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FOREIORD

The tlassachusetts Division of l{ater Pollution Control was established by

the lrhssachusetts Clea¡r !{ater Àct, Chapter 21 of the General Iåets as
anerrfed by Chapter 685 of the Acts of 1966. Included in the ô¡ties and
responsibilities of the Division is ttre periodic e¡<anination of the i.¡ater

Enfity of r¡arious coastal t€ters, rivers, streams.and ponds of tl¡g
Ccnnr¡nr¡ealth, as stated in section 27' ¡nragraph 5 of the Acts. lttis
section further directs the Division to pblish the results of srch exanin-
ation together witÌr ttre sta¡rdards of mter çality established for the
\ariou.s waters. The Technical Services Branch of ttre Division of lfater
pollution Control has, anong its res¡nnsibilities, the s<ecution of tt¡is
directir¡e. ltris re¡nrt is E:blished under the Authority of tlp Acts arxl is
arþng a ccntinuing series of reports issued by the Division presenting
w¡ater Enlity data and analyses, water quality fltanagemsnt plans, baseline
ard intensir¡e limrplogical studies arrl va¡ious special stt¡dies.
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ABSTRAST

I.rASSAcfnJsErIs DrvrsroN oF güIIER POT.LUTION CONTROL. 1985. liþFtITI COA,STAL

TRIBUTARTES 10 SAI;EII! Al{D BEVERLY HARBORS 9B!ER. QUALITT SUFTVEY DATA. 35 p.,
22 tabLes, 2 figs.

Water gality data was collected frcrn twenty-tllo (22) stations and sedi¡nent
data ficm eler¡en (11) staÈions on ttp rivers arxl trihttaries flot'ring into
ttre Sale¡n and Ber¡erly tlarbors during the period of 8-11 July 1985. hhter
qr¡ality sanples were analyzed for tærçerature and dissolved o)qgen, fiv*
day Oioctre¡rrical oxygen denrarxl, total kjefdahl-nitrogen, amr¡¡nia-nitrogen,
nilrat*nitrogen, total pt¡osphorus, total alkalinitY, fi, suspended solids,
tortal solid^s, total arxl fecal coliform bacteria and chlorides. lihter and
sedirrcnt. netal sanples rrrere tested for arsenic, aluminum, cadmiun, chro-
rninm, cþpper' nickel, leadr iron, zítrc, silver and rercrrr¡t. Sedirrcnts turere

further analyzed for ¡nrcent, r¡olatile, Èotal kjeldahl-nitrogen and total
ptrosphorus. Selected stations r,vrere analyzed for volatiÌes and oil and
grease. Tirlal data is included.
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INIROEINION

This report is a curpilation of the results of field and laboratory
analyses condusted on tfie rir¡ers and brooks leading into the Salern arrl
Aeverty Harbors in 1985 by the United States Envirorurental Protection
Agencf a¡rd ttre Technical ServÍces Branch of the lhssachusetts Division of
çúær-potlution Control. The main Frrpose of Èlrese surveys is to develop a
r€ter quality data ba^se for waters entering the harbors.

I'tre locaÈions of salrpling stations are shonn in Figrure 2. All analyses
incl¡ded within this re¡nrt ttere ¡nrfonned on grab sanples. the exact tine
of sanpling is located with the dissol'æd o)qrgen data (Tahle 2). ltt¡e
ræather was hot and sunny in the high eighties, low níneties.

In July, tt¡ree oneday strn/eys rnere conducted. On July 8 ant July 9, 1985,
22 grab r.rater E¡afity sanples rære collected for D.O., bacteria, chenrical,
nutrients and net¡ls analysis. On July 1l' 1985, 1I grab sedi¡nent sanples
r¡are taken. Ihe July 8th salt mter stations r¡¡ere taken during an incuning
tide h¡trile the July 9th sanples hêre taken at the end of the outgoing tide.
lida'l data h¡as obtained frcm the 1985 Eärll¡ers Alnra¡rac.

Dissolved o:(ygen sanples tære a¡lalyzed by Division personnel using ttre
azide nrcdifícation of the l{ir¡kler nethod. îeÍperature has reasured in situ
at ttre ti¡re of collecLion. PercenÈ satr¡ration values r,ì¡ere calculated-
aceording to chloride corcentrations ù¡e to tirr¡l influence.

All chemical artd bacteriologrical saçles nrere trans¡nrted to the lawrence
Þçerirent Station of bhe Deparfiênt of Brvirorunental On1ity Engineering
for analyses conducted aceording to ttþ procedures set, forttr in tl¡e
Anerican R¡blic Health A^ssociationrs Sta¡dard Methods for the Þ¡amination
of lrhter arxt $Iasles¡arter (Si.¡rteenttr ed

es of a girzen parareter is listed in Appendix A of
this reporÈ. The data vere copiled arxt tah¡lated by personnel of the
Division of l{ater Pollution Control.
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TABTE 1
1985 SAIEI'FBNT¡ERLY TRTBUTARY ÍüI¡IER, QUALITT SUR\ZEY

SA!{PLIIG STAfION TæATIONS

RTVER, DESCRISTION
STATION
MJMBm'

sBo1

StsO2

sBo3

sBo4

StsO5

SBO6

SBOT

SBOS

sBo9

sBl0

sB11

sB12

sBl3

sBl4

SB15

sBl6

SB17

SB18

sBl9

Fbrest River

Fbrest River

Soutt¡ River

Goldtf¡wait Brook

Goldthwait Brook

Goldthwait Brook

Prætor Brook

Strong!'rater Brook

lbrth Rir¡er

bþrth Rir¡er

l{aters Ri'¡er

9{aters Rir¡er

,Crane Brook

Cra¡¡e River

Cra¡re Rir¡er

Porter River

Porter River

Bass River

Bass River

Ioring Ave. off Route 14, Salern

Route 114, beginning of f¡arbor, Sa1ern

Discharge pi¡n corner of lafayette arrl
arxl Derby Street, Salenr

Fbrest Ave., pea¡oay Industrial Park,
Pea¡oay

geabody St., above Fãstman @latin,
Peabody

Sr¡r¡rer St., Peaircdlz

Endicott Street, Pea¡o¿V

Dirt road off ¡nain street below
plalgrround, Peabody

Flint St., Salern

Route 114, Salanr

Sylvan St., Danvers

Route 35, Danvers

Route 114, Danvers

lfiü Pord outfall, Elm St,., Danvers

Route 35, Danvers

Jr.¡nction Conant Road & Rte. 62,
Danvers

Liberty Street, Danvers

Conant Road, Beverly

Inlet St¡oe Pond, [r1cKay St., Beverly
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TABLE I (CONTIT{JEÐ)

