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I. Introduction

(rkop g -~ do we s
For the last three years, high levels of celiform bacteria
have been a problem in the pond 1in Williamstown’s Margaret
Lindley Park. Counts of total coliform in the pond have reached
150,000 organisms per 100 ml, and counts in lower Hemlock Brook

which feeds the pond have been as higé as 25,000 organisms per

100 ml. {(Muzyka, 19%0) These levels by far exceed the
Massachusetts criteria for bathing waters - no more than 1000
organisms per 100 ml. As a result, for periods over Lthe las*

three summers, the pond, which is used b

pot) you

outdoor swimming hole, has been either closed for swimming or

X

Williamstown as an

extensively chlorinated. The pond in Margaret Lindley Park 1is

saug&@mm
not naturally filled by the brook; during the summer months,hthe

the brook 1z diverted to fill the pond.

3y the time it reaches Margaret Lindley Park, Hemlock Brook

has drained approximately 2.7S5 square miles. Its sources along
the Taconic Crest consist of three major tributaries: Treadwell
HMollow Brook, Berlin Mountain Brook, and a southern branch
flowing past the Mt. Carmel Novitiate. (See Maps 1 & 2
Treadwell Hollow Brook and Berlin Mountain Rrock Jjoin at an
elevation of 1080 feet where Treadwell Hollow Road meets Berlin
Road. The Mt. Carmel Branch meets this brook just west of the
intersection of Oblong and TonFy Woods Road, at about 300 feet.

The coliform family consists of small, aerobic or

facultative anaerobic, gram—-negative, non—-spore forming,
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rod-shaped bacteria. Escherichia coli, known as fecal coliform,

originates exclusively in the intestines of humans and

other
warm-blooded animals, while Aerobacter aerogenes, or grain
coliform, may be found naturally in soil. However, the grain

species 1Is also abundant in human and animal waste. A&lthough
these species themselves are not hazardous, high numbers of
coliform bacteria indicate polluted waters which would most
likely contain other, less easily detected, hazardous bacteria.
Consequently, their concentration is used to evaluate
bacteriological quality of water.

Previous coliform testing in Hemlock Brook conducted in the
spring of 1989 by Williams students Elizabeth Rogers and Rebecca
Foster was unsuccessful in identifying the source of the summer
coliform contamination. This field survey found(very)low levels
of total coliform - all were below 70 organisms per 100 ml - and
moderate to low levels of fecal coliform (See Table 2, Map 3). A
mor e extensive survey, conducﬁed in November of 1988 by
Williamstown Environmental Inspector Charles Kochenour, found
levels of total coliform exceeding bathing standards (1000
organisms per 100 ml) downstream from 395 Berlin Road, and 147
and 149 Oblong Road. (Table 3, Map 2) However, in both studies,
levels in Margaret Lindley Park were low, and 1t was unclear
whether these relatively slightly elevated levels upstream would
be sufficient to elevate pond levels durLﬁg summer months.

QX\W\%
Consquently, the only way to pirpoint the exact source of

the coliform bacteria is through extensive summer sampling when

levels of coliform are known to be high:'in Margaret Lindley Park.



This study sought to identify locational trends in coliform
levels, to Investigate the relationships between coliform and
nitrate and chloride 1ions which are generally associated with
human-generated pollution, and to determine if relationships

existed between coliform and rainfall and temperature.
ITI. Methods

Samples were collected on the morning of March 18, 1991
undey light rain with temperatures in the upper 30°’s. Fifteen
water samples were collected from locations in Hemlock Brook and
its tributaries. Three of these locations were upstream from the
highest levels of human influence - locations TW2, TW5, and 02,

Bphm fwon
and four were located in Margaret lLindley Park.(See Location Key,
Maps 1 & 2) Samples were tested (membrane filter method) for
total and fecal coliform bacteria, and levels of chloride and
nitrate were tested with the ion chromatograph. Samples were
collected again at the same locaticons late in the afternoon on
April 11, 1991. after two days of moderate rain, sunny

conditions with temperatures 1n the 60’s prevailed. These

samples were also tested for levels of coliform, nitrate, and

chloride.

Total coliform cultures were conducted using 10:100
dilutions. Fecal coliform cultures were run wusing wundiluted
samples. Nitrate and chloride tests were run on the ion

chromatograph with undiluted samples, and 10:100 dilutions were

used to test for chloride in approximately 60% of the samples

ekt



whose chloride was above 3 mg/l, exceeding the instrument’s

standard.

III. General Results and Discussion

Coliform levels measured this spring were dramatically lower
than levels at the same locations during the summer. Coliform
levels tested by the town in the spring of 1989 were also lower
than summer levels, suggesting that this is a seasonal variation.
See Table 1) At all locations, total coliform was below the
limit for bathing standards. Several contributing factors could
be responsible for this. First, the water temperature at all
sample locations on March 18, 1991 was 2 degrees Celsius. Cold
water temperatures may 1inhibit the survival of coliform
organisms, particularly fecal coliform, who are acclimated to a
warm body temperature near 35 degrees Celsius. Also, spring melt
flows and higher precipitation with less evaporation tend to
increase the discharge of streams, so spring dilution would
reduce even constant numbers of coliform, while lower volumes of
water in the summer would effectively increase their
concentration. April levels were also low; the water temperature
then was 8 degrees Celsius.

Nitrate levels were significantly higher in april than in
March. March nitrate concentrations ranged from 2.29 mg/l at 02
to 0.86 at TWS, with the average concentration being 1.59. 1In
April, the avérage rose to 2.51, with a high of 3.66 at 02 and a

low of .74 at TWS. Most likely, this reflected an increase in
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organic activity in plants which reduced more nitrogen, releasing
more in soluble form into the streams.(Dethier, 1991)

The average chloride levels, however, decreased in April,
from an average of 7.92 mg/l in March to 6.27. March had a broad
range, from 21.1 mg/l at TW4 to 0.86 at TWS5. Sixty percent of
the March samples had over 9 mg/l of chloride, while the
remaining 40% had less than 1.5 mg/l. The lack of intermediate
levels suggests that the presence of largs amounts of chloride is
correlated to a definite source. All five of the lowest levels
had one thing in common - none were do streim fr m a town [oad.
The~ma4£;+*¥—cf town roads are Salted with sodium chlorlde during
bad weather; spring rains, like the one falling on gchh 18,
washing the sodium chloride into roadside streams, could at least

be partially responsible for the elevated levels.

