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1.0 INTRODUCTION 

1.1 Background 

Since 1989, the Massachusetts Water Resources Authority (MWRA) has performed water quality 

measurements in areas of Boston Harbor and the Mystic, Charles, and Neponset Rivers which are likely to 

be affected by combined sewer overflows (CSOs). Under this ongoing monitoring program, samples are 

collected and analyzed for densities of two sewage indicator bacteria, fecal coliform and Enterococcus, as 

well as for temperature, salinity, and dissolved oxygen. Sewage indicator bacteria in the CSO receiving 

water system (i.e., Boston Harbor and its tributary rivers) originate primarily from raw sewage that is 

released from CSO discharges during rainfall events, or from storm drains that have been contaminated 

with sewage. 

This report investigates the issue of whether or not a statistically significant decrease in sewage indicator 

bacteria counts has occurred within the CSO receiving water system since the inception of the monitoring 

program. During this time period, a number of modifications and improvements to the MWRA sewer 

system have been implemented, intended to decrease the amount of raw sewage entering Boston Harbor. 

For example, two screening and chlorination plants have been constructed, an effort has been made to locate 

and remove illegal sewage connections to storm drains, and CSO tide gates are being inspected and 

maintained in good working order. Such improvements should lead to a systematic decrease in receiving 

water bacteria counts, i.e., some sort of statistically significant temporal trend should be discemable, which 

is correlated to known CSO system improvements. 

1.2 Characteristics of the Data 

This report utilizes CSO receiving water data that were collected between 1989 and 1996, and analyzed for 

counts of fecal coliform and Enterococcus. A total of 8646 fecal coliform and 8272 Enterococcus sample 

counts are available for this study, comprised of surface samples throughout the receiving water system and 

bottom samples for stations in the tributary rivers only. The tidal condition and sampling date for each 

sample were also used, and daily rainfall data at Logan Airport over this time period were obtained from the 

National Weather Service. A comprehensive description of the monitoring program is provided in the 

MWRA CSO Receiving Water Monitoring report (Rex, 1991). 

A total of 130 sampling stations were utilized in this study. Station locations are shown in Fignre 1-1. Due 

to the broad spatial coverage of the stations, samples could not be collected synoptically at all stations over 

a given time period. Also, the most intensive sampling occurred during warm weather periods; during 

colder weather, sampling was limited to those unfrozen waters easily accessible from shore. Few stations 
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have data over the entire 1989-1996 period, and those that were sampled each year were not necessarily 

sampled in the same month each year. What results is a highly unevenly distributed data set, both spatially 

and temporally. 

In addition to the ilTegular sampling intervals, the samples comprising the data set were collected under 

highly variable environmental conditions, which may influence sewage indicator bacteria counts. Examples 

of physical parameters which influence receiving water bacteria· counts include rainfall, tidal state, 

geographic location, salinity, and temperature. In particular, bacteria counts are expected to be strongly 

related to rainfall, since raw sewage discharges occur primarily when stormwater runoff causes the capacity 

of the combined sewer/stOlTllwater drainage and treatment system to be exceeded. 

1.3 Previous Work 

As part of their CSO Receiving Water Monitoring program, MWRA has produced reports summarizing the 

water quality within the receiving water system with respect to sewage indicator bacteria (Rex, 1991, 1993). 

These reports incorporate anthropogenic and environmental factors to help assess relationships between the 

variables that influence water quality, in particular the relationship between rainfall and bacteria counts. 

However, these reports focus on existing conditions in specific geographic areas within the receiving water 

system, and how they compare with water quality standards. So.low (1993) conducted a preliminary study 

on long telTll changes in the rainfall-bacteria count relationship at individual sampling stations. Gong et al. 

(1997) developed a more comprehensive framework to assess interannual variability in bacteria counts 

throughout the CSO receiving water system, and to cOlTelate the changes to improvements in the CSO 

drainage and discharge system. 

This report represents a continuation and extension of the work initiated in Gong et al. (1997), which 

utilized data collected between 1989 and 1995. The primary differences between the data sets used in Gong 

et al. (1997) and this study are the inclusion of 1996 data, and the use of recorded tidal elevations for all 

samples instead of predicted tidal elevations used in the previous study. 

1.4 Study Objectives 

Both the ilTegular nature of the sampling program and the various physical parameters involved in the 

complex CSO receiving water system present a challenge to analyzing the impact of improvements to the 

CSO drainage and treatment system on sewage indicator bacteria counts. Statistical techniques are 

developed in this study to account for the necessarily constrained and highly variable data, and to isolate the 

effect of systemwide improvements implemented during the period from 1989-1996. The objectives are to 

select, apply, and evaluate statistical methods suitable for answering the question: has CSO receiving water 

quality improved despite natural variations in rainfall and other environmental factors, and if so at what 

level of statistical significance? 
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1.5 Organization of this Report 

Following this introduction (Section 1), Section 2 of this report describes the basic analytical approach that 

was followed to develop an appropriate statistical analysis, given the characteristics and constraints of the 

available data. The selected statistical methodology, a Factorial Analysis of Variance using Randomized 

Blocks, is described in Section 3. Section 4 contains a brief summary of the procedure used to carry out the 

analysis. The results of the statistical analysis applied to the overall receiving water system are presented 

and discussed in Section 5, for both fecal coliform and Enterococcus. Section 6 contains an evaluation of 

the applied statistical methodology, to assess the effectiveness in accounting for the various physical 

parameters and thus isolating the effects of systemwide improvements. Individual rainfall levels and 

geographic regions are analyzed using the same basic methodology in Section 7. Section 8 presents a brief 

comparison of this study to the work initiated in Gong et. al. (1997). Finally, conclusions are presented in 

Section 9. 
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2.0 ANALYTICAL APPROACH 

Previous analyses of CSO receiving water quality have focused primarily on the relationship between 

sewage indicator bacteria counts and rainfall at individual stations, using basic statistical techniques such as 

linear regression (Rex, 1993). Linear regression is a fundamental technique, which can easily be extended 

to assess changes in water quality over time by comparing the regressed bacteria count-rainfall relationship 

obtained for different years. Unfortunately, the irregular nature of the available data set and the need to 

account for competing environmental factors make it difficult to reliably define a rainfall-bacteria 

relationship at an individual station, much less to detect statistically significant changes in the regression 

relationship from year to year. Although rainfall is likely to have the greatest influence on bacteria counts, 

other variables such as tides, geography and seasonality also exert considerable influence. 

The analytical approach for the present study is described in this section, taking into consideration the 

objectives of the study and the characteristics of the available data set. The approach is comprised of three 

main parts: 1) Selection of an appropriate statistical hypothesis which maximizes the strength of the 

analysis while providing a meaningful result; 2) consideration of the entire CSO receiving water system 

within the scope of the analysis, and 3) identification of key variables which affect receiving water bacteria 

counts. 

2.1 Selection of an Appropriate Statistical Hypothesis 

The basic hypothesis investigated in this study is that sewage indicator bacteria counts in the CSO receiving 

water system have decreased during the period from 1989-1996, when the effects of all known 

environmental variables have been accounted for. Assuming that some unknown environmental factor is 

not responsible, this hypothesis then implies that improvements to the CSO drainage and treatment system 

during this time period are responsible for any observed decrease. The null hypothesis is that no temporal 

decrease in bacteria counts exists. 

This hypothesis addresses the most fundamental question posed by the objectives of this analysis, since 

sewage indicator bacteria are indicative of CSO discharges. However, no attempt is made to address more 

complex questions, such as identifying functional relationships between bacteria counts and rainfall, or 

correlating bacteria counts with other parameters. Limiting the objectives of the study in this manner 

increases the potential for obtaining a statistically significant result. The selected hypothesis was carefully 

developed to maximize the strength of the statistical analysis while successfully addressing a worthwhile 

and fundamental question. 
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2.2 Consideration of the Entire CSO Receiving Water System 

This analysis seeks to detect statistically significant decreases in bacteria counts at all CSO receiving water 

stations considered as a whole, instead of focusing on individual stations or local groups of stations. 

Previous analyses of CSO receiving water data have shown that more data need to be collected over a 

longer period of time to detect statistically significant changes at individual stations (Rex, 1991, 1993; 

Solow, 1993). In addition, focusing on individual stations makes the irregular sampling intervals more 

problematic, since long periods may exist that have little or no data. 

By stepping back to a regional scale that looks at all stations considered together, the entire data set is 

utilized, and temporal coverage is improved to a level consistent with the overall monitoring program. As a 

result, the ability of an analysis to provide statistically significant results improves. Although detailed 

questions, such as whether bacteria counts immediately downstream of a newly expanded treatment plant 

have decreased, cannot be answered by such an approach, the fundamental question of whether bacteria 

counts within the entire CSO receiving water system have decreased can be answered with greater 

reliability. 

2.3 Identification of Key Variables Affecting Sewage Indicator Bacteria Counts 

In a system as complex as Boston Harbor and its tributary rivers, a multitude of variables can potentially 

impact sewage indicator bacteria counts. Examples range from sewer system improvements, to weather 

conditions (e.g., rainfall, temperature, and sunlight), to hydrodynamic flow and transport patterns. To 

include all possible factors would require incorporating sophisticated mathematical and physical modeling 

techniques. 

On the other hand, neglecting the naturally occurring variations masks the ability to discern improvements 

resulting from the sewer system improvements. A straightforward comparison of bacteria counts before 

and after the implementation of system improvements is of little benefit. For example, rainfall and the 

subsequent volume of CSO discharge during the period after system improvements may be higher than 

during the period before system improvements. Under such conditions, receiving water bacteria counts 

may be higher for the period after system improvements if the increased volnme of CSO discharge 

overwhelms the bacteria count decreases due to sewer system improvements. 

Therefore, this statistical analysis focuses only on certain key variables. Key variables are defined as those 

which are expected to account for most of the variability in sewage indicator bacteria counts, and for which 

reliable sample data are available. Five key variables identified for this study are listed and briefly 

described below. 
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• Sampling Year. This is the fundamental variable of interest for this study, since the objective is to 

determine statistically significant interannual decreases in bacteria counts over the eight year 

period of study, from 1989 to 1996. Samples collected during the later years of this period may 

have lower bacteria counts than samples collected in early years, due to systematic improvements 

in the CSO drainage and discharge system, once competing environmental variables have been 

accounted for. 

• Rainfall. Increased bacteria counts are expected to be strongly correlated to rainfall events, since 

CSO discharges principally occur when the addition of stormwater runoff exceeds existing pipe 

capacities. A lag time may exist between the incidence of a rain event over the sewer system and 

the responding bacteria count increase in the receiving water rivers, and in particular Boston 

Harbor .. Counts. are expected to be lowest during dry periods, and to increase in response to 

rainfall events of increasing intensity and/or duration. Daily rainfall data at Logan Airport were 

obtained from the National Weather Service. 

• 

• 

• 

Geographic Location. Different regions within the CSO receiving water system may exhibit 

different bacteria count characteristics, due to a variety of physical reasons. Certain water bodies 

may receive a greater CSO discharge volume than others. The condition of the sewer system and 

the existence of treatment facilities varies throughout the system. Differences between river,. 

estuarine, and oceanic mixing patterns are also likely to affect regional bacteria counts. Precise 

station location information is available for each sampling station. 

Tidal Condition. Sample bacteria counts are likely to vary with the tidal condition at the time of 

sampling. Flood tides introduce a substantial amount of oceanic mixing and dilution, increase the 

salinity of the receiving water, induce transport of bacteria, and may inhibit CSO discharges by 

keeping tide gates shut. In addition, only sampling stations located in or near Boston Harbor will 

be influenced by tides, while stations located in tributary rivers upstream of dams will not be 

subject to any tidal effects. Tidal condition information was recorded for every sample collected. 

Seasonality. Intra-annual seasonality effects can influence water bacteria counts in a number of 

ways. Temperature and salinity within the receiving waters can vary considerably throughout the 

course of the year. Factors such as spring snowmelt runoff may affect the amount of freshwater 

input and dilution. Precipitation patterns and intensities, and groundwater levels, vary throughout 

the year, which may affect the likelihood of CSO discharges. For this study, the month in which 

the sample was collected is used as the variable to account for overall seasonal variations in 

bacteria counts. 

Of these five key variables affecting CSO receiving water bacteria counts, the sampling year and rainfall 

parameters are considered the primary variables of interest for this study. Rainfall is expected to be the 
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single most influential variable in the CSO system, and sampling year is the variable which will be used to 

assess the impact of CSO system improvements. If the variability associated with these five key variables is 

accounted for in the statistical analysis, then the sampling year variable serves as an effective indicator of 

CSO receiving water quality improvement resulting from inaprovements to the CSO drainage and discharge 

system. 

Following this approach, an appropriate statistical methodology is developed in Section 3 that tests the basic 

hypothesis concerning overall bacteria count decreases, considers the entire CSO receiving water system as 

a whole, and focuses on sampling year and rainfall while systematically accounting for variations in 

bacteria counts due to geographic location, tidal condition and seasonality. 
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3.0 STATISTICAL METHODOLOGY 

3.1 Factorial Analysis of Variance using Randomized Blocks 

In accordance with the analytical approach described in Section 2, a statistical methodology has been 

developed to address the basic hypothesis that sewage indicator bacteria counts in the CSO receiving water 

system have decreased during the period from 1989-1996, when the effects of all known environmental 

variables have been accounted for. The methodology is derived from classical analysis of variance 

(ANOVA) and experimental design techniques, and is applied to the entire CSO receiving water system as a 

whole. It consists of two components to account for all five key variables, a factorial ANOV A and a 

partitioning of the data set using randomized blocks. 

The factorial ANOV A using randomized blocks technique is designed to investigate the subtle effects of a 

number of interacting variables (Scheffe, 1959; Kendall and Stuart, 1976). The methodology still falls 

within the realm of classical statistics, however, and has the benefit of being thoroughly tested in numerous 

applications. (Snedecor and Cochran, 1989). 

Factorial ANOV A 

A factorial ANOV A is based on the concept of experimental factors, variables which potentially have an 

effect on the measured dependent variable of the analysis. For this study, the five key variables listed in 

Section 2.3 are considered the relevant <experimental factors. The dependent variables are calculated as 

In(FC+l) 

In(EN+l) 

where FC and EN are the sample fecal coliform and Enterococcus counts, respectively, in units of counts 

per 100 m!. The analysis is similar to a standard ANOVA, except that more than one experimental factor' 

can be incorporated into the analysis, whereas a standard ANOV A only allows for one factor. To facilitate 

the analysis, each experimental factor is partitioned into a small number of discrete categories, or levels 

(e.g., no rainfall, light rainfall, and heavy rainfall). The number and definition of these levels for an 

experimental factor can vary based on the nature of the data and the goals of the analysis. The factor levels 

assigned to each of the five variables in this study will be discussed in Sections 3.2 and 3.3. 

Although all five factors are likely to impact bacteria counts, the performance of an ANOV A generally 

decreases as the number of factors and factor levels is increased. Maintaining a small number of well 

defined categories simplifies the tested hypothesis, and thus increases the power and robustuess of the 
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analysis. For this reason, there is merit to including only the most essential factors, and maintaining broad 

factor levels, in the ANOV A. In Section 2, the primary variables of interest were identified as sampling 

year and rainfall. Therefore only these two experimental factors are retained in the ANOV A. The total 

number of factor level combinations obtained from the sampling year and rainfall variables determines the 

number of treatments contained in the factorial ANOV A. The various treatments are then compared using 

classical ANOVA techniques, which test hypotheses involving statistically significant differences between 

treatment means. 

Data Partitioning using Randomized Blocks 

The effects of the experimental factors not contained in the ANOV A treatments can be accounted for by 

partitioning the data into groups called randomized blocks prior to perfomaing the factorial ANOV A. Each 

block 'should contain data that are as similar as possible with respect to the environmental factors and levels 

not accounted for in the ANOVA treatments. In this study, three secondary experimental factors have been 

identified that are not distingnished by the ANOV A treatments: geographic location, tidal condition, and 

seasonality. Each randomized block should therefore contain all data from a single factor level combination 

of these three secondary variables. The total number of possible factor level combinations determines the 

number of randomized blocks. The number of randomized blocks represents the number of rounds of data, 

or replicates, utilized by the factorial ANOV A. 

With the data partitioned in such a manner, most of the variability in the dependent variable (i.e., natural 

logarithm of bacteria counts) within a block is due to the treatments being analyzed in the ANOV A. 

Variability associated with the secondary environmental variables is thus reduced to differences between 

each block, which can be accounted for during the factorial ANOVA analysis. 

Within a block, data falling under each ANOV A treatment category are averaged together, and the averaged 

values are treated as a single replicate by the factorial ANOV A. Thus the ANOV A analysis does not 

compare means calculated directly from all data points for a treatment, as is done in a standard ANOV A. 

Rather, the means are calculated from single values representing each randomized block, which themselves 

are averaged together from all appropriate data points within the block. In other words, each of the 

randomized blocks is given equal weight in the ANOV A, regardless of how many data points fall into that 

block. 

For an ideal randomized blocks design the ANOV A treatments should be randomly distributed over all 

values within a block, so that there are no systematic biases with respect to the factors that have been 

. omitted from the analysis. Usually, this is accomplished by experimental design. For this study, sample 

data have already been collected, and data are assigned to blocks after the fact. However, a considerable 

amount of freedom exists regarding the partitioning of the data, so that a random distribution can be 

approximated. The general idea is to distribute all available data among the various blocks and treatments 
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as evenly as possible. 

An important component of this analysis concems the ability of the randomized blocking scheme to account 

for all variability in the bacteria count data due to factors other than rainfall and CSO system improvements, 

represented by the sampling year variable. By carefully grouping the available data using well defined 

blocking categories, the chances of detecting statistically significant interannual changes in bacteria counts 

can be maximized. Nevertheless, complications can arise during the blocking process, such as blocks with 

no data points for a particular treatment, or blocks with highly variable numbers of data points for different 

treatments. Estimation procedures have been developed to account for these issues, as described in 

Section 4. 

3.2 Selection of Treatments 

The sampling year and rainfall variables are considered the two experimental factors for this factorial 

ANOYA analysis. Sampling year was divided into two levels and rainfall was divided into three levels, 

resulting in a total of six treatments. The selected levels are summarized in Table 3-1, and they are briefly 

described below. 

Sampling Year 

Eight years of sampling data were utilized in this study, from June 1989 through September 1996. The 

sampling year variable was divided into two levels, 1989-1991 which represents conditions prior to most 

system improvements, and 1992-1996 which represents conditions after some system improvements were 

implemented. Examples of system improvements include general operational improvements such as: 

• More reliable pumping at the Deer Island treatmeut plant 

• Cessatiou of sludge discharge into the harbor 

• 

• 
• 

Improved disinfection at both Deer and Nut Island treatment plants 

Reduction in treatment plant "bypasses" 

Community work to eliminate illegal sewer connections into storm drains 

More specific CSO-related improvements include: 

• Elimination of "dry weather overflows" 

• Improved inspection and maintenance of tide gates 

• Construction and operation of two CSO treatment facilities 
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Rainfall 

It was mentioned previously that bacteria counts are strongly related to rainfall, but that antecedent 

conditions before the event affect the bacteria response in receiving waters. Therefore three days of rainfall 

were associated with each sample, consisting of the sampling date plus the two previous days. Furthermore, 

the actual rainfall parameter used for the study was the root-mean-square (RMS) of the three days of rainfall 

values, which is calculated as: 

where 

Install Equation Editor and double
click here to view equation. 

RMS = Root-mean-square of three days of rainfall [in] 

Rl = Daily rainfall during sampling date [in] 

R2 = Daily rainfall one day prior to sampling date [in] 

R3 = Daily rainfall two days prior to sampling date [in] 

This parameter places greater weight on high intensity events, which are more likely to result in CSO 

discharges. In other words, by using the RMS a given amount of rainfall distributed evenly over three days 

is given less weight than the same amount of rainfall concentrated in one of the three days. 

This RMS rainfall variable was divided into three levels: dry conditions, light rain, and heavy rain. RMS 

values of 0 inches (i.e., no rain over the past three days) were considered dry. RMS values between 0 and 

0.25 inches were placed in the light rain level. RMS values greater than 0.25 inches were considered as 

heavy rain. Note that the RMS rainfall parameter yields values that are always smaller than the straight sum 

of rainfall over the three day period. The selected RMS rainfall levels were chosen to realistically represent 

different rainfall conditions while distributing the available data as evenly as possible over all three levels. 

3.3 Selection of Randomized Blocks 

The geographic location, tidal condition and seasonality variables are used to divide the sample data into 

randomized blocks. A total of eight geographic locations were identified, and the tidal condition and 

seasonality factors were each split into three levels. The selected levels are summarized in Table 3-1, and 

they are briefly described below. 
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Geographic Location 

Geographic locations were selected by grouping together sampling stations that resided in the same regional 

water body within the CSO receiving waters. The various rivers and estuaries within the receiving water 

system can have noticeably different physical characteristics and CSO discharge loads. A sufficient amount 

of data had to be available for each location, which restricted the delineation of the water bodies to fairly 

broad regions. The location of dams along tributary rivers also affected the selection of geographic 

locations, since there is no tidal influence upstream of dams. 

The eight geographic locations are presented in Figure 3-1. Note that the Charles River was split into upper 

and lower portions, since the lower Charles River Basin is much wider than the narrow upper portion, and 

there are ample sample data for the entire river. Both Charles River regions, as well as the Mystic River 

and Neponset Headwaters regions consist of sampling stations which recorded no tidal influence. 

Tidal Condition 

For this analysis three tidal condition levels were distinguished, high tide, low tide and freshwater. Samples 

with observed tidal elevations above mean sea level were grouped together as the high tide level. Samples 

with observed tidal elevations below mean sea level were assigned to the low tide level. Samples collected 

in locations without any tidal influence were placed in the freshwater level. 

Seasonality 

The sample data were split into three temporal seasonality levels. The fall/winter season consists of 

samples collected from September through April, the spring season consists of May and June samples, and 

the summer season consists of July and August samples. These seasonality levels were developed to 

capture natural seasonal differences, and also to distribute the available data evenly among the three levels. 

Since most sampling occurred during warm weather months, the spring and summer seasonality levels are 

of shorter duration than the fall/winter level. 

The two sampling year levels and three raiufall levels discussed in Section 3.2 yield a total of 2 x3 = 6 

ANOV A treatments. All possible combinations of the eight geographic location, three tidal condition and 

three seasonality variables yield the total number of randomized blocks, which are listed in Table 3-2. Note 

that a total of 36, blocks are obtained, which is considerably less than the total number of 8 x 3 x 3 = 72 

block level combinations. This is because only one or two of the three tidal conditions cau exist at anyone 

geographic location. Regions which are tidally influenced fall under high tide or low tide, but do not have 

any stations with no tidal influence. Conversely, regions located upstream of dams fall only under the no 

tidal influence category. 
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Table 3-1 
Experimental Factor and Randomized Block 

Variable Levels for Factorial ANOVA 

Number of Factor Level Descriptions 
Factor Levels 

Experimental Factors 

Sampling Year 2 1989-1991 (Before CSO system improvements) 

1992-1996 (After CSO system improvements) 

Root-mean-square of 3 RMS = 0 in 

3 day rainfall (RMS) RMS between 0 and 0.25 in 

RMS greater than 0.25 in 

Randomized Blocks 

Geographic Location 8 Upper Charles River 

Lower Charles River 

Mystic River 

Neponset River Headwaters 

Neponset River 

Dorchester Bay 

Inner Boston Harbor 

Outer Boston Harbor 

Tidal Condition 3 High Tide (above mean water level) 

Low Tide (above mean water level) 

Freshwater above Tidal Influence 

Seasonality 3 FalilWinter (September-April) 

Spring (May-June) 

Summer (July-August) 
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Table 3-2 u 
Randomized Blocks for Factorial ANOVA 

Block Environmental Variables 
u 

Number Geographic Region Tidal Condition Season 

1 Upper Charles River Freshwater FalllWinter o 
2 Upper Charles River Freshwater Spring 

3 Upper Charles River Freshwater Summer n 
4 Lower Charles River Freshwater FalllWinter 

5 Lower Charles River Freshwater Spring 

6 Lower Charles River Freshwater Summer 

7 Mystic River . Freshwater FalllWinter 

8 Mystic River Freshwater Spring 

9 Mystic River Fre·shwater Summer 

10 Neponset River Headwaters Freshwater FalilWinter 

11 Neponset River Headwaters Freshwater Spring 

12 Neponset River Headwaters Freshwater Summer 

13 Neponset River High Tide FalilWinter L 
14 Neponset River High TIde Spring 

15 . Neponset River High TIde Summer 

16 Neponset River Low Tide FalilWinter L 
17 Neponset River Low Tide Spring 

18 Neponset River Low Tide Summer [ 
19 Dorchester Bay High Tide FalilWinter 

20 Dorchester Bay High TIde Spring 

21 Dorchester Bay High TIde Summer 

22 Dorchester Bay Low TIde FalilWinter 

23 Dorchester Bay Low Tide Spring 

24 Dorchester Bay Low Tide Summer 

25 Inner Boston Harbor High Tide FalllWinter 

26 Inner Boston Harbor High Tide Spring 

27 Inner Boston Harbor High Tide Summer 

28 Inner Boston Harbor Low Tide FalilWinter L 
29 Inner Boston Harbor Low Tide Spring 

30 Inner Boston Harbor Low Tide Summer 

31 Outer Boston Harbor High Tide FalilWinter 
L 

32 Outer Boston Harbor High Tide Spring 

33 Outer Boston Harbor High Tide Summer [ 
34 Outer Boston Harbor Low Tide FalilWinter 

35 Outer Boston Harbor Low Tide Spring 

36 Outer Boston Harbor Low Tide Summer 
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4.0 SUMMARY OF ANALYTICAL PROCEDURE 

This section provides a brief summary of the procedure that was followed to perform the factorial ANOV A 

using randomized blocks. In addition to highlighting the various steps executed during the analysis, a 

number of issues raised during the course of the analysis are discussed. 

• Partition data among all blocks and treatments. Partition all data into the 36 randomized blocks 

developed in Section 3.3. Within each block, partition the data into the six treatments developed 

in Section 3.2. Each block/treatment combination is called a cell. Table 4-1 presents the 

distribution of all 8646 fecal coliform data points into the resulting 36 x 6 = 216 cells. Table 4-2 

presents the'distribution of all 8272 Enterococcus data points into the same 216 cells. 

• Remove blocks with minimal data. In Table 4-1, 14 out of the 216 fecal coliform cells do not 

have any data points. In Table 4-2, 18 out of the 216 Enterococcus cells do not have any data 

points. For both bacteria, some blocks contain relatively few data points, and contain multiple 

cells with zero data points. Based on this information, blocks with fewer than 100 data points and 

more than one zero cell are removed from the analysis. Blocks which are removed are indicated 

in Tables 4-1 and 4-2. 

• 

• 

This procedure reduces the number of zero data cells that subsequently need to be estimated, 

without sacrificing a large amount of data. Also, by removing entire blocks the quality of the 

blocking scheme is not compromised. For fecal coliform, 3 blocks containing 7 out of the 14 zero 

cells (50%) and 166 out of the 8646 data points (1.9%) are removed. For Enterococcus, 3 blocks 

containing 7 out of the 18 zero cells (39%) and 164 out of the 8272 data points (2.0%) are 

removed. 

Average data points within a cell. All data points within a cell are averaged together to obtain a 

single value for each cell . 

Estimate values for cells with no data points. For cells with no data points, a value is estimated 

from the cells that have data following an iterative procedure described in Steel and Torrie (1960). 

This procedure estimates zero cells using averages of values along the row (block) and column 

(treatment) of the zero cell, and also a grand average of all values. Estimated values are 

incorporated into each subsequent estimation until all zero cells are estimated. This procedure is 

then iteratively repeated until successive rounds yield the same value for all estimated' cells. 

Resulting fecal coliform values for the 33 x 6 = 198 cells are compiled in Table 4-3 for fecal 

coliform and in Table 4-4 for Enterococcus. Estimated values are highlighted in the table. 
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PerfOlID the factorial ANOV A. Perform the factorial ANOV A on the average cell values, 

following Snedecor and Cochran (1989). The analysis is similar to a standard ANOVA (i.e., 

compilation of sum of squares, mean squares and degrees of freedom), except for a few variations 

to allow for comparisons and interactions between the various treatments, and the inclusion of the 

randomized blocks as a source of variation instead of simply a set of replicates. Like a standard 

ANOV A, the result of the factorial ANOV A is a calculated F value for each treatment 

comparison, which can be compared to the tabulated F distribution at various significance levels. 

Calculated F values which exceed the tabulated value indicate a statistically significant change in 

that treatment comparison. 

Correct for unequal cell variances. As seen in Tables 4-1 and 4-2, the available data are not 

evenly distributed among all cells. In addition to the zero cells that were either removed or 

estimated, some cells contain only a few data points, while others contain over 100 data points. 

This results in an inequality of variance among the cell values presented in Table 4-3 and 4-4, 

which are used to perform the factorial ANOV A. 

An approximate correction procedure described in Scheffe (1959) is utilized to account for this 

inequality in sample variance. It consists of calculating the ANOV A sum of squares term using 

the squares of all data points in each cell. Also, the ANOV A error mean-square term is adjusted 

by a factor comprised of the average over all cells of the reciprocal of the number of data points in 

each cell. These adjustments are applied to the factorial ANOV A analysis to yield the final 

calculated F factors used to assess statistically significant differences. 

A strong randomized blocking scheme has been identified as a key component of a successful factorial 

ANOV A for detecting statistically significant interannual changes in sewage indicator bacteria counts. 

Therefore, in addition to the original blocking scheme developed in Section 3.3 (scheme A), two slight 

variations were also developed, in hopes of improving the analysis further. One variation (scheme B) 

treated the entire Charles River as one geographic location, without distinguishing an upper and lower 

portion. The other variation (scheme C) maintained two Charles River regions, but divided the summer 

season into individual July and August levels. The analytical procedure summarized above was repeated 

for each of these two alternative blocking schemes. The results for all three blocking schemes are presented 

for both fecal coliform and Enterococcus in Section 5. 
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Table 4-1 
Distribution of Fecal Coliform Samples 

over Treatments and Blocks 

I==~RA,;;;N~D;,;O;;;M?IZ~E~D,,;B~L;,;O~C;,;K~S~=9==;::~====:====r=,,;T;,;R~EA~T~M;;;E;;;N~T~S;=;=,==,:;::====,===,==I Total # 
Geographic j Tidal j RMS = 0 in 0 in < RMS < .25 in RMS > .25 in samples 

Reg ion i Condition: Season 1-""89":_:':9:;:1 =-r"':::9=2-:"9:-::6--+'=":8;:9""-9::-:1;':::';;::""9:':2:=-:;'96';:':'+-=89::':-:;:9~1 :""'=::9:"2:::-9'""'6:-1 in block 

Upper Charles jfreshwater jfali/winter 89 0 19 1 72 0 181 , , 
Upper Charles :freshwater :spring 23 45 31 55 14 20 188 
Upper Charles :freshwater : summer 39 61 36 93 69 100 398 
Lower Charles ifreshwater ifalilwinter 110 6 32 6 83 4 241 , , 
Lower Charles !freshwater :spring 60 60 60 65 32 25 302 
Lower Charles :freshwater :summer 58 70 38 105 80 87 438 
Mystic R. ifreshwater ifalilwinter 46 68 19 59 8 50 250 , , 
MysticR. 
Mystic R. 

!freshwater :spring 22 12 9 80 0 6 129 
:freshwater isummer 77 135 37 58 102 57 466 

Nepon. Head. :freshwater ifalilwinter 11 2 15 0 8 2 38 
Nepon. Head. :freshwater :spring 0 8 2 3 0 6 19 X , . , 
Nepon. Head. 
Neponset R. 

Neponset R. 

Neponset R. 
Neponset R. 

