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3 . 0  Disclaimer 

The study discussed in this document was carried out as part of the 

efforts of the Pollution from Land Use Activities Reference Group, an 

organization of the International Joint Commission, established under 

the Canada - U.S. Great Lakes Water Quality Agreement of 1972. Funding 

for this study was provided by the Ontario Ministry of Agriculture and 

Food. Findings and conclusions are those of the investigators and do 

not necessarily reflect the views of the Reference Group or its recommen- 

dations to the Commission. 
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8.0 Summary 

A g r i c u l t u r a l  a c t i v i t i e s  are known t o  be a source  of apprec i ab le  amounts 

of n i t r o g e n  contaminat ion of b a t h  s u r f a c e  and ground waters. Much of t h i s  

n i t r o g e n  e n t e r s  water as n i t r a t e .  Fixed n i t r o g e n  i s  very r e a c t i v e  and 

undergoes a l a r g e  v a r i e t y  of b i o l o g i c a l  t r ans fo rma t ions ,  t h e  k inds  and 

rates of which depend l a r g e l y  on environmental  f a c t o r s  such as presence  

o r  absence of oxygen, temperature  etc. While t h e s e  processes  have been 

e x t e n s i v e l y  s t u d i e d  i n  s o i l s  and, t o  some e x t e n t  i n  l a k e s ,  l i t t l e  is  known 

about  t h e i r  occur rence  i n  streams. The degree t o  which n i t r o g e n  forms are 

s u b j e c t  t o  t r ans fo rma t ion  p rocesses  wh i l e  i n  t r a n s p o r t  i n  streams, p a r t i c u l a r l y  

t o  s i n k  p rocesses  such as d e n i t r i f i c a t i o n ,  may s i g n i f i c a n t l y  a f f e c t  t h e  

degree t o  which a g r i c u l t u r a l  a c t i v i t i e s  contaminate  r e c e i v i n g  waters. The 

o b j e c t i v e  of t h i s  p r o j e c t  w a s  t o  determine t h e  e x t e n t  of t h e  s i n k  p rocess ,  

d e n i t r i f i c a t i o n ,  i n  streams and t o  asses i ts  e f f e c t  on stream t r a n s p o r t  of N. 

Both l a b o r a t o r y  and f i e l d  s t u d i e s  were c a r r i e d  out .  I n  t h e  l a b o r a t o r y ,  

p l e x i g l a s s  columns were used t o  determine t h e  ra te  a t  which n i t ra te -N d i s -  

appeared from water ove r ly ing  stream sediment c o l l e c t e d  from a number of 

PLUARG watersheds.  It w a s  found t h a t  d i sappearance  w a s  a lmost  complete i n  

about  2 weeks f o r  most sediments  a t  22 C when t h e  s t a r t i n g  concen t r a t ion  i n  

t h e  water w a s  1 0  mg 1 . Nitrate d isappeared  less r a p i d l y  a t  lower tempera- 

t u r e s  bu t  t h e  rate w a s  enhanced cons ide rab ly  when t u b i f i c i d  o l i g o c h a e t e  

worms were p resen t  i n  t h e  sediment and when metabol izable  carbon ( i n  t h e  

form of d r i e d  l eaves )  w a s  added t o  t h e  sediment.  

i n  column experiments  i t  could no t  be  d e t e c t e d  a f t e r  i ncuba t ion ,  i n  any 

f i x e d  n i t r o g e n  f r a c t i o n  i n  e i t h e r  water o r  sediment ,  nor  w a s  i t  evolved 

-1 

When 1 5 N  n i t r a t e  w a s  used 

as ammonia, and i t  w a s  concluded t h e r e f o r e  t h a t  disappearance of n i t r a t e  

r e s u l t e d  from d e n i t r i f i c a t i o n  i n  t h e s e  experiments.  The use  of 1 5 N  a l s o  

pe rmi t t ed  e s t i m a t i o n  of n i t r i f i c a t i o n  ra te  i n  t h e  sediment and it  w a s  shown 
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t h a t  n i t r a t e  w a s  produced i n  t h e  sediment n e a r  t h e  water i n t e r f a c e  and w a s  

then d e n i t r i f i e d  a long  wi th  added n i t r a t e ,  when i t  d i f f u s e d  below t h e  a e r o b i c  

zone of t h e  sediment.  Ex t r apo la t ing  from t h e s e  column s t u d i e s  t o  t h e  stream 

i t  appears  t h a t  f o r  t h e  Canagagigue Creek (Ag 4 ) ,  Holiday Creek (Ag 5) and 

t h e  L i t t l e  Ausable River (Ag 3) t h e  d e n i t r i f i c a t i o n  ra te  is  i n  t h e  o r d e r  of 

0.14 g m 

magnitude as our  prev ious  obse rva t ions  on sediments  from another  S .  Ontar io  

stream and a l s o  wi th  estimates made r e c e n t l y  f o r  c e r t a i n  European stream sediments.  

-2 -1 of stream sediment s u r f a c e  day a t  22°C. This is  i n  t h e  same o r d e r  of 

F i e l d  s t u d i e s  of n i t r o g e n  t r a n s p o r t  i n  a reach  of t h e  E a s t  branch of t h e  

Canagagigue Creek (nea r  Ag 4) w e r e  complicated by t h e  presence  of many ground- 

w a t e r  s eeps ,  t i l e  o u t l e t s  and s m a l l  t r i b u t a r i e s  i n  t h a t  watershed.  High 

concen t r a t ions  of n i t ra te -N are a c h a r a c t e r i s t i c  of s u r f a c e  flows i n  t h e  

watershed however, and t i l e s  were found t o  flow year-round wi th  concen t r a t ions  

of n i t ra te -N i n  t h e  range of 20 mg 1 . The es tab l i shment  of a n i t r o g e n  

budget w a s  found t o  be imposs ib le  f o r  s h o r t  reaches  f o r  long  pe r iods  of time 

because of problems i n  adequate ly  quan t i fy ing  flow. However, t h e  crude 

f i g u r e s  obta ined  f o r  each of 1 8  days i n  1976 showed l o s s e s  ranging from 1.3% 

t o  18.8% of  t h e  inpu t  n i t ra te -N f o r  t h e  reach  s t u d i e d .  On one of t h e s e  days 

t h e r e  appeared t o  be a s m a l l  g a i n  of n i t ra te -N over  t h e  reach. 

l o s s  observed f o r  t h e  1 8  days w a s  about  7.5% of t h e  inpu t  n i t ra te -N whi l e  

t h e  mean w a s  8.1%. 

-1 

The median 

It can be assumed t h a t  t h e  removal of nitrate-N under stream cond i t ions  

w i l l  be g r e a t e r  than  t h e  removal under l a b o r a t o r y  cond i t ions  because of t u r -  

bulence and sediment mixing by b e n t h i c  a c t i v i t i e s .  It i s  proposed t h e r e f o r e  

t h a t  a f a c t o r  of 0.2 g m d could be app l i ed  t o  c a l c u l a t e  f i e l d  losses of 

N dur ing  t r a n s p o r t  i n  streams dur ing  summer. A-cor rec t ion  f o r  c o o l e r  tempera- 

t u r e s  i s  recommended. 

-2 -1 
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9.0 I n t r o d u c t i o n  

I n  r ecen t  y e a r s  i t  has  been observed t h a t  some of t h e  n i t ra te -N 

e n t e r i n g  streams i s  l o s t  from water ,  presumably as a r e s u l t  of d e n i t r i -  

f i c a t i o n  i n  t h e  sediment (Kaushik and Robinson, 1976). This  l o s s  depends,  

among o t h e r  f a c t o r s ,  upon q u a l i f y  and q u a n t i t y  of o rgan ic  matter and on 

w a t e r  temperature .  Thus a l l  t h e  n i t ra te -N rece ived  i n  streams from non-point 

sources  as a r e s u l t  of a g r i c u l t u r a l  o r  o t h e r  l and  use  a c t i v i t i e s  may no t  

a c t u a l l y  reach  l akes .  It  w a s  w i th  t h i s  background t h a t  t h e  p r e s e n t  p r o j e c t  

on Canagagigue Creek, d r a i n i n g  PLUARG watershed AG-4, w a s  s t a r t e d .  The 

primary a i m  of t h e  p r o j e c t  w a s  t o  determine whether n i t ra te -N i n  t r a n s p o r t  

i n  t h e  stream w a s  d e n i t r i f i e d ,  and i f  s o ,  a t  what rate. The p r o j e c t  w a s  

d iv ided  i n t o  two components, one dea l ing  wi th  l a b o r a t o r y  s t u d i e s  and t h e  

o t h e r  comprising f i e l d  i n v e s t i g a t i o n s .  The prupose of l a b o r a t o r y  s t u d i e s  

w a s  t o  determine whether sediments  from t h e  two branches of t h e  stream 

promoted n i t r a t e  l o s s  from ove r ly ing  water and through t h e  u s e  of l a b e l l e d  

n i t r a t e -N ,  t o  e l u c i d a t e  t h e  exac t  mechanism of such l o s s .  I n  f i e l d  i n v e s t i -  

g a t i o n s ,  i t  w a s  in tended  t h a t  a s e l e c t e d  reach  of Canagagigue Creek be 

s t u d i e d  i n  o r d e r  t o  c a l c u l a t e  s h o r t  term n i t r o g e n  budgets  and determine 

rates of n i t ra te -N l o s s  from t h e  stream. 

The s tudy  w a s  conducted i n  t h e  upper b a s i n  of Canagagigue Creek, near 

F l o r a d a l e ,  Ontar io  (Fig.  l), where two main branches can be i d e n t i f i e d .  

The West branch i s  t h e  PLUARG watershed AG-4 and is c h a r a c t e r i s e d  by i t s  

marked seasona l  f low,  i ts  eroded banks and by t h e  v i r t u a l  absence of 

deciduous v e g e t a t i o n  throughout  i t s  length .  W e  observed t h a t  t h e  West 

branch w a s  dry f o r  most of t h e  summer and w a s  t h e r e f o r e  u n s u i t a b l e  f o r  

our  purpose.  The East branch,  on t h e  o t h e r  hand, i s  p e r e n n i a l ,  has a 

more de f ined  channel  and f lows through areas of developed farmland i n t e r -  

spersed  wi th  mixed deciduous and con i f e rous  bush. F i e l d  and l a b o r a t o r y  
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s t u d i e s  were, t h e r e f o r e ,  concent ra ted  on t h e  East branch,  a l though it 

w a s  r a t h e r  more complex than w e  had hoped f o r .  Comparative l a b o r a t o r y  

s t u d i e s  were a l s o  c a r r i e d  ou t  on dediments from Holiday Creek (Ag. 5 ) ,  

a t r i b u t a r y  of t h e  Middle Thames River,  s i t u a t e d  i n  Oxford County and 

L i t t l e  Ausable River  (Ag. 3 ) ,  a p a r t  of t h e  Ausable River  dra inage  

b a s i n ,  l o c a t e d  i n  Huron and P e r t h  Counties.  
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10.0 Methods 

10 .1  Laboratory S tud ie s :  

S t r e a m  sediment w a s  c o l l e c t e d  by us ing  a 60 cm long p l e x i g l a s s  

column of 5.60 c m  I D  and 0.40 cm w a l l  t h i ckness .  One end of t h e  column 

w a s  sharpened t o  f a c i l i t a t e  p e n e t r a t i o n .  I n  t h e  f i e l d ,  t h e  sharpened 

end of t h e  column w a s  pushed about 1 0  cm i n t o  t h e  sediment ,  i t s  top  end 

w a s  c losed  wi th  a rubber  s toppe r  and t h e  column w a s  p u l l e d  o u t  w i th  t h e  

i n t a c t  co re  of sediment.  The lower end w a s  t hen  pluggdd wi th  a s toppe r .  

For some experiments  such i n t a c t  co res  were used,  wh i l e  i n  o t h e r s ,  s ed i -  

ment c o l l e c t e d  i n  t h i s  manner w a s  mixed and columns con ta in ing  a 10  c m  

depth of t h e  mixed sediment w e r e  prepared as o u t l i n e d  below. 

ment samples were s t o r e d  i n  a r e f r i g e r a t o r  a t  2 C and used w i t h i n  two 

days of c o l l e c t i o n .  

