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SANITARY SURVEY OF SHELLFISH GROWING AREA ON WEST
FOWL RIVER ESTUARY, MOBILE, ALABAMA

Seong Jun Kimx*
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INTRODUCTION

Oysters and other bivalve shellfish are the marine food which should be carefully controlled from
the sanitary viewpoint because these animals are growing in estuaries or other bodies of water where

there is a high possibility of contamination by domestic and industrial wastes. Also shellfish are
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often eaten raw or only partially cooked. There are many reports describing outbreaks of intestinal
diseases caused by oysters harvested from polluted areas.

The United States was the first country to establish a sanitary control program for the shellfish
industry to guard the public health and to protect the consumer. Since the program was started in
1925, there has been no documentation describing a case of disease caused by oysters harvested from
growing waters which meet the criteria for the approved growing area. It is very clear that the
growing areas from which market oysters are harvested should be clean not only for the protection
of the consumer but also to assure the prosperity of the shellfish industries.

The present survey consisted of a sanitary reconnaissance, hydrographical observations and a
bacteriological study on the West Fowl River area to study the sanitary survey procedures necessary
for the classification of a shellfish growing area.

This study was carried out during the period of October 14 to October 24, 1968 under the support
of the U.S. Public Health Service Gulf Coast Marine Health Sciences Laboratory in Dauphin Island,
Alabama as a part of study in the sanitary control of shellfish in the United States of America
sponsored by the Agency for International Development of the U.S. Department of States,

MATERIALS AND METHODS

Description of Area. The West Fowl River and West Fowl River Bay drainage area ot approxim-
ately 39km? is located in South Mobile County and empties into the Portersville Bay area of Missis-
sippi Sound. West Fowl River is part of a stream system which empties into Mobile Bay at the
northeast end and into Portersville Bay at the southwest end. The area to the east of the stream
system is known as Mon Louis Island. The entire system is tidal and the water is brackish except
during floods. West Fowl River and East Fowl River are divided by the tidal node in the area known
locally as “The Narrows.” East Fowl River then drains in a northeasterly direction until it flows
into Fowl River which then empties into Mobile Bay.

There are no stream gaging stations in the area, therefore, no records are available on fresh water
inflow. Also, no quantitative salinity data could be found to define the fluctuations in salinities,
although local sources indicate that at times the entire area may contain only fresh water.

The climate of the area would be classed as humid, subtropical. At the official Mobile Weather
Station, approximately 49%m north of West Fowl River, the annual average temperature is 20.10C
with a range of 11.7C in January to 29.4C in July. Average annual rainfall is 1,700mm. Normally
the driest months are October and November with an average rainfall of approximately 76mm per
month and the wettest months are July, August, and September, with a normal rainfall of 150—250
mm per month.

Tides along this portion of the Gulf Coast are diurnal. Mean tidal range is approximately 0. 6m
and maximum range is approximately 1m. Normally high tides occur during the early evening and
night in the winter and during the day in the summer. This tidal pattern frequently makes it very
difficult to sample at the time of the most unfavorable conditions.

Water depths at mean low tide in West Fowl River are 0.9—1.8m and in the bay water depths
are 0.6—0.9m. At extreme low tide there may be only 0.3—0.5m of water in West Fowl River Bay,

Pollution Sources. Potential pollution sources in the West Fow! River drainage area can be classi-

fied as (1) domestic wastes from individual homes and small businesses, (2) domestic animals, (3)
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waterfowl and wild animals. There are no sources of treated sewage or industrial waste within the
drainage area.

Approximately 100 houses and 2 oyster shucking houses are located within the drainage area of the
study. Ten to 20 of these houses are uninhabited or serve as second homes. Forty percent of the
houses are located within 100m of West Fow! River or one of its tributaries. The remainder of the
homes are located far enough from any waterways that their effect would probably be negligible
even under the worst meteorological conditions. Shoreline inspections did not reveal any improperly
functioning septic tanks. One direct line from a septic tank to the river was found but it was from
an uninhabited house and no indications of recent use could be found. It should be emphasized that
this survey was made during a period of record drought when almost any drain field would be ade-
quate. Additional inspections should be made during the winter rainy season when septic tank
systems would be most likely to malfunction, Survey by car found 30 head of cattle west of the
Bellingrath Garden Road. The cattle were found in an area drained by an intermittent stream which
had not carried water for several months. Light rains of the type experienced during the last month
would not produce runoff from these areas which could reach a tributary to West Fow! River. How-
ever, in the winter this stream frequently carries water and runoff from these pastures which could
reach West Fowl River. The only other domestic animals observed in the area were a normal popu~
lation of dogs, cats, and chickens.

