred from batteries to concrete floored pens covered
with pine shavings, where they werc provided free access lo grower
“ ~4 and water. Animals were housed in open pens until initiation of

:xperiment. Twelve birds, four per dose level, were selected for

TP R I T E O
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“Table 1. Study Timeline, Where “X" Indicates that the Action Defined

by the Column Header Was in Effect at the Indicated Time Period®

. action
sludy stwdy lesd * waler water feed remove
dy how  NaNOh NaPCICIOy lackeMO;™ moved water
5 -1 X -
=4 -98. X
-3 72 X
-2 -48 X
-1 ~24 X
0 0 X xv X
1 24 X xb X
38 X
2 48 X X
54 . lo'ilbuds,harveslbssues

2Brollers were adapted 1o metabolism crates 2 days prior to the- initialion of
sodzim niirate feeding; sodium nitrate was fed iroughout the remainder of the
study. Birds were provided water containing sodium lactate, sodion hirale, and
sodium P*Clichiorate i T0.-At 16 h prior to slaughtey, Teed was withdrawn from
{he birds. ® Provided as a 250 ml. aliquot; when a bird had consumed the lotal
aliquot of radioactive chiorate, Ie water botils was flled with kap water.

inclusion in the residue smdy and two bu:ds were selected to provide

. contro} tissues. The remaining broilers were used in an unrelated study.

. Study Design. Seven days (—164 h) prior to dosing with [€T)-
chlorate containing drinking water, broilers were moved from the group
housing of the floor pens fo individual cages within suspended wire
poultry baiteries. Excreta was collected in aluminum trays (33 cm %
45 cio) suspended 6—8 cm below the wire cages, Table 1 spmmarizes
the study timeline. Starting 5 days prior 1o chlorare administration and
contihuing until the prcslaughler feed withdrawal, birds were provided
ad Yibitumi access to a grower ration supplemented with 574 ppm sodium
nitrata (6). Nitrate-fortified feed (15 kz) was prepared by dripping 250
mL of a 34 4 mg/mL sodium nitrate solution onto feed from a separatory

funnel as the feed was mixed in a sibbon mixer. On study hours Oand - o

24, each bird was given access to 250 mL of ejihier 7.5, 15, or 22.5
mM sodiem.[P*Cl]chlorate, while nitrate: (2.5 mM) and Jactate {20 miM)
in drinking water were held constant. After consumption of the chlorate-
treated drinking water was completed each day, water bottles were filled
with tap water. Thirty-cight hours after the first exposure to chlogte
{16 h prior to slaughter), feed was removed from each broiler. By 36
h of the study, all chlorate-containing water had beea consumed md
replaced with tap water. Fif\y-four hours after the initial exposure to
chlorate, broilers were slanghtered and edible tissues were dissected

for residue analysis. Excreta were collected and weighted at periods, -

encompassing 0—12, 12—24, 24—36, 36—48, and 4854 h of the study. -
Slanghter was accomplished by cervical dislocation, followed by
exsanguination, Pectoral muscies (white meat; breast), thighs (dark
meat), livers, skin with adhering adipose tissue, abdominal adipose
tissues, and gizzands were removed and weighed from each bird. Tissnes
were individuaily stored in labeled containers and frozen until analysis.
Anmalytical Methods. Background radioactivity and limits of quan-
titation of chlorate were determined as described by Smith et al. (74).
Because total tissue weights were not determined for all tissues (i.e.,
skin, white meat, dark meat, and adipose tissue), total amounts of
radioactivity in each tissue fraction were estimaled using literalure
values for carcass composition of broilers {Richter et 2l, 1989, as cited
by Rose (17)], that is, 10.5% skin, 27.6% dark meat (i.e., legs and
thigh), 13.9% white meat (breast), and 1.6% abdominal fat
Speciation (determination of identity) of total radioactive residues
(TRRs) in tissues and excreta was conducted as desctibed by Smith et
al. (73) except that the cation-exchange solid-phase extraction (SPE)
step was eliminated from the tissue extraction procedure to reduce the
tie and expense of the analyses and because the cation-exchange SPE
Step had little effect on the results of the chlorate analysis. Briefly,
samples were homogenized in water and centrifuged, the resulting
supernatant was treated with 1e-cold acetonitrile to precipitate proteiss,
aud the acetonittile was evaporated under Na. The remaining aqueous
layer was passed through a C-18 SPE cartridge, and the unretained
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Table 2. Chlorate Treatments, Assodiated Radioactivly, and Doses Defivered lo Broflrs®

nominal chiorale drinking total chiorale broiler dose
dose concn (mi) wates® (g) activity® (uG) mass? {mg) wt {kg) {mgkg)
. o 75 49948 . 74209 403+49 25405 16434
medhEn 150 49925 ° 145115 797282 27301 | 29239°
~ high 25 49924 T 25%18 186499 29102 W07x25

.'Dauarepmsenledasmsislandarddeviaﬂomwmadmgwmamﬁn?mdmw&mﬁngwhﬁnjmmwﬁmwmd

) mmmem‘Towdethwmm.

cwo;
E. o
é'“..
AGliaaiass i acs o VS | SN
o 0 . 20 - 3 40
Retention time {min)

-* Figure 1. Example chromatogram showing the resolution of PSClictlorits,
" PCllchlorids, and PCllchlorate with the chromatographic contitions used

to. speciale radioactive residues in fissues. and excreta, Fovw-through -

mdlochenMdetecﬁonwasusedtosepmxememdiolabeledﬂamiams

.méhisdzmmammm;toquanﬁfyme:abomeshﬁsweandexcretéedréds,' i

fractions were collected during the chromatographic runs and radioactivity
was-quantified by fiquid scintillation counting. .

. 100+
1 ——Low doso

80 ——Med doso

"] =»—1gh dose ==
50 P/

A0 y

Cumulative Excrstion
(% of dosa)
N\

i

3
0 T ———————y

0 12 23 35 48 €0
Time of Study {hr) .
"Figure 2. Gumutative excretion of radioactivity by broilers ddsed with 7.5
{low), 15 (medium), and 225 (high) mM sodium chlorate disseived in

tih!dngwater.Dataareexpmsedasapemmtage of the total radicactivity -

administered 1o each bird. Arrows indicate exposure to PoClichlorate in
) chinking water,

aqueous layer was collected and lyophiized. The ‘dry -residue was
I?dixblved in 1 mL of water, filtered {13 rom, 0,45 pm, PTFE), and
subsequently chromatographed using ion ¢hromatography. ‘Fractions
were collected over the entire high-performance liquid chromatography
(HPLC) run, the Tecovery of radioactivity in each fraction was
determined by liquid scintillation counting, and the amount of
fadioactivity in the chlorate fraction was determined. Sample sets
included control tissue extracts {blanks), control tissves fortified with
known amounts of [*Cljchlorside and (*Clichlorate, and unknowns.
An example radiochromatogram showing the resolution of a mixture

of [*Cljchlorite, [*Cljchloride, and P*Clichlorate vsing the solvent .

gradient for the tissue analysis is shown in Figure 1.

Differences in extraction efficlency of radioactive residue in fortified
control tissues and in tissues with incomed residues were determined
using one-way analysis of variance followed by Tukey's multiple
comparison test. Significance was set at a probability of 0.05.

RESULTS AND DISCUSSION

‘fferences (P = 0.4) in weight gain among the nitrate-
‘orate-exposed birds occurred over a 7 day nitrats

“Table 3. Total Recoveries [Mean  Standard Deviaions (SD)] o
Radivactivity in Excreta and Edible Tissues of FCliChiorate-Treated
Brofers? .

chiorats level
75mM 15 mM 25mM
fraction mean: SD mean+SD mean 8D
excrela

0-12h 21347 148175 128180 °
12-24h 120150 184457 228166
24-38h 230+38 KIRESIE:] 350486
35-48h 109+64 133+ 106 49404
48-54h 04102 02102 0210
* fomal 694489 719+258 755%49
white meat 09+04 08102 07103
dark meat 28211 19106 23407
lives 03+01- 02101 03101

" skinwith fat 31%12 19108 26108
. abdombial fat 0.1+01 01400 - 0001
gizzard 03101 02201 0201
total * 74129 4819 6020
lota] 769:£103 . 8283273 81664

*Dala are expressed as percentages of the fotal dose present in each fraction,
®Peréentage recoveries of ridicactivity in tissues ware calcuated by mulliplying
ths TRR {dpm/g) by the product of the bird weight and carcass composition of
broflers as reported by Rose (16).

©exposure period and a 48 h exposure petiod to chlorate. For
the low, medhnp, and high chlorate exposures, weight gaing
(medn & standard deviation) were 0.25 = 0.17, 020 X 0.19,
and 0.37 Q.12 kg, respectively. The relatively large variation

in gain at the fow and medinm exposure levels was due to a-

single broiler in each group having essentially no gain; cach of
thess two birds developed leg problems during the study and
did not consume as‘much feed as the other birds. Chlorate intake
was not affected because 100% of the [*Clchlorate-fortified
drinking wafer was consumed by each bird. Leg problems were
not beliéved to be related to either nitrate or chlorate treatment
but to the rapid growth rates of modern broilers (18).

Actual doses of chlorate administered to birds are shown in
‘Table 2. Doses were formulated on the basis of concentration
in ddnking water and delivered to birds as such. Because body
weights of birds within a treatment group varied somewhat,
doses delivered on a mg/kg body weight basis varied somewhat
as well. For example, the coefficients of variation for the low,
medium, and high doses when expressed on a mg/kg body
weight basis were 20.7, 29, and 6.1%, respectively. Such
variation would likely be observed if chlorate salts were to be
used in commercial settings.

Figure 2 shows the cumulative elimination of radioactivity
in excreta from the treated broilers, When excreta data were
expressed a3 a percentage of the dose, there was little to no
proportionality with dose apparent. Recoveries of radioactivity
were between 77 and 83% of the dose, as shown in Table 3.
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Dot cosncenratons of TR, Choide Residues, and Crrate Resiues in Edil Tissues o Ergiers and tho Go fion of Radioaciviy in
ExmetaCoﬂectedduﬁngmthTnnePeﬁod’ N . e

chtorale leved
75mM 15mM 25mM
) TAR chioide . chioraled TRR . - choide . choale’. | TRA choile chiorate?
tissue pm} - (ppm) {ppim) fpom). . . fopm). {opm) {pom) {ppim) {ppm) -
adpose 94£34 94232 007230045 100228  100£26 0050£0034 157474 156469 0129401507
gezard T 356x95 489  01BL0096  MITLIBO 4461167 0.137£0096°  838+216 8373200 0.100 0021
fiver 300+106° 29498 0083+Q0M  VBEIX4  0TLI6 00951005 7061232 705+215  0.087+0,049°
Tmscle whits 104£33 103133 00880098 122445 121345 QU000 223479 22171 DON+00R
muside dark 159450 158245 00531005 194374 193168 009740088 5122 BVAE1ES 01352 0.115¢
. skin A7HM4 4531134 0393022 5414228 535+211 057040115 9864385 978+3%9 0819+0485

excreta, 48-54h  114.9+665 4361249  706+492 134.14662¢ 636£150° 7051 S9.1° 11042490 573+328 530+ 372

R IV S A N ATt T A AT e, &

ﬁver.whitemusde,darkmtmle.andskin.respet_:ﬁvely.‘M%noiheebmhs_mahmﬂerhﬂnodetedabiecﬂomresmechﬁssue. 9Mean of wo broders; wo
bmrslndmdeleaabhdﬂorateresiduwhﬁssue.'Meanohmbmiers;lwobmﬂersddnoleﬁnﬁmtewetaﬁrhgmeMcatedﬁmepeﬁod. -

Becavse no .attempt was made to measure radioactivity in

traditionally inedible carcass parts, total recovery values were -

Bot measvred experimentally. Values shown in Table 3 represent

oaly the radioactivity recovered in the shown tissues; Assuming -

-2 100% recovery, approximately 18—23% of the dosed radio.

" - chlorine remained with careass tissnes not specificatly measnred.

These values are greater than the percentages of radiochlorine
remaining in inedible tissues (3—5%) obtained from chlorate-
- dosed hogs (6 h exposure period; 15) slaughtered after a 24 h
withdrawal périod. The percentages are also greater than. the
percentages of: radiochlorine remaining I tissues (~12% of
dose) of rats given a bolus dose of P5Cl)chlorate and slaughtered

* 72 i later (16). - .
A more meapingful metric of chlorate retention is the
“ncentiation-of parent chlorate relative to that of metabolites,
ble 4 shows that TRRs increased nuerically with dose for
~ tis3ues measured. Chlorate residues were always less than 1
Ppm, regardless of tissue. For muscle {dark and white), liver,
" gizzard, and adipose tissues, mean chlorate residues were always
less than 0:159 ppm. Residues of parent chlorate were not
always proportional to the chlorate dose except for perhaps dark
" muscle and skin. The Limits of Quantitation for [*Cl}chlorate
in white skeletal muscle, dark skeletal ‘muscle, skin, adipose,
gizzard, and fiver were 0.015, 0.019, 0.021, 0.022, 0.017, and
0.019 ppm, respectively. Except for the medinm and high
dose skin tissnes, chloride always comprised greater than 99%
of the TRRs present. For the medium and high dose skin
tissues, chloride comprised 98.7 and 99.0% of the TRR. These
“resnlis are not dissimilar to results obtained from cattle, rats,
and swine (14~16) in which residues of parent chiorate were
rapidly excreted whereas chloride residues were retained in
lissues for extended periods of time. Retention of chloride ion
formed from chiorate is consistent with half-lives for chloride
of greater than 20 h or longer in humans. and other species

{(19-21). )

Residue data in this study were obtained from broilers housed
in wire cages where éxcretory material was not available for
reingestion. Because significant quantities of parent chlorate
were eliminated in excreta, tissue residues of chlorate determined
in this study might not be representative of floor-raised broilers,
which could have additional chiorate exposure through litter
pecking and scratching activities. The magnitude of chlorate
exposure through this activity is unknown but could be
significant depending upon the exact production situation and
vate of bacterial chlorate reduction in litter itself. Unpublished

s in our laboratory indicate that chlorate reduction in cattle

waste undér either aerobic or anacrobic conditions (2030 °Cy .

js rapid with chlorate half-lives being less than 1 h.

Likely metabolic intermediates during the sequential reduction -

of chlorate (ClO5™; oxidation state, 4-5) 1o chloride would be

** chlorite (C10;™; +3) and hypochlorite (CIO™; +1), neither of.
" which were detected in this study. Hypochlorite and chlorite
are both, strong oxidants, and neither is particularly stable in

biological matrices. For example, P*Chhypochlorite was stable

in.untreated water for 30 min but had a half-life of only about -

2 min jin water containing thawed shrimp parts (22); the end
product of the reduction was PCl)chloride ion (23, 24). In fresh

“rumminal flyid, the half-life of chlorite was 4.5 min (Oliver et i
al, in press), and chlorite was rapidly degraded to chloride in

rat and bovine Serum and urine ({6). With the exception of a

series of studies conducted by Abdel-Rahman et al. (24-26),

neither hypochlorite nor chlorite has been detected in mam-
malian systems after animals were dosed with chor-oxyanions
(12—15). Chlorite or hypochlorite has also not been found in
bacterial coltures that respire chlorate and/or perchlorate (27—
30). Although chlorite is believed to be formed during the
bacterial reduction of perchlorate/chlorate, it is quickly reduced
to chloride and O, by chiorite dismutase (31, 32).