However, levels of chloride in aApril did reach 16.6 mg/l,
and there were intermediate wvalues, indicating that another
source of chloride existed. Althouvh mos of Lqe high

concentration sites were downstream rom towno k}ggﬁgi it is

unlikely that road salt could be entirely responsible for the
chloride this late in the seaszon. Most of the high concentration

sites were downstream from houses, and chloride 1s known to be

associated with human pollution. However , the second hlghest
lev hlarlde and anot er hlgh level were found at Tw4 and

non
TN2 1pspecf1vel/, SlteS7 whlch stream 1’on~-> human hpbbﬁh
a W %&m

establishments, and Yt 1is dlfflcult ectabllsh the source of

this chloride.
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IVv. Coliform Relationships with Nitrate and Chloride

Nitrate and chloride levels were measured as indicators of

human influence tohcorrelataﬂa}th coliform levels. Nitrate, 1in
particular, 1is assoclated with human and animal waste, the only
source of fecal «coliform. Although chloride was largely

correlated with human presence, it is not related to levels of
either fecal or total coliform (Fig. 1). Nitrate levels also
showed no correlation with fecal or total coliform. (Fig 2) 1In
addition, no correlation between nitrate and locational human
presence existed - location TW2, with the third-highest March
nitrate level of 1.86 mgs/l, arnd a high April rate of 2.7 mg/l,
was upstream from all human residences andkgﬁﬁaid haJ&Mgggn ou@xyMXLA
of human influence. Thus, ary March levels below 1.86, and any
April levels below 2.7, could not be conglusively attributed to
human causes, since some natural phenomenon was elevating nitrate
levels. Preliminary research in forests on Mount Greylock has
found evidence of forests bleedlng nltrate in the Spring./
3 C\ﬁ?&PQjeﬁ
(Dethier, 1991) It is probable that th i%s also occurs 1n the Mt.
Berlin forests of the Hemlock Brook watershed and iz affecting
nitrate levels 1in tha stream in the spring. At this time, at
these levels, there is too much background nitrate for it to be

used as a "tracer" for sewage contamination.

V. Locational Trends
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Although the levels of nitrate and chloride changed between
March and April, the relative concentrations at specific

locations generally did not, as an examination of the Berlin and

41.%
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Carmel Branch downstream progressions shows (Figs. 3 -10). The
nitrate correlations between the two samplings in the Berlin
Branch had a regression of 0.7829, and the correlation in the
Carmel Branch had a regression of 0.9004. Chloride had similarly
strong correlations with regressions of 0.8555 in the Berlin
Branch and .9991 1n the Carmel Branch.

However, levels of total coliform showed almost no L//
correlation between the WO samplings: regressions uwere
insignificant 0.0222 for the Berlin Branch, and 0.0337 for the //
Carmel Branch. This may mean that sources of total coliform are
highly variant at this time of vear, or it may reflect wvariance \b{
within the precision range of the total coliform test. To test ““gv

the precision of the method, threse bottles ¥

(e}

water wers | X
. ak , N YU
collected consecutively fap MLA in April. Three testz for total

coliform were conducted on each bottle, for a total of 9
e 4l o

cultures. The results (Table 4) ranged from 40 Yto 160,

s T w wahoanlud on

suggesting that the lack of repeatability was due primarily to

WGORD - .. O WY

the testing method. This wvarlance means that comparlson of

W\
bacteria and locations within this range Is only valld where a \
trend (ie. sharp 1increase/decrease in coliform) occurs g 5

samplings. (Since a high peak of 310 was detecteg é g& 5

March, the highest srobable number, 160, rather than the average, ES
' e o =0

was used for all graphs including thq data point.) Cﬂ,i




Still, some of the variance may reflect actual changes. The
significant increase 1n total coliform between March and April at
TW2 was out of the precision range cutlined above. Additionally,

it was also accompanied by a significant inc

=

ease 1In chloride

although 1In

U)

st other locations, the chloride level decreased.
(Nitrate incresased as well, but not more than the base increase
noted at all of the other locations.) This suggests that some

source .of low-level coliform and chloride pollution which was not

present In March entered the stream some time around April 18. A
variety of "natural" explanations exist. The most probable one

is that an animal (merhaps a deesr or coyote) defecated in or near

he =tream and the coliform bacteria and chloride entered the

stream, elevating levels. {MN%NFD..-

Given the variance of the total coiiform test,

\'t'

he only
locational data which can be interpretad from the total coliferm

zamplings is the presence of an Increasse In total coliform at

wpudn X
MLG6, TWé, and srobably ML7. '&Lﬁ%{ﬁ%.’\lE &'gﬂw

The precizion of the facal colifor: droyedure : nox
|
m, ! levals had

tested, although, like Fokal

repeatability with regressions of 0.0612 and 0.0589 in the _Prl‘n

(Jslikﬂ }

and Carmel Branches, respectively. Still, thiz mavy be d
varying sources. One trand did repeat in toth of +the samples,
however , suggesting a%t legast some pattern. Fecal coliform
increased appreciably between TWL and MLY in the Berlin Branch.
From this survey, two locations emerge as possibly
suspicious. Location ML?7 had relatively high levels of total and

fecal coliform in both =zamplings. Locaticn ML5 had high levels



of total coliform in both samplings; however, its fecal coliform

was low 1n March, and there was no fecal coliform at all in

April.

