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"~ ABSTRACT

The aim of th1s study is to ca]cu]ate env1ronmenta1 equilibrium
d1str1but1ons of subst1tuted benzenes and thus to 1nd1cate where each of
‘them goes and what re]at1ve concentrat1ons they adopt in the env1ron-h
mental compartments w ' | | | | -

| w1th the d1vers1ty of chem1cals, reasons for predicting the1r
env1ronmenta1 behav1our from their phys1cochem1ca1 propertles such as
vapor pressure, water so]ub111ty and n-octanol-water part1t1on coeffi-
c1ent are obv1ous In this study, Mackay 3 Leve1 I Fugac1ty Mode]
‘based on fugac1ty, a thermodynam1c quant1ty re]ated to chem1ca1 poten-
tial or act1v1ty that characterizes the escaping tendency from a phase
is used for calculations. The fugacity ca]cu]atjons are applied to an
evaluative environment, "unit‘wor]d" consisting df compartments of
homogeneous air, soil, water, biota, suspended solids and sediment.
Each compartment is assigned a reasonable volume and properties and
the equilibrium d1str1but1ons of those chemicals are calculated u51ng
- fugacity capacities that are calculated from physical and chemical
data and part1t1on coeff1c1ents |

When the results are designed to yield pr1or1t1es for each
~ compartment, it 1s found that alkyl benzenes except butylbenzene,

" xylenes, mond— and di-fluorobenzenes, mono- and di-bromobenzenes,

mono-, di- tri-chlorobenzenes, iodobenzene for the air compartment,



a]i phenols, all ani]ines,'acetophenone, benzyl alcohol, butylbenzene,
aniso1e, nitrobenzehe§, diiodobenzeneﬁ, chloroiodobenzenes, bromoiodo-
benzehes, bromoch]orobenzenes, iddobenzene,udibromobenzenés, tribroﬁo-
benzenes fdrlthe water compartment; diiodobenzenes,‘tribromobenzenes,
hexéch]orobenzene, bromoiddobenzenes, ch]oroiodobenzenes, tetrachloro-
benzenes, pentach]orobenzehe,for the biota, soil, sediment, and suspended
solids compartments are_prioritieé.

| ‘During this work, good correlations between the mass partitioning
~of halobenzenes and total molecular surface area, molar volume and )
™ h&drophobic substituent constant are obtained. The mass percentage
values calculated by using the correlation equations obtained'from this
study are in agreement with those calculated through Mackay's Level I
approach; Thus these corre]ationsvmake it possible to calculate the

Tikely equi]ibrium distribution by using only one property.

5
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UZET

Bu ca11$mada subst1tuye benzen]er1n cevredeki denge dag111m-' |
Tarinin hesaplanmas1 ve bdylece bu k1myasa11ar1n cevrede nereye gi-
deceklerinin, cevrenin.cesit11 kompartman1ar1nda hangi bagil konsan--
transyon]ara ulasacaklarinin belirlenmesi amag¢lanmistir.

~ Cevreye g1ren madde]er1n cok cesitli olmas? neden1y]e bunlarin
su oram katsay151 gibi fizikokimyasal ozellikleri ku]]anarak hesapla-
mak g1derek onem kazanmaktadir. Bu ca11smada Mackay taraf1ndan gelis-
tirilen maddenin bir fazdan kaginim yatkin1igr 11kes1ne dayali fuga-
site modeTinin birinci asamasi ku]lan11arak, fizikokimyasal ozellikler
ve dag111m katsay11ar1ndan hesaplanan fuga51te kapasiteleri yardim
ile ve fugas1te hesaplamalari herbiri belli hac1m ve 0zelliklere sahip
homoaen hava, su, toprak, biota, asil madde ve sediment kompartman-
larindan olusan bir teorik b1r1mvcevreye uygu]anarak substitilye ben-

- zenlerin herbir kompartmandaki bagil miktarlari ve bagi1l konsantra§-
yonlari hesaplandi. - o

Elde edilen sondc]ara gﬁre; mono ve dibromobenzenler, mono ve
difluorobenzenler, iodobenzen, mono, di, tri-k]orbbenzen]er, ksilenlerin
ve butilbenzen disindaki éTki] benzenlerin hava kompartmani igin, tiim
fenoller, tﬁm anilinler, asetofenon, benzil alkol, hiitil benzen, anisol,

nitrobenzenler, diipdobenzenler, kloroiodobenzenler, bromoiodobenzenler,



vii

bromoklorobenzenler ve tribromobenzenlerin su kompartmani i¢in, diiodo-
benzenler, tribromobeﬁzen]er, heksaklorobenzen, bromoiodobenzenier,
‘k1oroiodobenzen1ef, tetraklorobenzenler ve pentak]orobehzenfn biota
toprak, sediment ve as1l1 maddevkompartmanlar1 i¢in dncelikle Snem
veri]mesi'éereken kimyasé]]ar,oldugu belirlendi.

Ayrica, .bu calismada ha]obenzen]efin her bir kompartmandaki
dagitm yUzde]eriyle molekiil toplam yizey alani, molar hacim ve hidro-.

fobik substituent sabiti_aras1nda bagintilar bulundu.
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I.  INTRODUCTION

Increasing industrialization and greater depeﬁdence on chemical
prdduéts_throuéhout tﬁe world has 1edvto-a heightened concern for their
effects on the environment. Environmental hazard of a chemical is a
function of its toxicity and ité exposure. With this in mind there
is a need to make an initial assessment of what exposure can'be,éxpected
from the introduction of a new chemiéa1 into an ecosystem. Such assess-
ments need to-be made before a new'chemical,isvre1eased into the environment.

The total universe of chemicals [1] which was given by the EPA
‘”(EnvirohmentaT Prdtection Agency) Toxic Substance Inventory List consists
of 40,000 entries in annual production of 1.8x101? kg (4x10'2 pounds).

The diversity of the chemicals has created a need for models and
‘programs that can set priorities. Without such a model the task Qf
experimentally making an assessment for each chemical becomes impossible.
It will be impossible, for»the reason that the man power and resoﬁrces
available aké not equal to.the task. Furthermore, the need for per-
forming all conceivable tests is not necessary. |

- By using basic‘physical and chemical properties of a chemical

such as vapor pressure, water solubility, n-octanol-water partition



éoefficient and_mo]ec01ar weight, the partitioning of that chemical
between the major environmental compartments can be quickly assessed.

For this purpose, it is necessary to design a modeT "world" and the
volumes and physical properties .of its cémpartments must be selected

to mimic as closely as possible a real environment; Thus it is possible
to estimate what percentage of chemical will be 1ocated in the air, soil,
water, biota; suspended solid and sediment compartments. wh1]e<the
results are given in percents, the numbers are not meant to be absolute
but are designed to yield a re]atine rank of importance. From such a
distribution fnrther environmental tests if needed; can be designed in
',aﬁ1ogica1 and sequentid manner. Further tests should be continued until -
enough is known about degradation, distribution-and toxicity Qf the
compound to ensure that the expected environmental concentration resulting
from the use is below the no-effect 1eve1;

It is hoped thet such assessments will bring prior warning of
potential 1mpacts of toxic substances. By-being'awere of the'potential
env1ronmenta] prob]ems before they occur, greater precaut1onary measures
~ can be taken in both manufacture and distribution of the chemical and
such action will minimize.the effect on the various ecosystems. '
In this thesis for benzene and 72 substituted benzenes, the
'potential concentrations and'equi1ibrium distributions in and between'
the compartmente of an eVa]uative environment, model world, are cal;
culated by us1ng Mackay's Level I fugac1ty model. Ranking of them by
their potent1a1s to contam1nate each compartment is g1ven ‘and corre-
1at1ons between the1r mass part1t1on1ng and other physicochemical pro-
perties such as tota1 molecu]ar surface area, molar vo]ume and m-subs~

tituent constant related to solubility and n-octanol-water partition

coefficient are investigated.



11, REVIEW OF PARAMETERS USED FOR MODELLING AND
'PREDICTING ENVIRONMENTAL PARTITIONING OF CHEMICALS

2.1 ’PHYSICOCHEMICAL PROPERTIES

Some progress has been made in using physical and chemical
propert1es to suggest environmental behaviour of chemical contam1nants
[1-6]. This is an extremely important development since the measure-
ment of physical and chemical properties 1is considerably easier and -
less expensive than conducting laboratory or field studies on environ-
mental fate. ' The main problem is the difficu]ty'iﬁ assembling suffi-
| cient data obtained by adeqUate test methods for valid correlation
studies. The fundamental phys1cochem1ca1 propert1es used for modelling
.and prediction purposes are water so]ub111ty, vapor pressure, n- octano]-

water‘partition coefficient and molecular weight.

2.1.1 ‘Water‘So]ubi]ity, Si'

Water so]ub111ty is the saturat1on concentrat1on of a substance
in distilled water It is a funct1on of temperature

Water so]ub111ty determines the mob111ty of substances between



the environmental compartments air- so11 p]ant (ra1nfa11) and soil-water
N ‘seepage ) [7]. Accordingly, it can 1nf1uence the wider distribution
‘of’a substance (displacement into rivers and oceans). The maximum amount
of a chemical fn water compartment is governed by the water solubility.
© Many organic compounds that cause environmental prob1ems have a very
Tow solubility intmater. This property, or the inverseTy proportional
’high 1ipophi1ic1ty,‘is most 1ikely a dominating factor in some of their
undesirable properties, in particular their tendency to bioaccumu1ate.
In this view the‘aqueous solubility js an important physicochemica]l
property | | ' |

There are on1y a few numerically reported water so]ub111ty data
in the chem1stry handbooks [8,9]. Gunther et al. reviewed so]ub111ty
data in the 11terature and found them to be often contrad1ctory and
1naccurate This is because the solubility of organic compounds in
water can eas11y be 1nf1uenced by severa1 factors The preserice of
electrolytes genera]]y reduces the so1ub111ty of non -polar compounds,
i.e. the “salting out" effect. Many compounds, particularly hydro-
carbons; can exist in colloidal, micellar. or particulate form in
appréciabTe quantities,'centrifugation and/or filtration reduces the
. apparent solubility drastically. Water so]uble'hdmic substances\can
act as carriers for 1ipophi1ic compounds and surface active organic
compounds , many of which occur naturally, increase the coT]oida]-con- |
centration of non-polar compounds, and traces of these surfactants
“may be responsibie for higher so1ubi]ities [6,10].

Water solubility data used in this study is obtained from

several papers [1,2,6,7,8,11-27].



2.1.2 ‘Vapor Pressure, P

The vapor pressure, P, of a substance is the pressure exerted
by the vapor when in equ1]1br1um with the 1iquid or solid phase [13].

The tendency for an env1ronmenta1 contaminant or pesticide
to part1t1on into the atmosphere is determined largely by its vapor
pressure. Thus, for assess1ng the 11ke1y env1ronmenta1 behaviour of
‘new and ex1st1ng chemicals, a know]edge of their vapor pressures is
essent1a1 The vapor- pressure P (Pa) can be regarded as a measure-
ment of the max1mum achievable amount or solubility of the substance
» in the vapor of air phase,.the correspond1ng concentrat1on be1ng
obtained from the gas law as P/RT (mo]/m ) where R 1s the gas constant
8.314 (J/mo1°K) and T is abso]ute temperature (°K).

" The thermodynamic expression of phase equilibrium for a pure

}substance is given by the Clapeyron equation
_dp__ _AH- | (2.1)
dT TAV '
where P denotes the vapor pressure, T the absolute temperature, AH
" the heat absorbed at constant pressure in transferring one mole from
gas phase to 11qu1d (or sol1d) phase in equ111br1um with it and AV
the volume change per m01e transferred |
Equation (2.1) can'be simplified by‘introducing two approxi-

mations:

(A) The molar volume of the vapor phase is much greater than that

of the Tiquid (or solid) phase



Vg >> Vz . . ' (2.2)
Hence it is possible to neglect V, and

AV = Vg -V = Vg ¥ : (2.3)

(B) At Tow pressures it may be assumed that the vapor phase behaves
ideally, i.e. according to ‘the equation of state of an ideal

gas,lso’thét
B V=R D L (2.8)

On substituting the simplifying relations (2.3) and (2.4) into

Eq. (2.1) and réarkanging, Clausius-Clapeyron equation'is obtained.

1 .dP . BH | (2.5)
P dT  RT?

or
e _ M S (2.6)
d(1/7) R

or | |
1n(P,/P,) = (AH/R)((1/T,) = (1/T)) o en

By integrating (2,6) qndef the simplifying assumption that
AH = constant (2.8)

it is possible to write



log P =A-B/T | (2.9)
where A and/B arevconétants
‘B = -AH/2.3026R v . _ (2.10)

Typical vapor pressure characteristics of a substance are illus- '
trated in Figure 2.11. The range of environmental temperaturés may lie
anywhere on this diagram for a given substance, relative to the phase
transition points. The solid and liquid vapor pressure lines are highly
nonlinear. The Clasius-Clapeyron equation suggest that d(]nP)/d(1/T)
should be fairly constant if AH is fairly constant. Figure 2.).2 shows
- this plot which is‘c]oée to linear over small temperature ranges [28].
This relation may be used for fnterpo]ation and with caution, for extra-
polation in narrOW'rénge‘of temperatures. o

‘The formula [29] to obtain a value of logP, for a temperature T,

from values of 1ogP].and 1ogP3 for temperatures TTvand T3 is
_199 P2 = log P] + (log P3A- log P])(T2 - T])T3/(T3 - T])T2 (2.11)

- where P'fs the vapor pressure in mm Hg, T is the absolute temperature

in °K. | o
Introduction of a»thifd parameter info Eq. (2.9) gives Antbine

Equation [30,31] which represents the behaviour of most substances well

over large temperafure intervals.
log P = A - B/(t + C) ' , (2.12)

where P is the vapor pressure in mm Hg, t is the temperature in °C and
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A, B, C are constants. These constants A, B, C which are characteris-

tics of the substance and the given temperature range, can be taken

from literature [30; 31, 32, 33]. ' ’
When constants B and C ere,substitufed, Antoine Equation can be

used in the following form [30]

Jog p = 52:23 B

ee o (2a9)
where P is the vapor pressure in mm Hg, T is the abso1ute temperéture
- - , | ‘
For. some substances of env1ronmenta1 interest, espec1a11y for
very low vapor pressure substances, the on]y vapor pressure information
that may be available is the bo111ng point and melting point. One of
the equations which can be used to calculate vapor pressures from the

boiling and melting points in the absence of experimental vapor pressure

‘data is the Kistiakowsky Linear AH Equation [28]

In P =-(4.4 + 1n TB){1.803((TB/T) - 1) - 0.803 1n(TB/T)}'
- 6.8((Ty/T) = 1) (2.14)

whereyP is the vapor pressure in atmosphere at environmental tempera-
ture T in °K and TB’ TM are the boiling and melting point temperafures
in °K. ' |

The third term 1nc1ud1ng the me1t1ng point is neglected for
1iquids, i.e. when the me1t1ng po1nt is lower than the environmental
‘:temperature ' The KLH equation can be applied only to hydrocarbons and
ha]ogenated hydrocarbons that boil above 100°C It is believed that

this equat1on should y1e1d predicted vapor pressures with an average



n

~error of only a factor of 1. 25. The comparison between the calculated
and experimental values have been shown by Mackay et al [28] to be good
In th1s study, one of ‘the above-mentioned equat1ons is used

according to data'avai1ab1e in the. Titerature [1,2,7,9,13,21,22,25,28-34].

2.1.3 n- 0ctano1 water Partition Coefficient, Kow

n-Octanolfwater partition coefficient, K , is the partit1on
coefftcient of the chemical between n-Octano! and‘water. It has proved
to be useful as a meanS'of predicting soil adsorption, biological uptake,
1ipophilic storage and b1omagn1f1cat1on (17, 35] | '

Accord1ng to the Nerst Law, when a solute part1t1ons at constant
temperature between two so1vents, wh1ch are 1mm1sc1b1e or part1a11y mis-
c1b1e, there exists a constant ratio between the so]ute concentrat1on
in the two phases as soon as equ111br1um has been atta1ned A prerequi-
site for equ111br1um is that as many molecules pass through the inter-
phase from phase 1 to phase 2 as from phase 2 to 1. 1In thermodynamic ™ t
terms, the equi]ibrium is charaoterized,by equality of the chemical ‘

potentials w, and u,, of the solute in the two phases,

i
H

weHkTInG o (2a8)

H

U,

S

uS + KT In G, - . - ' (2.16)
=y, then
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In these;equations,‘C] and Cé represent the equiTibrium concentrations
of the solute, u, and u, thelchemica1 potentials at these concentrations,
u$ and ;. the chemical potentials at C] = C2 0, k, the gas constant per
mole (Boltzman Constant), T, the'absolute temperature (°K) and K, the
partition coeff1c1ent |

One of the solvents used is always water, and there is a wide
selection of organic compounds to choose as thevothervsolvent. The

partition coefficient can now be written as
= CO/Cw N | (2.18)

where Co and Cw are .the equilibrium cohcentrations of the solute in
the organic and aqueous phase, respectively. A solute with high K is
regarded as lipophilic and a solute with Tow K as hydrdphi]ié. As the
K scale covers a range of more than 10'°, logarithmic K values are usu-

ally preferred. This transforms equation (2.18) into.(2.19)
qufK\: log C, - Tog C, i - . | (2;19)‘

Although various organic. solvents have been used, n-octanol
having a re]at1ve1y Tow water solubility (est1mated between 300 and
540 ppm) is considered a good medium for simulating natural fatty struc-
tures in plant and animal systems exposed_to‘chem1ca15 [6,10]. When ..
" n-octanol and water are used, the partition coefficient is called
n-octanol-water partition'coefficient and shqwn by wa.

Variabi]ify‘in Kow for a given chemical is frequently encountered
~in the literature. Many‘factors such as température, pH, purity of the

»so]vents, purity of the chemical, vo1atiﬁ1ty of the chemical, mixing time
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and phase seperation‘fime_are. all- apt to: 1nf1uence the results

i obfained. The use of .gas-liquid chromatography methods for chemicals

such as DDT may give high Kow because of the problem of,determining‘qu

concentrat1ons in water. Radiolabelling teéhniques may give 1ow K

values because of trace radioactive impurities that are more water
so]ub]e than the chemicals whose K are being measured. The 1atter

| problem can be minimized by repeated extractions of the octanol layer

| with water until a constant ratio of activity between the two layers is

obtained [6].

Kow values are not available for most chemicals. Thus it is |

- desirable to be able to arrive at values by predjction as an alternative

to exper1mentat1on |

By ana]ogy with the Hammett Equation, in 1962 Hansch et a] proposed

to describe Tipophilicity as follows
log K(RX)/K(RH) = pm(X) : : (2.20)

where K(RX) and K(RH) represent the partition coefficients of RX and -

RH, ﬂ(X) represents the hydrophobic substituent. constant, i.e., the

contr1but1on of substituent X to the 11poph111c1ty of structure RH 1

i‘when X replaces an H atom in RH; and the constant p reflects the charac-

teristics of the solvent pair used in determining the partition coeff1c1ent.
For n-octanol-water system p is taken as 1. 000 and then Eq (2.20)

can be written as.

Tog K, (RX)/Ky, (RH) = m00) | )
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It is possible to transform Eq; (2.21) into Eq. (2.22)

log KOW(R' X4 XZ"'Xn) = log KOW(R'Hn) + f'ﬂ(xn) (2.22)

Then, unknown Tow K va]ues can be ca1cu1ated by use of the
add1t1ve const1tuent characters together with uncerta1nty units for |
groups such as CHys OH or NH,, onto known Tog K values‘of known
molecules [6, 35, 36, 37, 10].

In order to obta1n 1nformation on the w pattern of functiona]
groups attached to a pheny1 r1ng, Fu31ta et al [36] determ1ned n-octanol
water part1t1on coeff1c1ents for 203 mono and d1subst1tuted benzenes
From these values the subst1tuent constant T was ca]cu]ated for 67 func-
tional groups of benzene The compounds were cons1dered to be]ong to
eight d1fferent systems phenyl acet1c ac1d phenoxyacet1c ac1d benzoic
acid, benzyl a1coho1 pheno], an111ne, n1trobenzene and benzene. It has
been found that m va]ues are relat1ve1y constant from one system to
another as 1ong as there are no spec1a1. ster1c or e1ectron1c 1nteract1ons
of the subst1tuents not conta1ned in the basic reference mo]ecule. Var1a-
tions in the w va1ues are greatest when two groups W1th strong mutual |
1nteract1ons are p1aced together on the aromat1c r1ng, examp]es are the
YNOZ NH,, and NOZ-OH comb1nat1ons. o | -

Another method for ca1cu1at1on of 1og K is the hydrophob1c
fragmenta1 constant (£) approach g1ven by Rekker [37] It is based on
'same assumpt1on that the 1ogar1thm of part1t1on coefficient can be
ca]cu]ated by summat1on of hydrophob1c fragmental constants, i.e., the
11pophy11c1ty contr1but1on of a const1tuent part of a. structure to the

total lipophilicity.
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Tog K(RX) = £(R) + f(x) ‘ ' (2.23)
It is possible to convert Eq. (2.23) into Eq. (2.24)
. ' n - , -
] — ] ; .
Tog K(R' X Xp - Xp) = £(RY) + T £(X;) | (2.24)
can also be written as

af | o S (2.29)

log K - nn

— M

In these equations £ represents the hydrophobic fragmenta]
constant, the lipophilicity contribution of a constituent part of a
structure to-the‘tota1 1ipophi1ic1ty, and a is a numerical factor
1nd1cat1ng 1nc1dence of a g1ven fragment in the structure.

Many £ values were stat1st1ca]1y derived from experimental
measurement of n-octano]-water partition coefficients for many com-
pounds having both a]iphatic and aromatic structure by Rekker [37].

Although the log K values ca1cu1ated on the basis of £ values
differ less from the exper1menta] values than those based on w va]ues [37],
both methods, in most cases, give f1gures within the exper1menta1 error
of determ1ned log K values [10]. Log K calculations in general are
. fast and accurate, and the only a]ternat1ve in the case of part1t1on
coefficients of 100 000 or higher (1og Kow > 5), s1nce exper1menta1
determinations become extremely difficult. For measured va]ues, the
range -5 < 1og‘K <5 is‘éenéra]]y considered to be’experimenta]]y |
accessible with reasonable accuracy [10]. - | | ‘

Another rapid and 1nexpens1ve method of est1mat1ng K deve]oped
by Ve1th and Morris by us1ng reverse phase h1gh pressure 11qu1d chro-
matography is the linear ca11brat1on of the 1ogar1thm of retent1on time

with the logarithm of K [6].
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log K,, = 5.106 log RT - 1.258 ~ (2.26)

where RT represehts retention time, Kow represents n-octano]—watér
partition coefficient. | |

| MOst of the log Kow yé]ues used in this study are calculated
again from experimentally determined w values gfven by Fujita et al [36].
Only a few of them are calculated by using hydrophobic fragmental. cons-
~ tants given by Rekker [37]. Others are taken from literature [6,7,11,
16420,22,23,26,35,37,38].

2.2 ENVIRONMENTAL PARTITION COEFFICIENTS

A11 chemicals entering the énvironment are continually being'
transported and redistributed between the solid, liquid and gaseous

phases of the environment, as illustrated in the following diagram.

So1'1, sedimenf -
and Biota = —|—-—— Water

7

“Ih most instances transport of chemicals from soil, sedimen}.
suspended solids and biota to the air and vice versa takes place through
>water, because these solids are a1most always sheathed with Qater. The
rate of transport of the chemica]s between the phases depends on the
concentrat1ons of the chem1ca1s and their equilibrium part1t1on coeff1-
cients between these phases. A substance when at equi]ibrium adopts

different concentrations in air, soil, water, suspended solids and
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and sediment compartments. The ratio of these concentrations are given
' by.corresponding partition coefficients. For each substance or solute
a partition coefficient can be defined for each pair of environmental

compartments.

2.2.1 Henry's Law Constant, H-

The air-water partition coefficient is the ratio of concentrations

between air and water;'
= C,/C, SR | o (2.27)

where C represents concentrat1on in air, Cw represents concentration
in water and H Henry's Law Constant. | .
The a1r-water part1t1on coeff1c1ent can be expressed 1n varlous
forms the most conven1ent being Henry's Law constant H in [Pa ma]/mol
wh1ch 1s the rat1o of part1a1 pressure in the atmosphere P in Pa to ‘
concentrat1on 1n water C in mo]/m
Henry's Law expresses the proportionality between the concentra-
tion of a gas djssolved in a so]vent»and its partial pressure. In equa-

~tion form,.Henry‘s ]aw‘is
P=HC o o (2.28)

where P 1s the part1a1 pressure of the gas, C is the concentration of
the d1sso]ved gas, and H is Henry s law constant Henry S 1aw represents
a 11m1t1ng behav1our for any gas so1vent system as 1ts partial pressure

approaches to zero.
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Typically, Henry’s law is'no_]onger valid When partial pressure exceed .
5-10 atm and/or when the dissolved concentrations exceed 3 moi%. Henry's
7aw constant is a function of temperature only for a particular gas-
solvent system However, each gas-solvent system has a unique H value.
For pred1ct1on and modelling purposes a knowledge of Henry's law
constant is essential. Henry's law constants are usually determined by
measuring the equi]ibrium_partia1 pressure and dissoived conoentration
- of the gas and then-ca1cu1ating the ratio of these two quantities. For
most environmental contaminants, the aqueous solubilities and vapor -
pressures of pure substances are very 1ow Consequently, Henry s law
.1s va]1d up to d1sso1ved concentrat1ons equal to the aqueous so]ub111ty
and to partial pressures equal to the vapor pressure of the pure subs-
'-tance . The va11d1ty of Henry' s 1aw at these part1a1 pressures and
aqueous concentrat1ons makes 1t poss1b1e to der1ve the H‘s by ca]cu]at1ng
the ratio of the}vapor pressure of the pure,compound to its aqueous

solubility [39,40].
= P/S ' o SRR - (2.29)

where P is the vapor pressure of the pure compound in un1ts of Pa and
iS is the aqueous solub111ty of the pure compound 1n units of mo]/m

and H is the Henry S 1aw constant in un1ts of Pa m3/mo1 '

, Compounds of h1gh H tend to part1t1on predom1nant1y 1nto the
atmosphere and the rate at which they evaporate from water is usua]ly
contro]led by the water phase mass transport resistance. For substances

of 1ow H, part1t1on1ng is predom1nant1y into the water, and the evaporat1on
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rate tends to be controlled by the resistance in the air phase, where -

the concentration is lower [28].

3

2.2.2 Soil (or Sediment) Water Partition Coefficient, Kp

Soil (or sediment) water part1t1on coeff1c1ent K is the ratio

of the concentrations of chemical between soil (or sed1ment) and water

[1,5]

Kp = CS/Cw ' | . (2.30)
wherfe‘CS is the concentration of chemical in soil, c, is the concen-
tration of chemical in water and Kp is the soil-water partition co-
efficient.

‘Sorptinn coefficiente are relatively conStant at low concentra-
tions of chemica1’in water but tend to decrease as the concentration
of the chemical in the water is increased especially fbr chemica]s with
h1gh water solub111t1es |

Sorption is known to be an important factor in the determination
 of the fate of hydrophobic mo]ecu]es in a water-sed1ment or water-soil
system. | 7

Various types of intermo]ecuTar interactions can be invo]ved in
sorption, including Van der Waals - London interactions. hydrophobic
bond1ng and water structure, hydrogen bond1ng, charge transfer. 1igand
exchange, ion exchange, direct and 1nduced ion- d1po1e and d1po]e-d1po]e
'1nteract1ons magnet1c interactions and chemisorption [6]. Despite

the tremendous complexity of sorpt1on process 1n soil, there is a



20

remarkab]y good re]ationshiplbetween the organic matter of sei]lend
their capacity to sorb host organic chemicals, in-particular nonfionic
organic chemicals [6,41-43]. It is suggested that organic chemica]s:‘
dissolve in the oily constituents of\soi] organic matter. |

Soil 6rgan1c matter consists of non-humic substances such.as
carbohydrates, proteins, fats, waxes, resins, p1gments and low molecular
: we1ght compounds physically associated W1th hum1c ac1ds .Thus some varia-
tion in the.sorption characteristics of organic matter from different
soils can be expected. It is possible to convert percent of organic
matter into percent. of organic carbon by dividing by 1.74 [6].  Expression
sorption of chemicals on a.soil organic carbon basis rather than.on a i
total soil basis will eliminate much of the variation in sqution co-

efficients ordinari]y‘encountered from soil to soi].'<Referencing'
sorption to organic carbon. gives a part1t1on coefficient to organic
carbon, K .» which is highly sed1ment and soil 1ndependent [42].

The soil organic carbon sorption coeff1c1ent Koc’ is the con-
centrat1on of chem1ca1 sorbed by the soil expressed on -a soil organ1c
carbon basis d1v1ded by the concentration of chem1ca1 in the water [6].
The soil sorption coefficient, Kp, 1s;the'soi1rqrgan1c carbon sorRt1on
‘coefficient, ch’ mu]tip]ied by the percent of'organic carbon 1n>£he
s0il1 [5]. The orgaﬁic'carbon contents are given as 2% for soil, and
4% for sediment and suspeﬁded-sb]ids [3].

Thus, a 20-30 fold variation in Kp is reduced to less.than a two
fold variation,{anoc-by peferencing sorption to organic carbon [42].
Greater variability in sorption coefficients expressed on the basis of

the organic carbon content of soil can be expected for ionic organic
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chemicals than for nonionic organic chemicals [6]. Nonionics.probab]y
interact with the nonionic portions of the soil organic matter surfaces,
which are probably not sighificant]y influenced by the pH of the soil.
However, carboxylic acids in‘ioniceform will not be sorbed and may even
be repelled from the soil surfaces at high pH values simply because of
the negative charge on the soil organic matter surfaces,“ As the pH
of the soil. is 1oweﬁed, the amount of unionized matter: sarface and
‘unionized compound -increase. Sorption 1ncreaees simply because of the
compound behaves more and more. like a neutral molecule.

Residua]*variation in sorption expressed on the basis of'organic
carbon is caused by the inherent differences betWeen soils in the sorp-~
tion characteristics of its organfc matter, the impact of other soil
properties and soil constituehts; |

Variations in the‘sorption coeff{cients obtained can also be
expected as'a result of differences in the methodology used to measure
sorption. ; |

One factef infiuencing sorption coefficiente is incubation time.
.Sorptienydqee nef reachvequi1ibrium in a short period of time. These
appears te be an immediafe rapid sorption fo]]owed'by s]ow'continded
sokption over a1ong period of time. Presumably 1hitia1 sorption 15 a
surface phenomenon followed by a slow migration of the chemical into
~the organic matter matrix. .

Sorptiqn coefficients,can also be inf]uenced by the incubation_
temperatufe. An increase inisolpbi1ity with.increesing temperature

resu]té,in'a reduction of the amount sorbed [17].
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In addition, the ratio of sof] to‘water and the presence of
salts or other possible interfering matefia]s:inf1uence the sorptioh
coefficienté, ' | “

Koc's can be estimated from the measured solute physical prd—
perties, namely n-octanol water partition coefficient and solubility.
For the avai]abTe literature KOc datq, the estimates,dérived from
n-octanol-water partition coefficients are within the range’of measure-
ment variation, attributable to measurement error or reasondb]e dif-
_ferences in‘sediment soil sorption [6,41-43].

.,Soil.sorption coefficients based on,the'organic‘carbqn content .

of soil, K c? répresent the best way currently available for comparing

()
the sorption characteristics of chemicals. They also represent the

- most useful measure of comparative leachability in soil.

2.2.3 Bioconcentration Factor, Kg

The bioconcentration factor used in this study can be defined as
~ the concentration of a chemical in aquatic biota divided by the con-

centration in water [1,6].

!A:(z.31)

Where Cb is the concentration of chemical in biota, Cw is the concen-

tration of chemica]iin wéter,_KB is the bioboncentration factor}
The'ability_of some chemicals to mdve through the food chain

resu]ting in higher’and higher concentrations at each trophic level

has been termed "ecological magnification", "bioaccumulation” or
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"biomagnification" [35]. From the environmental point of v1ew, this
phenomenon'becomes important when the acute toxicity of the}chemica]
is low and the physio]ogica] effects go unnoticed until the chronic
 effects become evident. Because of insidious nature of the biocon-
centration effect, by the time chronic effects are noted, corrective
action such as terminating the addition of the chemicaT‘to the eco-
system, may not take hold soon enougn,to a]]eviate the situation before
1rreparab1e damage has been done For this reason prior know]edge of
the b1oconcentrat1on potent1a1 of new or ex1st1ng chemicals is desired.
Bioconcentration potential of a chemical is a measure or indicator
of'the extent to which it may accumulate in aquatic organisms [44]. The
actual b1oconcentrat1on behav1our of a chem1ca1 in an aquat1c env1ron-
ment is determ1ned by 1ts b1oconcentrat1on potent1a1 and by propert1es
of the organ1sms present 1n that env1ronment, such as lipid content and
capab111ty for metabo]1z1ng the substance. Idea]]y, b1oconcentrat1on
potent1a1 shou]d enab]e the est1mat1on of a range for max1mum b1ocon-
centrat1on, p]ac1ng upper bounds on the est1mated degree to which a
chem1ca1 may be accumu]ated 1n any k1nd of aquat1c organ1sm Thef
octano] water part1t1on coefficient has proven to be usefu] as a measure
of b1oconcentnatjon_potent1a1. It can be_assumed that a chemical which
dbes‘not undergo‘neady,metabo]ie transtprmetion may express’ite potentia]
for_bioaccumu1ation~theugh to”e different degree,‘tn many species, pro-
‘vided that tt is,present in_ the ambient environment for a sufficiently
10ng perjod,of’ttme. In the presence of a metabolic e]imination_mec-
hanism, the'estimates of bieconcentration potential besed on\]ipophi]i-
city-may be far too high if the rate of metabolic degradation is rapid

[44,45].
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The potential of a chemical to bioaccumulate in aquatic organisms
can be determined by‘measuring the bioconcentration factor.f Three prin—
cipal test methods are commonly used for measurement of bioconcentration

factors [6].

(A) . Exposure of fish in an aquarium to flowing water treated with

~ chemical
: (B) A model ecosystem containing‘p]ant and/or animal organisms

(C) A terrestial-aquatic model ecosystem containing soil and

"~ animal and plant organisms.

r

The actual bioconcentration factor obtained for a compound
is 1nf1uenced by many factors such as those that 1nf1uence stab111ty
and so1ub111ty, part1cu1ar1y in water [6, 10] '

When a hydrophob1c compound is eas11y metabo]1zed or degraded
in water the tendency to b1oconcentrate is offset by a rap1d rate of
degradat1on and s1gn1f1cant levels of . res1dues do not occur in biota.
However the b1oconcentrat1on ‘of potentially hazardous metabo11tes it-
self be of concern. "' | | - R R

v Absorpt1on through g111s and 1ntest1nes may be prevented above
a certa1n mo]ecu]ar s1ze or mo]ecu]ar we1ght of chem1ca1 600 g/g mole
was reported by Z1tko as an upper 11m1t in mo1ecu1ar weights of compounds
that can be taken up by fish [10]. ‘

S1nce chemicals tend to bioconcentrate in fatty port1ons of

tissues, b1oconcentrat1on is d1rect1y re]ated, and the rate of c]eardnce
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inversely related to the 1ipid contént of organism. Lipid content of
some aquatic organisms is reported as follows [6]. Atlantic herring
11.3 percent, carp 4.2‘percent, freshwater catfish 3.1 percent, yellow
perch 0.9 percent, Sa1hon (various spéc1es)'3.7 percent to 15,6 perceht,
book trout 2.1 pekceht, rainbow. trout 11.4 percent, shrimp 0.8 percent,
algae 2.32 bercent, Daphnia 1.28 percent, mosquito Larvae 1.46 percent,
snails 1.6 percent, Gambusia fish 6.15 percent. iLipid content of trout
diStributed in various tissues as follows. Viscera 92.8 percent, gill
| 9.7 percent, muscle 2,7 percent;.stomach 6.5 percent and liver 3.5 per-
cent. Chemicai residues in the tissues ake,direct]y proportional to the
fat content of these kespective tissues. Surprisingly, although 1ipid.
content of algae is less than that of fish, algae is apt to give higher
'bioconcentration‘factqr than fish. This is because it has a high'surface
to volume ratio compared with large organisms [6].
Bioconcentrationrféctors are directly propbrtiona] to. n-octanol-
water partition coefficients,of chemicals when tﬁe n-octanol-water par-
tition coefficients are'below 108, but not when the partition coefficientS'v
are above 10%. This is probably because movements.of chemicals in orga-
' hisms are extremely limited when partition coefficients are aboveilog,[46];
Optima] partition coefficient range -at which substances can-move‘mqst
,freeiy in organisms is below 10* [46]. |
Stable chemicals having low water solubilities and high ﬁ-octano]e
water partition coefficieﬁts.take the longest time to reach maximum resi-
dues in oréanismﬁ,'perhaps severa1 weeks or months. This delay is a
ref]ection_of the .slow distribution of the compound throughout the orga-

nism. Slowness of internal distribution also can be correlated directly

BOGAZICH UNIVERSITESI KUTUPHANES]
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with the size of the‘organism. The time required to reach. maximum
residues is directly propdrfﬁona] to the size of the organism. Thére-'
fore‘the time necessary to reach the maximum residue concentratidnxin—

organisms seems to vary greatly for chemica]s'and‘species [6]. 3

2.3 CORRELATIONS BETWEEN PARAMETERS

Correlations between parameters are useful as they serve not .
only as ‘an indication of the interre1atiohsh1p between them but also
as a convenient means to predict a reasonable value for each parameter

from known'values of every other parameter.

