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I. Introduction

Survei11ance and monitoring activities are conducted in each of the Great

Lakes to estab1ish the degree to which jurisdictiona1 po11ution contro1

requirements are being met, to determine achievement of the genera1 and
Specific objectives given in Artic1es III, IV and Annex 1 of the 1978 Great

Lakes Water Qua1ity Agreement, to provide information for measuring 1oca1 and

who1e 1ake reSponse to contro1 measures and to identify emerging prob1ems.

Specifica11y, these are the requirements of Annex 11 of the Agreement. The

Great Lakes Internationa1 Survei11ance P1an (GLISP) has been the "mode1"

framework for providing this information.

The Survei11ance Work Group notes that deSpite some shortcomings in

imp1ementation by the jurisdictions, GLISP nonethe1ess has provided a mechan-

ism for accruing considerab1e compatib1e information on the environmenta1

qua1ity of the Great Lakes. A substantia1 effort has gone into survei11ance

and monitoring activities over the 1ast five years and much more compatibIe

and usab1e data now exist as a resu1t of this effort.

An important feature of the GLISP was a 9-year cyc1e of intensive surveys

for each of the 1akes. The intensive years for Lake Michigan were 1976/77,

Lake Erie 1978/79, Lake Huron 1980, Lake Ontario 1981/82 and for Lake Superior

1983. The fina1 report for Lake Michigan was re1eased in 1980. The fina1

reports for the intensive surveys on Lakes Erie, Huron and Ontario are sti11

in various stages of preparation. HighIights of avai1ab1e data have been

incorporated into assessments of the environmenta1 qua1ity of these 1akes in

Chapter 2 of this report.

These intensive surveys represent the most comprehensive survei11ance and

monitoring studies conducted on the Great Lakes in over a decade. Moreover,

survei11ance and monitoring activities conducted within the GLISP framework

have provided a mechanism to detect 1ong-term trends in the 1akes, Specific-

a11y re1ating to particu1ar contro1 measures (e.g., contro1 of phOSphorus,

PCBs, DDT, etc.).

In many ways, 1983 is a 1andmark year for Great Lakes survei11ance

activities. Ianementation of the Lake Superior study this year represents

comp1etion of the intensive 1ake-by-1ake rotationa1 cyc1e origina11y out1ined

in the GLISP. As reported in Chapter 6 of this report, the Survei11ance Work

Group, on the basis of the additiona1 know1edge and experience gained through

these studies, is current1y improving the p1anning and imp1ementation of

binationa1 survei11ance and monitoring activities on each of the Great Lakes

and Connecting Channe1s. In this regard, the Survei11ance Work Group is

particu1ar1y cognizant of the shift in emphasis which has occurred since the

signing of the 1972 Agreement from eutrOphication to concern with toxic

substances contamination of the Great Lakes basin. These new issues and

 



  

changing priorities are placing additional demands on the program for
surveillance information. Nevertheless, monitoring efforts on eutrophicationmust not be jeopardized. In particular, there is need to continue trend
analyses for phosphorus to monitor water quality improvements achieved throughphosphorus abatement programs.

The Surveillance Work Group recognizes that the ability to detect toxicsubstances has increased substantially in recent years primarily because ofadvancements in analytical technology. This fact is readily apparent by
examining the comprehensive data in this year's Appendix E. Unfortunately,
the ability to ascertain the environmental and/or human health significance of
these compounds has not kept pace with the improvements in analytical
capability. The presence of organic compounds such as TCDDs, PCDFs, toxapheneand PAHs which are known to be deleterious to the aquatic ecosystem must beincorporated into planned surveillance activities despite the high analyticalcosts. The Surveillance Work Group is working with other Committees within
the IJC structure trying to develop priorities for these substances for bothmonitoring and control purposes.

Further, the Surveillance Work Group notes that these more sensitive
analytical procedures have established better baseline measurements that are,in certain instances, difficult to compare with historical values generated byless sensitive methods available at the time of their collection. This is
especially true for organics and trace metals in water. These new data will
be useful in establishing new baselines for determining future trends. The
Surveillance Work Group cautions, however, that results generated by these
more sensitive analtyical techniques must be scrutinized carefully. Although
a low detection capability is important given the toxicity of some of these
chemicals at extrenely low concentrations (for example, TCDD) it is essential
that errors resulting from missed or misidentified chemicals be kept to aminimum. In addition, results at such low sensitivity levels tend to exhibitgreater analytical variation which makes the interpretation of trends moredifficult. These factors reinforce the need for increased overall qualityassurance programs. At the time of this writing, the format of such a programis currently being reviewed.

The Surveillance Work Group recognizes that there are many ongoingsurveillance and monitoring activities conducted by the individual
jurisdictions which do not directly form a part of the GLISP effort, but
which, nonetheless, are often a valuable source of information on
environmental quality. The Work Group will continue to compile these reports,where possible, for use in reporting to the Board and the Public.

Finally, it will be noted that this year's Surveillance Appendix to theBoard Report has changed somewhat in the degree of detail and format from thatpresented in previous years. Chapter 2 provides only highlights of the
environmental quality in each of the Great Lakes since the more detailed
reports as a result of the intensive studies will be available in the near
future. Chapter 3 provides a review of those compounds which the SurveillanceWork Group feels there is need to emphasize in future surveillance andmonitoring programs. This Chapter is a new addition to the SurveillanceAppendix but it is one which the Work Group feels is within its mandate "to

  



  

identify emerging prob1ems" as required in Annex 11. Many continuing and
emerging prob1ems are associated with Areas of Concern previous1y identified
by the Board; the status of C1ass "A" Areas of Concern are discussed in
Appendix A of the Board Report. Chapter 4 reports on the activities, in
particu1ar, the round robin studies conducted by the Data Qua1ity Work Group
over the period 1982 - 1983. Chapter 5 presents the annua1 phoSphorus
1oadings to the 1akes for 1981 - 1982. Chapter 6 out1ines a number of current
initiatives which the Survei11ance Work Group be1ieves wi11 improve the
reSponsiveness of survei11ance and monitoring activities to Agreement
requirements and to the changing priorities and issues that have surfaced
since the deveTopment of the Great Lakes Internationa1 Survei11ance P1an which
was endorsed by the Water Qua1ity Board in 1980.





 

2. Assessment

Since the 1972 Water Quality Agreement there has been a major effort on
behalf of both governments to reduce phosphorus loadings and curtail inputs of
certain toxic chemicals. Concomitantly, there has been a coordinated effort
to measure the success of these remedial programs. This coordinated effort
formally became known as the Great Lakes International Surveillance Plan
(GLISP) which was endorsed by the Water Quality Board in 1980.

The current status of each of the Great Lakes with respect to eutrophica-
tion and contaminants is reported in this chapter based on results of certain
efforts related to the Great Lakes International Surveillance Plan (GLISP).
While these data, in some instances, have not been collected over a sufficient
number of years to establish long—term trends, there is nevertheless adequate
information to permit statements on changes. Relevant data are summarized
briefly below for selected parameters on a basinwide perspective followed by a
more detailed lake-by-lake assessment.

Results from open lake studies show that Lake Ontario has exhibited a
consistent decline in total phosphorus concentrations over the last 13 years.
This trend has occurred without significant reductions in phOSphorus loading
from Lake Erie. The Tower concentrations in Lake Ontario may reflect a
singular or combined outcome of lower inputs from point sources other than the

Niagara River or a function of some as yet unexplained lakewide process.
Results from Lake Erie have been subjected to several interpretive schemes,
and while there is as yet no universal agreement to the absolute meaning of
these data, there is agreement that total phosphorus values apparently have
stabilized. Given the increased trend of total phosphorus in the early to
mid—1970's, this stabilization is an encouraging sign. Concentrations of
total phosphorus in Lake Huron have not increased significantly since earlier
observations in 1974 and results from Saginaw Bay indicate a substantial
decline in the eutrophication process within this important embayment.

The trend for nitrogen (nitrate plus nitrite) concentrations in the Great

Lakes basin appears to be the reverse of phosphorus. Results from Lakes

Ontario and Huron indicate a steady increase in nitrogen which has been

calculated at 9.4 and 5.4 pg/L/yr, reSpectively. Nitrogen concentrations in

Lakes Michigan and Erie similarly show an increasing trend with values in all

three Lake Erie basins having doubled over the last 20 years. Given this

consistent trend there is reason to anticipate the l983 Lake Superior survey

will likewise show an increase in nitrogen. Suspected cause for these

increases include: changes in biological activity (community shifts); changes

in agricultural practices (fertilizers); or increasing atmospheric

deposition. Regardless of the cause, these increases may be of concern and

some attention should be directed toward an explanation of this observation

and its potential impact, if any.  



 

Resu1ts from the Great Lakes fish contaminants monitoring program
indicated that Lake Michigan had the highest concentration of PCBs and ZDDT

in 1980. In 1981, the Agreement objectives for P085 in a11 Takes and for
ZDDT in a11 1akes except Lake Superior were exceeded (Tab1es 2.0-1 and
2.0—2). Using the 1atest year from which comp1ete data are avai1ab1e, resu1ts
demonstrate that there is 1itt1e difference in PCB concentrations in herring

gu11 eggs from Lakes Ontario, Michigan and Erie. For EDDT, however, Lake
Michigan eggs maintain the highest concentrations when compared to the other

four 1akes (Tab1e 2.0-3).

In every instance reported, the observed concentrations of the routine1y
ana1yzed organoch1orines in fish and gu11s indicate that recent va1ues are
1ower than historica1 high va1ues. For some substances, however, the abso1ute
concentrations have increased-over the 1ast two to three years. If these
higher va1ues are attributab1e to some additiona1 uncontr011ed source, then
there is cause for concern. If, on the other hand, these observations mere1y
represent a variation for substances that are approaching some environmenta1
equi1ibrium, then such aberrations wou1d not necessari1y be cause for
concern. Any definitive conc1usions cannot as yet be made and must await the
resu1ts from additiona1 co11ections.

A. LAKE SUPERIOR

The Board approved the 1983 intensive survei11ance p1an for Lake
Superior. The p1an has been forwarded to the jurisdictions for imp1ementa-
tion. This represents the 1ast of the intensive survei11ance p1ans on each of
the Takes according to the 9‘year binationa1 strategy origina11y out1ined in

the GLISP. The 1983 intensive survei11ance study was designed to provide
updated base1ine information on the current trophic status and degree of
contamination of the 1ake with toxic substances, particu1ar1y those for which
Agreement objectives present1y exist.

Eutrophication

The concentration of nutrients in the open waters of Lake Superior was
1ast measured intensively in 1973 as part of the Upper Lakes Reference Group

(1976) study. The Reference Group reported that there was 1itt1e evidence of

nutrient enrichment or 1ong-term changes in genera1 water qua1ity in the
1ake. The 1ake was c1assified as o1igotrophic with deteriorated water qua1ity
being genera11y restricted to a few 1oca1ized areas a1ong the shore1ine.
Factors contributing to the o1igotrophic status of the 1ake are its 1arge
vo1ume to surface area ratio, 10w water temperatures and 10w nutrient 1oad-

ings. The 1983 intensive survei11ance study was designed to determine changes
in 1ake water qua1ity, if any, over the 1ast decade.

Contaminants in Biota

 

During the 1960's and ear1y 1970's, it was apparent that organic contam-
inants were occurring at e1evated 1eve1s in severa1 species of Lake Superior

fish. Studies by the Upper Lakes Reference Group in 1973 detected such
persistent compounds as PCBs, hexach1orobenzene, heptach1or epoxide, methoxy-

ch10r and toxaphene. Toxaphene was high1ighted as a major toxic substance of
concern by the Board in its 1982 Report to the Commission. It is further
addressed in Chapter 3 of this report.

- 5 -



 

TABLE 2.0-1

PCB AND DDT LEVELS (ug/g Net Weight)
IN LAKE TROUT (Who1e Fish Composites)

FROM FOUR OF THE GREAT LAKES

 

1977 1978 1979 1980 1981

XPCB ZDDT ZPCB XDDT XPCB ZDDT ZPCB ZDDT ZPCB ZDDT

 

Ontario+ 8.0 4.4 5.1 1.3 4.7 2.0 4.8 0.81 3.7 1.5

Michigan* 5.8 3.8 6.0 3.3 4.5 2.8 5.3 2.8 - -

Huron
1.7 0.81

2.0 1.8 2.6 2.0 2.9 1.7 2.4 1.2 2.2 1.2

Superior+
0.90 0.35 0.46 0.31

* 1.7 0.97 0.96 0.64 0.68 0.76

 

+ Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario.

Mean of individuai age 4+ fish; N is variabie.

* Data Source: U.S. Fish and Wi1d1ife Service, Ann Arbor and U.S. EPA,

GLNPO, Chicago, IL cooperating — mean of 10 fish composites T.L. 450-640 mm;

N = 4.

 



  

TABLE 2.0-2

SELECTED ORGANOCHLORINE CONTAMINANT RESIDUES IN ug/g WET WEIGHT (1 S.E.)
IN WHOLE FISH RAINBOW SMELT, 1981

Data Source: Department of Fisheries and Oceans, Buriington, Ontario

  

ONTARIO ERIE HURON SUPERIOR

N* 47 36 36 12

Weight (g) 28.27 31.55 27.69 30.50
(3.18) (2.85) (1.85) (2.27)

% Lipid 5.55 4.76 4.30 3.39
(0.22) (0.22) (0.14) (0.16)

p03 0.90 0.23 0.13 0.11
(0.06) (0.02) (0.01) (0.00)

pp'DDE 0.33 0.03 0.07 0.06
(0.02) (0.00) (0.01) (0.00)

2001 0.49 0.06 0.10 0.07
(0.03) (0.00) (0.01) (0.00)

Mirex 0.04 ND ND ND
(0.00)

 

*Each sampie consists of a composite of five fish.



 

TABLE 2.0—3

 

SELECTED ORGANOCHLORINE CONTAMINANT RESIDUES IN ug/g NET WEIGHT (: S.D.)
IN HERRING GULL EGGS FROM THE GREAT LAKES, 1980

Data Source: Canada w11d11fe Service, Burlington, Ontario

 

LAKE ONTARIO LAKE ERIE LAKE HURON LAKE SUPERIOR LAKE MICHIGAN

 

(SNAKE IS.) (MIDDLE IS.) (CHANTRY IS.) (AGAwA ROCKS) (BIG SISTER)

N 10 1o 10 10 10

% Lipid 7.9 7.1 9.4 8.3 8.4
(0.6) (1.0) (0.07) (0.7) (1.0)

PCB 53 54 23 24 56
(23) (12) (14) (12) (12)

Mirex 1.60 0.09 0.16 0.17 0.07
(0.77) (0.08) (0.15) (0.11) (0.04)

HCB 0.15 0.09 0.08 0.08 0.08
(0.08) (0.02) (0.03) (0.02) (0.02)

Die1drin 0.20 0.16 0.24 0.35 0.65
(0.09) (0.06) (0 07) (0.21) (0.22)

pp'DDT 0.14 0.10 0.04 0.15 0.17
(0.13) (0.08) (0.02) (o 13) (0.05)

pp'DDE 7.4 2.6 2.8 3.8 11.0
(4.1) (0.66) (1.4) (3.5) (2 6)

 

 



 

On1y three years of data on a consistent basis are avai1ab1e for contam-

inants in Lake Superior fish. Data on 1ake trout (Sa1ve1inus namaycush) who1e

fish composites are present1y insufficient to determine any statisticaT1y

significant trends (Tab1e 2A-1). Severa1 additiona1 years of co11ection and

ana1ysis wi11 be required before trends can be determined. Neverthe1ess,

these data do demonstrate that tissue concentration of PCBs sti11 exceed the

Agreement objective.

 

Ana1ysis of herring gu11 (Larus argentatus) eggs from 1974 to 1979

indicate a dec1ine in the 1evels of the Six persistent organoch1orine

substances investigated. These dec1ines continued through 1981 but at a

s1ight1y diminished rate. The dec1ine between 1981 1eve1s and those when

concentrations were greatest for each compound are as fo11ows: DOE—74%,

DDT-94%, die1drin-23%, HCB—52%, mirex—85% and PCBs—56% (Tab1e 2A-2).

B. LAKE MICHIGAN

Two reports describing the resu1ts from intensive survei11ance on Lake

Michigan in 1976 and 1977 were issued by the U.S. EPA (Rockwe11 et a1., 1980;

Bowden et a1., 1981). Efforts to describe changes in open water nutrient

chemistry are schedu1ed for 1983.

Eutrophication

The U.S. EPA reports focused on differences in physicochemica1 conditions

between 1976 and 1977. Phosphorus concentrations were around 7 pg/L in 1976

and substantia11y decreased to near 5 ug/L in 1977. Concurrent1y, improved

trophic conditions were indicated by narrower nearshore zones of mesotrophic

waters a1on the entire shore1ine in 1977, as determined by phosphorus reduc-
tions and ogher physicochemica1 and bio1ogica1 trophic indicators. Eutro hic

zones were especia11y noted near Mi1waukee Harbor and Indiana Harbor Cana .

These reports caution that the apparent dec1ining trends may be due to short-

term annua1 variation between the two years and may not necessari1y indicate a

continuing downward trend in phosphorus concentrations.

Contaminants in Biota

 

Ana1ysis of 1ake trout who1e fish composites from 1977 through 1980

indicates that no consistent pattern in 1eve1s of PCBs, DDT, die1drin, and

ch1ordane has emerged (Tab1e 2B-1). These data do indicate, however, that

Lake Michigan has the highest contaminant 1eve1s of PCBs and DDT compared to

the other Great Lakes. Tissue concentrations for these compounds sti11 exceed

the Agreement objectives. Continued survei11ance efforts wi11 be required

before a consistent pattern or trend can be determined.

Ana1ysis of herring gu11 eggs from 1971 through 1980 indicates a signifi-

cant dec1ine in ZPCBs and EDDT (Tab1e 28-21. No consistent pattern is

evident for die1drin and HCB, but mirex appears to have dec1ined. Mirex and

HCB had va1ues in 1980 that represent the 1owest recorded to date.

C. LAKE HURON

The Upper Lakes Reference Group (1976) conc1uded that Lake Huron, Georgian

Bay and the North Channe1 were o1iotrophic in nature but the impacts of man s

-10..

 



_
12

_

  

TABLE 2A-2

MEAN CONCENTRATION (in ug/g Net Weight t S.D.) 0F SELECTED ORGANOCHLORINE
CONTAMINANTS IN HERRING GULL EGGS FROM TWO LAKE SUPERIOR COLONIES

Data Source: Canada N11d1ife Service, Burlington, Ontario

 

LAKE
SUPERIOR N FAT DDE DDT DIELDRIN HCB MIREX ZPCBS

 

MAMA I NSE HARBO UR/
AGAWA ROCKS*
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* 1979

* 1980
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GRANITE ISLAND

 

1974

1975

1977

1978

1979

1980
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.06 0.40

.10 0.40

.04 0.56
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TABLE 28-1

MEAN (RANGE) ORGAMJCHLORINE CONTAMINANT CONCENTRATIONS

IN ug/g NET WEIGHT

IN LAKE MICHIGAN LAKE TROUT ()ho1e Fish Composites)
BETWEEN 450—600 mn TOTAL LENGTH

Data Source: U.S. EPA (GLNPO), Chicago, I11inois in

cooperation with U.S. Fish and Wi1d11'fe Service, Ann Arbor, Michigan

   

YEAR N* DIELIRIN ZPCB EDDT

1977 4 0.42 5.8 3.8

(0.35 - 0.55) (4.2 - 7.3) (3.4 - 4.2)

1978 4 0.52 6.0 3.3

(0.28 - 0.82) (4.2 — 8.3) (0.5 — 7.6)

1979 4 0.43 4.5 2.8

(0.29 — 0.73) (3.5 — 5.7) (2.2 — 3.8)

1980 3 0.23 5.3 2.8

(0.20 - 0.25) (4.6 - 6.4) (2.4 - 3.4)

*Ten fish composites.

TABLE 2B—2

MEAN CONCENTRATION (in ug/g Wet Weig1t : S.D.) 0F SELECTED
CONTAMINANTS IN HERRING GULL EGGS FROM

BIG SISTER ISLAND, LAKE MICHIGAN, 1971-1980

Data Source: Canada 1111 d1ife Service, Bur1ington, Ontario in

cooperation with Dr. R. Faber, St. Marys Co11ege, Winona, Minnesota

  

YEAR N DDE DDT ZDDT DIELDRIN HCB MIREX ZPCBS

1971 9 61:34.0 0.98:0.43 62:34.0 0.83:0.36 0.45:0.66 0.68:1.4 140:64

1973 10 64:16.0 0.70:0.21 65:16.0 0.59:0.35 0.11:0.05 0.21:0.31 170:50

1976 10 33:10.0 0.27:0.19 34:11.0 0.82:0.35 0.14:0.06 0.36:0.54 120:28

1978 10 21: 8.0 0.14:0.05 22: 8.0 0.90:0.57 0.12:0.05 0.26:0.25 90:37

1980 10 11: 2.6 0.17:0.05 12: 2.6 0.65:0.22 0.08:0.02 0.07:0.04 56:12
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activities were c1ear1y evident. The main goa1 of the 1980 Lake Huron Inten-

sive Study was to provide a detai1ed assessment of 1ake conditions which wou1d

a11ow a statistica1 comparison with ear1ier base1ine data (1971 and 1974) 50

that changes, if any, in overa11 water qua1ity cou1d be determined. 0f major

interest in the 1980 study was the improvements in Saginaw Bay and the

resu1tant impact on southern Lake Huron. Saginaw Bay is discussed separate1y

at the end of this section.

Eutrophication.

Nutrients

Nutrient concentrations measured in 1980 were 1ow compared to Lake

Michigan and the Lower Great Lakes. Mean concentrations for the major

nutrients such as phosphorus, nitrogen and si1ica sti11 indicate an o1igo—

trophic system (Tab1e 20-1). Water qua1ity conditions were genera11y better

in the northern vs southern part of the 1ake a1though the southern part of the

1ake has improved considerab1y as a resu1t of improvements in Saginaw Bay.

Some nearshore areas continue to exhibit deteriorated water qua1ity conditions

for 1imited periods of time. Inc1uded are such regions as the Ontario shore-

1ine of southern Lake Huron, Thunder Bay, Michigan, and the mouth of Saginaw

Bay.

