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The Necessity
of Controlling
Sacterial
Populations in
Potable Waters=—
Bottled Water
and Emergency
Water Supplies

Edwin E. Geldreich, Harry D. Nash,
Donald J. Reasoner, and Raymond H.
Taylor

An article based on a paper presented at the annual mesting of
the Amer. Soc. for Microbiology, May 12-17, 1974, Chicago, IIL.,
and centributed to the JOURNAL on Dec. 18, 1974, by Edwin E.
Geldreich (Active Member, AWWA), consuit. bact.; Harry D.
Nash, res. bact.; Daonald J. Reasoner (Active Member, AWWA),
res. bact; and Raymond H. Taylor, res. bact, [Active Member,
AWWAY; all of the Wtr. Sply. Res. Lab., NERC, ORD, USEPA, Cin-
cinnati, Chic. : 28

Part of the Safe Drinking Water Act stipulates that
communities provide for emergency supplies of watar -
that are safely free of bactsria. This article, in addition

to documenting findings about bacterial counts for bot-

tled water, provides data and recommendations con-

¢erning emergency water supplies. :

The growing public concern over water pollution, the fact
that numerous municipal water supplies use polluted streams
for source water, opposition to the addition of fluoride to some
municipal water supplies, and the taste and odor problems in -

some community water supplies have stimulated growth of the -

bottled-water industry in the US. :

In 1972 there were an estimated 700 water-bottling plants in.
the US, which-accounted for at least $107 million in total sales.
In southern California, where the sales of bottled water are the
largest in the nation, more than 100 mii gal of bottled water are
sold yzariy to an estimated 930 000 customers.}
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Some of the largc botﬂed-water compamcs now rcach large
regronal -markets .throughout the US. With the increased
‘geographical-distribution and growth in bottled-water sales, an
. increasing proportion of the population is exposed to a potable-
water source of uncertain bacteriological: quality.

‘The need for systematic bottled-water-quality surveillance is '

. a growing concern. Some sta;e’s require that bottled-water-
quality standards comply with the USPHS;? however, most
states either have.no regulations, or the existing regulations are

_-ineffective or not enforced. The state regulations range from

programs with a poorly defined sampling frequency to others
*.that specify a- minimum of five samples per month if the
population served is fewer than 6 000 and require an increase in
-sampling frequency proportional to the increase in the popula-
‘tion served. The number of samples required is based on the
sampling frequency curve from the USPHS Drinking Water
" Standards, as shown in Fig. 1. Unfortunately, few states specify
a definite sampling frequency for bacteriological examination

or repeat testing whcn the mmal samplc results are unsat:sfac- '

- tory. .

The assumpuon that bottled water is of unqu&suonably good
quality simply because the source water is a spring or artesian
well is untenable. The labeling of some bottled waters may
even imply that the bottled waters are derived from pristine
séurces that do not require treatment and consequently are
_ superior to municipal water supplies that utilize polluted raw
water sources. The implication is that bottled-water source
waters are initially of better quality and that the ﬁmshed prod-
ucts will retain this high. quality during shelf life before
purchase or when used in water cooling dispensers.

The: purpose of this study, conducted over a 1 1/2- -year ’

period, was four fold:

I. lnvcsugaze the bacteriological quality of a variety of brands 4

of bottled water purchased from retail outlets:
2. Investigate the variability’ in bactenologncal quality of
[reshly bottled water

-3. Characterize changes m the bacterial densuy of botted
water during storage

4. Examine the bacteriological quahty of storcd emergency -

water (cnvxl defense)

Materials and Mothods

‘Ssmple collection. Half- or full-gallon (1.9-3.8-1) containers of

available brands of bottled water were purchased from local
" reuail outlets for bacteriological examination. After initial ex-
amination, some bottled water samples were examined repeat-
edly over a period of 30 days or longer to evaluate changes i in
'bactenal density during storage.

In" addition, samples of freshly bonled ‘water, obtained.
directly- from the bottler, were examined for bactenologxcal
quality. A portion of these samples was collected in conjunction
with'a'nationwide bottled-water study conducted by the Water
Supply Div. USEPA,*in which 25 water bottlers were surveyed.
Five water-bottlers in the C“mcmnau, Ohio, area were mcluded

" in that survey.

Source-water samples collected in sterile, l-l‘potypropylene
bottles also were obtained from the water bottlers. All bottled
water-and source-water samples were transported (unrefriger-
ated) to the laboratory within 6 hr for.analysis. Some samples of
freshly bottled water were held in the laboratory at 23 =-2C for
repeat sampling to determine how the bacterial populauons
changed during storage. After the initial examination, repeat
examinations were conducted over a period of 63 days.

. To obtain. samples of civil defense emergency drmkmg
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Fig 1. Recommended Minimum Monthly Samples per Populat;on
. Served by Water Supply .

) TABLE 1 . :
Eﬂ‘m of lncubarwn Time on Bortled Water Plare C‘oths at 35C
. Coust- No.of ‘| Ratio No. of. Ratio No. of
SPCim Anslyses | 24:72 Hr | Analyses | 48:72 Hr- | Analyses 120:71 Hr
" 30-100 21 025 3] 053 17 1R
101-500 14 “025 |- 28 068 |- 14 123
. 501-1000 0 - 0.2 13 0.68 3 1.09
©1001-10000 | 33 - 020 “ '0.60 12 . 128
10 000- 50 000 2. 023 - Y] 080 7 -
$0/000-100 000 1 031 - 17 0.81. 6. 059
00000 | 12 008 it 062 3 1.03
Toul 129 180 s ‘
Avengs ratio o : 0.67 TS
TABLE 2

Rangs of Standard Bacterial Plate Counts in Fre:hly
Bonled Water Sampla .

Count ’ No.of : Sampies Cumulative
SPCimi .- Samples L. - pereent per cont
4] 23 ' 17.8 17.8
1-10 56 434 . 61.2
10-100. 28 PN 829
100-500 8 T a2 - 891
500-1 000 3 39 . © 930
1000-10 000 7 sS4 : T 984
<10 000 2 1.6 - 100.0
*All samples were plated within 48 hr of botding.
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water. the drum lid was removed and the mp of the mnet poly-

. ethyiene storage bag was swabbed wnth ethanol;.a 25-cm cut"

-] ; wasmadein the polyethylene bag with & sterile kmfe blade; ap-"
. proximately 400 ml of water was ‘pipetted (using a sterile 100-"
“ml volumetric pipet) from the storage drum into a sterile 500--

* ml flask; ‘the opening’in the polyemylene liner, wiis' resealed

- with tape; and the drum lid was replaced. Sample analysw were" L

mmated within 1 hr after collection.

Bacteriological tests. 1. Standard plate caum (SPC) The SPC ofﬂ' :

bottled {freshly bottled and retail-purchased)-and-stored

-emergency dnnkmg-wa;er samples was determined using the
- pour plate procedure described in Standard Methods$

Sample aliquots of 1.0, 0.1, and 0.01 m! were planted, five.
replicates for each dilution, in disposable 15- X 100-mm plastic

.- petri dishes. A '15-ml volume of sterile plate-count agar (used
- for-all SPC determinations), tempered. to 44—46C, was poured .

" into each pla(e and thoroughly mixed with the sample aliquot. -
' The agar was allowed to solidify and thé ‘plates inverted and in- -
cubated at 35 £0.5C. The plates were examined and cclomes v
-~ counted after-24, 48, 72, and 120 hr, mcubauon Results were

expressed as SPC/ml. .
2. .Total and fecal coliform. Total- and fecal-cohfonn-count

*determinations were conducted according to Standard Méthods
“membrane fltration proccdures’Separate 250-mi volumes of .

samples were examined for fecal and total coliform determina-

 tions for.bottled water. For each fecal- and total-coliform deter-

mination of source-water ‘samples, a 100-ml volume was ex-

"amined. -Results were calculated :and exprcssed as' total col-- g
' d‘orms/ 100 ml and fecal cohforms/lOO ml. -

3. Pseudomonas aerugmosa count: The membrane-ﬁlter h

' ':"method of Levin'and Cabelli,* uuhzmg M-=PA agar; was used t0 ° :

examine bottled, source, andstored emcrgcncy-dnnkmg-water
samples for the presence of Pseudomonas aeruginosa. Sample
volummes of 250 ml'of bottled water and 100 ml of source water .
and ‘emergency dnnkmg water were exammed for Pseudomonas :

. aemgmasa

Results .
Incubatlon time. At the start of this study. consxderablf Lo

N dlfﬁculty was encountered in determining the SPC beca 3¢
-~ the slow development of theé bacteria on plate-count agar 1fte:

an incubation period of only 24 hr at 35C. Consequemly. the in- -

| - cubation penod at 35C was extended 10as Jong as 120 hr (ﬁves

days). Colony counts were made after mcubanon penods of 24,

48,72, and 120 hr to determine the 0pumum mcubauon penod o
_needed to obtain valid counts. :

- The data’ summanzed ‘from’ SPC analyses of 180 bottled-
weater samples are shown in Table 1.'Data were derived from-
initial examinations of bo(tled waters and subsequem ‘Tepeat -
examinations after various storage intervals at 23 + 2C. F

" bacterial count used was an average of five replxcale plates, . .u
. only plates that had counts of 30-300 colomes aftera 72-hr i in- -’
“]: cubation at 35C were included.

The data’in Table 1 show that the bacterial counts. al'ter a24- -

'~ _.and 48-hr incubation averaged only 22 and 67 per cent, respec-

tively, of the 72-hr.count. Increasing bacterial densities

1 generally had little effect on these ratios. The notable exception

- . was the 24:72-hr count ratio for densities »>100 000 bacteria/inl.
~".This indicates that when the bottled-water bactérial densify’is -
" “very large, the 24-hr count at 35C approxlnated fewer than 10

per cent of the 72-hr count.
.. The mcubauon period for. the bacterial plate count was ex-

. tended to 120 hr (five days) to determine-ifa longer incubation .

penod would result i in. funher mcreases nn the plate counts of -
' E E. GELDRE!CH ETAL 119



, ' TABLE 3 )
Smndard Baamal Plale Counts in Botiled Water Oblamed me

TABLE4 - = . -

Reta:l Outlets®
; S Co arison of Standard Pldte-Count Variabifi on an
Count’ No.of - ' Sampies Cumulative mp Of f Bo tiled W 4 Am 3 d‘
SPCmt - Samples per cent Py cent 9 ed Water
. - on AT : 109 - : S
S |3 - s | | o | B
w0 | T st Brand Type Semples SPCimi - Somplest
- 300-1000 6 T 59 B A b | 91 €10-25 000 )
1000-10000 - 16 159 $02 Crewil 16 <10-28000 ané
310 000 20 198 . 1000 B ol s 10260000 . o
. X - —— c - fresh -1 Qo o3
*Samples purchesed afier undetermined periods in stock retail n 1 200-160 000 ont
. D rewil I 31650 T o5
E fresh 1 a0 I on
, . . retail 2 100 000-390 000 n2
. o N . o - F reud 2 €10-12000 2
bottled-water samples. Data from 51 samples (Table 1) indicate G m - f <10 on
that increasing the incubation period from 72 to 120 hr pro- B retail M 83_,,0 ‘,‘g
duced only a 15 per centincrease in count. The sample-to-sam-- } :::1' § : g_g_ 21000 1. tixg
ple variation in the percentage increase in bacterial count was X’ reail 2 {10-12 N
found to be greater between the 72- and 120-hr incubation " v 1 o ® o
‘than between the 48- and 72-hr incubation time. Because of N retail 1 <10 on
the relatively small increase in bacterial count, extending the 5 o ' :’;",36 "
incubation period from 72 hr to 120 hr had little advamage for 9 : ::ﬂd : <}g o
most samples. P rewil |, 1 1 o

Froshly bottled water. A total of 129 freshly bottled water sam-
ples was collected directly from 25 different bottlers. Of them,
_only 14 (10 per cent) had an initial SPC greater than 500 bacte-
ria/mi (Table 2). Total coliforms were detected in six samples;

only two of them exceeded the USPHS Drinking Water Stan- B

dards coliform limit (for an individual sampie) of 4 col-
iforms/100 ml. Also, one of the two coliform-positive samples
contained fecal coliform bacteria, and the other coliform-posi-
tive sample contained 42' Pseudomonas aeruginosa/100 ml.

Bottlad-wster samples of unknown sge. The bacterial densities

of ‘bottled - water purchased from retail outlets were highly

variable. The data in Table 3 show that 42 of 101 samples (41.6
per cent) contained more than 500 bacteria/ml, and about 11
per cent conmmed fewer than 1 bacterium/ml. Three samples
had total coliform counts that exceeded the USPHS Drinking
_ Water Standards. Fecal coliform bacteria were not detected, but
one sample contained Pseudomonas aerugmosa at 2 concemra-
tion of 13/100 ml. :

Table 4 shows the vanabllny in bacterial density and the fre- .

quency of coliform-positive samples among the 19 brands of
bottled water analyzed during this study. Examination of the
- density ranges of bacteria reveals the variability of the SPC
from brand to-brand as well as the variability within the same
br'and where multiple samples were analyzed. o

Comparison af the data in Tables 2—4 shows ihat the bac-"
tenologncal quality of bottled water examined within 48 hr of :

boulmg was not representauve of the. quality of bottled water

" obtained from:the retail shelf after an undertermmed penod in
stock.

- Forty- four bottled- waler samples purchased from retail

stores were stored.at room_temperature for 30 days and sam-

pled weekly. The maximum SPC/rnl recorded for stored bot-’

- tled-water samples are grouped by range in Table 5. The SPC in

33 of the 44 stored samples (75 per cent) increased to more

than 500 bacteria/ml during the storage period; this indicates
that sufficient nutrients were present-in the bottled waters to
support significant increases in bacterial densities.

1n addition, changes in_ bacterial populations of six freshly

bottled water samples stored at 23 + 2C were observed for a

period of 63 days. These samples were collected and examined

-in conjunction with a nationwide pllOl survey of water-bottlers

and bottled water.* The data i in Table 6 show the bactenal den-
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*Fresh = samples direct from bottler, examined within 24 hr;

ret2d = samples of .unknown age purchxsed from retail outlets. '
1Standard plate count (SPC) range values represeat aversge count of bncumlml. calculsted
from five replicale plates incubated for 72 hr 2t 35C using plate count agar.
tOne or more cotiforms/100 mL .

"

tod watsr, card

' TABLE § . ’
Maxwmm Smndard Plate Counts Attained in Retail Purchased Bottled
Wamx Dunng Room Temperature Slamge Jor 30 Day.: )

Maximusm Counta . No.of B Sampies Cumulative
- SPCimil - . Sqn?ks per cent | percent
<1 2 45 o 43
1-10 Y 9.1 . 136
10~100 4 9.1 7
100-500 i 3 : 250
. 500-1 000 | 23 . 213
- 1000-10000 13 33 ) 56.8
>10 000 Lk 432 100.0
TABLE 6

Variation of SPC in Fresk Botiled Water Samplé From The Cincinnati, Oh:o.
) Area During Slamge at 23C x 2C*

Storage. . Sampie Number

Period. - - -

Codays " | 1 2 3 -4 s - .6
0 4t R 2 B | 1 o1 3
3 20000 350 15000 | 5 3 4
s 52000 - 2250 21 000 3 39 - 4
7 43000 1300 - 100 | 36 | 28 T8
10 . 76000 670 70000 130 © 7 21700
14 47000 10 18 000 1o | 3 29 000
21 40000 . 1700 13000 2200 2200 . | 100000
2 35000 2100 2200 | 1200 1300 53000
.35 33000 1400 | 1400 . 690 880 - 56000
4 4000 .| 1900 1 400 650 1100, $3000
9 43000 4900 .| 660 700 | 1100 45000
56 45000 1 000. 450 - 310 - 480 ] 50000
63 ..] 61000 1200 - 490 240 360 | 44000

*Storage study penod l'o: all sunplu began within 24 hr of bostling.
tAverage /ml, fated from five repli plam mcubued for 72 hr 3t 35C \mh the
use of plate count agar. - i
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. TABLE 7
Standard Pla!e Counls in Stored Owl Defense Emergency Water
- Ave
o 72-Hr Incubation? Five-day [ncubations Count
Count - —— - Ratio
SPChni® No. Samples per cent No. Samples percent 72:120 He
0-10 4 133 2 9.4 T 100
10-100 .8 200 2 935 - 0.73
100~500 1 267 3 143 ‘050
$00-1000 2 67, 6 26 .| o3
1 000~10 000 1 33 2 95 0.10-
» 10000 ) 200, 6 286 0.44

*Each value used was an average of five replicats plates, i “"!ofeixhern'hrorlmhr

(five days) at 35C.
‘fincludes sl sampics for which 72-hr SPC was determined.
!bduda only ump!a for which both the 72-he and Avo-dsy SPC were deunnmed. .

TABLE 8 .
Changex in Bacterial Quality Following Initial Dizinfection of Civil Defence
Emérgency Stored Wa:er )

Oc:umnce-qer cent
Count . T Moaoths . -Years
SPChmid ;

T 1 ] 4 § s |12 s 16 9
<1 <451 |92 | 29271296 {364 [ 294 [718 | 738 100
1-50 172 1228 | 97 | 162 | 127 [ 194 | 49 [mooe {100

51-100 3l 321 291 10 | 83 |1s0
101-300 94 101 1139 1 27 | 143 | 132 ] 583 |noae | 300
+ 301-1000 - 31§ 63 | 421 27| 32 44| 1.0 [oone | S50
10015 000 63 (789 {139 203 [ 127.{177 |- 87 | $3 lnone
S001-10000- | 17 | 63 | 83 | &8°[ 32| 151 49 [none {100
10001-50000 .| 9.4 [ 13 tiL1'| &8 19 F 74} 10 ] 105 [150 -
50000 .| 47 | 38| 14| &8 64 | 44 |noae [. 53 | SO
Total sunpkn ] ” |17 [N 63 |68 o3 9. 120

TABLE 9
Emergency Dmnfecuon T/earment for Stored Supplies of Dnnkmg Water
.| Approximste ‘Treatment
- | of Available- g
Commercial | Disinf Disinf Yolume | . . - .
Product per cent Quantity® |Treated—ga/] ~ Source Availability
-| High-test- . ) ¥ tablet 30 cial, botel,
hypochloride ' . dairy, and swimming.
tablets . ' L -pool supplies
loding or chlorine ™ | ~. 2 ubles . W4 .[drug store and sponting
ladless - . goods store
lodophorat - © KO-1.6 11bs 445 Idrug store, dairy and
- . . chemical supplies.
Liquid chioriae 3 1gbe- 20 grocery siore
Jlaundry blesch .o . ]
Tincture of iodine .2 Tits 1 8 drug store .
Chiorine based . R X 1ds c 4 _drug store
astiseptic powders

“Ten-mgA dose, 30-min contact time
tisodine, Blair Co; Wescodyne, W:sl Chemical
‘Zcmlc. Norcliss Co. -
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sity changes that occurred in each of the six bottled water sam-, g

ples starting within 24 hr of bottling. Each standard plate count

~ - in the table represents the average. of five rephcate plates incu- -

bated for 72 hr at 35C. -

These results indicate that bactenal densmes in botded water.

increase appreciably during storage and raise. quesnons con-
cerning (1) possible interference with ¢oliform detection, and
(2) the possibility of increased risk of human expostire to bac-
teria known to be secondary pathogens, ' :

Stora.ge effects. To determine if the increase in' bacterial den-
sity in bottled water could be minimized during storage, seven

* pairs of bottled-water samples were purchased. One bottle from -

each pair was stored at refrigerator temperature (4 + 2C) and -

" the other stored at room temperature (23 + 2C) for the dura-
. tion of the storage experiment. Samples from each bottle were

examined weekly for enght weeks to observe changes in bacte-
rial density.
Results from six of the paired samples showed that xhe max-
imum bacterial density attained in the stored refrigerated sam-
ple was significantly lower. than that attained in the stored -
unrefrigerated sample (Fig. 2). In the remaining paired sample, .
maximum counts of less than 20 bacteria per ml were observed
in both the room temperature and refrigerated samples. The '
peak bacterial densny in the refrigerated sarnples occurred after

"an average storage of 26 days, as opposed. to only eleven days
’ storage for the room-temperature samples.

Emergency water. Water samples were collected from 17.5-gal
(66.2) drums of civil defense emergency water that had been

'stored for ten years. The ranges and the distribution of SPCs for

30 emergency water samples collected during.the period Jul
1972 to Apr. 1973 are listed in Table 7. SPCs after incubation at
35C for 72 hr and 120 hr (five days) and the average 72:120-hr

- countratios for the plate countranges are also shown. The data

show that 21 of 30 samples (70 per cent) had.a SPC of fewer’

-than 500 bacteria/ml after 72-hr incubation at 35C. Of the sam-

ples for which SPCs-were determined after both 72-hr and five-

. dayincubation, however, only 7 of 21 (33.3 per cent) contained

fewer than 500 bacteria/ml. These data indicate that the five-
day-incubation SPC at 35C provides a better esumate of the

* bacterial density of stored emergency water than. does the 72-.
_hr mcubauon Total coliform, fecal coliform, and Pseudomonas - -

aeruginosa were not detected in any of the 30 emergency water

. samples analyzed.

Discussion : :

Bottled water, fresh u'-d stored. Concern over the bacteriologi-_
cal quality of bottled water dates back at least to 1916.” How-
ever, there is little-documentation of the vanab:luy of bottled-
water quality. N

" These results indicate (Table 1) that bollled ‘water samples

. should: be. mcubated at 35C for 72 hr to obtain reliable SPC

data. Many of the bacteria. detected in bottled water grow
slowly when inoculated into the nutrient-rich medium used for
the SPC analysis. Therefore, SPC analyses of bottled water sam-

. ples using 35C for 24 hr or 20C for a 48-hr incubation generally
_will not provide an accurate estiraate of the bacterial densities
.in the samples. The same conclusion applies to the examination

of stored, emergency water samples (Table 7, -except that in-.. .
cubation for 120 hr (five days) at 35C is needed to obtaxn relia-
ble counts. Therefore, minimum incubation penods of 72 hr
for SPC analyses of bottled-water samples and.120 hr for stored

emergency water samples at 35C are recommended. The plat- . . ..

ing medium should be plate-count agar or uyptone glucose cx- '
tract agar.’ ’
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Alxhough a specnﬁc sr.atement may not be presem on 1he :

brand label of a bottled-water product, the label may imply lhaz

the bottled-water source is of better quality than the: mumcxpal -

supply source and that the finished product will retain the ini-
_ tal high quality throughout its sheif-life. The tesults obtained
. do not support this implication: the bacteriological quality of
the freshly bottled product varied greatly from brand to brand
and from sample to sample within the same brand. Although
. the data-are not presented here, source-water samples from
brands A, C, E, and G exhibited wide variability in bacterial
content. The method of treatment before bottling appeared to

be more important than source-water quality in determmmg .

the bacterial quality of the finished product.

- The type-of treatment used for the production of bouled

water was variable. The data collected during the bottled-water
-survey* show that-the use of a single means of treatment was

infrequent—usually a series of treatment steps was used. The

‘bottled-water treatment process ranged from no treatment to-a
combination of treatment steps that mxghl include softening or
ion exchange, filtration, and disinfection.

_"Ozonation or ultraviolet irradiation was most frequeny used

o as the final disinfection step ‘before bottling. The bacterial
quality of bottled waters disinfected by either of these methods
was highly variable among bottlers and for a given bottler at -

different times.
Of the various bouled waters exammed in the Cincinnati
area, one brand was pasteurized and its usually good quality was

maintained during storage. In general, bottled waters treated by.
an jon-€xchange column (or bed) or by filtration alone wére |

poorest in quality because of the bacterial growth on the ion ex-
changer or filter medium as a result of mfrequent or inadequate
mamtenance of the equipment. '

' " Wallis and associates® have shown that charcoat filters used
to remove objectionable tastes and odors: from drinking water

‘can support large bacterial populauons The charcoal filters’
.concentrate both bacteria and orgamc nutrients and then pro-

vide a place for the bacteria fo multiply. Bacterial concentra-

- tions as high as 7.0 x 108 cells/100 ml were detected in the
-effluent from a charcoal filter only six days after installation. ‘
Beds or columns of ion-exchange resins or activated carbon" .
may support similar growths of bacteria unless propetly main-

tained and serviced. Good quality bottled water was generally
produced by a combination of filtration'or dlsullanon and ozon-
ation of ultraviolet irradiation.

The ‘use of protecuve sealed caps on boules and covered
storage during transit to the consumer have reduced the risk of
bottled-water contamination. Unprotected storage in business
establishments and homes, poor handling techniques, and wa-

-ter dispensers of questionable cleanliness may, however result:

" in rapid deteriofation of bottled-water quality.
Few coliform bacteria were recovered from bottled .water

.during this study. During a study conducted in 1936, 9 coliform
bacteria were detected in 32 per cent of 212 bottled-water cool-

ing dispensers, and 8.5 per cent of the samples contained ‘ap-
proximately 1000 coliforrns/100 ml. A more recent study re-

ported coliform bacteria in only 6.4 per cent of 1040 bottled- -

water cooling dispensers, and counts ranged from 2.2 to 240

- coliforms/100 mi.1°" Apparently, better cap protection, im- .

proved dispenser designs, nonreturnable plastic. containers,
and improved handling and sanitation of water-cooler dispen-
" sers have reduced the coliforrn occurrence.

In some cases, however, new nonsterile plasuc bottles can be

a source of contamination. The bottles are shipped by the
manufacturer in unsealed cardboard boxes containing six un- -
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" Capped boules, the caps, packaged in plasuc bags. are shlpped' .
. separately in bulk quanutles i

‘Eight unused bottles were exammed by rinsing each boule '

- with- a volume of sterile buffered water followed by (1) plating
" 1-ml aliquots in plate-count agar and incubating at 35C for 72
“hr or (2) filtration of 50-ml: aliquots through sterile 0.45-um

membrane filters that were then placed on a modified plate- -
count medium and incubated at 35C for 72 hr. These new
plastic bottles contained a‘low density of bacteria (counts

‘ranged from <1 to § bacteria/ml) that contributed to the con-

tamination of the finished product and resulted in decreased
product quality.
Persistence of initial bactenal contamination, whether col-

iform or noncoliform, will be determined by the availability of

bacterial nutrients, water temperature, pH, and antagonism or

competition of other bactena presentin the water.. Inonestudy "~

of botued spring water, coliform bacteria in the contaminated
botued-water samples persisted for periods of fewer than two
weeks.!0 A die-away interval of nine to fourteen days was noted

‘ " for fecal coliforms in spring  water from another geographical

area, ' but the total coliform population persisted for four to six .
weeks, undergoing a declining cyclic survival pattern. Numbers
of parallel studies in different types of water have shown' that
fecal coliform and Sa/monefla survival rates are essentially iden-

tical;!? therefore the occurrence of fecal coliforms in spring

water could indicate the possible occurrence of pathogens.
_In addition to indicator bacteria, a large, general, bacterial
population may occur in bottled water; this population depends
on the kinds of bacteria present and the availability of nutrients
in the water. Pigment-producing bacteria are frequently found

in bottled, distilled, and stored civil-defense water.!>-1¢

When bottled-water samples examined during this study
contained pigmented bacteria, the proportion of the standardl '
plate count represented by the pigmented forms rariged from -

- - only a few per cent to nearly 100 per cent. In some bottled-

water samples. the bacterial ‘population ‘included yellow,
orange, or pink pigmented forms. Yellow forms were most
often encountered, but in two instances a pink pigmented bac-
terium accounted for nearly 100 per centof the bacterial popu- .

" lation. The pigmented forms were predommantly gram-nég-

ative rods that varied widely in size.

Bactenologlcal results (Table 7) obtained durmg this swdy
from stored emergency water-supply samples were in good
agreement with results obtamed for a prevnous study.

