














































































































































































































































Table 35. Summary of reduction of fecal coliforms in commercial-size 
tanks with respect to initial levels, depuration temperature 
and water quality of harvest area. 

-·--··----
Range Range Calculated-.': Actual Average Percent Range Mean 
Mean Mean Range Mean FC /100 g Remaining At FC/100 g Remaining At 

No. Temp. 0 hr FC/100 ml FC/100 ml 
Expts. (C) FC /100 g Water Water 24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs 

A. Initial FC level = 0-500/100 g 

6 10.1- 180- 240- 170 39.4 19.9 12.5 <:47- -<31- <21-
11.5 190 250 100 <43 <25 

7 15.6- 210- 2,000- 57 11.9 7.5 11.5 <23- <18- <18-
23.7 380 2,100 58 <25 65 

B. Initial FC level = 501-1,000/100 g 

3 23.3- 700 2,200 120 3.6 2.6 2.6 <25 ··-<18 <18 
28.8 

c. Initial level = 1,001-5,000/100 g 

15 14.6- 2,200- 2,800- 350 1.5 0.91 0.89 <:23- <20- -<18-
26.6 3,300 3,200 <68 ··<31 <31 

D. Initial level = 5,001-10,000/100 g 

1 25.9 l 7,000 4,500 700 1.2 0.59 0.26 <85 <41 <18 

E. Initial level = >10,000/100 g 

2 2:-2-j 39,000 16,000 1,300 0.41 0.09 0.06 <160 . <S:3 6 <;24 
26.5 

* Calculated range FC/100 ml water - values derived from data compiled by Hope and Wiley (1961) and 
presented for comparison with actual mean coliform levels in harvest water; coefficient of regression 
at temperatures C = 0.37, slope = 0.969 andy intercept (FC/100 ml water) = 69, number paired 

........ _ .... samples_:::: 24 .. and .. = 0.23, .slope ::::: .. 0.365 and.y intercept. 
(FC/100 ml water) = 1,973, number of paired samples = 95. 



Temperature 

Table 36. Correlation of total coliform concentration in oysters 
and shellfish growing waters. 

Mean 
Oyster 

Mean 
Water 

(C) Nl R2 b3 m4 UCL5 LCL6 TC/100 g TC/100 ml 

A. 1.5-15.0 13 0.34 3,337 1. 07 3.01 

B. 15.1-20.0 19 -0.06 2,364 -0.00 o.oo 

c. 20.1-25.0 17 -0.08 1,443 -0.01 0.04 

D. > 25.1 18 -0.11 664 -0.00 0.01 
. 

'-- -- L_ ___________ -~----····----- -- '-- - ---------- -· -----·· --------

1 N = number samples 
2 R = coefficient of linear regression 
3 b = y (water total or fecal coliform level) intercept 
4 m = slope 
5 UCL = upper limit of s_lope] t 95% b b "l"t 6 LCL = lm'ller limit of slope a o pro a 2 2 Y 

-, /'""\ 

-0.87 940 360 

-0.01 5,200 320 

-0.06 5,800 790 

-0.02 7' 900 560 

- ·- ·- ' 

--

. dyster 1 

$ater 
Index 
I 

I 
Q.61 
I 

1~.25 
i 
I 
I 

f·34 
i 

1~.11 

I 
I 

~-



Table 37. Correlation of fecal coliform concentrations in oysters 
and shellfish growing waters. 

Mean 
Oyster 

Mean 
Water Temperature 

(C) Nl R2 b3 m4 UCL5 LCL6 FC/100 g FC/100 ml 

A. la5-15.0 13 0.76 -3,371 46.13 71.62 

B. 15.1-20.0 19 0.66 37 0.25 0.40 

c. 20.1-25.0 17 0.12 321 0.04 0.22 

D. >25.1 18 0.13 265 0.07 0.36 

1 N = number samples 
2 R = coefficient of linear regression 
3 b = y (water total or fecal coliform level) intercept 
4 m = slope 
5. UCL = upper limit of slope l o • • 

6 LCL = lower limit of slope - at 95% probablllty 

20.65 77 100 

0.11 580 97 

-0.14 630 190 

-0.22 420 140 

Oyster 
Water 
Index 

0.77 

5. 98 

3.32 

3.00 



-Table 38 . Mean MPN level, 90% confidence -interval and cumulative percentages for total co-liforms !of 
oysters depurated in the 2 x 8 tank. Grouped according to initial oyster MPN level and 
frequency of tank flushing. Oysters contaminated in nature. I 

Flushing Depuration No. M p N I l_ 0 0 g - Percent of i 
Initial level PeFcent of 
in oysters Interval Time Samples Mean 90% Confidence samples with sam~les with 

Interval1 
I 

(MPN/100g) (Hrs.) MPN levels MPN levels 
I 

~ stated values ~1000 
500 230 ioo I 

i 

l, OOi-10, 000 6 hr 0 8 4,300 2,400 7,800 --- --- --- 1100 
24 17 320 50 1,900 65 47 29 ' 24 
48 17 <190 34 1,100 71 71 47 

