Figure 1
Equation for Deriving Site-Specific Cleanup Target Levels
for Carcinogens in Groundwater

The formula for calculation is:

1x10° xBWxCF

GCTL(ug/L) =
(Ho/L) CSF, xWC

Parameter Definition Default Value
GCTL groundwater cleanup target -

level (ug/L)
TR target cancer risk (unitless) 1x10°
BW average body weight (kg) 70.0
CF conversion factor (ug/mg) 1000
CSF, oral clancer slope factor (mg/kg- chemical-specific

day)
WC average water consumption 2

rate (L/day)

*Toxicity values from IRIS, HEAST or other sources as provided in Table 5a of the technical report referenced
in subsection 62-777.100(2), F.A.C., for carcinogens.

Example: hexachloro-1,3-butadiene, CSF, = 0.078 (mg/kg-day)™

1x107° x70.0x1000 _ 0.070
0.078x2 0.156

GCTL(ug/L) =

GCTL = 0.4 pg/L
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Figure 2

Equation for Deriving Site-Specific Cleanup Target Levels

for Non-Carcinogens in Groundwater

The formula for calculation is:

RfD, x BW x RSC x CF
GCTL(pg/L) = o X PV X RO X
wWC

Parameter Definition (units) Default Value
GCTL groundwater cleanup target -

level (ug/L)
BW average body weight (kg) 70
RfD, oral reference dose (mg/kg- chemical-specific

day)
RSC relative source contribution 20

(%)
CF conversion factor (ug/mg) 1000
WC average water consumption 2

rate (L/day)

*Toxicity values from IRIS, HEAST, or other sources as provided in Table 5b of the technical report referenced
in subsection 62-777.100(2), F.A.C., for non-carcinogens.

Example: 2-chlorophenol, RfD, = 0.005 mg/kg-day

0.005x70.0x0.2x1000 70.0

GCTL(ug/L) =
GCTL = 35 pg/L
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Figure 3A

Equations Used to Calculate Freshwater or Marine Surface Water Cleanup Target
Levels

Based on Human Health Endpoints®

For non-carcinogens:

RFD, x BW)
SWCTL (ug/L) = Eoe CF
(o)== Tecr)
For carcinogens:
SWCTL(pg/L) = —RxBW) __ p

(CSE x [FI x BCF))

Parameter Definition Default Value
SWCTL Surface Water Cleanup Target Level (ug/L) -

BW body weight (kg) 70

RfD, oral reference dose (mg/kg-day) chemical-specific &
FI fish ingestion rate (kg/day) 0.0175°

bioconcentration factor (mg toxicant/kg fish per

BCF mg toxicant/L water) chemical-specific ©
CF conversion factor (ug/mg) 1000

TR target cancer risk (unitless) 1x10°
CSF, oral cancer slope factor (mg/kg-day)™ chemical-specific °

*Toxicity values from IRIS, HEAST, or other sources as provided in Tables 5a and 5b of the technical report
referenced in subsection 62-777.100(2), F.A.C.

quuations and default fish consumption from USEPA (2000).

“Bioconcentration factors obtained from USEPA sources (USEPA 2000a) or calculated using the EPIWin
software package.

Example: dimethylphenol, 3,4-, RfD, = 0.001 mg/kg-day and BCF = 10.4 L/kg

SWCTL (g /L) =— 299170 1600 = 380
0.0175x10.4

Example: acrylonitrile, CSF, = 0.54 (mg/kg-day)™ and BCF 30 L/kg

6
SWCTL(ug/L) =229 <70 1000-02
0.54x0.0175% 30
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Figure 3B
Methodology Used to Calculate Freshwater and Marine Surface Water Criteria
Based on Chronic Toxicity

Steps:

1. Select data with document codes of “C” or “M” from the USEPA Aquatic Toxicity

Information Retrieval (AQUIRE) Database.

2. Take no action for substances for which insufficient data are retrieved to allow a

reasonable choice of sensitive organisms.

3. Select only animal LCso data, except that plant data should be selected in the case of
substances in which plant ECsg values for growth or photosynthesis, or LCsy values

for biomass, are several orders of magnitude lower than animal LCsq values.

4, Ignore data from salmonid fishes (salmon and freshwater trout).

5. Select the test and organism showing the greatest sensitivity to the toxicant. Extreme
outliers should be ignored during this procedure, and several other types of data
(such as data in which the endpoint or concentration had to be recalculated by the
USEPA for entry into the database, and data based only on active ingredients)
should also be removed from consideration if more clearly applicable data are

available for sensitive organisms.