A l l  s ed i -  

0 

For t h e  columns packed wi th  mixed sediment,  sediment samples  were 

thoroughly mixed i n  a p l a s t i c  bucket and added t o  p l e x i g l a s s  tubes  c losed  

a t  t h e  lower end wi th  rubber  s toppe r s .  

v a r i a t i o n  i n  t h e  physico-chemical p r o p e r t i e s  of t h e  sediment of d i f f e r e n t  

columns. A i r  bubbles  were purged by a l i g h t  tapping  of t h e  columns and 

adher ing  sediment w a s  washed from t h e  s i d e s  of t h e  column walls wi th  

de ion i sed  w a t e r .  

This  procedure e l imina ted  l i k e l y  

0 A f t e r  t h e  sediment columns had s e t t l e d  overn ight  a t  2 C y  t h e  super-  

natant water w a s  siphoned o f f .  To each column 500 m l  of s o l u t i o n  contain-  

i n g  about  10  mg 1-1 ni t ra te -N as JWO 3 
t u r b i n g  t h e  sediment.  Cont ro ls  c o n s i s t e d  of r e p l i c a t e  sediment columns 

o v e r l a i n  wi th  de ion i sed  w a t e r  and columns con ta in ing  only 500 m l  of t h e  

KNO s o l u t i o n  (no sediment) .  

w a s  added very s lowly t o  avoid  d i s -  

3 
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The l i q u i d  l a y e r  i n  completed columns w a s  about  20 c m  deep. A gas 

mixture  of 21% oxygen and 79% helium w a s  in t roduced  by a spa rge r  s i t u a t e d  

about  1 cm above t h e  sediment-water i n t e r f a c e .  This  procedure w a s  in tended  

t o  create a l i t t l e  tu rbu lence  and t o  keep t h e  supe rna tan t  s o l u t i o n  a e r a t e d  

i n  an e f f o r t  t o  s i m u l a t e  stream cond i t ions .  For low temperature  incuba- 

t i o n s ,  t h e  columns were p l aced  i n  da rk  tempera ture-cont ro l led  environmental  

chambers. Columns covered wi th  da rk  p l a s t i c  w e r e  kep t  i n  t h e  l a b o r a t o r y  

f o r  room tempera ture  experiments.  Details  of columns are  shown i n  Fig.  2. 

For experiments r e q u i r i n g  t h e  presence  of worms, t h e  sediment w a s  

f i r s t  v i s u a l l y  in spec ted  f o r  t h e i r  n a t u r a l  occurrence.  

removed by s u c t i o n  a p p l i e d  t o  a Pas t eu r  p i p e t .  

n a t u r e  of t h e  Canagagigue sediment u s u a l l y  f a c i l i t a t e d  t h i s  process .  A l l  

t h e  columns were packed wi th  t h i s  "worm-free" sediment and from t h e s e ,  

no-worm c o n t r o l s  were s e l e c t e d .  To each of a d d i t i o n a l  r e p l i c a t e d  sets of 

columns, o l i g o c h a e t e  worms from a c u l t u r e  w e r e  added t o  g ive  a d e n s i t y  equi- 

v a l e n t  t o  15,000 worm m of sediment su r face .  

Any worm found w a s  

The l i g h t  co lored  sandy 

-2 

To provide  a l a r g e  and cont inuous supply,  t h e  worms used i n  t h e  exper i -  

ments were ob ta ined  from Toronto Harbour, n e a r  Hanlan's Po in t .  

were taken  i n  t h e  sediment under about  5 m of water wi th  an Ekman grab  and 

s i e v e d  i n  t h e  f i e l d  i n  a wash bucket of 0.5 mm pore  s i z e .  The r e s i d u e s  

were p laced  i n  l a r g e  p l a s t i c  p a i l s  w i th  l a k e  water and s t o r e d  i n  a con- 

t r o l l e d  environmental  chamber a t  10°C. 

column exper iments ,  they w e r e  picked w i t h  a P a s t e u r  p i p e t  and r i n s e d  twice 

i n  de ionised  water t o  remove any sediment o r  adher ing  par t ic les .  

The worms 

Before t h e  worms vere used i n  t h e  

Nitrate-N concen t r a t ion  i n  t h e  supe rna tan t  w a s  monitored r o u t i n e l y  by 

removing 2.5 m l  samples  and ana lys ing  f o r  N O  -N--using t h e  modif ied chromo- 

t r o p h i c  a c i d  method (West and Ramachandran, 1966 and APHA, 1971).  Spot  

3 
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F igure  2 :  D e t a i l s  o f  columns f o r  l a b o r a t o r y  experiments .  
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tests f o r  t h e  presence  o r  absence of n i t r i t e - N  were made according t o  

t h e  method of Rider and Mellon (1946) modified f o r  q u a l i t a t i v e  tests. 

Ammonium-N and organic-N i n  t h e  o v e r l y i n g  s o l u t i o n  w e r e  determined 

by a macro-Kjeldahl procedure (Bremner, 1965 a and b and APHA, 1971).  The 

500 m l  s u p e r n a t a n t  s o l u t i o n  w a s  placed i n  a 800 m l  f l a s k  and t h e  f r e e  

ammonium-N w a s  determined by d i s t i l l a t i o n  wi th  MgO. About 200 m l  of t h e  

d i s t i l l a t e  w a s  c o l l e c t e d  i n  a 500 m l  f l a s k  c o n t a i n i n g  50 m l  methyl red- 

methylene b l u e  i n d i c a t i n g  b o r i c  a c i d  ( 2 % ) .  The remaining s o l u t i o n  w a s  

used to  estimate t h e  organic-N content  by a r e g u l a r  macro-Kjeldahl d i g e s t i o n  

wi th  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  potassium s u l f a t e  and mercuric  ox ide  

fol lowed by d i s t i l l a t i o n  w i t h  sodium hydroxide- th iosu l fa te  s o l u t i o n .  A l l  

t i t r a t i o n s  were done u s i n g  0.01 N s u l f u r i c  a c i d  and N w a s  c a l c u l a t e d  on 

t h e  b a s i s  of 1 m l  0.01 N H SO = 0.14 mg ammonium-N. 2 4  

Ammonium-N and n i t ra te -N i n  t h e  sediment w e r e  determined on a potassium 

c h l o r i d e  extract. 

2M K C 1  (1O:l W/V) f o r  one hour fol lowed by f i l t r a t i o n  on g l a s s  f i b e r  f i l t e r  

paper  (Reeve-Angel). Ammonium-N and s o l u b l e  organic-N were es t imated  by 

t h e  macro-Kjeldahl procedure d e s c r i b e d  above. Nitrate-N ( i n c l u d i n g  n i t r i t e - N )  

w a s  then  determined by d i s t i l l a t i o n  a f t e r  conversion t o  ammonium-N w i t h  

f i n e l y  ground Devarda Alloy. 

by t h e  macro-Kjeldahl method (APHA, 1 9 7 1 ) .  A sediment suspension w a s  

p repared  b j  adding 400 m l  of de ionised  w a t e r  t o  a 800 m l  d i g e s t i o n  f l a s k  

c o n t a i n i n g  0.5 g of f i n e l y  ground a i r - d r i e d  sediment sample. The d i g e s t i o n ,  

d i s t i l l a t i o n  and t i t r a t i o n  procedures  descr ibed  above were then  followed. 

The extract  w a s  prepared by shaking t h e  w e t  sediment i n  

Organic-N c o n t e n t  i n  t h e  sediment w a s  measured 

The combust ible  mat ter  c o n t e n t  of  t h e  sediment w a s  es t imated  by us ing  t h e  

Carbon c o n t e n t  w a s  assumed t o  weight l o s s  by combustion a t  5OO0C f o r  4 hours .  

be 50% of t h e  loss on ignition. The a v a i l a b l e  carbon i n  t h e  sediment w a s  

measured by a w e t  conbus t ion  procedure u s i n g  an throne  and adapted from Burford 
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and Bremner (1975). 

The evo lu t ion  of CO from t h e  columns was q u a n t i f i e d  and used t o  estimate 2 

t h e  carbon l o s s  dur ing  incuba t ion  according t o  a method descr ibed  by Sa in  and 

Broadbent (1977). 

were i n s e r t e d  on t h e  gas  outf low l i n e  of t h e  columns. 

Vials con ta in ing  2.5 m l  of 1 N  NaOH wi th  a f i l t e r  paper  "wick" 

P e r i o d i c a l l y  t h e  con ten t s  

of t h e  v i a l s  were ana lysed  f o r  CO 

p r e c i p i t a t e  t h e  carbonates .  

by adding 3.5 ml of B a C 1 2  s o l u t i o n  (1N) t o  2 
The excess  NaOH w a s  t i t r a t e d  wi th  H C 1  s o l u t i o n  

us ing  phenolphtha le in  as i n d i c a t o r .  Carbon l o s s  w a s  c a l c u l a t e d  by t h e  formula: 

C = 6 x N X(V, - V2) 
where C = mg of Carbon l o s s  

N = normal i ty  of H C 1  used 

V = volume of H C 1  used f o r  b lank  

V = volume of H C 1  used f o r  sample 

1 

2 

The c h l o r i d e  concen t r a t ion  i n  s o l u t i o n  w a s  determined by t h e  s t anda rd  

method (APHA, 1971) us ing  s i lver  n i t r a t e  and potassium dichromate.  

For experiments us ing  l a b e l l e d  n i t r o g e n ,  ana lyses  f o r  ammonium-, n i t r a t e -  

and organic-N were performed accord ing  t o  methods descr ibed  above. 

50 m l  of each d i s t i l l a t e  w a s  saved f o r  1 5 N  de te rmina t ion .  

The f i r s t  

These samples were 

f i r s t  r e d i s t i l l e d  wi th  NaOH on a s p e c i a l  n i t r o g e n  -15 appa ra tus  modif ied f o r  

easier c l ean ing  ( supp l i ed  by Eck and Krebs Co., N . Y . )  and 5-10 m l  of d i s t i l l a t e  

w a s  c o l l e c t e d  i n  excess 0 .1  N H SO This  procedure concent ra ted  t h e  samples 

and e l imina ted  t h e  i n d i c a t i n g  b o r i c  a c i d  s o l u t i o n .  

2 4' 

The I 5 N  i s o t o p e  r a t i o  ana lyses  were performed on an o p t i c a l  emission spec t ro-  

meter ( Jasco  NIA-1 I 5 N  Analyser) us ing  t h e  gene ra l  method descr ibed  by F i e d l e r  

and Proksch (1972 and 1975) ,  modif ied by Liao (1976) and s p e c i f i c  procedures  

recommended by Japan Spec t roscopic  Co. Ltd.  

The Dumas  dry conbust ion method was employed t o  convert  t h e  n i t rogen  samples 

t o  d i n i t r o g e n  gas.  Pyrex d i scha rge  tubes  200 m long x 6 rn OD wi th  a c e n t r e  
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c o n s t r i c t i o n  measuring 25 mm long and 3 mm OD w e r e  s u p p l i e d  by S c i e n t i f i c  

G l a s s w a r e ,  Hamilton, Ontar io  and t h e  Univers i ty  of Guelph Glass Blowing S e c t i o n ,  

and used f o r  evacuat ion  and combustion procedures .  

placed a t  both  ends of t h e  c o n s t r i c t i o n .  Approximately 10 1-18 of t h e  a c i d i f i e d  

N sample w a s  p laced  on p r e v i o u s l y  combusted 2.5 c m  g l a s s  f i b e r  f i l t e r  paper  

(Whatman G F / C )  w i t h  t h e  a i d  of a micropipe t  and d r i e d  i n  a 40 C oven. 

of t h e  d i s c h a r g e  t u b e  w a s  s e a l e d  a f t e r  r e c e i v i n g  t h e  sample and 0.5 g of a 

mixture  of CuO and cuprox-platinum c a t a l y s t  (Coleman Ins t ruments ,  I l l i n o i s ) .  

A 1 gm b r i q u e t t e  c o n s i s t i n g  of alumina and calcium oxide (1:1) combusted a t  

8OO0C f o r  2 h r s  w a s  p laced  i n  t h e  o t h e r  end. This  b r i q u e t t e  w a s  compressed 

on a p e l l e t  p r e s s  ( P a r r  Instrument  Co.) a t  1 5  p . s . i .  The unsealed end of t h e  

d i s c h a r g e  tube  w a s  a t t a c h e d  t o  a h igh  vacuum l i n e  by means of a Swagelok union 

and Teflon f e r r u l e s  (Niagara Valve Co.). The t u b e  w a s  then  evacuated u n t i l  

a vacuum of 10 t o r r  w a s  i n d i c a t e d .  A t  t h i s  p o i n t ,  t h e  o t h e r  end of t h e  

tube  w a s  s e a l e d  w i t h  a hand to rch .  

i n  a m u f f l e  f u r n a c e  f o r  8 h r s  b e f o r e  a n a l y s e s  f o r  I 5 N  abundance w e r e  c a r r i e d  o u t .  

