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ABSTRACT 
 
The objective of this study was to determine if the volume of sample used for analysis of soluble 
reactive phosphate (SRP) could be reduced from 100 mL (as per a widely used standardized 
procedure) to 50 or 10 mL to reduce the amount of hazardous waste generated from routine 
analysis of SRP in water samples from rivers, streams, and ponds in an urbanized landscape, in 
accordance with the principles of “green chemistry” and the Pollution Prevention Act of 1990.  
The ascorbic acid-molybdate blue method of Murphy and Riley (1962) was used to determine the 
concentration of SRP in water samples collected from the East Branch of the DuPage River and 
from two ponds on the campus of Benedictine University.  Mean concentration of SRP 
determined using a 10 mL sample volume of DuPage River water ( x  = 1,051 µg PO4-P/L) was 
significantly greater than the 100 and 50 mL sample volumes, which were not significantly 
different from each other ( x  = 1,002 µg PO4-P/L); however, the difference in SRP concentration 
between 10 mL and 100 and 50 mL sample volumes was only 5%.  There was no significant 
effect of sample volume on SRP concentration for slough or storm water pond samples, but these 
two pond systems had a low SRP concentration (<3 µg PO4-P/L).  The relationship between 
absorbance and SRP concentration in the ascorbic acid-molybdate blue method was examined 
between 0 and 2,000 µg PO4-P/L; absorbance was asymptotic between 500 and 2,000 µg PO4-
P/L.  The results of this study show that the sample volume for analysis of SRP in DuPage River 
water with the ascorbic acid-molybdate blue method can be reduced by 50% (i.e., reduced from 
100 mL to 50 mL) without loss of accuracy, but that samples must be diluted to reduce the 
concentration of SRP to within the limits of the procedure.  The reduction in sample volume 
represents a substantial reduction in the volume of hazardous waste that is generated, and the 
overall cost per sample, for routine analysis of SRP in the DuPage River.      
 
I. INTRODUCTION 

 
Phosphorus is a major component 

in the metabolism of the biosphere, but 
because it is the least abundant of the major 
nutritional and structural components of 
biota (e.g., carbon, nitrogen, oxygen, sulfur), 
it commonly limits primary production in 
aquatic systems [1-3].  There are several 
different forms of phosphorus in aquatic 
systems, such as dissolved and particulate 

forms, and inorganic and organic forms.  
Soluble reactive phosphorus (SRP), also 
referred to as orthophosphate, is a dissolved 
form of inorganic phosphate (PO4

3-) that is 
the most readily utilized form of phosphorus 
by algae [2], and it is routinely measured to 
assess the nutrient status and water quality 
in aquatic systems [2]. 

The ascorbic acid-molybdate blue 
method [1] is a standard procedure for 
analysis of SRP in freshwater [3, 4].  For 
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concentrations from 10 to 500 µg PO4-P/L, 
the ascorbic acid-molybdate blue method 
uses a sample volume of 100 mL.  In most 
natural systems that are not subjected to 
phosphorous enrichment from human 
sources, SRP concentrations typically are 
less than 50 µg PO4-P/L in lakes and less 
than 25 µg PO4-P/L in rivers [2], so a sample 
volume of 100 mL generally has enough 
SRP in it to be detectable with the ascorbic 
acid–molybdate blue method.  However, 
concentrations of SRP in freshwater 
systems that are enriched by phosphorus 
from human sources often exceed the 
recommended limits of the ascorbic acid-
molybdate blue procedure.  In these 
circumstances, samples must be diluted to 
lower the SRP concentration to within the 
limits of the procedure. 

