Huntington River Water Quality Study — 2016

Summary of Findinas

The summer of 2016 marked the 10™ year of Huntington River Conservation Partnership (HRCP)
water quality monitoring, and the 12'" year on the Huntington portion of the river. With laboratory
support from a Vermont Dept. of Environmental Conservation Larosa Grant, a large number of
volunteers from Huntington and Richmond sampled specified locations along the length of the
Huntington River on a weekly basis for bacterial contamination by E. col.

The number of samples above Federal Standard (pink) and the old State Standard (pink plus
yellow) and their clustering were within the observed historic range and pattern. Results
remained consistent with runoff being a major contributor to contamination.

Contamination for a given date was variable with no consistent pattern as one moved down
stream. Occasional, inconsistent spikes leaves room for possible sporadic point sources of
contamination, as found before.

The daily pattern of peaks and valleys generally was similar to that in past years, again
suggesting runoff as a key contributor.

There was no obvious relationship between 12 and 24 hour rainfall prior to sampling and
overall Geomean. A strong relationship was found using rainfall over the 48 hr. before sampling
due to significant rainfall occurred in the 24-48 hr. window. This result is different from that
which generally has been observed in prior years, where the 0-24 hr. relationship has been
stronger.

Any relationship between rate of change in water level compared with overall river Geoman
was all but entirely due to a single pair of high values. No noteworthy relationship existed when
the comparison was with E. coli contamination at Horseshoe where water level was measured.

Resuits for 8/17 were noteworthy, with an 8-fold change in river level over the 12 hr. prior to
sampling. The River was running very high and with high turbidity due to significant upstream
rainfall. However, though there was significant rainfall as well in the Huntington — Richmond
area, most feeder streams were clear and not over-flowing. A possible explanation is the
recharging of severely depleted groundwater from summer drought conditions.

Tributary Hollow Brook was sampled weekly based high values in previous years. High values
were recorded on all but one date with the overall season Geomean exceeding Standard.
Parallel samples taken on two occasions upstream recorded lower values, suggesting a point
source for contamination. More study is required.

The recommendation from past results remains in place, to avoid river use after major
rainfall.



Overall Results

What follows is a summary of the results from the 2016 Huntington River Water Quality study. The
reader is encouraged to review the 2006 and 2007 Reports for discussion of definitions, methods,
Standards and other background material. Past Reports can be found at: www.huntingtonriver.org

E. coliis considered a sentinel for fecal contamination, indicating the possible presence of human
pathogens. The presence of pathogenic E. coli itself or other human pathogens has not been
observed to date.

Funding constraints meant that the weekly sampling sites along the River were reduced to twelve.
Monthly samples continued to be taken from feeder streams on a rotating basis, excepting Hollow
Brook, a River feeder, which was sampled weekly. As for 2015, samples were taken over ten
weeks as compared to 13 weeks in prior years for studies of the Huntington plus Richmond
segments of the River.

Figure-1 shows the sampling locations for the main study sites. One site, Hollow Brook, was
added based on assessment in 2015 indicating very high values and suggesting a possible point
source(s).

Table 1 presents the complete 2016 data set. Data entries are color-coded indicating values
exceeding the Federal Standard (pink: 235, measured as E. coli / 100 ml). Beginning in 2012, the
State standard was adjusted upwards from 77, to the Federal Standard of 235. Values between 77
and 235 are colored in yellow to allow comparisons with years past when that was the State
Standard. Tables 2 and 3 provide yearly comparisons with results from previous years.

Similar to past years, samples above Standard mostly were clustered (7/19, 8/17) with some
clustering on a third (8/2). A potential cause based on results from past years was significant
rainfall the 48 hr. period before samples were taken (see below). The total number of samples
above the Federal Standard (pink) and the old State Standard (pink plus yellow) was close to the
average since the study began, bearing in mind there were fewer sampling sites (Table 3). The
Geomean for a given date was above the Federal / current State Standard on two occasions (7119,
8/17, Table-1). The overall Geomean for each weekly site exceeded the Federal / new State

Standard for one site (Hollow Brook) (Table 1).