Eltiot St., Shoe Pond discharge,
Beverly

f.iberty Hill Ar¡e. bridge, Salern

Ror¡te 1A bridge' Sa1est

sB20 Bass River

Danvers Rir¡er

Danvers Rit¡er

SB21

SB22
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TABEE 2
sAÍ,E!&BEVERLY 1985 û{ß{IER QIIALIIY SJFfi/Ey

TI!{E4EMPERAITJRE-DISSOT\TED O)ffGDT{-t SAfiJR¡ITION DAIIA

7/8/85 7/e/8sSTATION

sB01

sE02

sBo3

SBO4

sBo5

sE06

s07

sBo8

*
**

***
****

I045
76

7.0
88

1055
80

6.1
89

u0s
65

4.0
45

0920
68

20

0940
68

4.3
47

1000
65

4.8
5l

09s0
68

6.9
75

1010
70

5.5
6t

1020
74

rt.8
137

r036
74

6.5
86

1045
73

7.L
97

1055
66

5.5
62

r.8

0925
68

2-A
22

0940
74

4.8
56

957
66

5.0
53

0948
67

7.L
76

1005
70

5.2
58

10ll
75

13.1
ls3

6

sBo9

a,



a

SBIO

sE11

sÊI2

sEt3

Sts14

sBl5

SB16

StsI7

SB18

sBl9

L240
73

6.6
76

L022
72

4.9
63

L225
67

7.8
84

rt30
70

6"5

1230
75

6.0
70

L2L7
80

u3a
74

7.3
98

L2L2
70

10.2
IL3

LL42
74

7.3
100

1206
7L

3.3
37

It59
77

8.7
104

Il54
76

10.7
138

TABLE 2 (æIüTINT'ED)

1030
75

6.9
86

L245
77

7.5
90

131s
70

8.0

L230
81

L2.5
155

1310
72

7.9
108

L220
69

8.9
98

1300
72

7.4
101

1210
72

3.1
3s

1200
79

6.6
80

11s0
75

10. r
L28

9.7
It9

SB2O

7
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* liræ (hr. )** le¡¡E¡erature ( "F)
. *** Dissolved O<1gen $g/L,
****. Percent Saü¡ration ($)

TABIE 2 (@ùITI}T'EÐ)

1140
66

7.9
L02

It30
6s

8.0
103

It20
69

8.1
108

1I08
65

8.3
107

8
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a



TATION

sB01

sE02

sBo3

sE04

sE05

sBo6

sBo7

sB08

sBo9

sE10

sEll

sBl2

sBl3

SEl4

sB15

sB16

sEtT

sBl8

sBl9

sB20

sB21

æ22

seI,EM-BEVERLY uml'il QuALrrY $TRVEY

BIæHEMICAL O(YGEN DE!ßTID 5-DAY ßTq/L)

7/8/8s

2.7

3.3

5.1

72.0

5.7

4.5

2.L

2.0

6.9

5.1

3.9

2.L

4.2

3.6

3.6

2.4

3.6

5.4,

3.3

4.8

2.7

2.4

7/e/85

1"5

2.7

2.7

14.

32.

3.0

2.4

9.0

3.0

3.9

2.L

3.0

2.7

4.5

1.8

3.9

2.4

5.1

4.2

4.5

3. il

3.3

9
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. TABTE 4
SAf,trfrBEvERIY 1985 TAIIER QUALTIY S'RVEY

ptl (standärtl units)

gTÀtrTON

sBo1

sE02

sBo3

sE04

sBo5

sE06

sE07

sE08

sB09

sBl0

sE11

sBl2

sBl3

sBl4

sBl5

sE16

stsI7

sElS

sE19

sE20

SB2I

sts22

7/8/8s

7.5

7.6

7.4

7.6

6.7

7.2

7.4

7.6

7.5

7.4

7.6

7.6

7.9

8.2

7.6

7.7

7.6

7.7

7.5

7.3

7.6

7.7

7/e/8s

7.6

7.7

7.5

7.0

7.2

7.L

7.6

7.6

8.5

7.6

7.6

7.9

8.3

8"0

7.9

8.0

7.9

8.0

7.7

7.8

7.9

8.0

10
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STAfION

sE01

sB02

sE03

sE04

sE05

sts06

sE07

s808

sE09

sE10

SBIL

sBl2

sE13

sts14

sE15

SE16

SE17

SE18

SB19

sB20

SE2I

æ22

I

TABLE 5

SATNT-BEI/ERTY 1985 VEIIIER, QUALIT:T SUR5/EY

Al,KAtINInr ßq/t as CaC03)

7/8/8s

104

108

107

60

25

92

67

72

75

98

72

101

166

80

100

55

103

84

44

59

102

101

7/e/85

105

107

L2L

65

4L

92

78

77

79

105

103

10s

L62

57

L02

55

r00

84

34

64

105

u0

11
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TABLE 6
sALEIFBEI/ERLY 1985 WNIER QUALIT:r $rFn¡E::r

