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Introduction

Designated as an estuary of national significance by Congress in 1987, Long Island Sound (LIS) is home
of flora and fauna, with over Iltisaruestualyéfyecreationd,i o n
commercial, and socioeconomic value. The Sound is bordered by the states of Connecticut and New Yor
watershed area extending through Massachusetts, New Hampshire, Vermont, Maine, and Quebec that e
16,000 square miles. Nearly nine (9) million people live within the watehsiscoe &@veubjee, tihéh8ound
effects of increased nutrient loading as a result of urbanization and changéadh4and use (Latimer

The term "hypoxia" means low dissolved oxygen (DO) concentrations in the water. Marine organisms net
low concentrations, depending on the duration and the size of the area affected, can have serious conse
ecosystem. As defined by the Long Island Sound Study (LISS), hypoxia exists when DO drops below a c
milligrams per liter (mg/L), although ongoing national research suggests that there may be adverse affect
even above this level. Nutrients, especially nitrogen, fuel the growth of microscopic algae called phytopla
The phytoplankton die and settle to the bottom. Bacteria break down the organic material from the algae
while using up oxygen. Seasonal weather patterns, particularly during the summer months, exacerbate tf
loading. Calm weather patterns limit the mixing of the water column and replenishment of oxygen to the &
resultingandecrease in bottom water DO over the coursHypakie @omditions are mainly confined to the
western Sound.

In resportedhe critical need to document summer hypoxic conditions in Long Island Sound, the Cannectic
Energy and Environmental Protection (CT DEEP) and the Interstate Environmental Commission (IEC) hs
oxygen, as well as other key water quality parameters rele\@gi.tdHigpepiart presents a summary of
datzollected by CT DEEP and IEC during the 2021 hypoxia season.
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Methods Overview

Since 1991, CT DEEP has conductedranmatevatimequesity monitoring program amémsic&hysico
parameters (temperature, salinity, DO, pH, and water clarity), nutrient samples, and plankton samples ar
from 17 sites on-eoyeat basis. Beginninguimenaidd extending thr&eptemder, an additional survey is

added that samples up to 48 stations every othecheamictd paingeicienrs ¢. 1

IEC has conducted summer season monitoring in the far Western LIS (WLIS, Figure 1, map inset) and th
since 1991. Since 2014, | EC6s monitoringpg progr
it with CT DEE P-0hemigalrdatagfrona 28 statibng Weeldy @lonly with husrienpdaty lsweekl
(Figurg. Beginning in October 2018, IEC expanded its WLIS monitorirrgyandgram to sample year

The Long Island Sound Integrated Coastal Observing System (LISICOS) was established in 2003 as a ct
regional/national ocean observing system. The system was conceptualized as part of a water quality mol
that combined the traditidraseshipoint sampling surveys with cetitiewsampigg stations. LISICOS
continuously monitors in situ water quality parameters and meteorological parameters at up to eight stati
Sound. Sensors are attached to a moored buoy at surface, middle, and bottom depths. Data are transmi
in redime via satellite where they are stored in a database and upielasiéEhto shstens I€ @Sintained

by the Universi@ypohecticut.

CT DEEP and IEC data provide a snapshot of hypoxic conditions during a specific timeframe while the L
continuous measurement of hypoxia at specific buoy locations. Together, these monitoring programs are
characterize the extent and duration of hypoxia across LIS. Both types of data contribute to a better unde
hypoxia in LIS.

Further information on sampling and analytical methods for water quality pararregipre\eash be found in the
DEEIECandISICQuality
Assurance Project Plans.
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Figure 1. Hypoxia Monitoring Stations in Long Island Sound

HAHM [2y3 LA&EFYR {2dzyR | 8LR2EAL {Slaz2zy wSoOArASs 0


file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/DEEP, LISCOS and IEC Map PDF.pdf
file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/DEEP, LISCOS and IEC Map PDF.pdf
http://lisicos.uconn.edu/index.php
https://www.ct.gov/deep/lib/deep/water/lis_water_quality/qapp_sops/qapp_lis-ambientwaterqualitymonitoringprogram_rev_jan2017.pdf
file:///L:/Web postings 2018/combined report/Combined Report Hyperlink Documents/IEC Ambient Monitoring in WLIS QAPP Version 5.0 Final.pdf
file:///L:/Web postings 2018/combined report/Combined Report Hyperlink Documents/EPA RFA16037 Water Quality Monitoring Enhancement QAPP 18Feb2016.pdf
file://10.18.8.65/Shared/Water/LISCTD/Web postings 2018/combined report/Combined Report Hyperlink Documents/DEEP, LISCOS and IEC map.jpg
file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/DEEP, LISCOS and IEC Map PDF.pdf

