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To protect human health, limits for the concentrations of per- and polyfluoroalkyl substances (PFAS) in
drinking water are decreasing in many countries. However, the required treatment to achieve these
lower concentrations is more resource and energy intensive than conventional drinking water treatment.
Consequently, this intensified water treatment has an indirect negative impact on human health. For
example, treatment with granular activated carbon (GAC), commonly used for PFAS removal, can lead to
particulate matter emissions and additional global warming. These negative impacts partly off-set the
health benefit achieved by lower PFAS exposure via drinking water. In this study, we quantified health
impacts of both the increased treatment and the reduced PFAS exposure in disability-adjusted life years
(DALYs), to assess whether PFAS removal from drinking water to specified targets with GAC results in
a net health benefit. We selected the prospective Dutch drinking water guideline for PFAS of 4.4 ng
PFOA-equivalent (PEQ) L™, as this guideline is amongst the more conservative concentration targets
globally. We first conducted a Life Cycle Assessment (LCA) to quantify the health cost associated with
the increased reactivation frequency of an existing GAC system in the Netherlands, required to achieve
PFAS concentrations below 4.4 ng PEQ L% Then, we quantified the health benefit obtained by the
corresponding lower PFAS exposure, using pharmacokinetic modelling combined with published dose—
response relationships. For the treatment plant investigated in the current study, which uses reactivated
wood-based GAC, increasing the reactivation frequency to remove more PFAS was found to result in
a net health benefit of 6.9-300 DALYs per 10° persons per year. However, when single-use rather than
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the same range as the health benefits from lower PFAS exposure. Overall, the negative health impacts

DOI: 10.1035/d5em00238a associated with more intensive water treatment should be considered when developing strategies to

rsc.li/espi reduce PFAS exposure.

Environmental significance

To protect human health, advised concentration limits of per- and polyfluoroalkyl substances (PFAS) in drinking water have become stricter over time. Granular
activated carbon (GAC) filtration is a widely implemented water treatment technology, but its effectiveness for PFAS removal depends on the regeneration or
replacement frequency. More frequent GAC replacement reduces PFAS concentrations in drinking water, but also incurs human health trade-offs through
increased particulate matter emissions and climate-related risks. In this study, we quantified these trade-offs, comparing the benefits of lower PFAS exposure to
the negative impacts of the intensified treatment. Our findings provide critical insight for balancing PFAS removal with sustainable treatment, informing
regulatory decisions to optimally benefit human health.
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uitous in the environment, after decades of widespread use in
industry and consumer products." PFAS are a large group of
organic compounds that contain at least one perfluoroalkyl
moiety in their molecular structure.> Most research on PFAS has
focused on a relatively small number of water soluble
compounds, the perfluoroalkyl(ether) acids and their
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precursors.* These PFAS are highly persistent, or break down to
persistent degradation products that are often still PFAS.® In
addition to this persistency, certain PFAS have a high bio-
accumulation potential and have been linked to a range of
adverse health effects, including immunotoxic effects, kidney
cancer and hypothyroidism.**

The association between PFAS and these health effects has
led to the global introduction of limits on their concentration in
drinking water. The European drinking water directive currently
defines a maximum concentration of the sum of 20 PFAS at
100 ng L', and a ‘PFAS total’ limit of 500 ng L™ '.* The UK
applies the same guideline of 100 ng L™*, but for the sum of 47
PFAS.” In Australia, health-based guideline concentrations
ranging from 4 to 1000 ng L™" for four individual PFAS are
currently under public consultation, and expected to be final-
ized in April 2025.* Canada recently established a concentration
objective of 30 ng L™ for the sum of 25 PFAS.® In April 2024, the
US EPA published maximum contaminant levels for five indi-
vidual PFAS, ranging from 4 to 10 ng L™ ".° To include mixture
effects, four PFAS are also regulated via a hazard index, with
health-based limit values between 10 and 2000 ng L™ ".

