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Historical Trends in Use



Human intensification of the global 

phosphorus cycle (Smil 2000)



Ecological Concerns

• Although an essential nutrient, when 

phosphates run off into aquatic systems (via 

sediment erosion), overloading of 

concentrations leads to algal blooms

• a. P may be a limiting factor in algal growth

• b. Blooms lead to die-offs

1. Bacterial decomposition of algal cells 

leads to oxygen depletion

2. Eutrophication results



Cases

• c. In the 1950’s and 1960’s, many 

detergents had phosphates added “to 

boost cleaning power”

1. The most notable effect was the 

commencement of eutrophication of 

parts of Lake Eerie

2. Phosphates were banned and Lake 

Eerie recovered



Tracing source of nitrate using δ15N 

and δ18O

Summarized by L. Yu  



Application of δ15N (NO3)

• The δ15N of nitrate has been used in 

numerous studies to determine source of 

nitrogen in groundwater and surface water 

affected by agricultural land use.

• Successful reason: the potential 

contamination source such as fertilizer(-1-2‰) 
and animal waste(+8 +16‰) has distinct 

isotopic signatures of N.

Exner M.E. et al., 1994. Appl. Geochem.;                 Mariotti A. et al.,1988. Geochim. Cosmochim. Acta; 

Kreitler C.W. et al., 1975. Ground water;            Amberger A. et al., 1987.Geochim. Cosmochim. Acta.



Limitation of single isotopic technology

• NH3 volatilization can lead to significant 

and variable enrichment of 15N in the 

residual NH4 source material and NO3
-

subsequently produced. (Wassenaar L.I.,1995 

Appl.Geochem. )



Addition of  δ18O (NO3) to determine the 

source

• δ18O (NO3) has useful in separating atmospheric and 

microbial sources of nitrate in undisturbed 

watersheds

• Nitrate produced by microbial nitrification in 

laboratory cultures derives two oxygen from water 

molecules and one oxygen from atmospheric O2

The equation of microbial nitrification: 

δ18O (NO3) =2/3 δ18O (H2O) +1/3 δ18O (O2)

Burns and Kendall., 2002. Water Resour. Res.;                           Durka W., 1994.Nature;

Liu C.Q. 2006. Environ. Sci. Technol.;                Tye A.M. 2007. Geochim. Cosmochim. Acta



Values of δ18O (NO3) in atmospheric 

deposition( snowpack, snowmelt, and bulk 

precipitation) were distinct from values in 

water from streams and talus springs.

The δ15N (NO3) vales were not distinct 

between the different water types.

Campell D.H. 2002           Water Resour. Res.



Preparing sample and stable isotope analysis on EA-MS



Cross-plot of the δ15N versus the N-NO3
-

concentration

R2 = 0.8817

R2 = 0.3289

R2 = 0.0053

0

2

4

6

8

10

12

0 2 4 6 8 10 12 14 16

N-NO3
-
    (mg/l)

d
e
l
t
a
 
1
5
N

East Lake
West Lake
River
Snow
线性 (West Lake)
线性 (River)
线性 (East Lake)

• There was no 

correlation between 

δ15N and N-NO3
- in 

River and East Lake, 

but there was a 

negative 

correlation(r2=0.9917) 

in West Lake.

• It might indicate that 

mixing was the major 

cause controlling the 

transportation of 

nitrate in River and 

East Lake in winter.

• And there might be 

denitrification 

happened in west Lake.



Ecosystem Services of Wetlands

1. Sponge effect - decrease flood peak and 

increase flow during drought 

2.   Groundwater cleansing – wetlands 

metabolize water  increase water 

quality (biological filters)





Lacustrine 

wetlands



Lacustrine wetlands in Pine Barrens, southern NJ

Photo by R. Grippo



Coastal mangrove swamp, Belize, Central America

Photo of R. Grippo and Penn State student









Thank you for your 

contributions!


