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ABSTRACT

Urban estuarine sediments are sinks to a range of contaminants of anthropogenic
origin, and a key challenge is to characterize the risk of these compounds to receiving
environments. In this study, the toxicity of urban estuarine sediments was tested
using acute and chronic bioassays in the benthic harpacticoid Quinquelaophonte sp.,
and in the planktonic calanoid Gladioferens pectinatus, two New Zealand copepod
species. The sediment samples from the estuary tributary sites significantly impacted
reproduction in Quinquelaophonte sp. However, results from one of the estuary sites
were not significantly different to those from the tributaries sites, suggesting that
chemicals other than trace metals, polycyclic aromatic hydrocarbons and ammonia
may be the causative stressors. Sediment elutriate samples had significant effects on
reproductive endpoints in G. pectinatus, and on the induction of DNA damage in
cells, as shown by the comet assay. The results indicate that sediment contamination
at the Ahuriri Estuary has the potential to impact biological processes of benthic and
pelagic organisms. The approach used provides a standardized methodology to
assess the toxicity of estuarine sediments.

Subjects Ecology, Marine Biology, Ecotoxicology, Aquatic and Marine Chemistry, Environmental
Impacts

Keywords New Zealand, Contaminants, Stormwater, Survival, Reproduction, Genotoxicity,
Guideline threshold levels, Larval development, Estuary

INTRODUCTION

Population growth in coastal areas has resulted in the degradation of estuarine habitats
and loss of biodiversity (Lotze et al., 2006; Micheli et al., 2013). Over 40% of the worldwide
population lives within 100 km of the coast, and in New Zealand, 75% of human
settlements are within 10 km of the coast (Sale et al., 2014; Statistics New Zealand, 2006).
The growing demand for resources and services has increased the pressure for agricultural
and industrial activities, and urban development (Neumann et al., 2015; van Vliet et al.,
2015). Estuaries have become highly vulnerable to this pressure, due to the continuous
input of municipal, agricultural and industrial runoff, storm water discharges and
accidental wastewater overflows (de los Rios et al., 2016; Risch et al., 2018; Rodrigues et al.,
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2017; Willis et al., 2017). These stressors, added to the increase in sedimentation, have
made estuaries a sink for pollutants with affinity for small particles (Reichelt-Brushett,
Clark & Birch, 2017; A. Swales et al., 2012, unpublished data: report HAM2012-0438,
available upon request from NIWA; Vermeiren, Muiioz & Ikejima, 2016).

The potential risk of traditional pollutants and emerging contaminants has become
a concern for environmental regulators across New Zealand. The Ahuriri Estuary is
recognized as a significant conservation area under the Regional Coastal Environmental
Plan for Hawke’s Bay (HBRC, 2014), and is surrounded by 175 hectares of wetlands of
ecological importance. The Purimu Stream and the County Drain were created as buffering
zones to reduce stormwater pollution at the Ahuriri Estuary. Smith (2014) reported the
presence of contaminants above threshold limits in the Ahuriri Estuary. Recent studies using
in vitro and zebrafish (Danio rerio) embryo tests showed that sediment extracts had
genotoxicity, teratogenicity and acute toxicity (Boehler et al., 2017; Heinrich et al., 2017).

Studies on chemical extracts can identify chemicals and provide insights into the
mechanisms of toxicity but their ability to predict bioavailability or impact on whole
organisms is limited (Burton, 1991; Gyuricza, Fodor & Szigeti, 2010). Whole sediment
assessments applying in vivo and in vitro approaches can complement extract studies by
providing information closer to real field situations. The test organisms are exposed to
complex chemical mixtures that can lead to synergistic, additive, or antagonistic toxicities.
This is important as not considering toxicity of mixtures can result in under or over-
estimation of the environmental risk (Crain, Kroeker ¢ Halpern, 2008; Deruytter et al.,
2017; Hasenbein et al., 2015; Przeslawski, Byrne ¢ Mellin, 2015).

Other endpoints can be measured to further characterize the mechanisms of toxicity
like oxidative DNA damage that can lead to genotoxicity ( Esperanza et al., 2015; Frenzilli,
Nigro ¢ Lyons, 2009; Pellegri, Gorbi ¢» Buschini, 2014). This can be measured by the comet
assay, a single cell electrophoresis technique in which the DNA supercoil is relaxed and
exposed to electrophoresis, allowing DNA with single and double breaks to migrate
towards a charged anode. The amount of DNA visible in the comet tail under fluorescence
microscopy provides an estimate of the extent of damage in a cell (Azqueta & Collins,
2013). DNA damage has been reported to affect enzyme functioning and impair the
immune system and metabolism of invertebrates, resulting in growth, development, and
fitness alterations (Bajpayee, Kumar ¢ Dhawan, 2017; Buschini et al., 2003). Genetic
alterations can also lead to mutations and cell proliferations (Mussali-Galante et al., 2014;
Simonyan et al., 2016), and inherited teratogenic defects, leading to decreased fitness in
populations (Bachere et al., 2017; De Flora, Bagnasco & Zanacchi, 1991; Osman, 2014).

The aim of this study was to characterize the toxicity of urban sediment using benthic and
pelagic copepod species. The approach combined chemical analysis, bioassays on sediment
samples and their elutriates, and the comet assay to estimate genotoxicity potential.

MATERIALS AND METHODS

Sampling sites and sediment preparation
The Ahuriri Estuary is located north of the city of Napier (population 60,000), on New
Zealand’s North Island (39°30'S, 176°52'E) as described previously (Heinrich et al., 2017).
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Four sites were selected: two were located 50 m upstream from the Estuary at the Old
Tutaekuri Riverbed, and at the Humber Street that is exposed to the Tyne Street
stormwater drain network. The other two samples were collected downstream from the
tributaries sites, at the Ahuriri Estuary (Fig. 1). The Waitangi estuary was used as the
reference site control (based on previous chemical analysis results), and samples were
collected from the mouth of the Ngaruroro river. All samples were collected in August and
September 2017, and stored at 4 °C for two days prior to use two replicates of sediment
cores were collected for each site by scraping the top 0-5 cm surface sediment. Sample
replicates from each site were pooled, and split into subsamples for metal and organic
analyses and bioassays. The pH, salinity and Redox of the samples were measured using a
multiparameter probe (Hach HQD meter field No.58258.00).

Test species

Quinguelaophonte sp. (M.P. Charry et al. 2018, unpublished data) is a benthic
harpacticoid copepod, native to New Zealand coastal zones. Its geographic range expands
from silty sediments in the Houhora Harbour (North Island), to silty muddy sediments
in Portobello Bay in the Otago Harbour (South Island). Gladioferens pectinatus (Bayly,
1963) is a pelagic species of calanoid copepod commonly found in New Zealand, Australia
and Tasmania (McKinnon ¢ Arnott, 1985). G. pectinatus is highly tolerant to salinity
fluctuations, allowing it to distribute from freshwater lakes, estuaries and coastal areas, to
open waters (Bayly, 1965; Hall ¢ Burns, 2002). Both species were collected, isolated and
grown in monocultures in an artificial salt water reticulation system, with controlled
temperature (20 °C), salinity (30 ppt), light:dark photoperiod (12:12 h), light intensity
(10-15 wmol) and dissolved oxygen (>7 mg - L"), following the culturing methods
described in Stringer et al. (2012), Chandler ¢» Green (1996) and ISO (2015). Dietary
requirements were modified for G. pectinatus, following Payne ¢ Rippingale’s (2000)
study. Cultures of Quinquelaophonte sp. and G. pectinatus were fed twice per week with a
mixed algae diet of 2 x 10° and 5 x 10° cells - mL™" of Isochrysis galbana, Chaetoceros
muelleri and Dunaliella tertiolecta respectively. The three species of microalgae were grown
in F2 media at Cawthron Institute.

