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1.0 INTRODUCTION

The New Hampshir€ D€partm€nt of Environmental Services, Water Qlality Bureau, re-quested EPA's
Offrce of Environme tal Mea$rement and Evaluation assislance in conducting a Sediment
Oxygen Demand Strdy (SoD) oa the Ashuelo.l River in the,nrea of soutliweJtbm, New
Hampshire.

SoD is lhe total ofbiological and chemical
studies are useful in the development ofpn

in sediment ftat oxygon. SOD
wil.l determine

of
loss of

in shatified
life.waters when thero ers gonc€ms.aboutnuttient

This SOD project included
were detennined byl
2002.
chance to
analyse.s

and the
I basd on the
2&02,

Thc site selections
lhg.ou*rmer of

:,Jhere ie tbe best
in !i$lo L Sediment

ia APPendix e

sites along the

as part of the
investigation,

2.0 MATERI"A,LS

EP"{, New Englqd O{.ce of
wae trailer{ to-fe; _eaie_lV1
ohoson
for
f6ur 300 ml
were oerformed with

3.0 METHODS

3 , 1 Samp ling l,ocations

The seven sampling locations were determined during a field reconnaissbnce, based on fine
sediment availability and proximity to the NHDES wlrter quality suivey bites conducted
during the summ ar of 20u2, stations were idenlifiod with the use of a Ti'imble ceoExplorel
3 GPS Unit. Station location GPIS daui.can be found in Table I. Differefitially coFected cPs
locations were repofted in dstum NAD,83. Accuracy of the positions isless than 2 meters.

EvAluatio. n'c mobile laboratory
e, New l{ar&shire. This site was
l.faboratory.lA canoe was used
,*ater was g{bbbed at oach site in
i, surface. SOD measurements

Ashuelot.doc Final - January 29, 2003



t The stations below are identified using NIIDES water quality station numbers for conlinuity.

3.2 Sediment Sampline

Five cores

3.3 Dissolved Ox)'gen Ambient Water Colleciion

3.4 Sediment Oxygen Demand Determination

The method involves confining a measurable volumo of water overlfng,a known area of
sedimant in a core tube and measuring the depletion ofdissolved oxygen over a period of
time.

Final - January 29, 2003Ashuelot.doc



The formula for oalculating SOD rttes is &s follows:

and recerded in
transf€rred to a

4 hour monitoring
every 30 minutes

for each core
is also
Oxygon

standard deviations.

calibration

.a 30-60 minute
i.lum with the

Final - January 29, 2003

SoD g O2lm'day: {.(Oi-Oil - (.BrBr)X})
(t)

Oi = initial dissolved oxygen (DO) mg/o
Or= final DO me/*
Bi = initial DO in boltles mg/*
Br = final DO in bottles mg/*
h = height of water column in meters
t : time in davs

4.0 RESULTS AND DISCTJSSION

4.1 Sediment Oxygen Demand

SOD resutts ranged llom a low of 0.3 d(m2day) at the Foot Bridge in Keene (ASH'l9A) to a
high of 1.71 g/(m2da, at the C,oombs Bridge (ASH-12) in Winchester. TheSoD rates for
three ofthe seven eilcs (43 % of the sitec) were between 0-l g/m'day, which is the low range.
Four of the seven sites {5?% of ths siles) were in the midium SOD mngi of l-2 e/(m'd*y).

Only three replicales at l5E and l6D were used for the calculations due to air bubbtss in the
chambers. Standard deviation was highest at these sites because only thlee samplos were
calculated instead offive samples, For lbur ofthe five chambers at site ASH-l9A' the
oxygen vatues incroased from the start ofthe test.to the finish three houri later. As a result,
oniione SoD rate was able to be calculated at this site. See Appendix A for all of the
stations rvorkshoots with data and results,

water bath.
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STATE OF NEW HAMPSHIRE
INTRA-DEPARTMENT COMUILTNICATION. ;d 

;.t,

Michael Racine I

David Ncils

818/03

Impact ofthe Wastewater Treatment Facility on the Ashuelot River, Swanzey, New
Hampshire. Summer2001.

Introduction

This sludy was conducted by the New Hampshire Depadmcnt ofEnvironmental Services Biomonitoring
Program (NHDES). The purpose ofthe study was to assess the potential effects by the city ofKeene's
treated effluent discharge into the Ashuelot River, Swanzey, New Hampshire on the biotic integrity ofthe
aquatic community, The wastewater treat[ent facility (WWTF) has a history ofNPDES permit violations
relative to the effluent limits for copper.

