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FOREI^IORD

The MassachuseEt.s Division of trrlater Pollution Control 'tas established by Ehe

l"fa.ssachuseEts Clean hlaE.er Act., Chapter 21 of the General Laws as amended by

Chapter 685 of rhe Acts of. L966. Included in the duties and responsibilities
of tne Division is the periodic examinat.ion of the water quality of various
coastal rùaEers, rivers, streams and ponds of the CommonwealEh, as stated in
section 27, paragraph 5 of the Acts. This secEion furt.her direcEs the Division
Eo publish the resulEs of such examinaLions Eogether rvith the sEandards of
waEer quality established for the various Ì¡raEers. The Technical Services Branch
of the Division of trr/aEer Pollution Control has, among iEs responsibilities, the
execution of'this direcLive. This report is published under the AuthoriEy of
the Acts and is among a continuing series of reports issued by Ehe Division
presenting waEer quality data and analyses, \^raEer quality management p1ans,
baseline and intensive limnological sEudies and other special studies.
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ABSTRACT

MASSACHUSETTS DIVISION OF I^IATER POLLUTION CONTROL

1987 AND 1988 NORTH COASTAL I^/ATER QUALITY SURVEYS

Part A
Part B

Part C

ülater QualiEy Survey Data
hlastewater Discharge Data
Summary of Significant Findings

The North Coastal lrlater Quality Surveys were conducted in selected inshore and

tidal riverine areas of Sa1em, Beverly, Marblehead, Manchester, and Gloucester.
A toEal of 65 r^rater quality stations, 28 sedimenL sEations, and 4 compliance
monitoring sites were sampled.

The following surveys \^lere conducLed during Ehe period of June 22-September 3,
1987:

Three two-day surveys in the Salem/Beverly, Marblehead area, one one-day survey
in Manchester Harbor and one Ehree-day survey in Gloucester. In addiEion, four
one-day surveys were conducEed in Beverly Harbor during February, March, and May

1988 Co monitor \"/aLer qualiCy after a se\,ter pipe broke in the harbor.

Areas of degraded waEer quality (due to exLremely high coliform bacteria den-
siEies and/or 1ow dissolved oxygen) include Lhe North River, Goldthr,rait Brook,
south River channel, crane River, Bass River, salem sound (at the hII^lrP outfall)
and several coves of Inner Gloucester Harbor.

Sediment.s contained very high concentraEions of chromium, 1ead, and/or
at stat.ions in the North River, Salem Harbor, and in Salem Sound at the
siLe. Sediments in Inner Gloucester Inner Harbor contained high levels
and lead.

ZLTLC

outfall
of zinc

The highest levels and numbers of polycyclic aromatic hydrocarbon compounds
(pegs) were found in the sediments of the North River, Goldthwair Brook, Salem
Sound (SUSp outfall), and Inner Gloucester Harbor. Most of these compounds are
thoughE to be a consequence of urban runoff. PolychlorinaEed biphenyls (pCSs)

\./ere found in high leve1s aE only one staEion, located in Inner Gloucester
Harbor.
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INTRODUCTION

The North Coastal Inlater Quality Surveys, initiated in 1987, \¡7ere designed to
gather data thaE would enable the Division to characterize general water qualiEy
conditions in each of the study areas. Areas thaL were surveyed and included in
this report are Salem and Beverly Harbors and their tributaries, Salem Sound and

ì"farblehead Harbor, Manchester Harbor, GloucesEer Inner and Outer Harbor and a

segment of the Annisquam River (Figure A). Except for the Manc-hester survey
conducted on July 8, each area was sampled for at least two consecutive days in
an attempt Eo characterize the range of natural variability that exists in the
\^/aEer quality parameters r,re r¡/ere measuring. In addition to these general sur-
veys, sampling programs initiaEed in Manchester Harbor in July and in Beverly
Harbor in the Spring of 1988 r^/ere conducted to assess \4rater qualiLy impacts when

pípes carryi.ng se\^rage to the treatment plant ruptured in these harbors.

The objectives of the intensive surveys conducted in Salem/Beverly and

Gloucester !,7ere fourfold:

I Characterize overall water qualic.y in Ehese
\"rater quality parameters and as compared to
the Massachusetts I^/ater Quality Standards.

areas based on selected
criteria established in

2 Assess sediments at
PCB contamination.

selected areas for heavy rnetals, PAH and

Examine selected areas thaE may be experiencing localized
degradat.ion f rom such sources as ser^/age ouÈ f al 1s , combined

3 \'rater
serfer

qual i ty

aod Ioverflo\,/s, industrial discharges, recreational pressure, runoff
or contaminated tributaries.

4. Sample effluent of selected permitted discharges to the sEudy areas
and compare results Eo NPDES permiE requirements.

Surveys rvere conducted during June, July and August of 1987 (wittr the exception
of sampling conducted during the spring of 1988 in Beverly Harbor in response
to a localized incident when a serTer pipe ruptured in the harbor). Surveys are
conducled in the summer months so Ehat r^/ors t case condiEions in the r,Tater may be

observed. I^lhen temperatures reach their maximum and recreaLional use is at iEs
peak, the system is most 1ikely Lo experience degraded water quality in the form
of 1ow dissolved oxygen (or anoxia), nuisance (and/or toxic) algae blooms, and

high coliform bacteria densities.

past water quality surveys of selected North Coastal areas were conducEed by this
office in Gloucester Harbor (1975), Salem/Beverly Harbors and tributaries (1985)

and Salem Sound (1983). This report presents data obtained only from the l9B7
(and spring i988) '¡ater qualicy surveys conducLed by this office in the North
Coastal area. In addition Lo Ehe data compilation the report contains a descrip-
tion of the field methodologies and a listing of laboratory meEhods used during
the study, maps of the study areas with station locations, a brief description
of each drainage area, and a summary of significant findings.
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FIGURE A NORTH COASTAL DRAINAGE AREA
(Êxcluding Salisbury)
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MATERIALS AND I"ÍETHODS

Gene ra 1

Fieldsamplingforthissurveyr^TasconductedaccordingtoEheDivision's
Standard Operating Procedures (SOp) which were developed from standardized and

approved methodolãgies. Copies of the SOP documents for river sampling (UOWPC,

19S7) and biomonitoring (UlpWC, 1988) are on file at Lhe Technical Services Branch

office in \^/estborough, MassachuseEts. Coastal marine surveys conducted by this
office are performed using techniques based on recommended procedures and metho-
dologies of Ehe U.S. Environmental ProEection Agency (USEPA), academic
reseãrchers, and oEher state agencies. The SOP docurnent for the Divisionrs
marine sampling proEocol is currently in preparation.

All sampling stations for Ehe North coastal surveys \47ere located in tidally
influenced areas. Station locaÈions \^/ere selecEed based on locations of:
municipal treaËment facility coasEal outfalls, indusLrial discharges, combined

ser^/er overfloTr oipes, and proximity Eo recreational, or commercial activities
Ehat may impact the water qualiEy. Figures 1-4 provide Ehe sampling staEion
locations for a1l of the North Coastal surveys described in this report.

Eield notes \rere recorded in bound notebooks by each survey cre$7. Information
concerning weather, tide, and wave conditions, wildlife observations, and other
phenomenon relaEive Eo \'/ater quality conditions l^7ere noted ' rn situ f ielc
measurements vrere also recorded for each staEion in Ehis notebook.

Sample collecLions r¿ere made in accordance r¡iEh the meLhods described belov¡ and

in Apoendix B. All samples \^7ere idenlified by tags that \tere attached to Ehe

boLtles immediately after collection. SEandard identification Èags display the
following information: unique station number, location, sample depth, date,
time, collector, parameters for analysis and method of sample Preservation in
Ehe field.

Mechods employed at the Lawrence Experiment StaÈion for analysis of
quality parameters requested for this survey are listed in Appendix
summary list of the field meters Eogether r^ri¡h their unit of measure

accuracy is also Presented in Appendix B.

Physical and Chemical

the vraLer
B. A

and raEed

specific conduc-
a Hydrolab Surveyor

ùleasuremenËs of dissolved oxygen, salinity, cemperature and

tivity aE the oPen r.Tarer stations were madettin siturt\^/ith
II Model SVR2 (Hydrolab Corporation, Austin, Texas 18763).

River sEation "in siEuttmeasuremenLs for temperaCure and salinity were made wiEh

a model 33 SCT meter (Ye11ow Springs Instrument Co., Ye1low Springs, 0hio
455387). Dissolved oxygen i.ras measured by Ehe modified Wintcler method.

Open waEer stations \^/ere accesse<l by boat. I¡laLer samples r¡ere collected wiCh a

2.2 Liter Beta style van Dorn sampler (water supply, saginaw, Michigan 48602)
from selected rva¡er column depths. River staEions I"7ere sampled from bridges or
other appropriate land accessed poinCs and water was collected from the suriace
with clean plastic buckets.
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Samples for nutrient analysis were placed in 500 ml (16 oz. ) polypropylene or
glass screÍd cap boEtles that had previously been washed in phosphate free
deEergent and rinsed with 30 percent I{Cl, followed by three rinses with
dionized, distilled \,üaLer and a final rinse in the field wiLh sample ryater.
NutrienL samples were fixed at the time of collection with 2 mls of concentrated
H2504.

Samples for analysis of the other chemical parameters \^rere placed in I licer
polypropylene screw cap bottles Lhat had previously been r^/ashed in phosphate
free CeEergent and rinsed Lhree Eimes with dionized disEilled water and one time
in the f ie 1d wi th che sarnple \^rate r .

Samples for chemícal analysis were Eransported on ice in coolers to the Lawrence
Experimenl Station in Lawrence, Massachusetts within six hours of collection
(unless noted).

The following chemical analyses were performed at the Lawrence Experiment
SEation: suspended solids, EoEal solids, turbidity, total Kjeldahl-NiErogen,
ammonia-nitrogen, toLal phosphorus, orthophosphaEe, chloride. (See Appendix B.)

Biological

Phytoplankton and chlorophyll a. samples were collected as described for chemical
sarnples above. At least 200 mI of r'rater were collected in clean, tap \,rater
rinsed polypropylene or glass screr^7 capped boEtles. Samples were kept on ice
and transported in coolers back to the Divisionts tr/esEborough oifice. The
phytoplankEon samples were normally analyzed within 24 hours of collection using
a Whipple micrometer and Sedgewick-Rafter cell. A1ga1 councs \¡/ere reported as
cells per ml according to Standard Methods (1985).

Chlorophyll a analysis was based on the methodology from a IJSEPA fluoromeEric
procedure developed by the Division of !'later Pollution Control at Westborough
(yowpc, 1998 ) .

BacEeria samples were collected from surface waters on1y. They were Eaken from
the bucket or van Dorn sampler before Ehe other samples were removed, and placed
in sterilized, glass, screr^l cap boEEles. These samples were kepL on ice in
coolers and EransporEed t.o Lhe Lawrence ExperimenË SEation within six hours of
collection. Samples were analyzed according Lo Standard Methods (1985) for some
or all of the following bacteria
cocc i .

toÈal coliform, fecal coliform, and enCero-

Sed iment s

Open water staEions were sampled by boat; river stations Í¡/ere sampled by lvading
out to the collection area. AL each station an aEtempL was made to collect fine
grained sediments. If, after visual inspection of the dredged maEerial, only
coarse grained material could be collected, the siLe was omitted as a sediment
station. Samples were collected wich a petite ponar grab dredge (Karlisco
International Corp, E1 Cajon, California 92002). The sampling area of this
dredge is 15 cm X 15 cm (6" x 6") and weighs i0 kg (ZZ fUs). prior to sampling
the dredge was rinsed in seawater to remove any residual sediment. The insiCe
of the dredge was then rinsed with reagent grade acetone, followed by a rinse
wiLh reagent grade hexane, followed by a final rinse in seawater. All chemical
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rinse rraste nas collecfed and Eransported back to Ehe laboraEory for proper
disposal.

The dredge contents r¡/ere empEied into a plastic tray and subsamples of
ment \^/ere scooped into separaËe specially cleaned 16 oz. glass, scre\^7

mouth sample jars prepared for metals and organics. Care was taken to
the collection of sediments in direct contacE wich the tray and/or Ehe

the dredge.

the sedi-
top, wide
Prevent
sides of

The jars for sediment samples were first prepared by washing wiLh phosphate-free
detergent Ehen rinsing with tap water. Jars for metals and miscellaneous para-
meters other than PAHs and PCBs vrere Ehen rinsed with 302 HNO3, followed by

three rinses with distilled \^rater. Screw caps \^/ere either Leflon lined or the
jar mouths r,/ere covered with plastic wrap before capping. The jars for PAH and

ÞCn samples \,¡ere rinsed wilh distilled water followed by an acetone then hexane

rinse and allowed to air dry under a hood. Jars were either capped with teflon
lined screw caps or covered with alumínum foil and then capped. All samples

were identified with tags and stored on ice in coolers for delivery to Ehe

Lawrence Experiment Station (f¡S).

The sediments r¡rere analyzed at the T-ES for some or all of the following
parameters:

cadmium (cd), chromium (cr), copper (c,t¡, Lead (Pb),
Mercury (ttg), Nickel (Ni), silver (ag), zínc (zr.¡, Arsenic
(As ¡ , rron (Fe ) , Aluminum (41 )

Polycyclic aromatic hydrocarbons and polychlorinated
biphenyls (PcB 1242, L254, 1260)

Toral Kjeldahl Nitrogen, Total Phosphorus, % Volatile solids,
0i1 and Grease.

EffluenE ì,loniEoring

Samples were collected from the !,/asteÍ^/aEer treaEment facilities and selected
industries that have N.P.D.E.S. permitEed discharges within Ehe coastal areas

under study. ISCO automatic samplers I¡/ere set up ac the waster¡taler treatment
facilities Lo collect 24-hour composite samples for chemical including metals

Heavy metals:
(As total meLals)

0rganics:

Other:

analysis. Grab samples were collecEed and sampled
bacteria, volaLile organics, and oil and grease.
the Lawrence Experiment Station in accordance with

for total and fecal coliform
A1 1 analyses \¡/ere Perf ormed at
the APHATs Standard Methods

for lhe Exami nation of triaLer and In/astewater ( 1985 ) . Chlori dual con-ne res I
cenLraLions, temperature and pH values were deEermined in che field. Flow

values were obtained from the plant oPerators.
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SALEM HARBOR AND TRIBUTARIES

DESCRIPTION OF SALEM HARBOR ANÐ TIDAL PORTION OF ITS TRIBUTARIES

Salem Harbor is a relacively shallow (- 8 meters maximum) ernbayment approximately
1.62 square miles, located on Ehe north coast of MassachuseEts midway beEv¡een

Boston and Rockport. The Salem Neck peninsula separates Salem Harbor from Beverly
Harbor Eo the north. Marblehead, a predominately residential coasË41 Eown, lies
directly to Ehe east of Salem Harbor.

The Forest River flor¡s north into the southern Eip of Salem Harbor. Several
junkyards and a closed landfi11 lie upstream in the freshwaEer portion oÊ the

ã.ainage basin. The Forest River drains portions of Salem and Marblehead'

The South River is the other major source of freshwater to the harbor' This
river flows inÈo Salem Harbor from the west through the cenEer of the city of
Salem. The entire drainage area of this river is highly urbanized. Land use is
dominated by industrial, commercial, and some residencial development.

Historically, Salem was an important fishing port. Although commercial fisher-
men do operate from this harbor, recreational boating activities predominaCe.

The harbor still remains an importanE shipping Port. According to the Office of
Massachusetts Coastal Zone Management (I977) over 1.3 million tons of peEroleum

are delivered annually through the harbor, parLicularly on the western shore at
Salem Terminal Llharf where a deep \"/aEer mooring area ( 10 meters ) is maintained '
The New England Power Company (NEPCO) operates a fossil fuel powered electric
generating plant adjacent to this wharf. Its cooling v¡afer, runoff, and waste-
\^/aLer effluent are discharged directly into this deep area.

The South Essex Sewerage DistricE (SnSO) operaEes a primary waste\^/ater treaEmenC

facili|y on the western shoreline of the harbor near the NEPCO planL' This
approximately 25 MGD facility serves the municipalities of Sa1em, Beverly,
uàiUi"t,ead, peabody, and Danvers. The sludge is landfilled and Ehe effluent is
discharged outside Ehe harbor through an outfall pipe into Salem Sound.

Within the harbor many public and private moorings and marinas are maintained.
A public boaÈ ramp provides direcC access Eo the harbor and surroundi-ng !üaLers

aÈ l^linter Island, siEe of an abandoned U.S. CoasL Guard SEation. Several public
and private beaches exist around the shoreline and Salem \^li11ows, a city-owned
waEerfront park is located at Ehe northern end of Salem Neck. Shellfishing in
this area has been closed since L972; however, closed beds exist at the mouth of
Ehe Forest River and isolated areas along the western shoreline.

Table
tion

RESULTS

Tables 2

results.

1 provides a description of the staEions that were sarnpled for this por-
of fhe study and Figures I and 2 illusÈraces the station locations.

and 3 provide \^/ater column physical, chemical and bacEeriological
Tables 4 and 5 provide Ehe sediment chernistry data.

9



TABLE 1

1987 SALEM HARBOR AND TRIBUTARY !,¡ATER QUALITY SURVEY

SAI"ÍPLING STATION LOCATIONS

LOCATION DESCRIPTION
STATION
NUMBER

SBO1

SBO2

SBO3

SHOI

SHOT

SH 23

SH24

SH25

SH27

SH28

SH 29

SH3O

Forest River

Forest River

South River

Salem Harbor

Salem Harbor

Sal ern Harbor

Salem Harbor

Sa1 em

Salem

Sal em

Sa1 em

Sa1 em

- Loring Avenue off Route 1A, Salem

- Route 114 beginning of harbor, Salem

- Discharge pipe corner of LafayetEe and Derby
SEreet, Salem

- in Marblehead Channel at ¡lun lþ22

- in Marblehead Channel at can lÉl

- in harbor aL nun /É2

- in harbor offshore from Salem Terminal llharf
and N.E. Power SEaEion

Harbor - aÈ mouth of South River channel near light
house and can /É5

Harbor - in cenEer of mouth of Juniper Cove

Harbor - off Palmer Point near yacht yard pilings

Harbor - Folger PoinE, offshore from beach

Harbor - at mouEh of Cat Cove

10
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TABLE 2

1987 SALEM HARBOR AND TRIBUTARY hIATER QUALITY SURVEY DATA

TIME - DEPTH - TEMPERATURE - SALINITY - DISSOLVED OXYGEN

DATE

TIME
( trr/min)

DEPTH*
(m)

TEMPERATURE*
('c)

SALINITY*
(o/"")

DISSOLVED*
OXYGEN
(me/ t )

6/22/87
6/23187
7/20187
7 /21/87

1.220
r229
1 200
I 320

Station SB01 (Forest River)**

SEation SB02 (ForesE River)**

Station SB03 (south River)*x

StaLion SH01 (Sa1em Harbor)

2I
T7

26

24

0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1

0

0
0

0

I
6

5

0

16.0
14. 0

'!_'

30 .9
30. 3

30. 6
31 .0
31 .0
31.0
31 .0
31.1
31 .2
31.1
31.1
31.1
31 .4

7.1
6.4
6.1
5.7

8.0
7.0
6.1
4.4

6.9
5,2
4.0
4.2

6122187
6/23/87
7120/87
7l2r/87

1235
1240
L2L5
133 5

21 .0
18.0
25.0
23.5

19

20
2I

2
1

5

I

6122187
6/23/87
7120/87
7/21187

r250
r440
I 300
i 350

18.5
19.r
19 .0
19 .0

I
1

1

I

15.8
6.9

12.0

6l 24/87 1300

7 120187 Lrzs

7 l2r/87 1050

0.1
2.0
3.0
c.2
2.0
4.0
6.0
8.0
9.2
0.2
2.0
4.0

10.0

L6 .7
L6 .4

18.2
16.8

17 .7
15.9

18. 7

20.8

15.3
L4 .2
13.6
L7 .9

13.1

9.4
9,6
9.4
9.6
9.6
9.2
8.8
8.2
8.2
9.6
9.3
8.9
8.2

* DaEa obtained with Hydrolab Surveyor II
**'DaEa obEained with Model 57 YSI Dissolved Oxygen Meter and YSI Model 33

SCT Meter
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TABLE 2 (CONTINUED)

DATE

TIME
( rrr /min )

DEPTH*
( rn)

SALINITY*
("/..)

DISSOLVED*
OXYGEN
(me/1 )

TEMPERATURE*
('c)

Station SIt07 (Salem Harbor)

6l 24/87 r130

7 I 20187 1045

6/24/87 1115

7120187 1245

7 l2rl87 1225

7120/87 r155

Station SH23 (Salem Harbor)

19.2
L7 .3
15.4
L5 .2
19.1
18. 7

r6.3
19 .2
19 .0
L7 .4

Station SH24 (Sa1em tlarbor)

17.
15.
15.
18.
16.
15.
15.

30 .9
30. 7

30.7
30 .8
31 .0
3l .0
30 .9
31 .0

30.
30.
30.
30.
31.
31.
31.
31.
31.
31.