YI. Relationshios Between Coliform., Rainfall and Temperature

Betwsen June 1933 and August 1390, roughly 10C samples fro

~ m
-—
. - -L
Margarzt  Lindley Park were testezd for coliform byl then
W 7

Williamstown Hzalth Depaviment. {See Table:
wNere taken orimarily at !
heachs/bathing area, st the inlet to tha pond, and in Hemlock
Brook above the iInlet. With the excepticn of zix samples taken
in March and Apvil 1983, all of the samples were taken during th

summer months, mostly during July .and August. In

—
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total coliform counts rvanged gresakly, From : _ow of zZ=ro on

several occasicns ko a rtigh o

Q
—h

206,000 per 1iCO ml on 46/16/90

=

the pond outlsh.

The single sampling =site from Hemlock Brook recrecludes

locational comparison for seesking the source of the coliform;
however , 1t preovides a constant, fraquent source of data for
comparlson with precipitation, temperature, and levels in ths
cond.
SWM#ﬁ
In g=neral, orecipitation does not appear o o relatzd to
Fo)
total celifocrm lavels 1n Hemlock Broolk. A Lhree-day

precipitation average of data fTrom Hopkins Forest was plotted
against total coliform at the Hemlock 8recck =site, both directly

and on a tim

0]

trend graph, Lo determine if high precipitaticn



could be linked. (See Figs. 11 & 12 ) High precipitation could

wash backagia out of s0ill, send manure runoff from farms intcoc the

stream, or elsvate the water table, causing flushing of bacteria

) Ny, )
from ssptic le&ch\tlelds. All of thesae would lead to higher

‘

coliform levels. Neither graph showed a ignificant
corvelation., If rain does bring additional bacteria intec ths
stream, 1t dilubes the concentrations of the colonies lavels

am M&W
egquivaleant to those bzforz the raln. ( uﬁﬂéLLE{

Alsc, pr=clpitation does not  appear bto affzct levels of
facal coliform In the brook (Fig. 12); howevar, Lt dcess app=2arv Lo
bhe relatzsd te levels of fecal coliform in the ocnd Inlst. Fig 14
shows a closs relationship between erecicitation and fecal

liform entering the pond. Pszaks in fecal ccliform occur only
with peaks of srecipitation, althoughg@ll crecipitation peaks are
~gpl. accempanied by  peaks in fscal coliferm. Furthermoras, the
Incrzazes in faecal colifeorm alt Lths inlsbt 3ve not "sracedsd"  in
the brook by higher lavels It seems quite leolizal that railn
Increazsing the  wolume of watsy 1In the brook could flush

o oo

additional fecal cocliform inte the inlst, but it is 4difficult t

than the inlet. Perhaps fzcal coliform "resides” somewhers
batween the brook test =ike and the inlet and i3z flushed oub
without ‘“reagistering" in the brock census. & theorcugh "flushing
ous" of the facal ococliform would also explain why cleosely

folliowing storms are nob accompanied oy igh inlet colifors

countz, a trand nched on the graph.



Temperature

does not appear to have a significant impact cn

summer coliform fluctuations. (Fig. 13)
VII. Conclusions

1. Locational trands ars difficult to identify 1In the recaent
surveys of Hemlcck Brook Low, lavels of coliform in the spring,
and thes lack of total COllTO‘m Lest maks

°-° i E
tracking sSources spicxou% \%Lrov of hizh
levals of both coliform identified in this
investigation was ML7, cff Toray YWoods Reocad .10 milz west of iz
intersection with Oblong Roa

2. Chleride and nitrate showed no relationship to colifornm
In ths spring. although chloride may ba an indicator of |human
acltwity 1In a lecation. Mitrazts, at thisz time, shows nc

—
elationshis with buman presencs Therzforas, 1t i3z a2 pooy incsz
S
of sewage/wasts pollution. (CA uwet WO NS A0 |

2. In general, coliform fluctuations 1n the broot ;geqxlot
depandeant on oSracipitation  or temperabturs Levels in ths pond
inlet do appear to show 3ome correlation to :recipitatlijy/*
perhaps bacause raln surge2 in the str2am helps flu out a2
resident population.

4., Nitrate and ~zhleoride levels are not good indicators for
Eryacking tha anhry of pollution, nov Is precipitation a wuseful
tool mpredict coliform lavels. 4 conclusive determination of the
sourss of the 2levated coliform levels could be accomplished only
rhrough thorougn =ampling and coliform testing during thz
elevataed levslzs in thz summer.

(Gror /
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LOCATION KEY FOR COLIFORM WATER SAMPLING

W1 Toney Woods Road, Northwest of intersection with 0Oblong Road,
where the brook crosses from the west to east side of the road.
Sample from west side of road.

TW2 Toney Woods/Bee Hill Road, 1 mile up (west) of Jjunction of East
Branch of Hemlock Brook with the Bee Hill Road Branch.

TW3 On East Branch, north off Tongy Woods Road at farm drive along
stream. Sample from 4th bridege after pond, roughly 1600 feet
from road.

TW4 Just before Jjunction of East Branch and Bee Hill Road Branch,
from the East Branch

TWS Between TWl and Oblong Road, a small brook crosses road from west

to east side. Sample from west side.

TW6 Junction of Torey Woods and Oblong Road, on lower side of
culvert.

01 Where stream crosses Oblong Road, on downstream side.

02 On Carmelite Property, Jjust before corduroy section of road where
an old road/path crosses the creek and curves up the hill.
Sample location appraximately 550 feet west of main building.

ML1 Margaret Lindley ParK, 1/2 way between the dam and the road.

ML2 Margaret Lindley Park, just below little falls over quartzits,
about 100 feet below the bridge.

ML3 Margaret Lindley Park, from West Branch, just before merge with
Bee 14111 Road Branch.

ML4 Margaret Lindley Park, from Bee Hill Road Branch, Jjust before
merge with West Branch.