CT DEEP collects monthly surface and bottom water samples from ten stations (triangles asd ¢8cles, Figu
for phytoplankton community analyses. Stations
phytoplankton population structure and edoftheer si t
phytoplankton material s f r om Zhahgeanddij Biifplesare pracéssed
and analyzed by researchers with the Marine Sciences Department at the University of Conresatigut. Colle
methods are available in an ERAajigrégedrance PrajeReBldis are detailpdoject resabmitted to CT DEEP
annually. Results from 2021 are not yet available.

CT DEEP also collects monthly composite water samples and conducts oblique plankton to&$drom six sta
zooplankton community analyses. Samples are processed and analyzed by researchers withinehe Marine
University of Connecticut. Collection methods and processing methods areCavalitables smisam EPRAr asuiavEsch
Similarly to the phytoplankton surveys, results from the zooplankton @nogys es @edneitsdd darCd DEEP
annually. Results from 2021 are not yet available.

Figur2 Location of Plankton Sampling Stations across Long Island Sound
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Quality Assurance

The IEC and CTDEEP have been collecting data from the Sound since 1991. Both IEC and l@fiDEEP prog
quality data. IEC and CTDEEP sample collection and handling pragsutoves] dpe alitlifasd unabPéidoject Pl
(QAPPs) and rrsggloific standard operating procedurése(SQirsssé@nhyperlinks to program quality assuranc
documents). Shared program goals include Aaintalatapasmof collected information and monitoring the ext
hypoxia within the Sound throughout the summertime (I&eplenbénjdogissasls achievement of the
Comprehensive Conservation and Management Plan (CCMP) for restoring LIS.

Measures of data quality include completeness, representativeness, and comparability.

In 2021, IEC achieved an overall completeness rate of 95%. While all runs were completed ablscheduled, :
to be collected or processed due to equipment malfunctions a@il&deERa@yrapEteh®64 sta2idPlvisis in
DEEP missed 40 statolurevisite cancellation of the WQJAN21, WQFEB21, and CHFEB219surveys becaust
pandemic, resulting in a 90.1% completeness rate for 2021.

IEC and CT DEEP met their data quality objectives for representativeness and comparabAB&as specified i
Station locations for both programs were chose
representative of ambient condiidds.Rinod the
expansi on o froundE@nitasing itk
of 2018, both programs sample representative | \
conditions. Most sampling and analytical proce
remained unchanged over the course of the mEs=
program. Consistent field and laboratory proce
documented by the appropriate SOPs, help en
and reproducibleQizty Control checks perfor
programsd analytical
calibration verifications (CCV), blanks, duplicat
samples, are used t(
suspect data and to |§
accuracy and precis
the results. Addition@
DEEPO&6s an
laboratory participat
multlab comparison
program that provides data specifically to asgesslitseabldiiy tomparable to
several other laboratories located in the NeAtieast aedidfig of the United States.
IEC began participating inl@ficorafarison program in 2019.
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RESULTS

During the summer of BEHER Cdnducted six surveys between Ju
September 14th while IEC conducted twelve surveys between
(Tablg. Hypoxia mapa aitd profiles from stations in WLIS are ave.
AppendicdsAdl data are available upon request. Summanieek
sampling ar e awehdidnd suinrearies of IEC wag
sampling are awehditd able on thi |

Dissolved Oxygen

For LIS, DO levels below 3.0 mg/L are considered hypoxic, causing mobile animals to leayscaitig eessile at
behaviorally impaired. However, early studies in LIS by CT DEEP Marine Fisheries biologib#efodrel that D
mg/L for sensitive fish species, while more tolerant species are not affected until DO fall®®&2t®9&)0 mg/L (
This study documented a 4% reduction in finfish biomass when EX® Imgls, ard Détnesic8dh oc2@'s at 2.0
mg/L DO, and an 82% reduction in waters with concentrations between 1.0 and 1.9 mg/L. Figfish biomass
avoidance) in waters with DO less than 1.0 mg/L (Simpson et al, 1995, 1996).

Hypoxic conditions were documente@ 0 DiEgReyd 4bl¢, Witktations A4, B3, C1, C2, D3, E1, F3. H2, H6, 01
and 15 exhibiting dissolved oxygen concentrations below 3.0 mg/L at some point during the course of the ¢

Hypoxic conditions were found during eight IEC slirdeysater staltidhsCeg@hsbited Ipygoxric conditions at some
the course of the season.