25.0
t9 .7
16.9
15.4
14.0
L3 .2
26.0
17.1
16.0
15.0
13.8
13.I

30.7
30 .9
30 .9
31 .0
3I .2
3L .2
30 .9
31.1
31.1
31.1
31.1
31.1

0.1
2.0
4.0
6.0
0.2
2.0
4.0
5.3

0.1
2.0
4.0
6.0
0.2
2,0
4.0
0.2
2.0
4.0

r9 2

3

4
2

6

4
7

1

9.4
9.6
9.1
8.7
9.8
9,4
8.9
8.8

9.4
9.6
9.1
8.7
9.8
9.7
8.9
qa

9.5
8.8

8.4
a)
a,
8.6
8.2
7.4
8.3
8.8
8.8
8.5
8.0
6,5

9
7

7
e:tI
I
I
I
I
I

0.2
2.0
4.0
6.0
E.0
9.2
0.2
2.0
4.0
6.0
E.0

10.0

7 / 2r /87 rL25

* DaEa obtained with Hydrolab Surveyor II
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TABLE 2 (CONTINUED)

DATE

TIME
(trrlmin)

DEPTH*
(m)

TEMPERATURE*
( "c)

SALINITY*
("/oo)

DISSOLVED*
OXYGEN
(me/1 )

7120/87

7 I 2L/87

7120/87

7l2Ll87

7 /20187

7l2rl87

T215

1150

r230

L2T5

r255

r245

I 140

Station SH25 (Sa1em l{arbor)

Station SH27 (Salem Harbor)

30 .9
31 .0
31 .0
31.1
31.1

17 .3
t6 .9
15.7
17 .5
17 .5
17 .4

31 .0
30.9
31 .0
31 .0
31 .0
31 .0

18. 6
r6.8
19.1
18. 3

31.1
31.1
31.1
31.1

0.2
2.0
0.2
2.0
3.0

0.2
2.0
4.0
0.2
2.0
4.0

0.2
2.0
0.2
2.0

0.2
1.0
0.2
1.5

0.2
0.8
0.2
2.0

19.2
17.1
19 .2
18. I
16.5

9.3
9 .1+

9.1
8.9
8.3

9.4
9,2
9.2
9.2
9.1
8.9

9.6
9.6
9.3
8.6

9.7
9.4
9.4
9.3

7 /20187 110s

7 I 2L /87 103s

I SEaEion SH28 (Sa1em Harbor)

Station SH29 (Sa1em Harbor)

Station SH30 (Salem }larbor)

19 .6
t9 .6
18.6
17.7

10.1
10 .1
9.6
9.1

31.1

31 .1
3r.2

7/20187

7 /2r /87 11 10

'å Data obtained with Hydrolab Surveyor II

18. 9
18.9
18. 0
t7 .6

3r.1
31.1
31.1
31.1

15



TABLE 3

1987 SALEM HARBOR AND TRIBUTARY SURVEY

JUNE AND JULY I4TATER QUALITY DATA

(Values reported as mg/1 unless noted)

SBOl
6 22 23 7 20
1220
1.0

1229
1.0

I 200
1.0

7 /21
r320
1.0

7 /20
T215
1.0

7 l2L
l 335
1.0

STATION NUMBER:

DATE:
TIME (hours ) :

DEPTH (meters):

PARAMETER

Suspended Sol ids

Total Solids

Turbidiry (NTU)

Total Kjeldahl-Nitrogen
Ammonia-Nitrogen

Total Phosphorus

Orthophos pha te

Chloride

Total Coliform (colonies/100 ml)

Eecal Coliform (colonies/I00 ml )

Chlorophyll a (mg/m3)

sB02

8.0

28 ,000

2.7

1.8

0.1

0. I0

0.06

t4, 000

600

60

8.5

16,000

3.9

1.2

0. 36

0.08

0.06

r0,625

15,000

900

9.5

2/+, 800

3.5

1.5

0.t7
0. l7

0.08

I 3 ,000

150

I00

t1.0
21,460

0.2

2.r
0. 15

0. l3

0. 08

I i ,000

1,30c

70

6/ 22
L7-35

1.0

6.5

33 ,000

1.5

r.5
0.05

0. 08

0.05

16,500

480

70

6/ 23
1240
1.0

7.2

38,000

1.0

0.77

0 .52

0.08

0.01

16,500

200

50

5.5

30,600

2.3

l.l
0.16'
0. 15

0.07

16,380

200

10

r.32

t0 .0

3l ,810

r.6
2.0

0.09

0. t3

0.07

16,750

20

(,)

6

F
o\



STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters ) :

PARAI'{ETER

Suspended Solids

ToEal Solids

Turbidity (NTU)

Total Kjeldahl-Nitrogen

Ammonia-Ni trogen

Total Phosphorus

Orthophosphate

Chloride

Total Coliform (colonies/f00 ml )

Fecal Coliform (colonies/100 ml )

Chlorophytt a (mg/m3)

Oii and Grease

TABLE 3 (CONTINUED)

SBO3 SHOI
7 /2r
t350
1.0

7 20

2.5 3.0 1.5

21,970 34,000 32,000

t.5 r.2 r.2
1.5 l.t 0.67

0. 3r <0.02 <0.02

0.07 0. 06 ù.07

0.06 0.02 0.03

11,250 16,500 16,750

18, c00 40 5

1,2c0 <5 <5

0.8

sH07

1250
1.0

7 /20
I 300
i.0

6/24
I 300
1.0

II25
1.0

lr30
9.0

10 50
1.0

6 /24
r 130
1.0

6

2.0

26 ,000

1.8

0.92

0. r8

0. 07

0.06

I 3 ,0oo

7 ,000

300

226 23
r440
i.0

It.0
10,000

5.3

1.5

0. 36

o .17

0. 1t

4, 500

40,000

3, ooo

7 207 2L

3.5 2.3 1.5

32,43O 32,470 32,500

0.7 1.1 0.9

0.96 I .6 0. 53

0.15 <0.02 <0.02

0.03 0.09 ù.08

0.02 0.03 0.04

16 ,750 16, 750 17 ,000

<5510
<5 <5 <5

7 120
t045
1.0

0.5

20 ,600

2.4 c-

1.0

0.32

0.08

0.06

I I ,000

35,000

I ,900

0.69

5.1

3.0

32, 100

0.8

0. 6t

<0.02

0.08

0.06

17,000



TABT-E 3 (CONTINUED)

SH23 SH 25STATION NUMBER:

DATE:
TIME (hours ) :

DEPTH ( me te rs ) :

PARAMETER

Suspended Sol ids

Total Solids

Turbidiry (Ntu)

Total Kjeldahl-Nitrogen

Ammonia-Ni trogen

Total Phosphorus

0rthophosphate

Chloride

Total Coliform (colonies/100 mi)

Fecal Col i form ( colonies / 100 ml )

Enterococci (colonies/100 ml )

Chlorophyll a (mglm3)

Total Phosphorus

6 /24
1l I5
1.0

7 /20
1245
1.0

7 /2r
r225
1.0

SH24
7 /2t t /2r
lr?_5 11 30
1.0 9.5

7 /2t
It55
1.0

4.5

32,600

0.9

c.43

<0.02

0.08

0.03

17,000

200

20

<5

7 /20
1 200
9.0

t /20
T215
i.0

7 /21
1150
1.0

F
æ

rf

2.t 5 .0 4.5

32,280 3l ,800 32,060

2.1 1.9 1.0

1.5 0.59 0.99

<0.02 <0.02 0.32

c.08 0.08 0.03

0.03 0.03 0.02

17,000 16,750 17,000

52205
<5 l0 <5

0. 08

r .85

0. 08 0.03 0.08 0.07

4.5

32, 500

1.2

0.42

<0.02

0.07

0.04

I 7 ,000

4.0

32,O40

0.9

1.2

0.02

0.05

0.03

17,000

r60

\)

2.7 3

0.05

7.5

32,560

1.0

r.4
0.i3
0.09

0.07

17,000

I .5 4.5

31,600 32,r40
2.O 0. 9

0.62 t.l
<0.02 <0.02

0.08 0. û4

0.04 0.03

16,63C L7 ,250
120 200

10 30

0.84

0.08

2.02

0.040.09

Iil



TABLE 3 (CONTINUED)

SH28STATION NUMBER:

DATE:
TIME (hours):
DEPTI1 (me ters ) :

PARAMETER

Suspended Sol ids

Toral solids
Turbidiry (NTU)

Total Kjeldahl-Nitrogen
Anrmonia-Ni trogen

TotaI Phosphorus

Or thophos phate

Chl or ide

Total Coliform (c.olonies/lrl0 ml)

Fecal Coliforr¡ (colonies/f00 mf)

EnËerococci (colonies/100 ml)

Chlorophytt a (mg/m3)

sH27 SH 29 SIl3O

7 /20
r 105
1.0

7 /2t
r035
1.0

7 /20
r 230
1.0

7/2r
1275
1.0

1255
1.0

7 /20
I 140
I.0

7 /2r
1rr0
1.0

1.5

32 ,000

o.l
0.47

o.12

0.08

0.03

L6,750

30

<5

<5

3.5

32 ,030

0.6

0.91

<0.02

0.05

0.03

17,000

5

<5

2.5

32, 100

1.4

0. 59

<0.02

0. l0
0.03

I 7 ,000

5

<5

1.5

32,060

0.6

1.1

<0.02

0.06

0.03

17,000

<5

<5

7 20

2.0

32,200

1.7

0 .16

0.06

0. l0
0.02

16,750

t0

<5

2.02

7 2I
1245
1.0

4.5

32,340

1.1

0.92

0. r4

0.05

0.03

16,750

5

<5

4.0

31 ,900

0.7

0. 54

<0.02

0.08

0.02

16,000

5

<5

r.23

2.0

32,2-00

0.6

I.3
<0.02

0.05

0.03

16,750

<5

<5

ts
\o

t.94 2.02

a



TABLE 4

1987 SALEM I{ARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA*

TOTAL D{ETALS, TOTAL KJELDAHL-NITROGEN, TOTAL PI{OSPHORUS, Z VOLATTLE SOLTDS AND
OIL AND GREASE

STATTON NUMBER: SBO2 SBO3 SH23 SH24 SH25

PARAMETER ( in mglkg dry wt. )

Metals:

I ron

Aluminum

Copper

Zínc

Lead

Chromium

Cadmium

Nicke 1

Silver
Arsenic

Mercury

Total Kjeldahl-Nitrogen
Total Phosphorus

Z VolaEile Solids

0i1 and Grease (tng/tcg wet wt. )

20 ,000

9,100

42

110

300

2C0

0 .90

19

0 .40

5.2

0.51

2, 300

1,150

7 .28

0.91

15,000

3,E50

26

76

150

160

2.5

11

0. 70

6.1

0.51

810

465

2.95

0.42

38 , 000

14 , 500

76

180

230

I ,800
,1

36

0.40

I7

t.l
5,000

r,720

r6.0
0. 19

30 ,000

14, 5oo

6B

170

i30

l,lo0
2.0

43

0.20

13

0.75

4, 340

1,550

r3.6
0 .12

20 , cco

l0 , 200

40

62

I

23

560

1.3

0

., /,LI

0. 50

38

r.4
3,670

985

12.3

0.13

o

* Samples collected on July 20 aod 2I, L987

2A



TABLE 5

1987 SALEIVI HARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA*

POI,YCYCLIC AROMATIC HYDROCARBONS AND POLYCHLORINATED BIPHENYLS

(reported as Fglg dry weight)

SBO2 SBO3 5523STATION NUMBER:

COMPOUNDS

Ac enaph Ehene

Acenaphthy I ene

Anthracene

Benzo(a) anÈhracene

Benzo(b) fluoranthene

Benzo(k) fluoranEhene

Benzo(B,h,i) perylene

Benzo(a) pyrene

Chry s e ne

Dibenzo furan

Dimethyl naphthalene

FluoranEhene

F 1 uore ne

MeEhyl anthracene

Methyl fluorene

Methyl naphthalene

MeEhyl phenanthrene

Methyl pyrene

PhenanEhrene

Pyrene

1 , I Biphenyl

PCB L 1242

PCB A 1254

PCB A 1260

SH24 SH25

0. 69

ND

1.2

2.7

ND

ND

ND

ND

)t

ND

ND

4.4

0. 59

ND

ND

ND

ND

ND

3.6

3.4

ND

<0. 16

ND

<0 .17

0.74

ND

ND

1.2

ND

ND

ND

ND

1.1

ND

ND

1.2

ND

ND

ND

ND

ND

ND

0.90

I.l
ND

<0. 15

ND

<0.17

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.86

ND

ND

ND

ND

ND

ND

ND

0.86

ND

ND

ND

<0.17

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NÐ

ND

ND

ND

ND

ND

<0. 16

ND

<0.17

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.1

ND

ND

ND

ND

NÐ

NS

0.75

1.1

ND

<0. 16

ND

<0.17

* Samples collecced on July 20 and 21, 1987
ND NoE deLected
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BEVERLY HARBOR AND TRIBUTARIES

DESCRIPTION OF BEVERLY I1ARBOR AND TIDAL PORTIONS OF ITS TRIBUTARIES

Beverly Harbor is bordered by the cities of Salem to the south and Beverly to
the north. The harbor is approximaEely 0.78 square miles and similar in depth
to Salem Harbor but receives a proportionat.ely larger freshwater inpuL from Ehe
combined flows of the North, Crane, Porter, Bass, and Danvers Rivers. The
Danvers River is the major tribut.ary and is tidal for irs entire reach. All of
the other tributaries flow into the Danvers and not directly into the harbor.
This river system drains highly urbanized sections of Sa1em, Peabody, l)anvers,
and Beverly.

At least five major industries have NPDES permiLs co discharge cooling water,
storm runof f or \taster^/ater into Ehe rivers EhaE empEy into Beverly Harbor. In
addition to Ehese discharges, several combined seqrer overflows periodically
discharge û/astewater into the harbor and/or its Eributaries.

Historically there were numerous tanneries in the Salem/Beverly area. I¡/aste
from the tanneries contain high levels of some heavy metals, especially chromium.
In the past, these industries \^/ere not required to treaL their \^rasÈe discharges
and now the sediments in some areas of the rivers and harbor are highly con-
Earninated. Several confirmed hazardous \"zaste sites and a junkyard also exist
wichin the North River drainage syst.em.

Recreational use of the area is high. Numerous beaches, marinas, and boat ramps
are located Ehroughout the harbor and tidal portions of its tributaries. Shell-
fishing areas, although closed, exist in Collins Cove, the North, Bass, and
Danvers Rivers. Many recreational boaÈers share the harbor and rivers l¡ith
fishing and other commercial vessels.

Table 6 provides location descripEions for Ehe stations ÈhaL were samples
this study and Figure I illustraEes the station locations.

R.ESULTS

Water column chemical, physical and bacteriological daEa are presenLed
7,8 and 9. Sediment chemistry daEa are presented in Tables 10, l1 and

tn

in Tables
11
LL.
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TABLE 6

1987 BEVERLY HARBOR AND TRIBUTARY I^IATER QUALITY SURVEY

SAMPLING STATION LOCATIONS

LOCATION DESCRIPTION

GoldthwaiE Brook
Peabody

- Peabody Street above Eastman Gelatin,

STATION
NUMBER

SBO5

SB05A

SBO6

SBO6A

SB09

SB 1O

SB 12

SB I5

SB 17

SB 20

SB 21

SB22

SB 23

BH19

BH2O

BH21

BH22

BHz3

BHz4

BH25

GoldthwaiE Brook - Foster Peabody

below MeEro Dry Cleaners,Summer

SÈree E ,

Salem

em

ree tGoldthwaiE Brook
Peabody

ST

i

;

I

Ì, 1
i

i

rì
i
i

al-

North River

North River

North River

I^/aters River

Crane River

- Below

- Flint S tree t

lL4, SRoute

S tahl nishing Plant, Salem

Dahvers

anve r s

- Route 35,

Route 35, D

Porter River - Liberty StreeE, Danvers

Bass River - E11iot StreeE, Shoe Pond outlet, Beverly

Danvers River - Liberty Hill Avenue bridge, Salem

Danvers River - Route lA bridge, Salem

Bass River - Bridge Street bridge, Beverly

Danvers River - aE confluence of Porter and Crane Rivers, Danvers

Danvers River - off Fosters Point under PoI^ter lines, Danvers

NorEh River - in cove midway beEween conflìrence with Danvers
River and North StreeE bridge, Salem

Bass River - off SalEers Point aÈ nun /É6, Beverly

Beverly Harbor - Collins Cove, under pol4ter lines , Salem

Beverly Harbor - off Tuck PoinE aE can /É9

Beverly llarbor - off Salem Neck aE nun lÉ2

23



TABLE 7

1987 BEVERLY HARBOR AND TRIBUTARY SURVEY DATA

TIME _ DEPTH - TEMPERATURE - SALINITY - DISSOLVED OXYGEN

DATE

TIME
(trrlmin)

TEMPERATURE**
( "c)

SALINITYà"*
(" / "")

DI SSOLVED**
OXYGEN
('ng/t )

DEPTH
(m)

B/ 19 /87 1200

SEaEion SB05 (coldthwair Brook)

0.1 20.0

SÈation SB05A (coldthwait Brook)

3.0

8/18187
8/Le/87

8/18/87
8/19187

0950
1225

1025
1240

I4IT
1408
r225
135 6

23 .0
21.0

:

0

p

i

sra
i

p

0
i

ST
i

0
p

b

0

1

1

3.0
2.0

tion 5806A (North River)

24.0
')') 

^

ation SB09 (North River)

Station SB10 (North River)

Station SB12 (WaEers River)

Station SBl5 (Crane River)

0.1 20.5 L7 .6
0.1 17.6 17.4
0.1 24.0 18.5
0.1 25.0 14.0

1

1

4.0
5.5

6/22187
6/23/87
8/t8/87
8/19187

TI45
1 200
1040
r246

2r.0
t7.E
26.0
29.0

I
i
I
I

1')

7.0
8.6

14. i

4.6
6.3
4.2
5.2

6.6
7.1
7.3
9.4

6.9
6.6
6.7
7.6

1.3
0.1
1.0
1.0

6/22/37
6123187
8l18/87
8l19/87

I 200
I2t 3
1105
1258

21.0
Lt .2
22.0
22.C

3.0
L2 .5
9.0

0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1

6/22/87
6/23187
8/18187
8/tel87

r420
I4T6
r235
r404

20.0
17 .1
24.0
2r.0

20. I
18.8
L9 .5
2t.0

6122187
6/23/87
8l18l87
8/19/87

** Data obtained !'¡ith YSI Model 33 SCT MeLer and tr/inkler Method for
Dissolved Oxygen
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DATE

TIME
(trrlmin)

DEPTH
(n)

SALINITY**
('/"")

DISSOLVED
OXYGENtT*
(o'g/r)

TABLE 7 (CONTINUED)

TEMPERATURE**
( "c)

6122187
6/23187
8l18l87
8/t9/87

1400
1400
1210
r345

6/22187
6123187
8lL8/87
El19l87

r348
1347
1155
1 335

6122/87
6123187
E/18/87
8l19l87

t 336
133 7
I 300
I4L7

Station SB17 (Porter River)

Station SB20 (Bass River)

2r.8
L7 .I
24.0
28. 0

StaEion SB21 (Danvers River)

SEaÈion SB22 (Danvers River)

StaEion SB23 (Bass River)

StaEion BH19 (Danvers River)*

0

0
0
0

0

0
0
0

0

0

0
0

0
0
0
0

0
0

c
0

0.2
1.0
0.2
2.0
3.3

I
I
1

1

20
I7
24
24

8

9

0
0

18.9
17 .0
22.0
20.0

0
6

0

0

19.1
18.0

t9 ,6

17.0

6.0
6.3
1.0
7,4

7.7
7.5
6.6
6.E

E.6
8.6
8.0
8.3

9.0
8.6
7.3
8.0

8.8
7.8
9.0
9.2

o

o

8.

1

I
1

1

13 .0
8.1
8.5
7.0

21.0
20.8
19 .0
15.0

I
I
I
I

6/ 221 87
6123/87
8/18187
8/LelE7

I 305
I 300
II27
T3L2

16.
18.
20.

2L,L
)_L0
16.5
i7.0

I
t
I
I

18.

6/ 221 87
6/23187
8/r8/87
8l19/87

r323
1325
t 139
r325

19 .8
r7.0
22.0
20.0

18.8
20 .0
20 .0
l5 .0

1

I
I
I

8/18187

8lLel87

0930 22,2
21.4
21.5
18.9
17 .8

30 .3
30 .4
30 .4
30.8
30 .9

10.
11.

0
0
0

0

3

1040

Data obtained with Hydrolab Surveyor II
DaEa obtained with YSI Model 33 SCT Meter and I^linkler ì{ethod for

Dissolved Oxygen
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TABLE 7 (CONTINUED)

DATE

TIME
(trrlmin)

DEPTH*
(m)

TEMPERATURE*
('c)

SALINITY*
( '/.. )

DISSOLVED*
OXYGEN
(*e/t )

Station BH24 (Beverly Harbor)

6/24/87 1430

E/ L8/87 0740

8/19/87 li20

6/24/87 r410

8/ rB/87 1030

8/ L9 187 rr45

16.7
16.5
r6.5
r6.3
15.6
15.2
15 .0
14 .2
13.1
T4.L
13.3
12.7
12.3
12.L

30 .5
30.6
30. 7

30. 6

30 .8
31 .3
31.3
31 .3
31 .3
3t .2
31.4
31 .3
31.4
31 .5

SLation BH25 (Beverly Harbor)

StaEion BH20 (Danvers River)

0.2
2.0
4.0
6.0
7.7
0.2
1.0
2.0
3.0
0.2
2.0
4.0
6.0
8.0

0.2
2.0
4.0
6.0
0.2
2.0
4.0
0.2
2.0
4.0
6.0

L6 .7
L6 .2
14 .5
L4 .4
L6 .7
i6.1
12,2
L7 .2

11 .8

2I

30.7
30 .8
31 .0
3t .0
3l .1
3! .2
3r.4
3L .2
3r,4
31 .5
31 .5

9.1
9.0
9.0
8.9
8.6
8.7
8.5
8.3
ö.J
9.1
9.0
8.9
8.9
8.9

7.8
8.1
8.6

8.1
7.6
8.5

6

o

8

9.5
10.1
9.2
8.6
ot
9.1

14. 0
12.7

8.9
9.3
9.7
9.4

8/18/87
8lL9l87

0950
l0 20

0840
09 30

20.
19.

18. 3

18.4
15.8

0.2
0.2
1.0

0.2
0.2
1.3

0
4
1

30
30
30

30
30
31

Station BIi2l (North River)

8l18/87
8/re/87

7

4
t

* Data obËained with Hydrolab Surveyor II
**àL Hydrolab ma1 funcEion
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TABLE 7 (CONTINUED)

DATE

TIME*
(trr/min)

DEPTH*
(m)

SALINITY*
(" I "")

DISSOLVED*
OXYGEN
(me/1)

TEMPERATURE*
( "c)

SEation BH22 (Bass River)

8/18/87
8/19187

0900
0955

Station BH23 (Beverly Harbor)

20.2
19.1
14.9
14. 0

30.5
30 .4
3r.4
31 .4

17.3
T7.T
r5 .3

3r .1
30.9
31.1

9.9
8.5
8.6
Q. 1

7.9
8.0
8.7

0.2
0.2
2.0
4.0

0.2
0.2
1.5

8lL8/87
ElLelsT

080 5
0850

* Data obtained with llydrolab Surveyor II
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STATION NUMBER:

DATE:
TIME (hours):
DEPTH (me ters ) :

PARAMETER

Suspended Solids

To[a1 Solids

Turbidiry (¡lru)

Total K-'ieldahl-Ni trogen

Ammoni a-Ni trogen

Total Phosphorus

Orthophosphate

Ch lori de

Total Coliform (colonies/100 ml )

Fecal Coliform (colonies/100 ml )

Chlorophyll a (mg/m3)

TABLE 8

i987 BEVERLY HARBOR AND TRIBUTARY SURVEY

JUNE I^¡ATER QUALITY DATA

(Values reported as mg/1 unless noted)

SBO9 SBIO
6l 22
I 200
1.0

2.5

I,g0o

2.7

r.4
0. r5

0.07

0.06

870

60 ,000

5,loo

6/ 22
ir45
1.0

6/ 23
l 200
1.0

6/ 23
I2T3
1.0

SB I5
22 6 236/ 22

r420
1.0

7.8

32 ,000

2.4

l.l
0.07

0.07

0. 06

16,000

60

5

6/ 23
t416
1.0

8.0

30 ,000

2.1

r.2
0.22

0. 18

0.08

14 ,l50
1 ,300

300

SB I2
6
14r l
1.0

1408
1.0

t\)
@

2.5

270

6.i
r.2
0.49

0.22

0.r6
70

5l ,000

5,000

2.5

1 2,000

2.0

1.8

0.29

0.09

0.08

5,750

26 ,000

2, 000

2.8

5.8

24,000

4.7

1.8

0. 54

0.23

0. 15

1,500

38 ,000

4, 000

5.5

27 ,00o
2.0

1.5

0. 
'18

0.07

0.05

13,250

I ,800

250

9.7

27,000

1.8

1.1

0. 28

0. i8

0.07

13 ,25t
6,00c

450

Iil



STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters ) :

PARAI'ÍETER

Suspended Solids

TotaI Solids

Turbidiry (NTU)

ToEal Kjeldahl-Nitrogen

Ammonia-Ni trogen

Total Phosphorus

0rthophosphate

Ch I ori de

Toral Coliform (colonies/f00 ml)

Fecal Coliform (colonies/100 ml )

Chlorophyti a (mglm3)

TABLE 8 (CONTINUED)

SB 17

6/ 23
1400
1.0

6/ 23
1347
1.0

4.0 8.5 1I.0
30,000 19,000 11,000

r.4 
*- """--8".'3---'"' -16.0

l.l 1.0 1.3

0.12 0.25 0.36

0. t 5 0.07 0. 18

0.07 0.06 0.13

14,500 9,500 5 ,250

I , 200 4,000 60 ,000

250 I 20 8,000

1r.76

SB 20 SB 2I

f.J
\o

6/ 22
1400
t.0

5.5

31,000

2.4

0. 7l

0.05

0. 07

0. 05

15,250

530

30

6/ 22
l 348
1.0

6/ 22
I 336
i.0

s.z
34,000

1.3

0.65

0.05

0.06

0.04

16,750

80

20

2t.o

6/23
1337
1.0

3.5

36 ,000

0.9

0.89

0.22

0. 15

0.04

16,500

490

30



TABLE 8 (CONTINUED)

SB22STATION NI]MBER:
DATE:
TIME ( hours ):
DEPTH (meters ):

PARAMETER

Suspended Sol ids

Total Solids

Turbidity (Wru)

TotaI Kieldahl-llitrogen
Ammonia-Ni trogen

Total Phosphorus

Orthophospha te

Chloride

Total Coliform (colonies/100 ml)

Fecal Coliform (colonies/100 m1 )

Chlorophytt a (mg/m3)

6 /22
r 305
i.0

6/ 23
I 300
i.0

6/ 24
1400
1.0

6/ 24
1410
5.0

6/ 22
1323
1.0

6/ 23
1325
1.0

SB 23 BH24
67u
r430
1.0

BH25

UJ

2.7

33 ,000

t.0
0.72

<0.02

0.07

0.03

l7 ,000

20

()
20.16

5.5

32, lgo

1.3

t.0
<0.02

0.09

0.04

18,250

20

\)
6.72

4.5

34,0û0

I.0
0.92

0.17

0. 11

0.04

16,500

460

30

4.8

3l ,000

2.4

0. 78

0. 1l

0. 08

0.06

15,500

20 ,000

r,250
33.6

7.5

32,000

6.3

1.1

0.48

0.13

0.06

15,750

l0,000

1 ,000

i.5
32, l0o

1.1

1.6

<0.02

0.07

0.03

19 ,250

5

(.)