I l~ 72 17 <91 26 330 88 76 53 
I 

10, 001-25·, OOD 6 hr 0 3 17,000 --- --- --- --- --- 1:~~ 24 6 610 --- --- 33 --- ---
48 6 350 --- --- 100 17 --- 1---
72 6 540 160 l, 700 50 17 --- 1 33 

1,001-10,000 24 hr 0 3 3,300 --- --- --- --- --- 100 
24 6 950 370 2,300 33 17 --- 67 
48 6 460 130 1,600 67 33 ---

I ~6 72 6 1,200 460 3,000 33 --- ---
10,001-25,000 24 hr 0 3 21,000 --- --- --- --- --- 100 

24 4 1,200 210 6,400 50 25 --- 50 
48 4 810 350 1,900 50 --- --- 25 
72 4 180 95 310 100 75 25 

>25,000 6/12 hr 0 4 81,000 23,000 280,000 --- --- --- 100 
24 6 9,600 4,300 20,000 --- --- --- 100 
48 6 3,600 520 23,000 --- --- --- 67 
72 6 2,200 950 5,000 --- --- --- 83 

>25,000 24 hr 0 3 75,000 --- --- --- --- --- 100 
24 6 1,100 63 17,000 50 33 17 33 
48 6 240 40 1,500 67 67 33 33 

Footnotes: 72 6 47 20 110 100 100 83 

1Absence of confidence intervals throughout table due to either a lack of variation other than that 
related to the MPN technique or to skewness of the data as a result of depuration. 

. -. .~ . -~ 
-~ 



Table 39 • Mean MPN level, 90% confidence interval and cumulative percentages for fecal coliforms of 
oysters depurated in the 2 x 8 tank. Grouped according to initial oyster MPN level and 
frequency of tank flushing. Oysters contaminated in nature. 

Initial level Flushing Depuration No. M p N I 1 0 0 g Percent of Percent of 
in oysters Interval Time Samples F.lean 90% Confidence samples with samples with 
(MPN/lOOg) (Hrs.) Intervall MPN levels MPN levels 

-:;stated -values >200 
100 50 20 

0-500 6 hr 0 5 140 --- --- 20 --- --- 20 
24 12 <23 --- --- 100 92 75 
48 12 <18 --- --- 100 100 100 
72 12 <18 --- --- 100 100 100 

1,001-5,000 6 hr 0 6 2j600 1,000 6,700 --- --- --- 100 
24 11 <39 20 73 91 91 45 9 
48 11 <18 --- --- 100 100 100 
72 11 <36 --- --- 82 82 64 9 

0-500 24 hr 0 3 410 --- --- ---. ---. --- 100 
24 6 <22 --- --- 100 100 83 
48 5 <29 --- --- 100 60 60 
72 6 <18 --- --- 100 100 100 

1,001-5,000 24 hr 0 3 4,400 --- ---··· --- --- --- 100 
24 4 59 24 140 100 100 
48 4 <49 --- --- 50 50 50 
72 4 <23 --- --- 100 100 75 

1,001-5,000 6/12 hr 0 4 2, 500 1,100 5, 500 --- --- --- 100 
24 6 <85 16 470 67. 50 50 17 
48 6 <19 --- --- 100 100 100 
72 6 <18 --- --- 100 100 100 

Footn.otes : 

~bsence of confidence intervals throughout table due to either a lack of variation other 
than that related to the MPN technique or to skewness of the data as a result of depuration. 



Table 40 • 

Type Sample 

Oysters 
Tank A 

Oysters 
Tank B 

Biodepos its 
Tank A 

Footnotes: 

I 
Mean MPN level, 90% confidence interval and cumulative percentages for total coliforms 
in oysters and biodeposits depurated in the 2 x 4 tank. Tank A flushed at 24 hr 1

1

-

intervals. Tank B not flushed. Oysters contaminated in nature. 

1 

Depuration 
Time 

(Hrs.) 

0 
24 
48 
72 

0 
24 
48 
72 

0 
4 

24 
48 
72 

No. 
Samples 

9 
9 
9 
9 

9 
3 
3 
9 

6 
6 
6 
4 

M p N I 1 0. 0 q 
Mean 90%Coriridence 

4,200 
91 

<290 
100 

4,200 
150 
<76 
160 

780,000 
140,000 

64,000 
25,000 

1,100 
38 
51 
41 

1,100 

40 

44,000 
45,000 
11,000 

6,300 

Interval 

15,000 
200 

1,500 
250 

15,000 

620 

12,000,000 
440,000 
360,000 

97,000 

Percent of 
samples with 

MPN levels 
:::;stated values 
500 230 100 

11 
89 
56 

100 

11 
100 

67 
78 

89 
33 
89 

67 
67 
78 

56 
22 
56 

33 
67 
56 

I 

. I 
Percent[ of 

samples with 
MPN levbls 

>lOOOI 

89 

22 

89 

33 
11 

100 
100 
100 
100 

I 

I 

1Absence of confidence intervals throughout table due to either a lack of variation otheb 
than that related to the MPN technique or to skewness of the data as a result of depuration. 

--.. ~. ,·-. "'· ~, ,-.. 