2.3.1 Corre]atioh‘Between Water Solubility, S, and n-Octanol-HWater
Partition: Coefficient, Kow

)

Severa] years ago the ex1stence of an inverse re]ationsh1p
_between n- octano]-water part1t1on coeff1c1ent and aqueous. so]ub111ty
was f1rst shown by Hansch and coworkers [10 17] for several c]asses
: .of re]at1ve1y 1ow mo]ecu]ar weight organ1c 11qu1ds whose aqueous solu-

b111t1es genera]]y fa]] in the high ppm (mg/1) range.
109(1/5) 1 214 109 K - 0.850 : (2.32)
s = molal solubility

In‘fhe report of Hansch et al, however most partition coefficients
df the organic liquids were assessed from the:ﬂ constants of the subs-
tituents in relation to some parenf compounds since the experimental

values were not determined.
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Later, Chiou et a1‘[17] comparéd,Kow ranging over six orders
of magnitude with Svrénging over more_than eight orders of}maghitude
for 34 chemicals including a1iphatic,and aromatic hydrocarbons, aro-
matic écids, organoch]orine and organophosphate pesticides and bo]y-
chlorinated biphehy]s.' Ah empirical'equation was derived to a]]ow'the

“assessment of n-octanol-water partition coefficiént, K from water

ow’
solubility, S, with a predicted error of less than onelorder of magni-

tude
Tog K, = 5.00 = 0.670 log o (2.33)
S = umol/1, n = 34, r = -0.97

where Kow‘is the ﬁfoctahol-water partition'coefficient, S is the aqueous
solubility in uhits of ymo1/1, n is the number of compounds'uéed for
cdrre1atioh, r is the'corre1ation coefficient of the equation.
Uti]izing‘data“g1eaned from Titerature for 90 organié chemicals
having Koy'S ranging from 10™* to 3.7x10° and S's ranging from 10=* ppm
to 2.1x10° ppm, Keenaga and Goring [6] studied the relationship between
water solubility and ‘n-octanol-water partition bpefficienf“ahd obtained

1

two regression equations

log S = 4.184 - 0.922 log K, - O (2.38)
S =ppm, n'= 90, r = -0.86 |

log K, = 4.158 - 0.800 Tog S o o (2.35)
S=ppm, n=90, r=-0.86 |
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Yalkowsky and Valvani [47] correlated water solubility and
n¥octan01-wafer partition coefficient for 31 po]ycyt]ic aromatic hydro-

carbons and indan by the fo]]bwing equation.

Tog S =-0.88 log K, - 0.001 t - 0.012 (2.36)

S = mol/1, t=°, n=232, r=-0.989%

“For liquid so]utes, 25°6 15 used instead of the me]ting point.
In another study by Yalkowsky et al [16], the dependence of
aqueous solubility of 35 halobenzenes on melting point and n-octanol-

water partition coefficient was.given by

log S = -0.0095 tm - 0.9874 1og”KOw + 0.7178 (2.37) .

S=mol/l, t =°C, n=35 r=-0.995

Banargee et al [23] méasured the aqueous solubilities andA
n-dttanoT?Water partition coefficients of a'number,qf organic compounds
which ére members of the group of 65 Consent Decree -Chemicals. for which
the U.S.'EPA is currently recommending wafer quality criteria, and a
~ correlation derived from these data very similar to that obtained by

‘Chiou et al [17] (Eq. 1.33). .

.
C
!

log K, = 5.2 - 0.68 S | ‘ (2.38)
S = umol/1, n =27, r=-0.54 o

During their study Banargee et al noticed that the correlation
between these two parameters might be in valid for high melting solids
" and then, by the treatment of the data by Yalkowsky and Va]vani's pro-
cedure they greatly improved the genera]ity of;the corre]ation and

obtained the equation appropriate to their data.



29

Tog K, = 6.5 - 0.89 log S - 0.015 t g - (2.39)

S =umol/l, t =°C, n=27, r=-0.9

For 11qu1d so]utes 25°C 1is used 1nstead of me1t1ng po1nt

Mackay et al [19] deve]oped a corre]at1on between me1t1ng
point, so]ub111ty and n- octano]-water part1t1on coeff1c1ent based on
’an exam1nat1on of the underlying phys1ca1 chemical equat1ons govern1ng

so]ub111ty and part1t1on1ng.

n Ky, =7.494 - In'S for liquids  (2.40)
In Ky, = 749 = In S + 6.79(1 - T/T)  for solids  (2.41)

S = mo]/m R Tm = °K,_ T= 298°K

The differing treatment of solids and Tiquids arised from
the fact that so]1ds had Tower so]ub111t1es than the1r subcoo]ed 11qu1ds,-
‘the rat1o of so]ub111t1es being the fugac1ty rat1o or the rat1o of the
so11d and subcoo]ed 11qu1d vapor pressures From Yalkowsky S estimate
of the entropy of fusion this ratio could be expressed as exp(-6. 79(1 T /T)
" or 10-2. ss(1- Tm/T)

Mackay S corre]at1on between me1t1ng p01nt solubility and
n-octanol- water part1t1on coeff1c1ent was satisfactory for a w1de range
of hydrophobic compounds but it was not applicable to organic acids.
When app11ed to very h1gh molecular we1ght (> 290) compounds, the corre-
1at1on was 1ess sat1sfactory o |

Aqueous so]ub111ty and n- octano] water part1t1on coeff1c1ent
have‘been w1de1y used to corre]ate env1ronmenta1 part1t1onjng phenomena

such as bioconcentration and sorption. Therefore, data for both water
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solnbility andfn-octano]4Water partition coefficient are regarded as
essent1a1 in any assessment or pred1ct1on of env1ronmenta1 fate of
chem1ca1 substances. The part1t1on coeff1c1ents of many compounds of
envjronmenta1 significance are notva]ways available despite a recent
extensive compilation. Assessment of partition coefficient from a more.
readily ava]iab1e physical parameter water solubility WOu1d'be useful.
The water so]ub111ty est1mates can be useful in assessing whether or
not a determined value js reasonable. They can also be helpful ‘in the

design of solubility experiments.

2.3.2 Corre]ation Between Soil Organic Carbon-Water Partition

Coefficient, K ,and n-Octanol-Water Partition Coefficient, K

Soil-water partition coefficient, Kp, estimation for hydro-
pnobic organics can be reduced to estimation of soil organic carbon-
water partition coefficient, K ., which when_combined withuonganic carbon
content of the soil or sediment, can yield a good estimate of the soil-
water'partition'ceefficient; Kp. |

The soil-water partition,coefficient Kp is Kocnmu]t1p1ied by

?

the percent of organic carbon in soil.
Kp = (% QC)Kow » o : - s (2.42)

where % 0C the amount of onganic'carbon which is assumedAZ% for soil
and 4% for sed1ment and suspended so]1ds
From the 1nvest1gat1on of Briggs [6], a regress1on equat1on

between 5011 organic matter-water_part1t1on coefficient K and the
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"n-octano1-Water partition coefficient Kow was established

i+

ow
30 r=0.917

log K, = (0.524 +0.48)1og Kk, + (0.618 £ 0.113) (2.43)

n

‘iKarickhbff éf al [41] correlated soil organic carbon-water
partition coefficient, Kod and n-octanol-water partition coefficient,
'Kowtfor a series of polycyclic aromatics and chlorinated hydrocarbons
ranging from 1 ppb to 1000 ppm'in water solubility and obtained an

excellent correlation

]Og_Koc = -0,21 + 1.00 }og Kow (2.44)
n=10 r =1.00
or ._
Koe = 0-6 Ky, | , : (2.45)
n = ' '

10 r-=0.96

Means et al [43] studied the relationship between soil organic
carbon-water partition coefficient,Kod_and n-octanol water partition
coefficient,Kow,for a variety of nonpolar compounds by various soils

and sediments and they developed an equation describing this relationship

,]°g Koc = log K, - 0.317 (2.46)
n=22 r = 0.98

' Keenaga and Goring [6] éofrelated soil organic carbon-water

~ partition coefficfent, Koc,and n-octanol-water partitioh coefficient
Kow,for several classes of compounds-ranging-from 0 to 1.2x105jin KOC _
and ranging from 10°* to 3.7x10° in Kow and obtained two equations
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T0g Ky = 1377 + 0.544 Tog Ky o (2.47)
o n=14 r=+0.86
Tog Ky, = -1.070 + 1.358 Tog Koo - (2.48)

=45 r = +0.86

Kar1chkhoff [42] corre]ated soil organ1c ‘carbon-water parti-
‘tion coeff1c1ent K ,and n-octanol-water part1t1on coeff1c1ent Kow’
for a group of po]ycyc11c hydrocarbons including benzene, naptha]ene,

phenanthrene, antracene and pyrene. The correlation equatidn was

log K . = 0.989 log Ky = 0-346 : (2.49)
n=5" r=0.997

- Fitting the Tinear form gave

Koe = 0:411 Ko, o | (2.50)

n=5" 0 994
In conclusion, reasonable estimation of the sorption behaviour
of hydrophobic pollutants can be made from a knowledge of organic carbon
contents of the 5011 or sed1ment and the n-octanol-water part1t1on

coeff1c1ent of the po]lutant.
2.3.3  Correlation Between Soil Organic Carbon-Water
Partition~Coeffic1ent,Koc'and Water Solubility,S

The soi]jofganic carbon-water partition coefficient,Koc,,

represents the most useful and reproducible measure of comparative
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leachability fn-soil since thé‘direct relatfonshipﬂof high water solu-
bility to high leachability in soil and low water solubility to strong
s0il binding and reduced leaching has Tong been observed for many |
pesticides [6]. | | |
The‘SOrptidn of ten hydrophobic aromatic'and chlorinated hydro-
carbons varying in water solubility frdm 1 ppb to 1000 ppm, on aquatic
sediments was corre]ated_with water solubility by Karickhoff et al [41].
The correlétibn'between'water so]ubi]ity,s,and soil organic-water par-

tition coefficient,K_ _.,was given by an equation

oc?

log K, = 0.44 - 0.54 Tog § - - (2.51)

S = mole fraction, n =10, r =1.00

Keenaga and'GdFing [6] correlated watér sé]ubi]ity and soi]
organic carbon-water partition coefficient,Koc,for 106 compounds of .
several classes ranging in water solubility,S, from Tx107* bpm’to -
f2.1x106 ppm and ranging in soil organic cérbon-watér paktition coeffi-
cient from 0 to 1.2x10°. Two regression equations'were derived from. -

this study

log S = 5.09 - 1.28 Tog Koc ~ (2.52)
S=ppm, n=106, r=-0.84 B

log K, = 3.64 - 0.55 log | | (2.53)
S =oppm, n=7106, r=-0.84
Means et al [43] studied the relationship between water solu-

bility, S, and soil organic carbon-water partition cdefficieht Ko for a
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~group of compounds including pyrene, DMBA, 3 MC, and DBA on 14 soil
and sediment samples exhibiting a wide range 6f physicochemical.proe

pertiés and obtain the following linear relationship

" log K, = -0.82 Tog S + 4.070 o (2.54)
S=nyg/l,, . n=4, r=1.000 : |

- Karickhoff [42] studied correlation of soil organic carbon- -
water partition coefficient,Koc,with water solubility,S, for polycyclic
hydrocarbons including benzene, naphthalene, phenonthrene, anthracene

and pyrene and obtained the following equation

log Koo = -0.594 Tog S - 0.197  (2.55)

S = mole fraction, n =25, r = 0.945

When Karickhoff [42] examined the sorption behaviour of struc-
tural isomers, he saw that a crystal energy contribution in soil organic '
carbon-water partition coefficient,Koc,estimation was necessary. Then,
1inéar'regression equation inc]uding crystal energy term wasvobtained.
This crysta] energy significantly improved the quality of fit to

i
!

experimental data.
log KOc = -0.921 Tog S -'0.00953(tm - 25) - 1.405 (2.56)
S = moTe‘fraction, : tm =°,. n=5, r=20.99%

For rigid organic mb]ecu]es which are So]ids at 25°C, the
crystal energy term is given by~-0.00953(tm - 25) and for solutes that
are ]iquids atv25°C, the melting point is set ‘25°C and the crystal -

energy term vanishes.
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Karickhoff [42] suggested that Eq. (2.56) shou]d work- well for
rigid hydrophobic organic so]utes but for non-rigid molecules another
crystal enekgy term waslnécessary. ‘HOWever,‘non—rigid molecules typically
melted at much Tower temperatures than rigid molecules of similar mole-
qular weight‘and were frequently liquid at room. temperature thus the
crystal energy term was. either zero or very‘Sma11 in most instances.

The use offso]ubi1ity with no crystal enérgy correction led to consider-
able error in K . estimation for 6rganic sé]ids cohtaining polar func-
tional groups (triazines and'carbamates) and for ahama]oué]y high melting
compounds.. On the 6fhek hand, the correéted solubility equation abparently
failed to extrapolate to high molecular weight chlorinated compounds (DDT,
methbxych]or, heXachoro-PCB‘s). It is suggested that overall: for the

vast majority of‘the available Titerature Koc data, estimates derived

from corrected solubilities were within the range of measurement varia-

. tion, attributable to measurement error or reésonab]e differences in

sediment soil sorption.

- 2.3.4 Correlation Between Bipconcentration,Factor,KB,and

n-Octanol-Water Partition Coefficient, K,

A dikectly‘pfoportional relétibnéhip exisfs between bioconcén-
tration factor and n- octano]-water part1t1on coeff1c1ent |
' Nee]y et a] [35] estab11shed the f1rst re]at1onsh1p between
b1oconcentrat1on factor KB,and n- octano]-water part1t1on coeff1c1ent Kow
in ‘rainbow trout of a var1ety of chem1cals over a w1de range of part1t1on

coeff1c1ent in a f10w1ng water ecosystem. An equat1on of the stra1ght
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line of best fit was determined

]og KB é 0.124 + 0.542 log K (2.57)
n=8, r=0.948 ‘

Metca]f et al [46] showed the corre]at1on between n- -octanol-
_water partition coefficient,K w,and bioconcentration factor KB,w1th
n-octano]-water partition coefficient from 1 to 4 for f1sh in the model

ecosystem by the :following equation [46]
K’jog KB = 1.1587 log KOw - 0.7504 _ ‘ | v(2.58)

Lu and Metca]f'correTated n-octanol-water partition coefficient,
KOW,With bioconcentration factor,KB.in mosquito fish for eleven organic
compounds using a static water ecosystem [6]. n-Octanol-water partition

coefficient values was calcu]hted from T values.

Tog Ky = 0.7285 + 0.635 1og Ko : (2.59)
n=11, r=0.7879 - -

Lu et a] in s1m11ar tests found that the log K versus 1og KB
_corre]at1on of two carc1nogens when p]otted W1th the e]even compounds

“Just ment1oned fit the same regression equation [6].

Sugiura et al [46] studied on the b1oconcentrat1on of mono-,

| di-, and tetrach]orob1phy]s and di-, tr1-, and tetra-bromobiphenyls in
the'k1111f1sh. It was found that b1oconcentrat1on factors are propor-

| tiona] to n-octanol-water partition coefficients when the n- octanol- water
partitionvcoefficients are below 108, but not when the coefficients are

aboveylos.
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Veith et al compiled bioconcentration factor,KB,and n-octanol-
water partition coefficient,K  ,data for 50 compounds and an equation

derived from these data [38]

Tog Kz = 0.85 1qg Kow ™ 0.70 (2.60)
n=50, r=0.90 |

Keenaga and Goring [6] studied the relationship between
n-octanol-water parﬁition coefficient, Kow.and bioconcentration factorn,
KB,for'qﬂvafiety of compounds ranging from 0 to 6.16x10" in bioconcen-
'tratioﬁ factor determined for flowing water systems and rangind from
1x10‘4 to 3.6x10° in n4octan01¥water‘partition coefficient. The relation- '

ship was given by two equations

1°g,Kow = 2.312 + 0.809 Tog Kz | (2.61)
' n =26, r = 0.87

Tog Ky = -1.495 + 0.935 log K | (2f62)
n = 26, r = 0.87

Keenaga and Goring [6] also correlated n-octanol-water parti-

tion coefficient,K_,and bioconcentration factor,KB,for 36 compounds -

ow’ :
varying in water solubility from 1x10™* ppm to 2.1x10° ppm and varying
in bioconcentration factor for static terrestrial ~-aquatic model eco-
system from 0 ‘to 8.45x10* and two equations obtained from. this correla-

tion are

log Ky = -0.973 + 0.767 Tog K, - (2.63)
n=13, r=076
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log Ko, = 2070 + 0.731 Tog Ky (2.64)
n=236, r=0.76 |

Recent]y, Mackay [38] studied the relationship between bio-
concentration‘factqr,KB,and n-octanol-water partition coefficient,K
Qith the data set compi]eq by Veith, and by e]iminating»aﬁd exchaﬁging
some of them and adding new values from literature to the set, he

~obtained a new correlation.

Tog Kz = Tog K - 1.32 o (2.65)
- p=59, r=0.95. |
or

Ky =0.088K : (2.66)

B

If the actual bioconcentration factor is not known it can be
predicted by using one of the correlation equations that has been
estab]ished:relating bioconcentration‘factor to either the n-octanol-
water partition coefficient or to the water so]ubi]ity of the chemical. "
Limitations to the uSé of these equations may occur with compounds that
" do not penetrate thrOugh‘tissues or bioConéentrate at the same rates
-in organisms as expected from the average molecule because of unusuaf :
steric configurations, mo]ecu]ar‘Weights or solubilities [10]. A rabid
~metabolic alteration of a substance by organisms may result in ifs bio-

concentration to a lesser extent than predicted [44].
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2.3.5 Cokre]ation.Between Bioconcentration Factor,KB,and

Water Solubility,S

; There is an 1hverse corre]at1on between b1oconcentrat1on factor
‘ and water solubility.

Metca]f et a] corre]ated water solubility,S,and b1oconcentra-
tion factor KB,for twelve chlorinated hydrocarbons and DDT related in-
secticides us1ng mosquitofish in his static terrestrial water ecosystem.
‘When the'resu]ts for hexachlorobenzene were excluded, a better correla-

tion was obtained [6]

1og S 5 99 - 1.176 log Kg (2.67)
ppb n = 12, r = -0.87

‘Lu and Metcalf correlated water solubility, S,with bioconcentra-
tion factor;KB;for mosquitofish obtained for eleven organic compounds

under static exposure conditions [6] and obtained’a correlation equation.

Tog Kg = 3.9950 - 0.3891 log S (2.68)
= ppb, n =11, r=-0.9228

Ch1ou et al [17] corre]ated the water so]ub111t1es of seven
organic chem1ca1s with their bioconcentration factors from rainbow trout
in f]ow1ng‘wqten_tests. A regression equat1on wes derived from this

study

Tog Kz = 3.41 - 0.508 log S , ' (2.69)
S = umo]/] n =7, r=-0,964
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Keenaga and Goring [6] studied the relationship between water
| solubility,S,and b1oconcentrat1on factor,KB,for 36 compounds ranging in
water so]ub111ty from 1x10‘ ppm to 2.1x10° ppm and ranging in bioconcen-
~tration factor for flowing water tests from d to 6;16x10“ and two equa-

tions were obtained from this study

Tog S = 2.531 - 0.916 log Kg ' - (2.70)
S=ppm, n=36, r=-0.72 ‘

log K3 = 2.791 - 0.564 log S B | (2.71)
S = ppm, n = 36, r = -0.72

Keenaga and Goring [6] also corre]ated water solubility,S, and
b10concentrat1on factor,KB,for fifty compounds varying in water so]ub1-
lity from 1x10™* ppm to 2.1x10% ppm and varying in bioconcentration
factor for static_terrestria1vaquatic model ecosystem from 0 to 8.45x10%
and two equations were obtained from this study

log Ky = 2.183 - 0.629 log S | : (2.72)

S =ppmy, n=50, r=-0.66 '
(2.73)

log S = 1.903 - 0.690 log KB

=ppm, n =50, r=-0.66"

Recently, Mackay [38] obtained a relationship between biocon-

centration factor ond aqueous solubility

Ky = 86/S| | - (2.79)
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where SL is either the actual solubility in units of mole/m?® if the
solute is liquid or an.estimated subcooled Tiquid solubility in units

of mol/m® obtained from the actual so]id solubility in units of mol/m? .as

T SS exp( -6.79(1- Tm/T)) E (2.75)

in this equation SL is fhe estimated subcooled 1iquid solubility in

units of mo1/mé; SS is the actual solid So]ubi]ity in units of mol/m3.
Thevcorrelations between bioconcentration factor and aqueous

solubility allow an assessment of bioconcentration factor from'aqueous

solubility without requiring n-octanol-water partition coefficient.

2.3.6 _Correlation Between Soil Organic Carbon-Water
Partition Coefficient,K ., and Bioconcentration

Factor,KB

Keenaga and Goring [6] studied the relationship between soil
organic carbon-water partition coefficient,Koc,and bioconcentration

factor, Ky ,for 13 compounds varying from 0 to 1.2x10* in soil organic

B’
carbon-water partition coefficient and varying from 0 to 6.16x10* in
bioconcentration factor for flowing water ecosystem and two equatioﬁs

were obtained from this study

log K . = 1.963 + 0:681 Tog Ky (2.76)
n=13, r=0.87
log Ky = -1.579 + 1.119 Tog K i (2.77)

n=13, r=0.87
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Keenaga and Goring also corre]atéd,K s S011 organic carbon?

'5water part1t1on coeff1c1ent and,KB,b1oconcentrat1on factor for 22

- compounds rang1ng from 0 to 1.2x10° in K and-rang1ng from 0 to
8.45x10" in KB for static terrestrial aquat1checosystem. Two equations.

were obtained from this study

“Tog K = 1.886 + 0.681 log Kg . (2.78)
n =22, r = 0.9

Tog KB = -2.024 + 1.225 log KOc ' | (2.79) .
n=22, r-=0.9]

2.3.7 Corre]ation Between Bioconcentrétion Factor for Flowing
water Ecosystem,K (f),and Bioconcentration Factor for

Stat1c Terrestr1a] Aquat1c Ecosystem, K (t)

Keenaga and Gorihg [6] studied this corre]étion for 20
compounds hahgihg‘from D‘to‘6.16x]0“ ih bioconcentration factor for
flowing water ecosySfem and ranging from 0 to 8. 45x10“ ih bioconcen-
' trat1on factor for stat1c terrestrial- aquat1c ecosystem and obtained

two equat1ons

1og KB(t) = 0.717 + 0.703 1og'KB(f) (2.80)
 n=20, r=0.87
Tog Kg(f) = 0.024 + 1.074 Tog Ky(t) (2.81)

=20, r=0.87
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111, MACKAY's LEVEL 1 FUGACITY MODEL

3.1 APPROACHES TO ENVIRONMENTAL EXPOSURE -ANALYSIS

With the diversity of fhe chemicals that have been made,
reasons for developing and improving the capability of est1mat1ng
‘the1r_behav1our in the environment are obvious. There have been
numerous cases in which the health of humans and other organisms has
been adversely affected by the indiscriminate emission or formation
of chemicals that are bio]ogica11y active. Some models have been
developed which predict.environméntal behaviour of chemicals from
their accessible physico¢hemica1 properties such as water solubj]ity,s,
'vapor preSSUre P,and n-octanol-water partition COefficient:K For
the .estimation of env1ronmenta] exposure, the OECD Exposure Ana]ys1s }

Group initially considered four models [3].

(A) The K]Spffer'Modeliwhich presumes equilibria between media

,(B) Thé Neely Mode]‘[25,52] based on laboratory and monitoring
data’for‘a pesticide in a pond environment

(c) The Méckay'Fugacity Modé] in which fugacity capacities are

used to explain various compartment re]atidhship;[48-50].
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" This model can be used at several levels of sophistication
depending on the available data.
(D)  The Wood Model which is an adaptation of Mackay's Fugacity

Model also has several levels.

The Klopffer, Mackay, and Wood models make slightly different
assumptions regarding compartment sizes but if no degradation processes
are considered and the chemica1's distribution across the environmental
’med1a 1s cons1dered to be at equ111br1um, they reduce to essent1a11y
the same set of equat1ons |

| It was dec1ded not to consider two of the mode]s in the context
of OECD hazard assessment The f1rst was the K]opffer mode] because 1t
did not make prov1s1on for degradat1on or non-equilibrium processes, it
was fe]t that the Nee]y Mode] app11ed to a spec1f1c experimental env1-
ronment and that it was d1ff1cu]t to defend its use as a genera1
screen1ng too] for a broad range of chem1cals.‘

The two rema1n1ng mode1s, the Wood and Mackay models, are
‘both based on the concept of fugac1ty, i.e. the tendency for a substance
to escape from a phase, and assume equ111br1um or steady-state cond1-
tions among a set of env1ronmenta1 compartments In their s1mp1er f
vers1ons (no degradat1on and 1nstantaneous equ111brat1on) these two
mode]s are 1dent1ca1 1n pred1ct1ng env1ronmenta1 distribution. They'

both assume that

"I. ‘the environment is a.closed system consisting of air
‘(a), water (w), sediment (sd), soil (s), suspended

- solids (ss) and biota (b): compartments
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“ II. the chemical has reached thermodynamic equilibrium in the
environment both with respect to interphase transfer and

intraphase transport .

'III, no degradafion processes occur during the distribUtion.

3.2 FUGACITY‘AND FUGACITY CAPACITY CONCEPTS

: «'u”if‘it is assumed that each compartment is well mixed, that is
homogeneous and-sufficient time has elapsed so that all compartments
are in equi]ibrium then thermodynamics provides information about the
neture of  the partition. It.is recognized that these assumptions are
generally invalid because -of in and outflows of a physical, chemical
or biological nature but interestingly they tend to be most valid for
persistant‘substances that are often of greetest toxicological concern.
Between phases equilibrium usually isvachieved at considerably
different‘concentrations, It is more illuminating to express these
equilibrium partitioning situations in terms of fundamental quantity
~ that controls the differing concentrations, Gibbs showed that diffusive
equilibrium of a solute between two, phases occurs when the chemical
_potentials of the 501ufe‘in these phases are equal. Chemical potential
is a difficdltuconcept to grasp and use. Lewis introduced fugacity
as a:more convenient criterion for equilibrium between phases.
Fugacityvjs‘a thermodynamic quantity re]ated to chemical
potential or aetivity and characterizes the tendency for a substance

to escape from-a phaée. It has units of pressure (whereas chemical
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potential has units of energy per mole, which is conceptually difficult
to gresp). A chemica]hwi]] diffuse from high to Tow fugaeity. When
equilibrium is achieved between two phases, the escapingitendencies g
from these phases are equal. (There'may be tranSfer or exchange of
solute between these two phases but the net rate of exchange is zero.)"

A convenient property of fugacity is that it is usually

linearly related to concentration ét the low concentrations which are

relevant to environmental contaminants. Just as temperatures (°C) can

be related to heat concentrations (cal/m3) using a proportionality

constant heat capacity in units of cal/[m®°C], fugacities can be .
related to concentrations using a similar fugacity capacity constant,

Z with units of mo1/[m®Pa]
C = f.2 | (3.1)

where C is concentration in units of mol/m?, f is fugacity in units
of Pa and Z is. "fugac1ty capac1ty“ in units of mo]/[maPaJ

The fugac1ty capacity Z, wh1ch quantifies the capacity of the

phase for fugac1ty, depends on temperature pressure, the nature of

| the substance and the med1um in which it is present

The magn1tude of Z values gives a direct indication of the :
Tikely concentrat1on. At a given fugacity if Z is 1ow, C is Tow; if -
Z is high,.C is high. Thus high concentrations ean be reached without
creating high fugectties. For example, the fugacity capacity Z for
oxygen in water at room temperature is 1.5 gmol/m3atm, in air it is
40 gmo][m3atm, a ratio of about 27. 'Oxygeh then adopts a concentra-
tion in air 27 times that in water (a ¢oncentratioh of 0.3 mol/m? in

the water and 8.0 mol/m® in the air).
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Mass tends to accumulate in phases where fugacity capacity is
largest. Appargnt]y, hydrophobic organics tend to partition into -
,71ipid phéses because that is whefe fheir yA vé]ue‘is largest. |
If there,are two phases, then“equi]ibr%ym of a substance will

be reached when the fugacities are equal, that is

fr=f, . | ‘ | -' (3.2)

ﬁhus‘ | | |
| C]’é] - ‘C,‘z/‘lz'z e o (3.3)
-ci/_cz = 4/1y = Ky - - (3.4)

’ ' Thé‘concentkation fatio'Which is the partition coefficient
controlling the distribution 6f the substance between two ﬁhases is
Simp]y the ratio of the fugacity capacities.

Expre551ng equ111br1um in terms of fugacity capac1t1es is more
convenient because 1t separates the escap1ng tendencies of the chemical
~ from each phase and facilitates the ca]culation of these quantities

| from other related thermodynamic data.
If we-can find Z for a substance for each environmental phasei,

we can easily.calculate how the substance will partition.

-3.3 ' FUGACITY CAPACITY CALCULATIONS

L values for a substance for each environmental phase can be
ca1cu1ated from phys1ca] -chemical data and partition coeff1c1ents as

given by Mackay [49]
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3.3.1 Fugacity Capacity for the Atmosphere, Za

A

In ‘the vapor phése, the fugacity is rigorously_expkessed by
o= ygpo = P - | (3.5)

where y is the substance's (solute's) mole fraction, PT is the total
pressure (here atmospheric pressure) in unit of Pa,t ¢~i§ the fugatity‘
éoeffjcient which is dimensionless and is-introduced to account for
‘nonideal behaviour. Fortunately, at atmospheric pressure, ¢ is usually
close tq unity andAcan,thus be ignored. The exceptions are solutes such
as‘cérbeylic aéids, that associate in the vapor phase. |

| The fugacity is thus equivalent, in most cases, to the pértial
pressure, P. It should be noted that this,equatiOn assumes the solute
to be in truiy gaseous form, not associated with particies. Concen-

tration C is related to partial pﬁessure through the gas law
C=n/V=P/RT = f/RT = fZ (3.6)

Thus Z for vapors is simply 1/RT and has a value of 4.04x10"* mo]/(m Pa)
correspond1ng to R of 8.31 (pa.m?®)/(mol.°K) or J/(mol1 °K), and a tempe-

_ rature of 25°C (298°K). Za is independent of the nature of the so]ute
or the composition of ‘the vapor (for nonassociating solutes andllow -

or atmospherfc— pressure COndﬁtions) énd has an obvious temperature

dependence.

3.3.2 Fugacity Capacity for Water,Zw

In aqueous solution, the fugacity is given by
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where x is the mole fraction; P° is the vapor pressure of the pure

* 1iquid solute at the system temperature; and Y is the ]iquid—phase |
~activity coefficient on a Raoult's Law convention. By this convention,
when x is unity, Y is also unity, and f becomes the pure 1iquid state
component vapor preesure.A Generally, for nonionizing suBstances, Y
increases to an "infinite dilution" value as x tends to zero. This

‘relationship between x and Y is often of the form
In Y =K(1 - x)? O (3.8)

In most environmenta1 situations, x is quite small; thds, InY cen be
equated to K without serious'error This near’constancy in Y leads to
the very conven1ent near- 11near re]at1onsh1p between C and f, ref]ected
as a constant va]ue 1n Z. _

The re]at1onsh1p between f and C to give Z for 1nf1n1te d11ut1on

cond1t1ons can be obtained by wr1t1ng
Z, = C/f =C/P = /M= x/vf=1/v P C o (3.9)

where Vig is the molar volume (m3/mol) of the‘so1ution, which is
approximately that of water (1.8x107° m3/mol).

-For water, Z

W is simply the reciprocal of Henry's Law constant.

3.3.3 Fugacity Capacity for Sorbed Phases (soil, sediment,or
suspended}sojids) ZS; st, Zss

Sorption equilibria. are usually expressed as equations or

isotherms relating dissolved to sorbed concentrations. ‘Examples are
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the Freundlich, BET, Langmujr‘or Tinear equations for most hydrophobic
compounds at concentrations well below their solubilities linear equa-

tion is adequate
x=KC , | o ~(3.70)

where X 1s the sorbed concentration expressed as mol so]ute/losg sorbent
‘(wet or dry) and Kp is a sorption coefficient w1th'un1ts of m® water/]Osg
sorbent. The equation is often expressed in mass concentration units
x in g/]Osghor ug/g and C in g/m*® or mg/liter in which case an identical
numerical value:is obtained for Kp.

If the sorbent concentration expressed as volume fraction is §
and 1ts dens1ty is p - g/cm or 10%g/m3, then its concentration is K
108 g/m or g/cm . The concentrat1on of sorbed mater1a1 C s expressed
as mo]/m sorbent, is thus xp mol/m3.

At equ1]1br1um, the fugacities of the sorbed and dissolved

material must be equal, so if ZS is the sorbed phase fugacity capacity

- f = HC.= CS/ZS _ C ' (3.11)

then | | ' o | g
| zsi= C,/HC = xp/H(x/Kp) (3.52)
andl |
f Z = Kbp/H} | .’fr o ‘ o (3.13)

The group'Kpp‘is‘dimension]ess.
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3.3.4 Fugacity Capacity for Biotic Phases, Zb '

Fdfkbibta, a bibconéentration factor KB is used instead of the .
pértition coefficient. If it is expressed as a ratio of the concen;‘
tratioﬁs.in the biota (say fish) on a wet weight basis and in’ the
~water, it is identical to Kp. If expressedvon a wet volume basis,

it is rigorously analogous to the group Kp where is the fish density.

- Z = Kgo/H ‘ | - (3.14)

3.3.5 ‘Fugacity Capacity for Pure Solid and Liquid Phases, Zp

For pureAsolid-or 1iquid substances, the fugacity is the vapbr
pressure. ' The substance's concentration of C is the inverse of the

molar volume, vs'in units of m3/mol. Thus Zp is given by

fp T UE = /P I o o (3a8)
Such phases occur envirohmenta11y only when the solute solubility

in a phase is exceeded and "precipitation" occurs.

'3.3.6“Fugacity CapaCity for Inert Solutes

Some ;ubstances, such as ceramic or minera] matter, polymers,
méta]s, and spériﬁgiy soluble metal salts do not partition appreciably
betweehienyironmental7media and their appropriate Z values are unavail-
able.” The thermodynamic explanation is that such substances.have near-
infinite Z values in their pure solute form because of very low values .

of PS.
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3.4 ENVIRONMENTAL APPLICATIONS OF THE FUGACITY-CONCENTRATION
APPROACH

There are two general areas in which the fugacity concentration
approach can contribute to a better understanding of the fate of toxic

substances |
C=+f.Z | (3.])

