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how are sailing and data analysis similar?

you constantly find new and 
different ways to screw up, even 
when you are very, very careful

this is a tale of how decisions that are supposed to be based on data, were inaccurate 
due to inattention to proper content and delivery quality features, and what was the 
impact to cost, efficiency, and process due to this poor attention to quality



King County long-term stream monitoring program collects 
data from ~40 streams county-wide 

data is also submitted to  Washington Department of 
Ecology for the 303(d) Water Quality limited list

sometimes listings are incorrect
•why does this happen?

•what is the cost of inappropriate listings

•does anyone really care?

•how do we minimize the probability that it will happen 
again?

you
are 
here



I love my VAX, and RAMIS is groovie, 
this technology helped us build 

Three Mile Island, man!

But dude, we had some funk-a-dilic
formatting, that would sometimes 
bogart the metadata

This is a VAX computer 
(not a washing machine)



Collectdate Matrix Qual Qual Copper, Total, ICP Units
9/3/98 SE FRSHWTRSED  6.86 mg/Kg
9/2/98 SE FRSHWTRSED  3.36 mg/Kg
8/30/99 SE FRSHWTRSED  8.48 mg/Kg
9/7/99 SE FRSHWTRSED E 4.08 mg/Kg
7/27/00 SE FRSHWTRSED E 5.72 mg/Kg
7/27/00 SE FRSHWTRSED E 2.84 mg/Kg
7/25/00 SE FRSHWTRSED E 2.35 mg/Kg
7/26/01 SE FRSHWTRSED  6.35 mg/Kg
7/30/01 SE FRSHWTRSED  3.15 mg/Kg

data in…

…garbage out, 

and onto the 303(d) list 
as water column data  
you go!

the RAMIS database which ran on the soon 
to retire VAX computer, would put units, 
metadata and quantification into separate 
columns….

Copper, Total, ICP
6.86
3.36
8.48
4.08
5.72
2.84
2.35
6.35
3.15



A segment will be placed in the Waters of Concern 
category if any one sample exceeds the criteria 
(Draft Water Quality Program Policy 1-11, May 2002).

A segment will be placed on the 303(d) list 
due to toxic pollutants in the water column 
when two or more samples within a three 
year period                         exceed the                  
numeric state                      water quality                
criteria                                (WAC 173-
201A-040)                           or the National 
Toxic Rule criteria (40CFR Part 131).



this was not a ‘reporting error’, but the result of matrix ID 
metadata lost between transferring data between databases

credit, where credit is due

from: Results of Sampling to Verify 303(d) Metals Listings for Selected 
Washington State Rivers and Creeks.  August 2002.  Appendix A, page 2.
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King County Washington Ecology

(Ca*2.497)+(Mg*4.116))/1000

metals criteria are based on hardness, previously average or 
seasonal hardness data was used, 

Ecology used May Creek minimum (36 mg/L as CaCO3)

Ca-Mg hardness is now always collected synoptically with 
metals samples

“Ecology       used the lowest hardness values to calculate the standard, resulting in 
overstating how close metals concentration approached standards.”



copper water quality criteria
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sampled metal concentration hardness calculated criteria

when sampled [metal] < hardness calculated criteria, 
sample does not exceed water quality criteria

when sampled [metal] > hardness calculated criteria, 
sample exceeds water quality criteria



Collectdate hardness Qual Copper, Total, ICP Cu acute acute diff Cu chronic chronic diff
01/20/93 36 <RDL 9.00 6.56 2.44 4.78 4.22
03/22/93 79 <RDL 8.00 13.64 -5.64 9.29 -1.29
08/25/93 10  9.30 1.92 7.38 1.57 7.73
12/13/93 53 <RDL 5.00 9.36 -4.36 6.60 -1.60
02/15/94 76 <MDL 4.00 13.18 -9.18 9.00 -5.00
08/24/94 18  9.17 3.46 5.71 2.68 6.49
10/26/94 49 <MDL 4.00 8.74 -4.74 6.20 -2.20
10/31/94 23 <RDL 7.50 4.33 3.17 3.28 4.22
11/30/94 23 <RDL 14.00 4.28 9.72 3.25 10.75
01/30/95 42 <RDL 8.80 7.50 1.30 5.40 3.40

criteria from WAC 173-201A

Cu acute criteria = ((0.96)(EXP(0.9422*(LN(hardness))-1.464)))

