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CHANGES I N  NITROGEN CONCENTRATIONS BETWEEN SAMPLE COLLECTION 

AND ANALYSIS - KOOTENAY w(E 

INTRODUCTION 

A question  has  been  raised as t o   t h e   v a l i d i t y  of results , for  

ce r t a in   n i t rogen  species (To ta l   n i t rogen  [NIT, n i t r a t e   p l u s   n i t r i t e  
. .  

[N'N03-N02 , and ammonia ( N ]  ) . i n  view of the   vary ing  time lapses between NH 3 
sample.   col lect ion  and  analysis .  This ques t ion  was b rough t   t o   t he   a t t en t ion  . .  

of the '  Water Qual i ty  Branch during our Kootenay  Lake  Loading  Study  which 

i s  i n   s u p p o r t  of the  research  being  conducted on t h e   l a k e  by the  

Canadian  Centre  for  Inland Waters. 

The i n v e s t i g a t i o n   i n t o   t h i s   p o s s i b l e  problem w a s  i n i t i a t e d  by 

c o l l e c t i n g  a number of samples  using similar methods t o   t h o s e   e s t a b l i s h e d  

on t h e  Kootenay  Lake  Loading  Study  and  under the  same ' cond i t ions   ( i den t i ca l  _ _  ,: 
water sampling  and  .shipping  methods).  In  the  Kootenay  study  there was a . . . '.:, 

minimum time period  of . two  to   four   days  between  sample  col lect ion and 

a n a l y s i s ;   t h e r e f o r e  i t  was u n c e r t a i n   i f  o r  how much the n i t rogen  

concentrat ions  changed  during  this  time. To c l a r i fy   t h i s ,   s amples   were  

I ,  

_-  . .  " . . .  

.~ 
P 

col lec ted   f rom a site immediately  adjacent t o  an a c t i v e   s t a t i o n   f o r  

t h e  Kootenay  Loading  Study  and t r a n s p o r t e d   t o  Vancouver  where a n a l y s i s  

was s t a r t e d   t h e  same day.  Samples were analyzed a t  varying time i n t e r v a l s  

t o  reproduce  the  actual   delays  encountered  under  normal. working  conditions.  

The sample s i te  was at Fraser  Narrows.on  the west arm of  Kootenay  Lake 

near   Balfour ,  B.C. (49" 37' N, 1 1 6 O  59' W). T h i s   s t a t i o n  is normally 

sampled a t  three  sampling  points  on a t r a n s e c t i o n   a c r o s s   t h e   r i v e r   n e a r  

the  outflow  from  Kootenay Lake (Fig. 1). For t h i s   i n v e s t i g a t i o n , .  

samples were co l l ec t ed   on ly   nea r   po in t  "C" on t h e   t r a n s e c t i o n ,  however 

. .  
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FIGURE 1 

KOOTENAY LAKE (WEST ANI) 
. .  
<:. i - I' 

SAMPLING POIhTS A, B AND C 
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samples   ' f o r   t he  Kootenay  Loading  Study were co l l ec t ed  on t he  same day. 

a t  t h e   t h r e e   p o i n t s ,  A, B and C,  and  used  for  comparison  in  the 

inves t iga t ion .  

METHODS 

. ,  
- 1  

. 8 . .  . 

.. . . .;,>,. ; *' 
. .  

M. 0745 'on November 2 3 ,  1976,  using a water Qual i ty   Branch,   Pacif ic  
t ;*,,.> :< ; .. , f", 

and 'Yukon Rekion,   ' repl icate  sampler  (Oguss  and  Erlebach,  1976), a t o t a l  

of  twenty-four 1.00 ml'. samples were c o l l e c t e d   i n   p o l y e t h y l e n e   b o t t l e s  

.at a point  approximately 3 metres from  the  r ight   bank (10 metres from 

"C" F i g .  1). These  sa.mple's,  togethe'r  with  an  additional  two  100 ml. 
sample bottles containing  'deionized water, were p l a c e d   i n  an ice chest 

and  shipped to' our  laboratory  in  North  Vancouver.  

t . .. 

