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Abstract 

Since the Flint Michigan drinking water disaster, municipalities around the 

country are on edge and more aware of potential lead contamination in the drinking 

water system.  Lead, and other heavy metals, can be found in drinking water due to the 

desorption of trace amounts of metals into the water system, from both piping in the 

cities’ water pipes and more commonly in domestic piping systems.   Because the 

exposure to heavy metals can come from different places, potentially beyond the 

control of either the homeowner or city manager, it is difficult to ensure that the water 

is clean from treatment plant effluent to its end use, the sink outlet or drinking water 

fountain.  This study looked at both the contamination from homes and the piping from 

the water system of Walla Walla WA using EPA protocol 200.8.  It was found that the 

city water and water system adequately transported clean water to the residents’ homes 

with samples ranging from less than 0.01 parts per billion to 9.67 parts per billion lead 

(Pb), but 14% of the residents lived in houses where domestic piping resulted in higher 

than the 15 ppb Pb EPA Action Limit in the water for their first morning sample. 

 

 



Introduction 

Lead Toxicology 

 The majority of lead introduced to the human body is through ingestion of dirt, 

food or liquid contaminated with lead.  Once the lead enters the body, it is absorbed 

through the digestive track and is transported through the blood stream to “soft tissues” 

and different organs, including the liver, kidneys, and the brain.1 Though lead can 

impact any system in the human body, it tends to have the most impact on the nervous 

system.2,3  The effects on the nervous system differ for people whose bodies are still 

developing and people whose bodies are fully developed.   Low levels of lead can 

impact a developing brain, irreversibly lowering the person’s IQ.4 While in a fully 

developed body, the peripheral nervous system is generally effected, causing weakened 

motor functions.5 Figure 1 provides more information about leads impacts on bodies, 

and it is clearly evident that lead has a higher impact on children than adults. 

After several weeks, lead is stored in either bone or teeth.  This lead can stay in 

the bones and teeth for decades and is unlikely to re-enter the blood stream, except 

when the bone is broken, a person grows old, or during pregnancy and periods of breast 

feeding.6,7  The lead that is not stored in the body is released through feces and urine.  

A human adult releases about 99% of the lead taken into the body after a few weeks, 

while only 32% of the lead taken into the body of a child is released.  This has led 

different organizations, such as the Seattle Public School system, to have stricter 

regulations surrounding lead exposure than the EPA action limit8.    
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How Lead Enters the Water System 

The Flint Michigan crisis of 2014 exemplified the major pathway that lead can 

enter a modern water system.  Lead piping has been installed in water systems until 

1986 and is the major source of contamination. Lead piping is not the most stable 

material, since oxidizing agents and corrosive agents can cause the piping to release 

lead.  Since these agents do flow in water systems, orthophosphates are introduced 
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every few weeks to the water supply.  These orthophosphates bind to the lead piping 

and form an insoluble crust around the piping, preventing the lead pipes from 

interacting with the water flowing through them.  Alas, if the orthophosphates fail to be 

added regularly to the water system, insoluble crust breaks apart, resulting in the lead 

piping to interact with and dissolve into water supply. 

Unluckily for residents in Flint Michigan, when the city officials decided to 

switch the water supply from Detroit’s water system, they failed to continue the 

addition of orthophosphates into the water system.9 This caused the lead piping in 

Flint’s water lines to lose its protective coating and begin to release lead into the water 

system.  Unfortunately, at the same time high levels of chlorine, a corrosive agent, 

were in the water system.  The chlorine was introduced to the water system both 

intentionally as a disinfectant due to an Escherichia coli contamination earlier that 

year, as well as unintentionally as run-off from salted roads.9,10 These two factors 

caused the lead piping to release high levels of lead into the water system. 

 

 

Brief Lead Control History in the USA 

The regulation of lead levels in drinking water began in 1974 with the passing 

of the Safe Drinking Water Act, which set the maximum contamination level goal of 

lead to 0 ppb.   However, since it was not technologically feasible to measure lead at 

these low levels in the water, the EPA implemented treatment techniques to lower the 

amount of lead in the public water systems.11 Then in 1986, the EPA implemented a 

ban on the use of lead-based solder, pipes and flux materials in water distribution 

systems.  Since then, the Lead and Copper Rule (LCR) was passed in 1991 and has 
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been the law that governs the regulation of lead in the water system.  The LCR set the 

lead compliance level such that the 90th percentile of water tested in a municipality 

must be below 15 ppb Pb, or the city must take remediation actions, and the samples 

that are tested are both pre-flush and post-flush samples.12 Since the action level is set 

to such low quantity of lead per liter of water, the only effective analytical technique is 

analysis by inductively coupled plasma-mass spectrometer (ICP-MS).  The EPA 

outlines this method of analysis via EPA 200.8. 