2.5

32,4r0
1.3

0.89

<0.02

0. r5

0.04

18, 250



TABLE 9

1987 BEVERLY HARBOR AND TRIBUTARY SURVEY

AUGUST üTATER QUALITY DATA

(Val,tes reported as mg/1 unless noÈed)

STATION NUMBER:
DATE:
TIùíE (hours):
DEPTH (meters):

PARAMETER

Suspended Solids
Total Solids

Turbidiry (NTU)

ToEal Kjeldahl-Ni trogen

Ammonia-Ni Erogen

Total Phosphorus

OrthophosphaLe

Chlor ide

Total Coliform (colonies/100 ml)

Fecal Coliform (colonies/100 mf)

Chlorophytt a (mg/m3)

8/ r8
09 50
0.1

8/ r8
t025
0.1

SBO9

8/ 19
r240
0.1

8/ 18
1040
0.1

5. 0 4.0

290 2,540

6.7 3. 3

5.4 4.6

3.0 1.2

0.66 0.34

0.52 0. 16

80 1,000

I , 200,000 89,000

500,000 8,000

SBO5

sTLe
I 200
0.1

6.5

270

2.1

2.2

i.0
1.9

1.6

60

5, ooo

360

SBO5A StsO6A

3.0

300

3.5

7.0

3.2

0.49

0. 30

85

950,000

120,000

SB IO

5.5

340

5.4

7,5

3.0

0. 30

o. 12

110

2,700

320

9.5

320

22.0

5.0

2.6

0. 31

0. 3l
80

8,000

600

8/ 19
t246
0.1

3.5

920

3.2

i.9
.99

0. 34

0.25

390

48,000

4, ooo

3.0

21,700

3.5

2.2

0.69

0. 3l
0. 14

11,000

74,000

7 ,000

4.0

20 ,000

3.8

1.6

0.68

0. 23

0. 15

10, 250

2, 100

900

2.9

8/19
1225
0.1

8/ 18
1 105
0.1

8/ L9
r258
0.1

t,



STATION NUMBER

DATE:
TIME (hours ) :

DEPTH (meters)

PARAMETER

Suspended Sol ids

Total Solids

Turbidity (NTU)

Total Kjeldahl-Nitrogen
Ammonia-Ni Erogen

ToLal Phosphorus

Orthophosphate

Ch I or ide

Total Coliform (colonies/100 ml )

Fecal Coliform (colonies/100 ml)

Chlorophylf e (mg/m3)

sB 12

TABLE 9 (CONTINUED)

SBi5
8/19
r 356
0.t

8.0

30,50c

1.8

2.0

0.07

0.ll
0.06

15,250

2,000

730

6.0

28,000

2.7

0.54

0. l0
0. 11

0.05

L4,25O

500

l0
I .93

SBTT SB20 SB 2I
8/ 18
r235
0.1

9.0

3l , 200

2.1

1.8

0.08

0. 14

o.12

16,000

r00

30

4.0

32,000

r.6
0.46

0.09

0. r2

0.06

15,750

50

i0
3.47

i0.0
30 ,800

2.2

1.0

0.07

0.15

0.09

15,250

260

i0

8/re
r345
0.1

6.0

32,000

1.8

0. 58

0.06

0. 13

0.05

16,250

r20

5

4.5

6.5

ll ,500

1.5

1.9

0.08

0.r3
0.04

5, 5oo

5 ,000

s6

10 .0

32,800

1.0

2.6

0.04

0. 13

0. 
'15

16,750

40

<5

B/19
r404
0.1

B/lB
1225
0.1

8/18
l2L0
0.1

8/r8
ll55
0.1

8/19
r335
0.1

r0.0
12,000

r.4
o.46

0. 10

o.12

0.06

5, 250

3,000

250

8/ 18
I 300
0.1

8l 19
L4L7
0.I

4.5

33, ooo

1.0

0.40

0.05

o.12

0.04

16,500

r.20

5

5.58

U)
l.J



STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters ) :

PARAI"IETER

Suspended Solids

Total Solids

Turbidiry (Nru)

Total Kjeidahl-Nitrogen
Ammonia-Ni trogen

Total Phosphorus

Or thophos pha te

Chl ori de

Total Coliform (colonies/i00 ml)

Fecal Coliform (colonies/100 ml)

Chlorophyll a (mg/m3)

8/ 18
tt27
0.1

8/19
t3r2
0. t

8/ 18
Ir39
0.1

TABLE 9 (CONTINUED)

SB 23

8/re
1325
0.1

7.5 10.0

3l ,500 32,000

r.3 1.3

1.7 0.5r
<0.02 <0.02

0.11 0. 13

0.04 0.04

16 ,250 16,500

240 600

20 30

SB22 BH 19 BH20 BH2L

U)(/)

6.5

33 ,000

1.1

2.0

0.02

0. 11

0.03

16,750

500

4{)

6.5

32,200

I.0
0.82

<0.02

0. L2

0.03

t6,250

80

40

3.5

28,000

1.4

0.62

0.02

0.24

0.06

14,000

900

80

3.96

4.0
32 ,300

0.9

0. 54

<0.02

0.09

0.03

16,500

3,500

390

2. L6

7.0

33 ,000

0.9

0.71

0. l7

0. l5

0.04

17,000

r00

l0
t .98

8/18
09 30
0.2

7.5

32,000

1.1

1.5

0.lt
0. 11

0.02

16,500

20

<5

6.34

8/19
1040
0.2

4.5

33 ,000

1.1

1.2

<0.02

0.ll
0.02

16,750

80

10

8/ r8
0950
0.2

8/ l9
1020
0.2

8/ 18
0840
0.2

8/19
09 30
0.2

1.5

33 ,000

0.9

0.90

0.02

0.25

0.03

16,250

1 ,300

140



BH22

TABI-E 9 (CONTINUED)

BH23 81124 BH25STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters):

8/ l8
0900
0.2

8/Ie
0955
0.2

8/ r8
080 5
0.2

8/ te
07 40
0.2

8/re
0850
0.2

2.0

33 ,000

0.7

0.90

0.03

0. 28

0.04

I 7 ,000

150

IO

2.88

B/le
1120
0.2

8/lB
1030
0.2

8/19
t 145
o.2

2.0

33 , oo0

0.6

0. 53

<0 .02

0. 14

0.03

16,750

10

<5

1.9

(,
5'

PARAI"IETER

Suspended Solids 3.5

Total Solids 32,700

Turbidiry (NTU) 0.7

Total K-jeldahl-Nitrogen 1.8

Ammonia-Ni trogen <0.02

Total Phosphorus 0.09

OrthophosphaLe 0.02

Chloride 16,500

Total Coliform (colonies/100 ml ) f0O

Fecal Coliform (colonies/tOO mt ) +O

Chlorophytt a (mg/m3) 2.1

3.0

32,900

0.7

1.7

<0.02

0. 15

0.03

17,500

60

10

3.96

1.5

33,000

0.6

0.48

<0. 02

0.16
(1.02

17 ,250
30

<5

3.0

33 , 200

0.8

1.1

<0.02

0.07

0.03

16,500

40

10

2.O

33 ,000

0.7

0. 63

0. l4
0.24

0.02

I8,000

750

90

5.0

32,900

0.7

0. 70

<0 .02

0.09

0.03

16 ,7 50

140

5



TABLE 10

1987 BEVERLY !{ARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA*

TorAL KJELDAHL-NIrRocEN (trN), TorAL pHospHoRUS, z voLATTLE soLrDS AND

OIL AND GREASE

STATION
NUMBER rxnl ror¿r. pl

ol

VOLATII,E
SOLIDS

OIL
AND

cR¡esn2

SBO5A

SBO6A

SBO9

SB 1O

SB 12

SB 15

SB 17

SB 20

SB 21

BH2O

BH21

BHz2

BH23

BHz4

530

10 ,860

2,680

1 ,880

930

2,360

r,620

2,450

1,410

1 ,490

5,120

2,090

970

1,140

0.25

0.25

0. 31

0.25

0.29

0. 09

0. 15

0.26

0. 15

0. 09

0.6r

0. 1t

0. 09

0.15

850

3, 190

I ,580

I,640
720

1,280

790

1,700

930

770

i, Ego

860

440

540

2.63

31.4

10 .8

12.8

4. L4

8. 18

6.06

12.7

5.98

7.88

16.9

5 .67

3.28

3.66

I
2

Samples collecEed August 18 and 19, 1987
mg/kg dry weight
ne/ke weÈ weight
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STATION
NUMBER

SBO5A

SBO6A

SBOg

SB 1O

SBI2

SBI5

SBIT

SB20

SB 21

BH2O

BH2I

BH22

BH23

BÍ121+

Fe

1 3 ,000

1 I ,000

16,000

I 7 ,000

15,000

10,000

l4, oo0

19,000

6,400

I 3 ,000

13,000

9, ooo

4, 8oo

/+ ,400

AI Cu

TABLE li

1987 BEVERLY HARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA*

TOTAL METALS (me/kg dry weight)

Zn Pb Cr cd

40

6,800

940

430

22t)

220

240

500

250

550

4,7C0

420

'210

240

Ni AS As Hg+

0. 38

1.8

3.1

I .95

0.52

r.99

r.27

1.70

0. 70

1.5

5.0

r.2
1.1

0.37

(¡)
c¡,

5,100

8, 60o

I I ,000

9,200

7 ,200
I I ,000

7,300

10,500

6,000

6, loo

I I ,600

5 ,400

4,100

3, 700

130

160

r40

r20

36

66

45

13

24

39

150

4E

I7

l9

150

i,100
380

320

83

L7

130

300

8'2

110

500

120

54

48

r50

950

520

420

r20

160

120

160

140

rI0
560

120

53

52

0.50

9.2

2.5

2.8

0. 50

1.0

0. 70

1.8

t.6
1.5

8.6

1.6

0.80

0. B0

9.2

15.0

5.6

i2.0
7.0

14.0

8.3

19

8.8

25

24

20

8.5

r.5

22

20

24

20

15

I2

20

l3
2L

ll
27

I4

7.4

6.3

0.80

0. 60

0.50

0. 60

0. B0

0. 60

0.40

0. 60

0.40

0.40

0. 70

0. 70

0.20

0. 20

''.- Samples collected Augusr l8 and 19, l9B7
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TABLE 12

I9B7 BEVERLY HARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA*

POLYCYCLIC AROMATIC HYDROCARBONS AND POLYCHLORINATED BIPI{ENYLS

(reporred as pc/C dry weighr)

SBO5A SBO6A SBO9 SBIO SB12 SBI5 SBIT sB20

0

6

l.
ND

3.
l3
+
l0
1t
l6
l0
+
+

2L
.,

ND

ND

+

ND

ND

2L
l7
ND

ND

ND

6.

(¡)
\t

STATION NUMBER:

COMPOUNDS

AcenaphLhene
Acenaphthylene
Anthracene
Benzo(a) anthracene
Benzo(b) fluoranthene
Benzo(k) fluoranLhene
Benzo(g,h, i) perylene
Benzo(a) pyrene
Chrysene
Dibenzofuran
DimeLhyl naphthalene
F luoranthene
F luorene
Methyl anLhracene
l{ethyl fluorene
Methyl naphthalene
MeEhyl phenanthrene
Mechyl pyrete
Phenanthrene
Pyrene
l, I Biphenyl
PCB A 1242
PCB A 1254
PCB A 1260

0

7

0.79 0. 55
0.40
0.52

2

4

0.
1.
9.
+

9.
ND

7.
5.
+
+
15

1.
+
ND

ND

+
+
7.
11
+

ND

ND

0.

47
2

2

0. 39
0.87
3.0
4.6
+

4.7
r.9
4.4
3.9

+

<0

+

+

L4

9.3
ND

ND

ND

0.66I7

9

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

2.
ND

ND

ND

ND

ND

ND

ND

I.
ND

NDI7

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

<0

7

7

.56

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

t.
ND

ND

ND

ND

ND

ND

ND

1.
ND

ND

<0

4

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NO

l.
ND

ND

ND

ND

ND

ND

ND

i.
ND

ND

ND

0.
.56

I

5

9

3.5
+

3.7
ND

3.6
2.9
ND

ND

4.4
0.64
ND

ND

ND

ND

ND

2.1
3.5
ND

ND

ND

0.32

I3
1.6
+
+

ND

ND

I

ND

0.27 <0. 17

3

l7

* Samples collected on AugusE 18 and 19, 1987
** ResuIt suspecE
+ No standard available for quanEiLation. Mass spectrum compared to mass spectral

database for identification.
ND NoC detecLed

ND



TABI-E i2 (CONTINUED)

I987 BEVERLY HARBOR AND TRIBUTARY SURVEY

SEDIMENT DATA.*

POLYCYCLIC AROMATIC HYDROCARBONS AI\D POLYCHLORINATED BIPHENYLS

(reported as pe/C dry weight)

STATION NUMBER:

COMPOUNDS

Acenaphthene
Acenaphthylene
AnLhracene
Benzo(a) anthracene
Benzo(b) fluoranthene
Benzo(k) fluoranthene
Benzo(g,h, i) perylene
Benzo(a) pyrene
Chrysene
D ibenzo furan
DimeLhyl naphthalene
F luoranLhe ne
F luo rene
MeLhyl anthracene
Methyl fluorene
Mechyl naphLhalene
Methyl phenanthrene
Methyl pyrene
PhenanLhrene
Pyrene
l, I Biphenyl
PCB L t242
PCB A 1254
PCB A 1260

SB 2I BH2O BH2I BH22 BH23 BH24

0.52
0. 38
0.7 2
4.2
+

4.0
ND

4.0
3.2
ND

¡ID

5.2
0.72
ND

ND

ÑD

ND

ND

2.8
4.2
ND

u-)
@

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.9
ND

ND

ND

ND

ND

ND

r.4
2.0
ND

<0. r6
ND

<0. 17

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

I\¡D

ND

<c. r
<0. 5

ND

0.23
ND

1.8

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

3.6
ND

ND

ND

ND

ND

ND

NÐ

ND

ND

<0. r6
<0. 56

}ID

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

N.D.
<0. 56

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NÐ

ND

<0. t6
<0. 56

ND

6

6

* Samples collected on August l8 and 19, i987
+ No standard available for quantitacion. Mass spectrum compared to Mass spectral

database for identificaLion.
ND NoL detected



BEVERLY HARBOR SPECIAL I^IATER QUALITY SURVEY

INTRODUCTION

During the period of February through May of 1988 four water quality surveys
were conducted in Beverly I{arbor by Division personnel. The sarnpling was

conducEed to moniEor \.raLer qualiEy in the area in response to a break in the
60 year old 30" force main sewer pipe which conducts unEreated sel¡Iage from the
Beverly pumping staEion at Tuck Point under Beverly Harbor to Lhe SESD waste-
Trater treatment plant on Salem Neck. The rupEure occurred at approximately
1:15 p.m. on Saturday, February 13, 1988. At the Eime, the area was being
dredged so Ehat a ne\r se\./er line could be ins ta11ed . On February 21 a second
break occurred when Ehe dredge pulled up sections of old pipe near Ehe Salem
shoreline. By In/ednesday, February 24, 1988 Ëhe new 42" line was in place and
all flow from the pumping station in Beverly was, once again, transported under
the harbor to Ehe treatment plant. During Ehe 11 day period of the break an

average of 10.6 MGD of unEreaL.ed sewage flowed into Ehe harbor. An addirional
average of 0.94 MGD of sewage was discharged from the River SEreet and Vlilson
Avenue bypass gates during this period. Due to cidal conditions that influ-
enced Ehe flow of se'¡age from the bypass points, repairs to the pipe by divers
could only be undertaken Lhree hours before and Ehree hours after low Eide.
During Ehis period, ser^rage was diverted from the force main to Lhe bypasss
points on Ehe Danvers and l¡laters rivers.

The SESD also conducted special water sarnpling (mainly for bacteria) during and
afEer the break at nine staEions around Beverly Harbor and Ehe Danvers and
trrlaters rivers. Samples of wasEev¡aLer enEering Lhe Beverly Pumping StaEion tvere
also analyzed on tTnzo separate days by SESD.
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DESCRIPTION OF STUDY AND METHODOI-OGY

Samples were collected in Beverly Harbor and the Danvers River on four occasions
during the winter-spring period of 1988. The sampling staEion descripEions and
dat.es of collection for the study are listed in Table 13. Figure 3 illustraLes
Èhe staEion locations and approximate location of Ehe break in the pipe.
SEaLions rÀ7ere selected so Ehat Ehe irnpact of rhe rupture on \,/ater quality could
be assessed in Ehe immediate vicinity of the pipe as hre11 as at various upstream
and downstream locations. Samples were also collecEed upsEream on the Danvers
River to EesE for signs of sewage contamination thaE may have been transported
upriver on the incoming ride.

Stalions 21 and 22 on the Danvers River vTere accessed from bridges. \¡Iater
samptes were collected wich a buckeE from these locaÈions. All oÈher stations
in Beverly Harbor vrere accessed by boaE. The Salem Harbormaster, Jim Cahill,
supplied boat transport for each survey. I^Iater samples were collected from the
boat with a van Dorn grab sampler aL one meEer below the surface and one meter
above Ehe bott.om. Sediment samples were collected wiEh a PeEiEe Ponar dredge
from all of the harbor sEations (A thru E) on l{,ay 4 as described in the mechods
secÈion of this report.

The samples were transported on ice to Lhe Lawrence Experiment Station (t¡S)
wichin Ehree hours of collecE.ion and analyzed for the following:

Water samples: BOD, pH, tot.a1 solids, suspended solids, chloride,
turbidity, conductiviLy, toEal Kjeldahl nitrogen,
ammonia nitrogen, LoEal phosphorus, and c.ota1 and fecal
coliform bacteria.

Sediment samples: heavy metals, PAHs, PCBs, total phosphorus, total
Kjeldahl nitrogen and percent volaEile organics.

The meEhods of analyses performed aE LES are described in Appendix B.

Salinity and conductiviLy rrere measured in the field wiEh a SCT meter (Yeltow
Springs Model 33). TemperaLure !üas Eaken with a hand-held thermomeLer;
dissolved oxygen determinations \^7ere conducEed by the modif ied I^/inkler technique.

40



STATION

TABLE 13

BEVERLY HARBOR SPECIAL I^]ATER QUALITY SURVEY

SAMPLING STATION LOCATIONS

D, E

DESCRIPTION

As outgoing current flows, aPproximaEely 50 meters
east of break in pipe

As incoming current flows, apProximat.ely 50 meEers
rresE of break in pipe

ApproximaEely 100 meters off lrroodbury PoinE

Off Sandy Point at can lÉ3

Off Tuck Point jetEy aE nun iÉ8

Danvers River, Liberty lti1l Avenue Bridge

Danvers River, Route 1A Bridge

SURVEY DATES

SAMPLE DATE PIPE RUPTURED

2/25, 317, 3130, 514
3/7, 3/30

2/ L3-21 24

A

B

c

D

É

,¿T

22

STATION

A, B, C,
2I, 22
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DANVERS

ê4

DRAI¡¡AGE LOCATION

BEVERLY

s822

PEABODY
I

r

I

/J

EEVERLY
HAREOR ù c

E

,1,
,Aa',/ sD_+

-c'
4

)

q
SALEM MARBLEHEAD

SEOIMEI{T AT{D WATER
QUÀLITY STATIOfl

+ LOCATION OF EREAK
( App?o¡inrl.)

tri
o

lKn

\

FIGURE 3

/
NORTH COASTAL WATER QUALIW SURVEY 1988
LOCATION OF SAMPLING STATIONS: BEVERLY
HARBOR SPECIAL SURVEY
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RESULTS AND DISCUSSION

I^later qualiEy and sediment sampling results are listed in Tables 14 through 16.

0n February 25, one day after the break \^ras repaired, total and fecal coliform
densiEies at Stations A and E were elevated. These counts exceeded the maximum
value allowed to meeE the criLeria for SB class r^raLers as defined by the
MassachusetLs tr{arer Quality SLandards (tota1 coliform > 700 MPN/100 ml). Beverly
Harbor and the Danvers River are classified as SB according to Lhese standards.
At the time of Ehe survey on February 25 Ehe tide was going out, thus StaLions A

and E rvere the closest downcurrent stations to Ehe break area. Although the
break had been repaired the previous day the data indicate that there was sti1l
some residual bacteria contamination in the immediate vicinicy. All other sta-
tions exhibited elevaÈed counts on this day but were wiLhin the standards for
SB class \^7aters.

Surface dissolved
were below lhe SB

some bioEa, would

oxygen concentrations on Februaty 25 at stations A, B, and
standard of 6.0 *g/t. Stressful environmental conditions,
have existed at Station B where DO reached 2.2 mg/t.

C

for

During all other sampling dates and at all oEher stations no oEher \^/aLer qualit.y
standards were violated and all parameters were within expected ranges.
Stations 2L anð 22,located upstream on Ehe Danvers River, diC noL exhibic signs
of significant long term negative impacts from Ehe break. Dissolved oxygen was
high and bacteria densities were low on both sampling dates. These stations were
sampled much later afEer the break was repaired. From this survey iE could noL
be ascertained if sewage was impacting up-river areas during incorning Lides
while the break occurred.

Coliform bacEeria sampling conducted by rhe SESD during and after the break
indicated thaE up river sEacions as far as the ülaters River (River Street,
Danvers) were being impaeted by Ehe break up unEil Ehe day Ehe pipe was
repaired.l SESD data show that two days after the sewage flow into the harbor
was abated, Ehe bacteria counEs aÈ all staLions were 1ow, indicating that the
cause of the coliform contaminaEion was most likely from the rupLure. As a pre-
caution shellfish beds in Marblehead and Manchester hrere closed immediately
afEer the break was discovered.

Sediment analyses found below detecLion limits for all buL one polycyclic aromatic
hydrocarbon. Pyrene \¡ras measured at a level just above the detection limic ac
Station E. No PCBs '¿ere found at any of the stations.

The sediment metals concentrations r¡/ere compared to the metals criteria estab-
lished for classifying dredge spoils for disposal (UOWpC, 1983a). Stations A, C,
and E had meLals concentrations well within the limits of category I. Category
I sedimenLs are considered suitable for irse as fill material or topsoil i^/ithout
restrictions. Slations B and D had very high leve1s of chromium (category 3)
and moderately high levels of mercury (category 2) in che sediments. It is un-
likely that these el.evated levels of meEals are relaEed to the sewage line
break. SedimenÈ collected in the summer previous to the break had similarly
high levels of metals (see Beverly Harbor and Tributaries section).

These data show that the impact of the break was localized and that waEer
quality degradaEion was limited to Ehe time of the break.

