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The number of farmers who have suffered from non-fatal acute pesticide poisoning has been reported to

vary from 5.7% to 86.7% in South Korea since 1975. Absorption through the skin is the main route of

exposure to pesticides for farmers who operate with them. Several in vitro tests using the skins of humans

or animal and in vivo tests using laboratory animals are introduced for the assessment of human dermal

absorption level of pesticides. The objective of this study is to evaluate and compare international guide-

lines and strategies of dermal absorption assessments and to propose unique approaches for applications

into pesticide registration process in our situation. Until present in our situation, pesticide exposure level to

operator is determined just using default value of 10 as for skin absorption ratio because of data shortage.

Dermal absorption tests are requested to get exposure level of pesticides and to ultimately know the safety

of pesticides for operators through the comparison with the value of AOEL. When the exposure level is

higher than AOEL, the pesticide cannot be approved. We reviewed the skin absorption test guidelines rec-

ommended by OECD, EFSA and EPA. The EPA recommends assessment of skin absorption of pesticides

for humans through the TPA which includes all the results of in vitro human and animal and animal in vivo

skin absorption studies. OECD and EFSA, employ a tiered approach, which the requirement of further

study depends on the results of the former stage study. OECD guidelines accept the analysis of pesticide

level absorbed through skin without radioisotope when the recovery using the non-labeled method is

within 80~120%. Various factors are reviewed in this study, including the origin of skin (gender, animal

species and sites of skin), thickness, temperature and, etc., which can influence the integrity of results.
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INTRODUCTION

Pesticides are used as an important means for the control

of disease of crops, pests and weeds. Although they have

advantages of increasing the production of agricultural

products and dramatically reducing the labor, they are

becoming a serious risk factor to the health of the farmers

who are directly spraying these pesticides.

Direct comparison of the international practices of occu-

pational pesticide poisoning have limitations due to different

methods of each country for defining a pesticide poisoning,

investigation approach and scope but according to the

report by the U.S, through pesticide poisoning surveillance

system of the National Institute of Occupational Safety &

Health, annual average of approximately 5~54 pesticide

addict per 100,000 had occurred in the years of 1998~2005

(1,2). According to the results from a survey, 6.7% of Nica-

raguan farmers (3), 6.5% Brazilian farmers, 8.8% of Chi-

nese farmers, 31% of Vietnamese farmers and 83.6% of

Indian farmers had experienced symptoms that fit the symp-

toms of acute pesticide poisoning in the last year. 209,512
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farmers within the domestic male farmer reported occupa-

tional acute pesticide poisoning in 2012, estimating to be

24.7 people per 100 farmers (4).

In Korea, establishment of ADI (Acceptable Daily Intake)

or MRL (Maximum Residue Limit) is required when regis-

tering a pesticide, so safety of food and consumers is rela-

tively well managed but the system or device that can

manage the impact of pesticide exposure in agricultural

workers are relatively insufficient.

Despite the fact that the major exposure route of pesti-

cide absorption of agricultural workers is through the skin,

the risk due to exposure via the oral route has been priori-

tized (5). Thus, since a trustable toxicity study by dermal

absorption lacks, risk factors through dermal exposure of

pesticides have been evaluated by supplementing the uncer-

tainty due to the difference of the route of administration. In

other words, as for oral and dermal exposure, factors such

as differences in the in vivo transformation first pass effects

(response when first exposed in the body) and different

absorption rate act as correction factors for differences of

the exposure path (6).

The current pesticide registration standards in force in the

country regulate pesticides with risk index, ratio of expo-

sure amount and AOEL of more than 1 cannot be regis-

tered. When in vivo or in vitro dermal absorption test

information is lacking, the basic skin absorption rate is set

to be applied at 10%. However, validation of this 10%,

assigned as default value for the absorption rate of the pesti-

cide, is required and since the physical and chemical prop-

erties vary by pesticide, applying it by measuring the skin

absorption rate through actual experiments will allow more

accurate risk assessment for agricultural workers.

This study aims to introduce various scientific data and

guidelines of international organizations on skin absorption

testing and proposes an approach to evaluate skin absorp-

tion tests of the pesticide that fits the domestic conditions

based on the results.

Dermal absorption rate test strategies and procedures.
As for the skin absorption test methods of agricultural

chemicals which have been developed and utilized so far,

there are Test Guideline 428 Skin Absorption: in vitro

Method, GUIDANCE DOCUMENT 28, GUIDANCE

NOTES ON DERMAL ABSORPTION (7) and Panel on

Plant Protection Products and their Residues (PPR) EFSA

Journal 2012;10(4):2665 of EFSA, SCIENTIFIC REPORT

OF EFSA SANCO/222/2000 rev. 7 EFSA Scientific Report

(2009) 282 of OECD (8) and EPA/600/8-91/011B January

1992 Interim Report Dermal Exposure Assessment, Health

Effects Test Guidelines OPPTS 870.7600 Dermal Penetra-

tion of U.S. EPA (9).