In this prevxous study the quality of emergency wa!er sup-
plies located in twenty cities was examined over a twelve-
month period to determine the effects of long-term storage.}’
Periodic coliform and SPC analyses were performed on samples

- from twenty 17.5-gal (68-1) water-storage drums during the :
. first year of storage. The water, which was obtained from the

local community water supply, was stored in a polyethylene bag
surrounded by an outer polyethylene liner. At the time of fill-

iing, 7 ml (1 teaspoon) of 5.25 per cent chlorine bleach’ was

added to each drum of water to protect against accidental con-

‘tamination during filling and handling operations.

The long-term protection afforded by chlorine disinfection is,
however, limited by the chlorine demand of (1) organic and in-
organic substances in the water, (2) the polyethylene bag, and
(3) dust contamination accidentally introduced during long- .
term slorage .Studies indicate that effective free chlorine re-
siduals resulting from liquid laundry bleach or chlorine lablets
placed into civil defense water-storage drums!’ probably per- -

- sists for several weeks (Fig. 3). These data also indicate that the .

hqmd chlorme solunon was instantly soluble and gave a shghlly
' JOURNAL AWWA '



hlgher concemrauon of avaxlable chlorine than dsd the chxonne :

tablets.
. + In samples from a total of 87 sxorage drums in the twenty
_cities, unsatisfactory coliform results were recorded for only six

samples. One supply had coliform densities of 15/100 ml in the .

first month, 38/100 ml in the fourth and 9/100 ml in the twelfth
month. Coliforms were not detected in the initial sample or in
the three-, five-, or eight-month samples, which. suggests that
contamination of that particular water drum may have recurred
at times during the twelve-month storage period.
. The general bacterial quality of stored emergency’ water sup-
plies was variable and related directly to the quality of the
source waters used. Source-water quality was examined in 62
instances during initial filling of ¢ivil defense water drums in
1962. The community water supply in only one city had an ex-
cessive bacterial count, which ranged frem 2 100 to 10 000/ml.
Thirty source waters (48.4 per cent) contained 1 organism/ml,
and 24 samples (38.7 per cent) had bacterial counts that ranged
‘from 1to 16 organisms/ml. A significant decline in the overall
_ qualny of water in these stored supplies occurred during the
first year of storage (Table 8). Apparently, the bacterial flora
initially present.adjusted to this particular water environment
and, with changes in dommance of microbial speczes. reached a
stabilized density.

Stored-water samples were obtained after five and six years

storage from. two different metropolitan areas not included in
the earlier investigation. The bacteriological data obtained from
- these samples generally agreed with the data from the previous
study. The results indicate that long-term storage produced a
substantial increase in the number of stored water suppliés that
had less than 1 bacterium/ml. However, occasional _samples
" from five- and six-year-old stored- water supphes had apprecxa‘
ble bacterial densities.
Examination of the bacterial populations that persisted in
stored water after approximately five years revealed that 22.8
per cent of 167 samples contained species of FIavobaclenum

and 16.2 per cent contained species of Pseudomonas. Flavobac- E

teria were frequently dominant, and counts ranged from 10 to
26 000/ml.

Recommendat:ons
Bottled water. The results from the bonled water survey and

the storage studies support two recommendations for the bot-

ted-water industry and retailers. First, refngerated storage will
~ minimize bacterial multiplication in bottled water from the
time of bottling to sale. The consumer should aiso be advised to

keep bottled: water refrigerated. Second, each container should -

be marked with the bottling date or lot number or both 10 assist

the retaxler and consumer jn determining frmhness The lot -

number is desirable as an aid to the recail of a-given lot of bot-
tled water from retail shelves if the bacteriological quality is
. found unacceptable. These measures which are designed todis-
courage retail bverstbcking and shorten storage time would
minimize increases in bacterial populauons m bottled swater
products.’
Bottled drinking water should be analyzed for bactenologxcal
quality at the same frequency per month as is requnred by the

USPHS Drinking Water Standards (Fig. 1) and include a-repeat .
sampling program and a follow-up. sannary survey when the .

results are unsatisfactory.?
At the time of bottling, the water should comam less than

one coliform per 100 ml and have an SPC of fewer than 500

bacteria/ml. Samples taken from supermarket, drugstore, or
restaurant suppliés should have fewer lhan 1 coliform/100 ml
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f and an SPC of fewer than 1 000 organxsmsil ml. Establishmem-

of an SPC limit is sugsested for control of bacterial qnahty

: 'detenoratxon during storage. The storage limit of 1000 bacte-
_ria/ml for bottled water is higher than the 500-bacteria/ml Emit

. suggested for treated distribution water!? because bottled
" waters may normally be stored for a longer period than the resi- -

- dence time for community finished waters in d:stnbuuon lines. .

In addition to this, bottled water usuany does not contain

" residual chlorine to control bacteria and is not subject to other

problems associated with distribution lines such as sediment
buildup, line breaks, back sxphonage due to low pressure, or

. other related problems.

Concern over high bacterial counts in bouled—water relates
1o (1) the possible Joss of coliform test sensitivity in waters with

_ excessively high bacterial populations and (2) the increased

risk of human exposure to organisms that are considered sec-
ondary pathogenic invaders.!® The bottled-water standards

adopted by the USFDA, which became effective on May 22,
. 1974, do not include an SPC limit for bacteria, although the

coliform limit is similar to that of the present USPHS Drinking.
Water Standards. This is unfortunate because in many cases
bottled water is recommended for use in preparing baby for-

‘mulas, prescriptions, and fruit juices, coffee, tea, and other
" beverages. Thus, some infants and many older people who use

bottled water are in a position of increased health risk because
of posslble exposure tg bacteria that may be secondary patho- -

" gens. Both young and elderly individuals are relatively more

susceptible to secondary pathogens than the rest of the popula-
tion.
Stored smergency water. The requnremems for stored- emer-

geacy water supplies set aside for use at time of natural dis-

asters or during war-time devastation are unusual. These stored
supplies may be used for drinking water or for medical treat-
ment of injured personnel. Water used to treat the injured must_
be of good overall bacteriological quality, and- quality sur-
veillance requires an examination of the water for more than '
fecal contamination. Radiation exposure may reduce the pa-

“tient’s whue-cell count, impair body resistance to bacterial in-

vasion, and thus enable apparently harmless bactena to
become serious pathogenic invaders.20-3
"Ensuring the continual availability of a hlgh-quahty emer- :

* gency water supply over an extended storage period is difficult.

Initially a high quality source water must be used and care must -

. be exercised to prevent conlammauon when ﬁ]hng and sealmg

storage containers.

Nutrient concentrations .in stored water supplies, aithough

low, are sufﬁcxem to permit slow growth of some bacxena ini- -
tially present in the source water or introduced by contamina-

_ tion during storage. For comparison, the nutrients available in -

distilled water rhay be present in trace amounts, yet examina-

" tion of these waters shows that sizable bactenal populations
"can develop.!>1% 19 Because the organisms in stored water sup-
- plies have adjusted to slow growth rates, the need to incubate

pour plates for 120 hr (five days) to obtain a reliable bacterial

" count is re-emphasized.

The data available on stored, eraergency dnnkmg water sup-
plies indicate that water-quahly deterioration occurred in a sig-

. nificant number of the filled water drums. Contamination dur- .

ing storage may occur, but. it is probable that most bacterial oc-
currences relate directly to the initial source-water quality. In-
either case, disinfection is recommended before emergency
use, particularly if the water must be used for first-aid treat-
ment, for drinking, and for bathing purposes by disaster casu-

) :ames In emergcncm dlsxnfcctxon is best accomphshed by
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'boiling the water for at least 1 min or by using commonly

available disinfectants?*such as household laundry bleach,

'swimming-pool disinfectants, tincture of iodine or various:
trade:name iodine or chlorine tablets. The data in.Table 9 indi- -

" cate the guantity of some of the products required to release 10
'mg of Cl, 6r 1, per litre of water. Recommended contact time

" should be 30 min to ensure maximum kill rates for various or-

ganisms that might be present. . ’
_Finally, emergency water stockpiles must receive periodic in-

spections for evidence of water leakage and evaporation. Occa-.

sional inspection of some supplies revealed empty or partially
filled water drums. One recommendation proposes a continual
monitoring program for these supplies, inctuding semiannual
bactericlogical examination!? of samples taken at random from
each supply: two, three, or four drums per shelter would be ex-

amined when the stockpile contaias 1-100,100~1 000, or

1 000-5 000 drums, respectively.

Acritical need exists to reduce the bacterial population tothe

_ lowest level possible in all emergency supplies. During an an-
nual or semiannual inspection a systematic effort should -be
made to reestablish a free chlorine residual, preferably 10 mg/l,
in each water. drum, Also water drums depleted because of
water loss or fouled in dirty or flooded storage areas should be
routinely refilled. Such . inspections would involve carefully
opening and reclosing the plastic water bags to avoid accidental
contamination of the water. - : : :

© Summeary - .

Although coliforms were infrequently detected in bottled

water, the general bacterial population often exceeded 1 000 or-.

ganisms/ml. The initial quality of any bottled water is related, in

part, to the quality of source water, but the type and effective-.

ness of disinfection are much more important. Contamination

during bottling or storage may result from poor plant sanitation, -

reuse of unclean glass bottles, or improper maintenance of dis-
infection or other treatment equipment.

In spite of the possibilities for contamination, low bacterial .-
densities found in many freshly bottled water samples indicate.

" that good quality bottled water containing fewer than 500 bac-

_ teria/m! can be produced. There will generally be some

- deterioration in bacterial quality during storage before sale, but
by use of good plant sanitation and refrigerated storage, the
bacterial densities in bottled water can be held to-fewer than
'1000/ml. Thus, the authors recommend a working limit of 500
bacteria/ml for freshly bottled water and a permissible increase
. during storage to a maximum of -1 000 bacteria/ml.
In general, the pasteurized bottled water tested was of ex-
cellent quality and did not deteriorate during storage. Based on

data from a pilot survey of 25 bottlers,Sultraviolet irradiation or -

ozonation ‘or both, however, most frequently was used to disin-
“fect source water, and the bacterial quality of bottled water
treated by either method was. highly variable. Bottled waters
prepared using ion-exchange columns (or beds) were poorest
in quality because of bacterial growth in. the ion-exchange

media and infrequent or inadequate maintenance of the equip--.

ment. This problem is easily remedied but often overlooked or

ignored until a regulatory agency, such as a state héalth depart-

" ment, enforces proper replacement or maintenance of deioniz-
" ing media and equipment.’

The lack of systematic surveillance of bottled walers is a mat-

ter of growing concern. These sources of drinking water should

" be analyzed at the same monthly sampling frequency as that re- -

"quired by the USPHS Drinking Water Standards for commudity
water supplies, including repeat sampling and a follow-up sani-
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‘tary survey when results are unsatisfactory. -

The bacteriological quality of emergency water supplies mby
deteriorate during storage and may present 3 health hazard if
such supplies are éver needed. Because the quality of stored
water may be difficult to protect and maintain over indefinite

. storage periods, all emergency stored water supplies should be
- given supplemental disinfection during annual inspections and’

before use in an emergency.
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Committee Report: Microbiological

Considerations for Drinking |

Regulation Revisions

AWWA Organismsin Water ComMittee

Because of the importance of the microbiological quality of water, the AWWA Organisms in .

~ Water Committee elected to review the various options and approachés that had been
proposed in connection with revised drinking water regulations. This report addresses thése
proposals, as well as ‘current practice, and summarizes the committee’s concerns and

recommendations.

As required. by the Safe Drinking
Water .Act, the US Environmental Pro-
tection Agency (USEPA) is involved ina
comprehensive reassessiment of federal
drinking water regulations.! A signifi-
cant part.of this reassessment deals
with microbial degradation of source
water quality, waterborne disease out-
breaks(Giardia, Yersinia, Campylobacler,
Legionella, and viral agents), adequacy
of the coliform indicator, the impact of
alternative treatment processes, mea-
surement of microbial quality, monitor-
_ ing of public water supplies, and the
approach to public notification. Many of
‘the proposed options and new approaches

relating to these issues were addressed

in the NATO/CCMS Drinking Water
" Pilot Project,? the USEPA Microbiology
Workshop,® and the AWWA Research
Foundation-USEPA Workshops on the

Revised Primary Drinking Water Regu- .

_lations.* Because of the importance of
these issues, the AWWA Organisms in

Water Committee elected toreview these -

proposals and existing practices and to

present a synthesis of concerns. and

" recommendations.
 Treating and protecting water supplies

_. Increasing’ urban populations often
place a burden on water suppliers, both
in terms of the quantity demanded and
in terms of contamination potential
" through the use of less-desirable raw
waters derived from polluted rivers,
Jakes, and groundwater. Wastewater
treatment plants, urban and rural runoff,

feedlots, and a host-of other activities -

- often discharge to a watercourse that

may be the source for a public water-

supply. Even.the most pristine watershed

-is potentially contaminated with or~

ganisms pathogenic to humans,

Surface waters. Surface water is at risk
from microbiological contamination.
- Giardia lamblia, for example, has been
recovered from isolated lakes and
streams where there is little human
activity. This pathogenic protozoan is

Aless-susceptible to conventional disin-
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fection practices than are coliforms and
other bacteria. Further, particulate
matter can physically protect even sus-
ceptible pathogenic bacteria and viruses
from the disinfecting agent. The com-
bined effect of these two factors has
resulted 'in outbreaks of waterborne
disease involving surface supplies, even

when disinfection produces water meet- -

ing the coliform standard. -
The AWWA committee agreed that a

dual barrier is desirable to provide a -

consistently high quality water supply.
Minimal treatment of surface waters
from restricted watersheds should con-
sist of coagulation and rapid sand fil-
tration to entrap cysts and turbidity,
followed by disinfection- to ‘inactivate
any remaining cysts, coliforms, patho-

- genic bacteria, and viruses. Slow sand or -

diatomaceous earth filtration, in cen-
junction with "disinfection, is a viable
treatment alternative, which would in
addition eliminate the need for chemical

pretreatment. Exceptions to these treat-

ment requirements would be based on a
past record of nogiardiasis caused by the
public water supply, periodic monitoring

of treated water for Giardia, a watershed -

management program to minimize the
potential for contamination by enteric
viruses and Giardia cysts in the source

- water, demonstration that the water
- characteristics will not interfere with

effective disinfection, and “alternatives

_to filtration that will meet the require--

ment of a thousandfold reduction in
microbial contamination. o
Wastes must be treated properly to
minimize pathogen releases. Steady
progress is being made to bring on-line
more waste treatment facilities nation-

“wide. Most important, treated waste-

waters should be disinfected, unless it
can be demonstrated on a case-by-case
basis that there will be no adverse

environmental effects. Variance from:

this requirement should depend on
considerations. of time and .distance,
water temperature, the microbiological

_nature Qf the discharge (e.g., path‘o_genic

Water

bacteria,. viruses, or parasitic proto- .
zoans), and the efficiency of the available .
water treatment barriers. :
Several factors justify the disinfection
of wastewater effluents. First is the
philosophy of maximizing public health
protection through a multiple barrier
concept. Disinfection of treated waste-
water provides the initial barrier to the
transmission of waterborne disease.

-Removal of this barrier simply transfers

an additional burden to the potable water
purveyor. The second concern is that
wastewater treatment is often not precise
and reliable, with some municipal plants
being unable to meet permit limitations,
thus making disinfection less effective.
Efficient disinfection. of the treatment
plant effluent ensures controlled minimal
protection for. downstream water users
and reduces microbiological contamina-
tion during periods when treatment
processes are not operating properly.
Where feasible, chlorinated sewage ef-
fluent should be retained on the premises
until thechlorine residual has dissipated
or, upon release of the effluent, is not
detectable in the discharge for more
than 330 ft (100 m) downstream. Tri-
halomethanes formed during chlorina- -
tion of wastewater may be significantly
dissipated in the receiving stream pro- '
vided there is adequate dilution or
volatilization. o
When there is concern over the effect
of chlorine-based disinfectants on aquatic

life, alternative processes or disinfec-

tants, e.g., dechlorination, ozone, or
ultraviolet light, can protect both the
native aquatic biota and the downstream
water supplies. The AWWA committee

"bélieves that the overriding concern is
" public health protection. and’ that the

water purveyor should not be forced to
demonstrate a public_health threat to
make upstream disinfection of waste-
water mandatory.

Surface waters receiving discharges
from municipal wastewater. treatment -
plants and industrial and agricultural .
activities require more complete treat-
ment, including coagulation, floccula-
tion, sedimentation, filtration, and
disinfection to minimize organics and.
fluctuatirig densities. of microbial ‘con-
taminants. Such serial treatment pro-
vides the multiple barriers needed to -
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ensure the microbiological quality of the
water. In the case of source waters that

need special treatment to reduce sus--

pected carcinogens, the use of aeration,
ozonation, activated carbon adsorption,
or another effective process before disin-
fection may be desirable. However,
microbial activity does occur in granular
" activated carbon (GAC) processes, pos-
“sibly resulting in regrowth related to
biodegradable organics, especially in
warm-water periods. In addition, carbon
fines may transport bacteria in GAC
product water during stabilization of a
‘new bed of virgin GAC or replacement

with reactivated GAC. Neither problein -

is beyond control if reasonable treatment,
" precautions are taken.
aters. Groundwaters derived
from deep aquifers are generally of good
bacteriological quality because percola-
tion of water through soil resulis in the
removal of much microbial pollution. As
" Given the widespread potential for
groundwater contamination, it is pru-
dent to assume that, unless otherwise
demonstrated, groundwater supplies also
contain microbiological contaminants
. and need to be treated. Specifically, all
treatment plants for public groundwater
~ supplies should incorporate disinfection

or at least have disinfection capability. -

‘An allowable variance to this require-
ment would be based on increased

bacteriological monitoring, no record of -
anoutbreak with the current operational

configuration, and annual sanitary sur-
veys to demonstrate continued integrity
of the system. : : '
Giveri the wi
groundwater contamination, it is pru-
dent to assume that, unless otherwise
. demonstrated,groundwater suppliesalso
contain microbiological contaminants
and need to be treated. Specifically, all
treatment plants for public groundwater
supplies should incorporate disinfection
or at least have disinfection capability.
Variance to this requirement would be
based on increased bacteriological moni-
toring, norecord of an outbreak with the
current operational configuration, and
-annual sanitary surveys to demonstrate
continued integrity of the system.

Finished waters. For either surface
water.or groundwater, the ideal disin-

fectant should be capable of maintaining

a residual throughout the distribution’

system to control microbiological re-
growth and protect against other con-
‘tamination events such as cross-con-
nection or low line pressure. Disinfection
has been one of the most effective public
health practices of modern times; this
fact must not. be lost in the current

- controversy surrounding chlorination-

by-products and carcinogenesis.

~ Whatever raw water quality problems
are corrected by adequate treatment, all
is for naught unless proper distribution
system ‘water protection practices are
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de_spfead potenfial forv

“followed. Maintaining' a disinfectant
_residual in the distribution_ system is
critical, but it is just one step in proper-

system management. Toensureédelivery

of a high quality water to each consumer,.

managers of public water supply systems
must be vigilant for any contamination
in the distribution network and for
eviderice of water.quality degradation.

This is made difficult by the complexity -
of a distribution system, which is a

network of mains, fire hydrants, valves,
auxiliary pumping or chlorination sub-

_stations, storage reservoirs, standpipes,

and service lines.
Properly constructed storage reser-
voirs are needed to ensure that inad-

- vertent, or even intentional, contam-

ination does not occur. The well-known

_problems associated with animals and

children around finished water reser-
voirs have been increased by acts of
vandalism. Today, more than ever before,
all finished water storage reservoirs
should be covered, with all access ports
locked and all vents screened. '

In ‘addition, there should be an ade-

quate program for flushing the- distri-
bution system, reservoir cleaning, and
disinfecting all new and repaired water
mains, and a viable cross-connection
control program. This preventive main-
tenance program is critical to the con-
tinued protection of water during distri-
bution to the corisumer. Because cross-

only desirable to identify them at the

water treatment plant (short-circuiting-
of process waters) and throughout the

distribution system but also toeliminate

‘them through repairs and backflow
preventer devices. High risk locations; -
_e.g., hospitals, mortuaries, car washes,

and wastewater treatment plants, should
be priorities. - .

It would, of course, be.prudent to

" select a nonpolluted raw water source.

Such sources are rare, if theyexist at all,
but the best available source should be
used. A safe water supply, therefore,
requires proper treatment, effective
operation, and safe passage through the
distribution system to the consumer’s
faucet. - R

Types of bathogens

Special attention is being focused on
viral agents, Giardia lamblia, Legionella,

and opportunistic pathogens, which are
-among the newly identified waterborne
pathogens. Consideration has been given.

to including these organisms in the
Primary Drinking Water Regulations,

_but no recommendation to do so is now

being made except for recommendations
pertaining to additional treatment pro-

cesses to control pathogen occurrences. .

Viruses. Viral agents may be important
because of the growing reuse of water,

‘particularly when reuse is associated
~with decreased wastewater disinfection.

Numerous public surface water supplies
are neither filtered nor disinfected. Some
water utilities (small groundwater sup-
plies in Illinois, for example) are eveq

reducing chlorination of potable water. " '

Still other'communities are shifting to .
combined chlorine disinfection toachieve
trihalomethane reduction. Changed-dis-
infection practices and other treatment
modifications should be evaluated as
microbial barriers wherever the risk of

* human viral contamination in source.

waters is real. It would also be desirable
for the state authority to conduct pro-
spective epidemiological surveys of the
‘incidence of viral disease in such com- -
munities to identify special risks. Addi- .
tional research is needed on virus meth--
odology. The usefulness of a surrogate
such as the coliphage test is unprovena
this time. ' o
Giardia. Detection of Giardia in source
water, treatment processes, and finished
drinking water is labor intensive, is

- variable in recovery efficiency, and

requires a special professional skill that
may not yet be available to many utilities.
No appropriate surrogate indicator has
been found. Because of this problem of
analytical methodology, it is more ‘ap-.
propriate to use the best available treat- '
ment technology to control infection and
to make periodic prospective epidemio-
logical surveys. Although properly oper-

- ated treatment schemes, including chem-
connections may be widespread, it is not

ical additional, filtration,’and chlorina-"
tion with a free residual, are capable of -
significant Giardia reductions, water

" suppliers are alsoadvised to use turbidity

monitoring for filtration performance

“evaluation. If continuous turbidity moni-

toring is used, the turbidity value at 4-h
intervals (or a shorter regular time °

- interval) is critical for determining com-

pliance with performance criteria. For

systems using slow sand ordiatomaceous -

earth filtration; the sampling frequency

“for turbidity could be limited to.one

sample per day. It must be remembered,
however, that breakthrough in filter

beds is greater in small plants and that -
Giardia outbreaks haveoccurred insmall
systems using improper filtration. Fur-
thermore, monitoring of filtered water

for Giardia cysts (where washwater is -

_ recovered) could lead to a decision not to

recover -backwash water in order to -
prevent ¢yst contamination of the pro-
cessed water, :
Legionella and other opportunistic patho-
gens. Anxiety about Legionella may
represent only the tip of the iceberg as

_ far as unknown pathogens are concerned.
Classic water treatment practice has - - -

focused on reducing enteric pathogens.
The coliform group has been used as an

indicatorof either source water accept- -

"ability or disinfection efficiency, because
if coliforms are present, enteric patho-

" gens may also be present and may have -

survived treatment. Such is not thecase
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© with all -pathogens  Legionella aﬁd Le-
_ gionella-like organisms are pathogens
that are transmitted through aerosol-

ization and inhalation rather than by

ingestion. Other pathogens with poten-
tial for transmission through inhalation
of drinking water aerosols are Myco-
_bacterium, Pseudomonas, and Klebsiella.
‘Microbial allergens (a cause of allergic-
type reactions from industrial air filters
used in humidification devices) may also

.represent a problem. The committez -

feels that if the water treatment piant
operator has responsibility for minimiz-
ing microbial dissemination via the
aerosol route, then acceptable indicator
systems and requnred levels of treatment
_to be applied at sites of high risk need tn
_ bedefined. Bécatise few data areavailable
to define the infectious dose of such
respiratory pathogens, a rational water
quality criterion needs to be developed. -
When they come into body contact,
opportunistic pathogens also are a con-
cern, especially for hospital patients.
. Waterborne organisms that have caused

secondary infections in hospitals include

Pseudomonas putida, P. multophila, P.
aeruginosa, Acinetobacter calcoaceticus,

Alcaligenes faecalis, and Flavobacterium -

species. The problem may be complicated
further.if opportunistic pathogens be-
come antibiotic resistant through ac-
quisition of plasmids from. resistant
bacteria, théereby making patient treat-
ment more difficult.
" Drinking water treatment is intended
- to produce water that is free from
- pathogenic -microorganisms but- not
sterile. Bacterial regrowth in the distri-
bution system may not be of significance
for-public health but may be of concern
.in hospitals or kidney dialysis clinics.
_.Thuys, it may be necessary for hospxtais
. to consider installation of booster chlo-

" rinators to restore- lost disinfectant .

residuals for improved reduction of all

~ heterotrophic organisms, including op- .
: portumst:c bacteria, and to maintain an -

in-house flushing program to prevent
colonization. Particular attention should
be given to routine monitoring for disin-
fectant residuals in the building plumb-
. ing network and to periodic flushing of
all reservoirs and hot water tanks to
remove sediment accumulations that
protect bacterial survivors. Hospital
" personnel need to establish effective
monitoring programs for water supplies
and to plan corrective action. Although
water quality deterioration beyond ‘the
servicelines is not a utility responsibility,
better communication is desirable be-
twéen water purveyors and special user
" .groups, e.g:, hospitals and feod process-
ing and pharmaceutical plants. The
AWWA committee suggested that pe-
" riodic meetings address the utility’s wa-
ter quality objectives, review facility
- plumbing flushing and corrosion control
programs, and 1dent1fy spec:ahzed treat-
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. ment approaches t0‘be'im-plemente'd‘ by

user groups to minimize amplification of
organisms (Legionella, opportunistic bac-

teria, and fungi) associated with water .
inhalation and body contact infections,

Conventional criteria of treatment
effectiveness

Total coliforms: The total coliform
group of bacteria remains the best avail-
able indicatorof treatment effectiveness.
Although there is substantial evidence
that coliforms are not an-adequate
indicator of Giardia occurrences and
there are documented instances in which
disease outbreaks occurred in the ab-
sence of any indication of a problem by

coliform results, it is likely that similar -

situations would occur regardless of the
indicator used. No indicator js absolute
in its ability to predict the presence or

absence of pathogens or to predict the
occurrence of a waterborne outbreak.

The most effective preventative measure
would be to expand treatment barriers.
Testing larger sample volumes of plant

effluents and reemphasizing use of the.

sanitary engineering survey ‘would’ be

- valuable adjuncts.

Hieterotrophic bacteria (standard plate
count). The heterotrophic plate count
(HPC) is a good operational tool for
measuring microbial breakthrough, eval-
uating process modifications, and de-

. tecting loss of water main._ integrity.
- This general measure of bacterial water

quahty can also be an important early
sign of excessive microbial growth on

‘distribution system pipe walls and in

sediments, and it can indicate the pres-
ence of opportunistic pathogens. It-is
recommended that baseline data be

_ gathered.on the density of heterotrophic

bacteria in the distribution system and

that the information be utilized to’

measure treatment train effectiveness

and bacterial quality changes. The com-
mittee recommends that a minimum of

two samples or 10 percent of the coliform
samples, whichever is greater, be exam-

ined quarterly, including one sample

from the plant effluent and one from
storage facilities -in the dxstnbunon
system. .

