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ABSTRACT 

The e f f i c i e n c y   o f   t h e  A - 1  medi um in   t he   recove ry   o f   f eca l  

col i forms  from  marine  waters was compared w i t h   t h e  APHA Standard  Method 
Test. The modi f ied A-1  method, which  included a 3 hou r   resusc i ta t i on  

per iod  a t  35°C , was found  to be  more p roduc t i ve   i n   t he   recove ry   o f  
" E.col i from  the  marine  environment  than  both  the  standard  method  or  the 

A-1 method,  and equa l ly  as p roduc t ive   fo r   the   recovery   o f   feca l  

co l i fo rms as the  standard method. The A-1  method was s l i g h t l y  more 
s e l e c t i v e   f o r  " E.col i than was the  modi f ied A-1  method, w i th   the   s tandard  

method  being  the  least   select ive.  

$ 

S ta t i s t i ca l   ana lys is   us ing   the   Ana lys is   o f   Var iance (F) t e s t  

on 273 sample r e s u l t s  demonstrated  there was no s i g n i f i c a n t   d i f f e r e n c e  
i n   t h e   r e s u l t s   o b t a i n e d   f o r  each  method. 



On a compar6 l ' e f f i c a c i t 6   d u   m i l i e u  A- l  2 l a  m6thode 

d ' e s s a i   u s u e l l e  APHA pour  rGcup6rer les  b a c t e r i e s   c o l i f o r m e s  

d 'o r ig ine   f6ca le   con tenues   dans  les eaux  marines .  La  m6thode 

A-1 m o d i f i G e ,   s u i v i e   d ' u n e   p 6 r i o d e   d e   r g a n i m a t i o n   d e   t r o i s  

heures  2 35OC, s 'est  rGv616e, 2 cet Ggard ,   aus s i   p roduc t ive  

que l a  m6thode  normale e t  p l u s   p r o d u c t i v e   q u e  l es  m6thodes 

normale e t  A-1 pour  r6cupGrer l es  E s c h e r i c h i a   c o l i .  

Les mgthodes  normale, A-1 modi f i6e  e t  A-1 se s o n t  

r 6 v 6 l 6 e s Y   d a n s   l ' o r d r e ,   p l u s   s g l e c t i v e s   p o u r  1 ' E .  c o l i .  

L ' a n a l y s e   s t a t i s t i q u e   d e   v a r i a n c e  (F), a p p l i q u 6 e  ii 

2 7 3  r 6 s u l t a t s   6 c h a n t i l l o n n g s ,   d 6 m o n t r e   q u ' i l   n ' e x i s t e   p a s   d e  

d i f f g r e n c e   s i g n i f i c a t i v e   e n t r e  les r 6 s u l t a t s   o b t e n u s   p o u r  

chaque  mgthode. 
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INTRODUCTION 

II) 

rl 

During  the  1971  National  Shel l f i s h   S a n i t a t i o n  Workshop, t h e  

M i  c r o b i   o l  ogy  Task Force recommended t h a t  an i nteragency 1 aboratory 

program  be  establ i shed to   rev iew  and eva lua te   rap id   t es t   p rocedures   f o r  

t he   bac te r io log i ca l   examina t ion   o f  she1 I f  ish  growing  waters.  The U.S. 

Food  and  Drug Admin i s t ra t i on  was requested  to  develop and coord inate  the 

program. 

Four   p rocedures   o f   po ten t ia l   va lue  were  reviewed  and  are 

l i s t e d  as fo l l ows :  ' 

1) A S ing le Medi um fo r   t he   Rap id   De tec t i on  of Escher ich ia  

- c o l i   a t  44"C,  Mara, D.D. , J .  Hyg. Camb. (19731, 71, 783. 

2 )  Rapid  Recovery o f   Escher i ch ia  - col i   f rom  Es tua r ine  Water, 

Andrews, W.H. and Presnel l  , M.W., Appl ied  Microbiology, 

March 1972. (A-1  Procedure) 

3) a  Membrane F i l t r a t i o n  Technique fo r   the   Enumera t ion   o f  

E s c h e r i c h i a   c o l i   i n  Seawater,  Halls, S. and  Ayres, P.A., 

J. o f  Appl i ed   Bac te r io logy  , 37,  1974. 

4) L.E.S. (Lawrence  Experiment  Stat ion) Two-step, Two-Day 

Procedure  for   Fecal   Col i forms i n   E s t u a r i n e  Water [See: 

Measurement o f  Fecal   Col i   form i n  Estuar ine Water - 
Presented a t   t h e   E i g h t h   N a t i o n a l   S h e l   l f i s h   S a n i t a t i o n  

Workshop, New Orleans,  Louisiana,  January 19741. 

Two of   the  procedures were membrane f i l t r a t i o n  procedures  and 

were no t   f u r the r   cons ide red   f o r   seve ra l  reasons. F i r s t l y ,   t h e  L.E.S. 
method, a1 though  showing  considerable  promise  with  regard  to  comparable 

recover ies   to   the   S tandard  Method, was  a 48  hour,   rather  than 24 hour 

test.  Secondly, some t ypes   o f  samples cannot  be f i l t e r e d  because o f  
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the  presence o f   h igh   concen t ra t i ons   o f  suspended co l l o ida l   ma t te r .  

