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The APHA-MPN procedure is the only officially accepted method for classifying shellfish
growing areas in U. S. A. The method estimates the levels of fecal coliforms and E. cols,
indicators of the sanitary quality of environmental waters. However, the MPN has several
disadvantages requiring far more time, labor and expense for assay, as well as providing
relatively poor precision. Several membrane filtration procedures have been developed to
enumerate these indicators in waters. Of these, the mTEC technique has been shown to
provide recoveries of fecal coliforms and E. coli comparable to those of the MPN method.
In an abbreviated sanitary survey for Greenwich Bay in Rhode Island, U. S. A, classified
as an approved shellfish growing area, the mTEC and conventional MPN methods were
again compared for their recoveries of the indicator bacteria. It was found that the
recoveries of fecal coliforms and E. coli provided by the mTEC technique are 1.08 and
1.27 times higher than those produced by MPN for water monitoring, respectively, and that
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the membrane filtration method appears to be a possible alternative to APHA-MPN.

Introduction

Shellfish is traditionally being consumed as pre-
ference food in the United States of America with
proper sanitary control since 1924 (FDA, 1992) at
which there occurred a widespread food poisoning,
typhoid fever, in a large scale by contamination of
bacteria. However, shellfish that continue to be su-
bjected to negative reaction in the U. S. are a big
issue with the safety guarantee (Committeé on
Evaluation of the Safety of Fishery Products, 1991).

In the U. S,, coastal areas producing shellfish are
thoroughly evaluated by sanitary survey for their
water quality, and then are classified as approved,
conditionally approved, restricted, conditionally re-
stricted, or prohibited, as provided by compliance
criteria of the National Shellfish Sanitation Program

(NSSP) (FDA, 1992). In contrast, the classification
of growing areas in Korea has been very limited,
with only four such areas located near Chungmu
and Yeosu city being so designated. These classifi-
cations in Korea were under taken, so that the
shellfish (oyster, blue mussel, and ark clam) pro-
duced from these designated areas could be expor-
ted to the U. S. under provisions of the ‘Shellfish
Sanitation Treaty’ established in 1972 between Ko-
rea and the U. S. (Central Fishery Products Inspe-
ction Station, 1973) and renewed to MOU (Memo-
randum of Understanding) between Korea NFA
(National Fisheries Administration) and U. S. FDA
(Food and Drug Administration) (1987).
Estimation of indicator bacteria to determine wa-
ter quality for the purpose of classifying growing
areas is achieved using the American Public Health
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Association (APHA) most probable number (MPN)
procedure (APHA, 1970, 1981), the only method
officially approved by U. S. FDA and the Interstate
Shellfish Sanitation Conference (ISSC). Howerver,
the MPN method has significant disadvantages, in
that it requires greater labor, and expense, provi-
des extreamly poor precision, with 95% confidence
limits ranging from approximately 30 to 300% of
MPNs determined. In spite of these disadvantages,
the MPN method has been exclusively used for es-
timating indicator bacteria in marine waters be-
cause there has been no accepted alternative me-
thod to the MPN.

Dufour et al. (1981) developed the mTEC (me-
mbrane thermotolerant E. coli) membrane filtration
technique in 1981. This method enumerates ther-
motolerant fecal coliforms and Escherichia coli, has
been endorsed by the U. S. Environmental Protec-
tion Agency (EPA) (1985) for examining recrea-
tional enviromental waters in which many locations
include shellfish growing area. The method is con-
sidered to be the best among several membrane fi-
ltration (MF) techniques (Green et al, 1977; Pagel
et al, 1982; Santiago-Mercado and Hazen, 1987)
available for enumerating fecal coliforms. It incor-
porates a primary, selective, differential medium
for enumerating thermotolerant, gram-negative, lac-
tose-fermenting bacteria, followed by an in situ
urease test to detect E. coli colonies. Studies con-
ducted in marine waters of some coastal areas in
U. S. have demonstrated comparable results bet-
ween this mTEC and the standard MPN method
(Rippey et al, 1987a). The mTEC procedure has
several important advantages, in that it is rapid,
inexpensive, requires less analyst time, and is far
more precise than the MPN method.

Greenwich Bay, classified as an approved area,
lies between Warwick and East Greenwich as a
part of Narragansset Bay in Rhode Island, and is
one of the country’s major producers of quahogs
(hard-shell clam), Mercenaria mercenaria. However,
Greenwich Bay contains four coves classified as
prohibited areas, and one of them, Greenwich
Cove, receives the effluent from the East Green-
wich Sewage Treatment Plant (EGSTP). Because
there are actual and potential sources of contami-

nation in this Bay, it is necessary to revaluate the
classification of the area periodically, according to
NSSP criteria for conducting sanitary surveys.
Therefore, an abbreviated sanitary survey for
Greenwich Bay was performed under the above
background, as well as the recoveries of fecal coli-
forms and E. coli afforded by mTEC and MPN me-
thods through the survey were compared so that
whether or not mTEC is possible alternative to
MPN.