Maximum Area and Duration of Hypoxia
1987-2021 (June-September)
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This is also evident in the continuous ¢
by thelSICOS Execution R@émpared
the previous 34 years, 2021 was belov
of 53 days (Figure 3).
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Figure 3. Maximum Area and Duration of Hypoxia. Blue bars repre
white triangles represent duration, and the gregedineibnte five
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Table 1. CT DEEP and IEC Cruise Summary Information. See Figure 1 for station locations.

/ NdzA a 0 I NI %VI@SSIb[ﬂfE/OSI\ﬁc&WOS\NJéZL!IQE\é))\VNJide\{ﬁl-aiy
{GFa2yla28 LR EADI " YA 5h g KSN
{IYLX/SRGI adya aAyAYdzy 5h
h OO dzNNB R

I, K C K O K H|{JICHKM(PK HIAHMT n n p®oo0 'n
2v W bHmMm

L9/ wj|br KIMK H/ATHKMM K H|/1 H M H n b/ o®dpo |-/

2 VW, [ HNM KCKH|[JTHKMIH K |H N H0Np n n odnrT 'n
L9/ wj|br KITHK H{ATHKMT K H//1 H M H M b/ H®Ppyl dBnmMor
L9/ wi|lb KMO KHT/IKHMWO K H /1 H M n n 0 PMH H

I, W), [ HM K M K [HTAKHHVM K [H /1 10 MD n n 0O PHT I'n
L9/ wi|lb KHMKHIKHHVH K H 1 H M n b/ MPT Yy |-/
L9/ wi|lb KHPKHIKHHVP K H /1 H M M b/ H®PooO I'p

2 yv! | DHMW KHK H|[JIYHKMT K H{/1T H WM H T b/ n eoohd I'n
L9/ wj| by KIoOK H[NYyHKMO K H[N1 H M H M n b/ neTtn [ -/ ™
L9/ wi|lly KMT K HYIKHMWT K H 1 H M T b/ M®Py M PN MO F
L9/ wi|lly KMY KHYIKHMWT K H /1 H M M H b/ noTtn 'pPF

Il , ') DHMK MC K HYIKHMIY K H /1 HINW M H MOH®PAMM®POnN o]
L9/ wi|lly KHGgKHYIKHHVD K H /1 H M M C b/ M®Pcp 'pF
L9/ wj|lly KlomR |HYIKHOMM K H /1 H M M O b/ M®Pcy nF

2 V{9t HMKONKHGMKMK HHMI M MC dyn mMPc A o]
L9/ wj|llkbk MmmM |HIIKHMAN K H 1 H M n b/ o®PoH I-5F

I, {9t HEPK MO K |HAIIKHMIN K H /1 HH M n n nonH I'n
Bold Maximum Extent of Hypoxia

NC= Not Applicable

* Embayment Station
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e
Area estimates

In order to maintain the continuity and comparédititydetaheelpageal estimates are based on ATIO®EEP data ¢
expected that data fré&@219@/1ll benterpolated using both the CT DEEP and IEC stations at SOmBpBRAtandhe
IEC data are synoptic and provide a snapshot of hypoxic conditions during a specific timet@d@Sosiataa broz
provide a continuous measurement of hypoxia at specific buoy locations over a more detaitetisgpaityof time
between the datasets.

Estimated Maximum Area Between 3.0 and 4.8 mg/L

In 2021, the maximum area of LIS bottom waters between 3.0 and 4.8 mg/L occurred during- e WQAUG2
August) and was estimated atF46m8La021, the yearly area affextedrsations between 3.0 andvéréged/L
487 mand varied from 398 t.596 mi

Estimated Maximum Area Below 3.0 mg/L

The 2021 peak hypoxic event octhwtrethdliPityelsetween 16 August and 18 August. The ni#@Zr@Em area wa:
square mileS8ompared to the preyearsa8&rage (156.2021 was below average in ar@héAiguestlissolved
oxygen concentration (0.74mg/L) documented by IEC during 2021 occurred on 8/03/21CHA¢ BéLid210at Stat
and\ppendrespectivelyg. [blwest dissolved oxygen concentration documented by CT DEEP during 2020 at ¢
was 0.99 mg/L and occurred on 8/3/2021 /apStatipdla& {ecution RockseiBarded its lowest reading, 0.27 mg/!
on 8/18/21.

