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1-1 t ""t iv,' r,'gllldt'I)'\' ,:ll't i,'11 f,'r (,)Xl- I lIt-mil',ds rt'quirt;s an lIn<1t'r­

,;t.llldillg I': tht, h.!man alld "llvirl1llm",ntal risks ilSSll,iatl'ci ~dth till:.' manlJ-
LII'llll",', USt', alld Jispusal ,d' ,\ dlt?miL'al. rile aSSt'ss11lent of ris\< rl'qllir,,'" 
tht" h,'st s,'it'ntifi .. judgmt'llt ab"ut tht, probability :)f harm to the ellVir()nll',l'l1t 
r~·slllting from klh) .... llllr plltt"ntiai l'nvirllnml'l~tal COlh'(.'ntrations. E:-wir(ln-
ITlt'nt.ll ('on\t'ntl',l .. i()IlS 'Hl~ it fUlh't iOIl of (1) the amoun: and form of the 
,'hl'!::it-.d I',)\.,as..,d pt.'r unit ti'll\.' into tlw tenVirl'llmt:!lll, (2) thl:.' geograp:lil' 
ar,',l, (n pril'I' <!,','untuldl 1,)11, ~4) time l,r measurement after rt'leasl', and 
{'» lll" llt'havior (,f tlw l'lwmh'al in thl:' ellvironmeont. The behavi(lr. or 
Llll' and transl'l'rt chaL.Il'tt'rist. i,''';, lli t,)~;il' pollut;~'1ts in thi:' envir(Jnr.,.nt 
d"Pt'llds till a V<.iril'ty ot l'lwmic,d, physic-,ll, and biolo,~ical pr('('tc'sst:'s 
(I:'.g., ph,'t'll~'sis, hydrld\'sis, ,·xidatl;lll, volatilhation, sorption, hill-
dt.-gradat i(.ln, h i,'trallsfurmat i<'I1) , Thl:' -ito pnlL'I;'SSeS w~rl: plact'd int~l perspt:'l't iv(-
LInd summarizi.'d Illr 129 ('hl'mical suhsta:j,'l'S in a t'oKJ-I/olume J'eport entitlf!'lI 
"h'.lt,-r-l'c>lateJ Envirllnm,-ntal Fatt' pf 1:24 Priorit\' Po:llltants" (EPA-4401 
4-79-029ao.h), Altholl~h this rl:'\,I .. ,." ,'ontainl><i literature data ,.In som(- of 
tht· pl'l)l't'SSI;'S, (LIla were incompleote for many of the processes affecting the 
114 llr~<lnit· ",'mp"llnJ~, 

Tide.; r"-I'"rt tLlk ... s datd and illil'rm.lt;<"11 from tht' "129 rep,'rt" as ""1:'11 
as i h'n! ,I t h,'r S,lll;','l'S and put sit in a form f,lr llSI:' in m(ldel in~ the fat ... 
"f th~' il:' tlrgaldl' pril.ril:, plllllltants. 
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ABSTRACT 

Equilihrium and kinetic constants for evaluating the transformation 
awl lransp,'rt in aquatic systems for 114 organic chemicals on EPA's 
pril'l"ity p,)l!utant list haVl' bE-eli obtain~d from the literature and from 
tlit'.'r('t i.'al l':' .. ·mpir ical l'alcu!al i()n methods. Constants for sel~cted 

pl,\'sil',tl prllpt'rtit.'s and for partitioning, volatilization, photolysis, 
,'xidil: ion, hvdrol,,,sis, ilnd hh'transfprmation are listed for each chemical 
,dl'Jl~ \dth till' spun't' of tht:' data. \'alut's nrc reported in units suitable 
i,'r USl' in a rurrt>nt aquatic fate model. A discussion of the el'lpirical 
rel,H ionships b~tween water solubility, octaoc.'l-water partition coefficients, 
ilnd part it IUri ('(l~f f ie ients for s,'d iment and biota is presentpd. The 
l'aL'ulathlll df v()latilizatiol1 rates for ()rgal1ic chemicals in e.qu~ous 
s\'stt'ms also is discussed. 

tv 



FOREWORD 
ABSTRACT 

CONTENTS 

••••••••••••••••••••• II ••••••••••••••••••••••••••••••••• ....................................................... 
LIST OF ILLUSTRATIONS ......................... ' ................ . 
LIST OF TABLES 
ACK.'WWLEDGMENTS 

........................................... ' ...... . .................. . . . . . ' ....................... . 
1. 

2. 

INTRODUCTION 

1.1 Purpose 

1.2 Background 

.......................... " .............. . 

.......................................... 
....................... " .............. . 

1.3 References ....................................... 
ASSESSMENT OF CONCENTRATIONS AND HALF-LIVES OF CHEMICALS IN 
AQUATIC ENVIRONMENTS ...... " .................. ,. ....... . 
2.1 

2.2 

2.3 

2.4 

The Process Modeling Approach .................... 
Applications of the Process Hodeling Approach ...... 
Definitions of Processes and Source. of Data 
2.3.1 Bases for Derivation of Process Data 
2.3.2 Chemical Name and Molecular Weight 

•••••• 

••••• I •• 

2.3.3 Melting and nailing Point ... ~ ............ . 
2.3.4 
2.3.5 
2.3.6 
2.3. 7 
2.3.8 
2.3.9 
2.3.10 

Ionizat ion Constants ••••••••••••••••••••• 
Parti.tioning Constants .•••••••••••••••••• 
Volatilization Constants •••••••••••••••••• 
Photolysis Data •••••••••••••••••••••••••• 
Oxidation Rate Constants •••••••••••••••••• 
HydrolYSis Rate Constants •••••••••••••••••• 

Biotransformation Rate Constants ••••••••• 
References ...................................... 

3. PROCESS DATA FOR TRA~SPORT AND TRANSFORMATION OF CHEMICALS 
AQl:EOCS SOLUTION ••••.••••.••.•.••••••••••••••••••••• • • 

3.1 

3.2 

3.3 

3.4 

Organization of Data Sheets and Sources of Data ... 
Pesticides ...................................... 
PCBs and 2-Chloronaphthalene 

Halogenated Aliphatic Chemicals 

..................... 
................. 

3.5 Halog~nated Ethers .............................. 
3.6 

3. 7 

Monocyclic Aromatic Chemicals ................... 
Phthalate Esters ................................. 

v 

11i 
iv 

vii 
viii 

1 

1 

1 

5 

6 

6 

13 
16 
16 
18 
18 
19 
20 
22 
24 
27 
30 
3? 
35 

IN 
38 

38 

51 

113 

131 

191 

213 

279 



3.8 P~ly~yc11c Aromatic Hydrocarbons ................... 
3.9 Nitrosamines an~ 0ther Nitrob~n-containin~ Chemicals. 

4. CALCULATION OF PARTITION COEFFICIENTS OF ORGANIC cr~MICALS 
AQUAT IC ENVIRONMENTS ••.••••••••••••••••••••••••••••••••• 

4.1 Background •••••••••••••••••••••••••••••••••••••••••• 

4.2 Calculat ion Methods •••••••••••••••••••••••••••••••• 
4.2.1 Correlation Equations ••••••••••••••••••••••• 
4.2.2 Units and Conversion Factors ••••••••••••••• 

4.3 Calculation of K and S from K ••••••••••••••••• oc w ow 4.3.1 Partitionlng Thermodynamics ••••••••••••••••• 
4.3.2 Comparison of Reported Correlations ••••••••• 

4.4 Calculation of K Value from Structural Parameters • ow 
4.5 References ...................................... 

5. CALCULATION OF RATES OF VOLATILIZATION OF ORGANIC CHEMICALS 

297 

355 

IN 
373 

373 

374 
375 
376 

378 
378 
388 

404 

408 

FROM NATURAL WATER BODIES •••••••••••••••••••••••••••••• 409 

5.1 Introduction •••••••••••••••••••••••••••••••••••• 409 

5.2 Calculation Methods •• • ••••• ••••• •••••••••• •••••• •• 409 
5.2.1 Outline of General Procedure ••••••••••••••• 409 
5.2.2 Cal cula t iO.l of t he Henry's Const ant. ......... 411 
5.2.3 Calculation of Diffusion Coefficients ••••• 414 
S.2.t. Other ParamE:ters •••••••••••••••••••••••••• 415 
5.2.!I Sample Calculation •••••••.•••••••••••••••• 415 

5.3 Calculation of the Volatilization Rates of the Priority 
Pollutants ..••..••...••••.••.•..•••.••••••••• t • •• 419 

5.4 Theoretical Considerations •••••••••••••••••••••• 423 
5.4.1 Two-film Theory.......................... 423 
5.4.2 Choice of Parameters j" Table 5.1 •••••••••• 428 
5.4.3 Selection of Volatilization Rate Input 

Data for the F..XA.'1S Model................... 430 

5.5 References .................................... '" ... 432 

vi 



Figure 

2.1 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

5.1 

5.2 

ILLUSTJ\ATIONS 

Transport and Transformation Processes in Aquatic Environ­
ments 

Latt~e Model of a Solute (S) Partitioninl Between Octanol 
(0) and Water (w) Phales. 

Lattice Model of a Hilher Mole Fraction of Solute (S) Par­
tition!nl Between Octanol (0) and Water (w) Phales. 

Enthalpy of Fusion Correction Factor for Aqueoul Solubil­
ity at 2S·C as a Function of Melting Temperature 

Comparison of Solubility-K Equations f~r Liquid Solutes ow 

Solubilities of Hexachlorocyclohexanes (a.S.~.Y-BHC) 

Comparfson ot Solu~ility-K Equations for Solid Solute. ow 

Estimated Half-Lives versus Henry's Constant for the 
Priority Polluta~ts in Rivers 

Estimated Half-Lives versus Henry's Constant for the 
Priority Pollutants in Lakes or Ponds 

vii 

Page. 

8 

379 

379 

387 

394 

398 

399 

421 

422 



TAbLES 

Table 

2.1 Percent Chemical Remainin~ as a Function of Haif-Lives 12 

2.2 Estimated Rate Constaftts for Biotransformation of Chemicals 
by Bacteria in Water Body Solution Phase 34 

4.1 Conversion Factors for Composition Units 377 

4.2 Effect of Melting Point Concentration on Water Solubility 386 
Rates 

4.3 Reported Correlations of K t K t and S 0"'" oc 'w 

4.4 Data Bases for K -K Co~. lations oc ow 

4.5 Calculated versus Measured Solubilities for Chlorinated 

389 

392 

Methane. and Ethane~ 395 

4.6 Calculated versus Measured Solubilities for Low Melting 
Point Aromatics 

4.7 Calculated versus Measured Solubilities for Selected 
Pesticides 

4.8 Aqueous Solubilities of High Melting Point Chemicals 

4.9 Correlation of Measured and Calculated Values of K ow 

5.1 Summary of Constants and Values for Substitution into 
E~uati.on (5.2) 

5.2 Oxygen Reaeration Rates in Representative Water Bodies 

5.3 Water Evaporation Rates for Lakes 

viii 

397 

400 

402 

40( 

416 

429 

428 



ACKNOWLEDGMENTS 

lhis work was conducted by SRI International under EPA Contract 
68-01-3867. The support and comments of the Project Officer, Mr. Michael 
Slimak, are gratefully acknowledged; the comments and assistance of 
Mr. Mark Sonnenschein of EPA's Office of Water Regulations and Standards 
are also apprec.iated. Discussions with Dr. L. A. Burns of the Environ­
mental Systems Branch of EPA's Environmental Resear'ch Laboratory, Athens, 
GA., were invaluable in preparing data for use in modeling for this 
report. Unpublished information from and discussions w-Hh Mr. G. L." 
Baughman, Ms. D. F. Paris, and Drs. S. Karickhoff. N. L. Wolfe, and R. G. 
Zepp of the Environmental Processes Branch, EPA-ERL. Athens, GA., also 
are gratefully acknowledged. We also gratefully aC',knowledge the assistance 
and support of Drs. L. A. Mulkey and K. F. Hedden, Technology Development 

" 

.' 1 Applications Branch, EPA·'ERL, Athens, GA., in the revision and publication 
of t his report. 

The assistance of the following SRI staff in preparing this report 
is also acknowledged: 

M. Comas, J. Etherton, D. Haynes, H. Schaeffer. 

1x 



t 
! 

SECTION 1 

INTRODUCTI ON 

1.1 PURPOSE 

The purpose of this report is to provide data for selected chemical, 

physical, and biological processes that occur in aquatic environments for 

organic chemicals on the EPA's list of priority pollutants. These data 

can be used with apprcpriate environmental parameters (e.g., pH, sediment 

loadings, bacterial populations, sunlight intensity) to calculate half­

lives of chemicals in aquatic systems. The concentration of a chemical 

as a function of time or distance in a particular aquatic system may also 

be calculated from these data using computer models that include the hydro­

logi~al properties of a water body. Some of the data in this report have 

been calculated or estimated using empirical or theoretical methods and 

are intended primarily for use by EPA's Office of Water Regulations and 

Standards (EPA-OWRS) in its assessment program. EPA-OWRS'wUl use data 

from this report to obtain preliminary estimates of chemical concentrations 

in aquatic systtms using aquatic fate models that incorporate the process 

modeling approach (see Section 2.2). As the needs for better process data 

are identified, laboratory or other studies will be conducted. 

This report is published in recognition that these data are of interest 

to other environmental programs; users of these data must be responsible 

for how the definition, sources, limitations. and reliabHity of these data 

may be significant or inapplicable in the context of their own assessment 

programs. Users of the data in this report are encouraged always to seek 

more current data to confirm or supplant the data presented. 

1. 2 BACKGROUND 

The Office of Water Regulations and Standards, u.s. EPA, is conduct­

ing a program to evaluate the e.nvironmental fates of 129 chemicals in 

aquatic systems; these chemicals are commonly referred to as priority 

1 



pollutants. A brief history of EPA's overall efforts on priority pollutants 

has been described by Keith and Telliard (1979). As part of the EPA program, 

EPA-OWRS has recently published a comprehensive literature review on the 

physico-chemical properties and the transformation and transport processes 

of priority pollutant chemicals for use in environmental exposure assess­

ments (Callahan et al., 1979). Although the review contains literature 

data on some processes, the data were incomplete for most chemicals and 

often information was qualitative, of suspect reliability, or did not exist. 

However, some of these process data can be calculated or estimated by 

theoretical or empirical methods so that the significant transport and 

transformation processes can be identified, and provisional calculations 

of chemical concentrations in aquatic systems can be made for rough exposure 

assessments. These results can then be used to decide what process data 

must be upgraded in the context of the particular assessment. 

This report takes data and information from the 1979 EPA-OWRS literature 

review (Callahan et al., 1979) as well as from other sources to provide data 

for use in modeling the fate of the individual organic priority pollutants. 

The data presented in this report are in units used in one particular aquatic 

fate model (known as EXAMS, the Exposure Analysis Modeling System, see Sec­

tion 2.2), but may also be used in other fate assessments. 

This report has five sections. The first three sections provide the 

data intended for use in aquatic fate modeling and include brief discussions 

of the processes or data for which values are given. These sections also 

describe the basic theory (including equations) related to the process and 

use of the data along with the estimation or calculation methods or sources 

of data. Sections 4 and 5 describe in detail the calculation methods for 

evaluating sorption and volatilization data, respectively. 

The organic priority pollutant chemicals for which data are provided 

in this report are listed below according to the classes or groups of 

chemical~ as listed in the 1979 EPA-OWRS report, "Water Related Environ­

mental Fate of 129 Priority Pollutants," by Callahan et al. 1979. 

2 



I 
\ 

Pest1cides 

1. Acrolein 
2. Aldrin 
3. Chlordane (cis and trans isomers) ---4. DDD 
5. DDE 
6. DDT 
7. Dieldrin 
B. Endosulfan (0 and S isomers) 
9. Endosulfan sulfate 

10. Endrin 
11. Endrin aldehyde 
12. Heptachlor 
13. Heptachlor epoxide 
14. a-Hexachlorocyclohexane 
15. S-Hexach1orocyclohexane 
16. o-Hexachlorocyclohexane 
17. y-Hexachlorocyclohexane (lindane) 
lB. Isophorone 
19. TeDD 
20. Toxaphene 

PCBs and 2-Chloronapbtha~~ 

21. Aroclor 1016 
22. Aroclor 1221 
23. Aroclor 1232 
24. Aroclor 1242 
25. Aroclor 1248 
26. Aroclor 1254 
27. Aroclor 1260 
28. 2-Chloronaphthalene 

Halogenated Aliphatic Hydrocarbon 

29. Chloromethane (methyl chloride) 
30. Dichloromethane (methylene chloride) 
31. Trichloromethane (chlorof~rm) 
32. Tetrachloromethane (carbon tetrachloride) 
33. Chloroethane (ethyl ~h1oride) 
34. l,l-Dichloroethane (ethylidine chloride) 
35. 1,2-Dich1oroethane (ethylene dichloride) 
36. l,l,l-Trichloroethane (methyl chloroform) 
37. 1,1,2-Trichloroethane 
38. 1,1,2,2-Tetrachloroethane 
39. Hexachloroethane 
40. Chloroethene (vinyl chloride) 
41. l,l-Dichloroethene (vinylidine chloride) 
42. 1,2-trans-Dichloroethene 
43. Trichloroethene 
44. Tetrachloroethene (perchloroethylene) 
45. 1,2-Dichloropropane 

3 
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46. l,3-Dichloropropene 
47. Hexachlorobutadiene 
48. Hexachlorocyclopentadiene 
49. Bromomethane (methyl bromide) 
50. Bromodichloromethane 
51. Dibromochloromethane 
52. Tribromomethane (bromoform) 
53. Dichlorodifluoromethane 
54. Trichlorofluoromethane 

Halogenated Ethers 

55. Bis(chloromethyl)ether 
56. Bis(2-chloroethyl)ether 
57. Bis(2-chloroisopropyl)ether 
58. 2-Chloroethyl vinyl ether 
59. 4-Chlorophenyl phenyl ether 
60. 4-Bromophenyl phenyl ether 
61. Bis(2-chloroethoxy)methane 

Monocyclic Aromatics 

62. Benzene 
63. Chl~robenzene 
64. 1,2-Dichlorobenzene (~-dichlorobenzene) 
65. l,3-Dichlorobenzene (~-dichlorobenzene) 
66. 1,4-Dichlorobenzene (~-dichlorobenzene) 
67. l,2,4-Trichlorobenzene 
68. Hexachlorobenzene 
69. Ethylbenzene 
70. Nitrobenzene 
71. Toluene 
72. 2,4-Dinitrotoluene 
73. 2,6-Dinitrotoluene 
74. Phenol 
75. 2-Chlorophenol 
76. 2,4-Dichlorophenol 
77. 2,4,6-Trichlorophenol 
78. Pentachlorophenol 
79. 2-Nitrophenol 
80. 4-Nitrophenol 
81. 2.4-Dinitrophenol 
82. 2,4-Dimethyl phenol 
83. ~-Chloro-~-cre50l 
84. 4.6-Dinitro-Q-cresol 

Phthalate Esters 

85. Dimethyl phthalate 
86. Diethyl phthalate 
87. Di-n-butyl phthalate 
8~, Di-n-octyl phthalate 
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89. Bis(2-ethylhexyl)phthalate 
90. Butyl benzyl phthalate 

Polycyclic Aromatic Hydrocarbons 

91. Acenaphthene 
92. Acenaphthylene 
~3. Anthracene 
94. Benzo(a)anthracene 
95. Benzo(b)fluoranthene 
96. Benzo(k)fluoranthene 
97. Benzo(ghi)perylene 
98. Benzo(a)pyrene 
99. Chrysene 

100. Dibenzo(a,h)anthracene 
101. Fluoranthene 
102. Fluorene 
103. Indeno(l,2,3-cd)pyrene 
104. Naphthalene 
105. Phenanthrene 
106. Pyrene 

Nitrosamines and Other Nitrogen-cant.: i~in&....fDeml.cals 

107. Dimethyl nitrosamine 
108. Diphenyl nitrosamine 
109. Di-n-propyl nitrosamine 
110. Benzidine 
Ill. 3,3'-Dichlorobenzidine 
112. l,2-Diphenylhydrazine (hydrazobenzene) 
113. Acrylonitrile 
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SECTION 2 

ASSESSMENT OF CONCENTRATIONS AND HALF-LIVES OF 
CHEMICALS IN AQUATIC ENVIRONMENT~ 

2.1 THE PROCESS MODELING APPROACH 

A reliable and documented esti,mate of the concentration of a chemi,cal 

in the environment is required for most chemical hazard evaluation programs. 

To pre~ict such chemical concentrations. the fate of the chemical in the 

environment can be evaluated in t'armll of transport and transformation pro­

cesses. The emphasis is then on thp. effects of the environmeut on the chemical. 

rather than the effects of the chemical on the environment as in ecological 

stuides (Baughman and Lassiter. 1978). Once the concentration of the 

chemical is estimated for the environments of concern. species population. 

toxicological data and other factors can be included to complete the hazard 

assessment. 

One method for predicting the concentrations of chemicals in the 

environment is the process modeling approach in which it is assumed that 

the total rate of loss of the chemical is determined by the sum of rates 

of the individual chemical and biological transformation and physical trans­

port processes that occur for the chemical in an environment (Baughman and 

Burns. 1980; Baughman and Lassiter. 1978. Mill. 1978: Smith et al. 1977. 

1978). Data for the individual processes may be obtained in laboratory 

stuides. by structure-activity relationships for a class of chemicals, or 

from empirical correlations that apply to the chemical of concern. Combined 

with data for the appropriate environmental conditions (such as pH, sunlight 

flux, organism population) the process data can be used to calculate rates 

for the process in the particular. environment. The rates for the processes 

in an environment may then be sUllUIled to estimate all overall rate for loss 

of chemical 1n the environment. 

In this report, process data are defined as data relating to rate 

constants, equilibrium consta~ts, or properties that describe the intrinsic 

proce~ses the chemicals may undergo independent of environmental influences. 

(, 



The term environmental paramete~ as used in this report refers to properties 

or data that descr~be (or are a funclion of) the environment, 

The pro('(>ss modeling appro,'lch \.:0 predirtinp, environmental concentra­

tions of chemicals has s~veral advantag~s over approaches such as field 

studies or, on a ~maller scale, microcosms, Althou~h both approaches have 

been considered representative of an environmental situation, the latter 

fails to identify which process or processes are important for transforming 

or transporting the chelllical in the environment. Lack of such information 

may then make the observed loss rate unreliable and undocumentablc as tc 

whether the chemical generally may be expected to behave in a similar manner 

in the same or in different environments. The fipld study approAch also 

has a drawback in that a ha1.ard may actually be crcatpd in performing the 

experiment. The microcosm experiment has problems 1n extrapolating the 

data obtained to the real environment. 

Although the process modeling approach should be verified by actual 

experience in aquat.ic systems, it does offer a flexible and documentable 

method for predicting environmental concentrations of a chemical. An in­

direct benefit of the process modeling approach is that attem?cs to verify 

the models will advance the understandin8 of how the indiVidual processes 

operate in the environment and therefore guide efforts in research on these 

processes and suggest what new processes should be includ~d in future modeling 

efforts, 

The processes that can be important for transforming or transporting 

a chemical in an aquatic environment are shown in Figure 2.1, The follow­

ing discussion summarizes the mathematical basis for the process modeling 

approarh flppj1 p ci to slJ('h ;1'1IIRtir ~ystpms in thrp.p ~tPps: (1) the evaluation 

of ratf:'S of loss of chernin,] clue to tr:'lnsformations ano volatili2.<\tion 

processes, (2) the influence of sorption processes on the rates of loss 

of chemical, ann (3) the prf:'ciictinn of cnnrentr~tjnn ~nrl h~lf-life of 

rhpm'('Rl in thp "(p'Atie: pnvirnnmpnt inrluciing terms for inpllt of t::hemical, 

dilution, and finally flmy out of the environment, This discussjon assumes 

that r~turn of the chemical from the atmosphere to the aquatic system is 

included in the term for the inflow of the chemical and that sorption to 
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particulates in the environment is not kinetically controlled (i.e., 

sorption equilibrium is attained in~tantaneously). 

Inflow of 
Chemical 

Outflow of 
Ct,emical 

FIGURE 2.1 

Volatilization 

I 
I 
I 

Sorption/Desorption 
to Particulates, 

t J 
Sedimentation 

Chemical Transformations 

Photochemistry 
Hydrolysis 
Oxidation 

Biotransformations 

Hydrolysis 
Oxidation 
Reduction, etc. 

TRANSPORT AND TRANSFORMATION PROCESSES IN 
AOUATIC ENVIRONMENTS 

Evaluation of Chemical Loss Rates. The rAte of loss of R chemical due 

to the above transformation processes plus volatilization, RT, is given 

by the sum of the rates of the individual processes, R
i

, according to the 

eq ua t ion 

(2.1) 

, 
where k

i 
is the rate constant for the i-th process, [E i ] is an environ-

mental parameter that is kinetically important for the i-th process, and 

[el is the concentration of the chemical. The calculations of Ri for 

individual proce~s~~ frnm en?1rnnmpn~Rl ~RrRm~ter And process data a~p 

discussed in Sections 2.1." thrnlleh 2.1.10 and in Spctions 4 and:' And 

therefore will not be discussen here. The important environmental parameters 
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for each prorpss have beE'n rf'viewf:or! and the liS!;' of the parameters in the 

calculations of environmental transformation rates has been discussed in 

detail by Baughman and Burns (1980), Mill (1978), and Smith et al. (1977). 

The above expression for RT assumes that the loss of ~hemical is first 

order in thE' chemicAl concentrAti.on, AS cprtAinly must be thf.> eli'S/;! at the 

highly dilute cnnc-pntrations f.>xpE'('terl in the environment. F,'l'.Jati.on (2.1) 

also refplirps that thp. rAte of lo<;s of r.henical dl.l!;, to .0\1'\)' one process R
i

, 

i<; first oropr in thp F'nvi.ronmp-ntAl parrllTlf'ter term Fo
i

; Ri is thE'n considered 

as following overall second-order kiOl'!ti(: bph.qvior. If it h Assumed that 

the low conr.entrat1.on of chemicAl i1'\ the p'wirl')nment has no sign1.fieant 

effect on the environmpnt (i.e., does not c~Ange pH, biomass, riissolved 

oxyeen, etc.) ann that the enVironmental parameter, Ei
' 

is constant over 
I a spec if ie region and time period I the term k i [E

i 
1 can be expressed as a 

simple pseudo-first-order rate constant, ki' and then 

or 

kT - Zki (2.3) 

where kT is the overall pseudo-first-order rate constant for loss of chemical 

due to transformation and volatilization. The half-life for loss of chemical 

due to these processes is then given by 

(2.4) 

Influence ofSorrtion. In ~ctdition to losses of chemicals due to 

these transformation and volatilization processes, sorption to particulates 

can also reduce the concentrCltions of chemic.qls in ~'1uAtic systems. These 

particulates may be either suspended sediments or biotic in origin, and 

may eventually be deposited into benthic sediments. The suspended OT benthic 

sedi.ment may later serve as a source of .chemic::!l from sorption-desorption 

equilibrium as the t.:hemical in solution is lost due to volatilization or 

undergoes transformation in the water column. If biotransformation does 

not occur in biota (such as bacteria, ::!lgae, fish), the chemical may be 

released back into solution when the org;:lOism diE'S and c!eeomposes. The 

understanding of chemical transformation when sorbed onto particulates is 
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inadequate to predict or measure the rates of such reactions for use in 

modeling efforts. Therefore. the following discussion assumes that no 

transformations occur on particulates and that sorption is completely 

reversibl~ and rapid 1n comparison ~ith transformations that occur in 

solution. 

The partttioning of a ~hemic~l between particulates (sediment or biota) 

a~d water at the low concentrations of chemicals usually found in the environ­

ment can be expressed as a partition coefficient K 
p 

K 
P 

c 
s .-c w 

(2.5) 

where C and C are the e~uilibrium concentr~tions of chemical on sediment 
s w * 

and 1n water. re~pe~tfvp.ly (R;'I1lghman And T.as~iter, 197R; Smith I'lnd ~mberser, 

1980). For a chemical in actueo\ls soilltion containing particulates. the chemical 

is e~uilibrated bp.tween the wAter and particulate (P) according to the equation 

c + P --.:.. (c-P) 
~ 

and the partition coefficient can be re~ritten as 

K 
P 

= [C-P] 
[C ] [P] 

w 
(2.6) 

where [C-p] is the mass of sorbed chemical per unit solution volume and 

[p) is the mass of sorbing particulate per unit solution volume. Th~ mass 

balance of chemical in the solution-sediment system is given by 

(2.7) 

where [CT] is the total mass of chemical in a unit solution volume of 

water containing (P] grams of particulate. Combination of equations (2.6) 

* By convention. Kp is unitless when Cs is in units that are equivalent to 
Cw (i.e., Cs is in ~g chemi~al per g particulate and Cw is in ~g chemical 
per g watp.r). In this discussion, [Cw] will be defined in these, weight 
units and [e) will be defined in molecular units (moles liter-I); since 
1 g water is approximately 1 mI, :'t follows that (eI = 10 3 [CwJ [MW] -1 where 
XW is the molecular weight of chemical. Note that [cl and [Cw] can be 
used interchangeably in expressions such 3S equation (2.2) since first­
order rate constants are concentration independent, but the rate of loss 
term, R, is of course defined in units corresponding to lew] or (c). 
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and (2.7) then gives the fraction of the total chemiC'al dissolved in solution: 

(2.0) 

Baughman and Lassiter (1978) have pointed out that. given the relationship 

s~\own in equation (2.8), the fraction of chemical in solution may be quite' 

high inspite of a large K value because the sediment or biota loading. 
p 

[pl. is often low in aquatic systems (i.e .• K [P]<l). 
p 

The concentration of chemical in solution [C ] in the pres~nce of w 
a partLculate-water system is then given by 

Substituti~~ of (quation (2.9) into equation (2.2) for the rate of loss 

of chemical then gives 

(2.10) 

This relationship shows that, unless transformation on particulate is as 

rapid (or faster) than in solution, the net effect of sorption will be to 

reduce the overall rate of loss of chemical from the aquatic system. From 

equation (2.10), it also follows that the half-life of the chemical is 

given by 
([P)~ + 1)ln2 

tL -
'l! kT 

(2.11) 

Steady-state Concentrations, These equations describe the fate of a 

chemical in a water body with no inflow or outflow. In a real aquatic 

system, there is of course a rate of introduction of the chemical into 

the water body, RI , The rate of loss of chemical in the environment ~ 

is the sum of RT (as defined abovp.) Rnn thp. rc'ltp.s of 01111t1on Ann flow :1l1t 

of the sY·"Jt:pm (Ro Anci RO' respectively), In a given seement of th~ water 

body, a steRny-~tate concentration of chemical is attained when RL equals 

RI (Mill, 1978), 

(2.12) 

11 



or 
(2.13) 

The steady-state concentration of chemical is then 

(2.14) 

The preceding discussion shows that along with the rate constant~. 

other factors such as initial concentrations. sorption, and dilution will 

determin~ thp. final concentration of chemical in an aquatic p.nvironmp.nt. 

The persistpnce of the chp'nir.~l. however. i& nftp.n eiPRcrihp.ci i.n tp.rmB of 

a half-life where t~ • In2/kT• The half-life is simply the time 

at which onp-hAlf of thp. in~t ~l r.onc~ntratton remains (or is lost). and 

is not concpntration rlependpnt for thp first-oreier prnr:p~RP~ A~~~p.d tn 

most calcul.qt:i.ons or environmental models. Table ?.l shows the rpJ.Ation­

ship between the percentage of a chemical reJllaining as a function of time 

in terms of hAlf-lives. From these data it is clear that a short half-life 

of a chem:l.CAJ. II\ay not he- a sufficient areurnent for the safe discharge of 

the chemical if the initial concentration must be substantially reduced by 

environmental processes. 

Table 2.1 

PERCENT CHEMICAL REMAINING AS A FUNCTION 
OF HALF-LIVES 

% Chemic(\l Number of Half-Lives 
Remaining Elapsed 

75 0.42 

50 1.0 

25 2.0 

10 3.3 

5 4.3 

1- 6.6 

O. ] 10 

0.01 13 
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From the above discussion ann equations, it is obvious that although 

the half-lives and con~entrations of chemicals In aquatic environments cen 

be pred1cted by manual calculations. the time requireo and thp. ch",nc~ps for 

calculational errors may be overwhplmine in so~e assessments. Therefore. 

a computer progr3m for executine these calculation~ is useful. The use 

of process data ano environmental parArn~ters in calculatine half-lives 

and concentrations of chemical~ for differ~nt types of assessments using 

menual computations and several existing computer programs is discussed 

in Section 2.2. 

2.2 APPLICATIONS OF PROCESS MODELING 

The process modeline approach for predictine the persistence and con­

cer.trations of r.hP.lllic .. ,ls in an -'It!uatic environmeont can be appliprl to many 

types of ~~spssments. Ar.r.o~dine to the scope of an assessment, each evaluation 

can be performed within l.1ntitation~ of ti.I'IP., cost. and the ... vail ... h11:f.r:y 

(or reliahtllr:y) of data. The p~ocpss approach is the only econnl'lical way 

in which sensitivity analy~es can be [lerfonned to det@rmine the relative 

tmportan~e of environm~ntal parameter and proce~s data variables for chemic dis 

in aquatic environments. 

"Worst case" or other scenarios can also be easlly evaluate(j usine a 

process moneline approach~ the worst case situation may be defined in 

terms of environmental conditions l~ast likely to transform a chem~cal or 

in terms of the availability (or reliability) of process data where In·· 

complete nata cio not pE'mit all processes to be inr.lucied in thp as~pssmpnt. 

The purpose of such assessment~ mAy rAnBP from simply psr:ahlishing priorities 

for future research to actually predicting environmental concentrations of 

chemicals for regulatory/control strategy decisions. 

Althoueh the process modeline approach should he v~rifi~d by ar.tl~l 

experienc~ in thp. environment, it is explicit as to \-rhat processes ami 

environmental connitinns are (and are not) used in any assessment and 

therefore h~s pntpntiAl for TAtionAl morllficatinns ~"rl ~rldttinns of new 

prl)("'p"s@~.. Thrpp p~~",pl ps of thE' ~ppU.cRti.on of the pr(\rp~~ Approach are 

described below to demonstrate tKe utility of the proce3S data and the 

flexibility of the approach. 
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The s!mpl~~~ level of application of the process modeling approach 
is the manual calculAtion of rAte or partitioning constants for a specific 

environment. Thus, if ~hp hyrlrolysis rate constant of a chp.~ical is very 

~apid within thp ti~e conceTn of An ARI'H'RR11'Ient, no Ot:hPT work nPoprl hp r.on-

duc~ed even if "thpr rp~r.t:tonR Rrp, i." fR~t, fAstPT hilt t:r"! nRtA I'TP lesR 

reh~ble or not aVAilAble. If several processes appear to be equally 

impor ant. the overall first-order rate constant, kt for loss of chemical 

is giv ,n by the sum of individual constants 

(2.3) 

and the half-life is then 

(2.15) 

Partitioning data may be usert to calculate manually the frAction of chemiCAl 

in water or in biota And sediJ!\ents for. assess~ents. The K value may be 
p 

also used in p.quatton (2.11) fOT the ha:~f-life of the chemical to include 

the influence of partitioning of the chemiCAl to bluatle- 1"Art:iculatp.s. 

Manual calculations may then be used for a number of simple aquatic fate 

assessments in a cost-effective manner that do~~ not r@~uire computer 

facilities or personnel. 

A hieher level of sophisticAtion for the process model approach is 

an appl~.caUon in which mflnllal CAlculAtions of the fi.rst-ornp.r rAte const:Ant~ 

k
i 

and of pArtition coefficipnts .<Ire inteerAted using a computer model that 

allows for trAnsf()r~Rtions /'I.nil trRnsport in .'Ind ",rnone sp.veral cornpRrtJ1'ents 

of a water body. The c.olT\puter calculates solutions of the differentiRl 

equation for loss of chemical to oht.<\in th~ concentr.<\t:i.on of r.hPmicAJ. ,,\S 

a function of tiT"~. Application of such a model has been used by Smith 

et a1. (1978) in ~stiMAting concentrations of chemiCAls in several types 

of aquatic e:;virol1!1\p.nts. Such an AquAtic fate assessment requires the 

participation of pprsnns knot.'!eci~eabl~ in the evaluation ann lise of the 

individual process data and env.:.ronmental parameters and yet is relatively 

inexpensive in terms of the computer time required. 

A more sophisticated level of application of the process approach 

ctlrrent1y in use is a computer model that uses process data and environmental 
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parameters to calculate the concentrations and half-lives of chemicals 

in aquatic environments. One multicompartment model. known as the 

Exposure Analysis Modeling System (EXAMS). has been applied to evaluate 

the transport and transformation of phthalate esters in aquatic systems 

(Wolfe et al., 1980). 

The EY~S model can calculate rate and partitioning constants as a 

function of temperature if suitable temperature-dependence data are avail­

able. EXAMS can also include transformation processes in sediment and 

biota if such process data are available. EXAMS requires less chemical 

3nd biological expertise for manual calculations than the model described 

by Smith et al. (1978), but is more expensive in terms of computer time. 

Data presented in Section 3 of this report are in the units used in the 

EXAMS model. Since EXAMS is a steady state model, it is limited to 

applications of constant pollutant input, and more dynamic models 

would closely simulate environmental situations. 

In summary, the process modeling approach is e flexible procedure 

that can be tailored to the needs of an individual assessment. Computer 

manipulation of data is easily applied to these assessments, but manual 

calculations are also practical if persons with suitable expertise are 

availabl~. It is certain that the iterative process involving the use, 

verification, and subsequent modification of the process modeling approach 

will allow better process models to evolve and contribute to an overall 

better understanding of the environmental fate of chemicals. 

15 



2.3 DEFINITIONS OF PROCESSES AND SOURCES OF DATA 

2.3.1 Basis for Derivation of Data / 

The data on organic priority pollutants given in this report were 

obtained from the literature and from calculations based on theory. structure­

activity relationships (SAR). or empirical calculations. In general. the 

physical properties of a chemical are functions of the molecular structure 

as an entity; that is, the elemental composition. spatial relationships 

and size. molecular weight. and functional groups of the molecule all may 

contribute to the property of the chemical. By contrast. the chemical or 

biological reactivity of a molecule is usually due to selected functional 

group~ in the mole~ular structure, and the functional group may undergo 

transformation with sometimes only minor changes in the total structure of 

the molecule. The toxicity of a chemical may also be due, in part, to 

functional groups on a chemical structure, although physical properties 

will certainly be important in the.transport, accumulation, and excretion 

of the chemical in an organism. 

Although many of the data on toxicity and concentration of chemicals 

in the environment are expressed in terms of weight units (i.e., ppm), the 

toxic impact and dynamic aspects of transport and transformations of the 

chemical actually occur on a molecular level. Therefore, kinetic/equilibrium 

units and concentrations are better expressed as molecular units (i.e., moles 
-1 

liter or M). especially when relative reactivities or properties of chemicals 

are compared to prOVide estimates or calculations of fate data. 

The individual processes that chemicals may undergo can then be 

clAssified and evaluated either according to specific physical properties 

or according to thp rPActive functionRI erollps thRt these ~hemt~R18 mAy 

have in common. The ~asis for the empiricAl correlatiuns between K ,K , ow oc 
Sw' and Kb are discussed in Section 4 and will not be discussed here except 

to point Ollt thRt all thesp constants ripscrthp pquilibrit~ processes for the 

che~i~Al bptwpen water and A second (oreAniC) phAse. Similarly, the volatil­

ization of a chemical can be evaluated in terms of Henry's constants, which 

are functions of vapor pressure and water solubility (see Section 5). 
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The reactivity of a chemical may be classified according to select 

functional groups in the molecular structure. For evaluations of hydrolysis 

reactions, chemicals are classified as carboxylic acid esters (-COzR), 

carboxylic acid amides (-CONH z), alkyl halides (R-X), phosphoric a~id esters 

«RO)]PO), to name only a few. Data for hydrolysis of a chemical can often 

be estimated by analogy to another chemical with a similar functional group 

or calculated by more formal procedures using linear-free energy relation­

ships such as the Taft equations, Hammett ~quation, or other such cor­

relations (Mill, 1979; Wolfe et al., 1978 and 1980). 

Chemical oxidation rate constants can be calculated by evaluating 

th~ reaction of an oxidant at a particular type of carbon-hydrogen bond 

(i.e., hydrogen abstraction p~ocess) or at an olefinic bond (see Section 

2.3.8). 

No structur~-activity rel:.Uonship (SAR) or correlation method is now 

available for predicting a direct photolysis rate constant except by analogy 

to other chemicals, which is after unreliable because of the complex chem­

istry of photoexcited states. When absorption spectral data are available, 

a maximum rate constant (ie., fastest reaction possible) may be calculated 

if a reaction quantum yield of unity is assumed. The maximum rate constant 

is useful for comparison with other rate constants to determine whether 

photolysis may be an important process, but probably will overestimate the 

photolysis rate because the reaction quantum yield is usually less than 

unity. The use of SAR and correlation procedures in environmental assess­

ments has been discussed by Mill (1979), by Wolfe et al. (1980), 8nd in 

Sections 4 and 5 of this report. 

In using the theoretical equations, SARs, and empirical correlations, 

it is im?ortant to remember that the scientific basis for understanding 

these relationships is still being developed an~ verified. The Situation 

of the several empirical correlations between Sand K is a good example w oc 
of such problems, in that different groups of chemicals have been used to 

establish empirical correlations that, not surprisingly, give different 

equations. Recognition of the influence of sediment particle size on K oc 
measurements has also redefined the K data base, which changed the cor­oc 
relation equations (see Section 4 and Karickhoff et al., 1979). Thus 
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the existence of several SARs or empirical correlations for individual 

properties, reactivities, or processes should not be considered a problem 

or contradiction, but rather a reflection of the developing understanding 

and increased data base available for such data prediction methods. 

For this report, data obtained from calculations involving theory, 

SARs, or empirical correlations have been clearly identified so that the 

user can recognize the source of such data and can recalculate data using 

more current or improved procedures as they become available. 

Th~ following sections contain descriptions of environmental processes 

and the process data important in aquatic fate assessments. The process 

~ata are discussed in the order that they appear on the data sheets in 

Section 3. The sources of the process data are alDo discussed. 

2.3.2 Cbemical Name and Molecular Weight 

The names of the chemicals used on the data sheets in Section 3 are 

those used by Callahan et al. (1979); alternative names aTe also given in 

* that report. The Toxic Substances List (TSL) number is given in that 

report to provide an unambiguous reference to toxicological data. 

The molecular weight is not used for environmental assessments in 

itself, but is required for conversion of units from ppm to molar units 

(M). The molecular weight has also been used to calculate t~e oxygen re­

aeration rate ratio (see Section 5,) 

2.3.3 Melting and Boiling Point 

These data are not used directly in aquatIc fate assessments, but 

they show in which phase (gas, liquid, solid) the pure chemical is found 

under environmental conditions. If the heat of vaporizaticn, 6Hvap ' cf a 

chemical is not available, it may be estimated from Trouton's rule 

6Hvap • 21TJ3p (2.16) 

where the boiling point, TBP ' is given in degrees Kelvin (- Cc + 273); 

Trouton's Rule iB discussed in most physical chemistry textbooks. A value 

of ~H can then be used to calculate vapor pressure values at any 
vap 

* Registry of Toxic Effects of Chemical Substances, published yearly by the 
National Instituta of Occupational Safety and Health. 
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temperature using the Clausius-Clapeyron equation. which is also found in 

chemistry textoooks. The melting point should be used in the calculation 

of water solubility from K data for compounds that are solids above 25°C 
ow 

(st:!e Section 4). 

Most melting point and boiling point data were taken from Callahan 

et al. (1979) and are reliable within several degrees. Boiling point data 

are usually cited for 760 torr (or 1 atmosphere) unless otherwise noted. 

2.3.4 Ionization Constants 

The pH values found in most aquatic systenls range from approximately 

pH 4 to 9, with extreme values down to pH 2 and up to pH 11. If a chemical 

is ionized under environnlental conditions, the physical properties as well 

as the chemical reactivity will change with pH (for instance, the solubility 

of an ionic form of an organic chemical will likely be greater than for th~ 

neutral species). The ionization of a neutral organic chemical HA possess­

ing acidic properties can be written as 

HA ~ H+ + A 

and the ionization constant KA defined as 

K -A 
(2.17) 

The constant KA is often expressed logarithmically as the pKA, where 

pK - -log K A A (2.18) 

For basic compounds, the equilibrium between the neutral basic species, 

B, and water is written as 

Rnd the ionization constant KB is defined as 

K = [BH+] [OH-] 
B [B) 

(2.19) 

where the water concentration (55.5 M) is taken as constant and included 

in the KB value. The negative logarithm of KB is defined as the pKB· 
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For some chemicals, several pK
A 

or pKB values may exist for different 

moieties or stages of ionization. Although no such chemicals are among 

the organic priority pollutants. data on multifunctional ionization constants 

may be required for other chemicals. Note that KA and KB are also temperature­

dependent; the temperature dependence of KA or KB is generally not available 

for organic compounds. In this report KA or KB is given for 25°C unless 

otherwise noted. 

