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Drinking Water Forum - Marc Edwards


Marc:
Thank you. When he first asked me that he wanted to have the lead in water talk, I said, "You have no idea what you're getting into here. Are you sure?" And anyway, he said that's what he wanted to hear so that's what you're going to get. 

What we're going to be discussing today is the issue of lead in water as an under-appreciated public health threat and this work is in collaboration with the graduate student Simoni Treantofleedu(?) who's just done extraordinary work on this during her masters and is continuing that work with her PhD and also Dr. Yanna Lambrinigen(?) in Washington, D.C. 

We'll start out giving some background on where is the lead in water coming from and this is very important because lead in water, like some contaminants is very unusual. It gets into our water not from the water leaving the treatment plant. In general, if you look at water in the water mains it almost always has no lead in it whatsoever. The lead in water that we're concerned about is coming from one of three different sources: Either lead or brass service lines that are used to connect to the houses, the lead solder that's the metal glue used to connect two lead pipes together or leaded brass fixtures which are still legally installed in homes today. 

And just to give you a visual presentation of what each of these sources looks like, this is an example of what lead solder looks like on the outside of the pipe. You can only imagine what it looks like on the inside. This is a picture of a cutaway of lead service lines from Washington, D.C. that I obtained from Mike Shock(?) and these are 100 percent lead pipes essentially connecting these homes in the United States, about 2 million of them, to the water mains. And then there's also lead in brass, right in these fixtures that are right at the end. Those can still legally contain up to 8 percent lead by weight according to a Congressional definition that qualifies as no lead, believe it or not.


So the history of this goes way, way back. The great Roman plumber Vitruvius knew as early as 312 BC seeing the high death rate of slaves who were being used to make lead plumbing in the Roman empire, noted that lead was a great plumbing material but we probably should not be using it to transport potable water from one place to another. And if you go ahead about 100 years or so, the reason is because even the Romans recognized that lead makes the mind give way, that high levels of lead were associated with dementia and other maladies and in fact it's one of the first environmental contaminants that's clearly linked to human disorders. 

If you jump ahead 2 millennia in the United States, you'd think we would have learned a thing or two about the Roman experience, but no. This is a picture from National Geographic and what it's doing is extolling the virtues of using pure lead pipe as the sole or key plumbing material in your home. And in fact, it was the law in many states that only lead service lines be used to connect your home to the water main and this is the legacy that we're dealing with today. 

Folks have looked at this law, this requirement that we install pure lead service lines and in early New England it was very common knowledge that when these new pipes were installed certain neighborhoods, there was very, very high infant mortality and even in some cases dozens of adults dying from the high lead doses associated with lead pipes. And the writer of this book, Warner Trotskin(?), believes that this is one of the greatest environmental disasters in U.S. history, this installation of lead pipes in uncorrosive waters. 

In terms of the human health effects, what we know about lead is that it adversely impacts almost every major system in the body. The damage that results is irreversible. One of its manifestations is if you're above CDC's level of concern, 10 micrograms per deciliter, it's associated with a few points drop in IQ that is permanent. There is no level of lead that's considered safe and because of that the CDC has a goal of eliminating all cases of childhood lead poisoning by 2010, which is just one year from now. 

To give you some numbers related to concentrations of lead in drinking water because it's going to be important to reference these, the World Health Organization and CDC recommend that if your water contains more than 10-15 parts per billion lead in it, you should not be drinking lead at those levels. The EPA used to have information on their website that said 40 parts per billion lead posed an imminent and substantial endangerment to pregnant women and infants. And just as some crazy number, the U.S. EPA, 5,000 parts per billion qualifies a sample as a hazardous waste. 

So we in the United States recognized in the mid-‘80s/early ‘90s that lead was one of the most serious health risks to young children and we made great strides in phasing lead out of gasoline, out of soldered fit(?) and indeed in lead in drinking water. And early regulations tried to address the problem with lead in school. This is some archival footage from that time that kind of highlights the problem as we saw it back a couple decades ago.