The drainage appears to have a normal population of wild animals and waterfowl, The wild animal
population would be expected to include rabbit, squirrel, raccoon, opossum, muskrat, and the usual
variety of wild birds. A few migratory ducks were seen but the normal winter population had not
arrived.

On the basis of the pollution source survey the human and domestic animal populations should not
be a significant source of fecal pollution during the survey period. Increased soil moisture and subs-
equent runoff could alter this conclusion and enable significant amounts of fecal pollution to reach
the river. The only significant source of fecal pollution during the study period appeared to be wild
animals and waterfowl.

Field and Laboratory Methods

Establishment of Sampling Stations. In consideration of the distances involved and the time requ-
ired for sample collection and examination, seven carefully selected sampling stations were established
as shown in Fig. 1. The locations of the sampling stations on the map were located by use of a
sextant,

Hydrographical Measurements. The salinity of the water was determined by either an inductive~
type salinometer or the chemical titration method. Current velocity was measured by the drogue
technique. Water temperature was determined by an inductive recorder. Wind velocity was measured
by a hand anemometer and the direction of the wind and water currents was determined by a hand
compass. The turbidity of the water was measured by the Spectronic 20 Spectrophotometer and the
readings were recorded in Jackson turbidity units.

Sampling Method. Bottom water samples were collected at each sampling station. It was possible
to collect oyster samples only at Stations 2 and 3 because of the sparse distribution of oysters in the
study area. The water samples were collected by the bottom water sampling device being used by
the Gulf Coast Marine Health Sciences Laboratory and the oyster samples were collected by dredging.
The sampling procedures applied adhered to the method described in APHA Recommended Procedures
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Fig. 1. Location of sampling stations.

for the Bacteriological Examination of Sea Water and Shellfish . The sampling tours were condu-~
cted twice a day, in the morning and afternoon, spaced approximately 3 to 4 hours apart.

Bacteriological Examination. All water and oyster samples were submitted to bacteriological exam~
inations to determine coliform and fecal coliform densities. In addition, oyster samples were submi-
tted to the 35°C plate count method. Coliform cultures from all EC gas tubes were purified by strea-
king on eosin methylene blue (EMB) agar and classified by the indol, methyl red, Voges-Proskauer,
citrate (IMViC) tests. All bacteriological tests were conducted according to APHA Recommended
Procedures for the Bacteriological Examination of Sea Water and Shellfish .

RESULTS AND DISCUSSION

AN bacteriological, hydrographical, and sanitary survey data are presented in the appendix. Acco-
rding to the survey, the oyster resources in this study area were insufficient for' commercial opera-
tion. The oysters were only sparsely distributed, probably due to the prevalence of muddy bottom
areas. At present oyster growing is centered around the middle section of the river (Stations 2 to 3).

Air temperature and rainfall data collected during the period of the survey are summarized in Table
1. The rainfall during the survey period was 0.08mm. This represents the rainfall of only one rainy
day (October 16). The rainfall of this month was very low being only one-third that of the average
normal rainfall for the season in this region. The total rainfall of 28. 7mm recorded for October 1968
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was much lower than the average normal rainfall of 76, 2mm of precipitation expected in the month
of October in this region.

Table 1. Air temperature and rainfall in Mobile, Alabama during October 1968

Survey period (15—23 Oct.) October 1968
Temp, T Rainfall Temp. C Rainfall
Range  Average Rainfall mm Day Range Average  Rainfall mm  Day
17.8—26 21.3 0.08 1 12.2--27.2 21.2 28,7 9

Table 2. Temperature, salinity and turbidity of water in West Fowl River Area

Temperature €

Salinity%, Turbidity *
Station Surface Bottom JTU
Range  Average Range  Average Range  Average  Range Average
1 21.0—28.1 25.7 20,6—27.9 25.8 12,2—21.8 18.0 36—80 53
2 21,0—28.0 26.0 20,7—28.0 26.0 10.1—-22.7 17.2 30—77 50
3 21.0—28.3 26.1 20.8—28.1 26.2 15.7—27.1 21.8 42—150 70
4 20.2—28,2 25,7 20,0—28.0 25.7 19, 028, 0 23.3 36—84 60
5 20.2—28.1 25.7 20.2—28.3 25.7 22.3—28.0 25.5 42—101 62
6 20.0—28. 2 25.7 20.2—27.7 25.6 20.1-30.1 26.1 39—84 54
7 19.0—28.0 25.3 19.0—27.7 25.2 23.6—31.0 28.7 22—84 44

* Turbidity of bottom water samples.