Data for pK
A 

or pK
B 

are reported as availabl~. Where ionization or 

ionic forms do not occur in the aquatic envirorunent. the code pK-NER 

(fc.lr pK not environmentally relevant) is entered ior the data value. When 

several forms (ionic or netural) of the chemical may exist in the environment. 

process data are given for each form if data are available. Additional 

comments on such data are included in footnotes on the data sheets. 

2.3.5 Partitioning Constant3 

Chemicals in aquatic environments may be sorbed to sediments. biota, 

or suspended particulates. If not degraded, the sorbed chemical may be 

transported on the particulates or enter the food chain and may later be 

desorbed from the particulates back into solution in the water column. 

The importance of sorption of a chemical in determir.ing the concentration 

and half-life of a chemical in aquatic systems is di:.cussed in Section 2.1; 

other aspects of the sorption/solubility phenomena and calculation of partitioning 

constants from empirical correlations are detailed In Section 4. The follow-

ing discussion briefly defines each partition constanl: (including water 

solubility) and the units of data presented in this rt~port. The sources 

of data and the codes used en the data sheets are als(1 explained. 

-I 
Water Solubility, S {!,pm, or mg liter.....:J. Water solubility data 

w 
are required for calculating Henry's constant (see Section 2.3.6) and for 

calculating other partition coefficients using the correlation equations 

discussed in Section 4. 

Octanol/Water Partition ~oefficient, K (unitless). This constant ow 
has been used in mpdical and environmental science as a measure of the 

hydrophobicity/hydrophilicity of chemicals (Hansch and Leo, 1979; Kenaga 

and Goring. 1978). The K values in this report were used to calculate ow 
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S • K • and KB data as discussed 1n Section 4.2. The calculation of K w oc ow 
itself from structural features of the molecule is discussed in Section 4.3. 

Sediment Partition Coefficient. Normalized for Orga~ic Carbon Fraction. 

~c (unitless). The product of Koc and the environmental parameter value 

for the fraction of organic carbon in sediment. f • gives the coefficient oc 
for partitioning onto that particular sediment. K. This K is only for 

p p 
sorption due to the hydrophobicity/hydrophilicity of a chemical and does 

not incl'lde ionic or other phenomena that may additionally contrib'.lte to 

sorption of a chemical to sediments. 

Microorganisms/Water Partition Coefficient. KB [(us/g)(mg/liter-
1
). 

This value is used to evaluate the partitioning of a chemical between 

microorganisms and water in the water column. Since there are many com­

plicating factors in the partitioning into biota. this value of KB should 

be used with caution. The values of KB listed in this report were calculated 

from the correlation equation discussed in Section 4. 

As discussed in Section 4. values of K , S • K • and KB are also ow w oc 
useful for calculating their complementary partitioning coefficients either 

for direct use in assessments or for verifying the accuracy of a literature 

or laboratory-measured value. Many of the K data in this report were ow 
calculated using the octanol/water partition coefficient calculation cou-

puter program deveJ.oped at SRI using the procedures and data base of Hansch 

and Leo (1979) (sec Section 4). Values of KB and K were generally cal­oc 
culated from values of K using the correlation equations described in 

ow 
Section 4. S data were calculated from K values using the ~orrelation w ow 
equations given in Section 4 when literature data were either unavailable 

or considered unreliable. Values of KS' K , and S calculated from K oc w ow 
values are coded in the form C-KB f Kow, C-Koc f Kow, and C-Sw f Kow respectively. 

When literature data were available for K or S , these values were oc w 
compared with the values calculated from K , and the best value was chosen ow 
based on a critical review of the original literature and an evaluation of 

the strengths and weaknesses of the database used for the K calculation. ow 
Some comparisons of data are discussed in Section 4. In a few cases. the 

calculated K values were clearly inaccurate (by over an order of magnitude). ow 
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and therefore K values were "back-calculated" from the K -S correlation ow ow w 
equations given in Section 5~ such cases are discussed in footnotes to the 

data sheets in Section 3. 

2.3.6 Volatilization Constants 

Volatilization is an important loss pro~ess for some chemicals in 

aquatic systems, and current research is rapidly increasing the understand­

ing of the process and improving methods for predicting volatilization rates 

for use in environmental assessments. The theory and procedures for cal­

culating the rate constants and half-lives for volatilization of chemicals 

from aquatic systems are d1,scussed in detail in Section 5. This section 

describes the use of the data on the data sheets in Section 3 and discusses 

the source of the data. 

Vapor Pressure, P (torr). The vapor pressure of au organic chemical 
v 

is, in itself, a qualitative or relative measure of the volatility of the 

chemical in its pure state and can be used to calculat~ the Henry's constant 

used in volatilization rate constant calculations. Most vapor pressure data 

in this report were taken directly from Callahan et al. (1979). It is not 

clear in that report if the vapor pressures for solids thAt were extrapolated 

to 20°C from literature vapor pressure data obtained abov~ the melting point 

have been corrected for the phase change (see Section 5.3.) If the 

correction was not made, the calculated vapor pressure and H will be too 
c 

high. 

-I 
Henry's Const~Hc (atm m3 mole ). The calculation and use of 

Henry's constants for calculating volatilization rate constants and half­

l~ves are discussed in SeLtion 5. Most H values in this report were 
c 

calculated from vapor pressure and water solubility data, which are also 

listed on the data sheets. In some cases where P and S were available v w 
only at slightly different temperatures (i.e .• differences less than lOOe), 

H was calculated without any correction for temperature. If & better 
c 

value for H is reqUired, the use~ may interpolate or extrapolate the P 
c v 

or 5 data as necessary to recalculate another H value; this recalculation w c 
was not done for this report to minimize confusion and maintain the integrity 

of the individualS or P values as referenced. The values of H calculated w v c 

22 



~'.,:'!", .. 

in such a manner are coded as C-VP2So/S30 D on ~he data sheets, indicating 

a value £alculated from yapor Eressure data at ~C and water ~olubility 

data at 300 e. The H values calculated from P and S data at the same c v w 
temperature are coded C-VP/S-30 0

, f0r example, indicating that both values 

were given for JODe. 

c 0 Reaeration Rate Ratio, k /k (unitless). This val u e is ratio of v v 
the first-order rate constant for loss of chemical from aqueous solution 

divided by the rate ~onstant for oxygen uptake by the same solution. It· 

may be measured in the laboratory (Smith and Bomberger. 1980) or obtained 

by calculation procedures (see Section 5). The use of this ratio is 

applicable only to high volatility chemicals or to chemicals with Henry's 

constants (H ) ~reater than 3500 torr M- 1 (or 4.6 x 10- 3 m3 atm mole-~). 
C C n 

"'or chemicals with sma Her~. values, the use of k / k will overestimate 
c v v 

the importance of volatilization. 

Most of the kC/kO data in this report were calculated using the equation 
v v 

which is developed and discussed in Section 5 (equation 5.39). The source 

code for such values is C-DC.7. indicating a £alculated value using £iffusion 

coefficients with an exponent of 0.7. When the Henry's constant is so low 

that the use of rate ratio will overestimate the volatilization rate, as 

discussed in Section 5, the code NAV is entered for the value indicating 

that the reaeration rate ratio is ~t !pplicable for ~olati1ization cal-

culations. In general, N.W is entered for chemicals with H 
c 

a t r,\ m 3 rna 1 - l • 
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2.3.7 PhotolYsis Data 

Photolysis of chemicals in aquatic systems occurs when sunlight of 

irradiating wavelengths above 290 nm is absorbed by the chemical. Strato­

spheric ozone filters out the lower, ~ore energetic wavelengths of sunlight. 

Photolysis of a chemical may be considered to result from two types of 

processes. One process, in which the chemical absorbs light and then under­

goes reaction, is referred to as direct photolysis. The rate of direct 

photolysis of a chemical in a dilute sclution in pure water, R , is given by 
p 

the equa t ion 

(2.~u) 

where b is a constant to provide appropriate units, ~ is the reactin~ ~uant: 

Yield, and r. A and IA are light absorption coefficients and light fluxes, 

respectively, at wavelength intervals, A. Details on calculations of direr: 

photolysis rates in aqua tic systems have been described by Zepp and CJ. ~_ •• c! 

(1977), Zepp (1979). and Mabey et al. (1980). 

For direct photolysis of a chemical, the first-order photolysis rate 

constant, k • is then given by 
p 

(2.21) 

In sunlit aquatic environments, the rate constant k will vary because 
p 

the distribution and intensity (or photon flux) of sunlight vary with 

time 0" day, sea~;-,-; .\'!,i latitude. Thus a photolysis rate constant must 

be referbl '2ed to a :';:.' 

day. averaged over sev~:al 

.'i~:2 ~eriod (e.g .• averaged over a 24-hour 

~_ midday, instantaneous rate constant 

at noon), specific se~~ n, and 12litude. 

Photochemical trar.sformations of a chemical in natural waters may 

also occur due to prOCEsses involving an initial light absorption by 

natural substances present in the water, which then causes reaction of 

the ch\~mical. Since the chemical itself does not absorb the incident 

light, these processes have generally been referred to as indirect photo-

lYl'les. 

One type of indirect photolysis is a photosensitized process in which 

the excited state energy of the natural substances (probably ~umic or fulvic 

materials) is transferred to the chemical, which then undergoes reaction. 
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At present there are a few examples of such reactions occurring in natural 

waters, and these reactions are the subject of current research (Z~pp et al., 

1980; Spanggord et al., 1980). 

Other types of indirect photolyses are oxidation processes in which 

irradiation of natural materials produces free radical or singlet oxygen 

intermediates, whjl.h then react with a chemical to produce transformation 
, 

products. Because the free radical or singlet oxygen intermediates react 

with the chemical in its ground state, it is usually convenient to consider 

such reactions as oxidation processes (see Section 2.3.8). In the pvaluation 

of literature information or laboratory experiments, it is important to 

recognize that these oxidation processes, as well as direct photolysis or 

sensiti?ed photolyses, may lead to oxidation and thereby complicate identifi­

cation of the particular process for use in a generalized environmental 

assessment. 

The rate of loss of a chemical due to an indirect process may be 

written in the general form 

R' = k I [c] 
p p (2.22) 

where k ' is a first-order rate constant for the particular photoreaction. 
p , 

For a photosensitized process, k would be a composite of terms, including 
p 

the quantum yield for energy transfer from the natural substance excited 

state species to the chemical, the concentration of natural substance and 

the sunlight intensity. For the free radical or singlet oxygen reactions 

discussed in Section 2.3.8, the rate constant k ' nominally would be equal 
p , 

to kox[OX). As in direct photolysis, the value of kp must be referenced 

to a particular time period because the irradiating sunlight intensity and 

distribution responsible for these reactions will vary with time of day, 

season, and latitude. 

Present knowledge of environmental photochemistry allows prediction 

of only the direct photolysis rate constant using equation (2.21). Although 

indirect photolyses can be faster than direct photolyses for some chemicals, 

incomplete knowledge of photosensitized reactions in the environment does 

not permit reliable predictions of k ' values based on process data and 
p 
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environmental parameters. Where literature information shows that indirect 

photolyses of a chemical in natural waters do occur, this information and 

the rate constant data are listed as a footnote on the data sheets in 

Section 3. Such data may be used at the option of the user. Process data 

for calculating the rate constants for direct photolysis of chemicals in 

aquatic environments are described below. 

-1 -1 
Absorption Spectrum Coefficients, c A (in M cm ). The absorption 

coefficients of the chemical are determined from the uv-visible spectrum 

of the chemical and are used with sunlight photon flux data, lA' to calculate 

the direct photolysid rate constant, k. The value of k may be calculated p p 
by computer (Zepp and Cline, 1977) or by manual calculation (Mabey et al., 

1980). The cA values are given at the wavelengths required for the kp 

calculation computer program of Zepp and Cline (1977). 

The absorption spectrum coefficients, EA, for organic chemicals in 

this report are given as follows on the data sheets in Section 3: 

(1) If the chemical has no significant absorptions above 290 nm. 
the code PNES (~hotolys1s not ~nvironmental ~1gnif1cant) 1s 
antered on the data sheet along with the source of this conclusion. 

(2) If no spectra are available, the space is left blank. 
Chemicals in this category are known or suspected to 
have significant absorptions above 290 nm by analogy to 
similar chemicals structur~s and will require laboratory 
measurements to obtain data. 

(3) When £A data are available. DATA-ATT is entered-in the 
value space to signify data attached, and the data are 
given in a footnote. I~published absorption spectrum 
is available but not suitable for accurate calculation 
of £~ values, SPEC-ATT is entered in the value space to 
sign~fy that the spectrum is attached, and the spectrum 
is located by a footnote. Although some of these spectra 
were obtained in nonaqueous solvents, they are useful 
for a qualitative assessment of the possible importance 
of photolysis. 

Reaction Quantum Yield, ¢, (unitless). The reaction quantum yielJ 

is the efficiency with which light absorbed by a chemical results in 

transformation of the chemical and is defined as the ratio of th~ number 

0f moles of chemical transformed to the number of einsteins (a light flux 

quantity) absorbed by the chemical. The reaction quantum yield is used 
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with eX data and light flux data (an environmental parameter) to calculate 

the rate constant for direct photolysis. k. Values of ~ are given on the 
p 

data sheets along with the source of the valu~ when PNES is entered for the 

absorption spectrum coefficients, PNER is entered for the, value. indicatin~ 

that the reaction quantum yield is not ~nvironmentally ~elevant. 

-I 
Photolysis Rate Constant. k (hr ). Some literature data are avail-

p 
able for photolysis experiments conducted in sunlight, but without any 

measurements of EX or~. The rate constants for these experiments are 

entered as k values and with appropriate information (such as season, 
p 

latitude) as may be available or surmised from the literature reference. 

In most cases. additional comments are also provided as footnotes. 

Where data are ava~lab1e for EA and ~. a value of kp is calculated 

for a particular stated time interval to assist the reader _ho does not 

have access to IX data fOT calculating kp ' The sour~e of such calculated 

values is usually the computer program SOLAR of Zepp and Cline (1977), and 

is designated CC-SOLAR, meaning £omputer £a1cu1ated usi~g th~ SOLAR program. 

2.3.8 Oxidation Rate Constants 

Chemical oxidation of organic chemicals ~n aquatic environments 

may or.cur due to several different oxidants, among which are singlet oxygen 

(10 2 ). alkyl peroxyl radical (R0 2 .). alkoxy radical (RO-), or hydroxyl 

radical (-OH). As discussed in Section 2.3.7. the source of these oxidants 

is primarily photochemical, but since the oxidants react with chemicals in 

their ground state, and oxidation therefore does not involve the photo­

chemistry of the chemical itself, oxidations are reasonably ~onsidered as 

discrete processes apart from photochemistry. 

Each oxidant has a anique reactivi~y toward organic moiet\es, and the 

r~lative as well as absolute concentrations of thes~ oxidants will probably 

vary with environmental parameters such as concentrations • ori~in of 

humic-fulvic materials, and sunlight intensity. Therefore, the application 

of an "average oxidant concentration" concept to predict a total oxidation 

rate is not recommended. 

Literature information has reported data on oxidation of organic 
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chemicals by oxy radicals such as R0 2e and 102, The laboratory study 

conducted by Mill Pot al. (1980) using natural waters indicate£ that ROze 
-9 

radical concentrations of ~ 1 x 10 M may be present in the surface waters 

of sunlit water bodies. Oxidation reactions initiated by R0 2- include the 

following: 

I I 
ROze + -C-H ---+ R0 2H + -c· 

I I , ., I I 
ROz- + .... C=C, ---+ R0 2-C-C e 

I I 

R02 e + ArOH ......... R02H + ArO-

-ROze + ArNH2 -+ R0 2H + ArNH 

Of these reactions. the last two are quite rapid in aquatic environments 

(t~ < several days), whereas the others are slower and usually will not 

be important for most chemicals. 

Zepp et al. (1978) have shown that IOZ can be formed at ~ 1 x 10-
12 

M 

concentrations in sunlit natural waters. The most important reactions for 

lOa with organic chemicals are those involving reaction with olefinic 

moieties (Ranby and Rabek, 1978). 

I 
-C-C=CH 

I t 
OOH 

CH -
" / 2 ---+ C-C ......... Products 
.... 1 I' 
0-0 

Some rate constants fur 10 2 end R0 2• are listed in a review by Mill (1980). 

The rate of loss of organic chemicals ROX by oxidation is 

(2.23) 

where kOX and [OX] are the rate constants and concentration values for 

other unspecified oxidants. Only data for second-order rate constants 

k ~nd k 102 have been estimated for this report. When two rate constants 
R0 2 -

are given on the data she~ts, the second-order rate constant.s should be 

multi~lieri bv their respective oxidant concentrations to determine which 

of the first-order rate constant values is larger, and that rate constant 

should be used for an assessment. 
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Apart from a direct measurement of a rate constant at a specific 

temperature (which is rare). most rate constants in this report were obtained 

either from extrapolation of a rate constant for the organic chemical mea­

sured at another temperature or from a cor~elation of structure with re­

activity as discussed below. 

R f 1 d ' 1 RO k (M- 1 hr- 1
) ate Constant or Oxida ti,on by !:.~Eoxy Ra lca. 2-, OX -'-____ ~ 

Because mAny chemicals in the priority pollutant lise have several kinds 

of reactive centers for oxidation by R02·, the overall rate constant k
R02 

was obtained by first calculating the individual rate constants for each 

reactive site anJ then summing these rate constants. For example, acrolein 

l.a8 two reactive sites: (1) addition to the double bond and (2) H-atom 

transfer from the carbonyl 

kl \ • (2.24) R0 2 • + CH 2=CHCHO • R0 29-y-CHO 

k2 • 
R0 2- + CH 2=CHCHO • CH 2-CHCO + R02 H (2.25) 

k
R02 = kl + k2 

For aldrin. there are two kinds of double bonds and three kinds of CH bonds. 

Each rate constant was estimated, but since only the addition to the un­

substituted bond was very fast, the other reactions were ignored. When 

there were more than one -CH bond of a given kind, the rate constant was 

multiplied by the number of similar -CH bonds to give the correct total 

rate constant for oxidation of that CH bond. 

Two kinds of procedures were used to calculate individual kox values 

for R0 2 - reactions. In the first, when a structure was analogous to another 

chemical structure with a measured rate constant at a similar temperature, 

the measured rate constant was used directly (Hendry et al., 1974). (T,e 

-CHO bond in acrolein is an example.) The 2econd procedure, us~d most often, 

is based on structure-reactIvity relations established by Howard and coworkers 

for H-ntom transfer (Korchek et a1., 1972) and addition to double bonds 

(Howard, 1972), as shown here. 

For the hydrogen atom transfer reaction 

log k
R02

= 18.96-0.2 [D(R-H)] (2.26) 

where n(R-H) is the bond dissociation energy of the CH bond. 
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For the RO a addition to double bonds 

(2.27) 

where D(XCR 2 -H) is the bond di~sociation energy of a species that gives 

the radical formed by RO a addition and where R0 2 is assumed to have the same 

effect as Me on D(C-H). Thus for oxidation of vinyl chloride 

• ~e closest Analog would be MeCH 2 CHCl. and the value of O(MeCHzCHCI-H) 

would be used in equation (2.27). Bond dissociation energies were taken 

from Furuyama et al. (1969). 

Rate Constant for Oxidation by Singlet Oxygen. lO..3..L...k (M-
1 

hr-
1
). 

-ox 
Only a few of the chemicals discussed in this report are reactive to~ard 102; 

these include some polycyclic aromatic and a few olefinic double bond or 

diene systems. When no reactive center was recognized, chemical~ were 
-1 -1 

assigned k
102 

< 3600 or < 360 M h . All reactive chemicals were ass1gned 

rate constants by analogy with similar structures having shown rate constants 

for reaction with singlet oxygen. For cyclic olefins, the values of Matsuuro 

et al. (1973) were used. For alicyclic olefins and other structures. the 

rate data summarized by Gollnick (1978) were used. 

Since all oxidation rate constants given in Section 3 were calculated 

by the above methods, the data source code C-OX (£alculated-£xidation) is 

entered for all values. 

2.3.9 Hydr0lysis Rat~ Constants 

Hydrolysis refers to reaction of a chemical with water. usually 

resulting 1n the introducti~n of a hydroxyl function into a moleclle and 

loss of a leaving group -x 

R-X + H2 0 --+ ROH + HX 

The hydrolysp.s of some classes of compounds are catalyzed by acid or buse, 

and therefore the hydrolysis rates of these chemicals in the environment 

can be pH dependent. The subject of hydrolysis in aquatic systems has 
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been reviewed in detail by Mill et al. (1980). and an extensive compilation 

of hydrolysis data was r~blished in a review by Mabey and Mill (1978). 

The rate of hydrolysis of a compound at a specific pH value is given 

by the equation 

(2.28) 

where ~ is the first-order rate consta.1t for hydrolysis at the pH. kA 

and kB are second-order rate constants for acid- and base-promoted hydro­

lyses. and ~ is the first-order rate constant for the pH-independent. 

nelltral hydrolysis process. Using the autoprotolysis equi1i",t'ium expression 

equation (2.28) can be re~itten as 

- K w' 

kh - kA[H~] + ~ + kBKw 

[H~] 

(2.29) 

(2.30) 

Equation (2.30) shows that ~ will be dependent on the pH of the aquatic 

system and on the relative values of kA' kg. and~. There is at present 

no reliable i'"\foi'maticn to show that hydrolYsis rates in aquatic environ­

m~nts will be catalyz~d by species other than [H+] or [OH-]. 

The hydrolYsis rate constants kA' kS' and ~ used to calculate ~ as 

a function of pH are described below along with the source codes for ~al­

culating or estimatin~ the values of the rate constants. 

-1 -1 
Acid-Promoted Rate Constant, kA (M hr ). This rate constant is 

for the acid-promoted hydrolysis of a chemical. In regions where only kA 

contributes to hydrolysis (Le •• kA[H+] » ~ + kB[On-), ~ will decrease 

by a factor of 10 for each I-unit increase in pH. 

-1 -1 
Base-Prom:>ted Hydrolysis Rate Constant, kB (M hr ). This rate 

constant is for the base. (OH-). promoted hyd~olysis of a chemical. In 

regions where only kB contributes to hydrolysis. ~ will increase by a 

factor of 10 for each l-unit increase in pH. 

-1 
Neutral-Hydrolysis Rate Constant. ~ (hr ). This rate constant is 

for the pH-independent hydrolysis of a chemical. 
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Data or sources pertaining to the hydrolysis of the organic chemicals 

have been entered in the d~~a sheets in several ways. When a chemical 

structure had BO ~drolyzable functional groups, NHFG is entered. When 

chemical hydrolysis occurs only at extreme pH values or temperatures or 

with catalysts not available in aquatic environments, HNES is entered 

(hydrolysis not ~nvironmentally ~ignificant). The terms NACM (or NBCM) 

are used to indicate that no ~cid (or ~ase) £atalyzed ~echanism involving 
+ -H (or ~H ) speci~s is known. For all such cases, zero is entered for the 

value of the process data to clearly eliminate the particular process from 

further consideration. For alkyl halides, Mabey and Mill (1978) have shown 

that the acid- and base-catalyzed terms in equation (2.28) are not important 

compared with the neutral hydrolysis term, and therefore RPHI (hYdrolysis 

Eli-independent) is entered. Since kA and ~ are not zero, but are insigni­

ficant for environmental assessment purposes, a hyphen has been entered 

for the process data value. Other data for hydrolysis are referenced, or 

the rationale is explained in footnotes to the data sheet. 

2.3.10 Biotransformation Rate Constants 

Biotransformations are undoubtedly important processes for degrada­

tion of chemicals in aquatic environments, resulting in hydrolysis, oxidation, 

and reduction of the chemical structure to ultimately produce carbon dioxide 

and water. The complex factors influencing the biotransformation of a 

chemical include pH, temperature, dissolved oxygen, available nutrients, 

the presence of other organic chemicals (synthetic or naturally occurring) 

that may serve as cometabolites or alternative energy sources, and the 

populations and types of organisms capable of transforming the chemical. 

For most assessments, the initial hiotransformation step is of prime 

importance (i.e., removal of the specific chemical from the environment). 

However, the biot~ansformation proce~s is still too complex to reliably 

predict a biotransformation rate constant using theoretical approaches 

such as those available for chemical and ~hysical processes. 

~aki et al. (1980) recently reviewed some of the aspects of the measure­

ment of biotransformation rates and the use of such data. The rates of 

biotransformation are complex fun~tions of chemical concentration and 

32 



, , 

I 

.; ~. ,',. "'"~'-'V{' " 

microbial biomass. However, at the concentrations of a chemical in the 

environment «1 ppm), the rates may be expected to follow second-order 

kinetics, being first order in chemical and first order in biomass. Further­

more, the microorganism growth due to consumption of the chemical may not 

be significant; therefore, the rates of biotransformation are pseudo-first 

order as a function of the chemical concentration. 

The biotransformation data given in Section 3 were estimated for the 

approach described by Baughman et al. (1980), in which the rate of bio­

transformation of a chemical, RB, is given by the expression 

RB • ~ [B) [cl (2.31) 

where ~ is a second-order rate constant for biotransformation of a chemical 

by bacteria of population [B] in the solution phase of the water column. 
-, -, -, 

When ~ is given in ml cell hr ,the units of [Il are in cell ml • 

Because data for ~ were not available for most chemicals covered by this 

report, the water column/bacteria rate constants were estimated solely for 

use in aquatic fate modeling hy EPA. These data were estimated based on 

relative rates of biodegradation of the chemicals as reported in literature, 

based on structural analogies, and using the judgment of SRI staff with 

expertise in biotransformation studies. Chemicals were placed in one of 

five reactivity categories. Each category has a nominal rate constant that 

differs by a 30-fol~ factor from adjoining categories. The categories and 

rate constants are listed in Table 2.2. 

The user of the biotransformation data is remindp.d that these data 

have been estimated and that appropri~te caution should be exercised in 

the u s 8 of the data (see 3.1). For some chemicals where hydrolysis 

or volatilization i s fast, and biotransformation will therefore not be 

important in aquatic systems, a hyphen is entered for the data value on 

the data sheets in Section 3, and the data source indicates that ,hydrolysis 

is fast (HF) or that yolatilization is iast (VF), and therefore ~o ~io­

transformation data (NBD) are estimated. 
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SECTION 3 

PROCESS DATA FOR TRANSFORMATION AND TRANSPORT OF 
CHEMICALS IN AQUEOUS SOLUTION 

3.1 ORGANIZATION OF DATA SHEETS AND SOURCES OF DATA 

Process data for organic priority pollutant cLemicals are given 

for the following properties or processes: 

• Physical properties and transport processes 

Molecular weight 

Melting point 

Boiling point 

Ionization constant 

Partition constants 

Volatilization constants 

Transformation processes 

Photolysis data 

Oxidation rate constants 

H" ~rolysi s rat_ constants 

Biotran~~ormation rate constant. 

For each property or process, the property. rate const~nt, or part~­

tioning constant is a~: ned in Sections 2.3.2 through 2.3.10. These 

s~ctlon also give the units of the values reported and disc~ss the sig­

nifi.~"Ince and use of each value in terms of '-~Ie ~ ... articu~ sr process a-.d 

how it is Ilsfld in c!'llculating rate or eCJuilibriurn constants for envir()n­

mental : .. -:3f!SSmp.nts. The sourcE'S of tr. individual process data are also 

discussed in these sec~ions. The units for each value are also listed on 

<:he dat'" ,heets for thf:: individual chell'" ':'8.15. 

The data in this report were es.:.ima'·~d f~ t,e use of EPA-OWRS in 

model~ne the aql~tic fate of the 0rganic priority pollutants. For most 

chemicals in this T-~~ the precess data are u~eful for a general, 
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nonsite-specific evaluation of the persistence of the chemical. In model­

ing such situations, any uncertainties in the data are likely to be equalled 

or surpassed by the unknowns or variabilities in the environmental para­

meters. The process data also are generally useful for :dentifying processes 

that will be most important under general or specifh aquatic conditions. 

When such processes are identified, the user of the data should review the 

sources and reliability of the data to determine what limitations, un­

certainties, or weaknesses exist and therefore whether the data need improve­

ment in the context of a particular use. This report represents information 

available as of mid-1980; the user is encouraged to seek more recent data 

to augment this information. 

Data for the processes that occur in aquatic environments have been 

obtained by several methods. Some methods for calculating data based on 

structure reactivity relationships or empirical correlations were developed 

for use in environmental assessments. Other methods were developed in other 

basic and applied research activities in physical and life sciences. Data 

presented in this report were obtained by three methods; review of the 

literature, calculation, and estimation, as discussed below. 

Environmental literature and other chemical and ~iological literature 

were the sources of most data. In many cases data were taken directly 

from the 1979 EPA report "Water-Related Environmental Fate of 129 Priority 

Pollutants" by Callahan et a1. For some chemicals, the original paper 

cited in the Callahan report was critically reviewed to determine the 

source or reliability of the data. Other data were obtained from recent 

literature, from colleagues in the environmental research field, or from 

research under way at SRI. 

Other data in this report were obtained from calculations based cn 

empirical correlations or on structure reactivity relationships. The 

rate constants for oxidation of chemicals by singlet oxygen and alkyl­

peroxyl radical were calculated using structure reactivity relationships 

developed, in part, at SRI (see Section 2.3.9; Mill, 1979). Most of 

the partitioning data (K ,K ,S, and Kb) were obtained using the K ow oc w ow 
calculations and correlation equations described in Section 4. Data for 

volatilization rate constant calculations were calculated using the theory 
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and methods described in Section 5. 

When reliable cata suitable for use in aquatic fate assessments were 

not available, the data were estimated. Estimated data should be clearly 

differentiated from calculated data in that the latter has a defined 

mathematical basis, whereas estimations, although based on the expertise 

and judgment of a person experienced in research on a particular process, 

have not been documented by experimental work. Estimated data are preceded 

by the notation (E) on the data sheets. These data should be used only 

to establish what pro~esses may be important for a chemical in an aquatic 

environment. If process data preceded by (E) are found to be important, 

the value should be measured in laboratory studies or calculated using 

structure reactivity correlations, if available. If process data preceded 

by (E) are found to be unimportant, the value may be calculated or measur~d 

if a more reliable and complete data base is desired. 

For some processes or properties, conflicting data required that SRI 

staff choose a "best" value for inclusion in this report. The choice of 

the value was made based 0., the experience and judgment of the SRI staff 

member. Whenever available, the reliability of the data is given as a standard 

deviation; when no statistics were available, the value is given to th~ 

appropriate numbe~ of significant figures as judged appropriate by the 

author responsible for the evaluation. 

The basis for the choice of any datum has not been detailed in this 

report since such efforts would require p.xte' sive discussion. Users OL 

the data are, of course, encouraged to compare these data with ether 

values in current literature to determine the reliability of the data or 

the range of values that have been r£ported. The persons responsibLe for 

evaluations of the several kinds of process data are as follows: 

Partitioning constants: T. Podo~l,J. Gates. ;Old J. Jaber 

Volatilization constants: J. Smith. D. Haynes, and H. Jaber 

Photolysis data: W. Mabey 

Oxidation rate constants: T. Mill 

Hydrolysis rate constants: W. Mabey 

Biotransformation rate constants: T.-W. Chou 
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In the preparation of the data sheets, an effort has been made to 

enter information for each process on every chemical. The value and data 

source spaces have been left blank only when nothing 1s known about the 

process/property for a particular chemical. In these cases, data should 

be obtained from laboratory studies because sufficient information is not 

available for any theoretical or empirical estimates. 

When no specific data are available, but evidence clearly shows that 

no reaction can occur in aquatic environments, this information has been 

indicated (i.e., no hydrolyzable functional groups and therefore no hydrolysis 

will occur). 

The sources of data on the following data sheets are described in one 

of three ways: 

(1) References are given by authors and year of referenced 
paper. Citation of a reference means that this publication was 
critically reviewed and that data were taken directly from the 
reference. References are given at the end of the section. 

(2) A code is given in many cases to describe the basis 
for calculating or estimating the data. Thus CC-Kow entered as 
a source for K values indicates that the octanol-water partition ow - -coefficient, K , was computer calculated using the computer 
program descrig~d in Section 4.- Similarly, C-Koc f ~w signifies 
that ~c was £alculated from ~w value using a Ko -K w correlation 
equatiorr (see Section 4). An aTphabetical list or tRe codes 1s 
given on the following pages. Where possible. each code 
1:' e fer s to a section where the particular source is discussed 
more completely. 

Data from the eRe Handbook or from the two-volume report 
"Water-Related Environmental Fate of 129 Priority Pollutants" 
by Callahan et al. (1979) have also been listed in code 
(CRC and WREF, respectively). Data cited by WREF were taken 
directly from the EPA report; the original paper was not re­
viewed. 

(1) A footnote is used to describe a source of data that 
is nol common enough to justify a code. The footnotes are 
noted in brackets and listed at the bottom of the second page 
of the data sheets. 

As a convenience to the user, the chemicals are listed by formula 

and data sheet number following the List of Source Codes. 
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CC-Kow 

CC-SOLAR 

C-CT/CRC 

C-DC.7 

C-kB 

C-KBASE 

C-KB f Kow 

LIST OF SOURCE CODES 

Value of K was obtained bv computer calculation, ow . 
using FRAGMENT calculation procedure (See Section 4.3). 

Direct photolysis rate constant was calculated using 
the SOLAR computer program (Zepp and Cline. 1977). 

Vapor pressure value was calculated from data in 
critical tables. ~east. R. C., ed .• 1973. Handbook 
of Chemistry and Physics. 54th ed. CRC Press, 
Cleveland. Ohio. D-162. 

c 0 
Reaeration rate ratio was calculated from Dl/Dl to 
0.7 power (See Section 5.) 

Base catalyzed rate c.onstant ~ was calculated from 
information in Callahan et al. (1979). 

Acid-catalyzed rate constant was calculated f{Om ~; 
assumption is made that acid and base catalyzed 
hydrolysis rate constants are equal at pH 5.0 (Mabey 
and Mill. 1978). As a result, 

10-
5 

kA = 10-' kB 

or 
-4 

kA = 10 kB 

The value of kA is probably good within a factor of )0. 

The value of KB was calculated from the KB-Kow correlation 

of Baughman and Paris (1981) discussed in Section 4.2.3. 

log KB = 0.907 log Kow - 0.21 
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C-Koc f Kow 

C-ox 

eRC 

C-Sw f Kow 

DATA-ATf 

The value cf K was calculated from the K value oc ow 
using the equation K = 0.48K Subsequent to the 

'JC ow 
writing of Section 4, where sev.ral K -K correlations 

oc ow 
are discussed. Hassettet al. (1980) have reported the 
following correlation equation for sorpti~n of poly­
nuclear aromatic chemicals onto whole sediments (i.e .• 
unfractionated sediments): 

log K = log K - 0.317 oc ow 

Another similar correlation equation for sorption of 
~ome 40 chemicals to whole sediments has been found by 
Karickhoff (1980): 

log K = 0.987 log K - 0.336 oc ow 

The equation used to calculate K values in this oc 
report is the nonlogarithrnic form of the equation of 
"asset e~ ale (1980) (see Section 4). 

Oxidation rate constants are calculated, using functional 
group reacti"ity toward peroxyl radi~al (RO a ) and singlet 
oxygen (10 2 ) (see Section 2.3.8). 

Weast, R.D., ed., 1975. Handbook of Chemistry and 
Physics, 56th ed. CRC Press, Cleveland, Ohio. 

The value of S 
w 

was calculated from the K value using 
ow 

the equation of Yalkowsky and Valvani 
culation of S values is discussed in 

w 

(1980); the cal­
Section 4.2.3. 

Henry's constant, H , was c..:lculated from vapor pressure 
c 

and water solubilities at the temperatures given (OC), 
respectively. When the temperatures were the same, 
only one temperature is given (see Section 2.3.6). 

UV-visiblc absorption coefficients are listed jn 
footnotes (data attached). 
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E-AC-H 

E-APAH 

E-KB 

E-H 

E-P 

HF-NBD 

HNES 

HPH! 

NACM 

Rate constant was estimated by analogy to chlcroform. 
Mabey and Mill (1978) have calculated that the rate of 
the base catalyzed process for chloroform is equal to 
the neutral hydEolysis process at pH 6, or kB [OH] • ~ 
when [OH-] ~ 10 c. -

If the assumption is made that the same expression holds 
for all trihalomethanes, then ~ = 10-8 kB. 

Triis estimated value is the average of reaction quantum 
yields for several polycyclic aromatic hydrocarbons 
measured by Zepp and Schlotzhauer (1980). 

Estimate of biotransformation rate constant, ~ is based 
on relative rates of transformation reported in literature 
or on structure-reactivity analogies as judged by reviewer. 

Estimate of hydrolysis rate constant is based on analogy 
to reactivity of other similar chemicals and judgment 
of reviewer. 

This estimate of photolysis rate constant for environ­
mental significance of photolysis is ba~ed on analogy 
to reactivity of other chemicals and judgment of reviewer. 

Hydr0lysis is too 
to be conducted. 
fore available. 

fast for biotransformation studies 
No biotransformation data are there-

Hydrolysis is not environmentally significant. Chemical 
hydrolysis occurs only at extreme pHs or temperatures 
or with catalysts not avi1able in aquatic environments. 

Hydrolysis is pH-independent; this assignment is based 
on finding of Mabey and Mill (1978) that alkyl halides 
are, in general, hydrolyzed by the neutral hydrolysis 
process in the pH region from pH 3 to approximately 10, 
and without any evidence of base or acid catalyzed 
mechanisms. 

No acid catalyzed mechanism. 
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NAV 

NHFG 

pK-NER 

PNER 

PNES 

SPEC-ATT 

W-ATLAS 

VF-NBD 

WREF 

Reaeration rate ratio is not applicable for calculating 
the rate constant for volatilization (see 2.3.6). 

No hydrolyzable functional groups in molecule. 

pK
A 

or p~ is not environmentally relevant for fate of 
chemical. 

Photolysis is not environmentally Elevant. 

Photolysis is not environmentally significant. 

W-visible absorption spectrum is shown in footnotes 
(spectrum attached). 

W-visible spectrulU is found in UV Atlas (Perkampus. 
et a1.. 1966). 

Volatilization is too fast for biotransformation studies 
to be conducted. and no bi~logical data are available. 

Water-related environmental fate of 129 priority 
pollutants by Callahan et ale (1979). u.s. Environmental 
Protection Agency, Office of Water Planning and Standards. 
EPA-440/4-79-02Q. 

45 



I FORMUl.A INDEX TO DATA SHEET 

0' 

1-

" 
DATA SHEET 

" FORMULA NUMBER CHEMICAL NAME 

CI C14 32 Tetrachloromethane 

CI C12FZ 53 Dichlorodifluoromethane 

C1Cll1 54 Trichlorofluoromethane 

ClHlBrlClZ 50 Bromodichloromethane 

Cl H1ar2Cll 51 Dibromochloromethane 

C1HI Br3 S2 Trlbromomethane 

Cl Hl C1 3 31 Trichloromethane 

ClHZC1.l 30 Dichloromethane 

Cl H3Brl 49 Bromomethane 

Cl H3Cll 29 Chloromethane 

C2C14 44 Tetrachloroethene 

CZC1 6 39 Hell. .. chloroethane 

C2HI CI) 43 Trichloroethene 

C2H2C1 2 42 l,2-!!!n!-Dichloroethene 

C2H2C12 41 l.l-Dichloroethene 

• C2H2C14 38 l,I,Z.2-Tetrachloroethane 
f. 
f CZH3CI

I 
40 Chloroethene r 

i C2H)Cl 3 36 l,l.l-Trichloroethane 

C2H3Cl:> 37 1.I,Z-Trichloroethane 

CZH,.eI 2 34 l,l-Dichloroethane 

C2H4Cl2 35 1,2-Dichloropth~ne 

C2H4 C1 20l S5 Bis (2-.:hloromethyl) ether 

C2H5CI I 33 Chloroethane 

C2H6NZOl 107 Dimethylnitrosamine 

C3H3NI 113 Acrylonitrile 

C3H4Cl 2 46 1,3-Dichloropropene 

C3H401 I Acrolein 

C3H6Cl2 45 l,2-Dichloropropane 

C4Cl6 47 Hexachlorobutadiene 

C4H7Cl l O
I 

58 2-Chlorocthyl vinyl ether 

C4HaC1 201 56 Bls(Z-chloroethyl)ether 
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FORMULA 

C5C1
6 

CSHIOC120Z 
C6C1 6 
C6Hl Clo;Ol 

C6H3C1 ] 
C6H3C1

3
0

1 
C6H4C1

2 
C6H4CI Z 
C6H4C12 
C6H4C120

1 
C6H4N20S 
C6"5C1 l 
C6HSCI 10l 
C6HSN102 

C6HSN.1.°3 
C6HSN10

3 
C6H6 
C6H6C1

6 
C6Hf.C1 6 
C6H6C1 6 
C6H6C'l6 

C6H60l 
C6H12C120l 
C6HI4N .... 01 
C7H6N:{J4 

C7H6N204 

C7H60S 
C7H7Cl 101 
C7HS 

CaHIO 

CS:iIOOI 
C9H6C1603::il 

C9H6Cl&04 S1 

C~~';1401 

C10HSC1 7 

NUMBER 

48 

61 

68 

78 

67 

77 

64 

65 

66 

76 

81 

63 

75 

70 

79 

80 

62 

14 

15 

16 

17 

74 

57 

109 

72 

13 

84 

83 

71 

69 

8~ 

8 

9 

18 

12 
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CHEMICAL NAME 

Hexachlorocyclopentadiene 

Bis(2-ch1oroethoxy)methane 

Hexach1orobenzene 

Pentachlorophenol 

1,2,4-Trich1orobenzene 

2,4,6-Trichlorophenol 

1,2-Dich1orobenzene 

1,3-Dich1orobenzenp. 