6. A factor of 5% (1/20) should be applied to the animal LCs, data to generate a surface
water cleanup target level. If a plant LCso or ECsq value was chosen, then that value

becomes the guideline, without the use of a factor.
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Figure 4
Model Equation for Developing Acceptable Risk-Based Concentrations in Soil.
Acceptable Soil Cleanup Target Levels for Carcinogens

TRxBW x AT x RBA
SCTL= . .

EF x EDx FC{(CSFO x IR, x10"°kg/mg)+ (CSF, x SAx AF x DAx10°® kg/mg)+(CSFi <R X(VF +PEFm
SCTL = Soil Cleanup Target Level FC = fraction from contaminated source PEF = particulate emission factor
TR = target cancer risk (unitless) (unitless) (m3/kg)
BW = body weight (kg) IRp = ingestion rate, oral (mg/day) CSF = cancer slope factor (mg/kg-
AT = averaging time (days) SA = surface area of skin exposed (cm*/day) day)-1
EF = exposure frequency (days/yr) AF = adherence factor (mg/cm?) CSFg = oral
ED = exposure duration (years) DA = dermal absorption (unitless) CSFq = dermal

RBA = relative bioavailability factor (unitless)  |R; = inhalation rate (m®/day) CSF; = inhalation
VF = volatilization factor (m*/kg)

Sample SCTL Calculation for Direct Exposure (Aggregate Resident): benzene:

0.000001 x51.9x 25500 x1.0

SCTL =
.\ (0.0611 1 1
350 x 30 x1.0 x| (0.055 x120 x10~° )+ +10.0273x12.2 % o+ g
x 4810 x 0.1x 0.01x10°° 3.3572x10° 1.24x10
1.323 1.323 1.323
L= - - 1= o= =1.2mg/kg

105005 |(6.6x10°°)+(2.94x107 ) +(9.9210x10°)|  10500x1.061x10*  1.11405
TR = 0.000001 (unitless) CSF; = 0.0273 (mg/kg-day)™ AF = 0.1 mg/cm?
BW =51.9 kg EF = 350 days/year DA = 0.01 (unitless)
AT = 25500 days ED = 30 years IRi = 12.2 m*/day
RBA =1.0 FC = 1.0 (unitless) VF = 3.3572 x 10% m%kg
CSF, =0.055 (mg/kg-day)™ IRo = 120 mg/day PEF = 1.24 x 10° m*/kg
CSFg4 = 0.0611 (mg/kg-day)™ SA = 4810 cm?

Note: All calculations carried out to 18 decimal places. For simplicity of demonstration, the calculated values above are not shown to the
same precision. Final SCTL value is rounded to two significant figures if >1 and to one significant figure if <1.
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Figure 5
Model Equation for Developing Acceptable Risk-Based Concentrations in Soil.
Acceptable Soil Cleanup Target Levels for Non-Carcinogens

SCTL - THI x BW x AT x RBA

EF x ED x FC x [ L IRgx10Ckgimg |+| — 1 xSAxAFxDAx10 Ckgimg |+| > xIR-x(1+1j
RfDg RD RfD, ' \VF PEF

SCTL = Soil Cleanup Target Level FC = fraction from contaminated source PEF = particulate emission factor
THI = target hazard index (unitless) (unitless) (m®kg)
BW = body weight (kg) IRp = ingestion rate, oral (mg/day) RfD = reference dose (mg/kg-day)
AT = averaging time (days) SA = surface area of skin exposed (cm?%day) RfDg = oral
EF = exposure frequency (days/yr) AF = adherence factor (mg/cm?) RfDg = dermal
ED = exposure duration (years) DA = dermal absorption (unitless) RfD; = inhalation

RBA = relative bioavailability factor (unitless)  |R; = inhalation rate (m3/day)
VF = volatilization factor (m*/kg)

Sample SCTL Calculation for Direct Exposure (Child Resident): fluorine

SCTL - 1.0x16.8x2190x1.0
350x 6x1.0x ( 1 ><200><10_6 kg/mgj+( ! ><2960><0.2><0.01><10_6 kg/mgj+( ! ><8.1><[ ! + 1 ]j
0.04 0.02 0.02 2.80802x10° 1.24x10°
792 792 792
SCTL = — 3679 — = 3679 — = 36792 _ 2600 mg/Kkg +
2100x[(5.00x10° )+(2.96x10* )+(1.4426x10° )|  2100x6.7386x10°  14.151
THI = 1.0 (unitless) RfD; = 0.02 mg/kg-day AF = 0.2 mg/cm?
BW = 16.8 kg EF = 350 days/year DA = 0.01 (unitless)
AT = 2190 days ED = 6 years IRi = 8.1 m*/day
RBA =1.0 FC = 1.0 (unitless) VF = 2.80802 x 10° m*/kg
RfD, = 0.04 mg/kg-day IRo = 200 mg/day PEF = 1.24 x 10° m*kg
RfDq = 0.02 mg/kg-day SA = 2960 cm?