HARDNESS $¡q/Ll

7/8/8s

2t600

3,640

2,430

70

67

t6s

L29

lts
2s0

2r100

L32

4r7L0

234

150

5.230

L28

¡1r630

82

61

2,000

4t770

4r570

STASION 7/e/e5

2rL70

4r 060

2r3L0

60

67

176

133

133

?T6

21850

rt4

4,100

2L3

L26

3,710

107

4r060

79

51

2r530

3,990

5,690

sB0l

SEO2

sE03

sE04

sB05

sB06

SEOT

sBo8

sts09

sBl0

sE11

sl2
sBl3

sEt4

sBl5

sBl6

sEl7

SEIS

sBt9

sE20

sB21

æ22

T2

ã.L



STATION

SBOl

sts02

sBo3

sBo4

sE05

sBo6

s07

sE08

s0e

SBlO

SEIL

sts12

sB13

SB14

SBI5

sE16

SEl7

sE18

sB19

sB20

sB21

æ22

TABLE 7

SALEI!-BÉVERLY 1985 !üllIER QUALIIY SJR\Ær
SUSPEb¡DED SoLIm (ry/Ll

7/8/8s

18

20

7.5

67

41

2.0

1.5

5.5

120

?)-

4.0

15

8.0

6.0

34

0.0

19

I3

3.0

20

8.0

16

7/e/8s

.9.5
L4

8.0

30

328

4.5

3.0

3.5

3.5

32.0

1.0

u.0

9.5

4.5

13

3.5

5.5

5.0

4.5

43

L7

9.5

13



STAtrION

sE01

SEO2

sE03

sts04

sE05

sE06

s07

sE08

sB09

sE10

sBlt

sE12

stsl3

sbl4

sB15

sEl6

sBl7

sBl8

sE19

sE20

sE21

æ22

TABTE 8
SATEÈ+BE\IERT,Y 1985 !{AÍER. QUALIT:T S{JR\TEY

lE'tAt SOLIDS Urq/Ll

7/8/8s

L3,420

27 t050

rt,550

320

280

380

400

2t0

1r080

rlr850

300

31,380

540

380

31r200

290

30,520

210

180

10,670

31,560

30,660

7/e/85

15,t 90

28,330

13,000

290

s60

310

440

2j,0

780

t9,140

240

31,500

590

300

26,470

280

28r9g0

250

140

l:¡r850

31,590

32,280

t4
idd-



STATION

sE01

sBo2

sE03

sts04

sB05

sE06

SEOT

sE08

sBo9

sB10

sE11

sE12

sE13

SB14

sB15

SB16

sBI7

SB18

SB19

sB20

sB2l

SB22

TABTE 9
SAtE"f-BH/mtY 1985 mrER' QUALIfY $JRIIEY

lUIAtffi $rg/L)

7/8/85

0.sI

0.85

1.0

2.4

1.0

2.L

L.2

1.4

2.4

2.6

I.5

0.96

2.9

2.0

2.0

1.8

L.7

2.5

1.8

2.2

1.8

1.5

7/e/8s

1.8

1.6

1.5

3.9

7.8

2.3

L.2

1.8

L.7

2.2

1.1

L.2

2.8

r.4

1.4

1.3

1.6

1.8

1.4

2.3

1.8

L.7

15
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sAr.,Et'*BEtrERr,Y 1985 VWIER AUALIIY SJAVEY

AITIDNIA-NIRæEN $rg/Ll

STAFTON

sE01

sBo2

sBo3

sE04

sE05

sE06

sE07

sE08

sE09

sl0
SElI

sBl2

sBl3

sl4
sE15

sBl6

sBl7

s18

sE19

sE20

sE21

æ22

7/8/8s

0.20

0.15

0.52

1.3

0.36

0.81

0.12

0.29

0.'13

L.4

0.14

0.07

L.2

0.20

0.17

0.04

0.04

0.05

0.03

0.09

0.05

0.01

7/e/85

0.22

0.20

0.34

1.3

0.43

0.73

0.06

0.22

0.23

0.sr

0.30

0.2s

1.r

0.17

0.14

0.16

0.15

0.21

0.u

0.33

0.09

0.36

16



TABTE 11

SALED+.BEVERLY 1985 ¡BIER, QUAÍ,IÎTT SUFS/EY

NIIR,AIE-NITROGEI{ $rq/Ll

srArIoN 7/8/85 7/9/8s

SE0t * i

sE02 * *

SE03 * *

SE04 * *

sEo5 0.3 0.4

sB06 L.2 L.2

sE07 0.5 0.7

sE08 1.1 1.1

SE09 * *

.S810**
sBlI 1.0 *

Sts12 * *

sE13 0.3 0.3

sE14 0.8 0.7

SE15 * *

sts16 0.5 0.6

sE17 * *

sB18 * 0.1

sE19 * *

sE20 * *

SE2l * *

æ22 ',c *

Salçle crculd r¡ot be analyzed for nitratÈnitrogeri due to salt
interferer¡ce

t

77



STArION

sE01

sBo2

sBo3

sE04

sE05

SBO6

sE07

sE08

sE09

s10

stl
sEI2

sB13

SEI4

SEI5

sE16

sE17

stsI8

sE19

sE20

sE21

æ22

rABtE 12
SATEIFBEI/ERI,Y 1985 TUITER QUALIIY S-IJF5/EY

IUÎAL PffiPHoRUS $q/Ll

7/8/85

0.12

0.19

0.12

0.68

0.40

0.23

0.08

0.L[

0.65

0.30

0.06

0.16

0.08

0,06

0.09

0.08

0.r0

0.10

0.0s

0.10

0.08

0.05

7/e/85

0.11

0.14

0.11

0.24

1.5

0.16

0.09

0.19

0.10

0.24

0.0s

0.r0

0.06

0.05

0.08

0.r0

0.12

0.08

0.02

0.09

0.08

0.09

18



srATro!¡

SEOl

sBo2

sBo3

sE04

sE05

s06

sts07

SEOS

sE09

SElO

sB11

sE12

sEI3

SB14

sE15

SEl6

SE17

SEI8

sB19

sB20

sE21'

æ22

TABIA 13
SALETT+-BE1/ERLY 1985 VÚITER QUAI,TIY S,FS/EY

ORIIIO-PHOSPTRUS ßq/Ll

7/8/8s

0.05

0.10

0.06

0.34

0.37

0.18

0.04

0.09

0.47

0.2s 
.