1.4-Dich1orobenzene 

2,4-Dich1oropheno1 

2,4-Dinitropheno1 

Ch1orobenzene 

2-Chloropheno1 

Nitrobenzp.ne 

2-Nitrophenol 

4-Nitrophenol 

Benzene 

a-Hexachlorocyclohexane 

B-Hexachlorocyclohexane 

6-Hexachlorocyclohexaae 

Lindane 

Phenol 

Bis(2-chloroisoproryl)ether 

Di-n-propylnitrosam1ne 

2,4-D1nitroto1uene 

2,6-Dinitrotoluene 

4, 6-Dinitro' £-cr ",1 

~-Chloro-~-cresJI 

T')luene 

Ethylbenzene 

2,4-Dimethy1phenol 

a,S-Endosu1fan 

Endosu1fan sulfate 

Isophorone 

Heptachlor 



FORMULA NUMBER CHEMICAL NAME 

C10HSC1701 13 Heptachlor epoxide 
C1OH6C1 S 3 Chlordane 

CIOH7C1
1 29 2-Chloronaphthalene 

CIOHS 104 Naphthalene 

CloH10Cla 20 Toxaphene 

ClOHlOO4 S5 Dimethyl phthalate 

C12H4C1402 19 TCDD 

C12HS 92 Acenaphthylene 

C12HSC1 6 2 Aldrin 

Cl2HSCl6ol 7 Dieldrin 

C12HSC1 6Ol 10 Endrin 

C12HSC160l 11 Endr1n aldehyde 

C12H
X

C1 y 21-27 PCBs; x + y - 10 and 2 S y ~ 10 

C12U9BrlOl 60 4-Bromophenyl phenyl ether 

C12H9CllOl 59 4-Chlorophenyl phenyl ether 

C12HlO 91 Acenaphthene 

Cl2HIOC12N2 III 3,3'-Dichlorobenz1d1ne 

C12HlON2Ol 108 D1phenylnitrosamine 

C12H12N2 112 l,2-Diphenylhydrazine 

C12H12N2 110 B.!nzid1ne 

C12H1404 86 D1ethyl phthalate 

C13H10 102 Fluorene 

C14HaC14 5 DDE 

C14H9C1 S 6 DDT 

C14H1O 105 Phenanthrene 
C14HIO 93 Anthracene 

C14HIOC14 4 DOD 

C16HlO 101 F1uroanthene 

C16H1O 106 Pyrene 

C16H2204 87 Di-n-butyl phthalate 
C1SH12 99 Chrysene 

C1SH1? 94 Benzo[a]anthracene 
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FORMULA NUMBER CHEMICAL NAME 

C19H2004 90 Butyl benzyl phthalate 

C20H12 95 Benzo[b]fluoranthene 

C20H12 96 Benzo[k]f1uoranthene 

C20H12 98 Benzo[a)pyrene 

C22H12 97 Benzo[ghl]pery1ene 

C22H12 103 Indeno[l,2,3-cd]pyrene 

C22H14 100 Benzo[a.h)anthracene 

C24H3804 89 Bis(2-ethylhexyl)phthalate 

C24H3804 88 Dl-n-octyl phthalate 
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SECTION 3.2. PESTICIDES 

1. Acrolein 
2. Aldrin 
3. Chlordane (cis and trans isomers) 
4. DOD 
1. DOE 
6. DDT 
7. Dieldrin 
B. Endosu1fan (a and a isomers) 
9. Endosu1fan sulfate 

10. Endrin 
11. Endrin aldehyde 
12. Heptachlor 
13. Heptachlor epoxide 
14. a-Hexachlorocyclo:l~xane 
15. B-Hexachlorocyclohexane 
lb. a-Hexachlorocyclohexane 
17. y-Hexachlorocyclohexane (lindane) 
18. I sophorone 
19. TCDD 
20. Toxaphene 
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1. ACROLEIN 

CAS No. 107-02-8 
~~~------------

PHYSTCAl AND TRANSPORT PATA 

ProEert~ or Process 

Molecular weight 

Melting point, °c 
Boil1n~ point, °c 
Ionization constant 

Partition const3nt~: [1-1] 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
~ediment-water, K (unit1ess) oc 
Microorganisms-water, 

KB (ug/g)(mg/~)-l) 

Vo1at:llization constants: [1-1) 

Henry's constant, H 
(atrn m! mol-I) C 

Vapor pressure, P (torr) 
v 

Reaerat10n rate ratio, 
kC Iko 

v v 

Value 

50.06 

-87.7 

52.5 

2K- NER 

2.1 x 105 (20°C) 

1.02 

0.49 

0.44 

5.66 x 10- 5 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koe f Kow 

C-KB f Kow 

WREF 

Preceding page blank 



1. ACROLEIN 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: [1-1] 

For 10, (singlet oxy~en), 
~ 1 1 k

oX 
(~ hr-) 

For R02 (peroxy radical), 
k (lor l hr- l ) 

OX 
Hyd"olysis rate constants: 

For base-rromoted process, 
kB (!or hr- 1) 

For acid-~romoted process, 
kA (~ hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

SPEC-ATT [1-2] 

[1-2] 

1 x 10 7 

3.4 x 103 

o 

o 

Q 

-9 
(F.) '3 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

c-ox 

c-ox 

NHFG 

NHFG 

E-KB 

The values of K ,K • KBt kC/ko, P and oxidation rate constants ow oc }l V 'l are calculated or given for tne unhyorated acrolein species; 
[1-1] 

hydration of acrolein may be extensive in aquatic environments, 
and the above properties will therefore be diff€rent than listed. 
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1. ACROLEIN 

[1-2] UV spectrum of acrolein in hexane solvent is shown below 
([V Atlas, 1966). Acrolein undergoes rapid hydrr~ion 
(t~ < 1 day) to a-hydroxypropionaldehyde. rhis hydratiuo 
destroy..; the ('rrrmophores that abstrb light above 290 r.m 
and therefore tile UV-spectrum of acrolein in water may be 
insig!lificant abuve 290 nm (WREF). 

i 
lOD 

oy Iii iii 

i~-'-
_-t-t-__ ~L.:._---+ __ -+ 

I ' I - ., 

»'~---+----~~------+-----~~-----+------~--~~ 

,..., 

t .... 
I e 
u 0.) 

I 
IO~- .. . 

E a 1:1 II ...., 
II .0 ~i" w 

i.; 
.~ II! 

...... 

- ~CI ... ... • ~ .. 
~ • .. 

10 «:Ha-C" 040 

I 

"1 100 

" (nm) 
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2. ALDRIN 

CAS No. 309002 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water, K ow (unitless) 

Sediment-water, K (un1tless) oc 
Microorganisms-water, 

KB (ug/g)(mg/£)--) 

Volatilization constants: 

Henry's constant, H 
(atm m! mol-l) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

Value Data Source 

365 

104-105 WREI 

~K-NER 

0.180 ps o!;;l [2-1] WHEI 
2.0 x 105 CC-Kow 

9.6 x 10
4 

C-Koe: f Kow 

2·6 ~ 1Q
4 C-KB f Kow 

WREI 

NAV 
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2. ALDRIN 

T~~SFORMATION DATA 

Property or Process 

PhotolY!Jis data: 

Absorption spectrum 

Reaction quantum yield, ¢. 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ---------- -----

Oxtdation constants at 25°C: 

For 102 (singlet oxy~en). 
k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k
OX 

(M"-l hr- 1) 

Hydrolysis rate conslants: 

For base-1romoted process, 
kB (M"- hr- 1 ) 

For acid-promoted process, 
kA (W- 1 hr- 1 ) 

For neutral process, 

kN (hr- 1) 

BiotransforMation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1 ) 

Value 

PNES 

PNER 

PNER 

<3600 

o 

o 

o 

-9 (E) 3 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

C-ox 

C-ox 

HNES 

HNES 

HNES 

E-KB 

[2-1] Several water solubility values, ranging from 0.017-0.18 ppm, 
have been reported (WREF.) 
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3. CHLORDANE 

CAS No. [3-1] 
CI 

CI 

CI 
trans isomer [3-2] 

PHYSICAL AND T~~SPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, "c 
Ionization constant 

Partition constants: 

Water sc1ubility, S (ppm) 
w 

Octanol-water, K (uritless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (\.Ig/g) ~mg/o-l) 

Volatilization constants: 

Henry's co~stant, H 
(a tm m 3 mo1- 1 ) c 

Vapor presRure, P (torr) 
v 

Reaeration rate ratio, 
kl:/ko 

v v 

59 

Value 

409.8 

[3-3] 

175 (2mm) 

pl<.-NER 

o . 05 6 ( 2 5 " C) J 3-5 ] 

:s x 105 

4.0 x H,4 __ _ 

c: 
9.4 X 10-.1 

1 x 10-5 (~) 

"AV 

Data Source 

WREF 

WREF [3-41 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25" 

WREF 



I 
! 
I 

I 
I 

3. CHLORDANE 

TRANSFORMATION DATA 

Propertv or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ¢, 
at nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
_____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k (M"" 1 hr- 1) 
OX 

Hydrolysis rate constants: 

For base-rromoted process, 
kn or hr- 1 ) 

For acid-1romoted process, 
kA (!'r hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in ~ater. ~ (ml ce11- 1 hr- 1) 

Value 

PNES 

PNER 

PNER.-=--____ _ 

<3600 

'1,,30 

o 

o 

o 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox 

C-ox 

HNES 

HNES 

HNES 

E-KB 

[3-1] Chemical Abstracts numbers are 5103-71-9 for trans isomer, 
5103-74-2 fOT cis isomer. 

6<' 
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3. CHLORDANE 

[3-21 

CI 

CI 

CI cis isomer 

[3-3] Melting point 103.0 - 105.0 for trans !somer and 107.0 - 10S.8 for 
cis isomer. 

[3-4] Boiling point r~portcd for a mixture of the isomers. 

[3-5] Two solubility values, 0.056 ppm and 1.85 ppm were given 
in WREF. Solubility data are for a mixture of the isomers. 
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4. DOD 

CAS No. --=-7.:.2=-54..:..;8~ ______ _ 

PHYSICAL AND TRANSPORT DATA 

Property or P~ocess 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Wat€r solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB «\.Jg/g) (mg/q-I) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
k C /ko 

v v 

Value 

320 

112 

pK-NER 

[4-1 ) 

7.7 x 105 

2.2 x 10-8 

[4-2] 

63 

Data Source 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP300 /S25° 

WREF 

Preceding page blank 



4. DOD 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm ------
Direct photolysis rate 
constant, k (hr- 1 ) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox (!'ll hr- 1) 

For R02 (peroxy radical), 
kox (W- 1 hr- 1 ) 

Hydrolysis rate constants: 

For base-promotsd process, 
k (M""' hr- 1) 

B 
For acid-promoted process, 

k (l'r 1 hr-l) 
A 

For neutral prOcess, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- I hr-I) 

Value 

<3600 

<1600 

o 

(E)l x 10-10 

E: Estimated value; see List of Source Codes. 

Data Source 

(4-3] 

c-ox 

c-ox 

WREF [4-4] 

HNES 

WREF [4-51 

E-KB 

[4-1] Two water solubility values have been reported for the pp' 
isomer at 25°C: 0.02 ppm and 0.09 ppm. A value of 0.10 ppm 
has been reported for the op' isomer (WREF). 

r4-2] Vapor pressures at 30°C have been reported as 10.2 x 10-7 
torr for the pp' isol.· and 18.9 x 1f)-: forr for the op' isomer. 
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4. DOD 

[4-3) Several papers report that the direct photolysis of DOD is 
slover than that of DDT (WREF). Since the half-life of DDT 
is greater than 150 years, the photolysis rate constant of ODD 
should be much slower than 5 x 10- 7 hr- 1• 

[4-4] The hydrolysis half-life of DOD has been calculated using 
structure-reactivity relationships and literature data (WREF). 
The base promoted hydrolysis at 27°C was ~alcu1ated to be 
5.0 M-l hr- 1. 

[4-5] A half-life has been reported (WREF) of 190 years for DOD at 
pH 5 and 27°C. This corresponds to a rate constant of 
4.2 x 10- 7 hr- 1 , which is assumed to be due to the neutral 
rate process, ~. 
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5. DDE 

CI...... CI C" CAS No. 72559 ----------.------------
• 

~c~ 
CI~ ~I 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water

l KB (\Jg/g) (mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

67 

318 

82 

Value 

pK-NER 

9.1 x 10
6 

4.4 x 10
6 

8.9 x 105 

6.8 x 10- 5 

[5-2] 

NAV 

Data Source 

WREF 

WREF [5-1] 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-Vp/S-20° 

WREF 

Preceding page blank 



,. Dill<; 

TRANSFORMATION DATA 

or Prc.~ss 
--.--=~--

Photolysis data: 

Absorpt1c~ spectru~ 

Reactio~ quant.um yield, ~, 

at 313 nm 

Direct photol"~is rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox or1 r,,:,-1) 

For R02 (peroxy radical), 
1( (lor l hr- 1 ') 

OX . 
Hvdrolysis rate constants: 

F~r base-~romoted process, 
k, or1 hr- 1) 

b 

For ac1d-~r0moted pro=~ss, 
kA 001- hr- 1 ) 

For neutral process, 

kN (hr-1j 

Bi~transfolwation rate constant: 

For bactc~iR] transfctmation 
in water, ~ (ml ~ell-l hr- 1) 

Value 

0.3 

<3600 

5 
1.2 x 10 

o 

o 

-12 
(F.) 3 x 10 

£: Estimated value; see List of ~?urce Codes. 

Data Source 

WREF 

c-ox 

c-ox 

HNES 

HNES 

[5-3) 

E-KB 

[5-1) Several "'ater solubility vall' 3 have been reported for the 
pp' isom"r at various temperatures (WREF). Water solubilities 
have been report~d ran~in~ from 0.014 ppm to 0.12 for the 
pp' iso,.ler and 0.140 ppm for the op' isomer (WREF). 

[5 .. 2) Vapl)r pressures reported are 6.5 x 10-6 torr for pp' isomer and 
6.2 x 10- 5 torr for op' i~omer at 20°C (WREF). 
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S. DDE 

[5-3] A hydrolysis half-life for DDE of more than 120 years at 
pH 7 and 25°C has been reported (WREF). This corresponds to 
a rate constant of 6.6 x 10-7 hr- 1 ; it is assumed that at 
this pH only the ne~tral process is occurrin~. 
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6. DDT 

CAS No. [6-1] 

pp' isomer [6-2] 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, 1< (unitless) ow 
Sediment-water, 1< (unitless) 

0(; 

Microorganisms-water
i KB ()Jg/g) (mg/.e,)- ) 

Volatilization constants: 

Henry's constant. H 
( a t m m 3 mo 1 . 1 ) c 

Vapor p.esc,ure, P (torr) 
v 

Reaeration late ratio, 
kC/ko 

v v 

71 

Value 

354.5 

l08.5-i09.0 [6-3] 

185 

pK-BER 

5.5 x 10-3 (25°C) 

8.1 x 10
6 

3.9 x 10
6 

8.0 x 10
6 

1.58 x 10-5 
-., 

1.9 x 10 I (25°C) 

NAV 

Data Source 

WREF 

WREF [6-4] 

WREF [6-5J 

CC-Kow [6-61 

C-Koc f 1<0107 

C-KB f Kow 

C-VP/S-2S0 [6-7] 

WREF 

Preceding page blank 



6. DDT 

TRANSFORMATION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum _P_N_E~S ____________ __ 

Reaction quantum yield, ~, 
at nm PNER 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(M"' 1 hr- 1) 

For R02 (peroxyradical), 
k

OX 
nr 1 h r- I ) . '. 

Hydrolysis rate constants: 

For base-fromoted process, 
kS (t-r hr- 1 ) 

For acid-fromoted process, 
kA (M"' hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- I ) 

----------------

-7 
<5 x 10 

<3600 

-1~Q.~O _______________ ___ 

o 

(E)3 x 10-12 

E: Estimated value; see List of Source Codes. 

Data Source 

WREF [6-8] 

c-OX 

C-OX 

WREF [6-9] 

HNES 

WREr [6-10] 

E-KB 

[6-1] Chemical Abstracts numbers are 502-93 for pp' isomer and 
789-02-6 for op' isomer. Constants are calculated for the 
pp' isomer only. 
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6. DDT 

[6-2] 

opt isomer 

[6-3] The melting point given above is for the pp' isomer; the 
melting point of the op' isomer is 7~~_~4.5°C. 

[6-4] No boi1in~ point is reported for the op' isomer (WREF). 

[6-5] 

[6-6] 

[6-7 ] 

[6-8] 

[6-9] 

[6-10] 

Several values for the water solubility of both isomers 
have been reported: a ran~e of 1.2 x 10- 3 - 2.5 x 10-2 ppm 
for the pp' isrmer and 2.6 x 10-2 and 8.5 x 10- 2 ppm for the 
op' isomer. See WREF for all values reported. The water 
solubility has also b~en calculated usin~ the octano1-water 
partition coefficient to be 9.2 x 10- 3 ppm. 

See WREF for other calculated and measured Kow values. 

Cal.::.:.:lAt:J.nn .. of Henry's Law constant was based on data from 
the pp' isomer at 25°C. i.e., solubility - 5.5 x 10- 3 pp' and 
vapor pressure - 1.9 x 10- 7 pp'. 

A photolysis half-life of ~reater than 150 years has been 
reported for DDT (WREF). This corresponds to a rate constant 
of 5 x 10- 7 hr- l . 

The base-promoted hydrolysis rate constant for DDT has been 
measured (WREF) to be kB = 9.9 x 10- 3 ~l sec-l, which 
corresponds to a base-catalyzed process of 36 Mrl hr- 1 • 

A hYdrolysis rate constant of 6.8 x 10- 6 hr- 1 has been 
reported for nOT at pH 3-5 and 27°C (WREF). It is assumed 
that at these pHs, only a neutral process is occurrinp.. 
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7. DIELDRIN 

CAS No. 60-57-1 
--~~~----------------------

CI 

CI 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point. °c 
Boi1in~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (~pm) 
w 

Octanol-water. K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water! 

KB (ug/g)(mg/O- ) 

Vola~~lizat1on constants; 

Henrv's constant. H 
(~tm m~ mo1-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

381 

175-176 

pK-NER 

0.195 (25°C) 

3.5 x 103 

710 

4.57 x 10-10 

1.78 x 10-7 (20°C) 

t.tAV 

Data Source 

WREF 

WREF [7-1] 

CC-Kow 

C-Koe f Kow 

C-KB f Kow 

C-VP"OO/S25° 

WREF 
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7. DIELPRIN 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ;, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at 40° latitude -----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k nrl hr- I ) 

OX 
For R02 (peroxy radical), 

k
OX 

(X- I hr- I ) 

Hydrolysis rate constants: 

For base-rromot~d process, 
kB (tor hr- 1) 

For acid-promoted process, 
k nrl hr- 1) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformati~n rate constant: 

For bacterial transformation 
in water, k 'ml cell- 1 hr- 1 ) 

b 

Value 

-4 4.8 x 10 

<3600 

30 

o 

o 

o 

-12 
(F.) 3 x 10 

E: Estimated val·::..£.j sC!e List of Source Codes. 

Data Source 

f7-2 ] 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[7-1] Several vdlues, rang~"g from 0.186 ppm to 0.200 ppm, have 
been reported fo: the water solubility. 

[7-2] The half-life for dj· ect photolysis of dieldrin has been 
reported to be 2.1 to 1.8 months in sunlight (WREF). If 
the average half-life is ueed, a rate constant of 4.8 x 
10-~ hr- 1 is oblci~n~J. 
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8. __ ~~~-~[~N~D~0~SU~L~F~AN~ __________________________ ____ 

CAS No. 115-29-7 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular w~lght 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) 
DC 

Microorganisms-water, 
KB (\.lg/g)(mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
(atm mj mol-i) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value ---
406.9 

108-110 

pK-NER 

0.530 (25°C) 

0.02 

9.6 x 10-3 

0.012 

1. 0 x 10-5 

;-;'AV 

77 

Data Source 

WREF 

'WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP(S-25° 

WREF 



8. Cl-ENDOSULFA:.;.N ________ . __ _ 

TRANSFORMATION DATA 

Property or Pro~c~e~s~s~ __ _ 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_________ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (~l h-r- 1) 

OX 
For R02 (peroxy radical), 

k
OX 

nor l hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (W" hr- 1) 

For aCid-1romoterl process, 
kA (~ hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- l ) 

Value 

<3600 

4 >3.6 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

[8-1] 

[8-2] 

E-K.3 

[8-1] The hydrolysis rate constants for a-endosulfan have been 
measured at two pHs (w~EF): pH 7 is 2.0 x 10- 2 days-l 
and pH 5.5 is 4.6 x 10- 3 days-I. Based on the assumption 
that only the base pro~oted process i£ responsible for 
hydrol~sis at pH 7, ~ ; kB[OH] or 2.0 x,lO-~ days-l = 
kB[lO-']; kB then equals 2.0 x lO~ days-', or 8.3 x 10+ 3 hr-l. 
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8. a-ENDOSULFAN 

[8-2] The neutral rate constant for a-endosulfan can be calculated 
using the base-promoted rate constant and the ov~rall rate 
constant at pH 5.5, ~ = kB[OH] T kN or kN • ~l - kB[OH]. 
The assumption is that at pH 5.5 the~e is no acid-promoted 
contribution to the overall hydrolysis rate process. 
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8. s- ENDOSULFAN 

CA~ No. llS-29-7 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weigbt 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, Sw (ppm) 

Octano1-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc. 
Microorganisms-wat~r, 

KB (lJg/g)(mg/O- 1) 

Volatili:ation constants: 

Henrv's constant, H 
(~tm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

81 

Value 

406.9 

207-209 

e.K-NER 

0.280 (:'5°C) 

0.02 

9.6 x 10-3 

0.012 

1.91 x 10-5 

NAV 

Data Source 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

WR1!:F 

Preceding page blank 



8. 8-ENDOSULFAN 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (s~ngJet oxy~en), 
k (~1 hr- 1) 

OX 
For R02 (peroxy radical), 

k (~l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
kS (~ hr- 1) 

For acid-promo~ed process, 
kA (WI hr-') 

For neutral process, 

kN (hr- 1) 

Bio~ransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

<3600 

>3,6 x 104 

-9 (E) 3 x 10 

E: Estimated value; sec Ljst of Source Codes. 

Data Source 

c-OX 

c-OX 

[8-3 ) 

[8-4 ] 

E-KB 

[8- 3) See [8-1) for a discussion on calculation of kB· The rat~ 
constants at pH 7 and pH 5.5 are 1.9 x 10-2 ~ays and 

[8-4) 

3.7 x 10- 3 days, respectively. 

See [8-2) for calculation of kN from kB and pH 5.5 hydrolY1is 
rate constant. 
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9. ENDOSULFAN SULFATE 

CAS No. 1031-07-8 

CI 0 

CI 

CI 

PHYSICAL AND TRANSPORT DATA 

Pro£erty or Process 

Molecular weight 

Melting point, °c 
BoilinR point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unit1e~s) oc 
Microorganisms-water, 

KB (Cug/g)(mg/O- 1) 

Volatilization constants: 

Henry's constaPt, H 
( at m In ~ mo 1 - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

422.9 

198-201 

eK- NER 

0.22 [9-1] 

0.05 

o 024 

0.029 

2.6 x 10-5 

1 x 10-5 (25"C) 

NAV 

83 

Data Source 

WREF 

W'REF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 [9-2] 

[9-2 ] 



9. ENDOSULFAN SULFATE 

TRANSFORMA1ION DATA 

Propertv or Process 

Photolysis data: 

Absorption spectrum 

Reacti0n quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- l ) 

p 
at latitude -----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k (~l hr- 1) 

OX 
For R02 (peroxy radical). 

k
OX 

n·r l hr- 1) 

Hydrolysis rate constants: 

For base-rromoted process, 
kB (tor hr- 1) 

For acid-~romoted process, 
kA or hr-l) 

For neutral process, 

k~ (hr- 1) 

Biotransformation rate constant: 

tor bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

<3600 

20 

(F.) 1 x 10-10 

E: Estimated value; see List uf S"urc,' Codes. 

Data Source 

c-ox 

c-ox 

[9-3) 

[9-4 ) 

E-KB 

[9-1J No temperature was reporte I with the water solubility. 

[9-2) Vapor pressure value was assigned by analogy to endosulfan. 
Henry's constant was calculated using vapor pressur~ value fur 
endosulfan. 
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9. ENOOSUlFA,~ SUI.FATE 

[9-3] See [8-1]. The assumption is made that rate constants for 
B-endosulfan are the same for endosulian sulfate. 

[9-4] See (8-2~ for the caiculation of kN' 
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10. ENDRIN 
CI CAS No. _7!..!2:..:-:.!:2~0.:;.-8~ _____ _ 

\ 
CI 

PHYSICAL AND TRANSPORT DATA 

Property or Pro~ess 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water $olubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sedi~=nt-water, K (unitless) oc 
Microorganisms-water, 

KB (u g/ g) (mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
( a t m m 3 mo 1 - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

87 

Value Data Source 

381 

235 WREF 

pK-NER 

0.25 (25°C) WREF ., 
3.5 x 10'" CC-Kow 

1.7 x 103 
C-Koc f \:."cw 

710 C-KB f Kow 

4.0 x 10- 7 C-VP/S-2S0 

WREF 

NAV 

Preceding page blank 
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10. E:;;,N;.;.,n.,;.;R.,:.l:..;.N _____________ _ 

TRANSFORMATION DATA 

Property or Pro~~s~s~ __ 

Photolysis data: 

Absorption Gpectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ------

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
kOX nrl hr- 1) 

For R02 (peroxy radical), 
k nr-l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-fromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
k (WI hr-l) 

A 
For nf Itr;el process. 

kN (hr- 1) 

Biotransformation rate constant: 

Fo~ bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

<3600 

20 

o 

o 

o 

(F.) 1 x 10-10 

E: E5~imated value; ~ee List of Source Codes. 
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c-OX 

C-OX 

HNES 

HNES 

HNES 

E-KB 



11. ENDRIN ALDEHYDE 

CAS No. 7421-93-4 

CI 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
8oilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitiess) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KS (~g/g)(mg/£)-l) 

Volatilization constants: 

Henry's constant, H 
(atm mj mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

\ 

Value 

381 

145-149 

pK-NER 

1170 

310 

2 x 10-9 

2.0 x 10-7 (25°C) 

~A~ 

89 

Data Source 

WREF 

C-Sw f Kow 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 [11-1] 

[11-1 ] 



11. ENDRIN ALDEHYDE 

TRANSFORMATION DATA 

Property or Process 

Pt.otolysis data: 

Absorptlon spectrum 

Reaction quantum yield, ., 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (sfng1er oxy~en), 
k

OX 
(M""' hr- ) 

For R02 (peroxv radical), 
1 . 1 kox (~ hr-) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (l'r hr- 1 ) 

For acid-~romoted process, 
k A (M""' h r- 1 ) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bactp.rial transform~tion 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

<3600 

3100 

o 

o 

o 

-9 
(F.) 3 X 10 

E: Estimated valu~; see List of Source Codes. 

Dc:ta SOurce 

c-ox 

C-ox 

HNES 

HNES 

HNES 

.J-K~B~ __ 

[11-1] Vapor pressure was assigned by analogy to endrin; this is th~ 

value used in the calculation of Henry's constant. 
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1.2. HEPTACHLOR 

CAS No. 76-44-8 

~ __ H 

CI 

CI 

PHYSICAL AND T~~SPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilln~ point, °c 

Ionization =onstant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB ( ... g/gl(mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
( at m m? mo 1 - 1 ) c 

Vapor pressure, P (tnrr) 
v 

Reaeration rate ratio. 
kC Iko 

v v 

Value 

373.5 

95-96 

pK-NER 

0.18 (25°~2-1] 

2.6 x 10
4 

4.4 x 10 3 

0.355 

91 

:lata ~ource 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

WREF 

C-DC.7 



12. HEPTACHLOR 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectr~m 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at 1atitud~ -----

Oxidation constants at 25°C: 

For 10: (singlet oxy~en). 
k

OX 
nrl hr- 1) 

For R02 (peroxy radical), 
k
ox 

(~! hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1 ) 

For acid-promofed process, 
kA (!'f"1 hr-·) 

For neutral process, 

k~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

2500 

E: Estimated value; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

[12-2] 

[12-2] 

WREF 

HF-NBD 

[12-1] Another solubility value has been reported as 0.056 ppm at 
25-29°C (WREF). 

[12-2] Hydrolysis rate is likely to be pH independent by ana10~y to allyl 
chloride (Mabey and Mill, 1978). 
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CI CI 13. HEPTACHLOR EPOXIDE 

CAS No. 1024-57-3 

o 
CI 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, 3 (ppm) 
"1 

Octano1-water, K (un1tless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB (\Jg/g)(mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-i) C 

Va~or pressure. P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

389.2 

157-160 

0.350 (25°C) 

4.')0 

3.9 x 10-4 

NAV 

93 

Deta SourcE: 

WREF 

WREF [13-1] 

CC-Kow 

C-Kor. f Kow 

C-KB f Kow 

C-VP/S-2So [13-2) 

[13-2) 
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CI CI 13. HEPTACHLOR EPOXIDE 

1024-57-3 

o 
CI 

H 

PHYSICAL AND TRANSPORT DATA 

Prceerty or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, 3 (ppm) 
w 

Octano1-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water. 

, KB ((lJ g / g)(mg /O- 1) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mo1-1) c 

Va~or pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

389.2 

157-160 

EK-~ER 

0.350 (25°C) 

4.'i0 

2.2 x 102 

3.9 x 10-4 

NAV 

93 

Data Sourc(. 

WREF 

WREF [13-1] 

CC-Kow 

C-Koc f Kow 

C-Kl3 f Ko,," 

C-VP/S-25° [13-2] 

[13-2] 
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13. HEPTACHLOR FP:...O;;..;X.;.;I;...;;D....;;E~ ______ _ 

TRANSFORMATION DAT~ 

_________ P_T~o~p_e~r_t~_P~_s __ _ 

Photolysis data: 

Absorp~ion speC' trul~ 

Reaction quantum yield, ~. 
at ______ nm 

ni~ect photolysis rate 
constant, k (hr- 1) 

p 
at latitude -----

Oxidation constants at 25~C: 

For 102 (singlet oxy~en), 
It,OX (~l hr- 1) 

Fryr ROz (peroxy radical), 
1 (~l· -" ) ~OX' nr 

: drolysis rate constants: 

For base-rromoted pro~ess. 
lc.

B 
(~ hr- 1) 

For acid-~romoted proc~s~, 
kA (~ hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
ir water, ~ (ml cell- 1 hr- 1 ) 

Value 

-------

<3600 

20 

o 

o 

~-----------

(E) 3 x 10-12 

E: Estimated vclue; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[13-1) Several lIater solubility values, ranging from 0.20 to 0.35 ppm, 
were reported (WREF). 

[13-2) Vapor pressure value is assigned by analogy to heptachlor. 
This vapor pressure is used in the calculation of Henry's 
constant. 
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14. a-HEXACHLOROCYCLOHEXANE 

Orient at 10n of CAS No. 319-84-6 
el ICa.. on rlnl l!!!!!! 

AAlEU Q 

• ElIEU 8 

AMU! y (Undine) 

AlEEEE 6 

AEU£! t 

PHYSICAL AND TRANSPORT DATA 

_____ P;....r;...o...,jp ... e;...t;...t-s.y_ o. Proc ess 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water

i KB (~g/g)(mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

Value 

291 

157-158 

pK-NER 

95 

1 
3.8 x 10 

6.0 x 10-6 

2.5 x 10-5 (20°C) 

NAV 

Data Source 

WREF 

WREF [14-1] 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 



I 
I 
! 

I 
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14. Q-HEXACHLOROCYCLOHE~~E 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude -------- ------

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
orl hr- 1) 

For R02 (peroxy radical). 
k (M"'"I hr- 1) 

OX . 

Hydrolysis rate ~onstants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For acid-~romoted process, 
kA (M"'" hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

<3600 

6 

o 

o 

o 

(F.) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[14-1J Several water solubility values, ranging from 1.21 ppm to 
2.03 ppm,have been reported (WREF). 
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15. B-HEXACHLOROCYCLOHEXA~E 

CAS No. 319-85-7 

See a-Chlorocyc10hexane for structur~ 

PHYSICAL ~~D TRANSPORT DATA 

Property or Process 

Molecular w'1ght 

Melting point, °c 
Boi11n~ point, °c 
Ionizatio~ constant 

Partit1~n constants: 

Water solubility, S (pp~) 
W 

Octan01-water, K (ul1itless) 
ow 

Sediment-water, ~ (unjtless) 
oc 

Microorganisms-water, 
KS (\Jg/g) (mg/O\-l) 

VolatilizQtion constants: 

Henry's constant, H 
(atm m: mol-I) C 

Vapor pressure, P (torr) 
v 

R·aeration rate ratio, 
kC/ko 

v v 

Value 

291 

309 

pK-NER 

7.8 x 10 3 

3.8 x 10 3 

4.5 x 10-7 

\jAY 

97 

Data Source 

WREF 

WREF [15-1] 

CC-Kow 

C-Koc f 1(ow 

C-KB f Kow 

C-VP200/S25° 

WREF 

"' 



15. 8-HEXACHLOROCYCLOHEXANE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

bsorption spectrum 

Reaction quantum yield. ¢, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude -------- ------

Oxidation constants at 25°C: 

For IO? (singlet oxy~en), 
~ 1 1 k

OX 
or hr-) 

For R02 (perD~Y radical). 
k

OX 
(!-l! hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (!-l hr- 1 ) 

For acid-rromoted process, 
k A (M"" h r- 1 ) 

For n~utral process. 

k~ (hr-·) 

Biot rans forma t i on ra te cv.\S t an t : 

FOT bacterial transformation 
in wat~r, ~ (ml cell- 1 hr- 1 ) 

Value 

PNES 

PNER 

PNER --------

<3600 

o 

o 

o 

(E) 1 x 10 -10 

E: Est1.nated va~; see List of Source Codes. 

Data Source 

E-P -------.-

c-OX 

c-ox 

HNES 

H~;E;;.S _____ _ 

HNES 

E-KB 

(IS-I] Several water solubility values, ranging from 0.13 ppm to 
0.70 ppm. have been Leported (~EF). 
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16. o-H:::XACHLOROCYCLOHEXANE 

CAS No. 319-86-8 

See a-Ch10rncvclohexane for structure 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Meltin~ point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water. k (unitless) ow 
Sediment-water. K (unitless) 

oc 
Microorganisms-water, 

KB ( \J gig) (mg 10 - 1 ) 

Volatilization constants: 

Henry's constant, H 
( a t m m ~ ma 1 - 1 ) c 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

291 

138-139 ----

1.4 x 10" 

6.6 x 103 

3.5 x 103 

-7 2.07 x 10 

NAV 

99 

Data Source 

WREF 

WREF [16-1] 

Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S25° 

WREF 



16. 6-HEXACHLOROCYCLOHEXANE 

TP~~SFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Dir~ct photolysis rate 
constant, k (hr- 1) 

p 
_____ at ___ latitude 

Ox1d~tlon constants at 25°C: 

For 102 (singlet oxy~en), 
k (~l hr- 1 ) 

OX 
For R02 (peroxy radical), 

k
OX 

n·r l hr- 1 ) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (~ hr- 1 ) 

For acid-~romoted rrocess, 
k (M""' hr- 1 ) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

P~ES 

PNER 

PNER 

<360~0 ___________ _ 

6 

o 

o 

o 

(E) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[16-1] Several water solubility values, ranging from 8.64 ppm to 
31.4 ppm, have been reported (WREF). 
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17. LI~DA.~E 

c. CAS No. 58-·89-9 
H 

c. 
H 

PHYSICAL A.~D T~~SPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization c?nstant 

Partition constants: 

Water solubility, S (ppm) 
1.1 

Octanol-~ater, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB ( ( w g / g) (mg / £) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm m~ mol-I) c 

vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

291 

112.9 ------

7.8 x 10 3 

3.8 x 103 
._--

1.5 x 10j 

7.8 x 10-6 

NAV 

101 

Data Source 

WREF 

WREF [17-1) 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25° 

WREF 



17. L!~DANE _____________ _ 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, t, 
ilt ____ _ nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
_____ at ___ latitude 

Oxidation constants at 25°C: 

For 10~ (singlet oxv~en), 
'- , -' . 

k
OX 

or- hr -) 

For R02 (peroxy radical), 
k

OX 
or1 hr- 1) 

Hvdrolysis rate con~tants: 

For base-~romoted process, 
kB (~ hr- 1) 

For aCid-yrom0~ed process, 
kA (r-f" hr- l

) 

For neutral ?rocess, 

k:-; (h r- 1 ) 

B\otransformation rate constant: 

For bacterial transformatiLn 
in water, ~ (ml cell-; hr- 1 ) 

Value 

P~ES 

P~ER 

P~ER 

<3600 

6 

o 

o 

o 

-10 
(E) 1 x 10 

i: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox 

c-ox 

HNES 

H~ES: ____ _ 

HNES 

E-KB 

[17-1) Several solubility values, ran~ing from 0.04 ppm to 12 ppm, 
have been reported (~~EF). 
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18. I SOPHOIW~E 

CAS No. ~7~8:.;;::5~9..!.1 ________ _ 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Bo11in~ point, DC 

Ionization constant 

Partition constants: 

~ater solubility, S (ppm) 
'01 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitle~s) 
oc 

~icroorganisrns-water, 

KB (llg/g) (mg/O<) 

Volatilization cnnstants: 

Henry's con~cant, H 
(atm m3 mol-1) c 

Vapor pr~ssure, P (~orr) 
v 

Reaerat~on rate ratio, 
kC/ko 

v v 

Value 

138.2 

-8 ------
15 

l~ , 
_l~ ... ~ lJ8--1j 

.. 1§Y_._. __ _ 

t/7 

4f. 

·6 5.7':" ; 10 ----

103 

Data Source 

WREF 

WREF 

W~EF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S-[18-1] 

WREF 
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18. ISOPHORONE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectr~m 

Reaction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ----

Oxidation constant~ at 25°C: 

For 102 (singlet oxy~en), 
k nrl hr- 1) 

OX 
For ROZ (peroxy radical), 

k
OX 

or1 hr- 1) 

Hydrolysis rate constants: 

For base-promoted process, 
k orl r -1) 

B 
For a~id-tr~mofed process, 

kA (W hr-o) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, \ (ml cell- 1 hr- 1 ) 

Value 

SPEC-ATT [lR- 2] 

225 

o 

o 

o 

-9 
(E) 3 x 10 

E: E~timated value; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 

[18-1 ] No temperature is reported for water solubility; This 
value was used in the calculation of Henry's constant . 
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18. ISOPHORONE 

[18-2) UV spectrum of isophorone in ethanol <301vent is shown 
below (UV Atlas, 1966). 

r·" ! Iii Iii ; I 
112 ItJD no JOO fOD fOO 
~ '"'I'-!: 
~.----+-----+-----+-~--+-----~-----------

~ 

I ! I 
i 
I ~I i ' ; 

d~l--/~~\~~~i--~:--~i~ 

~~t~I/~~I--~!\~--~I--~:~ 
tJ w I, I 1,1 i ' 
~ d·--~----~,----~~--~--~----~--~-~ 

': ! i I \! i I -
A I \ I . 1 

d c~~c., -+j-----I-I-"""\-+-A-~ ---:----+--: i ---I 
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19. TCDD 

CAS No. 1746-01-6 

"'(7 0"TAT~ 
~~M., 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boi1in~ pOint, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water. K (unit1ess) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water

l ~ (~g/g) (mg/r.)- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

322 

303-305 

pK-NER 

2 x 10-4 

6.9 x 106 

3.3 x 106 

6.9 x 105 

-3 2.1 x 10 

0.373 

107 

Data Source 

WREF 

WREF [19-1] 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

c-w/s [19-2] 

[19-3) 

C-DC.7 
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19. TeDD 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ----

Oxidation constants at 2S·C: 

For 102 (singlet oxy~en), 
k orl hr- 1) OX 

For R02 (peroxy radical), 
k Oil hr- 1) OX 

Hyd.rolysis rate constants: 

For base-yromoted process, 
kB (~ hr- 1) 

For acid-fromoted process, 
kA (~ hr- 1) 

For neutral process. 

~ (hr-1) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

Value 

<~60 

o 

o 

o 

-10 (E) 1 x ..;;.1~0 ___ _ 

E: Estimated value; see List of Source Codes. 

Data Source 

C-ox 

c-OX 

HNES 

HNES 

HNES 

E-KB 

[19-1] No temperature is reported for the water solubility. 

(19-2] Vapor pressure and the water solubility given above are used in the 
calculation of Henry's constant. 

(19-3] Vapor pressure calculated from structure using methods described 
by Lyman at a!. (1982). Calculation conducted by R. T. Podoll, 
SRI International. 
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20. TOXAPHI!:NE 

CAS No. 8001-35-2 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, DC 

Boilin~ point, DC 

Ionization constaHt 

Partition constants: 

Water solubility, Sw (ppm) 

Octanol-water, K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water

l KB (\.Ig/g) (mg/.O- ) 

Volatilization constants: 

Hen~y's constant, H 
(atm m3 mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

414 

pK-N,_ER ___ _ 

2.00 x 103 

964 

429 

0.21 

0.330 

109 

Data Source 

[20-1] 

WREF 

WREF 

C-Koc f Kow 

C-KB f Kow 

C-VP / 5-25 D 

WREF 

C-DC.7 



20. TOXAPHENE 

TRANSFORMATION DATA 

Property or Process Villue 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~, 

at nm PNER 
~~~----------

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet cxygen), 
k (M""l hr- 1) 

OX 
For R02 (peroxy radical), 

k orl hr- 1) 
OX 

Hydrolysis rate constants: 

For base-fr~moted process, 
kB (~ hr- 1 ) 

For acid-promoted process, 
k (M""l hr- 1) 

A 
For neutral process, 

kN (hr- 1) 

Biotra~sformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

<3600 

3 

o 

o 

o 

-12 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox --.-------

HNES 

HNES 

HNES 

E-KB 

[20-1] Toxaphene is a chlorinated camphene mixture containing 67-69% 
chlorine. Value reported here is an average molecular weight 
for the m ix t u r e • 
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SECTION 3.3. PCBS AND !-CHLORONAPHTHALE!~ 

21. Aroc1or 1016 
22. Aroc1or 1221 
23. Aroc1or 1232 
24. Aroc1or 1242 
25. Aroc1or 1248 
26. Aroc1or 1254 
27. Aroc1or 1260 
28. 2-Ch1oronaphtha1ene 

* See footnotes for Aroc1or 1016 (data sheet nurnher 21) for comments 
on data for PCB mixtures that constitute Aroc1or.s 
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21. AROCLOR 1016 

CAS No. 

t' 

a 

C1 

Numbering sequence for polychlorinated 
biphenyl 

PHYSICAL AND TRANSPORT DATA [21-1] 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
107 

Octanol-water, K (unitless) ow 
Sediment-water, K (unicless) 

oc 
Microorganisms-water

l KB (\Jg/g) (mg/t)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

257.9 

pK-NER 

5 3.8 x 10 
5 1. 8 x 10 

5.0 x 104 

3,3 x 10-4 

NAV 

115 

Data Source 

WREF 

WREF 

C-Koc f Kow 

C-KB f Kow 

WREF 

Preceding page blank 



21. AROCLOR 1016 

TRANSFORMATION DATA [21-2) 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at _______ nm 

Direct photolysis r~te 
constant, k (hr- 1) 

p 
at latitude -----

Oxidation co~stants at 25°C: 

for 102 (singlet oxy~en), 
k

OX 
0,1 hr- 1) 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For basp.-~romoted process, 
kB (M"" hr- 1) 

For acid-~romoted process, 
k (M""- hr-l) 

A 
For neutral process, 

kN {hr- 1) 

Biotransformation rate consta~t: 

For bacterial transformdtion 
in water, ~ (ml ce11- 1 hr- 1) 

Value 

«360 

«1 

o 

o 

o 

-9 -12 
(E)3 x 10 '\,3 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

C-OX 

C-ox 

HNES 

HNES 

HNES 

E-KB [21-2] 

[21-1) These process data are given for the specific mixtures of PCBs 
called Aroclors as listed in WREF. The data are "averaRe" 
values for each p~operty. and the properties of individual PCBs 
will vary depending on the number and position of chlorines on 
the biphenyl ring. 

[21-2] As dis~ussed in [21-1] above, Aro~lors are mixtures of PCBs. 
PCBs are not hydrolyzable under environmental conditions. In 
general. the more highly chlorinated isomers are less suscer­
tible to biological or abiotic oxidation processes. 
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22. AROCLOR 1221 

CAS No. 11-042-82 

PHYSICAL AND TRANSPORT DATA (see (21-1) 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB ( u gig) (mg H) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) C 

Vapor pressure, P (t~pr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value Data Source 

200.7 

pK-NER 

C-Sw f KQw 

W'REF 

C-Koc f Kow 

C-KB f Kow 

1.7 x 10-4 C-VP/S-2S0 
~--

WREF 

NAV 
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22. AROCLOR 1221 

TRANSFORMATION DATA (see [21-2]) 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- I ) 

p 
_____ at latitude 

Oxidation co~stanrs at 25°C. 

For 102 (singlet oxy~en). 
k (~1 hr- I ) 

OX 
Fer R02 (peroxy radical). 

k
OX 

(l.f""1 hr- 1) 

Hydrolysis rate constants: 

For base-yromoted process. 
kB (~ hr- 1) 

For aCid-promoted process, 
kA (~l hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (m1 cel1- 1 hr- 1) 

Value Data Source 

«360 C-OX 

<1 c-ox 

a HNES 

a HNES 

a HNES 

(E) 3 x 10-9'\,3 x 10-12 ..,:E::...-..:,:K::::B ____ _ 

E: Estimated value; see List of Source Codes. 

