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DECAY PROGENY INGROWTH

B1.0 INTRODUCTION

The mathematical models incorporating radioactive decay are described in this section.
The various pathway parameters discussed in Appendix A are put to use in the formulas. The
presence of radioactive decay chains complicates this discussion, and the subsequent
calculations. But the use of decay chains is necessary because some progeny nuclides are more
significant than the parent nuclide,

To facilitate calculations with the large number of nuclides that may be found at the
Hanford Site, the hand calculations were automated using commercial spreadsheet software.
Spreadsheet calculations have been verified by hand calculations presented in the attachments to
this appendix.

Doses to humans exposed to exhumed contamination or irrigation water include both
internal and external radiation exposures. The internal dose comes from the inhalation of
resuspended dust and the ingestion of contaminated water, soil, and foodstuffs. The external
dose comes primarily from being near the contaminated soil. The sections below describe how
the human dose is computed from the parameters of Appendix A together with standard models
for estimating this dose. First, the time dependence of soil concentrations are presented.
Second, the external and inhalation doses received from contaminated soil are described, Third,
the concentrations and doses for various plant types are described. Finally, the concentrations
and doses for animal products are described. The role of radioactive decay and daughter in-
growth is discussed in each section.

B2.0 TIME DEPENDENCE OF SOIL CONCENTRATIONS

The soil concentrations are of two types. The first type of soil contamination results from
drilling a hole through the waste site and spreading the contamination in a garden. In this case
there is some initial concentration of a nuclide in the surface layer that decreases with time due
to radioactive decay and leaching from the surface layer. The second type of soil concentration
results from irrigating with contaminated water. In this case the contamination increases with
time due to the added radioactivity. However, this increase is offset by radioactive decay and
leaching from the surface layer.

In the description of progeny in-growth, it will be assumed that only the parent nuclide
along with any of its short-lived progeny shown in Table Al is present initially. Each nuclide in
the decay chains listed in Table A2 must be treated independently. This enables the calculation
of unit dose factors for each of the principal nuclides in a decay chain. In the case of irrigation
water, it is also assumed that the decay chain progeny are not accumulating in the water prior to
irrigation. Only the parent nuclide is coming from the well and being deposited on the soil. In
addition, it is assumed that the water concentration is constant during the year of irrigation. As
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before, this enables the calculation of unit dose factors for each of the principal nuclides in a
decay chain.

The discussion below is divided into three parts. The first describes the decay of a nuclide
and progeny in-growth with time due to nuclear decay alone, i.e., without leaching or additions
from contaminated irrigation water. The second part adds decay in the presence of leaching from
the surface layer. The third includes irrigation with contaminated water. In all cases, the decay
chains shown in Table A2 are used. The longest decay chain has just four members because
decay times less than 1000 years are assumed for generation of the unit dose factors. Additional
discussion is provided to show how decay chains are incorporated into the calculations.

B2.1 DECAY WITHOUT LEACHING OR IRRIGATION DEPOSITION

The radioactive decay constants will be represented as Ay, A2r, A3y, Adr, and so forth until
Aar, which is the last member of the chain. The leaching coefficients describing removal from the
surface layer by water infiltration will be represented as Ay, A 25, A3s, A, and so forth. The sum
of these the radioactive and leaching constants for a given nuclide will be represented as A4, A,
A3, A4, and so forth. In other words, A, is defined by the equation A; = Ay + A2 Radioactive
decay constants are computed by dividing the half life of the nuclide (Table Al) into the
logarithm of 2 (Ln 2 = 0.69314718). Leaching coeflicients for radionuclides are listed in
Table A40.

The following demonstrates the general form of the customary decay chain formula to
describe the in-growth of the "nth" progeny from the first member of the chain. In other words,
the only member of the chain with any activity to begin with is the first nuclide. The equations
below describe the in-growth of a specific progeny nuclide, the "nth” member of the chain in the
absence of leaching and irrigation with contaminated water. These equations also describe the
activity in contaminated vegetables or animal products after they are harvested.

n-1 n
Cn =Cy) [HBR.HIJ( [The )DRm 8y

k=1 k=2

DR n =Z

n
k=] PD 1,kr,n

PDl.kr.n =[I_I (lir = lkr ) (3)
i~l
i#k]

C:’, is the initial soil concentration of the first member of the chain. Cg, is the

concentration of the "nth" member of the chain afier the time "t" has elapsed. C;, is assumed to
be zero initially, and to increase with time. Both concentrations have units of Ci/kg.

et
elh

(2

The term By 1s the fraction of decays of nuclide number "k” which produce nuclide
number "k+1", Byy+1 is also known as the branching ratio for nuclear transition from k to k+1.
Most branching ratios are simply 1.0. Non-unit branching ratios are given in Table A2.
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The term DR, contains the time dependent functions for each nuclide in the chain from
nuclide "1" down to nuclide "n". For convenience in writing the denominator, the product of
decay constant differences is defined as shown in Equation (3). Note that when n=1, PD, ;,=1.

The decay equations are presented as Equation (4) for the first four nuclides. In a four-
step decay chain, nuclide 1 (the parent) decays to nuclide 2, which then decays to nuclide 3,
which then decays to nuclide 4.

C;l = Cgl Exp(-?\.l,T) (4)
Ca= CQ; Biz Az TEXp(-Ai TV (R2e-R1e) + Exp(-A2 T)/ (A1~ 20)?

Ca= Cf;’l Bi2 B2y Azrhar 7 EXp(-20 T [(Aae-A1)(Ase-Aar)]
+ Exp(-22TY[(Mir-A2)(Aze-Aar)] + Exp(-As T)/[(AMr-As)(Rar-A30)] 2
Cas = CY| Bi2 B2s By Aackaehar 7 EXp(-ATV[(Rar M) Rsr-Rid)har-Rae)]

+ Exp(-AzTY[(MeA2e)Aardar)(Aar-Aze)]
+ Exp(-As TY[(AMrAa)(Aar-Asr)(RarAsr)]
+ Exp(-Aar TV [(Mr-Aac)(R2e-Aar) RarPar)] 2

where,

C?, = initial concentration of nuclide 1 (i.e. at T=0), in Ci/kg. The initial
concentrations of all other members of the chain are assumed to be zero.

Cs1,Ca, = concentration of nuclides 1, 2, 3, and 4 at time T, in Ci/kg.
C$33C!4

Bi12,B23, = branching ratios for nuclides 1, 2, and 3.
B

AinAa2r, = radioactive decay constants for nuclides 1, 2, 3, and 4. Note that the decay

Asr,A4e  constant is the natural logarithm of 2 divided by the half-life of the nuclide.
Note also that the decay constants in a decay chain are all different so the
differences will never be zero.

B2.2 DECAY WITH LEACHING BUT WITHOUT IRRIGATION DEPOSITION

The situation with an initial soil contamination that decreases due to irrigation and
radioactive decay is described next. When leaching from the surface layer takes place, there is
an additional removal mechanism that increases the size of the removal terms. Leaching
coefficients were discussed in Section A6.0 and are listed in Tables A38 and A40. Multiple
years of leaching and decay will be described using a two-part irrigation model. The first half of
the year has significant leaching due to the irrigation. The second half of the year has no
leaching.
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B2.2.1. Iritial Soil Concentration During the Irrigation Season

The addition of leaching only changes Equations (2) and (3) by replacing the radioactive
decay constants (A,) with the combined leaching and decay coefficients (Ax = Ay + Akr). In
effect, the radioactive decay constant increases. The new equations for decay with leaching are
shown below as Equations (5), (6), and (7). Note that the product of radioactive decay constants
in Equation (5) is unchanged from Equation (1).

n-1 n
Cqy =CY [ I Bk,k+l} ( [Trx ) DS, (5)

k=1 k=2

n gt

DSIn =z -

k=1 PDl,k.n

pnl,k.n=[1'[](m Ak ) (7
i=]
izk

The term C?, is the same as in Equation (1). It is the initial soil concentration of the

parent nuclide in the chain. The By s+ terms are also the same as in Equation (1). The change in
the definition of the time-dependent function DS, increases the exponents, so the decline in soil
concentration is faster. Note that when n=1, PD, ; 1=1. Note also that the subtractions in the
PD) xa term do not eliminate the leaching factor unless they are all the same for that decay chain.
Therefore Equations (3) and (7) are normally not the same.

(©)

B2.2,2, Initial Soil Concentration at the End of the First Year

To describe the concentration of a nuclide in the soil at the end of the first year, one must
combine the equations of the previous section into the physically allowable sequences. During
the first 6 months of the year irrigation takes place. During the second 6 months of the year
irrigation ceases and the precipitation rate is assumed to match the evapo-transpiration rate, so
that the leaching factors are all zero. The second half of the year has only radioactive decay.

In the post-intrusion garden scenario, for the first member of a decay chain, the soil
concentration at the end of the year is the initial concentration multiplied by factors for decay
and leaching during the irrigation season followed by simple decay during the remainder of the
year. This is shown in Equation (8) below. The W, term is introduced to simplify later
equations.

Cs (1)= C?I DS, DRy, = C?l W,
W,, = Exp(-}, T,,) Exp(-21,,T,,) ®
and A=A, +A, and T, +T, =1y

where,

Ca(l) = soil concentration of the first member of the decay chain at the end of the
s =

first year, in Ci/kg
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Cgl = initial soil concentration of the first member of the decay chain, in Cikg
Tix = irrigation period, 0.5 y
Tho = mnoimigation period, Tpo=1y-Tix=05y
Wi = fraction of the initial soil concentration of the first member of the decay
chain that is left at the end of 1 year when the irrigation water adds no
contaminants
A1 = total removal constant for the first member of the chain, per year
A, = radioactive decay constant for the first member of the chain, per year
Ais = average soil leaching coefficient for the first member of the chain, per year

The first daughter of nuclide "1" is produced during the irrigation period and then decays
during the rest of the year. It also is produced from the decay of the parent nuclide that is present
at the end of the irrigation season. This is shown in Equation (9). The term B,; contains the
branching ratio and product of decay constants found in Equations (1) and (5). It is not the
branching ratio shown in Equation (4). The W), term is introduced to simplify later equations.

Ce2(1) = CY) B1:=(DS12 DRy + DSy DR12) = CQ) Biz Wi )

The concentration of the third and fourth nuclides in the chain at the end of the first year is
calculated using Equations (10). Longer chains are computed in a similar fashion. Note that all
possible decay paths must be considered. This leads to as many terms as there are members in
the decay chain.

Ca(1) = CQ| By3 (DS13 DRj3 + DS12 DRy + DSy DRy3)

= CQ, Bis Wiy

(10)
Cu(1)=CQ B4 (DS1s DRas + DS3 DRy + DS12 DRy« + DSyt DR1s)

= C& Bia W4
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B2.2.3. Initial Soil Concentration after Several Years

To describe the concentration of a nuclide in the soil after several years, the decay factors
are multiplied by the soil concentration at the start of each year. This is demonstrated for the
first member of the decay chain in Equation (11). The concentration is at the end of N years
when the amount at the start of the first year was C?,. Each year the concentration decreases by

the factor Wy.
Ca (N)= Cn(N'l)Wn =C?1 W:blt (1 1)

For the 2" member of the decay chain, there are two sources. The first source is the 1*
member of the decay chain. The 1* member’s activity is multiplied by B;;W)2. The second
source is the presence of the 2™ member in the soil after the first year. The activity of the 2™
member is multiplied by W2z, which is similar to Wy except that the decay factors use the decay
and leaching parameters for the 2™ nuclide. The X-notation is introduced in Equation (12) to
simplify the calculation. The exponent (N-1) does not refer to the exponentiation process, but
rather is another index. When N=1 the X,; term is 1.

Csz(N)"-'Csz(N'])sz +Cy (N'I)Bu Wy, = C?: By, XI‘:" (12)

xlNz-l = :;11;‘ _WZZ Nz-wl'f WN -1-K
n= 2 Kao

For the 3™ member of the decay chain, there are three sources. The first source is the 1%
member of the decay chain. The 1* member’s activity is multiplied by B;3W;3. The second
source is the presence of the 2™ member in the soil after the first year. The actmty of the 2
member is multiplied by B2;W;. The third source is the presence of the 3™ member in the soil
after the first year. The activity of the 3 member is multiplied by Ws3. The X-notation is used
in Equation (13) to simplify the calculation. The exponents of X are indices rather than
exponentiation. When N=1 the X;3 term is 1 but the X33 term is 0.

Cyu(N)=Cy(N-1)Wy; + Cp(N-1)Byy Wiy +C, (N-1)B,; W, (13)
C,(N)=C{ By, (Wn X+ W, Wy, Xg'sz)
Wi — Wi
- w33
Wll W-;; w!)
(wll w22 XWII WJJ) (sz wll xwzz WJJ) (w33 WIIXWJJ sz)

N _
XIJ =

XIIJ

For the 4™ member of the decay chain, there are four sources corresponding to the four
members of the decay chain. The X-notation is used in Equation (14) to simplify the calculation.
This notation also indicates the technique for modeling longer decay chains. When N=1 the X4
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term is 1 but the X34, X121, and X234 terms are all 0. When N=2 the X35 and X;3sterms are 1
but the X234 term is 0.

Cou(N)=Ci(N-1)W,, +C5(N-1)By, Wy + C(N-1)Byy W,y +C,i(N-1)B,, W, (14)
C.(N)=C3 By, (Wu X+ Wy Wy XI57 + Wy, Woy XB7 4+ W, Wy Wy, Xu’i‘i)

X|234 w” WZI
(Wi = Wy, XWy - Wys XW,, - Wu) (W - Wy Wy, - Wy X W, - W,,)
W33 Wi

(Wn Wiy X Wi - W, XW, - W«u) (Way » Wy X Wy - Wi XWos - W33)

B2.2.4. Initial Soil Concentration Cumulative Dose

The doses that result from continuous intakes, or exposures, during the years of interest
can be calculated from the above equations for soil concentration assuming the instantaneous
dose rate (i.e. dose per day) is proportional to the soil concentration. The dose during one year is
the time-integral of the soil concentration times a conversion factor. This time integral of the
soil concentration during the irrigation period is shown in Equations (15) and (16). Note that
Equation (7), which defines PD, s, is not changed by the integration. Also note that the
integrated soil concentration term (IDS) is unitless.

n-1 n
JCadt=t ¢, ( ,E,Bk M)(szk,)IDSn (15)
DS, 2 (16)

lkt PD] k,n

A similar function results from the time integral of DR over the latter half of the year. The
total dose that accumulates during the first year is shown in the equations below (17). The year
must be divided into the irrigation and non-irrigation parts to complete the integration.

H,,(1)=CF, C}, (DS, T, + DS,, IDR,; T,,)=CF, C}, T,

R
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Hsz(l)= CF, Cgl BIZ(IDSIZ T + (Dslz IDR,, + DS}, IDRIZ)Tno)= CF, CS! B;; T,
H,3(1)=CF3 C?l BIJ(IDSIJ Tin + (DS,; IDR; + DSy, IDR 33 + DSy, IDR]J)Tno)
H,;{1)=CF, C) B3 T;;
H,, (1)"' CF, ng By ([DSM T + (DS,,‘ IDR 44 + DS;; IDR, + DS,, IDR,, + DS, IDRM)Tno)
H, (1)= CF, C?l Bi; Ty

The cumulative dose after N years is the sum of the doses received in the previous (N-1)
years plus the dose that accumulates during the Nth year. For the 1* isotope in the decay chain,
it is the sum of N terms, as shown in Equation (18). The Y term is introduced to simplify later

equations. Note that the upper index of the Y term is not an exponent, unlike the upper index of
the W), term.

Ho (V)= 31, (K)= S HAOWE' =, ()10 g, () 09)

For decay fractions that are close to 1, a small decay approximation has been derived to
improve numeric accuracy. This approximation is shown below.

For W=e"% and £<0.00]

wMowh ¢ £ (o2
ﬂ—ﬂ-s(n—l)»rﬁ(m ~3N+1)

& (4 287 4 N)+ S (6N 15N +10N? 1)
24 720

where N=N, +N, and N? = N7 +N,N, + N3
K+l _ p\yKH
in general, N¥ = N -Np
N, -N,

For the 2" member of the decay chain the cumulative dose has two components. The first
is the contribution from the 1* member of the decay chain each year. The second comes from
the 2™ member of the decay chain as it accumulates after the first year. These are shown in
Equation (19). The Y term simplifies later equations. It also illustrates the technique for
modeling longer decay chains. E&uation (19) is largely the same as Equation (12) except that
WM has been replaced with (1-W™N)/(1-W). Note that when N=1, the Y, term is 1 while the Yy,
term is zero. This indicates that all the dose calcutated from the 2™ member during the first year
comes directly from the 1% member of the decay chain. Not until the second year does the 2™
member become a separate source of dose.
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N N
Hsz(N)= ZHQ (1) Wllf'l + ZCFZ C:)l By, Xl(z.z Ty
K=l

K=2

H,(N)=CF, C} B, (YtN'l Ty + leYlhzl'szz) (19)
1-W) ] [1-wW3
N2 1-Wy, 1-Wy, ) YW -y
2 Wy =Wy, Wi - Wy

For the 3™ member of the decay chain the cumulative dose has three components. The
first is the contribution from the 1¥ member of the decay chain each year. The second and third
come from the 2™ and 3™ members of the decay chain as they accumulate after the first year.
These are shown in Equation (20). The Y term illustrates the technique for modeling longer
decay chains. Equation (20) is largely the same as Equation (13) except that W" has been
replaced with (1-WN)/(1-W). Note that the Y23 term is zero until N=3,

N N
Hs(N)=Y H,[1)W5' + 3 CFRCYB,, [lex:(z’zTn + (W,,X}‘,‘z + W, Wy XS5 )Tn]
K=2

K=l
H,,(N)=CF, C{ B, [YlN'lTu + W V)3 2Ty, + (WISYIEI.z + W, Wy Y3 )Tn] (20)
[1-w,‘,‘] (1-w§§]
YN'z - I—W“ I-WJ] =Y'N.l —Y:‘N'l
3 W, - Wy Wy =Wy,
v ! Y3 Y,

= + +
(wll - WZJ lel - W33) (w22 - Wll XWZZ - w.'i}) (WJJ - WIIXWJJ = WZZ)

For the 4" member of the decay chain the cumulative dose has four components. The first
is the contribution from the 1" member of the decay chain each year. The others are from the
2", 3™, and 4™ members of the decay chain as they accumulate after the first year, These are
shown in Equation (21). The Y term illustrates the technique for modeling longer decay chains.
Equation (21) is largely the same as Equation (14) except that W" has been replaced with
(1-WN)/(1-W). Note that the Y34 term is zero until N=4.
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H,(N)= ZH“(I)WE' + ZCF4C,1B,4[W,,X{<2'T24 (Wuxm + W, W, X157 )T34 (21)
K=2

(Wuxu + Wi Wi X357 + Wi W X557 + W, W Wi XS, 44]
H,,(N)=CF, C}, B, [YI Tis + W, Y3 2Ty +(WIJYIJ + W, Way Y5 )r:u
+ (WMYS-: + WI3W34YIP;;3 + W12W24Y|I;f + wIZWZJWMYS;: )1'44]
Yl = L Y
(Wyy =Wy, Xwn - Wi Wy, - Wu) Wy - W, szz - Wi XWay - W)
Y Y
(Wss Wi XWay - Wy X W3, - 44) (Was = W) X W - Wiy X W,y - W33)

B2.3 DECAY WITH LEACHING AND IRRIGATION DEPOSITION

The sources of contaminated irrigation water are either groundwater or Columbia River
water. The instantaneous rate of addition of contamination to the soil is given by the equation
below. The conversion factor shown in the equations changes centimeters of water applied to the
soil to liters applied per square meter.

D,=C,1(10L m2em™)/ Tin
Where

ID, = instantaneous activity deposition rate during the i u-n %anon of areas growing plant
type p, in curies per square meter per year (Ci y"' m

Cw = irrigation water concentration, in curies per liter (Ci/L). This concentration is
assumed to be constant (no decay) during the 6 month application period.

1 = irmrigation water applied to plants during the irrigation period. For the maximum
individual cases, this value is 82.3 cmn. For the population dose, this value was
lowered to 63.5 cm due to less irrigation in areas farther down the Columbia River
(WHC-SD-WM-EE-004).

Tir = immigation period in years. The value 0.5 yr is used since the irrigation is assumed
to take place 6 months per year (April through September).

The instantaneous rate of increase in the soil concentration is computed from
Equation (22).
IDY, =ID,/(pd) 22)
Where

[Dgl = instantaneous rate of increase in the soil concentration during the irrigation season,
in curies per kilogram per year.
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ID, = instantaneous activity deposition rate during the irrigation of soils growing plant
type p, in curies per square meter per year (Ct vy m™).

bulk density of the surface soil, in grams per cubic centimeter. The value normally

used in Hanford Site PA work is 1.5 g/cc.

d = thickness of soil from which nuclides migrate, in centimeters. This is assumed to
be 15 cm (5.9 inches).

)
|

The instantaneous deposition rate is twice the average deposition rate for the year because
the deposition only occurs during the irrigation season. Additional formulas for soil
concentration are presented in the sections that follow.

B2.3.1. Irrigated Soil Concentration During the Irrigation Season

Using contaminated irrigation water, the concentration of radioactivity in the surface layer
of soil increases with time. The equations to represent this turn out to be the time integral of
Equations (5), (6), and (7). This activity accumulation is shown in Equations (23) and (24),
below. Equation (7), which defines PD) xy, is not affected by the integration. The term ID?, is

the rate at which the concentration of the parent nuclide increases due to trrigation deposition.
Note the addition of the irrigation time (t) to the equation to make the DI decay term a unitless
fraction representing accumulation in the soil of contaminants that decay or are leached from the
surface layer. At the end of the irrigation period, t=Ti,. The DI term is mathematically identical
to the IDS term shown in Equation (16).

Con =t(IUs)l)( EBkkﬂ)(illkr) Dj, (23)

n 1 - e-lkt
DI, = — (24)
tn é Axt PDgn

Equations (1), (2), and (3) apply to soil with no leaching at all. Whatever water falls on
the soil evaporates without forcing contamination through the surface layer into deeper layers.
The key to represent this ordinary decay is the term DRy,. Equations (5), (6), and (7) apply to
soil with some leaching taking place. This might be due to excess natural precipitation or
irrigation with uncontaminated water. The key to represent this decay with leaching is the term
DS;.. Equations (23) and (24) apply to soil being irrigated with contaminated water. Leaching
from the surface layer is also occurring. The key to represent this combination of decay,
leaching, and accumulation is the term DI,,,. These key terms will be used in the next section to
describe the soil concentration afier many years of irrigation with contaminated water.

One exception to the above is for tritium in the irrigation water applied to the soil. An
equilibrium approach is used. The tritium concentration in the soil moisture is assumed to equal
the tritium concentration in the applied irrigation water, adjusted for natura! precipitation. This
is calculated using the formula below. Note the absence of time dependence. The tritium
concentration is constant during the irrigation season.
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Cspi3 = 8.94 Fys Coyis V(I4P)

Where

Csiiz = concentration of tritium in the surface soil during the irrigation season, in curies per
kilogram.

8.94 = factor to convert the hydrogen weight fraction into a water fraction. It comes from
the ratio of molecular weights for hydrogen (2.0159 g/gmole) and water
(18.0153 g/gmole).

Fys = fraction of hydrogen in garden soil, 0.0149 g hydrogen per gram of soil (from

Table A34).

Cwyz = concentration of tritium in the irrigation water, in pCi/L.

I = total irrigation water applied to the soil during the irrigation season, 82.3 cm/y
(63.5 cm/y for the population).

P = total natural precipitation water reaching the soil during the irrigation period,
5.77 cm/y (PNNL-13859).

The ratio I/(I+P) incorporates the dilution of contaminated irrigation water with natural
precipitation. This soil concentration is constant during the irrigation season, but decreases
exponentially during the non-irrigation season due to continuing precipitation and evaporation.

B2.3.2. Irrigated Soil Concentration at the End of the First Year

In the irrigation scenarios, for the first member of the chain, the concentration at the end of
the year is the product of the accumulated activity at the end of the irrigation season and the
decay factor resulting from decay without irrigation or leaching for the remainder of the year.
This is shown in Equation (25). Note the similarity between Equations (12) and (25). This will
be seen again in the next few equations.

C,(1)=T,, ID{ DI,, DR,

- - X 25
DI, DRy = (l Exp( M Tir )) EXP("lerno) =
3"I Tirr
where,
Cu(l) = soil concentration of the first member of the decay chain at the end of the
st first year, in Ci/kg
Do = instantaneous soil deposition rate from irrigation for the first member of the
sl decay chain, in Ci/kg per year

Tix = irrigation period, 0.5y
Tw = noirrigationperiod, Tno=1y-Tir=05y

Wi = fraction of the initial soil concentration of the first member of the decay

chain that is left at the end of 1 year when the irrigation water adds no
contaminants
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A1 = totalremoval constant for the first member of the chain, per year
A, = radioactive decay constant for the first member of the chain, per year
MAis = average soil leaching coefficient for the first member of the chain, per year

The first daughter of nuclide "1" is produced during the irrigation period and then decays
during the rest of the year. It also is produced from the decay of the parent nuclide that is present
at the end of the irrigation season. This is shown in Equation (26). Note that the assumed
amount of the daughter in the irrigation water is always zero. The term B); contains the
branching ratio and product of decay constants found in Equations (1) and (23).

Cx(1) = Tir IDYy Byz (DIi2 DRy, + DIy DRyy) (26)

The concentration of the third and fourth nuclides in the chain at the end of the first year is
calculated using Equation (27). Longer chains are computed in a similar fashion. Note that all
possible decay paths must be considered. This leads to as many terms as there are members in
the decay chain, as shown below.

Cy(1) = Tire IDY| B132(Dhy3 DRy; + Dlj2 DRys + DIy DRy3)
(27)
Cu(1) =Tir ngl Bis (DI14 DR4s + D13 DR34 + Dlj2 DRas + DIy DRy4)

In practice, it is better to calculate the decay factors for each nuclide, since these are
unitless fractions whose value is near 1.0 for nuclides with long half lives. The calculation of
media concentrations and dose can be carried out ignoring decay. A decay factor can then be
added.

B2.3.3. Irrigated Soil Concentration after Several Years

After the first year of irrigation, there is residual contamination, which must be taken into
account when computing the total activity at the end of the year under consideration. The
activity after N years is the sum of the activity after (N-1) years decaying for 1 year, plus the
activity that normally accumulates during the year. The added activity is independent of the
amount of residual contamination. The residual contamination from prior years irrigation is
modeled as an initial soil concentration, described in Section B2.2.

For the 1*' member of the decay chain (the parent nuclide) after several years of irrigation,
the total soil concentration is the sum of N years of deposition each adjusted for decay. This is
demonstrated in Equation (28). The concentration is at the end of N years when the amount
added every year is C;y. Each year the concentration added in any year decreases by the factor
Wii. The Y-notation is used in Equation (28) to simplify the calculation. These are the same
W’s and Y’s that were used in Equation (18). The exponent (N-1) does not refer to the
exponentiation process, but rather is another index. When N=1 the Y; term is 1.
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CalM)= 3 Calh W =Ca) WL )y 2)

For the 2™ member of the decay chain, there are two sources for the residual
contamination. The first source is the activity of the 1¥ member of the decay chain at the end of
(N-1) years. The 1* member’s activity is multiplied by B1aW2. The second source is the
presence of the 2" member in the soil after the first year. The activity of the 2™ member of the
decay chain after (N-1) years is multiplied by W3,;. The W’s and Y’s are the same as used in
Equation (19).

C(N)=C,{(1)+ Co(N-1) Wy, +C, (N-1)B), Wy,

CalM)=3 Ca)WE" + 3°C,u()B); W, XK? (29)

Ce2 (N) =C, (1) qu.l +Cy (l)BquzY:i'-2

Y;l-l = 1- w'g and YIP;J = YIN-l - YIN.I
1- w22 wll - WZZ

For the 3™ member of the decay chain, there are three sources of residual contamination.
The first source is the activity of the 1* member of the decay chain at the end of (N-1) years of
irrigation. The 1* member’s activity is multiplied by B;3W; and B;3sW2W23. The second
source is the presence of the 2™ and 3™ members of the decay chain at the end of (N-1) years.
The activity of the 2™ member is multiplied by B33 W23, The activity of the 3™ member is
multiplied by Ws;. The Y-notation used in Equation (30) is the same as used in Equation (20).
The exponents of Y are indices rather than exponentiation. When N=1 the Y3 term is 1 but the
Y23 term is 0. This indicates that during the first year, all the activity of the 3™ member comes
directly from the 1* member of the chain.

N N N
Co(N)= SCL M WET + 3 Co (1) By Wi X552 + 3C,, (1) By (Wi, XK 2 + Wy, Wy, XK:D)
K=2

K=1 K=2
Ca (N) =C; (1) YJN-I +Cq (1) BzJWzJYg'z +Cyy (1) Bu(wl 3Y|}3l 24 leWnYSSJ) (3 0)
Y3N.| - 1- W;; and YS'Z - YIN" _YJN-I
1-W;, Wi — Wy,
YlN-l YzN-l Y}N-l

N-3
YIZJ

= + +
(wll - le X‘vll - w33) (WZZ - wl IXWZZ - W33) (w33 = Wl IXW33 - WZZ)

For the 4™ member of the decay chain, there are four sources of residual activity
corresponding to the four members of the decay chain. These are shown in Equation (31). The
Y term illustrates the technique for modeling longer decay chains. It is the same Y shown in
Equation (21).
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N N
Cu(N)= z_-‘,lcs-t Mwst + 'E'Z;Cn (1B, Wy X552 + ?_ZZCQ (1)B,, (Wz4x24 + Wy W, X5, )

N
+ chl(l)Bu(WmXﬁ'z + WuWqu‘af + lewzaxﬁf + Wuwzswuxﬁ':&) (3 l)
K=2

Cut(N) = C, o ()Y + Cyy (1)B;, W3, Y32 + C,y (1)324( Wy Yo 2 + w23W34Y2'§:13)
+ BM(Wl 4Y|4 + W13w34Y|34 + w|2w24Y|24 + W12W23W34Y|z34)

yM yN
Y
4= (Wi - W XW,, - Wss)(wn Wu) (Wy - n)(sz- Wy X W, - Wyy)
Y- Y-

(WJJ VJIIXWJJ WZZXWJJ WM) (WM ‘VIIXWM szxwu WJ3)

B2.3.4. Irrigated Soil Concentration Cumulative Dose

Dose calculations involving several years irrigation with contaminated water are calculated
as the sum of an initial soil concentration case and an irrigation case, The dose from irrigation
water used during the year of interest is the same every year. This dose has a component that
depends on the soil concentration. The other components are direct intakes of irrigation water
and shoreline sediment exposures.

The dose from the irrigated soil can be calculated from the above equations for irrigated
soil concentration assuming the instantaneous dose rate (i.e. dose per day) is proportional to the
soil concentration. The dose during one year is the time-integral of the soil concentration times a
conversion factor. This time integral of the soil concentration during the irrigation period is
shown in the equations below. Note that Equation (7), which defines PD, x », is not changed by
the integration. Also note that the integrated soil concentration term (ID]) is unitless.

n-1 n
_[Csndt=t2 ID&(E:IIB;(M)(QM,)ID% (32)
DI, =3 Aatclre? (33)

vl YR t) PD;kn

The total dose that accumulates during the first year is shown in the equations (34). The
year must be divided into the irrigation and non-irrigation portions to complete the integration.

H,,(1) = CRT,,DI}, (ID1,, T, + DI, IDR,; T,,,) (34)

—CFIT DI [llTlrr l+ExP ;"le'))T 1 Exp( le)Il Exp( lerno )T
(ll Ttrr)z J"l i llr no
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Hs!(l)=CF2TirrID21 B:z(mlu Tin + (Dllz IDR 5, + DI}, IDth)Tno)
H,(1)=CF,T,,ID{, B}, (IDl,; Tir + (DI,; IDRy; + DIj; IDRyy + DI}, IDR;3) T,,,)
H,,(1)=CF,T;,ID; B,,(IDI; T, + (DI)4 IDR 44 + DI ;5 IDR;, + DI, IDR 4 + DI, IDR) T, )

The cumulative dose after N years is the sum of the doses received in the previous (N-1)
years plus the dose that accumulates during the Nth year. The dose in the Nth year is the dose
from irrigation (the same every year) plus the dose from the soil contamination that is present
after (N-a) years of irrigation. For the first member of the decay chain, the cumulative total dose
at the end of N years is shown in Equation (35). Cy (1) is the soil concentration at the end of the
first year of irrigation as defined in Equation (25). Ty, is the same as defined in Equation (17).
The Z term is introduced to simplify later equations. The Z terms are sums of the Y terms.

J=2 K=l

H.,(N)=g[n,.o)+icp. c.‘(n)w.*fr..] NH, )+ 3.CF, ..(1)[‘ i

a0 =8, O S0 - W, v e )zt 69

For decay fractions that are close to 1, a small decay approximation has been derived to
improve numeric accuracy. This approximation is shown below.

For W=¢"% and £<0.001

1 wh . whz
(Nz“lel'W)E(N"1)+E(N2_3N+2)
1-w 2 6
2 3
_E N3 _an? Y PR TR B 3 2 _
24(N aN? +5N 2)+360(3N 15N% +25N2 —15N +2)

where N=N, +N, and N> =N+ NN, + N2
NK+’ N§+|

in general, N¥ =
N —Nz

For the second member of the decay chain, the cumulative total dose at the end of N years
is shown in Equation (36). Cs(1) is the soil concentration of the 2™ member at the end of the
first year of irrigation as defined in Equation (26). T2 is the same as defined in Equation (17).
Ty, is similar to Ty except that the decay and leaching parameters belong to the 2" member of

the chain.
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N
Ha(N)= [0+ OF, Cu () BT + OF, (CalDVE7 + Co1)Bis Wi ¥ i

H,(N)=NH,(1)+CF, [Csl(l) 2B, ), + (Csz ()22 +C, (1) B, W,,235° )Tn] (36)

el S s
ZN3 = 1-W, 1-W, ) \1-Wp 1-Wy ) _20"?-237

Wn-wzz wu'wzz

For the third member of the decay chain, the cumulative total dose at the end of N years is
shown in Equation (37). C,;(l) is the soil concentration of the 3™ member at the end of the first
year of irrigation as defined in Equation (27). T3 is the same as defined in Equation (17).

H, (N)= i{l—l,3(l)+CF3 Csl(l)YlK.z B3 Tys (37)

K=l
+CF, (Csz (l) YzK-2 +Cy (l) By Wy, Yllg-:’ )st Ty
+CF [C,; (l) Y; 2 +Cy (l) By Wy szs.s +Cyy (I)Bu (WIJ Y52+ Wi Wy Yt )]Tss}

H:J(N)"" NH:J(I)+CFJ {Csl (l)le-z B3 Tis "'(Csz (l) Z;u +Cy, (1)B|2 Wi, 25.3)323 Ty
+ [CsJ (1)231 2 4C,(1)By Wy Z35° +C,(1)B,, (Wu A W:z Wy Z15 )]TJJ}
28 o A zy? zy
(W), - Wy, )(Wn Wss) (W - W), )(wzz WJJ) (Wy; - anwss Wy,)

For the fourth member of the decay chain, the cumulative total dose at the end of N years
is shown in Equation (38). C,4(1) is the soil concentration of the 4™ member at the end of the
first year of irrigation as defined in Equation (27). T4 is the same as defined in Equation (17).
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HM(N)= i{“ﬂ(l)*' Cr, Csl(l)YIK-z B, Ty (33)

K=I1
+CF, (Csz(l) Y¥2+C,(1)B,, W, YEJ)Bu Tys
+CF, [('3,3(1)Y3|< 24+ Cu(1)By; Wyy Y3 ° +C,,(1) By (Wu Yi5™ + Wiy Wa, Y55 )]B.u Tss
+CF, [Cs4 Mys2+c, (1) By, Wy, YIEI.; +Cp (1) By, (Wz4 Yi? + W3 W, Y53 )"’
+C,(1) Bu(wu Y2 + W3 Wi Y5 + W, Wy YS!+ W, W0 Wy, YIS )]Tu}

H,(N)=NH,,(1)+CF, {Csl(l)zr.z By T+ (Csz(l)zlzq'z +Cy(1)By; Wy ZE")BH Ty
+ [Csa(l) 232 +C(1)By; Wiy 237° +C, (1) By (Wls 23> + Wy Wy 203 )]Bu Ty
+ [Cﬂ(]) 2y + Cy3(1) By Wiy Z37° +C,(1) B, (Wu 235+ Woy Wy, Z35) )+
+ Csl(l) BH(WM Zﬁd + W3 Wy, Zf;’: + W, W, ZE? + W, Wa, W3, ZE’;)]T“]

N-5 " zy?
Yy = +
1234 (Wu - W, qu - WJJXWII - W“) (sz -Wy, szz - W;JXWn -Wa,)
yANE y A

+ +
(W3 - Wy X Wiy - Wop XWas - Wiy ) (Wiy - Wi XWas - Wi KWoy - Wis)
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B3.0 EXTERNAL AND INHALATION DOSE

The inhalation dose that is received by exposure to airbome water during showering or a
sauna or under ambient conditions is simply the product of the volume of water inhaled during
the year, the water concentration, and the inhalation dose factor as shown in Equation (42). No
constderation of radioactive decay or progeny in-growth is needed, because the water
concentration is assumed to be constant during the year, and no progeny are allowed to
accumulate in the water.

wa = wa Cw Dmh lTinh (42)
Where
Hp,w = inhalation dose from airborme moisture during one year, in mrem.

Q.» = quantity of contaminated water inhaled by the person while in the shower or sauna,
in L/y. Values are given in Table A28.

Cw = concentration of a nuclide in the contaminated water, in pCi/L.

D,xn = inhalation dose factor for a nuclide, in mrem per pCi inhaled. Values are given in
Table A22.

Tih = inhalation exposure time of the individual, 1 y.

The external and inhalation dose due to exposure to contaminated soil are accumulated
over the course of a year for all exposure scenarios except the waste intruder (driller). The
amount accumulated per day depends on the soil concentration on that day, The external dose
rate and the inhalation dose rate are proportional to the soil concentration. The total accumulated
over the year is proportional to the time integral of the soil concentration. The external dose and
inhalation doses are shown in equation (43). To obtain the total dose from the parent nuclide it is
necessary to include the contributions from each progeny nuclide. Hence the sum over nuclides
in a decay chain. Note that radioactive decay is not considered for the well drilling scenario
because the exposure time is so brief (5 days) compared to the half lives of the nuclides selected
for analysis.

n ly

Hu=z J' pd G Deri dT

il o

(43)

1y
Hm"':z I Mws Cii Dani dT

i=1 o

Where

H,s = external dose accumulated during the year from one radionuclide and its progeny
due to radioactivity in the soil, mrem
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Hys = inhalation dose accumulated during the year from one radionuclide and its progeny
due to radioactivity in the soil, mrem

1 = index over the decay chain. I=1 refers to the first member, or parent nuclide; I=2
refers to the second member of the decay chain; I=3 refers to the third member; I=4
refers to the fourth member.

p = bulk density of the surface soil, in grams per cubic centimeter. The value normally
used in Hanford Site PA work is 1.5 g/cc.

d = thickness of soil from which nuclides migrate, in centimeters. This is assumed to
be 15 cm (5.9 inches).

Csi = time-dependent soil concentration of the ith nuclide during the year, in Cikg, Itis
affected by radioactive decay and leaching from the surface layer of soil.

D.ti = external dose rate factor for exposure to radiation from nuclide "I" in contaminated
soil, in mrem/h per Ci/m®. Values are given in Table A25.

Mg = mass of soil inhaled annually by the individual, in mg/y. Values are discussed in
Section A3.2.1.

Duni = inhalation dose factor for nuclide "I", in mrem per pCi inhaled. Values are given in
Table A22.

The only term in the integrals with any time dependence is the soil concentration. Thus
the accumulated dose at time T is the time integral of the activity equations. These integrations
are simply the integral of each exponential. Each of the exponential terms in the decay
Equations (2) and (6), namely, Exp(-AT), are replaced with the time integral shown in
Equation (44). Note that the integral of the DS term in Equation (16) is the same as the DI term
in Equation (24).

T
Time Integral = IExp(— At)dt = '7!:[1 ~ Exp(-AT)] (44)
0

If the product AT is less than 0.0002, a loss of numeric accuracy is experienced. To
overcome this, the integral in Equation (31) is replaced with the equivalent polynomial to
improve the numeric precision of the calculation. The polynomial used is shown in
Equation (32).

[1 - Exp(-AT)}/A = T=[1 - AT/2 + (\T)¥/6 - (AT)’/24) (45)

Notice that if the product AT is very small, the time integral approaches the decay period.
For this reason, the time integral of the decay equation is sometimes referred to as an effective
time period. In effect, it is a particular time period adjusted for radioactive decay. To
consistently work with unitless decay periods, all time integrals are divided by the integration
period. Thus the integration period must be made a factor in the calculation. A thorough
discussion of small time approximations in radioactive decay is found in WHC-SA-1282-FP.
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For the irrigated farm scenario, the concentration of nuclides in the soil increases with time
due to the activity accumulating in the soil as shown in Equations (23) and (24). The soil
concentration follows the time integral formula of Equations (44) and (45). The accumulated
intake or dose at time T is the time integral of the Equation (24). In other words, each
exponential term in the decay Equation (6), namely, Exp(-AT) is replaced with its second
integral, shown in Equation (46).

Second Integral = [AT - 1 + Exp(-AT)}/A? (46)

If the product AT is less than 0.001, a loss of numeric accuracy is experienced. To
overcome this, the integral in Equation (46) is replaced with the equivalent polynomial to
improve the numeric precision of the calculation. The polynomial used is shown in
Equation (47).

[AT - 1 + Exp(-AT))/A% = T’=[1 - AT/3 + (AT)/12 - (AT)*/60)/2 47

Notice that if the product AT is very small, the time integral in Equations (46} and (47)
approaches the decay period squared. Again, to only work with unitless decay factors, the
second integral is divided by the integration period squared. This time must then be made a
factor in the dose equation.

Using the two-part irrigation model, the dose accumulated during the first 6 months
depends only on the DS or DI integration. The dose during the second 6 months (without
trrigation) depends only on the DR integration. This idea is summarized in the equations below.
Equation (48) shows the time integral of Equations (8), (9), and (10) for an initial soil
contamination (e.g. the post-intrusion garden), while Equation (49) shows the time integral of
Equations (25), (26), and (27) for irrigation with contaminated water, Constant factors have
been omitted to simplify the equations. In both equations the first integral represents the dose
from the nth member of the decay chain during the first 6 months. During the first 6 months the
only source of this nuclide is the decay of the parent nuclide. After 6 months of decay and in-
growth, each member of the decay chain will be present in the soil. Thus the second time
integral on the right has contributions from decay of the parent as well as decay of the other
members of the chain.

Initial Soi] Contamination: (from Equation 8)

1y T n Tes
[ Y1a(D dT= | DS:u(T) 4T+ DS (Tir) | DRun(T) dT

k=]

(48)

k=}

1y n
IYln(T) dT =Ty DS (Tix) + TmZDSIk(Tiﬂ) IDRIm(Tno)
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Irrigation with Contaminated Water: (from Equation 25)

1y Ter n T
[ €, dT= | DLW(T) dT+ Dl (Twr) | DRu(T) T
[ 0 k=1 [
(49)

1y n
[ € AT=Tys DL (Ti)+ Too Y. DIk (Tir) IDRua{Two)
/] k=1

The above equations show the decay factors that represent each integral. Additional terms
needed in later calculations are defined below. Note that the integration period becomes a factor
in the equation because the decay factors are designed to be unitless quantities between 0 and 1.

Ter Te
| DS(T) dT=T,, DS(T) [ DR(T) dT=T,, IDR(T.)
¢ o

T
j DI(T) dT =Ty ID(T) Taw=1Y"Ti
0

(50)
Tws T et
| DR(T) 4T =T s IDR(T ) | DR(T) dT =Tyt IDR(T peer)

note that

Tir = irrigation period in years. The value of 0.5 yr is assumed based on current
practices near the Hanford Site.

Tno = interval during which no irrigation takes place, Tpo = 1y - Tiy
Tvez = consumption period for garden produce, assumed to be 90 days
Tweer = consumption period for beef after slaughter, assumed to be 120 days.
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B4.0 INGESTION DOSE

Human ingestion dose comes from the pathways discussed earlier, such as contaminated
drinking water, trace intakes of soil, vegetables grown on contaminated soil, and animal
products. Each of these is discussed below. The basic dose calculation is the product of three
factors, (1) the quantity consumed, (2) the radionuclide concentration in what is consumed, and
(3) the ingestion dose factor. The addition of radioactive decay and progeny in-growth is
discussed with each pathway.

B4.1 SOIL AND WATER INGESTION

The ingestion dose from drinking water is shown in Equation (51). The drinking water has
no progeny. The concentration of each nuclide in a chain is treated separately.

Hew = Que Cw Ding Ting (51)
where

H.» = ingestion dose from drinking water, in mrem.

Q. = quantity of contaminated drinking water ingested by the person, in L/y. See
Table AS for values.

Cw = concentration of a nuclide in the contaminated water, in pCi/L.

D = ingestion dose factor for a nuclide, in mrem per pCi ingested. Values are given in
Table A21.

Ting = ingestion exposure time of the individual, 1 y.