Note: All calculations carried out to 18 decimal places. For simplicity of demonstration, the calculated values above are not shown to the
same precision. Final SCTL value is rounded to two significant figures if >1 and to one significant figure if <1.
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Figure 6
Derivation of the Particulate Emission Factor ?

3600(s/h)

PEF(m’ /kg) = Q/C
(M kg = QG s A= V) < (U /U ) % F(X)

Parameter Definition (units) Default
PEF particulate emission factor (m®kg) 1.241005 x 10°
Q/C inverse of mean conc. at center of a 0.5-acre-square source (g/m°-s per kg/m°) 85.61°
Vv fraction of vegetative cover (unitless) 0.5 (50%) ©
Un mean annual windspeed (m/s) 4.69°
U, equivalent threshold value of windspeed at 7 m (m/s) 11.32
F(x) function dependent on U,/U,, (unitless) ® 0.194

a Equation taken from USEPA (1996b).

Based on Q/C Value for Zone IX (Miami, FL) as listed in USEPA (1996b). The default is for 0.5 acre sites with undisturbed soil. Site-
specific PEFs must be calculated for sites with contaminated areas which are significantly larger in size or if warranted based on
site-specific conditions.

¢ value may be substituted with documented, FDEP accepted site-specific information.
USEPA (1985).

Note: All calculations carried out to 18 decimal places. For simplicity of demonstration, the calculated values below are not shown
to the same precision.

Calculation of PEF based on Zone IX Q/C Value:

3600(s/ h)
0.036 x (1—0.5) x (4.69/11.32)* x 0.194)

PEF(m® /kg) = 85.61x
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Figure 7
Equation Used for the Determination of the Volatilization Factor #
Sample VF Calculation for Aggregate Resident Exposure,

(3.14 x D, x T.)“2 Benzene:
VF = Q/C x CF x

2 x Pp X DA . . .
Note: All calculations carried out to 18 decimal places. For

simplicity of demonstration, the calculated values below are not
[Qa 105D H' +0§’3ij/ shown to the same precision.

n2
Da = p K +60 +0H Given: D; = 0.088 cm?/s
Where: P e Dy = 1.02 X 10° cm?s
' H' = 0.22755000
Model Parameters (Units) Default Value T = 0.460800x10° S

VF  volatilization factor (m*/kg) -

Koc = L/k
D.  apparent diffusivity (cm?/s) oo = S9L/kg

CF  conversion factor (m%cm?) 10* Ka = 0.35400 Likg

Q/C inverse of the mean concentration (g/m?-s 85.61°

T exposure interval (s) ED x 3.1536x10’

ED exposure duration (years) Exposure-specific Then:

n total soil porosity (Lpore/Lsoil) 1- (pu/ps) ee '

® Zveraglebs?lil énms_tture c/:ontsent (Guater/Gsor)  O-1 1(1502/") o _ [0.504996 x10 < 0.088 x 2.27550 x10 )+ (1793236 x10 *x9.80 x10 *)}/1.883232 x10"
g: S(?ill T:)OalrtiCLlje deennssi‘:yy (gccnrg)) e : (L5 x3.3540 x10 )+ (0.15 )+ (0.2839362 x 0.2755)
04 air-filled soil porosity (Lair/Lsoil) 1 - Oy .

0.  water-filled soil porosity (Lwater/Lsoi) ®Pb __ L6100 s - 2146 x10cm s

Kg  soil-water partition coefficient L/kg) Koc X foc 7.59244 <10

D, diffusivity in air (cm?/s) Chemical-specific

D, diffusivity in water (cm?/s) Chemical-specific

H Henry’s Law constant (atm-m®mol) Chemical-specific And:

H’ Henry’s Law constant (unitless) Hx 41

Koc  soil-organic carbon partition coefficient (L/ Chemical-specific B 105

foc organic carbon content of soil (g/g) 0.006 (0.6%)% VE<85611x 10~ 4 x (3-14 x2.1462 x 10 " x9.46080 x 10 )

a _ 2x15 x 21462 x 10 °
Model equation taken from USEPA (1996b).

Value derived for an undisturbed 0.5-acre site in Miami, FL 2.1617 ><101 3 m?®

(USEPA 1996b). Site-specific PEFs must be calculated for - Wz 8.3572 x10 kg
. disturbed sites, or sites significantly larger than 0.5 acres. :
d Listed in Table 4.

