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COWS, PEOPLE AND GROUNDWATER QUALITY 

Dr Mark BorchardtAB 

 
A United States Department of Agriculture 

B Corresponding author email: mark.borchardt@usda.gov  

 

 
 
Transcript from Dr Mark Borchart (4th May 2021, NZ Land Treatment Collective Conference, 
Palmerston North) 
 
I'm going to talk about cows, people, and groundwater quality here in the upper Midwest in my 
home state of Wisconsin, and a couple of studies that we've done. 
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Of course it's not just me doing this work, it's a large research team, that have participated in this. 
People that I've had a real joy to work with Mareen, Sue, Randy, Joel, Aaron, Dave, Divina, and the 
biostatistician on the team that has been with me for about 20 years; Bernie Kiki. This is a large team 
effort between the USDA and USGS and our joint laboratory is called the laboratory for infectious 
disease, the environment or LIDE. 
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I'm going to give three points today, three key points stemming from two studies. That's how the 
talk is organized. The first point is that septic system density is related to private well, contamination 
in north-eastern Wisconsin, where we did the study. By septic system density, I mean the number of 
septic systems in an area surrounding a household private well. 
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First of all what we need to do is clarify what I mean by septic systems. Primarily for the studies I'm 
talking about there have been two, what we would call a conventional septic system, which is a tank 
with a drain field. The other portion I'm going talk about is a holding tank, where there is no release 
of effluent to the land, or to the subsurface. Instead, the household effluent grey water and black 
water is retained in the tank and then it's periodically pumped, usually once a month or so. What I 
don't know for New Zealand, I know you call them on site wastewater management systems. I'm not 
sure how many drain fields you have, I'm not sure how many of holding tanks you have. I can't tell 
you that for the studies I've been involved in with septic systems, it's rare for us to have a secondary 
treatment system, or an aerated system. There will be a few in this study, but it's rare. 
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So this first study I'm going to talk about occurred in one county, In my home state of Wisconsin. The 
name of the county is Kewaunee County. Here's a picture of the states. Here's Wisconsin, my home 
state. The study occurred in this county right along Lake Michigan. This is work that occurred in this 
one county. 
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This county has had some groundwater quality issues. These brown water events that these two 
little granddaughters of my friend Chuck Wagner, after they filled their tub, they saw one of these 
happen. Brown water events are a euphemism for cattle manure coming out of the tap. I'm going to 
talk about some fairly sophisticated genetic methods today for this particular event. When this 
happens, you really don't need any fancy genetics, you can just use your rural nose and smell the 
manure coming out of the tap. This has been happening periodically in this county. It tends to 
happen when there's groundwater recharge, when the groundwater is rising, especially during snow 
melt in our spring. There have been disease outbreaks associated with these events, 
enterohemorrhagic E. coli and Campylobacter jejuni. These things are not happening in dug wells or 
noncompliant wells, they're happening in new wells. This has created a fair amount of controversy in 
this county. 
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The reason these happen is because of this highly productive, yet vulnerable aquifer. The Silurian 
and dolomite aquifer that encircles the Great Lakes in the United States. It's the water supply for 
millions of people in both Canada and in the United States. The reason it's productive is it's dolomite 
is fractured and has the ability to retain water, but its benefits are also its Achilles heel in that it is 
vulnerable to contamination from the surface. This road cut here shows some of the horizontal 
fractures, where waterflow can be as fast as 100 feet per day. Then this cut Alfalfa field shows the 
vertical fractures that are in place where the Afalfa that is more deeply rooted after cutting appears 
more green, so you can see these vertical fractures and horizontal fractures. This has resulted in as I 
said, a productive aquifer but vulnerable aquifer. I tried to look up in New Zealand, how much of 
your aquifers are dolomite or limestone and I have to say I was unsuccessful. I didn't figure that out. 
But my guess is that for the flow rates that we have here in this sort of fractured limestone, of 
hundreds of feet per day, you probably see similar flow rates for your alluvial sand and gravel 
aquifers. So that's aquifer supplying this county that we're studying. 
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On top of the landscape the dairy industry has really taken off. It's a wonderful climate for dairying 
because of the Lake Michigan onshore and offshore breezes that help keep the cows comfortable. 
The population of cattle calves is about 100,000, milking around 46,000, and 167 herds. We have 
these concentrated animal feeding operations of which one is pictured here to the right of 15 dairy 
one beef. And if you do the math, for the amount of manure and urine produced by these cattle, it's 
about 700 million gallons of cattle manure per year. All of this is land applied. It's all it's all applied to 
the landscape and various crop fields. So that's one faecal source. 
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The other faecal source are the septic systems in this county. This is a highly rural county, it's an 