118 

1 

J 



23. AROCLOR 1232 
CAS No. 111-411-65~ __________ _ 

PHYSICAL AND TRANSPORT DATA (see [21-1]) 

Property or ProLc~s 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-w~ter, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB (u g / g ) (mg/t)-l) 

Volatilization constants: 

Henry's c~nstant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration r~te ratio, 
kC/ko 

v v 

119 

Value 

232.2 

pK-NER 

407 p5°q 

1.6 ~ lQ3 

771 

351 

-5 
1.13 x 1.0 

NAV 

Data Source 

C-Sw f Kow 

WREF 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

WREF 



23. -bROC10R l23~2 ________ . ______________ _ 

TRANSFORMAT.l.ON OAT;. (st..e (2l-2]) 

____ -.;;.p,;;...'. "'~rty 0;; Proces1 

Photolysis data: 

Absorption speccrum 

Reaction qu~ntum yjeld. ¢. 
at nm 

Direct photolysis rate 
constant, k (hr- 1 , 

p 
at latit'lde -----

Oxidation constants at 25°C: 

For 102 (singlet oxy~~n), 
k (M""' 1 h r -1 ) 

OX 
For R02 (peroxy radical), 

k (~1 hr- 1) 
OX 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (~ hr- 1) 

For acid-~romoted process, 
kA (M"" hr- 1) 

For neutral process. 

kN (hr- 1) 

Biotransformation rate constant: 

For bacteriai transformation 
in water. ~ (ml cell- 1 hr- 1 ) 

Value Data Source 

«360 C-ox 

«1 c-ox 

o HNES 

o HNES 

o H1-r:.¥S __ 

-9 -12 
(E) 3 x 10 "-3 x 10 ...;;E;;...-..;..K~B ____ _ 

E: Estimated value; see List of Source Codes. 
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24. ~ROCLOR 1242 

CAS No. 534-692-19 

PHYSICAL AND TRANSPORT DATA (see [21-1) 

Property or Process 

Molecular weight 

Melting point, °c 
Bo11in~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
~~ 

Octanol-water, K (. nitless) ow 
Sediment-water, K (unit1ess) 

DC 

Microorganisms-water
i KB (u g/ g ) (mg/~)- ) 

Volatilization constants: 

Henry's constant, H 
(alm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

Value Data Source 

266.5 

pK-NER 

Wkf.F 

C-Koc f Kow 

C-KB f Kow 
~~;......--

1. 98 x 10-3 C-VP/S-25° 

WREF 

0.382 C-DC.7 
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24. MOCLOR 1242 

TRA~SFORMATION DATA (see [21-2]) 

_________ P_r_o~p_erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ¢, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ----

Oxidation c~nstants at 25°C: 

For 102 (singlet oxy~en), 
kOX orl hr- 1} 

For R02 (peroxy radical), 
k

OX 
orl hr- I ) 

Hydrolysis rate constants: 

For base-~romoted process. 
kB or hr- 1) 

For acid-promoted process. 
kA (M""l hr- 1 ) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- I ) 

Value Data Source 

«360 C-OX 

C-OX 

o HNES 

o HNES 

o HNES 

-9 -12 
(E) 3 x 10 "'3 x 10 ...;;E;;...-..;;;K;;:.B ____ _ 

E: Estimated value; see List of Source Codes. 
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25. AROCLOR 1248 

CAS No. 126-722-96 

PHYSICAL AND TRANSPORT DATA (see [21-1]) 

Property or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, Sw (ppm) 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water

i KB ()Jg/g) (mg/.Q,)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) C 

Vapor pressure, P (torr) 
v 

Reaerat10n rate ratio, 
kC/ko 

v v 

Value 

299.5 

pK-NER 

0.054 (25°C) 

5.75 x 105 

2.77 x 105 

7.29 x 104 

3.6 x 10-3 

0.370 

123 

Data Source 

WREF 

WREF 

C-Koc f Kow 

C-KJi f Kow 

C-vp/s-2S0 

WREF 

C-DC.7 

, ~'.'.~ 

e , 

l 



25. AROCLOR 1248 

TRANSFORMATION DATA (see [21-21) 

________ P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_____ at laU tude 

Oxidation constants at 25°C: 

For 102 {singlet oxy~en}, 
k

OX 
orl hr- 1) 

For R02 (peroxy radical). 
k

OX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (~ hr- l ) 

For acid-promoted process, 
kA nil hr- 1) 

For neutral process. 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
1n water, ~ (m1 cell- 1 hr- 1) 

Value 

------_.-

«360 

«1 

o 

o 

o 

E: Estimated value; see List of Source Codes. 
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Data Source 

C-ox 

c-ox 

liNES 

HNES 

HNES 



26. AROCLOR 1254 

CAS No. 110-976-91 

PHYSICAL AND TRANSPORT DATA (see [21-1]) 

Property or Process 

Molecular weight 

Melting point, DC 

ijoiling point, DC 

Ionization constant 

Partition constants: 

Water solubility. Sw (ppm) 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water

l Kn (~g/ g) (mg/ i.) - ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-i) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

125 

Value Data Source 

328.4 ---------

pK-NER 

• 
0.031 p5°q WREF 

1.1 2S 106 WREF 

5.3 x 105 C-Koc f Kow 

1.3 x 105 C-KB f Kow 

2.6 x 10-3 WREF 

7.71 x 10-5 (25°C) WREF 

0.359 C-DC.7 



26. AROCLOR 1254 

·~RANSFORMATION DATA (see [21-2]) 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
nrl hr- 1) 

For R02 (peroxy radical), 
k

OX 
nrl hr- 1) 

Hydrolysis rate constants: 

For base-rromoted process, 
kB (~ hr- 1) 

For acid-rromoted process, 
kA (M"" hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

.I 

Value Data Source 

«360 C-ox 

«1 c-ox 

o HNES 

o HNES 

o HNES 

-9 -12 
(E) 3 x 10 "-''3 x 10 E-KB 

E: Estimated value; see List of Source Codes. 
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27. AROCLOR 1260 

CAS No. 110-968-25 

PHYSICAL AND TRANSPORT DATA (see [21-1]) 

Property or Process 

Molecular weight 

Melting point, ·C 

Boiling point, ·C 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unitless) ow 
Sediment-water, K oc (unit1ess) 

Microorganisms-water
l 1<B (~g/g) (mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m' mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value Data Source 

375.7 

pK-NER 

2.7 x 10- 3 (25°C) WREF -
1.4 x 10

7 WREF 

6.7 x 106 C-Koc f Kow 

1.~ x 106 C-KB f Kow 

0.74 C-VP/S-25° 

WREF 

0.346 C-DC.7 
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27. AROCLOR 1260 

TRANSFORMATION DATA (see [21-1) 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectr~m 

React~on quantum yield, f, 
at nm 

Direct photolysis rate 
c~nstant. k (hr- 1) 

p 
at latitude ----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

oX 
(M"" 1 hr- 1) 

Value 

«360 

Data Source 

c-ox 
For R02 (peroxy raLica1), 

k
OX 

orl hr- 1) «1 c-ox 
Hydrolysis rate constants: 

For base-fromoted process, 
kB (M"" hr- 1) 

For acid-~romoted process, 
kA (~ hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

o HSES 

o HNES 

o HNES 

For bacterial transformation 
in water, ~ (m1 cell- I hr- I ) (F.) 3 x 10-9"'3 x 10-12 ,.:E;:...-.:;:K::,;B ____ _ 

E: Estimated value; see List of Source Codes. 
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28. 2-CHLORONAPHTHALENE 

CAS No. 91-58-7 
~~~~-----------------00-0 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, ·C 

Boilin~ point, ·C 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
01;1 

Sediment-water, K (unitless) oc 
Microorganisms-water. 

KB (~g/g)(mg/i)-l) 

Volatilization constantn: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

129 

Value 

162.62 

61 

pK-NER 

4.8 x 103 

5.4 x 10-4 

0.017 (20°C) 

NAV 

Data Source 

WREF 

WREF 
WREF 

C-Koc f Kow 

C-KB f Kow 

-'---'---



28. 2-CHLORONAPHTKALENE 

TRANSFORMATION DATA 

_________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet 'oxy~en), 
k

OX 
or1 hr- 1) 

For R02 (peroxy radical), 
k

OX 
(M'"" 1 hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M'"" hr- 1) 

For acid-frornoted process, 
kA (M'""~ hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

«360 

«1 

o 

o 

o 

-9 (E) 3 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

C-OX 

C-OX 

HNES 

HNES 

HNts 

E-lCB 



SECTION 3.4. HALOGENATED ALIPHATIC CHEMICALS 

29. Chloromethane (methyl chloride) 
30. D1chloromethane (methylene chloride) 
31. Trichloromethane (chloroform) 
32. Tetrachloromethane (carbon tetrachloride) 
33. Chloroethane (ethyl chloride) 
34. l.l-Dichloroethane (ethylidine chloride) 
35. l.2-Dichloroethane (ethylene dichloride) 
36. 1.1.1-Trich1crott:hane (methyl chloroform) 
37. l.l.2-Trichloroethane 
38. l.1.2.2-Tetrachloroethane 
39. Hexachloroethane 
40. Chloroethene (vinyl chloride) 
41. l.l-Dichloroethane (vinylidine chloride) 
42. 1.2-trans-Dichloroethene 
43. Trichloroethene 
44. Tetrachloroethene (perchloroetnylene) 
45. 1.2-Dichloropropane 
46. 1,3-Dichloropropene 
47. Hexachlorobutadiene 
48. Hexachlorocyclopentadiene 
49. Bromomethane (methyl bromide) 
50. Bromodichloromethane 
51. Dibromochloromethane 
52. Tribromomethane (bromoform) 
53. Dichlorodiflu0:··'7·t~ane 

54. Tril."l"/rof lUll'~'mf';;",.; " 
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29. CHLOROMETHANE 

H CAS No. 74-87-3 , 
0- C-H 

H 

PHYSICAL AND TRANSPORl DATA 

Proferty or Process 

Molecular weight 

Melting peint, °c 
BC>i.ling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow . 

5edin'1£mt-'water, K (unitless) ac 
Microc7ganisms-water

I KB (~g/g) (mg/O- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mal-1) C 

Vapor pressure, P (torr) 
v 

Reaeration r2te ratio, 
kC/ko 

v v 

Value 

50.49 

-97.73 

-24.2 

pK-NER 

6.45 x lO~ (20°C) 

8.9 

4.:; 

. '" 
._-j '._'" 

O. O!~ 

~~l03 (20°C) 

O •. "2 -----
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Data Source 

CRC 

CRC 

WREF 

CC-Kow 

C-Kac f Kow 

C-KB f Kaw 
.... _ ..... w." 

:;_Tp / 5-200 

~.JRr ~ 

C-DC 7 

rreceding page blank 



29. CHLOROMETHANE 

TRANSFORMATION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, " 
at nm ~P~N~E~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at ______ latitude 

Ox~dation constants at 25°C: 

For 102 (singlet oxygen), 
'k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k (~l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (M"" i:tr- 1) 

For aCid-fromoted process, 
k A (tor hr- 1 ) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
:In water, ~ (ml cell- 1 hr-1) 

PNER 

«360 

0.05 

o 

E: Estimated value; see List of Source Codes. 
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Data Sour':e 

E-P 

C-ox 

c-ox 

HPHI 

NACM 

WREF 

VF-NBD 



30. DICHLOROMETHANE 

CAS No. 75-09-2 
Q 

I 

! 

PHYSICAl AND TRANSPORT DATA 

Property or Process ---
Molecular weight 

Melting point, ·C 

Boilin~ point, ·C 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (un1tless) oc . 
Microorganisms-water r KB (~g/g)(mg/~)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

84.94 

-95 

39.75 

pK-NER 

2.0 x 104 (20°C) 

18.2 

8.8 

6.0 

2.03 x 10-3 

0.650 
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Data Source 

WREF 

WREF 

WREF [30-1] 

CC-Kow 

C-Koc: f Kow 

C-KB f Kow 

C-DC.7 



30. DICHLOROMETHANE 

TRANSFORMATION DATA 

Prop~rty or Process ______ V~a~l~u~e~ _____ .._.. 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~, 

at nm PNER 
~~--------------

Direct photolysis rate 
constant, k (hr- 1) p 

______ at ____ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

oX 
(11 1 hr- 1) 

For R02 (peroxy radical), 
kate (!'II hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (M"" hr- 1) 

For aCid-~romoted process, 
kA or hr-l) 

For neutral process, 

~ (hr- 1) 

Biot~ansformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

«360 

0.2 

o 

-7 1.15 x 10 . (25°C) 

E: Estimat~d value; see List of Source Codes. 

Data Source 

UV-ATLAS 

C-I)X 

c-OX 

HPHI 

NACM 

WREF 

VF-NBD 

[30-1 ] 
4 

Several values, ranging from (1.32 - 2.00) x 10 ppm, have been 
reported (WREF). 
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31. TRICHLOROMETHANE 
o 
I 

CAS No. 67-66-3 

Q- C --~ 

! 

PHYSICAL AND TRANSPORT JATA 

Property or Process 

Molecular weight 

M~lting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, 5 (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water, 

KB (ug/g)(mg/£)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

119.38 

-63.5 

61. 7 

pK-NER 

44 

26 

2.88 x 10-3 

0.583 
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Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Row 

C-KB f Kow 

WREF 

C-DC.7 



t 
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31. TRICHLOROMETHANE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at _____ nm 

Direct photolysis rate 
constant. k (hr- 1) p 

________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
orl nr-1) 

Fot R02 (peroxy radical), 
k

OX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For ~cid-promoted process, 
k (~l hr- 1 ) 

A 
For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

«360 

0.7 

o 

E: Estimated value; see List of Source Codes. 

13f! 

Data Source 

UV-ATLAS 

c-ox 

c-ox 

Mabey & Mill, 1978 

NACM 

Mabey & Mill. 1978 

VF-NBD 



32. TETRACHLOROMETHANE 

a CAS No. 56-23-5 

I 
a-c-a 

I 
CI 

PHYSICAL AND TRANSPORT DATA 

Property or Proc~e~s~s~ __ __ 

Molecular weight 

Melting point, ·e 
Boiling point, ·C 

Ionization constant 

Partition constants: 

Water solurility, Sw (ppm) 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water

i KB (~g/g)(mg/l)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-l) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

153.82 

-22.99 

76.54 

pK-NER 

439 

211 

0.023 

0.536 
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Data Source 

CRe 

WREF 

WREF 

CC-Kow 

C-Koc: f Kow 

C-KB f Kow 

C-VP/S-200 

WREF 

e-DC.7 



32. TETRACHLOROHETHANE 

TRANSFORMATION DATA 

Propp-rty or Process 

Photolysis data: 

A~sorption spectrum 

Reaction quantum yield, t, 

Value 

PNES 

at nm ~PN~E~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ____ latt tude 

Oxidation constants at 2S·C: 

For 102 (sinllet oxy~en), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k

OX 
orl hr- 1) 

Hydrolysis rate constants: 

For base-yromoted process, 
kB (M'" hr- 1) 

For acid-promoted process, 
kA orI hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

«360 

«1 

o 

[32-1 ] 

(E) 1 x 10-
10 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATl.AS 

C-ox 

c-ox 

HPHI 

NACM 

F.-KB 

[32-1] The kine~ics of hydrolysis of CC14 has been reported as 
being second order in CCl 4 concentration, although no 
explanation for fhis behavior is available. At 1 ppm 
concentrations. the calculated half-life is 7000 years at 
pH 7 and 25°C (Mabey and Mill. 1978). 
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33. CHLOROETHANE 
CAS No. ..;.7.;;.5_-0..;..O;;...-...;;)~ ______ _ 

H H 

I I 
H-C - C -CI 

I I 
H H 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, DC 

Boilin~ point, DC 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water

i KB (u g/ g) (mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mo1-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

64.52 

-136.4 

12.27 

pK-NER 

5.74 x 10) (20°C) 

30.9 

14.9 

9.8 

0.148 

0.645 

141 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20· 

WREF 

C-DC.7 



.~ -, .. 
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33. CHLORO!!_HAN~~E~ ________________ ___ 

TRANSFORMATION DATA 

____ .;;P.;;r.;;o;.&p;..;e;..;r;..;;.tl. or Pr 0 C es s 

Phot(llysis data: 

Absorption spectrum 

Reaction q~antum yield, ~, 

Value 

PNES 

at nm PNER 

Direct 7hotolysis rate 
constdnt, k (hr- 1) 

p 
______ at ____ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(}11 hr- 1) 

For R02 (peroxy radical). 
k

OX 
nil hr- 1) 

Hydrolysis rate constants: 

For base-1romoted process, 
~ (~ hr- 1) 

For acid-promoted process, 
k or1 hr- 1 ) 

A 
For neutral process, 

~ (hr- l ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

---------------

PNER 

«360 

«1 

o 

E: Estimated value; see List of Source Codes. 
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Data Source 

E-P 

c-OX 

c-ox 

HPH! 

NACM 

WREF 

VF-NBD 



34. 1.1-DICHLOROETHANE 

CI H CAS No. 75-34-3 

I I 
H-C-C-H 

I I 
CI H 

PHYSICAL AND TRANSPORT DATA 

Proeertl or Process 

Molecular weight 

Melting point, DC 

Boiling point, DC 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

OClanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water! 

KS (~g/g)(mg/i)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol- 1) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

98.96 

-96.98 

57.28 

pK-NER 

30 

19 

4.26 x 10- 3 

0.580 
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Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc: f Kow 

C-KB f Kow 

Verschueren. 1977 

C-DC.7 

, , 



34. l,1-DICHLOROETHANE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. t, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(~l hr-1) 

For R02 (peroxy radical). 
k

oX 
(!or l hr- 1) 

aydrolysis rate constants: 

For base-~romoted process, 
~ or hr- 1) 

For ac1d-~roruoted process, 
kA or hr-l) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

«360 

1 

o 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

c-ox 

c-ox 

NACM 

[34-1] 

VF-NBD 

[34-1] Hydrolysis neutral rate constant has been assigned by 
analogy to d1ch1oromethane. 
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o ::\ 
I I 

tot-C-C' -tot 

I I 
tot lot 

35. 1,2- ICHLOROETHANE 

CAS No. 107-06-2 

PHY:::. ~ '.:>': AND TRA~SPORT DATA 

Property or Process 

I'1l'L::culat' weight 

Melting point, DC 

Boilin~ point, DC 

IOT1izatiotl Cc,""st.'lnt 

Partition constant~~ 

Water solubiljt~. 5 (ppm) 
101 

Octanol-water, K (\ .. dtless) 
ow 

Sedime.nt-water, K (u"itless) oc 
~lcroorganjsms-water, 

Kg ().!g/g)(mg/i.)-,l) 

Volatilization constants: 

Henry's constant, U 

( a t m m 3 mo r 1 )' c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

98.98 

-35.36 

83.47 

pi(-NER 

8.69 x 103 

30 

14 

..1., ____ _ 

-4 9.14 >; 10 

61 ( 2~O_°r.;...:.) __ 

1 J.; 

Data Source 

WREF 

WREF 

\OiREF 

CC-Kow 

r.-Koc f Kow 

C-KB f Kow 

C-VP/S-20° 

WREF 



35. 1,2-DICHLOROETHANE 

TRANSFORMATION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~, 

at nm PNER 
~--~------------

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k (~1 hr- 1) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
kB o-r hr- 1) 

For acid-promoted process, 
kA nrl ht·- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

<360 

<1 

o 

-10 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

E-P 

c-ox 

c-ox 

NACM 

WREF 

E-KB 



CI H 

I I 
CI-C-C -H 

I I 
CI H 

36. 1,1,1-TRICHLORC~TH~E 

CAS ito. 71-55-& 

PHYSICAL AND TRANSPORT DATA 

Pr02ertI or Process 

Molecular weight 

Melting point, °c 
Boilin~ pOint, °c 
Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water. K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water

i KB ('>lgl g) (mgl ·0- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mol-I) C 

Vapor pressure. P (torr) 
v 

Reaerat10n rate ratio. 
kC/ko 

v v 

Value 

133.41 

-30.41 

74.1 

pK-NER 

152 

81 

0.03 

0.533 
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Data Source 

\ol;-o-'r. 

WI· ~i: 

Dilling. J~77 

CC-Ko .... 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25° 

Dilling, 1977 

C-DC.7 



36. __ l.l.l-TRICHLOROETHANE 

TRANSFORMATION DATA 

Property or Process ____ _ Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~, 
at nm ~P~N~E~R~ __________ __ ----- -

Direct phot~lysis rate 
constant, k (hr- I ) 

p 
____ at ____ latitude 

Oxidation con~tants at 25°C~ 

For 102 (slnt ~t oyygen), 
k

OX 
orl hr- I ) 

For R02 (peroxy radical). 
k

OX 
(~I hr-I) 

Hydrolysi~ rate constants: 

For base-~romoted p¥ocess, 
~ (~ hr- l ) 

For aCid-promoted proceSL, 
k (~1 hr-I) A . 

For neutral process, 

~ (hr- I ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 nr- I ) 

PNER 
~=:.:.----"'.--

«360 

-l ______________ _ 

o 

E: Estimated value; see List of Source Codes. 
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Data Sou;'ce 

WREF 

c-ox. ___ _ 

~-ox 

~ACM 

WREF 

VF-NBD 



37. 1,1,2-TRICHLOROETHANE 

CAS No. 79-00-5 

i 
Q-C -C-H 

I I 
H H 

PHYSICAL AND TRANSPORT DATA 

Proeerty or Process 

Molecular weight 

Melting point, °c 
Boiling pOint, °c 
Ionization constant 

Partition constants: 

Water solubility, Sw (ppm) 

Octanol-water, K (unitless) ow 
Sed~ment-water, K (uni~less) oc 
Microorga~isms-waterI 

KB (~g/g)(mg/R.J- ) 

Volatilization constants: 

Henry's coastdnt, H 
(atm m3 mol-1) c 

Vapor pres~ure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

133.41 

-36.5 

113.77 

pK-NER 

4.5 x 103 (20°C) 

117 

56 

-4 7.42 x 10 

19 (20°C) 

NAV 

149 

Data Source 

WREF 

CRC 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-200 

WREF 



37. 1. 1, 2-TRICHLOROETHANE 

TRANSFO~~TION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield. ~, 

at nm PNER 

Direct photolysis rate 
constant, k (hr- I ) 

p 
________ at ______ latitude 

Oxidation ~onstants at 25 DC: 

For 102 (singlet oxy~en), 
k (WI hr- 1) 

OX 
For R02 (peroxy radical), 

k nrl hr- 1) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (K'" hr- 1) 

For acid-promoted process, 
kA nrl hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

------------------

PNER 

«360 

3 

o 

-7 1.2 x 10 (25°C) 

(E) 3 x 10-12 

E: Estimated value; see List of Source Codes. 

Data Source 

WREF 

c-OX 

c-OX 

NACM -------
E-H [37-1] 

E-U 

[37-1] Neutral hydrolysis rate constant was assigned by analogy 
to dichl~ronethane. 
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38. l,l,2,2-TETRACHLOROETHANE 

CAS No. 79-34-5 

T i 
H-C -C-H 

l I 
a 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition ~onstants: 

Water solubility, S (ppm) 
w 

Octanol-w~ter, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 
~ (llg! g)(mg!t) -1) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol- 1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

167.85 

-36 

146.2 

pK-NER 

2.9 x 10 3 (20°C) 

245 

118 

91 

3.8 x 10-4 

NAV 

15l 

Data Source 

WREF 

WREF 

WREF 

Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP!S-200 

WREF 



38. l,l,2,2-TETRACHLOROETHANE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation c~nstants at 25 DC= 

For 102 (singlet oxygen), 
k (~l hr- 1) ex 

For R02 (peroxy Tadical), 
k. (~l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-yromoted process, 
~ (~ hr- 1) 

For acid-promoted process, 
kA (~l hr-l) 

For neutral process, 

~ (hr- 1) 

BiQtransformation rate constant: 

For bacterial tr3nsformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

«360 

2 

o 

E: Estimated valg~; see List of Source CoCes. 

Data Source 

WREF 

C-ox 

c-ox 

NA01 

E-H [38-1] 

E-KB 

[38-1] Hydrolysis neutral rate constant is assigned by ailalogy to 
dichloromethane. 
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39. HEXACHLOROETHANE 

CAS No. 67-72-1 
CI CI 

I I 
CI-C-C -0 

j j 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

HcltinR point, ·C 

Boili~a point, ·C 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water. K (unit1ess) ow 
Sediment-~ater, K (unit1ess) oc 
Microorganisms-water, 
~ (\Jg/gHmg/£)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 
v v 

Value 

236.74 

186.8-187.4 

186 (777mm) 

pK-NER 

4 4.2 x 10 
4 2.0 x 10 

6.75 x 103 

-3 2.49 x 10 

0.443 

153 

nata Source 

CRC [39-1] 

w:tEF [39-1) 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S22° 

WREF 

C-DC.7 



39. HEXACHLOROETHANE 

TRANSFORMATION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, " 
at nm PNER 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_____ lit latitude 

Oxidation constanta at 2SoC: 

For 102 (singlet oxy~en), 
k (M""l hr- 1) OX . 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For base-vromoted process, 
kB (~ hr- 1) 

For acid-~romoted process. 
kA (M"" hr- 1) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

------------------

PNER 

o 

o 

o 

o 

o 

-10 
~E) 1 x 10 

E: Estimated value; see List of Source Codes. 

[39-1] Hexachloroethane sublin~s on heating. 
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Data Source 

WREF 

c-ox 

c-ox 

HNES 

NACM 

HNES 

E-KB 
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40. CHLOROETHENE 

CAS No. 75-01-4 

PHYSICAL AND TRANSPORT DATA 

Profertl: 0'( Process 

Molecular weight 

Melting point, °c 
Bollin~ point. °c 
Ionization constant 

Partition constants: 

Water solubility. 5 (ppm) 
w 

Octano1-water, K (unitless) ow 
Sediment-water, K (unit1ess) oc 
Microorganisms-water! 
~ (\Jg/g) (mg/O- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

Value 

62.5 

-153.8 

-13.37 

pK-NER 

8.2 

5.7 

£:.14 x 10-2 

0.675 

155 

Data Source 

WREF 

WREF 

DUl1nJ..t. 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 ---
WREF 

C-DC.7 
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40. CHLOROETHENE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, *. 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox nrl hr- 1) 

For R02 (peroxy radical), 
kox or 1 hr- 1) 

Hydrolysis rate constants: 

For base-,romoted process. 
~ (~ hr- 1) 

For aCid-~romoted process, 
kA (~ hr- 1) 

For ne~tral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml.~ell-l hr- 1) 

Value 

PNES 

PNER 

PNER 

3 

o 

o 

o 

E: Estimated value; see List of Source Codes. 
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..... -

~ta Source 

WREF 

C-ox 

c-ox 

HNES 

HNES 

HNES 

VF-NBD 

I 



41. l,l-DICHLOROETHENE 

CAS No. 75-35-4 

PHYSICAL AND TRANSPORT DATA 

Pro2ertl or Process 

Molecular wei~ht 

Melting point, DC 

Boiling point, DC 

Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water

l Ka (lJg/g) (mg/.2.)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol- 1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

96.94 

-122.1 

37 

pK-NER 

400 (20 DC) 

135 

65 

53 

0.190 

591 (25' .:." 

0.601 

157 

Data Source 

WREF 

WREF 

WREF _ ........ ', .. ,. 

P"lllona 

C-Koc f Kow 

C-KB f Kow 

':-VP.? 5 0 IS200 

WREF 

C-DC.7 



41. l,l-DICHLOROETHENE 

TRANSFORMATION DATA 

Property or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~. 
at nm PNER 

------------------Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
k

OX 
(Jor 1 hr- l ) 

For R02 (perory radical), 
k (lor I hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process, 
~ (~ hr- 1) 

For acid-promoted process. 
k or1 hr-l) 

A 
For neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

3 

o 

o 

o 

E: ~stimated value; sec List of Source Codes. 
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Data Source 

WREF 

c-ox 

c-ox 

HNES 

HNES 

HNES 

VF-NBD 



42. -L, 2-TRANS-DICHLOROETHENE 

CAS No. 540-59-0 

Q 

/ 
c 

"-H 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °e 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water. K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water! 

KB (~g/g)(mg/t)- ) 

Volatilization con~tants: 

Henry's constant, H 
(atm m3 mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

96.94 

-50 

47.5 [42-1] 

pK-NER 

123 

59 

48 

0.067 

0.601 
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Data Source 

WREF 

WREF 

·~REF 

Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20° 

Dill1n~. 1977 

C-DC.7 



.; 

42. l,2-TRANS-DICHLOROETHENE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k

OX 
orl hr- 1) 

HydrolYSiS rate constants: 

For base-fromoted process, 
kB or hr- 1) 

For acid-promoted process, 
k (!r1 hr-l) 

A 
For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

6 

o 

o 

o 

E: Estimated value; see List of Source Codes. 

[42-1) No pressure is reported for the boilin~ point. 
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Data Source 

UV-ATLAS 

c-ox 

C-ox 

HNES 

HNES 

HNES 

VF-NBD 



43. TRICHLOROETHENE 

CAS No. 79-01-6 

PHYSICAL AND TRANSPORT DATA 

ProEert~ or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
\" 

Octanol-water, K (unitless) 
0'" 

Sediment-water, K (unitless) oc 
Microorganisms-water

i KB (~g/g)(mg/t)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

131.39 

-73 

87 

pK-NER 

1.1 x 103 (20°C) 
263 

12~ 

161 

97 

-3 9.1 x 10 

sf.9 (20°C) 

0.548 

Data Source 

WREF 

WREF 

WREF 

Pomona 

C-Koc f Kow 

C-J(B f Kow 

WREF 

C-DC.7 



43. TRICHLOROETHENE 

TRANSFORMATION DATA 

Property 01 Pro_c_e.;..s.;..s~ __ 

Photolysis data: 

Absorption spec~rum 

Reaction quantum yield. " 

Value 

PNES 

at nm PNER 
...;..;"'-=~---

Direct photolys~s rate 
constant, k (hr- 1) 

p 
at latitude ---- ---

Oxidation constants at 25°C: 

For 102 (sillglet oxy~en) I 

k 0,1 hr- 1) 
OX 

For R02 (peroxy radical). 
k (~l hr- 1) 

OX 
Hyd~olysis rate constants: 

For base-~romoted proceE~, 
~ (M"" h1:'-l) 

For acid-~romoted process. 
kA O'r hr-l) 

For neutral process. 

kr-: (hr- 1) 

Biotransfonnation rate constaT.t: 

For hac terial tra!" • .':; formation 
in water. ~ (ml cell- 1 hr- 1) 

PNER 

<10 3 ___________ _ 

6 

o 

o 

o 

cr.) 1 IS 10-10 

E: Estimated value; see List of Source COdES. 
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Data Source 

UV-ATLAS 

c-ox 

HNES 

HNES 

HNES 

....IE=--~K~B _____ .~_ 



44. TETRACHLOROETHENE 

rroperty or Process 

Molecular weight 

Melting point, °c 

Boiling point, °c 
Ionization constant 

Partilion constants: 

W~ter s~lub11ity, S (ppm) 
w 

Octarol-wat""::", K (un1tle'ls) ow 
Sediment~' ... ater, ~~ (unit less) 

c..;c 
Microo~ganisms-wateri 

~ ((\.I8/g) (mg/O- ) 

Volatilization con&tants: 

Henry's constant, H 
(atm m3 mol-l) C 

Vapor pressure, P (torr) 
v 

Reaer"tion rate ratio, 
k~/ko 

v v 

CAS No. 127-18-4 

Value -------
. 165 .-=-' 8_3 _____ _ 

-22.7 

121 

pK-NER 

200 (2Q.~C~ _._ 
759 ---,---
364 

0.509 

163 

Data Source 

WREF 

WREF 

WREF [44-1) 

C-Koc f IC' .. 

C-KB f Ko\ol -----

WR£F 

C-DC.7 



44. TETRAClILOROrrHENE 

TRANSFORMATION DATA 

Prop:rty or Process Value 

Photolysis data: 

Absorption spectrum PNES 

Reaction quantum yield, ~, 
at nm ~P_N_E~R~ __________ _ 

Direct photolysis rate 
c~nstant, k (hr- l ) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
kox uri hr- 1) 

For R02 (peroxy radical). 
k (~l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-fromoted process. 
~ {~ hr- l ) 

For acid-promoted process. 
kA (W-1 hr- 1) 

For neutral process. 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 

PNER 

«100 

6 

o 

o 

o 

in water, ~ (ml ceU- 1 hr-- l ) --1.i..L] x 10-10 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

c-ox 

C-ox 

HNES 

HNES 

HNES 

E-KB 

[44-1] A ran~e of solubility values. from 150 ppm to 200 ppm. 
has been reported (WREF). 
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H H 

45. 1.2-DICHLOROPROPANE 

CAS No. 78-87-5 
CI 

I I I 
CI- C - C - C-H 

I 
H 

I 
H 

I 
H 

PHYSICAL AND TRANSPORT DATA 

h'operty or ?rocess 

Molecular weight 

Melting poirt, DC 

Boiling point, DC 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

ac 
Microorganisms-water l ~ (( ).Igh;)(mgl 1) -. ) 

Volatjlization constant~: 

Henry's constant, H 
(atm m3 mor-l) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
k(" Iko 

v v 

Value 

112.99 

-:00 

96.8 

pK-NER 

2.7 x 103 (20°Cj 
1Q5 ------

-21.. ______ _ 

30 

2 • .) ... x 10-'" 

42 (20 0 e) 

0.530 

165 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20° 

WREF 

C-DC.7 



45. 1.2-DICHLOROPROPANE 

TRANSFORMATION nATA 

Property or Process Value 

Photolysis data: 

Abs,orpUon spec trum PNES 

Reaction ~uantum yield, ~, 
at nm _P~N~E=R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ l4Utude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
koX (r1 hr-1) 

For a02 (peroxy radical), 
k

oX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (~ hr- 1) 

For acid-promoted process» 
kA (~l hr-l) 

For neutral process, 

~ (hr~l) 

Biotransformation rate constant: 

For bacterial transformation 
in wat£~, ~ (ml ce!l-l hr-1) 

PNER 

«360 

'\.1 ,---,----

------
o 

(E) 1 x 10-10 

E: rstimated value; see List of Source Codes. 

Data Source 

WREF ____ _ 

C-ox 

c-ox 

NACM 

[45-1] 

E-KB 

[4~-1] Hydrolysis neutral rate constant is assigned by analo~y to 
chloroethane. 
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46. l,3-DICHLOROPROPENE 

CI H " / 

CAS No. 542-75-6 

c 

/ " H C --
/ 

(TR~,NS ISOME R I [ 46-1 ] 

PHYSICAL AND TRANSPORT DATA 

_________ P_ccperty or Process 

Molecular weight 

~lting point, °c 
aoiling point, ~C 

Ion!zation constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediml ~-wate!'. K (unitless) oc 
MicroO}.',~anisms-water! 

~ (~8/g)(mg/t)-·) 

Volat11i' t:ion c"nstants: 

Henry's ~onstant, H 
(atm m3 mo_-1) c 

Vapor pressure. P (torr) 
v 

Reaeration rate raL~o, 
kC/ko 

v v 

167 

Value 

110.98 

104.3, 112 

pK-NER 

100 

48 

-3 1. 33 x 10 

25 (20°C) 

NAV 

Data Source 

~J46-2] 

WREF [41. ·3] 

Pompna 

C-Kot: f Kow 

C-1G f Kow 

C-VP20" IS25° [46-33] 

WREF 
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46. l,3-DICHLOROPROPENE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

value 

PNES 

at nm ~P~NE~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

oX 
(~l hr-1) 

For R02 (peroxy radical), 
k

OX 
orl hr- 1) 

Hydrolysis rate constants: 

For base-rromoted process, 
~ (M"" hr- 1) 

For acid-promoted process, 
Jr. (~l hr-l) 
ri 

FG~ neutl~l process, 

~ (hr-l) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ ~ml ~ell-l hr- 1) 

PNER 

44 

_o~ ______________ _ 

eE) 

E: Estimated valut:: see List of Source Codes. 

(46-1) 

Cl 

/ 
C (CIS ISOMER) 

" H 

168 

Data f.ource 

E-P 

C-OX 

C-OX (46-4) 

HPHI 

NACM 

[46-5] 

E-KB 
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46. l,3-DICHLOROPROPENE 

[46-2] Boiling points of l04.3°C for the cis isomer and ll2°C for the 
trans tsomer were reported. 

[46-3] Water solubilities of 2700 ppm for the cis isomer and 
2800 ppm for the trans isomer were reported. The 
solubility of the cis isomer is used in the calculation 
of Henry's constant. 

[46-4] 44 Mil hr- 1 1s the minimum oxidation rate constant for 
oxidation by peroxy radical. 

[46-5] Theh7drolysis rate constant for l.)-dichloropropene which 
is reported in WREF does not reflect the hydrolytic 
reactivity characteristic of allylic halides. For example. 
allyl chloride h~s a rate constant of 4.16 x 10-4 hr- 1 

at 25°C and is pH independent (Mabey and Mill. 1978). 
Because of its similar stru~ture compared with allyl 
chloride, a hydrolysis rate constant of 4.2 x 10-4 hr- 1 

has been assigned to 1.3-dichloropropene. 
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47. HEXACHLORO-l,3-BUTADIENE 

CAS No. 87-68-3 

c= 

PHYSICAL AND TRANSPORT DATA 

ProEert~ or Process 

Molecular weight 

Melting point, DC 

Boiling point. DC 

Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water. K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water

l ~ (~g/g) (mg/t)- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value Data Source 

260.76 

-21 WREF 

215 WREF 

pK-NER 

WREF 
6.0 x 104 Pomona 

C-Koc f Kow 

C-KB f Kow 

0.0256 

WEF 

0.415 C-DC.7 

171 
Preceding page b:ank 



47 . HE:~CHLOROBt:lADIENE 

TRANJFOR~TION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
kox (~1 hr-1) 

For R02 (peroxy radical). 
k (~l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-fromoted process. 
~ (M"" hr- 1) 

For acid-promoted process, 
kA (~l hr-l) 

For neutral process. 

~ (hr-l) 

Biotransformation rate const.ant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

Value --_ .... "._ .. - --.---

PNES 

PNt.R 

PNER 

6 

o 

o 

o 

i E) 1 x 10-10 

E: Estimated value; see List of Source Codes. 
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Data Sou!'ce 

WREF 

c-ox 
... ---.----
c-ox -----

HNES 

HNES 

HNES 

E-KB 



48. HEXACHLOROCYCLOPENTADIENE 
a 

" 
CAS No. 77-47-4 

c --
I 
c= 

PHYSICAL AND TRANSPORT DATA 

rroperty or Process 

!oklecular \.,eight 

Melting point. °c 
BoilinR poine, °c 
Iot!ization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-w~ter. K (unitless) ow 
Sediment-water. K (unitless) oc 
bicl:oorganisms-water. 
~ ( ( ~ gig) (mg 1 £) -1 ) 

Volatili~~L.on constants: 

Henry's r.onstant, H 
(atm m3 mol-1) c 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

173 

Value Data Source 

272.77 

-9.9 WREF 

239 (753mm) CRC 

pK-NER 

l.8 (?5°C) WREF 

l.OX 10
4 CC-Kow 

4.8 x 103 C-Koc f Kow 

1.8 x 103 C-KB f Kow 

0.016 C-VP IS-25° 

WREF 

0.413 C-DC.7 



48. HEXACHLOROCYCLOPENTADIENE 

TRANSFO~TION DATA 

________ P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectr-Im 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant. k (hr- 1) . p 

________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(~l hr-1) 

For R02 (peroxy radical). 
k

oX 
(tor 1 hr- 1) 

Hydrolysis rate constants: 

For base-fromoted process, 
~ (M"" hr- 1) 

For acid-promoted process, 
kA (M""1 hr-l) 

For neutral process, 

~ (hr-l) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml ce1l- 1 hr- 1) 

Value 

DATA-ATT [48-11 

3.9 

12 

o 

-10 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

Zepp, 1980 

WREF 

C-ox 

C-ox 

HPHI 

NACM 

WREF 

E-KB 

'. -.......... -----------

., 
1 

i 
J 
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48. HEXACHLOROCYCLOPENTADIENE 

[48-1] Table of absorption coefficients and the corresponding 
wavelengths is given below (Zepp, 1980). 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 
390.00 
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EPSILON 
orl em-I) 

0.1120E+04 
0.1140E+04 
0.1150E+04 
0.1240E+04 
0.1300E+04 
0.1360E+04 
0.1420E+04 
0.1460E+04 
0.1500E+04 
0.1510E+04 
0.1520E+04 
0.1410E+04 
0.1170E+04 
0.8000E+03 
0.4480E+03 
0.2120E+03 
0.8200E+02 
0.2000E+02 

, 
-1 

J 



49. BROMOMETHANE 

H 

I 
H- C-It 

I 
H 

PHYSICAL 

Property or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitl~ss) ow 

AilD 

Sediment-water, K (unitless) oc 
Microorganisms-wacer, 

KB (w g/ g ) (mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration (ate ratio, 
kC/ko 

v v 

CAS No. 74-83-9 

TRANSPORT DATA 

Value 

94.94 

-93.6 

3.56 

EK-NER 

12 •. :....;3;....-___ _ 

5.9 

4.2 

0.197 

0.737 

Data Source 

CRC 

eRC 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20" 

WREF 

C-DC.7 
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49 . BROMOHETIiANE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ~. 

Value 

PNES 

at nm ~PNE~R~ __________ __ 

Direct photolysis rate 
constant. k (hr- 1 ) 

p 
_____ at ____ 1 1titude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k (~l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-yromoted process. 
~ (~ hr- 1 ) 

For acid-promoted process. 
k (~l hr- 1) 

A 
For neutral process. 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

«360 

0.1 

o 

E: Estimated value; see List of Source Codes. 
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Data Source 

WREF 

C-ox 

c-ox 

HPHI 

NACM 

WREF 

VF-NBD 



\ 

• I 
a-c -Q 

I 
H 

5Q. BROMODICHLOROMETHANE 

CAS No. 75-27-4 

PHYSICAL AND TRANSPOR~ DATA 

Property or Process 

Molecular weight 

Melting point. °c 

Bojlin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) 
oc 

~icroorganisms-water, 

KB (Ug/ g)(ll1g.rO- 2) 

Vol~rilizat1on constants: 

Henry's constant, H 
(a tm m 3 mo 1- 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

179 

Value 

163.83 

-57.1 

90 

pK-NER 

4.5 x 10 3 

126 

61 

35 

-3 2.41 x 10 

0.655 

Data Source 

WREF 

WREF 

C-Sw f Kow 

CC-Kow 

C-K"c f Kow 

C-KB f Kow 

C-DC.7 



50. BROMODICHLOROMETHANE 

TRANSFO~TION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

Value 

PNES 

at nm PNER 

Direct photolysis rate 
constant, k (h~-l) 

p 
____ at ___ laU tucle 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (~l hr- 1) 

OX 
For R02 (peroxy radical), 

k (~l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-rromoted process, 
~ Of" hr- 1) 

For acid-rromoted process, 
kA (~ hr- 1 ) 

For neutral procpss, 

~ (hr- 1 ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

--------

PNER 

«360 

0.2 

5.76 

o 

-10 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

E-P 

C-ox 

c-ox 

WREF 

NACM 

E-AC-H 

E-KB 

[50-1] Solubility value was obtained from unpublished work done 
at SRI International. 
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51. DIBROMOCHLUROMETHANE 

CAS No. 124-48-1 
8r 

I 
0- C -II' 

I 
Ii 

PHYSICAL AND ~RANSPORT ~ATA 

Prut>erty OT. Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Lonization constant 

Partition constants' 

Water solubility, S (ppm) 
w 

Octanol-watr·, K (unitless) 
ow 

Sedimect-water, K (unitless) 
('': 

Microorganisl,ls-water, 
KB ()Jg/g)(mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
( a t m m 3 rno r 1 ) c 

Vapor pressure, P (torr) 
v 

Reaerati~n rate ratio, 
kC/ko 

v v 

Value 

208.29 

<-20 

119-120 (748nnn) 

pK-NER 

4.0 x 10 3 

. i I 

.l.,~ 

84 

47 

';I. 9 x 10- 4 

76 (20°C) 

NAV 

181 

Data Source 

WREF 

CRC 

C-Sw f Kow ----
CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP20o/S22 n [51-2] 

[51-2) -..:...-----



51. DIBROMOCHLOROMETHANE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption sp~ctrum 

Reaction quantum yield. ~. 

Value 

PNES 

at nm ~P~NE~R~ __________ __ 

Direct photolysis ~ate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

OX 
or1 hr- 1) 

For R02 (pel'oxy radical), 
k (~1 hr- 1) 

OX 
Hydrolysis rate constants: 

For Ilase-~romo.:ed process, 
~ (~ hl"-l) 

Fvr aciu-~rohloted process, 
kA or hr- 1) 

For heutral process, 

~ (hr- 1) 

Biotransformation rate constant. 

For bacterial tL'ansfol'Ulation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

«360 

0.5 

o 

-10 
(E) 1 x 10 

E: Estimated value; see List ~f Source Codes. 

Data Source 

E-P 

c-OX 

C-OX 

WREF 

NA('M 

E-AC-H 

E-KB 

[51-1] Water solubility data obtained from unpublished results 
at SRI International. 

[51-2] Vapor pressur~ value at 20°r, is obtained from the value 
at IO.SoC and the Clausius Clapeyron ~quation. 

182 



52. TRIBROMOMETHANE 
Br 

I 
CAS No. 75-25-.....;2=--_____ _ 

Br-C-Br 

H 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) 
oc 

Mi~roorganisms-water, 

KB (\Jg/g) (mg/R.)-l) 

Volatilization constants: 

Henry's cor~tant, H 
(atm m~ ~ol-l) c 

Vapor press'Jre, P (torr) 
v 

Reaerat!on rate ratio, 
kC/ko 

v v 

Value 

252.75 

8.3 

149.5 -----
pK-NER 

3.01 x 103 (20°C) 

240 

116 

63 

5.6 x 10 
_I, 

NAV 

183 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20' 

Jordan, 19;..;5;;...·4.:....-_ 



52. !.tIBP.OHOMETRANE 

TRANSFORMATION DATA 

________ ~P~r~o~p~ertv or Process 

Photolysis data: 

Absorption spectrum 

Reacti~n quantum vield, ¢, 

Value 

~,------

at ___ . _ nm ...:P:...:N~E:.:R;.... _____ _ 

Direct photolysis rate 
constant, k (or-I) 

p 
____ at ___ la tit ude ...:P:..;NE=R;;...... ______ _ 

Oxidation constants at 25°C: 

For 10z (singlet oxygen), 
k orl hr- I ) 

OX 
For ROz (peroxy radical), 

k orl hr- I ) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (!or hr- 1) 

For aCid-~romoted process, 
kA (M"" hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

«360 

0.5 

0 ______ _ 

(F.) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

C-OX 

c-OX 

WREF [52-1] 

HNES 

[52-2 J 

E-KB 

[52-1) This hydrolysis rate constant at pH 7 and 25°C reported in 
WREF 1.s assumed to be due to the ba'3e promoted process. 

[52-2] The neutral hydrolysis rate constant, ~, has been assigned by 
analogy to trichloromethane. 
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53. DICHLORODIFLUOROMETHANE 

CI CAS No. 

I 
F-C -0 

I 
F 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

M0lecular w2ight 

Melting point, °c 
Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
W 

O~tanol-water, K (un1tless) 
ow 

Sediment-water, K (llnitless) 
oc 

Microorganisms-water, 
KB (~g/g) (mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m5 mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

120.91 

-158 

-29.8 

pK-NER 

120 

58 

33 

2.98 

0.615 

185 

75-71-8 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

J..?rdan. 1954 

C-DC.7 



53. DICHJ_ORODIFLUOROMETHANE 

TRARSFORMA1ION DATA 

________ ~P~r~o~p~erty or Pr~cess 

Photolysis data: 

Absorption sp~ctrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
________ at ______ latitude 

Oxidation constants at 25°C: 

For 1~2 (singlet oxygen). 
k

OX 
orl hr- 1) 

For R02 (peroxy radical). 
k nr-l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process. 
~ (tor- hr- 1) 

For acid-promoted process, 
k Or-I hr- 1 ) 

A 
For neutral process. 

~ (hr-!) 

Biotransformati~n rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

PNER 

o 

a 

a 

a 

o 

E: Estimated value; see Li~t of Source Codes. 
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Data Source 

E-P 

C-ox 

c-ox 

HNES 

HNES 

HNES 

VF-NBD 



a 

54. TRICHLOROFLUOROMETHANE 

CAS No. 75-69-4 

I 
F - C-o 

I a 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

OctalL,l-water, K (unitless~ 
ow 

Sediment-water, K (unitless) 
oc 

Microorganisms-water, 
KB (\.Jg/g) (mg/O- 1) 

Volatilization constants: 

Henry's const1nt, H 
(atm m3 mol-1) c 

Vapor pressure, P (corr) 
v 

Reaeration rate ratio, 
kC/ko 

v IJ 

187 

Value 

137.4 

-111 

23.8 

pK-NER 

1.1 x 103 (20°C) 

331 

159 

84 

0.11 

0.371 

Data S,;urce 

WREF 

WREF 

\O'fREF ____ _ 

CC-Knw ------
C-Koc f Kow 

C-KB f Kow 

C-VP/S-2ClO 

WREF 

C-DC.7 



54. TRICHLOROFLUOROMETHANE 

TRANS FORMAT: ON DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (~1 hr- 1) 

OX 
For R02 (peroxy radical), 

k (~l hr- 1 ) 
OX 

Hydrolysis rate constants: 

For base-yromoted process, 
kB (~ hr- 1) 

For acid-yromoted process, 
kA (M"" hr-l) 

For neutral process, 

~ (hr- 1 ) 

Biotransformation rate constant: 

For bacterial trdnsformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNES 

PNER 

P~ER 

o 

o 

o 

o 

o 

E: Estimated value; see List of Source Codes. 
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Data Source 

WREF 

C-ox 

c-OX 

HNES 

HNES 

HNES 

VF-NBD 



References for 3.4 
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Jordan, T. E. 1954. Vapor Pressure of Organic Compounds. 
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Evaporation 
and Propy­
Theoretical 

Interscience 

Mabey, W. k., and T. Mill. 1978. Critical Review of Hydrolysis of Or­
ganic Compounds in Water Under Environmental Conditions. J. Phys. 
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UV Atlas. 1971. UV Atlas of Organic Compounds. Vol. I-V. Plenum Press, 
New York. 

Verschueren, K. 1977. Handbook 0f Environmental Data on Organic Chemicals. 
Van Nostrand/Reinhold Press, N~w York. 659 pp. 

Zepp, R. G. 1980. Private communication. 

Pomona College Medicinal Data Base, June 1982. 
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SECTION 3.5. HALOGENATED ETHERS 

55. Bis(chloromethyl)ether 
56. Bis(2-chloroethyl)eth~r 
57. Bis(2-chloroisopropyl)ether 
58. 2-Chloroethyl vinyl ether 
59. 4-Chlorophenyl phenyl ether 
60. ~-Bromophenyl phenyl ether 
61. Bis(2-chloroethoxy)methane 

191 Preceding page blank 



H H 

55. BIS(CHLOROMETHYL) ETHER 

ChS No. 542-88-1 

I I 
Q-C-O C-Q 

I 
H H 

PHYSICAL AND T~~SPORT DATA 

Property or Process 

Molecular weight 

Melting point, °e 
Boilin~ point, °e 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) 
oc 

Microorganisms-water, 
KB (\.Ig/g) (mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
(Etm m3 mo1-1) c 

Vapor pressure, P (torr) 
v 

Reaeratlon ra~e ra~io. 
kC/ko 

v v 

193 

Valu.:' 

115 

-41.5 

104 

pK-NER 

2.2 x 10
4 

(25°C) 

2.4 

1.2 

1.0 

2.J x 10-4 

30 (22°C) 

NAV 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f :0'07 ---
C-KB f Kow 

C-VP22 C /S25° 

WREF 

Preceding page blank 



55. BIS (CHLOROHETHYL)-=E:.:.TH.;;.:.E:.:R~ ____ _ 

TRANSFORMATION DATA 

_____ P..!-operty or Proces'3 

Photolysis data: 

Absorption spectrum 

Reaction qualacut:l yield, ~, 

Value 

PNES 

at nm PNEk 

Direct phct,lysis rate 
c~nstant, k (hr- 1) 

p 
____ al _____ latitude 

Oxidation constants at 25°C: 

For 102 (singlet ,:)xy~en), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k (M'"" 1 hr- h OX . 

Hydrolysis r~te consta :s 

For base-~rom( ~ process, 
~ (M'"" hr- 1 ) 

For acid-promoted process, 
k A (M"" 1 h r- 1 ) 

For neutral process, 

kN (hr- 1) 

Biot ransf ormation rate const,'in t: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

------------------

PNER 

"'<360 

3 

E: Estimated value; see List of Source Codes. 
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Data Source 

WREF 

C-OX 

c-ox 

HPHI 

r~"iI --------
WREF 

HF-NBD 

. -



56. BIS(2-CHLOROETHYL)ETHER 

CAS No. 111-44-4 

M M M " I I I I 
CI-C-C-O_C _c -CI 

I i I I 
H" M " 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point. °c 
Boilin~ point. °c 
Ionization constant 

Partit~on constants: 

~ater solubility, S (ppm) 
w 

Octdnol-water, K (unitless) 
ow 

Sediment-water, K (unitlcss) 
oc 

Microorganisms-water. 
KB (ug/g)(mg/O-:) 

Volatilization constants: 

Henry's co~stant. H 
(atm m~ mol-I) C 

Vapor pressure, P (torr) 
v 

Reap-ration rate ratio, 
kC/ko 

v v 

Value 

143 

-24.5 

178 

4 
1. 02 x 10 [56-1] 

29 

1'3.9 

9.2 

1. 3 x 10-5 

~A\' 

195 

Data Source 

eRe 
WREF 

WREF 

CC-Kow 

C-"oc f Kow 

C-KB f Kow 

C-\1'20° /S- [56-1] 

WREF ------

--------



56. BIS(2-CHLOROETHYL) ETHER 

TRANSFORMATION DATA 

______ . __ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

React~on quantum yield, ~, 

at nm 

Direct photolysis rate 
constant. k thr- 1) 

p 
________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
('1 1 hr- 1 ) 

For R02 (peroxy radical), 
k 0,1 hr- 1 ) 

OX 
Hydrolysis rate const~nts: 

For base-yromoted process, 
~ (M"'" hr- 1) 

For acid-promoted process, 
k (M"'"l hr- 1) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in wnter, ~ (ml cell- 1 hr- I ) 

Value 

PNES 

P~JER 

PNER 

«360 

24 

E: Estimated valu~; see List ~f SOurce Codes. 

Data Source 

WREF 

C-ox 

C-ox 

HPHI 

HPHI 

[56-2) 

E-KB 

[56-11 No temperature reported for the water solubility; data generated 
at room temp~rature. This value is used in the calculation 
of Henry's constant. 
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56. BIS(2-eHLOROEi~YL)ETHER 

[56· 2) A hydrolysis rate constant of 1.5 x 10- 5 min- 1 has been 
reported for bis(2-chloroethyl)ether in aqueous dioxane 
at lOOoe (WREF). This rate constant corresponds to a half­
life of 32 days. Allowing for a factor of two decrease 
in rate c?nstant f-r each lOGe decrement, the half-life 
is calculated as 22 years (or 256 times slower) at 20 oe. 
This rate constant is much slower than expected based on 
a simple analogy to ethyl chloride where a half-life of 
38 days is predicted at pH 7 and 25°C (Mabey & Mill, 1978). 

The relatively slow hydrolysis rate of bis(2-chloroethy!) 
ether compared with ethyl chloride is due to the effect on the 
~djacent carbon of the -OCH2CH2Cl group. Data have been 
obtained which show that aqueous solvolysis of 2-methoxy­
ethyl iodide at 60°C is 6.4 x 10- 3 times the rate of ethyl 
iodide under the same reaction conditions (Streitwieser, 
1962). Assuming that this 6.4 x 10- 3 factor holds for 
the chloroaliphatic compounds as well as for the iodo 
compounds, the 38 day half-life of ethyl chloride can be 
used to obtain a half-life of 16 years for bis(2-chloro­
ethyl)ether. This estimate of the half-life is in fair 
agreement with the 22 year half-life calculated from the 
aqueous dioxane solvent data cited in WREF. For this 
assessment, an estimated half-life of 20 years is used to 
obtain a neutral rate process, kN, of 4 x 10- 6 hr- 1 

The hydrolysis of bis(2-chlorome~hyl)ether should be 
independent of pH by analogy to other aliphatic halocarbons . 
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57. BIS(2-CHLOROISOPROPYL)ETHER 

CAS No. 108-60-1 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
oo~1in~ point, °c 

ionization con~tant 

Partition constants: 

Water solubility, Sw (ppm) 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water! 

KB (ug/g)(mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
( a t m m 3 mo 1 - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

199 

Value 

171.1 

-97 

189 

pK-NER 

1. 7 x 103 [57-1] 

126 

61 

35 

1.1 x 10-4 

0.85 (20°C) 

NAV 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-KoC' f Kow 

C-KB f Kow 

C-VP200/S-[57-1] 

WREF 

Preceding PG~~ blank 
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57. BIS(2-CHLOROISOPROPYL)ETHER 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

Value 

PNES 

at nm PNIR 
~~~------------