See Table 3 for exposure durations for the child, aggregate

resident, and worker exposure scenarios.

Value may be substituted with appropriate site-specific

information upon approval by the FDEP.
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Figure 8
Equation for the Determination of Soil Cleanup Target Levels (SCTLS)
Based on Leachability

Ow (L water /L soj ) + Ga (L gjp L o1 ) ¥ H'

SCTL(mg/kg ) = GCTL(ug/L) x CF(mg/ ng) x DF x | K 5. (L/kg) x foe (9/9) +

pp@em®)
Parameter Definition (units) Variables and Default
GCTL groundwater cleanup target level (ug/L) table-specific value *
CF conversion factor (mg/ug) 0.001
DAF dilution attenuation factor (unitless) 20 °
Koc soil-organic carbon partition coefficient (L/kg) chemical-specific value *
foc fraction organic carbon in soil (g/g) 0.002 *
Ow water-filled soil porosity (Lwater/Lsoil) Opp
0., air-filled soil porosity (Lair/Lsoi) n - Ow
H Henry's Law constant (atm-m®/mol) chemical-specific value *
H’ Henry’'s Law constant (unitless) Hx 41
ob dry soil bulk density (g/cm?) 15°%
0} average soil moisture content (Qwater/9soil ) 0.2 (20%) 4
n total soil porosity (Lpore/Lsoi) 1-(ppips)
Ds soil particle density (g/cm®) 2.65

! Groundwater Cleanup Target Levels (see Table 1).
If the site is significantly larger than 0.5 acres or if warranted by site-specific conditions (such as a shallow
water table), a lower DAF may be required.
Listed in Table 4 of the technical report referenced in subsection 62-777.100(2), F.A.C.
Value may be substituted with appropriate site-specific information upon approval by the FDEP. It should be
noted that the default values for foc, ®, and 6y, in the calculation of leachability-based SCTLs differ from
those used to calculate the VF and Cga as per guidance in USEPA (1996b).

Note: All calculations carried out to 18 decimal places. For simplicity of demonstration, the calculated values
below are not shown to the same precision. Final SCTL is rounded to two significant figures if >1 and to
one significant figure if <1.

Sample SCTL calculation for benzene migration into groundwater:
Given: GCTL =1 ug/L

Koc = 59 L/kg

H' = 0.227550

Then:

L 03+ (0.13396  x 0.22755 )}

SCTL =1.0 x 0.001 x 20 x [59 x 0.002 G

SCTL = 0.007 mg/kg
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Figure 9

Equation® Used for the Determination of Csy

Csat :pib[deD +49W+H’9a)

Parameter | Definition (Units) Default Value
Cesat soil saturation concentration (mg/kg) -
S solubility in water (mg/L) chemical-specific °
Ds soil particle density (g/cm®) 2.65
Pb dry soil bulk density(g/cm?®) 1.5°¢
n total soil porosity (Lpore/Lsoi) 1- (pu/ps)
0, air-filled soil porosity (Lair/Lsoil) n - Ow
Ow water-filled soil porosity (Lwater/Lsoi) ®Pb
Kg soil-water partition coefficient (cm>/g) Koe x foc
® average soil moisture content (KQwater/KQsoil) 0.1 (10%) ©
H Henry's Law constant (atm-m®/mol) chemical-specific °
H’ Henry’'s Law constant (unitless) H x 41
Koc soil-organic carbon partition coefficient (L/kg) chemical-specific °
foc fraction organic carbon in soil (g/g) 0.006 (0.6%) ©

% Model equation taken from USEPA (1996b).

Listed in Table 4 of the technical report referenced in subsection 62-777.100(2), F.A.C.
Value may be substituted with appropriate site-specific information upon approval by the FDEP.

Note: All calculations carried out to 18 decimal places. For simplicity of demonstration, the calculated
values below are not shown to the same precision. Csa values used as SCTLs are rounded to two

significant figures if > 1 and to one significant figure if < 1.

Sample Cg Calculation for ethylbenzene

Given:
S =169 mg/L
Ky =2.178 L/kg
Koc = 363 L/kg

H’ = 0.32308
Then:
_ 169 ((2.178x1.5)+(0.15)+(0.32308 x 0.2839362))
sat_ﬁ-X-Jr-Jr. x 0.