Sediment toxicity test

Whole sediment bioassays were conducted following methods described by Chandler ¢
Green (1996 ), with a modification for Quinquelaophonte sp. (Stringer et al., 2014). The assay
was conducted over 14 days on a semi-static system, with a 14/10 light/dark photoperiod,
temperature 20 + 2 °C, water salinity of 30 = 1 ppt, pH 8 + 0.2 and DO >7 mg - L™".
For each treatment there were four replicates. Three replicates were used for biological
analysis, and one replicate for physicochemical analyses. Test chambers consisted of 50 mL
borosilicate Erlenmeyers, with one diameter apertures in the neck of the flask, covered
with a 55 pl nylon mesh. These openings allowed for continuous water circulation. Each
flask contained 10 g of sediment, 15 adult males and 15 non-gravid females, previously
isolated via glass pipette. Copepods were fed every third day with 2 x 10° cells - mL ™" of an
algae mix of I galbana, Chaetoceros muelleri and Dunaliella tertiolecta. Water parameters
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Figure 1 The Ahuriri Estuary and Waitangi Estuary sampling sites. (A) Old Tutaekuri Estuary site.
(B) Old Tutaekuri Riverbed site. (C) Humber Estuary site. (D) Humber Drain site. (E) Waitangi Estuary
site. The Old Tutaekuri Riverbed receives most of the inflow from a rural and urban catchment, and the
Humber Drain receives stormwater inflow from the Pandora industrial area and residential suburbs.
Full-size 4] DOT: 10.7717/peerj.4936/fig-1

were measured at the beginning and end of tests, and endpoints were survival and
potential and realized offspring.

Elutriate preparation and toxicity test
The six-day elutriate bioassays used G. pectinatus neonates (<12 h old). Elutriates were
prepared following ASTM E (2014) guidelines. Briefly, sediments were refrigerated over
24 h, while wet and dry samples were weighed to determine wet weight/volume. Sediment
was mixed with artificial salt water (32 g of Red Sea® Sea salt per 1 L of 0.22 um filtered
deionized water, pH adjusted to 8 + 0.2) to reach a 1:4 (v/v) sediment: water ratio.
Samples were placed in an orbital shaker at 100 rpm for 1 h, and then centrifuged
at 3,000 rpm for 10 min at 4 °C. When necessary, elutriates were filtered with a 150 pm
sieve, and pH was adjusted to 8 + 0.2. All test solutions were prepared in flasks previously
acid washed with 10% nitric acid for 24 h, and thoroughly rinsed with deionized water.
The ISO/CD 16778 standard (ISO, 2015) was followed to assess chronic effects on
copepods survival and larval development. Modifications were employed to the protocol
due to the hatching difference between G. pectinatus and the standard organism, Acartia
tonsa. Gravid females were isolated and monitored every 4 h to ensure nauplii used
were in the first larval stage (<12 h from hatching). Neonates were isolated and exposed to
each treatment in triplicates. Copepod chambers were maintained at 20 + 2 °C and under
a 14:10 light dark photoperiod. Fresh elutriates were prepared and exchanged in test
chambers every third day, and nauplii fed a mixture of algae (5 x 10* cells - mL™") on the
same day. Water samples were collected at the beginning of the test for chemical analysis.
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At the end of the test, naupliar development and survival were assessed by calculating
larval development ratio (realized copepodite/number of copepodites + number of
nauplii) and mortality.

Comet assay

Genotoxicity was evaluated in G. pectinatus copepodites stage V. The comet assay was
performed following the methods described by Singh et al. (1988) with modification for
copepod cell extractions (Pavlaki et al., 2016; Tartarotti et al., 2013). Each treatment
consisted of two replicates of 120 individuals. The positive control was a 15 min exposure
to UV-C radiation (Gong et al., 2013; Han et al., 2014; Richa, Sinha ¢ Hider, 2015;
Tartarotti et al., 2013), and the negative control used filtered artificial salt water. Cell
suspensions were prepared by homogenizing copepods in a Potter-Elvehjem glass
homogenizer with 800 L phosphate-buffered saline. Heavy materials from the
homogenization were let to precipitate before transferring the cell suspension to 600 L
micro tubes. Cells were centrifuged at 1.0 rcf for 8 min, the supernatant was discarded,
and the cell pellet was resuspended in 85 wL Low Melting Point agarose (LMP) mix
(0.65% LMP in TAE 1X). Cell viability was then evaluated using hematoxylin stain to
identify number of living cells. Acceptable samples contained around 30,000 cells - mL™".
40 pL of cell resuspension was added to the slides previously coated with 1% normal
melting point agarose, and cooled on ice for 10 min. A second layer of 0.65% LMP was
added and left to solidify before placing the slides in a lysis buffer solution overnight
(2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris—HCI, 10% DMSO, 1% Triton x 100, pH 10).
Slides were then rinsed with cold deionized water and submerged in an electrophoresis
buffer (10 M NaOH, 200 mM Na2EDTA, pH >13) for 15 min to allow for DNA unwinding.
Electrophoresis followed for 15 min at V43 and 300 mA in a horizontal gel electrophoresis
tank (Bio-rad Power Pac basic cat. no. 164-5050). Slides were then rinsed three times in
neutralizing buffer (0.4 M Tris—HCI), followed by dehydration in 100% ethanol for 20 min
at 4 °C. Slides were stained with 50 wL SafeRed (3 wL/50 mL TAE 1X), and cell counts were
done with a fluorescence microscope with a 200x magnification lens. Comet Assay VI
Image analysis system, (Perspective Instruments, Wilshire, UK) (V4.3.2) was used to
determine tail DNA%, tail length and tail moment in treated cells.

Chemical analyses

Elutriate samples were digested in two percent HNOj; until analyzed through Inductively
Coupled Plasma Mass Spectrometry (ICP-MS Agilent 7500cx; Agilent, Santa Clara, CA,
USA) for metal analysis. Polycyclic aromatic hydrocarbons (PAHs) in elutriate were
analyzed by liquid extraction followed by GC-MS SIM by a commercial analytical
laboratory (Hill Laboratories, Hamilton, NZ). All sediment samples were dried for 24 h at
35 °C and sieved (<2 mm fraction). Metal samples were digested in nitric acid and analyzed
with ICP-MS, following US EPA 200.2 protocol. PAH concentrations were analyzed by
sonication extraction, solid phase extraction clean up and GC-MS SIM analysis (US EPA
8270C). All organic compound results were normalized to 1% organic carbon to allow for
direct comparison with the sediment and water quality guidelines (ANZECC, 2000).
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Table 1 Mean concentrations (mg - kg™' dry weight) of trace metals in sediment samples.

Arsenic Cadmium Copper Lead Zinc
ANZECC ISQG-Low 20 1.5 65 50 200
ANZECC ISQG-High 70 10 270 220 410
Humber Drain 4.7 0.32 16.7 32 310"
Humber Estuary 3.7 0.018 4.7 9.9 57
Old Tutaekuri 4.7 0.127 13.9 16.1 280"

Riverbed
Old Tutaekuri Estuary 3 0.024 4.4 7.3 47
Waitangi Estuary 6.4 0.079 11.9 15.3 61
Notes:

Analyses from the four sites of the Ahuriri Estuary, and from the reference site, Waitangi Estuary. The ANZEEC Interim
Sediment Quality Guidelines (ISQG) represent levels above which there is a low probability of biological effects (ISQG-
Low) and high probability of biological effect (ISQG High). Analyses above thresholds values are indicated as * for
ISQG-low.

Statistical analysis

Results were normalized to percent of control. Homogeneity of variance was tested using
Levene’s test (p < 0.05). One-way ANOVA with Dunnet’s post hoc test was conducted to
identify differences between treatments and controls (ISO, 2015; Stringer et al., 2014).
Comet assay raw data was log transformed for normality. Data meeting normality
assumptions was analyzed with one-way ANOVA and Dunnet post hoc test. For data with
variance not homogenized after log transformation (Levene’s test p < 0.05), non-
parametric Kruskal-Wallis test with a Dunn’s multiple comparison test were used
(Pellegri, Gorbi & Buschini, 2014). The R software drc, dplyr and car packages were used
for the analyses and graphs.

RESULTS

Sediment toxicity
Only the zinc concentrations of the Old Tutaekuri riverbed and at the Humber Street
drain sediment samples were above the ANZECC interim sediment quality guideline
(ISQG) low value (Table 1). Acenaphthylene and acenaphthene were the only PAHs above
the ANZECC ISQG-low values at the Humber Estuary site (Table S1). Elevated levels of
total recoverable phosphorus were found in all samples with a much higher level at the
Humber drain site (Table 2). Ammonia levels were within normal limits for all sites
(ANZECC, 20005 Batley ¢ Simpson, 2009), suggesting no masking influence on the
toxicity of the samples.