Quartz wool p lugs  were 

0 One end 

-4 

The s e a l e d  tubes  were combusted a t  55OoC 

The sample p r e p a r a t i o n  procedures  o u t l i n e d  above were s t a n d a r d i z e d  by 

us ing  samples of known 1 5 N  abundance. 

us ing  a mass spec t rometer  ( A t l a s  GD-150) by P r o f .  E.A. P a u l ,  S o i l s  Dept., 

Univers i ty  of  Saskatchewan. One s t a n d a r d  w a s  inc luded  i n  every b a t c h  of 

samples t o  guarantee  t h e  e f f i c a c y  of t h e  procedures .  The a n a l y s e r  w a s  

c a l i b r a t e d  eac:h t i m e  u s i n g  a Jasco-prepared series of d i s c h a r g e  t u b e s  con- 

t a i n i n g  n i t r o g e n  gas of known N abundances. I n  t h i s  way a c a l i b r a t i o n  

curve  w a s  e s t a b l i s h e d  and t h e  a b s o l u t e  N v a l u e s  of t h e  unknown samples 

determined. The N abundance i n  t h e  sample w a s  c a l c u l a t e d  from t h e  peak 

h e i g h t s  on t h e  r e c o r d e r  c h a r t  corresponding t o  28N and 29N molecules  u s i n g  

t h e  formula ( F i e d l e r  and Proksch,  1975) :  

These s t a n d a r d  samples were analysed 

15 

15 

15 
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100 
2-R + 1 A =  

where A = atom-percent abundance 1 5 N  

and R = r a t i o  of t h e  28N and 29N peak he igh t s .  

The I 5 N  excess  w a s  ob ta ined  by s u b t r a c t i n g  t h e  background 1 5 N  abundance 

15 (0;36 A%) from t h e  sample  N abundance. 

The probes used t o  measure redox p o t e n t i a l s  i n  t h e  sediment were prepared 

as descr ibed  by Whisler  _ -  e t  a l .  (1974) and blacked by t h e  method of Quispel  (1947). 

Each probe w a s  then passed through a h o l e  i n  a #O rubber  s toppe r  s o  t h a t  t h e  t i p  

of t h e  probe w a s  p o s i t i o n e d  a t  about  t h e  c e n t r e  of t h e  column (Fig.  2 ) .  The 

rubber  s t o p p e r  w a s  f i t t e d  t i g h t l y  i n  a h o l e  d r i l l e d  i n  t h e  s i d e  of t h e  column 

a t  an a p p r o p r i a t e  depth i n  t h e  sediment column. A l e a d  from each redox probe 

w a s  so lde red  t o  a t e rmina l  on a mult i -point  swi tch  t o  which w a s  connected a 

pH meter w i t h  a s t anda rd  r e f e r e n c e  calomel e l e c t r o d e .  

ob ta ined  by p l a c i n g  t h e  r e f e r e n c e  e l e c t r o d e  i n  t h e  ove r ly ing  w a t e r  and t h e  

swi tch  w a s  moved u n t i l  a l l  t h e  probes were read.  

A Tekt ronic  4051 Computer w a s  employed t o  perform t h e  s t a t i s t i c a l  ana lyses  

of t h e  da t a .  L inear  and polynomial r e g r e s s i o n  and c o r r e l a t i o n  ana lyses  and t h e  

2-way a n a l y s i s  of v a r i a n c e  (ANOVA) procedure were t h e  p r i n c i p a l  programs used 

(Steel and T o r r i e ,  1960).  

10.2 F i e l d  S tud ie s :  

The redox reading  w a s  

Grab samples w e r e  taken weekly i n  1 l i t e r  polypropylene b o t t l e s  from a 

l a r g e  number of s i tes i n  t h e  E a s t  branch and from two sites on t h e  West branch 

(Fig.  3). Water temperature  a t  each s i t e  w a s  a l s o  recorded. The samples w e r e  

brought back t o  t h e  l abora to ry  and ana lysed  f o r  ammonium-, n i t r a t e -  and organic-N 

as desc r ibed  i n  t h e  preceding s e c t i o n .  A reach  of t h e  E a s t  branch,  between 

sampling sites 3 and 7 ,  w a s  s e l e c t e d  f o r  budget ing purposes.  Flowrate  a t  

s t a t i o n  3 w a s  measured by means of  a s t a f f  gauge i n  1976, and by an O t t  m e t e r  

i n  1977. Flow a t  s t a t i o n  7 w a s  taken from t h e  record  maintained by t h e  Water 
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Figure 3: Location of sampling stations and tiles on the main branches 

of Canagagigue Creek. 



1 4  

Survey of Canada a t  t h a t  s i t e .  The f low from t i l e  o u t l e t s  w a s  measured by 

us ing  a graduated c y l i n d e r  and s t o p  watch. I n  so f a r  as i t  w a s  p o s s i b l e  a l l  

s u r f a c e  i n p u t s  between s t a t i o n s  3 and 7 were sampled and gauged. Sampling 

and gauging between s t a t i o n s  3 and 7 were done t w i c e  weekly dur ing  Spr ing  

and Summer. 
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11.0 R e s u l t s  

11.1 Laboratory S t u d i e s :  

I n  t h e  f i r s t  experiment ,  t h e  primary o b j e c t i v e  w a s  t o  determine whether 

t h e  l o s s  of n i t r a t e  from water o v e r l y i n g  sediments  from t h e  two branches of 

Canagagigue Creek occurred.  I n t a c t  sediment c o r e s  were taken  from two si tes 

on t h e  E a s t  branch and one on t h e  West branch of Canagagigue Creek w i t h  t h e  

a i d  of t h e  previously-descr ibed p l e x i g l a s s  columns. The sediment depth w a s  

a d j u s t e d  t o  about  10 cm and o v e r l a i n  w i t h  500 m l  s o l u t i o n  conta in ing  10 mg 

1 ni t ra te -N as KNO Combustible matter,  n i t r a t e - ,  ammonium- and organic-N 

of t h e  sediment from r e p l i c a t e  c o r e s  w e r e  determined a t  t h e  beginning of 

t h e  experiment.  

helium w a s  bubbled i n t o  t h e  superna tan t  s o l u t i o n .  Analyses f o r  n i t ra te -N 

i n  t h e  s u p e r n a t a n t  s o l u t i o n  w e r e  performed a t  days 0 ,  4 ,  7 ,  11 and 1 4 .  

-1 
3' 

Throughout t h e  incubat ion  p e r i o d  a t  2 5 t 3 @ C ,  21% oxygen i n  

A f t e r  a f i r s t  experiment of 1 4  days,  t h e  superna tan t  s o l u t i o n  w a s  drawn o f f ,  

f r e s h  n i t r a t e  s o l u t i o n  in t roduced  and n i t ra te -N w a s  monitored f o r  a n o t h e r  

14 days.  

Table  1 shows t h e  v a r i a b l e  c h a r a c t e r i s t i c s  of t h e  Canagagigue sediments ,  

n o t  on ly  between t h e  d i f f e r e n t  s i tes  but  a l s o  among t h e  r e p l i c a t e  samples 

from t h e  same s i te .  The changes i n  n i t ra te -N c o n c e n t r a t i o n  dur ing  t h e  two 

experiments are shown i n  Fig.  4 .  I n  t h e  f i r s t  experiment n i t r a t e  removal 

from t h e  w a t e r  o v e r l y i n g  sediment from a l l  sites w a s  r a p i d  and w a s  almost 

90% complete i n  14  days. The same g e n e r a l  t r e n d s  occurred  dur ing  t h e  second 

experiment except  t h a t  t h e  o v e r a l l  rate of n i t r a t e  l o s s  w a s  s i g n i f i c a n t l y  

lower than t h a t  i n  t h e  f i r s t .  Analys is  of v a r i a n c e  tests (ANOVA) showed 

t h e r e  w a s  no d i f f e r e n c e  (P < 0 . 0 1 )  i n  t h e  ra te  of n i t r a t e  l o s s  due t o  sed i -  

ment sampling l o c a t i o n .  

S u r p r i s i n g l y ,  t h e  average n i t r a t e  l o s s  from columns c o n t a i n i n g  West 

branch sediment w a s  i n  t h e  same o r d e r  of magnitude as t h a t  of t h e  more h i g h l y  
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TABLE 1: Some c h a r a c t e r i s t i c s  ( a i r - d r y , b a s i s )  of t h e  sediment taken  from 

d i f f e r e n t  s i t es  on Canagagigue Creek. 

SITES 

2 2 3 

PH 7.3 7.2 7.2 

NH4-N ( P F d  28.0 k 7.0 21.0 k 7.0 14.0 k 3.0 

NO3+ ( P P d  0 0 0 

Org-N (%) 0.31 5 0.04 0.30 5 0.04 0.20 5 0.03 

Combustible Matter (%) 10.5 k 2.9  8.4 f 2.5 4.6 5 1.1 

C :N 17: l  1 4 : l  12  :1 

S i t e s  1 and 2 are l o c a t e d  on t h e  E a s t  branch and S i t e  3 on t h e  West 

branch 

1 

Mean of 3 r e p l i c a t e s  fSD. 2 
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organic  East branch. It should be poin ted  o u t ,  however, t h a t  t h e  more 

sandy West branch sediment may promote a g r e a t e r  ra te  of n i t r a t e  d i f f u s i o n  

i n t o  t h e  sediment.  Another obse rva t ion  w a s  t h a t  n i t r a t e  disappeared more 

r a p i d l y  from one column from t h e  West branch,  i n  which an unusual ly  l a r g e  

number of o l igochae te  worms w a s  v i s i b l e .  It  is n o t  s u r p r i s i n g ,  t hen ,  t h a t  

such wide v a r i a t i o n s  i n  t h e  n i t r a t e  removal ra te  among t h e  r e p l i c a t e s  were 

observed. There is s t r o n g  evidence,  however, t h a t  sediments  from t h e  Cana- 

gagigue Creek are capable  of promoting . the  loss  of n i t r a t e  from over ly ing  

water. 

Daytime temperature  r ead ings  w e r e  taken a t  fou r  l o c a t i o n s ,  two on each 

branch of  t h e  Canagagigue Creek, dur ing  Spring and Summer of 1976. These 

l o c a t i o n s  are 1, 7 ,  8 and 9 shown i n  Fig.  3 .  The average va lues  ranged 

from 7.9 C k 4 . 1  i n  June w i t h  t h e  o v e r a l l  fou r  

months mean of about  1 4 O C  (Table 2 ) .  Summer temperatures  i n  t h e  West 

branch w e r e  g e n e r a l l y  h igher .  This  i s  t o  be expected because t h e  ephemeral 

West branch r e c e i v e s  most of i t s  water v i a  runoff  i n  t h e  s p r i n g  months of 

March and A p r i l  and by June t h e r e  i s  very  l i t t l e  flow. 

s p r i n g  t h e  West branch i s  u s u a l l y  sha l lower  than  t h e  East branch. 

f lows through most ly  open f i e l d s  and i t  has  bery l i t t l e  v e g e t a t i o n  along 

i t s  banks. The lower summer tempera tures  of  t h e  p e r e n n i a l  East branch may 

be a t t r i b u t a b l e  t o  t h e  s i g n i f i c a n t  ground water i n p u t s  throughout t h e  yea r .  

The E a s t  b ranch ' s  g r e a t e r  depth and r i p a r i a n  v e g e t a t i o n  may a l s o  account 

f o r  such observed d i f f e r e n c e s  i n  temperature .  

0 k 3 . 3  i n  A p r i l  t o  22.6OC 

Except i n  e a r l y  

It 

I n  t h e  l i g h t  of t h e s e  f i e l d  obse rva t ions ,  i t  seemed worthwhile t o  

determine t o  what e x t e n t  t h e s e  temperature  d i f f e r e n c e s  might i n f luence  t h e  

ra te  of n i t r a t e  removal. An experiment w a s  t h e r e f o r e  designed wi th  such 

an o b j e c t i v e  i n  view, 

Sediment w a s  taken from t h e  E a s t  branch (nea r  s t a t i o n  1, Fig.  3) and 
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TABLE 2: Daytime water temperature  of Canagagigue Creek sampled a t  

4 l o c a t i o n s  dur ing  t h e  Summer of 1976. 