First, if concentration data are available for a pol]utant in
severa] phases, presumably as a result of monitoring program, these
“concentration data can be converted to-fugacities and the fugacity
levels compared. Examination of fugacity levels in various env1ron-
mental compartments thus prov1des an 1n51ght into sources, transporta-
tion routes, and directions, and to regions in which transformation or
other removal processes occur.

The second application is the prediction of the 11ke1y environ-
menta] distribution of a compound between environmental compartments.
.To apply this approach a model environment must be designed. The
‘vo]umes and properties of compartments must be- se]ected to mimic

as c]ose]y as pOSSibie a real environment.

3.5 SELECTION OF MODEL VOLUMES

In order to ca]cu]ate environmenta] partitioning in the form of
‘amounts in each medium, it 1s necessary to assume volumes for each

‘medium and an amount of solute. Clearly, any concentration can be
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obtained by the.selection of suitable volumes and solute amount, thus
only the relative concentrations have significance. The mass distribu-
tion depends on the assumed phase vo]umes, therefore the resu]ts are
~_reasonable only to the extent that the volumes are .reasonable. Further,
se]ect1on of suspended matter concentrations, biota concentrations and
organic carbon contents of soils and sediments affect the results;

The "unit world" designed by Mackay and Neely [51] are consi-
dered reasonabTe tor evaluation purposes. This unit world as i11us-
trated in F1gure 3.5.1.consists of 1 km square with a 6 km high atmosphere; -
30% of the area is covered by soil hav1ng a depth of 15 cm and 70% is
water covering an average depth of 10 my, with 3 cm of sediment, 5 ppm by
volume of suspended:so]ids and 1 ppm of biota. The densities are 1600
kg/m?® for Water and'biota; 1500 kg/m® for solid phases and 1.19 kg/m?

. for air [49-51]. The.organic,carbon‘contents are 2% for soil and 4%
for sediment and suspended solids. A temperature of 25°C is assumed.

The total amounts of solute are chosen to be 100 mo]

The so1] water partition coeff1c1ent‘1s calculated from n-octanol-
water partition coefficient by‘using‘Karickhoff's correlation which has

a high correlation coefficient (r =1.00) | ;

= (% 0C)K, . : - (2.42)
~and . ,
log Ko = -0.21 +1.00 Tog K | (2.44).
or / |

Ko = 0.6 K, o | o (2.48)
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thus v
Kp = % 0C(0.6 KOW) : ' | (3.]5)

- TABLE 3.5.]‘— Unit World Compartment Volumes and Densities [50,51]
Compartment ‘ Volume (m%) : Density (kg/m?)
Air 6x10° . (1 kg2area x 6 km height) 1.19
Soil 4.5x10%  (30% area x 15 cm depth) ' 1500

| Water 7x106 (70% area x 10 m depth) 1000
Biota 7 ~ (Water volume x 1 ppm) 1000
Susgg?ggg 35 (Water volume X 5 ppm) 1500
Sediment - 2.1x10% (70% area x 3 cm depth) - 1500

The b1oconcentrat1on factor is calculated from n- octanol-water
part1t1on coefficient by using Ve1th's corre]at1on, 51nce this equation
is one of the equat1ons having the highest corre]atfon coeffjcient
derived by using high number of compounds and also it - “used by

Mackay [49]

log Ky = 0.85 Tog K - 0.7 . (2.60)

3.6~ LEVEL I CALCULATIONS

In level I calculations, the eqUi]ibrium distribution of a fixed
amount of non-reacting compound (arbitrarily chosen to be 100 moles)
in the evaluative environment is calculated using fugacity capacities

that are calculated from physical-chemical data and partition coefficients.
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The equ111br1um ratios of concentrations and the relative amounts 1n
each phase are obta1ned This first step. ca]cu]at1ons answer the
quest1ons where will the chemical go in the environment and what will-
.'be 1ts relative concentrations. |
Theselleve1 I_ca]cuiations give-no.information about reactivity
or pers{stence.} More complex fugacity mode]s are used to compare addi-‘
tional features.

~In level T calculations, it is assumed fhat

(A) the environment is a closed system consisting of air (a), .
‘water (w), sediment (sd), s0il (s), suspended solids (ss),

and b1ota (b) compartments

(B) the Chemical has reached thermbdynamic equi]ibrium in the
environment both w1th respect to 1nterphase transfer and

intraphase transport
| (C)' no degradation process occur during the distribution.

‘Under these condi;iqhs, the escaping tendencies from all phases are

equal so that a edmmbh‘fugacity (f) prevails
fo=f. =f =f =f = foq = (3.16)

If each phase in equilibrium has a vo]ume of V (m®) and fugac1ty

capaC1ty,Z sthen the concentration in each phase, C, (mole/m3)

G =fz | - (3.17)

where f isrthe-prevai]ing common_ fugacity.



The amount' of material in each phase, M. (mole) thus

N AT o | (3.

1 1

and the total amount My (mole)

MT = f,;ZiVi o o (3.
‘Sin;e the total amount is known, the fugacity can thus be
calculated as |
f=M/2 2N, | (3.
Hence, the individual values of C; and'Mi can be deduced.
i c'i = fZ.i . (3.
and v
M1 = Civi ' : ' | (3.
Masé'partitioning among the compartments.cah be calculated
accordingvto ' |
P E LV | o (3.

1

kAnd_eQui]ibrium'partitioning fractions can be calculated as

Py =43/ 14 e -G

1

57

18)

19)

20)

21)

22)

23)

24)

It is c1ear,that theée ca]tu]ations‘give two different classes

of information - where the most of the solute partitions and where

highest concentration occur.

the
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3.7 | ENVIRONMENTAL EXPOSURE ANALYSIS

IThis'simp1e fugacity model is quite hypothetical since it ignores
fnputs outputs and transformations and it‘assumes that intercomparfment
transfer is fast. The behaviour athCOncentrAténs in the real environ?
.ment will differ from those calculated but the dominant behaviour‘

characteristics should be mimicked. The value of the model-lies in iden-
tifying compartments in wﬁich the bulk of a contaminant will tend to
.accumulate and in which its residues should sought or in which dégradaf
tive processes are likely to be important. It merely represehfs d pic~
ture of ultimate distribution of the substance in the environment in
terms of both_re]ative concentrafioﬁs and_re]étive}masses and thus pro-
viding comparative-ekposure information about chemicals, assists priority
setting. | | o

The results obtained for each chemical cén Be designed to yield
relative rank of importance for each compartment. The advantage of this
ranking %S that it'makes the chemicals with the greatest potential to
contaminate for a compartmént quite obvious. The next step would be to
examine/these chemicals critically to seelif they truly are a prob]em.
If_the degradation of a chemical exists in a compartment its actua],f,
concentration in. that compértment will be lesser than,its expected

maximum potential concentration.
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'3.8'9"‘CRITERIA

It 1s genera]]y accepted that mode]s should be va11dated by
' compar1son w1th real environmental data Models of the type described
- here are "eva]uat1ve" and do not purport to describe ady particular
real environment, or do not purport to calculate the actual so]ute
concentrat1ons or their precise behaviour in the env1ronment thus
they cannot be validated except by general comparison of obseryed
ehvironmenta] concentrations with the predicted ya]ues. Since the -
mode]s are based on valid physical laws, the behaviour expressed should
be in broad agreement with environmental behaviour.

The Tevel I Fugacity Model's applicability was first examined
by hindcasting the distribution of 2,4,5,4',5"'- pentach]orob1pheny] by
Mackay et al [51]. It is known that the predicted compartment concen-
trations are contro]]ed by two factors other than their phys1cochem1ca]
properties these are the amounts introduced (arb1trar1]y chosen to be
100 moles) and the compartment volumes which are based on reasonable
Titerature values [51]. It is found that the model pred1cts a concen-
tration which is within an order of magnitude of those found in pract1ce
thus. water concentrations are predicted to be in the parts per tr1]]1on
range and sediment and biota concentrations to be sub-parts-per-million-
range - both of which predictjons afe rea]fstic. ‘The largest discrepancy
is in the predicted atmospheric concentrations which are about three
orders of magnitude higher than those found. The dfscrepancy arises
because this version of the model predicts equilibrium d1str1but10ns

based on thermodynam1c cr1ter1a w1thout taking into account the k1net1cs
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of air-water exchange processes which limit atmospheric concentrations
as suggested by Mackay et al. Level I fugacity model predicts reason-
able concentrations and ratios of concentrations in compartments other

than atmosphere.
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IV, USE OF MODEL OUTPUTS FOR
HAZARD ASSESSMENT

4.1 A DECISION TREE

It is genera]]& accepted thatvbefore a new chemical compound
~1s released into the market and thus info the environment, it should
undergo some assessment of its likely enVironmenta] ihpacts. Knowing
“how é chemical behaves in the enVikonment is particularly important
in deterhining whether a chemical will come in contact with a'critica1
" species or man and perhaps cause a toxic effect or, in contrast, be
rapidly degraded to innicouous mafer1a1s. ‘A decision tree was designed
for an éppropriate environmental testing program-by Neely [Zj as rep-
resented in Figure 4.1.1. The lettered boxes in Figure 4.1.1 will .be
described below. The YES output fkom Boxes K, L, and M indicate tﬁe
néed for further studies on degradation. Main degradation processes

in- the environmental compartments are given in Table 4.1.1.

(A) Use Pattern

A brief description of the product should be given indicating

how the material will be used. In addition to the use pattern an
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L B .}
YES NO
CONFINED USE'
YES [~
=~ POLYMER
o yNO
YES ﬁ
~—1 IONIC
F | , NO E
AIR >90% PARTITIONING PATTERN
H | L YES NO K
| N o FISH
PHOTODEGRADATION HALOGEN ~ CLEARANCE [YES
. -t >100
( YES :
=) 'NO Y l
1 L
- [RE-EVALUATE MODEL YES
, T % SOL> 4% [—>
r |

EVALUATE RISK

.|

MARKE T

M -
 |WATER > 2+,

l

YES

FlGURE.!..IJ Schematlc representation of a decnsuon tree for designing an

approprlate envnronmental testing [2]
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estimate of the initial amount and planned rate of environmental

--entry is required.

(B) Confined Use

If the produet is used in a manner which prevents entry into
the environment, obviously nq further testing is required. This is
‘based bn‘the proposition that hazard is a function of both toxicity
“and. exposure.' If the env1ronmenta1 concentrat1on is essent1a]1y

negI1g1b1e, the hazard will be neg11g1b1e

(C) Polymer

Polymers do not normally exist in the air or water bhases nor
do they sorb to soil organic matter. If the product is an insoluble
polymer, thenm the environmental considerations will be associated with

solid waste.

(D) Ionic

At present a methodo]ogy for screen1ng 1on1c materials has not

been developed.

(E) Partitioning Pattern

By using the chemical and physical properties of a chemical
through a model the partitioning of that chemica] between environmental:

compartments can be quickly assessed.
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;i-,:1TABLE~4.1.1 - Main,Degradation Processes by Environmental

Compartments

~ AIR (TROPOSPHERE)
. Photolysis
Oxidation (HO. and 03)

SURFACE WATER and -TOPSOIL

© Hydrolysis
Bibdegradation by aerobic bacteria
Phdto]ysis _ |

. Oxidatioh'(ROé-)/

‘SEDIMENT
| Hydrolysis

o Biodegradation by'anaerobic‘bacteria

(F) Air > 90%

If the results of the analysis in E indicate that 90% or
‘greater of the chemical is in the air compartment proceed to G,

otherwise proceed to K.

(G) - ,Ha]ogen '

If the‘ageht contains halogen, an analysis of the mass entering

the stratasphere should be conducted. This is based on the theory that
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chlorine and bromine atoms wi11 tause an increase in the'rate at which
stratosphere ozone 1s destroyed Models have been proposed to estimate
the transfer of ch]orine from the troposphere to the stratosphere. Any
suitable mode] can be used as long as the same technique is used for
a1] cases. Based on the results of the ana1y51s dec151ons can be

| made about the re]ative risk It may be de51rab1e to obtain further
data as 1nd1cated in Figure 4.1.1, with the arrow entering box H from
the "Evaluate Risk" box and the information generated recycled back -
through the model. .If the volati]e\chemica] does not contain halogen

- proceed to box H.

(H)  Photodegradation Potential

Those:chemicais containing C-H or C=C bonds will be susceptib]e
"to hydroxyl radical attack in the troposphere and will be degraded.
In ‘such aisituation no tropospheric build up will occur. If the use -
_pattern indicates that no potent1a1 prob]em 1s perceived in a local

env1ronment go- to N.

: YJ) " Reevaluate

Once a material ‘enters this box on the first pass, a reevalua-
5tion of the properties is necessary. If continued deve]opment is
warranted, then obviously a search for other degradation pathways

must be conducted.
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(K)  Fish Clearance -

| Fish clearance half Tife time. ty/, s the interval of time |
needed for a 50% decrease of a given concentration of a chemical
present in an organism after termination of exposure [45]. It can
" be easily ca]cu]ated from physical chemical properties of chem1ca1

by using the equat1on g1ven by Neely [2]
Tog t,,, = 0.0027(1/H) - 0.282 log (/) +1.08  (4.7)

where t]/2 is the ha]f life for clearance from f1sh in un1t of hours,

H is the Henry's Law constant in units of mm Hg m mo]e-l, S is the

» water solub111ty in un1ts of ppm, M is the molecular weight of chemical

' in unit of gram. . | |
If t]_/2 is greater than 100 hours, a potential problem of bio-

concentration is indicated. If the chemical screened has th1s high

a number, it should be examined experimentally for degradab111ty and

poss1b1y b1oconcentrat1on in aqueous systems If t]/z is 1ess than

]00 hours proceed to L

(L) Soil > 4%

If the amount of a chemical in the soil compartment is greater
“than 4%, degradat1on 1n so11 needs to be 1nvest1gated

(M) Water > 2%

If the amount of .chemical 1n the water compartment is greater

than 2% degradation stud1es are required.
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(N) ~ Manufacturing Decision

ﬂj Based on the use pattern; no 1ong term env1ronmenta1 prob]em
1s ant1c1pated and product1on of the chem1ca] shou]d proceed Test1ng
shou]d be cont1nued until enough is known about degradat1on, distri-
but1on and tox1c1ty of the compound to 1nsure that the expected environ-
menta] concentrat1on resu1t1ng from the use 1s be]ow the no-effect
1eve1 Once th1s 1s demonstrated manufacture and d1str1bution shou]d
be allowed.

The proposed decision tree-does have the capability of quickiy

focusingvon the key areas for further testing. It also serves as an
alert system for what precautions are necessary in both the manufac-

turing and distribution of the product.

-4.2 IMPORTANCE (OR ADVANTAGE) OF PRELIMINARY ASSESSMENTS

The total universe of chem1ca1s which was given by the EPA

Toxic Substance Inventory List consists of 40,000 entries in annual
product1on of 1.8x10%kg (4x10*2pounds) [1]. With the diversity of
the chemicals that have been made, there is a need for a program to
assess the potential env1ronmenta1 hazard resulting from the use cf
various products W1thout such a program, the task of experimentally
maklng an assessment for each chemical becomes impossible. . It will be
impossible for the reason that the man power and resources available
are not equal to the task. Furthermore the need for performing.a]]
conceivable tests is not necessary. The decision tree will be helpful

in order to ensure that critical tests are performed and to prevent

needless experimentation.
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The objective of this approach is to enable the studies to
proceed in a logical mannerland to optimize the amount of information -
in a cost effective'manner. because analysis of the resu]ting pattern
1nd1cates the compartment offer1ng the best chance for max1mum degra-
dation, and then further environmental tests if needed can be designed

- in a 1ogica1 -and sequent1a1 manner. By being.aware.of the potent1a1
environmental problems befpre,they occur, greafer preéautionary measures

can be taken in both the manufacture and distribution of the material.
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SV THE PREDICTED ENVIRONMENTAL DISTRIBUTION
OF SUBSTITUTED BENZENE DERIVATIVES

For benzene and 72 subst1tuted benzenes, the potential concen-
trat1ons and equilibrium d1str1but1ons between the compartments of
an evaluative environment are ca]cu]ated by us1ng Mackay's Level 1
fugacity model and their rank1ng by their potent1als to contam1nate

each compartment is given.

5.1 INPUT DATA

The fundamental physical chem1ca1 propert1es of benzene ‘and
72 subst1tuted benzene derivatives such as water solubility, vapor )
Pressure, n-octanol-water partition coefficient are compi]ed in -

~ Table A.2, 1

5.1.1 Water Solubility .

Water solubility data in un1ts of g/m® obtained from several
‘ papers and handbooks [1,2,6,7,8,11 -27] are compiled in Table A.2.1.
On]y six of them are ca]cu]ated'from'n-octano]—water partition coeffi-

cients which are also given in Table A,2.1 by using Chiou's correlation
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equation (2.33). This equation is used since the chemicals, solubi-
. lities of wh1ch ca]cu]ated here are liquids or low melting so]ids
‘and that equat1on be1ng one of the equat1ons which have the h1ghest
corre]at1on coeff1c1ents der1ved from high number of compounds is
su1tab1e for the1r ca]cu]at1ons and these ca]cu]ated values are

des1gnated by "ca1c 1"1n Tab]e A.2.1.
log K, = 5.00 - 0.670 log S |  (2.33)

where S = water so1ub111ty 1n mol/liter, Kow = n-octano]-water

part1t1on coeff1c1ent

Specimen Calculation

.As g1vén in Tab]e A.2.1, m-ethyl phenol has a log K of‘2.4
and mo]ecu]ar weight of 122.17 gr.  Then its water so]ub1]1ty can be

quickly ca]cu]ated by ‘using Chiou's correlation Eq. (2.33)

5.00 - 0.670 Tog S

}llog Kow =
~ 2.4=5.00 - 0.670 Tog S
S 5 7596 2 um01/11ter ;
!
s = 7596,2‘um01/]itér‘x 122.17 ugr/umole x 10°¢ gr/1 ygr

. % 10%Titer/1 m®

T wm
1}

1928.03 g/m?.
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5.1.2 Vapor Pressure '

In add1tion to some vapor pressure values taken from 11terature '
[22, 1 13 25,7 28], many ca]cu]ated vapor pressure values in units of
mm Hg are comp11ed in Table A.2.], ‘ |

Some of them are calculated by osfng_the Antoine Equation

(Eq. 2.12)
1og P=A-B/(trC) - (2.12)

whene‘P = vapor pressure in mm Hg, A, B and C are Antoine constants,
t = system temperature in °C.

- While the values calculated by using Antoine constants taken
fkom Ref. 30Lare designated by "ca1c12", those that are calculated
by using Anto1ne constants taken from list of Boub11k et al [31] are
des1gnated by "ca]c 4" in Tab1e A.2.1,

Antoine constants used for calculations listed in Table A.2.2

with‘references'fnom which they are taken.

Specimen Calculation

As given in Table A.2.1, Benzene has 2 sets of Anto1ne constants
taken from two d1fferent references [30 31]. A =6.9057, B = 1211.03,
= 220.79 from Ref. 30 and A = 6. 8927 B = 1203.53, C = 219.88 from
Ref. 31 By us1ng Anto1ne Equat1on (2.12), for 25°C two pressure

va]ues are obta1ned .according to avajlable constants

Tog P = A - B/(C + t) | - (2.12)
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“log P = 6.9057 - 1211.03/(220.79 + 25)

log P = 1.9786
P = 95.194 mm Hg
- and ‘
log P = 6.8927 - 1203.53/(219.88 + 25)
log P = 1.9779 | |
P = 95.044Vﬁm Hg

In Table A.2.1, first one is designated by "calc 2", and the second
one is désignated by "calc 4".
The values designated as "calc 3"'in that téble are calculated
by usihg Antoine Equation in the form of Eﬁ. 2.13 when'onTy two cons-

tants B and C are available in Table A.2.2.
Tog P = (-52,23B/T) + C ST e - (2.13)
where P =}vapor.bressure in mm Hg, B and C = Antoine constants,

T = system temperature in °K.

‘»'Specimen Calculation

As giveh'in'Tab]e A.2.2,_Acétophehone has only two constants
B and C for a temperature range of 30°C to 100°C, B = 55.170,
¢ =9.132. | |
For T = 298.16°K

Tog P = (~52,23B/T) + C -
log P = ((-52.23 x 55.117)/298.16) + 9.1352
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-0.5199

‘log P _
0.3021 mm Hg.

.o
i

Most of the halobenzenes have no ayai]ab]e vapor pnessure dafa
in literature other than boiling and melting points listed in Table
A.2.3. 'In‘that case, vapor pressures are obtained by using Kisfia-
kowsky Linear AH (KLH) equation which can be applied only to hydro-
carbons and halogenated hydrocanbons (Eq. (2.14))

1n P = -(4 4 + 1nTB){1 803((Tg/T) - 1) - 0.803 In(Tp/T)}
| | | - 6.8((Ty/T) - 1)
where P'= vapor pressure in atm at environmental temperature T in °K
TB‘and TM = boiling and melting point temperétufes in °K. Tne third
tenm'incTuding melting point is ignored for liquids.

fanable‘S 1’1 the vapor pressure Va]ues ce1cu1ated by using

KLH equat1on are des1gnated by "ca]c 5", For these ca1cu]at1ons the

bo111ng and me1t1ng po1nt temperatures are taken from Tab]e A.2.3.

Specimen Calculation

_ As given in Table A.2.3,Io-dif1uorobenzene is a liquid having
a melting point of -34°C and a boi]fng point of 92°C. On the other
hand, p-d1bromo benzene is a so11d having a me]ting point of 87°C and

a bo111ng po1nt of 219°C -

| For o d1f1uorobenzene (11qu1d)}
‘lTM = -34 + 273.16 = 239.16°K
o= 92 + 273.16 = 365.16°K

A TB

n T

298°K



n P

“In P

np
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(4.4 + 1h TB){1.803((TB/T)»--1) - 0.803 In(Ty/T)}

-(4, 4+ 1n 365.16)1{1. 803((365 ]6/298 16) - 1)
- 0.803 1n(365.16/298.16)}
'-2.4966 ‘

0,0824 atm 7
0.0824 X 760 = 62.596 mm Hg.

i

For p-dibromobenzene

—
1 1

]n‘P

In'P.

Tn P,

Some

by us1ng Eq

-87 + 273.16 = 360.16°K
219 + 273 16 = 492.16°K

298.16°

~(4:4% In Tg)1.803((Ty/T) - 1) - 0.803 In(Ty/m)}
| | -6.8((Ty/T) - 1)
~(4.4 + In 492.16){1.803((492.16/298.16) - 1)
' | - 0.803 1n(492.16/298.16)}
- 6.8((360.16/298.16) - 1)

-9.581
6.9 x '10-5
6.9 x'1o-5'x 760 = 0.05246 mm Hg.

of the vapor pressures in Tab]e A 2.1 are ca]cu]ated

(2 11) to obta1n a va]ue of log P, for a temperature

T2 from va]ues of log P] and log P3 for temperatures T] and T3

The vapor pressure temperature data [34] used for calculation are

given in Table A.2.4, These calculated values are designated by

"calc 6" 1in

Table A.2.1.
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1og'P2 = Jog P] + (199 P3 - P])(T2 - T])T3/(T3 - T])sz (2.11) j

where P = vapor pkeSsure in mm Hg, T = abso]ute-temperature in °K.

Specimen Calculations

(A) As given in Table A.2.4, f1uorobenzene has vapor pressure

‘va]ues of P.I = 60 mm Hg at 19. 6°C and P

3= 100 mm Hg at 30.4°C and

P, at 250C, ; { |

T, = 19.6 + 273.16 = 292.76°K

Py = 60 mm Hg

T2 = 25 + 273, 16 298 16°

T3 = 30 4 + 273.16 = 303.56°K

P3 = 100 mm Hg
and then

Tog P, = Tog 60 + (log 100 - log 60)(298 16 -
- 292.76)303.56/(303.56 - 292. 76)298 16
log P, = 1.8911 |
P,=77.819mHg R e

2 LN

(B) AS‘givén in Table A.2.4, bromobenzene has vapor pressure
values of P2 5 mn Hg at 27.8°C and P, = 10 mm Hg at 40°C and
Py mm Hg at 250 .

T, = 25 +273.16 = 298.16 °K
T, = 27.8 + 273.16 = 300.96°K

1}

2
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. PZJ?VS mm Hg ‘
Ty =40+ 273.16 =,é13;15°K
fP3‘?:j0 mm'Hg

endlthen-

‘log P2 = Tog P] % (log P - log P )(T T])T3/(T$ - T])Tz
1og'5, = Tog P + (log 10 - log P )(300.96
- 298.16)313.16/(313.16 - 298. 16)300.96
0.69897 = 1og Py + (1 - og Pp)o. 19423
log Py = 0.6264
o Py = 4. 23069 mm Hg

5.1.3 n¢0ctano1-Water Partition Coefficient

In add1t1on to va]ues taken from 11terature [6,7,11,16-20,22,23,
26,35,37. 38], most of the n octano] water part1t1on coefficients in
Table A.2. ] are ca]cu]ated from subst1tuent constant, T, va]ues by

using Eq. (2 21)
N Tpg KOW(RX) - Tog KOW(RH) = m(X) | N (%.21)

where Tog K (RX) = the 1ogarithnof1hepart1t10n coefficient of the
chemlca1 in quest1on, log K (RH) = the logarithm of the partition
coeff1c1ent of the parent structure, T = subst1tuent constant rep-
'resentwng,the,contr1but1on of each group to the parent structure

that give KOW(RX).
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~ The 7 values listed 1n Tab]e A.2.5 was determ1ned by Fujita
et al [36] exper1menta11y The following va]ues for log Ky enab]es_
one to ca]cu]ate K for any of the compounds listed in Table A.2. 5
For phenol Tog K_ = 1.46  0.01, for aniline Tog Ky, = 0.90 % 0.01,
for nitrobenzene,1og Kow = 1.85 £ 0.01, for benzene log Kow = 2.1371 0.01

Specimen Calculation

As given in Table A.2.5, the substituent constant for f]ubrine
on benzene is 0.14 + 0.02 and benzene has a log K ., of 2.13 0.01.
then by using Eq. (2.21) the log Kow of fluorobenzene can be quickly

calculated.

Tog Ko, (RX) = Tog K_ (RH) + m(X)

Tog Ky, (CeHe=F) = Tog K (CGHc) + m(F)

Tog Ky, (CaHg-F) = 2.13 £ 0.01 + 0.14 £ 0.02
Tog Ky, (CeHs-F) = 2.27 % 0,03

~In Table A.2.7 n-octanol-water bartition'coefficient values
calculated from substituent.constants given in Table A.2.5 by
using Eq. (2.21) are designed.as “calc 7",
- Only a few of the n-octanol-water partitioh éoefficienté‘ih
‘Table A.2.1 are calculated from f, hydrophobic fragmental constants
.11sted in Table A.2.6 by using Eq. (2. 23) and these calculated values

are des1gnated by "calc 8"

log K (RX) = f(R) + f (X) ' '(2.23)



78

where £ = the hydrophobfc fhagmenta1 constant being Tipophilicity
COntribution of a constitdeht part of a'structure to the total
11p0ph111c1ty, 1ow Kow(RX) = the 1ogar1thm of partition coefficient

of the chem1ca1 in quest1on

Specimen Calculation

As given'in Table A.2.6, the hydrophobib fragmental'constant

for fragment I is 1.460, for fragment CcHc 1.90. Then the log Kow

' va1ue of Iodobenzene can be quickly calculated by using Eq; (2.23).
log Kow(CGHS'I) = f(C6H5) + f(I)

1.90 + 1.460

1og"Kow(C6H5.I)

199 KOW(C6H5.I) 3.36

Only two of the n-octanol-water part1t1on coeff1c1ents in |
Tab]e A.2. 1 are calculated from 'solubility by using Ch1ou S equat1on .

(Eq. 2.33).* These ca1cu1ated va]ues are designated by “ca]c 9",
log K = 5.00 - 0.670 Tog(S x 103/M) - (2.33)

. where Kow = nédctanoléwater partition coefficient, S = water

solubility in ppm, M = molecular weight in gr.
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Specimen Calculation

| "m4Phehy1ene'diamine‘has a value of solubility 25 x 10* g/m®
and a value of mo]ecu]ar we1ght 108.15 - gr then by us1ng Chiou's

:correlat1on, n- octano]-water part1t1on coeff1c1ent is easily ca]cu]ated.

log K, = 5.00 - 0,670 1og(s x. 10°/M) -
Tog de ='5.00 - 0.670 109(25 x 10* x 103/108 15)
Tog K .= O, 7362

K ='5;44725

ow
Input data given in Table A.2.7 and used for ca]cu]at1ons

‘are obta1ned from the va]ues given in Table A.2.1.

5.2 QALCULATIONS"

:Inithis.study, for benzehe‘and 72 substituted bedzenes, the
- potential concentrations- and equilibridm_ddstribqtipns,between the
environmenta]_c0mpartments are Calculated b& using Mackay's L¢VE].1«
eFugacjty.Mode].given;invChapter'III and Input data given -in Table
| A.2.7. The calculations are performed on a CDC Cyber 170 Computer.

5.2.1 The Computer Program Used for Calculations

Two computer programs based on Mackay's Level I fugacity
model [48-51] are prepared ianasic4Language. They are given in

- Appendix I. The only difference between these two computer programs



80

~is in the compartment volumes Whereas ‘the first computer program

is based on the 1n1t1a1 compartment vo]umes g1ven by Mackay et al

[49], the second one is based on the final compartment volumes given

by Mackay et al [51]. Table 5.2.1 shows the comparison of the first
and last compartment volumes. The aim 1n preparing the first one is
toiget the same results for Mackay's hypothetical solute'as given by
Maékay et al [49]. The results obtained for Mackay's hypothetical
solute are just as given by Mackay et al [49] and vafidate the

program. In this study the second computer\program based on the final
compartment volumes is used for calculations. Figure 5.2.1'55 the.flow

éheet-bf the program.

5.2.2 A Specimen Calculation

As given in Table A.2.7, benzene has a molecular weight of _
78 114 gr, a water so]ub111ty of 1790 g/m?, a vapor pressure of
95 044 mm Hg and a Tog K of 2. 13, i.e. K is ]34.896.
| ‘By using Level I Fugac1ty Mode] the physica] chemical data
is converted into fugacity capac1t1es and the partitioning behav1our

of the . chem1ca1 is easi]y ca]culated
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TABLE 5.2.1 -ﬂThe Comparison of the Initial and Final
~ Compartment Volumes Given by Mackay et al

[49,51]

Compartment Volume (m3)

FIRST VALUES
Air 10!° (1 km? area x 10 km height)
Soil ‘9x103~‘ (30% area x 3 cm depth)
Water 7x10°  (70% area x 10 m depth)

"Biota 3.5 (Water volume x 0.5 ppm)

Suspended solids 35 (Water volume x & ppm)
Sediment = 2.1x10* (70% area x 3 cm depth)

LAST VALUES
Air '6x109 ‘ (1 km* area x 6 km height)
Soi1 - 4.5x10% (30% area x 15 cm depth)
Water 7x108 (70% area x 10 m depth)
Biota - 7 (Water volume x 1 ppm)
Suspended solids 35 - (Water volume x 5 ppm)
Sediment 2.1x10%  (70% area x 3 cm depth)
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tNPUT -
- S‘RKow-MW'Vi'PiaMT'

Calculation of

- Z'-,yf,Ci, Mi , Pi'Pi
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, .
' Calculation of
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FIGURE 5.21. The flow sheet of the computer program
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Calculation of Fugacit,z_Q_a‘;g_agj'l:_ig.s,~ :

- > ——y @o o = M s T = o L o e s - o o — -

Za‘= 1/RT

T = 208°K

5.2.2.1.2 -

R = 8.314(Pa.n®)/(mol °K)  or  8.314 3/(mol °K)

7 1 =.4.04x10"* mol/m*Pa

a4  8.314 x 298

Zg = Kpy o/
pg = 1.5x10° g/m’

H = P/S

P = 95.044 mm Hg(1 Pa/7.5x10~* mm Hg) = 12672.5 Pa
S = 1790 g/m*(1 mole/78.114 gram) = 22.915 mole/m?
H = 12672.5/22.915 = 553.02 Pa m*/mo]

'Kps =% QC x 0.6 X,Kow

% 0C ='0.02  for soil

KpS 0.02 x 9,6 X 134.896

pg = 1-6188 m® of water/10° g sorbent

Z,'= 1.6188 x 1.5/553.02 = 4.391x10~% mole/m’® Pa



5.2.2.1.4

5.2.2.1.5

N -
!

-
n

'ss

KPss

84

ZW = ]/H .
H = 553.02 Pa m3/mbje~>

Z, = 1/553.02 = 1.808x10~3 mole/m®Pa

b~ KgPp/H

ko)
o .
I

= 1x10° g/m®

,553.02 Pa m3/mole

1}

Tog KB 0.85 1og KOw - 0.7

Tog Ky =/0.85 x 2.13 - 0.7

1qgiKB 1.1105
Ky = 12.897 m® of water/10° g biota

Z, =(12.897 x 1)/553.02 = 2.332x10~2 mole/m*Pa

Calculation of Fugacity Capacity_for Suspended solids

ZSS

]

Kpss PssM

P 1.5x10°. g/m®

H 553.02 Pa ma/moje

% 0C x 0.6 x KOw

% 0C = 0.04 for Suspended solids



5.2.2.1.6

Zz

!

<A
i

~
i

Pss 0.04 x 0.6 x 134.896

Kpes = 3.2375 m® of water/10¢ g sorbent

SS

ZLyq ® Kpsd psd/H

1.5x10¢ g/m?

psd

553.02 m°Pa/mole

Kpsd = Z 0C x 0.6 X Kow

% 0C = 0.04  for sediment

KPsd.= 0f04 ¥ 0.6 x ]34.896

Kpggq = 3.2375 m® of water/10® g sorbent
Zyg ~

f = My/s,V,
MT =" 100 mole
Z, = 4.04x107" mole/m?Pa

6x10° md

- (3.2375 x 1.5)/553.02 = 8.781x10"* mole/m*Pa

‘(3.2375kx 1.5)/553.02 = 8.781x10~° mole/m®Pa

- 85 .
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N
<<
1]

(4.04x10-*)(6x10°) = 24.23x10° mole/Pa

Z = 4.391x]0‘3 mo]e/maPa
V_ = 4.5x10" m?

(4.391x107%)(4.5x10*) = 197.6 mole/Pa

ZSVS =

Z, = 1.808x10"* mole/m>Pa

v, = 7xj06,m3

ZV, = (1.808210-3)(7x105) = 12 656 mole/Pa
Zy = 2;332x10f2 mole/m3Pa

Vp = 7w

Z,Vy = (2.332x1b-2)(7) = 0.1632 mole/Pa

Zo = 8.781x10f3 mole/m3Pa |

Vs = 35 o

A E s o
LggVgs = (8.781x1073)(35) = 0.3073 mole/Pa
L4 = 8.781x107* mole/m*Pa

- y 3
Vsd'— 2.1x10* m

ZegVeg = (8.731xjo-3)(2;1x10“) = 184.401 mole/Pa

L7V,

i 1,= ZaVa * sts * Zwvw * vab * Zssvss * stvsd
zzivi‘= (24.23x105) + 197.6 + 12656 +'0.1632 + 0.3073 + 184.401
£Z:V; = 2.44x10° mole/Pa



f‘:va/zz{vi = 100/(2.44x10%) = 4.105x10~ 5 Pa

‘Calculation of Amounts

f='4.105x10"° Pa
M, = f 2,V

= 04 - 5
Zava = 24.23x1Q mole/Pa .

M, = (4.105x10~°)(24.23x10°) = 99.464 mole
MS f‘f ZSVS

LV, = 197.6 mole/Pa

M, = (4.105x107°)(197.6) = 8.111x107° mole

Mw = f ZwVw

2V, = 12656 mole/Pa

Mw = (4.105x10"°)(12656) = 0.5195 mole

My = f 7V

'z V= 0.1632 mole/Pa

b | o
M, = (4.105x10-)(0.1632) = 6.699x10™® mole

Mes = T ZggVss-

Z V__=0.3073 mole/Pa

- 8§S °SS

M, = (4.105x10-%)(0.3073) = 1.261x10"5 mole

87
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Meg = T ZsgVsq
stvsd‘= 184.40 mole/Pa .

