
Mary – Environmental Engineering 
Most city-dwelling people take their access 
to running water for granted. They send 
water down a drain or flush a toilet and 
don’t think all that much about what 
happens to it next. But pause for a moment 
and consider all of the wastewater that 
humans create. What do we do with it, and 
how do we make sure that it doesn’t harm 
our environment? 

Mary Foltz is an Assistant Professor of 
Environmental Engineering at Oklahoma State 
University, and she thinks a lot about these 
questions. Humans have, of course, created lots 
of ways to deal with waste. Mary looks for ways 
to make those systems better by reducing their 

environmental impact. One of the projects Mary is working on is a collaboration with a 
wastewater treatment plant in Stillwater, Oklahoma. One of the waste products it creates are 
known as biosolids: solid human waste (yes, that’s exactly what you think it is) that has been 
treated but still needs to go somewhere. It can be put in a landfill, but one of the options that 
Mary is investigating is whether it makes more sense to spread it on agricultural fields to help 
grow crops (don’t worry, those crops would be intended for animal food, not human). 
 
Why would you do this? Biosolids (like manure) are high in the nutrients (e.g., nitrogen, 

phosphorus) that plants need to 
grow. People often apply 
fertilizers (like manure) 
because the soil doesn’t have 

Plants need more than just water and sunlight to grow. They 
get their carbon from the air (from photosynthesis) but also 
need things like nitrogen, phosphorus, and potassium – 
which they usually get from the soil. But how did they get 
into the soil in the first place? Those elements are present in 
all living things, including their waste products (e.g., 
manure). When things die and decay, those elements will end 
up in the soil as well. In a stable ecosystem, they will cycle 
through different organisms but stay in the system. However, 
when you grow crops for food, things work differently. 
Those elements move from soil to plants, but then humans 
harvest the plants and those elements are taken out of the 
system. People found out the hard way that if you do that too 
many times, you’ll “deplete” a field and it won’t be able to 
grow much of anything. People add fertilizers to their fields 
to avoid that problem (and also to just grow bigger crops). 

The Wastewater Treatment 
Plant in Stillwater, OK 



enough of those nutrients for plants to grow well. But fertilizers can also be a real problem if 
they end up in our water supply (groundwater or surface water). Using biosolids to grow crops, 
then, puts those nutrients to “good” use rather than having them become a problem.  

But environmental impacts are never simple. If you add biosolids to a field, you might be solving 
some issues when it comes to nutrients, but what other problems might be caused? For example, 
are there toxic substances in the biosolids that could get from the field into the soil or the water 
supply? 
 

“The overall goal is to really look at this at the system level. If we take the biosolids and 
put them in a landfill versus take them and put them on land, what is overall difference 
in the environmental impact for these two systems?” 
 

Analyzing a System 
When you’re looking at something as complicated as the environment, you can’t look at 
everything. You have to make some informed choices about what you’re going to pay attention 
to (and what you are not). 

“You need to identify your system boundary and really think about what inputs and 
outputs you are going to consider. There are about ten common categories that people 
choose to look at. Climate change is the most common, and then there's ones like 
eutrophication, toxicity, acidification, ozone depletion, things like that.”

Systems and system boundaries are important for many engineering fields. You can think of 
a system as a box, and inside the box are all of the parts and processes that you are going to 
think about. A landfill is a useful example. Some things come into the box, some leave the 
box, and some stay in the box. For a  
landfill, the hope is that most of the stuff  
we put in just stays in the box. But it doesn’t  
always work that way.  
 
Certain things are going to leave the system,  
and when you’re thinking about environmental  
impact, that’s what you’ve got to figure out.  
You don’t necessarily need to know every  
detail about what’s going on inside the system;  
instead, your focus will be on understanding  
how things come in (inputs) and out (outputs).  

1. If nutrients are “good things,” why would it be a problem if they ended up getting into 
our waterways? What problems might those nutrients cause? 