Thus, the absence of either hypochlorite or chlorite in excreta
and(or) tissues of broilers used in this study is not surprising
and s consistent with previous studies of chlorate metabolism
in caftle, swine, and rats (13—16). From a mechanistic point of
view, the formation of chloride jon:from chlorate without the
formatian of intermediate states is perplexing. It is possible that
unstable intermediates may form within tissves but be so short-
lived that they are not detectable by HPLC techniques after
extraction. Although neither chlorite nor hypochlorite has been
measured in tissues or excreta from dosed animals, this does
oot'necessarily preclude their formation. If formed, the problem
becones how the formation of potentially unstable infermediates
may be measured. In this regard, a series of studies on the fate
of chloroxyanions used as food disinfectants may be instructive.
Ghanbari et al. (22, 33) determined that %Cl from [3C])-
hypochlorite, and to a lesser extent PCl)chlorine dioxide, was
incorporated into unsaturated lipids of shrimp when [36C]}-
hypochlorite or P$Cl)chlorine dioxide solutions were used to
simulate disinfectant rinses. Chlorine dioxide was proposed to
cause chlorination via a chlorite intermediate {33). Given the
apparent instability of hypochlorte and chlorite, the in sitm
production of either from chlorate mighi be indirectly measured

via the incorporation of *Cl into unsaturated lipids (23, 33)or

as chloramine adducts in tissue of animals dosed with chlorate.
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Table 5. Recoveries (Mean : Standard Deviation) of Tissue? Radiochloring In Aqueous Extracts of Bioder Tissues

Bssue
dose -dark (%) - white (%) fives (%) adipose (%) gizzard (%) skin (%)
_ fortifiec® . 10051280 96.7%36ab 101.9+65b ’ 990+15b 385+16a 1028+67b .
incumed® - R7£40a 90.1x49ac 1004+:16b . 100.4%52b 926123a - 959:+292a

'Hvegramsol&mawashmwgenlzedinlsmdmw.mmmamwmmmmmtmmmmwh10dewam;.ﬂweaq1m!s
. I'mcﬁmsweraeombhedWamedmmhmdwwﬂwmmdwmrepﬁammmedm&mdmmmsi&m.“%ﬁﬂinamw,maars
without a conimon superscript latter differ {P < 0.05), ;

- To date, there is little direct evidence that radioactivity from pm:;:nl as chloride ion. These results suggest ﬂ;at the further
PSCichlorate incorporates into tissues during metabolism. In development of chlorate as a food safety tool for the poultry
this study, recovery of radioactivity as chlorate and(or) chloride  * industry is warcanted, ©
after extraction from tissues was quantitative (data not shown).

However, the extractability of TRRs did vary among tissies  “ACKNOWLEDGMENT , .
(Table 5). For example, in blank tissues fortified with 2 known We recognize Dee Ellig, Jason Holthusen, and Michael Giddings
composition of [*Cl]chlorate and {*Cljchloride, radioactivity * fortheir excellent technical assistance and Dr. Joel Caton, North
. “was quantitatively extracted from liver, adipose tissue, dark Dakota State University, for his belpful discussions. .
skeletal muscle, and skis, but extractability of radioactivity in P .
" - white muscle and gizzard was Jéss (P < 0.05) than quantitative,  STERATURE CITED
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Tissue Residues, Metabolism, and Excretion of Radiolabeled
Sodium Chlorate (Na[*CI]O3) in Rats
HeLour HAKK,* Davp J. SMrm, AND NANCY W. SHAPPEIL

Biosciences Research Laboratory, Agricultural Research Sexvice, U.S. Department of Agriculture,
Fargo, North Dakota 58105-5674

A novel preharvest technology that reduces certain pathogenic bacteria in the gastrointestinal tracts
of food animals involves feeding an experimental sodium chlorate-containing product (ECP) to animals
24—72 h prior to slaughter. To delenmine the metabolism and disposnion of the active ingredient in
ECP, four male Sprague—Dawley (~350 g) rats received a single oral dose- of sodium F‘Cl}d\lorate
{3.0 mg/kg body weight). Urine, feces, and respired air were collected for 72 h. Radiochiorine
absorption was 88—95% of the administered dose, ‘and the major excretory route was the urine.
Parent chlorate was the major specles of radiochlorine present in urine at 6 h (~98%) but declined
shasply by 48 h (~10%); chloride was the only other species of radiochlorine detected. Except for
carcass remains (4.6% of doss), skin (3.2%), and gastrointestiial tract (1.3%), remaining tissues
contained relatively low quantities of radioactivity, and >98% of radiochlorine remaining in the liver,
kidney, and skeletal muscle was chloride. Chlorite instabmty was demonstraled in raturine and bovine
urine. The previously réported presence of chioritd In excreta of chlorate-dosed rafs was shown to
be an artifact of the anialytical methods employed. Results from this study indicate that chlotate is

rapidly absor’oeﬂ and reduced to chloride, but not chlorite, in rats.

KEYWQRDS: Chlorate; chlorite; rats; metaboﬁsm; pathogen; preharvest food safety; chloride
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Contammanon of food products with Gram—ncgat:ve patho-

< gens such as Escherichia coli strain 0157:H7 and Sabnonella
species is. believed "to be the cause of tens of thousands of
preventable human ilinesses per year in the United States (7,
2). Major reservoirs of these pathogens are contained in

" gastrointestinal (GI) tracts of many livestock species, and these
reservoirs may serve as sources of carcass contamination during
animal slaughter and carcass processing. A new promising
technelogy for controlling the numbers of E, coli O157:H7 and
Salmonelia iyphimurium in livestock has been described by
Anderson et al. (3, 4. This technology involves the oral
administration of an experimental sodium chlorate-containing
product (ECP) to anirmals 24—72 h prior to slaughter. Certain
human -pathogens - such as E. coli 0157:H7 and Salmonella
. contain respiratory nitrate reductase, which converts dietary
-nitrate (NO3™) to nitrite (NO>™). Chlorate (C105™) is also
metabolized by intracellular nitrate reductase to chlorite (C1057),
a chemical species that is toxic to bacteria containing the nitrate
reductase enzyme. Previous studies have demonstrated that oral
administration of ECP is highly effective at reducing the
numbers of E. coli O157:H7 and (o) S. typhimuriwn in G tracts
of swine (3, 4), cattle (5, 6), sheep (7), and broilers (8, 9)
Because fecal contamination of food animal carcasses is a major

* To whom correspondence should be addressed. Tel: 701-239-1203,
Fov- 701-239-1430. E-mail: hakkh@fargo.ars.usda.gov.

‘source of food-borne pathogens (10), the nse of a sodium

chlorate-contajning product conld have a major unpact on fopd
safety for the livestock industry.

Before chlorate may be used as a preharvest food safety tool,
the levels'of residues remaining in edible tissues.of food animals
must be determined. To this end, Smith et al. (71, 12) have
siudied the fate and metabolism of chlorate in cattle. These
stadies indicated that chlorate was rapidly absorbed and excreted
and that chlorate was extensively converted to chloride ion after
oral administration. Whether chlorate is converted to chloride
primatily in the rumen or after absorption is a current topic of
investigation. Smith et al. (77, 72) did not detect intermediate
chloroxyarions (i.e., chlorite, hypochlorite) that are presumably
formed during the convession of chlorite to chloride, even

. though the reduction of chlorate to chloride involves a six-

clectron transfer. It is unkmown whether these metabolic

intermediates are formed and are unstable in the reducing -

atmosphere of the rumen or if they are formed in the rumen,
absorbed, and transformed by the beef animal itself.

Previous studies using rats seemed to indicate that at least
one intermediate oxyanion, chlorite (ClO;™), was formed in
tissues and was excreted in sufficient quantities for measurement
(13, 14). The fact that chlorite was not formed and excreted in
cattle is of food safety importance because the FDA Center for
Veterinary Medicine (CVM) considers chlorite to be of toxi-
cological concern. Indeed, the FDA-CVM has established
provisional safe tissue concentrations for chlorite in edible

10.1021//062773y This article not subject to U.S. Copyright.  Published 2007 by the American Chemical Society
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Chlorate Metabolism in Rats

Unfortunately, the data published by Abdel-Rahman etal (13,

4) conceming chlorate metabolism i Tats are franght with
uncertainties, Specifically, methodological descriptions were,
at best, ambiguons; recoveries of radiolabeled materials were
very poor (~40%); and variability surrounding the measurement
of %Cl-chloride in fortified plasma was about 20%; Iy addition,

8
the methods (20) and resylts (13, 19) reported by Abdel-Rahman

MATERIALS AND METHODS .

Radiokabel, Sodiuun [*Clichlorare, Radiolabeled sodium chlorite
(Naf*C1)05) with a specific activity of 0575 mCifmmol was synthe-
sized by Ricerca Biaseiences {Concord, OH). Radiochemical purity of
the sodivm chlorate stock matesial, assessed using both paper and ion

purified using low-pressuce liquid
Cristin et al. (27). Briefly, 100 4Ci of sodium chlorate in water was
loaded onto a 1 em x 30 cm Sephadex G-10 column that _was
subscquently elnted with ;] M ammonium acetare (PH7.01) at a flow

The specific activity was determined clnpma:ogmpbimﬂy as reported
by Smith et al. (22), Briefly, a four-point standard curve (0.5—4.1 g
on-column) of, nalabeled sodjum chlorate was constructed (Dionex
AS816 column; 20 mM NaOH isocratic mobile phase) and the
relationship between peak area, as determined by conductivity detection
{Dionex €D-25; 10p mA, external water mode), and mass was
calculated via linear regression. Quintuplicate injections of an unknown
mass of purified NaP*C1O, were made, and the resulting peak area
was determined by integration; the coresponding Naf*$Cl0y peaks
were collected into scintillation vials as they elnted from the column,
Radiochlorine captured jn the vials was quantified using a liguid

punity; 22040 dpmiug), isolated during the purification of the sodium
PP*Cllchlorate dosing material, was used ag an analytical standard,
Sodiwn [*Cljchlorite, A series of four threc-neckeq round-bottom
flasks were used. The first round-bottom flask contained a magnetic
stir bar, 0.44 mL, of 307, H>0,, and approximately 227 uCj of 6.4 M
sodium P*Cliehlorate dissolved in approximately 0.67 ml. of water.,
Nitrogen gas was Passed into the center neck of the first flask so that
nitcogen bubbled through the reaction mixture, Nitrogen was vented
*k~ough sequential round-bottom flasks conthining 10 mL of 2 M
1m carbonate, 10 m[, of 0.61 M NaOH plus 1 mL of 30% H0,,
10 mL of jce cold Wwaler, respectively. An addition funnel containing

J. Agric. Food Chem, Vol. 55, No. 5, 2007 -2035

_ Dosing and Sample Collection, The target sodium PiClchlorate
dose was approximately 1 mg per rat or roughly 3 mp/kg. This dose
Was nearly 50-fold greater than the dose used by Abde}-Rahmen ez af,

respired air,
Excreta samples were collected at 6 intervals for the first 24 h (0~6,
6—~12, 12—18, and 18—24 h), 8 h intervals for the second 24 h (24—
32, 32—40, apd 40—48 1), and at 12 h intervals for the Jagt 24 h (48~
60 and 6072 h) of the study. Both urine and feces were weighed at
collection and stored frozen (=20 °C). Because of concerns about the

Respired air from each cage was bubbled Sequentially through two
125 mL flasks containing 1 M NaOH and 2 third flask containing 250
mL of tap water, Tespectively, using an ajr pump. Sodivm hydroxide
was used to trap gaseous Pproducts, either chlorine (C13) or chlorine
dioxide (C10), that might form according to the following reactions:

CL 4+ 20H™ < OCI~ +Cr + HO
and/or

2010, +20H™ = €10,” +C10,” + 0

completion of the 72 h study period,

Afterthe 72 1 period, each rat was anesthetized with halothane and
exsanguinated via heart puncture. Blood was drawn into heparinized
syringes and transferred to heparinized test tubes, A 1 mL aliquot of
whole blood was removed and frozen, and the remainder was processed
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for plasma (15 min of centrifugation at 730g). Rats were dissected,

and epididymal adipose tissue, bore (femur), brain, diaphragm, GI tract,

kidney, liver, hngs, skin (including tail), spleen, testes, and

.us were removed and weighed, The thyroid gland was not.

specifically removed. A sample of skeletal muscle (longisimus dorsii)

of approximately 20 g was removed from each carcass. All remaining
lissues were pooled into a “carcass remains™ fraction. )

. Avalyses. ‘Determination of Beckground Activity and Limits of

Quantitation. For cach sample set, quadroplicate aliguots of control

rmatrix (urine, feces, blood, or tissue) were weighed into scintillation
. vials, solubilized (when appropriate), and/or diluted with scintillation
 cocktail; background radicactivity was determined by counting each

sample for 20 min with the LSC’s background set to 0. The background
. activity was defined as the avesage value of the replicate control aliguots

within a sample set. The limit of detection (LOD) for each matrix o

samplesetwas_dd‘medastbemmbackgmunddpmplusmmestandard

deviations (SDs) of the mean. Anatyzed samples from dosed animals

* with a mean dpm value below the LOD were considered to bave no
detectable residues.

Respiratory Gases. Quadruplicate aliquots (1 mL) were removed

from the sodium hydroxide and water traps and weighed into 20 mL
. glass vials, and 15 mL of Ultima Gold liquid scintillation cocktail

. (Perkin-Elmer Lifé and Anatytical Scieaces, Boston, MA) was added,

- Radiochlorine was quantified using Beckman model 1700 LS (Beck-

" \nan, Fullerton, CA) or Packard model 1900 or 2500 LSCS (Packard,
Meridan, CT). The background activity was determined from replicate
1 mL. aliguots of 1 M sodinm hydroxide, and water was prepared as
described above. * -

Urine. The radioactivity in urive was detexrmined on 25 pl, weighed
aliquots (in quadrupticate) plvs 250 4L of hanopure water to which
6 mL of Ultima Gold was added. Vials were dark-adapted for 1 hand
then counted for 20 min eath with 2 LSC.