Biotia integrity is defined as'the capability ofsupporting and maintaining abalanced, integrated, adaptive
community oforganisms having a species composition, diversity, and functional organization comparable
to that of the natutal habitat of the region" (Kat and Dudley 1981). In short, biotic integrity can be
equated to the existing relative "health" ofthe fish and macroinvcrtebrate communities. The major factors
that affect biotic integrity include the food availability and type, waler quality, habitat sbucture, flow
regime, and biotic interactions. Since this study used a traditional upstream-downstream design for
comparison purposes, all four sites, one upstream and three downstream ofthe dischatge pipe" were
subjected equally to the five factors aforementioned, with the exception ofwater qualify. That is, as

documented by NHDES, the downskeam sites were historically subjected to dec(eased water quality-

Thus, the upstearn site will be used to assess the level ofimpact caused by the discharge pipe to ascertain
whether the Department's Water Quality Standards (NHDES, 1999b) have been violated.

Biotic assessments supplement water chemistry data. In this study, thc Biomonitoring Program used
properties of the resident biota, specifically benthic macroinvertebrates, to assess the immediate and
longitudinal severity ofthe impact, Macroinvertebrates have been used for decadcs tojudge the health of
aquatic systems. Advantages ofusing the macroinvertebrate community are (Barbour et al. 1999):

. they are relatively sessile organisms and thus good indicators oflocalized conditions;

. short-term environmental variations (perturbations) that may have been missed by chemical
samples are integrated overtim€ in the community abundance and structure;

. they are easy to collect and identif,;

. the taxa constitute a broad range oftoLerances to pollution;

. the taxa integate the effect ofmultiple shessors.

The report documents our findings from sampling conducted jn the summer of 2001.

Page I of I
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Study Area

The Ashuelot River is a tributary to the Connecticut River, entering it in the tol'vn ofHinsdale. The
wastewater tr€aunent faciliry in Swanzey lies approximately 20 miles upstream ofthe confluence with the
Conneclicut River and approximately 35 mjles downsfeam of its source.

WWTF Swanzey, NH

l 0  0  l 0  M iLs
-:

Figure 1 . Locus map of the WWTF in Swanzey, New Hampshire and the location of this WWTF with

respect to its source and confluence witb the Connecticut River.

Methods

Chemical Sampling
Dissolved oxygen, pll, specifc conductance, and tempemture were measured at each site on 8123/03
following NHDES ( 1999a) pfotocols.

Biological Satnpling
Sampiing was conducted upstream and downstr€am oftbe discharge pipe as depicted in Table l. The

upstream site, SP01C-01, was used as the reference site. Sites SP01C-02, -03, and -04 are progressively

farther do\M$t eam at discrete distances from the discharge pipe.

Table 1.

variabilify among sites was minimized as water depth, substrate b/pe, distarce ofthe artificial subsbate
sampling devices above the substrate, horizontal disGoce ofthe sampling devices lrom the banks, and
perpendicular orientation to flowof tbe sampling devices were all similar. Apprcximate water depth wal 5

feet and all samDlers were olace one foot offthe sand bottom substrate.

Connecticut River

Page 2 of 2



Equipmenl
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Hester-Dendy unjts were set
perpendicular Lo flo\t so that the plates
would not interfere wiLh each other and
to ensure uniformity ofconditions for
all three sLacks. The macroinverrebrarc
colonization period for the Hester-
Dendy units was 6 weeks. TheY were
set on 7/13/01 and retrieved on 8/2110.

Hester-Dendy multi-plate samp)ers (Figurc 2) were used in the
sh:dy. They are highly portable and have a dive$ity of
aoolications inwadeable and non'wadeable streams. This
pioject used them for non-wadeable collections. These devices
were utilized following the sampling design set for*r by Britton
and Greeson (1987) of the US Geological Survey. The device
suspends tl ee multi-plate stacks lrom a single top bar. The bar is

tethered to floats and also to hvo anchors The ropes on the
anchors are adjusted to hold the entire device in place. The

were adiusted to rest just above t}le sediment-water
interface-

Selting Derices
1. Hester-Dendy devices were deployed perpendicular to flow using brick anchors. The anchor rope was

adjusted so that there $?s a slight drift do\urstream to the entire unit.
2. Dipths of individual multi-plate units were roughly one foot above the subsbate, The dreaded rods

and th€ length ofanchor rope were adjusted to obtain this height.
3, After depth adjustmenfs were finalized, the apparatus was checked for its ability io remain stable and

perpendicular to flow in the current, and it was also inspected for retention ofpropef depth placement'

Relriering Devices
1. A dipnet was placed on the substrate immediately downstream ofeach unit.
2. The units werl lifted just enough to be quickly placed into the dipnet and v'ere then irnm€diately

brought to the water's surface.
3. Each Hester-Dendy multi-plate sampler was then detached, disassembled, and the spacers and plates

were placed in a sieve bucket,
4. All pieces were gently scrubbcd in sieve bucket to remove altached organisms

5. Removed organisms were preserved in a samplingjar with 1/3 water and 2/3 ethanol'

6. Jars were labeled using an indelible marker wjth the following information: date,

replicate number, and the site number.