!

Materials and Methods

Sampling sites and procedures. To estimate the
general condition of Greenwich Bay ten stations
(No. 1-10) were established for sampling, including
one in Greenwich Cove, a closed area receiving the
effluent from EGSTP (Fig. 1). On the basis of the
results from the first survey work, sample stations
were readjusted to other ten sites (No. 4-16). Sa-
mpling was performed on four separate dates and
times under varying conditions of tide (flood and
ebb) and weather (clear and rain) during the pe-
riod from August 11th to 18th, 1992. Surface wa-
ters were collected in sterile 500m/ polypropylene
containers at about 0.3m depth, and held on ice for
up to 8 hours until analyses. All bacteriological
analyses were performed using aliquots obtained
from sample containers after they had been well
mixed by shaking.

16
Greenwich Bay

12 9

Fig. 1.

Reference map of Greenwich Bay, Rhode
Island, U. S. A
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MPN method. A five-tube, multiple dilution MPN-

procedure for fecal coliform analysis was performed
through the confirmed test according to APHA re-
commended procedures (APHA, 1981). Appropriate
volumes and decimal dilutions of water samples
were inoculated into lauryl tryptose broth (LST)
and incubated up to 48 hours at 35C. All gas-posi-
tive LST tubes were subcultured to tubes of the
confirmed medium-4-methylumbelliferyl-g-D-glucu-
ronide (EC-MUG) medium (Rippey et al., 1987b)
and incubated for 24 hours at 44.5T to distinguish
fecal coliforms and E. coli simultaneously. Gas-posi-
tive EC tubes were considered positive for fecal
coliforms and were examined under long wave
(366nm) ultraviolet light source (Black Ray, UVP,
Inc., San Gabriel, CA) and scored for fluorescence
to confirm E. coli. The most probable number of
fecal coliforms and E. coli per 100ml were then ca-
lculated.

mTEC method. The mTEC procedure (Dufour et
al, 1981; EPA, 1985) was performed with using
cellulose membrane filters (Millipore HC, Millipore
Corp., Bedford, MA) and filtration of appropriate
volumes so that less than 100 colonies resulted.
The cellulose membrane filters were placed plates
of mTEC medium (Difco) and incubated in etha-
foam blocks so that temperatures rose gradually to
about 35T in 2 hours (a resuscitation step) and to
44.5T in about 3 hours, at which they remained for
18 to 22 hours. After incubation, yellow colonies
were counted as fecal coliforms, and densities were
determined. Filters then were transferred to filter
pads saturated with urease reagent and incubated
for an additionai 10~20 minutes at room tempera-
ture. Colonies remaining yellow are urease negative
and counted as E. coli. Those that turn pink to pu-
rple in color are urease positive and not §6unted
as E. coli.

mCP method. Clostridium perfringens, an anaero-
bic, spore-forming bacterial species considered to
be a conservative indicator of fecal contamination
(Akama an Otani, 1970; Haenal, 1970; Bisson and
Cabelli, 1980), was enumerated using the mCP
procedure (Bisson and Cabelli, 1979), a membrane
filtration method. Appropriate volumes of samples
were filtered so that, when possible, less than 100

colonies were obtained on membranes. The filters
were placed on mCP medium and then incubated
anaerobically (nitrogen, hydrogen, and carbon dio-
xide gas mixture) 45 + 0.2C for 18~22 hours. All
yellow or pale yellow colonies were counted as
presumptive as C. perfringens and confirmed as
such using an in situ alkaline phosphatase test; co-
lonies, that turn pink to magenta in color are alka-
lase positive, and confirmed as C. perfringens.
Data analysis. For comparison of the recoveries
obtained by both methods were compared using
the binomial distribution linear regression analysis
technique {Snedecor and Cochran, 1980).