M4 = (4.105x107°)(184.40) = 7.570x10~*® mole

5;2.2.4 Ca]cuiation of Concentrations

TN ST s e e e e v e e —

Ci'= f Z{

f = 4.105x10~5 Pa

C, = fZ

Z, = 4.04x10"" mole/m°Pa

C, = (4.105x10°)(4.04x10~"*) = 1.658x10~° mole/m?

C, = (1.658x10"° mo1e/m3)(78,114 gr/1 mole)(1 ug/107° g)
| x (1 m® air/1.19x10° gr)

C, = 1.088x10"% ug/g or ppm

C,=f Zg _

Z, = 4.391x10" % mole/m®Pa

Cg = (4.105x1075)(4,391x107%) = 1.803x10"7 mole/m®

Cs = (1.803x10°7 mole/n*)(78.114 ¢/1 mole) (1 ug/107° g)

| o x (1 m® s0i1/1.5x10¢ g)
C. = 9.389x107% ug/g or ppm



=fz,

1.808x107° mole/m®Pa

(4.105x107°)(1.808x10-?) = 7.422x107° mole/m®

(7.442x107" mole/n’)(78.114 ¢/1 mole)(1 ug/10°° g)
x (1 m* water/1x10° g)

= 5.797x107° ug/g or ppm

= f“ZB“.

2.332x10"2 mole/m®Pa \

= (4.105x107°)(2.332x1072) = 9.573x10"7 mole/m®

(9.573x10"7 mole/m®)(78.114 gr/1 mole)(1 ug/10~° g)
R h x (1 m® biota/1x10° g |

7.478x107°% ug/g or ppm

iy

8.781x10"* mole/m3Pa

(4.705x107°)(8.781x10%) = 3.605x10°7 mole/m®

(3.605x1077 mole/m?)(78.114 g/1 mole)(1 ug/107¢ g)
x (1 m® susp.sol./1.5x10° g)

(1.877x107° ng/g or ppm
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C.y = fZ

sd sd o
Z.4 = 8.781x107* mole/m3Pa
Csq = (4.105x107°)(8.781x107%) = 3.605x10~7 mole/m®

Coq = (3.605x10~7 mole/m®)(78.114 g/1 mole)(1 ug/107 g)
' - x (1 m® sediment/1.5x10° g)

C 1.877x10"°ug/g- or ppm

sd

5.2.2.5. Calculation of Mass Partitioﬁing

T T e e e Tl TN

i j LA A
Zz{V%'= iéva%+:isvs,+ Zwvw +_vab * Zssvss +-stvsq
zzivi = é4.é3x1o5 +;197f5 + 12655 +0.1632 + 0.3073 + 184.4
ZZ,V, = 2.44x10° mole/Pa

Pa = Zaya/zziyi

'z&va = 24.23x10° mole/Pa

P, = 24.23x10%/2.44x10° = 0.9930
Ps~= ZsYs/zZiYi

2Vg = 197.6 mole/Pa

PS = 197.6/2.44x10°% = 8,098x10"5
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Pu = LV /2,0,
2V, = 12656 mole/Pa
P, = 12656/2.44x10° = 5.187x10~° -

Pb = Zbe/EZiVi

Z,Vy, = 0.1632 mole/Pa

P, = 0.1632/2.44x10° = 6.688x10~°

Pss ='255vss/zzivi

SS

Z VSS = Q.3073 mole/Pa

.

Pss = 0.3073/2.44x10° = 1,259x70~7

Psd= ZgqVsa/ P23V

-stvsd = 1?4.4 mole/Pa

Pgg = 184.4/2.44x10° = 7.557x10~5

Calculation of Equilibrium Parti tioning

i

.' _ A
= Za * Zs * ?w f’zb + Zss * st
£Z;j = (4.04x107") + (4.391x107%) + (1.808x10%) + (2.332x10"2)

+ (8.781x107%) + (8.781x10-2)

ZZ, = 47.485x10"3
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0
-
I

Za/zzi ‘
Py = 4.04x10"/47.485x10"® = 85,079x107"
LI
Ps Zs/zzi
| Pe = 4.391x107°/47.485x10™ % = 9.248x]0-2
' = /T
P = 2,22,
Pu = 1-808x107°/47.485x107® = 3,808x10"2
Py = Zp/%Z,
Py = 2.332x107%/47.485x107*. = 0.4911
Pss = Lss/P; |
Pss = 8.781x107%/47.485x10"2 = 0.1849
Psa 7 Zeg/PZy
P, = 8.781x107%/47.485x10°° = 0.1849

The results are 1isted in Table 5.2.2.which shows that 99% ofﬁ
benzene'partitions into air compartment, thus the amounts in the other
compartments are un1mportant Because the amount in the air compartment
is greater than 90%, there is a need for further studles on degradation
in the air compartment according to Neely's dec1s1on tree given in

Figure 4.1.1.
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5.3 .RESULTS AND DISCUSSION

The outputs given in Appendix I are arranged in order of form1ng
- severa] families such as monosubst1tuted benzene fam11y, ha]obenzene
fam1]y, toluene fam11y, pheno] fam11y, an111ne fam1]y and n1trobenzene
, fam11y and their part1t1on1ng behav1our between the env1ronmenta1 com-
partments are discussed here. | |
Monosubst1tuted benzenes partition either into the aip compart-

ment or into the water compartment depend1ng upon the substituted group
on the benzene ring. Benzene, mono alkyl benzenes except buty]benzene,
monoha]obenzenes mostly partition into the air compartment as 111ustrated
in F1gure 5.3.1 and Figure 5.3.3. Since their mass percentages in that
compartment are greater than 90 percent, they are s1gn1f1cant for the
air compartment accord1ng to the Nee]y S dec1s1on tree Buty]benzene,
benzy] alcoho] phenol, an1so]e, an1]1ne N N- d1methy1 an111ne, aceto- -
phenone and. n1trobenzene most]y part1t1on into the water compartment

As 111ustrated 1n F1gure 5. 3 2 and F1gure 5. 3 4, 51nce the1r mass _per-
| centages in that compartment are much greater than two percent, they
~iare 1mportant for the water compartment accord1ng to the Nee]y S dec1s1on
tree [2] ‘ | o | -

A]though 99 percent of monoa]ky]benzenes except buty]benzene

part1t1ons 1nto the a1r compartment on]y 57. 19 percent of - buty]benzene
part1t1ons 1nto that compartment as 111ustrated in Figure 5.3.5. It can
be seen in F1gure 6.3.6 that 41.99 percent of butylbenzene goes to the

water compartment Whereas this compound is not s1gn1f1cant for the

air compartment as 1ts mass percentage in that compartment is less than
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THE BENZENE FAMILY SUBSTITUTED

- FOR AN ELECTRON=WITHDRAWING GROUP

~ IN THE AIL COMPARTMENT
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4) BROMOBENZENE |

FIGURE 53.3. The bargraph of benzene family: substituted for an electron-

withdrawing group ‘in the air compartment
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FIGURE 53.4 The bargraph of benzene fdmily substituted for an electron-

withdrawing group in the water compartment
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90 percent, it is significant for the water compartment according to
:the Neely's decision- tree SJnce 1ts mass percentage in that compartment_
is greater than two percent | '
Monoha]ogenated benzenes most]y part1t10n into the air compart- .

- ment. and they are significant for this compartment according to the |

vNee]y S dec1s1on tree as,the1r mass - percentages in that compartment are
’4greater than 90 percent. If they are compared with benzene it can be
seen in Figure 5 3.7. that the fluorine substitut1on on the benzene ring
cause the amount part1t1on1ng into the a1r compartment to 1ncrease where-
- as the substitution of chlorine, bromine .and 1od1ne on. the benzene r1ng
rcause this amount to decrease Ch]orobenzene part1t1ons 1nto the ajr
_compartment in the lesser amount than benzene, bromobenzene part1t1ons
rtnto the air compartment in the 1esser amount than ch]orobenzene, and
1odobenzene partitions into the a1r compartment in the 1esser amount -
‘than bromobenzene '

It can be seen in F1gure 5.3.8 that the. part1t1on1ng of fluoro-

' benzenes 1nto the air compartment 1ncreases with the 1ncreas1ng number
' of f]uor1ne subst1tutes on the benzene r1ng A]] f]uorobenzenes are
important for the air compartment according to the Neely's dec1s1on

tree as thelr ‘mass percentages in-that compartment are greater than 90"A
percent P ,

The partitioning'of”ch]orobenzenes into the air compartment
decreases with the'increaéing*nUmber of chlorine substitutes on the
benzene rtng as illustrated in Figure 5.3.9. For hexachlorobenzene
the amount that part1t1ons into the air compartment 1s reduced to 58.28 -

percent and thus hexach]orobenzene becomes 1ns1gn1f1cant for the a1r
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compartment accord1ng to the Neely's dec1s1on tree since its amount in
that compartment 1s ]ess than 90 percent 1, 2 3 4= tetrach]orobenzene
part1t1ons into the air compartment in the 1esser amount than other two
tetrach]orobenzenes It is poss1b1e to say that th1s compound is 1ns1g— |
n1f1cant for the air compartment accord1ng to the Nee]y s decision tree,
s1nce the amount part1t1on1ng into the air compartment is not greater
than 90 percent On the other hand, this amount is near 90 percent, it
can. be. thought that1h1s compound might be important for the air compart-
ment. A1l the other ch]or1nated benzenes except hexach]orobenzene and
1,2,3,4- tetrachlorobenzene are s1gn1f1cant for the air compartment
since their mass percentages in that compartment is greater than 90 per~
cent. |

It can be seen in F1gure 5.3.10 that the part1tlon1ngs of ch1oro-
- benzenes into the so1] and sed1ment compartments increase w1th the in-
| creasing number of ch]or1ne substitutes on the benzene r1ng Tetraa
Chlorobenzenes, pentach]orobenzene, and hexachlorobenzene s1gn1f1cant]y :
part1t1on into the soil and sed1ment compartments The amounts of
1 2 3 4-tetrachlorobenzene that part1t1on 1nto these two compartments
are greater than those of other two tetrach]orobenzenes It is poss1b1e _
to say accord1ng to the Nee]y s decision tree that 1 2, 3 4- tetrach]oro-.'
'_benzene is 1mportant for the so11 and sediment compartments since 1ts ”
'amounts part1t1on1ng 1nto these two compartments are greater ‘than four ;
percent It is a]so poss1b1e to say accord1ng to the Neely' s decision
: tree that the other two tetrach]orobenzenes and pentach]orobenzene are
unimportant for these two compartments since their mass percentages are

not greater than four percent. On the other hand it can be thought that
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1,2,3,5-tetrach]orobenzene and 1,2,4,5-tetrachlorohenzene might be impor-
tant for the soil and sediment compartments since their mass'percentages
in those compartments are near four percent Hexachlorobenzene parti-
t1ons more s1gn1f1cant1y into the soil and sed1ment compartments com- |
pared w1th the other chlorinated benzenes. |
The compounds 1mportant for the soil and sediment compartments

“should be important for the suspended solids compartments. A]though
the biota ‘and suspended so]1ds compartments are insignificant from a
- mass’ ba]ance point of v1ew, higher concentrat1ons are reached in these
compartments than in the other compartments. Tetrach]orobenzenes, penta-
chlorobenzene and hexach]orobenzene reach hlgh concentrations in the
b1ota compartment .

~ As can be seen in Figure 5.3.11, the part1t1on1ng of bromobenzenes
1nto the air compartment decrease with the increasing number of bromine
subst1tuents on the benzene ring s1gn1f1cant1y compared with those of the
chlorine subst1tuents and thus: tr1bromobenzenes become insignificant for
. the air compartment according to_the Neely's decision tree, since their
mass percentages in that compartment is less than 90 percent. Although
. the amount of p-dibromobenzene partitioning into the air compartmentris
greater than 90 percent, the amounts of o- and m- dibromobenzene par-
t1t1on1ng into this compartment are not greater than 90 percent. Mono-
bromobenzene and p- d1bromobenzene are important for the air compartment
accord1ng to the Nee]y S dec1s1on tree as the1r amounts are greater than
90 percent. It is poss1b]e to say according to the Neely's decision tree

that o- and m- d1bromobenzenes,are not important for the air compartment,
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since their amounts are not greater than 90 percent. On the other hand
 since the amounts of o- and m- dibromobenzenes in that compartment are
~very near 90 percent it can be thought that these tmo compounds mioht
‘”'be.significant for the air compartment. |

‘ It can.be:seen in_Figure 5.3.12 that the partitionind of bromo-
benzenes into thevsoil and}sediment compartments increaSeIWith the
increasing number of -bromine substitutes significantly compared with
those of the chiorine substitutes - Although p-dibromobenzene«is not

significant for. the 'soil and sediment compartments according to the

mentSjare less than fouripercent, o- and m- dibromobenzenes are signifi-
cant for the soil and~sediment compartments according'to tne Neely's
deCiSion tree ‘as their amounts partitioning into these compartments

are greater than four percent The amounts of‘tribromobenzenes par-
titioning into the soil and sediment compartments are much greater than
_four percent thus they become very important for the‘soil and’sediment
compartments. B o , , ]

o- and m- dibromobenzenes and tribromobenzenes are also signifi- ; |

cant for the suspended solids compartments - They reach»high concen-

trations in the biota compartment. - o

. 1t can be seen in Figure 9.3.12 that although o- and m- dibromo-

benzenes and 1, 2 4 tribromobenzene are Significant for the water com-

partment according to the Neely's decision tree as.their mass percen-».'

tages - in that compartment are greater than two percent p- dibromobenzene :

is not significant for-that compartment since its maSS«percentage in
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that compartment is Tess than two percent.g It .is possible to say
according to the Neé]y's‘deCision tree that;l,3;5-tribromobenzene
is‘insignificant for the water compartment since its amount partitioning
into this compartment is less than two percent. On the other hand,

s1nce this amount is very near two percent it can be thought that
1,3,5-tribromobenzene mjght be s1gn1f1cant for the water,compartment.

As illustrated inhFigure 5.3.13, with the increasing number of
hiﬁiOdine substituents, the.amount partitioning into the air compartment
"f?decreases significant]y compared with the bromine substituents. Al-

: though mono1odobenzene 1s s1gn1f1cant for the air compartment according

to the Nee]y S dec1s1on tree as its amount partitioning into that com-

o partment is greater than 90 percent diiodobenzenes are not significant

J‘for the air compartment s1nce their amounts part1t1on1ng into that
t'compartment is less than 90 percent ‘
| It can be seen in F1gure 5. 3 14 that d11odobenzenes are very
1mportant for the soil and sed1ment compartments as the1r mass percen-
"tages 1n ‘those compartments are much greater than four percent.
.Diiadobenzenes are also 1mportant for the suspended solid com-
partments and they reach the highest concentratlons in the biota com—

partment among the other substituted benzenes.

As can be seendin‘Figure 5.3.14, monoiodobenzene and diiodobenzenes

are s1gn1f1cant for’ the water compartment accord1ng to the Neely's dec1-
sion tree, s1nce the1r amounts part1t1on1ng into that compartment are -
greater than two percent. | |

If the benzene is subst1tuted for two d1fferent halogen atoms

the amount that partition 1nto the air compartment is less than that of
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TIHE I0DOBENZENE FAMILY
IN THE AIR GOMPARTMENT

| M1oo' | | .%% 95.1(‘)%» |
A |

70t 4 Z é |
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201 %//%%

1) BENZENE ~ 2) I0DOBENZENE
~ 3) 0-DIIODOBENZENE . " 4) m-DIIODOBENZENE
- 5) p-DIIO DOBENZENE | |

FIGURE 5.3.13. The bargraph of the iodobenzene family in the air .compar.trhent
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benzene as illustrated in'Figure 5.3.15. The'presence»of chTorine and
bromine together on‘the'beniene~ring does not decrease the amount par-
. titioning into the air compartment below the 90 percent and;theretore
bromoch]orobenzenes are significant for the air compartment accord1ng
to the Neely's decision tree. The presence of chTor1ne and iodone
'together on the benzene ring decrease the amount that partitions into
the air compartment below the 90 percent and thus it is poss1b1e to say
accord1ng to NeeTy S dec1s1on tree that chloroiodobenzenes are 1n signifi-
cant for the a1r compartment On the other hand, it can be thought
;that they m1ght be s1gn1f1cant for that compartment since the1r amounts
part1t1on1ng into the air compartment are near 90 percent The pre-
sence of iodine and brom1ne together on the benzene r1ng decrease the
amount of part1t1on1ng 1nto the air compartment s1gn1f1cant1y compared
;w1th the others. The bromo1odobenzenes are not ‘significant for the air
compartment accord1ng to the Neely' S dec1s1on tree as. 1ts amount 1n the
jalr compartment is Tess than 90 percent " ' ﬂ

| It can be seen{1n F1gure 5.3. 16 that chToro1odobenzenes and
:p-bromo1odobenzene s1gn1f1cant1y part1t1on into the soil and sediment
compartments The1r mass percentages in these compartments are greater
{than four percent They are also 1mportant for the suspended solids
compartment o | |
| ChToro1odobenzenes and p bromo1odobenzene reach h1gh concentra-
t1ons in the b1ota compartment | : o |

| ‘As can be seen in F1gure 5 3 16, ch10r01odobenzenes and p-bromo-

iodobenzene are also significant for the water compartment according to
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THE BENZENE FAMILY SUBSTITUTED
~ FOR 'TWO DIFFERENT HALOGEN
©IN THE AIR COMPARTMENT
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. FIGURE 5.315. The bargraph of benzene family substituted for two dif‘ferent

. halogen in the air compartment.
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the Neely's decision tree since their amounts partitioning into that
compartment is greater“than two-percent Although o- bromoch]orobenzene
1s s1gn1f1cant for the water compartment as its amount that part1t1ons
into this compartment is greater than two percent p-bromochlorobenzene
'1s not significant for the water compartment as 1ts mass percentage in
that compartment is 1ess than two percent It is possible to say ‘that
accord1ng to Nee]y s decision tree, m-bromochlorobenzene 1s not 51gn1-'
f1cant for the water compartment as its amount in that compartment is
1ess than two percent. On the other hand, it can be thought that th1s
compound might be significant for the water compartment as its amount
1n that compartment is very near two percent. '
Toluene and xylenes are sigrificant for the air compartment

accord1ng to- Nee]y s decision tree as their mass percentages in that

compartment are greater than 90 percent as illustrated in F1gure 5 3.17.

. The amounts of xylenes partitioning into the air compartment decrease

s]1ght1y compared with that of to]uene N1troto]uenes partition 1nto

the air compartment in the lesser amounts than to]uene and xy]enes

.They are not s1gn1f1cant for the air compartment accord1ng to the

Nee]y s dec1s1on tree since their mass percentages are not greater

'

v than 90 percent

; It can be seen in Figure 5 3. 18 that to]uenes subst1tuted for
a po1ar group such as hydroxy] or am1no group most]y part1t1ons into -
the water compartment Since their amounts part1t1on1ng into that

compartment are much greater than two percent, according to the Neely's

decision tree they become s1gn1f1cant for the water compartment. N1tro—'

to]uenes part1t1on 1nto the water compartment in the lesser amounts
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than aminotoiuenes or hydroxytoluenes 51nce their mass percentages
are greater than two percent they are also 51gn1ficant for the water
compartment. - o | _'

It can be seen in Figore 5.3.19 and Figure 5.3.20 that all
phenols and anilines mostly partition into the water compartment.
A1l of them are Very important for the water compartment, since their
amounts partitioning into- this compartment are much greater than two :
percent. For dihydroxy benzenes and -diaminobenzenes mass percentages'
in the water compartment are greater than 99.5 percent.

Nitrobenzenes partition either into the air compartment or 1nto
~ the water compartment. While 41.95 percent of nitrobenzene partitions
| into the air COmpartment, 57.14 percent of it partitions into the water
compartment. The amount partitioning into the water compartment is.
s]ight]ycgreater than the amount partitioning into the air compartment.
,'Itvcan be seen in Figore'5.3.21 and Figure 5.3.22 that the second :
substituted group,On,the benzene ring greatly influence the partitioning
of'nitrobenzenes into these two compartments. Methyi group substitu-
tion causes the amount-partitioning into the air compartment to increase
whereas amino:and hydroxy1 groups cause the amount~partitioning into
the water compartment to increase. ﬂ

.It can be seen in Figure 5.3.21 that the mass percentages of
'ali'nitrobenzenes in the air compartment are less than 90 percent ‘
- therefore all nitrobenzenes are not significant for the air compart-

ment according to the Nee]y'stecision tree.
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THE NITROBENZENE FAMILY
IN THE AIR GOMPARTMENT

70

. 6/1..5'0°/.7’L;V. ?% | -' .
977 o
:z. 41.9!5%% Z Z | '/ '_.36'.17"/.' .‘
3.0 | %% / % % ‘
.210. _  %%%% % |

5 6 7

1) NITROBENZENE  5) 0-AMINONITROBENZENE

- 21 o-METHYLNITROBENZENE ~ '6) m-AMINONITROBENZENE L
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" FIGURE 5.3.21. The bargraph of nitroberizene family in th‘e air compartment
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It can be seen in Figure 5t3.22 that the mass percentages of
a]]'nitrobenienes'in"the'water compartment are greater than two ger-
cent therefore a]] nitrobenzenes are s1gn1f1cant for the water com-
partment accord1ng to the Neely's decision tree. '

- Analysis of the resulting pattern thus 1nd1cates the compart-
‘ nent offering the best chance for maximum degradation. The resu]ts

arranged to rank the substituted benzenes by their potentia]s to |
| contam1nate each compartment is given in Table 5 3. 1 Table 5. 3. 2,
Tab]e 5.3.3, Table 5. 3. 4, Table 5.3.5 and Tab]e 5.3.6. The advantage
of this rank1ng is that it makes the chemicals w1th the greatest
‘ potent1a1 to contam1nate each compartment qu1te obv1ous - The next
. step wou]d be to examine these chemicals cr1t1ca11y in order to see
1f they tru]y are a prob]em or not. | |

s

CIIE



100
90 |
. 80},
70 t
| 60 |
50
40 }
30 |
20 |

10 ¢

- 125

~ PHE NITROBENZENE paMny
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TABLE 5.3.1 - Ranking of Substituted Benzenes by Their ,
Potentials to Contaminate the Air Compartment

% IN AIR

 CHEMICAL

m-Difluorobenzene 99.73
_p=Difluorobenzene 99,64
0-Di fluorobenzene 99.62
Isopropyl benzene 99,60
Ethyl benzene 99.58
" |.Methy1 benzene 99,57
Fluorobenzene 99.53
1,3;54Trich]orobenzene 199.52
m-Xylene 93.47
Benzene '99.46
Prbby] benzene 99,40
p-Xylene 99.33
o-Xylene 99.13
Ch]Orobenzene( ,.99,09'
_'p-Dichlorobenzehe 99.08 -
m-Dichlorobenzene 98.54
Bromobenzene 98.39
p-Bromochlorobenzene 98.02
o-Dichlorobenzene 97.11
v1,2,4-Tr1ch10robenzene 96.47
Ap-Dibkomobgnzene | 96.01
95.31

1,2,3-Trichlorobenzene

126
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.. Table 5.3.1 - Continued...

CHEMICAL ' % IN-AIR
Iodobenzene | - - 95.09
- m-Bromochlorobenzene 95.06 .
Pentach]probenzene : 93.34 .
' 1,2,4;5fTetréch1orobenzene | 93;05 L
; ],2%3{5-Tetrach10robenzene. : 92.98
- 0-Bromochlorobenzene | 92.63
ip{Chjqrbiodobenzene | ~ 89.80
io7Dibrom§pen;ehe p o ' 88.69 .
m-Dibromobenzene . 87.32
»1;2,3,4-Tetrachlqrobenzene - 84.14




TABLE 5 3.2 - Ranking of Subst1tuted Benzenes by Their
Potent1als to Contam1nate the So11 Compartment

- CHEMICAL % IN SOIL
1,2,4- Tr1bromobenzene‘ 31.58
‘oeD11odobenzene v30.73
p-Diiodobenzene | ©30.63
m-Diiodobenzene 24.63
Hexachlorobenzene 20.85
- 1,3,5~-Tribromobenzene 20.00
,p—Brdmoionbenzene 12.28
1,2,3,4-Tetrach1orobenzene - 7.88
- 0-Chloroiodobenzene | 7.57
--m-Ch]oroiodobenzene 6.21

“m-Dibromobenzene 4.75
o-Dibromobenzene 4.23
p%Ch]oroiodobenzene 3.94

~71;2,3,5—Tetrach1or6benzene ‘ 3.49
Pentachlorobenzene » | - 3.34
1;2,4,5-Tetrach1orobenzene - 3.28

t
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TABLE 5.3.3 - Ranking of Substituted Benzenes by Their
Potential to Contaminate the Water Compartment -

CHEMICAL % IN WATER
prydroxylpheno1 -‘ : '_ .99.91
n-Phenylenediamine 99.87
m-Hydroxypheno] : | ‘ 99.86
o-Hydroxyphenol | : , 99.79
p-Nitroaniline 99.44

‘BenZyT alcohol : 99,01
llm-Nitroani]ihe | | 98.85
Phend] | ) ‘ 98.02
p-Methylphenol. | - 95.35
».p—CﬁlorOaniline - 95.00
Aniline | "  94.63
m-Methylaniline : 93.35
o-Nitroaniline | - 9321
‘m-Chloroaniline 93.01
o-Methylaniline =~  92.05
“p-Chlorophenol | 91,19 f
o-Methylphenol , © 91.02
o-Nitrophenol ' 90.65
Acetbphenone . 8 o | 89.44
‘m-Chi@ropheno] : | 88;20.
m-Methylphenol. .> 87.48
“o-Chloroaniline 84.14




TABLE 5.3.3 - Continued..

CHEMICAL % IN WATER
p-Methylaniline g2 ;'31
‘ d—Ch]bropheno] 66:62
m—Ethy]pheno] _ -65.10,
o- Hydroxyn1trobenzene - 62,96 )
N1trobenzgne 57.14
Butylbenzene 41.99
An1so]e | 37,79
-Methy]n1trobenzene 33f98
p-Methy]n1trobenzene 28.69
m—Methylnitrobgnzene 26€90
.N,N—Dimethyianiline - 22,98
Abeijodobeniene .6.06
o—Djfbaobeﬁéene ; “5;94
0- Ch]oro1odobenzene 4.97
‘ p Bromo1odobenzene 4.63 .
_ m-D11odobenzene 4} 4;88
| m-Ch]oro1odobenzene - 4.07
; m-D1bromobenzene 3.49
i Iodobenzene 3.24_
f o-D1bromobenzene 3;11-
s Bromoch]orobenzene 2.93
i 1 2 4 Tr1bromobenzene _”2.86
| p~Ch]oro1odobenzene :2.58
? m—Bromoch1orobenzene 1;97
1,3;55Tribromobenzene 1.81

130



TABLE 5 3.4 - Ranking of Substituted Benzenes by Their
Potent1a] Concentrations in the Biota Compartment

.. CHEMICAL

Cbiota (ppm)

_ p?Dfiodobenzene“
;o-Diiodobeniene
1;2;4-Tribromobenzene ”
m-Diodobenzene
1,3,5-Tribromobenzene

\‘HeXAEhlorobenzene
p-Bromoiodobenzene
‘04Ch]dfoiod6benzene
ﬁm-Ch]ohdioddbénzene

'1,2,3,4-Tetrachlorobenzene

' :mébibrdmobenzéne

jo{beromobenzene

’ p-ChidFOiOddbenzene

‘ m-Ch]oropheno]

1 o-N1troan111ne .

_p-Ch]orophenol
1;2;4;§-Tetrach1orobenzene
PéhéaCHTOrobenzene
1 2 3 5- Tetrach]orobenzene
o-Bromoch]orobenzene
m- Ethy]pheno]

p- D1bromobenzene

T,Z,B-Tfiéh]orobenzene

NN N W W W W W s oY N ™

—

5
5
4.
4
2
2

.0MN

.033

.403
.898
.070
.780
.327
.764
.030
.570
.310
.720
.593
.470
.437

.880
.486
.129
.998

.012:

385

777

244

E-1
E-1
E-1
E-1
E-1
E-1

E-1

E-1

E-2

E-2

E-2
E-2
E-2

E-2
E-2
E-2
E-2

E-2

E-2
E-2

E-2

E-2
E-2
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TABLE 5.3.4 - Continued..

CHEMICAL

| m-Bromochlorobenzene

o-Chlorophenol

mQMethy1 phenol
Iodobenzene
m-Ch]ordani]ine
p-Methyl phenol
o-Methy1 pheno]
o-Chloroanitline
p-Chloroaniline
.méMetﬁyTnifrobenzene
o—Methy]nitrobenzene
o-Nitrophéno]
prethyfnitrobenzene
‘p-Bromo§h1orobenzene
Nifrdbehzene
N;NQDimetﬁylani]ine
b;Dichldrobenzene J
Anisoié

Buty]bénzene
Acetophenone

.p-Nitroaniline

m-Nitroaniline

1,2,4-Trichlorobenzene

cbiota (ppm) -

Gl 0 NN NN NN

.930
.640
.486
.405
.350
.340
.309
.275
. 261
.242
.198
.197
.190
159
.730
493
207
.280
.240
117
.748
.947
.684

E-2

E-2

E-2

E-2

E-2

E-2
E-2

E-2
E-2
E-2
E-2

E-3

E-3

E-3

E-3
E-3

E-3

E-3
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TABLE:'5.3.4 - Continued..

CHEMICAL ‘ Cbiota (ppm)..
Pheiol 4.575 E-3
m-Methylaniline 4.416 E-3
p-Methylaniline 3.842 E-3
‘m-Dichloroaniline 3.670 E-3
o-Methylaniline 3.511 E-3
Benzyl alcohol \ 2.628 E-3
1,3,5-Trichlorobenzene 2.064 E-3
Bromobenzene 2.050 E-3
b-Dich]orobenzene‘ 1.870 E-3
o~-Hydroxyphenol 1.753 E-3
ﬁ—Hydrdxypheno] 1.500 E-3
Aniline ' 1.462 E-3
Propy1l benzene '1.322 E-3
m-Pheny]enediamine. 1.300_‘E-3

p-Hydroxypheno]
o-Xy]ene
Isopropylbenzene
p-Xylene
'thorObenzené
ﬁ-Xy]éne
Ethylbenzene
Metﬁyl benzene

o-Difluorobenzene

1.784 E-4

.951 E-4
.283 E-4
.638 E-4

9

9

8

7.507 E-4
6.540 E-4
6.239 E;4
4.636 E-4
1.970 E-4
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'TABLE 5.3.4 - Continued..

’V7CHEMICAL

Cbiota'(ppm)’

- p-Difluorobenzene
| m-Difluorobenzene
Fluorobenzene

Benzene

1.665
1.223
1.043
7.480

E-4
E-4
E-4
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TABLE 5 3.5 - Rank1ng of Subst1tuted Benzenes by The1r Potent1a1
. Concentrations in the Suspended Solids Compartment

CHEMICAL N S csuspended solids (ppm) -~
o-Diiodobenzene | “ 3.004 | E-1 | |
p-Diiodobenzene - 2.994 E-1
1,2,4-Tribromobenzene 2,945 E-]

m-Di iodobenzene o : 2.467  E-1
1,3,5-Tribromobenzene | | 1.866. E-1
 Hexachlorobenzene 1.760 t-]
p-Bromoiodobenzene 1.029 E-1
o-Chloroiddobenzene 5,352 E-2
'1,2,3,44Tetrach1orobenzene 5.042 E-2
A m-Ch1oroiodobenzene 4,386 E-2
m~-Dibromobenzene 3.318 ‘E-2‘
‘o¥Dibfomobenzene 2.959 _1 E-2
p-Ch1oroiodobenzene '2.781" E-é_
Pentachlorobenzene 2.481 E-é,.
' 1,2,3,5-Tetrachlorobenzene 2.232  E-2
' 1,2,4,5-Tetrachlorobenzene 2.007  E-2
o;Bromoéh1orobenzéné o ' 1.300 E-2
m-Chlorophenol 1,229 E-2
i,é,B—Trich]orobenzene‘-. . 1.050  E-2
p-beromobenzene ' | 1.045 E-2
o-Nitkoani]jné o .01 E-2
peCh1orophéno1 4 9.867 E-3
meBromochlorobenzene 8723 E3
1,2,4-Trichlorobenzene _ 7.563  E-3
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*"TABLE 5.3.5 = Continued....

:;ACHEMICAL v CsuSpendedvsoHds (ppm)

- m=-EthyTpheno1 .‘ ' | E | 6.850 E-3
. Iodobenzene 5.194  E-3
. 0=Chlorophenol 4,148 £-3
- m-Methy1phenol 3.396  E-3
1‘p;Bromoch10robenzene 3.492  E-3
m-Methylnitrobenzene 3.327 | E-3
+0-MethyTnitrobenzene 3.188 E-3
-“pQMethylnitrobenzene : - 3.163 E¥3
“m-Chloroaniline 3.086  E-3
‘p-Methy1phenol 3.079  E-3
0-Dichlorobenzene 3.026  E-3
_o-Methylphenol 3.008 = E-3
-0-Chloroaniline 2.924  E-3
~p-Chloroaniline 2.810  E-3
«'oﬁNitkophenol 2.666 E-3
| NN-Dimethylaniline . 1.049  E-3
--.0=Hydroxynitrobenzene 1.852 E-3
Anisole 1.805  E-3
Nitrobenzene _ _ 1.708 - E-3
Butylbenzene o o - 1.671 = E-3
,mechhTorobenzene | ‘ 1.525  E-3
Acetophenone - ;- ~1.401  E-3
p-Nitroaniline | CO1.156 E-3
m-Nitroaniline 1.007  E-3
| 1.,3,5-Trichlorobenzene | 1085 E-3
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TABLE 5.3.5 - Continued...