agricultural County. There's very few villages. Most people live in a home with a private well and a 
septic system. There's about 5000 septic systems in the county. If you subtract off the holding tanks 
and those that are abandoned. If you do the math for the number of people in each household, you 
end up with about 200 million gallons of septic effluent that's released each year to the subsurface. 
700 million gallons of cattle manure per year and 200 million gallons of septic effluent per year 
released in the subsurface and the controversy in this county that's made the national news here in 
the states is who's responsible for this contamination of the groundwater? Is it the dairy industry or 
is it these exuberant homes? Both the dairy industry and these exurban homes have been 
increasing. 
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There's one mathematical equation in this talk and that is if you've got more cows, and you've got 
more people, and both have faecal waste that's released to the landscape, you're just going to have 
more faecal waste. That's been a real problem in that part of our state. 
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We approached this with several study objectives of which I'm going to touch upon two today in the 
study that we did in that in that county, and that is to answer this question, determine the source of 
the faecal contamination. For that we're going to be using host specific viruses and faecal markers. 
Then I'm also going to present to you some of the risk factors, some of which are related to septic 
systems, that result in contamination of these private wells and those risk factors we modelled using 
statistical models.  
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Here's how we sample for the sources of Pico contamination. We use a haemodialysis filter and an 
ultra filter, which has sufficiently small pore size that we can collect any microorganism including 
viruses. This is a method that was developed by the United States, the Centers for Disease Control. 
For what I'm going to show you, it's going to be 138 samples from 131 household wells. Then after 
processing these samples through a long process, ultimately, what we do is quantitative polymerase 
chain reaction that is a genetic method, looking for the specific genes for three groups of 
microorganisms. Those that are human specific and are only found in human wastewater, those that 
are bovine specific that are only found in cattle manure, and then this third group are those 
microbes that we can't say what the hosts. It's either people or cattle, could even be birds. I'm not 
going to talk about those. Today I'm going to talk about the first two and some other 
microorganisms. This method is called microbial source tracking. I think if I remember from your 
program, I think Megan Devane (ESR) might be talking about this tomorrow in your conference. So 
we're trying to determine the source of the faecal contamination. 
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Here's what we found. This is on the human side. This is from human wastewater, those 
microorganisms that are just specific to human beings and this is again 138 samples from 131 wells, 
and an organism listed in red is pathogenic. We had one well positive for Adenovirus A. We had a 
well positive for the human specific Cryptosporidium. We had seven wells with Rotavirus Group A. 
Rotavirus is a very common infection of children. Of course, there is a vaccine now, and we did have 
the techniques to subtype it and determine that these were human. But the number one 
contaminant, if you will, was this human Bacteroidales in 27 wells. This particular bug is in all of our 
gut tracks and is one of those friendly bacteria that help us digest our food, but it's specific to human 
beings. So overall we had 33 wells out of the 131, 33 wells that had evidence of human wastewater 
in them. With that data, the dairy industry said it’s these exuberant homes that are responsible for 
the groundwater contamination. 
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The other side of the coin are those microbes that are specific to ruminants or to cattle and for that, 
we had 44 wells. We had some wells with some bovine pathogens, Bovine polyomavirus, Bovine 
enterovirus. This Rotavirus A, we weren’t able to use genetic methods to subtype it and figure out 
that this was a Rotavirus that was specific to cattle. But like for the human beings, the number one 
bug was the sister Bacteroidales to cattle or ruminants that helps them in the rumen digest their 
food, which was found 36 wells. But overall, we had 44 wells positive for cattle manure. So 33 wells 
for humans, 44 wells for cattle, that's really not a difference given the sensitivities and analytical 
sensitivities of these methods. The bottom line is that both groups, we've been sort of pitted against 
each other. Both groups were responsible for the contamination of the groundwater. So that 
answered that question and then we wanted to take a look at what are the sort of risk factors that 
lead to the contamination with these microbes, either human wastewater, or cattle manure. 
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For that, we had a whole list of risk factors that we took a look at. The categories here are land use, 
bedrock features, precipitation, groundwater recharge, and depth to bedrock. For land use we 
looked at agricultural things like agricultural fields, we could determine those. We also were had a 
method using nutrient management plans, that we could tell that a field actually had a crop on it. 
Then we also had data manure storage. For the septic systems, we could look at all types. We had 
records on that. Those septic systems were drained fields and septic systems had never been 
inspected. Then also we looked at those agricultural fields where human subject was being applied. 
We looked at three radii from each private well. I'm sorry these are feet. I didn't convert them to 