MLS5 Margaret Lindley Park, 1/3 of the way from ML4 to ML2 at sharp
curve where many dead branches are across.

ML6 Oblong Road, about 200 feet upstream from culvert 01, by houses.

ML7 Torey Woods Road, 1/10 mile east of intersection with Oblong

Road, 20 feet downstream from pond.



TARLE A
SUMMARY OF SPRING '91 DATA

SITE TOTAL COLIFORM FECAL COLIFORM NITRATE (mg/ll CHLORIDIE (mg/l)

MARCH [ APRIL MARCH | APRIL MARCH_[APRIL MARCH | APRIL

TW1 50 0 1 0 1.34 2.3 10.2 7.9
TW2 10 180 0 1 1.85 2.7 0.65 48
TW3 50 90 1 0 117 2.08 205 18.8
TW4 0 50 1 0 1.08 2.08 21.1 143
TWS 30 30 1 a 0.86 0.74 0.44 05
TWE 80 120 3 2 1.22 2.28 9.3 8.4
01 20 80 4 0 2.21 3.47 1.13 0.69
0z 80 70 2 1 2.29 3.66 0.55 0.35
ML 1 50 170 a 2 1.37 2.4 10.1 8.2
ML2 70 g0 10 2 1.63 2.37 9.8 B
ML3 20 70 3 3 2.24 3.28 1.5 1.2
ML4 20 120 3 10 1.38 2.26 12.7 7.9
MLs 40 80 B 4 1.56 2.43 9.5 B
MLE 310[* 3 0 2.34 3.48 0.48 0.4
ML7 200 110 6 7 1.25 215 10.9 8.3




TRBLE 2

Table #2 - Data (See Y‘\ap’o\

Fecal Total Standard EPA
Site# Coliform# Coliform# Cond. pH Alkalinity RAlkalinity

1 0,4 b 106 7.26 12.0 11.0
2 1,2 2 100 7.14 17.5 15.0
3 1 34 109 7.10 9.5 7.5
L 2 65 106 7.05 8.0 L.5S
5 0] 11 L5  7.04 5.0 7.0
6 0] 7 L2 6.96 13.0 8.0
7 0 0 38 6.84 3.5 3.0
8 0,4 6 153 7.68 56.0 55.0
9 -- 8 60 7.21 10.0 8.0
10 2 1 166 6.92 7.0 5.0
1* ‘ 5 42 62 7.05 12.0 10.0
2% 20 56 &2 7.01 11.0 5.0
3* 2 25 121 6.73 7.5 5.0

It should be noted that sites showing two feczl coliform
counts had two separate samples taken about a week apart. In-
addition, sites 3 and 10 had fecal tests done on 48-hour old
samples. The fecal test for site #9 drowned and was unable
to be redeone; there is a high probability that the results
would have indicated very low, if any, fecal coliform levels.
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TARLE 3

enlock Srock Survey
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ML6 TOTAL COLIFORM RESULTS

SAMPLE |COLIFORM
Al 160
A2 60
A3 50
B1 40
B2 40
B3 60
C1 80
c2 50
C3 130

TRBLE 4



TRRLE §

COLIFORM IN MARGARET LINDLEY PARK, AUGUST 1888

DATE HEMLOCK BROOK BATHING BEACH POND INLET POND OUTLET
TOTAL FECAL TOTAL FECAL TOTAL FECAL TOTAL FECAL

a8 2 88 1880 5 2100 34 3300 14
8 6 88 3600 0 4400 8 1800 0
8 g8 88 1600 20 3200 9] 2900 30 1400 0
8 10 88 2580 300 3080 18 1800 0
8 13 68 8500 20 13000 10 2800 0
8 15 88 50000 0 50000 0 50000 9] 60000 0
8 17 88 24000 0 28000 42 44000 0 3000 1
8 16 @8 1600 12

8 20 @88 18000 89 14000 10 12000 o] 2000 0
8 24 88 12000 0 44000 0 19000 145 68000 278
8 27 .88 3000 8] 8000 0 11000 3 5000 8]
9 29 88 620 0




TOTAL COLIFORM IN MARGARET LINDLEY PARK, 1990

DATE HEMLOCK BATHING | POND POND
BROOK AREA INLET OUTLET

6 168 90 4500 150000 8 200000
€ 18 80 10000 29000 11000 20000
6 23 90 7800 10000 7700 11000
6 256 90 10000 5000 6000 3500
€ 27 920 5200 11000 6200 19000
6 30 %0 25000 18000 40000 14000
7 2 90 4400 2500 3600 |TNTC

7 5 90 €000 1800 5600 200
7 .7 90 3800 8000 800 700
7 9 90 4200 0 0 0
7 21 90 2800 1 24 0
8 15 90 760 20 700 0

TRRLE b
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NON—CORRELATION: CHLORIDE AND COLIFORM

COLIFORM/ 100 ML
330

300 -

200 -
150 -

100 - + -

CHLORIDE (mg/!)

== TOTAL COLIFORM === FECAL COLIFORM
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NON=CORRELATION OF NITRATE AND COLIFORM

COLIFORM/ 100 ML

330

300

200 -

190

100

50

TOTAL COLIFORM === FECAL COLIFORM

NITRATE (mg/1)




FiC. 3

BERLIN BRANCH DOWNSTREAM PROGRESSION
OF CHLORIDE

. CHLORIDE (mg/!)

10

MT. CARMEL
BRANCH

INFLOW

0 s l | ! i l a
TW2  Twi  Twe ML/ ML4 CARM MLS MLZ  MLI

LOCATION PROGRESSING DOWNSTREAM

—  MARCH == APRIL
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BERLIN BRANCH DOWNSTREAM PROGRESSION
OF NITRATE

: NITRATE (mg/1)

MT. CARMEL

k2
I

BRANCH

INFLOW
1.5+ /\

0 | x | | | l !
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BERLIN BRANCH DOWNSTREAM PROGRESSION
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SOURCES OF COLIFORM BACTERIA
IN HEMLOCK BROOK

Heather Stoll
Williams College
August, 1991



entering the stream on upper Berlin Road is the product of
human and animal waste.