Care .xas taken not to disturb Ore Hester-Dendy units before actual retrieva!. Upon retrieval, all fow Units

wer€ resting slightly on $e substrate due to a wat€r level drop.

Flgure 2. Hester-
Dendy multi-plate
device. Inset:
individual Hester-
Dendy multl-plate
$acK.

Page 3 of3
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Data Analysis
An indspendent taxonomic laboratory identified the benthic macroinvertebrates to the lowest possible
resolution. Laboratory identification and enumeration quality control followed the 200 | New Hampshire
Deparbnent ofEnvironmental Services Standard Operating Procedures (NHDES 1999a). Three replicates
per site were composit€d into one sample. One quartet of the samPle was identified and enumerated. The
total number of organisms ranged from 159 to 688 per site. Th€ surogate measures of stream health,
termed metrics, are summarized below in TabLe 3 and Figures 3-6- Raw data is presenied in Table 7.

Results

The results ofchemical testing on 8/23101 are presented in Table 2. All values are acoeptable under the
Departrnent's water Quality Standards (1999b). The lowest dissolved oxygen value of6.88 rngll- uas
r€corded at site SPo1C-02 and the highest value of7.62 mg,4- was recorded at site SPoIC-01. pH values
ranged from 6.49 to 7.07 units, Specific conductance ranged from 228 to 249 us/cm. Temperature ranged
from 21.10 to ? 1.33'C,

Table 2.

Table 3. Meh-ic values per Site. SP0IC-01 is upsbeam ofthe discharge pipe- Proc€eding left to right, th€
other Sites represent increased distance downstream from the pipe.

sP0lc-ol sP01c.02sP0lc-03sP0'tc-(x

Biotic Index 4.92 6 . 1 3
o/"Erlf 20 34 44

Yo Chironomids 48 49

9/oIns ecta 97 71

Abundance 360 535

BIOTIC INDEX
This metric is based on tie fact fiat benthic macroinvertebnte taxa have varying degrees of susceptibilily
to stressors. These varying degrees are referred to as ioJerance values (i.e, describing, on a scale of 0-10,
an organism's degree oftolerance to stressors). This metric was initially d€signed for the stress oforganic
pollution (Hilsenhoff, 1987), but has proven responsive to other anthropogenic impacts (Pinder and Far,
1987i Barton and Metcalft-Smith, 1992; Camargo, 1993; Resh and Jackson, 1993; Growns et al., 1995)
The Biotic lndex Score range associated with a nanative raoking are depicted below in Table 4- When the

Chemical values recorded on 8/23103

Page 4 of4
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Biotic Index scores for all sites are compared to the naffative Water Quality assjgnments ofHilsenhoff
(1987), all sites ranked as "good" to "fair".

Table 4. Water 1987)

Our expectations, ifthe discharge pipe was affecting the biotic iniegrity ofthe river, would be that site
SP0IC-01 would have the lowest value. Site SP01C-02 would have ftehighestvalue. Sites SPoIC-03 and
-04 would show progressive decreases in Biotic Index Scores ftom site SPOIC-02 The data ftom Table 3
are graphically presented in Figure 3. Site SP0IC-01 does have the lowest value 0f4 92 indicating it has

the best water quality. Site sP0lC-02 shows decreased water quality as its Biotic Index score is 6.04. The
Biotic Index scoie 150m dormstream ofthe discharge pipe is 5,5.

Figure 3. Biotic lndex values for all Sites.

