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Highlights

¢ n-alkanes were the main fraction in WAF, followed by toluene in the
aromatic group

e Main hydrocarbon components in the WAF show dissipation half-lives
between 65-200 h

e TPHs are significantly higher in the oil-impacted stream than in the
reference site

¢ Different sensitivity to WAF is determined on amphipods from both sites

e Freshwater species protection limit for WAF acute toxicity is below 0.5
mg L.

Abstract

Chemical and toxicological crude oil analysis was performed on water-
accommodated fraction of oil (WAF). This study characterized the chemical

composition of WAF and its dissipation over a period of 192 h. Acute (96 h) and
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chronic (14 d) toxicity of WAF were evaluated on Hyalella curvispina from both
reference (Los Barreales lake, LB) and hydrocarbon-contaminated (Duran
stream, DS) sites. The total hydrocarbon (TPHs) concentration in WAF was 2.18
mg L. The dissipation rates of hydrocarbons in WAF showed a first-order
kinetics, with half-lives ranging between 65 h-200 h. Amphipods from LB
showed acute and chronic LC50 values of 0.33 and 0.018 mg L%, respectively.
Amphipods from DS exposed to pure WAF showed no mortality in either acute
or chronic assays. Further biochemical and molecular research is required to
determine the mechanisms underlying the resistance to WAF exposure on DS

amphipods.
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1. Introduction

Physical and chemical characterization has often been adopted to monitor the
contamination levels of pollutants in various environments. They represent the
water or sediment condition at the time of sampling (Springer et al., 2010).
These analyses alone may not provide adequate information concerning the
biological effects of most pollutants, which are crucial for assessing
environmental quality (Long et al., 1995). Complementary to physical and
chemical analyses, bioassays are carried out to assess the relative potency of
a chemical or biological agent on living organisms. As a result, both bioassays
and physical and chemical analyses have been widely used in the assessment
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of environmental quality (Lee et al., 2005). Since the beginning of the 20™
century, due to rapid industrial development, the hydrophobic organic pollution
of the environment is one of the main ecological issues. In fact, the demand for
crude oil hydrocarbons represents a growing environmental concern throughout
the world due to the pollution problems derived from drilling, production and
transport of crude oil (Martinez-Jerénimo et al., 2005). Crude oil is a complex
mixture of aliphatic and aromatic hydrocarbons along with varying amounts of
sulfur, nitrogen, oxygen and trace of metals such as nickel, vanadium and
chromium (Law, 1993). The mixture composition depends on the source, age
and conditions of geologic formation (Finga, 2015). Petroleum hydrocarbons
can enter the aquatic systems either as products derived from petroleum
industry such as fuels, lubricating oils, or products of incomplete combustion in
exhaust emission (Muller, 1987). The dispersion of hydrocarbons in the
environment is very complex and includes continuous transfer among
compartments. Generally, low and medium molecular weight compounds of
crude oil solubilize on the water column and they eventually volatilize or degrade
along time. High molecular weight compounds have extremely low solubility in
water and they are deposited and accumulated in sediments (Brandt et al.,
2002; Sammarco et al., 2013). At the same time, petroleum hydrocarbons in
sediments can be transferred to the water and the air by geochemical
circulation, increasing secondary pollution (Ho et al., 1999; McLachlan et al.,
2002). There are little available data regarding the persistence of hydrocarbons
in the environment. Among petroleum hydrocarbon components, polyaromatic

hydrocarbons (PAHs) have environmental half-lives (t¥2) ranging from weeks for



the low molecular weight fractions to years for the high molecular weight
compounds (Brandt et al., 2002).