' ' The  twenty-four  samples were t h e n ,   a r b i t r a r i l y ,   d i v i d e d   i n t o   f o u r  

groups  of  six'smnples  each. One group  of s i x  (numbered 1-6). w a s  

analyzed  immediately,   that  i s  at 1430 on November 23, (A1) , (Table   1) .  

This  group was Subsequently  analyzed a t  1000  on November 24, (%) and a t  
e '  

1100 on Novembe,r 25, (A3) .' The  second  group  of s ix  (numbered  7-12), 

group B, was analyzed a t  1000 'on November 24, (B1) and  subsequently a t  ' .  ! 
1100 on November 25, (B2) and a l s o  a t  1100  on  November.  29, ...( Bg) . The . ' '' . i  
th i rd   'g roup  (C) , of six (numbered 13-18) was f i r s t   a n a l y z e d  a t  1100 . 

I 
I 

on November 25, (Ci) and  again a t  1100 on November 2 9 ,  (C,) . The 

. f inal   group (numbered. 19-24) was not   analyzed  unt i l   1100  on November 29, 

(Dl) .. 'B lanks ,   tha t .  i.s, the  100 ml. samples  containing  deionized water, 
~ 

were analyzed at a l l  timis mentioned  above.  The mean, s t anda rd   dev ia t ion ,  

95% confidence lidt and a one-way a n a l y s i s  of var iance  were used t o  
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s t a t i s t i c a l l y  compare t h e   a n a l y t i c a l   r e s u l t s .  

Samples were c o l l e c t e d  at 1130  on the  same day f o r   t h e   l o a d i n g  

s tudy  ' (no t   t he   i nves t iga t ion )  at '  t he   F rase r  Narrows t r a n s e c t i o n   p o i n t s  

A, B and C and were s t o r e d  i n  an ice c h e s t   u n t i l   t h e   f i e l d   t r i p  was 

completed. They were then  taken t o  our   l abo ra to ry  by car and  analyzed 

I .  . .  

. .  

1 '  "on Ni;&ber ,26. T h e '   a n a l y t i c a l   r e s u l t s  from t h e s e  samples were also 
. ,  . .  . ' ,  , I '  

checked s t a t i s t i c a l l y   u s i n g   t h e  same methods as f o r   t h e   i n v e s t i g a t i o n ,  

(Table 3). 

Samples were n o t   f i l t e r e d   i n   t h e   f i e l d   n o r   i n   t h e   l a b o r a t o r y  

p r i o r  to analysis   tdth.a   Technicon  Autoanalyzer ,  model #AA2. Between 

ana lyses ,  samples were s t o r e d  i n  the   l abo ra to ry   coo le r  a t  2" C. 

RESULTS AND DISCUSSION 

A n a l y t i c a l   r e s u l t s   f o r   t h i s   i n v e s t i g a t i o n   ( T a b l e  1) when compared 

. s t a t i s t i c a l l y   a t   . t h e  95% confidence  level   (Table  2) a r e   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 .   T h i s  i s  evident  when comparing resul ts   wi thin  each  group 
r. 

a n d   a l s o   r e s u l t s  from t h e   i n i t i a l   a n a l y s e s  of a l l  groups. The i n i t i a l  , 

analyses   of   each  group,   however ,   best   indicates   the  resul t   that  would 

I 

i 
I 

be  obtained for t he   r egu la r   l oad ing   s tudy  as these  samples would not   be 

a f f e c t e d  by repeated  exposure ' t o  the  laboratory  atmosphere.  