The purpose of this study was to 
determine if the ascorbic acid-molybdate 
blue method could be modified to reduce 
sample volume, in order to reduce the 
quantity of hazardous wastewater that is 
generated without affecting accuracy or 
precision.  Benedictine University builds its 
educational life and efforts based on the 
values St. Benedict put forth in Rules for 
Monks.  One of the Benedictine values is 
dedication to responsible stewardship of the 
earth.  The principle of responsible 
stewardship for the environment is the main 
tenet of “green chemistry”, which is 
incorporated in the Pollution Prevention Act 
of 1990 [5].  The Pollution Prevention Act of 
1990 established a national policy to prevent 
or reduce pollution at its source.  The 
principles and practices of green chemistry 
seek to reduce or even eliminate the usage 
or generation of toxic reagents and solvents 
while designing chemical products and 
performing chemical processes, and to 
prevent waste [5, 6].  The reagents used in 
the ascorbic acid-molybdate blue procedure 
contain the heavy metals antimony (Sb) and 
molybdenum (Mo), so the wastewater from 
the SRP analysis is hazardous and costly to 
dispose of.  Reducing sample volume would 
reduce the volume of hazardous waste that 
is generated and the associated costs for 
reagents and waste disposal. 

Because the concentration of SRP 
in the East Branch DuPage River is high 
(approximate mean = 1,700 µg PO4-P/L, 
[5]), a smaller sample volume of DuPage 
River water should contain enough SRP for 

detection by the ascorbic acid-molybdate 
blue method.  Three sample volumes (10, 
50, and 100 mL) were tested in this study to 
determine if sample volume could be 
reduced without sacrificing accuracy of the 
procedure.  We also investigated the 
response of the ascorbic acid-molybdate 
blue procedure to SRP concentrations 
higher than recommended, to see if 
exceeding the method’s concentration range 
had a significant effect on the results.  In 
other words, we were interested in whether 
the limits of the procedure could be 
extended to include the range of SRP 
concentrations in the DuPage River without 
affecting the accuracy of the results.   

 
II. PROCEDURE 

 
Water samples were collected from 

the East Branch DuPage River at Maple 
Avenue in Lisle, IL (DuPage County), and 
from a storm water retention pond and a 
natural pond (i.e., slough) on the campus of 
Benedictine University.  The East Branch of 
the DuPage River is located approximately 
32 km west of downtown Chicago and flows 
through one of the most densely populated 
counties (DuPage County) in the western 
suburbs of the Chicago area.  At base flow 
conditions, SRP concentrations in the East 
and West Branches of the DuPage River 
average approximately 1,700 µg PO4-P/L, 
but can range from 800 to 8,000 µg PO4-P/L 
[7], far in excess of the upper limit of the 
ascorbic acid-molybdate blue method (i.e., < 
500 µg PO4-P/L). 

One-liter water samples (n = 5) 
were collected from each water body in early 
October of 2003.  Water samples were 
returned to the lab and filtered within 1 hour 
of collection through a glass fiber filter 
(Whatman™ GF/C, 47 mm diameter, pore 
size = 1.2 µm) followed by filtration through 
a membrane filter (Millipore™, 47 mm 
diameter; 0.45 µm pore size).  Both types of 
filters were pre-soaked in distilled deionized 
water, to leach any phosphate from the filter 
materials, and air dried before use.   

Sample volumes of 100, 50, and 10 
mL were all withdrawn from the same 
sample and analyzed for SRP using the 
ascorbic acid-molybdate blue method of 
Murphy and Riley [1], following the 
procedure described by Wetzel and Likens 
[3], with proportional adjustments for reagent  
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Figure 1.  Standard curve for soluble reactive phosphate (SRP) using 0, 100, 500, 1,000, and 
2,000 µg PO4-P/L standards. 

 
 
volume to sample volume ratio.  The 
molybdenum reacts with SRP to produce a 
blue color and the absorbance of the 
sample-reagent solution is measured 
spectrophotometrically.  The ascorbic acid-
molybdate blue method of Murphy and Riley 
[1] is applicable in a range of 1 to 500 µg 
PO4-P/L, with a precision level of ± 1 µg/L.      

