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Joe:
Thanks, Steve. It's great to be here today. What I'd like to do today is talk a little bit about water reuse and we're talking, since this is primarily a drinking water symposium, try to relate how we begin to think about water reuse in relation to drinking water and maybe ponder some of the big issues that we are now thinking about in terms of water reuse. For example, are we ready for direct reuse as opposed to simply indirect potable reuse? Or are we ready for -- to-date as I'll show you there are no national regulations regarding water reuse but are we ready to have some kind of national regulatory structure around the reusing of water for various different types of purposes. So those and some other issues I'd like to bring up today as we go forward and perhaps lead to some interesting discussion in the end. Before I begin, I'd like to acknowledge my co-authors. Tomar Levinburg(?) is in the audience with us, she's a Senior Engineer with MWH; as well as Jay DeCarlos(?) who also is part of my research group at MWH.

In terms of the actual presentation today I'll talk a little bit about some of the overviews and drivers of why we're using rewater in this country and then talk about some of the water quality regulatory considerations for reuse and coming from a school of public health I certainly want to talk about, can't miss but talking about some of the contaminant exposure routes in terms of public health and then some of the advance treatment for selected constituents, and then finally, try to look a little bit into where we're going with reuse in the future and perhaps what some of the issues are that we'll be facing in order to apply water reuse in a much larger scale.


Let's begin by just trying to define what we are calling water reuse and if we use the Water Reuse Association's definition, water reuse is the reclamation and treatment of impaired waters for the purpose of beneficial reuse. And so let's take apart that definition a little bit and talk about some of the parts of that and by that I mean what are we calling impaired waters in the water reuse area? Now impaired waters can mean a lot of different things but certainly a couple of them are waters that are exposed to municipal and industrial wastewater effluent. It can talk about brackish waters, those waters that may have salt or other concentrations, anywhere from 800 up to say 10,000; poor quality groundwater that's been degraded; water that's been impacted by agriculture return flow; and finally, one of the major issues, especially in some of the areas like Florida where storm water heavily impacts the water supply and so it's often impaired in terms of its ability to be used. 

Now, returning to our definition once again, from these impaired waters, what is the purpose of beneficial reuse? What are we using these waters for? And in general, we can describe reclaimed water in terms of two types. One is non-potable reuse. Some examples are irrigation, industrial reuse, cooling water, etcetera. And then there are two other areas where we talk actually about drinking water and potable reuse including direct potable reuse and indirect potable reuse. 

Now in the drinking water area why is non-potable reuse important? It's not just because -- it does have a relation to actually our drinking water in the sense that water that can be used for non-potable purposes can free up water that may be used directly for drinking water purposes. So it is an alternative water supply in some sense of the word, and in terms of potable reuse, as I said there's direct potable reuse and indirect potable reuse. Today, there's only one plant in the world which is known and it's in Namibia, in Windhoek, Namibia, that uses direct potable reuse. But as I'll show you later, we're beginning to ask the questions of those users that have a lot of experience with indirect potable reuse: Are we ready yet for direct potable reuse? And then of course indirect potable reuse.


Now, in terms of the definitions, we talk about direct potable reuse as taking water directly from wastewater advanced plant and putting it directly into a drinking water system through a piped system. The major difference, but not the only difference, but the major difference with indirect potable reuse as opposed to direct potable reuse is that we're now allowing for an environmental buffer between the wastewater's advanced water treatment and the time that it actually goes to a water treatment plant and then is put into the drinking water system and that buffer usually ranges anywhere from 6 months to 18 months and I'll show you some examples of that later and also why that buffer may indeed be very, very important going forward.


Now there are various uses for reclaimed water as I stated earlier: Agriculture irrigation, landscape irrigation, non-potable urban uses such as toilet flushing, etcetera. There's industrial uses. It can be used for impoundments such as is used in many parts of California, environmental uses, groundwater recharge which is most often used in terms of indirect potable reuse in terms of aquifer recharge and then there's indirect potable reuse. 

In terms of indirect potable reuse we normally think of a system that has been well engineered and planned and going forward and we do call this planned indirect potable reuse, something that's been designed as intended for directly augmenting the water supply. But I would contend that there is often a larger water supply that's being influenced by wastewater contributions and that I would call indirect, unplanned indirect potable reuse and we can broadly classify that as withdrawal of water from water bodies that have received wastewater or other types of discharges. In fact, it's quite common in this country and other countries that we are using water that could be labeled as indirect potable reuse. 

