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ABSTRACT

%A statistical evaluation of a variety
of sewage treatment methods indicates that
MIL-S-24201(SHIPS) should be revised with
respect to performance requirements for the
reduction of coliform most probable number
density counts made after chlorination
treatment of sanitary wastes. Such a
proposed revision of the specification is
given in this report which also indicates
the coliform density for large samples
of either untreated or treated sewage tends
to follow a lognormal frequency distribution.
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ADMINISTRATIVE INFORMATION

The evaluation was performed at this activity during Fiscal I
Years 1967, 1968, and 1969 under Task Area S-F35 433 006, Task J

1892. This report meets Fiscal Year 1970, Milestone 3, as
described on page 154 of the May 1969 NAVSHIPRANDLAB, Annapolis,
Program Summary. The work was done under Assignment 823-121-32.
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¶i NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

PROPOSED REVISION OF MILITARY SPECIFICATION MIL-S-24201(SHIPa)
SEWAGE TREATMENT EQUIPMENT CHLORINATOR-MACERATOR FOR

NAVAL SHIPBOARD USE

By
D. J. Fisk and H. H. Singerman

ST INTRODUCTION

Extensive evaluations and a comprehensive statistical study
of a variety of treatment methods, as used in two different types
of naval shipboard chlorinator-macerator sewage treatment systems,

have been made. They indicate that Military Specification MIL-S-
24201(SHIPS) should be revised with respect to performance
requirements for the reduction of coliform most probable number
(MPN) density counts after chlorination treatment of sanitary
wastes.

In addition to the revised performance requirements, the
report of this work also shows that coliform density counts for
large samples of either treated or untreated sewage tend to
follow a lognormal frequency distribution.

The present chlorination acceptance sampling performance
requirements, as given in MIL-S-24201(SHIPS), are based on an
expected complete coliform kill probability (zero coliform MPN
count) for each of ten sample runs tested. A more realistic
concept might be to specify that any strength chlorination treat-I s ment used will cause a certain proportion, PK' of test runs to
produce sample MPN counts no greater than some nominally speci-- fied MPNK count, i. e-, F(Pc( OWNK) -- PK-

This limiting MPNK count would be chosen on the basis of
information available from real test data.. Also, any approvedchlorination treatment should be such that the user must be

reasonably confident that the use of some restricted amort of t
chlorine solution will result in a very high reduction (99+%) of
the treated sample run coliform (MPN) density counts over what the
presumed MPN count would be if the sanitary wastes were not
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BACKGROUND CONDITIONS FOR REVISION OF MIL-S-24201(SHIPS) I"
Figure 1 shows coliform (MPN) density counts obtained for a

series of chlorination injection treatments of sanitary wastes
at various disinfectant strengths (including no treatment at all)
using two different MIL-S-24201(SHIPS) type chlorinator-macerator
machines (A and B), Sample log, ,MPN values were plotted versus
cumulative probability, Pi, on normal probability paper. (Zero
MPN counts were assigned a nominal value of one.) As illustrated
in Figure 2, using the log, MPN coliform density counts of
untreated waste plotted in Figure 1, a large number of coliform
(MPN) density measurements taken under the same or similar
treatment conditions will approximate a lognormal distribution
pattern (ia.., the logarithms of the measurements will be normally
distributed). Thus, sample means and standard deviations (5L and
SL) can be used to determine estimated (computed) probability
values (PC) associated with various log1 0MPN (see Appendix A). j

This has been done in Table 1 for the treatment data plotted
in Figure 1.o The antilogs of the computed log1 0MPN parameters,
shown in Lines 1 and 3, are used to compute the 50% (median or
geometric mean) and 90% probability values shown in Lines 4 Znd 5.
As a further indication of lognormality, 50% (or 90%) of the MPN r
counts in a sample of runs might be expected to be below the
lognormal computed value (C90 (*0 )) for a specified treatment
condition. This is actually the case, as shown in Table 1
(Line 6), for the 90% probability level, since at least 90% of
the sa 4MPN counts are below the 90% c probability

point c,0 ). for all the given treatment conditions.. The bottom I
lines of Table 1 (Line 7) are used to show the probability that
an MPN count will approximate zero or be no greater than 240 or

*L 1000 for each tr~atment condition. This may be read directly I
from Figure 1. since Pc(log, 0 MPN~log1 0oPNK) is the equivalent of
PC(MPNSMPNK). Since 5rL is the log, 0 MPN equivalent of the c, (or

50%) MPN probability value and XL + 1.28 SL is the log, MPN equi,-
valent of the c,,(or 90%) MPN probability value, these probability
points have been plotted in Figure 3 to establish regression
equations. at 50% and 90% probability, for chlorine injection
treatment requirements versus estimated logMPN counts.

