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Ms. Amy Dunn

OEHHA

1515 Clay St., 16th Floor
Oakland CA 94612

Re: Biomonitoring Equivalents Articles for the Biomonitoring Scientific Guidance Panel
Dear Amy:

This letter accompanies three articles related to our efforts to develop Biomonitoring Equivalents
(BEs) as tools for use in interpretation of biomonitoring data in a public health risk context. BEs
are estimates of the concentration or range of concentrations of a chemical or its metabolites in a
human biological medium (typically blood or urine) that are consistent with existing risk
assessment-based exposure guidance values such as reference doses (RfDs) or tolerable daily
intakes (TDIs). These values can be used as a screening tool to evaluate whether measured
biomarker concentrations are below, in the range of, or in exceedance of existing risk assessment
guidance values.

BEs are derived through integration of available pharmacokinetic data with the existing risk
assessment in order to estimate relevant steady-state biomarker concentrations at the point of
departure for the risk assessment as well as at the exposure guidance value. To date, we have
derived and published BEs for almost 50 chemicals frequently included in biomonitoring
programs, with another 7 in progress. In addition, we have published a screening-level analysis
applicable to a group of at least 40 volatile organic compounds in blood. | have included a
bibliography of published papers related to this effort as an attachment to this letter.

Accompanying this letter are two articles presenting guidance on derivation and communication
of BE values (Hays et al. 2008 and LaKind et al. 2008) as well as a review article from the
Journal of Applied Toxicology that illustrates the derivation and use of BEs for several
compounds (Hays and Aylward 2009).

We hope that these materials are useful to your committee, and we look forward to describing
our work in more detail at your March meeting.

Sincerely,

Vﬁ‘?“

Sean M. Hays
President
shays@summittoxicology.com




Biomonitoring Equivalents Bibliography

Bibliography: Biomonitoring Equivalents and Related Articles Addressing the
Interpretation of Biomonitoring Data

Boogaard, P.J., S.M. Hays, L.L. Aylward. In press. Human biomonitoring as a pragmatic tool for health
risk management of chemicals - Examples under the EU REACh programme. Reg. Toxicol. Pharmacol.

Aylward, L.L., S.M. Hays, M. Gagné, A. Nong, K. Krishnan. 2010. Biomonitoring Equivalents for
hexachlorobenzene. Reg. Toxicol. Pharmacol. 58(1):25-32. d0i:10.1016/j.yrtph.2010.06.003

Hays, S.M., L.L. Aylward, M. Gagné, A. Nong, K. Krishnan. 2010. Biomonitoring Equivalents for
inorganic arsenic. Reg. Toxicol. Pharmacol. 58(1):1-9. doi:10.1016/j.yrtph.2010.06.002

Krishnan, K., M. Gagné, A. Nong, L.L. Aylward, S.M. Hays. 2010. Biomonitoring Equivalents for
triclosan. Reg. Toxicol. Pharmacol. 58(1):1-9. doi:10.1016/j.yrtph.2010.06.004

Krishnan, K., M. Gagné, A. Nong, L.L. Aylward, S.M. Hays. 2010. Biomonitoring Equivalents for
bisphenol A (BPA). Reg. Toxicol. Pharmacol. 58(1):18-24. d0i:10.1016/j.yrtph.2010.06.005

Aylward, L.L., C.R. Kirman, B.C. Blount, S.M. Hays. 2010. Chemical-specific screening criteria for
interpretation of biomonitoring data for volatile organic compounds (VOCS) - Application of steady-state
PBPK model solutions. Reg. Toxicol. Pharmacol. 58(1):33-44.

Aylward, L.L, M.K. Morgan, T.E. Arbuckle, D.B. Barr, C.J. Burns, B.H. Alexander, S.M. Hays. 2010.
Biomonitoring data for 2,4-dichlorophenoxyacetic acid in the US and Canada: Interpretation in a public
health risk assessment context using Biomonitoring Equivalents. Environ. Health Perspect. 118:117-181.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831914/?tool=pubmed

LaKind, J.S., D.Q. Naiman, S.M. Hays, L.L. Aylward, B.C. Blount. 2009. Public health interpretation of
trihalomethane blood levels in the United States: NHANES 1999-2004. J. Exp. Sci. Environ. Epidem.
19(4):435-441.

