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ABSTRACT

" To provide input data for a mathematical model Lo estimate potential
groundwater contamination from chemicals in land dispusal sites, hydrolysis
rate constants were determined for 31 regulated chemicals under carefully
controlled conditions. Hydrolysis rates were measured under sterile conditions
at nrecisely controlled temperatures and at three pH levels (3,7, and 11).
Conditions were adjusted to provide suff -ciently precise rate constants to meet
modeling requirements determined through model sensitivity tests. In addition
to close monitoring of temperature and pH, precautions were taken to minimize
impact of adventitious processes. Chemical concentrations as a function of
incubation time were measured by gas chromatography, liquid chromatography, or
jion exchange chromatog~aphy. Identities and purities of the chemicals were
detemined by mass spectrometry supplemented, in some cases, by infrared spec-
trometry. .

Four chemicals (DL-trans-4-chlorostilbene oxide, benzyl chloride,
2,4-dichlorophenoxyacetic acid methyl ester, and lindane) were used 3as standard
reference compounds (SRCs) to ensure reproducibility and control of two parameters,
temperature and pH, that affect hydrolysis rates of chemicals in an aqueous
environment. The acetato and lindane were used as SRCs in the pH ranges of 8 to 9.5
and 9.5 to 11, respectively. Benzyl chloride and the stilbene oxide were used in
conjunction with neutral and acidic hydrolysis rate determinations, respectively.
Daterminations of the hydrolysis rates of the SRCs were repeated at varying
temperatures and pH's over a 15-month period. During the study, the rates for
the SRCs were determined on four gas chromatographs and three Tiquid chromatograpns
by four chemists. For these determindtions the greatest variability from the
mean at the 95% confidence 1imit was =+12% for the acetate. The mean
and uncertainty at the 95% confidence ievel was: stilbene oxide (17.0 + 2.0 M-
min-1), benzyl chloride [ (7.2 + 0.5) X 10-% min-1}, acetate (699 *+ 77 M-
Tindane (3.3 # 0.1 M-1 min-1).
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Hydrolysis rate constants are reported for the following 54 compcunds:

n-(aminothioxomethyl) acetamide, acetonitrile, 2-acetylaminofluorine,
guramine, azaserine, chlorambucil, chlordane, chlornaphazine,
beta-chiornaphthalene, 2-chloro-1,3-butadiene, 1-{0-chlorophenyl)
thiourea, 3-chloropropanenitrile, cyclophosphanide, DD (p,p'
iscmer), daunomyrin, diallate, dichloroethyl ether, 1,2-dichloropro-
pane, 0,0-diethyl-0-pyranzinyl phosphorothioate, diisopropylfluoro
phosphate, dimethoate, 2,4-dithiobiuret, ethyl methanesulfonate,
ethylene tiiourea, ethyiene-bis-(dithiocarbamic acid), 2-fluoroaceta-
mide, hexachlorobenzene, hexachloroethane, hexaethy! tetraphosphate,
isndrin, tasiocarpine, lindane, maloncnitrile, melphalan, methomyl,
methyl methacrylate, H-methyl-ii-nitro-H-nitroso-guanidine, 2-methyl-
aziridine, methylthiouracil, alpha-nephthaylthiourea, N-Nitroso-N-
ethylurea, n-Nitroso-n-methylurethane, octamethylpyrophosphoramide,
di-n-octylphthalate, phorate, 1,3-propane sultone, safrole, tetra-
ethyl pyrophosphate, thioacetamide, thiram, toxaphene, 0,0,0-tri-
ethyl-ester phosphorothioic Acid, 0,0,S-triethylester phosphorodi-
thioic acid, tris{2,3-dibromopropyl}phosphate.
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FOREWORD

As environinental controls become more expensive and penalties for judg-
ment errors become moc2 severe, envirompental management requiras more precise.
assessment tools based on greater knowledge of relevant phenomena. As a part
of this Laboratory's research on occurrence, movement, transformation, 1impact,
and control of chemical contaminants, the Measurements Branch deterines the
occurrence of unsuspectad organic pollutants in the aquatic environment and
develops and applies techniques to measure physical, chemical, and microbial
transformation and equilibrium constants for use in assessment models and for
development of property reactivity correlations.

In impleomenting the land banning provision of the 1984 Hazardous and
Solid Wasic Amendments to PL 98-616 (RCRA), a mathenatical model was developed
te estimate ontential grounawater contamination from chemicals in land disposal
sites. Applivation of the model regquires as input thz hydrolysis rate constant(s)
for the chemicael of concern. This report documents the laboratory measurement
of hydrolysis rate constants for 31 compounds regulated under RCRA. Approximately
four thcusand chemical analyses were required on 35 different organic compounds
(including standard reference compounds) to perform the rate constant measure-
ments. Experimental conditions were selected and carefully controlled to
provide sufficiently precise rate constants to meet the requirements resulting
from model sensitivity tests.

Rosenarie C. Russo, Ph.D.
Cirector

Environmental Research Laboratory
Athens, Georgia



A1l compounds except 2-chloro-1, 3-butadiene, ethylene thiourea,
hexachlorobenzene, hexachlorcethane, and safrole were hydrolyzed to
some extent under the varying conditions of pH and temperature emploved.

Half-Tives of hydrolyzable compounds ranged from a few minutes to centuries
at pl 7 and 25°C.

This report covers a period from August 1986 to May 1987, and work was
completed as of May 1987.
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SECTION 1
INTRODUCTION

1.1 Purpase

In implementing the 1984 Hazardous and Solid Waste Amendments to the
Resource Conservation dnd Recovery Act (RCRA), EPA's Office of Solid Haste
(0SH) will apply a decision rule based on a mathematical model to chenicals
under consideration that considers horizontal underground mover ent of a
chanical pased on advection, dispersion, sorpticn, and chemical hydrolysis.
Application of the model requires as input the second-order or first-crder
hydrolysis rate constants for chemicals containing hydrolyzable functional
groups. a total of 362 compounds, divided into three groups, are to be
requlated initially. This report provides first- and second-order hydrolysis
rate constants for those organic compounds in the second group for which
satisfactory values were not developed in an earlier evaluation process and
describes the laboratory experiments conducted to measure hydrolysis rate
constants (1).

1.2 Background

The Hazardous and Solid Waste Amendments of 1984 to PL 98-616 (RCRA)
stipulate *hat land disposal of “"hazardous wastes" is prohibited unless the EPA
Administrator determines that prohibition of ‘some wastes is not required to
protect hunan health and the envirgmnent because those particular wastes are
not likely to r=ach unacceptavle levels in groundwater as a result of land
disposal. Tne amendments define hazardous waste as any of 362 specific compounds
[either part cf or inclusive ov Appendix VIl compounds). 1In compiling this
]‘SL, major considerations were toxicity of the material end quantity of waste
material generated annually. .

To preovide a practical tool for detemmining which listed hazardous
materials —ay be disposed of by land disposal and under what conditions, the
use of a relatively simple model was suggested that would estimate potential
* ‘oundwater contamination for each listed chemical. The model considers hori-
zontal movenent based on advection, dispersion, sorption, and transformation.
Hydrolysis is the only transformation process specifically considered. Althaugh
other transformation processes, such as microbial degradation and chenicel
reduction, =ay tawe place, they are not preseatly included in. the model. The
qodel 355UTes no unsaturated zone for groundsater and assumes saturated qround-
“water "zones” ranuing from 3 meters to 560 meters in depth. The mean depth of
those consizered 15 78.6 meters. ~Organic carbon contents used in the mode!
will range from 17 to 0.1%. The point at which the groundwater must meet
standards may vary but was orignally set 'at 150 meters horizentally from the
nsoint of finiroduction.

For each cherical considered, the maximum allowable concentration for the
receiving groundwaler, 150 meters "downstream,"” is entered into the model,
which assumes environmental characteristics for selected subterranian systems
The concentration cf leachate leaving the Jdisposal site is computed for VarlOUS
conditions of rainfall, soil type, pil, etc. A computed leachate concentration
that would cause unacceptable groundwater condition$ is selected by OSW as the

1



maximun allowable concentration in leachetes. A chemical may be disvosed of by
tand oaly 1f treatment drangs the leachate concentration down to the level
s2iected that would oot cause yrounuwater to exceod the acceptable concentration,
The modeling approach applies to landfrlis, surtface mpoundments, waste pries,
ang land treuainent operations. Land treatment operations may be addressed in a
different manner to allow for reduction in concentrations reculting from the
-land treatment process.

_ It is necessary to acquire octanol/water partition coefficients and
hvdralysis rate constants for each of tne 362 chamicals except for solvents
("fast track™ in the list), which will be treated as non-degrading, non-sorbing
constituents and chemicals already banned by the State of cCalifornia (listed as
“California”). These two yroups comprise 21 and <34 chemicals, respectively.

The remainder of the 362 chomicals were separated into 3 groups by OSW: S1 in
the "first third,” 12! in the "second third," and 95 in the “third third."

Rate constant ang partition woefficrent data are required for these three groups
by 7/26, /87, and 4783, respectively. Partitioun coefficient data are reported
-in a companion docunant and have -orresponding delivery dates.

4 Lydrolysis of the organic compounds on the 0S4 list of chemicals was
addressed by a working group cf four o«perts assembled at the Envirgnmental
Research Laborgtory, Athens, GA. on April 25 and 26, 1985, The experts were
chosen for tneir oxtensive thewraticul and experimental knowledge and experience
in the area of chamical reactivity of orgaenic conpcunds 1n water. The work
group consisted of Cr. N. Lee Wolte, U.S. Enviransental Protection Agency,
nthens, 'GA; [Or. Robort Tett, University of California, irvine, CA; Dr. Clifford
hunton, University of Califormia, Santa Barbara, CA; and Dr. William Mabey,
tennedy/Jencks tngineers, san trancisco, CA, .

The panel addressed only the organic compounds on the Tist of 162 chemicals
provicded by Cbd. The inorganics inciufad on the ist wore not addressed. The
1organics will be examined by another group and reported under a separate
task. For the organometdlbic compounds on the list, the panel did not attempt
to estimate data, but did provide experimental rate data where available.

The evaluative procedure the panel foliowed was to divide the compounds
into three cateyories: those that had ao hydrolyzeble functional groups, those
that would hydrolyze witn half-lives greater than a year, and those that would
hydrolyce with half-lives ot less than & year. Hydrolysys rate data were. provided
tor sgie of the chemicals on tne list, ine prescnt and previous report was
concerned with developing hydralysis rate data for the renainder.

af the 31 compuunds a1 the "first thaird," 54 are either inorganic, contain
ne hydrolyzable tunctional group, contain a hydrolyzable functional group that
was judged by ewperts to be non-tabile, ar have acceptable literature vaiuves
for hydrolysis ~oportedt by Wolfe {11, Acceptable first or second-order hydrolysis
rate zenstants for tne rematning 27 cempounds in the "firct third" is described
in "leasurement of hydrolysis Pate Constants for [valuation of Hazardous Waste
Landg Disposal, tBA/B0N/3-36/003, '

The present repnrt covers the 121 “"sccond third" chemicals. Of the 121
copounds, 67 were ol ninated far the reasons cited above.  Acceptable first or ..
second-arder hvirdlysis rate constanis for the remaining 54 compounds is
deseribed in the text of <his report.

N



fable 1 lists the chemical name and Chemical Abstract Number of the 54
"second third” compounds. ihe CAS nunber was used as the definitive chemical
dascriptor vhen there was any ambiguity in relating the name of the chemical to
the structure of the conpound. The expert panel dig not have time to conduct
an axtensive search of the literature because of the mmber of compounds and
short tume period. oefore beginning laboratory measurements, we, therefore,
conducted a three-pronged search of the literature. The literature was searched
for methods of chamcal analysis, laboratory generated hydrolysis values, as
w2ll as protocols to follow in laboratory generation of hydrolysis data. The
literature searches were conducted either-manually or electronicalily through
use of DIALOG, a database managanent system that yields access to over 200 databases.
Compounds with acceptable rate data extracted from the literature are noted in
Tavle 6, the sunmary table for rate data on the 54 compounds.

Suggested screening protocols and detailed test protocols for hydrolysis
of chemicals in water were reported by Mabey et al. (2). Suffet et al. (3)
suggested refinements to the above hydrolysis protccols. Heither source docu-
menced aetailed laboratory methods to apply the suggested protocols; however,
the suggested protocols were based on present knowledge of the theory and
experimental aspects of hydroiysis and, therefore, provided a good foundation
to imitiate the laboratory determination of hydrolysis rate constants for the
05+ chenicals. The methods used four generation of the reported data evolved
after consideration of the two documents, discussions with Dr. Lee Wolfe,
Atnens ERL, and our experience with the "first third" measurements.

The concept of standerd reforence compounds (SRC) evolved from discussions.
wWith Bro Wolfe, #r. William {. Doneldson, and Mr. Heinz Koilig all of Athens
E2L.  Standard reference conpounds are compounds that are used as quality
assyrance standards and ds references in inter-laboratory generation of hydrolysis
data. Repetition of rate constant measurenent for these compounds over the course
of the two reporting perinds has established baseline information for evaluating
experimental techniques and fur all aspects of quality assurance. Four compounds
viere seiected, one cach for acid and neutral hydrolysis, and two for basic
hydrolysis (Section 3.1).

£ach standard reference compound is also amenable to analysis by both
gas chromatography and liquid chromatography. Reproduction of the hydrolysis
constants of the SRCs at the established concentrations, pHs, and temperatures
insured that the experimental conditions for each set of compounds were acceptable
and the rate constants for the 0S4 compounds could be determined with required
precision and accuracy. Tables 2 through 5 (Section 5.5.2) contain SRC rate
constant data cenerated during laboratory determainations of. rate constants of
the US4 compounds. A range of pseudo-first-order hydrolysis rates for all
32Cs and second-order rate constants for the acidic and basic reference compound
were established from these determinations.

1.3 Peferences for Section 1

1. Wolfe, . Leew "Screening of HydrolytiC'Reactivity of OSW Chemicals,"”
submitted to Office of 30lid Waste and Lmergency Response, U.S. EPA, Washington,

T May 19350



2. Mill, T., W. R. Mabey, D. C. Bomberger, T. W. Chou, D. G. Hendry,
and J. H. Smith. 1982. Llaboratory Protocols for Evaluating the Fate of Organic
Chemicals in Air and VWater. U.S. Environmental Protection Agency, Athens, GA.
EPA/600/3-82/022.

3. Suffet, I. H., C. Y. Carter, and G, T. Coyle. 1981. Test Protocols
for the Environmental Fate and “ovement of Toxicants: Proceedings of a Symposium
of the Association of Official Analytical Chemists (AOAC), October 21, 1980,

Washington, DC, Edited by G. Zweig and M. Beroza, Published January 1981 by the
ACAC.



TABLE 1. Chemicals From OSW "Second Third List

CAS Number

Chemical

591-08-2
75-05-8
53-96-3
492-90-8
115-02-6
305-03-3
57-74-9
494-03-1
91-58-7
126-99-8
5344-82-1
542-76-7
50-18-0
72-54-8
20830-81-3
2303-16-4
111-44-4
' 78-87-5
297-97-2
55-91-4
60-51-5
541-53-7
62-50-5
96-45-7
111-54-6

n-{Aminothioxomethyl)-acetamide

Acetonitrile
2-Acetylaminofluorine
Auramine

Azaserine

Chlorambucil

Chlordane
Chlornaphazine
Beta-Chlornaphthalene
2-Chloro-1,3-butadiene
1-(O-Chloropheny1)thfourea
3-Chloropropanenitrile
Cyclophosphamide

DDD (p,p' iscmer)
Daunomycin

Diallate

Dichloroethyl ether

1,2-Dichlorcpropane

0,0,-Diethyl-0-pyranzinyl phosphorothioate

Diisoprepyl flucrophosphate
Dimethoate

?2,4-Dithiobiuret

Ethyl methancsulfonate

Lthylene thiourea

Ethylene-bis-{dithiocarbamic acid)



(TABLE 1. Cont.)
640-19-7
118-74-1
67-72-1
757-58-4
465-73-6
303-34-4
53-89-9
109-77-3
148-32-3
16752-77-5
80-62-6
70-25-7
75-55-8
56-04-2
86-33-4
759-73-9
615-53-2
152-16-9
117-84-0
298-02-2
1120-71-4
94-59-7
107-49-3
62-55-5

137-26-8

2-Fluoroacetamide

Hexachlorobenzene

Hexachloroethane

Hexaethyl tetraphosphate

Isedrin

Lasiocarpine

Lindane

Malanonitrile

Melphalan

Hethomyl

Methyl methacrylate
M-Methyl-N-nitro-N-nitrosoquanidine
2-Methylaziridine

tethylthiouracil
Alpha-Naphthaylthiourea
N-Nitroso-H-ethylurea
N-Nitroso~N-methyIurefhane

Oct amethylpyrophosphoramide
Di-n-Octylphthalate

Phorate

1,3-Propane sulfone

Safrole |

Tetraethy! pyrophosphate
Thioacetamide

Thiram

Toxaphene '
0,0,S;Triothy]eéter phosphorothioic dcid
0.0,S-Triethylester phospﬁorodithioic

Tris(2,3-Dibromopropyl) phosphate



SECTION 2
HYDROLYSIS KINETICS

2.1 Hydrolysis Mechanism

Hydrolysis of organic compounds refers to reactioy of the compound with
water in wnich bonds are broken and new bonds with HO- and H- are formed. A
common example is the reaction of an alkyl halide with the loss of halide ion

(-X):
RX + HOH =--ne- - ROH + HX (or H*, X-)

The rate of the reaction may be promoted by the hydronium ion (HY, or H,0%)
or the hydroxyl ion (OH-). The former is referred to as specific acid catalyls
and the latter as specific base calalysis. These two processes together with
the neutral water reaction were the only mechanisms cunsidered in this study.
This allowed direct measurement of the H3G+ or OH™ concentration through accurate
determination of solution pH.