F ina l  l y  , s ince  the  feca l   co l   i form  s tandard has  such a low  median  value 

( 1 4  MPN) a comparat ive ly   large sample  volume may be r e q u i r e d   f o r   t h e  MF 

tes t .  

O f  the  remaining two procedures,  the  method o f  Andrews and 

Presne l l  was chosen f o r   f u r t h e r   i n v e s t i g a t i o n  as the  A-1  medi um used i n  

t h i s  method  had been shown t o   g i v e  " E.col i recovery i n  24 hours 

comparable to   t ha t   o f   t he   s tandard  methods procedure  of   the APHA (96  

hour   test ) .  

The purpose o f   t h i s   s t u d y  was to   eva lua te   t he  A-1  r a p i d  method 

fo r   the   enumera t ion   o f   feca l   co l   i fonns   in  she1 l f i  sh growing  area  waters 
and t o  compare these  wi th  the  convent ional   standard APHA method. The 
methods i nves t i ga ted  were: 

(a )  a 24 hour  elevated  temperature (44.5"C) t e s t   w i t h  A-1  

medi um , 

(b )  A-1  mod i f ied  method w i t h   p r e i n c u b a t i o n   o f  A-1  medium f o r  

t h r e e   h o u r s   a t  35"C, and 

(c )   t he  72 t o  96 h r  APHA standard  method  procedure. 

The s tudy  cons is ted  o f   three  s teps.   F i rs t ly  , a small   scale 

sampling prograrn was i n i t i a t e d   i n  a rout ine  growing  area  to   obta in  

prel iminary  test   data.   Secondly,  a s e r i e s   o f   s i x   s p l  it samples was sent 

t o  a1 1 p a r t i c i p a t i n g   l a b o r a t o r i e s   f o r   a n a l y s i  s v i  a the   th ree  methods 

1 i sted above. Th i rd l y ,  a more in tens ive  s tudy o f  one year '  s l eng th  was 

conducted by p a r t i c i p a t i n g   l a b o r a t o r i e s   t o   o b t a i n  a l a r g e  enough data 

b l o c k   f o r   s t a t i   s t i c a l   a n a l y s i  s. 

The three  par t   s tudy began  on May 20, 1975  and was completed 

on June 17, 1976. 

I 
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2 MATERIALS AND METHODS 

2.1 Sampl i ng Procedure 

A1 1 water samples were c o l l e c t e d  i n  s ter i le  200 m l  wide mouth 
g l a s s   b o t t l e s ,   a p p r o x i m a t e l y   1 5   t o  30 cm below the water   sur face  by 
means of a rod  sampling  device.  Samples were s t o r e d  i n  c o o l e r s   a t  10°C 
and were analyzed by the EPS Regional  Microbiology  laboratory w i t h i n  
two hours   of   col lect ion.  

2.2 Methods  of  Examination 

2.2.1 Standard Method. The f ive- tube   dec imal   d i lu t ion  (MPN) method, 
a s  described i n  P a r t  908 of the 1 4 t h  ed i t i on  of  Standard  Methods f o r  the 
Examination  of  Water  and  Wastewater (1) was used. Bacto-Lauryl  Tryptose 
Broth was used a s  the presumptive tes t  medium w i t h  i n c u b a t i o n   a t  35 - + 

0.5"C f o r  24  and 48  hours ,   and  posi t ive tubes were t r a n s f e r e d   t o  
Bacto-EC medium and  incubated i n  a water b a t h  a t  44.5 2 0.2OC fo r   24  
hours. 

2.2.2 A-1 Method. Three decimal d i l u t i o n s  of  water  sample were 
pipetted into  each  of  f ive tubes of A-1 medium. The A-1 medium was 
prepared  according  to  the formula  of Andrews and Presnell ( 2 ) .  The 
inocula ted  tubes were t ransfer red   immedia te ly   in to  a water   bath 
maintained a t   t e m p e r a t u r e   o f  44.5 - + 0.2"C. Tubes showing any  amount of 
gas   a f te r   24   hours   incubat ion  were recorded   as   pos i t ive .  

2.2.3 Modified A-1 Method. Water samples were pipetted d i r e c t l y  
i n t o  A - 1  medium i n  three decimal   di lut ions  using f ive tubes per 
di 1 u t ion .  The inocula ted  tubes were f i r s t  incubated i n  an a i r   i n c u b a t o r  
a t  35°C f o r  three hours   before  being t r a n s f e r r e d   d i r e c t l y   i n t o  a water 
bath a t  44.5 - + 0.2"C f o r  21 hours. 
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2.2.4 Differentiation of the Fecal  Coliform Types. All positive 
tubes from representative  test  media  were streaked on Levine eosin 
methylene  blue (EMB) aga r  plates and incubated a t  35 - + 0.5OC f o r  24 
hours. Each colony  type was picked and transferred  to  lactose  broth and 
incubated a t  35 - + 0.5OC f o r  24 t o  48 hours. All cultures from 
gas-posi t ive 1 actose  tubes were subjected  to  the  Indole, Methyl  Red, 
Voges-Proskauer and Simmon' s Ci t ra te  Agar tes t s .  