- 

MONTHS 

STATION' APRIL MAY JUNE JULY 

1 7.9 9.3 16 .1  14.4 
k 3 . 3  k l .  3 k2.3 51.1 

2 

7 8.7 9.8 17.6 15.5 
r 3 . 5  k 1 . 3  k2.4 51.5 

8 8.5 9.5 22.6 20.8 
k4.7 k2.6 k4.1 22.9 

9 8.3 10.5 21.0 21.2 
54.8 k0.5 51.0 k l .  8 

S t a t i o n s  1 and 7 are l o c a t e d  on t h e  E a s t  branch and S t a t i o n s  8 and 9 

on t h e  West branch. 

0 Mean v a l u e s  i n  C +SD. 
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w a s  thoroughly mixed t o  minimize t h e  v a r i a t i o n  i n  t h e  physico-chemical 

c h a r a c t e r i s t i c s  of sediment of r e p l i c a t e  columns. The sediment possessed 

similar c h a r a c t e r i s t i c s  t o  t h a t  of s i t e  1 of Table  1. T r i p l i c a t e  columns 

wi th  a 10-cm sediment l a y e r  o v e r l a i n  wi th  500 m l  of s o l u t i o n  con ta in ing  

12 mg 1-1 ni t ra te -N as KNO 

chambers a t  7 O C ,  15OC and 22OC. 

n i t r a t e  i n  t h e  supe rna tan t ,  f r e s h  n i t r a t e  s o l u t i o n  w a s  in t roduced  i n  t h e  

columns t h a t  w e r e  p rev ious ly  incubated  a t  15  C and 22 C and t h e s e  columns 

w e r e  monitored f o r  a second exper imenta l  pe r iod  a t  t h e  same temperatures .  

The gas  mixture  of 21% oxygen and 79% helium w a s  bubbled i n t o  t h e  superna tan t  

f o r  t h e  du ra t ion  of both  experiments .  

were incubated  i n  c o n t r o l l e d  environmental  3 
A f t e r  9 days of r o u t i n e  a n a l y s i s  f o r  

0 0 

The changes i n  n i t ra te -N concen t r a t ion  dur ing  t h e  two experiments are  

shown i n  Fig.  5. I n  t h e  f i r s t  experiment,  n e a r l y  50% of t h e  added n i t ra te -N 

w a s  l o s t  i n  9 days a t  7 C. During t h e  same per iod  t h e  n i t ra te -N l o s t  a t  

15OC and 22OC w a s  about  80% and 90% r e s p e c t i v e l y .  ANOVA tests show t h a t  

t h e  d i f f e r e n c e s  i n  n i t ra te -N l o s s  a t  7 O C ,  15OC and 22OC were s i g n i f i c a n t  

(P < 0.01).  I n  t h e  second experiment,  about  60% of t h e  n i t r a t e  w a s  l o s t  

i n  9 days a t  15OC and t h i s  l o s s  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0.01) 

from t h e  22OC incubat ion .  

0 

The r e s u l t s  of t h i s  experiment show t h a t  temperature  i n f l u e n c e s  t h e  

t h e  removal ra te  of n i t r a t e  i n  a e r a t e d  water ove r ly ing  stream sediment:  

p rocess  proceeding more r a p i d l y  a t  h ighe r  temperatures .  The slowing of t h i s  

r a t e  upon r epea ted  a d d i t i o n s  of n i t r a t e  t o  t h e  same sediment i n  t h i s  and t h e  

prev ious  experiment i s  evidence t h a t  metabol izable  carbon content  may a l s o  

be a c o n t r o l l i n g  f a c t o r  o r ,  as w i l l  be shown l a t e r ,  t h a t  n i t r a t e  i s  being 

produced. 

During t h e  course  of pre l iminary  experiments ,  i t  w a s  observed t h a t  cer- 

t a i n  i n d i v i d u a l  columns always l o s t  n i t r a t e  much more r a p i d l y  than d i d  o t h e r  
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r e p l i c a t e s  of t h e  same treatment. Closer  examination of t h e  columns 

revea led  t h a t  s p e c i e s  of o l igochae te  worms, Tubifex t u b i f e x ,  Limnodrilus 

h o f f m e i s t e r i  and perhaps o t h e r s ,  w e r e  u s u a l l y  p re sen t  i n  l a r g e  numbers i n  

t h e s e  seemingly anomalous columns wh i l e  few o r  no worms were p r e s e n t  i n  t h e  

columns which were l o s i n g  n i t ra te -N a t  a s lower rate.  I n  t h e  fo l lowing  s e c t i o n ,  

t h e  r e s u l t s  of experiments  i n v e s t i g a t i n g  t h e  apparent  a s s o c i a t i o n  of o l igochae te  

worms i n  stream sediment w i th  a high rate of n i t r a t e  l o s s  from ove r ly ing  water, 

are descr ibed .  

The sediment ,  which w a s  taken a g a i n  from t h e  East branch,  had s imilar  

chemical p r o p e r t i e s  t o  t h a t  used i n  t h e  prev ious  experiment.  Columns w e r e  

packed as be fo re  us ing  t h e  mixed w e t  sediment from which most of t h e  n a t i v e  

worms were removed. The sediment columns were o v e r l a i n  wi th  500 m l  of 

s o l u t i o n  con ta in ing  10 mg 1-I ni t ra te -N o r  w i th  500 m l  d i s t i l l e d  water. 

set of such columns each then  r ece ived  40 (approx. 0.2 g, w e t  weight)  worms 

composed of a mixture  of Tubifex t u b i f e x  and Limnodrilus h o f f m e i s t e r i .  

p l i c a t e  columns f o r  each treatment w e r e  incubated  i n  a c o n t r o l l e d  environ- 

mental  chamber a t  15OC f o r  33 days. 

formed as before .  

One 

T r i -  

Gassing and n i t r a t e  ana lyses  were per -  

The r e s u l t s  of ana lyses  f o r  n i t ra te -N i n  t h e  supe rna tan t  of t h e  n i t r a t e -  

con ta in ing  Canagagigue columns a t  v a r i o u s  t i m e s  dur ing  t h e  incuba t ion  pe r iod  

are shown i n  Fig.  6. The column wi thout  worms l o s t  n i t ra te -N g radua l ly  t o  

about  2 mg 1 a t  t h e  end of t h e  incubat ion .  The columns con ta in ing  worms 

l o s t  n i t ra te -N a t  a much f a s t e r  rate, reaching ,  2 mg 1 i n  j u s t  1 2  days. 

However i n  t h e l a t t e r  ca se ,  t h e  n i t ra te -N concen t r a t ion  inc reased  t o  about 

4 mg 1-1 i n  t h e  nex t  1 2  days,  t hen  dec l ined  t o  about  2 mg 1-l. 

t h e  nitrate-N concen t r a t ion  i n  Canagagigue columns con ta in ing  d i s t i l l e d  

water are shown i n  Fig.  7.  Nitrate-N concen t r a t ion  i n  t h e  columns wibhout 

worms  i nc reased  t o  a m a x i m u m  of about  3 mg 1 i n  20 days. I n  t h e  columns 

-1 

-1 

Changes i n  

-1 
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con ta in ing  worms, n i t r a t e -N  inc reased  sha rp ly  a f t e r  1 2  days t o  a peak of 

7 mg 1-l i n  20 days. 

t h a t  t h e  n i t r a t e  l o s s  i n  columns con ta in ing  worms followed a t h i r d  o r d e r  func t ion  

of t h e  g e n e r a l  equat ion  N = a + b t  + c t  + d t  where N = n i t r a t e  concentra-  

t i o n  and t = t i m e  w h i l e  a ,  b ,  c and d are cons t an t s  f o r  each curve.  However, 

t h e  cub ic  r e l a t i o n s h i p  was no t  apparent  i n  t h e  case of t h e  c o n t r o l  columns. 

The va lues  of t h e s e  c o n s t a n t s  are shown i n  Table 3 whi le  t h e  r e g r e s s i o n  l i n e s  

of t h e  f i t t e d  equa t ions  are shown i n  F igs .  6 and 7 .  Analysis  of va r i ance  tests 

concluded t h a t  t h e  d i f f e r e n c e s  in both  n i t r a t e  removal ra te  and n i t r a t e  pro- 

duc t ion  due t o  t h e  presence  of worms w e r e  s i g n i f i c a n t  (P  < 0.01).  Nitrate 

changes i n  t h e s e  columns dur ing  t h e  second p a r t  of t h e  experiment ,  when 

f r e s h  n i t r a t e  w a s  added, are  shown i n  Fig.  8. The n i t r a t e  l o s s  from Cana- 

gagigue columns both wi th  and wi thout  worms w a s  lower than  t h a t  from t h e  

corresponding columns i n  t h e  f i r s t  p a r t  of t h e  experiment.  

Regression and c o r r e l a t i o n  a n a l y s i s  of t h e  d a t a  showed 

2 3 
C C 

The r e s u l t s  of t h e s e  experiments  c lear ly  i n d i c a t e  t h a t  t h e  presence  of  

o l igochae te s  i n  Canagagigue sediment changed t h e  rate a t  which n i t r a t e  i s  l o s t  

from a e r a t e d  n i t r a t e  s o l u t i o n .  Thds l o s s  is  presumably through d e n i t r i f i c a t i o n  

i n  t h e  sediment which is  accentua ted  as a r e s u l t  of i nc reased  n i t r a t e  move- 

ment i n t o  t h e  sediment .  The enhanced n i t r i f i c a t i o n  i n  t h e  presence  of worms 

may t e n t a t i v e l y  be a t t r i b u t e d  t o  t h e  product ion  of ammonia by t h e  worms and 

i t s  subsequent  conversion t o  n i t r a t e  o r  t o  t h e  decomposition of o r g a n i c a l l y  

r i c h  f a e c a l  p e l l e t s  of t h e  worms depos i t ed  on t h e  s u r f a c e  of t h e  sediment.  

A s  shown i n  t h e  preceeding s e c t i o n s ,  n i t r a t e - n i t r o g e n  w a s  l o s t  from 

a e r a t e d  s o l u t i o n  ove r ly ing  Canagagigue sediment and t h i s  loss  w a s  assumed t o  

have proceeded v i a  mic rob ia l  d e n i t r i f i c a t i o n .  The fo l lowing  series of exper i -  

ments w a s  designed t o  e s t a b l i s h e d  t h i s  pathway of l o s s  unequivocal ly ,  and t o  

accomplish t h i s ,  t h e  use  of i s o t o p i c a l l y  l a b e l l e d  n i t r a t e - n i t r o g e n  became 

necessary .  
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TABLE 3:  The va lues  of t h e  c o e f f i c i e n t s  a ,  b ,  c and d of equat ions  wi th  

f i t t e d  t o  d a t a  (F igs .  3 t h e  gene ra l  form N 

6 and 7) f o r  NO -N changes i n  water above stream sediment.  

= a + b t  + c t2  + d t  
C 

3 
~ ~~ 

COEFFICIENTS 

2 SUPERNATANT 
SOLUTION TREATMENT a b C d r 

N03-N 

9.697l -0.587 0.015 
t o .  200 50. 059 +O. 004 no worms 

10.100 -1.503 0.088 
50.180 +O. 054 +O. 004 wo rms 

-0.182 0.261 -0.005 
50. 180 50.059 50,004 no worms 

H2° 
worms 0.558 -0.508 0.061 

20.561 +O. 160 50.012 

-0.00010 0.98 
+0.00009 

-0.00150 0.98 
+O. 00008 

-0.00003 0.86 
+o. 00009 

-0.00122 0.91 
20.00023 

Mean va lues  of t h r e e  r e p l i c a t e s  +SE. 1 
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Wet Canagagigue sediment ob ta ined  from below s t a t i o n  3 i n  t h e  East branch 

(F ig .  3) w a s  w e l l  mixed and ana lysed  i n i t i a l l y  f o r  combust ible  matter, ammonium-, 

n i t r a t e -  and organic-N (Table 4 ) .  The C:N r a t i o  w a s  about 1 3 : l  (based on the  

assumption t h a t  50% of t h e  l o s s  on i g n i t i o n  w a s  C ) .  The sediment w a s  o v e r l a i n  

-1 15 wi th  500 m l  of s o l u t i o n  con ta in ing  9 mg 1 l a b e l l e d  n i t ra te -N (K NO3 w i t h  

0 90 atom-percent 15N) and t h e  columns incubated  a t  15 C i n  t r i p l i c a t e  f o r  48 

days. A 50-ml serum b o t t l e  con ta in ing  2% b o r i c  a c i d  w a s  p laced  a t  each gas  

out-flow t o  t r a p  any v o l a t i l e  ammonia. T r i p l i c a t e  columns were " s a c r i f i c e d "  

a t  day 0 ,  4 ,  21, 35 and 48 of t h e  incuba t ion  pe r iod .  Analyses f o r  a l l  forms 

of N i n  t h e  supe rna tan t  and sediment f r a c t i o n s  were c a r r i e d  o u t  a t  each t i m e  

us ing  s t anda rd  methods desc r ibed  previous ly .  Each of t h e s e  N samples w a s  then  

f u r t h e r  processed  and ana lysed  f o r  excess  1 5 N .  

of n i t r o g e n  i n  both  sediment and supe rna tan t  over  48 days is  shown i n  Table  5. 