I3

Ii



Table 1

Some Distribution Parameters and Probability Points For
Coliform (MPN) Density Counts From Sanitary Wastes

Using Two Macerator-Chlorinator
I Sewage Treatment Machines (A and B)

I Maclime A ,•
Machineahin A

1~~~ib
&aComb_

Machine A Machine 01I ination

Un - ,I0• '54,0c Un- Un-

N treated m1O ml 1000 ml treated 300 ml 500 ml treated

(Sample Size)- 50 to -O - W - o -30 - TO- --- 10 so___ Line II x-L. o- MP_ -

T XL " 7j305 2.1421 1.(J42f 0.3533 (.,03J- P.t330 1,831 01 O.5433 1

SL . 0.55t1 l.A001 1.21'I 1.2140 0.18'11 1.1VW 2.XO5) 1.5,s':( O.-ri)8 2

- XL+1.28SL 8.34I23 IJ.LA"O 3.8520 2.*401P 8.f'FI 12.e( 3 8.50,C 3

MPN

"e.4 1 - L 2.532 L 4-"1 5 3.4,)4 4

I xlo" xlO"' x10

' 2-92.1 .8 . 111;, 255 4 .f t.1 1 .1 t'4C !-, 5
xlO x" xl(o xl0, xtI' xlO

(Nt/'x) :(*5/!~0 (p~qn (Wt 4 121ft)

* e(PNbIOC0) <K t.1X (V

MPNUC)~~ Of I -- ;i I

4bNPaC Il HV %II 2J' ( 4 1

Liquid solution used. per flush. ¢orinC hC' cho•trne Lý' w4-tqI.

ýP#'vljfOrv MPs counte derietI frop two different koiect Ie t1tpvant a hava wo.n cowbi'id intu

one distributior of MPN counts.
Nutet c .(Median or Gaop.1rie M A ti l A, l -vqg.1 ' t., Where tVt'1 # " . ,

c, -Antiloqý (YL#L2BSL). w~hatO p * -oVi

pt( t-~ c j i tne proporti.vn '%, M) f VaI'ulirid NWIE raumit ;ý er-.~1 ivxv I Oae Vo J ep.j WG

some ý~pttd W' probabili~ty valur. r. rOt*T1'9 All IrPA-10nIt Y"iiI
3 *~~~AbbeV~iet hons uSed in thisos &f#i are tt th# OPO Style '4a'sMC. IM(j. rIestthfae

not".
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A further examination of Figures 1 and 3 and of Table 1

indicates that there is a proportionate reduction in coliform
(MPN) density counts for the chlorinated over the unchlorinated
sanitary wastes, up to some maximum injection treatment (i.e.,
between 300 and 500 ml per flush, at the 90% probability level).
This treatment, in most cases, should bring the coliform (MPN)
density count down to approximately the same order of magnitude
(103-MPN:106). However, to reach some specified low MPN coliform
count (e.g., MPN•IO000 (o__r 240) for PC = 90%), appro--ximately the
same chlorination treatment strength would be required, regard-

less of the original coliform (MPN) density, as long as the
expected coliform (MPN) density for untreated sanitary wastes
approaches some minimum order of magnitude (e.g., MPNslO for

PC = 9o%).

p APPROACH

ALTERNATIVE TREATMENT CONDITIONS FOR THE REVISION OF MIL-S-24201
(SHIPS)

From the curves in Figure 3 (extrapolating where necessary),
it is estimated that the following minimum c~lorination injections
per flush would be required to reduce expected coliform (MPN)

density counts to counts no greater than 240 or 1000 for 50% (or
90%) of the sample runs as compared to the chlorination injections
required to obtain an expected (approximate) zero MPN count for I
50% (or 90%) of the sample runs. If coliform (MPN) density counts
obtained from samples of untreated sanitary wastes are compared toa proposed maximum MPN count of 0, 240, or 1000, the reduction

ratios (percent decrease in coliform MPN counts) listed in Table 2
can be estimated for Machines A and B at the 50% and 90% probabil- !
ity levels.