Feces. Feces were lyophilized to a constant weight and ground in a
mortar and pestle, and quadmplicate 0.2 g aliquots were added and
—ived with 8 mL of Carbosorb E {Packard) and then placed into a

«d shaking water bath at 60 °C overnight. Vials were brought to

2 temperature, 12 mL of Pexmafluor E (Packard) was added and
uark-adapted for 1 b, and radiochlotine was quantified using a LSC.
Tissues. Frozen tissues were homogenized id solid CO; (24) using

a Waring Blender (muscle, GI tract) or were blended with a mortar
and pestle (adipose tissue, brain, heart, kidpey, liver, lungs, spleen,
testes, and thyraus). Carbon dioxide was then allowed to sublimate in
a freezer. Bone was homogenized in lignid nitrogen with-a mortar and
pestle. Carcass remains were homogenized in a Hobart grinder. Skin
was weighed and diluted 1:1 (w:w) in { M NaOH and digested for 3
days at 50 °C. Total radiochlorine concentrations in tissues were
determined with ejther triplicate or guintuplicate aliquots of each tissue
(200 mg). Weighed aliquots were digested in 8 mL of Carbosorb E for
~-16 h at 60 °C. Cooled digests were diluted with 12 mL of Perinafluor
E, and radicchlorine was quantified by L.SC. One milliliter aliquors of
solubilized skin samples were weighed, diluted with 1S mL of Ultima

" Gold, and counted by LSC. i -

Cage Wash. Each metabolism cage was rinsed with water at the 4

conclusion of the study, and the rinse was collected and labeled “cage
inses”. Quantitation of radioactivity in cage rinses was conducted as

described for urine, except that the sample aliquot size was either 250,

500, or 1000 pL.
Speciation of Tissue Residues. The methods nsed to speciate
_ radiochlorine in tissue extracts and wrine were those of Smith ¢t al.
(11). Duplicate sets of partially frozen lissues were weighed-(muscle
and carcass remains, S g; liver, 3 g; and kidney, 0.4 g) and placed in

50 mL polypropylene tubes. Corresponding sets of nonfortified and.

fortified control tissues were also prepared. Fortified tissues were
prepared by adding 25 i1 of a solution containing approximately 27800
dpm consisting of [¥CI} as NaCi:NaClO; (52%:48%, respectively).
Fiftecn milliliters of water was added to each tissve, homogenized with

2 Tekmar homogenizer, and cenwifuged at 31500g for 15 min.
Supernatants were decanted into clean tubes, and the pellets were
spended and homogenized in 10 mL of water. After'centrifugation,

{ ective supematants were combined and 20 mL of ice-cold aceto-
~ .atrile was then added to precipitate protein. After centrifugation

Hakk et al.

(315002, 15 min) and decanting, acetoaitrile in the aqucous phase was
evaporated under N; at 60 °C. In some cases, a precipitate was formed
during evaporalion; in such instances, samples were centrifuged at
3750g for 15 min and the supematant was decanted. Agueous

* supernatants were applied to conditioned Bakerbond C18 Mega Bond
. Blut SPE cartridges (I, T. Baker, Phillipsburg, NJ) and the nonretained

aqueous phase was collected. Cartridges were rinsed with 5 mL of
water, which was pooled with the nonretained phase and assayed for
radiochlorine. The CI8 eluents were then applied to cation exchange
SPE cartridges {LC-SCX; Supelco, Bellefonte, PA), and the nonretained
phase was collected. Cartridges were then rinsed with 2.5 ml of water,"
combined with the bypass, and assayed for radiochlorine content.
Recoveries of radioactivity from the C18 and SCX SPE columns, across
all tissoes, were 94.3 & 0.9 and 995 £ 0.9%, respectively. These
samples were Jyophilized, recoastituted with 1 ml. of water, and then
chromatographed on the ion chromatography system described above,
except that e isocratic mobile phase was replaced by a gradient.
Specifically, after 10 min at 10 mM NaOH, a linear gradient from 10
10 32 mnin 1o 50% of 100 mM NaOH was nsed. Fractions were tragped
off the detector at approximately 3 min intervals and assayed by LSC
{15 mL Ultima Gold). .

Speciation of Radiochlorine in Urine. Urine samples collected during -
the initial 24 h of the study, which contained high concentrations of
Tadiochlorine, were prepared as follows: Duplicate 100—750 uL
aliquots were dituted to 2 ml. volume with nagopure water. The samples
were loaded onto conditioned Bakerbond C18 Mega Bond Elut SPE
cartridges (1. T. Baker) and vinsed with water, and the combined bypass/
rinse fraction was assayed for radioactivity. The C18 bypass/iinse
fraction was then loaded onto a conditipned LC-SCX cation exchange
SPE cartridge (Supcleo) and rinsed with water, and the combined -
bypass/rinse fraction was assayed for radioactivity. The SCX eluent
was lyophilized, reconstituted with water, and filtered through a syringe
filter (0.45 um PTFE, 17 mm, Alltech, Deerfield, IL). Less than 2% of
the loaded radiochlotine remained bound to C18 or SCX columns when

loaded and rinsed as described. Speviation of radipchlorine in vrine
extracts post-SPEs was performed. using ion chromatography, as-
described above, using an isocratic mobile phase of 30 mM NaOH.
Radiochlorine was detected using a Packard (Meridan, CT) Rediomatic
500TR radiocherical detector controlled by Packard Flo-One software. .
Aliquots (750—1000 4L) of urine samples collected from 24 to
72 h contained lower concentratioss of radiochlorine, but higher relative
concentrations of chloride jon from the endogenous chloride pool.
Therefore, it was necessary to remove the chloride jon by application
of reconstituted SCX eluzmts to sequential On Guard I AG and H
columns (1 mL; Dionex). Aqueous radiochlorine was eluted into vials
containing 500 4L of 10 mM NaOH to reduce the acidity of the sample -
from the On Guard H column apd increase sample stability. Recoveries
- of radioactivity were greater than 95% for 24—72 h urine samples.
Urinary radioactivity was limiting in samples collected after 48 h
sa that concentration by lyophilization aftes elution from the sequential
Ag* and H SPE columns wes required. It was noted that chiorate in
- fortified samples was converted to chloride ion, presumably due to the

acidification of the sample during passage through hydronivm columns.
Therefore, for 48—72 h urine samples, a 500 uL aliquot of extract,
collected after the SCX SPE step, was chromatographed, despite the
high chloride content. Because of the large cbloride mass injected, the
relatively low amount of radiochloride present, and the broad chloride
band (j.¢., several minutes), the radiochemical detector integrated several
“chloride” peaks. The radioacfivity of peaks eluting within the broad
chloride band was summed and reported as a percentage of total
radioactivity detected (which included the [°Cl)chlorate peak, whose
chromatography was unaffected by the high unlabeled chloride
concentrations). These values were compared to the relative percentages
obtained from the Ag*/H SPE extraction.

Replication of Abdel-Rahman et ol. (20) Speciation Procedure. The
analytical procedures of Abdel-Rahman et al. (20) were repeated with
pure standards of ¥Cl]chloride, [*Cl]chlorite, and [¥Clichlorate for
two reasons. First, unlike Abdel-Rahman et al. (20), we found no
evidence that chlorite ion was excreted in rats at the dose provided;
second, we believed that the analytical methods of Abdel-Rahman et
al. (20) were based on faulty assumptions and that the “chlorite”
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Table 1. Dispositon, Efimination, and Tota) Recovery of Radiochiorine
(% of Dose)inHatsOranyDosedwnh[’“Cl]dﬂmate
animat
. RS @ty @ gy mean  SD
tissues . 219 45 54 . 75 123 79
0-24h 30 005 004 .06 09 14
244814 15 003 009 03 05 07
148-72h 06 0.06 0.1 s 03 03
totat 51 .01 02 14 17 23
- tring
0-8h 94 458 @5 567 3.1 24
6-12h 72 @7 9 172 283 65 -
12-18h 50 55 53 38 58 22
18-24h 41 22 19 1.1 23 13
24-32n 15 18 12 1.1 14 0.3
32-40h 23 19 15 . 09 14 0.7
3 40-48h 31 02 25 06 16 14
i 48-60h 29 907 23 10 18 11
3 60-72h 51 05 28 1.1 24 21 -
tota) G604 70 gy5  pq, 109

epicblygases . 00 00 0o 208 - 00 gp
cage rinse M40 22 i3 g3 o
total recovery 830 953 957 97 944 13

3 reported by Abdel-Rahman et al. was not, in fact, chlorite. Following

. od exactly as outlined by Abdel-Rahman etal (20),
fortified standards were processed in water, rat and bovine serum, and
urine as matrices. Briefly, 200 1L of each matrix was
pipetted into a series of 16 test mbes and Quadruplicate tubes- were
each fortified with either no Tadioactivity (contrp , P“Clichlorite {72000
dpm), [Cljchloride (66000 dpm), or PéCllchiorate (78000 dpm), To
cach tube, 1.0 mL of 5 5% AgNO; solution was added; wbes were
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and 96 h postiortification, At the indicated rime poiats, a subsample
was removed to which 2 mM NaOH was added 1o stabilize the sample
and then frozen, Subsamples were thawed and injected directly on the
ion chromatograph without any cleanup steps, and radiochlorine was
detected using a flo -through radiochemical detector. A mobile phase
of 20 mM NaOH was used 1o ensore adequate resolution of chlorite
and chioride. The experiment was repeated with bovine serum,
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Table 2. Céncenuaﬁonsofﬂadoaeﬁve Residues (ppm Fresh Tissye
WeightaﬂomteEquivalenB)in?TsuesofRarsDosedOIaﬂnym
se‘amsmugmeragnhanerm;g

5 @19 iz gy
ssve - - (gpm) - {opm) bpm)-  fopm) iean  sp

adipose lissug 028 005 0.08 " 0.05 017 oy0
blood r 029 1.09 050° 075 o043

braly 053 oM 052 gp» g5 020
bone 034 010 0% g1 g 0.13
diaphsagm 051 010 036 15 g9 019
Gliract 051 012 045 o g 023
heart 053 014 045 0z gy 0.18
Kidney 088 018 087 023 gy 026
ver 045 012 040 035 g 0.18
lung 0% 024 085 g g 035
muscle 021 005 020 g1 g9y 08
plasma 1803 1% om  gg 053
skin 082 018 052 02 gg 020
spleen 068 017 056 0z g 023
festes MW 07 090 045 o 036
psSEmng 035" 000 034 ggs 024 .033
thymus 0% 07 060 o0 g4 02

Table 3. Speciation of Tota) Radioactive Residues in Livers, Kidneys,
Muscle, and Carcass Remains of Rats Orally Dosed with [Cllchiorats
and of Tissues from Control Rats Fortified with 3 [Clichiorite,

orate Standarda .

dosed fisspa rosidyed fortified tissue residues -
fissue %) Cor ) o corpy

fver - 100 0 598 403 _
Lidney 100 0 525 475
Tuscle 98 - 092 51 - 469
Carcass ramains 981 19 48.1 519

*Chlorile was not detected i any tissue. ® Composition of residve recovered
from tissues of rats dosed with cMoma;_ = 4, duplicalp amalyses; ¢ Composition
olr&dduerecweredfromfbniﬁedcon&ol tissue (forﬁﬁmﬁonoomposmonwassza%
chloride, 47.9% chiorate; duplicate analyses per lissug),

Speciation of Tisspe Residues. Results from the speciation
of radjochlorine present in aqueons extracts of liver, kidneys,
.muscle, and carcass remains are shown in Table 3, The exXtracts
from liver and kidney contained only 5Cljchloride jon. Except
forone replicate analysis from muscle of rat 19, in which 1.9%

composition of fortified radiochlorine after isolation from
fortified tissue was 59.6% chloride and 40.3% chlorate, sug-
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——Parent Chiorate
. ~=—Cumulative 3*Cl
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¢

:: —o—Per Period °C1
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) Time (h)
Figure 1. Urinary excretion of radiochloring in male rats {n = 4) following
a single ora) dose (3 mg/kg) of sodium PEClichlorate is presented-in tenns

of parent chlorate composition, cumulative, and per time period.

gesting that some chlorate degradation occurred during sample
preparation. In contrast, degradation of chlorate during workup
of beef and swine tissues from prevmus studies has not occurred.-

(11, 12,25). )
Excreta. Urine was the major route of rad:ochlonne excre-

- tion, The mean, cumulative elimination of radiochorine via the

l\

. urine was 79% (range 65—91%; Table 1). The greatest amount

of radiochlorine excreted was generally observed in urine
samples collected at the earliest time interval, i.e., 0—6 h (mean
36.1%) and urinary excretion of radioactivity decreased steadily
with time thereafter; however, peak elimination of radloactmty
for rat 5 occurred during the 6—12 h period. Fecés were a minor
excretory foute of radiolabel with less than 1% was eliminated
in feces each day (Table 1), The cumulative, mean féeal
gxcretion of radiochlorine was 1.7%-of the administered doge,

W@ugb rat S excreted over 5% of the [?CI}dose in the feces.

4 rinse$ contained only 0.3-2.2% of the dosed activity

" aable 1),
Speciation of Urinary Radiochlorine, Parent chlorate was .

the primary form of radiochlorine excreted at the earliest time
points (>98% chlorate at 0=6 h; 94 = 2.9% at 6—12 h, and
79 £ 11.6% at 12—18 h; Figure 1), Sharp declines in the
content of radiochlorine present as P6Clichlorate occumred
beyond 18 h, approaching a mean of 10% of the excreted

" radiochlorine by 72 h (Figure 1). The fractional peicentage of

chlorate declined with time most rapidly for rats 5, 26, and 27
between 12 and 40 h, while the sharp decrease in the fractional
percentage of chlorate the urine of rat 19 occurred fater, ie.,
32—48 h, which is why the standard errors at 24, 32, and 48 h
are large (Figure 1). The only other species of radiochlorine
identified in urine samples was P‘CI]chlonde. Theréfore, as [*5-
Cljchlorate concentrations in rat urine declined, complementary
[*Cllchloride concentrations increased. Radiochemical analysis
of raw urine samples (0—6 h samples) injected onto the jon
chromatograph immediately after collection, and without prior
cleanup, provided no indication that chlorite was present in
urine.

Replication of Abdel-Rahman’s Specxatlon Procedure. In
an attempt to verify the accuracy of the methods used by Abdel-
Rahman et al. (20) samples of water, rat urine and serym and
bovine urine and serum were fortified with [36Cl]chlorate,
[**Cljchlorite, or [*¥Cljchloride, and Abdel-Rahman’s fraction-
ation methods were used exactly as peblished and diagramed
in normal fonts (Figure 2). Recovery of radioactivity in the
supematants of chloride-fortified watrices was 0%, indicating

(35Cl]chlonde was completely removed from solution by
 nitrate. In contrast, essentially quantitative recovery of

b x,l]chlorate in the supernatants occurred after reatment with

) Héki(e! al.

Cririnroccoaoehoisoy | [7cH: corstioe |
dociants iy senirs oF matit

Sohble chioyats and solsble chiortde,
mﬁm and-shlosde bsction

. Figure 2. Disposition of chioride, chiorite, and chlorate as proposed by
ref 20 vs disposition described by our findings. Halicized fonts represent -

additions, and stikeouts are deletions from the results of ref 20.

silver nitrate indicating that silver chlorate is highly soluble in

aqueous matrices. Recovetes of F°Cl]chloride and {?5Cljchlorate K
in the supernatants were pot greaily affected by matrix. In |

contrast, the recovery of radioactivity in the supernatants of
chlorite-fortified matrices varied greatly, ranging from 91.5%
for water to a Jow of 14.1 and 8.6% for rat and bovine seram,

" respectively. These results sijggest that either silver chlorite

solubility varies with matrix or that chlorite was not imiformly
stable i in a given matrix.

