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Table of contents entry

Tap water filters were evaluated for their efficacy to abate fluoride, bacteria, adsorbable
organic halogens (sum parameter of halogenated DBPs), and mixtures of bioactive DBPs

qguantified by cell-based bioassays.

point-of-use filtration of chlorinated tap water

halogenated disinfection by-products
toxicity

Water impact statement

The life-long consumption of chlorinated drinking water may pose a health risk due to the
toxic properties of some disinfection by-products. Point-of-use water filters can effectively
remove disinfection by-products as evidenced by abatement of organic halogenated
compounds as well as reduction of biological activity of the water constituents determined

with bioassays for cytotoxicity, oxidative stress response, and genotoxicity.
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Abstract

Epidemiological risk estimates point toward potential health risks posed by disinfection by-
products (DBPs) in chlorinated drinking water. Point-of-use filters can effectively remove
regulated DBPs from tap water but the removal of unknown DBPs and toxicity has not yet

been assessed.

We evaluated 11 tap water filters for their efficacy to abate fluoride, bacteria, and
adsorbable organic halogens (AOX) as sum parameter of known and unknown halogenated
DBPs. Biological effects were quantified in water samples enriched with solid phase
extraction by use of the Microtox assay for bacterial cytotoxicity, the AREc32 assay for

oxidative stress response, and the umuC assay for genotoxicity.

Six out of 11 filters effectively removed chlorinated and brominated organic halogens by
>60%. Reverse osmosis and one activated carbon based gravity filter were most effective
(>94% AOX removal). Four out of five non-membrane pressure filters were less effective for
AOX abatement than four out of five activated carbon based gravity filters. Renewal of the
filter cartridges significantly improved AOX removal efficacies. Fluoride was removed by
>83% only by reverse osmosis and two filters specifically designed for fluoride removal by
use of activated alumina. Bacterial counts increased after filtration with most filters,
indicating biofilm growth on the filter matrix. Cartridge renewal decreased bacterial counts.
Seven out of 11 filters reduced cytotoxicity, oxidative stress response, and genotoxicity by

>60%.

Activated carbon based tap water filters could provide an important short-term public
health benefit through removal of halogenated DBPs, but regular filter cartridge exchange is

critical to maintain a good filter efficacy.
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1. Introduction

Implementation of drinking water disinfection and filtration effectively reduced pathogen-
related waterborne diseases, such as typhoid fever and cholera, and therefore can be
regarded as one of the most important public health advances of the last century.’?
However, the discovery of disinfection by-products (DBPs)*—formed by the reaction
between chemical disinfectants and natural organic matter (NOM) as well as inorganic
precursors (e.g., bromide)—raised concerns due to their suspected adverse health effects.”
> Therefore, application of chlorinous disinfectants is a balancing act between disinfection
and the formation of DBPs.® Epidemiological studies suggested an increased risk of bladder
cancer after life-long ingestion of chlorinated drinking water.”? Findings of other diseases
being associated with DBP exposure were less consistent.'! Based on epidemiological
studies, the US-EPA calculated that 2 — 17% of the bladder cancer cases could be avoided if
the exposure to DBPs was absent.” It has to be emphasized, however, that the causation of
urinary bladder cancer by DBP exposure has not been proven but remains a “working
hypothesis”.* The proof of causality between exposure to complex mixtures and adverse

health effects is very chaIIenging.14

More than 40 years of DBP research has led to an improved understanding of drinking water
treatment processes as well as improved drinking water quality.9 Nevertheless, compounds
that could explain the epidemiological outcomes have not been found.’ Given that >50% of
the total organic halogens are unknown,* unknown DBPs could be responsible for increased
cancer risks. Unknown DBPs occur—most likely—at low concentrations and thus individual
DBPs would need to have an extreme potency if they are to close the gap between toxic

effects of known DBPs and potential adverse health outcomes caused by DBPs. Thus, it is
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highly likely that effects are triggered by additive mixture effects of unknown and known

DBPs with similar mechanisms of action.

Point-of-use (PoU) filtration devices may reduce potential risks posed by DBP exposure. PoU
filters should be considered as an end-of-pipe solution for distributions systems with
chlorinous disinfectants. Preferably, in optimized drinking water systems, the use of chlorine

can be minimized or avoided.?