Ifreshwater Isummer 6 33 8 23 10 26 106 
:high :falilwinter 11 41 40 33 22 14 161 
:high :spring 0 34 7 39 3 25 108 , , 
Ihigh Isummer 33 103 16 71 14 65 302 
jlow ifalilwinter 24 24 38 32 25 30 173 , , 

Neponset R. pow i spring 1 35 8 15 4 41 104 
Neponset R. :Iow :summer 6 103 25 83 56 99 372 
Dorch. Bay ihigh ifalilwinter 11 0 24 0 23 1 59 X 
Dorch. Bay jhigh 'spring 9 20 25 13 17 13 97 
Dorch. Bay !high :summer 45 83 26 80 43 65 342 
Dorch. Bay ! low :falUwinter 20 4 38 0 35 2 99 
Dorch. Bay :Iow : spring 19 27 25 8 14 28 121 , , 
Dorch. Bay How Isummer 9 113 36 77 89 82 406 
Inner Harbor :high :fali/winter 52 43 46 31 49 30 251 
Inner Harbor !high :spring 30 56 48 70 17 22 243 
Inner Harbor :high :summer 115 115 55 103 142 72 602 
Inner Harbor ! low !fali/winter 34 42 33 46 53 32 240 , , 
Inner Harbor pow :spring 50 39 32 93 . 5 32 251 
Inner Harbor !Iow :summer 75 116 50 94 88 112 535 
Outer Harbor ihigh ifalilwinter 49 10 9 10 22 5 105 
Outer Harbor 'high jspring 2 25 15 11 2 7 62 
Outer Harbor !high :summer 43 142 23 121 57 133 519 
Outer Harbor How ifali/winter 44 0 27 0 17 0 88 X , , 
Outer Harbor :Iow :spring 4 19 23 21 0 17 84 
Outer Harbor :Iow :summer 59 160 37 106 77 127 566 

Total number of fecal colifonm samples: 8646 

X denotes block that is removed due to insufficient data (more than 1 zero cell and fewer than 100 data points) 
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Table 4-2 
Distribution of Enterococcus Samples 

over Treatments and Blocks 

~=·,,;RA,;;;;N~D;;,;O=M~I;;;Z~E~D~B~L;;;OFC;;K,;,;S~=+=~;:==::=:===;=::=;T,;,;R,;;EA~TiiM~E;;;,N~T~S=;=;;==",,=,,;:;:====:~==I Total # 
Geographic i Tidal i RMS = 0 in 0 in < RMS < .25 in RMS> .25 in samples 

Region : Condition: Season t-"'8""9_-::9""1---r-';9"'2:':_9=06:-11-'-:8=09:-_9=-17-'-9=-2='_==9-=6"+--::8"'9-":-9"'1~-=9'"2""-9=-6::--1 in block 

Upper Charles ifreshwater ifalliwinter 89 0 19 0 72 0 180 
Upper Charles :freshwater :spring 0 47 0 56 0 20 123 , , 
Upper Charles !freshwater ! summer 39 60 36 . 93 68 100 396 
Lower Charles ifreshwater ifalliwinter 108 6 32 5 83 4 238 , , 
Lower Charles !freshwater !spring 16 59 12 65 2 25 179 
Lower Charles !freshwater !summer 58 70 38 103 79 87 435 
Mystic R. ifreshwater ifaillwinter 46 68 19 59 8 50 250 , , 
MysticR !freshwater !spring 22 12 7 80 0 6 127 
Mystic R. :freshwater !summer 77 133 37 58 102 57 464 
Nepon. Head. !freshwater !falliwinter 10 1 14 0 8 2 35 
Nepon. Head. :freshwater !spring 0 8 2 3 0 6 19 X , , 
Nepon. Head. lfreshwater isummer 6 31 8 24 10 28 107 
Neponset R. !high !falliwinter 11 9 40 6 22 14 102 
Neponset R. !high !spring 0 16 7 16 3 24 66 

!high !summer 33 98 16 70 14 65 296 Neponset R. 
Neponset R. 
Neponset R. 
Neponset R. 

ilow ifall/winter 24 10 38 30 25 25 152 , , 
!Iow !spring 1 29 8 10 4 32 84 
:Iow !summer 6 101 25 82 56 107 377 

Dorch. Bay ihigh ifalVwinter 11 0 24 0 23 1 59 X 
Dorch. Bay 'high 'spring 9 20 25 13 17 13 97 
Dorch. Bay :high !summer 45 82 26 80 43 65 341 
Dorch. Bay ilow ifaillwinter 20 2 38 0 35 2 97 , , 
Dorch. Bay . !Iow !spring 19 27 25 8 13 28 120 , , 
Dorch. Bay ilow isummer 9 108 36 78 89 88 408 
Inner Harbor !high !faillwinter 52 43 46 31 49 30 251 
Inner Harbor !high !spring 30 53 48. 70 17 24 242 
Inner Harbor !high !summer 115 112 55 103 142 72 599 
Inner Harbor !Jow ifalliwinter 34 39 33 46 54 32 238 
Inner Harbor !Jow :spring 50 39 32 91 5 32 249 , , 
Inner Harbor !Iow !summer 75 113 50 94 88 112 532 
Outer Harbor ihigh ifaillwinter 49 10 9 9 22 5 104 
Outer Harbor 'high 'spring 2 20 15 11 2 7 57 
Outer Harbor !high !summer 43 140 23 121 57 134 518 
Outer Harbor i low ifalliwinter 42 0 27 0 17 0 86 X 
Outer Harbor how 'spring 4 19 23. 21 0 17 84 
Outer Harbor !Iow !summer 59 156 37 104 77 127 560 

Total number of Enterococcus samples: 8272 

X denotes block that is removed due to insufficient data (more than 1 zero cell and fewer than 100 data points) 
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Table 4-3 
Cell Average Fecal Coliform Values: In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic i Tidal i RMS=O in o in < RMS < .25 in RMS> .25 in 
• • Region :Condition: Season 89-91 92-96 89-91 92-96 89-91 92-96 

Upper Charles ifreshwater ifalilwinter 6.48 6.02 7.06 5.71 7.29 7.02 
• • 

-, 

Upper Charles !freshwater ispring 7.85 6.29 6.96 6.34 7.24 6.37 
Upper Charies ifreshwater !summer 6.60 6.14 6.10 6.92 7.41 6.94 
Lower Charles :freshwater !falUwinter 5.81 7.06 6.14 6.04 6.69 6.40 

• • 
Lower Charles !freshwater !spring 5.98 4.72 5.60 4.53 6.44 5.37 
Lower Charles ifreshwater isummer 5.43 4.28 5.13 4.86 6.52 5.68 
Mystic R. ifreshwater ifalifwinter 5.48 5.83 6.25 6.45 8.12 .6.62 • • 
Mystic R. !freshwater !spring 4.19 4.51 4.63 4.89 5.94 6.29 
Mystic R. • • :freshwater Isummer 4.69 4.88 4.86 3.98 6.21 6.60 
Nepon. Head. !freshwater !faillwinter 6.72 6.16 6.56 6.35 7.54 7.77 
Nepon. Head. !freshwater :summer 7.29 6.92 7.77 6.93 8.07 7.63 
Neponset R. ihigh :faJlfwinter 4.42 

• • 2.97 5.38 4.32 5.96 5.91 
Neponset R. !high • lspring 5.46 4.77 6.80 3.90 8.15 5.45 

!high • 4.35 Neponset R. :summer 5.01 4.92 4.81 5.92 6.86 
Neponset R. IJow • !faillwinter 4.94 5.27 4.81 4.40 6.17 5.58 
Neponset R. !Jow 

• 
• lspring 
• 

3.78 4.38 5.80 5.75 6.89 5.17 
Neponset R. Jlow lsummer 5.95 5.61 5.63 4.58 6.43 6.59 
Dorch. Bay !high • :spring 1.54 2.10 1.98 2.34 2.95 3.00 

• • 2.16 Dorch. Bay ihigh lsummer 2.33 2.96 2.71 3.48 3.73 
Dorch. Bay !Iow ifalllwinter 4.55 4.28 3.64 4.03 6.34 4.34 

!Jow • 1.87 2.43 2.61 1.80 4.25 2.70 Dorch. Bay :spring 
• • 

Dorch. Bay llow lsummer 4.38 2.36 2.67 2.15 3.57 3.64 
I nner Harbor !high !fall/winter 4.82 3.67 4.29 3.88 6.26 4.58 

• • 3.51 3.49 4.66 3.83 3.62 4.32 Inner Harbor ihigh !spring 
Inner Harbor lhigh lsummer 4.07 4.15 4.68 4.57 5.99 5.75 
Inner Harbor !Iow ifalilwinter 5.03 5.15 4.85 4.77 6.35 4.82 

• • 
Inner Harbor llow !spring 3.68 2.88 4.52 3.99 3.17 4.90 • 

j 

Inner Harbor !Iow • 4.20 4.12 5.48 4.33 5.44 5.48 :summer 

Outer Harbor ihigh ifalilwinter 2.72 1.33 4.72 2.32 3.62 2.07 
• • 

1 
J Outer Harbor !high • Ispring 1.35 1.51 2.63 1.42 3.09 4.71 

Outer Harbor !high • 1.60 \summer 1.93 4.53 1.75 2.92 2.44 
• • 3.30 1.98 2.59 3.43 2.29 Outer Harbor :tow I spring 1.81 

Outer Harbor 
• • 
llow lsummer 1.86 2.01 2.01 1.89 2.65 2.68 

Highlighted cells denote estimated values 
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Table 4-4 
Cell Average Enterococcus Values: In(EN+1) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic i Tidal i RMS=Oin o in < RMS < .25 in 
Region ! Conditionl Season 89-91 92-96 89-91 92-96 

Upper Charles ifreshwater ifall/winter 5.63 5.85 6.14 6.03 , , 
Upper Charles !freshwater !spring 4.52 4.62 4.75 4.93 
Upper Charles !freshwater !summer 4.58 4.41 4.07 5.33 
Lower Charles ifreshwater ifalifwinter 4.62 6.94 4.84 5.87 , , 
Lower Charles !freshwater !spring 2.26 3.13 2.29 3.28 
Lower Charles !freshwater !summer 3.02 2.76 3.10 3.25 
Mystic R. ifreshwater ifalllwinter 3.86· 3.50 5.82 4.14 , , 
Mystic R. I freshwater I spring 3.62 3.60 3.99 4.12 , , 

3.81 3.84 3.69 3.50 Mystic R. lfreshwater lsummer 

Nepon. Head. !freshwater ifaillwinter .5.94 6.91 6.06 6.45 
Nepon. Head. !freshwater !summer 6.66 5.64 6.16 5.62 
Neponset R. ihigh IfaU/winter 4.23 3.58 4.56 5.92 , 
Neponset R. !high 

, 
I spring 4.26 3.39 4.62 3.66 , , 

3.19 3.80 2.97 Neponset R .. Ihigh :summer 3.71 
Neponset R. pow !fail/winter 3.47 5.35 3.44 3.67 

!low 
, 

2.40 2.70 3.76 5.29 Neponset R. lspring , , 
Neponset R. 'low ~summer 4.47 4.01 4.12 3.11 
Dorch. Bay !high 

, 
. Ispring 1.02 1.50 1.40 1.75 , , 

2.00 2.14 2.02 Dorch. Bay lhigh lsummer 2.17 
Dorch. Bay ilow !faillwinter 2.64 2.42 2.52 ·2.53 , , 

1.26 1.52 1.58 Dorch. Bay llow I spring 1.14 , , 
Dorch. Bay llow lsummer 2.04 2.20 1.62 2.03 
Inner Harbor !high i fallfwinter 3.49 2.36 4.05 2.84 , , 
Inner Harbor ihigh 1 spring 1.74 2.84 2.24 2.97 
Inner Harbor lhigh lsummer 2.48 2.52 2.98 3.03 
Inner Harbor ilow ifail/winter 3.84 3.31 4.69 2.96 , , 
Inner Harbor llow , !spring 1.93 2.41 2.49 2.98 
Inner Harbor !Iow 

, 
3.12 2.49 2.72 3.16 Jsummer 

Outer Harbor :high ifail/winter 3.19 1.33 4.01 1.22 , , 
Outer Harbor !high 

, 
:spring 1.35 1.38 . 1.60 1.59 

Outer Harbor ' . , 
1.57 1.71 1.71 1.61 ~hlgh :summer , , 
1.57 1.84 1.62 2.03 Outer Harbor Ilow lspring , , 

Outer Harbor llow Isummer 1.61 1.81 1.61 1.89 

Highlighted cells denote estimated values 

4-6 
Report97.xls!Table 4-4 

RMS> .25 in 
89-91 92-96 

7.16 6.82 
5.88 5.37 
6.53 5.92 
6.11 6.67 
3.69 4.20 
4.60 3.98 
8.00 4.36 
5.22 5.57 
4.73 5.47 
7.81 6.99 
8.34 6.66 
5.16 5.54 
7.44 5.17 
4.83 5.43 
5.17 5.45 
5.76 4.67 
5.33 5.21 
1.66 2.25 
2.02 3.18 
4.43 2.09 
3.04 2.03 
2.40 3.04 
5.24 2.62 
2.36 3.99 
3.54 4.01 
5.98 3.62 
1.68 3.76 
3.44 3.90 
4.41 1.09 
1.35 3.67 
2.07 2.04 

3.00 2.74 
1.92 2.21 
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5.0 RESULTS AND DISCUSSION 

This section presents the results of the factorial analysis of variance (ANOY A) using randomized blocks 

methodology for assessing statistically significant interannual reductions in sewage indicator bacteria 

counts within the CSO receiving water system. The analysis is performed for both fecal coliform and 

Enterococcus, and for each indicator bacteria three slightly different randomized blocking schemes 

(schemes A, B and C; see Section 4) were considered, resulting in a total of six factorial ANOYA analyses. 

Summary tables are presented in this section, describing for each case the amount of decrease in bacteria 

counts between sampling year periods, and also the degree of statistical significance of the observed 

reduction. Complete ANOY A results tables for each case are provided in' the appendix, which includes the 

number of data points and average cell values for each ANOY A analysis. 

5.1 Amount of Bacteria Count Reduction 

Average bacteria counts for each of the six treatments making up the ANOY A analysis (Le., combinations 

of two sampling years and three rainfall levels) are compiled in Table 5-1, for both fecal coliform and 

Enterococcus and for all three blocking schemes. For example, the average values presented in Table 5-1 

for fecal coliform, scheme A, are obtained from the cell values for the 31 blocks presented in Figure 4-3. 

The appendix lists cell values and averages for all six cases. 

Note that Table 5-1 presents the actual bacteria counts in units of counts per 100 ml, not the natural 

logarithm-transformed values used to perform the factorial ANOYA analysis. Average log-transformed 

values were first calculated for each of the six treatments using cell values corresponding to each block 

retained in the analysis. These averages were then converted back to their untransformed values, in units of 

counts per 100 ml, and these untransformed averages are presented in Table 5-1. 

In Table 5-1, average bacteria counts for the 1989-1991 and 1992-1996 sampling year levels are compared 

for each of the three rainfall levels, expressed as a percent reduction. Overall temporal reduction is also 

presented, calculated using the geometric mean over the three' rainfall levels .. Since Table 5-1 presents 

actual bacteria counts and not the log-transformed value, geometric mean should be used instead of the 

arithmetic mean to represent the average bacteria count over all rainfall conditions. 

As indicated in Table 5-1, overall fecal coliform is reduced by 34%-36% between the periods 1989-1991 

and 1992-1996, depending on the blocking scheme. The reduction is more pronounced during the low rain 

and high rain levels (34%-45%) than during dry conditions (20%-26%). This is consistent with the biggest 

improvements occurring during wet weather, when CSO discharges are most likely. Wet weather sewerage 

system improvements include more reliable pumping at the Deer Island plant, and construction and 

R;\PUBS\PAOJECTS\4501 007\29P .All 5-1 July, 1998 



operation of two CSO treatment facilities. The somewhat smaller reduction in dry weather bacteria counts 

could be attributed to factors like the cessation of sludge discharges, elimination of dry weather overflows 

from combined sewer outfalls, and improved disinfection at the treatment plants. The reduction of illegal 

sewer connections to storm drains would improve water quality during both dry and wet weather. 

Enterococcus exhibits a much smaller degree of temporal reduction than fecal coliform. For the three 

blocking schemes, overall Enterococcus is reduced by 8%-9% between 1989-1991 and 1992-1996. Dry and 

light rain conditions indicate either no change in bacteria count or a slight increase in bacteria count. Heavy 

rain conditions, however, indicate a consistent decrease of 25%-31 %. As is the case for fecal coliform, 

noticeable temporal reduction in Enterococcus counts occurs during heavy rainfall conditions, when CSO 

discharges are more likely and bacteria counts are higher. However, Enterococcus does not exhibit 

temporal reduction during light rain and no rain conditions, whereas fecal coliform does. Note that for 

Enterococcus the greatest temporal reduction occurs during heavy rain, while for fecal coliform the greatest 

temporal reduction occurs during light rain. 

This difference between fecal coliform and Enterococcus reductions may be attributable to a variety of 

reasons including differences in bacteria attenuation characteristics, sources and characteristics of bacteria 

release other than CSO discharges during rainfall events, or the relative quantity of each bacteria contained 

in CSO discharges under different conditions. For example, fecal coliform and Enterococcus in receiving 

waters under dry conditions may originate from different sources, such that dry weather system 

improvements only affect the source containing fecal coliform. Analogously, the sources affected by 

system improvements under heavy rain conditions may contain both fecal coliform and Enterococcus, 

resulting in the observed temporal reduction for both indicator bacteria. 

Note in Table 5-1 that for all indicator bacteria, blocking schemes and rainfall conditions, higher values 

during 1989-1991 generally are followed by a greater percent reduction during 1992-1996. Cases with a 

twenty percent reduction or higher contain a 1989-1991 average bacteria count ,over 50 counts per 100 ml, 

regardless of the rainfall condition. Similarly when the 1989-1991 average bacteria count exceeds 100 

counts per 100 mI, a temporal reduction of at least 33 percent is observed. The observed direct relationship 

between bacteria quantity and amount of temporal reduction may be indicative of a CSO discharge source 

that has not benefitted from the system improvements, or a background level of bacteria in receiving waters 

irrespective of the CSO drainage and discharge system. 

Overall reductions between the 1989-1991 and 1992-1996 periods range from 34%-36% for fecal coliform, 

and from 8%-9% for Enterococcus. In order to discern whether or not the observed reductions are 

statistically significant and due to improvements to the CSO drainage and discharge system, the results of 

the factorial ANOV A using randomized blocks must be studied. 
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5.2 Degree of Statistical Significance 

The factorial ANOV A using randomized blocks tests for statistically significant changes among its 

treatments by comparing a calculated F factor at its calculated degrees of freedom to tabulated F distribution 
values for varying significance levels. Factorial ANOVA results are summarized for fecal coliform and 

Enterococcus and all three blocking schemes in Table 5-2. The table lists the various sources of variation, 

or effects, that are accounted for by the factorial ANOV A analysis. Full ANOV A results tables are 

presented in the appendix. For each source of variation, the number of degrees of freedom (DoF) and the 

calculated F value are presented. Selected values from the tabulated F distribution are provided in Table 5-

3 for comparison with the calculated values in Table 5-2. For a selected significance level and the 

corresponding effect and error DoF, a calculated F value greater than the tabulated value indicates a 

statistically significant change in the source of variation. 

The sampling year treatment comparison is of primary interest in this factorial ANOVA study, since it is 

designed to represent changes in bacteria counts resulting from improvements to the CSO system. Changes 

in bacteria counts resulting from rainfall are presumably accounted for via the rainfall treatment in the 

factorial ANOV A, and changes due to the remaining key variables are presumably accounted for via the 

randomized blocks partitioning. 

As indicated in Table 5-2, calculated fecal coliform F factors for the sampling year treatment comparison 

range from 19.53 to 26.04. These calculated values are conservatively compared to tabulated values in 

Table 5-3 at the DoF closest to but lower than the calculated DoF. The degrees of freedom associated with 

the sampling year treatment comparison (effect DoF; error DoF) range from 1; 140 to 1 ;207. The calculated 

fecal coliform F factors far exceed the tabulated values in Table 5-3 for 1;120 DoF at the 0.5% significance 

level. Thus the reductions in fecal coliform count between 1989-1991 and 1992-1996, shown in Table 5-1, 

are determined by the factorial ANOVA to be statistically significant with 99.5% confidence. 

The smaller temporal reduction in Enterococcus, as indicated in Table 5-1, is found by the factorial 

ANOV A analysis to be statistically insignificant. Sampling year treatment comparison F factors range from 

0.54-1.13, with degrees of freedom between 1;140 and 1;203. As indicated in Table 5-3, these values are 

not statistically significant, even at 25% level of significance. Thus a statistically significant reduction in 

overall Enterococcus counts between 1989-1991 and 1992-1996 is not detected by the factorial ANOV A. 

Note that for most comparisons, very little difference exists between the three blocking schemes; the 

observed degree of statistical significance for temporal reduction is consistent over the three schemes. 

Likewise the calculated F factors for the other treatment comparisons do not differ substantially among the 

three blocking schemes. Thus for the most part the selected blocking scheme has little bearing on the 

results of the analysis. 
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Blocking scheme A yields the greatest overall reduction for the fecal coliform sampling year treatment 

comparison, so it is considered as the optimal scheme out of the three that were analyzed. Using this 

scheme, fecal coliform counts between 1989-1991 and 1992-1996 are reduced by 36%, which is statistically 

significant at the 0.5% level of significance. This resnlt for fecal coliform confirms the ability of the 

approach and methodology developed in Sections 2 and 3 to detect statistically significant decreases in 

sewage indicator bacteria within CSO receiving waters between the period from 1989 to 1996. The lack of 

a statistically significant temporal decrease for Enterococcus indicates that no temporal difference exists for 

this particular sewage indicator bacteria. 

The results of the factorial ANOV A using randomized blocks analysis for the sampling year treatment 

indicate that fecal coliform, but not Enterococcus, exhibits a statistically significant decrease between the 

periods 1989-1991 and 1992-1996. In order to confirm that this temporal change results from 

improvements to the CSO drainage and discharge system, the effectiveness of the analysis at accounting for 

variations due to rainfall, geographic location, tidal condition and seasons must be evaluated. Similarly, 

evaluating the effectiveness of the analysis will confirm that the improvements to the CSO system have not 

resulted in significant decreases in Enterococcus counts. 

5.3 Effectiveness of the Analysis 

The different sources of variation considered by the factorial ANOV A are a block effect, an overall 

treatments effect, individual treatment effects, and error. A statistically significant F factor for a particular 

.effect indicates that 1) the key variable represented by that effect is a significant source of variation in the 

bacteria count data, and 2) this variability is captured by the ANOV A analysis. If an F factor does not 

exceed its threshold value, then either that key variable does not exhibit statistically significant variations, 

or variations exist but the applied methodology fails to capture them. 

As discussed in Sections 2 and 3, the sampling year variable represents changes due to CSO system 

improvements only if variations due to the four remaining key variables are captured by .other components 

of the analysis. Therefore in order to confmn that CSO system improvements result in a decrease in fecal 

coliform but not Enterococcus, the statistical significance of the rainfall and blocks effects must be studied. 

As indicated in Table 5-2, all calculated fecal coliform F factors for the various rainfall treatment effects 

exceed their critical values at their respective degrees of freedom. Similarly, all calculated. Enterococcus F 

factors for the various rainfall treatment effects also exceed the their critical values at their respective 

degrees of freedom. Thus the consideration of rainfall as an explicit factor in the factorial ANOV A 

successfully accounts for the statistically significant variability in both fecal coliform and Enterococcus 

attributable to rainfall. This result is not surprising since rainfall is expected to be the single most 

influential factor on sewage indicator bacteria counts. 
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Table 5-2 also indicates that the calculated F factors for the blocks effect exceed their critical values at their 

respective degrees of freedom. Once again this result holds for both fecal coliform and Enterococcus. The 

randomized blocking technique developed in Section 3 was designed to capture variability in bacteria 

counts due to geographic location, tidal condition, and seasonality. Thus the blocking scheme applied to the 

data prior to the ANOV A analysis successfully accounts for the statistically significant variability in both 

fecal coliform and Enterococcus attributable to these variables. 

Variations in both fecal coliform and Enterococcus, resulting from the naturally occurring environmental 

variables rainfall, geographic location, tidal condition and seasonality, have been shown to be statistically 

significant, and successfully captured by the utilization of randomized blocking and factorial ANOV A 

techniques. Thus any remaining variability due to sampling year can safely assumed to be attributable to 

improvements in the CSO drainage and discharge system. The sampling year treatment has been found to 

be statistically significant for fecal coliform but not for Enterococcus. Since competing environmental 

variability has been accounted for, it can be concluded that improvements to the CSO system have resulted 

in a decrease in fecal coliform counts within the receiving water system, but not in Enterococcus counts . 
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Table 5-1 
Average Bacteria Count Values (counts per 100 ml) 

with Temporal Percent Reductions 

Randomized TREATMENTS 

Blocking RMS = 0 in o in < RMS < .25 in RMS> .25 in 

Scheme 89-91 I 92-96 89-91 I 92-96 89-91 I 92-96 

Fecal Coliform 

Mean A 83 I 62 121 I 67 264 I 170 

% Reduction 25% 45% 36% 

Mean B 66 I 53 104 I 57 229 I 150 

% Reduction 20% 45% 34% 

Mean C 78 I 58 107 I 60 261 I 170 

% Reduction 26% 44% 35% 

Enterococcus 

Mean A 23 I 25 30 I 31 94 I 68 

% Reduction -9% -3% 28% 

Mean B 20 I 22 26 I 26 80 I 60 

% Reduction -10% 0% 25% 

Mean C 23 I 23 26 I 28 94 I 65 

% Reduction 0% -8% 31% 
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Table 5-2 
Factorial ANOVA Results 

FECAL COLIFORM 

Scheme A SchemeS 

OoF 

1 

1 

ENTEROCOCCUS 

Scheme A SchemeS 

OoF F OoF F 

32 27.39 J.9 30.02 

5 22.25 5 22.96 

1 0.62 1 0.54 

2 53.73 2 55.64 

1 43.87 1 45.32 

1 63.59 1 65.96 

153 I -:f< 140 i" 
190 ,--,< 174 

5-7 

Scheme C 

Scheme C 

OoF F 

43 24.15 

5 27.88 

1 1.13 

2 67.11 

1 46.46 

1 _87~ 
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_'.-, 

251 
'-_,T ii,',';;::-
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Table 5-3 
Selected F-Distribution Values 

Level of Degrees of Freedom 

Significance 1;60 1;100 1;125 1;150 

25% 1.35 1.34 1.34 1.33 

10% 2.79 2.76 2.75 2.74 

5.0% 4.00 3.94 3.92 3.91 

"2.5% 5.29 5.18 5.15 5.13 

1.0% 7.08 6.90 6.84 6.81 

0.5% 8.49 8.24 8.17 8.12 
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6.0 EVALUATION OF APPLIED STATISTICAL METHODOLOGY 

As demonstrated in Section 5, the factorial ANOV A using randomized blocks methodology is capable of 

detecting· statistically significant temporal decreases in sewage indicator bacteria within the CSO receiving 

water system. These decreases between sampling year periods result from recent improvements to the CSO 

drainage and discharge system. This section evaluates the applied statistical methodology, to confirm the 

validity of the analysis and also to assess the effectiveness of the various components of the applied 

methodology. The evaluation is carried out by performing a series of quantitative tests and diagnostic 
variations ·on the analysis. 

6.1 Verification of ANOV A Assumptions 

An Analysis of Variance is a parametric statistical method; therefore underlying assumptions upon which 

the method is based must be met in order for the results to be considered reliable. The two assumptions for 

an ANOV A are that the treatment residuals are normally distributed and have equal variances. Treatment 

residuals are represented by the difference between the treatment mean and the individual treatment values. 

Residual normality was verified by applying D'Agostino's test (Gibbons, 1994), which is a suitable 

alternative to the widely accepted Shapiro-Wilk test when the total number of data points exceeds 50. For 

the three blocking schemes considered in Sections 4 and 5, the total number of data points (i.e., the total 

number of cells) ranges from 180 to 264. D'Agostino's test was applied to all six factorial ANOVA 

analyses performed in Section 5, and all six tests passed the normality criteria. 

Equality of residual variances was verified by applying Levene's test (US EPA, 1992), which was satisfied 

for five out of the six ANOV A analyses. Only Enterococcus under blocking scheme C was unable to 

satisfy the equal residual vmiances requirement, which implies that the lack of a statistically significant 

temporal decrease in Enterococcus counts under scheme C may not necessarily be an accurate result. 

However, all three blocking schemes were found to yield consistent results, and schemes A and B fail to 

detect statistically significant temporal Enterococcus decreases while satisfying the underlying ANOV A 

assumptions. Therefore it can be conservatively concluded that scheme C does indeed fail to detect 

statistically significant decreases in Enterococcus, even though one of the ANOV A assumptions is not 

satisfied. 
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6.2 Efficiency of the Selected Randomized Blocking Scheme 

In Section 3, an optimal randomized blocking scheme was conscientiously developed using the geographic 

location, tidal condition, and seasonality variables. The effect of the blocking scheme was then explicitly 

accounted for in the factorial ANOV A by considering it as a source of variation, along with the ANOV A 

treatments and error. The effectiveness of the randomized blocking procedure in increasing the precision of 

the analysis can be assessed by calculating the "efficiency of blocking" (Snedecor and Cochran, 1989). This 

test was performed on one of the ANOVA analyses, fecal coliform under scheme B, to illustrate the 

contribution of the blocking scheme to the results of the analysis. 

The standard error of analysis can readily be computed from the factorial ANOVA under the randomized 

blocks design, which in the case of scheme B consists of 30 blocked replicates. The efficiency of blocking 

calculation determines the number of replicates required to maintain the same standard error of analysis 

under a completely randomized design, in which blocking is not included as a source of variation. In other 

words, efficiency of blocking calculates the number of replicates needed to maintain the same level of 

precision without the benefit of blocking. 

For fecal coliform, scheme B, the efficiency of blocking calculation resulted in 195 replicates required to 

maintain the same standard error without blocking as 30 replicates achieved with blocking. This represents 

in increase by a factor of 6.5, which indicates ·that the blocking procedure substantially improves the 

precision of the factorial ANOV A in detecting statistically significant decreases in fecal coliform counts 

over time. 

6.3 Results for a Randomly Sampled Factorial ANOV A 

The partitioning of the sewage indicator bacteria count data into treatments and randomized blocks has 

proven to be an integral part of the applied statistical methodology. Sample points in each cell of the 

ANOVA tables (see Tables 4-1 through 4-4) are as homogeneous as possible with respect to the key 

variables identified in Section 2.3. This careful partitioning allows for variability in bacteria counts due to 

environmental parameters to be captured, so that any statistically significant decrease due to CSO system 

improvements, represented by the two sampling year periods, can be detected. It follows that if the data 

were not so conscientiously. partitioned prior to performing the factorial ANOV A, then the variability 

attributed to naturally occurring environmental factors would not be captured, rendering any observed 

decrease between the sampling year periods meaningless. 

A second analysis on fecal coliform data was performed nsing an a1temative partitioning strategy for the six 

treatments and 30 blocks comprising scheme B. Natural logarithms of the 8646 total fecal coliform samples 

in the data set were divided into two sets, the 1989-1991 period representing pre-CSO improvement 
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conditions (3650 samples), and the 1992-1996 period representing post-CSO improvement conditions (4996 

samples). Each set of data was then randomly assigned to the 90 cells (3 treatments and 30 blocks) for that 

sampling year period in the ANOVA table representing the rainfall treatment and the randomized blocks. 

Furthermore, for each cell 30 samples are randomly selected and averaged to obtain the value for the cell. 

As a result 2700 data points are randomly sampled from each of the 3650 pre-improvement and 4996 post

improvement data sets and utilized in this analysis. 

The average log-transformed fecal coliform count for each cell is presented in Table 6-1, along with the 

average over all 30 replicates for each treatment. These treatment means were converted back to their 

untransformed values, and for each sampling year period the geometric mean of the three treatment means 

as calculated. Resulting average fecal coliform counts under this partitioning scheme are 133 per 100 ml 

for the 1989-1991 period, and 74 per 100 ml for the 1992-1996 period. This constitutes a 44% decrease 

between the two sampling year periods. Note that the zero cell and unequal cell variance corrections did not 

need to be applied, since each cell was comprised of an average of 30 randomly sampled values 

This randomly sampled data partitioning strategy only accounts for one of the five key variables identified 

in Section 2.3, i.e. sampling year. The data are not partitioned into randomized blocks representing 

homogeneous combinations of the geographic location, tidal condition, and seasonality variables. Nor is 

the data in each block partitioned into three rainfall categories. Thus a statistically significant difference is 

not expected for the blocks effect and the rainfall treatment effect in the factorial ANOV A, indicating the 

inability of this partitioning scheme to account for variability in fecal coliform counts due to environmental 

factors. 

The results of the factorial ANOV A using this randomly sampled partitioning scheme are presented in 

Table 6-2. The full ANOVA results table is presented in the appendix. As indicated in Table 6-2, the 

calculated F factor for the sampling year treatment is 82.42, which is statistically significant at the 99.5% 

level. However, the calculated F factor for the rainfall treatment and blocks effect are 0.12 and 1.33, 

respectively, which are not statistically significant. Thus this randomly sampled factorial ANOVA with 

block effects is unable to capture naturally occurring environmental variability in fecal coliform counts via 

the rainfall treatment and blocks effect components of the analysis. Therefore, the statistically significant 

decrease of 44% for the sampling year treatment may not be exclusively due to improvements to the CSO 

drainage and discharge system between the two periods. The observed decrease using this partitioning 

scheme may be partly attributable to environmental variability as well. 

Since this random partitioning scheme was unable to explicitly account for environmental variability in 

fecal coliform counts, the observed temporal reduction cannot be conclusively attributed to CSO system 

improvements. This exercise demonstrates the ability of the applied statistical methodology to capture 

naturally occurring environmental variability in the fecal coliform data, but only if the data are partitioned 

appropriately and conscientiously as was done in Section 5. Only with the environmental variability 
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explicitly captured, demonstrated via significant F factors for the blocks effect and rainfall treatment effect, 

can statistically significant decreases between the 1989-1991 and 1992-1996 sampling year periods be 

directly attributable to improvements in the CSO drainage and discharge system. 
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Table 6-1 
Cell Average Fecal Coliform Values: In(FC+1) 

with Random Sampling of Replicates and Rainfall Treatment 

RANDOM TREATMENTS 
REPLICATES Random Rain Random Rain Random Rain 

89-91 92-96 89-91 92-96 89-91 92-96 
1 4.57 4.66 4.81 4.26 5.43 4.23 
2 5.47 4.28 4.91 3.28 5.03 4.17 
3 5.05 3.84 5.00 4.36 4.31 4.05 
4 4.29 4.02 4.96 4.06 4.32 4.01 
5 4.93 4.64 5.66 4.23 5.09 5.12 
6 4.70 3.88 4.92 3.61 5.79 4.43 
7 4.47 4.05 4.96 3.87 4.77 ·4.93 
8 4.60 4.49 4.96 4.58 4.78 4.19 
9 5.30 4.56 4.59 4.70 5.64 4.18 
10 5.46 4.75 4.80 4.21 5.27 4.03 
11 5.43 4.26 5.20 4.37 5.00 4.46 
12 5.22 3.37 4.25 3.39 4.30 4.32 
13 5.00 3.86 4.27 4.67 4.65 4.73 
14 5.03 3.42 4.61 4.54 4.36 4.60 
15 4.64 3.56 4.82 5.31 4.62 4.32 
16 4.55 4.47 5.26 4.37 4.97 3.97 
17 4.52 3.64 4.85 4.84 4.70 3.75 
18 4.62 4.50 5.16 5.40 4.69 4.55 
19 4.93 4.18 4.51 4.12 5.11 4.27 
20 4.62 4.20 4.71 3.85 5.16 4.39 
21 4.83 4.23 5.48 4.68 4.42 4.30 
22 5.14 5.04 4.50 4.98 5.92 4.02 
23 5.40 4.57 5.43 4.85 5.19 3.96 
24 5.05 5.41 4.45 3.78 5.69 4.44 
25 4.77 4.70 4.80 4.15 4.52 3.82 
26 4.84 4.95 4.39 4.25 4.82 5.10 
27 5.42 4.73 4.07 4.00 4.37 4.74 
28 3.85 4.24 4.50 3.92 4.89 4.15 
29 5.03 3.83 5.50 4.48 4.92 4.76 
30 5.12 4.02 5.54 5.02 4.99 3.74 

Mean 4.90 4.28 4.86 4.34 4.92 4.32 
. 
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Table 6-2 
Factorial ANOVA Results with Random Sampling 

of Replicates and Rainfall Treatment 

Fecal Colifonn 

of Variation 
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7.0 ANALYSIS OF INDIVIDUAL RAINFALL LEVELS AND GEOGRAPHIC REGIONS 

The results of the factorial ANOVA on the sampling year treatment (Table 5-2) apply to the overall 

temporal reduction in bacteria counts (Table 5-1). This overall temporal reduction is expressed as an 

average over the three rainfall categories, which are themselves an average over all randomized blocks 

representing geographic region, tidal condition, and seasonality categories. No insight is attained as to the 

statistical significance of any observed reductions under specific conditions, e.g., during heavy rainfall or 

within the Lower Charles River region. The generality of the factorial ANOVA stems from the analytical 

approach of this study (Section 2), which seeks to detect decreases over time in sewage indicator bacteria 

counts within the CSO receiving water system data set taken as a whole, after taking into account the effect 

of key environmental variables. 