The premise of the Abdel-Rahmen (20) “analytical method -

was that.silver chlonte could be selectively solubilized after
precipitation from an aqneous matrix with silver nitrate, The
anthors assumed that ammonium hydroxide would completely
solvate silver chloride and silvér chlorite but that sodium
thiosulfate would selectively solvate silver chloride. It was
reasonéd that chlorite content could be calculated by differential
solubilization of pellets formed after precipitation with silver
nitrate. Table 4 shows clearly that when chioride-fortified water,
urine, and serum samples were precipitated with silver nitrate,
-the raglioactivity precipitated as Ag®Cl from the water and usine
samples was quantitafively solubilized with either ammonium
hydroxide or sodium thipsulfate. In matrices treated with
chlorate, the recovery of radiochlorine from sodium thiosulfate
and ammonium hydroxide treated pelets was essentially equal,
but in these samples, very little radioactivity was precipitated
with silver nitrate. Reeov«ary of radiochlorine from pellets of
chlorite-foitified matrices was matrix-dependent but, with the
exception of bovine seram, did not generally differ between
the: ammonittm hydroxide-treated and the sodium thiosulfate-
solubilized pellets (Table 4). In bovine serum, only 66% of
the radiochlorine was present in the sodium thiosulfate-
solubilized pellets, wheteas 82% of the radiochlorine was
solubilized in the amnionium hydroxide-treated pellets. Col-
lectively, these data indicate that selective precipitation would
be a viable analytical tool to distinguish radiolabeled chlorate
and chloride, but selective precipitation and solubilization should
not be used to distinguish chlorite from chlorate or chloride.
The fact that radioactivity is recovered in the supernatant of al}
chlorite-fortified matrices indicates that silver chlorite is too
soluble for the development of a precipitation-based analytical
assay.

Data from the chlorite fortification experiments indicated that
the relative amount of radioactivity in the supernatant after silver
nitrate treatment was matrix-dependent. Differences between
‘matrices could be due to the solubility of chlorite in the matrix
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Table &, Reoomnes(%)ofm@oacwity%'orﬁiedimWaief Rat Unne Rat Serum, Bovine Ume and Bovine Serum as F&Cljchiorids, F‘G]chlorﬂe.
and [“Cl]chlomte after Fractionation According to Ref 202

B
pR——————_— P TP R

anziyte
chioride forlfied chloite fostified chlorate fortified
. ... pellett . peliet? - pelie®

marix supema:mt NHOH NaS;S0;° -~ supematant NHOH NaSS0sF  supematant  NHOH  NaSS0f
water 04105 965:%47 9%83+38 - 915+33 3114 3317 1001277 0.01+00 0.3+0.
1at wing 0.1+02 993+18 989+18 694478 2661120 58+124 9911638 06302 0.7+0.3
bovina wrine 01102 98714 R43+69 3471124 6191143 580%11.5 990125 0.8:02 11204
rat serum 03+03 953+31 - 909140 141160 - BOSE101 | 803+167. 91123 48103 50£04
boving serum 00+00.. 8611144 832190 86+62 816453 66.41:26.5 869+293  G8t17 62186

" #The'lotal recovery of radiochioine within an analyle and maliix Is estimated by summing the supematan! and NHOH or NaS,S0; values. Recoveries of radicachivily
for sorme analyte-matrix combinations (Le., bovina senm chiorida and chiorils fotifications) are low because NHyOH or NaS;S0; did nol completely solvate the pellets.
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Figure 3. Degradation of chioite in rat urine'as a function of time (n =,
3). The initial radiochemical purity of the chlome Tortification solition was

933%.
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: Figure4 Degradation of chlorite in bovine serum as a function of fime
{n = 3). The initial ratfiochemical pusity of the chiorite fortification solution
was 99.3%.

VEGAAIRY e

ot NN

but, more likely, the stability of chlorite in the matrix. Figores
3 and 4 show the limited stability of chlorite when fonified
into rat utine and bovine serum, respectively. Rapid degradation
of chlorite was observed at £ =0 h in rat urine, where Jess than
67% of the fortified chlorite conld be detected, and by 96 b,
- only 22% remained ir urine (Figure 3). In mat urine, the half-
'; life of chlorite was only 5 h. Degradation of chlorite was also
i observed in bovine serum. Despite the fact that nearly 96% of
: the fortified chlorite could be detected at ¢ = 0 h, by 24 b, only
0.6% remained (Figure 4). The half-life of fortified chlorite
was only about 2 h in bovine serum. The product of the
degradation of fortified chlorite in both rat urine and bovine

1m was chloride (Figures 3 and 4). No other radiochlorine
. ctes were detected.
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DISCUSSION _

Distribution and Excretion of Radioactive Residues. In
general, the distribution of total radioactive residues in this study
and the study of Abdel-Rahman' were similat, although the total
recovery of radiochloring in this sindy averaged 94%, whereas
recoveries of radicactivity in Abdel-Rahman et al. (20) were
on the order of 40%. . .

The body burdens of radiochlorine in male rats 72 h after
receiving a single oral dose of [*Cljchlorate were variable,
ranging from 4.5 to0 21.9% of the dose. The carcass, skin, and -
GI tract were the only tissties with mean retention of greater

than 1% of the dosed radiolabel Many similarifies were
observed when the data were expressed on a concentration basis
(chlorate equivalents) and compared to previovs results of
Abde]-Rabman -et al, (13,.14). While none of the tissue
concentrations in either study varied by more than seven-fold,
plasma and whole blood contained the highest concentrations
of radiochloriné at 72 b, while carcass remains, bone, and liver
had the lowest concentrations of radiochjorine, -
In terms of the overall dzsposmon of an orally administered
P‘Cl]chlomte dose, onr data ‘are in agreement with Abdel-
Rahman’s in that both studies conclusively show that radicactiv-
ity was rapidly absorbed and excreted, mainly in the urine of
animals. Abdel-Rahman et al. (23) reported that 40% of the
total radionctivity was excreted in uririe at 72 h, while only 3%
of the radiochlorine dose was exereted in the feces. Peak urinary
excretion in our study occurred at the earliest sampling periods,
i.e., 0~6 and 6—12 h (Table 3). This suggests that chlorate is
readily absorbed from tlie intestinal tract. Neither stady gener-
ated evidence that volatile chlorinated gases (i.c., Ck or C1O2)
were expired. Similar excretion patterns were obscrved in beef
cattle when relatively high chlorate doses were administered ol
for three consecutive days (62.5 and 130.6 mg/kg/day; 11). ]
Steers eliminated 39 and 47%, respectively, of the two doses
in the urine and only 1.7 and 0.4% in the feces.

Speciation of Tissue Residues. Speciation of radiochlorine
present in tissnes was not performed by Abdel-Rahman et al.
{23); therefore, comparisons cannot be made with that study. ~
However, speciation of tissue residues in the present study
indicated that only chlotide ion was present in tissues. These
data are in confrast to a study conducted in beef cattle following
three consecutive daily doses. The adipose tissue, skeleial
muscle, and kidney of steers contained 23—45% chlorate
<ontent, while the remainder of the radiochlorine residues was
chloride. A shont withdrawal period of only 8 h before tissues
were harvested and the much greater chlorate dose provided io
cattle may belp explain these résults,
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The urinary speciation results of Abdel-Rahman et al. (13,
14) showed that 28% of the 0—8 h wine was chloride, 11%
* chlorite, and 60% was parent chlorate. In the 48—72 h urine,
of the radiochlorine was chloride and 13% was chlorite,
waile no chlorate was present. The present rat study contrasts
with these results in that >91% of radiochlorine in urige up to

12 h was parent compound, and from 32 to 72 h, the levels of

chlorate remained constant at approximately 10%, with the
remainder being chloride. No chlorite was detected in any urine
sample analyzed, even when samples were analyzed jm--
mediately after collection from the rat metabolism cages. The
maximal amount of chloride jon in beef cattle urine following
three consecutive doses of radiochlorate (/1) was only 35%,
while chlorate ranged from 65 to 98% of urinary radiochlorine.
Replication of Abdel-Rabman’s Speciation Procedure.
This experiment was conducted in order to verify the results of
Abdel-Rahman et al. (20) that showed that chlorite is a
sigrificant urinary metabolite of chlorate in rats. Our resnlts in
" rominants (1, J2) had failed to measure chlorite in the urine
- ortissues of cattle, Because rominants have digestive tracts with
redox potentials between —250 and —450 mV (26), we reasoned
Ahat chlorite might be formed and be stable in nonruminants,
whereas in ruminants its stability would be precluded by the
unfavorable reduction characteristics of the raumen. However,
other observations in our laboratory, namely, the absence of
chlorite in tissues and excreta of swine (25), suggested that
Abdel-Rahman’s data might be artifactual. i
The methods of Abdel-Rahman et al. (20) were based on
differential precipitation and solubilization of chloride, chlorate,
and chlorite,. followed by radiochemical analysis of resulting
solutions, Fundamental to their analytical method was the
%%@se that both the chloride and the chlofite would precipitate
i . ¢ solution after treatment with AgNOs. Their methed
A %’%‘,%sted that precipitated chloride and chlorite could be
aistinguished by subsequent extractions (Figure 2). An NH;-
-OH extraction of the pellet was assumied to solubilize both silver
chlorite and silver chloride, whereas extraction with a NagS;-
S0; would solubilize only the silver chioride. Chlorite could
then be determined by the differencé between the supernatants.

However, while conducting iteratere searches of the chem-

istry behind the NH,OH and Na;S:50; extractions, it was

" discovered that NH,OH was an effective solvent for the salts
of strong acids, e.g., silver chloride, while many different silver
salts could be solubilized in Na,5,S0; solution (27). Although
not specifically mentoning silver chlorite, this hinted at an
opposing interpretation of the differential extractions that goided
the conclusions of AbdeFFRahman et al. (20). Furthermore,
nbmerous gravimetric anion analytical methods indicate that
chloride is the only anion that would precipitate with AgNO;
in a chloride, chlorite, and chlorate mixtre (28). Finally, the
CRC Handbook of Chemistry and Physics (29) indicates that
silver chlorite is over 5000 times more soluble in aqueous
solution than silver chloride,

Our results utilizing pure [*Cl]chlorite (>99% radiochemical
purity) in water conclusively demonstrate that silver nitrate will
not precipitate chlorite and that chioride and chlorite could not
be distinguished by previously reported (20) methods. Neither
extraction of precipitated Ag®Cl pellets with ammoniam
hydroxide nor sodium thiosulfate provided evidence that dif-
ferential solubilization was sufficient for a quantitative chlorite
assay (Table 4). Radioactive pellets from both chlorite and
chi~wide fortifications were equally extractable into NH,OH and

, SO; solution from urine, serum, or pure water matrices.
\ ie basis of our data, it is now possible to present a flow

Hadetal.

diagram reinterpreting the results of Abdel-Rahman (20; Figure
2, our revisions in jtalics and strikeout fonts). Therefore, we
conclude that the quantities of metabolites identified in the
stodies of Abdel-Rahman et al, (13, 14, 23) were not accurate,

Chlorite Stability in Urine. Few. studies have investigated
the stability of chlorite in-biological matrices. However, the
microbial degradation of chlorate has been investigated, of which
chlorite is the two-electron reduction intermediate, Chlorate is
chemically stable under many environmental conditions; how-
ever, in biological systems, stoichiometric redection to chloride
has been desmonstrated, In an experiment designed to measure
the influence of electron acceptors on chlorate reduction- by
microorganisms, van Ginkel et al. (30) concluded that chlorate
reduction to chloride was facile under anaerobic conditions but

- ceased immediately under acrobic conditions. Further research

has also confirmed these results (37—33) allowing the conclo-
sion that microbes in anoxic environments, like submerged soils
and sediments, can readily reduce chlorate to chloride,

Microbial reduction of chlorate is médiated by chlorate
reductase (CR) enzymes, although in some denitrifying micro-
organisms, nitrate reductase may also catalyze chlorate reduetion
(39. In most. microbial stndies to date, chlorite has not been
detected as an intermediate of chlorate reduction, but instead,
only chloride has' been observed (31, 32, 35). It bas been
demonstrated that chlorate reduction is a two-step process,
catalyzed by two distinct enzymes. Chlorate reductase catalyzes
the reduction of chiorate to chilorite. A second enzyme has been
discovered, which uses chlorite'as a substrate and reduces it to
chloride in a four-electron transfer (30, 31). Chlorite dismutase
(CD) catalyzes the following reaction:

CIOQ_ —CI™ + 02

In the presence of both enzymes, the likelitood of detecting
chlorite would be very small since the conversion of chlorite
to chloride and oxygen is 1000 times faster than the reduction
of chlorate to chlorite (31, 36). Chlorate-reducing bacterial
isolates exhibiting chlorite dismutase activity are ubiquitous,
even existing in pristine environments (37), and demonstrate a
great diversity within the bacterial world.

Our data demonstrated that chlorite was not stable in either

serum or urine (Figures 3 and 4). Particulaily in urine, a rapid
degradation of chiorite was observed, in that less than 70% of
a fortified amoumt of radiochlorite could be detected inmmediately
after fortification. To our knowledge, the microbial CR and CD
enzymes discussed above have not been described in mammalian
systems, but it can be hypothesized that the lack of stability of
chlorite in serum and vrine (Figures 3 and 4) could be due to
the presence of microorganisms within each matrix. However,
the probability that bacteria were responsible for the conversion
of chlorate to chlorite is remote because all chiorite stability
experiments were conducted in an aerobic environment. A
greater possibility exists that abiotic processes caused the
reduction of chlorite to chloride. The chemical stability of
chlorite is known to vary depending upon pH (15) with acidified
sodium chlorite disproportioning to chloride and chlorate.
Typically, chlorite is stable at alkaline pH. Furthermore, chlorite
is rapidly reduced to chioride by chemical reductants, such as
ferrous iron (38, 39), sulfur dioxide-sulfite (40), and pyridoxal
5"-phosphate (41). Although studies have not been conducted,
it is reasonable to expect that physiologic reductants in serum
and urine such as thiols (i.e., glutathione, cysteine), ferrous iron
in hemoglobin, and ascorbic acid might also reduce the strong
oxidant, chiorite.
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Chlorate Metabolism In Rats _
Even the fortification results of Abdel-Rahman et al. (20)

provide evidence that rapid degradation of chlorite was possible .

in rat plasma. A fortified plasma sample of potassium [3CJ}-
chlorite showed 21.5% decomposition to chloride ion in an
unspecified amount of time, and a mixture of potassium [*C1}-
chlorite and sodium [*5Cl}chloride C
" chloride fon. Also, plasma samples fortified with eitber potas-
sium [*Cljchlorate or potassinm [6Cllchlorate/sodimm FéCl)-
chloride showed no evidence for chlorite formation, but a limjted
- amount of chloride was observed (4.2 and 10.9%, respectively).
The purpose of this study was to determine the metabolism
and disposition of chlorate in rats. We found that chlorate was .
metabolized only to chloride in rats and believe that inaccurate
analytical methods used previously led to-the erroneous concly-
sion that chlorite was a major metabolite 6f chilorate in rats.
The absence of chlorite in excret and tissues of rats from this
stedy is consistent with studies in ruminant and nonruminant
animals. Because chlorate is being considered for development
as a food safety tool to eliminate Gram-negative pathogens in
live anjmals, the absence of .Chlorite “in" edible tissues has
important inplications on the _safety of food products from
treated animals. Specifically, the absence of chlorite in edible
tissues will improve the overall safety of tissue residues should
chlorate ultimately be approved for nse by the food animal

- industry. The current study resolves the discrepancy between

eatlier work in rats indicating that chlogite is 4 1hiajor metabolite
of chlorate and work in food animal species in which chlorate
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"* ‘8). Poisoning usually results from

BRITISH MEDICAL JOURNAL 28 Apmir, 1970

SHORT REPORTS

'Morﬁility in sodium chlorate
poisoning '

Sodimncblonmpohun_inghmbu:ismdamdﬁﬂ:ahigh
mortality rate* death occurring from massive intravascilar i
-and acute renal faiture. We report the outcome in 14 patients poisoned
“by sodium chlorate, with special regard 10 the amount ingested and

subsequent management. .