In case there is no information relevant to the skin

absorption of a material, EFSA recommends, based on the

physicochemical properties of active ingredients, if octanol/

water partition coefficient (log Pow) is < -1 or > 4 and the

molecular weight of > 500, the skin absorption rate can be

applied at 10% by default (8). Other than the above case, if

there is no information related to skin absorption of a mate-

rial, the default value is set to be minimum of 10% - maxi-

mum of 75% (EFSA 2010) (Fig. 1) (10), or minimum of

10% - maximum of 100% (EFSA 2002) (11) of the amount

exposed to the skin depending on the content of the active

ingredient of the product.

Therefore, the absorption rate that was set seemed to have

been set in a fairly conservative way but it is accepted as

being essential in that it has made a huge impact on risk

assessment for the pesticide.

When conducting a skin absorption experiment, a ‘Triple

Pack’ approach method is used to most accurately estimate

the skin absorption rate from a person (7).

In vivo human absorption

The Triple Pack method consists of a total of three types

of tests, two types of in vitro test (in vitro rat skin test, body

skin exam) and 1 type of in vivo rat test, and as a method to

minimize the possibility of error that each of the test

method possess, this method was selected on the basis that

rats and humans will be the same and the absorption differ-

ence between humans and rats will show in the same pro-

portion in both in vitro and in vivo tests. This method has

been introduced as the most accurate method in all EFSA

(8), OECD (7) and EPA test guidelines (9).

However, it is costly to proceed with all three experi-

ments and there are difficulties in ethics in its use of experi-

mental animals. Therefore, EFSA and the OECD have

adopted a Tiered Approach (Fig. 1).

Diffusion cell as an apparatus for the measurement of
dermal absorption rate. Although there are various

types of skin absorption rate measurement equipment (Dif-

fusion cell) and equipment used in the skin absorption rate

measuring exists, by default, it is composed of a donor

chamber that can process test materials and a receptor

chamber where the tested material that penetrated the skin

can remain, and there also should be a device that can

securely fix the skin tissue between the two chambers (Fig. 2).

In addition to these conditions, in order to obtain more

accurate results, measuring equipment is required that is

easy to use when sampling and can generate as little bub-

bles as possible, which could affect the rate of absorption.

The donor chamber can be divided into two types depend-

ing on the treatment method of the test substance. One is a

static scheme designed to treat the test substance of a lim-

ited capacity and the other is a flow-throw scheme donor

chamber designed to enable the continuous process of the

test substance. In all the guidelines, use of any chamber is

= 
In vivo rat absorption In vitro human absorption×

In vitro rat absorption
------------------------------------------------------------------------------------------------------------------------
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acceptable as long as a donor chamber is chosen that can

reproduce a situation similar to the actual work condition in

the field.

A receptor solution filling the receptor chamber must be

in contact with the lower surface of the skin, while the stir-

ring device must be attached so that the test substance can

melt well and a minimum temperature of 32 ± 1oC (EFSA,

OECD, EU standard) or 37oC (EPA) must be maintained, as

the skin absorption rate can be affected depending on the

temperature.

The aqueous solution is to be selected in consideration of

affinity to the skin tissue, solubility of the test substance and

analysis status of the test substance. In detail, selection of

the solution depends on whether the tissue used in the

Fig. 1. Procedures for the decision of dermal absorption ratio based on the recommendation by EFSA (2012)9). (A) Upper figure pres-
ents a decision tree when there are no data on dermal absorption rate of a pesticide. In that case, starting points are dependent on
the solubility of the compound (log Pow) and content of the active substance in a product for the determination of default absorp-
tion ratio of a pesticide into the skin of an operator. (B) Bottom figure presents a decision tree when data on dermal absorption rate of
a pesticide. In vitro data with human skin, in vitro data with rat and in vivo data with rat are used with tiered approach for the decision
of exposure level of a pesticide to an operator.
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experiment has living physiological activity or dead tissue

without metabolic activity.

If the experiment is performed on a tissue with living

physiological activity, a physiological solution, such as a

cell culture medium must be selected to maintain the physi-

ological activity and for experiments using tissues free of

physiological activity, aqueous solutions should be selected

in consideration of the solubility of the test substance. The

most widely used aqueous solution, in case of evaluating

water-soluble material, is saline solution with pH 7.4 and

when evaluating a non-polar test substance, since test sub-

stances might not be dissolved in an aqueous solution, 6%

polyethylene glycol 20 oleyl ether solutions or 5% bovine

serum albumin mixed in saline can be used to increase solu-

bility. In addition, if explainable, use of a different solution

is possible (12).