meters, although later in some of the slides, I did convert to meters and hectares. These three radii 
were 750 feet, 1500 feet and 3000 feet from a well. We looked at bedrock features like sink holes, 
we looked at rainfall to 714 and 21 days prior to sample. Then we also looked at groundwater 
recharge, that is how much the water was rising up after rainfall or during spring snowmelt. We also 
looked at depth to bedrock, that is how much soil or glacial overburden is overlying the site at which 
the wall was located. 
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The way we did this was using geographic information systems and this slide just gives a gives one 
example of one well of how we collected these data. The blue here is the private well and then this 
particular radius is 3000 feet. So we would identify the private wall location using GIS, draw the 
radius either 750 feet which is 229 meters, 1500 feet, or 3000 feet, and then count up the risk 
factors. So in this particular case each of these orange dots is a septic system neighbouring this 
private well and this home so we would calculate the number of septic systems within this radius, 
and then also the nearest distance. So the distance from this private well to the septic system. The 
orange square indicates the location of a manure storage most likely a manure lagoon and so we 
would calculated the distance from the private well to manure lagoons. These purple triangles are 
sinkholes. We counted the number of sinkholes, and the distance from the well to the sinkholes. The 
green hashed lines are agricultural fields. So we would calculate the area of agricultural fields within 
that radius. Then also the distance the nearest agricultural field. We also had data on where human 
septage was applied to agricultural fields. So we gathered these data for all the wells in the study. 
These were our independent risk factors, those things that now we're going to relate statistically to 
the probability of contamination. 
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So here's some of the data. The plots that are like this are going to be the same throughout the talk. 
So once you understand how this works it can be applied to the subsequent slides. What we saw 
here was that the more septic systems that were around a private well, in this part of the state, the 
greater the probability of contamination with human wastewater. On the x axis here is the number 
of drain fields septic systems within 229 meters, equivalent to our 750 feet. We had a maximum of 
10 septic systems within 229 meters of our study wells. On the y axis is the probability of having that 
well contaminated with human wastewater. For those of you that don't know stats, these are logged 
binomial models. The percentage represents the probability. So you know that if you were to flip a 
coin and look for one side of that coin, you would have a 50% chance that'd be aligned right here. 
These probabilities are no different than that, it's just that they can range from zero probability to 
100% probability. The blue line is the model estimate and the red lines are the 95% confidence 
intervals. So what we see is we have a probability value statistical model 0.11 for this relationship 
between the number of drain field septic systems within 229 meters, and the probability of 
wastewater. Having no having no septic systems, to having 10 septic systems is a 2.5 fold increase in 
the risk of having human wastewater contamination. The models I'm going to show you, including 
this one are multivariable models. It accounts for the other variables that we found to be important. 
So this particular model also accounts for rainfall, the previous two days, the depth of groundwater 
the previous 14 days, and the depth of bedrock, that is how much soil was there between the 
landscape surface and bedrock which was fractured and potentially vulnerable. What I'm showing 
you here is the number of septic drain fields; it turns out the most important variable was the depth 
the groundwater that had the most statistical significance. So that makes sense, because the 
shallower the groundwater depth, the less travel distance from the microbes from the bottom of the 
drain field to the top of the groundwater table. The reason I'm showing you this slide is that at least 
in our state, there is no regulatory framework for groundwater depth. But there is a regulatory 
framework for the number of septic systems. From a policy standpoint, it makes sense to take a look 
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at septic systems as opposed to groundwater depth, and that's why I'm showing you this plot. So 
anyhow, the density of septic systems are related to private well contamination. 
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I want to put this in some context as to how this relates to what other people have found for 
allowable densities or maximum densities and septic systems to avoid groundwater contamination. 
Our 10 septic systems within 229 meters is the equivalent 0.6 systems per hectare. The US EPA in 
1977 came out with the first recommendation the United States for the septic system density. The 
maximum upon which if you exceeded, it would result in groundwater contamination. Their rule of 
thumb was 40 per square mile, which translates to 0.15 systems per hectare. We were seeing an 
effect at lower densities, maximum 0.6 systems per hectare. Our 0.6 is somewhere between 0.15, 
and this study by Gardner, which was done in Australia, recommending 1 to 2.5 systems per hectare. 
A couple of other studies have said you can go even higher,5 systems per hectare, 6 systems per 
hectare. You might be interested in looking at these. I put the put the references here. These are the 
only studies that I could find in which I cite in the manuscript to put our what we learned in context. 
The densities we had were higher than the US EPA recommendation, but lower than what other 
scientific studies have shown. 

