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DISCLAIMER
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endeavours to ensure that the information contained in this client report is accurate. However, PHF
Science does not give any express or implied warranty as to the completeness of the information
contained in this client report or that it will be suitable for any purposes other than those specifically
contemplated during the Project or agreed by PHF Science and the Client.
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In 2022, PHF Science' conducted the second national survey of emerging organic
contaminants (EOCs) in groundwater across New Zealand, following the first survey in
2018. Like the 2018 survey, the 2022 survey was incorporated into the national
groundwater pesticide survey programme, which has been carried out four-yearly since
1990, with 2022 marking the ninth consecutive survey. While the pesticide results are
reported separately, this report focuses specifically on the detection and distribution of
EOCs. Regional and Unitary Authorities carried out the well sampling. The EOC analysis
was carried out by Northcott Research Consultants Ltd. PHF Science’s role was to
coordinate the survey, advise on well selection as needed, collate and interpret the results
and provide a national summary report.

Wells were selected based on the importance of an aquifer to a region, known application,
storage of pesticides in the area, and the vulnerability of the aquifer to contamination. If
possible, where a well had been sampled during previous surveys, it was included in the
current survey to give a temporal comparison. Most of the selected wells were from
unconfined aquifers, recognising that shallower, unconfined aquifers would be more at
risk than deeper aquifers.

There was a total of 115 wells sampled and analysed for the EOC suite. Results indicate
that EOCs, sourced from human effluents/activities, are making their way into shallow
groundwater systems and can be detected at low concentrations. EOCs were detected
in 112 wells (97.4%), with 97 (84%) of these wells having two or more EOCs detected. The
maximum number of EOCs detected in one well was 11. EOCs were detected in wells from
all the regions that participated in the survey. Twenty-six different EOCs were detected
in the sampled wells, with pharmaceuticals being the most frequently detected EOC
group, with 94 detections (30%) of 10 different EOCs. The most detected EOC was
industrial plasticiser compound mono-ethylhexyl phthalate (Mono(EH)-PAE) (detected in
45 wells), followed by the UV filter compound oxybenzone (BP-3) that was detected in 34
wells and pharmaceutical salicylic acid, which was detected in 32 wells.

Compared to the EOC survey of 2018, the number of EOC detections has significantly
increased. Looking at differences in the categories of EOCs detected, there was a
decrease in the detection of antimicrobials/preservatives from 14% in 2018 to 5.7% in
2022 and UV filters from 36% in 2018 to 27% in 2022. Interestingly, there were no
detections of estrogenic steroidal hormones in 2022 compared to 2018, where there were
14 detections of five steroidal hormones. There was a significant increase in the detection
of industrial compounds from 18% in 2018 to 29% in 2022, and pharmaceuticals from 15%
in 2018 to 30% in 2022.

Because of the small number of wells sampled and the wide variation in EOC levels, it is
difficult to draw strong conclusions about changes between the 2018 and 2022 surveys.

"Formally, the Institute of Environmental Science and Research Ltd
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However, two key measures, the number of wells with EOCs and the number of different
EOCS found per well, both increased significantly over time. When we looked at links
between water quality and the detection of EOCs, we found only two notable patterns:
the occurrence of UV filter and plasticiser EOCs was negatively and positively,
respectively, correlated with water temperature. Most wells were unconfined, so we could
not assess whether aquifer type affected contamination. Further analysis is underway,
and more extensive discussion will be provided in a journal paper that will be prepared for
publication and shared with councils once complete.

Many EOC detections are likely to be associated with the widespread use of onsite
wastewater management systems (OWMS) in the rural environment from which most of
the groundwater samples in this study originated. The high rate of EOC detections, albeit
at low concentrations, indicates that effluents from small towns, OWMS and farming
activities are the sources for the detections of EOCs in groundwater in this study. The
occurrence of human wastewater tracer-sourced EOCs in groundwater indicates a
potential pathway for other contaminants (e.g. viruses, antimicrobial resistance (AMR))
and the potential for these contaminants to make their way into private and municipal
drinking water supplies.
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Groundwater is an important source of drinking water in New Zealand. Around 40% of
New Zealanders rely on groundwater for their drinking water (LAWA, 2022). In most
regions throughout New Zealand, the volume of abstracted groundwater is increasing due
to increased demand from the agricultural (irrigation) and industry sectors, as well as from
drinking water use. Groundwater quality, however, in some urban and rural areas has been
degrading and is becoming increasingly under pressure as land use intensifies (MfE &
StatsNZ, 2019). Careful management of the source aquifers and their recharge zones is
required to maintain their high quality.

Regional councils and unitary authorities are responsible for managing groundwater
quantity and quality and regularly conduct monitoring programmes. There has been
growing interest from these councils, authorities, and the community about whether
Emerging Organic Contaminants (EOCs) are reaching the groundwater systems. EOCs
are natural or manufactured chemicals in household and personal care products,
antibiotics and other pharmaceuticals, estrogenic steroidal hormones, lifestyle chemicals
such as caffeine and nicotine, industrial compounds, compounds from plastic packaging
(bisphenol A (BPA)), and agrichemicals. Smaller loads of some EOCs may enter the
environment through recreational activities, such as the application of sunscreen and
insect repellent. The primary sources of EOCs are wastewater effluent, stormwater,
landfill leachate, and certain industrial and marine activities. There is global concern that
the presence of EOCs in the environment may lead to adverse effects on human and
ecological health. This concern is primarily associated with the lack of knowledge of the
fate and effects of EOCs. We know little about their leaching properties through different
soils, their transport through groundwater, and there have been limited studies on their
presence in NZ groundwater systems.

Two regional studies have been conducted looking for EOCs in groundwater. An MSc
study looked for a suite of 25 EOCs in Canterbury groundwater (van der Krogt et al., 2018)
and found at least one EOC in 26 out of 33 samples taken from 18 shallow groundwater
wells (<25 m in depth). The five most detected EOCs were BPA (17 samples), octyl phenol
(industrial compounds) (6 samples), BP-3 (5 samples), methyl paraben (9 samples) and
propyl paraben (preservatives) (5 samples). The maximum concentration of EOCs ranged
from below the detection limit to 453.5 ng/L (octyl phenol). A regional study was
conducted in the Waikato region using a wide-screening approach (723 compounds) for
EOCs in groundwater (Moreau et al., 2019). They sampled 61 wells (51 baseline sites from
the State of the Environment (SOE) network in the Waikato region and 10 targeted sites
located in the vicinity of known EOC sources for comparison) and found EOCs in 91% of
the baseline sites in 2018.

The 2022 EOC survey was incorporated in the 9" national survey of pesticides in
groundwater, which has been conducted at four-yearly intervals since 1990. This is the
second time that EOCs have been included in the survey. The national survey in 2018
sampled 121 wells for a suite of EOCs (Close et al., 2021), with a total of 227 EOCs
detected in the 85 wells (70%). All regions that had samples analysed for EOCs had at
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least three wells with EOCs present. There were 29 different EOCs in the analytical suite,
and 25 different EOCs were detected in at least one well, with the maximum number of
EOCs detected in a single well being 13. The most detected EOC was BPA, which was
detected in 40 wells, with the UV filter compounds, octinoxate (OMC) and BP-3, next most
common with 33 and 24 detections, respectively. Sucralose, an artificial sweetener, was
the next most common with 18 detections. The highest concentration measured was 655
ng/L for sucralose.

This report gives the results of the 2022 national survey of EOCs in groundwater. The
sampling for this survey was conducted in mid-late 2022, mostly between September and
December. There was a total of 115 wells sampled and analysed for the suite of EOCs.
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2.1 WELL SELECTION

In collaboration with PHF Science, wells were selected by each participating council using
the following criteria:

« shallow, unconfined, and vulnerable aquifers
» significant aquifers
« past or present land use

+ known or suspected pesticide storage and use

If possible, where a well had been sampled during the previous 2018 survey, it was also
included in the 2022 survey to provide a temporal comparison. Wells were also selected
in areas that were under-represented or not sampled in previous surveys. For each well,
the following information was requested from the council: well location, water level, depth
of the well screen, the type of aquifer, and the general land use in the area. A balance was
sought between selecting wells that were most vulnerable to contamination (shallow and
screened near the water table) and wells that reflected the general usage of the aquifer.
Most of the selected wells were from unconfined aquifers.