The concen t r a t ion  of ammonium- and organic-N remained r e l a t i v e l y  unchanged 

whi l e  nitrate-N w a s  never  de t ec t ed  i n  t h e  sediment f r a c t i o n .  However, as 

shown i n  F ig .  9 ,  nitrate-N concen t r a t ion  i n  t h e  supe rna tan t  dec l ined  f o r  

t h e  f i r s t  21  days,  a f t e r  which an  i n c r e a s e  i n  n i t ra te -N concen t r a t ion  w a s  

recorded i n  t h e  supe rna tan t .  

The d i s t r i b u t i o n  of a l l  forms 

The d i s t r i b u t i o n  of excess  1 5 N  i n  & a l l  n i t r o g e n  s p e c i e s  i s  shown i n  Table 6 .  

More than  96% of t h e  l a b e l l e d  N which w a s  added a t  t h e  beginning of t h e  exper i -  

ment d i sappeared  from t h e  columns a f t e r  48 days. The small p ropor t ion  of 

l a b e l l e d  N t h a t  d i d  remain i n  t h e  column a t  any t i m e  w a s  mostly i n  t h e  n i t ra te -N 

form. Only a small q u a n t i t y  of t h e  added l a b e l l e d  N w a s  i n  t h e  ammonium- and 

organic-N forms. 

s p e c i e s )  i n  columns are compared. 

I n  Fig.  10 t h e  changes i n  1 5 N  excess  ( t o t a l  from a l l  N 

In Fig. 11, t h e  changes i n  t h e  concen t r a t ion  of l a b e l l e d  n i t ra te -N and 

t h a t  of t o t a l  n i t r a t e -N  ( l a b e l l e d  and un labe l l ed )  i n  t h e  columns are compared. 

Label led  n i t r a t e -N  d isappeared  a t  a f a s t e r  ra te  than  d i d  t o t a l  n i t ra te -N.  This  
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TABLE 4: Charac t e r i za t ion  of Canagagigue sediment used i n  t h e  1 5 N  experiment.  

1. pH 7.2 

2.  NH4-N (pprn) 47.5 

3. N03-N (pprn) 0 

4. Org-N ( W )  0.24 

5. Combustible matter ( X )  6.4 

6. C:N 1 3 : l  

l e d  t o  a change i n  1 5 N  abundance from about  90 atom-percent i n i t i a l l y  t o  about 

15 atom-percent a t  t h e  end of t h e  experiment.  This i n d i c a t e d  t h a t  s u b s t a n t i a l  

n i t r a t e  product ion  occurred  i n  t h e  columns as a r e s u l t  o f  n i t r i f i c a t i o n .  By 

us ing  t h e  known l e v e l  of i s o t o p e  d i l u t i o n  a t  each sampling t i m e ,  t h e  q u a n t i t y  

of n i t ra te -N produced i n  t h e  columns w a s  c a l c u l a t e d  from t h e  fo l lowing  der ived 

equat ion  : 

AONO - AINl ) 
A + A 1  

2 

N = N 1 - N O (  
0 g 

where: N = q u a n t i t y  of N gained through n i t r i f i c a t i o n  
g 

A = t h e  atom-percent excess 1 5 N  i n  t h e  i n i t i a l  f r a c t i o n  0 
A 

N1 = t h e  q u a n t i t y  of N i n  t h e  f i n a l  f r a c t i o n  

= the atom-percent excess 1 5 N  i n  the f i n a l  f r a c t i o n  1 

On t h i s  b a s i s ,  t h e  changes i n  n i t r a t e  product ion ,  shown i n  Fig.  12 ,  were obta ined .  

The rate of n i t r i f i c a t i o n  over  t h e  49 days of t h e  experiment and e x t r a p o l a t i n g  

t o  t h e  stream w a s  c a l c u l a t e d  a t  29 mg m of stream sediment s u r f a c e  day . -2 -1 

Table 5 shows t h a t  t h e  amount of l a b e l l e d  N found i n  t h e  ammonium-N 

form a t  any sampling t i m e  w a s  very small. This  w a s  a l s o  t r u e  wi th  r e s p e c t  

t o  organic-N. A t  maximum concen t r a t ion ,  on day 2 1 ,  l a b e l l e d  ammonium- 



TABLE 5:  The d i s t r i b u t i o n  of NH -N,  NO N and Organic-N i n  t h e  supe rna tan t  and 

sediment f r a c t i o n s  of t h e  columns du r ing  t h e  48-day incuba t ion  p e r i o d  

a t  1 5 O C .  

4 3- 

Mean of 3 r e p l i c a t e s  I S D  (me). 

Incuba t ion  Pe r iod  (Days) 

Colum Ni t rogen  0 4 21  35 48 
F rac t ion  Spec ies  

NH4-N 0 .49 .52 0 0 
k. 12 5.40 

& N03-N 4.55 3.64 1.79 2.14 1.04 
2. 05 k.07 2 . 4 1  2.16 k . 1 7  

Org-N 0 . 2 1  .39 .29 .49 
k.01 2.  1 6  k.04 k.21 

NH4 -N 7.70 7.68 8.40 8.25 8 .23  
t.10 k.22 2.55 5.32 2.29 

N03-N 0 0 0 0 0 

Org-N .76 .80 .66 .60 1 .25  
(Soluble)  k.03 2.08 2.12 k.20 2 .03  

Org-N (%) .245 .240 ,233  .228 ,228  
2.005 2.006 2.008 5 .  014 2.012 



TABLE 6 :  The d i s t r i b u t i o n  of excess  I 5 N  NH -N,  NO -N and Organic-N i n  

superna tan t  and sediment  f r a c t i o n s  of t h e  columns dur ing  t h e  

48-day incuba t ion  p e r i o d  a t  15  C. 

4 3 

0 2 
Means of 3 r e p l i c a t e s  +SD (mg x 10 ).  

Tncubation Pe r iod  (Days) 
Column Nitrogen 0 4 2 1  35 48 

F rac t ion  Spec ies  

NH4 -N 0 1 . 0 3  1.47 0 
2.19 21.24 

0 

13.41  U N03-N 408.64 302.80 126.01 75.85 
k24.53 211.85 k6.63 22.86 

3 Org-N 0 1 .18  3.11 .60 1 .37  
51.29 2.  1 7  k. 58 

([I 

aJ a 
r n  

E 

k.05 

NH4-N 0 2 . 2 7  4.74 3.30 0 
t. 42 k. 52 tl. 14  

N03-N 0 0 0 0 0 
U 
r: 
a, 
.d 

a, 
v3 

fi Org-N 0 0.48 0.38 0.48 0.36 
m (Soluble)  k.08 k. 1 6  2.04 2. 06 

Org-N 0 0 0 0 0 

TOTAL, 408.64 307.75 135.71 83.23 1 5 . 1 4  
k24.27 28.95 k6.54 22.71 
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and organic-N combined f o r  on ly  about  2% of t h e  l a b e l l e d  N added a t  t h e  start  

of t h e  experiment.  On subsequent sampling days t h i s  v a l u e  w a s  even smaller. 

Nitrate immobil izat ion t h e r e f o r e  w a s  i n s i g n i f i c a n t .  There w a s  i n d i c a t i o n  

t h a t  t h e  s m a l l  amount of n i t r a t e  immobilized may have been r e m i n e r a l i z e d ,  

n i t r i f i e d  and subsequent ly  d e n i t r i f i e d .  

The I 5 N  s t u d i e s  provided c o n c l u s i v e  evidence t h a t  t h e  bulk  of n i t ra te -N 

which disappeared from a e r a t e d  water  over ly ing  Canagagigue sediment w a s  i n  

f a c t  d e n i t r i f i e d  s i n c e  only a s m a l l  f r a c t i o n  of t h e  a p p l i e d  l a b e l l e d  N remained 

i n  t h e  columns a t  t h e  end of t h e  incubat ion .  Loss  of  ammonia through v o l a t i l i -  

z a t i o n  w a s  n e g l i g i b l e .  It w a s  a l s o  clear t h a t  t h e  process  of n i t r i f i c a t i o n  

w a s  a s i g n i f i c a n t  f a c t o r  i n  t h e  system under s tudy  and t h a t  t h e  f i n a l  n i t ra te -N 

c o n c e n t r a t i o n  ( t o t a l  of l a b e l l e d  as w e l l  as u n l a b e l l e d  N )  observed i n  t h e  

superna tan t  i s  t h e  n e t  r e s u l t  of n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  processes .  

The fo l lowing  experiment w a s  designed t o  test t h e  hypothes is  t h a t  t h e  

worms w e r e  a b l e  t o  enhance d e n i t r i f i c a t i o n  by i n c r e a s i n g  t h e  ra te  of n i t r a t e  

movement i n t o  t h e  sediment. Nitrate and c h l o r i d e  i o n s  are known t o  behave 

s i m i l a r l y  re la t ive  t o  t h e i r  m o b i l i t i e s  i n  n a t u r a l  systems. S i n c e  c h l o r i d e  

undergoes very l i t t l e  change i n  s o i l  o r  sediment ,  t h i s  i o n  w a s  used as a 

tracer t o  estimate t h e  ra te  of n i t r a t e  movement i n t o  sediment. 

Once a g a i n  mixed sediment ,  w i t h  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  descr ibed  

i n  Table 1 was used i n  t h e  experiment.  Sediment columns, each w i t h  40 o r  no 

o l i g o c h a e t e  worms w e r e  o v e r l a i n  w i t h  500 m l  of s o l u t i o n  conta in ing  e i t h e r  10 

mg 1-1 ni t ra te -N (KNO ) o r  100 mg 1-l c h l o r i d e  ( K C 1 ) .  

n i t ra te -N were a l s o  f i t t e d  w i t h  CO t r a p s  i n  gas  outf low l i n e  and blackened 

plat inum Eh probes a t  sediment depth of 1 .0 ,  2 .5 ,  5.0 and 10.0 cm. All 

columns w e r e  incubated a t  room temperature  (22 ). Analyses f o r  n i t ra te -N 

and c h l o r i d e  i n  t h e  s u p e r n a t a n t  w e r e  c a r r i e d  o u t  a t  day 3 ,  6 ,  10 and 13 of 

incubat ion .  CO e v o l u t i o n  and Eh readings  w e r e  a l s o  recorded a t  each t i m e .  

The columns c o n t a i n i n g  3 

2 

0 

2 
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The changes i n  nitrate-N concen t r a t ion  are shown i n  Fig 13. Changes 

i n  t h e  c h l o r i d e  concen t r a t ions  are shown i n  Fig.  14.  Chlor ide concen t r a t ions  

i n  t h e  worm columns dropped r a p i d l y  t o  about 88 mg 1 i n  3 days ,  then  slowed -1 

t o  about  85 mg 1-I i n  1 3  days. 

t r a t i o n  f e l l  g radua l ly  t o  about  89 mg 1-1 i n  1 3  days. 

of t h e  d a t a  showed t h a t  t h e  l o s s  of c h l o r i d e  from t h e  supe rna tan t  of columns 

con ta in ing  worms w a s  s i g n i f i c a n t l y  g r e a t e r  (P < 0 . 0 1 )  than t h a t  of t h e  

c o n t r o l s .  It can  be  concluded t h a t  t h e  worms d i d  accelerate t h e  movement of 

c h l o r i d e  i n t o  t h e  sediment and i t  is  thus  expected t h a t  t h e  movement of n i t r a t e  

w i l l  s i m i l a r l y  be  inf luenced .  

I n  t h e  c o n t r o l  columns, t h e  c h l o r i d e  concen- 

Analys is  of va r i ance  

The mean Eh v a l u e s  are shown i n  Table  7. There w a s  a sha rp  drop i n  redox 

p o t e n t i a l  a t  t h e  sediment-water i n t e r f a c e  bu t  t h e r e  w a s  no s i g n i f i c a n t  s h i f t  

of Eh relative t o  depth  throughout  t h e  incuba t ion  per iod .  The ox id i sed  zone 

i n  t h e  sediment w a s  c e r t a i n l y  less than  1 cm and t h e r e f o r e  i t  w a s  n o t  p o s s i b l e  

t o  determine t h e  i n f l u e n c e  of t h e  worms on t h i s  zone. 