CHEMICAL Csuspended solids (ppm)
Phenol 92 B4
m-Methylaniline 8.615  E-4
Probyjbehzene’ 8.508 E-4
p-Methylaﬁiline 7.468  E-4
p-Dichlorobenzene - 7.246 E-4

: Bromobenzene ‘ © 6.940 - E-4
o-MetHy]anj]inevh. 6.594  E-4
‘Benzy] Alcohol 4.622  E-4
Isoprbpy]benzehg .3.678‘ E-4
o-Xf]enea 3.280 E-4

'o-Hydroxypheno] 2.858 E-4
p-Xylene 2.781  E-4
Ani}ine R 2.400 - E-4

m-Hydroxyphenol 2.379  E-4
m-Xylene 2.267  E-4
Ch]drobenzene, : 2.098“ E-4
m-Pheny]enediamine o 2.016 - E-4
Ethyl benzene . 1.655° -8
p-HydroxyphenoT . 1.468  E-4
Methy]benzene.l '.'. 6.008 E-5
0-Difluorobenzene : | 5.251 E-5
p-Dif]uorobeniene 4.882 - E-5

“m-Difluorobenzene o |  3.586  E-5
Fluorobenzene 2.747 E-5
Benzene 1.878  E-5




TABLE 5.3.6 - Rank1ng of Subst1tuted Benzenes by The1r

L

Potentials to Contaminate the Sediment Compartment '

CHEMICAL

% IN SEDIMENT

'1,2;4-Tribfomobehzene'
o-Diiodobenzene
m-Diiodobénzene
p-Diiodobenzene
1,3,5-Tribromobenzene
Hexach]ofobenzene
rp?Bromoiodobenzene
1,2,3,4-Tétrach10robenzene
-o-Ch1proiodobenzene
m-Ch1oroiod0benzene
m-Dibromobenzene
o-DibromobénZene
p-Chloroiodobenzene
Penfach]orqbenzene
1,2,3,5-Tetrachlorobenzene
.1,2,4,5fTétrachlprobenzene

”m-Ch]dropheno]

29.47
28.68
22.59
28.59

18.67
16.47
11.46

7.36
7.07
5.79
4.43
3.95
3.67
3.12 -
3.26

© 3.06

3.01
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- 'VI, CORRELATIONS

1  The‘pértﬁtioning behaviour of chemica]s'entérihg’the environment
is govefned,by‘their physicé] and chemical properties sucﬁ as sq1ubi]ity,'
:vapor pkeséure, and“n4octaho1-water pértition'coefficients. 'with this
ﬁn mind, in this thesis, the influeﬁce of so]ubi]ity and vapor pressure
bn the bartjtioning behaviour of a chemica] héving a'mean mq]ecu]ar
weight OfllSO g are ihvestigatéd through Mackay's Leve]iI‘Fugaéity ModeT;'x
' ;and.thebre$d1ts are gfven in Table 6.1.1. The’chemical‘having a vapor i'
x:fpreﬁsure~0f 10® mm Hg partitions h]timatély into thejair c9mpartmenf '
;even if;itihasfa so]ubi]ity of 10% ppm. While the.vaporfpressure of the
fchemica]'is'déékeasing the amount partitioning into the air compartmenf
fdeCreases;~ when the vapor pressure of the chemical is less than 10° mm Hg,
’jthe,amohntiparfitidning into the water compartment ihcrééses,wifh tﬂe E
,finckéasfng §o1ﬁBi]ityi When the Chemica] has;é 15& &apdr pressure'and
ilowvwatér sO]ubi]fty it betomeé aﬁ important éontamihanﬁ'for‘the soii,s
sediment and biofa\compaftménts. . ‘ ‘ | ‘
~In this theSis, an invesfigation is made to find if a simp]e
irelétiOnship could be established between the other physicochemical

properties of a chemical related to solubility and n-octanol-water



140

0 0 L10°0 0 0 620°0 0 0 620°0] -0 0
‘ . 901X1
0 oat 80°6S| 8l0°0] 88°0%} €6°66] LEO"0| £L00°0 ¥6°66] LEO'0] O |
0 0 200°0 0 o. ooo.v\. 2¢L0*0f v00°0 g9/°0l] 8L0°0] £00°0
. _ (011
0 001l 10°0 | 200°0| 86766 mm.om. L6V L] 96°PE 69°LL] €9°LL} S00°Q
0 0 0 0 0 mmm.o 200 0 ¥9°L¥| 800°C| ¢L0°0
. 2-01XL
0 00l .0 0 0ol y10°0 mo.o._. ¥0°86 61L°0] SO°LS L6%°0
0 -0 0 , 0 0 9v0°0 0 0 ¥9°€v| 0£0°0] ¥00°0
——F ———  s-0L
o | oot o | o | ool 0 | 65070 16766 100°0| 9L°9% | 61576
. B i dd
201X 20LXL 2-0LXL - 2-0LXL 0
BH ww 4
“DLJOM LU 4O sjuatnteduog ayy usamiag b 05|
40 u:mpmz JeLN23| 0} UB3l © BuiAey [BJLWRY) ® 40 ButuOLILIed Ay - — L9 378v1 Ps | ssy d




m

partition coefficient and its partitioning behaviour into the environ-
mental compartments. |
_One of the physicochemical properties that is related to n-octanol-

water pértition coefficient is w-substituent constant given by Eq. (2.21).

1og'K0w(Rx) - Tog K, (RH) = m(X) | | o "(2;21)

where log KOW(RX) is the logarithm of partitionfcoefficient-of the

chemical jn question, log Kow(RH) is the logarithm of the partition

coefficient of the parent structure, § is the substituent constant.

The second pnoperty is the total molecular surface area, TSA.

Langmuir first introduced the concept that the surface area of'the v
solute is a determinant of its activity. This concept considers that-

~ the maJor factor in solubility relationships is the. energy requ1red to

create a cavity in the solyent into which the solute is- p]aced _The
energy needed for the hole formation was cons1dered to be proportidna]
to the-eurface area of the so]dte. Realizing the difficulty and im-
portance of‘sorfece area.measurenents, Hermann [53] has deve]opedsa

computer program for estimation of surface area of nonspherica1~m01e-

| cules with fixed conformation. For the program, the molecule is con-

sidered as a collection of intersecting spheres comprised of individual

~atoms or molecular groups with each radius located at the nuclear center,

| standard interatomic bond 1engths; bond angles, Van der Waals radii

and torsional angles between various atoms in a molecule are the re-

'quired input for the program. . A radfus for the so]vent (water)fmay be

‘added to each radius on the solute molecule. Planes of intersection-

between ‘spheres are used to estimate the contribution to surface-areah
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from individual atoms or groups. The program computes the surface area

of individual atoms or groups by numericaiAintegration, and the overlap

due to jntersecting spheres is excluded from the,ca]cu]atipn. Tota}

- molecular surface area is calculated b& the summation of individdal\

‘group contributions. | | R
So]ubi1ity of'aliphatic alcohols correlated with their tetal

surface areas by Lande and Banerdee [24] and the following equation

was obtained

log S = -0.0317(TSA) + 3.80 B (R
S = mole/litre, TSA = A°2, n=75, r=0.986

:.The correlation equation betWeen so]ubi]ity"df 26 mono and multi-
ha]ogeneted benzenes and their TSAs was studied by Ya]koWsky et‘al [16]

and giVen'by

Tog § = -0.0103(t ) - 0.04225(TSA) + 0.3290 -~ (6.2)
S = mole/1itre, t =°C, - TSA=A°2, n =35 r=0.99

Lande and Banargee [24] studied the relationShip between solu-
| bility and total molecular surfece area for po]ynuc]ear.aromatic;hydro—

carbons, and they developed. that equation

log S = -0.0339(TSA) - 2.10 . | | (6.3)
S = mole/litre,  TSA = A°2, n =6, r =0.984

" Yalkowsky et al [47] studied the correlation between water solu-
bilites of 31 polycyclic aromatic hydrocarbons and indan and their -

total molecular surface areas, the following re]atithhip was obtained
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log S = -0.0282(TSA) - 0.0095(t ) + 1.42 ~ (6.4)
S =mole/litre, TSA = A°2, t =°C, n=32, r=0.9877

| Yalkowsky et al [47] correlated h-octano]—water partition coeffiF
cient of those compounds with their total molecular surface areas, and

- the rg]ationship was given by the following equation

- log K, = 0.0303(TSA) - 1.389 ' - (6.5)
TSA = A°2, n =32, r=0.987

The third‘physicochemjcal property that related to solubility
and n-octanol-water partition coefficientiis molar volume, MV, which |
can be calculated as the ratio of molecular weight and density.

Lande and Banergee [24] corre]ated solub111ty of alkanes w1th

he1r molar vo1umes and the fo]]oW1ng equat1on was obta1ned -

0.103 oo (6.6)
cm¥/mole, n =13, r = 0.887

-

109 S = -0.0299(MV)

S = mole/litre, MV

They also deve]oped a correlation between solubility and molar

vvo]ume for cyc]oa]kenes [24]

log S = -0.0362(MV) + 1.21 * | (6.7)
S = mole/litre, ‘MV. = cm®/mole, n =7, r =0.846

Another correlation equation relating aqueous solubility to molar

vd]umé for liquid alkynes was derived by Lande and Banargee [24]

log S = -0.0315(MV) + 1.26 - | (6.8)

S = mole/litre, MY = cm*/mole, n =29, r =-0.902
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Miller and Wasik [20] studied the relationship between molar volume

and solubility for chlorobenzenes and polychlorinated biphenyls

log S = 3.40 - 0.0248(MV) | | | (6.9)
$ = mole/litre, MV = cmd/mole, r = 0.92

Miller and Wasik also derived a correlation equation relating
n-octano]-Water partition cdefficieht to molar volume for those com-

pounds

Tog K, ='0.49 - 0.020(MV) o (6.10)
MV = cm®/mole, r = 0.97

- In this thesis, correlations between mass partitioning of halo-'
benzenes and fhese three physicochemfca] properties, total mo]ecu1ar‘
surface area, TSA, molar vo1ume, MV, and the substituent -constant,m,
arevinvestigatéd. The . physicochemical properffes used for correlations
are given in Table 6.1.2. The mo]ar}volume and total molecular surface
area values are taken from Yalkowsky's paper [16], m values are ca]cué

Tated by using Eq. (2.22)
* : . n ) V ‘ '1 .
= ] )
log K0 (R X] 9v ) 109 K (R Hn) + % ﬂ(Xn) (2.22)

~where log K (R X] 9t X ) is the logarithm of the partition coeff1-
cient of the compound under cons1derat1on, log Kow(R'H )} is the loga-
rithm of the part1t1on coefficient of thg parent structure, m is the

substituent constant.
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| Specimen Calculation

As given in Table A.2.7, o-difluorobenzene has a log K va]ue of
\2 59 and benzene has a log K va]ue of 2.13 and then 7 va]ue for

o-d1f1uoro substituent is ca]cu]ated by using Eq. (2. 22) ?}

N i 2 3
-log K_ (0-C.H,F,) = Tog K_ (CH.) +
g ow( 64 2) g ow( 6 6) § n(F)
= 2.59 - 2.13 = 0.46 S

| The statiStica] calculations are performedeith'Casiolfx-BSOOP}

sc1ent1f1c ca]cu]ator The results are given 1n Table 6.1.3. The
~vnegat1ve s]ope va]ues for the correlations w1th mass part1t1on1ng 1nto__
" the air compartment indicate an inverse relationship to these three
parameters. | o o | o

For benzene and 33 ha]obenzenes the corre]at1ons between part1-'
tioning 1nto the soil, sed1ment b1ota, suspended so]1ds compartments :
and these three, parameters having a corre]at1on coefficient of greater;
'than 0.8 are good but the corre]at1ons between part1t1on1ng into the
‘a1r, water compartments and these three parameters are poor These
',correlat1ons are shown in Figure 6.1.] Figure 6 1.2, F1gure 6 1. 3
F1gure 6. 1 4, F1gure 6.1.5 and F1gure 6.1. 6 o |
| when halobenzenes are divided into severa] groups, the most of |
the corre]at1on coefficients for the soil, sed1ment b1ota and suspended
solid compartments exceed 0.9 and a]so some correlation: coeff1c1ents
for the water and air compartments exceed 0.9. |

The correlations for dihalogenated benzenes are shown in F1gure

6;j.7, Figure 6.1.8, Figure 6.1.9, Figure 6.1.10, Figure 6.1.11 and :



149

compounds)

4 -9,

.995

TABLE 6'1'3,' Regression Analyses Using Equation y = A + Bx!

CHEMICAL CLASS x n A B v Mo
Benzene‘and‘Halobenzenesvlog% inair m 34 2.064 -0.084 L4d:531_; iig
(includes 1-34 numbered " MV 25 2.336 -3.36x10"% .-0.551 ~ (2
compounds ) oo TSA 34 2,417 -3.27x10"®* -0.538  (3)
Monohalobenzenes =~ n .4 2,000  -0.016_ -0.898 = (4]
(includes 2-5 numbered . " MV 4 - 2.099 -1.05x10"% .-0.921 - . (5)
compounds) o TSA 4 2.071 -6.21x10-* -0.913  (6)
Diha]obenienes,- 1 - " T 12 2.156 . -0.173 >-0.750 : -(7f
(includes 6-17 numbered " MV 11 2.870 -8.20x10~° -0.658 ~ (8)
compounds) : d' TSA 12 2.860_~-6.59x10‘3 -0.751 (9)
Dihalobenzenes - 1 - " T 9 ;2.015\ —O.b26 -0.760 ,'(10)
(includes 6-14 numbered b MV 9 2.128 -1.29x10"% -0.628 (11
compounds) | " TSA 9  2.790 -6._20x10"-3 -0.751 (12
Dihalobenzenes - 2 - L m 7 2.369 -0.266 ‘-0;946 13
(includes 18-24 numbered. " - MV 5 2.300 -2.86x10-® -0.378 - (14
compounds) " TSA 7 3.007 -6.86x10"® -0.88 (15

Dihalobenzenes - 3 - " 19 2.165  -0.154  :=0.677  (16)
(includes 6-24 numbered " MV 16 2.771 -7.16x10"3 ;-0.588 (17
compounds) | | " TSA 19 2.784 -5.85x10"3 -0.678 (]8}
Trihalobenzenes " T 5 2.891  -0.429 - -0.916 (19]
(1nc1udes)25-29 numbered " TSA 5 4,548 ~ -0.016 . -0.855 (20
compounds - S

“Chlorobenzenes (1nc1udes " m 12 2.058 -0.045  -0.565 & (21
3,9-11,25-27,30-34 MV -8 2.326 =-2.93x10"% -0.947 V;(ZZ;
numbered compounds) " TSA 12 2.301 —2.08x10" -0.712 (23
Bromobenzenes (inc]udes o R 6 2.278 -0 212 ,701798,t (24;
4,12-14,28,29 numbered " "MV 4 2.088 -1.04x10"% -0.420 ° 2254
compounds) | TSA 6 3.338 -9.42x10-% -0.833 26

‘Benzene and Halobenzenes Tog% in soi] 34 -2.024  1.156  0.908 (27
(includes 1- 34 numbered "o . Mv: 25 -5.936 0.049 . 0.796 ;(28*
compounds) " TSA 34 -6.694 0.044  0.893 (29
Monoha]obenzenes " i | 4 -2..330 1,770 . '0;991 ' (30
(includes 2-5 numbered " MV 4-12.78 . 0.114  0.997 (31

" TSA 757 0.068 0 ‘




TABLE 6.1.3 - Continued..
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CHEMICAL CLASS

| y X n. A B r No.
Dihalobenzenes - 1 - log% in soil = 12 -2.698 1.640  0.994 (33)
(included 6-17 numbered W My 11 -11.410 0.096  0.937 §34)
compounds) | o TSA 12 -9.22 0.062° 0.980 (35)
Dihalobenzenes - 2 - " n 7 -3.190 1.959  0.900 (36)
(included 18-24 numbered " MV 5 -3.214 0.030 0.300 (37)
compounds ) . " TSA 7 -8.490 0.058 ~ 0.813 ~ (38)
Dihalobenzenes - 3 - " m 19 -2.711 " 1.674 0.988 - (39)
(includes 6-24 numbered " MV 16 -11.22 0.095 0.914 (40)
compqunds) " TSA 19 -9.280 0.063 0.972 (41)
Trihalobenzenes n TSA 5 -11.76  0.073  0.827 (42
(1nc1uge? 25-29 numbered " T 5 -4,209 1.960  0.886 (43
compunds o :
Ch]oqobggzenes (12c]udes ' " T 12 -1.684 0.853  0.952 %44; |
13,9-11 27 ,30-3 ‘ " MV -8 =3.440 0.027 0.831 45
numbered compounds) " TSA 12 -4.840 0.031  0.929 (46)
Bromobenzenes (includes L T 6 -1.695 1.101 0.972d (47)
4,12-14,28-29 numbered " MV 4 -6.422 0.056 0.777  (48)
compounds) " TSA 6 -6.781 0.046 0.949 . (49)
Benzene and Halobenzenes Tog% in water m 34 .-0.195 0.147 0.268 ~ (50)
(includes 1-34 numbered " MV 25 -0.803 7.32x10"% 0.310 (51)
compounds) " TSA 34 -0.785 5.55x1073 0.262 (52)
Monohalobenzenes n n 4 -0.526 0.777 ~ 0.965  (53)
(includes 2-5 numbered " MV 4 -5.153 0.050 0.979 (54)
compounds) " TSA 4 -3.806 0.030 0.974 (55)
Dihalobenzenes == 1 - 0 r 12 -0.842 0.620  0.956  (56)
1 (includes 6-17 numbered " MV 11 -3.943 0.035 0.868  (57)
compounds) " " TSA 12 -3.265 0.023 0.934 (58)
Dihalobenzenes - 2 - " T 7 -1.374 0.952  0.704 (59)
(includes 18-24 numbered " MV 5 0.322 2.57x10~"*3.645x10~Y60)
compounds) " TSA 7 -3.577 0.026  0.582 - (61)
Dihalobenzenes - 3 - ! ® - 19 -0.856 0.649  0.925  (62)
(includes 6-24 numbered " MV 16 -3.870 0.034 0.805 (63)
" compounds) " TSA 19 -3.356 0.024 0.899 (64)
Trihalobenzenes (includes " T 5 -2.390 0.956  0.681 - (653
25-29 compounds) n TSA 5 - -5.765 0.034 0.603 (66
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CHEMICAL CLASS vy X n A B r  No.
Chlorobenzenes (includes Tog% 1n water T 12 0.063 -0.150 -0.342 (67)
3, 9-11,25-27,30-34 MV 8 -0.130 -2.13x10™* -0.020 '(68)
numbered compounds) " TSA 12  0.477 -4.51x107° -0.280 (69)
Bromobenzenes (1nc1udes " T 6 0.102 0.104 0.370 (70)
4,12-14,28,29 B " My 4 -0.135 3.64x10"® 0.140 (71)
numbered compounds) - " TSA - 6 -0.269 3.68x10"% 0.303 (72)
Benzene and Halobenzenes log% 1n biota = 34 -5.086 0.996 0.884 (73)
(includes 1-34 numbered MV 25 -8.478 0.042 0.780 (74)
compounds) . " TSA 34 --9.108 0.038 0.869 (75)
Monohalobenzenes .- . 4 -5.418 1.630  0.991 (76)

| (includes 2-5 numbered " MV 4 -15.04 0.105 0.997 (77)
‘\:compounds) . . oo TSA 4 -12.25 0.062 0.994 (78)
Dihalobenzenes -.1 - u @ 12 -5.728  1.467  0.992 (79)
(includes 6-17 numbered " Mv 11 -13.50 0.086 0.936 (80)
compounds) " TSA 12 -11.54 0.055 0.977 (81)
Dihalobenzenes - 2 - " m 7 -6.277 1.808  0.884 (82)
(includes 18-24 numbered " MV 5 -5.984 0.025 -0.263 (83)
compounds) - " TSA 7 -11.11 0.053  0.793 (84)
Dihalobenzenes - 3 - x © 19 -5.743  1.497  0.985 (85)
(includes 6-24 numbered = - " MV 16 -13.33 0.085  0.910 (86)
compounds) , " TSA 19 -11.61 0.056 - 0.967 (87)
Trihalobenzenes " T 5 -7.296 1.814‘ 0.875 §88)
(includes. 25-29 numbered " TSA 5 -14.24 0.068 0.810 (89)
compounds) SRR S L
Ch]orobenzenes (includes " T 12 -4.831 0.701 0.863 (90)
3,9-11,25-27,30-34 " MV '8 . -6.282 0.023 0.833 (91)
numbered compounds) . "TSA 12 -7.458 0.025 0.850 . (92).
-Bromobenzenes (includes " n 6 -4.793 ° 0.958 0.965 (93)
4,12-14,28,29 numbered : . " MV 4 -8.88 0.048 0.755 (94)
compounds) R B TSA 6 -9.205  0.040 0.940 (95)
Benzene and Halobenzenes log% in sus. T 34 -4.805 1.142 0.909 (96)
(includes 1-34 numbered ,so0lids MV 25 -8.683 0.048 0.799 (97)
compounds) ! TSA 34 -9.417  0.043 0.893 (98)
Monohalobenzenes "o T 4 -5.12 1.758 0.992 (99)
| (includes 2-5 numbered L MV 4 -15.49 0.113 0.997 (100)
| compounds) . " TSA 4 -12.49 - 0.067 0.995 - (101)
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CHEMICAL CLASS y X n B r " No.
Dihalobenzenes - 1 - 1og% in sus. sol. 12 -5.455 1.616° ° 0.993 (102)
(includes 6-17 'MV 11 -14.01  0.094 0.939 (103)
numbered compounds) ! TSA 12 -11.85 0.061 0.979 (104)
Dihalobenzenes - 2 - ' m 7 -6.003 1.959  0.900 _(105;
(includes 18-24 | - MV 5 -6.024  0.030 0.230 (106
nuibered compounds) " TSA 7 -11.30  0.058 0.813 (107)
Dihalobenzenes - 3 - u « 19 -5.469 - 1.647  0.987 (108g
(includes 6-24 . MV 16 -13.83 0.093  0.915 (109
numbered compounds) " TSA 19 -11.92 0.061 0.970 (110)
T(1ha10benzenes " m 5 - -6.915 1.913  0.885 (111)
(1nglug§sé25;29 ) " TSA . 5 -14.32 0.072 0.829 (112)
number ompoun
Chlorobenzenes (includes " T 12 -4.560 - 0.853 0.901 (113)
3,9-11,25-27,30-34 " MV 8 -6.230 .0.027 0.829 (114)
numbered compounds) " “TSA 12 -7.727  0.031 0.884 (115)
Bromobenzenes (includes " n 5 -4.170 0.957 0.922 (116)
4,12-14,28,29 " MV 3  6.056 0.067 -0.996 (117)
numbered compounds) " TSA 5 -7.892 0.036 0.887 (118)
Benzene and Halobenzenes 109% 1n sed. 3¢ -2.032 1.147  0.908 2119)
(includes 1-34 numbered ' MV 25 -5.922 0.049 0.798 (120)

:compounds) " TSA 34 -6.664 0.044 - 0.893 (121)
~ Monohalobenzenes " T 4 -2.365 1.779 0.993 (122)
(includes 2-5 numbered " MV 4 -12.85 0.115 0.998 2123)
.compounds) " TSA 4 -9,820 0.068 0.996 (124)
Dihalobenzenes - 1 - " T 12 -2.678 1.620 0,993 (125)
* (includes 6-17 numbered " MV 11 -11.29  0.095 0.940 (126)
compounds) " TSA - 12 .-9.110 0.061 0.980 (127)
Dihalobenzenes - 2 - " T 7 -3.218° 1.955 0.898 (128)
(includes 18-24 " MV 5 =3.142 0.029 0.292 (129)
numbered compounds) " TSA- 7 -8.500 0.058 0.811 (130)
Dihalobenzenes - 3 - X 19 -2.692 1.65 . 0.987 (131)
(includes 6-24 " MV 16 -11.09 0.094 0.916 §132)
numbered compounds) " TSA 19 -9.167 .0.062 0.971 (133)
Trihalobenzenes (includes " ™ 5 -4.,227 1.956 0.887- (134)
25-29 numbered compounds) " TSA 5 -11.77 0.073 0.828 (135)
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CHEMICAL CLASS y X

; n A B r  No.

‘ ‘

iCh]orobenzenes y log% in sedim. 7 12 -1.755  0.838 0.903 §136)‘
(includes- 3,9-11,25-27, N MV 8 -3.927 0.026 0.819 (137)
numbered compounds) " TSA 12 -4.83 0.03  0.879 (138)
Bromobenzenes " T 6 -1.723 1.101 . 0.972 (139)
(includes 4,12-14,28, " MV 4 -6.474  0.056 0.780 (140)°
29 numbered compounds) .. " TSA 6 -6.808  0.046

0.949 (141)

Linear Regression

| y=A + Bx -

B = N.IXy - IX.LY -
nIx2 - (Ix)?2

A'= Ly - B Ix
' n

: | n.IXy - IxX.Ly
V{n.zx? - (x)2}{n.zy? - (Zy)?}
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ment versus total molecular surface area ‘TSA, molar volume
MV, and TT substituent constant for halobenzenes
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- FIGURE 6..4. Plots of logai‘ithm of mass. partit'ioning into the biota compart- .
ment versus total molecular surface area TSA,molar volume MV,'

and TT substituent constant for. halobenzenes.
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FIGURE 6.1.5. Plots of logarithm of mass partitioning into the suspended

solids compartment versus total' molecular surface area TSA;

motar volumeMV,and TT substituent constant for halobenzenes
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FIGURE 6.1.7. Plots of log'ar‘ithm of mass partitioning into the ai.r‘
compartment versus total molecular surche area TSA,

/ C . .
molar volume MV,andTT substituent constant for

dihalogenated 'benzenes
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FIGURE 6.1.8. Plots of loganthm of mass purtltlonmg into the soil
‘ compartment versus total molecular surface area TSA

“molar volume MV, and TT substituent constant for diha-

logenated benzenes



log % IN WATER

162

10 120 130 140 150 160 170 180 TSA

.90 . 100 10 . 120 130 140 150 160 MV

FIGURE 619 Plots of loganthm of mass partitioning mto the water
compartment versus total molecylar surface area TSA
molar volume MV, and T substltuent constant for di-

halogenated benzenes
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FIGURE 6.1.10 Plots of Ioganthm of mass partitioning into the blOtG

compartment versus total molecular surface areaTSA,
molar volume MV, and TT substituent constant,for diha-

logenated benzenes
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Figure 6.1.12. These carre1afions except:fer‘the air compartment with
a corre]at1on coefficient of greater than 0.9 are very good There is
a poorer corre]at1on between part1t1on1ng into the air compartment and
" these three parameters |

The compar1son of the calculated equ111br1um distributions of
diha]ogenated benzenes from TSA, MV and T by using the correlation equa-
t1ons obtained dur1ng th1s study with those ca]cu]ated through Mackay's
Level I Fugacity Model is given in Tab]e 6. 1 4. As can be seen also in
Figure 6.1.13, Figure‘6,1.14,,Figure 6.1.]5,'Figure 6.1.16, Figure 6.1.17
and Figure 6.1.18, these values calculated frbm TSA, MV and 7 va1ue$ are
in agreement with those calculated through MaCkay's Level I Fugacity

Mode],
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1.4

"log % IN AR

calculated through Mackay’s levell fugacity approach -

“"FIGURE 6.1.13. Plots of logarithm of mass p‘ar‘titidning’ into the ‘air compart-

" ment calculated from total surface drea TSA by equation 9

( OO ),frommolar volume MV by ‘eq-udti'on 8 ( <> ), from TT

substituent co‘n'st'c‘int by equation 7 ( /\ ) versus t'vhos,e}

calculated throughMackay’s level I fugacity “approach

for dihalogenated benzenes
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log % IN SOIL calculated throﬂugh MACKAY‘s level I fugacity approach
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FXGURE 6116 Plots of logarlthm of mass partltlonmg into the biota com-j
partment calculated from total molecular surface area TSA,
by equation 81( O ).from molar volume MV by equation80
( 0 ), fromTTsubstltuent constant by equation 79¢( A )
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approach for dihalogenated benzenes
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V11 CONCLUSIONS

Conclusions drawn from this study can be outlined as fp]]ows:

. In this thesis, the equilibrium distributions of benzene

and 72 substituted benzenes between the compartments of a
hypothetical unit world are'ca1cu1ated._ These calculated

~ values indicate where each substance goes as-well as the |
re]ati?e concentrations adbpted at a common fugacity.:

. The behaviouh and concentrations ihjthe‘real‘ehvtrehﬁehtv'

’ will differ from those ca]cu]ated but the dom1nant behav1our>

character1st1cs shou]d be m1m1cked

. Inputs, outputs and transformat1ons are not taken into
consideration in the ca]cu]at1ons _ More complex fugac1ty
models can be used to compare these add1t1ona1 features

Proceed1ng from Tevel to 1eve1 a prof11e of the env1ronmenta1

behav1our of the chemicals W1]] become 1ncreas1ng]y c1ose to

the actual env1ronmenta1 behaviour. On the other hand comp-
1exity wi]]vbrfng not only the need for more input'data but.

also the greater.possibi1ity for errors or mistakes.



4. The calculated va]ues are des1gned to set pr10r1t1es for

each compartment and indicate the areas in which the greatest

opportun1ty for degradat1on should occur. -

a)

.b)

c)

Alkyl benzenes except buty] benzene, xylenes mono5and"

dif]uorobenzenes, mono-, d1-, tr1ch1orobenzenes mono i

yand d1bromobenzenes, mono1odobenzene are 1arge1y d1ssipated

,1nto the air compartment The potentia] env1ronmenta1

problems caused by these chemica]s wi]] be atmospheric

" and photodegradat1on becomes an -area that is worthy of

investigation.

A11 phenols, all anilines, acetophenone, benzy] a]cohol.i
buty]benzene, anisole, n1trobenzenes, d11odobenzenes.

ch]oro1odobenzenes. bromo1odobenzenes, bromoch1orobenzenes,

yiodobenzene. d1bromobenzenes tribromobenzenes significant1y'

part1t1on into water compartment therefore 1t 1s necessary
to 1nvest1gate whether a degradative mechanism for these :

compounds is available 1n.the water compartment:or»not,

D11odobenzenes, tr1bromobenzenes hexach1orobenzene,
bromo1odobenzenes, ch]oroiodobenzenes, tetrach]orobenzenes.
pentach]orobenzene g1ve ‘the expected pattern of 1arge

b1oaccumu1at1on 1n b1ota. They should be exam1ned ex~

' per1menta11y for degradab111ty and. also for the poss1b111ty

of bioconcentrat1on in aqueous systems.



5.

179

d) D11odobenzenes tr1bromobenzenes tetrach]orobenzenes. l
. pentach]orobenzene, hexachlorobenzene, " bromoiodobenzenes, _

chloroiodobenzenes s1gn1f1cant1y partition 1nto soi],

- .sed1ment suspended so]1ds compartments The great

affinity for soil and sediment suggests that once an
aquatic ecosystem becomes contam1nated these chem1cals

in the sed1ment and soil compartments wi]] act as a 'T
source for further contam1nat10n in the food chain long
after the effects of the direct source has been.termlnated.
The study of degradation must be conducted in these comf_

partments.

If the degradat1on processes take place 1n the 1ndicated B

compartments, the reaT amounts and concentrations: w1TT be Tess

~ than expected. On the other hand degradat1on products will

be of concern since they adopt a new set of Z values wh1ch N

will part1t1on qu1te d1fferent]y

When a group is subst1tuted on a benzene r1ng, as the subs-

t1tuted benzenes have d1fferent phys1cochem1ca1 properties. o

| they part1t1on into d1fferent env1ronmenta1 compartments.'

va) The substitution of a po]ar group on the benzene r1ng :h

such as hydroxyT or am1no group cause the compound to
part1t1on most]y 1nto the water compartment The second
group subst1tuted on an111ne and phenol does not sign1- ‘

f1cant1y influence th1s partitioning.




d)

e)

- suspended so]1ds and biota compartments 1ncrease:.sign1-'*
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‘The amount'partjtioning into the air compartment”;a““’”

increases with the increasing number of f]uorine

substitution,

The iodine, bromine and chlorine substitution decrease
the amount partitioning 1nto the air compartment and
1ncrease “the amount partltioning into the soi], sediment,

suspended solids and biota compartment

With the increasing number of iodine substituents;'i
the amount partitioning into the air compartmentj‘_"*“
decreases and the amounts partitioning into the soil,

sediment, suspended solids and biota compartments in-

crease s1gn1f1cant1y compared w1th those of the bromine '

subst1tuents.

With the 1ncreas1ng number of brom1ne substituents the ,

amount part1t1on1ng into the air compartment decreases

and the amounts part1t1on1ng into the soil, sediment, -

ficantly compared with those of the chlorine substitdents.

The substitutton‘of nitro‘group’on'thevbenzene rtngvdoesft
not greatly tnfluence Partitioning, namely nitrobenzenes
either partition’into‘the air compartment or water com-
partment depending on the influence of the second subs-’

tituted group on the ring.



- q) Monoa]ky]benzenes ultimalety partition into air: compart-

'ment except buty1 benzene.

- h)" Although monomethy15substitution causes the anonnt :
partitioning into the air compartment tp increase. .
dimethyl substitution only causes it to decrease :

slightly.

7. Two physico-chemica] properties namely, water so]ubi]ity
and vapor pressure p1ay an important role in determining :
the potential 1mpacts of chemicals in the env1ronment. fIn -
this study it is found that the influence of vapor pressure ‘

: 15-greater tnan that of_so]ubility.

‘a) Compounds hav1ng high vapor pressures uitimately partition

into the air compartment even if they have high so]ubilities.

b) Compounds having 1ow vapor pressures and high so]ubi1it1es ‘

mostly partition into the water compartment.

c) Compounds having Tow vapor pressures, 1ow water so]ubi]ities

-and thus high n- octano]-water partition coeffic1ents par- =

tition appreciably 1nto thebiota soil, sediment and suspended

‘SO]TdS compartments.

It is also interesfing to note that during this work good corre-
Tations between the logarithm of mass partitioning of halobenzenes and |
their tota1 moiecu]ar surface area TSA, molar volume MV and hydrophobic

substituent constant m values were obtained. The mass percentage va]ues



182

calculated through Mackay's Level I approach were in agreement with 8

those-calculated by using the correlation equations obtained from"
“this study. - Therefore we believe these correlations wi11'enable.us ‘
to calculate the likely equilibrium distribution by using only.oné‘

\

property TSA, MV or w.
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COMPUTER PROGRAMS AND OUTPUTS



COMPUTER PROGRAMS
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THE FIRST COMPUTER PROGRAM

v013u REx FUGACITY CALCULATION - FUCAL .

ui33
:unl3b
‘u0137
Tiyn138
Vi 4y

L0150

ul179

uiL8u
v019u
WwheOu
gte 1y
ullé2u
whd3u
JOZ 4y
wle50
J0cbu
GN27u
w0 Z28v
w29y
w0370
o310
U320
w033vu
0340
wi3sy
JG36v
w370
wO38y

w0390,

G4 Cu
w0410
G420
J0430
w0440
w045y
vl46yU
ulta7u
PMETTV
JN49y
uig9)
uhb4y
J05640
w058y

REM -
REM
RF#
R En

REm 1o THE ARRAYSal)AIR,¢>SOIL,3>HATLR,4>BIUTA,5>SUS.SOLIDSs
6>SEDIMENT.

REh ARRAYS= VOVOLUME sD>DEHSITY 3P >ORG. CARBON PLPCENT,A>AnﬂuNTvC>CU
Z>FUGACITY CAPACITY CONSTANT 9K >H

UIh
DTia
DIM
O T,
DTh
DIt

D(6)

Pl6)

2(6)

rnie)
£(6)

Aflb)

DIN C(6)

DI TH(e6)
T3(1l)="AIR"
T$(2)="SOIL"
T4(3)="HUATERY
T4(4)="BI0TA"

V{L)=1E+1"
V(2 )=Jg+3
VI3)=T7E£+06
V‘(lt)""acs
v-(5)=35
Vie)=21000
D(L)=,uNL19
D(2)=1.5
0(3)=1
D(4)=]
D(H)=l,5
D(b)=1e5"
P(2)=2
P(5)=4
P(6)=4
T=29

R=Y e 314
RFH ASSIbNﬁ&NT UF VALUES TO VARIABLFS‘

FOR K=1 TO 64

WE£H XX AXXX XX XX

LMNPUT C9%

INPUT
INPUT C8

T#(5)="SUSP SOLIDS"
TE(6) ="SEDIKENT" ‘ ; ’ ,
N En ASSIGNhtNT UF VALUES TU PARAMETERS | :

e e e, g e rmmre < £ o

W ey < e gt e e

ASS PART.,F)EQUILIBKIUP PART.
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J060y
wiblu
JDo2u
Suho3u
B4y
UhbLSu
s0o51

;J007U
o8By

JO70G

Jo72v
w0730
JOT740
w750
w0760
JO77u
yh78u
JgQ79u
JOBHC
v(38lu
90B2u
ulig3u
J0G84y
vOygbu
RVIAY-Y-17)
OB 7y
w088y
GNB90
w9y

“wl92u
4093y
J09 40
JN950
wN96y
J0970
w098y
JN99¢
w991
w99
40993
994
w995

Jlobu

009y

IN SR

STV

INPUT P5.
PB=P5/40N0T5 T - ' -
RENXXXXX PRINT "DU YUU HA VE AN EXPERIMENTAL VALUE FOR ®

REH XXXXX PRINT "OCTANOGL=WATER PARTITIUN COEFFICIENT [Y/N]° "
REM XXXXX INPUT J% o

th‘XXXXX IF Jds="y" GOTQ 00690

G0 TU 700 L
08=5=e067%LUG((CB8%L0I)/H) /230259 .
L7=08 - ‘

GOTO Q710

RERm XXXXX PRINT "LOG OF OCTANOL - WATER P&RTITION COEFFICIENT dD"

INPUT L7
KErn CALCULATION OF FUGACITY CAPACITY CONSTANTS
Z(L)=1/(R%T)

H=P 84*/C8

2(3)=1/H _
K 8l=].'\.)'\( 05'5‘9‘1.;7"'07)

Z{4)=K8%D{4)/H
K2=P(5) %, 6%10al7/12U0

L (5)=K2*¥D(5)/H

K3=P(2) %, 6¥10AL7/107

Z(2)=K3*%D(2)/H

K9=P(6) % 6% 10ALT7/1GN

Z(6)=K9*%D(6)/H

REM CALCULATION OF DISTRIBUTIOM VALUES
SB:I

$6=0

FOR I=1L TO 6

'$8=S3+2(1)

55=S5+Z(1)%VI(])

NEXT I

F= LOu/SS

FOR 1=1 TO o ' . . o B
All)I=sZOI)*V(I)/S5 ) S o : w;‘j
E(L)=Z2(T1)/Ss : '
A(I)=F*Z(T)*V(I)

COLI=ACTI/VIIY*K/D(T)

NEXT 1

FOR I=1 TO 10
PRINT

WEXT 1

PRINT "MadE OF CHEHICAL . "
PRINT C$ , |
PRIMNT "“MULECULAR WEIGHT (G/MOLE) " o

PRINT #

PRINT "AQFJOUS SOLUBILITY (PPH) ’
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Contin'ued. .