Twelve of the Regional and Unitary Authorities with groundwater management
responsibilities participated in the 2022 survey. A total of 115 wells were selected,
sampled, and analysed for the EOC suite. The distribution of wells sampled for EOCs is
shown in Figure 1.
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FIGURE 1: Regions and sampling locations for the 2022 survey of EOCs in groundwater
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2.2 SAMPLING

Samples were collected according to the PHF Science procedure for sampling pesticides
(Appendix A) with purging procedures based on “A National protocol for State of the
Environment Groundwater Sampling in New Zealand” (Daughney et al., 2006). According
to these procedures, each council was asked to purge three well volumes where possible
before sampling. Samples were collected by either portable pumps or in situ pumps as
close to the well head as possible. In most cases, field measurements of pH, dissolved
oxygen, conductivity, and temperature were recorded, and a water sample was only taken
when these parameters had stabilised. For each well sampled, a field sheet was filled out
and returned to PHF Science (Appendix B). Bottles for EOC analysis were supplied by
Northcott Research Consultants (NRC) Ltd. Samples from 7 wells (6.1%) were collected
in duplicate as blind duplicate samples for Quality Assurance (QA) purposes.

2.3 LABORATORY ANALYSIS

Upon receipt by NRC Ltd at Plant and Food Research in Hamilton, the bottles of
groundwater samples were checked for damage, correlated against the supplied
inventory and sampling details, and immediately transferred into a walk-in chiller and
stored in the dark at 4 °C. Care was taken to avoid potential contamination of the
groundwater and QA samples with EOCs during all steps of the preparatory, extraction
and purification process. Laboratory personnel undertaking these tasks were required to
avoid drinking coffee and tea for 16 hours preceding, and for the duration when working
with the samples. These same personnel were similarly asked to refrain from applying
cosmetics and skin moisturisers and were required to wear nitrile gloves when handling
the samples.

Sample preparation

The bottles of groundwater samples were removed from storage at 4 °C, and the pH was
adjusted to <2.5 by the addition of 6M sulphuric acid. The aqueous samples were filtered
through a glass microfiber filter (47 mm, Labservice) topped with diatomaceous earth
filter aid media (Hyflo SuperCel) to remove particulate material. The sample filtrate was
collected in pre-cleaned 2 L Glass Schott bottles. The filtered groundwater samples
extracted for the analysis of EOCs, excluding pharmaceutical compounds, were spiked
with a solution of carbon-13 labelled analogues of target EOCs for use as surrogate
recovery compounds. Filtered groundwater samples being extracted for pharmaceuticals
were spiked with the acidic herbicides dichlorprop, flamprop and MCPB, and the plant
growth regulator naphthalene acetic acid for use as surrogate recovery compounds.

Sample extraction and purification

EOCs in the filtered groundwater samples (dissolved phase) were extracted by solid-
phase extraction (SPE). Neutral and phenolic EOCs were extracted by SPE using Waters
Oasis HLB cartridges and pharmaceuticals using Waters Oasis HLB cartridges using a
modification of the method of Burkhardt et al. (2005) and pharmaceuticals were
extracted using Waters Oasis MCX cartridges and the method of Togola and Budzinski
(2008). The EOC sample extract was split into two equal portions - one for analysis of
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neutral EOCs and the other for polar EOCs requiring chemical derivatisation for analysis
by Gas Chromatography-Mass Spectrometry (GC-MS). Lifestyle chemicals and
benzotriazoles were extracted with Phenomenex Strata X SPE cartridges (Dominguez et
al, 2012; Reyes-Contreras et al, 2012).

Sample extract derivatisation

The fraction containing polar EOCs (steroid hormones, phenolic antimicrobials, paraben
preservatives, UV filters, sucralose) was derivatised to produce their respective
trimethylsilyl ethers using a catalytic mixture of N-methyl-N-(trimethylsilyl)
trifluoroacetamide, and pharmaceutical residues were converted to their respective
tertiary-butyl dimethyl silyl esters by reaction with N-tert-butyldimethyl-silyl-N-
methyltrifluoroacetamide with 1% t-butyldimethylsilyl chloride. The various classes of
EOCs were analysed by GC-MS or Gas Chromatography-Tandem Mass Spectrometry
(GC-MS-MS) as described in Appendix C.

Instrumental analysis of EOCs

The analysis of the different classes of EOCs required the use of different GC-MS
instruments and instrumental analysis methods. Paraben preservatives, phenolic
antimicrobials and UV filters were analysed using an Agilent 6890N gas chromatograph
coupled to a 5975 mass spectrometer operating in single ion monitoring mode.
Quantitation of target EOCs was achieved by internal standard quantitation using Agilent
Chemstation MS software. Steroid hormones, neutral EOCs, BPA and acidic
pharmaceuticals were analysed using an Agilent 7000 series triple quadrupole GC-MS
operating in MS/MS mode. Quantitation of target EOCs was achieved by internal standard
quantitation using Agilent Mass Hunter Quantitative Analysis software.

Quality assurance procedures

Each sample was spiked with a mixed solution of surrogate recovery standards at a
concentration of 50 ng/L (parts per trillion) and 25 ng/L, respectively, for neutral and polar
EOCs and pharmaceuticals. Quality Assurance (QA) samples incorporated into the
analysis of groundwater samples included blank SPE cartridges, Milli-Q water blank
samples, and Milli-Q water samples spiked with target analytes. The QA Milli-Q water
spike samples were spiked with mixtures of the target analytes at an equivalent
concentration of 50 ng/L and 25 ng/L, respectively, for neutral and polar EOCs and
pharmaceuticals. Comparative standards, comprising the same volume of each QA spike
solution incorporated into each batch of extracted samples, were prepared by dispensing
aliquots of the individual QA spike solutions into labelled vials at the same time they were
added to each batch of samples. The percentage recovery of surrogate and target
compound spikes was determined by directly comparing the concentration of analytes
measured in QA and the samples against that measured in the corresponding
comparative standard(s).

. National Survey of Emerging Organic Contaminants (EOCs) in Groundwate
Science Date Y of Emerging Org (EOCs)in Groundwater



Background concentration of EOCs and Method detection limits

Low-level residues of BP-3 were detected in SPE cartridge blanks and Milli-Q water
blanks. The BP-3 data were corrected for background contribution. Method detection
limits (MDLs) for individual EOCs were calculated using a signal-to-noise ratio of 3:1 and
by assessment of the mean concentration of target EOCs detected in the QA blank
samples. The higher of these two values was adopted as the MDL for each compound.
The resulting confirmed MDLs obtained for the target analytes are listed in Table C1. BP-
3 was also observed as a trace concentration in most samples, which was consistent with
that observed in the 2018 survey and is expected, as BP-3 is widely used in cosmetics
and sunscreens and many types of plastic. In addition, we cannot discount the possibility
that the equipment during sampling contributed to BP-3. Thus, for this 2022 study, we
assumed an effective detection limit of 1 ng/L for BP-3.

2.4 DATA ANALYSIS

The total concentrations of EOCs and sub-categories of EOCs present in each well were
calculated. Results below the detection limit were assigned a value of zero to avoid
overestimating the total concentration of EOCs present in each well. As all wells except
for 3 had EOCs detected, the presence or absence of EOCs did not provide a clear basis
for separation. Correlation analysis was undertaken using the SYSTAT statistical analysis
package to explore the association of well parameters and groundwater chemistry,
namely well depth, well diameter, temperature, pH, nitrate-N concentration, conductivity,
and DO, with the totals of EOC and EOC sub-categories. Land use was categorised as
rural (0), lifestyle (1) and urban (2) and the wells were categorised based on the type of
aquifer (unconfined, semi-confined, or confined). These well and groundwater chemistry
parameters are jointly referred to as ‘groundwater parameters’ henceforth. Stepwise
regression analysis using the EOC and sub-EOC totals as the dependent variables and
the groundwater parameters as the independent variables was tried, but there was no
statistically significant regression models identified.