Estimated Maximum Area Below 2.0 mg/L

Based on CT DEEP data, in 2021 the maximum ard délaguatemileeragrage arezowithntrations less
than 2.0 mgélculated from20241 is 48.84h& IEC documented concentrations below 2.0 mg/attene of their
stations on 22 July, seven ofwaéeraggiations on 3 August, eight -evdlesiistgieons on 17 Augustygustoansl A
two on 31 August. At the LISICOS Execution Rocks buoy, there was 27.16 cumulative days below 2.0 mg/

THE FREQUENCY OF HYPOXIA IN LONG ISLAND SOUND BOFTOM WATERS

Estimated Maximum Area Below 1.0 mg/L e A

CT DEEP documented 1 station with a DO concentratior § . . o T

maximum area being 8.42 square miles. The IEC docum j i

below 1 mg/L at St@ti@mi3 August and Station A5 on 17 , e —— 1994-2021

LISICOS Execution Rocks buoy (Station A4) documente e

mg/L and 8.19 cumulative days of DO concentratidnsTlee Porcont of Hypoxic Yoars

overall average area #féent@82021 is 10.7Zmei greatest al “aomalt

with DO below 1 mg/L (62 square miles) was during the : E%i
o B
[ 020 [N %-

Frequency

Figure 4 shows the frequency of hypoxia occurrence for saﬁﬂar]semr@. tDer ]49%4e ency of oxia il Long |

The percent of WLIS stations that experience hypoxic conditions co

and 100% (Figure 4). However, stations C2sB3yEd,09shndity —=ound Bottom Waters
improvementi n t he 19900s t-80% of the tne, avhilé aver the past foue yedrsythey were by
about-B0% of the time.
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Volume estimates
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WATER
T E M P E RATU R Progression of Stratification across Long Island Sound in 2021

Deltat T = difference between surface water temperature and bottom water temperature
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IEC LIS Weekly 12 data was not available
between the layers.

Date

Figure 5. Progression of stratification across Long Island Sound in
In 2021, stratification began to set up in April witheleltd= surface water temperature minus bottom water tem|

tdés (the difference between surface and bottom
temperature) reaching around or -nadday Restratifidddorc ( Fi
turnover) began arodAdguist, however station A3 had@®3R¥i twhich is the largest difference in temperature
seen during the entire year. The 2021 maximum surface temperature was 25.25°C recorded on August 17
minimum surface temperatiire was

2.12°C at Station E1 recor Yearly Average Temperature of 4 Stations Across Long Island Sound

March 9. The 2021 maxim 1991-2021 CT DEEP Data ::: EU;um iveraqe ';empera'._ure
temperature was 24.86°C Stedei et
on August 17 at S#&ti@nTh 18 =
minimum bottom temperat 16
2.21°C at Station 15 recor:
March 9.

14 1

g 12 -

; 10

g M3

g— 18
Both surface and bottomv s
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increasing. The surface ar ] Hx'n -
temperatures from four of =] A
DEEPGs 17 ye 197 . . .
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Year

Additional information is available
on thelSS website

Figure 6. Yearly Average Water Temperatures of Long Island Sound.
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Water Clarity

Water clarity, a measure of how much light penetrates the water column, is an important indicator of the he
beds, and thus, the ecosystem as a whole (see page 15). In Long Island Sound, water clarigy improves as
eastern portion of the Sound is a wide and deep channel with considerable influx from the Atlantic Ocean,
Sound is more narrow and shallow, and its surrounding land is densely populated and developed. This res
exchange of waters on the western end and also increases the concentrations of pollutants in the water th:
clarity. The graphs below (Figure 7) highlight this wdte20Rtityhgradismshaxial station (A1l near

Whitestone Bridge) had an average Secchi disk depth of 1.9 meters for the summer and 1.8 meters for the
the average Secchi disk depths gradually increase, reaching a summer average of 4.2 meters and a yearly

meters at the eastest axial station (M3 near

; 2021 Long Island Sound Average Summer Water Clarit
FISherS lSIand)' J CT DEEP and IEC Data (J%ne—September] Y

4.5

Using average Secchi disk depthgtte w0 .17
Sound Reportdexeloped by Save the S

utilizes the following water clarity depth
o0graded each stati
F (<60%), averages 1.8 to <1.95 meter:

3.5
3.0

25 @ rece
— — — 2.28m (A)

28
20 @@@ ....... @@@- ---------------------- 1.80m (F)

Secchi Depth (m)