For these specified injection treatments

Pc(MPNSI000) % Pc(log1 0 MPNg3O00) = 50%(90%)

Pc(MPN&200) S PC(log1 0 MPNg2.38) = 50%(9C%) I
Pc(MPN 1) Pc(log1 0 MPN = 0) 50%(90%)

MATLAB 373 4 1



Table 2
Reduction Ratios at Selected Probability Levels

No Treatment
50% Probability Level 90% Probability Level
A.ý c •, 4.271 x 10 A. c., 2.199 x 108
B. c Ud2,,532 x: 10 B: • =4.653 x 1O8

Specified Machine IT (per RR 0 IT (per RRPoSMPNK Used flush), ml • flush), ml %

0A 210 99.9977 800 99-9995
B 260 99.9960 670 99.9998

240 'A 270 99.9994 1000 99°9999-
B 400 99.9991 740 99.9999+

I0 A 1450 f100 1825 W100
B 810 fi00 930 O100

IT - Injection Treatment

K :50(90)
R~t2 ( MPNK

the Reduction Ratio (percent expected decrease in coliform (MPN)
density counts) at the 50% and 90% probability levels for a
chlorination injection treatment resulting in an MPNrMPNKv as
compared to expected coliform (MPN) density counts (c. Co)
obtained from untreated sanitary wastes.

It should be noted thit there is no particular confidence
assigned to the injection treatment requirements for the speci-
fied probabilities (Pc) shown in Table 2.. However, since the
sample standard deviation (SL) of coliform log, 0 MPN counts on
which these requirements are based is assumed to be an average
measurement for a comparatively small sample of measurements
selected from a population or very large number of similar
measurements, these requirements are assumed to be related to
the 50% confidence level only.

3
ta
i •T•x3 .
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The statistical method* shown below may be used for esti-
mating the value of a population standard deviation (aL) based on
the sample standard deviation (SL), the number (N) of sample
measurements, and the well known (Chi-squared) statistical
parameter VeCL, N-I, where CL is the proportion of sample
standard deviations of N measurements each, derived from a pop-
ulation (very large number) of log .,MPN counts, which are
expected to be less than of equal to some specified value

s L0°L :9
(XCL, Nl/i

Therefore, the population parameter, GL, may, for example, be T
used in place of S in estimating probability limits (Pc = 90%)
and associated probability points (c. 0 ) with increased confi-
dence (CL) that Pc and c90 are the true measurement parameters '

(e.g., log1 0 cgo = XL + 1.2 8 aL)O The computed MPN count c9o0 is
the coliform count associated with Pc(MPNlOOO) = 90%, sample
size N, and some specified confidence (CL), where CL = 1 - a.
Here, a is defined as the risk that an equipment might be I
accepted when less than 90 -of all the MPN counts in a popula-
tion of counts are below a specified c90 value.

The above procedure will be used to assure a reasonable
degree of confidence in the results of the specified acceptance ew

sampling criteria, as developed in this report.

OPERATING CONDITIONS REQUIRED TO MEET DESIRABLE PERFORMANCE
SPECIFICATIONS

As indicated in Table 2, an excessive amount of chlorine A
solution would most likely be required in a MIL-S-242Ol(SHIPS)
type chlorinator-macerator sewage treatment equipment to reduce
the expected coliform (MPN) density count to zero for oven 90%
of the sample runs, under most conditions of operation. A prac-
tical as well as statistically valid approach would be to select •
appropriate acceptance criteria from one of the nominal coli-form (MPN) density values greater than zero, presented in Table 2.

*Juvinal, Robert C., Stress, Strain, and Strength, New York,
McGraw Hill Book Co., Sec. 17.9, 1967, p. 356 j

MATLAB 373 6 1



Table 2 indicates that, on the average, based on empirical
I test data results from two different MIL-S-24201(SHIPS) type

chlorinator-macerators, an injection treatment of 700 to 800 ml
per flush of chlorine solution containing l available chlorineby'uight
should (for 90% of the sample runs) be able to reduce the expec-
ted coliform (MPN) density of raw macerated sanitary waste from
a magnitude of 107 to 108 (or less)/100 ml to 1000 (or less)/j 100 ml. Such a chlorine injection treatment would also result in
a reduction ratio (percent decrease in coliform (MPN) density of
treated over untreated sanitary wastes) of over 99.99%.

However, increasing the proposed chlorine injection treat-

ment above the 700 to 800 ml average requirements will, of course,
increase the degree of confidence the test operator has that at

least 90% of the coliform MPN counts in a population of runs will
not. exceed some specified maximum coliform MPN count. Figure4

I hows such lower confidence bands (50% to 95%) for the estimated
coliform MPN counts (expressed as logioMPN) associated with
various chlorine injection rates when Pc(MPN91000) = 90%.