The ingestion dose from the intake of trace amounts of soil is shown in Equation (52). The
soil concentration does include leaching, decay and progeny in-growth. Because the soil is
consumed in small amounts during the year, the total dose is represented as the time integral of
the daily intake. As before, the time integral must accommodate the change in infiltration rates
during the year, just as was done for the inhalation and external doses using Equations (48) and
(49).

n 1y

Ha=) [ Mie Cui Dini 4T (52)

i=l ¢
where

H.; = ingestion dose accumulated during the year from one radionuclide and its progeny
due to radioactivity in the soil, mrem

I = index over the decay chain. I=1 refers to the first member, or parent nuclide; I=2
refers to the second member of the decay chain; I=3 refers to the third member; 1=4
refers to the fourth member.
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M;. = mass of soil ingested annually by the individual, in mg/y.

Ci = time-dependent soil concentration of the ith nuclide during the year, in Ci/kg. Itis
affected by radioactive decay and leaching from the surface layer of soil.

Dingi = ingestion dose factor for nuclide "I", in mrem per pCi ingested. Values are given in
Table A21.

B4.2 GARDEN PRODUCE

The ingestion dose from garden produce grown in contaminated soil is the product of the
quantity of vegetables eaten, the concentration of radioactivity in the vegetables, and the
ingestion dose factor. The ingestion dose factors are given in Table A21. Quantities eaten are
given in Table AS. The calculation of radionuclide concentrations in living plants uses three
main routes, (1) root uptake, (2) resuspension to leaves (also called "rain splash”}, and (3) direct
deposition of irrigation water on foliage. Each of these will be considered separately below. The
three uptake routes are then combined to obtain the total ingestion dose from the garden produce.

The equations presented below apply to both garden produce and cattle feed in the sense
that the quantity eaten and the ingestion dose factor can be removed to give the nuclide
concentration in the cattle feed. These concentrations are needed to calculate dose from
ingestion of contaminated animal products.

. The garden produce intakes are based on the two situations. The first applies to leafy
vegetables. It is assumed that leafy vegetables are produced more-or-less continuously during
the growing season. They are consumed shortly after being collected. Thus the continuous
mode! uses a time integral to represent the accumulated dose from leafy vegetables during the
growing season. It is further assumed that leafy vegetables are not raised after the growing
season has ended. Any leafy vegetables consumed after the growing seasons ends are assumed
to have been imported from uncontaminated areas. The 25% of a person's diet that comes from
contaminated sources is then assumed to be 50% during the irrigation period and 0% during the
remainder of the year.

The second garden produce model applies to the other types of garden produce. These
foods are assumed to be grown and harvested twice during the growing season. The plant
concentration depends on the soil concentration at the time of harvest. For an initial soil
contamination (e.g. post-intrusion garden or prior irrigation) this time is taken to be midway
through the irrigation season. For the irrigation scenarios harvest is assumed to occur at the end
of the irrigation season. Because these foods may be stored and eaten over a period of time,
radioactive decay during the storage and consumption periods needs to be taken into account.
The amount of radioactive contamination eaten during the consumption period is the time
integral of the ordinary decay Equations (1), (2), and (3). The average consumption period for
non-leafy vegetables is taken to be 90 days. Some products do not keep well, and have shorter
consumption periods. Others keep very well and have longer consumption periods. The value
selected for the tank waste PA (90 days) simplifies the calculations in that all non-leafy
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vegetables have the same period. Note that for long half life nuclides the actual value has no
effect on the final doses.

Root uptake is calculated using concentration ratios. These ratios are listed in Table A37,
The ingestion dose from garden produce due to root uptake into the various types of vegetation is
described with Equation (53). The first equation shows the continuous model for leafy
vegetables. Note that the integral is over half the year so the assumed annual intake from garden
must be adjusted upward to compensate. Hence the ratio (1 y)/(Ti,). The second equation shows
the harvest model for the other vegetables. In both equations the sum over radionuclides ina
decay chain is needed to obtain the total dose from the parent nuclide.

L | T
H,p,(leafy)=z—y' J Rp Bpi Q,Cyi Dingi dT
¢

i=} 1ijm

(53)
Her{others)=3" R, B, Q,, Cyi IDRi(Tveg) Ding.i Tig
i=1

Where
Her = ingestion dose from plant type p due to root uptake, in mrem.,

p = typeofplant. There are 4 types of garden produce. The first equation covers leafy
vegetables (p=1). The second equation covers other vegetables, fruit, and grain
(p=2,3,4).

Ry, = dryto wet ratio for plant type p. See Table A36 for values.

B, = soil to plant concentration ratio, as Ci/kg dry weight of vegetables to Ci/kg of soil.
See Table A37 for values.

Q.» = quantity of plant type p eaten by the person, in kg/y. See Table A5 for values.

Csi = soil concentration of the ith nuclide, in Ci/kg. It is affected by radioactive decay
and leaching from the surface layer of soil during the irrigation season. In the
second equation it is the soil concentration at the time of harvest.

Tir = irrigation period in years. The value of 0.5 yr is assumed based on current
practices near the Hanford Site.

IDR; = decay factor that accounts for radioactive decay of the ith nuclide during the
consumption of garden produce

Tvwg = consumption period for garden produce, assumed to be 90 days
Ting = ingestion exposure time of the individual, 1y.

Digi = ingestion dose factor for nuclide "I", in mrem per pCi ingested. Values are given in
Table A21.

The resuspension of dust by wind, or water drops splashing soil onto the foliage leads to
some contamination of the edible portion of the plant. The ingestion dose from this source of
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contamination is calculated using Equation (54). The first equation shows the continuous model
for leafy vegetables. Note that the integral is over half the year so the assumed annual intake
from garden must be adjusted upward to compensate. Hence the ratio (1 y)/(Tiy). The second
equation shows the harvest model for the other vegetables. Note the sum over radionuclides in a
decay chain to obtain the total dose from the parent nuclide.

~1
Hept (leafy)=Y —

i=1 limr

Tigr Fl'p Ftp Tw
IJd—‘——_ va Csi Dingii dT
0 Yp

(59
Frp Fw Tw

H epr (others) =Z R' V4 Q. CuilDR(Twes) Dingi Tiog
=1

Where

Her = ingestion dose from plant type p due to resuspension of contaminated sotl onto
plant surfaces (rain splash), in mrem.

p = type of plant. There are 4 types of garden produce. The first equation covers leafy
vegetables (p=1). The second equation covers other vegetables, fruit, and grain
(p=2,3.4).

J4 = average soil deposition rate on plant surfaces due to rain splash, 2.7x10™ kg/m? per
day. See Section A5.2 for further discussion.

Fp = interception fraction for plant type p. The fraction of what falls to the earth that
lands on the plant. Computed as shown in Section A5.2. Values are listed in
Table A39.

Fp = translocation factor, i.e. the fraction of what deposits on the foliage that ends up in
the edible portions of the plant. Values are listed in Table A39.

Tw = effective exposure period for foliar deposition, in days. The values are computed
using a foliage weathering time of 14 days. Values are shown in Table B1.

Y, = harvest yield of crop type p, in kg/m? (wet weight). Also called the standing
biomass. Values are listed in Table A39.

Q., = quantity of plant type p eaten by the person during the year, inkg/y. See Table AS
for values.

Cs; = time-dependent soil concentration of the ith nuclide, in Ci/kg. It is affected by
radioactive decay and leaching from the surface layer of soil during the irrigation
season. In the second equation it is the soil concentration at the time of harvest.

Tir = immigation period in years. The value of 0.5 yr ts assumed based on current
practices near the Hanford Site.

IDR; = decay factor that accounts for radioactive decay of the ith nuclide during the
consumption of garden produce

Tvwg = consumption period for garden produce, assumed to be 90 days
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Ting = ingestion exposure time of the individual, 1y.
Dmg,l

ingestion dose factor for nuclide "1", in mrem per pCi ingested. Values are given in
Table A21.

One effect of wind, rain, and irrigation is to remove deposited contamination from plant
surfaces. This effect is included using a weathering term shown in Equation (55). Values for the
effective growing period are only slightly affected by the radioactive half life of the isotope for
the long half lives shown in Table Al. Therefore, the decay effects were not considered (A,=0).
Values for Ty are given in Table B1 for the growing periods shown in Table A39.

Tw= { 1 - Expl[-Ou + W)TH} ) / O+ 2) (55)
Where

Tw = effective exposure period for foliar deposition, in days. Values are shown in
Table BI.

A,, = weathering removal coefficient, 0.0495105 per day, or 18.0713 per year, which
corresponds to a 14 day half time.

A, = radioactive decay constant, namely, the natural logarithm of 2 divided by the
radioactive decay half life in days. Values are listed in Table Al.

Tf = exposure time of the plant type p to the airborne contamination depositing on the
P foliage, in days (also called growing period). Values are shown in Table A39.

Table Bl. Effective Exposure Times for Foliar Deposition

Growing Period Tw
30 days 15.6 days
45 days 18.0 days
90 days 20.0 days

The effective exposure times are computed assuming radioactive decay is negligible
for the nuclides of Table Al.

The previous two avenues by which contamination reaches the edible portions of the
plants apply only to activity, which is present in the soil. This section discusses direct deposition
of contaminants in irrigation water onto the foliage. The ingestion dose due to radioactivity in
the edible portion of the plants due to direct deposition on foliage is given in equation (56).

0.25 Fy Tw
Hex (leafy) =D, ——Y'°—— Q. Ding Ting

P

(56)
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Where

ID,

0.25

Ting
Dmg,i

L 0.25 w
Hepd (others) = Z IDp —M

va IDR'(TWS) Dmg,i T'mg
i=1 Yp

ingestion dose from plant type p due to deposition of a nuclide in contaminated
irrigation water onto plant surfaces, in mrem.

type of plant. There are 4 types of garden produce. The first equation covers leafy
vegetables (p=1). The second equation covers other vegetables, fruit, and grain

(p=2,3,4).

instantaneous activity deposition rate due to irrigation of soils growing plant type p,
in Ci/yr/m®. Only the parent nuclide is present. Any progeny nuclides are assumed
to be absent.

interception fraction for contaminants in irrigation water. The fraction of what falls
to the earth that lands on the plant.

translocation factor, i.e. the fraction of what deposits on the foliage that ends up in
the edible portions of the plant. Values are listed in Table A39.

effective exposure period for foliar deposition, in days. The values are computed
using a foliage weathering time of 14 days. Values are shown in Table Bl.

harvest yield of crop type p, in lcg/m2 (wet weight). Also called the standing
biomass. Values are listed in Table A39.

quantity of plant type p eaten by the person during the year, in kg/y. See Table AS
for values.

decay factor that accounts for radioactive decay during the consumption of garden
produce

consumption period for garden produce, assumed to be 90 days
ingestion exposure time of the individual, 1 y.

ingestion dose factor for the ith nuclide, in mrem per pCi ingested. Values are
given in Table A21.

The ingestion dose from garden produce due to direct deposition depends on the rate at
which water is applied. In the previous two pathways, root uptake and rain splash, the
determining factor is the total amount of water (and thus activity) applied to the soil. A summary
of the essential calculation and the decay corrections is presented in Table B2.
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Table B2. Summary of Ingestion Dose from Garden Produce

Essential Dose Calculation for an Initial Soil Contamination

Root Uptake: Rp Bp Cs va Dm 2 Ting

Rain Splash: Ja Fry (Fip Tw /Y5) Cs Qv Ding Ting

Correction for Radioactive Decay and Progeny In-growth

Leafy Vegetables: IDS(Tirr)
Other Vegetables,
Fruit, and Grain: DS(Th)=IDR(T\cg)

Essential Dose Calculation for Irrigation with Contaminated Water

Root Uptake: Rp Bp CS QVP Dms Tins
Rain Splash: Jd Ffp (F{p Tw [Yp) C; va Dms Tfmg
Direct Deposition: ID, (0.25) (Fyp Tw/Yp) Qup Ding Ting

Correction for Radioactive Decay and Progeny In-growth
Root Uptake & Splash: IDI(Tiy)

Leafy Vegetables: . -

Direct Deposition: no decay
Other Vegetables, Root Uptake & Sp]aSh' DI(TW)EIDR(TVCE)
Fruit, and Grain: Direct Deposition: IDR(Tveg)

Notes: Leafy vegetables are consumed continuously during growing season (T,,) only. Other produce is harvested and
consumed over a period of time (T.,). The decay factors are unitless fractions shown in Equation (50). Progeny in-
growth is computed using the method shown in Section B2.

Explanation of Symbols Used in Table B2.

B, = soil to plant concentration ratio, as Ci/kg dry weight of vegetables to Ci/kg of soil.
See Table A37 for values.

C; = soil concentration of a nuclide, in Ci/kg. It is affected by radioactive decay and
leaching from the surface layer of soil during the irrigation scason.

D.g = ingestion dose factor for a nuclide, in mrem per pCi ingested. Values are given in
Table A21.

Fp = interception fraction for plant type p. The fraction of what falls to the earth that
lands on the plant. Computed as shown in Section A5.2. Values are listed in
Table A39.
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Fp = translocation factor, i.e. the fraction of what deposits on the foliage that ends up in
the edible portions of the plant. Values are listed in Table A39.

ID, = instantaneous activity deposition rate due to irrigation of soils growing plant type p,
in Ci/yr/m®.
J4 = average soil deposition rate on plant surfaces due to rain splash, 2.7x10" kg/m? per
day. See Section AS.2 for further discussion.

p = typeofplant. There are 4 types of garden produce. The first equation covers leafy
vegetables (p=1). The second equation covers other vegetables, fruit, and grain

(p=2,3,4).
Qw = quantity of plant type p eaten by the person during the year, in kg/y. See Table A5
for values.

R, = dryto wet ratio for plant type p. See Table A36 for values.

T, = time at which harvest occurs. For initial soil contaminations, harvest is assumed to
occur halfway through the growing season, Ty=T;/2. For irrigation with
contaminated water, the harvest occurs at the end of the irrigation season to
maximize the soil contamination,

Ting = ingestion exposure time of the individual, 1 y.

Tir = irrigation period in years. The value of 0.5 yr is assumed based on current
practices near the Hanford Site.

Tveg = consumption period for garden produce, assumed to be 90 days

Tw = effective exposure period for foliar deposition, in days. The values are computed
using a foliage weathering time of 14 days. Values are shown in Table B1.

harvest yield of crop type p. in kg/m? (wet weight). Also called the standing
biomass. Values are listed in Table A39.

>
I

The equilibrium model used for tritium in the post-intrusion residential garden is
summarized in Section 3.2. The radioactive decay and leaching terms are shown in Table B2,
Tritium in irrigation water leads to an equilibrium situation in which the concentration of tritium
in the water is reproduced throughout the plant. Since the equilibrium is established rather
quickly, the decay corrections are simpler than for other nuclides. The calculation of dose from
tritium in irrigation water is shown in Equation (57) below.

I Cw,H!
I+P

Hepn (leafy) = ( 8.94 Fy) Q.; Ding s Ting

(57
IC.
H,,,u(othcrs)=—l‘i—;‘—‘(s.94 Fip) Qup TDR(Tveg) Dungiis Ting

Where
Hen = ingestion dose from plant type p due to tritium (H-3) in the irrigation water, in
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Cupi
P

FHp

Qw

IDR

Tveg

Ting =

Ding.n3

mrem.

type of plant. There are 4 types of garden produce. The first equation covers leafy
vegetables (p=1). The second equation covers other vegetables, fruit, and grain

(r=2,3,4).

total imrigation water applied to the soil during the irrigation season, 82.3 cm/y
(63.5 cm/y for populations).

concentration of tritium in the irrigation water, in pCi/L.

total natural precipitation water applied to the soil during the irrigation period, 5.77
cm/y (PNNL-13859).

fraction of hydrogen in plant type p. Values are listed in Table A34. The factor of
8.94 converts the hydrogen fraction to an effective water fraction that includes
organically bound hydrogen.

quantity of plant type p eaten by the person during the year, in kg/y. See Table AS
for values.

decay factor that accounts for radioactive decay during the consumption of garden
produce

consumption period for garden produce, assumed to be 90 days
ingestion exposure time of the individual, 1 y.

ingestion dose factor for tritium, in mrem per pCi ingested. Value is given in
Table A21.

B4.3 ANIMAL PRODUCTS EATEN

The simplest animal product to evaluate is fish. The dose from fish consumption is shown
in Equation (58). It is the product of the quantity of fish consumed during the year, the
concentration in the fish, and the ingestion dose factor. The fish harvested is consumed over the
next few days, so there is no need to correct for radioactive decay and progeny in-growth.

where
Hef

Qe =

Cw
Bt

Ting
I)Ing

Hee= ch Cw Bs¢ Dmg Ting (58)

ingestion dose from contaminated fish, in mrem.

quantity of contaminated fish consumed by the person during the year, in kg/y. See
Table AS for values.

concentration of a nuclide in the contaminated water, in pCV/L.

bicaccumulation factor in fish from Table A33, in L/kg. It is the ratio of the
contamination in the edible parts of the fish to the concentration in the water.

ingestion exposure time of the individual, 1 y

ingestion dose factor for a nuclide, in mrem per pCi ingested. Values are given in
Table A21. :
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The ingestion dose from foods obtained from land animals is computed using equilibrium
transfer factors shown in Table A33. These relate the total radioactive material ingested by the
animal each day to the concentration in the animal product consumed by a person. The total diet
of the animal must be taken into account. The animal may drink contaminated water, ingest
contaminated soil, graze on contaminated grass and be fed stored material that is also
contaminated. Each of these will be presented in turn. The total ingestion dose from animal
products is the sum of these.

Just as with garden produce there is a continuous production model and a harvest model in
which the animal is slaughtered for later consumption. The beef cattle model illustrates the
latter, while the milk cow illustrates the former. The chicken (meat) and egg are treated as
continuous because these are produced at regular intervals during the year and then consumed
shortly thereafter.

The ingestion dose from contaminated water consumed by the animal is shown in
Equation (59). Because the progeny nuclides are not allowed to form in the water supply, the
dose from each nuclide in a chain will be calculated separately. When the beef cattle is
slaughtered (i.e. harvested), there is a large quantity of beef available. This food is then
consumed over a period of time during which radioactive decay and progeny in-growth occurs.
The quantity of contaminated beef consumed during the year is from Table AS. These values
have already been adjusted for the fraction of the year that contaminated beef is consumed.
Hence, the factor (Ting/Tocer) is included.

n Toer .
Heuw(beeD=3 [ Q., Cu Fq Q, (TL.E“J Dig.i DR; dT

i=1 o beef

Heqw (others)= Q.. Cw Fq Qu Ding Ting (59

where

H.qw = ingestion dose from animal product q due to contaminated drinking water, in
mrem.

q = index for animal products. There are 4 types of animal products, beef, milk,
poultry, and eggs.

Q.q = quantity of contaminated drinking water ingested by the animal associated with
animal product q each day, in L/d. See Table A32 for values.

Cw = concentration of the parent nuclide in a decay chain in the contaminated water, in
pCi/L. The progeny nuclide concentrations are assumed to be zero in the water.

F4i = equilibrium transfer factor for animal product q for the ith nuclide in a decay chain,
in d/kg (or /L for milk). Values are given in Table A33. Fq is the transfer factor
of the first nuclide.

Q.q = quantity of animal product q consumed by the person during the year, in kg/y (or
L/y for milk). Sce Table AS for values.
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Teeer = consumption period for beef cattle, assumed to be 120 days
Ting = ingestion exposure time of the individual, 1 y

Dingi = ingestion dose factor for the ith nuclide in a decay chain, in mrem per pCi ingested.
Values are given in Table A21. D,y is the ingestion dose factor of the first nuclide
in the chain.

The other contributors to the overall contamination of an animal product are summarized
in Table B3. For the case of an initial soil contamination, the two components are vegetable
foods consumed by the animal and the soil ingestion shown in Table A32. The animal foods are
contaminated by root uptake and rain splash, There are three main kinds of food: fresh fodder
(grass), stored hay (grass that is harvested and stored), and stored feed (grain that is harvested
and stored). For the case of irrigation with contaminated water, additional components are direct
deposition on the animal foods, and direct ingestion of the irrigation water.

Table B3. Summary of Ingestion Dose from Animal Products

Essential Dose Calculation for an Iritial Soil Contamination,
The activity intake rates are computed using the formulas below.
These are converted to annual dose equivalent by means of the factor,

FqQuqDing Ting.
Trace Soil Ingestion: Cs Qs
Fodder -- Root Uptake: Re B, Cs Qpq
Fodder - Rain Splash: JaFep (Fip Tw/Yp) Cs Qpq

Correction for Radioactive Decay and Progeny In-growth -- Beef

Soil Ingestion

and Fresh Grass: DS(Th)=IDR(Toeer)
Stored Hay (grass)
and Stored Grain: DS(Tw)=DR(Ts)=IDR(Tpeer)

Correction for Radioactive Decay and Progeny In-growth -- Milk, Poultry, Eggs

Soil Ingestion
and Fresh Grass:

_ [TmEIDS(Tm) + TnOEDS(Tin)EIDR(Tﬂo)]n‘i“S

Stored Hay (grass)
and Stored Grain:

DS(T}.)EDR(Ts)EIDR(T an)
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Essential Dose Calculation for Irrigation with Contaminated Water.
The activity intake rates are computed using the formulas below.
These are converted to annual dose equivalent by means of the factor,
FqQiqDing Ting.
Trace Soil Ingestion: CiQyq
Fodder -- Root Uptake: Ry By Cs Qpq
Fodder -- Rain Splash: R*VyFg (Fi Tw/Yp) Cs Qpq
Fodder — Direct Deposition: IDp (0.25)(Fepo Tw/Y ) Qpq
Drinking Water Ingestion: CwQwq
Correction for Radioactive Decay and Progeny In-growth -- Beef
Trace Soil Ingestion: DI(Ti)=IDR(Tpeer)
Fresh Grass: Root‘& Splash: .l:.)I(T i) =IDR(Teer)
Direct Deposition: IDR(Tpeer)
Stored Hay and Grain: Root & Splash: DI(Tir)=DR(Ts)=IDR(Tbeer)
Direct Deposition: DR(Tg)=IDR(Tpeer)
Drinking Water; IDR(Tpeer)
Correction for Radioactive Decay and Progeny In-growth -- Milk, Poultry, Eggs
Trace Soil Ingestion: [Tie=IDI(Tirr) + Tao=DI(Tirr)=IDR(To})/ Ting
Root Uptake & Rain Splash:
Fresh Grass: [Tin’EIDI(Tirr) + Tno’—‘DI(Tin)EIDR(Tno)],r ing
Direct Deposition: no decay
Stored Hay and Grain: Root & Splash: .I?I(Ti,,);DR(T,)EIDR(T.,,)
Direct Deposition: DR(T,)=IDR(T;n)
Drinking Water: no decay

Notes: Beef is harvested and consurned over a period of time. Milk, poultry, and eggs are consumed continuously
during the year, The decay factors are unitless fractions shown in Equation (50). Progeny in-growth is computed using
the method shown in Section B2.

Explanation of Symbols Used in Table B3.

B, = soil to plant concentration ratio, as Ci/kg dry weight of vegetables to Ci/kg of soil.
See Table A37 for values.

C, = soil concentration of a nuclide, in Ci/kg. It is affected by radioactive decay and
leaching from the surface layer of soil during the irrigation season.

C. = concentration of a nuclide in the contaminated water, in pCV/L. Any progeny
nuclide concentrations are assumed to be zero.

Dyng = ingestion dose factor for a nuclide, in mrem per pCi ingested. Values are given in
Table A21.
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Quq
Qg
Quq

Qwq

Tan

Tocer
Th

Ting
Tirr

Ts
Tw

equilibrium transfer factor for animal product q for a nuclide, in d’kg (or d/L for
milk). Values are given in Table A33,

interception fraction for plant type p. The fraction of what falls to the earth that
lands on the plant. Computed as shown in Section A5.2. Values are listed in
Table A39.

translocation factor, i.e. the fraction of what deposits on the foliage that ends up in
the edible portions of the plant. Values are listed in Table A39.

instantaneous activity deposition rate due to irmigation of soils growing plant type p,
in Ci/yr/m?.

average soil deposition rate on plant surfaces due to rain splash, 2.7x10™ kg/m? per
day. Seec Section AS.2 for further discussion.

index for animal fodder. There are 3 types of animal fodder, fresh grass, stored
hay, and stored grain.

index for animal products. There are 4 types of animal products, beef, milk,
poultry, and eggs.

quantity of animal product q eaten by the person during the year, in kg/y (or L/y for
milk). See Table AS for values.

quantity of fodder type p eaten by the animal during the year, in kg/y. See
Table A32 for values.

quantity of contaminated soil ingested by the animal associated with animal
product q each day, in kg/d. See Table A32 for values,

quantity of contaminated drinking water ingested by the animal associated with
animal product q each day, in L/d. See Table A32 for values.

dry to wet ratio for plant type p. See Table A36 for values.

time period over which stored hay and grain are consumed by the milk cow and
chickens. Assumed to be the same as Ty, 90 d.

consumption period for beef cattle, assumed to be 120 days.

time at which harvest occurs. For initial soil contaminations, harvest is assumed to
occur halfway through the growing season, Ty=Tin/2. For irrigation with
contaminated water, the harvest occurs at the end of the irrigation season to
maximize the soil contamination.

ingestion exposure time of the individual, 1y.

irrigation period in years. The value of 0.5 yr is assumed based on current
practices near the Hanford Site. Tno =1y - Tin

storage time for the stored feed (hay and grain), 90 d.

effective exposure period for foliar deposition, in days. The values are computed
using a foliage weathering time of 14 days. Values are shown in Table B1.
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Y, = harvest yield of crop type p, in kg/m® (wet weight). Also called the standing
biomass. Values are listed in Table A39.

The one special case nuclide is tritium in contaminated irrigation water. Tritium present in
an initial soil contamination is handled using the same method as any other nuclide. The
equilibrium transfer factors shown in Table A33 are used. Tritium in irrigation water leads to an
equilibrium situation in which the concentration of tritium in the water is reproduced throughout
the animal product, Since the equilibrium is established rather quickly, the decay corrections are
simpler than for other nuclides. The calculation of dose from tritium in irrigation water is shown
in Table B4 below. Note that the tritium model assumes that loss of tritium by evaporation of
water from soil or plants is not important.

Table B4. Ingestion Dose from Animal Products from Tritium

Essential Dose Calculation for Irrigation with Contaminated Water.
The activity intake rates are computed using the formulas below.
These are converted to annual dose equivalent by means of the factor,

Cw,HJ Fq Qaq Dmg,l!] Ting-

Trace Soil Ingestion: 8.94 Fys V(1+P) Qgq
Fodder -- Root Uptake: 8.94 Fir, V(I+P) Qpq
Drinking Water Ingestion: Quq
Correction for Radioactive Decay and Progeny In-growth — Beef

Trace Soil Ingestion: IDR(Thpeer)
Fresh Grass: IDR(Tyeer)

Stored Hay and Grain: DR(T)=IDR(Theer)
Drinking Water: IDR(Tpeer)

Correction for Radioactive Decay and Progeny In-growth -- Milk, Poultry, Eggs

Trace Soil Ingestion: [Tirr + Tno=IDR(T10)}/Ting
Fresh Grass: [Tir + Tac=IDR(T10))/ Ting
Stored Hay and Grain: DR(Ty)=IDR(T.n)
Drinking Water; no decay

"Notes: Beef is harvested and consumed over a period of time. Milk, poultry, and eggs are consumed continuously
during the year. The decay factors are unitless fractions shown in Equation {50). Progeny in-growth is computed using
the method shown in Section B2,

Explanation of Symbols Used in Table B4.
Cwii3 = concentration of tritium (H-3) in the irrigation water, in pCi/L.

Dingni3 = ingestion dose factor for tritium, in mrem per pCi ingested. Value is given in
Table A3.

F, = equilibrium transfer factor for animal product q for tritium, in d/’kg (or &/L for
milk). Value is given in Table A33.




HNF-SD-WM-TI-707 Rev 4 Page B-39

Fs

Fip

Qaq
Qn
Qs
Qug
Tan
Toeer
Ting
Tin'

T,

|

i

fraction of hydrogen in garden soil. The value used is listed in Table A34. The
factor of 8.94 converts the hydrogen fraction to an effective water fraction that
includes organically bound hydrogen.

fraction of hydrogen in plant type p. Values are listed in Table A34. The factor of
8.94 converts the hydrogen fraction to an effective water fraction that includes
organically bound hydrogen.

total irrigation water applied to the soil during the irrigation season, 82.3 cm/y
(63.5 for populations).

index for animal fodder. There are 3 types of animal fodder, fresh grass, stored
hay, and stored grain.

total natural precipitation water reaching the surface soil during the irrigation
period, 5.77 cm/y (PNNL-13859).

index for animal products. There are 4 types of animal products, beef, milk,
poultry, and eggs.

quantity of animal product q eaten by the person during the year, in kg/y (or L/y for
milk). See Table A5 for values.

quantity of fodder type p eaten by the animal during the year, in kg/y. See
Table A32 for values.

quantity of contaminated soil ingested by the animal associated with animal
product q each day, in kg/d. See Table A32 for values.

quantity of contaminated drinking water ingested by the animal associated with
animal product q each day, in L/d. Sec Table A32 for values.

time period over which stored hay and grain are consumed by the milk cow and
chickens. Assumed to be the same as Tyeg, 90 d.

consumption period for beef cattle, assumed to be 120 days.
ingestion exposure time of the individual, 1 y.

irrigation period in years. The value of 0.5 yr is assumed based on current
practices near the Hanford Site. Tao=1y- Tir

storage time for the stored feed (hay and grain), 90 d.
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ATTACHMENT B1.
HAND CALCULATIONS FOR TRITIUM

BA.1 NO WATER INFILTRATION EXPOSURE SCENARIOS

Each of the exposure scenarios listed in Table 2 (of the main text) will be evaluated.
Absorption of airbome tritium through the skin is included in the inhalation dose factor for
tritium. The doses calculated are the total accumulated during the first year of exposure.

Normally, three significant digits are kept during calculations. Because the spreadsheet
software keeps several digits, agreement with the spreadsheet can only be obtained if 4 or 5
significant digits are retained. This is particularly true in the calculation of decay factors.

For tritium, the inhalation dose factor is 9.60E-08 mrem/pCi or 96,000 mrem/Ci inhaled.

The ingestion dose factor is 6.40E-08 mrem/pCi or 64,000 mrem/Ci ingested. The external dose
rate factor is 0.

BA.1.1 Offsite Farmer

Assume 1 curie H-3 is released into the air during the year. The bounding annual average
air transport factor is 1.0E-04 s/m’.

Inhalation Dose: From Table E1, 0.0237 mrem

BA.1.2 Onsite Resident

Assume the H-3 emanation rate is 1 pCi/m?/s. The average air concentration in a dwelling
with an air exchange to floor area ratio of 5.0E-04 m/s is computed as shown below,

Ceq = (1 pCV/m?¥/s)/(5.0E-04 m/s) = 2,000 pCi/m*

The individual is present in his dwelling about 8,040 h/y from Table A9 (rural pasture
scenario). The total volume of air inhaled during this period is computed as shown below.

Vair = (3,102 W/y)(0.45 m*/h) + (4,908 h/y)(1.18 m*/h) = 7,187 m’/y

Inhalation Dose:
(2,000 pCi/m)(7,187 m*)(9.60E-08 mrem/pCi) = 1.38 mrem

BA.1.3 Intruder (Well Driller)

The unit dose factors for the Well Driller assume an average soil concentration of 1 Ci/kg.
The actual concentration is calculated as the activity removed from the borchole divided by the
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mass of soil and waste removed. A mass loading approach is used, so that the driller inhales a
total of 4.84 mg (4.84E-06 kg) of soil (Table A10). He ingests a total of 500 mg (5.0E-4 kg) soil
(Table A8). His external exposure time is 40 hours (Table A15). The inhalation, ingestion, and
external dose calculations are shown below.

Inhalation Dose:
(4.84E-06 kg inhaled){1 Ci/kg)(96,000 mrem/Ci) = 0.465 mrem

Ingestion Dose;
(5.0E-04 kg ingested)(1 Ci/kg)(64,000 mrem/Ct) = 32.0 mrem

Extemnal Dose:

Note that the well tailings have a density of 1,500 kg/m® and are spread to an average
thickness of 5 cm. The worker spends 40 hours in the middle of this radiation source.

(40 h)(1 Ci/kg)(1,500 kg/m>)(0.05 m)(0 mrem/h per Ci/m?) = 0 mrem

Total Dose to Driller;
0.465 mrem + 32.0 mrem + 0 mrem = 32.5 mrem per Ci/kg
Note that the well driller dose factor from Table 7 is 32.5 mrem per Ci/kg.

BA.1.4 Post-Intrusion Suburban Gardener

The unit dose factors for the suburban gardener assume 1 curie H-3 is exhumed from the
well and spread over an area of 100 m%. The initial average soil concentration is computed as
shown below.

Cs = (1 Ci)/(100 m?)/(225 kg/m®) = 4.444E-5 Ci/kg

This concentration decreases rapidly with time due to leaching from the surface layer
(during the irrigation season), evaporation, and radioactive decay. For all practical purposes,
none of the initial tritiated water deposited in the garden is present at the end of the irrigation
scason. Decay factors used in the dose calculations are computed below using equations from
Table B2.

A= (0.69315)/(12.33 y) = 0.056216 y
During the trrigation season :
As = (5.766+82.3 cm)/(0.2)/(15 cm)X0.5 y) = 58.710667 y" (Section A6.0)
Ay=Ap ot A= 58.76688 y!
During the non-irrigation season :
Ar=(11.963 cm)/(0.2)/(15 cm)/(0.5 y) = 7.975333 y! (Section A6.0)
A=A+ A =8.03155y!
MTir = (58.76688 y')(0.5 y) =29.38344
DS(Tir) = Exp(-29.38344) =0
IDS(Tir) =[1 - Exp(-29.38344)]/(29.38344) = 0.034033

MToo = (8.03155 y')(0.5 y) = 4.01578
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IDR(Tyo) =[1 - Exp(-4.01578))/(4.01578) = 0.244528

Tirr—"':IDS(Tin) + TnogDS(Tin)EIDR(Tno) =
(0.5y)(0.034033) + (0.5y)(0)(0.244528) = 0.017017 y

DS(T}) = Exp[-(58.76688 y')(0.25 y)] = 4.164E-7

M Tyeg = (0.056216 y')(90 d)/(365 d/y) = 0.0138615
IDR(Tyep) =[1 - Exp(-0.0138616))/(0.0138615) = 0.99310
DS(Ts)=IDR(Tyeg) = (4.164E-7)(0.99310) = 4.135E-7

A special model described in Section A3.2.1 is used for inhalation dose, so that the
resident inhales a total of 1.585E-06 Ci tritium per Ci exhumed over the course of a year, He
also ingests a total of 0.018 kg soil during the year (Table A8). The effective external exposure
time is 180 h (Table A15). The inhalation, ingestion, and external doses from these sources are
shown below. These also match the numbers for tritium shown in Table D1.

Inhalation Dose: (resuspended soil)
(1.585E-6 Ci inhaled/Ci exhumed)(1 Ci exhumed)(96,000 mrem/Ci) = 0.1522 mrem

Ingestion Dose: (soil only)

Note that the decay factor considers that all of the exposure occurs during the first half of
the year.

(0.018 kg)(4.444E-5 Ci/kg)(64,000 mrem/Ci)(0.034033 y) = 1.742E-3 mrem

External Dose:

I;Iote that the 1 Ci tritium in the well tailings has been mixed into 2 garden with an area of
100 m®,

(180 Wy)(1 Ci/100 m*)(0 mrem/h per Ci/m?)(0.034033 y) =0 mrem

The concentration in vegetable produce from the garden is calculated using the special
model for tritium. The concentration in vegetation and the doses from each type are shown
below. Grains are not grown in the garden, and all of the other plants have the same hydrogen
fraction (0.1). The contaminated food consumption rate is combined with the ingestion period
(1 year) so that the column of consumption rates has units of kg rather than kg/y.

Cv 3 = (4.444E-5 Ci/kg)(8.94)(0.1)(1.5 ke/L)/(0.2) = 2.980E-4 Ci/kg

Ingestion Dose: (garden produce)
leafy: (0.25)(17.8 kg)(2.980E-4 Ci/kg)(0.034033)(64,000 mrem/Ci)=2.8882 mrem

other; (0.25)(86.5 kg)(2.980E-4 Ci/kg)(4.135E-7)(64,000 mrem/Ci)=1.70E-4 mrem
fruit: (0.25)(85.8 kg)(2.980E-4 Ci/kg)(4.135E-7)(64,000 mrem/Ci)=1.69E-4 mrem
Total from root uptake: 2.8885 mrem

Total Dose: Suburban Garden Scenario:
0.1522 + 0.001742 + 2.8885 mrem = 3.04 mrem per Ci exhumed
Note that the suburban gardener’s dose factor from Table 8 is 3.04 mrem/y per Ci exhumed.
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BA.1.5 Post-Intrusion Urban Pasture Scenario

The unit dose factors for the urban pasture scenario assume 1 curie H-3 is exhumed from
the well and spread over an area of 5,000 m%. The initial average soil concentration is computed
as shown below.

Cs = (1 Ci)/(5,000 m?)/(225 kg/m?) = 8.889E-7 Ci/kg

This concentration decreases rapidly with time due to leaching from the surface layer
(during the irrigation season), evaporation, and radioactive decay. For all practical purposes,
none of the initial tntiated water deposited in the garden is present at the end of the irrigation
season. Decay factors used in the dose calculations are the same as shown for the suburban
garden scenario.

A special model described in Section A3.2.1 is used for inhalation dose, so that the
resident inhales a total of 2.241E-07 Ci tritium per Ci exhumed. He also ingests a total of
0.018 kg soil during the year (Table A8). The effective external exposure time is 360 h
(Table A15). The inhalation, ingestion, and external doses from these sources are shown below.
These also match the numbers for tritium shown in Table D2.

Inhalation Dose: (resuspended soil)
(2.241E-7 Ci inhaled/Ci exhumed)(1 Ci exhumed)(96,000 mrem/Ci) = 0.02151 mrem

Ingestion Dose: (soil only)

Note that the decay factor considers that all of the exposure occurs during the first half of
the year.

(0.018 kg)(8.889E-7 Ci/kg)(64,000 mrem/Ci)(0.034033 y) = 3.485E-5 mrem

Extemal Dose:

?Iote that the 1 Ci tritium in the well tailings has been mixed into a garden with an area of
100 m”,

(360 h/y)(1 Ci/5,000 m*)(0 mrem/h per CV/m?)(0.034033 y) = 0 mrem

Ingestion Dose: (milk)
Contaminated water fraction for the milk cow: 0.54951/119.433 = 0.004601

source animal intake wa{cr !otal water decay contarr!inatcd
kg/d fraction  intake, L/d water intake
forage 36 0.894 32.184 0.017017 0.54768
hay 29 0.894 25926  4.135E-07 1.072E-05
grain 2 0.6079 1.216 4.135E-07 5.028E-07
soil 0.8 0.1333 0.107 0.017017 1.821E-03
water 60 1 60 1 0
total 119.433 0.54951

tritium conc in milk = (8.889E-7 Ci/kg)/(0.1333 L/kg)(0.9834 1/kg)(0.85827) = 3.017E-8 Ci/kg
Total dose from milk: (3.017E-8 Ci/kg)(58 kg)(64,000 mrem/Ci) = 0.1120 mrem
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Total Dose: Rural Pasture Scenario:
0.02151 + 3.485E-5 + 0.1120 mrem = 0.1335 mrem per Ci exhumed
Note that the tritium dose factor from Table 10 is 0.133 mrem/y per Ci exhumed.

BA.1.6 Post-Intrusion Commercial Farm Scenario

The unit dose factors for the urban pasture scenario assume 1 curie H-3 is exhumed from
the well and spread over an area of 647,000 m®. The initial average soil concentration is
computed as shown below.

Cs = (1 Ci)/(647,000 m?)/(225 kg/m?) = 6.869E-9 Ci/kg

This concentration decreases rapidly with time due to leaching from the surface layer
{during the irmigation season), evaporation, and radioactive decay. For all practical purposes,
none of the initial tritiated water deposited in the garden is present at the end of the irrigation
season. Decay factors used in the dose calculations are the same as shown for the suburban
garden scenario.

A special model described in Section A3.2.1 is used for inhalation dose, so that the
resident inhales a total of 1.970E-08 Ci tritium per Ci exhumed. He also ingests a total of
0.018 kg soil during the year (Table A8). The effective external exposure time is 720 h
(Table A15). The inhalation, ingestion, and external doses from these sources are shown below.

Inhalation Dose: (resuspended soil)
(1.970E-8 Ci inhaled/Ci exhumed)(1 Ci exhumed)(96,000 mrem/Ci) = 0.001891 mrem

Ingestion Dose: (soil only)

Note that the decay factor considers that all of the exposure occurs during the first half of
the year.

(0.018 kg)(6.869E-9 Ci/kg)(64,000 mrem/Ci)(0.034033 y) = 2.693E-7 mrem

External Dose:

yote that the 1 Ci tritium in the well tailings has been mixed into a garden with an area of
100 m®,

(720 Wy)(1 Ci/647,000 m?*)(0 mrem/h per C¥/m?)(0.034033 y) = 0 mrem

Total Dose: Commercial Farm Scenario:
0.001891 + 2.693E-7 + 0 mrem = 0.001891 mrem per Ci exhumed
Note that the tritium dose factor from Table 11 is 0.00189 mrem/y per Ci exhumed.

BA.2 LOW WATER INFILTRATION EXPOSURE SCENARIOS

Each of the exposure scenarios using irrigation water with tritium will be evaluated in this
section. The tritium concentration in the irrigation water is assumed constant during the
irrigation season. As a result, the tritium concentration in the surface soil is also constant during
the irrigation season, but decreases rapidly during the non-irrigation period due to evaporation
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and radioactive decay. In each exposure scenario the water concentration is 1 pCi/L. Thus the
doses computed are per pCVL. The soil concentration during the irrigation season is calculated
as shown below,

Cs = (1.0E-12 Ci/L)(0.2)/(1.5 kg/L)(0.9345) = 1.246E-13 Ci/kg

The external exposures are not computed for tritium because the external dose rate factor
for tritium is zero. Absorption through the skin is included in the inhalation dose factor for
tritium. The main dose pathway in every case is the drinking water pathway.

Normally, three significant digits are kept during calculations. Because the spreadsheet
software keeps several digits, agreement with the spreadsheet can only be obtained if 4 or 5
significant digits are retained. This is particularly true in the calculation of decay factors.

BA.2.1 All Pathways

The soil concentration decreases with time due to leaching from the surface layer during
the irrigation season, evaporation, and radioactive decay. Additional decay factors used in the
dose calculations for tritium are computed below from the equations in the discussion following
Table B2.

MTo = (8.03155 y')(0.5 y) =4.01578
IDR(Tho) = [1 - Exp(-4.01578))/(4.01578) = 0.244528

Tire + Tao=IDR(Two) = (0.5y) + (0.5y)(0.244528) = 0.62226 y

ATveg = (0.056216 y")(90 d)/(365 d/y)=0.0138615
DR(Tveg) = Exp(-0.0138615) = 0.98623
IDR(T\eg) ={1 - Exp(-0.0138615)]/(0.0138615) = 0.99310

AToeer = (0.056216 y')(120 d)/(365 d/y) = 0.018482
IDR(Theer) = [1 - Exp(-0.018482)]/(0.018482) = 0.99082

Because tritium is bound to water, the inhalation dose from suspended soil is part of the
inhalation dose from water, described in Section A3.2.2 Table A13. The farmer also ingests a
total of 0.0365 kg soil during the year (Table A8). The inhalation and ingestion doses from these
sources are shown below. They match the doses shown in Table D3.

Inhalation Dose; (showering and ambient humidity)
(48 L/y)(1.0E-12 CV/L)(96,000 mrem/Ci)(1 y) = 4.608E-6 mrem

Ingestion Dose: (drinking)

(545 L/y)(1.0E-12 Cv/L)(64,000 mrem/Ci)(1 y) = 3.488E-5 mrem
Note that the all pathways farmer’s drinking water dose factor from Table 12 is 3.49E-5 mrem/y
per pCi/L.
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Ingestion Dose: (soil only)
(0.0365 kg/y)(1.246E-13 Ci/kg)(64,000 mrem/Ci)(0.62226 y) = 1.811E-10 mrem

The vegetable produce contamination is based on the plant moisture having the same
tritium concentration as the irrigation water (adjusted for natural precipitation by the factor
0.9345). The contaminated food consumption rate is combined with the ingestion period (1 year)
so that the column of consumption rates has units of kg rather than kg/y. The product of plant
water concentration and ingestion dose factor is combined into a single quantity to simplify the
calculation.

(0.9345)(1.0E-12 Ci/L)(64,000 mrem/Ci)=5.981E-8 mrem/L

The factors 0.894 L/kg and 0.6079 L/kg in the calculations below are the equivalent
volume of water per kilogram of plant. They are calculated from the hydrogen fractions shown
in Table A34 multiplied by 8.94 kg water per kg hydrogen, and divided by the density of water,
1.0 kg/L. Grains are not irrigated, and are not shown.

Ingestion Dose: (garden produce)
(5.981E-8 mrem/L)(0.894 L/kg) ( 4.45 kg) (1.00000) = 2.379E-7 mrem
(5.981E-8 mrem/L)(0.894 L/kg)(21.625 kg)(0.99310) = 1.148E-7 mrem
(5.981E-8 mrem/L)(0.894 L/kg)(25.45 kg) (0.99310) = 1.139E-7 mrem
Total from garden produce: 2.525E-6 mrem

The dose for each pathway is the sum of contributions to the animal's diet. In particular,
there is fresh feed, stored hay, stored grain, soil, and drinking water. Each of these has a
common factor made of the water concentration, the effective water fraction in the animal
product, the annual amount consumed by the individual, the ingestion dose factor, and the
ingestion period. The fraction of water intake that is contaminated is multiplied by this common
factor to obtain the ingestion dose from consumption of the animal product.