(6070%), averages 1.95 to <2.12 meter 15 © i —
(7680%), averages 2.12 to <2.28 meter ~ *° .'_"
(8090%), and averages >2.28 meters re
(90100%). Updates to the Report Card P moam oo oas o 2B om R
posted througsthend Health Explorer. West to East
According to that criteria, Stations A4 ar 2021 Long Island Sound Average Year-Round Water Clarity
CT DEEP and IEC Data

Stations Al, A2M, A3, A5, and D3 receir s
and H4 receive a B, and Stations 12 and 0 : o7
the summer of 2021 (Figure 7a). 35

. ) £ 30 @
Some improvements are seen wheryaal = ,; , -
data (Figure 7b), as Station A4 goes frol % 20 T@_@T é_&W_EQE___ f;:(:
Stations A5 and D3 go fromaDtoCan & 1s —
respectively, and Station F3 and H4 goi1 ™ .:‘
A. However, water clarity at Stations A1~ *°
Worsened, gOing fromaDtoanF. 00 Al A2M A3 A4 A5 B3 D3I F3 H4 12 M3

Station
West to East

Figure 7. Average water clarity across Long Island Sound i
Individual station data from 2021 aremaildillesin a) Summer and Biodedr
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https://ecoreportcard.org/report-cards/long-island-sound/
https://soundhealthexplorer.org/fishable/

Chlorophl

Thepring phytoplanktoetursin Long Island Sound between February and April. Historically high leve
chlorophgl(ckd) in the Western Sound during this time have been linked to sumnizetimesbygaigia condit
could not be collected in February of 2021-tifgamter@OWIB unclear if the 2021 spring bloom began ir
February or March, but it can be noted that the bloom was alréadyopresgot dylsddiata. collected

by CT DEEP in 2021 show smaller blooms in througholE thbefiammeltessagpyear round data in the fall
of 2018. The maxiraworagntration measured at an axial station was 23.7 ug/L at Station A4 on April 7

Western Sound data collected by IEC between January and July 2021 and CT DEEP data collected b
December 2021 are avajabledinData from additional stations and years are available upon request.

Nutrients

DEEP has collected monthlgitautoemtl 7 stations year round since 1991. IEQvbeglymabtienticigtii

in the summer of 2014 at 11 of their 22 stations. Semgdlssavedoafared carbon (DOC), dissolved
inorganic phosphorus (DIP), dissolved silica (SiO2), and nitrate + nitrite (NOX), particulate silica, partic
particulate nitrogen, ammonia, particulate phosphorus, orthophosphate, and total suspended solids . C
parameters from all 17 of DEEPs stations and 11 IEC stations are available upon request. The Westel
also equipped with near surface (~3 meters deep) SUNA v2 Nitrate and Cycle Phosphate sensors. T
CLIS Buoys are also equipped with near surface SUNA Nitrate sensors.
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file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/Spring Chlorophyll a_2021.pdf
file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/DEEP_Year Round Chl a_2021.pdf

pH

In Long Island Sound, eutrophication can contribute to coastal acidification (Wallace elgal., 2014). EXxc
and phytoplankton growth. As the phytoplankton die and dgcayratassed. didwede(EBe has the same
effect on pH as carbon dioxide from atmospheric deposAiopeiMiEC B\Npdéedjeased guidelines

for measuring changes in pH and carbonate chemistry in eastern coastal waters in 2018 (Pimenta anc
four parameters are needed to describe the seawater p@mariptet@igeassure of carbon dioxide), DIC
(dissolved inorganic carbon), alkalinity, and pH, along with temperature and salinity measurements. As
IEC only collect one of the four needeghpa@atatérmm 2021 are available upon request.

In 2018, the LISICOS Western Sound buoy was equipped with near bottom pH (SeaBird Hydrocat) an
sensors. The sensors were installed at a depth of ~21 meters. The Central LIS Buoy is also equipped
and pH sensors. UCONN is still performing internal QA/QC on the data. However, preliminary data sht
decreased pH and increased pCO2 concentrations over the summer months. The sensors are current
reconditioned by the manufacturer and will be reinstalled as soon as possible.