Selection and preparation of skin tissue. According

to the OECD guidance document 28 (7) that prescribes the

measurement of skin absorption rate experiment targeting

workers who are engaged in working among pesticides,

chemicals or in biotechnology fields, although at times,

experimental results utilizing monkey, pig and artificial and

cultured skin are submitted, skin tissue that is used mainly

in experiments are human or rat skin tissues. In addition to

the selection of species to get a skin tissue for the experi-

ment, the decision of whether to use a tissue with meta-

bolic activity or without metabolic activity must be made.

Basically, although skin with metabolic activity is pre-

ferred, it is not always easy to find. Also, in case of when a

change of the test substance by skin metabolism occurs,

embodiment of the analysis to determine the absorption rate

and estimation of the recovery rate must require more

effort. Furthermore, since there are a lot of accumulated test

results obtained by using skin with no metabolic activity for

a long time, it is easier to prove integrity, so a method of

using skin without metabolic activity has been recom-

mended.

Skin used on the experiments with human skin is

obtained from a cadaver or through surgery for cosmetic

and urological surgery. Since the absorption rate of skin tis-

sue of people differs depending on the collected area, it is

recommended to use only the skin of the abdomen, chest or

upper leg (Table 1) (13).

Reconstructed skin using skin tissue derived from people

is used as an alternative of this. Each regulation has pre-

sented a different opinion on the possibility of use of recon-

structed skin on the skin absorption rate experiment. In the

guidelines of the OECD guidance document and EU, as

long as it demonstrates that it shows similar results to the

Fig. 2. Composition of Franz cell. It is an in vitro skin permeation assay apparatus that consists of two primary chambers separated by
a membrane. A test material is applied to the membrane via the top chamber and the bottom chamber contains fluid from which
samples are taken at regular intervals for analysis. The apparatus is designed to determine the amount of active substance that has
permeated the membrane at each time point. Usually, the chamber is maintained at a constant temperature of 37oC.
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conventional results of representative reference substance

such as caffeine, testosterone and benzoic acid, they are in

the position of accepting it and even introduces some of the

actual commercialized reconstructed skin (14).

On the contrary, the EFSA does not recommend the use

of this based on the result that the function of wall of the

skin tissue cells produced by the culture does not clearly

reflect the characteristics of this (15).

As for the skin tissue derived from animals, as men-

tioned earlier, the most widely used animal species are rats.

Although rat’s skin, when compared to human skin, indi-

cates a significantly higher skin absorption rate showing

many differences in the actual results, but these differences

can be calibrated through the formula once results of in

vivo experiments using rats and in vitro experiments using

human are obtained, and it has an advantage in that it has

many accumulated experiment results since it was used in

skin absorption rate tests for a long time (16).

In skin absorption rate measurement tests of humans and

animals, the full thickness of skin can be used but the use of

skin tissue more than 1mm is not recommended and should

be avoided except for a study that holds a special purpose

such as experiments to determine the test substance distri-

bution within the skin tissue. This is because, in the most of

the skin tissue without physiological activity used in the

rate experiment, absorption through the blood vessels does

not occur, so the test substances have accumulated in the

skin tissue to exist in a high concentration. In general, skin

samples with a thickness of 200~500 µm has been recom-

mended and tissue with only stratum corneum and epider-

mis after removing the dermis layer are mainly used.

Differences in absorption rate due to gender, in general, is

reported to be absent in humans. However, these differ-

ences in animals have been reported and this difference is

known to be caused by the differences in thickness of the

stratum corneum and the thickness of the stratum corneum

is affected by the thickness of the entire skin. Therefore, if

the thickness of the stratum corneum and the entire skin are

same, it is learned that the absorption rate does not differ

due to gender (17). In case of rat, dorsal skin, according to

gender, differ in thickness of stratum corneum or the entire

skin but shows no difference in ventral skin thickness.

Therefore, when dorsal skin is used, gender differentiation

should not be necessary (Table 2) (18).

There are a number of ways to separate skin tissue

depending on the animal species and the separation method

(15,19,20). The most important thing when choosing a

method of separating the skin tissue is, when one test sub-

stance is tested using several animal species, it must be ana-

lyzed using the same method, so even the same separation

method should be used. Although the method is not con-

tained in the guidelines, among published papers, there are

cases of introducing the same separation method for human

and rat skin (21). In addition, the method is known to use a

dermatome that can be applied without considering the dif-

ference in species to produce split thickness skin and uses

this cut skin tissue for the test.