Oil contamination may cause serious problems to aquatic life. Most toxicological
research of crude oil contamination has revealed that its toxicity is mainly
caused by the water-accommodated fraction (WAF), rather than the dispersed
droplets of the fraction (Zhou et al., 1994). Although high molecular weight
compounds are the most toxic, the responsible agents for the toxic effects on
aquatic organisms are those with low molecular weight because of their higher
solubility in water and, as result, higher biodisponibility. The WAF is quite
different from the parent oil and the concentration of components depends
mainly on variables such as oil type, oil-water ratio, mixing time and exposure
temperature (Faksness et al., 2008; Maher, 1986). In consequence, this could
result in significant differences in their toxicity (Wells et al., 1993). Benthic
organisms may accumulate hydrocarbons directly from the water column or the
interstitial water from sediment as a consequence of chemical distribution
between them (Bhattacharyya et al.,, 2003). The intake of petroleum
hydrocarbons by organisms could be directly from water solution through gills
and integument, from contaminated food adsorbed onto particulate matter, or
directly from contaminated bottom sediments.

Pollutants such as petroleum hydrocarbons, among others, are able to cause
toxic effects on growth, survival, reproduction, trophic disorder and abundance
of aquatic organisms (Fleeger et al., 2003). As an environmental stress
response, susceptible species are replaced by the most tolerant ones, which
are able to adjust to the new conditions by physiological acclimation during the

sublethal exposures at some period of their lives (Klerks and Weis, 1987).



Among freshwater benthic organisms, amphipods have relatively high
sensitivity to environmental contaminants and are commonly used in
toxicological studies (Borgmann et al., 2005; Jergentz et al., 2004; Wheelock et
al. 2005). The freshwater amphipod Hyalella curvispina (Amphipoda:
Hyalellidae) has a wide distribution and is often the dominant invertebrate in
benthic communities of aquatic environments in South America, including
Argentina (Grosso and Peralta, 1999). In addition, they are important
bioindicators of aquatic ecosystem quality due to their favorable characteristics
such as high-density population, their role in the ecosystem and the breeding
simplicity at the laboratory (Lavarias et al., 2011). In recent years, H. curvispina
has been used as a test organism to evaluate the toxicity of various
contaminants in both laboratory and field conditions (Anguiano et al., 2008;
Giusto et al., 2012; Peluso et al., 2011).

Exploitation of energy resources is the main economic activity at Neuquén
province, northern region of Patagonia Argentina. Despite regulations and
monitoring programs, implemented at different stages of well exploration and oll
refinery processes, crude oil spills have frequently caused soil and water
pollution in the region (Secretaria de Estado de Ambiente y Desarrollo
Sostenible de la Provincia de Neuquén, 2013). Petroleum hydrocarbons, such
as naphthalene and pyrene, have been detected in water and sediment samples
from different Neuquén sites (Monza et al., 2013). Thus, the objectives of this
work were to: (i) characterize the hydrocarbons composition of freshly prepared
WAF and its dissipation over time; (ii) evaluate the acute and chronic toxicity of
WAF on H. curvispina collected from both an uncontaminated site and a highly

impacted stream.



2. Materials and Methods
2.1. Preparation of the WAF from crude oil and dissipation studies
The WAF was obtained from crude oil extracted from Chachahuen field, located
in the Neuquén basin at North Patagonia. The fraction was prepared following
the methods outlined by Heras et al. (1992), with some modifications. Crude oil
was added to filtered freshwater (1:100, v/v) in a 3 L glass flask and
homogenized at room temperature and in the dark, using a magnetic stirrer for
24 h at 60 rpm. The mixture was then transferred to a separation funnel, where
the layers were allowed to separate for 48 h. Finally, the WAF layer was
collected and stored at 4°C.
The dissipation study of WAF components over time was carried out in glass
flasks (1.5 L) at a constant temperature of 21 £+ 1 °C and 8:16 h (L:D)
photoperiod. Pure WAF samples (1.2 L) were placed in glass flasks and covered
with polypropylene lid to avoid the loss of highly volatile compounds. The
samples (one sample = 1 glass flask) were analyzed after O, 6, 24, 48, 96 and
192 h for hydrocarbons content. The samples were managed and treated for
hydrocarbon analyses as described above. The hydrocarbons dissipation (t%2)
were calculated by a non-linear regression program (Venturino et al., 1992),
using a simple exponential decay equation:

Y(©) = Y(0) eCLn2t/t1/2)
2.2. Study area
The study area included two sites in the Neuquén province, Los Barreales lake
(LB) and Duran stream (DS). The first one is an artificial lake where petroleum
hydrocarbons have not been detected (Monza et al., 2013) and located about
100 km (S 38° 45’ 34.4”, W 68° 72’ 91.8”) from the fruit-production area with
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null probability of pesticide exposure. Therefore, LB was considered as a
reference area in the province. On the other hand, DS originates from an
underground interconnection of an ancient course of the Limay River and flows
into it after travelling 10 km through the southern area of the Neuquén city (S
38° 58 20.60”, W 68° 06’ 03.10”). The flow of the stream stems from both
irrigation and alluvial drainages. Contamination with hydrocarbons occurred
sometimes into DS by clandestine industrial discharges settled on the margins
of the watercourse. Moreover, the presence of naphthalene and pyrene in water
and sediment from DS has been previously reported (Monza et al., 2013).
Upstream, DC site is surrounded by a few family orchards where farmers might
use agrochemicals to enhance the crop production. Therefore, pesticide
analyses were included in this site.

2.3. Field sampling and analytical methods

At each sample site, physicochemical parameters such as pH, conductivity,
dissolved oxygen and temperature were measured with a multiparameter probe
(Lutron YK 2001PH). Sediment and water samples were collected from each
sampling site according to standardized methodologies (EPA, 2007). Briefly,
water samples were directly collected in clean amber glass bottles (1 L), and
sediment samples were gathered with a stainless-steel scoop and placed in
glass jars (1 kg). Both samples were kept on ice while transported to the
laboratory. Water samples were processed immediately, and sediments were
cleaned from large debris such as gravel and organisms, homogenized by hand

mixing and stored in freezer at -20 °C until analyses.



2.3.1. Hydrocarbon determinations

Hydrocarbon analyses were performed according to the Method for the
Determination of Extractable Petroleum Hydrocarbons of the Massachusetts
Department of Environmental Protection (MADEP), EPH-04 Revision 1
(MADEP - Massachusetts Department of Environmental Protection-State
Agency, 2004). Water samples (1 L) were extracted according to the SW 846-
3510C method using 3 volumes of 60 mL of methylene chloride. Sediment
samples (10 g) were extracted according to the method SW 846-3550C, by
Soxhlet equipment with 150 mL of methylene chloride.

The extracts were concentrated on a rotary evaporator and the solvent was
exchanged with hexane. The fractionation of aliphatic hydrocarbons (AH) and
PAHs was carried out using a glass chromatographic column packed with pre-
activated silica gel. The AH fraction (F1) was eluted with 20 mL of n-hexane and
a second fraction (F2), for the separation of PAHs, was eluted with 20 mL of
dichloromethane. Each fraction was concentrated to 1 mL under a nitrogen
stream, transferred to a glass vial and quantified by gas chromatography (EPA
8015D).

The quantification of AH and PAHs was performed on an Agilent 6890 Gas
Chromatograph (GC), equipped with HP-05 capillary column and flame
ionization detector (FID). 1-Chlorooctadecane was used as surrogate standard.
The GC operating conditions were as follows: ramp 1, temperature at 95 °C,
rate of 15 °C min~; ramp 2, temperature at 300 °C, rate of 6 °C min™; ramp 3,
temperature at 35 °C, rate of 25 °C mint. Nitrogen was used as carrier gas.

Compounds were quantified by external standard method.