Researchers from UCONN began collecting dateRa MaRrZ02&fecthe

_ Piggybacking on CT DEEP cruises, the study aims to quantify components
respiration process by examining key parameters including organic matter c
rates, nutrients, DO, pCO2, pH, total alkalinity, and temperature. The projec
Pt o |l ast two years. Due to COVID
accompany DEEP staff aboard the R/V Dempsey in 2020. However, DEEP
to run the instrumentation to collect the continuous data and collect grab sa
which were then processed by UCONN. Preliminary data from 2019 were
anOGbemand session of the Restore /
SeptemBérOctober 2020. In January of 20EER dhpifegiublicagsn

= ‘ published, which found that while hypOX|c condltlons in the Sound are being
further intervention will be needed in order to combat the charg
warming climate. Another manuscript is awaiting publication,
planned to be submitted in 2022.

As part of the National Coastal Condition&€2 @higaxdplingiiforp
additional det@EDEEP and EPA Contractors collected surfac
samples from 23 LIS proper stations and 60 emBbagMNDCetatiq

intensification continued at an additional 60 embagatent statiof
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https://env.chem.uconn.edu/the-long-island-sound-lis-respire-program/
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file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/NCCA 2020 Summary.pdf
file:///L:/Web postings 2021/Combined Report 2021/Hyperlinks/NCCA2020_2021.pdf

Avg Temperature Departure (°F)

Discussion
Weather

Thélortheast Regional ClimgNRE@)at Cornell University is tasked \
disseminating climate data and information for 12 states, including I
The beginning of June started warmer than normal. New England e:
departure from the normal 6Fahoirtcthis fliemmperatures remained wi
the 2nd half of June witbgaredheat wave betweeBQlumgh2itighs 6F 101
100¢HPrecipitation was below average across LdrgnigéatLSsuddrin
first half of the month of July varied, with New EAglaatbavitragiogna 5
the 2nd half of July, temperatures in New England were 2°F to 4°F belowgm@nql f{ygglmgﬁtmst Average Summ
in Long Island Sound was great as Tropical Storm Elsa blew thrbOgh thﬁ“éﬁH@r%fBﬁe]BUp%rture in °F. From NRCC
causing massive flooding throughout the region. Wind gusts in the area raachad a mav nf
mph within coastal areas. Other than the storm, there were also sev| e R 2001 <

throughout the region, with some days producing over an inch of rail
New England had seen over 300% of theirDwmingatainfalhth of Augu
temperatures varied, with cooler temperatures in coastal areas, and
more northern areas. On August 22nd, Hurricane Henri dropped as
causing flash flooding and having peak wind speeds across LongG
mph. A tropical depression also occurred during the early weeks of !
heavy rainfall to New England. The rest of the month would be wet \[™-°
following the tropical depressiands to temperature, Bridgeport, CT e:jg. ~ /

tharaverage temperatures for the remainder of the summer. w7 / el ACis

nnnnnnnnnnnnnnnnnnnnn

CCM P Goa|S Figure 12. 2021 Northeast Total Summer
The Long Island Sound Study (LISS) updated the Comprehensive ConBezvigitatioarid Inches. From NRCC.
Management Plan (CCMP) for LIS in 2016 CUReCa$dieeifguiove water

quality by reducing contaminant and nutrient loads to the Sound. To achieve the goals, thendii® atergified €
related hypoxia, nitrogen loading, and water clarity

Hypoxia
1 7The maximum area of hypoxia in the bottom waters of LIS (shall) meas2e80/\7 btoledveeatyesrtopre
increase attainment of water quality standards for dissolved oxygen by 20P6aarimaagLavarbye/wse
of the zone.

Meeting the ecosystem target for maximum area of hypoxidhe ah8fai®0Ddrheelirie.for maximum area of hypc
is 208 square mifes264021 fiyear running average is 83.3 squiang @ilBsig is a 60% reduction freiMbé pre
baseline. Howfaviver work is needed to achieve water quality standards and meet the CCMP goal. Consider
to year still exists and the extent is influenced by weather.

While outside the scope of this report, it would be beneficial to examine each station for @saitiment of water
respect to the 3.0 mg/L threshold, as well as the 4.8 mg/L threshold. This would be a betteri@atsui@ of the
attainment. Additionally, it would be useful to examine the ditaiorgdf DEDsmtieadistation @nithe xeaten

column profiles at each station.
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Nitrogen Loading

Another goal of the CCMP relates to point source n
loading from waste water treatment plants (WWTPs
LIS 2000 Dissolved Oxygen TMDL specifies the pri
pollutant contributing to hypoxia in LIS is nitrogen. -
major source of nitrogen to LIS are WWTPs, combi
sewer overflows, nonpoint sources including stormy
and atmospheric deposition.

The TMDL requires a 58.5% reduction in nitrogen e
LIS via point source discharges (i.e., WWTPSs).