Direct photolysis rate 
constldt, ~ (hr- 1) 

p 
at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox nrl hr-1) 

For R02 (peroxy radical), 
kox noll hr- 1 ) 

Hydrolysis rate constants: 

For base-promoted proc~~s, 
kB (WI hr- l ) 

For acid-promoted process, 
kA (~I hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ \ml cell- I hr- I ) 

PNER 

«360 

2 

(E) 1 x 10-10 

E: Estimated value; see List of Sour~e Codes. 

Data Source 

WREF 

C-ox 

c-ox 

HPH! 

HPH! 

[57-2J 

E-KB 

[57-1] Experimental water solubility data was generated at room 
temperature; no specific temperature was reported. 
This value was used in the calculation of Henry's constant. 
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57. BIS(2-CHLu~OISOPROPYL)ETHER 

[57-:] Qate constant asrigned by analogy to bi~(2-":hloroethyl)ether 
(see footnore [56-3) 
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58. 2-CHLOROETHYL VINYL ETHF~ ------
CAS No. 110-75-8 

CI H H H 

I I I I 
H-C-t:-O-C==C_H 

I iI 
H • It 

PHYSICAL A.m TRANSPORT DATA 

Property or Process 

ctohcI'lar weight 

Melting point, °c 

B~11in~ point. °c 

Ionization constant 

Partt~1Jn con~tants: 

WaLcr s~lubility. S (ppm) 
w 

Octane) ·water. K (unitless) 
ow 

Sed~.ment-wilter. K bnitless) 
oc 

Microorganisms-water, 
KB (\Jg/~)(mg/2.)-l) 

Volatilization con~tantH: 

Henry's cons~an~, H 
(atm m' mol-l) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

20~ 

Value 

106.6 

108 

pK-NER 

1.5 x 104 (25°C) 

13.:,.... 8=---___ _ 

6.6 

4. 7 

2.50 x 10- 7 

26.75 (20°C) 

NAV 

Data Source 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/s25° 

WREF 

Preceding page blank 
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58. 2-CHLOROETHYL VINYL ETHER 

TRANSFORMATION DATA 

__________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at _________ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°c: 

For 102 (singlet oxy~en), 
k ox (~l hr-1) 

For R02 (peroxy radical), 
k

oX 
(X- 1 hr- 1) 

Hydrolysis r~te constants: 

For base-fromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (M'""l hr- 1 ) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in ~dter, ~ (ml cell- 1 hr- 1) 

i 

Value 

PNES 

PNER 

PNER 

34 

(F.) 1 x 10-10 

E: Est~mated value; see List of Source Codes. 

Data Source 

WREF 

c-ox 

c-ox 

HPHI 

HPHI 

~58-lJ 

E-Ie! 

[58-1] The chloride group in 2-chloroethy1 vinyl ether will be 
hydrolyzed at a rate similar to that of bis(2-chloroethy1)ether. 
The assig~led hydrolysis rate constant, ~. is 4 x 10-6 hr- 1 

as for bis(2-chloroethy1)ether. No data are available to 
assess the possible effect of the vinyl ether functional 
group on the rate of hydrolysis. Hydrolysis of the chloride 
group is expected to be independent of pH by analogy to 
other halogenated aliphatics. 
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59. 4-CHLOROPHENYL PHENYL ETHER 

CAS No. 7005-72-3 

PHYSICAL AND TRANSPORT DATA 

Pr.operty or Process 

Molecular weight 

Melting point, QC 

Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (~g/g)(mg/O-l) 

Volatilization constants: 

Henry's constant, H 
(a tm m j mo 1-1 ) c 

Vapor pressure, P (tor~) 
v 

Reaeration rate ratio, 
kC Iko 

v " 

Value Data Source 

204.66 

-8 WREF 

293 WREF 

pK-NER 

3.3 (25°C) w"REF 

1. 2 x 105 CC-Kow 

5.8 x 10
4 

C-Koc f Kow 

1. 8 x 10
4 

C-KB f Kow 

2.19 x 10- 4 C-VP/S-2S 0 

2.7 x 10-3 
WREF 

NAV 
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59. 4-CHLOROPHENYL PHENYL ETHER 

TRANSFORMATION DATA 

______ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 
at ________ nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
at latitude ----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process, 
kB (M'"' hr- 1 ) 

For acid-promoted process, 
k nrl hr-l) 

A 
For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For ba:terial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

«360 

«1 

o 

o 

o 

-7 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

C-OX 

c-OX 

HNES 

HNES 

HNES 

E-KB 

'~ ... --~,.",--, 



60. 4-BROMOPHENYL PHENYL ETHER 

CAS No. 101-55-3 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB «j.Jg/g)(mg/q-l) 

Volatilization constants: 

Henry's constant, H 
( at m m ~ mo 1 - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

249.11 

18.72 

310.14 

_ pK-NER ___ _ 

8.7 x l04 

4.2 x 104 --

1.0 x 10-4 

207 

Data Source 

WREF 

WREF 

C-Sw f Kow 

CC-Kow 

C-Koc f Kow 

C-K1\ f Kow 

C-VP2QO/S25° 

WREF 
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60. 4-BROMOPHENYL PHENYl. ETHER 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorpt1on spectrum 

Reaction quantum yield. ~. 
at nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(~l hr-1) 

For R02 (peroxy radical). 
k

OX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-rromoted process. 
kB (~ hr- 1) 

For acid-rromoted process. 
kA (~ hr-l) 

For neutral process. 

~ (hr- 1 ) 

Biotransformation rate constant: 

For ~acterial transf~rmation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

«360 

«1 

o -------
o 

o 

-9 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

208 

Data Source 

c-OX 

c-ox 

HNES 

HNES 

HNES 

E-KB 

•.. --~'~ 
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61. ~IS(2-CHLOROFTHOXY)METtVl~E 

CAS ~o. 111-91-1 

"H " "" I I I I I 
O-C-C-O-t-O-c-c-O 

I I I I I 
M H " "" 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) 
oc 

Microorganisms-water, 
KB ().Jg/g)(mg/r,)-l) 

Volatilization constants: 

Henry's constant, H 
( a t m m 3 mo 1 - 1 ) c 

'lapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

209 

Value 

173.1 

218.1 

rK- NER 

8.1 x 10
4 

(25°C) 

10.7 

5.2 

3. 7 

2.8 x 10-7 

NAV 

Data Source 

w"REF 

WREF 

CC-Kow 

C-Koc f Kow 

C-ICB f Kow 

C-VP20° 1525(1 

WREF 



61. BIS(2-CHLOROETHOXY)METHANE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

Value 

PNES 

.t ______ nm 
~----

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ a ~ ___ lati tude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k nr1 hr- 1) 

OX 
For R02 (peroxy radical), 

k nrl hr- 1) 
OX 

Hydrolysis rate constants: 

For base-promoted process, 
k 1M'"" 1 hr-1) 

B 
For acid-promoted process, 

k or1 hr-l) 
A 

For neutral process, 

kN (hr- I ) 

Biotransformation rate constant: 

For bacterial tranRformation 
in water, ~ (m1 cel1- 1 hr- I ) 

PNER 

«360 

52 

(E) 3 x 10-1~ 

E: Estimated value; see List of Source tudes. 
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Data Source 

WREF 

c-ox 

c-ox 

HPHI 

HPHI 

[61-1 ] 

E-KB 



61. BIS (2-CHLOROETHOXY) METHANE 

[61-1] A neutral hydrolysis rate constant, ~, of 4 x 10-8 hr-l 
for the loss of chloride from the ethane ~oup is assigned 
to 2-chloroethoxy methane by analogy to bis(2-chloroethyl)ether. 
Hydrolysis with loss of chloride is independent of pH by 
analogy to other alkyl halides (Mabey & Mill, 1978). 

The carbon-oxygen bonds of the acetal linkage are also 
suspectib1e to hydrGlysis. The acid-catalyzec hydrolysis 
rate constant, k

A
, for this process has been measured at 

2.53 x 10-6 M-l sec- 1 (WREF). At pH 3, this rate constant 
corresponds to a half-life of 8.7 years. Since the acid­
promoted hydrolysis will decrease by a factor of ten for 
each pH unit increase, hydrolysis of the compound at 
the chlorinated position will dominate over the acetal 
hydrolysis at environmental pHs. 
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References for 3.5 

Mabey, W. R., and T. Mill. 1978. Critical Review of Hydrolysis of Or­
ganic Compounds in Water Under Environmental Conditions. J. Phys. 
Chem. Ref. Data 7:383. 

Streitwieser, A., Jr. 1962. Solvolytic Displacement Reactions. McGraw­
Hill, New York. 
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SECTION 3.6. MONOCYCLIC AROMATIC CHEMICALS 

62. Benzene 
63. Chlorobenzene 
64. 1.2-Dichlorobenzene (o-dichlorobenzene) 
65. 1.3-Dichlorobenzene (~-dichlorobenzene) 
66. 1.4-Dichlorobenzene (E-dich1orobenzene) 
67. 1,2,4-Trichlorobenzene 
68. Hexach1orobenzene 
69. Ethylbenzene 
70. Nitrobenzene 
71. Toluene 
72. 2,4-Dinitrotoluene 
73. 2,6-Dinitrotoluene 
74. Phenol 
75. 2-Chlorophenol 
76. 2.4-Dichloropheno1 
77. 2,4,6-Trichlorophenol 
78. Pentachlorophenol 
79. 2-Nitrophenol 
80. 4-Nitropheno1 
81. 2.4-Dinitrophenol 
82. 2.4-Dimethyl phenol 
83. E-Chloro-~-cresol 
84. 4.6-Dinitro-£-cresol 
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62. BENZENE 

CAS No. 71-43-2 

PHYSICAL AND TRANSPORT DATA 

Pr02ert~ or Process 

Molecular weight 

Melting point. °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, Sw (ppm) 

Octano1-water. K (unitless) ow 
Sediment-water. K (unitless) oc 
Microorganisms-water, 

KB ( ( \.l g / g) (mg / 1 ) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) C 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

78.12 

i:j-_. 
80.1 

~NER 

215 

1.78 x 103 (25°C) 

135 

65 

37 

5.5 x 10-3 

0.574 

Data Source 

WREF 

WREF 

~EF [62-1) 

CC-Kow 

C-Koc f Kow 

C-KB f Ko.., 

WR'EF 

C-DC.7 

Preceding page blank 
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62. BEN=Z:EN~E~ ____________________ __ 

TRANSFORMATION DATA 

________ ~P~r_o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ¢O. 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at ______ 14titude 

Oxidation constants at 25°C: 

For 102 (ginglet 0XYRen), 
k

OX 
(M""l hr- 1) 

For R02 (peroxy radical), 
k

OX 
(M"" 1 hl·- 1) 

Hydroly~is rate constAnts: 

For base-yromoted process, 
~ (~ hr- 1) 

For a~id-promoted process, 
kA (W- 1 hr-\) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

PNE5 

PNER 

PNER 

<..:360 

«1 

o 

o 

o 

(E) 1 x 10-7 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

C-OX 

C-ox 

NHFG 

NHFG 

NHFG 

E-KB 

[62-1] Several water solubilities, ranging from 820 ppm to 1800 ppm, 
have been reported. 
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63. CHLOROBENZENE 

CAS No. 108-90-7 

PHYSICAL AND TRANSPORT DATA 

ProEert~ or Process 

Molecular weight 

Melting point. °c 
Boi1in~ point. "c 
Ioniza~ion constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water. K (un1tless) ow 
Sediment-water. K (unit1ess) 

or.:: 
Microorganisms-water r KB (ug/g)(mg/i)- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mol-1) c 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio. 
kC'/ko 

\' v 

217 

Value 

112.56 

-45 

132 

pK-NER 

488 (2S"C) 

690 ------
330 

164 

3. Sf x 10:;....-_3_ 

11.7 (20"C) 

0.528 

De.ta Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S25° 

WREF [63-1) 

C-DC.7 



63. CHLOROBEHZENE 

TPANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ., 

Value 

PNES 

at nm _P~NE~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

oX 
0,1 hr- 1) 

For R02 (peroxy radical), 
kox or 1 h t" -1 ) 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (tor hr- 1) 

For acid-promoted process, 
kA (~l hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

«3bO 

«1 

o 

o 

o 

(E) 3 K 10-9 ___ _ 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

C-ox --------
c-ox 

HNES 

HNES 

HNES 

E-KB 

[63-11 Two values for vapOl pre~sure - 11.7 torr and 8.8 torr - havt 
been reported. The 11.7 torr value was obtained from the 
table of vapor prcssures, critical temperatures and critical 
pressures in CRC Handbook. w h 11 e the 8.8 torr value 1. ,: 

reported in VerRchueren, 1977. 
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64. 1,2-DICHLOROBENZENE 

CAS No. 95-50-1 

PHYSICAL AND TRANSPORT DATA 

ProEert~ or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water

i KB (~g/g) (mg/~)- ) 

Volati1iza~ion constants: 

Henry's constant, H 
(atm m3 mol-l) C 

Vapor pressure, P (torr) 
v 

R~aeration rate ratio, 
kC/ko 

v v 

Value 

147.01 

-17.0 

180.5 

EK-NER 

100 (20 0 e) 

3.6 x 103 

1.7 x 103 

730 

1. 93 x 10- 3 

0.495 

219 

Da t.'i Source 

WREF 

WREF 

Verschueren, 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

Verschueren, 1977 

C-DC.7 



64. l,2-DICHLOROBENZENE 

TRANSFORMATION DATA 

________ . ...-~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. *. 

Value 

PNES 

at nm PNER 
--~~-------------

Direct photolysis rate 
constant, k (h~-l) 

P 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
nrl hr- 1) 

For R02 (peroxy radical), 
k (!or'l hr- 1) 

OX 
Hydrolysis rate constants: 

PNER 

«360 

«1 

Data Source 

E-P 

C-ox 

c-ox 

For base-~romoted process, 
~ (~ hr- 1) o HNES - ~~;;......---------

For acid-promoted process, 
k nrl hr- 1) 

A 
For neutral process, 

~ (hr- 1) 

Biotr~nsformation rate constant: 

For bacterial transforroation 
in water, ~ (ml ~ell-l hr- 1) 

o 

o 

(E) 1 x 10-10 

E: Estimated value; see List of Source Codes. 
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HNES 

E-KB 



65. 113-DICHLOROBENZENE 

CAS No. 541-73-1 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °e 

Boiling point, °e 

Ionization constant 

Partition con~tants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB (~g/g)(mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

147.01 

-24 7 

173 

pK-NER 

123 (25°C) 

3.6 x 103 

1.7 x 103 

730 

3.61 x 10- 3 

2.28 (2S0e) 

0.495 

221 

Data Source 

WREF 

WREF 

Verschueren z 
eC-Kow 

C-Koc f Kow 

C-KB f Koy 

C-VP!S-25° 

WREF 

C-DC.7 

1977 

~-..~ ..... 
....... ,...........i 



65. l.3-DICHLOROBENZENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, " 
at _________ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 

Value 

PNES 

PNER 

________ at latitude _P_NE~R _____________ _ 

Oxidation ~onstants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(M""l hr- 1) 

For R02 (peroxy radical), 
k

OX 
(M""l hr- 1) 

Hydrolysis rate cunstants: 

For base-fromoted process, 
~ (M"" hr- 1) 

For acid-promoted process, 
k (M"" 1 hr-l) 

A 
For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

.. «360 

«1 

o 

o 

o 

(E) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

, ;22 

Data Source 

E-P 

C-ox 

c-ox 

HNES 

HNES 

HNES 

E-ICB 

'''' .. ~ \, ..... " 

1 .~ 

! 

, 
'. 



66. 1,4-DICHLOROBENZENE 

CAS No. 106-46-1 ----------------

6 
CI 

PHYSICAL AND TRANSPORT DATA 

Property or ~ru~ess 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
101 

Octano)-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB (~g/g)(mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

223 

Value 

147.01 

53.1 

174 

pK-NER 

3 3.6 x 10 
3 

1. 7 x 10 

730 

-3 3.1 x 10 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f KoW' 

C-KB f Kow 

C-VP/S-2S0 

WREF 

C-DC.7 



66. 1.4-DICHLOROBENZENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ~, 

Value 

PNES 

at nm PNER 
~~--------------

Direct photolysis rate 
constant. k (hr- 1) 

p 
_____ at ____ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(M"" 1 hr- 1) 

For R02 (peroxy radical), 
k (l·r l hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1 ) 

For acid-promoted process, 
k (M""1 hr-l) 

A 
For neutral process, 

~ (hr- 1 ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

«360 

«1 

o 

o 

o 

(E) 1 x 10-10 
------

E: Estimated value; see List of Source Codes. 

224 

Data Source 

E-P 

C-OX 

c-ox 

HNES 

HNES 

HNES 

E-K8 



, 

67. l,2,4-TRICHLOROBENZENE 

CAS No. 120-82-1 
c 

¢r 
C1 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Bollin~ pOint, °c 

Ionization constant 

Partition constants: 

Water ~olubi]ity, S (ppm) 
w 

Octano1-water, K (unit1ess) 
ow 

St:.d.ment-water, K (unit1ess) oc 
Microorganisms-water, 

KB (lJg/g)(mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mo1-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v " 

Value 

181.45 

16.95 

213.5 

EK-NER 

9.2 x 10
3 

2 . 3 x 10-3 

0.465 

225 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

Dreisbach, 1955 

C-DC.7 



67. l.2.4-TRICHLOROBENZENE 

TRANSFORMATION DATA 

________ . __ ~P~r~o~p~erty or Proc~ss 

Photolysis data: 

Absorptiun spectrum 

Reaction quantum yield, ., 
at nm 

Direct photolysis rate 
constant, k (hr-1) 

p 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox orl hr- l ) 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For base-vromoted process, 
~ (~ hr- 1) 

For acid-promoted process, 
kA (~l hr-l) 

For neutral process, 

~ (hr- l ) 

Biotransformation rate :onstant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

DATA-ATT [67-1] 

«360 

«1 

o 

o 

o 

-10 (E) 1 x 10 

E: Estimated value; see List of Source Codes. 

226 

Data Source 

Zepp, 1980 

c-ox 

c-ox 

HNES 

HNES 

lINES 

E-KB 



67. 1.2,4-TRICHLOROBENZENE 

[67-1] The absorption coefficients and the corresponding 
wavelengths are as follows (Zepp, 1980): 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 

227 

EPSILON 
(~l cm-1) 

0.4000E+01 
0.1400£+01 
0.6l00E+00 
0.3600E+00 
0.2600E+OO 
0.2200E+00 
0.2000E+00 
0.1800E+00 
0.1600E+00 
0.1500E+00 
0.1000E+00 
0.5300E-01 
0.1300E-Ol 



68. HEXACHLOROBENZENE 

CAS No. 118-74-1 

CI 

:0: 
CI 

PHYSICAL AND TRANSPORT DATA 

Pro2ert~ or Proces~ 

Molecular weight 

Melting point, °c 

Bo1lin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K 
oc (unitless) 

Microorganisms-water! 
KB (\Jg/g) (mg/~)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-i) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Preceding page blank 229 

Value 

284.79 

230 

322 [68-1] 

pK-NER 

6 x 10-3 (25°c) 

2.6 x 106 

1.2 x 10
6 

2.9 x 105 

10-4 
6 • 8 x 

NAV 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP20° /525 ° 

WREF 



68. HEXACHLOROBENZENE 

TRANSFORMATION DATA 

________ ~P~r~o~p_erty or Pro~ess 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ~, 
at ________ nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

oX 
(~1 hr-1) 

For R02 (peroxy radical), 
k

oX 
(~1 hr-1) 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (M"" hr- 1) 

For aCid-~romoted process, 
kA (M"" hr-l) 

For neutral process, 

~ (hr- 1) 

Biotransformation 'rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

«360 

«1 

o 

o 

o 

(E) 3 x 10-12 

E: Estimated value; see List of Source Codes. 

[68-1] No pressure is reported with the boiling point. 

230 

Data Source 

C-OX 

c-ox 

HNES 

HNES 

HNES 

E-KB 



69. ETHYLBENZENE 

CAS No. 100-41-4 

PHYSICAL AND TRANSPORT DATA 

Property or Prl,,_c_e_s_s __ _ 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

DC 

Microorganisms-water! 
KB (~g/g)(mg/t)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-i) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

106.16 

-94.9 

136.2 

pK-NER 

152 (20°C) 

2.2 x 103 

1.1 x 103 

470 

6 . 6 x 10- 3 

0.489 

231 

Data Source 

'WREF 

CRC 

W'R.EF 

CC-Kow 

C-Koc f Kow 

C-l(B f Kow 

WREF 

C-DC.7 



69. ETHYLBENZENE 

TRANSFORMATION DATA 

Property or Process Value 

Phr~olysis data: 

Absorption spectrum PNES --....-.,;----_.-
Reaction quantum yield, ~, 

at nm _P;..;NE~R;.;.... ___ _ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude PNER -------- --------------Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(M"" 1 hr- 1) 

For R02 (peroxy radical), 
k

oX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (~ hr- 1 ) 

For acid-promoted process, 
k ( M"" 1 h r- 1 ) 

A 
For neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

«360 

720 

o 

o 

o 

(E) 3 x 10-9 

E: Estimated value; see List of Source Codes. 

232 

l 

Data Source 

E-P 

c-ox 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



70. NITROBENZENE 
CAS No. 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point. DC 

BoilinR point. °c 
Ionization constant 

Partition constants: 

W&ter solubility, S (ppm) 
w 

Octano]-water, K (unitless) 
ow 

Value 

123.11 

5.6 

211 

...£!$-NER 

98-95-3 

Sediment-water, K (unitless) oc 
--1L ___ _ 

Microo~ganisms-wateri 

KB (~g/g)(mg/t)- ) 

Volatilization constants: 

Henry's ronstant, H 
(atm mJ mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

22 

1. 31 x 10-5 

233 

Data Source 

WREF 
WREF ____ _ 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP / S-2~0,-o __ 

WREF 

...... ' ,~. 



70. NITROBENZENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ;, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k orl hr- 1) 

OX 
For R02 (peroxy radical), 

k orl hr- l ) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For acid-~romoted process, 
kA (M"" hr-l) 

For neutral process, 

~ (hr- l ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell-: hr- 1) 

Value 

SPEC-ATT (7~~ 

«360 

«1 

o 

a 

o 

-Q 
(E) 3 x 10 -

E: Estimated value; see List of Source Codes. 

234 

1 

UV-ATLAS 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-Kr 



70. NITRObE~ZENE 

[70-1] UV spectrum in 1i~ht petroleum solvent (t.p. lOO-l20~C) 
is shown be~ow (UV Atlas, 1966). 

'"' .... 
~ I e 

~~ .. - .. 

u 
.... 
I ::c 
'-" • 
w r ~ 

:1 
~-----------_--_--+_ --------d 

_ .. ________ ---3i..--____ ....J 

~ JfXJ 5«'1 
~ ____ ~ ___________ ~m~~~~· __ _L ________ ~\~I _____ I 

~ (nm) 

235 



71. TOLUE.I~E ____________ _ 

C .. S No. 108-88-3 

PH"SICAL AND TRANSPORT DATA 

_____ P_r~r~!.!.! "., or Proce .... s 

Mc:e~ular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

OctanQl-wat~r, K (,unit1ess) . ow 
I ~unit1ess) 
~ ("', , 

Mict"l.!(;.cganisms-'· .'; .. 
KB (~g/~) ~:ng" ',)~ ; 

Volatilization lnstants: 

Henry's constant, H 
(atm m3 mol-I) C 

V~por pressure, P (torr) 
v 

Reaerat10n rate ratio, 
k C Iko 

v v 

Value 

92.13 

-9.5 

110.6 

pK-NER 

534.8 (25°C) 

620 

300 

148 

6.66 x 10-3 

0.526 

Data Source 

CRC 

Verschueren, 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200 /525' 

Verschue~en, 1977 

C-DC.7 

237 Preceding page blank 
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71. TOLUENE 

TRANSFORMATION DATA 

________ ~P.r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

Value 

PNES 

at nm ~P~NE~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- I ) 

p 
_____ at ____ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k orl hr- I ) 

OX 
For R02 (peroxy radical), 

k
OX 

orl hr- I ) 

Hydrolysis rate constants: 

For base-fromoted process, 
~ (~ hr- I ) 

For acid-promoted process, 
kA orI hr- 1) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constan~: 

For bacterial transformation 
in water, \ (ml cell- 1 hr- 1

, 

PNER 

«360 

144 

o 

o 

(E) 1 x 10 ' 

E: Estimated value; see List of Source Codes. 

238 

Data Source 

UV-ATLAS 

C-OX 

C-OX 

NHFG 

NHFG 

NHFG 

E-KB 



72. 2,4-DINITROTOLUENE 

CAS No. 121-14-2 

PHYSICAL AND TRANSPORT DATA 

__ ._.-.-;P;..;r;..;o;..lp;..;e;;..;r;.,.t~y:.....;o;..;r;......;P;..;r;..;o;..;c;;..;e;..;s;..;s~ __ 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (~g/g)(mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-l) C 

Vapor ~ressure, P (torr) 
v 

Reaerat10n rate ratio, 
kC/ko 

v v 

Value 

182.14 

70 

300 

pK-NER 

95 

45 

39 

4.5 x 10-6 

NAV 

239 

Data Source 

WREF 

WREF 

WREF 
Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP20° /522 0 

Maksimov, 1968 

, •. ".... '-. , 

.J 



12. 2.4-DINITROTOLUENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

at 313 nm 

Direct pho~olysis rate 
~onstant, k (hr- 1) 

p 
summer at 40° latitude 

Oxidation constants at ~SCC: 

For 102 (singlet oxygen), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k

OX 
(~l hr-1) 

Hydrolys~s rate ~~nstants: 

For base-~10moted proct:;~s, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (~1 hr-1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

DATA-ATT 

-4 1.5 x 10 

-2 1. 6 x 10 

«360 

144 

o 

o 

o 

-1 
1 'X 10 

E: Estimated value; see List of Source Codes. 

240 

Data Source 

[72-1] 

[12-1 ] 

[12-1] 

C-ox 

c-ox -------

HNES 

HNES 

HNES 

J72-1] 



72. 2,4-DINITROTOLUENE 

[72-1] Photolysis and biotransformation data are reported in Spanggord 
et al. (1980). The measured sunl ight photol ys is hal f-l He of 
2,4 ONT in pure water is approximately 42 hours; however, the 
sunlight photolysis half-lives in three natural waters ranged 
from 3 hrs to 10 hrs, showing that humic substances can promote 
the pho tol ysis. 

It also should l)e noted that an acc.limated system capable of 
biotransforming 2,4 DNT was obtained in only one natural water 
sample, and kb was measured using that miJted culture system. 

The absorption coefficients for 2,4 DNT reported in Spanggord 
et al. (1980) are listed below. 

WAVELENGTH EPSILON 
(nm) (}l"l cm- 1) 

--------~~~----------~ 

297.:>0 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 
390.00 
400.00 
410.00 

241 

0.4104E+04 
0.3747E+04 
0.3390E+04 
0.3033E+04 
0.2677E+04 
O.2321JE+1)4 
0.1963E+04 
0.1784E+04 
0.1606E+04 
0.1338E+04 
0.l249E+04 
0.1071E+04 
0.7140E+03 
0.5350E+03 
0.3570E+03 
0.2680E+03 
0.1780E+03 
0.8900E+02 
0.3600E+02 
O.OOOOE+OO 
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73. 2,6-DINITROTOLUENE 

CAS No. 606-20-2 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular wflight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB ( lJ g / g) (mg H ) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm ro 3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

182.14 

65 

285 

pK-NER 

180 (20"C) 

190 

92 

51 

7.9 x 10-6 

Data Source 

WREF 

WREF [73-1] 

[73-2] 

CC-Ko\of 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20° [73-3] 

Maksimov, 1968 

243 
Preceding page blank 



73. 2,6-DINITROTOLUENE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption dpectrum 

Reaction quantum yield. ~. 

at nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
____ at lati-tude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
k

oX 
orl hr-1) 

For R02 (peroxy radical). 
k

OX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-fromoted process. 
~ (~ hr- 1) 

For acid-promoted process. 
kA (M"'"l hr-l) 

For neutral process. 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

Value 

«360 

144 

o 

o 

o 

( ) 1 X 10-10 
f. 

E: Estimated value; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

lINES 

HNES 

HNES 

E-KB 

[73-1] No pressure value is reported for the boiling point. 

[73-2] The water solubility value has been estimaterl from the 
water solubility of 2.4-dinitrotoluene. 

244 



73. 2,6-DINITROTOLUENE 

[73-3] The Henry's Law constant was obtained by extrapolating the 
data beyond the meltin~ point and adjusting by 

[ 
~Hf ( 1 1 \ 1 

exp -R- r; - T) 

where TM is the meltin~ point in °c and T is the temperature 

at which H is being estimated. 
c 

245 
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74. PHENOL 

CAS No. 108-95-2 

PHYSICAL AND TRANSPORT DATA 

Pro2ert~ or Process 

Molecular weight 

Melting point, °c 

BoUinll point. °c 

Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Occano1-water, K (unitless) ow 
Sediment-water. K (unit1ess) oc 
Microorganisms-water! 

KB (~g/8) (mg/ .2.)- ) 

Volatilization constants: 

Henry's constant, H 
(atrn m3 mol-1) C 

Vapor prpssure, P (torr) 
v 

Rea~ration rate ratio, 
kC/ko 

v v 

Va1ug 

94.11 

43 

181. 75 

9.89 (20°C) 

9.3 x 104 (2S0C) 

30 

14.2 

9.4 

4.54 x 10-7 

NAV 

Data ;)ource 

eRe 
WREF 

eRC 

WREF 

CC-Kow 

C-Koc f Kow 

C-J<B f Kow 

Biddiscornbe & 
Martin. 1958 

247 Preceding page blank 



74. PHENOL 

TRANSFORMATION DATA 

________ Property or ProceS8 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, " 

Value 

PNES 

at nm PNER ----------Direct photolysis rate 
constant, k (hr- 1 ) 

p 
____ at lati tude _P_NE-=R~ ____ , 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox (M""1 hr- 1) 

For R02 (?eroxy rad1\~al), 
k

oX 
(tor l hr- 1) 

Hydrolysis rate constants: 

For base-from~ted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (M""l hr-l) 

For neutral process, 

~ (hr- 1 ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

1 x 10 7 

0 

0 

0 

~E~ 3 x 10-
6 

E: Estimated value; see List of Source Codes. 

248 

Data Source 

E-P 

c-ox 

c-ox 

NltFG 

liliFG 

~ 

E-KB 



75. 2-CHLOROP~H~E~N~0~L __________________________ _ 

CAS No. 95-57-8 
~~~------------------

PHYSICAL AND TRANSPORT DATA 

Proeert~ or Process [75-1 ] 
Molecular weight 

Mel t ing point. °c 

Boiling point. °c 
Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water, K (unitless) ow ' 
Sediment-water. K (unitless) oc 
Microorganisms-water

l KB (~g/g) (mg/£)- ) 

Volatilization eonstants: 

Henry's constant, H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

249 

Value 

128.56 

9 

175.6 

8.85 (25°C) 

2.85 x 104 (20°C) 

151 

73 

41 

l. 03 x 10-5 

NAV 

Data Source 

eRC 

WREF 

CRC 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-YP!S-200 

C-CT/CRC 

• ... --"," ""Il!!II 



75. 2-CHLOROPHENOL 

TRANSFORMATION DATA 

____ P;:..r::...;0:.lp"-'=erty or Process [I5-l] Value 

Photolysis d.ata: 

Absorption spectrum PNES 
~~--------------

Reaction quantum yield, •• 
at nm, PNER 

~~~------------
Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (M"'"l hr- 1) 

OX 
For R02 (peroxy radical), 

kOX orl hr- I ) 
Hydrolysis rate constants: 

For base-~romoted process, 
~ (M"" hr- 1) 

For acid-promoteci process, 
kA (M""l hr- 1) 

For neutral process, 

~ (hr- I ) 

Biotransformati~n rate constant: 

For bacterial transformation 
in water, ~ (ml ce1l- 1 hr- 1) 

PNER 

1 x 10
7 

o 

o 

o 

-7 (E) 1 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-ATLAS 

C-OX 

C-OX 

lINES 

liNES 

lINES 

E-KB 

[75-1] All data are calculated for the neutral form unless 
otherwise stated. 

250 



76. 2,4-DICHLOROPHENOL 

CAS No. 120-83-2 

• 
PHYSICAL AND TRANSPORT DATA 

~roperty or Process [76-1] 

Molecular weight 

Melting point, °c 
BoilinR point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (un1t1ess) ow 
Sediment-water, K (unit1ess) oc 
Microorganisms-water, 

KB (~g/g)(mg/~)-I) 

Volatj1ization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

251 

Value 

163.0 

45 

210 

7.85 [76-2] 

4.6 x 103 (20°C) 

790 

380 

186 

2.8 x 10-6 

NAV 

Data Source 

WREF 

WREF 

WREF 

Verschueren 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-20° [76-3] 

c-cT/cRC 

.~'. 



76. 2,4-DICHLOROPHENOL 

TRANSFORMATION DATA 

______ ~P~r~o~p~erty or Process [76-l] ____ ~V~a~l~ue~ ____ __ 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_______ at ___ lat! tude 

Oxidation constants at 25°C: 

For 102 (sin8let oxygen), 
k (M""1 hr- 1) 

OX 
For R02 (peroxy radical), 

k (11""'1 hr- 1) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (M""' hr- 1) 

For acid-promoted process, 
kA (~l hr- 1) 

For neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

[76-4 ] 

o 

o 

o 

(E) 1 x 10-7 

E: EstimAted value; see List of Source Codes. 

Data Source 

c-OX 

c-OX 

HNES 

HNES 

HNES 

E-KB 

[76-1] All data are calculated for the neutral form unless otherwise 
stated. 

[76-2] No temperature is reported for the ionization constant. 
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76. 2,4-DICHLOROPHENOL 

[76-3] The Henry's Law constant was obtained by extrapolating the 
data beyond the melting point and adjusting by 

[ 

tlHf 
exp --R- (*-+)] 

where TM is the meltin~ point in °c and T is the temperature 

at which H is being estimated. 
c 

[76-4] Conflicting literature infonnation has bee'. reported ror 
the photolYSis of 2,4-dichlorophenol (WREF). One paper 
reports that, after 10 days exposure to s .light, no starting 
chemical co~ld be detected in solution; the other rp:~rence 
indicated that at wavelengths greater than 280~m, irradiation 
induced negligible photolysis. 
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77. 2,4,6-TRICHLOROPHENOL 

PHYSICAL AND 

Property or Process [77-1] 

Molecular ~ight 

Meltbg poi.._. °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-waterr KS (\.1g/g) (mg/t)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

CAS No. 88-06-2 

TRANSPORT DATA 

Value 

197.5 

68 

244.5 

5.99 [77-2 ] 

800 (25°C) 

4.1 x 103 

2.0 x 103 

824 

NAV 

Data Source 

WREF 

WREF 

Verschueren, 1977 

Verschueren, 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25° [77-3] 

C-CT/CRC 
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77. 2,4,6-TRICHLOROPHENOL 

TRANSFORMATION DATA 

Property or Process [77-1] ______ V~alue 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

OX 
(~l hr-1) 

For R02 (peroxy radical), 
k

OX 
(~1 hr-1) 

Hydrolysis rate constant : 

For base-fromuted process, 
~ (~ hr- 1 ) 

For acid-promoted process, 
kA nrl hr- 1) 

For neutral process, 

~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ eml cell- 1 hr- 1) 

6 
1 x 10 

o 

o 

o 

(E) 3 x 10-9 

E: ~timated value; see List of Source Codes. 