Table 2 summarizes the water temperature, salinity, and turbidity data collected during the survey.
There was no marked variation in water temperature among the stations and between surface and
bottom, but water temperature had a tendency to decrease toward the bay side from the river. The
water temperature, both surface and bottom, of the area during the study period ranged from 19.0%¢
to 28.3C and averaged approximately 26C. The salinity gradually increased toward the bay side.
The average salinity through all stations ranged from 18.0 to 28.7%, The difference of salinity bet-
ween the uppermost (Station 1) and the lowest water (Station 7) was approximately 11%, in average
value. The range of average turbidity through all stations was from 44 to 70 JTU. Station 3 showed
the highest value of 70 JTU.

Direction and velocity of the wind was measured at Station 7. The prevailing wind was easterly
at a velocity ranging from 8.5 to 34.7km/h.

The direction and velocity of the current was measured at Station 4 at approximately dead low
tide. At the date and time of measurement (October 22, 12:56 p.m) the tidal amplitude was 0.6m,
current direction was 328°W and current velocity was 0. 6km/k.

For the purpose of summarization of bacteriological results, the bacteriological data obtained from
the sampling stations were plotted on the logarithmic probability paper according to the method
described by Velz 2. All of the data showed a normal pattern of distribution. As examples, prob-
ability plots of coliform and fecal coliform MPN’s in water and oyster samples from Station 2 are
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shown in Fig. 2, 3, 4 and 5. Fig. 2. and 3. compare, respectively, the coliform and fecal coliform
MPN’s derived from water and oyster samples. Fig. 4. compares the coliform MPN’s derived from
water and oyster samples and Fig. 5. compares the fecal coliform MPN’s derived from water and
oyster samples.
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Bacteriological results from all water and oyster samples collected from all stations are summarized
in Tables 3 and 4, respectively. As shown in Table 3, water coliform MPN’s were consistently
higher than the fecal coliform MPN’s derived from water samples.

Table 3. Coliform and fecal coliform MPN's of water at 10, 50 and 90 percentile at the
stations 1 through 7

Coliform * Fecal coliform *
Station Number of samples

10 50 90 10 50 90

1 50 190 720 7.2 53 390 9

2 34 170 880 8.2 44 230 10

3 19 130 980 4.4 33 250 10

4 5.5 48 420 2.3 25 260 10

5 1.8 33 600 0.9 13 190 10

6 2.3 42 760 0.9 20 450 10

7 1.4 3.7 10 1.2 1.9 2.2 10

* Derived from plots on log probability paper.

Table 4. Bacteriological level of oyster at 10, 50 and 90 percentile at the stations 2 and 3.

Coilform MPN * Fecal coliform MPN * Plate count at 35¢C * Number of
Station
10 50 90 10 50 90 10 50 90 samples
2 1,300 3,700 11,000 310 1, 000 3,200 2, 800 3,600 4,600 10
3 180 1,300 8,800 26 380 5,200 2,80 3,200 3,600 10

* Derived from plots on log probability paper.

Table 5. Water coliform MPN during flood and ebb tide in West Fowl River area

Coliform MPN

Number of
Tide Percentile *
Range Median 1
10 50 90 samples
Flood - £1.8—1,300 49 3.7 43 500 39
Ebb 2.0—1, 100 79 15 92 570 30
Ratio ** 1.6 4.1 2.1 1.1

* Derived from plots on log probability paper.
*+ Ebb tide/flood tide colifom ratio.

The average water coliform MPN’s at the 50 percentile were 2.8 times greater than the fecal
coliform MPN’s at this level. Coliform and fecal coliform densities varie(:i from station to station,
and the density decreased gradually to the bay side. The coliform and fecal coliform densities showed
a negative correlation with the salinity of the water as indicated by a decrease in the density of
indicator microorganisms in accordance with an increase in salinity. This observation agrees with
previously published data collected on the Gulf Coast®. Between Stations 5 and 6, the higher
bacterial content of the water at Station 6 probably resulted from Station 6 being influenced more
by the fresh water stream than Station 5. The difference in bacterial density of the waters at Stati-
ons 5 and 6 can be explained hydrographically. The current direction measured at Station 4 was
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westerly and the wind was primarily from the east during this survey period, therefore, the flow of
the West Fowl River toward Station 6 would be accelerated. From the standpoint of geometric mean
coliform MPN’s values, the area could be classified generally in to two areas with the division line
located near the mouth of the river at Station 4. Waters on the river side had geometric mean
coliform MPN’s in excess of 70/100m! and waters from the bay side had geometric coliform MPN’s
of less than 70/100ml. From Table 4 it can be seen that the coliform MPN’s were consistently higher
than the fecal coliform MPN’s derived from oysters. The average oyster coliform MPN’s at the 50
percentile level were 3.6 times greater than the fecal coliform MPN’s at this level. To evaluate the
correlation between tide and the bacieriological quality of the water, the coliform MPN’s of the
waters at both flood and ebb tide were plotted on logarithmic probability paper Fig. 6. The median
coliform MPN’s and the coliform MPN’s at the three percentiles (10, 50, and 90) are summarized
in Table 5. The coliform density of samples collected at ebb tide was higher than that of samples
collected at flood tide. The coliform MPN of ebb tide samples at the 50 percentile level was 2.1
times greater than that of flood tide samples. To completely evaluate the relationship between indicator
microorganisms and water temperature and turbidity would require an.expanded survey period and
the collection of many more samples.