Thirty-eight wells had been sampled in both the 2018 and 2022 surveys. These wells were
analysed to determine any increases or decreases in these wells that are common to both
surveys using the paired t-test. The EOC compounds that were common to both surveys
were used, and the concentration totals recalculated for these comparisons.
Relationships between the increases/decreases between the surveys and groundwater
parameters were analysed using Pearson correlation analysis.
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3.1 ASSESSMENT OF SURVEY METHODOLOGY

Blind duplicate samples from 7 wells (6.1%) were submitted to the analytical laboratory as
an additional quality control measure (Table 1). There was good agreement for the
duplicate analyses. There were differences in the samples from well 1000147 and well
GTAO044. For well 1000147, mono(EH)-PAE was detected in the sample at a concentration
of 13.0 ng/L compared to 119 ng/L in the duplicate. For well GTA044, one sample had
detections of monobutylphthalate (monobutyl(EH)-PAE) and mono(EH)-PAE, and the
duplicate had no detections of any EOC. These chemicals are ubiquitous chemical
pollutants that are present in a diverse range of materials and products, including plastic
and other materials, personal care products (cosmetics, etc.), and indoor dust (including
shed skin) (Zhu et al, 2023). It is plausible that one of the duplicates has been
contaminated during sampling and/or during sample processing steps in the laboratory.
Due care is taken to minimise contamination of samples in the laboratory, but it would only
require a couple of pieces of indoor dust from the air to "fall" into a sample to contaminate
it with monocarboxylic-PAEs and parent phthalate esters.

TABLE 1: Comparison of Blind Duplicate samples for EOC suite
(ND, not detected)

COUNCIL WELL ID (BLIND DUPLICATE) EOC COl\:ggE/l\llJRATION
Auckland Council 6475015 (Blind Duplicate) BPA 7.42 (7.72)
BP-3 2.37 (5.44)
5 ¢ Plent Lidocaine ND (0.16)
ayorrienty 1000147 (Blind Duplicate) | Diclofenac 1.73 (2.59)
Regional Council
Mono(EH)-PAE | 13.0 (119)
DEET 18.7 (ND)
Gisborne District . . Monobutyl-PAE | ND (9.71)
Council GTAQ44 (Blind Duplicate) | \\ e i) PAE | ND (5.38)
3.67 (2.40)
M I-PAE
Horizons 357109 (Blind Duplicate) MEEE?EIZB;-PAE 1.18 (1.13)
14.7 (13.7)
Acetaminophen | 19.0 (8.96)
Tasman District . . Diclofenac 0.77 (ND)
Council 23759 (Blind Duplicate) Ibuprofen 0.49 (ND)
Mono(EH)-PAE | 6.67 (10.1)
Environment . . Acesulfame 411 (4.37)
Southland £46/0867 (Blind Duplicate) |\ ' oo tyi-PAE | ND (4.07)
Wes_t Coast _ Kirby bore @ Waltaha (Blind Mono(EH)-PAE | 12.7 (11.4)
Regional Council Duplicate)
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3.2 SURVEY RESULTS

There was a total of 115 wells sampled, with 112 wells (97.4%) having EOCs detected
(Table 2). This is an increase compared to the 2018 survey, where 85 wells (70%) out of
a total of 227 wells sampled had EOCs detected. All regions that had samples analysed
for EOCs had at least four wells with EOCs present. There were 50 different EOCs in the
analytical suite, and 28 different EOCs were detected in the survey (Table 3). The
maximum number of EOCs detected in a single well was eleven (Well # 6487015,
Auckland).

The EOCs were grouped into five categories that reflected their source and usage (Table
3). Most EOCs are used extensively by people or are produced by people (e.g.
pharmaceuticals), and most do not have significant human toxicity when used under
normal conditions, such as use of sunscreens or anti-inflammatories such as diclofenac
(Voltaren). There are no MAVs for drinking water associated with these EOCs. However,
some of these compounds have shown some endocrine-disrupting effects in surface
waters (Sellin et al., 2009; Tremblay et al., 2018), and the main concerns with these EOCs
are environmental or ecological impacts. However, there are no or very few guideline
values for EOCs regarding ecological impacts, as the required studies are sparse
(Lapworth et al., 2012). Some EOCs, such as sucralose and caffeine, can function as
tracers of the presence of human activities or wastewater impacts in the groundwater
system (Table 3).

The most detected EOC was the industrial plasticiser compound mono-ethylhexyl
phthalate (Mono(EH)-PAE), which was detected in 45 wells, followed by the insect
repellent N, N-diethyl-meta-toluamide (DEET), which was detected in 43 wells. This was
followed by UV filter BP-3 with 34 detections and pharmaceutical salicylic acid with 32
detections (Table 3). Monobutylphthalate (monobutyl-PAE), an industrial plasticiser, was
next most common with 28 detections. There were no detections of estrogenic steroidal
hormones in the 2022 survey compared to the 2018 survey, when there were 14
detections of five steroidal hormones. The highest EOC concentration measured was
1533 ng/L for saccharin (Table 3).

TABLE 2: Summary of results from the 2022 EOCs in groundwater survey detailing 368 detections in
112 wells out of a total of 115 wells sampled (<MDL = below method detection limit)

;O:::EIVLV:: :;?e'\::tions /# | WELLID AL oy TN
wells sampled, % detected) (ng/L)
Northland
Rggional Council 210025 I\DA;E?_bUtyl_PAE 14;68
(5/5,100%)
209581 DEET 11
BP-3 242
332986 Chloroxylenol 9.91
BPA 10.2
332995 BPA 7.92
PHF _ . . . .
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Caffeine 26
Acesulfame 15.5
331726 Saccharin 1533
Caffeine 14.8
Carbamazepine 0.37
Auckland Regional Acesulfame 15.4
Council 7428031 Sulfamethoxazole 0.75
(8/8, 100%) Mono(EH)-PAE 1.62
Monomethyl-PAE 4.99
Carbamazepine 0.77
7419126 Acesulfame 14.1
Sulfamethoxazole 0.70
Acesulfame 6.27
7419121 Sulfamethoxazole 1.50
BP-3 1.94
6437005 Salicylic acid 1.98
DEET 13.5
7418027 BPA 6.69
BHT 2.98
7432003 BPA 174
Acesulfame 34.8
Sucralose 255
Carbamazepine 3.54
Ketoprofen 1.22
Lidocaine 0.14
6487015 Meclofenamic acid 0.58
Mefenamic acid 0.16
Salicylic acid 219
Sulfamethoxazole 10.8
BHT 35.9
DEET 10.6
Ketoprofen 0.55
6475015 BPA 7.42
DEET 19.5
Bay of Plenty
Regional Council | 1001241 Salicylic acid 272
(9/10, 90%)
BP-3 2.37
Diclofenac 1.73
1000147 Monobutyl-PAE 5.06
Mono(EH)-PAE 13.0
DEET 18.7
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Carbamazepine 0.50
Ketoprofen 3.02
100106 Meclofenamic acid 1.51
Mono(EH)-PAE 242
DEET 10.9
Salicylic acid 6.24
Chloroxylenol 1.68
1001289 BPA 56.1
Monobutyl-PAE 3.32
Mono(EH)-PAE 64
Mono(EH)-PAE 4.76
1001290 DEET 12.7
Lidocaine 0.14
3036 Salicylic acid 7.83
Mono(EH)-PAE 2.51
Ibuprofen 7.72
170047 Salicylic acid 2.28
Mono(EH)-PAE 5.69
Monobutyl-PAE 8.08
10967 DEET 20.1
Saccharin 5.31
10968 DEET 141
Gisborne District Saccharin 18.0
Council Brewery Spring Monobutyl-PAE 4.31
(13/14, 93%) Mono(EH)-PAE 2.18
Acesulfame 13.6
Saccharin 3.36
GPAO44 BP-3 1.06
Caffeine 16.4
Saccharin 5.03
GPBO99 BP-3 2.69
Saccharin 4.83
BP-3 217
GPB100 Salicylic acid 10.5
BPA 15.5
Acesulfame 6.95
2,4-hydroxy benzophenone 155
GPB20f Salicylic acid 7.49
Mono(EH)-PAE 33.0
BP-3 1.33
GPCO031 o-phenylphenol 1.24
Caffeine 23.9
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Saccharin 2.57

GPJOOS Salicylic acid 124
GTAO44 Caffeine 43.9
Acesulfame 217
Saccharin 55.5
Diclofenac 0.49
Ketoprofen 0.25
Matokitoki Spring Salicylic acid 5.35
Chloroxylenol 2.84
Monobutyl-PAE 4.66