All bioassays parameters met the acceptability criteria (adult survival >80%,
pH 8 + 0.2, salinity 30 = 1 ppt, DO > 8, temperature 20 = 2 °C) (ISO 14669). There
was no difference between the control groups except for potential offspring with the
Waitangi Estuary sample in the Quinquelaophonte sp. tests (p < 0.001; Fig. 2). There were
significant differences between the Humber Drain, Humber Estuary and Old Tutaekuri
riverbed sites and the control groups for the survival and reproduction success endpoints
(p < 0.001; Fig. 2).
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Table 2 Sediment physicochemical properties from the five study sites.

pH Redox Ammonia (mg - kg™’ TOC TRP (mg - kg™’ TN (g-100g" Sal (ppt)
m weight ry weight weight
(mV) dry weight) dry weight) dry weight)
Humber Drain 7.87 145 2.9 2.50 1,160 0.12 29.6
Humber Estuary 7.84 228.5 44 0.36 360 0.05 29.6
Old Tutaekuri Riverbed 7.77 109.0 22.0 0.15 340 <0.05 29.6
Old Tutaekuri Estuary 7.87 171.4 9.0 1.06 390 0.11 29.6
Waitangi Estuary 7.99 126.0 5.7 1.45 650 0.21 29.6
Notes:
Values for pH and redox are the average between results from beginning and end of test.
TOC, Total Organic Carbon; TRP, Total Recoverable Phosphorus; TN, Total Nitrogen; Sal, Salinity.
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Figure 2 Results of the 14-day chronic test using the benthic copepod Quinquelaophonte sp. exposed
to sediments. Three endpoints were assessed for the toxicity of sediments from the Ahuriri Estuary and
reference site, Waitangi estuary. (A) Survival. (B) Total offspring hatched during the test. (C) Potential
offspring (eggs in female pouch). Site codes: Waitangi Estuary (Wa), Old Tutaekuri Estuary (OT Est),
Humber Estuary (Hum Est), Old Tutaekuri Riverbed (OT River), Humber Drain (Hum Dr). Diagonal
lined bars: control site (Waitangi), white bar: laboratory control sediment, black bars: tested sites.

Significance levels: *” p < 0.05,

Crxo

p < 0.001 Dunnett’s multiple comparison against the control.

Full-size K&) DOI: 10.7717/peerj.4936/fig-2
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Table 3 Dissolved concentrations (g - L) of trace metals from sediment elutriates.

Arsenic (pg - L™ Cadmium (pg - L™ Copper (pg - L™ Lead (pg - L™ Zinc (pg - L™

ANZECC Guidelines 99%* ID 0.7 0.3 2.2 7
ANZECC Guidelines 95%" ID 5.5 1.3 4.4 15
Humber Drain <4 <0.2 <1 41" 75"
Humber Estuary ND 0.2 1 1.6 33*
Old Tutaekuri Riverbed <4 <0.2 <1 5.3% 59*
Old Tutaekuri Estuary ND 0.2 227 2.2 44~
Waitangi Estuary <4 0.5 8.3" 4 33"
Notes:

Analyses obtained from the four study sites at the Ahuriri Estuary, and from the reference site, the Waitangi Estuary. Analyses above the ANZECC guidelines thresholds
values are indicated with * for a level of protection of 95% and above.
1D, Insufficient data; ND, Not detected.

* ANZECC (2000) water quality guidelines trigger values for 99 and 95% of protection levels for species in marine waters.
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Figure 3 Flutriates acute and chronic results. (A) Survival and (B) larval development ratio of Gla-
dioferens pectinatus after exposure to elutriates from selected sites at the Ahuriri Estuary, and Waitangi
Estuary. Significance levels: “’p < 0.05, “*’p < 0.001, Dunnett’s multiple comparison against the control.

Full-size £ DOI: 10.7717/peerj.4936/fig-3

Water column toxicity

Many of the sediment elutriate samples had dissolved trace metals at levels above
ANZECC water quality guidelines except for cadmium (Table 3). All sites, including the
reference site (Waitangi Estuary), had zinc levels above ANZECC trigger values for a level
of protection of 95%. Copper level at the Waitangi site was also above the ANZECC
water quality guideline.

The tests met the ISO 16778 (2016) quality assurance standards. Nauplii survival in
samples from all sites was significantly different from the control, especially at the Old
Turaekuri Riverbed site and the Humber Estuary (Fig. 3A). There were no differences
in the larval development between the control, the Waitangi Estuary site and the Old
Turaekuri Estuary elutriates (p > 0.05; Fig. 3B). The Old Tutaekuri Riverbed elutriate
was the most toxic to G. pectinatus larval development (p < 0.01; Fig. 3B).
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Figure 4 DNA damage on cells isolated from copepods exposed to sediment elutriates. (A) Tail
moment. (B) Tail intensity. (CN) Negative control, (CP) positive control, and elutriates from the (HD)
Humber Drain, (HE) Humber Estuary, (OE) Old Tutaekuri Estuary and (OR) Old Tutaekuri Riverbed
sediments. * Indicates significance difference from control (p < 0.05). Humber drain (p < 0.01) and Old
Tutaekuri Riverbed (p < 0.001). Full-size K] DOT: 10.7717/peer}.4936/fig-4

Comet assay

The comet assay was not done on the Waitangi Estuary as it was not sampled at the same
time as the other sites. Test acceptability was based on the statistically significant difference
between a negative and a positive control (p < 0.001). A significant difference was
identified between the DNA damage from the negative and the positive controls (Dunn’s,
p < 0.05) on the three parameters measured (tail moment, intensity and length). There
were no differences in tail moment and tail intensity between the negative control and the
estuary sites. The Old Tutaekuri Riverbed samples induced DNA damage as indicated by
the tail moment and tail intensity (DNA%) (Fig. 4). There was no significant DNA
damage in samples from Humber Drain based on tail intensity endpoint, however results
from tail moment suggest a marginal significance (p = 0.06).

DISCUSSION

Between 79% and 87% of runoff loads have been attributed to urban runoff (residential
galvanized roofs and urban roads), with 86% of the load containing zinc, especially after
wet events (Davis ¢ Birch, 2010; Li et al., 2015). Metal concentrations observed in this
study were comparable to earlier reports at the Ahuriri Estuary (Smith, 2014), and studies
in urbanized New Zealand cities (Charters, Cochrane ¢ O’Sullivan, 2016; Mills, 2016) and
overseas (Acs et al., 2016). The results of metals in the systems studied suggest that
stormwater runoff is a major source of metals in the estuary, specially at the Old Tutaekury
Riverbed, and Humber Drain samples.

The high mortality and low reproduction of Quinquelaophonte sp. in the Humber
Estuary sample could not be fully explained by the individual metal or PAH content
(except for acenaphthylene and acenaphthene which were above the ISQG-low values).
This suggests the presence of multiple stressors affecting the toxicity in copepods. In this
study, the Humber Estuary site had the highest sum of low molecular weight PAHs
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(Table S1). Recent studies have shown that copepods can significantly bioaccumulate
PAHs, even when these are below threshold values (Cailleaud et al., 2009). However, low
weight PAHs can be eliminated more efficiently than high molecular PAHs due to

their lower hydrophobicity nature (Alimeda et al., 2013). This could have partially
contributed to the high mortality of copepods (91%) exposed to the Humber Estuary
sample, and the unsuccess in egg hatching. Our study aligns with those conducted by
Boehler et al. (2017) and Heinrich et al. (2017) on extracts from sediment samples collected
near the Ahuriri Estuary. They showed multiple toxicity responses including androgenic
and glucocorticoid activities in cell lines, and moderate teratogenicity in zebrafish
embryos exposed to PAHs and musk extracts mixtures at concentrations as low as

1.6 mg SEQ - mL™".

The total mortality of copepods in the tributary sites can be partially explained by the
concentration of zinc. Stringer et al. (2014) calculated a zinc LCs, of 196 mg kg ' and a
mobility inhibition ECs, of 137 mg kg™ for Quinquelaophonte sp. The results from the
drain and riverbed samples were well above that value (310 and 280 mg kg™ respectively),
suggesting that zinc had an effect on the mobility and mortality of Quinquelaophonte sp.
individuals during the 14-day exposure.

Physicochemical results showed that the Humber Estuary samples had higher redox
potential, which can trigger sulphides and trace metal sulphides oxidation increasing
metal bioavailability in pore water (Chapman et al., 1998, Kalnejais, Martin ¢ Bothner,
20155 Lu et al., 2016). In addition, the presence of mucilage (predominantly from diatom)
was also observed to cover the sediment samples from the Humber Estuary site at the end
of the tests. Mucilage has been reported to affect copepod’s grazing ability (Malej ¢
Harris, 1993; Pancic ¢ Kiorboe, 2018), and cause teratogenic effects in the gonadal tissue,
affecting reproductive success (larnora et al., 2011; Wolfram, Nejstgaard ¢ Pohnert, 2014).
Further studies are needed to confirm the contribution of these stressors to the toxicity.

