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Outline

1.  Residential sequential results (Lead):

• Round 1 vs. Round 3 (paired homes)

• Round 1 vs. Round 5 (paired homes)

2. Residential DS (flushed distribution system) results:

• Lead (all homes)

• Total Phosphorus (all homes)

3.  Residential sequential results (Lead):

• R1 vs. R3 vs. R4 vs. R5 (all homes)
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1a. Residential sequential results 

(Lead)

Round 1 vs. Round 3 (20 paired homes)

(a measure of how soon things got better)
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Statistical notes

Residential sequential results for Rounds 1, 3, and 5 were 

compared two ways:

• as “paired” data, i.e., assuming the sequential 

samples are truly paired (dependent)  [t-test, Sign, 

WRS]

• as “independent” data, i.e., assuming that the 

sequential samples are not paired and tested using 

two sample tests [ANOVA, KW, Median]

Outcome:

• virtually identical results whether tested as paired or 

not paired

• paired results shown in slides
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House_Letter = dt

(R1 – R3)

Significantly HIGHER 

total Lead in R3

Round 1 minus Round 3
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House_Letter = dt

Round 1 Round 3
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House_Letter = ct

(R1 – R3)

Significantly lower total 

Lead in Seq_3

Round 1 minus Round 3
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House_Letter = dt

Round 1 Round 3
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House_Letter Student's t Sign test Signed Rank test Outcome

dt NS S S R1 < R3

df S S S R1 < R3

bs S 0.0574 S R1 > R3

bf NS NS NS NA

ct S S S R1 > R3

by NS S S R1 > R3

bc NS NS NS NA

n S S S R1 < R3

t S S S R1 > R3

am S S S R1 > R3

w S S S R1 > R3

ak S S S R1 > R3

bh NS NS NS NA

dj NS NS NS NA

dg NS NS NS NA

dk S NS S R1 < R3

g S S S R1 < R3

m S S S R1 > R3

cd S S S R1 < R3

cf NS NS NS NA

Notes:

   NS = not statistically significant

   S = statistically significant

   NA = not applicable

   #.#### = p-value (used when slightly above 0.05)

Outcome:

40% statistically lower

30%  no significant difference

30%  statistically higher
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1b. Residential sequential results 

(Lead)

Round 1 vs. Round 5 (15 paired homes)

(a measure of how things are now compared to the beginning)
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House_Letter = am

(R1 – R5)

NO sig. differences

Round 1 minus Round 5
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House_Letter = am

Round 1 Round 5
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House_Letter Student's t Sign test Signed Rank test Outcome

df NS NS NS NA

bs S S S R1 > R5

bf S S S R1 > R5

bc S 0.0574 S R1 > R5

z S S S R1 < R5

a NS NS NS NA

n S S S R1 > R5

am NS NS NS NA

w S S S R1 > R5

bh NS S 0.0569 R1 < R5

dk S S S R1 > R5

at2 S S S R1 > R5

m S S S R1 > R5

cd S S S R1 > R5

cf S S S R1 > R5

Notes:

   NS = not statistically significant

   S = statistically significant

   NA = not applicable

   #.#### = p-value (used when slightly above 0.05)
Outcome:

67% statistically lower

20%  no significant difference

13%  statistically higher
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Summary residential sequential results (Lead)

Comparing sequential sampling R1-R3 vs. R1-R5:

• the percentage of homes with statistically lower 

sequential Lead levels increased from 40% to 

67%.  Hence two thirds of the homes show a 

statistical decrease in Lead levels. 

• the percentage of homes with statistically higher 

sequential Lead levels decreased from 30% to 

13%.

• regardless of sampling event, two thirds of the 

homes have no sequential Lead levels above 15 

ug/L.  One third of the homes have one or more 

sequential Lead levels above 15 ug/L.
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Summary residential sequential results (Lead)

Plumbing: no LSLs, but don’t know between water main and house

Lead/Phosphorus:  DS samples don’t explain differences

R1 => R3 R1 => R5

House_Letter Disposition Stat. Signifigance Stat. Signifigance R1 > 15ug/L R3 > 15ug/L R5 > 15ug/L R1_P R3_P R5_P R1_Pb R3_Pb R5_Pb