No samples taken on a rotating monthly basis were above current Standard (Table 1).

Quality Assurance

For 2016, 113 regular E.coli samples were submitted. Twelve additional samples (10.6%) were
taken as quality assurance field duplicates (Table 4). The VTDEC Laboratory quality assurance
objectives for E. coli on Quanti-tray are the following: <25 colonies, 125% relative percent
difference (%RPD); >25 colonies, 50% RPD. Overall, the mean %RPD was 26.8%. This is within
VTDEC objectives for QA duplicates, though one individual duplicate comparisons exceeded the
QA objectives (Hollow Brook).

Eigure 2 examines contamination by date. (Hollow Brook was excluded as a feeder stream.)
Geomean values by-in-large were below Standard for most days (enlarged red symbols for those



above Standard). The exceptions were 7/19 and 8/17, where above Standard were measured in
most (7/19) or all (8/17) samples.

The patterns for a given date were highly variable. In some cases, there was a trend towards
increasing values as one moved down stream (e.g. 7/19, 8/2, 8/17) though that pattern was not
consistent through the sampling season. There were occasional high value peaks (e.g. 7/12, 8/9,
8/23, 8/30). Again, however, no seasonal consistency for a given site, leaving the possibility of
sporadic point sources unresolved. Such spikes have been observed in the past and may illustrate
how dilution, bactericidal activity and / or other, unknown factors cause significant reductions in
contamination further down river. The short life-span of viable E. coli once it leaves the animal
digestive tract is well-known.

Excepting the overall Geomean value for Carse Bridge, there was no indication of increasing
values as one moved down river Figure 3.1. Indeed, it is difficult to recognize a specific pattern
when previous results are compiled (Figure 3.2).

Figure 4.1 examines each dates at individual sites. Figure 4.2 shows the same on a contracted

scale to allow comparison of the pattern of low values. Again, larger, red triangles indicate values
above Standard. Generally speaking, the pattern of peaks and valleys was similar in between-site
comparisons. This suggests that some general contributor such as runoff was affecting each site.

Figure 4.3 presents the data for Hollow Brook, a tributary sampled weekly, high values having
been observed in previous years with monthly sampling (Figure 4.4). High values were recorded
on all but one occasion (8/30) with the result that the overall season Geomean for that site
exceeded Standard. Noteworthy, parallel samples taken on two occasions upstream on Hollow
Brook recorded low values, suggesting a point source for contamination (235.9 vs 488.4 for 7/12;
178.5 vs 261.3 for 8/23). More study is required to confirm this conclusion.

Past results have suggested that high levels of contamination follow heavy rains, interpreted to
indicate contamination from runoff. This was based on significant rain in the hours before sampling
and the co-occurrence of high levels of contamination at multiple sites along the river. As shown in
Figure 5, there was no obvious relationship between 24 hour rainfall and overall Geomean for the
day in 2016. At the same time, a strong relationship was calculated using rainfall over the 48 hr.
before sampling. This was because of the several cases in which significant rainfall occurred in the
24-48 hr. window prior to sampling (see below). This pattern was different from what has been
observed in prior years, where the 0-24 hr. relationship was better. As before, interpretation is
confounded by the number of observations where there was little or no rainfall.

As shown in Figure 6.1, an apparent strong relationship between river level and overall Geomean
contamination was dependent on an extreme value for both water level and Geomean and hence
untrustworthy. Indeed, the correlation was weak at best when it was made between water level
and E. coli contamination both measured at Audubon Horseshoe, even when all values were

included.

Half hourly measurement of water level were made for the fourth year running, made possibie by a
donation of continuous data-logging equipment by the US EPA. Figure 6.2 shows the pattern of
change in river level the 48 hours before sampling (RED triangles indicate 48, 24, 12 hr. prior to
sampling, plus sampling time). The curves were flat on several dates, notable exceptions being
7/19, 8/23 and 8/17. Most or all samples were above Standard for 7/19 and 8/17.