Table 41 • Mean MPN level, 90% confidence interval and cumulative percentages for fecal coliforms 
in oysters and biodeposits depurated in the 2 x 4 tank.· Tank A flushed at 24 hr 
intervals. Tank B_not flushed. Oysters contaminated in nature. 

Type Sample Depuration No. M p N I l 0 O_g Percent of Percent of 
Time Samples Mean 90% Confidence samples with samples with 

(Hrs.) Interval MPN levels MPN levels 
-::;;stated values >200 
100 50 20 

Oysters 0 9 1,500 440 5,100 --- --- --- 89 
Tank A 24 9 <40 --- --- 89 78 44 11 

48 9 <34 --- --- 89 67 67 ll 
72 9 <22 --- --- 100 100 78 

Oysters 0 9 1,500 440 5,100 --- --- --- 89 
Tank B 24 3 <42 --- --- 67 67 33 

48 3 <33 --- --·- 67 67 67 
72 9 <47 20 110 89 89 78 11 

Biodeposits 0 
Tank A 4 6 110,000 29,000 450,000 --- --- --- 100 

24 6 29,000 7,600 110' 000 --- --- --- 100 
48 6 1,000 320 3,300 --- --- --- 100 
72 4 820 --- --- --- --- --- 100 

Footnotes: 

1Absence of confidence intervals throughout table due to either a lack of variation other 
than that related to the MPN technique or to skewness of the data as a result of depuration. 



I 
I 

Table 42 . Mean MPN level, 90% confidence interval and cumulative percentages for total col~forms 
in feces, pseudofeces and oysters depurated in shallow (plexiglass) trays. Oyst~rs 
contaminated in nature. I 

I 
i 

Type Sample Depuration No. M p N I l 0 0 g Percent of I Perceni::i of 
Time Samples Mean 90% Confidence samples with samples Jwith 

(Hrs.) Intervall MPN levels MPN levjels 
<stated values >lOOq 
500 230 100 I 

Oysters 0 6 27,000 5,000 140,000 --- --- --- 100 1 
4 4 1,200 330 4,500 25 --- --- 5o 1 

24 4 370 82 1,600 75 50 --- _:~I 48 4 460 180 1,100 50 25 ---
72 4 130 25 690 100 75 25 ---I 

I 
Feces 0 --- --- --- --- --- --- --- --- I 

4 4 2,500,000 48,000 13,000,000 --- --- --- 100 1 

24 4 35,000 8,200 150,000 --- --- --- 100 I -48 4 2,100 . 300 13,000 . --- --- --- 50 I 
72 4 2,000 820 5,100 --- --- --- 75 1 

I 

Pseudofeces 0 I --- --- --- --- --- --- ---
i~~ I 4 4 67,000 10,000 440,000 --- --- ---

24 4 4,300 l, 400 12,000 50 50 --- 50 
48 4 <820 130 4,800 50 50 --- 50 l 

72 4 1,000 210 4, 700 50 --- --- 5o I 

Footnotes: 

lAbsence of confidence intervals throughout table due to either a lack of variation other 
that related to the MPN technique or to skewness of the data as a result of depuration . 

I than 

I 

. ~. 



Table 43 • Mean MPN level, 90% confidence interval and cumulative percentages for fecal coliforms 
in feces, pseudofeces and oysters depurated in shallow (plexiglass) trays. Oysters 
contaminated in nature. 

Type Sample Depuration No. MPN/lOOg: Percent of Percent of 
Time Samples Mean 90% Confidence samples with samples with 

(Hrs.) Intervall MPN levels MPN levels 
<stated values >200 
100 50 20 

Oysters 0 6 750 180 3,100 --- --- --- 50 
4 4 <49 --- --- 75 50 50 25 

24 4 <22 --- --- 100 100 75 
48 4 <18 --- --- 100 100 100 
72 4 <22 --- --- 100 100 75 

Feces 0 
4 4 150,000 18,000 1,300,000 --- --- --- 100 

24 4 2,100 430 ll, 000 --- --- --- 100 
48 4 <230 --- --- --- --- --- 25 
72 4 <180 

Pseudofeces 0 
4 4 5,600 760 41,000 --- --- --- 100 

24 4 480 110 2,000 --- --- --- 75 
48 4 <180 
72 4 <180 

Footnotes: 
1Absence of confidence intervals throughout table due to either a lack of variation other 
than that related to the MPN technique or to skewness of the data as a result of depuration. 



Table 44 • 

Trial 1.,.' 

Trial 2-ld: 

Survival of coliform organisms in depuration tank drain water with and without 
Flask A= tank drain water. Flask B =tank drain water plus feces. Flask C = 
water plus pseudofeces 

No. Hours Flask A 

Incubation TC/lOOml FC/lOOml 

0 1.8 ID 

3 4.5 ID 

6 4.5 ID 

24 2.0 ID 

48 ID ID 

72 7.8 ID 

0 ID ID 

3 4.5 2.0 

6 1.8 ID 

24 4.5 ID 

48 4.5 ID 

72 ID ID 

Flask B 

TC/lOOml 

23 

7.8 

13 

7.8 

4.5 

ll 

3,300 

12,000 

1,300 

3,100 

430 

110 

FC/lOOml 

4.5 

7.8 

4.5 

4.5 

2.0 

4.5 

170 

140 

230 

170 

17 

49 

Flask C 

TC/lOOml FC/lOOml 

ll 4.0 

4.5 2.0 

2.0 2.0 

6.8 6.8 

4.5 2.0 

ID ID 

790 46 

110 49 

310 49 

220 23 

49, 4.5 

13 2.0 

*Trial l - Ratio of volume feces or pseudofeces to volume tank drain water= 1:1000 