Phosphorus. Ambient concentrations of phosphorus in Lake Huron vary

directly with point source 1oadings. The 1argest contributions of tota1

phosphorus were derived fron tributaries but the atmosphere a1so contributed a

significant amount (Tab1e 20-2).

Leve1s of tota1 phosphorus were 10w, avera ing 5.0 pg/L (area weighted
mean) in the surface waters of Lake Huron and fi.2 pg/L in Georgian Bay over
the period Apri1 to November 1980. In contrast, concentrations in Lake

Ontario are near1y three times higher averaging approximate1y 14.0 pg/L.

Nitrogen. Principa1 sources of nitrogen to the 1ake are atmospheric 1oad-

ing, nitrogen fixation and inputs from surface and groundwater drainage.
Lakewide mean (area-weighted) va1ues for nitrate + nitrite-N averaged over the

six cruises were greater in Lake Huron (274 pgN/L) and the North Channe1
(271 pgN/L) than in Georgian Bay (253 pgN/L). Ammonia 1eve1s were 1ow _

throughout most of the Lake Huron/Georgian Bay system ranging from 1-4 pgN/L

during the six cruises with the exception of the spring concentrations measur-

ed in the North Channe1 which were due to inputs from the St. Marys River.

Si1ica. Lake Superior, via the St. Marys River was by far the principa1

source of so1ub1e reactive si1ica (SRS) with 1eve1s consiStent1y exceeding 2

pg Si02/L throughout the study period. In contrast, SRS concentrations in

the remaining surface waters of Lake Huron exhibited 1arge spatia1 and
tempora1 variations but were genera11y 1ess than 1.6 pg Si02/L.
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TABLE 2C—I

ANNUAL MEANS (STANDARD DEVIATIONS) OF SELECTED PHYSIOCHEMICAL VARIABLES

FROM LAKE HURON HISTORICAL DATA BASE

Data Source: CompiTed from United States and Canadian agencies:

AvaiIabIe on U.S. EPA STORET System

 

NITRATE +

YEAR TEMPERATURE CONDUCTIVITY

_
15

_

°C umho/cm
CHLORIDE

mg/L
SULFATE
mg/L

SILICA
mgSiOg/L

NITRITE
mgN/L

SOLUBLE P

UgP/L
TOTAL P

ugP/L

 

I954

I956

I966

I967

I968

I969

I970

I974

I980

IZ.I(5.8)

IZ.O(5.2)

I4.6(6.2)

I7.8(3.9)

II.5(6.I)

9.0(5.2)

15.5(5.2)

I4.6(6.6)

7.8(5.3)

166(14)

I77( 9)

117(44)

173(13)

200(15)

184(39)

208(25)

211(13)

193(20)

6.5(2.2)

7.8(O.8)

6.2(2.I)

4.6(2.8)

6.7(2.7)

6.2(0.8)
5.2(0.7)

12.7(2.4)
I4.3(2.4)

17.4(0.6)

17.1(1 5)

II.5(6.0)

II.4(I.4)

12.4(I.8)

15.1(1.6)

2.2(O.6)

2.0(O.4)

2.4(I.9)

1.4(0.5)
1.2(O.4)

0.9(O.4)

I.I(O.3)

I.0(0.4)

1.4(O.4)

O.ZI(.06)

O.ZO(.05)

O.I3(.06)

0.30( 04)

O.27(.O4)

3.4(3.6)

3.0(I.9)

0.8( .4)

7.6(7.I)

6.8(2.6)

4.5(2.I)

5.0(2.0)

   



 

SUMMARY OF 1980 ESTIMATED PHOSPHORUS LOADING
(metric tonnes/year)

TABLE ZC-Z

T0 LAKE HURON

  

Data Source: Compi1ed from United States and Canadian agencies:
Avai1ab1e on U.S. EPA STORET System

MICHIGAN ONTARIO TOTALS

Direct Industria1
Discharge 2 1 2

Direct Municipa1
Discharge 18 103 121

Tributary:
Monitored 559 994 1,553
(standard error) (13) (134) (134)

Subtota1s 579 1,098 1,676

Unmonitored 315 328 643
(standard error)2 (25) (43) (50)

Atmospheric 1,4951

TOTAL

 

Estimated inputs from Lake Superior 730 (146), Lake Michigan 2553 985

Tota1 estimated input to Lake Huron

Target Load, 1978 Great Lakes Water Qua1ity Agreement

4,799

4,360

  
Tota1$ may not sum
1Estimate uses Canadian monitoring sites on1y.

due to rounding.

2This estimate is based on the proportion of unmonitored basin area.
Standard errors ca1cu1ated from tributary Toading estimates were used in
making adjustments.
aUpper Lakes Reference Group 1974-1975 estimates.
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Inter-year comparison. A principa1 objective of the 1980 Lake Huron

Intensive Survei11ance Program was to document any change in water qua1ity by

.comparing current resu1ts with the base1ine data sets for 1971 and 1974. The

mean and standard deviation for tota1 phosphorus, nitrate + nitrite and $01-

ub1e reactive si1ica for the 1971 and 1980 spring cruises on Lake Huron and

the 1974 and 1980 spring cruises on Georgian Bay are presented in Tab1e 20-3.

Statistica1 ana1ysis using a Student's t-test indicated that tota1 phos-

phorus exhibited no significant increase (p 1ess than 0.05) since 1971 in Lake

Huron and 1974 in Georgian Bay. These resu1ts are in keeping with the non—

degradation management concept for the Upper Lakes as stated in the 1978 Great

Lakes Water 0ua1ity Agreement. So1ub1e reactive si1ica showed a significant

increase (12%) from 1971 to 1980 in Lake Huron. In contrast, SRS 1eve1s in

Georgian Bay decreased significant1y (13.5%) between 1974 and 1980. Nitrate +

nitrite demonstrated a significant increase in both Lake Huron and Georgian

Bay. If a constant annua1 rate of increase can be assumed, then nitrate +

nitrite has increased at approximate1y 5.4 ug N/L/yr in Lake Huron and 4.5

pg N/L/yr in Georgian Bay.

It shou1d be stated that when nutrient data from this study became avai1-

ab1e, severa1 investigators undertook to ana1yze and interpret it. Their

resu1ts are in genera1 agreement, however, there are some discrepancies in

detai1s but these do not affect the conc1usions about the change in nutrient

concentrations in Lake Huron. For examp1e, data in Tab1e 20-1 are annua1

means based on a11 stations for Lake Huron. Data in Tab1e 20—3 are spring

(Apri1) means and are based on on1y those stations that were common to both

years in the comparison.

Phytop1ankton

Phytop1ankton data were avai1ab1e on1y for southern Lake Huron, but this

area has been historica11y the most impacted by Saginaw Bay. The 1980 a1ga1

measurements indicate an increase of the sma11er microf1age11ates re1ative to

other groups of a1gae. A1so, nearshore areas in southern Lake Huron often had

phytop1ankton assemb1ages more characteristic of offshore waters. This was

not true in 1974. The open 1ake stations south of Saginaw Bay in 1980 did not

exhibit the extent of inf1uence from Saginaw Bay as they did in 1974 (Figure

20-1). These observations tend to corroborate the improvements in the south-

ern ha1f of the 1ake as a resu1t of improvements in Saginaw Bay.

Zoop1ankton

Zoop1ankton samp1ing was conducted on four of the six main Lake Huron

cruises (Apri1-Ju1y). Zoop1ankton standing stocks were characteristic of

o1igotrophic to meso-o1igotrophic conditions. Species inc1uded Cyc1ops

bicuspidatus thomasi, Diaptomas ash1andi.,‘gL minutus and Q; S1C1 is.

Crustacean standing stocks were 16w, ranging from a May cruise mean of 14,000

to a Ju1y high of 75,600 individua1s per m3. SpeCies conSidered indicators

of eutrophic waters such as Mesocyc1ops edax, Eurytemora affinis, Cyc1ops

verna1is, Chydorus sphaericus, and Eurycercus Tame11atus wereeither rare or

not detected)
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TABLE 2C-3

COMPARISONS 0F SPRING NUTRIENT CONCENTRATION IN LAKE HURON BETWEEN
1971 AND 1980 AND GEORGIAN BAY BETWEEN 1974 AND 1980

Data Source: Compi1ed from United States and Canadian agencies:
Avai1ab1e on U.S. EPA STORET System

  

MEAN i COEFFICIENT
STANDARD OF

REGION VARIABLE YEAR DEVIATION VARIABILITY(%)

Lake Huron Tota1 1980 4.6: 0.71 N.S. 14.4
Phosphorus (pg/L) 1971 4.1: 1.50 35.5

Nitrate + 1980 283.8:10.01** 3.5
Nitrite (Hg/L) 1971 235.0:18.62 7.9

So1ub1e Reactive 1980 1,497.01 0.096** 6.4
Si1ica (pg/L) 1971 1,395.0: 0.058 4.2

Georgian Bay Tota1 1980 5.1: 2.03 N.S. 40.0
PhOSphorus (pg/L) 1974 4.7: 3.02 N.S. 64.7

Nitrate + 1980 267.1126.82** 10.0
Nitrite 1974 248.3:20.39** 8.5

So1ub1e Reactive 1980 1,248.0: 0.176** 14.1
Si1ica (Hg/L) 1974 1,444.0: 0.184 12.7

 

**Significant difference (5% 1eve1).
N.S. = No significant difference (5% 1eve1).
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FIGURE 20-1 Comparison of the distribution of Fragiiaria capucina

(numbers/i) in southern Lake Huron in 1974 and 1980.

Data Source: Stoermer et a/., 1982.
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Rotifer species such as Notholca s uamula and Synchaeta spp. also indica-

tive of oligotrophic or meso-oligotropflic conditions had abundances ranging

from 4,500 in June to 15,000 individuals per m3 in July. Again, species

considered indicators of eutrophic waters were rare (Filinia, Ploesoma, and

Trichocerca) or not detected (Brachionus and Euchlanisl.

 

The most productive area of Lake Huron was the southern nearshore region,

particularly in the Goderich/Bayfield and Harbor Beach/Lexington areas. Zoo—

plankton standing stocks in these areas were high for all cruises, apparently

due to the stimulation of primary productivity from nutrient runoff. In July,

high production also occurred in the St. Marys River/North Channel area. In

general, zooplankton productivity was higher in nearshore waters than offshore.

Contaminants

Metals

An extensive sampling effort for 14 trace metals in water was conducted as

part of the Lake Huron Intensive Study in 1980. Results for many of these

metals were lower than historical values. This may be due to improved

instrumentation and methodology. Table 20-4 summarizes the results for these

metals.

Because of the more sensitive analytical methodologies employed in the

1980 metals survey, comparison with historical results to determine changes in

metal concentrations since 1971 is difficult. These new data, however,

provide a valuable baseline for determining future changes in concentrations

and the methodologies used, despite some equipment contamination problems with

a few of the metals, should be employed in future surveillance efforts for

determining metal concentrations in each of the lakes.

The Aquatic Ecosystem Objectives Committee (AEOC) of the Great Lakes

Science Advisory Board has recently developed a "toxic unit concept" to

ascertain what metals (in a metals mixture in water) may be cause for concern

(AEOC, 1981). In simplified terms, this concept states that if the sum of the

ratios of the observed concentrations of a particular metal to the specific

objective outlined in Annex 1 of the 1978 Agreement exceeds one and any

particular metal ratio exceeds 0.25 then this metal may be cause for concern.

Table 20-5 presents these calculations for several stations in Lake Huron. 0n

the basis of this concept, there may be concern for the concentrations of

selenium, mercury, cadmium and silver at several locations in Lake Huron.

Research efforts have indicated, however, that the dissolved fraction

represents the most toxic form of the metal and concern over these reported

values should be viewed in this context. The calculated ratio of particulate

to particulate plus dissolved concentrations appears in Table 20—4.

The 1980 survey results also showed that recent (surficial) sediments in

certain locations in the lake were consistently found to be enriched in cad-

mium, c0pper, lead, nickel and zinc (Table 20-6). This is consistent with the

findings of the ULRG (1976) study of this lake in 1974.
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TABLE 2C-4

SUMMARY OF 1980 LAKE HURON MEDIAN TRACE METAL CONCENTRATIONS
IN WATER AND THE PARTI ONING OF TRACE METALS BETWEEN THE

DISSOLVED AND PARTICULATE FRACTIONS

Data Source: Rossmann (1982)

  

DISSOLVED (pg/L) PARTICULATE (pg/L) PARTICULATE
METAL <.5 um >.5 um +

Fe .80 6.4 .89

Cd 0. .012 1.00

Cu .28 .12 .30

Cr .11 .017 .13

Pb .0089 .041 .82

N1 .49 .034 .06

Zn .17 .33 .66

Mn .28 .58 .67

Hg .0042 - .62

As .25 .0086 .03

A1 3.1 15. .83

Ag .0058 .0013 .18

v .24 .014 .06

Se .48 0. .00
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TABLE 2C-5

EVALUATION OF TOXIC UNIT CONCEPT (AEOC, 1981) AS APPLIED TO 1980 TOTAL TRACE METAL CONCENTRATION (Lg/L) OF LAKE HURON WATER.

A REPRESENTATIVE STATION WITHIN A GEOGRAPHICAL LOCATION WAS USED TO CALCULATE Mi/Oi, WHERE Mi IS THE

OBSERVED CONCENTRATION AND 0i IS THE WATER QUALITY OBJECTIVE

Data Source: Rossmann (1982)
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* In accordance with author's recommendation the reported vaTues of 1.7 and 2.8 were ignored and replaced by vaTue of next ciosest station, reSpectiver.
**Contribution greater than 0.2 toxic units.
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TABLE 2C—6

COMPARISON OF METAL CONCENTRATIONS IN RECENT SEDIMENTS
WITH THOSE IN OLDER SEDIMENTS (mg/kg Dry Weight)

 

METAL

RECENT SEDIMENT52
HISTORICAL CONCENTRATIONS

GEORGIAN BAY AND
NORTH CHANNEL BASINS

LAKE HURON
KEMP AND THOMAS (1976) ROBBINS (1980)1 BASINS

 

As

Cd

Co

Cr

Cu

Hg

Ni

Pb

V

Zn

6.0 1.88 7.19

1.0 1.6 1.3 2.0

12.2 17.0 24.0

55.0 43.0 176.0

38.0 30.0 46.0 60.0

0.15 0.03 0.277 , 0.392

35.0 51.0 119.0

39.0 30.0 66.0. 67.0

120.0 54.0 77.0

94.0 65.0 86.0 146.0

 

1Derived from his data.
2Konasewich, et a1. 1978.

    



   

Organics

 

For the first time in 1980, concentrations of se1ected organic compounds
were measured in 1ake waters. Concentrations for most of these compounds were

in the 10w ng/L range. For examp1e, concentrations of PCBs ranged from 0.1

ng/L in Georgian Bay to 3.2 ng/L in the North Channe1. Mean concentrations in

Lake Huron, the North Channe1 and Georgian Bay were 0.4, 1.7 and 1.4 ng/L,

respective1y. The mean va1ue reported in 1981 for Lake Huron was 0.6 ng/L

which agrees reasonab1y we11 with the 1980 data. Open 1ake concentrations of

ch1orobenzenes range from .003 to .009 ng/L for pentach1orobenzenes and .002

to .004 ng/L for hexach1orobenzenes for 1980 and 1981, respective1y.

As is the case with meta1s, these data provide a base1ine from which

future changes can be determined. Perhaps the significance of these data at

the present time is not so much the abso1ute va1ue of their concentrations in

water but the fact that they can be detected at a11, substantiating their

Lbiquity in a11 compartments of the 1ake ecosystem. The "virtua1 e1imination"

of these substances from discharges entering the Great Lakes is required by

the 1978 Agreement. Therefore, the very presence of these man-made chemicaTS

in the ecosystem is of concern and is cause for further contro1s.

Contaminants in Bi ota

 

Concentrations of ZDDT and ZPCBs in 1ake trout who1e fish composite
samp1es apparent1y peaked in 1978 and 1979, respective1y, whi1e 1eve1s of

die1drin show no consistent pattern since 1977 (Tab1e 2C-7). Both PCB and DDT
sti11 exceeded the Agreement objectives for these compounds in 1981. Sme1t

(Osmerus mordax) samp1es were co11ected and ana1yzed from 1979 to 1981 (Tab1e

ZC—Bi. Only PCB showed an ggparent significant dec1ine. These data, however,
are from an insufficient nu erof years to a11ow a rigorous statistica1
treatment of the resu1ts.

Long-term trends in six organoch1orine residues in herring gu11 eggs from
nesting co1onies representing southern Lake Huron (Chantry Is1and) and the
North Channe1 (Doub1e Is1and), showed a significant decrease for the period
1974 through 1979 (Tab1e 2C-9). During the period 1979 through 1981 1eve1s of
DDE from Doub1e Is1and and mirex from Chantry Is1and increased significant1y.
Except for a s1ight increase in DOE from Chantry Is1and, a11 remaining com-
pounds showed continued dec1ines with the dec1ines in DDT from Chantry Is1and
and HCB from both monitoring co1onies being statistica11y significant.
Exc1uding the above three observations, data for the other compounds suggest
that the ca1cu1ated ha1f-1ives of these conpounds have increased over the
period from 1974 to 1981. This wou1d indicate that the rate of decrease of
these trends has started to 1eve1 off.

SAGINAN BAY

Eutr0phicati on

As reported previous1y in the 1982 Water Qua1ity Board Report and the 1981
Appendix B, the 1oading of tota1 phosphorus to Saginaw Bay from the Saginaw
River has decreased over the period 1974—1980 due to phosphorus remova1
efforts by municipa1 treatment works. A1though the proposed target 1oad of
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TABLE 20-7

MEAN (RANGE) ORGANOCHLORINE CONTAMINANT CONCENTRATIONS
IN ug/g NET HEIGHT

IN LAKE HURON LAKE TROUT (Who1e Fish Composites)
BETWEEN 450-600 mm TOTAL LENGTH

DuaSmwm: U.S. EPA (GLNPO), Chicago, Iilinois in
c00peration with U.S. Fish and Wiidiife Service, Ann Arbor, Michigan

  

YEAR N* DIELDRIN ZPCB EDDT

1977 4 0.20 2.0 1.8

(0.13 - 0.32) (1.5 - 2.2) (1.5 - 2.2)

1978 4 0.14 2.6 2.0

(0.12 - 0.15) (1.9 - 3.5) (1.9 - 2.1)

1979 4 0.14 2.9 1.7

(0.12 - 0.16) (2.5 - 4.0) (1.5 - 1.8)

1980 4 0.11 2.4 1.2

(0.09 - 0.13) (2.2 - 2.6) (0.9 - 1.3)

1981 4 0.14 2.2 1.2

(0.12 - 0.18) (1.9 - 2.6) (1.0 - 1.3)

 

*Ten fish composites.
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Data Source:

MEAN CONCENTRATION IN ug/g

TABLE 2C—8

WET WEIGHT (i S.E.) OF SELECTED
TRACE METAL AND ORGANOCHLORINE CONTAMINANTS IN LAKE HURON

RAINBOW SMELT (Wh01e Fish Composites)

Department of Fisheries and Oceans, Bur1ington, Ontario

  

T0TAL
LENGTH

YEAR N* WEIGHT (mm) % XPCB ZDDT Hg As Se
(g) RANGE LIPID

1979 12 26.33 164.6 , 4.24 0.19 0.07 0.06 0.27 0.64

(1.72) (145-188) (0.16) (0.02) (0.02) (0.01) (0.02) (0.01)

1980 36 20.68 154.2 3.46 0.11 0.07 0.07 0.26 0.69

(1.51) (124-204) (0.14) (0.01) (0 01) (0.01) (0 01) (0.02)

1981 36 27.69 161.3 4.30 0.13 0.10 0.06 0.31 0.68

(1.85) (125-195) (0 14) (0.01) (0.01) (0.00) (0.01) (0.00)

 

*Each sampTe consists of a composite of five fish.
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TABLE 20—9

MEAN CONCENTRATION (in ug/g Net Weight i 5.0.) 0F SELECTED ORGANOCHLORINE
CONTAMINANTS IN HERRING GULL EGGS FROM TWO LAKE HURON COLONIES

Data Source : Canada w11d11fe Service, Bur11ngton, Ontario

 

LAKE HURON N % FAT DDE DDT DIELDRIN HCB MIREX ZPCBs

 

CHANTRY ISLAND

1974

1975

1977

1978

1979

1980

1981

DOUBLE I

 

10

10

10

1O

10

10

10

SLAND

 

1974

1975

1977

1978

1979

1980

1981

10

10

10

10

10

10

8.2

8.6

9.4

11.0

7.7

9.4

9.2

9.3

7.3

9.4

9.0

8.7

9.1

9.6

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

1.1

0.8

0.8

1.3

0.8

0.7

1.5

0.9

1.1

2.9

0.6

1.0

1.5

0.9

21.0

12.0

13.0

6.0

2.5

2.8

4.1

14.0

16.0

15.0

7.0

2.1

2.6

3.6

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

0.63

0.15

0.09

0.05

0.06

0.04

0.03

8.6

4.4

4.6

2.5

1.7

1.4

1.9

6.7

8.5

0.55

0.17

13.0 0.09

2.6 0.09

0.76 0.06

1.3 0.05

1.4 0.04

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

.23

.12

.03

.02

.02

.01

.28

.10

.07

.02

.02

.01

0.47

0.31

0.57

0.22

0.28

0.24

0.25

0.53

0.41

0.45

0.22

0.32

0.24

0.23

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

.18

.20

.25

.09

.07

.09

.16

.18

.23

.12

.18

.18

.09

0.47

0.18

0.17

0.14

0.10

0.08

0.07

0.30

0.24

0.21

0.09

0.10

0.06

0.07

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

.23

.05

.08

.07

.03

2.2

0.48

0.34

0.26

0.20

0.16

0.35

0.52

0.55

0.55

0.16

0.17

0.06

0.17

+
1
+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

,
—

(\l

0.56

0.22

0.33

0.33

0.15

0.37

0.22

0.67

0.57

0.22

0.16

0.05

0.15

56

46

77

33

26

17

23

+
1

+
1

+
1

+
1

+
1

+
1

+
1

17.0

15.0

48.0

9.5

7.4

7.8

7.6

  



 

440 metric tonnes was approached (and actually met in 1979), the total phos—

phorus concentrations in inner Saginaw Bay still remain above 20 ug/L while

the objective is set at 15 ug/L. Mathematical modelling of the total phos-

phorus loads and concentrations over the entire period indicates that this

delayed response is due to sediment resuspension of particulate phosphorus.