Data Source 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[77-1] All data are calculated for the neutral form unless otherwise 
stated. 

[77-2] No temperature is reported for the ionization constant. 
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77. 2,4,6-TRICHLOROPHENOL 

[77-3] The Henry's Law constant was obtained by extrapolating the 
data beyond the melting point and adjusting by 

[ 

lIHf 
exp --R- (-+,;- -+)] 

where TM is the m~lting point in °c and T is the temperature 

at which H is being estimated. 
c 
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:6: 
78. PENTACHLOROPHENOL 

CAS No. 87-86-5 

CI 

PHYSICAL AND 

ProEerty or Process [78-1] 

Molecular weight 

Melting point, °c 
Boiling pOlnt, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB ( ( )J g / g) (mg I .t) - 1 ) 

Volatilization constants: 

Henry's cvastant, H 
(atm m3 rnol-1) c 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

TRANSPORT DATA 

Value 

266.4 

190 

310 

4.74 [78-2] 

1.1 x lOS 

5.3 x 10
4 

2 • 8 x .1=:.:0:::,..-_6 __ 

1.1 x 10-4 (20°C) 

NAV ____ _ 

Preceding page blank 259 

Data Source 

WREF 

WREF 

WREF 

Verschueren. 1977 
CC-Ko::..;w;....-___ _ 

C-Koc f Kow 

(-KB f Kow 

C-yP/S-20 0 

WREF 
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7t. PENTACHLOROPHENOL 

TRANSFORMATION DATA 

_____ P_r_o ... p,~rty or Process [78-1] ___ V_a_l_u_e ___ _ 

Photolysis data: 

Absorption spectrum 

Reaction q~antum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
at latitude ----

Oxidatioh :onstants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(~l hr-1) 

For R02 (peroxy radical). 
k (~l hr- 1 ) OX . 

Hydrolysis Late constants: 

For base-vromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (~l hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant~ 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

3 <7 x 10 

5 1 x 10 

o 

o 

o 

-9 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

Data Source 

C-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 

[78-1] All data ar~ calculated for the neutral form unless 
ot.herwise stated. 

[78-2] No temperature was reported for the ionization constant. 
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79. 2-NITROPHENOL 

CAS No. ..;;8:.:::8:..-~i.::.5_-~5 _______ _ 

PHYSICAL AND TRANSPORT DATA 

Property or Process [79-1] 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
ow 

Sediment-water. K (unir1ess) oc 
Microorganisms-water, 

KB ( (IJ g / g) (mg / £') -1 ) 

Volatilization constants: 

Henry's constant, H 
(atm rn 3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

261 

Value 

139.1 

45.3 

216 

8.28 (25°C) 

2.1 x 103 (20°C) 

56 

27 

17 

-6 
7.56 x 10 

~AV 

Data Source 

WREF 

WREF 

CRC 

Verschueren, 1977 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP-/S20° [79-2] 

c-cT/cRC (79-3] 



79. 2-NITROPHENOL 

TRANSFORMATION DATA 

________ ~P~r_o~p~erty or Process [79-1) ____ ~V~a~1~u~e ______ __ 

Phot~lysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm ---.----
Djlect pnotolysis rate 
constant, k (hr- 1) 

p 
____ at l.atitude 

Oxidation constants at 25°C: 

~or 102 \slnglet ox~~en), 
kOX nr1 hr- 1) 

For R02 (peroxy radical), 
k nr-l hr- 1) 

OX 
Hydrolysis rate con$tants: 

For base-~romoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (M"" 1 hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bac~erial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

SPEC-ATT [79-4) 

o 

o 

o 

-9 (E) 3 h 10 

E: Estimated valu~; see List of Source Codes. 

Data Source 

UV-ATLAS 

c-OX 

c-ox 

HNES 

HNES 

HNES 

E-KB 

~7( -l~ All data are cai~ula~~d ~~r the neutral for~ ~nless 
otherwise stated. 
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79. 2-NITROPHENOL 

[79-2] The Henry's Law constant was obtained by extrapolating the 
data beyond the melting point and adjusting by 

(-+,;- -+)1 
where TM is the melting point in °c and T is the temperature 

at which H is being estimated. 
c 

[79-3] N0 temperature is reported for the vapor pressure. 

[79-4] UV spectrum of 2-nitrophenol in water is shown below 
(UV Atlas, 1966). 

I 1 I ""1 I'~ 
If] 100 ISO JIJ() .., sac 
d----~' ____________ ~I~m~~~_-________ ~ ____________ ~ 

~ 
8 

r----- ~ ---------- ~ ---------- ------d 
'" ~ ... 

~F---------------~--~~-------\-----~~--------~ 
I 
E .. 

lei 

-------- - ---------------------~'----..., 

0--

IV ... ~2 
I' 
!, ------. ---- -_ .. _----------------..1,----1 

\</ 

150 JOe 
1"""'- I 

~ (nm) 
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80. .J!,:NITROPHENOL 

6 
CAS No. 100-07-7 

PHYSICAl. AND TRANSPORT DATA 

Property or Process [80-1] 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unitless) 
ow 

Sediment-water. K (l,litless) oc 
Microorganisms-water! 

KB (ug/g)(mg/~)- ) 

Volatilization constants: 

Henry's constant, H 
( a t m m 3 mo 1 - 1 ) c 

Vapor pressure, P (torr) 
'! ' 

Reaeration rate ratio, 
kC Iko 

v v 

Value 

139.1 

114.9 

279 

1.6 x 10
4 (25°C) 

.,) 

45 

27 

NAV 

Data Source 

WREF 

WREF 

CRC 

Verschueren, 1977 

CC-Kow 

C-Koc f Kow 

CKB f Kc '" .,,--

C-VP146°/s25° 

WREF 

---,,---

265 Precech;lg page blank 



80. 4-NITROPHENOL 

TRANSFORMATION DATA 

________ P~r~o~p~erty or Process [80-1] 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(M""l hr- 1) 

'or R02 (peroxy r~dical), 
k

OX 
(~l h r- 1 ) 

Hydrolysis rate constants: 

For base-rromoted process, 
kS (~ hr- 1) 

For acid-promoted process, 
kA (M""l hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

SPEC-ATT [80-2] 

[80-3] 

o 

o 

o 

(E) 1 x 10- 7 

E: Estimated value; see List of Source Codes. 

Data Source 

UV-I.TLAS 

C-ox 

c-ox 

HNES 

HNES 

HNES 

E-KS 

[80-1) All data are calculated for the neutral form unless 
otherwise stated. 
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80. 4-NITROPHENOL 

[80-2] UV spectrum of 4-nitrophenol in water is given below 
(UV Atlas, 1966). 

I 
E 
u 

w 

I I 
"1 ltJO 

111' 

~ 
~ 

~~~ 
t 
~ 

KI 

OM 

101 0 
I>j°l 

l-
"1 ~ 

I 
150 m.,.--

... 
~ I 

I 

r\ 11 

\ V 

ISO Tm.,.-
A (nm) 

i I 
JOO 

._- t:: ... 
I • 

r 

, 
! 

I 
JDO 
I 

I 
4DO 

\ 
\ 
\ 

\ 

\ 

I 1 

f' 

i I 
SOC 

-... 

lOr: 

[80-3] 4-~itrophenol at concentrations of 200 ppm ip aqueous solutions 
has been reported to be degraded after 1-2 months in 
sunlight. Given the high concentration of chemical ~nd 
uncertain pH of the solution, this information should be 
considered only as a ~ua1itative observation that 4-nitrophenol 
can be photolyzed in sunlight. 
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81. 2,4-DINITROPHENOL 

CAS No. 51-28-5 
~~~~----------------

PHYSICAL AND TRANSPORT DATA 

Property or Process [81-1] 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (pp~) 
'01 

Octano1-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
~lcroorganisms-water, 

KB (\Jg/g)(mg/O- 1) 

Volatil1za~ion cnnstants: 

Henry's conrtant, H 
(a t m m 3 mo r 1 ) C 

Vapor pressure, ~ (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

269 

Value 

184.1 

114 

5.6 x 103 (laOC) 

34.7 

16.6 

15.4 

6.45 x 10-10 

1.49 x 10-5 (18°C) 

NAV 

Data Source 

WREF 

CRC 

Verschueren, 1977 

Pomona 

C-Koc f Kow 

C-ICB f Kow 

C-VP/S-18° 

Hoyer & Peperle, 1953 

Preceding page blank 
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81. 2.4-DINITROPHENOL 

TRANSFORMATION DATA 

____ ..,;;P..,;;r;..;o;.,t;p;..;;erty or Pro~.~ss [81-1] ___ V_a .... l .... u_e ___ _ 

Photolysi. data: 

Ab~orption spectrum 

Reaction quantum yield, ~. 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oXYRen), 
kr.x or" 1 hr- 1) 

For RJ2 (pero~y radical). 
;<OX orl hr- 1) 

Hydrolysis rat~ constants: 

For base-fromoted process, 
kB (tor hr- 1) 

For acid-fromoted process, 
kA (~ hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

o 

o 

o 

-9 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

270 

Data Source 

C-ox 

c-ox 

HNES 

HNES 
~-----

_HN_F:L,. ___ _ 

E-KB 
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82. 2,4-DIMETHYLPHENOL 

CAS No. 105-·67-9 

PHYSICAL AND TRANSPORT DATA 

Proeerty or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unit1ess) 
ow 

Sediment'-water, K (unit1ess) 
oc 

Microorganisms-water
l KB «ug/ g) (mg/£)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

122.2 

27-28 

210.9 

10.60 [82-1] 

590 (25°C) 

200 

96 

75 

Nt\\' 

271 

Data Source 

CRC 

WREF 

WREF 

C-Sw f Kow 

Pomona 

C-Koc f Kow 
..•. --

C-KB :i; Kow 

c-VP200/s25° 

WREF [82-2] 

-, 
1 
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82. 2,4-DlMETHYLPHENOL 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- l ) 

p 
___ " __ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oXYRen), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k

OX 
(~l hr-1) 

Hydrolysis rate constan:s: 

For base-fromo~ (: ,n ,",cess, 
kB (M"" hr-~) 

For acid-promo~edl,oL" ~s, 
k (M""l hr-') 

A 
For neutral proces~. 

kN (hr- 1) 

Biotransformation ra~t> constant: 

For bacterial transformatiDn 
in water, ~ (ml cel1~1 hr- 1) 

Value 

8 
1.1 x 10 

o 

o 

o 

-7 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 

Data Sou~ 

c-ox 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 

[82-1] No temperature is reported for the ionization constant. 

[82-2] This value of the vapor pressure is for the supercooled 
liquid. 

272 



!t .. 

83. p-CHLORO-~-CRESOL 

CA S No. ..2.2::-5~O-=-7!....-______ _ 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constunts: 

Wat~r solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitles~) 
oc 

Microorganisms-water, 
KB (~g/g)(mg/i)-') 

101ati1ization constants: 

Henry's constant, H 
(atm m~ mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio. 
kC/ko 

v v 

Value 

142.6 

66 

235 

pK-NER 

3.85 x 10
3 

(20°C) 

1259 

604 

400 

2.5 x 10-6 

273 

Data Source 

WRH 

WREF 

Verschueren, 1977 

POlQO?Ja ___ _ 

C-Koc f Kow 

C-KE f Kow 

C-VP/S-20° 

[33-1J 



83. p-CHLORO-m-CRESOL 

TRANSFORMATION DATA 

________ ~P~r_o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Re~ction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oXJ~en). 
k urI hr- l ) 

OX 
For R02 (peroxy radical), 

k nil hr- 1) 
OX 

Hydrolysis rate constants: 

For base-rromc~ed process. 
kB or hr- 1) 

For acid-promot<::j process. 
k nrl hr-!) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

Fo~ bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

V~~lc~~ 
-~ .. ~-.. _ .. ,,-----

o 

o 

o 

-9 
(E) 3 x 10 

E: Estimated value; see List of SOUlce Codes. 

Dat SOLLr-:e 

----.---

C-ox 

c-ox 

HNES -----
HNES 

HNES 

E-KB .------

[83-1] Vapor pressure value is assigned by analogy; no data are 
available. 
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84. 4,6-DINITR~0~-~o~-~C~R~E~S~0~L~ ________ ___ 

CAS No. 534-_"~2_-.:..1 ________ :--_ 

PHYSICAL AND 'TRANSPORT DATA 

Property or Process 

Mol~cu'ar weight 

Melting point-, °c 
BoHing point, °c 
Ionization constant 

Partition constants: 

Water 90~Jbi1ity, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-water, 

KB (\.lg/g)(mg/O- 1) 

Volatilization constants: 

H~nry's constant, H 
(a t m m: rno 1- 1 ) c 

Vapor pressure, P (torr) 
v 

R~aeration rate ratio, 
kC/ko 

v v 

Value 

198.1 

85.8 ----

4.35 [84-1] 

snn 
2-'+0 

122 

\'A\' 

275 

Data Source 

WREF 

WREF 

C-Sw f Kow 

CC-Kow 

C-KB f Kow 

C-VP2QO/S25° 

[84-2] 



84. 4,6-DINITRO-o-CRESOL 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

OX 
(~l hr-1) 

For R02 (peroxy radic~l), 
k

OX 
(t-r"l hr- 1) 

Hydrolysis rate constcnts: 

For base-rromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (torI hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in vater, \ (ml cell- 1 hr- 1) 

Value 

o 

0 ______________ _ 

o 

-9 (E) 3 x 10 

l: Estimated Jalue; see List of Source Codes. 

Data Source 

c-OX 

C-OX 

HNES 

HNES 

HNES 

E-KB 

L84-1] No tr:mptlrature is reported with the ionization constant. 

['::.!t-2] Vapor pr p 3Sllre value assigned by analogy; no data were 
avaIlable. 

276 



, 
\ 

\ 

References fo~ 3.6 

Biddiscombe, D. P., and J. F. Martin. 1958. Vapor Pressures of Phenol 
and the Creso1s. Trans. Faraday Soc. 54:1316-1322. 

Dreisbach, R. R. 1955. Physical Properties of Chemical Compounds. 
Advances in Chemistry Series :~(). 15. American Chemical Soceity, 
\"ashington, DC. 536 pp. 

Hoyer, H., and W. Peperle. 1958. Darl1pfdruckmessungen an Organischen 
Substanzen und Ihre Sub1imationswarmen. Z. Elektrochem. 62:61-55. 

Maksimov, Y. Y. 1968. Vapour Pressure~ of Arotmatic Nitro-compounds _ 
at Vario~s Temperatures. Russ. J. Phys. Chem. 42:1550-1552. 

Spanggord, R. J., T. Mill, T.-W. Chou, W. R. Mabey, J. H. Smith, and S. 
Lee. 1980. Environmental Fate Studies on Certain Munition Waste­
water Constituents. Phase II Laboratory Studies. Final Report 
submitted, U.S. Army Medical Research and Development Command. 
Fort Detrick, MD. 

t:v Atlas. 1971. L'V Atlas of Organic COI:!pounds. Vol. I-V. Plenum Press, 
:-.iew York. 

Verschueren, K. 1977. Handbook of Environmental Data on Organic Chemicals. 
Van ~ostrand/Reinhold Press, New York. 659 pp. 

Zepp, R. C. 1980. Private communication. 

Pomona College Medicin&: Data Ease, June 1982. 

277 



SECTIO;~ 3. 7. PHTHALATE ESTERS 

85. Dimethyl phthalate 
86 D'ethyl phtha1.ate 
87. r~-n-butyl phthalatt 
~)8. D -n-octyl phthalate 
59. Bis(:?-ethylhexyl) p:-.thalat~ 
90. Butyl benzyl phthalate 

279 Preceding page blank 
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85. DIMETHYL PHTHALATE 

o 
II 
C·_O-CH3 

C - 0 -.CH3 
II 
o 

CAS No. 131-11-3 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecul~r weight 

Meltin~ point, DC 

Boiling point, DC 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-wate~. K (unitless) 
ow 

Sediment-water, K (unitless) 
oc 

Mi~roorg~ni~ms-water, 

KB (j.lg/g)(mg/~)-I) 

Volatilization constants: 

Henry's conntant, H 
(a tm m 3 n.o 1-1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 

Value 

194.2 

o 
282 

pK-NER 

5.00 x 10
3 

(20°C) 

36.3 

17.4 ------
16.0 

2.15 x 10-6 

kC/ko ~AV 
v v ~~---------

Data Source 

WREF 

Verschueren, 1977 

Pomona ---------
C-Koc f Kow 

C-KB f Kow 

C-VP IS-20° 

C-CT/CRC 

281 Preceding page blank 
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85. DIMETHYL PHTHALATE 

________ ~Par~o~e~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct phutolysis rate 
constant, k (hr- 1) 

p 
at latitude -----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

oX 
(~I hr-I) 

For R02 (peroxy radical), 
kox (~1 hr-I) 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (~ hr- 1) 

For acid-promoted process. 
k '~1 hr-l) 
A ' 

For neutral process. 

kN (hr- I ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml ce11- 1 hr- 1) 

Valu ;;;.e;;;.... ____ _ 

DATA-ATT [85-1] 

PNER 

PNER 

«360 

0.05 

a 

-6 5.2 x 10 

E: Estimated value; see List of Source Codes. 

282 

~ata Source 

Zepl'. 1980 

C-ox 

c-ox 

WREF 

C-KBASE 

HNES 

Wolfe et al., 1980 



85. DIMETHYL PHTHALATE 

[85-1] Table of absL-ption coefficients and the corresponding 
wavelengths for dimethyl phthalate is given below (Zepp, 1980). 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 

283 

EPSILON 
(w- 1 cm- 1) 

O.8000E+Ol 
O.2800E+Ol 
O.lOOOE+Ol 
O.3700E+00 
0.1600E+00 
O.3000E-0: 
O.oOOOE-Ol 
0.4000E-Ol 
0.4000£-01 
0.3000E-Ol 
0.3000E-ul 
0.2000E-C.l 
O.lOODE-OI 



86. DIETHYL PHTHALATE 

o 
1\ 

- C - 0 -~H5 

- C - 0 -C2 HS 
II o 

CAS No. 84-66-2 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (uni t }'8S) 

oc 
Microorganisms-water, 

KB (\lg/g)(mg/.O- 1) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

222.;;.~ ___ _ 

-40.5 

298 

pK-NER 

295 

142 

l07 

1. 2 x 10- 6 

3.5 x 10~~~OC) 

NAV 

Data Source 

WREF 

WREF 

WREF 
Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

c-cT/cRC 

285 
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86. DIETHYL PHTHALATE 

TRANSFORMATION DATA 

________ ~P~r_o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

Value 

PNES 

at nm ~P~NE~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
__________ at _______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
or1 hr- 1) 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process, 
~ (M"" hr- 1) 

For acid-promoted process, 
k (M""l hr- 1) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

PNER 

~<360 

1.4 

o 

-7 
(E) 1 x 10 

E: Estimated value; see List of Source Codes. 

286 

nata Source 

WREF 

C-OX 

c-ox 

WREF 

C-KBASE 

HNES 

E-KB 



o 
II 
C - 0 -C.H, 

C - 0 -C.H, 
II o 

87. DI-n-BUTYL PHTHALATE 

CAS No. 84-74-2 

PHYSICAL AND TRANSPORT DATA 

Proeerty or Process 

Molecular weight 

Melt ing poi,t, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K Cunit1ess) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (Cu g/ g) Crng/O- 1) 

Volatilization constants: 

Henry's constant, H 
(a t m m ~ rno 1- 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

278.3 

-35 

340 

pK-NER 

1.7 x 105 

4.7 x 104 

2.8 x 10- 7 

NAV 

287 

Data Source 

WREF 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25° 

Jaber, 1982 
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I 

87. DI-n-BUTYL PHTHALATE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ~. 

Value 

PNES 

at nm PNER 
~~--------------

Direct photolysis rate 
constant. k (hr- 1) 

p 
_____ at _____ 1 a ti tude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen). 
k

OX 
o-rl hr-1) 

For R02 (peroxy radical), 
k (~1 hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process. 
kS (~ hr- 1) 

For acid-promoted process, 
k (M""l hr-l) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

«360 

1.4 

o 

-8 (1.9-4.4) x 10 

E: Estimated va~ue; see List of Source Codes. 

288 

Data Source 

WREF 

C-OX 

c-ox 

WREF 

C-KBASE 

HNES 

Steen et al., 1979 



88. DI-n-OCTYL PHTHALATE 
o 
II 

-c 

C 
II o 

CAS No. 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

~ater solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB ( ( ~ gig) (mg /2.) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-') c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC Iko 

v v 

Value 

391 

-25 

220 (4mm) 

pK-NER 

3.0 (25°C) 

7.4 x 109 

3 f, x 109 

3 . 9 x 108 

1.7 x 10-5 

~A\' 

289 

117-84-0 

Data Source 

WREF 

WREF 

WREF 
CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

[88-1] 



88. DI-n-OCTYL PHTHALATE 

TRANSFORMATION DATA 

________ ~P~r~o~p~er~y or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

Value 

PNES 

at nm PNER 
~~------------

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
nrl hr- 1) 

For R02 (peroxy radical), 
k

OX 
nr! hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For acid-promoted process, 
k (M""l hr- 1) 

A 
For neutral process, 

kN (hr-l) 

Biotransformation rate constant: 

For bacterial transformation 
1n water, ~ (ml cell- 1 hr- 1 ) 

PNER 

«360 

1.4 

o 

3.1 x 10- 10 

E: Estimated value; Ree List of Source Codes. 

Data SouTce 

WREF 

C-ox 

C-OX 

[88-2] 

[88-2] 

HNES 

Wolfe et al .• 1980 

[88-1] Vapor pressure value assigned by analogy. This value is 
used in the calculation of Henry's constant. 

[88-2] Hydrolysis rate constant is assigned by analogy to 
di-n-butyl phthalate. 
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89. BIS(2-ETHYLHEXYL)PHTKALATE 

o 
II 
C - 0 - CH2CH(~H5IC4H9 

C - 0 - CH2CHIC2HSIC,H, 
Ii o 

CAS No. 117-81-7 

PHYSICAL AND TRANSPOKT DATA 

Property or Process -----
Molecular weight 

Meltin~ point. °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) 
oc 

Microorganisms-water, 
KB (Ug/g) (mg/O- 1) 

\'olat11 ization constants: 

Henry's constant, H 
(a tm m ~ mol- 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC'/ko 

v v 

Valu'" 

391 

-50 

386.9 (Smm) 

p!(-NER 

0.4 (2S"C) 

4 • ] x 10
9 

2 . 0 x 10
9 

~,A\' 

291 

Data Source 

WREF 

WRE'F 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/s25° 

c-cT/CRC 



'. 

t 

89. lHS (2-ETHYLHEXYL) PHTHALATE 

TRANSFORMATION DATA 

_________ P_r_o~p_erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ., 
at nm -------

Direct photolysis rate 
constant, k (hr- 1) 

p 
at lat itude ------

O;.idation constants at 25°C: 

For 102 (singlet oxygen), 
k (Wi hr- 1 ) 

OX 
F0r R02 (peroxy radical), 

k (~l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-rromoted proce5s, 
kB (W hr- 1) 

For acid-promoted process, 
!:A (WI hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate CJnstant: 

For bacterial transformation 
in water, \ (ml cell- 1 Itr- 1, 

Value 

PNES 

PNER 

Pl'lER 

«' 160 

7.2 

0 ______________ __ 

4.2 x 10- 12 

E: Estimated value; see List of Source Codes. 

29~ 

Data Source 

WREF 

C-ox 

c-ox 

WREF 

C-KBASE 

HNES 

Holfe et a~., 1980 



L 

90. BUTYL BEN"':YL PHTHALATE=--_____ _ 

CAS No. Wj-68-7 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

M, ,It i 11 gpo in t, 0 C 

Boiling ~oint, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water. K (unit1ess) 
ow 

Sediment-water. K (unitless) 
oc 

Microorgani&ms-water, 
KB (Cf]g/g) (mg/O-1) 

Volatilization constants: 

Henry's constant, H 
(atm m2 mol-1) C 

Va~or pressure, P (torr) 
v 

Reaeration rate ratio, 
k C Iko 

v v 

Halue 

312 

-35 

177 

2.9 
-~--------

, () x 10
5 

7 x 10
5 

4 7 x 10
4 

-6 
8. '3 x 10 

,- ~~'~-O---=-5--

NAV 

293 

Data Source 

'~'REF 

WREF 

WREF [90-1] 

CC-Kow 

C-KoC' f Kow 

C-!l..B f Kow 

C-VJ:'~90-2 L_ 
[90-3] 



t , 

i 

90. BUTYL BENZYL PHTHALATE 

TRANSFORHATION DATA 

____ ~P..::r..::o..!;.p..::erty Jr Process 

Photolysis data: 

Absorption spectrum 

Reactim1 quantum yield, <t>, 
at nm 

Direct photolisis rate 
constant, k (hr- I ) 

p 
____ at ___ latitude 

Oxidation constants at 2SoC: 

For 102 (singlet oxygen), 
k (~l tar-I) 

OX 
For R02 (peroxy radical), 

k
OX 

(?·r 1 hr- 1) 

Hydrolysi8 rate constants: 

For base-~romoted process, 
kB (t-r hr- I ) 

For acid-yromoted process, 
kA o·r hr-I) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate cunstant: 

For bacterial transformation 
ip ~ater, kb (ml cell- 1 hr- I ) 

Value 

PNES ---

PNER 

PNER 

«360 

.e80 

79. 2 (30 O-"C-'-) __ _ 

7.92 x 10- 3 (30°C) 

u 

E: Estimated value; see List of Source Codes. 

Data Source 

WREF 

C-ox 

c-ox 

[90-4] 

[ 90-4] 

tiNES 

E-KB 

[90-1) Nu temperature is rqlurted with the water solubility. 

[90-2) henry's constant calculated lIsing solubility and vapor 
pr('ssur(> values at unknown temperLltur('s. 
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90. BUTYL BENZYL PHTHALATE 

[90-3] The vapor pressure was calc'llat(>d using Trouton' s Rule. 
No Hpeciflc temperature is given. 

[90-4] Hydrolysis rate constant is assJgned by analogy to di-n-~ut>l 
phthalate. 

295 
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91. 
92. 
<J3. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 
IOL 

. SECTION 3.8 POLYCYCLIC AROMATIC HYDROCARBONS 

Acenaphthene 
Acenaphthy1ene 
Anthracene 
Beuzo(a) anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(ghi) Fery1ene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1.2.)-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

297 



91. ACENAPHTHENE 

CAS No. -.:8::.c3::.c-_3::..:2::.c-.--'9=--_______ _ 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Mo1e~ular w~ight 

MeJt~ng point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

----

Water solubility, S (ppm) 
w 

O~tanol-water, K (unitless) 
ow 

Sedi:nent-water, K (unitless) 
DC 

Microorganisms-water, 
KB (lJg/g)(mg/~)-l) 

Volatilization constants: 

H~nry's constant, H 
( a t m n, 3 mo 1 - 1 ) c 

Vapor pressure, P (t~rr) 
v 

Reaeration ratp ratio, 
k<' /ko 

v v 

Preceding page blank 299 

Value 

154.2 

96 

279 -----
pK-NER 

3.42 (25°r.) 

Y.n x 10
3 

4.6 x 10
3 

I.H x 10 3 

-5 
9.1 x 10 

1.55 x 10- 3 (25°C) 

Data Source 

WREF 

CRC 

WREF 

CC-Kow 

C-I\oc f Kow 

C-KB f Kow 

C-VP/S-2S0 

Hoyer & Peperle, lQ58 

1 
! 



91. ACENAPHTHENE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. ~. 

at nm 

Direct photolysis rate 
constant. k (h~-l) 

p 
_____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

oX 
(~I hr-I) 

For R02 (peroxy radical), 
k (torI hr- I ) 

OX 
Hydrolysis rate constants: 

For base-\romoted process, 
kB (tor hr- 1,) 

For acid-promoted process, 
k

l
\ (W 1 hr-I) 

For neutral prucess, 

kN (hr- I ) 

Biotransformation rate constant: 

Fur bact~rial transformation 
in watci", k (ml ('1.'11- 1 hr- 1) 

b 

Value 

SPEC-ATT (91-1] 

(E)5 )( 10-3 
----

< 3600 

o 

o 

o 

-9 (E) 3 )( 10 

E: Estimated vallie; Sl't.' List Df Source Codes. 

300 

Data Source 

UV-ATLAS 

E-APAH -----

C-ox 

C-ox 

NHFG 

NHFG 

NHFG 

E-KB 



91. ~CENAPHTHENE 

[91-1] lTV spectrum of acenaphthpne in heptane solvent is !1huwn 
below (UV Atlas, 1966). 

I 
IS 
u 

...... 

w 

I ' ----r--r- -y--

112 I(J() 

d'--4-

Iii ii' 
150 JDC 
m~-I 

'i'~ 
4D() !CO , 

o,l I I 

Kt-'~_i_--=-+-¥-'-----+----1 

: ' I I 
' I : 

----- :...--------r----- -~- ---------<--- ~ 
I ! 

co r--T--r-- ---; 
----r---t--j-r--....!-..---r---

Irf 

I.? 150 JDC 
__ ...JIL.m--.:~~_-___ _ I 

A (nm) 
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40C 
I 
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92. ACENAPHTHYLEH 

CAS No. 208-96-8 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Builing point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitIes!'.) 
ow 

Sediment-water, K (unit less) 
DC 

Microorganisms-water, 
KB (~g/g) (mg/O- 1) 

Volatilization constants: 

Henry's constant, II 
(a~m m1 mol-I) c 

Vapor pressure, P (to"r) 
v 

Reaeration rate ratio, 
kC/kJ 

v v 

Preceding page blank 

Value 

152.2 

92 

265-275 

3.93 (25°C) 

S. 'l x 103 

/.. ') x 10
3 

1.0 x 10
3 

1. 45 x 10- 3 

0.029 (:WOC) 

303 

Data Source 

WREi 

CRC [92-1] 

\.JREF 

CC-Kow ._-----
C-KoC' f Kow 

C-KB f Kow 

C-VP2°~L,)25°_ 

WREF 



92. ACENAPHTHYLENE 

TRANSFORMATION OATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ______ nm 

Direct phctolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k or1 hr- 1) 

OX 
For R02 (peroxy radical), 

k nr1 hr- 1) 
OX 

Hydrolysis rate constants: 

For base-~romoted process, 
~ (M'"' hr- 1) 

For acid-promoted process, 
kA nrl hr- 1) 

.~r neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacte,.31 transformation 
in water, ~ (ml cel1- 1 hr- 1) 

Value 

SPEC-ATT [92-2] 

{E)5 x 10-3 

o 

o 

o 

-9 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

[92-1] No pressure is reported for the boiling point. 
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Data Source 

UV ATLAS 

E-APAH 

C-OX 

c-OX 

NHFG 

NHFG 

NHFG 

E-KB 



~2. ACE~APHTHYLE~E 

[92-2J LTV spectrum of acenaphth::lene in hexane solvl::1l is 
shown below (UV At1~s, 1966). 

r I I 
, , , , I I 

, , 
I 

112 1CJC ac JI)() «ID IDO 

rI 
I "'t"- --

:;: 
'"' ~ ~ 

§ !? ~<:> . ~ 

~ ~ 
§§ 

rCJ'-- '"'" -'" 
i i , 
"; '10 

I 1 e 
• , rU ~-

~ ~ 

-'-' ~ 
~ 

.. .... ; 
w 

!2 -- ~ 

KY 00 ~ ~ 

I 
"2 J(J() WJ JIDO - ., 

1 1'11",- 1 I 

A (nrn) 
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93. A:-;THRACE~E 

CAS No. 120-12-7 

PHYSICAL AND T&\NSPORT DATA 

Froperty or Process 

Mo!ecular weight 

Melting point, °c 
Bollin~ point, °c 
Ionization constant 

Partition constants: 

water so'ubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) 
oc 

Microorganisms-water, 
KB ((ug/g)(mg/O- 1) 

Volatilization constants: 

Henrv's constant, H 
(atm m: mol-:) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
k C Iko 

v v 

Value 

178.2 

216 

226.5 (53mm) 

pK-~ER 

0.045 (25°C) 

2.8 x 
/ 

10
4 

1.:.. x 10
4 

I ~ 

4. I x 10
3 

8.6 x 10-5 

:\A \' 

Data Source 

v.'REF 

CRC [93-1) 

:-lay el aI, 1978 

CC-Kow 

C-Koc f K0W 

C-KB f Ko\.,· 

Jaber, 19.c:..:8:;:..:-=..' __ 

307 Preceding page blank 
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93. ANTHRACENE 

TRANSFORMATION DATA 

_________ P~r_o~p_erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ________ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
winter at 35° latitude 

Oxidation constants at 25°C: 

For 10 2 (singlet oxy~en), 
k (l'r 1 hr- 1) 

OX 
For R02 (peroxy radical), 

k
OX 

orl hr- 1, 
Hydrolysis rate constants: 

For base-~romoted process, 
kB (~ hr- 1) 

For acid-~romoted process, 
kA (l'r hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

Value 

DATA-ATT [93-2) 

0.15 

o --------
0 ______________ _ 

'J 

-9 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

[93-11 Compound sublimes at 226.5°C and S3 mm pressure . 

Data Source 

Zepp, 1980 

WREF 

C-OX 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



, 

93. ANTHRACENE 

[93-2] Table of absorption coefficients and the corresponding 
wavelengths for anthracene is given below (Zepp, 1980). 

WAVELENGTH 
(nm) 

279.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 
390.')0 

309 

EPSILON 
(~: cm-') 

0.6700E+03 
0.7200E+03 
0.8500£+03 
0.3000£+03 
O. SOOOE+03 
0.6700E+03 
0.'7900£+03 
0.1100E+04 
0.1100E+04 
0.1700E+04 
0.2)00E+04 
0.2030£+04 
0.3300£+04 
0.3430£+04 
0.4430E+04 
0.2840F.+04 
0.2640£+04 
0.7S00E+02 



i 

S 

94. BENZO[a]ANTHRACENE ----------------
CAS No. 56·55-3 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) w 
Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water! 

KB (ug/g)(mg/~)- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value Data Source 

228.3 

155-157 WREF 

EK-NER 

5.7 x 10-3 (200e) Smith et al z 1978 

~.l x 10
5 CC-Kow 

2.0 x 105 C-Koc f Kow 

5.3 x 10 
4 C-K.ll f Kow 

C-VP/S-200 

Hoyer & Peperl~, 1958 

t-'AV 
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94. BENZO[a)ANTHRACENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quancum yield, ~, 

at 313 nm 

Direct photolysis rate 
con~tant, k (hr- l ) 
midday P 

summer at 40° lati tude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
It v (M""l hr- 1) 

0 •. 
Fo·t R02 (peroxy radical), 

k ( u-l' -1, 
OX 1'1 nr , 

'~ydrolysis rate constants: 

For base-rromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
k (M"" 1 hr-l) 

A 
For neutral process, 

k (hr- l ) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml ce11- 1 hr- 1 ) 

Value 

DATA-·ATT 194-1) 

-3 3.3 x 10 

1. 39 

o 

o 

o 

(F:) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

312 

Data Source 

Smith et aI, 197~ 

Smith et aI, 1978 

Smith et a1. 1978 

C-ox 

c-ox 

NHFG --------
N'HFG 

NHFG 

E-KB 



94. BENZO[a]ANTHRACENE 

[94-1] Absorption coefficient~ and the corresponding wavelengths 
for be.\zo [a] anthracene obtained from worle done at SRI 
are listed below. 

WAVELE~GTH EPSILON 
________ ~(~nm~)L_ __________ ~(~~ __ ; ~m-l) ____ ___ 

297.50 
)00.00 
302. SO 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450.00 
460.00 
47U.00 
480.00 
490.00 
500.00 

313 

0.7930E+04 
0.7070E+04 
0.5880E+04 
0.3790E+04 
0.3200E+04 
0.3480E+04 
0.3900E+04 
0.4200E+04 
0.4170E+04 
0.4120E+04 
0.4800E+04 
0.5450E+04 
0.5390E+04 
0.4850E+04 
0.3350E+04 
0.1560E+04 
0.6620E+03 
0.4170E+03 
0.1720E+02 
o . 1810b'02 
0.1810E+02 
o . 1360E+02 
0.3360E+02 
0.1540E+02 
o . 1180E+02 
0.3630E+02 
0.8200E+01 
0.1800E+01 
O.OOOOE+OO 



95. BENZO[b]FLUORANTHENE 

CAS No. 205-99-2 

PHYSICAL AND TRANSPORT DATA 

Propert~ or Process 

Molecular weight 

Melting point, °c 
Bollin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unit1~ss) 

oc 
~icroorganisms-wateri 

KB (u g / g) (mg/O- ) 

Volatilization constants: 

Henry's constant, H 
( a em m:: mo 1 - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

252.3 

167-168 

EK-NER 

0.014 (25°C) 

1. 15 x 106 

5.5 x 105 

-5 
1.22 x 10 

:\A\' 

Data Source 

WREF 

C-Sw f Kow 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S2S0 

WREF 
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95. BENZO(b)FLUORANTHENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~e~or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at latitud~ 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k

oX 
(K""l hr- 1) 

For R02 (peroxy radical), 
k

OX 
or1 hr- 1 ) 

Hydrolysis rate constants: 

For base-yromoted process, 
~ (!r hr- 1) 

For acid-promoted process, 
kA orl hr-l) 

FoT. neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (m) cell- 1 hr- 1) 

Value 

-,,,------

------....... ~-

o 

o 

o 

-12 
(F.) 3 x 10 

E: Estimated value; see List of Source Codes. 

316 

Data Source 

C-ox 

c-ox --..;;...;...-_._--._--

NHFG 

NHFG 

NHFG 

E-KB 



96. BE~7.0 [k I FL ll()RAnHE~E 

CAS No. 207-m~-9 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 

Boilin~ point, °c 

Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-waler, K (unitless) 

oc 
Microorganism~-water, 

KB ((u g.' t,) (mg/ 0 - i) 

Volatilization cnnst3nts' 

Henry's constlnt, H 
(atm m3 mcl-1) c 

Vapor pressu:e, P (torr) 
v 

Reaeration rate rat1e, 
kC/ko 

v v 

317 

Value 

252.3 -----
217 

pK-NER 

4.3 x 10- 3 (25°C) 

'.15 x 10~ 
5.5 x 10 5 

-5 3.87 x 10 

0.374 

Data Source 

WREF 

C-Sw f Kow 

CC-l(ow 
---~----
C-K()~ f K:-w 

C-KB f Kow 

C-VP200/S25° 

WREF 

C-DC.7 



96. BENZO[k)FlUORANTHENE 

TR\NSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, t, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
__ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k (M""l hr- 1) 

OX 
For R02 (peroxy radical), 

k (M""l hr- 1) 
OX 

Hydrolysis rate constants: 

For base-fromoted process. 
ks or hr- 1) 

For acid-fromoted proce~s, 
kA (r.r hr- 1) 

For neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- 1 hr- 1) 

Va.ue 

o 

o 

o 

-12 (E) 3 x 10 

E: Estimated value; see List of Source Codes. 
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Data Sou:-ce 

c-ox 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



97. BENZO[ghi]PERYLENE 

CAS No. 191-24-2 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Bvilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-wateT, K (unitlessl 
ow 

Sediment-water. K (unitless) 
oc 

Microorganisms-water. 
KB ()J g/ g) (mg/ 2.) •• 1 ) 

Volatilization constants: 

Henry's constant, H 
(a tm m ~ mo 1- : ) c 

Vapor pLes~ure. P (torr) 
v 

~eaeration rare ratio, 
kC/ko 

I v 

319 

Value Data Source 

276 

222 WREF 

pK-NER 

2.6 x 10-4 C:!s ·el WREF 

3.2 x 106 CC-Kow 

1.6 x 10~ C"-Koc f Ko· ... 

3.5 x 10 
5 C-KB f Kow 

1.44 x 10- 7 C-VP/S-2So 

1.03 x 10-10 (25°C) Murray et aI, 1974 



97. BENZO(ghi)PERYLENE 

TRANSFORMATION DATA 

___ ~P....;:r...;;o,.l;p....;:erty or Pl"OCeSS 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, P. 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet ~xYRen). 
k

OX 
(M"" 1 hr- 1) 

For R02 (peroxy radical), 
k

OX 
(M"""l hr- 1) 

Hydrolysis rate con~tants: 

For base-fromoted process, 
kB (M""" hr- 1) 

For acid-promoted process, 
k (M""l hr- 1) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

<360 

<36 

o 

o 

-12 
(E)3 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

C-OX 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



98. BE~ZO[alPYRENE 

CAS No. 50-32-8 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

MeIring point, °c 

Boilin~ point, °c 

Ioni~ation constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octa,ol-water, K (unitless) 
ow 

Seciment-water, K (unltless) 
oc 

Microorganisms-water, 
KB (C\.!g/g)(mg/t)-l) 

Volatilization constants: 

Henry's constant, h 
(a tm m: mo 1. - 1 ) c 

Vapor pressure, P (torr) 
v 

Reaeration rdte ratio, 
kC/ko 
v v 

Value 

252 

179 . ---,,------• 

-1 
3.8 x 10 - (25°C) 

1.15 x 10
6 

5.5 x 10
6 

1.4 

-7 
4.9 x 10 

-1lA;~!' _____ _ 

321 

Data Sour.ce 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-2S0 

Murray et aI, 1974 



98. BENZO[a]PYRENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Keact10n quantum yield, ~, 

at 313 nm 

Direct photoJysis rate 
constant, k (hr- 1) 

p 
winter, at 40° latitude 
midday ------

Oxid~tion constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
orl hr- 1) 

For R02 (peroxy radical), 
k orl hr- 1) 

OX 
Hydrolysis rate constants: 

For base-~romoted process, 
kB or hr- 1) 

For acid-promoted process, 
k or1 hr-l) 

A 
F~r neutral process, 

kN (hr- 1) 

Biotr~nsformation rate constant: 

For bacterial transformation 
ill wat",l.", \ (ml cell- 1 hr- 1 ) 

Value 

DATA-AT:' [98-1] 

-4 
8.9 x 10 

0.58 [98-2] 

o 

o 

o 

-12 
(E) 3 x 10 

E: Estimated value; see List of Source Codes. 

322 

Data Source 

Smith et aI, 19id 

Smith et aI, 1978 

Smith et aI, 1978 

C-OX 

c-OX 

NHFG 

NHFG 

NHF,.;.C ____ _ 

E-KB 
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98. BE~ZO[aJPYRE~E 

[98-1] Absorpti0n coefficients and the corresponding wavelengths 
for benzo[aJpyrene were obtained from work done at SRI 
(Smith (t aI, 1978). 

WAVELENGTH EPSILON 
(nm) 0-1'" cm- 1 ) 

297.50 0.4660E+05 
300.00 0.2770E+05 
302.50 0.1390E+05 
305.00 0.6670E+04 
307.50 0.4840E+04 
310.00 0.3970E+04 
312.50 0.3890E+04 
315.00 0.3650E+04 
317.50 0.3730E+04 
320.00 0.3570E+04 
323.10 0.3650E+04 
330.00 0.5400E+04 
340.00 0.8330E+04 
350.00 0.1230E+05 
360.00 0.1810E+05 
37 0.00 0.19681::+05 
380.00 0.219lE+05 
390.00 0.1516E+05 
400.00 0.2100E+04 
410.00 0.1100E+04 
420.00 O.OOOOE+OO 

[98-2] Ph0t~lysis rate con~tant calculated using SOLAR (s~e Section 
2.3.7l, 
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99. CHRYSENE 

CAS No. 218-01-9 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boil1n~ point, °c 
Ionization constant 

Partition constants: 

Water s0lubi1ity, S (ppm) 
w 

Octano1-water, K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (~g/g)(mg/~)-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mo1-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

228.3 

256 

448 

pK-NER 

1.8 x 10-3 (25°C) 

~.l x 105 

2.0 x 105 

5.3 x 10
4 

1. 05 x 10-6 

Data Source 

WREF 

CRC [99-1J 

May, 1978 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-25° 

Hoyer & Peperle, 1958 
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99. CHRYSENE 

TRANSFORMATION DATA 

________ Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield. *. 
at nm 

Direct photolysis rate 
constant. k (hr- I ) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k (~I hr- I ) 

OX 
For R02 (peroxy radical), 

k
OX 

orl hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process. 
kB or hr- 1) 

For acid-promoted pro~ess. 
kA (~1 hr- 1) 

For neutral process. 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml ce1l- 1 hr- 1 ) 

Value 

DATA-ATT [99-2) 

2.8 x 10-3 

o 

o 

o 

(F.) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

[99-1] No pressure is reported for the boiling point. 
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Data Source 

Zepp. 1980 

Zepp & 
f:hlotzhauer,1979 

C-OX 

C-OX 

NHFG 

NHFG 

NHFG 

E-KB 



99. CHRYSENE 

[99-2] Table of absorption coefficients and the corresponding 
wavelengths of chrysene is given below (Zepp, 1980). 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 

EPSILON 
(M-l em-I) 

0.6160E+04 
0.6080E+04 
0.6900E+04 
0.7720E+04 
0.6960E+04 
0.5160E+04 
0.4760E+04 
0.5810E+04 
0.7100E+04 
0.7000E+04 
0.3600E+04 
0.8740E+03 
0.3230E+03 
0.1960E+03 
0.1940E+03 
0.2400E+02 
0.1300E+02 
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100. DIBENZG(a.h]ANTHRACENE 

CAS No. 53-70-3 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boiling point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) 
ow , 

Sediment-water, K (unitless) oc 
Microorganisms-water! 