Because "natural" coliform input accounts for a significant
percentage of coliForm-poliution in Hemlock Brook, and pollution
from all sources is dramatically increased by precipitation
events, this report recommends that the Recreation Committée

continue chlorinating the pond in Margaret Lindley Park.
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INTRODUCTION

Counts of coliform bacteria in the pond atTWilliamstown's
Margaret Lindley Park have exceeded the state bathing water
standard (1000 colonies per 100ml) frequently over the course of
the last three summers (Fig. 1). As a result, the pond,
Williamstown’s only public outdoor swimming area, was closed for
extended periods during the summers of 1988 and ’89, and was
extensively chlorinated during the summers of 1990 and ’91.

Levels of coliform in lower Hemlock Brook,éwhich is used to
feed the pond, have also been high in recent years. (M. Muzyka,
Town Health Records, ’88-’90). In this investigation, one
hundred twenty nine samples were collected throughout the
Hemlock Brook watershed between May and August to test for
coliform contamination and ions associated with water
contamination to investigate the source of these elevated
coliform levels.

The effectiveness of the coiiform teat in tracking coliform
entry lies in its ability to detect all living coliform
organisms in the astream. However, recent research conducted by
M.¥W. LeChevallier and G.A. McFetters (1985) demonstrated that
coliform organisms stressed by chlorine used in municipal water
treatment could go undetected by conventional analyses because
they do not undergo cell division and cannot produce the
colonies necessary for detection. A reduction of this stress

permitted the organisms to resuscitate within a short tine.



Since coliform bacteria derived from human and animal
sources are acclimated to a warm body temperature of 37 degrees
Celsius, stream temperatures of 16 degrees Celsius represent a
significant cold stress. To assure that this cold stress was
not interrupting coliform detection in the same manner as the
chlorine stress, with injured organisms resuscitating in the
warmer temperatures of the warming pool and pond in Margaret
Lindley Park, a controlled test of coliform survival in stream

and pond temperatures was also conducted.

Setting

The Hemlock Brook watershed above Margaret Lindley Park is
located in the Berlin and Williamstéwn guadrangles in
northwestern Massachusetts and adjacent New York. Three major
branches - Treadwell Hollow Brook, Berlin Mountain Brook, and a
southern branch flowing past the Mt. Carmel Novitiate (referred
to here as the Mt. Carmel Branch) - drain the weat side of the
Taconic Crest between the Berlin Mountain Summit and Route 2, an
area of 3.75 square miles (Fig. 1). The annual discharge of the
brook has been approximated as 200,000,000 cubic feet (assuming
that Hemlock Brook has the same unit area discharge as Birch
Brook).

The Taconic Trail State Park occupies most of this land.
Only 264 acres in the drainage area is "developed" and actively

used for residences and farmland. Thq remaining 2400 acres are



Table 1. Willlamstown Precipitetion and Temperature '88-'91

June July
Year 88 89 S 9N 88 89 90 N
_Daily avg. temp. (C) 1568( 198| 17.8] 1868] 21.0] 21.4| 204| 201
Precipitation (In.) 297| 608 3.61| 3.13] 585| 3.97| 245| 1.64




fatalities had reduced the coliform levels in all cases by the
next downstream residence. Since the high levels after these
sources did not remain in the stream as far as the park, the
high summer levels in the pond could not cohclusively be
attributed to these residences. In the spring of 1989, the town
sampled several locations upstream, but found low levels at all
sites which gave no indication of the source of the high summer
levels.

On March 18 and April 11 of 1991, I samplea fifteen
locations throughout the Hemlock Brook watershed above Margaret
Lindley Park, and tested the water for total and fecal coliform
and chloride and nitrate. Levels at all locations were low
(less than 350 colonies/100 m;), making locational trends
difficult to identify. Chloride and nitrate levels showed no
correlation to either type of coliform.

In the spring of 1991, I also analyzed all of the 1988 -
1990 town test results for Margaret Lindley Park, and compared
them with temperature and precipitation data for those years. I
found that over this time period, levels of fecal coliform in
the brook rose following precipitation events. In addition, I
noted that levels of fecal coliform in the pond inlet rose only
during times of high precipitation, many times without preceding
highs in brook coliform levels. This suggested that a resident
coliform population may have existed in the calm warming pool
where the bacteria could settle, adhering to rocks and sediment

during drier weather. The bacteria would be flushed into the



significantly in the absence of a health hazard, 4) the
indicator is more resistant to physiological stress within
aquatic environments and is more resistant to disinfectants
commonly used, and S) the indicator reaction or test data is
unique and characteristic of that microorganism, and the
methodology is of minimal complexity and expense. (McFeters,
Schillinger, and Stuart, 1978).

Aerobacter, Escherichia, Citrobacter, Klebsiella,
Enterobacter and other speciex are included in the count for
total coliform bacteria, while Escherichia is selectively
cultured by temperature stress in the fecal coliform procedure,
since it can survive a higher incubation temperature than the
other strains. Consequently, the fecal coliform count is the
most direct indicator of recent wasfe pollution.

The Enterobacter species and "Lancefield’s Group D
Streptococcus" comprise the fecal streptococcus group, which
originates primarily from the intestines of warm-blooded
animals. Hence, the fecal streptococcus test is a useful
indicator of fécal pollution; however, fecal streptococci have a
very limited survival time outside of the host animal, so counts
are only useful in evaluating recent pollution.