- 5 -  

3 RESULTS AND DISCUSSION 

W 

I 

Results from  each step of the study wi l l  be presented 
separately, fo l  lowed by a general discussion. 

3.1 Step 1 

Forty  marine  samples  taken  from the Cates Park-Deep  Cove area 
were analyzed using the three  different methods. IMViC analyses were 
performed on posit ive tubes from the f i r s t  eight samples. One colony 
from  each EMB p l a t e  was chosen. The MPN results are presented i n  Table 
1. The da ta  obta ined  indicated t h a t  the modified A-1  method  gave 
results which  were  more compatible w i t h  those obtained using the 
standard method EC medium.  .The specificity of the A-1  medium for ” E.coli 
was superior t o  the E C  medium w i t h  recoveries of IMViC type ++-- of 83%, 
100% and 100%  from the EC,  A-1 and A-1 modified tests. The geometric 
means of the three  tests were 15.8,  10.4 and 12.9 respectively, w i t h  the 
geometric mean of the A-1  method differing  significantly from the 
geometric mean of the standard procedure (p<O.Ol),  

When the da ta  from a l l  participating  laboratories were 
examined and subjected t o  statistical  analysis, i t  was found t h a t ,  while 
results of b o t h  the A-1 and modified A-1 test  showed good correlation 
w i t h  the standard method, a statistically  significant  difference existed 
between a l l  three methods (p<O.Ol),  Both the A-1 and modified A-1 tests 
showed a higher recovery of ” E.coli than the standard test. The da ta  are 
p l o t t e d  on log-probabi 1 i t y  paper i n  Figure 1. From this graph i t  can be 
demonstrated t h a t  the A-1 modified method  shows  comparable results w i t h  
the standard method  around an MPN of 14/100 m l  (shel l f i  sh  growing water 
standard) , b u t  tends t o  drop  below the standard method result i n  the 
higher MPN ranges (approx.  >100/100 m l ) .  This however, would not  appear 
t o  be a concern in the cl assi f ication o f  shel 1 f i sh  growing waters, as 
the upper limit  for the standard i s  an MPN of 43/100 m l .  A complete 
summary report o f  the results from Step 1 o f  the  evaluation i s  found i n  
Appendi x I. 
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Standard  Method 

Date  Location EC A- 1 A-1 Plus 
Pre- i   ncubat ion 

May 20 

May 30 

May 21 

May 21 

May 22 

Ca tes  

Park 

Deep 
Cove 

Cates 

Park 

Deep 

Cove 

Ca tes  

Park 

Stn # 1 
2 

3 
4 

Stn # 1 
2 
3 
4 

Stn # 1 
2 

3 
4 

Stn # 1 
2 

3 
4 

Stn # 1 
2 

3 
4 

5:l:O 
5:l:O 
5:l:O 
4:2:0 

2: l:o 
4:l:O 
5:4:3 
1:o:o 

4: 1:0 
5:l:O 
5:2:0 
5:O:O 

4:l:O 
5:l:O 
5: 5:O 

4:O:O 

2:o:o 
3:O:O 
5: 1:0 
3:l:O 

33 
33 
33 
22 

7 
17 

280 

2 

17 
33 
49 
23 

17 
33 
240 
13 

5 
8 

33 
11 

4:O:O 13  4:2:0 22 

3:3:0 17  3:l:O  11 
4:3:0 27  3:O:O 8 

1:o:o 2 o:o:o* < 2  

o:o:o* <2 2:o:o 5 
4:l:O 17 4:l:O 17 
5:5:1 350 5:5:1  350 
2:o:o 5 2:o:o 5 

4:l:O 17  4:l:O 17 
4:O:O 13  3:l:O 11 
5:O:O 23  5:4:0 130 
3:O:O 8 5:l:O 33 

1:l:O 4 4:O:O  13 
5:l:O 33  5:l:O  33 
5:2:1 70 5:2:2 94 
1:o:o 2 1:o:o 2 

O:O:O* <2 3:l:O  11 
o:o:o* <2 1:o:o 2 
5:4:0  130 5:l:O  33 
4:l:O 17 5:l:O  33 

111, 

P 

il 

L 

Y 

I? 

mr 
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TABLE 1 SUMMARY OF SEAWATER SANPLES  ANALYSES - STEP 1 (cont . )  
(FlPN/100 ml)  

"" 