The observed statistically significant reduction in fecal coliform resulting from CSO system improvements 

is not expected to apply uniformly over all environmental conditions. For example, system improvements 

are likely to have a greater impact during wet weather than dry weather, since CSO discharges are primarily 

wet weather events. As indicated earlier, more reliable pumping at the Deer Island plant and the 

construction of two CSO treatment facilities constitute wet weather improvements. Also, certain 

geographic regions within the CSO receiving water system may benefit from system improvements more 

than others. For example, the two screening and disinfection facilities are located at Fox Point and 

Commercial Point, which are in Dorchester Bay near the mouth of the Neponset River. 

The factorial ANOV A using randomized blocks statistical methodology proved to be successful in isolating 

and detecting overall bacteria count reductions resulting from system improvements, in part because of the 

vast amount of data available for the study. Therefore, this methodology can potentially be applied to a 

subset of the entire data set corresponding to a particular environmental condition, in order to investigate 

temporal reductions under the specified condition. Such a procedure is applied in this section, to investigate 

the statistical significance of observed temporal reductions in bacteria counts during different rainfall 

conditions and for different geographic regions. If sufficient data is retained in these subsets to characterize 

the remaining environmental variables, the randomized blocking scheme will be able to account for 

environmental variability and thus yield meaningful results for any temporal reductions. 

7.1 Analysis of Individual Rainfall Levels 

As indicated in Table 5-1, the temporal percent reduction in both fecal coliform and Enterococcus counts 

vades considerably between the three rainfall categories. The percent reduction in fecal coliform under dry 

conditions of 20%-26% is noticeably less than the statistically significant overall percent reduction of 34%-

36%. A lack of statistical significance during dry conditions would imply that only wet weather system 
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improvements have been successful at reducing recelvmg water fecal coliform counts. Similarly, 

Enterococcus exhibits a reduction of 25%-31% during heavy rainfall, compared to the statistically 

insignificant overall reduction of only 8%-9%. This higher reduction observed during heavy rain may be 

statistically significant, which would imply that system improvements have actually resulted in 

Enterococcus count reductions, but only during major rainfall events. 

In order to analyze temporal reductions under specific rainfall conditions, the factorial ANOV A was 

performed individually on three subsets of the data set, consisting of each of the three rainfall categories. 

The same blocking schemes was retained, so that the distribution of samples and non-zero cell averages 

presented in Tables 4-1 through 4-4 are unchanged. Since each analysis contains only one rainfall 

condition, what results is a single factor ANOV A using randomized blocks, with only two ANOV A 

treatments representing the two sampling year periods. Variability due to rainfall is no longer of concern 

since the data includes only one rainfall condition, and all remaining environmental variability is accounted 

for by the blocks. 

This set of three analyses was performed for both fecal coliform and Enterococcus, and for each of the three 

blocking schemes, resulting in a total of 18 analyses. Blocks with zero cells were removed, eliminating the 

. need for zero cell estimation. The unequal cell replicates correction procedure described in Section 4 was 

applied. 

Results of the 18 ANOVA analyses are compiled in Table 7-1. For fecal coliform, light rain and heavy rain 

conditions yielded a statistically significant temporal reduction, while dry conditions did not. This result 

held true for all three blocking schemes .. The blocks effect was statistically significant in all cases, 

indicating that the time treatment comparison accurately reflects changes resulting from CSO system 

improvements. The earlier result of a statistically . significant overall reduction in receiving water fecal 

coliform counts can therefore be amended to conclude that significant reductions in fecal coliform only 

occur during wet weather. Thus not only do the majority of the CSO system improvements take effect 

during wet weather, but these wet weather improvements are the only ones which lead to statistically 

significant reductions in fecal coliform. 

For Enterococcus, a statistically significant reduction was not detected for any of the three rainfall 

conditions. As for fecal coliform, this result holds for all three blocking schemes, and the blocks effect was 

significant in all cases. Even the relatively greater reduction in Enterococcus counts observed during heavy 

rain conditions is not statistically significant. Therefore it can be concluded that CSO system improvements 

have not led to statistically significant reductions in receiving water Enterococcus counts under any rainfall 

condition. 
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7.2 Analysis of Individual Geographic Regions 

Since system improvements cannot be unifonnly applied throughout the entire CSO system, different 

geographic regions within the receiving water system may potentially exhibit different amounts of temporal 

bacteria count reduction, and at different levels of statistical significance. A single factor ANOV A using 

randomized blocks was perfonnedon eight subsets of the data, each representing one of the geographic 

region categories. The rainfall variable was treated as a blocking factor rather than an ANOV A treatment 

factor, resulting in a single factor ANOV A on the two sampling year treatments. Rainfall was considered as 

a blocking factor to partially compensate for the loss of blocks resulting fiom the analysis of individual 

geographic regions. The modificatiou allows all environmental variability withiu the region to be 

accounted for using the randomized blocks, although the resulting ANOV A only assesses overall temporal 

reductions averaged over all environmental conditions. 

For each of the eight regions, blocking schemes A and C with respect to the tidal condition and seasonality 

variables were analyzed, for both fecal colifonn and Enterococcus. Therefore the distribution of samples 

and non-zero cell averages calculated previously are unchanged. The results for these 32 analyses are listed 

in Tables 7-2 and 7-3. Scheme A was selected since it yielded the greatest overall temporal reduction in 

fecal colifonn, and scheme C was selected since it contained the greatest number of blocks. Siuce the 

number of blocks in the analysis is reduced, no blocks were removed due to the presence of cells with zero 

samples. Zero cell estimation was instead perfonned as described in Section 4, as was the unequal cell 

replicates correction. 

For the sixteen scheme A analyses, none of the 8 geographic regions exhibited a statistically significant 

temporal decrease in either fecal colifonn or Enterococcus. Furthennore, only three analyses, Inner Harbor 

fecal colifonn and Enterococcus, and Lower Charles River Enterococcus, yielded a statistically significant 

blocks effect. A significant blocks effect is indicative of a successful accounting for environmental 

variability via the randomized blocking procedure,' which is required in order for the time treatment to 

represent CSO system improvements. Therefore it can be concluded that system improvements have not 

led to statistically significant reductions in Inner Harbor fecal colifonn, Inner Harbor Enterococcus, and 

Lower Charles River Enterococcus (Table 7-2). Nothing can be concluded for the remaining 13 analyses, 

where the apparent lack of significant temporal reductions may be due to environmental variability, since 

this source of variability is not captured by the blocking procedure. 

For the sixteen scheme C analyses, the Inner Harbor, Lower Charles River and Dorchester Bay regions 

exhibited statistically significant blocks effects for fecal colifonn. Of these three regions, Lower Charles 

River and Dorchester Bay exhibited statistically significant temporal reductions of 53% and 56%, 

respectively. This implies that CSO system improvements have succeeded in significantly reducing fecal 

colifonn counts in these two regions, but have failed to significantly reduce fecal colifonn counts in the 
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Inner Harbor (Table 7-3). The lack of significant temporal fecal coliform reductions in the remaining five 

regious is inconclusive since the blocks effect was not significant. Enterococcus analyses yielded 

significant blocks effects in the Inner Harbor, Lower Charles River and Neponset River, and no significant 

temporal reductions in any region. Therefore it can be concluded that CSO system improvements have not 

had a significant effect on Enterococcus counts in these three regions, while no conclusion regarding system 

improvements on Enterococcus can be drawn regarding the remaining five regions (Table 7-3). 

A significant blocks effect allows a couclusion to be drawn as to whether CSO system improvements lead 

to reduced receiving water bacteria counts. Only three of the sixteen scheme A analyses yielded conclusive 

results, and only six of the sixteen scheme C analyses yielded conclusive results. The factorial ANOV A 

using randomized blocks methodology has been proven effective and conclusive when considering the 

entire data set (Section 5), and individual rainfall categories (Section 7.1). This methodology requires 

sufficient data to characterize the different sources of variability. The major difference when considering 

individual geographic regions is that considerably less data is available for each analysis. This implies that 

an insufficient amount of data is available for many of the regions, which inhibits the effectiveness of the 

analysis when applied to these geographic data subsets. 

While both schemes yielded relatively few conclusive analyses, scheme C nevertheless yielded twice as 

many as scheme A. This is likely due to a greater number of blocks contained in the scheme C analyses. 

Scheme C consists of four seasonality factor levels compared to three for scheme A, which results in a 33% 

increase in the number of randomized blocks. A strong blocking scheme has already been identified as 

critical to the ability of the analysis to account for environmental variability. The increase in the number of 

blocks increases the strength of blocking scheme C, which enables the corresponding set of geographic 

region analyses to be more conclusive. Therefore scheme C is considered the optimal blocking scheme 

when considering temporal bacteria count reductions at individual geographic regions. 

The two regions that have responded to system improvements with significant fecal coliform reductions are 

the Lower Charles River and Dorchester Bay. A majority of the CSO system' improvements implemented 

since 1992 have focused on these two regions. The removal of illegal sewer connections to storm drains has 

concentrated on discharges to these two water bodies. Several major CSO discharges into these two regions 

(e.g. from Moon Island) have been deactivated. The two new CSO screening and disinfection facilities 

discharge into Dorchester Bay. Chlorination has increased at the Cottage Farm facility, which discharges 

into the Lower Charles River. Thus the portions of the CSO receiving water system which have received 

the most extensive CSO system improvements have responded with statistically significant temporal 

reductions in fecal coliform counts. 

Section 5 demonstrated a statistically significant reduction in fecal coliform counts throughout the CSO 

. receiving water system as a whole, resulting from recent improvements to the CSO drainage and discharge 

system. The results of the analyses presented in this section further enhances the overall conclusion, by 
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demonstrating statistically significant fecal colifonn reductions during wet weather when most system 

improvements take effect, and within geographic regions which have received most of the system 

improvements. In addition to confinning the anticipated characteristics of the receiving water response to 

system improvements, these results demonstrate the suitability and robustness of the factorial ANOV A 
using randomized blocks procedure. This data-based statistical approach has proven to be an effective 

means of accounting for environmental variability and isolating the effect of CSO system improvements 

over time. 
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Table 7-1 
ANOVA Results for Individual Rainfall Conditions 

Sampling Year Treatment Significant CSO 
ANOVA Analysis OoF F Improvements 

Fecal Coliform 

RMS = 0 in; Scheme A 1;30 2.95 No 

RMS = 0 in; Scheme B 1;28 1.58 No 

RMS = 0 in; Scheme C 1;40 3.98 No 

o in < RMS < 0.25 in; Scheme A 1;31 16.19 Yes 

d in < RMS < 0.25 in; Scheme B 1;28 17.76 Yes 

o in < RMS < 0.25 in; Scheme C 1;43 12.21 Yes 

RMS > 0.25 in; Scheme A 1;30 5.83 Yes 

RMS '" 0.25 in; Scheme B 1;28 4.84 Yes 

RMS > 0.25 in; Scheme C 1;41 6.19 Yes 

Enterococcus 

RMS = 0 in; Scheme A 1;29 0.38 No 

RMS = 0 in; Scheme B 1;28 0.52 No 

RMS = 0 in; Scheme C 1;39 0.02 No 

o in < RMS < 0.25 in; Scheme A 1;29 0.01 No 

o in < RMS < 0.25 in; Scheme 8 1;28 0.0001 No 

o in < RMS < 0.25 in; Scheme C 1;41 0.18 No 

RMS > 0.25 in; Scheme A 1;29 2.41 No 

RMS > 0.25 in; Scheme B 1;28 2.10 No 

RMS > 0.25 in; Scheme C 1;40 3.35 No 
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Table 7-2 

r . ANOVA Results for Individual Geographic Regions, Scheme A 

Sampling Year Treatment Blocks Effect Significant CSO 
Geographic Region OoF F OoF F Improvements 

Fecal Coliform 

Upper Charles River 1;6 2.44 8;6 0.32 Inconclusive 

. i Lower Charles River 1;8 5.02 8;8 3.28 Inconclusive 

Mystic River 1;7 0.04 8;7 3.18 Inconclusive 

Neponset River Headwaters 1;5 1.27 8;5 0.63 Inconclusive 

Neponset River 1;16 2.88 17;16 1.38 Inconclusive 

Dorchester Bay 1;14 2.17 17;14 1.62 Inconclusive 

Inner Boston Harbor 1;17 4.16 17;17 4.5 No 

Outer Boston harbor 1;13 2.79 17;13 0.8 Inconclusive 

Enterococcus 

Upper Charles River 1;2 0.02 8;2 0.39 Inconclusive 

Lower Charles River 1;8 4.09 8;8 9.44 No 

Mystic River 1;7 2.11 8;7 2.49 Inconclusive 

Neponset River Headwaters 1;5 0.93 8;5 1.17 Inconclusive 

Neponset River 1;16 0.04 17;16 1.45 Inconclusive 

Dorchester Bay 1;14 0.08 17;14 0.73 Inconclusive 

J Inner Boston Harbor 1;17 0.68 17;17 4.44 No 

Outer Boston harbor 1;13 0.90 17;13 0.75 Inconclusive 
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Table 7-3 
ANOVA Results for Individual Geographic Regions, Scheme C 

Sampling Year Treatment Blocks Effect Significant CSO 
Geographic Region OoF F OoF F Improvements . 

Fecal Coliform 

Upper Charles River 1;7 1.43 11 ;7 0.64 Inconclusive 

Lower Charles River . 1 ;11 8.9 11 ;11 2.83 Yes 

Mystic River 1;9 0.0002 11;9 2.41 Inconclusive 

Neponset River Headwaters 1;8 3.03 11 ;8 1.03 Inconclusive 

Neponset River 1;22 2.7 23;22 1.83 Inconclusive 

Dorchester Bay 1;20 6.28 .23;20 2.23 Yes 

Inner Boston Harbor 1;23 3.64 23;23 3.17 No 

Outer Boston harbor 1;19 0.68 23;19 0.93 Inconclusive 

Enterococcus 

Upper Charles River 1;3 0.001 11;3 0.44 Inconclusive 

Lower Charles River 1 ;11 0.71 11 ;11 6.21 No 

Mystic River 1;9 0.07 11;9 1.93 Inconclusive 

Neponset River Headwaters 1;8 3.48 11;8 1.52 Inconclusive 

Neponset River 1;22 0.12 23;22 2.13 No 

Dorchester Bay 1;20 0.21 23;20 1.71 Inconclusive 

Inner Boston Harbor 1;23 0.004 23;23 3.82 No 

Outer Boston harbor 1;19 0.90 23;19 0.89 Inconclusive 

7-8 
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8.0 COMPARISON WITH PREVIOUS STUDY 

The analytical approach and statistical methodology described in this report were originally developed and 

applied to CSO receiving water data from 1989-1995, as presented in the "Statistical Analysis of Combined 

Sewer Overflow Receiving Water Data, 1989-1995" (Gong et. aI., 1997). This report represents a 

continuation and extension of the previous study. This section presents a brief comparison of data sets, 

analytical techniques and results between this study and the previous one . 

Bacteria connt sample data and daily precipitation values used in this study were identical to those used in 

the previous study, with the addition of sample counts and precipitation data obtained during 1996. 1996 

was considered asa post-CSO system improvement sampling year, so that for the current study the 

sampling year period representing post-CSO system improvements is expanded by one year, from 1992-

1995 to 1992-1996. Tidal elevation data associated with each bacteria count sample in the 1989-1995 data 

set was obtained using published tide table predictions. For the current study, recorded tidal elevations 

associated with every sample over the entire 1989-1996 period was·used instead. Use of recorded tidal 

elevations improves the precision of the analysis, since errors between predicted and actual tidal elevations 

may weaken the randomized blocking procedure, which partitions the data into homogeneous groups with 

respect to tidal elevation, geographic location, and seasonality . 

The objectives and analytical approach to the issue being investigated are identical for the current and 

previous studies, although the statistical hypothesis being tested is more explicitly described in this study 

(Section 2.1). The same five key variables and their factor levels are used in both studies. The factorial 

ANOV A with randomized blocks technique developed in this study is unchanged from the previous one, 

and the same analytical procedure is applied. For both studies, the ANOV A was performed on the natural 

logarithm transformation of the bacteria count data, although for the current study the results are converted 

back to their untransformed values in Table 5-1. 

The current study also extends the analysis beyond the previous study. The effectiveness of the analysis is 

discussed in Section 5.3. The statistical methodology is evaluated in Section 6 by verifying its underlying 

assumptions and comparing the results to a randomly sampled factorial ANOV A. The methodology is 

applied to individual rainfall levels and geopraphic regions in Section 7. These exercises serve to validate 

the results of the analysis. 

The addition of 1996 data and the use of recorded tidal elevations in this study resulted in a slightly 

different partitioning of the data into the cells of the ANOVA table (Tables 4-1 to 4-4). These 

modifications to the data set did not substantially affect the basic characteristics of the observed temporal 

. reductions caused by CSO system improvements. Fecal coliform reductions were apparent over all rainfall 
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conditions, though somewhat less during dry weather than wet weather. Enterococcus reductions were only 

evident during high rain conditions. For both studies, the overall temporal reduction in fecal coliform 

counts was found to be strongly statistically significant. 

However, the statistical significance of overall Enterococcus count reductions did vary between the two 

studies. The previous study was found to have borderline statistical significance, while the current study 

failed to detect any statistically significant temporal decreases.in overall Enterococcus counts. The current 

study represents a more accurate analysis, since an additional year of post-CSO system improvement data is 

utilized and the use of recorded tidal elevations improves the homogeneity of the randomized blocks. 

Therefore it can be concluded that a statistically significant decrease in fecal coliform but not Enterococcus 

counts in the CSO receiving water system can be attributed to wet weather improvements to the CSO 

drainage and discharge system. 
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9.0 CONCLUSIONS 

The objective of this study was to test the hypothesis that sewage indicator bacteria counts in the CSO 

receiving water system have experienced statistically significant decreases over the period from 1989 to 

1996, in response to systemwide improvements to the CSO drainage and treatment network during this 

period. Such an investigation is complicated by the high natural variability in bacteria counts due to 

varying environmental conditions, and the uneven temporal and spatial distribntion of the available data set. 

A factorial analysis of variance (ANOVA) technique was developed to perform the statistical analysis, 

adding a randomized blocks procedure to account for competing environmental variability. This 

methodology utilizes advanced statistical techniques yet still falls under the realm of classical statistics, and 

has been successfully implemented in a variety of applications. 

The analysis follows an approach which 1) defines an appropriate statistical hypothesis to maximize the 

strength of the analysis while providing a meaningful result, 2) fully utilizes all available data by 

considering the entire receiving water system as a whole, and 3) systematically accounts for naturally 

occurring bacteria count variability by addressing five key variables which affect bacteria counts: sampling 

year, rainfall, geographic location, tidal condition, and seasonality. By following this approach, a statistical 

methodology was developed which isolated the effect of CSO system improvements that have taken place, 

primarily during 1992. 

Variability due to sampling year and rainfall are accounted for by considering each parameter as an explicit 

factor in the factorial ANOV A Variability due to geographic region, tidal condition and seasonality is 

accounted for by partitioning the data into randomized blocks based on these parameters prior to performing 

the factorial ANOV A With all sources of environmental variability accounted for, the sampling year 

parameter then represents changes in bacteria counts resulting from CSO system improvements. The 

sampling year period from 1989-1991 represents conditions prior to implementation of the CSO system 

improvements, and the period from 1992-1996 represents conditions after improvements have taken effect. 

Based on the results of the implementation and evaluation of the applied statistical methodology, the 

following conclusions can be drawn regarding sewage indicator bacteria counts in the CSO receiving water 

system: 

• Improvements to the CSO drainage and discharge system result in a statistically significant 

overall reduction in fecal coliform counts over the entire CSO receiving water system of roughly 

36%. 

• CSO system improvements do not result in a statistically significant reduction in Enterococcus 
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counts within the CSO receiving water system. 

The factorial ANOV A with randomized .blocks methodology successfully accounts for naturally 

occurring environmental variability in both fecal coliform and Enterococcus connts, as indicated 

by statistically significant F factors for the blocks effect and the rainfall treatment in the factorial 

ANOVA (Section 5). This ensures that the results for the sampling year treatment reflect 

improvements to the CSO drainage and discharge system. 

The results of the factorial ANOV A are valid since the underlying assumptions of residual 

normality and equality of residual variances are satisfied. 

The utilization of the randomized blocking technique substantially improves the precision of the 

analysis, as indicated by the "efficiency of blocking" calculation, which shows that 6.5 times as 

many replicates would be needed to maintain the same level of precision without blocking. 

Conscientious partitioning of the data into appropriate treatments and blocks is critical to the 

successful implementation of the applied methodology, as indicated by the inability of the 

randomly sampled factorial ANOV A to account for environmental variables and consequently 

isolate the effect of CSO system improvements. 

A statistically significant temporal reduction in fecal coliform counts only occurs during wet 

weather, which indicates that wet weather improvement to the CSO drainage and discharge 

system have been primarily effective at reducing receiving water fecal coliform counts. 

Significant reductions in Enterococcus counts did not occur under any rainfall condition. 

• Statistically significant temporal fecal coliform reductions were detected in the Lower Charles 

River and Dorchester Bay. These geographic regions have received the majority of the CSO 

system improvements. Insufficient data were available to draw conclusions at a number of 

geographic regions. 
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APPENDIX A 

RESULTS FOR FACTORIAL ANOVA USING RANDOMIZED BLOCKS 
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Fecal Coliform 
Scheme A 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 
Geographici Tidal , RMS=Oin o in < RMS < .25 in , , , 

Region iConditioni Season 89·91 92·95 89·91 92·95 
Upper Charlesjfreshwater ifalUwinter 89 0 19 1 
Upper Charleslfreshwater ispring 23 45 31 55 , , 

39 61 Upper Charieslfreshwater :summer 36 93 
Lower Charlesifreshwater ifalifwinter 110 6 32 6 , , 
Lower Charles:freshwater !spring 60 60 60 65 
Lower Charle~freshwater lsummer 58 70 38 105 
Mystic R. ifreshwater !fallfwinter 46 68 19 59 , , 

22 12 9 80 Mystic R. lfreshwater lspring , , 
Mystic R. lfreshwater lsummer 77 135 37 58 
Nepan. Head. ifreshwater ifaillwinter 11 2 15 0 , , 
Nepen. Head. !freshwater !spring 0 8 2 3 
Nepan. Head. Ifreshwater Isummer 6 33 8 23 
Neponset R. !high ifalilwinter 11 41 40 33 
Neponset R. !high 

, 
0 34 7 39 lspling 

Neponset R. :high 
, 

33 103 16 71 :summer 
Neponset R. jlow jfalUwinter 24 24 38 32 , , 
Neponset R. llow , !spring 1 35 8 15 
Neponset R. How lsummer 6 103 25 83 
Dorch. Bay high ifalifwinter 11 0 24 0 , 
Dorch. Bay high !spring 9 20 25 13 
Dorch. Bay high lsummer 45 83 26 80 
Dorch. Bay low lfall/winter 20 4 38 0 
Dorch. Bay low !spring 19 27 25 8 
Dorch. Bay low !summer 9 113 36 77 
Inner Harbor high ifalifwinter 52 43 46 31 , 
Inner Harbor high !spring 30 56 48 70 
Inner Harbor high lsummer 115 115 55 103 
Inner Harbor low ifalUwinter , 34 42 33 46 
Inner Harbor low !spring 50 39 32 93 
Inner Harbor low lsummer 75 116 50 94 
Outer Harbor high !fall/winter 49 10 9 10 
Ouier Harbor high !spring 2 25 15 11 
Outer Harbor high 

, 
43 142 23 121 lsummer 

Outer Harbor low ifalifwinter 44 0 27 0 , 
4 19 23 21 Outer Harbor low !spring 

Outer Harbor low lsummer 59 160 37 106 

Total # 
RMS> .25 in samples 

89·91 92·95 in block 
72 0 181 
14 20 188 
69 100 398 
83 4 241 
32 25 302 
80 87 438 
8 50 250 
0 6 129 

102 57 466 
8 2 38 
0 6 19 
10 26 106 
22 14 161 
3 25 108 

14 65 302 
25 30 173 
4 41 104 
56 99 372 
23· 1 59 
17 13 97 
43 65 342 
35 2 99 
14 28 121 
89 82 406 
49 30 251 
17 22 243 

142 72 602 
53 32 240 
5 32 251 

88 112 535 
22 5 105 
2 7 62 
57 133 519 
17 0 88 
0 17 84 

77 127 566 
Total number of fecal coliform samples. 8646 
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Fecal Coliform 
Scheme A 
Cell Average V~lues (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographic: Tidal ' . RMS=Oin o in < RMS < .25 in RMS> .25 in , , , 

ReQion :Condition: Season 89-91 92-95 89-91 92-95 89-91 92-95 
Upper Charlesjfreshwater jfalliwinter 6.48 6.02 7.06 5.71 7.29 7.02 
Upper Charles!freshwater ispring 7.85 6.29 6.96 6.34 7.24 6.37 , , 
Upper Chanes:freshwater Isummer 6.60 6.14 6.10 6.92 7.41 6.94 
Lower Charles/freshwater ifalliwinter 5.81 7.06 6.14 6.04 6.69 6.40 , , 
Lower Charlesifreshwater !spring 5.98 4.72 5.60 4.53 6.44 5.37 
Lower Charieslfreshwater lsummer 5.43 4.28 5.13 4.86 6.52 5.68 
MysticR. ifreshwater jfailiwinter 5.48 5.83 6.25 6.45 8.12 6.62 
Mystic R. ' '. 4.19 4.51 4.63 4.89 5.94 6.29 :freshwater lspnng , , 
Mystic R. lfreshwater :summer 4.69 4.88 4.86 3.98 6.21 6.60 
Nepon. Head. ifreshwater ifaillwinter 6.72 6.16 6.56 6.35 7.54 7.77 , , 
Nepan. Head. Ifreshwater lsummer 7.29 6.92 7.77 6.93 8.07 7.63 
Neponset R. !high !faillwinter 4.42 2.97 5.38 4.32 5.96 5.91 
Neponset R. !high 

, 
lspring 5.46 4.77 6.80 3.90 8.15 5.45 

Neponset R. !high 
, 

4.35 5.01 4.92 . 4.81 5.92 6.86 lsummer 
Neponset R. !Jow jfalliwinter 4.94 5.27 4.81 4.40 6.17 5.58 
Neponset R. 

, , 
3.78 4.38 5.80 5.75 6.89 5.17 llow !spring , 

Neponset R. How isummer 5.95 5.61 5.63 4.58 6.43 6.59 
Dorch. Bay !high !spring 1.54 2.10 1.98 2.34 2.95 3.00 
Dorch. Bay thigh 

, 
2.16 2.33 2.96 2.71 3.48 3.73 :summer 

Dorch. Bay ilow ifalJlwinter 4.55 4.28 3.64 4.03 6.34 4.34 , , 
1.87 Dorch. Bay : low lspring 2.43 2.61 1.80 4.25 2.70 , 

Dorch. Bay ilow lsummer 4.38 2.36 2.67 2.15 3.57 3.64 
Inner Harbor !high :faillwinter 4.82 3.67 4.29 3.88 6.26 4.58 , 
Inner Harbor !high 

, 
3.51 3.49 4.66 3.83 3.62 4.32 :spring 

Inner Harbor !high 
, 

4.07 4.15 4.68 4.57 5.99 5.75 lsummer 
Inner Harbor ilow ifalJlwinter 5.03 5.15 4.85 4.77 6.35 4.82 , , 

3.68 2.88 Inner Harbor Ilow lspring 4.52 3.99 3.17 4.90 , 
Inner Harbor flow lsummer 4.20 4.12 5.48 4.33 5.44 5.48 
Outer Harbor !high !faillwinter 2.72 1.33 4.72 2.32 3.62 2.07 
Outer Harbor !high ispring 1.35 1.51 2.63 1.42 3.09 4.71 
Outer Harbor : high :summer 1.60 1.93 4.53 1.75 2.92 2.44 
Outer Harbor !Jow 

, 
Ispring 3.30 1.98 1.81 2.59 3.43 2.29 

Outer Harbor !Iow 
, 

1.86 2.01 2.01 1.89 2.65 2.68 lsummer 
sum 146.06 136.54 158.44 139.13 184.12 169.70 

mean 4.43 4.14 4.80 4.22 5.58 5.14 
untransfon:ned mean 83 62 121 67 264 170 

% reduction 25.3% 44.6% 35.6% 
overall mean 138 89 

overall % reduction 35.5% 

Highlighted cells denote estimated values 
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Fecal Coliform 
Scheme A 
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Factorial ANOVA with Randomized Blocks 

tim 

rain/no rai 
interactio 

high rainflow rai 
interactlo 

e 
n 
n 
n 
n 

ANOVA Multipliers 
RMS - 0 in 

89·91 92·96 
·1 1 

·2 ·2 
2 ·2 
0 0 
0 0 

o in < RMS < .25 in RMS > .25 in 

89·91 92·96 89·91 92·96 
·1 1 ·1 1 
1 1 1 1 
·1 1 ·1 1 
·1 ·1 1 1 
1 ·1 ·1 1 

Squares of ANOVA Multipliers 
tim 

rainfno rai 
interactio 

high rain/low rai 
interaclio 

e 
n 
n 
n 
n 

1 
4 
4 
0 
0 

REPORTAP97.xLSIFC Scheme A 

1 
4 
4 
0 
O. 

1 1 
1 1 
1 1 
1 1 
1 1 

1 
1 
1 
1 
1 

#treat= 6 
#blocks= 33 

#cells= 198 
#zeros= 7 

1 
1 
1 
1 
1 

avg of reclp= 0.1026 

Factorial Treatment time 

Effect Total SS S8 
-43.25 9.45 9.45 
86.19 18.76 

·14.69 0.54 
56.25 23.97 

4.89 0.18 
52.90 9.45 

sum divisor for SS 

6 198 
12 396 
12 396 
4 132 
4 132 

Source of Variation 
Blocks 
Treatments 

Time 
Rainfall 

Rain/no rain 
highllow rain 

Error 
Total 

__ 1 J 

rain interaction! 
8S S8 

18.76 
0.54 

23.97 
0.18 

42.73 0.73 

ANOVA Results 

OoF SS 
32 458.27 
5 52.90 

1 9.45 
2 42.73 
1 . 18.76 
1 23.97 

153 615.71 
190 1126.89 

1_. 

Correction: C = 4405.74 

Total 88 = 1126.89 
Blocks S8 = 458.271 

Error S8 = 615.71 

MS F 
14.32 34.69 
10.58 25.63 

9.45 22.89 
21.36 51.76 
18.76 45.44 
23.97 58.07 

0.41 

4501·007·29P 



Fecal Coliform 
Scheme B 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 
Geographic! Tidal • RMS-Oin o in < RMS < .25 in • • 

Region I Condition: Season 89-91 92-95 89-91 92-95· 
Charles R. jfreshwater ifailiwinter 199 6 51 7 
Charles R. 'f '. 83 105 91 119 : reshwater \spnng 

• • 97 Charles R. :freshwater lsumrner 132 74 198 
Mystic R. jfreshwater ifalllwinter 46 68 19 59 

• • 
Mystic R. !freshwater !spring 22 12 9 80 
Mystic R. lfreshwater lsummer .77 135 37 58 
Nepon. Head. ifreshwater ifallI'Ninter 11 2 15 0 

• • 0 8 Nepan. Head. :freshwater :spring 2 3 
Nepen. Head. Ifreshwater !summer- 6 33 8 23 
Neponset R. thigh IfallI'Ninter 11 41 40 33 

• 
Neponset R. thigh !spring 0 34 7 39 
Neponset R. lhigh lsummer 33 103 16 71 
Neponset R. low ! falilwinter 24 24 38 32 
Neponset R. low • 1 35 8 15 lspring 
Neponset R. low • 6 103 25 83 Jsummer 
Dorch. Bay high ifallfwinter 11 0 24 0 

• 
Dorch. Bay high !spring 9 20 25 13 
Dorch. Bay high lsummer 45 83 26 80 
Dorch. Bay low ifailiwinter 20 4 38 0 

• Dorch. Bay low !spring 19 27 25 8 
Dorch: Bay low :summer 9 113 36 77 
Inner Harbor high ifallI'Ninter 

• 
52 43 46 31 

Inner Harbor high !spring 30 56 48 70 
Inner Harbor high • Jsummer 115 115 55 103 
Inner Harbor low ifall!Winter 34 42 33 46 

• 50 39 32 93 Inner Harbor low !spring 
Inner Harbor low lsummer 75 116 50 94 
Outer Harbor high lfaillwinter 

• 
49 10 9 10 

Outer Harbor high !spring 2 25 15 11 
Outer Harbor high lsummer 43 142 23 121 
Outer Harbor low fallI'Ninter 44 0 27 0 
Outer Harbor low spring 4 19 23 21 
Outer Harbor low summer 59 160 37 106 

Total # 
RMS> .25 in samples 

89-91 92-95 in block 
155 4 422 
46 45 489 
149 187 837 
8 50 250 
0 6 12.9 

102 57 466 
8 2 38 
0 6 19 
10 26 106 
22 14 161 
3 25 108 
14 65 302 
25 30 173 
4 41 104 
56 99 372 
23 1 59 
17 13 97 
43 65 342 
35 2 99 
14 28 121 
89 82 406 
49 30 251 
17 22 243 
142 72 602 
53 32 240 
5 32 251 
88 112 535 
22 5 105 
2 7 62 
57 133 519 
17 0 88 
0 17 84 
77 127 566 . Total number of fecal coliform samples. 8646 
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Fecal Coliform 
Scheme B 
Cell Average Values (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographic: Tidal • RMS=Oin o in < RMS < .25 in RMS > .25 in • • • 

Region : Condition: Season 89-91 92-95 89-91 92-95 89-91 92-95 
Charles R. jfreshwater jfalUwinter 6.11 7.06 6.48 5.99 6.97 6.40 
Charles R. lfreshwater !spring 6.50 5.39 6.06 5.33 6.68 5.81 
Charles R. ;freshwater lsummer 5.90 5.14 5.60 5.83 6.93 6.36 
Mystic R. ifreshwater ifalllwinter 5.48 5.83 6.25 6.45 8.12 6.62 

• • Mystic R. lfreshwater !spring 4.19 4.51 4.63 4.89 5.95 6.29 
Mystic R. (freshwater lsummer 4.69 4.88 4.86 3.98 6.21 6.60 
Nepon. Head. ifreshwater ifall/ylinter 6.72 6.16 6.56 6.35 7.54 7.77 

• • Nepan. Head. lfreshwater lsummer 7.29 6.92 7.77 6.93 8.07 . 7.63 
Neponset R. :high ifalUwinter 4.42 2.97 5.38 4.32 5.96 5.91 

• • Neponset R. !high lspring 5.39 4.77 6.80 3.90 8.15 5.45 
Neponset R. lhigh lsummer 4.35 5.01 4.92 4.81 5.92 6.86 
Neponset R. flow 

• 
!falltwinter 4.94 5.27 4.81 4.40 6.17 5.58 

Neponset R. !Iow • (spring 3.78 4.38 5.80 5.75 6.89 5.17 
Neponset R. !low • 5.95 5.61 5.63 4.58 6.43 6.59 (summer 
Dorch. Bay jhigh ispring 1.54 2.10 1.98 2.34 2.95 3.00 
Dorch. Bay !high • lsummer 2.16 2.33 2.96 2.71 3.48 3.73 
Dorch. Bay flow 

• 
!faJUwinter 4.55 4.28 3.64 . 4.03 6.34 4.34 

Dorch. Bay flow 
• 

!spring 1.87 2.43 2.61 1.80 4.25 2.70 
Dorch. Bay • • 4.38 2.36 2.67 2.15 3.57 3.64 flow (summer 
Inner Harbor ihigh !falUwinter 4.82 3.67 4.29 3.88 6.26 4.58 

• • Inner Harbor lhigh !spring 3.51 3.49 4.66 3.83 3.62 4.32 
Inner Harbor lhigh lsummer 4.07 4.15 4.68 4.57 5.99 5.75 
Inner Harbor flow :tallfwinter 5.03 5.15 4.85 4.77 . 6.35 4.82 

• • 
Inner Harbor pow • (spring 3.68 2.88 4.52 3.99 3.17 4.90 
Inner Harbor !Jow • 4.20 :summer 4.12 5.48 4.33 5.44 5.48 
Outer Harbor ihigh ifali/winter 2.72 1.33 4.72 2.32 3.62 2.07 

• • 1.35 2.63 3.09 Outer Harbor !high ispring 1.51 1.42' 4.71 
Outer Harbor : high lsummer 1.60 1.93 4.53 1.75 2.92 "2.44 
Outer Harbor How !spring 3.30 1.98 1.81 2.59 3.45 2.29 

• 
Outer Harbor now lsummer 1.86 2.01 2.01 1.89 2.65 2.68 

sum 126.35 119.62 139.59 121.88 163.14 150.49 
mean 4.21 3.99 4.65 4.06 5.44 5.02 

untransfonned mean 66 53 104 57 229 150 
% reduction 19.7% 45.2% 34.5% 

overall mean 116 77 
overall % reduction 33.6% 

Highlighted cells denote estimated values 

REPORTAP97.xLS!FC Scheme B A-S 4501-007-29P 
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Fecal Coliform 
Scheme B 
Factorial ANOVA with Randomized Blocks 

tim 

rain/no ra' 
interactio 

high rainllow rai 
interactio 

3 

n 
n 
n 
n 

ANOVA Multipliers 
RMS = 0 in 

89-91 92-96 
-1 1 
-2 -2 
2 -2 
0 0 
0 0 

o in < RMS < .25 iri RMS > .25 in 

89-91 92-96 89-91 92-96 

-1 1 -1 1 

1 1 1 1 
-1 1 -1 1 
-1 -1 1 1 
1 -1 -1 1 

-

Squares of ANOVA Multipliers 

tim 
rain/no rai 
interactio 

high rain/low rai 
interactio 

e 
n 
n 
1 

n 

1 
4 
4 
0 
0 

REPORTAP97.xLSIFC Scheme B. 

r-I c-:J L ~ 

1 
4 
4 
0 
0 

C'::"; 

1 
1 
1 
1 
1 

~ 

1 
1 
1 
1 
1 

1 1 
1 1 
1 1 
1 1 
1 1 

-----

#treat= 6 
#blocks= 30 

#cells= 180 
#zeros= 5 

avg of recip= 0.0931 

--; ~ ,;j 

Factorial 

EllectT otal 

-37.09 
83.16 

-16.90 
52.16 

5.06 

sum 

6 
12 
12 
4 
4 

~, 

Treatment time 

SS SS 
7.64 7.64 

19.21 
0.79 

22.67 
0.21 

~--

50.53 7.64 

divisor for SS 

180 
360 
360 
120 
120 

Source of Variation 

Blocks 
Treatments 

Error 
Total 

,....-
L. 

