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2015 EPA HHC updated equation inputs

e Human body weight

e Drinking water consumption rate
e Fish consumption rate

e Some updated CSFs/Rfds

* BCFs to BAFs



Bioconcentration

“Bioconcentration factors
reflect the propensity of an
organism to accumulate
chemicals in its tissues, based
only on exposure to the water-
in other words, those factors
that affect a fish that swims
through a polluted pond.”

(EPA-820-F-15-001)



Bioaccumulation

“Bioaccumulation factors reflect the
fish that spends its life in the pond,
including contaminants taken in and
retained over time from all sources
of exposure-from the water in which
the fish lives to the surrounding
sediment to everything the fish
consumes through the food chain.”

(EPA-820-F-15-001)



Bioaccumulation

ptake through gill:
« respiration rate
assimilation efficiency

Toxicant in water:
fate processes either
internal or external

to model

Losses of

toxicant:
* biotransformation
« predation
« mortality
« depuration
* spawning
* promotion
mergence

Partitioning

Toxicant in food suuc

Uptake from diet
* consumption rates
+ assimilation efficiency
+ growth rates

toxicity
lipid content
food web structure










Benthivo res

Zooplanktivores

leeches

insects (dragonfly, damselfly, various beetles)

T3 oyl fish ([common carp, alewife, channel catfish, killifish, black
mnivores
crappie, bluegill sunfish, yvellow perch)
mammals (river otter, harbor seal)
birds (belted kingfisher, great blue heron, osprey)
Piscivores
T4 | T reptiles/amphibians (northern water snake, bullfrog,

Top carnivores

eastern newt)

fish (bass, pike, walleye, trout)




2015 EPA HHC calculation



BCF vs BAF in HHC calculation
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EPA methods for deriving BAFs



BAF Method

Uses measured BAFs derived from data obtained from field studies

Field-measured BAFs are normalized by adjusting for the water-dissolved
portions of the chemical and the lipid fraction of fish tissue for each species as
well as the fraction of the total concentration of chemical in water that is freely
dissolved

Multiple field BAFs are averaged using a geometric mean of the normalized BAFs
by species and TL

EPA chose the recommended 50th percentile dissolved and particulate organic
carbon content for the national-level default values



BSAF Method

e Uses biota-sediment accumulation factors (BSAFs) to estimate BAFs

e EPA did not use measured BSAFs to calculate national BAFs



BCF Method

e Uses BAFs estimated from laboratory-measured bioconcentration factors

e Laboratory-measured BCFs are normalized with the lipid fraction and the
fraction of the total concentration of chemical in water that is freely dissolved,
then multiplied by the food chain multiplier where applicable

e Multiple values are averaged using a geometric mean across species and then
across TL to compute baseline BAFs

* EPA chose the recommended 50th percentile dissolved and particulate organic
carbon content for the national-level default values



K.y Methoa

Predicts BAFs based on a chemical’s K, with or without adjustment using a food
chain multiplier.
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Determination of Criteria Factors




What are BAFs?

e Aquatic organisms can accumulate certain chemicals in their
bodies when exposed through water, their diet, and other sources.

« Human health criteria account for potential bioaccumulation of
chemicals in fish and shellfish through the use of bioaccumulation
factors (BAFs).

» A BAF is the ratio (in L/kg tissue) of a concentration of a chemical
in tissue to its concentration in the surrounding water

C,
BAF=
C

w




EPA Framework
for Deriving
BAFsS



Hierarchy or Preference for Four Options:

1) BAF - Bioaccumulation Factors calculated from actual exposure in surface waters
2) BSAF — Bio-sediment Accumulation Factors calculated from sediment exposures
3) BCF — Bioconcentration Factors calculated from laboratory exposure studies

4) Log K., — Calculated values based on the octanol-water partition coefficient for the

chemical

Methodology,
p. 5-10.




Step 1: Compile the Research

Original BAF and BCF Data

https://www.epa.gov/si
tes/production/files/20
16-01/national-
bioaccumulation-
factors-supplemental-
information.xlsx

Chemical Name

CAS

Number

-

Secondary
Citation

-

Species

Log BAF or
BCF
(ORIGINAL

- TEXT] .