Potients, treatment, and resnlts .

During 1974-8 we followed up in -denail 14 casc3 of sodinn cliloate
-pdwNnxutmedmxheNaﬁnnﬂPoimInfmﬁmSuﬁu(G%
suanagement, and subsequent outcomic were obtatned (see table). Morulity
was high (64%), and death fably occrwred, jrresp tive of tr n
whmmenmmmdscdlhmdﬂonnhmmloog.fafydumy-
- thatis, those within 24 hours—were ) al e
ing, when specifie antidotes or reducing agents were nog admindstered owing
10 the delay in diagnpsis. : c
only onc paticir {case 12); in this case the msu‘;:dmomwu!m than
one-tenth of the stared fatal dose of 20.30) 3. In the fonr othey survivors
rexy was Jated with ingesped t3 of 100 g or less of sodium
" chlarate, prompt administrarion of sodium thiosnlphate or seducing agenns,
and management of acute.renal. fajlure by pesitoneal alysis or hiemo-
dJialysis. The success 6f treatment with specific antidotes followed by dialysis
* Is best seen by comparing cases 2 and 14, in which the jmounts of soium
chlonate ingested were identical. The cinjeal featires of sodium chlorate

poisoning octcirred in the following Frequeiicy: nausey dod vositing (11 -

' pati {s 50%)," pain (five; 36%),

379 2 { 3 abdominal
diaxrhoca (three; 21%) and dyspnoea (three; 21%). ‘Two ‘paticnts were .

admitted -in "coind” and died shondy aficy rds. Seven. paticnis becime
*antmjc within 48 hours sfter admission o hospital. Mewhaesioglobinaemsa
was fobnd in 13 patieats, in tw of whiom peripheral blood Slms showed the
;ézmtam"neuopsy finding was a “chocolate” di on of the blood and
“cera due 1o staining by pHlirubin and methaemioglobin. - .

Sodium chlorate is 2 powerful oxidant usedd extensively as-a herbs-
ide. A white crysmlline subitance, it is applied dissolved in ‘water,
The crystals may be mistaken for sugar with fatal resulfs {casgs 3 and

after inhalation of atomised droples.® Initial symptoms relate to the

irritant éffect of the chlorare jon on the gastrointestinal mucosa, After - -

absorption haemoglobin is rapidly oxidised to methaeznoglobin and
‘intravascular haemolysis results. Cyanosis becomes clinically detect-
#ble when the proportion of methaemoglobin exceeds 109 5 values
above 70% are fatal. Death occurring within i few hours of ingestion
§s auributed to tissue hypoxia due to severe m ) lobinaemia or
hyperkalaemia resuhing from massive hacmolysis. Sodium chlorate is

hrotoxic and 2cute tnbular necrosis; the ensuing renal

" failure may be componnded by baemoglobinuria,

- In cases presenting carly initial thanagement should compzise
Bastric lavage and administation

‘xhiosulp!:are (2-5 g in 200 ml of 59, sodiam bicarbonate) is a specific

sent,”

ive management alooé was successful I -

fesente of ghost cells and Hesnz-body forimation. In the patients who died -

ingestion but has been reported

of activated charcoal. Sodium .

D:tm'l:o]!‘cmqf:odﬁm:hlorue, isomng shoming

119

 antidote that inscrivates the chlorate jom and may be givinby miomh

or intraveniously, . M 1 inaemia is best treated by giving
intravenous methylene blie (20-50 ml of a 1% solution), which is.
superior to ascorbic acid in J bin to haemoglobin,?

" Oxygen is of 06 value, Sodium chlotare is freely dialysable, and carly

um&rmalfaﬂurebypuipﬂm}dklyaisoibaunodﬂyash
recommendéd. Dupimimhldrmofminuudngmm
sodiumchlompoisoning,"th’emom)ixynuiﬂnﬁmmuhﬂy
high. Sodimnch_!ou‘misfmdymhbleandismlism;lanpoispn:
preparations ofitar'ethe::forenozrequimdtomrryanywnminglo
:D&Fot,M,&d,&unmdaHBpﬁn'uthw&;!M&%.'{H.

Jackson, R C, Elder, W J, and H, Lonces, 1961, 2, 1381,
2 Jaté, B R, and Newmann, G, Narure; 1962, 202, 607

 Redghn R Ko Trounce, ) R, and Cawmeron, ) S, Brivivh Medical Joirnal,

. 1967,3, 601 S
2Lee, D B, «r of, Britizh Medizal Joiernal, 1970, 2, 31.

(Accepred 27 Fedruary 1979)

Palspns Unir, New Cross Hospital, Lendon SE14 SER. ’ i
Mmm,mma,msimnhhmdwéninddﬁﬁalmﬁmbn
J NUNN, psc, information officee - .

. Painfal gynaecomastia treated

with tamoxifen

osteoarthropathy.! Histologically the X ‘
large-cell.carcinoma, bt there are reporied-cases with”

carcinoma, adenocarcinomna, and oat-cell carcinoma,® Gynaecomastia
is nsually no more than- embarrassing for the patdent, but rarely jr
may be'pahﬁd.’l‘hiswnnhcminthetheepqﬁmtsdcsm‘bed
belosr. The ozstrogen antagonist tamextifen successfully zclieved the
pawmn. N

Case reports

Case 1—A 64-yrac-old heavy_smoker presented with weight Joss and-
non-productive congh. Chest madiography. showed 2 right vppes lobe
¥ i ive hilar enl Sp ) cytology disclosed an
oat-cell carcinoma of the bronchus. On presentation he had bilateral gynac-
comastia of recent onset. Biochemical liver fanction values and a Bver scan -
were ), The gyn i pxosmseanndb:me'int&sdypninﬁ:l
with litgle relief from analgesics, Liver funciion vahies wexe abnormal and
the serum oestradiol concentration was 455 pmolf} (124 pg/ml) (normal
range 55-147 pmolfl; 15-40 pg/ml). He was given tnioxifen 10 mg twice
daily. The gynaccomastia dand b painless in two weeks, He

and oi
-CaseNo Agc Sex  Amount ingested Deliberate or accidents} Initial management Further mansgement Quuome
1 55 P 100 g Deliberate Supportive - Died 3 houn)
';‘ 5; ﬁl‘ UlSO g A 'a,m 1 Methylene blue, ascorbic acid Manms 'lo_l hydrocortisone gleg B: mbmns
ccidental upportive ie
4 23 M 100-250 g Delbiberate Sodjosn thiosulphate, ascordie acid  Blood tansfusion, hydrocortisone, antibiotics Died (13 hours)
5 N F 30g » Methylene blue, ascorbic acid Peritoneal dislysis, blood transfusion Died® {5 daya)
6 25 M S0g » Methyleae blue Haemodialysis, exchangc ransfusion 3
; 2 M s Accilepsy  Mevlescblue - e dnlysis, B fransfied Died 20 ho
8 ccidental apportive urs
9 49 M Unknown Deliberate Mcthylene blue, ascorbic acid Supportive *. Dixt (2 bours
10 F 45 » Sodium thiosulphate Peritoncal dialysis Recovered
11 18 P 30g » Sodjum thipsulphote, methylene blue Petitoncal dialysis Recovered -
g f;’ :{A l-§ g Acci Sods: hiosulph guwmnvew,d blood R Recovered
- eritoncal n.f\llm Rm |
14 18 F 100 : D:Ii‘nale Mcthylene blue, sodium bicart Exchang fusion, b dialyyd R'enova:-
op1y showed portal vein thrombosis. {Fata) cardiac arzest during dlalysis, $Seveze hyperkal:
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’ Toxmlty of Sodmm Chlorate to the Dog.

R, HEYWOOD,.B.V.M.S., Dr.Med.Vet.. M.R.C.V.S., R. T, SORTWELL, B.Se.,

P. J. KBLLY, F.LA.T. and A. E. STREET,

‘FIM.L.T.

Huntingdon Reséareh Centre, Huntingdon

Ver. Rec. (1972). 90; 416-418°

SUMMARY.—Acute and xepeatad dosage smdiﬁ wuh
I Dh e pot et ot e, b ot and
was no s an
‘blochemical changes wemdmed after administering sodium
- ‘c!h)orateaubedmgekveluf300mg.pukg.pudayforﬁve
ys.

[y

Introduction .' .

I'r is now required that new drugs and chepmicals

be evahmted- for saféty before: their introductiofnt
into mjn’s énvironment. Some of. the older com-
pounds, because of extensive usage- and cxperience,
have been found to be of low “toxicity, and have
not been investigated in the same defail as the newer
preparations. From time to time donbt is cast-on
the safety of some of these older compounds,.and
sodinm chlorate is such a chemical. It has been

_widely vsed as a-weed killer and is accepted as being
* of zelatively Jow toxicity., This’ p;fer Yeports some

aspects of the toxacltyof sodium te in the dog.

Materials and Methods

Tests werc carsied out on pedigree beagle dogs, ’I’hc
test compound was a- comm pu-eparanon of
sodium chlorate marketed as a weed killer. The
study was divided into threa sections, 16 measurs:
firstly, acute toxicity' by givin
orally as a powder atdoseleve]s of 1-and 2 g per
-kg.: secondly, acceptance of the solntion contaimng
sodmmch]omteathcrccnt.ands to 9 per cent.
.w/v; and thirdly, the effects of repeatéd- dosages

over a five-day period. In the repeated dosage study -

50 mi. of 6 per cent. w/v solution (in- the  animals
used this was equivalent to 200 to 326 per ke, per
day) was administered by stomach-tube for five days.
Haemograms, blood urea levels and‘mcthaemoglobm
levels were measured during this smily' the gro

stze was reduced io four animals aftex
dosing period, and these animals were, ‘then allowed
a scven-day recovery period.-

{Continued on page 417)

Canine Adenovams Respu-aro:y Disease—Concluded,
-There is little doubt that the virel aetiology of

¢anine respiratory disease is complex, and, although

probably remains the most important

factog, more work is necded to assefs the nnportance

of other canine viruses.
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Resumé

Cet article décrit DNsolement d‘edéno-v‘xms "chez des cas
naturels de maladie sespiratoire canine. On'a yu démontrer

que-ces virns sont distinct du type: A26/61 dladfno-virus '

canin, mais non du virus JOH. Onaém«héhhmcwme
¢lectronique el fivorescente, Je développement des nonveanx
isolats dans les cuMures tissulairea. L'inoculation intra-
veineuse de ces viras sur des tifs, 2 provogqué
\me hepahu chronique simple {maladie de Ruba.ni:)

e par aérosol.mvm:sompxwoquédwas
g,tavs de maladie sespiratoire. -

Zusaramenfassong

Die Isolierung vor Adenovuen aus spontanen Erkrapkungen
der Atmunpsorgane bel Honden wird beschricben. Die
Viren liessen sich nicht vom IOH/Virvs unterscheiden
waren jedoch verschieden vom A26761-Stamm des ,Bunda-
Adenovirus. Das Wachstum der msolierten Viren in Gewebe-
kulturen wurde mitte)s Blektronen- nnd Fluoreszenz-Mikro-
skopie untersucht. Iniravendse Injektion der Viren laste
bei empfindlichen Welpen akuwle Hepatitis {Rubarth’sche

Xrankheit) aus, wihrend Verablolgung miltels Aerosol zu
schiwerer F_rlcr.mkung der Atmungsorgane fuhrte.
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Zur Feststellupg der Toxiitat von Natriumeblorat fir Spfirhonde

wurden Expernnente mit einmaliger hoher Dosis wi¢ auch -
mit mebrmaligen Dosi e

‘warde picht bestimmt.

lcrungen  vorgenommen.  Das LDy,

Nach fGnftagiger Verabfolgung von 300 .
mgfke/Tag Natriumchlorat traten klinische Symptome sowic

hamatologische und biochemische Verinderungen auf,
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"Controlled C'lini.cal Evaluations
-of Chlorine Dioxide, Chlqri_te

.and Chlorate in Man

by Jhdith R. Lubberé,* Sudha Chauén,* and Joseph |

.- R. Bianchine*

To assess the relative safety of chronjeally administered chlorine water,di'sinfectant.s inman,a-
controlled study was undertaken. The elinfeat gvaluation was conducted in the thres phases.

common to investigational drug studfes. Phase X, 8 1ising does tolerance investigation, eximined
the acnte effects of progressively increasing single ‘doges. of chlorine disinfectants 10 normal

healthy adult male

vohunteers. Phase 1L considered the impact on normal snbjects of daily

ingestion of the disinfectants at a concentratiosi of 5 mg/l. for bwrelve conseentive weeks, Peysons

with a Jow Jevel of glneose-G-phosphate dehydr

okenase may be expected to be especially

‘susceptible to oxidative stress; therefore, in Phase I11, chlorite at a concentration of 5 mg/l. was

administered daily for twelve ‘consecaiive weeks
glucose-G-phosphate dehydrogenase-deficient subjects.
* evaluation of a battery of qualitative and quantiiati
double-blind clinical evaluation vf chiorine dioxi

to a small group of petentially at-risk

de and its potential metabolites in hyman-male

volunteer subjects were completed uneventfully. There were no obvious undesirable elinfeal
sequellae noted by any of the participating subjects or by the observing medical team, In several

cases, statislically significant trends in certain biochemical or physiological parameters were

mssociated with treatimenf; however. none of th

ese treids was judged to have physiological -

consequence. One cannot rule out-the possibility that, over 2 longer treatment period, these
trenids might indeed achieve propsrtions of clinical smportance. However. by-'the-absence of
deirimental physiologieal responses within the limits of the study, the relative safety of oral
ingestion of chlorine dioxide and its metabolites, chiorite and chiorate, was demonstrated.