Nevertheless, Saginaw Bay has responded favorably as indicated by changes

in nutrient concentrations and in the biological community structure in

specific areas in the bay. Data from Segment 2 (Figure 20-2) is especially

illustrative. Soluble reactive phosphorus levels in Segment 2 of Saginaw Bay

have declined dramatically (Figure 20—3). Nannoplankton, which are small

phytoplankton (less than 20p in diameter) and are considered to be a prime

food source for the herbivorous zooplankton, have increased sixfold (Figure

20-4). The available nitrogenzphosphorus ratio over the period of study was

observed to be below 29:1 for a six week period (Figure 20-5). This

observation is significant, since according to Smith (1983), ratios of less

than 29:1 are favorable to nuisance causing blue—green algae. The species

composition of the phytoplankton community has also improved dramatically from

1974 to 1980 to one indicative of improved water quality (Figure 20-6).

All these indicators corroborate that nutrient control measures have been

successful in this embayment of Lake Huron.

Contaminants

Water

Saginaw Bay was studied intensively for contaminants (PCBs and metals)
over the period 1976-1980. The results of metals concentrations have been

reported prev1ously. The 1979 results for PCBs are the most complete and

these are summarized here.

The loading of total P035 to Saginaw Bay in 1979 was 1.4 kg/day with

approximately half from the atmOSphere and half from the tributaries (mainly

the Saginaw River). As with phosphorus, the sediments in Saginaw Bay are

currently a source of P085 to the water column. The total PCB concentrations

for1inner and outer Saginaw Bay were approximately 25 and 17 ng/L, respect-

ive y.

Biota

 

A study of PCBs in various species of fish in Saginaw Bay was conducted

from 1977-1980. The most complete information is available for yellow perch.

Results indicate that there is a distinct geographical gradient for body

burden of Aroclor 1260 in whole perch from inner to outer Saginaw Bay after

length of fish is taken into account (Table 20—10). Calculated bioconcentra-

tion factors for perch are presented in Table 20-11. Aroclor 1242 does not

appear to bioconcentrate differently depending on the area of the bay, whereas

Aroclor 1260 does. This empirical finding is in agreement with the laboratory

results of Oliver and Niimi (1983) which indicated that the bioconcentration
factor increases dramatically as the degree of chlorine substitution becomes

greater. No trends in PCB body burden in perch over time were observed.
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TABLE 20—10

PAIRNISE COMPARISONS
FOR PERCH PCB BODY BURDEN CAUGHT IN

DIFFERENT SEGMENTS 0F SAGINAN BAY, 1977—1980

Data Source: Matthews and DoTan, in preparation

  

LENGTH
SEGMENT* ADJUSTED MEAN SEGMENTS DIFFERING

AROCLOR 260 SIGNIFICANTLY**

1 1.29 ug/g 3 and 5

2 1.23 ug/g a1] but 4

3 1.53 ug/g 3 and 5

4 1.21 ug/g none

5 0.98 ug/g a11 but 4

 

Grand mean = 1.24 ug/g Ar0c1or 1260.

*See Figure 20-3 for Tocation of segments.

** a = 0.05.

TABLE 20—11

BIOCONCENTRATION FACTORS (BCFS) FOR A1242, A1260 AND TPCB
IN SAGINAN BAY YELLOW PERCH, 1977-1980

Data Source: Matthews and DoTan, in preparation

 

BIOCONCENTRATION FACTOR$*

 

SEGMENT A1242 A1260 TPCB

1 47390 60700 53600

2 50750 93850 72350

3 48820 109380 78900

4 44300 130770 95580

5 48040 119660 88890

  *BaSEd 0” Concentrations of A1242 and A1260 in tota1 water as reported by
Richardson 33 al., 1983.
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D. LAKE ERIE

Intensive survei11ance on Lake Erie occurred during the years of 1978 and
1979. A report has been prepared under contract to U.S. EPA Great Lakes
Nationa1 Program Office which summarizes the findings of this effort. The
Survei11ance Work Group has reviewed this report in addition to severa1 others
and expects to issue its findings by ear1y 1984.

Eutrophication

According to a report prepared for the Survei11ance Work Group, spring
tota1 phosphorus concentrations from 1974 through 1980 in the west-centra1
basin showed a downward 1inear trend with time. No significant re1ationships
were detected for the west, east-centra1 or east basins over the same time
period. Fa11 tota1 phosphorus concentration from 1974 through 1980 1ikewise
showed no significant trends in any of the four sub-basins. However, an
ana1ysis of typica1 concentrations of fa11 ch1orophy11 a did indicate a down-
ward trend in concentrations vhich is considered the most severe season for
eutrophication. This report, however, represents but one of severa1 that have
recent1y been issued. Wni1e there is some disagreement among the various
authors, there appears to be some agreement that neither increasing nor
decreasing phosphorus trends are apparent through 1981. Further studies
combined with sophisticated ana1yses wi11 be required before a definitive
statement can be made.

Contaminants in Biota

 

Na11eye was the top predator fish species co11ected most consistent1y in
Lake Erie (Tab1e 2D-1). Mirex was not deteeted in any samp1 es ana1yzed. The
concentration of PCB in 1979 samp1es was significant1y greater ( 1ess than
0.001) than in other years sampTed. Concentrations of XDDT, pp' DE and
die1drin decreased significant1y (p 1ess than 0.001) by 1981 but considerab1e
variation occurred within the period from 1977 to 1981. Mercury 1eve1s
dec1ined consistent1y from 1977 through 1981 with 1981 1eve1s sigiificant1y
1ower (p 1ess than 0.001) than any preceding year.

Contaminant 1eve1s in Lake Erie rainbow sme1t showed very few consistent

trends (Tab1e 20-2). As in wa11eye, mirex was notdetected in any samp1es

ana1yzed. Maximum concentrations of PCB occurred in 1979 with a significant

dec1ine occurring subsequent1y. Ana1ysis of variance of other contaminants
measured fai1ed to define any other significant1y consistent trends. 0n1y PCB

1eve1s in wa11eye exceeded the who1e fish Agreement objective.

Contaminant 1eve1s in spottai1 shiners (Notropis hudsonius) indicate a

genera1 dec1ine in both DDT and P085 a1ong the north shore1ine. Mirex was not

detected in any of the samp1 es ana1yzed. Ch10rdane and its metabo1ites

continue to show dec1ining concentrations as does mercury, a1though the 1atter
has tended to begin 1eve1ing off (Tab1e 20-3).

Ana1ysis of herring gu11 eggs from 1974 to 1979 indicate a dec1ine in

1eve1s for a11 six of the persistent organoch1orines investigated (Tab1e

20—4). Whi1e not statistica11y significant, abso1ute 1eve1$ of PCBs, DDT, and

DDE have neverthe1ess shown increases since 1979, as have mirex 1eve1s from a

Lake Erie co1ony (Pt. Co1borne) c1ose to Lake Ontario. Since 1979,
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TABLE 20-1

MEAN CONCENTRATION (in ug/g Net Weight 3 S.E.) 0F SELECTED TRACE METALS AND
ORGANOCHLORINE CONTAMINANTS IN LAKE ERIE WALLEYE (Who1e Fish)

Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario

 

HEIGHT TOTAL LENGTH
YEAR N (9) (mm Range) % LIPID ZPCB pp'DDE ZDDT DIELDRIN Hg Zn As Se

 

1977 9 1,032.1 436.7 11.01 1.61 0.36 0.50 0.07 0.20 12.93 - 0.26
(222.9) (230-570) (1.24) (0.42) (0.10) (0.13) (0.01) (0.04) (0.62) (0.01)

1978 56 806.3 388.1 6.23 1.47 0.14 0.26 0.05 0.15 12.34 0.22 0.35
(90.1) (193—571) (0.59) (0.18) (0.02) (0.03) (0.01) (0.01) (0.22) (0.01) (0.01)

1979 30 1,481.7 490.2 9.87 3.05 0.21 0.49 0.10 0.15 12.99 0.32 0.37
(155.9) (325-655) (0.57) (0.39) (0.04) (0.08) (0.01) (0.02) (0.25) (0.01) (0.01)

-
3
6
-

1980 40 1,123.3 451.4 9.72 1.40 0.19 0.45 0.04 0.13 13.76 0.33 0.33
(138.9) (244—655) (0.67) (0.12) (0.04) (0.09) (0.01) (0.01) (0.50) (0.01) (0.01)

1981 44 1,226.2 441.7 8.80 1.16 0.04 0.10 0.02 0.10 11.03 0.38 0.44
(163.3) (214-726) (0.64) (0.11) (0.00) (0.01) (0.00) (0.01) (0.37) (0.01) (0.01)
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Data Source:

TABLE 20-2

MEAN CONCENTRATION (in ug/g Net Weight i S.E.) 0F SELECTED
TRACE METAL AND ORGANOCHLORINE CONTAMINANTS IN LAKE ERIE

RAINBOW SMELT (Who1e Fish)

Department of Fisheries and Oceans, Bur1ington, Ontario

 

DATE

TOTAL
LENGTH

(mm)
RANGE

n(1) WEIGHT % LIPID ZPCB pp'DDE ZDDT H9 Pb Se

 

1977

1978

1979

1980

1981

111.5
( 13-220)

164.3
(122—211)

170.5
(132-241)

161.6
(115-240)

164.1
(109—210)

78

44

35

42

36

18.45
(1.69)

30.24
(1.90)

32.38
(3.15)

25.56
-(2.10)

31.55
(2.85)

2.74
(0.10)

4.45
(0.18)

4.65
(0.25)

3.48
(0.11)

4.76
(0.22)

0.18
(0.01)

0.27
(0.03)

0.38
(0.04)

0.26
(0.02)

0.23
(0.02)

0.04
(0.00)

0.04
(0.00)

0.05
(0.00)

0.06
(0.00)

0.03
(0.00)

0.06
(0.00)

0.06
(0.01)

0.10
(0.01)

0.12
(0.01)

0.06
(0.00)

0.05
(0.00)

0.05
(0.00)

0.04
(0.00)

*

0.04
(0.00)

'k

0.21
(0.03)

0.15
(0.01)

0.23
(0.01)

0.16
(0.01)

0.23
(0.01)

0.29
(0.01)

0.36
(0.01)

0.31
(0.01)

0.37
(0.01)

0.35
(0.01)

 

(1)Each samp1e consists of a composite of five fish.
*>50% resu1ts be1ow detection 1imit.
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TABLE 20-3

MEAN ORGANOCHLORINE AND MERCURY CONTAMINANT CONCENTRATIONS (in n
FOR YOUNG—OF-THE-YEAR SPOTTAIL SHINERS

g/g Net Weight : S.D.)

FROM SELECTED SITES IN THE LOWER GREAT LAKES

Data Source: Ontario Ministry of the Environment, Rexdaie, Ontario
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NO. 0F*
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LENGTH
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Tab1e 2D-3 — cont'd.

 

TOTAL
N0. 0F* LENGTH ZCHLOR-

SAMPLING SITE YEAR SAMPLES (mm) % LIPID ZPCB ZDDT MIREX DANE MERCURY

  

LAKE ONTARIO - cont'd.
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TABLE 2D-4

MEAN CONCENTRATION (in ug/g Net Weight i 5.0.) 0F SELECTED ORGANOCHLORINE
CONTAMINANTS IN HERRING GULL EGGS FROM TWO LAKE ERIE COLONIES

Data Source: Canada Wildlife Service, Burlington, Ontario

 

LAKE ERIE N % FAT DDE DDT DIELDRIN HCB MIREX PCBS
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1981 10 9.6
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concentrations of die1drin, H03, and mirex on the Midd1e Is1and co1ony have
shown a persistent dec1ining trend and H03 on the Pt. Co1borne co1ony has
shown a significant dec1ining trend.

E. LAKE ONTARIO

The years 1981-1982 were designated in the Great Lakes Internationa1
Survei11ance P1an (GLISP) as the intensive fie1d years for Lake Ontario. A
report on these studies is current1y in preparation. This section covers on1y
high1ights of present1y avai1ab1e materia1.

Eutrophication

Nutrients

To adequate1y summarize the 1arge vo1ume of data on phosphorus and
nitrogen, two techniques were emp1oyed in the ana1yses: a) the box p1ot
(McGi11 et a1., 1978) and b) ALDAR which is a computer program producing
area-weighted mean va1ues for each of 17 zones into which the 1ake has been
divided for the purpose of ana1yses (Figure 2E-1). These zones, based on
temperature profi1es and geographic considerations, have been used since 1977
in Board Reports to summarize data and report trends. Current1y, a new
regiona1ization of the 1ake is being devised based on statistica1 ana1ysis of
1977, 1981 and 1982 data and future Lake Ontario status reports wi11 be based
on this new zonation scheme. 0n1y spring data (i.e., co11ected whi1e the 1ake

was sti11 isotherma1) have been used in the trend ana1yses. During this
period, vertica1 gradients of chemica1 parameters are at a minimum with the
resu1t that surface conditions (1 m) are representative of that found through-
out the entire water co1umn (Scavia and Bennett, 1980).

Tota1 Phosphorus. The area weighted mean tota1 phosphorus concentration

for the 198i and 1982 spring periods were compared using a Student's t-test to

determine if there has been any change in phosphorus concentrations between
the two years. Whi1e no significant difference (p 1ess than 0.05) was found,

the 1arge spatia1 variations associated with each year tend to mask any true
differences. In an attempt to e1iminate the sources of this variabi1ity,

resu1ts were reana1yzed usingon1y data from the mid—1ake region (zone 17).
Variabi1ity was subsequent1y reduced from 22.3% to 4.7% and 22.7% to 10.0% for

1981 and 1982, respective1y, but there was sti11 no significant difference (p
1ess than 0.05) found in the concentrations between the two years. The actua1

change in concentration between 1981 and 1982 was 0.5 ng/L which is
approximate1y a 3.5% decrease.

Avai1ab1e data indicate that phosphorus concentrations have dec1ined since
about 1973. Such data have previous1y been reported using area weighted mean

tota1 phosphorus concentrations (Figure 2E-2). A1though these data indeed
show this trend, a new “box p1ot“ is a more informative technique and wi11 be

used to report future trends.

Specifica11y, Figure 2E-3 shows that since 1977 the median va1ue has
continued to decrease, a1though during 1978-1980, 50% of the samp1es were

within the same approximate range of concentrations (15.0 - 19.0 pg P/L).
In 1981, 25% of the samp1es were reported at 1ess than 13.3 ug P/L (i.e.,
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FIGURE 2E-2 Area-weighted mean whole lake spring total phosphorus
concentrations.
Data Source: Nei/son (1983a),
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FIGURE 2E-3 Box plots of whole lake spring total phosphorus
concentratins. The median for each year is represented by the
dashed line within each box; the upper and lower edges of
the box give the upper and lower quantities of the data set,
while the width of the box is proportional to the square root
of the sample size MT, where N = number of samples). The
highest and lowest spring surface values are represented by
short horizontal lines on the graph
Data Source: Ne/Ison (1983a).
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the 1ower quarti1e concentration) whi1e in 1982, a1most 50% of the samp1es
were 1ess than this median (median = 13.5 pg P/L). Furthermore, the median
concentration of 13.5 ng/L reported in 1982 was the 1owest reported in the
1ast 13 years. The annua1 decrease in phosphorus was not constant from year

to year (i.e., not 1inear).

Nitrate + Nitrite (Fi1tered). Data for who1e 1ake spring (surface)
fi1terea nitrate + nitrite concentrations are presented in Figure 2E-4. With
the exception of 1980, the median concentrations have increased each year
since 1975. The median va1ue increased significant1y (p 1ess than 0.05) from
0.335 pg N/L to 0.359 pg N/L between 1981 and 1982. Linear regression
ana1ysis of the data over the period 1970 to 1982 indicates that nitrate +
nitrite-N has been increasing at a rate of approximate1y 9.4 pg N/L/yr (r2
= 0.86 . »

Contaminants

Meta1s

 

Trace meta1s were sampTed during three 1979 cruises. Water qua1ity
objectives were exceeded for si1ver, cadmium, iron, 1ead and se1enium but not
at the frequency encountered during 1972-1973 co11ections (Na11er and Lee,
1979). Concentrations were genera11y greater in the western end of the 1ake
and in 1oca1ized areas near the inf1uence of the Credit, Hunber, Etobicoke,
Don, Genesee, and B1ack Rivers and in the vicinity of Hami1ton Harbour.
Resu1ts from the 1982 survey were not avai1ab1e in time for this report.

Based on a toxic unit ana1ysis of tota1 meta1s in water (see section 2C -
Meta1s).cadmium (Cd), copper (Cu) and, si1ver (Ag) may be contributing a
de1eterious impact to the entire 1ake (Tab1e 2E- ).

Contaminants in Biota

 

Age 4+ 1ake trout samp1es were uti1ized to describe annua1 contaminant
trends (Tab1e 2E—2). One way ANOVA was used to compare mean contaminant
1eve1s between years. PCB concentrations dec1ined steadiTy from 1977 to a
significantTy 1ower 1eve1 (p 1ess than 0.001) in 1981. Pre1iminary 1982 data
indicate an increase of 67.3% over 1981 PCB 1eve1s. Additiona1 years of
c011ection wi11 be needed to determine the significance of this observation.
Die1drin, mirex, pp'DDE and zDDT have a11 shown significant dec1ines (p 1ess
than 0.001) from 1977 1eve1s but the dec1ines have not been consistent from
year to year. Leve15 of EDDT and PCB were consistent1y above the IJC who1e
fish Agreement objective. Trace meta1 1eve1s were nomina11y consistent from
year to year with mercury (Hg) showing a significant (p 1ess than 0.05)
dec1ine over the period 1977 to 1981. Trace meta1 data are not yet avai1ab1e _
for 1982 samp1es.

Leve1s of PCB and ZDDT in rainbow sme1t samp1es varied considerab1y from
year to year whi1e average weight increased consistent1y from 1977 to 1982
(Tab1e 2E-3). Mirex 1eve1s decreased consistent1y with 1982 concentrations
significant1y 1ower (p 1ess than 0.001) than a11 previous years (Tab1e 2D-3).
0f a11 trace metaTS measured, on1y 1ead (Pb) 1eve1s have increased signifi-
cant1y (p 1ess than 0.001) from 1978 to 1981. 0n1y PCB 1eve1s exceeded the
who1e fish Agreement objective of 0.1 pg/g.
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FIGURE 2E-4 Box plots of whole lake spring nitrate-plus-nitrite
concentrations.
Data Source: Neilson (1983a).
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TABLE ZE-I

EVALUATION OF TOXIC UNIT CONCEPT (AEOC, I981) AS APPLIED TO 1979 TRACE METAL
CONCENTRATION (pg/L) OF LAKE ONTARIO WATER.

MEAN VALUES WITHIN EACH OF FOUR ZONES WERE USED TO
CALCULATE Mi/Oi, WHERE Mi IS THE OBSERVED CONCENTRATION AND 01

IS THE WATER QUALITY OBJECTIVE.

Data Source: Neilson (1983b)
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*Contribution greater than 0.2 toxic units.

 



 

TABLE 2E-2

MEAN CONCENTRATION (in ug/g Net Height 1 S.E.) OF SELECTED TRACE METALS AND ORGANOCHLORINE
CONTAMINANTS IN LAKE ONTARIO AGE 4+ LAKE TROUT (Nho1e Fish)

 

Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario

 

HEIGHT TOTAL LENGTH
YEAR N (9) (mm Range) % LIPID ZPCB pp'DDE ZDDT DIELDRIN HIREX Hg Zn As Se

 

1977 3 2,102.3 543.3 21.30 8.00 2.58 4.35 - 0.49 0.25 11.67 - 0.44
(458.2) (475-580) (3.00) (0.91) (0.38) (0.53) (0.08) (0.04) (1.20) (0.01)

1978 11 1,199.5 471.5 17.75 5.06 1.01 1.27 0.21 0.15 0.18 8.88 - 0.33
(121.3) (375-557) (0.99) (0.63) (0.11) (0.15) (0.02) (0.04) (0.01) (0.64) (0.03)

1979 75 2,067.3 559.6 20.23 4.73 1.50 1.99 0.23 0.25 0.20 10.52 0.57 0.42
(49.8) (457-622) (0.34) (0.30) (0.10) (0.12) (0.01) (0.01) (0.01) (0.15) (0.01) (0.01)

1980 82 1,791.7 . 553.0 18.42 4.77 0.64 0.81 0.12 0.14 0.20 7.96 0.55 0.43
(51.1) (405-646) (0.34) (0.28) (0.08) (0.09) (0.01) (0.01) (0.00) (0.20) (0.01) (0.01)

1981 83 1,538.0 517.9 19.09 3.67 0.89 1.51 0.19 0.15 0.16 9.54 0.50 0.40
(62.2) (330-635) (0.50) (0.22) (0.04) (0.05) (0.01) (0.01) (0.00) (0.12) (0.01) (0.01)

1982 22 1,734.7 541.4 19.48 6.14 0.82 1.23 0.17 0.16 - - - -
(90.4) (405-613) (0.66) (0.42) (0.06) (0.06) (0.01) (0.01)

-
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TABLE 2E-3

MEAN CONCENTRATION (in ug/g Net Weight t S.E.) 0F SELECTED TRACE METAL AND ORGANOCHLORINE
CONTAMINANTS IN LAKE ONTARIO RAINBOW SdELT (M1019 Fish)

Data Source: Department of Fisheries and Oceans, Bur1ington, Ontario

  

YEAR
HEIGHT TOTAL LENGTH

M“) (9) (mm Range) %LIPID PCB pp'DDE ZODT DIELDRIN MIREX .Hg
Pb As Se

 

1977

1978

1979

1980

1981

1982

38 22.69
(1.93)

149.6 4.87
(100—280) (0.19)

152.1 5.41
( 69-242) (0.18)

150.8 5.64
(100—243) (0.17)

73 24.44
(2.30)

73 24.20
(2.28)

33 28.65
(3.63)

47 28.27
(3.18)

44 31.66
(3.75)

160.4 6.18
(108-245) (0.27)

159.9 5.55
( 86—241) (0.22)

164.7 4.65
(176-250) (0.25)

1.50
(0.18)

1.74
(0.16)

0.80
(0.05)

1.12
(0.10)

0.90
(0.06)

1.68
(0.13)

44
( 05)

33
0

33

M

( )

0.
0.