Converted BAF
or BCF (L/kg-
tissue)
(ORIGINAL -

TEXT) |7

Log BAF or
BCF
(NUMERIC)

Converted BAF
or BCFin (L/kg-
tissue)

(NUMERIC), .,

Whole Body
or Other Data

-

Temperat
ure (Mean
Deg
Celsiug',.

Total Organic
Carbon -
Water (Mean,
mg/L)

Wet
Weight
(Mean, g)

Lipid Content
(Mean
Measured %)

-

1,1,1-Trichloroethane

71-55-6

Saisho K, H

Killifish (Cyprinodontidae)

2.54

2.54

Uncertain

22 +/-3

NA

NA

1,1,1-Trichloroethane

71-55-6

Saisho K, H

Blue mussel (Mytilus edulis)

2.95

2.95

NA

20 +/-2

NA

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Oliver, B.G)

Rainbow trout (Oncorhynchus mykiss)

3.69897

5000

3.69897

5000

Whole body

10

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Oliver, B.G)

Amphipod (Pontoporeia hoyi)

4.87408

74830.77

4.87408021

74830.77

Whole body

8

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Oliver, B.G]

Oligochaete (Tubifex tubifex)

4.309866

20411.08

4.30986598

20411.08

Whole body

8

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Oliver, B.G)

Shrimp (Mysis relicta)

3.832739

6803.6

3.83273877

6803.6

Whole body

8

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Pereira, W

Atlantic Croaker (Micropogonias undulatus)

3.392416

24684

3.39241554

24684

Whole body

NA

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Pereira, W

Blue Catfish (Ichtalurus furcatus)

3.418334

2620.2

3.41833444

2620.2

Whole body

NA

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Pereira, W,

Blue Crab (Callinectes sapidus)

2.898999

792.5

2.89899927

792.5

Whole body

NA

NA

1,2,4,5-Tetrachlorobenzene

95-94-3

Pereira, W

Spotted sea trout (Cynoscion nebulosis)

2.631708

428.26

2.63170751

428.26

Whole body

NA

NA

1,2,4-Trichlorobenzene

120-82-

1

Burkhard, |

Atlantic Croaker (Micropogonias undulatus)

3.405833

2545.85

3.40583281

2545.85

Whole body

NA

NA

1,2,4-Trichlorobenzene

120-82-

1

Burkhard, |

Gulf Menhaden (Brevoortia patronus)

3.516072

32815

3.51607241

32815

Whole body

NA

NA

1,2,4-Trichlorobenzene

120-82-

1

Burkhard, |

Mummichog (Fundulus heteroclitus)

3.33643

2169.85

3.33642971

2169.85

Whole body

NA

NA

1,2,4-Trichlorobenzene

120-82-

1

Oliver, B.G]

