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Determination of Exchangeable Inorganic Nitrogen
Species in Wetland Soils
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Thredbo Village, an Australian Alpine resort, discharges
secondary treated sewage effluent through an adjacent wetland
area to trap suspended and dissolved material before water is
discharged into the Crackenback river (Brodrick 1985). We are
currently evaluating the effectiveness of this wetland in
removing nitrogen species from the sewage effluent by denitrifi-
cation and required a means of determining the exchangeable
nitrogen species in wetland soils.

A review of the literature revealed that potassium chloride is
commonly used to extract exchangeable nitrogen species from soils
(Bengtsson 1924; Bremner 1965; Sahrawat 1979). However a great
variation occurs with the use of extraction techniques with

regard to the method of agitation (Terry and Nelson 1975; Haines
et al. 1977; Henriksen 1980), the molarity of potassium chloride
solution (Sorensen 1978; Blackburn and Kenriksen 1983; Smith and
Patrick 1983), the extraction period (Klingensmith and Alexander
1983; Jenkins and Kemp 1984) and the solvent to soil ratio
(Henriksen 1980; Burford and Bremner 1975) used.

It is also noted that most workers when extracting nitrogen
species do not detail their efficiencies in quantifying exchange-
able inorganic nitrogen species. This communication reports our
attempt to use potassium chloride to extract exchangeable
inorganic nitrogen species from wetland soils.

MATERIALS AND METHODS

Soil was collected from an Alpine wetiand area subject to treated
effluent from a sewage treatment works (Brodrick 1985). Soil
contained 45-50% clay and a large amount of partially decomposed
organic matter.

A Technicon Autoanalyser II was used to measure nitrate + nitrite
N and ammonia N in extracts. Both autoanalyser manifolds were
operated in accordance to A.P.H.A. standard methods (1980).

Send reprint requests to P. Cullen at the above address.
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RESULTS AND DISCUSSION

The extraction technique initially employed was based on that of
Henriksen (1980). One gram soil samples were placed into
centrifuge tubes with 25 mL of 2M potassium chloride. After
capping and inverting the tubes three times, the samples were
centrifuged (4500 rpm) for 10 min, and the supernatants were
removed and analysed for nitrogen species. Four consecutive
extractions were performed. Yields of nitrate + nitrite N were
similar for the first three extractions (Table 1) and started to
decline in the fourth. Clearly this method was not an effective
way to extract exchangeabie nitrate + nitrite.

Table 1. Extraction of nitrate + nitrite N from soil using
Henriksen's (1980) method

Extraction(l) 1 2 3 4

Nitrate + nitrite N
(ug) 12.5+2.2 12.5x0.4 12.4+#1.0 10.06%0.34

(1) Four replicate samples

To increase the interaction between the extractant solution and
soil, agitation with a wrist-action shaker was introduced, and
the extraction period extended to two hours. The yield of nitrate
and nitrite Nwas increased to 20.8%3.9 ug N; consequently,
agitation was used in all further experiments. To determine the
optimum extraction period, subsamples were extracted with 25 mL
of the potassium chloride solution, and the nitrate-nitrite N
content was measured in the centrifuged supernatants at different
time intervals (Figure 1). There was no increase in the nitrate
+ nitrite N yield after two hours. Longer extraction periods
resulted in a decrease of nitrate + nitrite N and suggested that
readsorption occurred. There was little difference in the yield
of nitrate + nitrite N when the volume of extractant was varied
(Table 2), and a volume of 25 mL was selected for convenience.
Re-extraction with successive 25 mL volumes of extractant
solution (Table 3) continued to yield nitrate + nitrite N and
ammonium N even after three extractions. The apparent failure

of the extraction procedure to quantitatively extract exchange-
able nitrogen species may have been the result of other nitrogen
forms as well as the exchangeable nitrogen species being
extracted. The efficiency of the extraction procedure to extract
known amounts of exchangeable nitrogen species was investigated
by equilibration of soil with nitrogen species for two hours
followed by extraction of soils with 25 mL of 2M potassium
chloride for two hours. The recoveries of added nitrate N

(1.6 pg/g) ranged from 78-98% (average 84.6x1.2%; n = 4),

and ammonia N (24 ug/g) were 70-100% (average 81.3+3.4%; n = 4)

378



20}

Nitrgte + Nitrite N {pg)

0 v v y T "

I 2 3 4 5
Time (h)

Figure {.  Effect of extraction time on the nitrate—nitrite N content of the

potassium chloride extractont. (n=4)

Table 2. Effect of volume of extractant on yield of
nitrate + nitrite N.

Extractant
Volume (ml) 20 25 40 50
Nitrate +

Nitrite N (pg) 20.8+1.0 19.320.9 17.80.6 19.7+0.4

Extraction time 2 hours, four replicates.

Table 3. Effect of successive extractions on the yield of
nitrate + nitrite N and ammonium N from soil

Extraction No. 1 2 3
Nitrate + Nitrite N (ug) 5.3%3.2 7.921.6 9.2+1.4

Ammonium N (ug) 369+17 283+10 26012

25 mL 2M KCL; 2 hour extraction period. Four replicates.

Qur results show that the techniques usually employed to extract
exchangeable nitrogen species from soils could not be used to
quantify the apparent exchangeable inorganic nitrogen species

in the Thredbo wetland soil. It is unclear whether the extrac-
tion reagent is unable to quantitatively extract exchangeable
nitrogen species, or if other nitrogen forms as well as the
exchangeable nitrogen species are being extracted. Further
investigations of the use of potassium chloride as an extractant
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solution needs to be conducted before the use of this solution
is accepted as the standard technique for extraction of exchang-
able nitrogen species from wetland species.
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