Absorbance (at 885 nm, 1 cm path 
length) was measured over a range of SRP 
concentrations to determine if the ascorbic 
acid-molybdate blue method conformed to 
Beer’s Law over the concentrations tested.  
Beer’s Law states that the amount of light of 
a specific wavelength absorbed by a 
solution is linearly proportional to the 
concentration of the solution, according to 
the equation A = ecL, where e = extinction 
coefficient, c = concentration, L = length of 
light path, and A = absorbance.  The 
concentrations of SRP used in the standard 
curve were 0, 100, 500, 1,000, and 2,000 µg 
PO4-P/L.  Concentrations higher than the 
standard range of the ascorbic acid-
molybdate blue method, i.e., 1,000 and 
2,000 µg PO4-P/L, were included to see if 
the relationship between absorbance and 
concentration was linear.  If the relationship 
between absorbance and concentration is 
linear beyond 500 µg PO4-P/L, then the 
DuPage River water samples would not 
need to be diluted prior to analysis for SRP. 

One-way analysis of variance 
(ANOVA) was used to compare the effect of 
sample volume on phosphorus 
concentration.  The Tukey test was used to 
compare among treatment (volume) means 
when ANOVA detected a significant 
treatment effect [8].  A t-test was used to 
compare mean SRP concentrations 
between samples from the slough and storm 
water pond.  All statistical analyses were 
performed using SPSS [9] and all data are 
reported as mean + one standard deviation 
(SD). 

 
III. RESULTS 
 
a. DuPage River Samples 

 
The relationship between 

absorbance and SRP concentration was not 
linear above 500 µg PO4-P/L (Figure 1).  
Absorbance reached an asymptote and 
leveled off above 500 µg PO4-P/L.  The 
correlation coefficient, R2, was 0.9983 for 
the regression line from 0 to 500 µg/L, but 
R2 was only 0.4874 for the regression line 
from 0 to 2,000 µg PO4-P/L.  The slopes of 
the two regression lines differed by a factor 
of 2.4, so the 0–2,000 µg PO4-P/L 
regression equation underestimated the 
concentration of SRP by 2.4-times. 
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Figure 2.  Mean concentration (µg PO4-P/L) of soluble reactive phosphorus (SRP) in DuPage
River water samples of 100, 50, and 10 mL calculated by [SRP] = A885/0.0017.  Bars with the 
same letter are not significantly different (Tukey-test, p>0.05). 

 
There were significant differences in 

mean SRP concentrations among the three 
sample volumes tested using DuPage River 
water (Figure 2; F2,12 = 97.467, p < 0.001).  
There was no significant difference in SRP 
concentration in 100 and 50 mL sample 
volumes, which had the same mean SRP 
concentration (1,002 µg PO4-P/L).  SRP 
concentration of the 10 mL sample volume 
( x  = 1,051 µg PO4-P/L) was significantly 
greater than 100 and 50 mL sample 
volumes (Tukey-test), but the difference 
amounted to only 5%.  
 
b.  Slough and Storm water Pond Samples 

 
There were no significant 

differences in mean SRP concentration 
among sample volumes for either slough 
samples (F2,12 = 1.200, p = 0.335) or among 
storm water pond samples (F2,12 = 0.222, p 
= 0.804) (Figure 3).  The mean SRP 
concentration of slough samples (combined 
mean for three sample volumes = 1.7 µg 
PO4-P/L) was 29% higher than storm water 
pond samples (1.2 µg PO4-P/L), but this 
difference was not statistically significant 
(t0.05(2),26 = 1.955, p = 0.061), and SRP 

concentrations in both systems were near 
the lower detection limit (1 µg PO4-P/L) of 
the ascorbic acid–molybdate blue method. 
 
IV. DISCUSSION 

 
The results of this study show that 

the sample volume for SRP analysis can be 
reduced from 100 mL to 50 mL for water 
samples from the DuPage River without a 
significant reduction in accuracy.  The mean 
SRP concentration determined for a 10 mL 
sample volume of DuPage River water was 
significantly greater than for 100 and 50 mL 
sample volumes, but the actual difference 
was only 5%.  This result suggests that 
further testing and greater sample 
replication may be worthwhile because if a 
sample volume of 10 mL can be shown to 
result in no loss of accuracy for DuPage 
River samples, then reagent and waste 
volumes could be reduced by 90%. 