[VIDEO]

Marc:
And so that was how things stood a couple decades ago and while we made some great progress in terms of reducing lead in drinking water, the point from my presentation is that surprisingly there's still much more that needs to be done. The points I intend to make are that first and foremost lead in water poses an acute human health concern to young children. Second, the way we look for lead in water is almost by design missing many of the worst lead problems that are out there. Public health officials do not understand this problem in the slightest and if we consider the health threats from high lead in drinking water, it can explain some very perplexing findings that are in the human health literature. So those are the points that I'll be making.

First, in terms of this issue of acute health effects, it harkens back to some events that occurred about 2003 when some children ingested some lead jewelry, Reebok pendants, and these children went to the emergency room complaining of a sore tummy. They were misdiagnosed as is almost all cases of lead poisoning as some kind of viral issue, gastroenteritis, and sent home and by the time the child came back a couple days later, he'd already gone into respiratory arrest and died. And as a result of this, the Consumer Products Safety Commission established 175 micrograms of lead as a dose that if it's found in a toy or a trinket would trigger acute health concerns, fines, and product recalls. 

So this is the event that's been behind the much in the news recalls that you've been hearing about for a couple of years. Overall some 300 million products have been recalled and these are just some examples of items that are listed as an acute human health risk by the Consumer Products Safety Commission: Thomas Trains for example, that was a good example. And at some point in this, it became actually very hysterical and I think that hysteria is still continuing to this day. This is an example of a picture where you would bring your toys in and the public health officials would test every square inch of different colored paint on that child's toys on the chance that your child might be exposed to lead from that source. So when I saw this picture, I was kind of thinking, "Well, if my kid was eating the eyeballs out of this toy, perhaps lead poisoning wouldn't be the first concern on my mind." But nonetheless… This is an example here of where it's gotten just last month -- these are now hazardous products, these old books that had lead ink used in them. 

So that's the standard that society sets and I'm going to make a controversial assertion here that if 175 micrograms of lead in any of these products, products that are not designed for human consumption, that if we find that same dose of lead in a water sample, which is designed for human consumption, we should be concerned about it and take action. A dose of 175 micrograms of lead is unacceptable. 

Well, based on the Freedom of Information Act requests to the various schools around the country, what you'll find is that many of these school systems have a high percentage of their schools where at least one water sample tested above this acute health threshold. In Washington, D.C. in 2007, we forced release of data that showed ten percent of schools in Washington, D.C., from a single glass of water would deliver a dose exceeding 175 micrograms of lead. In some of these schools more than 80 percent of the taps exceeded EPA standards of 20 parts per billion. And this information was not shared with students, parents or teachers for at least two years. 

If you look elsewhere in the country, Seattle, 4.5 percent of schools; Blacksburg, of course we only had five schools so it was one out of five that had this high level of lead. And if you look at these high -- what levels we're talking about, in some cases they're actually very, very shocking. This is a log scale, the highest sample of lead that we measured in each of these schools based on the forced release of data from the Freedom of Information Act request. Many of these samples were in the hazardous waste range for lead in water. 

And to put this dose into context, this is a picture of what the worst case sample looked like, 250 ml lead in the water sample measured 20,000 parts per billion from a kindergarten room in Washington, D.C. To get that same dose from lead paint, you'd have to eat about 14 dime-sized lead paint chips with one percent lead content. This is a dose from a single glass of water that's high enough to put a kid into the emergency room. 

So my main conclusion from this part of the presentation is acute health concerns from lead in water are real and they need to be addressed. My second point is the way we're looking for these problems, the data I just gave you is the good news. The way we're sampling for many of these problems is missing the worst of the lead. So for instance, what we're talking about here are little pieces of lead particles, solder that's corroded, lead rust that's corroded, it's falling off into the water. And the fact of the matter is when the EPA designed the lead in copper rule they largely assumed that lead in water was going to be soluble. So the protocols they developed are for soluble lead, not particulate. And this is a problem because these high levels of lead we're encountering in general are particulate; these levels of lead that pose this acute health risk. 