Figure 13. Graph of WWTP Nitrogen Discharge versus Hypoxidttsagewastewater treatment facility nitrogen loa

Figure 14. Graph of Monthly Median Bottom Dissolved Ino
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the recommended 2000 Dissolved Oxygen Tota
Maximum Daily Load allocation level by 2017 al
maintain the loading cap. Have all practices anc
measures installed to attain the allocations for
stormwater and nonpoint source inputs from the
watershed by 2025.

Figure 13 illustrates the downward movement in hy
area as well as a downward trend in nitrogen disch:
from both NY and CT WWTPs. 2021 however, did s
highest hypoxic area since 2016. Connecticut bega
ing nitrogen reductions in WWTP discha@&s in 199
Nitr Trading pleegamin 2002, and the New Yo
nitrogen reductions began in 2010.

Since 2018, when nitrogen loading increased for ths
time since 2011, loading in the Sound has continue
crease and is currently sitting below 20,000 TE Ibs/
well beneath the TMDL target

Dissolved Inorganic Nitrogen (nitrate + nitrite + amr
is the most bioavailable form of nitrogen used by pf
plankton. Figures 14 and 15 illustrate the manthly n
concentration of Dissolved Inorganic Nitrogen meas
from the surface and bottom waters of western LIS
DEEP stations. The general tendency of the data &
downward direction.

Figure 15. Graph of Monthly Median Surface Dissolved Inorganic Nitrogen
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https://www.ct.gov/deep/cwp/view.asp?a=2719&q=325572&deepNav_GID=1635
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Water Clarity

1 /mprove water clarity by 2035 to support healthy eelgrass communities and attainment of the eelgr

Water clarity is a measure of how much light penetrates through the water column of Long Isdré Sound ar
waters for the growth of eelgrassZdsetgeasmisia, rooted, underwater grass that provides habitat and protecti
fish and invertebrates and food for many migratory birds. Healthy eelgrass beds also trap settignent and rec
storms, improving water quality and protecting coastal Bedgsagsin &argjolsland Sound is currently limited to
embayments in the far eastern Sound, having disappeared from ivost of itsehesttyiasangé.ong Island Sounc

@® BY INDICATOR | Water Clarity

CO0OdO6S

OverallHealth  Dissolved Oxygen  Chlorophylla Water Clarity  Dissolved Organic
Index Carbon

@® BYREGION |

Water Clarity (m)

-2 .28 (very Good)
212t0<2.28
1.95t0<2.12

Misw=<19s

M oto<1.58 (very Poor)

20 km

found in <4 m of water, except where water quality is excep
good (i .e. seagrass beds ne
seagrass in the Eastern Sound is used as the standard by v
ter clarity is judged throughout the Sound, including areas w
not currently support seagrass

The CCMP target utilizes 2015 data as the baseline and thr
values developed as padraf thkand Sound Refmwrt Card

track progress (Figugeiénally, eelgrass beds need about 22
of the light at the surface to reach the plant; at 3.65 m of tot:
depth, this equates to a Secchi depth of ~2.4 m. At 1.1 m of
depth (almost too shallow for eelgrass), this equatesitoa S
depth of ~0.7 m. These two endpoints were used to develoy

Figure 16. Image from the Long Island Sound Repojishat! @1qvdSecchi depth to a score, where <0.7 m gets a C

station data for the water clarity indicator. Image shows 2018 data.

Average Water Clarity From Select Stations Across LIS

>2.4m gets a H¥6al aver:
age Secchi disk depths greater

351

Secchi Depth (m)

a
Station

QRSP

A
3
o

PEOPIY
-

PP I
g

Reference Lines are LIS Repovt Card Thresholds, CT DEEP Data Only

POOPY

than 2.28 meters are considered
very good and receive an A, (90

100%) while depths less than 1.8
meters are considered very poor
(an F, <60%).

- 2.28 (Very Good)

TrEetEEEET Generally, with the exception of

stations in the Western Narrows,
water clarity across LIS is good
(Figure 17). Water clarity in the
Western Sound is especially im-
PEOPIY pacted by suspended sediments,

& organic matter, and plankton in
the water column.