Unpublished data and reporl from the South
and tr^lil l iam Cashins, DEQE, NERO, (trloburn)
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TABLE 14

1988 BEVERLY HARBOR SPECIAL I^TATER QUALITY SURVEY

WATER QUALITY DATA
(Results in mg/1 unless nored)

STATION A

å.
å.

DATE:
TIME (hours):
DEPTII (meters):

PARA,N,ÍETER

Temperature ( "C)

Dissolved Oxygen

pH (Standard Units)
Salini Ey %"

B0D5

Suspended Solids

Total Solids

Turbidiry (NTU)

Specific ConductiviLy (rumt¡os)

ToEal Kjeldaht-Ni trogen

Anunonia-Ni trogen

Total Phosphorus

Ch lor ide

Total Coliforin (colonies/100 ml)

Fecal Colifor¡n (colonies/100 rnl)

Tide (Incorning - I)
(Outgoing - o)

2/ 25
1030
I

4.5

5.7

7.9

32

1.5

0.0

34,000

0.6

27 ,000

0.43

0. 07

0.09

l5,000

790

140

o

2/ 25
1020

5

3 /07
ro47
I

5.5

13. 3

8.0

30. 5

2.1

2.5

35 ,000

0.4

28,000

0.46

<0. 02

0. 07

17,000

20

<10

I

3 /07
1055
4.5

4.5
14.9

8.1

29.2

2.r
3.5

35 ,000

0.9

27 ,2OO

0.45

<0.02

0.07

17,000

<20

<I0

I

3/ 30
LO47
I

3 /30
1056

5

6.0

11.3

8.1

31

r.5
3.0

35 ,000

0.4

31 ,000

1.0

<0.02

0.09

17 ,000

t0

5

o

5l04
1020
I

11 .0

9.5

7.9

22.5

1.8

3.5

34, loo

1.0

25, 500

1.4

0. 05

0.08

16,500

10

<5

I

s /04
1027

3

3.5

LT .2

7.9

33

1.2

0.0

35 ,00ù

0.7

27 ,500

0. 88

0. 06

o.L2

17,000

490

490

o

7.0

tl.4
8.1

3l
1.8

2.0

34, ooo

0.5

3t,000

1.0

0. 02

0. 10

16, 500

<5

<5

o

10. I

9.5

7.9

22.5

1.5

1.0

34,900

0.4

25,500

1.3

0.05

0. 08

16 ,000

40
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.Þ
l¡

DATE:
TIME (hours):
DEPTH (meters):

PARAMEIER

Temperature ( oC)

Dissolved Oxygen

plt (Standard Units)

Salinity Z"

BOD5

Suspênded Solids

Total SoIids

Turbidity (NTU)

Specific Conductivity (¡rmhos)

Total Kjeldahl-Nitrogen
Ammor"tia-Ni trogen

Tot.a1 Phosphorus

ChIor ide

Total Coliforrn (colonies/100 ml)

Fecal Coliform (colonies/100 mf)

ride (Incoming - I)
(outgoing - O)

TABLE 14 (CONTINUED)

STATION B

2/ 25
r045

5

3.0

Il.2
7.6

32

2.4

r.5
34,000

0.5

27,000

0.86

0. 05

0. 12

16,500

110

20

o

5.0

t3.7
8.I
27 .8

1.2

2.0

34,000

0.4

27 ,O0O

0.54

<0.02

0.07

l6,500

20

<10

I

3/07
r 105
I

3 /07
I r08

5

3 /30
i 102
I

2/ 25
r040
I

3.0

2.2

7.9

32

t.2
0.5

34 ,000

0.5

27 ,OO0

0.76

0.07

0. 11

16,000

170

20

o

5.0

14 .0

8.0

28.0

2.4

1.0

34,000

o.4

27 ,OO0

0. 58

<0.02

0. 08

17,000

60

20

I

6.5

1t .0

8.1

29.5

I.2
2.5

33,000

0.7

30,000

1.0

0.03

0. û8

16 ,000

430

<5

0

i0. 1

9.8

7.9

22.0

1.5

3.5

34,000

o.4

25,000

1.3

0.04

0. 08

16,500

30

<5

I

3/ 30
1l l0

5

6.0

tl.8
8.1

30.0

1.8

5.0

35 ,000

0.6

30,000

I.2
<0. 02

0. 10

16,500

<5

<5

o

s/04
i043
I

11.0

10.0

7.9

2r.2
1.5

1.0

34,800

0.4

24,800

t.2
0.05

0.07

t6,500

<5

<5

I

s l04
1049

5



TABLE 14 (CONTINUED)

STATION C

o\

DATE:
TIME (hours):
DEPTH (meters ) :

PARAì4ETER

Temperature ( "C)

Dissolved Oxygen

pH (Siandard Units)
Salini ty %"

BOD5

Suspended Solids

Total Solids

Turbidity (NTU)

Specific Conduccivity (pmhos)

TotaI Kj eldahl-Ni trogen

Ammonia-Ni E.rogen

Total Phosphorus

Chloride

Total Coliform (colonies/100 ml)

Fecal Coliforrn (colonies/100 mf)

fide (Incoming - I)
(outgoing - O)

2/ 25
r055
I

3.0

5.1

7.9

3I

1.8

0.5

36,000

0.5

27 ,stJO

0. 70

0.04

0.09

17,000

170

20

o

2 25
1 102

3

3.0

t2. L

7.9

31

i.8
0.5

35 ,0oo

0.4

28,000

0. 78

0.02

0.08

17,000

110

20

o

3/ 07
IL25
t

5.0

14.5

8.r
28 .0

2.r
1.5

35 ,000

0.4

27 ,000

o.49

<0.02

0.08

17,000

<20

<r0

I

3 /07
1128

5

3/ 30
tr22
I

t.o
tl.4
8.1

30.0

1.8

4.5

34,000

0.6

3l ,000

l.t
<0.02

0. 10

17,000

<5

<5

o

3/3
1130

5

6.0

11.8

8.1

31 .0

1.2

4.5

35 ,000

0.5

31 ,000

0.97

<0.02

0. 07

17,500

<5

<5

o

i 109
l.

s /04
1114

5

4.5
14.8

8.1

28.5

1.8

2.5

35 ,000

0.3

27 ,5OO

0. 54

<0. 02

0.08

17,000

<20

<r0

I

1r .0

10. 2

7.9

2r .0

1.5

<r .0

34,4oo

0.5

24,5OO

1.3

0.03

0.07

16,500

<5

<5

I

10.0

7.9

2t .0

t.2
8.5

35, 2oo

0.5

24,500

1.1

0.04

0.09

16,500

30

<5

I



TABLE 14 (CONTINUED)

STATION D

DATE:
TIME (hours):
DEPTH (meLers):

PARAMETER

Temperature ( "C )

Dissolved Oxygen

pil (Standard Unics)

Salinity %"

B0D5

Suspended SoIids

Total Solids

Turbidity (NTU)

Specif ic Conductivicy (¡¡mhos)

Total Kj eldahl-Ni trogen

Anunonia-Ni trogen

Total Phosphorus

Ch lor ide

Total Coliiorm (colonies/100 mf)

Fecal Coliiorm (colonies/100 ml)

Tide (Incoming - I)
(outgoing - o)

2/ 25
110
I

3/ 07
1135
I

3/ 30
1135
I

5 /04
1133

5

2/ 25
1r r4

5

3.0

8.8

7.9

31.5

2.1

0.5

35,000

0.4

28, 000

0.40

<0.02

0. 09

16,500

5.0

14.4

8.0

28 .0

2.r
1.0

35 ,000

o.4

27 ,OOO

0. 59

<0. 02

0.07

17,500

<20

<i0

I

3/ 07
I 140

5

4.0
14.4

8.0

28.9

2.1

2.0

35 ,000

o.4

27 ,5OO

0. 80

<0.02

0.08

17,500

<20

<10

I

6.0

r1.0
8.1

3i .0

0.9

2.0

34,000

o.7

31,000

0.40

0. 02

0.09

17 ,000

<5

<5

0

3/ 30
tt42

5

6.0

r1.5
8. t
31 .0

1.5

4.5
36 ,000

0.4

31,000

0.68

<0.02

0.1r
17 ,000

<5

<5

o

5 /04
1128
I

1l

9.8

7.9

20.5

1.5

2.5

35, 700

0.4

24, ooo

t.2
0. 05

0.09

16,500

20

<5

I

Þ-
!

3.0

11.9

1.9

30. 5

2.4

1.5

35 ,000

0.5

27 ,500
0. 54

c.05

0. l0
16, 500

10

9.9

7.9

22.0

1.5

<1.0

34,700

0.3

25,000

0. 78

0.02

0.08

16,500

<5

<5

Ioo



TABLE 14 (CONTINUED)

STATION E

DATE:
TIME (hours):
DEP'IH (meLers):

PARAMETER

Temperature ('C)

Dissolved Oxygen

pH (Standard Units)
Salini Ey 7""

BoD5

Suspended Solids

Total Solids

Turbidicy (NTU)

Specific ConductiviEy (¡¡mhos)

ToEal Kjeldahl-Ni trogen

As¡monia-Ni trogen

ToÈal Phosphorus

Ch lor ide

ToLal Coliform (colonies/100 mf)

Fecal Coliform (colonies/i00 rnf)

Tide (Incoming - I)
(outgoíng - o)

2/ 25
tr25
I

3.0

I0. 3

7.9

30

t"2
0.5

34,000

0.5

21 ,0to
0.7 6

0. 07

0. l1

16,000

490

130

o

2.0

11.6

7.9

3r

2.1

0.0

36, ooo

0.5

27 ,5OO

0. 80

0.04

0. 09

t6,500

t90

130

o

4.5

14.5

8. r

28.5

2.4

4.0

34,000

0.5

27 ,5OO

0.46

<0.02

0.08

17,000

<20

<r0

I

3 /07
115 3

4.5

4.0

14 "3
8.0

28.0

2.4

3.0

35,000

0.4

27 ,000

0.49

<0.02

0. 06

17,000

<20

<10

I

3/ 30
1151
t

6.0

ll.9
8.1

3l .0

1.8

2.5

34,000

0.5

31 ,000

0.68

0.02

0. 09

l6 ,000

10

<5

o

3 /30
115 5

5

5.0

11.6

8.1

30.5

r.8
4.5

34,000

0.5

30, 500

0. 86

<0. 02

0.10

16, 500

<5

<5

o

5 /04
1 148
I

10.0

9.8

7.9

22.0

2.r
1.5

34,900

0.6

25,000

1.0

0. 03

0.09

16,500

10

<5

T

5/04
1153

5

10.0

9.8

7.9

22.0

1.8

<1 .0

33,500

0.6

25 ,000

1.5

0.06

0.08

16,500

<5

<5

I

2/ 25
1130

5

3 /07
LT49
I

s'
æ



STATION:
DATE:
TIME (hours):
DEPTH (meters ) :

PARAT,IETER

Temperature ( "C)

Dissolved Oxygen

pH (Standard Units)
Salinity Z'
BOD5

Suspended Solids

TotaI Solids

Turbidiry (NTU)

Specific Conductivity (rrmhos)

Total Kjeldahl-Nitrogen

Ammonia-Nitrogen

Total Phosphorus

Ch 1 ori de

ToEal Coliform (colonies/100 ml)

Fecal Coliform (colonies/100 ml)

Tide (Incoming - I)
(outgoing - o)

TABLE 14 (CONTINUED)

2l
3 /07
t234
0.1

3/ 07
t215
0.1

3/ 30
I 250
0.1

22
3/ 30
I 304
0.1

N

\o

5.5

14.3

8.0

28.5

2.4

2.0

34,000

0.7

27 ,500
0. 50

<0.02

0.07

17,000

20

i0
I

7.0

1i .0

8.1

28.0

1.8

5.5

31 ,000

1.1

28, 500

0. 78

0.04

0. 09

15,500

5

<5

0

5.0

L4 .4

8.1

29.t
1.8

2.0

35 ,000

0.7

28,000

0.46

<0.02

0. 06

I7,000

20

<10

I

7.0

11.1

8.1

30 .0

1.2

20

33 ,000

0.8

30,000

0.80

0. 03

0. 09

15,500

<5

<5

o



TABLE 15

1988 BEVERLY HARBOR SPECIAL I^IATER QUAIITY SURVEY

SEDIMENT DATA*

(mg/kg dry weight)

STATION: EnCBA

PARAMETER

Total MeEals:
I ron

Aluminum

Copper

Zí¡c
Chromium

Cadmium

Nicke 1

Silver
Arsenic

Mercury

10 ,000

5,000

L2

47

75

0.30

8.0

<0. 20

4.8

0. 16

8, 000

5, 200

2_4

100

500

0. 80

7.7

<0. 20

6.2

0. 65

3,480

1 ,080

6.6

480

5,100

3, loo

3.4

28

60

<0. 20

3.7

<0. 20

3.9

0. c8

16 ,7 50

8, 750

70

2T

1,550

4.2

16

0. 60

4.5

i.3

5,600

3,350

8.2

35

80

0. 20

3.9

<0. 20

2.4

0.12

Total Kjeldahl-Nitrogen
ToEal Phosphorus

Z Volatile Solids

0i1 and Grease

(rng/tg wet weighc)

* Samples collecEed May 4, f988

1,730

700

2,3

120

730

460

20

51

4,940

1,690

13

1,200

1, lg0

600

2,5

100

50



TABLE 16

1988 BEVERLY HARBOR SPECIAL ÍüATER QUALITY SURVEY

SEDIMENT DATA*

POLYCYCLIC AROMATIC HYDROCARBONS AND POLYCHLORINATED BIPIIENYLS

(Reported as ¡el1)

STATION

Al s1 ç2 92 s2

COMPOUNDS

Benzo(a) anthracene

¡enzo(b) fluoranthene

Benzo(k) fluoranthene

Chrysene

F 1 uoranEhene

F luorene

Phenanthrene

Pyrene

ND

ND

ND

<1.5

<4.0

ND

<5.2

<3.0

<2.4

<2.5

<0.80

<1.5

<4. 0

<4. 3

<5.2

<3.2

ND

ND

ND

ND

ND

<3

<4

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0 \.t 0

ND

<5.2 <5.2

3.92

* Samples collected May 4, 1988
I Aq,r"o,r. samples are extracEed and analyzed according Eo EPA Method 625
2 Sample was analyzed by Gas Chromatography/Mass SpectromeEry, EPA MeEhod 8100
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SALEM SOUND AND MARBLEHEAD HARBOR

DESCRIPTION OF STUDY AREA

The harbors of Salem and Beverly adjoin Salem Sound, a relatively shallow
((15 meters) area protected on the east from the direcË force of Ehe Atlantic by a

chain of Ewenty-five sma1l islands. These islands comprise a toEal of approxi-
mately 234 acres within the Sound. The largest of these (over 10 acres) include
Cat, Bakers, llouse, and Great Misery Islands. The Sound is approximaEely ten
square miles and is bordered on the north by Beverly and ManchesLer and in the
south by Salem and Marblehead.

Marblehead Harbor is a sma1l (0.56 square miles), well protected harbor wiEh no
major freshwater tributaries. The entire area supports a varieEy of recre-
ational and commercial activiEies including pleasure boacing, swimming, scuba
diving and sport and commercial fishing. Salem sound also provides boat access
Eo Ehe developed Salem and Beverly }iarbors via maintained navigational channels.

Sailing is popular in and around Marblehead Harbor with over 2100 boats moored
here during the suûrmer (uczl't, 1977 ). In addicion several pub lic boaË ramps and
beaches are found along the shoreline.

hlithin Sa1em Sound Ehe major source of pollution is the SouEh Essex Sewerage
Dist.rict (SESD) outfall r¿hich discharges primary Lreated se\,rerage at a siEe
jusL east of Great Hast.e Island in approximaEely l0 meters of water. Up uncil
1978 raw \rastevrater \das pumped directly into Ehe harbor via this ouEfal1. In
1986 the SESD submicted a revised application to EPA requesting chat the Federal
requirement Eo upgrade treaËment faciliCies to secondary be waived. This
requesL ryas subsequently denied by the EPA and studies for the locaÈion and
construction of the secondary treaEmenE plant and Ehe location of Ehe discharge
outfall siEe have been initiated.

The location descriptions of che staEions that were sampled
the survey are presented in Table 17.' Figure 2 illustraLes
sampling stations.

in
the

this portion of
locations of the

RESULTS

The waEer column chemical, physical and bacteriological data are presented in
Tables 18 and 19. The results of Ehe sediment analyses are presented in Tables
20 and 21.

52



STATION
NUMBER

SSOl

ss0 2

SS 03

SS04

MBOl

MBO2

TABLE 17

1987 SALEM SOUND AND }{ARBLEHEAD TTARBOR I^IATER QUALITY SURVEY

SAMPLING STATION LOCATIONS

LOCATION DESCRIPTION

Salem Sound - near South Essex Sewerage Dist.rict ouEfall

Salem Sound - offshore from Mingo Beach at nun /É14

Salem Sound - offshore from Al1en Head

Salem Sound - easE of Hardy Shoal at nun lÊ8

Marblehead Harbor - mouth of harbor at nun /É2

Marblehead Harbor - in inner harbor offshore from yacht club
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TABLE 18

1987 SALEM SOUND AND MARBLEHEAD HARBOR SURVEY DATA

TIME - DEPTH - TEMPERATURE - SALINITY - DISSOLVED OXYGEN

DATE
TIME

( rrr /min )
DEPTH*

(m)
TEMPERATURE*

('c)
SALINITY*

('/oo)

DISSOLVED*
OXYGEN
(*g/r )

6l 241 87 1340

7/20187 1020

7 I 2r l87 0950

8l 18187 1100

8l 19 187 1230

Station SS01 (Salen Sound)

15 .5
15.4
15.1
14.8
r3.5
13.2
t3.2
17 .4
16.9
l6 .0
15.6
15. 5

15.4
16.1
t6.6
16.2
15.9
13.5
10.7
16.3
17 .0
t2.6
11 .0
10.6
13.6
13.8
12.7
12.0
1l .8

SEaEion SS02 (Sa1em Sound)

16.8
16.7
15.3
17.8
t4 .4
12.7
11.9
il.5
9.8

29

30
30
30
30
31

31
30
30
30
30
30
3C

29

30
3l
3t
31

3r
29

3l
3l
3l
3i
29
31

31

31

3l

30

0.1
2.0
4.0
6.0
8.0

r0 .0
1r .0
0.2
2.0
4.0
6.0
8.0
8.7
0.2
2.0
4.0
6.0
3.0
9,5
0.2
2.0
4,0
7.0
9.0
0.2
2.0
4.0
6.0
8.0

7

8

9

8

9

0

0
0

8
8

9

9

9

9

9

I
I
I
3

7

3

4
4
4
7

5

5

5

5

10. i
lc.1
10.0
9.7
9.2
9.2
ot
9.3
9.3
9.2
9.2
9.2
9.2
9.3
9.3
o,
9.1
c?
o?
9.1
8.8
9.0

6l 2/+ /87
8l18/87

13 20
1045

10.6
9.431.

31.
31.
31.
31.
31.
31.
31.

0.1
0.2
2.0
0.2
2.0
4.0
6.0
8.0
9.9

4
3

2

3

3

4
5

6

7

9.8
9.7
q7

9.6
9.4

9.3
9.5
9.6
9.3
9.4
8.7

8/ L9 I 87 1205

* Data obEained wirh Hydrolab Surveror II
*** Hydrolab mal funcLion
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TABLE 18 (CONTINUED)

DATE

TIì48
( irrlmin)

DEPTH*
(m)

SALINITY*
(o/"")

DlSSOLVED*
OXYGEN
(tng/r)

TEMPERATURE*
('c)

6l 24/87 r2s0 0.1

6l 24/87 1230

6l 24187 115s

7 I 20/87 0910

7 / 21 187 085s

Station MBOI (Marblehead Harbor)

SEacion SS03 (Sa1em Sound)

i5.5

Station SS04 (Salem Sound)

15 .6
14.4
13.6
13.6
13.5
13 .2

15 .9
15.6
14 ,4
13 .7
L7 .3
16 .8
16 .2
16.1
16.9
16.8
16.3
L4 .7
12,0
11.1

30 .9

30.8

9.5

0.1
2.0
4.0
6.0
8.0

10 .0

0.2
2.0
4.0
6.0
8.0
8.8
0.2
2.0
4.0
6.0
8.0

0.1
2.0
4.0
6.0
0.2
2.0
4.0
4.6
0.2
2.0
4.0
6.0
8.0

10.0

0.8
0.8
0.8
0.9
0.8

3

3

3

3

3

9.8
9.4
9.2
o,
9.1
9.1

30.7
30. B

30 .8
30 .8
30 .9
30 .8
30 .9
30.9
30 .9
31 .0
31.1
31.1
3l .3
3i .3

10.0
9.7
9.4
9.1
9.7
9.4
9.0
9.C
9.4
9.3
ot
9.1
8.8
9.1

10. I
9.8
9.3
9.2
9.1
9.1
9.6
9.3
9.1
8.9
8.3

Station l,fB02 (Marblehead Harbor)

7 120/87 092s

7 /21187 0910

* Data obtained with Hydrolab Surveyor II

L7 .5
L7 .4

3l .0
31 .0
31 .0
31 .0
31 .0
31 .0
31 .0
31.1
31.1
31.1
3L .2

r6.3
15.8
15.4
15.1
16 .6
16.1
15.5
14.9
14. 0
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TABI,E I9

I987 SALEM SOUND AND MARBLEHEAD HARBOR SURVEY

I^IATER QUALITY DATA

(Values reporEed as mg/1 unless noted)

SSO I
6/ 24

STATION NUMBER:

DATE:
TIME (hours):
DEP'IH (meters):

PARAMETER

Suspended Solids

Total Solids

Turbidiry (NTU)

Total Kjeldahl-Ni Lrogen

A¡mnonia-Ni trogen

Total Phosphorus

Orthophosphate

Chlor ide

Total Coliform (colonies/i00 ml)

Fecal Coliform (colonies/1OO mf)

Enterococci (colonies/100 ml)

Chlorophytt a (ng/m3)

0955
8.0

8
I 100
1.0

1110
8.0

I 230
1.0

I 340
1"0

2.5

31 ,400

2.3

1.4

0.41

0.25

0 .21

16, 500

100

<5

Lt.76

t345
10.0

2.0

32,340

r.7
1.4

<0.02

o.12

0. 0r

17,500

7

1020
1.0

t025
8.0

3.5

3t , 100

1.3

2.0

0. 51

0. 36

0.27

16 ,7 50

7

09 50
1.0

9.0

32,090

r.5
4.3
0.41

0. 31

0.24

L7 ,750

5, 000

r20

1. 50

20 2 18 t9
I235
8.0

4.5 I .0

32,000 33,000

1.3 0.4

4.8 0.48

<0.02 <0.02

0.29 0.27

0. 16 0.02

16,500 16,750

950,000 --
15,000

L¡
o,

2.5

31,500

l.l
2.0

0.2

0. 19

0. 12

16,500

2, 000

IO

10

2.5

32,750

0.4

0. 7l

<0.02

0.02

0. 02

17 ,000

3.0

32,4OO

r.5
1.1

0.27

0.22

0.03

16,250

600

l0

2.88

2.0

33 ,4oo

0.6

0. 82

<0.02

0.06

o.o2

17 ,250



TABLE 19 (CONTTNUEO)

STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters ):

PARAMETER

Suspended Solids

Total Solids

Turbidity (l¡ru)

Total Kjeldahl-Nitrogen

Ammonia-Ni trogen

Total Phosphorus

Orthophosphate

Chl or ide

Total Coliform (colonies/100 mi )

Fecal Coliform (colonies/f00 ml )

Enterococci (colonies/100 m1)

Chlorophyti e (mg/m3)

6/ 24
1155
r..c

7 /20
09t0
1.0

7 /2r
0855
1.0

7 /20
0925
1.0

SSO2

8/r8
i045
1.0

1.9

SSO3

6 /24
r250
1.0

SS04
67u
r 230
1.0

r .6 2.0

32,530 32,23O

0. 6 0.9

1 .2 0.87

<0.02 <0.02

0.04 0.08

0. 0r 0.03

16,500 17,250

5 r0

<5 <5

5.32 10.08

MBOI MBO2

7 20
0945
8.0

0.5

32,300

0.7

1.3

1.1

0.06

0.03

16,750

2I
0910
1.0

5/24
13 20
1.0

8l 19
1205
1.0

7

(Jt{

I .0 2.0

32,3rO 33,300

1.0 0.6

i.5 0.70

<0.02 0. 60

0.08 0.08

0.03 0. 0l

I 7 ,000 ll ,250
r00 80

<5 <5

0.0 2.5

33 ,000 32,050

0.5 0.7

0. 38 r .4

<0.02 <0.02

0.16 0.05

0 .02 0.02

l7 ,000 16 ,7 50

10 20

<5 <5

0.5

32,400

0.5

0.49

<0.02

0. 06

0.03

17,060

10

<5

<5

l.ll

2.0

32,540

0.6

1.1

0. 10

0.03

0.02

16 ,7 50

<5

<5

5.0

32,200

0.8

0.40

<0. 02

0.05

0.03

16,500

5

<5

3.5

32,520

0.6

1.2

0.02

0.04

0.02

16 ,7 50

5

<5

1.14



TABLE 20

1987 SALEM SOUND AND MARBLEHEAD HARBOR SURVEY

SEDIMENT DATA*

TOTAL METALS, TOTAL KJELDAHL-NITROGEN, TOTAL PHOSPIIORUS, Z VOLATILE SOLIDS
ANÐ OIL & GREASE

STATION NUMBER:

PARAMETER (mg/i<g dry wt.)