And just to give you a little cartoonish representation of what's going on, what happens is you have your lead bearing material, you have the water flowing by it, you've got lead solder, lead scale or rust that's occurring and you get flow events and these particles get detached and into the water. And if you're drinking the water, of course it goes right into your stomach. But if you're collecting a sample what happens is you collect your water, the particles sink to the bottom of the sampling container and EPA only requires a PH2 acidification step for preservation. This is not strong enough acid to dissolve that lead in the particles. And the water, when you pour it out for analysis you miss it completely. 

So here's an example of a sample bottle from Washington, D.C. and what you're looking at are pure lead oxides that stuck to the bottom of the sample bottle. When this water was analyzed, you only detected 20 percent of the lead that was actually in that sample. And more recently, we've collected samples that measured three parts per billion using the standard EPA protocol and when we analyzed it with stronger acid, it contained 1560 parts per billion. We missed 99.8 percent of the lead that posed a health threat in that sample.


Now, when we first uncovered this, some folks said, "Well, this is good news," because it was suggested that these lead particles would just go right through you. And hypothetically that's a possibility. These particles might not be bioavailable. But when we looked at it and you consider what's going on in the human stomach, it turns out you've got more aggressive acid in the human stomach. Hydrochloric acid is much more prone to dissolving lead than nitric. The PH is lower. You've got warmer temperatures and there's mixing. And the net result that we were able to show is that the particulate lead missed in the EPA protocol, a substantial fraction of it is bioavailable if you were to ingest it. So this missing lead does matter.


The detection of these particles makes the detection of the lead hazard critically dependent on how you sample. So for example, everyone's familiar with the fact you could sample at a high or low flow rate. This is what a low flow rate looks like, 1.3 liters a minute. This is seven liters per minute. In general we find when we sample at taps at higher flow rates the one you use when you collect water for cooking or drinking, you'll find up to three times more lead than if you sample at lower flow rates. 

And what do we instruct consumers? If you look at lead and copper rule sampling instructions around the country you'll see instructions like this: Slowly and gently turn on the cold water tap to fill up the bottle in 45 seconds. That would lead to a flow rate that's less than this right here. So these instructions are designed to miss particulate lead.


Simple things like the sampling bottle you give to consumers, if you use a wide mouth bottle and you fill it up faster than this narrow mouth with a very small opening on it, that can have a contribution 300 percent difference in the amount of lead that you sample based on the fact that you have to use a lower flow rate to fill this bottle up right here. Some other sampling issues are very, very important. Some instructions were telling people to clean out aerators the night before sampling to get lead particles out of them or extensive flushing the night before. That bad data I showed you from lead in Washington, D.C., ten percent of schools sampling above the acute health risk criteria, that was actually the good news because the night before the school district had parents come in and flush every single faucet for a minimum of 55 minutes the night before and the only effect of that is to get lead particles out of the line. 

We don't sample hot water for lead. Why is that? You're not supposed to drink hot water. You all know that, don't you? We tell you not to drink hot water for cooking because it has high lead and that's where it ends. We also tell people not to eat lead paint chips but that sort of thing happens; that activity happens. When I was preparing for this presentation, a couple years ago a version of it, I had my daughter pose for some pictures just to get some action shots of a kid near a fountain. And lo and behold, kids do all kinds of things we tell them not to, even when they're right in front of you. Now no one can tell me that kids aren't drinking hot water in this country. And what's more is I can tell you based on firsthand experience that parents are also doing things that we tell them not to.