A comparison of coliform and fecal coliform densities of oysters and the overlying waters is pres-
ented in Table 6. The values presented in the table were derived from probability plots. The bacte-

riological contamination of oysters was much higher than that of water, and the oyster/water ratios
varied according to location,

Table 6. Comparison of coliform and Fecal coliForm MPN of water and oyster at 10, 50

and 90 percentile

Percentile
Number of
Station Description Coliform MPN Fecal coliform MPN
samples
10 50 90 10 50 90

2 Water 34 170 880 8.2 44 230 10
Oyster 1,300 3,700 11,000 310 1,000 3,200 10

Ratio 38.2 21.8 12.5 37.8 22.7 13.9
3 Water 19 130 980 4.4 33 250 10
Oyster 180 1,300 8,800 26 380 5,200 10

Ratio * 9.5 10.0 8.9 5.8 11,5 20.8

* Qyster/water coliform and fecal coliform MPN ratio.

At Stations 2 and 3, the geometric mean values of both coliform and fecal coliform MPN’s of
oysters were 22 and 11 times greater, respectively, than those of the overlying water. Results of
the present study show that the extent of bacterial accumulation by oysters at Station 2 was twice
as great as the extent of accumulation by oysters at Station 3. Because the feeding action of oysters
is affected by turbidity of the surrounding water 4, the oysters growing at Station 2 in low turbi-
dity water might have accumulated bacteria to a greater extent than the oysters growing at Station 3
where water turbidities were higher (Table 2).

A bacteriological summary of the West Fowl River area data based on the classification of shellfish
growing waters is prescnted in Table 7. In the United States, shellfish growing areas are classified
into four classes on the basis of sanitary survey information: Approved, Conditionally Approved,
Restricted and Prohibited. The National Shellfish Sanitation Program Manual of Operation® provides
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that the approved area shall not be reached by dangerous concentrations of pathogenic microorganisms,
radionuclides, and/or harmful industrial wastes,

Table 7. Summary of bacteriological results of water from the West Fowl River study area

MPN per 100mi

) Coliform Fecal coliform Number of
Statjon Period
0, 0,
_._.é.__ _~_A_~_ samples
Range Median »230 »700 Range Median )23 >230

1 10/15—

10/23/68 49 —1,300 130 44 22 7.8-790 33 88 22 9
2 2 31 — 490 240 60 0 13 310 41 80 10 10
3 2 17 — 790 110 40 20 2.0—220 41 70 0 10
4 o 4,5— 240 79 10 0 2.0--240 23 70 10 10
5 “ {1.8—1, 100 46 20 10 <1.8--280 13 20 20 10
6 “ 2.0— 490 33 30 0 <(1.8—490 14 50 20 10
7 % {1,8— 790 3.3 10 10 (1.8—790 1.9 10 10 10

According to the regulation of the operation manual, the median coliform MPN of an approved
area must not exceed 70 per 100m! and not more than 10 percent of the samples shall ordinarily
exceed an MPN of 230 per 100m/ for a 5-tube decimal dilution test. Among the seven sampling
stations established in the West Fowl River area, only waters from Stations 5, 6, and 7 had median
coliform MPN’s of less than 70/100m!. However, more than 10 percent (20 and 30%) of the samples
from Stations 5 and 6 had median coliform MPN’s in excess of 230 per 100m!. In the West Fowl
River area, only Station 7 could have been approved for the harvesting of market oysters according
to the bacteriological results of this survey. Under normal conditions of rainfall there is the possibi-
lity that the pollution would be expanded to such an extent that not even Station 7 could be approved.
This could be determined by extending the survey to include periods of increased runoff.

Table 8. Summary of bacteriological resulis of oysters from the West Fowl River study area

MPN per 100g meats

Plate count/g N
Coliform Fecal coliform um-
Station Period at 35T s:rl;x-? f
% % _ % ples
Range Median 2,300 >16,000 Range Median »>230 >2,300 Range Median 500, 000
2 10/15— 3,600 0 10
10/23/68 1,700 460— 870 100 20 (3,000—
11,000 3,500 70 0 3, 100 4,600
3 P 170~ 1,100 40 0 23— 520 60 20 (3,000— ¢3,000 O 10
13, 000 4,900 4, 200