Standard  Method 

Date  Locat ion EC A- 1 A-1  Plus 
Pre- incubat ion 

May 22 Deep Stn # 1 5: 4: 1 170 5:4:0  130 5: 5: 1 350 

Cove 2 2:o:o 5 2:o:o 5 1:o:o 2 

3 1:o:o 2 O:O:O* < 2  1:o:o 2 

4 4:l:O 17 4:O:O 13 4:O:O 13 

May 23 Cates  Stn # 1 5: 1: 1 46 4:2:0 22 5:2:0 49 

Park 2 4:2:0 22 3:2:0 14 5:4:0 130 

3 4:l:O 17 5:O:O 23 5:l:O  33 

4 4:l:O 17 4:2:0 22 5:O:O 23 

May 23 Deep Stn # 1 5: 1:0 33  5:2:0 49 5:Z:O 49 

Cove 2 2:l:O 7 3:O:O 8 1:l:O 4 
3 2:l:O 7 o:o:o* < 2 o:o:o* < 2 

4 4:O:O 13 2:O:O 5 3:O:O 8 

May 26 Cates  Stn # 1 3:2:0 14 1: 1:0 4 2:O:O 5 
Park 2 4:l:O 17 4:1:0 17 4:l:O 17 

3 4:3:0 27 4:l:O 17 5:O:O 23 
4 4:O:O 13  3:l:O 11 1:O:O 2 

May 26 Deep Stn # 1 2:O:O 5 3:O:O 8 2:O:O 5 
Cove 2 1:l:O 4 0:0:0* < 2 1:o:o 2 

3 1:O:O 2 O:O:O* < 2 4:O:O 13 

4 1:o:o 2 0:(3:0* < 2 0:l:O  2 

* These analyses,  because o f  par t i a l   i nde te rm ina te   resu l  ts were n o t  used 

i n   t h e   e v a l u a t i o n  o f  the  method. 
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F IGURE I LOG PLOTS OF THE D A T A  FROM THE 
T H R E E  METHODS : STEP I . .  

L 
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3.2 

The second  phase o f  the col 1 aborative study was conducted t o  
determi ne the comparative  recovery of " E. col i from a series of spl i t  
artificial seawater samples  using the standard fecal coliform test, the 
A-1 tes t  and the modified A-1 test. 

S a l t  was  added t o  water t o  produce a salinity of 15 parts per 
thousand and peptone was  added t o  a level of 20 mg/l i ter. The solution 
was d i v i d e d  i n t o  three equal  volumes.  They  were subsequently  spiked 
w i t h  a pure culture of " E. co l i  t o  obtain expected recoveries of 0-10, 

10-100, and 100-1000 organisms  per 100 m l ,  respectively.  Replicate 
subsamples of each of these solutions were sent t o  each of twenty-four 
1 aboratories from the Northeast Technical Services U n i t  (FDA) i n Rhode 
Island. Three laboratories received their samples too  late t o  be 
analyzed. 

The resul t s  for the EPS-Paci f i c  laboratory  are presented i n  
Table 2 and compared favourably  with those obtained from a l l  other 

TABLE 2 BACTERIOLOGICAL DATA - SPLIT SAMPLE ANALYSIS 

Sampl e MPN per 100 m l  
Number Standard Method A- 1 A-1 Modi f i ed 

19 

36 

58 

81 
115 

134 

8 

5 
70 

79 
350 

350 

Geometric mean 55 

5 
11 
46 

110 
220 

540 

57 

5 

8 
130 

79 
540 

240 

61 
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p a r t i c i p a t i n g  laboratories. Table 3 summarizes geometric means for each 
method w i t h i n  each labora tory  and across a l l  laboratories. 

The resul t s  from the EPS At1 antic  laboratory were noticeably 
different from those of the  other  labs. This laboratory had received 
the samples three or four days l a t e r  than d i d  the  other  laboratories, 
and the  temperature of the samples was 25"C, five degrees  higher t h a n  
the  highest  temperature  recorded by the  other  laboratories. Table 3 
indicates t h a t  there was  no consistent  difference between methods; t h a t  
i s ,  no single method  showed a consistently  higher or lower recovery  than 
any  of the  other methods i n  a l l  laboratories. 

An analysi s of variance of the d a t a  (Tab1 e 4) , showed  no 
difference between  method  means (p>0.50). When EPS Atlantic  results 
were included,  the ana lys i s  of variance showed a significant  difference 
between 1 aboratories (p<O.Ol) .  However,  when these  results were 
excluded from the  analysis, no significant  difference (p>0.50) between 
labora tory  mean recoveries was found.  This analysis of variance had a 
replicate subsampling error  variance o f  0.063. The expected var iabi l i ty  
of the  5-tube  3-dilution MPN t e s t   i t s e l f ,  when 10-fold d i l u t i o n s  are 
used, i s  0.060, indicating t h a t  the subsampl i ng var iabi l i ty  was to ta l ly  
accounted for by the  variabil i ty of the MPN t e s t .  

I t  was concluded from the sp l i t  sample data  that a1 1 three 
methods  were equally  effective i n  recovering  pure culture " E .  coli from a 
standardized  seawater sample, and tha t  a1 1 l abs  were comparable i n  their  
ab i l i ty  t o  recover  these  bacteria w i t h  the  three methods  employed. 