U997 PRINT C8 ' o
00998 PRINT "VAPOUR PRESSURE (hi HG)";
90999 PRINT P5 : » ' ,
1000 PRANT "LOG OF OCTANOL =WATER PARTITION COEFFICIENT™;
1uN2 PRINT L7

vluD7 RFl PRINT-0UT OF DISTRIBUTION VALUES o
LLIG1U PRINT M "3"HASS PART "y "EQUICPART ", "AhUUNT 4y MCONCENTRATION®
uly2¢ PRINT w ttgyw e ) ] "en (HOL) . T (PPH) - "
Glu3u PRLINT : . ,
Jylu4yu FOR 1I=L TN 6
vlub5u PRINT T%(I),h(l),t(I),A(I),C(l)
Jlubyu PRINT '

Ulu7u NEXT I
olu8u PRINT ' )

© wlu9u REX KEPEAT PROCEDURE FOR NEW CHEMICAL
Ul100 REH XXXXX PRINT "™'Y' TO INPUT MEW CHEMICALese';
Ulile REM XXXXX INPUT A
01120 KREN XXXXX IF A$="Y" (R A¢="Y" THEN GUTO 00490

- ul122 RENXXXXXXXXXXX CNEXT K
wli27 END

Nake OF CHEnICAL A HYPUTHETICAL SALUTE OF HACKAY

HOLECULAR METIGHT (G/HOLE) = 150

AQEUUS SOLUBILITY (PPH) 50 -

VAaPUUR PRESSURE  (HM HG) 0075

LuG OF UCFANDL=WATER PARTITION COEFFICIENT 345 : . : :
: iHASS PART. EQUI«PART, AMOUNT CONCENTRATION

(hOL) (PPN
ALR . .549986 2455472E-6 - 5449986 | 6.93260E—4
sotL  2.32687E=2 « 120094 2432687 .“, 2458541F-2
MATER ‘ 317947 2410983E-3 3147947 6481315E—4
BIOTA o 2e9945GE =5 «397419  2499450E-3 .128336
SUSP SOLIDS 1.80979E=4  «240188 14 86979E=2 5¢17062E=2

SEDIMENT 2108587 « 240188 1048587 ] 517082E~2
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THE SECOND COMPUTER PROGRAM

60130
00133
00135
00137
(0133
00142

Co1s)

00173

{1013)
¢c0193
ey
une10
noz2l
g0z 3d
poz4d
00253
Q0263
00e7d
gz &l
0029)
ca300
00312
00323
00330
G034
003537
003260
6270
00382
00390
LC4aQD
HUA D]
10423
0043)
00440
0450
00462
U047

004 80

00493
CR49
L0540
GOt 6D
0Qs582

REKH

DIM D(6)

N(3)=7E+U6

REM FUGACITY CALCULATION = fuCAL™ = 7
REA - | ‘ |

REwW
REK
REM 1IN THE ARRAYxr1>AIR1?>SOIL,3>NAT[R/4>BIOTR;5>SUS SOLIDS,
6>SEDTHENT
R ARRAYS= V>VOLUME,D>DENSITY ,P>ORGLCARDON PLPCENT/A)AHOUNT:C>LO
' Z>FUUnCITY CAPACITY CONSTANT1P>HASS PART./E>EQUILIBRIUM PART.

DIM F(O) . _ : : ; R
DIM 2(6) : : '

DI M(6)

DIM E(6)

DIA A(6)

DIM C(&)

DIA T3(4)

TEC1I="AIR"

TIC(2)="501L"

T3C3)="WATER" ~ S
T3(4)="061aT A" . : W
T$(5)="SUSP SOLIDS" . }
TECHI="SEDIMENT" :
REM "ASSIGNMENT OF VALUES TO PARAhrTrRS

V(1)=6E+9 , ,

V(2)=450100Q

v(4)=7

v({5)=35

V(6)=21200 .
0(1)=,00G119

0(2)=1.5

D(3)=1

DC4)=1

c

o
~
(%

~s

S AN

P A

R=3.314
REA ﬁSSIGNh(NT OF VALUES TO VAPIABLES

REM “FOR K=1 TO ‘4
INPUT C&

INPUT #

INPUT C&
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CO603
pGe1d
- 00623
00630
Go642
60652
G651
G066)
w670
GO683
(0693
goved
NQ71)
60729
00733
00743
00753
G077 63
Go772
0n78l
792
gnaMm

0Ne2)
GgQ08330
00847
00850
GN&sd)
. 00874
ongad
c0E9D

00910
0092)
£0N9e3d
G094)
unoes)
00963
06097)
GG98I
Gd9g%)
0991
6099z
N9 93
0994
G0%9s

IHPUT PS5 - - I

B E]

(090U,

P3=P5/.0475

RENXXXXX PRINT "DO YOU HAVE AN EXPERIMENTAL VALUE FOR "

REM XXXXX PRINT "OCTANOL~wATER PARTITION COEFFICIENT $Y/Nu? "
REM XXXXX INPUT J3

REX XXXXX IF J3="Y" GOTO 00490

GO0 TC 700

08—5-.0?*LOG((C8*1OPO)/H)/2 30259

L7=0¢& . i
GOTO Q0710 h
REA XXXXX PRINT "LOG OF OCTANOL=-WATER PARTITION COEFFICIENT co"
INPUT L7

REM CALCULATION CF FUGACITY CAPACITY CONSTANTS

ZC1)=1/(R*T)

H=p 3xi/ C3

Z(3)=1/H

K3=1CUCLE54L7=a7) R .
Z(4)=K8*D (4)/H |
K2=P (5) %, 6% 1GUL7/ 100

Z(5)=Ki*C(5)/H

K3=pP(2)*,6%x100L 7/ 100
Z(2)=K3*x0(2)/H

K9=P (6) x, 6% 1CUL 7/ 100

2(6)=K9 =D (&) /H

REM CALCULATION OF DISTRIGUTION VALUES
$3=0

$5=

FOR I=1 TO &

S3=SE+2(1)

$5=55+2 CI)xv(I)

NEXT I

F=100/S5
FOR 1=1 TO 6
M(I)=Z(I)*V(I)/S5

£(I)=2(1)/58

ACL)=FxZ(L) *v (1)

C(I)= A(I)/V(I)*%/u(l)
NEXT I

FOR 1=1 TO 1L

PRINT

NEXT I

PRINT “NAYE OF CHEMICAL

"
’

PRINT C3 . , -

PRINT “HOLECULAR WEIGHT (G/HOLE) ",
PRINT 8 , , o .

PRINT "AQEOUS SOLUBILITY (PPH) ;
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Continued. .
60997 PRINT C38 ‘ : )
00998 PRINT "VAPOUR PRLSSURE  (rf HG)";
00999 PRINT PS5
1600 PRINT "LOG OF OCTANOL~WATEK PARTITIOM ";
1002 PRINT L7 LON COEFFICIENT
61007 REM PRLNT=OUT OF DISTRIBUTION VALUES 4 ‘
01013 PRLHT " ", "HASS PART L™, "ZQUILPART A" /" AHOUNT “,"CONCENTRATION"
01“2.] PRINT ’ : ",“ ) "’u (MOL) - u'u (PPH) 1
(1032 PRINT .
. G104D FOR I=1 TO 6
V1053 PRINT THCI)ANCI),ECI),ACTI)LCCT)
G1060 PRINT |
G107 WEXT I
D1G8Y PRINT
C109) REF REPEAT PROCEDURE 'FOR NEW CHEMWICAL
01100 REM XXXXX PRINT “*Y'.TO INPUT NEW CHEMICALaad"’
01110 REH XXXXX INPUT &3 . o : .
G1123 REHN XXXXX IF AT="Y" OR AZ="Y" THEN GOTO 00490
01122 REM NEXT K
01127 END
REME OF CHEMICAL A HYPOTHETICAL SOLUTE OF- HACKAY
HOLE CULAR WEIGHT (G/MOLE) 1590 - o | |
AQED US SOLUDILITY (PPH) 50 . |
VAPOUR PRESSURE  (1if HG) L0675 o S
LOG OF OCTANOL=WATER PARTITION COELFFICIENT 3.5 | : |
KASS PART. EQUI.PART. AHOUNT CONCENTRATION
(MOL) "(PPM) |
MR- 37795 2.55472E=6 374795 7.94012E=4 |
SOIL 133252 120094 13,3252 2.961156-2 |
WA TE R 364155 2.10963€=3 36,4155 7.80331E~4
810T A €u 85939E=5 £ 397419 64 85939E=3 « 1466987
SUSP SOLIDS 2.07280E~4 240188 020728 . 059223
SE 0L ME NT 124363 .240183" 12.4368 . 059223
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MONOSUBSTITUTED BENZENE

184922

1087821E=5

FAMILY
i
Halite UF CHEHICAL BENZFQE  ﬁEﬁiOL‘V éb{’“*" o o T
BULECULAR HETGHT (G/AOLE) T8e114 - 16
AGCUUS SULUBILITY (PPH) 1794
VAPUUR PRESSURE (MM HG) 95.u44
LUG OF uCTANOL=YATER PARTITION COEFFICIENT 2413 oo v
HASS PART.  EQUIPART, AMOUNT CONCENTRATION.
| (80L) (PPR), ..~
| Are 0994644 8e4996UF-3 | 99.4644 1.68817E~3
, ‘ Co
SulL BellH00E= 9424608E-2 «CNB115 9439104E=6
. » . : ) ‘ . * . ’»
HATER 5.19878L=3 «038u79 +519878 5.60139E=6
BLOTA be TUS04E=8 . ,491117 " 6e TU5U4E=b 7.«6225E+5%?[
SUSP SOLTLS' 1426233E=7 «184922 16 26233E=5 1487821E=5
SLOI'EHT 705T4u0E=5 4607574

Haile OF CHEAICAL

NOLeCULAR HETGHT (G/HULE)
AWEQUS SOLUSILITY (PPH)

(riid HG) 77.8- .
COEFFICIENT 2427

VAPUUR PRESSUKE

LuG OF OCTANOL=WATER PAKTITION

AASS PART.,

ALR

SulL

w;Tuk
‘Q‘UTA

© SusSe S0LIus

SeDI 1ENT

4995336
94046250=5
4a4TOBHE=3
7459401E=b
1.50053E=7

YaCU3lok=>

FLUURU BENZENE

964106

1553

CQUlePAKT,

7e41502F=3
9,58163&-2
2.55369672
L 484917
.191633

191033

PHe NYL FLLORIDE CeHSe F

AHOUNT

KOL)

9945336

94 64625E~3
447684

7459401E=6
1450053E~5

9,00316E=3

(PPN

1.33975€-3 ..

1437343E-5

6.;4bﬁ4E-b

14C4261E-4
2.74685E~5

2474bB5E=5

 CONCENTRATION
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Nahic OF CHFATCAL  CHLURD BENZENE  PHINYL CHLOR Dé
CBULECULAR METGHT (67400 ) 112,563 ‘ ' cons. e
AGEUUS SOLUBTLTTY (PPa) 489 :
S VAPOUR PRESSUKE  (dh HG) 1l.0563 .
LUG OF UCTANOL=iATER PARTITION COEFFICIENT 2484 , '
HASS PART EQUI¢PART, ANGUNT CONCENTRATION'
© - (nOL) (PPX)
ALK $990923 1e27726E-3 99.0923 1e56220E=3
SUIL Le29140L=4 V168124 062914 LeG4915E~4
WaTek 7e85887E=3 BebB262E=3 «765887 le26374E=5
"Bi0TA 4406780E=7 ¢ 449418 “44N6780L=5 6454120E=4
SusP SOLIDS 94 7866 2E=7 V216249~ 94 78662E=5 2409831E~4
SLDLMENT 5 B7197E~4 $ 216249 5¢871970~2 2409831E=4
Haitie DF CHEHTCAL yKUND BEWZENE . PHENYL BROMIDE - C6HSeBR
CMULECULAR WETGHT (G/AOLE) 157,022
ALEUUS SOLUBILITY (PPri) 41046
VAPUUR PRESSURE  (Aid HG) 442286 .
LUG OF UCTANAL~dATER PARTITION COEFFICIENT 2499 ]
HASS PART. EQUI «PART, AHOUNT CONCENTRATION.
. : - (KOL) (PPH)
A otan «963903 5449198F=4 9843923 2¢16383E=3
- SulL 144916763 J1L1007 . 4149157 3446977F=4
CWATER le3dl9udt=2 6e31071F=3 1.319u4 2495883E=5
B1OTA e l5TUBE=T W 438105 9415 708E=5 2.G5409E=3
SUSP SOLIDS 243202286 $222014 2.432022L~4 ' 6¢93954E=4
SeDIHENT 1439213E=3 $222014 «1179213 6e93954E=4
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Hatil OF CHEXTCAL FODOBEMZENE  CoH51 -

Sul.e CULAR HETGHT

(G/GiULE) -

AUFUUS SOLUGTLITY (PPi)

VaPUUR PRESSUKE

L0440l

340
Gix HG) Lanib

CLUG UF UCTANOL~HATER PARTITION COEFFICILNT 3436

CONCENTRATION:

24D 3T TH=4"

NASS PART.e FUUL P ART, ANUUNT
C O sOL) (PPK)

ALR « 9509538 947676165 95,6958° 2471715€6=3
SuTL 0e292191=3 J1L70671L «859219 2459688E~3
WATER - 34241288~ 2485363F=1 324128 9444649E~5

CBIOTA | Geba213L=0 VAL BLOA 4,64213E~4 1e35291F=2
SUSP SOLIUS 1.33056E% « 235342 1433656E-3 5¢19376E6=3
SEDIENT BeULIBBE=3 . 235342 2801938 5¢19376E=3

, \

NallE OF CHEmICAL - HETHYL BFHZENE  TOLUENE  CEhS54CH3
LULECULAR WEIGHT (G/HOLE) 924141
AQEQUS SOLUBILITY (PPrI)- 471
V4APOUR PRESSURE (i HG) 284358
LUG UF OCTANOL=HATER PARTITION COLFFICIENT 2469

- ' HASS PART. FQUL¢PART,  AMOUNT CONCENTRATION

. (~OL) (PPH)

ALR 0995691 3¢56296E=3 96,5691 1628493E=3
SulL 242004764 . 1u49 88 242004 7E=2 34U0376E=5
WaTiEk 38826563 1419088E=2 +386265 5411073E=~6
BLOTA 104984UE=7 459587 1+ 49840E=5 1497235E=4
SusP 'SOLTDS 3442295¢=7 £ 209976 3, 42295E=5 64C0751E=5
SEDLAENT W 209976 2.053776=2 6eU0751E=5
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CaliS. Cetb
1064169

Made OF G~ TCAL ETHYLE TN ILNE
HULECULAR UL TGHT (G/GAULE)
AGEQUS SOLUBTILITY (Pei) 152
VAPUUR PRESSUKT  (an HG) 9.6
LUG OF UCTAHDL=WATER PARTITION COEFFICIENT 3415

AASS PARY . SUULGPART, aliounT
(hOL)
Ak 998702 Le61501F=3 9545762
SulL b5e2b2 1=k V113792 5420201E=2
HaTLR 3,219326=3 4e4T547E=3 321932
BIOTA 3.05678L=7 424951 340567885
SJSP SOLIDS 64135350 ~7 a.1u$35a-s

227584

S=011ecnNT 4,911211=4 0227984

4491121E=-2

CUNCENTRATION -

(PPH)

1e48U66E=3

8.270‘085‘5

4.882756-6

44636220=4

1465530E=-4

Le6553GE=4

NAME OF CHEMICAL  PROPYLBENZENE  C6H5.C3H7
MOLECULAR WEIGHT (G/GMOLE) .I120.I96 _
AQUEOUS SOLUBILITY (PPM) 55

VAPOUR PRESSURE (MM HG) - 3.4276

L0G OF OCTANOL -WATER PARTITION COEPFICIENT 3.68

MASS PART" .  EQUI. PART. AMOUNT
, ‘ : - (MOI,)
AIR .. .99404 5.761E-4 99.404
SOIL | 1.5926E-3 0.123 0.15926
WATER 2.8749E-3 I.428E-3 0.28743 -
'BIOTA 7.7044E-7 0.38269 7.704E-5
SUSP SOLIDS 2.4775E-6 0.24613 2.4T75E-4
SEDIMENT I.4865E-3 - 0.24613 10.14865

CONCENTRATION

(PPH) .

1.673B-3

2.900E-4
.4.936E-6

1.322E-3

8.508E-4
8.508E-4
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Na¥it OF CHEATCAM.S 1SOPRUPYLBENZLM: Cbﬁé.C3ﬁ7‘

MULEL CULAR METSHT (6/GRULE) IR
AUFIUS SOLUBTILTITY (PPN) . 6 l.u.;>b

VaPUOURK. PEESSURE - (4R HG) 4,6
LUG ﬂf UCTANDL=JATER PARTITION CULFFTCTLNT 3e66

AASS PART. EQUL WP AKT, ABOLLT
: (roL)
AR «996043 Bab7406E=4 996048
SulL 140328263 122689 . 103282
NATLP L95271E=3 1.401165-3 0195271
BLOTA v 5s(3NGOE=7 4384178 ;.nabanﬁ-s
SUSP SOLTDS 1.6q661f—o 245377 ,1.66§b1h-4
946396 4E-2

CSeD ety Ye039b4E =4 « 245377

v

CONCENTRATION

. (PPH)

1467677E-3
. ;.u3912E-4<
3035296E-6

Be6383LE=4

3.67824F=4

3467824E-4

, :

timiie OF CHEATCAL BUTYL BENZENWE CoH5 «C4H9

PULECULAR JETOGHT (6/40LE) 134,223

AWEQUS SOLUBTILITY (PP 507

VaPUUR PFESSURE (400 HG) -1s)

LUG NF UCTANOL-=JATLR PARTITION COEFFICIENT 14937
AASS PART . - EQUI«PART, CAHOUNT .

(£OL)
ALR «57196 9.ul5756=5 574196
SuIL 4,20279E=3 B483309E-2 420279
UATER v $ 419904 54673362 41,9904
B1OTA 3, 711940-0 $561522 3, 71194E=4
susp SOLTUS 6053767L=6 176662 645376 7E=4
SeDLAENT 3o92z60E=3  +176062 39226

CONCENTRATION

S (peny o

1oL 7521E=3

8435719E=4

840C5155E=4

7011753E-3
LebTL44E=3

le67144E=3 |
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NaMeE OF CHFnICAL

CBRHZYL A LCOHOL

" TOLULEHE ¢ HYDRUXY

AULECULAR HETGHT (G/iHDLE)
AUFUUS SOLUBILITY (PPh)

VAPUUR PRESSURE

(KH HG)

40000
U573

- — e b on

LUG OF UCTANOL=WATER PARTITION COEFFICIENT lel

A}R
SulL
WATER
BiOTA
© SUSP SOLIDS

SeDL leNT

HASS PART

7.07528L-3

le44238E-3

e 990132

Le70096E=6
2e24370E=6

le34022E~3

1ua.1qlthNYL CARBINOL C6HS, CH2OH
EQULPART, AMOUNT CONCENTRATION -
(KOL) (PPH)
24164866=6 4707528 LeGT7LOLE=5
5eb8443E=2 (144238 2431082F~4
259676 99.0132 1.52963E-3
Jan6l L70096E=4  2062776E=3
.117689 2424370E=4 4e62165E=4
«117689 «134622 4eb2165E=4

Hade UF ChEHRTCAL
ACETYL BENZENE

HuLieCULAR HEYGHT {G/HOLE)
AGEQUS SOLUBTILITY (PPh)

VaPUUR PRESSURE
LOG OF UCTANOL-WATLER PAKTITLO
_HHASS PAaRT.

AR

SulL

HATEK
_BIOTA

SUS? SOLTUS

SteDIENT

(Mn HG)

9.79578k=2

3,93487E=3
v.aqaezé

3,93137E=6

6el229LE-0

3. 07255E=3

ACETUPHENONE  METHYL PHENYL KETONE

206152

15283

| 04491365
7476139E-2
.113414
. 498502
155228

«155228

N COEFFICIENT 1458

AMOUKNT
(soL)

9479578
4393487
8944425
349313714
6412091E-4

4367255

CEH54'COCH3

CONCENTRATION |

(PPM)

1o64843E=4
7.00419F=4
1.53524E~3
6474803E~3
1440084E=3

1440084E~3

e, Ve oy



Malit OF CHEAICAL | . : b .
HYORUXY BEHZENF  PHENOL  CARBOLIC ACID-  BEMZENOL . COGHS5.OH
#ULECULAR WETGHT ‘(6/AOLE) 44114
AUEUYS SOLUBTLITY. (PPH) - 93140 ‘
VaPOUR PRESSURE- ~ (MR HG) 42948
LUG OF UCTANOL=WATER PARTITION COEFFICIENT 1446
HASS PARTs  CUUILPART. AHGLNT CONCENTRATION
(hoL) (PPN)
Ak 1.348876=2  2.27u54E=6 1434887 1477798E=5
sulL 3.271096-3 743416162 ¢327109 445608264
| wnTER «983179 «141423 9840179 1431784E=3
BLUTA 3.40648E=6 4491495 34 4L 64 BE~4 4457996E=3
SUSP SOLTVS 540833686 146832 5.08836E=4 . 9el2164E=4
SEOIHENT 3.05302E=3 «146832 305302 9412164E=4
_ —
Nmic OF CHEHICAL : , :
GETHOXY BENZENE  ANISULE - AETHYL PHENYL ETHER  CoH50CH3
HULECULAR  WETGHT (G/RULE) 168a141
AuFUUS SOLUBILITY (PPa) 10400
VAPUUR PRLSSURE (i 1G) 34372
LOG OF UCTANOL=WATER PARTITION COLFFICTENT 2411 :
HASS PART FQUL4P AKT. AHOUNT CONCENTRATION
(n0L) (PPM)
ALR W611199 7.54823F=5 61,1199 9425710E=4
SUIL He63320E=3 (09276 0563326 9.U2498E=4
MATER 377696 4eU0U26E=2 37,7896 5483801LE=4
BLOTA 4.68676E=0 496122 4ab6676E=4  Te24044E=3
SUSP SOLTUS 8e76264E6  +18552 84 76284E=4 +001805
SeDIHENT 52577063 £ 16552 0525771 001805
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Hate OF CnEnTCAL AIND BENZENE p_—
HOLECULAR WETGHT (G/HULE) 93413 A“]LI“F- COHS o2
AUROUS  SOLUBTILTITY (PPII) 3660L0 -
VAPUUR PRESSURE (HH HG) +4685
LUG 0F OCTANOL=AATER PARTLTION COEFFICIENT .9 v

HASS PART. EQUL4PART. AHQUNT

' (haL) .

AR 5420359E=2 2423039E=5 5426359
SulL Beb69G7T4E=4 4497075E=2 Be 6977 4E=2.
UATER «94628 43476506 944628
LIOTA 14 U9906E=6 « 403784 1,099G6E~4
SUSP SOLTDS 1.35298E-6 « 099415 . 1435298E=4
SED LAENT 8e11790E-4 099415 281179

'CONCENTRATION

(PPH)
6478727E=5
1¢20003E=4
1425896E=3
) C
1446222E=3
2440006E=4

2440006E=4

Halte UF CHFRICAL . o
HH DLFETHYL AAli0 BENZENE - M M DIAETHYL ANILINE  CoHSeN(Ch3)2
HULECULAR HETGHT (G/AULE) 121,164 4
AQCOUS SOLUBTLITY (PPir) 125442
VAPUUR. PRESSUKRE {sd HG) 741848
L0G OF UCTANOL—dATER PARTITION COEFFICTENT 2431 ,

C HASS PART. EQUI.PAKT. £HOUNT CONCENTRATION .

' (hOL) . (PPM)

ALR 759721 LeU2257E=4 75.9721 1.28944E-3
SulL by 4285363 9474221E=2 542853 9474594E=4
HATER 229771 2.050856-2 2249771 3,97780E-4
BLOTA 4421496E=6 L 486279  4e21498E~4 7429697E~3
SUSP SOLTOS $e44438E=b 194644 Ba44438F-4 1.94919E-3
SEOLMENT 54 GOOIE=3 V194644 506663 1.94919E=3




1?7

7

HadE OF CHENTCAL NITRO BENZENE  COH5eNO2Z’
MULECULAR WETGHT (6/40LE) 123,114

© AGEUUS SOLUBILITY (PPH) 2050
VAPUUR PEESSURF (hH HG) .
LuG UF UCTANOL=HATER PARTLTION COEFFICTENT Le85
. HASS PART . FQUIoPART,- AMOLNT CONCENTRATION

(KOL) (PPM)

ALR «419501 5¢77592E=5 4149501 7.23340E-4
sulL 4e08118E=3 8459374E~2 W468118 3e53805E=4
WATER 571437 6e74388E=2 5741437 1460503E-3
BLOTA 4426058E=6 +502817 4,26058E=4 7449338E=3
SUSP SOLIDS 7.28183E=6 .171875 74 28183E-4 1070761E-3
SeOIMENT 4,36910E~3 $ 171875 043691 1,70761E=3




HALOBENZENE FAMILY
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Holle UFCHEATCAL  FLOURU BEZine  PhenYL FLLCRIDE.  Censor |
POLECULAR HETCHT (G/00LE) 96e1lb S ! (CEH3.F
AGEGUS SOLUBTILITY (PPn) 1553
YaPUUR PFESSUKE Crid HGY 77.65:. . L
LuG OF UCTANDL=uATER PAKTITION COLFFICTENT 2427 :
nASS PART, S3ULeP AnTa CARDUNT CONCENTRATION.
) (r0L) (PPY) .
ALk «995336 Te41500F=3 9945336 Le33975E=3"
sulL 14 040625E=5 9e58163E=2 9464 E25E=3 1e37343E=5"
HATekK 40470684L=3 2,053696=2 0447654 . bel4044E=6"
B.OTA, 745940l =t C4B4Y17 745940166 LeC4261E=4 -
SUSP SaLIVS 1 5G2536=7 «191633 1.500536=5 24 74685E=5
-
1 SeDT tadd JeU3Lok=5 e1910635 9,0.316E=3 24 74685E=5
DA A A A, 4000502l ettt I r -
Lsite OF CHEATCAL CrlLURU" o0 Ze R PriNYL CHLGRYDE CEéHS. CL
UELeCuln® HETGHT (o/aiLL) 1124563
AGEUUS SOLUBTLITY (PP 489
YnPUUA PRESSURF (il -1G) 11,0563 -
LuG OF UCTANOL=AAaTER PARTITION COEFFICTENT 2eb4
' HASS PART FUULWPART, AHEUNT CONCENTRATION
: RN (rOL) (PPi)
ALE « 990923 1627726F=13 1941923 Le5622uE=3
Sulu Lo 2914004 c1idi24 62914 LeG4Y15E=4
WaTek Te85087¢=3 debBZO2F=1 «785847 1e26374E=5
8iuTa  4au6Tdoe=T 449416 4,70783L=5 60541 20E=4
SUSP SOLIuS G4 73602E=7 V216249 9s 76 60L2E=5 20L9631E~4
SeDL et 9, 871972=4 L2LEC4Y 5eR7197[~E 20L9831E=4
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Haiil OF CHELTCOML

sRUAD BEAZENE T PHERYL BROMICE

seDLiENT

ST CoHS5. BR
YubeCULAR Wz IGHT (Gz.40LYE) 157,022
AubUUS SOLUBTLITY (PP:) 410,6
VaPOUR PRESSURE ~ (4 HG) 4,226 .
LUG OF UCTAANL=AATER PAKTITIN COLFETCIENT 2499 v :
HASS PART. FUUL4RART, ARDUNT CONCENTRATION
- (oL (PPH)
rah «983923 5449198F=4 9843923 24163836-3
Suli 1049157E=3 e 112007 0149157 " 3446977F=4
WaTER Lo 319u4k=2 6432071F=3 131904 2095883E=5
2.0TA Ye157u8E~7 < 436105 9415708E=5 2405409€-3
suse SoLlus 2e32022E=t 222614 243202214 6493954E=4
Sedl iinT 1.39213E~3 222014 ¢129213 be93954F~4
- -
]
Lot WF CnfaTeAl LIbasedZinF Cedsy T
PULECULAR HETGAT (57600l F) 204401
1 FUFUUS SOLUSTLITY (PP 340
Vo POUK PRESSURE {.iv HG) 100
LuG' UF UCTANOL=HATER PARTITIOE COLFFICILIT 3436
R AASS PaRTe FUUL o P AR Ty AatunT CONCENTRATION
. Gy (PPE)
Fiq $95u95 8 Ge7670615= 9504953 247171563
SuTL 045921953 QL7067 $b592173 2459088E=3
BaTe? Ju241280= 2euB50637=1 3. 24128 9444649F~5
E1OTA 4et4213L=b o AL LY e 842430-4 'Le35291F=2
Sus? SNLIuS 1 3305605 V235344 1.336560=3 50193 76E~3
PRBURPEEE L255342 $871935 5¢19370E=3
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NAMI OF CHEMICAL 0 bIFLUOROBENZENE ~ w7

MOLZCULAR ‘WEIGHT (G/GHOLE) 114,09
AQEJUS SOLUBILITY (PPM)  1140.9

VAPYUR PRESSURE (MM HG) 62,5957
LOG OF OCTANOL=WATER PARTITION COEFFICIENT 2459

CONCENTRATION.

MASS PART. EGUILPART, AMOUNT
(MoL) (PPH) |
AIR 4996249 4a94786E~3 996249 1.59191E-3
SOI1. 1.55326E=4 102857 1.55326E=2  2,62536E=5 - |
WATER 3.450316=3  1,46879E~2 (345031 '5.62351E=6
BIOTA 1,09486E=7 46608  1.09486E=5  1.78446E=4
'SUS> SOLIDS 2.416196-7 «205714 2,41619E=5 5.25072€~5
SEDIMENT 1.46971E=4 205714 1044971E=2 5.25072E=5
W
NAMZ OF CHEMICAL M DIFLUOROBENZENE
MOLECULAR WEIGHT (G/GMOLE) 114,09
AQEJUS SOLUBILITY (PPN) 1140.9
VAPJUR PRESSURE (MM HG) 89,563
LOG OF OCTANOL-WATER PARTITION COEFFICIENT 2458 : .
MASS PART, EQUILPART. AMOUNT CONCENTRATION
. (%0L) (PPM) . :
AIR .997383 7.22172€-3 99.7383 1.59372€-3
sol. 1.05089E=4 102421 1,060B9E=2 1.79314E=5
WATIR 2.41148E=3  1.49663E=2 0241148 3.93036E~6
BIOT A 7.50333E=8 2465709 7.50383E=6  1.22302E=4
SUS? SOLIDS 1.65027E=7 < 204841 1.65027E=5 3.58628E=5
SEDIMENT 9,90163E=5 .204841 9. 90163E=3 3.58628E-5
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NAME OF CHEMICAL P DIFLUORDBENZENE
MOLICULAR WEIGHT (G/GMOLE) = 114,09 .
AQEIUS SOLUBILITY (PPM). 122404
VAPIUR PRESSURE (MM HG) 70,614

LOG OF OCTANOL=WATER PARTITION COEFFICIENT 2.58

. CONCENTRATION

MASS PART, EQUI.PART, AMOUNT
' ' (MOL) (PPM)
AIR 996437 5.30980€~3 99,6437 1459221E=3
soI. 1.44439;-4 . 102618 «014443 2.44118BE=5
WATZR 3.28299E=3 1449951 €=2 328299 5.35080E~6
B10TA 1.021576=7 466606 1.021576=5  1.66502E=4
SUS> SOLIDS  2.24668E-7 205236 2.24668E-5 4.88236E-5
SEDIMENT 1434 801E-4 .215236 1434801E=2 44B8236E=5
yoo

HM’L JF CHFMICAL J UICHLDRUB&NZFNE C()H‘fCLa?
HULECULAR HWETGHT (G/GHULE) L47.01
AUEGUS SOLUBTLITY (PPi) 159
VAPUUR PRESSURE {4 HG) 1.392
LUG OF OCTANOL~UATER PARTITION COEFFICIENT 3459 ‘ o

AASS PART. EQULWPART. - AMOGUNT CONCENTRATION

~ (KOL) C(PPE)

ALR «971123 " 1e27494F=4 97.1123 1.99951E~3
SuIL 0e94T05E=3 . +121606 694795 1451302E-3
HATER 1,543170=2 " 1e73653E=3 1454317 3.24088F=5
B10TA 3, 46668E~0 .3901%6 - 34 4666 3E=4 7428052€~3
SUSP SOLIDS ~  Let8065L=5 .243212 1.08065E=3 340:2603E=3
SLDIYENT  b.48392E~3  e243212 645392 3.62603E~3
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HaKE OF CHFnTCAL
HOLECULAR METGHT (G/GHULE)
AUEQUS SOLUBILITY (PPH)
VAPUUR PRESSUKE -
LOG OF UCTANAL~WATER PARTITION COLFFICIENT 3459

147401

121
{rlt HG) 24243 -~

A DICHLOROBENZFNE -147,01

SLOLHENT

1. 552596=3

HASS PART . EUUL4PART, ANOUNT CONCENTRATION |
' © (koL . (PPH) _
AIR 955452 "2456764E=4 9845452 2002901E-3
SOIL 344999563 12159 0349995 . 70622634 |
| MATER TeTT454E=3  147363LE=3 4777454 146327685
BIOTA Lo 740652E=0 «390655 L 74652k=4  3466795E=3
SUSP SOLTDS 5¢44437E~6 243181 5044437E=4  1e52453E<3
SeDLHENT e260625-3 $243181 326662 1452453E=3
v _ : v v '
MaiE OF CHEMTCAL P DICHLOR BENZENE  CbH4+CL2
HULECULAR HETGHT (G/HOLE) 147,012
AUEUUS SOLUBILITY (PPH) 79 -
VAPUUR PRESSURE  (in HG) 1,926 LCIENT 3.38 2
IF ANOL=#ATER PARTITION COEFFICIE . L
bue OF et MASS PARTe EQULJPART, ANOUNT CONCENTRATION
' o (hoL) APPH) 5
LAk «990788 5.26969F=4 9940788 | 24040026=3
SUIL 1a66349E=3 .117968 «166349  3462300E~4
WATER 5e99284E~3 2.73206F=3 599284 1.25860E=5
BIOTA Be92551E=T 406903 - 8492551E=5 1.87451E-3
SUSP SOLIDS 2.58765E=0 0235935 2458765E=4 7424601E=4
.235935 155259 7424601E=4




NAMZ OF CHEMICAL

0 DIBROMOSENIENE

MOLZCULAR WEIGHT (G/GMOLE) 235492
AQEJUS  SOLUBILITY (PPM) T4ab

VAPJUR PRESSURE

(44 HG) 19529

LOG OF OCTANOL=-WATER PARTITION COEFFIC!ENT 6 37

SEDIENT

MASS PART. EQUILPART.  ~ AMOUNT CONCENTRATION |
o (MoL) S (pPHY
AIR .886951 2.03504€=5 88,6951 2493067E=3"
sol. | 4.23268E-2 129488 4423268 1.47937E-2
‘WATIR - 3a11335e-2 6.12288E=4 - 3.11335 1,04929E=4
BIOTA 147894 8E=5 .351929 1.78948E=3  6.03108E=2
SUS> SOLIDS 64 58416E-5 258975 | 6.58416E-3  2.95873E-2 |
SEDIMENT «039505 4258975 3.9505 24 95873E=2!
SRS R AR AR
Ratt OF CHENTCAL B D1BROMOBENZENE C6H4BRZ
MOLECULAR HMETGHT (G/GHULR) 235492
AGRUUS SOLUBILITY (PPii) 64347
VAPUUR PRESSURE (M4 HG) 4226
LOG OF OCTANDL=~JATER PARTITION COEFFICIENT 4407 :
4ASS PART, EQUIWPART, . AHOUNT CONCENTRATION |
~ (1oL) (PPH).
ALR 2873211 1.7864L6=5  87.3211 2488527E=3
SuIL 347471 129488 1 4.74T) 14659172
WATER 3.49174E~2 64122B9E=4  3.49174 1417682E=4
BLOTA  2,00697E=5 35193 2096697E=3  6476407E=2
SUSP SOLTLS 7.38433E=5 4258976, 7436438E-3 3431833E=2
4,430036=2  +258976 4443063 3431833F=2
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NAME OF CHEMICAL P DIBROHOBENZENE

MOLZCULAR WEIGHT (G/GMOLE) 235492

AQE)US SOLUBILITY .(PPH) 20.08

VAPIUR PRESSURE (MM HG) .T6112

LOG OF OCTANOL~WATER PARTITION COEFFICIENT 4,07

KASS PART. EQUILPART, AMOUNT |
. (M0L)

ATR 960077  6423735E-5 96,0077
501 1.49478E=2 129482 149478
WATER . 10994962 6.12262E-4  1.09949
BIOFA 6.31960E=6 ,351915 6431960E=4
SUS> SOLIDS  2,32521E~5" . .258964 2.32521E~3
SEOL MENT 1.3951 3g~2 . 258964

1.39513

CONCENTRATION.