Time 
Rainfall 

Rain/no rain 
high!low rain 

rain interaction 

SS SS 

19.21 
0.79 

22.67 
0.21 --_ .. -

41.88 1.01 

ANOVA Results 

OoF SS 

29 398.42 
5 50.53 

1 7.64 
2 41.88 
1 19.21 
1 22.67 

140 588.77 

174 1037.72 

--; :--1 

Correction: C = 3745.31 

Total SS = 1037.72 

Blocks SS = 398.424 

Error SS = 588.77 

MS F 
13.74 35.11 
10.11 25.82 

7.64 19.53 
20.94 53.51 
19.21 49.09 
22.67 57.93 

0.39 
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Fecal Coliform 
SchemeC 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 

Geographic: Tidal , RMS=O in o in < RMS < .25 in RMS> .25 in , 
Reqion ! Condition! Season 89-91 92-95 89-91 92-95 89-91 92-95 

Upper Charles!freshwater !falilwinter 89 0 19 1 72 0 
Upper Charles/freshwater !spring 23 45 31 55 14 20 
Upper Charles/freshwater fjul 39 54 35 86 69 83 
Upper Cha~es:treshwater :aug 0 7 1 7 0 17 
Lower Charles/freshwater :fail/winter 110 6 32 6 83 4 , , . 

60 60 60 65 Lower Charies:freshwater Jspnng 32 25 
Lower Charles!freshwater !jul 51 63 34 100 74 76 , . , 
Lower Charleslfreshwater laug 7 7 4 5 6 11 
Mystic R. :freshwater :fail/winter 46 68 19 59 8 50 
Mystic R. !freshwater !spring 22 12 9 80 0 6 
Mystic R. !freshwater !jul 21 0 21 20 16 11 , , 
Mystic R. lfreshwater :aug 56 135 16 38 86 46 
Nepen. Head. !freshwater lfall/winter 11 2 15 0 8 2 
Nepen. Head. !freshwater !spring 0 8 2 3 0 6 
Nepen. Head. !freshwater liul 2 15 4 20 8 15 
Nepan. Head. !freshwater !aug 4 18 4 3 2 11 
Neponset R. !high lfaillwinter 11 41 40 33 22 14 , 
Neponset R. !high !spring 0 34 7 39 3 25 
Neponset R. !high Hul 12 46 11 57 11 43 

Neponset R. !high !aug. 21 57 5 14 3 22 
Neponset R. :Iow !fall/winter 24 24 38 32 25 30 , 
Neponset R. I low !spring 1 , 35 8 15 4 41 
Neponset R. !Jow Uul 3 49 10 68 50 50 
Neponset R. !Iow 

, 
:aug 3 54 15 15 6 49 

Dorch. Bay :high , :faillwinter 11 , 0 24 0 23 1 

Dorch. Bay !high !spring 9 20 25 13 17 13 
Dorch. Bay !hugh Hul 19 37 18 61 39 43 
Dorch. Bay Ihigh :aug 26 46 8 19 4 22 
Dorch. Bay :Iow :failiwinter 20 4 38 0 35 2 
Dorch. Bay !Iow 

, 
19 27 25 8 14 28 :spring 

Dorch. Bay !low !juJ 6 57 21 70 78 49 , 
!aug Dorch. Bay llow 3 56 15 7 11 33 

Inner Harbor !high lfali/winter 52 43 46 31 49 30 , 
Inner Harbor ihigh :spring 30 56 48 70 17 22 
Inner Harbor !high Jjul 54 48 14 . 79 25 41 
Inner Harbor Ihigh laug 61 67 41 24 117 31 
Inner Harbor :Iow :faillwinter 34 42 33 46 53 32 
Inner Harbor !Iow 

, 
:spring 50 39 32 93 5 32 

Inner Harbor !Iow Ijul 16 51 23 79 15 82 , , 
Inner Harbor llow :aug 59 65 27 15 73 30 
Outer Harbor. ! high lfalUwinter 49 10 9 10 22 5 , 
Outer Ha,rbor !high !spring 2 25 15 11 2 7 
Outer Harbor !high Uul 6 42 2 38 2 29 
Outer Harbor !high !aug 37 100 21 83 55 104 
Outer Harbor I low :fail/winter 44 0 27 0 17 0 , , 

21 Outer Harbor I low !spring 4 19 23 0 17 , 
Outer Harbor : low !jul 23 53 3 46 9 33 , 
Outer Harbor Ilow laug 36 107· 34 60 68 94 

Total number of fecal coliform samples: 

REPORTAP97.xLS!FC Scheme C 
A-7 

Total # 
samples 
in block 

181 
188 
366 
32 

241 
302 
398 
40 

250 
129 
89 

377 
38 
19 
64 
42 
161 
108 
180 

122 
173 
104 . 
230 
142 
59 
97 

217 
125 
99 

121 
281 
125 
251 
243 
261 
341 
240 
251 
266 
269 
105 
62 
119 
400 
88 
84 

167 
399 

8646 
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Fecal Coliform 
Scheme C 
Cell Average Values (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographicl Tidal 0 RMS=O in o in < RMS < .25 in RMS > .25 in 0 

Region !Condition! Season 89-91 92-95 89-91 92-95 89-91 92-95 
Upper Chartes!freshwater !fall/winter 6.48 6.03 7.06 5.71 7.29 7.06 
UppefCharleslfreshwater lspring 7.85 6.29 6.96 6.34 7.24 6.37 
Upper Charles!freshwater iiul 6.60 6.18 6.11 6.97 7.41 6.74 
Lower Charies!freshwater !fall/winter 5.81 7.06 6.14 6.04 6.69 6.40 

- Lower Charles: freshwater ! spring 5.98 4.72 5.60 4.53 6.44 5.37 
Lower Charles!freshwater !jut 5.51 4.37 5.13 4.89 6.49 5.84 

o 0 

Lower Charieslfreshwater :aug 4.88 3.49 5.16 4.26 6.85 4.58 
Mystic R. Ifreshwater Ifaillwinter 

o 0 
5.48 5.83 6.25 6.45 8.12 6.62 

Mystic R. !freshwater !spring 4.19 4.51 4.63 4.89 5.96 6.29 
Mystic R. !freshwater hUI 4.18 4.24 4.53 3.49 4.94 7.50 
Mystic R. !freshwater !aug 4.88 4.88 5.29 4.25 6.45 6.39 
Nepon. Head. !freshwater !faillwinter 6.72 6.16 6.56 6.33 7.54 7.77 
Nepon. Head. !freshwater pUI 7.37 6.83 7.05 6.88 7.69 7.90 
Nepon. Head. !freshwater !auo 7.25 6.99 8.49 7.32 9.59 7.26 
Neponset R. thigh :falVwinter 4.42 2.97 5.38 4.32 5.96 5.91 
Neponset R. !high 

0 

5.50 4.77 6.80 3.90 8.15 5.45' :spring 

:high 
0 

4.51 4.33 5.06 4.60 6.72 Neponset R. !jul 5.59 
0 

Neponset R. lhigh laug 4.26 5.55 4.62 5.67 7.12 7.13 
Neponset R. !low !fall/winter 4.94 5.27 4.81 4.40 6.17 5.58 

0 0 

3.78 4.38 5.80 Neponset R. :Iow !spring 5.75 6.89 5.17 
0 

Neponset R. :Iow :jul 5.06 4.20 5.71 4.65 6.23 5.57 
0 

!aug Neponset R. How 6.85 6.88 5.57 4.29 8.12 7.63 
Dorch. Bay !high !spring 1.54 2.10 1.98 2.34 2.95 3.00 
Dorch. Bay !hugh Hul 1.80 1.62 2.35 2.49 3.35 3.80 
Dorch. Bay !high 

0 

2.42 ~aug 2.90 4.34 3.42 4.79 3.60 
Dorch. Bay :Iow lfall/winter 4.55 4.28 3.64 4.01 6.34 4.34 

0 0 

Dorch. Bay :Iow !spring 1.87 2.43 2.61 1.80 4.25 2.70 
0 

Dorch. Bay !Iow . Uul 2.84 2.00 2.15 2.14 3.10 3.32 
Dorch. Bay :Iow :auQ 7.46 2.72 3.39 2.23 6.91 4.12 
Inner Harbor :high l faU/winter 4.82 3.67 4.29 3.88 6.26 4.58 
Inner Harbor !high 

o • 
3.51 3.49 4.66 3.83 3.62 4.32 lspnng 

I nner Harbor !high !jul 3.85 3.82 3.90 4.81 5.60 5.80 
Inner Harbor :high !aug 4.25 4.39 4.95 3.77 6.07 5.67 
Inner Harbor llow !faillwinter 5.03 5.15 4.85 4.77 6.35 4.82 

0 

Inner Harbor llow 
0 

!spring 3.68 2.88 4.52 3.99 3.17 4.90 
Inner Harbor !Iow Jjul 3.85 4.09 5.05 4.54 4.44 5.63 
Inner Harbor llow lauQ 4.30 4.14 5.84 3.22 5.64 5.07 
Outer Harbor lhigh :faillwinter 2.72 1.33 4.72 2.32 3.62 2.07 
Outer Harbor !high 

0 

1.35 1.51 2.63 1.42 3.09 4.71 lspring 

Outer Harbor !high !jul 1.53 2.73 0.92 2.06 1.35 2.01 
Outer Harbor ! high 

0 

laug 1.61 . 1.59 4.87 1.60 2.97 2.56 
Outer Harbor ! low !spring 3.30 1.98 1.81 2.59 3.45 2.29 
Outer Harbor ! low Uul 1.58 2.33 1.59 2.35 2.35 3.01 
Outer Harbor llow ~aug 2.03 1.85 2.05 1.54 2.69 2.56 

sum 192.39 178.93 205.82 181.05 245.29 226.13 
mean 4.37 4.07 4.68 4.11 5.57 5.14 

untransformed mean 78 58 107 60 261 170 
% reduction 25.6% 43.9% 34.9% 

overall mean 130 84 
overall % reduction 35.4% 

Highlighted cells denote estimated values 
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Fecal Coliform 
Scheme C 

L ._ .. --' ' ... - l. ... J \. ... 1 

Factorial ANOYA with Randomized Blocks 

ANOVA Multipliers 

RMS - 0 in o in < RMS < .25 in RMS > .25 in 

time 
rain/no rai 
interactio 

high rainflow rai 
interactio 

l 

1 

1 

1 

n 

89-91 

-1 
-2 
2 
0 
0 

------

92-96 89-91 

1 -1 
-2 1 
-2 -1 
0 -1 
0 1 

-_._--

Squares of ANOVA Multipliers 

time 
rain/no rain 
interaction 

high rainflow rain 
interaction 

1 
4 
4 
0 
0 

REPORTAP97.xLSIFC Scheme C 

1 1 
4 1 
4 1 
0 1 
0 1 

-

92-96 

1 
1 
1 
-1 
-1 

1 
1 
1 
1 
1 _. 

89-91 92-96. 

-1 
1 
-1 
1 
-1 

1 
1 
1 
1 

, 1_. 

#lreat= 6 
#blocks= 44 

#cells= 264 
#zeros= 8 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

-

avg of recip= 0.1148 

} 

Factorial Treatment time 
Effect Total SS SS 

-57.39 12.48 12.48 
115.65 25.33 
-17.01 0.55 
84.55 40.62 

5.61 0.18 

79.15 12.48 

sum divisor for SS 

6 264 
12 528 
12 528 
4 176 
4 176 

Source of Variation 
Blocks 
Treatments 

Time 
Rainfall 

Rain/no rain 
highl/ow rain 

Error 
Total 

rain interaction I 

SS SS 

i 

25.33 
0.55 

40.62 
0.18 

65.95 0.73 

ANOVA Results 

OaF SS 

43 651.49 
5 79.15 

1 12.48 
2 65.95 
1 25.33 
1 40.62 

207 864.10 
255 1594.74 

t. ... J 

Correction: C = 5727.05 
Total SS = 1594.74 

Blocks SS = 651.485 
Error SS = 864.10 

MS F 
15.15 31.62 
15.83 33.04 

12.48 26.04 
32.97 68.82 
25.33 52.87 
40.62 84.77 

0.48 

4501-007-29P 



Enterococcus 
Scheme A 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 
Geographici Tidal ; RMS= 0 in Oin<RMS<.25in , , , 

Region :Conditionl Season 89-91 92-95 89-91 92-95 
Upper Charlesjfreshwater jfalilwinter 89 0 19 0 
Upper Charle~freshwater ispring 0 47 0 56 
Upper Charfes!freshwater !summer 39 60 36 93 
Lower Charles:freshwater ifalilwinter 108 6 32 5 , , 

16 Lower Charle~freshwater :spring 59 12 65 
Lower Charleslfreshwater Isummer 58 70 38 103 
Mystic R. !freshwater ifalilwinter 46 68 19 59 
Mystic R. !freshwater ispring 22 12 7 80 
Mystic R. !freshwater !summer 77 133 37 58 
Nepon. Head. :freshwater ifalilwinter 10 1 14 0 , , 
Nepen. Head. ;freshwater ~spring 0 8 2 3 , , 

6 31 Nepen. Head. Ifreshwate:r lsummer 8 24 
Neponset R. !high !falllwinter 11 9 40 6 
N~ponset R. !high 

, 
Ispring 0 16 7 16 

Neponset R. !high 
, 
:summer 33 98 16 70 

Neponset R. jlow jfailiwinter 24 10 38 3D , , 
Neponset R. :Iow !spring 1 29 8 10 , 
Neponset R. : low :summer 6 101 25 82 
Dorch. Bay !high :faillwinter 11 0 24 0 

!high 
, 

9 20 25 Dorch. Bay :spring 13 
Dorch. Bay 

, . , 
45 82 26 80 :hlgh :summer 

Dorch. Bay :Iow ifalilwinter 20 2 38 0 , , 
Dorch. Bay :Iow !spring 19 27 25 8 , 
Dorch. Bay Ilow lsummer 9 108 36 78 
Inner Harbor !high !failiwinter 52 43 46 31 
Inner Harbor !high 

, 
30 53 48 70 :spring 

Inner Harbor !high 
, 

115 112 55 103 :summer 

Inner Harbor :Iow ifalilwinter 34 39 33 46 , , 
50 39 Inner Harbor llow ispring 32 91 , 

Inner Harbor :Iow :summer 75 113 50 94 
Outer Harbor !high !failiwinter 49 10 9 9 
Outer Harbor !high !spring 2 20 15 11 
Outer Harbor lhigh :summer 43 140 23 121 
Outer Harbor low failiwinter 42 0 27 0 
Outer Harbor low spring 4 19 23 21 
Outer Harbor low summer 59 156 37 104 . 

RMS> .25 in 
89-91 92-95 

72 0 
0 20 

68 100 
83 4 
2 25 

79 87 
8 50 
0 6 

102 57 
8 2 
0 6 

10 28 
22 14 
3 24 

14 65 
25 25 
4 32 
56 107 
23 1 
17 13 
43 65 
35 2 
13 28 
89 88 
49 3D 
17 24 
142 72 
54 32 
5 32 
88 112 
22 5 
2 7 
57 134 
17 0 
0 17 
77 127 

lotal numDer ot enterococcus sam ltes: p 

REPORTAP97.XLS!EN Scheme A . A-10 

Total # 
samples 
in block 

180 
123 
396 
238 
179 
435 
250 
127 
464 
35 
19 

107 
102 
66 

296 
152 
64 

377 
59 
97 

341 
97 

120 
408 
251 
242 
599 
238 
249 
532 
104 
57 
518 
86 
64 
560 

8272 
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Enterococcus 
Scheme A 
Cell Average Values (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographici TIdal ; RMS = 0 in o in < RMS < .25 in RMS > .25 in 0 

0 0 

Region lConditionl Season 89-91 92-95 89-91 92-95 89-91 92-95 
Upper Charlesjfreshwater ifalilwinter 5.63 5.85 6.14 6.03 7.16 6.82 
Upper CharJesifreshwater jspring 4.52 4.62 4.75 4.93 5.88 5.37 
Upper Charles!freshwater :summer 4.58 4.41 4.07 5.33 6.53 5.92 
Lower Charlesifreshwater ifalilwinter 4.62 6.94 4.84 5.87 6.11 6.67 

0 0 

2.26 3.13 Lower Chariest freshwater !spring 2.29 3.28 3.69 4.20 
Lower Charleslfreshwater Isummer 3.02 2.76 3.10 3.25 4.60 3.98 
Mystic R. !freshwater !failiwinter 3.86 3.50 5.82 4.14 8.00 4.36 
Mystic R. !freshwater lspring 3.62 3.60 3.99 4.12 5.22 5.57 

o 0 

3.81 3.84 3.69 3.50 5.47 Mystic R. :freshwater lsummer 4.73 
Nepon. Head. ifreshwater ifalilwinter 5.94 6.91 6.06 6.45 7.81 6.99 

o 0 

6.66 5.84 6.16 5.62 8.34 6.66 Nepan. Head. lfreshwater Isummer 
Neponset R. :high lfalUwinter 4.23 3.58 4.56 5.92 5.16 5.54 

0 0 

Neponset R. !high !spring 4.26 3.39 4.62 3.66 7.44 5.17 
Neponset R. thigh I summer 3.19 3.80 2.97 3.71 4.83 5.43 
Neponset R. !Jow ifalilwinter 3.47 5.35 3.44 3.67 5.17 5.45 
Neponset R. how 0 

2.40 2.70 3.76 5.29· 5.76 4.67 :spring 
0 0 

5.33 Neponset R. llow lsummer 4.47 4.01 4.12 3.11 5.21 
Dorch. Bay !high !spring 1.02 1.50 1.40 1.75 1.66 2.25 
Dorch. Bay !high 

0 

2.00 2.14 2.02 2.17 2.02 3.18 :summer 
Dorch. Bay !Iow ifali/winter 2.64 2.42 2.52 2.53 4.43 2.09 

0 0 

1.26 1.52 1.58 1.14 3.04 2.03 Dorch. Bay :Iow lspring 
0 0 

2.04 2.20 2.40 3.04 Dorch. Bay :Iow lsummer 1.62 2.03 
Inner Harbor ~high !faillwinter 3.49 2.36 4.05 2.84 5.24 2.62 

0 0 

Inner Harbor !high !spring 1.74 2.84 2.24 2.97 2.36 3.99 
Inner Harbor !high 

0 2.48 2.52 2.98 3.03 3.54 4.01 Jsummer 
Inner Harbor iJow ! faillwinter 3.84 3.31 4.69 2.96 5.98 3.62 
Inner Harbor 

0 0 

1.93 2.41 2.49 2.98 1.68 3.76 :Iow : spring 
0 0 

3.12 2.49 2.72 3.16 3.44 3.90 Inner Harbor :Jow lsummer 
Outer Harbor ihigh ifalilwinter 3.19 1.33 4.01 1.22 4.41 1.09 

0 0 

1.38 3.67 Outer Harbor !high !spring 1.35 1.60 1.59 1.35 
Outer Harbor ihigh :summer 1.57 1.71 1.71 1.61 2.07 2.04 
Outer Harbor llow !spring 1.57 1.84 1.62 2.03 3.00 2.74 
Outer Harbor : low lsummer 1.61 1.81 1.61 1.89 1.92 2.21 

sum 105.39 107.81 113.24 113.78 150.30 139.72 
mean 3.19 3.27 3.43 3.45 4.55 423 

untransfonned mean 23 25 30 31 94 68 
% reduction -8.7% -3.3% 27.7% 

overall mean 40 37 
overall % reduction 7.5% 

Highlighted cells denote estimated values 
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Enterococcus 
Scheme A 
Factorial ANOVA with Randomized Blocks 

tim 

"rain/no rai 
interactio 

high rainllow rai 
interactio 

, 
, 
, , , 

ANOVA Multipliers 

RM8 = 0 in 

89-91 92-96 

-1 1 

-2 -2 
2 -2 
0 0 
0 0 

o in < RM8 < .25 in RM8 > .25 in 

89-91 92-96 89-91 92-96 

-1 1 -1 1 

. 1 1 1 1 
-1 1 -1 1 
-1 -1 1 1 
1 -.1 ' -1 1 

Squares of AN OVA Multipliers 

tim 
rainlno rai 
interactio 

high rainllow rain 
interactio 

, , 
1 

1 , 

1 
4 
4 
0 
0 

REPORTAP97.xLSIEN Scheme A 

1 1 
4 1 
4 1 
0 1 
0 1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

#treat= 6 
#blacks= 33 

#cells= 198 
#zeros= 7 

1 
1 
1 
1 
1 

avg of recip= 0.1263 

I 

--, .-----, ,---. r----" r-- ~ ... ---, ------;i r-o--. 

Factorial 

Effect Total 

-7.62 

90.64 
-14.88 
63.00 

-11.12 

sum 

6 
12 
12 
4 
4 

,--

Treatment 

88 

0.29 

20.75 
0.56 

30.07 
0.94 

............ 52.60 

divisor for SS 

198 
396 
396 
132 
132 

time 

88 

0.29 

---0.29 

Source of Variation 

Blocks 
Treatments 

Time 
Rainfall 

Ralnlno rain 
highllow rain 

Error 

Total 

rain interaction 
88 88 

20.75 
0.56 

30.07 
0.94 

......... ~ 
50.81 1.50 

ANOVA Results 

DoF SS 

32 414.41 
5 52.60 

1 0.29 
2 50.81 
1 20.75 
1 30.07 

153 572.89 

190 1039.90 

r-
• ':-::J ~_ .. J 

~ 

'----, 

Correction: C = 2693.18 

Total 88 = 1039.90 

Blocks 88 = 414.408 
Error SS = 572.89 

MS F 

12.95 27.39 
10.52 22.25 

0.29 0.62 
25.41 53.73 
20.75 43.87 
30.07 63.59 

0.47 

4501-007-29P 
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Enterococcus 
Scheme B 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 
Geographici Tidal ; RMS=O in o in < RMS < .25 in RMS> .25 in • • • 

Region :Conditionl Season 89-91 92-95 89-91 92-95 89-91 92-95 
Charles R. jfreshwater ifalllwinter 197 6 _ 51 5 155 4 
Charles R. !freshwater !spring 16 106 12 121 2 45 
Charles R. !freshwater !summer 97 130 74 196 147 187 
Mystic R. jfreshwater ifaillwinter 46 68 19 59 8 50 

• • 
Mystic R. ifreshwater !spring 22 12 7 80 0 6 
Mystic R. lfreshwater lsummer 77 133 37 58 102 57 
Nepan. Head.!freshwater !faillwinter 10 1 14 0 8 2 
Nepan. Head. !freshwater !spring 0 8 2 3 0 6 

• • Nepen. Head. :freshwater :summer 6 31 8 24 10 28 
Neponset R. ihigh ifall/winter 11 9 40 6 22 14 

• • Neponset R. !high ispring 0 16 7 16 3 24 
Neponset R. thigh lsummer 33 98 16 70 14 65 
Neponset R. llow • !fal1fv.linter 24 10 38 30 25 25 
Neponset R. !Iow • lspring 1 29 8 10 4 32 
Neponset R. !Iow • 6 101 25 82 56 107 Jsummer 
Dorch. Bay lhigh jfaillwinter 11 0 24 0 23 1 

• • 
Dorch. Bay !high !spring 9 20 25 13 17 13 
Dorch. Bay thigh lsummer 45 82 26 80 43 65 
Dorch. Bay !Iow jfaillwinter 20 2 38 0 35 2 
Dorch. Bay !Iow • 19 27 25 8 13 28 lspring 

• • Dorch. Bay I low lsummer 9 108 36 78 89 88 
Inner Harbor ihigh ifaillwinter 52 43 46 31 49 30 

• • 30 53 48 Inner Harbor !high !spring 70 17 24 
Inner Harbor thigh lsummer 115 112 55 103 142 72 
Inner Harbor low ifaillwinter 34 39 33 46 54 32 
Inner Harbor low • lspring 50 39 32 91 5 32 
Inner Harbor low • 75 :summer 113 50 94 88 112 
Outer Harbor high ifaillwinter 49 10 9 9 22 5 

• 
Outer Harbor high !spring 2 20 15 11 2 7 
Outer Harbor high :summer 43 140 23 121 57 134 
Outer Harbor low !faillwinter 42 0 27 0 17 0 
Outer Harbor low • :spring 4 19 23 21 0 17 
Outer Harbor low • 59 156 37 104 77 127 :summer 

Total number of Enterococcus sam 'Ies: p 

REPORTAP97.XLS!EN Scheme B 
A-13 

Total # 
samples 
in block 

418 
302 
831 
250 
127 
464 
35 
19 
107 
102 
66 

296 
152 
84 
377 
59 
97 

341. 
97 
120 
408 
251 
242 
599 
238 
249 
532 
104 
57 
518 
86 
84 

560 
8272 
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Enterococcus 
SchemeB 
Cell Average Values (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographic: Tidal , RMS=O in o in < RMS < .25 in RMS> .25 in , , , 

Region :Condition: Season 89-91 92-95 89-91 92-95 89-91 92-95 
Chartes R. jfreshwater jfaillwinter 5.08 6.94 5.32 5.87 6.60 6.67 
Charles R. !freshwater !spring 2.26 3.79 2.29 4.04 3.69 4.72 
Charles R. !freshwater !summer 3.64 3.52 3.57 4.24 5.49 5.02 
Mystic R. jfreshwater jfaillwinter 3.86 3.50 5.82 4.14 8.00 4.36 , , 
Mystic R. !freshwater !spring 3.62 3.60 3.99 4.12 5.20 5.57 
Mystic R. lfreshwater lsummer 3.81 3.84 3.69 3.50 4.73 5.47 
Nepon. Head.ifreshwater ifalilwinter 5.94 6.91 6.06 6.45 7.81 6.99 
Nepan. Head. !freshwater !summer 6.66 5.64 6.16 5.62 8.34 6.66 
Neponset R. ihigh ifalilwinter 4.23 3.58 4.56 5.92 5.16 5.54 , . Ispring .' Neponset R. :hlgh 4.26 3.39 4.62 3.66 7.44 5.17 , , 
Neponset R. lhigh lsummer 3.19 3.80 2.97 3.71 4.83 5.43 
Neponset R. llow ifaillwinter 3.47 5.35 3.44 3.67 5.17 5.45 , , 
Neponset R. !Iow !spring 2.40 2.70 3.76 5.29 5.76 4.67 
Neponset R. llow lsummer 4.47 4.01 4.12 3.11 5.33 5.21 
Dorch. Bay !high !spring 1.02 1.50 1.40 1.75 1.66 2.25 
Dorch. Bay !high 

, 
2.00 Jsummer 2.14 2.02 2.17 2.02 3.18 

Dorch. Bay ~Iow Ifalilwinter 2.64 2.42 2.52 2.52 4.43 2.09 , , 
Dorch. Bay llow !spring 1.26 . 1.52 1.58 1.14 3.04 2.03 , 
Dorch. Bay !Iow 

, 
2.04 2.20 1.62 2.03 2.40 3.04 Jsummer 

Inner Harbor ihigh !faillwinter 3.49 2.36 4.05 2.84 5.24 2.62 
lhigh 

, 
1.74 2.84 2.24 2.97 2.36 3.99 Inner Harbor lspring , , 
2.48 2.52 3.03 3.54 4.01 Inner Harbor lhigh lsummer 2.98 

Inner Harbor :Iow :falilwinter 3.84 3.31 4.69 2.96 5.98 3.62 , , 
Inner Harbor llow , lspring 1.93 2.41 2.49 2.98 1.68 3.76 
Inner Harbor !Iow 

, 
3.12 2.49 2.72 3.16 3.44 3.90 lsummer 

Outer Harbor ihigh ifall/winter 3.19 1.33 4.01 1.22 4.41 1.09 
Outer Harbor !high 

, 
1.35 1.38 1.60 1.59 1.35 3.67 lspring , , 
1.57 1.71 1.71 1.61 2.07 2.04 Outer Harbor lhigh lsummer 

Outer Harbor j low lspring 1.57 1.84 1.62 2.03 2.98 2.74 , , 
1.61 1.81 2.21 Outer Harbor llow lsummer 1.61 1.89 1.92 

sum 91.74 94.35 99.23 99.23 132.07 123.17 
mean 3.06 3.15 3,31 3.31 4.40 4.11 

untransfonned mean 20 22 26 26 80 60 
% reduction -10.0% 0.0% 25.0% 

overall mean 35 32 
overall % reduction 8.6% 

Highlighted cells denote estimated values 
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Enterococcus 
Scheme B 

,. 1.~ __ .J ~ L 

Factorial ANOVA with Randomized Blocks 

tim 

rainlno rai 
interactio 

high rainnow rai 
interactio 

tim 
rainlno rai 
interactio 

e 
n 
n 
n 
n 

e 
1 

1 

ANOVA Multipliers 

RMS - 0 in o in < RMS < .25 in 

89-91 92-96 89-91 92-96 
-1 . 1 -1 1 

-2 -2 1 1 
2 -2 -1 1 

0 0 -1 -1 
0 0 1 -1 

---- -

Squares of ANOVA MUltipliers 

1 1 1 1 
4 4 1 1 
4 4 1 1 

RMS:> .25 in 

89-91 92-96 
-1 1 

1 1 
-1 1 
1 1 
-1 1 

1 1 
1 1 
1 1 

,. J L __ 

Factorial Treatment time rain interaction 
Effect Total SS SS SS SS 

-6.29 0.22 0.22 

81.52 18.46 18.46 
-14.12 0.55 0.55 
56.78 26.87 26.87 
-8.90 0.66 0.66 

46.76 0.22 45.33 1.21 

sum divisor for SS 

I 
6 180 
12 360 
12 360 

high rain!low rai ANOVA Results interactio 
1 0 0 1 1 1 1 
1 0 0 1 1 1 1 

4 120 
4 120 

REPORTAP97.xLSIEN Scheme B 

#treat= 6 
#blocks= 30 

#cells= 180 
#zeros= 5 

avg of recip= 0.1035 

Source of Variation 
Blocks 
Treatments 

Time 
Rainfall 

Rain/no rain 
highl/ow rain 

Error 

Total 

DoF S8 
29 354.58 

5 46.76 

1 0.22 
2 45.33 
1 18.46 
1 26.87 

140 550.75 

174 952.09 

Correction: C = 

Total SS = 

----, 

2274.06 

952.09 
Blocks SS = 354.579 

Error SS = 550.75 

MS F 
12.23 30.02 
9.35 22.96 

0.22 0.54 
22.66 55.64 
18.46 45.32 
26.87 65.96 

0.41 

4S01-007-29P 



Enterococcus 
Scheme C 
Distribution of Samples over Treatments and Blocks 

RANDOMIZED BLOCKS TREATMENTS 
Geographic i Tidal 

, 
RMS=Oin o in < RMS < .25 in RMS> .25 in , , 

Region : Conditionl Season 89-91 92-95 89-91 92-95 89-91 92-95 
Upper Charleslfreshwater lfali/winter 89 0 19 0 72 0 , , . 

