
589

Chapman and Edwards: Nitrogen Content of Upland Streams in Britain TheScientificWorld (2001) 1(S2), 589–596

Research Article
Optimizing Nitrogen Management in Food and Energy Production
and Environmental Protection: Proceedings of the 2nd International
Nitrogen Conference on Science and Policy
TheScientificWorld (2001) 1(S2), 589–596
ISSN 1532-2246; DOI 10.1100/tsw.2001.292

* Corresponding author.
Emails: t.edwards@macaulay.ac.uk; p.chapman@geog.leeds.ac.uk
© 2001 with author.

The nitrogen (N) composition of streams drain-
ing eight upland regions of Britain was compared
using monthly samples collected between April
1997 and April 1998. Stream samples were
analysed for total N (TN), particulate N (PN), ni-
trate (NO3), ammonium (NH4), and dissolved or-
ganic nitrogen (DON). Concentrations of TN were
small, generally less than 1.5 mg N l–1, were domi-
nated by dissolved forms of N, and varied signifi-
cantly between regions. NO3 accounted for the
majority of variability. Concentrations of DON also
varied between regions but to a smaller extent
than those of NO3. There were considerable varia-
tions in TN fluxes between upland regions, which
ranged between 3.8 and 16.1 kg N ha–1 year–1. The
majority of the variation was due to NO3 fluxes,
which were largest in regions receiving largest
inputs of atmospheric N deposition and ranged
between 1.4 and 13.5 kg N ha–1 year–1. Fluxes of
DON ranged between 1 and 3.5 kg N ha–1 year–1,
while fluxes of PN were generally less than 0.5 kg
N ha–1 year–1, and NH4 fluxes ranged between 0.1
and 0.4 kg N ha–1 year–1. NO3 was the dominant
fraction (47–84%) of N exported from all upland
regions except the Highlands, where DON ac-
counted for 52% of the TN flux. This study has
shown that the DON fraction is an important com-
ponent of the total N transported by upland
streams in Britain.

KEY WORDS: nitrate, ammonium, dissolved organic
nitrogen, upland streams

DOMAINS: freshwater systems, soil systems, atmospheric
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TABLE 1
Characteristics of the Study Catchments in the Different Upland Regions of Britain

% Land Average
Number of Total Area of N Inputc

Regiona Catchments Catchments (km2) >300 m >600 m Pb (mm) Qb (mm) (kg ha–1 year–1)

1. SW England 5 148 62 0 1980 1562 10–20

2. S Wales 5 318 63 8 1604 1190 20–30

3. N Wales 8 1478 55 2 1887 1568 25–30

4. N Pennines 10 1709 51 7 1127 707 15–20

5. Tweed 5 665 71 7 1616 1235 20–25

6. SW Scotland 5 553 28 1 1730 1338 20–25

7. Cairngorms 8 1247 53 35 1123 813 10–15

8. Highlands 8 1347 36 6 1844 1376 10–15

a See Fig. 2 for location of regions.
b Mean rainfall (P) and runoff (Q) for catchments in each upland region for the period 1991–995 (Σ(rainfall or runoff x catchment

area)/Σcatchment area)[8].
c Total (wet, dry, and occult) inorganic N deposition (kg N ha–1 year–1), 1989–1992[7].
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TABLE 2
The Annual Flow-Weighted Mean Concentration (mg l–1)

of N Forms in Streams Draining Each Upland Region

Region TN PN NO3–N NH4–N DON

SW England 0.716 0.038 (4) 0.527 (68) 0.021 (3) 0.136 (25)

S Wales 1.19 0.067 (3) 0.958 (84) 0.016 (1) 0.181 (12)

N Wales 1.06 0.036 (2) 0.881 (78) 0.021 (3) 0.127 (17)

Pennines 1.33 0.210 (4) 0.607 (47) 0.034 (4) 0.486 (45)

Tweed 0.756 0.039 (2) 0.447 (61) 0.013 (2) 0.264 (35)

SW Scotland 0.833 0.021 (3) 0.512 (57) 0.030 (3) 0.281 (37)

Cairngorms 0.388 0.018 (5) 0.228 (57) 0.024 (6) 0.134 (33)

Highlands 0.290 0.019 (8) 0.089 (28) 0.016 (6) 0.169 (57)

Note: Values in parentheses indicate the percentage contribution each N frac-
tion makes to the flow-weighted mean TN concentration.
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TABLE 3
The Annual Fluxes of N Forms (kg N ha–1 year–1)

from Streams Draining Each Upland Region

No. Storm
Region Samples TN PN NO3-N NH4-N DON

Total Flux

SW England 10.25 0.55 (5.4) 7.41 (72.3) 0.31 (3.0) 1.98 (19.3)

S Wales 14.18 0.77 (5.4) 11.10 (78.3) 0.18 (1.3) 2.13 (15.0)

N Wales 16.10 0.53 (3.3) 13.50 (83.8) 0.29 (1.8) 1.78 (11.1)

Pennines 7.81 1.10 (14.1) 3.68 (47.1) 0.20 (2.6) 2.83 (36.2)

Tweed 5.78 0.24 (4.1) 3.46 (59.9) 0.13 (2.2) 1.95 (33.8)

SW Scotland 10.74 0.29 (2.7) 6.51 (60.6) 0.40 (3.7) 3.54 (33.0)

Cairngorms 3.85 0.18 (4.7) 2.52 (65.5) 0.16 (4.1) 0.99 (25.7)

Highlands 3.83 0.27 (7.0) 1.37 (35.8) 0.20 (5.3) 1.99 (51.9)

Nonstorm Flux

SW England 4 10.24 0.50 (4.9) 7.60 (74.2) 0.30 (2.9) 1.84 (18.0)

S Wales 5 13.55 0.39 (2.9) 11.53 (85.1) 0.13 (0.9) 1.50 (11.1)

N Wales 8 14.00 0.33 (2.4) 11.77 (84.1) 0.25 (1.8) 1.64 (11.7)

Pennines 6 4.64 0.12 (2.6) 2.39 (51.5) 0.16 (3.5) 1.97 (42.4)

Tweed 3 5.35 0.10 (1.9) 3.60 (67.3) 0.12 (2.2) 1.53 (28.6)

SW Scotland 10 10.79 0.26 (2.4) 6.99 (64.8) 0.37 (3.4) 3.17 (29.4)

Cairngorms 4 3.80 0.19 (5.0) 2.52 (66.3) 0.16 (4.2) 0.93 (24.5)

Highlands 4 3.90 0.27 (7.0) 1.35 (34.5) 0.19 (4.9) 2.09 (53.6)

Note: Values in parentheses indicate the percentage contribution each N fraction makes to the total N flux.
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TABLE 4
Correlation Coefficients Calculated Between
Annual PN, NO3, NH4, and DON Fluxes and

Catchment Characteristics for the 54 Study Catchments

Catchment Characteristic PN NO3 NH4 DON

N deposition –0.35* 0.59*** NS 0.28*

% Peat NS –0.41** NS 0.37**

% Poorly drained soils NS –0.32* NS 0.44**

% Well-drained soils 0.30* 0.50** NS –0.28*

% Blanket bog vegetation NS –0.52** NS NS

% Improved grass 0.32* 0.70*** 0.28* NS

% Forestry NS NS NS NS

Note: Significant at the *p < 0.05, **p < 0.01, and ***p < 0.001 levels,
respectively; NS = not significant.
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