The density of heterotrophxc bactena
in- the plant effluent can easily be

-maintained at very low levels (<10

organisms/mL) with adequate disinfec-
tion. When normal background hetero-
trophic plate counts in the distfibution
system become greater than 10° organ-

isms/mL (a hundredfold increase) and -
this is confirmed by a second sample, -

action should be initiated immediately
to-resolve the microbial regrowth prob-
lem. One committee member disagreed
with the recommendation to establish a
limit for the heterotrophic bacterial
populatxon claiming . that colonization
exists in the distribution system at all
times and cannot be prevented.

Turb:diiy Partxclg§ in water protect
bacteria and promote their growthin the

.distribution “system. For this reason, .
turbidity in finished water_ should be --

minimized. Well operated treatment
- plants consistently achieve a finished-

water turbidity <1 ritu. Where Giardia
cysts or asbestos fibérs may be present
in the raw water, a 0.2-1itu standard may
be necessary (depending on the treatment
applied) to ensure minimal risk. Good -
quality groundwater supplies can be
expected to have a turbidity of <0.5 ntu

‘when they enter the distribution net- -~
work. Exceptions for cases of turbidity

>1 ntu may be made as long as the
turbidity does not interfere with coliform
detection or contribute to disinfectant

demand in the finished water. Turbidity

monitoring in the distribution system,
although not required by regulation,isa
good quality control practice; the goal
should be 2 ntu. Values 5 ntu would
signal the need to flush the distribution
system and to search for areas of pipe
corrosion that must be brought under
control.

Disinfectant residuals. Measuring resid-
ual disinfectant is undoubtedly the most

. important test used in water supply .

monitoring. Emphasis should be on
observing and interpreting sudden
changes in the disinfectant residual of
finished water and water in the distri-
bution system. Disinfectant measure-

ments - should ‘be used as a: routine . -

diagnostic tool. The practice of adding
ammonia to’ convert free chlorine to
combinéd chlorine to minimize trihalo--

methane formation. will increase C- T

disinfectant values. Several very large
water systems, however, have used
chloramines for years with no evidence
of quality deterioration or public health
problems. Recent case histories docu-
menting coliform colonies in distribution’
networks have renewed interest among .
water suppliers in maintaining disin-
fectant residuals to the ends of the
system, including dead-end sections, in
the attempt to reduce microbial growth
in such places. : . '

Measuting microbial quality -~
The bateriological quality. of water
was initially measured by the multiple

tube or most probable number (MPN)
method. Regulations defined an unsatis-

.factory sample as one producing gas

positive results in more than three tubes
of a five-tube test. A water supply was
out of compliance when >10 percent of
the tubes in all MPN tests performed on
distribution system samples over a 30-
day period were positive. With the
introduction of the membrane filter (MF)
procedure, quantitative density limits .
were recognized: An unsatisfactory
sample. was defined as one containing

- more than 4 coliforms/100 mL, and a
water supply was out of comphance
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* when the monthly- average of all MF

tests exceeded 1 coliform/100 mL.

Since the mid-1960s, many laboratories -

have replaced the MPN proceduré with
the less labor-intensive MF technique
for total coliforms. With more than 50
percent of all laboratories now using the
" MF procedure, there is greater emphasis
on'the quantitative aspects of coliform
occurrences. To equalize the sarple
volumes for testing by either the MF or
MPN procedure, the sixteenth editicn of

.Standard Methods has introduced a 10-
tube multiple tube test and includes a .

table so that expanded MPN values can
be calculated. This expanded multiple
tube test extends quantitative resuits
from a maximum value of 16/100 ml. to
237100 mL and improves the 95 percent
confidence range. The committee sug-
gests using the expanded multiple tube
testasa quantitative measurement that
is more comparable to the MF technique
in precision and sample volume (180 mL)
requxrement
Observation of coliform bacteria has
received recent attention, particularly in
regard .to resolving problems of infre-
quent and minimal sampling of small
water supplies (serving 25-3300 people).
Regulating the percentage occurrences
for any. densxty ‘of coliforms found by
either testing procedure over 12 months,
. rather than limiting coliform density to
. a30- day period, needs to be fully eval-
* uated in different geographical areas of
- the United States. Frequency of occur-
. renceis measured by a presence-absence
test, the result of which is only qualita-
tive. A new presence-absence test me-
dium may improve recovery of stressed
_ coliform bacteria and could be designed
- for usein a delayed incubation procedure
after samples have been transmitted via
mail to a central laboratory. Statistical
interpretation of the results would be
based on a 12-month moving average;
the water supply would be in compliance
if <5 percent of all presence-absence
. tests- were positive. The committee
believes' that before the frequency of
occurrence concept is adopted, more
‘water supply data from different geo-
graphical .areas and different water
treatment processes should beanalyzed
todetermine the compliance equivalency
of frequency of occurrence with present
_regulation requirements. This could be
done by sxmply recalculating MPN or
MF “presence” results for any coliform
occurrences and ‘“‘absences”
negative tests. S
Monitoring public water supplies
‘ Momtonng the quality of public water
supphes is essential. Water plant oper-
atorsand m:crobxologlsts agree that there
continues to be a need for operational
monitoring methods that will rapidly
characterize product water:. Unfortu-
nately, rapid methods are unavailable,
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or they fail to defect coliforms at the

concentration of 1 organism/100 mL.
Finished waters. Although large water

systems monitor the plant effluent for.

coliforms, turbidity, and chlorine resid-
ual several times a day, smaller systems
may make such analysesonceevery 24 h
or only several times a week. The re-

. qaired frequency of coliform analysis for
vsater plant effluents (population sérved, .

::0 000 or more people) should be at least
e sample per day; collected at different

times within the operational period. A

more desirable approach might be com-
posite sampling of the plant effluent
over a 24-h period, with analysis of
0.25-1.25-gal (1-5-L) portions by the MF
procedure. The purpose of this would be
the identification of low density coliform
breakthroughs. The frequency of moni-
toring plant effluents from small water
systems would be determined by the
state authority and would be intensified
if the system had a water quality
problem.

The turbidity of the finished water

produced from surface water sgurces

should be measured continuously or once
per operating shift. The turbidity value
reported for maximum contaminant
levels would be the average value per

day. For small systems serving <1000

persons, a grab sample, preferably taken

toward the end of the filter run or once
-per shift, would be adequate. Aside from

the mandatory requirement to measure

finished water turbidity, it is desirable
to'measure turbidity at all stages of the -
“treatment train to determine process’’
_ effectiveness.
Distribution water. Waterquallty moni-

toring of the distribution system should

continue to be based on population .

served, but consideration should also be
given to the length of the distribution
system and to-any other mitigating
circumstarices that might dictate addi-

tional sampling. Stringent quality con- -

trol and sample collection guidelines

need to be developed and imposed. For.
small water systems, minimum sampling

should be increased to five samples per
month, with state discretion permitted

. to reduce the number on the basis of .
.knowledge and experience. The current
_requirement of only one sample per

month (or only one sample per quarter)
does not providé adequate information if
there is a water- quality problem. The

- highest priority, however, should be
-placed on providing good water quality,

not just on increased monitoring.

Samples must be taken at répresenta- -

tive sites in the system. A portion of
these sites should be fixed locations that

are selected with reference to pressure

zones, potential sources. of contamina-
tion; high risk areas (hospitals, clinics),

and the past history of coliform occur-

rences, Other sampling locations should
be varied so that all parts of the distri-

» Nt

butionfsystém are 'sampled. Routine .

monitoring should includé measuring -
coliforms, turbidity, and, with lesser
frequency, heterotrophic bacteria. .
Turbidity sampling of the distribution
system should be done at 10 percent of
the sites used in the coliform’ momtormg
program, the turbidity value being in-
dexed to corrosion, chlorine demand,
bacteriological regrowth, and theneedto .
flush the distribution lines. With respect
to monitoring the heterotrophic bacterial
population, a data base must be estab-
lished for all seasons and for all sites

. where samples are collected for coliform

analyses; then testing can be reduced to -
10 percent of the sampling frequency-
recommended for total coliform deter- .
minations. During periods of observed °
microbial regrowth, sampling for coli- -
form and heterotrophic bacteria should
be intensified until appropriate measures

- are found to be effectwe in ehmmatmg :

the colonization.

Publuc notification

The National anary Drinking Water
Regulations require public notification,
through announcements included with
water bills or through other appropriate
means, whenever a violation occurs.

This requnrement is applned whetherthe *

violation is minor or major, isolated or
persnstent Maximum contaminant level
(MCL) violations in addition require
pubhcatxon of the notice in newspapers -
and provision of the notlce to the elec-

-tronic media.

Public notlflcatxon relates to the bac-
.tenologxcal MCL in two ways: (1) public
notice is required of systems that fail to
monitor. as -prescribed, and (2) public

_notice is required of systems whose

samples fail to meet the bacteriological

‘MCL. The net effect of this requirement
from the consumer’s point of view is

that all violations are given equal weight,
when., in fact, only MCL violations imply
any -potential health risk. Thus, the
current requirement appears tobecoun-
terproductive. . Whatever benefits are '
gained by public awareness of a water
system's lack of sampling are more than
offset by either public. perception that
such failure constitutes a serious health

-hazard "or, worse, public.belief that

notices by water purveyors are routine
and should not beconsidered significant.

~In" either case, such .notice does not

achieve the principal desired effect,
namely, community awareness of a
potential health hazard. Public rotice .-
should be used with discretion toensure .
that legitimate threats to public health
receive the reqmred vnsnbxhty and
attention.

There are two levels of concern and

- each requires a different level of action:

(1) utility accountability to the public -

(Contmued on page 88)‘ :
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" (Continued /rom page 84)

" served,and (2) the prompl notification of
a potential health problem. At the first

level, any_gdverse trend in water quality

should be reviewed by utility, state, and
federal water supply representalwes and
state and local health officials. A joint
action plan would then be formulated

that should result in the intensification

of data gathering (including monitoring

for any fecal coliform occurrences), a

sanitary (engineering) survey of the sys-

tem, and daily review of the results with

appropriate corrective measures. The
second level of action would be immediate

public notification if an outbreak occurs, .
if fecal contamination is detected in the

water, .or if the utility fails to follow
“corrective strategy defined ‘by joint
‘agreement of designated authorities. .

In short, the AWWA committee con- 4

* cluded that public notices should be
applied only whén some risk to com-
munity health is definable. They should
not be used-as a regulatory punishment
for minor or non-health-related viola-
tions. The key question that needs to be
addressed to protect publi¢ health
through safle water supplies is not
whether the regulations have been vio-

lated, but rather the cause and signif-

"icance of these violations in terms “of
public health.
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Monitoriﬁ; for Indlcator Bacter1a in Snall Water Systems*

" Edwin E. Geldreich, Eugene w. Rice and. Eleanor J. Read**

The problem'ofkmonitoring for water quality in small or rural .
" water supplies is a great concern because these are the public water

supplies that experience most of the waterborne disease outbteaks. The

. reasons for the unsatisfactory state of public health may be found .
either in the use of poor quality raw source waters that are not ade- -
quately treated ot in the ineffectual operation of existing plant
processes. : :

Major waterborne agents contaminating water supplies include .
pathogenic bacteria, virus, protozoa and blood flukes, any of which
" cause a variety of gastroentestinal illnesses. These organisms origi-.
nate in the feces discharged from infected humans, animal pets, farm
animals and wild life and are transported by sewage and stormwater to

"~ the receiving waters that may be used as ‘a raw source water in water

‘supply. Engineered’ process barriers are designed to intervene in the .
passage‘of ‘waterborne risks through public .water supply. How effective -
"these barriers are in prevention of pathogen passage in drinking water
is the key purpose of the monltorlng program.' :

‘While monltoring for pathogens in water is desirable, it 1s not -
practical for many reasons. First, the number of waterborne pathogens
identified in water is estimated to be several hundred or more when '
consideration-is given to the numerous species of Salmonella and types’
‘of viral agents. This list of pathogens has expanded in recent years
"with the discovery of new bacterial and viral agents that include
'Yersinia, Campylobacter, rotavirus, reovirus, parvovirus and the proto-
zoans, Giardia and Cryptosporidium. Other pathogens will be discovered
. in the future as new breakthroughs in methodology unravel the mysteries
of wnidentified agents associated with waterborne outbreaks: In the
. United States alone (Table 1), unldentlfied etiologic agents -accounted-
fors46.5% of all outbreaks’ during 1961-1983 and caused 86,740 1nd1vid—
Hual 1llness cases (Craun, 1985 Lippy and Waltrip, 1984)

N The problem of - pathogen monitorlng is’ further complicated by the -
"lack of a single test that will detect all bacterial pathogens, viral .

'*Presented at the International Conference. on'Resource Mobilization for
" Drinking Water Supply and Sanitation in Developlng Nations, San Juan,
Puerto Rico, May 26-29, 1987. .

. **EPA Senior Mlcrobiologlst' Research Microbiologist Water Engineering
Research Laboratory and Senior Statistician Computer Sciences Corp—
: oration, Cincinnati, Ohio, respectively.
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' agents or pathogenic protozoans and the knowledge that .a negative
pathogen test 1is inconclusive, using current state-of-the-art tech-
niques. Monitoring sewage for pathogens. currently prevalent in the’
community is not completely adequate because there will be no input
from pathogen shedders in the ‘infected farm animal and wildlife popula-
tion.. While some- methods are available for Specific pathogens (Salmo— "
nella, Yersinia, Campylobacter and enterovirus) these tests are best
done .in the specilaized laboratory, not by .the average’ technician using
the limited resources available in the small laboratory. Cost becomes.
the other limitation on direct monitoring for pathogens. Estimates: for
bacterial pathogen examination in water samples can range from $20 to
$50 per sample while a virus or ‘Giardia examination can cost $100. or
more. Obviously, these costs can not be reconciled to small water
system operating budgets. Therefore, the only viable alternative is to
- select a surrogate organism or: bacterial indicator of fecal contami-
nation that can. be detected in a simple, inexpensive laboratory test.

Table 1. Waterborne‘OUEbreaks in the-United States During 1961-1983*

 Viral

Etiologic Agents - : : Outbresks  Cases - Deaths
Bacterial » ,
Shigella =~ . sz 7,462 6
. Salmonella ' S 37 19,286 .3
Campylobacter ' : : ' -5 4,773 0.
, Toxigenic E. c011 .5 1,188 b
- vibrio ‘ 1 17 0.
Yersinia- 1 16- 0
Hepatitis A = - Ts1 1,626 1
Norwalk S ~ o .16 3,973 0
Rotavirus o s oo 1 1,76) 0 -
,Protozoan
.Giardia h - s 22 897_. 0.
Entamoeba'3 N o o . 3 ‘ 3?. 4,?
Chemicali
Inorganic (metals;~nitrate) 4 .-k'_, 29 - - 891 0
Organic (pesticides, herbicides) : 21 2,725 7
Unidentified agents ' o 266 86,740 0
. TOTAL - o s72 153, 394 123

. *ﬁata edepted from .Craun (1985);_Lippy'and Waltrip (1984)
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v "The perfect surrogate would be one that’ completely mimlcs the

" occurrence and survival pattern of all fecal pathogens that.might be .
" waterborne and. traceable through inadequate treatment. barriers. Unfor- -
tunately, such an organism or-indicator system does not exist. What is .
- available. are several .indicator systems (total collform fecal coliform
and fecal streptococcue) that are found in all warm-blooded animal

feces with densities ranging from 106 to 108 organisms per gram (Kowal,
1982; Geldreich, 1978).. Historical studies of these candidates has
placed general emphasis on the wide spectrum of intestinal organisms -
that comprise the total coliform population. Their detection in water
supply would suggest fecal contamination has occurred and this contami~
nation very likely includes some intestinal pathogen. risk to water con-
_sumers. Furthermore,’ adequate treatment will remove all coliforms
detectable in 100 mL, including those that are of fecal origin as well "

" as the more ubiquitous environmental strains. -While this assumption

has generally been accurate, the concept is occasionally flawed by

virus or protozoan occurrences not associated with detection of coli-
forms in 100 mL samples. However, an overwhelmlng data base from
systems world-wide has supported the general assumption that collform o
absence in public water supply indicates there is reasonable assurance .
that the water is safe and carries minimal - public health hazard from
pathogens (World Health Organization, 1984)

'Basichrincipals for,Collform Detection

Total: coliform detection in water supply is not complicated nor .

does ‘it require a large amount of specialized equipment or a profes— -
" sional microbiologist to perform ‘the test. There are two approaches: .
measurement ‘of coliform density in a 50 or 100 mL test portion’or the
simple determination of the presence or absence of collforms in 100 mlL
sample volume ‘(Figure 1). For quantitative measurements, many labora-
- tories use a. membrane filter (MF) technlque which involves the culti-
 vation of differentiated coliform colonies on the. filter surface using -
a lactose type medium and incubation at 35°C for 24 hours before colony‘
counts are established (American Public Health Assoc1at10n, 1985). The
. multiple tube fermentation. test (FT) has been in use by some labora- .
‘tories for many years as thé alternative method for: detecting coliforms
’-(American Public Health Association, 1985). This procedure is based on
detecting gas produced by coliforms growing in a medium containing
lactose.. Five tubes of the sterile medium are inoculated with 10 mlL
‘.sample portions and then the set of tubes is incubated for 24-48 hrs at
35°C to permit any coliforms. present to ferment the lactose with reé-

' lease of. gas into the medium and entrappment in a fermentation ‘vial. If .

- growth and gas are produced, ‘those individual -positive cultures are

- vérified by growth transfers into -a 'second, more. restrictive lactose
medium for further evidence of gas productlon. This confirmation pro-
v1des assurance the sample contained coliform bacterla not some other -
bacteria causing a false positive reaction. The den31ty of coliform
bacteria per 100 mL is then estimated from the number of tubes positive
" by using a most probable number statistical table. The FT procedure
requires at least 48 to 96 hours to. detemmine a test result and .is more-
. labor 1nten31ve than the MF procedure.
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A more 51mp1111ed test (Flgure 1) and one that can be a very
attractive operational test for small ‘water plant operators is the
presence-absence (P-~A) test (American Public Health Association, '1985).
While this procedure appcars to be somewhat similar to a multiple. tube
.fermentation test, the involvement in‘“laboratory .work is much less
complicated. . Basically, the procedure consists of inoculating 100 mL
of sample.into a boitle containing the appropriate concentration of a
lactose type medium and a fermentation tube for gas entrappment. The
bottle, with 100 alL sample, is incubated for 24-to 48 hours at 35°C and*
"inspected for grewth and gas production. If gas is noted in the fermen-
tation tubé or a colcr change (acid reaction) is observed, a small
inoculumn of the culture is transferred to a tube of brilliant green
lactose broth for vav*fiCar1on that gas production again occurs and - was
‘related to colifonn cccurrence. Results of this test are completed -
within 96 hrs and reported as coliform present or absent. The only
equipment needed is.a 35°C incubator, ‘sterile sample containers, bot—
tles of P-A medium and a- supply of sterile brilliant green lactose
broth in culture tubes containing fermentation vials for gas entrap-

. pment. Media could be prepared and sterilized in.a small autoclave at
. the water plant or cbtained prepared for.use from a central laboratory.
If the P-A culture bottles-are carefully premarked at 150 mL capac1ty
(100 mL for sample plus 50 mL for medium with adjustment made for
--fermentation tube displacement in liquid) the samples could be added
 directly into the P-A bottle at the site of sample collection. With
" this accomplished, sterile sample containers would not be a necessary
item in the test. Any chlorine residual in the water would be immedi-
“ately. neutrallzed by. the medium. constituents.

'P—A Concept vs P-A Test

It is 1mportant to qcparate two dlfferent aspects assoc1ated with‘
presence—absence information. The P-A concept is concerned with the

V3v'frequency of coliform occurrence in a water supply. over a specified.

time span,s Such ddra can be obtained from conventional bacterlologlcal
tests using either the membrane filter or multiple tube procedure,

~simply by translating any coliform count .or positive tube results into.
a coliform occurrence. .This concept places’ equal emphasis on all posi-

i tive samples, regardless of de031ty, with a limit defined by a specific

‘percentage of ‘positive coliform occurrences permitted:. For example,
the presence—absence record of ‘compliance could be based on degree of "
treatment: .5% p051t1ve occurrences permitted if the system uses com-.
plete- treatment 3% if treatment consists omly of filtratlon and disin-
. fection of surface waters and. 1% for water supplies using disinfection
- as ‘thé only treatment. control barriers. For the public health ‘author-
ity, information on how often there are :coliform occurrences, over theA:
lopng term, is an important 1nd1cation of treatment effectiveness and
operator skill in providing a continuous supply of safe drinking water;

From the ‘operators viewpoint, it is desirable to: have the capabzl-"

. itv for a simple bacteriological test which ‘provides frequent checks on

water ‘quality- produced. Before acceptance of the P—A test, two ques—
tions: need to be addressed: (1), what are the technical con31derat10ns
in performing the test- and (2), how do the results of the P-A test -
'compare w1ch the more exacting laboratory procedures uqing elther the
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" membrane filter or multlple tube test? In a rev1ew of'technical con—
siderations, the P—A test ranks high for ease of: examination. The
sample can be added directly to the culture bottle at the field site,
thus dispensing with the. sterile sample bottle and dechlorinating
agent. Preparation of medium in sterile culture bottles could be dele-
gated to. a cooperating public health laboratory and sufficient supplies
stored in .a dark, cool storage area for no more than four weeks. As
another oprion, at least one commercial venture is exploring the poten—
tial for manufacturivgy prepared medium in a disposable culture bottle
so that no medlum preparation need be done in the -water plant. The
‘answers to the seconi question can be found in a statisitcal review of
"several evaluation studies now completed (Jacobs, et al., 1986 Pipes,
et al., 1986 Caldwell and Seidler 1987). -

. How Valid is the P—A Test

Operatlonal ‘tests used by the small water plant. operator "should
not only be inexpensive and easy to perform but also acknowledged to
produce data that is equivalent or better in precision to that of the
standard laboratory procedures. It therefore becomes, important.to- -
understand the validity of P-A test results obtained from a variety of
water supplies in different geographical areas. This consideration is
critical -to both the operator proposing to use the test and the public
"health- authorlty who needs to evaluate the water supply quality. Test
‘sensitivity to coliform detection and parallel examinations by the P-A
test and either the MF or FT procedure (or both) were done in three .
widely divergent geodraphlcal areas. A -data base of 1,483 samples in
Vermont (Jacobs, et al., 1986), 1,560 samples in. Oregon (Caldwell" and‘
Seidler, 1987) and 2,601 samples in eastern- Pennsylvania (Pipes,. et
al., 1986) obtained from small water systems, were analyzed statistic—l
‘ally to-determine if significant differences could be established
between any of the three testing procedures. Comparatlve data in the -
Pennsylvania study did not include parallel examination by the. FT test.

~_‘The McNemars statls ical test (Fleiss, 198l) was selected as the most

appropriate way .to compare the different coliform detection methods,
-since each water sample was examined in. parallel by more than one
method. : . : ’

As noted in Figures 2 and. 3, the P-A test 31gﬁificantly outber-'.

. formed both. the; multlple tube and membrane filter tests for coliform

detectlon in water samples’ from supplies in Vermont and Oregon. Details
of the- statlst1ca1 ana‘vses ‘are given in Table 2. Further analysis of
"these data also revealed that the multiple: tube fermentation test
detected more samples conta1ning coliforms than the conventional mem—
brane filter procedure using M-Endo medium. The statistical analysis .
of the easteri Pennsylvania data (Figure 4) indicated that there was no
significant difference in coliform detection by the P-A test and the
MF method. The Chi-square value was only 1.27, signifylng that compar-
ative results. between the P-A and MF test results were essentlally
equlvalent. Why there was no clear cut superiority to the P—A test as
the best method for coliform detection in all instances may be related
_to the state of vigor for collfonns in the water supply. For the
.eastern Pennsylvania study, many of the positive results were obtained
from samples of a small water system ‘that did not chlorinate or other—
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wise treat the groundwater supply. ‘Regardless of'this fact, these
field studies on test performance do demonstrate that the P-A method
equals or exceeds the results obtained by the recognized conventional

" procedures. Therefore, there should be no reason not to use the P-A-

. teést as either an operational tool in the small water plant or as part
- of the official monltoring data.

Table 2. McNemar's Test Results

Method = - ' o C McNemar's -

Comparison B -~ Study x2 - p—value
p-Avs FT = . . Vermont 5.3 - 0.02
©  Oregon 12.7° . <0.01

P-A vs MF | Vermont 52.0 © - <0.01

- : © ~ QOregon - 39.9 o . <0.01"
Pennsylvania - 1.3 . 0.26
FT vs MF . Veruont 314 <0.01

IR Oregon R 8.3 )

<0.01

Operator Tests for Water Qualitx

_ Lacking information on plant effluent quallty seriously restricts
the rural water plant operator's ability to promptly respond to unsat-—
isfactory water gquality conditions through: treatment adJustments. Per-

- haps this position leads to blind faith that water treatment can run

»automatically and produce a satisfactory water supply of unifomm qual-
ity. 'This may be true for protected groundwater supplies but in many
small water: systems, Surface and ground raw water quality does. fluctu~
ate: because of poorly designed wells that do not protect ‘water quality:
from contamination by improperly operated wastewater treatment systems,
stormwater runoff and animal activity. in the area adjacent to water
'supply intakes. = : : :

aMonitoring finished water quality for several key characterlsitcs

~is not beyond the realm of possibility in small water systems. There
are” available several basic techniques that ‘water plant operators can:
~ ledrn to use with minimal training that will give them a measure of

water quality being released as public watér supply. Much critical
information of 1mmed1ate value can be obtained by frequent measur ements
for free- chlorine residual, turbidity and coliform bacteria in the
plant effluent. These three measurements will. provide information
respectively on ‘the continued maintenance of a treatment control
. process, interference .and protective shielding of microorganims and
verification that the treatment process is effectively removing coli-
. form bacteria. Chlorine and turbidity measurements can be made at
frequent intervals in the day and provide immediate iaformation using
* basic. test kits that are readily available and easy to use. While
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.coliform testing requires a minimum of 24 hours of processing time it
.is.an important record of treatment effectiveness for controlling the
microbial quality of -water . produced and should be done at least once.

. per week. : : .

Bacteriological testing of public water supplies in. rural or re- .
mote areas is not beyond the reach of operator capability. Both the'

' * MF and FT procedures have been packaged into commercially available

field kits that may be uséd. For sheer simplicity, however the
presence-absence (P-A) coliform test may be.the method of choice.
Adapting the P=A test into a simplified operational test would be

ideal for on-site moaitoring although it does not quantify the extent
of contamination events that might suggest treatment breakdown, loss

of distribution integrity or biofilm development. The procedure tests
_a single 100 mL sample, not 50 mL which must be divided into five
replicate portions of 10 mL required in the multiple tube test. Mater—
ials required for the P-A test (media and associated glassware items)
are more readily- .available and cost less in many third world countries
- than membrane filters and associated filtration equipment. While. the
P-A concept was originally developed with a modified lactose ‘broth (P-A
broth), there is no reason why the test could not be applied to other
coliform broth formulations (lactose broth, lauryl tryptose broth or
MacConkey broth)to. which- bromcresol purple is added to indicate acid
production. To further simplify the P-A test application to small '
. water . systems use, it should be permissable to utilize positive test’

- information obtained from culture bottles after 24 to 48 hours incuba—
‘tion at 35°C without any further positive result confirmation. ‘While
. these positive results might occasionally contain a false p031t1ve

- reaction (gas produced by.a non-coliform. organism) the error would be

. on the conservative side for safety considerations. These options
would provide the opportunity to use the P-A test in remote locations
in the world, where regional suppliers of laboratory materials carry
~.1imited choices of bacteriological media. The only critical- consider- -
" ation would be in the preparation of triple ‘strength medium “to be
dispensed to the culture bottles in 50 mL volume. Medium dilution by
the addition of 100 mL sample would create normal strength mediums

P—A Test For Remote Monitoring

Regional  or national public health authorities need to monitor the

water /quality of small systems in all areas of the District or Nation.
" This essential program should define a minimal number of water samples
" to be collected (on a monthly basis) from-all public water supplies,-
'regardless of their remote locatiouns. and submitted to the central lab-
-oratory for ‘examination. Unfortunately, some samples may be in transit -
for several days before they reach the laboratory. During this time,

the microbial flora in the water changes, often leading to adverse,
uncharacteristic test results that suggest the water sample meets
. national drinking water standards when 1ndeed it does not (McDaniels
. and Bordner, 1983) .