 
 
You also might be interested to know that for our study, we did not see any association of land 
applied septage and private well contamination. The two weren’t associated in this particular study. 
But there are some caveats to that. In this county, there were only 10 fields in the entire county that 
were receiving human septage. The volume of septage is just really tiny compared to the subject 
system drain field effluent. There's only a couple million litres applied during the study period to 
these 10 fields. Whereas, in contrast the septic system drain field effluent, we calculated it was 
about 7x108 or 700 million litres per year, which is 260 times more than the septage drawing that 
was applied during the study. So it might be that the reason we didn't see an association is not that 
septage is not a risk factor, It's just that very little was applied during the study. 
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Key point number two, derived from the same study is that manure storage and crop field 
proximities are related to private well contamination of coliform bacteria and nitrate, respectively. 
Now this association I’m talking about between crop field proximity and nitrate isn't really big news. 
Other studies have shown similar statistical associations. What's different in our study, is that we 
used, as our cut off point, the US health standard of 10 parts per million. This other association I'm 
going to show you is manure storage and coliform bacteria. That is new and was a significant point 
of controversy in my home state of Wisconsin.  
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The way we did this in this study is that we sampled wells in the county for coliform bacteria, which 
of course is not a pathogen, it's an indicator, and nitrate. We randomized this, there's about 5000 
wells in the county, similar to the 5000 septic systems in the county. We figure that depth of bedrock 
was probably an important parameter for contamination. So we did stratified random sampling. We 
stratified by these three depths depth of bedrock. Less than 1.5 meters 1.5 to 6.1, or greater than 
6.1 meters. We had a very high homeowner, well owner participation rate. 50% of the people we 
contacted by letter wanted to participate. 50% of those that would have been randomly selected. 
Then we sampled twice. Once in the fall of 2015 and once in July 2016. The data I'm going to show 
you these were analyzed separately, but I'm just going to give you the gestalt with these next plots. 
Now we have two different outcomes, coliform bacteria and nitrate levels.  
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Again, just to remind you, the way we got the independent predictor variables was through the 
geographic information system. So the same approach I talked about just a few minutes ago, the 
same predictive variables now went into the modelling for coliform detection in nitrate levels 
greater than the US health standard of 10 parts per million nitrate nitrogen.  
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Here's what we found. So interestingly, shocking to us is that wells located farther from manure 
storage lagoons, are less likely to be contaminated with coliform bacteria. Here's that probability of 
detection, same kind of log binomial statistical model. This is the distance to manure storage lagoon 
in meters. 90% of the manure storage lagoon in this county are manure lagoons and they're 
primarily earthen constructed in the landscape. What you can see is for those walls closest to 
manure lagoon, I think our closest wall was 48 meters, there was ~38% chance of those wells being 
contaminated with coliform bacteria. By the time you got more than a kilometer away, maybe two 
kilometers, four kilometers, six kilometers to have a really low probability of coliform contamination, 
this was a highly significant decrease. This green dashed line is our state average for positive wells 
and coliform detection. So in this county, that type of hydrogeologic setting, the distance needed to 
have a probability lower than the state wide average for coliform contamination, the distance 
needed from a manure storage lagoon was about one and a half kilometres. Again, this is a 
multivariable model. There were other important risk factors that went into the statistical model. 
This relationship that you're seeing with this blue line, this decrease is accounting for these other 
variables, such as the distance the nearest agricultural field, the area of crop fields within 229 
meters of the well, and depth to bedrock. This was a rather shocking result for us, the importance of 
manure storage lagoons on the landscape for coliform detections in these private wells. 
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The other relationship I thought you might be interested in seeing is how cropland is related to 
nitrate contamination. On the y axis, this is the probability of having a well with a nitrate nitrogen 
level greater than the health standard of 10 milligrams per litre. This is the area of cropped fields 
that we determined by nutrient management plans, the area of crop fields within 229 meters of a 
well. The area here is in hectares, five, ten, and 15 hectares. 15 to 16 hectares for this distance 
would mean that the home is pretty much surrounded by cropland. The green dashed line is our 
state wide average for nitrate, deemed too high nitrate levels, which is 7% in their state. What you 
can see is that as the area of crop land around these private wells increases, the probability of 
having a well where you really shouldn't be drinking the water because it exceeds the health 
standards, increases quite a bit. It's around two and a half hectares of land cropped around a well, 
were then for those folks in this part of the state have a probability greater than the state wide 
average for nitrate contamination. This is corrected for, adjusted for distance to the nearest crop 
field, distance to the manure storage lagoon, which has also important for nitrate, and then depth to 
bedrock 
 