* Introduction
. Chlorine dioxide is currently under serious con-
sideration in the United States as an alternative to
chlorine water treatment. Before chlorine Gioxide
may be used routinely as a water disinfectant, the
safety of oxal human ingestion of chlorine dioxide
and its by-products must be assessed. For this
purpose, a controlled clinical evalnation of ehlorine
dioxide, chlorite and chlorate was undertaken under
the auspices of USEPA HERL #CR805643.
The study was conducted in three parts. Phase I
was designed to evaluate the acute physiolagieal

* The Department of Pharmacology, The Ohio State Universj-
gé College of Medicine, 833 W. 10th Avenue, Colunbus,
43210 -

effects of progressively increasing doeses of disinfec-
tants administered to normal healthy adult males.
Chronic ingestion by normal male volunteers was
studied in Phase II. Phase I11 assessed the physio-
logical response of a small group of potentially
susceptible individuals, those deficient in"ghicose-6-
‘phlosphate dehydrogenase, to chronic ingestion of -
chlorite. .

Methods

Subject Selection

For Phase I and for Phase I, normal healthy
adult male volunteers were selected. No prospec-
tive study participant who exhibited a significant -
abnormality in the routine clinical serum analysis,
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THE EFFECTS OF CHRONIC ADMINISTRATION OF CHLQRINE
DIOXIDE, CHLORITE AND CHLORATE TO NORMAL HEALTHY
ADULT MALE VOLUNTEERS

Judith R. Lubbers, Sudha Chauhan, Judy K. Miller, Joseph R. g
Bianchine .
Department of Pharmacology, The Ohio State Yhiversity, Col-
lege of Medicine, 333 West Tenth Avenue, Columbus, OH
43210 -, -

7. .
The physiological impact of chronic 12 week ingestion of
chlorine dioxide-and its byproducts, chlorite and chlorate, was
compared to the effects of chlorine; chloramine and untreated
water. The water disinfectant solutions were administered
daily (500 ml, 5 ppm) to normal healthy adult male volunteers.”
An extensive battesy of tests was used to evaluate the physio-
Jogical impact of the ingested water disinfectants. Upon analy-
sis of both quantitative and qualitative parameters it was con-
cluded that the 12 week chronic administration of chiorine
dioxide and its byproducts was accompanied by no clinically .
important physiological effects. -

INTRODUCTION

_ When chlorine is employed as a surface water disinfectant, chlorinated”
organic compounds are formed (Rook, 1974). Concem about the possible

- detrimental health effects of the residual chlorinated.organic compounds has

mounted (Marx, 1974). In contrast, chlorine dioxide in use as a surface water
disinfectant agent is not associated with the formation of chlorinated organics..

Consequently, chlorine dioxide is currently undergoing serious consideration

as a viable alternative to chlerination in the United States.
Before chlorine dioxide can be recommended for routine use, it is impera-
tive that its safety in man be assessed. Animal studies have identified certain

" areas of potential biological hazard associated with oral ingestion of chlorine

dioxide and its water treatment byproducts, -chlorite and chiorate {(Abdel-
Rahman etal., 1979; Couri et al,, 1979). A preliminary human study performed
in this laboratory (Lubbers et al., 1981) confirmed the safety of the alternative

disinfectantand its byproducts over a wide concentration range in acute single

dose administration to normal healthy adult male volunteers. The chronic
investigation discussed in this report was undertaken to determine the physio-
logical effects of chronic daily administration of chlorine dioxide, chlorite and
chlorate to healthy adult males over a 12 week period. ’

JEPTO 5-4/5:229-238
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" Subchronic Toxicity of Chlorine Dioxide
and Related Compounds In Drinking
‘Water in the Nonhuman Primate -

" by J. P. Berez,* L. anes,* L. Garner,* D. Murray,* D.

~ A. Ludwig* and J. Boston*

-

Subchronic toxicities of CIO,, NaCl0;, NaClQ; and NH,Cl were studied in theAfrican Green
monkeys (Cercopithecus aethiops). The chemicals were adwiinistered in drinking water during
30-60 dpys subchronic rising dose protoeols. The only unexpecied and significant toxic effect was
elicited by C10,; this chemieal inhibjted thyroid metabolism in the animals at a dose of ca, 9.0

- ‘mg/kglday, A statistieally significant decrease of serum thyroxine otcurred after the fourth week
-of expogure to 100 mg/l.concentration. The extsnt of ‘thyrold snppression was dose dependent in
each individual monkey, and was reversible after cessation of exposure. NaCl0, and NaClO,
failed 1o elicit similar effects in doses up to ca. 60 mgrkg/day, Also, NaCiO, or NH.CY did not

cause T-4 suppression in-doses of 10 mgllsg)
nnexplaingd and it appeared o be paradoxicat

»

gastrie secretions to nonoxidizing species {pres
detected in the serum of human volunteers who

duy. The selective thyroid- effect of CIO, was
sinte ClO, was rapidly reduced by the oral and

mably CI-). No evidence of thyroid elfects were

ingested ~ 1 mgh. of Cl0; in drinking water as

" aresult 6f youtine use in the community water treatment precess. . .
Sodium chlorite induced dose-dependent oxidative stress on hematopoesis, causing decreased
hemoglobin and red cel? count and increased methemoglobin content. At the same time, gerum
transaminase (SGPT) levels showed sigrificant subclinical-elevation. The hematolpgie effects of

NaClO, rebounded during exposure indicating compensatory hemopoietic activity taking effeet -
during oxidative stress. Sodium chloyate and chloramine did not induce detectable hematologic -

changes in the animals. -

Introduction _—
- Owing to its exeellent microbicidal properties,
chlorine dioxide (C10,), a water-soluble yellow
oxidant gas, has been used in the past for drinking

water disinfection. The apparent relative absence -

of the carcinogenie trihalomethanes (THM) in CIO,
Ireated water triggered renewed interest in this
compound as a possible alternative to chlorine ),
since the latter was shown to generate THMs
(reacting) with humie substances @, 3).
Coneomitantly, the toxicology of ClO, and its

* Health Effects Research Laboratory, U.S. Environmental
Protection Agency, A. W. Breidenbach Research Center, 25
West St. Clair Street, Cincinnati, Ohio 45268,

metabolites. (Cl0, and ClO,) have. received wide
atlention in the recent Ltersture, By using orally -
administered C10,, hematologic changes and inhibi--
tion in testicular uptake of *H-thymidine was dem-
onstrated in rats by Abdel-Rahman (4). Effects of
these chlorine oxides on the glucose-6-phosphate |
dehydrogenase (G6PD)-deficient mouse were reported
by Moore et al. (5. CIO, associated kimetiés of red
cell GSH dépletion ang intravaseular hemolysis in
rats and chickens was reported by Abdel-Rahman
et.al. (6). These workers also deseribed the metabo-
lism of **CI0, () in rodents. In addition, the effects
of Cl0, and metabolites, as they effect the cellular
GSH system in the rat, mouse and chicken blood,
were investigated by Couri et al, (8) Oxidative in
vitro damage to erythrocytes by NaClO, was reported

000253
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Mechanistic Aspects of Ingested Chlorine

Dioxide on Thyroid Function: Impa
Oxidants on lodide. Metabolism -

by J. Peter Bercz,* Lillian L. Jones,* Robert. M. Harrington,”

Rohit Bawa,* and Lyman Coridie*

ine-based disinfectants oxidize the basal jodide content of thi: gastrd testinal tract. The resuMting resctive
fodine species readily attaches to organic matter by covelent bonding. Evidence snggests that the extent
to- which sueh odinated organies are formed is proportional to the magnitude of the eléctromotive force
‘and stoichiometry of theredox conple between fodide and the disinfectant, Because the extent of thyrold
uptake of the bivavailable Todide does nol decrease thiring Cl0; ingestion, it seerus thit €10, does not
cause fodide deficiency of gufficient magnitude to acconnt for the deerenge in'hormonvgenests, ot
of one or more of Sodinaled nolecules, e.g., nutrients, hormones, or celfular constituents 6f the alim
tract having thyromimetic.or thyroid inhibitory properties, i3 a better hypothesis for the effects seen,

i n_trodilction - . ‘ ' The most surpnsmg oblservation'i_n our studies was
'The ]'nhibiﬁ on Of thmxine (T 4} sy]}th %is in m O.nk ey Z] that Cloz 1sa relatlvely pOtent thymld mhlbltor, BhOW-
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chloﬁnoz:dioxide (Cl0,) in-drinking water (1) was a ser- nllx 1 of 13 animals s,tudl_ed\(l). In t}_us
endipitons and the only significant finding during the Showed that, in monkeys intubated with a
investigation of the so-called oxidative stress cansed by ClO: does not survive the organte.en
Cl0,. Investigators involved with disinfection research  Stomach, and over 98% of the oxidizj
{2,%) proposed this syndrome to explain methemoglo.  instilled C10, solution (60 ppm) disap
binemie hemolytic anemia associated with exposure to  minutes. In addition, we showed
large doses of disinfectants, According to this hypoth-  mixing monkey saliva with Cio,

glkglday dose
tudy we alsp
gastric tube,
environment of the
g capaeity of an

spectroscopically that
solution st varions reac-

esis, disinfectants, when absorbed into the blood  tant ratios results in the instantaneous reduction of
slream, deplete red cell glutathione, allowing ferrohem- ClO;. Thus, neither the intact molecule nor chlorite
oglobin to be oxidized to Terrihemoglobin (4,5). {C10,7) or chiorate (C105™) is absorbed to any signifi-

The morphologic and chemieal onset of beme oxida-  cant degree from the stomach when ClO;, is consumed.

tion and erythrocyte membrane damage caused by - These produets of reduction and hydr
chlorite in vidro (6,7) as well as hematologic changes in C10,~, and C10,~ had no observabje
- chickens and rats exposed to up to 1000 mg/L of Cl0: - roid even at mueh greater doses (~
ad Libitum in drinking water were demonstrated ®). observation negated the posgibi
We were unable to elicit in v&wo hematologic changes oxide aniong, at the doses used
in monkeys using Cl0,, since ad libitum GXPOSUre 10 into the thyroid follicles. Althou

property of another chlorine oxid
isa recognized therapeutic effect, it can be eliciteq only

beomeclogy and Microbiology Divisioh, Health Bifects Researgn Wit doses high enough to saturate
Ig%mlm%.s. Envn-onmoe;hzg! Protection Agency, Cincinnati, OH trating mechanism of the thyroid gl

" this disinfectant above 260 mg/L, caused severe taste
aversion and dehydration.

olysis of CIO,,
effect on the thy-
40 mg/ke/day). This

y that snch chlorine
blocked iodide uptake
gh this pharmacologic
e, perchlorate (Clo™),

the iodine-concen-
and. In contrast to
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- ABSTRACT ..

“Chlorine dioxide (C102) is an effective drinking waler disinfectant, but sodium chlorate (NaC10s) has been identified as a potentially harmful

" disinfection by-product. Studics were performed 10 describe the development of thyroid Jesions in animals exposed to NaClOs in the diinking water,

* Mdle and female F344 ratsand BEC3F) mice were exposed 100, 0,125, 0.25, 0.5, 1.0, or 2.0 g/L NaClO; for 21 days. Additionial male F344 rats were

sxposed to 0, 0.001, 0.01, 0.1, 1.0, or 2.0 g/I. NaClO; for 90 days. Female F344 rats were exposed to 0, 0.5, 1.0, 2.0, 4.0, or 6.0 /1. of NzC10; for

105 days. Thyruid tissies were processed by routine methods for light microscopi ¢ examination, and follicular cell byperplasia was dispnosed vsing a

novel method. Thyroid hormone levels weze altered Significantly after 4 and 21 days. NaCIO3 treatment induced 2 concentration-dependen t ipcrease

in'the incidence and severity of thyroid follicular cell hyperplasia, Male rats are more sensitive o the effects of NaCl0, ﬁnlqu! than females.

Follicular cell hypeiplasia was not present in male or female B6C3F; mice. These «data can be used to estimate the human health risk that would be
Jassociated with using CIO;, rather than chlotine, tp disinfect drinking water.

Keywords. Colloid depletion; disinfection by-produets; drinking water; follicular cell hypesplasia; hormones; sodium chlarates thyroid. " -

INTRODUCTION

Under the Safe Drinking Water Act of 1996, the US Envi-
ronmental Protection Agency (EPA) ismandated by Congress
to ensure the quality of drinking water in the United States by
setting standards for the control of pathogens.and disinfec-
" tion by-products (DBPs). Special emphasis has been placed
on the toxicity and carcinogenicity of thlorine disinfection
- by-products. Chlorination is the most common water disin-
fection method in the United States, but a variety of carcino-
genic compounds including the trihalomethanes (TEMSs) and
. the haloacetic acids are formed when humic material reacts
. with chlorine. Alternative disinfection methods have been

utilized to limit the production of these potentially harmful
DBPs. Chlorine dioxide (ClO,) is more effective than chlo-
rine for killing most microorganisms, produces fewer chlo-
xinated by-products, and does not produce significant levels
of THMs (38). However, compounds such as sodium chlo-
rate (NaClO;) have been identified as by-products from ClO,
disinfection. NaClO; may be formed by inefficient C10, gen-
eration or as a result of the reaction between residual chlorite

ddress correspondenc e to: Dr Douglas C. Wolf, U.S. EFA, MD-68,
W Alexander Drive, Research Triangle Park, North Carolina 27711

Do od TS

in finished water and free chlorine in the distribution system
(13). Chlorate may, be found at lévels as high as 2.0mg/L in
finished drinking water (22). Commercially, NaClOs is used
as an oxidizing agent in the tanning and Teather indpstry, in
the manufacture of dyes, explosives, and matches, and as a
herbicide (31). ‘ . .

The toxicity data for NaClO; are limited and come primar-
ily from subchronic studies involving administration of chlo-
rate torats and mice orally, either by gavage, orin the drinking -
water. Most of the potential adverse health effects of NaClO;
exposure are associated with blood oxidation including in-
creased methemoglobin fonnation, decreased hematocrit, red
blood cell (RBC) membrane damage, and reduction in RBC
glutathione levels (1, 2, 6, 19, 45). Other subchronic toxicity
tests have identified the rat thyroid as the primary target organ.
Bercz et al (4) reported a concentration-dependent decrease
in thyroxine (T,) levels in African green monkeys exposed
to ClOyin drinking watey. A statistically significant decrease
in Ty levels occurred after 4 weeks of exposure to 0.1 g/L.
(9 mg/kg/day) ClO,, but changes in T4 levels did not oceur
when the animals were exposed t0.0.4 g/L (60 mg/kg/day) of
NaClOs.