Since preservation of bacteriological samples is’ difficult to
"achieve without loss of low density coliform occurrences through
nutrient depletion, “extended contact time with chlorine, tox1c1ty of
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héavy me tal impuritieS'or microbial_flora'antagonism,fthe:oﬁly cher'
app:oach.is.;o»permit.ccntrolled'growth during transit. ‘ '

The P-A -test could be a solution to this problem. The sample is
_added directly to the medium, then the culture bottles transported -
(maximum of 5" days) back to.a central laboratory. The procedure is
uncomplicated'and requites very minimal effort by the water plant
operator to perfonn (pipes, et al., 1986). During tramsit, ambient air
temperatures will influence the magnitude of sample culture growth,
being slow during winter temperatures below 10°C and accelerated at’
summer or tropical temperatures that may reach normal (35°C) incuba-
_tion temperaturea.. Upom arrival in the laboratory,»obsérvatiohufor gas
production.is made t- determine what processing will be required. If - .
turbidity and gas production is evident, the culture is confirmed in
brilliant green lactose broth. for evidence of coliform occurrénce. If
no gas production is noted, the culture bottle is incubated for 24 to
48 hrs .at 35°C; then confirmed, if positive. - Those culture. bottles
with no acid production or no visible turbidity but gas in the inner
tube indicate air .was shaken into tube during shipment, so these must
be inverted to releases the entrapped air and incubated 24 to 48 hrs as
for the other negative cultures received for processing. The procedure
is not labor intensive and would provide information on any cdliform’
occurrences that wera related to the original water sample.
Sumnary
Development of a practical’micrdbiological monitoring program for

small water systems is urgently needed at the local level for prompt
 defection .of contamination followed by appropriate remedial actioms..
‘Three operational measurements are within the capability of the water
plant operator: chlorine residual, turbidity and a.basic test for. -
coli form -occurences using a presence or absence (P-A) concept. Evalua
tion of the P-A test in three different geographical areas demonstrated
the procedure to out perform both the membrane filter and fermentation
tube (MPN) tests for coliform detection. The use of a P-A test approach
'is'recommended‘forismall water system personnel because of its sim— -
plicity -and adaptability to minimal resources available to the public
system sector-in rural and remote regions world-wide. Further adapta—
tion of the test can be made to initiate field inoculation of the
sample to be sent to a central laboratory for final processing and data
gathering on water quality nationwide. ' R ‘ T
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Methods for detecting total coliform bacteria in drivking water were compared using 1,483 different
drinking water samples from 15 small community water systems in Vermont and New Hampshire. The’
methods included the membrane filter (MF) technique, a 10-tube fermentation tube (FT) technique, and the
presence-absence (P-A) test. Each technique was evaluated using a 100-ml drinking water sample. Of the 1,483

" samples tested, 336 (23%) contained coliferms as indicated by either one, two, or all three techniqugS—. The FT
detected 82%, the P-A detected 88%, and the MF detected 64% of these positives. All techniques -
simultaneously detected 55%: of the positives. Evaluation of the confirmation efficiency of the P-A technique -
showed 94% of the presumptive positives confirming as coliforms. Thirteen different species of coliforms were
identified from the 37 tests in which the P-A ' was positive but.the MF and FT were négative. The P-A test was
simple to inoculate and interpret and was considerably more sensitive than the MF and slightly more sensitive
‘than the FT in detecting coliforms in this type of drinking water supply. A R S

b,Cur_rently; the rﬁémbréne filter (MF) technique and the

. multiple-fermentation-tube (FT) technique, as described in
Standard Methods for the Examination of Water and Waste-
-water (1), are the only procedures approved for monitoring
drinking water systems for total coliforms under-the-Safe
- Drinking Water Act (14). Both techniques have been evalu-
ated and compared in several studies (4,.13, 19, 20, 22. 24).
Thé conclusions from these studies have suggested modifi-
-cations of the media and proc¢dures of both methods for

more accurate results (11, 13, 17, 18,:22). Other investigators®

have proposed .a’ presence-absence (P-A). technique as an -

alternative (7, 8, 23, 25)., .
" The P-A technique. a basic simplification of the FT
procedure, was dev'e_lope,d by-J. A. Clark as a-qualitative

~ means of monitoring drinking water systems. Although it N

was tested in.parallel with the MF on different drinking water

~ systems and found to be as sensitive (7), it has not been:,

‘compared with both the FT and MF together. :
In this study, the sensitivity of each of the methods (MF,
FT, and P-A) was compared using drinking water samples

after collection.

were sampled. These water systems (Table 1) each serve less
than 1,000 persons and -have more than. 10 service
connections. Sources of water for these systems include
shallow wells, deep wélls, and springs. Most systems did not -
chlorinate of filter their water. Samples were collécted from
one location in each system on a weekly basis. Once amonth,
five samples were collected from five sites in the distribution
network of each system, including the weekly site. ’
Samples were collected according to the' guidelines in

" Handbook for Evaluating Water Bacteriological Laborato- -

ries (16). Sterile 500-ml plastic bottles (polymethylpentene)
containing sodium thiosulfate’ (16) were used as sample
containers. Samples were kept in an ice chest, transported to
the laboratory within 2 to 3'h, and.analyzed within 5 t0 6 h

Microbiological procédures. Each sample was analyzed by
each of the techniques, using 100-ml water portions for each .
test. The MF procedure was performed by methods detailed
in references 1 and 5. HA membrane filters (Millipore Corp.,

‘Bedford, Mass.) weré placed.on sterile pads,(Mil,lipore',

from a variety of s‘mall.community water systems. The.

“methods used were the conventional MF technique, a 10-
‘tube FT technique, and the most recently proposed P-A

technique (1). Small water systems located in rural areas-arc

quite variable and are often less well protected than munic-
~ipal supplies.. In addition. appropriate laboratory facilities

for monitoring are not readily available. The results pre-.
sented in this study should assist in developing appropriate -

methods for i_mprdvin.g:_this type of water supply..

"MATERIALS AND METHODS

" Samples. Over a l-year period. a total of 15 small
' community water systems in Vermont and New Hampshire

-* Corresponding author.
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Corp.) saturatéd with M-endo broth (Millipore Corp.; Difco
Laboratories, Detroit. Mich.) and incubated for 24 h at 35°C.

" A- minimum of five of. the typical green-metallic sheen
_colonies from each positive sample were ‘transferred to

lauryl tryptose broth (LTB; Difco) and brilliant green bile:

- lactose broth (BGL.B: Difco) for. verification as coliforms (5).
Production ‘of gas in LTB and BGLB withir 48 h was

considered a positive test (5). At least one colony per
positive sample was examined for lactose fermentation after -
growth on Levine eosin methylene blue (EMB) agar (Difco).
The FT technique involved 10 tubes, each.containing 10
m! of double-strength LTB and a fermentation tube. The
addition of a 10-ml sample of water to cach tube allowed a
total of 100 m! of water-to be examined. For each positive
sample, .all presumplive positive tubes up to a maximum of.
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'IABLE 1. Dcscnplmn of lhc 15. drmkmg waler syslcnm
o : No. of - Approx. - - . -

System Year service - l:,l:) of Wmcr,, . “Chiorination® “ Filtration®

- no. .cs.lahllshed connections’ users source -

011 - 1928 11 30 -1 - -~

021 1930 70 240 | - -

031 1960 20 55 1/5 + -
041 1946 238 910 1 + -
051 1965 3R .90 ‘25 + -
061 - 1960 A7 70 . 3 - -
071 1965 1] 55 ~1/5 - -
081 - 1900 220 650 1 + -

. 091 1949 . 56 930 1/5 - -
1011 1977 40 75 S + +
1021 1968 . 30 65 s - -
1031 1952 13 30 15 - -

- 1041 1935 70 325 2 + -
1051 1970 93 350 2 T o+

11061 1948 135 420 BUA - +

° Water source: 1, deep well; 2, shallow well; 3, springs; 4. wells to reservoirs:

® Chlorination: —, noné; +, chlorination with hypodnume
¢ Filtration: — none +, yes. -

five were confirmed for gas production in BGLB. ‘As indi-
cated in Results, these water samples demonstrated a high

confirmation efficiency, and therefore: the confirmation of -

five tubes was sufficient to judge a given sample as contam-
__inated with confirmed coliforms. At least one-BGLB tube
was transferred to Levine. EMB agar.” The number of
~ coliforms per 100 ml was estimated from a 10-tube most-

5. wells to covered reservoirs.

Statistical methods. McNemar's test (15) was used to
compare the overall proportion of positive samples detected )
by different methods. This test daes not take into account .
the disagreement on individual samples. To study patterns-of

_ agreement between methods, kappa measures of inter-rater

probable-number (MPN) table (1). The procedurc was the

same as previously described (5), with the omission of the

"EMB agar are transferred to LTB. To assess the vahdxly of
this modified” procedure, a resampling scheime was con-
ducted in which 49 positive samples (14% of the total number

" final step of the completed test, in which typical colonies on

- -of positive samples of this study) were carried- through to lhe-

final step of the completed test (sée results below).
* "The P-A technique used was a recent modification of the
original test proposed by Clark (7). The test consisted of a

- single culture bottle (250-ml milk dilution bottle), containing’

a 50-ml portion of triplie-strerigth medium plus a fermentation
© tube.(12 by 75 mm). The formulation of the medium at single
" strength was: 13.0 g of lactose broth (Difco), 17.5 g of LTB,

and 0.0085 g of bromocresol purple (Difco) (dissolved in 10.

ml of 0.1 N NaOH before addition to broth)-in 1 liter of
distilled water. The prepared bottle was autoclaved for 12
min at 121°C and was stored until used. Before samples were
added, the bottle was inverted to empty .the medium out of
the fermentation tube. After the bottle had been inoculated
with a 100-ml ‘sample portion, it was mverted to fill the
fermentation tube. The bottle was incubated at 35 + 0.5°C
and inspected after 24 and 48 h for production of acid or acid
plus gas. Bottles showing any degree of color change from
-purple to yellow or brownish- yellow, were ‘subcultured for

agreement (2, 15) were used. Kappa is an index taking values
between —1 and 1, indicating the relative agreement between
two techmques beyond chance agreement. x = 1 indicates
maximum possible agreement; values greater than 0.75 rep-
resent excellent agreement, and values below 0.4 1epresent
poor agreement beyond chance K 0 mdncates chance
agreement only. '

A further analysis was pelformed to study where dlsagree-
ments of the P-A and the FT with MF -occurred. This.
analysis was based on the obviously unproven assumption
that MF gives the. correct conclusions. The MF technique
was chosen as the standard for comparison because of its

-wide usage-among water laboratories. Conditional kappa

measures of agreement (2) with FT were calculated given
MF counts of 0, 1 to 4 (inclusive), and -=5 per 100 ml. By
collapsing the 1'to 4 (inclusive) and =5 categories into a =1
category, an additional measure of agreement was computed

‘conditional on a positive MF count. Due. to the dichotomous

nature of the P-A test, condmonal kappa measures could
only be computed given zer¢ and positive MF counts.

RESULTS )
Companson of the. MF, FT, and P-A methods. Of. the 1,483

" samples analyzed in this study, 336 (23%) confirmed positive

confirmation. Inoculum from a presumptive positive test was

transferred to BGLB for confirmation and then to Levine
. EMB agar for detection of lactose-fermenting colonies.

In cases in whichthe P-A test was posmve and the MPN
(FT) and MF methods were negative, organisms were iso-
lated in pure culture from Levine EMB agar and identified
using API 20E . ideritification test strips (Analytab Products,
Iric., Plainview, N.Y.). The species names given-are those
obtained-from the API identification scheme.

A quality assurance program was performed as outlined in
reference 5.

- total samples, 8
simultaneously detected coliforms in 185 samples. There . -

samples were detected by either one, two, or all three of the
techniques. The total coliform counts of these samples
ranged from 1 to over 300 organisms per 100 ml. A compar-
ison of the three methods in detecting the presence’ of
coliforms is shown in Fig. 1. The FT technique detected 275
positive samples (19% of the total samplés, 82% of all
positives), whereas the MF technique detected 216 positive
samples (15% of the total samples, 64% of all positives) and
the P-A technigue detected 296 positive samples (20% of the
88% of all posmves) All three techniques

was a statistically slgmﬁc.ml difference, when analyzed by
McNemar's test (15), in the detection rate of positive sam-
ples between each pair of methods. The MF détected fewer - -
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.. FIG. 1. Comparison of three methods- for detection of water,

samples positive for coliforms. The number of positive samples
detected by each technique is’ given in the 1ext. Positive samples are

tests, or a positive reaction in the P-A 1est.

defined as at Jeast 1 coliform per 100 m! of the MPN (FT) and MF.

positive samples than either the MPN (FT) (p < 0.001) or the
P-A (p < 0:001); the P-A detected slighily more positives
than the FT (p = 0.02).~ -

To obtain a comparison of samples with both low and high

coliform densities; the coliform counts for the FT and the

MF test were divided into three categories: negative,.- =35,
~and 1 to 4 (inclusive) per 100 ml. The latter represents an
arbitrary figure for identifying systems. with low coliform
densities. Figure 2 indicates the cross-classified coliform
" counts foreach pair of techniques. These data were analyzed
statistically (see below), but one conclusion is obvious: the

P-A test was always positive when the MF count was =5

A MPN VALUES
' 0 -4 25
~Tueo | 2t- 7 & T AN
PA AN

S T 76 172 296
208 97 178 1483

B MF COUNTS .
0 . 14 25 ,
. —[ver] 20 {0 | ne7
PA : , :
+ [10o [ na | 82| 29
1267 . 134 82 1483
-C . MF COUNTS
0 -4 25
ofmea | 2a |0 | 1208
MPN o 53
9t I I N
' >5 | 30 | 68 |80 | 178
267 134 82 1483

~ FIG. 2. Cross-classified -coliform counts for each pair of micro-
biological techniques. =~ : : N

TABLE 2. Kappa measures of agreement and their standard-
errors for pairwise agreement between the three techniques- * -

Observed « (SE)

Comparison

"PA vs MPN (FT) (0 vs =1)* s 0.83 (0.02)

PA vs MF (O vs =1) ...... e 072003
. MFvs MPN(FD) (O vs =1} .oeunnnns e 0.74 (0.02)
~ MF vs MPN (FT) (overall)®....... e ieereeneeas - 0.59 (0.02)

(0 vs =1) indicates negative versus positive.

& Classification of - samples into negative, 1 to 4 (inclusive). and =5

© calegories.

(Fig. 2B). Furthermore, there were 30 samples where the
MPN (FT) value was =5, but the MF was negative (Fig. 2C).

The statistical analysis for the data in Fig. 2 is presented as
kappa values (see Methods) in Table 2. The. agreement
between P-A and FT.for a simple negative-positive classifi-
cation (0 versus =1) was excellent. Agreement between MF
and the other two techniques for the same binary classifica- -
tion was not as strong but still good. Moderate agreement

_only was found between FT and MF for overall classification

of samples into negative,-low-coliform (1 to 4), and high-
coliform (=5) categories. » . ’

In Fig. 2C the counts below the diagonal are much higher '
than those above the diagonal: of the 177 -total disagree-

~ments, 151 (85%) occurred below. the diagonal. This indi-

cates that when there was disagreement on any particular
sample, coliform: counts for' FT were usually higher than,
those for MF. The same pattern of disagreement - occurred -
between the P-A and. MF (Fig. 2B): there were 120 disagree-
meiits, 100 (83%) of which showed MF negative and P-A -
positiv.e.'lt should be notéd; however, that agreement be-

" tween FT and P-A was very strong.(Fig. 2A and Table 2). -

There were fewer (75) overall disagreements; 48 of these '
(64%) showed P-A positive and FT negative.. . -
The lower sensitivity of the ME test is also-apparent from

“the data in Fig. 1, which compares. all three techniques as ’

cither positive or negative. There ‘were 63 samples (19% of-

_the positives) for which both the FT and P-A tests together

were positive while the MF test was negative. In addition,
for 120 samples (36% of the positives) the MF was negative
and either the MPN (FT) or the P-A gave positive results.
Furthermore, there were only 13 samples for which the MF
was positive alone, 7 samples for- which the MF and FT -
alone were positive; and 11 samples where the ME and P-A

tests alone were positive.

i summary, both the MPN (FT) andthe, P-A methods

_ appear to be more sensitive than the MF test. That the FT

and P-A strongly agree gives some. evidence that the MF ~

~ could be less sensitive. In addition, the. P-A appears to be a- '
“ more sensitive test than'the FT. - . B '

A formal amalysis of the disagreements between the MF

- and the P-A and FT techniques'is shown in Table 3, using -

conditional kappa values (sce Materials and Methods).
When MF = 5, agreeiment with-the FT was excellent, i.e.,
MPN value of =5. Whén MF = 1, agreement was Very good,
i.e., P-A positive; MPN value of =1. However, when MF =

" 0, agreement (i.e., P-A negative; MPN = 0) was only
‘moderate. In summary, when the MF technique indicated a4 -

positive sample, the other two techniques showed strong
agreement; when the MF technique indicated a negative

sample. agreement was not ‘as strong. Furthermore;. the '
higher the coliform count for the sample as determined by
MF. the stronger the agreement with the FT technigue. Very .
poor agreement was found between FT and MF when MF
density was between 1 and 4 (inclusive) (see Fig. 2C and



Wi JACORS 11 A

CARLE 3 Conditional happa measeres s .‘gnm'mcni weth MU

“the standaid?

Oheerved

. - YIS
M1 count . » . ) .
AN o Fapicement A apiecment
0 [IXOARTIRIAY] oot
14 (R ORTUN i SN

(86 ad)

-1.
<N 097 (o N A

S See Matesals.and Metlods o cxphaaiee o ostatbienad hapga neasnes

and Bon e e o M as the stasudasd Tor congsieon
TNOAL Nt apphicable

Fable 3, although 110 of PRS2 0 o these samples fested
Cpositive “hy IO 68 of the (RS ~amples bad oo
colitorms by the FForest A st svis seen that the 11
consistently reid more colitorms for sample than the ME

Conlirmation elliciency and importacsee of pas production.
A useful sereening test shoubd exhibg o agh vt ol pre
stmplive positives to coplirmed positives. We calenfated the
pereentage of presumptine posiiine teststhal were subse

quently conlirmed contivmation cltcieney) for cach tech .

nigue (lable -h. Phe confivmation cthceney -ob the M
technigue wits 935 with 634 o 797 suspected colomes
pickéd from ‘the membrane filters contirmed as colitorms,
Flie confirmation cllivieney of the P technigue wis 930,
with 1043 of 1125 presumptine positive tubes cortttemed as
< doliforms: D : . :
The efticiency of-the oA testeompared Fvorably . OF the
Mo presumptive positive P tests tha showed acud teither
Cstrong or weakdand gas, MY were conlirmed.as colifornis.
CTwa categories of positive P-A tests were noted. The vast
~majority showed both a strong acid (vellow color) and gas

ceaction, OF 277 of these tests, only 8 were nol codirmed,

piving 1 977 confirmation cilicicney for this catepory. Tow-
ever. there 'were 39 horderline tests which had ‘relitevely
slight coldr changes G brownish vellow) witha soall amonnt
ol s - 1o t-num gas bubbie in termentstion mber, O these

A0 cases. 27 were. confirmed. giving a0 69 ¢ contirmiation’

eflicieney. I contrast, thiere were 24 tests w which only acid

reactions and -no gas production wias ohserved. None off
tiese was confirmed, indiciting the cniial importance ol

examining theP-A test for gas production. )
A resampling scheme was conducted to assess the valudity

FABLE 4. Contirnation efliciencies of the P-ACAMPN l|:.|')‘.;|lh|..

ME techmigues

- Noo - o .
I CDescnption ol Sabgedied Noscon s Con
ot et 1esuh 1 contu e ti el
) mabon
P-A - Strong acid, gas 77 NI
Slight acid.” gas - LU 27 o
- Strong or shght acad, R i 2960 W
< \l. ‘ . .
Strong or shight acid. o hE 0 Oy
2y .
MPN Tubes with gis | 1.2 1443 DX
Ty ) :
MY Metallic-sheened colonies W2 654 93 -

5 Slight avid was imdicated by G brownish-yellown volor,
7 Sumof the two lines abos e,

NS 0
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of ‘o modificition o the 11 technigie,. As indicated in

Materals and Methods, we onntted the final step of the .
completed test, in which typical isolated colonies on EMB
aga e anstenied 1o BTRS Fach of the 1S water systems
was 1esampled an equal number of times. A total of 49
postiive samples’ were obtuned for whith at least one tube
Catned thiongh to the entive: completed step (5).7 In this,
resampling scheme, we subcultored all BGLEB tubes positive
At the contitnied stage. These samples showed a total of 147,
tubes that carned through 1o the fivst step of the completed
tesi, where typréal voloniés were observed on EMB agar. Al
of these typical colonies were transterred 1o 1FB, the final
step of the completed test, and produced gas within 48 h..
These resulis ndicate that the observithon of typical colo-
mes on EMB apar was actiee reflection off the presence of
colitorms - Thércfore, for the water simples we investigated,

“ous modhtication of the completed step of the FI procedure

wis vidul,

Organisms isolated from the P-A test. Organisms were
wobated andd identilicd Trom” the 37 1A tests that were
positive when the ME and 11 tests waere negative. The APl
syatem for identitication . |mm_vm'l:||m'1' wits tised. Table
S Jists the organisms sdong with the number of Times they.
were solated: - €irobacter freundil wits the most I'I‘L'q‘ilcnl’ly'
iolated organisin, followed by Ianterobactér agglomerans,
and Serratio plyvmuthica. Most (8177 of these 37 presump-
tive positive I Atests were noticed on day 2 of incubation,
rather than at 240 b The color of these puxilivcs‘r:uigctl from
brown to yellow and gas was detected in each cise, Bachof
the prive isolates which was designated as o speeies of the
penus Serratia was reinoctbated into kictose broth to conlivi,
is ability tozproduge gas Trom lactose. All ‘these organisms
produced  gas -upon retesting. The identities ol the 8.
plvpnthica species were conlirmed by the Analytab Acrobe
Laboratory (Analytab Products, Plainview, N.Y.). .

Comparison of the 10-tihe FT with the S-tube FI tests. The
11 technique tested in this study used 10 10-mb-tubies, as
apposcd 1o the FU technique which atilizes only 5 10-mi
libes (1), As ameans of comparing the 10-tube with the
Siube 1L we separately tabulated the number ol waler
sumples which would hiive festéd positive ifonly S tubces had
Deen sinalyzed instead of 10 This comparison was done by
sepasting the 10-tabe method into two sels of S tubes,
consisting of the even- and odd-numbered tubes. OFf the 275

Cwader samples positive by FECboth sets of five tubes showed

TARLE S, Onamisins isokited Trom positive P-A 1ests when the
©OME ad MIPN G Tesis were negative

) " No. of himes
Isolaie

i\ﬂ};lll:l' )

Faterobacter agelomerans .. O
Focdoacae oo P 3
L UETORENES e 2
Citrobacter freandii. oo K
Poseherichia coli- oo et D 1
KNlehsietha puewmoniae o000 e ]
I\‘,u.‘(u'llgu' ...... R R R e 1
-2

6

)
!
Nooderifera. oo 1
1

Hafniu alvei

* Hdentificd according 1o the prolile numbers determined by APL
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TABLE 6. Posmve samplcs delccted by M}- FT, and P-A-
tcchmques in each of the 15 water sy stems

No. of positivé samples by:

System

©OMF. T OFT R P-A

on 18 - 23 - 38
021 . 17 - 2 22

031 oSS 57, 62

041 0 R 0

051 1 2 2

061 82 100 9%

071 6 is 16.

081 6 2 s

091 .9 '32 12

1011 2 i '8
1021 15 2 25
11031 4 2 3
1041 0 4 4
1051 0 9 0
1061 1 1 3

at léast one positive tube in 207 (76%) of the samples. On the

other hand, there were 68 (24%) samples for which only one

“set of five tubes showed one or more positive tubes. Thus,.

assuming an equal distribution of coliform in the tubes. on

average 88% of the posmves from the 10-tube method would

have been detected using only
“24%).

Comparison of the three methéds in individual water sys--

* tems. Approximately 100 samples were callected from each
. system. The results for each individual system aré compared
in' Table 6. Systems 061 and 031 were the most: frequently

contaminated, and the MF technique compared favorably

. with the P-A technique in detecting positives in these two

systems (Table 6). In contrast, the P-A tcchmque detected
many more: positives than the MF techmque in some of the .

less frequently contaminated systems. For instance, system
011 was positive 38 times by the P-A but only 18 times by the
MF procedure (Table 6).

DISCUSS(ON

The results mdlcate that, under’ the cnreumslances of our

“tests, the P-A is much more: ‘'sensitive: than the MF and

slightly more sensitive than the FT. There are sev eral f’lC[O!‘S
that may account for this:observation.

The MF techniqgile gave negative readings.in many sari- .

: ples for which the MPN (FT) and.P-A methods were
_ posm\e Previous studies have also. reported the-lower
_sensitivity’ of the MF -technique in recovering coliforms.

. Reasons suggested for this failire have included the survival .
of “coliforms on a membrane filter surface compared to .’
survival ‘when in-broth (23), the failure to revive injured’

‘coliforms or weakened cells (19, 24), or.the possxbxllty that
the M-endo broth used in the MF test is a sefective medium
which may be inhibitory tostressed coliforms (3, 4, 24).

Inoculation of a-sample into ‘an-enriched broth-based me- -

dium with a prolonged incubation period may enhance the

recovery of indicator organisms (3, 24). These organisms
may have been mJured coliforms that nceded more time to -

grow. .
’ The 10-tube FT techmque appears as an optmnal proce—
- dure in the 16th (1985) edition of Standard Methods for the

- Examination of Water and Wastewater (1). Thls 10-tube -

technique provides more precise MPN values than the

S-tube FT. Wrth the pamcular set of drmkmg water samples

tubes (88% = 76% + 172

"OLIFORM DETECT[ON I“I SMA[L CO\'IMUNITY WATER SYSTEMS 1011

- that we studl‘ed, 12% of "the posmve samples on average

would have been read as coliform negative if the 5-tube FT .
had been utilized instead -of the 10:tube method.
Since this 10-tube FT procedure usés a 100-ml sample of.

" water, it is comparable to the MF and P-A miethods, which

also use 100-ml samples. The FT was com:derably more
sensitive interms of recovery than the MF procedure. It was
surprising that the FT was slightly less sensitive than the P-A

. test, since they are both broth-based methods relying on gas
* production and are both incubated for up'to 48 h. A possible

explanation is the slight difference in medium composition
between the P-A and: FT tests. There is a slightly higher
lactose concentration in the P-A (0.75%) than in the FT
(0.5%). It has .previously been found that isolates
anaerogenic in the FT medium (LTB). were aerogenic in a

‘broth containing a slightly higher lactose concentration (12).

Members of the genera Citrobacter, Enterobacter, and Kleb-

- siella were most frequently isolated (12). These organisms "~

were also isolated in the present study from the positive P-A
tests when the MF and FT were negative. Other possible
explanations for the failure of the FT technique to detect

" coliforms are given in other studies (6, 11, 13, 17, 21).