 

Sample Types for Water Quality Testing 

There are three major sampling protocols that can be used to test a home for 

possible lead contamination: pre-flush, post-flush, and random daytime.  Each sample 

type is able to indicate different types of contamination as well as the potential risks for 

consumers.  Since each sampling provides different information, different countries 

have determined different protocols.  The European Union has determined that they 

only need to collect random daytime samples, while the EPA requires both the pre-

flush and the post-flush samples.12,13  

The pre-flush sample is a water sample that is taken after the water is allowed 

to stay stagnant in a home’s pipes, for approximately 8 hours, in order to test 

contamination from the house.  By allowing the water to rest in the pipes, the 

extremely slow desorption of metals is able to take place, resulting in a water sample 

that notifies the homeowner whether their piping may be contaminated with non-lead 

free plumbing.  The major possible sources from contamination in homes have been 
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found to come from copper pipes with lead solder, metal Pb service lines, Pb 

goosenecks, galvanized pipes and faucets containing trace levels of Pb.14   

The post-flush sample is to check for contamination from the water source, 

generally the public water system.  Before the sample is collected, the water system in 

the home is allowed to run for five to ten minutes.  This ensures that all of the water 

that may have collected metals from the home’s piping is no longer in the water 

system.  The sample is then collected, such that the water does not have enough time to 

be contaminated by the home’s pipings or fixtures.  This guarantees that the water 

sample accurately reflects the water quality that the water treatment plant is providing 

to the general public.   

The random daytime sample is reflected by its name.  At a random point in a 

given day a sample is collected from the tap.  The purpose of this sample is to check 

whether or not the tap is providing contaminated water to a consumer, regardless of the 

water use throughout the day.  This type of sampling fails to provide information about 

where the possible contamination is coming from, but it does provide information 

about the risk assumed from consuming from the tap.  This type of sample was not 

collected in our study. 

 

Sampling Planning 

Because Walla Walla is situated in the US, the EPA protocol was followed.  

Participants were asked to provide a pre-flush, post-flush sample, both not run through 

a filter, and a sample from their water filter if they owned one and believed that it 

filtered lead.  However data was not collected on the use or age of the filter.  The 
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filters’ efficiency was evaluated by comparing the concentrations between the post-

flush sample and the filter sample.   The results and discussion below resulted from 

voluntary sampling of Whitman College faculty and staff homes and served as a senior 

thesis for Aaron Lieberman, Chemistry major, class of 2018. 
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Materials and Methods 

One percent (1.0 percent) nitric acid was prepared by diluting Ultrapure 

Omnitrace nitric acid (CAS # 7697-37-2) with Milli-Q water, prepared onsite at 

Whitman College. 

A calibration curve was created by diluting 1000 ppm ± 5 ppm lead standard in 

3% HNO3 from Ricca Chemical Company (CAS # APB1KN-100) and a 1000 ppm ± 5 

ppm copper standard in 3% HNO3 from Ricca Chemical Company (CAS # ACU1KN-

500).  The Pb and Cu ICP-MS calibration standards ranged from 0.1 to 50.0 ppb 

diluted with 1.0 percent HNO3 solution.   

A 5.00 ppb internal standard was made by diluting 1000 ppm ± 5 ppm indium 

standard in 3% HNO3 from Ricca Chemical Company (CAS # AIN1KN) with 1.0 

percent HNO3 solution for the purpose of constantly tuning of the mass spectrometer.   

A 10.0 ppm check sample in 2.0 percent HNO3 (CAS# 7732-18-5) was used to 

ensure accuracy of results. The sample was diluted to various concentrations for a 

range of checks 

The ICP-MS is a Agilent 7500ce ICP-MS Octopole Reaction System with a ASX-500 

series auto sampler.    