3.3 Step 3 

A t  the completion of Steps 1 and 2 of the A - 1  media evaluation 
study, a1 1 data were reviewed by FDA and the  following  protocol was 
recommended for  Step 3: 
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TABLE 4 ANALYSIS OF VARIANCE - S P L I T  SAMPLES 

EFFECT ss DF MS S IGNIF ICANCE 

IA 
n 

LABS 

METHODS 
I 

1.278 19  0.067 N.S. 

.lo25 2 0.051 N.S. 
t" 
0 
x 

LAB X METHODS 2.416  36  0.067 N.S. E 
LEVELS 211.21 2 105.6 ** 

LEVELS X METHODS 0.211 4 0.053 N.S. 2 
LABS X LEVELS 1.892  36  0.053 N.S. 

p: 

Y 

5 

REPLICATE  SUBSAMPLES 10.251 171 0.060 N.S. 

METHODS 4.405 72 0.061 N.S. x" 
LABS X LEVELS X 

-J 

W 

I 

LABS 41.45  20  2.073 ** 
v, 

2 
LEVELS 232.5 2 116.24 ** ? 
METHODS 0.0436 2 0.022 N.S. 

3 

LABS X METHODS 2.737 40 O. 068 N.S. 
2 

LABS X LEVELS 2.431  40  0.061 N.S. CJ 

n 
LEVELS X METHODS 0.226 4 0.057 N.S. 

I- 

z 
LABS X LEVELS X 

METHODS z 4.721 80 0.059 N.S. 
r( 

REPLICATE  SAMPLES 11.925  189  0.063 N.S. 

N.S. - n o t   s i g n i f i c a n t  

** - s i g n i f i c a n t   d i f f e r e n c e  (~0.01) 



- 13 - 

I 

1 

1. 

2. 

3. 

Each participating 1 aboratory was requested t o  analyze a t  
least 10 samples  per month from routine sampling stations 
for a period of 12 months. 

The standard E.C. test ,  the A - 1  and A - 1  modified should be 
done on a1 1 samples. 

IMViC tests should be  performed on a1 1 EMB colony types 
arising from gas-posi t ive  tubes i n  each of the three 
tests. 

Sampl i ng and analysis i n  this laboratory began on September 
22,  1976 and continued u n t i l  June 1 7 ,  1977.  During this period, 100 
marine  samples  were analyzed, representing 295 MPN and 3,619 IMViC 
analyses. Sampling was carried ou t  i n  two areas of the lower mainland, 
Cates Park and Sunset Beach (False Creek). The location of stations 
sampled i s  shown i n  Figure 2. 

All o f  the gas positive tubes from each method  were subjected 
t o  IMViC analysis, and on the basis of these da ta ,  the presence or 
absence of " E.  c o l i  of either IMViC type (:$I-) was determined. The 
tubes from w h i c h  " E.  col i were n o t  isolated were considered "fa1 se 
positives" , i n  t h a t  the fernentation o f  lactose was due t o  an organism 
or  organisms other t h a n  " E. col i .  The  number of tubes from which " E.  col i  
was isolated, was calculated as a percentage of the t o t a l  number of 
positive tubes i n  each sample, and this percentage represented the 
effective recovery of " E. col i .  Omi t t ing  the false  positive tubes, the 
MPN/100 m l  was determined ( IMViC MPN), and this was  compared w i t h  the 
MPN/100 m l  resulting from the inclusion of - a l l  gas positive tubes, the 
figure w h i c h  would normally be reported u s i n g  t h a t  method (METHOD MPN). 

In Appendix 11, the effective recovery o f  " E. coli, and the 
"Method MPN" vs. the "IMViC MPN" are summarized for each month. The 
percent recovery of " E.  col i ,  has also been  averaged on a monthly basis, 
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and t h i s  i s  presented on each page. The cumulative  averages  of  recovery 

f o r  each  method, over 100 samples (95 i n   t h e   s t a n d a r d  method)  are: 

Standard Method: 90.4% 

A-1  Method: 96.8% 
Modi f ied  A - 1  Method: 96.7% 

The h ighest   recovery  o f  " E. c o l i  from gas pos i t i ve   t ubes  was 

achieved  using  the A-1  method. The mod i f ied  A - 1  Method gave s l i g h t l y  

lower  recovery  while  the  standard  method was t h e   l e a s t   e f f e c t i v e   i n  

recover ing " E. c o l i .  

These da ta ,   a l though  ind ica t ing   the   inc reased  se lec t i v i t y   o f  

A - 1  medium f o r  " E. c o l i ,   d i d   n o t   i n d i c a t e   w h i c h  method gave the   bes t  
recovery  of  " E. co l  i from  the  marine  environment, as  opposed to   recovery  

f rom  gas-posi t ive  tubes  ( i .e. ,   the  product iv i ty o f  the  method). 

The p r o d u c t i v i t y   o f   t h e  methods was examined i n  two ways. 