- The P-A test showed a high confirmation efficiency, which
is an important characteristic for a screening techmque “This
high confirmation efficiency was found only in tests that
showed both acid and gas production. P-A tests that ‘showed
acid but no gas were not confirmed and probably contained
lactose-fermenting species other than coliforms (8-10).
" Another important’ characteristic for a useful screening
technique is the ease of detection of a positive test. With the

P-A test, we found that a large percentage of all posmvc :
- samples (91%) showed a distinctive yellow color'and gas.
. Clear neganves (77% of all samples) were readily noted by-

no. change in' the purple color and no gas. However, there
were a small percentage (3% of all samples) which showed '

only a borderline color change (yellow-brown or brown), but
did show some gas production. These ‘'were usually true
positives, with a 69% confirmation efficiency. -However,

’. when no gas was observed, .these bordetline color changes

did not confirm. These findings have important pr'actical
implications for the reading of borderline P-A tests in the
field. Borderliné color changes which:showed a small .
amount of gas represented approximately-10% of our posi-

" tive P-A tests. Only 69% of these borderlines were confirmed

as coliforms. Therefore, it'is particularly important to carry

all P-A tests with borderline color changes through to the

¢onfirmation ‘step before makmg any decision about the
presence of coliforms.
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A direct, li relati : ming-asso ointestinal

".ness uatit the bathing water w btain Ri-year,
multi rosz)ective ggidemuologuc microbiologic research program-
. con ew York Ci 7 Pontchartrain, Louisia 1977~ .

1978, and Boston, Massachg§gn§. 1978. Several microbial indicators were.
_used in attempting to define the quality of the water; and, of those examined,
enterococcl showed the best correlation to total and highly credible” gastro-
" intestinal symptoms. The 7requency of gastromtestinai symptoms ailso had
~a high degree of assoclation with distance from known sources of municipal
‘wastewater. A striking feature of the relationship was the very low entero-
coccus and Escherichia coli densities in the water (10/100 ml) associated
_with appreciable attack rates (about 10/1000 persons) tor “highly credible”
‘gastrointestinal symptoms. Moreover, the ratio of the swimmer to nonswimmer
symptom rates indicated that swimming in even marginally polluted marine

"bathmg waler is a significant route of transmission for the observed gastro- - E

entenhs

-gastroenteritis;' swimming; water microbidlogy -

‘In an earher report (1), the authors
preserited evidence from a prospective
epidemiologic-microbislogic study that
there are measurable .ealth effects as-

sociated ‘with swimming in sewage- .

polluted waters. In some cases. these ef-
-fects were observed even in waters that
were in compliance with existing recrea-
tional water quallt\ guidelines and stan-
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~dards (2). The swimi’nin'g‘-associatedill--

ness observed was-an acute, relatively
‘benign gastroenteritis which had a short
incubation penod and duration. The ac-

wle ac
companying symptoms. as pointed out in
another report +3). suggested that the

etiologic acrent mlght be- the human
rotavir lk-like viruses. The '
water- related nature of one of the:e

agents. the Norwalk-like virus. recentiv -
. has been confirmed in a- shellﬁ~‘1 ass0-

Acxatcd 0 3 is Jn
Au‘“»traha of some 2000 cases (4: and. in
sev. g];al Qutbreaks assocxated with drmk-

“ing water (5.

The objective of the overall research
program was to_determine if there are
illnesses associated. with swimming in

sewage-polluted water and, if so, whether '
their rates can be guantltativelv related

~ to some measure of the quality of the ba-
thing water, This question has been the

subject of controversy since the 1950s
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when Stevenson (6).and Moore (7) ob-
tained seemingly contradictory results.
Therefore, studies similar to those re-
ported for New York City beaches (8, 9) -
were conducted at two oiher locations in
the United States: Lake Ponichartrain,

Louisiana and Boston, Massachusetts. '

The results obtained at these two sites
were essentially the same as those found
in the New York City study.

‘This report describes the quantitative
relationship of the swimming-associated
gastroenteritis to the mean enterococcus
density of the water as obtained from all
the epidemiologic-microbiologic studies
": conducted in the United States.

MATERIALS AND METHODS

Study sites. Studies were conducted at
three general locations: New York City
(beaches on Coney Island and the Rocka-
ways) in 1973 - 1975; Lake Pontchartrain,
Louisiana (Levee Beach and Fontain-

_blegu Beach) in 1977 and 1978: and Bos--

ton. Massachusetts (Revere Beach and
Nahant Beach’ in 1978. The beaches were
chosen because they were near large met- -
" ropolitan areas and, hence, used by large
numbérs of individuals who swam on
weekends but not during midweek days.
This was an essential requirement of the.
experimental desxgn for reasons to be
“given.

 The_sources of pollution reaching the
beaches in the New York Citv study were
" reasonablv well defined as those emerg-
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thorities_as unsafe for swimin;g_ The
paired beaches were also chosen so that

they would have demographxcall» similar
populations. The results obtained. with

" reference to this objective of the New

'York City study have been published (1).
Study degign. A prospective cohort de- .
sign was used in all the studies. The es-
sential features of the design, which have
been described prevmusly (1, 9, 10), are
as follows: .
1. Discrete trials were conducted.oply

on Saturdays and Sundays, Potential par- .
ticipants were recruited at the beach, pref-

erably as family groups. Trials were lim:-

" ited to weekend days to maximize the size ..

of the beachgoin ulation, especially
- the portion that comes to the beac% onl

.on wee y excluding from the study
those individuals who swam in the five
midweek days before and after the
weekend in question or at other locations
on either weekend day, exposure to ba--
“thing water was limited to that at the
specific beach during a single day. or two
days at the most. This decreased the con-
founding effect of beach-to-beach and’
day-to-day variability in pollution levels -
on the illness-pollution relationships
sought. In addition. it allowed the anai-
yses of the data by trials tstudy days) or
by groups of trials when the" po!lutlon
-levels as indicated by the mean indicator
densities in the water were similar.

2. Demograghlc information_was. ob-’

_tained at the initial beach interview and.

.ing-from the mouth of the Hudson River.
They -were less defined 1n the Boston
study, and least defined in the Lake

during the subseqguent t one. follow-
up survey., The mformahon d ,

sex, ethnicity and socioe¢on mlc status,
Pontchartrain study. M_gw_m_q_l;de_r_ as determmea from a persons-to-rooms

. todetermine which. if any, symptoms or
" groups of svmptons were swimming-

associated and pollution-related (a major

objective .of the first two years of the -

“New York City study), a relatively un-

polluted beach at the Rockaways was -

“paired with a barely accepta

on Loneyv | TsTand. TThe Tatter was 'a'aJam

- to a beach -area 4cla<sxﬁed by local au-

ratio,

3. Information on bathmg activity was
obtained at the initial beach interview.
Swimming was stringently delined as
complete exposure of the head to the
water. This characteristic was deter-
_mined »ny direct inquiry and by observa- -
tion, i.e., whether or not the hair of the
subject was wet. Individuals who did not -
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“tinal sympt.dms and gastroenteritis will be
used synonomously.
Water quality monitoring. Water sam-

ples were collected riodically on trial

- “davs during the time of maximum swim-
] vity at the .beaches. This was -
between the hours of 11 a.m.

generally
and 5 p.m, Usually, three to four samples

Were collected at two or three sites from
each beach at chest depth aggroximatelv
four inches below the surface of the water.
Tpon collection, the samples were. iced
and delivered to the laboratory, where

- they were assayed within eight hours of

collection. Potential water quality indi-

cators that were examined are shown in
table 2. Total coliform and fecal coliform
using the most
robable number or membrane filter

" total coliforms and the component genera

of that group {Escherichia. Klebsiella, -

( er-Enterobacter) _were also

A measured using the membrane filter pro-
cedure for_coliforms +mC) of Dufour and
Cabelli (12). After 1974, Escherichia _coli

densities were determined by the mem-

Citrobg

s described (11). The densitiesof -

brane filter method_for thermotolerant .

E_coli (mTEC) (13). Enterococci (14).
Pseudomonas aeruginosa 5. Aeromonas
Fndrophila (16y. Clostridi.aim_perjringens

1) and Vibrig parahemolyticus (18) were
assaved using membrane filter methods.
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TABLE 2 - oo
Potential water quality indicators used at the
 New York City, Lake Pontchartrain, Louisianc
and Boston, Massachusetts beaches, 19731975

NQW .

: : Lake
ln@xcators 4 'léqu Pontchartrain Boatfm
ity .
Enterococci +* + -
Escherichia coli BRI -

Klebsiella sp. +
Entervbacter sp. *
Citrobacter sp.

‘Total coliforms
Clostridium perfringens
Pseudomonas aeruginose
Fecal coliforms
Aeromonas hydrophila
Vibrio parahemolvticus

PO T T T B SUU IR )

- % » shows that measurements were made for this indi-
cator at the specified location. o

ticipants was too small. This problem was
circumvented by grouping the trials.
Single-day trials were arrayed according
to increasing indicator densities. Groups
were selected by utilizing “natural
breaks” in the array; in this way. those
trial days:with similar indicator densities
formed a group of data from which a geo-
metric mean density and the associated’
rates for gastrointestinal and highly cred-
ible gastrointestinal symptoms could be
calculated. This arbitrary grouping of
trials was done for each of the indicator
organisms. A A .

Th ack rates for gastroirtestinal -
and highly credible gastrointestinal

Analvsis. 1he relationship of swim-

svmploms were regressed against the

ming-associated (swimmer minus non-
' Zwimmer) gastrointestinal symptom rates

mean indicator densitv. The log-linear -

To the .mean indicator_densities in the
water was examined bv regression analy-
sis, Because the participants were re-
cruited at the beach on weekends and
individuals who were swimming in the

midweeks before and after the one in:

cuestion were eliminated from the study,

the symptom rates for a given weetend

day (trialy and the associated mean 1ndi-
cator density could have been analvzed as
a point on the regression line. In fact. this
was not possible with most of the trials
because the number of nonswimming par-

regress:: : equation ,

4'1)

Y =a-+b logX

was used in which X was the mean indi-

cator density and Y the gastrointestinal

svmptom rate.
REesuLTS

l Studies were conducted over several
vears at three locations. in the United -
States. The locations beaches. study
vears, follow-up percentages and number
of usable responses are shown in table 3.
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Tuu: 3

Location of beaches and xhe number of usable responses b_) beach and study year, 1973 1978

% Follow-up during

No. of usable

Location Beaches study year - responses during study year
. : 2 3 1 2 .8
. New York City* Coney Island 823 783 783 - 641 3146 - 6491
o -Rockaways 866 829 . 681 4923 -
Lake Pontchartrain, LA*  Levee | 772 719 3432 2768
) . : ' Fontainbleau —& . 551
Boston, MA3 Revere - 81.2 ' 1824
‘Nahant’ 81.2 2229

* Coney Island. 1973 -1975; Rockaways. i973— 1974

* Levee. 1977-1978; Fontainbleau. 1978,
t Revere, 1978: Nahant. 1978.
§ Included with Levefe Beach:

The dégree of association of the mean

. indicator densities to swimming-asso-
ciated gastrointestinal symptoms in the
three years of the New York City study

was used to reduce the number of in-

‘dicators examined in subsequent studxes
The correlation coefficients v

- indicators obtained from these re
analyses are shown in table 4. be
seen that enterococci was the best indi-
cator of those examined. Equally i -

‘'tant, fecal coliform dens:ties, the basis

or most federal and state guidelines and

standards (2), correlated vé-rv poorly with

swimming-associated gast'omfe‘tmal_

svymptoms.

The rates for total and highly credlble-

gastrointestinal svmptoms among swim-
mers and nonswimmers and the residuais
‘swimmer minus nonswimmer rates) for
the grouped trials' are given in table 5.

- Also included are the corresponding’

means and ranges of the enterococcus den-
sities and the number of trials (days) in
" each group. Similar data for E. coli are
given.in table 6 bv way of contrast. In a
. number of instances. the swimmer and

. nonswimmer rates were significantly dif- .
" ferent from each other. This was more

.frequent for residual rates associated
with high enterncoccus densities and with
total gastrointestinal symptoms.

The regress'ion‘ lines obtained from the

-data given-in tables 5 and 6 are shown in

figure 1 along with their correlation co-
efficients (r). In addition to having higher
r values, the enterococcus regression linies. -
differ from those for E. coli in two other -
ways. The E. coli lines have shallower
slopes and intercept the X axis at much
lower densities. However, in the regres- -
sion lines for both indicators, rather low -
densities are associated with appreciable
attack rates.. Attack rates for highly cred-
ible gastromtestmal symptoms of about

. TABLE 4

Correlation coefficients ;o.' io(a, gastrointestinal i Gl

symptoms and the “highly credible” gastrointestinal |
“HCGI portiin

i against the mean indicatar densities
"rjc'ld:e\ 22 New York Cm becchss., IQ 3-1675

Correlation

Ind ) : _coeficients - "‘;'

nareater CHCGL Gl
Enterococci 0.96 . -0.81 - -9
Escherichia coli - 058 0.51 9.
Klebsiella 0.61 0.47 11
Enterobacter- Cltrohacter 064 0.54 13
Total coliforms 0.65 046 - 11
Clostridium perfringens* 0.01 -0.36 8
Pseudumonas aeruginosa  0.59 035 . 11
Fecal coliforms 0.51 036 12
Aeromonas hvdrophila - 0.60 027 11
Vibrio parahc-molvhcus‘ . 0.42. 0.05 7

* No data for 1973.
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Summdry of the mean enteroco ens dessity Hastrowtestinal (G sviptom rate relationships among swimmers, nonswimmers and residuals
ebtaned from fus tered ials i stindios on swimming-associated gastrointestinal illness, 1973 - 1978

Symplou! Futes 1n casew’ | 000

Entelwenceas - Triaty

. No. of . - N
Study Heach Year  densily “K’ m! - tduyn) N(D, ol non- Total GI -~ Highly credible GI
: Menan &;,,.u(. clustered SWitnMers Awimmers Swi Non: Residuals Swimm Non- Residuals

e o B . _ e wimmers swimmers 8t uahx o W_l- ers uWimmem 8i1dua
New York City  -Rocknways 1071 CMKRT a2 o5y 8 C4Mq 197 - 81 48 35 .04 162 162
Coney Istand HAR 6 186 8 474 167 72 24 48 464 18.0 284
L 197 46 24 K I 1391 k2l 27 23 4 76 4.2 34
o 7 3 . LI 1009 38 R 4 s 6.9 R
[N o 1, ¥ 625 414 42 17 25° 160 2.4 136
KT NI Y 2 LRY 440 43 23 20 181 18.1°
19 o7 Lo 14 2242 936 63 55 ] 188 19.3 -06
AN [EEE 10 18Y6 678 59 37 22° 148 7.4 74
1) A 248 4 gl 191 60 31 29 4.5 346°

Laske Pont. ' ' '

vhartruin, LA Lever | 1007 8} W7 oan 8 YR 4ht 88 51 R1id KX 111 20.9°
ERY ity g 4 720 156 108 50 68° 419 88 - 231

. RN HEE Il 2 845 164 - 108 T 54 542 358 8.6 27.2*
levee 195 - 11 . KIERT) 8 1230 415 5 34 - 41°* . ass 146 - 221°
Fontainblenu Cong B 8 5 C24K 303 Rl 63 18 44 3 23.1 212
lasvee Rt 67 1403 4 LY 422 12 60 62*¢ - 424 16.6 26.9*
Boston, MA . Revere (e [ RENH 3 . 697 529 " A3 66 17 23.0 11.0 120
Nahant T 6 2 - 1130 1099 71 67 o4 330 28.0 -Xi}
——ilie. . Revere S 12 1 222 476 - 108 74 3 41.0 130 280"

pe 0085 - 001 . .
! Study populstion tee small ta Custer Tl b =tontat undicator densities.
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Summary if the mean £, cols denate gostioants anal (G symptom rate relationships amonyg swimmers, nonswimmers and residuals
‘abtained from clustored trials (o studtes on swamming-associated gastrointestinal illness, 1973 1978

Symptom rates i

: Fowdt Trials . No of 7 - e i e -
Study Beah Yem  densy 100ml (dayw aw’i:y:;ﬁ non- - . Total Gl o Highly credible Gl
Mean* Range clustered SWIMMETS Sy immers awihr‘::m-em Residunis  Swinimers uw:l?r‘:a.eru Residuals
New York Uity Hockawayw Wil 24 A A L] 454 197 - 81 48 35 30.4 15.2 16.2
Coney lsland ' 154 TOGON 3 474 167 12 24 48 46.4 .18.0 284
1974 P A [ . 6 2514 1641 25 34 -9 8.0 3.7 43
. Pas w1 4 . 1304 1045 .38 29 9 . 141 5.7 - B4t
q v eah .2 . 600 AU 65 as Car 233 24 209
twin TP A U] Y 194h [T . 13 3 T 4 K] 17TH -44
[EY (R TR .15 194 76 41 as 2456 10.9 142
S2TR RIIT 1Y M- 1049 A30 . 65 24 . a1 21.0 30 1800
i S [} I 4 917 271 . [i1.% 56 13 245 . 7.4 17
Lake Pont. ] . ) '
chartrain, LA lovee 1477 S N H ¥ 2 372 202 132 46 g7 323 9.0 233
. ) LY K] Ca10 {5 120 66 . 55°° n27 228 29.9°
497, FE hAG 4, 574 R LY A 85 © 46 40* 32.8 130 . 198
Toduur g guFe 5 419 204 88 83 5 I . 4.9 26.1
Fontainblenuy FOTR o | A R T248 an 81 614 1R - 44 3 281 - 212
laver . EREN WA T 1 ©. 1123 N2 18 44 34 B - 209 17.4
o 91y s AT 4 918 355 103 36 g 192 | 85 307
Boston, MA | 1978 Sheo4 7 2. 541 . R74 - 72 63 9 . 39.0 ©.29.0 10.0
. IRl 59 2. 477 S - A6 " 68 1.] X 2310 00 13.0
1. [ R P . hK9 24 ) B 67 1 270 270 00
200 28 N 2 12 96 93 71 22 u20 140 _lso

Spc 00K *cp - 00 . .
1t Study population e simall to eluster Gl b somdne idicator densaties.
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YEAR

1973
1974
1975
1977
1978
1978

100 102 103 . 104
MEAN. E. coli
DENSITY PER R 100mi

FiGuRe 1. R.egreaslon of swimming- assoclat.ed ‘swimmer minus nonswlm'nerl rates for gastrointestinal
Gl svmptoms on'the mean entérococcus and E. colt densities ir the water. Coordinate poirits are from tables

5 and 6. \.orrelauon coefficients (r1 are as gn en. HCGI. high:

101000 (1 per centi are assocnated with
. enterococcus densities of about 10/100 ml.
The enterococcus regression linies. their
. formulae. the r and p values and 95 per
‘ent confidence Iimits for the lines are
Shown in figure .2. These relatxon;hrL

wredict the illness rates from the mean
__enterococcus densities.

The relative importance of swimming

in_sewage-polluted water as a route of

. transmission for enteric 1illness was de-

termined by examining the ratio of

swimmer_to nonswimmer gastroenteritis-

~ rates against the mean enterococcus den-

ity It was assumed that all the cases ac-

quired by all the routes other than swim-

' ming 1n sewage- -polluted waters were in-

cluded in the nonswimmer rates. The

_regression lines obtained for-the trials

clustered by indicator densities are shown. .
in figure 3. It can be seen that the rates

credible gastrointestinal.

for both total and highly credible gastro-.~
mtestma] svmptoms were equal at a mean
énterococcus density of about 1:100 ml. At
alevel of 10 100 ml. the rates for total and
highly credible gastrointestinal symp-.

“toms were 1.5 times for swimmers and

twice those  for nonswimmers. respec-
uvely. The higher ratios for hlghn credi-

‘ble than for total gastrointestinal svmp-

toms are.of interest because of their im- -
plications concerning the reliability of the
resporidents’. information 'to the illness
queries.

, DiscussioN .
The results clearly show that the risk of

gastroenteritis associated with smmmmg
in marine waters impacted with munici-

-pal wastewaters is related to the quality

of the water as.indexed by the mean en-
terococcus density in the water. More-
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m_n;h 2. Regression of swimming-associated gastrointestinal (GI uv._sv.b..: rates on the mean en-
terococeus densities in the water. Data are from all US studies. The 95 per cent confidence limits (CL: for the’
lines are as shown. The siopes. intercepts, r and p valués for Gl symptoms are. respectively. 24.2. -5.1,0.82 ~

_and -

‘over, the risk is detectable at qumam_w
-low levels of pollution. According to the

criteria wcmmmmﬂmm by Hill (19), trere is

a strong suggestion of causality. First.
“the association is a good one; in some

o o). wo« highly credible GI* symptoms. they are. respactively,

12.2,0.2,0.75 and ~0.001.

sities in the wa

characteristics required for the specific
association obtained are a consiste nt fecal

trials, the us::B:_ -mmmon_mnma
" troenteritis rate was t
greater than the nonswimming rate.

source and “good” survival during sewage
treatment and .transport in the aquatic
environment. Ot the indicators mxmﬁ_smm

Second. t! ore was a consis.ency in the
;u,wccr_:c; in that"it was ocmm:mm at
multiple locations over muitiple vears.
Third, the association between enteric
disease and fecal contamination is a rea-
sonable one by its very nature. Em.
the association is a coherent one since
there is a precedent tor such a relation-
ship by other waterborne routes of traps-
mission,_j.e.. in shellfish (20) and potable
water (21).

It was also ::n_mnw:w:amzm that, of arm

59883 mxma::ma mim—.ognncm den-.

mimqonoaﬁ and E. 3?

ese two ¢ :fferences are. no:m.mnma with
those observed in the slopes and X axis in-
tercepts of the regression lines for the two
indicators. ‘That is, the slopes of the re-
gression' lines should become shallower
and the lines should cross the X axis at
lower indicator densities as the survival
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characteristics of ‘the indicator become
poorer. relatue to those of the euoloau
cagentis..

Theu:e..xm.mnhm&ma_fmm_the

finding of rather high gastroenteritis rates
1 per cem’.assoug@_vp_tﬁi_hg_}_rlgae_sﬂo_n
o one to five enterococci (the accidental
10c—~tmn of 10- 15 ml of water 126| whose

=nterncoccus density was about 10 100
mb. The first 18 that even enterococci

R TITI
. 102
MEAN ENTEROCOCCUS DFNSITY/!OOmI

Ficure 3. The relative nsk of swimming. in sewage-polluted waters as shown by the regression of the '
ratio of swimmer to nonswimmer (background’ rates for gastrointéstinal (GD) symptoms on the mean en-
terococcus density in the water. Data are from table 5.

103

present. even.at relauvely lov» polluuon o

levels. as seen from the indicator den- .

~sities. The higher ratio of the swimmer

to nonswimmer rates observed with

highly credible as opposed to t:ot,al_ga's,T

trointestinal svmptoms suggests -that.
-nausea. stomachache and.even diarrhea

are d:spronortxonatelv reported bv non-
swimmers, This. in turn. suggests- ‘that

- the swimming-associated rates. for total

may _not survive as well as the etiologic

yoent for the castroenteritis. The second

gastrointestinal symptoms are under-'
estimated : :

.~ ihat the agent must be present in the
cathing waters and. hence. municipal
waslewatlers In verv large nuinpers. DE
highly. infectious. survive very well in
the marine environment or, most prob-
ablv. a combination

- The analysis of the ratios of the swim-
mer to nonswiminer gastroenteritis rates

would suggest that for ‘individuals of

“swimming age,” swimming in sewage-
polluted waters is not an' insignificant.
route of transmission
Moreover. the rfisk' of ginstroentervivtis is

‘.r the disease.

F':nAIi). the finding of swimming-,
related rates of gastroenteritis associated ’

- with very iow indicator densities. i.e.. the

ingestion of one to five enterococci. has

- some interesting implicauions with regard

to the existence of sporad'ic- cases of this
iliness by the other potential water-
associated routes of transmission. e.g.;-
shellfish: drinking water and even aero- '

sols generated. from municipal sewage =

and its receiving waters. These possibil-
ities should be pursued by prospective
epxdemxologlc mvestxgatxona :
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“A membrane filter procedure i« deicribed for the enumeratinn of enterococciin
marine waters. The procedure utilizes a hnghl\ selective and somewhat differen--
tial primary isolation medium folloved by an insitu subsirate test for |dem.f\mg"
" colonies of thuse organisms capable of h\ drolyvzing esculin. The procedure (mE)
was evaluated with known streptococci strains and field sampies with regard to”

its accuracy. sensitivity, selectivity, specificity, precision. and comparability to -

existing methods. Essentially quantitative recovery was obtained with seawater-
giressed cells of Streprocuccus foecalic and S.. faecium Neither S. buris, S.
equinus, S. mitis, nor 8, salivorius grew on the medium. The selectivity of the
medium was such that a 10.(00-fold reduction in backeround orpanisms was
obtained relative to a medium which conitained no inhihitors and was incubated
at 35 C. Abnut 907 of those typical colonies designated as enterococci confirmed
as such and about 127 of the colonies not'so designated were. 1n fact. identined as '
enterococci. Plate to plate variability across samples approximated that ex-
pected by chance alone. Verified recoveries of enterococci from natural samples

- by the mE procedure. on the av erage. exceeded those by the KF melhod b\ one

order of magnuude

Shorll\ after J. P. Laws and F. W. Andrewes’

first reported streptococci from the gastroiniesti-

“ral tract. Houston ‘noted’ that these organisms °
1 ppeared to be characteristic of sewage and ani- .
t1al fecal wastes. He suggested that thev were

1:dicative of dangerous pollunon because they
" are readily demonstrable in recently polluted
waten and seemingly absent from waters above
suspicion of contamination (18). Since that

time. a volume of data has been accumulated -

categotically demonstrating that fecal strepto-

cocci are associated with the fecal wastes of man -

and lower animals and that they can be isolated
from polluted water. containing such wastes (14.
20). Nevertheless. this group of organiesms has

- not been generally accepted as an indicator of -
“were.the biotvpes recovered by the procedum

fecal contamination for at least two reasons.
First, coliforms and ¢oliform biotypes have been
a more sttractive means of identifving fecal
contamination because early workers found
" them easier to quantiI\ and they are present in

larger numbers in feces. sewage. and polluted .

waters. Second. there has been a gond deal of
ronfue.mn concerning the identity .of the fecal
streptococci. particularly as it relates to theif
ecological distribution. This is reflected in the
fact that those streptococei w hich can be found
in the feces of man and other warm-blooded

ammalc have beer referred 1o \anousl\ 8
enterococci, . fecal . streptococci and. .more re- -
cently. . group D streptococei. The composition

“of these three group= is shown in Fig. 1. It canbe

seen that two organisms not associated with
humans. Streptococcuc bouis and S. equinus,
and two organisms asenciated \uth humans. but

.not exclusively with fecal wastes, S. mitis and

S. salivarius, are included.in one or more of the
groups. ldeally. the indicator should be limited .
1o the fewest number of species or biotypes
which are most closelv or exclusively associated

‘with the fecal wastes of man. i.e:. S. faecalis and
'S. faecium. Facile methods to do this have not

been available Hence. broader groups of strep-
tococci have been used at times. because these -

available.
The taxonomy and dnstnbuhon of this group
of organisms has been reviewed by Hartman et

‘al. (8), Kjellander (11), and revised recently in

Bergey's Manual for Determinative Bacterw!

“ogy, Bthed. (2.

Early attempts to quantify fecal slrep(ococcn T
relied' on enrichment tube procedures associ-
ated with the use of the most probable number
method. In 1940 Mallmann (15) suggesled the -
use of azide lactose broth. This was later
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u!uanne‘v.axen in sterile containers held at 4o 6 C

and assaved within 12 h'of collection.
Membrine filtration. Appropriate volumes of the

“»;g Fuspensions ar water xamples used in evaluating.