(PPM)
3.17229E=3
5.22441E=3

. 3.70558E=5
2.12989E=2
'1.oaaaas¢2
1.04488E=2

NAMZ OF CHEMICAL

0 DIIODOBENZENE

MOLZCULAR WEIGHT (G/GMOLE)
‘AQEIUS SOLUBILITY (PPM)

(MH HG) 4007258
CLOG OF OCTANOL=WATER PARTITION COEFFICIENT 4455

VAPJUR PRESSURE

329.91

18.9843

MASS PART, EQUILL,PART. AMOUNT
. (MOL)
ALR 345887 1.16836E~6 34,5887
soI. .307282 138394 30,7282
WATZR 5.944986-2  1.72125E=4 5.94498
8107 A 1.063296-4 307855 1,06329E-2
“SUS> sOLIDS 4aTT7995E=4 - 276789 4u77995E=2
SEDLMENT 286797 . 276789 28,6797

CONCENTRATION |

(PPM)
1.59820€-3
150186
24801 87E-4
.501127
.300372
.300372

i
]
|
|
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NAME OF CHEMICAL

MOLZCULAR WEIGHY (G/GMOLE)
AQEJUS 'SOLUBILITY (PPM)

VAPIUR PRESSURE

M OIIODO&E“ZENE

329.91

8.8796

(MM HG) ,00568
LOG OF OCTANOL-=WATER PARTITION COEFFICIENT 454

CONCENTRATION

MASS PART,. EQUI PART. AMQUNT
: (HoL) (PPM)
ALK n474633 1.99822E~6 4744633 2.19308€=3
sol. 24628 © a138246° 244628 120371
WATZR 4487575E=2 1.75947E=4 4,87575 2429794E=4.
BIOTA 845514 9E~5 .30859 8455149E-3 403032
SUS> SOLIDS 3.83102E~4 276493 3.83102E-2 240741
SEDIMENT 229861 L276493 | 22.9861 . 240741
o T i L
NAMZ OF CHEMICAL P DIIODOBENZENE . '
| MOLICULAR WEIGHT (G/GMOLE) 329.91
- AGEJUS SOLUBILITY (PPH) 1. 855
VAPIUR PRESSURE (MM HG) 6, 96800C4
" LOG OF OCTANOL=WATER PARTITION COEFFICIENT 4464
MASS PART, EQUI «PART, - AMOUNT CONCENTRATION
(HoL) (PPM) :
ALR 346629 1.17342E-6 34,6629 1460163E-3
SOl .305285" 138247 30.6285 #169699
WATZR 640637262 1.75947E=4 6406372 2.85783E=4
BIOTA 1.00350E~4 .30859 010635 .501229
SUS> SOLIDS heTOAL4E=4 = 2276493 - heT6hh4E=2 299397
 SEDIMENT 285866 . .276493 28,5866 299397
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o—
NAWE OF CHEMICAL O BROMOCHLOROBENZENE
HOLICULAR WEIGHT (G/GMOLE) 191446
ACEIUS SOLUBILITY (PPH) 123,617
VAPJUR PRESSURE (MM HG) L644249 - .
LOG OF OCTANOL=WATER PARTITION COEFFICIENT 3,83 = S
MASS PART, EQULLPART. AMOUNT CONCENTRATION
: ' D (MoL) S (PPM) T
AIR £926333 3,80681E=5 92,6333 2.48397E~3
S01. 2,29237E-2 .125608 2.29237 6450218E=3
WATEIR 029302 - 1.03215€-3 . 2,9302 8.01452E=5
"BIOTA 1,05293E-5  ,37089 1.05293E=3 028799
SUS? SOLIDS  3.56591E-5 .251216 '3.56591E=3 1.30044E~2
SED[MENT 2.13954E=2 251216 2.13954 1.30044E=2
| ' '
NAMZ OF CHEMICAL M DROMOCHLOROBENZIENE - S
HOLZ CULAR WEIGHT (G/GMOLE) 191446 i :
AQEJUS. SOLUBILITY (pPP%) 118.053 - ;
VAP)UR PRESSURE (¥ HG) 064645 _ ;
LOG OF OCTANOL-~WATER PARTITION COEFFICIENT 3.83 : )
’ MASS PART. - EQUI4PART. - AMOUNT CONCENTRATION
- , : (MOL) (PPM) -~
ALR 950584  5.82350E-5 . 95,0584 + 002549
so1. 1.537726-2 4125605 . 1.53772 4436165E-3
WATZR 149655 8E=2 1.03213E-3 1.96558 5.37613€~5 -
BI1OTA 7.06301E=6 .370882 7.06301E=4 1.93183E~2
SUS> SOLIDS 2.39201E=-5 «251211 -  2439201€=3 8.72330€-3
SEDL MENT 214352 . 251211 1.4352 B.72330E-3 .
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'
' tinBie UF CHESTCAL P BROMDCHLOROBFNZENE ™ CoHABRCL.
HULLCULAR HETGUT (G/GMULT) 19Le46 .

“AUEUUS SOLUBTLITY: (PPii) 44 4882

VAPUUR PRESSURE  ‘(a HG) ,63313 _ ‘
LUG OF UCTANOL=WATER PARTIT104 COEFFICTENT 3483 : '
HASS PART o FQUL 4P AKT, ANOUNT - CUNCENTRATION
' LnOL) (PPK)

LiR. “IBu22 L+5006E=4 984422 2,62847E-3
SulL bel5525E~3 «125594 615525  1474590E=3
WaTER 7.86790E=3 1a03204F=3 «78679 2.15198E=5

8L0TA Zev27220-6 < I70848 2. 82722E~4 7473284E=3

SuSP SOLIDS 9 bTAB4E=0 251188 90 5T4B4L=4 3.49181E~3

L SEDLMENT be 14490E=3 « 251188 57449 3.49181F~3

P BROGROINDOBENZLNE C6H4BRI1
HULECULAR WETGHT (G/GnOLE) 282491 '

ALFOUS SOLUBTLITY (PPRY 7.79 :

1 VAPUUR PRESSURE  (HA HG) 07923

CLGG OF OCTAMOL=9ATER PARTITINN COEFFICIENT 4436

Nane OF CHEATCAL

AASS PRKT . FUUL «PART. © 7 AMOURT CONCENTRATION‘
: (AOL) CPRHY

ST $7161 | 5eB0325E=6 71.61 2.83742E=3 "
Sulu 1227067 V134625 1202767 5414549E-2
MATER 4.631226=2 342562284 4463122 1,871745-4
BLOTA :\4;69505&-5 . 329544 Z4.695§5£-3 80778
SUSP SOLIUS 149097104 26805 1,96971E~2 16291
SLDLHENT »114583 26805 201

1le4583
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ILURD T  comatcL

'l,.‘!t: UF CHEATC AL ) U CHLURTILDUBL NU‘NF
- HOLECULAR HETGHT (G/GHOLE) 23b446-
AUEUUS SOLUBTLITY (PPH) 68477

VAPOUR PRESSURE " (AH HG) 41012
LUG OF UCTANOL-WATER PAKTITION CObFFICIkNT 4.12

CONCENTRATION -

1 oseoriteny

b 79349c

579349,

AASS PART, FUULPARTS AHOUNT
| (KOL) (PPH)
ALK C5G3757 LeU36BTE=5 BUe3757 2068437E=3
SuTL 7.57442E=2 $ 139283 7457442 2067584E=2
WaTkb 44965492 5449052 F~4 4496549 1469153E=4
BLUTA 301474765 348020 3. 147476=3 107221
SUsP SOLTUS L. 176241 =4 . 260565 1.17824E=2 5435169E~2
SEDLIIENT 740694582 . 260565 7.06945 5¢35169E~2
W

Ciahe OF CHPATCAL 13 CHLORUTODNBENZENE  CoHaICL

SULECULAR #eTGHT (G/GnULE). 238446

AUEQUS SOLUBTILITY (PPit) 67,207

VAPUUR PRESSURFE (it HG)

LUG OF OCTAMOL=UATEK PARTITION COLFFICIENT 4412 ;

HASS PART4 FQUILePART, AHOUNT CONCENTRATION
, (HOL) (PPK)
ALR 839177 1.32098E~5 83,9177 2.80266E~3
suTL b 2UTILE=Z (130282 " 6.20731 2419288E=2
CWATER 4,06927i~2 9e49G5LE~-4 4406927 1:38623E-4
BiOTH 2.57939E =5 .348027. . 2.57939E-3 6478686E=2
L SusP SOLIDS 946556165 260564 94 655816~3 4438576F=2
« 265564 4438576F=2
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"Hart OF CHFaTCAL CoHaICL

. P CHLOROTUDUBEMZENE
MULECULAR METGHT “(G/GHULE) 238446
AWFOUS SOLUBILITY (PP:i) 224254

VAPUUR PRESSURE " (nit HG) +U704L
LUG OF UCTANNL=HATER PARTITION COCFFICIENT 4e12

CONCENTRATION.

sULB235

265259

AASS PART FQULSPART, ANOUNT
' . (hoL) (PPH)
| AIR «898021 2422927F=5 - 8948021 2499919E=3
SuTL «039361 «130281 3.9361 - 1e39052€=2
AT £k 24580358 =2 54490 46E=4 2.58035 Be79015E=5 -
BLINTA 146356165 «348024 le €3561E~3 5057181E=2 "
SUSP SOLIDS. 6:12282E=5 + 260562 6e12282E=3 24 781C4E~2.
SEDINENT 3467369E=2 ¢ 260562 3.67369 2078104E=2
W

HRSE OF CHERICAL © TRICHLOROBENZENE 1 o o

HULECULAR HETGHT (G/GriL%) 18145

AUTUUS SOLUBTLITY (PPH) 314532

VAPOUR PRESSURF (14 HG)

LuG UF OCTANNL~HATER PARTITION COEFFICIENT 4427 :

' : HASS PART. EQUI«PAKT. = AHOUNT CONCENTRATION

: (HoL) (PPM)

ALE «953122 4485267F=5 9543122 2442218E~3 .
SulL L. 9537562 «132629 1.95375 5,25197E=3
HaTER Ye(:6739L =3 3,9570LF~4 +906739 24350 40E=5
BLOTA 7o TUB72E=0 .336409 7.7 872E=4 1499821E-2
SUSP SOLIDS 340391785 265259 340391763 1e05039E=2
SEDLAENT 148235 LeU5G39E~2




Hailk UF CHEATCAL ~ TRICHLOR BENZENE 1 2 4  COH3.CL3
MULECULAR NETGHT (G/:ULE) 181. 401 ' ' R
AGFOUS SOLUBTLITY (Pei)- 3 :
VWPUUR PRESSURE (M. HG) 4426512
LUG OF UCTANDL-WATER PARTITION COEFFICIENT 44176
CHASS PARTW ©  EQULLPAKT, ANOUNT CONCENTRATION
(KOL): (PPH) . .
AIR 90467 6e74573E=5 964467 2445168E-3
SulL Le4Go72E=2 4131158 ° 1. 40672 3,78169E~3
HaTER Bal0624E=3 4 B5BTIE~4 . 4810624 2010138E=5
BLOTA 5.73350E6 «343655  5,73350E~4 1448629E=2
SUSP SOLTDS 2.18823E=5 0262317 - 2,18823E-3 ' 7.56338E-3
SEDLAENT 1431294E=2 4262317 1.31294 '7456338E~3
‘ ’ v —
THARE OF CHEnTCAL  TRICHLOROBENZENE 1 3 5
MULECULAR HETGHT - (G/GHULE) 181445
LGFUUS SOLUBTLITY (PPi) 6.588
VAPUUR PRESSURE ‘Gl HG) »8363
LUG OF UCTANNL=WATCR PARTITION COLFFICIENT 4427
‘ AASS PAKT . FQULPARTs ©  AMOUNT CONCENTRATIUN
: (koL ) C(PPH)
ALR - 7 .995158 449029UF=4 © 99,5158 2452901F=3
CSOIL 2,6G1812i=3 = L132571 . 201812 5042502E=4
HaTER: 9436614E=4 3.955266~4 9436614E=2 2042784E=6
BIOTA 7496271L=7 $33626 7496271£=5 24G6405EF=3
SUSP SOL1OS 3.13930E=6 . 4265142 3.13930E~=4 061085
SeDIAEM 148835dz=3 « 205142 +188358 «NG1085
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NAMZ OF CHEMICAL

MOLZCULAR WEIGHT (G/GMOLE)
AQEJUS SOLUBILITY (PPM)

VAPJUR PRESSURE

- (MM HG)-

TRISROMOBENZENE 1. 2 4 -

314.82

9.955
«008646

LOG OF OCTANOL=WATER PARTITION COEFFICIENT 4 278

AIR

so1.

HATER

BlbrA

Sus? SOLIDS

SEDL MENT

MASS PART,

360382
315753
2.85733E=2

9.74902E=5

294723

EQul, PART.

‘1.225618-6

« 143155
8432787E=5
« 284141
.236;1
.28631

"ABOUNT
(noL)

36,0382
©.31.5753

2,85733

9.74902E~3

40 91172E=2
2944703

CONCENTRATION

(PPM)

1.58901ER3 .

147267

1.28507E~4

438455

4294535

294535

Hake OF CHENTCAL

CTRIBROROBEMZENE 1 3

MULECULAR WETGHT (G/GHOLE)
AufuusS SOLUBTLITY (PPH)

VAPUUK PRESSURE

314402

'o‘.'(!l 788

LUG DF UCTANOL=WATER PARTITION COEFFICIENT 4498

WATER
BLOTA
SUSP SOLTOS

SuDIAENT

HASS PART.

594159
$20001

1o 80696602
0e 1751385
3.11113E-4

1860663

FUUL «PARTS

3,19336F=6

147155

B8e32785E~5

26414
286309

4266309

AHROUNT

(0L )

5944859
200001
1. 80986

6¢17513t3

3,11113¢E~2

18.6668

COHNCENTRATION

(PPH)
2462286F~3
9432806F=2
841397365
$277722
<186561

166561
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HOLZCULAR WEIGHT (G/GMOLE) 215.9
CAGEJUS SOLUBILITY (PPM) 4,307
VAPIUR PRESSURE (%M HG) .05994

LOG OF OCTANOL-WATER PARTITION COEFFICIENTY 5,05

-

NAME OF CHEMICAL  TETRACHLOROBENZENE 1 2- 3 «

CONCENTRATION

MASS PART, EQUILPART. = AMOUNT
(MoL) - (PPY)

AIR 8414 1.15398E=5 . B84.14 2.54423E=3
sol. * 7.88187E-2 LG4136 7.88187 2.52103E=2
WATZR 6.07075E=3 . 7413662E=5 607075 1.87239E=5.
BIOT A 243754 3E=5 .27925 2,37543E=3 7.326516=2
SUS> SOLIDS 1.22607E=4 288267 . 1.22607E-2 5.04206E=2
STDLMENT 7.35641E=2 . 288267 7.35641 5.04206€=2
NAME OF CHEMICAL  TETRACHLOROBENZENE 12 3 5 ) ]

MOLZ CULAR WEIGHT (G/GMOLE) 215;9

-AQEJUS SOLUBILITY (PPY) 3.5

VAPIUR PRESSURE (MM HG) .12157

106 OF OCTANOL-WATER PARTITION COEFFICIENT 5405

MASS PART. EQUILPART.  AMOUNT CONCENTRATION
cHoL) (PPM)
IR 929779 2.88011E=5 92.9779 2481148E=3
SoI. T 3,48972E=2 144131 3.48972 1.11619E=2
WATZR 2,687B4E=3 T, 13649E=5 268784 8.29006E=6
BIOTA - 1,05173E-5 . 279245 1,05173E=3 3.24383E=2
sus> SOLIDS 5, 4284 5E=5 . 288262 5.42845E=3  2423239E=2
2.23239€-2

SEDI MENT 3.25737E=2 « 288262 3.25707




TETRACHLOKb BENZENE 1 2 4 5

NAME UF CHEHTCAL.  TE CoHZeCL4
HGLECULAR WETGHT (G/HOLE) 215,91
AJEQUS SOLUBTILITY (PPH) 6
VAPUUR PRESSURE (AN HG) «093
LUG OF UCTANOL=HATER PARTITION COEFFICTENT 4+672 , _
HASS PART FUUIePARTe . AMGUNT CONCENTRATION
' (KOL) (PPH)
ALR : 2930543 2¢95371E=5 93,0543 2481392E=3
SUIL 3.27758E=2 138715 3.27758 1404839E~2
WATER 5402791E-3 1.64003E=4 .662791 1485926€=5
810TA 1a12555E=5 2306232 1. 12*55& -3 34471L69E=2
SUSP SOLTUS 5,09846E=5 W 27743 5.098465 3 2.09678E=2
SEDIHENT 3. 05908E=2 $27743 3,05908 2¢69678E~2
' T v
Hafte OF CAZaICAL PENTACHLOKDBERZLIE  C6HCLS
MULECULAR WEIGHT (G/GAILE) 2504359
AQEUUS SOLUBTLITY (PPi) «135
VAPUUR PRESSUKE (i HG) »u0532
LUG OF UCTAHOL~WATER PARTITION COEFFICILNT S.188
HASS PART, FQUL ePART. .~ AMOUNT CONCENTRATIUN
' » (roL) (PPH)
ALK « 933402 34uS66LE=S 9343402 34272913
SulL $434455C=0 C146u32 3. 34455 «012405
WATLE Lo 87478E=3 54262296=5 W187478 6e70526E=6
BIDT‘ YebLILLE=6 « 269758 9,61061E=4 3,43729E=2
SUSP SOLTDS 54 2u203k=5 V2920 63 5e20263E=3 02461
STOLENT 12 1bel =2 L 292063 3.,12158 W NZ481
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"NAME OF CHEMICAL. HEXACHLOROBENZENE .C6CL6 .
MOLECULAR WEIGHT (G/GMOLE) 284 .81 o
AQUEOUS SOLUBILITY (PPM). 5E-3

VAPOUR PRESSURE ('MM.HG) 2,IE-5 T
10G OF OCTANOL-WATER PARTITION COEFFICIENT 5.23

‘MASS PART . EQUI. FART. ' AMOUNT
- -~ (MOL)
AIR .585828 3.0888E-6 . 58,276
SOIL .208540 .I46606- 20.854
WATER ~ .0IO6I2 4.796E-5 - 1.0612
BIOTA 5.9061E-5 r 266919 - 5.906IE-3
SUSP,SOLIDS  3.2439E-4 .293212 © 3.2439E72-

SEDIMENT  °  .194637 .293212 19.4637

CONCENTRATION
(pPM)

£ 0,08799

4.3178E-5
.240302
17598
. 17598




TOLUENE FAMILY 215

finte UF CafalCAL Wl THYL 8FNZENE T4LUeNE
dubiECdba? HETGHT (G/Zrnuki) 12 el4l

ACTIUS SAOLURTLITY (PPe) 47

VarPUuUk "FLSSU"\ (it 1G) -)BQJ')U

LJG OF UCTNMiOL=dATLER PARTITION COLFFICIUNT 2409

Cf:hﬁ._ChB :

nASS PART. Fuul P aiTe AVOUNT CONCENTRATION
(eaL) (PPH)
AR 395091 145629601 9545691 1e28493E~3
sule Zy2an4Ti L U983 2.20F4TE=2 14L0376F=5
HaTih 3.88265¢=3 1.19083E=2 386205 5411073E=6
3L0TA le49840L=7 V459537 1449840E=5 1e67235E=4
5uSP SJLTDS 304229507 . 209970 304229565 6eCCT5LE=5
Sel LT 2euH37 704 2T L 2.n53770=2 beLOTSLE=5
NAME OF CHEMICAL O XYLENE - O METHYLTOLUENE CH3.C6H4 ,CH3 T
' MOLECULAR WEIGHT (G/GMOLE) 106,17
AQUEQUS SOLUBILITY  (PPM) IT5
VAPOUR PRESSURE (MM HG)  6.536
10G OF OCTANOL-WATER PARTITION COEFFICIENT  3.I2 : ,
" MASS PART' EQUI.PART, " AMOUNT CONCENTRATION
: (MOL) (peM)
AIR 0.991325 8.08I4E-4 99,1325 I.4741E-3
SOIL I.0428E-3 0.1I33457 © 0.10428 I.6402E-4
WATER 6.8360E-3 4.T768E-3. . 0.68361 I1.0368E-5
BIOTA 6.1207E-7 10.42768 6.1207E-5  9.2834E-4
'SUSP SOLIDS  I.622IE-6 0.22669 1.622IE-4 . 3.2803E-4
SEDIMENT 9.7327E-4 0.22669 0,0973%- 3.2803E~4
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NAME OF CHEMICAL

"M XYLENE M METHYLTOLUENE T CH3.C6H4.CH3 T T
MOLECULAR WEIGHT (G/GMOLE) 106,17 CH3 9 H4 .CH3
AQUEOUS ‘SOLUBILITY (PPM) 160,317
VAPOUR PRESSURE(MM HG) .
LOG OF OCTANOL ~WATER PARTITION COEFFICIENT 3.2 : 0
MASS PART. EQUI.PART, AMOUNT CONCENTRATION
: (MOL) (PPM)
AIR 099467 1.1879E°3 9904677 7114791E§,3
SOIL 7.2048E-4 11473 .072049 1.133%E-4
WATER 3.9287E-3 4.02I8E-3 .392865 5.9586E-6
BIOTA 4,I137E-17 421129 4.1I37E-5  6.2394E-4
SUSP SOLIDS 121208E-6 .229465 I.1208E-4  2.2665E-4
SEDIMENT 6.7245E-4 .229465 .067245 2,2665E-4
NAME OF CHEMICAL P XYLENE P METHYLTOLUENE cna 06H4 CH3
MOLECULAR WEIGHT'.(G/GMOLE)  I106,I7
AQUEOUS SOLUBILITY(PPM) 214,463
VAPOUR PRESSURE (MM HG) 8.74
LOG OF OCTANOL-WATER PARTITION COEFFICIENT 3,18
MASS PART EQUI, PART AMOUNT CONCENTRATION
. (MOL) (PPM)
AIR .993339 9.7822E-4 99.3339 I.4770E-3
| so1L 8.7126E-4 ;114407 © 087126 I1.3704E-4 |
WATER 4.9746E-3 4.1991E-3 49746 7.5450E-6 =
BIOTA 5,009IE-7 ~ .42820 5,0050E-5 7.5972E-4
SUSP SOLIDS  :I.3550E-6 .228801 1.3553E-4 .2, T408E-4
8.I318E-4 - ,228801 .08I318 2.7408E-4

SEDIMENT
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NAML OF CHEMICAL - o -
0 METHYL PHntiulL 6 CRESOL
HULLCULGE . ML TOHT (676000 )
LUROUS SILUBTLTTY (PP:)
VAPUUR PEESSURT (e HG)

108,141

25000

Ld6G NF COYAUOL=dATER PRPTITIPH COLFFTICTENT Lle95

0 HYU“UXY TnLUCN[ Hﬂ.CbH«.CHa

-

TON

SEDIENT

QASS PYAT S UL o P IRT, LUOUNT CONCEMTRAT
’ (lnL) (PP1r)
AL L Tel5047 - ou 70 b Fmh 7e1 5617 1.(8386E=4
SuTL e3sTHh2i =3 "5«08@ 516762 1,50398F=3
WaTee IRFIT ben2410Fa? 9.1 266. Le4C624E=3
BINTA Be&Sa.tt=t TR K Ba256uTh=4 Le27515F=2
SuSP SOLIOS Latrdie=y S17737¢ Le 66037 =3 340F796E~3
SL0I il EeTnl7du=2 17737 875178 3, 796F=3
NAME OF CHENTCAL , o [
M METHYL PHEMIL  M.CKESAL M HYDROXY TOLUENE  HO.CéH44CH3
MULECULAR HETGHT (G/AOLE) 1084141 o
LUFQUS SOLUBTLITY (PP:) 5000 -
VAPUUR PPLESSIIRT (MK HG)
LUG 0F UCTANOL=WATER PARTITIAN COEFFICTENT 2402 : !
"HASS PARTe EQUL.PART. - AKOLNT CONCENTRATION
(roL) (PPI)

AL lfiab4d 6.7 19LE=6 1Ce4648 1458498E=4
SuTL Lef6I02LE=E 9.05140F=2 S1eM6002 1.69824E~3
HATEF: 574833 4,80227E=2 ‘8744833 1435150E=3
BIOT/ 9,N97561:=b6 < 496397 9.19756E=4 16 40546E=2
'SUSP 5OLTOS Leb6489LLE=5 W181u29 1,64891E=3 3.39648F-3

98934363 W16102 «9RG348 3,39648E~3




MaME OF CASNICAL T e e

P AETHYL PHENUL P CRESOL  -P HYDRUXY TOLUENE  HO.COH44CHI - . '
HULECULAR HWEIGHT (G/ROLE) 1lu8e141 o
AJEUUS SOLUBILITY (PPn) 14900

VAPOUR PPESSUKE (Al HG) 41055
LUG UF GCTANOL=dATER PAKTITION CD:FFIC!LNT le94

MASS PART. FOUI4PAKT, AMOUNT © °  CONCENTRATION
: C (e0L) ' (PPH)
AQR 24787B2E~2  1.92378E-6 2.78782 4.22235545U
Sulw 9. 6UY85E=3 Bet419LF=2 i $96u985 . 1.539585-3
W TER «953519 '5463993F=-2 95;2519 1447306E~3
BIUY: G.4T0Tub-o eSulsns Be47870E=4 1430985E=2
| sus? soLtos 144948765 « 176536 - 1.494878-3ﬂ'-\ 3.07917E-3
1Sl feNT 8496919k =3. J176838" 696919 3407917F=3

'bﬁHi..F ”H' ‘CﬁL :

0 METHYL ANILINE 0 TOLUIDINE 0 AMIND TGLUENE NHZ e C4H4 4 CH3
TOLaCULAR VETGHT (G/GMOLE) 1074157 :

Auruirs SOLUsTLITY (PPM) 15000

VaP IS PP SSURE (MM HG) .248 .

LG OF GCT 2il-WaTLY PAFTITION COLFETICTINT 1429

M:5S ePral. TIULLP KT, AEOURT CONCENTRETTON
: | (n0L) (PP™)
rir 7055259, 91  L.424550m5 7,55259 1133495 ~4
SuTu N Y S EE £e08941Tm2 277677 302969454
MATLE $02%452 V197597 az.0453 1e40984F=3
einys - 2. 293n7tn $474914 242935204 34510957 =3
SUSP SOLIDS Ha22030mh V122788 3073753L=4  64593BuF=4

lA)

Seuirang 142353273, V13378t <1938 64€ 93807 =4
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Ut uF CrbsTeAl T
e THYL WMILLIEE
CuleCdla? Ut TS5HT (G/7o0)Le)
FUROUS SOLUSTLITY (PvP+)

VaPuUdx PRLESSURS it #6G)
LuG OF OCTANOL=UATER
. \ASS PI’-K{T-

AR 01273582
Sull 24713253
TP .933474

BiOT! CeBBATLE

5USP SOLTDS Ge (ZNBLLE=G

Sedl et ceDH32300-3

4 TGLUIDIML 2 AMIND TOLUEHE

1074157
v 32

«336 :
PAKTITION COLFFICTEN

FUUL P AKT,

14205T9F=5
Te11911F=~2
- «157454

C 466579
142382

142382

T le4

ANOUNT
{(0L)

6e12735
0271325
9343474
2.88471E=4
4q2206NE=4

«253236

NH2 ¢ C6H44 CH3

CONCENTRATION
(PPN)

9419592F=5
9.3n7515-4
1.42897E=3
«.415955-3;
q.e14615—4’

Bet1461E~4

Ha'te OF ConiralCAL
P onkTAaYL AtlLlbe
HULECULAR HWEIGHT (G/aULE)
CAubuUS SOLUBTLITY (PPi)’

YAPUUR PFESSUKE (i rG)

? ToLUlDIHE

174157
747¢

3025 .

P AMINU TOLUENL

LUG OF OCTANOL-WATER PARTITION COEFFICIENT 1039

MASS rakT.

ALK

167329
sulL 2.352220=3
T V828117
B10TA 24509530

SUSP SOLTDS 3.059u2E=6

SeDIEHT 2e419541E-3

ECUL P ART.

© 3677790E=5
768131 =2
16026
.4u565l
el4lu21

o]ﬁlel

Ad0uUnT
(hOL)

1647329
235222
8206117

“2e5UG53L =4

3465902k =4 -

e219541

- NHZeCbH4eCHI -

‘CONCENTRATIGN

(PPH)
2451127F=4
3.73418E~=4
1426769E=3
3064162€=3
7e46836E~4

Te46830E=4
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HaTe 0F CnfLT0 U AL TOYL nITROSeHZERE LiZe Conbdecrs 7T

FULECULWR METGHT (G/GnULT) £374242
AGKUUS SILUSTLITY (P CRR
Vo PUUL PRESYURE {3 16) 419y ’

LUG F GCTANNL=Ga1 T8 PLRTITLON COLFFICILANT 2.3
g CIULGPART,

AL

fuIL

LTeb

Sara

Suse SaLlus

SoDL L

NASS PART,

vo449bo
1ed4033:=3
¢ 339546

6 1139 =
4 ¢

Lo220mbt =5

Te323.29.0=3

5504085

QeT262Y0=

2eTM04ybmD -

e UL O
e 190400

PR EETIR

saoCunT

(riiL)
6444900
$734638
A3ev 140
6.11330t-;

1.220550=3

732329

CONCEKRTRATION
{PPK)

Le23b61E=3
14594106E=3
6e65812F=4
1e19771E=2
3.18833F-3

3,16833F=3

JuleCulaR il 16H
AJEOYS SOLUBTLE
VAPUUR PrheSSURE

AR

SulL

ﬁnTtR

L0014

SUSP SOLIDS

SedDIAenNT

Nntic UF CHEAICAL

T (O6/70:0LE) 1
TY (PPi1) 498
(il 1G) <2093

HASS PART .

« 715165
Be18692E=3
e 203985
bell974t~¢
1e27352E-5

7.64112c=3

it ETHYL HITRO BENZLHE

37.141

be54U32E~5

94982 76F=2
2410653F=2

47871,

4199650

¢ 1996 50

LuG OF duCTANOL=UATER PARTITION COEFFICIGNT 2442

EQUI oPARTY" APOUNT

(+0aL)
715165
«815€92
2@.;988
6e11974E=4
1,27352¢-3

«764112

i NITRU TOLUEWNE NO2eC6H4 4 CHI|

CONCENTRATION
(FPF)

1437365E-3
1,66335£=-3
502699CE=4
1.195§5E-2
303267UE=3

3032670€-3
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-

Hale UF CHEATCAL P JLTnYL hXThU dEhZLNL P hITRO TOLLENu

huLtCuLnR JETGHT . (G/7uuLE) 1374141
EOUS SOLUAILITY (PP} 442 )
VAPUUR PFESSURE  (in nG) +16995 :
LUG OF UCTANNL=AATER PARTITION COEFFICTENT 2437
WASS PnaRT . YUl 4P ARTe COANOLNT
: ’ . (hOL)
LiB © e098i17 6464222F=5 69.8(‘17 '
SuIL 7.78295:=3 De87484E-2 $778295
HnTER 286918 Z0340228=2 2846918
181072 5e919L3E=0 C4B2789 . 5.91913E~4
(SuSP SOLIDS . 1.21063E=b W 157457 1,21068E-3

Subaite T ‘ Te2640G9E=3 ‘ 197497 e 7264u9

hﬂZ C6H4 Cﬂ3

CONCENTRATIUN
(PPM) .

L434U7LE=3
.1.581285-31
5062117E=4. °
1415965E=2

3616255E=3

3416255E=3
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PHENOL FAMILY

NAME UF CHEMICAL - ’
PHENOL HYDRUXY BENZENE CARBOLIC ACID BENZENOL CoH540H.
HULECULAR WETGHT. (G/itOLE) 944114

AUEUUS SOLUBILITY (PPH) 80600

VAPUUR PFESSURF (MA-HG) 429438

LUG OF UCTANDL-HATER PARTITION COEFFICIENT 146

HASS PART. EQUI.PART. " AKOUNT I CONCENTRATION

_ o o (hoLy) (PPM) ’
ALR 1e44711E=2 2.438345-6‘ le4s71l 1.907475-5
SuTL | 3426783E-3 7¢34161F=2 $326783 4455628E=4

WATER 2979203 «141423 . 9749203 1.31652E4§f”
B10TA 3440308E=6 4491495 3.40308E=4  4457540E=3
SUSP SOLTDS 5.08329E6 $146832 5,08329E=4 9.112555-4
-SEDIHENT 3.04998E~3 e 146832 304998 9.11255E§4

NAHE OF CHEATCAL U CHLORO PHENOL HU«C6H54 CL
. FULECULAR WEIGHT (G/HOLE) “1284563 '
“AGEQUS SOLUBTLITY (PPH) 290060

VaPUUR PRESSURE (MR HG) 24295

LOG OF UCTANOL-WATER PARTITION COEFFICIENT 2415

HASS PART.  EQUIWPARTS ANOUNT CONCENTRATION
(HOL) (PPM)
ALR .312679 . 2.018526-5 3142679 ls.baoioseh
SUIL  1.08898E-2 94373326-2 - 1.08898 2.074116;3
WATER 666242 3468656E-2 6646242 1¢22363E=3
BIOTA . 5.93577E=6 '« 494448 B493577E=4  1e64116E=2
SUSP SOLIDS 1.69396E=5 187466 1069396E-3 | 4414821E-3

SEDTHENT © 1,01638E-2 187466 1.01b38 4414821E~3
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NaHE OF CHERICAL H CHLORD PHENOL
HULECULAR UETGHT (G/HOLE) 128.563
_AUEQUS SULUBILITY (PPH) 26000
VAPUUR PRESSUR (HH HG) 276
LUG OF UCTANDL-NAT[R PARTITION COEFFICTIENT 245 .
: AMOUNT .

