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a b s t r a c t

Rivers in the arid Western United States face increasing influences from anthropogenic contaminants due
to population growth, urbanization, and drought. To better understand and more effectively track the
impacts of these contaminants, biologically-based monitoring tools are increasingly being used to
complement routine chemical monitoring. This study was initiated to assess the ability of both targeted
and untargeted biologically-based monitoring tools to discriminate impacts of two adjacent wastewater
treatment plants (WWTPs) on Colorado's South Platte River. A cell-based estrogen assay (in vitro, tar-
geted) determined that water samples collected downstream of the larger of the two WWTPs displayed
considerable estrogenic activity in its two separate effluent streams. Hepatic vitellogenin mRNA
expression (in vivo, targeted) and NMR-based metabolomic analyses (in vivo, untargeted) from caged
male fathead minnows also suggested estrogenic activity downstream of the larger WWTP, but detected
significant differences in responses from its two effluent streams. The metabolomic results suggested
that these differences were associated with oxidative stress levels. Finally, partial least squares regression
was used to explore linkages between the metabolomics responses and the chemical contaminants that
were detected at the sites. This analysis, along with univariate statistical approaches, identified signifi-
cant covariance between the biological endpoints and estrone concentrations, suggesting the importance
of this contaminant and recommending increased focus on its presence in the environment. These re-
sults underscore the benefits of a combined targeted and untargeted biologically-based monitoring
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strategy when used alongside contaminant monitoring to more effectively assess ecological impacts of
exposures to complex mixtures in surface waters.

Published by Elsevier Ltd.

1. Introduction

There is growing recognition that chemical monitoring alone
does not provide sufficient information to adequately assess the
risks from anthropogenic chemicals in the natural environment.
This is particularly true for contaminants of emerging concern
(CECs), some of which have been shown to cause endocrine
disruption in laboratory experiments at levels below their analyt-
ical detection limits (Parrott and Blunt, 2005). Many CECs, including
widely-used pharmaceuticals and personal care products, are not
always effectively removed by wastewater treatment plants
(WWTPs) (Ternes, 1998); thus, they occur in the aquatic environ-
ment as constituents of complex mixtures whose composition
changes over time and location. It is important for risk assessors to
better understand the cumulative impacts of these mixtures, and
this information cannot be provided by periodic chemical moni-
toring alone.

The need to understand the biological impacts of CECs is
particularly pressing in the arid Western region of the U.S., where
the flow in many rivers can be dominated by WWTP effluent
(Patten, 1998; Woodling et al., 2006), particularly in years with low
snowfall. In these situations, the levels of CECs and other stressors
can increase dramatically, potentially producing adverse impacts
on fish and other aquatic wildlife. For these reasons, we have un-
dertaken a multi-year integrated biological and chemical field
investigation, where fathead minnows (FHM; Pimephales promelas)
were cage-deployed for five days below and above two urban
WWTPs, and also at a reference site in the South Platte River
watershed in Colorado, during low flow periods. A primary goal of
these studies was to test the efficacy of both targeted and untar-
geted effects-based monitoring (EBM) tools for characterizing po-
tential ecological impacts. Because the sites were expected to be
estrogenic, vitellogenin (vtg) mRNA abundance in the livers of male
FHM was examined. We also applied a recombinant in vitro
bioassay using T47D-KBluc cells to quantify the estrogenic activity
of water collected from the various study locations (Wilson et al.,
2004). In addition to these targeted approaches focused on estro-
genic activity, an untargeted metabolomics analysis that could
detect perturbation of a broader range of biochemical pathways
was employed.

Here we present results from these analyses for the field study
conducted in September 2013. The exposure scenario from this
study provided a rich opportunity to evaluate these EBM ap-
proaches for assessing the impacts of CECs. For example, one of the
WWTPs serves a relatively smaller population and also uses bio-
logical nutrient removal prior to discharge. The otherWWTP serves
a much larger population and employs less advanced treatment
technology (at the time this study was conducted). In addition, this
WWTP discharges using two separate outfalls that receive different
levels of influent and also utilize different levels of treatment. Our
deployments were designed to test whether these EBM tools would
discriminate biological activities associated with these different
treatment scenarios.

In addition to carrying out EBM, chemical monitoring was
conducted using water collected at all of these sites. Analyses for
CECs (pharmaceuticals, personal care products, pesticides, etc.),

common wastewater indicators, steroid hormones, and inorganic
chemicals were performed. In addition, we measured a group of
water quality parameters, which, if out of normal ranges, could
serve as non-chemical stressors for fish (e.g., pH, temperature,
dissolved oxygen, etc.). Finally, partial least squares (PLS) regression
was used to determine the extent of covariance between these
chemical and water quality measurements and the metabolite
profiles. This approach is effective at prioritizing stressors accord-
ing to the extent towhich they are eliciting biological responses at a
given site (Davis et al., 2016). Such information could help inform a
wide range of environmental monitoring programs, and may allow
improved decision making regarding the prioritization of contam-
inant monitoring and remediation efforts.

2. Materials and methods

2.1. Study design

Two WWTPs that release effluent into the South Platte River
were selected for this study (Fig. 1). Both WWTPs (W1 and W2)
used primary and secondary treatment (activated sludge), solids
removal, and disinfection with chlorine. Site W1 received approx-
imately 18 million gallons per day (MGD) and has aerobic nitrifying
trickle filters and a de-nitrification process for nutrient removal.
W2 received approximately 100 MGD and has two treatment
complexes (South and North). At the time of this study, the North
complex (W2-N) received twice the amount of influent as the South
complex (W2-S). W2-N treated influent nitrogen using nitrification
whereas W2-S employed ammonification.

To assess fish responses to the effluents from these WWTPs,
sexually-mature (6-8 month-old) male fathead minnows (Pime-
phales promelas) were deployed in cages in proximity of the two
WWTPs, and at a relatively unimpacted reference site (REF). Spe-
cifically, after acclimation (approximately 48hrs. following over-
night shipment from the U.S. EPA Aquatic Research Laboratory in
Cincinnati, OH), fish were deployed at W1, W2-UP, W2-N, W2-S,
and REF using PVC cages (15 fish per cage; one cage per site) with
mesh on both ends (Fig. 1). Note that previous chemical and hy-
drologic analyses at these sites have shown that very little mixing
of the effluents occurs between W2-N and W2-S, and that REF was
located in a large, relatively unimpacted, creek that flows into the
South Platte (Fig. 1). There are no major WWTPs upstream of REF,
and no evidence of estrogenic endocrine disruption at this site
(Woodling et al., 2006); thus it was used as the “control” for eval-
uating the impact from theWWTPs in that it takes into account any
stresses on the fish as a result of being cage-deployed, and it most
closely reproduces the (non-chemical) field conditions of the
various test sites. Deployments occurred from September 5th
through September 10th, 2013 during seasonal low-flow condi-
tions. Flow data at each site including the percent contribution to
total river flow from theW2-N andW2-S effluent streams (data for
the W1 percent contributions were not available) are provided in
the Supporting Information (Table S1). A storm event occurred on
the last day of the deployment. However, fish were removed from
the sites and the five-day grab samples were taken prior to in-
creases in flow.

D.R. Ekman et al. / Environmental Pollution 239 (2018) 706e713 707



Download English Version:

https://daneshyari.com/en/article/8856490

Download Persian Version:

https://daneshyari.com/article/8856490

Daneshyari.com

https://daneshyari.com/en/article/8856490
https://daneshyari.com/article/8856490
https://daneshyari.com