A bacteriological summary of oyster results from West Fowl River based on wholesale market
standards is presented in Table 8. The National Shellfish Sanitation Program Manual of Operations®
lists the following bacteriological criteria for fresh and frozen oysters at the wholesale market
level: (1) Satisfactory-fecal -coliform density of not more than 230 MPN per 100g and 35C plate
count of not more than 500,000 per g. (2) Conditional-fecal coliform density of more than 230 MPN
per 100g and/or 35T plate count of more than 500,000 per g,
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Table 9. Coliform types from EC gas positive tubes

No.of EC %‘ul;e{:)l?o;;(t)lgr; for No.of E-cofi group Aerogenes group Freundii group Miscellaneous

' gas positive S hE ‘

tubes No. 9 WS TTNeT % No. % No. % No. %
83 81 97.6 146 134 91,78 6 4.11 0 0 6 4.11

Table 10. Composition of the variety of the coliform group from EC gas positive tubes

Variety | Variety I Variety [ Variety
Grop (%
No. % No. % No. % No. %
E. coli 134 130 97.01 1 0.75 1 0.75 2 1.5
Aerogenes 6 4 66. 67 0 0 0 0 2 33.33
Freundi 0 0 0

Table 11. Comparison of IMViC reactions and type of coleny on EMB agar plate

E. coil group

Type of No. of . - - Variety
: Variety | Variety [ Variety 1l ariety W
colony colonies No. % TNo—— %" No. o No. 9 No. %
Sheen 69 69 100 68 98. 6 0 0 0 0 1 1.5
Wine 61 61 100 58 95.1 1 1.6 1 1.6 1 1.6
Mucoid 12 0 0
Pink 4 4 100 4 100 0 0 0 0 0 0
134 100 130 97.0 1 0.7 1 0.7 2 1.5
Type of No. of - Aefg_genes gx;;)ug R | Miscellaneous
P ariety ariety - .
colony colonies No. % 77 No. % No. % No. %
Sheen 69
Wine 61
Mucoid 12 6 50 4 66,7 2 33.3 6 50
Pink 4
6 50 4 66.7 2 33.3 6 50

On the basis of fecal coliform MPN’s none of the oysters from Station 2 and only 40 percent of the
oysters from Station 3 would have been acceptable at the wholesale market level. The 35C plate
counts of the oyster samples were relatively low and did not exceed a determinative count of 4,600
organisms/g.

Some Findings on Coliform Classification. The classification of the coliform group isolated from
the liquid confirmatory EC gas positive tubes is summarized in Tables 9, 10, and 11.

Eighty-one (97.6%) of the EC gas positive tubes contained organisms belonging to the E. coli
group (Table 9). A total of 146 cultures were isolated from 83 EC gas positive tubes. Of these,
91.8% belonged to the E. coli group (Table 9). Ninety-seven percent of the cultures constituting
the E. coli group were E. coli type 1 (Table 10).

From Table 11 it can be seen that all colonies producing sheen or a wine or pink color in EMB
agar belonged to the E. coli group. Of these 979 were E. coli type 1. Six (50%) of the mucoid
colonies in EMB belonged to the Aerobacter aerogenes group. Of these 66.7% were A. aerogenes
variety I and 33.3% were A. aerogenes variety IV, The remaining six mucoid colonies wei? classed
as miscellaneous IMViC types,
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SUMMARY AND CONCLUSION

A sanitary and bacteriological survey on the West Fowl River area of South Mobile County in the
State of Alabama, U.S.A. to determine the sanitary quality of shellfish and shellfish growing waters
in association with classification of shellfish growing area conducted.

The drainage area of West Fowl River and Portersville Bay is approximately 39 square kilometers.
The pollution sources of this area are generally composed of domestic wastes from individual homes,
small businesses, domestic animals, waterfow]l, and wild animals. The area is without significant
sewage or industrial waste disposal. The study was conducted in October which is a dry season in
this part of the country. The meteorological data collected during the survey were as follows: Total
rainfall 0.08mm, average air temperature 21.3%, prevailing winds easterly.

The bottom of the estuary is muddy and the average water depth is about 1m at low tide. The
average water temperature during the survey was 26, The salinity differed from sampling station
to station increasing as sampling proceeded downstream and into the bay. Average salinity ranged
from 18.0%, at Station 1 to 28.7%, at Station 7.

The coliform content of both water and oysters (Crassostrea virginica) was consistently higher
than the fecal coliform content. The density of coliform and fecal coliform microorganisms decre-~
ased gradually as sampling proceeded downstream and into the bay. This indicates that the pollution
of water is mainly influenced by surface runoff.

The coliform and fecal coliform MPN's of oysters were 11 to 12 times greater than the coliform
and fecal coliform MPN's of the overlying waters.

Among the 7 sampling stations established in this study area, only the water at Station 7 complied
with bacteriological criteria for approved shellfish growing waters. The fecal coliform MPN's of the
oysters from the survey area exceeded the criteria for oysters at the wholesale market level.