Fecal coliform bacteria in human waste consist primarily of
the Escherichia coli strain, while fecal coliform bacteria in
animal waste is primarily comprised of streptococcus varieties.
These differences can be used to determine whether bacterial
pollution is derived from human or nonhumaﬁ sources, as long as

recent pollution is sampled. Common ratios of fecal coliform to



Investigating Coliform Sources

Field

Twice in May, twice in June, and three times in July, I
collected water samples successively at twelve to twenty
locations along the Hemlock Brook system over a period of 3
hours. Sample localities are shown in Fig. 1. At each site, I
collected 500 ml of water from the main current in a sterile,
deionized plastic bottle to be tested for coliform and anions.

In late July, I collected 130 ml of water in deionized
olastic bottles at ten locations progressing downstream in three
areas of suspected contamination, to be tested for levels of
anions. At these same target areas, I also collected 500 ml of
water Iin sterile, deionized bottles at eight sites to be tested
for fecal coliform and fecal streptococci bhacteria.

Each month, I measured stream and pond temperatures.
3tream discharge was measured by instruments on Birch Brook as
part of Williams College’s Center for Environmental Studies’
continuous monitoring in Hopkins Memorial Research Forest.
Weather data were also obtained from the Hopkins Forest weather

station.
Laboratory
Within six hours, samples were cultured for total and fecal
coliform according to standard E.P.A. approved methods (Federal

Pollution Control Act, Section 304) Approximately 125 ml of

..11..-



Table 2. COLIFORM SURVIVAL AND COLD SENSITIVITY

TOTAL COLIFORM
DAY 1 DAY 3 DAY 4
POND BASE TNTC* TNTC* TNTC*
STREAM BASE TNTC* 11700 1400
STREAM 3** 4200
STREAM 4
STREAM 5
STREAM 6

DAY &

2400

10

Note: On day 2, both the pond and stream bases were diluted 1:2 with

sterile deionized distilled water.

* A 1/100 dilution was used.

** STREAM 3 refers to the stream sample moved to pond temperature on
the third day, STREAM 4 to the stream sample moved on day 4, ete,

A series of periods represents cultures which were not countable

due to high background growth and other interferences.

_13_
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DISCUSSION

The data suggest that in an experimental setup, the
reduction of cold stress does not promote resuscitation of
injured coliform organisms. Data from the stream sampling
suggest that significant levels of coliform are entering the
brook from "natural" sources above homes and pastures, and that
coliform is entering regularly in three areas below homes and

pastures. Weather appears to affect levels entering from both

sources.

Coliform Survival and Cold Sensitivity

Numbers of both total and fecal coliform bacteria decreased
over the course of the study, suggesting that coliform bacteria
do not grouw in early summer stream and pond conditions. (Fig.2
& 3) Consequently, after initial pollution, the coliform
bacteria population in the stream is determined by conditions
which inhibit or promote the survival of the organisms.

Water temperature appears to have a significant effect on
survival rates. The 5 degree water tempefature difference
between the pond (21 C) and the stream (16 C) gave the pond
samples a significant advantage. After two days, the total
coliform bacteria population in the stream sample was only 1% of
the pond sample population for that day. Concurrently,

increasing the temperature of the stream samples increased



flow between the two sample sites. This permits the
interpretation of recurring coliform increases over certain
intervals, visible on Figs. 5 through 16, as areas where

bacteria are entering the stream.

Influence of Weather

The average coliform levels increased significantly between
the spring ahd summer of 1991, and notable increases occurred
between the May and mid-summer samplings. As Table 4 shows,
there was an appreciable increase in stream temperature between
March and July. Figure 17 depicts the relationship between
stream temperature and total and fecal coliform in
non-precipitation flush conditions. As the cold sensitivity
research predicted, a direct relationship exists between stream
temperature and coliform survival. With the first increase in
stream temperature, fecal coliform levels began to rise. Total
coliform, on the other hand, appears to have a threshold
temperature around 15 degrees: before the stream reached that
temperature, levels remained relatively low; above 15 C, even
small temperature increases enabled significant increases in

survival.

Precipitation increased coliform levels in the stream
significantly. Levels of coliform during the stream surges
following the June 12 and July 13 rainstorms were, on average,
10 times higher than levels during dry periods. Because heavy
rainfalls naturally increase the volume of water filling the

stream channel, pollutants which were previously higher than the

__25_



streamflow are washed in. Heavy rainfalls which raise the water
table could also be expected to contribute to overflow in faulty
septic systems. In addition, higher stream discharges and
higher stream velocities would reduce travel time from sources
to test sites, possibly increasing coliform survival, would
reduce the number of calm pools where bacteria could settle out
of suspension, and would overcome adhesion of bacteria to banks,

rocks, log dams, etc., leaving more in the current.

Natural Sources of Coliform

Estlmate; of the minimum levels of natural coliform
entering the stream from non-domestic sources on the sample
dates were obtained from the coliform levels at the sites which
are above hcmes and pastures on each branch: TWSKI or TW2 on the
Berlin Branch, the sum of TWPP and MTR, or TW3 on the Treadwell
Branch, and 02 on the Mt. Carmel Branch. To determine the
impact of natural pollution on the overall coliform pollution in
the stream, these numbers were compared with the levels of
coliform at the end of each branch. The percentage of the
final, end-of-branch coliform count which the natural level
comprised was calculated. The results appear in Table 5.

Significant percentages of both total and fecal coliform in
the stream can thus be attributed to natural sources. Seventeen
measurements of total coliform levels above human development
and eleven measurements of fecal coliform levels above human

development were compared with coliform levels at the end of the

_27_



-respective branches. 1In 41X of the cases, levels of total
coliform at the initial natural sample sites were as high as, or
higher than the coliform levels at the end of the branch. 1In 27
X of the cases, fecal coliform above homes and pastures was as
high as or higher than the levels at the end of the branch. In
65% of the cases, total coliform levels above homes and pastures
were more than half of total coliform levels at the end of the
branch: this was true in 55% of the cases for fecal coliform.