 
 



 

32 

 

 
 
Now I want to make the last of the key points here. Key Point number three, and that is septic 
system density, that is the number of septic systems around the household, and specifically when 
we're talking about these holding tanks where the effluent is put into the tank, and then pumped 
out periodically. That is related to sporadic infectious diarrhea in children. I actually published this in 
2003. It's a study that we did in the late 1990s, published in 2003. What's interesting to me is that 
every year I get a request to talk about this study, even though it was published so many years ago. 
Your invitation and your interest in septic system has kept my streak alive now for 18 years of talking 
about this particular study, and as far as I know, it's still the only epidemiologic study that's been 
done showing this link between septic system density and infectious diarrhea. If you if you're 
interested, it was published in environmental health perspective, which is open access, or I'm happy 
to send it to Bronwyn if you'd like to see it but you can find it online.  
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We did this study in the central part of the state where holding tanks are common, because the soil 
is not amenable to putting in a drain field. Quite a few people don't want to make those payments to 
have that holding tank pumped, instead they just let it come out the top. You see many scenes like 
this where effluent is coming out of the riser and then flowing downhill.  
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We also looked at conventional drain field septic systems in this study, and this too is not an 
uncommon scene, where the drain field fails and effluent bubbles up and erupts at the top.  
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It's not uncommon at all to drive along the roadways and see the effluent coming out of the tank, 
then flowing downhill to the ditch. This particular family have had this stream, it looks like for quite a 
while, it's a little bit eroded. They must have gotten tired of jumping over because if you look here in 
the background, they built a little wooden bridge to walk across their effluent stream.  
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These folks for this particular one, what some people do. Instead of having it erupt from the surface 
is they run a pipe from the holding tank to the ditch, and you know, sort of mow over it. This 
particular family took the trouble, over their effluent outlet from the holding tank, to make a little 
border with rocks, plant a few daffodils and looks like they're even growing a few herbs. These 
scenes are actually less common now as a result of this study, but I still see them on my biking 
around my home in the rural countryside. 
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The question was, is anyone getting sick from all this effluent out there? We posed an epidemiologic 
studies design that we got funded. This was a case control epi study. Our cases were those children 
that came from seeking medical care, they were sick enough with acute gastroenteritis that they 
sought care at Marshfield Clinic where I worked at that time. Our controls were healthy kids. We 
randomly selected them from this epidemiologic study here that I'm going to show you here in the 
next slide. For every case, for every sick kid, we enrolled two controls, and we match them by age 
and gender. Then for every family we have a structured telephone interview with 68 questions on 
these risk factors. Then the stool specimens, we analyze for the cause of diarrhea, whether the 
diarrhea was viral, bacterial, whether it was protozoan, like cryptosporidium, and in some cases, we 
couldn’t tell what it was.  
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Here's what the study was conducted. Here's Wisconsin here. This right here, that's where the 
previous study had just talked about this is that Kewaunee County, I live here. Here is the border of 
this epidemiologic study area. It covered three counties for which we did the study. The beauty of 
this, what we call MESA, this epidemiologic study area, is that due to the nature of the healthcare 
system, all the in migrations of people and out migrations of people can be tracked. You always 
know the population denominator in that area. What you can do is then calculate something called 
attributable risk, that is the fraction of an illness, in this case, infectious diarrhea, the fraction of an 
illness attributable to a specific cause. I'm going to show you those data in a few slides, but this is 
where the study was conducted.  
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Our case definition was a trial between one and 18 years old that had acute diarrhea; having at least 
three or more loose stools in a day. We excluded those kids that had chronic diarrhea for other 
reasons like irritable bowel syndrome. We excluded children that were immunosuppressed. We 
excluded children that said they had taken antibiotics within 48 hours before the diarrhea began.  
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These are the sorts of things that we adjusted for, looked into because they are also associated with 
diarrhea, person to person transmission, travel, dietary history, pets, farm activities, recreational 
water activities, and drinking water sources. These were all part of that 68 structured questionnaire, 
so that we could account for these other activities and sources of illness besides septic systems. 
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Here's how we got the septic system data. Keep in mind this study was done in 1997 and 1998. 
Really, before geographic information systems were widely adopted by the counties that keep track 
of the records of septic systems. The way we identified where folks were is by a tax purse identifier, 
and then we put them in what we call a section. Not sure this language translates to New Zealand. A 
section for us is a square mile, 640 acres, which I believe if coming up here I think it's 259 hectares, 
but we identified them from the same property tax records. Anything that had a valuation more 
than 10,000 US dollars, we said was improved and likely had a septic system. We got the type of 
septic systems and the age from the sanitary permits. We excluded from our analysis, all the septic 
systems that have been replaced, reclosed, or abandoned. Anyone any child and their family that 
had a municipal sewer we assigned a septic system density of zero and then we determined the 
septic system densities, by these three areas of 640 acres, of 160 acres, and 40 acres. Again, 640 
acres is 259 hectares. We just pick these then interestingly, I use these same areas, that's what you 
just saw in that other Kewaunee County study, because of the data I had here. This is how we 
obtained the locations and numbers of septic systems.  
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Turned out that the matching for the cases and controls worked well. We had 153 cases, 274 
controls, equal number of boys, equal number of girls, almost an equal number of people that lived 
out in the country, and almost equal number of people that had municipal sewer, age of 4.4 years 
for those kids that were sick, and 5.4 for the healthy controls. 