1 
I 

1 

. .  
Of t he   . t h ree  forms   of   n i t rogen   cons idered   in   th i s   inves t iga t ion ,  . 

t o t a l   n i t r o g e n  showed the   g rea tes t   change   be tween  the   in i t ia l   ana lyses  

of  each  group  and.subsequent  analyses  over  the s ix  day.per iod .  The mean 

f o r  [NIT of 0.141 mg/l i n  group A1, analyzed s i x  h o u r s   a f t e r   c o l l e c t i o n ,  

was 0.014'  mg/l  higher  than  the mean f o r  group.Dl  analyzed s i x  days la ter .  

. .  

. .  



Nov.23  1430 hrs. 

T N03-N02 [Nl NH, 
. . .  A 1  

,145 .050 .002 

. .138  .051 ! ..001 

.155 ' '  ,051  .002 

.137 ' .051'  .001 

.131  .051  .001 

.138 -052 .002 - 

TABLE 1 

LABORATORY RESULTS (MG/L) 

Nov. 24 1000 hrs. 

rN1 NO -NO2 3 [N'NH, 

" 2 .  

.152  .052  .003 

.133  .051 .003 

.160 ' ,052 .003' 

4.130  .051  .001- 

"130 .051  .002 

- 128  .051  .002 - 
B1 

' -127 .OS2 .007 

.128 .051'  .002 

. .125 .051  .001 

.140 .052 .006 

.135 .051 ' .004 

.155 .OS1  .003 

Nov.25 1100 hrs .  

[NIT rNINo3-No2 [NINH1 

A3 

d 

.150 .049, .003 

. ,130 050 . .,001 

.156 .051  .002 

.128 .050  L.001 

. -130 .050 L.001 

.123 .050 .001 

B2 
.127 -051 .002 

-120 .050 .001 

.120 .050 -001 

.150 .052 -004 

.125 .050 , -001 

.141 .051 .002 

c1 
.125 .04b .001 

.128 .048 .001 

.152 .049 .002 

.130 .049 .001 

.120 .048 .001 

.140 .050 .003 

.013 L.001 L.001 .015  .L.OOl ,002 ' .013 L.001  'L.001 

.015 L.001 L.001 .015  L.001 .001 .015  .L.OOl  L.001 

Nov.29  1100 hrs. 

B 
3 

.125 -049 -00: 

.115  .049 '.OO: 

.115 -049 L.00: 

.145  .050 .OO: 

.115  .048 .OO: 

.137  ,049 ' .OO: 

c2 
.116 .049 .OO: 
.120 .049 .OOj 

.150 .052 .OO: 

.123 .051 L.001 

.115 .050 L.001 

.135 .051 .OO; 

.118 . .OS1 .OO; 

.143 .051 . .OO; 

.137 .052 .OO: 

.122 . .050 .001 

:115 -051 .001 

.126 .050 .001 

L. 010 ' 

L. 010 

L = Less than 
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TABLE 2 

Stat is t ical  Resu l t s  (Means  and 95% Confidence  Levels)  mg/l 

Group 

A1 
A2 

' ' 

Me an - 
.141 

.139 

.136 

'. 135 

.. 131 

.125 

.133 

.127 

.127 

95% 
Confidence- 

Leve 1 - 
.016 

.027 

.025 

,022 

.024 

.025 

.024 

.027 

,022 

Mean 

.os1 

.os1 

,050 

.os1 

.os1 

.049 

.049 

.os0 

.OS1 

~~ ~ 

95% 
'Confidence 

' Leve 1 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

-002 

PIe an 

.002 

.002 

.002 

.004 

.002 

-002 

-002 

.002 

.002 

95% 
Confidence 

Leve 1 

.002 

.002 

.002 

.004 

.002 

.002 

.002 

.002 

.002 
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TABLE 3 

'KOOTENAY LOADING STUDY LABORATORY RESULTS (NG/L) 
. .  