Mono(EH)-PAE 1.27
DEET 3.04
Ruatoria R Ketoprofen 0.38
ng‘in‘g'a acecourse Monobutyl-PAE 773
Mono(EH)-PAE 1.38
Saccharin 33.8
Puketiti Spring Salicylic acid 2.33
Mono(EH)-PAE 147

Saccharin 8.8

2,4-hydroxy benzophenone 1.41

Diclofenac 0.31
Tokomaru Spring Ketoprofen 0.75
Meclofenamic acid 0.39
Monobutyl-PAE 4.47
Mono(EH)-PAE 3.52
Acesulfame 6.68

. . Saccharin 211
Waipiro Spring Salicylic acid 326

Mono(EH)-PAE 19
Horizons Monobutyl-PAE 3.67
(9/9. 100%) 357109 Mono(EH)-PAE 118

’ ° DEET 15

2,4-hydroxy benzophenone 2.82

Monobutyl-PAE 1.74

402001 Mono(EH)-PAE 1.31
DEET 12.4

Acesulfame 211

Saccharin 414

72034

37203 2,4-hydroxy benzophenone 2.05
DEET 13.5
Sulfamethoxazole 0.39

353015 DEET 12.2
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2,4-hydroxy benzophenone 6.07
Salicylic acid 4.05
o-phenylphenol 53.2
315027 BPA 6.65
Monobutyl-PAE 6.77
Mono(EH)-PAE 3.84
DEET 14.8
2,4-hydroxy benzophenone 7.68
Salicylic acid 5.32
334091 Monobutyl-PAE 8.89
Mono(EH)-PAE 2.39
DEET 48.1
Mono(EH)-PAE 14.9
324067 Caffeine 6.04
DEET 16.8
Saccharin 3.35
209005 Mono(EH)-PAE 1.3
DEET 33.3
Salicylic acid 7.44
354011 DEET 19.4
\(lavr(;ﬁ:mzrton Acesulfame 3.11
Regional Council R26/6503 Saccharin 490
BN32/0063 BP-3 2.37
Mono(EH)-PAE 1.46
BP33/0057 DEET 106
BP-3 2.83
Salicylic acid 3.06
BP34/0236 Monobutyl-PAE 416
Mono(EH)-PAE 235
DEET 9.77
Saccharin 4.4
Salicylic acid 215
T27/0063 Sulfamethoxazole 0.78
o-phenylphenol 7.59
Salicylic acid 1.94
Monobutyl-PAE 4.33
BP33/0056 Mono(EH)-PAE 1.54
DEET 7.74
Acesulfame 8.26
BP34/0229 BP-3 037
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DEET

1.7

Tasman District

Council 23604 [B)!D'Isf 122115
(10/10, 100%) clotenac :
BP-3 2.49
802 Mono(EH)-PAE 33.9
Acesulfame 474
524 BP-3 1.51
o-phenylphenol 2.64
Acesulfame 20.6
4096 Sulfamethoxazole 0.27
Acesulfame 3.98
BP-3 1.04
23658 Diclofenac 5.36
Mono(EH)-PAE 4.03
23806 Acetaminophen 12.2
BP-3 112
4-MBC 4.80
. . Salicylic acid 8.67
Pupu Main Spring BHT 125
Mono(EH)-PAE 4.20
DEET 3.12
Octinoxate 3.43
. . Acetaminophen 1.09
Fish Creek Spring Diclofenac 0.73
Mono(EH)-PAE 3.81
Saccharin 3.67
BP-3 6.28
4-MBC 8.42
Acetaminophen 1.55
6342 Diclofenac 1.56
Ibuprofen 0.40
Monobutyl-PAE 5.64
Mono(EH)-PAE 427
Acetaminophen 19.0
Diclofenac 0.77
23759 Ibuprofen 0.49
Mono(EH)-PAE 6.67
Marlb h Acesulfame 7.06
arlboroug ]
District Council P28w/3711 BP-3 . 8.65
Carbamazepine 0.44
(9/9,100%)
o-phenylphenol 3.90

PHF
Science

National Survey of Emerging Organic Contaminants (EOCs) in Groundwater

2022

16




DEET 3.81
BP-3 1.14
P28w/3668 Ketoprofen 0.88
BHT 11.8
P27w/448 BP-3 215
Saccharin 3.67
028w/0015 BP-3 1.1
2,4-hydroxy benzophenone 14.3
BP-3 1.1
P28w/2651 2,4-hydroxy benzophenone 27.7
BP-3 1.08
P28w/0548 2,4-hydroxy benzophenone 22.7
2,4-hydroxy benzophenone 21.8
P28w/4118 Salicylic acid 3.33
Sulfamethoxazole 0.46
BP-3 1.02
2,4-hydroxy benzophenone 6.23
P28w/2993 Salicylic acid 310
o-phenylphenol 3.97
P28w/3120 BP-3 1.96
Acesulfame 121
Sucralose 143
Environment Carbamazepine 4.39
Canterbury Culverden Lidocaine 2.29
(5/5, 100%) Salicylic acid 2.43
Mono(EH)-PAE 4.39
DEET 43.6
Lincoln BPA 16.2
Acesulfame 121
Sucralose 132
Salicylic acid 1.85
Ashburton Sulfamethoxazole 1.31
BPA 9.32
Mono(EH)-PAE 1.28
Acesulfame 19.1
Sucralose 266
Washdyke BP-3 197
Monobutyl-PAE 3.07
BP-3 3.15
Twizel Salicylic acid 2.07
Monobutyl-PAE 11.9
Mono(EH)-PAE 3.04
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DEET 31.3
, 2,4-hydroxy benzophenone 8.31
Otago Regional Diclofenac 0.56
Council G43/0224A i
(5/5, 100%) BPA 27
’ DEET 6.51
Saccharin 13.0
G40/0411 DEET 504
2,4-hydroxy benzophenone 252
G41/0487 DEET 415
Saccharin 8.46
Mono(EH)-PAE 2.36
G40/0367 Caffeine 9.70
DEET 3.93
2,4-hydroxy benzophenone 2.69
CB13/0159 BPA 185
Acesulfame 66.4
Environment Salicylic acid 216
Southland E46/0093 Sulfamethoxazole 6.92
(15/15, 100%) Mono(EH)-PAE 1.68
DEET 50.3
F45/0170 Carbamazepine 0.19
F46/0184 Mono(EH)-PAE 5.23
2,4-hydroxy benzophenone 3.22
F46/0185 DEET 65.7
BP-3 1.45
F46/0239 DEET 168
Acesulfame 17.7
Sucralose 302
Salicylic acid 34
E43/0026 Sulfamethoxazole 22.6
Monobutyl-PAE 4.65
Mono(EH)-PAE 1.86
2,4-hydroxy benzophenone 1.00
Salicylic acid 245
E43-0065 BPA 15.5
Monobutyl-PAE 5.95
Mono(EH)-PAE 2.16
Acesulfame 20.8
2,4-hydroxy benzophenone 4.05
D43/0004 Diclofenac 0.40
Sulfamethoxazole 0.40
Monobutyl-PAE 3.25
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Mono(EH)-PAE 1.55
DEET 559
E44/0087 DEET 55.8
Diclofenac 0.32
D43/0067 DEET 180
BP-3 2.22
2,4-hydroxy benzophenone 9.82
E44/0007 BPA 6.05
Monobutyl-PAE 12.7
DEET 40
2,4-hydroxy benzophenone 10.6
F44/0139 Sulfamethoxazole 0.25
DEET 4.43
2,4-hydroxy benzophenone 7.73
Sulfamethoxazole 0.40
E44/0008 BPA 9.08
Monobutyl-PAE 3.86
Mono(EH)-PAE 2.22
Acesulfame 9.04
Saccharin 5.93
E46/0097 BP-3 101
Sulfamethoxazole 0.76
E46/0867 Acesulfame 41
West Coast 4-MBC 8.25
Regional Council | WCRC-P1 Chloroxylenol 19.2
(17/18, 94%) BPA 8.69
Chloroxylenol 20.2
WCRC-P2 DEET 3.44
Acesulfame 245
Sucralose 200
WCRC-P3 BP-3 1.36
Chloroxylenol 221
Acesulfame 7.25
Saccharin 14.5
WCRC-P4 2,4-hydroxy benzophenone 1.15
Monobutyl-PAE 5.87
Mono(EH)-PAE 1.88
Ketoprofen 0.23
Lidocaine 0.25
WCRC-P5 Salicylic acid 2.23
BPA 15.2
Mono(EH)-PAE 8.51
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Carbamazepine 0.37
WCRC-P6 Salicylic acid 2.83
Salicylic acid 3.37
WCRC-P7 Methyl paraben 1.81
Propyl paraben 212
Lidocaine 0.34
WCRC-P9 Salicylic acid 3.66
WCRC-P10 BP-3 2.54
WCRC-P11 BP-3 1.13
Saccharin <MDL
Diclofenac 1.97
WERC-P12 Salicylic acid 6.58
Monobutyl-PAE 428
Saccharin 16.1
WCRC-P13 Monobutyl-PAE 6.81
DEET 3.99
BP-3 2.10
Acetaminophen 8.26
BPA 10.3
WCRC-P14 Monobutyl-PAE 8.29
Mono(EH)-PAE 574
DEET 3.66
Acetaminophen 16.7
WCRC-P15 Mono(EH)-PAE 5.69
Ketoprofen 0.84
WCRC-P16 Monobutyl-PAE 5.15
BP-3 140
WCRC-P17 Mono(EH)-PAE 7.80
WCRC-P18 Mono(EH)-PAE 12.7
368
112 wells detections
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TABLE 3: Summary of EOC detections and concentrations (ng/L)