0 47 0 Upper Charleslfreshwater Ispnng 56 0 20 
Upper Charleslfreshwater ljul 39 54 35 86 68 83 
Upper Charles!freshwater !auq 0 6 1 7 0 17 
Lower Charleslfreshwater lfaillwinter , , 108 6 32 5 83 4 
Lower Charles!freshwater !spring 16 59 12 65 2 25 
Lower Chanes!freshwater Ijul 51 64 34 98 73 76 , , 
Lower Charles:freshwater laug 7 6 4 5 6 11 
Mystic R. !freshwater !fall/winter 46 68 19 59 8 50 
Mystic R. !freshwater !spring 22 12 7 80 0 6 
Mystic R. !freshwater !jul 21 0 21 20 16 11 
MysticR. !freshwater !aug 56 133 16 38 86 46 
Nepan. Head. :freshwater :fail/winter , , 10 1 14 0 8 2 
Nepan. Head. !freshwater !spring 0 8 2 3 0 6 
Nepan. Head. !freshwater jjul 2 15 4 21 8 16 
Nepan. Head. !freshwater !aug 4 16 4 3 2 12 
Neponset R. :high :falIlwinter 11 9 40 6 22 14 , , 

0 Neponset R. !high !spring . 16 7 16 3 24 
Neponset R. !high Uul 12 45 11 56 11 43 
Neponset R. !high !aug 21 53 5 14 3 22 
Neponset R. : low lfali/winter 24 10 38 30 25 25 , , 

1 29 Neponset R. I low !spring 8 10 4 32 , 
Neponset R. I low pUI 3 49 10 67 50 50 , 
Neponset R. llow laug 3 52 15 15 6 57 
Dorch. Bay :high :fali/winter 11 0 24 0 23 1 

!high 
, 

9 20 Dorch. Bay !spring 25 13 17 13 , 
Dorch. Bay !hugh !jul 19 37 18 61 39 43 
Dorch. Bay lhigh lauQ 26 45 8 19 4 22 
Dorch. Bay I low , !fall/winter 20 2 38 0 35 2 
Dorch. Bay !Iow !spring 19 27 25 8 13 28 
Dorch. Bay !Iow !jul 6 57 21 71 78 48 
Dorch. Bay !Iow !aug 3 51 15 7 11 40 
Inner Harbor thigh :fali/winter 52 43 46 31 49 30 

!high 
, 

30 53 Inner Harbor !spring 48 70 17 24 , 
Inner Harbor !high ljul 54 48. 14 79 25 41 
Inner Harbor Ihigh !aug 61 64 41 24 117 31 
Inner Harbor llow , !falVwinter 34 39 33 46 54 32 
Inner Harbor !Iow !spring 50 39 32 91 5 32 
Inner Harbor !Iow !jul 16 51 23 79 ·15 82 
Inner Harbor ! low !auQ 59 62 27 15 73 30 
Outer Harbor Ihigh :failiwinter 49 10 9 9 22 5 , , 

2 Outer Harbor !high !spring 20 15 11 2 7 
Outer Harbor !high !jul 6 42 2 38 2 29 
Outer Harbor Ihigh :aug 37 98 21 83 55 105 
Outer Harbor : low :falVwinter 42 0 27 0 17 0 
Outer Harbor !Iow 

, 
;spring 4 19 23 21 0 17 

Outer Harbor !Iow !jul 23 52 3 46 9 32 
Outer Harbor ! low 

, 
36 104 34 58 68 95 :aug 

Total number of Enterococcus samples. 

REPORTAP97.XLS!EN Scheme C 
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Total # 
samples 
in block 

180 
123 
365 
31 

238 
179 
396 
39 

250 
127 
89 
375 
35 
19 
66 
41 
102 
66 
178 . 

118 
152 
84 

229 
148 
59 
97 

217 
124 
97 
120 
281 
127 
251 
242 
261 
338 
238 
249 
266 
266 
104 
57 
119 
399 
86 
84 
165 
395 

8272 
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Enterococcus 
Scheme C 
Cell Average Values (Blocks with Insufficient Data Removed) 

RANDOMIZED BLOCKS TREATMENTS 
Geographic! Tidal 

, 
RMS=O in o in < RMS < .25 in RMS > .25 in , , 

Region : Condition: Season 89-91 92-95 89-91 92-95 89-91 92-95 
Upper Charleslfreshwater lfalilWinter 5.63 5.81 6.14 5.97 7.16 6.76 
Upper Chartes!freshwater !spring 4.62 4.62 4.73 4.93 5.95 5.37 
Upper Charles!freshwater iiul 4.58 4.38 4.03 5.33 6.53 5.62 
Lower Charleslfreshwater IfalUwinter 4.62 6.94 , , 4.84 5.87 6.11 6.67 
Lower Charies!freshwater !spring 2.26 3.13 2.29 3.28 3.69 4.2 
Lower Charles!freshwater !jul 2.97 2.79 3.15 3.27 4.56 4.1 
Lower Charles! freshwater ! aug 3.33 2.4 2.73 2.94 5.14 3.15 
Mystic R. lfreshwater lfaillwinter 3.86 3.5 5.82 4.14 8 4.36 , , 
Mystic R. ! freshwater ! spring 3.62 3.6 3.99 4.12 5.27 5.57 
Mystic R. ! freshwater Hur 3.72 3.8 3.8 3.5 4.28 6.33 
Mystic R. lfreshwater laug 3.84 3.84 3.53 3.49 4.81 5.27 
Nepon. Head. lfreshwater lfali/winter 5.94 6.91 6.06 6.41 7.81 6.99 
Nepan. Head. !freshwater !jul 6.98 5.33 5.85 5.5 7.87 6.83 , , 
Nepan. Head. lfreshwater laug 6.5 5.94 6.48 6.49 10.23 6.42 
Neponset R. !high ! falilwinter 4.23 3.58 4.56 5.92 5.16 5.54 
Neponset R. !high !spring 4.36 3.39 4.62 3.66 7.44 5.17 
Neponset R. !high !jul 3.31 3.28 2.81 3.61 4.25 5.36 
Neponset R. !high !aug 3.12 4.24 3.31 4.1 6.97 5.56 
Neponset R. l/ow lfaillwinter 3.47 , , 5.35 3.44 3.67 5.17 5.45 
Neponset R. !Iow 

, 
2.4 2.7 3.76 5.29 5.76 4.67 lspring , 

!jul 2.97 3.06 3.15 4.96 4.33 Neponset R. llow 3.5 , 
layg Neponset R. ~Iow 5.97 4.89 4.54 2.94 8.37 5.98 

Dorch. Bay !high !spring 1.02 1.5 1.4 1.75 1.66 2.25 
Dorch. Bay !hugh !iul 1.81 1.41 1.66 1.98 1.98 3.14 
Dorch. Bay !high 

, 
2.13 2.74 2.85 2.77 2.43 3.26 :aug 

Dorch. Bay l/ow lfaillwinter 2.64 2.42 2.52 2.49 4.43 2.09 , , 
Dorch. Bay llow !spring 1.26 1.52 1.58 1.14 3.04 2.03 , 
Dorch. Bay llow Uul 0.92 , 1.79 1.34 1.98 1.97 2.67 
Dorch. Bay llow lauQ 4.29 2.66 2.01 2.58 5.46 3.49 
inner Harbor !high ! fall/winter 3.49 2.36 4.05 2.84 5.24 2.62 
inner Harbor thigh 

, 
lspring 1.74 2.84 2.24 2.97 2.36 3.99 

inner Harbor !high !jul 1.73 2.3 1.76 3.14 2.86 3.99 
Inner Harbor !high !aug 3.14 2.68 3.39 2.68 3.68 4.03 
inner Harbor llow lfalilwinter 3.84 3.31 4.69 2.96 5.98 3.62 , , 

1.93 2.98 1.68 3.76 Inner Harbor llow !spring 2.41 2.49 , 
inner Harbor How ljul 1.97 2.59 2.96 3.3 2.91 3.99 , 

lauQ Inner Harbor llow 3.43 2.41 2.51 2.41 3.55 3.66 
Outer Harbor !high !falilwinter 3.19 1.33 4.01 1.22 4.41 1.09 
Outer Harbor !high 

, 
:spring 1.35 1.38 1.6 1.59 1.35 3.67 

Outer Harbor !high !jul 1.69 1.91 1.15 1.71 0.!;l2 1.92 
Outer Harbor :hlgh . !aug 1.56 1.62 1.76 1.56 2.11 2.07 
Outer Harbor :low !spring 1.57 1.84 1.62 2.03. 3.05 2.74 , 
Outer Harbor : low ljul 1.09 1.73 1.5 1.93 1.63 2.67 , 
Outer Harbor \Jow laug 1.94 1.84 1.62 1.86 1.96 2.06 

sum 140.03 140.07 144.69 147.45 200.15 184.51 
mean 3.18 3.18 3.29 3.35 4.55 4.19 

untransformed mean 23 23 26 28 94 65 
% reduction 0.0% -7.7% 30.9% 

overall mean 38 35 
overall % reduction 7.9% 

Highlighted cells denote estimated values 
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Enterococcus 
Scheme C 
Factorial ANOVA with Randomized Blocks 

ANOVA Multipliers . 

RMS ~ 0 in o in < RMS< .25 in RMS > .25 in 

tim 
rainlno rai 
interactio 

high rain/low rai 
interactio 

" 1 

1 

1 

1 

89-91 

-1 
-2 
2 
0 
0 

92-96 89-91 

1 -1 
-2 1 
-2 -1 
0 -1 
0 1 

Squares of AN OVA Multipliers 

tim 
rain/no rain 
Interactio 

high rain/low rai 
interaction 

" 
1 

1 

1 

1 
4 
4 
0 
0 

REPORTAP97.XLSIEN Scheme C . 

1 1 
4 1 
4 1 
0 1 
0 1 

----

92-96 

1 
1 
1 
-1 
-1 

1 
1 
1 
1 
1 

89-91 92-96 

-1 
1 
-1 
1 

-1 

1 
1 
1 
1 
1 

- -

#treat~ 6 
#blocks~ 44 

#cells~ 264 
#zeros~ 12 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

avg of recip~ 0.1326 

Factorial 
EffectT otal 

-12.84 
116.60 
-12.96 
92.52 

-18.40 

sum 

6 
12 
12 
4 
4 

Treatment time 
SS SS 

0.62 0.62 
25.75 

0.32 
48.64 

1.92 
77.25 0.62 

divisor for SS 

264 
528 
528 
176 
176 

Source of Variation 

Blocks 
Treatments 

Time 
Rainfall 

Rain/no rain 
highllow rain 

Error 

Total 

rain interaction 
SS SS 

25.75 
0.32 

48.64 
1.92 

74.39 2.24 

ANOVA Results 

OaF S8 

43 575.47 
5 77.25 

1 0.62 
2 74.39 
1 25.75 
1 48.64 

203 848.27 
251 1500.99 

Correction: C ~ 3468.4 
Total SS ~ 1500.99 

Blocks SS ~ 575.472 
Error SS ~ 848.27 

MS F 

13.38 24.15 
15.45 27.88 

0.62 1.13 
37.19 67.11 
25.75 46.46 
48.64 87.75 

0.55 

4501-007-29P 
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Fecal Coliform 
Random Sampling 
Distribution of Samples over Treatments and Blocks 

RANDOM TREATMENTS 
REPLICATES Random Rain Random Rain Random Rain 

89-91 92-96 89-91 92-96 89-91 92-96 
1 30 30 30 30 30 30 
2 30 30 30 30 30 30 
3 30 30 30 30 30 30 
4 30 30 30 30 . 30 30 
5 30 30 30 30 30 30 
6 30 30 30 30 30 30 
7 30 30 30 30 30 30 
8 30 30 30 30 30 30 
9 30 30 30 30 30 30 
10 30 30 30 30 30 30 
11 30 30 30 30 30 30 
12 30 30 30 30 30 30 
13 30 30 30 30 30 30 
14 30 30 . 30 30 30 30 
15 30 30 30 30 30 30 
16 30 30 30 '30 30 30 
17 30 30 30 30 30 30 
18 30 30 30 30 30 30 
19 30 30 30 30 30 30 
20 30 30 30 30 30 30 
21 30 30 30 30 30 30 
22 30 30 30 30 30 30 
23 30 30 30 30 30 30 
24 30 30 30 30 30 30 
25 30 30 30 30 30 30 
26 30 30 30 30 30 30 
27 30 30 30 30 30 30 
28 30 30 30 30 30 30 
29 30 30 30 30 30 30 
30 30 30 30 30 30 30 

Total # 
samples 
in block 

180 
180 
180 
180 
180 
180 
180 
180 
180 
180 . 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 
180 

Total number of fecal coliform samples. 5400 

REPORTAP97,XLS!FC Random 8-1 4501-007-29P 



Fecal Coliform 
Random Sampling 
Cell Average Values 

RANDOM 
REPLICATES Random Rain 

89-91 92-96 
1 4.57 4.66 
2 5.47 4.28 
3 5.05 3.84 
4 4.29 4.02 
5 4.93 4.64 
6 4.70 3.88 
7 4.47 4.05 
8 4.60 4.49 
9 5.30 4.56 
10 5.46 4.75 
11 ··5.43 4.26 
12 5.22 3.37 
13 5.00 3.86 
14 5.03 3.42 
15 4.64 3.56 
16 4.55 4.47 
17 4.52 3.64 
18 4.62 4.50 
19 4.93 4.18 
20 4.62 4.20 
21 4.83 4.23 
22 5.14 5.04 
23 5.40 4.57 
24 5.05 5.41 
25 4.77 4.70 
26 4.84 4.95 
27 5.42 4.73 
28 3.85 4.24 
29 5.03 3.83 
30 5.12 4.02 

sum 146.85 128.35 
mean 4.90 4.28 

un transformed mean 133 71 
% reduction 46.4% 

overall mean 133 74 
o verall % reduction 44.4% 

REPORTAP97.XLS!FC Random B-2 

I 
U 

U 
TREATMENTS 
Random Rain Random Rain 

89-91 92-96 89-91 92-96 
[J 

4.81 4.26 5.43 4.23 
4.91 3.28 5.03 4.17 
5.00 4.36 4.31 4.05 0 
4.96 4.06 4.32 4.01 
5.66 4.23 5.09 5.12 
4.92 3.61 5.79 4.43 n 
4.96 3.87 4.77 4.93 
4.96 4.58 4.78 4.19 
4.59 4.70 5.64 4.18 
4.80 4.21 ·5.27 4.03 f! 
5.20 4.37 5.00 4.46 
4.25 3.39 4.30 4.32 
4.27 4.67 4.65 4.73 ! 
4.61 4.54 4.36 4.60 
4.82 .5.31 4.62 4.32 
5.26 4.37 4.97 3.97 L 
4.85 4.84 4.70 3.75 
5.16 5.40 4.69 4.55 
4.51 4.12 5.11 4.27 
4.71 3.85 5.16 ·4.39 

[ 
5.48 4.68 4.42 4.30 
4.50 4.98 5.92 4.02 
5.43 4.85 5.19 3.96 [ 
4.45 3.78 5.69 4.44 
4.80 4.15 4.52 3.82 
4.39 4.25 4.82 5.10 [ 
4.07 4.00 4.37 4.74 
4.50 3.92 4.89 4.15 
5.50 4.48 4.92 4.76 
5.54 5.02 4.99 3.74 f 

145.87 130.13 147.72 129.73 
4.86 4.34 4.92 4.32 
128 76 137 75 

1-
41.1% 45.4% 

L 

l 
[ 

[ 

r 
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Fecal Coliform 
Random Sampling 

L _"_.-2 L... 

Factorial ANOVA with Randomized Blocks 

time 
rain/no rai 
interactio 

high rainllow rai 
interactio 

l 

1 

1 , 
1 

ANOVA Multipliers 
RMS = Oin 

89-91 92-96 
-1 1 
-2 -2 
2 -2 
0 0 
0 0 

o in < RMS < .25 in 

89-91 92-96 
-1 1 
1 1 

-1 1 
-1 -1 
1 -1 

Squares of ANOVA Multipliers 
time 

rain/no rain 
interaction 

high rainflow rain 
interaction 

1 
4 
4 
0 
0 

REPORTAP97.XLSIFC Random 

1 1 1 
4 1 1 
4 1 ' 1 
0 1 1 
0 1 1 

RMS > .25 in 

89-91 92-96 
-1 
1 
-1 
1 
-1 

1 
1 
1 
1 
1 

#treat= 6 
#blocks= 30 

#cells= 180 
#zeros= 0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Factorial 

ElfectTotal 
-52.23 

3.05 
3.27 
1.45 

-2.25 

sum 
6 
12 
12 
4 
4 

.J 

Treatment time rain interaction 

SS SS SS. SS 
15.16 15.16 
0.026 0,026 
0.030 0.030 
0.018 0.018 
0.042 0.042 
15.27 15.16 0.043 0.072 

divisor for SS 
180 
360 
360 
120 
120 

ANOVA Results 

Source of Variation DoF SS 
Blocks 29 7.11 
Treatments 5 15.27 

Time 1 15.16 
Rainfall 2 0.04 

Ra;nlno ra;n 1 0.03 
high!1ow rain 1 0.02 

Error 145 26.66 
Total 179 49.05 

~ ---:J 

Correction: C = 

Total SS = 

~ 

3814.78 
49.05 

Blocks SS = 7.11214 
Error SS = 26.66 

MS F I 

0.25 1.33 
3.05 16.61 

15.16 82.42 
0.02 0.12 
0.03 0.14 
0.02 0.10 
0.18 

4501-007-29P 
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n 
I 

, ~~ ~~ 

Fecal Coliform 
Scheme A 

RMS = Oin 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic! Tidal 
, , , 

Region ! Condition I Season 89-91 92-96 

uppercha Ifresh ' . JmaY-Jun 7.85 6.29 
uppercha Ifresh !jul-aug 6.60 6.14 
lower cha lfresh , Isep-apr 5.81 7.06 
lowercha I fresh !may-jun 5.98 4.72 
lowercha Ifresh ljul-aug 5A3 4.28 
mystic :fresh Jsep-apr 5.48 5.83 
mystic 

, , 
Ifresh !may-jun 4.19 4.51 , 

mystic 
, 

jfresh '. I JIU -aug 4.69 4.88 

nepon head : fresh lsep-apr 6.72 6.16 
nepon head 

, 
I· I fresh 'Jul-aug 7.29 6.92 

neponset Ihigh isep-apr 4.42 2.97 

neponset Ihigh '. I IJu -aug 4.35 5.01 
neponset flow lsep-apr 4.94 5.27 

how 
, 

neponset lmay-jun 3.78 4.38 
neponset !Iow '. I 5.95 5.61 JJu -aug 
dorchester lhigh Jmay-jun 1.54 2.10 , , 
dorchester lhigh ljul-aug 2.16 2.33 
dorchesler flow , Isep-apr 4.55 4.28 
dorchester jlaw ' . JmaY-Jun 1.87 2.43 
dorchester how Ijul-aug 4.38 2.36 
inner harb lhigh lsep-apr 4.82 3.67 , , 
inner harb thigh !may-jun 3 .. 51 3.49 
inner harb thigh !jul-aug 4.07 4.15 
inner harb Ilow :sep-apr 5.03 5.15 
inner harb !Iow !may-jun 3.68 2.88 
inner harb 

, '. 4.12 flow iJul-aug 4.20 
outer harb Ihigh Isep-apr 2.72 1.33 
outer harb Ihigh ' . ImaY-Jun 1.35 1.51 
outer harb lhlgh !jul-aug 1.60 1.93 
outer harb tlow imay-jun 3.30 1.98 , 
ouler harb llow Ijul-aug 1.86 2.01 

sum 134.08 125.74 
mean 4.33 4.06· 

untransformed mean 75 57 
% reduction 23.9% 

REPORTAPC97.XLS!FCA Rain1 

. I \..- .J j ,--- -

#Ireal 2 Correction: C ::: 10BB.B7 
#blocks 31 Tolal SS = 315.05 
#cells 62 Blocks SS = 163.66 
#zeros 0 Treatment S8 = 1.12 
avg of recip 0.076 Error S8 = 150.07 

ANOVA Results 
Source of Variation OaF SS MS F 
Blocks 30 163.B6 5.46 14.35 
Time Trealments 1 1.12 1.12 2.95 

Error 30 150.07 0.3B 
Total 61 315.05 

F-Dist. at l,30DoF 30,30 DoF 

25% 1.36 1.26 
10% 2.B6 1.61 
5% 4.17 1.84 

4501-007 -29P 



n 
I 

N 

Fecal Coliform 
Scheme A 
o in < RMS < .25 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic i Tidal , 
I 

Region i Condition i Season 89-91 92-96 

uppercha I fresh isep-apr 7.06 5.71 

upper cha . I fresh !may-jun 6.96 6.34 
uppercha Ifresh ijul-aug 6.10 6.92 
lower cha ifresh isep-apr 6.14 6.04 
lower cha I fresh imay-jun 5.60 4.53 , 
lowercha !fresh liul-aug 5.13 4.86 

mystic I fresh Isep-apr 6.25 6.45 , 
mystic !fresh !may-jun 4.63 4.89 , 

!iul-aUg mystic ifresh 4.86 3.98 

nepon head I fresh !may-jun 7.37 6.25 , 
nepon head i fresh ljul-aug 7.77 6.93 

neponset !hlgh isep-apr 5.38 4.32 

neponset ihigh ' . ImaY-Iun 6.80 3.90 

neponset Ihigh liul-aug 4.92 4.81 
neponset lIow , !sep-apr 4.81 4.40 

neponset !Iow 
, 
:may-jun 5.80 5.75 , , 

neponset llow ljul-aug 5.63 4.58 
dorchester jhigh 'may-jun 1.98 2.34 
dorchester !high Ijul-aug 2.96 2.71 

dorchester i low imay-jun 2.61 1.80 
dorchester Ilow Ijul-aug 2.67 2.15 
inner harb Ihi9h Isep-apr 4.29 3.88 
inner harb high 

, 
4.66 imay-jun 3.83 , 

inner harb Ihigh jjul-aug 4.68 4.57 
inner harb pow Isep-apr 4.85 4.77 
inner harb pow Imay-jun 4.52 3.99 
inner harb Ilow ,jul-aug 5.48 4.33 
outer harb ,high lsep-apr 4.72 2.32, 
outer harb Ihigh !may-jun 2.63 1.42j 
outer harb 'high !Jul-aug 4.53 1.75 
outer harb Ilow ,may-jun 1.81 2.59; 
outer harb ilow Ijul-aug 2.01 1.89' 

sum 155.62 135.00 

mean 4.86 4.22 

unlransformed mean 128 67 
% reduction 47.9% 

REPORTAPC97.XLSIFCA Rain2 

--, ,-, r-, r- r- -, ~. !--, ,--; 

#Ireat 2 Correction: C = 1319.65 
#blocks 32 Total 58 = 339.95 
#cells 64 Blocks 88 = 148.82 
#zeros 0 Treatment 58 = 6.64 
avg of recip 0.069 Error S8 = 184.49 

ANOVA Results 
Source of Variation OoF 88 M8 F 
Blocks 31 148.82 4.80 11.70 
Time Treatments 1 6.64 6.64 16.19 

Error 31 184.49 0.41 
Tolal 63 339.95 

F-Olst. at 1.310oF 31.310oF 

·25% 1.37 1.28 
10% 2.87 1.61 
5% 4.16 . 1.83 

--------

4501-007-29P 
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n 
I 
w 

~-
c __ _ 

L .. J L ... l"_ -._._J L, 

Fecal Coliform 
Scheme A 
RMS> 0.25 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic Tidal 

Region Condition Season 89-91 92·96 
upper cha !fresh !may-jun 724 6.37 
uppercha !tresh 

c 7.41 6,94 c. I IJu -aug 
c 

6.69 6.40 lowercha Ifresh ,sep-apr , 
6.44 5.37 
6.52 5.68 
8.12 6.62 

lowercha 
lowercha 

mystic 

!fresh ' . , ImaY-Jun 
ifresh ,. I pu -aug 
,fresh Isep-apr 

6.21 6.60 mystic !fresh 
, 
Ijul·aug , , 

7.54 7.77 

8.07 7.63 
5.96 5.91 
8.15 5.45 

nepon head 

nepon head 

neponset 
neponset 

, 
!sep.apr ;tresh , , 

Ifresh Ijul-aug 
!hlgh Isep-apr , 
Ihigh !may-jun 

5.92 6.86 
6.17 5.58 
6.89 5.17 
6.43 6.59 
4.84 1.79 

2.95 3.00 
3.48 3.73 
6.34 4.34 
4.25 2.70 
3.57 3.64 

neponset 
neponset 

neponset 
neponset 

Idorchester 

dorchester 
dorchester 
dorchester 

dorchester 
dorchester 

!high 
, 
Ijul·aug 

!tow 
I , Isep-apr 

!Iow !may-jun , 
I· I Ilow oJu·aug 

lhigh lsep.apr 

Ihigh 
, 
lmay-jun , 

Ihigh 

I~~~~~~r !tow , , , 
)Iow Imay-jun , , 
llow HUI-aug , 

6.26 4.58 
3.62 4.32 
5.99 5.75 

Inner harb 
inner harb 
inner harb 

!high isep-apr 
Ihigh Imay-jun 
thigh !jul-aug 

6,35 4.82 
3.17 4.90 
5.44 5.48 
3.62 2,07 
3,09 4.71 

inner harb 
inner harb 
inner harb 

outer harb 
outer harb 

IJow 
, 
Isep-apr , I . 

!low ,maY-Jun 
pow ,. I IJu -aug 
!high Isep-apr 
Ihigh Jmay-jun 

2.92 2.44 
2.65 2.68 

outer harb 
outer harb 

Ihigh Ijul-aug 
now Bul-au!L-

sum 172.29 155.88 
mean 5.56 5.03 

untransformed mean 258 152 
% reduction 41.3% 

REPORTAPC97.xLSIFCA Rain3 

i., 
, , L .. L ... I c_ j :-::-:l ~ l! 

#treat 2 Correction: C = 1737.11 
.#blocks 31 Total 88 = 400.15 
#cells 62 Blocks 88 = 152.20 
#zeros 0 Treatment SS = 4.34 
avg of recip 0.092 Error SS = 243.61 

ANOVA Results 
Source of Variation DoF 88 M8 F 
Blocks 30 152.20 5.07 6.82 
Time Treatments 1 4.34 4.34 5.83 
Error 30 243.61 0.74 
Total 61 400.15 

F-Disl. at 1,30 DoF 30,30 DoF 

25% 1.38 1.28 
10% 2.88 1.61 
5% 4.17 1.84 

4501-007-29P 



n 
I ..,. 

-, 

Fecal Coliform 
Scheme B 

RMS = 0 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS 

Geographl.c Tidal 

Region Condition Season 

charles 

charles 
charles 
mystic 
mystic 
mystic 

ifresh 

!fresh , 
Ifresh 
I fresh 
I fresh 
Ifresh 

nepan head fresh 

nepon head fresh 

neponset high 

neponset high 
neponset pow 

neponsel 

neponset 

flow , 
!low 

dorchester high 
dorchester high 

dorchester jlow 

dorchester 
dorchester 
inner harb 

inner harb 

flow , 
flow 
high 

high 
inner harb high 
inner harb 
inner harb 
inner harb 
outer harb 
outer harb 

outer harb 
outer harb 
outer harb 

Ilow 
pow 
[low 
high 
high 

high 
low 
low 

sep-apr 

may-jun 

JUI-aug 
Isep-apr 
Imay-jun 
!jul-aug 

Isep-apr , 
I· I oju-aug , 
lsep-apr 
I· 'Jul-aug 

Isep-~pr 
ImaY-Jun 
Jjul-aug 
imay-jun , 
Ijul-aug 

jsep-apr 
1 . 
ImaY-Jun 
Ijul-aug 
:sep-apr 
!may-jun , 
ljul-aug 
Isep-apr , . 
,maY-Jun 
!jul-aug 
Isep-apr 
Jmay-jun , 
Ijul-aug 

Imay-jun 
jj~l-aug 

sum 

TREATMENTS 

89-91 

6.11 

6.50 
5.90 
5.48 
4.19 
4.69 
6.72 

7.29 

4.42 
.4.35 

4.94 

3;78 

5.95 
1.54 

2.16 
4.55 

1.87 
4.38 
4.82 
3.51 
4.07 

5.03 
3.68 
4.20 
2.72 
1.35 

1.60 
3.30 
1.86 

120.93 

92-96 

7.06 

5.39 
5.14 
5.83 
4.51 
4.88 
6.16 

6.92 

2.97 

5.01 

5.27 

4.38 
5.61 

2.10 
2.33 
4.28 

2.43 
2.36 
3.67 

3.49 
4.15 
5.15 
2.88 
4.12 
1.33 
1.51 
1.93 
1.98 
2.01 

114.84 

meanl 4.17 3.96 
untransformed mean 64 51 

1Q2% % reductlon
L
, _______ .. 

REPORTAPC97.XLSIFCB Rain1 

r----l ["","", [""'"" r- -, iI ["","", 

#treat 2 Correction: C = 958.42 

#blocks 29 Total 55 = 288.68 

#cells 58 Blocks 55 = 144.43 

#zeros 0 Treatment S8 = 0.64 
avg of recip 0.D79 Error S8 = 143.60 

ANOVA Results 
Source of Variation OoF 55 M5 F 

Blocks 28 144.43 5.16 12.73 
Time Treatments 1 0.64 0.64 1.58 

Error 28 143.60 0.41 

Total 57 28B.68 

F-Dist. at 1,280oF 28,280oF 

25% 1.38 1.29 
10% 2.89 1.64 
5% 4.20 1.89 

4501-007-29P 
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'- L t. __ .. J c. l. 

Fecal Coliform 
Scheme B 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

o in < RMS < .25 in Geographic! Tidal 
, , , 

Region ' , I Condition I Season 89-91 92-96 

charles :fresh 
, 

6.48 5.99 Isep-apr 
charles Ifresh 

, 
lmay-jun 6.06 5.33 , , 

charles Ifresh ljul-aug 5.60 5.83 
mystic !fresh !sep-apr 6.25 6.45 
myslic !fresh ' . 4.63 4.89 :maY-Jun 
myslic jfresh !jul-aug 4.86 3.98 
nepon head lfresh , lmay-jun 7.37 6.25 , 
nepon head ,fresh \. I ,Ju -aug 7.77 6.93 
neponset Ihigh Isep-apr 5.38 4.32 

Ihigh 
, 

neponset Imay-jun 6.80 3.90 , , 
neponset lhigh ljul-aug 4.92 4.81 
neponset How , lsep-apr 4.81 4.40 
neponset Ilow ' . :maY-Jun 5.80 5.75 
neponset how , 

Ijul-aug 5.63 4.58 
dorchester Ihigh , Imay-jun 1.98 2.34 
dorchester !high iiul-aug 2.96 2.71 
dorchester pow !may-jun 2.61 1.80 
dorchester llow IJul-aug 2.67 2.15 
inner harb Ihigh !sep-apr 4.29 3.88 

Ihigh 
, 

inner harb Imay-jun 4.66 3.83 , '. inner harb lhlgh Jjul-aug 4.68 4.57 
inner harb Uow !sep-apr 4.85 4.77 
inner harb Ilaw !may-jun 4.52 3.99 
inner harb !Iow iJul-aug 5.48 4.33 
outer harb Ihigh Isep-apr 4.72 2.32 

thigh 
, 

outer harb lmay-jun 2.63 1.42 , , 
outer harb Ihigh Ijul-aug 4.53 1;75 
outer harb pow Imay-jun 1.81 2.59 
outer harb lIow Uul-aug 2.01 1.89 

sum 136.77 117.75 
mean 4.72 4.06 

untransformed mean 111 57 
% reduction 48.5% 

REPORTAPC97XLSIFCB Rain2 

.. J j 

#treat 2 Correction: C = 1116.97 
#blocks 29 Total SS = 313.67 
#cells 58 B.locks SS = 129.45 
#zeros 0 Treatment SS = 6.24 
avg of recip ·0.055 Error 58 = 177.99 

ANOVA Results 
Source of Variation OoF SS MS F 
Blocks 28 129.45 4.62 13.16 
Time Treatmen~s 1 6.24 6.24 17.76 

Error 28 177.99 0.35 
Total 57 313.67 

F-Ols!. at 1,2800F 28,2800F 

25% 1.38 1.29 
10% 2.89 1.64 
5% 4.20 . 1.89 

4501-007-29P 



n 
I 
m 

Fecal Coliform 
Scheme B 
RMS > 0.25 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic I Tidal 
, , , 

Region I Condition! Season 89·91 92-96 

charles !fresh 
, 
Isep-apr 6.97 6.40 

charles Ifresh 
, 

6.68 5.81 Imay-jun , , 
charles Ifresh ijul-aug 6.93 6.36 
mystic !fresh Isep-apr 8.12 6.62 
mystic Ifresh ijul-aug 6.21 6.60 
nepon head (fresh (sap-apr 7.54 7.77 , , 
nepon head Ifresh ljul-aug 8.07 7.63 

neponset 'high 
, 

5.96 !sep-apr 5.91 , 
neponset !high 

, 
8.15 5.45 fmay-jun , 

i· neponset ihigh 'Jul-aug 5.92 6.86 
neponset How , !sep-apr 6.17 5.58' , , 
neponset flow lmay-jun 6.89 5.17 , , 

6.591 neponset Ilow Uul-aug 6.43 

dorchester fhigh Jsep-apr 4.84 1.79 , 
Imay-jun dorchester ihigh 2.95 3.00' , , 

dorchester Ihigh !iul-aug 3.48 3.73 

dorchester How Isep-apr 6.34 4.34 , 
dorchester flow , !may-jun 4.25 2.70 
dorchester !Iow Uul-aug' 3.57 3.64 

inner harb ihigh (sap-apr 6.26 4.58 
inner harb thigh I . 3.62 4.32 , tmaY-Jun 
inner harb lhigh ljul-aug 5.99 5.75 
inner harb !Iow (sep-apr 6.35 4.82 
inner harb Ilow !may-jun 3.17 4.90 
inner harb how Ijul-aug 5.44 5.48 
outer harb ihigh isep-apr 3.62 2.07 , 
outer harb !high Imay-jun 3.09 4.71 
Quter harb ihigh I. I 2.92 2.44 IJU -aug 

outer harb tlow ijul-aug 2.65 2.68 

sum 158.58 143.69 

mean 5.47 4.95 

untransformed mean 236 141 I % reduction 40.3% 

REPORTAPC97.XLSIFCB Raln3 

~ " Ii [""""' r--: Ii ~ :~ r-i 

#treat 2 Correction: C = 1575.33 

#blocks 29· Total SS = 381.75 

#cells 58 Blocks SS = 144.32 

#zeros 0 Treatment SS = 3.82 

avg of recip 0.095 Error SS = 233.61 

ANOVA Results 
Source of Variation DoF SS MS F 

Blocks 28 144.32 5.15 6.52 

Time Treatments 1 3.82 3.82 4.84 

Error 28 233.61 0.79 

Total 57 381.75 

F-Dlsl. at 1,28 DoF 28,28 DoF 

25% 1.38 1.29 

10% 2.89 1.64 

5% 4.20 1.89 

4501-007-29P 
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Fecal Coliform' 
Scheme C· 

RMS= 0 in 

REPORTAPC97.XLSIFCC Raln1 

L" ... J L_ I. 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic i Tidal 

Region I Condition Season I 89-91 92-96 I 
uppercha 

upper cha 

lowercha 

lowercha 
lowercha 
lower cha 

mystic 

mystic 

mystic 

nepan head 
nepen head 

nepen head 
neponset 

neponset 

neponset 
n"oponsel 

neponset 

neponset 
neponset 

dorchester 
dorchester 
dorchester 
dorchester 
dorchester 
dorchester 

dorchester 
inner herb 
Inner harb 
inner harb 
Inner harb 
inner harb 
inner herb 
inner herb 
Inner harb 
outer harb 
oUler herb 
outer harb 

outer harb 

outer harb 
outer herb 
ouler harb 

Ifresh 
Ifresh 

Hresh , 
!fresh 
!fresh 

!tresh 
jfreSh 

Ifresh 

!fresh 

\fresh 
Ifresh 

jfresh 

jhlgh 
ihigh 
Ihlgh 
lrow 
Ilow 

!:~: 
high 
hugh 
high 

I
IOW 

low 
Ilow 
Ilow 
:hlgh 
!high 
,high 
!hlgh 
jlow 
!IOW 
flow 

Ilow 

Ihl'h 
high 

Ihl'h 
\hlgh 

IIOW 
Ilow 
IJow 

may-Jun 
lui 
!sap-apr 
!may-Jun 
!jut 
!aug 
Tsep-apr 
: 
!maY-Jun 
laug 
Isep.apr 
Uul 

lau9 
jsep-apr 

iJUI 
!aug 
'I 'sap-apr 

,may-jun 

iiU1 

18u g 

l
imaY-JUn 
lui 

,aug 

Isap-apr 
ImaY-Jun 
Uul 
leu, 
Isep-epr 
ImaY-Jun 
liul , 
laug 
Isep-apr 
!may-jun 
iJUI , 
laug 
Isap-apr 

'ImeY-Jun 
lui 
,aug 

ImeY-Jun 
:Jul 
lau, 

sum 

mean 
untransformed mean 

7.85 

6.60 

5.81 
5.98 

5.51 
4,a8 

5.48 

4.19 

4.88 

6.72 
7.37 

7.25 
4.42 

4.51 
4.26 
4.94 

3.78 
5.06 
6.8S 

1.S4 
1.60 
2.42 
4.55 
1.67 
2.64 

7.46 
4.62 
3.51 
3.85 
4.25 
5.03 
3.66 
3.85 
4.30 

2.72 
1.35 
1.53 

1.61 

3.30 

1.58 
2.03 

176.20 
4.30 
73 

6.29 

6.18 

7.06 

4.72 
4.37 
3.49 

5.83 

4.51 

4.B8 

6.16 
6.83 

6.99 

2.97 
4.33 

5.55 
S.27 

4.38 
4.20 
6.86 

2.10 
1.62 
2.90 
4.26 
2.43 
2.00 

2.72 
3.67 
3.49 

3.82 
4.39 
5.15 
2.86 
4.09 
4.14 

1.33 
1.51 
2.73 

1.59 

1.98 

2.33 
1.85 

163.91 
4.00 
53 

% reduction I 26.3% 

#Ires! 