KB (ug/ g ) (mg/1)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m! mol-1) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

278.4 

27u -"'----_.-

pK-NER 

5 x 10-4 
PSOC) 

6.9 x 10
6 

3.3 x 10
6 

6.9 x 105 

7.3 x 10-8 

NAV 

Data Source 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S25° 

WREF 
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100. DIBENZO[a.h]ANTHRACENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constan~, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
or·· l hr- l ) 

For R02 (peroxy radical), 
k

OX 
url hr- l ) 

Hydrolysis rate constants: 

For base-~romoted procEss, 
kB (~ hr- l ) 

For acid-promoted process, 
kA (M""l hr- 1) 

For neutral process, 

kN (hr- l ) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml cell- l hr- l ) 

Value 

SPEC-ATT [100-1] 

1.5 x lC4 ___ _ 

o 

o 

o ....:;.-----_.-

(E) 3 x 10-12 

E: Estimated value; see List of Sourc~ Codes. 
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Data Source 

UV-ATLAS 

c-OX 

NHFG 

NHFG 

NHFG 

E-KB 



100. DIBENZO[a,hJANTHRACENE 

[lOO-lJ UV spectrum of dibenzo[a,hJanthracene in heptane solvent 
is shown below (UV Atlas, 1966). 
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101. FLUORA=.;N..;..TH:.:.;E::.:N~E~ _________ _ 

CAS No. 206-44-0 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boi1in~ point. DC 

Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octano1-water, K (unitless) 
ow 

Sediment-water, K oc (unitless) 

Microorganisms-water\ 
KB (~g/g)(mg/£)- ) 

Volatilization constants: 

Henry's constant. H 
(atm m3 ~ol-l) ~ 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

333 

Value Data Source 

202.3 

111 WREF 

217 (30mm) CRe 

pK-SER -----._--

0.26 p5°q WREF 

7.9 x 104 CC-Kow 

3.8 x 104 C-Koc f Kow 

1.2 x 104 C-KB f Kow 

6.5 x 10-6 C-VP/S-2S0 

Hoyer & Peperle, 1958 

NAY 
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101. FLUORANTHENE 

TRANSFORMATION DATA 

______ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at 313 nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at lat1 tude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
or1 hr- 1) 

For R02 (peroxy radical), 
k

OX 
(~1 hr-1) 

HydrolYSis ra~e constants: 

For base-fromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
kA (~1 hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in wate~, ~ (m1 cell- 1 hr- 1) 

Value 

SPEC-ATT [101-1] 

1.2 x 10-4 [101-2] 

<3600 

<360 

o 

o 

o 

(F.) 1 x 10-10 

E: Estimated value; see List of Source Codes . 

• ; 

334 

Data Source 

UV-ATLAS 

Zepp & 
Schlotzhauer, 1979 

C-ox 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



101. FLUORANTHENE 

[101-1] UV spectrum of fluoranthene in methanol solvent 1s 
shown below (UV Atlas, 1966). 
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102. FLUORENE 

CAS ~o. 86-73-7 

PHY3ICAL AND TRANSPORT DATA 

Propert:" or i'rt'cess 

Molecular weight 

Melting point, °c 
Boilin~ point, or 
Ionization constant 

Partltion consta~ts: 

Water solubility, S (Fpm) 
w 

Octanol-water, K (unitless) ow 
Sediment-~ater, K (vnitles~) 

oc 
Microorganisms-water, 

KB ( ~J g / g) (mg / x.) - ! ) 

Volatilization C0~stants: 

Henry's constant, H~ 
( a t m m j mo 1 - 1 ) 

Vapor rres~ure. P (torr) 
v 

Reaeration r~te ~atio, 

kC/ko 
v '\' 

-

Value 

116.2 

116-11;:;.,;7'--__ 

293-295 

pK-NER 

1. 69 

1 • .; 2S 

7.3 x 

3.t! x 

(...4 x 

Q5°q 
I 

lQ'+ 

103 

'1 

10" 

-5 j : 

-4 7.1 x 10 

Data Source 

WREJo' 

CRC 

WREF 

Pomona 

C-Koc f Kow 

:'-KB f Kow 

C-VP/S-2S0 

Irwin, 19R2 
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102. FLUORENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~. 

at nm 

Direcc photolysis rate 
constant, k (hr- I ) 

p 
____ at: latitud~ 

Oxidation constants at 25°C: 

For 102 lsinglet oxy~en), 
k

OX 
(rr l hr- I ) 

For R02 (peroxy radical), 
k

OX 
orl hr- I ) 

Hydrolysis rate constants: 

For base-fromoced process, 
kB (M'"' hr- I ) 

For acid-promoted process, 
kA orI hr- I ) 

For neutral process, 

kN (hr- I ) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

SPEC-ATT [102-1] 

<360 
--~------------

o 

o 

o 

-9 (E) 3 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

UV-ATLAS 

:-OX 

C-OX 

NHFG 

NHFG 

NHFG 

E-KB 



102. FLUORENE 

[102-1] UV spectrum of fluorene in hept~ne solvent is sho\m 
below (UV Atlas. 1966). 

I I I \ \ i i I I i I 
": 100 ISO JDO 4DC -tti i "'~-

~. I ~~~ ... ~~~ 
! ~i!11! ~ ~ 

.... ~.,-§-
" " ! 

,.... Q 

~ ~~ 

reo 

"..., 

I ~ - d I 
E ! ' § 
:,., ... 
- .. 
I KJ'- --. x: -., 
w 

-\~-
(DO ,c1 

~ /) 

, 

I r-· I i 1 , I 
I 

"2 100 150 JfJC «JC 5j "'~- I 

A (nm) 
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103. INDE~Oll.2.3-cd]PYRENE 

CAS No. 193-39-5 

PHYSICAL AND TRANSPORT DATA 

Property or :rocess 

~ole~ular weight 

Me!.tng point, °c 

Boilin~ point, °c 

Ionization constant 

-----

Partition constants; 

Watar solubilit; S ~'pm) 
w 

Octan01-water, K (unitless) 
ow 

Sediment-water, K (unitiessl 
oc 

Micr,0rganisms-water, 
KB (\..lg/g)(mg /2.)-l) 

Volatilization constants: 

Henry's constant, H 
(at~ m3 mul-i) c 

Va .)or pressJre, 1) (torr) 
v 

Reaeration rate ratio, 

Value 

276.3 

164 -----
pK-NER 

5.3 x 10-4 
(25°C) 

3.2 x 10
6 

1.6 x 10
6 

3.5 x 105 

6.95 x 10-8 

kc/ro NAV 
v v .~---------

Data SOurce 

WRH' 

C-Sw f Kow 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP200/S25° 

WREF 
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;\1.: 

10). INDENO[1,2,)-cd]PYRENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at ______ nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en)t 
k or1 hr- 1) 

OX 
For R02 (peroxy radical), 

k Or-I hr- 1) 
OX 

Hydrolysis rate constants: 

For base-yromoted process, 
kB (~ hr- 1) 

For acid-promoted process, 
k orl hr-1) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ eml cell- 1 hr- 1) 

Value 

o 

o 

o 

( ) 3 X 10-12 
E 

E: Estimated value; see List of Source Codes. 
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Data Source 

C-OX 

c-ox 

NHFG 

NHFG 

NHFG 

E-KB 



104. NAPHTHALENE 

CAS No. 91-20-3 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 

Ionization constant 

Partition conscants: 

Water solubility, S (ppm) 
I.' 

Octanol-water, K 
ow (unitless) 

Sediment-water, K (unit1es&) 
oc 

Microorganisms-water, 
KB «\.lg/g)(mg/2.)-l) 

Volatilization con~tants: 

Henry's constant, H 
(ar~ m3 mol-l) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

128.2 

80 ------
218 

pK-NER 

1. 95 x 10 3 

940 

420 

4.6 x 10-4 

343 

Data Source 

WREF 

CRC 

Ma yet a1. 1978 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-CT/CRC 



lO4 . NAPHTHALENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis dat~: 

Absorpticn spectrum 

Reaction quantum yield. ~. 

at 313 nm 

Direct photolysis rate 
constant. k (hr- 1) 

p 
________ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(~l hr-1) 

For R02 (peroxy radical). 
k

O
)" (~l hr-1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB or hr- 1) 

For acid-promoted process. 
kA orl hr- 1) 

For neutral process, 

kN (hr·· I ) 

Biotransformation rate constant: 

For bacterial transformation 
in water. ~ (ml ce11- 1 hr- 1 ) 

Value 

DATA-ATT [104-1] 

1. 5 x 10-2 

<360 ---------
<1 
~---------

o 

o 

o 

-7 
(E)l x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

Zepp, 1980 

Zepp & 
Schlotzhauer. 1979 

c-OX 

C-OX 

NHFG 

NHFG 

NHFG 

E-KB 



, 
; 

104. NAPHTHALENE 

[104-1] Table of absorption coefficients and the corresponding 
wavelengths for naphthalene is given below (Zepp, 1980). 

WAVELENGTH 
(nm) 

297. SO 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317. SO 
320.00 
323.10 
330.00 

EPSILON 
(W- 1 cm- I ) 

0.3160E+03 
0.2400E+03 
0.2140E+03 
0.1660E+03 
0.1990E+03 
0.1120E+03 
0.7200E+02 
0.2800E+02 
0.2400E+02 
0.1200E+02 
0.2000E+01 
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105. PHENk~THRENE 

CAS No. 85-010B 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weigh~ 

Mel t inF point. °c 
Boiling point. °c 
Ionization constant 

Partition constants: 

Water solubility. S (ppm) 
w 

Octanol-water. K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water

i KB (\Jg/g) (mg/O- ,) 

Volatili~ation constants: 

Henry's constant, H 
( a t m m:: mo 1- 1 ) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

178.2 

101 

210-215 (l2mm) 

pK-NER 

1. 00 (25°C) 

2.B x 10
4 

1.4 x 104 

4.7 x 10 3 

2.26 x 10-4 

NA\, 

Data Source 

WREF 

CRC 

Ma:::: et all 

CC-Kow 

C-Kot f Kow 

C-KB f Kow 

C-VP/S-25° 

C-CT/CRC 

1978 
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105 . PHENANTHRENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Ab~orption spectrum 

Reaction quantum yield, ~, 

at_313 nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 2~oC: 

For 102 (singlet oxy~en), 
k (M"" 1 hr- 1) 

OX 
For R02 (peroxy radical), 

k (for 1 hr- 1 ) 
OX 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (~ hr- 1) 

For acid-fromoted process, 
kA (lor hr- 1) 

For neutral process, 

k (hr- 1 ) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (~l cell- 1 hr- 1) 

Value 

DATA-ATT [l05-1] 

0.01 

<360 

<36 

o 

o 

o 

-7 
1. 6 x 10 

E: Estimated value; se~ List of Source Codes. 
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Data Source 

Zepp, 1980 

Zepp & 
Schlotzhauer, 1979 

C-OX 

c-OX 

NHFG 

NHFG 

NHFG 

Paris et a1. , 1980 



105. PHE~ANTHRENE 

[105-1] Table of absorpt10n coefficients and the corresponding 
wavelengths for phenanthrene is given below (Zepp. 1980). 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 

EPSILON 
(M""l cm- i ) 

0.1590E+04 
0.5090E+03 
0.2860E+03 
0.2050E+03 
0.2000E+03 
0.1860E+03 
O.2010E+03 
0.2390E+03 
0.1780E+03 
0.17n(1F.+03 
0.2000E+03 
0.2040£+03 
0.1640t+03 
0.8220E+02 
0.1290E+02 

149 



106. PYRENE 

CAS No. 129-00-0 

PHYSICAL AND TRANSPORT DATA 

Prope~ty or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unitless) 
ow 

Sediment-water, K (un1tless) 
oc 

Microorganisms-water
l KB (~g/g)(mg/t)- ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mo1-1) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

202.3 

150 

393 

pK-NER 

....Q.13 ~25°q 

..JL..0 ~ 10
4 

3.8 x 10
4 

1.2 x 10 
4 

5.1 x 10-6 

NAV 

Dala Source 

WREF 

CRC 

l1!.L.et all 1978 

CC-Kow 

C-Koc. f Kow 

C-KB f Kow 

C-VP/S-25° 

Hoyer & Pp.perle 1958 
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106. PYRENE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at 313 nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
at latitude ----

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(M"" 1 hr- 1) 

For R02 (peroxy radical), 
k

oX 
nr1 hr- 1) 

HydrolYSis rate constants: 

For base-fromoted process, 
kB (M"' hr- 1) 

For acid-promoted process, 
k (M""l h .. - 1) 

A 
For r ~utral prace, " 

kN (hr- 1) 

Biotranbft'1::'matil''l raL const"lnt! 

For ba~terial transformation 
in water, ~ (~1 cell- 1 he- 1) 

Value 

DATA-ATT [106-1] 

2.1 x 10-3 [106-2] 

o 

o 

o 

-10 
(E) 1 ~ .. ,..;l;;.;O~ __ _ 

_. Estimated value; see List ot Source Codes. 

Data Source 

Zepp, 1980 

Zepp & 
Schlotzhauer, 1979 

C-ox 

C-OX 

NHFG 

NHFG 

NHFG 

E-KB 



l:. 

I 

106. PYRENE 

[106-1] Table of absorption coefficients and the corresponding 
wavelengths for pyrene is given below (Zepp, 198U). 

WAVELENGTH 
(nm) 

297.50 
300.00 
302.50 
305.00 
307.50 
310.00 
312.50 
315.00 
317.50 
320.00 
323.10 
330.00 
340.00 
350.00 
360.00 
370.00 
380.00 

EPSILON 
(M-l t:m-') 

0.3500E+04 
0.3900E+04 
0.6030E+04 
0.7810E+04 
0.7850E+04 
0.7140E+04 
0.8480E+04 
0.1170E+05 
0.1800E+05 
0.1960E+05 
0.1250E+05 
0.1810E+05 
0.10(.OE+05 
0.5370E+03 
0.2850E+03 
0.1400E+03 
0.1500E+02 

[106-21 At 366 nm, the quantum yield is 2.1 x 10-3
• 
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SECTION 3.9. NITROSAMINES AND OTHER NITROGEN-CONTAINING CHEMICALS 

107. Dimethyl nitrosamine 
108. Diphenyl nitrosamine 
109. Di-n-propy1 nitrosamine 
110. Benzidine 
111. 3.3'-Dichlorobenzidine 
112. 1.2-Diphenylhydrazine (hydrazobenzene) 
113. Acrylonitrile 

\ 
.' 
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107. DIMETHYL NITROSAMINE 

0 CAS No. 62-75-9 
II 

H N H 

H- e N . -H ., 

H H 

PH"SICAL A'ID TRANSPORT DATA 

Pruperty or Proc_e_ss ____ __ 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

or: 
Microorgani~ms-wateri 

KB (Cu g / g ) (mg/t)- ) 

Volatilizati~n constants: 

Henry's constant, H 
(atm m3 mol-1) C 

Vapor pre~~ure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

Value 

74.1 

154 
~-m: ____ _ 

mLcible 

0.21 

0.10 

0.11 

J'JAV 

Data Source 

CRC 

~vREF 

CC-Kow ----
C-Koc f Kow 

C-KB f Kc 1 

C-VP/S-2SC [107-1] 

Chang (1976) 
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107. DIMETHYL NITROSAMINE 

TRANSFORMATION DATA 

Property or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 
at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25 c C: 

For 102 (singlet oxy~en), 
Y.

OX 
orl hr- 1) 

For R02 (peroxy radi~al), 
~OX (M'""l hr- 1) 

Hydrolysis rate constants: 

For base-proT,lotE'd process, 
kB :W- 1 rr- 1) 

For acid-frcmoted process, 
kA (W- hr- 1) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

[107-2] 

<3600 

<j600 

o 

o 

o 

(E) 3 x 10-12 

E: Estimated value; see List of Source Codes. 

Oat-a Source 

WREF 

C-ox 

c-ox 

HNES 

HNES 

HNES 

E-Kl? ____ _ 

[107-1] A water solubility value of 6.3 x 104 ppm, calculated from 
Kenaga and Goring's equation, is used in the calculation 
of Henry's constant (see Section 4). 

[107-2] Although nitrosamines are reported to be unstable to sunlight, 
no environmentally relevant and reliable data are available 
to estimate photolysis rate constants. 
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108. DIPHENVL NITROSAMINE 

II o 

CAS No. 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting pOint, °c 
Boil1n~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octano1-water, K (unit1ess) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water, 

KS ( ~ g / g) (mg /9.) - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mo1- l ) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

198.2 

67 

pK-NER 

1349 

648 

426 

6.6 x 10-4 

NAV 

359 

86-30-6 

Data Source 

WREF 

C-Sw f Kow 

Pomona 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-~l08-1] 

[108-1] 



108. DIPHENYL NITROSAMINE 

T~\NSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ¢, 
at nm 

Direct photolysis rate 
constant, k (hr- 1 ) 

p 
_____ at ____ lati-tude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k

OX 
(~l hr-l) 

For R02 (peroxy radical), 
k OX orl hr- l ) 

Hydrolysis rate constan~s: 

For base-1romoted process, 
kB (M"" hr- 1) 

For acid-1romoted process, 
kA (~ hr-l) 

For neutral pro~ess, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml ce1l- 1 hr- 1) 

Value 

see [107-2) 

<3600 

<3600 

o 

o 

o 

(E) 1 x 10-10 
=----

E: Estimated value; see List of Source Codes. 

Data Source 

C-OX 

C-OX 

HNES 

HNES 

HNES 

E-KB 

[108-1] Vapor pressure value was assigned by analogy; no data were 
available. This value is used in the calculation of 
Henry's constant. 
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109. DI-n-PROPYL NITROSAMINE 

CAS No. 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water, K (unitless) ow 
Sediment-water, K (unitless) 

oc 
Microorganisms-wat~r, 

KB ( ( ).l g / g) (mg / .0 - 1 ) 

Volatilization constants: 

Henry's constant, H 
(atm mS mol-I) C 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kC/ko 
v v 

Value 

130.2 

205 

pK-NER 

31 

15 

9.8 

6.3 x 10-6 

361 

621-64-7 

Data Sourr.e 

WREF 

WREF 

CC-Kow 

C-Koc f Kow 

C-KB f Kow 

C-VP37°/S25°-1J09-1] 

[109-1] 



109. DI-n-PROPYL NITROSAMINE 

TRANSFORMATION DATA 

_________ P_r_o~p_erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at ___ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
k orl hr- 1) 

OX 
For R02 (peroxy radical), 

k
OX 

Or-I hr- 1) 

Hydrolysis rate constants: 

For base-fromoted process, 
kB (M"" hr- 1) 

For acid-promoted process, 
l'A (M"" 1 hr-l) 

For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

ValuE! 

see [107-2) 

<3600 

<3600 

o 

o 

o 

(E) 3 x 10-12 

E: Estimated value; see List of Source Codes. 

Data Source 

c-OX 

C-OX 

HNES 

HNES 

HNES 

E-KR 

[109-lJ Vapor pressure was calculated using Trouton's rule; this 
value was used in the calculation of Henry's constant. 
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110. BENZIDINE 
CAS No. 92-87-5 

PHYSICAL AND TRANSPORT DATA 

Property or Process 

Molecular weight 

Mel ting point. °c 
Boil1n~ point. °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Octanol-water. K (unitless) ow 
Sediment-water, K (unitless) oc 
Microorganisms-water, 

KB (~g/g)(mg/.O-l) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol-I) C 

Vapor pressure. P (torr) 
v 

Reaeration rate ratio, 
kC/ko 

v v 

Value 

184.2 

129 

40:: 

4.66. 3.57 [110-1 ) 

10.5 

10.1 

~lAV 

363 

Data Source 

WREF 

WREF 

CRC 

WREF 

Pomona =-----
C-Koc f Kow 

C-J{B f Kow 

C-VP-/Sl2° [110-2J 

[ 110-2) 



110. BENZIDINE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
____ at latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
kox (~l ilr-1) 

For R02 (peroxy radical), 
k

OX 
(~l hr-1) 

Hydrolysis rate constants: 

For base-yromoted process, 
~ (~ hr- t ) 

For acid-promoted process, 
k (~1 hr-l) 

A 
For neutral process, 

k (hr- 1) 
N 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (m1 ce1l- 1 hr- 1 ) 

Value 

8 
1.1 x 10 

o 

o 

o 

(E) 1 x 10-10 

E: Estimated value; see List of Source Codes. 

[110-1] The two ionization constants are pKe1 • 4.66 and 
pKa2 • 3.57 at 30°C. 

Data Source 

C-ox 

c-ox 

NHFG 

NHFG 

to."HFG 

E-KB 

[110-2] Vapor pressure was calculated using Trouton's rule; no 
temperature was specified. This value was used in the 
calculation of Henry's constant. 
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111. 3,3'-DICHLOROBENZIDINE 

CAS No. 91-94-1 

PHYSICAL AND TRANSPORT DATA 

ProEertl or Process 

Molecular weight 

Melting point, °c 
Bollinjil, point, °c 
Ionization constant 

Partition constants: 

Water solubility, S (ppm) 
w 

Occanol-water, K (unit1ess) ow 
Sediment-water, K (unitless) 

DC 

Microorganisms-water, 
KB (\Jg/g) (mg/O- 1) 

Volatilization constants: 

Henry's constant, H 
(atm m3 mol- 1) ~ 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
kr:/ko 

v v 

Value 

253.1 

132 

pK-NER 

4.0 (22°C) 

_.3_, 236 x 10 3 

1553 

SAV 

365 

Data Source 

WREF 

WREF 

j'OIDona 

C-Koc f Kow 

C-KB f Kow 

C-VP/S-22° 1111-11 

[111-1J 



111. 3,3' -DICHI.OROBENZIDINE 

TRANSFORMATION DATA 

_____ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at om 

Direct photolysis rate 
constant, k (hr- 1) 

Value 

p -s 
summer at 40· latitude .1.:.L.!.J_.O _____ . 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en). 
k

OX 
(~l hr-1) ~ ..::1~0_7 ___ _ 

For R02 (peroxy radical), 
k (M""l hr- 1) 4 x 107 

OX ~~~~---------
Hy~rolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For acid-promoted process, 
k A (M'"" 1 h r- l ) 

For neutral process, 

kN (hr- l ) 

Biotransformation rate constant: 

For bact~rial transformation 
in water, ~ (ml cell- l hr- l ) 

0 

0 

0 

P 
~ F.) 3 x 10' h 

E: Estimated value; see List of Source Codes. 

Data Source 

'.REF 

C-O;;.;;.X,-__ 

c-OX 

HNl5 

~ 

HNES 
..-.~-

I::-KB 

[111-1] Vapor pressure value was assigned ~y analor"; no data were 
available. This value was used in th~ calculation of :ienry's 
constant. 
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112.~1~,~2~-~D~I~PH~E~~~L~H~YD~RA~Z~I~N~E __________ __ 

CAS No. 122-66-7 

0-·; 
H 

PHYSICAL AND TRANSPORT DATA 

PropelCY or Process 

Molecular weight 

~elting peint, °c 
Boilin~ point, °c 
Ionizatio~ constant 

Partition constants: 

Water so'ubility, S (ppm) 
w 

Octanol-water, ~ (unitless\ 
ow 

Sediment-~ater, K (unitlebs) 
uc 

Microorganisms-water! 
KB (ug/ g ) (mg/t)- ) 

Vola. ilization cunstant~: 

Henry's :onstant, H 
(atm m~ mol-') C 

Vapor pressure, P (torr) 

Reaeration rate ra'" " 
k C Iko 

v v 

Value 

184.2 

131 

1.84 x 103 

871 

418 

28b 

'1! 1 r. -. 
9 t "5 r:, "0 C ) ."!."x _ .... ~ 

'i:\ \' 

337 

Data Source 

WREF 

C-Sw f Kow 

Pomona -.-... ~'.-

C-KOl" f Kow 

C-KB f Ko~' ._-

C-Vp/s 

Jaber, 198) 



112. l,2-DIPHENYLHYDRAZINE 

TRANSFORMATION DATA 

__________ ~P~r~o~p~erty or Process 

P~tolysis data: 

Absorption spectrum 

Reaction quantum yield, ~, 

at nm 

Direct photolysis rate 
constant, k (hr- 1) 

p 
_____ at lat.itude 

Oxidation constants at 25°C: 

For 102 (singlet oxy~en), 
kox or1 hr- 1) 

For R02 (peroxy radical), 
k

OX 
(M"" 1 hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB (M"" hr- 1) 

For acid-promoted process, 
k nrl hr-l) 

A 
For neutral process, 

kN (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1) 

Value 

o 

o 

o 

(E)l x 10-10 

E: Estimated value; see List of Source Codes. 
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Data Source 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 



--" 
H 

ProEerty or 

Molecular weight 

Melting point, °c 
Boilin~ point, °c 
Ionization constant 

Partition constants: 

113. ACRYLONITRILE 

CAS No. 

PHYSICAL AND TRANSPORT DATA 

Process Value 

53.1 

-83.5 

78.5 

pK-NER 

107-13-1 _____ _ 

Data Source 

CRC 

WREF 

Water solubility, S (ppm) 
w 7.9 x 10

4 
~25°C) Klein et al z 1957 

Octanol-water, K (unitless) 
ow 

Sediment-water, K (unitless) oc 
Microorganisms-water! 

KB (\.lgl g) (mgl 0- ) 

Volatilization constants: 

Henry's constant, H 
(acm m3 mol-I) c 

Vapor pressure, P (torr) 
v 

Reaeration rate ratio, 
k C Iko 

v v 

369 

l17~ 

0.85 

1. 04 

8.8 x 10-5 

100 (22.8°C) 

fQmQDa 
C-Koc f Kow 

C-KB f Kow 

C-VP22.8°/s25~ 

WREF 



113. ACRYLONITRILE 

TRANSFORMATION DATA 

________ ~P~r~o~p~erty or Process 

Photolysis data: 

Absorption spectrum 

Re&ction quantum yield, ~, 

Value 

PNES 

at nm _P~N~E~R~ __________ __ 

Direct photolysis rate 
constant, k (hr- 1) 

p 
________ at ______ latitude 

Oxidation constants at 25°C: 

For 102 (singlet oxygen), 
k (~1 hr- 1) 

OX 
For R02 (peroxy radical), 

kox or1 hr- 1) 

Hydrolysis rate constants: 

For base-~romoted process, 
kB or hr- 1) 

For acid-promoted process, 
k orI hr- 1) 

A 
For neutral process, 

k~ (hr- 1) 

Biotransformation rate constant: 

For bacterial transformation 
in water, ~ (ml cell- 1 hr- 1 ) 

PNER 

36 

o 

o 

o 

-9 (E) 3 x 10 

E: Estimated value; see List of Source Codes. 
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Data Source 

WREF 

c-ox 

c-ox 

HNES 

HNES 

HNES 

E-KB 



References for 3.9 

Chang, E. T. 1976. Vcpor Pressure of N-Nitrosodimethylamine. NTIS 
AD-A021 064/1ST Space and Missile Systems Orgax,ization, Zir Force 
Systems Command. Los Angeles, CA. 

Jaber, H. H. 1981. Unpubl ished work a t SRI. 

Klein, Eo, J. w. Weaver, and B. G. Webre. 1957. Solubility of Acryloni­
trile in Aqueous Bases and Alkali Salts. Chern. Eng. Data Sere 2:72-75. 

Pomona College Medicinal Daca Base, June 1982. 
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4.1 BACKGROUND 

Sect ion 4 

CALCULATION OF PARTITION COEFFICIENTS OF 
ORGANIC CHEMICALS IN AQUATIC HTVIRONHENTS 

The partitioning of a chemical between water and sediment and between 

water and biota will affect the concentration of the chemicaJ. in water 

and the rate of loss of the chemical from aquatic systems (See Section 2.1). 

Solubility data, on the other hand, are required for calculation of Henry's 

constants, which are needed to calculate volatilization rates of chemi~als 

in aquatic systems (see Section 5.2.2). 

This section discusses the relationships between water solubility, 

the partition coefficients for a chemical between sedimen~ and biota, and 

the partition coefficient for a chemical between octanol and water. 

Moreover, the theoretical basis for such relationship~ is explained, and 

some of the published correlations for these data are discussed. This 

section also briefly discusses the calculation of the oct anal-water 

partition coefficient data used to calculate many of the other partitioning 

constants. The data for the four partitioning constants (including water 

solubility) are given for 114 individu~l organic chemicals in Section 3. 

As discu3sed in Section 2.2, the partioning of a chemical is give~ 

by the equation 

K = C IC 
p p w (4. ~ ) 

where C and C are the concentrations on d particulQte ma~erial (sediment 
p w 

or biota) and in water, respectively, and K is the partitioning cons taut 
p 

(or coefficif>nt) whose units are determined by those of C and C (see 
p w 
am,unt vf chemical Section 2.2). In practice, C is usually defined as the 

p 
per dry weight of s~diment (or organisms) to correct for the variability 

of the particulate water content. The partition coefficient between 
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microorganism and water, K
B

, given for individual orga1 .c chemicals in 

Section 3, is in units of microgrums of chemical per gram of mi~roorganisI:\ 

dtvided by grams of chemical per liter of water. Because the amount of 

organic chemical sorbed to sediments has been found to depend on the 

amount of organic carbon in the sediment, it is useful to nornalize a 

measur~d sediment partition coefficient (K ) for organic carbon content: 
p 

K = K If oc p oc (4.2) 

where foc ::"s +-he fr:lction of organic carbon and Koc fs the normalized 

(for orga~ic carbon content) partition coefficient. Kari,~khoff et .:1l. 

(1979) have also ahown that, because f varies with sediment particle oc 
size, the distribution of sediment particle size will mark~dly affect 

measured K values. oc 

Thp octanol-water partion coefficient K has co~onlv Leen used 
(lIN 

as a measure of t~\e hydrophobicity of a chemi~.al in medical and toxico-

log;;'cal ap~lications as well as in environmental ~hemistry (Hal scb::lnd 

Leo, 1979; Kenaga and Goring, 1978). A larg(~ number c.f K '''alues is ow 
tl.erefore available as a result of th~ numher of uses of ,;uch dat3. M jst 

significantly, K v~lues can be calculated from molecular st~l\cture (see ow 
S(..ction 4.4). The K dat:! in Section 3 are given to al.Low calcu:3.tione-

OW • 

of other properties (partitioning coefficients for biota as w~'l as toxi-

cological data) for use in environmental assessments of (h~ organic 

priority pollutants. 

4.2 CALCUlATION METHODS 

Sever3l correlation equations have been proposed to calculate the 

water solubility (Sw)' Koc' and K~ from Kow values and t~ calculate Koc 

values from water ~olubility. The more widely used (If th~se equations 

2re discussed and analyz~d in Section 4.3. Although we recogni?e that 

better equations 3re evolving as more experimental datd are obtained, 

tt~ tollo~lng equations are recommen~ed for use ~n environmental Iate 

assessments. 
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4.2.1 Correlation E9uat10n~ 

In the following equations. all p~rtition coefficients (K ,K and oc ow 
KB) are unitles~, and water solubility (S ) is in units of parts per million 

* w (ppm). As discussed in Section 4.2.2, however, the solubili ty units of 

molarity (moles per liter) or mole fraction are preferred. 

K and K are correlate3 by the following equation (Karickhoff, 1~7~): 
oc ow 

log Koc = 1.00 log Kow - 0.21 (4.3) 

Correlation of 5 and K was reported by Yalkowsky and Valvani (1980). w ow 
For organic pollutants that are liquid in their pure state at 25°C: 

log S = -1.08 log K + 3.70 + log MW w ow (4.4) 

-1 
where MW is the molecular 'weight of the pollutant (g mole ). For organic 

pollutants that a~e solid in their pure state at 25°C: 

-1.08 log Kow + 3.70 + log m;-(~:~o) (mp-2S) (4.5) 

where mp is the melting point of the pollutant (DC) and jSf is the entropy 

If tS f is not known, it 

1980): 

-1 -1 
of fusion of the pollutant (cal mol deg ). 

may be approximated by (Yalkowsky and Valvani, 

~Sf - 13.6 + 2.5 (n - 5) (4.6) 

where n is the number flexible atoms (i.e., atoms not involved in double 

bonds, triple bonds, or part of a ring structure) in the pollutant molecule, 

other than hydrogen. If n is less than 5, (n - 5) is set equal to zero. 

* The original equations in the literature are different if they were 
reported in different solubility units. Refer to Section 4.2.2 for 
the appropriate solubility units conversion factors. 
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Correlation of K and S is provided by (Kenaga and Goring. 1978): oc w 

log K • -0.55 log Sw + 3.64 oc 

K- can be correlated with K by 
-~ ow 

K- = 0.16 K -J3 ow 

4.2.2 Units and Conversion Factors 

(4.7) 

(4.8) 

Three commonly used units of aqueous solubility are defined below: 

(1) Mole fractiop. x, the unitless ratio of the number of moles of 
solute to the total number of moles of solute plus water. In 
symbols, for a binary solution of n moles of solute in nw moles 
of water 

x=n/(n+n) w 

(4.9) 

(2) Molarity, S, expressed in moles of soJ.ute per liter of solution 
(M) : 

SCM) = n(mol)/liter of solution (4.10 ) 

(3) Weight fraction, expressed in milligrams of solute per liter of 
water, or parts per million, ppm 

S (ppm) 
w 

n (mol) MW (g mol-I) 1000 (ms g-l) 
liter of water 

where MW is the molecular weight of the solute. 

(4.11) 

For solutions with S < 1 M, one liter of aqueous solution contains 

approximately 55.5 moles of water. Thus 

S S x = ~--::,""'-- .... -- for S < 1 M 
55.5 + S 55.5 
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or 

s = 55.5 x - 55.5 x for x < 10- 2 
(1 - x) 

(4.13) 

To convert from molarity to ppm is straightforward by substituting 

Equation (4.10) into equation (4.11) 

ppm - S(~1W) (1000) for S < 1 N (4.14) 

Thus to convert from mole fractions to ppm follows from equations 

(4.11) and (4.13) 

55.5 x 
ppm (1 _ x ) (MW) (1000) 

- 55. Sex) (MW) (l000) for x < 10-
2 

These conversion factors are summarized in Table 4.1. 

FRO:: 

ppm 

(rwle flaction) 

~l 

(~lolarity) 

Table 4.1 

CONYERS ION FACTORS FOR COMPOSITION UNITS 

x 
TO ppm (mole fraction) 

1. 80 x 10-5 
---

MW 

I 

5.55 X 10'+ WW) ---

(10 3) 
1 

(N1n 55.5 
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(4.15) 

M 
(!lolarity) 

10-3 

MW 

55.5 

---
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and solute) in both phases occupies a particular site on a three-dimensional 

lattice, with uniform spacing between sites, then the f~action of sites 

in each phase occupied by the chemical is the mole fraction x. A two­

dimensional cross section of this lattice is shown in Figures 4.1 and 

4.2. 

The tendency for a solutt molecule to leave eit~er phase is propor­

tienal to the solute mole fraction in that phase and to the forces acting 

on the ~.)lute in that phase. The forces acting on a .. olute molecule will 

depend on which molecules orcupy neighboring sites on the lattice. 

Figures ~.i and 4.2 show that, over the wale fraction range of x • 1/28 w 
to x - 1/14, solute molecules in the water phase are surrounded by water w 
molecules. Thus, the forces ac' ~ng on the solute in the water phase are 

indepenJent of the solute mole fractiol1. Consequently, the tendency (f) 

of a solute molecu'~ t~ leave the W2~er phase is directly proportional 

to its mole fraction: 

f - Hx (4.16) 

where H is a constant r~r csentin~ the forces t:!xerted on the solute by 

the solvent. At higher solute mole fractions, where solute-solute inter­

actions become important (that is, where the solute is concentrated 

enough that se_ute molecules occUPi neighboring lattice sites), H becomes 

a function [H (x)] of the solute mole fraction, and thus f is no lO:)jt,er 

directly propor~ioRal tv x: 

f = H(x) x (4.1":') 

The partitioning of the chemical between the octanol and water phases 

depends on this relative tendency of the chemical to leave each phase (f), 

which is conveniently viewed 'os a force per uni t: area. In thermodynamics, 

'* f is called the fugacity and, as explained above, is proportional to the 

relative amount of the solute in the phase, x, and the forCE"; acting on 

the solute within each phase; ~~p1icitly, 

'* See, for example, G. L. Lewis and M. Randall, Thermodynamics, revised 
hy K. S. Pitzer and L. Brewer (McGraw-Hill, NY, 1961). 
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x 
w 

f ... (fRy ) x 
o 0 U 

(4.18) 

(~.19) 

where subscripts wand 0 refer. respectively, to the water and, ctanol 
R phases, and f and Vi are, respectively, the reference fugacity dnd 

activity coefficient, which together represent the forces acting on the 

solute in the ith phase. At equilibrium 

so that 

x Ix o w 

f • f w 0 
(4.20) 

(4.21) 

R In'eneral, at constant pressure, f depends only on the temperature and 
th Vi depends on the composition as well as the temperature of the i phase. 

In sufficiently dilute solutions, however, the forces acting on a solute 

molecule will be independent of xi because. as explained abov~ the 
R environment of a solute molecule will remain constant. Thus (f Vi) will 

be a function only of temperature 

(4.2~) 

where H. is the Henry's constant for a very dilute solution of the solute 
1 

in p~ase i. Thus 

x Ix = H IH o w w 0 
(4.23) 

is d function only of temperature. However, if x or x is large enough 
o w 

that Yu or Yw is not constant, then Kow will also no longer be constant. 
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-1 &t!cause composition is comfilonly measured in moles liter' (M). it 

is :onvenient ~Q define: 

K • e Ie • r (x Ix ) • r (H /3 ) ow 0 w WO J W WO W 0 
(4.25) 

where r~s a constar.t equal to the ratio of the molar volume of water wo 

r • v Iv (. 0.115) wo w 0 
(4.26) 

"0 that of octanol. (In terms of the latti..::e mode, r is equal to the wo 
ra'. '" of the number of sites per unit volume of octanol to that or water.) 

Numerous workers have correlated the partitioning of chemicals be­

tween sedil.:ent and water and between biota and water with octanol/w&ter 

oartition co~ffic1ents. Befo~e discussing these specific correlations 

in detail, it is useful to understand the conditions that must be met 

fur these correlations to be successful. 

Partiti~n1ng of a solute between water and any other water immiscible 

phase p ~i.e., biota, sediment) may be described by 

K a r (H IH ) pw wp w p (4.27) 

From equation (4.25) for partitioning between octanol and water 

H • K H /r 
w ow 0 wo (4.28) 

thus 

K .. (r Ir ) (H /H)K • r (li IH )K pw wp wo 0 p ow op 0 p ow (4.29) 

where r op 
is the ratio of the molar volume of octanol to that of phase 

p. Thus, taking the logarithm of both sides of equation (4.29) 
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• 

log K = log ~ + log (r H IH ) pw ow op 0 p (4.30) 

Thus, for the second term on the right-hand side of equation (4.30) to 

remain constant for a set of chemicals partitioning between water-octanol 

and water-phase p, phase p must be chemically similar to octanol and both 

K and K ~ust be measured at low enough solute concentrations that ow P\I 

solute-solute interactions are absent. 

The success of K -K correlations (to be discussed in detail below), ow oc 
for example. may thus be understood. First, by normalizing adsorption 

for organic carbon cont~nt, we ensure the chemical similarity of phase p 

(that is, the organic content) and octanol. Second, the partitioning of 

the chemical between the water and sedimen~ phases is usually measured 

at very low surface coverage (in the linear region of the adsorption 

isotherm) where adsorbate-adsorbate interactions are minimal. 

Octanol/water partition coefficients have been used not only to 

correlate other partitioning data. but also to predict aqueous solubili­

ties. The assumptions implicit in these predictions become apparent 

on close examination of the octanol/water partition experiment. 

If it is assumed that the ratio of the number of solute molecules 

in each phase remains constant up to the limit of solubility, then 

K ow (C Ie ) 
o w dilut.e (C Ie ) 

o w saturated (4.31) 

From equation (4.21), this means that the ratio of activity coefficients 

~wtyo remains constant up to saturation. As explained above, however, 

* the ratio "( t"( will depend on solute concentration, particularly if 
x 0 

e (saturated) is large enough that solute-solute interactions become 
w 

*Because of the chemical similarity of a neutral organic solute with 
n-octanol, it is expected that y will not vary significantly with C 

o 0 
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important. Furthermor~, if we assume that the solubility of the cnemicai 

in pure water equals its solubility in the octano1-saturated ~ater phase 

of the partition measurement, then 

K 
ow s /S 

o w (4.32) 

-1 where Sand S are solubilities in moles liter (M) in pure octanol and 
o w 

pure water, respectively. 

To correlate aqueous solubility with K , many authors have proposed ow 
an equation of the form: 

log Sw z -(l/a) log Kow + c (4.33) 

where a and c are constants. Equation (4.33) may be derived by modifying 

equation (4.32) to account for deviations of real systems from model be­

havior: 

K = (5 /S )a (4.34) 
ow 0 w 

This equation is clearly identical to equation (4.32) for a = 1. Taking 

the logarithm of both sides of equation (4.34) and rearranging terms: 

log 5 = - (l/a) log K + (l/a) log S w ow 0 
(4.35) 

If S is assumed constant for a set of solutes in octano1, equation 
o 

(4.3S)become5 

log S - - (l/a) log K + c w ow 
(4.36) 

~nd the correlation coefficients a and c may be calculated from a plot 

c,f known values of log S versus known values of log K for the given w ow 
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set of solutes. Clearly, if the assumptions implicit in equation (4.32) 

are leasonable, the calculu~ed value of a should be close to one. 

The variability of S for a set of solutes is difficult to quantify 
o 

except by comparing liquid and solid solutes. If two solutes are identi-

cal except that one is a liquid and the other is a solid in its pure state 

at temperature T, the solid will be less soluble than the liquid because 

of the additional energy required to remove solute molecules from the 

solid phase. Thus, if we assume that all liquid solutes have the same 

solubilities in n-octanol, and we use this pure liquid solute as the ref­

erence state, calculated solid solubiliti~~ must be corrected for the 

energy necessary to transform the solid to the liquid state. This energy 

is called the enthalpy of fusion, and from simple thermodynamic argu­

ments, we can modify equation (4.35) for solid solutes: 

log S 
w - (l/a) log K + C ow 

6H
f 

- (l/a) 
2.303 RTf 

(4.37) 

where tH
f 

is the enthalpy of fusion, R is the gas constant, and T
f 

is 

the melting temperature of the solute. At the melting point, 

Therefore at 2SoC, equation (4.38) becomes 

log S 
w - (l/a) log Kow + c - a(1360) (mp-2S) 

(4.38) 

(4.39) 

where mp is the melting poi~t (in °C) and ~Sf is the entropy of fusion 

(in cal deg- l mole-I). This correction is zero for solutes that are 

liquid at 25°C, but substantial for solutes with high melting points. 

Assuming that the theory is approxim~tely correct and the correlation 

coefficient a is approximately equal to one, Table 4.2 and Figure 4.3 

illustrate the magnitude of this correction as a function of melting 

point for a hypothetical solute with an uncorrected solubility of 100 ppm 
-1 -1 

and a typical entropy of fusion of 13.6 entropy units (cal deg mol ). 
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Table 4.2 

EFFECT OF MELTING POINT CORRECTION 
ON WATER SOLUBILITY VALUES 

Solubility Melting Point (uncorrected) 
(ppm) (eC) 

100 25 

100 50 

100 100 

100 200 

100 300 

* log S (corrected) = log S (uncorrected) w w 
where 6S

f 
= 13.6 and a = 1 are assum~d in 

is the water solubility in ppm. 
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* Solubility 
(corrected) 

(ppm) 

100 

56 

18 

2 

0.2 

o 
- 0.01 (mp-25) at 25 C, 

equation (4.39) and S 
w 
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4.3.2 Comparison of Reportei Correlations 

Table 4.3 li~ts a representative sample of recently published 

correlations among K ,K ,S. This section examines these correla­ow oc w 
tions in detail. 

K -K As discussed earlier, the sorption constant K is the oc ow DC 

amount of chemical adsorbed per unit weight of organic carbon in the 

sediment divided by the equilibrium concentration of the chemical in 

the water phase. This constant 1s useful because, once K has been oc 
determined for a chemical, the sorption partition coefficient may be 

~alculated if the fraction organic content (1 ) is known: 
oc 

(4.40) 

where 

K = Sorption partition coefficient p 

K = Sorption partition coefficient normalized for organic carbon 
oc content 

f = Fraction of organic content in the sediment oc 

C - Concentration of the adsorbed chemical 
s 

C = Equilibrium solution concentration. 
w 

(0 < DC <1) 

Furthermore, it is useful to be able to predict K values from oc 
the more easily measured K values. ow The the~retical basis for expect-

ing good K -K correlations has been discussed above. Two recent 
oc ow 

K -K correlations that have appeared in the literatuTe are listed in 
oc ow 

Table 4.3. The significantly different correlation equations of Kenaga 

and Goring (1978) and Karickhoff et al. (1979) probably reflect the 

different data bases used to correlate K with K oc ow 
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The theor~tical equation of Table 4.4, 

log K = 1.00 log K + constant oc ow 
(4.47) 

follows from assuming that the second term on ~he right-hand side of 

equation (4.30) is constant; the data base requir9d for a good fit with 

equation (4.47) follows from the ~ssumptions used in the derivation of 

equation (4.30). It is clear from Tabl' ~.4 that the data base and 

correlation equation of Karickht ff et al (197~) closely conform with 

the theoretical model; however, tl:e data bi;&se atld correlation equation 

of Kenaga and Goring (1978) do not. 