Biotic Inder Metrlc Progresslon Downstream

6.5

€o

€ 5.9

;

ii
4 .5

sP01c01 sPolc{2 sP01c-03 sP01C-04
Station

%EPT
This metdc represents the proportion ofthe sample that is made up oforganisms in the orders
Ephemeroptera, Plecoptera. and Trichoptera. These taxa are all ssrsitive to various stressors, with
Plecoptera being the most sensitive. Therefore, higher percentages oftheso orders indicate highel water
quality, Our expect4tions and rationale for these expectations follow the tend explained with the Biotic
Index. Site SPO I C-01 would show the highest percentage ofthese sensitive taxa Sire SP0IC-02 would
show a decrease and sites SPolC-03 and -04 would should an increasc over site SPoIC-02, and thus an
improvement in wat€r quality. The gfaphical representation ofour data (Figure 4) reveals this trend to be
truewiththe four stations. SiteSP0IC-01 has the highest uater quality, indicated by a score of62 (Table

3). Site SPOlC-2 has the lowest %EPT of20, aod thus the Iowest water quality. Site SPo1C-03 shows an
increase in water quality over SPolC-02, and site SPoIC-04 shows an increase in water quality over
sPol c-03.

Page 5 of5
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Figure 4. Percent sensitive taxa for all Sites.
yoEPT Metrlc Progression Downstream

sP01c{1 sP01c{2 sP01c-03 sFot c-04
Slation

%CHIRONOMIDAE
This metric represent! the proportion oflhe sample comprised of organisms in the family Chironomidae,
otherwise knoim as midges. This family is kno\in to be tolerant oforganic pollution (Johnson et al. 1993).

Thus, the proportior (i.e. percent) of chironomids would be expected to increase at sitc SPol c'02 and

gradually decrease through SPOIC-03 to -04 to a proportion similar to the refercnce site above the

discharge- Values ranged from32-49Yo (Table 3, Figure 5) with the sit€ upsteam ofthe treatment Plant
having the lowest percent ofthe community comprised ofchironomids (32%)-

Figure 5. Percent Midges for all Sites.

70 Chironomids Metric Progression Downstream

g 6 0

g 4 0
= -

sPo1c-01 sP01c-02 sP01c-03 sP01c{4
Siation

% INSECTA
Percent Insecta represents the proportion ofthe sample that is
composed oflnsects. Conversely, tfie common non-insects
are worms, snails, and water rnites, Non-insect organisms
have higher tolerances to pollution. Thus, lower propodions
of insects in lhe aquatic community would indicale a
perturbation. Our expectance and rationale, again. follow the
treld set forth in t}Ie Biotic Index. Wewould expect site
SPoIC-02 to have a lo\'ver pefcentage ofinsects than site
SPoIC-01. and sites SPO1C-03 and -04 to have increased
perceotages ovet SPO1C-02 if the discharge pipe was affecting
the biotic integrity ofthe river. Mucb like the %EPT metric,

Figure 6. Percent Classlnsecta for all Sites.

%lnsccta Metric Plogression Downstream

1m

3 8 0

Jzn
0

this trerd was seen, Site SP01C-01 had the highest value of
97, and thus the highest uater quality when using this metric (Table 3). The graphic representation below

in Figure 6 displays the clear trlnd. Water quality decreases to its lowest immediately belowthe discbarge
pipe at site SPOIC-02 and recovers to nearly its init ial value at site SPo1C-04

sP0r c 01 sP01c-02 sP01c 03 sP01c 04

Stal lon

Page 6 of6
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Discussion

Aquatic macroinvertebrate responses to organic pollution include a change in species composition,
increased densities oftaxa tolerant to eorichmenq and decteased densities and/Dr extirpation of sensiti!9
ta,xa (Hynes, 1960). Responses to heary metal pollutants are similar, but tend to decrease the numbers and

types ofall taxa (Cairns and Dickson, 1971). Most surrogate metrics ofstr€am health used in this study

responded in a manner consistent with our expectations ofperturbation effects on th€ biotic integrity ofthe

aquatic community.

The %EPT and o4lnsecta declined bclow the discharge pipe and increased towards the values upstream of

the discharge asseen atsite SPOIC-01 (Figures4&6). The Biotic Index showed the inverse lrend (Figure

3). It increased below the discharge pipe and then decreased at site SP0IC-04. All three metrics revealthe

same trend, decreased water quality immediately below the discharge pipe when cDmpared to th€ sito above
the discharge pipe. The trenJresulLs from %Chironomidae (Figure 5) are inconclusive. The Chironomidae
family is tolerant to organic enrichment and js expecled to increase at SPoIC-02 and then decrease
gradually downstream to values similar to tbe reference site recofded upstream ofthe pollution Source.
Thjs metric showed no tr€nd, but rather fluctuated through the entire l80m sampling reach. However,

when compared to 4s to 6rh ordet slreams ofreference quality sampled by the NHDES Biomonitoring
Program from 1997-1999 in the Connecticut River Drainage, the percent Chironomidae ofall four sites on

this 7rh order river aooear eLevated. Percent Chironomidae at the fourteen refer€nce sites had a mean of