We know the Mississippi is reused. People in New Orleans receive water that's used seven to eight times over before it gets to their drinking water supply. The Ojai was often impacted by a number of different wastewater sources. And the South Platte River in Denver, if you look in the summertime, about 90 percent of the South Platte River is composed of secondary effluent. And so we don't always recognize this when we talk about indirect potable reuse because it's not engineered and there's a type of magic so to speak that we associate with a riverbed. Once a discharge goes into a riverbed, it appears to instantly lose its identity in terms of its content and its quality and it's much more accepting to use that as supply in many cases as opposed to some of the very engineered systems that we have designed over the years.

Now, if we look at some of the global drivers of reuse, there's rising water demands. As we know, there's great demographics shifts. There's been a demographic shift towards the Sun Belt in this country over the last couple of decades; there's economic growth and urban growth which has occurred, so increasing demands, often in areas where the water is not and so that we're faced with some finite resources where some of the nearby resources are now rare and are often vulnerable to contamination or impacts from other environmental areas. Then there are the remote sources which may be of good quality are often costly to develop or essentially not where the water is actually needed. 

Another driver of course is the regulatory and political pressure. There's more and more pressure on effluent disposal in terms of zero discharge and I'll talk about this in the State of Florida where disposal of wastewater is becoming a very, very big issue. And also, there are environmental issues associated with impoundments. It's very difficult today to be able to build dams in this country where we can actually store water. As a result, this often stirs more interest in reusing water as opposed to storing water in engineered systems.


So based on all this, we begin to think about -- we are relooking at the way we look at water supply. And when I talk about the total water portfolio, as opposed to in the past where many cities relied upon just one type of water supply and perhaps in the north and the east and the northeast we're probably most guilty because we are essentially water rich here, of relying on a single water supply, it's now become more and more prudent as water purveyors to look at this total water portfolio where there are numerous sources of water supply. For example, not just fresh water but now brackish water and seawater which are stable supplies, especially in terms of drought. We also look at conservation as an augmentation of the water portfolio where we can now reduce our consumption of water to free that water up for other purposes, groundwater supplies, of course, and then finally the subject today which is reclaimed water also rounds out that total water portfolio. So in looking at the total water cycle and integrated management, we're now looking also as part of that the total water portfolio of sources of water. 

How much water is being reused in the United States? There are approximately 1,500 water reuse facilities in the U.S. but very, very little, only five to seven percent is actually being reused and as John Keys, Commissioner of USBR, said at one point, "I believe that the last river for us to tap is wastewater. There is an abundant amount of this water supply to be used." Certainly there are technical and public perception issues, but I think a lot of those are being overcome and we'll see more and more in the future.


Now we can look at two states which reuse water to a fairly significant extent: California, and if you look at their water breakdown, most of the water goes towards agricultural irrigation but there's also 12 percent goes to actually ground water recharge and then 20 percent goes to landscape irrigation impoundments and probably one of the most famous indirect potable water reuse applications in California, namely in Orange County, California, started off using their reuse water as a seawater barrier to seawater intrusion issues.


In Florida, public access irrigation is a large part, probably the dominant part but also again groundwater recharge, 16 percent. So we do have some indirect potable reuse from that perspective happening but also as well as agricultural irrigation. One of the issues that I'm currently investigating in Florida with a new grant we just received is there is a large issue in Florida of whether the waterways and nutrient loadings into the waterways are actually due to the overspray of reused water or reclaimed water or actually due to storm water and right now there's no way in which to adequately determine those contributions and that is currently inhibiting or at least raising controversy over the use of water reuse. So we're trying to get a greater understanding of what are some of the issues surrounding contamination of water ways.


Now there are a large number of water reuse programs in the United States. If you look at this list here what you'll see is the major ones are around the Sun Belt area, Florida, Texas, Nevada, New Mexico, California. But that's not necessarily the whole picture. We are becoming more sensitized to water, even in the northeast where we are considered a water rich area. In fact, where I lived in Virginia, just last summer they were trucking in water into towns where the wells have gone dry and now people are saying, "Hmm, maybe we do need to look at an alternative water supply for our purposes." 

If we look at water that's being used indirectly there are a lot of different ways in which to supply it. I'll talk about three of them. One is with groundwater recharge. One way is to build recharge basins and spread the water and let the water percolation down into the aquifer and then be able to withdraw from the aquifer. This is commonly used in many places in the Sun Belt area, particularly in California. In fact, some of the largest projects in the world have to deal with spreading. 