We went down and through a Freedom of Information Act request in 2007 discovered a majority of children with lead poisoning in Washington, D.C. in 2007, their parents responded they used hot tap water to mix up their infant formula, their kids infant formula. This is a particular concern because at that age your children are ingesting just so much water per unit body weight it's literally off the charts in terms of the human health risk. So this is a major issue. 

The potential exposure from lead in water and food has also been dramatically underestimated. This arose in a case where we were involved and a child had lead poisoning but the parents said the child wasn't drinking the water. How could this be? Well, they were making a lot of food. They were preparing pasta frequently in that water. One of the first things we discovered is this is the aerator in this child's house and you see these chunks of lead solder. That's lead solder sticking in the aerator at the end of the faucet. And it would rub against this and these particles would go into the water when it was sampled at high flow, get caught up in the food and the net result was each serving of pasta that this child was served was the same lead dose as ingesting a penny-sized lead paint chip. This is not considered in current exposure models at all.


There's also extreme variability in lead at some taps due to this kind of Russian Roulette phenomena wherein a chunk of lead will come off sometimes and other times it won't. What are we going to do about that? Here's an example of samples collected from a tap where we sampled in sequence on ten different days. The first six days it measured undetectable lead and we happened to get a chunk of lead in the water, 28,000, 16,000 parts per billion lead on the seventh and tenth day. The entire human health risk is tied up in whether or not you get exposed to one of these chunks of lead. And we tell people that if you sample water once and it has low lead in it, you can be sure it's safe for yourself and your family. 

We also looked at other files of lead poison in kids in Washington, D.C. These are examples of what was going on at one kid's house who had lead poisoning. The water utility was sampling, routinely getting high lead above the 15 parts per billion. The day the Department of Health came in and took their sample, they were at 11 parts per billion; told the family the water was safe even though later they got lead samples on the order of 500 parts per billion. So the family continued the exposure of this child to high lead in water because of this very issue. 

Shifting gears now, if lead in water was a significant health concern, wouldn't someone tell us? Wouldn't public health agencies tell us that this is something we should be worried about? After all, we're the engineers. We have responsibility for controlling this problem. Well, the Center for Disease Control which is charged with overseeing this program in the United States starts out with a false assumption. They think that the EPA limits the lead in drinking water to 15 micrograms per liter and that ever it exceeded that level of lead in water we'd have to tell people. And that is simply not true. What we have is an action limit. We report the 90th percentile lead and this is the example of data for tens of thousands of samples for a northeastern city and their reported 90th percentile value for these tens of thousands of samples collected of theirs is 10 parts per billion. They meet the EPA action limit. But if you look at the 99th percentile of exposure, folks are getting 70 parts per billion, the 99.9th percentile, 1700 parts per billion lead. If you run the risk, if you run biokinetic models on this at these higher levels of exposure which is where all the health risk is, you would predict easily that one percent of the children in this city would have elevated blood lead from just drinking water alone and this is totally unacceptable. A city with 100,000 kids, 1,000 cases of lead in water, elevated blood lead from lead in water.

The idea that lead in water might be causing lead poisoning unbeknownst to us can explain a lot of sort of paradoxes that exist in the literature. So for example, there was a HUD study done in Milwaukee and New York City and what they found was that the very act of consuming tap water significantly elevated the likelihood that a kid would have lead poisoning. This was very significant. Consumption of one eight ounce glass of tap water in these urban environments per day resulted in a 45 percent chance of elevated blood lead in these kids in these high risk environments. Two glasses resulted in a 50 percent chance of having elevated blood lead.


Now the researchers tried to correlate their lead in water measurements that they obtained during their study to the higher likelihood of lead poisoning but for all the reasons I mentioned, this random nature, the fact we're missing most of the lead when it was present, they found no correlation and this information was put in the back of the report because they couldn't understand how the act of drinking water could cause a higher incidence of lead poisoning without it being correlated to lead in water. And the reality is our EPA measurements of lead in water don't even correlate with lead in water to start with.