The percent of pollution from initial natural sources may
have varied because conditions which affect coliform survival or
entry into the stream, like weather, may affect natural and
human/domestic sources differently. In the May samplings, for
example, natural total coliform pollution accounted for more
than half of the final branch pollution in all cases, while in
June and July only 45 percent. The discharge of the brook in
May is generally higher than in June or Juiy (Figs. 7 and 8 - No
’91 data available), which may have washed coliform more
continuously from natural sources and diluted human/domestic
sources.

These percent figures of the role of natural sources
provide only minimum estimates of how much of the stream
coliform is from natural sources, because the final branch
figures do not take into account coliform which may have been
added from natural sources between the highest sample site
(above human developments) and the last branch site. However,
no data are available to demonstrate that the entire number of

bacteria at the top of the branch traveled all the way to the

_29-
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chloride and/or nitrate levels; these two anions are often
~indicators of human or animal waste pollution.

Significant recurring coliform trends occurred between
sites Iin three areas in the Hemlock Brook Watershed surveys.
LLevels of coliform consistently increased between TW2 {(or TWSKI)
and TW2B, between TW3 and TW4, and between 01 and ML3.

On every sampling, May through July, fecal coliform
increased bstween TW2 (or TWSKI) and TW28 (See Table 6). Total
coliform also increased between these sites in June and July.
Nitrate levels also rose slightly between these sites in August
and July, as did chloride in all of the targeted progression
sampling Iin July, suggesting that the coliform increases were
probably associated with pollution from human or animal waste
{(Figs. 7 & 8)

Levels of total and fecal coliform increased between TW3
and TW4 at every sampling in Jurne and July. (Table 7 ) The
frequent decrease in chloride and nitrate levels over this
interval may be a consequence of uptake by plants and algas in
Stinson’s pond which the stream flows through between these
sites, or it may reflect dilution from increased discharge.
(Figs. 11 & 12)

&lthough the inéreases in total and fecal coliform between
01 and ML3 were not as consistent as those on the Berlin and
Treadwell Heollow Branches, there is sufficient recurrence to
warrant closer examination. (Table 8) Nitrate levels showed no

repeating pattern, whereas chloride levels in June and July



Table 7. COLIFORM INCREASES: TREADWELL BRANCH TW3 -- TW4

TOTAL COLIFORM

DATE A ] Twa % INCH,

8/12 3000 3800 26.87%

6/14 300 800 100.00%

78 210 2001 852.86%

7/13 18000 80001 215.78%
FECAL COLIFORM

DATE  Tws TW4 % INCR.

8/12 54 800 1381.48%

6/14 NDA 10

7/9 73 1186 §7.53%

713 2800 3300 17.88%

-35.



always .increased between these sites, indicating a possibility
of pollution from human or animal waste. (Figs. 15 & 16)

Fecal coliform/fecal streptococcus ratios for these
intervals show that human pollution is probably a factor only in
the Berlin interval. Animal pollution is responsible for the
fecal coliform along Treadwell Hollow and below Oblong Road,
although no distinction can be made as to whether the animals
are domestic horses, cows, sheep, etc., or wild animals like
deer , raccoon, and coyote.

A survey of the stream beginning above the last house on
Berlin Road and continuing to the junction of the Berlin and
Treadwell Branches found no evidence of divect discharge into

the stream from pipes or trenches;

CONCLUSIONS

"Natural" coliform bacteria originating from sources
upstream from human development may be responsible for a
significant percentage of the coliform pollution in Hemlock
Brook. Ouring precipitation flushes which occurred on June 12
and July 13, levels of coliform bacteria in the stream exceeded
the bathing water standard at two of the three sites above human
development .

Three areas of significant recurring increases in both
total and fecal coliform have been identified; on upper Berlin
Road, on Treadwell Hollcw Road, and on the Mt. Carmel Branch

below Oblong Road. The coliform on Treadwell Hollow Road and

..37..



I would recommend that the Recreation Committee look into
other means of chlorine addition which might yield the same
results at less expense, although continued daily "drag"
chlorination of the beach area should continue regardless.

I would also recommend that the Town Health Department
further investigate the possibility of human waste pollution
entering along upper Berlin Road with more site-specific testing
during the summer months when increased coliform survival

maximizes pollution detection.

-39-



To test the accuracy of the coliform test method, ten

samples were collected successively from location TW2B. Each
sample was split and tested for both total and fecal coliform.
The results appear on Table and are graphed in Fig.
In a totally precise procedure, the points would be expected to
lie along the x = y line since the bacteria population count for
split 2 would be the same as the count for split 1. This is not
the case for either graph.

The statistical accuracy of the method was analyzed by a
hypothesis test (paired difference experiment). Since the
splits of each bottle were initially the same sample, the
difference between the counts for eéch pair of bottles should be
zero. To determine whether the true mean of the population of

differences (Mo) could equal zero, we formulate two hypotheses.

The hypotheses are:

Ho: Mo = 0 (M1 - Mz = 0) (Method is accurate)
Ha: Mo /= 0O (M1 — Mz /= 0) (Method is not accurate)

Either the true mean of the population of differences is equal

to zero, or it is not. To prove one of the hypotheses false, we

determine whether the true mean of differences could be zero by
seeing if zero falls within the 95 % confidence limits for the

true mean. The formula for finding these differences using the
mean difference xo, the critical value of t for the appropriate

_41.-



METHOD CHECK RESULTS:

TOTAL AND FECAL COLIFORM
TOTAL COLIFORM
BOTTLE SPLIT1 SPLIT2
A 160 80
B 20 360
c 50 50
D 70 50
E 110 90
F 80 100
a 90 100
H S0 110
I 60 110
J 90 110
AVG.D
ST.DEV
UP. LIM.
LOW. LIM.
FECAL COLIFORM
BOTTLE  SPLIT1 SPLIT 2
A 15 14
B 22 35
c 38 32
D 38 32
E 37 45
F 16 31
G 3 21
AVGQ.D
ST.DEV
UP.LIM.
LOW. LIM.