#blocks 
Ncells 
IIzeros 
avg of recfp 

, , , 

2 
41 

82 
0 

0.089 

Source of Variation 
Blocks 
Time Treatments 

Error 

Tolal 

F-D1st. at 1,40 OaF 

25% 1.36 
10% 2.84 
6% 4.08 

~ ~ ~ II II 

Correction: C = 1410.63 
Total SS = 43B.41 

Blocks S8 = 228.13 
Treatment SS = 1.64 

Error SS = 208.44 

ANOVA Results 
OaF 55 M5 F 

40 226.13 5.70 12.31 
1 1.84 1.84 3.98 

40 206.44 0.46 
81 436.41 

40,40 OaF 

1.24 
1.S1 
1.69 

4501-007-29P 



n 
I 

00 

Fecal Coliform 
Scheme C 

o In < RMS < .25 In 

REPORTAPC97.xLSIFCC Raln2 

--; iI r-: r-- ~ 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic I Tidal I 
, nl Region I Condition Season 89·91 92·96 

upper cha :fresh Jsep-apr 7.06 5.71 

upper eM ifresh !may-jun 6,96 6.34 

upper cha Hresh Ilul . 6.11 6.97 , 
upper cha :tresh taug 5.74 6.26 
lowarcha trresh Isap-apr 6.14 6.04 
lowercha hrBsh \may-/un 5.60 4.53 , , 
lowercha lfresh Hul 5.13 4.89 , 

I , 
lowercha Ifresh laug 5.16 4.26 

mystic :fresh . . I~ep.apr 6.25 6.45 

mysllc IfreSh :may.Jun. 4.63 4.89 

mystic {raSh !Iul 4.53 3,49 , 
mysUc .fresh laug 5.29 4.25 

nepan head :fresh :may-Jun 7,37 6.25 

nepon head !fresh !1uI 7.05 6.86 

nepon head Ifresh !aug 8.49 7.32 

neponsel Ihlgh Isap-apr 5.36 4,32 

neponset Ihlgh ImaY'Jun 6,6,0 3.90 

neponsel !hi9h 11"' 5.06 4.60 

neponset 
, , 
Ihlgh laug 4.62 5.67 

neponsel lJow !sep.apr 4.61 4.40 , 
neponset lIow lmey./un 5.60 5.75 

neponset IIOW lIul 5.71 4.65 , 
neponset !low \aug 5.57 4.29 

dorchester ,high \may-/un 1.98 2.34 

dorchester \hugh Ilul 2.35 2.49 , 
3".42 dorchester Ihlgh laug 4.34 

dorchester row ,mayo/un 2.81 1.80 

dorchester low !lui 2.15 2.14 

dorchester 
, , 

3.39 Ilow \aug 2.23 

innerharb Ihlgh Isep·apr 4.29 3.88 

Inner herb !hlgh 
, 
:may.Jun 4.88 aB3 

Innarharb 1~19h IJul 3.90 4.81 

[nnatherb high 'eug 4.95 3.77 

Inner herb !,ow 'sap-apr 4.85 4.77 

Innarherb I::: !may-jun 4.52 3.99 

Innerharb !Iul 5.05 4.54 

Innerharb !Iow jaug 5.84 3.22 

oulerherb Ihlgh Isap-apr 4.72 2.32 

oularherb lhl9h Imay-/un 2.63 1.42 

outer herb ,high ,lui 0.92 2.06 

oulerharb Ihl9h 
, 
laug 4.87 1.60 

outarharb !low ImaY'Jun 1.81 2.59 

ouler harb 
, 
pow 'jul 1.59 2.35 

ouler harb Jlow !aug 2.05 1.54 

sum 208.75 183.23 
mean 4.74 4.16 

untransformed mean 114 63 
% reduction 44.4% 

-.--, --; ~ :-l ,-----: 

#Ireal 2 Correcllon: C = 1745.94 

#blocks 44 Tolal SS = 482.49 

#cells •• Blocks SS = 218.57 
#zeros 0 Treatment S8 '" 7.40 
avg of reclp 0.102 Error SS = 258.52 

ANOVA Results 
Source of Variation OoF SS MS F 

Blocks 43 218.57 5.08 8.38 

Time Treatmenls 1 7.40 7.40 12,21 

Error 43 256.52 0.61 

Totel .7 482.49 

F·OIsl.al 1,43 OaF 43,43 OaF 

25% 1.36 1.24 
10% 2.83 1.51 
5'1. ".07 1.69 

4501-007-29P 
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n 
I 

<.0 
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Fecal Coliform 
Scheme C 

RMS> 0.25 in 

REPORTAPC97.XLSIFCC Rain3 

L .I L. 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS 

Goographlc Tidal I 
Region Condition! Season 

upper cha 

upper che 
lower che 
lower che 
lower che 
lowerche 

mystic 

mysllc 

mysllc 

nepon head 
!nepon heed 

Inepon head 

neponsel 

nepon~et 

neponsel 
neponsel 

neponset 
neponset 
neponset 

neponsel 
dorchesler 
dorchester 
dorchester 
dorchester 
dorchester 
dorchester 
dorchester 
dorchester 
Inner herb 
Inner herb 
Inner herb 
Inner herb 
Innar herb 
Inner herb 
Innarherb 
Inner herb 
outer harb 
ouler harb 

ouler herb 
ouler herb 
ouler harb 
·outer harb 

Itresh 

'Ifresh 
Ifresh 
Itresh 
!tresh 
Ifresh 

IfreSh 

Ifresh 

'fresh 

\fresh 
!fresh 

IfreSh 

ihlgh 

Ihlgh 

',high 
high 

I::: 
\IOW 
llow 

Ihl9h 
Ihlgh 

Ihu9h 
,hIgh 

I'IOW 

,low 
Ilow , 
how 
jhlgh 

Ihlgh 
Ihlgh 
Ihlgh 

!Iow 
I'OW 
pow 
!low 

I
-high 

high 

!hl9h 
Ihlgh 

jloW 
Jlow 

ImaY'Jun 
Ilul 
jsep-apr 
:may·Jun 
!lul , 
:aug 
Isep-apr 

Ilul 
I 
laug 

jsep-apr 

jM , 
lau9 
jsep-apr 

Imay-Jun 
!Jul 

I·ug 
Isep-apr 
jmay.Jun 
IJul , 
'aug 

isap-apr 
may-Jun 

Ilul 
'JlIug 
isep-apr 
Imay.Jun 

I~~g 
-Isep-apr 
may.Jun 

!Iul , 
laug 
lsep-apr 
jmaY-Jun 
Ijul 
!aug 

Isep-apr 

may-Jun 

ilul 
laug 

liul 
laug 

sum 
mean 

untransformed moan 

TREATMENTS 

89·91 I 92·96 

7.24 

7.41 

6.69 

6.44 

6.49 
6.85 

6.12 

4.94 

6.45 

7.54 
7.69 

9.59 

5.96 

6.15 
5.59 

7.12 

6.17 

6.69 
6.23 

8.12 
4.64 

2.95 
3.35 

4.79 
6.34 

4.25 

3.10 

6.91 

6.26 

3.62 
5.60 

6.07 

6.35 
3.17 

4.44 
5.64 

3.62 

3.09 

1.35 

2.97 

2.35 
2.69 

233.43 
5.56 
258 

6.37 

6.74 

6.40 

5.37 
5.64 
4.56 

6.62 

7.50 

6.39 

7.77 
7.90 

7.26 

5.91 

5.45 
6.72 

7.13 

5.58 

5.17 
5.57 

7.63 
1.79 
3.00 
3.60 
3.60 
4.34 

2.70 
3.32 
4.12 

4.56 

4.32 
5.60 
5.67 

4.62 
4.90 

5.63 
5.07 

2.07 

4.71 

2,01 

2.56 

3.01 
2.56 

212.27 
5.05 
156 

% reductlonl 39.7% 

[~ .J :--:J :----l ----, 

#treat 2 Corredlon: C ., 2364.90 
#blocks 42 Total SS = 582.32 
Ilcells 84 Btocks SS .. 235.09 
Ilzeros 0 Treatment SS = 5.33 
avg of reclp 0.103 Error SS = 341.90 

ANOVA Results 
Source of VarIation OoF 55 M5 F 
Blocks 41 235.09 5.73 6.67 
Time Treatments 1 5.33 5.33 8.19 

Error 41 341.90 0.66 
Total 83 582.32 

F·Dlsl.at 1.-40 OaF· 40,400oF 

25% 1.36 1.24 
10% 2,B3 1.51 
15% 4.08 1.69 

4501-007-29P 



n 
I 
a 

---, 

Enterococcus 
Scheme A 
RMS = 0 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic I Tidal 
, , , 

Region I Condition! Season 89-91 92-96 

upper cha Ifresh Uul-aug 4.58 4.41 

lowercha :fresh Isep-apr 4.62 6.94 
lowercha Ifresh 

, 
Imay-jun 2.26 3.13 , , 

lowercha Ifresh :jul-aug 3.02 2.76 
mystic !fresh Isep-apr 3.86 3.50 , . 
mystic Ifresh ' . 3.62 3.60 ImaY-Jun 
mystic Ifresh !jul-aug 3.81 3.84 

nepon head Ifresh 
, 

5.94 6.91 Isep-apr , , 
nepon head !fresh !iul-aug 6.66 5.64 
neponset :high !sep-apr 4.23 3.58 
neponset !high ljul-aug 3.19 3.80 

neponset :Iow :sep-apr 3.47 5.35 , , 
neponset How ' . 2.40 2.70 

I 
ImaY-Jun 

neponset Ilow !jul-aug 4.47 4.01 
dorchester :high Imay-jun 1.02 1.50 , , 
dorchester. :high Ijul-aug 2.00 2.14 

dorchester IJow lsep-apr 2.64· 2.42 , I " 
dorchester How ,maY-Jun 1.26 1.52 , 
dorchester Ilow Ijul-aug 2.04 2.20 

inner harb Ihigh lsep-apr 3.49 2.36 
inner harb Ihigh !may-jun 1.74 2.84 
inner harb 

, , 
fhigh Ijul-aug 2.48 2.52 

inner harb flow Isep-apr 3.84 3.31 , 
inner harb pow Imay-jun 1.93 2.41 
inner harb Ilow ljul-aug 3.12 2.49 
outer harb Ihlgh Isep-apr 3.19 1.33 
outer harb Ihigh 

, 
1.35 lmay-jun 1.38 , , 

outer harb :high Ijul-aug 1.57 1.71 
outer harb Jlow ' . 1.57 1.84 ,maY-Jun 

outer harb Ilow I. I 1.61 1.81 lJu-aug 
sum 90.95 93.93 

mean 3.03 3.13 

untransformed mean 20 22 
% reduction -11.0% 

REPORTAPC97.XLSIENA Rainl 

---, ---, [-- ~, ---, --1 [---, ~1 

#treat 2 Correction: C = 569.71 

#blocks 30 Total SS = 231.72 

#ceJls 60 Blocks SS = 111.11 

#zeros 0 Treatment SS = 0.15 

avg of recip 0.094 Error SS = 120.46 

ANOVA Results 
Source of Variation DoF ss MS F 

Blocks 29 111.11 3.83 9.84 

Time Treatments 1 0.15 0.15 0.38 

Error 29 120.46 0.39 

Total 59 231.72 
--_. -_._ .. 

F-Dist. at 1,29 DoF 29,29 DoF 

25% 1.38 1.29 

10% 2.89 1.62 

5% 4.18 1.86 

4501-007-29P 
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Enterococcus 
Scheme A 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

o in < RMS < .25 in .Geographic I Tidal 0 
0 
0 

Region I Condition! Season ,89·91 92·96 
uppercha Ifresh jiul-aug 4.07 5,33 
lower cha . Jfresh !sep-apr 4,84 5,87 
lowercha Ifresh 

0 
Imay-jun 2,29 3,28 

0 0 
lower cha lfresh ijul-aug 3.10 3,25 
mystic !fresh !sap-apr 5.82 4,14 
mystic Ifresh o • 

3.99 4,12 ,maY-Jun 
mystic 

0 
ljul-aug· Ifresh 3,69 3.50 

nepon head !fresh 
0 
:may-jun 5.17 5,56 

!fresh 
0 

nepon head Uul-aug 6.16 5,62 
neponset :high lsep-apr 4.56 5,92 
neponsel !high : ' 4,62 3.66 

0 
,maY-Jun 

neponsel Ihigh Ijul-aug 2.97 3,71 
neponset tlow 

0 
Isap-apr 3,44 3.67 

neponsel Ilow 
0 

3,76 5,29 rmay-jun 
neponsel ilow Ijul-aug 4.12 3,11 
dorchester Ihigh Imay-jun 1AO 1.75 
dorchesler ' Ihigh Ijul-aug 2.02 2,17 
dorchester tlow imay-jun 1,58 1.14 

0 

dorchester tlow 0' I 1,62 2.03 -.Jlu -aug 
inner harb Ihigh lsep-apr 4.05 2,84 
inner harb Ihigh 

0 
lmay-jun 2.24 2,97 

0 0 
inner harb thigh Ijul-aug . 2.98 3,03 
inner harb flow lsep-apr 4,69 2.96 

0 

!maY-Jun inner harb pow 2A9 2,98 
inner harb Ilow Ijul-aug 2,72 3,16 
ouler harb :high isep-apr 4.01 1.22 
ouler harb lhigh lmay-jun 1.60 1.59 

0 0 
, ouler harb :high ljul-aug 1.71 1.61 

ouler harb i low ' Imay-jun 1.62 2,03 
ouler harb Ilow 

0 liul-aug 1.61 1.89 

sum 98,94 99.38 
mean 3,30 3.31 

un!ransformed mean 26 26 
% reduction -1.5% 

REPORTAPC97.XLSIENA Rain2 

J I .1 -----, ~ :-:--l 

#treat 

'j 
Correction: C = 655.53 

#blocks 30 Total SS = 251.81 
#cells 60 Blocks SS = 98.87 
I 
#zeros 

0,06~ 
Treatment S8 = 0.00 

avg of recip Error S8 = 152.93 

ANOVA Results 
Source of Variation OaF SS MS F 
Blocks 29 98.87 3.41 10,60 
Time Treatments 1 0,00 0.00 0.01 
Error 29 152,93 0,32 
Total 59 251.81 
Total 59 231,72482 

F-Oisl. at 1,29 OaF 29,29 OaF 

25% f38 1,29 
10% 2,89 1.62 
5% 4.18 1.86 

4501-007-29P 



n 
I 

IV 

Enterococcus 
Scheme A 
RMS> 0.25 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic! Tidal 
, , , 

Region I Condition I Season 89·91 92·96 

uppercha Ifresh iiul~aug 6.53 5.92 
lowercha Ifresh Isep~apr 6.11 6.67 
lower cha Ifresh 

, 
3.69 Imay-jun 4.20 , , 

lower cha Ifresh 'jul-aug 4.60 3.98 
myslic Ifresh !sep-apr 8.00 4.36 
mystic !fresh Uul-aug 4.73 5.47 
nepon head I fresh Isep-apr 7.81 6.99 , , 
nepon head !fresh ljul-aug 8.34 6.66 

neponset !high !sep-apr 5.16 5.54 

!high 
, 

neponset Imay-jun 7.44 5.17 , , 
neponset 'high !jul-aug 4.83 5.43 

neponset Ilow Isep-apr 5.17 5.45 , , 
neponset Ilow Imay-jun 5.76 4.67 , 

I. I neponset !Iow IJu -aug 5.33 5.21 
dorchester 'high , Isep-apr , 3.39 1.79 
dorchester !high ' . ImaY-Jun 1.66 2.25 

dorchester !high !jul-aug 2.02 3.18 
dorchester How Isep-apr 4.43 2.09 , 
dorchester Ilow , !may-jun 3.04 2.03 
dorchester !Iow !jul-aug 2.40 3.04 
inner harb thigh lsep-apr 5.24 2.62 
inner harb !high ' . 2.36 3.99 ImaY-Jun , , 
inner harb 'high 'jul-aug 3.54 4.01 
inner harb ,low ,sep-apr 5.98 3.62 
inner harb !Iow 

, 
lmay-jun 1.68 3.76 

inner harb \low !jul-aug 3.44 3.90 
ouler harb 'high !sep-apr 4.41 1.09 , 
outer harb ,high !may-jun 1.35 3.67 
outer harb lhigh 'jut-aug 2.07 2.04 
ouler harb :Iow ,jul-aug 1.92 2.21 

sum 132.44 121.04 
mean 4.41 4.03 

untransformed mean 82 56 
% reduction 32.0% 

REPORTAPC97.XLSIENA Rain3 

-, -, r-, r-- .j-- ---::J -, ---. --I I" 

#treat 2 Correction: C = 1070.86 

#blocks 30 Total 55 = 4t9.39 

#cells 60 Blocks 55 = 158.t9 
#zeros 0 Treatment SS = 2.17 
avg of recip 0.101 Error S8 = 259.03 

ANOVA Results 
Source of Variatl~n OoF 55 M5 F 

Blocks 29 t58.19 5.45 6.06 

Time Treatments 1 2.17 2.17 2.41 

Error 29 259.03 0.90 

Total 59 419.39 

F-Dist. at 1,29 OaF 29,290oF 

25% 1.38 1.29 

10% 2.89 1.62 

5% 4.18 1.86 

4501-007-29P 
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Enterococcus 
Scheme B 
RMS =0 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS' 

Geographic i Tidal 
, , , , 

Region ! Condition I Season 89-91 92-96 
charles I fresh lsep-apr 5.08 6.94 
charles Ifresh 

, 
2.26 3.79 lm~y-jun , 

!jul-aug charles Ifresh 3.64 3.52 
mystic Ifresh , Isep-apr 3.86 3.50 
mystic Ifresh ' . 3.62 3.60 ,maY-Jun 
mystic lfresh Uul-aug 3.81 3.84 
nepon head lfresh Isep-apr 5.94 6.91 , , 
nepon head !fresh !jul-aug 6.66 5.64 
neponset jhigh Isep-apr 4.23 3.58 
neponset lhigh !jul-aug 3.19 3.80 
neponset lIow (sep-apr 3.47 5.35 , 

I . 
neponset Ilow lmaY-Jun 2.40 2.70 , , 
neponset Jlow !jul-aug 4.47 4.01 
dorchester thigh :rnay-jun 1.02 1.50 
dorchester !high '. I lJu-aug 2.00 2.14 
dorchester !low !sep-apr 2.64 2.42 , 
dorchester how 

, 
Imay-jun 1.26 1.52 , 
!jul-aug dorchester !low 2.04 2.20 

inner harb Ihigh lsep-apr , 3.49 2.36 
inner harb Ihigh 

, 
1.74 2.84 lmay-jun 

inner harb lhigh hul-aug 2.48 2.52 
inner harb llow lsep-apr 3.84 3.31 , , . 
inner harb !Iow lmay-jun 1.93 2.41 , 
inner harb llow tjul-aug 3.12 2.49 
outer harb thigh (sep-apr 3.19 1.33 
outer harb !high 

, 
1.38 tmay-jun 1.35 

Ihigh 
, 

outer harb ljul-aug 1.57 1.71 
outer harb llow ' . 1.57 1.84 , JmaY-Jun 
outer harb llow tjul-aug 1.61 1.81 

sum 87.45 90.95 
mean 3.02 3.14 

untransformed mean 19 22 
% reduction -13.4% 

REPORTAPC97.XLS!ENB Rain1 

I. __ .J J -.-.1 --"'] --I --:-:--l 

#treat 2 Correction: C = 548.73 
#blocks 29 Total 55 = 227.24 
#cells 58 Blocks 55 = 109.80 
#zeros 0 Treatment S8 = 0.21 
avg of recip 0.096 Error 88 = 117.23 

ANOVA Results 
Source of Variation OaF 55 MS F 
Blocks 28 109.80 3.92 9.77 
Tlille Treatments 1 0.21 0.21 0.52 

Error 28 117.23 0.40 
Total 57 227.24 

F-Oist. at 1,28 OaF 28,28 OaF 

25% 1.38 1.29 
10% 2.89 1.64 
5% 4.20 1.89 

4501-007-29P 



n 
I 

-" 

Enterococcus Cell Average Values (Zero Blocks Removed) 

Scheme B RANDOMIZED BLOCKS TREATMENTS 

o in < RMS < .25 in Geographic I Tidal I , , 
Region ! Condition! Season 89-91 92-96 

charles !fresh !sep-apr 5.32 5.87 

charles !fresh !may-jun 2.29 4.04 
charles !fresh !jul-aug 3.57 4.24 
mystic Ifresh Isep-apr 5.82 4.14 , , 
mystic Ifresh Imay-jun 3.99 4.12 , , 
mystic !fresh iiul-aug 3.69 3.50 
nepon head Ifresh Imay-jun 5.17 5.56 , , 
nepon head !fresh !jul-aug 6.16 5.62 

neponset Ihigh !sep-apr 4.56 5.92 
neponset !high !may-jun 4.62 3.66 , , 
neponset Ihigh Ijul-aug 2.97 3.71 

neponset !Iow Isep-apr 3.44 3.67 , , 
neponset pow !may-jun 3.76 5.29 
neponset !Iow !jul-aug 4.12 3.11 
dorchester Ihigh Imay-jun 1.40 1.75 , , 
dorchester Ihigh Ijul-aug 2.02 2.17 

dorchester \low Imay-jun 1.58 1.14 , , 
dorchester lIow Ijul-aug 1.62 2.03 
inner harb !high !sep-apr 4.05 2.84 
inner harb !high !may-jun 2.24 2.97 
inner harb ! high !jul-aug 2.98 3.03 
inner harb lIow I sep-apr 4.69 2.96 , , 
inner harb !Iow !may-jun 2.49 2.98 
innerharb llow Ijul-aug 2.72 3.16 
outer harb lhigh !sep-apr 4.01 1.22 
ouler harb !high !may:jun 1.60 1.59 

I • I, 
outerharb Ihlgh Ijul-aug 1.71 1.61 
outer harb . !Iow !may-jun 1.62 2.03 
outer harb How Ijul-aug 1.61 . 1.89 

sum 95.83 95.80 

mean 3.30 3.30 

untransformed mean 26 26 
% reduction 0.1 % 

REPORTAPC97.XLSIENB Rain2 

---, ---, r-l ,-- r- ---, ---, .--, ---, r-

#treat 2 Correction: C = 633.13 

#blocks 29 Total 55 = 247.41 

#cells 58 Blocks 55 = 97.28 

#zeros 0 Treatment 58 = 0.00 

avg of recip 0.062 Error S8 = 150.13 

ANOVA Results 
Source of Variation OaF S8 MS F 

Blocks 28 97.28 3.47 10.48 
Time Treatments 1 0.00 0.00 0.00 

Error 28 150.13 0.33 

Total 57 247.41 

F-Dist. at 1.280oF 28.280oF 

25% 1.38 1.29 

10% 2.89 1.64 

5% 4.20 1.89 

4501-007-29P 
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Enterococcus 
Scheme B 
RMS > 0.25 in 

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic! Tidal 
, , , 

Region I Condition I Season 89·91 92-96 
charles I fresh Isep-apr 6.60 6.67 
charles !fresh 

, 
3.69 Imay-jun 4.72 

charles 
, '. Ifresh Ijul-aug 5.49 5.02 

mystic lfresh Isap-apr 8.00 4.36 , 
mystic I fresh ijul-aug 4.73 5.47 
nepon head jfresh Isep-apr 7.81 6.99 
nepon head !fresh '. ilul-aug 8.34 6.66 
neponset ihigh 

, 
5.16 5.54 Isep-apr , , 

neponset !high !may-jun 7.44 5.17 , 
!jul-aug neponset ihlgh A.83 5.43 

neponset llow , Isep-apr 5.17 5.45 
neponset how 

, 
5.76 4.67 , imay-jun 

neponset low Ijul-aug 5.33 5.21 
dorchester thigh Isep-apr 3.39 1.79 
dorchester Ihigh 

, 
lrnay-jun 1.66 2.25 , , 

dorchester thigh Ijul-aug 2.02 3.18 
dorchester :Iow Isep-apr 4.43 2.09 , 

I . dorchester Ilow ImaY-Jun 3.04 2.03 , 
I· I dorchester Ilow 'Ju -aug 2.40 3.04 

inner harb Ihigh Isep-apr 5.24 2.62 
inner harb Ihigh 

, 
:may-jun 2.36 3.99 

!high 
, 

inner harb Ijul-aug 3.54 4.01 
inner harb pow isep-apr 5.98 3.62 
inner harb llow ' . 1.68 3.76 , JmaY-Jun 
inner harb llow , !jul-aug 3.44 3.90 
outer harb Ihigh Isep-apr 4.41 1.09 
outer harb !high ' . 1.35 3.67 ImaY-Jun , 

I· I outer harb Ihigh 'Ju -aug 2.07 2.04 
outer harb llow Ijul-aug 1.92 2.21 

sum 127.29 116.68 
mean 4.39 4.02 

untransformed mean 80 55 
% reduc'tion 31.0% 

-----

REPORTAPC97.XLSIENB Rain3 

l. .) :-::--l ~ r-; ---, . L . 

#treat 2 Correction: C = 1026:22 
#blocks 29 Total SS = 408.00 
#cetls 58 Blocks SS = 154.36 
#zeros 0 Treatment S8 = 1.94 
avg of recip 0.103 Error S8 = 251.70 

ANOVA Results 
Source of Variation OaF SS MS F 
Blocks 28 154.36 5.51 5.94 
Time Treatments 1 1.94 1.94 2.10 

Error 28 251.70 0.93 
Total 57 408.00 

F-Oist. at 1,28 OaF 28,28 OaF 

25% 1.38 1.29 
10% 2.89 1.64 
5% 4.20 1.89 

4501;007-29P 
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Enterococcus 
Scheme C 
RMS = 0 in 

REPORTAPC97.xLSIENC Rain1 

r----1 -.--. r--

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic I Tidal 'I 

Region ! Condition! Season 89-91 92-96 
upper cha jfresh Ilul 4.58 4.38 

lowercha ifresh !sep-apr 4.62 6.94 

lowercha !fresh 
0 

!maY-Jun 2.26 3.13 
lower cha Ifresh 

0 !lUI 2.97 2.79 

lowercha Ifresh laug 3,33 2.40 
mystic :tresh Isep-apr 3.86 3.50 , 

!maY'iun mystic !fresh 3.62 3.60 , , , 
mystic !fresh !aug 3.84 3.84 

nepan head Ifresh Isep-apr 5.94 6.91 

nepan head IfreSh ( !IUI B.98 5.33 

nepan head .fresh laug 6.50 5.94 

neponset jhfgh Isep-apr 4.23 3.58 

neponset jhl9h JlUI 3.31 3.28 

neponset ,high laug 3.12 4.24 

neponset i'ow isep.apr 3.47 5.35 

neponset :Iow ,may-jun 2.40 2.70 , 
hUI neponset !low 2.97 3.06 , 0 

neponset How laug 5.97 4.89 

dorchester thigh Imay-jun 1,02 1.50 

dorchester IhU9h liUI 1.81 1.41 

dorchester Ihlgh laug 2.13 2.74 
dorchester 'low Isep-apr 2.64 2.42 

dorchester Irow :may-Jun 1.26 1.52 
0 

dorchester flow 'Jul 0.92 1.79 

dorchester how laug 4.29 2.68 

inner harb Ihlgh !sep-apr 3.49 2.36 , 
inner harb Ihlgh Imay-Jun 1.74 2.84 , 

!lui Inner harb Ihlgh 1.73 2.30 

Inner harb Ihlgh laug 3.14 2.68 

inner harb !IOW Isep-apr 3.84 3.31 

inner harb low may-Jun 1.93 2.41 

inner harb :Iow !lui 1.97 2.59 

inner harb Irow !aug 3.43 2.41 

outer harb Ihlgh lsep-apr 3.19 1.33 

outer harb Ihlgh ImaY-Jun 1.35 1.38 

outer harb Ihigh IIUI 1.69 1.91 

outer harb Ihlgh aug 1.58 1.62 

outer harb pow tmay-Jun 1.57 1.84 , , 
outer harb lIow !lUI 1.09 1.73 

outer harb how laug 1.94 1.84 

sum 121.67 122.45 
mean 3.04 3.06 

untransformed mean 20 20 
% reduction -2.1% 

,---, --, ----, . ,...---; r--1 

I#lreat 2 Correction: C = 744.96 

#blocks 40 Total SS = 310.39 

#cells 80 Blocks SS = 158.29 

#zeros 0 Treatment SS = 0.01 
avg of recip 0.103 Error SS = 152.09 

ANOVA Results 
Source of Varia lion DoF SS MS 
Blocks 39 158.29 4.08 

Time Treatments 1 0.01 0.01 

Error 39 152.09 0.40 

Total 79 310.39 
------ -----

F-Olst. at 1,39 OaF 39,39 OaF 

25% 1.38 1.24 

10% 2.84 1.51 

5% 4.09 1.69 

c-:= , , 
l_~ 

---:I ___ J ==:J 

F 

10.12 

0.02 

4501-007-29P 
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Enterococcus Coli Average Values (Zero Blocks Removed) 

Scheme C RANDOMIZED BLOCKS TREATMENTS 

o in < RMS < .25 in Geographic I Tidal 
, 
I 

RegIon ! Condition! Season 89-91 92-96 
upper cha lfresh !luI 4.03 5,33 

upper che Ifresh 
, 

5.46 5.36 'BUg 
lower che Ifresh ,sep-apr 4.84 5.87 
lowercha IfreSh Imay-Jun 2.29 3.26 
lowercha !'reSh 11"1 3.15 3.27 
rowarcha fresh .aug 2.73 2.94 
mystic :fresh Isep.apr 5.82 4.14 , , 
mys!lc IfreSh imay.Jun 3.99 4.12 
mystrc Ifresh 11"1 3,80 3,50 , , 
mystic Uresh taug 3.53 3,49 
nepon head Irresh lmay-]un 5.17 5.56 , 
nepan head !fresh l/ul 5.85 5,50 

nepon head 
, 

!aug [fresh 6.48 6,49 

neponsel thigh !sap-apr 4.56 5.92 
neponset jhl9h :may-jun 4.62 3.66 
neponset ,high !jUI 2.81 3.61 , 
neponset ,high laug 3.31 4.10 
neponset :Iow !sep-apr 3.44 3.67 
neponsel flow Imay-Jun 3.76 5.29 
neponset irow 1"1 3.50 3.15 
neponsel how '"' 4.54 2.94 
dorchester fl9h may-Jun 1.40 1.75 
dorchester hugh 11"1 1.66 1.98 
dorchester Ihlgh iaug 2.85 2.77 
dorchester ,low Imay-Jun 1.58 1.14 
dorchester !tow {lUI 1.34 1.98 , 
dorchester 'tow laug 2.01 2.58 
Inner harb !hlgh {sep-apr 4.05 2.84 
Inner harb iht9h ImBY.I"" 2.24 2.97 
Inner harb Ihlgh 1"1 1.16 3.14 
inner harb {high ,aug 3.39 2.68 
Inner herb pow Isep-apr 4.69 2.96 
Inner harb :row ,may-Jun 2.49 2.98 , 
Inner harb row 11"1 2.96 3.30 
Inner harb low B"g 2.51 2.41 
outer harb 

r'9
h !sep-apr 4.01 1.22 

outer herb high may-Jun 1.60 1.59 
outer harb Ihlgh 11"1 1.15 1.71 

outer harb Ihlgh . IB"g 1.76 1.56 
outer harb fOW Imay-jun 1.62 2.03 
outer harb , low ,Jul 1.50 1.93 
outer herb i 'ow laug 1.82 1.86 

sum 135.88 138.54 
mean 3.24 3.30 

untransformed mean 24 26 
% redUction ·6.8% 

~. 