Ingestion Dose: (beef)
Contaminated water fraction for the beef cow: 84.176/88.558 =0.95042

source animal intake watrcr !otal water _raip decay contam_inated
kg/d fraction intake, L/d dilution water intake
forage 27 0.894 24.138 0.9345 1 22.557
hay 14 0.894 12.516 0.9345  0.98623 11.535
grain 3 0.6079 1.824 0 0.98623 0
soil 0.6 0.1333 0.080 0.9345 1 0.075
water 50 1 50 1 1 50
total 88.558 84.167

tritium concentration in beef = (1.0E-12 Ci/L)(0.894 L/kg)(0.95042) = 8.497E-13 Ci/kg
Total dose from beef: (8.497E-13 Ci/kg)(25.15 kg)(64,000 mrem/Ci)(0.99082) = 1.355E-6 mrem
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Ingestion Dose: (milk)
Contaminated water fraction for the milk cow: 102.506/119.433 = (.85827

source animal intake wa{er .total water _rain decay contaminated
kg/d fraction  intake, L/d  dilution water intake
forage 36 0.894 32.184 0.9345 0.62226 18.715
hay 29 0.894 25,926 0.9345 0.97943 23.729
grain 2 0.6079 1.216 0 0.97943 0
soil 0.8 0.1333 0.107 09345  0.62226 0.062
water 60 1 60 1 1 60
total 119.433 102,506

tritium concentration in milk = (1,.0E-12 C/1.)(0.9834 L/kg)(0.85827) = 8.440E-13 Ci/kg
Total dose from milk: (8.440E-13 Ci/kg)(58 kg)(64,000 mrem/Ci) = 3.133E-6 mrem

Ingestion Dose; (poultry)
Contaminated water fraction for the chicken: 0.36843/0.47240 = 0.77991

source animal intake water !otal water .raif: decay contaminated
kg/d fraction  intake, I/d  dilution water intake
forage 0.13 0.894 0.11622 0.9345  0.62226 0.06758
hay 0 0.894 0 0.9345  0.97943 0
grain 0.09 0.6079 0.05471 0 0.97943 0
soil 0.011 0.1333 0.00147 0.9345  0.62226 0.00085
water 0.3 1 0.3 1 1 0.3
total 0.47240 0.36843

tritium concentration in poultry = (1.0E-12 Ci/L)(0.894 L/kg)(0.77991) = 6.972E-13 Ci/kg
Total dose from poultry: (6.972E-13 Ci/kg)(14.7 kg)(64,000 mrem/Ci) = 6.560E-7 mrem
tritium concentration in eggs = (1.0E-12 Ci/L)(0.9834 L/kg)(0.77991) = 7.670E-13 Ci/kg
Total dose from eggs: (7.670E-13 Ci/kg)(6.8 kg)(64,000 mrem/Ci) = 3.338E-7 mrem

Total dose for all animal pathways = 5.478E-6 mrem
Total Dose for the All Pathways Farmer (irrigation from a well):

4.608E-6 + 3.488E-5 + 1.811E-10 + 2,525E-6 + 5.478E-6 = 4.749E-5 mrem per pCi/L
Note that the all pathways farmer’s total dose factor from Table 12 is 4.75E-5 mrem/y per pCi/L.

The above total applies to the inland well situation in which does not include a dose from
fish. When the Columbia River is the source of tritium, the fish dose is calculated as shown
below and added to the above total.

Ingestion Dose: (fish)
(1.0E-12 Ci/L)(1 L/kg)(0.50)(6.58 kg)(64,000 mrem/Ci)(1 y) = 2.106E-7 mrem
Note that the all pathways farmer’s fish dose factor from Table 13 is 2.11E-7 mrem/y per pCi/L.

Ingestion Dose: (shoreline sediment)
(1.0E-12 Ci/L){(0.1333 L/kg)(0.0007 kg)(64,000 mrem/Ci)1 y) = 5.973E-12 mrem
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Total Dose for the All Pathways Farmer (irmgation from the Columbia River):
4.696E-5 + 2.106E-7 + 5.973E-12 = 4 770E-5 mrem per pCi/L.
Note that the all pathways farmer’s total dose factor from Table 13 is 4.77E-5 mrem/y per pCi/L.

BA.2.2 Native American Subsistence Resident

The doses for each pathway are calculated in the same manner as the all pathways farmer
except that the exposure parameters are larger. The Native American doses are listed below.
They match the doses shown in Table D4.

Inhalation Dose: (sweat lodge and ambient humidity)
(105 L/y)(1.0E-12 C/L)(96,000 mrem/Ci)(1 y) = 1.008E-5 mrem

Ingestion Dose: (drinking)
(1,095 L/y)(1.0E-12 C/L)(64,000 mrem/Ci)(1 y) = 7.008E-5 mrem

Ingestion Dose: (soil)
(0.073 kg/y)(1.246E-13 Ci/kg)(64,000 mrem/Ci)(0.62226 y) = 3.622E-10 mrem

Ingestion Dose: (garden produce)
(5.981E-8 mrem/L)(0.894 L/kg)(16 kg)(1.00000) = 8.555E-7 mrem
(5.981E-8 mrem/L)(0.894 L/kg)(77 kg)(0.99310) = 4,089E-6 mrem
(5.981E-8 mrem/L)(0.894 L/kg)(76 kg)(0.99310) = 4.036E-6 mrem
Total from garden produce: 8.980E-6 mrem

Ingestion Dose: (beef)
Total dose from beef: (8.497E-13 Ci/kg)(28 kg)(64,000 mren/Ci)(0.99082) = 1.509E-6 mrem

Ingestion Dose; (milk)
Total dose from milk: (8.440E-13 Ci/kg)(226 kg)(64,000 mrem/Ci) = 1.221E-5 mrem

Ingestion Dose: (poultry)
Total dose from poultry: (6.972E-13 Ci/kg)(16 kg)(64,000 mrem/Ci) = 7.140E-7 mrem

Ingestion Dose: (eggs)
Total dose from eggs: (7.670E-13 Ci/kg)(7.7 kg)(64,000 mrem/Ci) = 3.780E-7 mrem

Total dose for all animal pathways = 1.481E-5 mrem

Total Dose for the Native American (irrigation from a well):
1.008E-5 + 7.008E-5 + 3.622E-10 + §.980E-6 + 1.481E-5 = 1,039E-4 mrem per pCi/L.
Note that the Native American’s total dose factor from Table 16 is 1.04E-4 mrem/y per pCi/L.

The above total applies to the inland well situation in which does not include a dose from
fish. When the Columbia River is the source of tritium, the game and fish doses are calculated as
shown below and added to the above total.
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The game is largely deer that obtain drinking water from the Columbia River, but graze on
uncontaminated vegetation. The intake model is that of the milk cow, except the wet masses of
stored hay and grain are added to the fresh forage category for a total of (36+29+2)=67 kg/d.
The deer consumption rate is assumed to be 25% of the milk cow, but the actual percentage does
not matter for the tritium calculation. When the contaminated water fraction is calculated, the
fraction is present in both numerator and denominator. The contaminated water fraction says
that the deer gets about half of its water from the Columbia River, and the other half from forage.

Ingestion Dose: (game)
Contaminated water fraction for the game: 15/ 30.002 = 0.49997

source animal intake water !otal water .min decay contaminated

kg/d fraction intake, L/d  dilution water intake
forage 16.75 0.894 14.975 0 1 0
hay 0 0.894 0 0 0.98623 0
grain 0 0.6079 0 0 0.98623 0
soil 0.2 0.13333 0.027 0 1 0
water 15 1 15 1 1 15
total 30.002 15

tritium concentration in game = (1.0E-12 C/L)(0.9834 L/kg)(0.49997) = 4.470E-13 Ci/kg
Total dose from game: (4.470E-13 Ci/kg)(22 kg){64,000 mrem/Ci) = 6.236E-7 mrem

Like the deer, the waterfowl drink from the river, but have uncontaminated feed. The
intakes used for the chicken are assumed for the waterfowl.

Ingestion Dose: (waterfowl and waterfowl eggs)
Contaminated water fraction for the waterfowl: 0.3 /0.49815 = 0.60223

animal intake  water total water rain contaminated
source ke/d  fraction intake,L/d dilution %  water intake
forage 0.22 0.894 0.19668 0 0.62226 0
hay 0 0.894 0 0 0.97943 0
grain 0 0.6079 0 0 0.97943 0
sail 0.011 0.13333 0.00147 0 0.62226 0
water 0.3 1 0.3 1 1 0.3
total 0.49815 0.3

tritium concentration in waterfow! = (1.0E-12 Ci/L)(0.894 L/kg)(0.60223) = 5.384E-13 Ci/kg
Total dose from waterfowl: (5.384E-13 Ci/kg)(32 kg)(64,000 mrem/Ci) = 1.103E-6 mrem

tritium concentration in bird eggs = (1.0E-12 Cy/L)(0.9834 L/kg)(0.60223) = 5.922E-13 Ci/kg
Total dose from bird eggs: (5.922E-13 Ci/kg)(16 kg)(64,000 mrem/Ci) = 6.064E-7 mrem

Ingestion Dose: (fish) .
(1.0E-12 Ci/L)(1 L/kg)(197 kg)(64,000 mrem/Ci)(1 y) = 1.261E-5 mre

Ingestion Dose: (shoreline sediment)
(1.0E-12 Gi/L)(0.1333 L/kg)(0.054 kg)(64,000 mrem/Ci)(1 y) = 4.608E-10 mrem




HNF-SD-WM-TI-707 Rev 4 Page B-51

Total Dose for the Native American (irrigation from the Columbia River):
1.045E-4 + 6.236E-7 + 1,103E-6 + 6.064E-7 + 1.261E-5 + 4.608E-10 mrem
= ].189E-4 mrem per pCi/L
Note that the Native American’s total dose factor from Table 16 is 1.19E-4 mrem/y per pCi/L.

BA.2.3 Columbia River Population

The collective doses for each pathway are calculated in the same manner as the All
Pathways Irrigator case scaled up for a population of 5 million, with a lower irrigation rate, and
reduced by a factor of 1000 to convert from mrem to rem. The inhalation and ingestion doses
are adjusted for the population and unit conversion as shown below. The new soil concentration
during the irrigation period is shown also. The decay and leaching factors during the non-
irrigation season are not changed.

Inhalation: (9.60E-8 mrem/pCi)(5.0E+6)(0.001 rem/mrem) = 4.80E-4 person-rem/pCi
Ingestion: (6.40E-8 mrem/pCi)(5.0E+6)(0.001 rem/mrem) = 3.20E-4 person-rem/pCi

Coins = (8.94)(0.022)(1 pCi/L)(63.5 cm)/(63.5 + 5.766 cm)/(1 kg/L)
C,_m =0,1222 pCi/kg

Inhalation Dose: (showering and ambient humidity)
(46 L/y)(1 pCi/L)(4.80E-4 person-rem/pCi}(1 y) = 2.208E-2 person-rem

Ingestion Dose: {(drinking)
(545 L/y)(1 pCi/L)(3.20E-4 person-rem/pCi)(1 y) = 0.1744 person-rem

Ingestion Dose: (soil)
(0.0365 kg/y)(0.1222 pCi/kg)(3.20E-4 person-rem/pCi)(0.62226 y) = 8.884E-7 person-rem

Extemal Dose:
(4380 B/y)(0.1222 pCizkg)(225 kg/m?)(0 mrem/h per Ci/m?)(0.99304 y) = 0 mrem

With a lower irrigation rate, the irrigation dilution factor changes to become
(63.5 cm)/(63.5+5.23cm)=0.9168. The common factor used in the garden produce calculation is

shown below.
(0.9168)(1 pCi/L)(3.20E-4 person-rem/pCi)=2.934E-4 person-rem/L

Ingestion Dose: (garden produce)
(2.934E-4 person-renv/L)(0.894 L/kg) ( 8.90 kg)(1.0000) = 2.334E-3 person-rem
(2.934E-4 person-rem/L){0.894 L/’kg)(43.25 kg)(0.9931) = 1.127E-2 person-rem
(2.934E-4 person-rem/L)(0.894 L/kg)(42.90 kg)(0.9931) = 1.117E-2 person-rem
Total from garden produce: 2.477E-2 person-rem

The dose for each pathway is the sum of contributions to the animal's diet. In particular,
there is fresh feed, stored hay, stored grain, soil, and drinking water. Each of these has a
common factor made of the water concentration, the effective water fraction in the animal
product, the annual amount consumed by the individual, the ingestion dose factor, and the
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ingestion period. The fraction of water intake that is contaminated is multiplied by this common
factor to obtain the ingestion dose from consumption of the animal product.

Ingestion Dose: (beef)
Contaminated water fraction for the beef cow: 84.52788.558 = 0.94311

animal intake  water total water rain contaminated
source ke/d  fraction intake,1/d  diltion 9% waterintake
forage 27 0.894 24.138 0.9168 1 22,13
hay 14 0.894 12.516 0.9168 0.98623 11.317
grain 3 0.6079 1.824 0 0.98623 0
soil 0.6 0.13333 0.08 0.9168 1 0.073
water 50 1 50 1 1 50
total 88.558 83.52

tritium concentration in beef = (1.0E-12 Ci/L)(0.894 L/kg)(0.94311) = 8.431E-13 Ci/kg

Total dose from beef:
(8.431E-13 Ci/kg)(25.15 kg)(3.20E-4 person-rem/Ci)(0.99082) = 6.723E-3 person-rem

Ingestion Dose: (milk)
Contaminated water fraction for the milk cow: 102.506/101.702 = 0.85154

source animal intake watf:r Eotal water _raix_l decay contam.inatcd
kg/d fraction  intake, L/d  dilution water intake
forage 36 0.894 32.184 09168  0.62226 18.361
hay 29 0.894 25.926 09168 0.97943 23.28
~ grain 2 0.6079 1.216 0 0.97943 0
soil 0.8 0.13333 0.107 0.9168  0.62226 0.061
water 60 1 60 1 1 60
total 119.433 101.702

tritium concentration in milk = (1.0E-12 Ci/1)(0.9834 L/kg)(0.85154) = 8.374E-13 Cikg

Total dose from milk:
(8.374E-13 Ci/kg)(58 kg)(3.20E-4 person-rem/Ci) = 1.554E-2 person-rem
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Ingestion Dose: (poultry)
Contaminated water fraction for the chicken: 0.36714/0.47240=0.77718

animal intake  water total water rain contaminated
source ke/d fraction  intake, I/d  dilution decay water intake
forage 0.13 0.894 0.11622 0.9168  0.62226 0.0663
hay 0 0.894 0 0.9168 0.97943 0
grain 0.09 0.6079 0.05471 0 0.97943 0
soil 0.011 0.13333 0.00147 09168  0.62226 0.00084
water 0.3 1 0.3 1 1 0.3
total 0.4724 0.36714

tritium concentration in poultry = (1.0E-12 Cv/L)(0.894 L/kg)(0.77718) = 6.948E-13 Ci/kg
Total dose from poultry:
{6.948E-13 Ci/kg)(14.7 kg)(3.20E-4 person-rem/Ci) = 3.268E-3 person-rem

tritium concentration in eggs = (1.0E-12 Ci/L)(0.9834 L/kg)(0.77718) = 7.643E-13 Ci/kg
Total dose from eggs:
(7.643E-13 Ci/kg)(6.8 kg)(3.20E-4 person-rem/Ci) = 1.663E-3 person-rem

Ingestion Dose; (fish)
(1.0 pCi/L)(1 L/kg)(0.003 kg)(3.20E-4 person-rem/pCi)(1 y) = 9.600E-7 person-rem

Total dose for all animal pathways = 2.272E-2 person-rem

Ingestion Dose: (shoreline sediment)
(1.0 pCi/L)(0.1333 L/kg)(0.0005 kg)(3.20E-4 person-rem/pCi)(1 y) = 2.133E-8 person-rem

Total Collective Dose to the Population:

0.02208 + 0.1744 + 8.884E-7 + 0.02477 + 0.02272 = 0.2485 person-rem per pCi/L,
Note that the Columbia River Population dose factor from Table 19 is 0.248 person-rem/y per
pCi/L.

BA.2.4 HSRAM and Other Scenarios

The other scenarios require calculating a lifetime cancer morbidity risk. Because tritium is
removed from the soil rapidly, there is essentially no carryover from year to year. Each year the
soil contamination starts at zero. In the case of contaminated surface water, the sediment
concentration does not change from year to year. Thus the cumulative dose (or lifetime risk) is
the sum of the doses (or cancer risks) calculated for each year.

The next attachment shows the lifetime cancer risk calculation for the All Pathways
Farmer to illustrate the method used.
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ATTACHMENT B2.
HAND CALCULATIONS FOR TC-99

Four of the exposure scenarios will be evaluated for Tc-99 in this section. These four
scenarios are the well drilling, suburban garden, rural pasture, and all pathways irrigator. They
exercise all of the relevant calculations used for nuclides other than tritium.

The nuclide selected (Tc-99) has a very long half life {211,097 y), so its radioactive decay
has little effect on the doses, even after 70 years. The leaching factor for Tc-99 (0.208 per year)
is large enough to affect the calculated intakes. Tc-99 decays to stable Ru-99 so decay chain
formulas are not needed.

Normally, three significant digits are kept during calculations. Because the spreadsheet
software keeps several digits, agreement with the spreadsheet can only be obtained if 4 or 5
significant digits are retained. This is particularly true in the calculation of decay factors.

BB.1 Intruder (Well Driller)

The unit dose factors for the Well Driller use an average soil concentration of 1 Ci/kg.
This is calculated as the activity removed from the borehole divided by the mass of soil and
waste removed. A mass loading approach is used, so that the driller inhales a total of 4.84 mg
(4.84E-06 kg) of soil (Table A10). He ingests a total of 500 mg (5.0E-4 kg) soil (Table A8). His
external exposure time is 40 hours {Table A15). The inhalation, ingestion, and external dose
calculations are shown below,

Inhalation Dose:
(1 Ci/kg)(4.84E-06 kg inhaled)(8,330,000 mrem/Ci) = 40.32 mrem

External Dose:

Note that the well tailings have a density of 1,500 kg/m’ and are spread to an average
thickness of 5 ecm. The worker spends 40 hours in the middle of this radiation source. The
intake factor for external exposure is (40 h)(1,500 kg/m*)(0.05 m) = 3,000 h-kg/m’.

(1 Ci/kg)(3,000 h-kg/m2.)(0.1632 mrem/h per Ci/m?) = 489.5 mrem

Ingestion Dose:
(1 Ci/kg)(5.0E-04 kg ingested)(1,460,000 mrem/Ci) = 730.0 mrem

Total Dose to Driller;
40.32 mrem + 489.5 mrem + 730.0 mrem = 1260 mrem per Ci/kg
Note that the well driller dose factor from Table 7 is 1260 mrem per Ci/kg.




HNF-SD-WM-TI-707 Rev 4 Page B-56

BB.2 Post-Intrusion Suburban Gardener

The unit dose factors for the suburban garden scenario assume 1 curie Tc-99 is exhumed
from the well and spread over an area of 100 m®. The initial average soil concentration is
compzuted as shown below. For the external dose calculation, the soil concentration is 0.01
Ci/m°.

Cs = (1 Ci)/(100 m?)/(225 kg/m®) = 4.444E-5 Ci/kg

This concentration decreases rapidly with time due to leaching from the surface layer
(during the irrigation season) and radioactive decay. Decay and leaching factors used in the dose
calculations are computed below using equations from Table B2. Tc-99 has a very long half life
with a modest leaching factor. For all practical purposes, there is no radioactive decay.

A= (0.69315)/(211,097 y) = 3.28355E-6 y"
During the trrigation season :

As= (10 cm)/[(15 cm)(0. 2+(1 Sg/mi)(2 mVg))] = 0.208333 y** (Section A6.0)

M=A+A= 0208336y
Midway through the irrigation season :

DS(Ty) = Exp[-(0.208336 y"')(0.25 y)] = 0.949249
Atthe end of the 1mgat'.on season:

A Tirr = (0.208336 y')(0.5 y) = 0.104168

DS(Tix) = Exp(-0.104168) = 0.90107

IDS(Tin) =(1 - Exp(-0.104168)}/(0.104168) = 0.949678
During the no-irrigation season:

A, Too = (3.28355E-6 y'){0.5 y) = 1.64178E-6

DR(Tpo) = Exp(-1.64178E-6) = 0.999998

IDR(The) =[1 - Exp(-1.64178E-6)}/(1.64178E-6) = 1
Time integral over the first year:

Ti=IDS(Tin) + To=DS(Tim)=IDR(Tho) =

(0.5y)(0.949678) + (0.5y)(0.90107)(1) = 0.925376 y

Time integral during the vegetable consumption period ;

ATveg = (3.28355E-6 y')(90 d)/(365 d/y) = 8.09642E-7

IDR(Tyeg) = [1 ~ Exp(-8.09642E-7)}/(8.09642E-7) = 1
Harvest midway through the irrigation season followed by the consumption period:

DS(Ty)=IDR(Tyeg) = (0.949249)(1) = 0.949249

The inhalation, external, and ingestion doses from the soil contamination are calculated as
shown below. These match the numbers shown in Table D1.

Inhalation Dose: (suspended soil, Table A9)
Note that the decay factor assumes the exposure occurs during the entire year,
(4.444E-5 Ci/kg)(8.70E-5 kg/y inhaled)(0.925376 y)(8,330,000 mrem/Ci) = 0.0298 mrem

External Dose: (Table Al5)
Note that the decay factor assumes the exposure occurs dunng the first half of the year.
(1 Ci/100 m?)(180 h/y)(0.949678 ¥)(0.0635 mremv/h per Cifm®) = 0.1085 mrem
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Ingestion Dose: (soil only, Table A8)
Note that the decay factor assumes the exposure occurs during the first half of the year.
(4.444E-5 Ci/kg)(0.018 kg/y ingested)(0.949678 y)(1,460,000 mrem/Ci) = 1.1091 mrem

Ingestion Dose: (garden produce, Section A5.0)

The concentration in vegetable produce from the garden is calculated using root uptake
and rain splash (soil adherence). The human intakes from vegetables by way of rain splash are
calculated using the table below. The rain splash factor must be included to obtain the numbers
shown for annual intake. This rain splash factor is 2.7E-4 kg/m? per day as discussed in
Section A5.2. Note that none of the factors on this table are unique to technetium.

Effective :
Growing | Trans- Annual Food | Annual Soil
Interception| Period location { Crop Yield |Consumption] Intake
Vegetable | Fraction (days) Factor (kg/m?) (kg/y) (kg/y)
leafy 0.4067 18.02 1 2 4.45 4.403E-03
other 0.8347 19.96 0.1 2 21.625 4.864E-03
fruit 0.8569 19.96 0.1 3 21.45 3.302E-03
grain 0.3712 19.96 0.1 0.8 20.475 5.120E-03
The Annual Soil Intake from Rain Splash is calculated as
(Splash factor)(Interception fraction)(Translocation){Growing Time} Annual food eaten) / (Biomass)
IThe splash factor is 2.7E-4 ke/m® per day as discussed in the text.

The human intakes from vegetables by way of root uptake are calculated using the table
below. The only numbers unique to technetium are the concentration ratios. This table also
shows the combined intakes for T¢-99 from root uptake and rain splash.

Annual Food | Annual Soil| Total Soil
Concentration | dry-to-wet |Consumption| Intake Intake
Ratio for Tc ratio (kg/y) (kg/y) (kg/y)
leafy 180 0.09 4.45 72.0900 72.0944
other 0.77 0.25 21.625 4.1628 41677
fruit 1.5 0.18 21.45 5.7915 5.7948
grain 0.73 0.91 20.475 13.6015 13.6066
The Annual Soil Intake from Root Uptake into plants is calculated as
{Conc ratio){dry-to-wet ratio) Annual food eaten)
[The “Total Soil Intake™ is the sum of the intakes from rain splash (previous table) and root uptake.

The ingestion dose is the product of the soil concentration, the annual soil intake, the
appropriate decay and leaching factor, and the ingestion dose factor, as shown below. The first
row shows the dose from leafy vegetables. The second row shows the dose from fruit and other
vegetables. Note that the fruit and other vegetable intakes have been combined. Also note that
grains have been omitted due to their absence from the garden.

(4.444E-5 Ci/kg)(72.0944 kg/y)(0.949678 y)(1,460,000 mrem/Ci) = 4,442.3 mrem

{4.444E-5 Ci/kg){ 9.9625 kg/y)(0.949249 y)(1,460,000 mrem/Ci) = 613.6 mrem
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Total Dose: Suburban Garden Scenario:
0.0298 + 0.1085 + 1.1091 + 5,055.9 mrem = 5,057 mrem per Ci exhumed
Note that the suburban gardener’s dose factor from Table 8 is 5,060 mrem/y per Ci exhumed.

BB.3 Post-Intrusion Rural Pasture Scenario

The unit dose factors for the rura) pasture scenario assume 1 curie Tc-99 is exhumed from
the well and spread over an area of 5,000 m?. The initial average soil concentration is computed
as shown below. For the external dose calculation, the soil concentration is 0.0002 C¥/m?,

Cs = (1 Ci)/(5,000 m?)/(225 kg/m?) = 8.889E-7 Ci/kg

This concentration decreases rapidly with time due to leaching from the surface layer
(during the irrigation season) and radioactive decay. Decay and leaching factors used in the dose
calculations are from the previous section.

The inhalation, external, and ingestion doses from the soil contamination are calculated as
shown below. These match the numbers shown in Table D2.

Inhalation Dose: (suspended soil, Table A9)
Note that the decay factor assumes the exposure occurs during the entire year,
(8.889E-7 Ci/kg)(1.69E-4 kg/y inhaled)(0.925376 y)(8,330,000 mrem/Ci) = 1.158E-3
mrem

External Dose: (Table A15)
Note that the decay factor assumes the exposure occurs during !hc first half of the year.
(1 C/5,000 m*)(360 h/y)(0.949678 ¥)(0.0635 mrem/h per Ci/m?) = 4.342E-3 mrem

Ingestion Dose: (soil only, Table A8)
Note that the decay factor assumes the exposure occurs during the first half of the year.
{8.889E-7 Ci/kg)(0.018 kg/y ingested){0.949678 y)(1,460,000 mrem/Ci) = 0.02218 mrem

Ingestion Dose: (milk, Section A4.0)

The dose for each pathway is the sum of contributions to the animal's diet. In particular,
there is fresh feed (like leafy vegetables), stored hay (also like leafy vegetables, but is harvested
and stored), stored grain (like grains), and soil. The feed, hay, and grain have two components,
root uptake and rain splash. The rain splash is shown first. The root uptake factor is calculated
using the information in the second table below. The third table shows the calculation of
ingestion dose from milk the first year after the start of irrigation.
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Rain Splash Intake Factors for Milk Cows
Effective Daily Feed
Growing | Trans- Intake by | Annual Soil
Animal |Interception| Period location | Crop Yield | Animal Intake
Feed Type | Fraction {days) Factor (kg/m?) (kg/d) (kg/y)
fresh forage| 0.6160 15.62 1 1.5 36 5.0628E-04
stored hay 0.4717 18.02 1 1 29 5.4043E-04
stored grain| 0.4717 19.96 0.1 1 2 4.1283E-06
soil 0.8 0.0064960
The last column shows the effective annual soil intake by humans from rain splash onto the vegetation eaten
by the milk cow. It is calculated using the formula below.
{Annual milk)}Transfer)(Splash)(Interception)(Translocation)(Growing Time){Daily feed) / (Yield)
The annual amount of contaminated milk eaten is 58 kg frotn Table AS. The equilibrium transfer factor for
milk is 1.4E-4 d’kg from Table A33. The splash factor is 0.00027 kg/m? per day as discussed in Section A5.2.
The annual soil intake by humans from soil eaten by the milk cow (0.8 kg/d from Table A32) is calculated as
(Annual milk)(Transfer)(Soil intake)

Root Uptake Intake Factors for Milk Cows

Annual Milk | Annual Soil| Total Soil
Concentration | dry-to-wet |Consumption| Intake Intake
Ratio for Tc ratio (kg/y) (kg/y) (kg/y)
fresh forage 180 0.22 58 11.57587 | 11.5764
stored hay 180 0.22 58 9.32501 9.3256
stored grain 0.73 0.22 58 0.002608 | 0.002612

The second last column shows the effective annual soil intake by humans from root uptake into the
vegetation eaten by the milk cow. It is calculated using the formula below.

{Annual milk)¥Transfer}{Conc ratio)(dry-to-wet ratio)(Daily feed intake)
The Daily feed intakes are shown in the previous table. The equilibrium transfer factor for milk is
1.4E-4 d/kg from Table A33.
The “Total Soil Intake” is the sum of the intakes from rain splash (previous table) and root uptake,

Calculation of the Annual Dose by Pathway
Soil Soil Intake | Decay & | Ingestion Annual
Concentration Factor Leaching |Dose Factor] Dose
Component (Ci’kg) (kg/y) Factor (mrenvCi) | (mrem/y)
soil 8.8890E-07 | 0.006496 | 0.925376 | 1.46E+06 | 7.801E-03
forage - root uptake | g g090r 07 | 115764 | 0925376 | 1.46E+06 | 13.90
& rain splash
storedhay =100t | g gg90r 07 | 93256 | 0949249 | 1.46E+06 | 11.49
uptake & rain splash
stored grain - 100l | g gg0r 07 | 0.002612 | 0.949249 | 1.46E+06 | 3.218E-03
uptake & rain splash
Total dose 25.40
The annual dose is the product of the soil concentration, the effective mass of soil ingested per year, the decay
L:md leaching factor, and the inpestion dose factor.
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Total Dose: Rural Pasture Scenario:
0.001158 + 0.004342 + 0.02218 + 25.40 mrem = 25.43 mrem per Ci exhumed
Note that the dose factor from Table 10 is 25.4 mrem/y per Ci exhumed.

BB.4 All Pathways Farmer

The Tc-99 concentration in the irrigation water is assumed constant during the imigation
season. As aresult, the Tc-99 concentration in the surface soil is increasing. The increase is
offset by leaching from the surface layer during the irrigation season and radioactive decay. This
section shows calculations for both annual dose and lifetime cancer risk for Tc-99. The numbers
used for dose accumulation in the presence of decay and leaching are shown below,

Tirr + Tho= IDR(T no) = (0.5y) + (0.5y)(0.244528) = 0.62226 y
At the end of the irri gatton season:
ATirr = (0.208336 y')(0.5 y) = 0.104168
DI(Tin) =[1 - Exp(-0.104168)])/(0.104168) = 0.949678
IDI(Tir) = [(0.104168) - 1 + Exp(-0.104168))/(0.104168)* = 0.483081
Time integral over the first year:
Tin=IDI(Tirr) + Tno=DI(Tir)=IDR(Tno) =
{0.5y)(0.483081) + (0.5yX0.949678)(1) = 0.716379 y
Decay during storage:
ATsio = (3.28355E-6 y'')(90 d)/(365 d/y) = 8.09642E-7
DR(T0) = Exp(-8.09642E-7) = 1
Time integral during the beef consumpuon period :
A Toeer = (3.28355E-6 y)(120 d)/(365 d/y) = 1.07952E-6
IDR(Tier) =[1 - Exp(-1.07952E-6))/(1.07952E-6) = 1
Harvest after the irrigation season followed by the consumption period:
DI(Tir)=IDR(Teer) = (0.949678)(1) = 0.949678

The numbers used for the accumulated risk in the presence of radioactive decay and
leaching from the soil are shown below.

Decay and leaching during the year for contamination present at the start of the year:
W =(0.90107)(0.999998) = 0.90107

Lifetime average soil concentration factor (30 y):
[30 - (1 - 0.90107°%/(1-0.90107))/(1-0.90107) = 205.56

The rate of increase of the soil concentration during the irrigation season is calculated as
shown below. Also shown is the soil concentration at the end of the irrigation season. After
30 years of irrigation, the cumulative soil concentration is calculated as shown.

Deposition rate during the irrigation season:

ID = (1.0E-12 Ci/L)(82.3 cm)(10 L/m? per cm) / (0.5 y) = 1.646E-9 Ci/m® per year
End of year soil concentrahon without decay and ]eachmg

Cso = (1.646E-9 Ci/m?® per ¥)(0.5 y) / (225 kg/m®) = 3.6578E-12 Ci/kg
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Lifetime cumulative soil concentration:

Cs30 =(3.6578E-12 Ci’kg)(30 y) = 1.0973E-10 Ci/kg
End of year soil concentration - with decay and leaching:

Cs1 = (3.6578E-12 Ci/kg)(0.949678)(0.999998) = 3.4737E-12 Ci/kg
Lifetime cumulative soil concentration;

Cot = (3.4737E-12 Ci/kg)(205.56) = 7.1405E-10 Ci/kg

The inhalation, external, and ingestion doses and cancer risks from the soil contamination
are calculated as shown below. Note the water only pathways calculate the incremental cancer
risk using the cumulative water concentration, (30)(1.0E-12 Ci/L)=3.0E-11 CV/L. Note that the
soil pathways calculate incremental cancer risk as the sum of two parts, The first part is 30 times
the risk from water added to the soil that year (Cs3o). The second part is the risk from residual
soil contamination (C¥™ ). The doses match the numbers shown in Table D3.

Inhalation Dose: (shower plus ambient, Table A13)
(1.0E-12 Ci/L)(0.0011 L inhaled)(8,330,000 mrem/Ci) = 9,163E-9 mrem
(3.0E-11 Ci/L)(0.0011 L inhaled)(14.1 risk/Ci) = 4.653E-13 risk

Inhalation Dose: (suspended soil, Table A9)
(3.6578E-12 Ci/kg)(5.39E-4 kg/y)(0.716379 y)(8.33E6 mrem/Ci) = 1.177E-8 mrem
(1.0973E-10 Ci/kg)(5.39E-4 kg/y inhaled)(0.716379 y)(14.1 risk/Ci) = 5.974E-13 risk
(7.1405E-10 C/kg)(5.39E-4 kg/y inhaled)(0.925376 y)(14.1 risk/Ci) = 5.022E-12 risk
Total lifetime cancer risk from dust inhalation = 5.619E-12

Extemal Dose: (Table Al15)
Note that the soil concentmnons are multiplied by 225 kg/m? to convert them into area
concentrations (Ci/m?) sultahlc for the external dose rate factor.
(8.230E-10 Ci/m? )(4 120 h/y)(0.716379 y)(0.0635 mrem/h per C1/m }=1.542 E-7 mrem
(1.4690E-8 Ci/m® )(4 120 h/y)(0.716379 y)(4.13E-8 risk/h per Ci/m? ) 3.010E-12 nisk
(1.6066E-7 Ci/m?)(4,120 h/y)(0.925376 y)(4.13E-8 risk/h per Ci/m?) = 2.530E-11 risk
Total lifetime cancer risk from external exposure = 2.831E-11

Ingestion Dose: (soil only, Table A8)
(3.6578E-12 Ci/kg)(0.0365 kg/y)(0.716379 y)(1.46E6 mrem/Ci) = 1.396E-7 mrem
(1.0973E-10 Ci/kg)(0.0365 kg/y ingested)(0.716379 y)(7.66 risk/Ci) = 2.198E-11 risk
(7.1405E-10 Ci/kg)(0.0365 kg/y ingested)(0.925376 y)(7.66 risk/Ci) = 1.847E-10 risk
Total lifetime cancer risk from soil ingestion = 2.067E-10

Ingestion Dose: (drinking water, Table AS)
(1.0E-12 Ci/L)(545 L)(1.46E6 mrem/Ci) = 7.957E-4 mrem
(3.0E-11 Ci/L)(545 L)(7.66 risk/Ci) = 4.496E-8 risk
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Ingestion Dose: (garden produce, Section A5.0)
The intake factor for direct deposition of contaminants in irrigation water on foliage is
calculated as shown in the table below,
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Effective
Growing | Trans- Annual Food] Annual
Interception| Period location | Crop Yleld Consumption{Water Intake
Vegetable | Fraction (days) Factor (kg/m%) (kg/y) (m?)
leafy 0.25 18.02 1 2 4.45 0.027462
other 0.25 19.96 0.1 2 21.625 0.014782
fruit 0.25 19.96 0.1 3 21.45 0.009775
grain 0.25 19.96 0.1 0.8 20.475 0.034990
The Water Intake from Direct Deposition on Foliage is calculated as
(Interception fraction){Translocation Factor)}{Growing Time)(Annual food eaten) / (Biomass) / (365 d/y)

The ingestion dose calculation is shown below. Note that the first lines show doses from
leafy vegetables while the second lines combine fruit and other vegetable intakes. The root
uptake and rain splash soil intake numbers are from Section BB.2 (Suburban Garden). Also note
that grains have been omitted because they are not irrigated.

Ingestion dose from root uptake and rain splash:
(3.6578E-12 Ci/kg)(72.0944 kg/y)(0.483081 y)(1.46E6 mrem/Ci) = 1.860E-4 mrem
(3.6578E-12 Ci/kg)( 9.9625 kg/y)(0.949678 y){1.46E6 mrem/Ci) = 5.053E-5 mrem
Ingestion dose from dxrect deposition:
(1.646E-9 Cl/m per ¥){0.027462 m )(1 Y)(1.46E6 mrem/Ci) = 6.600E-5 mrem
(4.938E-8 Ci/m? per y)(0.024557 m?)(1 y)(1.46E6 mrem/Ci) = 5.901 E-5 mrem
Total ingestion dose from garden vegetables = 3.615E-4 mrem

Ingestion risk from root uptake and rain splash:
(1.0973E-10 Ci/kg)(72.0944 kg/y)(0.483081 y)(4.00 risk/Ci) = 1.529E-8 mrem
(1.0973E-10 Ci/kg)( 9.9625 kg/y)(0.949678 y)(4.00 risk/Ci) = 4.153E-9 mrem
(7.1405E-10 Ci/kg)(72.0944 kg/y)(0.949678 y)(4.00 risk/Ci) = 1.956E-7 mrem
(7.1405E-10 Ci/kg)( 9.9625 kg/y)(0.949249 y)(4.00 nsk/Ci) =2.701E-8 mrem
Ingestion risk from dlrect deposition:
(4.938E-8 Cl/m per ¥)(0.027462 m )(1 ¥)(4.00 risk/Ci) = 5.424E-9 mrem
(4.938E-8 Ci/m? per ¥)(0.024557 m )(1 ¥)(4.00 risk/Ci) = 4.850E-9 mrem
Total lifetime cancer risk from garden vegetables = 2.523E-7 mrem

Ingestion Dose: (beef, Section A4.0)

The dose for each pathway is the sum of contributions to the animal's diet. In particular,
there is fresh feed (like leafy vegetables), stored hay (also like leafy vegetables, but is harvested
and stored), stored grain (like grains), soil, and drinking water, The feed, hay, and grain have
three components, root uptake, rain splash, and direct deposition. The direct deposition and rain
splash are shown first.
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Direct Deposition Intake Factors for Beef Cattle
Effective Daily Feed
Growing | Trans- Intake by Annual
Animal |Interception| Period location | Crop Yield] Animal |Water Intake
Feed Type | Fraction (days) Factor (kg/m®) (kg/d) (m?)
fresh forage 0.25 15.62 1 1.5 27 4.8433E-4
stored hay 0.25 18.02 1 1 14 4.3458E-4
stored grain 0.25 19.96 0.1 1 3 1.0315E-5
water 50 0.12575
Rain Splash Intake Factors for Beef Cattle
Effective Daily Feed
Growing | Trans- Intake by |Annual Soil
Animal {Interception| Period location | Crop Yield| Animal Intake
Feed Type | Fraction (days) Factor (kg/m?) (kg/d) _(kgly)
fresh forage| 0.6160 15.62 1 1.5 27 1.1761E-04
stored hay | 0.4717 18.02 1 1 14 8.0807E-05
stored grain| 0.4717 19.96 0.1 1 3 1.9180E-06
soil 0.6 1.509E-03
For direct deposition, the last column shows the eflective annual water intake by humans from direct
Kleposition onto the vegetation eaten by the beef cattle. It is calculated using the formula below.,
(Annual beef) Transfer)Interception)(Translocation){ Growing Time)(Daily feed) / (Yield) / (365 dfy)
For rain splash, the last column shows the effective annual soil intake by humans from rain splash onto the
vegetation eaten by the beef cattle. It is calculated using the formula below.
{Anmal beef)(Transfer}(Splash){Interception)(Translocation){ Growing Time)(Daily feed) / (Yield)
H’he annual amount of contaminated beef eaten is 25.15 kg from Table AS. The equilibrium transfer factor for
beef is 1.0E-4 d’kg from Table A33. The splash factor is 0,00027 kg/m? per day as discussed in Section AS.2.
The annual soil intake by humans from soil eaten by the beef cattle (0.6 kg/d from Table A32) is calculated as
(Annual beef)(Transfer)(Soil intake)

The root uptake factor is calculated using the information in the table below.

Root Uptake Intake Factors for Beef Cattle

Annual Food | Annual Soil} Total Soil
Concentration | dry-to-wet |Consumption| Intake Intake
Ratio for Tc ratio (kg/v) (kg/y) (ke/y)
fresh forage 180 0.22 25.15 2.689038 | 2.68916
stored hay 180 0.22 25.15 1.394316 1.3944
stored grain 0.73 0.22 25.15 0.0012117 | 0.0012136

The second last column shows the effective annual soil intake by humans from root uptake into the
vegetation eaten by the beef cattle. Itis calculated using the formula below.

(Annual beef)(Transfer)(Conc ratio}(dry-to-wet ratio}(Daily feed intake)

The daily feed intakes are shown in the previous table. The equilibrium transfer factor for beef is

1.0E-4 d/kg from Table A33,
The “Total Soil Intake” is the sum of the intakes from rain splash (previous table) and root uptake.
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The calculation of ingestion dose the first year after the start of irrigation from the
consumption of contaminated beef is summarized in the table below,

Calculation of Ingestion Dose from Beef
Decay &  |Ingestion Dose

Media Leaching Factor Annual Dose
Component Concentration | Intake Factor Factor (mrem/Ci) {mrem)
water 1.0E-12 012575 0099999 | 146E+06 | 1836E-07
soil 3.6578E-12 0001509 | 0949678 | 146E+06 | 7.653E-09
forage - rootuptake & | 5 corgp 19 2.68916 0.049678 | 1.46E+06 | 1.364E-05

rain splash
forage - direct deposition|  1.6460E-09 4.8433E-04 0.999999 1.46E+06 1.164E-06
stored hay - root uptake &

fain splash 3.6578E-12 1394 0.949677 1.46E+06 7.072E-06
stored hay - direct
deposition 1.6460E-09 4.3458E-04 0.999999 1.46E+06 1.044E-06

Total dose 2.311E-05

The calculation of lifetime cancer risk from consumption of beef is summarized in the
table below. The lower portion of the table has the contribution from residual contamination due
to prior irrigation. The upper portion of the table shows the contribution from 30 years of active
irrigation,

Calculation of Lifetime Cancer Risk from Beef
Decay & | Ingestion Risk
Media Leaching Factor Lifetime Cancer
Component Concentration | Intake Factor Factor {risk/Ci) Risk

water 3.0E-11 0.12575 | 0999999 4.00 1.500E-11

soil 1.0973E-10 0.001509 | 0.949678 4.00 6.290E-13

forage "fgl‘;f;m &min) 4 6973610 268916 | 0949678 4.00 1.121E-09

forage - direct deposition | 4.9380E-08 | 4.8433E-04 | 0999999 4.00 9.566E-11

stored hay - rootuptake & |y gq94p 19 13944 0.949677 4.00 5.812E-10
rain splash

s‘°’;" hay - direct 49330608 | 43453504 | 0.999999 4.00 8 S84E-11
eposition

soil 7.1405E-10 0.001500 | 0.949248 4.00 4.091E-12

forage - 'f;];'fl‘]‘"“" &nainl 4 4405E-10 2.68916 | 0.949248 4.00 7.291E-09

stored hay -rootuptake & | - ) 450 10 13944 0949248 4.00 3.781E-09
rzin splash

Total risk 1.293E-08
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Ingestion Dose: (milk, Section A4.0)
The dose for each pathway is calculated using the same approach as used for beef cattle.

Direct Deposition Intake Factors for Milk Cows
Effective Daily Feed
Growing | Trans- Intake by Annual
Animal [Interception| Period location | Crop Yield | Animal [Water Intake
Feed Type | Fraction (days) Factor | (kg/m%) (kg/d) (m?)
fresh forage 0.25 15.62 1 1.5 36 2.0849E-03
stored hay 0.25 18.02 1 1 29 2.9064E-03
stored grain 0.25 19.96 0.1 1 2 2.2202E-05
water 60 0.48720
Rain Splash Intake Factors for Milk Cows
Effective Daily Feed
Growing | Trans- Intake by |Annual Soil
Animal |Interception| Period location | Crop Yield | Animal Intake
Feed Type | Fraction (days) Factor | (kg/m?) (kg/d) (kg/y)
fresh forage| 0.6160 15.62 1 1.5 36 5.0628E-04
stored hay 04717 18.02 1 1 29 5.4043E-04
stored grain| 0.4717 19.96 0.1 1 2 4.1283E-06
soil 0.8 0.006496
For direct deposition, the last column shows the effective annual water intake by humans from direct
deposition onto the vegetation eaten by the milk cow. It is calculated using the formula below,
(Annual milk)(Transfer){Interception)(Transtocation){Growing Time)(Daily feed) / {Yield) / (365 d/y)
For rain splash, the last column shows the effective annual soil intake by humans from rain splash onto the
vegetation eaten by the milk cow. It is calculated using the formula below.
(Annual milk)(Transfer)(Splash)(Interception}(Translocation)(Growing TimeXDaily feed) / (Yield)
The annual amount of contaminated milk intake is 58 kg from Table A5, The equilibrium transfer factor for
milk is 1.4E-4 d/kg from Table A33, The splash factor is 0.00027 kg/m® per day as discussed in Section AS.2.
The annual soil intake by humans from soil eaten by the milk cow (0.8 kg/d from Table A32) is calculated as
(Annual milk)}Transfer)(Soil intake)

Root Uptake Intake Factors for Milk Cows

Annual Food | Annual Soil| Total Soil

Concentration | dry-to-wet |Consumption| Intake Intake

Ratio for Tc ratio (kg/y) (kgly) | (kgly)
fresh forage 180 0.22 58 11.575872 | 11.576378
stored hay 180 0.22 58 9.325008 | 9.325548
stored grain 0.73 0.22 58 0.002608 |} 0.0026121

The second last column shows the effective annual soil intake by humans from root uptake into the
vegetation eaten by the milk cow. Itis calculated using the formula below.