0.
0.

0.
(0.04)

0.21
(0.02)

0.33
(0.02)

0.35
(0.02)

0.60
(0.06)

0.39
(0.03)

0.39
(0.04)

0.25
(0.02)

0.49
(0.03)

0.44
(0.03)

0.02
(0.00)

0.05
(0.01)

0.04
(0.00)

0.04
(0.00)

0.06
(0.00)

0.05
(0.00)

0.11
(0.01)

0.05
(0.00)

0.05
(0.00)

0.04
(0.00)

0.04
(0.00)

0.02
(0.00)

0.08
(0.01)

0.06
(0.00)

0.06
(0.00)

0.09
(0.01)

0.07
(0.00)

0.43
(0.01)

0.62
(0.01)

0.59
(0.03)

0.53
(0.01)

0.35
(0.01)

0.36
(0.00)

0.33
(0.01)

0.33
(0.01)

0.31
(0.00)

 

(‘)Each samp1e consists of a composite of five fish.

  



 

Ana1ysis of spottai1 shiner composites demonstrates that whi1e there is a
significant residue reduction (p 1ess than 0.01) of PCBs, ZDDT, tota1
ch1ordane and mirex at most of the sites samp1ed, PCBs, ZDDT and mirex
residues have remained re1ative1y constant at Twe1ve Mi1e Creek and PCBs have

not dec1ined at 0ut1et River. A11 1982 PCB residue va1ues sti11 exceed the

Agreement objective. Mercury residue 1eve1s have remained re1ative1y
unchanged (see Tab1e 2D-3).

Ana1ysis of herring gu11 eggs from 1974 through 1979 indicate an overa11
dec1ine in 1eve1s of six organoch1orine contaminants investigated (Tab1e
2E-4). The dec1ine between 1981 1eve1s and those when concentrations were
greatest for each compound are as fo11ows: DUE-50%, DDT-91%, die1drin-44%,
HCB-57%, mirex-62%, and PCBs-52%. Whi1e the 1981 va1ues are 1ess than those
reported in 1974/75, a pattern of increasing va1ues beginning in 1980 has
emerged. The significance of such increases must await severa1 more years of

co11ection and ana1ysis.

F. CONNECTING CHANNELS

Each of the Connecting Channe1s has been designated by the Water Qua1ity
Board as C1ass "A" Areas of Concern. As stated in the introduction to this

report, significant environmenta1 changes in C1ass "A" Areas of Concern have

been incorporated into a separate Appendix to this year's Board Report

(Appendix A). The sections be1ow provide a brief summary of the issues and

some additiona1 information that may not have been incorporated into Appendix

A for each of the Connecting Channe1s.

ST. MARYS RIVER

The St. Marys River has historica11y received eff1uents from A1goma Stee1,

Abitibi Paper, and municipa1 wastewaters. These point sources have been

responsib1e for high river concentrations of iron, zinc, pheno1, cyanide, oi1,

and bacteria. The river was intensive1y studied in 1980 to assess and eva1-

uate progress of remedia1 actions that were instituted 1arge1y as a resu1t of

the 1974 studies conducted under the Upper Lakes Reference Group. Additiona1

water qua1ity information on the St. Marys River wi11 appear in the Lake Huron

1980 Intensive Survey Summary Report.

Pheno1 concentrations of 1ess than 10 pg/L were recorded from 3 km or

more downstream from the A1goma Stee1 outfa11. Whi1e these va1ues represent a

significant improvement over historica1 data, the recorded concentration sti11

exceeds the Agreement objective of 1 pg/L. Transboundary po11ution occurs

to some degree as va1ues in excess of 5 pg/L were observed in United States

waters.

Ammonia 1eve1s in 1980 were in comp1iance except in c10$e proximity to the

Sau1t Ste. Marie, Ontario sewage treatment p1ant. There is some 1imited trans-

boundary movement of ammonia resu1ting from this discharge but concentrations

are genera11y 1ess than the Agreement objective of 0.5 mg/L.

Whi1e concentrations of iron were be1ow the Agreement objective at a

distance greater than 300 m be1ow the A1goma Stee1 outfa11, va1ues exceeding

the objective were consistent1y recorded near the eff1uent discharge area.
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MEAN CONCENTRATION (1n ug/g Net Weight 1 S.D.) 0F SELECTED ORGANOCHLORINE

TABLE 2E-4

 

CONTAMINANTS IN HERRING GULL EGGS FROM TWO LAKE ONTARIO COLONIES

Data Source: Canada Wildlife Service, Burlington, Ontario

 

LAKE ONTARIO N % FAT DDE DDT DIELDRIN HCB MIREX EPCBs

 

SNAKE ISLAND

1974

1975

1977

1978

1979

1980

1981

 

MUGG'S ISLAND

 

1974

1975

1977

1978

1979

1980

1981

10

10

10

10

10

10

10

10

10

1O

10

7.2 i 1.4

7.8

9.6

9.7
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7.9

9.5
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8.8

8.6

8.7

7.9

8.9
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+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

1.7

1.5

1.6

0.8

0.6

0.8

1.2

0.8

1.0

1.0

0.5

0.8

0.8

21.0

24.0

17.0

10.0

8.8

7.1

12.0

23.0

22.0
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+

1
+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
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9.1

6.1

4.7

2.9

3.0

4.1

4.5

5.5

5.5

2.5

3.0

3.5

6.0

5.2

1.0

0.23

0.11

0.07

0.06

0.14

0.11

1.2

0.13

0.12

0.10

0.08

0.10

0.08

+
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+
1

+
1

+
1

+
1

+
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1

+
1

+
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+
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+
1

+
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+
1

+
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1.1 0.47

0.17 0.35

0.06 0.50

0.02 0.28

0.03 0.19

0.13 0.20

0.05 0.27

0.79

0.06
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0.04 0.18

0.03 0.28
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0.27
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+
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.20

.10

.10

.10

.09

.16

.21

0.56

0.22

0.50

0.35

0.22

0.15

0.26

0.60

0.45

0.34

0.28
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+
1

+
1
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1
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1
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1
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+
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+
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.39

.20
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.08
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.08
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6.0
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2.0
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2.5

+
1
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1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
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+
1

+
1

+
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2.8

2.3

1.1

0.51

0.61

0.77

1.6

4.7

1.4

0.4

0.7

0.9

1.1

1.1

141

181

121

71

63

53

171

111

87

75

76

60

72

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
1

+
|

+
1

+
1

+
1
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33

18

23

41

21

19

17

30

29

30

 



 

DETROIT RIVER

.Water

Qua1ity of water in the Detroit River has been monitored since 1967 by the

Michigan Department of Natura1 Resources (MDNR). Data are used to compare

characteristics of ambient water qua1ity over time and to ca1cu1ate po11utant

1oadings to Lake Erie.

Data from 1982 have not been compi1ed. Data from 1981, not previous1y

reported, show that water qua1ity and po11utant 1oads, as indicated by

standard indexing parameters (turbidity, so1ids, nutrients) have genera11y

improved. Tab1es 2F-1 and 2F-2, and Figure 2F-1, i11ustrate this trend.

Ana1yses for organoch1orine and other persistent toxic organic compounds were

not performed.

Sediments

In 1980, the Ontario Ministry of the Environment (Thorn1ey and Hamdy,

1983) assessed bottom sediments and associated macrobenthos to compare with

conditions observed in 1968. In 1982, the MDNR, (Fa11on and Horvath, 1983)

ana1yzed sediment core samp1es for 129 "priority po11utants“ from throughout

the river.

The OMOE data indicate a ba1anced community structure, ref1ective of

satisfactory water qua1ity, a1ong the entire Canadian shore1ine both in 1968

and 1980. Canadian point sources had not serious1y disrupted the macro-

benthos. A1ong the United States shore1ine, however, serious disruption was

evident. Macrobenthos popu1ations.near.the mouth of the Rouge River were
great1y reduced in abundance and diver51ty. Immed1ate1y downstream from the

ouge, po11ution-to1erant aquatic worms numbered over one mi11ion per square

meter of river bottom in both 1968 and 1980 demonstrating 1ong-term, severe

organic enrichment. Further downstream to the Detroit River mouth re1ative1y

high numbers of worms, representing a 1esser degree of enrichment, persisted

a1ong the United States shore.

In genera1, an increase in the types (diversity) of benthic organisms

occurred between 1968 and 1980, particu1ar1y a1ong the Canadian shore1ine.

The burrowing mayf1y Hexagenia 1imbata was found at 70% of the OMOE stations

in 1980 compared to 26% in I968. The recovery of the mayf1y was most evident

in the center of the river and a1ong the Canadian'shore1ine. A1ong the United

States shore1ine, however, mayf1y numbers were sti11 10w a1though somewhat

improved since 1968.

Both the 1980 0MOE and 1982 MDNR sediment data indicate high concentra-

tions of heavy meta1s a1ong the United States shore1ine downstream of the

Rouge River. Mercury 1eve1s genera11y dec1ined between 1968 and 1980, but

OMOE data show significant increases in cadmium, chromium, copper, 1ead,

nicke1 and zinc in the vicinity of the Rouge River.

Sediment contaminants a1ong the Canadian shore1ine were 1oca1ized and

attributed to known sources, such as the Litt1e River, West Windsor Sewage

Treatment P1ant, Turkey Creek, and River Canard. Sediments around Fighting

Is1and showed contaminant 1eve1s we11 be1ow OMOE dredging guide1ines.
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TABLE 2F—1

WATER QUALITY OF RANGE DT 3.9 LOCATED AT THE MOUTH OF THE DETROIT RIVER

Data from the Detroit Monitoring Program carried on by Michigan were used
to prepare the tabTe shown be10w. Ten stations across the mouth range
3.9 were used in calcuTating the averages for each Hater Year.

The mean concentrations were deveioped by weighting individua1 concentra—
tions across the range for f10w. The weighting factors used were based
on the percentage of river f10w presented at each station on the range.

MEAN WATER QUALITY DATA - HATER YEAR BASIS

 

HATER HATER HATER HATER HATER HATER WATER WATER WATER WATER WATER WATER WATER
PARAMETERS YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR

69 70 71 72 73‘ 74 75 76 77 78 79 80 81

Pheno1s 1.7 6.1 1.7 1.8 1.5 2.0 2.1 2.7 2.9 1.7 1.2 0.7 0.8

(ug/L)

Tota1 Iron 0.56 0.52 0.37 0.60 0.39 0.35 0.11 0.55 0.42 0.39 0.35 0.30 0.27

(mg/L)

Ch1oride 18 18 16 17 16 16 15 15 15 15 13 13 1

(mg/L)

$01. Phosphorus 0.07 0.08 0.04 0.03 0.02 0.02 0.03 0.02 0.01 0.02 0.00 0.01 (0.00

(mg/L)

Tot. Phosphorus 0.14 0.14 0.08 0.07 0.08 0.05 0.06 0.05 0.04 0.0a 0.03 0.02 0.0?
(mg/L)

Ammonia Nitrogen 0.13 0.13 0.16 0.15 0.10 0.12 0.13 0.10 0.10 0.10 0.08 0.07 0.08
(mg/L)

Nitrate Nitrogen 0.17 0.27 0.28 0.32 0.27 0.27 0.35 0.30 0.25 0.28 0.31 0.32 0.30

(mg/L)

pH (10w va1ue/ 7.3/ 7.3/ 7.6/ 7.0
high value) 8.2 8.2 8.3 8.3

_
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Diss. Oxygen 8.6 7.7 7.8 9.1 7.9

(mg/L)

 



TABLE 2F—2

LOADINGS T0 LAKE ERIE FROM THE DETROIT RIVER

 

Data from the Detroit River Monitoring Program carried on by Michigan were used to prepare the table below. The table shows the mean daily
loading rate of ten water quality parameters at approximately 3.9 miles upstream of the mouth of the Detroit River. Data at 10 stations across
Range 3.9 were used to calculate the loadings, which represent the amounts of the various materials entering Lake Erie.

The monthly concentration was multiplied by the average daily flow for the month to yield a loading product. These individual products were
weighted for flow by taking into account the percentage of total river flow represented by the sampled station. These weighted loading rates
were summed to yield a mean daily loading rate for the year. Also given is the standard deviation of the loading, enclosed in parentheses, for
each parameter.

PERIOD OF RECORD — WATER YEAR BASIS
Mean Daily Loadings as kg/dayl Passing Range DT 3.9 at the Mouth of the Detroit River

Standard Deviation Expressed as kg/day are in parentheses

 

_
5
5

_

TOTAL ‘ DISSOLVED SUSPENDED TOTAL SOLUBLE NITRATE ’ [0111011111 TOTAL
HATER SOLIDS SOLIDS SOLIDS CHLORIDE PHOSPHORUS PHOSPHORUS NITROGEN NITROGEN IRON PHENOLS FLOW5
YEAR (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (m3/Sec)
1969 NA NA 8,400,000 9,400,000 72,000 37,000 90,000 68,000 290,000 900 6,030

(540,000) (660,000) (8,300) (7,200) (7,000) (9,900) (16 000) (100)

1970 NA NA 8,000,000 9,500,000 71,000 42,000 140,000 68,000 270,000 3,100 6,060(490,000) (630,000) (6,200) (6,600) (12,000) (10,000) (18,000) (1,400)

1971 87,000,000 81,000,000 6,400,000 8,900,000 42,000 19,000 150,000 84,000 200,000 910 6,260(2,300,000) (300,000) (630,000) (4,200) (2,300) (17,000) (12,000) (11,000) (120)

1972 98,000,000 90,000,000 7,700,000 9,100,000 40,000 18,000 170,000 84,000 330,000 990 6,350(2,200,000) (610,000) (560,000) (4,100) (2,500) (14,000) (9,300) (29,000) (15 )

1973 100,000,000 98,000,000 4,700,000 9,500,000 45,000 12,000 160,000 60,000 230,000 080 6,790(2,000,000) (270,000) (530.000) (2,600) (1,100) (9,500) (8,000) (13,000) (120)

1974 100,000,000 96,000,000 5,100,000 9,500,000 31,000 12,000 160,000 73,000 308,000 1,200 6,820(1,900,000) (310,000) (500,000) (3,000) (1 500) (6,800) (8,900) (11,000) (170)

1975 100,000,000 93,000,000 8,800,000 8,600,000 33,000 14,000 200,000 76,000 240,000 1,300 6,640(1,600,000) (510,000) (390,000) (3,600) 1,800) (12,000) (9,000) (18,000) (60)

1976 100,000,000 89,000,000 9,000,000 8,400,000 28,000 8,900 170,000 59,000 320,000 1,600 6,640(1,800,000) (610,000) (430,000) (2,400) (820) (11,000) (6,700) (17,000) (84)

1977 82,000,000 77,000,000 5,400,000 7,100,000 17,000 6,100 120,000 50,000 200,000 1,400 5,640(1,500,000) (280,000) (390,000) (1,800) (790) (6,400) (6,500) (11,000) (81)

1978 85,000,000 79,000,000 6,500,000 7,000,000 17,000 8,300 136,000 49,000 188,000 800 5,740(1,600,000) (270,000) (400,000) (1,400) (3,900) (4,600) (6,200) (10,000) (69)

1979 86,000,000 80,000,000 6,300,000 6,700,000 14,000 2,600 160,000 43,000 186,000 630 6,100(1,600,000) (290,000) (400,000) (1,000) (260) (6,800) (5,900) (8,900) (60)

1980 55,000,000 00,000,000 4,700,000 6 400,000 13 000 3 500 154,000 38,000 152,000 340 5,940(1,900,000) (320,000) (440.000) 1800) 1290) (6,000) (5,000) (9,500) (30)

1981 80,000,000 75,000,000 4,600,000 5,400,000 9,700 2,100 154,000 40,000 140,000 390 5,904
(1,400,000) (200,000) (330,000) (500) (160) (4,400) (5,300) (15,000) (30)

  

‘lbs/day = kg/day *2.21.
’Summation of dissolved solids and suspended solids. .
3Nitrate nitrogen for Water Year 1969 through 1972. Nitrate plus nitrite nitrogen to present.
“Not available. .
sRepresents Detroit River flow on days samples were obtained.
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FIGURE 2F-1 Long-term water quality trends at the Detroit River mouth,

water years 1967 through 1980.
Data Source: Michigan Department of Natural Resources

 



Highest levels of organochlorine pesticides and PCBs were observed on the
United States side of the river in the Fort Wayne, Zug Island, Rouge River and

‘Trenton areas. PCB levels 10 times higher than those along the Canadian shore
were prevalent on the United States side.

NIAGARA RIVER

Water, sediment, and fish from the Tonawanda Channel of the Upper Niagara
River are severely contaminated. The lower Niagara River also exhibits
extensive contamination.

Almost all sediments from the Tonawanda Channel are heavily contaminated
with conventional pollutants, heavy metals, and PCBs in excess of acceptable
concentrations for open water disposal of dredged materials. Many sediments
are also contaminated with high concentrations of other organic substances
primarily from industrial sources. Nine potential or positive carcinogens and
eight organic substances having a potential for chronic aquatic toxicity were
identified. Each was present in at least one sampling location and at a con-
centration of at least 5 mg/kg; the concentrations of some substances exceeded
50 mg/kg. Sediments from the lower Niagara River generally exceeded ac—
ceptable levels for heavy metals. A number of organic compounds have also
been identified in sediment and water samples taken from the river near
industrial landfills.

Numerous organic chemicals of industrial or agricultural origin have been
identified in fish. For those substances for which U.S. Food and Drug
Administration action levels or Canadian federal consumption guidelines have
been established, concentrations are such that most fish are suitable for
unrestricted consum tion. Advisories are in place for larger specimens of
American eel and co 0 salmon, because of elevated levels 0 PCBs and mirex;
although found in the lower Niagara River, these species are generally
resident in Lake Ontario.

Agreement or Ontario objectives were exceeded in some water samples for
PCB, aldrin/dieldrin, DDT, endrin, phenolics, heptachlor/heptachlor epoxide,

endosulfan, fecal and total coliform, and several heavy metals. Most of the

observed exceedences were in the Tonawanda Channel and in the lower Niagara

River. .

The benthic fauna is disrupted in the Tonawanda Channel and in the lower
Niagara River. Toxicity was a limiting factor along the shoreline of the

upper Niagara River and was also a problem in the lower Niagara River.

In response to the growing shared concerns about toxic substances preven-

tion of the Niagara River, a joint Canada-United States Niagara River Toxics

Committee (NRTC) was formed in February 198l with representation from federal,

provincial and state environmental agencies. The objectives of the Committee

were to: 1) identify sources of pollution, 2) make recommendations for

remedial action, and 3) make recommendations for a long-term monitoring
program on the river which would determine the effectiveness of the remedial

programs. The Committee is nearing completion of its three-year task and a

final report on the status of the river and recommendations for controls and

monitoring will be available in early l984.
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ST. LAWRENCE RIVER

Elevated mercury and PCB levels in larger sizes of some fish species

continue to necessitate advisories or restrictions on the consumption and

commercial sale of these fish. However, the prospects are for declining

levels because of in place or planned controls. The mercury problem is

residual in nature. Some reduction of PCB levels in forage fish has occurred

over the last three years, in response to initial controls on industrial

sources in the Massena area.

Elevated fecal and total coliform levels have resulted in recreational use
restrictions at some beaches downstream of Cornwall. There are also localized

violations on both sides of the river for some Agreement or jurisdictional

objectives including phosphorus, total phenolics, certain heavy metals, PCB,

and two organochlorine pesticides.

Contaminants in sediments collected from the mouth of the Grasse River, at

Massena, and along the Cornwall, Ontario waterfront exceed jurisdictional

guidelines for open water disposal of dredged materials for nutrients, heavy
metals, oil and grease, and/or PCBs. This contamination is primarily residual.
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3, Emerging Issues And Developments

The 1978 Water Qua1ity Agreement (Annex 11(1)(d)) Specifica11y states the
need for survei11ance activities to "...determine the presence of new or
hitherto undetected prob1ems in the Great Lakes basin." The reporting of
emerging prob1ems has been a perp1exing one, historica11y for the Survei11ance
Work Group (SWG), as the Agreement requirement seems to imp1y the need for
programs to monitor for unknown or undetected substances. There is present1y
a dichotomy of opinion within the SWG as to whether it is a function of
survei11ance and monitoring programs to purpose1y search for, identify and
quantify hitherto unidentified substances in the Great Lakes ecosystem. Given
the high cost of toxic substances analyses, the Work Group fee1s that efforts
must be more focused on identified substances of concern. The Work Group has
conc1uded that an efficient compromise to reso1ving the conf1ict of undetected
substances is through active communication between its members, the Toxic
Substances Committee, the Aquatic Ecosystem Objectives Committee, and the
research community.

Whi1e the mere presence of certain extreme1y toxic chemica1s is of concern
and, therefore, connotes a prob1em, the Survei11ance Work Group is equa11y
concerned with changes in the concentration trends of a11 such chemica1s. In
particu1ar, the Work Group deems increases in these trends after a period of
substantia1 dec1ine, as was noted in Chapter 2 for some substances, as an
equa11y important definition of an emerging prob1em as is the discovery of
"new" substances in the ecosystem.

This chapter wi11 focus on three chemica1s of concern. These chemica1s,

due to their existence in the basin, are no 1onger emerging prob1ens. They
do, nonethe1ess, represent additiona1 concern if their concentrations are

determined to be increasing within the environment. Whi1e trends can not as

yet be determined, their inc1usion on the routine survei11ance parameter 1ist

wi11 ensure that future reports wi11 address any pattern of change.

A. DIOXIN AND FURAN

The presence of dioxins in Great Lakes biota was first reported in the

Board's 1978 report. In the 1981 and 1982 Water Qua1ity Board Reports, the

presence of 2,3,7,8-tetrach1orodibenzo-p—dioxin (2,3,7,8-TCDD) was summarized

in fish from the Saginaw Bay area and herring gu11 eggs from the Great Lakes.