Metals:

I ron

Aluminum

Coppe r
'LLILC

Lead

Chromium

Cadmium

Nicke I
S i lver
Ars enic

Mercury

Total Kjeldahl-Nitrogen
ToEal Phosphorus

7. Volatíle Solids

0i1 & Grease (mg/tg weE weighE)

* Samples collecte<l July 21, 1987

SSOl MBO2

l7 ,000

5,750

330

770

660

5 ,400

8.5

44

0. 70

5.4

4.2

7, 600

9,420

T2.L

0.41

28 ,000

11 ,500

74

170

160

1,300

2.6
2_2

<0. 20

I2

1.1

i, 200

L,570

13.3

0 .21
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TABLE 2i

1987 SALEM SOUND AND MARBLEHEAD HARBOR SURVEY

SEDIMENT DATA*

POLYCYCLIC AROMATIC HYDROCARBONS AND POLYCHLORINATED BIPI{ENYLS

(reported as pglg dry weighc)

STATION NUMBER: SS01 MB02

COMPOUNDS

AcenaphEhene
Acenaph Ehy lene
Anth rac e ne
Benzo(a) anthracene
genzo(b) fluoranthene
eenzo(k) fluoranthene
Benzo(g,h,i) perylene
Benzo(a) pyrene
Chry sene
Dibenzo furan
Dime thye thylbenzene
Dime Ehy lnaph Ehalene
Ethylnaphthalene
F luoranthene
F luorene
Me thy lanthrac ene
Methylethylbenzene
Methyl fluorene
Methyl indole
Methyl naphLhalene
MeÈhyl phenanthrene
Methyl pyrene
Nap Eh Ehalene
Nitrosophyenyl benzamine
Phenanthrene
Pyrene
Trime Ehylbenzene
Tr ime thy I naph tha I e ne
1 ,1 Biphenyl
1H-indene, 1-ethylidene
1-methyl-4 ( l-meEhylethyl )

benzene
PCB A 1242
PCB A 1254
PCB A 1260

r.7
0. 66
aa

9.5
ND

7.2
ND

8.1
7.0
+

+

+

+

19.0
2,7
ND

+

ND

+

ND

ND

ND

7.8
+

16 .0
12.0
+

+

+
+

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

t{D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

+

<0.16
N. D.
0. 63

ND

<0.16
ND

<0.17

+ No standard available for quantitation. Mass specLrun
compared to ùfass spectral daEabase for identification

Samples collected July 21, I987
Not detecEedND
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MANCHESTER HARBOR

DESCRIPTION OF STUDY AREA

Manchester I{arbor lies bet¡veen Beverly and Gloucester and opens southward into
salem sound. The harbor is very small (0'29 square miles) and must be main-
Eained by frequent dredging. Several sma11 freshwaÈer tributaries drain into
the harbor from a primarily residential and rural r¿atershed area. Recreat.ional
and commercial vessels crowd this harbor. Several marinas, boat storage and
repair yards, yacht clubs and mooring areas occupy much of the harbor area.
There is one public boat ramp but no public beach inside Ehe harbor.

The ser¡age treaÈment planÈ for the town of Manchester discharges 0.67 MGD of
primary treated sehrage via an outfall pipe to Ehe outer harbor aE a siEe
approximately 4 meEers deep near Halfti<le Rocks.

In t.he summer of 1986 Lhe outfall pipe was broken during dredging operaEions
and for a short Eime all of the se\^rage was being discharged inLo Ehe inner
harbor. The data presenEed in this report '¿ere collected to moniEor the l¡later
quality condiEions during Lhe break.

Table 22 provides the locaÈion descriptíons of the sampling sLaEions and Figure
2 illusEraLes these locations.

RESULTS

hTaEer column chemical, physical and bacteriological data are presented in Tables
23 and 24,
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TABI.E 22

1987 MANCHESTER HARBOR i^IATER QUALITY SURVEY

SAMPT.ING STATION LOCATIONS

LOCATION DESCRIPTION
STATION
NUMBER

MHOl

MHO2

l"IH04

MHO5

N,fHO6

Manchester Harbor -
Manchester Marine

ManchesEer Harbor -

Manchester Harbor -

Manchester Harbor -

ManchesEer Harbor -

inner harbor mid channel beÈween
and jeEty

in channel at can lÉ13

in channel aÈ nun lÉ10

in channeL at car- 1þ7

in channel at can lÉ5
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TABLE 23

MANCHESTER HARBOR I^IATER QUALITY SURVEY DATA

JULY 8, L987

TIME - DEPTH - TEMPERATURE - SALINITY - DISSOLVED OXYGEN

STATION
NUMBER

TIME
( hr /min)

DEPTH*
(m)

SALINITY*
(o / o")

DISSOLVED.å
OXYGEN
(me/1 )

TEI'IPERATURE'k
( "c)

MHOl 1100

MI{02 11 15

MIi0/+ 7245

0.1
2.0
3.0

0.1
2.0
l¡.0

0.1
2.0
3.5

0.1
1.5

0.1
2.0
4.0

20 .3
20 .0
19 .8

20 .0
19 .8
19.4

19 .9
t9 .7
19.6

19 .8
19 .2

30.2
30 .4

10.3
10 .8

LL.2
tr.2
10.5

29 8

0
2

0

1

2

1

2

3

r0 .4
9.6
9.3

L0 .2
9.3
9.0

r0.2
9.7
9.I

30
30
30

3C

30
30

30.
30.

30
30

MHO5 r220

l,fH06 1230 L9 .4
t9 .2
18 .0

* DaLa obtained lriEh ttydrolab Surveyor II

30.

3

4
5
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TABLE 24

MANCHESTER HARBOR SURVEY

JULY 8, 1987

I^IATER QUALITY DATA

(Values reported as mg/l unless noted)

MHOI MHO2STATION NUMBER:

TIME (hours ) :

DEPTH (meters ) :

PARAMETER

Suspended SoIids

ToEal Solids

Turbidity (uru)

Total Kjeldahl-Nitrogen

Ammonia-lli trogen

Total Phosphorus

Chloride

Total Coliform (colonies/f00 mI)

Fecal Coliform (colonies/fOtl ml)

1 100
1.0

1l l5
r.0

I120
4.0

L245
1.0

5.2

32,000

1.3

0.75

0.02

0.09

16,000

2,200

170

I 250
3.0

3.3

32,000

1.2

1.2

<c.02

0.09

16,250

MTlO4 MHO5

rno
1.0

2.7

32 ,000

1.3

1.0

<0.02

0.09

16,500

230

10

MHO6
1230
1.0

2.8

32,000

t.0
0.94

0.02

0. 08

l6 ,500

5

<5

Or
rJ.¡

4.5

36,000

1.3

I.l
0.04

0.tI
16,250

300

5

5.7

32 ,000

1.2

0.98

0.04

0. 50

16,250

I ,800

200

5.5

32,000

r.2
0.96

0. 03

0.08

16,500



GLOUCESTER HARBOR

DESCRIPTION OF STUDY AREA

GloucesEer Harbor is locaËed on Cape Ann becr^reen Rockport and Manchester. 1t
is a well protected, natural harbor occupying approximaEely 2.24 square mi1es.
The harbor's major tributary, the Annisquam River, flows into Lhe northwest
poinE of Ehe harbor by way of Blynman Canal. According to Ehe Massachusetts
Coastal Zone Management Office (UCZU) this canal is Ehe third most used
\raEer\ray in Massachusetts (vtcZt't, 1977). The Annisquam is tidal for ics entire
reach from Ipswich Bay. This river receives freshwaEer from numerous
tribuLaries that drain a large, predominately rural rvatershed. The extensive
salt marshes that exist along iEs length support over 500 acres of shellfish
flats. There are no major freshwater inputs direcÈly to the harbor. Several
small streams drain from the eastern and western portions of the r¡atershed.

Gloucester and New Bedford Harbors are Ehe two most importanE fishing ports in
Massachusetts. Fish brought inco the harbor by Ehe large fishing fleeE are
stored., processed, and sold aE Ehe numerous facilities located along the inner
harbor shoreline.

Bot.h Ehe inner and ouEer harbor have public facilities for mooring and launching
recreational boats. The enEire harbor is heavily used for recreaEional boating.
Several beaches also exisE around the shoreline of the outer harbor.

The ciEy of GloucesEerrs se\4rage treaEment facility discharges approximaEely
5 MGD of primary treaEed effluent from an outfall site in the center of Ehe main
harbor. Several combined se'{rer overflow pipes also discharge unEreated sewage
and runoff periodically from locaEions in the Inner Harbor, Blynman Cana1,
Annisquam River, and the main harbor near Ehe mouth of the canal. The ciEy has
applied for and received a variance from secondary ser¡rage treatmenc requiremenLs
for discharge to marine r^laters. As a provision of Ehe variance, the city is
planning to extend Ehe outfall pipe to discharge effluent at a depEh of 90 feet
approximately 0.7 miles outside the harbor mouth.

The locaEions of the sampling staEions are described in Table 25 and illustraLed
in Figure 4.

RESULTS

The
The

resulEs of the vTater quali,ty analyses are presented in Tables 26 and 2-7.

resulEs of the sedimenE analyses are presented in Tables 28,29 and 30.

64



STATION
NUMBER

GHOl

GHO2

GHO3

GH04

GHO5

GHO6

GHOT

GHOS

GH09

GHIC

GH1 1

GH 12

GH 13

GH14

GH 15

GHl 6

TABLE 25

1987 GLOUCESTER HARBOR Í'ATER QUALITY SURVEY

SAMPLING STATION LOCATIONS

LOCATION DESCRIPTION

Annisquam River - 10C yards south of. can 1þ45

Annisquam River - can 1þ43

Annisquam River - nun iÉ34

Gloucester l{arbor - in fronE of Fisherman StaEue

Inner Harbor - I{arbor Cove

Inner Harbor - North Channel

Inner Harbor - South Channel

Inner Harbor - nun lÉ2

Inner llarbor - Smith Cove

Gloucester Harbor - can /É11

GloucesEer Harbor - nun lÉ8

GloucesLer Harbor - selr/age outfallttboil" area

GloucesEer Harbor - off breakrvater - R/B Buoy

0ff southeast llarbor Beach

Freshwater Cove - off Dolliver Neck

Good Harbor Beach - tidal sLream on h/esE end, a! fooEbridge
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TABLE 26

1987 GLOUCESTER HARBOR I/ATER QUALITY SURVEY DATA

TIME - DEPTH - TEMPERATURE - SALINITY - DISSOLVED OXYGEN

DATE

TIME
( trr /min )

DEPTH*
(m)

TE}IPERATURE*
('c)

SALINITY*
(o/"")

DISSOLVED*
OXYGEN
(me/ 1 )

StaEion GH01 (Annisquarn River)

e/0t/87
9/02/87

e/0r/87

9/02/87

e/03/87

081 5

0850

0830

0900

r025

0.2
0.2
2.0
0.2
2.0

0.2
0.2
0.2

0.2
2.0
3.4
0.2
2.0
4.0
0.2
2,0

0.5
2,0
0.2
2.0
0.2
2.0

0.2
2.0
4.0
6.0

3116. 9

2

2
5

4

0
5

2

2

2

1.8
7.9
7.8
9.1
8.9

7.6
7.8
8.9

7.7
7.7
70

8.2
E.2
8.2
9.5
9.2

8.3
7.9
8.6
8.4
9.8
9.4

6.6
6.3
5.9
7.3

16.
16.
r5.
I5.

30.
31.
31.
31.

9 /03/37 1015

9/01/87
9/02/E7
9/03/87

9 /01 /87 0740

9 /C2/87 0815

9 /03/87 09s0

0800
0830
1005

16 .8
16.0
16. 1

30.1
30 .4
30 .0

StaEion Glt02 (Annisquam River)

SLation GH03 (Annisquam River)

StaEion GH05 (Inner llarbor - Harbor Cove)

SEation Glt04 (GloucesEer liarbor)

16.7
16,6
16 ,2
16 .2
15.1
14.4

16.6
t6.4
15.6
15.3
15.4
15. r
15.9
15.6

30 .9
31 .0
31.1
30 .8
31 .0
3r .2
30. 6
30.9

30 .8
31 .0
31 .3
31 .3
3r .2
3L .2

16.8
16.8
i6.8
16.7

30.6
31.1
3I .2
3r.2

9/01/87 08s5

* Data obt.ained \^riEh Hydrolab Surveyor II
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TABLE 26 (CONTINUED)

DATE

TIME
( nr /min )

DEPTHJf
(m)

TEMPERATURE*
( "c)

SALINITY*
(o/"")

DISSOLVED*
OXYGEN
(*e/ t )

SEation GH05 (continued)

9 l02/87 0e20

9103/87 103s

9l0rl87 0906

9 I 02l 87 093s

9 103187 10s0

31 .1
31.2
3i .3
31 .6
3r .2
31.2
3L ,4
3L .7

15.9
16.8
16 .8
16.9
l6 .8
r6.3
16.0
15.1
14. I

30. 6
31 .1
3L .2
30 .5
3i .5
31 .3
31 .0
3t..2
31.3

30. 5

31..1
29.3
3t .0
31.2
3L .2

0.2
2.0
4.0
6.0
0.2
2.0
4.0
6.0

0.2
2.0
4.0
0.2
2.0
4.0
0.2
2.0
4.0

0.?-
2.0
0.2
2.0
0.2
2.0

0.2
2.0
4.0
5.8
0.2
2.0
4.0
6.0
0.2
2.0
4.0
6.0

16.5
15.7

16.6

11 .8
15 .0
14.7
l3 .8
t0 .9

L7 .l
L7.L
L7 .l
17.1
L6 .2
i5.0

6.9
5.8
6.6
7.r
8.2
8.2
7.7
7.9

7.E
7.3
8.0
7.8
3.6
8,7

8.1
7.9
7.6
7.4
8.1
8.0
7.2
8.3
9.1
9.0
8.6
8.5

Station GH06 (Inner Harbor - North Channel)

7.3
6.3
7 .1.

6.4
6.2
5.8
7,4
7.9
6.9

StaEion GH07 (Inner Harbor - South Channel)

9/Orl87

9102/87

9103187

09 30

0955

110 5

SEaEion GHOE (Inner Harbor)

9 / 0L /t7 1000 r6 .9
16.8

31.1
31.2
31.2
3r .4
31.1
3t .2
31.5
3I .7
31.1
31.1
31 .4
3r.6

9 I 02/ 87 1015

9/03187 il3s

* DaEa obtained with Hydrolab Surveyor II

L6 .7
L4.I
16.9
16.8
t5.2
l0 .0
16.1
15.9
14.0
l0 .9
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DATE

TII4E
(irr/min)

DEPTH*
(m)

TABLE 26 (CONTINUED)

TEMPERATURE*
( "c)

DISSOLVED*
OXYGEN
(*e/t )

SALINITY?K
(o / oo)

St.ation GH09 (Inner Harbor - Smith Cove)

9/Otl87
e/02/87

e/03187

09 50
1005

LT25

8,2
8.3
7.8
9.1
8.6

0.2
0.2
2.0
0.2
2.0

8.2
al

16.1
15.8
14 .6
9.7
8.8

16 .9
16.9
16.7
17.0
16. t

26.r
3r .2
3l .2
28.0
31 .3

SEaEion GH10 (Gloucester Harbor)

16.6e /0r /87 10i5

9 / 02/ 87 1030

9 /03187 1150

9 /01 /87 1030

9 l02lE7 1050

9 /03/87 1200

o)
2.0
4.0
6.0
8.0
0.2
2.0
4.0
6.0
7.8
0.2
2.0
4.0
6.0
7.8

0.2
2.0
4.0
6.0
8.0
9.6
0.2
2.0
4.0
6.0
8.0
0.2
2.0
4.0
6.0
8.0

I
I
1

I
1

i

I
I
I
I
I

8.1
B.C
8.0
8.1
8.6
8.3
Q.t

70
8.8
8.9
9.E
9.5
9.5
9.1
f.i

8.6
8.4
8.4
8.2
8.8
8.8
8.6
8.3
8.5
.3. 9
E.7
9.9
9,6
9,9
9.9
9.9

6.6
6.6
1.8
9.1
6.6
6.6
3.6
9.1
8.7
5.5
1.7
4.3
2.4
0.3

3r .2
3r .2
3)..2
31.7
3r .8
3r.2
3l .3
31 .3
3r .8
31 .9
31.2
3l .3
3r .4
31 .6
3r.7

Station GHll (Gloucest.er Harbor)

16.7
16.7
16.7
r.4. 8

15 .2
14.9
13.3
12.2
12.0

31.1
3r .2
31.3
31.4
3l .8
3r .9
3r.3
3t .4
31.5
3L .7
31 .8
30.6
31.0
3l .5
31.7
3L .7

*DaEa obEained wich Hydrolab Surveyor II
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TABLE 26 (CONTINUED)

DATE

TIME
(trr/min)

DEPTH*
(m)

TEMPERATURE*
('c)

SALINITY*
(o/oo)

DISSOLVED*
OXYGEN
('g/ t )

SEation GH12 (GloucesEer llarbor)

9l0r/Bt 1120

9 102/87 1100

9 /03/87 12i0

9/01/87 1050

9/03187 i300

e /0r /87 rL46

9 /02/ 87 n 30

9 /03 /87 1310

SLaEion GH13 (Gioucester Harbor)

17.0
16.7
16.6
t2.9
10 .9
8.3

16 .0
16.0
15.5
10. 1

9.0
14.9
13 .9
i3.0
1t )
11.6

31.1
31..2
3r .2
3r.4
31 .5
31.7
3r .2
31 .3
31 .3
3r .7
31 .8
3r .3
31 .3
3r .4
31 .6
31 .6

16.5
16.4
16.3
15.5
13.9
10.7
14. r
13.8
13.6
13.5
13.0

17.1
16.8
16 ,6
l0 .8
16.8
16.8
16 .5
15.5
14.0
13.6

30.9
31.1
3r .2
31 .6
30.6
31.1
31 .3
30 .9
31 .5
31.5

0.2
2.0
4.0
6.0
8.0

r0 .7
0.2
2.0
4.0
6.0
8.0
0.2
2.0
4.0
6.0
8.0

0.2
2.0
4.0
6.0
8.0
9.5
0.2
2.C
4.0
6.0
8.0

0.2
2.0
4.0
6.C
0.2
2.0
4.0
0.2
2.0
4.0

3r .2
31 .3
3r .3
3r.4
31 .5
37.7
3r.4
3r.4
31.5
31 .5
31.5

8.7
E.6
8.5
8.5
8.8
8.9
8.9
8.7
8.1
9.0
8.9

10.0
9.9
9.8
9.9
9.9

a

8.
8.
E.
8.
9.

8.6
8.4
ó.4
8.7
8.4
8.2
8.5

10. I
10. c
10.0

10.
10.
10.
10.
10.