Low density polyethylene (LDPE) 125 mL bottles were used as sample 

containers.  Process blanks were stored in the bottles and analyzed to ensure no lead 

leached from the containers into the solution. 

Participants volunteered to take part in this study and performed the water 

collections themselves.  Each participant was provided with the protocol in figure 2. 
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In order to accurately determine the lead and copper concentrations in your home’s 

water, please to the best of your ability follow this protocol. 

1. After not using water in your house for ~6 hours fill the “Pre-Flush Bottle” 

approximately 3/4 full with water from your sink tap. 

Note:  This step is usually performed in the morning by the first person that 

wakes up in the house. 

2. After collecting the “Pre-Flush Bottle” run your cold water at the tap for 5 

minutes with a steady normal flow.  This flushes out all the water that has been 

sitting in your home’s piping.   

3. After running the water for five minutes, rinse the “Post-Flush Bottle” two 

times with the tap water and then fill the bottle approximately 3/4 full from 

your sink tap.  

4. Optional: If you own a Britta-type filter, or any form of water filter, you will be 

asked to collect a sample after the water has been run through the filter.  Do this 

by rinsing the ”Filter Bottle” two times with the filter water and then fill the 

bottle approximately 3/4 full from the filter. 

Figure 2: Sampling protocol provided for participants. 

After the samples were collected they were acidified to pH<2 and digested with 

concentrated nitric acid, ~0.20 mL concentrated nitric/10.0mL of sample.   
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Analytical Method 

The samples were then analyzed by ICP-MS.  The ICP-MS was set to detect 

isotopes with atomic mass units (amu); 63 for copper, 115 and 118 for indium as an 

internal standard, and 206, 207 and 208 for lead.  The analytical method that was used 

was EPA Method 200.8: “Determination of Metals and Trace Elements in Water and 

Wastes by ICP-MS”.  Lead and indium quantifications were based on the summation of 

the following isotopes: (1.000) (209In)-(0.016) (118In) = total indium, and (1.000) 

(206Pb)+(1.000) [( 207Pb)+(1.000) (208Pb)] = total lead, respectively.  Samples were 

introduced to the ICP-MS with a peristaltic pump and the internal standard was added 

to the sample at the instrument’s inlet at a constant rate.  The total dissolved metals in 

the samples were then quantified using a calibration curve ranging from 0.100 ppb to 

50.0 ppb, Pb, Cu.  The method detection limit was 0.010 µg/L for Pb.   

The integration time per point was set to 100 msec and total acquisition time 

after three replicates was 10.38 seconds.  The uptake speed on the peristaltic pump was 

0.30 revolutions per second (rps) with an uptake time of 45 seconds and a stabilization 

time of 60 seconds.  After the acquisition, the auto sampler port was rinsed at a speed 

of 0.05 rps for 10 seconds with Milli-Q water.  Following the first rinse the sample was 

then rinsed in a blank solution of 1.0 percent HNO3 for 60 seconds at a speed of 0.30 

rps.   
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Results 

 One hundred and three pre-flush and post-flush samples, and twenty-five 

samples form participants filter’s samples were collected.  Since no sample contained 

copper above the EPA action limit of 1.3 ppm, no further statistical analysis was 

performed for copper.     

 

Pre-Flush Samples 

 The lead in the pre-flush samples was found to range from below the detection 

limit of 0.010 ppb to 398 ppb.  Five of the samples were found below the detection of 

0.010 ppb.  Due to sampling errors some sample data was discarded for analysis, 

resulting in ninety-eight correctly collected samples.a   The median value was 1.65 ppb 

lead and the first and third quartile ranged from 0.54-4.18 ppb lead.  The 90th percentile 

value was 14.05 ppb.   

 

Post-Flush Samples 

The lead in the post-flush samples was found to range from below the detection 

limit of 0.010 ppb to 19.9 ppb. One hundred and two samples were analyzed from the 

Walla Walla area.b  Thirty-one samples contained lead below the detection limit, for 

statistical analysis these samples had values of “0”.  The median value was 0.19 ppb 

lead and the 90th percentile value was 2.60 ppb lead.   