If you look at the European studies it's very clear from the work in Glasgow, Germany and other places that when they measure lead in water in samples, it does correlate to the lead in blood in infants and in adults and I could send you the literature on that and Europeans have a much stronger acid digestion which would detect the particulate lead if it were to occur. 

So shifting gears to what I've learned over the years, starting out initially trying to have very collaborative conversations with people and gradually getting progressively more and more frustrated as time went on, I just want to summarize the CDC's current understanding of childhood lead poison and the various sources. First and foremost of course there's lead paint and then we always have to be very concerned about lead paint. And then you've got to check for the lead paint and even if you can't find lead paint in the child's house, go back and look again because we're virtually certain it's going to be lead paint. This is their mindset. 

They admit that 30 percent of the kids at homes they investigate with lead poisoning have no lead paint source that's identifiable in the home. So in those cases they think it's soil, dust, toys, trinkets, cosmetics, lunch boxes, books, venetian blinds, all those things. But in general they're very sure that it's not water. 

I thought it was just me. I thought I was the only one who saw this kind of blinder philosophy but there was histories of the lead in copper rule where oddly enough the CDC was opposed to doing anything against drinking water because they thought it drew attention away from lead in paint. And this is a little bit ironic because lead in water is the one source that we control directly through a shared system of responsibility and mitigation can be low cost through use of simple filters, flushing and other remedial measures.


What I've learned over the years is frankly these public health agencies are skewing the analysis to fit their world view and this is very, very shocking. It's been shocking for me to learn. Here's some examples from what I found when I investigated what occurred in Washington, D.C. from 2001 to 2004 during an incident of very high lead in water. We did a Freedom of Information Act request of the city's records. They claimed that the high lead in water had not caused harm in any children in the whole city during these three years. We looked at their reports where they investigated these children and this is just an example. One child at this school, Wilkerson Elementary where they identified 7,500 parts per billion lead in their classroom, it's a hazardous waste level of lead in the kid's water at school. They did blood lead testing because they were concerned about the high lead in water they found. They found a child 18 micrograms per deciliter, been lead poisoned. D.C. Department of Health went and testified under oath that the lead paint in the home was the source of this child's lead. When I did a Freedom of Information Act request on this child's case file what I found out, contrary to what they stated under oath, there was no identified lead paint in that child's home period and that the investigators thought the main source was lead in the school water. And this was repeated for a number of these reports that I looked at in Washington, D.C. They flat out lied about the source.


It's not limited to D.C. DOH. This is an example from a peer reviewed paper that was published in 2007 about this event where it was stated that there's no identifiable public health impact from the elevation of lead in drinking water in D.C. from 2001 to 2004. This agreed with what CDC published in 2004 by the way. But we've just learned that that conclusion was published by mistake. Through a Freedom of Information Act request I showed that to EHP and they launched their first investigation on the basis of scientific misconduct in their 30 year history and that investigation will be going on for about a year. CDC has just admitted that they knew that thousands of blood lead data points were lost from their study and that they knew about other specific events of data falsification by the Department of Health and they chose not to tell anybody about it and that was written in Solan(?) just two weeks ago and there was another data from another study that was quoted to Congress that I can prove was completely fabricated. The data just never existed, flat out.


So you haven't heard the last of this. We went back and got independent data for what was going on in blood lead in D.C.'s kids from the largest hospital in D.C. We decided to look at the infants who are most likely to be impacted by this issue and when we graphed it up, just like the models predicted blood lead was -- the lead in water was low through 2000. They switched to chloramine. It was the first year in late 2001 when the lead in water was high and we saw the incidence of lead poisoning among this very susceptible population went up by a factor of ten and that was just recently published in Environmental Science and Technology. What's more, when we looked at CDC's own data it showed the exact same trend when we looked at the younger kids. 