**Trial 2 - Ratio of volume feces or pseudofeces to volume tank drain water= 1:100 

,-::--, 

I 

b iodepps its. 
tank d\rain 

I 

I 
TempFrature 

I 

2ol + 1 c I-
I n 

ItT 

I 
iff 

i 

IT! 
[!I 

20 c 

19 7 c 

23 c 

28 c 

24 c 

19 c 



Table 45 Coliform types isolated from positive brilliant green (BG) tubes representing 
oyster samples prior to and after 72 hrs depuration in shallow plexiglass 
trays.* 

Coliform Type Isolated** 

H H H 
rrl (IJ (IJ (IJ (fJ H H 

Sample ·.-l rrl (IJ -1-J -1-J -1-J s::: (IJ (IJ 

..c: .-l rrl C) C) (fJ C) rrl -1-J -1-J 
C) .-! •.-l rrl rrl (IJ rrl H C) •.-l C) (fJ Number Number ·r-1 (IJ s::: ,..q (IJ ,..q s::: ,..q ·(IJ rrl ·r-1 rrl ;::l 

Type H ·r-1 0 0 rrl 0 (IJ 0 § ,..q '8 ,..q (fJ Positive (IJ (fJ § H C) H bl H 0 0 H ..c: ]I ,..q (IJ rrl Q) 0 Q) .-l H ;::l H (IJ BG Tubes Sampies 
C) Q) (IJ -1-J 0 -1-J H .j..J bl -1-J (IJ -1-J :> 
(fJ .-l s::: s::: .-l s::: (IJ s::: tn •r-1 H ·r-1 ·.-l 

jj..:j ;,.::o. jj..:j C) jj..:j rrl jj..:j rrl Ull-! u '"d 

Oysters 

0 Hr. 58.3 91.7 8.3 8.3 24 2 
(TC/lOOg = 11,000) (14) (22) (2) (2) 

72 Hrs. 2.4 14.3 11.9 2.4 81 42 4 
(TC/lOOg = 2,100) (1) (6) (5) (1) (34) 

~~Experiment numbers - 169') and 270 

**Percent occurrence based on number brilliant green tubes from which organism was isolated ( ) 
and number brilliant green tubes examined. 
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Table 46 . Coliform types isolated from positive brilliant green (BG) tubes representing oyster and biodepbsit 
samples prior to and after 72 hrs depuration in the 2 x 4 tank.* I 

Coliform Type Isolated** 
.. 

Sample H H H H m Q) Q) Q) Q) rl.l H H 
:E ~ 2J -!-) .p .p -!-) 

~ 
Q) Q) Number 

Type C) C) rl.l C) 

icl 
.p -!-) 

C) rl ·a m m 

~ 
m Positive 

·rl Q) .g U•rl C) rl.l 

H •rl 

~ 
2J ~ 

,.0 2J ~ ~ 
m •rl m ;:::5 BG Tubes 

~ rl.l fu icl 2 ·a 2 § .g rl.l 

~I .g 0 

~ Q) rl H C) Q) 1§~ 1§§3 ~ ~ 1§ ~ rl.l rl §, 
-!-) Q) .p 

rLl ~ 
·rl ~ ·rl •rl j:LJC) rL!ctl rLl 0 0 '0 

Oysters 

0 Hr. 79.5 59.1 45.5 9.1 4.5 2.3 9.1 2.3 44 
(TC/lOOg = 3,100) (35) (26) (20) (4) (2) (l) (4) (l) 

72 Hrs. 23.5 70.6 11.8 23.5 17 
(TC/lOOg = 130) (4) (12) (2) (4) 

Biodeposits 

4 Hr. 68.6 61.4 44.3 8.6 2.9 11.4 70 
(TC/lOOg = 500,000) (48) (43) (31) (6) (2) (8) 

72 Hrs. 22.7 68.2 31.8 2.3 2.3 36.4 44 
(TC/lOOg = 25,000) (10) (30) (14) (l) (l) (16) 

*Experiment numbers - 82 and 84 

**Percent occurrence based on number brilliant green tubes from which organism was isolated ( ) and number 
brilliant green tubes examined. 

. -, -~ -~ . ~-

I 
I 
I 

I 

i Number 

Samples 

4 

4 

4 

4 

·-



Table 47. 

Oyster 
Lot 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

Variability of total and fecal coliform (TC and FC/lOOg) 
levels from samples of pooled oyste.rs within specific lots. 