Results and Discussion

Environmental conditions during the survey
period
Table 1 shows the temperature and salinity data
obtained during sampling, and denotes the tide and
environmental conditions encountered. Significant
rainfall occurred prior to and during both sampling
trials on 18th August, 1992,

Revaluation of the growing area with MPN
data
The results obtained by APHA-MPN method for
fecal coliform and E. coli densities clearly show that
during adverse (rainfall) conditions, all stations ex-
cept 11 exhibit water quality unacceptable for app-
roved status (Table 1), exceeding the NSSP crite-
ria (FDA, 1992) of fecal coliform median or geo-
metric mean MPNs of 14 per 100 ml, and more
than 10 percent of the samples exceed MPNs of 43
per 100 ml for a 5-tube decimal dilution test (Ta-
ble 2). It seems almost certain that Greenwich Bay
should be reclassified in a near future. However,
these conclusions are derived from only four sam-
pling surveys. Proper reevaluation of this Bay re-
quires that a full-scale sanitary survey be perfor-
med.
C. perfringens densities (Table 3) show a tende-
ncy to occur proportional to those of fecal colifo-
rms, and it suggests that this species may provide

207



Gyu-Chul HWANG * Jack L. GAINES - William D. WATKINS

Table 1. Daily temperature, salinity, and fecal coliforms and E. coli determined by MPN for sea water collected
at Greenwich Bay during August 11 to 18, 1992

Date Time Station  Temp.(©) Sal.( % cl(:ﬁ?g:’ms E. coli Remarks

92. 811 10 - 25 1 - - 17 17 Clear,
10:34 2 - - 14 9 low
10 - 42 3 - - 17 17 ebb
10: 46 4 - — 330 170 tide
10 153 5 - - 23 13
11:07 6 - - 49 23
11:12 7 - - 130 130
11:18 8 - - 17 8
11:24 9 - - 79 33
11 32 10 - - 330 330

92. 8.12 12100 4 245 245 79 79 Clear,
11 : 52 7 235 25.0 14 11 low
11:38 9 235 25.0 <2 <2 ebb
11:26 10 23.0 28.0 2 2 tide
11:33 11 240 270 7 <2
1147 12 235 25.0 <2 <2
11:56 13 235 26.0 5 5
12:10 14 24.5 275 8 8
12104 15 235 270 5 2
11 .42 16 23.5 26.0 2 2

92. 8.18 07 - 55 4 - 22.0 3,500 3,500 Rain,
07 51 7 - 26.0 330 330 high
07 - 45 9 - 270 240 130 tide
07 - 40 10 - 280 79 79 flood
07 43 11 - 28.0 6 6
07 . 48 12 — 28.0 8 8
07 © 52 13 - 280 1,300 790
08 .04 14 — 29.0 130 130
08 : 00 15 - 29.0 240 240
07 - 47 16 - 28.0 170 110

92. 8.18 16 - 45 4 - 15.0 1,100 700 Rain,
16 . 36 7 - 220 700 700 high
16 - 28 9 - 26.0 11 11 tide
16 - 20 10 - 16.0 1,300 1,300 flood
16 - 25 11 - 26.0 5 5
16 - 34 12 - 26.0 110 79
16 - 42 13 - 240 2,400 2,400
16 - 58 14 - 270 490 330
16 : 51 15 - 270 79 49
16 : 31 16 - 26.0 33 33

Tatal 40
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Table 2. Overall for fecal coliforms determined by MPN for sea water collected at Greenwich Bay

Station No. of Fecal coliforms/100 m! % of Maximum
samples Median G. mean? >43/100 mi value
1 1 17 17 0 17
2 1 14 14 0 14
3 1 17 17 0 17
4 4 720 560 100 3,500
5 1 23 23 0 23
6 1 49 49 100 49
7 4 230 140 75 700
8 1 17 17 0 17
9 4 45 25 50 240
10 4 210 90 75 1,300
11 3 6 5 0 7
12 3 8 11 33 110
13 3 1,300 250 67 2,400
14 3 130 79 67 490
15 3 79 45 67 240
16 3 33 22 33 170
Total 40
NSSP criteria <14 <14 <10
'Geometric mean
a good indication of contamination emanating from
human fecal wastes (Akama and Otani, 1970; Hae- 1500 - °
nal, 1970; Bisson and Cabellip, 1980). g 1000 g
5 N
Comparison of MPN and mTEC :
Fecal coliform recoveries by the mTEC and 500 ° °
MPN methods were summarized in Table 3. The .
results from a total 40 samples are variable depen- °° 3
ding on the weather, tide, and location. For this 0 : L L Ly 1 )
0 500 1000 1500 3000 4000

reason, the relative percent recovery of mTEC to
MPN was individually indicated (ratio) for each
sample. Overall recovery results were between 40
and 445%, with 2 mean percent recovery of 108%.
Examined by regression analysis, fecal coliform de-
nsities obtained by the MPN and mTEC methods
are shown in Fig. 2. The results of both methods
are a highly comparable, having a Pearson correla-
tion coefficient of 0.9570.