The amount of carbon l o s t  from t h e  sediment i n  t h e  presence  o r  absence 

of worms w a s  e s t ima ted  (based upon t h e  CO evo lu t ion )  and t h e  r e s u l t s  are 

shown i n  Table  8. A t  t h e  end of t h e  experiment t h e r e  w a s  no d i f f e r e n c e  i n  

t h e  amount of carbon l o s t  from c o n t r o l  sediment when o v e r l a i n  wi th  e i t h e r  

n i t ra te -N o r  water. However, t h e  worms and water t rea tment  i nc reased  carbon 

l o s s  by 21% and t h e  worms and n i t ra te -N t r ea tmen t  i nc reased  t h e  carbon l o s s  

by 58%. These r e s u l t s  c l e a r l y  show t h a t  t h e  e f f e c t  of t h e  worms i n  i n c r e a s i n g  

t h e  carbon l o s s  from t h e  sediment is f u r t h e r  accentua ted  by t h e  presence  of 

n i t ra te -N.  

2 

I n  t h e  prev ious ly-descr ibed  experiments ,  i t  became apparent  t h a t  t h e  

metabol izable  carbon content  of t h e  sediment may be  a c o n t r o l l i n g  f a c t o r  i n  

t h e  d e n i t r i f i c a t i o n  rates. This  became ev iden t  when t h e  ra te  of n i t r a t e  loss 

from water ove r ly ing  Canagagigue sediment decreased upon r epea ted  a d d i t i o n s  
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Figure 13: Changes in nitrate concentrations in Canagagigue columns incubated at 22 C for 

13 day6 with c (1 - 0) without (0 - 0) oligochaete worms. Mean +SD. 
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TABLE 7 :  Changes i n  redox p o t e n t i a l  a t  d i f f e r e n t  d e p t h s  of Canagagigue 

6 days 

+437 f 5.8 

-293 f 79.2 

-259 2 5.77 

-247 k 1 5 . 3  

-211  f 50.7 

+439 f 17.3  

-274 f 1 0 . 4  

-253 * 5.8 

-249 4 4.2  

-247 f 10.4  

Treatment 10 days 

+467 f 5.8 

-294 ?c 40.6 

-270 k 5 . 3  

- 2 7 1  2 0 

-246 f 2.5  

+445 4 20.8  

-269  f 1 8 . 9  

-252 4 10.0 

-250  f 1 3 . 5  

-242 2 1 2 . 2  

Worms 

No Worms 

sediment w i t h  and w i t h o u t  o l i g o c h a e t e  worms. Mean of 3 r e p l i c a t e s  

f S D  i n  mV. 

Depth 

S uperna t a n t  

1 c m  

2.5 c m  

5.0 c m  

10.0 cm 

Supernatant  

1 c m  

2.5 c m  

5.0 c m  

10.0 cm 

3 days 

+454 k 1 3 . 2  

-245 4 59.7 

-249 2 1 8 . 0  

-162 f 40.4 

- 46 4 65.6 

+454 f 26.0  

-256 f 13.2 

- 2 5 1  4 5 . 0  

-248 2 7.6  

-253 f 5 . 8  

13 days 

'+459 * 5 . 0  

-302 * 43.7 

-276 f 0 

-268 16.17 

- 2 5 1  2 18 .0  

+454 5 .0  

-265 -t 18.2 

-249 4 1 0 . 4  

-246 4 10.0 

-245 15 .3  

cc 
0 
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TABLE 8: Cumulative carbon l o s s  from Canagagigue sediment w i t h  and 

wi thout  o l i g o c h a e t e  w o r n  incubated  a t  22 C for 13 days. 

Mean of 3 r e p l i c a t e s  5SD (mg). 

0 

Time  

Superna tan t  
S o l u t i o n  Treatment 3 6 10 13  

No Worms 4.00 8.74 18.56 
+O. 35 k0.68 t l . 0 8  

Worms 5.72 14.32 25.62 
io. 25 k 1 . 1 3  53.13 

H2° 

2.30 
No Worms 2.30 7.40 17.60 

50. 69 50.75 k0.75 

worms 6.08 14.46 29.76 
50.37 +O. 63 50.94 

N i t  ra t e-N 

27.86 
k2.54 

33.82 
14.07 

26.40 
51.97 

40.80 
10.99 
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of f r e s h  n i t r a t e  s o l u t i o n  t o  t h e  columns. 

One experiment w a s  designed t o  determine whether o r  no t  t h e  organic  

matter conten t  of Canagagigue sediment had any i n f l u e n c e  on d e n i t r i f i c a t i o n  

rates. The sediment w a s  ana lysed  a t  t h e  beginning of t h e  experiment f o r  

ammonium-, n i t r a t e -  and organic-N and f o r  combust ible  mat ter . ,  Table 9 

shows t h a t  t h e  o rgan ic  matter con ten twas  f a i r l y s u b s t a n t i a l  (10-25%) and 

t h e  concen t r a t ions  of ammonium- and organic-N were r e l a t i v e l y  high.  N i t r a t e - N  

w a s  n o t  de t ec t ed .  The thoroughly mixed w e t  sediment w a s  used t o  pack columns 

as before .  I n  a d d i t i o n ,  t r i p l i c a t e  columns rece ived  sediment mixed wi th  

vary ing  amounts of o rgan ic  matter i n  t h e  form of d r i e d  ground l eaves  (3 : l  

mix ture  of m a p l e ,  Acer saccharum and water -c ress ,  Nastur t ium o f f i c i n a l e ) .  

Each t rea tment  thus rece ived  0 ,  1, 5 and 1 0  pe rcen t  (wlw, a i r -d ry  b a s i s )  

l e a f  material. Also sediment t o  which n i t r a t e  w a s  added i n  two success ive  

runs w a s  supplemented wi th  1% of t h e  l e a f  material and inc luded  i n  t h e  exper i -  

ment. A l l  t h e  columns w e r e  topped wi th  10 mg 1 n i t r a t e  s o l u t i o n  (KNO ),  

a e r a t e d  wi th  21% oxygen i n  helium and incubated a t  room temperature  (22 C). 

To estimate t h e  carbon ox ida t ion  rates,  t h e  gas outf low of each column w a s  

-1 
3 
0 

f i t t e d  wi th  carbon d iox ide  t r a p s .  Nitrate-N concen t r a t ion  i n  t h e  superna tan t  

w a s  determined and carbon d ioxide  evo lu t ion  w a s  measured a t  day 0 ,  3 ,  6 ,  1 0  

and 13 o f  i ncuba t ion .  

Fig.  15  shows t h e  changes i n  n i t ra te -N concen t r a t ion  i n  t h e  superna tan t  

of columns con ta in ing  vary ing  amounts of added l e a f  material .  The n i t ra te -N 

concen t r a t ion  i n  t h e  c o n t r o l s  dropped g radua l ly  t o  about 3 mg 1 i n  13  days. 

However, almost a l l  t h e  n i t ra te -N disappeared from t h e  columns with 1, 5 and 

10 percent  added l e a f  material  i n  1 2 ,  10  and 8 days r e s p e c t i v e l y .  The 

n i t ra te -N l o s s  (not  shown) from columns wi th  t h e  "spent" sediment + 1% 

ground l eaves  w a s  i n  t h e  same o r d e r  of magnitude as t h a t  of t h e  1% leaf 

t rea tment .  Analyses of va r i ance  of t h e  d a t a  show t h a t  t h e  d i f f e r e n c e s  i n  

-1 
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TABLE 9: C h a r a c t e r i z a t i o n  of t h e  Canagagigue sediment used t o  

determine t h e  e f f e c t s  of ground leaves on d e n i t r i f i c a t i o n  

rates. Mean of 3 r e p l i c a t e s  +SD. 

~ ~~~~~ 

1. pH 7.3 

2. NH4-N (ppm) 56.0 3 . 8  

3 .  N03-N (ppm) 0 

4. Org-N ( X )  0.32 * 0.02 

5. Combustible matter ( X )  10.25 2 0.30 

6. C:N 1 6 : l  



8 

6 

4 

2 

Figure  15: Change i n  nitrate-N c o n c e n t r a t i o n  i n  Canagagigue columns f o l l o w i n g  a d d i t i o n s  of 

v a r y i n g  amounts of a m i x t u r e  of maple and wa te r - c re s s  l e a v e s .  Mean of 3 replicates 

E- * 

w i t h  fitted lirrear r e g r e s s i o n  l i n e s .  
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<0 .01 ) .  t h e  l o s s  of n i t r a t e  due t o  t h e  added l e a f  material were s i g n i f i c a n t  (P 

From t h e s e  r e s u l t s ,  i t  appears  t h a t  an i n c r e a s e  i n t h e  carbon content  of s ed i -  

ments w i l l  a l s o  i n c r e a s e  t h e  d e n i t r i f i c a t i o n  ra te  a l though t h e  p o s s i b i l i t y  of 

o t h e r  p rocesses  (such as immobil izat ion)  cannot be  excluded. 

The accumulated carbon l o s s ,  based on CO evo lu t ion ,  i s  shown i n  Fig.  16.  2 

A t  t he  end of t h e  experiment t h e  c o n t r o l  columns had l o s t  an average  of about 

25 mg carbon. The corresponding v a l u e s  f o r  t h e  1, 5 and 10  pe rcen t  l e a f  treat-  

ments w e r e  32, 64 and 95 mg of carbon. Analysis  of v a r i a n c e  of t h e  d a t a  showed 

t h a t  t h e  d i f f e r e n c e s  i n  t h e  carbon l o s s  due t o  t h e  l e a f  t r ea tmen t s  w e r e  a l s o  

s i g n i f i c a n t  (P < 0 . 0 1 ) .  I t  seems reasonable  t o  conclude t h a t  t h e  a d d i t i o n  

of a v a i l a b l e  o rgan ic  matter t o  Canagagigue sediment s i g n i f i c a n t l y  enhances 

d e n i t r i f i c a t i o n .  This is  l i k e l y  t h e  r e s u l t  of t h e  a d d i t i o n a l  energy source  

provided by t h e  ground l e a v e s  as evidenced by t h e  inc reased  r e s p i r a t i o n  rate.  

Observat ions on n i t r a t e  l o s s  from water over ly ing  sediment from two o t h e r  

PLUARG streams, Holiday Creek (Ag 5) and L i t t l e  Ausable River (Ag 3) were 

made. Sediment s a m p l e s  which w e r e  t aken  from t h r e e  l o c a t i o n s  i n  each stream 

v a r i e d  widely i n  o rgan ic  matter conten t  (Table l o ) .  Sediment columns were 

set up as desc r ibed  be fo re  and incubated  a t  room temperature .  Nitrate-N 

changes i n  t h e  supe rna tan t  of columns con ta in ing  Holiday Creek sediment are 

shown i n  Fig.  1 7 .  

ove r ly ing  water i n  two weeks. The rates of n i t ra te -N l o s s e s  were s i m i l a r  

f o r  sediments  from each of t h e  sample sites. S imi l a r  obse rva t ions  w e r e  

made when sediment from L i t t l e  Ausable River  w a s  used (Rig. 1 8 ) .  

1 1 . 2  F i e l d  S t u d i e s  

About 75% of t h e  added n i t ra te -N disappeared from t h e  

I n  1975 and 1976 n i t r o g e n  and c h l o r i d e  concen t r a t ions  i n  t h e  two branches 

of upper Canagagigue Creek w e r e  monitored i n  o r d e r  t o  s e l e c t  a reach  f o r  

d e t a i l e d  s tudy  of d e n i t r i f i c a t i o n .  Table 11 is  an example of t h e  d a t a  and 

summarizes t h e  pe r iod  between September 1975 and March 1976. Highly concen- 
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Figure  16:  Accumulated carbon l o s s  from Canagagigue columns fo l lowing  a d d i t i o n s  of v a r y i n g  amounts 

of a mixture  of maple and watercress l e a v e s .  Mean of 3 r e p l i c a t e s  w i th  f i t t e d  l i n e a r  

r eg res s ion  l i n e s .  
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TABLE 10: Combustible matter content ( X )  of sediments 

from Holiday Creek and Little Ausable River. 

