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One hundred and five water samples of drinking water quality used in slaughter houses were examined 
according to The Netherlands' Standard N 3043 (1956) and by the new 'Differential Hydro- 
bacteriogramme' (DHB) technique. The latter procedure allows for resuscitation of debilitated cells, uses 
one single selective enrichment medium and various isolation media and includes confirmation of isolates. 
Identification of isolates demonstrated that false positives as well as false negatives were frequently 
obtained by the N 3043 method. Rejection rate of samples by the N 3043 and DHB methods, respectively, 
was 63 vs. 72 for 81 samples taken from taps, and 4 vs. 10 for 24 samples drawn from wells and mains. 
Based on these results the DHB technique seems particularly suitable for the monitoring of re-used 
waters, because it provides more information and has a higher accuracy. 
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Introduction 

Because of the increasing scarcity of d r ink ing  water, the rising costs connected  
with its use and  the expenses involved in the disposal of waste water, research has 
been under t aken  in to  the re-use of water in the food industry.  This applies both  to, 
for example, cooling water in the processing of foods and  the water used more than 
once  for the same purpose  (Strauch, 1976; Mossel et al., 1978b; and  Eichhoff, 1982). 
The possibili ty of con tamina t ion  of such water demands  a thorough inspect ion of its 

bacteriological condi t ion  after its pr imary  use. The t rea tment  to which water is 
sometimes exposed before re-use can result in  sublethal  lesions of bacter ia  surviving 
the t rea tment  (Bonde, 1982; Mossel and  Van Net ten ,  1984). These bacteria  will 
again become fully active on, for example, meat  and  other products  (Mossel and  
Van Net ten,  1984). It is, therefore, necessary to include such debil i ta ted bacteria,  
when assessing the bacteriological condi t ion  of recycled water (Allen et al., 1952, 
1953). A new, simplified method was in t roduced for this purpose a few years ago, 
the so-called Differential  Hydrobac te r iogramme (DHB).  It relies on (i) presence-ab- 
sence (P-A) tests, subsequent  to resuscitation, for Enterobacter iaceae,  Escher i ch ia  
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coli, Pseudomonas aeruginosa, Aeromondaceae ,  Lancef ie ld  D s t reptococci  and  (ii) 
iden t i f ica t ion  of  isolates (Mossel  et al., 1977a). 

In The Nether lands ,  mon i to r ing  of  the bacter io logica l  condi t ion  of  d r ink ing  water  
unti l  1982 fol lowed The Ne the r l ands '  S t anda rd  N 3043 (Nede r l andse  Norm,  1956). 
Examina t i on  accord ing  to this S t anda rd  includes  (i) the de te rmina t ion  of  aerobic  
co lony  forming  units  at 2 0 ° C  and 3 7 ° C ;  (ii) direct  p resence-absence  tests in 
p rescr ibed  a l iquots  for specific bac te r ia  i . e . E ,  coli, bac te r ia  of  the col i -aerogenes  
g roup  and Lancef ie ld  group D streptococci .  

The a im of  this inves t igat ion was to compa re  the results  of  the D H B  and the N 
3043 techniques.  

Materials and Methods 

A total  of  105 water  samples  were taken in a n u m b e r  of  s laughter  houses. They 
were d rawn from: (i) in-f lowing water:  well water  and  water  f rom the publ ic  
d r ink ing  water  mains ;  (ii) s ampl ing  po in ts  af ter  t r ea tment  and  buffer ing of  water;  
(iii) var ious  taps  in the fac tory  d r ink ing  water  p ipe  system, such as con t inuous ly  
runn ing  sprinklers ,  hand  showers,  hand  bas in  taps,  organ  rinsers, ' sp l i t t e r '  r inse 

water ,  etc. 
The  samples  l isted under  (i) and  (ii) were drawn under  asept ic  condi t ions  as 

p resc r ibed  in The  Ne the r l ands '  S t anda rd  N 3043. The samples  l isted under  (iii) were 
taken  dur ing  p roduc t ion  in the fol lowing way. F r o m  the con t inuous ly  open taps  or  
spr inklers  a s teri le  500 ml bot t le  was filled with runn ing  water  and  immedia t e ly  
c losed with a steri le  screw cap.  W h e n  sampl ing  water  f rom taps  and  spr inklers  which 