0.05

0.04

0.04

0.03

0.04

0.05

0.04

0.07

0.02

0.06

0.03

0.03

7/e/8s

0.06

0.10

0.07

0.17

L.2

0.09

0.03

0.r0

0.08

0.20

0.03

0.06

0.04

0.03

0.06

0.06

0.06

0,0s

0.02

0.06

0.03

0.04

19



gfÀÍrot¡

TABf,E 14
SALEM-BEVERLY 1985 9EIIER QUÀü1y ST RVE:r

clrroRrDE $q/tl

7/8/8s

7,600

13,400

6r900

8t

68

92

145

62

400

6,000

7L

16,000

140

90

16,600

79

L6,200

2J

36

5,000

16,800

L7.200

7/e/85

9,000

15,00û

6,600

78

80

94

L74

64

340

10,000

80

16,800

130

80

13,500

82

15,000

2T

40

6,900

17,000

17,000

sE01

sBo2

sB03

sE04

sBo5

SEO6

sBo7

sE08

sE09

sB10

sEJ t

sE12

s13

sBl4

sB15

sE16

s17

sBl8

SBI9

sB20

sE21

æ22

20



STATION

TABI,E 15
SALEM-BEVERLY 1985 VmrER QUALrflr $rR\ZE:r

ttEel COTIFORM (Co1iforVl00 ml)

7/8/85

200

300

75,000

1,400

l,700

9,500

1,400

3r800

42Ã00

98,000

9,000

700

12,000

600

30

35,000

r00

900

200

20,000

20

200

7/e/as

8,000

1,290

r10,000

1r500

4,800

18,000

l,500

7,300

15,000

120,000

9,000

200

10,000

2,000

1,500

23,000

140

800

180

1,000

40

880

sts01

sE02

sE03

sE04

SEO5

sB06

sBo7

SEOS

stso9

sBl0

s11

sE12

sBl3

SB14

sEI5

SEl6

stsl7

SB18

sBl9

SB2O

s21

sB22

2t



ST¡ITION

ÎABDE 16
SAI;E!,Í-BEVERLY 1985 rWrER gtrALIIY SttR\tEY

FæAL æLIlWl,t (Co1iform/I00 mt)

7/8/85

180

100

8r 000

60

400

2r000

480

L,200

2t400

9r 000

600

10

500

100

<5

5,000

20

380

10

1r800

5

40

7/e/85

50

200

22,O00

240

680

1,500

100

2r000

1,500

13,000

500

5

500

100

400

3,300

30

360

180

200

<5

40

sB01

sBo2

sBo3

sts04

sE05

sBo6

s07

sE08

sE09

sE10

SEIL
¡

sBl2

sBl3

sBl4

sB15

sBl6

sBl7

sE18

sBl9

sE20

sB21

5ts22

22
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TABI,E 17
sAra4-BEVmtY 1985 [ürER gJALrlY SURVEY

oIL & GREASE ç¡q/L)

7/8/8s

0.5

SIATION

sE03

sBo6

SEO9

sB10

sB15

sE17

0.0

0.0

7/e/8s

0.0

0.4

2.6

3.6

¡

23



sàL-r,r - BE'ERL' fftitffi eu.r,rly srJRrt':r
MEnAI^9 $¡q/Ll 7/8/85

SIATION ARSEITIC AITIIIT}TJI,I CåDMIIX.{ CHROI'{IUI{ æPPER NICKEL LEAD IRON znr sIt\ÆR tsRcuRy

0.15
0.32
0.13

<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
0.19

<0.04
0.40

<0.04
<0.04
0.39

<0.04
0.3s

<0.04
<0.04
0.1r
0.39
0.40

06
I3
05
05
05
05
05
05
05
05
05
13
05
05
t3
05
IO
05
05u
15
l5

0
0

<0
<0
<0

0
<0
<0
<0
<0
<0

0
<0
<0

0
<0

0
<0
<0

0
0
0

0.02
0.04
0.02

<0.02
<0.02
0.02

<0.02
<0.02
0.04
0.02

<0.02
0.0s

<0.02
<0.02
0.05
0.02
0.03

<0.02
0.02
0.03
0.0s
0.0s

<0.02
0.04
0.02

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
0.0¿

<0.02
0.0{
0.02

<0.02
<0.02
0.04
0.05

1\)È

SEOI
sE02
sBo3
sE04
sBo5
sBo6
sBo7
sE08
sE09
sE10
SEII
sB12
SBI3
sBt4
sBl5
SEI6
sBl7
sB18
sBl9
sE20
SE2I
sE?2

<0.010
<0.0r0
<c.010
0.005
0.015
0.000
0.000
0.001
0.004

<0.0r0
0.000

<0.010
0.003
0.001

<0.010
0.002

<0.010
0.002
0.000

<0.010
<0.010
<0.010

0.18
0.31
0.16
0rÁ7
0.12
0.16

<0.r0
<0.r0
1.0
0.56

<0.r0
0.38
0.12

<0.10
0.31

<0.I0
0.15
0.10

<0.10
0.43
0.10

<0.10

0.02
0.03

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
0.03

<0.02
0.02
0.02

<0.02
0.03

<0.02
0.02

<0.02
<0.02
0.02
0.02
0.02

0
0
0
2
0
I
I
0
0
3
0
0
2
0
0
0
0
2
0
0
0
0

02
04
02
02
02
02
02
02
02
02
02
03
02
02
03
02
03
02
02
02
03
03

0
0

<0
<0
<0
<0
<0
<0
<0

0
<0

0
<0
<0

0
<0

0
<0
<0
<0

0
0

<0.03
<0.03
<0.03
0.0s

<0.02
0.0s
0.03
0.03
0.tr
0.0s
0.03
0.02

<0.03
0.05
0.03

<0.03
<0.03
0.04
0.03
0.03
0.04

<0.03

65
59
55
9
58
6
6
60
63
7
40
22
2
46
24
48
2L
3
28
99
20
16

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

f



rhBtE 19
sÀr.Eu - BE'i/ERLY 1985 I{âSER QttÀLrw gtRltEll

MEIAI^S (W/LI 7/9/85

STÀÎION¡ AR9ENIC ÀLTIItrM]M CåDII{IUI{ CIIROTI{I(n{ OPPER NICKEL Í.EAD IRO}¡ ZITiE SILVER, MERSJRY

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

10
54
50
13

10
13
IO
10
t9
10
38
1I
TO

50
15
36
IO
IO
68
54
19

<0.
0.
0.
0.
25

<0.
0.

<0.
<0.
0.

<0.
0.
0.

<0.
0.
0.
0.