Water and sediment samples (10 mL and 10 g) for benzene, toluene,
ethylbenzene and xylene (BTEX) determinations were collected in septum-seal
vials (EPA 3810) and maintained at 70 °C until reaching equilibrium. Two mL of
the headspace gas was withdrawn with a gas-tight syringe and analyzed by
direct injection into a gas chromatograph. The detection limits (LOD) for water
and sediment analyses were: 13 ug L and 1000 pg kg* dry weight (dw) for
TPHSs; 5 ug Lt and 25 pg kg dw for BTEX; 1 ug Lt and 23 ug kg dw for PAHS.
2.3.2. Pesticide determinations

2.3.2.1. Organochlorines and Pyrethroids

Pesticide determinations from water samples were performed by liquid-liquid
extraction (EPA 3510C), with hexane as solvent. Compounds identification and
guantification were performed by gas chromatography on the Agilent 6890 Gas
Chromatograph equipped with HP-05 capillary column and electron capture
detector (LECD) by external standard (calibration curves).

Organochlorine and pyrethroid extraction from sediments was achieved in
conjunction with the hydrocarbons ones. Fractions F1 and F2 were pooled and
the solvent was exchanged to hexane. Finally, the chromatographic scheme
explained for water samples was followed. The GC run conditions were: 70 °C
initial temperature, ramp 1, 20 °C min-! to 160 °C; ramp 2, 4 °C min! to 270 °C,
with Nitrogen as carrier gas. The detected compounds were confirmed by HECD
by changing the HP-05 column by a HP-17.

The LOD were 0.001 pg L and 0.01 pg kg* dw for organochlorines, and 0.01

ug L't and 70 pg kgt dw for pyrethroids.
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2.3.2.2. Organophosphates and Carbamates

The extraction of organophosphates pesticides and carbamates in water was
achieved by solid phase (SPE) (EPA 3535A with modifications), with reverse
phase polymer cartridge (Strata™ Phenomenex). After drying in the air and
under a nitrogen stream, the cartridges were eluted with hexane and methylene
chloride. The extracts were concentrated and 250 pl of hexane was added. The
extracts were analyzed by gas chromatography with nitrogen-phosphorus
detector (GC-NPD). Identification and quantification of the compounds were
performed by calibration curves. Confirmation was performed by gas
chromatography coupled to mass spectrometer (GC-MS).

Sediment samples (10 g) were placed inside polypropylene columns with paper
filters. Eight mL of ethyl acetate were added to each column and sonicated in
an ultrasonic bath for 15 min. The columns were then brought to the filtration
system and the liquid extracts were collected in glass-graduated tubes at
atmospheric pressure, allowing a slow and steady trickling. After all the liquid
was collected, 8 mL of ethyl acetate were added and the procedure was
repeated. Finally, 2 mL of solvent were added to each final rinse column and
allowed to filter completely. The extracts were concentrated under nitrogen
stream to a volume of 10 mL and then transferred to a vial. Finally, they were
injected into a gas chromatograph equipped with a nitrogen and phosphorus
detector (NPD). The GC operating conditions were as follows: ramp 1,
temperature at 160 °C, rate of 20 °C min™; ramp 2, temperature at 240 °C, rate
of 4 °C min~* for 9 min. Nitrogen was used as carrier gas.

The LOD were 0.02 pug L™ and 7 pg kgt dw for organophosphates, and 0.03 g
Lt and 10 pg kgt dw for carbamates.
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2.4. Toxicity Tests

Amphipods H. curvispina were collected during summer from both LB and DS
sites and maintained under laboratory conditions for about 2 weeks before
performing bioassays.

Groups of ten adult amphipods were exposed to a range of WAF concentrations
in glass flasks (1.5 L). WAF was diluted in dechlorinated water to a final volume
of 1 L. The concentrations tested were 0.011; 0.022; 0.044; 0.087; 0.17; and
0.35 mg TPH L for acute tests (96 h), and 0.0007; 0.0014; 0.0027; 0.0054;
0.011; 0.022; 0.044; 0.087; 0.17; 0.35; and 0.70 mg TPH L for chronic tests
(14 d). Control groups were held in clean water without WAF. Assays were
carried out in semi-static conditions, with WAF replacement in the middle of the
exposure duration (48 h and 7 d for acute and chronic toxicity assays,
respectively). The tests were replicated five times on different days at a constant
temperature of 21 + 1 °C and 8:16 h (L:D) photoperiod. During the experiments,
the flasks were covered with polypropylene lid to minimize dissipation. Survival
was monitored daily, and dead animals were recorded and removed at each
time. Animals were observed under stereoscopic microscope and they were
considered dead if no movement of pleopods was visible during a 20 s
observation period.