TABLE I 

Mode of examination of drinking water according to The Netherlands' Standard N 3043 

Bacterium Quantity of Medium used Growth tern- Requirement 
type sought water examined for enrichment perature ( ° C) 

'Thermotolerant 50 to 55 ml buffered 44 no gas for- 
fermentative glucose peptone mation nor 
bacteria'; broth, modified bacterial 
mainly E. coli after Eijkman growth 

Mainly bacteria 5 x 10 ml peptone-bile- 37 in 1 × 10 ml 
of the coli- lactose-bromo- no gas forma- 
aerogenes group cresol purple tion nor 

broth according growth 
to MacConkey 

Mainly' faecal' 10 ml sodium azide 37 no growth 
streptococci, broth 
i.e, of the group 
D according to 
Lancefield (L.D.) 
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w e r e  no t  c o n t i n u o u s l y  r u n n i n g  a s ter i le  500 ml  bo t t l e  was  f i l led wi th  the first  w a t e r  

f l o w i n g  ou t  w h e n  the  t ap  was  o p e n e d .  

T h e  s amp le s  w e r e  t r a n s p o r t e d  to the  l a b o r a t o r y  u n d e r  r e f r ige ra t ion .  T h e y  were  

e x a m i n e d  w i t h i n  o n e  h o u r  a c c o r d i n g  to the  t w o  p r o c e d u r e s .  

1. E x a m i n a t i o n  a c c o r d i n g  to T h e  N e t h e r l a n d s '  S t a n d a r d  N 3043, h e r e a f t e r  re-  

f e r red  to as N 3043; cf. s u m m a r y  in T a b l e  I. 

W h e n  pos i t i ve  resul ts  were  o b t a i n e d ,  the  c o n t e n t s  o f  the  f lasks o r  tubes  c o n c e r n e d  

w e r e  e x a m i n e d  for  the  p e r t i n e n t  o r g a n i s m s  by  the  c o n f i r m a t i o n  p r o c e d u r e s ,  used  in 

the  D H B  t e c h n i q u e ;  v ide  in f ra  (Mosse l  et al., 1977a).  

2. D e t e r m i n a t i o n  o f  the  D i f f e r e n t i a l  H y d r o b a c t e r i o g r a m m e ,  h e r e a f t e r  r e fe r red  to 

as D H B .  T h i s  p r o c e d u r e  is i n d i c a t e d  in Fig.  1. I t  c an  be  s u m m a r i z e d  as fo l lows.  

R~usC~ Syl _L_~t~cTco. key 
~ (  ) . .~  glucose broth 

M° cC°n~)Y, cOgar v K a i ~ m y c i n  u ,in 
MocConkey agar King-nitrofur- 

1 44101. C agar 37"C antoin agar 

Gr'arn-negotive E.Coli Gram-positive G.N.]: Open violet 
diagnostic tube(G.N.T) diagn, tube diagn, tube 37*(:: red bile 

30"C 44 *01"C 37*C glucose 
agor 37"C 

Target groups and criteria 

Criterion Entero- Aeromonas E. coil Lancefield D Ps. 
bacteriaceae at 44 o C streptococci aeruginosa 

Mode of 
attack on 

Glucose F(G) F(G) FG F Ox 
Motility V + + .. + 
H 2 S  V - - - 

Indole V V + .. - 
Oxidase - + - .. + 
Catalase + + + - + 

F = f e r m e n t a t i v e  a t t a c k  O x  = O x i d a s e  - = negative 
FG = Do with gas formation V = variable + = positive 