Another way in which indirect potable reuse is being used is through groundwater recharge but direct injection. This is an example of probably one of the most famous examples is Water Factory 21 in Orange County which injects its wastewater after advanced treatment into their groundwater system. Now interestingly enough, one of the ways in which this project was actually initially accepted, it wasn't billed as an indirect potable reuse project but it was actually touted as a ground water or a barrier to seawater intrusion. So they were using this as a seawater intrusion barrier but in reality also it was indirect potable reuse and their long experience with indirect potable reuse in this application has led to another almost 100 million gallons per day of indirect potable reuse through direct infiltration galleries in their system in other parts of their system. 

And then finally, another example that deals with surface water is indirect potable reuse is the Upper Occoquan Sewage Authority in Virginia. It's a water reclamation plant. It's been online for 20 years of operation. And when indirect potable reuse is used for surface water augmentation it becomes the most controversial partially because it's the most visible. But interestingly enough, this is another example where initially this project wasn't billed as indirect potable reuse. If you look at the Occoquan Reservoir and you look at it 25/30 years ago, it was a fairly contaminated source because there were a whole host of contributing small wastewater discharges into the watershed. And so in order to eliminate that, they actually created the authority which then built a centralized plant and through the water reclamation it was billed as a pollution abatement treatment plant where it took all of those discharges in the watershed, brought them and then provided advanced treatment and actually then discharged into the large Occoquan Reservoir. So in a sense, they were actually cleaning up the reservoir with their reused water. And so this has been going on for 20 years and during low flows it's projected in 2017 that this may provide up to as much as 60 percent of the raw water supply that's currently being used by the Fairfax Water Authority Treatment Plants. 

Now if we move to regulations and the guidelines associated, right off the bat there are no national regulations governing reuse. The regulatory atmosphere as well as guidelines are usually on a state-to-state basis. And in general, if we look at the stringency of these regulations as one would expect as we begin with indirect potable reuse, we have many and much more stringent regulations than as we go down to agriculture uses where there are less stringent regulations. So as we begin to go forward and use more and more water reuse applications, certainly the regulatory atmosphere will be looked at with a much more scrutinous eye and development. 

This slide here shows some of the reuse applications and a number of states with guidelines. By and far the number of states that have the most number of guidelines is for non-food crop agricultural reuse, irrigation. Forty states have some guidelines associated with that followed by restricted urban use. And if you look at indirect potable reuse, there are very few. Only five states have guidelines associated with indirect potable reuse. 

Perhaps the most famous guidelines for non-potable reuse are those which are titled Title 22 requirements in Southern California. And basically what it says is for the most part secondary treatment of course is required but also with filtration and chemical addition to filtration and that the filtration turbidity must meet two(?) NTU(?) 95 percent of the time. There is also a total coliform limit of 2.2 total coliform per 100 ml on a seven day moving median and no coliform sample shall exceed 23 per 100 ml. And then finally, there's a CT requirement of 450 milligram per liter minutes with a minimum contact time of about 90 minutes. 

Those are used for non-potable reuse and then for indirect potable reuse it's really all over the map. Certainly secondary and advanced treatment, while they're not mandated in most cases, actually in all cases there is some sort of advanced treatment employed for indirect potable reuse and in general all drinking water regulations need to be met but it's been recognized that drinking water regulations alone may not be sufficient in order to employ indirect potable reuse. So there is monitoring depending on the state of a number of other different constituents such as total organic carbon. California has a monitoring requirement of 0.5 milligrams per liter for its groundwater injection of total organic carbon with a goal of 0.3 milligrams per liter. 

Nitrogen phosphorous is very important in Florida in terms of their regulations. In fact, I'll talk about a study where the phosphorous level is extremely low at 10 micrograms per liter. And then of course, there's all other concerns with organics, with EDCs, endocrine disrupting compounds, and pharmaceutical and personal healthcare products going further. And as I mentioned earlier, there's normally a requirement for an environmental buffer which usually is anywhere between 6 months and 18 months before it's actually withdrawn for drinking water supply. 

So let's turn towards water quality and look at some of the water quality issues associated with reuse. Where do these constituents come from? Well, there's a number of different avenues for this. They can certainly come from domestic use, commercial use, and industrial use and they can contribute all types of contaminants, those associated with microorganisms, those with organics, metals, nutrients, and salts. So the wastewater treatment may have to deal with a whole number of different constituents before the water is able to be reused in any way, shape, or form. 

In addition to the regulatory requirements there's a lot of issues that affect the end use and the end use in terms of the water quality is depending up what is actually going to be used for. For example, cooling towers, the nutrient load and the TDS, suspended solids, etcetera, are very, very important to provide low levels of these compounds in order to be reused. Textile mills require color, inorganics, chlorine, and odor levels to be manageable. Cement manufacturers are concerned with suspended solids and inorganics and the wetlands are concerned with nutrients, primarily phosphorous and nitrogen. 