2. Farmers always add some kind of fertilizer to their fields (see box above). If not manure 
or biosolids, it will be some kind of “chemical” fertilizer. How do you suppose chemical 
fertilizers are different, and where do you suppose they come from? 

 

3. If you were to think of your own home as a system, what are some examples of inputs 
and outputs that are relevant when thinking about environmental impacts? 



 

Greenhouse gas emissions are one of the outputs that Mary is investigating with the biosolids 
project. The most familiar greenhouse gas is carbon dioxide [CO2] but it also includes things like 
methane [CH4] and nitrous oxide [N2O]. There are important advantages of using the biosolids to 
grow crops in terms of CO2: 
 

“I’m looking at all the steps that we’re bypassing by applying the biosolids to the field. 
We don’t have to use a truck to drive it to a landfill, so that’s going to decrease CO2 
emissions. We’re also not going to have to create more fertilizers, which is a really 
energy-intensive process and going to create a lot of CO2… But then there’s the bigger 
question of what other potential environmental impacts we are decreasing or increasing 
with this scenario.” 
 

So, greenhouse gases will be just one of several outputs that Mary will consider. At the end of 
the analysis, her goal is to compare the two strategies (putting biosolids in a landfill versus a crop 
field) across a whole range of outputs (CO2, metals, acids, nitrogen, etc.) to assess the differences 
in their overall impacts (on climate change, toxicity in the environment, etc.). It’s very unlikely 
that one strategy is going to be better in every single way. There are also things to think about 
beyond the environmental impact – cost is a big one. Choosing one approach over the other 
means weighing all those different advantages and disadvantages against one another. 

In the end, the choice is up to people who run the wastewater treatment plants. Mary hopes that 
her analysis will help those people make better decisions. 
 

“With this biosolids project, we have a field site here in Stillwater that is doing it and if 
we find that it is a better practice then we can pitch it to other cities and try to promote 
it. Right now, it's just an isolated effort. But if it’s good, we can try to show others that it 
can benefit them financially and also benefit the environment.” 

 
Measuring Impacts 
How would you know how much CO2 a system will release into the atmosphere, or how much of 
a nutrient will end up in our streams? A good starting point is to see what other people have 
already done. Some people have measured these things before and compiled their results in 
databases that you can access. But, they might not have everything you need to know.  
 

“For instance, the effect of adding those biosolids to the soil is not something that people 
have studied.” 
 

In that case, you’re going to have to and measure it yourself, which is exactly what Mary is 
doing. The treatment plant that she is working with has been putting biosolids on fields for a 

4. How might you go about weighing the advantages/disadvantages of different options in 
a thoughtful way? How do you decide which ones are more important than others? 

5. Doing a systems-level analysis helps you to evaluate different options, but how might it 
also help engineers figure out how to improve how a system is designed? 
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little while now (they’ve even been making some money off the crops they’ve been growing!), 
but they need to collect more data to know what the impacts are.  

Mary collects gas, water, and soil 
samples from the fields to take back to 
her lab. She uses instruments to 
measure the content of each sample. 
For instance, nutrients and metals in the 
soil, greenhouse gases in the gas 
samples, and contaminants in the water. 
 
All of this data collection work might 
sound more like science than 
engineering, and Environmental Engineering and Environmental Science are similar in many 
ways. But there are still some important differences. Mary actually began her studies in 
Environmental Science, but found herself drawn to Environmental Engineering because it is 
more directly focused on addressing practical problems.  

 
“I really like balancing different needs and trying to think, not just about the science and 
what could possibly work there, but what is economically feasible and what people are 
willing to accept. What drew me to engineering was it seemed like they were thinking 
broadly and big picture for society and ways to find a solution.” 

 

Biosolids have been placed on this field, and those 
metal cylinders are collecting samples 

6. If Environmental Engineering focuses more on practical problem-solving, then what do 
you suppose would be the focus of Environment Science? 