Figure 17. Year round averages of water clarity data from select stations across LIS.
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AppendixdR021 DEEP and IEC Summer
Dissolved Oxygen, Temperature, and Salinity Datal by -
DEEP WQJUN21, DEEP HYJUNZ21 and IEC Run

Dissolved Oxygen in Long Island Sound Bottom Waters
June 3-9, 2021
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AppendixdR021 DEEP and IEC Summer
Dissolved Oxygen, Temperature, and Salinity Datal by -
IEC Run #2, DEEP WQJUL21, and IEC Run #3

Dissolved Oxygen in Long Island Sound Bottom Waters
8-12 July 2021

. ew London

New Haven

New York
Connecticut Norwalk

o
“ J \2 Dissolved Oxygen Severity of impact
[
, ‘ = 0.0-0.99 Severe
. 1.0-1.99 Moderately severe
Kilometers (] 2.0-2.99 Moderate
0 510 20 30 40 [_J30-349 Marginal
* [ 35-479 Interim management goal
4.8+ Excellent - Supportive of marine life
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Appendixd6€021 DEEP and IEC Summer
Dissolved Oxygen, Temperature, and Salinity Datal by -
DEEP HYJUL21, IEC Run #4 and IEC Run #5

Dissolved Oxygen in Long Island Sound Bottom Waters
17-21 July 2021
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Dissolved Oxygen Severity of impact

- 0.0-0.99 Severe
- 1.0-1.99 Moderately severe
3 50-2.99 Moderate
3.0-3.49 Marginal
[ 35-4.79 Interim management goal
4.8+ Excellent - Supportive of marine life
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AppendixdR021 DEEP and IEC Summer

Dissolved Oxygen, Temperature, Salinity and pH Data h
DEEP WQAUG21, IEC Run #6 and IEC Run #7

Dissolved Oxygen in Long Island Sound Bottom Waters
2-4 August 2021
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AppendixdE021 DEEP and IEC Summer
Dissolved Oxygen, Temperature, and Salinity Datal by -
DEEP HYAUGZ21, IEC Run #8, and IEC Run #9

Dissolved Oxygen in Long Island Sound Bottom Waters
16-18 August 2021
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HAHM [2y3 LatltyR {2dzyR | 8LREAI {SlIazy wS@ASs MT



il

- 9

~1

=T

- 9

- 4

=T

-1

-1

yidag

=Tk

-1

=1

=T

|- BE-

|4

=T

-1

-1

aunleradusa) - -
Ayunes _g—
uablxg panjossi] —g—

LEDONYAH
sa|ijoid Hd pue aimeladwa] ‘Anuijes ‘uabAxg panjossig

{842y wSOASSH

HNHM [2Yy3 LaAfIYR {2dzyR | 8LIREALI

My



(sl HE - —
(D) 2aniesadwss | - — - OE-
(nsd) fpunes —g— -y
(L/Bw) uabixg panjossi] —a—
Lo
L L " L L L " L |ﬁml
I I
I I
L. st
HE ARl Y .
A aH
“ “ w9
| 182 -t
n I n
.w m_ .—m m.“i .F.# L0 M..
0 = =
_ r | og-
T .— | : )
o gt
I ! I
.u B re e e EY PiTY v o
“ “ “ “ [
I I I I |
I I I I | 5L
I I I I |
w veB B (e W e |
EIF B 7B BOF B 507 B EOF B

8 umy AppP3a D3|
sajijold Hd pue ‘aunieradwa] ‘Anuijes ‘uabAxg panjossig

{842y wSOASSH

LatlyR {2dzyR | @8LREALI

M

[ 2y 3

HNAHM



(ns) HY - o— A N S S
(Dp) sumesadwa] _ - “ “ - DE"
(nsd) Auuies —g— “ 11
(L/Bw) uabfxg parjossi] —g— L
nom ot w® oW e nora I{P £:a
“ “ “ “ [
_ _ _ _ _
I |l N H I “ I fsti-
¥ L LF I 2 2 P T | | 2 1 A
A A EFH Z13 Zia
Log- )
i
i
e =
|- = -0 m
j - DE-
I
R 5L
I
EW -0
“ “ “ “ [
_ _ _ _ _
I I I I Y-
_ _ _ _ _
|- v | W W W W e e e wel,
EIF G ZIF 6 EOF G SOF B EOF B
62 uny ApR3ap D3|

sa|ijoid Hd pue ‘aumeladwa] ‘Auujes ‘uabfixg panjossig

{842y wSOASSH

| 8LREA I

{ 2dzy R

Latl yR

[ 2y 3

HNAHM



AppendidE021 DEEP and IEC Summer
Dissolved Oxygen, Temperature, and Salinity Data
IEC Run #10, DEEP WQSEP21, IEC Run #11, anc

Dissolved Oxygen in Long Island Sound Bottom Waters
30 August - 1 September 2021
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