7

6

5

2

4
0

2
1

I
1

I

Station GHt4 (Southeast Harbor Beach)

t'ç DaEa obEained with Hydrolab Surveyor II
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TABLE 26 (COI{TINUED)

DATE

TIME
(trrlmin)

DEPTH*
(m)

TEMPERATURE*
('c)

SALINITY*
(o/oo)

DISSOLVED*
OXYGEN
(*e/ r )

Station GH15 (FreshwaLer Cove)

e/oL/87

e/02/87

el03l87

* Data obtained with ttydrolab Surveyor II

1134

11 15

1235

16.9
16,6
14.4
12.9
15 .0

31 .0
3l .2
28.9
31 .0
31 .3

8.5
8. t
8.6
8.7
8.9

0,2
2.0
0.2
2.0
0.2

I
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TABLE 27

I987 GLOUCESTER HARBOR SURVEY

SEPTEMBER I^IATER QUALITY DATA

(Values reported as mg/1 unless noted)

GHOI GHO2STATION NUMBER:

DATE:
TIME (hours ):
DEPTH (meters ) :

PARAMETER

Suspended Solids

Total Solids

Turbidiry (NTU)

TotaI Kjeldahl-Nitrogen
Ammonia-Ni trogen

Total Phosphorus

0r thopho s pha te

Chloride

Total Coliform (colonies/100 mi )

Fecal Coliform (colonies/100 mi)

Ch1orophytI a (mg/m3)

9/0r
081 5
1.0

9 /03
i0l5
1.0

9 /03
100 5
1.0

9 /02
0850
1.0

20.0 5. 5

33, û00 32,000

0.7 0. 5

0.68 1.I
0.02 0. û2

0.09 0. 14

0. 02 0 .02

18,000 16 ,750
zo fo
20 <r0

9 /or
ù800
1.0

r8.0
32,000

o.7

0.72

0.02

0.08

0.02

16,500

1,100

40

t.B

9 /02
0830
i.0

9
07 40
1.0

01 9

GHO3

0815
t.0

029 03
09 50
1.0

\¡
ì.J

23.0

33 ,000

0.6

0.90

<0.02

0.10

0. 02

17,000

i80

30

r5.0 12.0 16.0 15.0 5.5

33 ,000 32,000 33 ,000 33 ,000 31 ,000
0.8 0.7 0.7 0.6 0.6

0.60 0.90 0.84 0.52 0.60

0.20 <0.02 <0.02 0.02 0.03

0.08 0. 10 0.08 0.07 0. i0
0.01 0.02 0.02 0.02 ù.02

17,000 I7,000 t7,000 16,75c 17,000

20 40 2tJ 240 <10

<2il <r0 <5 <20 <lc

rII



TABLE 27 (CONTINUED)

GII04STATION NUMBER:
DATE:
TIME (hours)
DEP'IH (meters)

PARAMETER

Suspended Solids

Toral Solids

Turbidity (NTU)

ToEal Kjeldahl-Ni trogen

Ammonia-Ni Erogen

ToÈal Phosphorus

OrthophosphaLe

Chloride

ToEal Coliform (colonies/100 mf)

Fecal Coliform (colonies/100 ml)

Chlorophytt a (mg/m3)

Oil and Grease

* Sample taken at surface

9/0 I
0830
I.0

9 /02
0900
1.0

e /03
ro25
1.0

9 /or
0855
1.0

cn05
e/02 e/03
0920 1035
1.0 1.0

11.0 8.0

34,000 32,000

0.9 0. 5

0.46 1.1

0.09 0.03

0.08 0.09

0.02 0.03

17 ,000 17 ,000

200 180

60 <10

r.5(0.9)*

0935
1.0

9 /03
1C50
1.0

9

0906
1.0

15.0

33,000

I.0
0. 70

0. 07

0. i8
0.03

l7,000

740

160

4.68

68

01 9

GHO6

02

12.0

33,0oo

0.9

0. 90

0.07

0. 10

0. 03

16,750

280

<20

!
U)

9.0 15 .0 8. 0

32,000 33,000 32,000

0.5 0.5 0.6

0.64 0.60 r.0
<0.02 <0. '12 <0.02

0.08 0.08 0.07

0.02 0.01 0.02

I7 ,250 16,750 17,000

12,000 80 30

1,000 <2o <r0

23.0

33 ,000

l.l
0. 78

0.08

0. 10

0.04

17,000

1,700

450

10 .0

32,000

0.6

0.89

0.06

0.rl
0.03

17,000

120

10



STATION NUMBER:

DATE:
TIME (hours):
DEPTH (me ters ) :

PARAMETER

Suspended Solids

Total Solids

Turbidiry (¡¡ru)

Total Kieldahl-Ni trogen

Ammonia-Ni trogen

Total Phosphorus

Or thopho spha te

Chlor i de

Total Coliform (colonies/f00 ml)

Fecal Coliform (colonies/I00 mf)

Chlorophytf a (mg/m3)

TABLE 27 (CONTTNUUO)

GHOT

9/02
0955
1.0

9 /0r
09 30
1.0

e/03
Ir05
1.0

9 /oL
1000
1.0

9 /03
1135
1.0

9/t2
i005
i.0

9 /03
II25
t.0

GHOS

9 /02
10I5
1.0

9 /Or
0950
1.0

19 .0

32,000

0.9

0.86

<0.02

0.07

0.01

L7 ,250

4.86

GH09

9 .5 5.5

33,000 32,000

0.07 0.7

0.60 l.r
0. 19 <0.02

0.06 0.09

0.02 0 .02

16,750 16,750

20 60

<20 <r0

!
5'

12.0

32,000

0.8

0. 50

<0.02

0.08

0.02

16,500

620

80

3.78

Ll.0 6.5 7.5 7.5

33 , oo0 32,000 32,000 33 ,000

t.7 0. 5 0.6 0.7

0.68 1.6 0.60 0.44

0.03 0.02 <0.02 0.04

0.08 0.09 0.06 0.07

0.02 0.02 0.01 0.02

16,750 17,000 17,000 17,C00

I ,900 <10 I , 300 B0

20 <10 r00 <20

6.0

32 ,000

0.6

0.84

0.05

0.16

0.02

L6,750

20

r20



TABLE 27 (CONTINUED)

GHIOSTATION NUIvIBER:

DATE:
TIME (hours):
DEPTH (me ters ) :

PARAI'{ETER

Suspended Solids

Total Solids

Turbidiry (tqtu)

Total Kjeldahl-Nitrogen
Ammonia-Ni trogen

ToEal Phosphorus

Orthophos phate

ChIor ide

Total Coliform (colonies/100 ml)

Fecal Coliform (colonies/100 ml)

Chlorophytt a (mglm3)

GHl 1

e /or
1030
1.0

19 7.5 3.5

33 ,000 33 ,000 32,000

0.6 0.3 0.3

0.75 1.4 L.4

<0.02 <0.02 0.22

0.09 0.06 0.08

0.02 0.01 0.0i
77 ,250 15,750 L7 ,250
400 <20 <r0

20 <20 <r0

9 /01
r0l5
1.0

-
3.5

32,000

0.6

0. 55

<0.02

0.06

0. 02

I 7 ,000

2,500

IIO

2. 16

9

8.0

33, û00

0.5

0. 84

<0.02

0.06

0. 02

16,750

40

<20

029
1030
1.0

1150
1.0

9 /02
1050
1.0

9/03
1200
1.0

03

{
(Jl

6.5

33 ,000

0.5

0.88

0. 35

0.09

0.01

I7,750

<10

<r0



STATION NUMBER

DATE:
TIME (hours)
DEPTH (meters)

PARAMETER

SuspendeC Solids

Total Solids

Turbidity (NTU)

Toral Kjeldahl-Nitrogen

Ammonia-Ni t.rogen

Total Phosphorus

OrthophosphaLe

Chloride
Total Coliform (colonies/100 ml)

Fecal Coliform (colonies/fOO mf)

Chlorophytt a (mg/m3)

TABLE 27 (CONTINUED)

GHl 2
9 /02
I 100
1.0

GH13

9 /0r
1120
1.0

9l0r
Lt25
8.0

9 /03
T2LO
1.0

e /0r
r050
1.0

I /03
r300
1.0

5.5

33,000

0.5

0. 80

<0. 02

0. 07

0.02

17 ,000

l0
<5

4.86

8.5

33, 000

0.2

0.79

<0.02

0.06.

0.02

17,500

12.0

33,000

0.4

0.88

0.02

0.08

0.01

t6,000

20

<20

9 /02
1 105
8.0

8.0

34, oo0

0. t

0.98

0.03

0.08

0.02

16,750

12. 0

32,000

0.4

t.4
0. 02

0. 10

0.01

L7,750

I ,800

10

e /03
L215
8.0

12.0

32,000

0.1

1.1

0.04

0. 07

0. 01

t7 ,250

-

\¡
o\

5.5

32,000

0.5

0.49

<0. 02

0. 06

0.02

17 ,250
10

<5

2.57

t0

32,000

0.2

1.1

<0. 02

0.06

0.01

L7,750

<r0

<10



TABLE 27 (COnrrUUnO)

GH 14STATION NUMBER:

DATE:
TIME (hours):
DEPTH (meters ):

PARAMETER

Suspended Solids

Total Solids

Turbidiry (NTU)

Total Kje ldahl -Nitrogen
Ammonia-Ni trogen

Total Phosphorus

Orthophosphate

Chloride

ToEal Coliform (colonies/100 ml )

Fecal Coliform (colonies/t00 ml)

Enterococci ( colonies /100 ml )

Chlorophyll a (mg/m3)

GH I5
9 /03
1235
I.0

r5.0 r2.0 r2.0 14.0

32,000 33 ,000 33 ,000 32 ,000

0.3 0.6 0.3 0.04

0.93 0.96 r .9 0.92

<0.02 <0.02 <0.02 0.04

0.07 0.08 0.08 0.07

0.01 0.02 0.02 0.02

17 ,250 17 ,000 17 , 500 r7 ,250
<10 5 20 <r0

<r0 <5 <20 <r0

GH 16
9 /0r
tI46
1.0

9 /02
t 130
1.0

9 /03
t 310
t.0

9 /0r
1130
1.0

9 /02
1I15
1.0

9 /02
1230
1.0

9/03
1420
1.0

\j{

12.0

32 ,000

0.4

'1. 
50

<0.02

0. 1l

0.02

16,750

10

5

7.0

33 ,000

0.4

0.79

<0.02

0.08

0.02

17,000

<20

<20

<i0

-

8.5

2.4,400

1.5

c.89

0. 09

û. I0

0.05

12,000

200

20

56

24,000

0.09

l.l
0.09

0. r0

0.05

12,750

20

<10

2.8



TABLE 28

1987 GLOUCESTER HARBOR SURVEY

SEDIMENT DATA*

TOTAL KJELDAITL-NIIRocEN (rrn), TorAL puosptloRus, z voLATTLE soi,rÐs,
OIL & GREASE

STATION
NUMBER

TOTAL
pnospuonusl

/"

VOLATILE
SOLIDS

OIL
AND

cRn¡se 2trul

GHO2

GHO5

GHO6

GHOT

GHO9

GHI2

GH15

1 ,320

4,730

3, 530

4,430

4, 190

I ,050

1,980

47C

6,430

2,C50

I ,630

1,910

640

570

0. 14

0.67

0.23

0.3

û.35

0.11

0. 1t

2. L8

I3 .8

1t .8

15 .6

13,4

2.86

| 
4.,o2

* Samples collecEed SepEember 2 and 3, L987
I *e/kg dry weight
2 

^C/ke weE weighÈ
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STATION
NUMBER Fe A1

TABLE 29

1987 GLOUCESTER HARBOR SURVEY

SEDIMENT DATA*

TOTAL METALS (rag/kg dry weight)

Zn Pb Cr cd Ni Ae As

GHO2

GHO5

GHO6

GHOT

GH09

GHI2

GH 15

5 ,900

3,800

23 ,000

55 ,000

65,000

7 ,600

6,600

3,420

10,500

10 ,300

9 ,800

11,700

4,000

3,270

35

730

430

550

480

48

64

18

480

250

400

330

19

34

<c. 20

0.80

0. 50

0. 50

0. 50

0. 20

0. 30

15

64

38

43

68

2I

20

0. 30

2.7

2.C

2.5

i.1

0. 30

7.3

24

L6

15

t7

7.6

0. 50 5.8

L.2T

2T

20

8.5

7 .7

11

2,7

Samples collected SepÈernber 2 and 3, 1987
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TABLE 30

1987 GLOUCESTER ITARBOR SURVEY

SEDIMENT DATA*

POLYCYCLIC AROMATIC T{YDROCARBONS AND POLYCHLORINATED BIPI1ENYLS

(reported as Fg/g dry weighE)

GHO2 GHO5 GHO6 GIIOT GHO9 GHT2- GH15STATION NUMBER:

COMPOUNDS

Ace naph chene
Acenaphthylene
AnL.hracene
Benzo(a) anthracene
Benzo(b) fluoranthene
Benzo(k) fluoranthene
Benzo(8,h, i) perylene
Benzo(a) pyrene
Chrysene
D ibenzo furan
Dimethyl naphÈhalene
F luo ranthene
F luorene
MeEhyl anthracene
MeEhyl fluorene
Meihyl phenanthrene
MeEhyl pyrene
PhenanEhrene
Pyrene
l, I Biphenyl
PCB L T242
PCB A 1254
PCB A 1260

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
.ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

<0. 16
<0. 56

ND

ND

0.26
ND

1.8
ND

ND

ND

ND
an
ND

ND

2.9
0.41
ND

ND

ÑD

ND

1.3
2.5
ND

<0. 16

9.0
0.49

ND

ND

ND

ND

ND

r\D

ND

ND

ND

ND

ND

ND

IID

ND

ND

NÐ

ND

ND

ND

ND

<0. l6
<0. 56

0. 19

0. 32
1.3
4.0
+

4.6
ND

5.9
3.9
ND

ND

6.4
0.77
ND

ND

ND

ND

3.1
5.6
r\D

ND

ND

0. 20

0. 16

0.23
1.6
3.4
+

3.5
ND

2.4
to
ND

ND

6.8
0. 71
ND

ND

ND

ND

3.0
4.7
ND

<0. 16
<0. 56

ND

I

r{D

ND

ND

ND

ND

ND

ÑD

ND

ND

r\D

ND

t.
r\D

ND

ND

ND

ND

ND

1.
ND

<0.
ND 56

ND

ND

ND

ND

r\D

ND

r\D

ND

ND

ND

ND

ND

ND

i\D
ND

ND

ND

ND

ND

ND

ND

<0.
ND

6

0

I

0. 28

+ No sLandard available for quantitaLion. Mass spectrum compared Eo mass

specEral daLabase for idenLificaE,ion
Samples collecEed September 2 and 3, 1987
NoE deEectedND
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EFFLUENT ì.,fONITORING

Effluent monit.oring hras performed on selected \,tasEeI^raEer Êacilities and

indust.ries wiLh NPDES permitted discharges in the study areas. The sampling
was conducted Eo aid in Ehe evaluaLion of water qualiEy conditions in Ehe

receiving r,vater, and Eo compare effluent qualiEy data Èo NPDES permiE limits.

The following tables present the resulEs from samples collected from the rnTaste-

r^raEer treaEment faciliEies of the South Essex Sewerage DisLrict (SESU),

Manchester, and Gloucester, and from the New England Power electric generating
facility in Salem (NEPCO). Grab samples or twenÈy-four hour composiLe samples
were Èaken from the effluent of these facilities, as appropriate.

Sampling methodology and \^rater quality analyses for compliance moniEoring is
described in the maEerials and methods secEion of this report.

t
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SOUTII ESSEX SEI^¡ERAGE DISTRICT I¡TASTEI,{ATER ÎREATMENT FACILITY

LOCATION:

DRAINAGE:

RECEIVING }IATER:

N.P.D.E.S PERMIT NO.:

DESIGN FLOTI:

DATE AÑD SAMPLE TYPE:

Salem

North Coastal

Salern Sound

MAo I 0050 1

41 MGD

June 23,
July 21,

1987 - grab sample
1987 - 24 hour composite

COMMENTS:

Several of the maximum daily limits ioposed by the NPDES permiE were exceeded
during boEh of the sampling periods. Specifically the BOD was much higher than
rhe ailowable linic of 50 mg/f (153 mg/l and 1,100 mg/l, respeccively). Fecal
coliform counEs were in violation of rhe permit maximum daily limirs on boEh
daues with exceedingly high counts of 2.4 X. I0),

I
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TABLE 3I

SOUTH ESSEX SEI.¡ERAGE DISTRICT ITASTEI¡IATER TREATMENT PLANT
RESULTS OF LABORATORY .{I\ALYSES

(411 resulEs in mg/1 unless oLherwise not.ed)

EFFLUENT

6/23187
PARAMETER

rtow (ucD)
COD

BOD

pH
5
( SEandard Unirs)

ToEal Alkalinicy
Suspended Solids
Total Solids
Settleable Solids (rnl/1)
lotal Kjeldahl-Nitrogen
Ammonia-Ni Erogen
Ni tra Èe-Ni Erogen
lolal Phosphorus
Chloride
Aluminum
Cadmium
Chronium
Coppe r
I ron
Lead
Marrgane se
Nickel
Silver
Zí¡c
HexavalenE Chromium
ToEal Chlorine Residual (in sicu)
Free Chlorine
ToEaI Coliform (colonies/100 nf)
Fecal Coliform (colonies/100 ml)

* Grab sample

(erab sample)

23.2
500
153
6.8
170
24
2,7 0o
r.9
32
18

<0. r
9.1
l,ll0
,o

<0. 01
0.16

.18

.06

.02

.19

.00

.25

7/21/87
(24 hour composite)

22.12
I ,600
l, 100
7.0
227
B5

3,380
0 .05
172
27
0.3
9.6
990

<0. l0
<0. 00 I

.05

.10

.82

.005
a.'t

.0i5

.004

.15

10 7*
lo5*

.8

.4 X 106

.4 X 105

0
0
0
0
0

<0
0
0
0

"1
2

2

.06

.89

.06

0

0
0

0

0
<0

0
0

2.5
1.8
2.4 X

2.4 X
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TABLE 32

SOUTH ESSEX SEI,{ERAGE DISTRICT T,TASTEI^IATER TREATMENT PLANT
PURGEABLE ORGANICS*

(411 resulrs in mg/l unless otherwise noÈed)

EFFLUENT
6/23/87

COMPOUND

Ace tone

1, 2-dichloroethylene

Ch loro form

1, 1, 1-trichloroethane

Methyl tert. butyl ether

Trich loroe thy I ene

Benzene

Te Erachloroe Ehy lene

To luene

Ethyl benzene

Xy lene s

Methyl chloride

(grab sample)
7/2r/87

(24 hour composite)

1;3

1.1

220

2.3

7.5

5.6

2.7

<1 .0

1.9

10

2I

11

16

6¡9
:

Lt4
i

-+
I

<t;. o
i

iti t
i

L4

11

* gas chromatography - mass'specEomeEry analysis
of 30 m1 sample aliquot

I
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LCCATION:

DRAINAGE:

RECEIVING I,IATER:

N.P.D.E.S PERMIT NO.:

DATE AND SAMPLE TYPE:

NET^¡ ENGLAND POI,IER PLANT, SALEM

Salem

North Coastal

Salem Harbor

MA0005096

June 23,
July 21,

L987-2hourcomposiEe
1987 - grab sample

COMMENTS:

Sarnples were collected from outfall 006 which discharges r¡/aEer collecEed from
Ehe ash seEtling pond, seal waEer, floor drains, equipmenc drain, demineralized
regeneraLion was Ëes , and equipmenE r.rash waEer s E.reams . No violaEions of che

r"*ir,r* daily discharge lini¡ations lisEed in Ehe NPDES permiE t^tere observed.
All values i¡7ere well wiEhin the required maximum except for pH. 0n July 21 the
grab sample collect,ed had a pII of 9.45. The weekly maximum limit is 9.0.
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TABLE 33

NEI,{ ENGLAND PO!ùER PLANT, SALEM

RESULTS OF LABORATORY ANALYSES

(All results in rng/1 unless oEherrtise noted)

EFFLUENT
(outfalf 006)

6/23187
Q hour composiE.e)*

(outfall 006)
7/21187

(grab sample)PARAMETER

Flow (uGD)
BOD

pti
5
( Standard Unius)

ToEal Alkalinity
Suspended Solids
Tocal Solids
Settleable Solids (ml/f)
Chlo ride
Alumi num
Cadmium
Chromi¡rm
C oppe r
Iron
Lead
Manganese
N icke 1

S i lver
Zirtc
ToEal Chlorine Residual (in siEu)
0il and Grease
Phch Alkalinity
Purgeable Organics:

Ace Eone
Chloro form
Toluene

Base/Neutral ExtracEables :

Ilexanone
Ilexano 1

0

3

8
2

2

4
<0
I

<0
<0

0

100 0.04 (on 7/20)
6,6
9 ,45
86
19
3, 020

<0. 05
380

<0. l0
<0.001

0. 02
0.031
0. l1

<0.002
<0.02

0. 038
0.00i
0.02

1.5
29

ND

.6

.8
20
.5
,900
.05
70
.10
.01
.19

<0.02
0. 06
0. 25

<0. 02
0. r0

<0. 05
0.02
0.23

ug/L
78
1.6

<r.0
ND

2.3
78

+
+

* EoEal discharge Lor 24 hours
+ No standard available for quantitacion. The mass spect.rum'¡tas

compared Eo a mass specLral data base for idenLificaEion.
ND NoE detecEed
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LOCATION:

RECEIVING I,TATER:

N.P.D.E.S PERMIT NO.:

DESIGN FLOI{:

DATE AND SAMPLE TYPE:

MANCTTESTER MUNICIPAL I,{ASTEI,JATER TREATMENT FACILITY

Manche s te r

ManchesLer llarbor

MAo i0087 I

0.67 MGD

, 1987 - 24 hour comPosiEe
1987 - grab sample

¡

EaE ions imposed by the permit shor¿ Ehat lhe fecal
was greaLly exceeded during Ehe June survey

Lhin linics on July 8. Chlorine residual was
1)

low ( 0. i ) at Ehe Eirne of the une sampling indicating EhaE chlorination was ûoE

effective on thaE daEe.

June 23
July 8,

COMMENTS:

Comparison of discharge limi
coliform limit (400 CrU/100
(g.¡ X 104 CFU) bur was well
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PARAMETER

Flow (uGD)

c0D
BCI)

PTT

5
(

TABLE 34

MANCITESTER MUNICIPAL T,¡ASTEI,IATER'TREATMENT FACILITY
RESÜLTS OF LABORATORY ANALYSES

(A1l resulEs in rng/l unless oEherr¡ise noted)

EFFLUENT
6/23/87 7 /8/87

(24 trour sample) (erab sample)

0 .401
95
23
6.3
45
I2

Standard UniEs
Total Alkalinity
Suspended Solids
Turbidiry (NTU)
ToEal Solids
SeEEleable Solids
ToEaI Kjeldahl-Nit
Ammonia-Ní crogen
NiEraEe-Nitrogen
Total Phosphorus
Ch lor ide
Aluminum
Cadmium
Chromium
Coppe r
I ron
Lead
Manganese
N icke 1

Silver
Zinc
ToEal Chlorine Residual (in siEu)
Free Chlorine
ToEal Coliform (colonies/tOO mf)
Eecal Coliform (colonies/100 rnl)

* Grab sample

ião
i.0
7.2
3.3
7.3
4.2
170
0.24

<0.01
0. 10
0.08
0.66
0.53
0.22
0.64

<0.02
1.5
0.1
0. 05
2.4',Ã.
9.3 X

22
t.2
640

(mr/r)
rogen l1

6.6

1.7
250

o6*
04x

1

I
2,000
140
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GLOUCESTER MUNICIPAL WASTEI^IATER TREATMENT FACTLITY

LOCATION:

DMINAGE:

RECEIVING tr{ATER:

N.P.D.E.S PERMIT NO.:

DESIGN FLOI,rT:

DATE AND SAMPLE TYPE:

Glouce s ter

North Coastal

GloucesÈer Harbor

MAo100625

5.15 MGD

SepEember 2,
September 3,

1987 - 24 'nour composiEe ,

L987 - 24 hour composite

COMMENTS:

Comparison of Ehe r"¡aEer qualiEy analysis from the Ereatment pl
daEes to Èhe discharge limitations imposed by the NPDES permit
the plant was not effectively chlorinaEing Ehe effluenE. The
daily fecal coliform count allowed is 400 CFU/100 ml. 0n boEh
coliform counEs greatly exceeded this value (2,400 and 240,000
SeE.tleable solids \^7ere exceeded on September 2nd but \47ere l,re11

September 3rd. A1 1 other parameLers !\tere within Ehe maximum d

lirnitation of the permit during these dates.

ain
l.
i1

pie

id

ti

t on the above
ndicaÈe Lhat
rmiELed maximum
ays Ehe fecal
respectively).

;within limiEs on
eiity aischarge
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TABLE 35

GLOUCESTER MUNICIPAL i^IASTETüATER TREATMENT FACILITY
RESULTS OF LABORATORY ANALYSES

(411 results in mg/1 unless oEher\^tise noEed)

EFFLUENT**

e / z/87 e/ 3187PARAMETER

rlow (¡rco)
c0D
BOD5

Total Alkalinicy
Suspended Solids
Hardne s s

Total Solids
Specific Conductivity (umhos)
Settleable Solids (ml/1)
Total Kjeldahl-NiErogen
Ammonia-Ni trogen
Ni tra te -Ni E rogen
ToEal Phosphorus
Chloride
Aluminum
Cadmium
Chromi um

Coppe r
I ron
Lead
Mangane se
Nicke I
Silver
'¿]-îc

Oil and Grease
ToLal Chlorine Residual (in situ)
Total Coliform (colonies/100 ml)
Fecal Coliform (colonies/100 ml )

* Grab sample
** 24 hour composiÈe samples

*** f¡lsçference during analyses

2.982
323
190
127
65
477
2,840
4,280
I.6
2L
i5

5.5
1,250

46 ,000*-
2,400x

2. 050
448
240
165
67
512
3,100
4,550

<0. 05
32
I4

.3
,27 5

<0. 02
0. 07
l5
0.40
430 ,000*
240 ,000*

3

i
0

<0
<0

0
0

¿^

I
<0

.76
(\')

.02

.03

.37

.05
,5
.03

1.7
0.43



DISCUSSION OF SIGNIFICANT FINDINGS

Incroduc E ion

Figures 5 through iB illustrate significant levels of contaminants found aE sta-
tions sampled during the 1987 North Coastal surveys. These graphics enable
areawide comparisons Lo be made betrseen some of the most prevalent contaminanEs
and immediately illustrate sites where significant conEâmination is occurring or
in the case of sediments, has occurred.

The most important parameters related to ürater quality of the areas are Pre-
sented in the graphics and will be discussed in this section. They include
dissolved oxygen, total and fecal coliform bacteria, nutrients, and sediment
qualiCy, including heavy metals, PCB's and PAH's. Dissolved oxygen con-
centrations and bacLeria densiEies are compared Eo Ehe levels set by the currenE
Massachusetts !/ater Quality Standards for each area. Since there are no stan-
dards for heavy metals, PAH or PCB concentraEion in sedimenEs the data rtere com-
pared to the staters crileria established for categorizing dredge spoils and
fill material for use and/or disposal (t"tOWpC, 1983a). These regulations
classify dredge or fill maEerial by chemical constiLuents into CaEegories I, II,
or III. (See Tables 36 and 37).