.. = irrelevant 

Fig. 1. The differential hydrobacteriogramme (DHB). 
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Aliquots of 100 resp. 10 ml are collected in sterile vessels of suitable size. An 
equal volume of tryptone soya broth is added and the mixture left at room 
temperature for 2 to 6 h, depending on the period of time that must be assumed to 
be required for complete recovery of the most severely stressed population present in 
the specimen (Mossel and Van Netten, 1984). Subsequently 20, resp. 2 mi of a 
concentrated bile salts bromocresol purple solution (Mossel et al., 1977a) is added 
and the system incubated overnight at 30°C. Enrichment cultures that remain 
crystal clear are discarded and the result noted as negative. Flasks showing acidifica- 
t ion or just growth are shaken and one loopful of their contents streaked onto the 
selective media shown in Fig. 1. Negative cultures are discarded, positive ones are 
further examined to assess the taxonomic position of the isolates by stabbing into 
the appropriate diagnostic single tubes as also indicated in Fig. 1 (Mossel et al., 
1977b). This procedure therefore allows the assessment of the presence or absence of 
at least six taxa in the water sample under examination: (i) Enterobacteriaceae as a 
group, if required examined further for the presence of the coli-aerogenes group 
(Mossel et al., 1979); (ii) Aeromonas (Schubert, 1975; Mossel et al., 1979); (iii) E. coli 
(Mossel et al., 1980); (iv) Lancefield group D streptococci (Mossel et al., 1978a); (v) 
Ps. aeruginosa (Mossel et al., 1976); (vi) Gram-negative organisms not currently 
looked for but yet of occasional significance (Allen et al., 1983). 

Results 

The data obtained in the comparative examination of various types of water 
sampled in slaughter houses according to DHB and N 3043 respectively are 

rABLE II 

Zomparison of the results of the determination of the DHB and examination according to N 3043 of well 
md piped water tested before entering the industrial drinking water mains system. A total of 24 water 
;amples was examined 

2riterion Number of positive results 

N 3043 Both in N 3043 DHB 
and in DHB 

Fhermotolerant 
ermentative 
,acteria 

]oli-aerogenes 
~acteria 

:aecal 
treptococci 

) ther  

2 a _ 1 E. coli 

1 1 7 b Enterobacteriaceae 
Aeromonadaceae 

3 L.D. streptococci 

no Pseudomonas aeruginosa 

1 × Serratia and 1 x Klebsiella isolated from the thermotolerance test, instead of E. coli. 

1 × Xanthomonas isolated. 
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TABLE III 

Comparison of the results of the determination of the DHB and examination according to N 3043 of 
industrial water from taps in pork slaughter houses; 53 water samples 

Criterion Number of positive results 

N 3043 Both in N 3043 DHB 
and in DHB 

Thermotolerant 9 a 6 19 E. coli 

fermentative 
bacteria 

Coli-aerogenes 16 16 45 Enterobacteriaceae 
bacteria Aeromonadaceae 

Faecal 4 b 2 19 L.D. streptococci 
streptococci 

Other - - no Pseudomonas  aeruginosa 

a 3 × N 3043 positive and DHB negative in the same sample; 5 × E. coli negative. 
b 2 × N 3043 positive and DHB negative in the same sample. 

s u m m a r i z e d  in  t h e  T a b l e s  I I - V .  T h e  f o l l o w i n g  g ross  r e s u l t s  w e r e  n o t e d  as  f a r  as  

s a m p l e s  l e a d i n g  to  p o s i t i v e  r e s u l t s  a re  c o n c e r n e d :  39 w e r e  p o s i t i v e  a c c o r d i n g  to  b o t h  

t es t s ;  47  p o s i t i v e  a c c o r d i n g  to  N 3043;  133 w e r e  p o s i t i v e  in  t h e  D H B .  I n  T a b l e s  VI  

a n d  V I I  t he  r e s u l t s  w e r e  s u m m a r i z e d  a f t e r  e l i m i n a t i o n  o f  t he  fa l se  p o s i t i v e  r e s u l t s  

s o m e t i m e s  o b t a i n e d  in  t h e  N 3043  m e t h o d .  