<0.
<0.
0.
0.
0.

f\)(Jl

sE0l
sB02
sBo3
sE04
sE05
sBo6
SEOT
stso8
sE09
SBIO
sBl1
sBl2
sBl3
SEI4
sE15
SEl6
sBl7
SEIS
sBl9
sB20
sB21
ffi22

0.00r
0.004
0.003

<0.010
0.043

<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.0r0
<0.0r0
<0.010
<0.010
<0.010
<0.0r0
<0.010
<0.010

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

0.04
0.04
0.03
0.02
0.72
0.02

<0.02
0.02

<0.02
0.04

<0.02
0.0{

<0.02
0.02
0.0s

<0.02
0.05

<0.02
<0.02
0.04
0.05
0.06

<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03

<0.03
<0.03

0.03
0.03
1.7
0.04
0.19
0.03
0.03
0.03

<0.03
<0.03
0.04
0.03
0.03
0.20
0-04
0.03

<0.03
0.07
0.03

<0.03

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
10.0002
<0.0002
<0.0002
<0.0002

<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04
<0.04

0
0
0
I

54
43
55
I

0.02
0.04

<0.02
<0.ù2
<0.02
<0.02
<0.02
<0.02
<0.02
0.02

<0.02
0.03

<0.02
<0.02
0.03

<0.02
0.03

<0.02
<0.02
0.03
0.04
0.04

2L
0.66
0.66
0.53
0.57
0.68
0.22
0.25
2.0
0.43
0.23
0.55
0.23
2.2
0.17
2.3
0.16
0.17



TABLE 20

SAI,EÌ.{ - BEI/ERLY 1985 T{A[ER. QUÀT'I T $]F5/EY

sEDrltENr DAlh 8/1v85
(AlI results in rg/y'g unless oÈ'lrerwise noted)

15r
404

57
L7

s50
1.5
380

55
22

170
6,500

u5
<1.0
1.9

9.0t
r87

57
20

1r000
4.0
800
119

30
420

17r000
280
1.0

0.44

ß22

5.7r
99
34

18.9t
47
7L
L2

12r500
3.0
365

55
22

1r850
2rr500

205
<1.0
0.10

6.2t
30
28

<0.50
600

<1.0
3.0
9.5

14
115

20
320

<1"0
0.r0

21r
349
141
I3

11,450
7.0

1,850
225

48
950

19,500
950

sBo2 sBo3 StsO9 SE1O
SB2T

4.6r
83
44

5.8
5r950

2.O
650

s0
t8'

140
9,000

13s
1.0

0.50

sB15

l6r
536

75
1l

13,150
3.0
700

75
32

270
6,ooo

265
<1.0
1.5

sBI2

2.6t
2L9

30
2.O

3,750
1.5

1r200
t8
10

115
3,400

125
1.0

0.15

8.6t
113

7T
10

7r600
4.5
7s0

85
20

455
r0,000

295
<r.0
0.65

817 SB2O

t VoI. Solicls
1ßN
Total-P
Arsenic
Ah¡nin¡¡n
Caùttium
Chrqnium
Cqper
NickeI
Iêad
Iron
Zinc
Silr¡er
tþrctrrl,
oiL & Grease

SBO6

1.9r
L2
28

L.2
3ro5o
<r.0

l5
70
22

490
4,750

18s
<1.0
0.05

6.6

f\)
Ol

5r950
2-0
265

35
t5
85

12r000
145

<1.0
0.201.0

2.0
070I t



TABTE 21
SAttrr{ - BEVERLY 1985 9HIER. QUALIT:Í SJRvE:r

VOI¡trILE ORGANICS

sBo3PARA¡I|EI'B'

Brcndichlornethane

Chloroethane

Chloroform

1rl-Dichloroetlnne

l r 2-DichloroethYlene

lrlrl4richloroethane

TrichloroethYlene

TEt¡achloroethYlene

!€tJrylene chloride

1.4

3.7

2.0

2.7

2.7

*

sE06

4.8

10

1.0

89

39

<t

r !þ sta¡rdard available for quantification

27



I
È

I

TTIGII

4:15

5:00

6:00

6:45

MBLE 22

TTDES

rcff

10:30

IL:2C

12:15

13:30

HIGfl

16:45

Ll¿45

18:30

19:15

DAÍE

l{ørday 7/8/85

îresday 7/9/85

tþdnesday 7/L0/e5

ftn:rsday 7/LL/85

28



APPEIIDXK A

AI\AtlrfICAt MEITTODS USED Af IÀIIRE$CE Þ{PERIüENI SIATION

MBITiOD REPORTED A9

Él

PARAMSIER'

æD

Dissohred Oq¡gert

îrrbiditY

Itdal AucalinitY

$otaf Kjeldahl-
Nitrogen

å¡rronia-Nitrogen

5-day o)q¡gen depletion at 20oC

Azide rpdification of Ífinkler
rcthod. 0.0375 N sodium thio-
sulfate titrant, 300 mf salçle

Electrcnetric, glass irrlicator,
sihzer chloride reference

tilepheloretric. Hach Î¡rbidi-
neter. I.bdel 2f004

0.02 N suLfi¡ric acid ¡ntentio-
uetric titraÈion to ËI 4.5,
Orion lædel 701, Digíta1 SI
seter

Filtration ttrrough standard
glass fiber filter paper. Residue
dried at 103-105oC. Graviretric

Acid digestion trsing Technicrcn
Ð-40 Block Digester. @Iori-
¡retric analysis (reaction of
annonia, sodium salicryIate,
sodir¡n nitropnrsside, arrt sodiun
hlpochlorite in hrffered alkaline
rrediun) using Technicon Auto
Analyzer II
Phenate nethod, autcrnated. Colori-
netric analysis using Technicon
Auto Analyzer II

tlydrazine reduction method, auto-
rated. Colorinetric analysis
using Technicon Auto Analyzer II

ry/Lw
r¡qÃ D.o.

