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Kinetics of Perfluoroalkyl Acids in both the Environment and in Rats.
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Perfluoroalkyl acids (PFAASs) are chemically stable surfactants, making them very useful,
both industrially and commercially. This chemical stability also makes them persistent
organic pollutants (POPs), which allows them to spread through systems easily. They are
therefore, a strong environmental pollutant, and there is growing concern about their
impact on human health. Occurrences of PFAAs in the environment and its toxicokinetics
in the body are not yet fully understood, therefore, in this study we developed highly
sensitive analytical methods for detecting PFAAs in various samples. We also aimed to
understand the occurrence of PFAAs in the environment and the kinetics of PFAAs in the
body. The analysis methods and the results are described below.

[ 1]  Analysis methods for PFAAs

The analysis of PFAAs in water is very difficult due to their extremely low concentration.
The Iwate Prefectural Research Institute for Environmental Sciences and Public Health, to
which the author belongs, developed a new, highly sensitive analytical method for
measuring PFAAs in water. In this study, this analysis method, along with the analysis
methods for PFAAs in biological samples published in previous research, was applied.
Using the information gained from these analyses, new, highly sensitive methods for
PFAAs in biological samples and sediments were devised.

(1) Analysis methods for PFAAs in environmental samples

The PFAAs from water were extracted using the analysis method developed in our
laboratory in 2001. In the case of biological samples (here we studied the medaka fish),
the key point of the extraction procedure is removing a large amount of matrix components
without the loss of PFAAs. To accomplish this, we used a solid-phase cartridge that has not
been used in previously reported studies. Using this method, we were able to successfully
analyze the sample by removing the matrix component. The extraction of PFAAs from
sediments is typically done using accelerated solvent extraction (ASE), however, we used
a method developed based on the extraction established in this study for biological
samples. By improving our procedures, we were able to analyze sediment samples with the
same sensitivity we achieved with biological samples.

(2) Analysis methods for PFAAS in rat samples

For the extraction of PFAAs from rat samples, we needed a more sensitive method than
what was previously used. We applied the method we used for medaka fish, but improved
the sample suspension technique, and changed the amount of extraction solvent used, as
well as other operating procedures.
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(2] Results of PFAA values in the environment

All of the samples were collected from 10 sites in Japan from 2013 to 2016.

(1) PFAAS in water

The detection rates of PFAAs from water were 100 % for Perfluorocarboxylic acid (PFCA
with X carbons; CXA) of C5A to C10A and Perfluorosulfonic acid (PFSA; CXS) of C8S,
and they were more than 85 % for C11A, C4S and C6S. On the other hand, C14A and C10S
were not detected any year and in location. The composition ratios of PFAA tended to be
larger for C5A to C9A and for C8S.

(2) PFAAS in sediment

The detection rates of PFAAs from sediment were 62 to 88 % for C8A to C12A, and C8S.
On the other hand, C4S, C6S and C7S were not detected any year and in any location. The
composition ratio of PFAA tended to be larger for C8A to C12A and for C8S.

(3) PFAASs in medaka

The detection rates of PFAAs from medaka were 60 % for C8A, 73 % for C9A, 90 % for
C10A, 99 % for C11A, 93 % for C12A, 96 % for C13A, 76 % for C14A and 95% for C8S.
The composition ratio of PFAA tended to be larger for C9A to C13A and for C8S. Although
there were several sites where significant differences were observed between the types of
PFAAs found in male and female medaka, the trend was not consistent. There were also
several sites where a significant correlation between the body length of the medaka and the
detected PFAA concentration was observed; however, in some instances, this correlation
was negative.

(4) PFAA migration and accumulation

It was previously thought that PFAAs migrate from water to sediment or medaka, and
then reach steady state. Thus, we examined the correlation of PFAA concentrations
between water and medaka, between water and sediment, and between sediment and
medaka. We found a positive correlation in the case of PFAA concentrations of water and
medaka, where higher PFAA concentrations in water led to more PFAA accumulation in the
medaka. When comparing PFAA concentrations between water and sediment, we found
higher correlation rates for PFAA concentrations of sediment per ignition loss (IL), than
with those of sediment per dry weight. This might suggest that PFAAs combine with the
organic matter in sediment. For sediment and medaka, the correlations were higher when
we used the PFAA concentrations per IL; thus, it may be possible to estimate the amount of
PFAA accumulating in medaka by measuring PFAA concentrations per IL in sediment.

[ 3] Understanding PFAA Kkinetics in rats

(1) Single administration test

The concentrations in each tissue, the time course of the concentrations, the elimination
constants, and the half-lives of 4 PFAAs (C6A, C8A, C9A and C8S), which are usually
detected in the environment, were calculated. The maximum concentration time of C6A
was 1 hour after administration, whereas for the other PFAAs it was 12 hours after
administration except for samples collected from the brain and whole blood samples. The
half-life of C6A (approximately 0.10 to 0.12 days) was almost the same for each tissue,
and it was much shorter than that for the other PFAAs. For the other PFAAS, the half-life
in the liver and whole blood samples were several times longer than for the other tissues.
The initial concentration was the highest in serum for C6A, and it was the highest in liver
tissue for the other PFAAs. For PFAA deliveries to the tissues, almost all administered
C8S was delivered to the liver, followed by 87 % of C9A, 44 % of C8A and 4.6 % of C6A.
The delivery to the brain was less than 0.1 % for the 4 PFAAEs.
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(2) Chronic administration test

C6A had the lowest accumulation rates in the tissues, and we expected it to be eliminated
rapidly based on the results from a single administration test. The other PFAAs
accumulated primarily in the liver, followed by serum or kidneys. The PFAA
concentrations in tissues at 1 and 3 months that were estimated based on a single
administration test, were well fitted to the measured values. Dose-normalized PFAA
concentrations in tissues for each dose group (low, medium and high dose group) were also
compared, and even though the dose rate became higher, the uptake to tissues did not
increase. Therefore, PFAA concentrations in tissues seemed to be proportional to the dose
rate, in the range of 1 to 25 pg/L.

(3) PFAA Kkinetics

A one-compartment model appears to explain C6A movement through the rat’s body based
on the elimination curves calculated from tissues after a single C6A administration. For
the other PFAAs, the elimination curves for each tissue were not the same. The body
appeared to be an assortment of independent one-compartments in the elimination phase;
thus the classical compartment model was not applicable.

(4) Comparison to human data

The use of C8A is now prohibited, so in the future we expect to see increases of C6A in
the PFAA load into the environment. The results of this study suggest, however, that C6A
does not accumulate in rats, whereas previous research suggests high accumulation rates in
human bodies. Previous work also suggests that the half-life of C6S is longer than C8S in
the human body. Generally short-chain chemicals have a shorter half-life than long-chain
chemicals, so the kinetics of 6-carbon PFAA in a human body might be specific; this aspect
merits further research.
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