HO « C6H S CL

CONCENTRATION

SeDIHENT 2441764E=2

HASS PART. EQUILPART,
_ | “(hOL) (PPH)
AIR 5455249E=2 1430994E=6 . '5.55249 = - 9499783E=5
suIL - 3.22744E-2 101522 3.22744 6e14709E=3
WATER 4882004 1.783556-2 . 8842004 1.61990E=3
BIOTA 243467765 474555, 2.34677E=3 4431011E=2
SUSP SOLTDS 5,02046E=5 4203043 | 5,02046E-3 1022942E~2
SEDIMENT 3.012276=2 203043 3.01227 1422942E-2
| —
NwNE OF CHENICAL P CHLORO PHENOL  HOJCEHS.CL
JULECULAR WEIGHT (G/HOLE) 1284563 A
AGEUUS SOLUBILITY (PPN 27100
VAPUUR PRESSURE  (aH HG) ¢19
LUG OF UCTAMNDL=WATER PARTITION COEFFICIENT 2439
HASS PARTs  EQULLPART.  AMOUNT CUNCENTRATION
' (ROL) SEERTITY
AIR 637917 1.08894E-6 3,7917 646273465
sutL 2.59033E=2 . 099189 259033 4493364E-3
UATER 911943 2.24487E-2 9141943 1.67489E~3
BLOTA L495645E=5 . 481605 1.95645E=3 3.593245-2
SUSP SOLIDS 4402940E=5 .198378 4402940E-3 9486727E=3
.198378 2.41764 9.86727E-3
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Hallk" UF CHUATCAL

0 MUTHYL PHEMOL -0 CRESOL
HFULLCULAR WEIGHT (G/GHOLE)
AGFUUS “SOLUBILTTY (PPH) 25000

VAaPUUR PRESSUKE (i HG) 394 -

LUG OF UCYAHOL—~JATER PARTITION COEFFICTIENT 1695

0 HYDRUXY TOLUENE HO4C6H4 e CH3
1084141

Y

SEDIHENT

HASS PARTe  EQUIWPAKT, AHOUNT CONCENTRATION'
1 (rOL) (PPH)
ALR  T4150L7E-2 SeUTGAUE=6 7415617 1.G8386E-4
SOIL  Y438762E=3 - OBH6Bb $938762 1.56398E~3
HATEFR 910266 5en2819F=2 91.0266 1e4C624E=3
BLOTA: T Bez5407E=0 .501z83 Be25407E=4 1e27515E=2
SUSP SOLTDS  Ls46030E-5 4177372 1,46030E=3  3,060796E=3
SEOTiHENT 8476178E=3 .177372 876178 3.00796F~3
‘ _

NaHE OF CHERICAL o : ‘ o

i METHYL PHENOL  k CRESOL K HYDROXY TOLUENE  HO.C6H4eCH3
HULECULAR WEIGHT (G/AOLE) 1084141

AUEUUS SOLUBILITY (PPA) 5000 -

VAPUUR PRESSURE (MR HG) 1199 |

LS OF UCTANOL=#ATER PARTITION COEFFICIENT 2402 N A |

HASS PART e EQUL.PARTe -  AMOUNT CONCENTRATION |
(hOL) (PPH)
AR W 104648 6¢TOL9LE=6 1664648 ;.584985-4”
SoIL 1,66002E=2 9405146E=2 - 1406002 1e69624E=3
HaTER L674833 4,80227E=2 87.4833 1435150E=3
BIOTA . 9409756E=6 . 499397 9409756E~4 1e40546E=-2
SUSP SOLIDS 1.6489LE=5 «181029 1.64891E=3  3439648E=3
9.89348E~3  +161029 <989348 3439648E=3
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NAME OF CHEATCAL

P METHYL PHENUL P CRESOL P HYDROXY TDLUhNE HOs C6H4 o CH3
HOLECULAR WEIGHT (G/KOLE) 108,141 ' o :
AUEQUS SOLUBILITY (PPH) 180u0 4
VAPOUR PRESSURE  (HH HG) «1055
LUG OF OCTANOL=WATER PARTITION COEFFICIENT 1494 . .
‘ MASS PART. EQUI+PART, AMOUNT CONCENTRATION:
C(HOL) (PPH) .
ALR 2.78782E-2 1,92378E=6 278782 4e22238E-5 |
SulL 9e60985E=3 = B848419LE=2 «960985° ‘1453958E-3
MATER 953519 ' 5463993E=2 9543519 - 1s47306E=3
BIOTA 8447870E=6 + 501503 Be47870E=4 1¢30985E=2
SUSP SOLIDS - 1449487E=5 «176838 1.49487E=3 _ 3.079175—3,
SEDLAENT 8.96919E=3 176838 «896919 3.079175-3
-
MuHE OF CHEHICAL .
H ETHYL PHENOL 1 ETHYL 3 HYDROXY BENZENE  HOeC6H5.C2HS
HULECULAR WEIGHT (G/HOLE) 122.168 ' .
AQEUUS SOLUBILITY (PPnH) 923,014
VAPQUR PRESSURE ~ {KM HG) 4079
LUG OF OCTANOL~WATER PARTITION COEFFICIENT 244 :
" "HASS PART. EQUIPART, ‘AMOUNT CONCENTRATION
. (x00L) “(PPH) .
AIR $312325 1423048E-5 31.2325 5¢34400E=4
SUIL 1.89234E=2 9494038E=2 1.89234 3442493E-3
- WATER 0651046 2419852E=2 6541046 1413624E=3
BI1OTA 1le42433E~5 « 480984 1e42433E=3 ‘2448583E=2
SUSP SOLIDS 2.94364E=-5 4198808 . ’2,943645-3 6484987E=3
SEDIHENT 1o 76018E=2 «198808 1.76618. 6484987E-3




226

—

0 HYDROXYPHENGL

HOLECULAR HETGHT

Atk UF CHEMTCAL

0L HO,Coll4.0H -

(G/GAULE)

1154114

CATECHOL  u DIHYDRUXYBENZENE * PYRGCATECHIN ' PYROCZTECH}

JAUEQUS. SOLUBTLITY (PPM) . 45100
VAPUUR PRESSUKE  (Af HG) 403277
LUG. OF UCTANOL=HATER. PARTITION COEFFICIENT .88

CONCENTRATION -

(PPH)

59368009F=7

#

SEDIMENT

AASS PART, EQULWPART, AHOUNT
. 3 (K0L)
ALR 34 68306E~4 145380267 .3,533uag-2
SuTL 547597164 V048773 . 8,75971E~2
HATER .99?930 ¢357196 - 9947936
BLOTA 1:11456E-6 «398939 e 11456E=4
SUSP' SOLIDS ~  1.36262E=6 . 9,75459E=2 1. 362626~4
B417573L=4 9.?54595-2’ 8417573E=2

1+42899FE~4

1456981F=3

1.75326E=3

2485797E~4

2,857976=4 |

WI

VAPOUR PRESSURE

)

SUSP SOLIDS

L SeDIAENT

HAlle JF CHEMTCAL
it HYDROXY PHENOL
HULECULAR WETIGHT (G/hOLE)
S AUEUUS SOLUBILITY (PPH)

(M HG) . «001924

MASS PART.

iR 60625130

SOIL” 7e29072E=4
NaTER 998582

1-810aTAY Y453638L=7

le13411E~0

0. 804067E=4

'LUG OF OCTANOL~WATER PARTITION COEFFICIENT o8

EQUl nPART. ”

3.06H07E~9

4450174E=2
396376

« 378537

© 94U0348E=2

9.U0348E~2

RESURCINOL ~ -1 3 DIHYDROXY BENZENE
1104114
1447300k +6

AHOUNT .

(HOL)
6e62513E=4
7029072E-2
95,8582

9,.53638E=5

Clel3421i=-4

‘64 B8046TE~2

HOeC6H4 4 OH

(PPK)

1.02174E-8

1418935E=4
1457083E=3 -

1,50013E~3

2437870E=4
2:37870E=4

CONCENTRATION |
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NallE OF CHEHICAL - _ - o - S .
g HYDROXY PHFNDL HYDROQUINONE  QUINGL 1 4 DIHYDROXY BENZENE - HOeCbH4e
H ; . ,

|HULECULAR HhIGHT {G/ROLE) 110,114

AUFOUS SOLUBTLITY (PPn) 80000

[VAPUUR PRESSURE  (MH HG) 7,28700E-6

LUG OF OCTANOL~WATER PARTITION COEFFICIENT <59

NASS PART. EQUI.PART.  AMOLNT _  CONCENTRATION
| ., (hoL) (pPH)

ALR - 4062262E=T  24721636-10 426226265 .  7412907E=10
SOIL . 4449789E-4 3453092E=2 4449789E=2 743374865
WATER 4999129 - 504215 9949129 1.57169E-3
BIOTA | 64 32589E~7 +319239 6.32569E-5  9495098E=4
SUSP SOLIDS  6.99671E=7 7406185E=2 6499671E-5 1e46750E=4
| SEDLHENT 44198034 7.06185€=2  4419803E-2  Le46750=4

~

e T

e me——— = 0T T - . .
B - T s b T

NaE OF CHEMICAL 0 NITRO PHENOL HOes CoH4eNO2 . S
fOLECULAR WEIGHT (G/MOLE) -139.114 :
AQEOUS SOLUBILITY (PPH) © 13500

"VAPUUR PRESSUKE = (il HG) <188

LUG UF OCTANOL-=HATER PARTITION COEFFICILNT 1479

NASS PAKT EQUI.PART. AMOUNT 'CDNCENTRATION

v (hoL) (PPH) - _

ALR : BeLO0SBE=2 7.91073E~6 8416058 1.578305-4, ;

salL 5.467595-3 8+42L35E=2 0646759, ' 1433294E=3 . .
WATER - «906474 7458768E=2 | 90e6474 1.801476=3
| 810TA 640097486 ¢503048 600097 4E=4 1e19434E=2"
-SuSP sanus 1.006UTE=S .1o8427 1,00607E=3 2466587E=3

SEDIAENT 0e03642E=3 ¢«168427 0603642 2466587E=3




CANILINE FAMILY

228

5
NaME UF CAFNICAL  ANILINE  AHIND BENZENE PHENYL AMINE  NH24CBHS
HULECULAR WEIGHT (G/HOLE ) 9313 : INE ZaLoH>
AUEUUS SOLUBTLITY. (PPH) 36600
VAPOUR PRESSURE (MM HG) 44685
LUG OF UCTANOL~WATER PARTITION COEFFICIENT o9 .
: HASS PART., EQUIGPART, ~  AMOUNT ° CONCENTRATION
' (hOL) ey
KIK 542035 9E=2 2.23039F=5 5420359 6478727E=5
S SulL 8469774k =4 4497075E-2 8 6977 4E~2 1.20003E=4 -
HATER 94628 4347656 944628 1425896E~3
BLOTA 1409906E~6 C4U3784  1.09906E~4 1446222E=3
SUSP SOLTDS  1.35298E-6 099415 . 1.35298E~4 . 2440006E~4
SEDLite T 301179064 099415 681179 2040006F=4
Batk OF CHERTCAL U CHLURD AHILINE NHZCOH4.CL :
L HULECULAPR L8 TGHT. (6/GAOLF) 1274579 :
CKuEUUS SULUBTLITY (PPr) 876v
VAPUUR PRESSURFE  (FK HG) 4254
LUG UF UCTANOL=UATER PARTITION COEFFICTCNT 1.9 » :
*IASS PiaRT e LUU].P/\RT- AHOUNT CONCENTRATIUN
(hoL) (PPM)
CALR (143582 L. Z1599F~5 1443582 2056556E=4
SulL 7734 LbE-3 7333702 $773416 Le4618UE~3
 q“TLp : «B4la4b 6eL0B15F=2 8441446 1453358E~3
“BloTA 649LUT3L~b «502£36 6.G1873E~4 1.26098E-2
fsusp SOLTUS  lezu3ude=5 174667 1.203G9E~3 2492360E-3
SLDLHENT 72185503 174667 721855 2.92360E-3
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« NAYE OF CH[nICAL A CHLORO ANILINE
FULECULAR WETGHT. (G/HOLE) . 1274579

NHZ.CbHQ.CL

AQEUUS SOLUBILITY (PPi)

VaPUUK . PRESSURE

5787456
(50 HG) 40572
LuG OF  UCTANOL=YATER PARTITION CUEFFICI[NT l.88

-CONCENTRATION |

HASS PART. EQUI oPAKT, ANOUNT
(nOL) (PPK)

ALR 5¢40971E=2 4431272E=6 5440971 90 66619E=5
SUIL Bel6424E~3 8.67825E~2 © . 816424 1454309E-3"
WaTER « 330099 "0.355645-2 G3.uNY9 1.695165—37
BLUTA 7635409 =t e 502527 7.35409E—4 le34U33E=2.
SUSP S3LTLS 1426999E=% . 9173565 1.26999E~3 ‘ 3,08618E=3
SLDIHENT ) 7.61990E~3 : « 173565 ¢ 761996 3.58618E-3.

— ~ -~

e A AL L ORI Wit 1{ e
NAME OF CHEMICAL P CHLOROANILINE  NH2.C6H4.CL -
MOLECULAR WEIGHT (G/GMOLE)  I27.58 "
AQUEQUS SOLUBILITY'(PPM). 3900
VAPOUR. PRESSURE (MMHG)  0.0248
LOG OF OCTANOL-WATER PARPITION COEFFICIEN?  I.83
MASS PART. EQUI, PART. AMOUNT CONCENTRATION -

, (MOL) (pPM)"
AIR .0355698 3.0642E-6 3.55698 ' 6.3557Ex5 4
SOIL 7.4325E-3 .08537 -T43325 1.4048E-3
WATER 9500424 ,07015 95.0042 I.7315E-3
BIOTA 6.81I6E-6 50297 6,81162444‘ 1.2415E-2
SUSP SOLIDS  I.I56I6E-5 .170746 1156283  2.8096E-3
. SEDIMENT 6.93698E-3 . .170746 '0:69369 2.8096E-3
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HaME OF CHFnICAL
0 METHYL aNILINE 0 TULULDINE
FULECULAR WMETGHT (G/0nuLE)
AUFUUS SOLUBTLITY (PPH) 15090

VAPUUK PRESSUKE (MM HG) o249

LUG OF OCTANOL=WATER PARTITION CU&FFICILNT 1¢29

U ARLIHU TOLUENE
107,157

nA?S FAKTg EQUIWPAKT, ARODUNT
L (KOL)

CAIR 7055259¢=2 148245565 7455259
SulL 2:07677¢~3 6408941 F~2 .207677
HATiER 0920453 . 190597 V92.o453
BLOTA 20293526 «474914 2.29352E=4
SUSP SOLIDS 3423053E~6 133788 3.230&3&-4

1,93832E=3 «133785 +193832

SeDIHENT

NHZ o C6H4 e CH3

" CONCENTRATION'|

(PPMY.
1.133%95-4
3429690E-4
1440904E=3
3.51095E~3
64593806~ §

6.59380[ #

e —

RO S

Na'lE UF CHENICAL .
H HETHYL ANILINE n TOLUIDINE
SULECULAR HETGHT (G/~OLE) 107.157

AUBUUS SOLUBTILITY (PPr) 25302

VaPOUR PRESSURE (HH HG) 336

LUG OF OCTANOL=WATER PARTITION COEFFICTENT le4 .

1t AMINO TOLUENE

HASS PART. EQULePARTS. AMOUNT
: : (noL)
ALR ‘ bel27356=2 1,20579E=5 6012735
Sult 2,713256=3 7411911E=2 .271325
WATER ,933474 .157454 9343474
BIOTA 2.88471E=6 466579 2.88471E=4
SUSP SOLIDS 4422060E=6 «142382 4,22060E=4
2.532365—3 142382 $253236

SEDIMENT .

‘NH2 ¢ C6H4q CH3

CONCENTRATION:
(PPMY -

9419592E=5

4430731E=4
1442897E~3
4441595E=3
Ba61461E=4

Beb1461E=4
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MHAME OF CnlFH ICAL . T T T <~"- «‘,Wf».' ‘ : o
P HETHYL ANILINE P TOLULDINE P AMING - TOLUENE  NH24C6H4s CH3
HOLECULAR MEIGHT (G/AULE) . 107.157 o
AUEUUS SOLUBILITY. (PPh) = - 7400
VAPOUR PRESSUKE  (Md HG) ,3025 o
LuG OF UCTANOL—NATER PARTITION COEFFICIENT 1+39 e

ASS PART. EQUI4PART. AHOUNT CONCENTRATION’

- (HOL) CUPPHY

ALR $167329 3477790E-5 1647329 _ 2.511275-4 :
SuTL 2+35222E=3 7.08103F-2  .235222 3.734185-4f:f
WATER +828117 +16026 8248117 1.26763;43}'{
BLOTA 2450953E=6 « 485651 | 245G953E-4 3484162E-3
SUSP SOLIDS 3.659026=6 ¢+ 4141621 3.659026=4. 7046836E~4
SEDINENT 2019541E~3 .141621 0219541 7646836E~4 " |

TR ﬁ

MaMi UF CHERICAL ,- o . T
M PHENYLENE DIAWINE 1 3 DIANINO BENZENE  NH2eC6H4 oNH2

MULECULAR WETGHT (G/HOLE) = 1luB8.146

AGEOUS SOLUBILITY (PPn) 250000

VAPOUR PRESSURE (A4 HG) +G65519 :

LUG OF OCTANOL=WATER PARTITION COEFFICIENT o736 . TR

AASS PART . EQUI«PART,. AMOUNT CONCENTRATION
(1oL) (PPH)

ALR 1.09981E~4 5450809E~8 1.09981E-2 1466583E=7
suTL 6229230k =4 4420L75E-2 . 4062923  1400813E~4 -
HATER «998672 428704 99.8672 1454289E=3 |
BIOTA ve41439E=7 361208  Be41439E-5 1429998E~3
SUSP SOLIDS 9.788U3E~7  «084035 9. 78803E=5 2.01626E=-4
SEDIHENT e BT282E=4. ¢ 084035 5¢87282E~2 2401626E=4
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Naite OF CHERICAL 0 NITKO ANTLINE 0 NITRANILINE  wiiae cora .t
FULECULAR WETGHT (c/more) 155??3 O NITRANILINE = NH24C6H44ND2
AUEUUS SOLUBTLITY (Ppn) 1212 | :
VAPUUR PRESSURE -~ (MM HG) 004087 - :
LUG OF UCTANOL~WATER PARTITION COEFFICIENT 2436 :
HASS PART. EQUIWPARTs - AHOULNT CONCENTRATION .
) , - (HOL) ©(PPHY
ALK - 020028 5¢99U01F-7 2.0028 3.87461E-5
SulL 2447090E=2 9485366F~2, 2,47098 5.05654E=3 |
vatR 932142 «N23696 9342142 1.83938E-3
BIOTA 1.88574€£=5 048342 1.88574E~3 3.721116=2"
SUSP SOLIDS 348437565 $197073 " 3484375€=3 1.01i31é-é”;1
SeDIHENT 24306256-2 «197073 2436625 1.61131E-2 o
“ AR
NallE OF CHEATCAL A NITRO ANILINE B NITRANILINE  NH2eC6H4eNO2
HULECULAR WETIGHT (G/AOLE) 138413 :
AUEQUS SOLUBILITY (PPA) 121v
VaPOUR PRESSURE  (dil HG) 1,2149CE=-3
LUG OF UCTANOL=WATER PARTITIOM COEFFICIENT 1.37 ;
HASS PART EQUL.PART, AMOUNT CONCENTRATION
‘ (hOL) (PPH) :
ALR be32381E~3 1¢23902€~6 +632381 1e22340E=5
SUIL 2,68137E=3 « 070048 0268137 5¢48708E=4
N . .
HATER 988485 « 166006 9848485 1495056E~=3
BIOTA 2488652E=0 . 483753 24 88052¢=4 5¢68408E=3
SUSP SOLIDS 4,17102E=b « 140096 4417102E~4 1s09742E~3
SEDI'IENT 2450261E~3 « 140096 0250261 1.G9742E-3
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Nale OF CHEMICAL
HULECULAR WE IGHT (G/MOLE)
AQEUUS SOLUBILITY (PPHM)

VAPUUR PRESSURE

AASS PART e -
ALR Be53344L=5
SulL 2482467E=2
WATER «994440
BIOTA

3.01357E~6
SUSP SNLIDS 4439394L-6

SeDIHENT e 63036E=3

138413
22200

{HH HG) 2.98980E=4 .
LuUG DE OCTAHOL=WATER PAKTITION COEFFICIENT 1439

EQUI+PART,

Le60446E=~8
070813
.160266
.4&5606
» 141626

«l4l626

P NITRO ANILINE P NITRANILINE

NH24 Coh4eNO2
AMOUNT . CONCENTRATION.
(KOL) (PPHY .
B4 5334 4E~3 1465087E=7
282467 50780334
9944446 1.962336-3
3,013576=4 5,94663E-3
4439394E=4 1415607E=3
«263636 '

1415607E=3
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-

Maite OF CHEATCAL NITRO BENZENE
HULECULAR WEIGHT (G/HOLE)
AUEUUS SOLUBILITY (PPH) 2650

VAPUUK PRESSURE (Ml HG) 265 ) '
LUG OF OCTANDL=HATER PARTITION COEFFICIENT le85

CoH5 o NO2
123,114

HASS PAKT EQUI+PAKT. ASOUNT " CONCENTRATION
T (KOL) C(PPK)
AR 0419501 5477592E~5 41,9501 ,7.23340674'
SulTL 446811 BE=3 8e59374E~2 0466118 8453805E=4
WATER e571437 6e74388E=2 5741437 1.00503E-3
BIOTA 4426058E=6 «502817 4426058E=4 7.449338E=3"
SUSP SOLIDS 7.28183E=6 - L171675 7.28183E=4 1.70761E~3 -
CSEDINENT 4436910E=3 W171875 «43691 1470761E=3
‘ h— _
THATE OF CHERICAL 0 RETHYL RITRUSENZENE  NU2. CoHé4sCHI B
CMULECULAR WETGHT (G/GIOLF) 1374141
f'AU‘UUb SULUJILITY’(PP! ) b)‘» N
VAPUUR PReSSURE (Ml HG) ¢19%
LUG OF OCTANDL~HATER PARTITION COEFFICIENT 243 o
’ HASS PART EQUI oPART, AMOUNT CONCENTRATION
e : (KoL), (PeK)
CALR 644960 54992 48F=5 6444966 1.23681E 3
SufL 7464630E~3 9472027F=2. 784638 ‘1.59416E-3'
WATER «339846 2470649E~2 33,9846 ’6.658125-
‘B10TA 6¢11339E =0 486D 6L 6911339E—4 ‘1.197715-
SusP >anus 1,22055E=5 + 194405 1.22055E6=3 j3.18833&-3
SEDIHENT 7.323296=3 . 4194405 .732329 3418833E-3
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NuME OF CHEAICAL il RETHYL NITRO bENZLNE -~ H NITRU TOLUENE  NO24C6H44CH3
HULECULAR UEIGHT (G/HOLE) 137,141 o
AQEQUS SOLUBTLITY (PPH) 498
VAPOUR PRESSURE  (NH HG) 2093 °
|LUG OF GCTAHOL=WATER PARTITION COEFFICIENT 2442 R
HASS PART. EQUIWPART.. AMOUNT ' _ CONCENTRATION
(HoL) C(PPEY
AtR 715165 t454032E=5 7145165 14373656-3
SuIL 8418692E~3 9.98278F=2 - 4818692 1466335E=3
WaTER 268988 2.10853E=2 2646988  5426990E=4
BLOTA 6411974E=6 47971, 641197 4E=4 1419895€~2
SUSP SOLIDS 1,27352E=5 «199656 1,273526=3 3.32670E=3
. : /o
SeDIHENT 7.64112E=3 +199656 764112 3432670E=3 .
1] - 1
Nk OF CHEHICAL P WETHYL WITRO BENZENE P NITRO TOLUENE = NO2.C6HA4<CH3
HULECULAR WETGHT (G/AULE) 137,141 - : o
AUEOUS SOLUBILITY (PPH)
VAPUUR PRESSURE (M HG) 416998
|L0G OF GCTANOL=HATER PARTITION COEFFICIENT 2437
" HASS PART. EQUI+PART, AMOUNT . CONCENTRATION
~ ' R T U(PPHY -
ALP «698017 . 6464222E=5 6548017 " 1e34071E=3
SulL 7.782956-3 9487484E~2 778295 1e58128E-3
HATER 286918 20340226-2 2846918 5062117E=4
|B10TA 5¢91913E=6 . 482789  5.91913E~4  1.15965E=2
SUSP SOLIDS  1.21U6BE=b 197497 1.21068E-3  3.16255E=3
SiDLHENT 74 264U9E -3 «197497 +726409 341625563
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!
o . N . e -
"NAHE UF CHERICAL O HYDROXY NITRO eenzens  O.NITRO PHENOL  NO2«C6bH#4e OH
HULECULAR WEIGHT (G/RMULE) 139114 T e T
AUCOUS SOLUBILITY (PPN) 2100
VAPOUR PRESSURE (MM HG) o188
‘LUG OF UCTANOL~WATER PAKTITION COEFFICIENT 1479 - : S
NASS PART. EQUI.PART. AHOULNT CONCENTRATION
' (OL) (PPHY -
LALR 0361697 5408525E=5 3641697 ,_7.04721&-4
Fsuru 4449217E~3 8¢42099E=-2 2449217 9.2581‘1E-‘9; £
" MATER 6290607  7458736E=2 6249607 1.25125€=3
BIOTA 4417417E~6 503026 4417417E=4 8429550E-3
SUSP SOLIDS  6.98783E-6 16842 6098783E=4 ~  1.85163E=3
SEDINENT 4419270E=3 016842 41927 1485163E=3
R RN
NAHE OF CHEAICAL S o R
0 AHINO NITRO BENZENE® O NITRO ANILINE O NITRANILINE  NOZ2eC6H4eNHZ - - |
SMULECULAR WETGHT (G/HiULE) = 138413 / S
AUEOUS SOLUBTLITY (PPH) 1212
VAPOUR PKESSURE  (HA HG) 004087 .
LUG OF OCTANOL~WATER PARTITION COEFFICIENT 2436 , R
AASS PARTe  EQULePART. ANOUNT CONCENTRATION |-
) - (HOL) (PPK)
AIR 020028  5499001E~7 2.0028 3¢87461E=5
suTL © 2447098E=2 9,85366E~2 2.47098 500565463 |
WATER 932142 . 023896 9342142 1.63938E-3 -
BIOTA 1, 88574E=5 $48342, 14 88574E=3 3472111€-2
SUSP SOLIDS 3,84375E=5 .197G73. 3.84375E=3 1401131E-~2 ,
SEDLHENT ' 2430625E=2 «197073 2030625° -7 1401131E-2
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NaKk OF CHEAICAL

H.NITRQ ANILINE

H NITRANILINE

NO2e CoH4 o NH2

]

| SeDIMENT

2463636E=3

H AMINO NITRO BENZENE

HOLECULAR WETGHT (G/AULE) 138413

AQEOUS SOLUBILITY (PPH) 1210

VAPUUR PRESSURE (X HG) 1.2L490E-3

LUG OF UCTANOL=NATER PARTITION COEFFICIENT 1e37

: AASS PART EQUI WP AKT, AMOUNT CONCENTRATION

- (HOL) (PPM)

ALR 6432381E=3 1.23902E=6 «632381 1422340E=5

sull 2468137E=3 <0700 48 268137 5¢48708E=4 -

HATER v988485 +166006 . 9848485 1.95056E~3

BLOTA 2488052E=6 < 483753 2.86052E=4 5468408E=3

SUSP SOLIOS 4017102E=6 41400696 4,17102E=4 1e09742E~3

SEDLHENT 2.50261E=3 « 140096 «250261 1eC9742E~3

|

HAHE UF CHENICAL - »

P ARINO NITRO BENZENE P NITKO ANILINE P NITRANILINE  NO24CtH4oNH2
HMOLECULAR METGHT (G/HOLE) 138,13

AGEDOUS SOLUBILITY (PPA) 22200 . ﬁ
VAPUUR PRESSUKE (AN HG) 2,96980E~4

LUG OF UCTANOL~HATER PARTITION COEFFICIENT 1439

ARSS PART e EQUIoPAKTs . AMOUNT CONCENTRATION
- (oL ) (PPH) :
ALR 6453344E=5 1.60446E~3 8453344E-3 1e65087E=7
SUlL 24824673 .0708153 282467 5¢78033E-4
WaTER 994446 160266 9944446 1496233E-3
BIOTA 3,01357E6~6 - +485669 3,01357E~4 5.94663E=3
SUSP SOLIDS 4439394E -6 .141626 4439394E~4 1e15607E~3
. 141626 0263636

1.15607E=3




APPENDIX 11
~ PHYSICAL AND CHEMICAL PROPERTIES
OF BENZENE AND SUBSTITUTED BENZENES
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_TABLE A.2.3. Me]ting Points and Boi]inglPoints for Halogenated benzenes

" NAME OF CHEMICAL

o]

Ref

ty % Ref
HALOBENZENE FAMILY
Benzene | 5.5 v (9) 30;1 ‘ (9)
Fluorobenzene -41.2 (9) ' 85.1 (9)
~ Chlorobenzene -45.6 (9) '132 (9)
Bromobenzene -30.82 (93v: 156 (9)
Todobenzene -31.27 (9) 188.3 (9)
o-difluorobenzene -34 (9) 92 (15)
jm;difluorobenzgne -59 ‘(9)_' 83 (15)
",‘p-dif1ybrdbéniéﬁe | 13 (9) 89 (15)
o-dichlorobenzene -17 - (9) 1805 (9)
mrdich1or§benzene -24 .7 (9) 173 (9)
p;aichlérobénzene}v 53 f(Q,TG) 174 - (9)
(o-dibromobenzene 771 (9) 225 (9)
m—dibromobenzéne | -7 (9) 218 (9)
p-dibromobenzene 87 (9,16) 219 (9)
Ohdiiodbbenzéne" - 27 (9;16) 286 (9).
m-diiodobenzene Ca0 (9,16) 285 (9)
p-diiodobenzene» (.]32 (9,16) V 285 sub. (9)
O#bromoéhlorobenzene -12.3 (9) 204 ﬂ'(9)
mfbromoch1orobenzenél -21.5 (9) 196 (9)
p-bromochlorobenzene 68 (9) 196 - (9)
‘ ' ‘ 754 mm )
‘| p-bromolodobenzene 92 (9,16) 252 - (9)
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TABLE A.2.3 Continued

NAME OF CHEMICAL

Cty C Ref tp °C Ref
o-chlorolodobenzene <25° (16) 234.5 (9)
m-chlorol odobenzene <250 " (16) 230 (9)
p-chlorolodobenzene 57 (9,16) 227 (é)
1,2;3-frich1ofobenzene 53 (9,16) 218 . (9)
1,2,4-trichlorobenzene  16.95 (9)  213.5 (9)
| 1;3,5-tr1¢hlorobenzene, 63 (9,16) 208 (9)
_ 1,2,4_tribromobenzene - 44 - (9,16) 275 (9)
- 1,3,5.tribromobenzene 122 (9,16) 271 (9)
'1;2,3,4-tetrachlord;
. benzene 47.5 (9,16) 254 | (9)
1,2,3,5%ﬁétrach1oro- 54.5 (9,16) '-245 : (9)
benzene SR "
1,2,4,5.tetrachloro- . o
benzene 140 (9,16) 245 (9)
Pentachlorobenzene = 86 (9,06) 217 (9)
Hexachlorobenzene 284,79 - (9,16) 322 sub.  (9)
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. TABLE A.2.4 The vapor pressure-temperatdre data for several classes of
substituted benzenes taken from 1ist of Stull D.R. [34]

263

t3

| benzene

CNAME OF CHEMICAL Pyt Pp ts Py
» | cmmHg - M°C mmHg o " oog pmHg O
MONOSUBSTITUTED BENZENE FAMILY
Benzene 60 154 X 25 100 2.1
Fluorobenzene 60 19.6 X 25 100  30.4
Chlorobenzene 10 2.2 X 2 20 35.3
Bromobenzene X 25 5 27.8 10 40
iodobenzene | 1 24.1 X . 25 5 50.6
Toluene 20 18.4 X 25 40 3.8
Butylbenzene 1. o227 X 25 5 18.8
‘Benzylalcohol X 25 1 58.0 5 80.8
“Phenol X 25 5 625 10  73.8
CAniline X 25 1 3.8 5 57.9
- Nitrobenzene - X 25 1 444 5 71.6
E " HALOBENZENE FAMILY
Fluorobenzene 60 19.6 X 25 100 ° 30.4
Chlorobenzene 10 2.2 X 25 20 35.3
‘Bromobenzene X 25 5 218 10 40
LIoQobehiené   A X 25 5 50.6
o;dichjdyobehzene 1 x5 5 46.0
| m-dichlorobenzene 1 121 x 25 5 30.0
.bédichlorobeniene X 25 1d 54,8 20 69.2
bébromoéh1orobeniene‘ X 25 .] 32 5 59.5
1,2,3-trichloro- R 70.0




TABLE A.2.4 Continued 264

NAME OF CHEMICAL Pt Py o t, Pyt

' ‘ mmHg ° ~mmHg % ~mmHg OC.
'1'1,2,4-trichlorobenzene X 25 1 38.4 5 - 67.3

1,3,5-trichlorobenzene X 25 5  63.8 10 81.7

1,2,3,4-tetrachloro- - o |

. borrora © X 25 1 685 5 99.6

],2:395'tetraCh]0r0" - . ' i l R |

benzene ) X 25 1 58.2 5 - 89.0

1,2,4,5-tetrachloro- ‘ | |

| """ benzene X 25’ 40 = 146.0 60 157.7

Pentachlorobenzene : X 25 1 98,6 = 5. 129.7

Hexachlorobenzene X 25 1 1144 5 1493

PHENOL FAMILY

Phenol : x5 5 62.5 10 73.8
o-ch1orqphend1 ' o 12,1 X 25 5 38.2
m-chlorophenol | X 25 1 4.2 5 72.0. .
p-chlorophenol X 25 1  49.8 5 78.2
0-methylphenol. X 25 1 382 5 64.0
m-methylphenol . X 25, 1 5200 5 76.0
b-mexhy]pheno1 : X 25 1 53.0 5 76.5
‘m-ethylphenol X 25 1 - 60.0 5 86.8 -
0-hydroxyphenol X 25 5 104 10 118.3 .
m-hydroxyphenol . X" 25 1 - 108 5 - 138.0
0-nitrophenol X 25 1 493 5 7.8

ANILINE FAMILY

| Anitine . | X 25 T 34.8 5 '57.9




¢

TABLE A.2.4. Continued

265

NAME OF CHEMICAL Py Y Py t2 Py t3
- mmHg ' C mmHg %  mmHg %
o-ch1organi1€ne X 25 1 46.3 "5 72.3
| m-chloroaniline X Y 1 63.5 5 89.8
p-chloroaniline - X 25 ] 59.3 5 87.9
o-methylaniline X 25 1 44.0 5 69.3
m-methylaniline X 25 1 4.0 5. 68.0
ﬁp-methyianiline X 25 B 42,0 5 68.2
n-phenylenediamine . X 25 1 9.8 - 5  131.2
o-nitroaniiine' X 25 1 104.0 5 135.7
m-nitroaniline X . 2 1 19.3 5 1515
p-nitroaniline X 25 1. 1424 5 177.6
N,N dimethylaniline = X 25 1 205 5 56.3
| NITROBENZENE FAMILY
Nitrobenzene X 25 ,] 44.4 5 71.6
o-methylnitrobenzene X 25 1 50.0 5. 79.1
m-methylnitrobenzene X ‘25 1 50.2 5 81.0
p-methyinitrobenzene X 25 1 53.7 5 85.0*.
o-hydroxynitrobenzene X 25 1 49.3 5 76.8
_o-aminonitrobenzene X 25 -1  104.0 5 1357
m-aminonitrobenzene X o5 1 119.3 5 151.5
p-aminonitrobenzene X’ 25 1 142.4 5 177.6
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" TABLE A.2.6 Aromatic £ values taken frqm list of

Rekkert37j>b

FRAGMENT £
F | | L 0.412
a | 0943
Br | O 1.68
o 1.460
OH o ~0.359
Nt o -0.897

NOp  Lom
CeHs . - 1.90
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