Bioassays using G. pectinatus have been confirmed as good indicators for the toxicity
of water dissolved compounds through contact or ingestion. Despite of the reduction
of metal concentrations from the tributaries to the estuary sites (zinc and lead dropping
by 2.27x and 2.5X respectively), survival and larval development were significantly
affected. The toxicity of the sediment samples to G. pectinatus is unlikely to be solely due
to independent metals, as the levels from the estuary sites were similar to those measured
in the Waitangi reference and yet, there were differences between the larval development
ratio. The presence of other compounds not addressed in this paper (i.e., organochlorine
compounds and emerging contaminants) may have further influenced the toxicity in
G. pectinatus, as reported in Boehler et al. (2017). This may be due to the higher exposure
to pollutants emerging from the Napier city, while the Waitangi estuary is distanced from
the urban stormwater and waste water runoff. Extensive literature has reported the effect
of additive toxicity of chemicals mixtures in marine invertebrates reproductive success
and mortality (Cooper, Bidwell ¢ Kumar, 2009; Hagopian-Schlekat, Chandler ¢ Shaw,
2001; Picone et al., 2018). However, these effects highly depend on the type of interaction
(metal-metal, metal-organic, organic-organic) and on the concentration of each
compounds in the mixture, which can either trigger synergistic, antagonistic, or
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non-interactive toxicities (Gauthier et al., 2014; Nys et al., 2016; Traudt, Ranville & Meyer,
2017). A recently published framework for ecological risk assessment (Nys et al., 2018)
was developed to better characterize the bioavailability of metal mixtures, based on a
sensitive species distribution model. This approach could be further addressed when
assessing community impacts at the Ahuriri estuary.

The comet assay is a well recognized method to measure DNA damage in individual
cells, and an accepted tool for environmental monitoring (Colin et al., 2016; de Lapuente
et al., 2015; Martins ¢ Costa, 2015). The present study confirms the genotoxicity in the
Old Tutaekuri samples, and the potential genotoxicity at the Humber drain, previously
characterized with sediment extracts of organic compounds from the Ahuriri estuary
(Boehler et al., 2017; Heinrich et al., 2017). The Humber Drain and Old Tutaekuri Riverbed
sites had zinc and lead concentrations above guidelines values. Zinc has been reported to
induce low levels of DNA damage in zooplankton copepods (Goswami et al., 2014), the
marine clam Ruditapes philippinarum, rainbow trout Oncorhynchus mykiss, and
grasshopper Chorthippus brunneus (Augustyniak et al., 2006; Marisa et al., 2016). However,
while lead genotoxicity has not been sufficiently studied in copepods, it has been reported
to be significant in amphipod haemocytes and spermatozoa at 25 pg - L™' (Di Donato
et al., 2016), in freshwater mussel at 120 pug L™ (Black et al., 1996; Sohail et al., 2017) and
in polychaetes at 100 pg - L™" after three days (Singh, Bhagat ¢ Ingole, 2017).

In addition, multiple co-genotoxic mechanisms between chemical compounds have
been reported on aquatic organisms (Gauthier et al., 2014). These mechanisms include the
inhibitory effect of metals on the cytochrome P450, essential for PAHs detoxification; the
enhanced production of reactive oxygenated species which translates into cellular
oxidative stress, and the effects of PAH on membrane integrity, which enhances the
permeability to metals. This indicates that mixtures of organic and inorganic chemicals
can modulate synergistic, additive or antagonistic toxicities at the cellular and genetic level
(Di Poi et al., 2018; Kousar ¢ Javed, 2015; Warne ¢~ Hawker, 1995).

The initial protective mechanism of copepods to minimize cellular and DNA damage is
to metabolize and eliminate toxicants (Han et al., 2017). However, in the presence of
toxicants with pharmacological modes of action (non-specific disruption or overloading
of enzyme activities), the enzymes in charge of metabolizing compounds and lipid storage
regulators may be inhibited. The presence of compounds with these modes of action were
identified at the Humber drain and the Old Tutaekuri riverbed in previous studies at
0.012 and 0.0034 mg kg™ respectively (Boehler et al., 2017). Pharmacological effects
have been reported in the pelagic copepod Calanus finmarchicus exposed to naphthalene,
pyrene, crude oil (Han et al., 2015; Hansen et al., 2008), A. tonsa exposed to four synthetic
musk substances (Wollenberger et al., 2003), Tigriopus japonicus exposed to
polybrominated diphenyl ethers (Han et al., 2015), and Nitocra spinipes exposed to
galaxolide (Breitholtz, Wollenberger ¢» Dinan, 2003). This may suggest that the chemicals
present at the impacted estuary sites may have modes of action affecting the precursor of
larval molding and deoxidation (P450 enzymes such as CYP330A1 or CYP305A1) as
shown on the bioassays, as opposed to directly fractioning DNA brands (Hansen et al.,
2008). Further, DNA repairing mechanisms present in copepods remains to be confirmed.
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It has been suggested that risk assessment frameworks and decision support systems
consider the genotoxicity of chemical mixtures as part of a weight of evidence approach.
This has been demonstrated by the method integrating nine lines of evidence in
contaminated estuaries in Portugal (Caeiro et al., 2017), the policy frameworks and risk
assessment tools at contaminated sites in the Netherlands (Dagnino et al., 2008), and the
acceptance of genotoxic tools as one of the standard monitoring strategies within the
European Union Water and Marine Strategy Framework Directives (Allan et al., 2006;
Martins ¢ Costa, 2015).

CONCLUSION

The sediment and elutriate samples from the urban Ahuriri Estuary tributaries were
genotoxic and impacted reproduction in the two copepod bioassays. The toxicity from the
estuaries sites was lower than that of the tributaries, but genotoxicity and reproduction
inhibition were evidenced. This confirms the bioavailability of biologically active
chemicals in the sediment samples. The approach using bioassays in pelagic and benthic
copepod species was successful to characterise the toxicity of urban sediment. The results
provides useful effects-based information to inform environmental managers.

ACKNOWLEDGEMENTS

The authors would like to thank Anna Madarasz-Smith for the collection of sediment
samples and for the access to chemical data; Olivier Champeau for assistance with the
comet assay; and Steve Web for his help with copepod histology and cells identification.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Hawke’s Bay Regional Council, Callaghan Innovation
R&D Student Fellowship Grant (No. BMISK1401), and Boffa Miskell. The co-supervisor
of the project is a senior ecologist from Boffa Miskell. He assisted in the study design.

Grant Disclosures

The following grant information was disclosed by the authors:

Hawke’s Bay Regional Council, Callaghan Innovation R&D Student Fellowship:
BMISK1401.

Competing Interests
Vaughan Keesing is a senior ecologist employee at Boffa Miskell, one of the funding
contributors to the study. Mark Costello is an Academic Editor for Peer].

Author Contributions

e Maria P. Charry conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

e Vaughan Keesing authored or reviewed drafts of the paper.

Charry et al. (2018), PeerdJ, DOI 10.7717/peerj.4936 1219


http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

e Mark Costello conceived and designed the experiments, authored or reviewed drafts of
the paper, approved the final draft.

e Louis A. Tremblay conceived and designed the experiments, contributed reagents/
materials/analysis tools, authored or reviewed drafts of the paper, approved the final

draft.

Data Availability
The following information was supplied regarding data availability:
The raw data are provided in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.4936#supplemental-information.

REFERENCES

Acs A, Vehovszky A, Gyori J, Farkas A. 2016. Seasonal and size-related variation of subcellular
biomarkers in quagga mussels (Dreissena bugensis) inhabiting sites affected by moderate
contamination with complex mixtures of pollutants. Environmental Monitoring and Assessment
188(7):426 DOI 10.1007/s10661-016-5432-y.

Allan IJ, Vrana B, Greenwood R, Mills GA, Roig B, Gonzalez C. 2006. A “toolbox” for biological
and chemical monitoring requirements for the European Union’s Water Framework Directive.
Talanta 69(2):302-322 DOI 10.1016/j.talanta.2005.09.043.

Almeda R, Wambaugh Z, Wang Z, Hyatt C, Liu Z, Buskey EJ. 2013. Interactions between
zooplankton and crude oil: toxic effects and bioaccumulation of polycyclic aromatic
hydrocarbons. PLOS ONE 8(6):e67212 DOI 10.1371/journal.pone.0067212.

ANZECC. 2000. Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
Canberra: Australian and New Zealand Environmental and Conservation Council, Agriculture
and Resource Management Council of Australia and New Zealand.