EOC # DETECTS MEAN MIN MAX DETAILED TYPE/SOURCE
Anti-microbial/Preservative
Butylated hydroxytoluene (BHT) 4 13.0 | 1.25 | 35.9 | Antioxidant and preservative
Chloroxylenol 6 12.7 | 1.68 | 22.1 | Antiseptic and disinfectant
Methyl paraben 1 1.81 | 1.81 | 1.81 | Preservative
o-phenylphenol 6 121 | 1.24 | 53.2 | Preservative and disinfectant
Propyl paraben 1 212 | 212 | 2.12 | Preservative
Human Wastewater Tracer
Acesulfame 26 321 | 3.11 | 245 | Artificial sweetener
Caffeine 7 20 6 44 | Stimulant
Saccharin 22 80.6 | 2.57 | 1533 | Artificial sweetener
Sucralose 6 216 | 132 | 302 | Artificial sweetener
Industrial
Bisphenol-A (BPA) 18 14.7 | 6.05 | 56.1 | Plasticiser
Monobutylphthalate (Monobutyl-PAE) 28 555 | 1.68 | 12.7 | Plasticiser
Mono-ethylhexyl phthalate (Mono(EH)-PAE) 45 7.61 | 118 | 64.0 | Plasticiser
Monomethylphthalate (Monomethyl-PAE) 1 499 | 499 | 4.99 | Plasticiser
Pharmaceuticals
Acetaminophen 6 9.80 | 1.09 | 19.0 | Analgesic
Carbamazepine 8 1.32 | 0.19 | 4.39 | Epilepsy & mental health treatment
Diclofenac 12 1.29 | 0.31 | 5.36 | NSAID
Ibuprofen 2 0.45 | 0.40 | 0.49 | NSAID
Ketoprofen 10 158 | 0.23 | 7.72 | NSAID
PHF _ . . . .
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Lidocaine 5 0.63 | 0.14 | 2.29 | Local and topical anaesthetic
Meclofenamic acid 3 0.83 | 0.39 | 1.51 | NSAID
Mefenamic acid 1 0.16 | 0.16 | 0.16 | NSAID
Salicylic acid 32 43 | 185 | 124
Sulfamethoxazole 15 3.22 | 0.25 | 22.6 | Antibiotic
UV filter/stabiliser
Oxybenzone (BP-3) 34 1.45 | 0.52 | 6.28 | Sunscreen active ingredient
4-methylbenzylidene camphor (4-MBC) 3 716 | 4.8 | 8.42 | Sunscreen active ingredient
Octinoxate (OMC) 1 3.43 | 3.43 | 3.43 | Sunscreen active ingredient
59 8.08 1.00 577 Sunscree_n act.ive ingreo!ient, uv
2,4-hydroxy benzophenone (2,4-DHB) absorber in paints/plastics
Insect repellent
N, N-diethyl-meta-toluamide (DEET) 43 24 3 180 | Topical insect repellent
PHF _ . . . .
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Correlations with groundwater parameters

A range of factors, including well design and depth, land use, aquifer type, and climate,
can make groundwater vulnerable to pesticide contamination (Worrall and Kolpin, 2004;
Close et al., 2001; Close et al., 2021), so these factors were investigated concerning EOC
contamination. The relationships between groundwater parameters and the total
concentrations of EOCs and sub-categories of EOCs present in each well were
investigated using correlation analysis (Table D1, Appendix D). There were only two
significant correlations with temperature: a negative correlation with SumUV and a
positive correlation with SumPlasticisers. The correlation within the EOC groups shows
which of the sub-groups and individual EOCs are making the largest contribution to the
overall sum of the EOCs. For example, Table D1 shows the influence of saccharin on the
Sum_WW, which in turn has a major contribution to Sum_EOC. The impacts of DEET on
SumUVDEET and of ME_PAE on SumPLAST can also be seen, as would be expected. The
aquifer confinement status was known for only 62 of the 115 wells sampled for EOCs
(54%). All the wells with no detects (only 3) had missing aquifer confinement data, which
means that comparisons cannot be conducted based on detection or non-detection of an
EOC in a well. There were only 7 wells that were semi-confined, and 8 wells that were
confined compared to 47 unconfined wells, so there is insufficient data to determine any
influence of aquifer confinement status on levels of EOC contamination.

Analysis of wells common to both surveys

Thirty-eight wells had been sampled in both the 2018 and 2022 surveys. The two
detection frequency metrics for # of wells with detections and # EOCs detected in each
well both showed statistically significant increases from 2018 to 2022 using the
resampled wells and the common EOC compounds. The only concentration metric that
showed a statistically significant decrease was SumUV. The remainder of the compared
EOC levels showed too much variation between wells for a statistically significant
difference. The differences in the amounts of EOC (increases or decreases) between the
2018 and 2022 surveys, using the resampled wells and the common EOC compounds in
both surveys, were calculated (Table D2, Appendix D). Correlations between these
differences and the groundwater variables showed no significant relationships once the
impacts of 1 or 2 outliers had been removed. Overall, the levels of EOCs decreased
between the 2 surveys, but with a wide range. The number of EOCs detected in each well
slightly increased, as did the number of wells with EOCs detected and the SumWW. This
may be due to the 2-3 values of sucralose in the 200 ng/L range detected in 2022. Note
that the much higher values detected for saccharin are not relevant and are not included
in this comparison, as this compound was not analysed in 2018.
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Table 4 summarises the results from the 2018 and 2022 surveys (undertaken in the same
season). Although the number of wells sampled in the surveys is similar, the proportion of
wells with detections has significantly increased from 70% in 2018 to 97.4% in 2022. The
MDLs for most of the EOCs were similar between the 2018 and the 2022 surveys.
Exceptions were increased MDLs for sucralose (factor of 42), nicotine (factor of 10), and
cotinene (factor of 10), and a decreased MDL for BPA (factor of 0.16). This means that
the increased detections observed in the 2022 survey were not a result of increased
analytical sensitivity. Looking at differences in the categories of EOCs detected, there
was a decrease in the detection of antimicrobials/preservatives and UV filters.
Interestingly, there were no detections of estrogenic steroidal hormones in 2022
compared to 2018, where there were 14 detections of five steroidal hormones. There was
a significant increase in the detection of industrial compounds and pharmaceuticals. It is
important to note that additional human wastewater tracers, industrial compounds and
pharmaceuticals were added to the analysis in 2022 (acesulfame, saccharin, monobutyl-
PAE, mono(EH)-PAE, mono-methylphthalate (Monomethyl-PAE), ketoprofen, lidocaine,
meclofenamic acid, mefenamic acid, salicylic acid, sulfamethoxazole). Results indicate
that most of the EOCs can be traced back to human wastewater (i.e. sweeteners,
pharmaceuticals).