Soma chemicals show a pH dependint elimination reaction:

H X
HY or
«C-C « cmeenn- >C =€ + HX
OH-

In this study only the disappearance of substrate was monitored with no attempts
to identify mechanisms. :

2.2 Rate Laws

If all processes referred to in Section 2.1 are included where the rate of
hydrolysis is given by the equation,

d{C]
gl hplCT = kplHTIICT + kg[OHTICT + ky'[H,0][C] (2.1)
dt

wihere {C] is the concentration of reactant and ky is the pseudo-first-order rate
constant at a specific pH and temperature, Ka and kp are second- rder rate
constents and kp' the pseudv-Tirst-order rate constant for the acid, base and
neutrai promoted processes, resvectively. The water concentration is essen-
tially not depleted by the reaction and much greater than [C], thus ky'[H20] is
a constant (k:).

tquation 2.1 assures each individual rate process is first order in
substrate, thus ky can be defined as:

kp = kalH' T + kglOHT] + Ky, (2.2)



Using the autoprotolysis equilibrium exprassion

K, = CHYI[0H™) (2.3)

equation 2.2 may bte rewritten as

: 4o KKy
kh = kA[H ] t oeea + k'\‘ (2-4)
(]

Equation 2.4 shows the dependence of kp on [H+] and on the relative values of k,,
kB, and kN.' ’ '

As a good approximation, the second-order rcte constants for acid hydrolysis
and for bhase hydrolysis can be calculated by dividing the pseudo-first order
rate constant obtained at the appropriate pH by *he nydronium ion or hydroxy!l
ion concentration, respectively. The half-11fe ot a chemical at a given pH and
temperature can be calculated from equation 2.5, where kp is the observed rate.

0.693 :
tyjz = ----- (2.5)
K

Data evaluation methods and calculations are discussad in more detail ir Section
5.1.

Excellent discussions of the hydrolysis rate laws are provided by Mabey and Mill
(172)' .

2.3 Contributing Factors to Hydrolysis Rates

2.3.1 Temperature

Water and oil baths that precisely held temperature were used when
experimental Iy determining rates of hydrolysis !Section 4.4). This removed the
contribution of temperature as a variable during the actual experiments. :

2.3.2 pH, Buffer Catalysis

MBS calibration standards were used to calibrate the pH meter
before measurements. Tne pH was usuaily neasured at the temperature of analysis.
in regions where only kp contributes to hydrolysis, ¥y will decrease by a factor
of 10 for each unit increase in pH. Similarly where only kg contributes to
hydrolysis, Ky will increase by a factor of 10 for each urit increase in pH.
k1 15 for the pH-independent hydrolysis rate measurenent. Buffers (0.005 M)
were used to control pH and avoid buffer catelysis (3). -

2.3.3 lonic Strength

Ionic strengih, depending on the chemical, can lead either to hydroivsis
accaleration or retardation. For this reason, concentrations of buffer solutions

&



vere set as low as possible, yet hign enough to maintain constant pH uver the
course of the hydrolysis deterpinatson, The compound concentration was corres-
pondirgiy set low, usually 10-% M or less. ‘

2.3.4 Sterility

Sterile conditions w2re ma.ntained for all studies to prevent
microbial degradation of the chemicals (Section 4.5).

2.3.5 §g£ptioﬁ

Chemicals analyzed by gis chromatoaraphy were extracted from the
agueous layer and glass surfaces with iso-octane. Samples analyzed by liquid
crromatagraphy were checked for sorption by emptying the sample container,
rinsinc the container with aceteonitrile, and analyzing the acetonitrile in the
s&1e manner as the sample.

2.4 feferences for Section 2

i. Mabey, W. and T. Mill. 1978. Critical Review of Hydrolysis of
Organic Compounds in Water Under Environmental Conditions. J. Phys. Chem. Ref.
Data. 7{2): 383-415.

2. Mill, 7., W. R. Mebey, D. C. Domberger, T. W. Chow, D. G. Hendry,
and J. H. Smith. 1982. Laboratory Protocols for Evaluating the Fate of Organic
Chemicals in Air and Water. 1.S. Cnvironmental Protection Agency, Athens, GA.
EP4/000/3-82/022.

3. Perdue, E. M. and N. L. Wolfe. 1983. Prediction of Buffer Catalysis
in Fiely and Laboratory Studies of Pollutunt Hydrolysis Reactions. Environ.
Sci. Technol. 17, 635-642. ’

1



SECTION 3

LABORATORY DETERMINALIONS

3.1 Stardard Reference Compounds (SRC)

Four compounds were used as standard reference compounds, one each for
acid and neutral, and two for base hydrolysis. The SRC hydrolysis rate constants
were deternined before analysis of samples and interspersed with laboratory
determination of hydrolysis rates of the compounds in Table 1. Pertinent
information as to concentration, pH, temperature, and instrument for analysis
is tabulaced in Tables 2 through 5. The rate values for all four SRCs are in
good agreement with literature or calculated values.

3.1.1 Acid SRC
DL-trans-4-Chlorostilbene oxide was selected as the SRC for acid

hydrolysis studies. Operating conditions and calculated rates are in Table 2.
The chlorine was essential for analysis by the electron capture detector.

3.1.2 Neutral SRC

Benzyl chloride was selected as the SRC for neutral hydrolysis
conditions, since the rate is known to be independent of pH below 13. Also,
the degradation rate at room temperature is fast enough to allow easy sampling.
Table 3 tabulates analytical parameters. Of particular interest is the last
column of K; values extrapoiated from three elevated temperatures.

3.1.3 Base 35RC

a. Methyl-2,4-dichlorophenoxy acetate (2,4-D methyl ester) served as
the base SRC in the pH range 8 -~ 9.5. Table 4 contains rate values and corre-
sponding analytical parameters. Data are reported as calculated from analytical
runs.

b. Lindane, not as sensitive Lo hydroxide ion catalysis, served as
the SRT in the pH range 9.5 to Il. Data are reported in Table 5.

3.2 Rate Studies-0SW Chewnicals

A general description of laboratory operations will be given in the
remainder of this section. . A typical hydrolysis experiment consisted of pre-
paring a spiking solution of the compound of interest, preparing buffer solutions,
© transferring spiked buffer to individual "rate point tubes” {_.5-ml1 Teflon ’
lined, sc¢rew cap, or sealed ampules), then monitoring degradation by sacrificing
individual tubes and determining percentage of the substrate remaining,

10
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Spikina <ciurions wu. . senared by dissolving the substrate in acetonitrile,

methanol, ¢r water. The concentra:sn was such that 0.1 ml dituted to 100 ml
“with buffer gave a subsiote concentraiic.. “wat ywas 1x10-9M or was 50% of the
water solubility or less. -

Initial hydrolysis runs were performed at pH 3, 7, and 11. Bulfars were
prepared at these pis then ireasured at the temperature of the hydrolysis run.
tach run consisted of five or six tubes. Immediate analysis of one tube estab.
lished the 100% response peex (T4). Analysis-of a second tube within 3 to 6
hours gave a good estimate of sampling frequency for the remaining tubes.

The initial. hydrolysis runs were used to set pH and temperature condi-
tions for subsequent rate determinations. The rate determinations were normally

performed in triplicate; however, some compounds required more replicates
and some less.

11
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. —waosw 2. Hydrelysis Data For bl “=ang.4.chlorostilbene Oxide

——

Temp.,  Method of X103 ,2 KD Ko(i-1 min-1)
Date pH {°C) Analysis (min-}) (11-1 min-1)  (Exfrapolared)
11-1-85 3.13 28.0 LC 17.4 23.5 15.3
11-6-85 3.10 23.0 LC 14.4 18.2 11.8
11-6-85 3.10 28.0. LC 14.9 18.8 12.2
11-6-85 3.07 28.0 LC 14.3 16.8 10.9
11-6-85 3.07 23.0 GC 14.6 17.1 11.1
11-6-85 3.63 38.2 GC 17.0 72.3 11.5
11-15-86 3.01 28.0 LC 20.8 21.3 13.8
11-15.86 3.0l 23.0 L€ 23.7 24.2 15.7
11-15-86 3.59 33.2 LC 23.5 91.4 14.6
_11-15-86  3.59 33.2 LC 24.5 95.3 15.2
11-15-86  3.0! 23.0 ¢ 21.1 21.6 14.0
3-11-86 3.06 28.0 Lc 16.9 19.4 12.6
3-11-86 3.06 23.0 GC 14.3 16.4 10.6
3-11-86 3.06 23.0 Lc i6.9 - 19.4 12.6
3-11-86 3.06 28.0 GC 4.4 16.5 10.7
5-14-86 2.99 23.0 LC 12.9 12.6 16.8
8-13-86 2.95 25.3 LC 19.4 17.3 16.6
8-13-86 2.95 25.3 LC 24.2 21.6 20.6
8-15-36 3.03 2+.3 LC 11.1 11.9 13.1
11-18-86  2.39 25.0 1C 29.5 22.3 22.9
11-18-86 2.89 25.0 LC 35.8 27.3 27.8
11-19-86  3.05 25.0 Lc 5.4 27.4 27.4
11-19-86  3.05 Z8.0 LC 22.8 25.6 . 25.6
11-19-86 3.0% 25.0 LC 22.8 25.6 25.6
11-19-86  3.02 25.0 LC 17.4 18.2 18.2
11-19-86  3.02 8.0 L 16.1 16.8 16.8
11-19-86 3.02 25.0 Lc 19.0 19.9 . 19.9
12-31-86  3.10 235.0 LC 16.9 21.2 21.2
12-31-86  2.96 25.0 LC 18.5 16.9 16.9
.1-9-87 3.12 -23.0 LC 15.5 20.4 27.4
3.13 23.0

1-9-87 LC 0.1 13.6 18.3

a. Pseudo-first-order rate constant from the s]opeiline when In % reﬁaininé
versus time was piotted. Standard deviation of slope was <10% in each case.

b. Second-order rate constant.

¢. Extrapolaticn to 25°C using activation eneégy o% 25.6 kcal/male.

d. Mean and standard devigtﬁon of 31 determinations.
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Table 3. Hydrolysis Data For Benzyl Chlcride

Temy. Method of . x10% Ky (min" L)
Date pH (°c) Analvsis X104K1(min"a) (Extrapolated®)
11-26-35 7.00 52.9 LC ’ 203.5 8.8
11-26-35 7.00 52.9 LC 191.0 8.3
11-26-85 7.00 52.9 LC 211.3 9.2
11-26-85 7.00 52.9 LC 216.0 9.4
11-27-85 7.00 23.0 LC 10.4 7.2
11-27-85 7.00 28.0 LC 12.2 3.5
11-27-85 7.00 28.0 e 11.1 7.7
11-27-85 7.00 28.0 LC 9.8 6.8
11-29-85 7.00 45.0 GC 72.7 7.3
11-29-85 7.00 45.0 LC 12.2 7.2
12-2-85 7.00 36.4 GC 31.9 8.3
12-2-35 7.00 36.4 L.C 33.9 8.8
5-21-86 7.00 53.4 GC 140.2 5.8
5-21-86 7.00 53.4 GC 136.5 5.6
7-2-86 7.00 53.5 GC 154.3 6.3
£-19-356 7.00 45.0 GC 65.8 6.6
8-22-36 7.00 42.7 GC 70.0 9.0
8-22-86 7.00 46.0 :C 67.0 6.0
8-22-86 7.00 45.0 GC 55.0 5.5
11-19-86 7.00 45.0 GC 63.9 6.4
11-19-86 7.00 45.0 GC 60.6 6.0
11-21-86 7.00 45.0 GC 69.0 6.9
11-21-85 7.00 45.0 GC 69.0 6.9
11-21-85 7.00 45.0 GC 78.0 7.8
1-9-87 7.00 45.0 GC 66.9 6.7
1-9-8¢7 7.00 45.0 GC 60.4 6.9
1-27-37 7.00 49,0 GC 98.9 6.4
1-27-87 7.00 49.0 GC 98.6 6.4

:
rJ

a. First-order rate from the slope of the iine when 1n% remaining versus
tine was plotted. Standard deviation of the slope was <10% in each
case.

h. Extrapoiated to 25°C using activation energy of 22.5 ¢+ 1.4 kcal/mole.

c. HMean and standard deviation of 26 determinations.
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Table 4. Hydrolysis Data For 2,4-DME

o Temp. Method of  x10% k@ Ky K1 i)
Date . pH (°C) Analysis (min-1 (M-1 min-1) (Extrapolatec?)
10-7-85 9.06 28.0 LC 80.7b 560C 431
10-7-85 9.06.  28.0 6C - 70.4 489 420
10-8-85  9.65 28.0 LC 252.0 467 401
10-8-85 9.65 28.0 GC 278.0 495 425
10-9-85 . 7.11 70.3 LC 114.0 5451 72¢
10-C. A7, 7.11 79.3 6C 100.0 . 4775 632
10-11-85  9.14 28.0 LC 118.0 681 . 53¢
10-11-85  9.14 28.0 GC 103.0 593 509
10-11-85  8.00 48.5 LC 103.0 2079 652
10-11-85  8.00 48.5 GC 86.0 1731 567
3-6-86 8.87.  25.0 LC 57.1 770 769
3-6-86 8.87 25.0 GC 41.8 563 563
3-6-86 9.10 25.0 LC 95.0 754 754
3-6-86 -9.10 25.0 GC 79.0 627 627
5-12-86 . 9.38 25.0 c - 230.0 958 958
5-12-86  -9.45 25.0 LC 249.0 883 883
5-13-86 9,38 25.0 6C 224.0 933 933
5-13-86 9.45 25.0 GC 224.0 794 794
7-2-86 8.75 31.0 LC 91.2 "1038 768
7-3-86 8.72 31.0 LC 79.2 966 715
8-14-26 8.81 23.0 LC 29.9 541 599
8-14-86 - 8.81 23.0 LC 33.0 596 661
8-14-86 8.81 23.0 LC 36.C - 650 721
12-31-86  8.74 45.0 6C 340.0 1547 593
12-31-86  8.54  45.0 6C 350.0 2520 966
1-9-87 3.55 45.3 6 . 412.0 2847 1077
1-9-87 8.55  '45.3 GC 115.0 2867 1084

699 + 190G

Extrapolation to 25°C using activation energy of 9.0 (20.4) kcal/mole.

. .Pseudo-first-order rate constant frua slope of the line when 1a% remaining

versus time was plotted. Standard deviation of slope was <10% in each case.

Second-order rate constant, variation of K, and hydroxide ion concentration
with changing temperature included in calculation.

Mean and standard deviation of 27 determinations.
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Table 5. Hydrolysis Data For Lindane

Temp. Method of X103 K Ko(1-1 min'lg

Date pH (°C) Analysis (min~ KZ(M‘1 min'l) {Extrapolated”)
9-2-86 10.98 46.0 GC 71.5 17.6¢ 3.29
9-3-86 10.98 46.0 GC 78.0 19.2 3.53
9-3-36 11.60 22.8 aC 9.9 2.9 3.5A
9-3-86 11.29 37.0 60 40.2 8.7 3.24
9-4-3 11.08 46.0 GC 83.4 16.3 3.05
11-19-86 10.37 45.0 GC 14.8 15.8 3.19
11-19-86 10.37 45.0 GC 4.6 15.€ 3.15
11-19-86 10.37 45.0 GC 14.5 15.4 3.11
12-31-86  10.45 45.0 GC 20.0 7.7 3.57
12-31-86  10.31 45.0 GC 18.4 22.5 4,54
1-8-86 10.71 45.3 GC 36.0 17.2 3.39
1-8-86 10.71 45.5 GC 33.1 15.8 3.12

: 3.3 + 0.29

a. Psecudo-first-order rate constant from slope of the line when 1n % remaining versus
time was plotted. Standard deviation of slope was <10% in each case.

b. Extrapolation tc 25°C using activation energy of 15.1 (z0.5) kcal/mole.

c. Second-order rate constant, variation of K, and hydioxide ion concentration with
changing temperature included in calculetion.,

d. Mea:i and standard deviaticn of 12 determinations.

15



SECTION 4

LXPLRIMERTAL

Cheaicals and Solvents

da
.
—

Ee
.
st
.
-

Source

The £PA renositories at Research Triangle Park, NC, and Las Vegas,
YW, were the first choice for ch»mxcais on which hydrolysis rates ware measured,
commercial chuemical companies were the second sources. The supplier of each

c

chemical 1s Tisted on the data sheets in the Section 5.3.

