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Three Basic Concerns About
Anthropogenic Inputs of N

L QIIRARE =P
* |nfant Methemoglobinemia due to

contamination wells

* |ncreased deposition of NOx (oxidized
nitrogen species) that is associated with acid
rain and decline of forests at higher altitudes

« Ecological effects
— Acute & chronic toxicity

— Hypoxia, especially in the Gulf of Mexico
HRE,



Nitrogen Biogeochemical Cycle
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. . , Nitrogen Transformations
1 = Assimilation of inorganic N

2 = Heterotrophic conversion of N among organisms
3 = Mineralization (ammonification)

4 = Nitrification

NH,
5 = Denitrification I ‘
pH dependent equilibrium
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pH Dependence of Ammonia Speciation
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Nitrogen fertilizer sales,
in millions of tons per year

Historical Trends in Nitrogen
Fertilizer Use
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Nitrate concentration, in milligrams per liter
(mg/L) as nitrogen
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Greater percentage of wells >10 ppm
NO, in regions with highest N use
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The deeper the well, the less nitrate
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Nitrates Are Not the Problem!

Eﬁﬁ@-ﬁNitrites, not nitrate, interact with hemo%lobin to
oxidize it's iron atom, making it incapaﬂpf) i
carrying oxygen

Hb-Fe*? + NO, =-=-mm-- > metHb-Fe*™> + NO,

* Low concentrations (0.5-3.0%) of met-Hb
normal A& H

— Levels up to 10% can occur without signs
— Above 10%-cyanosis ZH%%

— Above 25%--hypotension, rapid pulse, etc.
— Above SO‘Vn--Ietl'[wﬂgFﬁﬁ



Where Do the Nitrites Come From?

* Nitrates not reduced to nitrite in blood

* Nitrite comes from nitrate via reduction
Ip sahvar glands and from nitrate-
reducmg acteria in stomach
— Nitrate is absorbed from intestine, some

passes through salivary glan%’s where ~3%
IS converted to nitrite

« Endogenous production of nitrate/nitrite
P Az



Why Infants More at Risk than Adults?

* |nfants less than 6 months most
susceptible s=gmm

» [nfant stomach with lower acidity than

adult
— Allows nitrate-reducing bacteria to flourish



Exposure Assessment

 Most exposure in diet

* Previous NRC (NAS-National Research
Council) report concluded that for 99%
of U. S. population, about 97% of
exposure comes from diet (just food)

« Endogenous nitrate production
accounts for ~50% of total nitrate “load”



Uptake of Nitrite

* Nitrite seems to be absorbed through
intestine more slowly than nitrate

 However, Gl disturbance may cause
. )7 .
nitrite to more easily pass through

Intestine as a result of epi@%ial erosion

and hem?HI;ﬂI;hage (“leaky intestine”)



Risk Characterization (NAS ‘95)

« Standard based on epidemiological
studies published by Walton in 1951

— NOAEL Is considered to be 10 mg NO.-
N/L

— Thus, there Is no safety factor in the MCL
— The standard for NO,-N is 1 mg/L

 As of 1995, found no studies of nitrate-
iInduced MHB since EPA 90 report



% Mortality

Ecotoxicity

 Ammonia is highly toxic to fish

* When fish are stressed by swimming activity
100 - the LC30 is lower than when they are exposed .
while at rest

96h LC30
Resting: 207 mg/L N
Swimming: 32 mg/L N

Wicks et al. (2002) Aquatic Toxicol. 59:55
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Frogs and Nitrates ey

0.75 |
* Frogs are not
sensitive to nitratesat 2 05
concentrations up to % 555
1000 mg/L =
e oW
 However, frogs are IS |
sensitive to ammonia 5 [
concentrations as low g 075 |

as 1 mg/L

Johansson et al. (2001) Aquatic Toxicol. 54:1
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Hypoxic Zone in the Gulf of Mexico

Yearly occurrence but the size “dramatically” increased during the last decade.
Increased nitrate loading from up river use of fertilizers belied to be a causal factor
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Increase in Size of Gulf of Mexico Hypoxic Zone Since Start of
Monitoring in 1985 - Goolsby (2000) USGS Fact Sheet 135-00
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Historical Increase in Nitrate Concentration in Tributary Rivers
20 | | u ' Goolsby (2000) USGS Fact Sheet 135-00
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Increase in Nitrate Flux in the MS River

Note, however, that the increase in flux coincides with increase in streamflow;
recall that the use of nitrogen fertilizers has stabilized over the last 20 years

20 T r Goolsby (2000) USGS Fact Sheet 135-00 | ¥
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Nitrogen inputs, inmillions of metnic tons

Input Sources for Nitrate in the Mississippi River Basin

Goolsby (2000) USGS Fact Sheet 135-00
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Future Trends Expected for N Use & Deposition

Millions of Metric Tons
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Phosphorus
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Dissolved P

Desarption  particulate P
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Historical Trends in Use
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Human intensification of the global
phosphorus cycle (Smil 2000)

Fluxes Natural Preindustrial (1800)) Recent (2000)
(Mt P/yr) (Mt P/yr) (Mt P/yr)
Natural fluxes intensified
by human actions
Erosion >10 >15 >30)
Wind <2 <3 >3
Water >8 >]2 >27
River transport >7 >9 >22
Particulate P >0 >8 >20)
Dissolved P >] <2 >2
Biomass combustion <0.1 <0.2 <0.3
Anthropogenic fluxes
Crop uptake 1 12
Ammal wastes >1 >15
Human wastes 0.5 3
Organic recycling <0.5 >0
Inorganic fertilizers 15




Ecological Concerns

* Although an essential nutrient, when

phosphates run off into aguatic 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 6*°N
and 6130

Summarized by L. Yu



Application of 0°N o3

 The 01°N 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%o)
and animal waste(+8 + 18%.) 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, AmbergerA. et al., 1987.Geochim. Cosmochim. Acta.



Limitation of single isotopic technology

* NH; volatilization can lead to significant
and variable enrichment of >N in the
residual NH, source material and NO;-

subsequently produced. (wassenaarL.l.,1995
Appl.Geochem.)



Addition of '°0 (o3 to determine the
source

* 0'%0 (\og) 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 O,

The equation of microbial nitrification:
010 (yo3) =2/3 8180 1450y +1/3 6'°0 (O,)

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



'O (NO,)
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Figure 2. The E'EEJ{HH] (%0) versus E'FT{{HH] (%a) in all samples,

1995

1997,

Values of 620 (NO,) in atmospheric
deposition( snowpack, snowmelt, and bull
precipitation) were distinct from values ir

water from streams and talus springs.

The 6°N (o3 Vales were not distinct

between the different water types.

Campell D.H. 2002 Water Resour. Res.



Preparlng sample and stable i1sotope analysis on EA-MS
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Cross-plot of the >N versus the N-NO;

concentration

delta '°N

R* = 0.0053
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There was no
correlation between
0°N and N-NO;" in
River and East Lake,
but there was a
negative
correlation(r?=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
guality (biological filters)



‘Figu're 4.—Relationship Between Wetland Processes and Values
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Lacustrine wetlands in Pine Barrens, southern NJ

Photo by R. Grippo
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Thank you for your
contributions!