“ the experiinenta! medium were passed through mem-
brane filters (47-mm diameter. 0.45%nm pore size).
When the portion of the water sample to be filtered
was lesx than 20 ml. it was brought to st jeasi that
volume with phosphate-buffered ssline 10 wash resid.
ual organisms onto the membrane. The glass filter
holders were sterilized for 2 min in an ultraviolet
sterilizing apparatur (Millipore Filter Corp.). The

._membrane filiers were obtained presterilized from the -

" manufacturer

Recovery media: mE. The formulae and methods
of preparation of mE medium and the esculin-iron
ager substrate used in thé in situ esculin test are
" given in Tahle 1. After s basa! medium containing
peptone, sodibm chloride. veast extract, esculir. and

ferric ammonium citrate was shown to qusntitatively.

tecover the organisms. a search for eppropriate inhibi-
tors was initisted. A number of candidstes were
screened.for this purpose initially by using a modifica-
tion of -the gradiént plate method of Szyvbalski as
described by Levin and Cabelli (12i. Nalidixic acid
- and sodium azide are used to inhibit gram-negative
organisms and actidione to inhibit fungi. Tripheny!
tetrazohum chloride in the concentration used colors
the colonies. differentiastes enterocncci from other
streptococci based upon its reduction. and has a shght
- inhibitory effect on some background ‘microorga-

nisms. Esculin is included to induce the enzyme.

. catalyzing it hydrolysis. The mE plsle< are incu-
bated for. 48 h at 41 C: thé elevated incohatiun
‘temperature also inhibits some of lhe indigenous
" microbial Nlers

. In situ esculin substrate. The hy drol\ si< of esculin’

is' used in the characterization of enterococci.” Ini-

tially, the esculin indicator svstem ‘was included in

Tasiz 1. Preparation of mSD medium and EIA

substrate
msh . ElA
]nzrrdiemsf gliter - .Inzrfdw;gts‘ gliter
Agar o 15.0  |Agar - - | 13
-~ Pepiore - 100 - jEsculin 1
NaCi o 15.0 Ferric citrate 05
Esculin ) 1.0 | Dastilled 1,600 ml
; ' . : water
‘Yeast extract 30.0
‘Acuidione 0.050
Sodium azide 0.150
Distilled water | 1.000 ml

* Autoclave at 121 C for 15 min. Afier sutoclaving,
8dd nalidixic acid. 0.24 g. and triphenyl tetrazolium
. chloride; 0.15 g. Adjust pH to 7.1 2 0.1 and pour in
. 3.5-ml smounts to 50-mm membrane filier plates. -

* Adjust pH 1o 7.1 1 0.1 befure sutoclaving a1 121 C
for 15 min. Pour in 3.5- m! amounts to 50 mm mem-
brane filter plates.

Arn. Mmos'u.
the primarv medzurn Thtt» mu!ted in dark wd
colonies nppnoxnmmel) 2 mm in diameter with blsd
halos in the medium resulting from the reactiond
cumarin with the ferric chioride. When more than &
colonies were present, howeves. the zones coslesced

making it impussible 1o determine which of the
colonies was- posmve This problem was overcome b’

the use of an in situ test in which, after incubatioh

the membrane is transferred to an esculin-iron sax -
plete (Table .1). After 20 160 30 min ot 4] C, sua? .

" black spols appear under the positive colonies, pes

milling enumeration of st least 80 enterococcus eod
nies per plate without problems of coslescence.
Control media. KF (Difco) and PSE (Pfizr!
media were prepared and used (ollowing instruction
from the manufacturers and Stondard Mecthods for
the Exomination of Water and Wastewater (11. b,
noted earlier. the PSE medium wac ured in 8 mes
brane filter pracedure. - .
Verification of colonies. \ erification of colonieta

‘enterococct was accompished by using the bik

esculin medium of -Schwan in combinstion withs

..modification of the procedure of Facklam and Mook

(5). i.e.. (3) growth st 45C in BHI broth: (iila
negalive catalase test: i) esculin hydrolysis; (w
growth on 40% bile-blood agar. (v) an acid reactions .
litmus milk: and (vi) a positive Gram stain.

- RESULTS

The accuracy of the mE method was deter
mined by comparing the recoveries obtained bx

~ this procedure to those ohserved when eigh

species of streptococci were spread plated o
BHI agar. The suspensions. whose initial ce8

- “densities varied between 10° to 10* per ml. were' -
-prepared in filtered estuarine water and helda.

5 C for periods up to 9 dayvs. The aversg
relative recovery of S. faecalis and S. foecim
over the 9-day period was 102%; S. bovis, &
equinus, ‘S. mitis, and S. salivarius recoveriss
were 0.0001% or less (Table2).. . :
The selectivity of the mE method was sud
that a 10.000-fold reduction in background-
organisms was obtamed relative to that ob
served when the inhibitors were- omjtted from
mE medium and the plates were incubated o
35'C. This 99.99% reduction was obtained witk
samples whose initial backzround densite - -

-were 10¢ to 10°® cells per 100 m!.

The specificity of the mE procedure wa -
examined by determining (i) the percentage d
tvpical colonies which did not verify as mea-

-bers of the enterococci group (false posnusl

and (ii) the percentage of other colonies. thoe
which did not possess the typical colonial cha.
acteristics which. in fact. were enterococci (fale
negatives). The 2,231 colonies examined wem -
isolates from polluted marine and estuarim

“water samples collected at six Jocations alog

the east coat of the United States Most of e
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T-tBLE 2 The recovery of strrurd‘ /rml xlrrplmorca

on m&l) medium

. . rplates),

: % Recovery® ofter exposure (davs)
Orpenism

. : o - 1 13 6 9

§. foecalis 10% ND- . 941123} 87

S Joecum 102 ND 126 731|109

. faecium* 114 KD’ 1031 46 {100

§.Joecalis 117 ND 118 |ND 113
- wubsp.

-~ vmogehes .

§ bovis 0.001 <0.0001 {NDIND {ND

S.equinus <0.0001- | ND ND{ND IND
© S.sohvarius | <0.000) | ND ND|ND IND

S matis <0001t | ND ND [ND |ND

*Suspensions heid in seawater at §
d&ayy as indicated

*Relative 10 recovery on BHl spread plates.

*Obtained in 1972 from R. Facklam as S. durans.
_ *Nodats

5 C for number of

mlale< came from samples collected at beachec’

® the vicinity of New York Cuv. In general all
-the colonies on 8 given plate were examined.
Ninety - percent of the tvpical colonies and 11.77%
of the other.colonies were enterococci (Table 3).
Neither S. bouis, S. equinus, S. mitis, nor S.
slvarius were encountered. '
" The precision of the mE method -was deter-

mied from D? values for assay variability:

-aalculated from the following equation as given
b Eisenhart and Wilson (4i: D? = NZIX1° -
CXi)/IXi. where IXi is the summation of
the plate counts X,.. X,
“samber of replicate plates per sample) was 5.
The D? values calculated from the examination

o 15 polluted. manne. and estuarine water '

«mples are displaved in Fig. 2 along with the
" expected D? control imits for P = 0.005. 0.025
md 0.5. In the event of excessive variabihity
smong the five replicate determinations
hence. poor reliabilitv of ‘a. single
dtermination. the observed D? values should
‘Bave exceeded the control himite more fre
gntly than expected by chance alone By
" ckance alone. one D7 value in 40 would have
S2en expécied to exceed the P = 0.005 hmit
Roxever. it can be seen that nione of the values
‘aaceed the limits. and that thev are evenly
éxzributed around the P = 0.5 limit (Fig. 2
Sixteen water samples collected from a vari-
&y of sources were assaved in parallel by the
- KF.PSE. and mE methods. Typical colonies as
#escribed for the various procedures were veri-
fird a: stated in Materials and Methods. Thus.

the data presented are derived from verified -

_meoveries. As can be seen from Table 4, neither

.-Xa. and N (the

FEOE PLTRATIO Tty 0 R0
the PSE nor the KE K'l‘l’\?‘(il':s_ ::r-pmacheﬂ
thase oliained with the mE method. although

those by the PSE and KF methods did spproxi- -
. mate each other. The average number of colo-

nies on the filters in these 13 trials was 70,
ranging from-9 to 110. In & second, more
extensive set of trials. fecal streptococcus densi-

. ties obtsined by the KF method were compared

Tamx 3. Specificity of the mSD proredurel for the
.enumeration of group D streptococci

No. of colonies and % verification

Generalsample { Tvpicai colonies Other colontes
- locaniorn - —
o . No. ~ False Na % Faiw
examined | positine {examined ;neume
Cone Island D Wy 1 107 - 8
NY. ) :
Rus Park. a7 10 g N
ONY - :
Miami. Fia C 16 Ve 16 e
Boston Harb.. |~ 59 3.0 ND* |ND
Mass. :
Connecticut 67 4.0 20 (i
Rhaode Island 30 0 10 o
Overall 1.974 100 | - 257 11.7

* No false-negative or posili've colonies
*No-data .

o® VALUES FOR mSD AGAR
- e o o w w we  a — - P‘l.ws

4 P
ol ™3 s.028

P:0S

Lo} . T -

o' VALUE
o' cONTROL LimiTS

ol iy
s T s
SAMPLE NUMBER

Fic. 2. Precision of the msD procedure for en.
terococc: as extended from dispersion of D? alues.

" Svmbols (@) D* value calculated from five replicate

plates at each point; ----: control lmun when proba-

* bility 15 as slaled
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v TasLe 4. Comparison of wri/wdrérm-rrim of grdup
D streptococei by the mSD, PSE and KF methods

. o ) - mE- & mSD.
Q .e,m' Q
Location Trial | Teeovery | reeoveriesby
- plate) PSE ‘| KF
Providence River 1 45 . 82 62
i - 2 23 - 70 74
3 90 ] 68: 58
4 5 . .78 1]
5 - 70 49 | 73
Coney lsland 1 110 59 61
: 2 82 60 77
. i ¥ 21 45 - R
" Baston Harbor ] 89 86 75
L 2 T, 5 70
3 73 1 'n 73
Miami 1 9 ND* | 6&
R 2 107 ND*1 32
Stonington L 9 39 75
Harbur ' / o
.New Londnn | I R 3| © 25 38
Herbor i E :
Mystic Harbor ) Yy 8 68 | 9
Avg- . 70 60 &

* Values ohlamed from tbe average of - lnphcate
‘plate’ counts.

*No data’ bccause the PSE platu were overgrown
. ‘with bac kground orgamcmt

‘ diredly to those hy the inE procedure (Table 5).

‘In only three instances did the KF recnveries .

exceed the mE recoveries: on the average. the

mE recoveries were about 10 times greater than

those by the KF procedure. The samples re-

ported in Table § were obtained during the

winter months and those reporled in Table 5
" were obtamed in Julv and August. -

DlSCUSSlOI\

The mE procedure has satisfied most of the -

predetermined criteria for a8 primary, selective-

differential method for the enumeration of en. -

terococci in marine waters. The onlv exception
was the raie of false-negative colones
Essentiallv quantitative recoverv

unstressed  and stressed cells. ‘Although this
approach is basically artificial in that the work
was done with pure cultures rather than natural
samples. it is not logistically feasible to perform
such experiments with natural samples §.
bovis ‘and S. equinus were nnt ‘recovered in
significant’ numbers of mE medium. nor were

. they isolated from natural samples. Therelore,
_ it may be acsumed that these twospeciex. whose
included in

. origin is animal feces. are nnt.

of S .
foecalis and  S. faecium was obtained with -

Arri. MiczomoL

denmhes nf entenmw:cl as obtamed by the mE"

- procedure. Relative 1o ather metheds, this in-

creases the specificity of the mE procedure far
enterococei of human origin. However. §.
faecalis and S. faecium do occur in animal fecss.
(2). In addition, -bintypes of S. faecalis haw
been reported (4. 15) as being assnciated with
vegetation unpolluted with human fecal wastes
and with insects. The former are differentiated

_ b\ their ability to hvdrolyze starch, a character-

istic which could be performed as a subsequem :

in situ test. .
The selectivity criterion for the evaluationd .

mE methods assumes that the marine recres.

tional waters to be examined for enterococc

generally would contain less than 10° back-

_ground organisms per ml (those bacteria which

grow in 48 h on the mE medium when the
inhibitors are omitted and the plates are incu-

bated a1 35.C). The required 1.000- -fold (99.95)
reductidn in the level of these organisms. to be

achieved by the combination of inhibitors and

Tapre 5 Comparison of verified recoveries of fecs
s:reprococu ond other organism's by the mSD and KF

methods
Recovery per 100 mi by
) group and me1hod
lotplior.\ . Trial’ Fernl. . Other -
: streptococer |, ‘colonms
. mSD | KF" | msD-| K-
Coney Island, 1 38 1] <1 4l B
N.Y. 2 38 | ND*}| 3B |TN .
: J3 1 Zop 6 | 190} <)
4 660 [ND | TN |TN
5 70 | ND | 240 | TN
6 310 | 20 430 {<id
7. 70 4 |13«
8 - 7 1. 4 <l
8 701 4 70 | <!
4 , 10 {1510 6 | 210 | «l
© Rockawaye. 1 T 12 1 wd | <l
SN 2. 230 17 hoofa
3 4401 .8 I'TN |«
T4 5] 5] 450 {-<)
S -25 | 61 | 56 ki
"6 49 | 62 24 J<i0
3 3} 2 1 <1«
8 16 8 | 127 | «i
9 32 5 |10 |}
10 - 47 2| 83«
11 - 36 8 2|«
12 42§ 57| 89 |«t

*No dsta, ronnuem growth of backzmund op
n|=m'~
* Too numerous to count
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‘the ele\au-d incubation lempemum-
result in 50 colonies per filter when » 50.m)
water sample ix assayved. The diflerential char-
. acteristick of the medium then should permit
. the detection of a single group enterococcus
colony. on such a filter. The actual reduction
{99.99%) exceeded this. requirément. thereby
permitting the detection of group D st repimocci

- in the presence of 500.000 background orga-

nisms depusited on the filter.
..+ Although the rate of false-negative colomes

(11.7%) slightlv exceeded the specificity crite-
- rion (10%). the false-positive rate (107) was
“markedly less than the specified limit (25%).
Therefore, it may be assumed that verification
of 8 number of tyvpical and other colonies is
necessary only when an operator iz being
trained. In'the absence of verification. estimates
- of enterncocci densities should be designated as
presumptive. After verification, the e<l|male<
would be considered as confirmed.

The results demonstrate (Fig. 2) the precision

(reproducibility) of the mE procedure The

plate to plate variability over the samplés

examined was that expected by chance alone;.

that is, the D? estimates.distributed equally on

_both sides of the P = 0.5 limit of 3.2 and none

exceeded the P = 0.025 hmn v ‘
The recovery efficiency of the mE method -
comparable to. or better than. that by the l'\

method for the examination of ‘enterocncci in”

estuarine waters: in addition, it provides higher

‘confirmed recoveriés. The difference betweer:

recovery ratios (mE/KF) observed at Conev
Island in the summmer months (1.5; Table 4)
and-winter months (54. Table 5) may be a
. function of a seasnnal variation (water tempera-
ture. rainfall). As noted previously. the method

measures 8 more specific portion of the fecal.

streptococcus population and one that appears
- to be a.close association with the fecal wastes of
"humans.
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Q& chroMal Degracation of High Mo\ecular Weight
Polycaprolactones. C.V. Benedict® and J.A. .
Camron. Unfversity of Connecticut, 'Storrs‘ -

Two polycaprolactones, PCL-700 (MW 40,000) and PCL-
X9 (MW 10,000) were the sole carbon source in individual
enrichment cultures of lake and river sedimenis. Degrads-
. tion has been. quantitatively monitored using hoh pressure
liquid chromatography. Both mixed enrichment B ystems and
fndividual isolates obtained from them have bfer assayed:
for degradative capacity under a variety of g-ditions.
In the dbsence of alternate carbon sources, tde higher
rolecular weight polymer appears more readilff degraded;
1002 degradation has beer seen in mixed r.ult € systems
afterf one months® incubation. A yeast, iderg ‘ied as
Crypthcoccus laurentii, has been shown to effensively
degrate bot polymers. Preliminary evidencg indicates
that $he degree .of crystallinity is an impgfiant char-
acter@tic affecting polymer degradation. gwith current
_ polymeW preparation techniques, PCL-300 1§ more crystal-
Yine tRAn PCL-700. Most singie isolates Fo not have the
degrada ve capacity of the mixed culturd. Of nineteen
- organisn} eignteen are coryneforms and gne is 3 yeast,
Trichospcon pullulans. Among these, a4 f-incle coryneform
was able & degrade PCL-300 to a greatgf extent than the
. wixed cultd fe from which it was obtam 3. '

Qe The Efect of Kutrient Cogkiticns upon Biode-
gradatlon of 3 -Synthetic Folymer, D.A. Marchuk»

i and J.R Cameron, Univerghty of Connecticut, -

CStoree, (T : 8 : :

The effect ‘g nutrient condf tions upen the ability
of microorganisms§to degrade sygthetic polymers has beer
studied. Twelve tpcterial and Jeast isclates from
enrichment culture} were testef for polycaprolazione
degrzdatior. by zond clearing J an. agar containing
polyrer. ‘Yeast isoRztes demg stratec cromtn 2ns degra-’
Gairon of polycaprofpectore i 2 minical megiur, whereas
the tacteria 2id nofl  ESacighial degraedetion Lovid e
promoted by the addijicr offfnono, di anc tri- carboxyh(
" aridy-.and aming acidQ tc tgP mezrum. Moo and . di-
‘saccrarides did not pRomstf bacteria! decrasetior of
the polyrer and inhib@ecgd east dearacation, homever
wriziticn could be ovir@-e by 3 low corcentration of
succinate ir the mediy Inhirition o dégradation
2ico occurrec updn the YEr1tion of caproate e tne -
redium, suggesting a fefback inhibition mechanise,

Q&8 - Scanming i\ectrourh R DsLopic Viswdiization
’ of Eiofecradaticr of Wenthetic Polyrers by
Fungi J w.J. Coot~ and 7. Jarrett, Un\versmty
of Connecucut. Potorrs, O1 : W

The oolye ers "olyceprolact e 700 {40, 0 0 daltons )

and polycaprolgctone 300 {12,000 cgltons) were used as
. polmr modely to demonstrate the B odegradation process
by fungi. Sdferal funga) species, Yolated fror poly-
taprolactone f720 enrichment culturesjof sewage or pend -
wster showedfgrowth and signs of deg pdation on agar
plates coatdh with a polycaprolactonedfilr. Specimens
for microscy ,nv were prepared by ccatifg basal minimal
s3lts - nobfe agar plates or acid washd glass slides
.with 3 poly ev' film, inpculating with & fungal isolate,
and incubafing in a moist chamber for 3 onth After
- incubationfsamples were removed from thdagar and slides,
air-dried.Jsputtered with gold and viewel with a
.. scanning gectron microscope {SEM). The Rolecules of 2
polymer cdst film organize into the typicd supra-
© molecylar structures called spherulites deBons trating

: crystalhne (ordered) and non-crystslline -(ynordered
regions. Biodegradation was seen on the PCL700 and
PCL300. Tt appears that deterioration of the amorphous
areas of the spherulites preceded the biodegradatton uf
the crystailine areas.

Cfrom the MPX ‘test wa

‘.pedia as tile esculin Wy
. M-ELLeTUCOCLUS BRATS. .

" Celorads State U
_forx Callins.

‘praductio

Qe o\ 24-hour Membrarie Filter Pncedvn for !mra-
ting Enterococct. A.P. DUFOUR, Harine Field
" Station, ntRL-Cin.. Hest Kingston. R! 02892.

. A meabrane filter procedure (wE) for enuneuting
enterococci was modified and simplified by eliminating =
.the in sftu esculin test and decreasing- the incubation

" period YTrom 48 hours to 24 hours. lndoxyl-g-D-glucoside.
-8 chromogenic cellobiose analogue, was substituted for

esculin in the primary medium.

The mE procedur: and the modified method were com-
pared for .the recovery of enterococci from marine, fresh
and estuarine water sar~les. Sligntly increzsed recov-
eries were observed with the modified procedure. Colontes
isolated by both methods were submitted to biochemical

.testing to confirm their identity. Ninety-four percent .

of the isolates examined from each wethod were confirmed
as enterococci.. The false negative rate was Iess ‘than 9%
with the modified procedure.

The modified mE procedure is 3 specific,facile method
that can be utilized for enumerating enterococci in

marine, estuarine or freshwater environments.

Q70 The Enumeration and Tdentificarion
cocci from Landfill Leachates. U+
P. V. SCARPINC, and D. BRIMNER. Univ. of Cincing
USEFA, Cincinnati, Ohic, /
Increasing use of landfills to deposil seW
inicipal and hospitai solid wvastes, and otheff containing
v hat these
& hate and con-
X 4 Fecal strep-
tocozcqvere found to survive longet in 1gRef111¢ than
most fir@y-regative rode, including colifgh-<, and their
presence Y leachate im~1ied the fecal dfigin =f the vasre.
caterial {% the lancfiil. ldentificat@nr of streptoccccal
cspecies fursr indicated the vesetabhlf . anima) o1 hu=ar
oripir cf th@leachate. Several quagf:tative strr*loro:-
cal proceduresNg-ere corpared vith oy Standar2 Ptthods
(1975; Mest ProWgtle Numher (MTh) pfe:. Leaznates were
obrzined from la¥yr g scale field lvsimezers
and s cormercial #-1 viclet a21d» brott
ygf scecific when used with
f er1occccal identifydrnp
¥y streptococcal and
il oh streptococeal count
Fiz gave two-fold to ten-fold
B-rd Methads MPN.  Older lvsi-
muters showed 2 kigher reg aze ¢ Crour T sl'cptococc..
vnile the commercial langd q-rtzirec 3 creater varfery
cf sirept tocecci, fnclueyf; B T. ard viridans.

leacha!e. it. was rep

R\, the lsolation of
\ Esm‘u:\.'.1 I

.

A membrang f1lter procedurc vas developed
isolanior .of Futtuua enfercceldlaca from aquat
envivonmentisf Primary differentjation was hased §
fermentatioff of sorbitol, the abscnce of lysine deQ
hoxvlacc agll arginine dihvdrolase activities, and tiy
of urcase. Sodium desaxvchelate was inco
an inmhibator of background organisms. The §
f.c identification of V. entevctelcica was
<r.ed 1n 5S¢ hours, at 2%°C, and the rate of con-
n of idenrtity of typical pesitive.cnlonies was’
e mcan recover) rate of 1% strains of the organ-
ism ffor phosphate buffer suspensio~s v3s 91%. The tech-
used to isolate 33 culiures of Y. enfercceludeca:
fros 15 €f 27 river water samples and from prechlorinated
sewage effluent. Two ‘jsolates were identified as sero-
type 0:3 (or 0:4,32), 2 were 0:17, and the fifth was

0:30. .

porated
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Media Preparation: mE Medium-Modified

Bacto-Agar - 159

Bacto-Peptone - 10g

- Yeast Extract - 30g
- NaCl ‘ g 159
Sodium Azide , .~ 0.15g
Actidione(cycloheximide) 0.05g "
Deionized Water ~ 1000 0m1--~

Autoclave for 15m1n, cool to 50 C. Aseptlcally add the follow1ng _

l,_Na1161x1c4Ac1d ' O 24q, welgh into a sterlle test tube,
- add 3ml sterile -water. ‘Add 0.2ml 10N NaOH, vortex to dissolve.
Add to cooled medium and rinse tube w1th medlum. : .

2, Tzlphenyi Tetrazolium Chlorlde 0.02g, weigh into a stériiel
test tube. Add to cooled medium and rinse tube wlth medium.

3. IndoxylfB-D-G1u0051de . D.75g, welgh into a ‘sterile test
‘tube, add 5ml of 95% EtOH. Dissolve with mixing and add 5ml
.sterile water, vortex. 'Add "to medium and rinse tube with the
mediuw. : A A o o o ' -

. Swirl: to mix or use stlr plate,'aseptlcally adjust pH to 7.1% 10. 1,
alspense 4.5mls into . 50x9mm plates using a sterile Cornwall
syringe. Store inverted in a foil covered basket at 4. C,‘ will
keep about 1 month : :

Incubation- place 1nverted plates ‘in stacks of 2 ‘in, 41 C
-incubator for 48hr= - : o

ann;;ng— count all typlcal colonies: pink center, -gray fringe,
- blue halo or those that are dark-with blue halos. No minimum
size. ' I e S mnmam

~ References:
1. Levin, M.A., et al, Applled Mlcroblology vol 30 l pg. 66-

71, 1975

2. Dufour, A. P., Abstracts Annual Meeting Amerlcan Soc1ety
for Microbiology, 1980, abstract- number Q69.



TEST NETHOD
ENTEROCOCCI IN HATER BY THE MEMBRANE FILTER PROCEDURE

 METHOD 1106.1
1985

. that1on

2. Scope and App]icat1on ‘

“ 2.1 This method describes a membrane f11ter (F) procedure for the
detection and enumeration of thé enterococci bacteria in water. The
enterococci are commonly found in the feces of humans and other -
warm-blooded animals. Although some strains are ubiquitous and not
related to fecal pollution, the presence of enterococci in water is -
an indication of fecal pollut1on and the poss1ble presence of enteric -

-.'‘pathogens.

2.2 The enterococci test measures the bacterio]og1ca1 quality of recre-
" ational waters. Epidemiological studies have led to the development

* of criteria which can be used to promulgate recreational water
' standards based on the orf:h\-rkad v-¢51 a#ﬁnnrhs? hatuann hasléeh -

PP Wil i ) Wi

. effects and water qua]ity. The signflcance of finding enterococci in.
. recreational. water samp1es 4s the direct relationship between the
. density of enterococci in the water and swimming-associated. gastro-
o enter1t1s stud1es of marine and fresh water bathing beaches (1).

- 2.3 The test for enterococc1 can be app11ed to potable fresh estuarine,
: mar1ne, and shellfish grow1ng waters.

2.4 Since a wide range of sample volumes or dllutions can be analyzed by
. the W technique, a wide range of enterococci levels 1n water can be
detected and enumerated . : ‘

3. Summary

. 3. 1 The W method provrdes a direct count of bacteria in water’ based on .
" .-the development of colonies on the. surface of the membrane filter (2).
‘A water sample is filtered through the membrane which retains the
_bacteria. Following filtration, the membrane containing the bacter-
~1al cells is placed on a select1ve medium, mE agar, and incubated. for
48 h at 410C. After incubation, the filter is transferred to EIA
agar and held at 410C. for 20 min, - Pink to red enterococci.colonies -
. will develop a black or reddish-brown precipitate on the underside of
. the filter. These co]onies are counted with a fluorescent lamp and a.
. magnifying lens. , : .

4. Def1n1tion

4.1 In this method enterococc1 are those. bacterla whwch produce . p1nk to
red colonies w1th black or reddish brown- precipitate after 1ncubatwon

14



) 5.'

6.

- on nE agar and subsequent transfer to EIA medium Enterococci e
include Streptococcus faecalis, Streptococcus faecwum,.Streptococcus .
avium, and thewr variants.

Interferences

5.1 Hater sanp]es containing c01101da1 or suspended particulate mater1a15

can clog the membrane-filter and prevent filtration, or cause spread-
ing of bacterial colonies which could interfere with identification
of target c01onses '

Safety Precautions

- 6.1 The ana1yst/techn1c1an must know and observe the normal safety |

procedures required in a microbiology laboratory while preparing,
 using and disposing of cultures, reagents, and materials, and whvle
operating sterx]szatlon equ1pment ' _ .

6.2 Moutn-p1pett1ng is prohibited. .

. Apparatus and Equipment

7.1 Glass lens with magnificatjon_of 2-5X'or stereoscopic microscope. - .

7.2 ‘Lamp, with a csol, white flucrescent tube.

7.3 Hand ta]ly'or“eIECtronic counting device.

‘17,4' Pipet contaxner staxnless steel, a]um1num or. boros111cate

glass, for g]ass p1pets.

| 7.5 P1pets, sterile, T.D.: bacter1o]og1ca1 or Mohr glass or plast1c, of.

appropriate vo]ume.