Similar results were obtained for E. coli recove-
ries by EC-MUG and mTEC, and these are shown

MPN

Fig. 2. Correlation of fecal coliform densities obtained
by the MPN and mTEC methods.

in Table 3. Individual relative percent recovery of
mTEC to MPN ranged from 42 to 445%, with a
mean recovery percent of 127%. When the results
of E. coli from both methods are plotted on a reg-
ression curve (Fig. 3), they also show high compa-
rability, having a Pearson correlation coefficient of
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Table 3. Results obained by APHA-MPN, mTEC, and mCP methods for sea waters collected at Greenwich Bay
during August 11 to 18, 1992

Sampling Stati Fecal coliforms Ratio E. coli Ratio C. pert
date @0on VPN mTEC (mTEC/MPN) MPN  mTEC (mTEC/MPN)  mCP
92. 8.11 1 17 10 059 17 9 053 10
2 14 21 150 9 21 2.33 9
3 17 33 1.94 17 33 194 17
4 330 159 0.48 70 152 0.89 2
5 23 33 143 13 29 223 6
6 49 53 1.08 23 47 2.04 <1
7 130 83 0.64 130 75 058 11
8 17 27 159 8 27 338 14
9 79 46 0.58 33 45 1.36 12
10 330 158 0.48 330 155 047 19
92. 812 4 79 33 042 79 33 0.42 3
7 14 18 1.29 11 18 1.64 5
<2 1 0.56 <2 1 0.56 5
10 2 2 1.00 2 2 100 3
11 7 4 0.56 <2 1 0.56 5
12 <2 2 L11 <2 2 111 4
13 5 15 3.00 5 14 2.80 3
14 8 5 063 8 5 063 3
15 5 2 0.40 2 2 1.00 2
16 2 3 1.50 2 3 150 6
92. 8.18 4 3,500 1,556 0.44 3,500 1,552 0.44 125
7 330 307 0.93 330 281 0.85 21
240 156 065 130 150 115 5
10 79 37 047 79 34 043 4
1 6 8 133 6 6 1.00 3
12 8 16 2.00 8 15 188 4
13 1,300 557 043 79 541 0.68 42
14 130 251 193 130 239 184 12
15 240 107 045 20 106 0.44 4
16 170 143 0.84 110 140 1.27 9
92. 8.18 4 1,100 786 0.71 700 686 0.98 37
7 700 539 0.77 700 470 0.67 74
11 49 445 11 49 445 13
10 1,300 717 055 1300 675 052 52
1 5 1 2.20 5 1 2.20 3
12 110 93 0.85 79 81 103 23
13 2400 1,146 0.48 2400 1086 045 75
14 490 308 0.81 330 365 111 64
15 79 59 0.75 19 56 114 15
16 33 42 1.27 33 39 1.18 15
Total 40 108 127

YClostridium perfringens
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Fig. 3. Correlation of E. coli densities obtained by the
EC-MUG and mTEC methods.

0.9420.

These results indicate that the mTEC procedure
is a distinctly possible alternative to the MPN for
estimating indicator bacteria in routine environme-
ntal monitoring and classification studies of shell-
fish growing area. Rippey et al. (1987a) have desc-
ribed several distinct advantages of the mTEC me-
mbrane filtration procedure. They cite that the
enumeration of fecal coliforms and E. coli by mTEC
are completed within 24 hours, whereas the APHA-
MPN procedure requires 3 days to obtain equiva-
lent results, even EC-MUG (Rippey et al., 1987b)
is used, and up to 10 days for E. coli when conven-
tional confirmation methodology is used. The preci-
sion inherent to the MPN is very poor (0.3 to 3
times values) at the 95% confidence limits for a
5-tube technique, contrasted to a 95% confidence
interval of 23 to 40% for mTEC when only one fil-
ter per dilution is used. This degree of precision
is typical of direct enumeration procedures, and is
remarkably greater than that of the MPN for spe-
cially less than 100 colonies ranging of NSSP crite-
ria (Table 3). In addition, the lower cost per assay
and savings in analyst are significant advantages
afforded by the mTEC method over the MPN
technique.

The results obtained from this sanitary survey
for Greenwich Bay support the suggestion recom-
mended by Rippey et al. (1987a) that the mTEC
method is a viable alternative to the APHA-MPN
procedure for the enumeration of indicator bacteria,
fecal coliforms and E. coli, in aquatic environmental

monitoring. If the mTEC is adopted as an official
procedure, this method would be very helpful and
advantageous not only for the management of desi-
gnated areas, but for classification of shellfish gro-
wing areas in Korea.
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