This year's reporte1ucidates work comp1eted on concentrations of 2,3,7,8-TCDD

and po1ych1orinated dibenzof1urans (PCDFs) in who1e fish and herring gu11 eggs.

Po1ych1orinated dibenzofurans and po1ych1orinated dibenzo-p—dioxins

(PCDDs) are two groups of toxic aromatic compounds (Figure 3A-1) composed of

135 and 75 individua1 isomers, respective1y (Tab1e 3A-1). Se1ected isomers

are extreme1y toxic, particu1ar1y those with ch1orine substitutes in the

2,3,7,8-positions of the aromatic ring (Moore et a1., 1979).   



 

FIGURE 3A-1 Ring structures of polychlorinated dibenzofurans (PCDFs) and
polychlorinated dibenzo-p-dioxins (PCDDS)

TABLE 3A-l

POSSIBLE NUMBER OF POSITIONAL PCDD AND PCDF ISOMERS*

 

NO. OF ISOMERS
CHLORINE SUBSTITUTION PCDDS PCDFS

 

Mono-

Di-

Tri-
Tetra-
Penta-
Hexa-
Hepta-
Octa-

 

*Fran Rappe and Buser l980.

PCDFs occur as trace contaminants in polychlorinated biphenyls (PCBs) and
can be formed from pyrolysis or incomplete combustion of PCBs. PCDFs and
PCDDS also occur as contaminants in the manufacture of chlorinated phenols
(Buser and Bosshardt, l976).

Fewer toxicological studies have been conducted with 2,3,7,8-TCDF than
with TCDD, thus the toxicity of TCDF to fish from water exposures is not well
established (McConnell, l980). The similarities of these compounds, however, 



 

give reason for concern about the impact of PCDFs on aquatic resources. Bio-
accumulation factors of 2 to 2.6 x 10“ have been observed for snails, fish
and daphnids (Isensee and Jones, 1975).

Stalling, et a1. (1983) undertook an assessment of the isomer distribution
and total concentration of PCDFs and PCDDs in the Great Lakes. Whole fish
samples were largely obtained from the National Pesticide Monitoring Program
of the U.S. Fish and Wildlife Service but the U.S. EPA, Michigan DNR, New York
Departnent of Environmental Conservation and the Departnent of Fisheries and
Oceans also contributed fish samples. The distribution and concentration of
these chemicals are listed in Tables 3A—2 and 3A—3.

Concentrations of PCDFs were lowest in lake trout samples from Lake
Siskiwit on Isle Royale, Lake Superior, and in walleye from Lake St. Clair
(Table 3A—2). Levels of PCDFs were greater in fish from Lakes Erie, Ontario,
Michigan and Superior. The greatest PCDF concentrations were observed in fish
from Saginaw Bay (153 ng/L) and the Tittabawassee River near Midland, Michigan
(290 ng/L). The ratio of PCDF residues to PCB content strongly suggest the
PCDF residues are correlated with PCB residues in the samples (Table 3A-3).

Except for the recent discovery of TCDD from Peninsula Harbour, Lake
Superior, (OMOE, 1983), fish from Lakes Superior and Siskiwit do not apparent-
ly contain measurable levels of TCDD or other PCDDs. Samples from Lake
Michigan and Erie showed lowlevels of PCDDs (Table 3A—3). Those fish analyz-
ed from Lake Ontario and Huron (except Saginaw Bay) showed moderate levels
relative to Saginaw Bay and the Niagara River. The fish from Saginaw Bay and
Niagara River, including the tributary stream Cayuga Creek, had high levels of
PCDDs, including 2,3,7,8-TCDD.

Stalling, et a1. (1983) stated that measurable isomer specific analyses
confirmed that the tetrachlorodioxin residues are composed predominately, or
exclusively, of the 2,3,7,8-tetrach1orodibenzo-p-dioxin isomer.

Samples from Saginaw Bay, Tittabawassee River, Niagara River and Cayuga
Creek contain the most complex mixture of PCDD and PCDF congeners. The
residue data suggest a somewhat different distribution of congeners in samples
from Saginaw Bay and the Niagara system than in samples fran the other Great
Lakes. Pollution with PCDDs is low in the Great Lakes except for Lakes
Ontario and Huron. However, PCDFs were detected in all of the Great Lakes
fish analyzed. Stalling, et a1. (1983) cites trace occurrences of methylated
chlorophenoxyphenols in their samples as a suggestion that commercial chloro-
phenols may contribute to the environmental pollution of PCDDs and PCDFs in
Lakes Ontario and Superior.

The occurrence of low levelsof PCDFs in fish from Lake Siskiwit suggests
that atmospheric transport of PCDFs and PCBs may be involved. With the occur-
rence of PCDDs in material frun various combustion sources (Bunb, et al.,
1980; Rappe, et al., 1979), the absence of PCDDs in the fishes in Lake
Siskiwit and the area waters of Lake Superior is a curious phenomenon.
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TABLE 3A— 2

DIBENZOFURAN RESIDUES IN PARTS PER TRILLION (“G/k9)
IN SAMPLES FROM THE GREAT LAKES

Data Source: U.S. Fish and Wildlife Service, CoTunbia, Missouri

  

COLLECTION SAMPLE AND NUMBER OF CHLORINES RATIO
DATE SITE 4 S 6 7 8 TOTAL 4 CI/TOTAL

LAKE SUPERIOR

BIoater
FaTT 1979 Keweenaw Bay 26 9 2 1 2 40 26/40=0.65

Lake Trout
‘ Winter 1979 IsTe Roya1e,

Lake Siskiwit 1O 5 ND ND trace 15 19/15=0.67

FaTI 1979 ApostTe IsTands 19 S 5 4 3 36 19/36=0.53

LAKE MICHIGAN

Lake Trout
Saugatuck,

FaTT 1979 Sampie #1 35 41 8 1 1 86 35/86=0.41
SampTe #2 33 61 10 4 2 110 33/1]0=0.30

Comon Carp
FaTT 1980 *Waukegan 29 3 ND ND ND 32 29/32:.91

Largemouth Bass
Fa11 1980 *Haukegan 68 28 2 ND ND 98 68/98=.69

LAKE HURON

Lake Trout
Sunner 1980 *Burnt IsTand 19 9 242 <1 <1 270 19/270=0.07

Fa11 1979 Rockport, MI 32 28 16 9 6 91 32/91=o.35
(Dupiicate anaTyses) 19 29 16 4 2 70 19/70=O.27

Comon Carp
Winter 1979 Saginaw Bay at Bay City 27 44 34 44 4 153 27/153=0.18

FaTT 1979 Bay Port 5 l2 5 6 1 29 5/29=0.17

Fa11 1978 Tittabawassee River,

Midiand, MI 37 73 145 31 4 290 37/290=O.13

LAKE ST. CLAIR

Haileye
Fall 1979 Anchor Bay 4 4 0. O. 3 12 4/12=O.33

LAKE ERIE

Conmon Carp
Fali 1979 Port Clinton 5 5 2 4 2 18 5/18=0.28

Na11eye
FaTT 1979 Cedar Point, 0H 18 9 6 5 2 40 18/40=0.45

Brown 8u11head
Winter 1981 Mouth of BTack River 2 ND ND ND ND 2 1

NIAGARA RIVER

Conmon Carp
Summer 1979 Niagara River at Fort

Niagara 6 75 139 49 6 275 6/275=.02

Summer 1980 Cayuga Creek, Trib.
to Niagara River 5 80 215 324 388 1,012 5/1,012=.005

LAKE ONTARIO

Lake Trout
Fa11 1980 *BurTington 40 24 10 ND ND 74 40/74=0.54

Rainbow Trout
Fa11 1980 *Toronto Harbour 39 10 2 ND ND 51 39/51=0.76

Brown Trout
Fa11 1979 RooseveTt Beach 19 4 3 3 3 32 19/32=0.59

Lake Trout
FaTT 1979 Oswego, New York 34 48 29 6 2 119 34/119=O.28

 

*Singie whoTe fish sampies coTTected at these Tocations.
D = Not Detected.
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Suns (l983) reported additional data on 2,3,7,8-TCDD in the Niagara
River. Five locations in the river were sampled from the upper to the lower
part. Two composites of young-of-the-year spottail shiners were analyzed from
each location except Frenchman Creek where one composite was tested (Table
3A-4). The residue levels at all sample locations appear to be elevated above
background. Indications are that the TCDD in the Niagara River is from one or
more local point sources.

Eggs from an additional colony of herring gulls has been analyzed for
2,3,7,8-TCDD since this information was last reported in the l98l Appendix B
(NQB). Eggs from Fighting Island located in the Detroit River, contain ap—
proximately 40 ng/kg (Figure 3A-2). This concentration of 2,3,7,8—TCDD is
well above background, as measured in some other locations of the Great
Lakes. With the addition of these data it appears that Saginaw Bay of Lake
Huron, the Detroit River and Lake Ontario may have point source contamination
of TCDD.

The residue data presented for fish tissue and herring gull eggs suggest
that the presence of PCDDs in biota within the Great Lakes basin is strongly
influenced by point source discharges. This was also the conclusion presented
in the Board's l98l and l982 reports.

This discussion of levels of PCDFs and PCDDs in the fish of the Great
Lakes presents the most recent information available. The potential adverse
effects on reproduction and survival of Great Lakes fish and other aquatic
organisms remains unknown.

B. A PERSPECTIVE 0N POLYCYCLIC AROMATIC HYDROCARBONS IN THE GREAT LAKES

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAH) are a class of compounds with a
basic structure consisting of carbon and hydrogen atoms arranged in two or
more fused aromatic (benzene) rings. They are of concern because many of the
congeners can be carcinogenic and/or mutagenic. The term also covers fused

aromatic systems containing a cyclopentene ring or hetero atoms of sulfur or
nitrogen. This report will consider only the hydrocarbons, which range from
the two-ring compound naphthalene (C1oHa) to the seven—ring compound coronene
(Czquz). Permutations of the spatial orientation of the rings and multiple
types of substitution lead to a large number of PAH congeners. Of this large
group, those most often reported in environmental samples are illustrated in
Figure 3B-l.

PAHs are products of the incomplete combustion of organic materials, for
example, forest fires or the burning of fossil fuels. As is to be expected
from such commonly available source material, PAH are ubiquitous in the
environment (Hites et al., 1980), with elevated concentrations reported near
urban areas (Laflamme and Hites, l978; Nakeham et al., l980a). The predomin-
ant compounds found in atmospheric samples (Gordon, 1976; Strand and Andren,
1980) and sediments (Laflamme and Hites, 1978) are the unsubstituted parent
compounds (Figure 38-1). These are primarily generated at temperatures in
excess of 400°-500°C. At lower combustion temperatures, alkyl-substituted
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TABLE 3A-4

2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN RESIDUE IN PARTS PER TRILLION
(“Q/k9) IN NHOLE FISH COMPOSITE SAMPLES OF YOUNG-OF-THE-YEAR

SPOTTAIL SHINERS FROM THE NIAGARA RIVER

Data Source: Ontario Ministry of the Environment, Rexda1e, Ontario

 

COLLECTION SAMPLE CONCENTRATION
DATE SITE 2,3,7,8-TCDD

 

Upper Niagara

Sept. 1981 Frenchman Creek Composite 1 15

Sept. 1981 102nd Street Composite 1 4
Niagara Fa11s, New York Composite 2 11

Sept. 1981 Cayuga Creek Composite 1 60
(Conf1uence with Litt1e River) Composite 2 58

Lower Niagara

Sept. 1981 Peggy's Eddy Composite 1 3
(New York side) Composite 2 11

Sept. 1981 Niagara-on-the-Lake Composite 1 13
(at Lake Ontario) Comp051te 2 14
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FIGURE 3A-2 2, 3, 7, 8-TCDD concentration in herring gull eggs in 1980 from
selected Great Lakes nesting colonies.
Data Source." Canada Wildlife Service, Bur/ington, Ontario
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Benzo (g,h, i,)
perylene Coronene

63%
FIGURE 3B-1 Ring structures of the most common PAH in environmental

samples. By convention, symbols representing the aromatic

character of the rings are omitted.

PAH begin to predominate. This trend is carried to an extreme in the low

temperature (100°-150°C) maturation of oil, which contains complex mixtures of

substituted PAH (Youngblood and Blumer, 1975).

In the atmosphere, PAHs generated in the combustion process are primarily

associated with fine particles (Neff, 1979). Recent work indicates that most

of the mass of PAH is attached to submicron particles (Miguel and Rubenich,

1979). Particles this size could be expected to have an atmOSpheric residence

time of weeks to months, although this is considerably reduced by washout

during precipitation. This still leaves time (days to weeks) for long range

atmospheric transport of PAH, contributing to their wide distribution.

There are other sources for some of the PAH. In sediments, perylene con-

centration has been shown to increase with depth within the core, and it often

becomes the most abundant PAH (Nakeham et al., 1980b). Laflamme and Hites

(1978) describe some possible quinone pigment precursors that might form

perylene in reducing sedimentary environments. Alkylated phenanthrenes oc-

casionally appear in large quantities and are postulated to have two sources

in addition to combustion: terpenes associated with pine forests (Laflamme

and Hites, 1978) and dehydrogenation of steroids (wakeham et a1., 1980b)

within the sediment.
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Behavior of PAH in the Aquatic Environment

So1ubi1ity dominates the behavior and fate of persistent organic contamin-

ants in the Great Lakes (and other aquatic systems). The distribution of the

contaminant within the system is defined by its equi1ibrium partition coef-

ficient (Kp):

= concentration in particu1ate phase (mg/L)

concentratiOn in disso1ved phase (mg/L)

 

Severa1 investigators have recent1y pub1ished on this topic (Chiou et a1.,

1977; Herbes, 1977; Means et a1., 1979; and Karickhoff et a1., 1979). lfie

most comprehensive of these studies was a review by Kenaga and Goring (1979),

who derived the fo11owing re1ationship:

Tog K C = 3.64 - 0.55 109 NS
= 108 compounds r = —0.84,

where HS = so1ubi1ity in water (mg/L) and K0C = (100 x Kp)/(% organic

carbon of the substrate).

Reported so1ubi1ities of PAH in disti11ed water (tabu1ated in Neff, 1979,

and in Lee and Grant, 1982) range from approximate1y 1 mg/L for phenanthrene

to 0.1 pg/L for coronene. Mean so1ubi1ities and Koc va1ues ca1cu1ated

from the expression above are 1isted in Tab1e 3B-1. Log K0C va1ues for

pyrene measured by Means et a1. (1979) averaged 4.82 and those measured by

Karickhoff et a1. (1979) on silts and c1ay averaged 5.05. These resu1ts

indicate that the ca1cu1ated K0c va1ues in Tab1e 3B—1 may be 10 times too

10w.

The equi1ibrium distribution of PAH in the water co1umn of the Great

Lakes, ca1cu1ated from this information, is i11ustrated in Figure 38-2. The

fraction of contaminant associated with the disso1ved phase is equa1 to:

= 1 ,
fd + Kp M

where TSM represents the concentration of tota1 su5pended matter (9/9). The

Great Lakes vary in their open 1ake TSM concentrations as shown be10w (3e11,

1982):

 

Lake Approximate TSM (mg/L)

Superior 0.
Michigan
Huron
Erie
Ontario

In sha11ow nearshore regions, TSM concentrations are genera11y greater by

a factor of two or more. The range of TSM i11ustrated in Figure 33-2 (1—10

mg/L) is correct over most of the Great Lakes. In the upper three Takes,  



 

TABLE 33-]

SUl'MARY OF WATER SOLUBILITY AND PARTITIONING INFORMATION

  

MEAN 0F REPORTED CALCULATED

CCMPOUND SOLUBILITIES (mg/kg)1 LOG1o Koc

Naphthalene 31.3 2.82
Phenanthrene 1.24 3.59
Anthracene 0.062 4.30

Pyrene 0.142 4.11

Chrysene 0.0018 5.15

Fluoranthene 0.242 3.98

Benzo(a)pyrene 0.0039 4.97

Perylene 0.0004 5.51

Benzo(ghi)perylene 0.00026 5.61
Coronene 0.00014 5.76

 

1Compiled data from Lee and Grant (1982).
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FIGURE 38-2 The equilibrium distribution of PAH (and other organic

contaminants) within the water column of the Great Lakes.

The fraction of dissolved contaminant is defined as fd = 1/(l

+ Kp*TSM). Koc(10) represents the partition coefficient

assuming 10% substrate organic carbon, equivalent to

10*Kp. The water solubility is calculated from the expression

of Kenaga and Goring (1979). (See text). The region of PAH

partitioning is indicated. At equilibrium the PAH are

predominately in the dissolved form.

-71..



 

ap roximately 90% of the water column inventory of PAH will be in the dis—
so ved phase. Only in nearshore regions or western Lake Erie will a substan-
tial fraction of the low solubility PAHs be associated with particles.

Decomposition of PAH in the water column is primarily through photo—oxida—
tion (National Academy of Science, 1982). Benzo(a)pyrene (BaP), for example,
has a half—life of less than 1.0 hour when exposed to sunlight; however, the
near-ultraviolet light that supplies the energy for these reactions is rapidly
attenuated within the first few meters of the water colunn, greatly reducing
the amount of BaP removed by this process.

Transport of PAH out of the water column occurs through sorption to
particles and particle settling. Fecal pellets were identified as the primary
transport vehicle for PAH in a marine bay (Prahl and Carpenter, 1979).
Preliminary evidence suggests that fecal pellets play a similar role in Lake
Michigan (M. Evans, University of Michigan, personal communication). These
are relatively large and have settling speeds of tens of meters per day,
rapidly removing PAH from the euphotic zone. Biological decomposition is at a
maximum near the sediment/water interface (Gardner et al., 1979; Lee et al.,
1981) and competes with burial as the predominant removal mechanism in the
Great Lakes.

The distribution of PAH in various sedimentary environments around the
world, although complex (Laflamme and Hites, 1978; Hites et al., 1980), is
usually dominated by fluoranthene and pyrene in about equal concentrations and
is consistent with the hypothesis of a combustion source. Concentrations of
these compounds range from a few ug/kg in regions remote from urban environ-
ments up to approximately one mg/kg in sediments fran the New York Bight.
Similarly hi h concentrations (*1 ppn) were reported for Lake Washington
(Seattggé HA and three Swiss lakes (all close to urban sources) (Nakeham gt
a ., a .

PAH In The Great Lakes

 

The Great Lakes are the focus of a heavily populated and industrialized
region and, as previously described, such areas are expected to receive large

loads of PAH. Estimates of the load of PAH to the Great Lakes (Table 38-2)
are similar to maximum estimates of PCB and DDT loads to the same region.
Load estimates are based on a very sparse data base, and thus are subject to
improvement as more information becomes available. In addition to atmospheric
input, tributary input can be estimated fran suspended solids load data of
Sonzogni et a1. (1979) and Sullivan et a1. (1980) and an estimate of 50

PQ/kg fluoranthene or pyrene for soil from Hites et a1. (1980). Based on
these assumptions, PAH via tributary input is approximately 10% of the level
attributed to atmospheric input. Shoreline erosion and diffuse sources would

also contribute small amounts, but direct atmospheric input appears to be the

major source of PAH to the Great Lakes.

Because of their low solubility and concentration, data on PAH in the
water coluun are very limited. Worldwide concentrations of BaP ranged from

approximately 0.1 to 100 ng/L (Neff, 1979). BaP (0.3 ng/L) and total PAH (4.7
ng/L) were found in Lake Erie near Buffalo (Basu and Saxena, 1979). Large
volumes of treated municipal drinking water taken from 12 plants using Great
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TABLE 3B-2

ATMOSPHERIC FLUX 0F PAH TO THE GREAT LAKES (MT/yr)

  

L A K E
COMPOUND SUPERIOR1 MICHIGAN1 MICHIGAN2 HURON1 ERIE1 ONTARIO1

Phenanthrene 4.8 3.4 2.1 3.5 1.5 1.1
Anthracene 4.8 3.4 2.1 3.5 1.5 1.1
F1uoranthene — - 3.6 - - -
Pyrene 8.3 5.9 4.0 6.1 2.6 1.9
Benzo(a)anthracene 4.1 2.9 3.3 3.0 1.5 1.1
Benzo(a)pyrene 7.9 5.6 4.0 5.8 2.5 1.8
Pery1ene 4.8 3.3 2.1 3.4 1.5 1.1

 

1Eisenreich et a1. (1981).
2Andren and Strand (1981).

Lakes water yie1ded re1ative1y high concentrations of pyrene (11.2 t 20.0
and 3.9 i 10.2 ng/L)* and f1uoranthene (9.2 i 12.0 and 10.6 i 25.0)
Wi11iams et a1., 1982). F1uoranthene (15 1 9 ng/L), Pyrene (14 1 6 ng/L),
and BaP (7 i 4 ng/L) were found in fi1tered offshore waters of southern Lake
Michigan (Eadie, 1983). The concentration of these compounds on suspended
partic1es was 2-4 pg/g. At a concentration of 1 mg/L of TSM, more than 75%
of these PAH are estimated to be in the disso1ved phase.

PAH concentrate in the sediments, and there have been severa1 ana1yses of
Great Lakes sediments for these compounds (Tab1e 3B-3). In genera1, high
sediment PAH concentrations are associated with fine-grained, organic rich
sediments whereas 10w va1ues are from nearshore, sandy environments.

PAH in Lake Superior sediments are 10 times 1ower than those in the 1ower
1akes. Lake Michigan sediments have the highest PAH concentration. This
observation supports the hypothesis of 1oca1ized urban sources, since the Lake
Superior region is heavi1y forested and undeve1oped, whi1e the region around
southern Lake Michigan (where six of the sediments were co11ected) is heavi1y
industria1ized. The distribution of measured PAH congeners in Great Lakes
sediments is simi1ar in a gross sense to concentrations in sediments reported
by Hites et a1. (1980), Laf1amme and Hites (1978), Wakeham et a1. (1980a), Tan
and Heit (I98I), and Eadie et a1. (1982a,b) for environments that receive PAH
from anthropogenic sources. Characteristica11y, these are highest in
unsubstituted f1uoranthene and pyrene, with 1arge concentrations of
phenanthrene, chrysene (p1us tripheny1ene), and BaP.