Standard ,

Iogarittmic Units

t{ephelcnretríc
nrrbidity Units

Ígl1 CaC03

ry/r s.s

ug^ T.S.

mI,/I Settleable
Solids

nglI Tta{

ng^ NH3-N

Suspended Solids

&tal Solids E\nporation to dryness at 103-
105oC. " Gravi¡retric

S€ttleable So1ids Gravùretric settling using an
Imhoff cone

Nitrate-Nitrogen

29

rgl1 t03-N



1,

.l

Total Phosphate

Ilota.l Coliform liþmbrane filter technic

Fecal Coliform lEnbrane filter technÍc

æD

Conductivity

Color

Chloride

Silica

Caùniun, @¡nr,
Chrmiun, Iron,
Iêad, l,lagrnesiun,
!¡anganese, Nickel,
ZLtæ,, ttrardness
(ca.H8)

Alunint¡n, {t[*

He¡¡avalent
Chrorium

APPts{DXK A (æMINT'ED)

Acid digestion r:sing îectrnicon
BÞ40 Block Digester. Ascorbic
acid reduction coloriretric
rethod using $echnicon Auto
Àrnlyzer II

Dichrqate reflur

lüreatstone Bridge tlpe ÍEter.
Yellors Sprir¡gs Instnment
conductivity bridge, lbdel 31

Visua1 oqnrison of saq>le wittr
knc¡rn æncentrations of ælored
soluÈions

Argentatetric (titration wiÈtr
sih¡er nitrate)

Oolori¡etric analysis (siliæ-
nol1ÈdaÈe redrrction in acidic
soluÈion to nheterq>oly blue"
by aminonaphttrolsulfonic acid)
Tect¡nicon Auto ¡lnalyzs I
Atonic Absorption Spectrophoto-
rctrlt. Air-acetYler¡e flane.
Perkin-Eln3r lbde1 403

Atcnic Absorption Specbropt¡oto-
nEtrlt. Nitro¡s oxid*acetYlene
flane. Þrkins-E¡¡er I'bdel 403

Oolorürctric using diphenyl-
carbazide. Klett-Suærson
pl¡otoelectric colori¡æter

ng/L P'

1lotal æliform/
100 mI

Fbcal colÍform/
100 mf

trg^ @

wùrosr/c¡n

Color Units

nq/L CI

nq/L

nq/L cr+6 \

nq/L

rq/L

30
fdi.
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APPEI¡DD( B

TÍTE ÀSSNSS¡IBW OF ÍüIIIER POLLI}TION

A ¡€rkable definition of the term nwater pollution" is difficttlt to fomnr-

ttã-"¡rgly because pollution problens ¿rre e¡(trenÞIy variable a¡td site
ãifi". -lttre rcrd n¡nllute" literally rrnaris¡ to nrerder fuçrrretr; horever'
;';;¿ acceptable definition of Epllution m¡st talce factors into account

är.n-"" üJcf¡enrical, physical a¡d biological istics of natural
ã;, ûre inte¡rded use of a receiving water, and a¡r underst¿¡ttittg of the
;i*å a¡d fate of a given pollutant after its introduction into a body of
;¡&. Regardless of tpw ne ctpose to defire iÈ, water ¡nllution involves
.f= 

"¿¿itión 
of certain characteristics to a rsater body wttich nay reruler

út ot"r r¡nfit for iLs interrded utilization. Scme of ttte ¡nrre cqmrcn

lor* of water pollution include: oxygen dema¡tding organic rrastes a¡td

""tog" 
derir¡atives; nar¡*ade organic ænpor:nds such as pesticides, solle

irnuãui.f wastes, ard inorganic toxic ccrçounds; infectiot¡s disease
oroducinq agents; nutrients and sedfunents frcn¡ larxl n¡r¡off; radioactive
är¡st¿nces; oil arrl grrease; ar¡d thernal discharges. In scme instances' the
ccnrbined effects of trc or mcre contaminants are fr¡rttrer enhanced by their
interaction. ltpse slmergistic effects may result frqn a chernical reaction
in the receiving I'ater wtrich yield.s a product, rncre to:ric than the reac-
tants. Fror exanple, the disctrarge of an acid into a water containing a
high concentration of qranide ions rculd produce hydrogen cyanide' an acid
t¡at is toxic to bottt aquatic organisns arrl man. In short' whether
disctrarged frqr residences, institutions, or irdustriesr each form of
pollution has a characteristic effect on t}re sater into wt¡ich ít is intro-
A¡ced. Ttre receiving mter nay becnrle unsightly, nalodorqLs, arú'/or a
lrazard to E¡blic tealth, ând ænsequently its uc¡es IIEìy be severely limited.

rcthods used for the assessûent of rr¡ater quality generally fall into three
rmin categories: chenrical, physical, ard biological. Cherrical analyses rnay

irctude the determination of ¡*I anl alkalinity in addition to the
ær¡centrations of r¡arious ions, retals, arrl dissolved gases such as o:q¡gen,
carbon dioxide ant hydrogen sulfide. Physical paratrEters often neasured
are temperature, crolor, turbidity, anal flor¡ ctraracÈ,eristics. Biological
¡æthods may be categorized as eitt¡er field surveys wfiich are an attenpt to
ascertain the nr¡mbers ard kirxts of aquatic organisrns associated witfi
r¡arior¡s water qualities, or laboratory strrdies in which bioassays are
ær¡ducted to determine the ler¿els of toxicity of dÍfferer¡t chernical para-
[Eters for a girren test organism.

The ¡nraneters listed above are neasured in rpst water quality sura/eys
ænducted by the l¡lassachusetts Division of !{ater Pollution Control.
Altltough no bioassay studies ¿rre done by the Division, the Biological
Section conducts macroinvertebrate surveys on selected rivers and streams
tluoughout üte Ccn¡ncnr.realth. In addition, microscopic e¡<aminations are
ærducted during mlst su¡rveys to determine ttre abur¡dance arxt kinds of algae
arrl ott¡er nicroorganiwrs present in the v'ater. Finally, bacterial sarçIes
are obtained and analyzed during each water quâlity survey.

lro tlpes of sarçIes are collected for chernical analysis. A grab sanple is
an ir¡stantâneous sarple cpllected to indicate water Erality conditions at a
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particular tirre. Cotposite sarples are ællected o\rer a period of tine at
specific intervals. Ttris method gives a better ir¡lication of 't}re orrerall
rrater çality siÈuation during the sarçIirg period. .')