The EC test was highly specific for Escherichia coli with 97.69% of the organisms isolated from
EC gas positive tubes being classed as belonging to the E. coli group,

ACKNOWLEDGMENTS

Author deeply acknowledge to Mr. Richard J. Hammerstrom, Director of the Gulf Coast Marine
Health Sciences Laboratory, Public Health Service, U.S. Department of Health, Education, and
Welfare, Dauphin Island, Alabama and all personnel of the Lahoratory, and Mr. Gyung Man Bae
and Mr. Hoe Cheon Kim, Korean training participants for shellfish sanitation control sponsored by
the Agency for International Development, U.S. Departmect of State for their wholehearted coope-
ration and help in carrying out this study.

The assistance and participation of the following personnel of the Laboratory are very gratefully
acknowledged by the author: Mr. Victor L. Casper and Mr. Jack L. Gaines for guidance in the
field surveys and the sampling tours; Mr. Maynard W. Presnell annd Mr. John J. Miescier for
assistance in conducting bacteriological examinations; Mrs. Mary L. Mason and Mr. Robert A.
Arnold for preparation of bacterological media and supply of glassware. Special thanks are extended

to Mrs. Anita L. Ralph for their participation in typing for the preparation of the manuscript of
this report.

The support by Agency for International Development, U.S. Department of State for study of

~ 156 —



Sanitary survey of shellfish growing area

the author in the United States and the helpful counsel of the program advisor Mr. Cornelius B.

Kelly of the Public Health Service, U. S. Department of Health, Education, and Welfare are also
gratefully acknowledged.

REFERENCES

(1) The American Public Health Association(1962): Recommended procedures for the bacteriological
examination of sea water and shellfish.

(2) Velz, C.J. (1951): Graphical approach to statistics, University of Michigan.

(3) Presnell, M, W. and C. B. Kelly(1961) : Bacteriological studies of commercial shelifish operations
on the gulf coast.

(4) Medcof, J.C. (1961): Oyster farming in the maritimes. Fisheries Research Board of Canada,
Bulletin, No, 131.

(6) U.S. Public Health Service (1965): National shellfish sanitation program manual of operations.

— 157 —



Seong Jun Kim

APPENDIX

Table 1. Hydrographical survey on West Fowl River area (1938. 10, 14—10, 23)

T & Water | Wind . .
. . emp. Current I | Reading o
Station Date Time Surface[ Bottom Directionlm DirectioniYiloﬂl it-aff-_—gﬁ
] | kn/hr. | Fm/hr. m/hr.
1 10/14/68 14:10 28.1 27.9
10/15/68 11:08 26.6 26.5
10/16/68 10: 40 26.8 26.9
15: 00 27.2 27.2
10/24/68 11: 00 21,0 20.6
2 10/14/68 14:20 | 28.1 | 28.0
10/15/68 10:55 | 26.9 | 26.9
10/16/68 10:25 | 26.8 | 26.9
14 : 48 27.3 27.3
10/24/68 10: 55 21.0 20.7
3 10/14/68 14 : 30 28.3 28.1
10/15/68 10 : 40 26.5 26.5
14:15 27.3 27.3
10/16/68 10:15 | 26.4 | 26.4
14 : 08 27.4 27.3
10/24/68 10:45 | 21.0 | 20.8
4 10/14/68 14:35 | 28.2 | 28.0 0,49
10/15/68 10:12 26.1 26.1 0' 52
13: 50 27.2 27.4 0' 43
10/16/68 10 : 08 25.6 25.7 0 85
14 : 00 26.9 26.9 0’ 58
10/24/68 10 : 25 20.2 20.0 0-18
10/21/68 10: 20 0.40
10/22/68 12: 56 328°W 0.6 0. 43
10/23/68 10 : 30 0.37
5 10/'14/68 14 : 40 28.1 27.7
10/15/68 10:05 | 25.8 | 25,8
13: 21)0 27.8 28.3
10/16/68 10: 00 25.6 25.4
/16/ 13: 589 26.8 26.7
10/24/68 10 : 08 20.2 20.2
10/22/68 12 : 40 208°W | 0.36
6 10/14/68 14 : 45 28.2 27.6
10/15/68 09 : 54 25.8 256.8
13:45 27.5 27.7
10/16/68 09 : 50 25.7 25.6
13: 65 26,8 26.8
10/24/68 10:18 20.0 20.0
10/22/68 12: 00 275°W | 0.183
7 10/14/68 14 : 50 28.0 27.7 450 X o
10515468 0543 | 352 | 252 | 2ASW 054 ek | 21
13:30 27.4 27.2 60°E 34' 8
10/16/68 09: 45 25.5 25.5 76° E 23. 8
13: 48 26. [ 26. 5 870E 22 7
11: 30 550 E 19' 1
10/21/68 5‘3 : }12 250°W | 0.183 '
10/24/68 : 19.0 19.0 0°N 16.5