{Annual milk)}Transfer)(Conc ratio)(dry-to-wet ratic}Daily feed intake)
The daily feed intakes are shown in the previous table. The equilibrium transfer factor for milk is
1.4E-4 d/kg from Table A33.
The “Total Soil Intake” is the sum of the intakes from rain splash (previous table) and root uptake.
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The calculation of ingestion dose the first year after the start of irrigation from the
consumption of contaminated milk is summarized in the table below.

Calculation of Ingestion Dose from Mitk
Decay &  |Ingestion Dose

Media Leaching Factor Annual Dose

Component Concentration | Intake Factor Factor (mrey/Ci) (mrem)
water 1.0E-12 0.4872 1 1.46E+06 7.113E-07
sail 3.6578E-12 0.006496 0.716379 146E+06 2485E-08

forage - root uptake &
rain splash 3.6578E-12 11.576378 0.716379 1.46E+H06 4.429E-05
forage - direct deposition|  1.6460E-09 2.0849E-03 1 1.46E+06 5.010E-06
stored hay - root uptake &
rain splash 3.6578E-12 9.325548 0.949677 1.46E+06 4.730E-05
stored bay - direct 16460E-00 | 29064E-03 | 0999999 | 146E+06 | 6.985E-06
eposition

Total dose 1.043E-04

The calculation of lifetime cancer risk from consumption of milk is summarized in the
table below. The lower portion of the table has the contribution from residual contamination due
to prior irrigation. The upper portion of the table shows the contribution from 30 years of active
irrigation.

Calculation of Lifetime Cancer Risk from Milk
Decay & | Ingestion Risk
Media Leaching Factor Lifetime Cancer
Component Concentration | Intake Factor Factor (risk/Ci) Risk

water 3.0E-11 0.4372 1 4.00 5.846E-11

soil 1.0973E-10 0.006496 | 0.716379 4.00 2.043E-12

forage - '°;’;“;SP;“"° &ninf yoo73p00 | 11576378 | 0716379 4.00 3.640E-09

forage - direct deposition 4.9380E-08 2.0849E-03 1 4.00 4.118E-10

stored hay - rootuptake & 1§ oo9p 10 9325548 | 0.949677 4.00 3.887E-09
rain splash

stored hay - direct 4.0380E-08 | 2.9064E-03 | 0.999999 4.00 5741E-10
deposition

soil 7.1405E-10 0.006496 | 0.925376 4.00 1.717E-11

f°"“3°"°:;;a‘§}?“°&“‘“ 7.1405E-10 | 11576378 | 0.925376 4.00 3.060E-08

stored hay - rootuptake & | 4 1 40cF 19 9325548 | 0.949243 4.00 2.528E-08
rain splash

Totalrisk | 6.447E-08
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Ingestion Dose: (poultry, Section A4.0)
The dose for each pathway is calculated using the same approach as used for beef cattle.

Direct Deposition Intake Factors for Poultry
Effective Daily Feed
Growing | Trans- Intake by Annual
Animal |Interception| Period location | Crop Yield| Animal |[Water Intake
Feed Type | Fraction | (days) | Factor | (kg/m?) (kg/d) (m%)
fresh forage 0.25 15.62 1 1.5 0.13 4.0890E-04
stored hay 0.25 18.02 1 1 0 0
stored grain 0.25 19.96 0.1 1 0.09 S.4261E-05
water 0.3 0.1323
Rain Splash Intake Factors for Poultry
Effective Daily Feed
Growing | Trans- Intake by | Annual Soil
Animal [Interception| Period | location | Crop Yield| Animal Intake
Feed Type | Fraction (days) Factor (kg/m?) (kg/d) (kg/y)
fresh forage| 0.6160 15.62 1 1.5 0.13 9.9292E-05
stored hay 0.4717 18.02 1 1 0 0
stored grain| 0.4717 19.96 0.1 1 0.09 1.0090E-05
soil 0.011 0.004851
For direct deposition, the last column shows the effective annual water intake by humans from direct
deposition onto the vegetation eaten by the chicken. It is calculated using the formula below.

(Annual poultry)(Transfer)(Interception) Translocation)(Growing Time)(Daily feed) / (Yield) / (365 d/y)
For rain splash, the last column shows the effective annual soil intake by humans from rain splash onto the
vegetation ¢aten by the chicken. Itis calculated using the formula below.

{Annual poultry}(Transfer){Splash){Interception)(Translocation}(Growing Time)}(Daily feed) / (Yield)
The annual amount of poultry intake is 11.7 kg from Table A5, The equilibrium transfer factor for poultry is
0.03 d’kg from Table A33. The splash factor is 0.00027 kg/m’® per day as discussed in Section A5.2.

The annual soil intake by humans from soil eaten by the chicken (0.011 kg/d from Table A32) is calculated as

(Annual poultry)(Transfer)}(Soil intake)

Root Uptake Intake Factors for Poultry

Annual Food [ Annual Seil| Total Soil
Concentration | dry-to-wet | Consumption| Intake Intake
Ratio for Te¢ ratio (kg/y) (kg/y) (kg/y)
fresh forage 180 0.22 14.7 2270268 | 2.2703673
stored hay 180 0.22 14.7 0 0
stored grain 0.73 0.22 14.7 0.006374 | 0.0063841

The second last column shows the effective annual soil intake by humans from root uptake into the
vegetation eaten by the chicken. It is calculated using the formula below.

(Annual poultry)(Transfer){Conc ratio){dry-to-wet ratio)(Daily feed intake)
The daily feed intakes are shown in the previous fable. The equilibrium transfer factor for poultry is

0.03 d’kg from Table A33.
The “Total Soil Intake” is the sum of the intakes from rain splash {previous table) and root uptake.
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The calculation of ingestion dose the first year after the start of irrigation from the
consumption of contaminated poultry is summarized in the table below.

Calculation of Ingestion Dose from Poultry
Decay & | Ingestion Annual
Media Leaching |Dosc Factor| Dose
Component Concentration {Intake Factor] Factor | (mrem/Ci) | {(mrem)
water 1.0E-12 0.1323 1 1.46E+06 | 1.932E-07
soil 3.6578E-12 0.004851 0.716379 | 1.46E+06 | 1.856E-08
forage - rootuptake | 3 o790k 15 | 22703673 | 0.716379 | 1.46E+06 | 8.686E-06
& rain splash
forage - direct | c160E00 | 4.0800E-04 1 1.46E+06 | 9.827E-07
deposition
stored hay - root
uptake & rain splash 3.6578E-12 0 0.949677 | 1.46E+06 0
stored hay - direct | 1 6460E-09 0 0.999999 | 1.46E+06 0
eposition
Total dose | ©.880E-06

The calculation of lifetime cancer risk from consumption of poultry is summarized in the
table below. The lower portion of the table has the contribution from residual contamination due
to prior irrigation. The upper portion of the table shows the contribution from 30 years of active

irrigation.
Calculation of Lifetime Cancer Risk from Poultry
Decay & | Ingestion
Media Intake Leaching { Risk Factor | Lifetime
Component Concentration | Factor Factor (risk/Ci) | Cancer Risk
water 3.0E-11 0.1323 1 4.00 1.588E-11
soil 1.0973E-10 | 0.004851 | 0.716379 4.00 1.525E-12
forage - root uptake & -y 4073k 10 | 22703673 | 0716379 | 400 | 7.139E-10
rain splash
forage - direct | 4 9300r.03 [4.0800E-04| 1 400 | 8077E-11
deposition
stored hay - root .
uptake & rain splash 1.0973E-10 0 0.949677 4.00 0
stored hay - direct | 4 9350F 0g 0 0999999 |  4.00 0
deposition
soil 7.1405E-10 | 0.004851 | 0.925376 4.00 1.282E-11
forage - root uptake & | 4 1 405E10 | 22703673 | 0925376 | 400 | 6.001E-09
rain splash
stored hay - root :
uptake & rain splash 7.1405E-10 0 0.949248 4.00 0
Total risk | 6.826E-09
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Ingestion Dose: (eggs, Section A4.0)

The dose for each pathway is calculated using the same data used for poultry since both
are chickens. The difference is only in the equilibrium transfer factor (3.0 d/kg for eggs) and the
annual consumption (6.8 kg egg per year). These lead to different intake factors than the poultry
tables. The resulting doses and risks are shown in the tables below.

Calculation of Ingestion Dose from Eggs
Decay & | Ingestion Annual
Media Leaching |Dose Factor]{ Dose
Component Concentration | Intake Factor| Factor (mrem/Ci) | (mrem)
water 1.0E-12 6.12 1 1.46E+06 | 8.935E-06
soil 3.6578E-12 0.2244 0.716379 | 1.46E+06 | 8.585E-07
forage - rootuptake | 5 cos0p 15 | 105.02379 | 0.716379 | 1.46E+06 | 4.018E-04
& rain splash
f°(’1“g° - direct 1.6460E-09 | 1.8915E-02 1 1.46E+06 | 4.546E-05
eposition
stored hay -root | 5 com0p 1o 0 0949677 | 1.46E+06 0
uptake & rain splash
s“”gd hay -direct | 6160E-00 0 0.999999 | 1.46E+06 0
eposition
Total dose | 4.570E-04
Calculation of Lifetime Cancer Risk from Eggs
Decay & | Ingestion
Media Intake Leaching | Risk Factor | Lifetime
Component Concentration Factor Factor (risk/Ci) | Cancer Risk
water 3.0E-11 6.12 1 4.00 7.344E-10
soil 1.0973E-10 0.2244 0.716379 4.00 7.056E-11
forage - rootuptake & | 4 49938 10 [ 10502379 | 0716379 | 400 | 3.302E-08
rain splash
f°;"3° -direct | 49380808 |1.8915E-02| 1 400 | 3.736E-09
eposition
stored hay-root | 4 994 10 0 0949677 |  4.00 0
uptake & rain splash
stored hay -direct | 4 9390F 08 0 0.999999 |  4.00 0
deposition
soil 7.1405E-10 0.2244 0.925376 4.00 5.931E-10
forage - rootuptake & | 7 1 405E.10 | 105.02379 | 0925376 | 400 | 2.776E-07
rain splash
stored hay - root
uptake & rain splash 7.1405E-10 0 0.949248 4.00 0
Total risk 3.157E-07
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Total dose and risk for the animal pathways:
2.311E-5+ 1.043E-4 + 9.880E-6 + 4.570E-4 = 5.943E-4 mrem
1.298E-8 + 6.447E-8 + 6.826E-9 + 3,157E-7 = 4.000E-7

Total Dose for the All Pathways Farmer (irrigation from a well):

4.498E-7 + 1.177E-8 + 1.542E-7 + 1.39GE-7 + 7.957E-4 + 3.615E-4 + 5.943E-4 mrem =
1.752E-3 mrem per pCifL
Note that the all pathways farmer’s total dose factor from Table 12 is 1.75E-3 mrem/y per pCi/L.

Total Lifetime Cancer Risk for the All Pathways Farmer (irrigation from a well):

2.284E-11 + 5.619E-12 + 2.831E-11 + 2.067E-10 + 4.496E-8 + 2.523E-7 + 4.000E-7 =
6.975E-7 per pCi/L,
Note that the all pathways farmer’s total risk factor from Table 14 is 6.97E-7 per pCi/L.

The above total applies to the inland well situation in which does not include a dose from
fish. When the Columbia River is the source of Tc-99, the fish dose is calculated as shown
below and added to the above total. The concentration ratio for technetium in fish is 20 L/kg.
The intake factor is this concentration ratio multiplied by the annual intake of fish, 3.29 kg.

Ingestion Dose: (fish, Table AS)
(1.0E-12 Ci/L)(65.8 L)(1.46E6 mrem/Ci) = 9.607E-5 mrem
(3.0E-11 CV/L)(65.8 L)(4.00 risk/Ci) = 7.896E-9 risk
Note that the all pathways farmer’s fish dose factor from Table 11 is 9.61E-5 mrem/y per pCi/L.

The cumulative concentration of Tc-99 in sediment after a 20-year accumulation period is -
calculated as shown below. The first three rows are for a one-year exposure. The second three
rows are for a 30-year exposure.

Exp[-(20)(0.208336 y')] = 0.0155030 Exp|- (21)(0 208336 y')] = 0.0125874
1-year case = [(1y) - (0.0155030 - 0.0125874)/(0.208336 y')1/(0.208336) =4.73277 y
Sediment Conc = (1.0E-12 Ci/L)(25,300 L/m%y)(4.73277 y) = 1.1974E-7 Ci/m?

Exp[-(50)(0.208336 y™")] = 0.00002993
30-year case = [(30y) - (0. 0155030 0.00002993)/(0.208336 y 1)1/(0.208336) = 143642y
Sediment Conc = (1.0E-12 CV/L)(25,300 L/m?/y)(4.73277 y) = 3.6341E-6 Ci/m?

External Dose: (shorelme sediment)
(1.197E-7 Ci/m? )(Il h)(0.0635 mrem/h per Cu’m ) = 8.364E-8 mrem
(3.634E-6 Ci/m?)(11 h)(4.13E-8 risk/h per Ci/m?) = 1.651E-12 risk

Ingestion Dose: {soil only, Table AB)
Note that the sediment concentrations used for external dose are divided by 225 kg/m? to convert
them into mass concentrations (Ci/kg).

(5.322E-10 Ci/kg)(0.0007 kg)(1.46E6 mrem/Ci) = 5.439E-7 mrem

(1.615E-8 Ci/kg)(0.0007 kg)(7.66 risk/Ci) = 8.661E-11 risk
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Total Dose for the All Pathways Farmer {irmgation from the Columbia River):
1.752E-3 + 9.607E-5 + 8.364E-8 + 5.439E-7 = 1.849E-3 mrem per pCi/L
Note that the all pathways farmer’s total dose factor from Table 13 is 1.85E-3 mrem/y per pCV/L.

Total Lifetime Cancer Risk for the All Pathways Farmer (irrigation from the Columbia River):
6.975E-7 + 7.89GE-9 + 1.651E-12 + 8.661E-11 = 7.055E-7 per pCi/L,
Note that the all pathways farmer’s total dose factor from Table 14 is 7.05E-7 per pCi/L.
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APPENDIX C

IMPORTANCE OF MISSING TOXICITY PARAMETERS
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The hazard index and cancer risk for chemicals are calculated using both ingestion and
inhalation exposures. However, many chemicals lack either the inhalation or ingestion
benchmark against which to calculate the hazard index or cancer risk. In Section 3.0 of the main
text, the calculations are carried out using the assumption that the missing route will have no
effect on the final hazard index or slope factor. In other words, the calculation ignores the route

of entry (inhalation or ingestion) for which there is no toxicity guidance.

This appendix presents estimates of the missing toxicity parameters for chemicals that
have a reference dose or slope factor for ingestion, but none for inhalation, or vice versa. The
hazard index and increased cancer risks for unit water concentrations were recalculated for each
scenario using the new toxicity parameters. The new unit factors are listed in this appendix
along with ratios of the new unit factors divided by the old. This helps identify chemicals for
which the missing route may be a significant contributor to the final result. This is consistent
with the recommendations found in Section 2.1 and Appendix B of the Soil Screening Guidance:
Technical Background Document, (EPA/540/R95/128).

ROUTE-TO-ROUTE EXTRAPOLATION

Several chemicals have a reference dose or slope factor given for ingestion, but none for
inhalation, or vice-versa. In this appendix, the missing value was estimated using the given
value. If no toxicity estimates are available for either route (inhalation or ingestion) then no
extrapolation is made. The estimated values are presented in Table C1. In the EPA Soil
Screening Guidance: Technical Background Document (EPA/540/R95/128) this process of
imputing the missing value from the given value is referred to as “route-to-route extrapolation”.
Appendix B of EPA/540/R95/128 illustrates the process by using the same value for inhalation
as was determined for ingestion. The extrapolated values are noted with “x™ in Table Cl1. Note
that all chemical are listed in Table C1, even if no route-to-route extrapolation was used. The

“x" entries are the new toxicity information.

Table Cl. Imputed Values for Reference Doses and Cancer Induction Slope Factors.

Reference Dose {(RID) Cancer Slope Factor (SF)
(mg/kg-day) (mg/kp-day)”’
CASRN Chemical Name Ingestion Inhalation Ingestion | Inhalation
50-32-8 |Benzolalpyrene na na 7.30E+00¢ | 3.08E+00t
53.70-3 |Dibenz[ah]anthracene na na 730E+000 | 3.08E+00t
56-23-5 |Carbon tetrachloride TO0EO4e | 140E-03x | 130E-O0le | 5.20E-02¢
57-12-5 |Cyanide, free 2.00E-02¢ | 4.00E-02x na na
57-14-7 |1,1-Dimethylhydrazine na na 3.00E+000 | 1.72E+0} 0
57-55-6 |Propylene glycol {1,2-Propanediol) 500E-01s 8.57E-04 g na na
58.89.9 [gmma-Benzene hexachloride 300E-04e | 6.00E-04x | 130E+00h | 6.50E-01x
{gamma-Lindane)

60-29-7 |Ethy! ether (Diethyl ether) 200E-0le | 400ED1Xx na na
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Table C1. Imputed Values for Reference Doses and Cancer Induction Slope Factors.
Reference Dose (RID) Cancer Slope Factor (SF)
{mg/kg-day) {mg/kp-day)"
CASRN Chemical Name Ingestion Inhalation Ingestion Inhalation
60-34-4 |Methylhydrazine na na 3.00E+H000 | 1.72EH0] o
60-57-1 |Dieldrin 5.00E-05¢ | 1.00E-04x | 1.60E+01¢ | 1.60E+01 ¢
62-75-9 [N-Nitrosodimethylamine 8.00E-06s | 1.60E-05x | 5.10E+01le ! 5,10E+01¢
64-18-6 |Formic acid 200E+00h | 4.00E+00 x nm na
67-56-1 |Methanol (Methy! alcohol) 5.00E-Ole | 1.00EHM} x na na
67-64-1 |Acetone (2-Propanone) 9.00E-O0l e | 1.30E+00x na na
67-66-3 |Chloroform 1.00E-02e¢ | 8.60E-04n (| 2.30E-O4¢ { B.OSE-02¢
67-72-1 |Hexachloroethane 1.00E-03e | 2.00E-03x 1.40E-02¢ | 140E-02e
71-36-3 |n-Butyl alcohol (n-Butanol) 1.00E-01¢ | 2.60E-03n na na
7143-2 |Benzene 4.00E-03 ¢ 857E-03¢ | 550E-02¢ | 2.73E-02e
1,1,1-Trichloroethane
71-55-6 (Methyl chloroform) 2.80E-0ln | 6.29E-Olo na na
72-20-8 |Endrin 3.00E-04¢ | 6.00E-04x na na
74-83-9 [Bromomethane 1.40E-03 ¢ 143E-03 ¢ na na
74-87-3 |Methyl chloride (Chloromethane) 1.29E-02x | 2.57E-02e¢ | 1.30E-02h | 6.30E-03 h
75-00-3 |Ethyl Chloride 4 00E-Cln | 2.86E+00e | 2.90E-03n na
75-01-4 [Vinyl chloride (Chlorocthene) 3.00E-03¢ | 286E-02¢ | 1.40E+00e | 3.08E-02¢
75-05-8 |Acctonitrile 8.55E-03 x 1.71E-02 ¢ na na
75070 |Acetaldchyde 129E-03x | 2.57E-03¢ | 154E-02x | 7.70E03 e
75-09-2 |Dichloromethane {(Methylene chloride) | 6.00E-02¢ | 8.57E-01h | 7.50E-03e¢ | 1.65E-03¢
75-15-0 |Carbon disulfide 100E0le | 200E-Ole na na
75-21-8 |Ethylene Oxide (Oxirane) na na 1.02E+00h | 3.50E-Clh
1,1-Dichlorocthane
75-34-3 (Ethylidene chloride) 1.C0E-01lh | 143E-01h na na
75-35-4 (1,1-Dichlorocthylene 5.00E-02 e 571EQ2e na na
75-45-6 |Chlorodifluoromethane 7ASE+00x | 143E+0l ¢ na na
75-68-3 |[Chloro-1,1-difluorocthane, 1- 7A5E+00x | 143EH0l ¢ na na
75-69-4 |Trichlorofluoromethane J.00E-Ole | 2.00E-Olh na na
75-71-8 |Dichlorodifluoromethane 2.00E-Ole 5.71E-02h na na
76-13-1 '('(':F'zé_r{'l";)b“” 22-trifluoroethane | 4 popi01e | 8.57E+00R na na
76-44-8 |Heptachlor SO0E-04e | 1,00E-03x | 4.50E+00 ¢ | 4.50E+00 ¢
78-83-1 [Isobutanol 3.00E-Ole | 6.00E-O1x na na
78-87-5 |1,2-Dichloropropane 5.70E-04 x 1.14E-03¢ | 6.80E-02h | 3.40E-02x
78-93-3 |Methyl ethyl ketone (2-Butanone) 6.00E-Ol ¢ { 143E+)0e¢ na na
79-00-5 |1,1,2-Trichloroethane 4.00E-03 ¢ 8.00E-03x 570E-02 e 5.70E-02 e
79-01-6 |Trichloroethylene 3.00E-04n | 1.14E-02n | 400E-0lo | 4.00E0lo
79-10-7 |2-Propenoic acid (Acrylic acid) 5.00E-Olec | 2.86E-04¢ na na
19345 | e iy 600E02n | 1.20E-013 | 200E01e | 2.00E-01¢
79-46-9 |2-Nitropropane 286E-03x | 5.71E-03¢ | 1.88E+01x | 940E+00 h
82-68-8 |Pentachloronitrobenzene (PCNB) 3.00E-03¢ | 6.00E-03x | 2.60E-Oth | 130E-01x
83-32-9 [Acenaphthene 6.00E-02¢ | 1.20E-01x na na
B4-66-2 |Diethy! phthalate 8.00E-0l1e | 1.60E+00 x na na
84-74-2 |Dibutyl phthalate 1.00E-O01¢ | 2.00E-01x na na
85-68-7 |Butyl benzy! phthalate 2.00E-Ole | 4.00E-01x na na
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Table C1. Imputed Values for Reference Doses and Cancer Induction Slope Factors.
Reference Dose (RID) Cancer Slope Factor (SF)
(mg/kp-day) (mg/kg-day)!
CASRN Chemical Name Ingestion Inhalation Ingestion Inhalation
87-68-3 |Hexachlorobutadiene 3.00E-04n | 6.00E-04x | 7.80E-02¢ | 7.80E-02¢
87-86-5 |Pentachlorophenol 3.00E-02e | 6.00E-02x 1.20E-0l ¢ | 6.00E-02x
88-06-2 |2,4,6-Trichlorophenol 1.00E-04n | 2.00E-04x 1.L1I0E-02¢ { 1.10E-02e
88-85.7 21;?:;3:3 1-4,6-dinitrophenol 100E-03¢ | 2.00E-03x n na
91-20-3 |Naphthalene 200E-02¢ | 8.57E-0d¢ na na
92.524 |1,1"-Biphenyl 5.00E-02e | 1.00E-01x na na
95-47-6 |o-Xylene 2.00E-Ole | 2.86E-02¢ na na
95-48-7 |2-Methylphenol (o-Cresol) 5.00E-02e¢ | 1.00E-01x na na
95-50-1 |1,2-Dichlorobenzene (ortho-) 9.00E-02e 571E-02h na na
95-57-8 |2-Chlorophenol 500E-03 ¢ 1.00E-02 x na na
95-63-6 |1,2,4-Trimethylbenzene 5.00E-02 ¢ 1.71E-03 o na na
95-954 |2,4,5-Trichlorophenol 100E-0le | 2.00E-01x na na
98-86-2 |Acetophenone 100EOle | 2.00E-0lx na na
93-95-3 (|Nitrobenzene 500E-04e | 5.71E-04h n: na
100-25-4 |1,4-Dinitrobenzene (para-) 1.00E-040 | 2.00E-04x na na
100414 |Ethyl benzene 1.00E-Qle | 2.86E-0le | 7.70E-03x | 3.85E-03n
100-42-5 |Styrenc 200E-Ole | 2.86E-0le na na
100-51-6 |Benzyl alchohol 300E-0lh | 6.00E.01x n na
106-42-3 |p-Xylene 2.00E-Qle | 2.86E-02¢ na na
106-44-5 |4-Methylpheno! (p-Cresol) 500E-03h | 1.00E-02% na na
106-46-7 |}.4-Dichlorobenzene (para-) 3.00E-02n | 229E-0le | 2.40E-02h | 2.20E-02n
106-934 ‘(ﬁ;}f;‘l‘;;"c“&‘;g‘r’;‘r;‘fdc) 2.86E-05x | 5.71E-05h | 8.50E+0le | 7.70E-0l e
106-99-0 |1,3-Butadienc 286E-04x | 5.71E-04¢ | 2.10E-01x | 1.05E-Ole
107-02-8 |2-Propenal {Acrolein) S.00E-04¢ 5.71E-06 e na na
107-05-1 |3-Chloropropene (Allyl chloride) 5.00E-02h | 2.86E-04¢ na na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) | 3.00E-02 n 140E-03n | 9.10E-02¢ | 9.10E-02e
107-13-1 |Acrylonitrile 1.00E-03 h S71E-04 e S40E-Ol e 238E-0l e
Methyl isobuty! ketone
108-10-1 || 4-M);lhyl-2-tgcntanone) 8.00E-02h | 8.57E-0le na na
108-38-3 |m-Xylene 2.00E-0le | 2.86E-02e¢ na na
108-39-4 |3-Methylpheno! (m-Cresol) 500E-02¢ | 1.00E-0Ix na na
108-67-8 |1,3,5-Trimethylbenzene 5.00E-02 0 1.71E-03 o na na
108-87-2 |Methyl cyclohexane 4.29E-01x | B.57E-Olo na na
108-838-3 |Toluecne (Methyl benzene) 2.00E-Ol e 1.14E-0l e na na
108-90-7 |Chlorobenzene 200E02e 1.70E-02 n na na
108-94-1 |Cyclohexanone 5.00E+00¢ | 1.00EH)1 x na na
108-95-2 |Phenol (Carbolic acid) 3.00E-0le | 6.00E-01X na na
109-99-9 |Tetrahydrofuran 210E-0tn | 8.57E-02n | 7.60E-03n | 6.80E-03n
110-00-9 |Furan {Oxacyclopentadiene) 1.00E-03e¢ | 2.00E-03x na na
110-54-3 |n-Hexane 6.00E-02h | 5.71E-02¢ na na
110-80-5 |2-Ethoxyethanol 4.00E-01h | 571E-02e na na
110-82-7 |Cyclohexane 855E-01x | 1.71E+H00 ¢ na na
110-86-1 |Pyridine 1.00E-03e | 2.00E-03x na na
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Table Cl. Imputed Values for Reference Doses and Cancer Induction Slope Factors.

Reference Dose (R{D) Cancer Slope Factor (SF)
(mg/kp-day) {mg/kp-day)!
CASRN Chemical Name Inpestion Inhalation Ingestion Inhalation
2-Butoxyethanol
111-76-2 (Elhyle:e Glycol Monobutyl Ether) SO0E-Cle | 3.7TIEH0e na na
2-(2-Ethoxyethoxy)-ethanol
111-90-0 (.l()icthylcn’; G]ycﬁmomﬂhyl Etery | GO0E025 | 8.60E-04s na D2
117-81-7 |Di (2-ethythexy!) phthalate (DEHF) 2.00E-02¢ | 4.00E-02x { 140E-02¢ | 7.00E-03x
117-84-0 |Di-n-octylphthalate 4.00E-020 | 8.00E-02x na na
118-74-1 ]Hexachlorobenzene 8.00E-04e¢ | 1.60E-03x | 1.60E+00e | 1.60E+00 e
120-82-1 {1,2,4-Trichlorobenzene 1.00E-02 ¢ 1.14E-03 0 na na
121-14-2 |2,4-Dinitrotoluene 2.00E-03e | 4.00E-03x na na
121-44-8 Triethylamine 1.00E-03x | 2.00E-03¢ na na
122-39-4 |Diphenylamine 2.50E-02e | S5.00E-021x na na
123-91-1 }1,4-Dioxane (Diethylene oxide) na na 1.10E-02 ¢ | 5.50E-03x
126-73-8 | Tributyl Phosphate 2.00E-0lo | 4.00E-01x | 540E-030 | 2,70E-03 x
2-Methyl-2-propenenitrile
126-98-7 (Mﬂha{_rylfnige) 1.00E04¢c | 200E-04h na na
127-18-4 |Tetrachloroethylene 1.00E-02 ¢ 1.70E-Oln | 5.20E-020 | 2.03E-030
129-00-0 (Pyrene 3.00E-02¢ | 6.00E-02x na na
141.78-6 |Ethyl acetate (Acetic acid, ethy!l ester) 9.00E-0le | 1.80E+00x na na
156-59-2 |cis-1,2-Dichloroethylene 1.00E-02h | 2.00E-02x na na
206-44-0 |Fluoranthene (1,2-Benzacenaphthenc) 4.00E-02¢ | B.00E-02x na na
309-00-2 |Aldrin 3.00E-Q5 ¢ 6.00E-05 x 1.70E+01e | L70E+01 ¢
319-84-6 |Pranes Desachioride 5.00E-04n | 100E-03x | 6.30E+00¢ | 6.30E+00¢
319.85-7 b&“{f{?:;;‘;e';m"hb“d“ 200E04n | 4.00E04x | 1.80E+00¢ | 1.80E+00¢
541.73-1 |1,3-Dichlorobenzene 9.00E-04n | 1.B0E-03x na na
542-75-6 |1,3-Dichloropropene (cis & trans) 3.00E-02¢ 5.71E-03 ¢ 1.00E-Ole | 1.40E-02¢e
621-64-7 |N-Nitrosodi-N-propylamine na na 7.00E+00 ¢ | 3.S0E+H0 x
1314-62-1 [ Vanadium pentoxide 9.00E-03¢ | 130E-02x na na
1330-20-7 | Xylenes (mixtures) 200E0le | 2.86E-02¢ na na
1336-36-3 [Polychlorinated Biphenyls na na 4.00E-Ole | 4.00E-Ole
1336-36-3 | Polychlorinated Biphenyls (lowest risk) na na 7O0E-02¢ | 7.00E-02¢
6533-73-9 | Thallium carbonate 8.00E-05¢ 1.60E-04 x na na
7429-90-5 | Aluminum 1.00E+000 | 143E-030 na na
7439-89-6 |Iron 3.00E01n | 6.00E-O01x na na
7439-93-2 |Lithium 2.00E-02w | 4.00E-02x na na
7439-96-5 |Manganese 4.67E-02 ¢ 143E-05 ¢ na na
7439-97-6 |Mercury metal vapor 4.29E-05x | 8.57E-05¢ na na
7439-98-7 |Molybdenum 5.00E-03¢ | 1.00E-02x na na
7440-02-0 |Nickel (soluble salts} 200E-02¢ | 4.00E-02x na na
7440-22-4 |Silver 5.00E-03e | 1.00E-02x na na
7440-24-6 |Strontium, Stable 6.00E-0le | 120E+H)0 x na na
7440-28-0 | Thallium metal 6.60E-05ix | 132E-04x na na
7440-31-5 |Tin 6.00E-01h | 1.20EH)0 x na na
7440-36-0 |Antimony 400ED4e | BOOE-D4x na na
7440-38-2 | Arsenic (inorganic) 3.00E-04 ¢ 6.00E-04 x 1.50E+00e¢ | 1.51E4+0l e
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Table C1. Imputed Values for Reference Doses and Cancer Induction Slope Factors.
Reference Dose (RID) Cancer Slope Factor (SF)
{mg/ke-day) {mg/kp-day)"
CASRN Chemical Name Ingestion Inhatation Ingestion Inhalation
7440-39-3 | Barium 7.00E-02 ¢ 143E-04 h na na
7440-41-7 | Beryllium and compounds 2.00E-03e | 5.71E-06¢ 0.0x 8.40E+00 e
7440-42-8 | Boron and borates only 9.00E-02e | 571E-03h na na
7440-43-9 |Cadmium SO0E-04e¢ | 1.00E-03x 0.0x 630E+00 ¢
7440-45.1 |Cerium (Ceric oxide 1306-38-3) 2.86E-05x | 5.71E-050 na na
7440-48-4 |Cobalt 2.00E-020 | 5.71E-060 0.0x 9.80E+00 o
7440-50-8 |Copper 4.00E-02h | 8.00E-02x na .
7440-62-2 | Vanadium metal 7.00E-03h | 140E-02x na na
7440-66-6 | Zinc and compounds 3.00E-01e | 6.00E-DLx na na
7487-94-7 | Mercuric chloride 3.00E-04e | 6.00E-04x na na
7664-41-7 | Ammonia 143E-02x | 2.86E-O2e na na
7723-14-0 | Phosphorus, white 2.00E-05¢ | 4.00E-05x na na
7782-41-4 |Fluorine (soluble {luoride) 6.00E-02 ¢ 1.20E-01 x na na
T782-49-2 |Selenium and compounds 5.00E-03¢ | 1.00E-02x na na
8001-35-2 | Toxaphene na na 1.1I0E+00 e | 1.10E+00 ¢
11096-82-5| Aroclor 1260 na na 4.00E-0l ¢ | 4.00E-Qle
11097-69-1| Aroclor 1254 2.00E-05¢ | 4.00E-05x | 400E-Ole | 4.00E-Ole
11104-28-2|Aroclor 1221 na na 400E-Ole | 4.00E-Ol¢
11141-16-5|Aroclor 1232 na na 400E-0le | 4.00E-Dl¢e
12672-29-6| Aroclor 1248 na na 4.00E-Ole { 4.00E-Ol e
12674-11-21 Aroclor 1016 7.00E-05¢ | 140E-04x | 7.00E-02¢ | 7.00E-02¢
14797-55-8 |Nitrate 1.60E+0C e | 3.20E+00 x na na
14797-65-0Nitrite 1.00E-Ot e | 2.00E-01x na na
16065-83-1 |Chromium (111) {insoluble salts) 1.50E+00 ¢ | 3.00E+00x na na
16984-48-8 | Fluorine anion 6.00E-02 ¢ 1.20E-01 x na na
18540-29-9|Chromium (V1) (soluble salts) 3.00E-03c¢ | 2.29E-06¢ 0.0x 4.20E+01 e
53469-21-9| Aroclor 1242 na na 4.00E-Ole | 4.00E-Ole
na Uranium (soluble salts) 6.00E-04c | 120E-03x na na
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Table C1. Imputed Values for Reference Doses and Cancer Induction Slope Factors.

Reference Dose (RfD) Cancer Slope Factor (SF)
{mg/ke-day) (mp/kp-day)"
CASRN Chemical Name Ingestion Inhalation Ingestion Inhalation

Notes:
s  CASRN = Chemical Abstract Service Reference Number
s  “g” means the number is from Integrated Risk Information System (IRIS) as of March, 2004, Internet
address is http://www.cpa.gov/iris/
e  “o" means the number is from Oak Ridge Risk Assessment Information System (RAIS) as of March, 2004,
Internet address is hitp://risk.Isd.ornl.gov
e “h” means the number is from the Health Effects Assessment Summary Tables (HEAST) FY 1997 Update
{EPA-540/R-97/036).
* “n” means National Center for Environmental Assessment (NCEA). Internet address is
http://www.epa.gov/ncea.
s *“c” means the RID for Uranium is from the Federal Register, December 2000
e  “s” means the number is from the EPA Superfund Risk Assessment web site. Internet address is
http/fwww.epa.govisuperfund/index.htm
“t” means the number was estimated using toxicity equivalency factors (TEF)
“w” means the RD for Lithium (7439-93-2) was withdrawn by EPA
“x” means the toxicity number was created using the route-to-route extrapolations described in the text.
“ix” means this is provisional guidance from EPA Region 9 for Thallium metal (CAS 7440-28-0). Internet
address is www.epa.gov/docs/region(9/waste/sfund/prg/index.htmt

«  Slope factors give an upper bound on the probability that some type of cancer develops as a result of 2
lifetime exposed to a given chemical. The slope factor is multiplied by the lifetime average daily chemical dose
to give the lifetime risk. Two special cases are noted below,

o The slope factors for viny! chloride (CAS 75-01-4) apply to the general population. When applying these to
occupationally exposed individuats (industrial exposure scenario), the values are reduced by a factor of 2,

s The slope factors for PCBs (CAS 1336-36-3) and the Aroclors are reduced for population (collective)
exposures. The slope factors used for normal and lowest risk PCBs are 0.3 (1.0 for dietary intakes) and 0.04 per
mg/kg per day.

e  Reference dose is an estimate of a daily dose to the human population {including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects during a lifetime. Special cases are noted below.

e  The RID for manganese in dictary pathways is 3 times the drinking water RfD shown on the table.

¢ The RfD for dietary cadmium is twice the drinking water RfD shown on the table.

o The RID for airbome particulate containing ¢hromium (V1) is 2.86E-05 mp/kg per day.
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Note that route-to-route extrapolation is used in the IRIS database for some chemicals.
Examples are summarized in Table C2. In this table “SFo” is the slope factor for ingestion (oral)
while “SFi” is the slope factor for inhalation.

Table C2. Examples of Route-to-Route Extrapolation in the IRIS Database
CASRN  Chemical Name Rev. Date |[Method of Route-to-Route Extrapolation

SFo = 2*SFi The factor of 2 comes
71432 Benzene Apr-03 from the lower absorption via inhalation,
SFi=0.4*SFo  The factor of 0.4 comes
from the lower absorption via inhalation.

56-23-5 Carbon tetrachloride Jun-91

60-57-1 Dieldrin Sep-93
62-75-9  N-Nitrosodimethylamine Jul-93
67-72-1 Hexachloroethane Feb-94
76-44-8  Heptachlor Jul-93

79-00-5 1,1,2-Trichloroethane Feb-94
79-34-5 1,1,2,2-Tetrachloroethane Feb-94
87-68-3  Hexachlorobutadiene Apr-91

88-06-2  2,4,6-Trichlorophenol  Feb-94  |SFi=SFo The inhalation slope
107-06-2 1,2-Dichloroethane Jan-91 factor is assumed to be no different than the
118-74-1  Hexachlorobenzene Nov-96 |ingestion slope factor.
309-00-2 Aldrin Jul-93
319-84-6  alpha-Hexachlorocyclohexane
(alpha-Lindane) Jul-93
319-85-7 beta-Hexachlorocyclohexane
(beta-Lindane) Jul-93
1336-36-3 Polychlorinated Biphenyls Jun-97
8001-35-2 Toxaphene Jan-91

There are two extrapolation methods used in the present report to estimate the missing
slope factors or reference doses. The first method follows the recent (4/17/2003) example from
the IRIS database for benzene. It is assumed that inhalation slope factors are half as large as
ingestion slope factors because only half the amount inhaled is actually absorbed into body
fluids. Equivalently, the ingestion reference dose is regarded as half the inhalation reference
dose. Thus, there is always a factor of 2 in the route-to-route extrapolations. This differs from
the method used in HNF-SD-WM-TI-707 Revision 3 in that cases where the ingestion toxicity
factor is imputed will have larger unit factors for hazard index and cancer induction.

The second extrapolation method is applied only to beryllium compounds (CAS 7440-41-
7) , cadmium compounds (CAS 7440-43-9), cobalt compounds (CAS 7440-48-4), and chromium
(VI) compounds (CAS 18540-29-9). For these inorganic compounds, the observed cancers from
the inhalation route are all lung cancers. From this observation it will be inferred that the
ingestion slope factor is much smaller than the inhalation slope factor. The reason has to do with
what happens to contaminants that are inhaled. Material that is inhaled is exhaled or deposits in
the respiratory system. The deposited material is either absorbed into body fluids or
mechanically removed from the lung and swallowed. Thus, the inhalation route includes an
ingestion route. If beryllium, cadmium, cobalt, and chromium {(VI) compounds were significant
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oral hazards then other types of cancer would have been observed. It should be noted that there
are cancers with longer latency periods than lung cancer. Thus the ingestion slope factor may
not be zero, However, the ingestion slope factors for these chemicals are believed to be orders of
magnitude smaller than the inhalation slope factor, so the value of zero will be used in the
present report.

The unit hazard index and unit cancer risk factors are shown in the remaining tables in this
appendix, namely, Tables C3, C5, C7, C9, Ci1, C13, C15, and C16. The last two tables are the
unit factors using the State of Washington’s MTCA methodology. The even numbered tables
(C4, C6, C8, C10, C12, and C14) show comparisons ratios between the new unit factors and
those from the main text (without route-to-route extrapolation). For example, Table C4
compares the unit factors shown in Table C3 with those shown in Table 15. To highlight
significant changes induced by adding the missing route, all ratios less than 1.2 have been
removed from the comparison tables. In other words, the unit factor had to increase more than
20% before the ratio is shown in the comparison tables.