The collected skin tissue can be used in the experiment

immediately after collecting but can also be stored after

freezing. A study on hypothesis, if appropriate freeze stor-

age is made, does not affect the skin permeation rate, had

been demonstrated by experiments using the skin of people

and animals. The most suitable temperature to store the skin

tissue is −20oC. The skin of humans or animals did not have

a significant effect on the results when stored in 10oC for a

maximum of 3 days and a penetration rate has shown to

increase when stored in −80oC (22).

Table 1. Comparison of dermal absorption at different
anatomical parts of the body of human volunteers

Anatomical

region

Parathion

(4 µg/ml in acetone)

Malathion

(4 µg/ml in acetone)

Abdomen 1.0 1.0

Forearm 0.5 0.7

Palm 0.6 0.6

Ball of foot - 0.7

Back of hand 1.1 1.3

Inside elbow 1.5 -

Scalp 1.7 -

Jaw angle 1.8 -

Forehead 2.0 2.5

Armpit 3.5 3.1

Scrotum 5.5

Data are normalized to abdomen = 1.0.

Table 2. Site- and gender-related differences in the skin thickness and absorption of Benzoic acid

Type of skin (n)
Skin thickness % of Applied dose

(after 5 hr)Stratum corneum  Epidermis (µm) Whole skin (mm)

Male

Back (10) 34.7 ± 2.30 61.1 ± 3.0 2.80 ± 0.08 0.5 ± 0.07

Abdomen (13) 12.8 ± 0.08 30.4 ± 1.5 01.7 ± 0.06 5.1 ± 0.90

Female

Back (10) 18.2 ± 1.00 31.2 ± 1.5 2.04 ± 0.05 2.5 ± 0.60

Abdomen (13) 13.7 ± 0.60 34.8 ± 1.8 0.93 ± 0.02 6.5 ± 0.90
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On the other hand, a report has been published that skin

tissue stored in −20oC showed no difference in absorption

rate when stored up to a maximum of 466 days (23).

The most important thing in the process of preparing skin

for the process or experiment is maintaining the integrity of

the skin tissue, including the stratum corneum. The method

for evaluating the integrity of the skin tissue varies. The

first step is to verify the integrity of the skin by visual

inspection and the second step is to hydrate the skin after

alignment after mounting the skin specimen on the cell.

Hydration closes small channels (hair channel, etc.) opened

in the skin. Typical methods used to evaluate through the

experiment are a method to check if the alternating current

(AC) electric resistance value is more than 2 volts, a

method to check whether or not trans-epidermal water loss

(TEWL) measure value is within the normal range and a

method to check the appropriateness of permeability of

standard materials such as tritiated water.

Selection of the test substance and condition of treat-
ment. Using test substance during testing by labeling

radioactive isotope 14C on the most stable position in the

structure of the material is considered as the most ideal

method to be used (7,9,24). Isotopically labeled method has

an advantage of being relatively easy in the determination

of the distribution and recovering of the test substance and

making more rapid, accurate and highly sensitive analysis

possible. However, isotope labeling requires a lot of costs

and in some cases, it is impossible depending on the nature

of the test substance microcapsule, granular form, etc., and

in some cases, isotopical labeling is not possible in accor-

dance with the structure. In this case, the process should be

performed by using an analysis method that passed an

appropriate review test (12).

Test substances can obtain more useful information when

the substance has same composition to the substance that is

being used in the actual working condition or has been pre-

pared in the most similar shape (in-use). The test substance

in solid or powder form must be moistened with water to

ensure good contact with the skin and should be applied in a

quantitative and homogeneous state (25). The amount of

water used for hydration must be determined in consider-

ation of the humidity that can occur in the actual work site

or influence of sweat (26).

Depending on the test materials applied in the experi-

ment, it can be divided into infinite dose test and finite

dose test. The infinite capacity test is mainly applied in

household supplies such as bath salts and for chemicals

tests such as agricultural chemicals, proceeding with lim-

ited capacity tests will more accurately reflect the actual

environment.

The amount of test material used in the limited capacity

experiment is at the maximum of 10 mg/cm2, in case of

solid test materials and 10 µl/cm2, in case of liquid test

materials and the reason for this is that any amount larger

than this tends to spill before absorption. The basic princi-

ple for determining the test substance application method

and the amount of time should be done in consideration of

creating the most similar actual work environment of the

agricultural worker.

The first thing to decide is whether to apply the test sub-

stance in a state of being closed or in a state of being open.

When considering a typical work environment of agricul-

tural workers, it is appropriate to apply in an open state but

when considering situations where pesticides are seeping

into clothes or flowing into gloves, applying in a closed

state can better reflect the work environment.