FRASER  NARROWS  TRANSECTION  POINTS A, B AND C 

. : SAMPLING  DATE : NOVEMBER 2 3  1976 AT 1130 PST 
ANALYSIS DATE: NOVEFlBER 26,  1976 

Me an' 

~ 9 5 %  CONFIDENCE 'LEVEL 

. :  
SAMPLING  POINT B 

0 

Mean 

95% CONFIDENCE ' LEVEL 

. .  

SAMPLING  POINT C 
. I  

. '  

Me an 

95% CONFIDENCE LEVEL 
~ 

INIT 

.340 , 

'. 322 

.247 

,160 

,224 
.260 

.259 

. *  129 . 

.215 

,152 

.184 

.210 

.311 

. is7 

.205 

L i 1 4  

.247 , 

.180 

.136 

- .zoo 
,194 , 

.218 . ' 

.196 

,073 
~~ 

[N1N03-N02 

.OS6 

. .os7 

.OS6 

.OS4 

.OS6 

.OS7 

.OS6 

002 

.OS8 

.OS4 

.os5 

.os5 

.OS7 

.os5 

.OS6 

.004 ' 

.OS2 

.OS2 

.os1 

.OS3 

-053 
.os5 

.OS3 

.002 

[ N l ~ ~ 3  

.114 

. loo 

.042 

.016 

..051 
.071 

-3 

.066 

. 073 

.044 

.011 

.029 

.032 

-.0b8 

.021 

.038 

.053 

.072 

.027 

.012 

.033 

.035 

.038 

.036 

.039 

I 
! 
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This decrease,  however, is 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  when cons ider ing  

t h e  95% conf idence   i eve l  as confirmed  by a one-way ana lys i s   o f   var iance .  I 

I 
The r e s u l t s  from t h e  Kootenay?  Lake Lo$ding"Study:at  the Fraser I 

Narrows station (Table 3) sh0w.a   g rad ien t   across   the   t ransec t ion .   Tota l  1 

ni t rogen   concent ra t ion  has a mean of 0.259 mgjl  a t  sampling  point A i 

nearest the ,south bank  and  decreases t o  0.197 mg/l a t  po in t  C nea r   t he  

n o r t h  bank. The mean for t o t a l   n i t r o g e n   c o n c e n t r a t i o n   i n   t h e   i n v e s t i g a t i o n  

f o r  samples taken   near   po in t  C is 0.133 mg/l.  The  means a t  t h i s   l o c a t i o n  

are d i f f e r e n t   f o r   t h e  two s t u d i e s ;  however, t he   s amples   fo r   t he   i nves t iga t ion  

were c o l l e c t e d   c l o s e r   ' t o   t h e . n o r t h  bank  than  the  samples  for  the 

Kootenay  Loading  Study.  There was almost a four-hour  time lapse between 

samplings for t h e s e  two s t u d i e s  which may 'have a bea r ing  upon t h e   r e s u l t s .  

Considering 'the to t a l   n i t rogen   concen t r a t ions   o f   bo th   s tud ie s  a t  a l l  

sampling '   points ,   the  means of a l l  repl icate   samples   confirm a gradien t  

of decfeasing  'concentrat ion  across   the  'outf low  f rom  the  lake  f rom 

south  t o  north.  T h i s  is  evident   for   the   da te   o f   sampl ing   bu t  may vary 

a t  o t h e r  times. 

! 

1 
I 

I 
I 
! 

! 

. .  

The n i t ra te  p l u s   n i t r i t e   r e s u l t s  for t he   l oad ing   s tudy  .are. c l o s e  
. .  

t o   t h o s e  for t h e   i n v e s t i g a t i o n  showing  only a s l i g h t   g r a d i e n t .  The 

ammonia r e s u l t s ,  however,  vary  greatly  between  the two s t u d i e s  with the  

h ighe r   va lues   found   i n   t he  l a te r  sampl ing   for   the   loading   s tudy .  The 

d i f f e r e n c e   i n   t h e  ammonia r e s u l t s  between  samples  taken  for t.he  two 

s t u d i e s   n e a r  o r  at po in t  C od t h e   t r a n s e c t i o n  may be  because  the 

samples f o r   t h e   i n v e s t i g a t i o n   w e r e   c o l l e c t e d   c l o s e r   t o   s h o r e .  ' The 

. .  