TABLE 4: Summary statistics for the two national surveys of EOCs in groundwater in New Zealand

DESCRIPTION YEAR OF SURVEY
2018 (SEPT-NOV) 2022 (SEPT-DEC)
CLOSE ET AL. 2021 THIS STUDY
No. of wells in survey 121 115
No. of regions 12 12
No. of regions with EOCs detected 12 12
No. of EOCs detected 25 26
No. wells with EOCs detected (% detected) 85 (70%) 112 (97.4%)
No. of wells with EOCs >0.01 ng/L % detected) 85 (70%) 112 (97.4%)
No. of wells with EOCs >0.1 ng/L (% detected) 85 (70%) 112 (97.4%)
No. of wells with EOCs >1 ng/L (% detected) 83 (69%) 111 (96.5%)
% detections anti-microbial/preservative 14% 4.9%
% detections of steroidal hormones 6% 0%
% detections human wastewater tracers 12% 16.8%
% detections industrial 18% 25.3%
% detections pharmaceuticals 15% 25.8%
% detections UV filter/stabiliser 36% 16.5%
% detections of insect repellents - 11.8%
PHF
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Many EOC detections are likely to be associated with the widespread use of onsite
wastewater management systems (OWMS) in the rural environment from which most of
the groundwater samples in this study originated. The high rate of EOC detections, albeit
at low concentrations, indicates that effluents from small towns, OWMS and farming
activities are the sources for the detections of EOCs in groundwater in this study. As an
example, in the Canterbury region, two wells (Culverden, Ashburton) that had detections
of human wastewater tracer EOCs (Table 2) are sites with high densities of OWMS
nearby. There is no other municipal wastewater application in the vicinity of any of these
sites. We detected the artificial sweeteners acesulfame and sucralose, pharmaceuticals
carbamazepine, lidocaine and salicylic acid, and industrial plasticiser mono(EH)-PAE in
the well in Culverden. The well in Ashburton is in an area that does not have a reticulated
drinking water supply, and the population relies on private drinking water wells. Some of
these drinking water wells are down-gradient of OWMS; thus, there is an elevated risk of
contamination of these wells. We detected acesulfame, sucralose, salicylic acid,
sulfamethoxazole, bisphenol A (BPA) and mono(EH)-PAE in the Ashburton well. The
occurrence of human wastewater tracer-sourced EOCs in groundwater indicates a
potential pathway for other contaminants (e.g. viruses, antimicrobial resistance (AMR))
and the potential for these contaminants to make their way into private and municipal
drinking water supplies. AMR has been deemed one of the top global public health and
development threats by the World Health Organisation. The water environment is
considered a primary environmental reservoir and dissemination pathway for AMR due to
the extensive mixing of microbes, antimicrobial compounds, bacteria, and antimicrobial
resistance genes. We are starting to see it enabled in our environment in New Zealand,
and the widespread detections of EOCs in shallow groundwater in this study, albeit at low
concentrations, adds further weight to the need for concern regarding AMR in New
Zealand.
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Science for Communities

2022 National Survey of Pesticides, EOCs & PFAS in Groundwater - Sampling Procedures
To: The Regional or Unitary Authority

Thank you for participating in the 2022 National Survey of Pesticides in Groundwater. The survey has
occurred every four years since 1990 with this year being the 9% survey.

This document contains details of the required sampling procedures for this year’s survey. This set of
instructions are for councils that are also collecting samples for PFAS analysis in addition to samples
for pesticides and EOC analysis. Four organisations are involved in the survey, ESR, Hill Laboratories,
Northcott Research Consultants, and AsureQuality laboratories, with details of their role and what
support and services you will receive from them below:

ESR:

- Management of the nationwide survey and full technical support
- Field sampling form
- Analysis of the results and a final report

Hill Laboratories (Pesticide analysis laboratory)

- x1500ml amber glass sample bottle unpreserved (Org500)

- NOTE: For all Hill Laboratories samples, there are holding time requirements that must be
met. Samples must be refrigerated after collection and received at Hill’s Hamilton
Laboratory within 3 calendar days of collection. Samples should not arrive at the laboratory
on a Friday due to sample extraction requirements.

- Sample submission form

- Polystyrene boxes, ice packs and packing material for the return trip (i.e. bubble wrap)

Northcott Research Consultants (Emerging Organic Contaminants (EOCs) analysis laboratory)

- x14L amber glass sample bottle
- Sample submission form
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- Polystyrene boxes, ice packs and packing material for the return trip (i.e. bubble wrap)

AsureQuality Laboratories (PFAS analysis laboratory)

- x1250ml HDPE sample bottle unpreserved (supplied double-bagged in ziplock bags)
- Sample submission form
- Polystyrene boxes, ice packs and packing material for the return trip

GEAR LIST

- Council Health and Safety Form, first aid kit and cell phone

- Personal Protection Equipment (PPE)

- Sampling gloves (nitrile)

- Sample bottles (x5 bottles for each well)

- Chilly bins, ice packs and packing material (i.e. bubble wrap)

- Portable pump (i.e. Grundfos MP1 or SuperTwister) and power source if needed

- Courier tickets and address information for Hill Laboratories, Northcott Research Consultants
Ltd, and AsureQuality.

SOME IMPORTANT THINGS TO REMEMBER WHEN SAMPLING

1. Please do not sample on a Thursday or Friday. If it is unavoidable then please send samples
with a weekend delivery ticket or refrigerate until Monday. If at all possible, please sample on
Monday to Wednesday and then send the samples back to Hill Laboratories, Northcott
Research Consultants, and AsureQuality immediately via courier.

2. For PFAS sampling there needs to be 2 people in the sampling team to be able to implement
a “Clean Hands/Dirty Hands” protocol. Disposable nitrile gloves have been supplied by ESR
for use in collection of the PFAS samples. Note that the PFAS samples are collected in
replicate. If a Blind Duplicate sample is being collected from the well, there will be a total of
4 HPDE bottles collected from the well.

3. Overalls (100% cotton and washed using water only) should be stored in plastic bags while
travelling in the vehicle and put on at each site. A separate set of overalls is not required for
each site.

4. NOTE: For all Hill Laboratory samples, there are holding time requirements that must be
met. Samples must be refrigerated after collection and received at the laboratory within 3
calendar days of collection.

5. Field staff please strictly avoid the following on the day of sampling if sampling for EOCs or
PFAS:

- Spray deodorants

- Perfume

- Insect repellent

- Smoking

- Coffee and other caffeine containing drinks such as tea, V, coke, pepsi, etc. (no drinking of
these caffeine containing drinks on the day of sampling as caffeine is exuded in breath and
will influence the results for nicotine and cotinine)
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- Sunscreen

- Makeup/cosmetics (these products contain UV filters that are being analysed and will affect
the results)

6. Please try to avoid sampling in the pouring rain so that the risk of contamination is minimised.

WELL SAMPLING PROCEDURE

1. Before putting on gloves, the sampling team removes the bags containing the gloves, 10 L

bucket and the plastic groundsheet from the storage containers in which they are packed.

2. Select a flat suitable area for sampling and place groundsheet on the ground. Remove
sampling equipment from the bags and place on the groundsheet. Place the

decontamination equipment, and chilly bin onto the groundsheet.

3. Take the 100% cotton overalls from the plastic bag and put them on.

4. CLEAN HANDS and DIRTY HANDS put on a new pair of disposable nitrile gloves. (A hint is to put on
2-3 pairs of gloves so that putting on a fresh pair of gloves (as in step 12 or if they get contaminated)
only involves taking off the uppermost pair of gloves).

5. CLEAN HANDS labels the preserved sample bottles and places them back into the zip lock

plastic bags.

6. DIRTY HANDS measures the static water level within the well. This information can be particularly
important for interpreting the results. The static water level is to be taken from a known or historical
council recorded measuring point (i.e. typically the top of the well casing).

Make sure that x3 times the casing volume of water has been purged from the well before a
sample is taken. This is to ensure that a representative sample is taken from the surrounding
aquifer and not from the stagnant water within the well casing. If the well is a
domestic/agricultural water supply fitted with a submersible pump, make sure the pump is
running and allow it to run so that x3 well volumes are removed from the well. Take your
sample as close to the well head as possible before it enters into a pressure tank or storage
tank (NEVER sample down gradient of a pressure tank or storage tank).
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7. DIRTY HANDS opens the tap and allows the water to run for approximately two minutes

into a bucket.