It is estimated that in China (Bejing, Guangzhou, and Shanghai) and in the US around 11 -
30% of the population use household water purifiers16 and in Korea 90% of the population
avoids to drink water directly from the tap.17 Even simple PoU filters, such as pitcher filters
or other low-cost activated carbon filters, effectively reduced concentrations of

16, 18,19

trihalomethanes (THMs) or haloacetic acids (HAAs) as well as MX (3-chloro-4-

(dichloromethyl)-5-hydroxy-5H-furan-2-one).*

In this study we assessed the DBP removal efficiency of 11 different PoU tap water filters by
analyzing the total organic halogen (AOX) concentration as a sum parameter for
halogenated DBPs. We further assessed the toxicity removal by analyzing the cytotoxicity,
oxidative stress response induction, and genotoxicity of tap waters before and after
filtration. Fluoride was quantified as its removal could be a desired or non-desired side
effect of PoU water filtration. Finally, we quantified the bacterial count to test if water filters
reduce or increase the number of bacteria in tap water. These results could aid DBP
exposure studies and epidemiological studies, in particular when bioanalytical results are
included in studies assessing exposure and health consequences of DBPs as recommended

by Villanueva et al.**
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2. Material & Methods

2.1. Materials

Organic solvents (methanol, MeOH; methyl tert-butyl ether, MTBE) as well as concentrated
sulfuric acid were purchased at a purity of 299.9% from Sigma Aldrich (Australia). Ultrapure
water was prepared with a Milli-Q water purifier (Merck-Millipore, USA) from reverse

osmosis treated tap water.

2.2. Water filter and sampling

We tested 11 different PoU tap water filters (Table S1) located within the greater Brisbane
area as well as Coffs Harbour (Australia) for their capacity to remove AOX and fluoride and
ten of them for their performance to reduce biological effects. All drinking water treatment
plants in the investigated areas use chlorination or chloramination for disinfection of
reservoir water after coagulation and clarification/sand filtration. The distribution systems
are connected with all treatment plants in the investigated areas and thus the tap waters
could be a mixture originating from different drinking water treatment plants with differing
disinfection methods. The AOX composition of the water samples is stated in Table S2. We
assessed one reverse osmosis filter, five non-membrane pressure filters, which are directly
attached to a tap, and five gravity filters. Most filters tested in this study were designed for
removal of chlorine, chloramine, microorganisms, and some for the additional removal of

organic contaminants (e.g., reverse osmosis or filter with activated carbon).

To assess the filter efficiency, tap water was sampled before and after filtration headspace-

free in amber glass bottles with PTFE-lined screw caps. Prior to sampling we let the tap
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water run >3 minutes and sampling was performed causing minimized turbulence (sampling
with low water flow and the bottle held at an angle) to reduce the loss of volatile DBPs. The
samples were extracted and analyzed on the same day. For each filter, water was sampled
two to ten times at different time points. All filters were tested within the recommended
service intervals and are described in more detail in Table S1 including the filtered water
volume before sampling and the recommended lifetime of the filter cartridge. Filters D, E, G,
and H were assessed before (old cartridge) and after exchange of the filter cartridge (new

cartridge).

2.3.AOX analysis

Analysis of AOX was performed as described previously** %

and quantified as adsorbable
organic chlorine (AOCI), bromine (AOBr), and iodine (AOI). Before AOX analysis, samples
were acidified to approximately pH 2 using 70% HNO3 (10 pL per 10 mL sample) and
guenched with a sodium sulfite solution (100 mM, 10uL per 10 mL sample). Next, 10 mL was
loaded on two consecutive activated carbon cartridges (40 mg activated carbon per glass
column with 3 mm inner diameter; CPI International, California, USA). To minimize the loss
of volatile analytes during AOX analyses, we used a 10 mL gas-tight glass syringe to sample
the water without headspace and to load the sample onto the activated carbon cartridges
without contact to ambient air. After enrichment, the cartridges were washed with 10 mL of
5 g/L nitrate as HNOs to remove inorganic halides. We used a Mitsubishi AQF-2100
automated furnace unit to incinerate the activated carbon in the presence of oxygen for 260

seconds at 1000°C. The gases from the pyrolysis process, containing the halide ions from the

organic contaminants, were collected in a Mitsubishi GA-210 absorption unit containing 10
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mL of absorption solution (ultrapure water with 0.003% hydrogen peroxide) resulting in a
one-fold relative enrichment. The absorption solution also contained phosphate (1 mg/L) as
internal standard to take into account volume variations of absorption solution injected into
the IC by the absorption module. Next, 1000 pL of the absorption solution was injected into
a Dionex ICS-2100 lon Chromatograph (Thermo Fisher Scientific, Australia). A Dionex lonPac
AS11-HC column (with lonPac AG11-HC guard column) was used with eluent generated
using a Dionex Eluent Generator Cartridge Il with 30 — 75 mM KOH, a flow rate of 1 mL/min,
and conductivity detection. The limits of detection were 1.9 ug/L (CI"), 0.3 pg/L (Br’), and 0.7
ug/L (1) and limits of quantification were 19 pg/L (CI"), 3 ug/L (Br') and 7 pg/L (I"). The
coefficient of variation was below 10% between measurements. Recovery of five haloacetic
acids was between 87 and 116%.2*> AOX removal efficiency by the tested filters were

calculated according to equation 1.