4.1.2 ldentity and Purity

Stated purities are listed on the data sheets. The chemicals were
anaivzed by mass spectrometry for confirnation of the stated identity. The
cenerated mass spectral data are in Apgendix A, FT-[R was used to characterize
three of the “second third" compounds {Appendix B}.

4.1.3 Solvents

Solvants were “distilled in glass,” Burdick and Jackson solvents
either qas chromatograph or HPLL grade, as reguired by the method of analysis.

2.2 pH Feasurement

An Orion Research EA920 pH meter equivped with an Crion Research a810330
Ross combination electrode was used for ali phl measurements. HNational Burcau
£ Standards {NBS) refurence standards were used to calibrate and check the pH
meter,  The pHometer haa a stated accuracy of +0.02 units. The temperature
compensation probe was used for all measurements. The pH was measured at the
tamperature of the hydrolysis rate measurement and adjusted with base or acid
to ootain the desired pH.

1.3 qufers

gufrer stock solutions were prcpared at 0.1 ¥ using sterile water as
described abova. To prepare pif 3 buffer, 0.1 M potassium hylrogen phthalate
wis filuted to 0,095 Y and finai pi adjustment made with 0.1 M HCI. The pi 7
2 or was prﬂnarLJ from 0.1 it oatassiua dihydrogen phosphate Tdiluted to 0.005 M
with final pH gdiustment using 6.1 1 0K, Butfers for pis 9 and 11 were nade

Sy gilating 0l Hosadicn phosphate hentahydre;e to 0.006 M with final pd ad just-
ment wizing o1 M ThalH,

u.fsr stability was testey initia1ly et 0,001 M. Thus, pH 5 and pH 7
L ro hald tneir respective pH's for the test period.  The pH 9 buffer (0.001 M)
cacreesad to pH O.07 aftar 24 hours and to pH 7.50 aftsr 96 hours. Buffer at a —
ntration of 0.005 M remained constant at 9.10 * 0.03 pH units for 25 days.
iners for tne exporinent were scren Cap tost tubes. Autnclaved (€O,
2o water wds used.

16



4.4  Temperature Control

Forma Scientific refrigerated and heatea baths (Model 2095) were used for
temperatures in the range of 2 to 70°C {#£0.02°C). A tauda C-20 oil bath with a
stated control accuracy of +0.01°C and a fine control range of +0.2°C was used
for temperatures above 686°C. Temperatures werce measured with American Society
for Testing and Materials {ASTI) thermometers, calibrated by NBS procedures
and NBS certified masters. Tne thermometers were calibrated in 0.1°C increments.

4.5 Sterile Water

Water used in the experiments was unchlorinated ground water that was
first processed through a high capacity raverse gsmosis unit and a deionizer
unit, This "house" dejonized water was further purified by passage through a
Rarnstead Nanopure Il deionizer, 4-Module unit with Pretreatment, High Capacity,
and Z-Ultrapure cartridges. Water obtained from this unit had a resistance of
greater than 16 meg ohms. This double deionized water was autoclaved for 30
min/liter and allowed to couol before use. The sterile water was stored in 4
sterile-cotton-plugged container until used. All hydrolysis runs were conducted
in screw cap tubes. Data from smear plate counts on agar indicated growth as
being Tess than 1 colony per milliliter through 9 days at 25°C and pH of 5, 7,
and 9. Sterility checks on the water were performed intermittently.

Buffer solutions were checked for bacterial growth. Buffer solutions,
prepared as described above, were transferred at room temperature to screw cap
test tubes. One-half were flawe transferred, the other half without flaming.
A samnle (1 ml) from each tube was plated daily, for nine concurrent days on
TGE agar. After a 48-hour incubation, no growth was found. This contirmed
sterility. Control checks during hydrolysis runs showed no growth,

4.6 Methods of Analysis

Details of the metheds of chemical analysis are listed on the data sheet
for each compound. Generally yas chromatography was the first method of choice
for four reasons:

1) sensitivity and specificity of detectors

2} solvent extraction stopped hydrolysis and allowed multiple
injections over extended periods of time

3) solvent extraction also lessened problens caused by compound
sorpticn- to glass

4) direct aqueous injection of water soluble compounds that were
not amenable to other methods of analysis

High perfonnance liquid chromatograpiny (HPLC) was used extensively; ion
chromatography and the diode array UV-detector were used in the analysis of
sodiun fluoroacetate and thnicurea, respectively. lMydrogen cyanide reieased by
the decomposition of 2-methyllactonitrile was monitored by tPA Method 335.

Linearity of deilector response in the concentration range of analysis for
each chemical was established to ensure reliable concentration versus time plots.
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SECTION 5
DATA AMALYSIS AND PRESENTATION

5.1 ~ Data Compilation Methods

Raw data consisted of time of sampling and percentage substrate remaining.
The measured concentration at time zero was considered 100% and was the reference
‘point for the remaining points. The data were processed on a Lotus 1-2-3/1BM
PC-XT 'using a data entry/linear regression program. The raw and calculated
data were entered.in a notebuok. Graphs were made by using personal computers
to plot In (% remaining) vs. time and o calculate statisticzal values.

Values obtained from the linear regression program include the slope
(pseudo-first-order rate constant), Y-intercept9 variance, SD of Y-intercept,
SO of slope, and the correlation coefficient (r#).

5.2 Standard Reference Compound Data

“Al1l the laboratory data on the SRCs are summarized in Tables 2, 3, 4, and 5.
Figures 1, 2, and 3 are representative graphical presentations of hydrolysis
data for three SRCs. Figure 4 is an Arrhenius plot for hydrolysis of benzyl
chloride at four temperatures. See 5.3.32 for lindane data and illustrative figura.
An enerqy of activation of 22.5 £ 1.4 Kcal/mole for benzyl chloride was calculated
from the cata associated with Figure 4. An error of 10% in the slope was
assuned. Arrhenius plots for the other SR(Cs yielded the following energies of
activation: (SO (25.6 kcal/mole); 2,4-DME (9.0 + 0.4 kcal/mole) and lindane
(15.1 « 0.5 kcal/mole). The change in the hydrolysis rate constants for benzyl
chloride and the methyl ester cof 2,4-0 after March 1986 illustrates how susceptible
rate determinations are to slight changes in the controlled parameters. No
plausible explanation has been found for either the increased 2 4-D rate or the
decreased benzyi chloride rate.

5.3 Summary Sheets for GSW Chemicals

A summary sheet was prepared for each chemical. The summary sheet contains .
information pertinent to the analysis of each chemical, and includes source,
purity, and analytical method. Also included on the sheet is information on
pH, temperature, pseudo-first-crder and second-order rate constants, half-lives,
and correlation coefficients (rZ). Sample identity was confirmed by mass spec-
trometry and infrared spectromelry as reported in the Appendices. Where a litera-
ture reference for the bydrolysis of a compound was obtained, the summary sheet
contains the second-order rate constant if applicable and first-order rate
constants at 25°C. For several of the compounds, lab data were generated in
this study to fill in gaps in the iiterature.

~Data from all the sunmary sheels were used to derive the values in Table
6. These values are the calculated rate constants at 25°C. The rate constants
were assumed ts vary a factor of 10 for each 20°C change in temperature {Ref.
1, Section 1). This corresponds to an activation energy of about 20 kcal/mole.
When applicable extrepolated values (25°C) were obtained us.ng activation
parameters. A temperature correction was applied to all calculations involving

K, or. [OH™]. ihen statistical tests of the data indicated the hydrolysis was



= 1.74 x 1072 min~!
= 39.8 min.

= 0.999
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“Hydrolysis of DL—trans—4—Chlorostilbene

Figure 1.

Oxide at 28°C, pH 3.13
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Ki = 2.04 x 107% min~!

Tl/z = 34 min.
RZ = 0.994
102@\

AN

7o Remaining
o

bl

0
10 I | ] T .
0 25 - 50 75 100 125

Time (min)

Figure 2. Hvdrolysis of Benzyl Chloride at 52.9°C,
pH 7.0
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Ky = 8.07 x 1073 min™!
T1/2 = 85 min.
RZ = 0.994

10%
J
. ]
£
=
g 104
w ~d
m -—
L\O —
100 I j 1 ! 1 j 1 ]
0 50 100 150 200

Tirne (min)

Figure 3. Hydrolysis of Methyl—2,4—Dichlorophenoxy
Acetate at 28°C, pH 9.0
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In ki (hr=1) + 4

\'
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Figure 4. Dependence of Benzyl Chloride

- Hydrolv.:is on Temperature
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TABLE 6. HYDROLYSIS RATE CONSTANTS AND HALF-LIVES AT 25°C
LABCRATORY DETERMINED RATE DATA

Rate Constants Calculated

ACTD Meutral Base Half-Life
CAS Humber Compound M-1 hr-1 ‘ hr-1 M-1 hr-1 at pH 7
501-08-2 n-(aminothioxomethyl)- (1.7 + 0.2) X 10-5 1.57 + 0.09 4,6 yr

acetamide

75-05-8 Acetonitriled . 5.8 X 10-3 . >182,000 yr
53-96-3 2-Acetyl amincflucrine 2.3 X 10-6 © 6 x 10-3 34 yr
492-£0-8 Auraimined 5.5 3.9 X 1074 _ 74 d
115-02-6 Azaserine 328 + 20 (2.6 £ 0.4) X 10-4 6.8 £ 0.7 99 d
305-03-3 Chiorambucil@ 0.4 1.7 hr
57-74-9 Chlordane (cis isomer) 4.3 X 10-3 197,000 yr
494-03-1 Chloronaphazined 3.2 X 10-3 216 hr
91-58-7 Beta-Ch]o‘rnaphtha‘nene (9.5 + 2.8) X 10-5 : 8.3 yr
126-99-¢ 2-Chloro-1,3-butadiened Polymerizes in absence of inhibitors (no hydrolysis)
5344-82-1 1-{0-Chlorophenyl )thiourea (9.8 + 3.0) X 10-7 0.14 + 0.03 81 yr
542-76-7 3-Chloropropanenitrile {1.3 £+ 0.1) X 10-4 12,071 + 1,960 22 d
£0-18-0 Cyclophosphamided 7.1 X 10-4 41 d

72-54-8 DOB (p,p' isomer) (2.8 »+ 0.9) X 10-6 . 5.2 28 yr
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Table 6. cont.

LABQRATORY DETERMINED RA1E DATA

Rate Constants ' Calculated
ACID Neutral- Base Half-Life
CAS Number  Compound M-1 hpe-1 hr-1 M-1 hr-1 at pH 7
20330-81-3  Daunomycin (9.7 + 0.5) X 10-5 10 29¢ d
2303-16-4 Dialiate (1.2 £ 0.7) X 10-5 0.9 + 0.4 | 6.6 yr
111-44-4 Dichloroethyl etherd | 3.2 X 1072 : 22 hr
78-87-5 1,2-Dichloropropane (5.0 + 0.2) X 10°6 4.3 x 1074 15.8 yr.
297-97-2 0,C-Diethyl -O-pyranziny!l (1.0 + 0.06) X 10-3 7.3 £ 0.7 29 d
prosphorcthioate
55-91-4 brisopropyl fluorophosphated 3.8 7.2 X 10-3 28 96 hr
60-31-5  Dimethoated 1.7 X 10-4 756 118 hr
541-53-7 2,4-Dithiobiuret (7.1 £ 1.3) X 10-3 98 hr
62-50-0 Ethy) methanesulfonated 1.5 X 10-2 . 46 hr
96-45-7 Fthylene thiourea Zero hydrolysis observed after 90 days at 90°C and pH (3, 7, 9)
111-54-6 Ethylene-Bis-(Dithio- 848' 0.01 . 69 hr
carbamic Acid) [as in
disodium salt, Nabam] V
640-19-7 | 2-Fluoroacetamid : 3.3 + 0.3) X 10-5 2.4 yr
118-74-1 Hexachlcrehenzena | . Zero hydrolysis observed after 13 days at 85°C and pH (3, 7, 11)

67-72-1 Hexachlorcethane . Zero hydrolysis obscrved after 11 days at 85°C and pH {3, 7, 11)
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Table 6. cont.

LABORATORY DETERMINED RATE DATA

Rate Constants

Caicu'ated

l-Nitroso-N-methylurethane? 9.5 2.9 X 10-2 2.9 x 103

' ‘ . ACID Neutral Base Half-Life
CAS Number Compound M-1 hpr-1 hr-1 M-1 pr-1 at ph 7
757-5¢-4 Hexaethyl tetraphosphated 9.3 X 10-2 7.5 hr
465-73-6 Isodrin 1.7 X 10-6 46 yr
303-34-4 Lasiocarpine (4.9 + 0.1) X 10> 9.8 + 0.1 1.6 yr
58-£9-9 Lindane - ' (1.2 + 0.2) X 10-% 198 + 6 206 d
106-77-3 Malononitrile , (1.35 + 0.42) X 10-3 806 + 45 20.2 d
148-82-3 elphaland 0.15 4.6 hr
16752-77-5  Methomyl@ - . 8.9 X 10-5 210 262 d
'80-62-6 Methyl methacrylate 200 + 47 3.9 yr
70-25-7 N;Hethy]-N-nitro—N-nitroso- 4.9 2.7 X 10-2 9.5 x 104 15 hr

. guanidined .

75-55-8 2-Methylaziridined 4.0 X 10-3 8.0 X 10-3 87 hr
56-84-2 Methylthiouracil | : : (9.7 + 2.7) X 10°6 8.2 yr
86-88-4 Alpha-Naphthaylthicurea (8.0 £ 2.4) X 10-3 6.9 X 10-2 361 d
750-73-9 N-Hitroso-N-ethylurea? 63 0.19 5.3 % 106 0.96 hr
615-53-2 26 hr



Table 6. cont.

LABORATORY DETERMINED RATE DATA

Rate Constants Calculated
ACID Heutral Base Half-Lifc
CAS Number Compound . M1 hp-l hr-1 M-1 hp-1 at pH 7
152-16-9 Octamethylpyrophosphoramided 0.23 + 0.03 1 x 10-11 3,400 yr
117-84-0 Di-n-Octylphthalated 7.4 107 yr
298-02-2 -Phorated | , : 7.2 X 10-3 9¢ hr.
1120-71-4  1,3-Propane sultoned 8.2 X 10-2 8.5 hr
94-.59-7 . Safrole Zero hydrolysis observed after 26 days at 85°C and pH (3, 7, 11)
107-49-3 Tetraethyl pyrophosphated 9.3 X 10-2 7.5 hr
62-55-5 Thioacet amided (6.0 + 0.06) X 10-2 (8.6 + 1.1) X 10-5 1.4 = 0.C9 336 d
137-26-8 Thiram 5.0 X 10-3 4,153 + 80 5.3 d
8001-35-2 Toxaphene (8.0 + 2.2) X 106 3.2+ 2.2 10 yr
126-68-1 0,0,0-Triethylester (2.0 + 0.2) X 10-° 3.9 yr
phosphorothioic Acid
2524-05-6 0,0,S-Triethylester >(2.0 +.0.2) X 10-° <3.9 yr
phosporodithioic Acid
126-72-7 Tris(2,3-Dibromopropyl)- (1.0 + 1.1) X 10-5 78 4.4 yr

phosphate

a. Values were extracted from the references in Section 5 for the particular chemical.
rate for thioacetamide was determined at Athens-ERL.

The neutral hydrolysis



independent of pH, hydrolysis values frum the extremes of pH (acid and/or base)

were included when calculating the neutral hydrolysis rates reported in Table 6.
Confidence limits were calculated from the mean and standard deviation values
and are the values reportad in Table 6.

Constraints of time, personnel, bath space, and availability of instruments
of analysis dictated that rate determinations be confined to shorter periods of
time (note the half-lives and temperatures in summary sheets). ldeally, decrease
in compound concentration was monitored through three half-lives (<12% remaining);
as seen in the summary sheets, some compounds decreased <10% during the period
" of analysis while others decreased to zero concentration.

An illustrative plot on semi-log paper of % Remaining vs. Time is included

with applicable data sheets. Ingluded on the sheet are the pseudo-first-order
rate constants, half-life, and re.
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§.3.1  N-{Amirothioxomethyl)-acetamide

CAS Mo. 591-08-2

HYDROLYSIS AND ANALYSLS DATA

Hydrolysis Data:

.

pH Temp.°C  ky(hr7l)  pntnetly £y 5(a) r2
3.28 85 £.6x10-3 5.2 .568
3.23 85 #,5x10-3 6.4 .979
3.28 85 4.5x10-3 6.4 .974
7.16 85 0.51 0.06 .996
7.16 85 0.52 0.06 .999
9.642 25 3.26 i.59 0.11 ——-
10.542 25 0.90 1.41 0.03 ———-

Congdon,; W. 1. and J. 7. Edward. 1974. The Alkaline Hydrolysis
of N-Acylthioureas. Can. J. Chem. 52, 697-70!.