Filtered Samples 

                                                 
a Errors stemmed from letting the water sit for >12 hrs. 
b One sample was collected from outside Walla Walla. 
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 Twenty-five samples from participants’ water filters were analyzed in the Walla 

Walla area.  All samples contained lead below the EPA limit, ranging from below the 

detection limit of 0.010 ppb and 4.69 ppb lead.  The median value was 0.32 ppb with 

the first and third quartile ranging from 0.090 ppb to 1.44 ppb.  The 90th percentile 

value was 2.75 ppb.   

 The samples were compared to their corresponding post-flush samples to 

determine the efficiency of the filters.  Twelve filters successfully reduced the amount 

of lead in the water, nine failed to reduce the amount of lead and four produced the 

same amount of lead as their corresponding post-flush samples.   
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Discussion 

We have come to the conclusion that no action needs to be taken, and all water 

samples from the cities’ water treatment plant are clean.  All of the post-flush samples 

and more than 90% of the population’s pre-flush samples were below the EPA action 

limit. However, we had to also conclude that due to sampling methodology the data 

couldn’t be used as a data set for a representative sample population of Walla Walla 

citizens, but rather as representative of residential areas of staff and faculty of Whitman 

College.   

The reason that we are unable to use this data set for the total Walla Walla 

population is due to participant selection. In statistics, the best method of sampling is a 

pure randomized selection of participants from the sample population, eliminating 

potential biases.  However this experiment relied on convenience sampling from a 

smaller sample population than the Walla Walla population.  This indicates a major 

statistical issue in two different ways.  The first is that since the sample population is a 

specific group within Walla Walla, we are unable to generalize the findings to the 

entire Walla Walla area and can only generalize to the population of Whitman College 

staff and faculty.  The second issue is that convenience sampling allows a large amount 

of potential bias.  This became evident after the first two rounds of sampling.  The first 

round of sampling had many participants who expressed beforehand that either they 

were certain their house would produce samples that had a high concentration of lead, 

while the following rounds had fewer people who knew whether their house would 

produce samples containing higher levels of lead.  This resulted in 11 out of 25 

participants’ samples from the first round of sampling being over the limit, while only 
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one sample from the remaining 79 participants’ samples contained lead above the 

action limit.   

The strangest result is how poorly the water filters were functioning.   Less than 

half of the filters that were tested failed to reduce the lead levels.  This can be 

explained in two ways, either the filters had expired or the filter was never able to filter 

out lead in the first place.  A filter generally has a life cycle of two to six months, but 

varies with use.  Once a filter has expired it does not lose efficiency, but its function 

entirely.  Brita®, a major filter company, disclose on their website that only two of 

their five filters that they currently sell, remove lead.  Though consumers may be 

purchasing the products with the idea that a filter removes all contaminants, it is clear 

that more research should be done by the consumer to ensure they are aware of the 

products function.  
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Conclusion 

We found that of the 98 pre-flush samples, nine contained lead concentrations 

above 15 ppb EPA limit. No post-flush samples tested were above 15 ppb, indicating 

the city’s water source, a watershed, is in compliance with current EPA guidelines. Of 

the 25 filter samples that were tested, we found that 11 were removing lead from the 

water while 14 were not, yet all water samples in this group were below the EPA 

Action Limit. 

Table 1: Summary of findings from the survey 

      Pre Flush Post Flush Filter 

Action Limit (ppb) 

 
15 15 15 

Number of Samples 

 
102 98 25 

Minimum 

Concentration (ppb) 

 

>0.010 >0.010 >0.010 

Maximum 

Concentration (ppb) 

 

398 9.67 4.69 

Median 

Concentration (ppb) 
1.65 0.19 0.32 

90th Percentile 

Concentration (ppb) 
14.1 2.6 2.75 

Number of Samples 

Exceeding AL 

 

9 0 0 

Pass LCR? Yes Yes Yes 

Typical Source 

Corrosion of 

household 

plumbing 

systems 

Corrosion of 

public water 

systems 

N/A 
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Appendix A 

Table 2: Pb concentration in participants' samples 

Participant Number Pre Flush (ppb) Post Flush (ppb) Filter (ppb) 
 