AOX..
Atap ,or (%) = LI—T;&“MJXIOO equation 1

tap

2.4.Fluoride analysis

We quantified fluoride after direct injection of water samples (1000 L) into the Dionex ICS-
2100 ion chromatograph with the same columns and sequence as mentioned in the
previous section. The limit of quantification for fluoride analysis was 100 pg/L and thus well
below the measured concentrations. The coefficient of variation between measurements
was below 20%. Fluoride removal was calculated according to equation 2.

fluoride.,
Atapg,gige (Y0) = Ll—w}doo equation 2

fluoride,,,
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2.5.Bacteria count

We used the flow cytometer Accuri C6 (BD Biosciences) to count bacteria in the water
samples.24 For the bacteria counts we sampled water in sterilized glass vials with PTFE-lined
screw caps. 500 pL from each sample was added to a 2 mL microtube (three replicates per
sample). 5 uL of SYBR Green | nucleic acid stain (100x diluted from stock) was added,
vortexed, and incubated in the dark for 10 minutes at approximately 40°C. 50 pL of sample
was measured at a flow rate of 30 puL/min using fluorescent detectors 1 (FL1: 530 = 15 nm)
and 3 (FL3: > 670 nm). Data were collected as events per pL and gating was used to isolate
the bacteria cell counts from the sample matrix. The system was back-flushed between
samples to reduce contamination. Stained Milli-Q water was used with each sample run as a
negative control. We calculated the bacteria removal by the tested filters as absolute values
(counts per uL) according to equation 3. Positive values indicate an increase in bacteria

counts per L.

Atap,,eria (count/pl) = bacteria count —bacteria count equation 3

filtered tap

2.6.Bioassays

For the bioanalytical assessment, water samples were acidified to pH 1.5 using sulfuric acid
and solid phase extracted (SPE) with TELOS ENV cartridges (Kinesis, Australia; 1 g sorbent
per 2 L of sample) as described previously.?> The 10,000-fold enriched SPE extracts were
spiked to the bioassay medium at a maximum relative enrichment factor (REF) of 100

corresponding to a 1% solvent concentration (methanol) in the bioassays.
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The bacterial cytotoxicity assay using Aliivibrio fischeri (formerly termed Vibrio fischeri)
bioluminescence inhibition (Microtox) was selected because of its high responsiveness to

2526 The |uminescence

DBPs.” This Microtox assay was performed as described previously.
output of the bacteria was measured prior to addition of sample and after 30 min

incubation. The luminescence inhibition was normalized to the solvent control and phenol

served as positive control.

The Nrf2-ARE oxidative stress response pathway has been demonstrated in previous studies
to be an important step in the toxicity pathway of mono-HAAs?” and appears to play a
central role for the toxicity of many more DBPs.” The AREC32 assay was performed as
described previously.28 The used cell line is the human breast cancer cell line MCF7 stably
transfected with an ARE reporter plasmid coupled to a luciferase reporter gene.29 The
amount of produced luciferase is directly proportional to the ARE activated and thus also to

the causative chemical stressor. We used t-butylhydroquinone (tBHQ) as positive control.*

The umuC assay with Salmonella typhimurium (TA1535/pSK1002) was selected as a bacterial
screening tool for genotoxicity (Reifferscheid et al. 1991). This assay detects the activation
of the cellular SOS-response, which is a global response to DNA damage to induce DNA
repair mechanisms, and hence detects a response to genotoxic effects. The assay was
performed without metabolic activation with S9 because in the umuC assay S9 addition
leads to reduced genotoxicity for most DBPs’ and reduced effects in whole drinking water

31,32

samples. 4-Nitroquinoline-1-oxide (4NQO) served as positive control. For all assays we

ran a negative control and a positive control on each multi-well plate for every experiment.