(sampled [metal] μg/L) – (hardness calculated acute criteria) = acute value

> zero exceeds acute criteria, < zero does not exceed acute criteria

change from total to dissolved metals occurred in the 1997 WQ Std update 

– to graph if metals meet or exceed chronic water quality criteria



Collectdate hardness Qual Copper, Total, ICP Cu acute acute diff Cu chronic chronic diff
01/20/93 36 <RDL 9.00 6.56 2.44 4.78 4.22
03/22/93 79 <RDL 8.00 13.64 -5.64 9.29 -1.29
08/25/93 10  9.30 1.92 7.38 1.57 7.73
12/13/93 53 <RDL 5.00 9.36 -4.36 6.60 -1.60
02/15/94 76 <MDL 4.00 13.18 -9.18 9.00 -5.00
08/24/94 18  9.17 3.46 5.71 2.68 6.49
10/26/94 49 <MDL 4.00 8.74 -4.74 6.20 -2.20
10/31/94 23 <RDL 7.50 4.33 3.17 3.28 4.22
11/30/94 23 <RDL 14.00 4.28 9.72 3.25 10.75
01/30/95 42 <RDL 8.80 7.50 1.30 5.40 3.40

criteria from WAC 173-201A
Cu chronic criteria = ((0.96)(EXP(0.8545*(LN(hardness))-1.464)))

(sampled [metal] μg/L) – (hardness calculated chronic criteria) = chronic value

> zero exceeds chronic criteria, < zero does not exceed chronic criteria

change from total to dissolved metals occurred in the 1997 WQ Std update 

– to graph if metals meet or exceed chronic water quality criteria



ICP-OES
Method Detection Limits 

(μg/L)

copper      4 

lead         30 

zinc           5



copper concentration
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Ecology changed from total to dissolved metals occurred in the 1997 
WDOE Water Quality  Standards update 

King County instituted dissolved metals in 1998 and switched from 
ICP to ICP-MS

MDL decreased from 4 mg/L to 0.5 mg/L



ICP-MS
Method Detection 
Limits (μg/L)

copper      0.5 
lead           0.5 
zinc           0.5 

Copper

Lead

Zinc



‘However, the dissolved concentrations which exceeded the standards were 
calculated values, not measured directly (King County, 1994).’

copper total ICP  (hardness corrected)
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acute =((0.96)*(EXP(0.9422*(LN(Hardness))-1.464)))

chronic =((0.96)*(EXP(0.8545*(LN(Hardness))-1.465)))



the data that resulted in the listings were for 
calculated dissolved, not [dissolved]

Ecology data

copper (hardness corrected)
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acute =((0.96)*(EXP(0.9422*(LN(Hardness))-1.464)))

chronic =((0.96)*(EXP(0.8545*(LN(Hardness))-1.465)))

meets water quality criteria

exceeds water quality criteria



CVAA
Method Detection Limits 

Hg  0.2  (μg/L)

0.05 (μg/L) Teflon bottles

Mercury



Locator Collectdate Matrix Qual Mercury, Dissolved, CVAA Units
484 5/27/98 LG STORM WTR <MDL <0.2 ug/L
440 5/27/98 LG STORM WTR <MDL <0.2 ug/L
440 9/3/98 SE FRSHWTRSED
484 9/2/98 SE FRSHWTRSED
484 9/18/98 LG STORM WTR <MDL <0.2 ug/L
440 9/18/98 LG STORM WTR <MDL <0.2 ug/L
484 10/28/98 LG STORM WTR <MDL <0.2 ug/L
440 10/28/98 LG STORM WTR <MDL <0.2 ug/L
484 12/7/98 LG STORM WTR <MDL <0.2 ug/L
440 12/7/98 LG STORM WTR <MDL <0.2 ug/L

When the RAMIS database was downloaded off of the VAX…..