The 8/17 contour was most unusual. Note the change in the vertical scale in Fiqure 6.2. River level
changed 8-fold over the 12 hr. prior to sampling. The Huntington River was running very high and
with high turbidity. Road washouts had occurred in Hanksville and to the east in Duxbury. Though
there was significant rainfall as well in the Huntington — Richmond area the day before samples
were taken, most feeder streams were clear and not over-flowing. Related, no meaningful change
occurred in the Gillett Pond water level. Unfortunately, no samples were taken in feeder streams
on that date. A possible explanation is that severely depleted groundwater from summer drought
conditions meant insignificant local runoff.

The apparent relationship between rate of change in water level when water level was compared
with overall river Geoman, once again, was due to a single pair of high values (Figure 6.3.1 - Red
symbols indicate when water level was falling — see Figure 6.2). The relationship was poor when
E. coli contamination at Horseshoe, where water level was measured, was the metric rather than
overall River Geomean.

A factor to bear in mind when interpreting results based on water level change is that the amount
of level change often was been small (Figure 6.2) as also has been the case in past years. More
data are required to strengthen the view that a true relationship exists when level change is
substantial.

As shown in Figure 6.3.2, the relationship for 12 hr. and 24 hr. compiled over all of the years
measurements have been made (2014-2016) for Overall Geomean vs Water Level is dependent
on a single high pair of values. The correlation for 48 hr. is more robust, being determined by a
more complete range of values.

Shown in Figure 6.3.3, the relationship between E. coli contamination and Water Level change,
both measured at Audubon Horseshoe, was dependent on a limited number of high values, as for
the Geomean comparison, with no meaningful realtionship at 24 hr. and nonexistent at 48 hr.

Though it is true that levels were falling a number of the times, there was no obvious difference
between the impact of rising vs falling levels (not shown). Presumably, a recent runoff event is
signified in both cases.

Box Plots - Variability

Geomeans again were computed for data analysis, because of the wide range of values and the
fact the data are not normally distributed (see 2006 and 2007 Reports for further explanation). The
spread of values is illustrated by the use of “box plots” (Figure 7). Box plots are often used to
assess the variability in the data. The intent is to compare values for a specific site and not to
make comparisons between sites. Hence the vertical axis scale is not the same for each site: using
the same scale makes it difficult to observe the data distribution in certain cases.

All but two River sites (Audubon Horseshoe, Cochran Bridge) had one outlier. Past results, as well,
have been characterized in general by a preponderance of sites with outliers. Caution must be
exercised in interpreting results from a statistical point of view.

Hollow Brook had no outliers, though the high E coli counts and range of values should be noted.



Thanks to all the volunteers

Many thanks to all the volunteers whose efforts made the study possible. It was their effort over the
years that caused the Huntington River to have continued to be chosen to be surveyed by the
State and to be supported through State and Federal funding. All should be proud of the effort and
result.

Those interested in learning more about the Huntington River project should go to:
http://www.huntingtonriver.org



[29°18 ]

9l

abios

¥8'9¢

iL1'og |

¢ HaAIND »00ig MOjoH

Buneoy|

siled 2

001G qqog

3001g JajuBdIED)

€5'841

£6'G€2

ooig Aysnig

500.g MOJlOH

Mooug obiey

3oolg |IIH sexa ||

£e'e0ZL

abplig UeIyoon

66°L1

211 J8[ey)

sjeyong a|du |

ELTT5)

§9'9L

ABBEA

L8°6LLL

1209}

abpug dofjinopy

OOjaH uognpny

86°0€C

S0Y$asJ0H Uognpny|

98°¢G|

19anS abphg

8'¥Fe

abpug sousdg

[4 4144

U JREyS

91.02/0¢/8

gLoz/ez/8

9102/LL/8

9102/6/8

9102/2/8

9102/92/L

910Z/6LIL

aLoziziiL

91.02/9/2

8yl
9102/82/9

obpug asied)

sa1edidng

00°L

siied 4

69'6

00°e0l

yooig qgqog

00'+0L

30O.§ Jsjuadien)

6Ly

00°s01

Sooig Ausnig

6.6

00°201

50019 obig]

L€ L1

6569

00°801

Joolg jliH sexat

Bny-¢

mr-zi

une-gz

sojdweg >__.==os=

901

puowiydIY

vil

(£2) 19787 3iB}S 9A0qY

£69°0

2oLt

18t |

$S.L°0

7980

9580

[ zzii

6c0'L

LE8°0

6L80

juw 00| / udw aue sanjep

EEFEE)

£SELL

8

0'6s

0812

La'6L

v6ve

09°TLE

66 /0¢

YSve

X 14

0'Sit

LS.