17,0 (l 19.5, range d-55.7), This compa.ison should be viewed with caution as differences could be due lo

different sampling methods,

A cl€ar longitudinal trend in biotic integrity exists when traveling from th€ site above the discharge pipe
(sPolc-o1) to the site farthest downstream (sP01c-04) at 150m from the pipe. This trend lepreseots a

decrease in biotic inl€gdty, based on benthic macroinvertebrates, just below the discharge pipe and then a

progressive recovery continuing downstream tlrough SPo lC'03 to SPo1C-04 Thesc bends were made

ivident by three ofihe four metiics (Figures 3, 4, & 6). The Biotic Ind€x Score increased by 1.12, the
percentage ofthe community made up ofEphemeroptera, Plecoptera, and Trichoptera droPPed 42o/o, and

the percentage ofthe community made up of Illsects decreased i0% from SP01C-01 to SPol C-02'

The next logical questjon is 'Has this impairment violated the D€paIlment's Water Quality Standards

NHDES,t999b)?'ThepertinentwaterQualitystaodardsass€tfofthinDecemberl999readasfollowsi

Part Env-Ws 1703 Water Quality Standards

Env-llts I703.l9 Biological and Aqaalic Communily Inlegrity
(a) The surfoce waters shall suppon and maintain a balanced, intugrdted, and adctptive communily of

organilms having a species compositioh, dfuesity, andfunctional orEani2ation compardble lo

lhal of similqr ndtural habitats oJa region.
(b) Differences from naturall! occurri,lg conditions shall be limited to hon-delrimental diferences in

c o mmuni ty struc turc an d Junc I i o n.

Undet 1703.19 (a), the impacted downstream sites rnust be comparable to that SPOIC'01' The surrogate
measures ofbiological in;grity as previously described provide rhe details to make this decision. Merely

using the percent iomposition and community shilis to tolerant organisms provides clear evidence that

SP0iC-6j is not comparable to SP0|C-01. Furthermore, section 1703.19 (b) states that ifdiilerences exist

in sites, then the differences must by non-detrimental to the community structure rnd function. Based

on the results gathered in this study, lhe observed changes in communily composition indicate a shift away
from a benthic communiry- dominated by taxa that are predacious, prefer epilithic algae to a one that
primarily suited for the processing offine particulate organic matter (FPOM)-

Pagc 7 of7
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Section 3.2.4 Use: Aquatic Life ofthe Consolidated Assessment and Lisrihg Methodologt and
Comprehensi'oe Monilofing Straleg) (CALM), December, 2002 describes bow biological assessments are

used for 305(b) and 303(d) reporting. The methodo)ogy uses aModified "O'Brien Plot"oflndex Values
(Table 5), which is based on model designed by the New York Department ofEnvironmental conservation,
to yield a Water Quality Score.

Table 5. Modified "O'Brien Plot" ofIndex Values

Water Quality Scor€ Total Taxa EPT PMA Habitat

l 0 20 1 5 90 200

7.5 l 5 l 0 65 150

5.0 1 0 f, 50 100

2.5 5.0 2.0 35 50

0 0 0 0 0

This score is then put into the following matrix to depict Use Support:
Table 6.

Mea|l Water Quality
Score

Use Support

> 7.5 FS

> 2.5 but < 7,5
INSUFFICIENT
INFOR]VIATION

< 2 . 5 NS

As stated in the CALM, macroinvertebrate data is to be collected by "deployment and collection ofrock
baskets" and "is coosidered an interim method and is likely to chanBe in the lllture when numeric water
qualjty standards afe adopted." Using the CALM, all ofLhesileswouldberepoded as "not ass€ssed" (i.e.

the information collected is not definitive enough to make a decision as impaired or not; Table 7) This is
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Table 7. Modified "O'Brien Plot" oflndex Vaiues for all sites

SITE ID
EPTTAXA WQ
(f'amily level) Score

8 5 .8
9 6.5

,sPo1c-26.3
isPolc-26,4

FROM 3O5b/303d REPORTING CRITERIA

TOTAL
TAJC{ WQ Score

l f

PMA
VALUE Score

I sPolg;2qlt i
I sP0rc-26.2 4't.6

48.0
49.9

4.4
4 .4

iAXA tichn"ss
Percent Model

Aiiinity

wQ
scale
score

PMA
value

z . ) -  I  - J not assessed 35-65

IN ORDER TO ACHIEVE FULLY SUPPORTING STATUS ALL SITES MUST BE GREEN

a conservative evaluative procedure. Evaluation ofwater quality at tlese sites is best examined tfuough the

additional metrics which orovide more detailed informatiofl.
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