Category I materials contain the lowest leve1s of the chemical constiEuents used
in this classificaLion system (i.e., selected heavy metals and PCBs). The

dredging, handling, and disposal options for this material is leasÈ resLrictive
under these regulations. Category II material conEains moderate levels of one

or more of these constituents, and high levels of one or more of Ehe chemicals
classifies the material into CaEegory III. Category III sediment requires
specific restricEive meLhods of disposal and placement.

Ranges of concentraEions of PCBs, PAHs, Cr, Hg and Pb from NorEh Coastal sedi-
ment stations were also compared to ranges for these parameters found in sedi-
ment sampled by Ehis office from other Massachusetts coastal areas (taUte:A).

In addiEion, the low molecular weight PAHs (LPAH) and high molecular weight PAHs

(Up¿.U) \¡rere grouped and summed. This method of comparison has been done bef ore
and was considered appropriate since the LPAH are believed Eo be from peEroleum
vTastes and the HPAH are associated with combustion products (chapman' et al'
1986). The toxicity of the individual aromatic hydrocarbon compounds varies
subsEantially. This information is lost when the compounds are groupedi
however, for t.he purpose of comparing the leve1 of contamination at each station
this meEhod proved Eo be adequate.

Salem Harbor and Tributaries

Physical and Chemical

Data from Salem Harbor and tributary staEions are illusLraEed in figures 5-7.

Dissolved oxygen concentraEions in the tributaries of Salem Harbor dropped below
the waEer Quality standard of 6.0 *g/t on several occasions (rigure 5)' staEion

9i



SB03 in the South River had the lowest readings with three (3) of the four (4)
measurements made during the summer at 1ow tide well below the D.O. standard.
Open water harbor stations had high dissolved oxygen concentrations Chroughout
Ehe water column. Several of the deeper harbor stations exhibired slight water
column stratification during July. SEation SH24 in front of New England Power
exhibited the most defined thermal stratification. The lowest D.0. measuremenL
in Ehe harbor, stil1 above Ehe minimum required, was taken at this sEation at
lOm in July.

B io 1 ogical

Coliform bacteria concentrations were very high at the tributary stations
(figure 5). Station SB0l violated the tr'later QualiEy Standard but S802, which
was downstream did not. Since all sarnples r^/ere collected on an outgoing or low
tide t.his indicates thaE no ne\4/ sources exisEed between SB01 and SB02 on the
Forest River. Station SB03 had consistently high cor¡nts of Eotal and fecal
coliform indicative of a raw se\{age input. Coliform counls violated the SB

Water Quality SEandard of 700 l'{PN on all survey dates. Open \,/ater stations
exhibi.Eed low coliform counts (we11 within the standard) throughout the summer.

Chlorophyll a v¡as always relatively low ((S.O *g/*3) at the stations evaluabed
in the open r"/ater. As expected, al l nutrienLs r¡rere higher aL Ehe E.ributaries
than at Lhe open \^7ater stations. Values for nutrients fell within the ranges
measured in the 1985 survey at Stations SB01, 5802, SB03 and similar open r^/ater
sLaEions. For each of these survey years SB03 exhibited consistenLly higher
ammonia concentrations than the other tidal tributary stations, supporting Ehe
possibility of a ra\¡/ se\^7age inpuE upsEream.

Sediments

There were five sediment samples collected from Salem Harbor and its tributaries.
(See Figure 1). Lead, chromium, arsenic, and mercury were all measured in
moderately high or very high concenErations at all of the harbor stations (Sit23,
SH24, and SH25). (See Figures 7, 9 and 17). ComparaEively, Lhe tributary sta-
tions tended Eo be slightly less contaminat.ed wiEh heavy metals. SLation SH25

at Lhe mouEh of the South River channel in Salem Harbor exceeded Category III
dredge spoils classificacion for arsenic, chromium, and lead. At staEions SH23
(in the harbor mooring area) and SH24 (in fronc of New England Power) chromium
levels r^rere 3-6 times higher than the limir established for Category III.
(1,800 and 1,100 mg/kg dry weighÈ, respectively). See Table 37 for a summary of
these resulLs. There b/ere no PCBrs detected in sediments at these five
stations.

It is reported Ehat sediment that conLains a higher percentage of volaËi1e organ-
ics has a greater affinity for contaminant adsorption than sediment wiEh lower
percenE organic content. This being Ehe case, sedimenE \,rilh a higher percentage
of combustible organic material (as measured by % volaÈi1e solids), would be
expected to contain higher levels of PAHs than relatively non-organic sediment
if PAH exposure levels \^rere the same at each site. Figure i8 iilusLrates Ehe
percent volaEile solids in the sediment at each staEion and Ehe PAH con-
centrations measured there. However, the relationship between Ehese E\¡/o parame-
ters is not directly quanEifiable. Other measurements (not taken in these
surveys) such as grain size or toEal organic carbon would provide informaEion
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that could be used to normalize the sediment data and enable a more quantiEative
¡nethod of comparison between stations. lt appears that the tributary stations
have lower Z volatile solids than Ehe harbor stations, Presumably because they
receive more flushing from river flor¡. However, Ehe PAH concentrations are
higher in these tributary staEions. One possible explanation for this is simply
that these Eributary stations receive a far greater amount of PAH exposure than
the open hraEer statioos. \,rlhere PAHs were detected, all of the stations con-
tained proportionately higher 1eve1s of high molecular weight PAH compounds
(upeu) (also illustrated in Figure 18) than the 1ow molecular weight PAHs

(f-peU). The source of the HPAH compounds is reported to be from combusEion prod-
ucts (Chapman, et al 1936). Hoffman eE al (1984) reports that these HPAHs are
mosLly associated with particulates in urban runoff. This may explain where
Ehese PAHs are coming from and why they are usually so much higher in the tribu-
Earies Ehan at the Salem Harbor stacions which are farther away from direct
runoff sources.

overal1 the PAH

those measured
levels found in

Phvsical and Chemica

levels observed at these five sediment
aL seyeral Bos Eon Harbor stations (DI^IPC ,

Buzzards Bay sediment (ÐI^rPC 1985-f 986).

Beverly Harbor and Tributaries

staEions were lower than
1985), buL higher than

(See Table 38.)

I

Dissolved oxygen contentrations in GoldchwaiE Brook (stations s805, sB05A, and

SB06A) r^7ere very lowi, consistenÈ1y below the Massachusetts tr{ater Qualily
Standard of 6.0 *g/li (see Figure 5). Occasionally, Station SBIC on Ehe North
River also went beloû this level. The remaining river stations and all of che

open irater staLions contained at least 6.0 mg/1 dissolved oxygen during the
survey. The deeper harbor stacions;8H25,8H24, and BH23 exhibited very slight
Ehermal straLification during August (generally less Ehan 5 degrees from lop to
bottom). At all of these staEions dissolved oxygen was higher nearer the bottom
than at the top.

Biological

gne of Ehe most obvious problems exhibited by the data is the degree of coliiorm
contamination noted aE several of Lhe stations (see Figure 5 ). On Lhe Norlh
River during both days of che June and AugusL surveys SLations SB09 and SBl0 had
extremely high bacteria counts. In August Station 5806A on Lhe North River had

the highest EoEal and fecal coliform for any station recorded on any daÈe for
the North Coastal surveys. These data indicate Ehat somewhere between SLation
SB05A on Goldthwait Brook and SEation 5806A there is a raw ser/üage discharge.
This is also supported by the fact that all samples were collecËed on a low,
outgoing tide. StaEions upstream of SB05A conEain elevated bacteria counEs but
they are several orders of magnitude less than aE 5806A. Fifteen of the Eotal
nineteen r^laEer quality staEions conEained levels of bacteria that exceeded the
I'fassachusetts trIater QualiEy Coliform Standards for class SB \¡/aters at leasL once
during Ehe summer surveys. Exceptions to Ehis were staEions SB21 (Danvers River
at Ehe Liberty Hill Avenue Bridge in Salem), SB22 (Danvers River at Rte. lA),
BH24 (Beverly Harbor), and BH25 (Beverly Harbor).

ChIorophyll a values tended to be higher during the June surveys at the sEaLions
sampled. Diatoms \47ere the dominant algae group on all occasions. The highest
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chlorophyll a values were observed at Stations SB22 and SB23 (Danvers and Bass
Rivers, resDectively).

Sed imen L s

Fourteen stations r¿ere also sampled for sediment quality (See Figure 1).
Stations 5806A and BH2l on the NorEh River were by far the mosc conLaminated
sites based on heavy metals concentration. In particular, Lhe level for chro-
mium was 6,800 mg/kg dry weight and 4,700 mg/kg dry weighÈ, respectively, at
these stations, greatly exceeding chromium values at all North CoasEal sediment
scations excepE the SESD outfall where the values hrere comparable (see Figures 5,
9 and 10). Levels of lead, zínc and mercury r^rere also high enough Eo classify
the sediment as Category III at SEations 8H21, and 5806A (See Figures 7, 9, 11

and l7 ).

Six of the fourteen sediment stations had elevated chromium 1eve1s that placed
Lhe sedimênt into Category III. Six sLations also contained mercury levels high
enough to:classify that sedimenÈ as CaEegory Il.I also (figure 6). Arsenic and
zinc were,found at E\^ro of Ehe stations at Category III levels. A total of eight
of Ehe fo{rteen sedimenL sLations contained one or more of the heavy mecals (used
by the stdte to assess sediment disposal and handling) in concentrations at or
greatly etceeding Lhe minimum level for Category III material. Please refer Eo

Table 37 tor a suinmary of Lhese results.

The highe$t levels of zinc, 1ead, chromium, and mercury found at these staEions
was much þigher than the maximum concencrations observed aE any Boston Harbor
sedimenr srarion in 1985, 1986, L981 or 1988 (OWpC, 1985, 1986, 1987 and 1988).

PCB concenEratioûs \^/ere low or below levels of detection at al1 stations except
SB10 where the value would place the sediment into Category II. PAH concentra-
tions exhibited similar Erends to Salem Harbor in Ehat the tributary stations
tended to have more PAHs Ehan Ehe open r4/ater river and harbor staEions.
Goldthwait Brook and Lhe North River stations (sB05A, 5806A, s809, sBlc, and
BH21) contained the highesE PAH levels (Figure t8). Again, the high molecular
weight compounds dominaE.ed, suggesting that Ehe source of che majority of the
PAH contamination was from combustion producCs and urban runoff. StaEion SB05A
on Goldthwait Brook contained, by far the highest level of PAH compounds found
at any of the North Coastal sediment stations, including Ehe SESD outfall site
(Starion SS01). ToEal PAH concentraEion at Ehis staEion exceeded maximum con-
centrations measLlred by DLTIPC in Boston Harbor Sedimenls (OWpC, 1985, 1986,
1987 and i988).

Salem Sound and Marblehead Harbor

Physical and Chemical

A1l of the sampling stations in this area are located in open rrater. Dissolved
oxygen concentrations were always hì.9h, even at the botEom depEhs. All of che
sEaEions exhibited slight thermal stratification during the summer.

NutrienÈ levels in the open i^rater tended to be lower than at inshore stations
with the exception of the oulfall sLation. Here all nutrient parameters rùere
higher than usually seen at all open r"/ater siEes but noE as high as observed at
most of the tributary stations of Beverly and Salem Harbors.
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Bio I ogica I

Except for StaÈion SS0l at the SESD outfall'rboi1r" al1 of these open r^raEer

sEaEions had low toEal and fecal bacteria counEs during every survey. At sta-
tion SS01 high counts of toLal coliform bacÈeria were observed in the surface
samples on three occasions (figure 6). On August 19th counts of Eotal and fecal
coliforms \,rere very high (950,000 CPU and 15,000 CPU, respectively) indicating a

possible operational problem occurring at Ehe treaLment plant Ehat day.

The highest chlorophyll a values were observed in June, although these values
did not indicat.e the presence of an algae bloom. The ce11 counEs revealed
diatoms as the dominant a1gal group.

Sed imen E s

Sediment samples were collected from SEations SS0l and MBO2. (See Table 37 for
summary.) StaEion SS01 had high (Category III) levels of chromium, 1ead, mer-
c.ury, and zinc in Lhe sediments. The 1eve1s found here place this North Coastal
siEe as the second mosL conEaminated with heavy metals. SÈaEion 5806A on the
North River contained the highest concentration of mosE of the heavy meÈals
measured. Figures 7 - L2 illustraEe Ehe relative concentraEions of zinc, 1ead,
and chrornium aE al1 of the sediment stations in the Salem/Beverly area. Station
MB02 in Ehe inner lvfarblehead Harbor had high chromium (Category III) levels and
moderate levels of arsenic, lead, and mercury (Figures I and l7).

Polycyclic aromaEic hydrocarbons and PCBs were noE found in Marblehead Harbor
sediments, however many PAH compounds \4¡ere present at SEation SS01. PCB levels
at SS01 felL wichin Category II limits.

At SEaEion SS0l the total PAH concentraLion was second only to Ehe level
measured at Station SB05A on Goldthwait Brook (a North River tributary); however,
the highesE number of compounds were identified aE Scation SS01 (figure 18).
Similar to all of the oEher stations where PAHs -¡ere found, the heavy molecular
weight compounds predominated, suggesting that the source of most of Lhe com-
pounds was from cornbust.ion products. Many of the same PAH compounds were founcl
at stations SS0l, SB05A, SB06A, 5809, S810, and BH2l.

ùfanchester Harbor

Physical and Chemical

The one day Manchester Harbor survey was conducted in response Eo a sener
break in the inner harbor. hlater samples were collected aL five stations
a transect from inner Lo ouEer harbor.

p1 pe
a1 ong

On the sampling date of July 8, 1987 the dissolved oxygen concentraEions at all
staEions throughouE Ehe waEer column were high. None of the sEalions exhibited
thermal straEification.

Phosphorus r/as high at Station MH02 in the surface sample, but all other
nutrient values at every station fe11 within che range measured aE oLher open
\raEer sEaEions along Lhe North Coast including Ehose in Beverly Harbor sampled
af cer a serirer pipe rupture occurred there.
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Bio 1 ogic a1

The only significant \^/aLer qualiEy trend indicated by the data was the elevated
coliform bacteria densities observed at the E'Àro stations closest downcurrenE of
the pipe rupEure (See I'igure 6). Samples were collected on an outgoing tide;
consequently stations Ì,1H02 and MH04 shor¿ed total and fecal coliform densiEies
higher than the Massachusetts I¡later Quality Standard set for this harbor (Class
SB). MH01 ivas upcurrent of the rupture, and Stat.ions MH05 and MIl06 were located
in the ouLer channel mosÈ likely far enough from the break that the coliform
bacteria died off before being carried by the current Lo these staLions.

Gloucester Harbor

Physical and Chemical

For the mosÈ part dissolved oxygen concentrations throughout the harbor were
well above 6.0 ûg/t. Only aE staEions GH05 and GH06, Lwo inner harbor cove sta-
Eions that most 1ike1y receive reduced flushing, did dissolved oxygen con-
centraEions fa11 slightly below (5.8 mg/f) tfris minimum standarC level near the
bottom of the \^rater column on one sampling day. (See Figure 13).

NutrienL concentraLions r¡/ere relatively 1ow compared to 1eve1s measured at some
of Ehe stacions in Beverly and Salem harbors and Eheir tributaries.

B io 1 ogic al

Coliform counLs were elevated and exceeded \raEer quality standards for Class SB

\"¡aters at many of the stations (See Figure l3). Almost all of Ehese viola-
Èions occurred on September l. During the survey on this date Ehe weather \¡/as
rainy and windy. Debris were observed floating all about the inner harbor. Flow
was observed from Ehe CSO that discharges to l^lestern Harbor. The highest bac-
teria Censities measured during the survey rvere found at this station (CttO4) on
September 1. This was most likely due to Ehe CSO discharge.

As in the oEher North CoasCal areas described in Chis report, coliform bacteria
counts ü¡ere very 1ow aE Lhe open rûaLer sEations except for SLaLion GHl2, near
the sewage outfall "boi1.tt This elevated count was observed on only one of
three survey days.

Chlorophyll a and respective algae ce11 counEs \rere 1ow at all stations sampled.
Diatoms Trere the dominanE a1ga1 group but no bloom condiLions were observed even
at the inner harbor stations.

Sed iment s

Sediments \^7ere sampled at seven sLations throughout Ehe harbor (figure 4). As
expected, the highest levels of contaminants were found at the stations located
within coves of the inner harbor where flushing and circulation is minimal and
commercial and industrial use is heavy.

Lead and zinc levels at all of the Inner Harbor Cove stations (CttOS, GH05, GH07,
and GH09) r¿ere wichin Ehe Category III class for sediments (Eigures 14 and 15).
Arsenic rvas also elevated aE Stations GH05 and GH06 (Figure L7). A high (9.49
pg/C) PCB value was obtained from Stalion GH05 sedimenLs but other staLions
exhibited low or below detection levels of pCBs (Figure 16). Refer to Table 37
for a listing of category classificaEions

96



Compared to certain stations sampled in Salem and Beverly waters, the PAH con-
centraEions det.ected at the Gloucester sites were relatively 1ow (Figure 18).
Again, Srarions GH05, GH06, and GH07 displayed the highest 1eve1s of LPAH and

HPAH found in Gloucester. The higher molecular weight compounds dominated at
all Ehree of Ehese locaÈions indicating Lhe source to be from combusEion pro-
ducts and urban runoff raCher Ehan petroleum products.

StaEions GI105, GH06, and GH07, loeated at the head of Èhree narrow Inner
Harbor coves or channels, most like1y receive a considerable degree of urban
runoff from the surrounding developed area. Station GH07, where the highest
total PAH leve1 was measured is located in a cove Lhat receives storm drainage
and runoff from a raEher steeply sloped, highly developed area. Station GH06 is
located in an somewhaE similar area with similar characteristics and the PAH

compounds found here were identical !o those found at StaEion GH07 at only
slightly lesser concentrations.

Harbor Cove, where staLion GH05 is located, is crowded with commercial fishing
boaEs and surrounded by fishing-related industries. PAHs from urban runoff,
although undoubtedly entering Harbor Cove, do not seem Ëo be as serious a

problem here as aE Scations GH06 and GH07. Rather the data indicate Lhat
arsenic, 1ead, zíoc, and PCBs are the conEaminancs of concern in this area.
(See summary Table 37).

These $/acer qualiLy surveys

Summary

idencified several areas of considerable con-
degree of which variedtamination in Ehe North Coastal

from site to siEe.
region, the types and

Major problems identified from a large proporEion of Ehe v/aLer samples were high
coliform bacteria densities and low dissolved oxygen in some areas. At sites
such as those identified along the North River which contained counts of bac-
Eeria indicative of raw se\tage, steps should be laken to pinpoint and

Eerminate Ehe discharge.

Although it is difficult Eo identify specific sources of coliform contamination
from broad based r^raÈer qualiEy surveys such as Lhese, elevated bacteria levels
should signal a need for concern and more specific invesÈigative work. Point
sources of coliform bacÈeria contaminaEion were also verified from samples taken
at all of the treatment plant outfalls and near a combined se\,rer overflow in
Glouces ter.

The extremely high heavy meËa1s (particularly chromium) found in Lhe sediments
aÈ some of rhe sites in Salem/Beverly reflect the historic prevalence of the
Eanning indusÈry in the area. OEher heavy meÈals and organic contaminants found
in these sediments and elsewhere along the North Coast are no doubt producEs of
the highly urbanized and i.ndustrial nature of the region.

Table 38 compares ranges of several heavy metals and PCBs and PAHs measured
recently in sediments sampled by this office from the North Coast, Buzzards Bay
and Boston ttarbor. Several stations in the Salem/Beverly area contained Ehe

highesE concentrations of Cr, Hg, Pb, and tocal PAHs in the sediments Ehan even
Ehose measured aL any DWPC Boston Harbor station. The highest PCB concenEration
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measured in Ehese areas by DÍrlPC \^/as aÈ a station in GloucesEer. (For com-
parison, Èhe extremely high PCB concentraEion measured in New Bedford Harbor Iby
a consulEant] was included).

Spec i fic
identify.
non-point
sion) or

source9
These

source

of past sediment contamination are usually very difficult Eo

contaminated sediments however, may also provide a poEential
of water quality contamination via mechanical (i.e., resuspen-

biochemical pathways.

9,8



TABLE 36

CLASSTFICATION OF DREDGE OR FILL MATERIAT,

BY CHEMICAL CONSTITUENTSà"

(mg/t<g dry weighL)

CATEGORY I CATEGORY IIMETAL

As

Cd

Cr

Cu

Pb

Hg

N1

Zn

PCB

<10

\)
< 100

<200

< 100

<0. 5

<50

<75

< 200

<0. 5

l0
5

100

200

100

0.5

50

75

200

0.5

20

l0

300

40c

200

1.5

100

125

400

1.C

CATEGORY III

>20

>10

>300

>400

>200

>1.5

> 100

>t25

>400

>1.0

Category I MaEerials - those which contain no chemicals listed in Ehe above
table in concentrations exceeding Ehose listed ín the firsË column.

Category II Materials - those which contain any one or more of the chemicáls
listed in the above table in the concenLraEion range sho\^/n in the second
co 1 umn.

CaEegory III Materials - those which contain any chemical listed in the above
table in a concentration greater than shown in the Èhird column.

*Commonwealth of MassachuseEts, Division of Wacer Pollution Control, 1983a.
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TABLE 37

CLASSIFICATION OF SEDIMENT QUALITY IN NORTH COASTAL BASED ON CATEGORIES

ESTABLISHED IN CERTIFICATION FOR DREDGING, DREDGED MATERIAI, DISPOSAL

AND FILLING IN I¡IATERS.*

Parame te r

Locat ion StaEion As Cd Cr Cu Pb Hg Ni Zn PCB

Salem Harbor &

Tribu tar ie s

Beverly Harbor &

Tri bu tar ie s

SBO2

SBO3

sI{ 23
SH24
SH 25

SBO5A

SBO6A
SBO9

SB 1O

SB12
SB I5
SB 17
SB 20
SB 2I
BH20
BH 21
BH22
BH23
BH24

I
I
i
I
I

I
I
I
I
I

1

1

i
I
I

2

2

2

2

2

3

2

3

2

3

1

1

1

I
I

2

2

3

3

3

I
I
I
I
I

1

I
2

2

3

1

i
i
2

I
I
I
I
I
I
I
I
i
1

I
3

2

2

I
I
I
?_

1

I
3

I
I
I

I
1

I
1

I
i
I
I
I
1

I
I
I
i

I
J

J

J

2

3

2-

3

2

2

3

2

2

I

2

3

3

3

2

2

2

2

2

2

J

2

I
I

I
I
I
I
I
I
I
I
t
I
I
I
I
1

I
3

J

3

2

2

2

)
2

J

J

3

2

2

I
2

t
I
1

I
1

I
I
1

2

1

1

I

I
2

1

2

I
2

1

2

I
3

3

2

I
I

Salem SounC SSO1

MBO2

Gloucester Harbor GHO2

GHO5

GHO6

GHOT

GHO9

GH12
GH15

* Refer to Table 36 for ranges of concentrations for chemical parameEers
which define Categories I, II and III (UOWpC, 1983a).

2

I
3

I
1

I
J

2

J

2

2

I
J

3

2

I
I
2

I
I
I
I
1

I
i

I
1

I
I
I
I
I

I
J
2

I
I
2

I

1

3

3

J
3

1

I

I
J

I
I
I
1

i

I
3

3

3

J

t
I

I
I
I
1

I
1

I

'** Not Analyzed
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TABLE 38

RANGES OF SELECTED PARAMETERS MEASURED IN SEDIMENT AT SAMPLING STATIONS

IN FOUR MASSACHUSETTS COASTAL AREAS

Locat i on
Sal em/Bever 1y 1

and Tributaries Gloucesterl Buzzards Bay2 Boston Harbor3Parame te r

Cr mg/kg
dry wt.

t{g mg/kg
dry wt.