. .. . 

I 
I 

I 
. !  
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loading  study  samples were a l l  co l l ec t ed  from a boa t   i n  water having a 

h ighe r   ve loc i ty  and  more turbulance   than   the  water f o r   t h e   i n v e s t i g a t i o n .  
. .  

Although  the  samples were no t   f i l t e r ed   be fo re   t he   . ana lyses   fo r  

t h i s   i n v e s t i g a t i o n ,  it is be l i eved   t ha t   f i l t e r ing ,   even   w i th  a .22  micron 

f i l t e r  to  remove a l l  b a c t e r i a ,  would n o t   h a v e   a l t e r e d   t h e ' r e s u l t s .  Tests 

'on samples  from  the Okanagan (unpublished  data)  comparing  f i l tered  and 

non-f i l tered  Janlples '  show s t a t i s t i c a l l y   t h a t   t h e  means be tween   t he   f i l t e r ed  

and non-f i l tered  samples  are t h e  same. Fi l te r ing ,   however ,   does   t end '   to  

lessen   the   chance   o f   ob ta in ing   ou t l ie rs  when us ing   s ix   r ep l i ca t e   s amples .  

I 

. .  

CONCLUSION 
. .  

. . The genera l   t rend   of   the   resu l t s  from the   i nves t iga t ion   ove r  a 

pe r iod   o f   s ix ' days   i nd ica t e   t ha t .   t he re  is n o   s i g n i f i c a n t   d i f f e r e n c e  

between  the  samples a t  t h e  95% confidence  level .   This  i s  indica ted   by  

th,e r e s u l t s   o b t a i n e d  from repeat   analysesxof   the same sample as well as 

samples  previously  unopened.  This  suggests  that   modifications  to  the 

p re sen t  methods  of f ie ld   sampling  and  laboratory  analysis  are not  

warranted. ' 

. '  

I 

I t  shou ld   be   exp la ined   t ha t   t h i s   conc lus ion   app l i e s   on ly   t o  a I 
, 

set  of samples   col lected from a s p e c i f i c   l o c a t i o n  and f o r  a c e r t a i n  

time and  date. .   Concentrations  of  nitrogen from o the r   l oca t ions  and I 

on d i f f e r e n t   d a t e s  which show means and 95% confidence  levels  much . .  

. .  
I 

.. higher  or  lower  than  those  observed for t h i s   i n v e s t i g a t i o n ,  may show 

trends  of   changing  ni t rogen  concentrat ions  which  differ  from t h e   r e s u l t s  

o b t a i n e d   f o r   t h i s   i n v e s t i g a t i o n .  
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The d i f f e r e n c e   i n  time between  sampling  and  analysis   for   dif ferent  

sets of samples may be  due to   t he   occas iona l   s to rage   o f  samples before  

be ing   s en t   . t o   t he   l abo ra to ry ,  time i n   t r a n s i t ,  and  samples  waiting  to 

be  analyzed at the  laboratory  during  periods  of  increased  workload. As 

a r e s u l t  of t h i s   i n v e s t i g a t i o n ,  i t  appears   tha t   n i t rogen  samples from 

Kootenay  Lake may be s t o r e d   f o r  up t o   s i x  days  before   analysis   without  

s ign i f icant ly   a l te r ing   the i r   concent ra t ions   p rovided   tha t   the   samples  
. ,  . . . . .  

are kept at 2" C. Nothing can be   sa id  at t h i s  time about   ni t rogen 

concentrat ions i n  samples which are analyzed more t h a n   s i x   d a y s   a f t e r  

co l l ec t ion .  
e .  
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