So it's not just limited to Washington, D.C. Here's an example of sort of what happens around the country whenever folks identify problems with lead in drinking water. This is a case in California from May, 2008. An investigative reporter found out that Los Angeles schools had been fabricating data regarding flushing of fountains. They said they were flushing them every day to get the lead low. So they were just making up the fact that they were doing this. They went and sampled and found out that 50 percent of fountains in some schools tested over EPA limits. And here's what happened at the first public meeting that was held with parents. It's pretty typical but for once someone didn't buy the standard public health line. So just watch this. It's kind of humorous.

[VIDEO]

Marc:
And so you get the idea and if we make a compilation of what's going on in the schools around the country through my Freedom of Information Act requests, it's really quite appalling. Here is how we discovered lead in the school water problems in the U.S. in the year 2008: In Seattle a parent had their water tested because they were concerned about a discoloration of the water in the school's classroom and found over 1,000 parts per billion lead in one case. D.C. I was personally involved in that. It was a three year ordeal to force release of the district's own information about the high lead in the water to the parents and the teachers. In Durham, North Carolina they found high lead when they looked for bad tasting water in the school. Davidson County, this was interesting, a high school science teacher couldn't get her chemistry experiment to work using tap water so they investigated and they found high lead in the water and that was why the experiment was failing. In Baltimore, there was a teacher who knew about the high lead and blew the whistle on the school district. In Medford, Oregon, there was a case of an adult who felt they had high blood lead from drinking water at the school and in L.A. you just saw the example of the investigative reporter.

So I conclude that we do a horrible job in this country of not protecting children from this rare but still significant health risk and in fact as you'll see from these next videos, I would even contend we don't even necessarily protect even some of our more powerful people in this country as well.

[VIDEO]

Marc:
And then this is from 2004 during the lead crisis.

[VIDEO]

Marc:
Just to wrap this up with reiterating some key conclusions: Lead makes the mind give way. You can think about the implications of that. So in general, lead in water does pose an acute human health risk that I think we should be doing a better job addressing. The higher levels of lead sampled in many U.S. schools exceeds thresholds that would trigger product fines and recalls if found in toys by the Consumer Product Safety Commission. There's no evidence, none whatsoever that elevated lead in blood, lead poisoning from tap water does not occur with fairly high frequency in some cities and it just simply goes undetected or is covered up. We're sometimes missing the lead hazards by the way in which we sample, sometimes intentionally, sometimes unintentionally and the public health agencies involved in this really do not understand this issue at all and in fact in some cases they view it as a threat because there is without a doubt a hypocritical double standard that's being applied to lead in water versus the lead in toys and one is being touted about and it's in the press all the time because we can blame it on manufacturers in China or we can blame some landlord. And here we are, lead in water is our responsibility and we're doing nothing about it.


The key thing is the real problem is that our current public health agencies really are -- they view this problem of lead in water as a threat to their real battle on lead paint and that's why we got into these issues of falsification and scientific misconduct. And by the way, you haven't heard the last of that either.


So I'll just quickly shift gears. I want to mention one other thing. Lead represents a class of problems that Mark and I discussed in the NRC 2006 _____ having to do with _____ after the property line. And as you see from this _____ anything that happens after the property line is a political minefield. I've pretty much stepped on every one of those mines and somehow managed to still be standing so I'm not afraid to talk about it. But one of the paradigm shifts that's occurred is not only in relation to lead copper leaching but at the ACE Conference in 2008 a startling fact emerged and that's that legionella, which is caused in general by exposure that occurs from premise plumbing in our homes is now the primary cause of water borne disease in the U.S. and most of the deaths. And I know that's true because Mark Lechevallier(?) was there and he sent me this statement that although premise plumbing is not under our control of water utilities, frankly if we want to improve public health in the future we need to get involved in addressing this issue and other issues that are related to the quality of water that protect its safety all the way to the top. Thank you. 
Q:
Thanks, Marc. I have a comment and a question. In Los Angeles when you tested the drinking water fountains and the people tested their water faucets at home, was that the same water supply? 
Marc:
Yes. As you can imagine, from that -- you just saw that example of the solder. This problem is incredibly variable. It goes back to the issue of what kind of day the plumber was having when he soldered that joint two/three decades ago and did they really do a lousy job? Because we've seen joints for example in some homes where there's virtually no solder at all contacting the water and in other cases where there's almost like a half pound of it pooled throughout the plumbing system. So even within homes of lead poisoned children when I investigate you'll find some taps, often the kitchen tap, that has almost undetectable lead and then you go to the child's bathroom where they're taking a drink of water at night and you'll have a sample in the thousands. 