The ascorbic acid-molybdate blue 
method is limited to SRP concentrations less 
than 500 µg PO4-P/L.  Above 500 µg PO4-
P/L, which is typical of the DuPage River, 
the relationship between absorbance and 
concentration is asymptotic, indicating the 
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Figure 3.  Mean concentration (µg PO4-P/L) of soluble reactive phosphorus (SRP) in slough and 
storm water pond samples of 100, 50, and 10 mL calculated by [SRP] = A885/0.0017. 
 
reagents were saturated by SRP.  DuPage 
River samples, therefore, must to be diluted 
to yield a concentration of <500 µg PO4-P/L 
for the ascorbic acid-molybdate blue method 
to be accurate. 

Results of the SRP analysis of the 
slough and pond samples indicated that 
these water bodies are not impacted by SRP 
loading from the campus grounds.  Due to 
the low concentrations (<3 µg PO4-P/L) of 
SRP in the slough and storm water ponds, a 
reduction in sample volume is not 
recommended for water samples with low 
(<10 µg PO4-P/L) SRP concentration.  Thus, 
one must follow Wetzel and Likens [3] and 
use a 100 mL or larger sample volume to 
provide enough SRP for the colorimetric 
reaction to produce a sample absorbance 
that is distinguishable from the blank 
sample.  Furthermore, it would have been 
more appropriate to use a 
spectrophotometer cell with a 10 cm path 
length instead of a 1 cm path length, since 
sensitivity can be increased proportionately 
with the path length [3]. 

The reduction in sample volume 
from 100 mL to 50 mL represents a 50% 
reduction in the amount of reagents used 
and in the volume of hazardous waste that is 
generated.  For example, SRP is being 
monitored monthly at five sites in both the 

East and West Branches of the DuPage 
River.  At each site, three water samples are 
collected and analyzed for SRP; this 
amounts to 360 samples per year.  Using a 
sample volume of 100 mL would generate 
36 L of wastewater, whereas sample 
volumes of 50 and 10 mL would generate 18 
and 3.6 L per year, respectively (Table 1).  I 
calculated that reducing sample volume 
from 100 mL to 50 mL would save 6 g of 
molybdenum and 0.09 g of antimony per 
year (Table 1). 

This study showed that application 
of the principles of green chemistry can 
substantially reduce the sample volume 
necessary for analysis of SRP in two 
phosphorus-enriched urban rivers without 
sacrificing accuracy.  The reduction in 
sample volume will result in cost-savings for 
reagents and wastewater disposal, and 
more importantly, reduce the potential 
environmental impacts associated with of 
the generation and disposal of wastewater 
containing hazardous elements such as 
heavy metals.  
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Table 1.  Estimated amounts of reagents used (grams per year, g/y) and wastewater generated 
(liters per year, L/y) in the analysis of soluble reactive phosphate (SRP) for 100, 50, and 10 mL 
samples of river water. 
  
Sample volume 100 mL 50 mL 10 mL 
 
Wastewater generated (L/y)+ 

           
          36 

            
            18 

            
           3.6 

Molybdate reagent (g/y)           21.6            10.8            2.16 
Molybdenum* (g/y)           11.7              5.8            1.17 
Antimony reagent (g/y)             0.5              0.25            0.05 
Antimony* (g/y)             0.18              0.09            0.018 
 

+  3 samples collected per month from each of 5 sites on two rivers (e.g., 360 samples per year). 
*  Molybdenum is 54% (w/w) of the molybdate reagent, (NH4)6Mo7O24 . 4H2O 
   Antimony is 36% (w/w) of the antimony reagent, K(SbO)C4H4O6 . ½H2O  
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