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Here are the type of septic systems that we were working with in this study. This is the number per 
640 acres, 259 hectares, and this is where the cases and controls resided. For all septic systems, our 
average was 14 within 249 hectares with a range of one to 56. You can see that we exceeded that 
EPA recommendation of no more than 40 in a square mile, because the 640 acres 259 hectares is a 
square mile. Within all septic systems categories, we have these subcategories: holding tanks, septic 
drain fields, then we divided the drain fields into those less than 20 years old thought to be 
operational. And then those drain fields more than 20 years old, that we figured we're getting close 
to failing. Here are the average densities and the range.  
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This slide shows you this relationship between children and their cause of diarrhea, and the density 
of septic systems in these three areas that I just discussed 640, 160, and 40 acres. This particular 
analysis is what's called a univariable analysis. All we're doing is looking at the illness and comparing 
that to the septic systems and not only for those other things that were the question. What you can 
see here, surprising to us, is that for diarrhea, we could identify in the stool specimen, a virus causing 
the diarrhea. All the categories and septic systems and all the areas that we studied them were 
significantly associated with viral diarrhea. For that diarrhea caused by bacterial infections, four 
significant associations: two with all septic systems, one was holding tank and one was drain field. 
Protozoa, we didn't have any associations. We also had some unknown etiology, where we can 
identify the cause of diarrhea. At least in this one variable, this dependent variable, the independent 
variable relationship, we found these statistical associations which then justify doing the additional 
multivariable modelling to account for those other factors that could also be related to diarrhea.  
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Here's what we found. So this is the multivariable model for those children who had viral diarrhea, 
and lo and behold again, so surprising to us, given the small number of children we had with this 
diarrhea etiology is that the number of holding tanks within 259 hectares was significantly 
associated with viral diarrhea. This relationship adjusted for age. This number here indicates that the 
older child was, the more protected they were against becoming infected. Not surprisingly, this also 
adjusted for having a household member with diarrhea the previous four weeks, indicating person to 
person transmission. Even though this is a large effect here, not surprisingly, living in the same 
household person a person, we were still able to see the effect of holding tanks, so that for every 
increase of one holding tank, in 259, hectares there was an 8% increase in the risk of a child having 
viral diarrhea. That was statistically significant.  
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About bacterial diarrhea that etiology for those children that had diarrhea that were a result of a 
bacterial infection. Lo and behold, holding tanks turned up again as a significant variable. In this 
case, it was the number of holding tanks in 40 acres, what we call a quarter quarter section. It would 
be better to do the math quickly my head. A fraction of the 259 hectares, 640 acres, is 40 acres. The 
way you interpret this is that for every increase of one holding tank in that 40 acres, there was a 22% 
increase in the risk of bacterial diarrhea for a child with that. That too was statistically significant. For 
this area, which were heavy dairy, were one of the largest dairy production areas United States. 
Children do have a lot of contact with calves, and in this particular case the other variable that was 
highly important, more important than holding tanks in terms of the odds ratio, was a child having 
said in the questionnaire that they entered a calf pen. But despite this strong relationship right here 
holding tanks, still popped out, if you will, in the statistical modelling as being important for bacterial 
diarrhea. 
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Going back to that epidemiologic study area we can calculate what I said was the attributable 
fraction, that is that fraction of these illnesses that are attributable to our risk factor in this case 
holding tanks. What we see that for diarrhea of viral origin, about 20% of the illness in the study area 
was due to this this holding tank exposure. The number of holding tanks in 259 hectares  
Here’s the 95% confidence interval 2% to 42%, we estimated 20% of the illnesses were due to 
holding tanks. For bacterial, we again calculated the typical fraction, similar to this, 19% could have 
been as low as 0%, the 95% confidence interval. Again, the number of holding tanks in this 40 acre 
area.  
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Having said all that, for those of you that are familiar with epidemiologic studies, you know that 
these are correlations or associations is another term. When one finds these statistical relationships 
you always have ask question, is it plausible. Is it plausible what you're finding here. For example if 
we had found a relationship between childhood diarrhea and the number of electric line poles 
around the household. Is there a biological mechanism for electric line poles, and diarrhea? No, 
you’d there's no biological possibility. But here it does look like it's biologically plausible. In the study 
area, the holding tanks are 1/3 of all septic systems, because of the nature of our soil, and inability 
to have these drain fields. We know from county records that 40% of the holding tanks have some 
illegal discharge to the surface. People aren't paying the money to pump them. For one year for 
which we have data in one county in the study; Wood County. They couldn't account for 40 million 
gallons of holding tank waste. There was that much of a discrepancy between what they figured 
people’s average water usage and average household size and number of family members and 
household, and what was actually being reported voluntarily for a holding tank effluent pump. 
Holding tanks are one possible source. What we can't do is we can't necessarily separate because 
the densities are correlated, the holding tank, what came out as a risk factor but it also could be 
linked, there could be a contribution from conventional drain fields. Since we couldn't separate 
those two variables out. We know that about 20%, 1/5 of the drain fields in the study area were 
constructed before 1970 and are assumed to be failing. So the effluent is there, the effluent is on the 
landscape for exposure. It's plausible in that respect, and it's also plausible, because pathogenic 
bacteria and viruses, we know that can be transported long distances. You certainly have good 
scientists in New Zealand that have shown the same thing for groundwater transport, and you know 
that they can survive for months in the environment. We think that the associations that we found 
are true, because of this biological plausibility. 
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ABSTRACT   
 