O:cr¡qen Relationships

the dissolved o:qtgen (D.O. ) in q,ater refers to ttre uncqnbined o:<ygen teld
in solution artd thereby made available to aguatic organisrns for respira-
tion. Sor¡rc-es of dissolved ox¡gen inch¡de atnospheric aeration a¡xl Èhe
direcL addition of o:qgen as the blproduct of ctrernical reduction reactions
ar¡f algal photoslmthesis. lúrereas respiratory processes of aquatic
organisms cþnÉ¡u¡n3 o:qgen throrytnut the day ard night, ¡*rotoslmthetic
relêase of o:<1gen is restricted to the daylight hours. es a result,
productive t'¡aters exhibit a characteristic diurnal rrariaÈion in dissolr¡ed
o)q¡çten concentration. ltte sol¡bility of oxlgen (O2) in ',vater is prírnarily
a ft¡nction of mter tsq)erature a¡rl Èhe atnospheric partial pressure of
otqgen. Saturation levels at st¡¡rlard pressure (760 nm Hg) range franr
L4.6 nq[ 02 at OoC to 6.6 ,tg/t 02 at 40oC.

Organic natter Ís introduced to a rir¡er or strean either as the result of
natural E*lerrena, such as the drysition of lear¡es a¡rl ott¡er plant.
rnterÍals in autr¡nnr or by tåe discharge of ¡nllutants resulting frqn human
related ac'tivities. Regardless of its origin, organic uatter is gradr-rally
Aecoposea by bacteria which utilíze tÌ¡e ar¡aÍlable dissotved o¡qgen in ttre
mter. therefore, the ability of a stream segrnent to assinilate tt¡ese
organic saterials' tlnÈ is, its mste assimilative calncity, is dependent
upon the aß)unt of dissolved o:<ligen presenÈ in the mter. -In nany
instancesr tln assimilation of targe ancunts of organic wastes severely
depletes the oxlgen ooncent¡ation in the ster body rerderir¡g it unsuitable
for the e¡cistence of aquatic organisms suctr as inr¡ertebrates a¡rt fish.

rhe biochqnical o<ræren demant (BOD) is a n¡easure of tlre anÞunt of oxlgen
r se a given anpr¡r¡È of organic natter. Ttris
deccçositÍon process occurs in trc distinct steps eactr governed b¡r a
specific kirrt of bacteria. Drring the first s@>, or carbonaceor:s stage,
carbon ocçonls are stabilized wittr a ænctrrrer¡t release of carbon
dioxide. llhe secorrl sÞ9e, nitrificaÈion, begíns aprocinately seven days
later a¡rl is the process by wtrich nitrogencus sr¡bstanc€s are broken d6¡{n-
to ampr¡ia a¡rl ultùmtely to nitrate. Ttte total acd)ir¡ed o:qrgen denra¡¡ls of
both stages is tt¡e ultimte ÐD ntrich may Þ e¡erted o\rer a perioa oe
thirty dale or nore. fhrorgh recurrer¡t nse, tlæ five day m teOO5) hâs
been aceepted as the st¿ndard test used in mter Erafity analysis.- türile
the Ð5 of untreated semge ronally rar¡ges frcm 150 to 300 ¡rglr, the
ÐD5 of an un¡nlluÈed water rarely e¡rceeds 2 ry/L.
Sc¡tE tlpes of organÍc rmstes are r¡ot readily brolcen ùrar by bacÈeria h¡t
can be decorçqsed by chemical processes. [tre ctquicaf g)qgen dernarxl (@D)
refers to tt¡e an¡¡unt of o:qgen required eor ffiiããtiõn of a.
gitren anu,¡nt of organic matter. Sirpe soÍE orgtrnic matter in any mste is
not, biodegnadâble, the @D is usually.greaÈer tfnn t¡¡e m.

¡t
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Nutrients

ú!{.rients are sr¡bstances tiat are essential to Ètre grofth or reproduction
l|*.rã"nigns. In aguatic habitats algae and rnacrophltes rely on dissolved
IirIã* ar¡d plmsphonrs cupor:rrcts as nutrients arld' as such, these sub-
'.'rI"ã" are not hamÉul at lc¡¿ concentrations. 9ìhster¡ater discharges
lä"i-""ntain large as¡cunts of carbon, nitrogen, arxl ptrosphorus containing
äi"-or¿". E(cessir¡e nutrient loading of a water body increases plant
î"ñ"iion. As a result of this increased productivity, rapid.Iy
äiËlpfying algal ¡nprlations or "bloc¡ns' occur wtrich ilBy severely limit
ñ-oote¡ttial use of the rrater. In many insta¡¡ces a high o:qgen demand is
ääã"4 by the decc¡rpo.sirq algae resulting frqn a sr¡dden dieback.

Nitrogen ccrçor:nds orist in water in a r¡ariety of forrs. They lay æ.cur ¿rs;

ãfoi"t corrponents, particulate natter, sol^¡ble organic st¡bstar¡ces or
ñiqanic ions. fhese different fonns arrl their interrelated chernical
äãi,io* are collest'ively lcrlo{r¡ as tfie nitrogen c¡rcle' orqanig nitrogen
Fttt" form of protein, amirp acid, or urea occurs in rvater containing
orqanic wastes. O<idation a¡¡d reduction of these nitrogenous corçnunds are
ãiósefy Unked to the n¡atabolic activity of nany kirds of microorganisms.
¡" ¿".èribed abor¡e, nitrification is tied to bacterial action, and is
carried out by a fixed Sequenc€ of reactions thror:gh wfiich annonia'
nitrite, a¡rd ulti¡nately nitrate are produced. ltrerefore, the progress of
decc¡position of organic nitrogen can be determined by assessing the rela-
¡jr,¡g an¡cr¡nts of tlrese corpounds. Annpnia (NH3) results frqn the
initial decoposition of organic nitrogen arxl is always present in
untreated seri,age. It car¡ also be foræd by the reduction of nitrite.
Àsncnia orerts a high o:qgen denn¡rt arrl is tocic'to neny aqr:atic organisrns.
Ocidation of arnr¡nia yields nitrite (Iill2-) wtrich is quid<ly converted to
nitrate (t¡þa-), the end prÒduct of the deocnposition of niÈrogenous matter.
ffi is Éhe form of nitrogen tlnt is directly available to algae arrl
otÌ¡er aquatic plants as a nutrient.

ptpsphorus is present in water bodies in dissolved, colloida'l ' or ¡nrticu-
EE states arrd originates prinnrily frcn agricultural runoff and
nster¡aters containing detergents. It ttay exist as ortho¡*tosphate,
pollphosphate, or in organic coçorrrds. Although phosphonts occurs in
ruÈr¡ral waters in gnaller am)unts than nitrogen, it is an essenÈial plant
nutrient.