T h e  ne t  r e s u l t s  o f  t he  p r e s e n c e - a b s e n c e  t e s t s  fo r  t h e  p e r t i n e n t  b a c t e r i a l  t ypes ,  as  

r e c o r d e d  in  T a b l e  V I I I ,  we re  p a r t i c u l a r l y  a n a l y s e d  fo r  t h e  n u m b e r  o f  t i m e s  t h a t  a 

l i m i t  v a l u e  was  e x c e e d e d .  I t  a p p e a r e d  t h a t :  ( i)  a m o n g s t  t he  24 w a t e r  s a m p l e s  f r o m  

TABLE IV 

Comparison of the results of the determination of the DHB and examination according to N 3043 of 
industrial water from taps in a beef slaughter house. A total of 22 water samples was examined 

Criterion Number of positive results 

N 3043 Both in N 3043 DHB 
and in DHB 

Thermotolerant 4 a 3 
fermentative 
bacteria 

Coli-aerogenes 3 3 
bacteria 

Faecal 3 3 
streptococci 

Other - - 

6 E. coli 

16 Enterobacteriaceae 

6 L.D. streptococci 

no Pseudomonas  aeruginosa 

a 1 × Serratia instead of E, coli isolated from the 44 o C enrichment test; DHB negative in this sample. 
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TABLE V 

Comparison of the results of the determination of the DHB and the examination according to N 3043 of 
industrial water from taps in the remaining types of slaughter houses (calf, sheep, and chicken). A total of 
6 water samples was examined 

Criterion Number of positive results 

N 3043 Both in N 3043 DHB 
and in DHB 

Thermotolerant 
fermentative 
bacteria 

Coli-aerogenes 
bacteria 

Faecal 
streptococci 

Other 

3 3 4E. cofi 

2 2 5 Enterobacteriaceae 
Aeromonadaceae 

2 L.D. streptococci 

no Pseudomonas  aeruginosa 

TABLE VI 

Comparison of all gross results 

Criterion Number of positive results 

N 3043 Both in N 3043 
only and in DHB 

DHB only 

Thermotolerant 3 12 
fermentative 
bacteria a 

Coli-aerogenes 0 22 
bacteria 

Faecal 2 5 
streptococci 

18 E. coil 

55 Enterobacteriaceae 
meromonadaceae 

25 L.D. streptococci 

a E. coil positive after confirmation. 

TABLE VII 

Analysis of the results obtained in testing for E. coil by the two methods 

Type of water Method Result of the examination 

Positive Positive, 
confirmed 
as E. coli 

Positive 
not confirmed 
as E. coil 

Well and piped N 3043 2 0 
water (24) DHB 1 1 

Water from N 3043 16 8 
taps (81) DHB 29 24 



TABLE VIII 

Net results of the N 3043 and DHB methods of bacteriological examination of water samples 
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E. coli Coli-aer. Lancefield 
+ ve + ve D streptoc. + ve 

N 3043 DHB N 3043 DHB N 3043 DHB 

Piped and well waters, 
24 samples 

Drawn from taps 
81 samples 

Total sub-samples 

Reasons for rejection 
Piped and well waters 
Taps 
Total sub-samples 

Percentages of rejected 
water samples 
Piped and well waters 
Taps 

0 1 1 7 0 3 

8 24 21 66 7 27 

8 25 22 73 7 30 

N 3043 DHB 
1 11 

36 117 
37 128 

N 3043 DHB 
8 37.5 

79 89 

well and  p iped  water,  1 sub- sample  exceeded the l imits  specif ied for the N 3043 
examina t ion ,  whereas  based  on the results  of  the D H B  method ,  10 sub-samples  
exceeded  those l imits;  (ii) amongs t  the 81 water  samples  f rom taps,  36 sub-samples  
were  exceeding the l imit  of  N 3043, whereas  based  on the D H B ,  117 sub-samples  
were  above  the s t andard .  The  low p roduc t iv i ty  of  the N 3043 me thod  in c ompa r i son  
with  the new technique  is str iking.  

