
Dermal absorption of 2,4-D: a review of species differences

John H. Rossa,*, Jeffrey H. Driverb, Shelley A. Harrisc, Howard I. Maibachd

a infoscientific.com, Inc., 5233 Marimoore Way, Carmichael, CA 95608, USA
b infoscientific.com, Inc., Manassas, VA 20111, USA
c Virginia Commonwealth University, VA 23284, USA

d University of California, San Francisco, CA 94143, USA

Received 29 June 2004
Available online 15 December 2005

Abstract

The human percutaneous absorption of 2,4-dichlorophenoxyacetic acid (2,4-D) is well characterized. Five studies using human
subjects have been published and the results of those studies showed remarkable reproducibility across a span of three decades and
multiple laboratories, formulations, and methods. These human data provide valuable perspective for characterizing the variability
(CV = 60%) and central tendency (mean = 5.7%) associated with dermal absorption of 2,4-D from 34 individuals. Mouse, rat, and
rabbit absorption measurements all tend to be higher, while Rhesus monkeys provide data in the same range as humans. Inter-lab-
oratory reproducibility for a range of other pesticides shows 660% difference in central tendency estimates of human dermal absorp-
tion, providing reassurance that commonly used methods of measurement are reliable. For purposes of estimating potential human
health risks associated with systemic absorbed doses, there is far less uncertainty in using carefully collected human data than in
using dermal absorption estimates from small numbers of inbred laboratory animals.
� 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Percutaneous bioavailability or dermal absorption is
a key component of many regulatory occupational and
residential risk assessments involving pesticides and
other chemicals (U.S. EPA, 1992). In order to relate
the absorbed dose in oral laboratory animal toxicology
studies to the exposures that humans may experience,
it is necessary to have a well-defined estimate of dermal
absorption. Some variables that can affect absorption
include exposure time, dose, gender, anatomical site,
formulation, concentration, and absorption time (Pont
et al., 2003; Wester and Maibach, 1983, 1985a). The
rat as a model for dermal absorption typically overesti-
mates human bioavailability via skin penetration by an

average of approximately 5-fold (Ross et al., 2001).
Some laboratory animals (e.g., non-human primates)
yield dermal absorption values more similar to humans
than others (Wester and Maibach, 1993). Thus, there is
significant uncertainty in extrapolating dermal absorp-
tion estimates from many laboratory animals to man.
In addition to uncertainty in extrapolating between spe-
cies, there is also variability within a species.

Different formulations of the broadleaf herbicide,
2,4-dichlorophenoxyacetic acid (2,4-D), are used widely
in agriculture, for broadleaf weed control in crops, in
forestry, in non-crop areas, and for turf management
in commercial and residential settings. The United
States Environmental Protection Agency (USEPA) re-
cently completed the toxicology reviews for 2,4-D under
the Food Quality Protection Act (FQPA) and concluded
that the estimate obtained from the human dermal
absorption study (5.8%) conducted by Feldmann and

0273-2300/$ - see front matter � 2004 Elsevier Inc. All rights reserved.

doi:10.1016/j.yrtph.2004.10.001

* Corresponding author.
E-mail address: jhross@sbcglobal.net (J.H. Ross).

www.elsevier.com/locate/yrtph

Regulatory Toxicology and Pharmacology 41 (2005) 82–91

Regulatory
Toxicology and
Pharmacology

mailto:jhross@sbcglobal.net 