Hays, S.M., L.L. Aylward, M. Gagné, K. Krishnan. 2009. Derivation of Biomonitoring Equivalents for
cyfluthrin. Regul. Toxicol. Pharmacol. 55(3):268-75. doi:10.1016/].yrtph.2009.09.002

Aylward, L.L., S.M. Hays, M. Gagné, K. Krishnan. 2009. Derivation of Biomonitoring Equivalents for di(2-
ethylhexyl)phthalate (CAS No. 117-81-7). Regul. Toxicol. Pharmacol. 55(3):249-58.
doi:10.1016/j.yrtph.2009.09.001

Aylward, L.L., S.M. Hays, M. Gagné, K. Krishnan. 2009. Derivation of Biomonitoring Equivalents for di-n-
butyl phthalate (DBP), benzylbutyl phthalate (BzBP), and diethyl phthalate (DEP). Regul. Toxicol.
Pharmacol. 55(3):259-267. doi:10.1016/j.yrtph.2009.09.003

Hays, S.M. and L.L. Aylward. 2009. Using biomonitoring equivalents to interpret human biomonitoring
data in a public health risk context. J. Appl. Toxicol. 29(4):275-288.
http://wwwa3.interscience.wiley.com/journal/121588561/abstract?CRETRY=1&SRETRY=0

LaKind, J.S., S.M. Hays, L.L. Aylward, and D.Q. Naiman. 2009. Perspective on serum dioxin levels in
the United States: An evaluation of the NHANES data. J. Exp. Sci. Environ. Epidemiol. 19:435-441.

Aylward, L.L., J.S. LaKind, and S.M. Hays. 2008. Derivation of Biomonitoring Equivalent (BE) values for
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds: A screening tool for interpretation of
biomonitoring data in a risk assessment context. J. Toxicol. Enivron. Health Pt. A. 71(22):1499-1508.
http://www.informaworld.com/smpp/content~db=all?content=10.1080/15287390802361755




Biomonitoring Equivalents Bibliography

Hays, S.M,, L.L. Aylward, and J.S. Lakind. 2008. Introduction to the Biomonitoring Equivalents Pilot
Project: Development of guidelines for the derivation and communication of Biomonitoring Equivalents.
Reg. Toxicol. Pharmacol. 51:S1-S2. doi:10.1016/].yrtph.2008.02.007

Hays SM, Aylward LL, LaKind JS, Bartels MJ, Barton HA, Boogaard PJ, Brunk C, DiZio S, Dourson M,
Goldstein DA, Kilpatrick ME, Krewski D, Krishnan, K, Lipscomb J, Nordberg M, Okino M, Tan Y-M, Viau
C, Yager JW. 2008. Guidelines for the derivation of Biomonitoring Equivalents: Report from the
Biomonitoring Equivalents Expert Workshop. Reg. Toxicol. Pharmacol. 51:54-S15.
doi:10.1016/j.yrtph.2008.05.004

LaKind, J.S., L.L. Aylward, C. Brunk, S. DiZio, M. Dourson, D.A. Goldstein, M.E. Kilpatrick, D. Krewski,
M.J. Bartels, H.A. Barton, P.J. Boogaard, J. Lipscomb, K. Krishnan, M. Nordberg, M. Okino, Y.-M. Tan, C.
Viau, J.W. Yager, and S.M. Hays. 2008. Guidelines for the communication of Biomonitoring Equivalents:
Report from the Biomonitoring Equivalents Expert Workshop. Reg. Toxicol. Pharmacol. 51:516-S26.
doi:10.1016/j.yrtph.2008.05.007

Hays, S.M., and L.L. Aylward. 2008. Biomonitoring equivalents (BE) dossier for acrylamide (AA) (CAS
No. 79-06-1). Reg. Toxicol. Pharmacol. 51:S57-S67. doi:10.1016/j.yrtph.2008.05.010

Hays, S.M., M. Nordberg, J.W. Yager, and L.L. Aylward. 2008. Biomonitoring equivalents (BE) dossier
for cadmium (Cd) (CAS No. 7440-43-9). Reg. Toxicol. Pharmacol. 51:549-S56.
doi:10.1016/j.yrtph.2008.05.008

Aylward, L.L., J.S. LaKind, and S.M. Hays. 2008. Biomonitoring equivalents (BE) dossier for
trihalomethanes. Reg. Toxicol. Pharmacol. 51:5S68-S77. doi:10.1016/].yrtph.2008.05.005

Aylward, L.L., and S.M. Hays. 2008. Biomonitoring equivalents (BE) dossier for 2,4-
dichlorophenoxyacetic acid (2,4-D) (CAS No. 94-75-7). Reg. Toxicol. Pharmacol. 51:S37-S48.
doi:10.1016/j.yrtph.2008.05.006

Aylward, L.L., H.A. Barton, and S.M. Hays. 2008. Biomonitoring equivalents (BE) dossier for toluene
(CAS No. 108-88-3). Reg. Toxicol. Pharmacol. 51:S27-S36. doi:10.1016/j.yrtph.2008.05.009

LaKind, J.S., L. Barraj, N. Tran, and L.L. Aylward. 2008. Environmental chemicals in people: Challenges
in interpreting biomonitoring information. J. Environ. Health. 70(9):61-64.

Hays, S.M., R. Becker, H.-W. Leung, L.L. Aylward, and D.W. Pyatt. 2007. Biomonitoring equivalents: A
screening approach for interpreting biomonitoring results from a public health risk perspective. Reg
Toxicol Pharmacol. 47(1):96-109. doi:10.1016/j.yrtph.2006.08.004