ASTM E. 2014. 1391-03 (2014). Standard guide for collection, storage, characterization and
manipulation of sediments for toxicological testing for selection of samplers used to collect
benthic invertebrates E1391-03.

Augustyniak M, Juchimiuk J, Przybylowicz W], Mesjasz-Przybylowicz J, Babczynska A, Pawet
M. 2006. Zinc-induced DNA damage and the distribution of metals in the brain of grasshoppers
by the comet assay and micro-PIXE. Comparative Biochemistry and Physiology Part C: Toxicology
& Pharmacology 144(3):242-251 DOI 10.1016/j.cbpc.2006.09.003.

Azqueta A, Collins AR. 2013. The essential comet assay: a comprehensive guide to measuring DNA
damage and repair. Archives of Toxicology 87(6):949-968 DOI 10.1007/s00204-013-1070-0.

Bachere E, Barranger A, Bruno R, Rouxel J, Menard D, Piquemal D, Akcha F. 2017. Parental
diuron-exposure alters offspring transcriptome and fitness in Pacific oyster Crassostrea gigas.
Ecotoxicology and Environmental Safety 142:51-58 DOI 10.1016/j.ecoenv.2017.03.030.

Bajpayee M, Kumar A, Dhawan A. 2017. Chapter 1 the comet assay: a versatile tool for assessing
DNA damage. In: Dhawan A, ed. The Comet Assay in Toxicology. Cambridge: The Royal Society
of Chemistry, 1-64.

Batley GE, Simpson SL. 2009. Development of guidelines for ammonia in estuarine
and marine water systems. Marine Pollution Bulletin 58(10):1472—-1476
DOI 10.1016/j.marpolbul.2009.06.005.

Charry et al. (2018), PeerJ, DOI 10.7717/peerj.4936 13/19


http://dx.doi.org/10.7717/peerj.4936#supplemental-information
http://dx.doi.org/10.7717/peerj.4936#supplemental-information
http://dx.doi.org/10.7717/peerj.4936#supplemental-information
http://dx.doi.org/10.1007/s10661-016-5432-y
http://dx.doi.org/10.1016/j.talanta.2005.09.043
http://dx.doi.org/10.1371/journal.pone.0067212
http://dx.doi.org/10.1016/j.cbpc.2006.09.003
http://dx.doi.org/10.1007/s00204-013-1070-0
http://dx.doi.org/10.1016/j.ecoenv.2017.03.030
http://dx.doi.org/10.1016/j.marpolbul.2009.06.005
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Bayly 1. 1963. A revision of the coastal water genus Gladioferens (Copepoda: Calanoida). Marine
and Freshwater Research 14(2):194-217 DOI 10.1071/MF9630194.

Bayly I. 1965. Ecological studies on the planktonic Copepoda of the Brisbane River estuary with
special reference to Gladioferens pectinatus (Brady) (Calanoida). Marine and Freshwater
Research 16(3):315-350 DOI 10.1071/mf9650315.

Black MC, Ferrell JR, Horning RC, Martin LK. 1996. DNA strand breakage in freshwater mussels
(Anodonta grandis) exposed to lead in the laboratory and field. Environmental Toxicology and
Chemistry 15(5):802-808 DOI 10.1002/etc.5620150528.

Boehler S, Strecker R, Heinrich P, Prochazka E, Northcott GL, Ataria JM, Leusch FDL,
Braunbeck T, Tremblay LA. 2017. Assessment of urban stream sediment pollutants entering
estuaries using chemical analysis and multiple bioassays to characterise biological activities.
Science of the Total Environment 593—-594:498-507 DOI 10.1016/j.scitotenv.2017.03.209.

Breitholtz M, Wollenberger L, Dinan L. 2003. Effects of four synthetic musks on the life cycle of
the harpacticoid copepod Nitocra spinipes. Aquatic Toxicology 63(2):103-118
DOI 10.1016/50166-445X(02)00159-5.

Burton GA. 1991. Assessing the toxicity of freshwater sediments. Environmental Toxicology and
Chemistry 10(12):1585-1627 DOI 10.1002/etc.5620101204.

Buschini A, Carboni P, Martino A, Poli P, Rossi C. 2003. Effects of temperature on baseline and
genotoxicant-induced DNA damage in haemocytes of Dreissena polymorpha. Mutation
Research/Genetic Toxicology and Environmental Mutagenesis 537(1):81-92
DOI 10.1016/s1383-5718(03)00050-0.

Caeiro S, Vaz-Fernandes P, Martinho AP, Costa PM, Silva MJ, Lavinha J, Matias-Dias C,
Machado A, Castanheira I, Costa MH. 2017. Environmental risk assessment in a contaminated
estuary: an integrated weight of evidence approach as a decision support tool. Ocean ¢ Coastal
Management 143:51-62 DOI 10.1016/j.0cecoaman.2016.09.026.

Cailleaud K, Budzinski H, Le Menach K, Souissi S, Forget-Leray J. 2009. Uptake and elimination
of hydrophobic organic contaminants in estuarine copepods: an experimental study.
Environmental Toxicology and Chemistry 28(2):239-246 DOI 10.1897/07-664.1.

Chandler GT, Green AS. 1996. A 14-day harpacticoid copepod reproductive bioassay for
laboratory and field contaminated muddy sediments. In: Ostrander GE, ed. Techniques in
Aquatic Toxicology. Boca Raton: CRC Press, 23-39.

Chapman PM, Wang F, Janssen C, Persoone G, Allen HE. 1998. Ecotoxicology of metals in
aquatic sediments: binding and release, bioavailability, risk assessment, and remediation.
Canadian Journal of Fisheries and Aquatic Sciences 55(10):2221-2243
DOI 10.1139/cjfas-55-10-2221.

Charters FJ, Cochrane TA, O’Sullivan AD. 2016. Untreated runoff quality from roof and road
surfaces in a low intensity rainfall climate. Science of the Total Environment 550:265-272
DOI 10.1016/j.scitotenv.2016.01.093.

Colin N, Porte C, Fernandes D, Barata C, Padros F, Carrasson M, Monroy M, Cano-Rocabayera
O, de Sostoa A, Pina B, Maceda-Veiga A. 2016. Ecological relevance of biomarkers in
monitoring studies of macro-invertebrates and fish in Mediterranean rivers. Science of the Total
Environment 540:307-323 DOI 10.1016/j.scitotenv.2015.06.099.

Cooper NL, Bidwell JR, Kumar A. 2009. Toxicity of copper, lead, and zinc mixtures to

Ceriodaphnia dubia and Daphnia carinata. Ecotoxicology and Environmental Safety
72(5):1523-1528 DOI 10.1016/j.ecoenv.2009.03.002.

Charry et al. (2018), PeerJ, DOI 10.7717/peerj.4936 14/19


http://dx.doi.org/10.1071/MF9630194
http://dx.doi.org/10.1071/mf9650315
http://dx.doi.org/10.1002/etc.5620150528
http://dx.doi.org/10.1016/j.scitotenv.2017.03.209
http://dx.doi.org/10.1016/S0166-445X(02)00159-5
http://dx.doi.org/10.1002/etc.5620101204
http://dx.doi.org/10.1016/s1383-5718(03)00050-0
http://dx.doi.org/10.1016/j.ocecoaman.2016.09.026
http://dx.doi.org/10.1897/07-664.1
http://dx.doi.org/10.1139/cjfas-55-10-2221
http://dx.doi.org/10.1016/j.scitotenv.2016.01.093
http://dx.doi.org/10.1016/j.scitotenv.2015.06.099
http://dx.doi.org/10.1016/j.ecoenv.2009.03.002
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Crain CM, Kroeker K, Halpern BS. 2008. Interactive and cumulative effects of multiple human
stressors in marine systems. Ecology Letters 11(12):1304-1315
DOI 10.1111/;.1461-0248.2008.01253.x.

Dagnino A, Sforzini S, Dondero F, Fenoglio S, Bona E, Jensen J, Viarengo A. 2008. A weight-of-
evidence approach for the integration of environmental “triad” data to assess ecological risk and
biological vulnerability. Integrated Environmental Assessment and Management 4(3):314-326
DOI 10.1897/ieam_2007-067.1.

Davis B, Birch G. 2010. Comparison of heavy metal loads in stormwater runoff from major and
minor urban roads using pollutant yield rating curves. Environmental Pollution
158(8):2541-2545 DOI 10.1016/j.envpol.2010.05.021.

