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Introduction 
  

 Health workers may be the first to recognize and 
report occupational and environmental hazards. However, 
discussion of environmental health is curiously absent 
from the pre-medical curriculum, as environmental justice 
courses often center around social science or 
environmental science departments

1
. Biology faculty have 

an opportunity to engage future scientists and health care 
workers with environmental health issues in their 
communities.  This is particularly true of colleges and 
universities in environmental justice areas like New York 
City, especially commuter schools, where ties to home 
communities are strong

2
.   

 We present a model for incorporating environmental 
justice topics into the undergraduate biology curriculum.  
To broaden the possible application of this type of study, 
we chose local recreational water sources as the focus for 
our course. The water testing methods we propose are 
straightforward and can be done by students with minimal 
supervision using inexpensive commercially available kits. 
At St. Francis College, we have used water quality as an 
entry point to discuss topics related to microbiology, 
developmental biology, neurobiology, and gene 
expression.   The projects described here tap into 
institutional framework and college wide adoption of a 
ñsustainability curriculum,ò based on the United Nations 
Sustainable Development Goals

3
.  

 In order to investigate the roles of common 
environmental pollutants on neuronal development, 

undergraduates collected and analyzed samples from 
sites along Newtown Creek, one of the most polluted 
waterways in New York City and designated Superfund 
Site4,5. The students assessed each water sample for 
chlorine, copper, iron, hardness, nitrate, pH, and 
phosphates and cross-checked and augmented this data 
set with data from the US EPA

6
. Students used 

bioinformatics tools to predict the molecular targets of 
these pollutants and assessed the effects of observed 
pollutants on the gene expression and neuronal 
development of a vertebrate model system, the embryonic 
zebrafish.  The example we present here examines 
copper, based on elevated levels of this metal measured 
at a site close a studentôs home.  This initial finding 
resulted in an independent study led by that student, 
fulfilling one of the most important Jemez Principles, ñlet 
people speak for themselves

7
.ò  

 In the second case, students conducted a 
microbiology project (Battle of the Water Filters) to design 
and test the ability of homemade filters to limit bacterial 
contamination in samples from various bodies of water; 
compared to a commercially available LifeStraws to filter 
Enterococci spp. from water. Through actively visiting and 
conducting experiments on New York waterways, our 
students incorporate their course materials in the context 
of society.  We conclude by reporting on extramural 
student participation in water research with a local none 
governmental organization (NGO), The River Project, 
laying a framework for our students to be citizens and 
scientists after graduation.  

Water Quality Analysis Infuses Environmental Health into the Biology Curriculum 
 

Alison L. Dell1,2, Islam Mazaharul1, Maria Shapiro1, Zanna Shapiro1 and Kathleen Nolan1 
 

1
Department of Biology, St. Francis College, Brooklyn, NY 

2
Department of Neuroscience, Perelman School of Medicine, 

University of Pennsylvania, Philadelphia, PA 
 
 

Abstract 
 

 Neuronal and cardiac birth defects are correlated with water pollution by chemicals associated with agriculture and 
industry.  Infectious diseases, such as cholera are transmitted through contaminated water.  Human exposure to these 
contaminants may occur through drinking water, during contact with surface water in recreational areas, or as a result of 
flooding or other natural disaster. However, the role that environment plays in health is largely absent from the typical 
undergraduate biology major.  We present a model for incorporating topics of environmental justice and environment 
and health throughout the undergraduate biology curriculum.  Our aim was for students to perform research that was 
relevant to human health and their daily lives while adhering to the cell and molecular biology concepts that form the 
foundation of the pre-health curriculum.  Studies of local water sources were used as a model for study in first year as 
well as in upper level and independent study projects. A project that focused on Newtown Creek was included in 
molecular biology and bioinformatics courses. First year biology students conducted a microbiology project to assess the 
efficacy of homemade and commercially available filters in removing bacteria from different surface water sources.  
Finally we seek to connect our students with social change and environmental organizations outside of the classroom. 
Independent study summer students partnered with The River Project, a local NGO, Citizens Water Quality Testing 
program as part of a citywide endeavor to monitor bacterial levels in Hudson River water.  
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Neurons in Newtown Creek: Using a Local 
Environmental Justice Case Study for Cell and 
Molecular Biology 
 