Collection Number Pooled TC/lO.Og FC/lOOg 
Date Oysters 

5-12-75 6 310 310 
6 1,300 1,300 
6 4,600 1,300 

6-09-75 5 2,300 330 
5 3,300 790 

6-16-75 3 4,900 2,300 
7 4,900 3,300 
3 7,900 7,900 

7-07-75 7 4,900 2,300 
7 22,000 4,600 
7 92,000 7,900 

7-14-75 7 130,000 79,000 
5 170,000 33,000 
7 240,000 79,000 

8-11-75 5 7,000 700 
5 7,000 1,100 

8-18-75 5 7,900 700 
5 13' 000 2,200 
5 17,000 260 

9-02-75 6 3,300 790 
6 4,900 2,200 
6 14,000 4,600 

9-08-75 6 33,000 7' 900 
6 79,000 13,000 
6 160,000 3,300 

9-22-75 6 13,000 2,300 
6 17,000 3,300 
6 33,000 33,000 

9-29-75 8 1,100 78 
8 3,300 170 
8 4,900 230 



( ' 

Table 47 cont. 

----~~-~-·-------·---------·-----·----------------- --------~--------·-------------· 

Oyster Collection Number Pooled TC/lOOg FC/lOOg 
Lot Date Oysters 

L 10-14-75 9 4,900 130 
9 6, 400 140 ( 

M 10-20-75 8 13,000 1,100 
8 17,000 7,900 
8 22~000 4,900 

N 10-27-75 6 33,000 l, 700 
7 70,000 2,200 
6 240,000 4,900 

0 11-03-75 8 2,200 790 
8 2,300 110 
8 7,000 790 ( 

p ll-17-75 8 3,300 170 
8 3,300 l, 700 
8 2,400,000 130,000 

Q 12-08-75 8 1,300 230 ( 
8 3,300 220 
8 4,900 110 

( 

( 

( 

( 



Lot 

Table 48 • Variability in total and fecal coliform levels of individual oysters as 
determined using the graphical method of Velz (1951). 

Total Coliforms/lOOg Fecal ColiformsLlOOg 
Number Range 90% Upper Limit at Range 90% Upper Limit at 

Number Individual Confidence 95 percentile Confidence 95 percentile 

A 

B 

c 

D 

E 

Oysters Mean Limits ActuaP' Theoret ica 1 ~'~' Mean Limits Actual~' · TheoreticaP·~ 

12 <100 36-280 690 260 <41 20-81 200 

12 690 170-2,700 . 6, 700 1, 700 <40 12-130 320 

' 
20 19,000 6,000-54,000 110' 000 48,000 1, 700 420-6,400 16,000 

23 1, 700 720-4,200 11,000 4, 400 <200 62-600 1,500 

24 1, 700 600-4,400 11,000 4,200 <470 120-1,800 4,500 

-
·--

*Actual upper limit: The value obtained where the graphical line passing through the data 
and the calculated mean value intersected the 95 percentile line. 

**Theoretical upper limit: The value obtained where the theoretical line for a 5 portion 
MPN test and passing through the calculated mean value inter­
sected the 95 percentile line. 

100 

100 

4,300 

490 

1,200 



Trial 

No. 

l 

2 

3 

Table49. Comparison of the standard fecal coliform test and the ETCP 
method in the examination of oyster samples prior to depuration 
with respect to the concentration of oyster brei analyzed 
and time of incubation.* 

Standard Method ETCP Method 
Fecal Coliforms Elevated Temperature Coliforms/lOOg 

/lOOg lg oyster/plate o.sg oyster/plate O.lg oyster/plate 

4,900 <l7 l,l70 

384 l,340 

568 l,340 

568 l,340. 

390 50 752 l, 840 

ll7 935 l, 840 

3l7 l,020 l, 840 

70l l,070 l, 840 

340 200 685 l,340 

802 885 l,500 

952 9l9 l,500 

No.IHrs. 
I 

IncuThation 
I 
' 

I 
~2 
I 
I 
~9 
i 
I 
48 
I 
72 

I 
~2 

I 
~7 

I 
48 

I 
T2 

I 
:24 
i 
' 48 
I 
I 

'12 

I 
I . 

-··-·-

* Data concerning coliform levels in depurated oysters is not presented since fecal coliform~ as 
determined by both procedures were reduced to low or indeterminate levels. 

.~. ~-- ..--- ~, 



Trial 

No. 

A. Rela-
tively 
clean 
oysters 

1 

2 

3 

4 

Table so. Enumeration of fecal and elevated temperature coliforms in 
clean and polluted shellfish. 

Standard Method ETCP Method 
Fecal Coliforms Elevated Temperature Coliforms/lOOg 

' 

/lOOg lg oyster/plate O.Sg oyster/plate O.lg oyster/plate 

20 <17 100 <167 
33 100 <167 
67 100 <167 
84 100 <167 

20 67 84 <167 
100 117 <167 
100 117 167 
100 117 167 

<18 <17 17 <167 
17 17 <167 
17 17 <167 
17 17 :<167 

<18 17 17 <167 
17 33 167 
83 33 167 
83 33 167 

No. Hrs. 

Incubation 

18 
24 
48 
72 

18 
24 
48 
72 

18 
24 
48 
72 

18 
24 
48 
72 



Table 50 con 1t. 