F i   r s t l y ,   t h e   p r o d u c t i v i t y   w i t h   r e s p e c t   t o   t h e   r e c o v e r y   o f  " E. co l  i was 

examined by t o t a l  1 i ng the  number o f  " E. c o l  i p o s i t i v e   t u b e s   i n  each 

method. Second ly ,   the   feca l   co l i fo rm  p roduc t iv i t y   fo r  each  method was 

determined by t o t a l   l i n g   t h e  number o f  44.5OC gas-posi t i v e  tubes   fo r  each 
method. The r e s u l t s   i n  Tab1 e 5 c lear ly   demonst ra te   tha t   the   mod i f ied  
A-1 method was the  most  product ivezin  recover ing " E. col i   f rom  the  mar ine 

TABLE 5* PRODUCTIVITY OF THE THREE METHODS 

Number o f   p o s i t i v e   t u b e s  

Product iv i ty  Standard  Method A-1  Method Modi f i ed A-1  Method 

E. c o l i  744 757 799 
Fecal  col i forms 823  719  822 

*Results i n   t h i s   t a b l e  do no t   inc lude  da ta   fo r  September 29/75 sampling. 
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environment  and was comparable to   the   s tandard  method i n  recover ing 

f e c a l   c o l i  forms. The da ta   suggest   tha t   the   mod i f ied  A-1  method  has 

fewer   f a l se   pos i t i ve   reac t i ons   t han  does the  s tandard method. 

The data  were a1 so examined s t a t i s t i c a l l y   u s i n g   t h e   A n a l y s i s  

o f  Variance (ANOVA) t es t   t o   de te rm ine   whe the r   t he re  was  any s i g n i f i c a n t  

d i f f e r e n c e  between the   resu l ts   ob ta ined  f rom each  method. Both  the 
method MPN s and the  I M V i C  MPN' s were  compared  between  each  method  and 

across a l l   t h r e e  methods. I M V i C  MPN's were inc luded i n  the ANOVA t o  
compensate f o r  any fa l se   pos i t i ve   reac t i ons   wh ich   occu r red .  The r e s u l t s  

are  presented i n  Table 6. A t  t he  95% leve l   o f   con f i dence ,   t he re  was no 
s i g n i f i c a n t   d i f f e r e n c e  between  methods o r   a c r o s s   a l l   t h r e e  methods. The 

TABLE 6 ANALYSIS OF VARIANCE TEST RESULTS (STEP 3) 

Methods  Degrees o f  

compared  Freedom F va lue   S ign i f i cance  

x vs Y 

x vs z 
Y vs z 
x1 vs Y 

x1 vs z 
1 
1 

Y1 vs z 

x vs Y1 vs z1 

1 
x vs Y vs z 

1 

181 

181 

181 
181 

181 

181 

272 

272 

0.505 

0.5877 

0.0078 
2.6182 

2.2579 

0.06 

0.3433 

1.7942 

n o t   s i   g n i  f i can t  

n o t   s i   g n i  f i c a n t  

n o t   s i   g n i  f i c a n t  
n o t   s i g n i f i c a n t  

n o t   s i g n i f i c a n t  

n o t   s i g n i f i c a n t  

n o t   s i g n i f i c a n t  

n o t   s i g n i f i c a n t  

X = Standard  Method I M V i C  MPN X1 = Standard  Method MPN 

Y = A - 1  Method I M V i C  MPN Y, = A-1  Method MPN 
I 

Z = M o d i f i e d  A - 1  Method I M V i C  MPN Z1 = M o d i f i e d  A - 1  Method MPN 

F v a l u e s   f o r   t h e   f i r s t   t h r e e  comparisons i n d i c a t e   t h a t ,  when the  fa1 se 

p o s i t i v e   r e a c t i o n s   a r e   c o r r e c t e d   f o r  by us ing   t he  I M V i C  MPN's, t he  
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methods a r e   h i g l y  comparable. ANOVA t e s t i n g  was  a1 so performed on a1 1 
data by FDA fo r  each o f   t h e  American  regions, Canada, the seasons w i t h i n  

regions, and the  overal l   pooled  data.  The FDA i n t e r p r e t a t i o n   o f  

Canadian  data  indicated  that   there  were  s igni f icant  d i f ferences  between 

the   th ree  method means i n   w i n t e r   b u t   t h e  summer data  were  comparable 
between a1 1 th ree  methods. The w i n t e r  mean MPN's f o r   t h e  Canadian  data 

were  501.6/100 m l  (Standard  method), 356.5/100 m l  (A-1  method)  and 

424.3/100 m l  (Mod i f ied  A-1  method). The higher  counts  provided by the  

standard  method  were  perhaps due t o   f a l s e   p o s i t i v e   r e a c t i o n s   w h i c h  
r e s u l   t e d   i n   t h e   s i g n i f i c a n t   d i f f e r e n c e   i n  means. The higher  incidence 

o f   f a l s e   p o s i t i v e  EC reac t i ons   du r ing   h igh   p rec ip i t a t i on   ( i . e . ,   w in te r )  

cond i t ions  has  been  observed i n   t h i s  and other  Canadian  laborator ies.  