As more information about the health effects of PFAS
became available, guidelines for maximum PFAS exposure were
lowered over time. For example, the European Food Safety
Authority (EFSA) defined a tolerable weekly intake (TWI) of 4.4
ng per kg bodyweight per week for the sum of four PFAS: PFOA,
PFOS, PFNA and PFHxS (for full names, see ESI Table 17)."*
Together, these PFAS will hereafter be referred to as ‘> EFSA,’.
This TWI was derived from the association between high serum
>"EFSA, concentrations and a lower antibody response to
vaccination against diphtheria in breastfed one-year-olds.'***
The value was set to ensure that breastfeeding mothers have
sufficiently low PFAS serum concentrations (<6.9 ug L) to
prevent exceedance of the ‘safe’ PFAS concentration in their
children’s serum at age 1 (<17.5 pg L™"). Translating this TWI to
drinking water guidelines would result in much lower concen-
tration limits than the currently applied 100 ng L™ for the sum
of 20 PFAS. For this reason, some European countries are
already introducing more stringent guidelines.

The Netherlands is one such country that introduced PFAS
concentration guidelines for drinking water based on the EFSA-
TWI, and these PFAS limits will be used as a case study
throughout this paper. The National Institute for Public Health
and the Environment (RIVM) has translated the EFSA-TWI to
drinking water concentrations (Cpw), based on an assumed
drinking water consumption of 2 L day ™', bodyweight of 70 kg
and drinking water contribution of 20% to the total PFAS
exposure.” Where EFSA assumed equipotency in their TWI
derivation," the RIVM uses relative potency factors (RPFs) to
translate concentrations of 23 individual PFAS into ‘PFOA-
equivalent’ concentrations (PEQ) and thereby evaluate mixture
toxicity."*** These RPFs were determined based on benchmark
doses for liver toxicity in rats, and range from 0.001 (PFBS) to 10
(PFNA, PFDA).** Altogether, this has resulted in an advised
maximum Cpy of 4.4 ng PEQ L™, which may become legally
enforceable in the future.™ RPFs of the 23 PFAS included in this
guideline are given in ESI Table 1, with an example calculation.

This journal is © The Royal Society of Chemistry 2025
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Drinking water companies have started preparing their
infrastructure to meet this more stringent PFAS guideline.
Adsorption onto activated carbon, anion exchange treatment
and membrane-based processes, specifically nanofiltration and
reverse osmosis, are the treatment technologies for the removal
of PFAS from drinking water that have been most demonstrated
at relevant scales.'® Of these, adsorption to activated carbon is
most used in practice, but reactivation frequencies may need to
be increased to meet lowered guideline concentrations. All
these technologies are significantly more resource-intensive
than conventional drinking water treatments, and are thus
also expected to indirectly impact human health via, for
example, their global warming potential and fine particulate
matter formation. Currently, these impacts are not considered
in the cost-benefit analysis of removing PFAS from drinking
water.

PFAS have been shown to contribute considerably to disease
burden and disability,"”™ so public health and policy inter-
ventions are clearly necessary to limit exposure to a tolerable
level. However, to adequately quantify the health benefits of
intensified drinking water treatment, the indirect health effects
associated with the implementation of treatment technologies
should be considered as well. Therefore, estimating both types
of human health impacts is essential, i.e. the health gained by
reduced PFAS exposure via drinking water and the health lost
due to the drinking water treatment technologies. By expressing
both impacts in disability-adjusted life years (DALYs) and
comparing them, we can estimate if installing or upgrading
these treatment technologies achieves a net health benefit.
DALYs are used by the World Health Organization (WHO) to
quantify the overall burden of disease associated with different
water-related hazards, where one DALY represents the loss of
the equivalent of one year of full health.** DALYs account for
both the severity and the duration of adverse endpoints.

The specific objective of the study was to develop a method-
ology enabling (i) quantification of the human health ‘gained’
by removing PFAS from drinking water to an advised maximum
concentration; (ii) quantification of the human health ‘lost’ due
to the impacts of the required treatment technologies; and (iii)
a comparison of these ranges to determine whether the
concentration guideline leads to a net gain in human health.
The paper further serves to start a dialogue about this complex
issue and to identify knowledge gaps that can initiate further
research. The Leiduin water treatment plant of Waternet, the
drinking water production company of the Amsterdam region,
was used as a case study. Adsorption to granular activated
carbon (GAC) is used at this site, currently with a reactivation
frequency sufficient to meet existing PFAS limits. This reac-
tivation frequency may be increased in the future, if PFAS
concentration limits are lowered.