Mortality data were analyzed by a non-linear regression logistic model based on
least squares difference iterative approach (Venturino et al., 1992). The general
logistic model included the survival percentage (%S) of the control groups,
together with the LC50 and the logistic slope (m) according to the equation:

% Mortality = 100 — [%S / (1 + (TPHs Concentration/LC50)™)]
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The mortality curve ranges from 100 - %S to 100%. If control survival was 100%,
the model was reduced to two parameters. The best model fitting to data was
determined by means of the Akaike’s criterion. From this approach, the LC1 and
LC10 were calculated as representative of No Observed Effect Concentration
(NOEC) and Lowest Observed Effect Concentration (LOEC), respectively
(Crane and Newman, 2000; Murado and Prieto, 2013).

2.5. Species Sensitivity Distribution

The effects of WAF on freshwater organisms were characterized by Species
Sensitivity Distribution (SSD) curve. Acute toxicity data (96 h-LC50) of WAF
from species of algae, crustacean and fish (EPA, 2017) were obtained from both
scientific literature and the present results. Only those bibliographic data that
fulfilled the following criteria were included: acute toxicity values (LC50) reported
as TPHs or equivalent, 48-96 h continuous exposure to WAF, developed in
freshwater, using as life stages: larval, juvenile, or adult (not embryos). When
more than one toxicological data was reported for one species, the geometric
mean value was used as the estimate for this species. Physicochemical
parameters should be also carefully controlled during the experiment and
control groups should be included (Wheeler et al., 2002). To develop SSD
curve, the species were classified in order of decreasing sensitivity and the rank
of each species was transformed to a percentile value (ECOFRAM, 1999). A
Probit model was fitted by linear regression on percentiles versus the log-
transformed LC50 values. The WAF concentration that would affect the 10%

percentile of species was estimated from the regression.
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3. Results

3.1. Physicochemical characterization of field samples

Physicochemical parameters were measured in both LB and DS sites. Water
from LB showed an average temperature of 19.9 °C, pH 8.15, conductivity
182.72 uS cm, dissolved oxygen 7.4 mg L. Sediment from LB consisted of
1.6% fine, 10.8% sand and 87.6% gravel, with an average organic matter
content of 1.66%. At DS, water exhibited an average temperature of 20 °C, pH
7.47 and a mean high conductivity of 1250 uS cm. DS sediment showed in
average 25.0% fine, 19.6% sand and 55.4% gravel, with a high organic matter
up to 10.2%.

At the reference site LB, hydrocarbons were only found in sediments (32.74 mg
kgt) and chromatographic analysis showed a predominance of high molecular
weight alkanes with odd-C chains. Instead, hydrocarbon concentrations at DS
were 0.028 mg L in water and 900.07 mg kg dw in sediments. The sediment
concentration of TPHs at DS was 27 times higher than the one at LB, showing
that DS area was heavily contaminated with n-alkanes. In both DS samples, the
majority of the n-alkanes were odd high molecular weight (n-Czs to n-Css).
Pesticides such as organochlorides, pyrethroids, organophosphates and
carbamates were below the detection limits in both sites.