[7.5 Graduated cylinders, 100-1000 mL covered w1th alun1num f011 or kraft ‘

paper and steru]e.

. 7.7 Membrane filtration units (fi]ter base and funne]) glass plastlc or

stainless steel, wrapped uith a]umlnum foil or kraft paper and
sterile. = ‘ .

7.8 kultraviolet unit for steri]iz1ng the f11ter funnel between .

filtrations (Opt1ona1)

7,9 Line vacuum, e]ectric vacuum,pump.'or aspirator for use as a vacuum -

source. In an emergency or in the field, a hand pump or a syrlnge .
equipped with a check valve to prevent the return f]ow of air, can be
used. . ‘

: 7;10'Flask filter, vacuum, usua]]y 1 L, with appropr1ate tubing

A f11ter man1fo]d to hold a: number of f1lter bases is optional..

15



7.1

Flask for safety trap placed between the fllter flask and the vacuum»,ﬁ'

- source.

7.12

7.13

7.14

7.5

7.

Forceps, straight or- curved with smooth t1ps to hand]e filters
without damage. . :

Ethanol methanol or 1sopropano1 1n a small, wide-mouth.container,
for flame-ster11iz1ng forceps. ‘ :

Burner. Bun>en or Fisher type or electr1c ‘{ncinerator unit for )

sterilizing loops and needles.

Thermometer. checked against a Nat1onal Bureau of Standards (NBS)

'4 certified thermpmeter. or one traceable ‘to an NBS thermometer.

7.6

Petri dishes, sterile, plastic, 50 x 12 mn, with tight-fitting lids.

Bott]es milk dilution, borosilicate glass, screw-cap u1th neoprene

liners, marked at 99 mL for 1-100 dilutions. Dilution bottles marked:

" at 90 mL or tubes marked at 9 m may be used for 1 10 d11ut1ons.'

7.18
S 7.19
?j7.20
R
.22

7.23
7.24

- 7.25

'Membrane filters, ster
. 0.45 + 0.02 um pore siz

Flasks boros111cate glass, screw-cap, 250 2000 mL vo]ume.

L

} , unté! grid mnr&ea, 47 mm OlamEter, with

ﬂi

Inoculation loops, at least 3- mm d1ameter and need]es nichrome or .

‘plat1num wire, 26 B & S gauge, 1n su1table holders.u

Incubator ma1nta1ned at 41,:_0.5°C.
Waterbath maintained at144=4BOC’for"tempering agar.
Test tubes 150 x 20 mm, boros111cate g1ass or p1ast1c.

Caps, aluminum or autoclavable plast1c, for 20 mn d1ameter
test tubes.

Test tubes, screw-cap, borosilicate glass, 125 X 16 mn or. other
appropriate size. A

Reagents and Materials

- 8.1

Purity of Reagents. Reagent grade chemicals sha11 be used in all
tests. ‘Unless otherwise indicated, reagents shall conform to the
specifications of the Committee on Ana]yt1ca1 Reagents of the

- American Chemical Saciety.(3). The agar used in preparataon of
. culture media must be of m)crob101091cal grade. :

- 8,2

‘Hhenever possible use commercia] cu1ture media as a means of qua11ty

control

16



8 3 Pur1ty of Hater Reagent water conformlng to Specwflcatlon 01193

8.4

8.5

Type 11,

8.4.1

8.4.2

Annual Book of ASTM Standards (4).

Buffered Dilution Water o

Composition:

‘Sodium Dihydrogen Phosphate

A 0.58 ]
Sodium Monohydrogen Phosphate 1 2.50 g
Scdium Chloride 8.50 g

Preparat ion: Dissolve the 1ngred1ents in T L of reagent water

~in a flask and: dispense in appropriate amounts for dilutions

in screw-cap bottles or culture tubes and/or into containers.
for use as rinse water. Autoclave after preparation. at
1216C (15 1b pressure) for 15 min. The final pH should be .
7.4 +0.2. , _

mE Agar (D\fco 0333- 15 1)

. 8.5

8.5.3

8.5.2

. 8.5.4

Composition of Basal Medium:

Peptone 10.0- g
Sodium Chloride 15,0 g
“Yeast txtract '30.0 y
Esculin 1.0 g
Actidione 0.05 g
Sodium. Az1de 0.15 ¢
Agar 15.0' g

. ' 356
Preparatlon of basal medium: "Add 71.2 g of dehydrated mE

- basal medium to 1 f reagent grade water in a flask and heét .

to boiling until 1ngred1ents dissolve. Autoclave at 1210C.
and 15 1b pressure for 15 min and cool in a 44-460C water
bath : 2

4/27

.Reagents added after sterilization: Mix 0.25 g nalidixic ac1d o

in 5 m. reagent grade water, add 0. f'mL of 10 N NaOH to
dissolve, and add to the basal medium. - Add 0. 1%'5 tr:pheny]

’ tetrazolium ch]orwde separately to the basal medium and mix.

Preparat1on of mE Agar Pour the mE. agar 1nto 50 mm petr1 L
dishes to a 4-5 mm depth (approximateVy 4-6 mL), and allow to

- solidify. -The final pH of medium- should be 7.1 + 0, 2 S;ore.'-'

1n a refr19erator.

17



8.6.1

,.8 7. 1

8.8

8.9

'8.7;éo

8.8.1

8.8.2

8.6 EIA Substrate Agar (Difco 0488-15-4)

cOmposition'
Esculin : g . o g -~ 233?
Ferric Citrate B 0.5g. , 2‘;,
Agar ’ 15.0 g -

Preparation: Add 16.5 g of dehydrated EIA medium to 1 L of
reagent grade water in a flask and heat to boiling until

~ ingredients are dissolved. Autoclave the EIA medium at .

1219C and 15 1b pressure for 15 min and cool in a 44-46°C
water bath. After cooling, pour the medium into 50-mm petri

dishes to a depth of 4-5 mm (approxlmately 4-6 mL) and allow
to solidify. The fina)l pH should be 7.1 + 0.2 before

autoclaving. Store in a refrtgerator

' 8 7 Bra1n Heart Infus1on (BHI) (D1fco 0037-02, BBL 11058)

Compos1t1on . ‘
Calf Bra1n Infus1on s ‘ 200.0 g
‘Beef Heart Infuswon : - 250.0 g
Peptone - - 10.0 g

~ Sodium Chloride o E0 g .
- Disodium Phosphate S 2.5 ¢
Dextrose . o 2.0 g

Preparat1on Dissolve 37 g of dehydrated brain heart 1nfusxon
in 1 L of reagent grade water. Dispense in 8-10 mL volumes in
screu-cap tubes and autoclave at 121°C (15 1b pressure) for

15 min.. If the medium is not used the same day as prepared

and sterilized, heat in boiling water bath for several min to
remove absorbed oxygen, and cool quickly without agitation,
Just prior to inoculatton. The, final- pH should be 7 4 +.0.2,

'Brain Heart Infu51on (BHI) Broth w1th 6.5% NaCl

Compositfon: Brain heart. infusion broth with 6.5% NaC] 1s
the same as BHI broth in 8.7 wwth add1t10na1 NaCl. '

Preparat1on' Add 60.0 g NaC1 per liter of medlum Since most

. commercially available dehydrated media contain sodium .
"chloride, this amount is taken. into consideration 1n
'-determ1n1ng the final NaCl percentage above. :

Brain»Heert Infusion Agar (Difco 0418-02 BBL 11064)

8.9.1

Composition: Brain-heart infus1on agar conta1n the same
.components as BHI. (see 8.7) with the addition of 15 0 g of
- agar per L of BHI broth‘
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8 9. 2

Preparat1on Heat to bo111ng unt11 ingred1ents are dlssolved .
Dispense 10-12 mL of medium in screw-cap test tubes and steri-.
Yize for 15 min at 1210C (15 .1b pressure). Slant after - '
ster1lizat10n The final pH should be 7. 4 + 0. 2

8 10 811e Escu11n Agar (BEA) (Difco 0879)

- 8.10.1 Composition:

Bacto Beef Extract 3.049g
Bacto Peptone A .. 5.0¢g.
"~ Bacto Oxgall . 40.0 ¢
Bacto Esculin -~ 1.09
Ferric Citrate : 0.5¢
Bacto Agar - , 15.0 g

'_ 8.10.2 Preparat1on Add 64.5 g of dehydrated BEA to 1L reagent

water and heat to boiling to dissolve completely. Dispense in
8-10 mL volumes in tubes for slants or into flasks for.
subsequent plating. Autoclave at 1210C at 15 1b pressure

for 15 min. .Overheating may cause darkening of the medium.
Cool to 44-460C and dispense into sterile petri dishes. The
f1na1 pH should be 6.6 + 0.2. Store’ 1n a refr1gerator.

9. Samp]e Co]lect1on Preservat1on and Ho1d1ng Times

9

Samp]1ng procedures are descr1bed in detail 1n the USEPA micro-.

‘biology methods manual, Section II, A (5).- Adherence to sample

preservation procedures and hold1ng time limits is critical to the

- production of valid data. .Samples should not be analyzed if these

-~ conditions are not met.

9.7.1:

9.2

Storage Temperature and Handliug Condjtions

_Ice or refrigerate bacteriological samples at a temperature of

1-40C during transit to the laboratory. Use insulated con-
tainers. to assure proper maintenance of. storage temperature.
Take care that sample bottles are not tota]ly 1mmersed in -

water during transit or storage.

‘Holding Time Limitations

' Exam1ne samples’ as soon as possib]e after collection. Do not .

hold samples longer than 6. h ‘between col]ect1on and 1n1tmat1ona

- . of analyses..

10. Ca]ibrat1on and’ Standardxzatxon

BRURY

Check temperatures in 1ncubators da11y to 1nsure operation w1th1n
stated 11m1ts. L A
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©10.2

Check thermometers at least ‘annually . against an NBS cerfifiedvl
thermometer or one traceable to NBS. "Check mercury columns for -
breaks.: S BRI o T

1. Qualxty Contro]

110

12.

RYR!
2.2

- 12.3

12.4

2.5

. .12.6

R P 2

- 12.8

See recommendatxons on quality control for m1crob1o1091ca1 ana1yses
in the USEPA microbiology methods manua1 Part 1V, C (5)

Procedure

Prepare the nt agar as d1rected in 8. 5

Mark the petri dishes and’ report forms with samp]e ident1f1cat1on '
and -sample volumes

Place a sterile membrane filter on the filter base grid-side up and
attach the funnel to the base; the membrane filter is now held
between the funnel and the base.

Shake the sample bottle vigorously ‘about 25 times to d1str1bute the
bacteria uniformly, and measure the des1red volume of sanple or.
d11ut1on into the funnel.

“For ambient surface waters .and wastewaters select sample vo1umes
- based on previous knowledge of pollution’ 1eve1 to produce 20-60

enterococci colonies on membranes. Sample vo]umes of 1-100 mL are

normally tested at half log 1ntervals. for examp1e 100 30, 10 3mL,
etc. :

Sma11er sample size or sample d11ution can be used to minimize the
interference of turbidity or high bacterial densities. Multiple
volumes of the same sample or dilution of sample may be flltered and
the results comb1ned 4

Fllter the sample and rinse the sldes of the funnel at 1east tw1ce
with 20-30 mL of sterile buffered rinse water. Turn off the vacuum
and remove. the funne] from the filter base.

;Use sterile forceps. to asept1ca11y remove the membrane falter from
the filter base and roll it onto the ME agar to avoid the formation

" - of bubbles between the membrane and the agar surface. Reseat the

-membrane if bubbles occur Close the dxsh, 1nvert and 1ncubate at'.’

- 41 +0. 50C for 48 h.

2.9

12.10

After incubation, transfer the nembranes to EIA agar plates which
have been: at room temperature for 20-30 min, and 1ncubate at 41°C

“for 20 min.

After incubation, count. and recoru'éolonies un'those_membrane
filters containing, if practical, 20-60 pink-to-red colonies with.
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13

‘b]ack.or reddi sh-brown precipitate on the unders1de of the
membrane. -Use magntf)cat1on for counting and a; smal] fluorescent
lamp to give maximum visibility of colontes.

Ca\cu1ation of ResuTts

‘Use the following general rules to calculate the enterococci count per

700 L of sample:

13.1 Select and count membranes with . 1dea11y 20-60 pink to red colonies
‘ with black or reddish-brown precipitate on the underside. Calculate
the final value using the formuYa: ' ,

Enterococc1/100 m. = No. of enterococci colonies’ Ax1go
i ‘ ’ Volume of samp1e filtered (mL)

- 13.2 See the USEPA m1crob1o]ogy manual, Part Il.'Sectlon c, 3.5, for

4.

TR

genera] count1ng rules.5

Report1ng Results

14.1 Report the results as enterococc1 per 100 mL of sample.

Ver1f1catlon Procedure

15.1 Ptnk to red colonies w1th black or reddush brown prec1p1tate after

incubation on EIA agar can be verified as enterococci. Verification.
of colonies may be required in evidence gathering, and is ‘also 4
-recommended as a QC procedure upon: initia) use of the test and with
changes in sample sites, lots of commercial media, or major ‘
ingredients in media compounded in the laboratory. The ver1fication'
procedure follows: . : ‘

- 15.2. Us1ng a sterile inoculating needle, transfer ce]ls from the centers

- of at-least 10 well-isolated- typ1ca1 colonies into a brain heart
infusion broth- (BHI) tube and onto a BHI slant. Incubate broth -
tubes for 24 h and sIants for 48 h at 35 + 0 50C,

"; 15.3. After 24 h incubation, t ransfer a loOpful of mater1a1 from each BHI

broth tube to:

- a. Bile Esculin Agar (BEA) and 1ncubate at 35 + 0. 5°C
- for 48 h. . B

b. BHI Broth and 1ncubate at 45 + 0. 5°C for 48 h.

- €. BHI. Broth with 6.5% NaCl and 1ncubate at 35 + 0. 5°C
: for 48 h.

15 4 Observe for growth.
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15 5 After ‘48 h 1ncubat1on abply 2 gram stain to~growth firom each,éHI
agar slant. ' S

'15.6 Gram positive cocci which grow in BEA, BHI Broth at 45°C and BHI

8roth

+ 6.5% NaCl, and hydrolyze esculin, are verified as

“enterococci.

16. Precision and Bias

o .16.1 Performance Characteristics

16 1.

Precision - The degree of agreement of repeated measurements
of the same parameter expressed quantitatively as the standard
deviation or as the 95% confidence limits of the mean computed

- from the results of a series of controlled determinat1ons..‘

116.1.2

Precision of the mE method was established by Levin et al. (2)
who indicated that the method did not exceed the expected- i
1imits for counts hav1ng the Potsson dtstr1but1on

Bias ~ The pers1stent pos1t1ve or negative devmat1on of the
results from the assumed or accepted true value. The bias-of -

~ the enterococci MF method with mE Agar has been reported to be.

16;1.3

+2% of the true value (2).

Spec1f1c1ty - The ab111ty of a method to select and/or d1st1nQ

‘guish the target. bacteria from other bacteria in the same

water sample. The specificity characteristic of a method is
usually reported as the percent of false positive and false

.negative results. . The specificity for this medium as reportedvﬂf

for various environmental water samples was 10% false pos1t1ve
and 11.7% false negatxve (2) S : :

.'_ 16. 2 Collaborative Study Data

16.2.1

S 16.2.2

‘A collaborative $tudy was. conducted among e]even volunteer
laboratories, each with two analysts who .independertly tested

- Tocal fresh. and mariné recreational waters and. sewage treatment .

plant effluent samples, in duplicate. The data were reported
to the Environmental Monitoring and Support Laboratory -
Cincinnati, U.S. Environmental Protect1on Agency. for
stat1st1ca1 ana]yses. .

The results of the ‘study are shown in thure 1 where So
equals the poo1ed standard deviation among replicate counts

~from a single analyst for three groupings (counts less than -

30, counts from 30 to 50, and counts greater than 50) and Sg

' equa]s the pooled standard deviation between means of

duplmcates from analysts in the same laboratory for the same
groupings. ~ The precision estimates: from this study d1d not
differ with the water types tested , ,
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]6 2. 3 By 11near regress:on the precasion of the method can. be

16.2.4

generalized as: ‘ _ .
" So = 0.103 count/100 mi. + 2.42 (dﬂutwn factor) and
SB = 0. 152 count/]OO m. + 5.16 (d11ut1on factor)

100

where d‘]“t‘°" factor = vo1ume of or1gana1 sample f11terea

Because of the 1nstab111ty of mwcrobial populatxons in water .
samples, each laboratory analyzed its own sample series and no
full measure of recovery or bias was possible. However, all

'. laboratories analyzed a single surrogate sample prepared from '

a freeze-dried culture of Streptococcus faecalis. The mean
count (X) and the standard deviation of the counts (Sy)..
(including the var1ab11ity among laboratories for this:
standardized enterococci sample) were 32.5 colonies/ membrane

~and 9.42 colon1es/membrane respectively.
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In the presem study, mPA~D and mPA-l: agar, modxﬁmuons of mPA- C agar that Teduce background fecal

streptococcu that interfere with the differentiation and enumeration of the Pseudomonas aeruginosa colonies

- grown in other mPA media, are proposed for use in anal\zmg natural water ‘samples. In addition, the

efficiencies of several culturc media for the recovery of P. aeruginosa in water after membrane filtration and

multiple-tube techniques are compared. The degree of selectivity, precision, efficiency, and sensitivity achieved
with the proposed media exceeded that achieved by current methods. Furthermore, they yielded equal rates of .

accuracy and specificity. Incubation at 36°C resulted in an improved recovery of stressed P. aeruginosa. In
conclusion, we propose the use of mPA-D and mPA E agar both mcubaled at 36°C for 24 to 48 h, for analy zing ’

riv er water and seawater, respcctnel)

Psewdomonays aeruginosa is considered 1o be a ubiquitous

"~ and easily detectable microorganism in waters and soils.’

although it is not autochthonous to these environments (16).
Among its most important habitats are human and animal
féecal wastes. which are the main source of polluuon m
natural surface waters (3. 10.16).

The importance of the study of P. acruginosa in natural’

-surface waters used for swimming is based on its poténtiality

mednum for the isolation and enumeration of P. acruginosa
from natural waters that was later modified by Dutka and

-Kwan (11) and by Brodsky and Ciebin (4). Even so. these -

media do not provide suitable results, because of the growth

of background fermentative microorganisms (A. de Vicente,
U R Borrego. and P. Romero. Abstr. 9th Congr. Nac.

in originating diﬁeren( kinds of infeclions. especially otitis

Microbiol. 1983.436 p. 929-930). To eliminate this problem. '

‘mPA-D-agar, in which-sugars present in mPA-C agar (4) are

supprcssed. and mPA-E agarQ with xylose as the unique

: TABLE 1 Average percent recovcr) of P aeruginosa strams from dltfcrem slressed suspensnons

% Rccovcry of strain:

Avg

, - . . .
Medium - ’"c"b".""-”." o : A1jcc10145 ATCClaT16 75 T26 Nel - % recovery
- mPA - .. - 41,5148 <514 2141 18.41 ~ 550 . 4.9 11.07
mPA-B | 41572 96,42 84.44 8955 8158 . 90.10 . $9.62
- mPA-C 41.524 94.45 74.55° .- 82.06 8513 . - 98.49 . 86.94
- 'mPA-D ' 36724 87.55 87.10 - ©74.34 80.80" 67.47 - 79.45°
' : 36148 .. 94.98 . 88.51 . 75.01 . - - 82.08 . 72.26 82.57
41.524 85.42 8092 76.08 81.22 96.86 -84.10
. = 41.5/48 89.87 --83.20 -~ 77.08 81.38. © 9935 . 86.17
- mPA-E - 3624 - gis2 L8377 87.28 91.60 72.34 . 84.75
Lo 36/48 . %061 85,21 - 88.26 - 93.09 76.64 - 86.97
41:5/24 92.54 - 76.44 80.21 90.68 92.53 . .. 87.08
41.5/48 94.32 83.33 82.90 95.27 93.47" '89.45

" “ Calculated with equation 1. “Ten samples of each strain were uséd to cakulalc the a\erage ‘percent recovery.

* Similar values were obtained at 96 h

(5. 20. ”S) h has also been conxldelcd () bc a water quality
. indicator microorganism (3. 13, 21).

-Several different methods.

technique.(1. 9) and membrane filtration (4. 11, 23. 24). have

including the mulnple tube

been developed for the enumeration of P. aeruginosa in -

water (10, 17). However, most of. them show some disad-
.vantage. and none of them are. completely accepted (10).
Generally. the counting techniques based o most probable

“number (MPN) are considered to be less precise and effec- .

tive than those based oh membrane filtration (6. 14).
“In 1972,

".* Corresponding author.

Levin and Lubclh (23) dcvelopcd the mPA

832

sugar. are’ proposed for analyzing river water and seawater
samplcs respecln ely.

MATERIALS AND METHODS .
- Field samples. The number and kinds of water samples

provided were as follows: 10 samples of polluted river water,
‘6 samples of seawater, and 9 samples of sewage waler, al]

collected during: an 8-week period. The samples were

. refrigerated at 4°C and processed within 6 h of collection. All -

samples were ‘collected from superficial Iaycrs (up to30cm’

‘below the - water surface).

Mlcroorgamsms The following five strains of P. aerugi-
‘nosa were used for the evaluation of the accuracy of the
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" . TABLE 2. Effect of exposure to different stressed suspensions on the recovery of P. aeruginosa strain,s'; ,

% Recovery of strains {from str_:ésed suspensions of:

Medium  Incubation (*C/h)  Control® Seawater stressed for (h):  Freshwater steessed for thy: - . Distilled water stressed for (hy: o5 réAc?ve'r
, 0o - 6 24 0 6. 4. 0 6 YN
mPA 41.5/48 "0.00 34.29 19.60 34.33 7.57 9.85 - 0.00 2.25 0.70  2.09 11.07
mPA-B 41.5(72¢ 86.85 9246 10573 10042 82.34 8598  94.88 59.43 93.60  94.45 89.62
mPA-C 41.5/24 J74.10  -103.80  88.41 99.12 . 81.86 = 94.86 73.51 7491 . 99.80- 79.00 86.94
mPA-D - 36/24 84.86 78.38  80.32 85.68  66.06 74,30 7732 .90.05 - 93.12 64.43 7945
) 36/48 94.69 80.25  §1.43 87.29 68.19 7891 8L51 93.71 94.14 - 65.55  82.57
41.5724 82.87 §7.73  94.35 87.36 74.68 90.99  59.84 87.51 97.75 T2 84.10 .
41.5/48 . 85.89 90.39  95.46 . 87.96 . 75.45 91.12  7L07 88.42 97.85 78.07 86.17
. mPA-E 3624 87.53 g7.0¢  89.41 98.80 - 74.05 71.94 ¢ 95.57 76.80 . 98.34 ~ 69.95 84.75
36/48 . 90.14 9.4% 92.08  99.82 7636 74.06  96.65 . - 80.12 100:14 © 72.42 .86.97
41.524 1 93.15 9324 - 94.44 9132 7459 87.66 68.34 88.61 98.92  80.52 87.08
41.5/48 96.25 95.96  94.85 9141 7591 83.32  80.69 90.57 . 100.04 80.55

89.45

v Calculated with equation 1. Five samples of each strain were used to calculate the average pérccm recovery.

® Unstressed cells in BHI.
< Similar values were obtained at 96 h.

different methods: ATCC 10145, ATCC 14216, and J75 from
seawater: ‘T26 from river water; and N61 from untreated
sewage. Twenty-one. Streptucoccus strains, including 4 S.

faecalis, 7 S. faecium, and 10 S. avitem strains, isolated from

" samples of natural waters; and S. fuecium ATCC 10541 were
-used for the growth assay. ‘

Recovery media. Drake 10 medium (9) and Fa'\}ero aspar-
agine broth. (1) were-used as recovery media in the MPN.

- technique and incubated for 48 h at 35°C. All-the tubes that
showed growth with greenish-blue pigment, fluorescence, or
both under UV light were subcultivated in acetamide agar
and milk agar (1) for confirmation as P. aeruginosa.

The following recovery media. with membrane filtration,

were used: nalidixic acid-cetrimide agar (24). mPA agar (23), .

‘mPA-B agar (11), mPA-C agar (4), and mPA-D and mPA-E
agar. mPA-D and mPA-E agar are modifications of the

- mPA-C agar developed by us which suppress all of the sugar-
compounds (mPA-D) or only lactose and sucrose (mPA-E).:
These two media were prepared by the procedure of

Brodsky and Ciebin (4). with suppression antibiotics sulfa-

pyridine and actidione. Both.of these media-were incubated

at 36 and 41.5°C and examined.at 24 and 48 h.

. Methods. The MPN assays were carried out as described

in Standard Methods:(1). “The filtrations were fivefold for

each one of the assayed methods with 0.45-um membrane -

filters (HAWG 047; Millipore Corp.. Bedford. Mass.). Phos-
phate-byffered saline (23) was used as diluent solution. The

~ membrane filtration technique was used following the spec-:

*_ifications described previously (1).

Control media and suspensions. P. aeruginosa cultures

were prépared by -inoculation ‘of. strains into brain heart a
infusion (BHI) (Difco Laboratories, Detroit. Mich.) and’
incubated for 1810720 h at 36°C. Suspensions.and culture -
dilutions were prepared in phosphate-butfered saline blank °

_ wbes. The concentrations of suspeaded: microorganisms
were determined by, the spreud plate technique with-0.1-ml

portions of tryptic soy agar (Difco). BHI agar (BHIA:

Ditco), and King's A agar (22). The recounts were deter-
niined after 48 h at 36°C with three replicate plates. BHIA.

plate count agar (Difco). and mPA-B ugar without antibiotics

111 were used to quantily. the total number of organisms in
natural water samples by membrine: filtration.
Fermentative colony ' verification. The fermentative colo-
nies grown vn mPA. mPA-B. and mPA-C agars were isolated
_onnutritive agar containing ). 17 glucose. The colonies were
identified by the following tests: morphology and Gram

stain; motility; oxidation-fermentation. test; catalase and
cytochrome oxidase_tests; xylose, lactose, -and - sucrose
fermentation; growth in BHI at 10°C, at 45°C, at pH 9.6, and
after 30 min at 60°C; growth in milk-0.1% methylene blue, in
broth with 6.5% NaCl, and in 0.04% potassium tellurite; and

- resistance to 0.01% sodium azide (7, 15). Confirmation was .

accomplished with the API 20 Strep system (Analytab Prod- -
ucts, Plainview, N.Y.). ,
Streptococcus qualitative growth. test. Streptococcus cul-

“tures obtained from BHI containing 0.1% glucose were

streaked on the different assayed mPA and m Enterococcus
(Difco) media. The growth and fermentation results were
recorded at 24,48, and 72 h. .

TYPICAL AND NON-TYPICAL COLONIES
FROM MEMBRANE FILTER

ISOLATION. ON T.S. AGAR .
T MILK A’G_AR 1)

KING'S A MEDIUM (18) L
MORPHOLOGY AN! GRAM STAIN (15
MOTILITY (2)

GROWTH AT 41.5°C (15)
KING'S B MEDIUM (18)
o/F TEST (2)
GLUCONATE OXIDATION (15)
CYTOCROME OXIDASE (2)

: ,DENITR[FI,CATION (2)
ARCININE DIHYDROLASE (15)
GELATIN LIQUEFACTION (15)°

Presumptive

P. aeauginusa

" Conf irmed

P, aeuginusu

FIG. L. P. ueruginosa identification scheme {numbers in paren-
theses indicate relerences in Literature Cited). c -
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. TABLE 3. Verification as P, aernginosa of colonies wolated by different methods

APP1 - ENVIRON. M:('kbétoL

Incubation °C7hy

© Ne’ of colomes examined

1‘yri_c:|l colomics . .Atypical colonies

Mcedium - - - — - _ .
: No. examined | % Verified” No.-examined % ym
_mPA 41.5/4K -Mn 19 ‘ 84.2) T s ST
mPA-B 41572 an 163 8395 218 gy
mPA-C - 4).824 263 126 , 90.48 137 87
mPA-D 3648 . 443 29 Co9s.es 144 . ke
mPA-E 3648 K7 ™M - . 9R.04 . 72
. , © 41548 C 14 50 . 90.00 64 9.37
- Nalidixic acid-cetrimide CL e 28 S8 87.93 S8 ,6}\7
@ Verificd as P. acruginosa. ’
RESULTS ‘detected in the different selective P. aeruginosa vmedia

Accuracy was delermined by comparison of the P. aeru-

ginosa recoveries obtained with the mPA media with those

obtained with the reference media (BHIA. {ryptic soy agar.