Coliform Bacteria

Fecal coliform bacteria are for¡nd in tfie intestinal tract of wann-blooded
animals. Although not a serious health hazard by thernselves, their
presence in water is a good indication that sewage and associated
pattrcgenic microorganisne rnay be present. Sincre coliforms can be detected
by relatively sinple test procedures they are used to indicate the extent
of bacterial pollution frsn sewage arxt cqnbined sempr overflor¿s. Tests
are usually conducted to determine the nr¡mber of fecal and total coliforms
gresent in water or $astehËter. ltre nr¡¡rùer of total coliforms includes
tåæe of fecal origin a¡rd frqn non-fecal sources such as soi1, grain, or
&aying vegetation. In areas where urban runoff is a problern, total
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æliforur levels ca¡r be very high, wtrereas fecal æliform ler¡els may ranain
rnÍni¡nal as long asr sffage is not present in the mter. Often nunicipal
mstes are dislnfected ãt a treatnent plant to kitl bacteria before tlrey
are discharged to a receiving uater.

f¡H arrl Alkalinitv

The pH of water is a ¡reasure of its hyttrogen ion t¡t+) æncentration on an
inverse logarithnic scale wt¡ích ranges frqn 0 to 14. ¡It values of less
ttlan 7 irdicaÈe higher H+ content ard therefore acídic solutions eùhereas
pn r¡ah¡es abor¡e 7 derpte allcaline solutíons. Ihe pH of pure later at 25oC
is 7.00; tuæver, natr¡ral mters e¡òibit a tride range of ËI values
deperding u¡nn their ct¡enical ant biological c*¡aracteristics. Unpolluted
river mter usually has a p8 beüæen 6.5 ard 8.5. In proûrctive segnents,
a d,ir¡rnal fluctr¡aÈion in ¡*I may æctrr as photosynthetic organisrns take up
dissolved carbon dioxÍde ô¡ring the daylight trurs. DrasÈic dnnges Ín
tr*I æet¡r wtren irrlustriat effluents æntaining strorg acid.s on allcali are
discharged to a uater body. Ibese pH shifts are scÍÞtÍrres toxic to aquatic
organrsms. Alkalinity is defined as tlle capacity of mter to neutralize
acid. ltris property is attrih¡ted to tåe presencre of several different
solute species. Tt¡ese are primarily carboates ard bicarbor¡ates h¡t also
hydroxides, borates, silicaÈes, arid phosphates. ÀlJ€linity is erçressed
Ín tnilligrams per liter of equirralent callcir¡nr carbø¡ate.

Solids

Susperrted solíd.s refers to ttre particulåte natter tl¡at either floats on ttre
surfaæ of, or is in suspension in mter or mstmter, a¡rd is rævable by
laboratory fifæring tehniques. that rntter renaining in the mter after
filtæring is referred to as disso.lvrel solid.s. Slspen¡e¿ solids in a stream
IIEy settle out in slrrgEisnry@ causing sedirrents to hrild up
on ttp st¡bstrate. This siltation car¡ be particaüarly lnrmful to fish eggs
and lan¡ae by hindering their r¡ect¡anisms for obtaining o:<lgen frcrn ttp
mter. S¡sperded solid.s anal¡eis provides a reliable rreasrure of tl¡e
efficiency of wastersater tleatnent facilities. nrimary treatner¡t sl¡anld
rerlo\re about 50 percent of tÌæ sus¡nrded solids fro¡ ar¡ ir¡fluent wf¡ile 90
percent re¡roval shor¡ld result frcrn seoondar¡r treatrænt. the test for
leÈAf eqlids n3as¡ure6 all suspented and dissohæd solids i¡ ster. Ttrey
ffisasuãi by eva¡nratir¡g t¡F Eter frqn a earyle of kncrrn r¡olrne a¡rl
reighing the resiô¡e. llhis residr¡e ca¡r then be Ígrnited in a furnace to
deÈermir¡e tåe organic portion. 1ìrrbiditv is a ÍFas¡¡re of tte cl¡ríty of a
Rter sanple a¡rl is related to solid.s ær¡terit. lltre laboratory tæst is
based on tåe scattering a¡rt absorption of light by tJre sanple arxl results
are expressed in NepheloûetrÍc n¡rbiditv Units (tüt ).

Color

Tte color of r¡atr¡ral mter is prÍnnrily due to ttn leac*ring of organic
debrÍs and is erpirically determined by ocÍparing the salçle with ¡<r¡onr
æncentrations of corored sorution. rt, is then e4rressed in sta¡dard
uniÈs of color. Se¡¡ere color problens resulting frcm a pollution ôisctrarge
are described qualitati\rely rather than nr¡rerically. Alttror¡gh æIor ray
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rpt Þ fËrnÉuf to aqratic life, it rnay rerder t}te tater unacceptable for
äinfing prrposes a¡rd for scne t14ns of irxlustrial use.

Other Paraneters

neoerdinq upon stÞcific rir¡er conditions, a vnater quafity suntey ¡my

íËiø" ãAaitionat arnlyses such as those for oil and greele or healry setal
l',,ront. Grease in a wastermter ænsists of a mi:cEr¡re of fats, wtu(esr free
äËiv'ãåi¿", calciun and nagnesiun soa¡s, mineral oíls, arxt ærtaÍn other
rpnfatty substances

r¡êâr^/ setals are toxic to aquatic organi*s when present in sufficient
åãtitio. they nay also have an adr¡erse effecÈ on sewage ard irrtustrial
ä"t*,.to treatrenL systanrs. l¡þtals ttrat are often ¡ncnitored are caùnium'
Arrcri,tn, cþpper, iron, lead, [Enganese, nickel, and zinc.