The concentration of the test substance is usually defined

as using two capacitor groups and at this time, when deter-

mining the concentration of test substance, it is advanta-

geous to predict the toxicity of the pesticide exposure of

workers when the dilution is determined in consideration of

the concentration that the workers can be exposed to in the

actual production environment.

Generally, since the skin absorption rate of a substance

tends to show a higher absorption rate in the low concentra-

tion state rather than high concentration (6), it is recom-

mended to proceed with the test in the diluted concentration

that matches the actual lowest concentration used in the

work environment, in addition to the undiluted pesticide

products. If the dilution ratio is higher than normal, setting

another concentration between the undiluted and the lowest

dilution will be unique when testing the absorption rate of

untested diluted concentration (7).

The applied time of the test substance, when considering

the work time of agricultural workers, should at least be 6-

10 hrs and it is usually defaulted to 8 hrs of exposure time.

This is in consideration of the actual working conditions of

the field that after 8 hrs of working time, the work would

cease and workers would wash away the remaining sub-

stance such as pesticides rubbed on the skin.

However, not all pesticides are removed even when

washing the skin after the job has ended and the possibility

of residual pesticides on the skin being absorbed into the

body is present. Therefore, the general method for measur-

ing the absorption rate is to take an additional sample after

24 hrs of exposure after washing the skin after 8 hrs of

exposure. Typical sampling times are before processing test

substance (0hr) and at 1, 2, 4, 8 and 24 hrs after treatment

with the test substance.

Since the absorption rate at the 4 and 8 hrs after the expo-

sure becomes the basis for calculating the total absorption

amount, it must be included.

In order to obtain more reliable results, it is necessary to

repeat the test. Some of the differences within each rele-

vant organization are present but it is generally recom-

mended to undergo four repeat tests. Exceptionally, the

OECD (7) typically requires four repeated test results but if
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there is little variation between the test results, the results of

3 repeated tests are recognized.

Element affecting the result - skin temperature.
Changes in the skin temperature have an effect on the

absorption process. Therefore, the temperature of the recep-

tor fluid that contacts the skin must be controlled (24). Reg-

ulations on the test temperature may differ according to the

regulation mechanism. OECD (9), EFSA (7), EFSA, among

others, regulate the need to maintain the temperature of

human skin to 32 ± 1oC, but NAFTA (24), assuming the

worst case, regulates to maintain the temperature at 37oC,

the same as the body temperature.

Because the temperature of the management is a factor

that largely influences the results of the test, the tempera-

ture must be managed explicitly during the course of the

experiment. Therefore, appropriate temperature control

during the test process must be verified by measuring the

skin or receptor fluid temperature by using the proper ther-

mometer and, in addition, humidity does not have to be

measured in all experiments, but in an experiment testing

the standard, measuring it will increase the reliability of the

result.

End of the experiment and calculation of absorption
rate. After the test is finished, test substances may still be

present in the stratum corneum, epidermis, and dermis and

receptor fluid of the skin. At this time, according to the

judgment of whether to view the material absorbed in what

layer, the absorption rate evaluation may vary widely.

When looking at the preceding studies (27), the amount

of test substance present in the stratum corneum, the epider-

mal layer and the dermis is similar or more than the amount

present in the receptor fluid, so it is necessary to provide a

precise reference whether to view the amount within the

skin tissue as the amount absorbed.

Regarding this, OECD (7) determines the amount of the

test substance contained in the epidermal layer and the der-

mal layer as the absorbed amount but gives no clear guide-

line whether or not to include the amount in the stratum

corneum and other and this is being debated. In some cases,

determination is made based on the correlation to the

accompanying experiment using human or animal skin. In

EFSA (7), they regulate that until the second stripe of the

tape strip (28), a method used to remove the stratum cor-

neum, should be excluded since it will soon be eliminated

due to the nature of the stratum corneum, and if 75% of the

absorbed amount was absorbed within the first half of the

visible absorption test period, all the tape strip results can

be excluded. Currently, most authorized authorities calcu-

late by “absorbed amount + amount remaining in the treated

area tissue + (when necessary) amount remaining in the

skin tissue after going through a washing process” when

calculating the absorption amount.

Confirmation of the test method and representation
of result values. In order to confirm the reliability of

results, a process to demonstrate the stability of the test is

required, in addition to the confirmation of the absorption

rate. Various international standards, as a method to demon-

strate the stability of the experiment, despite the scope of

accreditation having some slight variation, requires a calcu-

lation of the mass balance.

In order to calculate the mass balance, on top of receptor

fluid and skin tissue, an applicator that was used to apply

the test substance, the recovered sample that was not

absorbed, the cleaning solution used in the cleaning pro-

cess after termination of the experiment and cleaning solu-

tion of the receptor chamber will also need to be analyzed.