Comments: The hydrolysis rate constant of N-acetylthivurea levels
of f at higher concentrations of hydroxide ion. A 22,000-fold
increase in hydroxide ion concentration caused only a 170-feld
increase in the pseudo first-order rate constant. Presumably
nydrolysis of N-acetylthiourea involves reaction of the

un-ionized molecule {dcminant at lower pH) with hydroxide ion.
water Solubility:

Source: Aldrich

Listed Purity: 99% ldentity-Purity comfinned by spectral analysis.
Analysis Concentration: 2 ppm '

Analytical Procedure: N-{Aminothioxomethy?)-acetamide was
analyczed by 20-microliter 1njections onto a Resolvex Cyg column.

nstrumentation: GC HPLC X
Detrctar: UV at 276 na
. Cciumn: Resolvex Cpg, 10 micron, 25 cm

Mobils Phase: acetonitrile: water {50:50)



5.3.1 N=(Aminothioxomethyl!)

| —Acetamide
Kiy =5.1x 107" hr!
Ty/2= 1.4 hr
RZ = 0.999
102

7% Remaining
o
r—h

s Lot 41

0
10 T I Y T T T T T T I L
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Time (hr)

Figure 5.3.1  Hydrolysis of N—(Aminothioxomethyl’
—Acetamide at 85°C, pH 7.16
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Acetonitrile

CAS o, 75 OJ u

A‘VO*'OLYSI\) AND f LYSIS DAT/

fyurolysis Data:

pH Tean. °C k1(hr‘1) kz(H'lhr'l)
3.2k £5.0 fw omeasuradble hydrolysis
6.G9 $5.9 o measurabie nydrolysis
9.95 5.5 ho measuradle hydrolysis
9.95 35.5 ilo measurable hydroiysis
10.93 23.0 No measurable hydrolysis
16.42 656.0 0.0612
19.42 66.0 0.0009 0.3¢*
10.13 25.5 0.0032
10.13 £25.5 0.0052 2.80*

* average of two runs

tl/Z r
over 31 days.
over 31 days.
in 1.5 hours.

in 1.5 hours.
in 17.5 hours

is 3 ¥nown acid or Lase

231 d ame-

32.2d ame-
3.5d  0.919
5.5d 0.975

Commonts: Hydrolysis of alkyl nitriles
catalyzed process. A second-urder basic hydrolvsis rate constant
was detemined at 66°C and 85°C,  Ine calculated energy of

activation {27.7 Kcgl/mole} was in gocd agreesent with the value

f 23,7 Keal/mole reported The extrapolated second-

order alkaline bhydrolysis rate constant (1 x

by Gueison [1).

O““'~h~‘1) is in good

agreement Nl;“ the value measured at 25°C by Peskoff and Méyer

(5.67 x 10-31-inr-1y (2).

1. Gueison, A. G. and V. A, Linetskil. 1969,

Hitriles. ¥him. Pron.

2. Peskoff N. and J.

Water Solubility:

Source: Aldrich

Listed Purity: 99.23%, confirned by

Aanalysis Concentration: 10

Analytical Procedure:

Instrumentation: G5 X

Meyer. 1913,
Die Hydrolyse von Saurcamiden ung

(Moscow).

Nitrile.

Miscible

N

4]

R

HPLE

39
3

Alkaline Hydrolysis of
45(4), 254- ‘

ZGr’

Zur Kenntnis der Folgereaktionen.
L. Phys. Chem., 32,

spectrai-analysis

[xperiments ware conducted in 13.0 ml
jiass sealed awpules to prevent the evaporatieon of the compound.

11

129-163.



Detector: FID
Coiumn: DBWAX, 1.0 micron film, 30m x 0.53mm ID

_Temperature Program: 30°C isothermal
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5.3.2 Acetonitrile

: 1.25 x 1077 hr!
Ty/2 = 5.5 days

RZ = 0.974

-
i

]
.

100 AN R B e T T : T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Time (days)

‘Figure 5.3.2  Hydrolysis of Acetonitrile at 85.5°C
pH 10.13 ,
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5.3.3  2-Acetylamincflucrene

CAS No. 53-96-3

HYDROLVSIS AND ANALYSIS DATA

Hydrolysis Data:

pH Temp. °C
2.97 85.5
2.97 85.5
2.49 85.6
2.49 85.6
7.34 85.5
9.80 85.5
9.80 85.5
10.25 85.5
10.25 85.5
10.39 35.6
10.39 85.6
10.39 85.6

kl(hr'l)

3.001¢9
0.0024
0.0069
0.0073

0.0007

0.0024
0.0023
0.0040
0.0042
0.0152
0.0151
0.0516

ko thely gy o (r)

NN
A A
N — N~
O W B~

1.18
1.13
0.70
0.73
1.93
1.91
1.97

365
229
100

95

390

289
301
173
165
45
46
44

?
r-

0.907
0.932
0.999
0.939

0.863

0.933
0.982
0.988
0.981
0.999
0.999
0.999

Comments: Acetanilides are very stable in aqueous solution.

Thoy undergo specific acid and base catalysis with maximum

stability in the pH range of 5 to 7.

Water Solubility: 10.13 * .52 mg/1 at 26.3 + 0.7°C

Source: Aldrich

Identity-purity confirmed by spectral analysis.

Analyéis Concentration: 0.3 -- 1.5 mg/L

Analytical Procedure:

Instrumentation: GC
Netector: Kratos Spectroflow 757

Column: "ODS Ultrasphere, 4.6 rmn 0 x 15 ¢m, 5 micron

0.005M buffered water injected directly
onto a 20 microliter injection loop.

HPLC X

Hobile Phase: #Methanol:water (70:30)
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5.3.3 Z—Ace’rylominofluorene

7% Remaining
o
L -

109

0.0

Figure 5.3.

1

o !
100.0 200.0 300.0

Time (hr)

3 Hydrolysis of 2—Acetylaminofluoren
at 85.6°C, pH 2.48

34



5.3.4 Auramine

CAS Mo. 492-30-8

RYDROLYSTS AND ARALYSIS DATA
Literature_Data:

Auramine is a wedk base that foems salts with nydrochloric, sulfuric, and
other acids. Auramine decomposes at temperatures above 70°C. Delben et al.
(1) reported a second-order acid rate constant of 5.5 M-l hr-1. Holmes and Darling
(2) reported the hydrolysis of auramine in noctral soluetion.  The calculated
activaticn energy and hydrolvsis rate at 25°C was 23,800 *+ 760 cals/mole and
0.30038 hr-l ressectively {log A = 14.02 + 0.51). In alkaline solutions (3) the
free imine functional qroup undergoes a slow reaction with water to yield a
carbinol. Equilirtrium is reached after a few days at room temperature and is
characterized by an equilibrium constant pK = 9.8,

1. Dulben, F., S. Paoletti and V. Crescenzi. 1976. 0On the Fading of Auramire
0 in the Presence of eak Polyacids in Mater. Eur. Polym. J. 12, 813-7.5.

2. Holwes, W. C. and J. F. Darling. 1924. The Hydrolysis of Auramine., J. Am.
Chem. Soc. 46, 2343-2340. .

3. Goldacre, R. J. and J. W. Ppillips. 1949, Tha lonization of Triphenylmetnane
Dyes. J. Cheni. Soc., pp. 1723-1732. '

35



5.3.5 Azaserine

CAS No. 115-02-6

HYDROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

pH Tep.°C ky(hr-l)  ky(Mthrl) ty; r2
©3.20 45 1.58 2504 0.43 hr 0.994
3.20 45 1.53 2425 0.43 hr 0.993
3.20 45 1.61 2552 0.43 hr 0.916
3.17 23 0.18 266 3.84 hr 0.988
7.00 65 0.0145 1.69d 0.952
7.00 65 0.0137 2.11d 0.928
7.00 65 0.0188 1.53d 0.821
7.47 84 0.15 4.56 hr 0.997
7.47 84 0.17 4.32 hr 0.997
7.47 84 0.17 4.32 hr 0.999
10.37 66 1.88 608 0.36 hr 0.998
10.37 66 1.73 560 0.41 hr 0.988
10.37 66 2.24 725 0.31 hr 0.999
8.87 85 0.925 3960 0.75 hr 0.922
8.87 85 0.826 3540 C.8 hr 9.9923
8.87 85 0.780 3340 0.8

89 hr 0.993

Comments: Energy of activation and log A for the acid catalyzed hydrolysis is:-
19,064 + 1,683 cals/mole and 16.5 = 0.14 respectively. The hydroxide catalyzed
hydrolysis yielded an activation erergy of 22,150 cals/mole and log A = 17.08 +
0.94.

Water Solubility: > 1.0 g/L

Source: Sigma

Listed Purity: MNone stated

Analysfs Concentration: 7 my/L

Analytical Procedure: Azaserine was analyzed by direct injection of 20 ml
of solution into Zorbax RHp column for each sample.

Instrumentation: &€ HPLC X

Detector: UV at 252 nm-

Column: Zorbax NHp (2% cm) or micro-Bundapak Cig (30 cm)
Hobile Phase: HMethanol: 0.05 M talpPOy (50:50)
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7% Remaining

5;55~Aza

sarine

K1 = 22
T]/z = 03
RZ = 0.9

0
]O H l T ] 1 ] 1 ' 1
0.0 0.2 0.4 0.6 0.8
Time (hr)
Figure 5.3.5 Hydrolysis of Azaserine at 66°C,

pH 10.37
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5.3.6 Chlorambucil
CAS No. 305-03-3

HYDROLYSIS ARD ANALYSIS DATA
Literature Data:
Chlorambucil is one of a series of nitrogen mustarcs tested as anticancer

dregs (5.3.8, 5.2.13, and 5.3.34). Hopwood and Stock (1) reported a neutral
hydroiysis rate constant Lf 0.38 hr-1 at 25°C (half-life 1.8 hr).

1. Hopwood, W. J. and J. A. Stock. 1971/1972. The Effect of Macromolecules
upon the Rates of Hydrolysis of Aromatic Nitrogen Mustard Derivatives.
Chem. Biol. Interactions. 4, 31-39.
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5.3.7 Chlordane
CAS No. 57-74-9

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data: cis-Chlordane?
pH Temp.°C- kl{hr'l) kZ(M'lhr“l) tl/Z(d) r2

10.18 84.0 0.36 78.8 0.08 0.986
10.18 84.0 0.34 74.4 0.08 0.989
10.18 84.0 0.32 70.0 0.08 0.977
10.85 65.0 0.04 4.7 0.70  0.995

1. 57-74-9 is CAS !lo. for technical chlordane

2. Zero degradation was observed for trans-chlordane during five days
at pHs of 3, 7, and 11 and at 85°C. The only degradation observed
with cis-chlordane is reported above.

Comments: The two major components of technical chiordane are the cis and

trans isomers. The data above are consistent with the structures of the isomers.
cis-Chlordane (CAS No. 5103-74-2) is more susceptible to hydroxide catalyzed
dehydrohalogenation because the 1-exo, 2-exo orientation cof the chiorine atoms
facilitates the Ep eiimination of HCl. The trans isomer {CAS No. 5103-71-9)

has 1-exo, 2-endo orientation of the chlorine atoms and thus does not undergo

Ep elimination. Calculated activation energy for alkaline hydrolysis of cis-
chliordane is £y = 34,966 + 1,800 cals/mole, log A = 23.3 + 0.10.

Water Solubility: 56 ppb

Source: RTP

Listed Purity:

Analysis Concentration: 5 ppb in Hp0

Analytical Procedure: Extract 10 ml buffer-with 1 ml 50 ppb Endosu]faﬁ Il in
" isooctane. Add 2 ml isouctane and shoot.

Extraction Solvent: isooctane

Instrunentation: GC X HPLC
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Detector: ECD

Column: GQV-1, 2.65#, 0.53mm ID, %n long
Temperature Program: 199°C isothermal
Mobile Phase: N/A

Internal Standard: Endoculfan - II, 17 ppb

a0



- 5.3.7 a—Chlordane

Ki = 4.1 x 1072 he!
T'!/z = 0.7 days
RZ = 0.995

e
b aard

1

7 Remaining
-OA—Q
t g vl

1

]

10° ; | ; ,
0.0 1.0 2.0 3.0

Time (days) |

’

Figure 5.3.7 Hydrelysis of a—Chlordane at 65°C
pH 10.85 :
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5.3.8 Chiornaphazine

CAS No. 494-93-1
HYDROLYSIS AND AMALYSIS DATA

Literature Data:

Chlernaphazine, a nitrogen mustard, undergoes netural hydrolysis with a
naif-life of 216 hours (1). ;

1. Ghielmetti, G. 195). Caratteristiche Di Una Azotniprite Aromatica La
Bis(2-chloroetil)-g-Naftilamina. Farmaco Ed. Sci. 5, 275-280.



5.3.9 Beta-Chlornaphthalaone

CAS No. 91-58-7

HYDROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

f

pH Temp. °C X103k1(hr‘1) kz(M‘lhr’l) tl/z(hr) r2

3.04 85.5 4.23 163.0 0.977
3.14 85.5 1.51 459.0  0.959
3.19 85.5 1.10 ) 630.0 0.830
2.93 85.8 2.72 255.0  0.989
2.93 85.8 2.46 281.0  0.964
7.10 85.5 4.44 156.¢  0.978
7.14 85.8 3.28 211.0 0.873
7.30 85.5 1.25 554.0 0.971
7.30 85.5 2.03 341.0 0.928
7.06 85.5 1.23 563.0 0.729
7.06 85.5 1.25 554.0 0.660
9.65 26.0 6.60 105.0  0.661
9.58 85.5 2.84 244.0  0.985
9.75% 85.5 3.46 200.0 0.974
9.7% 5.5 1.81 382.0 0.978
9.51 85.6 3.50 198.0 0.822

Comments: Data for all pHs were combined and used to calculate the neutral
hydrclysis rate constent.

Source: RTP lot No. 013C
Listed Purity: 99%
Analysis Concentration: i.6 ppm

Analytical Procedure: Cxtract 10 ml of aqueous sample with 3.0 ml isooctane.
Dilute exiract 1:1 with internal standard solution (2,4-D methyl ester 200 ppb).

Extraction Solvent: Isooctane

Instrumentation: GC X HPLC._;_

Detector: (D ‘

Co]&mn: DB-1 30m, .32mm 1D

Temperature Program: 170° Isothermal

Internal Standard: 2,4-D Hethyl ester at 100 ppb
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5.3.9 B—Chloronapthalene

Ky - = 1.2 x 1072 hr™!
Ty =123 doy#
R .= 0.9706
1035, -
. o o
rno
_ -
o
£ | -
£
9 !
& 10
() -1
r j
N ]
1OQ ] I % T T T ‘ . '| - .
0.0 100.0. 200.0 500.0 400.0
| Time (hr)

Figure 5.3.9 Hydrolysis of B—Chloronapthalene
| at 35.5°C, pH 7.30°
a4 :



5.3.13 2-Chlero-1,3-hutadiene

CAS No. 126-99-8

HYDROLYSIS AND ANALYSIS DATA
Literature Data:

Chloroprepre (2-Chloro-1,3-butadiene) pclymerizes spontaneously at room
temperature and forms cylic dimers on prolonged standing in the presence
of polymerization inhibitors (1}. Chloroprene is stable to hydrolysis. On
refluxing with concentrated alceholic sodium hydroxide, alcoholic silver
nitrate, or pyridine, only traces of cnlorine arc split off (2).

l. Bauchuritz, P.S. 1964. <Chloroprene. In: Kirk, R. E. and Othmer, D. F.,
eds., Encyclopedia of Chemical Technologqy, 2nd ed., Vol. 5, New York, John

Wiley and Sons, pp. 215-231.
2. Carothers, W. H., [. Williams, A. M, Collins and J. €. Kirby. 1931.

Acetylene Polymers and their Derivatives II. A Mew Synthetic Rubber:
Chloroprene and its Polymers. J. Am. Chem. Soc. 53, 4203-4225.
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5.3.11 1-(0-chlorophenyl thiourea
CAS No. 5344-82-1 ‘

HYDROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

pH  Temp.C x10%k {hely  kp(uttneth

3.24 85 . 0.010

3.24 85 0.011

3.24 85 0.011

7.16 85 0.015

7.16 8% 0.019

7.15 85 0.019

7.09 65 0.0007

7.09 65 0.0013

9.57 85 0.044 41.1
9.67 . 85 0.048 44.8
9.57 85 0.041 38.3

2.9
2.
2.

n £

N O o s
e e e o o
N OYUW

ooo
N
~No~

.

7
7

tllz(hr) r2

Comments: Calculated energy of activation and l1og A for hydrolysis at pH 7 was
34,482 + 7.295 cals/mole and 19.29 + 3.05, respectively.

was based on Ez = 34,482 cals/mole.

Source: Aldrich

Extrapolation to 25°C

Listed.Purity: 98% Identity-purity confirmed by spectral analysis.