8. DIRTY HANDS undertakes the physicochemical measurements using a multi-parameter water
meter (i.e. pH, temperature, conductivity, dissolved oxygen etc) from the water collected into the
bucket and records the readings and site observations. Make sure that these readings have
stabilised before taking the sample.

9. CLEAN HANDS opens the sample and replicate bottles lids and collects the samples by

alternately filling 25-33% of each bottle from the running tap.

10. DIRTY HANDS operates the tap to ensure the correct flow is maintained.

11. CLEAN HANDS replaces the lid on the sample bottles, returns the bottles to their inside

bag, and zip-locks the bag.

12. DIRTY HANDS turns off the tap and places on a fresh set of gloves.

13. CLEAN HANDS then places the zipped bag into the outer bag held by DIRTY HANDS.

14. DIRTY HANDS zips the outer bag, places the double-bagged sample bottle into a clean

chilly bin.

15. Once the PFAS samples are stored away, clearly label the glass bottles for Pesticide and
EOC analyses before you get your hands or the bottles wet with the date, time and well ID

number.

16. Make sure your hands are clean and once the lid is off do not touch the top of the sample

bottle or the inside of the lid.

17. Hill Laboratories bottles: The amber glass sample bottles have been washed and rinsed according
to a strict protocol. It is important that the samples are collected directly into the bottles and not into

a bucket or other container before filling the sample bottles.
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18. Northcott Research Consultants bottles: The glass 4L bottles need to be pre-rinsed twice with
approximately 0.5 L of sample before filling with the collected sample. It is important that the samples
are collected directly into the bottles and not into a bucket or other container before filling the sample
bottles.

19. Make sure that you fill the correct number of bottles for each well that is sampled. If your council
has opted to sample Pesticides, EOCs and PFAS for the well, there will be a total of 2 glass bottles and
2 HDPE bottles to fill.

11) Once your samples have been collected immediately store them in a chilly bin with ice
packs (keep them stored at approx. 4°C) in preparation for transportation to the labs. DO NOT
FREEZE THE BOTTLES, OTHERWISE THEY WILL BREAK.

BLIND DUPLICATES

For councils that are sampling more than 7 wells, there is an additional set of sample bottles. This is
for the collection of blind duplicate samples, which is a quality control measure for the laboratory
analysis. There is no additional cost for the collection of the blind duplicate sample. Please collect the
blind duplicate samples as an extra sample from one of the wells at the same time as collecting the
normal sample. Instructions are below:

- Pick at random which well will be chosen to provide the blind duplicate sample.

- The blind duplicate sample should be labelled the same as the well sample but the well ID
number on the bottle should be fictitious and the time should be omitted. On the ESR
sampling sheet identify the well ID number that is associated with the fictitious blind duplicate
well number. On the Hill Laboratories and the AsureQuality chain of custody forms do not
indicate which sample is the blind duplicate sample.

- For example, if you are sampling between 8 and 21 wells for pesticides then 1 blind duplicate
sample is required. If you are sampling more than 21 wells then 2 blind duplicate samples are
required. We will advise you regarding the number of blind duplicate samples that you should
collect.

- When you are sampling the well collect the water for the sample and the blind duplicate as
outlined below. This will ensure that the sample and the blind duplicate are representative of
the whole sampling period when both samples are being taken.

- For the PFAS samples we are aiming to collect blind duplicate samples for 10% of the wells
being sampled to provide additional quality control and assurance.

e 250 mL HDPE bottle for the well sample
e 250 mL HDPE bottle for the well sample (2" bottle in ziplock bag)
e 250 mL HDPE bottle for the Blind Duplicate
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250 mL HDPE bottle for the Blind Duplicate (2" bottle in ziplock bag)
500 mL amber glass bottle for the well sample

500 mL amber glass bottle for the Blind Duplicate

4L amber glass bottle for the well sample

e 4L amber glass bottle for the Blind Duplicate

FORMS

Please fill in the forms for each well sampled:

- ESR Field Sampling form (i.e. the well details and parameters). Record if there has been a
blind duplicate sample taken and record the fictitious well ID number along with which well
the blind duplicate belongs to.

- Hill Laboratories Environmental sample submission form (please place the form in a
waterproof plastic bag inside the chilly bin)

- Northcott Research Consultants Ltd sample submission form (please place the form in a
waterproof plastic bag inside the chilly bin)

- AsureQuality sample submission form (please place the form in a waterproof plastic bag
inside the chilly bin)

Scan and email copies of the ESR Field Sampling forms to Laura Banasiak: laura.banasiak@esr.cri.nz,
copy to Murray Close, murray.close@esr.cri.nz

COURIERING SAMPLES

The glass bottles should be packed in the chilly bins and packaging received in and couriered to Hill
Laboratories and Northcott Research Consultants Ltd (addresses are provided at the end of this
document). The HDPE bottles should be packed in the chilly bins and packaging received in and
couriered to AsureQuality Laboratories (address provided at the end of this document).

Please advise Hill Laboratories of any breakages at mail@hill-labs.co.nz so that replacement bottles
can be sent.

Please advise Northcott Research Consultants Ltd of any breakages nrcltd@hotmail.co.nz or 021
2268474 so that replacement bottles can be sent.
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If you have any questions about sampling or if the procedures conflict with your current sampling
protocols, please do not hesitate to contact us and we can try to resolve the issues as quickly as
possible.

Thanks for participating in the programme; it could not exist without your support. Any questions or
comments are welcome.
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Science for Communities

He Pitaiao, He Tangata

Field Sampling Form: 2022 National Survey of
Pesticides, EOCs & PFAS in Groundwater

(please use one form per well)

Regional/District Council:

Person collecting sample:

Grid reference (NZTM):

Council well number/ID:

Blind Duplicate number if appropriate:

Well owners name:

Address:

Weather:

Surrounding land use:

Well use:

Well diameter (mm):

Well depth (m):

Screened interval (m):

Pumped (circle one): YES / NO
Sampling point description:
Water level (m):
Date and time of sampling: Date: Time:
Time of pumping before sampling:
Well volumes removed:
Field measurements: DO (mg/L)
Conductivity
Temperature
pH

Type of aquifer:

Name of aquifer (if any):

Comments:
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Upon receipt by NRC Ltd, samples were checked for damage, correlated against the
supplied inventory and sampling details, and immediately transferred into a walk-in chiller
and stored in the dark at 4°C. Care was taken to avoid potential contamination of the
groundwater and QA samples with EOCs during all steps of the preparatory, extraction
and purification process. Laboratory personnel undertaking these tasks were required to
avoid drinking coffee and tea for 16 hours preceding, and for the duration when working
with the samples. These same personnel were similarly asked to refrain from applying
cosmetics and skin moisturisers and were required to wear nitrile gloves when handling
the samples.

Sample preparation

The bottles of groundwater samples were removed from storage at 4°C and the pH
adjusted to <2.5 by the addition of 6M sulphuric acid. The aqueous samples were filtered
through a glass microfiber filter (47 mm, Labservice) topped with diatomaceous earth
filter aid media (Hyflo SuperCel) to remove particulate material. The sample filtrate was
collected in pre-cleaned Glass Schott bottles.

The filtered groundwater samples extracted for the analysis of EOCs, excluding
pharmaceutical compounds, were spiked with a solution of carbon-13 labelled analogues
of target EOCs for use as surrogate recovery compounds. Filtered groundwater samples
being extracted for pharmaceuticals were spiked with the acidic herbicides dichlorprop,
flamprop and MCPB, and the plant growth regulator naphthalene acetic acid for use as
surrogate recovery compounds. Filtered groundwater samples being extracted for
lifestyle chemicals and benzotriazoles were spiked with caffeine-d9 and DEET-d7 as
surrogate recovery compounds.