More recently, McCauley et al (31) conducted a sub-
chronic (90-day) study on NaClO, in male and female
Spralgye—Dawley rats. Animals were exposed to 250, 1,001,

ail: wolf.doug @epamail.epa.go v.
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THE EFFECTS OF ‘SUBGHRONIC CHLORATE EXPOSURE
| IN SPRAGUE-DAWLEY RATS )
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ABSTBACT »

Maie and femaie Sr)rague—i)awley rats were exposeri 'ib. rjrinking water containing
3.0, 12.0 or 48.0 mM sodrum chiorate. The mean dnnking water consumption varied
between exposure groups from 100-200 ml/kg/day. Female exposure groups
- consistently drank more water {23-42%) than male exposure groups thereby recervmg
‘more chlorate/kglday at every exposure level. There were no compound related deaths;
" however, hoth males and females inthe hrgh exposure g_roups had significant. -weight loss
during the: 90—day exposure penod Also, in these same groups temales had mild but
srgmﬁcam decreases in the following relative organ welights; adrenals, thymus and
eﬁleen. whrle the relative brain weight was increased. In males, the heant, kidneys and

liver were mildly decreased while the brain and testes were mildly increased. Red blood .

TAuthor to whom cormrespondence should be addressed,
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Copyright © 1995 by Marce} Dekker, Inc.

000278



RO STEBITEIEON - papeofumoq ARoloofvo]. [eopuray) p S

]



‘Ajma o8t od10g

o oﬁmﬁv« Eﬁiau.m R} Aq &oo.oaoﬂﬁoﬁﬁuo.«, - Papeouma( K80j00rx0 ] .—Smﬁmao pure o1y




. . « *Afuo ost g
ejtomyy umma?»m W 3 Eoo.wuﬂﬂ?uﬁﬁ.&w .&vovmﬁ._ﬁoh

ABojesyxo, jeommen pie Sray




HISHTS L1

tradriery €Vverwsn Fans







000284

=Lt Ao

=rW Yonypee

‘

.bcm ot hdrog

Iy \

OHOUTY THUB{uSg N A Moo MR, paprousoq ARoioooy, feotateys pus g

e , . Naae




+ Drug and Chemical Toxicology Downloaded” - formahealtheare.com by Mr, Benjamin Almoite
. Fot pe se only.

£ S42sus g
THTH
\

1

r

i

AL

Figl

4.

ke
(]

&




*ATuo0 o *d 103 s .
papeamma AS010aIXO0, [eaNaYY) pUB mE.n

SIOMITY Uurefiiagt I Aq WO 3FEot EREILIO, o




g - N ) SRV eenan gAYy v SO SIEIJ[ECY .....-. v —Omu.quGBDQ .OMOOMKOhbmﬂOmEoﬂU vﬂﬂman ] . ...\..... 155




oS S ey . DapRo[uAMgq A30100[X0], Teottttey) pire Sty

3

P







§

Drug and Chemical Toxicology Downloaded ,

1

v

cdrg.com by Mr. Benjamin’ Almoits -

-

“otinahealtt
se only.,

For pe.t,

1. Windholz, M., ed. (1976)

* drugs, 9th ed. Rahway, NJ: Merck arid Co., inc.

2. Taatken, R.L. and Lewis Sr., R.J. eds. (1983) R ggg ry. of toxic effects of -

Chemical, Substances: 1981-82 Egﬂlog vol DHHS {NIOSH) Pbu. No.. 83 107,

" Washington D.C.: U.S, Govemment Pnntmg Office.

3. Weast, R.C. ed. (1978} RC HQDdDQQK of Q em 5_([2 and Physics, 59th edlﬁon

) West Palm Beach, FL: CRC Press, Inc.

5 Bolyard, M. and Falr, B: {1993) Sources of chiorate ion in U.S. drinking water. J.

Am. Water Works Assoc. 85; 81. )

5. Noss; C.l. and-Olivieri, V.P. (1985} Disinfecting capabilities’ of oxychlorine
compounds. Appl. Environ. Microbiol., 50; i16_2.'

8. Witthaus, RA. (1911) Manual of Toxicology vol. 4, New York, NY: W, Wood

Co.

&H%J«-ﬁ

000290



—~0

by Mr: Benjamin Alinoite

“ortiahealthéars,com
s only.

Drug and Chenrical 'Toxiuoio‘gy Downloadedts ~

For per

198 R . McCAULEYETAL.

'7. Steffen, C. and Seitz, R. (1981) Severe chlorate poisoning: repont of a case.

- Arch. Toxicol. 42; 281.

8. Gramer P., Danel, V., Bamoud D., Lavagne, P. and Faure, J., (1985) Sou‘um

chlorate poisoning [lelter] Presse. Med. 14, 1009

9. Singelmann, E. and Steffen, C., (1583) lncreased figidity in-chlorate poxsonmg J..
_Clin. Pathol: 36; 719,
10.  Singelman, E., Wetzel, E., Alder, G. and Steﬁen, C (1984) Erythrocyte

) membrane alterations as the basis of chlorate toxicity.. T oxloology 30; 135.

1. Lubbers J.R. and Blanchma J. R‘,ﬁ 984).Effects of the acuta dose adrmmstratlon

’ of chiorine’ dioxide,: chlorate and chlome to normak health m adult male volunteers. J. -

Environ. Toxicol, Oncol 5;215.

12.  Lubbers, J. R:, Chauhan, S., Miller, J.K. and Blanchine, J R:, (1984) The effects

"of chronic admmustrahon of chlonne d:ox:de chlonte and chiorate to ‘normal healthy adult '

maie volunteers J. Environ. Tox:col Oncol. 5; 229.

13, Bercz, JP., Jone, L., Gamer, L., Murray, b., Ludwig, D.A. and Boston, J., (1982)

Subchronic toxicity of chiorine dioxide- and related cornpo'unds in drinking water In the

nonhuman primate. Environ. Health Perspact. 46; 47.

-.14. Abdel—Rahman M.S., Couri, D. and Bull, R.J., {1980) Kinetics of ClO,- and ClO,-

“in drinking water on blood glutathione and hemolysis In rat and chicken. J. Environ.

Pathol. Toxicol. 3; 431. _

15.  Kurokawa, Y., Imazawa, T., Matsushima, M., Takamura, N. and Hayashi, Y., {1985)
Lack of promoting effect of sodium chlorate and potassium cnlorate in two-stage rat renal
carcinogenesis. J.Am. Coll, Toxicol. 3;-331. -

16. Meier, J.R., Bull, R.J., Stober, J.A. and Cimino, M.C., (1985) Evaluation of
chemicals used for drinking water disinfection for production of chromosomal damage

and spenm-head abnormalities in mice. Environ. Mutagen. 7; 201.

BARYTS Limxd

000291 -



in by Mr. Beojamin Almoite

i
»
-

~formahealthcare.¢o

Drug and Chermical Toxicology Downloaded 1 *

1se only,

For pt

—

'_sUBc_rmoMcmnlom:i'Bmo'_sURE' Lol 19

17. Suh,DH., Abdel-Rahman M.S. and Bun RJ., (1984) Biochemwal interactions of-

. chiorine and lts metabolites in rats. Arch. Envsron‘ Contam. Tox;co!. 13, 123,

, " 18; Honander M.anuWoue.D (1973) NongarametricSta&B_tmi MglMg, New York,'
L _NY Wyﬁe. '. _ _
1 _9. Hingler D. and- Dablch L. (1979) Hematologyand clinibalblochenustry In "The
- Laboratoxy Aat,™ Vol. J, Academic Press, New York. '
20, Steﬂen, C. and Wetzel. E. (1993) Chlorate Poislbnlng' Mechanism of Tomty
) '_.Toxleology B4; 217

21, H‘amngton. R. and Sbertzer H. (1985) Eﬁects pf 0102 on the absorption and’

disin"bution bf dletary jodide in the rat. Fundam Appl. Tomcal. 5 672.

------

000292



4

1038

Journal of Food Protection, Vol. 63, No. 8, 2000, Pages 1038-1042

Bactericidal Effect of Sodium Chlorate on Escherichia coli
O157:H7 and Salmonella Typhimurium DT104 in Rumen
Contents In Vitro

ROBIN C. ANDERSON,* SANDRA A. BUCKLEY, LEON F. KUBENA, LARRY H. STANKER,t ROGER B. HARVEY, AnDp
DAVID J. NISBET

U.S. Department of Agriculture, Agricultural Research Service, Southern Plains Agricultural Research Center,
Food and Feed Research Unu, 2881 F&B Road, College Station, Texas 77845, USA

MS 99-380: Received 22 December 1999/Accepted 28 March 2000

ABSTRACT

Escherichia coli O157:H7 and Salmonella Typhimurium DT104 are important foodborne pathogens affecting the beef
and dairy industries and strategies are sought to rid these organisms from cattle at slaughter. Both pathogens possess respiratory -
nitrate reductase that also reduces chlorate to the lethal chlorite ion. Because most anaerobes Jack Tespiratory nitrate reductase,
we hypothesized that chlorate may selectively kill £. coli 0157:H7 and Salmonella Typhimurium DT104 but not potentially
beneficial anaerobes. In support of this hypothesis, we found that concentrations of E. coli 0157:H7 and Salmonella Typhi-
murium DT104 were reduced from approximately 1,000,000 colony forming units (CFU) to below our level of detection (<10
CFU) following in vitro incubation (24 h) in buffered ruminal contents (PH 6.8) containing 5 mM added chlorate. In contrast,
chlorate had little effect on the most probable number (mean * SD) of total culturable anaerobes (ranging from 9.9 + 0.72
to 10.7 % 0.01 log,4 cells/ml). Thus, chlorate was baciericidal to E. coli 0157:H7 and Salmonella Typhimurium DT104 but
not to potentially beneficial bacteria. The bactericidal effect of chlorate was concentration dependent (less at 1.25 mM) and
markedly affected by pH (more bactericidal at pH 6.8 than pH 5.6).

Escherichia coli 0157:H7 and Salmonelia Typhimu-
rium DT104 are important foodborne pathogens of concern
to the beef and dairy industries (10, 14, 26, 28). Like most
members of the family Enterobacteriaceae, both pathogens
possess respiratory (also referred to as dissimilatory) nitrate
reductase activity (6, 25). Unlike assimilatory nitrate re-
ductases that function to fix inorganic nitrogen into cell
protein, respiratory nitrate reductases function to conserve
energy via electron transport phosphorylation (8, 25). Chas-
acteristically, respiratory nitrate reductases also reduce
chlorate intracellularly to cytotoxic chlorite, and this has
traditionally been used to distinguish between the two dif-
ferent types of nitrate reductases (21, 25). An iniriguing
feature of this characteristic is that bacteria possessing re-
spiratory nitrate reductases, such as Salmonella and E. coli,
are consequently killed by the chlorite, but bacteria not pos-
sessing the respiratory nitrate reductase, i.e., many com-
mensal and mutualist (beneficial) bacteria inhabiting the
gastrointestinal tract, are not affected. Whereas some ru-
minal anaerobes such as Propionibacterium, Selenomonas,
Clostridium, Denitrobacterium, Desulfobacterium, Viello-
nella, and Wolinella (Vibrio) possess Tespiratory nitrate re-
ductase activity (1, 2, 4, 16, 27), most do not. We thug
hypothesized that chlorate may selectively inhibit E. coli
and Salmonella. Presently, we report results from in vitro
experiments that support this hypothesis, and we discuss

* Author for comespondence. Tel: 409-260-9317; Fax: 409-260-9332;
E-mail: anderson@ffsru.tamu.edn.

t Present address: USDA/ARS, WRRC, 800 Buchanan St, Albany, CA
94710, USA.

potential applications of these results to reduce gut colo-
nization by enteric pathogens.

MATERIALS AND METHODS

In several separate experiments, ruminal fluid was collected
from a cannulated cow maintained on pasture (predominantly rye
grass) and was mixed 1:1 with 200 mM phosphate buffer (pH 5.6
or 6.8) containing cellobiose, glucose, soluble starch, and xylose
(1% wtivol each). Aliquots of the buffered ruminal fluid were
transferred to 18- by 150-mm crimp-top tubes and were incubated
anaerobically under Op-free N, gas at 39°C with or without 50~
dium chlorate and eijther a novobiocin- and nalidixic acid-resistant
E. coli O157:H7 or Salmonella Typhimurium DT104 (DHEP
12362). Both E. coli O157:H7 or Salmonella Typhimmrium
DT104 were cultured overnight in tryptic soy broth (Difco, Lab-
oratories Inc., Detroit, Mich.) prior to inoculation into the buffered
ruminal fluid. The E. coli 0157:H7 strain (ATTC 43895) was
made nalidixic acid resistant via successive incubations in trytic
soy broth (Difco) supplemented with up to 20 pg nalidixic acid/
ml. Colony counts for E. coli 0157-H7 were determined via direct
plating on MacConkey agar (Difco) containing 25 ug novobiocin/
mi and 20 p.g nalidixic acid/ml and for Salmonella Typhimurium
DT104 via plating on brilliant green agar (Oxoid, Unipath Ltd.,
Basinstoke, Hampshire, UK) containing novobiocin and chlor
amphenicol (25 pg/m} each). Most probable number estimates of
total culturable anaerobes were determined via a three-tube most
probable number test (5) using anaerobically prepared (O,-free N,
gas) reinforced clostridial medium (Difco) supplemented with
40% (vol/vol) clarified rumen fluid (13), 0.0001% resazurin (wt/
vol), and with cellobiose and xylose (0.025% wt/vol each).

Data from each experiment were analyzed using the general
linear models procedure of the Statistical Analysis System and
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Effect of Sodium [*Cl]Chlorate Dose on Total Radioactive
Residues and Residues of Parent Chlorate in Beef Cattle!