 In recent years, New York Cityôs urban shorelines have 
undergone dramatic change concurrent with its Vision2020 
Waterfront Plan, turning away from industrial and towards 
residential and recreational use

8,9
. Newtown Creek, an 

estuarine waterway in New York City forms a border 
between Brooklyn and Queens. It is one of the most 
heavily polluted areas in New York City and has been 
designated an US EPA superfund site as a result of its 100 
year history of industrial manufacturing including refining, 
processing, and storage of petrochemicals, fertilizers and 
coal

5,10ï12
. Combined Sewage Overflows (CSOs) 

associated with the Newtown Creek water treatment facility 
discharge raw sewage along the waterway during heavy 
rainfalls

12
. The area is further contaminated by a large 

underground oil spill, resulting in a major lawsuit and 
subsequent settlement between the US EPA and 
ExxonMobil

4
.  Even as the creek maintains active industrial 

use, rapid development, a new ferry service, and odor 
abatement measures from the water treatment plant have 
all increased activity and community engagement in and 
around Newtown Creek. The settlement from the lawsuit 
created the Greenpoint Community Environmental Fund 
(GCEF), which has financially supported community 
engagement and environmental awareness and education 
around the creek

13
.   

 Health risk to those who live near the creek is a point 
of contention and mistrust between community members 
and government agencies

14,15
. Epidemiological analysis, 

typically correlated with postal codes adjacent to the creek 
does not directly measure exposure to the creekôs 
contaminated water, soils or sediment

16
. For example, 

analysis correlating emergency room visits for asthma with 
postal codes suggest higher asthma rates in some areas 
adjacent to the creek

16,17
.  For residents within half a mile 

of the waterway, the New York Department of Health 
observed an increased rate of central nervous system birth 
defects compared to the city as a whole

18
.  As these 

defects are rare, this increase was not found to be 
statistically significant. The same study recorded significant 
increases in the rates of lung and liver cancer in individuals 
living in close proximity to the creek. However other 
cancers typically associated with environmental toxins, 
such as kidney cancers, were not increased.

18
 These and 

other ongoing investigations highlight the complexity of 
how long term combinatorial exposure affects health19ï21. 

 
Materials and Methods 

 
Water collection and analysis for basic water quality 
testing:  Water sample of 0.5-1L were collected by hand 
and analyzed using LaMotte Water Monitoring Kit (5971-
02). Teams of students measured Ammonia Nitrate, Nitrite, 
Chlorine, and Phosphate and Dissolved Oxygen (DO).  If 
more than 24h had elapsed since collection, DO analysis 
was not performed. 
 

Water collection and analysis for coliform bacterial 
tests:  Coliform Bacteria culture tests were performed 
according to the manufacturerôs protocol in LaMotteôs 
Urban Water Quality Test Kit (Lamotte 5918). 
 
Water collection and analysis for the Citizens Water 
Quality Testing (CWQT) program:  Students collected 
water samples weekly from the Main Street Beach at 
Brooklyn Bridge Park; and transported the samples to the 
River Projectôs lab for analysis.  
  
Zebrafish maintenance:  Fish were maintained at 28.5 
degrees on a 12h light/dark cycle.  The day before 
embryos were to be collected, adult mating pairs were 
separated in mating boxes, either at room temperature, or 
in an incubator at 28.5. Zebrafish were analyzed at 1,2 and 
3dpf using a Moticam Camera and with its accompanying 
software.  
 
Identification of candidate genes: Candidate genes 
were identified using GEO datasets G2RTop250 analysis, 
after searching for parameters, pollution, PCBs, PAH, and 
organophosphate

22
. 

 
Dose response toxicology studies: Embryos were 
treated with (Copper II Chloride Dihydride) 1DPF in 4 
groups:  Control group (no treatment), 0.06%, .07%, 
and .08% Cu. 
Students searched the literature to determine an 
appropriate dose range to generate a dose-response 
curve, and treatments were subject to approval by the SFC 
Institutional Animal Care and Use Committee (IACUC).  
 
Water filtration efficacy studies: Students collected 
water samples and transported them to lab for filtration and 
subsequent serial dilution and plating of the water 
samples.  Colonies were plated them on nutrient agar (non
-selective), MacConkey agar (to select for gram negative 
bacteria), and Eosin Methylene Blue or EMB agar (also 
selective for gram negative bacteria). 
 

