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Thredbo Vi l lage,  an Austral ian Alpine resort ,  discharges 
secondary treated sewage e f f luen t  through an adjacent wetland 
area to trap suspended and dissolved material before water is 
discharged into the Crackenback r i ve r  (Brodrick 1985). We are 
current ly  evaluating the effect iveness of th is  wetland in 
removing nitrogen species from the sewage e f f luen t  by d e n i t r i f i -  
cation and required a means of determining the exchangeable 
nitrogen species in wetland so i l s .  

A review of the l i t e ra tu re  revealed that  potassium chloride is 
commonly used to ext ract  exchangeable nitrogen species from so i ls  
(Bengtsson 1924; Bremner 1965; Sahrawat 1979). However a great 
var ia t ion  occurs with the use of ex t ract ion techniques with 
regard to the method of ag i ta t ion  (Terry and Nelson 1975; Haines 
et al. 1977; Henriksen 1980), the molar i ty  of potassium chlor ide 
solut ion (Sorensen 1978; Blackburn and Kenriksen 1983; Smith and 
Patrick 1983), the ext ract ion period (Klingensmith and Alexander 
1983; Jenkins and Kemp 1984) and the solvent to soi l  ra t io  
(Henriksen 1980; Burford and Bremner 1975) used. 

I t  is also noted that  most workers when ext ract ing nitrogen 
species do not detai l  the i r  e f f i c i enc ies  in quant i fy ing exchange- 
able inorganic nitrogen species. This communication reports our 
attempt to use potassium chloride to ex t rac t  exchangeable 
inorganic nitrogen species from wetland so i l s .  

MATERIALS AND METHODS 

Soil was col lected from an Alpine wetland area subject to treated 
e f f luent  from a sewage treatment works (Brodrick 1985). Soil 
contained 45-50% clay and a large amount of p a r t i a l l y  decomposed 
organic matter. 

A Technicon Autoanalyser I I  was used to measure n i t ra te  + n i t r i t e  
N and ammonia N in ext racts .  Both autoanalyser manifolds were 
operated in accordance to A.P.H.A. standard methods (1980). 

Send rep r in t  requests to P. Cullen at the above address. 
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RESULTS AND DISCUSSION 

The ex t rac t i on  technique i n i t i a l l y  employed was based on tha t  of 
Henriksen (1980). One gram so i l  samples were placed in to  
cen t r i fuge  tubes w i th  25 mL of 2M potassium ch lo r ide .  A f te r  
capping and i nve r t i ng  the tubes three times, the samples were 
cent r i fuged (4500 rpm) fo r  I0 min, and the supernatants were 
removed and analysed fo r  n i t rogen species. Four consecutive 
ex t rac t ions  were performed. Yields of n i t r a t e  + n i t r i t e  N were 
s im i l a r  fo r  the f i r s t  three ex t rac t ions  (Table I )  and s tar ted to 
decl ine in the four th .  C lear ly  t h i s  method was not an e f f ec t i ve  
way to ex t rac t  exchangeable n i t r a t e  + n i t r i t e .  

Table 1. Ext rac t ion  of n i t r a t e  + n i t r i t e  N from so i l  using 
Henriksen's (1980) method 

ExtractionS1 j t  I i 2 3 4 

N i t ra te  + n i t r i t e  N 
(~g) 12.5• 12.5• 12.4• 10.06• 

(1) Four rep l i ca te  samples 

To increase the i n t e rac t i on  between the ex t rac tan t  so lu t ion  and 
s o i l ,  ag i ta t i on  wi th  a w r i s t - a c t i o n  shaker was introduced, and 
the ex t rac t i on  period extended to two hours. The y i e l d  of n i t r a t e  
and n i t r i t e N w a s  increased to 20.8• Ng N; consequently, 
ag i t a t i on  was used in a l l  f u r t he r  experiments. To determine the 
optimum ex t rac t i on  per iod,  subsamples were ext racted wi th  25 mL 
of the potassium ch lo r ide  so lu t i on ,  and the n i t r a t e - n i t r i t e  N 
content was measured in the cent r i fuged supernatants at d i f f e r e n t  
time i n te r va l s  (Figure i ) .  There was no increase in the n i t r a t e  
+ n i t r i t e  N y i e l d  a f te r  two hours. Longer ex t rac t i on  periods 
resu l ted in a decrease of n i t r a t e  + n i t r i t e  N and suggested that  
readsorpt ion occurred. There was l i t t l e  d i f fe rence in the y i e l d  
of n i t r a t e  + n i t r i t e  N when the volume of ex t rac tan t  was var ied 
(Table 2), and a volume of 25 mL was selected fo r  convenience. 
Re-ext ract ion wi th  successive 25 mL volumes of ex t rac tan t  
so lu t ion  (Table 3) continued to y i e l d  n i t r a t e  + n i t r i t e  N and 
ammonium N even a f te r  three ex t rac t i ons .  The apparent f a i l u r e  
of the ex t rac t i on  procedure to q u a n t i t a t i v e l y  ex t rac t  exchange- 
able n i t rogen species may have been the r e s u l t  of other n i t rogen 
forms as well  as the exchangeable n i t rogen species being 
extracted.  The e f f i c i e n c y  of the ex t rac t i on  procedure to ex t rac t  
known amounts of exchangeable n i t rogen species was inves t iga ted 
by e q u i l i b r a t i o n  of so i l  w i th  n i t rogen species fo r  two hours 
fo l lowed by ex t rac t i on  of so i l s  w i th  25 mL of 2M potassium 
ch lo r ide  fo r  two hours. The recover ies of added n i t r a t e  N 
(1.6 pg/g) ranged from 78-98% (average 84.6• n = 4),  
and ammonia N (24 Ng/g) were 70-100% (average 81.3+3.4%; n = 4) 
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Effect of extraction time on the nitrate-nitrite N content of the 
potassium chloride extractant. (n=4) 

Table 2. Ef fect  of volume of ex t rac tan t  on y i e l d  of 
n i t r a t e  + n i t r i t e  N. 

Ext ractant  

Volume (mL) 20 25 40 50 

Ni t ra te  + 

N i t r i t e  N (pg) 20.8-+1.0 19.3_+0.9 17.8_+0.6 19.7• 

Ext rac t ion  time 2 hours, four  rep l i ca tes .  

Table 3. Ef fect  of successive ex t rac t ions  on the y i e l d  of 
n i t r a t e  + n i t r i t e  N and ammonium N from so i l  

Ex t rac t ion  No. 1 2 3 

N i t ra te  + N i t r i t e  N (Ng) 5.3• 7.9• 9.2• 

Ammonium N (pg) 369• 283• 260• 

25 mL 2M KCL; 2 hour ex t rac t i on  period. Four rep l i ca tes .  

Our resu l t s  show that  the techniques usua l l y  employed to ex t rac t  
exchangeable n i t rogen species from so i l s  could not be used to 
quan t i f y  the apparent exchangeable inorganic  n i t rogen species 
in the Thredbo wetland s o i l .  I t  is  unclear whether the ex t rac-  
t ion  reagent is unable to q u a n t i t a t i v e l y  ex t rac t  exchangeable 
n i t rogen species, or i f  o ther  n i t rogen forms as well  as the 
exchangeable n i t rogen species are being ext racted.  Fur ther  
i nves t i ga t i ons  of the use of potassium ch lo r ide  as an ex t rac tan t  
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solut ion needs to be conducted before the use of th is  solut ion 
is accepted as the standard technique for  ex t rac t ion of exchang- 
able nitrogen species from wetland species. 
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