The san i ta ry   s ign i f i cance  o f   co l i   fo rm  counts   ob ta ined  under   these 

condi t ions  is .   therefore  quest ionable.   Bear ing  in   mind  the  observed 

s u p e r i o r   p r o d u c t i v i t y   o f   t h e  A-1 medi um i n  recover ing " E. co l  i from  the 
marine  environment, t h i s   f u r t h e r  suggests t h a t   f a l s e   p o s i t i v e   r e a c t i o n s  

were the  cause  of  the  discrepancy  between  the means, as the   mod i f ied  A - 1  

t e s t   r e s u l   t s  would have approximated more c lose ly   the   ac tua l  " E. c o l i  

densi ty  i n   t h e  sample,  and t h e   r e l a t i v e   s a n i t a r y   s i g n i f i c a n c e   o f   t h e  

sample. A d d i t i o n a l   i n t e r p r e t a t i o n  of the  Canadian  data was done  by EPS, 

At1  antic  Region,  using  the  standard  student's t tes t .  A t  the  98% 1 eve1 

of   conf idence,  there was  no s i g n i f i c a n t   d i f f e r e n c e  between the  standard 
method  and the   mod i f ied  A - 1  method f o r   t o t a l ,   w i n t e r   o r  summer data, 
a l though  there was a s i g n i f i c a n t   d i f f e r e n c e  between  the  standard  method 

and the A-1 method. 
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SUMMARY 

The evaluation of a new cul ture  medi um and  method requires  the 
consideration of several  factors: accuracy , productivi t y  , comparabi 1 i ty 
t o  existing method  and selectivity  for  the organism( s)  being examined. 
The accuracy of A-1 medium  was established by the  collaborative sp l i t  
sample study (Step 2 )  which concluded t h a t  a1 1 three methods  were 
equally  proficient  for the recovery of ” E. coli  i n  pure culture. 
Productivi  ty of the A-1 medium  was  exami  ned i n  t h i  s 1 aboratory and was 
found t o  be  more productive i n  recovering ” E. col i  from the marine 
environment t h a n  was the  standard method, particularly when the 3 hour 
35°C pre-incubation  period was used. The A-1  methods  were  compared t o  
the  standard method using both the ANOVA and student’s t tes ts .  The 
results  indicated no significant  difference between the modified A-1 

t e s t  and the s tandard  method. The A-1 medium  was found to  be  more 
selective for ” E. col i  than was the  standard methods media, the  greatest 
select ivi ty  being  observed w i t h  the modi f ied A-1  t e s t  method. 
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5 CONCLUSIONS 

The modi f i e d  A-1 test  method  was found t o  be superior i n  
recovery and productivity for " E. col i  i n  sea  water  while producing 
results which  were statistically comparable w i t h  the standard method. 

In  a d d i t i o n  t o  i t s  comparability w i t h  the standard method, the 
modified A - 1  test  method has several other practical advantages. The 
method requires 1 ess time, i s  more convenient and i s  less  costly t h a n  
the standard method. Also, by using this method, a more  comprehensive 
shel l f i  sh water qua l i ty  survey can be conducted, as i t  will permit the 
analysis of greater numbers of samples. 

Based on the data  presented i n  this and other  reports ( 3 )  , the 
modified A - 1  test  method i s  a v i ab le  alternative t o  the present method 
for the routine  bacteriological examination o f  shel I f  i sh  growing waters. 
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APPENDIX I 

SUMMARY OF RESULTS OF DATA OF'COMPARATIVE 

TESTS ON ROUTINE GROWING AREA  SAMPLES 

- Step 1 

(U .S .  Food  and  Drug Admin is t ra t ion  

Memorandum t o   p a r t i c i p a t i n g   l a b o r a t o r i e s )  
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Summary O f  Resul ts  O f  Data  Comparative  Test On Routine  Growing  Area 

SamDl es 

Table 3 shows a comparison o f  method  recoveries by the  

Standard, A-1, and A-1  Mod i f ied  methods. The geometric means  shown f o r  

each method  are  the means f o r   t h e   t o t a l  number o f   water  samples analyzed 
f o r  each  method. I n  13 o f   t h e  20 l abo ra to r ies ,   t he  method mean 

recover ies   o f   feca l   co l i fo rms were s i g n i f i c a n t l y   d i f f e r e n t   f r o m  each 

other.  The o v e r a l l  mean o f  21.9 f o r   t h e  A - 1  method  and 26.7 f o r   t h e  A-1  

Mod i f ied  method  were  both  s ign i f icant ly   d i f ferent   f rom  the  Standard 

method. The rank ing   o f   t he  method  recoveries shows t h a t   e x c e p t   f o r  

NETSU and t h r e e   o f   t h e  Canadian laborator ies  (Texas  has  too few analyses 

and d i d   n o t  use the A - 1  Modified  method), a1 1 laborator ies  recovered  the 
h ighest  number o f   f eca l   co l   i f o rms  by the  s tandard method, the  next  
h ighes t  by the  A-1  Mod i f ied  method,  and the  lowest  by the  A-1 method. 