Then we have agricultural issues with boron, etcetera. And for toilet and urinal flushing, suspended solids, color, and odor from an aesthetic point of view in addition to any health-related concerns are also an issue. In terms of wetlands, nutrients are an issue and as I mentioned for indirect potable reuse there's drinking water regulations but a whole host of other organics that may be of concern in terms of end use. 

In terms of reuse, there are certain concerns over the exposure of contaminants to the human population and if we look at what are some of these routes of exposure in terms of reclaimed water there's direct exposure and indirect exposure. And from direct exposure could be associated with contact from surfaces, from any kind of accidental ingestion of the water, consumption of fruits and vegetables that may have been irrigated with reclaimed water, contact with aerosols, or even ingestion through indirect potable reuse. And then there are indirect exposures and those could be associated with an impact on environmental matrices that affect the transport of pollutants, for example overspray due to irrigation purposes which impact waterways and then ultimately impact the drinking water source.


So there's a number of different exposures, ways in which the human population can be exposed to contaminants associated with wastewater and if we look at the organisms, this is almost your classic list of drinking water organisms. There is a concern of all of these different types of organisms in terms of bacteria, viruses, and protozoa. A lot of these we don't see because of our sanitary practices but certainly in terms of water reuse there are a number of different viruses we are concerned with and of course we're all concerned with the protozoa ajoritia(?) and cryptosporidium but there may be also areas of other bacteria which we don't normally think of such as mycobacterium or protozoa such as microsporidium that we need to be concerned with going forward with water reuse.


If you look at some of these in raw wastewater, you can see that there's some fairly high levels of organisms when reusing water that we should be concerned of in terms of treatment because there is a fairly high level of contribution. You see the range anywhere from 105 to 107 for fecals down to our protozoan cyst and ocysts(?) on the order of one to as 105 cyst per 100 ml. And so, we need to be careful in terms of how we structure our treatment around to deal with microbial and as I'll show you a little bit later some of the organic constituents.

In water reuse we take a very similar basis as we do for water treatment in that we look at a multiple barrier approach to risk management. In doing that, we consider the source control, where's the water coming from and how can we best control the source? In other words, it's a lot easier to treat water that’s impacted by just municipal wastewater as perhaps that is impacted by all industrial processes, industrial contributions. 

We look at the appropriate treatment and ensure that there are multiple barriers associated with that treatment, the storage transmission distribution system, being able to protect those systems and then also the protection of the usage areas such as warning signs, buffer zones, cross-connection control, end user agreements, user notifications, etcetera. So this multiple barrier approach is consistent with the way we normally treat drinking water. But of enormous significance also is to monitor and do adequate monitoring to ensure that the barriers are indeed working and this is one of the issues when we talk about direct potable reuse are these barriers and assurance that we may indeed have -- can we have barriers to ensure that we will always be protected.


So let's change gears for a second and now talk about treatment for contaminant removal since it's such a large part of indirect potable reuse and for water supplies. I want to take you through a couple of treatment trains and kind of give you an overview of where we're going in terms of treatment for reusing wastewater. And if we look at this treatment train, this is our classic treatment train for wastewater treatment. We have some kind of primary treatment, normally some biological process such as activated sludge. We clarify that, disinfect that to a certain degree, and then send it off.

For non-potable purposes in many states it's also required that we have some kind of chemical addition. We add some kind of sedimentation in some cases or direct filtration and then we filter the water, disinfect it, and then it can be used, depending on the use of course, for non-potable purposes. 

However, if we wanted to begin to think about this in terms of using this in the same manner but using more advanced technologies, the recent trend has been to replace the chemicals, the sedimentation and the sand filter, the disinfection step by simply using a membrane, microfiltration, ultra-filtration outside of the clarifier or sometimes actually inside the clarifier as the separation step between the contaminant and the reused water, and then of course followed by some kind of disinfection. So the trend towards membrane technologies has been significant. 