Methods

Fig. 1 illustrates the approach followed to enable the quantita-
tive comparison between DALYs gained and DALYs lost by the
removal of PFAS from drinking water. The methodology is
structured accordingly, with the first subsection explaining the
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Fig.1 Graphical representation of the approach followed to answer the research question, as described in the text. LCA = life cycle assessment;
DALYs = disability adjusted life years; EFSA = European food safety authority; GAC = granular activated carbon; PBPK = physiologically-based

pharmacokinetic; TWI = tolerable weekly intake.

calculation of the DALYs lost due to secondary impacts of the
GAC treatment and the second section explaining how the
DALYs gained by removing PFAS from drinking water were
estimated.

Estimation of DALYs from GAC treatment

To estimate the DALY losses associated with an increased GAC
reactivation frequency to meet the 4.4 ng PEQ L™ " target, a Life
Cycle Assessment (LCA) was conducted following the ISO stan-
dards 14040 and 14044. The goal of the assessment was to
quantify the difference in human health impacts (DALYs) of
water treatment between a status-quo scenario (a) and an
increased treatment scenario (b) to meet the target PEQ. The
functional unit was defined as one m® of treated water, which
was eventually multiplied with the total production of the Lei-
duin plant in 2024 (70 654 000 m?) to get to a unit of DALYs per
10° p per year, since Leiduin supplies drinking water to roughly
10° people. The scope of analysis was centered on the GAC
treatment step of the water treatment process, as only the GAC
reactivation frequency changes between scenarios. Therefore,
while the scope is centered only on the GAC treatment process,
a cradle-to-gate analysis was conducted, including GAC
production, transportation, and disposal/reactivation (see
Fig. 2).

Impacts were calculated for different GAC options reflecting
common practice, namely: single-use and reactivated wood
GAC, and single-use and reactivated coal GAC, yielding four
variants for each scenario. It is considered that impacts asso-
ciated to other common water treatment methods will fall
within or close to the estimated range, as health impacts from
GAC and Ion Exchange (IE) water treatment have been found to
be comparable.”* Additionally, the considered GAC alternatives
are expected to yield a wide range of impacts, as wood GAC
treatment is associated to low health impacts whereas single-
use coal GAC is associated to high health impacts when

1798 | Environ. Sci.: Processes Impacts, 2025, 27, 1796-1809

comparing different treatment options.>»** When included, the
reactivation was always modelled as a thermal off-site process,
to realistically represent existing practice at the Leiduin site.

To conduct the LCA, the ReCiPe 2016H/H method was
applied, as it directly calculates end-point human health
impacts in DALYs. The SimaPro software version 9.6.0.1 was
used to compile the Life Cycle Inventory (LCI) data and calculate
impacts. In the next subsections, more details are presented on
the main data and assumptions in the LCI per process step
(block in Fig. 2). Since the study investigated human health
impacts, only results expressed in DALYs were considered in the
data evaluation.

Water treatment — quantify current reactivation frequency

In 2024, Waternet used 931 000 kg GAC (Mgac), of which 87.5%
was reactivated and the rest supplemented with virgin GAC. The
used carbon is extruded reactivated pellet wood-based GAC,
produced and reactivated by Norit Zaandam. The density of the
GAC used was 377 kg m > (pgac). Waternet uses a two-stage GAC
filtration, with twenty filters per stage, each with a volume of
145 m* (V). All new GAC entering the treatment facility enters
the second stage filters, for which the replacement frequency (f;)
was calculated as per eqn (1). To recalculate this replacement
frequency into a maximum stand time of the GAC, it was
multiplied by 365 days per year.

Mgaclkg per year]
nVi[m3]pgaclkg m=]

Jr(per year) = (1)

After the GAC in one of the twenty second stage filters is
replaced with new GAC, the GAC from that filter is reused in one
of six filters in the first stage. When the GAC from one of these
six first stage filters is replaced, it is sent for reactivation and
then again enters a second stage filter. The other 14 first stage
filters are never renewed. So, the total time the GAC spends in

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 System boundaries considered for single-use and reactivated GAC. Note that as fresh GAC is needed even when using GAC reactivation
(to make up for 12.5% losses in each reactivation cycle), the GAC production process is also included within the reactivated GAC system
boundaries. Grey in- and out-flows indicate flows in the water treatment process that would not change with updated quality targets and are
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a stage one filter is equal to a factor 6/20 times the time spent in
stage two. This process is summarised in ESI Fig. 1.1