Conclusion 

The standard  method  recovered  s igni f icant ly  h igher numbers o f  
" feca l   co l  i forms''  as de f ined by the  standard  procedure  than  ei ther  the 

A - 1  o r  A - 1  Modif ied  procedure  recovered as de f ined by gas fermentat ion 

i n  24 hours. 
Resul t s   f o r   t h e  A-1  and A - 1  Mod i f i ed  methods,  based upon the 

J 

geometric mean of the  MPN values  were 75% and 91% r e s p e c t i v e l y   o f   t h e  

geometric mean o f   t he   recove r ies  by the  standard  method  (Table 3). 

Resu l t s   o f   bo th   t es ts  showed good co r re la t i on   w i th   t he   s tandard  method 

a1 though a s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e   e x i s t s  between a1 1 th ree  

methods. Both  the A-1  and A-1  Mod i f i ed   t es ts  showed a higher  recovery 

o f  " E. co l  i, the  p r inc ipa l   co l   i fo rm  o rgan ism,   than  the   s tandard   tes t  

(Table 6 ) .  The i n t e r a c t i o n   o f   t h e   a n a l y t i c a l  methods w i t h   t h e  

geographic and phys ica l   var iab les   o f   the   waters  such  as temperature, 
s a l i n i t y ,  and t u r b i d i t y ,  was no t   de l i nea ted  by the  data  presented.  Both 

the  A - 1  and A - 1  M o d i f i e d   t e s t s   i n d i c a t e d   d i f f e r e n c e s   i n   t h e   s a n i t a r y  

qual i ty   o f   the  waters   tested  which  corresponded  to   the  d i f ferences 

i nd i ca ted  by the  standard methods  (Graphs 1 & 2). 
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TABLE 4 PERCENTILES - FECAL COLIFORM - 21 STATES 

Standard A1  Al-Mod 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

n 

2 .o 
4.5 
7.8 
17 .O 

23.0 
33.0 
79.0 
170.0 
540 .O 
4900.0 

82 5 

2 .o 
2 .o 
6.8 

11 .o 
17 .O 
33.0 
49 .O 
110.0 
350.0 

13,000.0 

7 94 

2 .o 
4.0 
7.8 
14.0 
23 .O 
46.0 
79.0 
130.0 
350.0 
4900.0 

719 
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TABLE 5 COMPARISON OF GEOMETRIC MEAN OF EACH TEST  AGAINST 

THE  STANDARD  PROCEDURE 

Lab. No. Standard A- 1 A-1 Mod. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
17 
18 
19 
20 
21 

48.5 
3.7 

181.4 
67.3 
27.7 
37 .O 
18.1 
194.1 
35.2 
21.9 
63.7 
38.8 
15.8 
13.6 
96.1 
33.1 
52.6 
51.4 
16.5 
10.2 

29.3** 
2.4** 
88.5** 
36.8** 
23.6 N.S. 
28.3 * 
11,8** 
213.3 N.S. 

27.6 N.S. 
14.3** 
36.6** 
31.0 N.S. 

10.4** 
10.5 * 
58.9** 
50.4 N.S. 
52.8 N.S. 

51.9 N.S. 
24.4 * 
8.7 * 

34.9** 
3.6 N.S. 

125.6 * 
45.7 * 
26.2 N.S. 
36.6 N.S. 

16.8 N.S. 

35.2 N.S. 
23.3 N.S. 

36.1** 
35.5 N.S. 
12.9 N.S. 
13.1 N.S. 
82.4 N.S. 

45.7 N.S. 

49.8 N.S. 
32.5 * 
29.6** 
10.1 N.S. 

N.S. - no s i g n i f i c a n t   d i f f e r e n c e  ~~0.05 
* - s i g n i f i c a n t l y   d i f f e r e n t  from standard (p<0.05) 

** - s i g n i f i c a n t l y   d i f f e r e n t  from standard (p<O.Ol) 
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TABLE 6 SUMMARY OF I M V i C  DATA 

TUBES TUBES TUBES 

Lab Code # Standard A- 1 Al-Modi f i  ed 
# p o s i t i v e   t o t a l  % # pos. t o t a l  % # pos. t o t a l  % 

21 
9 
19 
17 
14 
18 
20 
6 
3 
1 
5 

141 165 85.5 146 
25 39 64.1 28 
11 11 100 12 

n.r.  n.r. 82 n.r. 
n.r.  n.r. 83 n.r. 

55 70  78.6  42 
39 50  78.0 32 
34  40  85  68 

115 
207  260 79 198 
247  259 95 236 

158 92.4 146 
32 87.5 28 
12 100 12 

n.r. 92 n.r. 
n.r. 75 n.r. 

56  82.1 26 
39  80  42 
85  97.5  69 
118  92  118 
215 98.7  210 
239 246 

163 89.6 
32 87.5 
12 100 

n.r. 91 
n.r. 100 
26 100 
43 97.7 
71 97.2 
118 100 
233 90 
251 98 

# p o s i t i v e  - No. t u b e s   p o s i t i v e   f o r  ” E. c o l i  I M V i C  ++-- o r  -+-- 
t o  t a  1 - t o t a l  number of gas pos i t i ve   t ubes  I M V i C  tes ted  

n.r. - n o t   r e p o r t e d  

I 

It 

IC 

L 

E 

E 
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