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 Analytical service laboratory
 Prod ction sample processing 30 000 samples/ ear Production sample processing ~ 30,000 samples/year,

~ 1.5 x 106 determinations
 Quality Assurance/Quality Control
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 New methods development including laboratory automation



Overview of Yearly of Nutrient 
Concentrations in Surface Water and 
Groundwater in the United States  Groundwater in the United States  

Nitrogen- and Phosphorus-containing Nitrogen- and Phosphorus-containing 
Nutrients
– Filtered, Undigested
– Filtered, Digested
– Whole-water, Digested

Detection limitsDetection limits
Laboratory blanks
Blind blanks
Field blanks
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Field blanks



Differences in concentration distributions for different water Differences in concentration distributions for different water 
types

100
Surface water n = 7 000

1 4

3.2

9.9

3.4

7.7

21.6

10

(m
g-

N
/L

)

Surface water, n = 7,000
Groundwater, n = 2,884

0.17

0.5

1.4
0.9

0 1

1

ce
nt

ra
tio

n 
(

0.02

0.01

0.03

0.01

0.1

itr
at

e 
C

on
c

0.001

10th 25th Median 75th 90th 99th

N

Tuesday, August 16
2011 NEMC, Bellevue, WA

Challenges of Low-concentration Nutrient Analyses

Percentile Percentile Percentile Percentile percentile



NWQL Di l d N t i t A l  i  2010NWQL Dissolved Nutrient Analyses in 2010
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0

Ammonium Nitrate Low-level Nitrate Nitrite Orthophosphate



NWQL Dissolved and Total Nitrogen Analyses in 2010
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Alkaline Persulfate
Digestion DN

Alkaline Persulfate
Digestion TN

Dissolved Kjeldahl
Nitrogen (DKN)

Total Kjeldahl
Nitrogen (TKN)



NWQL Dissolved and Total Phosphorus Analyses in 2010
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Alk. Persulfate
Digestion DP

Alk. Persulfate
Digestion TP

Acid Persulfate
Digestion DP

Acid Persulfate
Digestion TP

Kjeldahl 
Digestion DP

Kjeldahl 
Digestion TP



NWQL A i  A l  2010(Di t  A l )NWQL Ammonium Analyses 2010(Discrete Analyzer)
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NWQL Nitrite Analyses 2010 (Discrete Analyzer)
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Relationship between nitrate + nitrite and nitrite Relationship between nitrate  nitrite and nitrite 
concentrations analyzed at the NWQL in 2010 
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NWQL Standard-level Nitrate Analyses 2010 (Continuous-NWQL Standard level Nitrate Analyses 2010 (Continuous
flow Analyzer)
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NWQL Low-level Nitrate Analyses 2010 Analyses 2010 NWQL Low level Nitrate Analyses 2010 Analyses 2010 
(Continuous-flow Analyzer)
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Cadmium reactors are easily incorporated Cadmium reactors are easily incorporated 
into continuous flow analyzers

CFA
Debubbler

Air

Cadmium
Reactors

Air
Complexing Buffer

Sample (NO3
-)

NO2
-

Complexing Buffer NO2
-

Sample (NO3
-)FIA
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Discrete analyzer nitrate reductase (AtNaR2)
nitrate assay ( 37°C)—now USGS approved

3 2 2( 7;30 C)pH
NaRNO NADH H NO NAD H O   
    
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CFA cadmium reduction and DA enzyme reduction nitrate CFA cadmium-reduction and DA enzyme-reduction nitrate 
concentration data pairs plotted about the line of equal relation
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CFA d i d ti  d DA d ti  l l l it t  CFA cadmium-reduction and DA enzyme-reduction low-level nitrate 
concentration data pairs plotted about the line of equal relation
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NWQL 2010 Alkaline-persulfate-digestion Dissolved Nitrogen NWQL 2010 Alkaline persulfate digestion Dissolved Nitrogen 
(Continuous-flow Analyzer; determined as nitrate)

0.075/L
)

95%
0.050

(m
g-

N
/

n = 196

Alkaline Persulfate Digestion DN

5%

95%

95%

95%

0 000

0.025 n = 203
n = 52

n = 196

nt
ra

tio
n 

5%
5%-0.025

0.000

C
on

ce
n

5%-0.050

tro
ge

n 
C

Tuesday, August 16
2011 NEMC, Bellevue, WA

Challenges of Low-concentration Nutrient Analyses

MDL Calibrant Lab Blank Blind Blank Field Blank
-0.075N

it



NWQL Kjeldahl Nitrogen 2010 (ammonium + organic nitrogen; NWQL Kjeldahl Nitrogen 2010 (ammonium  organic nitrogen; 
continuous-flow analyzer; determined as ammonium)
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NWQL Orthophosphate Analyses 2010 (Discrete Analyzer)
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Murphy & Riley phosphate assays need sodium lauryl Murphy & Riley phosphate assays need sodium lauryl 
sulfate (SLS) even on discrete analyzer platforms
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NWQL Low-level DP 2010 (Continuous-flow Analyzer)
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NWQL Low-level TP 2010 (Continuous-flow Analyzer)
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NWQL Alkaline-persulfate-digestion DP 2010 (Continuous-flow NWQL Alkaline persulfate digestion DP 2010 (Continuous flow 
Analyzer; determined as orthophosphate)

 /L
)

0 020

0.025

0.030

n 
(m

g-
P

/

n = 114

Alkaline Persulfate Digestion TP

95%

95% 95%
0.010

0.015

0.020

n = 40n = 52
n = 228

en
tra

tio
n

5%

95%
95%

95%

0.000

0.005

s 
C

on
ce

5%

5% 5%

0 015

-0.010

-0.005

os
ph

or
u

Tuesday, August 16
2011 NEMC, Bellevue, WA

Challenges of Low-concentration Nutrient Analyses

MDL Calibrant Lab Blank Blind Blank Field Blank
-0.015

P
ho



NWQL Kjeldahl Phosphorus 2010 (Continuous-flow analyzer; NWQL Kjeldahl Phosphorus 2010 (Continuous flow analyzer; 
determined as orthophosphate)
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NWQL D t ti  li it NWQL Detection limit summary

 Nitrite:  2 μg NO2
--N/L

– With lower calibration range, reagent and field blank limited at about 0.5 ppb

 Orthophosphate (SRP): 4 μg PO4
3--P/L

– 2 μg PO4
3--P/L w/ SLS in acidic molybdate/antimony reagent; reagent and field blank limited at 

about 1 ppb)

 Acid-persulfate-digestion DP and TP: 2 μg-P/L Acid-persulfate-digestion DP and TP: 2 μg-P/L
– With lower-P persulfate reagent, perhaps 1 ppb before field blank limited

 Alkaline-persulfate-digestion DP and TP: 10 μg-P/L
– Lower-P persulfate reagent needed

 Kjeldahl-digestion DP and TP: 20 μg-P/Lj g μg
– Reagent blank limited

 Ammonium:  10 μg NH4
+-N/L

– Field and reagent blank limited

 Standard- (low-) range Nitrate:  20 (10) μg NO3
--N/L 

– Field and reagent blank limited at about 5 ppb

 Alkaline-persulfate-digestion DN and TN: 20 μg-N/L
– If nitrate could be removed prior to digestion to permit lower calibration range and lower-N 

persulfate reagent used, field and reagent blank limit at about 5 ppb

 Kjeldahl-digestion nitrogen: 50 μg-N/L
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 Kjeldahl digestion nitrogen: 50 μg N/L
– Reagent blank limited
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