*The numbers in parenthesis represent the mean i 1 standard deviation for
winter and summer samp1es, respective1y.
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TABLE 3B-3

RANGE OF CONCENTRATIONS 0F PAH IN GREAT LAKES
SURFICIAL SEDIMENTS (ng/g dry)

  

L A K E
SUPERIORI MICHIGAN 2 HURON 2 ERIE 2, 3 ONTARIOZ,“

COMPOUND (n=1) (n=10) (n=3) (n=4) (n=5)

Phenanthrene 34 6-1268 11-272 18-431 40- 205

F1uoranthene 88 9—1564 33-487 65-285 210—1000
Pyrene 53 - 8-1430 36-256 57-287 56-1182
BaP 28 4-944 23—294 56—173 76- 306

 

1Gischwend and Hites (1981).
zEadie et a1. (1982b, 1983).

3Eadie et al. (1982a).
I’IJC (1977).

More detai1ed information on the distribution of PAH in Lake Michigan
sediments is presented in Tab1e 3B-4. Stations 11 and T6 are 1ocated in

regions where sediments are not accumu1ating (Cahi11, 1981). The other seven

stations are in regions of recent sediment deposition. The distribution of

the f1uoranthene concentrations for these nine stations (Figure 33-3) is in

genera1 agreement with the map of ch1orinated organic contaminants (whose

source is a1so primari1y atmospheric) (Frank et a1., 1981). It appears that

TABLE 38-4

LAKE MICHIGAN SEDIMENT PAH (ug/kg dry)

 

CHRYSENE +

STATION PHENANTHENE FLUORANTHENE PYRENE TRIPHENYLENE BaP

 

T1 28 34 3O 36 33
T2 809 906 733 - 450
T3* 1,268 1,664 1,430 1,128 944
T4 308 445 363 319 251
T5 537 794 665 522 248
T6 19 62 38 41 26
T7 298 620 421 554 572
T8 245 419 319 348 571
T11 263 431 318 543 324

 

*Ca1cu1ated PAH coefficients of variation (%) for rep1icate (3-4) ana1yses of
rep1icate (3) extracts from station T3 are: 27.6, 13.0, 11.6, 19.4, 18.5,
respective1y. Data Source: Great Lakes Environmenta1 Research Laboratory
(NCAA), Ann Arbor, Michigan.
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The distribution of fluroanthene (ng/g) in the surficial
sediments of Lake Michigan.
Data Source: Great Lakes Environmental Research Laboratory (NOAA), Ann

Arbor, Michigan.



  

the final sedimentary distribution of PAH and other hydrophobic organics will
be controlled by processes that affect the movement of the fine-grained,
organic rich sediments to which they are attached.

The information from the previous discussion can be used to estimate a
simple steady—state mass balance for PAH in the Great Lakes. Figure 3B—4
illustrates such a calculation for BaP in Lake Michigan. The numbers should

be considered uncertain to about i 50% at this time. The loss of 2.8 metric

tonnes (MT) of BaP per year (calculated by difference) indicates decomposition

of approximately 50% of the load. If the concentration in the water is
divided by the load, the result indicates a relatively long apparent residence

time of approximately seven years for Ba? in Lake Michigan water. The large

reservoir of BaP in the surficiaT sediments may act as an important source for

the water column through resuspension and diffusion. The Toad of 5 MT/yr,
equivalent to 8.5 ng/cmz/yr, is higher (by a factor of 35) than that
calculated by Gischwend and Hites (l98l) frdn a core in Lake Superior, but
Tower than their reported fluxes for urban sites.

Lake Michigan BaP Budget

(MT or MT/yr)

 

  
 
Dissolved 27 7

3 Sediments 450 2

 

FIGURE 3B-4 Lake Michigan benzo(a)pyrene budget. The input (~5MT/yr) is

- from Table 3B-2. Concentration in the water column (7 ng/L,

80% dissolved) is from Eadie (1983) multiplied by the volume
of the lake and distributed as 27 MT dissolved and 7 MT

associated with particulate matter. Sedimentation is

estimated from recent accumulation data (Robbins and

Edgington, 1975) and trap fluxes (Chambers and Eadie, 1981),
both of which are approximately 7 mg/cmzlyr. This figure was
multiplied by the lake area and a BaP concentration of 500
ng/g (Table 3B-4). Sediment inventory was estimated for the
upper 3 cm (well mixed 2.6 g/cm", 80% porosity). The losses
of approximately 2.8 MT/yr were calculated by difference.

Biological Effects

The complex mixtures and relatively high concentration of PAH in Take

sediment has raised questions regarding the exposure of benthic organisms to

these compounds, resultant bi oconcentration factors, and the transfer of these

compounds up the food chain to fish. In general, fish and some invertebrates
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have inducib1e, mixed-function oxidase systems capab1e of oxidizing PAH,

resulting in 1ow bioconcentration factors. Other invertebrates may 1ack the

- appropriate enzymes for biotransformation, resu1ting in 1arge bioconcentration

factors. Neff (1979) summarizes a great dea1 of information on bio1ogica1
uptake, accumu1ation, and degradation in the aquatic environment. Recent

ana1yses of o1igochaete worms and chironomids from Lake Erie and Ponto oria

from Lake Michigan (Eadie et a1., 1982a,b) have shown that the PAH concentra—
tions in these organisms are simi1ar to those found in the fine-grained frac-

tion of their sedimentary environment. Bioconcentration factors in Pontoporia

hoyi, the most aboundant benthic organism (by mass) in Lake Michigan, ranged

from 10“ to 105 with respect to the over1ying water concentrations of

seven measured PAH. Recent 1aboratory experiments with this organism confirm

these bioconcentration factors for anthracene and BaP (Landrum, 1982). In

Pontoporia from recent (fine-grained) sediments, concentrations of severa1 PAH

exceeded | mg/kg (wet wt.) (Eadie et a1., 1982b).

Do these concentrations present a serious threat to Great Lakes fish? The

primary concern is the abi1ity of PAH to cause cancer (Jones and Leber, 1979;

Ge1boin and Ts'o, 1978). Acute toxicity from these compounds is of major

significance on1y in the immediate area of an oi1 spi11. In addition,

Leversee et a1. (1982) recent1y described a high acute morta1ity rate for

sunfish exposed to ug/L concentrations of anthracene in the presence of sun—

1ight. Benzo(a)pyrene adverse1y affected the hatching and ear1y deve1opment

of f1atfish (Hose et a1., 1980) at very 10w ug/L 1eve1s.

The 1imited amount of work on the chronic response of aquatic organisms

has been summarized in Neff (1979) and Ma1ins and Hodgins (1981). Both

reviews agree that measurab1e effects of chronic exposure are probab1y 1imited

to p011uted coasta1 environments or locations of oi1 spi11s and that these
1ocations are usua11y contaminated with a wide variety of po11utants, making
it difficu1t to distinguish between cause and effect.

Since fish can enzymatica11y oxidize PAH, monitoring the ambient 1eve1s of

PAH in fish tissue does not measure their exposure. Payne and Fancey (1982)

found e1evated 1eve1s of mixed function oxidase in fish exposed to moderate

1eve1s of petro1eum hydrocarbons, and they advocate monitoring this enzyme to

determine if fish are being stressed by PAH.

Are PAH causing cancer in fish? Sonstegard (1977) found very high

incidences of tumorous tissue in Great Lake fish that feed primari1y on bottom

organisms; yet he did not detect any such ma1formations in an ana1ysis of a

museum co11ection of simi1ar Great Lakes fish co11ected in 1952. The imp1ica—

tion is that some carcinogenic or mutagenic agent(s) have been introduced into

the Great Lakes since the ear1y 1950's. Many compounds or possib1e combina—

tions of compounds cou1d be those agents; PAH are certain1y among them.

Further discussion on this subject can be found in Chapter 6 of this report.

High incidences of tumorous tissue in the carp and go1dfish hybrids of

Lake Erie tributaries have been corre1ated with highconcentrations of PAH in

sediments (B1ack et a1., 1980a,b). Liver tumors were found in the brown bu11-

head of the B1ack River, an input to Lake Erie that is high1y contaminated

with PAH (Baumann et a1., 1982). As mentioned above, these re ions are

usua11y contaminated with mu1tip1e po11utants that may have ad itive or
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synergistic effects with PAH. However, PAH in laboratory studies have induced

tumors in fish (Jones and Hoffman, 1957; Schultz and Schultz, 1982; Black,

1982), and fish enzyme systems have been shown to produce carcinogenic

metabolites (Neff, 1979). Thus, there is evidence of both chronic effects and

carcinogenic/mutagenic responses in fish populations exposed to PAH. These

effects are most severe near urban areas and for fish that live or feed on the

bottom.

How does this exposure of fish to PAH affect human health? Since fish

have the enzymes to biotransform PAH, exposure of bioaccumulated parent .
compounds will be minimal. While it has been reported that marine fish have
levels of BaP up to 5,000 ng/kg dry wt., the one reported level in fresh water

fish (lake trout) was less than 4 ng/kg dry wt. (Neff, 1979). Based on a
consumption of 0.5 kg of fish per day and the daily intake of PAH from other

sources (Table 33-5) (Lee and Grant, 1981), lake trout would contribute less

than 2% of the total intake of PAH. Since fish can biotransform PAH, the

level of netabolites in fish may be quite high, depending on exposure.

Research has not yet been performed to examine these levels, nor has the

toxicity of these biotransformation products of PAH been determined. There—

fore, the hazards and the extent of exposure to the biotransformation products

of PAH are unknown.

TABLE 3B-5

HUMAN EXPOSURE TO PAH FROM VARIOUS ENVIRONMENTAL SOURCES

 

ug/day
CARCINOGENI c TOTAL

SOURCE BaP PAH PAH

 

  
Air 0.00095-0.0435 0.038 0.207

Hater 0.001l 0.0042 0.0270

Food 0.16-l.6 1.6-16

 

The Future of PAH in the Great Lakes

Although the seriousness of the exposure of benthic organisms and fish to
PAH is currently supported only by circumstantial evidence, it appears that
the load of PAH to the Great Lakes and consequent exposure will increase over
the next few decades. This will result from increasing population and con-
sequent increasing energy consumption. Regional population data are given in
Table 33-6. Population for the year 2000 is estimated to be approximately 10%
larger than the current population, a somewhat slower rate of growth than the
country as a whole. It is expected that growth on the Canadian side will be

Simi ar.

A study by the National Academy of Sciences (1979, p. 204) has concluded
that, because of its availability, coal will be a key element in the United
States energy policy well beyond the end of the century. They estimate that   
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three times the present 1eve1 of production, or about 45 quads (1 quad =
1015 BTU), annua11y wi11 provide one-third to one-ha1f of the nation's
energy compared to 18% (14 quads of 78 quads) in 1978. A regiona1 study
(Great Lakes Basin Commission, 1981) estimates that, by the year 2000, the use
of coa1 wi11 increase with respect to oi1 and as, and that energy production
within the basin wi11 increase from 3.1 quads ?1975) to 3.9 quads by 1990 (see
a1so SAB, 1982).

TABLE 3B-6

POPULATION DATA FOR THE GREAT LAKES STATES (MILLIONS)

   

19701 19802 19903 20003 2050“

0.5. Tota1 203,000 222,000 243,000 250,000 315,000

I11inois 11,113 11,418 12,015 12,491
Indiana 5,195 5,490 5,804 5,059
Ohio 10,557 10,797 11,570 11,999
Michigan 8,882 9,258 10,302 10,970
New York 18,241 17,557 18,528 18,815
Pennsy1vania 11,801 11,913 12,272 12,455
Minnesota 3,806 4,077 4,382 4,537
wisconsin 4,418 4,705 5,155 5,475

8. States Tota1 73,394 75,215 80,029 82,923

 

1U.S. Bureau of Census, 1979.
2U.$. Bureau of Census, 1981.
3U.S. Bureau of Census (1979), Projection IIA.
l'Schurr et a1. (1979), p. 110; no estimates given by state.

Information summarized for the United States in the 1ate sixties (Nationa1
Academy of Sciences, 1972) indicates that over 1200 MT/yr of BaP were emitted
each year. This amount was apparent1y reduced to approximate1y 300 MT/yr by
the mid-1970's (Tab1e 3B-7). This 75% reduction in emissions supports the
Nationa1 Air Survei11ance Network's (NASN) estimate of a 75% reduction in the
atmOSpheric concentration of BaP at 26 urban sites throughout the United
States from 1966 to 1977 (Faoro and Manning, 1981). This dec1ine has been
observed at the Great Lakes basin atmOSpheric monitoring stations (Figure
38-5). The dec1ine has been attributed to a reduction in the use of coa1 and
wood in residentia1 heating, a1though with the recent rise in the price of 011
and gas, coa1 and wood use is again increasing (Peters et a1., 1981). Con-
sidering changes in samp1e co11ection and ana1ysis techn1ques, it is not c1ear
whether the reported dec1ine in PAH is rea1 or an artifact of the methods

emp1oyed. Potvin et a1. (1981) found no significant differences in atmos-
pheric BaP measured Between 1971 and 1975 and that between 1975 and 1979 at a

site in northern Ontario. What is obvious from the four emission estimates in

Tab1e 38-7 is that there is considerab1e disagreenent about the re1ative

importance of even major sources of BaP. In the 1ate 60's, the major sources

were perceived to be open burning of refuse, fo11owed c1ose1y by the
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combustion of coal for heat and power. By the mid 70's, this was altered to
coke production in both the United States and Ontario. In the case of total
PAH estimates, the major source for this period was the combustion of wood for
heat and power. These estimates are rather weak since sampling procedures and
analytical intercomparisons are not yet standardized or uniformly efficient
for various environments. Bennett et al. (l979) found order of magnitude
ranges in the PAH concentrations of oil fired power plant emissions (23-2550
ng PAH/m3) and coal fired power plant emissions (24-378 ng PAH/m3); thus
the use of an average emission factor for each source type is only a gross

TABLE 3B-7

ESTIMATED PAH EMISSIONS (MT/yr)

 

3w 3w 3w TUMLPNi
u.s.1 u.s.2 ONTARIO3 U.s.“

PERIOD LATE 60's l975 l976 mid-70's

 

Heat and Power

Coal
Oil
Gas
Wood

Open burning

Coke production

Forest fires

Mobile sources

Grams emitted
per capita

 

1NAS (1972).
2Faoro and Manning (l98l).
3MOE (1979).
''Peters et al. (l98l).

approximation. In a literature review, Junk and Ford (l980) found 109
organics in coal combustion products and 33l in coal and refuse combustion,
but stated that there are probably many more as yet uncollected or uniden-
tified compounds. Many of these could have caused interference in earlier,
less Specific analytical procedures.

At this time it is unclear to what extent PAH emissions will increase with
projected increased fossil fuel combustion. The fact that PAH are associated
with submicron particles makes them very difficult to remove from stack
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gases. Increased use of "dirty" fuels, such as coal and wood, will further
increase the potential for PAH production. If regional energy production

lincreases by 25% (3.l quads to 3.9 quads) as estimated by the Great Lakes
Basin Commission (l98l) report and if this increase is primarily in the form
of coal and wood combustion, then based on the figures in Table 33-7, we can
conservatively estimate an increase of l0% in the loads of PAH to the lake.
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FIGURE 3B-5 Atmospheric concentration of benzo(a)pyrene in the Great

Lakes Region. Data for United States cities are from the US.
EPA/NASN (Faoro and Manning, 1981; Ackland, 1982). Data for

10 Canadian cities on the Great Lakes are from the Ontario

Ministry of the Environment (MOE) (1979). Each of the 2-year
averages falls within the gray zone; the grand mean for all the
data is also shown. The Toronto data for 1976 is from Katz et

al. (1978). The Lake Michigan data are from Strand and Andren
(1980). The Sault Ste. Marie point is from the MOE (1979).
Youngstown and Milwaukee both show recent increases in
BaP concentrations.

As long as rates of removal from the ecosystem remain the same or even de-

crease because of a reduction in primary productivity caused by the Great

Lakes phosphorus abatement program, concentrations of PAH within the Great

Lakes ecosystem will increase.

-81-

  



 

C. TOXAPHENE

INTRODUCTION

On 29 November, 1982 the U.S. EPA officia11y cance11ed most uses of toxa-

phene but permitted existing stocks of the chemica1 to be used through 31

December, 1986. This action, coup1ed with the Canadian ban of 31 October 1980

wou1d seeming1y reduce this persistent contact pesticide from entering the

Great Lakes ecosystem in quantity. Assuming the ban is effective1y imp1ement-

ed, especia11y after 1986, and quantities of the substance do not enter the

water co1umn through Tong range atmOSpheric transport or hazardous waste site

1eachate, the Great Lakes ecosystem shou1d begin to show signs of improvement

as indicated by reduced body burdens in fish over the next severa1 years.

The IJC was first advised of the presence of this po11utant in 1976 (URLG)

when toxaphene or toxaphene—Tike substances were detected in 1ake trout from

Lake Superior at va1ues ranging between 0.1 - 1.0 mg/L. Since that report,

the Commission has been periodica11y updated as to the Great Lakes 1eve1$ in

biota and recent1y water concentrations of Lake Huron. The Survei11ance Work

Group wi11 continue reporting to the Water QuaTity Board toxaphene va1ues as

derived from routine monitoring in the Great Lakes fish contaminant program.

What f011ows is a brief synopsis of va1ues found within fish a1ong with a

genera1 description of the chemica1. There are severa1 thorough genera1

reviews on toxaphene (U.S. EPA, 1980; Cohen et a1., 1982, and U.S. FWS, 1982)
and these shou1d be referenced for more details.

OVERVIEW

Toxaphene is a common trade name for ch1orinated camphene. CommerciaT

toxaphene has a maximum pesticida1 activity when the chTorine content ranges

from 67-69%, resu1ting in a typica1 empirica1 formu1a of C10H10C113 and an

average mo1ecu1ar weight of 414. TechnicaT grade toxaphene consists of 177

components, of which 20 to 40 have been iso1ated in Great Lakes fish.

According to Cohen et a1., 1982, annua1 toxaphene production during the 1970's

varied between 45 x ID6 and 106 x 106 kg. The chemica1 was extensive1y

used in the Dakotas, Ca1ifornia and the southern states on sunf10wer,

vegetab1es and cotton crops, respective1y. According to Seiber et a1., (1979)

quantities in excess of 50% can be Tost to the atm05phere through

vo1ati1ization and dust. Furthermore, whoTe fish residues of 2.3 to 3.2

pg/g were detected in 1ake trout coTTected fran Lake Siskiwit which is

hydro1ogica11y iso1ated from Lake Superior proper. Taken together this

evidence imp1icates 1ong range atmospheric transportation as a primary vehic1e

for toxaphene contamination of the Great Lakes.

A1though the initia1 use of toxaphene dates to 1948, recent1y deve1oped

samp1e preparation procedures coup1ed with capi11ary GC and e1ection capture

detection have hastened its quantification in the Great Lakes biota. Ear1ier

attempts to iso1ate and quantify ambient environmenta1 toxaphene 1eve1s were

hampered because conventiona1 packed co1umn GC yie1ded chromatograms with

peaks that over1apped other ubiquitous contaminants, most notab1y, DDT and its.

homo1ogues, PCBs, and certain ch1ordane components (Ribick et a1., 1982).
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Toxaphene is so1ub1e in water in the range of 0.4 to 3.0 mg/L (Paris et
a1., 1977; Brooks, 1974) and has a partition coefficient between 1.995 x TIP
t6'2.512 x 106 (Paris et a1., 1977; Magnuson et a1., 1979). Mean 96-h LCso,
acute toxicity 1eve1$ 1n Juveni1e fish range from a 10w of 2 ug/L for 1arge-
mouth bass (Micropterus sa1moides) to 18 ug/L for fathead minnows (Pim ha1es
rome1as) (Johnson and Finley, I980). Severa1 studies have yie1ded Bioac-

cumulation factors ranging from 2,000 to 69,000 (10 to 140 days) in various
species of freshwater fish (Mayer et a1., 1977; Terriere et a1., 1966).
The 48-h LCso's at 17°C for the c1adocerans Bosmina 1ongirostris, Daphnia
magna, and Q; pu1ex were 1.4, 5.4, and 11.3 pg/L respectiveTy (U.S. FWS,

  

A1though there is an Agreement objective for toxaphene in water (0.008
Hg/L, for the protection of aquatic 1ife), there is no objective for fish
tissue concentration. Smith, (Cranbrook Institute of Science) has measured
concentrations in the range of 0.0005 - .002 ug/L from Lake Huron waters.
The U.S. Food and Drug Administration action 1eve1 for toxaphene in edib1e
portions of fish is 5 mg/kg. A1though the va1ues reported recent1y exceed
this action 1eve1, it must be understood that these resu1ts are for who1e fish
and thus are higher than wou1d be expected from ana1ysis of edib1e portions.

Toxaphene in Great Lakes Fish

 

Samp1es of individua1 and composite who1e fish homogenates have been
ana1yzed to describe historica1 1eve1s of toxaphene or toxaphene-1ike sub-
stances. The resu1ts were provided by the Department of Fisheries and Oceans
(DFO), Bur1ington, Ontario and U.S. FWS 1aboratories in Ann Arbor, Michigan
and Co1umbia, Missouri.

Resu1ts from DFO inc1ude who1e fish toxaphene 1eve1s for tog predator
sa1monid samp1es from each of the Canadian Great Lakes (Tab1e 3 - ). In ad-
dition, a range of age c1asses from 1982 1ake trout coTTected in Lake Ontario
were ana1yzed to determine toxaphene accumu1ation patterns. Historica1
samp1es were chosen to represent the e1dest individua1 of that species avai1-
ab1e at the time of co11ection. These fish a1so contained the highest 11p1d
1eve1s of a11 fish co11ected at that time. With the exception of two separate
ee1 samp1es from Lake Ontario, there was a positive re1ationship between 11p1d

1eve1s and toxaphene concentration.

Current data (1982) from Lake Ontario indicate that toxaphene accumu1ates
in the same manner as other 1ipophi1ic compounds. Concentrations increase
with both 1ipid content and age. Genera11y, toxaphene concentrations are
simi1ar throughout the 1akes monitored with physioTogicaT conditions rather
than geographic Tocation being the most inf1uentia1 variab1e.