3.2. Analysis of WAF composition and dissipation over time

The WAF was mainly composed of Co—Css n-alkanes, which comprised about
90% of hydrocarbon mass (Table 1). Other compounds found were single-ring
aromatic hydrocarbons (BTEX group: toluene, benzene, xylene, o-xylene and
ethylbenzene) and PAHSs, particularly naphthalene. Within the BTEX group,
toluene concentration was 10-fold higher than the other components.
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A simple exponential model was fitted using the dissipation data for each WAF
component (Fig. 1). Mostly estimated initial concentrations of WAF components
were similar to the measured values. However, TPHs estimated value was lower
than measured one (1.79 + 0.24 mg L* vs. 2.18 mg L in the WAF). The
estimated t¥2 of TPHs was 71 + 32 h. The estimated t% of toluene (65 £ 32 h),
benzene (76 + 16 h) and ethylbenzene (88 = 19 h) were similar. On the other
hand, m- and p-xylene showed a t%2 (128 £ 25 h) significantly higher than those
of toluene and benzene. Finally, o-xylene showed the highest t% (217 + 45 h),
and it was significantly different from the other components. Particularly,
naphthalene t¥2 could not be estimated because in the first 6 h the concentration
was below the detection limits.

3.3. Toxicity tests

WAF concentration-mortality data from LB population and the fitting to the
logistic model are shown in Fig. 2. Estimated 96 h-LC50 value for acute toxicity
was 0.33 mg L (0.24-0.41). From the fitted equation, NOEC and LOEC values
were estimated in 0.43 x 103 mg L (0.071 x 10-3-1.52 x 10°) and 0.014 mg L
(0.0049-0.028), respectively. Analyses of chronic toxicity data revealed a 14 d-
LC50 of 0.018 mg L (0.015-0.021). The NOEC and LOEC values were 0.00081
x 10 mg L (0.000092 x 10-3-0.0040 x 107) and 0.00015 mg L* (0.000048-
0.00035), respectively. In both acute and chronic assays, the low slopes were
indicative of a high heterogeneity in the response to WAF on LB population (0.69
+0.13; 0.46 £ 0.08). Amphipods collected at DS showed no mortality at all, even
at the pure WAF exposure, either at acute or chronic assays. Based on these

results, amphipods from the LB site showed greater susceptibility to WAF than
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those from DS. The control survival was 100% and 84.4% in acute and chronic
assays, respectively.

3.4. Species Sensitive Distribution

Probability of potential WAF effects on aquatic species were obtained from SSD
curve (Fig. 3). A total of 13 toxicity data points, including LB native species, were
used in the development of SSDs. A Probit model was fitted to data, with a R?
value of 0.97. The highest susceptibility to WAF was detected on H. curvispina
from LB. Furthermore, crustaceans were the most sensitivity among the aquatic
invertebrates, except for Mysidopsis almyra. The concentration that would affect
the 10" percentile of aquatic species was estimated in 0.47 mg L™! from the fitted
distribution equation, showing that 96 h-LC50 of LB H. curvispina was below
this endpoint.

4. Discussion

The reported composition and concentration of hydrocarbons present in WAF
from different crude oils are highly variable. The concentration of WAF depends
mainly on variables such as the oil type, oil-water ratio, mixing time and
exposure temperature (Faksness et al., 2008; Maher, 1986). The TPHs in WAF
obtained in the present study was 2.18 mg L. Lavarias et al. (2004) reported a
concentration of 3.41 mg L%, using the same preparation methodology for WAF
from Punta Loyola crude oil. Neff et al. (2000) indicated concentrations varying
from 0.008 to 38.31 mg L for different Australian crude oils. The analysis of
WAF from the present study also showed high concentrations of BTEX and low
concentrations of PAHs. A similar composition has been reported elsewhere
(Anderson et al., 1974; Lavarias et al., 2004; Simonato et al., 2008). Conversely,
other authors have found high concentrations of PAHs in WAF, where
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naphthalene represents the highest percentage of them (Neff et al., 2000;
Rodrigues et al., 2010).

The dissipation analysis of WAF hydrocarbons from the present study showed
a small initial amount of naphthalene, with a fast decline below the detection
limits after the first 6 h. Other authors have also showed an important decrease
in naphthalene concentrations measured in water after 24 h (Laughlin et al.,
1978). The vapor pressure is an important property involved in the behavior of
PAHs in the environment. The PAHs with high vapor pressure such as
naphthalene (11 Pa at 25 °C) will tend to be associated with the vapor phase,
while those with lower vapor pressure will tend to be absorbed to particles
(Abdel-Shafy and Mansour, 2016). Despite their low persistence due to the high
volatility, it is also bioavailable and may cause toxicity effects in many organisms
(Smreczak et al., 2008).