— 158 —



Sanitary survey of shelifish growing area

Table 2. Outfalls or potential pollution sources in West Fowl River Bay,October 1968

No Type Flow Significance Location
1 4 steel pipe 0 used to be sewer drain %?3:; %r;;idg:ar West Fowl
2 4" steel pipe 0 soil drain upward sounds
3 4 steel pipe 0 soil drain upward sounds
4 4 steel pipe 0 swimming pool drain private pool
5 4’ steel pipe 0 sink drain private house
6 12’ concrete pipe 0 street drain near the church
7 4" steel pipe 0 sink, drain two~story house
8 18" concrete pipe 0 storm drain
9 83 houses 0 septic tank
10 7 trailers 0 septic tank West Fowl River Bay boundary
11 animal pen — 27 cattle West Fowl River Bay boundary
12 swamp area — east of West Fowl River Bay
13 tonging boat — 2 boats at Stations 3 and 2
14 sport fishing boat — 4 boats around West Fowl River

Table 3A. Bacteriological examination of water samples from the West Fowl River area,
Mobile, Alabama

Station 1,
Extreme tide  Turbidity  Salinity MPN per 100m!,
Date Time Tide
‘ High Low JTU %o Coliform EC pos.
10/15/68 11:10 H+6:16 1.5 0.1 36 12,2 330 33
10/16,/68 10: 40 H44:52 1.4 0.2 47 15,2 130 33
7 15: 00 L—3:54 56 20,1 240 79
10/21/68 11: 00 L+2:42 1.5 0.1 42 21,7 79 13
% 14:10 L+45:52 80 19.9 49 7.8
10/22/68 10: 45 L+2:21 1.8 —Q, 1 39 17.8 110 23
/, 13: 55 L+4:37 65 21.8 130 130
10/23/68 11:12 L+0:48 -  —0.3 56 15. 4 1300 790
P 14:27 I +44:03 56 17.8 790 330

Table 3B. Bacteriological examination of water samples from the West Fowl River area,
Mobile, Alabama

Station 2,
Extreme tide Turbidity  Salinity MPN per 100m!,
Date Time Tide -
High Low JTU %o Coliform EC pos.
10/15/68 11:00 H+6:06 1.5 0.1 51 12,7 240 23
s 14 : 20 1L —3:58 61 13.0 350 33
10/16/68 10: 25 H-+4:37 1.4 0.2 54 17.2 240 79
2 14 : 48 I.—4:06 54 10.1 330 49
10/21/68 10 : 47 L4+2:29 1.5 0.1 42 19.9 79 13
P 14 : 00 L+45:42 44 21,9 31 23
10/22/68 10 : 35 L+1:17 1.8 -~0.1 30 19.6 130 49
% 13:45 L+4:27 36 22,7 33 17
10/23/68 11:05 L+0:41 — —0.3 77 16.7 490 140
P 14: 15 L+3:51 54 18.3 460 310
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Table 3C. Bacteriological examination of water samples from the West Fowl River area,

Mobile, Alabama
Station 3,
Extreme tide  Turbidity  Salinity MPN per 100m!
Date Time Tide
High Low JTU %o Coliform  EC Pos,
10/15/68 10 : 40 H-+5: 46 1.5 0.1 150 15.7 46 7.8
s 14:15 L—4:03 64 16.1 330 33
10/16/68 10: 15 H+4:27 1.4 0.2 42 26,2 79 23
2 14: 08 I, —4: 46 54 18.1 790 49
10/21/68 10: 30 L+2:12 1.5 0.1 61 25.3 49 2.0
% 14 : 40 L+6:22 49 24.8 17 11
10/22/68 10:18  L4+1:00 1.8 -0.1 42 23.4 140 49
Z 13: 40 L+4:22 101 27.1 49 49
10/23/68 10: 45 L+0:21 —_ —-0.3 84 20. 1 330 170
s 14: 05 L+3:41 54 21.2 790 220

Table 3D. Bacteriological examination of water samples from the West Fowl River area,

Mobile, Alabama

Station 4,
Extreme Tide Turbidity  Salinity MPN per 100m!
Date Time Tide
High Low JTU %o Coliform  EC Pos.
10/15/68 10:15 H+5:21 1.5 0.1 54 20,9 110 23
7z 13: 50 I,—4:28 59 19.6 79 22
10/16/68 10:08  H44:20 1.4 0.2 36 28.0 79 23
7 14: 00 L —4:54 54 20,1 110 110
10/21/68 10: 20 L+2:02 1.5 0.1 84 21.7 6.8 2.0
% 13:34 L+5:16 68 24, 8 4.5 2.0
10/22/68 10: 10 L+0:52 1.8 —0.1 49 28.0 70 49
% 13: 30 L +4:12 56 19.0 23 23
10/23/68 10:30  L40:06 — 0.3 84 24.8 240 240
2 14: 00 L+3:36 56 25.6 110 79