In addition, in order to calculate more exact mass balance,

some consideration of analyzing the required sample is

worthwhile. OECD (12) regulates that the sum of the ana-

lyzed test substance (mass balance) in the above-mentioned

specimen must be within 90~110% of the applied amount in

the isotope-labeled test and when the test substance is vola-

tile or has no included isotope labeling, it recognizes up to

80~120%. In a recently amended EFSA guidance, when

using an isotope-labeled test substance, the value of mass

balance needs to be 95~105% of applied (7).

Standard deviation of the repeated test measurement

result must be within 25% for its reliance to be recognized

(12). When there is a test result that exceeds 25%, the

exceeding result can be excluded but the number of re-tests

must be increased. As such, when wanting to exclude some

results, the reasons need to be clarified and even these

excluded results should be included in the report and when

the highest result is excluded, the same number must be

excluded from the lowest results.

Therefore, in order to avoid re-examination, 2-4 addi-

tional repeated tests on top of the minimum number of

repeated tests is necessary.

Since the result of skin absorption experiments vary

widely according to what manner the result is rounded off

to, it is necessary to round using certain criteria. Methods

that uniformly apply to the guidelines of international orga-

nizations use two significant digits in the results of 10% or

more and results from 1 to 9% are represented by 1 signifi-

cant digit.

Table 3. Rounded value results of the dermal absorption

Result range Example result
Rounded value

OECD EFSA

Above 10%
10.4% 10% 10%

15.6% 16% 16%

1 = 9%
1.43% 01% 01%

2.65% 03% 03%

Below 1% 0.15% / 0.2%
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There is a slight difference for results of less than 1% and

OECD (12) is currently discussing this, while EFSA (7)

generally recommends 1 significant figure. When the results

are consistent, it is possible to report as ‘below 1%’ but it is

negative to report a result below 1% by rounding off as 1%.

The end result should be performed on these roundings, in

case of result value calculation using Triple pack.

Characteristics of each guideline of OECD, EFSA and
US EPA. When looking at the contents of each provision

from OECD, EU and EFSA related to skin absorption,

adaptation of a similar method appears as a whole and dif-

ferences appear only in details. For specific differences in

OECD and EFSA, since they adopt a step-by-step test

method, a rating evaluation of absorption rate is possible

only with in vitro test results but EPA does not recognize

results in this form.

Before conducting the tests on all the test criteria, they

present default value that can predict the absorption rate

only through looking at the chemical and physical charac-

teristics of the test chemical substances, whereas EPA clas-

sifies into two criteria of 10% and 100% based on octanol

partitioning coefficient and molecular weight. EFSA addi-

tionally adopts a concentration of active ingredient as the

standard and even the default value is presented in 3 levels

(10%, 25%, 75%), according this standard.

In addition, the difference in the temperature of the exper-

iments is shown while the experiment is being conducted.

Whereas OECD, EU and EFSA present 32 ± 1oC, the tem-

perature of human skin, as the reference temperature but

NAFTA has a difference in that they offer 37oC, based on

the average human body temperature, as the reference tem-

perature (Table 4).

As a result of confirming all guidelines, OECD, EU and

EFSA have their own testing standards but are almost simi-

lar in contents, showing only the difference in time and

through continuous revisions, they are arranging regula-

tions even to detailed aspects of the research. Also, in order

to minimize the actual experiment, at the same time of

actively applying perdition programs such as QSAR, they

offer test standards from in vitro test to in vivo tests so that

step-by-step experiments are progressed depending on the

results of each test.

EPA test standards, when compared to the standards of

OECD, EU and EFSA, relatively applies the test criteria of

the worst case and although they are using a prediction pro-

gram, rather than a phased approach, they tend to show a

trend of confirming the absorption rate by conducting all

the possible Triple pack tests. Also, if a rationale for the

detailed contents can be suggested, depending on the test

substance and nature of exposed environment, they show a

tendency of applying a method that suits the situation.

PERSPECTIVES

Considering the results of reviewing and comparison of

Table 4. Comparison of dermal absorption test guidelines of OECD, EFSA and EPA for exposure assessment

OECD

(Tiered approach)

EFSA (EU)

(Tiered approach)

EPA (Triple pack, in vivo tests

are mainly performed)

Animal
Species Rat (Other species available)

Location of skin Dorsal or ventral Dorsal, ventral, Femoral Dorsal or ventral

Human
Preparation of skin Prefer most human breast, abdomen or leg 

Reconstructed skin available not recommended /

Common

Thickness of skin 200~400/500 µm

age no influence

Test temperature 32.1 ± 1
o
C 37

o
C

Tissue storage −20
o
C (Maximum up to 466 days)

Dose Finite

Concentration Neat formulation and Ready-to-Use dilution

Volume of test substance 10 mg or 10 µl/cm
2

1 mg/cm
2

Duration of application 6~8 hrs Simulate actual environment

Test duration Maximum 24 hrs Maximum 24 hrs Reasonably adequate duration

Analysis of stratum corneum
Determined according

to the situation

Ready for decision-

making procedures

Determined according

to the situation

Recovery ± 10% (or 20%) ± 5% ± 10% (or 20%)

Washing effect Evaluated in the absorbed amount No clear decision
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each guideline of dermal absorption test for pesticides, it is

found that a tiered testing approach is more efficient than

the Triple pack approach.