If we want to take it a step further to use for indirect potable reuse, normally what we find is that we need to add additional treatments such as reverse osmosis followed by a disinfection and in many cases adding an oxidative step to the treatment process such as advanced oxidation form, most commonly ultraviolet light with hydrogen peroxide addition. Now this is the classical step and the classical advanced treatment step but we're beginning to look at reusing water in a very different light now going forward and that's in the form of either taking our primary treatment, skipping the activated sludge step and all the treatment downstream of the activated sludge and providing screening to the primary treatment and then going into what's called the membrane bioreactor and using the membrane bioreactor to replace many of those upstream processes ahead of primary treatment and using the membrane bioreactor for both liquid/solid separation as well as a biological nutrient removal step, and then following it by disinfection. And this can also allow us to use raw sewage in terms of sewer mining, mining the sewage right out of the collection system and employing some form of treatment such as membrane bioreactors disinfection and being able to use that on site. So we're mining the water, the wastewater right where we actually need the water to be used and this kind of technology is beginning to allow us to do that directly on a more widespread basis.


And then finally, I think we'll be seeing in the future, much more in terms of in the case of sewer mining perhaps, seeing the secondary treatment in terms of MBR but also adding a reverse osmosis and an advanced oxidation step so that we can then directly use this water as an indirect potable reuse source without building the large transmission mains necessary to carry it from a centralized treatment plant. In that case, we would use reverse osmosis and some more advanced treatment.

For those of you not familiar with membranes, this is just a picture of a membrane module. You can see here this is the hollow fiber membranes that are used for both drinking water and some applications of indirect potable reuse. There can be millions of these fibers in a single treatment plant. And then the second step, those were low pressure hollow fibers used for the first step in an indirect potable reuse plant and this is a higher pressure process. This is an RO plant that would be used in a second step before the advanced oxidation process and this could be used to remove finer and finer contaminants. This is an example of a spiral wound membrane that's used inside some of those reverse osmosis pressure vessels that I showed previously. And then in terms of UV, the final step, you can see here that there's a variety of different UV systems, some which are in pipe, some which are free floating in open channels that could be used for the final disinfection or in some cases for advanced oxidation in conjunction with hydrogen peroxide addition.

Let's look at a few case studies in terms of treatment of contaminants and I'll first focus on the treatment of inorganics using membrane bioreactors and reverse osmosis. And I'll use the case of a study that was conducted down in Sunrise, Florida. This is a pilot study that was conducted and it shows you a couple of different treatment trains that were used in terms of screening. There's crude screening and then it went through a secondary treatment bionutrient removal or MBR process and then it was from there it was split up into a couple different streams. On the left, it went to reverse osmosis followed by a UV disinfection. The middle was a control stream and then the far right there was enhanced treatment using chemical addition for enhanced phosphorous removal followed by UV disinfection and the old application was used for raferative(?) infiltration trenches for replenishment of some of the groundwater.


So if we look at those different -- here's just a few shots of a pilot plant that was used. On the left here, a reverse osmosis plant, pilot plant, and you can see on the bottom those large pressure vessels, stainless steel pressure vessels are employed and the right is the MBR process that was used. It's hard -- you really can't see much there except some of the holding tanks, the actual membrane bioreactors in that one compartment in the back.


So if we look at the effluent water characterization, not atypical wastewater in terms of its water quality parameters, BODs(?) from 90 to about 500. Total suspended solids, 25 to 250 milligrams per liter; total nitrogen, 7 to about 80; and then total phosphorous, about 8 to 33; and total phosphates about 1 to 11. So fairly typical.


If we look at the removal of suspended solids in this case, what we see is again it ranges anywhere from probably 80 up to we see here up to a couple hundred and in terms of the MBR process we can see they get very, very good removal, in most cases down to the MBR goal which was I think, believe five in terms of suspended solids and you can see that the MBR was very, very effective in removing the suspended solids as you'd expect from a membrane process. In terms of removal of total nitrogen, we see here also that the MBR process was able to remove levels of influent total nitrogen which ranged from 10 up to almost 100 and to be able to reduce that for the most part under 10 to 10 micrograms per liter through the MBR. To get it down to even lower levels though, lower than one if that was required, you'd have to use an RO and you can see here in the triangles here the RO permeate was able to reduce the total nitrogen from the RO process to a fairly low level.


Phosphates, which is a very, very critical parameter, especially in Florida because of the discharge to waterways, again the Phosphorous levels between one and ten milligrams per liter and then the MBR effluent was not able to meet the goal of 0.01 which is probably the most stringent in the entire country and for that purpose it was able to reduce it down to less than one on a consistent basis but to get down to 0.01 reverse osmosis would need to be used. And if you look at the following panels, even alum in conjunction with MBR was not able to reduce those levels of phosphorous down to 0.01 milligrams per liter. So the RO was necessary in this case.