De Flora S, Bagnasco M, Zanacchi P. 1991. Genotoxic, carcinogenic, and teratogenic hazards in
the marine environment, with special reference to the Mediterranean Sea. Mutation Research/
Reviews in Genetic Toxicology 258(3):285-320 DOI 10.1016/0165-1110(91)90013-1.

de Lapuente J, Lourenco J, Mendo SA, Borras M, Martins MG, Costa PM, Pacheco M. 2015. The
Comet Assay and its applications in the field of ecotoxicology: a mature tool that continues to
expand its perspectives. Frontiers in Genetics 6:180 DOI 10.3389/fgene.2015.00180.

de los Rios A, Pérez L, Echavarri-Erasun B, Serrano T, Barbero MC, Ortiz-Zarragoitia M, Orbea
A, Juanes JA, Cajaraville MP. 2016. Measuring biological responses at different levels of
organisation to assess the effects of diffuse contamination derived from harbour and industrial
activities in estuarine areas. Marine Pollution Bulletin 103(1-2):301-312
DOI 10.1016/j.marpolbul.2015.11.056.

Deruytter D, Baert JM, Nevejan N, Schamphelaere KACD, Janssen CR. 2017. Mixture toxicity in
the marine environment: model development and evidence for synergism at environmental
concentrations. Environmental Toxicology and Chemistry 36(2):3471-3479
DOI 10.1002/etc.3913.

Di Donato G, De Matthaeis E, Ronci L, Setini A. 2016. Genotoxicity biomarkers in the amphipod
Gammarus elvirae exposed in vivo to mercury and lead, and basal levels of DNA damage in two
cell types. Chemistry and Ecology 32(9):843-857 DOI 10.1080/02757540.2016.1201078.

Di Poi C, Costil K, Bouchart V, Halm-Lemeille M-P. 2018. Toxicity assessment of five emerging
pollutants, alone and in binary or ternary mixtures, towards three aquatic organisms.
Environmental Science and Pollution Research 25(7):6122—6134
DOI 10.1007/s11356-017-9306-9.

Esperanza M, Cid A, Herrero C, Rioboo C. 2015. Acute effects of a prooxidant herbicide on the
microalga Chlamydomonas reinhardtii: screening cytotoxicity and genotoxicity endpoints.
Aquatic Toxicology 165:210-221 DOI 10.1016/j.aquatox.2015.06.004.

Frenzilli G, Nigro M, Lyons B. 2009. The Comet assay for the evaluation of genotoxic impact in
aquatic environments. Mutation Research/Reviews in Mutation Research 681(1):80-92
DOI 10.1016/j.mrrev.2008.03.001.

Gauthier PT, Norwood WP, Prepas EE, Pyle GG. 2014. Metal-PAH mixtures in the aquatic
environment: a review of co-toxic mechanisms leading to more-than-additive outcomes.
Aquatic Toxicology 154:253-269 DOI 10.1016/j.aquatox.2014.05.026.

Gong C, Wang A, Chen H, Jiang W, Tan L, Hu Z. 2013. Effects of UV-C radiation on the survival
of copepods and oocysts: implications for drinking water processing facilities. Hydrobiologia
714(1):1-11 DOI 10.1007/s10750-013-1495-8.

Goswami P, Thirunavukkarasu S, Godhantaraman N, Munuswamy N. 2014. Monitoring of

genotoxicity in marine zooplankton induced by toxic metals in Ennore estuary, Southeast coast
of India. Marine Pollution Bulletin 88(1-2):70-80 DOI 10.1016/j.marpolbul.2014.09.025.

Charry et al. (2018), PeerJ, DOI 10.7717/peerj.4936 15/19


http://dx.doi.org/10.1111/j.1461-0248.2008.01253.x
http://dx.doi.org/10.1897/ieam_2007-067.1
http://dx.doi.org/10.1016/j.envpol.2010.05.021
http://dx.doi.org/10.1016/0165-1110(91)90013-l
http://dx.doi.org/10.3389/fgene.2015.00180
http://dx.doi.org/10.1016/j.marpolbul.2015.11.056
http://dx.doi.org/10.1002/etc.3913
http://dx.doi.org/10.1080/02757540.2016.1201078
http://dx.doi.org/10.1007/s11356-017-9306-9
http://dx.doi.org/10.1016/j.aquatox.2015.06.004
http://dx.doi.org/10.1016/j.mrrev.2008.03.001
http://dx.doi.org/10.1016/j.aquatox.2014.05.026
http://dx.doi.org/10.1007/s10750-013-1495-8
http://dx.doi.org/10.1016/j.marpolbul.2014.09.025
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Gyuricza V, Fodor F, Szigeti Z. 2010. Phytotoxic effects of heavy metal contaminated soil reveal
limitations of extract-based ecotoxicological tests. Water, Air, & Soil Pollution 210(1-4):113-122
DOI 10.1007/s11270-009-0228-0.

Hagopian-Schlekat T, Chandler G, Shaw TJ. 2001. Acute toxicity of five sediment-associated
metals, individually and in a mixture, to the estuarine meiobenthic harpacticoid copepod
Amphiascus tenuiremis. Marine Environmental Research 51(3):247-264
DOI 10.1016/s0141-1136(00)00102-1.

Hall CJ, Burns CW. 2002. Environmental gradients and zooplankton distribution in a shallow,
tidal lake. Fundamental and Applied Limnology 154(3):485-497
DOI 10.1127/archiv-hydrobiol/154/2002/485.

Han J, Won E-J, Kang H-M, Lee M-C, Jeong C-B, Kim H-S, Hwang D-S, Lee J-S. 2017. Marine
copepod cytochrome P450 genes and their applications for molecular ecotoxicological studies
in response to oil pollution. Marine Pollution Bulletin 124(2):953-961
DOI 10.1016/j.marpolbul.2016.09.048.

Han J, Won E-], Lee B-Y, Hwang U-K, Kim I-C, Yim JH, Leung KMY, Lee YS, Lee J-S. 2014.
Gamma rays induce DNA damage and oxidative stress associated with impaired growth and
reproduction in the copepod Tigriopus japonicus. Aquatic Toxicology 152:264-272
DOI 10.1016/j.aquatox.2014.04.005.

Han ], Won E-J, Lee M-C, Seo JS, Lee S-J, Lee J-S. 2015. Developmental retardation, reduced
fecundity, and modulated expression of the defensome in the intertidal copepod Tigriopus
japonicus exposed to BDE-47 and PFOS. Aquatic Toxicology 165:136-143
DOI 10.1016/j.aquatox.2015.05.022.

Hansen BH, Altin D, Hessen KM, Dahl U, Breitholtz M, Nordtug T, Olsen A]J. 2008. Expression
of ecdysteroids and cytochrome P450 enzymes during lipid turnover and reproduction in
Calanus finmarchicus (Crustacea: Copepoda). General and Comparative Endocrinology
158(1):115-121 DOI 10.1016/j.ygcen.2008.05.013.

Hasenbein S, Lawler SP, Geist J, Connon RE. 2015. The use of growth and behavioral endpoints
to assess the effects of pesticide mixtures upon aquatic organisms. Ecotoxicology 24(4):746-759
DOI 10.1007/s10646-015-1420-1.

HBRC. 2014. Hawke’s Bay regional coastal environment plan operative hawkes bay regional
council, New Zealand. 240. Available at https://www.hbrc.govt.nz/assets/Document-Library/
Plans/Regional-Coastal-Environment-Plan-RCEP/HB-Regional-Coastal-Environment-Plan-excl-
Schedules-and-Maps.pdf.

Heinrich P, Petschick LL, Northcott GL, Tremblay LA, Ataria JM, Braunbeck T. 2017.
Assessment of cytotoxicity, genotoxicity and 7-ethoxyresorufin-O-deethylase (EROD)
induction in sediment extracts from New Zealand urban estuaries. Ecotoxicology 26(2):211-226
DOI 10.1007/s10646-016-1756-1.

Ianora A, Romano G, Carotenuto Y, Esposito F, Roncalli V, Buttino I, Miralto A. 2011. Impact of
the diatom oxylipin 15S-HEPE on the reproductive success of the copepod Temora stylifera.
Hydrobiologia 666(1):265-275 DOI 10.1007/s10750-010-0420-7.

ISO. 2015. International Organization for Standardization. Water Quality-Calanoid Copepod
Development Test with Acarictia tonsa. ISO/FDIS 16778. Calanoid Copepod Early-life Stage
Test with Acartia tonsa. Geneva: ISO.