Determine required (future) reactivation frequency

To quantify the increase in GAC reactivation frequency needed
to achieve the Dutch guideline concentration of 4.4 ng PEQ L™,
we used historical data on the PFAS breakthrough in Waternet's
GAC filters. Data from January 2020 to December 2023 (n = 210)
was used in a linear regression model that related the opera-
tional time of GAC filters (tger, days) to PFAS breakthrough
from raw water to drinking water (Cpw/Craw) as shown in eqn (2)
and ESI Fig. 2.7 Here, concentrations of 23 PFAS were expressed
in PEQ and summed, with concentrations below the limit of
quantification (LOQ) set to zero, according to the Dutch
guidelines for determining lower bound PEQ concentrations.*
While breakthrough of individual PFAS is typically non-linear,

This journal is © The Royal Society of Chemistry 2025

. raw materials.

the breakthrough curve for PEQ fit well to a linear curve (ESI
Fig. 2, R*> = 0.88).

CDW
CRaw

(2)

= Mitfijger

Raw water concentration data from January to December
2024 (n = 15) were used to calculate the required removal (i.e.,
maximum breakthrough) to achieve a mean PFAS Cpw below 4.4
ng PEQ L™". Eqn (2) was then used to relate this maximum
breakthrough to a maximum average operational time of the
second-stage GAC filters. For simplicity and to include a safety
margin, any PFAS removal occurring in the six reactivated filters
of the first stage was ignored. The operational time used to
determine the required reactivation frequency was twice the
operational time found from eqn (2): since multiple GAC filters

Environ. Sci.. Processes Impacts, 2025, 27, 1796-1809 | 1799
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are operated in parallel, this ensures that the average opera-
tional time over all filters is equal to the determined maximum.
To quantify a 95% confidence interval over the required reac-
tivation frequency, error propagation including the standard
errors over the raw water concentrations and over the regression
slope (m, eqn (2)) was used. The data and calculations are pre-
sented in ESI methods file 1.}

Eqn (1) was subsequently rewritten to calculate the required
amount of GAC from the determined minimum reactivation
frequencies (best estimate and 95% upper and lower limits). To
verify this calculation method, the PEQ concentration in the
drinking water in 2024 was calculated from the known average
raw water concentration in 2024 and the known maximum
operational time of the filters in 2024 (428 days, see results
section). The concentration calculated accordingly was 8.7%
lower than the average drinking water concentration measured
in 2024, which was deemed acceptable. This calculation is also
presented in ESI methods file 1.1

For the prospective scenario, we assumed the same reac-
tivated : virgin GAC ratio as in 2024 (87.5% reactivated GAC). We
assumed the same yearly amounts for all types of GAC included,
while in reality, the PFAS adsorption performance differs for
different types of GAC.>® Coal-based GAC typically has a higher
removal efficiency than biobased GAC, including wood-based
and coconut-based.”®* It is thus possible that less coal-based
GAC would be needed to achieve the required PFAS removal,
because of its better performance than wood-based GAC. The
estimated human health cost of the coal-based GAC variants
may therefore be a minor overestimation. The PFAS removal of
virgin versus reactivated GAC is often comparable, both for coal-
based and biobased GAC.***” The amount of single-use wood-
based GAC required is thus probably reasonably close to the
estimate based on the reactivated GAC. Because Leiduin uses
reactivated wood-based GAC, these results were always taken as
the best estimate, and the other GAC types were included to
show the approximate range of the potential impact.

Coal GAC production and reactivation

Coal GAC production requires a carbonization and an activation
step. To model these processes, an Ecoinvent database process
was used based on the data by Bayer et al. (2005) and Mufioz
et al. (2007).>**° Besides the GAC production process, the data-
base process includes coal extraction and transportation and
accounts inputs of electricity, natural gas, water and hard-coal
production based on data from European plants. The model
includes GAC transport over 35 km to the water treatment plant,
which is the real distance between the Leiduin plant and the
reactivation process (Norit Zaandam). Spent GAC is transported
20 km to an incineration plant, which is the real distance
between the Leiduin plant and the closest waste incineration
plant. In the LCA model, spent GAC is incinerated as hazardous
waste, as in Ellis et al., 2023.%> The reactivation of coal GAC
production was also modelled based on an Ecoinvent dataset
for reactivation based on the same studies, and considering
a transportation distance of 35 km from the water treatment
plant to the reactivation site.