LZlE

S'601

V9L

v'oLi

[CEED)

BLbZ

lgs oL

2y’ 10Z

15:4°72

£t928

5969

2800

abpug uesyoo)

69°l8

6/22

89°201

22 9%

So'ly

leecozt

les st

ogL

#0'9.L

9'6L1

1158

88

gz'2e

LG ¥E

lssvz

GGy

__w“.mN {,

£6 GEZ

Lo°€8

L1986

rL e

Ifes 1 joreud

LoeLe

18z°¢/

CELEL

savong ojdu

PR 74

¥'1S2

9e'eil

v/ 8

Z0b

96621

62

65 £0¢€

L9

bb 83y

b6°G6

ag

ZL've

ABBe A

v vl

€Tl

St}

LEBE

9y bil

$S'SZ¢8

67 €61

L0'ZS

L2 /L8

£EZLL

$S 26

aBpug donnopy

£8°209

p'468

9.L°229

4€58/1

G2 192

losive<

62:986L

[ APRN]

LL'toy

b agh

Pv'998

BLyZ

30019 MOJJOH

£6°16

R 4%4

617821

29°2¢

LS6/2

¥8026

$S 828

v LOL

452

Li'top

{toz0

LL 0%

29aig

MOojWeH uognpny

06'66

2021

S£°76

L8'eg

180 8b

ay'9cL

Ot pLL

Z0y

860LY

ya:%0)1

$9°69_

6°G6

20ysasioH uognpny

628l

S'L8l

96'S¢L

698l

LE'BE

28 8v9

£6°L0L

zZ'8¢ez

£9'621

6'8b2

09

186t

S8 931

Joang ebpug

66°611

gl

16°001

LE'¥Z

¥e vl

£8

9z ¢e6

S8 £CL

lesgez

9929

2/ abl

abpug aouedg

6£'88

€ril

4808

LeLL

LZ€g

S 628

8.'¢ce

.9

16°¢¢

ueipoly

uespy

NVIWO39

66°LL

910Z/0£/8

6'G2

910z/¢2/8

Livbe
9102Z/LLI8

1z 07

L2 €S

12104

8'8/L

62221

SE'LEL

YEBLL

wl JoxNeys

vl

9102/6/8

26'¢eS
9102/2/8

S9'LY
91-02/92/L

9°801
91L02Z/6LIL

65°6%
9102/TLIL

b 9lqeL

CM

6.6
9L02/SiL

£€°1T

oBpug ssien

9102/82/9

9102 - SLINS3Y AANLS 1T0D "3 WIA NOLONILNNH



i
HiEHE

r

H
£

[TELTECIN (R

ifis | 800zie  |suscem | Dstozmim

SI

5 Y73
..... BT T

......

REd H F‘fnrsj'aww sl 2l
| F!E”Ha“” o
i
:

U

LT -
3 = -
s %o
__a Ed}
17 -
13 0
[i:] [V}
L} 23
I8 —lﬁu F
8
T3
3 5
HwW-. g T W
L= - 3 T T
Q = m
o = (3
T (s TR e i =
Cy F [ — o e
W o o - =
C L " —
% pees S ——-
] w e — 73 = %
[ ) = ] —
— 1 2 =
2 ez 1 M =
] % - STy
= Ve LA 73 =T
MI ~ = [y i
v = g fam
5 s o = T
v ST T T T o oz
€002
[0 (372 Taes oE_ 598 208 | S@ez 1 o uw Tez Tl TR0}
208 203 LSR8z oww Hd
0z 8¢ | ¢ | % 3 B s 05 o8 33 8L oy
TE (3 051 761 ST | 8w | 6t — 6o 52 1T
—
SSe ¢ = TIT o = 0% 57 3 7
2 o7 61 % 9 3 o1 v B0E 53 s T 2
[ 5T o5 3 0 3 = 0% = T 08
vE v 3 3 2 998 55 ER
€7 % TE €5 o o v — WS [ 55
501 EQ 7€ i3 3 05 09T I b as | I S¢
i3 ve 5 t6 [3 E
[ T L T

2 ajqel 9102-5002 - a31sodwo) s)nsay ||eidanQ



Te 2 T e
ToL o FaS = e 1 o
RS i3 = S o ]
oL o wEe e O =7
573 iz vin 2 B — &
Sric £213 oir 3 Tty 5
e
518 S¥EZ LHCL B CE -
5% PR ¥ =
Tove Tis GoT Sou Wz
oz zTer U ior T5ve ~—Ffuser
Voo T 60w roTy o
Fee 1) wes e e
eipon [ [TELTED] Sraziosm 1 |_soweur_ 1 e 1
) 3 ver
el Yo oL Wie
550 08 578 ﬁ ez [
T Yo oc0s
o woor B¢ it
5 56 Tezt e
e £l 858 pur daninow|
it Zaos o (3 oo voampry]
v [ 2ot ooy =
[T 608 8848 ¥ 896 ]
PE8L 9L eS8/ I £ 00 S8y ]
BES §09 L0y 65661 il 8 47 STEL ity g
[T Ze6 Vie [ o5 | tew Awor oL
et i T T
siopiezn | SRR Swoapd ] SIGwML ) ciai ] =
Ve 713 G vz ) et Y Zein )
FIT) Ty £5 661 5805 i) Soon = =T 208z o8 T
iw Lren owes mw | ceee oc - 757 [ vomyJuor
i= v iE BEcL v [ s se L [ oo 5 pug et
I3 iz [ 55z TR 1w voiol 7]
L £ i82¢ 43 i SoE - 6ELL irag SL6L s Inoxong
7 4361 S8 R i eS8 aeazlL $580L 2271 LLTSY
(4TS LY'OE ol S8 [C1) A8GZL v RZ el \BBeA
v eIz ETTR Ty [T Soler 75 v Foia doainon|
% = ‘@@ [uers uoanpny
EYS elur 155 oo uoanpny
058 I 29 927 352 lsans ebpug)
o5 o CIETS
3 67 G
5] f173 By LEHE)
(13 ve | we | el o
753 e oot e 7en v [ : 5
|_m=s=a | wvswoso PRI vicarR | visemun | vinzzom Tiozism | i vzl Vi vioza,

T Tar X3 7o T T £ T
Zowl | oeos T e wees A
Svee Ve Tee e (1572
Vive 233 e w0y =y | overe
g SEov 1625 VoS
[1¥43 2
{303 £
[ i3 vEeL T [ Tir
Zis [EA5TS 075 3 Soe
] 551 Ty (573 T
e e TS IS (35 Sor
Y7 ™ <8 Vv [ 190
vocs z v 6r =
w075 [T S Gioit I3 0 Vol (X773
T e CEL sy 5 T TS
sEes D AL 1069 oot 3 i Ear
7] zi7 [T vig ot mi_ | vesc
i (s Vi o8 s BT Tom ]
vy o L ves vear Teaer e sty
27 7T T W T ST 7T =T T

Sove i S,

-] ~Viors doananyg|
—oreer
Ticer
(F2Ir)
Vool
= 7RG
Zvzivad FATTY T
Tz
3 5z = 3 ses TaL v 328
(¥ Y [ vz o o
Ziic 6a8) Y3 ] - C
Svi reL zav 3
) G E
] e
Vo vt Zie
A7) ves
Tir
¥
Ty
<
4 5. v
v 3 Yy
52 5%
1 102 L i ) Z 5
NVIWoaD Diziize | wiwis | vl Siouies oz TR