‘and King’s A agar) by the following gqualién:

number of CFU for each method

These factors are highly variable., depending mainly on the
media. the incubation conditions. and particularly the nature
of the studied sample. In the two proposed media. these
factors varied between 801 for mPA-E agar (36°C for 48 m

b2 - ,
(number of CFU in BHIA + tryplic soy agar + King's A agar)/3

Cultures of the five P. aerugiosa sirains, with cell densities - -

of 10° to 10" CFU per ml in BHI. were suspended in
seawater, distilled water. and river water: all water samples
had been sterilized by filtration. Appropriate volumes of P.
aeruginesa culturés werc used as inocula to-obtain a con-
centration of ca. 107 to 10* cells per ml and were stored at
4°C. Accuracy tests of strain cultures and suspensions were
realized at. 0. 6. and 24 h by the spread plate method. The

~ counts were:done in triplicate. and the arithmetical mean-

was calculated. The results, with an interval ‘average recov-
ery of 79.41 (mPA-D agar. 36°C for 24 h) 10 89.45% (mPA-E

agar, 41.5°C for 48 h) for the proposed media. -are given in -

_ Tables 1 and 2. The accuracy of the methods always ex-
ceeded 750% recovery. except in mPA.

Specificity of the methods (culture mediuni and procédure .
used) was determined by testing seawater. river. water.-and -

cewage water samples from different locations. The typical
P. aeruginosa colony was flat and 'dry, and its color varied

between greenish grey with a dark center or black with or |
without a greenish rim and ‘dark brown without a rim and

more round (0.8- 10 2-mm diameter). with irregular edges.
Both typical and atypical colonics obtained from the dif-
_ferent . enumeration media were biochemically identified
(Fig. 1). The confirmation percentages. of typical -colonies
such as P. aeruginosa in mPA-D agar were 96.88% and of
* atypical colonies were 4.85% . In mPA-E agar. the confirma-
tion percents were 90 to 98%% for typical colonies. dependjng
on incubation conditions. and 8.3% for atypical colonies. It
can also be seen that all of the assayed medid exceeded 83%
‘confirmed typical colonies -and that they never exceeded
10% false-negative results (Table 3).
mPA. mPA-B. mPA-C. mPA-D.- mPA-E. and nalidixic
acid-cetrimide agar selectivities for quantitative P. aerugi-
nosa recovery from natural waters are shown in Table 4.
Such selectivities were. obtained by observing the degree of
reduction of background microbial flora in the assayed
methods. Reduction factors were obtained by calculating the
rate between the average number of colonies per 100 ml
detected in control media ( BHIA, plate count agar.and mPA
base agar) and the total number of colonies per 100 ml

% 100/number of samples - - M

and 23.500- for mPA'D agar (41.5°C for 24 h) in fre;;;"."’"‘" ‘

samples. The degree of reduction ranged from 1.820 for .
mPA-D agar (36°C for 48 h)to 14.500 for mPA-E agar (41.5°C -

for 24 h) in seawater samples. In sewage samples. minimal

and maximum reduction factors -were obtained on mPA-E

. apar. and the values were 1.81 x 107 (36°C for 48 h) and 3.87

x 107 (41.5°C for 24 h). respectively. Geénerally. the average
reduction values of the different water samples. obtained -
with mPA-D.and mPA-E agar. were equal or higher than

- those with other media.

The - precision of the different methods was graphically’
determined from dispersion of Fisher index D values of the

assay’ variability for mPA-B. mPA-C, mPA-D, and mPA-E
agar as calculated from the following equation (12, 23).

. . D: = | NS.X; - (ZX,): l /ZX, ’ (Zt.
where X; is the bacterial number oblaingd from each plate of

.- TABLE 4. Selectivity-of methods for enumeration of P.
’ aeruginosu from natural water samples )

Mean background ‘reduction faclar

“Incubation

. Mediom- ; C/h) Freshwater  Seawater . Scwspe

) T(x10Y (%10Y (>10)
mPA - 41.5/48 30.70 1690  ~ 2.
‘mPA-B 41.5M2" 8.36 122 - SR
mPA-C 41.5/24 . -44.40, . 475 n.%
mPA-D 36/24 185 ) DR A AR
. 36/48 1.03 1.8 208
41.524 © 23,50 14.20 4]

. . 41.5/48 10.60 . 5.40 X
mPA-E 36/24 . 1.69 3.13 1.8} -
: 36/48 .0.80 1.92 185

41.524 17.10 450 . 3K

'41.5/48 . 765 . 581 ¥

Nalidixic acid- 36/24 0.40 1.16 0.89

cetrimide - : ) L

* Ratio between total colonies recourit on control media (plate count 26X °
BHIA. and mPA-B basc agar) and total colonies recount by each
assayed. Values shown are the arithmetical mean of five samplcs.
. & §imilar values were obtained at 96 h.
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muubalcd at' 36°C for 24 h:
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16 17 24

Sample no.

Precision. of mPA D agar prm.cdurcs tor P. acruginosa as «.snmated Irom dlspcrsmn of D? values (equation '2). Symbols: @.
', incubated -2t 36°C tor 48 h: B. incubated ut 41.5°C for 24 h; 3, incubated at 41.5°C for 48 h;

. control limits

when probability was ay smm.l Sources of samples: 1o 10, truhu.mr ilto 16, seawater:'17 10.24, sewage. Dala from five replicate plates

were used (o caleulate the D* \.xlue Tor each point.

'the \.xme portion .nnd mmplc. and VvV is the number ul
rc.plu.fm., plates, five for cuch ass.wed portion. The D*
_values, determined for the ditferent methods with mPA-D
and mPA-E agar and 24 analyzed water samples (river water,
- numbers 1 to 10; seawater. numbers 11 to 16: sewage water,
“numbers 17 1o 24) and theoretical D values for ditferent
probabilities are given in Fig. 2 and 3. D? values of mPA-B
_and mPA-C agar are givcn in Flg. 4. From mPA-D and

assayed in parallel by- the, multiple-tube and membrane
filtration procedures with the media described prewously
The results of each method, expressed as the relative per-
cent rc:covery with respect to the maximum recount for that
sample. given as 100% (equation 3)-and as the percentage of
samples in which P. aeruginosa was detected with respect to
the total number of tested sumples. (equatlon 4). were com-
pared as follows (12): ’ .

< (P aeruginosa concentration for assay gd muhod/P aeruginosd md‘umum concentration obtained for that sample) 100'
X )

- _ number of samples 3
number ot sumples in which P. acruginosa was detected - -
x 100 - )

total number of analyzed samples

mPA-E agar results, it may be deduced that there was o
unitorm distrtbution and that. from the recount variability
results, there wis not a significant effect from plate to plate.

- On the other hund. mPA-B and mPA-C ugar presented an
extended dispersion of fesults becatse of a more ‘mgmgc»
acous recount ot the ditferent replicutes.. _

< Twenty-four water samples trom  different sources were

Positive. P. aeruginosa percents recovery-in each method
tconsidering that in every. sample P. aeruginosa was de-
tected by one or more methods) and average P. acruginosa

" percent levels in cach method compared with the maximum

level obrained tor the same sample are expressed in Table 5
T'his comparison was also carried out-under. Jifferent Lultun.

: ummmm tincubation tgmpcr.uur; .md time).
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FIG. 3. Pré;:i_sion of mPA*-f-Z agar procedures for P. aeruginosa as estimdted from dispersion. of D* values (_equafjoﬁ 2);_Syr'r1bols: .
incubated at 36°C for 24 h; C, incubated at 36°C for 48 h: @. incubated-at 41.5°C for 24 h: 3. incubated at 41.5°C for 48 h; -----, control limits
when probability was-as stated. Sources of samples: 1 10 10, freshwater; 11 to 16, seawater: 17 to 24. sewage. Data from five replicate plates

‘were used 1o calculate the D* value for each point.

Fermentative colonies that interfered with P. aeruginosa
“recounts appeared after 24 h of incubation 'on mPA-B and
mPA-C agar when different kinds of water were analyzed.
When identification tests specified in Bergey's Manual (7)
were used, these microorganisms appeared to be of the

genus Streptococcus. The percentages of the isolated micro- .

organisms were as follows: §. avium. 35.30%: S. faecalis,
" 3.53G%: S. faecium, 41.17%. Also, fecal streptococci from
~ the same water samples ‘were investigated with m
* Enterococcus agar; the percentages of fecal streptococci
were as follows: §. avium, 33.33%: §. faccalis. 16.66%: S.
faécium, 50% . To determine whether these-microorganisms
were responsible for the interference described above, qual-
itative growth tests on mPA and m Enterococcus agar were
carried out. The results show that there was a delay in and
inhibition of streptococcal development on the proposed
media- which improved P. aeruginosa colony recount

{Table 6). o

YDISCUSSION i

- When water samples with high concentrations of bacteria .
are studied, detection methods for specific organisms must

fulfill two basic conditions: high selectivity and .optimal

recovery eﬁi_cienc_y‘. Several methods have been proposed 10.

detect and quantify. P. aeruginosa in water samples, but .
none ‘of them can be considered optimal. The exclusion of
sugar by mPA-D agar delayed the. growth of. Streptococcus
colonies. Because xylose is metabolized by -P. aeruginosa
_but not by Streptococcus species, we decided tp design
‘mPA-E agar. : . . :
“mPA-D and mPA-E agar accuracy were evaluated by
comparison with media used in other methods (4, 11, 23).
Average recoveries with mPA-D agar varied from 79.45 to
'86.17% for the different kinds of samples tested. depending
~ on incubation conditions. The range - varied from 84.75 to.
89.45% for mPA-E agar. These percents are similar to those
obtained with mPA-B.(89.62%) and mPA-C (86.94%) agar

" under the same conditions but ‘are much higher than' those

obtained with mPA agar (11.075¢) which also fluctuated,
depending on the suspension tested (Table 2). Analyzing the

" results of the different P. aeruginosa strains (Table 1). it can

be seen that the recovery interval for mPA-Dagar oscillated.
from 67.47 to 99.35% -with the -N61 strain. The percents
ranged from 72.34% for the N61 strain to 95.27% for the T26
- strain when mPA-E agar was used. These values are very
. similar to those obtained with mPA-B and mPA-C agar but-
considerably different from those obtained with mPA agar,
ranging from 4.90 to 21.14% for N6l and ATCC 14216,
respectively. both under culture conditions proposed by
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. FIG. 4. Prgcmon of mPA-B and mPA- C a[,,ar procedures for P. aeruginosa as estimated by dispersion of D' values (equauon 2). Symbols
9 n.f’ A-B-agar incubated at 41.5°C for 48 h: <&, mPA-B agar.incubited at 41.5°C for 72 to 96 h. &, mPA- C agar incubated at 41. s°C for 24

h; 73 mPA-C agar incubated at 41.5°C for 48 hi - -+,

wnlml limits when probability was as stated. Sources of samples 1t0.10. freshwatcr.

11 1o 16, <eawater: 17 to 24, sew .15e Dam froan five mphc.m. plates were used to calcufaté the D' valus, for each pomt

-Levin and Cabelli £23). From these results, it can be seen
that these average récoveries exceeded the required levels

" for the correct dccuracy of a medium, except in the-case of .

mPA agar. The accuracy resuits obtained with mPA-B and

mPA-C agar agree with the reports of Brodsky and Ciebin--

(4), but those obtained with- mPA agar are in open opposition
to those pointed out by Levin and Cabelli (23).
In the most stressful conditions. the P. aeruginosa recov-

ery with unselective media was greater than with selective

* medid (Table 2). However, there are instances in” which
recovery with the selective media assayed increases. with
time exposed to a stressful. environment. These results
“suggest that injury to the cells occurs during the ' lag phase
and that the percentage of injured cells is lower after a long
exposure time to stressful conditions. The decreased per-

centage of injured ‘cells could be ¢xplained by . either the

repalr or the inactivation phenomena subsequent to the cell
HJUryY, a8 nru’inusly reported by Hoadley and Cheng and by
Hoadley (18 19). These results occur more I’nqm.mly when
the incubativn temperature 1s not restrictive. as is 36°C.
Speciticity of mPA-D and mPA-E agar was high, because
the percentage of colomes confirmed as Pooaerugimosa was

above 907 an all culture conditions. and the perceatage of
withover 37 of

False-negative coloaes neser exceeddéd 1077,

colonies b;ing'falScly' negative on mPA-D agar and 8% being
falsely negative on mPA-E.agar. With the remaining meth-
ods, the positive verification -percentage of typical coloniés

“ranged between 83.95 and 90.48% for mPA-B and mPA-C

agar, respectively, and the percentage of atypical colonies

_identified as P. aeruginosa ranged between 1.92 and 8.76%

for mPA and mPA-C agar. respectively (Table 3). Even

_though these results are slightly lower than those obtained
" by other investigators (4, 11,
ity to avoid the routiné verification of typical colonies.

23). they have enough reliabil-

Furthermore, in disagreement with Dutka and Kwan (11),.
significative changes in colonies cannot be seen when the
incubation temperature is modified. ' -
Selectivity criteria of a recount medium’ state that the
,b.u. kground flora of water samples must decrease by at least
three orders of miagnitude (23). Results of the ratio between .
the avernge concentration of microorganisms detected " in
control media by membrane filtration and the total concen-
tration of microorganisms grown on P. aernginosa-selective
media are given in Table 4, These results show that there
was 4 significant decrease of background flord, depending on
the level of bacteria in the sample and also on the source of
the assayed water. Therefore, recoveries from freshwater
and seawater samples were similar and lower than those:
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TABLL 5. Compurison of the cthaency of different procedures for recovery of 2. acruginosa from waters
; Detection or-fecavery from the following .snmpl_cvv )
Mediam . ln‘;,‘":.’f;::"" Freshwiner fn = Jn - Scawater tn =S¥ Sewage (n = 9 - . G Overall tn =724)
’ o Detection™  Recoven’ Detecnion”  Recovery” - * Detecnon” ;Rccc‘s\‘ér,\."’ Detection” Recovéry”
mPA 3645 10,00 S.RN 20.00 2519 5558 23.98 . © 2906 21.87
' 41848 0.00 ' 0.00 : 0:00 : 0.00
41572 0.00 .00 : 0.00 o - 0.00 .
mPA-B 36/48 90.00 46.02 40.00, 34.02 - 100.00 3. 8261 4786
o . 41.3448 60.00 10.09: 30.00 17 §S5.58 63.72° 54.16 -31.81
) 41.57Y 90.00 12.34 40.00 26.26 66.66 54.45 70.83 28.84
mPA-C 36724 100.00 74,50 - 60.00 §5.50 87.50 59.02 L8695 1 - 66.23
’ 36/48 - 100.00 0 75846 “6(.00 65.30 100.00 68.18 91.30 71.24
4).5724° S0.00 11.66 20.00 4.42 55.55 39.64 45.83° 2372
o 41.5/48 . 95.00 26.68 60.00 S 6.10 7.77 53.29 - 19.16 3313
mPA-D 36/24 100 .04 82.16° 80.00 '50.91 100.00 79.24 95.83 75.58
36/48 1000 82711 100.00 . 46.81 100.00 ‘8296 7 100.00 74.99
41.5724 S0.(C 23.90 60.00 28.85 - - 7.77 4083 - 79.16 © 30.92
4}.5148 - 10000 47.20 - 60.00 42.46 100.00 57.10 . 91.66 . 50.64
- mPA-F 36724 104,00 79.83 - 100,00 66.36 - 100.00 81.90 100.00 77.81
3648 10000 0 77.6) 100.00 96.18 100.00 87.85 100.00° 85.21
41.5.24 © D00 51.60 100.00 13.96 88.88 3576 . . 871.50 36.61
o ) 41.5/48 . 100.00 65,72 100.00 3832 100.00 66.32 . -100.00 59.61
“Natidinic acid- 36724 100.00 43.19 60.00 43.46 88.88 §7.26 87.50 48.60 |
« cetrimide 36/48 - R R{ 64.43 80.00 43.2) 87.50 - §7.31 . . 8695 57.70 -
Favero broth 100.00 2.3 20.00 1.73 100.00 227 8N 33.44
Drake 10 medium 300, m 36.94 0.00 - ' 100.00 16.21 79.12' 27.12

“ Percentage of sumplc\ in which P. acruvinose was detected fequation 4). :
* Average relative percent recovery with rcsp{...x o the maximum recount for each samplc based only on \amplc\ posm\c for P. m’mgumm (cquauon ‘l)

* Originally proposed procedure.

from sewage samples lf ﬂelectmues of 'he different meth-
ods are compared. similar behavior is pbserved. because all
" of the methods presented high sélectivity (decrease above
1.000-fold): except in nalidixic acid-cetrimide and mPA-E

agar incubated at 36°C for 48 h. which did not achieve-such

- a decrease in river water samples. In all mPA media mncu-
“bated at 41.5°C. more than a 1.000-fold reduction of over-
growth. was obtained. and in sewage samples this’ reduction
was even higher. But when the incubation temperature was

lowered to 36°C.. selectivities of mPA-D and mPA-E agar .

were reduced by one order of magnitude in river water and
seawater ‘samples. but in sewage samples this decrease was
insignificant. To explain this phenomenon. it can be implied

“ that seleclml) is affected by the temperature of 1hc water’

TABLE 6. Qualjtative growth of Slr(’pln( oceus test strains on
' mPA media at 36 and 41. 5¢C )

- : - Grawth of test strains”

A%suycd

medium 1(’;:‘ "S. aviem _ S.facciwen 8. fuecalis Slﬁu{ég"m .
. . (n= 105 - An ‘a 7 = 4) Jost)
mPA " 24 +. F 4 F 4. F - F
mPAB 2. - F  +F <+ F  -.F
mPA-C .24 +.F -+ F +.F . ~.F
mPA-D 24 —_ - - _
# - N -
o 72 (+) (+) . i+) . (+)
- mPA-E 24 - o - _ -
. 48 ) (+) (+) (+)
72 . (%) (+) (+) (+)

¢ Resulis at 36 and 41. $°C were equal.
* % Growth: F. fcrmcmauon -.no grov-th (+), weak growth.

:

Sampies often over 20°C, and by a hxgh concenlrauon of
thermophilic microorganisms (4. 23). -
Even though there: was not a significant quanlltall\e

- improvement in selectivity with mPA-D and mPA-E agar,

there was a qualitative one, because streptococcal growth
that- produced fermentative colonies’ on mPA .agar was
delayed 'up to 72 h (Table 6). The. Srrepmmcms species -
isolated from mPA media were the same_species that were

detected with m Enterococcus agar and were:obtained from

the same samples of polluted natural water. The importance
of delaying slréplococéal grow'th on. mPA, mPA-B, and
mPA-C agar is that these’ mlcroorgamsms present higher
concentrations than does P. aeruginosa’in the same natural

polluted water samples (8). Also. by allowing incubation ata .

temperature of 36°C, detection of stressed P. aeruginosa
cells, which can be inhibited at.41.5°C..is improved. :

" Experimental D* values in variability assays (Fig. 2 and 3)
are approximately equal to the expected éestimates, demon-
strating the high precision of: mPA-D and mPA:E agar.

_Comparison of D* values obtained for mPA-B and mPA-C '

agar with those obtained for mPA-D and mPA-E agar (Fig. 2

. 1o 4) suggests that mPA-D and mPA-E agar are more precise.

especially when incubation is carried out at 36°C. In this
study. a higher variability than that obtained by Brodskyand

Ciebin (4) can be seen for mPA-B and mPA-C agar. This may

be caused by the vanatnon of lypncal colony morphology
(6).
Companson of mPA D and mPA- E agar assayed methods

" with other assayed methods (Table- 5) was achieved by -

means of the efficacy and sensitivity -of those .methods,

'desmndted P. aeruginosa recovery efficiency. The tech-

nigues based on MPN. with Favero asparagine broth and
Drake 10 medium, presented a high detection sensitivity.

"except with seawater samples. but they showed a poor’

percent recovery aboul 30%. Even 50, it must be noted that
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interference- which other background flora can produce in
the test tubes can produce false results, decreasing the
" _sensitivity of the method. This. could .also be caused by the
individual or global inhibitory effect of processes of amensal-
ism, compelition, or toxic substance inhibition of the sam-
ple. Another inconvenience of this method is that, because
its presumptive test is based on fluorescein production and
because for the confirmation. test pyocyanine production is
required. the existence of apyocyanogenic strains or the

‘nonproduction of fluorescein or both {17) that result ina loss -

of sensitivity and -security of these methods cannot be
forgotten. ' - '

Efficiency was much higher for membrané filtration meth-
ods than for MPN. in agreement with the results reported by
other investigators (4, 11, 23). mPA agar. used as described
by Levin and Cabelli (23). did not detect P£. aeruginosa in
any of the samples. Incubation at 36°C-for 48 h only achieved

29% sensitivity and 21% recovery. Only four assays reached

_maximum sensitivity detection-(1009): mPA-D agarat 36°C
for 48 h, mPA-E agar at 36°C for 24 h., mPA-E agar at 36°C
for 48'h, and mPA-E agar at 41.5°C for 48 h-(Table 5). The
highest percent recovery belonged to mPA-E agar at 36°C for
48 h. with an average recovery of 85%: the comparative

percent recovery was only above 75% in mPA-D and mPA-E
agar incubated at 36°C. so both media in these culture
conditions offered higher efficiency in P. aeruginosa enu-

meration from natural water. mPA and mPA-C agar methods
presented a low ‘'sensitivity and a slight recovery level:

" compared with the methods proposed in this study. Like-

wise. the mPA-B agar method- showed Tow sensitivity for
- seawater and a degree of recovery ranging from 12 to 34%...

depending on the type of sample. it must be noted that

nalidixic acid-cetrimide agar has high sensitivity. about 87%.
even though it only gives 50% recovery of P.-ueruginosa; -

furthermore, limited definition and concretion of P. uerugi-
nosa typical colonies,. grown on this medium. must be
considered. T , o
Behavior of the media varies with the source of the
sample. All methods lose recovery ability. or sensitivity or
" hoth with seawater samples. except with mPA-E agar incu-
bated at 36°C for 48 h: thus. this medium is recommended for

these sumples. The method that showed the best results for -

{reshwater samples was mPA-D ugar incubated at 26°C tor
48 h. Both methods can be-used with sewage water.

We must agree with Levin and Cabeli (23) that, with each
medium. sensitivity. of the -method is considerably lower
when turbid samples with high contents of particulute matter

“or with sedimients are used. This is because particulate

matter produces faulty filtration and disguises the normal
morphology and colony color ‘of P. avruginosu in these
media.
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1. Suspend in 100 mL deionized water
2. Ad]ust the pH to 7.2 + 0.1
- 3. Autoclave at 15 1bs for 15 mlnutes .

;4.  Cool to 50 -60 C. and add the follow1ng dry antlblotlcs

0.0176 g Sulfapyridine

0.00085 g . Kanamycin
0.0037 g - . | Nalidixic Acid -

'-0-0150 g: - ' " Actidione

Sle Ad]ust the final pH if necessary to 7 1 + 0. 1 and
' 'dlspense Ainto 50 x 9 mm. petri dlshes



1-Lysine Hydrochlorlde
NaCl-

Yeast Extract

Xylose

~ - Sucrose
- -Lactose .

Phenol Red

Ferric Ammonium Citrate

Sodium Thiosulfate:
Mg SO4 - TH20
~Agar -

mPA - B
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1. sSuspend in'100 mL deionized water

2. 'Adjust the pH to 7.1 % 0.1

3. 'Autoclave at 15 lbs for 15 minutes’

4. Cobl to 50 -60 C. and add the followxng dry antlblotlcs

0.0176 g
0.00085 g
0.0037 g

0.0150 g -

Sulfapyridine

Kanamycin ‘

Nalidixic Acid
. ActldloneA

5. Adjust the final pH if necessary to 7. 1 x 0.1 and
<',dlspense into 50 x 9 mm petrl dishes



mPA - C

1- Ly31ne Hydrochlor:de 0.5 g
NaCl - 0.5 g~
Yeast Extract 0.2 g
Xylose , 0.125 g -
Sodium Thlosulfate 0.5 g .
Sucrose 0.125 g
" Lactose = | 0.125 g
~Phenol Red 0.008 g
Mg S04 - 7H20 o 0.15 g -
Ferric Ammonium Ci rrate’ 0.08. g
"Agar . 1.5 g
1. Sﬁspend in 100 mL deionized water
Adjust the pH to 7.1 + 0.1
3. Autoclave at 15 1bs for lS-ﬁinutes
4. Cool to 50 =60 C. and add the“foiléwing dry'ahtibiotiés
' 0.00085 g " Kanamycin
0.0037‘*9~ Nalidixic Acid
f'Adjust the flnal pH 1f necessary to 7. 1 + 0. 1 and

: ,dlspense 1nto 50.x 9 mm petrl dlshes



mPA - D
1-Lysine Hydrochlcride
NaCl - .
Yeast Extract
Sodium Thiosulfate
Phenol Red ‘
Mg SO4 - 7H20
. Ferric Ammonium Citrate
Agar = '

rOOOOOOO
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‘1.  Suspend in 100 mL deionized water
2. Adjust the pH to 7.1 + 0.1
3. Autoclave at 15 lbs for 15 minutes

4. Cool to SOA-GO C. and add the,following.dty-antibiotics

0.00085 g Kanamycin

0.0150 g . - Actidione -

5;' Adjust the finai-pH if~necés$ary to 7.1 i'd,lvahd
~~ dispense into 50 x .9 mm petri dishes oo S
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1- Lyéihe Hydroéhioride

Yeast Extract

Xylose '

Sodium Tthbulfate

- Phenol Red

Mg S04 - 7H20

Ferric Ammonlum Cltrate'
Agar
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J. QSuspend 1n 100 mL delonlzed water

A 2.  Adjust the pH to 7.1 + 0.1

3. Autoclave at 15 1bs for 15 mlnutese.

4.:lCool to 50‘*60 c. apd add the following‘dry antibiotics

0.00085 g : Kanamyc1n.
0.0037fg O Na11d1x1c Ac1d

 _5Q' Adjust the flnal pH if necessary to 7 l + 0 1 and
: '4dlspense 1nto 50 x.9 mm petri dlshes ‘



' Bacto Agar

‘m - CX

Bacto Peptone 4.0
Potassium Sulfatb 2.0
Xylose A : 1.0
‘Mg SO4 - 7H20 . - o 0.2
Cetrimide ‘ L ‘ o 0.0

1.3

1. Suspend in 100 mL deionized water
2. Adjust thé.pﬂ-to 7.1 + 0.1

3._'Add 1.5 mL of Glycerol

4. Heat to b0111ng in a water bath

- 5. .Autoclave at 15 1bs for 15 mlnutes

6. Cool to 50 - 60 C. and add the follow1ng dry antlblotlcs

0;00085 g'A4 - Kanamycin
0.0037wg, T Nalidixic Ac1d

7. Adjust the final pH 1f necessary to 7.1 + 0 1 and
'~ dispense into 50 x 9 mm petri dlshes S ‘