So even in the same home we see this kind of just remarkable variability, not to mention this issue of am I going to get a chunk of lead in my water sample or not, which is always a possibility.

Q:
One other comment. I remember, oh, it must have been 15 or 20 years ago when there was a meeting with EPA at a conference. I think Mike Shock(?) was there. And the audience was saying, "Well, why don't you make lead-free fixtures lead-free?" And now you say Congress says lead-free means anything less than five percent. Now I know the EPA has the ability to address Congress and say, "We'd like to make lead-free actually less than point whatever." Why don't they do that?

Marc:
Well, we have a third party system. The National Sanitation Foundation that through whatever reason has been given oversight of this program. We have performance standards and what that means is you're supposed to take these fixtures and test them in a rigorous situation and make sure they will not leach lead at high levels. I can tell you because we've published on it in the journal that those standards are flatly not working at all. I've just worked on a case, a brand new building at UNC Chapel Hill, brand new plumbing where there was a fountain that dispensed lead, over 300 parts per billion, continuously. We traced it back to a single product upstream that appears to be a counterfeit product with 18 percent lead in the brass. 

These types of counterfeit products are being installed all over the place. And even when they're not counterfeit, this eight percent, the performance standard is not adequately protective. We have places in the U.S. that are over the lead action limit in brand new homes.


So the EPA is recognizing that new homes are a higher risk sampling pool. They're considering whether to start addressing that because the lead in the brass there has not been passive and you get high lead in the water in those. But we haven't even stopped putting lead in our systems now. I mean the vast majority of faucets you'll buy for your kitchen tap, for your bathroom tap have leaded brass in them and they will contribute lead to water albeit at relatively low levels, not levels that I'm generally concerned about. I'm concerned about the much higher levels that we see with these pieces of solder that can here and there fall off into the water and deliver these very, very high lead doses.

Q:
What would be, if you were asked this question, the next three steps that you would take to resolve this? You've proven your point which has public value. What are the next three steps you would recommend as an expert in this area?
Marc:
Well, what we've seen is for the schools who've looked at this and rationally addressed this problem, here's going to be another controversial statement. Baltimore looked at the cost benefit and decided bottled water is the way to go and they provide bottled water in their schools because the cost of flushing and remediating did not work. Well, first off they tried to remediate, they tried to stop this problem by flushing. It did not work. The cost benefit said bottled water in those schools was the answer and that's the way they went. And I think if you look at this plumbing system and the possibility of these chunks of lead falling off every now and then are you as a parent going to tolerate that kind of risk for your child? I would say in many cases no. 

Now a majority of schools probably don't have to go that far. But for some of these older schools -- we found some schools in the inner city of Washington, D.C. the average lead in water was over 100 parts per billion. The lowest lead was over 70 parts per billion. This is a school that was 99.9 percent African American by the way. It's just outrageous what was going on there and these levels were high not only in the first draw but in the second draw of water too. They were over 100 parts per billion average lead in the flushed water. 