Analysis Concentration: 2 ppm

'Ana]yticaT Procedure: Direct injection onto HPLC column, high pH samples

were neutralized before analysis.
Instrumentation: GC __ HPLC _X
Detector: UV at 264 nm

Column: Nova Pak (g

Mobile Phase: Acetonitrila:idater (50:50)
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7 Remaining

5.3.11 1 —?(o—ChIorophean)

Thiourea
Ky = 4.4 x 1072 hr™!
T1/2 = 07 dOYS
RZ' = 0.986
1035
3
-
1
10 : 0 ,
) N
i
0 - )
10"1 v : T T T . T | !
0.0 20.0 40.0 ~ 60.0

Time (hr)

Figure 5.3.11 Hydrolysis of 1;—('0~Ch|oropl1enyl)-

thiourea at 85°C, pH 9.57
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5.3.12 3-Chloropropanenitrile

CAS No. 532-76-7

HYDROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

pH Temp.°C  ky(hr-l) K (M lhr-l) ty,2 ré

3.22 85.5 0.002a 9.8 ¢ 0.995
3.22 85.5 1.0025 8.2d 0.987
722 85.5 0.0036 8.1d 0.975
3.15 35,1 0.002% il.1d 0.968
3.1C 85.1 0.0036 ° 8.0d 0.974
6.92 45.4 0.0344 20.1 hr 0.925
6.92 45.4 0.0278 24.9 hr 0.999
6.92 45.4 0.0274 25.3 hr 0.994
6.92 45.4 0.0249 27.8 hr 0.999
7.19 85.5 None lett at first time point.

7.01 . 65.6 0.422 1.7 hr 0.982
7.01 65.6 0.401 1.7 hr 0.993
7.04 65.0 0.443 1.6 hr 0.967
7.04 -65.0 0.463 1.5 hr 0.993
9.82 85.5 Mone left at 0 time point.

10.49 45.4 None left at 0 time point.

10.49 45.4 None left at 0 time point.

8.56 25.5 0.0491 13004 14.1 hr 0.041
8.56 25.5 0.0407 10779 17.0 hr 0.989
9.11 25.% 0.1774 13241 3.9 hr 0.984
9.11 25.5 0.1509 11263 4.6 hr 0,973

Hater Solubility: 45000 mg/L at 25°C
‘Source: Aldrich

Listed Purity: 98% I[dentity-purity confirmed by spectral analys.s.
Analysis Concentration: 2.0 ppn -- 15.4 ppm

Analytical Procedure: 3-Chloropropanenitrile was analyzed by
direct aqueous injections on GC for each sample analysis. The
buffer concentration was .02 M.

Instrumentation: GC X HPLC o

Detector: FID

Column: D3WAX, 1.0 micron, 30m x C.5%am ID
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Temperature Program: 90°C to 160°C at 40°C/min hold fur 6 min at 160°C.

Internal Standard: Malononitrile at 10.4 ppm



5.3.12 3—-Chloropropanenitrile

Ky =6.7x 1072 hr™! ,
T1/2 = 1.7 hr

RZ = 0.993

L
-
IGO- { | T T T I T I T - | .
0.0 1.0 2.0 3.0 4.0 5.0
- Time (hr)
Figure 5.3.12 Hydr,dlysis of'3—Chldroproponenitrile‘

at 22.8°C, pH 7.01
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5.3.13  Cyclephosphaemide
CAS No. 5C-18-0

HYDROLYSIS AND AMALYSIS DATA
Literature Data:

The hydrolysis of cyclophosphamide is independent of pHd in the pH 3-10
region. #ensler {1) reported a neutral hydrolysis rate constant of 7.14 X 10-4
hr-l and activation energy of 25,000 cals/mole. The half-life at pH 7 and 25°C is
40 days.

1. Kensler, T. T., R. J. Behn2 and C. Brooke. 1679. High-Performance Liquid
Chromatograpnic Analysis of Cyclophesphamide. J. Pharm. Sci. 68. 172-174.



5.3.14 DDD (p,p' iscmer)

CAS No. 72-54-8

. HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:
. pH Temp.°C X103 (hr-l} kp(throl) by o(d) r2

321 - 85 1.0 28.8 0.800
3.21 35. 0.9 31.9 0.842
3.21 85 0.5 60.0 0.886
7.22 . 85 4.9 5.9 0.997
7.22 85 5.4 5.3 0.999
7.22 85 4.6 6.3 0.994
9.67 85 731 495 0.04 0.985
9.67 85 867 579 0.03 0.999
9.67 85 622 420 0.05 0.974
10.26 65 291 127 0.10 0.975
10.26 . 85 305 133 0.09 0.994

-Comments: The calculate
hydrolysis is E; = 16,14

nergy of accivation for basic .
2,051 cals/mole, log A = 12.5 + 0.7.

w Q
I+ 0

Water Solubility:

Source: RTP

Listed Purity: 99%

Ana]ysi§ Concentration: 4.& ug/L Confirmed by spectral analysis.
Ana]ytical'Procedure: Extract 10 wl buffer witiu 2 ml (7 ng/L)
Endosulfan [ in isooctane. Final analysis concentration was
24 ug/L DDD and 7.2 pg/L Endosulfan I.

Extractioﬁ Solvent: [Isooctane

Instrumentation: GC X

Detector: ECD

Column: OQV-1, 2.6% micren film, Sm x 0.%3mm IG

Temperaturé Program: 200°C isothermal

Internal Standard: Endosulfan I
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Ky = 4.9 x 1073 hr™]
Ty/2 = 5.9 days
R? = 0.997

105

% Remaining
o
I 1

i

1

T 7 T T T f

10— I E
0.0 50.0 150.0 -200.0

Tirne (hr)

[ i i
100.0 250.0 300.0
Figure 3.3.14 HYdrolysié 6f DDD at 85°C, pH 7.22
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5.3.15 Daunomycin
CAS MNo. 2083C-81-3

HYDROLYSIS AHD ANALYSIS DATA
Hydrolysis Gata:

pH Temp.°C kl(hr‘l) kZ(M‘lhr'l) tllz(d) ré

3.21 85 0.039 0.73 0.953
3.21 85 0.038 . 0.76 0.955
3.21 85 0.040 0.72 0.944
7.09 85 0.027 1.G7 0.994
7.09 85 0.027-. 1.05 0.990
7.09 85 0.029 : 1.01 0.997
9.18 85 1.63 3420 0.22 0.936
9.18 85 1.42 2990 0.02 0.988
9.18 85 1.60 3350 0.02 0.979
9.70 65 0.45 710 0.06 0.927
9.70 65 0.37 600 0.08 0.963
9.70 65 0.29 460 0.10 0.938

Comments: The calculated energy of activation for hase catalyzed
hydrolysis is: E; = 20,455 + 3,671 cals/mole and tne log A = 15.0 + 1.40.

Water Solubility: Daunomycin hydrochioride is readily soluble
in water.

Source: Fluka
Listed Purity: Not stated
Analysis Concenlration: 3.6 mg/L

" Analytical Procedure: Daunomycin was analyzed by direct
injection of 20 microiiters of each sample.

Instrumentation: GC HPLC X
Detector: UV at 532 nm.
Column: MNova-Pak Cyg, 15 cm

Mobile Phase: aceteonitrite:water (50:50) with .005 M Pic 8 8



5.3.15 Daunomycin

Ky = 1.4 hr™!
Tl/z = 0.5 hr
R? = 0.988
1035
i
i _ /,'
\b\
£
L
e 10k
= .
m -
X -
100 1 l T [ H l - L l i ]
0.0 0.2 0.4 0.6 0.8 1.0
Time (hr)

- Figure 5.3.15  Hydrolysis of Daunomycin at 85°(
pH 9.18



- 5.3.16A Cis-Diallate

CAS MNo.

2303-16-4*

Hydrolysis Data:

W W

¢ e e .
fe]
O

~NN Gy~
« o e
(o)
ey

W WO WO

e« o o o
(o)
—

5.3.168
CAS tHio.

Temp.

65.
65.
35.
65,

65.
65.
85.
as.

65.
35.
35.
g5,

HYDROLYSIS AND ANALYSIS DATA

°C Kk

DO — W Or— O

fen N I S al)

OO oL C o ~

[N el o Nes)

Trans-Diallate

Hlydrolysis Data:

pi

.07
.09
02
.12

LW w

.08
.98
.04
.09

~ N Oy

.61
.01
.05

WD WD

Temp.

65.
65.

01
e
o0
¢

55,
65.
85.

- g5,

gh.
85.
35.

D W

Jde

2303-16-4*

HYDROLYSIS ARD ANALYSIS DATA

°C K

fal I e RYSSRY OV )

[Spites Rew]

OO D

DO D

SO DHO —

(hr-1)

.003
.005
.140
.113

.005
.015
.101
.052

012
.039
.033
.033

(hr‘l)

.004
.006

115

13

L0065 -
015
L1016
.055%

.299
.302
L4506

233
235
318

*Mixture of cis and trans isomers

O~

7.

.
" 0.25
.21

SO =W
P

O DN

kZ(M'lnr'l) ty,p(d)
.20

.30
.21
.24

;':2(1"1—1"“"'1) tl/Z(d)

30
50

.80
.90
.28
.53

.09
.09
.06

0
0.927
0
0

2

.927
.933
.900
.998

OO0

-996
.960
.961
.810

LOOO

.932
.383
.919
.577

SO O

.934

.997
.893

$.928
0.974
.960
0.741

0.888

0.919
0.918



Comments: Smith and Fitzpatrick (1) reported the complete breakdown of diallate
at 75°C in 12N sulfuric acid and 1N sodium hydroxide. Diallate contains
approximately equal amounts of the cis and trans icomers. Under the much milder
conditions employed in our hydrolysis studies, the hydrolysis mechanism anc rate
under acidic and neufral conditions were essentially the same. Hydrolysis of
the trans isomer was catalvzed by hydroxide ion while the cis isomer hyd-olysis
was retarded by a factor ®f three. *"”

1. Smith, A. E. and Anne Fitzpatrick. 1970. The Loss of Five Thiolcarbamate
Herbicides in Honsterile Soils. J. Agr. Food Chem. 18, 720-722.

Water Solubility: 14 mg/L-1 at 25°C

'Source: EPA

Listed Purity: 100% I[dentity-purity confirmed by spectral analysis.

Analysis Concentration: 5C0 pg/L

Analytical Procedure: Extract buffered diallate solution with 1 ml internal
standard solution (1.9 mg/L Zinophos in acetonitrile). Dilute 1:5 with isouctane,

Extraction Solvent: [sooctane

Instrumentation: GC _X HPLC

Detector: NPD

Column: 15n, 0.%53mm ID, DB-5, 1 micron film

Temperature Program: 140° - 180°C at 5%/min, hold 10 min at 180°C.
Mobile Phase: N/A

Internal Standard: 1.9 ppn Zinopho3 in acetonitrile.
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Remaining

o7

/o

5.3.16A cis—Diallate

Ky = 5.6x 107> hr™!
T1/2 = 5.2 days
RZ = 0.934

T

[ T
100.C 150.0

-
0.0 - 50.0
Time (hr)
Figure 5.3.16A  Hydrolysis of cis—Diallate at 65°C
‘ pH 3.09

-
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5.3.16B trans—Diallate

Ky = 5.6x 107> hr™!
Ty/2 = 5.1 days
R? = 0.927

10%;

1

o _
£
=
O
e 104
[4h) ) -
Inet -4
N
100 1 l 1 ] ¥ l H
0.0 50.0 100.0 150.0

Time (hr)

Figure 5.3.16B  Hydrolysis ot trans—Diallate at 65°C,
pH 3.09
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5.3.17 . Dichloroethyl ether

CAS No. 111-44-4

HYDROLYSIS AND ANALYSIS DATA
Literature Data:

© . Van Duuren et al. (1) measured a netural hygrolysis rate of 0.032 hr-1
-and half-1ife of 21 hours at 25°C.

1. Van Duuren, B. L., C. Katz, B. M. Goldschmidt, K. Frenkel and A. Sirak.
1972. Carcinogenicity of Halo-ethers. I Structure-Activity Relationships of
Analogs of Bis(chloromethyl)ether. J. Hat. Cancer Inst. 48, 1431-1439.
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5.3.16 1,2-Dichloropropane

CAS No. 78-87-5

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:

pH Temp.°C X103k (hr71) k(M lnr1) typ(d) rl

3.19 85 1.39 21 0.913
3.21 35 1.72 17 0.644
3.21 35 1.46 20 0.970
7.20 35 1.47 20 0.973
7.15 85 1.63 17 0.953
7.15 85 1.22 24 0.986
9.60 85 2.99 2.60 10 0.977
9.60 85 3.16 2.75 9 0.971
9.60 35 2.73 2.37 11 0.336
9.96 66 U.26 0.24 111 0.785
9.95 66 0.27 .0.24 107 0.831

Comments: The calculatlev energy f activation for basic h dro{ysis is 30,790
cals/mole. The extrapolated basic K, at 25°C is 4.3 x 10°% M™% hr-i,

Water Solubility:

Source: Aldrich

Listed Purity: 99% Identity-purity confirmed by spectral analysis.
Analysis Concentration: 0.3 pom .

Analyiical Procedure: Extract 10 ml buffer with 1 ml 102 yg/L
1,3-dibromopropane in isooctane. Dilute 1:1 with isooctane and
analyze. Final concentration was 1.5 ppm 1,2-dichloropropane and
51 ng/L 1,3-dibromopropane. o :
Extraction Solvent: lsooctane

Instrumentation: GC X HPLC ;___

Detector: ECD

Column: 0B-5, S micron film, 157 x 0.53mm

Teiperature Program: 75°C for 2 min to 250°C for 1 min at
12°C/min . .

Internal Standard: 1,3-d1vbromopropane .
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5.3.18 1,2—Dichloropropane

Ky = 1.2 x 1073 hr™!
T1/2 = 24 dOYS
RZ = 0.986
10%53— -
-
- .
£
L
g 104
Q) -
m —
R _
100 T l 1 I I l 1 ' R
0.0 50.0 100.0 150.0 200.0
Time (hr)

Figure 5.3.18 Hydrolysis of 1,2—Dichloropropane
at 85°C, pH 7.15
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5.3.19 0.D-Diethyl-0-pyrazinyl phosphoro thioate

CAS Mo. 297-97-2

HYDROLYSIS AND ANALYSIS DATA

Hydralysis Data:

po . Temp. “C kl(hr‘l) ,kg(H”lhr'l) Ll/z(d) rl
.32 - 85 Q.18 J.16 0.978
3.12 85 . 0B.16 - 0.18 0.678
3.12 85 0.16 0.18 0.987
7.22 25 0.19 0.16 0.992
7.15 85 0.16 n.16 0.997
7.15 85 0.17 0.17 0.994
7.15 85 0.17 0.17 0.9938
10.00 65 0.42 335 0.07 G.985
10.00 65 0.41 323 0.07 0.998
10.00° 65 3.38 304 0.07 0.972
10.00 65 0.37 261 0.08 0.974

Water Solusi]ity:

Source: RTP

Listed Purity: 98.7% ldentity-purity confirmed by spectral analysis.
Analysis Concentration: 95 pg/L

Analytical Procedure: Extract 10 ml buffer with 3 ml of 0.52 ppn Disulforoun in
isc-octane

Extraction Solvent: Isooctane

Instrumentation: GC X

Detector: NPD

Column: 3dm OV-1, 1.0m film, 0.32mm 1D

Temperature Program: 160°C for 3 min then 10°C per min to 220°C hold at
220°C for 10 min.

internal Standard: Disulfoton



5.3.19 0,0--Diethyl-0—pyraziny!
phosphorothioate

Ky = 4.1x 107" pr7!
T1/2 = 1.7 hr
RZ = 0.998

o
1 IIJJ'*}N

/

7 Remaining
o
N N 1

]00 T T T et T - F ]
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Time (hr)

Figure 5.3.19 Hydrolysis ~f 0,0-Diethyl-C-pyraziny
phosphorothicate at 65°C, pH 10.00
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5.3.20 DBiisopropy! fluorophosphate

CAS No. 35-91-4
HYDROLYSIS AND ANALYSIS DATA

Literature Data:

Kilpatrick and Kilpatrick (1) have reported the _acid, neutral, and base
hydrolysis rate constants as 3.8 M-1 hr=1, 7.2 X 10-3 hr-1 and 27.6 t-1 hr-1,
respectively at 25°C. ‘

1. Kilpatrick, M. and M. L. Kilpatrick. 1949. The Hydrolysis of Diisoprcpy!l
Fluophosphate. J. Phys. Colloid. Chem. 53, 13/1-1384.



5.3.21 Dimethoate

CAS Ho. 60-51-5
HYDROLYSIS AND AHALYSIS DATA

.therature Data:

. .The rate constant for neutral hydrolysis at 25°C is 1.72 X 10-4 hr-1 with
an alkaline second-order rate constant of 755 M-l he-1, he reported rate and

half-1ife were extracted from Grimmer et. al. (1) who measured the rates of

hydrolysis of several phosphate esters at 25°C and 40°C and from pH 2 to 10.

1. Grimnmer, F., W. Dedek and E. Leibnitz. 1968. I. Mitt. Hydrolysegeschwindigkeit
Und Mechanismus. Z. Naturforschg. 1868. Bz3(1), 10-17
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5.3.22 2,4-Dithiobiuret

CAS Mo. 541-53-7

HYDRGLYSIS AND ANALYSIS DATA

Hydrolysis Data:

o Temp.oC ' ky(hrtly worteetly oy a(ery 2

3.07 85 0.52 1.2 2.999
3.083 85 G.56 1.4 0.841
3.03 65 0.08 8.7 0.930
7.12 85 1.13 0.7 0.922
7.12 85 1.33 0.5 0.944
7.04 65 0.26 2.6 0.976
7.04 65 0.26 2.6 0.943
9.60 85 1.12 0.7 0.887
9.60 85 0.84 0.7 0.996
9.99 65 0.24 2.9 0.861

Comments: Rate data at pH 7 and 9 were used to calculate a neutral enargy 6f
activaticn and log A (E; = 17,814 = 3561 cals/mole, log A = 10.92 + 1.51).
Hydraolysis was retarded at Tower pH.

vater Solubllity: |

Source: Pfaltz and Bauer

Listed Purity: ldentity-purity confinred by spectral analysis.