To summarize the many comparisons in this appendix, Table 17 shows the largest ratios
found on any of the comparison tables. This facilitates assessment of whether a chemical’s
missing toxicity information may be important in any of the exposure scenarios. From
Table C17, there are several chemicals that deserve further analysis regarding the missing
toxicity parameter. If the risk assessment is driven by any of these chemicals, the missing
toxicity parameter should be determined in a manner that is both technically sound and
acceptable to the appropriate regulatory authority.
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Table C3. Unit Factors for the All Pathways Farmer Scenario.
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Well Water Ounly, per mg/L | Columbia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[a)pyrene na 7.01E-01 na 4.93E+00
53-70-3 |Dibenz{ah)anthracenc na 1.37E+00 na 1.40E+01
56-23-5 |Carbon tetrachloride 1.53E+02 5.07E-03 1.58E+02 5.29E-03
57-12-5 |Cyanide, free 3.52E+01 na 3.53E+01 na
57-14-7 |1,1.Dimethylhydrazine na 4.58E+00 na 4.58E+00
57-55-6 |Propylene glycol (1,2-Propanedicl) 2. 29E4+00 na 2.29E+00 na
58899 |Eamma-Drnathe bexachloride 249E+02 | 4.06E-02 | 3.4E402 | 524E.02
60-29-7 |Ethyl ether (Diethyl ether} 6.07E-01 na 6.09E-01 na
60-344 |Methylhydrazine na 343E+00 na 3.43E+00
60-57-1 |Dieldrin 1.49E-+H0)3 7.32E-01 8.92E+03 3.28E+00
62-75-9 |N-Nitrosodimethylamine 2.10E+05 3.69E+01 2.11E+05 3.69E+01
64-18-6 |Formic acid 4.82E-01 na 4.81E-01 na
67-56-1 |Methanol (Mecthyl alcchol) 1.26E+00 na 1.26E+00 na
67-64-1 |{Acetone (2-Propanonc) 3.08E-01 na 3.09E-01 na
67-66-3 |Chloroform 1.87E+02 5.47E-03 1.87E+02 5.47E-03
67-72-1 {Hexachloroethane 1.11E+02 1.14E-03 1.51E+02 1.38E-03
71-36-3 |n-Butyl alcohol (n-Butanol) 2.30E+01 na 2.30E+01 na
71-43-2 [Benzene 2.62E+01 2.58E-03 2.65E+01 2.61E-03

1,1,1-Trichloroethane
71-55-6 (Methy! chloroform) 3.51E-01 na 3.59E-01 na
72-20-8 |Endrin 4,.68E+02 na 1.39E+03 na
74-83-9 |Bromomethane 1.36E+02 na 1.36E+02 na
74-87-3 {Methyl chloride (Chloromethane) 9.19E+00 6.45E-04 9.23E+00 6.47E-04
75-00-3 |Ethy! Chloride 1.36E-01 4.00E-05 1.37E-01 4.04E-05
75-01-4 |Vinyl chloride (Chloroethene) 1.58E+01 2.06E-02 1.60E+01 2.08E-02
75-05-8 |Acctonitrile 4.10E+01 na 4. 10E+D1 na
75-07-0 |Acetaldehyde 2.01E+02 1,70E-03 2.01E+02 1.70E-03
75-09-2 |Dichloromethane (Methylene chloride) 7.84E-01 2.28E-04 7.88E-01 2.28E-04
75-15-0 |Carbon disulfide 1.08E+00 na 1.09E+00 na
75-21-8 [Ethylene Oxide (Oxirane) na 8.51E-02 na 8.52E-02
1,1-Dichloroethane

75-34-3 Ethylidene chloride) 1.42E+00 na 1.42E+00 na
75-35-4 |1,1-Dichloroethylene 335E+00 na 3.37E+00 na
75-45-6 [Chlorodifluoromethane 1.61E-02 na 1.61E-02 na
75-68-3 {Chloro-1,1-difluoroethane, 1- 1.51E.02 n 1.52E-02 na
75-69-4 |Trichlorofluoromethane 8.90E-01 na 8.98E-01 na
75-71-8 |Dichlorodifluoromethane 2.92E+00 na 2.93E+00 na
76-13-1 'L'(éifé'f;‘1°3'3’°"* 1.2.2-rifluoroethane | 4 g4p gp na 1.96E-02 na
76-44-8 |Heptachlor 3.01E+(2 443E-01 2.86E+03 291E+00
78-83-1 |Isobutanol 4.75E-01 na 4.76E-01 na
78-87-5 |1,2-Dichloropropane 1.94E+02 3.23E.03 1.96E+02 3.25E-03
78-93-3 |Methy! ethyl ketone (2-Butanone) 3.22E-01 na 3.23E-01 na
79-00-5 [1,1,2-Trichloroethane 2.90E+01 4.76E-03 2.91E+01 4.78E-03
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Table C3. Unit Factors for the All Pathways Farmer Scenario,
Well Water Only, per mg/L | Columbia River, per mg/L
Hazard Increased Hazard Increased

CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-01-6 |Trichloroethylene 1.18E+02 3.25E-02 1.24E+02 3.28E-02
79-10-7 |2-Propenoic acid (Acrylic acid) 8.83E+00 na 8.83E+00 na

1,1,2,2-Tetrachlorocthane
79-34-5 ( Acc,?ylcnc tetrachloride) 1.93E+00 1.67E-02 1.96E+00 1.69E-02
79-46-9 [2-Nitropropane 5.70E+0} 1.31E+00 S.7LE+0L 1.31E+00
82-68-8 |Pentachloronitrobenzene (PCNE) 3.82E+01 1.28E-02 7.03E+01 2.35E-02
£3.32-9 |Acenaphthene 2.17E+00 na 2.62E400 na
84-66-2 |Diethyl phthalate 1.17E-01 na 1.19E-01 na
84-74-2 |Dibutyl phthalate 4.32E-01 na LI19E+H)0 na
85-68-7 |Butyl benzyl phthalate 2.33E-01 na 8.06E-01 na
87-68-3 |Hexachlorobutadiene 3.80E+02 6.46E-03 7.90E+02 1.06E-02
37-86-5 |Pentachlorophenol 142E+00 2.19E-03 4 44E+00 6.85E-03
88-06-2 |2,4,6-Trichlorophenol 6.23E+02 3.33E-04 7.00E+02 3.69E-04
g3-gs.7 |%-scc-Butyl-4,6-dinitraphenol 7.14E+01 na 8.68E+01 na

{Dinoseb)
91-20-3 |Naphthalene 1.87E+02 na 1.87E+02 na
92-52-4 |1,1-Biphenyl 2.46E+00 na 3.06E+00 na
95-47-6 |o-Xylene 5.69E+00 na 5.72E+00 na
95-48-7 |2-Methylphenol {o-Cresol) J.93E+00 na 3.95E+00 na
95-50-1 |I,2-Dichlorobenzene {ortho-) J.12E+00 na 3.24E+00 na
95-57-8 |2-Chlorophenol 3.09E+01 na 312E+01 na
95-63-6 |1,2,4-Trimethylbenzene 9.33E+01 na 9.36E+01 na
95-95-4 2.4, 5-Trichlorophenol 5.88E-01 na 6.69E-01 na
98-86-2 |Acetophenone 1.45E+00 na 1.45E+00 na
9§-95.3 [Nitrobenzene 4.73E+02 na 4.75E+02 n
100-25-4 |1,4-Dinitrobenzene (para-) 3.01E+03 na 3.01E+03 na
100-41-4 |Ethy! benzene 8.53E.01 3.60E-04 9.21E-01 3.83E-04
100-42-5 |Styrene 7.13E-D1 na 7.38E-01 na
100-51-6 |Benzyl alchohol 6.12E-01 na 6.13E-01 na
106423 |p-Xylene 5.69E+00 na ST2E+00 na
10644-5 |4-Methylpheno!l (p-Cresol) 3.84E+01 na 3.86E+01 na
106-46-7 |1,4-Dichlorobenzene (para-) 1.70E+00 1.80E-03 208E+(}0 1.92E-03
106-934 l(’éﬁ?ﬁ:e":gg?n?ﬁe) A2SE+03 | 159E+00 | 4.28E+03 | 1.62E+00
106-99-0 |1,3-Butadiene 3.80E+02 9.76E-03 3.83E+02 9.84E-03
107-02-8 {2-Propenal (Acrolein) 2.80E+04 na 2.80E+04 na
107-05-1 }3-Chloropropene {Allyl chloride) 5.54E+02 na 5.54E+02 na
107-06-2 }1,2-Dichloroethane (Ethylene chloride) 1.14E+02 7.64E-03 1.14E+02 7.65E-03
107-13-1 |Acrylonitrile 3.80E+02 3.98E-02 3.80E+02 3.99E-02

Methyl isobutyl ketone
108-10-1 [} 4_M3;'thyl_2_‘;’enm“m) 8.24E-01 na 8.28E-01 na
108-38-3 |m-Xylene 5.69E+(0 na 5.73E+00 na
108-39-4 |3-Methylphenol {(m-Cresol) 3.78E+00 na 3.80E+00 na
108-67-8 }1.3,5-Trimethylbenzene 9.33E+01 nx 9.35E+01 na
108-87-2 |Methyl cyclohexane 2.63E-01 na 2.99E-01 na
108-88-3 |Toluene (Methy! benzene) 1.54E+00 na 1.55E+00 na
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Table C3. Unit Factors for the All Pathways Farmer Scenario.
Well Water Only, per mg/L { Columbia River, per mg/L.
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-90-7 [Chlorobenzene 1.10E+01 na 1.12E+01 na
108-94-1 |Cyclohexanone 4.17E-02 na 4.18E-02 na
108-95-2 [Phenol (Carbolic acid) 1.02E+00 na 1.02E+00 na
109-99-9 |Tewahydrofuran 231E+00 T.75E-04 231E+)0 7.77E-04
110-00-9 |Furan (Oxacyclopentadiene) 1.16E+02 na 1.16E+02 na
110-54-3 |n-Hexane 3.45E+00 na 3.838E+00 na
110-80-5 |2-Ethoxyethanol 1.33E+00 na 1.33E+00 na
110-82-7 |Cyclohexane 1.30E-01 na 1.43E-01 na
110-36-1 |Pyridine 2.96E+02 na 2.96E+02 na
2-Butoxyethanol
11762 | gy o Glycol Monobutyl Ether) 2.59E-01 na 2.60E-01 na
242-Ethoxyethoxy)-ethanol '
111-50-0 (-l()iethylcni Glycg Monoethyl Ethery | 123E*0! na 1.23E+01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 9.23E+01 1.11E-02 9.46E+01 1.13E-02
117-84-0 |Di-n-octylphthalate 1.19E+02 na 1.20E+02 na
118-74-1 |Hexachlorobenzene 1.74E+02 1.50E-01 1.00E+03 6.05E-01
120-82-1 |1,2,4-Trichlorobenzene 1.42E+02 na 1.45E+02 na
121.14-2 |24-Dinitrotoluenc 9.88E+01 na 9.94E+01 na
121-44.8 |Triethylamine 1.56E+02 na 1.56E+(2 na
122.39-4 |Diphenylamine 2.90E+00 na 3.44E+00 na
123-91-1 {1,4-Dioxane (Diethylene oxide) na 1.51E-03 na 1.51E-03
126-73-83 |Tributyl Phosphate 2.50E-01 1.16E-04 2.80E-01 1.29E-04
2-Methyl-2-propenenitrile
126-98-7 (Mem{ rykfnmﬂ]cL 1.51E+03 na 1.51E+03 na
127-184 |Tetrachloroethylene 3.70E+00 7.54E-04 4.77E+00 9.92E-04
129-00-0 |Pyrenc 3.83E+00 na B.83IE+00 na
141.78-6 |Ethyl acetate (Acetic acid, ethyl ester) 1.68E-01 na 1.69E-01 n
156-59-2 |cis-1,2-Dichloroethylene 1.10E+01 na 1.11E+01 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 3.16E+00 na 9.28E+00 na
309-00-2 |Aldrin 8.21E+03 2.37E+00 949E+04 2.13E+01
319-84-6 [(-Tpzne henachloride 1.84E+02 | 355601 | 229E+02 | 4.16E-01
beta-Benzene hexachloride
319-85-7 (beta-Lindane) 2.96E+02 4.68E-02 4.06E+02 6.36E-02
541.73-1 11,3-Dichlorobenzene 1.22E+02 na 1.37E+02 na
542-75-6 |1,3-Dichloropropene (cis & trans) 2.88E+01 2.31E.03 2.88E+01 2.35E.03
621-64-7 |N-Nitrosedi-N-propylamine na 1.09E+00 na 1.09E+00
1314-62-1 |Vanadium pentoxide 3.77E+00 na 7.04EH0 na
1330-20-7 | Xylenes (mixtures) 5.69E+00 na 5.712E+00 na
1336-36-3 | Polychlorinated Biphenyls na 8.01E-02 na 6.4A8E+00
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 7.20E-02 na 6.47E+00
6533-73-9 | Thallium carbonate 6.44E+02 na 1.68E+04 na
7429-90-5 | Aluminum 3.93E-02 na 1.08E-01 na
7439-89-6 |Iron 1.44E-01 na 2.42E-01 na
7439.93-2 |Lithium 3.73E+00 na 3 90E+00 na
7439-96-5 |Manganese 1.78E+00 na 2.27E+00 na
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Table C3. Unit Factors for the All Pathways Farmer Scenario.
Well Water Only, per mg/L. | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk

7439-97-6 |Mercury metal vapor 7.56E+03 na 1.21E+04 na
7439-98-7 (Molybdenum 3.85E+01 na 3.90E+01 na
7440-02-0 |Nickel {soluble salts) 4.15E+00 na 4.97E+00 na
7440-22-4 (Silver 7.36E+00 na 8.17E+H00 na
7440-24-6 1Strontium, Stable J.53E-01 na 3.72E-01 na
7440-28-0 {Thallium metal 7.79E+02 na 2.03E+04 na
7440-31-5 |Tin 1.23E-01 na 7.73E-01 na
7440-36-0 {Antimony 8.28E+01 na 1.34E+02 na
7440-38-2 | Arsenic (inorganic) 1.13E+02 2.19E-02 2.29E+02 4.42E-02
7440-39-3 |Barium 6.06E-01 na 6.70E-01 na
7440-41-7 | Beryllium and compounds 1.82E+01 4.21E-05 3.05E+01 4.21E-05
7440-42-8 | Boron and borates only 3.64E+00 na 3.65E+00 na
7440-43-9 |Cadmium 9.70E+01 3.10E-05 1.60E+02 3.10E-05
7440-45.1 | Cerium (Ceric oxide 1306-38-3) 2.00E+03 na 533EHND na
7440-48-4 |Cobalt 4.73E+00 4.79E-05 6.81E+00 4.79E-05
7440-50-8 |Copper 6.23E+00 na 6.95E+00 na
7440-62-2 | Vanadium metal 5.20E+00 na 1.06E+01 na
7440-66-6 | Zine and compounds 6.81E+01 na 6.82E+01 na
7487-94-7 |Mercuric chloride 1.32E+03 na 1.76E+03 na
7664-41-7 | Ammonia 1.78E+02 na 1.78E+02 na
7723-14-0 | Phosphorus, white 1.10E+05 na 1.20E+05 na
7782-41-4 |Fluorine {soluble fluoride) 1.84E+00 na 1.91E+}0 na
7782-49-2 |Selenium and compounds 1.31E+01 na 1.76E+01 na
8001-35-2 | Toxaphene na 4.58E-02 na 3.89E-01
11096-82-5]Aroclor 1260 na 4.67E+00 na 5.21E+00
11097-69-1 | Aroclor 1254 1.58E+04 1.81E-01 9.22E+05 1.57E+01
11104.28-2|Aroclor 1221 na 4.07E-02 na 1.09E-01
11141.16-5|Aroclor 1232 na 4.07E-02 na 1.09E-01
12672-29-6| Aroclor 1248 na 7.84E-02 na 7.07E+00
12674-11-2) Aroclor 1016 1.95E+03 4.25E.02 345E+04 1.99E+00
14797-55-8 | Nitrate 1.35E-02 na 1.39E-02 na
14797-65-0| Nitrite 2.23E-01 na 2.29E-01 na
16065-83-1 | Chromium (III) {(insoluble salts) 2.81E-02 na 5.76E-02 na
16984-48-8 | Fluorine anion 1.84E+00 na 191E+00 na
18540-29-9 |Chromium (V1) (soluble salts) 1.02E+01 5.19E-05 1.89E+01 5.19E-05
53469-21-9|Aroclor 1242 na 7.87E-02 n2 6.48E+00

na Uranium (soluble salts) 5.49E+01 na 5.92E+01 na

na Total Chromium (1:6 ratio CrVI.Cr IiI) 1.48E+00 T41E-06 2.75E+00 7T.41E-06
Notes:

e CASRN = Chemical Abstract Service Reference Number

+ The total nisk to the All Pathways Farmer is calculated using intakes from 30 consecutive years. The soil
concentration is zero at the start of the exposure.

o These scenario factors must be multiplied by the appropriate water concentration. The “Well Water Only”
columns assume all the contaminated water comes from a well. The “Columbia River” columns assume all the
contaminated water comes from the Columbia River.
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Table C4. Comparison Ratios for the All Pathways Farmer Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[a]pyrene

53-70-3

Dibenz{a,h]anthracene

56-23-5

Carbon tetrachloride

3.9

3.5

57-12-5

Cyanide, free

57-14.7

1,1-Dimethylhydrazine

57-55-6

Propylene glycol (1,2-Propanediot)

58-89-9

gamma-Benzene hexachloride
{gamma-Lindane)

13

1.3

12

1.2

60-29-7

Ethyl ether (Diethy! ether)

2.9

2.9

60-34-4

Methylhydrazine

60-57-1

Dieldrin

1.8

62-75-9

N-Nitrosodimethylamine

64-18-6

Formic acid

67-56-1

Methano! {Methyl alcohol)

67-64-1

Acctone {2-Propanone)

1.4

14

67-66-3

Chloroform

67-72-1

Hexachloroethane

3.5

2.1

71-36-3

n-Butyl alcohot {n-Butanol)

71-43-2

Benzene

71-55-6

1,1,1-Trichloroethane
{Methyl chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methyl chloride (Chloromethane)

1.5

1.5

75-00-3

Ethy! Chloride

75-014

Vinyl chloride {Chloroethene)

75-05-8

Acetonitrile

4.4

4.4

75-07-0

Acetaldehyde

3.3

3.3

3.3

33

75-09-2

Dichloromethane (Methylene chloride)

75-15-0

Carbon disulfide

75-21-8

Ethylene Oxide {(Oxirane)

75-34-3

1,1-Dichloroethane
(Ethylidene chloride)

75-35-4

1,1-Dichloroethylene

7545-6

Chlorodiflucromethane

1.5

1.5

75-68-3

Chloro-1,1-difluoroethane, 1-

1.4

1.4

75-69-4

Trichlorofluoromethane

75-71-8

Dichlorodifluoromethane

76-13-1

1,1,2-Trichloro-1,2,2-trifluoroethane
(CFC-113)

76-44-8

Heptachlor

2.1

78-83-1

Isobutanol

1.3

1.3

78-87-5

1,2-Dichloropropane

14

3.5

1.4

34

78-93-3

Methyl cthy) ketone (2-Butanone)

79-00-5

1,1,2-Trichloroethane

3.2

3.1
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Table C4. Comparison Ratios for the All Pathways Farmer Scenarijo.

CASRN

Chemical Name

Well Water Ratlos

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

79-01-6

Trichloroethylene

79-10-7

2-Propenoic acid (Acrylic acid)

79-34-5

1,1,2,2-Tetrachloroethane
{Acctylene tetrachloride)

32

3.1

79-46-9

2-Nitropropane

2.1

2.1

2.1

2.1

82-68-8

Pentachloronitrobenzene (PCNB)

3.2

3.2

1.6

1.6

83-32-9

Acenaphthene

2.6

2.0

84-66-2

Diethyl phthalate

84-74-2

Dibuty! phthalate

85-68-7

Buty! benzyl phthalate

87-68-3

Hexachlorobutadiene

3.3

1.5

8§7-86-3

Pentachloropheno!

88-06-2

2 4,6-Trichlorophenol

B8-85-7

2-sec-Butyl-4 6-dinitrophenol
(Dinoseb)

91-20-3

Naphthalene

92-52-4

1,1-Biphenyl

2.8

2.1

95-47-6

o-Xylene

95-48-7

2-Methylphenol {o-Cresol)

95-50-1

1,2-Dichlorobenzene (ortho-)

95-57-8

2-Chlorophenol

1.3

1.3

95-63-6

1,2,4-Trimethylbenzenc

95-954

2,4,5-Trichlorophenol

98-86-2

Acetophenone

1.3

1.3

98-95-3

Nitrobenzene

100-25-4

1,4-Dinitrobenzene (para-}

100-414

Ethyl benzene

14

1.5

100-42-5

Styrene

100-51-6

Benzy! alchohol

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol)

106-46-7

1,4-Dichlorobenzene (para-)

106-934

1,2-Dibromoethane
{Ethylene dibromide)

1.5

1.5

106-99-0

1,3-Butadiene

1.4

1.4

1.4

1.4

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Allyl chloride)

107-06-2

1,2.Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methy! isobutyl ketone
(4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylphenol (m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

14

1.6

108-88-3

Toluene (Methyl benzene)
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Table C4. Comparison Ratios for the All Pathways Farmer Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard Increased
Index Cancer Risk

Hazard
Index

Increased
Cancer Risk

108-90-7

Chlorobenzenc

108-94-1

Cyclohexanone

108-95-2

Phenol (Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadienc)

3.2

32

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

14

1.5

110-86-1

Pyridine

111-76-2

2-Butoxyethanol
Ethylene Glycol Monobutyl Ether)

111-90-0

2-(2-Ethoxyethoxy)-¢thanol
(Diethylene Glycol Monoethyl Ether)

117-81-7

Di (2-¢thylhexyl) phthalate (DEHP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorcbenzene

23

120-82-1

1,2.4-Trichlorobenzene

121-14-2

2,4-Dinitrotoluene

121-44-3

Triethylamine

2.0

2.0

122-39-4

Diphenylamine

123-91.1

1,4-Dioxane (Dicthylene oxide)

126-73-8

Tributy! Phosphate

126-938-7

2-Methyl-2-propenenitrile
(Methacrylonitrile)

127-184

Tetrachloroethylene

129-00-0

Pyrene

1.5

141-78-6

Ethyl acetate (Acetic acid, ethy! ester)

2.1

2.1

156-59-2

cis-1,2-Dichloroethylene

s

3.5

206-44-0

Fluotanthene (1,2-Benzacenaphthence)

1.3

309-00-2

Aldrin

1.5

319-84-6

alpha-Benzene hexachloride
alpha-Lindane)

1.7

L5

319-85-7

beta-Benzene hexachloride
ta-Lindane)

541-73-1

1.3-Dichlorobenzene

3.6

2.3

542-75-6

1,3-Dichloropropene {cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychloninated Biphenyls

1336-36-3

Polychlorinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese
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Table C4. Comparison Ratios for the All Pathways Farmer Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

7439-97-6

Mercury metal vapor

193,606

310,479

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-22-4

Silver

7440-24-6

Strontiunt, Stable

7440-28-0

Thallium metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Barium

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium (Ceric oxide 1306-38-3)

9,702

25,820

7440484

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium meta!l

7440-66-6

Zinc and compounds

7487-94-7

Mercuric chloride

7664-41-7

Ammonia

228

228

7723-14-0

Phosphorus, white

7782414

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001-35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

1.3

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1248

12674-11-2

Aroclor 1016

2.4

14797-55-8

Nitrate

14797-65-0

Nitrite

16065-83-1

Chromium (1) (insoluble salts)

16984-48-8

Fluorine anion

18540-29-9

Chromium (VI) (soluble salts)

33469-21-9

Aroclor 1242

na

Uranium (soluble salts)

na

Total Chromium (1:6 ratio CrVI:Cr 1II)

Notes:

¢ CASRN = Chemical Abstract Service Reference Number
+  The ratios shown are the unit factors in Table C3 divided by the unit factors in Table 15.
e Ratios less than 1.2 are not listed.
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Well Water Only, per mg/L | Columbia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[a]pyrene na 1.04E+01 na 6.14E+02
53-70-3 |Dibenz[ah]anthracene na 1.80E+01 na 1.81E+03
56-23-.5 |Carbon tetrachloride 2.61E+(2 2.08E-02 6.01E+02 5.17E-02
57-12.5 |Cyanide, free 1.16E+02 na 1.18E+02 na
57-14-7 |1,1-Dimethythydrazine na 3.85E+01 na 3.86E+01
57-55-6 |Propylene glycol (1,2-Propanediol) 1.02E+01 na 1.03E+01 na
58-89-9 g"gm‘?{'i‘nzg;:;”‘“hh““ 778E+02 | 3.03E-01 | S.16E+03 | 1.97E+00
60-29-7 |Ethy! ether (Dicthyl ether) 1.15E+00 na 1.28E+00 na
60-34-4 |Methylhydrazine na 2.88E+01 na 2.89E+01
60-57-1 {Dieldrin 3.59E+03 3.59E+00 4.56E+05 3.63E+)2
62-75-9 |N-Nitrosodimethylamine 7.55E+05 3.09E+02 7.60E+05 3.10E+02
64-18-6 |Formic acid 1.72E400 na 1.74E+00 na
67-556-1 |Methanol (Methyl alcohol) 4 38E+00 na 4 44E+00 na
67-64-1 |Acctone (2-Propanonc) 8.77E-01 na 9.06E-01 na
67-66-3 |Chloroform 2.68E+02 1.80E-02 2.74E+02 1.80E-02
67-72-1 |Hexachloroethane 2.11E+02 4.52E-03 2.61E+03 3.81E-02
71-36-3 |n-Butyl alcohol (n-Butanol) 3.43E+01 na 3.46E+01 na
71-43-2 {Benzene 4.62E+01 1.05E-02 6.40E+01 1.44E-02

1,1,1-Tnchloroethane
T1-55-6 Methyl chloroform) 6.01E-01 na 1LO7E+00 nm
72-20-8 [Endrin 2.74E+03 na 7.72E+04 na
74.83-9 |Bromomethzane 2.24E+02 na 2.34E+02 na
74-87-3 |Methyl chloride (Chloromethane) 1.70E+01 2.79E-03 1.90E+01 3.13E-03
75-00-3 |Ethyl Chloride 2.86E-01 241E-04 340E-01 3.03E-04
75-01-4 | Vinyl chloride {Chloroethene) 3.40E+01 1.17E-01 4.38E+01 1.58E-01
75-05-8 |Acetonitrile 1.23E+02 na 1.26E+02 na
75-07-0 |Acetaldehyde 5.60E+02 1.11E-02 5.80E+02 1.15E-02
75-09-2 |Dichloromethane (Methylene chloride) 1.86E+00 1.09E-03 2.12E+00 1.20E-03
75-15-0 |Carbon disulfide 1.87E+00 na 2.46E+00 na
75-21-8 |Ethylene Oxide (Oxirane) na 5.58E-01 na 5.83E-01
1,1-Dichloroethane

75-34.3 (Ethylidene chloride) 2.34E+(0 na 2. 73E+00 na
75-35-4 [1,1-Dichloroethylene 5.33E+00 na 6.73E+00 na
75-45-6 |Chlorodifluoromethane 291E-02 na 3.07E-02 na
75-68-3 |Chloro-1,1-difluoroethane, 1- 2.57E-02 na 343E-02 na
75-69-4 |Trichlorofluoromethane 1.40E+00 na 1.89E+00 na
75-71-8 |Dichlorodifluoromethane 431E+00 na 4.71E+00 na
76131 [ nenerer 2 ifliorocthane | g g3.0p na 4.24E-02 na
76-44-8 |Heptachlor 6.94E+02 2.06E+00 1.55E+05 3.48E+02
78-83-1 |Isobutanol 1.36E+00 na 1.46E+00 na
78-87-5 |1,2-Dichloropropane 3.39E+02 1.31E-02 4.34E+02 1.68E-02
78-93-3 |Methyl ethyl ketone (2-Butanone) 8.58E-01 na 9.02E-01 na
79-00-5 [1,1,2-Trichloroethane 5.26E+01 1.84E-02 6.43E+01 2.10E-02
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Table C5. Unit Factors for the Native American Scenario.
Well Water Only, per mg/L. | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-01-6 |Trichloroethylene 3.37E+02 1.27E-0] 7.68E+02 1.79E-01
79-10-7 |2-Propenoic acid (Acrylic acid) 1.34E401 na 1.34E401 na
1,1,2,2-Tetrachloroethane
79345 || A’i’élm etroctlonidel 352E+00 | 645E-02 | 539E+00 | 8.68E-02
79-46-9 |2-Nitropropane 1.32E+02 7.10E+00 1.42E+02 7.61E+00
82-68-8 |Pentachloronitrobenzene (PCND) 7.23E+01 5.64E-02 2.03EH)3 1.S7E+00
83-32-9 |Acenaphthene 5.51E+00 na 3.46E+01 na
84-66-2 |Diethyl phthalate 3.83E-01 na 5.73E-01 na
84-74-2 |Dibuty! phthalate 1.22E+00 na 4.74E+01 na
85-68-7 |Butyl benzyl phthalate 8.08E-01 n 3.70E+01 na
87-68-3 |Hexachlorobutadiene 8.01E+02 2.74E-02 2.55E+04 6.06E-01
§7-86-5 |Pentachlorophenol S5.14E+00 1.85E-02 1.93E+)2 6.89E-01
88-06-2 |2,4,6-Trichlorephenol 2.00E+03 2.33E-03 7.89E+03 8.34E-03
88-85.7 |%-Sec-Butyl4,6-dinitrophenol 2.30E+02 na 1.44E+03 na
(Dinoseb)
91-20-3 [Naphthalene 2.66E+02 na 2.94E+02 na
92-52-4 |1,1-Biphenyl 5.65E+00 na 4.32E+)1 na
95-47-6 |o-Xylene 8.25E+00 na 1.03E+01 na
95.43.7 )2-Methylphenol (o-Cresol) 1.41E+01 na 1.68E+0] na
95.50-1 |1,2-Dichlorobenzene (ortho-) 4.90E+00 na 1.26E+0) na
95-57-8 |2-Chlorophenol 9.14E401 na 1.16E+02 na
95-63-6 |1,2,4-Trimethylbenzene 1.33E+02 na 1.52E+02 na
95-95-4 |2,4,5-Trichlorophenol 1.96E+00 na 8.14E+00 na
98-86-2 |Acetophenone 4.17E+00 na 4.34E+00 na
98-95.3 |Nitrobenzene 1.05E+03 na 1.16E+03 na
100-25-4 |1,4-Dinitrobenzene {para-) 1.09E+04 na 1.18E+04 na
100-41-4 |Ethy! benzene 1.64E+00 1.52E-03 5.86E+00) 4.77E-03
100-42.5 |Styrene 1.24E+00 na 2.74E+00 na
100-51-6 [Benzyl alchohol 2.09E+00 n 2.14E+00 na
106-42.3 |p-Xylene 8.25E+00 na 1.04E+01 na
106-44-5 |4-Methylpheno! (p-Cresol) 1.37E+02 na 1.61E+02 na
106-46-7 |1,4-Dichlorobenzene {para-) 3.85E+00 6.98E-03 2.71E+01 2.37E-02
1,2-Dibromocthane
106-93-4 (Ethylene dibromide) 8.04E+03 1.02E+01 9.91E+03 1.47E+01
106-99-0 |1,3-Butadiene 6.57E+02 3.94E-02 8.57E+02 5.13E-02
107-02-8 |2-Propenat (Acrolein) 3.99E+04 na J.99E+04 na
107-05-1 |3-Chloropropene (Allyl chloride) 7.82E+02 na 7.83E+02 na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) | 1.6JE+(2 2.95E-02 1.64E+02 3.16E-02
107-13-1 |Acrylonitrile 7.24E+02 2.33E-01 7.50E+02 2.47E-01
Methyl isobutyl ketone
108-10-1 | gyt I?z_gmmnm) 2.14E+00 na 2.37E+00 na
108-38-3 |m-Xylene 8.26E+00 na 1.06E+D1 na
108-39-4 |3-Methylphenol (m-Cresol) 1.36E+01 na 1.62E+01 na
108-67-8 |1,3,5-Trimethylbenzene 1.32E+02 na 1.46E+02 na
108-87-2 |Methyl cyclohexane 543E-01 na 2.78E+00 na
108-88-3 |Toluene (Methyl benzene) 2.37E+00 na 3.39E+00 na
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Table C5. Unit Factors for the Native American Scenario.
Well Water Only, per mg/L | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-90-7 |Chlorobenzene 1.84E+01 na 3.14E+0] na
108-94-1 |Cyclohexanone 1.30E-01 na 1.37E-01 n
108-95-2 |Phenol {Carbolic acid) 3.72E+00 na 3.96E+00 na
109-99.9 |Tetrahydrofuran 4.09E+00 3.89E-03 4.22E+00 4.09E-03
110-00-9 |Furan (Oxacyclopentadiene) 2.10E+02 na 2.29E+02 na
110-54-3 |n-Hexane 6.87E+00 na 3.37E+01 na
110-80-5 |2-Ethoxyethanol 4.59E+00 na 4.67E+00 na
110-82.7 |Cyclohexane 2.54E-01 na 1.08E+00 na
110-86-1 |Pyridine 9.53E+02 na 9.89E+02 na
2-Butoxyethanol
111-76-2 Emy,m{e Glyeol Monobuty! Ether) 8.59E-01 na 9,20E-01 na
2-(2-Ethoxyethoxy)-ethanol
111-50-0 (.l()icthylcnf: Glycg-lfdonoethyl Ether) 4.58E+01 na 4.64E+01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 4. 14E+02 1.16E-0] 8.81E+02 2.33E-01
117-84-0 |Di-n-octylphthalate 4.47E4(2 na 7.39E+02 na
118-74-1 |Hexachlorobenzene 5.20E+02 8.44E-01 5.04E+04 6.47E+01
120-82-1 |1,2,4-Trichlorobenzene 2.06E+02 na 3.99E+02 na
121-14-2 |2,4-Dinitrotoluene 3.63E+02 na 4.24E+02 na
121-44-8 |Tricthylamine 3.54E+02 na 3.B0E+D2 na
122-39-4 |Diphenylamine 9.53E+00 na 4.68E+01 na
123-91.1 |1,4-Dioxane {Dicthylene oxide) na 1.19E-02 na 1.22E-02
126-73-8 |Tributyl Phosphate 8.75E-01 941E-04 3.65E+00 3.57E-03
2-Methyl-2-propenenitrile
126987 |'n e oY o fni:f;c) 3.34E+03 na 3.61E+03 na
127-18-4 |Tetrachloroethylene 8.62E+00 4.26E-03 7.32E+01 3.78E-02
129-00-0 |Pyrene 1.63E+01 na 3.46E+02 na
141-78-6 |Ethyl acetate (Acetic acid, ethyl ester) 3.74E-01 na 4.04E-01 na
156-59-2 |cis-1,2-Dichloroethylene 1.92E401 na 237E+01 na
206-44-0 (Fluoranthene (1,2-Benzacenaphthene) 1.60E+01 na 4.09E+02 na
309-00-2 |Aldrin 2.61E+04 1.52E+01 5.25E+06 2.68E+03
319-84.6 [{BiDpnzche enachlonde ATIEH2 | 1B4E+00 | 339E+03 | 1.08E+01
319-85.7 |y briache bexachlonde 1.08E+03 | 393E-01 | 8.46E+03 | 2.97E+00
541.73-1 |1,3-Dichlotobenzene 2.26E+H02 na 1.14E4+03 na
542.75-6 |1,3-Dichloropropene {cis & trans) 4.19E+01 1.15E-02 4.39E+01 1.75E-02
621-64-7 [N-Nitrosodi-N-propylamine na 9.02E+00 na 9.60E+00
1314-62-1 | Vanadium pentoxide 1.18E+01 na 3.14E+02 na
1330-20-7 | Xylenes (mixtures) 8.24E+00 na 1.02E+01 na
1336-36-3 |Polychlorinated Biphenyls na 4,74E-01 na 8.95E+02
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 3.64E-01 na 8.95E+02
6533-73.9 {Thallium carbonate 1.73E+03 na 9.89E+05 na
7429-90-5 |Aluminum 1.37E+00 na 6.64E+00 na
7439-89-6 |Iron 3.61E-01 na 9.74E+00 na
7439-93.2 |Lithium 1.72E+01 na 6.71E+01 na
7439-96-5 | Manganese 1.34E+02 na 2.02E+02 na
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Table C5. Unit Factors for the Native American Scenario.
Well Water Only, per mg/L | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
7439-97-6 |Mercury metal vapor 3.40E+04 na 7.85E+05 na
7439-98-7 |Molybdenum 2.01E+02 na 2.82E+02 na
7440-02-0 |Nickel (soluble salts) 2.49E+01 na 1.18E+02 na
7440-22-4 [Silver 1.81E+01 na 2.40E+02 na
7440-24-6 |Strontium, Stable 2.36E+00 na 4.94E+00 na
7440-28-0 | Thallium metal 2.06E+03 na 1.19E+06 na
7440-31-5 |Tin 3.20E-01 na 4.12E+01 na
7440-36-0 | Antimony 3.08E+02 na 1.08E+04 h]
7440-18-2 | Arsenic (inorganic) 3.09E+02 1.65E-01 9.89E+03 4.38E+00
7440-39-3 |Barium 148E+01 na J41E+01 na
7440-41-7 |Beryllium and compounds 3.77E+02 1.55E-02 3.57EH)3 1.55E-02
7440-42-8 |Boron and borates only 1.67E+01 na 1.87E+01 na
7440-43-9 |Cadmium S5,08E+02 1.16E-02 2.03E+04 1.16E-02
7440-45-1 |Cerium {Ceric oxide 1306-38-3) 1.50E+04 na 1.79EH)6 na
7440-484 |Cobalt 3.31E+02 1.80E-02 4.88E+02 1.80E-02
7440-50-8 |Copper 3.83E+01 na 9.60E+01 na
7440-62-2 | Vanadium metal 1.95E+01 na 1.08E+03 na
7440-66-6 | Zinc and compounds 3.36E+02 na 3.47EH)2 na
7487.94-7 |Mercuric chloride J.21E+03 na J.09E+04 na
7664-41-7 | Ammonia 6.37E+02 na 6.39E+H02 na
7723.14-0 {Phosphorus, white 5.35E+05 na 1.14E+06 na
7782-41-4 |Fluorine (soluble fluoride) 4.39E+00 na 2.07E+01 na
7782-49-2 |Selenium and compounds 2.69EH01 na 3.58E+02 na
8001-35-2 | Toxaphene na 2.92E-01 na 4.90E+01
11096-82-5| Aroclor 1260 na 3.00E+01 na 1,35E+02
11097-69-1|Aroclor 1254 4.92E+04 1.10E+00 5.44E+H07 2.17E+03
11104-28-2 | Aroclor 1221 na 2.05E-01 na 9.86E+00
11141-16-5|Aroclor 1232 na 2.05E-01 na 9.86E+00
12672-29-6| Aroclor 1248 na 4.61E-01 na 9,78E+D2
12674-11-2| Aroclor 1016 5.19E+03 2.00E-01 1.96E+06 2.73E+02
14797.55-8 | Nitrate 2.80E-02 na 6.51E-02 na
14797-65-0 | Nitrite 4.49E-01 na 1.04E+D0 na
16065-83-1 |Chromium (III) {insoluble salts) 1.16E-01 na T.15EH00 na
16984-48-8 |Fluorine anion 4.39E+00 na 2.07E+01 na
18540-29-9 | Chromium (V) (soluble salts) 8.06E+02 7.53E-02 1.36E+03 7.53E-02
53469-21-9|Aroclor 1242 na 4.64E-01 na 8.95E+02
na Uranium (soluble salts) 1.37E+02 na 7.55E+02 na
na Total Chromium (1:6 ratio CrVLCrIII) | 1.15E+02 1.08E-02 2.01E+02 1.08E-02
Notes:
s CASRN = Chemical Abstract Service Reference Number
+ The tota! risk to the Native American is calculated using mtakcs from 70 consecutive years. The soil
concentration is zero at the start of the exposure,
e These scenario factors must be multiplied by the appropriate water concentration. The “Well Water”
columns assume all the contaminated water comes from the well, The “Columbia River” columns assume all
contaminated water comes from the Columbia River.
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Table Cé6. Unit Factor Ratios for the Native American Scenario.
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CASRN

Chemical Name

‘Well Water Ratlos

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[alpyrene

33-70-3

Dibenz[ah)anthracene

56-23-5

Carbon tetrachloride

2.6

1.4

57-12-5

Cyanide, free

57-14-7

1,1-Dimethylhydrazine

57-55-6

Propylene glyco! {1,2-Propanediol)

58-89-9

gamma-Benzene hexachloride
{gamma-Lindane)

60-29-7

Ethyl ether (Diethy! ether)

1.9

1.8

60-344

Methylhydrazine

60-57-1

Dieldrin

1.3

62-75-9

N-Nitrosodimethylamine

64-18-6

Formic acid

67-56-1

Methanol (Methy! alcohol)

67-64-1

Acetone (2-Propanone)

67-66-3

Chloroform

67-72-1

Hexachloroethane

2.1

71-36-3

n-Buty! alcohol! (n-Butano!)

71-43-2

Benzene

71-55-6

1,1,1-Trichloroethane
(Methyl chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methy! chloride (Chloromethane)

2.0

2.2

75-00-3

Ethyl Chloride

75-01-4

Vinyl chloride {Chloroethenc)

75-05-8

Acetonitrile

9.4

9.7

75-07-0

Acetaldehyde

6.4

6.4

6.7

6.7

75-09-2

Dichloromethane (Methylene chloride)

75-15-0

Carbon disulfide

75-21-8

Ethylene Oxide (Oxirane)

75-34-3

1,1-Dichloroethane
{Ethylidene chloride)

75-35-4

1,1-Dichloroethylene

75-45-6

Chlorodifluoromethane

1.9

2.0

75-68-3

Chloro-1,1-difluoroethane, 1-

1.6

2.2

75-69-4

Trichlorofluoromethane

75-71-8

Dichlorodifluoromethane

76-13-1

1,1,2-Trichloro-1,2 2-trifluorcethane
(CFC-113)

76-44-8

Heptachlor

1.5

78-83-1

Isobutanol

78-87-5

1,2-Dichloropropane

1.7

24

2.2

1.8

78-93-3

Methy! ethyl ketone (2-Butanone)

79-00-5

1,1,2-Trichloroethane

2.1

1.8
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CASRN

Chemical Name

Well Water Ratlos

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

79-01-6

Trichloroethylene

79-10-7

2-Propenoic acid (Acrylic acid)

79-34-5

1,1,2,2-Tetrachloroethane
{Acetylene tetrachloride)

2.1

1.5

79-46-9

2-Nitropropane

34

34

3.6

3.6

82-68-8

Pentachloronitrobenzene (PCNB)

2.1

2.1

83-32-9

Accnaphthene

1.5

84-66-2

Diethyl phthalate

84-74-2

Dibutyl phthalate

85-68-7

Butyl benzyl phthalate

87-68-3

Hexachlorobutadiene

1.9

87-86-3

Pentachlorophenol

88-06-2

2.4,6-Trichlorophenol

88-85-7

2-sec-Butyl4,6-dinitrophenol
(Dinoseb)

91-20-3

Naphthalene

92.52-4

1,1"-Bipheny!

1.7

95-47-6

o-Xylene

95-48-7

2.Methylphenol (o-Cresol)

95-50-1

1,2-Dichlorobenzene {(ortho-)}

95.57-8

2-Chlorophenol

55-63-6

1,2, 4-Trimethylbenzene

95.95-4

2.4,5-Trichlorophenol

98-86-2

Acetophenone

98-95-3

Nitrobenzene

100-25-4

1,4-Dinitrobenzene (para-)

100-41-4

Ethyl benzene

1.8

5.5

100-42-5

Styrene

100-51-6

Benzyl alchoho!

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol)

106-46-7

1,4-Dichlorobenzene (para-)

106-93-4

1,2-Dibromoethane
{Ethylene dibromide)

2.1

25

106-99-0

1,.3-Butadiene

1.7

1.7

2.2

2.2

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Ally! chloride)

107-06-2

1,2-Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobuty! ketone
(4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylphenol (m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

2.1

10.7

108-88-3

Toluene (Methyl benzene)
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CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

108-60-7

Chlorobenzene

108-94-1

Cyclohexanone

108-95-2

Phenol {Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadiene)

2.1

2.0

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

1.9

8.3

110-86-1

Pyridine

111-76-2

2-Butoxyethanol
(Ethylene Glycol Monobuty! Ether)

111-90-0

2-{2-Ethoxyethoxy)-cthanol
{Diethylene Glycol Monoethy! Ether)

117-81-7

Di (2-ethylhexyl) phthalate {DELP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

1.4

120-82-1

1,2,4-Trichlorobenzene

121-14-2

2A-Dinitrotoluene

121-44-8

Triethylamine

3.2

34

122-394

Diphenylamine

123-91-1

1,4-Dioxane (Diethylene oxide)

126-73-8

Tributyl Phosphate

126-98-7

2-Methyl-2-propenenitrile
{Methacrylonitrile)

127-134

Tetrachloroethylene

129-00-0

Pyrene

141-78-6

Ethyl acetate (Acetic acid, ethyl ester)

1.5

1.4

156-59-2

cis-1,2-Dichloroethylene

24

1.9

206-44-0

Fluoranthene (1,2-Benzacenaphthene)

309-00-2

Aldrin

319-84-6

alpha-Benzene hexachloride
{alpha-Lindane)

1.3

319-85-7

beta-Benzene hexachloride
{beta-Lindane)

541-73-1

1,3-Dichlorobenzene

22

542.75-6

1,3-Dichloropropene (cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes {mixtures)

1336-36-3

Polychlorinatcd Biphenyls

1336-36-3

Polychlorinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese
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CASRN

Chemical Name

Well Water Ratios

Cotumbia River Ratios

Hazard
Index

In¢reased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

7439-97-6

Mercury metal vapor

1,623

37,501

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-224

Silver

7440-24-6

Strontium, Stable

7440-28-0

Thallium metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Barium

743041.7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium {Ceric oxide 1306-38-3)

464

55,627

7440-43-4

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zinc and compounds

7487-94-7

Mercuric chloride

7664-41-7

Ammonia

578

580

7723-14-0

Phosphorus, white

7782414

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001-35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1243

12674-11-2

Aroclor 1016

14

14797-55-8

Nitrate

14797-65-0

Nitrite

16065-83-1

Chromium (III) {(insoluble salts)

16984-48-8

Fluorine anion

18540-29-9

Chromium (VI) (soluble salts)

53469-21-9 | Aroclor 1242

na Uranium (soluble salts)

n Total Chromium (1:6 ratio CrVI:.Cr 111}
Notes:

e CASRN = Chemical Abstract Service Reference Number
e The ratios shown are the unit factors in Table C5 divided by the unit factors in Table 18.
e Ratios less than 1.2 are not listed.
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Table C7. Unit Factors: Columbia River Population & HSRAM Industrial Scenarios.

Columbia River Population HSRAM Industrial
(per mg/L) (per mg/L)

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[a]pyrene n 1.01E+07 na 2,95E-01
53-70-3 |Dibenz[a hlanthracene na 2.14E+07 na 391E-01
56-23-5 |Carbon tetrachloride 7.84E408 6.10E+04 8.62E+01 1.87E-03
57-12.5 |Cyanide, free 2.61E+08 na 2.97E+00 na
57-14-7 |1,1-Dimethylhydrazine na 8.35E+07 na 9.79E-03
57-55-6 |Propylene glycol (1,2-Propancdiol) 1.77E+07 na 2.04E-02 na
53.89.9 |gamma-Benzene hexachloride 1.82E+09 | 7.06E+05 | 7.06E+01 | 7.87E-03

{gamma-Lindane)
60-29-7 |Ethyl ether {Diethy] ether) 3.33E+06 na 2.97E-01 na
60-34-4 |Methylhydrazine na 6.24E+07 na 9.04E-03
60-57-1 |Dieldrin 8.67EH09 9.45E+06 6.60E+02 2.43E-01
62-75-9 |N-Nitrosodimethylamine 1.64E+12 6.71E+08 1.69E+03 2.50E-01
64-18-6 |Formic acid 3.73E+06 na 5.08E-03 na
67-56-1 |Methanol (Methyl alcohol) 9.59E+06 na 3.80E-02 na
67-64-1 |Acetone (2-Propanone) 2.09E+06 na 6.58E-02 na
67-66-3 |Chloroform 9.39E+08 6.38E+04 1.16E+02 2.27E-03
67-72-1 |Hexachloroethane 5.74E+08 1.36E+04 6.31E+01 4.50E-04
71-36-3 |n-Buty! alcohol (n-Butanol) 1.17E+08 na 1.38E+0] na
71432 |Benzene 137E+08 | 3.15E+04 | 142E+01 | 9.35E-04
,1,1-Trichloroethane
71.55-6 l(Mcthyl T oroform 1.81E+06 n 1.94E-01 m
72-20-8 |Endrin 3.04E+H09 na 3.21E+02 na
74-83-9 |Bromomethane 7.09E+08 na 7.62E+01 na
74-87-3 |Methyl chloride (Chloromethane) 4 97E+07 8.1SE+03 4.62E+00 2.15E-04
75-00-3 [Ethyl Chloride 7.52E+05 5.51E+02 5.98E-02 8.38E-06
75-01-4 |Viny! chloride {Chloreethene) 8. 74E+07 2.75E+05 6.84E+00 2.52E-03
75-05-8 |Acetonitrile 2.86E+08 na 6.93E+00 na
75-07-0 [Acetaldchyde 1.34E+09 2.66E+04 4.61E401 2.61E-04
75-09-2 |Dichloromethane (Methylene chloride) 4.59E+06 2.96E+03 2.81E-01 6.79E-05
75-15-0 |Carbon disulfide 5.62E4+06 na 6.00E-01 na
75-21.8 [Ethylene Oxide (Oxirane) na 1.33E+06 na 1.27E-02
1,1-Dichloroethane

75-34-3 (Ethylidene chloride) 7.34E+06 na 7.92E-01 na
75-35-4 |1,1-Dichloroethylene 1.71E+07 na 1.94E+00 na
7545-6 |Chlorodifluoromethane 8.63E+04 na 8.30E-03 na
75-68-3 |Chloro-1,1-difluoroethane, I- 7.82E+04 na 8.35E-03 na
75-69-4 |Trichlorofluoromethane 4 50E+06 na 5.35E-01 na
75-71-8 |Dichlorodifluoromethane 147E+07 na 1.79E+00 na
76131 |\t ereetane | 9.748404 na 1.19E-02 na
76-44-8 |Heptachlor 1.57E+09 5.30E+06 1.38E+02 1.52E-01
78-83-1 Jlsobutanol 3.21E+06 na 9.88E-02 na
78-87-5 |1,2-Dichloropropane 1.02E+09 J.95E+04 1.0S5E+02 1.16E-03
78-93.3 |Methyl ethyl ketone (2-Butanone) 2.10E+06 na 8.55E-02 na
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Table C7. Unit Factors: Columbia River Population & HSRAM Industrial Scenarios.