I Standard Method ETCP Method 
No.IHrs. I Trial Fecal Coliforms Elevated Temperature Coliforms/lOOg I 

I I I 

I No. /lOOg lg oyster/plate 0.5g oyster/plate O.lg oyster/plate Incubation 
I I 

I 

I 
I 

5 <18 <17 33 167 18 
I I 
I 33 50 334 24 
i I 

I 33 67 334 ~8 
I 50 67 334 '12 
i 

I I 
6 <18 17 17 <167 18 

I 

50 50 <167 24 
50 50 <167 48 
50 50 <167 

I 

V2 
I 
I 

7 20 17 33 <167 ]_8 
I 

17 84 <167 24 
33 . 84 I 

167 ~8 
50 117 167 V2 

I 
8 78 84 84 167 1J-8 

167 117 167 24 
167 117 

I 
167 18 

167 117 334 V2 

I 
9 18 17 67 167 ]_8 

I 

33 100 167 24 
134 134 

I 

334 48 
184 150 334 

I 

V2 
I 

I 
10 18 <17 67 <167 iL8 

I 

17 100 <167 24 
65 184 <167 

I 

1t8 
65 184 <167 172 

I 

I 

-------------------~----·-···-·--······--
L._ 

I . - .,. 

. ~. ·""' ""' .~ . -~ 



Table 50 con 1t. 

Standard Method ETCP Method 
Trial Fecal Coliforms Elevated Temperature Coliforms/lOOg No. Hrs. 

No. /lOOg lg oyster/plate 0.5g oyster/plate O.lg oyster/plate Incubation 

B. Moder-
ately 
polluted 
oysters 

l 110 17 184 501 18 
117 334 501 24 
200 401 501 48 
217 418 501 72 

2 1,100 Fl 134 167 18 
251 317 334 24 
501 434 501 48 
501 484 . 668 72 

3 170 33 167 668 18 
100 334 668 24 
334 401 668 48 
384 418 668 72 

4 330 50 301 334 18 
184 601 668 24 
701 752 835 48 
752 752 835 72 

5 140 84 1,000 2,000 18 
184 1,170 2,170 24 

1,020 1,250 2,170 48 
1,100 1,250 2,170 72 

6 170 284 551 1,000 18 
1,200 919 1,170 24 
1,290 1,000 1,170 48 
1,290 1,000 1,170 72 

- '--- ----·····----- ~------ - ··---- - -·--- ---



Table 51. ETCP plate counts /ml E. coli sus pens ion inoculated 
·--------------------------n1t:o_d_i-ff-erent: cone ent:ra t ions oys t:er -JSre i-a na-------:--------~ 

counted after various intervals of incubation. ( 

Tria 1 Concentration Plate count/ml inoculum 
( ' 

No. oyster/plate 19 hr. 24 hr. 48 hr. 72 hr. 

1 1.0 g 94 135 142 

0.5 g 143 156 157 ( 

0.1 g 168 169 169 

0.01 g 161 162 162 

o.o g 155 155 155 

2 1.0 g 31 94 124 124 

0.5 g 130 134 134 134 
( 

0.1 g 135 141 141 141 

0.01 g 117 117 118 118 

0.0 g 138 139 139 139 
(' 

3 1.0 g 47 87 162 167 

0.5 g 157 183 192 192 

0.1 g 210 210 210 210 ( 

0.01 g 174 175 175 175 

0.0 g 201 202 202 203 

( . 



Table 52 . Isolation of E. coli and coliforms from positive EC and 
Medium A-1 tubes representing naturally-polluted oysters. 

Test Medium No. Positive !!_· coli+ only !!_· coli+ + FP* Group FP Group only 

Tubes No. Tubes Percent No. Tubes Percent No. Tubes Percent 
0 

E.c. 259 244 94.2· 13 s.o 2 o.8· 

Medium A-1 287 284 99.0. 3 1.0 0 o.o 

-~- .... , __ 

* FP = False Positive 
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FIGURES 



Figure 1. Shallow trays made of acrylic plastic. H-shape 
supports were used to raise oysters off the bottom. (A) 
Used with 36 oysters without partitions. (B) Used with 
25 oysters separated by partitions. 
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Figure 2. Diagram of shallow tray made of acrylic plastic showing 
construction details. · · · · 



Figure 3.. Four-lamp ultraviolet treatment unit used 
in shallow tray experiments. 
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Figure 4. Diagram ot four~lamp Ultra~iolet unit sho~ing construction 
details. 
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Experiments included in construction of Figure 5 

Legend Experiment Numbers ( 

0 35, 36 

• 13-1, 13-2, 13-3' 46-2 

4 46-1 (: 
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Figure 5. Mean total coliform levels in oysters depurated 
in shallow trays with respect to initial MPN level and 
mean temperature. Vertical lines represent the 90% con­
fidence intervals for the mean. Oysters contaminated in 
nature. 
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Experiments included in construction of Figure 6 

Legend 

0 

• 

0 

Experiment Numbers 

12, 16, 17-1, 17-2, 18-1, 18-2, 19-1, 19-2 

11 

20-1, 20-2' 20-3 

2i (tray 3), 21 (tray 1), 22, 23, 26, 30-1, 
30-2 
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Figure 6. Mean total coliform levels in oysters depurated in 
shallow trays with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. 'Oysters contamira ted in nature. 
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Experiments included in construction of Figure 8 

Legend 
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Experiment Numbers 

9, 12, 18-1, 18-2, 35, 36 

11, 13-1, 13-2, 13-3, 46-2 
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21 (tray 3), 22, 23, 30-1, 30-2, 31 
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Figure 8. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure 9 

Legend 
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Figure 9. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure 10 

Legend 
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Figure 10. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Experiments included in construction of Figure 11 
( 

Legend Experiment Numbers 

• 28-3 
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Figure 11. Mean total and fecal coliform levels in oysters 
depurated in shallow trays with respect to meari dissolved 
oxygen concentration. Vertical lines represent the 90% · 

, 
1 

confidence intervals for the mean. Oysters contaminated 
in nature. 