1 13.8 2.68 N/A 
 

2 18 2.89 3.25 
 

3 17.7 2.04 N/A * 

4 0.221 <0.010 0.102 
 

5 13 1.21 2.42 
 

6 10.6 2.65 0.463 
 

7 4.05 1.54 N/A 
 

8 23.9 4.06 1.69 
 

9 15.2 3.14 N/A 
 

10 13.3 8.58 N/A 
 

11 17.2 0.979 2.17 
 

12 2.33 <0.010 N/A 
 

13 2.04 1.82 N/A 
 

14 233 2.53 N/A 
 

15 26.2 2.2 N/A * 

16 30.9 19.9 1.44 ** 

17 10.3 4.69 N/A 
 

18 90.8 9.66 4.7 
 

19 10.2 1.47 N/A 
 

20 29.4 2.23 N/A 
 

21 16.3 0.701 N/A 
 

22 308 2 N/A * 

23 19.1 2.07 N/A 
 

24 12.8 0.658 N/A * 

25 103 5.41 N/A 
 

26 1.42 0.149 N/A 
 

27 1.38 0.447 N/A 
 

28 0.481 0.41 0.17 
 

29 3.61 0.327 N/A 
 

30 0.517 0.125 N/A 
 

31 1.2 0.227 0.32 
 

32 2.46 0.618 N/A 
 

33 1.55 <0.010 N/A 
 

34 2.5 0.188 0.188 
 

35 1.87 0.192 N/A 
 

36 1.52 0.182 N/A 
 

37 2.18 0.316 0.192 
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38 5.18 0.421 N/A 
 

39 0.97 0.213 N/A 
 

40 3.68 0.216 0.329 
 

41 2.67 0.253 N/A 
 

42 0.135 0.109 <0.100 
 

43 0.226 <0.010 N/A 
 

44 0.546 <0.010 0.306 
 

45 1.97 0.685 0.838 
 

46 1.45 0.483 N/A 
 

47 2.25 <0.010 N/A 
 

48 0.826 0.205 0.345 
 

49 1.31 0.357 N/A 
 

50 0.257 <0.010 N/A 
 

51 1.44 0.718 N/A 
 

52 0.366 0.388 0.28 
 

53 1.64 0.632 N/A 
 

54 1.1 0.23 N/A 
 

55 <0.010 0.45 N/A 
 

56 12.8 <0.010 N/A 
 

57 3 0.628 N/A 
 

58 0.635 <0.010 N/A 
 

59 3.62 <0.010 N/A 
 

60 5.08 <0.010 N/A 
 

61 <0.010 <0.010 <0.010 
 

62 2.3 <0.010 N/A 
 

63 0.502 0.256 1.99 
 

64 0.557 0.318 N/A 
 

65 0.638 <0.010 <0.010 
 

66 3.41 <0.010 N/A 
 

67 398 0.496 <0.010 
 

68 0.282 <0.010 <0.010 
 

69 1.11 0.986 0.44 
 

70 <0.010 <0.010 <0.010 
 

71 1.38 <0.010 <0.010 
 

72 3.86 <0.010 N/A 
 

73 1.03 <0.010 N/A 
 

74 1.03 <0.010 N/A 
 

75 0.515 <0.010 N/A 
 

76 0.167 <0.010 N/A 
 

77 4.3 <0.010 N/A 
 

78 3.28 0.613 N/A 
 

79 2.96 0.17 N/A 
 

80 1.16 <0.010 N/A 
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81 <0.010 <0.010 N/A 
 

82 7.84 <0.010 N/A 
 

83 0.284 <0.010 N/A 
 

84 0.31 <0.010 N/A 
 

85 0.737 <0.010 N/A 
 

86 3.26 0.122 N/A 
 

87 1.76 <0.010 N/A 
 

88 4.72 <0.010 N/A 
 

89 1.91 <0.010 N/A 
 

90 <0.010 <0.010 N/A 
 

91 0.34 <0.010 N/A 
 

92 2.22 0.153 N/A 
 

93 0.428 <0.010 N/A 
 

94 3.07 <0.010 N/A 
 

95 1.62 <0.010 N/A 
 

96 0.555 <0.010 N/A 
 

97 1.96 <0.010 N/A 
 

98 0.262 <0.010 N/A 
 

99 0.597 <0.010 N/A 
 

100 0.264 <0.010 N/A 
 

101 1.66 0.434 N/A 
 

102 0.414 <0.010 N/A 
 

103 0.345 <0.010 N/A 
 

* Indicates samples were not collected with the proper protocol 

** Indicates sample not from Walla Walla City 
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