DIFFERENCE

70
-340
0

20
20
-20
-10
-20
50
-20

35
118

50
120

DIFFERENCE

1
-13
4
e
8
15
-18

-]
11
4
16



APPENDIX B
Coliform and Ion Analysis Results

Explanation:

These sheets list the coliform and ion information obtained for
each Hemlock Brook sample between May and July 1991. The time
of collection, precipitation in previous 24 hours, and daily
average temperature is also provided. In cases of significant
Precipitation, the conditions of increased stream discharge on
sampling are approximated with two percentages: 1) how high the
stream was at the sampling time compared to the highest
discharge level of the precipitation event, listed as "Percent
of discharge peak," and 2) how much the stream discharge had
increased at that time compared to the average discharge for the
12 hours preceding the precipitatioﬁ event, listed as "Discharge
percent increase." Blank spaces were left where data was not
obtained. For the fecal coliform/fecal streptococcus ratios,
interpretation on the pollution source based on standard E.P.A.

values is given.
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COLIFORM AND ION ANALYSIS

5/31/91

Time of Caollection: 9:30- 11:30 AM

Precipitation in previous 24 hours: o]
Temperature {Daily Averags): 23.3C
COLIFORM ANIONS

colonles/100m| mgy/l
SITE TOTAL FECAL NITRATE CHLORIDE TEMP. C
TW1 140 4 1.18 8.1 14
TW2 180 ke 1.27 0.4 14
TW2B 40 57 1.22 1.83 14
TW3 190 bl 1.04 20.08 14
TWa 70 52 1.01 17.5 14
TWBEN 180 §2 1.78 0.27 14
TWS 50 28 0.38 1.48 14
TW8 70 a0 1.07 10 18
01 40 0 1.82 0.48 17
02 230 118 1.76 0.48 16
ML 80 1 1.08 12.7 18
ML2 110 24 1.04 18.4 18
ML3 70 0] 1.47 1.87 18
ML4 a0 45 1.07 12.9 18
MLS 40 &8 1.07 11.8 17
MLB 30 0 1.87 0.72 18
ML7 110 22 1 8.8 18
MLB 0 2 0.58 28
MLWAN 30 0 1.01 17
ML5B P 0 80
AVG. 82 28 1.17 7.58

** Suspicious rasults: Recent sxamination suggests that
the bottom layer In the fecal coliform incubator bath

may be hatter than the prescribed temperature, adversely
affacting (burning out) coliform growth. Tha zero counts
originally obtained for these cultures do not appear to

be consistant with counts upstream from that particular
site, or with counts for that site on other days.

-47-



COLIFORM AND ION ANALYSIS
6/14/91

Time of Collection: 8:30 - 11:30 AM

Precipitation |In previous 24 hours:

Temperature {Dally Averags): 1528 C
COLIFORM ANIONS
colonies/100m| mg/l
SITE TOTAL FECAL NITRATE CHLORIDE
TWi1 3s0 bl 1.21 18.1
TWe 100 0 1.21 0.486
TwaB 10001* 310 1.37 0.8
TW3 300 * 1.31 35.2
TWa 600 10 1.8 22.4
TW8B 700 bl 1.18 10.4
01 100 0 1.47 0.82
Qe 20 0 1.83 0.47
ML 1 500 20 17.4
ML2 800 *r 1.14 28.1
ML3 a0 40 1,38 1.98
ML4 400 30 1.18 26.2
MLS 200 20 1.2 14.7
MLS 200 20 1.61 0.43
ML7 200 80 1.08 8.8
MLW 100 80 1.11 11.3
MLB 0 0 0.83
TWSKI 400 a0 1.08 0.49
AVG. 833 33 1.18 11.68

* Large vaiues with severai zero digits ending

Ina 1 represent a best approximation of cultures
which were too numerous to count. This
approximation Is based on the dilution and the highest
countable number in that day's series. This
approximation was used to compute the average.

** Suspiclous resuits; Recent examination suggests that
the bottom layer in the fecal coliform incubator bath

may be hotter than the prescribed temperature, adverssely
affecting (burning out) coliform growth. The zerc counts
originally obbtalned for these cultures da not appear to

he consistant with counts upstream from that particular
site, or with counts for that site on other days.



COLIFORM AND ION ANALYSIS
7119
Time of Collection: 10:00 - 12:00 AM
Precipitation in previous 24 hours:
Temperature (Daily Average): 1587 C
COLIFORM

coloniss/100mi
SITE TOTAL FECAL

Tweg 800 17
TW4 1800 198
TW8 1800 180
O1 80 12
ML2 220 84
ML3 300 14
ML4 700 168
MLS 2001 72
ML7 800 134
MLW 300 2
MLB 100 1
AVG, 828 77



CHLORIDE AND NITRATE: TARGETED PROGRESSIONS

78/
SITE CHLORIDE NITRATE
TWSKI
A-385 0.41 2.4
A-331 0.35 2.58
TWeB 0.45 2.61
A-161 0.8 2.61
HSKM 0.68 2.68
TW3 18.8 2.8
TW3B 21.8 2.88
TW4 208 2.05
01
ML3
24 hr precipitation: o]
Time of collection: 4:00 PM

% discharge peak:
% discharge base:

Temperature:

24.7C

721/

|CHLORIDE NITRATE

0.67 1.68

0.a7 232

1.28 2.84
20.8
30.8
228

.48
294
2.48

4:00 PM

100%

50%

28C

7/23/91
CHLORIDE NITRATE

0.56 2.11

0.48 2.68

0.81 2.88
22.2

17
20.2

2.91
2986
2.38

0.57
1.38

2.31
236

0.45In
S:30 AM
27%

886%

24,4 C

73/
CHLORIDE NITRATE

0.81 1.54

0.51 2.45

2.1 28

0.79
1.41

1.27
0.85 In
5:00 PM
100%

2379%

183 C
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