Discussion and Conclusions 

The samples  of  well and  p iped  water  taken  before  en te r ing  the indus t r ia l  d r ink ing  
wate r  ma ins  sys tem exceeded the l imit  of  N 3043 only  in one case. The  D H B  app l i ed  
to the  same water  samples  gave results  that  exceeded the s t anda rd  ten t imes. Clearly,  
therefore,  the D H B  test is much more  sensit ive than the N 3043 method ,  especia l ly  
as far  as the presence  of  Ente robac te r iaceae ,  A e r o m o n a d a c e a e  and  Lancef ie ld  D 
s t rep tococc i  is concerned.  The  exp lana t ion  for this must  be sought  in the fact  that  
the D H B  me thod  (i) relies on a search for more  types  of  G ra m-ne ga t i ve  bac te r ia  
than  the N 3043 technique;  (ii) a l lows for resusci ta t ion  and  subsequent  en r ichment  
which gives suble tha l ly  d a m a g e d  organisms  a be t te r  chance  of  recovery as ear l ier  
observed  by  Bonde (1982). Our  da t a  subs tan t ia te  those of  K a m p e l m a c h e r  et al. 
(1976) who also found  that  the N 3043 technique was the least  p roduc t ive  and  those 
o f  Van den Broek et al. (1979) co r robo ra t i ng  the val id i ty  of  the D H B  method .  

As  shown by  the final da t a  in Tab le  VI I I  a total  of  795; of  the wate r  samples  f rom 
taps  con ta ined  quant i t ies  of  bac te r ia  above  the levels given in N 3043; 89% of  the 
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water samples were above the level specified in the DHB assessment. The higher 
temperature of water in taps and the organic load of this type of water apparently 
exert a resuscitating effect on organisms carrying sublethal lesions (Mossel and Van 
Netten, 1984), so that the differences between the N 3043 and DHB results are 
smaller than those for the well and piped water samples. 

The results in Table VII clearly indicate that the enrichment of E. coli as practised 
in the N 3043 method is both less productive and less selective than that used for the 
detection of E. coli in the DHB method. This, once more, is in agreement with the 
observations of Kampelmacher  et al. (1976). 

As shown in Table VI the method of detection of faecal streptococci in the N 
3043 technique is also considerably less productive than in the DHB. Confirmation 
tests indicated that kanamycin aesculin azide agar (Mossel et al., 1978a) allows 
almost exclusively the growth of D streptococci. In addition, the method of resusci- 
tation applied in the DHB is apparently much more effective than the immediate use 
of a selective culture-medium, as it is practised in N 3043. 

Pseudornonas aeruginosa was never isolated by the DHB method. However, other 
Pseudomonadaceae were demonstrated in 22 of the 105 samples examined. 

The following conclusions appear  to be justified with respect to methodology: (i) 
the DHB method more often yields a positive confirmed result for the coli-aerogenes 
group and is hence more productive than the N 3043 technique; (ii) the DHB 
technique is more selective for E. coli and Lancefield D streptococci. These short- 
comings may in part  be rectified by the recent modifications of The Netherlands 
Standard method (Nederlandse Norm 1981/1982). 

Irrespective of this the DHB method can be recommended for monitoring 
recycled water in the food industry. It recovers reliably all organisms that have been 
recommended in the past and more recently for including in markers which are 
normally used in monitoring water for safety (Habs and Langeloh, 1958; Kretzch- 
mar, 1959; Lieb and Anschau, 1959; Bonde, 1966; Cabelli, 1977; Althaus et al., 
1982; Mi~ller and Mossel, 1982; Burke et al., 1983; Grabow et al., 1983). Further- 
more, the DHB method avoids the pitfalls inherent in testing for the taxonomically 
ill-defined and ecologically unresolved group of 'coliform' (coli-aerogenes) bacteria 
(Henriksen, 1955; Seligmann and Reitler, 1965; Mara, 1973; Leclerc et al., 1977; 
Lupo et al., 1977; Austin et al., 1981; Mi~ller and Mossel, 1982; Lechevallier et al., 
1983; Leclerc et al., 1983; Burhngame et al., 1984). This markedly increases the 
precision of the results obtained. 
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