The assessment endpoint for the Microtox was the 50% effect concentration (ECsg) derived

from a log-logistic concentration-effect curve.*® For oxidative stress response (AREc32) and

10
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genotoxicity (umuC) we used the induction ratio (IR). IR is defined as the ratio of effect of
the sample divided by the average effect observed in the controls. The effect concentration
that elicits an IR of 1.5 (ECjrys; i.e., 1.5-fold or 50% effect increase compared to the negative
control), is the assessment endpoint for these assays.33 We selected this benchmark value
because for reporter gene assays often no maximum response can be obtained due to

cytotoxic interferences. **

Therefore, we used the linear part of the concentration-effect
curves up to an induction ratio (IR) of 5. IR is the ratio of measured signal to the signal of the
negative control. We derived the ECry 5 by use of linear regression and selected the
threshold of 1.5 because (i) it is employed in several guideline documents, e.g., OECD
guideline for the umuC genotoxicity assay, (ii) it differs significantly from the negative
control, and (iii) it can be derived when the maximum of the dose-response curve is not
known.* It has been demonstrated before that the ECir1s5is a statistically sound and robust

benchmark value for the umuC,*” for the AREc32,* and for the Geneblazer reporter gene

assays.33 Removal of effect (Atappioassay) Was calculated according to equation 4.

filtered

ECtap '
Atapypeay (Y0) = | 1= ——— |x100 equation 4

11
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3. Results & Discussion

3.1.Removal of adsorbable organic halogens (AOX)

We assessed the removal of AOX as sum parameter of halogenated organic compounds by
the selected filtration devices (Figure 1). At the time of sampling the filters were in use for
differing durations (Table S1). AOX was chosen because its concentration is often positively
correlated with biological effects*® indicating that it is a useful parameter to assess the

removal of toxicologically relevant contaminants.

As expected, reverse osmosis (Filter A) was most effective for AOX removal together with
the gravity filter B (contains activated carbon). Both filters removed >94% of AOCI, AOBr,
and AOI (Table S2). The portable filter C was slightly less effective with removal rates >74%.
Filter D was the most effective pressure filter. Its removal efficiency increased significantly
after cartridge exchange (p<0.05, one-way ANOVA with Tuckey’s post-test), in particular for
the more polar chlorinated organic compounds (AOCI, from 40 to 70%, filter D). The same is
true for filter E where AOCI| removal increased from 50 to 80% after cartridge exchange.
Filter G was the least effective gravity filter in our study for the removal of AOX but again
removal efficiency increased after cartridge exchange (for AOCI from 20 to 50%). AOX
removal was least effective with the pressure filters H, I, J, and K. However, for filter H AOX

removal increased after cartridge exchange (e.g., from 26 to 43% for AOCI).

For most filters, removal efficacy of AOBr was generally higher than for AOCI, which
indicates that the sum of brominated organic compounds are likely less polar than
chlorinated organic compounds, which facilitates sorption of AOBr to the carbon filter.?’

This is an important aspect because brominated organic compounds are usually more

12
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potent in bioassaysz’6 and hence their removal can be considered as more important. For
AOI, the removal pattern was less consistent and the removal efficiencies were often lower
than for AOBr. lodinated organic compounds are commonly more toxic than their
brominated analogues but the AOI concentration was approximately 10-times lower than

AOBr in most cases (Table S2).

<<Figure 1>>

3.2.Removal of fluoride

Fluoridation of drinking water is mandatory in our sampling areas and the detected fluoride
concentrations matched the target concentration of the water providers (0.7 — 1 mg/L).38' 39
Only filters specifically designed for fluoride removal through addition of activated alumina

to the filter matrix (filters B and ) as well as reverse osmosis (filter A) removed fluoride

effectively by >83% (Figure 2).

<<Figure 2>>

In some countries, fluoride is added to the drinking water supply to improve dental health

4041 Flyoride has been

and in some regions, fluoride occurs naturally in water sources.
demonstrated to effectively reduce dental decay while it is often emphasized that fluoride

acts topically (at the surface of the teeth) without a clear benefit in actually ingesting it.**

13
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Also detrimental effects of high fluoride concentrations in drinking water (e.g., fluorosis) are
documented and the range between beneficial and detrimental concentrations is very
narrow.*** In geographical areas with high fluoride concentrations in drinking water,

fluoride removal with PoU filters can reduce the prevalence of fluorosis syndrome®? but

fluoride filters might also counteract tooth decay prevention measures in other regions.