Darfield is a rural township (pop. 2,230) in the Selwyn District, located towards the top of the 
Canterbury Plains. Underlying the town is an extensive unconfined alluvial gravel aquifer that is the 
regions principal freshwater drinking water resource. Darfield holds the ignominious title of being 
the septic-tank capital of New Zealand; all households operate an on-site wastewater management 
system (OWMS).   
  
Community and Public Health (CPH), and Selwyn District Council (SDC) have long harboured 
concerns regarding the sustainability of wastewater management practiced in the town and the 
hazard it presents to groundwater quality and human health.  
  
This presentation will provide an overview of the receiving environment and the wastewater 
management issues the town faces. Future research opportunities will be discussed, such 
as hydrogeophysical investigation to potentially map the wastewater plume beneath the town that 
could guide defensive and/or investigative groundwater quality monitoring.   
 

Keywords: on-site wastewater management systems, nitrate, pathogens, groundwater, risks  
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ABSTRACT   
  
DOC is the largest provider of public toilets in New Zealand, with over 2000 wastewater 
systems. Two of the systems are reticulated town supplies, Aoraki/Mt Cook and Whakapapa. The 
rest are a mix of systems of varying sizes servicing campsites, huts, public toilets, track or road end 
facilities, staff residences, lodges and visitor centres. Treatment and disposal of wastewater is 
primarily ‘on-site’.  
  
Types of systems include pit toilets, dry vaults, wet vaults, septic tanks, composting toilets, 
vermiculture composting toilets, mechanical plants of varying types, oxidation ponds, trickling filters, 
wetlands and hybrid systems. Land treatment/disposal includes trench’s, 
beds, LPED, evapotranspiration, mounds, drip irrigation, surface irrigation and increasingly hybrid 
subsurface treatment/disposal systems.  
  