Stoziz GiozziL (1T [Tz




SOJS JOMB) OM |, rs

'sieak snoinaud ypm uosiedwios jo

sosodind Joj ‘// = piepue)s je)S pjo UO Paseq Jaquinu pejesipu| ZL0Z Ul plepuels |elspad swiesaq plepuels alels ..

paipn}s sem Ajuo yuswbag uoybununy,.,
papnjoul Jou sajdwes JaAry SOOUIAA,

bl

142

147

¢l

14°

0

«x9)B)S < UOSeas
13A0 3)IS & 10}
UBAWOIN) [[RISAQ

|eJapad < uoseas
JaA0 ays Aue 10y
ueaWOox) |jeIdAQ

65

Ly

ge

G2

e

6L

85

e

v6

89

86

oy

»x9}eJ8 <
sojdwes |ejo|

[4%

9l

3

1%

LC

G¢

cl

19

6¢

61

8y

0c

jesopad <
sojdwes jejoj

xxxG

»xx0

***N

***v

xxx8

ol

ajels < Aep
2y} 10} ueawWoss)
lle1aA0 uaym sheqg

&

|esapaq < Aep
2y} 10} uBaWO9L)
lfedano uaym sheq

901

4123

19

86

9G

99

6v

G8

c0l

¢l

auop
10N

auop
1ON

puowiyony
:UBAWOIY) [|RIDAQ

il

¥

8y

901

09

SO

€9

66

G

69

0L

8%

uojbununy
{UBaWOAY) [[RIBAQ

14

.8

(8]

S0l

19

g9

LS

€01

88

12°]

oLl

8G

UBAWIOAN) [|RIBAQ

9L0Z

wxG1L0C

¥102

€10z

(4314

0L0¢

6002

800¢

4002

9002

+5§00¢

»P00T

golqeL

«SUOSLIBEdWOD 189 A-AG-183 :9].0¢ - ApN}S JOATY UojbunuNy




2016 Huntington River E. coli Field Duplicates

Table 4

. Results Relative Absolute
Date Ly A B Percent Difference
6/28/2016 Carse 21.33 14.8 36.1% 6.5
7/5/2016 Shaker 131.35 | 201.42 42 1% 701
7/12/2016 Hollow Brook 488.44 | 235.93 69.7% 2525
7/12/2016 Moultroup 172.33 | 160.71 7.0% 11.6
7/19/2016 Spence 23593 | 344.80 37.5% 108.9
7/26/2016 Bridge 129.63 | 152.86 16.4% 23.2
7/26/2016 Yaggy 63.14 76.65 19.3% 135
8/9/2016 Audubon Horse 156.48 | 230.98 38.5% 74.5
8/9/2016 Chalet 15.79 11.99 27.4% 3.8
8/17/2016 Audubon Hemlock 920.84 | 1119.87 19.5% 199.0
8/17/2016 Chalet 1203.33 | 1203.33 0.0 0.0
8/30/2016 Hollow Brook 178.53| 178.53 0.0 0.0
Mean 26.1%




Figure 1 — Site Map
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HUNTINGTON RIVER E. COLI STUDY RESULTS - 2016

6/28/2016

Figure 2
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Huntington River Study - 2016: Overall Geomeans by Site Figure 3.1
2016 Overall Geomean By Site
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Compiled Resulls - Geomean per Site - All Years Figure 3.
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Huntington River Study - 2016
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Figure 4.2: Scale 500
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Huntington River Study - 2016 - Hollow Brook Figure 4.3
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Huntington River Study - 2016 Figure 6.1

Horseshoe Water Level vz Overall Geomean - 2016
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iaton River Study . 2018 . . Moo mont,

Figura 6.2
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Huntington River Study - 2016- Water Level - All Years

Figure 6.3.2
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Huntington River Study - 2016- Water Level - All Years

Figure 6.3.3
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Huntington River Study - 2016: Box Plots

Figure 7

Carse Shaker Mountain Hollow Brook
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