Experiments included in construction of Figure 12 

Legend 
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Figure l2. Mean total and fecal coliform levels in oysters 
depurated in shallow trays with respect to mean dissolved 
oxygen concentration and temperature. Vertical lines 
represent the 90% confidence intervals for the mean. Oysters 
contaminated in nature. 
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Experiments included in construction of Figure 13 

Legend 
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Experiment NUmbers 
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Figure 13. Mean total and fecal coliform levels in oysters 
depurated in shallow trays with respect to mean dissolved 
oxygen concentration and temperature. Vertical lines 
represent the 90% confidence intervals for the mean. Oysters 
contaminated in nature. 
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Experiments included in construction of Figure 15 

Legend Experiment Numbers 
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0 19-2' 20..,.3 

11, 31, 32 ( 
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Figure 15. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to mean flow rates. Vertical 
lines represent the 90% confidence intervals for the mean. 
Oysters contaminated in nature. 



Experiments included in construction of Figure 16 

Legend 
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Figure 16. Mean total coliform levels in oysters depurated in 
shallow trays with respect to mean flow rates. Vertical 
lines represent the 90% confidence intervals for the mean. 
Oysters contaminated in nature . 



Experiments included in construction of Figure 17 

Legend 
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Figure 17· Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to mean total suspended solids 
and temperature. Oysters contaminated in nature. 
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Experiments included in construction of Figure 18 

Legend Experiment Numbers ( 

0 15-3, 270 

• 15-2, 16, 17-3, 19-1, 19-2, 35, 36 

b. 18-1, 18-2 

A 17-1 

0 17-2 

( 

( I 



. I 

I J 

. I 

( ) 

I ! 

~ I FECAL COLIFORM$ I 

II ----- --
101~~~~ 

0 24 48 72 

DEPURATION TIME (Hrs.} 

Figure 18. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to mean total suspended solids and 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Experiments included in construction of Figurel9 

Legend Experiment Numbers ( 
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Figure 19. Mean fecal coliform levels in oysters depurated in 
shallow trays with respect to mean total suspended solids 
and temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure20 

Legend 
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Figure· 20. Mean total coliform levels in oysters depurated in 
shallow trays with respect to mean total suspended solids 
and temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure 21 

Legend Experiment Numbers 
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Figure 21. Mean total coliform levels in oysters depurated in 
shallow. trays with respect to mean total suspended solids and 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure 22 

Legend 
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Figure 22. Mean total coliform levels in oysters depurated in 
shallow trays with respect to mean total suspended solids and 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Experiments included in construction of Figure 23 
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Figure 23. Mean total coliform levels in infected oysters depurated in 
. shallow trays. Oysters were infected with Dermocystidium 

marinum and Minchinia nelsoni (MSX). Oysters contaminated 
in nature. 
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Experiments included in construction of Figure 24 
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Figure 24. Mean fecal coliform levels in infected oysters depura-ted in 

shallow trays. Oysters were infected with Dermocystidium 
marinum and Minchinia nelsoni (MSX). Oysters contamlnated 
ln nature, ·· 



Experiments included in construction of Figure 25 
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Figure 25. Mean total coliform levels in oysters depurated in shallow 

trays with respect to infection with Dermocystidium marinum 
and Minchinia nelsoni (MSX). Oysters contaminated with raw 
sewage. . 
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Experiments included in construction of Figure 26 
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Figure 26. Mean fecal coliform levels in oysters depurated in sh:<3llow 
trays with respect to infection with Dermocystidium marinum 
and Ninchi.n.ia :nelsoni (MSX). nystm~s r::>n.tar:n:ln.ated wlth raw 
sewage. 



Figure 27. Oyster with plastic funnel attachment in aquarium 
used in pumping rate experiments. 
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FIJJW DIRECTION 
OF WATER BEING· 
PUMPED INTO OYSTER 

Polyethylene film 
sheet 

Figure 28. Diagram showing the areas of an oyster covered 
by the plastic bag used in measurement of 
pumping rates. 
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Tygon tubing 



Figure 29. Arrangement of ultraviolet lamp unit and aquaria 
used in pumping rate experiments. 
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Figure 30. Ultraviolet lamp units used in experiments 
with commercial-size tanks. (A) 4-lamp commercial­
type unit used with 2 x 8 and 2 x 4 tanks. (B) 12-
lamp Kelly-Purdy type unit used with 4 x 8 tank and 
flumes. 