Results 
 
Newtown Creek and developmental defects  
 
 Here we describe how we used contaminants found in 
a local water body, Newtown Creek as a site of inquiry for 
undergraduate biologists. A full lesson plan with detailed 
methods is available upon request. Figure 1A presents an 
overview of the working process for this study. Briefly, 
students (1) collected water samples, (2) measured water 
quality, (3) verified results, (4) identified gene target 
candidates, and (5) predicted developmental defects from 
each pollutant.  In tandem to lab activities, students read 
government reports on the site, and toured the Newtown 
Creek Wastewater treatment plant to better understand 
issues of water quality and treatment within New York City.  
Water samples were taken from several points along the 
creek. Sampling locations (Figure 1B) were chosen based 
on accessibility, which is limited by private property from 
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commercial enterprises along the creek and also by 
bulkhead (concrete barriers which line the waterway)

10,11
.   

After sampling, students performed analysis of basic water 
quality parameters including pH, Nitrates, Phosphates and 
Hardness (Figure 2,3) in addition to metals such as lead, 
copper and iron.  Results were verified by consulting EPA 
and DEP data from matched sample sites along the 
creek

6,12
. It should be noted here that this exercise was 

meant to be a jumping off point for developmental analysis 
and prediction of gene targets not an end in itself; the 
GCEF has supported an extensive water quality project 
along the creek, SAMPLES, a partnership between the 
nonprofit Newtown Creek Alliance, and CUNY's 
LaGuardia Community College

23
. 

 Elevated copper levels were measured at sampling 
points near Maspeth, Queens; near to a student's home.  
The measurement was confirmed by repeated sampling 
and by verification with EPA's sampling data

4ï6
. Sampling 

sites were located near the Phelps Dodge Refining 
Corporation that refined copper and other metals from the 
mid-nineteenth to early twentieth century.  After shutting 

down the refinery in the mid1980's, the property was sold 
to the Post Office

24
. However, the contamination at the 

site was so great that the Postal Service was able to force 
Phelps-Dodge to re-purchase the site

25
. Phelps-Dodge 

remains a responsible party in the cleanup of Newtown 
Creek and the site remains contaminated with metals, 
especially copper as well as other pollutants.   
 In order to determine the effect of transient low-level 
copper on development, students performed a basic dose 
response assay to assess for markers of general embryo 
health (Figure 4).  For these studies we turned to the 
embryonic zebrafish, an established system for 
undergraduate research, developmental studies, and 
toxicology

26
. The students observed cardiac and neuronal 

developmental defects in embryos exposed to copper in a 
dose dependent manner.  Rates of heart edema in copper 
exposed embryos were significantly higher compared to 
unexposed control embryos (Figure 4B,C,E).  Significantly 
reduced mean body length could result from 
developmental delay as a result of copper exposure, 
inhibition of growth, or result from gene expression or 

Figure 1: Newtown Creek Environmental Case Study Overview. A.  Experimental overview, B.  Map of 
sampling sites, from right to left, Manhattan Ave, Bridgewater, Maspeth, and Plank Road. Not shown, 
Grand Ferry Park (East River Control Site).  Map modified from the Newtown Creek Alliance

10
. 
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Figure 2: Water quality testing results for sampling sites along Newtown Creek.  GF 
Grand Ferry Park (control),  MA Manhattan Ave, BR Bridgewater 49

th
, MP Maspeth 48

th
 , 

PR Plank Road.  Results indicate that water quality worsened with distance from the east 
river.   

Figure 3: Student results were corroborated and extended by EPA results.  A.  Students 
analyzed EPA data to assess detection of metals as well as poly aromatic hydrocarbons 
(PAHs).  Copper was detected in 60 of EPA samples.  B.  EPA maximum allowable limits 
of drinking water, compared to levels detected in Newtown Creek.  We tested transient 
low-level copper exposure using a concentration similar to the EPAôs allowable limits for 
drinking water.  
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redox changes in the developing embryo.  Inflation of the 
swim bladder is a general marker of later development and 
embryonic health