Columbia River Population HSRAM Industrial
(per mg/L) (per mg/L)

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-00-5 |1,1,2-Trichloroethane 1.55E+08 5.80E+04 1.49E+01 1.77E-03
79-01-6 |[Trichloroethylene §.53E+08 3.87E+H05 5.27E+01 1.28E-02
79-10-7 |2-Propenoic acid {Acrylic acid) 4.53E+07 na 5.25E+00 na

1,1,2,2-Tetrachloroethane
79345 | Aifylm ehloride 103E+07 | 203E+05 | 994E-01 | 6.23E-03
7946-9 |2-Nitropropane 3.45E+08 1.85E+07 2.08E+01 3.18E-01
82-68-8 |Pentachloronitrobenzene (PCNB) 2.03E+08 1.58E+05 2.06E+0! 4.58E-03
83-32-9 [Accnaphthene 1.1TE+O7 na 1.22E+00 na
84-66-2 |Diethyl phthalate 8.51E+H05 na 1.40E-02 na
84-74-2 |Dibutyl phthalate 2.66E+06 na 1.55E-01 na
85-68-7 |Butyl benzy! phthalate 1.72E+06 na 7.67E-02 na
87-68-3 |Hexachlorobutadiene 1.95EH)9 7.65E+(1 2.24E+02 2.60E-03
87-86-5 |Pentachlorophenol 8.89E+06 3.18E4+04 543E-01 5.59E-04
88-06-2 {2,4,6-Trichlorophenol 4.25E+09 3.12E+03 1.84E+02 7.42E-05
83-85-7 :'(;fﬁoffg 1-4,6-dinitrophenol 6.12E+08 na 1.22E+01 na
91-20-3 |Naphthalene 9.36E+08 na 1.16E+02 na
92.52-4 |1,1-Biphenyl 1.31E+07 na 1.38E+00 na
95-47-6 |o-Xylene 2.85E+07 na 3.52E+00 na
95-48-7 |2-Methylphenol (o-Cresol) 3.09E+07 na 2.58E-01 na
95-50-1 |1,2-Dichlorobenzene (ortho-) 1.58E+07 na 1.87E+00 na
95-57-8 |2-Chlorophenol 2.13E+08 na 6.63E+00 na
95-63-6 |1,2,4-Trimethylbenzene 4.67EH08 na 5.81E+01 na
95-95-4 1{2,4,5-Trichlorophenol 4.07EH06 na 1.65E-01 na
§8-86-2 |[Acetophenone 9.82E+06 na 3.10E-01 na
98-95-3 |Nitrobenzene 2.82E+09 na 1.90E+02 na
100-25-4 |1,4-Dinitrobenzene (para-) 2.39E+10 na 1.07E+02 na
100-41-4 |Ethyl benzene 4 44E+06 4.33E+03 4.68E-01 1.36E-04
100-42-5 |Styrene 3.68E+06 na 4.06E-01 na
100-51-6 |Benzyl alchohol 4 58EH06 na 3.53E-02 na
106-42-3 |p-Xylene 2.85E+07 na 3.52E+00 na
106-44-5 |4-Methylphenol {p-Cresol) 3.01E+08 na 247E+00 na
106-46-7 |1,4-Dichlorobenzene (para-) 9,08E+06 2.15E+04 8.39E-01 7.05E-04
106-934 ;ﬁ&%ﬁ'g’;‘ﬁ;ﬁ"ﬂ’&c) 2326410 | 234E+07 | 208E+03 | 2.63E-01
106-99-0 |1,3-Butadiene 1.97E+09 1.18E+035 2.11E402 3.61E-03
107-02-8 |2-Propenal (Acrolein) 1.40E+11 na 1.73E+04 na
107-05-1 |3-Chloropropene (Allyl chloride) 2. T7E+09 na 346E+02 na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) | 5.73E+08 9.31E+04 7.09E+01 2.83E-03
107-13-1 |Acrylonitrile 2.12E+09 5.86E+05 1.83E+02 8.24E-03
Methyl isobutyl ketone

108-10-1 | 4_M’;ﬂ'fy u_‘gmmm) 5.15E+06 na 2.40E-01 na
108-38-3 |m-Xylene 2.85E+07 na 3.52E+00 na
108-39-4 |3-Methylphenol (m-Cresol) 2.97E+07 na 2.45E-01 na
108-67-8 |1,3,5-Trimethylbenzene 4.67E+08 na 5.81E+01 na
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Table C7. Unit Factors: Columbia River Population & HSRAM Industrial Scenarios.

Columbia River Population HSRAM Industrial
(per mp/L) (per mg/L)
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-87-2 |Methyl cyclohexane 1.35E+06 na 1.55E-01 na
108-88-3 |Toluene (Methyl benzene) 7.78E+06 na 9.25E-01 na
108-90-7 |Chlorobenzene 5.60E+07 na 6.52E+00 na
108-94-1 |Cyclohexanone 2.97E+05 na 5.61E-03 na
108-95-2 |Phenol (Carbolic acid) 8.12E+06 na 3.57E-02 na
109-99-9 |Tetrahydrofuran 1.25E+07 1.06E+04 1.20E400 2.13E-04
110-00-9 |Furan {Oxacyclopentadiene) 6.20E+08 na 5.95E+01 na
110-54-3 |n-Hexane L.75E+07 na 212E+00 na
110-80-5 |2-Ethoxyethanol 1.01E+07 na 5.78E-02 na
110-82-7 |Cyclohexane 6.64E+05 na 7.54E-02 na
110-86-1 |Pyridine 2.15E+09 na 3.21E+0] na
2-Butoxyethanol
111-76-2 (Ethylcr{c Glycol Monobutyl Ether) 1.89E+06 na 2.15E-02 na
2-(2-Ethoxyethoxy)-ethanol
111-50-0 (.I()icthylcn)é Glyclg-;donocthyl Ether) 9516407 na 1.64E-01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 6.35E+08 1.77E+05 1.75E+01 1.40E-03
117-84-0 |Di-n-octylphthalate 8.52E+08 na 4.42E+00 na
118-74-1 |Hexachlorobenzene 897E+H)8 1.78E+06 1.07E+02 6.18E-02
120-82-1 |1,2,4-Trichlorobenzene 7.12E+08 na 8.80E+01 na
121-14-2 {2.4-Dinitrotoluene T92E+08 na 5.04E+00 na
121-44-8 |Triethylamine 9.33E+08 na 5.94E+01 na
122-39-4 |Diphenylamine 2.03E+07 na 8.10E-01 na
123-91-1 |1,4-Dioxanc (Dicthylene oxide) na 2.63E+04 na 6.13E-05
126-73-8 |Tributyl Phosphate 1.86E+06 1.99E+03 6.11E-02 1.89E-05
2-Methyl-2-propenenitrile
126-98-7 (Mcﬂm{ o fnige) 8.92E+09 na 5.93E+02 na
127-18-4 |Tetrachloroethylene 1.98E+07 9.49E+03 1L.72E+00 2.26E-04
129-00-0 |Pyrene 2.38E+07 na 2.27E+00 na
141-78-6 |Ethyl acetate (Acetic acid, ethyl ester) 9.97E+05 na 6.59E-02 na
156-59-2 lcis-1,2-Dichloroethylene 5.78E+07 na 5.97E+00 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 1.91E+07 na 2.05E+00 na
309-00-2 |Aldrin 4.77E+10 3.00E+07 2.99E+03 6.76E-01
319-84-6 [{0-Ppaacne exachloride 1LI9E+09 | 4.99E+06 | 7.09E+01 | 1.08E-01
319-85.7 |5i-BrTacne hexachlonide 239E+09 | 8.71E+05 | 588Es01 | 651E-03
541-73-1 |1,3-Dichlorobenzene 6.31E+08 na 6.93E+01 na
542-75-6 |1,3-Dichloropropene (cis & trans) 1.45E+08 2.97E+04 1.77E+01 6.94E-04
621-64-7 |N-Nitrosodi-N-propylamine na 1.99E+07 na 4.22E-02
1314-62-1 | Vanadium pentoxide 2.83E+07 na 1.45E+00 na
1330-20-7 | Xylenes (mixtures) 2.85E+07 na 3.52E+00 na
1336-36-3 | Polychlorinated Biphenyls na 6.11E+05 na 1.63E-02
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 5.33E+05 na 1.22E-02
6533-73-9 | Thallium carbonate S5.10E+09 na 1.24E+02 na
7429-90-5 | Aluminum 2.94E+05 na 1.32E-02 na
7439-89-6 |Iron 1.13E+06 na 3.32E-02 na
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Table C7. Unit Factors: Columbia River Population & HSRAM Industrial Scenarios.

Columbia River Population HSRANM Industrial
{per mg/L) {per mg/L)
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
7439-93-2 |Lithium 2.86E+07 na 4 96E-01 na
7439-96-5 |Manganese 1.71E+07 na 4.93E-01 na
7439-97-6 |Mercury metal vapor 4.69E+10 na 2.82E+03 na
7439-98-7 {Molybdenum 4.18E408 na 1.99E+00 na
7440-02-0 |Nickel (soluble salts) 3.85E+07 na 4.97E-01 na
7440-224 |Silver 5.52E+07 na 2.00E+00 na
7440-24-6 |Strontium, Stable 4 81E+06 na 1.67E-02 na
7440-28-0 | Thallium metal 5.99E+09 na 1.51E+02 na
7440-31-5 |Tin 9.59E+05 na 1.81E-02 na
7440-36-0 | Antimony 8.12E+03 na 2.95E+01 na
7440-38-2 [Arsenic (inorganic) 8.93E+08 3.99E+05 3.35E+01 4.32E-03
7440-39-3 {Barium 5.3BEH06 na 1.70E-01 na
7440-41-7 | Beryltium and compounds 1.74E+08 6.50E+02 6.7T7E+00 8.80E-06
7440-42-8 |Boron and borates only 3.39E+07 na 1.11E-01 na
7440-43-9 |Cadmium 1.34E+09 4.65E+02 2.11E+01 6.52E-06
7440-45-1 | Cerium (Ceric oxide 1306-38-3) 4 80E+10 na 8.65E+02 na
7440-48-4 |Cobalt 3.83E+07 7.13E+02 1.13E+00 1.01E-05
7440-50-8 |Copper 8.23E+07 na 2.48E-01 na
7440-62-2 | Vanadium metal 5.08E+07 na 2.07E+00 na
7440-66-6 |Zinc and compounds 7.30E+08 na 3.32E-02 na
7487-94-7 | Mercuri¢ chloride 9.73E+09 na A31EH1 na
7664-41-7 | Ammonia 1.38E+09 na 1.17E+00 na
7723-14-0 | Phosphorus, white 9.49E+11 na 5.01E+02 na
7782-41-4 |Fluorine (soluble fluoride) 1.40E+07 na 1.66E-01 na
7782-49-2 | Selenium and compounds 6.86E+07 na 1.98E+00 na
3001-35-2 | Toxaphene na 6.69E+05 na 1.22E-02
11096-82-5] Aroclor 1260 na 2.98E+07 na 3.53E-02
11097-69-1| Aroclor 1254 8.46E+10 1.26E+06 531E+03 1.79E-02
11104-28-2| Aroclor 1221 na 3.59E+05 na 1.34E-02
11141-16-5|Aroclor 1232 na 3.59E+405 na 1.34E-02
12672-29-6| Aroclor 1248 na 5.95E+05 na 1.66E-02
12674-11-2|Aroclor 1016 1.03E+10 4.36E+05 1.11E+03 1.19E-02
14797-55-8 |Nitrate 6.84E+04 na 6.13E-03 na
14797-65-0|Nitrite 1.13E+06 na 1.03E-01 na
16065-83-1|Chromium (III) (insoluble salts) 2.93E+05 na 1.12E-02 na
16984-48-8 | Fluorine anion 1.40E+07 na 1.66E-01 na
18540-29-9 | Chromium (VI) (soluble salts) 551E+07 3.79E+02 3.83E+00 1.50E-05
53469-21-9| Aroclor 1242 na 6.00E+05 na 1.63E-02
na Uranium {soluble salts) 347E+08 na 1.65E+01 na
na Total Chromium (1:6 ratio CrVLCr I1I) | 8.12E+06 541E+01 5.64E-01 2.14E-06
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Table C7. Unit Factors: Columbia River Population & HSRAM Industrial Scenarios.

Columbia River Population HSRANM Industrial
(per mg/1) (per mg/L)
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
Notes:

s CASRN = Chemical Abstract Service Reference Number

o  The total risk to the population along the Columbia River (5 million people) is calculated using intakes from

70 consecutive years. The soil concentration is zero at the start of the exposure.,

o The total risk to the worker is calculated using intakes from 20 consecutive years. The soil concentration is

zero at the start of the exposure,

#  These scenario factors must be multiplied by the appropriate water concentration.

Table C8. Comparison Ratios for the Columbia River Population & HSRAM Industrial
Scenarios.

CASRN

Chemical Name

Population Ratios

Industrial Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[a]pyrene

53-70-3

Dibenz[ah]anthracene

56-23-5

Carbon tetrachloride

3.6

5.5

57-12-5

Cyanide, free

6.0

57-14-7

1,1-Dimethylhydrazine

57-55-6

Propylene glycol (1,2-Propanediol)

58-89-9

gamma-Benzene hexachloride
(gamma-Lindane)

2.0

20

60-29-7

Ethyl ether (Dicthyl ether)

2.5

6.0

60-34-4

Methylhydrazine

60-57-1

Dieldrin

1.6

2.6

62-75-9

N-Nitrosodimethylamine

14

64-18-6

Formic acid

67-56-1

Methano! (Methyl alcohol)

1.9

67-64-1

Acctone (2-Propanone)

1.3

6.0

67-66-3

Chloroform

67-72-1

Hexachloroethane

3.2

4.6

71-36-3

n-Buty! alcchol (n-Butanol)

71-43-2

Benzene

71-55-6

1,1,1-Trichloroethane
{Methy! chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methyl chloride (Chloromethane)

1.6

1.2

75-00-3

Ethyl Chloride

75-01-4

Viny! chloride (Chloroethene)

75-05-8

Acetonitrile

6.2

75-07-0

Acetaldchyde

44

4.4

75-09-2

Dichloromethane (Methylene chloride)




HNF-SD-WM-TI-707 Rev 4

Page C-32

Table C8. Comparison Ratios for the Columbia River Population & HSRAM Industrial

Scenarios.
Population Ratios Industrial Ratios
Hazard Increased Hazard Increased

CASRN Chemical Name Index Cancer Risk Index Cancer Risk
75-15-0 |Carbon disulfide
75-21-8 |Ethylene Oxide (Oxirane)

1,1-Dichloroethane
75343 (Ethylidene chloride)
75-35-4 |1,1-Dichloroethylene
75-45-6 |Chlorodifluoromethane 1.6 1.2
75-68-3 |Chloro-1,1-difluoroethane, 1- 14 1.2
75-694 |Trichlorofluoromethane
75-71-8 |Dichlorodifluoromethane

1,1,2-Trichloro-1,2,2-trifluoroethane
76-13-1 (CFJC-I ) 2
76-44-8 |Heptachlor 2.0 3.5
78-83-1 [lIscbutanol 30
78-87-5 |1,2-Dichloropropane 1.5 3.1 1.2 5.8
78-93-3 |Methyl ethyl ketone (2-Butanone)
79-00-5 |1,1,2-Trichloroethane 28 59
79-01-6 |Trichloroethylene
79-10-7 |2-Propenoic acid (Acrylic acid)

1,1,2,2-Tetrachloroethane
79-34-5 (A’czc'tzylenc tetrachloride) 28 5.8
79-46-9 |2-Nitropropane 2.5 2.5 12 1.2
82-68-8 |Pentachloronitrobenzene (PCNB) 29 2.9 5.0 50
83-32-9 |Acenaphthene 23 31
84-66-2 |Diethyl phthalate
84-74-2 |Dibutyl phthalate 13
85-68-7 |Buty! benzy! phthalate
87-68-3 |Hexachlorobutadiene 3.1 38
§7-86-5 |Pentachlorophenol
88-06-2 |2,4,6-Trichlorophenol 14

2-sec-Butyl4,6-dinitrophenol
88-85-7 (Dinosclg d
91.20-3 |Naphthalene
92.52-4 |1,1-Biphenyl 2.5 3.6
95-47-6 |o-Xylene
95-48-7 |2-Methylphenol (0-Cresol) 1.2
95.50-1 |1,2-Dichlorobenzene (ortho-)
95-57-8 |2-Chlorophenol 1.2 32
95-63-6 |1,2,4-Trimethylbenzene
95-954 |2,4,5-Trichloropheno!l 1.2
98-86-2 |Acctophenone 1.2 3.1
98-95-3 |Nitrobenzene
100-25-4 |1,4-Dinitrobenzene (para-}
100-41-4 |Ethyl benzene 1.4 1.2
100-42-5 |Styrene
100-51-6 |Benzy! alchohol
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Table C8. Comparison Ratios for the Columbia River Population & HSRAM Industrial
Scenarios.

CASRN

Chemical Name

Population Ratios

Industrial Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

106-42-3

p-Xylene

106-44-5

4-Methylphenol {p-Cresol)

106-46-7

1,4-Dichlorobenzene (para-)

106-93-4

1,2-Dibromoethane
(Ethylene dibromide)

1.7

1.2

106-99-0

1,3-Butadiene

1.4

14

1.2

1.2

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Ally! chloride)

107-06-2

1,2-Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobutyl ketone
(4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylphenol {m-Cresol}

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

1.5

1.3

108-88-3

Toluene (Methyl benzene)

108-90-7

Chlorobenzene

108-94-1

Cyclohexanone

2.8

108-95-2

Phenol (Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan {Oxacyclopentadiene)

2.8

5.9

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

1.4

13

110-86-1

Pyridine

3.2

111-76-2

2-Butoxyethanol
{Ethylene Glycol Monobutyl Ether)

111-90-0

2.(2-Ethoxyethoxy)-ethanol
{Dicthylene Glyco! Monoethyl Ether)

117-81-7

Di (2-ethylhexyl) phthalate (DEHP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

2.2

24

120-82-1

1,2,4-Trichlorobenzene

121-14-2

2.4-Dinitrotoluene

121-44-8

Triethylamine

24

1.2

122-394

Diphenylamine

1.5

123-91-1

1,4-Dioxane (Diethylene oxide)

2.0

126-73-8

Tributyl Phosphate

126-98-7

2-Methyl-2-propenenitrile
(Methacrylonitrile)

127-18-4

Tetrachloroethylene

129-00-0

Pyrene

14

1.5

141-78-6

Ethy! acetate (Acetic acid, ethyl ester)

1.8

6.0

156-59-2

cis-1,2-Dichloroethylene

3.2

58
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Table C8. Comparison Ratios for the Columbia River Population & HSRAM Industrial

Scenarios.

CASRN

Chemical Name

Population Ratios

Industrial Ratios

Hazard Increased
Index Cancer Risk

Hazard Increased
Index Cancer Risk

206-44-0

Fluoranthene (1,2-Benzacenaphthene)

1.2

1.3

309-00-2

Aldrin

14

2.2

319-84-6

alpha-Benzene hexachloride
(alpha-Lindane)

1.5

33

319-85-7

beta-Benzene hexachloride
(beta-Lindane)

541-73-1

1,3-Dichlorobenzene

33

4.8

542-75-6

1,3-Dichloropropene {cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

2.1

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychlorinated Biphenyls

1336-36-3

Polychlerinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese

7439-97-6

Mercury metal vapor

377,717

169,080

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-224

Silver

7440-24-6

Strontium, Stable

7440-28-6

Thallium metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Barium

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium (Ceric oxide 1306-38-3)

34,840

13,409

7440-48-4

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zinc and compounds

7487.94.7

Mercuric chloride

7664-41-7

Ammonia

354

24

7723-14-0

Phosphorus, white

7782414

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001.35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

1.3

1.9
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Table C8. Comparison Ratios for the Columbia River Population & HSRAM Industrial

Scenarios.
Population Ratios Industrial Ratios
Hazard Increascd Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk

11104-28-2| Aroclor 1221
11141-16-5|Aroclor 1232
12672-29-6| Aroclor 1248
12674-11.2| Aroclor 1016 22 28
14797-55-8 | Nitrate

14797-65-0 | Nitrite

16065-83-1| Chromium (111) {(insoluble salts)

16984-48-8| Fluorine anion
18540-29-9|Chromium (VI) (soluble salts)

53469-21-9| Aroclor 1242

na Uranium (soluble salts)
na Total Chromium (1:6 ratio CrVL:.Cr 111}
Notes:

e CASRN = Chemical Abstract Service Reference Number
s The ratios shown are the unit factors in Table C7 divided by the unit factors in Tables 21 and 23,
e Ratios less than 1.2 are not listed.
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Table C9. Unit Factors for the HSRANM Recreational Scenario.
Well Water Only, per mg/L, | Columbia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[a]pyrene na 1.32E-02 na 1.29E+01
53.70-3 |Dibenz[ah]anthracene na 1.73E-02 na 3.84E+01
56-23-5 |Carbon tetrachloride 1.80E+00 3.29E-05 1.92E+01 7.11E-04
57-12-5 |Cyanide, free 6.19E-02 na 1.29E-01 na
57-14-7 |1,1-Dimethylhydrazine na 7.09E-04 na 2.35E.03
57-55-6 |Propylene glycol (1,2-Propanediol) 2.42E-03 na 4.93E-03 ha
58.89.9 |gmma-Benzenc hexachloride 4196400 | 329E-04 | 198E+02 | 3.25E.02

{gamma-Lindane)
60-29-7 |Ethyl ether (Diethyl ether) 6.16E-03 na 1.26E-02 na
60-34-4 |Methylhydrazine na 7.08E-04 na 2.34E-03
60-57-1 |Dieldrin 2.64E+01 4.51E-03 2.23E+04 7.65E+00
62-75-9 [N-Nitrosodimethylamine 1.51E+02 1.21E-02 3.16E+02 4.02E-02
64-18-6 |Formic acid 6.02E-04 na 1.24E-03 na
67-56-1 |Methanot (Methyl aleohol) 241E-03 na 4.91E-03 na
67-64-1 |Acetone (2-Propanone) 1.37E-03 na 2.75E-03 na
67-66-3 |Chloroform 1.93E-01 9.89E-07 5.11E-01 1.30E-06
67-72-1 [Hexachloroethane 1.34E+00 4.12E-06 1.22E+02 7.29E-04
71-36-3 |n-Butyl alcoho! {n-Butanol) 2.02E-02 na 3.35E-02 na
71-43-2 {Benzene 3.12E-01 1.37E-05 1.23E+00 1.01E-04
,1,1-Trichloroethane
71.55-6 '(Mcthyl ooy 4.44E-03 m 2.82E-02 na
72.20-8 |Endrin 1.11E+01 na .24E+03 na
74-83-9 |Bromomethane 9.01E-01 na 1.40E+00 na
74-87-3 |Methyl chloride (Chloromethane) 9.60E-02 3.15E-06 1.97E-01 1.04E-05
75-00-3 |Ethyl Chloride 3.04E-03 6.93E-07 5.84E-03 2.08E-06
75-01-4 |Vinyl chloride (Chloroethene) 4.05E-01 3.35E-04 9.16E-01 1.25E-03
75-05-8 |Acetonitrile 1.44E-01 na 2.90E-01 na
75-07-0 |Acetaldchyde 9.57E-01 3.71E-06 1.93E+00 1.19E-05
75-09-2 |Dichloromethane (Methylene chloride) 2.01E-02 1.79E-06 331E-02 4.30E-06
75-15-0 |Carbon disulfide 1.25E-02 na 4.02E-02 na
75-21-8 |Ethylene Oxide (Oxirane) na 2.44E-04 na 7.86E-04
1,1-Dichloroethane

75-34.3 (Ethylidene chloride) 1.25E-02 na 3.23E-02 na
75-35-4 |1,1-Dichloroethylene 2.53E-02 na 0.74E-02 na
75-45-6 |Chlorodifluoromethane 1.72E-04 na 2.54E-04 na
75-68-3 |Chloro-1,1-diflucrocthane, 1- 1.74E-04 na 6.17E-04 na
75-69-4 |Trichlorofluoromethane 4.52E-03 na 3.10E-02 na
75-71-8 |Dichlorodiflucromethane 7.27E-03 na 2.38E-02 na
16131 |y TOroetne | 4738-05 na 7.61E-04 na
76-44-8 |Heptachlor 3.06E+00 1.67E-03 7.71E+03 7.43E+00
78-83-1 |Isobutanol 4.05E-03 na 8.34E-03 na
78-87-5 |1,2-Dichloropropane 2.18E+00 1.67E-05 7.06E+00 9.78E-05
78-93-3 |Methyl ethyl ketone (2-Butanone) 2.04E-03 na 4.14E-03 na
79-00-5 |1,1,2-Trichloroethane 3.09E-01 1.42E-05 8.92E-01 7.10E-05
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Table C9. Unit Factors for the HSRAM Recreational Scenario.
Well Water Only, per mg/L | Columbia River, per mp/L
Hazard Increased Hazard Increased

CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-01-6 |Trichloroethylene 4.32E+00 1.15E-04 2.81E+01 1.34E-03
79-10-7 |2-Propenoic acid (Acrylic acid) 5.56E-03 na 8.14E-03 na

1,1,2,2-Tetrachloroethane
79-34-5 (A cefylcnc tetrachloride) 2.07E-02 5.04E-05 1.13E-01 5.26E-04
79-46-9 |2-Nitropropane 4.32E-01 4.55E-03 8.82E-01 1.49E-02
82-68-8 |Pentachloronitrobenzene (PCNB) 4.39E-01 7.12E-05 9.73E+01 3.24E-02
83-32-9 |Acenaphthene 2.73E-02 na 1.43E+00 na
84-66-2 |Diethyl phthalate 1.53E-03 na 8.98E-03 na
84-74-2 |Dibutyl phthalate 1.28E-02 na 2.28E+00 na
85-68-7 |Butyl benzyl phthalate 6.55E-03 na 1.72E+00 n
§7-68-3 |Hexachlorobutadiene 4.84E+00 2.66E-05 1.25E+03 1.25E-02
87-86-5 [Pentachlorophenol 4.68E-02 3.81E-05 9.17E+00 1.41E-02
88-06-2 |2,4,6-Trichlorophenol 1.32E+01 3.08E-06 2.48E+02 1.13E-04
83.85.7 |3 5cc-Butyl4,6-dinitrophenol 1.27E+00 na 4.59E+01 na

(Dinoseb)
91.20-3 |Naphthalene 1.33E-01 na 1.54E+00 na
92-52-4 |1,1-Biphenyl 3.02E-02 na 1.91E+00 na
95-47-6 |o-Xylene 8.47E-03 na 1.12E-01 m
95-48-7 |2-Methylphenol (o-Cresol) 2.48E-02 na 8.77E-02 na
95-50-1 |1,2-Dichlorobenzene (ortho-) 1.52E-02 na 4.04E-01 na
95-57-8 {2-Chlorophenol 2.50E-01 na 1.06E+00 na
95-63-6 [1,2,4-Trimethylbenzene 6.16E-02 na 1.07E+00 na
95-95-4 [2.4,5-Trichlorophenol 1.32E-02 na 2.61E-01 na
98-86-2 |Acetophenone 1.22E-02 na 1.57E-02 na
98.95-3 |Nitrobenzene 2.53E+00 na 7.05E+00 na
100-25-4 |1,4-Dinitrobenzene (para-) 1.22E+01 na 2.63E+01 na
100-41-4 |Ethy! benzene 1.29E-02 2.08E-06 2.30E-01 7.36E-05
100-42-5 |Styrene 6.52E-03 na 8.37E-02 na
100-51-6 |Benzyl alchohol 4,03E-03 na 4.85E-03 na
106-42.3 |p-Xylene 8.49E-03 na 1.18E-01 na
106-44-5 |4-Methylphenol (p-Cresol) 2.47E-01 na 8.48E-0) na
106-46-7 |1,4-Dichlorobenzene (para-) 4.26E-02 6.60E-06 1.23E+00 3.72E-04
106934 [0 ey 432E+401 | 201E-02 | 1338402 | L14E-01
106-99-0 |1,3-Butadiene 4.40E+00 5.29E-05 1.51E+01 3.27E-04
107-02-8 |2-Propenal {(Acrolein) 1.27E+01 na 1.52E+01 na
107-05-1 |3-Chloropropene (Allyl chloride) 2.31E-01 na 2.84E-0! na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) 8.23E-02 2.26E-05 1.21E-01 6.73E-05
107-13-1 |Acrylonitrile 1.30E+00 1.30E-04 2.56E+00 4.20E-04

Methyt isobutyl ketone
108-10-1 |/ 'hh o) 2 mentanone) 1.51E-02 na 2.60E-02 na
108-38-3 |m-Xylene 8.52E-03 na 1.28E-01 na
108-39-4 {3-Methylphenol (m-Cresol) 248E-02 na 8.84E-02 na
108-67-8 11,3,5-Trimethylbenzene 6.07E-02 na 7.59E-01 na
108-87-2 |Methyl cyclohexane 3.33E-03 na 1.19E-01 na
108.88-3 |Toluene (Methyl benzene) 6.77E-03 na 5.97E-02 na
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Table C9. Unit Factors for the HSRAM Recreational Scenario.
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Well Water Only, per mg/L | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-90-7 |Chlorobenzene 6.95E-02 m 7.58E-01 na
108-94-1 |Cyclohexanone 2.43E-04 na 5.03E-(4 na
108-95-2 [Phenol {Carbolic acid) 4.08E-03 na B.86E-03 na
109-99-9 |Tetrahydrofuran 6.42E-03 1.87E-06 1.25E-02 6.02E-06
110-00-9 |Furan (Oxacyclopentadiene) 1.24E+00 na 2.19E+00 na
110-54-3 |n-Hexane 2.74E-02 na 1.42E+00 n
110-80-5 {2-Ethoxyethanol 3.03E-03 na 6.18E-03 na
110-82.7 |Cyclohexane 1.61E-03 na 4.46E-02 na
110-86-1 {Pyridine 1.22E+00 na 2.55E+00 na
2-Butoxyethanol
111-76-2 (Ethylcr);c Glycol Monobutyl Ether) 241E-03 n 3.00E-03 na
2-(2-Ethoxyethoxy)-ethanol
111-90-0 (.[()iclhylenye Glycg Monoethyl Ether) | 201E02 na 4.10E-02 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 5.36E-01 6.04E-05 141E+01 1.68E-03
117-84-0 |Di-n-octylphthalate 1.44E-01 na 2.61E+00 na
118-74.1 |Hexachlorobenzene 248E+00 9.08E-04 2.51E+03 1.38E+00
120-82-1 |1.2,4-Trichlorobenzene 1.82E-01 na 9.97E+00 na
121-14-2 |2,4-Dinitrotoluene 6.12E-01 na 2.15E+00 na
121-44-8 |Triethylamine 1.24E+00 na 2.37E+00 na
122-39-4 |Diphenylamine 5.30E-02 na 1.68E+00 na
123-91-1 |1,4-Dioxane (Diethylene oxide) na 2.60E-06 na 8.45E-06
126-73-8 |Tributyl Phosphate 6.41E-03 143E-06 9.38E-02 4.08E-05
2-Methy!-2-propenenitril
126-98-7 (Melh:::ryl:ni tfﬁe) ¢ 1.23E+01 na 2.51E+01 na
127-18-4 |Tetrachlorocthylene 1.25E-01 1.32E-05 3.40E+00 7.43E-04
129-00-0 (Pyrene 7.34E-02 na 1.54E+01 na
141-78-6 |Ethyl acetate (Acetic acid, cthyl ester) 1.37E-03 na 2.78E-03 na
156-59-2 |cis-1.2-Dichloroethylene 1.24E-01 na 3.55E-01 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 6.89E-02 na 1.89E+01 na
309-00-2 {Aldrin 7.04E+0] 1.06E-02 2.61E+05 5.71E+01
319-84-6 [P Priacne dexachlonde 2536400 | 1.62E-03 | 136Es02 | 180E-01
319.85.7 |beta-Benzene hexachloride 6.27E+00 | 4.56E-04 | 330E+02 | 4.99E-02
(beta-Lindane)
541.73-1 |1,3-Dichlorobenzene 1.47E+00 na 4.79E+01 na
542-75-6 |1,3-Dichloropropene (cis & trans) 5.09E-02 2.44E-05 1.55E-01 1.58E-04
621-64-7 |N-Nitrosodi-N-propylamine na 1.71E-03 na 5.45E-03
1314-62-1 | Vanadium pentoxide 1.46E-01 na 9.33E+00 na
1330-20-7 | Xylenes {mixtures) 8.41E-03 na 1.12E-01 na
1336-36-3 |Polychlorinated Biphenyls na 2.73E-04 na 1.93E+01
1336-36-3 | Polychlorinated Biphenyls (lowest risk) na 6.31E-05 na 1.93E+01
6533-73-9 | Thallium carbonate 1.54E+01 na 4.85E+04 na
7429-90-5 jAluminum 1.30E-03 na 1.99E-01 na
7439-89-6 jIron 4.10E-03 na 2.75E-01 na
7439.93-2 |Lithium 6.14E-02 na 2.66E-01 na
7439-96-5 |Manganese 3.21E-02 na 1.24E+00 na
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Table C9. Unit Factors for the HSRAM Recreational Scenario.
Well Water Only, per mg/L | Columbia River, per mg/L,
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
7439-97-6 |Mercury metal vapor 1.07E+02 na 1.06E+04 na
7439-98-7 |[Molybdenum 2.46E-01 na 1.44E+00 na
7440-02-0 {Nickel (soluble salts) 6.14E-02 na 2.19E+00 na
7440-22-4 [Silver 2.46E-01 na 1.37E+00 na
7440-24-6 |Strontium, Stable 2.05E-03 na 4.71E-02 na
7440-28-0 | Thallium metal 1.86E+01 na 5.88E+04 na
7440-31.5 |Tin 2.09E-03 na 1.95E+00 na
7440-36-0 | Antimony 3.21E+00 na 1.14E+02 na
7440-38-2 | Arsenic (inorganic) 4.11E+00 3.69E-04 3.32E+02 6.31E-02
7440-39-3 | Barium 1.81E-02 na 9.46E-02 na
7440-41-7 | Beryllium and compounds 6.64E-01 5.47E-07 2.35E+01 5.47E-07
7440-42-8 |Boron and borates only 1.36E-02 na 4 78E-02 na
7440-43-9 |Cadmium 2.53E+00 4.02E-07 9.59E+01 4.02E-07
7440-45-1 {Cerium (Ceric oxide 1306-38-3} 6.10E+01 na 1.64E403 na
7440-48-4 |Cobatt 7.40E-02 6.22E-07 6.06E+00 6.22E-07
7440-50-8 |Copper 3.07E-02 na 2.05E+00 na
7440-62-2 |Vanadium metal 1.95E-01 na 1.24E+01 na
7440-66-6 | Zinc and compounds 4.10E-03 na 3.42E-01 na
7487-94-7 |Mercuric chloride 4.09E+00 na 1.30E+03 na
7664-41-7 | Ammonia 8.45E-02 na 1.73E-01 na
7723-14-0 |Phosphorus, white 6.15E+01 na 2.92E+04 na
7782-41-4 |Fluorine {soluble fluoride) 2.05E-02 na 1.46E-01 na
7782-49-2 |Selenium and compounds 2 45E-01 na 1.36E+01 na
8001.35-2 |Toxaphene na 3.34E-04 na 1.03E+00
11096-82-5) Aroclor 1260 na 1.07E-03 n 1.64E+00
11097-69-1|Aroclor 1254 1.29E+02 3.40E-04 2.73E+06 4.67E+01
11104-28-2{ Aroclor 1221 na 1.45E-04 na 2.05E-01
11141-16-5] Aroclor 1232 na 1.45E-04 na 2.05E-01
12672-29-6 | Aroclor 1248 na 2.33E-04 na 2.10E+01
12674-11-2|Aroclor 1016 2.52E+01 4.96E-05 9.30E+04 5.87E+00
14797-55-8 | Nitrate 7.62E-04 na 1.74E-03 na
14797-65-0 | Nitrite 1.22E-02 na 2.78E-02 na
16065-83-1 | Chromium (III) {insoluble salts) 9.61E-04 na 5.97E-02 na
16984-48-8 | Fluorine anion 2.05E-02 na 1.46E-01 na
18540-29-9 [Chromium (VI) (soluble salts) 4.24E-01 6.73E-07 2.66E+01 6.73E-07
53469-21.9] Aroclor 1242 na 2.73E-04 na 1.93E+01
na Uranium (soluble salts) 2.04E4+00 na 1.18E+01 na
na Total Chromium (1:6 ratio CrVLECr III) |  6.14E-02 9.62E-08 3.85E+00 9.62E-038
Notes:
¢ CASRN = Chemical Abstract Service Reference Number
e The total risk to the HSRAM Recreational Visitor is calculated using intakes from 30 consecutive years. The
soil concentration is zero at the start of the exposure.
¢ These scenario factors must be multiplied by the appropriate water concentration, The “Inland Well” column
assumes all of the contaminated water comes from the well. The “Columbia River” column assumes that all of
the contaminated water comes from the Columbia River.
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Table C10. Unit Factor Ratios for the HSRAM Recreational Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard Increased
Index Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[alpyrene

53-70-3

Dibenz[a,h]anthracene

56-23-5

Carbon tetrachloride

57-12-5

Cyanide, free

57-14-7

1,1-Dimethylhydrazine

57-55-6

Propylene glycol (1,2-Propanediotl)

58-89-9

gamma-Benzene hexachloride
{gamma-Lindane)

60-29-7

Ethy! ether {Diethyl ether)

60-34-4

Methylhydrazine

60-57-1

Dieldrin

62-75-9

N-Nitrosodimethylamine

64-18-6

Formic acid

67-56-1

Methanol (Methyl alcohol)

67-64-1

Acetone (2-Propanone)

67-66-3

Chloroform

67-72-1

Hexachloroethane

71-36-3

n-Buty! alcohol (n-Butanol)

71-43-2

Benzene

71-55-6

1,1,1-Trichlorocthane
{Methy! chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methyl chloride (Chloromethane)

41.8

85.9

75-00-3

Ethyl Chloride

75-01-4

Vinyl chloride (Chloroethene)

75-05-8

Acetonitrile

41.7

84.0

75-07-0

Acetaldehyde

41.7 41.7

83.8

134

75-09-2

Dichloromethane (Methylene chloride)

75-15-0

Carbon disulfide

75-21-8

Ethylene Oxide (Oxirane)

75-34-3

1,1-Dichloroethane
{Ethylidene chloride)

75-33-4

1,1-Dichloroethylene

75-45-6

Chlorodifluoromethane

41.8

61.6

75-63-3

Chloro-1,1-diflucroethane, 1-

42.1

150

75-69-4

Trichlorofluoromethane

75-71-8

Dichlerodifluoromethane

76-13-1

1,1,2-Trichloro-1,2,2-trifluoroethane
(CFC-113)

76-44-8

Heptachlor

78-83-1

Isobutanot

78-87-5

1,2-Dichloropropane

42.1

136

78-93-3

Methyl ethyl ketone (2-Butanone)

79-00-5

1,1, 2-Trichloroethane
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Table C10. Unit Factor Ratios for the HSRAM Recreational Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

79-01-6

Trichlorocthylene

79-10-7

2-Propenoic acid (Acrylic acid)

79-34-5

1,1,2,2-Tetrachloroethane
{Acetylene tetrachloride)

79-46-9

2-Nitropropane

41.8

41.9

85.3

137

82-68-8

Pentachloronitrobenzene (PCNB)

83-32-9

Acenaphthene

84-66-2

Diethyl phthalate

84-742

Dibutyl phthalate

85-68-7

Butyl benzyl phthalate

87-68-3

Hexachlorobutadiene

87.86-5

Pentachlorophenol

88-06-2

2.4,6-Trichlorophenol

88-85-7

2-sec-Butyl4 6-dinitrophenol
{Dinoseb)

91-20-3

Naphthalene

92-524

1,1'-Biphenyl

95-47-6

0-Xylene

95-438-7

2-Methylphenol (o-Cresol)

95-50-1

1,2-Dichlorobenzene {ortho-)

95-57-8

2-Chlorophenol

95-63-6

1,2,4-Trimethylbenzene

95-954

2,4,5-Trichlorophenol

98-86-2

Acetophenone

98-95-3

Nitrobenzene

100-25-4

1,4-Dinitrobenzene (para-)

100-41-4

Ethyl benzene

46.8

1,654

100-42-5

Styrene

100-51-6

Benzyl alchohol

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol)

106-46-7

1,4-Dichlorobenzene {para-)

106-93-4

1,2-Dibromoethane
{Ethylene dibromide)

418

129

106-99-0

1,3-Butadiene

42.5

43.6

146

269

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Allyl chloride)

107-06-2

1,2-Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobuty! ketone
(4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylphenol {m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

48.4

1,731

108-88-3

Toluene {Methy! benzene)
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Table C10. Unit Factor Ratios for the HSRAM Recreational Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

108-90-7

Chlorobenzene

108-94-1

Cyclohexanone

108-93-2

Pheno! (Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadiene)

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

46.6

1,292

110-86-1

Pyridine

111-76-2

2-Butoxyethanol
{Ethylene Glycol Monobuty! Ether)

111-50-0

2-(2-Ethoxyethoxy)-ethanol
{Diethylene Glycol Monoethyl Ether)

117-81-7

Di (2-ethylhexyl) phthalate {DEHP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

120-82-1

1,2.4-Trichlorobenzene

121-14-2

2,4-Dinitrotoluene

121-44-8

Triethylamine

41.9

80.2

122-39-4

Diphenylamine

123-91-1

1,4-Dioxane (Dicthylene oxide)

126-73-8

Tributyl Phosphate

126-938-7

2-Methyl-2-propenenitrile
{Methacrylonitrile)

127-184

Tetrachloroethylene

129-00-0

Pyrene

141-78-6

Ethy! acetate (Acetic acid, ethyl ester)

156-59-2

¢is-1,2-Dichloroethylene

206-44-0

Fluoranthene (1,2-Benzacenaphthene)

309-00-2

Aldrin

319-84-6

alpha-Benzene hexachloride
{alpha-Lindane)

319-85-7

beta-Benzene hexachloride

{beta-Lindane)

541-73-1

1,3-Dichlorobenzene

542.75-6

1,3-Dichloropropene (cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychlorinated Biphenyls

1336-36-3

Polychlorinated Biphenyls {lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese
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Table C10, Unit Factor Ratios for the HSRAM Recreational Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

7439-97-6

Mercury metal vapor

174,166

17,309,990

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-22-4

Silver

7440-24-6

Strontium, Stable

7440-28-0

Thallium metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Banum

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium (Ceric oxide 1306-38-3}

48,125

1,292,623

7440484

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zinc and compounds

7487-94-7

Mercuric chloride

7664-41-7

Ammonia

290

595

7723-14-0

Phosphorus, white

7782-41-4

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001-35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1248

12674-11-2

Aroclor 1016

14797-55-8

Nitrate

14797-65-0

Nitrite

16065-83-1

Chromium (I1I) (insoluble salts)

16984-48-8

Fluorine anion

18540-29-9

Chromium (V) (soluble salts)

53469-21-9jAroclor 1242

na Uraniuym (soluble salts)

na Total Chromium (1:6 ratio CeVI:Cr 11I)
Notes:

e CASRN = Chemical Abstract Service Reference Number
e ‘The ratios shown are the unit factors in Table C9 divided by the unit factors in Table 25,
e Ratios less than 1.2 are not listed.
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Table C11. Unit Factors for the HSRAM Residential Scenario.