Sites Holiday Creek Little Ausable River 

2.27 2 0.21 

5.37 f 0.30 

7.33 f 0.20 

4.03 k 0.37 

2.53 k 0.19 

2.21 f 0.17 
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TABLE 11: Mean monthly c o n c e n t r a t i o n s  of n i t r o g e n  forms and c h l o r i d e  i n  t w o  

branches of Canagagigue Creek d u r i n g  September, 1975 t o  March, 1976. 

( m g / l i t r e )  

SEPTEMBER OCTOBER NOVEMBER DECEMBER 

Sampling NH4-N Org-N NH4-N O r g - N  NH4-N Org-N NH4-N Org-N 
S t a t i o n s  N03-N c1- N03-N c1- N 0 3-N c1- N 0 3-N c1- 

1 .21  

2 .03 

3 * 03  

5 .02 

7 .02 

8 .07 

9 .02 

1 A 1 .  -90  

2.4 .61  

3. I .55 

3.0 .50 

3.2 .57 

1 .9  .88 

1 . 7  .76 

- .35 

- .06 

- * 03 

0 - 

- . 0 1  

- .05 

- . O l  

. 9  .82 

2 .3  .38 

2.8 .59  

3.0 .54 

2.7 .52 

1.0 .78  

1 .2  .76 

- .65  . 9  .80 8.9 .39 1 . 2  . 4 i  9 .8  

- . 1 6  2.3 .59 12.9 .11 4.0 .38 17 .2  

- .08 2.8 .59 13.9 .12 4.5 .44 17 .2  

- .09 2.8 .63 12.9 .06 4.7 .39 16 .6  

- .04 3.0 .71  13.9 .04 5.8 .42 1 6 . 7  

- .04 2 . 1  1 .03  15.4 .02 4.6 .72 12.7 

.02 2.2 .96 13.9 .05 5.0 .70 12.9 - 

Continued 

Ln 
0 



TABLE 11 (Cont 'd) :  Mean monthly c o n e e n t r a t i o n s  of n i t r o g e n  forms and c h l o r i d e  (C1-) 

i n  t w o  branches  of Canagagigue Creek du r ing  September 1975 t o  

March 1976. 

( m g / l i t r e )  

JANUARY FEBRUARY MARCH 
~ ~~ 

Samp 1 i n g  
S t a t  i o n  NH4-N NO3-N Org-N C1- NH4-N NO -N Org-N C1- 3 NH -N N03-N Org-N C1- 4 

.75 .8  .52 9.4 .64 1 .0  .55 11.2 .64 2 .3  .94 10.4 

.32  2 .8  .58 16.4 .31 3.4 .62 17 .3  .52  5.7 .99 18.4 

.29 3.2 .54 13.9 .43  4.4 .60 18.9 . 5 1  6.0 1.10 1 7 . 1  

.20 3.5 .35 14 .9  .27 4.6 .54 17.9 .40 6.5 1.02 14 .6  

.23  4.0 .46 16.2 .42 5.4 .57 15 .1  .59 7 . 1  .68 14 .6  

- - - - - - - - .36 4.6 .70 8 .9  

.49 5.8 .68 18 .9  .16 3.2 .59 10.7 - - - - 
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t r a t e d  a d d i t i o n s  of n i t ra te -N were made t o  t h e  E a s t  branch by cont inuous ly  

f lowing t i l e s  which d i scha rge  i n t o  t h e  stream (Table 12) .  A reach  between 

s t a t i o n s  3 and 7 on t h e  East branch w a s  s e l e c t e d  f o r  intensive s t u d i e s .  

I n  t h e  s p r i n g  of 1976 a s t a f f  gauge w a s  p laced  a t  s t a t i o n  3 and d e t a i l e d  

moni tor ing  w a s  c a r r i e d  o u t  t w i c e  p e r  week over  a pe r iod  from J u l y  t o  

October 1976, when flow w a s  a t  seasona l  low. 

A budget w a s  prepared f o r  t h e  reach  by summing QXC f o r  s t a t i o n  3 and 

each of t h e  i n p u t s  ( t i l e s ,  t r i b u t a r i e s  and ground water)  and comparing t o  

QXc a t  s t a t i o n  7. The flow a t  s t a t i o n  7 which could n o t  be accounted for  

by f low a t  s t a t i o n  3 o r  t i l e  i n p u t  o r  t r i b u t a r y  inpu t  w a s  assumed t o  b e  

groundwater i n p u t  a t  a n i t ra te -N concen t r a t ion  of 5 ppm. 

made f o r  each of t h e  days of r eco rd  f o r  1976 showed extreme v a r i a t i o n  

(Table 13). Out of t h e  18 sampling days dur ing  t h i s  pe r iod  apparent  l o s s e s  

ranged from 1.1% t o  18.8% of t h e  n i t ra te -N i n p u t  wh i l e  on one day t h e r e  

appeared t o  be a g a i n  i n  n i t ra te -N over  t h e  reach.  

budget ing n i t r o g e n  w a s  made dur ing  s p r i n g  of 1977. 

abandoned i n  favour  of gauging w i t h  an  O t t  meter. 

apparent  t h a t  gauging a t  s t a t i o n  3 w a s  so imprec ise  t h a t  i t  w a s  imposs ib le  

t o  e s t a b l i s h  c o n s i s t e n t  t r e n d s  f o r  g a i n s ,  l o s s e s  o r  a balance i n  t h e  

n i t r o g e n  budget.  

Ca lcu la t ions  

A f u r t h e r  a t tempt  a t  

The s ta f f -gauge  w a s  

However, i t  became 

On November 2 ,  1977, a concer ted  e f f o r t  w a s  made t o  survey t h e  e n t i r e  

reach  between s t a t i o n s  3 and 7 once more. Gauging by O t t  m e t e r  and sampling 

were c a r r i e d  o u t  a t  s e v e r a l  s i tes  a long  t h e  main stream. The same w a s  done 

f o r  each t i l e  and s u r f a c e  inf low.  Nitrate  a d d i t i o n s  through ground water 

were e s t ima ted  on t h e  b a s i s  of i nc reased  flow rate a t  t h e  downstream s i t e  

and t h e  mean concen t r a t ion  of n i t r a t e  concen t r a t ion  i n  t h e  ground water 

seeps  ad jacen t  t o  t h e  stream. We found t h a t  between s t a t i o n s  3 and 5 ,  t h e  

n i t ra te -N l o s s  w a s  32 mg/sec and between s t a t i o n s  5 and 7 ,  i t  w a s  23.5 mg/sec. 



TABLE 1 2 :  Mean monthly c o n c e n t r a t i o n s  of n i t r o g e n  forms and c h l o r i d e  ((21-1 i n  t h e  

continuously-flowing t i l e s  d i scha rg ing  i n t o  t h e  E a s t  Branch, Canagagigue 

Creek dur ing  September t o  December 1975. 

SEPTEMBER OCTOBER NOVEMBER DECEMBER 

Sampling 
S t a t i o n s  NH4-N NO -N Org-N C1- NH 4 -N N03-N Org-N C1- NH 4 -N N03-N Org-N C1- NH 4 -N N03-N Org-N C1- 3 

T7 0 15.5 .09 - 0 15 .8  .05 - 0 0 13 .3  .26 1 7 . 7  1 2 . 2  .55 13.9 

T8 0 1 8 . 6  .09 - 0 20.7 0 - 0 18.2 .09 9.9 - - - - 

T9 . 0 1  12.0 .06 - 0 15.0 .Ob - 0 12 .9  .18 8.9 0 15.0 . 1 3  7.4 

16.7 .15 10 .4  T10 .01  1 4 . 4  .07 - 0 17.7 .04 - .02 15.9 .54 10 .9  0 

Ln w 
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TABLE 1 3 :  Nitrate-N budget f o r  Canagagigue Creek (Eas t  branch) between 

s t a t i o n s  3 and 7 during t h e  p e r i o d  J u l y  t o  October 1 9 7 6 .  

DATE TOTAL INPUT TOTAL OUTPUS % CHANGE FLOW AT 
(mg / s e c )  (mg / s ec> STATION 7 

( l i t r e s  sec-') 

J u l y  1 5  568.36 561.10 - 1 . 3  155 

1 9  504.3  520.55 + 3.2 1 4 5  

22 5 9 5 . 9 1  572.25 - 4 . 0  1 7 5  

26 541.68 474.15 -12.5 145 

29 1038.85 960.0 - 7 . 6  640 

Aug. 5 434.84 417.60 - 4.0 1 2 0  

1 6  521.13 478.95 -10.2 155 

2 3  404.5 351.60 -13 .1  1 2  0 

30 499.81  464.26 - 7.1 1 3 9  

Sept .  2 425.99  421.20 - 1.1 1 3 5  

9 410.67 367.22 -10.6 122 

1 6  414.01  362.40 -12.5 1 2 0  

20  470.74 465.12 - 1.2 152 

23 963.07 896.04  - 7 . 0  342 

30 464.21  384.25 -17.2 145 

Oct. 1 4  438.23 379.35 -13.4 135 

1 8  434.34 401.70 - 7.5 1 3 0  

2 1  725.96 589.50 -18.8 225 



For t h e  e n t i r e  reach  s t u d i e s ,  n i t ra te -N l o s s  f o r  t h a t  day w a s  ca l cu la t ed  

at 342.5 mg/m /d. This  r ep resen ted  a loss  of 7.4% of t h e  t o t a l  n i t ra te -N 

inpu t .  

2 
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12.0 Data I n t e r p r e t a t i o n  and Conclusions 

Laboratory s t u d i e s  us ing  sediment from upper Canagagigue Creek, which 

d r a i n s  an area under i n t e n s i v e  a g r i c u l t u r e ,  and 1 5 N  tracer provided conclus ive  

evidence t h a t  t h e  n i t r a t e -N  which d isappeared  from a e r a t e d  water ove r ly ing  

sediment columns w a s  d e n i t r i f i e d  s i n c e  only  about  4% of t h e  added l a b e l l e d  

n i t r a t e  remained i n  t h e  columns a t  t h e  end of t h e  experiment.  It w a s  a l s o  

c l e a r l y  demonstrated i n  t h e s e  experiments t h a t  s i g n i f i c a n t  n i t r i f i c a t i o n  occurred 

a d  w a s  proceeding concurren t ly  w i t h  d e n i t r i f i c a t i o n .  

on ly  a s m a l l  amount (2%)  of t h e  l a b e l l e d  n i t ra te -N was immobilized. The 

r e s u l t s  of t h e s e  experiments  demonstrate  t h a t  d e n i t r i f i c a t i o n  i s  l i k e l v  t o  

be  a n a t u r a l  occur rence  i n  streams. 

There w a s  evidence t h a t  

The use  of l a b e l l e d  n i t ra te -N made i t  p o s s i b l e  t o  fo l low t h e  sequence 

of n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s .  Redox probes bu r i ed  i n  t h e  sed i -  

ment i n d i c a t e d  t h a t  d e s p i t e  cons t an t  a e r a t i o n ,  t h e  ae rob ic  s u r f a c e  l a y e r  ex- 

tended not  f a r  below t h e  sediment-water i n t e r f a c e .  Nitrate-N p resen t  i n  t h e  

ove r ly ing  s o l u t i o n  d i f f u s e s  down t o  t h e  anaerobic  l a y e r  where i t  is  d e n i t r i -  

f i e d .  Meanwhile, monium-N o r i g i n a l l y  p re sen t  i n  t h e  sediment p l u s  t h a t  pro- 

duced by m i n e r a l i z a t i o n  d i f f u s e s  up t o  t h e  ae rob ic  s u r f a c e  l a y e r  where i t  i s  

n i t r i f i e d .  The n i t ra te -N thus  formed then  d i f f u s e s  i n t o  t h e  anaerobic  l a y e r  

where i t  undergoes d e n i t r i f i c a t i o n  a l though i t  f i r s t  may d i f f u s e  i n t o  t h e  

supe rna tan t  water. 

concen t r a t ion  observed i n  t h e  supe rna tan t  of t h e  Canagagigue columns i s  t h e  

n e t  r e s u l t  of t h e  two p rocesses ,  d e n i t r i f i c a t i o n  and n i t r i f i c a t i o n .  There- 

f o r e ,  f o r  t h e  de te rmina t ion  of real d e n i t r i f i c a t i o n  rates,  an estimate of 

n i t r a t e  product ion  must be  made. 