And then just a quick slide in terms of fecal coliform bacteria and coliphage. You see for MBRs very efficient in removing coliforms. The primary effluent fecal coliforms were on the order of 106, 107 and you can see from the MBR permeate they're reduced down to the detection limit except for a few cases of their respective assays. And also, the bottom panel shows you the removal of virus and you see here that the virus ranging from 103 to 104 per 100 ml. In this case there were none detected, at least down to the detection levels of the assay from the MBA permeate. 

What I've tried to do here is put a comparison of microbial inactivation by disinfection processes and try to put in membrane bioreactors in relation to some of the other processes in terms of how well they disinfect water. And if you just look and I won't go over all of this slide, but just look at the overall rating, in general we can compare that we do have some good tools in terms of ozone and UV radiation, in terms of microbial removal for water reuse, good to excellent and then the membrane bioreactor is also a good tool for water reuse. We can get very, very good removal through the reactors as I showed previously. 

Now we move on to the treatment of some of the organics and organics are certainly a concern in water reuse and becoming more and more of a concern, and I'll talk primarily about endocrine disrupting compounds and pharmaceuticals and personal healthcare products for a particular study. But before that, when we talk about endocrine disrupting compounds, they are concerned and their removal through conventional wastewater processes are in many cases very, very low and so that advanced treatment is often required if we're going to use it in reclaimed water. 


Here are some just examples of these EDCPPCPs that we're concerned about. There are certainly more than this but they can be generally described in terms of steroids, testosterone, progesterone, which we're familiar with, antimicrobials, sometimes it's often hard to find a soap that doesn't have tricyclosan in it, analgesics such as acetaminophen, some psychoactives, caffeine, etcetera that's commonly used, and then of course there are a whole host of others too that we would be concerned about. So we've heard a lot about this. They've hit the papers recently and they're certainly concerned on almost every reuse project that comes up is that one wants to be know what are we concerned about in terms of EDCs. And so those need to be addressed.


The way you want to look at this is to again take another example from a pilot scale project that was conducted for the City of San Diego. This city, as you know, San Diego is one of the driest parts of the country and they've been looking at indirect potable reuse for almost 20 years now. And in general, the scheme that they have intended to employ was to take their municipal, secondary municipal effluent, employ their water reclamation plant, and then use part of that flow to go to their reclaimed water market and then the other part to go to advanced water treatment. So they're already doing reclamation with our conventional secondary treatment followed by filters, then taking that water and doing advanced treatment on top of that water there and then putting it into a reservoir of which there would be a 28 month detention time within that reservoir, withdrawing the water from that reservoir after that time period, then sending it, in combination with other water, to a water filtration plant and then out to the potable water supply. 

So you can see there's a fairly significant amount of treatment and residence time. And this actual, to date this project has not gone forward for one reason: Not because it was not technically feasible. In fact, we showed in every way that it was technically feasible to conduct. In fact, through this process we got, if you looked just at microbes, we got 22 logs removal of virus through the treatment process which I'll show you. But the perception was again that the drinking of wastewater and one headline which killed the process which was called Toilet to Tap. Once that hit the headlines the political forces behind it weakened and eventually the project did not go forward. And just recently, they're revived this process and they're going again to look at, once again, because of the severe water shortages, using indirect potable reuse. 

So if we look at that advanced water treatment plant, let's take a look at that a little bit further and this I what it consists of. It consists of an ultra-filtration step from their tertiary treated plant, followed by reverse osmosis, then followed by advanced oxidation and then advanced oxidation will consist of ultraviolet light at fairly high doses, followed by hydrogen peroxide or in conjunction with hydrogen peroxide for generation of hydroxyl radicals. 

Now if there's such a thing as a standard treatment for water reuse in this country, this would probably be right now the closest thing to it. This is the process employed by Orange County. This is the process employed by many places around the world. So if we look into this further, this is just -- here's just a couple pictures of the pilot plant. Step one again was ultra-filtration plant and it went through reverse osmosis. You can see the pressure vessels there. And step three was inline ultraviolet radiation provided by advanced oxidation. 


If you look at a couple of the removal of some of the selected compounds, again here I just show the advanced water treatment product water, some of the MCL and notification levels, and you can see that the product water was significantly lower in all cases than the MCL or the notification levels. You can see it for THMs, they produced water of 3, NDMA 2.3, etcetera, etcetera. So a fairly high level of product water.