DOC is facing a number of critical issues with its wastewater infrastructure including increasing 
visitor numbers, rising environmental standards, servicing remote facilities, sustainability, aging 
infrastructure, poor consent compliance, poor asset knowledge and asset management, 
varying standard of design and lack of in-house expertise and training. DOC is implementing a 
number of actions to address these issues including, amongst other actions, formation of an asset 
management unit, asset site pickup and compilation of other relevant asset information, 
employing engineers and other relevant specialists within DOC and setting up a consultant panel.  
 

Keywords: Wastewater, Land Treatment, DOC  
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Rupert Craggs AB, James Sukias A, Jason Park A, Andrew Dakers A, Rebecca Stott A, and Chris Tanner A 

A National Institute of Water and Atmospheric Research, Hamilton 

B Corresponding author email: rupert.craggs@niwa.co.nz  

 

ABSTRACT 
 
NIWA’s MBIE funded research programme will co-develop (with Māori, industry and local 
government) eco-cultural wastewater treatment technologies (ECWT) that will incorporate 
Mātauranga Māori and address current barriers to ecotechnology implementation. ECWT will 
provide effective and culturally acceptable “natural” options to upgrade failing rural wastewater 
infrastructure. For on-site treatment we will co-develop: 

• Intensified multi-layered wetland filters (IMWF) for marae and papakāinga WWT, using 
novel active filter layers and intermittent dosing to enhance treatment performance in 
terms of nutrient and faecal indicator bacteria removal.  

• Sludge treatment wetlands (STW) that will convert wastewater sludge into a soil 
amendment, reducing Māori concerns and costs of sludge transport and disposal. 

• Septic Tank Digesters to recover energy from onsite treatment and reduced GHG and carbon 
emissions  

Affordability and sustainability of ECWT will be enhanced by co-development of culturally 
appropriate and resource recovery (biogas energy, bioproducts, and treated water).  
 
A central part of the first year of the project is to work with our Maori partners and the onsite 
wastewater treatment industry to understand current barriers to ecotechnology implementation.  
 

Keywords: Maori co-development; wetland filters, biogas recovery, onsite sludge treatment 
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ABSTRACT  
 
In 2010 ESR released Guidelines for separation distances based on virus transport between on-site 
domestic wastewater systems and wells. These guidelines calculate the separation distance between 
a single drinking water well and a single domestic on-site wastewater management systems (OWMS) 
based on virus fate and transport in the subsurface environment. The 2010 guidelines have some 
limitations, such as only considering a single OWMS and only providing the 95% confidence limits.  
 
The proposed Microbial Risk Assessment tool will address a range of land use activities that might 
occur within a source protection zone of a drinking water well, including multiple OWMS and 
drinking water wells that are pumped. Users will be able to vary the level of uncertainty from the 
expected value (50%) to a 90% confidence level or an even more conservative level such as 99% 
confidence, so that the entire spectrum from risk averse to risk tolerant solutions can be considered. 
An Envirolink Tools proposal has passed the stage 1 approval process and the full proposal is 
currently under consideration. This tool will assist staff in councils, consultancies and landowners in 
preparing and assessing resource consents for land activities near drinking wells. 
 

Keywords: Risk assessment, faecal pathogens, drinking water wells, land use 
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ABSTRACT 
 
Two community engagement initiatives, one on Auckland’s West Coast, and one on Waiheke Island, 
found that servicing and maintenance of on-site wastewater treatment systems was inadequate, 
whether privately organised, or managed by council. The majority of systems were not compliant, 
either technically (due to missed services, or inadequate records), or physically (where systems were 
causing, or likely to cause pollution). However, most systems could be repaired, and other 
improvements could be implemented, especially relating to water conservation, topsoil 
augmentation, planting, and stormwater diversion. There was substantial community interest in 
developing a greater understanding of wastewater treatment and discharge and in implementing 
the recommendations. It was observed that before the initiatives, system owners thought the 
treatment tanks were the entire wastewater system, meaning they had poor understanding of the 
importance of the discharge pipework, soils, vegetation, and separation distances. However, the 
engagement process drew attention to these aspects, which were quickly understood. Physical, 
economic and psychosocial barriers to improvements are discussed in this paper, and 
recommendations are made for best/better practice. A checklist for assessing existing systems is 
included in an appendix. 
 

Keywords: Servicing; maintenance; compliance; on-site wastewater; community engagement; 

evaluation checklist 
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