Table 3 lists the estimated chlorine injection rates required
in order to produce the indicated confidence (CL) that at least

• 90% of the coliform MIN counts in a population of runs will have
an MPN:9I000.

j Table 3
Chlorine Injection Required Per Flush

For Pc(MPN i000, 90%

Confidence
Level, % Machine A. ml Machine B, ml

50 800 685
7 60 86 700
S70 850 715

80 875 740
90 915 815
95 970 9. 0

I Thus. if an 850 ml injection per flush is used under the same
operating conditions, Machine A indicates with 70% confidence

i and Machine B with over 90% confidence that at least 90% of the
coliform MPN counts in a population of runs will have an MPNs
1000 (i.e .,P(MPNIS000) ., 90%).. This may be contrasted to an
800 ml injectlon which, used in Machine A, would assure with just
50% confidence. and used in Machine B with between 80% and 90%confidence, that Pc(MPNMlO00) 90%,-

MATLAB 373 7
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In order to show, with the same degree of confidence, that at
least 90% of the coliform MPN counts in a population of runs
would approximate a zero count (i.e., PC(MPN-0) = 90%) the follow-
ing comparable chlorine injections would be necessary (see Table 4).

Table 4 I
Injection Treatment Requirements

Level, ; Pc(MPN•I000) = 90%, ml, Pc(MPN-0) = 90%, ml

Machine A 1
50 800 f 1490
70 850 1540 I

Machine B

80 740 900
90 815 1100
95 950 1400

Thus, for example, 1540 ml chlorine injection would be i
required in Machine A (with 70% confidence) and between 1100 and
1400 ml in Machine B (with over 90% confidence) to assure an
approximate zero MPN count for 90% of the runs in a population
of runs. This may be compared to an 850 .Vi injection required
to assure with equivalent confidence (70% for Machine A and
over 90% for Machine B) an MPN count no greater than 1000, for I
90% of the runs in a population.

ACCEPTANCE CRITERIA

ESTABLISHMENT OF ACCEPTANCE CRITERIA FOR MEETING PERFORMANCE
SPECIFICATIONS FOR A MIL-S-24201(SHIPS) TYPE CHLORINATOR-MACERATOR
SEWAGE TREATMENT EQUIPMENT

The following factors should be considered in establishing I I
an appropriate performance criteria:

e Program test results should be based on a suffi-
ciently large number of possible test runs over a sufficient number
of days (e.g., 10 runs per day, up to 10 days) so as to minimize
sampling errors due to changes in day-to-day and run-to-run
operating conditions.

MATLAB 7 •8 8
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S A lower limit for the number of test runs required

for acceptance purposes could be established, on the basis of
MIL-S-24201(SHIPS) requirement of a zero MPN (confirmed) count
for some specified number of consecutive runs. The assumption

might be made that if a MIL-S-24201(SHIPS) type chlorinator-
macerator sewage treatment equipment can be developed that would
guarantee 100% kill probability for the specified number of

I consecutive runs, assuming the use of a reasonable amount of
chlorine solution, further testing would be unnecessary, and
testing could then be terminated with the acceptance of theJ equipment,

e Since there is a time lag of up to 3 days between
test performance and test results, the test operator might or
might not wish to delay making further runs until after the
results of the first day's testing have been determined.

A description of such a proposed sampling program, to deter-
mine acceptable performance for a MIL-S-24201(SHIPS) type

I chlorinator-macerator sewage treatment is given below. Also
presented are proposed operating restrictions concerning chlorine
solutions used, calendar time required to complete a test pro-
gram, and the coliform (MPN) density reduction requirements for
treated sanitary wastes as compared to untreated sanitary wastes.

PROPOSED PERFORMANCE CRITERIA FOR A MIL-S-24201(SHIPS) TYPE
CHLORINATOR-MACERATOR SEWAGE TREATMENT EQUIPMENT

it is proposed that the equipment be operated for 10 conse-

"cutive runs per day beginning at the peak morning period for a
maximum of 10 days under the conditions described below, over a

f time interval not to exceed 3 weeks, with weekend sampling
"excluded. Samples from each run will be obtained for bacteriologi-
cal. examination, by the procedures described Jh paragraph 4.2.2

S of MIL-S-2Ž4201(SHIPS), as amended 16 August 1966 (with appropriate
restrictions on sampling methods and the maximum strength to be
used for chlorination treatments), and the coliform MPN (confirmed)
present in each run will be determined.

At the completion of 100 runs, if no more than a cumulative
total of 10 runs show an MPN (confirmed) greater than 1000, it
is proposed that the equipment be accepted as meeting performance
test requirementa. if more than 10 such runs occur, it is pro..
posed that the equipment be rejected.

MATLAB 373 9



PROPOSED RESTRICTIONS ON PERFORMANCE REQUIREMENTS FOR TESTING OF
MIL-S-24201(SHIPS) TYPE CHLORINATOR-MACERATOR SEWAGE TREATMENT I
EQUIPMENTS

It is proposed that the following restrictions apply when i
developing a sampling program for testing the performance of
MIL-S-24201(SHIPS) type chlorinator-macerator sewage treatment
equipments, based on the reduction of coliform (MPN) density
in sanitary wastes.