And there's no laws that require these schools to do anything. There's no laws requiring testing. There's no laws requiring remediation. We have a voluntary system and it's failing. 
Q:
Marc, just two questions. Of course, the 90 percent action level by EPA, I guess is built into it in fact that the values higher than 15 can and did occur and that's how EPA had set that rather than a numerical level where an average would be skewed by a single little lead particle that by setting an action level that in fact it is baked into the regulation that there were times when you could have high lead and I think specifically due to particulate lead. So the question comes down to the health effects and you made the relationship between the acid in the stomach which is one perspective. Are there any direct experiments with testing particulate lead in animals, anywhere else, where we could show that -- you made a conclusion it's probably bioavailable. But it seems to be the real key to your presentation and anymore health data in that regard?

Marc:
Yes, the very best work I'm aware of in the world that's going on on that subject is being done by Michelle who is right there to your left. We're very interested in what they're going to be discovering and looking at that issue. We did our testing with simulated gastric acid for example and we showed the oftentimes it's 30 to 40 percent bioavailable fraction. That’s even before you consider the issue of these particles can get hung up in your intestine or something. There's cases of children ingesting birdshot with lead in it and these serve as sources for months afterwards because of that. 
Q:
NSF International has drinking water standards for point of us treatment devices that looks at lead in water. They look at dissolved lead and particulate lead. What are your thoughts on that standard? And also you haven't discussed point of use treatment water products for solving the lead issue and I wanted to get your opinion on that.

Marc:
Well, Michelle and I are working on that and again she's just done remarkable things with it. But one of the first things we showed was those devices were not safe in protecting particulate lead. They weren't being tested for particulate lead. So the Brita type devices lost their certification for particulate lead removal. However, those devices still perform very, very well in dramatically reducing the risk of exposure. So I'm a big proponent of those devices even though they don't always perform and remove 90 percent plus of the lead. Since that time, NSF has been using particulate lead in their certification standards. There are filter type devices that meet that standard and there are other devices that meet those standards and in general those devices are extraordinarily effective. 

So that brings it down to the point if you've identified a hazardous tap you can mitigate that risk by simply providing a $20 filter to people. I mean that's how much cost we're talking in some cases to reduce this risk. And as Mark said, you can meet the EPA lead in copper rule and still have one percent, two percent, five percent of your homes in a system with just very significant lead problems and that's what we should be doing is finding these problems better, making sure we take steps through public education or providing NSF certified filters or bottled water to those people because it's important. This is a small percent of the population but the risk is unacceptably high.

Q:
Just before I came to Yale, I had a close friend who is a physician. He was affiliated with a number of Medicaid practices in the Bronx and he came to me and he said, "Would you like a consulting sort of thing where you would help do some laboratory work?" And the one test he said we'd like set up is a lead test. I think it was zinc protoporphyrin at the time. I'm not sure what it is today. And virtually every kid walking through got a zinc protoporphyrin.  Is it routine anyplace now for children to be tested for lead on any sort of regular basis?
Marc:
Yes. The U.S. does a great job of monitoring blood lead in children. Testing is the law in Washington, D.C. Unfortunately the way we test is designed to test lead paint hazards and not lead in water hazards. What I mean by that is the highest risk population for lead in water is infants using formula and we don't recommend that they even start testing their blood lead until year one or two and by that point they're out of the crib and they're walking around, they're getting into the lead dust and lead paint and that's appropriate if lead paint is the primary source. But the shocking thing when we did our ES&T article was that we realized there was almost no data for children in the highest risk category for blood lead because CDC simply assumes that lead in water is not a risk. So that's the issue. 

So the numbers that we showed here are really just the tip of the iceberg. I mean we showed this tenfold increase. I could not get enough data for children under age 1 to do any kind of meaningful analysis at all. So I had to look at kids, expand the age group up to 1.3 years of age before I could do anything to have any statistical validity and what that proved to me is that our current monitoring data for blood lead in this country is specifically targeting lead paint, which is its goal, stated goal. 

So that's another issue. We're not looking at the highest risk population. We're assuming that the water is safe. We're assuming parents won't use hot water to mix up infant formula. This problem is being missed.

END
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