1800 | Environ. Sci.: Processes Impacts, 2025, 27, 1796-1809
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Wood GAC production and reactivation

Wood GAC production requires the carbonization of woodchips
and the activation of the obtained biochar. To model this
process, it was assumed that wood bark chips are commonly
available and transported to a central location 50 km away.
Activation is modeled based on the data by Gu et al. (2018),*
and following the same assumptions as Vilen et al. (2022) for
carbonization.*® That is, the carbonization emissions derive
from an Ecoinvent dataset for heat and electricity co-production
from wood, with reduced CO,, CO and CH, emissions by 43%,
considering the carbon that remains in the biochar, and are
explicitly accounted as biogenic. For details on the LCI, see ESI
Tables 2-5.1 Wood GAC reactivation was modeled based on the
wood-activation process, assuming a decrease in electricity and
nitrogen of 24%, and of water of 27% taking as reference the
difference in requirements between coal GAC production and
activation,” and considering GAC losses of 12.5% in each
reactivation cycle as reported by the Leiduin site. Additionally,
emissions to air were assumed to be the same as the emissions
from the activation step in wood GAC production (i.e., without
carbonization emissions). As with coal GAC reactivation, it is
assumed that spent wood GAC is transported 35 km for
reactivation.

Estimation of ADALYs lost from GAC treatment

Finally, eqn (3) was used to estimate the negative health impact
(DALY, associated with more frequent GAC reactivation to
remove PFAS down to a drinking water concentration of 4.4 ng
PEQ L. Here, DALYgac, Target iS the total human health cost
output, in DALYs per 10° p per year, from the LCA model with
the targeted (increased) GAC reactivation frequency. Similarly,
DALY Gac, current 18 the total human health cost output from the
LCA model with the current GAC reactivation frequency.

DALY s [DALYs per 10° people per year] =
DALYGAC, Target — DALYGAC, Current (3)

Estimation of DALYs from PFAS exposure via drinking water

Current PFAS drinking water concentrations (in 2024, corre-
sponding to the existing GAC reactivation frequency) were ob-
tained from Waternet. Each PFAS was measured in two samples,
one from each production line, on 13 dates spread out during
2024 (26 samples total - the Leiduin site has two identical
parallel production lines). ‘Target’ PFAS concentrations, corre-
sponding to the increased reactivation frequency, were found
from the same linear regression model as described previously
(eqn (2)), but now for individual PFAS instead of PEQ. First, the
prospective PFOA, PFOS and PFHxS breakthrough values at the
increased reactivation frequency were found from their indi-
vidual linear regression fit. Using the mean concentration in the
raw water during 2024 (n = 15), these breakthrough values were
then calculated into a ‘target’ Cpw of PFOA, PFOS and PFHXS.
Since PFNA concentrations in the current drinking water were

This journal is © The Royal Society of Chemistry 2025
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already always below the LOQ (0.5 ng L™ '), PFNA was left out of
the entire analysis.

These PFAS concentrations in drinking water were then
related to PFAS concentrations in plasma, using the same
physiologically-based pharmacokinetic (PBPK) model as used
by EFSA in their derivation of the 4.4 ng > EFSA, per kg bw per
week TWIL.' In this model, EFSA assumed that PFNA behaved
identically to PFOA, and PFOS to PFHxS. We adopted the same
assumption, so PFOS and PFHXS concentrations were summed
and modelled as PFOS. The PBPK model code was obtained
from EFSA's 2020 publication™ and rewritten in MATLAB, the
full code is available in ESI methods file 2.}

First, EFSA's TWI model of serum concentrations over time
was reproduced, to verify our MATLAB code (ESI Fig. 37). In
their model, EFSA assumed a total oral PFOA + PFNA dose of
0.19 ng per kg bw per day, and a total PFOS + PFHXS dose of 0.44
ng per kg bw per day (i.e., a tolerable daily intake (TDI) of 0.63
ng > EFSA, per kg bw per day = 4.4 ng per kg bw per week).
Using the RIVM calculation introduced earlier and in eqn (4),
relating this to a drinking water concentration limit (Cpax,
Eersa,pw) Tesulted in 1.3 ng L_" PFOA/PFNA and 3.1 ng L' PFOS/
PFHXxS.