Now if we get to the products, the contaminants of concern, we also looked at a number of different endocrine disrupting compounds and PPCPs through the advanced treatment process and the point here is not to look at the individual ones but just look at the columns in terms of whether they're yellow or they’re white. And what we see here is that if you look at those, the compounds that went into the RO process, that's RO in, you can see that there are a fairly high number of yellow boxes, showing that the conventional wastewater treatment plant did not remove a very high level of these compounds, neither did their tertiary treatment plant and neither did the ultra-filtration, which was the pretreatment to the RO, remove very high levels. But once we treated it with RO, you can see here that the RO out column, that there are far fewer lower boxes, most reduced to the detection limit of their assays. 

But it is important to point out that RO, many people are under the impression that RO, it removes everything and the bottom line is it does not remove everything. There are contaminants which will pass through RO and for that reason UV peroxide is used and you can see under these scenarios, under this particular scenario they at that point were reduced down to the detection limits of their particular assays. So this advanced water treatment process appeared to be effective.


Here I've taken a slide, a modified slide that was done by Shane Snyder, one of his EST(?) publications on the efficacy -- I'm sorry environmental engineering and science publications looking at the efficacy of various treatment process technologies. Again, it's not really important to look at the individual classes of compounds but really look at the trend in the colors. And you can see that there are several treatment processes here which do not remove these endocrine disrupting compounds to a large extent. You can see those are towards the right, such as free chlorine, such as UV alone or coagulation flocculation steps. But as we move to more advanced treatment steps, you can see that we begin to get better and better removal to where we go to reverse osmosis and we're able to remove greater than 90 percent of the compounds. 

Let me begin to summarize some of the issues associated with indirect potable reuse and in general, there are a number of non-technical barriers to indirect potable reuse and I will submit that the non-technical barriers are more of the challenge than any of the technical barriers in terms of using reclaimed water. Perhaps the most important is the public user perception in terms of as I explained the toilet to tap syndrome or the perception that you're using wastewater for a drinking water source. And certainly then in other countries there are certainly deep cultural issues with the use of wastewater where wastewater in many Arab countries cannot even be touched because of the cultural prohibitions to that practice. 

And in addition to that, we need to build better documentation of the economics of water reuse. Despite all the water reuse studies we've done, we still need to get a better handle on actually how much it costs. Perhaps the most important thing to the success of any water reuse is support by the local authorities and if the authorities aren't behind it, you can have all the data -- and I've been through this step -- all the data in the world and you will not proceed forward. And then finally, project funding of course is the also a critical aspect of it. 

So let me raise the question, is direct water reuse in our future? We have a number of instances of indirect potable reuse. And the question is being asked by more and more experienced users. There's a lot of people, a lot of agencies that have been using indirect potable reuse for 15 or more years, very successful and they're asking the question can we now or should we now begin thinking about direct water reuse as opposed to providing that large environmental barrier between the treatment and the distribution system. 

And I guess when I talk about this there are two issues associated which perhaps prevent the use of using it directly and it's not really a technical issue in terms of treatment. I think we're there or to a large extent there in terms of the technology needed to provide successful application. But one of them is the public health implications and I don't personally believe that we have yet really looked at the failure analysis and what is the risk of failure of a direct potable reuse plant in terms of our understanding and if something happens. 

The reason we provide that environmental buffer normally between the advanced treatment plant and the system, and the distribution system is that if something goes wrong, if there is a failure we have time to recover and you also have, in many cases the natural dilution effect which we don't have in direct potable reuse. So the timely recovery is critical but I think as we begin to focus more and more on failure analysis and being able to understand what are the issues associated with failure analysis this will become a more realizable way to go.

And then finally, there will always be these perception issues especially in terms of direct water reuse, the perception of receiving wastewater directly into your water distribution system and whether the public would be able to accept that. 

So in terms of trends and where we're going in terms of water reuse I think we're going to see more dual systems where there are two separate pipes in a distribution system, one for clean water or drinkable water and one for non-potable sources that can be used for irrigation of the household or other areas. I think we're going to need more towards acceptability of indirect potable reuse as we go forward and perhaps pondering the question of direct potable reuse in the future. UV for disinfection and advanced oxidation, I think that will become more of a standard practice as well as membrane processes. And then we're going to begin to see more distributed water reuse facilities as time goes on. Let's treat it at the site where it's needed from the collection system as opposed to delivering it to the centralized system and then having to repipe it all the way back because we know for certain that the costs are not in the treatment when we talk about that, the costs are in actually the repumping and the in-ground infrastructure to carry the water to where it's needed.


Then finally, we'll see more and more I think regulation development and clean current regulations in terms of water reuse and it is becoming more and more of an integrated resource _____ issue in terms of going forward where we look at the total water cycle and being to think water reuse has to be part even in water rich areas of our planning. In terms of user perception studies, those are ongoing and they'll continue to be conducted so that we get a better handle on what we need to do in terms of the public and how to deal with this. And water reuse is being in many areas looked at as a standard for sustainable development, particularly in the Middle East where it is the showpiece of the water system itself. 