Table 3E. Bacteriological examination of water samples from the West Fowl River,
Mobile, Alabama

Station 5,
Extreme tide Turbidity Salinity MPN per 100 m!
Date Time Tide
High Low JTU %o Coliform  EC Pos.
10/15/68 09:55 H+5:01 1.5 0.1 88 22.3 49 14
2 13: 45 I —4:33 49 25.3 49 17
10/16/68 10: 00 H+4:12 1.4 0.2 51 25.3 43 17
% 13: 59 I —4:55 101 25.3 49 11
10/21/68 10:17  L-+1:59 15 0.1 61 25.3 11 2.0
72 13:27 L+5:09 54 24.8 (1.8 (1.8
10/22/68 10: 05 L+0: 47 .8 —0.1 42 28.0 13 7.8
7 13:20 L+4:02 — — 2.0 2.0
10/23/68 10:18 L—0:06 — —0.3 49 26.4 1,100 280
2 13: 50 L~+3:26 64 26.4 240 240
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Mobile, Alabama

Station 6,
Extreme tide Turbidity  Salinity MPN per 100mi
Date Time Tide .
High Low JTU %o Coliform EC Pos.
10/15/68 10: 05 H+5:11 0.1 84 21.8 33 4.5
13: 40 L—4:38 42 22.2 23 23
10/16/68 09:50  H-4:06 0.2 39 28.0 33 4.5
13:55  L—4:59 59 20.1 49 49
10/21/68 10:10 L+41:52 0.1 44 25.3 13 4.5
13:24 L +5:06 44 24.8 2.0 1.8
10/22/68 10:00  L40:42 —0.1 75 29,7 330 170
13:25 L+4:07 42 3.8 7.8 1.8
10/23/68 10: 08 L—0:16 —0.3 47 27.2 240 240
7 13: 47 L+3:23 59 30,1 490 490

Table 8G. Bacteriogical examination of water samples from the West Fowl River area,
Mobile, Alabama

Station 7,
Extreme tide Turbidity Salinity MPN per 100m!
Date Time Tide
High Low JTU %o Coliform  EC Pos.
10/15/68 09 : 40 H-+4:46 1.5 0.1 22 24,9 2.0 1.8
13: 30 L—4:48 44 23.6 2.0 1.8
10/16/68 09: 45 H4-3: 57 1.4 0.2 22 27.1 4.5 2.0
13: 45 L—5:09 47 30.2 31 11
10/21/68 10:05  L41:47 0.1 56 30.2 2.0 Q.8
13:20 L+45:02 32 29.8 7.8 2.0
10/22/68 09:55  L40:37 —0.1 32 31,0 1.8 Q.8
13:10 L+3:52 84 30.6 <1.8 1.8
10/23/68 10: 00 L—0:24 —0.3 61 29.8 790 790
2 13:37 L+4+3:13 44 29.8 4.5 2.0

Table 4A. Bacteriological examination of oyster samples from the West Fowl River area,
Mobile, Alabama

Station 2,
Plate count per g. MPN per 100 g.
Date Time
35¢ Coliform E.C. positive
10/15/68 11: 00 4,600 7,900 950
14 : 20 4, 300 4,900 460
10/16/68 12 : 30 <3, 000 2, 400 790
14: 50 3,700 11, 000 1,700
10/21 /68 10: 50 3, 800 2, 200 490
14 00 3, 300 1,700 490
10/22/68 10: 35 3, 400 2, 400 1, 300
13: 45 (3 000 ¥1,700 700
10/23/68 11:05 3, 000 4, 600 3,100
10/23/68 14:15 4, 300 7,000 2, 400
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Table 4B, Bacteriological examination of oyster samples from the West Fowl River area,
Mobile, Alabama

Station 3,
Plate count per g’ MPN per 100 ¢’
Date Time
35C Coliform EC positive
10/15/68 10: 40 4,200 2, 400 790
7 13: 50 3, 800 2, 400 790
10/16/68 10: 20 ¢3,000 : 490 23
2 14: 10 <3, 000 1,100 330
10/21/68 10: 30 {3,000 490 170
7 14: 40 {3,000 170 45
10/22/68 10: 20 <3, 000 1, 100 700
z .. 13: 40 <3,000 330 130
10/23/68 10: 45 3,000 13, 000 3,300
2 14 05 3, 200 4,900 4, 900
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