The dissipation rate of WAF hydrocarbons from the present study showed a
first-order kinetic. O-xylene was the individual component in the WAF that
exhibited the highest t¥2, which correlates with its low vapor pressure. Toluene
showed the lowest t¥2 value (60.64 h). However, its higher concentration within
the BTEX group could be an important component of the toxic effects until its
complete dissipation at 192 h. Previous studies have indicated that toluene
rapidly volatilizes from water to air, with a short t*2 at room temperature (25 °C).
However, the volatilization rate depends on conditions of the water body and
the atmosphere (U.S. Department of Health and Human Services. Agency for
Toxic Substances and Disease Registry, 2015). Both xylene and o-xylene

showed higher t¥2 than the other components.
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The concentration of TPHs found in LB sediments was 32.74 mg kg? dw and it
was mainly composed by high molecular weight alkanes with odd-C chains.
These results were in accordance with previous studies from the area (Monza
et al., 2013). In general, odd alkanes come from biogenic sources while even
alkanes are derived from the anthropogenic sources. Within the odd alkanes, n-
Cis, n-Ci7 and n-Cig are produced by marine biogenic sources whereas n-Cas-
n-Css hydrocarbons are from vascular plants (Rielley et al., 1991; Sakari et al.,
2008). Sediment samples collected from DS showed a high concentration of
TPHs (900.07 mg kg* dw). Both PAHs and BTEX were below the detection
limits, although previous studies showed concentrations of naphthalene and
pyrene at 40 ug kg dw and 50 pg kg? dw, respectively (Monza et al., 2013).
These authors attributed the high levels of hydrocarbons in sediment and water
to anthropogenic activity.

According to the great variability in the petroleum composition and the
preparation methods of the WAF, toxicological results with WAF are difficult to
compare. To obtain reproducible and comparable WAF from crude oils for acute
and chronic toxicity studies, variables such as oil-water ratio, mixing and
decantation time need to be controlled (Maher, 1986). Also, fresh preparations
are required for assays to avoid WAF concentration changes that may occur
during storage (Heras et al., 1995).

In the current study, both acute and chronic effects of WAF on a native
amphipod are reported. H. curvispina population collected from a reference area
(LB) proved to be highly sensitive compared with the one inhabiting an urban
zone (DS). In fact, amphipods from DS survived to pure WAF in both acute and
chronic assays. The difference in the toxicity may result in the acquisition of
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increased tolerance by physiological acclimation, genetic adaptation or
maternal effects. Non-genetic changes (physiological acclimation), such as
detoxification by induced enzyme activity have been detected in invertebrates
(Poupardin et al., 2008). In the other hand, resistance development has been
shown in amphipods (Anguiano et al., 2008; Shahid et al., 2018; Weston et al.,
2013). Wolf and Wade (2009) defined maternal effects as the causal influence
of the maternal genotype or phenotype on the offspring phenotype. Rahman et
al. (2010) observed tolerance transmitted by maternal effects in field populations
of diamondback moth.

Despite the differences in the composition of different WAF of oils, LB population
has shown to be more sensitive than other amphipods, such as adults of
Gammarus fasciatus, which have a LC50 of 0.80 mg L* (Mayer and Ellersieck,
1986). Higher 96 h-LC50 values were reported for other crustaceans such as
Homarus americanus (0.86 mg L) (Wells and Sprague, 1976) and Mysidopsis
almyra (7.65 mg L) (Anderson et al., 1974). Within BTEX group, toluene was
the major component of WAF with a concentration of 0.24 mg L. Acute toxicity
data of toluene from ECOTOX vary from 447 mg L' (Gammarus minus) to 58
mg L (Diaptomus forbesi) for crustaceans, whose values are several orders of
magnitude higher than WAF acute toxicity (0.31 mg L to 7.65 mg L1). This
could indicate that the mixture of compounds present in the WAF is more toxic
than the individual compounds. The exposure to chemical mixtures of differing
solubility, likely produce reactions that may not be associated with the individual
chemicals. Generally, exposures to chemical mixtures produces an effect