Resu1ts from the U.S. FWS demonstrates that toxaphene contamination is not
restricted to the top predatory fish. Va1ues for p1anktivorous species were
genera11y about ha1f the concentration recorded for 1ake trout (Tab1e 3C-2).
Toxaphene concentration from samp1es of 1arge Lake Michigan 1ake trout were
comparab1e to specimen co11ected from Lakes Superior and Huron (Tab1e 3C-3).
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Data Source:

 

TABLE 3C-1

TOXAPHENE IN GREAT LAKES
WHOLE FISH RESIDUES

Department of Fisheries and Oceans, Bur1ington, Ontario

    

COLLECTION TOXAPHENE

YEAR SPECIES AGE % LIPID (pg/g)

Lake Ontario 1977 Lake Trout 5+ 26.35 3.53
Rainbow Trout 5+ 12.67 1.69
Coho 3+ 12.50 2.04

1978 Lake Trout 3+ 20.93 11.50

1980 Lake Trout 5+ 25.48 0.19

1982 Lake Trout 10+ 26.73 3.56
Lake Trout 6+ 25.49 2.95
Lake Trout 6+ 17.99 2.04
Lake Trout 5+ 26.61 1.38
Lake Trout 4+ 14.26 0.61
Rainbow Trout 7+ 9.06 1.59
Coho 3+ 4.74 0.72
Ee1 — 32.26 1.74
Ee1 - 34.53 1.71

Lake Erie 1977 Rainbow Trout 5+ 18.00 2.66
Coho 3+ 5.45 2.09

Lake Huron 1979 Sp1ake 3+ 20.00 2.54

1980 Lake Trout 8+ 18.85 3.53

1982 Lake Trout 8+ - 1.69

Lake Trout 7+ - 1.25
Lake Trout 7+ - 2.93
Lake Trout 6+ - 1.93
Lake Trout 6+ 19.30 4.90

Lake Superior 1978 Lake Trout* 7+ 59.68 10.00
Lake Trout* 7+ 37.25 9.68

Lake Trout 3+ 19.05 2.15

Lake Superior 1980 N X S.E. Range

Toxaphene 10 1.90 0.58 ( 0.37 - 6.18)
% Lipid 10 26.60 1.56 (20.60 - 36.80)

 

* Siscowet.
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TABLE 3C-2

CONCENTRATION (Hg/g NET WEIGHT) OF TOXAPHENE IN COLD-WATER FISH
SAMPLES FROM THE UPPER GREAT LAKES, 1977 AND 1979

COMPOSITE SAMPLES (FIVE ADULT FISH/SAMPLE),
(TOTAL LENGTH IN mm)

Data Source: U.S. Fish & Wi1d1ife Service, Co1umbia, Missouri

  

YEAR MEAN TOXAPHENE
LAKE COLLECTED LOCATION SPECIES LENGTH CONCENTRATION

Michigan 1977 Sheboygan, MI B1oater 257 3.5
Michigan 1977 Sheboygan, MI B1oater 254 3.3
Michigan 1977 Sheboygan, MI Lake Trout 698 7.8

Michigan 1979 Sheboygan, MI B1oater 284 2.7
Michigan 1979 Sheboygan, MI B1oater 269 2.3
Michigan 1979 Sheboygan, MI Lake Trout 612 7.1

Michigan 1977 Beaver Is., MI B1oater 287 6.4
Michigan 1977 Beaver Is., MI Lake Trout 653 8.1

Michigan 1979 Beaver Is., MI B1oater 307 3.3
Michigan 1979 Beaver Is., MI B1oater 282 3.1
Michigan 1979 Beaver Is., MI Lake Trout 610 5.5

Michigan 1977 Saugatuck, MI BIOater 290 3.7
Michigan 1977 Saugatuck, MI B1oater 287 0.6
Michigan 1977 Saugatuck, MI Lake Trout 627 7.0

Michigan 1979 Saugatuck, MI B1oater 287 3.4
Michigan 1979 Saugatuck, MI B1oater 297 3.4
Michigan 1979 Saugatuck, MI Lake Trout 663 6.8

Huron 1977 A1pena, MI Lake Trout 594 9.0

Superior 1977 Bayfie1d, WI Lake Trout 627 5.2
Superior 1977 Bayfie1d, WI Lake Whitefish 516 2.3

Superior 1979 Bayfie1d, MI Lake Trout 630 2.2
Superior 1979 Bayfie1d, WI Lake Whitefish 335 0.9
Superior 1979 Bayfie1d, WI Lake Whitefish 328 0.6

Superior 1977 Keeweenaw Pt., B1oater 264 2.8
Superior 1977 MI B1oater 262 2.9
Superior 1977 " " Lake Trout 559 3.0

Superior 1979 Keweenaw Pt., B1oater 277 3.6
Superior 1979 MI B1oater 295 2.8
Superior 1979 " " Lake Trout 605 7.3

Superior 1977 Whitefish Pt., Lake Whitefish 488 1.4
Superior 1977 MI Lake Whitefish 503 2.1
Superior 1977 " " Lake Trout 607 3.1

Superior 1979 Whitefish Pt., Lake Whitefish 566 1.2
Superior 1979 HI Lake Whitefish 495 0.7

Superior 1979 “ “ Lake Trout 561 1.9
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TABLE 3C-3

CONCENTRATIONS OF TOXAPHENE-LIKE COMPOUNDS

Data Source:

(20 ADULT FISH/SAMPLE)1

U.S. Fish and Ni1d1ife Service, Ann Arbor, Michigan

  

YEAR MEAN TOXAPHENE
SPECIES COLLECTED LENGTH LOCATION CONCENTRATION

(mm)

Lake Trout 1977a2 697 Char1evoix, MI 7.2
Lake Trout 1977b 697 Char1evoix, MI 6.1
Lake Trout 1978a 671 Char1evoix, MI 8.4
Lake Trout 1978b 671 Char1evoix, MI 8.1

Lake Trout 1978a 717 Sturgeon Bay, WI 10.5
Lake Trout 1978b 717 Sturgeon Bay, WI 10.9
Lake Trout 1979a 688 Sturgeon Bay, WI 6.5
Lake Trout 1979b 688 Sturgeon Bay, WI 6.9

Lake Trout3 1977a 653 Saugatuck, MI 6.6
Lake Trout3 1977b 653 Saugatuck, MI 7.3
Lake Trout 1978a 701 Saugatuck, MI 7.7
Lake Trout 1978b 701 Saugatuck, MI 7.4
Lake Trout 1979a 694 Saugatuck, MI 7.3
Lake Trout 1979b 694 Saugatuck, MI 6.5

 

1Represents the 20 Targest fish c011ected.
2a or b denotes dup1icate ana1ysis of the same samp1e.
318 fish composit ed.
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4, Water Quality Assurance

(Note: This Chapter was prepared by the Data Quality Work Group.
Comments or inquiries regarding this Chapter's contents should be directed to
the Data Quality Work Group Secretary.)

Annex 11 of the Agreement calls for quality assurance programs in support
of Great Lakes surveillance and monitoring activities. As described in Annex
11, these programs include standard sampling and analytical methodology, inter-
laboratory comparisons, and compatible data management. The execution of
proper quality assurance programs permits valid assessment of surveillance and
monitoring data and help substantiate the evaluations and conclusions which
are derived from these data. In order to help ensure the production of
environmental data of acceptable quality to meet the surveillance and monitor-
ing requirements of the the Agreement, the Water Quality Board established a
Data Quality Work Group.

Under the Work Group's Terms of Reference, the Work Group performs the
following tasks:

1. In collaboration with the Surveillance Work Group recommends the
quality assurance requirements for field, laboratory, and data
management activities undertaken in support of the Agreement and
monitors the meeting of the requirements;

2. Conducts interlaboratory studies and, as needed, assists participants

in implementing remedial action;

3. Compiles and updates information on the analytical characteristics of

methods used by participants in interlaboratory studies. Evaluates

and recommends necessary changes to those methods if such methods do

not produce comparable results and;

4. Reports to laboratory directors, project officers, agency represent-

atives, report writers and others with, as needed, on laboratory

performance.

SUMVIARY

During 1982 and 1983, the Work Group conducted six interlaboratory

studies, has planned one or two more, overviewed the development of reference

materials to meet specific quality assurance requirenents, continued compiling

an inventory of archived Great Lakes basin environmental samples, maintained a

compendium of analytical methods by laboratory, and continued its efforts to

assist laboratories in implementing adequate intralaboratory quality control

programs.
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In response to a cooperative International Joint Commission/Water Quality
Board inquiry regarding the Work Group's activities and responsibilities, a
review task force was formed. The composition of the task force and its
recommendations are discussed later in this chapter.

INTERLABORATORY STUDIES

 

The Work Group is convinced that interlaboratory studies are an essential
element in determining if laboratories produce comparable analytical results.
The six interlaboratory studies conducted for this purpose include: two for
phosphorus in water, one for metals in water, one for major ions and nutrients
in water, one for total phosphorus in sewage treatment plant effluent, and one
for chlorinated hydrocarbon pesticides and PCBs in fish and ampuls.

A typical round robin consists of submitting samples of ambient environ-
mental constituents levels to laboratories which contribute to the measurement
of the Great Lakes basin samples. Distributed with the samples are a transmit—
tal letter, a methods questionnaire, a report form, a discussion on reporting
low level data, and a description of the Work Group's recommended minimum
intralaboratory quality control program.

After the results are received by the Work Group, they are individually
evaluated by comparing them to the medians, which serve as target values.
Bias of the set of results from each laboratory is assessed using a modifica-
tion of a method developed by Youden (1969).

After the results are evaluated, each laboratory receives a report on its
performance, a glossary ofterms used in the evaluation, and a table of all
results so that its performance can be compared to that of others. Frequently
the methods used by the laboratories are cited or listed with the report.
Descriptions and findings from these studies follow.

Phosphorus in Water - Studies 40 and 43

Two studies on phosphorus in water were conducted in 1982 with 34 lab-
oratories (15 samples) participating in the first one and 36 laboratories (l5
samples) in the second one. The samples used for these studies consisted of
water from open lake, nearshore, harbor areas, lake tributary, and laboratory
standard solutions.

The median (target) values ranged frun 2.0 pg/L to 62l pg/L, admit-
tedly a wide range. The laboratories, however, included in these studies
'measure tributary water high in phOSphorus concentrations as well as nearshore
and open lake waters with low phosphorus values.

In order to demonstrate sample stability, several samples were redistribut-
ed over three round robins, but their identities were not known to the
participants. The median values for these samples from all results for each
study in l981 and T982 are given in Table 4.0-1.
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TABLE 4.0-1

MEDIAN VALUES FOR TOTAL PHOSPHORUS IN WATER, ug/L

  

STUDY 38 STUDY 40 STUDY 43
SAMPLE SOURCE SEPTEMBER '81 SEPTEMBER '82 JANUARY '83

Lake Superior 2.0 2.5 2.0
Rain Water 4.0 - 4.1
Lake Erie — 11.0 10.6
Lake Ontario 10.9 - 11.0
Grand River 12.3 - 13.0
Hami1ton Harbor - 90.5 88.0
Spike (124) 124.0 127.0 127.5
Spike (187) 187.5 188.5 189.0
Spike (248) 253.5 255.5 253.5

 

The near1y constant medians, which the participating 1aboratories
co11ective1y provide, indicate that the samp1es derived from the various
sources were quite stab1e and can be used for performance comparisons over
time.

The performance of 1aboratories on tota1 phOSphorus in water ana1yses over
the past five years is documented in Tab1e 4.0-2. Whi1e severa1 1aboratories
genera11y performed we11, there were many which were erratic or produced
biased data. For a few 1aboratories, there was some deterioration in
performance (e.g., 1aboratories 5 and 9) whi1e some (e.g., 1aboratories 4 and
27) showed inprovement in the 1ast study.

0

The Work Group finds it particu1ar1y discouragingthat the 1eve1 of
performance by some 1aboratories varies so wide1y from test to test., This
wide variation c1ear1y indicates that either the interna1 qua1ity contro1
programs for these 1aboratories are not working or that there are no such
programs at a11. The Work Group has emphasized the critica1 importance of a
sound 1aboratory qua1ity contro1 program using a wide1y circu1ated recommended
practice.

Tota1 PhOSphorus in Sewage Treatment P1ant Eff1uent - Study No. 44

At the request of the Mu icipa1 Abatement Task Force of the Water Qua1ity
Board, the Work Group condu ed an inter1aboratory study among se1ect sewage
treatment 1aboratories. 0n Apri1 25, 1983 ten samp1es comprised of standards,
eff1uent, and eff1uent p1us standards were distributed to 36 sewage treatment
p1ant 1aboratories and to the four 0MOE 1aboratories which ana1yze eff1uents
for tota1 phOSphorus.
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. TABLE 4.0-2

TOTAL PHOSPHORUS IN HATER
SlMdARY OF PERFORMANCE BY STUDY BY LABORATORY

 

STUDY N0.

 

LAB. m. 7.2 I ?4 27 28 38 40 43

p
.

(\.

S-1FH S S-1FH S S-1FL S—‘IFL S—iFH
S S S 3FL-LB *
NR S,-1FH 4FL,1FH S S-iFH 3FH S-‘IFH
7FH,ViB NR 5FL,1FH 3FH,7FL ‘ S S ?FH
S S 4FL,-LB S 5 ZFL-LB 5FL,1FH
S Z-‘H iFL,2FH ?FL S 6FL,1FH 7FL,-LB
NR NR 10F H, —HB 4F H, -HB 9FL,1FH, -LB
S,-1FH 10FL,1FH,LB 7FH,-FB S,-1FH S-1Fl- S—iFL S—iFL
S S S 5FH,-HB 3FH 10FH,-HB 3FH,?FL
1FL NR E-"H,-l-B NR 5FL,?FH 3FL,?FH
1FH,0 6FL-LB 1FL,6FH 3FH,7FL 4FH 3FL, ~LB
S,-1FH S S ZFH S S 7FL
NR NR NR 4FH,1FL S
ZFL ZFL S S,-1FH 6FL,1FH . 8FL,-LB 2FH
Q, 12FH-HB 1FL,3FH iFH,?FL 3FL,4FH 5FH,3FL 6FH,4FL
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S 6FH,HB 2FH,'|FL S,
—
N

s s s
22 NR 3FH,1FL NR 4FL,2FH

0 NR NR NR 3
3FH 3mm 6FL, -LB 3FH, -HB 3FH, 2n 2FH,1 FL an, 4-9
0 S,—'|~FL ?FL,?FH 3FL,'|FH 6FH,‘4FL 9FL,3FH
NR 5 i s s s 7FL,—LB s

27 SFH 3FH,3FL icrH,1FL,HB 7FH,-HB 10FH,—HB 14FH,—VHB 2FH
28 S-‘IFL
29 1FH,iFL 4FH,2FL 3FL
30 3FH
31 1FL,1FH 1FH,4FL,—LB 2FH S-iFH iFL,1FH
32 11FH,‘IFL,—HB
33 11FH,1FL,-HB
34 S-iFH 7FH,1FL S—‘IFL
35 11FL,—VLB ?FL,2FH 2FH,—HB
39 9FH,3FL
47 8FH,-HB
56 13FH,-VHB
57 5FL,‘|FH,—LB
59 6FH,3FL
60 3FL s
52 11FH,—VHB

M
V
L
D
S
D

N
N
N
N

 

Key: NR - Received sampi es but never reported vaiues.
— HB - High bias.

LB - Low bias.
XFL - Number of resu1 ts flagged 10w.
XFH - Nunber of resui ts flagged high.
Q - Method insufficient for the test at hand.
5 - Satisfactory.
VHB - Very high bias.

*Laboratory 2 has conbined with another 1aboratory.
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TABLE 4.0-4

COMPARISON OF MEDIANS (Mg/L) OBTAINED FOR TWO SAMPLES 0N STUDY N0. 42
TO MEDIANS OBTAINED ON THE SAME TWO SAMPLES IN STUDY 39

 

A1 Cd Co Cr Cu Fe Mn Mo Ni Pb V Zn

 

Study 42 200.0 3.0 4.8 26 13 154 50 25.0 5.8 49.0 4.1 59.5

Study 39 177.5 3.0 4.9 25 15 150 50 26.8 5.4 53.8 5.3 51.0

Study 42 382 5.0 9.0 52.0 9.0 205 25.1 50.0 4.0 91.0 20.3 111

Study 39 362 4.8 9.2 46.5 8.3 192 25.8 51.5 3.9 92.2 19.3 95

 

Findings from this round robin confirm previous findings: most Tab-
oratories performed fairTy we11 on the higher TeveT samp1es, but many of the
anaTyticaT methods used by theTaboratories were insufficient to quantify
metaT TeveTs at Tow concentrations expected in Open Take waters. A metaTs
round robin emphasizing open Take samp1es is p1anned for this fa11, in order
to provide an assessment of the Taboratory work on samp1es from Lake Superior.

Major Ions and Nutrients in Water - Study No. 41

Fourteen samp1es were distributed to each of 33 Taboratories. The sa Tes
were determined for caTcium, magnesium, sodium, potassium, chioride, squa e,
pH, aTkaTinity, hardness, nitrate p1us nitrite, totaT KjerahT nitrogen,
reactive siTicate, specific conductivity, and coTor.

The samp1es comprised Great Lakes open Take waters, harbor waters,
tributary waters, tap water (BurTington, Ontario), and Taboratory standards.
As was donein other round robins, some of the samp1es had been used in a
previous test. The median vaTues for these samp1es generaTTy comparedwe11
over the two tests (Table 4.0-5).

Those Taboratories that did weTT for a few constituents generaTTy perform-
ed weTT on a11 of them. Further, the Taboratories that routineTy measure
major ions and nutrients produced the most consistent resuTts. SeveraT Tab-
oratories demonstrated high or Tow biases. Surprisingiy, some Taboratories
produced poor pH and conductivity resuTts, either biased high or Tow, indica-
ting ca1ibration probTems. TotaT KjerahT nitrogen was one of the more
troub1esome measurements.

Ch10rinated Hydrocarbon Pesticides and PCBs in Fish and Ampu15 — Study No. 35

Eight wet fish homogenate samp1es, four freeze—dried fish fTesh samp1es,
and eight ampuTs of standard soTutions were distributed to 21 Taboratories.
ATthough not aTT the resuTts are in, some Taboratories cTearTy have
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TABLE 4.0-5

COMPARISON OF MEDIAN RESULTS (mg/L un1ess otherwise mentioned)
FOR UNPRESERVED SAMPLES OF MAJOR IONS AND NUTRIENTS IN WATER

USED IN Two INTERLABORATORY STUDIES

  

  

TAP WATER TANK LAKE MICHIGAN

1982 1981 1982 1981 1982 1980

STUDY STUDY STUDY

No.41 No. 37 No. 41 No. 37 No. 41 No. 32

NO. OF SAMPLES NO. OF SAMPLES NO. OF SAMPLES

CONSTITUENT 10 5 9 6 13 3

Ca 40.6 40.1 42.5 43.0 34.1 34.0

Mg 7.7 8.2 9.5 9.5 11.0 10.5

Na 14.7 14.0 19.1 19.0 4.58 4.60

K 1.60 1.51 0.91 0.90 1.19 1.09

CT 29.0 29.5 105.0 105.0 8.2 8.3

SD» 29.0 28.9 36.9 36.6 22.1 20.6

pH 8.0 8.0 5.70 . 5.78 8.00 7.85

A1ka1inity 93.1 92.0 2.0 2.0 104.0 105.4

Hardness 134.0 136.0 146.0 146.0 130.0 127.0

N03+N02
ug/L 400.0 400.0 40.0 38.0 299.5 302.0

TKN 210.0 183.5 20.0 30.0 145.0 130.0

31 0.36 0.35 0.01 0.01 0.28 0.24

Conductance
(umho) 344.0 344.0 446.0 .448.5 274.0 270.0

C010? (units) 1.0 2.60 1.0 3.0 5.0 2.0
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demonstrated difficuTties with caTibration, and some Taboratories faiTed to I

identify constituents in severaT of the ampuTs. Others misidentified the PC35 ‘
that were in the ampuis.

Several of the Taboratories that have not yet reported have stated a
reiuctance to report based on the compTexity of these anaTyses and the need to
modify their standard procedures to accommodate these sampTes. The Work Group
regrets that there has been so much reiuctance to report resuTts since it
wishes to heTp identify probiems with the anaTyses and assist in remediaT
action when requested.

A recent review of the Data Quaiity Work Group activities resuTted in a
recommendation that the Work Group stress toxic organic anaTyses and conduct
more round robins on priority poTTutants in environmentai sampTes. The Work
Group wiTT require better cooperation from participating Taboratories to
accompTish this task.

INTRALABORATORY QUALITY CONTROL AND REPORTING LOW LEVEL DATA

 

As mentioned earTier, the Data Quaiity Work Group frequentiy distributes
its recommendations on a minimum intraiaboratory quaTity controT program and a
discussion on reporting 10w Tevei data. The Work Group considered these
matters essentiaT to reporting adequate data for Great Lakes ecosystem assess-
ments.

Further, as a resuTt of this work, the recommendations and discussion were
combined as a singTe document and have now become an American Society for
Testing and Materiais Standard Practice (ASTM, 1983). The Work Group beTieves
that this wider.circu1ation wiTT assist many Taboratories in the proper ;
measurement of industriai waste treatment and enV1ronmenta1 sampTes. E

DATA QUALITY WORK GROUP ACTIVITY REVIEW 3

 

As a resuTt of various questions on Work Group activities by Commission

staff and some members of the Water QuaTity Programs Committee, a review task

force was struck. The membership was made up from representatives from the

two Commission Sections, the Water Quaiity Programs Committee, and the SurveiT-
Tance Work Group. One technicai advisor and four expert externaT reviewers ,

were aiso consuited. ;

The Task Force reported the foiiowing findings as summarized by its r
secretary:

0 There needs to be greater interaction among the Water QuaIity .
Programs Committee, SurveiTTance Work Group, and the Data Quaiity
Work Group, especiaiTy in work-planning. F

0 There is a need to ciarify the process of seTecting parameters for 1

round robins by consuTtation among the Water Quaiity Programs
Committee, SurveiTTance Work Group, and the Data Quaiity Work Group.
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Further eva1uation of anaiyticai methods are required but the ReviewGroup was not certain this eva1uaton shouid be conducted by the Data
Quaiity Work Group for 1imited resource reasons.