3

1000

3

1000

Whole body

10

1,2 4-Trichlorobenzene

120-82-

1

Oliver, B.G|

Rainbow trout (Oncorhynchus mykiss)
Amphipod (Pontoporeia hovi

4101334

12627.99

4.10133423

12627.99

Whole bod

8

NA




Step 2: Select the BAFs

Log Kow Method BAF Method BCF Method Selected Values Used for AWQC Calculations
BCF from
e TEe Mean Log 2002/2003 ) ) ) ) . . ) ) . Alternative BCF ) ) ) ;
Kow HHAWQC |National BAF | National BAF | National BAF | National BAF | National BAF | National BAF |National BAF| National BAF | National BAF| (L/kg-tissue) |National BAF|National BAF | National BAF | Alternative BCF
(Ukg-tissue) | TL2(L/kg- | TL3(L/kg- | TL4(L/kg- | TL2(L/kg- | TL3(L/kg- | TL4(L/kg- | TL2(L/kg- | TL3(L/kg- | TL4(L/ke- TL2(L/kg- | TL3(L/kg- | TL4(L/kg- |(Rounded) (L/kg
tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue) tissue)
Acenaphthene 3.98 242 180 250 290 - - -- 3,500,000 510 3.5 510 ND ND ND 510
Acrolein -0.01 215 1.0 1.0 1.0 - - -- -- 28 - 1.0 1.0 1.0 ND
Acrylonitrile -0.92 30 1.0 1.0 1.0 - - -- -- 38 - 1.0 1.0 1.0 ND
Aldrin 6.5 4670 18,000 310,000 650,000 - - -- -- 38,000 - 18,000 310,000 650,000 ND
alpha-BHC 3.8 130 120 160 190 1,700 1,400 1,500 -- 86 710 1,700 1,400 1,500 ND
alpha-Endosulfan 3.83 270 130 180 200 - -- - 47 4,700 - 130 180 200 ND
Anthracene 4.45 30 530 1,200 1,100 11,000 -- - 460 800 - 606.6300355 ND ND ND 610
Benzene-Lower CSF 2.13 5.2 3.6 4.5 5.0 - - - 4.3 - 11 3.6 4.5 5.0 ND
Benzene-Upper CSF 2.13 5.2 3.6 4.5 5.0 - - - 4.3 - 11 3.6 4.5 5.0 ND
Benzidine 1.34 87.5 1.4 1.6 1.7] - -- - 700 57 -- 1.4 1.6 1.7 ND
Benzo (a) Anthracene 5.61 30 6,000 55,000 77,000 - -- - 3,800 21,000 - 3889.730068 ND ND ND 3,900
Benzo (a) Pyrene 6.06 30 12,000 170,000 300,000 13,000 -- - 8,900 1,700 - 3889.730068 ND ND ND 3,900
Benzo (b) Fluoranthene 6.04 30 12,000 160,000 290,000 - -- - 2,800 150,000 - 3889.730068 ND ND ND 3,900
Benzo (k) Fluoranthene 6.06 30 12,000 170,000 300,000 - - -- 69,000 - - 3889.730068 ND ND ND 3,900
beta-BHC 3.78 130 110 160 180 - - -- -- - 130 110 160 180 ND
beta-Endosulfan 3.62 270 80 110 130 - - -- 47 3,700 - 80 110 130 ND
Bis(Chloromethyl) Ether -0.38 63| 1.0| 1.0 1.0] -- -- -- -- -- -- 1.0 1.0 1.0 ND
Bis(2-Chloroethyl) Ether 1.34 6.9 1.4 1.6 1.7] -- -- -- -- 5.3 -- 1.4 1.6 1.7, ND
*Bis(2-Chloro-1-Methylethyl) Ether 2.48 2.47 6.7 8.8 10 -- -- -- -- 5.0 -- 6.7 8.8 10 ND
Bis(2-Ethylhexyl) Phthalate 7.5 130 25,000 390,000 690,000 - 680 750 150 9,000 - 714.1428429 ND ND ND 710
Bromoform 2.4 3.75) 5.8 7.5 8.5 - -- - 3.2 7.6 - 5.8 7.5 8.5 ND
Butylbenzyl Phthalate 4.73 414 980 2,900 2,600 - 15,000 24,000 - 3.3 - 18973.66596 ND ND ND 19,000
Carbon Tetrachloride 2.64 18.75 9.3 12 14 -- -- - -- 5.0 44 9.3 12 14 ND
Chlordane 5.54 14100 5,300 44,000 60,000 - - - -- 67,000 - 5,300 44,000 60,000 ND
Chlorobenzene 2.84 10.3| 14 19 22 - 390 120 1,400 8.8 - 14 19 22 ND




Factors Used in BAFBCF™
to Calculate BAFs

EPA's data is very old: Undated y)
2010-2019 3
2000-2009 9
1990-1999 50
1980-1989 63
1970-1979 34
TOTAL 161

Preliminary research from 2002 to the present identified more than seventy-five studies that require review to

determine whether they are suitable for inclusion in the calculation of BAFs.

Some of the studies cited by EPA were used for only one chemical, even though they report BAFs for other

chemicals where K, values were used.




Basis for EPA Recommended
Bioaccumulation Factors

e  Most EPA’s BAFs were calculated from Log K,,:

Calculated from K, 59
BCF Method 6
BAF Method 11
Copied from Benzo(a)pyrene 6
Other alternative Method 12
TOTAL 94

e This is the least preferred method for determination of BAFs.




Example Study in EPA Spreadsheet




Golden Ide Data from
Study

» Data in yellow indicates parameters reported
in the Freitag study but not included in the
EPA database.