Well Water Only, per mg/L | Columbia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[alpyrene na T.12E-01 na 1.36E401
53-70-3 |Dibenz[ah]anthracene na 9.18E-01 na 3.93E401
56-23-5 |Carbon tetrachloride 1.76E+02 4.37E-03 1.93E+02 5.05E-03
57-12-5 |Cyanide, free 3.42E+01 na 3.42EH01 na
57-14-7 |1,1-Dimethylhydrazine na 4.30E+00 na 4.30E+00
57-55-6 |Propylene glycol (1,2-Propanediol) 2.23E+00 na 223E400 na

amma-Benzene hexachloride
58.89.9 gjgamma-[.in dane) 3.64E+02 4.16E-02 5.58E+02 7.37E-02
60-29-7 |Ethyl ether (Diethyl ether) 6.82E-01 na 6.89E-01 na
60-34-4 |Methythydmzine na 3.22E+00 na 3.22E4+00
60-57-1 |Dieldrin 1.96E+03 5.89E-01 2.43E+04 8.23E+00
62-75-9 |N-Nitrosodimethylamine 2.02E+05 3.47E+01 2.03E+05 3.47E+01
64-18-6 |Formic acid 4.73E-01 na 4.74E-01 na
67-56-1 |Methanol (Methyl alcohol) 1.26E+00 na 1.26E+00 na
67-64-1 |Acetone (2-Propanone) 3.14E-01 na J.15E-01 na
67-66-3 |Chloroform 1.33E+02 3.75E-03 1.34E+)2 3.75E-03
67-72-1 |Hexachloroethane 1.29E+(2 8.92E-04 2 49E+02 1.62E-03
71-36-3 |n-Butyl alcoho! (n-Butanol) 1.64E+01 na 1.,65E+01 na
71-43-2 |Benzene 3.06E+01 2.16E-03 3.15E+01 2.25E-03
1,1,1-Trichloroethane
71-55-6 (Methyl chloroform) 4.19E-01 na 4.42E-01 na
72-20-8 |Endrin 6.49E+02 na 3.38E+03 na
74-83-9 |Bromomethane - 1.30E+02 na 1.31E+02 na
74-87-3 |Methyl chloride (Chloromethane) 1.04E+01 545E-04 1.05E+01 5.52E-04
75-00-3 |Ethyl Chloride 2.20E-01 4 83E-05 2.23E-01 4.97E-05
75-01-4 |Vinyl chloride (Chloroethene) 2.76E+01 2.40E-02 2.82E+01 2.49E-02
75-05-8 |Acetonitrile 4.10E+01 na 4.12E+01 na
75-07-0 |Acetaldehyde 2.06E+02 1.52E-03 2.07E+02 1.53E-03
75-09-2 |Dichloromethane (Methylene chloride) 1.40E+00 2.13E-04 1.41E+00 2.15E-04
75-15-0 |Carbon disulfide 1.25E+00 na 1.27E+00 na
75-21-8 |Ethylene Oxide (Oxirane) na 7.75E-02 na 7.80E-02
1,1-Dichloroethane

75343 ('émyu deme chloride) 1.47E+00 na 1.49E+00 na
75-35-4 |1,1-Dichloroethylene 3.29E+00 na 3.36E+00 na
75-45-6 |Chlorodifluoromethane 1.83E-02 na 1.84E-02 na
75-68-3 |Chloro-1,1-difluorocthane, 1- 1.74E-02 na 1.78E-02 na
75-69-4 |Trichlorofluoromethane 7.80E-01 na 8.07E-01 na
75-71-8 |Dichlorodiflucromethane 2.26E+00 na 2.28E+00 na
N e B na 1.57E-02 na
76-44-8 |Heptachlor 2.715E402 3.03E-01 7.98E+03 7.73E+00
78-83-1 |Isobutanol 5.61E-01 na 5.65E-01 na
78-87-5 |1,2-Dichloropropane 2.22E+02 2.70E-03 2.27E+02 2.78E-03
78-93.3 |Methyl ethyl ketone (2-Butanone) 3.45E-01 na 3.47E-01 na
79-00-5 }1,1,2-Trichloroethane 3.28E+01 3.70E-03 3.34E+01 3.76E-03
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Well Water Only, per mg/L | Columbia River, per mg/l1,

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-01-6 |Trichloroethylene 2.54E+02 2.54E-02 2,78E+02 2.66E-02
79-10-7 |2-Propenoic acid (Acrylic acid) 6.25E+00 na 6.25E+00 na

1,1,2,2-Tetrachloroethane
79-34.5 (A;:zc’tzylc e tetrachloride) 2.19E+00 1.30E-02 2.28E+00 1.35E-02
79-46-9 |2-Nitropropane 6.13E+01 1.14E+00 6.18E+01 1.15SE+00
82-63-8 |Pentachloronitrobenzene (PCNB) 4.36E+01 1.07E-02 1.40E+02 4.31E-02
83-32-9 |Acenaphthene 2.52E+00 na 3 97E+00 na
84-66-2 |Diethyl phthalate 1.63E-01 na 1.70E-01 na
84-74.2 [Dibutyl phthalate 8.24E-01 na 3.10E+00 na
85-68-7 |Butyl benzyl phthalate 4.25E-01 na 2.14E+00 na
87-68-3 |Hexachlorobutadiene 4.42E+02 5.11E-03 1.69E+03 1.76E-02
87-86-5 |Pentachlorophenol 2.74E+00 2.44E-03 1,19E+0] 1.65E-02
88-06-2 (2,4,6-Trichlorophenol 1.01E+03 3.39E-04 1.24E+03 4.49E-04
88.85.7 z(gfs;g)y 1-4,6-dinitrophenol 1.10E+02 na 1.55E+02 na
91-20-3 {Naphthalene 1.31E+02 na 1.32E+02 na
92-524 [1,1-Biphenyl 2.85E+00 na 4.74E+00 na
95-47-6 |o-Xylene 4.16E+00 na 4.26E+00 na
95-43-7 12-Methylphenol {0-Cresol) 4.53E+00 na 4.59E+00 na
95.50-1 |1,2-Dichlorobenzene {ortho-) 2.71E+00 na 3.10E+00 na
95-57-8 12-Chlorophenol 3.58E+01 na 3.66E+01 na
95-63-6 |1,2,4-Trimethylbenzene 6.50E+01 na 6.60E+01 na
95-954 |2,4,5-Trichlorophenol 9.84E-01 na 1.23E+00 na
98-86-2 [Acetophenone ' 1.71E+00 na 1.71E+00 na
98-95-3 |Nitrobenzene 4.61E+02 na 4.66E+02 na
100-25-4 }1,4-Dinitrobenzene {para-) 3.25EH+03 na J.26E+03 na
100-4t-4 |Ethyl benzene LI10E+H00 3.04E-04 1.31E+00 3.75E-04
100-42-5 |Styrene 747E-01 na 8.24E-01 na
100-51-6 |Benzyl alchohol 7.16E-01 na 7.17E-01 na
106-42-3 |p-Xylene 4.16E+00 na 4.27E+00 na
106-44-5 |4-Methylphenol (p-Cresol) 4.45E+01 n 4.51E+01 na
106-46-7 |1,4-Dichlorobenzene (para-) 2.87E+00 141E-03 4.06E+00 1.78E-03
106934 | ) 4TBE+03 | L79E+00 | 4.87E+03 | 188E+00
106-99-0 |1,3-Butadiene 437E+02 8.17E-03 4 47E+02 8.44E-03
107-02-8 |2-Propenal (Acrolein) 1.93E+04 na 1.93E+04 na
107-05-1 )3-Chloropropene (Allyl chloride) 3.81E+02 na 3.31E+02 na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) | 8.01E+01 5.94E-03 8.02E+01 5.98E-03
107-13-1 |Acrylonitrile 3.28E+02 3.52E-02 3.30E+D2 3.55E-02
Methyl isobutyl ketone

108-10-1 | 1 2-pentanone) 1.26E+00 na 1.27E+400 na
108-38-3 {m-Xylene 4.16E+00 na 4.28E+00 na
108-39-4 |3-Methylphenol {m-Cresol) 4.40E+00 na 4 A6EH0 na
108-67-8 |1,3,5-Trimethylbenzene 6.49E+01 na 6.56E+01 na
108-87.2 |Methyl cyclohexane 3.06E-01 na 4.22E-01 na
108-88-3 |Toluene {Methyl benzene) 1.31E+00 na 1.36E+00 na
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Table C11. Unit Factors for the HSRAM Resjdential Scenario.
Well Water Only, per mg/L. | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-90-7 |Chlorobenzene 1.02E+Q1 na 1.09E+01 na
108-94-1 |Cyclohexanone 4.61E-02 na 4.64E-02 na
108-95-2 {Phenol (Carbolic acid) 1.10E+00 na 1.10E+00 na
109-99-9 |Tetrahydrofuran 1.90E+H00 6.38E-04 1.91E+00 6.43E-04
110-00-9 |Furan (Oxacyclopentadiene) 1.31E+02 na 1.32E+02 na
110-54-3 |n-Hexane 1.34E+00 na 4. 74E+00 na
110-80-5 |2-Ethoxyethanol 1.34E+00 na 1.35E+00 na
110-82-7 |Cyclohexane 1.51E-01 na 1.94E-01 na
110-86-1 |Pyridine J11E+02 na 3.12E+02 na
2-Butoxyethanol
111-76-2 (Ethylc:)a’e Glycol Monobutyl Ether) 3.28E-01 na 330E-01 n
2-(2-Ethoxyethoxy)-ethanol
111-90-0 (-l()icthylen); Glyccy){ Monoethyl Ether) 123E401 n 1.23E+01 na
117-81-7 |Di (2-ethylhexy!) phthalate (DEHP) 2.82E+01 3.18E-03 4.17E+01 4.80E-03
117-84-0 |Di-n-octylphthalate 7.74E+00 na 1.02E+01 na
118-74-1 |Hexachlorobenzene 2.00E+02 1.24E-01 2.71E+03 1.50E+00
120-82-1 |1,2,4-Trichlorobenzene 1.03E+02 na 1.12E+02 na
121-14-2 |24-Dinitrotoluene 1.14E+02 na 1.16E+02 na
121-44-8 |Triethylamine 1.69E+02 na 1.70E+02 na
122-39-4 (Diphenylamine 4.40E+00 na 6.03E+00 na
123-91-1 |1,4-Dioxane (Diethylene oxide) na 144E-03 na 1.44E-03
126-73-8 (Tributyl Phosphate 4.53E-01 1.29E-04 5.40E-01 1.60E-04
2-Methyl-2-propenenitrile
126-93-7 (Metha{: rylfnitfnc) 1.64E+03 na 1.65E+03 na
127-184 |Tetrachloroethylene 7.55E+00 8.79E-04 1.08E+01 1.61E-03
129-00-0 [Pyrene 5.11E+00 na 2.04E+01 na
141-78-6 |Ethyl acetate (Acetic acid, ethyl ester) 1.83E-01 na 1.84E-01 na
156-59-2 |cis-1,2-Dichloroethylene 1.26E+01 na 1.29E401 na
206-44-0 |Fluoranthene {1,2-Benzacenaphthene) 4.32E+00 na 232E4H01 na
309-00-2 |Aldrin 5.60E+03 1.37E+00 2.67E+05 5.85E+01
319-84-6 [0 Pyiane bexachlonide 240E+02 | 303801 | 3.73Ev02 | 4.82E-01
319-85.7 |Deta-Benzene hexachloride 493E+02 | 502602 | 8.16E+02 | 9.97E-02
{beta-Lindane)
541-73-1 |1,3-Dichlorobenzene 1.41E+02 na 1.88E+02 na
542-75-6 |1,3-Dichloropropene {cis & trans) 2.14E+01 2.31E-03 2.15E+(] 2.44E-03
621-64-7 |N-Nitrosodi-N-propylamine na 1.03E+00 na LO3E+00
1314-62-1 |Vanradium pentoxide 3.13E+00 na 1.73E+01 na
1330-20-7 | Xylenes (mixtures) 4.15E+(0 na 4.26E+00 na
1336-36-3 |Polychlorinated Biphenyls na 3.65E-02 na 1.93E+01
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 2.56E-02 na 1.93E+01
6533-73-9 | Thallium carbonate 8.53E+02 na 493E+04 na
7429-90-5 |Aluminum 7.13E-02 na 2.70E-01 na
7439-89-6 |Iron 2.30E-01 na 5.01E-01 na
7439-93.2 |Lithium 345E+00 na 3.66E+00 na
7439-96-5 |Manganese 2.08E+00 na 3.29E+00 na




HNF-SD-WM-TI-707 Rev 4 Page C-47
Table C11. Unit Factors for the HSRAM Residential Scenario.
Well Water Only, per mg/L. | Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
7439-97-6 |Mercury metal vapor 5.69E+03 na 1.62E+04 na
7439-98-7 |Molybdenum 3.82EH01 na 3.94E+01 n
7440-02-0 |Nickel (soluble salts) 4.00E+00 na 6.12E+00 na
7440-224 |Silver 1.37E+01 na 1.48E+01 na
7440-24-6 |Strontium, Stable 3.10E-01 na 3.55E-01 na
7440-28-0 | Thallium metal 1.03E+03 na 5.98E+04 na
7440-31-5 |Tin 1.18E-01 na 2.06E+00 n
7440-36-0 | Antimony 1.86E+02 na 2.98E+02 na
7440-38-2 | Arsenic (inorganic) 2.32E+02 228E-02 5.60E+02 8.55E-02
7440-39-3 |Barium 1.10E+00 na 1.18E+00 na
7440-41-7 |Beryllium and compounds J.66E+0] 2.85E-05 5.95E+01 2.85E-05
7440-42-8 |Boron and borates only 3.43E+00 na 3 47E+00 na
7440-43-9 |Cadmium 1.67E+02 2.10E-05 2.60E+02 2.10E-05
7440-45-1 |Cerium (Ceric oxide 1306-38-3) 3.38E+03 na 4.96E+03 na
7440-48-4 |Cobalt 4.60E+00 3.24E-05 1.06E+01 3.24E-05
7440-50-8 |Copper SA3E+00 na 745E+00 1%
7440-62-2 | Vanadium metal 1.08E+01 na 2.30E+01 na
7440-66-6 | Zinc and compounds 1.50E+01 na 1.53E+01 na
7487-94-7 |Mercuric chloride 3.54E+02 na 1.65E+03 na
7664-41-7 | Ammonia 1.70E+02 na 1.70E+02 na
7723-14-0 {Phosphorus, white 3.14E+04 na 6.06E+04 na
7782-41-4 |Fluorine (soluble fluoride) 1.16E+00 na 1.28E+00 na
7782-49-2 |Selenium and compounds 1.40E+01 na 2.74E+01 na
8001-35-2 |Toxaphene na 3.31E-02 na 1.06E+00
11095-82-5) Aroclor 1260 na 7.76E-02 na 1.72E+00
11097-69-1| Aroclor 1254 9.55E+03 3.97E-02 2.74E+06 4,68E+01
11104-28-2| Aroclor 1221 na 3.29E-02 na 2.38E-01
11141-16-5]|Aroclor 1232 na 3.29E-02 na 2.38E-01
12672-29-6| Aroclor 1248 na 3.68E-02 na 2.11E+01
12674-11-2{ Aroclor 1016 2.15E+03 2.58E-02 1.00E+05 5.90E+00
14797-55-8 | Nitrate 3.98E-02 m 4.07E-02 na
14797-65-0 | Nitrite 6.41E-01 na 6.56E-01 na
16065-83-1) Chromium (III) {insoluble salts) 5.24E-02 na 1.11E-01 na
16984-48-8 | Fluorine anion 1.16E+00 na 1.29E+00 na
18540-29-9 | Chromium (V1) (soluble salts) 2.34E+01 3.51E-05 4.96E+01 3.51E-05
53469-21-9] Aroclor 1242 na 1.64E-02 na 1.93E+01
na Uranium (soluble salts) 1.16E+02 na 1.25E+02 na
na Total Chromium (1:6 ratio Cr'VI.Cr I1I) | 3.38E+00 5.02E-06 7.18E+00 5.02E-06
Notes:
» CASRN = Chemical Abstract Service Reference Number
s  The total risk to the HSRAM Residential scenario is calculated using intakes from 30 consecutive years. The
soil concentration is zero at the start of the exposure.
o  These scenario factors must be multiplied by the appropriate water concentration. The “Inland Well” column
assumes all of the contaminated water comes from the well. The “Columbia River” column assumes that all of
the contaminated water comes from the Columbia River.
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Table C12. Unit Factor Ratios for the HSRAM Residential Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[a]pyrene

53-70-3

Dibenz{a h]lanthracene

56-23-5

Carbon tetrachloride

1.8

1.7

57-12-5

Cyanide, free

57-14-7

1,1-Dimethylhydrazine

57-55-6

Propylene glycol (1,2-Propanediol)

58-89-9

gamma-Benzene hexachloride
(gamma-Lindane)

60-29-7

Ethyl ether {Diethyl ether)

1.7

1.7

60-34-4

Methylhydrazine

60-57-1

Dieldrin

1.3

62-75-9

N-Nitrosodimethylamine

64-18-6

Formic acid

67-56-1

Methanol (Methy! alcohol)

67-64-1

Acctone (2-Propanonc)

1.2

1.2

67-66-3

Chloroform

67-72-1

Hexachloroethane

1.7

1.3

71-36-3

n-Butyl alcohol (n-Butanol)

7143-2

Benzene

71-55-6

1,1,1-Trichloroethane
{Methy! chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methy! chloride (Chloromethane)

2.5

2.5

75-00-3

Ethy! Chloride

75-014

Vinyl chloride (Chloroethene)

75-05-8

Acetonitrile

6.5

6.5

75-07-0

Acetaldehyde

4.9

4.2

4.9

4.3

75-09-2

Dichloromethane (Methylene chloride)

75-15-0

Carbon disulfide

75-21-8

Ethylene Oxide (Oxirane)

75-34-3

1,1-Dichloroethane
(Ethylidene chloride)

75-154

1,1-Dichloroethylenc

75-45-6

Chlorodifluoromethane

24

24

75-68-3

Chloro-1,1-difluoroethane, 1-

23

23

75-694

Trichlorofluoromethane

75-71-8

Dichlorodifluoromethane

76-13-1

1,1,2-Trichloro-1,2,2-trifluoroethane
(CFC-113)

76-44-8

Heptachlor

1.7

78-83-1

Isobutanol

78-87-5

1,2.Dichloropropane

2.3

24

2.4

23

78-93-3

Methyl ethyl ketone (2-Butanone)

79-00-5

1,1,2-Trichloroethane

1.7

1.7
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Table C12. Unit Factor Ratios for the HSRAM Residential Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratlos

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

79-01-6

Trichloroethylene

79-10-7

2-Propenoic acid (Acrylic acid)

79-34-5

1,1,2,2-Tetrachloroethane
(Acetylene tetrachloride)

1.7

1.7

79-46-9

2-Nitropropane

3.2

2.6

3.2

2.6

82-68-8

Pentachloronitrobenzene (PCNB)

1.7

23

§3-32-9

Acenaphthene

1.6

1.3

84-66-2

Diethyl phthalate

84-74-2

Dibutyl phthalate

85-68-7

Buty! benzyl phthalate

87-68-3

Hexachlorobutadiene

1.7

87-86-5

Pentachlorophenol

88-06-2

2,4,6-Trichlorophenol

88-85-7

2-sec-Buty!4,6-dinitrophenol
{Dinoseb)

91-20-3

Naphthalene

92-524

1,1Bipheny!

1.6

1.3

95-47-6

o-Xylene

95-48.7

2-Methylphenol (0-Cresol)

95-50-1

1,2-Dichlorobenzene (ortho-)

95-57-8

2-Chlorophenol

95-63-6

1,2,4-Trimethylbenzene

95-95-4

2,4,5-Trichlorophenol

98-86-2

Acetophenone

98-95-3

Nitrobenzene

100-25-4

1,4-Dinitrobenzene (para-)

100414

Ethyl benzene

1.7

2.1

10042-5

Styrene

100-51-6

Benzyl alchohol

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol}

106-46-7

1,4-Dichlorobenzene (para-)

106-93-4

1,2-Dibromoethane
(Ethylene dibromide}

2.5

26

106-99-0

1,3-Butadiene

2.3

1.7

24

1.7

107-02-8

2-Propenal (Acrolein)

107-05-1

3.Chloropropene (Allyl chioride)

107-06-2

1,2-Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobutyl ketone
{4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylpheno! (m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl eyelohexane

24

3.3

108-88-3

Toluene (Methyl benzene)




HNF-SD-WM-TI-707 Rev 4

Page C-50

Table C12. Unit Factor Ratios for the HSRAM Residential Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard Increased
Index Cancer Risk

Hazard
Index

Increased
Cancer Risk

108-90-7

Chlorobenzene

108-94-1

Cyclohexanone

108-95-2

Phenol {Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadiene)

1.7

1.7

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

2.4

3.0

110-86-1

Pyridine

111-76-2

2-Butoxyethanol
(Ethylene Glycol Moncbutyl Ether)

111-90-0

2-(2-Ethoxyethoxy)-cthanol
(Dicthylene Glycol Monoethyl Ether)

117-81-7

Di (2-ethylhexyl) phthalate (DEHP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

1.5

120-82-1

1,2,4-Trichlorobenzene

121-14-2

2.4-Dinitrotoluene

121-44-8

Tricthylamine

3

3.1

122-39-4

Diphenylamine

123-91-1

1,4-Dioxane (Diethylene oxide)

126-73-8

Tributyl Phosphate

126-98-7

2-Methyl-2-propenenitrile
{Methacrylonitrile)

127-18-4

Tetrachloroethylene

129-00-0

Pyrene

1.2

141-78-6

Ethy! acetate (Acetic acid, ethyl ester)

1.5

1.5

156-59-2

¢is-1,2-Dichloroethylene

1.8

1.7

206-44-0

Fluoranthene (1,2-Benzacenaphthenc)

309-00-2

Aldrin

1.5

319-84-6

alpha-Benzene hexachloride
{alpha-Lindane)

1.3

319-85-7

beta-Benzene hexachloride
(beta-Lindane)

541-73-1

1,3-Dichlorobenzene

1.7

1.5

542-75-6

1,3-Dichloropropene {cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychlorinated Biphenyls

1336-36-3

Polychlorinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese
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Table C12. Unit Factor Ratios for the HSRANM Residential Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

7439-97-6

Mercury metal vapor

180,024

512,625

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-224

Silver

7440-24-6

Strontium, Stable

7440-28-0

Thallium metal

7440-31.5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inotganic)

7440-39-3

Barium

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium (Ceric oxide 1306-38-3)

51,591

75,667

7440484

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zine and compounds

7487-94-7

Mercuric chloride

7664-41-7

Ammonia

317

317

7723-14-0

Phosphorus, white

7782-414

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001-35-2

Toxaphene

11096-32-5

Aroclor 1260

11097-69-1

Aroclor 1254

1.4

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1248

12674-11-2

Aroclor 1016

1.6

14797-55-8

Nitrate

14797-65-0

Nitrite

16065-83-1

Chromium (111} (insoluble salts)

16934-48-8

Fluorine anion

18540-29-9

Chromium (V1) (soluble salts)

53469-21-9

Aroclor 1242

na

Uranium (soluble salts)

na

Total Chromium (1:6 ratio CrVIL.Cr I1I)

Notes:

e CASRN = Chemical Abstract Service Reference Number
e The ratios shown are the unit factors in Table C11 divided by the unit factors in Table 27.
o Ratios less than 1.2 are not listed.
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Table C13. Unit Factors for the HSRAM Agricultural Scenario.
Well Water Only, per mg/L | Columbhia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzo[a]pyrene na 8.72E-01 na 1.38E+01
53-70-3 |Dibenz{ahlanthracene na 1.56E+00 na 3.99EH)1
56-23-5 |Carbon tetrachloride 1.76E+02 4.37E-03 1.93E+02 5.05E-03
57-12-5 |Cyanide, free 3.42E+01 m 3.42E+01 na
57-14-7 |1,1-Dimethylhydrazine na 4.30E+00 na 4.30E+)0
57-55-6 |Propylene glycol (1,2-Propanediol) 2.23E+00 na 2.23E+00 na

amma-Benzene hexachloride
58-89-9 g(gamma-Lin dane) 3.65E+02 4.18E-02 5.59E+02 7.40E-02
60-29-7 |Ethyl ether {Dicthyl ether) 6.32E-01 na 6.89E-D1 na
60-34.4 |Methylhydrazine na 3.22E+00 na 3.22E+00
60-57-1 |Dicldrin 2.14E+03 6.45E-01 2.44E+04 $.29E4+00
62-75-9 |N-Nitrosodimethylamine 2.02E+05 347E+01 2.03E+05 J47E+01
64-18-6 |Formic acid 4.73E-01 na 4.74E-01 na
67-56-1 |Methanol (Methy! alcohol) 1.26E+00 na 1.26E+00 na
67-64-1 {Acetone (2-Propanone) 3.14E-01 na 3.15E-04 na
67-66-3 |Chloroform 1.33E+02 3.75E-03 1.34E+02 3.75E-03
67-72-1 |Hexachloroethane 1.29E+02 8.93E-04 2.50E+02 1.62E-03
71-36-3 |n-Butyl alcohol (n-Butanol) 1.64E+01 na 1.65E+01 na
7143.2 |Benzene J.06E+01 2.16E-03 3.15E+01 2.25E-03
1,1,1-Trichloroethane
71-55-6 (Methyl chloroform) 4.19E-01 na 442E-01 na
72-20-8 |Endrin 6.70E+02 na 3.40E+03 nx
74-83-9 |Bromomethane 1.30E+02 na 1.31E402 na
74-87-3 |Methyl chloride (Chloromethane) 1.04E+01 5.45E-04 1.05E+01 5.52E-04
75-00-3 |Ethyl Chloride 2.20E-01 4.83E-05 2.23E-01 497E-05
75-01-4 |Vinyl chloride (Chloroethene) 2.76E+01 2.40E-02 2.82E+01 2.49E-02
75-05-8 [Acctonitrile 4.10E+01 na 4.12E+01 na
75-07-0 |Acetaldehyde 2.06E+02 1.52E-03 2.07E+02 1.53E-03
75-09-2 |Dichloromethane (Methylene chloride) 1.40E+00 2.13E-04 1.41E+00 2.15E-04
75-15-0 |Carbon disulfide 1.25E+00 na 1.27E+00 na
75-21-8 |Ethylene Oxide (Oxirane) na 7.75E-02 na 7.80E-02
1,1-Dichloroethane

75-343 (Ethylidene chloride) 1.47E+00 na 1.49E+00 na
75-35-4 | 1,1-Dichloroethylene 3.29E+00 na 3.36E+00 na
75-45-6 [Chlorodifluoromethane 1.83E-02 na 1.84E-02 na
75-68-3 |Chloro-1,1-difluoroethane, 1- 1.74E-02 na 1.78E-02 na
75-694 |Trichloroflucromethane 7.80E-01 na 8.07E-01 na
75-71-8 |Dichlorodifluoromethane 2.26E+00 na 2.23E+00 na
76131 [l oot iflvoroethane |y 49 07 na 1.57E-02 na
76-44-8 |Heptachlor 3.42E+02 3.68E-01 8.05E+03 7-80E+00
78-83-1 |Isobutancl 5.61E-01 na 5.65E-01 na
78-87-5 |1,2-Dichloropropane 2.22E+02 2,70E-03 2.27EH)2 2.78E-03
78-93-3 |Methyl ethy! ketone (2-Butanone) 345E-01 na 3 47E-01 na
79-00-5 |1,1,2-Trichloroethane 3.28E+01 3.70E-03 3.34E+01 3.76E-03
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Table C13. Unit Factors for the HSRAM Agricultural Scenario.
Well Water Only, per mg/L | Columbia River, per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
79-01-6 |Trichloroethylene 2.54F+02 2.54E-02 2.78E+02 2.66E-02
79-10-7 |2-Propenoic acid (Acrylic acid) 6.25E+400 na 6.25E+00 na

1,1,2,2-Tetrachloroethane
79345 || A’fjﬂene enahronide 2196400 | 130E-02 | 2288+00 | 135E-02
79-46-9 |2-Nitropropane 6.13E+01 1.14E+00 6.18E+01 1.15E+00
82-63-8 |Pentachloronitrobenzene (PCNB) 4.40E+D1 1.09E-02 141E+02 4.32E-02
83-32.9 |Acenaphthene 2.53E+00 na 3.98E+00 na
84-66-2 |Diethyl phthalate 1.63E-01 na 1.70E-01 na
84-74-2 |Dibutyl phthalate 8.35E-01 na 3.11E+00 na
85-68-7 |Butyl benzyl phthalate 4.33E-01 na 2.15E+00 na
87.68-3 |Hexachlorobutadiene 4.44E+02 5.13E-03 1.69E+03 1.76E-02
87-86-5 |Pentachlorophenol 2,39E+00 2.63E-03 1.20E+01 1.67E-02
88-06-2 |2,4,6-Trichlorophenol 1.01E+03 341E-04 1.25E+03 4.50E-04
88-85.7 Z(BE:;E:S 1-4,6-dinitrophenol 1.11E+02 na 1.55E+02 na
91-20-3 |Naphthalene 1.31E+02 na 1.32E+02 na
92.52-4 [1,1-Biphenyl 2.86E+00 na 4.74E+00 na
9547-6 |o-Xylene 4.16E+00 na 4.26E+00 na
95-48-7 |2-Methylphenol (0-Cresol) 4.53E+00 na 4.59E+00 n
95-50-1 [1,2-Dichlorobenzene (ortho-) 2.71E+00 na 3.10E+00 na
95-57-8 |2-Chlorophenol 3.58E+01 na 3.66E+01 na
95-63-6 |1,2,4-Trimethylbenzene 6.50E+01 na 6.60E+01 na
95-954 |2,4,5-Trichlorophenol 9.88E-01 na 1.24E+00 na
98-86-2 |Acctophenone 1.71E+00 na 1.71E+00 na
98-95-3 |Nitrobenzene 4.61E+02 na 4.66E+02 na
100-25-4 |1 4-Dinitrobenzene (para-) 3.25E+03 na 3.26E+03 na
100-41-4 |Ethy! benzene 1.10E+00 J.04E-(4 1.31E+00 3.75E-04
100-42-5 |Styrene 747E-01 na 8.24E-01 na
100-51-6 |Benzyl alchohol 7.16E-01 na 7.17E-01 na
106-42-3 |p-Xylene 4.16E+00 na 4.27E+00 na
106-44-5 |4-Methylphenol (p-Cresol) 4.45E+01 na 4.51E401 na
106-46-7 |1,4-Dichlorobenzene (para-) 2.87E+00 141E-03 4.06E+00 1.78E-03
106934 |2 e ) 478E+03 | 179E+00 | 487E+03 | 1.88E+00
106-99-0 |1,3-Butadiene 4.37E+02 8.17E-D3 4 47E+02 8.44E-03
107-02-8 {2-Propenal (Acrolein) 1.93E+04 na 1.93E+04 na
107-05-1 |3-Chloropropene (Allyl chloride) 3.B1E+02 na 3.31E+02 na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) 8.01E+01 5.94E-03 8.02E+01 5.98E-03
107-13-1 |Acrylonitrile 3.28E+02 3.52E-02 3.30E+02 3.55E-02
Methyl isobutyl ketone

108-10-1 || VA myt_z_‘gcmmm) 1.26E+00 na 1.27E+400 na
108-38-3 |{m-Xylcne 4.16E+00 na 4.28E+00 na
108-39-4 |3-Methylphenol {m-Cresol) 4 AQE+00 na 4 46E+00 na
108-67-8 {1,3,5-Trimethylbenzene 6.49E+01 na 6.56E+01 na
108-87-2 |Methyl cyclohexane 3.07E-01 na 4.23E-01 na
108-88-3 |Toluene (Methyl benzene) 1.31E+00 na 1.36E+00 na
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Table C13. Unit Factors for the HSRAM Agricultural Scenario.
Well Water Only, per mg/L | Columbiz River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
108-90-7 |Chlorobenzene 1.02E+0] na 1.09E+01 na
108-94-1 |Cyclohexanone 4.61E-02 na 4.64E-02 na
108-95-2 |Phenol (Carbolic acid) 1.10E+00 na 1.10E+00 na
109-99-9 |Tetrahydrofuran 1.90E+00 6.38E-04 1.91E+00 6.43E-04
110-00-9 |Furan (Oxacyclopentadiene) 1.31E+02 na 1.32E+02 na
110-54-3 |n-Hexane 3.34E+00 na 4.74E+(0 na
110-80-5 |2-Ethoxyethanol 1.34E+00 na 1.35E+00 na
110-82-7 |Cyclohexane 1.51E-01 na 1.94E-01 na
110-86-1 |Pyridine 3.11E+02 na 3.12EH02 na
2-Butoxyethanol
11762 |2 leme Glycol Monobutyl Ether) 3.28E-01 na 3.30E-01 n
2-(2-Ethoxyethoxy)-ethanol
111-90-0 (éiemylmi Glé} Novoethyl Ethery | 123E+01 na 1.23E+01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 9.63E+01 1.14E-Q2 1.10E+02 1.30E-02
117-84-0 (Di-n-octylphthalate 1.14E+02 na 1.17E+02 na
118-74-1 |Hexachlorobenzene 2.09E+02 1.28E-01 2.72E+03 1L51E+00
120-82-1 |1,2,4-Trichlorobenzene 1.03E+02 na 1.12E+02 na
121-14-2 |2.4-Dinitrotoluenc 1.14E+02 na 1.16E+02 na
121-44-8 |Tricthylamine 1.69E+02 na 1.70E+02 na
122-39-4 |Diphenylamine 4.41E+00 na 6.04E+00 na
123-91.1 |1,4-Dioxane {Diethylene oxide) na 1.44E-03 na 1.44E.-03
126-73-8 |Tributy! Phosphate 4.56E-01 1.31E-04 5.43E-01 1.70E-04
2-Methyl-2-propenenitrile
126987 | ietratanrie 1.64E+03 na 1.65E+03 na
127-18-4 |Tetrachloroethylene 7.56E+00 8.80E-04 1.08E+01 1.61E-03
129-00-0 |Pyrene 5.23E+00 na 2.06E+01 na
141-78-6 |Ethyl acetate (Acetic acid, ethyl ester) 1.83E-01 na 1.84E-01 na
156-59-2 |cis-1,2-Dichloroethylene 1.26E+01 na 1.29E+01 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 4 48E+00 na 2.33E+01 na
309-00-2 |Aldrin 9,03E+03 2.12E+00 2.70E+05 5.92E+01
319.84.6 |Aipha-Benzene hexachloride 241E402 | 3.05E01 | 374E+02 | 483801
{alpha-Lindane)
319-85.7 b(;‘:t;‘f;‘i‘:;;‘;:)‘c"“':‘““““ 49SE+02 | S.0SE-02 | 8.19E+02 | 1.00E-01
541-73-1 |1,3-Dichlorobenzene 1.41E+02 na 1.88E+02 na
542-75-6 |1,3-Dichloropropene (cis & trans) 2.14E+01 2.31E-03 2.15E+01 2.44E-03
621-64-7 |N-Nitrosodi-N-propylamine na 1.O3E+H00 na 1.03E+00
1314-62-1 | Vanadium pentoxide 8.29E+00 na 1.75E+01 na
1330-20-7 | Xylenes (mixtures) 4.15E+00 na 4.26E+00 na
1336-36-3 | Polychlorinated Biphenyls na 7.56E-02 na 1.93E+01
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 6.47E-02 na 1.93E+01
6533-73-9 |Thallium carbonate 1.18E+03 na 4.97E+04 na
7429-90-5 |Aluminum 7.32E-02 na 2.71E-01 na
7439-89-6 {Iron 2.66E-01 na 5.37E-01 na
7439-93-2 |Lithium 6.69E+00 na 6.90E+00 na
7439-96-5 |Manganese 2.09E+00 na 3.30E+00 na
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Table C13. Unit Factors for the HSRAM Agricultural Scenario.
Well Water Only, per mg/L { Columbia River, per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk

7439-97-6 |Mercury metal vapor 9.32E+03 na 1.98E+04 na
7439-98-7 |Molybdenum 4.64E+01 na 4.76E+01 na
7440-02-0 |Nickel (soluble salts) 7.98E+00 na 1.01E+)1 na
7440-22-4 |Silver 1.40E+01 na 1.51E+01 na
7440-24-6 |Strontium, Stable 4.58E-01 na 5.04E-01 na
7440-28-0 {Thallium metal 1.44E+03 na 6.02E+04 na
7440-31-5 |Tin 1.97E-01 na 2.14E+00 na
7440-36-0 | Antimony 1.87E+02 na 2.98E+02 na
7440-38-2 | Arsenic (inorganic) 2.37TE+02 2.36E-02 5.64E402 8.61E-02
7440-39-3 |Barium 1.13E+00 na 1.20E+00 na
7440-41-7 [Beryllium and compounds 3.69E+01 2.85E-05 5.97E+01 2.85E-05
7440-42-8 | Boron and borates only 4.17E+00 na 4,20E+Q0 na
7440-43-9 |Cadmium 1.75E+H02 2.10E-05 2.69E+02 2.10E-05
7440-45-1 |Cerium (Ceric oxide 1306-38-3) 3.39E+03 na 4.96E+03 na
7440-48-4 |Cobalt 5.06E+00 3.24E-05 1.10E+01 3.24E-05
7440-50-8 |Copper 7.39E+00 na 9.41E+00 na
7440-62-2 |Vanadium metal 1.10E+01 n 2.32E+01 ra
7440-66-6 | Zinc and compounds 7.62E+01 na 7.65E+01 na
7487-94-7 |Mercuric chloride 1.55E+03 na 2.85E+03 na
7664-41-7 | Ammonia 1.70E+02 na 1.70E+02 na
7723-14-0 |Phosphorus, white 1.42E+05 na 1.71E+05 na
7782-414 |Fluorine (soluble fluoride) 2.61E+00 na 2. 13EH+00 na
7782-49-2 |Selenium and compounds 1.69E+01 na 3.02E+01 na
8001-35-2 | Toxaphene na 4.40E-02 na 1.07E+00
11096-82-5| Aroclor 1260 na 4.50E+00 na 6.15E+00
11097-69-1] Aroclor 1234 1.74E+04 1.75E-01 2.74E+06 4.69E+01
11104-28-2|Aroclor 1221 na 3.37E-02 na 2.38E-01
11141-16-5) Aroclor 1232 na 3.37E-02 na 2.38E-D1
12672-29-6|Aroclor 1248 na 7.5CE-02 na 2.11E+01
12674-11-2| Aroclor 1016 2.30E+03 3.46E-02 1.00E+05 5.91E+00
14797-55-8 | Nitrate 3.93E-02 na 4.07E-02 na
14797-65-0]Nitrite 6.41E-01 na 6.56E-01 na
16065-83-1 | Chromium (III) (insoluble salts) 5.55E-02 na 1.14E-01 na
16934-48-8|Fluorine anion 2.61E+00 na 2.73E+00 n
18540-29-9| Chromium (VI) (soluble salts) 2A41E+01 3.51E-05 5.03E+01 3.51E-05
53469-21.9]Aroclor 1242 na 744E-02 na 193E+01

na Uranium (soluble salts) 1.18E+02 na 1.27E+02 na

na Total Chromium (1:6 ratio CrV1I:Cr 111} | 3.49E+00 5.02E-06 7.29E+00 5.02E-06
Notes:

e+ CASRN = Chemical Abstract Service Reference Number

e The total risk to the HSRAM Agricultural scenario is calculated using intakes from 30 consecutive years.
The soil concentration is zero at the start of the exposure.

e These scenario factors must be multiplied by the appropriate water concentration. The “Inland Well” column
assumes all of the contaminated water comes from the well. The “Columbia River” column assumes that all of
the contaminated water comes from the Columbia River.
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Table C14. Unit Factor Ratios for the HSRAM Agricultural Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

50-32-8

Benzo[a]pyrene

53-70-3

Dibenz[a,h]anthracene

56-23-5

Carbon tetrachloride

1.8

1.7

57-12.5

Cyanide, free

57-14-7

1,1-Dimethylhydrazine

57-55-6

Propylene glycol (1,2-Propanediol)

58-89-9

gamma-Benzene hexachloride
{gamma-Lindane)

60-29-7

Ethyl ether {Diethyl ether)

1.7

1.7

60-344

Methylhydrazine

60-57-1

Dieldrin

13

62-75-9

N-Nitrosodimethylamine

64-18-6

Formic acid

67-56-1

Methano! {(Methyl alcohol)

67-64-1

Acctone {2-Propanone)

12

1.2

67-66-3

Chloroform

67-72-1

Hexachloroethane

1.7

1.3

71-36-3

n-Butyl atcohol (n-Butanol)

71-43-2

Benzene

71-55-6

1,1,1-Trichloroethane
(Methyl chloroform)

72-20-8

Endrin

74-83-9

Bromomethane

74-87-3

Methyl chloride {Chloromethane)

25

2.5

75-00-3

Ethyl Chloride

75-01-4

Vinyl chloride (Chloroethene)

75-05-8

Acetonitrile

6.5

6.5

75-07-0

Acetaldehyde

4.9

4.2

4.9

4.3

75-09-2

Dichloromethane (Methylene chloride)

75-15-0

Carbon disulfide

75-21-8

Ethylene Oxide (Oxiranc)

75+34-3

1,1-Dichloroethane
(Ethylidene chloride)

75-354

1,1-Dichloroethylene

75-45-6

Chiorodifluoromethane

2.4

24

75-68-3

Chloro-1,1-difluorcethane, 1-

2.3

2.3

75-69-4

Trichlorofluoromcthane

73-71-8

Dichlorodifluoromethane

76-13-1

1,1,2-Trichloro-1,2,2-trifluorocthane
{CFC-113)

76-44-8

Heptachlor

1.5

78-83-1

Isobutanol

78-87-5

1,2-Dichloropropane

2.3

24

24

23

78-93-3

Methyl ethyl ketone (2-Butanone)

79-00-5

1,1,2-Trichloroethane

1.7

1.7
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Table C14. Unit Factor Ratios for the HSRAM Agricultural Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

79-01-6

Trichloroethylene

79-10-7

2-Propenoic acid (Acrylic acid)

79-34-5

1,1,2,2-Tetrachloroethane
{Acetylene tetrachtoride)

L7

1.7

79-46-9

2-Nitropropane

3.2

2.6

3.2

2.6

82-63-8

Pentachloronitrobenzene (PCNB)

1.7

2.3

83-32.9

Acenaphthene

1.6

1.3

84-66-2

Diethy! phthalate

84.74.2

Dibutyl phthalate

85-68-7

Butyl benzy! phthalate

87-68-3

Hexachlorobutadiene

1.7

87-86-5

Pentachlorophenol

88-06-2

2,4,6-Trichlorophenol

88-85-7

2.-sec-Butyl4,6-dinitrophenol
(Dinoseb)

91-20-3

Naphthalene

92.524

1,1'-Biphenyl

1.6

1.3

95-47-6

o-Xylene

95-48.-7

2-Methylphenol (0-Cresol)

935-50-1

1,2-Dichlorobenzenc (ortho-)

95-57-8

2-Chlorophenol

93-63-6

1,2,4-Trimethylbenzene

95-95-4

2.4,5-Trichlorophenol

98-86-2

Acetophenone

98-95-3

Nitrobenzene

100-254

1,4-Dinitrobenzene (para-)

100414

Ethyl benzene

1.7

2.1

100-42-5

Styrene

100-51-6

Benzyl alchohol

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol)

106-46-7

1,4-Dichlorobenzene (para-)

106-93-4

1,2-Dibromoethane
{Ethylene dibromidc)

25

26

106-99-0

1,3-Butadiene

2.3

1.7

2.4

1.7

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Allyl chloride)}

107-06-2

1,2-Dichloroethane (Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobutyl ketone
{4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylphenol (m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

24

3

108-88-3

Toluene (Methyl benzene)
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Table C14. Unit Factor Ratios for the HSRAM Agricultural Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbla River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

108-50-7

Chlorobenzene

108-94-1

Cyclohexanone

108-93-2

Phenol (Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadiene)

1.7

1.7

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

24

3.0

110-86-1

Pyridine

111-76-2

2-Butoxyethanol
{Ethylene Glycol Monobutyl Etker)

111-90-0

24(2-Ethoxyethoxy)-ethano!
(Diethylene Glycol Monoethyl Ether)

117-81-7

Di (2-ethylhexyl) phthalate (DEHP)

117.34-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

1.5

120-82-1

1,2,4-Trichlorobenzene

121-14.2

2.4-Dinitrotoluene

12144-8

Triethylamine

3.1

3.1

122-39-4

Diphenylamine

123-91-1

1,4-Dioxane (Diethylene oxide)

126-73-8

Tributyl Phosphate

126-98-7

2-Methyl-2-propenenitrile
{(Methacrylonitrile)

127.184

Tetrachloroethylene

129-00-0

Pyrene

1.2

141.78-6

Ethy! acetate (Acetic acid, ethyl ester)

1.5

1.5

156-59-2

cis-1,2-Dichloroethylene

1.8

1.7

206-44-0

Fluoranthene (1,2-Benzacenaphthene)

309-00-2

Aldrin

1.3

319-84-6

alpha-Benzene hexachloride
(alpha-Lindane)

13

319-85-7

beta-Benzene hexachloride
{(beta-Lindane)

541.73-1

1,3-Dichlorobenzene

1.7

1.5

542-75-6

1,3-Dichloropropene (cis & trans)

621-64-7

N-Nitrosodi-N-propylamine

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychlorinated Biphenyls

1336-36-3

Polychlorinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7439-93-2

Lithium

7439-96-5

Manganese
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Table C14. Unit Factor Ratios for the HSRAM Agricultural Scenario.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

7439-97-6

Mercury metat vapor

295,069

627,679

7439-98-7

Molybdenum

7440-02-0

Nickel (soluble salts)

7440-224

Silver

7440-24-6

Strontium, Stable

7440-28-0

Thallium metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Barium

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440-43-9

Cadmium

7440-45-1

Cerium {Ceric oxide 1306-38-3)

51,659

75,135

7440-484

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zinc and compounds

7487-94-7

Mercuric chloride

7664-41-7

Ammonia

317

317

7723-14-0

Phosphorus, white

7782-414

Fluorine {soluble fluoride)

7782-49-2

Selenium and compounds

8001.35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1248

12674-11-2

Aroclor 1016

1.5

14797-55-8

Nitrate

14797-65-0

Nitrite

16065-83-1

Chromium (III) (insoluble salts)

16984-43-8

Fluorine anion

18540-29-9

Chromium (VI) (soluble salts)

53469-21-9

Aroclor 1242

na

Uranium (soluble salts)

na

Total Chromium (1:6 ratio CrVI:Cr 1)

Notes:

= CASRN = Chemical Abstract Service Reference Number
s  The ratios shown are the unit factors in Table C13 divided by the unit factors in Table 29.
»  Ratios less than 1.2 are not listed,
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Table C15. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Ground Water.