Did Not Improve

df One of five final events show significant decrease (dk). R1 < R3 R1 = R5 Above Above Above 0.61 0.96 1.02 1.2 0.97 1.1

dk DK had one sample (seq #17) >15ug/L in R5. DG was  R1 < R3 R1 > R5 Above Above Above 0.54 0.97 1.37 5.25 4 1.8

dg below 15ug/L except for sequence #1 for both R1 R1 = R3 Above Above 0.93 1.01 0.5 0.5

dt and R3 (>50ug/L). R1 < R3 Above Above 1.13 0.92 1.5 2.29

a R1 = R5 Above Above 1.04 0.99 6.27 3.3

Improved

bs All final sequences were significantly lower with all R1 > R3 R1 > R5 Above Above Below 1.38 0.92 1.08 2.1 1.7 1.1

n samples below 15 ug/L. R1 < R3 R1 > R5 Above Above Below 1.01 1.05 1.02 1.41 2.08 0.54

w R1 > R3 R1 > R5 Above Below Below 1.09 0.96 0.99 2.45 0.5 0.5

ak R1 > R3 Above Below 0.98 0.96 0.5 0.5

by R1 > R3 Above Below 1.15 0.15 0.5 0.5

ct R1 > R3 Above Below 1.07 0.99 0.581 12.4

dj R1 = R3 Above Below 1.12 0.97 0.5 0.5

at R1 > R5 Above Below 1.09 1.01 3.18 1.9

Low and Stayed Low

am 5 of the 11 tests showed no change or significant decrease. The R1 > R3 R1 = R5 Below Below Below 1.09 1.02 0.84 0.718 0.73 0.77

bc results suggest random variabilty, as opposed to changes due to R1 = R3 R1 > R5 Below Below Below 0.9 0.89 0.99 0.697 0.5 0.5

bf conditions in the plumbing (given all of the results were R1 = R3 R1 > R5 Below Below Below 1.27 1.02 1.02 1.69 2.67 1.4

cf relatively low and stayed  low). R1 = R3 R1 > R5 Below Below Below 1.22 1.03 1.19 0.5 0.93 0.61

m R1 > R3 R1 > R5 Below Below Below 1.04 1.02 1.15 1.33 0.89 0.5

g R1 < R3 Below Below 1.2 1.01 1.51 1.58

t R1 > R3 Below Below 1.14 1.1 0.5 0.5

Mixed

z Z final sequential samples >15ug/L for 4 samples (sample#3-6) R1 < R5 Below Above 1.2 1.02 0.5 0.6

cd CD final sequential samples all >15ug/L R1 < R3 R1 > R5 Below Above Below 1.14 0.94 0.99 0.61 3.13 2.01

bh BH had one R5 sample >15ug/L (sample #1>25 ug/L) R1 = R3 R1 < R5 Below Below Above 1.36 1.06 1 0.5 0.52 1.1

One or more samples >15ug/L DSPhosphorus (mg/L) DS Lead (ug/L)



2. Residential DS (flushed distribution 

system) results
(Lead and Phosphorus)
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Median

Lead
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R1 R2 R3 R4 R5

Lead



Lead
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Number of samples



Phosphorus

Median

10 Jan. 2017



Phosphorus
R1 R2 R3 R4 R5



Phosphorus
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Number of samples



Summary residential DS (flushed distribution system) 

results:

Lead has a very low percent of values above 15 ug/L, and small 

confidence limits.  Only three sampling events, DS_2, DS_3, and 

DS_5, had concentrations above 15 ug/L and that occurred only 

once for each sampling event.  Hence, it appears that elevated 

levels of Lead in homes is highly unlikely to come from the water 

main, i.e., much more likely to come from interior plumbing and/or 

the service line.

Compared to Lead, Phosphorus has a higher percent of values with 

concentrations less than 1.0 mg/L.  (Where 1.0 mg/L is the 

minimum residual phosphorus concentration requirement set by the 

State for the City of Flint distribution system samples.) The 

percent of Phosphorus samples with concentrations less than 1.0 

mg/L by sampling event ranges from 6 to 56%.
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3. Residential sequential results 

(Lead)

R1 vs. R3 vs. R4 vs. R5 (all homes)
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Round 1 Round 3 Round 4 Round 5

Of note:

•Up-down pattern for S1-S3

•Lower proportions for R4 and R5
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Round 1 Round 3 Round 4 Round 5

Of note:

•Up-down pattern for S1-S3

•Lower proportions for R4 and R5
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