Sample extraction and purification

EOCs in the filtered groundwater samples (dissolved phase) were extracted by solid-
phase extraction (SPE). Neutral and phenolic EOCs were extracted by SPE using Waters
Oasis HLB cartridges and pharmaceuticals using Waters Oasis MCX cartridges. Lifestyle
chemicals and benzotriazoles were extracted with Phenomenex Strata X SPE cartridges.
The EOC sample extract was split into two equal portions- one for analysis of neutral
EOCs and the other for polar EOCs requiring chemical derivatisation for analysis by gas
chromatography mass-spectrometry (GC-MS). The portions of the split sample extract
were transferred into vials, capped, and sealed and stored under refrigeration for analysis.
One half of the EOC sample extract was exchanged into acetone, deuterated internal
standards added and transferred into GC vials for the analysis of non-polar neutral EOCs.
The solvent extracts containing lifestyle chemicals and benzotriazoles were concentrated
by evaporation under a stream of nitrogen gas, internal standards added (Indole, quinoline,
carbazole and 4-azafluorene), transferred into GC vials and stored under refrigeration
until analysis.
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Sample extract derivatisation

A solution of deuterated polar internal standards was added to the second portion of the
EOC sample extracts and the polar EOCs (steroid hormones, phenolic antimicrobials,
paraben preservatives, UV filters, sucralose) were derivatised to their respective
trimethylsilyl ethers using a catalytic mixture of N-methyl-N-
(trimethylsilyl)trifluoroacetamide (MSTFA), ammonium iodide, and mercaptoethanol.

An internal standard mixed solution containing deuterated monocarboxylic phthalate acid
esters and ibuprofen-d3 was added to the pharmaceutical sample extracts, which were
evaporated to dryness and converted to their respective tertiary-butyl dimethyl silyl esters
by reaction with N-tert-butyldimethyl-silyl-N-methyltrifluoroacetamide (MTBSTFA) with
1% t-butyldimethylsilyl chloride (TBDMSCI).

Instrumental analysis of EOCs

The analysis of the different classes of EOCs required the use of different GC-MS
instruments and instrumental analysis methods. Paraben preservatives, phenolic
antimicrobials and UV filters were analysed using an Agilent 6890N gas chromatograph
coupled to a 5975 mass spectrometer operating in single ion monitoring mode.
Quantitation of target EOCs was achieved by internal standard quantitation using Agilent
Chemstation MS software. Steroid hormones, neutral EOCs, BPA and acidic
pharmaceuticals were analysed using an Agilent 7000 series triple quadrupole GC-MS
operating in MS/MS mode. Quantitation of target EOCs was achieved by internal standard
quantitation using Agilent Mass Hunter Quantitative Analysis software. Lifestyle
chemicals and benzotriazoles were analysed using an Agilent 7000 series triple
quadrupole GC-MS operating in SIM mode. Quantitation of target compounds was
achieved by internal standard quantitation using Agilent Mass Hunter Quantitative
Analysis software.

Quality assurance procedures

Each sample was spiked with a mixed solution of surrogate recovery standards at a
concentration of 50 ng/L (parts per trillion) and 25 ng/L, respectively for neutral and polar
EOCs and pharmaceuticals. Quality Assurance (QA) samples incorporated into the
analysis of groundwater samples included blank SPE cartridges, Milli-Q water blank
samples, and Milli-Q water samples spiked with target analytes. The QA Milli-Q water
spike samples were spiked with mixtures of the target analytes at an equivalent
concentration of 50 ng/L and 25 ng/L, respectively, for neutral and polar EOCs and
pharmaceuticals. Comparative standards, comprising the same volume of each QA spike
solution incorporated into each batch of extracted samples, were prepared by dispensing
aliquots of the individual QA spike solutions into labelled vials at the same time they were
added to each batch of samples. The percentage recovery of surrogate and target
compound spikes was determined by directly comparing the concentration of analytes
measured in QA and the samples against that measured in the corresponding
comparative standard(s).
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Background concentration of EOCs and Method detection limits

Low-level residues of BP-3 were detected in SPE cartridge blanks and Milli-Q water
blanks. The BP-3 data were corrected for background contribution.

Method detection limits (MDLs) for individual EOCs were calculated using a signal-to-
noise ratio of 3:1 and by assessment of the mean concentration of target EOCs detected
in the QA blank samples. The higher of these two values was adopted as the MDL for
each compound. The resulting confirmed MDLs obtained for the target analytes are listed
in Table C1. BP-3 was also observed as a trace concentration in most samples, which was
consistent with what was observed in the 2018 survey and is not unexpected as BP-3 is
widely used in cosmetics and sunscreens and many types of plastic. In addition, we cannot
discount the possibility that the equipment during sampling contributed BP-3. Thus, for

this 2022 study, we assumed an effective detection limit of 1 ng/L for BP-3.

TABLE C1: EOCs assayed and their limits of detection (LOD)

* Effective detection limit used

PHF

EOC

MDL
(ng/L)

Anti-microbial/Preservative
Butylated hydroxytoluene (BHT)
Butylated hydroxyanisole (BHA)
Chloroxylenol
4-1sopropyl-3-methylphenol
Methyl paraben

o-phenylphenol

Propyl paraben

Methyl-triclosan

Triclosan

Estrogenic Steroidal Hormones
17a-estradiol

17B-estradiol

Estriol

Estrone

17a-ethinylestradiol

Human Wastewater Tracer
Acesulfame

Caffeine

Cotinene

National Survey of Emerging Organic Contaminants (EOCs) in Groundwater
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1.00
1.00
0.25
1.00
0.10
0.10
0.10
0.10
0.10

0.1
041
041
041
041

0.8
5
50
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EOC

MDL
(ng/L)

Nicotine

Saccharin
Sucralose
Corrosion Inhibitors

Benzotriazole

4-methyl benzotriazole

Insect Repellent
DEET

Industrial
Bisphenol-A (BPA)

Monobutylphthalate (Monobutyl-PAE)
Mono-ethylhexyl phthalate (Mono(EH)-PAE)
Mono-methylphthalate (Monomethyl-PAE)

Pharmaceuticals
Acetaminophen
Aspirin
Carbamazepine
Clofibric acid
Diclofenac
Ibuprofen
Ketoprofen
Lidocaine
Meclofenamic acid
Mefenamic acid
Mestranol
Naproxen
Phenobarbital
Salicylic acid
Sulfamethoxazole
Trimethoprim

UV filter/stabiliser

2,2' 4, 4'-tetrahydroxybenzophenone (BP-2)

Oxybenzone (BP-3)
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50
0.8
42

25
25

0.1
0.5
0.5
0.5

0.1
5
0.1
0.5
041
0.1
0.2
0.04
0.25
0.25
0.1
041
0.8
5.00
0.04
0.04

0.2
1.0*
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EOC

MDL
(ng/L)

4-methylbenzylidene camphor (4-MBC)
Octinoxate (OMC)

4-hydroxy benzophenone

2,4-hydroxy benzophenone (2,4-DHB)

0.5
1.0
0.25
0.25
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TABLE D1: Pearson Correlations between Sums of EOC classes and groundwater variables

CAT_LU WELL_DEPTH WELL_DIAM wL DBWT DO NO3 COND TEMP PH
NUM_DET 0.160 -0.139 -0.073 -0.040 | -0.130 | 0.034 | 0.049 | 0.069 | -0.038 | 0.140
SUMEOC 0.018 0.001 -0.017 -0.083 | 0.044 | -0.039 | 0.047 | 0.060 | 0.058 | 0.000
SUMUVDEET -0.122 -0.072 -0.067 0.042 | -0.106 | 0.133 | -0.015 | -0.060 | -0.236 | -0.142
SUMPRE 0.023 -0.060 -0.032 0.038 | 0.004 | -0.040 | -0.073 | -0.026 | 0.031 | 0.046
SUMwWWwW 0.044 0.009 0.004 -0.081 | 0.047 | -0.048 | 0.101 0.061 0.073 | 0.019
SUMPHARM 0.085 -0.007 -0.076 -0.127 | 0.089 | -0.022 | -0.153 | 0.150 | 0.058 | -0.028
SUMPLAST -0.110 0.080 -0.075 -0.058 | 0.108 | -0.122 | -0.146 | 0.073 | 0.244 | 0.020
SACCHARIN -0.064 0.041 -0.039 -0.085 | 0.072 | -0.116 | -0.021 | 0.091 0.123 | 0.017
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TABLE D2: Analysis of wells common to 2018 and 2022 surveys

2018

2022

SUMEOC SUMWW SUMEOC SUMWW
# cases 38 38 38 38
Median 9.050 0.000 2.550 0.000
Arithmetic mean 33.484 12.618 20.153 13.711
Standard deviation 63.634 42.332 59.159 58.965
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