Kalnejais LH, Martin WR, Bothner MH. 2015. Porewater dynamics of silver, lead and copper in
coastal sediments and implications for benthic metal fluxes. Science of the Total Environment
517:178-194 DOI 10.1016/j.scitotenv.2015.02.011.

Charry et al. (2018), PeerdJ, DOI 10.7717/peerj.4936 16/19


http://dx.doi.org/10.1007/s11270-009-0228-0
http://dx.doi.org/10.1016/s0141-1136(00)00102-1
http://dx.doi.org/10.1127/archiv-hydrobiol/154/2002/485
http://dx.doi.org/10.1016/j.marpolbul.2016.09.048
http://dx.doi.org/10.1016/j.aquatox.2014.04.005
http://dx.doi.org/10.1016/j.aquatox.2015.05.022
http://dx.doi.org/10.1016/j.ygcen.2008.05.013
http://dx.doi.org/10.1007/s10646-015-1420-1
https://www.hbrc.govt.nz/assets/Document-Library/Plans/Regional-Coastal-Environment-Plan-RCEP/HB-Regional-Coastal-Environment-Plan-excl-Schedules-and-Maps.pdf
https://www.hbrc.govt.nz/assets/Document-Library/Plans/Regional-Coastal-Environment-Plan-RCEP/HB-Regional-Coastal-Environment-Plan-excl-Schedules-and-Maps.pdf
https://www.hbrc.govt.nz/assets/Document-Library/Plans/Regional-Coastal-Environment-Plan-RCEP/HB-Regional-Coastal-Environment-Plan-excl-Schedules-and-Maps.pdf
http://dx.doi.org/10.1007/s10646-016-1756-1
http://dx.doi.org/10.1007/s10750-010-0420-7
http://dx.doi.org/10.1016/j.scitotenv.2015.02.011
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Kousar S, Javed M. 2015. Diagnosis of metals induced DNA damage in fish using comet assay.
Pakistan Veterinary Journal 35:168—172.

Li D, Wan J, Ma Y, Wang Y, Huang M, Chen Y. 2015. Stormwater runoff pollutant loading
distributions and their correlation with rainfall and catchment characteristics in a rapidly
industrialized city. PLOS ONE 10(3):e0118776 DOI 10.1371/journal.pone.0118776.

Lotze HK, Lenihan HS, Bourque BJ, Bradbury RH, Cooke RG, Kay MC, Kidwell SM, Kirby MX,
Peterson CH, Jackson JBC. 2006. Depletion, degradation, and recovery potential of estuaries
and coastal seas. Science 312(5781):1806—-1809 DOI 10.1126/science.1128035.

Lu J, Yuan F, Zhang F, Zhao Q. 2016. The study on heavy metal distribution in the sediment of
middle tidal flat in Yangtze Estuary, China. Environmental Earth Sciences 75(7):1-12
DOI 10.1007/512665-016-5356-4.

Malej A, Harris RP. 1993. Inhibition of copepod grazing by diatom exudates: a factor in the
development of mucus aggregates? Marine Ecology Progress Series 96:33—42
DOI 10.3354/meps096033.

Marisa I, Matozzo V, Munari M, Binelli A, Parolini M, Martucci A, Franceschinis E, Brianese N,
Marin MG. 2016. In vivo exposure of the marine clam Ruditapes philippinarum to zinc oxide
nanoparticles: responses in gills, digestive gland and haemolymph. Environmental Science and
Pollution Research International 23(15):15275-15293 DOI 10.1007/s11356-016-6690-5.

Martins M, Costa PM. 2015. The comet assay in Environmental Risk Assessment of marine
pollutants: applications, assets and handicaps of surveying genotoxicity in non-model
organisms. Mutagenesis 30:89-106 DOI 10.1093/mutage/geu037.

McKinnon A, Arnott G. 1985. The developmental stages of Gladioferens pectinatus (Brady, 1899)
(Copepoda: Calanoida). New Zealand Journal of Marine and Freshwater Research 19:21-42.

Micheli F, Halpern BS, Walbridge S, Ciriaco S, Ferretti F, Fraschetti S, Lewison R, Nykjaer L,
Rosenberg AA. 2013. Cumulative human impacts on mediterranean and black sea marine
ecosystems: assessing current pressures and opportunities. PLOS ONE 8(12):¢79889
DOI 10.1371/journal.pone.0079889.

Mills GN. 2016. Auckland marine sediment contaminant monitoring: Drury Creek, June 2015.
Prepared by Diffuse Sources Ltd for Auckland Council. Auckland Council technical report,
TR2016/024.

Mussali-Galante P, Tovar-Sanchez E, Valverde M, Rojas E. 2014. Genetic structure and diversity
of animal populations exposed to metal pollution. In: Whitacre DM, ed. Reviews of
Environmental Contamination and Toxicology 227. Cham: Springer International Publishing,
79-106.

Neumann B, Vafeidis AT, Zimmermann J, Nicholls RJ. 2015. Future coastal population growth
and exposure to sea-level rise and coastal flooding—a global assessment. PLOS ONE 10(3):
e0118571 DOI 10.1371/journal.pone.0118571.

Nys C, Janssen CR, Blust R, Smolders E, De Schamphelaere KA. 2016. Reproductive toxicity of
binary and ternary mixture combinations of nickel, zinc, and lead to Ceriodaphnia dubia is best
predicted with the independent action model. Environmental Toxicology and Chemistry
35(7):1796-1805 DOI 10.1002/etc.3332.

Nys C, Van Regenmortel T, Janssen CR, Oorts K, Smolders E, De Schamphelaere KA. 2018.
A framework for ecological risk assessment of metal mixtures in aquatic systems. Environmental
Toxicology and Chemistry 37(3):623—642 DOI 10.1002/etc.4039.

Osman AGM. 2014. Genotoxicity tests and their contributions in aquatic environmental research.
Journal of Environmental Protection 5(14):1391-1399 DOI 10.4236/jep.2014.514132.

Charry et al. (2018), PeerdJ, DOI 10.7717/peerj.4936 17/19


http://dx.doi.org/10.1371/journal.pone.0118776
http://dx.doi.org/10.1126/science.1128035
http://dx.doi.org/10.1007/s12665-016-5356-4
http://dx.doi.org/10.3354/meps096033
http://dx.doi.org/10.1007/s11356-016-6690-5
http://dx.doi.org/10.1093/mutage/geu037
http://dx.doi.org/10.1371/journal.pone.0079889
http://dx.doi.org/10.1371/journal.pone.0118571
http://dx.doi.org/10.1002/etc.3332
http://dx.doi.org/10.1002/etc.4039
http://dx.doi.org/10.4236/jep.2014.514132
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Panci¢ M, Kierboe T. 2018. Phytoplankton defence mechanisms: traits and trade-offs. Biological
Reviews 93(2):1269-1303 DOI 10.1111/brv.12395.

Pavlaki MD, Aratjo MJ, Cardoso DN, Silva ARR, Cruz A, Mendo S, Soares AM, Calado R,
Loureiro S. 2016. Ecotoxicity and genotoxicity of cadmium in different marine trophic levels.
Environmental Pollution 215:203-212 DOI 10.1016/j.envpol.2016.05.010.

Payne M, Rippingale R. 2000. Evaluation of diets for culture of the calanoid copepod Gladioferens
imparipes. Aquaculture 187(1-2):85-96 DOI 10.1016/s0044-8486(99)00391-9.

Pellegri V, Gorbi G, Buschini A. 2014. Comet assay on Daphnia magna in eco-genotoxicity
testing. Aquatic Toxicology 155:261-268 DOI 10.1016/j.aquatox.2014.07.002.

Picone M, Bergamin M, Delaney E, Ghirardini AV, Kusk KO. 2018. Testing lagoonal sediments
with early life stages of the copepod Acartia tonsa (Dana): an approach to assess sediment
toxicity in the Venice Lagoon. Ecotoxicology and Environmental Safety 147:217-227
DOI 10.1016/j.ecoenv.2017.08.042.

Przeslawski R, Byrne M, Mellin C. 2015. A review and meta-analysis of the effects of multiple
abiotic stressors on marine embryos and larvae. Global Change Biology 21(6):2122-2140
DOI 10.1111/gcb.12833.

Reichelt-Brushett A, Clark M, Birch G. 2017. Physical and chemical factors to consider when
studying historical contamination and pollution in estuaries. In: Weckstrom K, Saunders KM,
Gell PA, Skilbeck CG, eds. Applications of Paleoenvironmental Techniques in Estuarine Studies.
Dordrecht: Springer Netherlands, 239-276.