There will be an advantage in terms of economic value to

replace the method of analysis with raw material itself

rather than radiolabelled substance. OECD guideline accepts

analysis methods without radioisotopes when the analysis

recovery is within 80~120%. However, in case materials of

pesticides are registered for the first time in the country

without foreign registration cases, it needs to be considered

applying the Triple pack approach, which requires a calcu-

lation of the skin absorption ratio from both in vitro and in

vivo studies and the final human absorption ratio is deter-

mined from the differences between in vitro and in vivo

(Table 5).

ACKNOWLEDGEMENTS

This work is supported by “Cooperative Research Pro-

gram for Agriculture Science & Technology Development

(Project title: Study on human exposure factors for the oper-

ator exposure assessment of pesticides, Project No.

PJ009950-01)” Rural Development Administration, Repub-

lic of Korea.

REFERENCES

1. Cole, D.C., Carpio, F. and León, N. (2000) Economic burden

of illness from pesticide poisonings in highland Ecuador. Rev.

Panam. Salud Publica, 8, 196-201.

2. Wesseling, C., Castillo, L. and Elinder, C.G. (1993) Pesticide

poisonings in Costa Rica. Scand J. Work Environ. Health, 19,

227-235.

3. Corriols, M., Marin, J., Berroteran, J., Lozano, L.M. and

Lundberg, I. (2009) Incidence of acute pesticide poisonings in

Nicaragua: a public health concern. Occup. Environ. Med., 66,

205-210.

4. Lee, W.J., Cha, E.S., Park, J., Ko, Y., Kim, H.J. and Kim, J.

(2012) Incidence of acute occupational pesticide poisoning

among male farmers in South Korea. Am. J. Ind. Med., 55,

799-807.

5. Benford, D.J., Cocker, J., Sartorelli, P., Schneider, T., van

Hemmen, J. and Firth, J.G. (1999) Dermal route in systemic

exposure. Scand J. Work Environ. Health, 25, 511-520.

6. van de Sandt, J.J., van Burgsteden, J.A., Cage, S., Carmichael,

P.L., Dick, I., Kenyon, S., Korinth, G., Larese, F., Limasset,

J.C., Maas, W.J., Montomoli, L., Nielsen, J.B., Payan, J.P.,

Robinson, E., Sartorelli, P., Schaller, K.H., Wilkinson, S.C.

and Williams, F.M. (2004) In vitro predictions of skin absorp-

tion of caffeine, testosterone, and benzoic acid: a multi-centre

comparison study. Regul. Toxicol. Pharmacol., 39, 271-281.

7. OECD. (2011) Guidance notes on dermal absorption, Series

on testing and assessment, No. 156, OECD, 36, 1-72.

8. EFSA. (2012) Scientific Opinion, Guidance on Dermal

Absorption. EFSA J., 10, 2665.

9. USEPA. (1992) Interim report dermal exposure assessment:

Principles and applications exposure assessment group office

of health and environmental assessment U.S. Environmental

Protection Agency, Washington, pp. 1-389.

10. EFSA Panel on Plant Protection Products and their Residues

(PPR). (2010) Scientific opinion on preparation of a guidance

document on pesticide exposure assessment for workers, oper-

ators, bystanders and residents. EFSA J., 8, 1501-1548.

11. European Commission Health and Consumer Protection

Directorate-General. (2002) Guidance document on dermal

absorption. Eur. Comm. Rep. EUR, 6, 1-14.

12. Brewster, D.W., Bank, Y.B., Clark, A.M. and Birnbaum, L.S.

(1989) Comparative dermal absorption of 2,3,7,8-tetrachlo-

rodibenzo-p-dioxin and three polychlorinated dibenzofurans.

Toxicol. Appl. Pharmacol., 97, 156-166.

