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Water quality issues in Jordan L.
Reservoir
• Algal production high: Frequently exceeding NC state
chlorophyll a standard of 40 ug/L.
• Periodic algal blooms, problematic from water quality
perspective: Toxin, taste and odor producing genera
potential threat to drinking water supplies, recreational and
fishing use
• General agreement that excessive nutrient inputs are
responsible. Which nutrients (nitrogen, phosphorus or both)
control algal growth and non-compliance with state water
quality standards (>40 µg chlorophyll a)?

Research Objectives
• Using in situ nutrient addition bioassays, determine which nutrients
(nitrogen, phosphorus or both) control algal growth and noncompliance with state water quality standards (>40 µg Chlorophyll a).
• Using in situ nutrient dilution bioassays, establish nutrient reductions
needed to control algal growth and bloom potentials.
• Potential role of nitrogen (N2) fixation as an “internal” N source.

Chl a exceedance &
Bioassay sampling site

Jordan Lake Monitoring chlorophyll a results
(May 2017-January 2019)
Surface chlorophyll a levels
for the 4 monitoring sites

Number of chlorophyll a
exceedances over 40 ug/L
Number of surface water samples where chlorophyll a exceeded 40 ug/L
for Jordan Lake Monitoring (5/2017-1/2019).
Monitoring Site
Number of
Total Number
Percent
Exceedances
of Samples
Exceedances
Farrington
Surface

12

21

57.14 %

Haw Surface

1

17

5.88 %

64 Surface

4

17

23.53 %

S-Turn Surface

2

17

11.76 %

NC Water Quality Standard for Chlorophyll a is 40 µg/L for all waters
except trout waters (15 µg/L)

What’s limiting algal production?
Nutrient Addition Bioassays

Findings
1) Phytoplankton primarily N
limited

N addition

2) P additions stimulated N-fixing
cyanobacteria in summer

Significance

P addition

1) N deficits could be partially
offset by N2 fixation. This was
further investigated
2) Dual N & P reductions necessary
for controlling phytoplankton
production

P selectively stimulated
N-fixing cyanobacteria

Nutrient Dilution Bioassays

Findings
1) During first three experiments, no bioavailable N to dilute.
Majority of bioavailable N was contained within the phytoplankton.
2) When bioavailable N was present, nutrient reductions of 30-50%
caused proportional reductions in phytoplankton growth rate

Significance
1) Appreciable N reductions (30-50 %) were necessary to see
reduced growth response of phytoplankton

Q: Why isn’t P more “limiting” (i.e. the “P only paradigm” in
limnology)?

A: Jordan Lake is a reservoir, and a “trap” for P, which
can recycle
How important is N2 fixation as a “internal” source of
biologically-available N?
N2 + 8e- + 8H+ -> 2NH3 + H2

Importance of N fixation in meeting N demand for phytoplankton growth
In situ N demand supported by N fixation
1 August 2018

22 October 2018

N fixation stimulated by P addition
in Bioassay
6 August 2018

Cell density (cells mL-1)

Temporal trends in cyanobacterial community structure indicate
that N2 fixing cyanobacteria are not major “players” in Jordan Lake
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Nutrient limitation of phytoplankton
growth in Jordan Lake: Conclusions
•

N is the most limiting nutrient nutrient in Jordan Lake
(reservoir), most likely because: 1) There’s significant “legacy” P
trapped in the reservoir, and 2) N2 fixation does not appear to
meet N requirements

•

P can be co-limiting

•

N input reductions needed to control algal biomass >30%.

•

P input reductions needed? Likely to be on the same magnitude
as N

•

P input reductions alone will not control algal production

•

Long term nutrient management should target both N and P
inputs. Best management strategies will target both nutrients.

Next Steps
• Conduct follow-up nutrient addition/dilution bioassays to
determine effects of interannual hydrologic variability on
phytoplankton community response
• Examine potential for selective growth of HABs (toxic
cyanobacterial species)
• Determine balance between N2 fixation and
denitrification, especially after further N reductions are
implemented
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