3.3.Effect on bacteria count

Bacterial counts in most tap water samples were within the range observed in previous
studies (<200/pL).***® Bacteria counts were only effectively reduced with reverse osmosis
(filter A) and filter D after cartridge exchange (>89% removal compared to tap water, Figure
S1). For most filters, bacteria counts increased considerably after filtration, indicating
biofilm growth in the filter medium. This is supported by the decreased bacteria counts after
filter exchange (filter D, E, G, H). In our study we did not discriminate between pathogenic
and non-pathogenic bacteria and hence increased bacteria counts are not necessarily of
concern provided that no pathogens enter the filter medium. Biofilm on the sorbent

material might even support removal of toxic organic contaminants from drinking water.*’

3.4. Effect on cytotoxicity, oxidative stress, and genotoxicity

All tap water samples had to be enriched to exert biological effects in the bioassays. Relative
enrichment factors of >3 were necessary to exceed the effect threshold for the most
sensitive bioassay (AREc32, Table S4). Most filters removed cytotoxic effects effectively by
>60% compared to tap water except for filters G (pitcher filter) and | (pressure filter; Figure

3). Reverse osmosis was most effective, followed by filter D (after cartridge exchange;

14
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296  pressure filter) and filter B (gravity filter). Filter cartridge exchange after the recommended
297  exchange interval increased removal of cytotoxicity significantly for filters D, G, and H

298  (p<0.05, one-way ANOVA with Tukey’s post-test).

299

300 <<Figure 3>>

301

302 The oxidative stress response activation was reduced by >70% after filtration except for
303 filters F, G, and | (Figure 4). Again, reverse osmosis (A), filter B, and D (after cartridge

304 exchange) were most effective at reducing biological effects by >97%. The pitcher filter G
305 was least effective with 37% effect removal after cartridge exchange. Cartridge exchange
306 increased the oxidative stress removal significantly for filters D, E, and H (p>0.01, one-way

307 ANOVA with Tukey’s post-test).

308

309 <<Figure 4>>

310

311  Allfilters, except filter |, removed genotoxic effects by >60% (for filter D, G, and H only after
312  cartridge exchange; Figure S2). Filters A, B, and E were most effective with removal rates
313 >85%. Cartridge exchange increased the genotoxicity removal significantly for filters E, G,

314 and H (p>0.01, one-way ANOVA with Tukey’s post-test).

315  All of these assays detect toxicity caused by reactive compounds.’ The observed effect

316 decrease after filtration demonstrates that water filters can effectively remove such

15
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toxicologically relevant compounds from tap water. However, the removal efficacy can vary
considerably between 25 and 100%. Reverse osmosis (filter A) was most effective in most
cases but also low cost activated carbon based gravity filters can effectively remove
toxicologically relevant compounds. However, it is important to exchange the filter cartridge
regularly according to recommendations of the manufacturer to maintain a good filter
capacity. The only filter without a carbon-based sorbent was least effective for toxicity

removal (filter I).

3.5.Reverse osmosis as best performing filter?

Reverse osmosis (RO) was one of the most effective systems to remove contaminants from
tap water. This can be expected because RO is known to be one of the most efficient
methods for trace organic contaminant removal from water (e.g. wastewater).>* However,
RO also removes minerals and according to the World Health Organization, very large
numbers of people consume levels of calcium and magnesium that are insufficient to
support their physiological needs.*® Depending on the mineral content of drinking water,
which varies greatly based on the geographical area, drinking water can contribute
considerably to the calcium and magnesium intake and hence to overall nutrition.” In case
of mineral-rich drinking water, mineral removal by RO filtration could counteract potential
health benefits by DBP removal.”® Simple carbon-based gravity filters or pressure filters do
not remove geogenic minerals because those are in ionic form* and hence too polar to sorb

to the filter material.

16
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3.6. Alternative DBP mitigation strategies

Centralized DBP mitigation strategies would be most desirable to provide safe drinking
water to the whole population and also to minimize dermal and inhalation exposure to DBPs
during showering and bathing.2 The reduction of the DBP formation potential at drinking
water treatment plants, e.g., via more effective removal of precursor compounds through
physical-chemical treatment processes such as reverse osmosis or activated carbon

>152 would be very costly® and hence is unrealistic for most countries. In countries

filtration,
with newer and well-maintained drinking-water distribution infrastructure, such as
Switzerland, the Netherlands, Austria, and Germany, drinking water distribution is possible

38,44 \vith similar or lower waterborne disease outbreaks

without residual disinfectants
compared to systems with residual disinfectant.? This can be achieved if three factors are
considered: (1) Effective measures for water resources protection and water pollution

control, (2) adapted multibarrier treatment including biological filtration to abate natural