Table 5. Dermal absorption test methods recommendable and available

Category Test condition

Device Static Franze Cell

Skin

Animal : Rat-dorsal skin

Human: Cadaver skin or those comes from cosmetic surgery or  reconstructed human skin

Non-viable, split thickness (dermatomed) skin (200~400/500 µm)

Integrity evaluation: Histological examination, Electrical resistance

Test substance
Dose : Neat formulation and Ready-to-Use dilution, Finite dose

Radiolabelled or non-Radiolabelled compound available

The duration of

study period

Exposure time: at least 6 to 10 hrs

Sampling time: 1 hr, 2 hr, 4 hr, 8 hr and 24 hr after application

Analysis

compartment

Applicator, donor chamber dislodgeable from skin surface,

stratum corneum, skin preparation, receptor fluid, receptor chamber

Mass balance
Radiolabelled test substance: 90~110%

Non-radiolabelled test substance: 80~120%

Number of

repeat tests
A minimum of 4 repeat tests per one concentration



260 J. So et al.

13. Wilkinson, S.C., Maas, W.J., Nielsen, J.B., Greaves, L.C., van

de Sandt, J.J. and Williams, F.M. (2006) Interactions of skin

thickness and physicochemical properties of test compounds

in percutaneous penetration studies. Int. Arch. Occup. Envi-

ron. Health, 79, 405-413.

14. Scientific Committee on Consumer Safety (SCCS). (2010)

Basic criteria for the in vitro assessment of dermal absorption

of cosmetic ingredients. SCCS, pp. 1-14.

15. Diembeck, W., Beck, H., Benech-Kieffer, F., Courtellemont,

P., Dupuis, J., Lovell, W., Paye, M., Spengler, J. and Steiling,

W. (1999) Test guidelines for in vitro assessment of dermal

absorption and percutaneous penetration of cosmetic ingredi-

ents. European cosmetic, toiletry and perfumery association.

Food Chem. Toxicol., 37, 191-205.

16. Atherton, D.J. and Rook, A. (1986) Textbook of dermatology

(4nd 
 
ed.). Blackwell Press, New York, pp. 229.

17. Roskos, K.V., Maibach, H.I. and Guy, R.H. (1989) The effect

of aging on percutaneous absorption in men. J. Pharmacoki-

net. Biopharm., 17, 617-630.

18. European Centre for Ecotoxicology and Toxicology of Chem-

icals (ECETOC). (1993) Percutaneous absorption. Mono-

graph No. 20, ECETOC, Brussels, pp. 1-85.

19. Howes, D., Guy, R., Hadgraft, J., Heylings, J., Hoeck, U.,

Kemper, F., Maibach, H., Marty, J.P., Merk, H., Parra, J., Rek-

kas, D., Rondelli, I., Schaefer, H., Tauber, U. and Verbiese, N.

(1996) Methods for assessing percutaneous absorption. ATLA,

24, 81-106.

20. Scott, R.C., Walker, M. and Dugard, P.H. (1986) In vitro per-

cutaneous absorption experiments: a technique for the produc-

tion of intact epidermal membranes from rat skin. J. Soc.

Cosmet. Chem., 37, 35-41.

21. Hawkins, G.S. Jr. and Reifenrath, W.G. (1984) Development

of an in vitro model for determining the fate of chemicals

applied to the skin. Fundam. Appl. Toxicol., 4, S133-144.

22. Harrison, S.M., Barry, B.W. and Dugard, P.H. (1984) Effects

of freezing on human skin permeability. J. Pharm. Pharma-

col., 36, 261-262.

23. Swarbrick, J., Lee, G. and Brom, J. (1982) Drug permeation

through human skin: I. Effects of storage conditions of skin. J.

Invest. Dermatol., 78, 63-66.

24. European Commission Health and Consumer Protection Direc-

torate-General. (2004) Guidance document on dermal absorp-

tion. Eur. Comm. Rep. EUR, 7, 1-15.

25. Bronaugh, R.L. and Maibach, H.I. (1991) In vitro percutane-

ous absorption: principles, fundamentals, and applications.

CRC Press, Boca Raton, pp. 1-288.

26. Schaefer, H. and Redelmeier, T. (1996) Skin barrier: princi-

ples of percutaneous absorption. Karger, Basel, pp. 310.

27. Trauer, S., Patzelt, A., Otberg, N., Knorr, F., Rozycki, C., Bal-

izs, G., Büttemeyer, R., Linscheid, M., Liebsch, M. and Lade-

mann, J. (2009) Permeation of topically applied caffeine

through human skin-a comparison of in vivo and in vitro data.

Br. J. Clin. Pharmacol., 68, 181-186.

28. Escobar-Chávez, J.J., Merino-Sanjuán, V., López-Cervantes,

M., Urban-Morlan, Z., Piñón-Segundo, E., Quintanar-Guer-

rero, D. and Ganem-Quintanar, A. (2008) The tape-stripping

technique as a method for drug quantification in skin. J.

Pharm. Pharm. Sci., 11, 104-130.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