this 
data

becomes…… Qual Mercury, Dissolved, CVAA
< 0.2
< 0.2

< 0.2
< 0.2
< 0.2
< 0.2
< 0.2
< 0.2

Mercury, Dissolved, CVAA
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2

this

using this data as a 
quantification, instead of 
<MDL resulted in 
erroneous listings, and 
would be really high 
concentrations



mercury concentration
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‘…only Hg has a human health water column criteria used by 
Washington State (National Toxic Rule) 0.015 ug/l and was not 
approached in any of the waterbodies.’

all Hg <MDL (0.2 μg/L)



mercury chronic criteria when <MDL = MDL 
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chronic criteria = [Hg(total)] - 0.012

 when [Hg] = CVAA MDL (0.20 μg/L)   exceeds chronic criteria

< MDL = MDL (0.20 μg/L)

when <MDL became =MDL

all Hg samples were listed as ‘exceeding criteria’
and went onto the 303(d) list

– oops!



CVAF
Method Detection                             

Limits 

Hg 0.0002 (μg/L)
‘clean hands – dirty hands’’



mercury concentration
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‘..reviewed all of King County’s Hg in water data for station 0484 from 
Jan 1, 1988, to the present (the last five years of data are in (Table 3).  
No samples have had Hg detected.

The Bear-Evens Creek Hg listing should be removed.’

CVAA-F Teflon bottle collection 0.005 μg/L
CVAF 0.0002 μg/L

CVAA gas flow and residence time adjustment 0.05 μg/L



mercury criteria
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acute    =   2.1     μg/L Hg(dissolved)

chronic =  0.012 μg/L Hg(total)



mercury criteria
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chronic =  Hg(total) - 0.012

acute    =  Hg(dissolved) - 2.1 

(same data as previous slide, 
changed scale)

quantified chronic Hg exceedance



lead concentrations
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LEAD criteria
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all pre-1998 data <MDL (30 μg/L)

acute    =((1.46203-((LN(Hardness))*(0.145712)))*(EXP(1.273*(LN(Hardness))-1.46)))
chronic =((1.46203-((LN(Hardness))*(0.145712)))*(EXP(1.273*(LN(Hardness))-4.705)))



zinc concentration
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zinc (hardness corrected) 

-80

-60

-40

-20

0

20

40

60

Jan-93

Jan-94

Jan-95

Jan-96

Jan-97

Jan-98

Jan-99

Jan-00

Jan-01

Jan-02

Jan-03

Jan-04

Jan-05

Jan-06

Jan-07

Jan-08
[s

am
pl

e]
 - 

cr
ite

ria
 in

 u
g/

L

chronic total ICP acute total ICP

above water quality criteria

below water quality criteria

acute   =((0.978)*(EXP(0.8473*(LN(Hardness))+0.8604)))

chronic =((0.986)*(EXP(0.8473*(LN(Hardness))+0.7614)))

based on Zn total-ICP



ZINC (hardness corrected)
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So, what did this cost?
(just for the King County mis-listed streams)

•Cu, Pb, Zn $60/ICP-MS X12 720

•mercury $75/CVAF X12 900

•hardness $40 X12 480

•field sampling ~48 hours x $75/hr 3,600

•analysis and reporting ~2 months 12,000 

$  17,700
Having accurate data to report to the public, media and explaining to your boss….

painless!



• why does this happen?

• what is the cost of inappropriate listings

• does anyone really care?

• how do we minimize the probability that it will happen again?

the problem in this case was a failure to communicate, 
both with the database and between organizations

best guess this time, ~$20K, with a TMDL?  $$$$

this is an issue of  Information quality we are responsible 
CONTENT, as well as DELIVERY

Internal Controls - error detection
Customer Service – service, timing
Efficiency - effective use of resources 
External Failure Cost - costs associated with defects that 
are found after product is shipped to the customer. These 
costs also would disappear if there were no defects.            

(stolen from Worthington, 2008)



'Those who cannot remember the 
past are condemned to repeat it.' 

George Santayana

'Those who remember the past are 
condemned to repeat it with all those 
who cannot remember the past.' 

Jonathan Frodge 

Why worry about data quality?



?‘s