Analysis Concentration: 7 mg/L in HpO/buffer

Analytical Procedure: Direct injection - 20 ml onto LC

Instrumentation: GC _ HPLC X

Detector: UY - 280 nm

Columnm: Ultrasphere 0DS, 5 micrdn, 4.6mm X 25cm

Hobile Phase: Acetonitrila: 0.05 M, NaHoPOy (5:95)
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% Remaining

5.3.22 2,4—Dithiobiuret

Ky = 1.3 hr
Ti/2 = 0.5 hr
RZ - = 0.944

104
_
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100 1 l 1 I 1 [ 1 ] 1 [ 1
0.0 0.2 0.4 0.6 0.8 1.0
Time (hr)

Figure 35.3.22 Hydrolysis of 2,4—Dithiobiure
at 85°C, pH 7.12
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5.3.23 Ethy} méthanesul forate -

CAS tlo. 62-50-0
HYDROLYSIS AND AHALYSIS DATA
Literature Data:
Barnard and Rubertson (1) reported an activation energy of 21,120 cals/mole

and neutral hydrolysis ratu constant of 0.015 hr-% at 25°C.

1. 'Barnard, P. W. C. and R. E. Robertson. 1961. The Hydrolysis of a Series of
Straight-chain Alkyl Methanesulphonic Esters in Water. Can. J. Chem. 39,
881-888.
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5.3.24 - [thylene thiourea

CAS No. 96-45-7

HYDROLYSIS AND AHALYSIS DATA
Literature Data:
Ethylene thiourea (ETU) is very stable toward hydroiysis. MNo changes in
concentration were observed in buffered aqueous solutions (pH 5, 7, and 9) held

at 99°C for 3 months (1). ETU is a decomposition product of the dithiocarbamates
such as Maneb and HNabam.

1. Cruickshank, P. A. and H. C. Jarrow. 1973. Ethylenethiourea Degradation.
J. Agr. Food Chem. 21. 333-335.
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5.3.25 Ethylene-Bis-{Dithiocarbamic Acid)*

CAS MNo. 11-54-3

HYDROLYSIS AND AHALYSIS DATA

Hydrolysis Data:

pH Temp.°C  ky(hr'd)  kp(M throd) t1/o(d) r2
3.15 45.5 5.45 7694 0.005  0.992
3.03 45.5 7.66 8214 0.0N4  0.999
2.96 29.0 1.48 1351 0.02 0.988
7.07 66.0 0.142 0.20 2.988
7.07 65.0 0.145 0.20 0.954
7.12 5.5 0.044 - 0.66  0.958
7.12 45.5 0.054 " 0.54 0.886
9.95 €6.0 0.358 0.08 0.973
10.13 66.0 0.507 0.06 0.954
10.55 45.5 0.224 0.13 0.978
10.55 45.5 0.211 9.14 6.955

*The free acid is unstable; chemical analyzed wes the 1isodiun salt (Mabam).
Comments: Metal salts of-ethylene-bis-dithigcarbamic acids can follow

at least two routas of decomposition. Route 1, favored by boiling dilute
acid, yieids transient formation of the free acid with immediate decomposition
to two moles of carbon disulfide and ! mole ethylenadiamine. Route 2 is a

slower reaction favored by cooler dilute acid. Route 2 yields 1 mole of
ethylenethniourea, 1 mole of carbon disulfide and 1 mole of hydrolgen sulfide

(1).

1. Clarke, D. B., H. Baum, E. L. Stanley and W. F Hester. 1951. Determinatian
of Dithiocarbamates, 23 1842-1850.

Water Soluoility: > 1.0 g/L

Source: RTP '

Analysis Conceatration: 10 mg/L

Analvtical Procedure: Read on UV spectronhotoneter - maxima at 286-20 nm

[nstrumentation: Diode Arragy UY
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5.3.25 Ethylene—bis(dithiocarbamic
acid), sodium salt

Ky =7.7 hr™!
R = 0.999

7o Remaining
o

Ly sl

1

e
10 ) T | L I I T T T 1
0.0 0.1 0.2 0.3 0.4 0.5

Time (hr)

T

Figure 5.3.25  Hydrolysis of Ethylene—bis(dithiocarbat
: acid), sodium salt at 45.5°C, pH 3.03
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5.3.26 2-Fluoroacetamide

CAS No. 640-19-7

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:
pH Temp. °C kl(hr'l) kz(M'lhr‘l) tl/z(hr) r2

3.02 85.5 0.011 63.0 0.998
3.02 85.5 0.011 - 63.0 0.4897
7.23 85.5 0.011 63.0 0.998
- 7.23 85.5 0.012 53.0 0.999
7.04 85.5 0.009 77.0 0.297
7.04 85.5 0.009 77.0 0.998
9.66 85.5 0.802 545 0.9 0.999
9.66 85.5 0.661 449 1.0 0.999
9.66 85.5 0.863 587 0.3 0.985
9.75 85.5 0.946 523 0.7 0.985
10.41 69.2 1.51 382 0.5 0.697
10.41 69.2 1.54 389 0.5 0.998
10.41 69.2 1.59 402 0.4 0.997

Comments: The calculatea alkaline activation energy is 4,436 + 3,333 cals/mole,
and the log A is 5.43 + 1.88. The pH 3 and pH7 data were used to calculate the
hydrolysis rate and half-l1i1fe at pH 7 and 25°C.

Water Solubility: "Freely” Merck lo. 4051 Hinth ed.

Source: Aldrich

Listed Purity: 98% ldentity-purity confirmed by spectral analysics.

Aralysis Concentration: 6 ppm |

Analytical Procedure: Direct aqueous injections;

Instrumentation: GC X _ HPLC L

Detector: 710 at 200°C

Column: DBWAX, 30m x 0.53mm ID

Temperature Program: 95°C to 150°C for 1.2 min at 15°C per min
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5.3.26 2—Fluoroacztomide

Ky = 1.2 x 1072 hr™]
RZ = 0.999

7% Remaining
o
I—A
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Time (hr)
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Figure 5.3.26  Hydrolysis of 2-Fluoroacetamide
at 85.5°C, pH 7.23



5.3.27 Hexachlorobenzene

CAS lo. 118-74-1

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:

pH Temp.°C .

3.13 85

3.13 85

3.13 85

7.20 35 No detectable disappearance within experimental error
7.20 €5 after 13 days at 85°C.

7.20 85

9.2 85

9.27 85

9.27 8%

Water Solubility:

Source: RTP

Listed Purity: 93 - 99% Identity-purity confirmed by spectral analysis.
Analysis Concentration: 5 ug/L in buffered water

Analytical Procedure: Extract 10 ml buffer with 2 ml of 25C pg/L
2,4-0 methyl ester in isaoctane. Inject isooctane layer with a
final concentration of 25 pg/L hexachlorobenzeane and 250 py/L 2,4-D
methyl ester as the internal standard.

Extraction Solvent: Isooctane

Instrumentation: GC _X HPLC

Detector: ECD

Colunn: DB-5, 1.0 micron film,'lsm x 0.53mm 1D

Temperature Program: 180°C isothermal

Internal Standard: 239 ug/L 2,3-D methyl ester



5.3.28 Hexachloroethane

" CAS M. 67-72-1

HYDROLYSIS 1D ANALYSIS DATA
Hydrolysis Data:

pH Teirp. °C

3.1C 85

3.16 &5

3.16 20

7.1¢ 85 Mo detectable disappearance within experimental
7.18 85 error after 11 days.

7.18 85

9.36 85

9.65 85

9.65 85

Water Solubility:
Source: RTP
Listed Purity: 98% ldentity-purity confirmed by spectral analysis.
Anglysis Concentration: 0.6 mg/L
Analytical Procedure: Extract 10 ml buffer with 2 ml of 7.77 mg/L
solution of 1,2,4-trichlorobenzene in isooctane. Dilute 1:600
witn isooctane for a tinal GC analysis concentraticn of 5 pg/L.
Extrection Solvent: Isooctane
Instrumentation: GT _X HPLC

' Detector: ECD
Column: OV-1, Sn x 0.53 mm, 2.65 micron
Temperature Program: 80°C for 4.5 min to 200°C at 70°C per min

Incernal Standard 1,2,4-tricnlorubenzens
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5.3.29 Hexaethyl tetraphcsphate
CAS. Mo. 757-58-4

FYDROLYSLIS AND ANALYSIS DATA
Literature Data:
Tne stability of haxcethyl tetraphoiphate tn hydrolysis is the same as

tetraethyl pyrochusphate: k1= 0.093 hr~* and half-life 7.5 hr at 25°C and pH 7
(1).

1. Coates, H. '1949, The Chemistry of Phosphorus Insecticides. Am. Appl. Biol.
36, 156-159. ~
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5.3.30 Isodrin

CAS No. 465-73-6

HYUROLYSIS AND ANALYSIS DATA
Hydrolysis. Data:

P Temp.°G X103k (hr™) k(i lnrly ty.,0d) r?

1
3.47 84 <.5 555 eees
3.47 84 0.6 43 0.690
3.47 84 <.5 $55 e
7.32 84 0.5 58 0.667
7.32 84 0.9 32 0.531
9.73 84 ¢.5 >55 S
9.73 84 <.5 565 ieee-
9.73 34 <.5 555 aeee-

Comments: Half-life was calculated from estimated 10%
disappearance after ninae days.

Water Solubility:

Source: Aldrich

Listed Purity: 93% Identity-purity confirmed by spectral analysis.
Analysis Concentration: 5 ug/L

Analytical Procedure: Isodrin concentrarions were 5 ppb in.
buffered water during kinetic measurements. Extraction of a 10-ml
sample with 2 ml of iscoctane that contained endosulfan [ (28
ppb) and dilution of the extract with 2-ml isooctane gave a GC
analysis concentration of 12.5 ug/L

txtraction Solvent: Isooctane

Instrumentation: GC X _ LG

Detector: ECD

Column: OV-1, 2.65 micron film, 5n x 0.52=m D

Temperature Program: 190°C isothermal

Internal Standard: Endosulfan |
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5.3.31 Lasiocarpine

CA5 to. 302-34-4

HYDROLYSTS AND AHALYSIS DATA

Hydrolysis Data:

pH Tenp.°C Kk (he=l)  ko(klarl) by o(d) ré
3.16 £5 <.0006 >48.0  —=-n-
3.16 85 0.0106 >48.0 = ---
3.16 85 0.0006 >48.0  ---o-
7.08 85 0.015 1.9 0.964
7.08 35 0.014 2.0 0.99.
7.08 85 0.014 2.0 0.991
9.50 8 1.10 1099 0.03  0.990
9.50 85 1.22 1225 0.02  0.997
9.50 85 1.16 1167 0.02 0.988
5.85 65 2.25. 281 0.12  0.992
9.85 65 C.25 291 ¢.12  0.997

Ccmments: The calculated enargy of activation for the base
catalyzed nydrolysis is €5 = 16,366 + 846 cals/mole with

log A 13.4 = 0.10.

Water Solubility:

Source: RITP

Listed Purity: 62% Identity-purity confirmed by spectral analysis.

Analysis Concentration: 4 pom

Analytical Procedure: Laﬁiocarpine was analyzed by direct
injection of 20 wmicroliters of each sample onto the column,

Instrumentation: GC HPLC X
Detector: UV at 230 nm
Colunn: ova Pak Cyg

Mobile Phase: acetonilrile:water (50:50) with .005 M Pic B §
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Figure 5.3.31  Hydrolysis of Lasiocarpine at 85°C
pH 7.08
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5.3.32 Lindane

CAS Ho. 58-89-9

HYDROLYSIS AND "ANALYSIS DATA

Hydrolysis Data:

pH Temp.,°C X10%k (hrl) wo(ithedy ¢y rl
2.96 65.5 0.4 65d  0.251
2.99 £4.3 P4 20d  0.894
2.99 84.4 1.0 29d  0.65!
2.99 31.4 0.7 43d  0.320
3.17 £5.5 .1 5300 4 —---e-
3.17 65.5 0.1 240 ¢ 0.517
3.17 65.5 0.3 107d  0.377
6.85 £5.5 6.5 4.4d  0.996
7.23 €5.5 12.0 2.4d  0.999
7.24 65.5 12.2 2.4d  0.997
7.24 65.5 11.9 2.4d  0.999
10.98 45.0 4290 1056 0.16 h  0.999
10.98 46.0 4620 1152 0.15 0,997
11.08 4€.0 5000 978 0.14 0.9%4
11.29 37.0 2410 552 0.03 h  0.999
11.60 23.0 595 174 1.15h  0.93)

“Comments: The calculated enercy of activation for base catalyzed
hydrolysis is: E; = 15,100 + 500 cals/wmoie, Tog A = 13.09 + 0.18.

Water Solubility: 6-12 mg/L

éource: RTv

Listed Purity: 95% ldentitv-purity confirmed by spectral analysis.
Analysis Cencentration: 200 ug/L |

Analytical Procedure: Extract 10 ml buifer with 2 ml o% 5.2 mg/L
z,4~0 methyl ester 1n isooctane. Oilute 1:100 with icoocteane for

a finai analys:s concentration of 20 yug/L lindare and 100 wg/L I.S.
Extractiqn.So]vent: Isooctane

Instrupentation: GC X e

Dotector: ECD

Cotumn: 0V-1, 2.65~m%cron film, S x 0.5%m 4

Temperaturelprogrén; 160°C isothe}ﬁal

Internal Standard: 2,4-D methy! ester
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Figure 5.3.32 Hydrolysis of Lindane at 37°C
pH 11.29
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5.3.33 Malononitrile

CAS MNo. 109-77-3

HYDROLYSIS AKD ANALYSIS DATA

Hydrolysis Data:

pH Temp.°C 103k (hr-l) Kk, (i “thrl) ty/(hr) r2 ’
3.24 85.5 5.0 139 0.923
3.31 85.6 1.6 433 0.911
3.31 85.6 0.8 366 0.810
7.09 85.5 283.0 2.4 0.982
7.21 85.5 510.0 1.4 0.994
7.21 85.5 456.0 1.5 0.990
7.21 . 85.5 582.0 1.2 0.935
7.14 85.6 268.0 2.4 0.998
8.85 27.0 8.8 1067 78.8 0.933
'8.97 27.5 11.4 1010 60.8 0.992
8.97 27.5 11.8 1046 53.7 0.936
8.97 27.5 13.0 1152 53.3 0.987

Comments: xtraeo]ated alkaline second-order rate constant to 25°C was
306 + 45 M™* hr™! (assuned E, = 20, cals/mole).

Water Solubility: 13 g/100 m1 13030 mg/L

Source: Aldrich

Listed Purity: 99%

Analysis Concentration: 25 mg/L

Analytical Procedure: Basic runs were neutralized with 8 drops of O.S‘M NAH POy
Instrumentation: GC X HPLC ‘
Detector: FID

Column: DB4Yax 30m .53mm 1D 1.0 micron film

Temperature Program: 95°C then 20°C/min to 160°C

Internal Standara: 3-chloropropananitrile

el
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5.3.33 Malononitrile

Ky =51 x 107! he!
T1/2 = 14 hr‘
RZ = 0.995
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Figure 5.3.33 Hydrolysis .of Malononitrile at 23.8°C
' ' pH 7.13
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Internal Standard: 2,4-D methyl ester

5.3.34  Melphalan
CAS Mo. 148-82-3

HYDROLYSIS AND ANALYSIS DATA

Literature Data:

Melphalan is a nitrogen mustard used in cancer chemotherapy. Melphalan
nydrolysis is not acid or base catalyzed. The neutral hydrolysis rate at 25°C
is: k = 0.146 hr-l and half-Tife of 4.8 hours (1). :

1. Flora, K. P., S. L. Smith and J.C. Cradock. 1979. Application of a Simple
High-Performance Liquid Chruoatographic Method for the Deternination of Melphalan
in the Presence of its Hydrolysis Products. J. Chromatogr. 177, 91-97.
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5.3.35 Methomyl

CAS No. 16752-77-5

Literature Data:

Chapman and Cole (1) reported the pH-disappearance rate profile at 25°C
for methomyl at pHs 4.5, 6, 7, and & in sterile phosphate buffers. o catalysis
by acid was observea. A neutral rate constant (8.9 X 10-2 hr-1) and an
alkaliné second-order constant {210 M-1 hr-1) was calculated. The second-order
constant was in good agreement with Lemley and Zhong (258 M-1 nrl, 25°C, 79.2
-1 h-1 at 15°C).

1. Chapman, R. A. and C. M. Cola. 1982. Observations on the Influence of Yater
and Soil pH on the Persistence of insecticides, J. Environ. Sci. Health.
B17(5), 487-504.