REPORTAPC97.xLSIENC Rain2 

.1 L_J J L __ ~ ~ 

#ireal 2 Correcnon: C '" 896.47 
#blocks 42 Total 55 c 342.74 
/lcells 8' Blocks 5S '" 146.53 
/lzeros 0 Treatment 55 '" 0.08 
avg of reclp 0.096 Error SS '" 196.12 

ANOVA Results 
Source of Variation DoF 55 M5 F 
Blocks 41 146.53 3.57 7.66 
Time Treatments 1 0.08 0,08 0.16 

Error 41 198.12 0.47 
Total 83 342.74 

F-Olst.al 1,41 OoF 41,41 OaF 

25% 1.36 1.24 
10% 2.83 1.51 
5% 4.08 1.69 

4S01-007-29P 
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Enterococcus 
Scheme C 
RMS > 0.25 in 

REPORTAPC97.XlSIENC Rain3 

-; :--] r-j r---- 1--

Cell Average Values (Zero Blocks Removed) 

RANDOMIZED BLOCKS TREATMENTS 

Geographic! Tidal ' ' , I 
Region ·1 Condition I Season 89·91 92·96 

upper cha I fresh Uul 6.53 5.62 , , 
lower cha jfresh !sep-apr 6.11 6.67 
lower cha Ifresh 

, 
Imay-jun . 3.69 4.20 

lower cha 
, 

ljut [fresh 4.56 4.10 

lower cha Ifresh laug 5.14 3.15 
myslic lfresh • sap-apr 8,00 4.36 

mystic Ifre~h liul 4.28 6.33 

mystic :fresh ,aug 4.81 5.27 

nepan head rfresh rsep-apr 7.81 6.99 
nepan head ifresh !JUI 7.87 6.83 
nepan head irresh !aug 10.23 6.42 

neponset Ihigh !sep-apr 5.16 5.54 

neponset lhigh !may.jun 7.44 5.17 

neponset lhigh !iul 4.25 5.36 
neponset Ihi9h laug 6.97 5.56 

neponsel 'low rsep-apr 5.17 5.45 

neponset IIOW !may-jun 5.76 4.67 
neponset Ilow Ilul 4.96 4.33 
neponset !Iow laug 8.37 5.98 

dorchester !high !sap-apr 3.39 1.79 

dorchester ri
9
h !may-jun 1.66 2.25 

dorchester hugh jiut 1.98 3.14 
dorchester Ihlgh aug 2.43 3.26 

dorchester pow Isep-apr 4.43 2.09 

dorchester Ilow Imay-Jun 3.04 2.03 , 
dorchester !Iow !lui 1.97 2.67 
dorchester !tow laug 5.46 3.49 
inner harb t i9h Isep-apr 5.24 2.62 
inner harb Ihigh :may-jun 2.36 3.99 

inner harb lhlgh iiut 2.86 3.99 , , 
inner harb thigh laug 3.68 4.03 

inner harb Ilow {sep-apr . 5.98 3.62 

innerharb how !may-jun 1.68 3.76 

inner harb IIOW iiul 2.91 3.99 

inner harb Ilow laug 3.55 3.66 

ouler herb Ihi9h Isap-apr 4.41 1.09 

ouler herb high !may.Jun 1.35 3.67 

outer harb Ihlgh !JUI 0.92 1.92 

outer harb :hlgh 
, 
;aug 2.11 2.07 

outer herb I:~w put 1.63 2.67 
outer harb low taug 1.96 2.06 

sum 182.11 165.89 

mean 4.44 4.05 

unlransformed mean 84 56 
% reduction ·33.1% 

--] --; ~ ~ 

l#treat 2 Correction: C :: 1476.93 

flblocks 41 To(al 55 '" 599.89 

flcells 82 Blocks S8:: 247.86 
#zeros 0 Treatment SS :: 3.21 
avg of redp 0.110 Error 88 :: 348.82 

ANOVA Results 
Source of Varlallon DoF SS MS F 

Blocks 40 247.66 6.20 6.47 
Time Treatments 1 3.21 3.21 3.35 

Error 40 348.62 0.96 

Total 81 599.89 

F-OIsl.al 1.4000F 40,4000F 

25% 1.36 1.24 

10% 2.64 1.51 
5% 4.0B 1.69 

4501·007-29P 

~ 

1 __ - :=-J L I I c:J [ - L • 



/, 
[' 

[ 

1-' 

-, 

J 

APPENDIXD 

RESULTS FOR ANALYSIS OF INDIVIDUAL GEOGRAPHIC REGIONS 

A:\PUBS\PROJ ECTS\4501 007\29P .ALL July. 1998 



· II 
U 
U 

o 
o 
fi 

n 
IJ 
~ 

L 
r 
[ 

r 
I: 
L 
L 
[ 

[ 

r 



o 
I 

.. t. ... 1 " ~ l l 

Fecal Coliform 
Scheme A 
Upper Charles River 

Fecal Coliform 
Scheme A 
Lower Charles River 

REPORTAPD97.xLSIFCA UC,LC 

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

. RANDOMIZED BLOCKS TREATMENTS 

RMS ! Tidal ! . 
Rainfall ! Condilion i Season 89-91 92-95 

o !fresh lsep-~pr 6A8 5,84 
o Ifresh ImaY-Jun 7.85 6.29 

o \fresh !iul-aug 6.60 6.14 
0: 0.25 Ifresh lsep-apr 7.06 5.71 , , 
o : 0.25 \fresh l\may-jun 6.96 6.34 
0: 0.25 lfresh jul-aug 6.10 6.92 

> 0.25 !fresh !sep-apr 7.29 6.65 
> 0.25 !fresh imay-jun 7.24 6.37 
> 0.25 ifresh !jul-aug 7A 1 6.94 

sum 62.99 57.20 

mean 7.00 6.36 
untransformed mean 1094 575 

% reduction 47.5% 
- - --

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal ! 
Rainfall I Condition I Season 89-91 92-95 I 

0 Ifresh Isep-apr 5.81 7.06 , , 
0 !fresh Imay-jun 5.98 4.72 , 

jul-aug 0 Ifresh 5A3 4.28 

0: 0.25 Ifresh Isep-apr 6.14 6.04 , 
0: 0.25 ifresh Imay-jun 5.60 4.53 
0: 0.25 !fresh \jUI-aug 5.13 4.86 

> 0.25 Ifresh lsep-apr 6.69 6AO 
> 0.25· !fresh !may-jun 6A4 5.37 

> 0.25 !fresh hul-aug 6.52 .5.68 
sum 53.74 48.94 

mean 5.97 5.44 
untransformed mean 391 229 

% reduction 41,4% 

L. L _. __ J J .1 J -- ~ 
#treat 2 Correction: C = 802.54 

#blocks 9 Tolal 55 = 27.95 

#cells 18 Blocks S5 = 1.96 

#zeros 2 Treatment S8 = 1.86 

avg of reclp 0.190 Error S5 = 24.12 

ANOVA Results 
Source of Variat.ion OaF 55 M5 F 

Blocks 8 1.96 0.25 0.32 

Time Treatments 1 1.86 1.86 2.44 

Error 6 24.12 0.76 

Tolal 15 27.95 '-------- -_ .. ~ -- -

F-Olsl. at 1,6 OaF 8,6 OaF 

25% 1.62 1.78 

10% 3.78 2.98 

5% 5.99 4.15 

#treat 2 Correction: C = 585.81 

#blocks 9 Total 55 = 50.40 
I 
'jeeUs 18 Blocks 55 = 6.68 

#zeros 0 Treatment 58 = 1.28 

avg of reclp 0.048 Error 58 = 42.45 

ANOVA Results 
Source of Variation OoF SS MS F 

Blocks 8 6.68 0.83 3.28 

Time Treatments 1 1.28 1.28 5.02 

Error 8 42.45 0.25 

Total 17 50.40 

F-Olsl. at 1,8 OaF 8,8 OaF 

25% 1.54 1.64 

10% 3.46 2.59 

5% 5.32 3.44 

4501-007-29P 
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Fecal Coliform 
Scheme A 
Mystic River 

Fecal Coliform 
Scheme A 
Neponset River 
Headwaters 

REPORTAPD97.XLSIFCA M,NH 

r--, r---' r---

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall I Condilion i Season 89-91 92-95 

0 Ifresh Isep-apr 5.48 5.83 , I . 0 Ifresh :maY-Jun 4.19 4.51 
I , 

0 Ifresh Uul-aug 4.69 4.88 , 
0: 0.25 :fresh !sep-apr 6.25 6.45 , 

Imay-jun 0: 0.25 ifresh 4.63 4.89 
0: 0.25 I fresh hul-aug 4.86 3.98 

> 0.25 :fresh Isep-apr 8.12 6.62 
> 0.25 Ifresh 

I . 6,37 6.29 :maY-Jun 
> 0.25 : fresh hUI-aug 6.21 6.60 

sum 50.80 50.05 

mean 5.64 5.56 
untransformed mean 282 259 

% reduction 8.0% 

Cell Aveiage Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal I 
Rainfall i Condilion i Season 89-91 92-95 

0 Ifresh isep-~pr 6.72 6.16 , 
0 :fresh :maY-Jun 7.22 6.70 

0 Ifresh !iul-aug 7.29 6.92 

0:0.25 Ifresh !sep-apr 6.56 6.04 

0: 0.25 itresh Imay-jun 7.37 6.25 
0: 0.25 !fresh hul-aug 7.77 6.93 

> 0.25 :fresh !sep-apr 7.54 7.77 , , 
> 0.25 !fresh !may-jun 7,88 7.36 

> 0.25 
, 
ifresh !jul-aug 8.07 ·7.63 

sum 66.42 61.76 

mean 7.38 6.86 
untransformed mean 1603 954 

% reduction 40.4% 

r-: ---, ---, '--I r-::l [ 

#treat 2 Correction: C = 565.04 

#blocks 9 Tolal 55 = 70.18 

#cel/s 18 Blocks 55 = 18.41 

#zeros Treatment 55 = 0.03 

avg of reclp 0.098 Error 55 = 51.75 

ANOVA Results 
Source of Variat10n OaF 55 M5 F 

Blocks 8 18.41 2.30 3.18 
Time Treatments 1 0.03 0.03 0.04 

Error 7 51.75 0.72 

Total 16 70.18 

F·Olsl. al 1,7DoF 8,70oF 

25% 1.57 1.7 

10% 3.59 2.75 

5% 5.59 3.73 

#treat 2 Correction: C = 912.78 

:#blocks 9 Tolal 55 = 20.42 
, 

'#eells 18 Blocks 55 = 4.76 

#zeros 3 Treatment SS = 1.21 

avg ofrecip 0.328 Error 5S = 14.46 

ANOVA Results 
Source of Variation OoF 55 M5 F 

Blocks 8 4.76 0.59 0.63 

Time Treatments 1 1.21 1.21 1.27 

Error 5 14.46 0.95 

Tolal 14 _~O.42 

F·Olsl. al 1,5 DoF 8,50oF 

25% 1.69 1.89 

10% 4.06 3.34 

5% 6.61 4.88 
-------------

4501·007 -29P 
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Fecal Coliform 
Scheme A 
Neponset River 

.... -. 

REPORTAPD97.xLSIFCA NEP 

, "\.._ ._...1 L.. ,; L L L,. 

Cell Average Values (Highlighted Cells Denote Estimated Value)) 
.. -~- .. Cell Averages: Fecal "aliform; In!"""'l) 

RANDOMIZED BLOCKS TREATMENTS 
RMS ' _ ... , I Tiaal I 

o 
o 
o 
o 
o 
o 

Rainfall 

0: 0.25 
0: 0.25 
0: 0.25 

10: 0.25 
0: 0.25 
0:0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 

: Conditionl Season 
high jsep-apr , 
high !may-jun , 
high iiul-aug 

pow jis,ep-apr 
i low may-jun , , 
lIow Ijul-aug 

!high 
!high 

ihlgh 
How , 
!Iow 

jaw 
Ihigh , 
!high 
!high 
!Iow 
flow 
how 

Isep-~pr 
:maY-Jun , 
!lui-aug 
!sep-apr 

Imay-jun 
Ijul-aug 
Isep-apr 
!may-jun 
!jul-aug 
Isep-apr , . 
:maY-Jun 
'. IJul-aug 

. sum 

89-91 
4.42 
5.34 

4.35 

4.94 
3.78 
5.95 

5.38 
6.80 
4.92 
4.81 

5.80 
5.63 
5.96 
8.15 
5.92 
6.17 
6.89 
6.43 

101.64 

92-95 
2.97 
4.77 

5.01 

5.27 

4.38 
5.61 

4.32 
3.90 
4.81 
4.40 
5.75 
4.58 
5.91 
5.45 
6.86 
5.58 
5.17 
6.59 

91.33 
meanl 5.65 5.07 

untransformed mean 282 159 
'10 reduction! 43_8% 

L .J 

#Ireat 2 

#blocks 18 

#cells 36 

#zeros 1 

avg of reclp 0.112 

Source of Variation 

Blocks 

Time Treatments 

Error 

Total 

F-Olst. at 1,16 OaF 

25% 1.42 

10% 3.05 

5% 4.49 

! •• 

Correction: C = 

Total SS = 

Blocks 58 = 
Treatment 55 = 

Error 58 = 

ANOVA Results 
OaF SS 

17 24,04 

1 2.95 

16 146.57 

34 173.57 

17,16 OaF 

1.41 

1.92 

2.32 

~=:J 

1034.37 

173.57 

24.04 

2.95 

146.57 

MS 

1.41 

2.95 

1.02 

~ 
.1 

F 

1.38 

2.88 

4501-007-29P 

---, 



o , ... 

----, 

Fecal Coliform 
Scheme A 
Dorchester Bay 

REPORTAPD97.XLSIFCA DOR 

,----, ,.-, ,.-

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

RMS j Tidal j 
Rainfall j Condilion j Season 89-91 92-95 

a Ihigh Isep-apr 5.66 5.10 , , 
a jhigh jmay-jun 1.54 2.10 

I • " a jh,gh jlul-aug 2.16 2.33 

a pow jsep-apr 4.55 4.28 
a Ilow Imay-]un 1.87 2.43 
a jlow IJul-aug 4.38 2.36 
0: 0.25 Ihigh Isep-apr 3.34 2.78 , , 
a : 0:25 jhigh jmay-jun 1.98 2.34 
0: 0.25 Ihigh Ijul-aug 2.96 2.71 
0: 0.25 ilow !sep-apr 3.64 3.08 

a : 0.25 how Imay-jun 2.61 1.80 , , 
a : 0.25 !low Ijul-aug 2.67 2.15 
> 0.25 Ihigh jsep-apr 4.84 1.79 
> 0.25 Ihi9h Imay-jun 2.95 3.00 
> 0.25 ihigh Ijul-aug 3.48 3.73 
> 0.25 How !sep-apr 6.34 4.34 
> 0.25 Ilow jmay-jun 4.25 2.70 
> 0.25 :low ,jul-aug 3.57 3.64 

,--

sum 62.79 52.66 
mean 3.49 2.93 

untransformed mean 32 18 

---. 

% reduction 44.4% 

r--r ,..-----, , r-l ,.- i---

#treat 2 Correction: C = 370.24 

#blocks 18 Tolal SS = 147.40 

#cells 36 Blocks 55 = 36.19 

#zeros 3 Treatment 55 = 2.85 

avg of reclp 0.170 Error S5 = 108.35 

ANOVA Results 
Source of Variation OoF SS MS F 

Blocks 17 36.19 2.13 1.62 

TIme Treatments . 1 2.85 2.85 2.17 

Error 14 108.35 1.31 

Tolal 32 147.40 

F-Ols!. al 1,140oF 17,140oF 

25% 1.44 1.44 

10% 3.1 1.99 

5% 4.60 2.43 

4501-007-29P 

---:J ~I -=:i [ . c=: L . 
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Fecal Coliform 
Scheme A 
Outer Boston Harbor 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS ! Tidal' ! 
Rainfall ! Condition i Season 89-91 92-95 

0 :high :sep-apr 2.72 1.33 
0 0 

0 !high !may-jun 1.35 1.51 

Ihigh 
0 

0 liul"aug 1.60 1.93 

0 !low !sep-apr 2.41 1.83 

0 
I I . 

3.30 1.98 Ilow ,maY"Jun 
0 ilow Ijul-aug 1.86 2.01 

0: 0.25 ,high :sep-apr 4.72 2.32 

0: 0.25 !high 
I . 

2.63 1.42 ImaY-Jun 
0: 0.25 !high I· I 4.53 1.75 oJu -aug 
0: 0.25 llow lsep-apr 2.23 1.65 
0: 0.25 How !may-jun 1.81 2.59 
0: 0.25 ilow !jul-aug 2.01 1,89, 

> 0.25 
i
hi9h Isep-apr 3.62 2.0~1 

> 0.25 

Ihi9h ImaY-Jun 3.09 4.71 
> 0.25 high ojul-aug , 2.92 2.44 
> 0.25 !low :sep-apr 3.56 2.98 

I . I 

> 0.25 !Iow ImaY-Jun '2.87 2.29 
0 

Ijul-aug 2.65 > 0.25 Ilow 2.68 

sum 49.88 39.38 
mean 2.77 2.19 

untransformed mean 15 8 
% reduction 47.1% 

,1 :--J ,--...., 

#treat 2 Correction: C = 221.32 

#blocks 16 Tolal 55::. 95.04 

#cells 36 Blocks 58 = 15.01 

#zeros 4 Treatment 58 = 3.06 

avg of recip 0.1B5 Error 58 = 76.97 

ANOVA Results 
Source of Variation OaF SS MS F 

Blocks 17 15.01 O.BB O.BO 

Time Treatments 1 3.06 3.06 2.79 

Error ~3 76.97 1.10 

Total 31 95.04 

F-Olsl. at 1.13 OaF 17.13 OaF 

25% 1.45 1.46 

10% 3.14 2.03 

S% 4.67 2.50 

4501-007-29P 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall i Condilion i Season 89-91 92-95 
0 ,high Isep·apr 4.82 3.67 

lhigh 
, 

0 !may-jun 3.51 3.49 , , 
0 ihigh fjul-aug 4.07 4.15 
0 ilow Isep-apr 5.03 5.15 
0 !Iow Imay-jun 3.68 2.88 , , 
0 !Iow Ijul-aug 4.20 4.12 
0: 0.25 !high !sep-apr 4.29 3.88 
0: 0.25 !high !may-jun 4.66 3.83 

Ihigh 
, 

0: 0.25 liul-aug 4.68 4.57 
0: 0.25 !low !sep-apr 4.85 4.77 , 
0: 0.25 ilow Imay-jun 4.52 3.99 , 
0: 0.25 How jul-aug 5.48 4.33 
> 0.25 ,high Isep-apr 6.26 4.58 

Ihigh 
, 

> 0.25 imay-jun 3.62 4.32 
> 0.25 !high !jul-aug 5.99 5.75 
> 0.25 pow !sep-apr 6.35 4.82 
> 0.25 i'oW 

, 
3.17 4.90 Imay-jun 

> 0.25 lIow ,jul-aug 5.44 5.48 
sum 84.61 ·78.66 

mean 4.70 4.37 
untransformed mean 109 78 

% reduction 28.4% 

r--- ,---, ----., ------: i-I r--- r---

#Ireat 2 Correction: C ;:;: 

#blocks 18 Total 58 = 

#cells 36 Blocks S5 = 

#zeros 0 Treatment 55 = 

avg of reclp 0.027 Error 58 = 

ANOVA Results 
Source of Variation OaF SS 

Blocks . 17 18.05 

Time Treatments 1 0.98 

Error 17 151.41 

Total 35 170.44 

F·Ols!. at 1,17 DaF 17,17 DaF 

25% 1.42 1.4 

10% 3.03 1.89 

5% 4.45 2.28 
L __ '_" __ ---------------

:-t ;---:] ',.....--, 
L-...J 

740.51 

170.44 

18.05 
0,98 

151.41 

MS F 

1.06 4.50 

0.98 4.16 

0.24 

4S01·007-29P 
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Scheme C 

_ .. 1 

Upper Charles River 

Fecal Coliform 
SchemeC 
Lower Charles River 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform, In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

RMS Tidal 
Rainfall Condilian Season 89-91 92-95 

0 Ifresh sep-apr 6.48 5.97 
0 rreSh Imay-jun 7.85 6.29 
0 fresh l~ul 6.60 6.18 
0 ,fresh aug 6.33 5.82 
o : 0.25 Ifresh Isep-~pr 7.06 5.71 
o : 0.25 Ifresh may-)un 6.96 6.34 
0: 0.25 Ifresh jul 6.11 6.97 
0: 0.25 fresh aug 5.74 6.28 
> 0.25 ,fresh sep-apr 7.29 6.78 
> 0.25 Ifresh may-jun 7.24 6.37 
> 0.25 I~resh jul 7.41 6.74 
> 0.25 fresh aug 8.43 7.92 

sum 83.50 77.37 
mean 6.96. 6.45' 

unlransformed moan 1051 630 
% roductlon 40.0% 

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Average.: Fecal Coliform, In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

RMS Tidal I 
Rainfall Condition Season 89-91 92-95 

0 fresh sep-apr 5.81 7.06 
0 fresh may-jun 5.98 4.72 
0 fresh jul 5.51 4.37 
0 fresh aug 4.88 3.49 
0: 0.25 fresh ssp-apr 6.14 6.04 
0: 0.25 fresh may-jun 5.60 4.53 
0: 0.25 fresh jul 5.13 4.89 
0: 0.25 fresh aug 5.16 4.26 
>0.25 fresh Isep-~pr 6.69 6.40 
> 0.25 fresh Jmay-)un 6.44 5.37 
> 0.25 fresh jul 6.49 5.84 
> 0.25 fresh aug 6.85 4.58 

sum 70.69 61.55 
mean 5.89 5.13 

untransformed mean 361 168 
% reduction 53.4% 

, [, .) ,1- J 1 --------: .:-] ~ 

,------, 
IIlreal 2 CorrectIon: C ,. 1078.30 

flblocks 12 Total S8:: 36.61 

tleeHs 24 Blocks 55:: 7.78 
/;Izeros 4 Treatment 55 = 1.57 
avg of reclp 0.282 Error 58 :: 27.26 

ANOVA Results 
Source of Variation OoF 55 MS F 
Blocks 11 7.78 0.71 0.64 
Tim\!! Treatments 1 1.57 1.57 1.43 
Error . 7 27,26 1.10 
Total 1. 36.61 

F-Dlst. at 1.7Do,F 11.7 DaF 

25% 1.57 1.69 

10% 3.59 2.69 

5% 5.59 3.60 

1:"-:"". -.-------:1 

Source of Varlallon OoF SS MS F 
Blocks 11 12.17 1.11 2.83 
Time Treatments 1 3.48 3.48 B.90 

Error 11 55.25 0.39 

Total 23 70.90 

F·Dlst. at l,110oF 11,11 OaF 

25% 1.47 1.52 

10% 3.23 2.23 

5% 4.84 2.82 

4501-007-29P 
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Fecal Coliform 
Scheme C 
Mystic River 

Fecal Coliform 
Scheme C 
Neponset River 
Headwaters 
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Cell Average Values '(Highlighted Cells Denote Estimated Value)) 
,..-....:.-----, 

Cell Averages: Fecal Coliform; In(FC+1) #Ireal 2 

RANDOMIZED BLOCKS TREATMENTS #blocks 12 

RMS ! Tidal I 
. Rainfall I Condition i Season 89-91 92-95 

#cells 24 

filzeros 2 

0 fresh Isep-apr 5.48 5.83 

0 fresh ,may-jun 4.19 4.51 

0 fresh ,jul 4.18 4.19 

0 fresh aug 4.88 4.88 

avg of reclp 0.130 

Source of Varlallon 

0: 0.25 fresh sep-apr 6.25 6.45 Blocks 

0: 0.25 fresh may-jun 4.63 4.89 Time Treatments 

0: 0.25 ,fresh jul 4.53 3.49 
0: (625 Ifresh aug 5.29 4.25 

Error 

Total 

> 0.25 fresh sep-apr 8.12 6.62 

> 0.25 . fresh may-jun 6.28 6.29 F-Dlsl.at 1,90oF 

> 0.25 fresh jul 4.94 7.50 25% 1.51 

> 0.25 Ifresh aug 6.45 6.39 10% 3.36 

sum 65.22 65.29 5% - 5.12 

mean 5.44 5.44 
untransformed mean 228 230 

% redUction -0.6% 

Cell Average Values (Highlighted Cells Danote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 
,..--------. 
#treat 2 

RANDOMIZED BLOCKS TREATMENTS #blocks 12 

RMS Tidal /lcells 24 

Rainfall Condition Season 89-91 92-95 IIzeros 3 

0 fresh sep-apr 6.72 6.16 aVQ 01 reclp 0.331 

0 fresh may-jun 7.33 6.70 

0 fresh jul 7.37 6.83 

0 fresh aug 7.25 6.99 Source of Varlallon 

0: 0.25 fresh sep-apr 6.56 5.93 Blocks 

0: 0.25 fresh may-jun 7.37 6.25 Time Treatments 

0: 0.25 fresh jul 7.05 6.88 Error 

0: 0.25 fresh aug 8.49 7.32 Total 

> 0.25 Ifresh sep-apr 7.54 7.77 
> 0.25 'fresh may-jun 7.99 7.36 F-Olst.at 1,80oF 

> 0.25 fresh jul 7.69 7.90 25% 1.54 

> 0.25 fresh aug 9.59 7.26 10% 3,46 

sum 90.95 83.35 5% 5.32 

mean 7.58 6.95 
untransformed mean 1956 1038 

% reduction 46.9% 

,..----, -----, ,----" .-------, ,--. ~ -,-- -----:-J 

Correcl!on: C '" 

Tolal 55 '" 

Blocks 55 '" 

Treatment 55 = 

Error 55 '" 

ANOVA Results 
DoF SS 

11 25.83 

1 0.00 

9 67.46 

21 93.29 

11,90oF 

1.59 

2.4 

3,10 

Correcllon: C ::I 

Total SS '" 

Blocks SS .. 

Treatment SS '" 

Error SS "" 

ANOVA Results 
DoF SS 

11 8.97 

1 2.41 

8 19.17 

~ 30.54 

tt,80oF 

1.63 

2.52 

3.31 

CJ c=J 

709.70 

93.29 

25.83 

0.00 

67.46 

MS 
2.35 

0.00 

0.97 

1265.85 

30.54 

8.97 

2.41 

19.17 

MS 
0.82 

2.41 

0.79 

~ 
'----' 

F 

2.41 

0.00 

F 

1.03 

3.03 

4501-007-29P 
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Scheme C 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages; Fecai Coliform; In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

o 
o 
o 
o 
o 
o 
o 
o 

RMS 
Rainfall 

0: 0.25 
0: 0.25 

0: 0.25 
0: 0.25 
0: 0.25 
0: 0.25 
0: 0.25 
0: 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 
> 0.25 

I Tidal 
I Condition Season 
high jsep-apr , 
high I may-jun 

high liul 
high !aug 

pow Isep-~pr 
flow 1 may-]un 
!Iow ljul 
!Jow !aug 
Ihigh !s~p-apr 
jhi9h !may-jun 
Ihigh liul , , 
lhigh {aug 

llOw-- !sep-apr 

1101'1 imay-jun 
ilow ijul 
jlow iaug 
'lhi9h Isep-apr 
,high Imay-jun 
ihigh Ijul 
,high {aug 

lio';;-·- Isep-apr 

IIOW !~ay-jun 
Ilow pul 
lIow laug 

89-91 
4.42 
5.27 

4.51 

4.26 
4.94 
3.78 
5.06 
6.85 
5.38 
6.80 

5.06 
4.62 
4.81 
5.80 
5.71 
5.57 
5.96 
8.15 
5.59 
7.12 
6.17 
6.89 
6.23 
8.12 

suml137.07 
mean 5.71 

untransformed mean 301 

92-95 
2.97 
4.77 

4.33 

5.55 
5.27 
4.38 
4.20 
6.88 
4.32 
3.90 

4.60 
5.67 
4.40 
5.75 
4.65 
4.29 
5.91 
5.45 
6.72 
7.13 
5.58 
5.17 
5.57 
7.63 

125.09 
5.21 
182 

% reduction! 39.4% 

L I .. J 

#treat 2 

#blocks 24 

#celis 48 

'#zeros 

avg of reclp 0.121 

Source of Variation 

Blocks 

Time Treatments 

Error 

Total 

F-Ols!. al 1.2200F 

25% 1.4 

10% 2.95 

5% 4.30 

J 
. -----, 

.' 

Correction: C = 

Tolal 55 = 

Blocks S8 = 

Treatment 58 = 

Error 58 = 

ANOVA Results 
OoF 55 

23 46.52 

1 2.99 

22 202.01 

46 251.52 

23.2200F 

1.33 

1.74 

2,04 

~ r-l ----, 

1431.83 

251.52 

46.52 

2.99 

202.01 

M5 F 

2.02 1.83 

2.99 2.70 

1.11 

4501-007-29P 
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Scheme C 
Dorchester Bay 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 1 
RANDOMIZED BLOCKS TREATMENTS I 

RMS • Tidal • • • • • 
Rainfall 1 Condilion i Season 89-91 92-95 

0 Ihigh :sep-apr 5.66 4.87 , • 0 
i
high !may-jun 1.54 2.10 

0 !high Ijul 1.80 1.62 

0 !high • laug 2.42 2.90 

0 pow Isep-apr 4.55 4.28 
0 Ilow :may-jun 1.87 2.43 

I 
0 :low !jul 2.84 2.00 

• • 
0 !·Iow iaug 7.46 2.72 
0: 0.25 Ihi9h !sep·apr 3.34 2.55 
0: 0.25 • 1.98 2.34 Ihigh imay-jun 
0: 0.25 !high Ijul 2.35 2.49 

• 
iaug 0: 0.25 :high 4.34 3.42 

0: 0.25 
i
low Isep-apr 3.64 2.85 

0: 0.25 !Iow imay-jun 2.61 1.80 
0: 0.25 Ilow (jut 2.15 2.14i 
0: 0.25 Ilow laug 3.39 2.231 
> 0.25 Ihigh Isep-apr 4.84 1.7;1 • 

3.001 > 0.25 thigh !may-jun 2.95 
> 0.25 !high Uut 3.35 3.80 

• • > 0.25 Ihigh laug 4.79 3.60 
> 0.25 'Iow Isep-apr 6.34 4.34 
> 0.25 how Imay-jun 4.25 2.70 
> 0.25 

: 
liul 3.10 3.32 :Iow 

> 0.25 ilow iaug 6.91 4.12 

sum 88.47 69.41 
mean 3.69 2.89 

untransformed mean 39 17 
% reduction 56.2% 

;--; r: ,.--- r- ---, --, ~ ;--1' ~' r--: 

#treat 2 Correction: C = 519.29 

#blocks 24 Total SS = 223.75 

#eeUs 48 Blocks 58 = 61.86 

,#zeros 3 Treatment 58 = 7.57 

avg of recJp 0.156 Error 58 = 154.32 

ANOVA Results 
Source of Variation OoF SS .MS F 

Blocks 23 61.86 2.69 2.23 

Time Treatments 1 7.57 7.57 6.28 

Error 20 154.32 1.21 

Total 44 223.75 

F-Olst. at 1.200oF 23.200oF 

25% 1.4 1.35 

10% 2.97 1.78 

6% 4.35 2.09 

4501-007-29P 

~ .~ r-: ,-
L_ c-:J r--
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

. Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal I , , , 
Rainfall ! Condition I Season 89-91 92-95 

0 Ihigh !sep-apr 4.82 3.67 

0 ihigh imay-jun 3.51 3.49 

0 ihi9h 
, 
!jul 3.85 3.82 

'high 
, 

0 taug 4.25 4.39 

0 ilow !sep-apr 5.03 5.15 
Ilow ' . 3.68 2.88 0 ImaY-Jun 

0 !Iow ,jul 3.85 4.09 , I . 
0 !Iow laug 4.30 4.14 

0: 0.25 lhig[1 !sep-apr 4.29 3.88 
0: 0.25 ihigh !may-jun 4.66 3.83 

0: 0.25 /hi9h Ijul 3.90 4.81 
0: 0.25 ,high laug 4.95 3.77 
0: 0.25 "OW !sep-apr , 4.85 4.77 

0: 0.25 !Iow imay-jun 4.52 3.99 
0: 0.25 ilow !jul 5.05 4.54 

!Iow 
, 

0: 0.25 !aug 5.84 3.22 
> 0.25 

I
hi9h !sep-apr 6.26 4.58 

> 0.25 high Imay-jun 3.62 4.32 
> 0.25 !hl9h !jul 5.60 5.80 

!high· 
, 

6.07 5.67 > 0.25 laug 
> 0.25 !Iow !sep-apr 6.35 4.82 

!Iow 
, 

3.17 > 0.25 !may-jun 4.9C 
> 0.25 ,low Jjul 4.44 5.62 
> 0.25 Ilow 

, 
5.64 5.07 laug 

sum 112.51 105.22 
mean 4.69 4.38 

untransformed mean 108 79 
% reduction 26.4% 

-

l . J j 
-~ ~ 

.J J 

#Ireal 2 Correction: C = 987.63 

#blocks 24 Tolal 88 = 240.67 

#cells 48 Blocks SS = 22.15 

,#zeros 0 Treatment SS = 1.10 

avg of reclp. 0.032 Error 5S = . 217.41 

ANOVA Results 
Source of Variation OaF SS MS F 

Blocks 23 22.15 0.96 3.17 

Time Trealments 1 1.10 1.10 3.64 

Error 23 217.41 0.30 

Total 47 240.67 

F-Dlsl. at 1.23 OaF 23.23 OaF 

25% 1.39 1.33 

10% 2.94 1.73 

5% 4.28 2.01 

4501-007-29P 
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Fecal Coliform 
Scheme C 
Outer Boston Harbor 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Fecal Coliform; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall i Condition 1 Season 89-91 92-95 
0 :high Isep-apr 2.72 1.33 , , 
0 ~ !high imay-jun 1.35 1.51 , 
0 ,high Uul 1.53 2.73 

0 Ihigh 
, 
laug 1.61 1.59 

b (low Isep-apr 2.41 2.18 , 
0 Ilow 3.30 1.98 , I~~y-Jun 
0 !Iow 1.58 2.33 
0 how laug 2.03 1.85 
0: 0.25 !high Isep-apr 4.72 2.32 

0:0.25. ihigh 
I . 