The advantages and disadvantages of using these alternative equa­

tions are not as well defined, howevpr. Al~hough the equation of 

Karickhoff et al. (1979) conforms to a simp~e model and accurately pre­

dicts sorpticn coefficients from K data for a limited class of organic ow 
chemicals, it has not been w~dely tested and may b~ highly inaccurate 

for a more universal set of pollutants and soil/sed~~ents. The e~~ation 

of Kenaga and Goring (1978), however, is strictly empirical and only 

roughly predi2ts K values from K data, but i~ is applicable :0 a 
cc ow 

more universal set of pollutant/adsorbent systems because of the data 

base used. When more precise K and K data are available, it will oc ow 
be of interest to assess the predictive value of both of these correla-

Lions ~or both the universal set and individual classes of pollutant/ 

adsorbent systems. It may become apparent that several correlation 

equations may be required to adequately predict K values fram K 
oc ow 

value~; f::;r the variety of syste:: oj of interest. 

s - K • 
w ow Several comparisons of the equations of Kenaga and Goring 

(1973) and Yalkowsky (1980) can be ~ade. For reasons discussed earlier, 

the mole fraction units of solubility used by Yalkowsky are to be pre­

ferred to the ppm units used by Kenaga and Goring. Ir fact, to compare 

equation (4.42) of Kenaga and Goring with e4uation (4.43) of Yalkowsky, 

we must assume an aver~ge molecular weight for the chemicalr in che dat3 
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• 

base of Kenaga and Goring. Converting equation (4.42) from ppm to mole 

fractions units 

log K = - 0.922 log K - 0.56 - log MW s ow (4.48) 

where x is the mole fraction solubility and MW is the average molecular 
5 

weight. 

The variation of equation (4.48) with MW is shown in Figure 4.4 

and compared with Yalkowsky's equation for liquid solutes. Two observa­

tions can be made about Figure 4.4. First, the molecular weight depen­

dence of equation (4.48) is not very great for chemicals in the molecular 

weight range of 100-400. Second, because the average molecular weight 

of ch~micals in the data base used to determine equation (4.48) is in 

the range of 100-400, it is clear that solubilitie~ predicted by equation 

(4.48) will be approximately an order of magnitude lower than those 

predicted by equation (4.43). 

A comparison of measured solubilities (in molarity units, M) with 

those predicted by the equati0ns of Kenaga and Goring and of Yalkowsky 

is shown in Table 4.5 for a series of chlorinated methanes and ethanes. 

Note that all the chemicals listed in Table 4.5 (except hexachloroethane, 

which sublimes) Are liquid at 250 C. Furthermore, is is ~lear from 

Table 4.5 that equation (4.43) of Yalkowsky predicts the aqueous solu­

bility of chlorinated methanes and ethanes very accurately, whereas the 

corresponding prediction of equation (4.42) is an order of magnitude 

lower. Table 4.6, which compares calculated and measured solubilities 

for some low melting point aromatics, further supports these conclusions. 

The cause of this discrepancy becomes clear when we examine the con­

trasting methods and data bases used by Kenaga and Goring and by Yalkowsky 

to develop their correlatjons. Kenaga and Goring empirically correlated 

K with the solubility o. a set of ctemicals, most of which are solid 
ow 

at 25°C. In other words, Kenaga and Goring implicitly used a solid 

solute reference state; consequently, their correlation equation cannot 

accurately predict the solubility of a chemical that is liquid at 25°C. 
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Yalkowsky. on ~he other hand. eXJ'llici'tly used a liquid solute reference 

state. To calculate the solubilities of chemicals that are solid at 
o 25 C, Yalkowsky included an entropy of melting correction term. Thus 

the equation of Yalkowsky, assuming accurate known values of the entropy 

of fusion (ASf } and melting point (T
f
), is equally valid for liquid 

and solid solutes. 

As discussed earlier. if two solutes are identical except that one 

is a liquid and the other is a solid in its pure state at 25°C, then the 

solid will be less soluble than the liquid ~y a factor of 

EAp [-2.303(6S
f

/l360}(mp-25)] (4.49) 

where lIS
f 

is the er.tropy of fusion and mp is the melting poin'·. (oc). 

If lIS
f 

is c·onstant, then it is dear from equation (4.46) thaL solu­

bility decreases as the melting point increases. Assuming·;'f· 13. f.., 

entropy units and converting m01e fraction solubilities to molarity 

units, Figure 4.5 illustrates that equation (4.43) of Yalkowsky, in 

contrast with equation {4.42} of Kenaga and Goring. successfully predicts 

the decrease in solubility wit~ increase in melting point for a-, B-, 
0-, and y-BHC. 

Figure 4.5 also indicates that 'mplic·t in equation (4.42) of 

Kenaga and Goring is an empirical avarage of the solid solute correction 

term. Because the solubilities of hquid solutes predicted by equation 

(4.42) are approximately an order of ma~nitude lower than measured values, 

we can assume that this average correction term is approximately equal 

to 0.10, which is the dashed line in Figure 4.3. Thul, ~he predicted 

solubi1iti~s of equation (4.42j should apploximate those of Yalkowsky 

and measured values for solutes with melting points in the 1000 to 200°C 

temperature range. Figure 4.6 illustr~tes, in fact, that for solutes 

with an approximate molecular weight of ISO, an entropy of fusion of 

13.6 and a melting point of l2SoC, the c~rrelation equations of Yalkowsky 

and of Kenaga and Goring are similar. Moreover, Table 4.7 illustrates 
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that for selected pesticides with melting points around 110°C the cor­

relations of Yalkowsky and of Kenaga and Goring compare equally well 

with measured values. 

Figure 4.5 also suggests that solubilities predicted from equation 

(4.42) of Kenaga and Goring will become progressively higher relative 

to measured values as the melting temperature increases above 200°C. 

Table 4.8 indicates that, indeed, measured solubilities of chemicals 

with melting points above 200°C systematically fall below those pre­

dicted by Kenaga and Goring. 

In summary, equation (4.42) of Kenaga and Goring should be re­

stricted to chemicals with melting points in the 100
0 

to 200°C range, 

but equation (4.43) of Yalkowsky, because it includes a melting point 

correction factor is not limited by melting point restrictions. 

K - S • oc w 
To compare equation (4.7) with equations (4.45) and 

(4.46), it is again necessary to assume an average molecular weight 

for the corrc'ation equation of Kenaga and Goring. If an average 

molecular weig~t c,f 200 is assumed, converting equatj0ns (4.7) and 

(4.45) to mole fraction solubility lnits gives 

log K -oC 
0.55 lC"~ x - 0.23 

s 
(Kenaga and Gorins, 1978) (4.50) 

log K - 0.56 log x - 0.04 (Chi u et al. , 13'; Cl (4.51) 
().:; <; 

i.oS ~: - ~), 54 Jog x + 0.(4 (Karirkhoff et a1. , 1979) (4.46) 
oc s 

Sev ;:"",1 observations can be m~de about these equations. First, 

the simil~rity of equations (4.50) and (4.51) is remarkable, consider­

ing the contrasting data bases used by Kenaga and Goring and by Chiou 

et al. to determine their correlation coefficients. In fact, equations 

(4.50), (4.51), and (4.46) may all be written in the form 

K = (constant) oc 

<101 

-0.55(::0.01) 
x 

s 
(4.52) 



• 

Table 4.8 

AQUEOUS SOLUBILITIES OF HIGH MELTING POINT CHEMICALS 

Chemical Name 

Benzo[k]fluoranthene 

Anthracene 

Benzo[g,h,~lperylene 

Chrysene 

Dibenz[a,hlanthracene 

TeDD 

B-BHe 

Melting Point 
(oC) 

217 

219 

222 

258 

270 

303 

309 

a Kenaga and Goring (1978) 
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Solubilities 
(ppm) 

Predicted by 
Measured Equation (4.42)a 

5 6 10-4 • x 

0.045 

2.6 x 10-4 

1.8 x 10-3 

5 x 10-4 

2 x 10-4 

0.24 

0.04 

1.2 

0.015 

0.1 

9 x 10-3 

7.5 x 10-3 

4.0 



It is not clear why the solubility coefficient of -O.55(=G.Ol) should 

appear ip each of these correlations. If as expected from the above 

discussions [see equations (4.3), (4.42), and (4.43»). 

and 

log K 
oc 

a log K + constant 
ow 

log K = - a log x + constant ow s 

(4.53) 

(4.54) 

where a-I, then by substituting equativn (4.54) lnto equation (4.53) 

log K 
oc 

2 
- a log x + constant 

s 

- - 1.0 log x + constant 
s 

(4.55) 

It is also apparent that none of t~ese three equations dccounts for 

the variation in solubility and hence variation in K value with the 
oc 

melting point of the adsorbed chemical. The difference i.l adsorption 

behavior between solid and liquid solutes, in general, has been well 

documented in the literature (see, for example, Kipling, 1965). In fact, 

ROE (1975) has accounted for this difference in terms of the solid solut~ 

correction factor discussed earlier in this report. Karickhofi et al. 

(1979), in discussing their relatively poor correlation of K with x 
oc s 

(compRred with their excellent correlation of K with K ), mention oc ow 
that a correction term is probably needed in equation (4.!t0) to account 

for the enthalpy of fusion of the chemicals thev studied. 

K - K E :JW 
The partitioning of organic chemicals has recently been 

reviewed by Uaugrunan i.md Paris (1981), who n,)ted the pauc i ty of reliable 

d.Jta avallabJ e for correlating ~ with ther partitioning par,ilneters. 

For the cher-:ic::lls in Sec:tion 3, the following equation was used to c31-

culate K 
B 

K =0.16K 
B ow 

(4.8) 
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which is the simplified version of the equation given by Baughman and 

Paris (198l)~ 

0.907 log K - 0.21 ow (4.56) 

The reader is referred to the above review for an excellent exposition 

on the problems of reliably measuring KB and the use of correlation 

equations to calculate ~ from Swor from Koc or Kow data. 

4.4 CALCULATION OF K FROM STRUCTURAL PARAMETERS ow 

The thermodynamics of partitioning of a chemical solution between 

octanol and water phases was discussed in 4.3.1, and the use of the 

octanol/water partition coefficient, K ,for calculating S , K and ow w oc 
K- was described in Section 4.3.2. Although K is the symbol used by 
-~ ow 
many scientists fer this partition coefficient, earlier litarature and 

some current medical toxicology literature has commonly referred to the 

logarIthm value of K as "log p" (Hansch and Leo, 1979). For discussion ow 
in thir. section only, the log P nomenclr.ture will be used insteao of 

log Kow' although the Kow term will be used. 

The K data on the data sheets in Section 3 were calculated using ow 
a computer program developed at SRI; it uses the FRAGMENT method for 

calculating log P values (Bansch and Leo, 1979). The theory and pro­

cedures for these calculations are discussed in detail in that reference. 

Briefly, the method assumes that select groups of atoms in a molecule 

can be considered fragments, ~ach of which contribules to the total log 

P value in an additive manner 

log P 
n 
L a f 
1 n n 

(4.57) 

where a is the numbe~ of0ccurrences of fragment f of structural type n. 

Values of f have been empirically derived from the vast body of log F 

data available in the literature. Since the calculation of log P values 
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for complex molecules can be time-cons~ming and subject to numerou~ cal­

culation errors. the FRAGMENT calcu2ation method and the data base for 

fragment values have been incorpocated into a computer program usir~ ~he 

'* PROPHET computer network. The log P data are generap!d by first enter-

ing the structure on a graphic tablet. The log P program then uses an 

ordered substructure search routine to obtain fragment values for frag­

ments of the molecular structure. Fragments ace used, rather than atoms, 

because atomic contributions to log P vary with certain structural en­

vironments. The program then adds the fragment values to obtain log P 

values. It also identifies where the log P calculation may be incomplete 

because of the absence of values for particular fragments or because 

~olar interactions must be accommodated by manual calculations. The log 

P program is under continuing development and evaluation at SRI and 

other laboratories. 

rhe manual calculation of log P values using the FRAGMENT method 

is already established as ~ valid method for obtaining these data (Hansch 

and Leo, 1979). The calculations are, of course, ~ubject to errors 

arising from subtle structural differences that are not recognized or 

cannot be accounted for when obtaining empirical values for the molecular 

fragments. In fact, the primary source of error is the original data 

on which the fragment values are based. The lack of reliable data is 

also a dilemma for verification of calculated log P values. 

As an indicator of the accuracy of the log P calculation program 

Table 4.9 compares th~ K values recen~ly puulished by Hassett et al. 
ow 

(1980) with the K values calculated by the log P program. Although 
ow 

tllt' chemicals 3re not ,lmung the organic priority pollutants, they io 

represent some of the best K data currently available. The calculated 
ow 

and me~sur~d K values agree witllin the factor of two for 8 of thH 14 
ow 

---------
'~FI~()!'liLT i=, a ~IH rc~s·Jurct:' avalLlb1e t() biulogical and chemical 

Sl i,'nt ists nn a time-share basis. Informat ion on t.he log P/PROPHET 
c;':su~m (',111 ht' obtaint~J from Dr. Howard L. Johnslln at SRI. 
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compounds listed and agree wichin a factpr of five for 12 of the 14 

cornpour.ds. It is also significant to note that the last three compounds 

in Table 4.9 show the most disagreement between calculated and measured 

Kow valu2~, and these compounds are large molecules containing groups 

that may participate in H-bonding interactions. 

In general, the accuracy of log P c~lculations by this method 
I 

close ly app~oaches the accuracy of experi.nental determinations performed 

over the la~t ten or twenty years because the fragment values were 

derived lar$ely from those experimental data (by regression analysis) 

and ir.corpo1ate the same experimental errors. It is not uncommon for 

measured log P values for a given compound in the literature to vary 

by 1 to ~ units; this corresponds to a factur of 10 to 100 in measured 

K variatiqn. ow 
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SECTION 5 

CALClJLATION OF THE RATES OF VOLATILIZATION 
OF OKGA!'HC CHEHICALS FROB NATl.JRAL WATER BODIES 

5.1 IN~RODUCTION 

li,is section describes the procedures and theor} used to calculate 

the rates of volatilization of organic chemicals from aquatic systems, 

fhe data needed tor these calculations include the Henry's constant and 

oxygen eaer tion rate ratio, which are used to calculRte volatilization 

data ill many aquatic fate models, plus the vapor pressure. The calcula­

tion methods ar~ outlined in Section 5.2. The results are summarized 

under thd respective organic chemical in Section 5.3. Since the rate 

constants and hali-lives for volatilization of chemicals depend on 

environmental parameters as well as process data, the rate constants 

have not been included ~n Section 5.3. Section 5.4 describes the theo­

reti~al basis of eSllmation methods and presents a plot of volatilization 

half-live5 3S a function of Henry's constant for the organic priority 

pollutants [Jr two representatIve aquatic systems. 

5.:2 CALC'LATION METHODS 

5.2.1 Outline of the General Procedure 

The, general procedure L) be used is based on the two-f i1m theolY 

first proposed by Whitman (19:':3). The detailed theory will be dt!scribed 

in Section 5.4. In this bl'c:tion, onl the calculation procedure will bt· 

described. 

Volatilization of an organic chemical from water is a first-order 

rate process. ThereL)re, the volatilization rate, R , is written as 
v 

R 
v 

d[e 1 
I';; 

= - ---
dt 

409 

= k [e 1 w 
(5.1) 
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-1 where [Cw] is the concentratjon of the chemical in moles liter (M) in 

water and k is the volatilization rate constant in units of time- l 

Yl -1 (usually hr or day). The full expression for estimating the volati1i-

zation rate constant of the chemical from a natural water body is 

where 

] -1 kC 
1 [ 1 + 

RT . 
(5.2) v 

s L k~(D;/D~)m H k~(D~/D~)n c 

L = mixing depth of the water body (em) 

k~ = liquid phase mass transport coefficient of oxygen in the water 
body (cm hr- l ) 

D • liquid phase diffusion coefficient of the chemical (C) or 
~ oxygen (O) in water (cm2 sec- l ) 

m = L.5 to 1.0, depending on the liquid phase turbulence 

R = gas constant, 62.4 torr deg- l M- l or B.205 x 10-5 m3 atm deg- l 

mol- l 

T - temperature (K) 

H • Henry's constant (torr M- l or m3 atm mol-I) 
c 

kW 
= gas phase mass transport coefficient for water (cm hr- l ) 

g 

D = gas phase diffusion coefficient for the chemical (e) or water 
g (~) in air (cm2 sec-:) 

n = 0.5 to 1.0, depending on the gao phaEe turbulence 

Equation (5.2) takes into account mass transport resistance in both the 

gas and liquid phases. The derivation of equation (5.2) is given in 

Section 5.4.1. 

In the following sub3ections, we will show how to estimate each of 
e the parameters in equation (5.2) and how to calculate k for various 

e v 
water bodies. The value of kv obtained by using this procedure depends 

on the accuracy of the value of the Henry's constant and the choice of 

kO and kW for the specific water body. 
~ g 
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5./..2 Calculation of the Henry's Constant 

Henry's la~ states that, for ideal gases and solutions, the partial 

pressure of chemical above a solution, P., is proportional to its concen­
l. 

tration in the solution, [C ]. Mathematically, it can be written w 

= H [C.] 
C ~l. 

(5.3) 

Henry's constant, H • is the proportionality constant. In other words, 
c 

the magnitude of H is a measure of the tendency of a chemical to parti­
e 

tion between the gas and liquid phases at equilibrium. 

Several different units for Henry's constant are reported in the 
-1 3 -1 literature. Units of torr M can be converted to atm m mole by the 

following equation: 

760 x 1000 

Henry's constant is also reported as the ratio of concentrations in the 

gas and s0luti~n phase. This conversion factor depends on temperature 

and, at 20°C, is: 

H (unitless) 
RT 

= 5.47 x 10- 5 Ii (torr M- I ) 
c 

(5.5) 

If a measured value of Henry's constant H is not available, the 
c 

following pilysical property data for a cbemical must be obtained or 

measured before H can be calculated: 

• 
• 
• 
• 

c 

Melting point (T , 
m 

° C and K) 
-1 -1 

Solubility in ~ater at 20 0 e (S , g liLer and mole liter ) 
IV 

"apor pressure at 20 0 e (P , to>:") 
v 

Heat of fusion, ~Hf' is required if the chemical is a solid at 
at 20 0 e and if the vapor pressure used to calculate He is for 
the liquid. If a measured value ":f !.cH f is not available, an 
estimation method can be used. 
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Mackay and Wolkoff (1973) showed that the value of H is equal to 
c 

the vapor pressure of the chemical, P, divided by the solubility at Sw 

(5.6) 

This equation is correct only if the vapor pressure and the solu­

bility data are for the pure material at the same temperature and the 

same phase (solid or liquid). The equation is also true for gases. The 

major difficulty in calculating Hc is often the estimation of P and the 

lack of reliable solubility data for many chemicals with solubility 

below 1 ppCl. 

If the chemical is a liquid over the temperature range of interest, 

the vapor pressure data can be calculated using the Clausius-Clapeyron 

equation 

(5.7) 

Pa is the vapor pressul:°e of the liquid at temperature T2 , which is the 

ambient temperature and Plt is the vapor pressure of the liquid at tempera­

ture Tl , which is a higher temperature for which vapor pressure data are 

avail.oJle. Vapor pressure data are also often reported in the form 

(S.M) 

where A and B are constants; data in the eRC handbo0k are given in this 

form. Since the vapor pressure versus temperature equation is given in 

various forms in the literature, the vapor pressure at 20 0 e should be 

calculated for each chemical using the equation available. 

If the chemical is a solid at 20 0 e and the vapor pressure data were 

obtained above the melting point of the chemical, extrapolation of the 

vapor pressure data at 20 0 e will give the vapor pressure of the super­

cooled liquid (P2s2 ). Thus, equation (5.7) becomes 
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P, ,) .. s .. 
= P exp--~ 

~Hf 

I R (5.9) 

However, to calculate H , it is necessary to obtain the vapor pressure for c 
the solid phase at the same temperature as the solubility data, because 

the vapor pressure P in equation (5.6) must be for the stable pur~ form 

of the chemical at the same temperature as the solubility data (e.g., 

ambient temperature). Prausnitz (1979) has shown that the extrapolated 

vapor pressure for the solid phase (P, ) can be estimated from the extra-
.s 

polated vapor pressure of the supercooled liquid phase (P2s~) by 

P2s • P2.< [.:p ':f Urn iJ] (5.10) 

where ~Hf is the heat of fusion for the chemical (cal mol- l ), R is the 
-1 -1 

gas constant (1.987 cal K mol ), and T is the melting point in Kelvin. 
m 

If solubility data are not available, the solubility can be estimated 

using equation (4.4), in Section 4.2.1 of this report. 

Therefore, the following expressions should be used to calculate the 

vapor pressure and Henry's constants. For chemicals that are liquids at 

the ambient temperature T
2

: 

or 

LH v 
1. 987 

(- 0.2185 A/T 2 ) + B 

H = P2./S c • w 

F<"'r solids, Clt 20°C, when a value for c:.ii
f 

is available: 

P., ... s 
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(5.13) 
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The value of T2 is chosen as 20°C • 293 K. or equal to the same tempera­

ture as reported for the solubility data. 

Yalkowski and Valvani (1979) have suggested that AH f be calculat~d 

frem the melting temperature and entropy of fusion. AS f • using equation 

(5.15 ) 

(5.15) 

where AS f = 13.5 entropy units and is nearly constant for rigid molecul~s. 

If the value of AHf is not available. equation (5.16) is used to calculate 

p 2s for solids. 

[ 

AH 
exp ~1-.~'3~;~7 (5.16) 

5.2.3 Calculation of Diffusion Coefficients 

As shown in Section 5.4. the gas and liquid poase diffusion coeffi­

cients are used in Equation (5.2). The liquid phase diffusion coefficients 

Do should be estimated using the Haydeck and Lauoie modification pf the 
"-

Othmer and Thakar relation (Reid pt al .• 1977, p. 573) 

13.26 x 10-5 

1. 4 vO.589 
flw b 

(5.17) 

where flw is the viscosity of water (centipoise) and Vb is t:le molar volume 

at the normal boiling point (cm3 mol-I). The ratio of liquid diffusior~ 
constants for the chemical and oxygen iii water, D~/D~, becomes 

(5.18) 

The molar volume is estimated using the molar volume incre~ents proposed 

by LeBas (Reid et al., 1977. p. 58) and the molar volume of oxygen. 25.6 
3 -1 cm mol • which was calculat~d from diffusion coefficient data (Reid et 

a1., 1977. p. 58). 
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The ratio of the gas phase diffusi~n coefficients DC/D
W 

should be 
g g 

calculated using the Fuller, Schettler, and Giddings method (Reid et al., 

1977, p. 554). Th~ gas phase diffusion coefficients are 

o 
g = 

O.OO~ Tl . 75 (l/M
l 

+ I/M2)1/2 

P ~:V)ll/3 + (:V)2
l/312 

(5.19) 

whert: H is the molecular weight and :v ie; the atomic diffusion ··ol'.llTle. 

The subscripts 1 and 2 refer to the chemical or water and to air, respec­

tively. The value of :v is 12.7 for water and can be calculdted for 

other chemicals using th~ volume increments reL :,r.unended in Reid et al. 
e \] 

(1977, p. 55~). The ratio, t 10 , redu~es to 
g g 

C W (11M + 0.0347)1/2 
D ID = 85 _c~-..,.. ___ _ 

g g l[(rv)c l/3 + 2.72J2 
(5.20, 

where ~1 and (:v) are th~ molecular weights ancl the diffusion "olume 
c c 

of the chemical, respectively. 

5.2.~ Other Parameters 

The values entered into equation (5.2) f0r calculation of the vo13-

, 1 . kC , d' T b) 5 1 II 1 tl lzal ... Oll rate constant, v' are summar~ze In a .c •• 11;;' raLil)n,L~S 

for these choices are given in the S~('t .. on 5.':'.:::. TIll' half-life l1! the 

chemical is 

t: (hr) 

o The :·atio,lalef' for tite choices of k , m, 

Section 5.4.2. 

5.2.5 Sample Calculation 

(5.21' 

k~ and n are also discussed ir g' 

As an eX:lmple, the calculation of the volatilizacion rate const:allt 

for 2,6-dinitrotoluene (2,6-DNI) is shown in this section. I:!e necessa~y 

physical propertjes ale: 
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Table 5.1 

SUMMARY OF CONSTANTS AND VALUES FOR SUBSTITUTION INTO EQUATION (5.2) 

Constant/value Rivers Lakes 

L (em) 200 200 

.0 (em hr -1) 8 1.8 ., 

m 0.7 1..0 

T (K) 293 293 

RT 
-1 (torr N ) 18,283 18,283 

RT (m 3 -1 
atm mol ) 2.40 x 10-2 2.40 x 10-2 

kW 
g 

(em hr- 1) 2100 2100 

n 0.7 0.7 
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.t., .. , 

• 

Molecular weight: 182.14 

Sc~ubility: No data. Estimated to be equa!lto the solubility of -4 
2,4-DNT, which is 180 mg liter at 20°C or 9.88 x 10 M. 

Melting Point: 65 Q C. 

Sample Calculation of ~ for 2,6-DNT. The vapor pressure data used 
c 

here are from Maksimov (1968), who reported 11 measurements between 150 c 

and 260°C. Since all the data are above the melting point, extrapolaticn 

of the vapor pressure data to 20 0 e will give the vapor pressure of the 

supercooled liquid. The vapor pressure data for 2,6-DNT are not reported 

in a form that fits equation (5.5). However, Maksimov reports that 

~H - 13.55 kcal mol- l and that the boiling point is 285°C (where the 
v 

vapor pressure must equal 760 torr). The heat of fusion, ~Hf' is not 

available. but the melting point. T • is 65°C. Therefore. equation (5.16) 
m 

is used to calculate the vapor pressure of the solid phase of 2,6-DNT at 

20 o e. 

- 4.2 
-3 x 10 torr 

This value can be compared with the data of Pella (1977), who measured 

the vapor pressure of solid 2,6-DNT at 20 c e and obtained 3.5 x 10- 4 torr. 

The agr~emel\t is reasonable, considering the range of extrapolation of 

the vapor pressure data and th-!' a value for ~llf is not available. Using 

Pella's vapor pressure data. Henry's constant is 

Hc = P2s /Sw 

= 3. 5 x 10-4 / 9 • 88 x 10- 4 - O. 3 5 tor r r-t - 1 (5.14) 

~I-l m3 - l 
To convert He in torr " to atm mol, 
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For 2.6-0NT, 

H - 0.35 x 1.32 x 10-6 • 4.6 x 10-7 atm m3 mol-1 
c 

Calculation of the Oiffusion Constant Ratios for 2.6-0NT. The 

liquid phase diffusion constant for 2,6-0NT was calculated from equation 

(5.18), 

(5.18) 

The molar volumes, Vb' were calculated from the molar volume increments 

proposed by LeBas (Reid et al., 1977. p. 58). For 2,6-0NT. there are 

7 carbons. 6 hydrogens, 4 oxygens jointed to nitrogen, ~ nitrogens. and 

1 six-membered ring. Therefore, 

V~ • (7 x 14.8) + (6 x 3.7) + (4 x 8.3) + (2 x 15.6) - 15.0 - 175.2 cm3mol-l 

The recomme'iuiea .. alue of Vb for 02 is 25.6 cm3 mol- l , Then 

Similarly, 

liM + 0.0347 1/2 
DC /0 W _ 85 -+---:c~~ _____ '-IIi~ 

g g (tv) 1/3 + 2.72 2 
c 

The diffusion volume of 2,6-DNT. using the molecular increments ~f LaBas, 

is 

(tv)l/3. (7 x 16.5) + (6 x 1.98) + (4 x 5.48) + (2 x 5.69) - 20.2]1/3 

1/3 3-1 - 140.48 • 5.20 cm mol 

Then, 

DC/DW• 85 (1/182 + 0.0347)1/2 
g g [5.20 + 2.72]2 

- 85 x (0.200/~2.7) - 0.271 
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C To calculate k , the appropriate constants and values in Table 5.1 v 
~lus the ~onstants calculated above are substituted into equation (5.2). 

For lakes, 

[ 

-1 
kC • 1 1 + __ . 62.4 x 293 ] 

v 200 1.8 x (0.322)1.0 0.35 x 210u x (0.271)0.7 

= 2~0 (1.72 + 62.0)-1 = 7.84 x 10- 5 hr- 1 

tl • (In 2)/7.84 x 10-5 .. 3.84 x 103 hr .. 368 days 
~ 

For rivers, 

kC • _1_ 
v 200 [ 

__ --=1_-.,,~ + __ --:;.6,;:.2.4 x 293 J 
8 x (0.322)°·7 0.35 x 2100 x (O.2?1)O.7J 

- 2~0 (0.276 + 62.0)-1 • 8.02 x 10- 5 hr- l 

tL • (In 2)/8.02 x 10-5 .. 8.64 x 103 hr .. 360 days 
'l 

-1 

5.3 CALCULATION OF THE VOLATILIZATION RATES OF THE PRIORITY POLLUT~~TS 

The volatilization ratp constants of the priority pollutants ~ere 

estimated using the methods described in Section 5.2. The Henry's 

constant, H , is the crjtical parameter in these ~stimates. If a 
c 

measured value of H was not available, the literatur~ values of the 
c 

vapor pressures and Qo1ubilities were used. 

In many cases, the vapor pressure at 20 0 e was obtained from tht 

report of Callahan et a1. (1979); however, because it was not clear in 

~hat report how the vapor pressure for solids was caiculat!d, we do not 

know 1f their vapor pressure data were extrapolated from data cbtain=d 

above the melting point of the chemical or from the solid phase. In 

other cases, the vapo~ pressures reported were obtained from Verschueren 

(1977), but the source of those data is not cited in the reference. 

Therefore, we do not kn~w the reliability of many of the values of H 
c 

for solids. We mention this in detail because, if the reported vapor 
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, ,~ . '. 

pressure at 20°C was calculated from data obtained above melting point 

and not cor~ecterl for the phase change, using equation (5.13), Hc could 

be as much as an order of magnitud~ too high. 

C ° C W Values of O~/Ot and Og/Og were calculated using equations (5.18) 

and (5.20). The values for DC/DO ranged from 0.21 to 0.66, and DC/OW 
1 1 g g 

ranged from 0.18 to 0.52. Figures 5.1 and 5.2 are plots of H versus 
C ~ 

the calculated half-lives, t~, and kv for the priority pollutants in 

example rivers (Figure 5.1) and lakes or ponds (Figure 5.2). The striking 

conclusion fr~m these calculations i$ that the value of Hc determines 

k and tL for volatilization, while the size of the molecul.e, which 
v ~ C 

affects the diffusion coefficients, causes only a range in t~ or kv of a 

factor of less than two for a gtven value of Hc' Also, volatilization 

may be a significant process (t~ > 10 days) in lakes and ponds if He is 
-1 -5 3 -1 greater than about 50 torr M (- 6.6 x 10 atm m mol ), when liquid 

phase mass transport resistance controls about 80% of the volatilization 

rate for lakes or ponds and 14% for rivers. 

Aroclors. The seven aroclors consist of various proportions of 

chlorinated biphenyls, which include components with chlorine substitution 

ranging from zero to nine. The diffusion coefficient ratios O~/O~ and 

DC/OW f h g g or eac component of the mixtures (e.g., the Cl2 componen~) were 

first calculated. Overall diffusion coefficient ratios for each of the 

seven mixtures w~re then determined by 

and 

where ff is the fraction of the ith component of the mixture and (OC/OO)i 

and (O~/O:)i are the diffusion coefficient ratios of the ith components. 

The Henry's constants for tht aroclors were calculated from solubility 

and vapor pressure data of th~ complete mixture. 
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Toxaphene. Toxaphene is mainly a mixture of polychlor.inated camphenes. 

The average formula is CIOHlOC18' which was used to calculate an "average" 

~iffusion coefficient ratio. A Henry's constant was determined from 

solubility and vapor pressure data for the complete mixture. 

Chlordane. The two major isomers of chlordane were considered in 

these calculations. Diffusion coefficient ratios were calculated for 

~hese isomers and were found to be equal because they have the same 

molecular formula and very similar structures. The Henry's constant for 

clordane was determined from solubility and vapor pressure data for the 

complete mixture. 

5.4 THEORETICAL CONSIDERATIONS 

In this section, we will derive equa~ion (5.2) and discuss the 

selection of environmental parameters recommended in Table (5.1). The 

reader is referred to tht references for the theoretical discussion of 

the calculation of vapor pressur~~ (any general physical chemistry textbook 

plus Reid et al. 1977). Henry's constant (Mackay and Wolkoff. 1973). and 

the diffusion constants (Reid et al .• 1977). 

5.4.1 Two-Film Theory 

The approach we have used is based on the two-film theory developed 

by ~litman (1923). which was recently described by Liss and Slater (1974), 

by ~tackay and L~inonen (1975), and Smith and Bomberger (1980). The 

general expression for the volatilization rate of a chemical is 

.... here 

R v 

R 
v 

dIe 1 w 
-- - k [e 1 dt v w 

k =.! ~1_ + ...li.-]- 1 
v L k n H k 

.. c g 

volatilization rate of a chemical. C 
(mol~s liter- l hr- 1) 
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C - concentration of C in water 
w 

k • volatilization rate constant (hr- l ) 
v 

k 

L • depth (cm) 

• liquid_~hase mass tTansport coefficient 
(cm hr ) 

-1 Hc • Henry's law constant (torr M ) 

kg - gas Ph!!e mass transport coefficient 
(cm hr ) 

The derivation uf equation (5.22) is given in Liss and Slater (1974) and 

Mackay and Leinonen (1975). It is based on the assumption that the fluxes 

of a chemical through the liquid and gas phase boundary layers and the 

air'-water interface! are equal. The equation suggests that volatilization 

is inversely proportional to the solution depth and directly proportional 

to the turbulence in either or both the liquid and gas phases. 

The volatilization rate of a chemical may depend on liquid phase or 

gas phase resistance or both, depenJing on the relative magnitude of k.2, 

and H k. Liss and~later (1974) estimated values of k for CO2 c g -1 --1 .2-
(20 cm hr ) and of kg for water (1000 to 3000 cm hr ). These values 

were assumed to be typical and substituted into equation (5.22). Then. 

the ratio of the first term to to the sum of the two terms is set equal 

to the fraction of gas or liquid phase control. and the equation is 

solved for H. The calculation shows that mass transfer in the liquid c 
,phase controls about 95% of the volatilization rate constant when the 

value of Hc is greater than about 3500 torr M-I (4.6 x 10-3 atm m3 mol-I). 

~e have called chemicals that meet this requirement high volatility 

compounds. A similar calculation shows that if H is less than 10 torr 
c 

M- 1 (1.3 x 10-5 atm m3 mol-~, mass transfer in the gas phase is rate 

controlling. These are low volatility compounds. If H is between about 
c 

10 aud 3500 torr M- l , then both terms in equation (5.22) are significant. 

A similar procedure has been described by Dilling (1977). 

If H > 3500 torr M- l , R is determined by the value of k. and is 
c v ~ 

limited by diffusion through the liqUid ?hase boundary layer since 

(5.23) 
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..... 

For low volatility compounds, where H < 10 torr M-
l

, only the second 
c 

term in equation (5.22) is significant. Then 

H k 
k • .....L& 

v LRT 
(5.24) 

and the volatilization rate is limited by gas phase mass transport resis­

tance. For intel·mediate volatility compounds, where 3500 < H .-: 10 torr c 
M- l , both terms in equation (5.22) are significant. The method we 

recommend for calculating k
C 

takes into account the fact that either or 
v 

both terms in equation (5.22) may be important, depending on the magnitude 

of H . c 

In both the gas and liquid phase 

(5.25) 

k .. D /5 
g g g 

(5.26) 

where D is the diffusion coeffiLient and 5 is the bOllndary layer thickness. 

These equations suggest that the liquid and gas phase mass transport 

coefficients cf the chemical, kC and kC, are proportional to th~ gas and 

liquid phase diffusion coeffici~nts, D~ and DC, respective1v. The diffu-
~ g . 

sion constants depend on the temperature and viscosity of the fluid phase. 

but are independent of the turbulence. Therefore. numerous authors have 

proposed that the ratio of mass transport coeffici~nts for two cilemicals 

in the same solution should be independent of the turbulence level (Hill 

et a1 •• 1976; Tsivoglou et al .• 1965; Paris et al., 1978; Smith et al., 

1977 a.b: Smith and Bomberger, 1978 and 1980; Smith et al., 1980). 

(5.27) 

(5.28) 

In the liquid phas0. oxygen is a convenient choice for a reference 

chemical since H for oxygen is 1.2 x 105 torr M- 1 at 25°C and liquid c 
phase mass transport controls the transport of oxygen from air to water. 
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If liquid phase mass transport resistance controls the volatilization 

rate, then equation (5.29) is correct for a wide range of chemicals and 

(5.29) 

laboratory conditions (see Smith et ale 1980 and references therein). 

Smith et al. (1980) have shown that 

(5.30 ) 

where m • 0.61 for their. laboratory conditions. The exponent arises because 

the classical two-film theory is not the correct mathematical formulation 

of the mass transport theories. The theoretical reasons may be fO'Jnd 

elsewhere (Trebal, 1968; Smith and Bomberger, 1980; Smith et al., 1980). 

Since the ratio kC/kO is a constant over a wide range of environmental 
v v 

conditions, equation (5.22) should be applicable over a wide range of 

environmental conditions, provided Hi,. greater than about 3500 torr 
c 

M- l _ 4.6 x 10-3 atm m3mol- l 

(5.31) 

where 

kO is 
\" 

kC 
is the 

v 
the oxygen 

the environment. 

volatilization rate constant for the chemical (hr- l ) ann 

reaeration rate constant (hr- l ) in the laboratory or 

The ratio kC/kO for benzene is indep~ndent of turbu-
v v 

lence, salt concentration (seawater), temperature (4°-50·C), or the 

presence of a surface-actf.ve compound (Smith et a1., 1980). Also the 

value of (kC/kO) can be predicted using 
v v lab 

(5.32) 

where Dt is the liquid phase diffusion coefficient. This equation was 
C ° C also tested using laboratory measurements of k /k and estimates of D 
v v 

for 13 compounds (Smith et al., 1980). 
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Fer chemicals where gas phase mass transport resistance determines 

the volatilization rate. the ratio of the gas phase mass transport coef­

ficipnts lor two ~hemicals measured simultaneously will be constant. 

Thus, frow equation (5.28) 

(5.33) 

wh: ,~ means that the ratio of mass transport c6efficients should be 

independent of the gas phase turbulence. Then, for the chemical and 

for water evaporation 

(5.34) 

If classical two-film theory were a "a11d description of the mass trans­

port. equation (5.3~) would becom~ 

(5.35) 

where m = 1. However. for theoretical reasons beyond the scope of this 

discussion, m is probably less than 1 (see: Tamir and Merchuk, 1978). 

Rearranging equationd (5.10) and (5.35) gives 

k~ = k~ (D~/D~)m (5.36) 
I.. x.. .... J.. 

(5.37) 

If we know or (an ~stimate k~, 
C ~ 

kW, the diffusion constant ratios, and 
g 

H , then k can be calculated 
c: v by substituting equations (5.36) and (5.37) 

into pquation (5.22). 

k~ = ~ [k1c + H~: (,]-1 
;. c g 

(5.22) 

~ [ k~{D~;D~)m (5 .2) 

This equation was used to estimate the volatilization rate constants of 

the priority pollutants. 
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5.4.2 Choice of Parameters in Table 5.1 

The values of Land T for the environment are arbitrary and could 
C be adjusted to fit specific situations. The value of k is not strongly 
v 

dependent on temperature. especially if liquid phase mass transport 

resistance is significant (the chemical is a high or intermediate vola­

tility chemical). 

The values of k~ we~e calculated from literature estimates of kO 
'" v' 

which are summarized in Table 5.2. 

Table 5.2 

OXYGEN REAERATIO~ RATES IN REPRESENTATIVE WATER BODIES 

Literature values 
tday-l) 

Values used in 
Smith et a1. a 

-1 
(day ) 

kO 
v 

1 
(cm) 

Correspond~n£ 
value of k£ 

(cm hr- l ) 
------------------------------
Pond 

River 

Lake 

0.11 - 0.23b 

c d 0.2, 0.1 - 9.3 

b 0.10 - 0.30 

aSmith et a1. (1977). 

bMetcalf and Eddy (1972). 

c Grenney et a1. (1976). 

0.19 0.008 200 

0.96 0.04 300 12 

0.24 0.01 500 5 

dLangbein and Durum (J967); taken from Table 2 for rivers such as the 
Allegheny, Kansas. Rio Grande, Tennessee, and Wabash. Values for other 
rivers as well as a method for calculating kO in rivers are given !n 

v this reference. 
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One way to calcu13te an appropriate value of the gas phase m~~s 

transport coefficient for water, k~, is to use the water evaporation rate 
W or flux. N • since 

(5.38) 

where pW and pW are the saturated and actual partial pressure of water 
s 

vapor at temperature T. The field data tnat we have found for water 

evapor~tion rates from lakes art'! summari:~ed in Table 5.3. We have not 

been able to locate equivalent data for streams or rivers. Assuming an 
W 

average relative humidity of 50%. the average value of k for the fresh-

water lakes would be 0.59 cm sec- l = 2100 cm hr- l . An a~ternative method 

is described in the next section (Section 5.4.3). 

Table 5.3 

WATER EVAPORATION RATES FOR LAKES 

Location 

Lake Hefner. Oklahoma 

Average Evaporation Rate 
(cm sec- l x 106) 

4.8 

Lake Mead. Nevada and Arizona 6.8 

Pretty Lake. Indiana 3.8 

Average 5.1 
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Reference 

Marciano and Harbeck (1952) 

Harbeck et al. (1958) 

Ficke (1972) 

........ 



i' 
\. 
\ 

t , , 
, 

The values of the exponents m and n in equation (5.2) are based on 

laboratory work carried out at SRI International. Smith et ale (1980) 

found that. for the volatilization rates of 13 high volatility compounds 

measured in the laboratory. m - 0.62. The data for four chemicals suggest 

that n is about 0.8 or 0.9 under their laboratory conditions. Both m 

and n should vary from 0.5 to 1.0. depending on the turbulence; the values 

approach 1.0 as the turbulence level decreases. However. systematic 

studies to estimate the values of m and n in environmental situati~ns 

have not been made. Therefore. the choices recommended in Table 5.1 are 

reasonable. but somewhat arbitrary. 

5.4.3 Selection of Volatilization Rate Input Data for the EXAMS Model 

The EXAMS model was described in Section 2.2. If no other volatili­

zation rate data are available, FXAMS uses the Hanry's c~nstant to cal­

culate the volatilization rate constant. using a modified version of 

equation (s.2). The vto.lue oi Henry's constant is calculated by EXAMS using 

equation (5.7), the Clausius-Clapeyron equation. If the chemical is a 

solid. equation (5.13) should be used to calculate H • since EXAMS does c 
not ~~~e th~ vapor pre&9Ure correction for the heat of fusion. 

If a value for kC/kO (variable KVOG in EXAMS) is not entered, the 
v v 0 

er.vir?nmental mass transport coefficierts for k~ (variable K02 in EXAMS 

and kW (variabl!! WAT in EXAMS) are estimated from the inverse ratio ·oJf 
g 

the square roots of the molecular weight of oxygen or water and the 

ch~mica1. This assumption gives values that are within about ±20'. of 

the experimental v;!!lu~s, (Smith et a1.. 1980). In EXAMS. estima'Cion 

procedure can be overid~en by entering a value of kC/kO (variarle KVOG). v v 
Therefore. for hil~h volatility compounds. the measured value (Jf kC /kO Is 

. v v 
reported in Section 3. If an e~perimental value is not available. the 

value calculated from equation (5.39) for streams and rivers is reported. 

(5.39) 

C The calculation procedure for k c~nnot be overridden in the current 
g C W 

version of E~S. so estimates of 0 /0 have not been included in Section 3. g g 
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In EXAMS. the value of kC is calculated from the wind speed. which 

k
w g 

used to calculate from 
g 

WAT(k
W

) • 0.1857 + 11.36 WINDG g 
(5.40) 

where WINDG is the wind speed 10 cm above the water surface. The default 

value of WINDG is 2 m sec-I. which gives a value of kW - 2290 em hr-1 • 
-1 g 

in good agreement with the value of 2100 em hr that was estimated from 

the field data for water evaporation summarized in Table 5.3. 
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