Z. Llemley, A. T., W. Z. Zhong, G. E. Janauer and R. Rossi. 1984. Chapter 15
in Treatment and Disposal of Pesticide Hastes, R. F. Kruger and J. N. Seiber
tds., ACS Symposium Series, Washington, D.C. pp. 245- 259.



5.3.36 'Hethyl methacrylate

CAS Ho. = 80-62-6°

HYDROLYSIS AKD ANALYSIS DATA

Hydrolysis Data: -

. pH Temp.°C 103, (nr7d) k(i ihr-ly typ(hr) re
3.17 85.0 ilo measureable hydrolysis, 53 hr

3.17 85.0 ~ !o measureable hydrolysis, 53 nr

7.07 25.0 Ko measureable hydrolysis, 72 hr

7.11 " 85.0 0.1860 .7 0.804

7.11 85.1 0.0078 38.4 0.789

7.11 85.1 0.0187 37.1 0.977
.33 85.5 Complete hydrolysis, 15 min

9.86 66.0 1.84 1940 0.37 0.993
10.00° 66.2 4.60 3480 0.15 0.999
10.06 66.5 4.04 2620 0.17 0.990
11.13 25.0 n.31 230 2.23 0.995
11.13 . 25.0 0.26 190 2.66 0.981
11.13 25.0 0.24 180 2.88  0.977

Comments: The hydrolysis at pH 7 can be attributed to hydroxide catalysis.
Tne second-order alkaline hydrolysis rate constant at 25°C (200 # 47 M-l hr-1,
a= 2.05) is in good agreement with Shrama and Shrama (1) [171 M'Il hr‘lj.
Water Solubility:. “Sparingly" JARC Vol 19 (1979)

Source: Aldricha

L.sted Purity: 99% Identity-purity confirmed by spectral analysis.

Analysis Concentration: 10.5 ppm -

Analytical Procedure: Prepared fresh stock prior to each run in autoclaved
Hp0. Added to buffer for an initial analysis concentration of 10.5 ppm direct
aqueous injection.

Instrumentation: GC _X_ HPLC

Detector: FID

Column: DBWax 30m, 0.53am ID
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5.3.37 N-Methyl-N-Nitro-fi-flitrosoguanidine

“CAS Mo.  70-25-7

HYDRO.YSIS ARD ANALYSIS DATA
Literature Data: .

Hydrolysis is catalyzed by hydroniun ion below pH 3 (k,.iq = 4.9 M- lhr-l,
25°C). It has a second-order alkaline hydrolysis rate constant of approximately
9.5 X 10% M-1 nr-1 at 25°C (1). The observed half-life at pH 7 and 37°C was 5
hours. The above yields a neutral rate of 0.027 hr-t at 25°C. -

1. McCalla, D. R., A. Reuvers and R. Kitai. 1963. Inactivation of Bioloyically
Active H-Methyl-ll-N1tro-N-Nitrosc Compounds in Aqueous Solution: U[ffect of
Various Conditions of pH and Illumniation. Cenad. J. Biochem. 48, #07-311.
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5.3.38 2-Methylaziridine

CAS No. 75-55-8
HYDROLYSIS AND ANALYSIS DATA

Literature Data:

Water is sufficiently acidic to proyide a very low concentration of
2-methylaziridinium ion {approx. 2 X 1079) (1). Tne iminium ion has a pK
of 9.61 and the free imine has a pKy of 5.38 (1). _The rate constant for a ring
opening in aquedus solutions was (7.0 + 3.2) X 10-3 min-! at 65°C. The derived
rate and half-1 fe at 25°C are 0.008 hr-l and 87 hr, respectively. Addition of
acids accelerates production of the amincalcohols and/or polymerization. Bunpett
et al. (2% regorted data that yields an acidic second-order rate constant of
4.0 X 10-3 M-1 hr-1,

1. Biust, G. J., and H. J. Lucas. 1957. Basicity Constants and Rates of
Hydration of Some Imines. J. Am. Chem. Soc. 79, 6157-6160.
2. Bunnett, J. F., R. L. McDonald And F. P. Olsen. 1974, Kinetics of Hydrolysis

of Aziridines in Moderately Concentrated Mineral Acids. J. Am. Chem. Soc.
96, 1855-1861.
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5.5.39  Methylthiouracil

CAS No. 56-04-2

HYDROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

pH Temp.°C 103k1(hr‘1) kZ(M‘lhr‘l) tl/z(hr) r2
3.41 85 Mo hydrolysis after & days

3.41 85 o .

3.41 35 " "

3.02 66 " "

5.72 85 1.07 27.0d 0.898
5.72 35 0.69 42.0 d  0.647
5.72 85 0.54 54.0d 0.915
7.17 66 7.6 3.8d 0.847
7.35 -’85 91.5 0.3d 0.848
7.35 85 95.5 0.3d 0.932
7.35 85 75.4 0.4d 0.991
9.05 66 13.7 2.1d  0.847
9.65 85 27.3 1.1d 0.990
9.65 85 37.4 0.8d 0.837
9.65 85 34.3 0.8d 0.8%%

Comments: At pH 7.35 and 85°C the hydrolysis rate is three times greater than
the rate at pH 9.65 and 85°C {pH was measured at 85°C). G5-Methyl-3-thiouracil
has two ionizable protons and hence two pKs. Thus the ionization can be written
as:

DKy Pk
HoA ———— HA”® ————— p2-
7.73 S

‘where a value of 7.33 (1) has been reported for pKy. The value ot pKo would be
>11.; The .resistance to acid hydrolysis and the greater rate of hydrolysis at
pH 7.35 is strong evidence that the monoion (HA-) is the degraded species.
Hydrolysis is most likely mediated by attack of a molecule of water on the
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monoanion. As the pH is increased, the equilibrium is shifted more to the

dianion and the rate of hydrolysis correspondingly decreases. Thus the rate at

pH 7.35 and 85°C was extrapolated to pH 7 and 25°C using the calculated

Eq = 32,649 cals/mole.

1. Garret, E. R., and D. J. ¥Weber. 1970. Hetal Compleres of Thiouracils I:
Stability Constants by Potentiometric Titration Studies and Structures of
Complexes. J. Pharm. Sc1. 59, 1383-139€.

Water Solubility: 0.48 g/L

Source: Aldrich

Listed Purity: 99% ldentity-purity was confirmed by spectral analysis

Analysis Concentration: 1.1 ppm in buffered Ho0

Analytical Procedure: 20 ml direct injection on LC

Instrumentation: GC __ HPLC X

Detector: UV - 230 nm

Column: Waters Nova-Pak Cyg ( 4 M, 4.6mm X 15cm)

Mobile Phase: 0.05 M NaHpPOj:Methanol (90:10)
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5.3.39 Methylthiouracil
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Figure 5.3.39  Hydrolysis of Methylthiouracil at 66°C,
pH 9.05



5.3.40 "Alpha-Miaphthylthiourea

CAS No. 86-88-4

HYDROLYSIS AMD ANALYSIS DATA
" Hydrolysis Data:
' pH © Temp.°C ky(hrh) kZ(M'lhr'*) ty/,(d) re
3.26 -85 0.009 3.1 0.995

3.26 85 0.010 2.8 0.964
3.26 85 0.011 2.6 0.972
7.17 85 0.019 1.5 0.915
7.17 85 0.025 1.2 0.988
7.17 85 0.024 1.2 0.985
9.80 85 0.046 25.0 0.6  0.944
9.20 85 0.049 27.0 ¢.6  0.981
. 9.80 85 0.056 31.0 0.5  0.964

Water Solubility:
Source: RTP

Listed Purity: 93.9% Identity-purity.confirmed by spectral
analysis.

Analysis Concentration: 2 mg/L

Analytical Proéedure: Alpha-Naphthaylthiourea was analyzed by
direct injection of 20 microliters buffered solution onto the
Resolvex Cyg column for each sample.

Instrumentation: GC __ HPLC X

Detector: UV at 222 m '

Column: Resolvex Cyg, 10 micron, 4.6 x 25cm

Mobile Phase: acetonitrile:water (50:50)



-

5.3.40 Alpha—NMNaphthvylthiourea

Ky = 2.5x%107% hr!
Ty = 1.2 days
R = 0.988
1038
- I
i
\
- \Tl
&) .
-
= 1
e 10
u -
[x -
& -
100 T l 1 7 e T ]

0.0 20.0 40.0 60.0
' Time (hr)

Figure 5.3.40  Hydrolysis of Alpha—Naphthyl
.. thiourea at 85°C, pH 7.17
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5.3.41 N-Nitroso-h-Lthylurea

CAS No.  759-73-9

HYDROLYSIS AND ANALYSIS DATA
l.iterature Data:

Druckrey et al. (1) reported stability data at 20°C and at pH values
from 4 to 9. Values of second-order and neutral rate constants were extrapolated
to 25°C. A half-life of 0.8 hours was calculated at 25°C and pH 7. This value
was in good agreement with that of Garrett et al. (2).

1. Druckrey, H., R. Preussmann, S. Ivankcvie and D. Schmahl. 1967. Orgontrope
Carcinogene Wirkungen bei 65 Verschiedenen N-Nitroso-Verbindungen an BD-
Ratten. Z. Krebforsch. 69, 103-201.

2. Garrett, E. R., S. Goto and J. F, Stubbins. 1965. Kinetics of Solvolyses of

Various N-Alikyl-N-Nitrosoureas in tleutral and Alkaline Solutions. J. Pharm.
Sci. 54, 119-123.
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5.3.42  N-Nitroso-ii-Methylurethane

" CAS Mo. 615-53-2
HYDROLYSIS AND ARALYSIS DATA
Literature Deta: Rate Data calcluated from McCalla et al. {1). McCalla reported
rate data in one pH unmit increments from pi 2 through pH 9 at 3Z°C.
1. McCalla, 8. R., A. Reuvers and R. Kitai. 19653. Inactivation of Binlogically

Active H-Methyl-l-Hitroso Compounds in Aqueous Solution: Effects of Various
Conditions of pH and Illumination. Canad. J.-Biochem. 46, 307-811.



5.3.53  Octanethyipyrophosphoramide

CAS ho. 152-16-9

HYOROLYSIS AHD AHALYSIS DATA

Liverature Data:

Heath and Cascipieri (1) measured the hydrolysis rates of some dimethylanides
of phosphoric acids in acids, alkalies, and water. Octamethyipyrophosphoramide
in water at pd 7 was held at 100°C for one ~eek. Mo hydrolysis was observed
within experinental error. Tue second-order acid and alkaline rate constants
were 9.23 + 5.03 M-1 hr-1 and 1 X 10-11 M-1 hr-1 recpectively. The half-life at pi

-

7 and 25°C based on the acid contribution would be 3,400 y=ars.

1. Beath, D. F., and P. Casapieri. 1950. ilydrolysis of Dimethylamides of
Pnosphoric Acids. Trans. Faraday Soc. 47, 1093-1101.
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5.3.39 . Di-n-Octy)phthalate

CAS o, 117-84-0

HYDROLYSTS AND ANALYSIES DATA

Literature Data: wolfe {1) et al. reported a second-order alkaline hydrolysis
rate coastant of 12.9 M-1 nr-1 at 33°C. Hycdrolysis at neutral pM would be
domin. ted by the alkaiine contribution thus the calcylated second-order rate at
. 25°C was used to detemmine the halr-11fe at pH 7 and 25°C.

L. wolfe, N. L., 0. F. Paris, W. C. Steen ang G. L. Baughman. 1980. Correlation

of Microbial Begradaticon Rates with Chemicals Structure, Environ. Sci.
Jechnol. 14, 1143-1144. -
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5.3.45  FPhorate

CAS Ro. 203-02-2

HYDRALYSIS AND ANALYSIS DATA
Literature lata:

, Chapman and Cole (1) determined at 25°C the pH-disappearance rate profiles
for 2% nsecticides ingluding phorate. The determinations covered 4 or 5 pH
values over the range 5.5 to 8 in sterile phosphate buffers. The neutral rate
constant for phorate wdas 0.0072 hr-! with @ corresponding 96 hr half-life at 25°C.
Acid or base catalysis was not observed in the above pH range.

i. Chapman, R. A, and €. M. Cole. 1982. {bservations on the Influence of Water
and Soil pil on the Persistence of Insecticides. J. Environ. Sci. Health.

Bi7(5), 487-504.



5.3.46 1,3-Propane Sultone

CAS No. 1i20-71-4

HYDROLYSIS AND ANALYSIS DATA
Literature Data:
From the data of Bordwell et al. (1) a neutral hydrolysis rate constant of

0.082 hr-l and half-life of 8.5 hr were calcuiated. The energy of activation was
20,400 cals/mole.

1. Bordwell, F. G., C. E. Osborne and R. D. Chapman. 1¢59. The Hydrolysis
of Soltones. J. Am. Chem. Soc. 81, 2698-2705.
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5.3.47 Safrole

CAS Mo. 94-59-7

HYDROLYSIS ARD ANALYSIS DATA

Hydrolysis Data:

©.pH - Temp.°C

3.15 66.5 No detectable hydrolysis over 9 days

3.22 85.5 . No detectable hydrolysis over 14 days
3.27 85.1 No detectable hydrolysis over 26 days
3.27 85.1 Mo detectable hydrolysis over 26 days
3.27 85.1 No detectable hydrolysis over 26 days
7.12 65.9 Mo detectable hydrolysis over 14 days
7.29 ~ 85.2 o detectable hydrolysis over 14 days
7.29 85.¢2 No detectable hydrolysis over 21 days
7.29 85.2 NHo detecticble hydrolysis over 21 days
7.29 85.2 No detectable hydrolysis over 26 days
9.81 65.6 No detectable hydrolysis over 14 days
9.77 85.5 No detectable hydrolysis over 9 days

9.60 " 85.3 No detectable hydrolysis over 26 days
9.60 85.3 flo detectable hydrolysis over 26 days
9.60 85.3 tio detectable hydrolysis over 26 days

Water Solubility: Insoluble

Source: .Aldrich

Listéd Purity: 97% Identity-purity confirmed by spectral analysis.
Ana]y;is Concentration: 2.4 mg/L

Analytical Procedure: Safrole was analyzed by direct injections
into a 20 microliter injection loop of each sample.

Instrumentation: GC HPLC X
Detector: -Kratos Spectroflow 757 UV at 290 nm
Column: OUS Ultrasphere 4.6mm x 15cm, 5 micron

Mobile Phase: methanol:water (65:35)
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5.3.45 Tetraethyl pyrophosphate

CAS Mo. 107-49-3

HYDROLYSTS AND ANALYSIS DATA
~iterdture Data:
Tetraethyl pyrophosphate nydrolysis is a first-order reaction with a value
of the rate constant o€ '0.093 hr-1 at 25°C and an activation enerqy of

10.7 Kcal/mole (1). The hydroxide catalyzed hydroiysis was too fast to
measure.

1. Ketelaar, J. A. A. aud A, H. Bloksma. 1948. The Rate of Hydrolysis and
Camposition of Tetraethyl pyrophssphate. Recuerl. €7, 665-675.

¢



5.3.49  Thioacetamide
CAS MNo. 62-55-5

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:

pH Temp.©°C kl(hr‘l) kz(M’lhr'l) tl/Z(d) r2

7.18 85 0.025 1.2 0.923
7.18 85 0.026 1.1 0.347
7.13 85 0.020 0.9 0.925

Comments: Peters and De Ranter (1) reported .n alkaline second-order rate

constant of 4.55 + 0.3 M-1 min-1 at 80°C (2.3 X 10-2 M-1 min-1 at 25°C) and an
activation energy of 20,160 cal/mol. Swift ond Butler (2) reported a second-

order acid rate constant of 0.21 + 0.023 M-1 min-1 at 90°C [(1 + 0.01) X 10-3 at
25°C)] and an activation energy of 19,100 cais/mole. These values ard the measured
rate at pH 7.18 were used to derive a neutral hydrolysis rate constant of 1.43

X 10-6 min at 25°C.

1. Peeters, 0. M. and C. J. De Ranter. 1G¢76. Kinetics of the Hydrolysis of
Thioacetamide in Alkaline Solution. J. Chem. Scc. (Perkin [I), pp. 1062-1065.

2. Swift, E. H. and E. A. Butler. 1956. Precipitation of Sulfides from Homogeneous
Solutions by Thicactamide. Anal. Chem. 28, 146-153.