Cyqt =112.6667 x3.5087
Csat =400 mg/kg

- 107 -




Figure 10
Apportionment of CTLs with the Same Target Organs or Effects

To ensure that cancer risks and hazards do not exceed one in a million or one,
respectively, GCTLs and direct contact SCTLs for each carcinogen and for each non-
carcinogen acting on the same organ should, when appropriate, be apportioned so that the
sum of risks posed by the CTLs meets FDEP risk goals of 1 x 10-6 and a hazard index of 1.
Exceptions to this procedure are CTLs based on natural background or quantitation limits, and

in the case of GCTLs, values based on promulgated standards.

Example 1:

Calculation of apportioned direct exposure SCTLs for comparison with mean
(95%upper confidence of the mean) site concentrations using simple apportionment.

Each SCTL should be divided by the number of contaminants with the same target organ
or effect. In this case, SCTLs for carcinogens are divided by 5, those for contaminants
acting on the liver by 3, and those with neurological effects by 2.

Target Residential| S'te-Specific
Contaminants Apportioned
Organs/Effects SCTL SCTL
benzo(a)pyrene carcinogen 0.1 0.02
benzo(k)fluoranthene carcinogen 13 2.6
chrysene carcinogen 130 26
dichlorodiphenyldichloroethane, p,p' [or DDD, 4,4'-] carcinogen 4.2 0.84
dichlorodiphenyldichloroethylene, p,p'- [or DDE, 4, 4] carcinogen 2.9 0.58
butylate liver 3200 1067
chlorobenzene liver 120 40
endrin liver 25 8.3
aldicarb [or Temik] neurological 68 34
carbophenothion [or Trithion] neurological 11 5.5
carcinogens 5
Number of contaminants with same target or effect: liver 3
neurological 2
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Example 2:

Calculation of site-specific apportioned SCTLs for Total Recoverable Petroleum
Hydrocarbons (TRPH) fractions for comparison with mean (95% upper confidence
of the mean) site concentrations based on simple apportionment.

Each SCTL should be divided by the number of contaminants with the same target organ
or effect. TRPH classes are evaluated as individual chemicals.

. . . Site-Specific
. Target Residential| Apportionment :
Contaminants Organ/Effect SCTL factor Apportioned
SCTL
benzo(a)pyrene carcinogen 0.1 0.05
benzene carcinogen 1.2 0.6
Cs-C7 Aromatic TRPH Class liver, 340 3 110
neurological
C10-C12 Aromatic TRPH Class | body weight 900 3 300
C16-C»1 Aromatic TRPH Class kidney 1300 1 1300
Cs-Ce Aliphatic TRPH Class neurological 6200 3 2000
Cs-Cyg Aliphatic TRPH Class liver, blood 850 3 280
C12-Cy6 Aliphatic TRPH Class liver, blood 2900 3 970
Naphthalene body weight, 2 3 0.7
nasal
Xylenes body weight, | g1 3 2700
neurological
carcinogens 2
liver 3
neurological 3
Number of contaminants with .
same target or effect: body weight 8
kidney 1
blood 2
nasal 1
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Example 3:
Calculation of site-specific SCTLs using weighted apportionment.

Steps that may be followed to apportion SCTLs:

1. 95% UCL concentrations are compared to natural background concentrations or
quantitation limits, if applicable.
2. If background concentrations or quantitation limits are exceeded, then an
exceedance ratio between the 95% UCL concentration, and the alternative SCTL is
calculated for each contaminant.
3. Exceedance ratios for contaminants having the same target organ or effect are
summed.
4. The alternative, apportioned SCTL is then calculated by dividing the 95% UCL
concentration by the largest total exceedance ratio applicable to each contaminant.

Site | .. . Total Site-Specifig
Contaminants TargEefth:rtgsans/ 95% Slt(reoiicak-AltggTatlve Excszﬂznce Exceedance Apportioned
ucL | ¢ Ratio scTL
benzo(a)pyrene carcinogen 5.6 0.8 7 7.9 0.7
carcinogen
arsenic cardiovascular | 2.9 3.1 3 NA! NA NA
skin
Cardiovascular
cobalt inmmunological| -, 5.5 340 NA NA NA
neurological
reproductive
dichlorophenol, 2,3- | Immunological | 1200 1000 1.2 3.2 370
dichlorophenol, 2,4- | Immunological | 1500 750 2 3.2 470
PCBs Carcinogen 3 5 3.2 0.9 7.9 0.4
immunological
Naphthalene body weight 18 11 16 2.2 8
nasal
Xylenes body weight | 5 13000 0.5 2.2 3200
neurological
Carcinogens 7.9
cardiovascular 0.0
Sum of
exceedances immunological 4.1
ratios of
contaminants neurological 0.5
with same target
or effect body weight 2.2
reproductive 0.0
nasal 1.6

1

= NA, Not applicable. Apportionment is not indicated because site concentration is less than the background reference value.
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