Pb mg/kg
dry wt.

Total PCB

Fe/ e
dry wt.

Total PAH

]rglc
dry wt.

40 - 6,800

0.37 - 5.0

52 - 950

ND - 2.03

ND - 125.7

i5-68

i8 - 480

ND - 9.49

ND - 36.08

2.5 - 30

0.03 - 2.6

5,2 - 72

ND - 0.89:k

ND - 2.I8

40 245

0.128 - 3.Cl

55 - 560

ND - 7.C

ND - 67.5

ND Not detected

* Sediments from certain areas in New Bedford contain PCB concenErations
exceeding 100,000 ppm. (l^Ieaver, 1984)

I D.t" from: North Coastal 1987 r¡Iater QualiEy Surveys, MDhTPC.

2 Dat^ from: 1985-86 Buzzards Bay Sediment Data Report, l.,lDI^lPC.

3 Data from: - Boston l{arbôr 1985 Water Quality and trnlasÈer^rater Discharge
DaEa, MDI^IPC.

- Boston Harbor 1986 Discharge Data and [/astewater Discharge
Data, MDI^IPC.

. - Boston Harbor L987 , 1988 l,ùater Qualicy and l^lasEewater
Discharge DaÈa . ( In preparat ion , MDI^IPC ) .
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ORAINAGE LOCAÎION

BEVERLY

I

SB2O

sB23

I

I

)

/J
BOsA

sBro

)

I
SlOrOOO êolon¡.¡/lOOml

I TOOOTOOO coloî¡.r./lOO nl

DANVERS

sBt 5

,?.

PEA BODY

sBoS
SBOSA

6otdthpoita oßlË
ß.

s803
A\

8t i¡

q
SALEM

å

.5ln : IO,OOO

COLOXIES/lOO'rtl
TOIAL COLIFORH

I ,3in.l,OOO
cOLoNIES/lOOítl
FECAL COLIFORT

sB0r
^ DTSSOWED qYeCX

A ( 6.onc/r

FOP€S /,? I

I
MARBLEHEAD

NORTH COASTAL WATER QUALITY SURVEYS 1987
S¡TES WITH ELEVATED COLIFORM BACTERIA
AND LOW DISSOLVED O)ffGEN (.0.0 mg/l):
SALEM AND BEVERLY

FIGURE 5
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BEVERLY

$

ßI

MHO2

MHO4

I

I

l

jgr''

MANCHESTER

5ALErtI
souito ð

DRAINACE LOCATIOTI

ssor

SALEM

\
i$:

,.çi

Ë

I

O.5 in. = lo,Ooo
C0L0NIES/ IOO ml
ÏOTAL COLIFORM

:o; 0.t iî.= lpoO
COLONIES/ IOO ml
FECAL COLIFORM

MARBLEHEAD

\
¡ DIS3OLVED OXYGENA ( ¡.oms/t

Illt
o

NORTH COASTAL WATER QUALITY SURVEYS 1987
SITES WITH ELEVATED COLIFORM BACTERIA
AND LOw DISSOLVED O)ryGEN (.0.0 mg/l):
SALEM SOUND, MARBLEHEAD, AND MANCHESTER

FIGURE 6

lKn
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ORAINAC€ LOCATION

EEVERLY

I

I

)

/J

ì

806A

(

)

s

H25

uùt*

,:,aEVERLY 
HARBOR

/'\

DANVERS

4

FEABODY

I sElo t6a.¿o7Hw4/78 aK
oßlt{SB ll

q s8 5 tO.25 in. :
loo ms/ kg
LEAD (Pb)

SALEM
O Somplin¡ Slolron

o
lrm

MARBLEHEAD
sBo2

I

I
NORTH COASTAL WATER QUALITY SURVEYS 1987
SITES wlTH ELEVATED LEAD (Pb>100m9/kg):
SALEM AND BEVERLY

FIGURE 7
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ORAIT¡ACE LOCATION

BEVERLY

$

MANCHESTER

t O.25 in, :
IOO mq,/kq
LEA0 ( eb'

O srmrlrro srlrrotr

o
lli
I

lXm

I

I

l

SALEM SOUIVO

SALEM

MBÛ2

? Q*o'

MARBLE HEAD

I
I

NORTH COASTAL WATER QUALITY SURVEYS 1987
SITES wlTH ELEVATED LEAD (Pb>100m9/kg):
SALEM SOUND, MARBLEHEAD, AND MANCHESTER

FIGURE 8
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DRA¡IIAGE LOCÂTION
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J
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I È
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SALEM MARBLEHEAD
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I 25oÌs,/ka
I CHnOMTUM

O sa*"lttu srarror

IM¡

EO2 o
lKn

tP.
I

I
NORTH COASTAL WATER QUALITY SURVEYS 1987
SITES WITH ELEVATED CHROMIUM (Cr>100m9/kg):
SALEM AND BEVERLY

FIGURE 9
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5,4OO mg,/kg

BEV E RLY

q

MAN CH E STER

SALEM SOUNO ¿
DRAINAGE LOCAIION

SALE Nl

-io,'qrr", \

'!?:

MARBLEHEAD

l O.25in : 25Oms/ke CHROmIUH

O sareutxo srlrroÌ{

t[t
o

I Kír

NORTH COASTAL WATER QUALIW SURVEYS 1987
SITES wlTH ELEVATED CHROMIUM (Gr>100m9/kg):
SALEM SOUND, MARBLEHEAD, AND MANCHESTER

FIGURE 1O
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I
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lMi
o

o
lKn

3^¡PL!¡O 31AïlOta

I

/
NORTH COASTAL WATER QUALIW SURVEYS 1987
SITES wlTH ELEVATED zlNC (Zn>4OOmg/kg ):
SALEM AND BEVERLY

FIGURE 11
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BEVERLY
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0

\
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o
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NORTH COASTAL WATER OUALITY SURVEYS 1987
SITES WITH ELEVATED ZINC (Zn>400m9/kg):
SALEM SOUND, MARBLEHEAD, AND MANCHESTER

FIGURE 12
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GHO
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6LOUCESTER
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NORTH COASTAL WATER QUALITY SURVEYS 1987 r
SITES WITH ELEVATED COLIFORM BACTERIA AND -
LOW DISSOLVED O)ffGEN (.0.0 mg/I):GLOUCESTER
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FIGURE 13
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6 HO6

G LOU CESTER
o7

Eost Gloucester

o
DRAINAGE LOCATION

\

6LOUCESTER

HAREOR

I 0,5Oin.: lOOr¡g^g LEA0 (Pb)

Q1"u'ta 
srArron

o f I
t/?rn

FIGURE 14 NORTH COASTAL WATER QUALITY SURVEYS 1987
SITES wlTH ELEVATED LEAD (Pb>100m9/kg):
GLOUCESTER

Vfni
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G H06

GLOUCESTER

.1

4
ORAINAGE LOCATION

Eost Gloucester

6HO7

9

\

ô
GLOUC€STER

HARSOR

t 025 in = tOO mg/19 Z INC

Q¡o*".'*u sr^rroN

nìi

l/ztm

NORTH COASTAL WATER QUALIW SURVEYS 1987
SITES WITH ELEVATED zlNC (Zn>400m9/kg):
GLOUCESTER

FIGURE 15
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GLOUCESTER
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ORAINAGE LOCATION

0¿(
0

6(
\À

ô
GLOUCESTER

HARSOR

I O5Oin.: to yq/e ÍOTAL PcB
Diy wright

Q¡^*t.,*u srarroN

l/2 ni
o

l/2 ¡m

NORTH COASTAL WATER QUALIW SURVEYS 1987
srTES W|TH ELEVATED POLYCHLORINATED BIPHENYLS (PCB)
(PCB>1.0 mg/kg):GLOUCESTER

FIGURE 16
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FIGURE 17 NORTH COASTAL WATER QUALITY SURVEYS 1987
SEDIMENT ARSENIC AND MERCURY CONCENTRATIONS
FOR NORTH COASTAL SURVEY STATIONS
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APPENDIX A

TABLE A-1

i987 TIDAL CONDITIONS DURING NORTH COASTAL SURVEYSl

HIGIT LOI{rDAY MONTH SURVEY LOCATION
a.m p.m. a.m p.m

22

23

24

June

June

June

Ju 1y

July

July

Augus t

Augus t

Sep Eember

Sep E embe r

Sep tembe r

0921

1015

1r04

0913

07 57

0856

07 27

08 28

0524

0625

07 29

0935

1021

1104

0925

081 I

0906

07 4l

083 7

0549

064t

07 47

0308

0402

0450

0305

cl 43

0242

0109

021 3

LL27

r2r5

01 17

0313

0402

0449

0313

0148

0243

0117

0275

1227

01 30

Sa1 em/Bever 1y

Sal em/Beve r 1y

Sa1 em/Beve r ly

Manches ter

Salern/Beve r 1y

Salem/ Beve r ly

Sal ern/ Bever 1y

Salem/Beve r 1y

Gloucester

Gloucester

Gloucester

8

20

2T

I8

19

I

2

3

1 Fro*, P. hrhiÈe, RoberÈ Eldridge, 1987. Eldridge Tide and PiloE Book,
L9E7. Boston, MA 02110.
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APPENDIX B

ANALYTICAL METHODS
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PARAMETER

TABLE B-1

COM},ION SAMPLE TREATMENT METHODS

SAMPLE
SAMPLE VOLUME CONTAINER1

IMMEDIATE SHIPBOARD
PROCESSING AND STORAGE

Dissolved Oxygen

TemperaEure

c0D

BOD5

ptt ( S tandard Uni ts )

Total AlkaLinity

Specific Conductance

Total Hardness

Total Solids

Suspended Solids

SeEtleable Solids

Chloride

Total Kjeldahl-Nitrogen

Ammonia-Ni Erogen

Total Phosphorus

0rthophospha te

Bacteria

Turbidity

300 ml Q) c (1)

(1)

MnS04; KI: no sunlight/or
(5) "in siEu.I'

In situ recorded to nearest
0.1"C/F or (4), (5).

H2S04, pH (2.0, cool 4oC.11

11

(2)

(2)

Q)

Q)

tl

11

P/c (l)

c (1)

- (1)

PIG

P/c

Cool 4oC.

ttln si tutt
Record Eo

transpor t

Cool 4oC.

ttrn situtt
(4)(5).

(l)

(1)

reading with merer (3)
nearesc 0.1/or
on ice to LES.

reading/or cool 4"C

300 ml (2)

11 (2)

li (2)

1l (2)

ll (2)

500 ml (2)

500 ml Q)

500 ml (2)

500 ml (2)

200 ml (2)

il (2)

200 ml

P/c (1)

P/G (L)

P/c (1)

P/c (l)

P/c (l)

c (l)

c (l)

c (1)

c (l)

c (1)

c (l)

P/c (t)

4

H2S04,

H2S04,

HcSOr,.

H2S04,

oc.

pH (2.0,

pH (2.0,

pH (2.0,

pH (2.0,

cool 4oC.

cool 4oC.

cool 4oC.

cool 4oC.

HN03,

Coo 1

Coo 1

Coo I

Coo I

pH ( 2.0 cool 4oC

40c.

40 C.

40c.

Cool 4oC.

Cool 4"C.

Cool /+oC. (6)Chlorophyll a/
Phytop I ankton

I (c) Gtass
(I) & (2) see footnotes on last page
P/G Polypropylene or glass

,22



I

FoorNorgS (r¿nles ¡-t)

Required containers, preservation techniques, and holding Eime, per Table
II 40 CFR Part 136.

Massachusetts Division of ülaEer Pollution Control, Technical Services
Branch, Engineering SecEion, Standard OperaEing Procedures.

Service and CalibraEion Manual Model 211 Orion Field pll meler. Orion

i";:,',,.;":,"" ::"::, ;:.:;';,'-.;' -,::,':.:" ;,T" .'ï:;,.w s pr in* \f$\
InstrumenE Co., Inc. Yellor¡ Springs, Ohio 45387. g\{ ,
Hydrolab Surveyor II, Model SV.Rz-SU sonde uniL, Model SVR2-DV DigiEal V**W
read out. t{ydrolab Corp., P.O. Box 50116, AusÈin TX 78763. 

\S.t}'ne4ß\t'
MassachusetLs Division of Water Pollution Control, Technical Services
Branch, Biomonitoring Program 1988, SEandard OperaEing Procedures.

2

3

4

5

6

a

r23



TABLE B-2

PARAMETER AND COLLECTION METHODS EMPLOYED AT SEDIMENT STATIONS

PARAMETER

SAMPLE VOLUME
( 1i ters )

SAMPLE

CONTAINER
IMMEDIATE FIELD

PROCESSING & STORAGE

PCB 101611242 Sedi¡nent 2(25-i00 g)

PCB 1248 Sediment 2(25-I0c e)

PCB 1254 SedirnenE 2( 25-100 g)

PCB 1260 Sediment 2(25-100 e)

PAHs Sediment 2( 25-100 e)

Yetals Sediment 25-100 g

G = Glass

G/Aluminum Foil
Septum

G/Aluminum Foil
Septum

G/Aluminum Foil
SepEum

G/AIuminum Foil
Septum

G/Aluminum Foil
SepEum

G/teflon Septum
or Plas tic Inirap
Septum

Cool to 4oC

Cool Eo 4oC

Cool Eo 4oC

Cool to 4oC

Cool to 4oC

Cool to 4oC
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ts
N)
L¡

pH

PARAMETER

BoD5

coD

Dissolved Oxygen

Turb id i ty

Total Alkal inity

Suspended Sol ids

Total Sol ids

METHOD

5-day oxygen depletion
at 20"C

Dichromate Reflux

Azide modification of I{inkler
rnethod. 0.0375 N sodium thio-
sulfate titrant, 300 ml sample

Electrometric, glass indicator,
silver chloride reference

TABLE B-3

SAI"ÍPLING PARAMETERS AND ANALYTICAL METHODS

REPORTED AS

LIMITS OF

DETECTION

mg/l BoD 2 ng/I

mg/l COD

REFERENCE

Standard Methods
I6th ed. sec. 4128, p418,

Standard Methods
l6th ed. sec. 508, p532.

Standard Methods
l5rh ed. sec. 42IB

Standard Methods
l6th ed., sec. 423, p249

mc/I D.O

pH Logarithmic
Units

+0.05 mg/1

+0. I
Etan.tard
Units

MAXIMUM

HOLDING TIME

/+8 hours

28 days

8 hours

Analyze
immed iate 1y

48 hours

14 days

48 hours

7 days

Nephelometric. Hach Turbidi-
meter. ModeI 21004

0.02 N sulfuric acid potentio-
metric titration to pH 4.5,
Orion l"lodel 701, DigiLal pH

Í.leter

Filtration through standard
glass fiber filter paper.
Residue dried at 103-105"C.
Gravime t r ic

mc/1 S.S

Evaporation to dryness at 103- mg/l T.S
I05"C. Gravimetric

Standard Methods
l5th ed., sec. 2I4A

Standard Methods
l6rh ed., sec 403, p269

t0 rng/i Standard }4ethods
16th ed., sec. 403, p269

5 ng/I Standard Methods
l6th ed., sec. 209C, p96

Standard Methods

Nephelometric
Turbidiry Units

mg/1 CaC03

Settleable SoIids Gravimetric. seLtling using an m1/1 sett. solid 0.1 ml/i
Tmhoff cone I 5th ed. , sec . 209F

48 hours



PARAI',ÍETER

Total Dissolved
Solids

Total Kjeldahl-
Ni t rogen

METHOD

Filtration through standard
glass fiber filter paper.
Residue dried at l80oC

Acid digestion using Technical
BD-40 Block Digester. Colori-
metric analysis (reacEion of
ammoûia, sodium salicylate,
sodium nitroprusside, and
sodium hypochlorite in buffered
alkaline medium) using Tech-
nicon Auto Analyzer II

TABLE B-3 (CONTINUED)

REPORTED AS

LIMITS OF

DETECTION REFERENCE

mc/1 T.D.S Standard Methods

Mg/l TKN 0.05 mgll EPA 1979, p35r.2

mg/1 Nu3-tl 0.02 ne/I Standard Methods
l5th ed., sec. 417F

mg/1 NO3-N 0.1 mg/l EPA 1983, p353. I

mc/l P 0.02 ngll EPA 1979, p365.4

Total col i forms/
100 ml

<r0 Standard Methods

Fecal coliforms/
lCO ml

l5th ed. , sec. 90BC

Staadard Methods
l5th ed., sec. 908C
I9B4 p943

MAXIMUM

HOLDING TIME

48 hours

28 days

28 days

48 hours

28 days

6 hours

Ë Ammonia-Nitrogen Phenate method, automated.
o'| Colorimetric analysis using

Technicon Auto Analyzer If

Nitrate-Nitrogen Hydrazine reduction method,
automated . Colorime t ric
analysis using Technicon
Auto Analyzer II

Total Phosphorus Acid digestion using Tech-
ni,con BD-40 Block Digester.
Ascorbic acid reduction
colorimeLric method using
Technicon Auto Analyzer II

Total Coliform Membrane filter technique

Fecal Coliform Membrane filter technique

a

\) 6 hours



I

TABLE B-3 (CONTINUED)

PARAMETER

Conduc t ivi ty

Col or

METHOD

I^Iheatstone Bridge type meter.
Yellow springs Instrument
conductivity bridge, ModeI 31

Visual comparison of sample
with known concentrations of
colored solutions

Argentometric (titration with
silver nitrate)

REPORTED AS

¡mhos /cm

Color Units

mg/l Cl

C" /"F

mg/l as P

mg, equivalent

CFS

me ter

LIMITS OF

DETECTION

N/A

0.5 me/i

+0.05

0. I meLers

0.01 mg/l Standard Methods

REFERENCE

Standard Methods
the . , sec. 05

Standard Methods
l5th ed., sec. 2O4A

Standard Methods
l5th ed., sec. 4074, p287

Omega dial temp. thermo-
meter models K-79-8,
K-79-7. Omega Engineering
Inc. Stamford, CT.

l6th ed., sec. 424F, p44B

Standard Methods
15th ed., sec. 3l4A

Gurly }lo. 625 Pygmy Curreût
Meter, Troy, NY 12181

Hydrolab Surveyor II,
Model SVR2-SU Sonde Unit,
I'fodel SVR2-DV Digital
readout

MAXIMUM

HOLDING TIME

28 days

48 hours

28 days

Analyze
immediately

48 hours

6 months

N/A

l..J\¡

Ch I or ide

Tempe ra t ure ItIn situtt reading

Orthophosphorus Ascorbic acid method

Hardne s s Hardness by calculation

Flow Llading Rod Pygmy
Current Meter

Depth Hydrolab Surveyor II



TABI,E B-4

SEDIMENT SAMPLING PARAME'TERS AND A}IALYTICAL METHODS

REPORTED AS

LIMITS OF

DETECTION

F
NJ
co

PARAMETER

Metals Analysis
Cadmium

- Sediment

Total Chrornium
- Sediment

Total Copper
- Sediment

Total Lead
- Sediment

Total Mercury
- Sediment

Total Nicke I
- Sediment

Total Silver
- Sediment

Total Zinc
- Sediment

Total Iron
- Sediment

Total Aluminum
- Sediment

Ars e nic
- Sediment

AA spectro aír-acetylene flame
(3)

mg/kg (d.w. )* o.2

AA spectro air-acetylene flame
(3)

r¡-c/kc (d.w. )-* 0.2

Atomic Absorption, direct
aspiration

(3)

mglkg (¿.w.)* 0.2

Atomic Absorption, direct
as pi ra t ion

(3)

mc/kc (d.w.)* 0.5

Manual Cold Vapor Technique mg/kg (d.w.)* 0.0002

METHOD

AA spectro air-acetylene flame mg/kg (d.w.)*
(3)

AA spectro air-acetylene flame mg/kg (d.w.)*
(3)

Atomic Absorpbion, direct
aspiration

(3)

r¡.e/ke (4.w. )* 0.2

AA spectro air-acetylene flame
(3)

mglkc (d.w. )* <0.04

ICAP mc/kc (d.r¿.)* 0.10

REFERENCE

EPA Method 213.1

EPA Method 218.1

EPA Method 220.1

EPA Method 239.1

EPA Method 245.5

EPA Method 249.I

EPA MeEhod 272.1

EPA l"le El-rod 289 . I

EPA lr,fe rhod 236 .2

EPA Method 200.7

MAXIMUM
HOLDING TIME

6 months

6 months

6 months

6 months

6 months

6 months

6 months

6 months

6 months

6 months

0.3

0.2

AA graphite furnace rtc/kg ( d. r¡. ).' <0. 001 EPA Method 206.2 6 months



TABLE B-4 (CONTINUED)

PARAMETER ME'THOD

Gas chromatography/Mass
Spec trome L ry

REPORTED AS

pele G.h'.)* (l)

trc/c

Pel e

:"e/e

|tc/g

LIMITS OF
DETECTION

0. 16

0.084

0. 56

REFERENCE

EPA Method 3510
EPA Method 8100

MAXIMUM

HOLDING TIME

7 days to
extrac t ion ,
analys i s .

7 days to
exLraction,
40 days to
analysis.

7 days to
extrac Lion ,
40 days to
analysis.

7 days Lo
extrac t ion ,

40 days Eo

analysis.

7 days Lo
extrac Lion,
40 days to
analysis.

PAHs Q)
Q)SedimenE

ts
\o

Polychlorinated Biphenyl Analysis

PCB 1016/T242
* Sediment

Gas chromatography

PCB 1248
- Sediment

Gas chromatography

PCB 1254
* Sediment

Gas chromatography

PCB 1260
- Sed irnent

EPA Soxhlet Procedure (3)

EPA Soxhlet Procedure (3)

EPA Soxhlet Procedure (3)

EPA Soxhlet Procedure (3)Gas chromaLography 0. t7

(i) No standard available for quantiEaEion. The Mass Spectrum obEained
identi fication.

was compared to a lvlass specEral data base for

(Z) U.S. EPA f984 40 CFR Part 136. Guidelines Establishing Tesf Procedure for the Analysis"of PolluLanLs Under the Clean
Irlater Act; Final Rule and Interim Final Rule and Proposed Rule.

(3) U.S. EPA. Environmental Monitoring and Support Laboratory. Int.erim MeEhods for the Sampling and Analysis of Priority
PollutaoLs in SedimenLs and Fish Tissue. 1980 Oct. CincinnaEi, Ott.

* Dry weight



TABLE B_5

SUMMARY OF RATED ACCURACY OF FIELD METERS AND UNIT OF MEASURE FOR EACH PARAMETER

UNIT OF MEASURE RATED ACCURACY METER

Temperature

Dissolved Oxygen ng/L

n.c/l

Specific ConducLivity ¡mhos/cm

¡mhos / cm

Sal ini ty

+ 0.6"C

+ 0.6"C

+ 3"/" of D.O.
reading over entire
Lemperature range of
probe (-5 to + 45"C)

YSI Model 57 Dissolved
Oxygen Meter

YSI Model 33 SCT

Hydrolab Surveyor II

YSI Model 57 D.O. Meter

PARAMETER

Degrees Centigrade

Degrees CenEigrade

Degrees Centigrade

parLs per thousand
( " /" o )

parEs per thousand
("/"")

+ 0. 1"C

ts
(Þ
O

+ 0.2 with temperaLure Hydrolab Surveyor II
and salinity compen-
sation

07" YSI Model 33 SCT

Hydrolab Surveyor IIrange from + 0.015 Eo

I 1.5 rvirh 25oC
t empe ra ture
compensation

Hydrolab Surveyor II

YSI Model 33 SCT

+2.57"-+3.

o-7

0.7 - + 0.9

+

+

I1

rlt

Dep th me ters Hydrolab Surveyor II
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