2.63 1.42 :maY-Jun 

0: 0.25 Ihigh liul 0.92 2.06 , 
!aug 0: 0.25 :high 4.87 1.60 

0: 0.25 !low !sep-apr 2.23 2.00 , , 
0: 0.25 pow Imay-jun 1.81 2.59 
0: 0.25 !Iow !jUI 1.59 2.35 , , . 
0: 0.25 pow laug 2.05 1.54 
:> 0.25 Ihigh ,sep-apr 3.62 2.0~ 
:> 0.25 Ihigh Imay-jun 3.09 4.71, 
:> 0.25 ,high !jul 1.35 2.01' 
> 0.25 ,high !aug 2.97 2.56 
> 0.25 pow !sep-apr 3.56 3.3! 
> 0.25 !IOW !may-jun 2.52 2.29. 
> 0.25 Ilow !jul 2.35 3.01 , , 

2.69 2.56 > 0.25 Ilow laug 

sum 59.50 53.92 
mean 2.48 2.25 . 

untransformed mean 11 8 
% reduction 22.6% 

I -------

~ L~ r---1 r- ,--- --, ~ ~ ,--. ,---, ,--

#treat 2 Correction: C = 268.00 

#bJocks 24 Total 58 = 122.90 
I 
#cells 48 Blocks 55 = 20.31 

#zeros 4 Treatment 58 = 0.65 

avg of recip 0.178 Error S8 = 101.95 

ANOVA Results 
Source of Variation OoF 55 M5 F 

Blocks 23 20.31 0.88 0.93 

Time Treatments 1 0.65 0.65 0.68 

Error 19 101.95 0.95 

Total 43 122.90 

F-Dlsl. at 1,19 DoF 23,190oF 

25% 1.41 1.37 

10% 2.99 1.8 

5% 4.38 2.12 

4501-007-29P 

~ ;-----, i~ c:::J r-'. 
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Scheme A 
Upper Charles River 
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Cell Average Values (Highlighted' Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; 1n(~l,;+1J 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal i 
Rainfall i Condition I Season 

o fresh! sep-apr , . , 

~ 7r::~ I~~~~~n , 
0: 0.25 

0: 0.25 
0: 0.25 

> 0.25 
> 0.25 

> 0.25 

ifresh 

ifresh , 
jfresh 

(fresh 
Ifresh 
\ fresh 

!sep-apr 
!may-jun 
ljul-aug 

Isep-apr 
!may-jun 
ljul-aug 

sum 

mean 

89-91 
5.63 

4.46 

4.58 

6.14 
4.77 
4.07 

7,16 

5.21 

6.53 
48,55 

5,39 

92-95 
5.79 

4,62 

4.41 

6.30 

4.93 
5.33 

7.32 
5.37 

5.92 
49.99 

5.55 
untransformed mean\ 219 257 

% reduction -17.4% 

Enterococcus Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Scheme A LPeli Averages: enterococcus; InW\.I ... ·IJ 

Lower Charles River RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal I 
Rainfall ; Condition i Season 89-91 92-95 

0 ,fresh lsep-apr 4.62 6.94 , 
0 Ifresh !may-jun 2.26 3,13 

0 ifresh I, I 3,02 2.76 , IJu -aug 

0: 0,25 !fresh Isep-~pr 4,84 5.87 

0: 0.25 Ifresh 'maY-Jun 2.29 3.28 
0: 0,25 ifresh ijul-aug 3.10 3.25 

> 0,25 Ifresh !sep-apr 6.11 6.67 , I . > 0.25 Ifresh ,maY"Jun 3.69 4.20 
> 0,25 ,fresh !jUI-aug 4.60 . 3.98 

sum 34,54 40,08 

mean 3,84 4.45 
untransformed mean 45 85 

% reduction -86.9% 
--- ---_. 

l,. ' J L. j J ---, 

#treat 2 Correction: C = 539.45 

#blocks 9 Tolal 55 = 40.97 

#cells 18 Blocks 55 = 14.30 

#zeros 6 Treatment 5S = 0.12 

avg of reclp 0.348 Error 58 = 26.56 

ANOVA Results 
Source of Variation OoF 55 M5 F 

Blocks 8 14.30 1.79 0,39 

Time Treatments 1 0.12 0.12 0.02 

Error 2 26.56 4.63 

Tolal 11 40.97 
--_. -_ .. 

F·Oisl. at 1.2 OaF 8.2 OaF . 

25% 2.57 3.35 

I 10% 8.53 9.37 

5% 18.51 19.37 

#treat 2 Correction; C = 309.28 

#blocks 9 Tolal 55 = 73.65 

#cells 18 Blocks 5S = 31.42 

#zeros 0 Treatment 55 = 1.70 

avg of recip 0.082 Error 58 = 40.52 

ANOVA Results 
Source of Variation OoF 55 M5 F 

Blocks 8 31.42 3.93 9.44 

Time Treatments 1 1.70 1.70 4.09 

Error 8 40.52 0.42 

Total 17 73.65 

F-Dist. at 1.8 DoF 6,B OaF 

25% 1.54 1.64 

10% 3.46 2.59 

6% 5.32 3.44 

REPORTAP097.xLSIENA UC.LC 4501-007-29P 

---. 
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Enterococcus 
Scheme A 
Mystic River 

Enterococcus 
Scheme A 
Neponset River 
Headwaters 

REPORTAP097.XLSIENA M,NH 

;----'1 ,.., r-

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall I Condition I Season 89-91 92-95 

0 ifresh !sep-apr 3.86 3.50 , , 
0 Ifresh Imay-jun 3.62 3.60 , , 
0 Ifresh !jul-aug 3.81 3.84 , 
0: 0.25 Ifresh !sep-apr 5.82 4.14 

0: 0.25 !fresh !may-jun 3.99 4.12 
0:0.25 I fresh Ijul-aug 3.69 3.50 

> 0.25 fresh Isep-apr , 8.00 4.36 
> 0.25 fresh !may-jun 6.19 5.57 
> 0.25 fresh !jul-aug 4.73 5.47 

sum 43.71 38.10 

mean 4.86 4.23 
untransformed mean 128 68 

% reduction 46.7% 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal i 
Rainfall' Condition 1 Season 89-91 92-95 

0 Ifresh isep-~pr 5.94 6.911 

a I fresh Imay-)un 5.73 5.28 , 
I 

0 !fresh Ijul-aug 6.66 5.64 , 
0: 0.25 :fresh Isep-apr 6.06 5.611 , 

5.56' 0: 0.25 !fresh !may-jun 5.17 
!fresh !jul-aug 

, 

0: 0.25 6.16 5.62: 

> 0.25 !fresh Isep-apr 7.81 6.99 , , 
> 0.25 Ifresh Imay-jun 6.59 6.14 

> 0.25 I fresh Ijul-aug 8.34 . 6.66 

sum 58.46 54.41 

6.50 6.05 
1 

mean , 

untransformed mean 661 421 
% reduction 36.3% 

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

#Ireal '2 Correction: C = 371.63 

#blocks 9 Total S8 = 76.36 

#cells 16 Blocks 55 = 16.47 

#zeros 1 Treatment S8 = 1.75 

avg of reclp 0.100 Error S8 = 56.16 

ANOVA Results 
Source of Variation OaF 55 M5 F 

Blocks 6 16.47 2.06 2.49 

Time Treatments 1 1.75 1.75 2.11 

Error 7 56.16 0.63 

Tolal 16 76.36 

F-Olsl. al 1,7 OaF 6,7 OaF 

25% 1.57 1.7 

10% 3.59 2.75 

5% 6.59 3.73 

#treat 2 Correction: C = 707.76 

#blocks 9 Tolal 55 = 23.79 

#cells 16 Blocks S8 =. 9.15 

#zeros 3 Treatment 88 = 0.91 

avg of reclp 0.357 Error S8 = 13.73 

ANOVA Results 
Source of Variation OaF 55 M5 F 

Blocks 6 9.15 1.14 1.17 

Time Treatments 1 0.91 0.91 0.93 

Error 5 13.73 0.96 

Total 14 23.79 

I· F-Olsl. al 1,5 DoF 6,5 OaF 

25% 1.69 1.69 

10% 4.06 3.34 

5% 6.61 4.82 

4501-007-29P 

-----:J .-----:J c::=J ! I c:::; c= 
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Scheme A 
Neponset River 

REPORTAPD97.xLSIENA NEP 

, '- -..: L.._. 

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall i Condition! Season 89-91 92-95 
0 ihigh isep-apr 4.23 3.58 

0 !hi9h 
I . 3.31 3.39 ,maY-Jun , 

0 !high liul-aug 3.19 3.80 

0 !low Isep-apr 3.47 5.35; 

ilow 
, 

2.40 2.70' 0 Imay-jun , 
0 Ilow Ijul-aug 4.47 4.01 
0: 0.25 thigh !sep-apr 4.56 5.92 , 
0: 0.25 !high lmay-jun 4.62 3.66 , 

I· I 0: 0.25 !high :Ju -aug 2.97 ·3.71 
0: 0.25 'low !sep-apr 3.44 3.67 
0: 0.25 Ilow limaY-Jun 3.76 5.29 
0: 0.25 how jul-aug 4.12 3.11 
> 0.25 thigh Isep-apr 5.16 5.54 , I . 
> 0.25 Ihi9h tmaY-Jun 7.44 5.17 
> 0.25 high liul-aug 4.83 5.43 
> 0:25 ilow !sep-apr 5.17 5.45 
> 0.25 [low Imay-jun 5.76 4.67 
> 0.25 Ilow jul-aug 5.33 5.21 

sum 78.23 79.66 
mean 4.35 4.43 

untransformed mean 76 83 
% reduction -8.4% 

l, . J 

,#treat 2 

#blocks 18 

#cells 36 

#zeros 

avg of reclp 0.123 

Source of Variation 

Blocks 

Time Treatments 

Error 

Tolal 
-- -- -_. 

F-Dist. at 1,160oF 

25% 1.42 

10% 3.05 

5% _I ____ 4.49 

J ] 

Correction: C =. 

Tolal 58 = 

Blocks 88 = 
Treatment 58 = 

Error 58 = 

ANOVA Results 
OoF 88 

17 32.33 

1 0.06 

16 170.07 

34 202.46 
-

17,160oF 

1.41 

1.92 

2.32 

~---, 

.. , 

692.46 

202.46 

32.33 

0.06 

170.07 

M8 

1.90 

0.06 

1.31 

~ 

F 

1.45 

0.04 

4501-007-29P 

~ 

, 

I 



o 
I 

en 

---, 

Enterococcus 
Scheme A 
Dorchester Bay 

REPORTAPD97.XLSIENA DOR 

" r--1 ,-

Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal 0 
0 

0 0 

Rainfall ! Condition i Season 89-91 92-95 
0 Ihigh Isep-apr 2.27 2.19 
0 Ihigh 

I . 
1.02 1.50 ImaY-Jun 

o . 
0 !hlgh . iiul-aug 2.00 2.14 

0 pow Isep-apr 2.64 2.42 
0 !Iow I . 

1.26 1.52 ImaY-Jun 
0 .llow Ijul-aug 2.04 2.20 

0: 0.25 Ihigh !sep-apr 2.20 2.12 
0 

0: 0.25 ihigh Imay-jun 1.40 1.75 
0 0 

0: 0.25 lhigh Ijul-aug 2.02 2.17 
0: 0.25 Ilow lsep-apr 2.52 2.44 

0: 0.25 Ilow Imay-jun 1.58 1.14 
0:0.25 flow Ijul-aug 1.62 2.03 
> 0.25 :high Isep-apr 3.39 1.79 

0 0 

> 0.25 !hlgh Imay-jun 1.66 2.25 
> 0.25 Ihigh !jul-aug 2.02 3.18 
> 0.25 !Iow !sep-apr 4.43 2.09 
> 0.25 !Iow 

0 
3.04 2.03 :may-jun 

0 I· I > 0.25 !low oJu -aug 2.40 3.04 
sum 39.51 38.00 

mean 2.20 2.11 
untransformed mean 8 7 

% reduction 9.1% 

,- ---, ----"1 ----, :~ ,- ,-

#Ireal 2 Correcllon: C = 166.88 

#blocks 18 Total 55 = 71.60 

#cel1s 36 Blocks 58 = 9.68 

#zeros 3 Treatment 55 = 0.06 

avg of reclp 0.177 Error 55 = 81.86 

ANOVA Results 
Source of Variation OoF 55 M5 F 

-' 
Blocks 17 9.68 0.57 0.7~ 
Time Treatments 1 0.06 0.06 0.08 

Error 14 61.86 0.78 

Tolal 32 71.60 

F·Olsl. al 1,140oF 17,140oF 

25% 1.44 1.44 

10% 3.1 1.99 

6% 4.60 2.43 

4501-007-29P 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS I Tidal 
, , , , 

Rainfall ! Condition i Season 89-91 92-95 
0 !hi9h !sep-apr 3.49 2.36 , 
0 !high !may-jun 1.74 2.84 

0 
, 
!high 

, 
!jul-aug 2.48 2_52 

0 :Iow !sep-apr 3.84 3_31 , 
ilow 

, 
1.93 2.41 0 tmay-jun , 

hul-aug 0 Ilow 3_12 2.49 
0: 0.25 thigh !s:ep-apr 4.05 2.84 , 
0: 0.25 !high ' . 2.24 2_97 tmaY-Jun , 

1- I 0: 0.25 thigh tJu -aug. 2.98 3.03 
0:0.25 tiow !sep-apr 4.69 2.96 , 

!Iow 
, 

0: 0.25 tmay-jun 2.49 2.98 , 
I· I 0: 0.25 jlow 'Ju -aug 2.72 3.16 

> 0.25 Ihi9h Isep-apr 5.24 2.62 , 
> 0.25 Ihi9h !may-jun 2.36 3.99 
> 0.25 high !jul-aug 3.54 4.01 
> 0.25 pow isep-apr 5.98 3.62 
> 0.25 ilow !jmay-jun 1.68 3.76 , 
> 0.25 !low jul-aug 3.44 3.90 

sum 58.00 55.76 
mean 3.22 3.10 

untransformed mean 24 21 
% reduction 12.2% 

#treat 2 

#blocks 16 

#cells 36 

#zeros 0 

avg ofreclp 0.026 

Source of Variation 

Blocks 

Time Treatments 

Error 

Tolal 

F-Oisl. al 1,170oF 

25% 1.42 

10% 3.03 

5% 4.45 

. .1 .] 

Correction: C = 

Tolal 55 = 

Blocks 55 = 

Treatment S5 = 

Error S5 = 

ANOVA Results 
OoF 55 

17 15.50 

1 0.14 

17 131.64 

35 • 147.26 

17.170oF 

1.4 

1.69 

2.26 

~ ~ 

359.50 

147.26 

15.50 

0.14 

131.64 

M5 F 

0.91 4.44 

0.14 0.66 

0.21 

4501-007-29P 

~ , 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 
, , 

RMS i Tidal : 
Rainfall : Condition i Season 89-91 92-95 

0 :high :sep-apr 3.19 1.33 , . , 
0 ihigh !may-jun 1.35 1.38 , , 

1.57 0 !high nul-aug 1.71 

0 !low !sep-apr 2.24 1.94 
0 !Iow 

, 
1.57 1.84 :may-jun 

how 
, 

0 /iul-aug 1.61 1.81 
0: 0.25 :high !sep-apr 4.01 1.22 , 
0: 0.25 thigh !may-jun 1.60 1.59 
0: 0.25 !high ljul-aug 1.71 1.61 
0: 0.25 !Iow isep-apr 2.22 1.92 

0: 0.25 !Iow ' . 1.62 2.03 rmaY-Jun 
0: 0.25 !Iow !jul-aug 1.61 1.89 
> 0.25 Ihigh :sep-apr 4.41 1.09 

Ihigh 
, 

> 0.25 !may-jun 1.35 3.67 
> 0.25 ihigh !jul-aug 2.07 2.04 
> 0.25 "ow Isep-~pr 3.84 3.54 
> 0.25 Ilow ImaY-Jun 3.04 2.74 , , . 

1.92 > 0.25 !low Ijul-aug 2.21 
sum 40.93 35.56 

mean 2.27 1.98 
untransformed mean 9 6 

% reductIon 28.8% 

r- --I -"I r: 1--' r-: r-

#treat 2 Correcllon: C = 162.52 

#blocks 18 Total 55 =. 74.74 

#cells 36 Blocks 58 = 11.47 

#zeros 4 Treatment S8 = 0.80 

avg of recip 0.186 Error S8 = 62.47 

ANOVA Results 
Source of Varlatlon DoF 55 MS F 

Blocks 17 11.47 0.67 0.75 

Time Treatments 1 0.80 0.80 0.90 

Error 13 62.47 0.89 

Total 31 74.74 

F-Dlst. at 1,13 DoF 17,13 DoF 

25% 1.45 1.46 

10% 3.14 2.03 

5% 4.67 2.50 

4501-007-29P 
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Enterococcus 
Scheme C 

L 

Upper Charles River 

Enterococcus 
Scheme C 
Lower Charles River 

REPORTAPD97.XLSIENC UC.LC 

i 

c. j L. l . 

Cell Average Values (Highlighted Cells Denote Estimated Value)) 
,..-------, 

Cell Averagos: Enterococcus; In(FC+1) #Ireal 2 

RANDOMIZED BLOCKS TREATMENTS IIblocks 12 

RMS ! Tidal ! 
Rainfall ! Condition I Season 89-91 92-95 

Ncells 24 

#zeros B 

0 fresh sep-apr 5.63 5.65 avg of reclp 0..402 

0 fresh may-jun 4.60 4.62 

0 fresh jul 4.58 4.38 
0 fresh aug 4.68 4.70 Source of Variation 

0: 0.25 fresh sep-apr 6.14 6.16 Blocks 

0: 0.25 fresh Imay-jun 4.91 4.93 
0: 0.25 fresh jul 4.03 5.33 
0: 0.25 fresh laug 5.46 5.36 

Tlma Treatments 

Error 

Tolal 

> 0.25 I fresh sep-apr 7.16 7.18 
> 0.25 'Ifresh may-jun 5.35 5.37 
> 0.25 Ifresh jul 6.53 5.62 
> 0.25 Ifresh aug 7.36 7.38 

F·OIsl.al 1.30oF 

25% 2.02 
10% 5.54 

sum 66.43 66.68 5% 10.13 

mean 5.54 5.56 
untransformed mean 253 258 

% reduction -2.1% 

Coli Avorago Valuos (Highlighted Cells Oenoto Estimated Value)) 
,..-------, 

COli Averages: Enterococcus; In(FC+1) ,"real 2 

RANDOMIZED BLOCKS TREATMENTS #blocks 12 

RMS Tidal Ueells 24 

Rainfall Condition Season 89-91 92-95 #zeros 0 

0 fresh sep-apr 4.62 6.94 avg of reclp 0.104 

0 fresh may-]un 2.26 3.13 

0 fresh jul 2.97 2.79 

0 fresh aug 3.33 2.40 Source of VarIation 

0: 0.25 fresh sep~apr 4.84 5.87 Blocks 

0: 0.25 fresh may-jun 2.29 3.26 Time Trealmenls 

0: 0.25 fresh jul 3.15 3.27 Error 

0: 0.25 fresh aug 2.73 2.94 Total 

> 0.25 fresh sep-apr 6.11 6.67 
> 0.25 fresh may-jun 3.69 4.20 F-Ols!. al 1.110oF 

> 0.25 fresh jul 4.56 4.10 25% 1.47 

> 0.25 .fresh aug 5.14 3.15 10% 3.23 

sum 45.69 48.73 S'ID 4.84 

mean 3.81 4.06 
untransformed mean 44 57 

% reduction -29.5% 

.---~ 

j r--l 

Correc1Jon: C '" 738.26 

Tolal 55 '" 53.63 

Blocks S8 = 21.12 

Treatment 55 '" 0.00 

Error S5 = 32.51 

ANOVA Results 
OaF ss MS F 

11 21.12 1.92 0.44 

1 0.00 0.00 0.00 

3 32.51 4.36 

15 53.63 
-- -

11,30oF 

2.44 
5.23 

8.78 

CorrectIon: C c 371.47 

Tolal S8 = 94.50 

Blocks S8::: 37.01 

Treatment S8 '" 0.38 

Error S8 '" 57.11 

ANOVA Results 
DoF SS MS F 

11 37.01 3.36 6.21 

1 0.38 0.38 0.71 

11 57.11 0.54 

23 94.50 
-----

11.110oF 

1.52 

2.23 

2.82 

4501-007-29P 
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Cell Average Values (Highlighted Cells Dena.fa Estimated Value)) 

Cell Averages: Enterococ-cus; In(FC+1) '"I.-,'.-a-'-------. 
RANDOMIZED BLOCKS TREATMENTS .block. 

2 

12 

o 
o 
o 
o 

RM~ 

Rainfall 

0: 0.25 
0: 0.25 

0: 0.25 
0: 0.25 
> 0.25 
> 0.25 

>0.25 
> 0.25 

Tidal , 
Conditi0flL Season 

,freSh !sep-apr 
Ifresh Imay-jun 

'fresh Ijul 

fresh 

! fresh 
fresh 

fresh 

fresh 
ifresh 

'I 'fresh 
fresh 
fresh 

aug 
jsep-apr 
'may-jun 
ju, 

aug 
jsep-apr 

ImaV-jun 
ju, . 

laug 

89-91 
3.86 
3.62 

3.72 

3.84 
5.82 
3.99 

3.80 

3.53 
8.00 
5.91 

4.28 
4.81 

92-95 
3.50 
3.60 

3.38 

3.84 
4.14 
4.12 

3.50 

3.49 
4 .. 36 
5.57 

6.33 
5.27 

sum 55.18 61.1 0 
mean 4.60 4.26 

untransformed mean 98 70 
% reduction 29.1 % 

#cells 2. 

2 

0.131 I
#zeros 

avg of reclp 

Source of Varlatron 

Blocks 

Time Treatments 

Error 

Total 

F·Ols!. at 1,9 DoF 

25% 1.51 

10% 3.36 

6% 6,12 

Cell Average Values (Highlighted Cells Denote Estimated Value)) ,----------. 
Cen Average.: Enterococcus; In(FC+1) #treat 2 

RANDOM,ZED BLOCKS TREATMENTS #blocks 12 

RMS I Tida, 
Rainfall Condition Season 89-91 92-95 

"cells 24 

I"zeros 3 

0 fresh sep-apr 5.94 6.9!1 
0 fresh may-jun 6.04 5.28, 

avg of reclp 0.352 

0 fresh liul 6.98 5.331 

0 fresh . aug 6.50 . 5.941 Source of Varlallon 

0: 0.25 fresh sep·apr 6.06 5.30 Blocks 

0: 0.25 fresh may-jun 5.17 5.56 

0: 0.25 I fresh jul 5.85 5.50 

0: 0.25 .fres.h ,aug 6.48 6.49 

Time Treatments 

Error 

Tolal 

> 0.25 fresh Isep-~pr 7.81 6.99 
> 0.25 fresh maY-Jun 6.90 6.14 

> 0.25 fresh IjU' 
7.87 .6.83 

> 0.25 fresh aug 10.23 6.42 

F·Dlsl. at 1,8 DoF 

25% 1.54 

10% 3.46 

sum 81.83 72.69 5% 5.32 

mean 6.82 6.06 
untransformed mean 914 426 , 

% reduction 53.4% I 

c--, c--, " ,-: :-- ,-- ~ 

Correction: C ::: 

Total SS = 
Blocks 58 ::: 

Treatment S8 :: 

Error 58:c: 

ANOYA Results 
DoF 55 

11 20.34 

1 0.69 

9 75.05 

21 96.09 

11,90oF 

1.59 . 

2.40 

3.10 

Correction: C = 
Total 55 = 

Blocks 55 = 
Treatment 55 = 

Error 58 = 

ANOYA Results 
DoF 55 

11 16.74 

1 3.48 ' 

8 22.75 

20 42.97 
-_._---

11.BDoF 

1.63 

2.52 

3.31 

~ 

! l ,---"'1 

470.64 

96.09 

20.34 

0,69 

75.05 

MS 

1.85 

0,69 

1.09 

994.65 

42.97 

16.74 

3.48 

22.75 

MS 
1.52 

3.48 

1.00 

c:::::::J 

F 

1.69 

0,63 

F 

1.52 

3.48 

4501-007-29P 

c:= r-
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 
, , 

RMS i Tidal I 
Rainfall (Condition, Saason 89-91 92-95 

0 \high (sap-apr 4.23 3.58 , 
0 ihigh !may-jun 3.50 3.39 , , . 

0 Ihigh Ijul 3.31 3.28 

0 Ihi9h 'aug 3.12 4.24 

0 ,low :sap-apr 3.47 5.35 , ( . 
2.40 0 !,ow ,maY-Jun 2.70 

I. I 3.06 0 !low lJu 2.97 , , 
0 !Iow !aug 5.97 4.89 

o : 0.25 ihi9h !sep-apr 4.56 5.92 , 
4.62 3.661 o : 0.25 Ihigh (may-jun 

o : 0.25 .!hi9h 
. , 

!jul 2.81 3.61 , 
0: 0.25 :high laug 3.31 4.10 
0: 0.25 ilow lsep-apr 3.44 3.67 1 

how 
, 

0: 0.25 1~lay-jun 3.76 5.29 
0: 0.25 Ilow 3.50 3.15' , 
0: 0.25 lIow iaug 4.54 2.94 
> 0.25 Ihi9h !sap-apr 5.16 5.54 
> 0.25 (high 

I . 7.44 5.17 :maY-Jun 
> 0.25 !high !jul 4.25 5.36 

lhigh 
, 

> 0.25 laug 6.97 5.56 
> 0.25 ,low 'sap-apr 5.17 5.45 
> 0.25 Ilow 

I . 
5.76 4.67 !maY-Jun 

> 0.25 ilow liul 4.96 4.33 
> 0.25 ilow 

, 
8.37 5.98 iaug 

sum 107.59 104.89 
mean 4.48 4.37 

untransformed mean 87 78 
% reduction 10.8% 

. .1 

#treat 2 

#blocks 24 

#cells 48 

#zeros 

avg of reclp 0.129 

Source of Variation 

Blocks 

Time Treatments 

Error 

Total 
-

F·Dlsl. at 1,220oF 

25% 1.4 

.10% 2.95 

5% 4.30 

1.-1 .-----, 
. ..J 

Correcllon: C = 

Tolal SS = 

Blocks 58 = 

Treatment 58 = 

Error 58 = 

ANOVA Results 
OoF SS 

23 63.40 

1 0.15 

22 220.59 

46 284.14 

23,220oF 

1.33 

1.74 

2.04 

-----, , 

940.58 

284.14 

63.40 

0.15 

220.59 

MS 

2.76 

0.15 

1.29 

:--l 

F 

2.13 

0.12 

4501-007-29P 

-, 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+l) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall ! Condition! Season 89-91 92-95 
0 Ihigh Isep-apr 2.27 2.16 , 
0 !high !may-jun 1.02 1.50 , 

!jul 0 thigh 1.81 1.41 , 
0 Ihigh 

, 
2.13 2.74 ,aug 

0 tlow Isep-apr 2.64 2.42 , I . 0 Ilow Imay-jun 1.26 1.52 , 
0 !Iow !jul 0.92 1.79 , , 
0 !low !aug 4.29 2.66 
0: 0.25 Ihigh Isep-apr 2.20 2.09 
0: 0.25 !high Imay-jun 1.40 1.75 , , 
0: 0.25 !high !jul 1.66 1.98 , 

iaug 0: 0.25 Ihigh 2.85 2.77 
0:0.25 :Iow Isep-apr 2.52 2.41 , I . 0: 0.25 pow Imay-jun 1.58 1.14 
0: 0.25 Ilow Ijul 1.34 1.98 
0: 0.25 !low iaug 2.01 2.58 
> 0.25 Ihigh Isep-apr 3.39 1.79 , 

!may-jun > 0.25 !high 1.66 2.25 
> 0.25 !high !jut 1.98 3.14 , 
> 0.25 Ihigh laug 2.43 3.26 
> 0.25 Ilow 'sep-apr 4.43 2.09 

I . 
> 0.25 Ilow imaY-jun 3.04 2.03 
> 0.25 !Iow Ijut 1.97 2.67 
> 0.25 !Iow !aug 5.46 3.49 

sum 56.26 53.62 
mean 2.34 2.23 

untransformed mean 9 8 
% reduction 11.5% 

r-- --, --I --, ,---,. ,-

#treat 2 Correction: C == 

#blocks 24 Total S8 = 

#cetls 48 Blocks 58 = 

#zeros 3 Treatment 58 = 

avg of recip 0.162 Error 58 = 

ANOVA Results 
Source of Variatlon OaF SS 
Blocks 23 26.74 
Time Treatments 1 0.15 

Error 20 84.04 

Tolal 44 110.93 

F-Olsl. at 1.20 DoF 23.20 OaF 

25% 1.4 1.35 

10% 2.97 1.78 

6% 4.35 2.09 

1-- '---I . --, --, ~ 
-~ 

251.53 

110.93 

26.74 

0.15 

84.04 

MS F 

1.16 1.71 

0.15 0.21 

0.68 

4501-007-29P 

r--
~-

L...,~, [ . 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 
RANDOMIZED BLOCKS TREATMENTS 

RMS ! Tidal I 
Rainfall ! Condition I Season 89-91 92-95 

o Ihigh Isep-apr 3.49 2.36 
o I high I may-jun 1.74 2.84 , , 
o !high liul 1.73 2.30 , , 
o Ihigh iaug 3.14 2.68 
o pow Isep-apr 3.84 3.31 
o lIow !may-jun 1.93 2.41 

o Ilow liUI 1.97 2.59 
o !Iow ,aug 3.43 2.41 
0: 0.25 ,high Isep-apr 4.05 2.84 
o : 0.25 !high \maY-iun 2.24 2.97 
o : 0.25 Ihigh liul 1.76 3.14 , , 
o : 0.25 Ihigh laug 3.39 2.68 
0: 0.25 !Iow Isep-apr 4.69 2.96 
o : 0.25 !Iow Imay-iun 2.49 2.98 
o : 0.25 Ilow jiUI 2.96 3.30 
0: 0.25 lIow laug 2.51 2.41 
> 0.25 Ihigh Isep-apr 5.24 2.62 , , 
> 0.25 Ihigh imay-jun 2.36 3.99 
> 0.25 !hi9h !iul 2.86 3.99 , , 
> 0.25 I high I aug 3.68 4.03 
> 0.25 low !sep-apr 5.98 3.62 
> 0.25 low Imay-iun 1.68 3.76 
> 0.25 low liul 2.91 3.99 
;> 0.25 low iaug 3.55 3.66 

sum 73.62 73.83 
mean 3.07 3.08 

untransformed mean 20 21 
% reduction -0.9% 

. , 1 L. .• i .. ..I l ::-:-l 

#treal 2 Correction: C ;:: 452.95 

#blocks 24 Tolal 88 = 189,47 

#cells 48 Blocks 58 = 20.69 
#zeros 0 Treatment S8 = 0.00 

avg of reclp 0.032 Error 58 = 168.79 

ANOVA Results 
Source of Variation DoF 88 M8 F 

Blocks 23 20.69 0.90 3.821 

Time Treatments 1 0.00 0.00 0.00 

Error 23 168.79 0.24 

Total 47 189,47 
L..-. - -- -

F~Djsl. al 1,23 DoF 23,23 DoF 

25% 1.39 1.33 

10% 2.94 1.73 

~o __ 4.28 _2.o_1 __ 

4501-007-29P 
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Cell Average Values (Highlighted Cells Denote Estimated Value)) 

Cell Averages: Enterococcus; In(FC+1) 

RANDOMIZED BLOCKS TREATMENTS 

RMS 
, 

Tidal 
, , , , , 

Rainfall ! Condition I Season 89-91 92-95 

0 Ihigh (sep-apr • 3.19 1.33 , , 
0 ihigh ' imay-jun 1.35 1.38 

0 Ihigh jjul 1.69 1.91 

Ihigh 
, 

1.56 1.62 0 laug 

0 :Iow Isep-apr 2.24 2.19 
0 !Iow 

: . 1.57 1.84 :may-)un , 
Ijul 1.09 0 Ilow 1.73 , 

0 !Iow !aug 1.94 1.84 
0: 0.25 !high !sep-apr 4.01 1.22 
0: 0.25 !high 

, 
1.60 1.59 :may-jun , , 

0: 0.25 thigh Ijul 1.15 1.71 , 
laug 0: 0.25 thigh - 1.76 1.56 

0: 0.25 Ilow :sep·apr 2.22 2.17 , , 
0:0.25 (low !may-jun 1.62 2.03 
0: 0.25 

I 
Ijul 1.50 1.93 (low , 
iaug 1.62 0: 0.25 !Iow 1.86 

> 0.25 Ihigh Isep-apr 4.41 1.09 , 
> 0.25 thigh :may-jun 1.35 3.67 
> 0.25 Ihigh Ijul 0.92 1.92 , , 
> 0.25 Ihlgh laug 2.11 2.07 
> 0.25 IIOW :sep-apr 3.84 3.79 
> 0.25 I . 2.79 2.74 (low Imay-)un 
> 0.25 !Iow ,jul 1.63 2.67 

!low 
, 

1.96 . > 0.25 laug 2.06 

sum 49.12 47.92 
mean 2.05 2.00 

untransformed mean 7 6 
% reduction 5.6% 

r-. r--- ---, ---, '---' ,--. r-

#treat 2 Correction: C = 196.18 

#blocks 24 Tolal 55 = 92.01 

#cells 48 Blocks 55 = 14.86 

#zeros 4 Treatment 5S = 0.03 

avg of recip 0.178 Error S8 = 77.12 

ANOVA Results 
Source of Variation DoF 55 M5 F 

Blocks 23 14.86 0.65 0.89 

TIme Treatments 1 0.03 0.03 0.04 

Error 19 77.12 0.72 

Total 43 92.01 

F·Dls!. at 1.19 [)oF 23.19DoF 

25% 1.41 1.37 

10% 2.9Q~_ 1.8 
I', 

5% 4.38' 2.12 

4501·007 -29P 

1-- '---' ---, --I r-:l c:=:J r- ! ~ 
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Massachusetts Water Resources Authority 
Charlestown Navy Yard 

100 First Avenue 
Boston, MA 02129 

(617) 242-6000 
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