TDI[ng per kg per day] x 70[kg] x 20%
2[L per day]

CraxErsapw [ng L] =

(4)

We used the current and targeted PFAS concentrations in the
drinking water supplied by Waternet's Leiduin site (Cpw,-
ng L"), to calculate the PFOA and PFOS/PFHxXS exposure
without and with additional drinking water treatment (Exppras,
ng per (kg bw day)), as per eqn (5). For the current drinking
water concentrations, we modelled the mean PFOA and PFOS/
PFHxS concentrations during 2024, and the 95% confidence
interval of the mean (assuming a normal distribution, see ESI
Fig. 4t for an overview of the current concentrations). For the
target concentrations, only the best estimate value was used.
The exposure from other sources was kept at 80% of the original
EFSA TDI values, as a best case scenario. In reality, however, the
total exposure is often above the TDI.***' Therefore, we also
repeated our analysis using the most recently available data
quantifying dietary PFAS exposure in the Dutch population,*
and completed a sensitivity analysis to quantify the effect of the
food exposure, these results are included in ESI Fig. 5-7.1
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Exppras[ng per kg per day] =

TDIpras <o.8 4 Cow

X 0.2) (5)

Cmax.EFSA.DW

All these different PFAS exposures were modelled separately
using the EFSA PBPK model, to find the influence of different
drinking water concentrations on the serum PFAS concentra-
tions over someone's lifetime. The average serum concentra-
tions during the ages relevant for each endpoint were
subsequently related to odds ratios for adverse endpoints using
dose-response relationships (DRRs, see Table 1). Critical
known endpoints associated with PFAS that could be related to
a DALY number were included in the study, namely hyperten-
sion, kidney cancer, testicular cancer and hypothyroidism in
females. Suitable DRRs between serum PFAS concentrations
and odds ratios (OR) for these endpoints had already been
evaluated and identified in previous literature.'””" Serum PFOS
concentrations resulting from the current Cpy were always
below the serum PFOS concentrations at the EFSA-
recommended Cpyw (see Fig. 4b). For that reason, the quantifi-
cation focused on endpoints associated with PFOA. However,
for hypothyroidism in females, a DRR with PFOS was included
as well. When necessary, PFAS serum and plasma concentra-
tions were assumed to be equal, which is in accordance with
measured data.*

Eqn (6) was used to relate a DALY number to the odds ratio at
the determined serum concentrations. Here, DALY cyrrent/Target
is the number of DALYs per 10° people per year from a certain
endpoint, due to the current or target PFAS exposure, respec-
tively, which is the commonly used unit for comparing health
effects in DALYs.*® The OR serves as a proxy for relative risk
(RR). Since the prevalence of all endpoints except hypertension
is (well) below 10%, this approximation is appropriate.’ For
hypertension, the OR was converted to an RR using prevalence
data, as described in literature.' I is the incidence rate of the
disease in the relevant population (number of cases per year per
person), and P is the number of people that fit within that
relevant population for a total population of 10°. To estimate P,
the age and sex distribution of the Dutch population in 2024
was used.”” W is the DALY weight, in nr. of DALYs per case.
Selected values of I, P and W for each endpoint can be found in
ESI Table 6 and ESI methods file 3.17**37-*> We then estimated
the change in DALYs gained by installing water treatment to
meet the EFSA limit using eqn (7), where DALYprs, Target iS the

Table 1 Dose-response relationships, all have been used in previous literature for similar purposes and evaluated for their suitability***“

Endpoint DRR, Cppag: S€rum conc. in ng mL™ a, 8 (95% CI) Cret (ng mL™Y) Original source
Hypertension OR = (10g(Cproa) + « a = —0.0045 (—0.542-0.413) N/A 19 and 33

8 = 2.412 (1.183-4.035)
Kidney cancer OR =1 + &(Cppoa — Cre)/10 a = 0.16 (0.03-0.3) 0.1 34
Testicular cancer OR = 1 + a(Cppoa — Cre)/10 a = 0.03 (0.02-0.04) 0.1 34
Hypothyroidism in females ORproa = In(Cproa/Cres)” a =742 (1.14-48.12) 1 35

ORpros = In(Cpros/Crer)’

8 = 3.02 (1.14-8.07)

% Cget is the reference serum concentration for the corresponding DRR; N/A: not applicable.
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