%> and (3) maintenance of the distribution system to avoid Ieakage.3

organic matter
However, the required infrastructure investments are in the range of tens of millions USD
for a 100,000 inhabitant city3 and hence, such a strategy is often out of reach for lower
income countries. In contrast, it can be expected that the use of PoU filters is restricted to
the more health-conscious and more prosperous part of the population. Considering
approximate annual costs in the range of 50 USD for a well-working activated carbon-based

PoU filter, centralized solutions might be more cost-efficient in the long run to provide safe

drinking water to the whole population.
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4. Conclusions

The water filters evaluated in our study effectively removed adsorbable organic
halogenated compounds, a sum parameter for DBPs, by 28 — 94%. Bioassays indicative of
cytotoxicity and reactive toxicity endpoints, such as oxidative stress and genotoxicity,
revealed an effective removal of toxicologically relevant contaminants from tap water (i.e.,
reduction of effect concentration by 25 — 100%). Taking into account the potential increase
in bladder cancer incidents through DBP exposure, the removal of DBPs from chlorinated

tap water using point-of-use filters could be an important public health benefit.**

In our study, besides reverse osmosis, only filters with activated carbon removed organic
contaminants and toxicity effectively, in particular low-cost gravity filters with a cartridge
consisting of an outer ceramic shell with a granular activated carbon core. Filter cartridges
need to be replaced on a regular basis to maintain good filter efficacy and to minimize

bacterial growth in the sorbent material.

Nevertheless, centralized solutions would be most desirable for providing safe drinking
water free of DBPs to the whole population without residual disinfectants in the distribution
system. Investments in water resource protection, infrastructure renewal and maintenance,
as well as well-controlled water treatment including disinfection and removal of natural
organic matter, might be more cost-effective in the long run than point-of-use filtration to

protect the whole population from detrimental health effects.
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Figure legends

Figure 1. AOX removal by various water filters (Table S1; A: reverse osmosis; B: ceramic
outer shell with granular activated carbon and activated alumina core; C, E, F: ceramic outer
shell with granular activated carbon core; G: activated carbon and ion-exchange resin; D, H,
J, K: carbon block; I: activated alumina without carbon); for filters D, E, G, H results are given
before (old cart.) and after replacement of the filter cartridge (new cart.). Displayed is the
arithmetic mean * standard deviation (n = 2 — 6). Detailed results are given in Table S2.

Figure 2. Fluoride concentrations before (tap) and after different water filters (Table S1; A:
reverse osmosis; B: ceramic outer shell with granular activated carbon and activated
alumina core; C, E, F: ceramic outer shell with granular activated carbon core; G: activated
carbon and ion-exchange resin; D, H, J, K: carbon block; I: activated alumina without
carbon); for filters D, E, G, H results are given before (old c.) and after replacement of the
filter cartridge (new c.). Displayed is the median, box extends from the 25th to the 75th
percentiles, and the whiskers from minimum to maximum (n = 1 — 6). Detailed results are
given in Table S2.

Figure 3. Cytotoxicity: 50% effect concentration (ECsg) as relative enrichment factor (REF)
before (tap) and after different water filters (Table S1; A: reverse osmosis; B: ceramic outer
shell with granular activated carbon and activated alumina core; C, E, F: ceramic outer shell
with granular activated carbon core; G: activated carbon and ion-exchange resin; D, H, J:
carbon block; I: activated alumina without carbon) assessed with the Aliivibrio fischeri
bioluminescence inhibition assay; for filters D, E, G, H results are given before (old c.) and
after replacement of the filter cartridge (new c.). Displayed is the median, box extends from
the 25" to the 75" percentiles, and the whiskers from minimum to maximum (n = 4 — 10).
Detailed results are given in Table S4.

Figure 4. Activation of NRf2-mediated oxidative stress response assessed with the AREc32
assay: induction ratio of 1.5 (ECjry.5) as relative enrichment factor (REF) before (tap) and
after different water filters (Table S1; A: reverse osmosis; B: ceramic outer shell with
granular activated carbon and activated alumina core; C, E, F: ceramic outer shell with
granular activated carbon core; G: activated carbon and ion-exchange resin; D, H, J: carbon
block; I: activated alumina without carbon); for filters D, E, G, H results are given before (old
c.) and after replacement of the filter cartridge (new c.). Displayed is the median, box
extends from the 25" to the 75™ percentiles, and the whiskers from minimum to maximum
(n =4 -10). Detailed results are given in Table S4.
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