27
. Copper treated embryos failed to 

inflate their swim bladders at an incidence significantly 
different than control.  Taken together, these results 
suggest that low level transient copper exposure affects 
development generally, and results in a cardiac defect, 
heart edema. 
 Students selected candidate pollutants present in 
Newtown Creek from their own sample datasets or from 
EPA datasets with the aim of identifying molecular targets 
of these pollutants in keeping with the goals of the National 
Institute of Environment and Health and Department of 
Toxicologyôs Tox21

21
. Using open source bioinformatics 

tools candidate genes were identified using Gene 
Expression Omnibus (GEO) datasets G2RTop250 
analysis, after searching for parameters, pollution, PCBs, 

PAH, organophosphate and copper. (Table 1).  The 
National Center for Biotechnology Information (NCBI) 
provides a step-by-step tutorial for this resource, which 
helped students perform their analysis.

22
 Some students 

also used the Toxicology Database Digital Infrastructure 
for Chemical Safety (DiXA) to extend their findings (data 
not shown)28. 

  
The Battle of the Water Filters 

 
 Waterborne illnesses including cholera are a major 
health burden in developing countries.  The impetus for 
this project was based on a study by Huq et al.

29
 who 

found that, upon returning to a village in Bangladesh, 31% 
of the women used a filter to filter their drinking water, and 
of that group, 60% used sari cloth filters for household 
water. This filtering was able to remove 70% of the Vibrio 

Figure 4: Transient low level exposure to copper results in cardiac and general developmental defects.  A.  
Experimental overview showing time course of exposure and analysis.  B,C. Representative control and 
copper exposed fish at 2.5 days post fertilization (dpf), arrowhead indicates heart edema; quantified in E.  
Visible blood pooling in Cu

2+ 
-exposed embryos suggests heart defects persist. D,F. Dose dependent 

decreases in body length and swim bladder inflation suggests that copper exposure negatively impacts 
growth and development.  Statistical comparisons in C and D were calculated using the Fisher Exact 
Test.  Statistical Comparisons in B were calculated using a student t test (paired, two tailed).  
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cholerae bacteria present.  An even more effective filter, 
seasoned biosands, was used by Thompson and Gunsch 
(2015) that filtered up to 90% of Vibrio cholerae

30
. This 

was in response to the cholera epidemic that was 
associated with the environmental disruption caused by 
the earthquake in Haiti in 2010.  In the first year biology 
laboratory, analysis of these studies evolved into a 
discussion about the disproportionate impact of 
environmental disasters on disadvantaged communities 
worldwide.  Students responded by envisioning methods 
for water purification, especially for those who cannot buy 
fuel to boil water.  Thus the Battle of the Water Filters was 
launched between two General Biology lab sections. 
Students filtered surface water through homemade textile 
filters such as denim cloth, and cloth from a t-shirt, and a 
homemade filter made of cotton and a sandy soil mix.   As 
a control, students compared their homemade filters to a 
commercially available filter, Vestergardôs LifeStraws.  
These portable, personal 0.2 ÕM filters remove bacteria 
and parasites from contaminated water

31,32
. These 

devices evolved from Nylon mesh cloth filters designed to 
filter out parasites, like the Guinea Worm; and have been 
adapted for use by hikers in the U.S., but remain 
predominantly in use in developing countries and in the 
wake of environmental disasters such as Hurricanes 
Harvey and Maria

33ï35
. However, these filters are 

expensive and not always available; and textile filters 
could be as effective

36
. The first group of students did a 

Table 1: Identification of Gene Targets  Using 
open source gene expression datasets.  
Students performed GEO2R analysis to identify 
candidate neuronal genes that undergo a change 
in expression after exposure to polyaromatic 
hydrocarbons, persistent organic pollutants 
(POP), and organophosphates.   

Figure 5: Textile filtration of surface water.  A.  Study Overview.   B.  Map of NY Sampling 
Sites, Lewisville Lake, TX sampling site not shown.  C.  Positive Coliform tests for 
unfiltered water from a control site (Lewisville Lake, TX), Clove Lake, Staten Island, NY 
and the East River in Brooklyn Bridge Park, NY.   D.  Colonies from filtrates or unfiltered 
control were plated in serial dilution and counted by hand.  E-G. Fold change results for 
Twin Lakes, Brooklyn Bridge Park and Prospect park.  Full counts for all conditions 
shown in Table 2. 