It i s  clear from t h e  1 5 N  d a t a  t h a t  t h e  f i n a l  n i t ra te -N 

I n  t h i s  p r e s e n t  s tudy ,  i t  w a s  shown t h a t  d e n i t r i f i c a t i o n  w a s  markedly 

in f luenced  by temperature:  t h e  p rocess  proceeding most r a p i d l y  a t  h ighe r  
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temperatures .  Therefore ,  d e n i t r i f i c a t i o n  i n  streams dur ing  t h e  Summer months 

i s  expected t o  be h ighes t .  A s  i n  t h e  case of Canagagigue Creek, t h e  depth of 

water, n a t u r e  of stream bed and t h e  e x t e n t  of stream bank v e g e t a t i o n  w i l l  i n -  

f l u e n c e  t h e  tempera ture  of t h e  w a t e r  hence c o n t r o l  d e n i t r i f i c a t i o n  rates. 

Nitrogen l o s s e s  were s i g n i f i c a n t l y  c o r r e l a t e d  wi th  h i g h e r  temperatures  by 

Sa in  -- e t  a l .  (1977) and by Van Kessel (1976). 

In  t h e  p re sen t  i n v e s t i g a t i o n  a profound e f f e c t  of t h e  t u b i f i c i d  o l igo-  

chae te s  on t h e  n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  processes  w a s  demonstrated.  

Column s t u d i e s  us ing  Canagagigue sediment showed t h a t  t h e  rates of n i t r i f i -  

c a t i o n  and d e n i t r i f i c a t i o n  w e r e  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  presence  of 

t h e  worms, Tubifex t u b i f e x  and Limnodrilus h o f f m e i s t e r i .  It i s  be l i eved  

t h a t  t h e  worms are a b l e  t o  enhance t h e  ra te  of d e n i t r i f i c a t i o n  by i n c r e a s i n g  

t h e  ra te  of n i t r a t e  movement i n t o  t h e  sediment.  These tube  dwe l l e r s  are 

known t o  burrow deep i n t o  sediments  thereby drawing c u r r e n t s  of water t o  t h e  

lower depth.  

worms suppor ted  t h i s  theory .  

Experiments w i th  c h l o r i d e  s o l u t i o n  ove r ly ing  sediment con ta in ing  

Laboratory s t u d i e s  i n  which o rgan ic  material (ground l eaves )  w a s  added 

t o  Canagagigue sediment showed a d i r e c t  r e l a t i o n s h i p  between t h e  amount of 

added leaf material and d e n i t r i f i c a t i o n  rates. However, as noted b e f o r e ,  

sediments  from t h e  Canagagigue Creek, S w i f t s  Brook, Holiday Creek and L i t t l e  

Ausable River  removed n i t r a t e  a t  rates which are  i n  t h e  same o r d e r  of magni- 

t ude  a l though t h e  o rgan ic  m a t t e r  i n  t h e s e  sediments  vary widely.  

i s  no doubt t h a t  d e n i t r i f i c a t i o n  w i l l  begin t o  d e c l i n e  as t h e  l e v e l  of o rgan ic  

matter (energy)  f a l l s  below some c r i t i c a l  l e v e l ,  i t  is  d i f f i c u l t  t o  make any 

conclus ions  wi thou t  t h e  u s e  of 1 5 N .  It i s  p o s s i b l e  t h a t  rates of d e n i t r i f i -  

c a t i o n  may be d i f f e r e n t  b u t  concurren t  n i t r i f i c a t i o n  may be  masking such 

d i f f e r e n c e s  . 

While t h e r e  
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Laboratory s t u d i e s  c a r r i e d  o u t  on sediments from Canagagigue i n  t h i s  in-  

v e s t i g a t i o n ,  showed t h a t  t h e  n e t  l o s s  of added n i t ra te -N over  t h e  f i r s t  1 2  days 

a t  22OC w a s  about 0.138 g m day . Experiments conducted s i m i l a r l y  w i t h  

sediment from Holiday Creek and L i t t l e  Ausable River i n  Ontar io  showed n e t  

n i t ra te -N l o s s e s  s imi l a r  t o  t h a t  of Canagagigue. 

s i m i l a r  c o n d i t i o n s ,  sediments from S w i f t s  Brook showed a n e t  l o s s  of about 

0.156 g m day . Van Kessel (1976) r e p o r t e d  t h a t  sediments  from a dra inage  

d i t c h  r e c e i v i n g  sewage-plant e f f l u e n t  removed n i t ra te -N via  d e n i t r i f i c a t i o n  

a t  a rate of about  0.175 g m day under s imi l a r  experimental  c o n d i t i o n s  

-2 -1 

I n  t h e  same t i m e  and under 

-2 -1 

-2 -1 

as t h o s e  r e p o r t e d  i n  t h i s  p r e s e n t  s tudy.  

The ra te  of  t r a n s p o r t  of n i t r a t e  i n t o  t h e  sediment i n  n a t u r e  i s  expected 

o f t e n  t o  be  g r e a t e r  than  i n  l a b o r a t o r y  column experiments because d i f f u s i o n a l  

f o r c e s  such as turbulence  and mixing of t h e  sediment by b e n t h i c  animals  a re  

a b s e n t  i n  l a b o r a t o r y  columns. This  assumes, of course,  t h a t  t h e r e  i s  no up- 

ward f l u x  of w a t e r  as would occur  a t  p o i n t s  of groundwater d i scharge  i n t o  t h e  

stream. Therefore ,  i t  is very  l i k e l y  t h a t  d e n i t r i f i c a t i o n  i n  streams and 

rivers under n a t u r a l  c o n d i t i o n s  w i l l  be  h i g h e r  than  t h o s e  shown under labora-  

t o r y  c o n d i t i o n s .  

l o s s  i n  Canagagigue w a s  0.34 g m day . S i m i l a r  e s t i m a t e s  f o r  t h e  Engl ish 

-2 -1 -2 -1 
Rivers, t h e  Great Ouse and t h e  Trent  w e r e  0.750 m day and 1 . 4  g m day 

r e s p e c t i v e l y  (Owens e t  a l . ,  1972). Later, Toms -- e t  a l .  (1975) repor ted  t h a t  t h e  

d e n i t r i f i c a t i o n  rate i n  t h e  River Lee  i n  England w a s  between 0.01 t o  0.233 g m 

day . With such evidence i n  mind, i t  i s  q u i t e  conceivable  t h a t  t h e  N l o s s  f o r  

It may be  f o r  t h i s  reason  t h a t  t h e  f i e l d  estimate f o r  n i t r a t e  

-2 -1 

-2 

-1 

-2 -1 Ontar io  streams might b e  g r e a t e r  than  0 .2  g m day where t h e  n i t r a t e  concen- 

-1 0 t r a t i o n  exceeds 2 mg 1 and t h e  temperature  is  n e a r  22 C. A t  lower concentra- 

t i o n s  t h e  rate w i l l  decrease  s i n c e  n i t r a t e  d i f f u s i o n  w i l l  decrease  as concentra-  

t i o n  d e c l i n e s .  Of course,  t h i s  assumes t h a t  Canagagigue Creek, Holiday Creek 

and t h e  L i t t l e  Ausable River are t y p i c a l  Ontar io  streams. Correc t ion  f o r  
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lower temperatures  would be  based on t h e  g e n e r a l  b i o l o g i c a l  r e l a t i o n s h i p s  

( a  doubl ing i n  ra te  f o r  each 10 C r ise  i n  temperature)  u n t i l  more d a t a  are 

a v a i l a b l e .  

0 

The complex n i t r o g e n  t r a n s f o r m a t i o n s  which occur  i n  stream water and 

sediments  as demonstrated i n  t h e  l a b o r a t o r y  s t u d i e s  i s  perhaps a n o t h e r  

reason f o r  o u r  d i s a p p o i n t i n g  f i e l d  d a t a .  Added t o  f u r t h e r  f i e l d  complex- 

i t i e s  of ground w a t e r ,  t i l e  dra inage  and s u r f a c e  i n p u t s ,  i t  is  n o t  sur -  

p r i s i n g  t h a t  a budget f o r  such a l a r g e  f low as t h a t  i n  t h e  East Canagagigue 

proved so  d i f f i c u l t ,  p a r t i c u l a r l y  o v e r  s h o r t  reaches.  

It  h a s  been demonstrated i n  t h i s  i n v e s t i g a t i o n  and by o t h e r s  c i t e d  

throughout  t h i s  r e p o r t  t h a t  streams i n  Ontar io  and elsewhere are important  

s i tes  f o r  removal of some ni t ra te-N as i t  i s  t r a n s p o r t e d  t o  r e c e i v i n g  l a k e s .  

A g r i c u l t u r a l  N c o n t r i b u t i o n  t o  l a k e  e u t r o p h i c a t i o n  may b e  lower than  pre- 

v i o u s l y  thought  because some of t h e  N is  d e n i t r i f i e d  dur ing  t r a n s p o r t .  The 

e x t e n t  of N removal, as shown i n  t h i s  s t u d y ,  i s  u l t i m a t e l y  dependent on t h e  

presence  of carbon i n  t h e  stream sediment a l though t h e  ra te  appears  t o  be  

c o n t r o l l e d  over  q u i t e  wide ranges of carbon c o n t e n t ,  by o t h e r  f a c t o r s  such 

as temperature  and b e n t h i c  ac t iv i t ies .  Maintenance of stream bank v e g e t a t i o n  

i s  h i g h l y  recommended t o  provide  a cont inuous s o u r c e  of carbon t o  t h e  stream. 

I n  streams such as t h e  Canagagigue Creek, however, e p i s o d i c  removal of carbon- 

r i c h  sediment is  common. I n  such cases some form of hydro logic  m o d i f i c a t i o n  

may improve t h e  r e t e n t i o n  of carbon i n  t h e  stream bed and, t h e r e f o r e ,  accen- 

t u a t e  t h e  removal of n i t r o g e n .  
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13.0 R e l a t i o n s h i p  of p r o j e c t  r e s u l t s  t o  PLUARG o b j e c t i v e s  

A major o b j e c t i v e  of  PLUARG w a s  t o  determine and e v a l u a t e  t h e  causes ,  

e x t e n t  and source  of p o l l u t i o n  from land  use  a c t i v i t i e s  and t o  develop an 

understanding of t h e  relative importance of v a r i o u s  land  uses  i n  terms of 

t h e i r  d i f f u s e  p o l l u t a n t  i n p u t s  t o  t h e  Great Lakes. To achieve  t h i s  objec-  

t ive ,  t h e r e  has  been an i n t e n s i v e  program of monitor ing o u t p u t s  of v a r i o u s  

land  use  p r a c t i c e s  immediately downstream of r e p r e s e n t a t i v e  land  areas. It 

is  only  i n  t h i s  way t h a t  p o l l u t a n t  loadings  can be d i r e c t l y  a s c r i b e d  t o  a 

p a r t i c u l a r  l a n d  use.  Unfortunately t h i s  procedure does n o t  provide  p r e c i s e  

information on t h e  q u a n t i t i e s  of  p o l l u t a n t s  from p a r t i c u l a r  sources  which 

f i n d  t h e i r  way t o  t h e  l a k e s .  It i s  recognized t h a t  a number of s i n k s  f o r  

a v a r i e t y  of  p o l l u t a n t s  ex is t  i n  streams, some of t h e s e  s i n k s  being tempo- 

r a r y  and some being permanent. 

t h e  d i s c h a r g e  t o  t h e  l a k e  of a p a r t i c u l a r  i n p u t  upstream, i .e.  t h e  ” d e l i v e r y  

r a t i o ”  cannot be p r e d i c t e d .  

U n t i l  t h e s e  are i d e n t i f i e d  and q u a n t i f i e d  

The p r e s e n t  work w a s  an a t tempt  t o  overcome t h i s  problem f o r  a p a r t i -  

c u l a r  p o l l u t a n t ,  n i t r a t e - n i t r o g e n .  It w a s  found t h a t  n i t r a t e  i s ,  i n  f a c t ,  

removed by d e n i t r i f i c a t i o n  dur ing  t r a n s p o r t  i n  streams a t  a ra te  i n  t h e  

o r d e r  of 0.2 g m day . It w a s  a l s o  shown t h a t  n i t r a t e ,  once i n  s o l u t i o n  

i n  s u r f a c e  w a t e r  d i d  n o t  e n t e r  temporary s i n k s  i n  t h e  sediment f o r  example 

-2 -1 

-I by be ing  immobilized i n  some o t h e r  form ( a s  NH 

sediment.  It should t h e r e f o r e  be  p o s s i b l e  t o  apply t h e  t r a n s p o r t  f a c t o r  

developed i n  t h i s  work t o  p r e d i c t  l o s s e s  of ni t ra te-N e n t e r i n g  upland 

s t reams. 

o r  as organic-N) i n  t h e  4 
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