Figure 31. 4 x 8 tank. (A) With three standpipes for water 
overflow. (B) Drain end of tank showing slanted overflow 
baffle with eight holes. 
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Figure 32. 4 x 8 tank. (A) Arrangement of ultraviolet 
lamp unit and tank. (B) Arrangement of trays, tray 
supports and water-inflow pipe. 
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Figure 33D. Diagram of longitudal profile of 2 x 8 tank. 
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Figure 33E. Diagram of tray support details in 
2 x 8 tank. 
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Figure 33F 

Diagram of 2 X 8 tank with one side wall removed. Inflowing water pipes 
are arranged against one side wall and small pump with pipe arms is set 
against opposite wall. Flow from holes drilled in wall pipes is directed 
parallel to the bottom. Flow from ends of pump pipe arms is directed 
parallel to side wall. 
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Figure 33G 

Diagram of 2 X 8 tank showing arrangement of trays and water pipes. 
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Figure 34. 2 x 4 tank. (A} Arrangement of tray and 
supports and inflowing water pipes. (B) Drain end 
showing water outlet holes. (C) Outside view of 
drain end showing siphon pipes. 
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Figure 35. (A) Arrangement of 2 x 8 and 2 x 4 tanks hooked 
up to commercial-type UV unit. (B) Side view of 2 x 8 
tank and UV unit on stand. 
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Experiments included in construction of Figure 37 
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Figure 37. Mean total coliform levels in oysters depurated in 
the 4 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contamin~ted in nature. 



Experiments included in construction of Figure 38 
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Figure 38. Mean total coliform levels in oysters depurated in 
the 4 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



--------------·-----·--------------··---··------·-----·---------·------------··· 
( 

( 

( 

Experiments included in construction of Figure 39 
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Figure 39. Mean total coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 40. Mean total coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oys·ters contaminated in nature. 
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Figures in parentheses indicate tray numbers. 
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Figure 41. Mean total coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial ~J!PN level and mean 
temn8rat:n:re. Vert:ica..l lin.es ren:v:ese:trt th.e 90% confidence 
intervals fol':' the mean. Oysters contaminated in nature. 
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Figure 42. Mean total coliform levels in oysters depurated in 
the 2 x 4 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 43. Mean total coliform levels in oysters depurated in 

the flume with respect to initial MPN level (mean temp. = 
24.1-29.0 C). Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 44. Mean fecal coliform levels in oysters depurated in 
the 4 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters con:taminated in nature. 



Experiments included in construction of Figure 45 
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Figures in parentheses indicate tray numbers. 
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Figure 45. Mean fecal coliform levels in oysters depurated in 
the 4 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 46. Mean fecal coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 47. Mean fecal coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Experiments included in construction of Figure 48 
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Figures in parentheses indicate tray numbers. 
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Figure 48. Mean fecal coliform levels in oysters depurated in 
the 2 x 8 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 



Experiments included in construction of Figure 49 
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Figure 49. Mean fecal coliform levels in oysters depurated in 
the 2 x 4 tank with respect to initial MPN level and mean 
temperature. Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 50. Mean fecal coliform levels in oysters depurated in 
the flume with respect to initial MPN level (mean temp. = 
24.1-29.0 C). Vertical lines represent the 90% confidence 
intervals for the mean. Oysters contaminated in nature. 
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Figure 51. Mean fecal coliform levels in oysters depurated in 
commercial-size tanks with respect to mean temperature. 
Contaminated with ~· coli in the laboratory. 
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Figure 54. Correlation of total coliform concentration in oysters 
and shellfish growing waters. 
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Figure 55. Correlation of fecal coliform concentration in oysters 
and shellfish growing waters. 
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Experiments included in construction of Figure 56 
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Experiments included in construction of Figure 57 
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Figure 57. Mean fecal coliform levels in oysters depurated inthe,2 x 8 

tank with respect to frequency of tank flushing (6 hr versus 
24 hr intervals) and initial MPN level. Oysters contaminated 
in nature. 
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Figure 58. Mean total coliform levels in oysters depurated in the 2 x 8 

tank with respect to frequency of tank flushing (alternating 
6 hr and 12 hr invervals versus 24 hr intervals). Oysters 
contaminated in nature. 
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Experiments included in construction of Figure 59 
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Figure 59. Mean fecal coliform levels in oysters depurated in the 2 x 8 

· tank with respect to frequency of tank flushing (alternating 
6 hr and 12 hr intervals versus 24 hr intervals). Oysters 
contaminated in nature. 
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Figure 60. Mean total coliform levels in biodeposits and oysters depu­

rated in the 2 x 4 tank with respect to inclusion or elimi­
nation of tank flushing. Oysters contaminated in nature. 
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Figure 61. Mean fecal coliform levels in biodeposits and oysters 

depurated in the 2 x 4 tank with respect to inclusion or 
elimination of tank flushing. Oysters contaminated in 
nature. 
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Figure 62. Mean total coliform levels in oysters, feces and pseudofeces 

depurated in shallow trays. Oysters contaminated in nature. 
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Figure 63. Mean fecal coliform levels in oyster, feces and pseudofeces 

depurated in shallow trays. Oysters contaminated in nature. 
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