So with that I'd like to conclude and hopefully answer any questions you might have.

Q:
Joe, was there any concern about or detection of formation of bromate coming out of the hydrogen peroxide treatment?
Joe:
If there is, not as much -- the bigger issue is not as much with UV and hydrogen peroxide because of the pathway of formation, but in many reuse applications, a particular one I can think of in Clark County, Nevada, where you have ozone in conjunction with hydrogen peroxide or just ozone alone, it is a big issue and depending on the bromate, on the bromide concentrations, bromate mitigation, just like in water treatment, would need to be employed in order to address the bromate issue. So yes.
Q:
We're talking about 21st century solutions and you had mentioned, Joe, your presentation was sort of a hodge-podge of what states require for indirect reuse. Correct? And maybe this is not the EPA's authority now but maybe we're looking at a national effort to come up with here are the criteria and processes for going from wastewater to indirect to water reuse, that it's more a nationwide type thing so that consulting firms and utilities know what they have to do to get approval. Is this something that you would recommend as a way to move rather than let each state do it on their own and if there was a national, not approval but a national review and understanding of -- you mentioned different treatment trains, that these trains give so many, so much water quality conditions so that there's consistency that you kill(?) these wastewater/drinking water, at least they know what the rules are, requirements are and therefore maybe there'd be greater public acceptance because the science and engineering shows here's how to do it and therefore there may be a greater probability of getting direct reuse in the years to come.
Joe:
I think you're right. I think in the long-term that's probably where we're going to be headed with that, with a longer-term look at a more national perspective. EPA does have guidelines on recycled water. They're out there. But like you mentioned, these states really are very individualistic in where they're going and so it is warranted that we have a more national perspective. But we run into, obviously, the same problems that we do when we talk about can we have a national water policy with the argument that the water issues in the West are much different than the water issues in the East which are much different than the water issues in the Midwest so why would we have a national policy when those issues are so dramatically or diametrically opposed in many instances. And one can make the same argument in terms of water reuse.

But why we need something that's more blanketing is also I think because just in the technology, if I go to Pennsylvania and you demonstrate that you can treat water to a very, very high level and provide the kinds of effluents that are required, you go just two steps across the border in Ohio and none of that applies, even if it's the same water quality. It will not apply. You need to go through the same steps. And virtually you could be doing that in 50 states throughout the country. Now that's not the case. Some, many states accept California's approach. But nonetheless, this has really slowed down the whole idea of using water reuse. 
Q:
Your table showed that reverse osmosis was very effective for removing organics from the water. And then you were ending with some sort of concentrated organic waste. What are you doing with this organic waste, this concentrate?
Joe:
Yes, in many cases you may be ending up as much as 20 percent of organics in that because normally from a reclaimed water perspective you normally concentrate to 80 to 85 percent, sometimes it's as high as 90 percent but it can be as much as 20 percent discharge. What do you do with the reclaimed water? There's a couple different options that you can use. The classical option is where deep well injection is possible, you may be able to deep well inject. Where you can spray irrigate some of that concentrate you may be able to spray irrigate. Again, depending on the concentration of the contaminants; it's mostly used for salt, not necessarily for high concentrations. But in many cases you may have to go through a more in-depth treatment process to actually clean up that actual waste stream and that can involve another RO to concentrate it down even further and in some cases we're even talking about zero liquid discharge, where we actually take that concentrate, even go through a crystallization or a mechanical dewatering process to get it down to where we have a small, small amount and it can be either lagoon applied or something of that nature. 

So there's a whole, vast options. I'm not going to tell you that there's any one good option. The State of Colorado for example does not allow reverse osmosis at all because of exactly that issue; they don't know what to do with the contaminated waste and now they're funding zero liquid discharge studies to try to understand it better. 
Q:
Do you know what they're doing in California with it at the moment?
Joe:
Well, I'll give you an example. Actually Water Factory 21 is actually taking their discharge and actually ocean disposing of it. So that's their answer. Now, however, remember that the concentrations of the contaminants there are very, very low and in most cases the endocrine disrupting compounds are really not the issue in terms of the contaminants. It's more, in many cases it's the salt and the brine that's associated with that that really is the controlling factor. When you have a very high concentration of salts in your wastewater the issues is a sanitary sewer will not always take it back. You need to find an alternative way to discharge. Thank you very much.

END
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