Method B (Residential) Method C (Industrial)
__per mg/L per mg/L
Hazard Increased Hazard Increased

CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzofa)pyrene na 8.34E-02 na 8.34E-02
53-70-3 |Dibenz[ahlanthracene na 8.34E-02 na 8.34E-02
56-23.5 [Carbon tetrachloride 1.79E+02 2.97E-03 8.16E+01 2.97E-03
57-12-5 |Cyanide, free 3.13E+00 na 1.43E+00 na
57-14.7 {1,1-Dimethylhydrazine na 3.43E-02 na 3A3E-02
57-55-6 |Propylene glycol (1,2-Propanediol) 1.25E-01 na 5.71E-02 na
58-89.9 [8mma-Benzene hexachloride 208E+02 | 149E-02 | 9.52E+01 | 1.49E-02

(gamma-Lindane)
60-29-7 |Ethyl ether (Diethyl ether) 6.25E-01 na 2.86E-01 na
60-34-4 |Methylhydrazine na 343E-02 na 3.43E-02
60-57-1 |Dieldrin 1.25E+03 1.83E-01 5.71E+02 1.83E-01
62-75-9 [N-Nitrosodimethylamine 7.81E+03 5.83E-01 3.57E+03 5.83E-01
64-18-6 |Formic acid 3.13E-02 na 143E-02 na
67-56-1 {Methanol (Methy! alcohol) 2.50E-01 na 1.14E-01 na
67-64-1 |Acetone (2-Propanone) 1.39E-01 na 6.35E-02 na
67-66-3 |Chloroform 1.25E+01 5.26E-06 5.71E+00 5.26E-06
67-72-1 |Hexachloroethane 6.25E+01 1.60E-04 2.86E+01 1.60E-04
71-36-3 |n-Buty! alcohol (n-Butanol) 6.25E-01 na 2.86E-01 na
71-43-2 |Benzene 3.13E+01 1.26E-03 1.43E+01 1.26E-03

1,1,1-Trichloroethane
71-55-6 (Methyl chloroform) 4.46E-01 na 2.04E-01 na
72-20-8 |Endrin 2.08E+02 na 9.52E+0] na
74-83-9 |Bromomethane 8.93E+01 na 4.08E+01 na
74-87-3 |Methyl chloride (Chloromethane) 9.73E+00 2.97E-04 4 45E+00 2.97E-04
75-00-3 |Ethyl Chloride 1.56E-01 3.31E-05 7.14E-02 3.31E-05
75-01-4 |Vinyl chloride (Chloroethene) 4.17E+D] 3.20E-02 1.90E+01 1.65E-02
75-05-8 |Acetonitrile 1.46E+01 na 6.68E+00 na
75-07-0 |Acetaldehyde 9.73E+01 3.52E-04 4 A5E+D1 3.52E-04
75-09-2 [Dichloromethane (Methylene chloride) | 2.08E+00 1.71E-04 9.52E-01 1.71E-04
75-15-0 ]Carbon disulfide 1.25E+00 na 5.71E-01 na
75-21-8 |Ethylene Oxide (Oxirane) na 2.33E-02 na 2.33E-02

1,1-Dichloroethane
75-34-3 (Ethylidene chloride) 1.25E+00 na 5.71E-01 na
75-35-4 |1,1.Dichloroethylene 2.50E+00 na 1.14E+Q0 na
75-45-6 |Chlorodiflucromethane 1.75E-02 na 7.99E-03 na
75-68-3 |Chloro-1,1-difluorcethane, 1- 1.75E-02 na 7.99E-03 na
75-69-4 |Trichlorofluoromethane 4.17E-01 na 1.90E-01 na
75-71-8 |Dichlorodifluoromethane 6.25E-01 %] 2.86E-01 na
76131 [ LETiEnero-t a2 mfiuoroetiane | 9.5 03 na 9.52E-04 na
76-44-8 |Heptachlor 1.25E+02 5.14E-02 5.71E+01 5.14E-02
78-83-1 |Isobutanol 2.08E-01 na 9.52E-02 na
78-87-5 |1,2-Dichloropropane 2.19E+02 1.55E-03 1.00E+02 1.55E-03
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Table C15. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard

Methed for Ground Water.

Method B {Residential) Method C (Industrial)
per mg/L per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
78-93.3 |Methy] ethy! ketone (2-Butanone) 2.08E-01 na 9.52E-02 na
79-00-5 11,1,2-Trichlorosthane 3.13E+01 1.30E-03 1.43E+401 1.30E-03
79-01-6 |Trichloroethylene 4.17E+02 9.14E-03 1.90E+02 9.14E-03
79-10-7 |2-Propenoic acid (Acrylic acid) 1.25E-01 na S.T1E-02 na
1,1,2,2-Tetrachloroethane
79-34.5 ( Ace‘tzy]enc tetrachloride) 2.08E+00 4.57E-03 9.52E-01 4.57E-03
79-46-9 |2-Nitropropane 4.38E+01 4.30E-01 2.00E+01 4.30E-01
82-68-8 |Pentachloronitrobenzene (PCNB) 2.08E+01 297E-03 9.52E+00 2.97E-03
83-32-9 |Acenaphthene 1.04E+00 na 4.76E-01 na
84-66-2 |Diethyl phthalate 7.81E-02 na 3.57E-02 na
84-74-2 |Dibutyl phthalate 6.25E-01 na 2.86E-01 na
85-68-7 |Butyl benzy! phthalate 3.13E-01 na 1.43E-01 na
87-68-3 |Hexachlorobutadiene 4.17E+02 1.78E-03 1.90E+02 1.78E-03
87-86-5 {Pentachlorophenol 2.08E+00 1.37E-03 9.52E-01 1.37E-03
88-06-2 |2,4,6-Trichlorophenol 6.25E+02 1.26E-04 2.86E+02 1.26E-04
g8-85.7 |2-5cc-Butyl4,6-dinitrophenol 6.25E+01 a2 2 86E+01 n
(Dinoseb)
91-20-3 |Naphthalene 6.25E+00 na 2.86E+00 na
92-524 |1,1-Biphenyt 1.25EH00 na 5.71E-01 na
95-47-6 |o-Xylene 6.25E-01 na 2.86E-01 na
95-43-7 |2-Methylpheno! {o-Cresol) 1.25E+00 na 5.71E-01 na
95-50-1 |1,2-Dichlorobenzene (ortho-) 1.39E+H)0 na 6.35E-01 na
95-57-8 |2-Chlorophenol 1.25E+01 na 5.71E+00 na
95-63-6 |1,2,4-Trimethylbenzene 2.50E+00 na 1.14E+00 na
95954 |2,4,5-Trichlorophenol 6.25E-01 na 2.86E-01 na
98-86-2 [Acetophenone 6.25E-01 n 2.86E-01 na
98-95-3 |Nirobenzene 1.25E+02 na S.T1E+01 na
100-25-4 |1,4-Dinitrobenzene (para-) 6.25E+02 na 2.86E+02 na
100414 |Ethyl benzene 1.25E+00 1.76E-04 5.71E-01 1.76E-04
100-42-5 |Styrene 6.25E-01 na 2.86E-01 na
100-51.6 |Benzyl alchohol 2.08E.01 na 9.52E-02 na
106-42-3 |p-Xylene 6.25E-01 na 2.86E-01 na
106445 |4-Methylpheno! (p-Cresol) 1.25E+01 na 5.71E+00 na
106-46-7 |1,4-Dichlorobenzene (para-) 4,17E+00 549E-04 1.90E+00 5.49E-04
1,2-Dibromoethane
106-934 (Ethylene dibromide) 4.38E+03 1.94E+00 2.00E+03 1.94E+00
106-99-0 |1,3-Butadicne 2.19E+02 2.40E-03 1.00E+02 2.40E-03
107-02-8 |2-Propenal (Acrolein) 2.50E+02 na 1.14E+02 na
107-05-1 |3-Chloropropene (Allyl chloride) 1.25E400 na 5.71E-01 na
107-06-2 |1,2-Dichloroethane (Ethylene chloride) | 4.17E+00 2.08E-03 1.90E+00 2.03E-03
107-13-1 |Acrylonitrile 1.25E+02 1.23E-02 5.71E+01 1.23E-02
Methyl isobuty! ketone
108-10-1 | VA my]_zfgemmm) 1.56E+00 na 7.14E-01 na
108-38-3 |m-Xylene 6.25E-01 na 2.86E-01 na
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Table C15. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Ground Water.

Method B (Residential) Method C (Industrial)
per m per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
103-394 |3-Methylphenol (m-Cresol) 1.25E+00 na 5.71E-01 na
108-67-8 {1,3,5-Trimethylbenzene 2.50EH00 na 1.14E+00 na
108-87-2 |Methyl cyclohexane 2.92E-01 na 1.33E-01 na
108-88-3 |Toluene (Methyl benzene) 6.25E-01 na 2.86E-01 na
108-90-7 |Chlorobenzene 6.25E+00 na 2.86E+00 na
108-94-1 |Cyclohexanone 1.25E-02 na 5.71E-03 na
108-95-2 [Phenol (Carbolic acid) 2.08E-01 na 9.52E-02 na
109-99-9 |Tetrahydrofuran 5.95E-01 1.74E-04 2.72E-01 1.74E-04
110-00-9 (Furan {Oxacyclopentadiene) 6.25E+01 na 2.836E+01 na
110-54-3 |n-Hexane 2.08E+00 na 9.52E-01 na
110-80-5 |2-Ethoxyethanol 1.56E-01 na 7.14E-02 na
110-82-7 |Cyclohexane 1.46E-01 na 6.68E-02 na
110-86-1 |Pyridine 6.25E+01 na 2.836E+01 na
2-Butoxyethanol
MI762 { gy Tors Glyeol Monobutyl Ether) 2.50E-01 na 1.14E-01 na
2-(2-Ethoxyethoxy)-ethanol
111-90-0 éie poA G]yc’g Momnethyl Ethery | 208E+00 na 9.52E-01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 3.13E+00 1.60E-04 1.43E+00 1.60E-04
117-84-0 |Di-n-octylphthalate 1.56E+0D n 7.14E-01 na
118-74-1 |Hexachlorobenzene 7.81E+01 1.83E-02 3.57EH)1 1.83E-02
120-82-1 }1,2,4-Trichlorobenzene 1.25E+01 na 5.71E+00 na
121-14-2 |2.4-Dinitrotoluene 3.13E+01 na 1.43E+01 na
121-44-8 }Triethylamine 6.25E+01 na 2 86E+01 na
122-39-4 |Diphenylamine 2.50E+00 na 1.14E+00 na
123911 }1,4-Dioxane (Diethylens oxide) na 1.26E-04 na 1.26E-04
126-73-8 | Tributyl Phosphate 3.13E-01 6.17E-05 1.43E-01 6.17E-05
2-Methyl-2-propenenitrile
126-98-7 (Mem’cqlfm tfse) 6.25E+02 na 2.86E+02 na
127-18-4 |Tetrachlorocthylene 1.25E+01 1.19E-03 5.71EH00 1.19E-03
129-00-0 |Pyrenc 2.08E+00 na 9.52E-01 na
141.78-6 |Ethyl acetate (Acetic acid, ethyl ester) 6.94E-02 na 3.17E-02 na
156-59-2 |cis-1,2-Dichloroethylene 1.25E+01 na 5.71E+00 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 1.56E+00 na 7.14E-01 na
309-00-2 |Aldrin 2.08E+03 1.94E-01 9.52E+02 1.94E-01
319.34.6 |ipha-Benzene hexachloride 1256402 | 720E02 | STIEV1 | 7.20E02
{alpha-Lindane)
beta-Benzene hexachloride
319-85-7 (beta-Lindane) 3.13E+02 2.06E-02 1.43E+02 2.06E-02
541-73-1 |1,3-Dichlorobenzene 1.39E+02 na 6.35E+01 na
542-75-6 {1,3-Dichloropropene {cis & trans) 4 17E+00 2.29E-03 1.90E+00 2.29E-03
621-64-7 |N-Nitrosodi-N-propylamine na 8.00E-02 na 8.00E-02
1314-62-1 | Vanadium pentoxide 6.94E400 na 317EH00 na
1330-20-7 | Xylenes (mixtures) 6.25E-01 na 2.86E-01 na
1336-36-3 | Polychlorinated Biphenyls na 4.57E-03 na 4.57E-03
1336-36-3 | Polychlorinated Biphenyls (lowest risk) na 8.00E-04 na 8.00E-04
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Table C15. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Ground Water.

Method B {Residential) Method C (Industrial}
per mg/L per mg/1,
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
6533-73-9 | Thallium carbonate 7.81E+02 na 3.57E+Q2 na
7429-90-5 | Aluminum 6.25E-02 na 2.86E-02 na
7439-89-6 |Iron 2.08E-01 na 9.52E-02 na
7439-93-2 |Lithjum 3.13E+00 na 1.43E+00 na
7439-96-5 [Manganese 1.34E4+00 na 6.12E-01 na
7439-97-6 |Mercury metal vapor 1.46E+03 na 6.67E+02 na
7439-938-7 {Molybdenum 1.25E+01 na 5.71E+00 na
7440-02-0 |Nickel (soluble salts) J.13EHOD na 1.43E+00 na
7440-22-4 {Silver 1.25E+01 na 5.71E+00 na
7440-24-6 |Strontium, Stable 1.04E.01 na 4.76E-02 na
7440-28-0 {Thallium metal 947E+02 na 4.33E+02 na
7440-31-5 | Tin 1.04E-01 na 4.76E-02 na
7440-36-0 | Antimony 1.56E+02 na 7.14E+01 na
7440-38-2 | Arsenic (inorganic) 2.08E+02 1.71E-02 9.52E+01 1.71E-02
7440-39-3 | Barium 8.93E-01 na 4.08E-01 na
7440-41-7 | Beryllium and compounds 3.13E+01 0.00E+00 1.43E+01 0.00E+00
7440-42-8 {Boron and borates only 6.94E-01 na 3.17E-01 na
7440-43-9 |Cadmium 1.25E+02 0.00E+00 5.71E+01 0.00E+00
7440-45-1 | Cerium (Ceric oxide 1306-38-3) 2.19E+03 na 1.00E+03 n
7440-438-4 |Cobalt 3.13E+00 0.00E+00 1.43E+00 0.00E+00
7440-50-8 {Copper 1.56E+00 na 7.14E-01 na
7440-62-2 | Vanadium metal 8.93E+00 na 4.08E+00 na
7440-66-6 | Zinc and compounds 2.08E-01 na 9.52E-02 na
7487-94-7 |Mercuric chloride 2.08E+02 na 9.52E+01 na
7664-41-7 | Ammonia 4.37E+00 na 2.00E+00 na
7723-14-0 |Phosphorus, white 3.13E+03 na 1.43E+03 na
7782-41-4 |Fluorine {soluble fluoride) 1.04E+00 na 4.76E-01 na
7782-49-2 | Selenium and compounds 1.25E+01 na 5. 71E+00 na
8001-35-2 | Toxaphene na 1.26E-02 na 1.26E-02
11096-82-5| Aroclor 1260 na 4.57E-03 na 4 57E-03
11097-69-1| Aroclor 1254 6.25E+03 4.57E-03 2.86E+03 4.57E-03
11104-28-2]Aroclor 1221 na 4.57E-03 na 4.57E-03
11141-16-5|Aroclor 1232 na 4.57E-03 na 4.57E-03
12672-29-6]Aroclor 1243 na 4.57€-03 na 4,57E-03
12674-11-2| Aroclor 1016 8.93E+02 8.00E-04 4.08E+02 8.00E-04
14797-55-8|Nitrate 3.91E-02 na 1.79E-02 na
14797-65-0| Nitrite 6.25E-01 na 2.36E-01 na
16065-83-1|Chromium (11I) {insoluble salts) 4.17E-02 na 1.90E-02 na
16984-48-8| Fluorine anion 1.04E+00 na 4.76E-01 na
18540-29-91Chromium (V1) (soluble salts) 2.08E+01 0.00E+00 9.52E+00 0.00E+00
53469-21-9| Aroclor 1242 na 4.57E-03 na 4.57E-03
na Uranium (soluble salts) 1.04E+02 na 4.76E+01 na
na Total Chromium {1:6 ratio CtVI:Ce lII) |  3.01E+00 0.00E+00 1.38E+00 0.00E+00
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Table C15. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Ground Water.

Method B (Residential) Methed C {Industrial)
per mg/L per mg/L
Hazard Increased Hazard Increased
CASEN Chemical Name Index Cancer Risk Index Cancer Risk
Notes:

e MTCA refers to Chapter 173-340 of the Washington Administrative Code.
e CASRN = Chemical Abstract Service Reference Number

¢  The Method B Hazard Index uses child consumption rates and body mass, All others use the adult numbers.

The reference doses and slope factors for ingestion are shown in Table C1.

¢  The Inhale Factor shown in Table 30 is included in the Hazard Index and Cancer Risk factors. In effect, the
hazard index and risk factors are doubled for volatile chemjcals (Inhale Factor = 2),

s Missing values are indicated with “na”, which means “not available”,

Table C16. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard

Method for Surface Water.

Method B (Residential) Method C (Industrial)
per mg/l. per mg/L,

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
50-32-8 |Benzofa]pyrene na 1.18E+01 na 4.72E+00
53-70-3 |Dibenz[ah)anthracene na 3.54E+01 na 142E+01
56-23-5 |Carbon tetrachloride 1.79E+02 2.97E-03 8.16E+01 2.97E-03
57-12-5 |Cyanide, free 3.13E+00 na 143E+00 na
57-14-7 |1,1-Dimethythydrazine na 3.43E-02 na 3.43E-02
57-55-6 _|Propylene glycol (1,2-Propanediol) 1.25E-01 na 5.71E-02 na
58.89.9 |g2mma-Benzene hexachloride 2086402 | 293E-02 | 952E+01 | 149E-02

{gamma-Lindane)
60-29.7 |Ethyl ether (Diethyl ether) 6.25E-01 na 2.86E-01 na
60-34.4 [Methylhydrazine na 3.43E-02 na 3.43E-02
60-57-1 |Dieldrin 2.21E+04 7.09E+00 8.86E+03 2.33E+00
62-75-9 |N-Nitrosodimethylamine 7.81E+03 5.83E-01 3.57E+03 5.83E-01
64-18.6 |Formic acid 3.13E-02 na 1.43E-02 na
67-56-1 |Methano! (Methyl alcohol) 2.50E-01 na 1.14E-01 na
67-64-1 |Acetone (2-Propanone) 1.39E-01 na 6.35E-02 na
67-66-3 |Chloroform 1.25E+01 5.26E-06 5.71E+00 5.26E-06
67-72-1 |Hexachloroethane 1.19E+02 6.64E-04 4,74E+01 2.66E-04
71-36-3 {n-Butyl alcohol (n-Butanol) 6.25E-01 na 2.86E-01 na
71-43-2 |Benzene 3.13E+01 1.26E-03 1.43E+01 1.26E-03
1,1,1-Trichloroethane

71-55-6 (Methy! chloroform) 4.46E-01 na 2.04E-01 na
72.20-8 {Endrin 2.59E+03 na 1.04E+03 na
74-83-9 |Bromomethane 8.93E+01 na 4.08E+}1 na
74-87-3 |Methyl chloride (Chloromethane) 9.73E+00 2.97E-04 4.45E+00 2.97E-04
75-00-3 |Ethyl Chloride 1.56E-01 3.31E-05 7.14E-02 3.31E.05
75-01-4 | Vinyl chloride (Chlorocthene) 4.17E+01 3.20E-02 1.90E+01 1.65E-02
75-05-§ |Acetonitrile 1.46E+01 na 6.68E+00 na
75-07-0 |Acetaldchyde 9.73E+01 3.52E-04 4 .45E401 3.52E-04
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Table C16. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Surface Water.

Method B (Residential) Method C (Industrial)
per mg/L per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
75-09-2 |Dichloromethane (Methylene chloride) | 2.08E+Q0 L.71E-04 9.52E.01 1.71E-04
75-15-0 |Carbon disulfide 1.25E+00 na 5.71E-01 na
75-21-8 }Ethylene Oxide {Oxirane) na 2.33E-02 na 2.33E-02

1,I-Dichloroethane
75-34-3 (Ethylidene chloride) 1.25E+00 na 5.71E-01 na
75-35-4 |1,1-Dichloroethylenc 2.50E+00 na 1.14E+00 na
75-45-6 |[Chlorodifluoromethane 1.75E-02 m 7.99E-03 na
75-68-3 |Chloro-1,1-difluoroethane, 1- 1.75E-02 na 7.99E-03 na
75-69-4 |Trichlorofluoromethane 4.17E-01 na 1.90E-01 na
75-71-8 |Dichlorodifluoromethane 6.25E-01 na 2.86E-01 na
76-13-1 '('(;F'zgl"lc3")'°'°"'2'z'm““°’°°““‘“‘ 2.08E-03 na 9.52E-04 na
76-43-8 |Heptachlor T.66E+03 6.90E+00 3.06E+03 2. 76E+00
78-83-1 |Isobutanol 2.08E-01 na 9.52E-02 na
78-87-5 |1,2-Dichloropropane 2.19E+02 1.55E-03 1.00E+02 1.55E-03
78-93-3 |Methyl cthyl ketone {2-Butanone) 2.08E-01 na 9.52E-02 na
79-00-5 |1,1,2-Trichloroethane 3.13E+01 1.30E-03 1.43E+01 1.30E-03
79-01-6 |Trichloroethylene 4.17E+02 9.14E-03 1.90E+02 9.14E-03
79-10-7 |2-Propenoic acid (Acrylic acid) 1.25E-01 na 5.71E-02 na
79-34-5 i&i‘fﬂ'gf‘fﬁg&‘fmﬁg 208E+00 | 4.57E-03 | 952E01 | 457E-03
79-46-9 |2-Nitropropane 4.33E+01 4.30E-01 2.00E+01 4.30E-01
82-68-8 |Pentachloronitrobenzene (PCNB) 9.59E+01 2.99E-02 3.84E+01 1.20E-02
83-32-9 |Acenaphthene 1.34E+00 na 5.35E-01 na
84-66-2 |Diethy! phthalate 7.81E-02 na 3.57E-02 na
84.74.2 |Dibutyl phthalate 2.25E+00 na 8.98E-01 na
85-68-7 |Butyl benzyl phthalate 1.69E+00 na 6.75E-01 na
87-68-3 }Hexachlorobutadiene 2.46E+03 2.30E-02 9.84E+02 9.21E-03
87-86-5 |Pentachlorophenol 8.94E+00 1.29E-02 3.58E+00 5.15E-03
88-06-2 [2,4,6<Trichlorophenol 6.25E+02 1.26E-04 2.36E+02 1.26E-04
g3.gs-7 |%-scc-Butyl-4,6-dinitrophenol 6.25E+01 na 2.86E+01 na
{Dinoseb)

91-20-3 |Naphthalene 6.25E+00 na 2.86E+00 na
92.524 |1,1-Biphenyl 1.79E+00 na 7.14E-01 na
9547-6 |o0-Xylene 6.25E-01 na 2.86E-01 na
95-48-7 |2-Methylphenol (0-Cresol) 1.25E+00 na 5.71E-01 na
95-50-1 |1,2-Dichlorobenzene (ortho-) 1.39E+00 n 6.35E-01 na
95.57-8 [2-Chlorophenol 1.25E+01 na 5.71E+00 na
95-63-6 |1,2,4-Trimethylbenzene 2.50E+00 na 1.14E+00 na
95.95-4 |2,4,5-Trichlorophenol 6.25E-01 na 2.86E-01 na
98-86-2 |Acetophenone 6.25E-01 na 2.86E-01 na
98-95-3 |Nitrobenzene 1.25E+02 na 5.71E+01 na
100-25-4 |1 4-Dinitrobenzene (para-) 6.25E+02 na 2.86E+02 na
100-41-4 |Ethy! benzene 1.25E4+00 1.76E-04 5.71E-01 1,76E-04
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Table C16. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Surface Water.

Method B (Residential) Method C (Industrial)
per mg/L per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
100-42-5 |Styrene 6.25E-01 na 2.86E-01 na
100-51-6 |Benzyl slchohol 2.08E-01 n 9.52E-02 na
106-42-3 |p-Xylene 6.25E-01 na 2.86E-01 na
106-44-5 [4-Methylphenol (p-Cresol) 1.25E+01 na 5.71E+00 m
106-46-7 |1.4-Dichlorobenzene (para-) 4.17E+00 6.58E-04 1.90E+00 5.49E-04
106-934 t@&:’mﬁ%ﬂ 438E+03 | 194E400 | 2.00E+03 | 1.94E+00
106-99-0 {1,3-Butadiene 2,19E+)2 2.40E-03 1.00E+02 2.40E-03
107-02-8 |2-Propenal (Acrolein) 2.50E+)2 na 1.14E+02 na
107-05-1 |3-Chloropropene (Allyl chloride) 1.25E+00 n 5.71E-01 na
107-06-2 |1,2-Dichloroethane {Ethylene chloride) | 4.17E+00 2.08E-03 1.90E+00 2.08E-03
107-13-1 |Acrylonitrile 1.25E+02 1.23E-02 5.71E+01 1.23E-02
108101 |Methy! isobutyl ketone 1.56E+00 na 7.14E-01 na
(4-Methyl-2-pentanone)
108-38-3 |m-Xylene 6.25E-01 na 2.86E-01 na
108-39-4 {3-Methylpheno! (m-Cresol) 1.25E+00 na 5.71E-01 na
108-67-8 |1,3,5-Trimethylbenzene 2.50E+00 na 1.14E+00 na
108-87-2 |Methyl cyclohexane 2.52E-01 na 1.33E-01 na
108-88-3 ]Toluene (Methyl benzenc) 6.25E-01 na 2.86E-01 na
108-90.7 |Chlorobenzene 6.25E+00 na 2.86E+00 na
108-94-1 |Cyclohexanone 1.25E-02 na S.71E.03 na
108-95-2 |Phenol {Carbolic acid) 2.08E-01 na 9,52E-02 na
109-99-9 |Tetrahydrofuran 5.95E-01 1.74E-04 2.72E-01 1.74E-04
110-00-9 |Furan (Oxacyclopentadiene) 6.25E+01 na 2.86E+01 na
110-54.3 |n-Hexane 2.58E+00 na 1.03E+00 na
110-80-5 |2-Ethoxyethano!l 1.56E-01 na 7.14E-02 na
110-82.7 |Cyclohexane 1.46E-01 na 6.68E-02 na
110-86-1 |Pyridine 6.25E+01 na 2.86E+01 na
2-Butoxyethanol
11762 [y "  Glyeol Monobuty! Ether) 2.50E-01 na 1.14E-01 na
2-(2-Ethoxyethoxy)-ethanol
111-50-0 (.l()iethyleni Glycg—;{onocthyl Ether) 2.08E+00 na 9.52E-01 na
117-81-7 |Di (2-ethylhexyl) phthalate (DEHP) 5.93E+00 6.64E-04 2.37E+HY) 2.66E-04
117-84-0 {Di-n-octylphthalate 1.56E+00 n 7.14E-01 na
118-74-1 |Hexachlorobenzene 2.48E+03 1.27E+00 9.94E+02 5.09E-01
120-82-1 |1,2,4-Trichlorobenzene 1.92E+0] na 7.67E+00 na
121-14-2 |2.4-Dinitrotoluene 3.13E+01 na 1.43E+01 na
121-44-8 |Tricthylamine 6.25E+01 na 2.86E+0] na
122-39-4 |Diphenylamine 2.50E+00 na 1.14E+00 na
123-91-1 |1,4-Dioxane (Dicthylene oxide) na 1.26E-D4 na 1.26E-04
126-73-8 |Tributyl Phosphate 3.13E-01 6.17E-05 1.43E-01 6.17E-05
2-Methyl-2-propenenitrile
126-98.7 Mem’;lylfni :fﬁe) 6.25E+02 na 2.86E+02 na
127-18-4 |Tetrachloroethylene 1.25E+01 1.33E-03 5.71E+00 1.19E-03
129-00-0 |Pyrenc 147E+01 na 5.87E+00 na
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Table C16. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard
Method for Surface Water.

Method B {Residential) Method C (Industrial)
per mg/L per mg/L

Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
141.78-6 |Ethy! acetate (Acetic acid, ethy] ester) 6.94E-02 na 3.17E-02 na
156-59-2 |cis-1,2-Dichloroethylene 1.25E+01 na S5.71E+00 na
206-44-0 |Fluoranthene (1,2-Benzacenaphthene) 1.81E+01 na 7.24E+00 na
309-00-2 |Aldrin 2.60E+05 3.29E+H} 1.04EH+H)5 2.12E+01
319.84.6 [2pha-Benzene hexachloride 130E+402 | 1.64E01 | 571E+01 | 7.20E-02

{alpha-Lindane)
beta-Benzene hexachloride

319-85-7 (beta-Lindane) 3.13E+02 4.51E-02 1.43E+02 2.06E-02
541-73-1 |1,3-Dichlorobenzenc 1.39E+02 na 6.35E+01 na
542-75-6 |1,3-Dichloropropene (cis & trans) 4.17E+00 2.29E-03 1.90E+00 2.29E-03
621-64-7 |N-Nitrosodi-N-propylamine na 8.00E-02 na 8.00E-02
1314-62-1 |Vanadium pentoxide 8.57E+)0 n 343E+00 na
1330-20-7 | Xylenes (mixtures) 6.25E-D1 na 2.36E-01 na
1336-36-3 |Polychlorinated Biphenyls na 1.79E+01 na 7.16E+00
1336-36-3 |Polychlorinated Biphenyls (lowest risk) na 1.79E+0} na 7.16EH0
6533-73-9 | Thallium carbonate 4 82E+04 na 1.93E+04 na
7429-90-5 |Aluminum 1.93E-01 na T.7VE-02 na
7439-89-6 |Iron 2.57E-01 na 1.03E-01 na
7439-93-2 {Lithium 3A3E+00 na 1.4A3E+00 na
7439-96-5 |Manganese 1.34E+00 na 6.12E-01 na
7439-97-6 {Mercury metal vapor 9.00E+Q3 na 1.60E+03 na
7439-98-7 |Molybdenum 1.25E+01 na 5.71E+00 na
7440-02-0 {Nicket (soluble salis) 313E+00 na 1.43E+00 na
7440-22-4 |Silver 1.25E401 na 5.71E+00 na
7440-24-6 | Strontium, Stable 1.04E-01 na 4.76E-02 na
7440-28-0 | Thallium metal 5.84E+04 na 2.34E+04 na
7440-31-5 |Tin 1.93E+30 na 7.71E-01 na
7440-36-0 | Antimony 1.56E+02 na 7.14E+01 na
7440-38-2 | Arsenic (inorganic) 3.14E+02 5.65E-02 1.25E+02 2.26E-02
7440-39-3 [Barium 8.93E-01 na 4.03E-01 na
7440-41-7 | Beryllium and compounds 3.13E+01 0.00E+00 1.43E+01 0.00E+00
7440-42-8 [Boron and borates only 6.94E-01 na 3.17E-01 na
7440-43-9 |Cadmium 1.54E+02 0.00E+00 6.17E+01 0.00E+00
7440-45-1 |Cerium (Ceric oxide 1306-38-3) 2.19E+03 na 1.00E+03 na
7440-484 |Cobalt 5.79E+00 0.00E+00 2.31E+00 0.00E+00
7440-50-8 |Copper 1.93E+00 na 7.71E-01 na
7440-62-2 | Vanadium metal 1.10E+01 na 4.41E+00 na
7440-66-6 {Zinc and compounds 3.24E-01 na2 1.30E-01 na
7487-94.7 |Mercuric chloride 1.29E+03 na 5.14E+02 na
7664-41.7 | Ammonia 4 37E+00 na 2.00E+00 na
7723-14-0 |Phosphorus, white 2.89E+04 na 1.16E+04 na
7782-41.4 |Fluorine (soluble fluoride) 1.04E+00 na 4,76E-01 na
7782-49-2 |Selenium and compounds 1.31E401 na 5.71E+00 na
8001-35-2 | Toxaphene na 9.56E-01 na 3.82E-01
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Table C16. Hazard Index and Cancer Risk Factors for Chemicals, MTCA Standard

Method for Surface Water.,

Method B {Residential) Method C {Industrial)
per mp/L per mg/L
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk
11096-82-5{ Aroclor 1260 na 1.51E+00 na 6.05E-01
11097-69-1| Aroclor 1254 5.43E+06 8.68E+01 2,17E+06 347E+0]
11104-28-21 Aroclor 1221 na 3. 79E-01 na 1.52E-01
11141-16-5|Aroclor 1232 na 3.79E-01 na 1.52E-01
12672-29-6] Aroclor 1243 na 1.96E+01 na 7.832E+00
12674-11-2 | Aroclor 1016 9,74E+04 5.45E+00 3.90E+04 2.18E+00
14797-55-8 | Nitrate 3.91E-02 na 1.79E-02 na
14797-65-0 | Nitrite 6.25E-01 na 2.86E-01 na
16065-83-1|Chromium (III) {(insoluble salts) 5.14E-02 nm 2.06E-02 na
16984-48-8 | Fluorine anion 1.04E+00 na 4.76E-01 na
* | 18540-29-9|Chromium (V1) (soluble salts) 2.57E+01 0.00E+00 1.03E+01 0.00E+00
53469-21-9|Aroclor 1242 na 1.79E+01 na 7.16E+00
na Uranium (soluble salts) 1.04E+02 na 4.76E+01 na
na Total Chromium (1:6 ratio CrVLCrIII) | 3.72E+00 0.00E+00 1.49E+00 0.00E+00
Notes:
e  MTCA refers to Chapter 173-340 of the Washington Administrative Code.
¢ CASRN = Chemical Abstract Service Reference Number
¢ The fish bicaccumulation factors are shown in Table A35. The reference doses and slope factors for
ingestion are shown in Table C1, The larger of the drinkinge water and fish are shown in this table.
#»  The Inhale Factor shown in Table 30 is included in the Hazard Index and Cancer Risk factors. In effect, the
hazard index and risk factors are doubled for volatile chemicals (Inhale Factor = 2).
e  Missing values are indicated with “na”, which means “not available™.
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The purpose for generating the unit hazard index and cancer risk factors is to identify
chemicals that need further evaluation regarding the importance of the missing toxicity
parameter. Because all the above numbers were copied from tables in a spreadsheet, it is
possible to summarize all the comparison ratio tables in one table. Table C17 shows the largest
ratio listed on any of the comparison tables. Because the extrapolation scheme is rather crude,
no ratio is listed in Tabel C17 unless it is greater than 2.0.

From Table C17, there are several chemicals that deserve further analysis regarding the
missing toxicity parameter. If the risk assessment is driven by any of these chemicals, the
missing toxicity parameter should be determined in a manner that is both technically sound and
acceptable to the appropriate regulatory authority.

Table C17. Summary of Unit Factor Comparison Ratios in All Scenarios.

Well Water Ratios Columbia River Ratios
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk

50-32-8 |Benzo[a]pyrene

53-70-3 |Dibenz[ah]anthracene

56-23-5 |Carbon tetrachloride 55 55

57-12-5 |Cyanide, free 6.0 6.0

57-14-7 |1,1-Dimethylhydrazine

57-55-6 |Propylene glycol (1,2-Propanediol)

gamma-Benzene hexachloride
38-89-9 (gamma-Lindane)

60-29-7 |Ethyl ether (Diethyl ether) 6.0 6.0

60-34-4 {Methylhydrazine

60-57-1 |Dieldrin 2.6 2.6

62-75-9 {N-Nitrosodimethylamine

64-18-6 |Formic acid

67-56-1 [Methanol (Methyl alcohol)

67-64-1 |Acetone {2-Propanone) 6.0 6.0
67-66-3 |Chloroform
67-72-1 [|Hexachloroethane 4.6 46
71-36-3 (n-Butyl alcoho] (n-Bautanol)

71-43-2 |Benzene

1,1,1-Trichloroethane
71-55-6 {Methyl chloroform)

72-20-8 |(Endrin
74-83-9 |Bromomethane

74-87-3 |Methyl chloride (Chloromethane) 41.8 859
75-00-3 |Ethyl Chloride

75-01-4 {Vinyl chloride (Chloroethene)
75-05-8 |Acetonitrile 41.7 84.0

75-07-0 |Acetaldehyde 41.7 41.7 818 134

75-09-2 |Dichloromethane (Methylene chloride)
75-15-0 |Carbon disulfide
75-21-8 |Ethylene Oxide (Oxirane)
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Table C17. Summary of Unit Factor Comparison Ratios in All Scenarios.

CASRN

Chemical Name

Well Water Ratlos

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

75-34-3

1,1-Dichloroethane
(Ethylidene chloride)

75-35-4

1,1-Dichloroethylene

75-45-6

Chlorodifluoromethane

41.8

61.6

75-68-3

Chloro-1,1-difluoroethane, 1-

42.1

150

75-69-4

Trichlorofluoromethane

75-71-8

Dichlorodifluoromethane

76-13-1

(CFC-113)

1,1,2-Trichloro-1,2,2-trifluoroethane

76-44-8

Heptachlor

35

3.5

78-83-1

Isobutanol

3.0

3.0

78-87-5

1,2-Dichloropropane

42.1

5.8

136

5.8

78-93-3

Methyl ethyl ketone (2-Butanone)

79-00-5

1,1,2-Trichloroethane

59

59

79-01-6

Trichloroethylene

79-10-7

2-Propenoic acid {Acrylic acid)

79-34.5

1,1,2,2-Tetrachloroethanc
{Acetylene tetrachloride)

5.8

5.8

79-46-9

2-Nitropropane

418

419

85.3

137

82-68-8

Pentachloronitrobenzene (PCNB)

5.0

5.0

5.0

5.0

83-32-9

Acenaphthene

3.1

3.1

84-66-2

Diethyl phthalate

84-74-2

Dibutyl phthalate

85-63-7

Butyl benzyl phthalate

87-68-3

Hexachlorobutadiene

3.8

33

87-86-5

Pentachlorophenol

83-06-2

2,4,6-Trichlorophenol

88-85-7

2-sec-Butyl-4,6-dinitrophenol
{Dinoseb)

91-20-3

Naphthalene

92-52-4

1,1-Biphenyl

3.6

3.6

95-47-6

o-Xylene .

95-48-7

2-Methylphenol (o-Cresol)

95-50-1

1,2-Dichlorcbenzene {ortho-)

95-57-8

2-Chlorophenol

3.2

3.2

95-63-6

1,2,4-Trimethylbenzene

95-954

2,4,5-Trichlorophenol

93-86-2

Acetophenone

3.1

3.1

98-95-3

Nitrobenzene

100-25-4

1,4-Dinitrobenzene (para-)

100414

Ethyl benzene

46.8

1,654

100-42-5

Styrene

100-51-6

Benzyl alchohol

106-42-3

p-Xylene

106-44-5

4-Methylphenol (p-Cresol)

106-46-7

1,4-Dichlorobenzene (para-)
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Table C17. Summary of Unit Factor Comparison Ratios in AI} Scenarios.

CASRN

Chemical Name

‘Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

106934

1,2-Dibromoethane
(Ethylene dibromide)

41.8

129

106-99-0

1,3-Butadiene

42.5

43.6

146

269

107-02-8

2-Propenal (Acrolein)

107-05-1

3-Chloropropene (Allyl chloride)

107-06-2

1,2-Dichloroethane {Ethylene chloride)

107-13-1

Acrylonitrile

108-10-1

Methyl isobutyl ketone
(4-Methyl-2-pentanone)

108-38-3

m-Xylene

108-39-4

3-Methylpheno!l (m-Cresol)

108-67-8

1,3,5-Trimethylbenzene

108-87-2

Methyl cyclohexane

43.4

1,731

108-38-3

Toluene (Methyl benzene)

108-90-7

Chlorobenzene

108-94-1

Cyclohexanone

2.8

2.8

108-95-2

Pheno! (Carbolic acid)

109-99-9

Tetrahydrofuran

110-00-9

Furan (Oxacyclopentadiene)

5.9

5.9

110-54-3

n-Hexane

110-80-5

2-Ethoxyethanol

110-82-7

Cyclohexane

46.6

1,292

110-86-1

Pyridine

3.2

3.2

111.76-2

2-Butoxyethanol
{Ethylene Glycol Monobutyl Ether)

111.50-0

2-{2-Ethoxyethoxy)-cthanol
{Diethylene Glycol Monoethyl Ether)

117-81-7

Dj (2-ethylhexyl) phthalate (DEHP)

117-84-0

Di-n-octylphthalate

118-74-1

Hexachlorobenzene

2.4

2.4

120-82-1

1,2.4-Tricklorobenzene

121-14-2

2,4-Dinitrotoluene

12144-8

Tricthylamine

41.9

80.2

122-394

Diphenylamine

123-91-1

1,4-Dioxane (Diethylene oxide)

126-73-8

Tributy! Phosphate

126-93-7

2-Methyl-2-propenenitrile
{Methacrylonitrile)

127-184

Tetrachloroethylene

129-00-0

Pyrene

141-78-6

Ethyl acetate (Acetic acid, ethyl ester)

6.0

6.0

156-59-2

¢is-1,2-Dichloroethylene

5.8

5.8

206-44-0

Fluoranthene (1,2-Benzacenaphthene)

309-00-2

Aldrin

2.2

22

319-84-6

alpha-Benzene hexachloride
{alpha-Lindane)

33

33
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Table C17. Summary of Unit Factor Comparison Ratios in All Scenarios.

CASRN

Chemical Name

Well Water Ratios

Columbia River Ratios

Hazard
Index

Increased
Cancer Risk

Hazard
Index

Increased
Cancer Risk

319-85-7

beta-Benzene hexachloride
ta-Lindane)

541-73-1

1,3-Dichlorobenzene

4.8

4.8

542-75-6

1,3-Dichloropropene (cis & trans)

621-63-7

N-Nitrosodi-N-propylamine

2.1

2.1

1314-62-1

Vanadium pentoxide

1330-20-7

Xylenes (mixtures)

1336-36-3

Polychlorinated Biphenyls

1336-36-3

Polychlorinated Biphenyls (lowest risk)

6533-73-9

Thallium carbonate

7429-90-5

Aluminum

7439-89-6

Iron

7419-93-2

Lithium

7419-96-5

Manganese

7439-97-6

Mercury metal vapor

295,069

17,309,990

7439-98-7

Molybdenum

7440-02-0

Nickel {soluble salts)

7440224

Silver

7440-24-6

Strontium, Stable

7440-28-0

Thallinm metal

7440-31-5

Tin

7440-36-0

Antimony

7440-38-2

Arsenic (inorganic)

7440-39-3

Barium

7440-41-7

Beryllium and compounds

7440-42-8

Boron and borates only

7440439

Cadmium

7440-45-1

Cerium (Ceric oxide 1306-38-3)

51,659

1,292,623

7440-48-4

Cobalt

7440-50-8

Copper

7440-62-2

Vanadium metal

7440-66-6

Zinc and compounds

7487947

Mercuric chloride

7664-41-7

Ammonia

578

595

7723-14-0

Phosphorus, white

7782414

Fluorine (soluble fluoride)

7782-49-2

Selenium and compounds

8001-35-2

Toxaphene

11096-82-5

Aroclor 1260

11097-69-1

Aroclor 1254

11104-28-2

Aroclor 1221

11141-16-5

Aroclor 1232

12672-29-6

Aroclor 1248

12674-11-2

Arcclor 1016

2.8

2.8

14797-55-8

Nitrate
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Table C17. Summary of Unit Factor Comparison Ratios in AIl Scenarios.

Well Water Ratios Columbia River Ratios
Hazard Increased Hazard Increased
CASRN Chemical Name Index Cancer Risk Index Cancer Risk

14797-65-0{ Nitrite

16065-83-1 | Chromium (III) (insoluble salts)
16984-48-8|Fluorine anijon
18540-29-9|Chromium (VI) (soluble salts)
53469-21-9] Aroclor 1242

na Uranjum (soluble salts)
na Total Chromium (1:6 ratio CrV1:Cr HI)
Notes:

¢ CASRN = Chemical Abstract Service Reference Number
o  The table shows the larpest ratio found in all of the exposure scenarios. Ratios less than 2.0 are not listed.

REFERENCES
EPA-540/R95/128, 1996, Soil Screening Guidances: Technical Background Document, U.S.
Environmental Protection Agency, Washington, DC.

IRIS Database, June, 2003, U.S. Environmental Protection Agency, internet address:
http://www.epa.govliris/

RAIS Database, June, 2003, Oak Ridge National Laboratory, internet address:
http://risk.Isd.oml.gov/index.shtml
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