0 The chlorination injection treatment used must
result in a coliform (MPN) density no greater than 1000/100 ml for
at least 90% of the runs in ai:sample. i

"* The required chlorination injection treatment must
not exceed an 850;.tnI liquid solution (containing 10% chlorine
by weight) per flush.

"* Acceptance testing for the performance-of an
equipment must be completed over a time interval not to exceed
3 weeks.

* The chlorination treatment used must be able to fl
reduce an expected coliform (MPN) density for untreated sanitary
wastes of up to 107/100 ml for 90% of sample runs, to a coliform
(MPN) density no greater than 1000/100 ml for 90% of sample runs. i

I

I.
[
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Figure 1 - Estimated Percent Probability, PC# That Sample Coliform MPN'uWill Be No Greater Than Computed XPN's, With Coliform Kill AFunction of Treatment Level
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Figure 2 - Fitting, for Machines A and B, a Cumulative Lognormal
Distribution Function to a Histogram of Coliform Counts (MPN)

of Untreated Sewage Data
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Figure 3 - Estimated LW1o10 KPt at the 50% and 90% Probability Levels
for Chlorine Injection Treatment Curves
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Appendix A

I Plotting Lognormal Distribution Curves on Normal
Probability Paper for Coliform (MPN) Density Counts

I PLOTTING OF LOGNORMAL DISTRIBUTION DATA ON NORMAL PROBABILITY
PAPER

1. List coliform MPN counts in asceinding order of magnitude
for a specific treatment condition (applied to a sample of N runs)
and determine their corresponding log1 oMPN values (assume a
nominal value of one for each tabulated zero MPN count, so that
the corresponding log1 0 MPN = 0).

I 2. Number each successive (ith) log1 oMPN value, i=l, 2, 3,
4, ..., N, and compute Pi = (i/N+l) x 100%].

3. Use an appropriate log1oMPN scale (versus cumulative
probability, Pi) such that all listed log1 o MPN values for one or
more samples of N runs (plotted on the same graph) will fall
within the given log, 0 MPN boundaries (e.g., Figure 1, where all
log1 0MPN are between zero and 9.0).

S4. Plot each tabulated (log1 0 MPN, Pt) point for each sample
of N runs, on normal probability paper. tInstead of plotting the
zero MPN values, it might be convenient to simply ii-dicate the
number of zero MPN counts for each treatment. See Figure 1.)

[ PLOTTING OF LOGNORMAL DISTRIBUTION CURVES ON NORMAL PROBABILITY
PAPER

eh,, Assume XL = log1 oMPN for each coliform MPN count, for

each sample of N runs (assume a nominal value of one for each
zero MPN count, so that the corresponding XL = 0).

Then, compute

IN- / ; (Assume X XL)

A
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2. For each sample of N runs, select two of the computed

plotting points (logoMPN, Pc) shown in the following table and U
draw a line through them such that 0:logl 0 MPNzsome upper boundary
(e.g., log1oMPN = 9.0, as shown in Figure 1).

Plotting Points

Logi MPN PC, Log, MPN P
XL - 1o285SL 10 X L + o.253SL 60

XL - Oo842SL 20 xL + 0.524SL 70

XL - 0O521 SL 30 3FL + 0.842SL 80 J
x - o. 2 5 3 SL 40 xL + 1.2 8 5SL 9o

XL 50

It is customary to use the computed plotting points (IL + 1.2 8 5SL,
90%) and (rL - 1.2 8 5SL, 10%) if they exist within the given scale
boundaries. Otherwise, select the closest highest and/or lowest
computed probability points that do exist within the given
boundaries. When the curves are drawn accurately, each should
pass through the corresponding (XL 50%) point, if it exists on
the graph. L

3. If the curves only are desired, it will not bO necessary I
to list the sample MPN counts in order of magnitude. However,
the logj 0MPN scale boundaries should be determined as before,
based on the overall smallest and largest(inclusive) MPN counts I
for all the sample data curves to be shown on the same graph.
Velz 1 , and Kittrell and Firfari 2 plotted such curves by "eye."'

I

'Velz, C. J., "Graphical Approach to Statistics, Part IV -

Evaluation of Bacterial Density," Water and Sewage Works. 98,
1, 66, Jan 1951

aKittrell, F. W., and S. A. Furfari, "Observation of Coliform
Bacteria In Streams," Jour. Water Pollution Control Federation.
Nov 1963
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