D. J. Smith,*+ C. E. OLIVER,S J. S. CATON,§ AND R. C. ANDERSON'

United States Department of Agriculture Agricultural Research Service, Biosciences Research
Laboratory. 1605 Albrecht Boutevard, Fargo. North Dakota 58 105-5674. Department of Animal and
Range Sciences, North Dakota State University. Fargo, North Dakota, 58105, and United States
Department of Agriculture Agricultural Research Service, Food and Feed Safety Research, 2881 F&AB
Road. College Station, Texas 77845

The objectives of this study were to determine total radioactive residues and chlorate residues in
edible tissues of cattle administered at three levels of sodium [*®Clchlorate over a 24-h period and
slaughtered after a 24-h withdrawal period. Three sets of cattle, each consisting of a heifer and a
steer, were intraruminally dosed with a total of 21, 42, or 63 mg of sodium [3Cl]chloratefkg of body
weight. To simulate a 24-h exposure, equal aliquots of the respective doses were administered to
each animal at 0, 8, 16, and 24 h Urine and feces were collected in 12-h increments for the duration
of the 48-h study. At 24 h after the last chlorate exposure, cattle were slaughtered and edible tissues
were collected Urine and tissue samples were analyzed for total radicactive residues and for
metabolites. Elimination of radioactivity in urine and feces equaled 20, 33, and 48% of the total dose
for the low, medium, and high doses, respectively. Chlorate and chloride were the only. radioactive
chlorine species present in urine; the fraction of chlorate present as a-percentage of the total urine
radioactivity decreased. with tme regardless of the dose. Chloride was the major radioactive residue
present in edible tissues, comprising over 98% of the tissue radicactivity for all animals. Chlorate
concentrations in edible tissues ranged from nondetectable to an average of 0.41 ppm in skeletal
muscle of the high-dosed anmals. No evidence for the presence of chlorte was observed in any

tissue Results of this study suggest that further development of chlorate as a preharvest food safety

tool merits consideration

INTRODUCTION

Contamination of beef carcasses with pathogens such as
Escherichia coli and Listeria during slaughter and processing
have led to the annual recall of over 800 000 kg of beef during
the past decade (7); this average excludes arecall of 10 000 000
kg of beef in 2002. Food-animal products containing undetected
pathogens continue to contribute to an unquantified number of
foodborne illnesses. In beef cattle, it has been established that
hides are a major source of carcass contamination (2) and that
hide-washing intervention steps effectively reduce subsequent
pathogen loads on carcasses (3, 4). Although postharvest
sanitation techniques are becoming increasingly efficient, they
are in use because no practical methods exist for removing

1 The use of trade, firm, or corporation names in this publication 15 for
the information and convenience of the reader Such use does not constitute
an official endorsement or approval by the United States Department of
Agniculture or the Agricultural Research Service of any product or service
to the exclusion of others that may be suitable.
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Y United States Department of Agriculture Agncuitural Research Service,
Biosciences Research Laboratory.

§ North Dakota State University

""Unuted States Department of Agriculture Agricultura) Research Service,
Food and Feed Safety Research
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pathogens from live animals prior to slaughter. It has been
suggested (5) that intervention techniques that eliminate patho-
gen loads in live animals could have a greater relative im-
pact on food safety than any postharvest intervention strategy
known, aside from cooking. In reality, a combination of both
pre- and postharvest intervention strategies will likely be
employed to minimize risks associated with pathogen-contami-
nated meats.

Recently, a new preharvest technology that greatly reduces
or eliminates the numbers of pathogens inhabiting gastrointes-
tinal tracts of cattle (6—8), sheep (9), swine (10—12), and poultry
(13, 14) has been developed. The technology is based on the
feeding of an experimental sodium chlorate-containing product
(ECP) 24—72 h prior to the slaughter of an animal. During the
chlorate exposure period, bacterial species containing intracel-
lular respiratory nitrate reductase are thought to metabolize
chlorate (ClO5™) to the bacterial toxin chlorite (CIO5™; 15).
Chlorate toxicity is specific to nitrate-reductase-containing
bacteria that have the ability to intracellularly convert chlorate
to chlorite but which lack chlorite dismutase enzymes capable
of rapidly metabolizing chlorite to the chloride ion (16, 17).
Use of chlorate does not adversely affect the commensal
microflora of gastrointestinal tracts (6). Unlike many antibiotics,
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Supporting Regulatory Analysis for GRAS Determination for Chlorine Dioxide

Generated by the Puremash® System'

As a starting point, the. GRAS concept was introduced with the 1958 Food Additive
Amendments to the FFD&C Act to serve an integral role in the newly installed “food
additive” regulatory scheme, a rigorous scheme which requires, among other things, that
“food additives™ receive explicit precléarance by the FDA before being marketed in the
United States. In creating the “food additive” regulatory scheme, Congress exempted
several classes of substances from the definition of a “food additive,” thereby removing
these substances from the preclearance requirement and other mandates that apply to food
additives. Perhaps the most notable exemption from the “food additive” definition,
Section 201(s) of the Act, 21 U.S.C. § 321(s), is the one for substances that are GRAS,
i.e., substances that are generally recognized, among experts qualified by scientific
training and experience to evaluate theijr safety, as safe under their intended conditions of
use. Section 201(s) defines a GRAS substance as one that is:

generally recognized, afnong experts qualified by scientific

training and experience to evaluate its safety, as having

been adequately shown through scientific procedures (or, in

- the case of a substance used in food prior to January 1,
1958, through either scientiﬁc procedures or experience
based on common use in food) to be safe under the

conditions of its intended use.2

The statutory definition for GRAS substances above as found in Section 201(s)
establishes three key elements in making a GRAS determination for a substance: (1) there
must be a general recognition by experts that a particular substance is safe; (2) the experts

must be qualified by scientific training and experience; and (3) the experts must have

Prepared by John B. Dubeck, Esq., Martha Marrapese, Esq., and Eve Pelonis, Esq., Keller and
Heckman LLP, 1001 G Street, N.W._, Suite 500 West, Washington, DC 20001, 202-434-41090.

“Safety” means “that there is a reasonable certainty in the minds of competent scientists that the
substance is not harmful under the intended conditions of use.” 21 CF.R. § 170.3(i). Safety
determinations are based on the following factors: (1) consumption rate, (2) determination of a NOEL
from an appropriate animal study, and (3) an appropriate safety factor.
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based their safety judgment either on scientific procedures or the fact that the substance .

was commonly used in foods prior to January 1, 1958.

CVM published regulations describing eligibility requirements for GRAS substances at
21 C.EFR. § 570.30. General recognition of safety requires a “common knowledge” about
the substance throughout the scientific community knowledgeable about the safety of -
substances directly or indirectly added to food. For substances not widely used in food
prior to 1958, general recognition of safety based-on “scientific procedures” requires the
same quantity and quality of scientific evidence as is required to obtain approval of a .
food additive regulation for the ingredient. Unlike a food additive petition, however,
general recognition of safety is ordinarily based on published studies which may be
corroborated by unpublished studies and other data and information. See, e.g., 21 C.FR.
§ 170.30(b).

As the GRAS definition implies, and as FDA has recognized on many occasions, the
determination as to whether a substance is GRAS is a question of fact, not of law. Thus,
ingredient manufacturers and users are free to make a self-determination that their
products are GRAS where such a determination is supported by publicly available
information. See 21 C.F.R. § 182.1(a) (lists of GRAS substances in GRAS regulations

are not intended as exhaustive lists of all such substances).

On April 17, 1997, FDA issued a proposed rule (62 Fed. Reg. 18938) that would
establish a notification procedure whereby any person may notify FDA of a
determination by that person that a particular use of a substance is GRAS. Although this
proposed rule has not been finalized, FDA has implemented the program and reviewed
over 150 GRAS notifications over the last several years. FDA'’s responses, which are
posted on its web site, have been in one of three categories: (1) FDA does not question
the basis of the notifier’s GRAS determination, (2) the notice does not provide a
sufficient basis for a GRAS determination, or (3) FDA, at the notifier’s request, ceased to

evaluate the GRAS notice.
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On June 4, 2010, CVM published its Notice announcing the establishment of a pilot
program for GRAS substances added to animal feed. Similar to what was announced in
1997, this is a voluntary program which permits participants to submit to the Agency
notices of claims that a particular use of a substance in animal food is exempt from the
statutory premarket approval requirements based on the notifier’s determination that such
use is GRAS. This program signals CVM's implementation of the 1997 proposed rule
and provide an alternative to the food additive petition process for these substances. The
agency will implement the pilot program for substances added to animal food in the same
manner as the interim policy for substances added to human food and as described above

and in section VIII of the 1997 proposed rule.

Because an unintended constituent of chlorine dioxide production, sodium chlorate, was
the subject of an NTP two-year chronic toxicolqu study, the safety of chlorate residuals
is being evaluated using FDA’s procedures for addressing the situation in which the use
ofa subst'ance in a food additive is known to contain minute, but detectable, levels of a
presumed carcinogenic impurity. The GRAS éubstance, chlorine dioxide, is not
carcinogenic. Relevant to this analysis therefore, the so-called Delaney Clause was
added to the FFD&C Act by the Food Additives Amendment of 1958.* More
specifically, under section 409(c)(3)(A) of the FFD&C Act, no food additive shall be
deemed by FDA to be “safe” if the additive is found “to induce cancer when ingested by
man or animal, or if it is found, after tests which are appropriate for the evaluation of

safety of [the additive], to induce cancer in man or animal.”

In recognition of the overall integrity and force of the general safety clause, the
legislative record shows that, although the Department of Health, Education and Welfare
(HEW)—now the Department of Health and Human Services (HHS)—did not object to
the inclusion of the Delaney Clause in the Act, in the view of HEW and F DA, “the [Food

? 75 Fed. Reg. 31800 (Jun. 4, 201 0), available at, http://edockct,access.gpo.gov/Z010/pdf/2010-
13464.pdf.
4

FFD&C ACT § 409(c)3)(A), 21 U.S.C. § 348(c)(3)(A).
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Additives Amendment] reads and means the same with or without the inclusion of the
5

{Delaney] clause . . . .”
The Department held this view because of the prevalent scientific conviction in 1958 that
the state of the art would not permit scientists to establish a tolerance for a carcinogen.
Thus, it was impossible to reliably determine a level of exposure to a carcinogen below
which one could be assured that there was no significant increase in the risk of
developing cancer. In other words, scientists lacked the technology to assess adequately
the risk presented by a particular chemical. However, the advent of highly improved
analytical methods that made it possible to detect minute levels of a carcinogenic
component of a food ingredient, and the increasing number of substances that were being
shown in animal studies to be carcinogenic, necessitated a renewed evaluation of the

interpretation and application of the Delaney Clause at a certain point in time.

This reevaluation led to the Agency’s publication of the so-called “constituents policy,”
which allows FDA to find the use of food additives safe, even if they contain small
amounts of carcinogenic substances as unintended contaminants, as long as the food
additive itself is not a carcinogen. Policy for Regulating Carcinogenic Chemicals in
Food and Color Additives, Advance Notice of Proposed Rulemaking, 47 Fed. Reg. 14464
(Apr. 2, 1982). ¢

In the Federal Register notice announcing its constituents policy, FDA stated that “{I]ike
all chemicals, no food additive . .. can be produced absolutely pure . . . all chemical
substances, including those used as additives, contain numerous impurities such as

residual reactants, intermediates, manufacturing aids, and products of side reactions and

S. Rep. No. 2422, 85th Cong., 2d Sess. 10-11.

See 47 Fed. Reg. 14464 (Apr. 2, 1982). On Nov. 26, 2004 (69 Fed. Reg. 68831, 68836), FDA
withdrew this advance notice of proposed rulemaking (ANPR) along with approximately 80 other proposed
actions and rules that were no longer considered viable candidates for final action. The withdrawal
represented an effort by the Agency to reduce its regulatory backlog and focus its resources on current
public health issues. The notice states that, “withdrawal of a proposal is not intended to affect whatever
utility the preamble statements may currently have as indications of FDA’s position on a matter at the time
the proposal was published,” and further that, “in some cases the preambles of these proposals may still

" reflect the current position of FDA on the matter addressed.” It is understood that the constituent’s policy
as outlined in this preamble reflects current FDA thinking on the matter. Thus, despite the Agency’s
withdrawal of the ANPR, the constituents policy outlined in the April 2, 1982 Federal Register notice
remains a valid policy by which to evaluate minor carcinogenic constituents of food additives.
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T To address the increasingly common situation in which a food or color .

degradation.
additive was known to contain minute, but detectable, levels of a carcinogenic impurity,
FDA revised its procedures for evaluating the safety of such additives. One of the
significant decisions at that time was to recognize and distinguish between the additive as
a whole separate and apart from its individual “constituents.” Under this approach,’a .
food additive is regarded as the “substance that is actuaily intended for use in food or for
food contact,” while all “non-functional chemicals present in that substance would be
called the ‘constituents’ of the additive.”® According to FDA, substances classified as
constituents “would include residual reactants, intermediates, and manufacturing aids, as

well as products of side reactions and chemical degradation.”

Based on this distinction between the “food additive” and its “constituents,” the Delaney
Clause prohibition is appropriately applied when the food additive substance itself is
shown to be carcinogenic. This interpretation has been employed to permit the use of a

non-carcinogenic additive if it contains “safe” levels of carcinogenic constituents,

Support for the constituents policy is found in Monsanto Co. v, Kennedy, 613 F.2d 947
(D.C. Cir. 1979). In discussing whether a substance that migrates to food is a food
additive, the court expressed the view that there is “administrative discretion mherent in
the statutory scheme to deal appropriately with de minimis [i.e., trivial or insignificant]
situations.” Id. at 955. “If FDA has discretion to disregard low level migration into food
of substances in indirect additives because the migration of the particular additive
presents no public health concern, then the Agency may also disregard, after appropriate
tests, a carcinogenic chemical in a noncarcinogenic food additive or color additive if

FDA determines that there is a reasonable certainty of no harm from the chemical.”!°

As noted above, the GRAS concept was introduced with the 1958 Food Additive
Amendments to the FFD&C Act to serve an integral role in the “food additive”

regulatory framework. As in the case of a non-exempt food additive, the constituent’s

7 Id
8 1d at 14466.
? 1d at 14466-67.

10 1d at 14466,
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policy may be legally applied to a GRAS determination. See 47 Fed. Reg. at 14466
(stating that “FDA may conclude that one, all, or some combination of approaches may
be appropriate™). The administrative discretion inherent in the statutory scheme allows
FDA to disregard a carcinogenicA constituent if the GRAS substance itself is not

carcinogenic and if there is a reasonable certainty of no harm from the constituent.

FDAI has adopted the use of the following risk assessment to determine whether there is a
reasc;nable certainty that no harm will result from the proposed use of GRAS substance
that itself is not carcinogenic due.to the presence of a presumed carcinogenic constituent.
47 Fed. Reg. at 14468. If the calculated upper-bound lifetime risk from all sources of
exposure is less than 10 (less than one-in-one million), the risk is considered negligible.
The dietary concentration of the constituent which gives rise to this level of risk is
referred to as the “virtually safe dose” or VSD. When a potentially carcinogenic
constituent may enter the diet through more than one source, it is clear that each source
cannot be allowed to contribute to the entire VSD. Generally speaking, where several
potential sources are involved, a specific application may be considered “safe” if it
contributes no more than 10% of the VSD. For those substances whose cumulative
dietary exposure already exceeds the V8D, the fraction should be typically on the order
of 1% of the VSD to consider the specific application “safe” under the Act.!!

1 Noted as well is Part 500, Subpart E and the agency's interpretation of the DES proviso to the

Delaney Clause, which subjects residues in edible tissues to sensitivity of method {SOM) considerations as
described in that Subpart. See 67 Fed. Reg. 78172 (Dec. 23, 2002). This policy was specifically developed
for the new animal drug regulations and was not expressly designed to address indirect constituents in the
food supply. Nevertheless, the risk assessment required by SOM is essentially the same one used for the
constituents policy determination. The long term endpoint is not considered to be appropriate in an
analysis for food producing animals. Moreover, based on published reports in the scientific literature, at
the estimated levels that are entering the animal diet through use of the Notifier’s technology, FDA may
conclude that any method to quantify chlorate residues in the target tissue of food producing animals at the
level of the VSD in the test animals of 0.3 Ppb will result in no detection at that level of detection (LOD).