Richa, Sinha RP, Héader D-P. 2015. Physiological aspects of UV-excitation of DNA. In: Barbatti M,
Borin AC, Ullrich S, eds. Photoinduced Phenomena in Nucleic Acids II: DNA Fragments and
Phenomenological Aspects. Cham: Springer International Publishing, 203-248.

Risch E, Gasperi J, Gromaire M-C, Chebbo G, Azimi S, Rocher V, Roux P, Rosenbaum RK,
Sinfort C. 2018. Impacts from urban water systems on receiving waters—How to account for
severe wet-weather events in LCA? Water Research 128:412—423
DOI 10.1016/j.watres.2017.10.039.

Rodrigues SK, Abessa DMS, Rodrigues APdC, Soares-Gomes A, Freitas CB, Santelli RE, Freire
AS, Machado W. 2017. Sediment quality in a metal-contaminated tropical bay assessed with a
multiple lines of evidence approach. Environmental Pollution 228:265-276
DOI 10.1016/j.envpol.2017.05.045.

Sale PF, Agardy T, Ainsworth CH, Feist BE, Bell JD, Christie P, Hoegh-Guldberg O, Mumby PJ,
Feary DA, Saunders MI, Daw TM, Foale S]J, Levin PS, Lindeman KC, Lorenzen K, Pomeroy
RS, Allison EH, Bradbury RH, Corrin J, Edwards AJ, Obura DO, Sadovy de Mitcheson Y],
Samoilys MA, Sheppard CRC. 2014. Transforming management of tropical coastal seas to cope
with challenges of the 21st century. Marine Pollution Bulletin 85(1):8-23
DOI 10.1016/j.marpolbul.2014.06.005.

Simonyan A, Gabrielyan B, Minasyan S, Hovhannisyan G, Aroutiounian R. 2016. Genotoxicity
of Water Contaminants from the Basin of Lake Sevan, Armenia Evaluated by the Comet Assay
in Gibel Carp (Carassius auratus gibelio) and Tradescantia Bioassays. Bulletin of Environmental
Contamination and Toxicology 96(3):309-313 DOI 10.1007/s00128-015-1720-4.

Singh N, Bhagat J, Ingole BS. 2017. Genotoxicity of two heavy metal compounds: lead nitrate and
cobalt chloride in Polychaete Perinereis cultrifera. Environmental Monitoring and Assessment
189(7):308.

Singh NP, McCoy MT, Tice RR, Schneider EL. 1988. A simple technique for quantitation of low
levels of DNA damage in individual cells. Experimental Cell Research 175(1):184-191
DOI 10.1016/0014-4827(88)90265-0.

Charry et al. (2018), PeerdJ, DOI 10.7717/peerj.4936 18/19


http://dx.doi.org/10.1111/brv.12395
http://dx.doi.org/10.1016/j.envpol.2016.05.010
http://dx.doi.org/10.1016/s0044-8486(99)00391-9
http://dx.doi.org/10.1016/j.aquatox.2014.07.002
http://dx.doi.org/10.1016/j.ecoenv.2017.08.042
http://dx.doi.org/10.1111/gcb.12833
http://dx.doi.org/10.1016/j.watres.2017.10.039
http://dx.doi.org/10.1016/j.envpol.2017.05.045
http://dx.doi.org/10.1016/j.marpolbul.2014.06.005
http://dx.doi.org/10.1007/s00128-015-1720-4
http://dx.doi.org/10.1016/0014-4827(88)90265-0
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

Peer/

Smith S. 2014. Monitoring of benthic effects of stormwater discharges at sites in the Ahuriri
Estuary, Napier: 2014 survey. Report prepared for Hawke’s Bay Regional Council and Napier
City Council Napier, Triplefin Environmental Consulting.

Sohail M, Khan MN, Qureshi NA, Chaudhry AS. 2017. Monitoring DNA damage in gills of
freshwater mussels (Anodonta anatina) exposed to heavy metals. Pakistan Journal of Zoology
49:305-305.

Statistics New Zealand. 2006. Are New Zealanders living closer to the coast? Available at http://
www.stats.govt.nz/browse_for_stats/population/Migration/internal-migration/are-nzs-living-
closer-to-coast.aspx (accessed 30 January 2018).

Stringer TJ, Glover CN, Keesing V, Northcott GL, Gaw S, Tremblay LA. 2014. Development of
acute and chronic sediment bioassays with the harpacticoid copepod Quinguelaophonte sp.
Ecotoxicology and Environmental Safety 99:82-91 DOI 10.1016/j.ecoenv.2013.10.002.

Stringer TJ, Glover CN, Keesing V, Northcott GL, Tremblay LA. 2012. Development of a
harpacticoid copepod bioassay: selection of species and relative sensitivity to zinc, atrazine and
phenanthrene. Ecotoxicology and Environmental Safety 80:363—-371
DOI 10.1016/j.ecoenv.2012.04.008.

Tartarotti B, Saul N, Chakrabarti S, Trattner F, Steinberg CE, Sommaruga R. 2013. UV-induced
DNA damage in Cyclops abyssorum tatricus populations from clear and turbid alpine lakes.
Journal of Plankton Research 36(2):557-566 DOI 10.1093/plankt/fbt109.

Traudt EM, Ranville JE, Meyer JS. 2017. Acute toxicity of ternary Cd—Cu—Ni and Cd-Ni—Zn
mixtures to daphnia magna: dominant metal pairs change along a concentration gradient.
Environmental Science & Technology 51(8):4471-4481 DOI 10.1021/acs.est.6b06169.

van Vliet J, de Groot HLF, Rietveld P, Verburg PH. 2015. Manifestations and underlying drivers
of agricultural land use change in Europe. Landscape and Urban Planning 133:24-36
DOI 10.1016/j.landurbplan.2014.09.001.

Vermeiren P, Muiioz CC, Ikejima K. 2016. Sources and sinks of plastic debris in estuaries: a
conceptual model integrating biological, physical and chemical distribution mechanisms.
Marine Pollution Bulletin 113(1-2):7-16 DOI 10.1016/j.marpolbul.2016.10.002.

Warne MS]J, Hawker DW. 1995. The number of components in a mixture determines whether
synergistic and antagonistic or additive toxicity predominate: the funnel hypothesis.
Ecotoxicology and Environmental Safety 31(1):23—28 DOI 10.1006/eesa.1995.1039.

Willis K, Hardesty BD, Kriwoken L, Wilcox C. 2017. Differentiating littering, urban runoff and
marine transport as sources of marine debris in coastal and estuarine environments. Scientific
Reports 7:44479 DOI 10.1038/srep44479.

Wolfram S, Nejstgaard JC, Pohnert G. 2014. Accumulation of polyunsaturated aldehydes in the
gonads of the copepod Acartia tonsa revealed by tailored fluorescent probes. PLOS ONE
9(11):e112522 DOI 10.1371/journal.pone.0112522.

Wollenberger L, Breitholtz M, Kusk KO, Bengtsson B-E. 2003. Inhibition of larval development
of the marine copepod Acartia tonsa by four synthetic musk substances. Science of the Total
Environment 305(1-3):53—-64 DOI 10.1016/s0048-9697(02)00471-0.

Charry et al. (2018), PeerdJ, DOI 10.7717/peerj.4936 19/19


http://www.stats.govt.nz/browse_for_stats/population/Migration/internal-migration/are-nzs-living-closer-to-coast.aspx
http://www.stats.govt.nz/browse_for_stats/population/Migration/internal-migration/are-nzs-living-closer-to-coast.aspx
http://www.stats.govt.nz/browse_for_stats/population/Migration/internal-migration/are-nzs-living-closer-to-coast.aspx
http://dx.doi.org/10.1016/j.ecoenv.2013.10.002
http://dx.doi.org/10.1016/j.ecoenv.2012.04.008
http://dx.doi.org/10.1093/plankt/fbt109
http://dx.doi.org/10.1021/acs.est.6b06169
http://dx.doi.org/10.1016/j.landurbplan.2014.09.001
http://dx.doi.org/10.1016/j.marpolbul.2016.10.002
http://dx.doi.org/10.1006/eesa.1995.1039
http://dx.doi.org/10.1038/srep44479
http://dx.doi.org/10.1371/journal.pone.0112522
http://dx.doi.org/10.1016/s0048-9697(02)00471-0
http://dx.doi.org/10.7717/peerj.4936
https://peerj.com/

	Assessment of the ecotoxicity of urban estuarine sediment using benthic and pelagic copepod bioassays
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