greater than the sum of their individual effects (Zeliger, 2003). Synergistic
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effects were found in amphipods (Boese et al., 1999) and in fish early life-stage
for polycyclic aromatic hydrocarbon mixtures (Barron et al., 2004).

The aim of SSD is to determine the concentration of a toxicant that is protective
of most species in the environment. The concentrations corresponding to 10 of
the affected species in the SSD curve should be paid special attention because
the former ascertain the safety for most species below the corresponding
concentration (Xin et al., 2015). The 10" percentile of the distribution of acute
toxicities to species is generally used as the assessment endpoint according
with the Aquatic Risk Assessment and Mitigation Dialog Group (SETAC, 1994).
Although the SSDs are frequently used in ecologic risk assessments for the
formulation of water quality guidelines (Wheeler et al., 2002), their use in oil
regulation and impact assessment has been limited. Previous studies have
shown that the development of oil SSDs is feasible and can be useful to evaluate
species sensitivity to oil (de Hoop et al., 2011; Smit et al., 2009). In addition,
Barron et al. (2013) developed SSDs for 5 different oils and combined oil, and
their findings showed similar 5" percentile hazard concentrations values for
crude oils. These results suggest that oil SSDs is feasible combining toxicity
values from different oils. In the present study, the resulting 10™ percentile value
from SSDs could then serve as the basis for establishing toxicity benchmarks.
In this sense, the present results suggest that TPHs concentrations in
freshwater must not exceed 0.5 mg L to avoid acute mortality in more than a
10% of total aquatic species. A maximum allowed concentration of 50 ug TPHs
L1 is proposed as an environmental quality standard for seawater (Tiganus et
al., 2016). Considering that relatively long term exposures may arise from oll
spills or drill operations, chronic effects have to be considered. Endpoints from
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H. curvispina bioassays suggest that TPHs concentrations in the order of 10 ug
L1 are enough to cause adverse effects (14 d-LC50), while 0.2 pg L should
not be exceeded to avoid chronic toxicity for this species.

5. Conclusion

The 96 h-LC50 value of H. curvispina from LB, comprised within the 10"
percentile estimated from the SSD, indicates its high susceptibility to WAF
compounds from oil contamination. Nevertheless, the occurrence of a decrease
susceptibility to WAF of amphipods from DS may result in the acquisition of
increased tolerance. Further biochemical and molecular research is required to
determine the mechanisms underlying the toxicity of this species to WAF
exposure. The SSD may be a reasonable approach to establish oil toxicity
benchmarks, but additional toxicity data for aquatic species are needed

performed in standardized test conditions.
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Figure Captions

Fig. 1. Dissipation rates of WAF components over time.
Total petroleum hydrocarbons (TPHs) and BTEX were analyzed by gas
chromatography and simple exponential decay models were fitted to data (solid

lines).

Fig. 2. Acute (A) and chronic (B) toxicity of WAF on Hyalella curvispina from LB.
Mean toxicity data (N = 5 or higher) with SD are shown for WAF concentrations,
expressed as TPHs. Logistic mortality models were fitted to data using a non

linear regression approach (solid lines).

Fig. 3. Species sensitivity distributions for TPHs. Toxicity value for H. curvispina

(native species) is identified.
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Table 1

Composition of WAF extracted from Chachahuen crude oil.

Concentration

Hydrocarbon (mg LY
TPHs Co-Css 2.18
BTEX Benzene 0.025
Toluene 0.24
Ethylbenzene |0.021
m- p-Xylene 0.029
o-Xylene 0.018
PAHs Naphthalene 0.022
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