Water Solubility: 16 g/100 ml

Source: Aldrich

Listed Purity: 99% ldentity-purity confirmed by spectral analysis.
Analysis Concentration: 2 mg/L in buffer

Analytical Procedure: 20 ml direct iujection on HPLC
Instrumentation: GC HPLC X

Detector: UV 1t 261 nm

Column: Ultrasphere 0DS, 5 micron, (2§cm X 4.6mm)

HMobile Phase: Actronitrile:water (50:50)
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5.3.49 -Thioacetamide

Ki = 1.8x 1672 hro!
Ty/2 = 1.6 days
RZ = 0.930

7% Remaining
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. Figure 5.53.489  Hydrolysis of Thioacetamide at 85°C,
pH 7.05 |
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5.3.50 Thiram
CAS Mo. 137-26-8

HYCROLYSIS AND ANALYSIS DATA

Hydrolysis Data:

oH Temp.°C  ky(hr-}) koW thrd) £y o(d) r2
3.22 85 0.06 0.49 0.999
3.29 85 0.06 : 0.49 0.963
6.96 65 n.27 2.3:.100 0.11 0.995
6.97 65 0.26 2.2¢1u3 0.11 0.993
6.97 65 5.29 2.3x105 0.11 0.998
10.49 24 1.83 6350 0.016  0.997
10.79 24 2.33 4070 0.012  0.978
10.79 24 2.26 3960 0.013  0.980

Water Solubility:
Source: RTP

Listed Purity: 99.5% Identity-purity confirmed by spectral
analysis..,

Analysis Concentration: 2 mo/L

Analytical Procedure: Thiram was analyzed by injection of 20
micreliters onto an Ultrasphere 0DS column for each sample.

instrumentation: HPLC X
. Detector: UV at 218 nm
Column: Ultrasphere 0BS, 5 micron, 15 c¢m

Mobile Phase: acctonitrile:water {60:40)
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7o Remaining

5.3.50 Thiram

Ky = 1.8 x hr!
T1/2 = 04 hr
RZ = 0.997

o
I

N B A I

100 i [ I ‘ 1 ‘ 1 ‘
0.0 0.2 0.4 0.6 0.8

Time (hr)

Figure 5.3.50 Hydrolysis of Thiram at 24°C,
pH 10.49
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5.3.51 Toxaphene

CAS No. §001-35-2
HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:

O pH Temp.°C X103k, (hr™1) &, (M-thr-l) typ(d) ré

1
3.2 85 3.0 9.8 0.980
3.25 85 2.0- 14.4 0.804
3.25 85 1.8 15.9 0.920
7.20 85 5.6 5.2 0.956
7.20 " 85 4.1 7.0 0.5t2
7.20 85 4.7 6.2 0.894
9.63 85 2.0 0.7 1.6 0.974
9.35 85 10.5 3.7 2.7 0.603
9,35 85 15.2 5.2 1.9 0.965

Comments: Toxaphene is difficult to quantitate because it is a
mixture of more than 670 compounds, primarily polychlorinated
bornanes. (C;gH15.nClp). The chlorine content is 67-69 percent
by weight. {QQuantitation was based on decreasing response to
electron capture detection for an envelope of GC eluted
compounds. The hydrolysis values at pH 3 were used as the true
neutral contribution to hy'rolysis.

Water Solubility: 4 mg/L

Source: RTP

Listed Purity: 100% technical toxaphene, 68% chlorine. Identity-
purity was confirmed by spectral analysis.

Analysis Concentration: 500 pg/L in buffered water

Analytical Procedure: Extract 10 ml buffer with 2 ml1 isooctane,-
diiute 1:25. Final analysis concentration was 100 pg/L.

Extraction Solvent: [Isooctane

Instrumentation: GC X HpLe

Detector: ECD

Column: - 0V-1, 2.65 micron film, 5n x 0.53mm ID

Temperature Program: 210°C isothermal
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5.3.51 Toxaphene

Ky =5.6x 1072 hr™!
Ty/2 = 5.2 days
RZ = 0.956
10%6)
o i
c
=
£ 104
2 ]
N i
- 10¢ e Ea— T —
. 0.0 ~ 50.0 100.0 150.0
Time (hr)

Figure 5.3.51  Hydrolysis of Toxaphene at 85°C,
' o pH 7.20¢ '
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5.3.52 0,0,0-Triethyl ester phosphorothioic acid

CAS No. 126-68-1

HYDROLYSIS AND ANALYSIS DATA
Hydrolysis Data:
pH Temp.°C X103k, (hrl)  kp(MInr-l) tyo(hr) rl

3.09 35.3 18.2 . 38.0 .864
3.23 85.5 16.6 43.2 .982
3.23 85.5 15.8 43.8 .992
3.23 85.5 13.3 ' 52.0 .997
7.10 85.0 10.6 64.9 .996
7.10 85.0 13.1 52.5 .980
7.10 85.0 14.2 48.6 .992
9.82 85.0 14.3 48.4 .962
9.56 85.0 13.3 51.8 .876
9.56 85.3 14.2 43.7 .951
9.56 85.3 13.5 51.2 .990

Comments: The hydrolysis of the ester is a neutral process {same rate at all
pH levels). An activation energy of 23,000 cals/mole was used to extrapolate
the rate to 25°C.

Water Solubility: 100 ppm

Source: Chemical Services

Listed Purity: WNone listed. Identity-purity confirmed by spectral analysis.

Analysis Concentration: .46 ppm

Analytical Procedure: CExtract 5 ml buffered solution with 2.5 ml isooctane. Dilute
1:1 with internal standard solution (800 pphb TEP in isooctane).

Instrumentation: GC _X HPLC
Detector: PO
Columr: D85 15m, 0.53mm ID

Temperature Program: 100°C Isothermal
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5.3.53 0,0,5-Triethylester phosphoredithioic acid

CAS No. ~2524-00-6

HYDROL.YSTS AND ANALYSIS DATA
Literature Data: A standard for this compound could not be obtained. However’

the half-life would be less than ccmpound 5.3.52 (the S-ethyl is a better
Teaving group than O-ethyl).
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5.3.54  Tris(2,3-dibromopropy)-phosphate

CAS Ne. 126-72-7

HYDROLYSIS AKRD ANALYSIS DATA

Hydrolysis Data:

pH Temp.°C kl(hrfl) kZ(M'lhr’l) tl/? r2
3.13 85 0.00177 ' 16.3 d .671
3.20 85 0.00249 11.6 d .718
3.20 85 0.00435 6.6 d .943
7.09 85 0.0923 7.5 hr  .997
7.09 85 0.1004 6.9 hr  .994
7.13 85 0.1125 6.2 hr  .G51
8.83 85 2.9507 13855 0.23 hr .935
8.83 85 3.4572 16234 0.20 hr .999
9.67 66 2.1379 3492 0.32 hr .993
9.67 66 2.1258 3472 0.33 hr .999

Comments: The calculated activation energy and log A for the second-orger
hydroiysis are 18, 576 x 1,002 cals/mole and 15.52 + 0.03 respectively.
Hydrolysis at pH 3 was used to calculate the neutral contributict to overdll
hydirolysis. Hydrolysis of phosphate esters is mediate. by the neutrai water
molecule and hydroxidae ion.

Water Solubility: 4 ppm

Source: EPA/RTP or FDA

Listed Purity: 93% Identity-purity confirmed by spectral analysis

Analysis Concentration: 116 ppb '

Anélytical Procedure: Extract 10 ml buffer contaxnlng tris with 2 n\ isooctane.
Add 3 ml 1soocravc end inject 1 ml onto GC.

'.ExtrdCtlon Solvent: Isooctane

Instrumentation: GC X HPLC _;_

Detector: EC |

Column: 10m, SE-24 thin film (approximately 0.1 micron)

. Temperature Program: 205°C for 0.5 min then 5°C/min to 230°C.
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'5.3.54 Tris (2,3-Dibromopropyl)

phosphate
Ky = 2.1 hr™!
T1/2 = 0.3 hr
R? = 0.993
102-:—3\
. \D\
- )
o \‘
g) . >~
k=
O
£ 104
Q) -
(x‘ -
L\a m
‘Oo 1 ] i ] 1 ] 1 ﬁl i ] 1 ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (hr)

.Figure 5.3.54 Hydrolysis of Tris (2,3—-Dibromopropyl)

‘phosphate at 66°C, pH 9.6
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APPEZNDIX A

MASS SPECTROMETRIC ANALYSIS

Obiective: Tlhe cbjective of this MS work uwas to check the identity of the
following chemicals: HN-{aminothioxomethy!)acetamide, 1-(o-chlorophenyli)thiourea,
3-cnlorouropanenitrile, 0,0-diethyl-Opyrazinyl phospherothioate, 2,4-dithiobiuret,
2-fluproacetanide, isodrin, alpha-napthylthicurea, octamethylpyrophosphoramide,
toxaphene, acetonmitrile, 2-acetylaminofluorene, cis-chlordane, trans-chlordane,
1,2-dichloropropane, diallate, p,p'-DDD, di-n-octyiphthatate, hexachlorobenzene,
lindane, hexachloroethane, lasiocarpine, malononitrile, methylthiouracil,
thioacetamide, thiram, methyl methacrylate, azaserine, chlorambucil, heptachior,
and kepone. Thase chemicals are used as standards for determining the "second-third"”
hydrolysis rate constants. The mass specirum of eath standard was determined
by eitner GC/MS or probe/MS. !

Apparatus_and conditions: Analyses were carried out with a Finnigan
Model 4500 gas chromatograph - wass spectrometer interfaced to the Finnigan
Incos Data Systen. The mass spectral matching program used the "1984 EPA/NIN
Incos Compatible Library Containing 42,197 Mass Spectra" obtained from W. L.
Budde of EMSL-Cinn (EPA/NIH Library). The 1983 version of the bound "EPA/NIH
Mass Spectral Database" and the 1933 version of the "Eight Peak Index of
ilass Spectra" were also used as references.

The GC column was a DB-5 fused capillary 30m X 0.25um; for most chemicals,
the teaperature program was 3 min at 15°C, 45-280°C at 10°/min. Acetonitrile,
because of its volatility, was injected directiy on the coluan at room temperature.
Lasiocarpine, azaserine, thiram, N-{aminothioxomethyl)acetamide, 1-{0-chlorophenyl)-
thiourea, 2,4-dithiobiuret, and 2-fluoroacetamide could not be analyzed by GC; they
were analyzed from a diract probe at 75-200°C.

RESULTS

Standard Reference Compounds

- (Aminothioxomethyl)acetamide: The probe mass spectrum was an excellent
match tu the standard spectrum of N-{aminothioxomethyl)acetamide in the
EPA/NIH Library. . )

1-{o-Chlorophenyl)thicurca: The probe mass spectrum w3s not in any
avarlable database. The fragmentation pattern, however, shows charucteristics
expected for 1-{0-chlorophenyl)thiourea. There is a proninent molecular

ton at m/2z 186 with a chlorine isomer pattern indicating one chlorine.

The base pedk at m/z 151 represents a chlorine less; the ion at m/z 127 °

reprasents a chiorophenyl-Nilp group.

Chloropropanenitrile: Tne GC mass spectrum was an excellent match to
2 standard spectrum of 3-chloropropanenitrile in the EPA/KIH Library.

"
J-
i)

tn
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0,0-Diethyl-0-pyrazinyl phosphorothioate: The GC mass spectrum was an
excellent match to the standard spectrum of 0,0-diethyl-0-pyrazinyl
phosphorothiocate ir the EPA/NIH tibrary.

2,4-Dithiobiuret: The probe mass spectrum was not in any available
database. The frajmentation pattern shows characteristics expected of
2,4-dithiobiuret. There is a prominent molecular ion at m/z 135 with an
8.8% m/z 137 ion indicating 2 sulfur groups. A ldrge m/z GO ion represents
a -CSNHo group.

2-Fluorocacetamide: The probe mass spectrum was not in any available
database. The fragmentation pattern, however, shows characteristics
expected of 2-fluoroactamide. There is a prominent molecular ion at m/z
77. The m/z 60 ion represents a loss of -OH.

Isodrin: The GC mass spectrum was an excellent match to the standard spectrum
of isodrin in the EPA/NIH Library.

alpha-Naphthylthiourea: The compound decomposes on a GC column to 2-isothiocyanato
naphthalene. There is an excellent match to the standard spectrum of 2-isothiocyanato
naphthalene in the EPA/NIH Library.

Octamethylpyrophosphoramide: The GC mass spectrum .+as an excellent match to
the standard speccrum of octamethylpyrophosphoramide in the EPA/RIH Library.

Toxaphene: Toxaphene is a mixture of many compounds produced by the
chlorination of camphene. Toxaphene gives a characteristic smear when
analyzed bv GC and is best identified by this profile. The mass spectra is
not revealing, only showing a highly chlorinated family of compounds.

The GC-MS ion chromatogram of this toxaphene standard matches the toxaphene
profile in "Analysis and GC-MS Characterization of Toxaphene in Fish and
Water" by David L. Stallings, EPA-600/3-76-076, August, 1976.

Acetonitrile: The GC mass spectrum was an excellent match to the standard
spectrum of acetonitrile in the EPA/NIH Library.

2-Acetylaminofluorene: The GC mass spectrum was an excellent match to the
standard spectrum of 2-acetylaminofluorene in the EPA/NIH Library.

cis-Chlordane: 1lhe GC mass spectrum was a good match to the standard spectrum

of chlordane in the EPA/NIH Library. Jhe mass spectra of the cis and tran-
isomers of chlordane are very similar and cannot be distinguished fron each other.
The GC retention times of the two compounds are quite different, however.

trans-chlordane: The GC mass spectrum was a good match to the standard
spectrum of chlordane in the EPA/NIH Library. The mass spectra of the cis
and trans isomers of chlordane are very similar and cannot be distinguished
from each other.
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1,2-Dichioropropane: Tne GC mass spectrum was a good match to the standard
spectrum of 1,2-dichloropropane in the EPA/NIH Library.

Diallate: The gas chromatograph separates diallate's cis and trans isomers
into two separute peaks. The GC mass spectrum of each was a good match to the
standard spectrum of diallate in the EPA/HIH Library. The mass spectra of

the two isomers are very similar and cannot be distinguisheus “rom each other.

Q;EL:QQQE The GC mass spectrum was a good match to the standard spectrua of
P,p'-DOD in'the EPA/NIH Library.

Di-n-Octylphthalate; The GC mass spectrum was a good maich to the standard
spectrum of di-n-octylphthelate in the cPA/N'H Library.

Hexachlorobenzene: The GC mass spectrum was an excellent match to the standard
spectrum of hexachlorobenzene in the EPA/NIH Library.

Lindane: The GC mass spectrum was a good match to the standard spectrun of
Iindane in the EPA/NIH Library.

Hexachloroethane: The GC mass spectrum was an excellent match to the standard
spectrum of hexachloroethane in the EPA/NIH Library.

Lasiocar ine: The probe mass spectrum was a good match to the standard
spectrum -of lasiocarpine in the EPA/NIH Library.

Malononitrile: The GC :mass spectrum was a good match to the standard spectrum
of malononitrile in the EPA/NIH Library.

Methylthiouracil: The GC mass spectrum was not in any ava®lable database.
The fragimentation pattern, however, shows characterstics expected for
methylthiouracil. There is a prominent molecular ion at m/z ,42. There is
a large m/z 68 ion representing a loss of -HNCSHH.

Thioacetamide: The GC mass spectrum was a good match to the standard spectrum
of thioacetamide in the EPA/NIH Library.

Thiram: The probe mass spectrum was a good match to the standard spectrum
of thniram in the EPA/NIH Library:

Methyl Methacrylate: The GC mass spectrum was a good match to the standard -
spectrum of methyl methacryiate in the EPA/HNIN Library.

Azaserine: The probe mass spectrun w33 nct in any available database.

The fragmentation pattern, however, shows characteristics expected for azaserineg.
The highly reactive [N group apparently protonates giving a protonated

molecular ion at m/z 174. There is a characteristic acid loss -COOH (plus a
protonated ion) at m/z 123; ions at m/¢z (9, and 74 reprecents -COCHHN and
-HCHHCOOH, respectively.

Chlorambucil: The probe mass spectrum was not in any available database.
The fragmentation pattern, lLowever, shows characteristics expected for
chlorambucil. There is a prominent molecular 1on at m/z 303, with a chlorine
isomer pattern indicating two chlorinas. The hase peak at m/z 253, represents
a -CHpCl Toss.
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Heptachlor: The GC mass spectrum was @ good match to the standard spectrum

of heptachior in the [PA/IIH Library.

Yepone:  The GC mass spectrun was a good match to the standard spectrum of
Kepone in the EPA/NUIH Library.
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APPENDIX B

FT-1R AHALYSIS

The identities of three of the "second third" compounds (methyl
methacrylate TH], 0,6,0-triethylester phosphorothioic acid [0P], and
tris(2,3-dibromopropyl)-phosphate [Tris]) were confirmed by their infrared
spectra. A Digitab FTS-20C Fourier transfo~n infrared instrument with a
glowbar source and a MCT detector were used for this purpose. In each
case, spectra were obtained as a thin film Jetween KBr disks. Figures Bl
and B2 are the spectra of mi and NP, respectively. In both cases, the
spectra match very well with standara reference spectra to give acceptable
confirmation of MM and OP. Additionally, Figure 83, which is a spectrum
of Tris, matches well viith the standard reference spectrum. There was
some concern as to wiether Tris could possibly be the tris(l,3-dibromo-2-
propyl)phosphate isomer, for which no standard reference spectrum could be
lTocated. This possibility was essentially eliminated by recording the
spectra of 2,3-dibromo-1-propanol (Figure B4) and 1,3-dibromo-2-propanol
(Figure B5). Since the C-H bands (at 3000 and 1500 cm~1l) of the two
alconois are quite different, and the C-H bands of Tris closely match
those of 2,3-dibromo-1-propanol, the structure of Tris was confirmed.
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Figure B2. Infrared Spectra of 0.0,0-Triethylester Phosphorothioic Acid
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