Smnpie coiiection and handling procedures need to be eva1uated and
necessary changes recommended.
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5, Phosphorus Loadings 1981 And 1982

PHOSPHORUS LOADING ESTIMATES

This chapter contains phosphorus loading estimates for water years l981
and l982. Summaries of estimated loadings to the Great Lakes by basin are
given in Table 5.0-l for l98l and in Table 5.0-8 for 1982. Tables 5.0-2
through 5.0-7 give the l98l estimates for each basin by jurisdiction, and
Tables 5.0-9 through 5.0-l4 give this infornation for l982.

Basins are defined as before: the Lake Huron basin begins at the head of
the St. Marys River, the Lake Erie basin begins at the head of the St. Clair
River, and the Lake Ontario basin begins at the head of the Niagara River and
includes the Buffalo River estimate. Estimated inputs to the downstream
basins from the basins upstream are provided.

ATMOSPHERIC LOADINGS

Loading estimates are based on data from wet collectors at landbased
stations. These data do not include dry deposition for which few measurements
are available. In these estimates, the contribution of the dry component is
assumed to be equal to that of wet deposition. For estimates from Canadian
collectors, this means that the loading rate was doubled to give a total
rate. The loading rates calculated from United States collectors were not
doubled since there is some question about exposure time for nany data
points. The loading estimates for Lakes Superior, Huron and Erie were madeby
attributing loading rates to the portions of the lakes belonging to each
country. The Lake Michigan estimate is based solely on United States data.
The Lake Ontario estimate is based solely on Canadian data.

The loading estimates for Lakes Superior, Michigan, Huron and Erie are all
well below the l979 loading estimates. To what extent these differences
reflect true large year-to-year fluctuations rather than the difficulties in
obtaining accurate estimates is not clear.

DIRECT INDUSTRIAL AND MUNICIPAL DISCHARGES

These data were provided by the states and the province of Ontario. The
point source coordinators of the two countries have continued to work with the
jurisdictions to insure comprehensive reporting.

TRIBUTARY LOADINGS

Tributary loading estimates were prepared as in previous years. The

methodology employed is discussed in the Surveillance Subcommittee Report of

l977.
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The Ontario Ministry of the Environment has continued its augmented
samp1ing program of major tributaries. EPA Region V supported an event
monitoring program for some Ohio, Michigan, and New York tributaries in 1982.
Due to this event monitoring, the 1982 estimates for Lakes Erie and Ontario
provide more re1iab1e resu1ts than do the 1981 estimates for these 1akes.

ESTIMATES AND TARGET LOADS

 

In the discussion which fo11ows the estimates for 1981 and 1982 are
compared to the target phosphorus 1oads given in the 1978 Water Qua11ty

Agreement.

The estimates for Lake Superior in 1981 and 1982 are quite simi1ar, 3,412
and 3,160 tonnes, respective1y. The major differences between the two
estimates is the much higher adjustment for unmonitored area in 1981. Both
estimates compare favorab1y to the target 1oad of 3,400 tonnes. However, this
comparison depends on the 10w atmospheric estimates used in the ca1cu1ations.

The estimates for Lake Michigan in 1981 and 1982 are a1most identica1,

being 4,091 and 4,084 tonnes, respective1y. Both estimates are we11 be1ow the

target 1oad of 5,600 tonnes. Again, the favorab1e comparison is re1ated to a

very 1ow atmospheric estimate.

The 1981 and 1982 estimates to Lake Huron of 3,481 and 4,689 tonnes differ
by over 1,200 tonnes. A1most ha1f the difference is due to the much 1arger
1982 atmospheric estimate. Most of the remaining difference stems from a much
higher 1982 adjustment for unmonitored area. The 1981 estimate is we11 under

the target 1oad of 4,360 tonnes, whi1e the 1982 estimate is over 300 tonnes
above it.

The estimates for Lake Erie in 1981 and 1982 of 10,452 and 12,349 tonnes,

respective1y, have a substantia1 difference of a1most 1,900 tonnes. Over ha1f

this difference is attributab1e to the much higher Ohio tributary estimate in
1982. The 1982 Ontario tributary estimate a1so exceeds the corresponding 1981

estimate by the substantia1 amount of a1most 900 tonnes. The meeting of the
target Toad of 11,000 tonnes by the 1981 estimate shou1d be viewed with

caution, whi1e the 1982 estimate, which exceeds the target by over 1,300
tonnes, probab1y presents a truer picture.

The 1982 estimate to Lake Ontario, 8,891 tonnes exceeds the 1981 estimate
of 7,437 tonnes by 1,454 tonnes. A1most 500 tonnes of this difference 15 due

to an inexp1icab1e increase in the 1oading from Lake Erie. An additiona1
portion of the increase is attributab1e to more extensive samp1ing of the New
York tributaries, a1though the estimate for the Ontario tributaries increased
comparab1y. The estimates for both years are above the target 1oad of 7,000

tonnes. 



 

TABLE 5.0-1

SUNMARY OF 1981 ESTIMATED ATMOSPHERIC, INDUSTRIAL,

MUNICIPAL AND TRIBUTARY PHOSPHORUS LOADING DATA TO THE GREAT LAKES

(A11 va1ues are in metric tonnes/year)

  

ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL

RIVER

Atmospheric1 506 306 613 729 328 2,481
(standard error) (188) (47) (132) (371) (171) (471)

Direct Industria1

Discharge 36 42 3 55 62 36 234

Direct Municipa1
Discharge 116 243 141 1,843 1,756 202 4,302

Tributary:
Monitored 1,259 2,966 1,638 5,582 1,8222 129 13,397
(standard error) (189) (329) (129) (426) (79) (13) (590)

Adjustment for
Unmonitored Area 1 495 534 429 1,163 613 119 4,353
(standard error)3 (470) (56) (64) (109) (44) (11) (492)

Within 1ake
Tota1s 3,412 4,091 2,824 9,372 4,581 486 24,767

From Connecting
Channe1s - — 657 1,080 2,856 2,765

TOTALS 3,412 4,091 3,481 10,452 7,437 3,251

Target Loads“ 3,400 5,600 4,360 11,000 7,000

 

Tota1s may not sum due to rounding.

1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominant1y
made from 1981 data.

21nc1udes Buffa1o River.

3Standard errors ca1cu1ated fran tributary 1oading estimates used in making
adjustments.

“Annex 3, 1978 Water Qua1ity Agreement.
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TABLE 5.0-3

SUMMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA

TO LAKE MICHIGAN

(A11 va1ues are in metric tonnes/year)

 

WISCONSIN MICHIGAN ILLINOIS INDIANA

Direct Industria1
Discharge 11

Direct Municipa1
Discharge 32

Tributary:
Monitored

(standard error)
1,748
(301)

Subtota1s 1,791

Atmospheric
(standard error)

Tributary:
Adjustment for
Unmonitored Area
(standard error)2

Uni ted States

TOTAL

TOTALS

 

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement

 

Tota1s may not sum due to rounding.

1Atmospheric estimates combine 1981 and 1982 data, but are predominant1y

made from 1981 data.

2Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.   



   

  

      
       

     

   
  

    

      

   
      

     

 
    

   
 

 

    

     

   

TABLE 5.0-4

SUNMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA

T0 LAKE HURON

(A11 va1ues are in metric tonnes/year)

 

MICHIGAN ONTARIO TOTALS

 

Direct Industria1

Discharge , 2 1 3

Direct Municipa1
Discharge 18 123 141

Tributary:
Monitored 776 863 1,638

(standard error) (118) (52) (129)

Subtota1s 796 987 1,782

Atmospheric 6131

(standard error) (132)

Tributary:
Adjustment for
Unmonitored Area United States 154, Canada 276 429

(standard error)2 (62) (18) (64)

 

TOTAL 2,824

 

Inputs from Lake Superior and

Lake Michigan are estimated at 402 and 255, respective1y 657a

  
Tota1 estimated input to Lake Huron 3,481

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement 4,360

 

Tota1s may not sum due to rounding.

1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominant1y

made from 1981 data.

2Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.

3Upper Lakes Reference Group 1974-1975 estimates.
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TABLE 5.0-5

SUMMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA

TO LAKE ERIE

(A11 va1ues are in metric tonnes/year)

     

MICHIGAN OHIO PENNSYL" NEW YORK ONTARIO TOTALS
VANIA

Direct Industria1
Discharge 27 2 2 0 25 55

Direct Municipa1
Discharge 1,125 530 80 38 69 1,843

Tributary:
Monitored 306 3,939 - 260 1,077 5,582
(standard error) (25) (412) .__; (96) (45) (426)

Subtota1s 1,458 4,471 82 298 1,171 7,480

Atmospheric 7291
(standard error) (371)

Tributary:
Adjustment for I

Unmonitored Area United States 939, Canada 224 1,163

(standard error)2 (108) (9) __(1991

TOTAL 9,372

Estimated input3 from Lake Huron 1,080

Tota1 estimated input to Lake Erie 10,452

Target Load, Annex 3, 1978 Great Lakes Mater Qua1ity Agreement 11,000

 

Tota1s may not sum due to rounding.

1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominant1y

made from 1981 data.

2Standard errors ca1cu1ated fran tributary 1oading estimates used in making

adjustments.

3Upper Lakes Reference Group 1974-1975 estimates.
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TABLE 5.0—6

SUMMARY OF 1981 ESTIMATED PHOSPHORUS LOADING DATA

T0 LAKE ONTARIO

(A11 va1ues are in metric tonnes/year)

    

NEW YORK ONTARIO TOTALS

Direct Industria1 Discharge 3O 32 62

Direct Municipa1 Discharge 813 942 1,756

Tributary:
Monitored 898 924 1,8221

(standard error) (53) (59) (79)

Subtota1s 1,741 1,898 3,640

Atmospheric 3282
(standard error) (171)

Tributary:
Adjustment for
Unmonitored Area United States 332, Canada 281 613

(standard error)3 (37) (24) (44)

TOTAL 4,581

Estimated input“ from Lake Erie 2,856

Tota1 estimated input to Lake Ontario 7,4371]

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement 7,000

  
Tota1s may not sum due to rounding.

1Inc1udes Buffa1o River.

2Canadian data.

3Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.

l'This estimate is derived from extensive samp1ing data at the mouth of the

Niagara River, and adjusted by subtraction of estimated tributary 1oadings

and reported municipa1 and industria1 discharges to the Niagara.
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TABLE 5.0-7

SUWIARY OF 1981 ESTIMATED PHOSPHCRUS LOADING DATA

TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER

(A11 va1ues are in metric tonnes/year)

    

NEW YORK ONTARIO TOTALS

Direct Industria1

Discharge O 36 36

Direct Municipa1
Discharge 131 71 202

Tributary:
Monitored 79 51 129
(standard error) (8) (10) (13)

Subtota1s 210 158 367

Tributary:
Adjustment for
Unmonitored Area United States 84 Canada 35 119
(standard error)2 (95 (7) (11)

TOTAL 486

From Lake Ontario1 2,765
(standard error) (92)

Tota1 estimated input to the internationa1 portion of the
St. Lawrence River 3,251

 

1Based on samp1ing of the St. Lawrence River near Kingston, Ontario.

2Standard errors ca1cu1ated from tributary 1oading estimates used in making
adjustments.
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SUMARY OF 1982 ESTIMATED ATMOSPHERIC, INDUSTRIAL,

TABLE 5.0-8

MUNICIPAL AND TRIBUTARY PHOSPHORUS LOADING DATA TO THE GREAT LAKES

(A11 va1ues are in metric tonnes/year)

  

ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL

RIVER

Atmospheric1 653 306 1,174 660 600 3,393

(standard error) (186) (47) (359) (135) (223) (483)

Direct Industria1
Discharge 33 53 5 67 54 27 239

Direct Municipa1
Discharge 128 246 113 1,388 1,589 190 3,654

Tributary:
Monitored 1,338 2,808 1,921 7,483 2,5812 232 16,362

(standard error) (87) (239) (140) (197) (84) (68) (367)

Adjustment for
Unmonitored Area 1,008 671 819 1,671 737 232 5,138

(standard error)3 (227) (62) (162) (103) (261) (73) (407)

Within 1ake
Tota1s 3,160 4,084 4,032 11,269 5,561 681 28,786

From Connecting
Channe1$ — — 657 1,080 3,330 3,162

TOTALS 3,160 4,084 4,689 12,349 8,891 3,843

Target Loads“ 3,400 5,600 4,360 11,000 7,000

 

Tota1s may not sum due to rounding.

1U.S. atmospheric estimates combine 1981 and 1982 data, but are predominantTy
made from 1981 data.

2Inc1udes Buffa1o River.

3Standard errors ca1cu1ated from tributary Toading estimates used in making
adjustments.

I’Annex 3, 1978 Water QuaTity Agreement.
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TABLE 5.0-9

SUM’IARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

T0 LAKE SUPERIOR

(A11 va1ues are in metric tonnes/year)

 

MINNESOTA WISCONSIN MICHIGAN ONTARIO TOTALS

Direct Industria1
Discharge

Direct Municipa1
Discharge

Tributary:
Monitored
(standard error)

 

SubtotaTS

Atmospheric
(standard error)

Tributary:
Adjustment for
Unmonitored Area United States 806, Canada 202
(standard error)2 (227) (13)

TOTAL

 

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement

 

Tota1s may notsum due to rounding.

1U.S. atmOSpheric estimates combine 1981 and 1982 data, but are predominant1y
made from 1981 data.

2Standard errors ca1cu1ated from tributary 1oading estimates used in making
adjustments. 



 
TABLE 5.0-10

SUNMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

T0 LAKE MICHIGAN

(A11 va1ues are in metric tonnes/year)

 

WISCONSIN MICHIGAN ILLINOIS INDIANA TOTALS

Direct Industria1
Discharge 44 8 0 1 53

Direct Municipa1
Discharge 213 33 0 0 246

Tributary:
Monitored 1,008 1,488 - 312 2,808

(standard error) (140) (162) __: (105) (239)

Subtota1s 1,265 1,529 0 313 3,107

Atmospheric 3061

(standard error) (47)

Tributary:
Adjustment for
Unmonitored Area United States 671

(standard error)2 (62)

TOTAL 4,084

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement 5,600

Tota1s may not sum due to rounding.

1AtmOSpheric estimates combine 1981 and 1982 data, but are predominant1y

made from 1981 data.

2Standard errors ca1cu1ated fran tributary 1oading estimates used in making

adjustments.
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TABLE 5.0-11

SUMWARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

T0 LAKE HURON

(A11 va1ues are in metric tonnes/year)

 
 

 

 

 

MICHIGAN ONTARIO TOTALS

Direct Industria1
Discharge 5 0 5

Direct Municipal
Discharge 26 86 113

Tributary:
Monitored 999 922 1 ,921
(standard error) (135) (38) (140)

Subtota1s 1,030 1,008 2,039

Atmospheric 1,1741
(standard error) (359)

Tributary:
Adjustment for
Unmonitored Area United States 500, Canada 319 819

(standard error)2 (161) (14) (162)

TOTAL 4,032

Inputs from Lake Superior and
Lake Michigan are estimated at 402 and 255, respective1y 6573

Tota1 estimated input to Lake Huron 4,689

Target Load, Annex 3, 1978 Great Lakes Hater Qua1ity Agreement 4,360

 

Tota1$ may not sum due to rounding.

1U.S. atmOSpheric estimates combine 1981 and 1982 data, but are predominantTy

made from 1981 data.

2Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.

3Upper Lakes Reference Group 1974-1975 estimates.
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TABLE 5.0-12

SUNMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

TO LAKE ERIE

(A11 va1ues are in metric tonnes/year)

     

MICHIGAN 0HIO PEWSYL' NEW YORK ONTARIO TOTALS
VANIA

Direct Industria1
Discharge 29 2 1 0 34 67

Direct Municipa1
Discharge 707 523 73 22 63 1,388

Tributary:
Monitored 398 4,992 0 129 1,964 7,483

(standard error) (35) (178) __; (32) (70) (197)

SubtotaTs 1,134 5,517 74 151 2,061 8,938

Atmospheric 6601

(standard error) (135)

Tributary:
Adjustment for
Unmonitored Area United States 1,251 Canada 420 1,671

(standard error)2 (103) (13) (103)

TOTAL 11,269

Estimated input3 from Lake Huron 1,080

Tota1 estimated input to Lake Erie 12,349

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement 11,000

 

Tota1s may not sun due to rounding.

1U.S. atmOSpheric estimates combine 1981 and 1982 data, but are predominant1y

made from 1981 data.

2Standard errors ca1cu1ated frun tributary 1oading estimates used in making.

adjustments.

3Upper Lakes Reference Group 1974-1975 estimates.
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TABLE 5.0-13

SUMMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

TO LAKE ONTARIO

(A11 va1ues are in metric tonnes/year)

   

NEW YORK ONTARIO TOTALS

Direct Industria1 Discharge 29 25 54

Direct Municipa1 Discharge 732 857 1,589

Tributary:
Monitored 1,270 1,311 2,5811
(standard error) (66) (51) (84)

Subtota1s 2,031 2,193 4,224

Atmospheric 6002
(standard error) (223)

Tributary:
Adjustment for
Unmonitored Area United States 463, Canada 275 737
(standard error)3 (260) (18) (261)

TOTAL 5,561

Estimated input“ from Lake Erie 3,330

Tota1 estimated input to Lake Ontario 8,8911

Target Load, Annex 3, 1978 Great Lakes Water Qua1ity Agreement 7,000

 

Tota1s may not sum due to rounding.

1Inc1udes Buffa1o River.

ZCanadian data.

3Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.

l+This estimate is derived from extensive samp1ing data at the mouth of the

Niagara River, and adjusted by subtraction of.estimated tributary 1oadings

and reported municipa1 and industriaT discharges to the Niagara.
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TABLE 5.0-14

SUNMARY OF 1982 ESTIMATED PHOSPHORUS LOADING DATA

TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER

(A11 va1ues are in metric tonnes/year)

   

NEW YORK ONTARIO TOTALS

Direct Industria1

Discharge 0 27 27

Direct Municipa1
Discharge 123 67 190

Tributary:
Monitored 198 34 232

(standard error) (68) (5) (68)

Subtota1s 321 128 449

Tributary:
Adjustment for
Ynmonitored Are 1 United States 212 Canada 20 232

standard error 73) 3) __Z§L

TOTAL 681

From Lake Ontario2 3,162
(standard error) (93)

Tota1 estimated input to the internationa1 portion of the

St. Lawrence River 3,843

 

1Standard errors ca1cu1ated from tributary 1oading estimates used in making

adjustments.

2Based on samp1ing of the St. Lawrence River near Kingston, Ontario.
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6. Surveillance Activities Initiatives

In this section, the Surveillance Work Group presents initiatives that it
believes may modify future surveillance activities. While these activities do
not in themselves constitute guarantees for more efficient surveillance
programs, they do represent significant achievements in aiding the Work Group
toward meeting its mandate to continually review existing programs or methods
of accomplishing the goals outlined in Annex ll and l2 of the 1978 Water
Quality Agreement.

BIOLOGICAL MONITORING RESEARCH PROGRAM

Over the last decade there has been a scientific debate concerning the
appropriate number of sampling sites and the frequency with which those sites
must be sampled in order to sufficiently describe the chemistry of a
particular water body thus allowing for accurate assessment of man's impact.
The Surveillance Work Group (SWG) has heard from many scientists the
advantages and disadvantages of performing surveillance at a few sites with
frequent collection versus numeroussites collected infrequently. Still
another faction of science claims that monitoring the biological community
structure gives a more accurate and sensitive measure of lake behavior in
terms of assessing the effects of various abatement prograns.

In conjunction with the 1981-82 Lake Ontario intensive survey, the Great
Lakes Fisheries Research Branch (GLFRB) at the Canada Centre for Inland Waters
(CCIW) implemented a program with the purpose of supplementing the GLISP
related program with data from a limited number of sites collected on a weekly
basis during the ice free period (see Figure 6-l). In addition to collecting
and analyzing chemical and physical attributes of the water column, the
research program has collected and will analyze in a detailed manner the
biological community at the selected sites.

This year marks the culmination of the GLFRB three year effort and some
preliminary findings suggest that there are differences between the data
emanating from this program and that from the intensive study. The
significance of these differences may have a bearing on future surveillance
activities. Therefore, the SWG looks forward to the complete data
interpretation of this effort with the hope that many questions will be

answered.

LAKE AND CONNECTING CHANNEL TASK FORCES

 

Based on a Surveillance Work Group review of the GLISP, the Water Quality
Board reported last year that it was considering a proposal to ensure that
requisite annual binational planning and implementation of surveillance
activities occur in a timely manner. The Surveillance Work Group and the
Water Quality Board also anticipated a need for providing a basis for
allocating sufficient funds to implement scientifically sound programs.
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FIGURE 6-1 Sampling grid for the monitoring and surveillance stations in
Lake Ontario. The intensive, weekly sampling program is
conducted at the circled stations.

  



  

Subsequent1y, the Water Qua1ity Board approved the Terms of Reference for
estab1ishing five 1akes and two connecting channe1s task forces.

To assure that the anticipated work p1ans wou1d be effective in
inf1uencing the budgeting process, it was necessary to ask that the task
forces initia11y produce a three-year p1an to commence in fie1d year 1984.
The expected three one-year p1ans were required in order to coincide with the
United States federa1 budgetary process whereby financia1 requests for 1986
activities must be submitted prior to January 1, 1984.

The work p1ans for 1984 and 1985 wi11 be used, where appropriate, to
re-program a11ocations for 1984 and 1985 or where financia1 needs exceed
resources, the p1ans wi11 be used as supporting documentation for additiona1
financia1 request. As mentioned, the 1986 p1an wi11 be used as a guide1ine
and justification for the budget request which is required by the
administration on January 1984. The p1ans are expected to have an identica1
impact on the Canadian process as effected through the Canada-Ontario
Agreement.

In addition to the task of designing future survei11ance p1ans, the terms
of reference for the task forces specify two other major areas of activity
inc1uding, compi1ation of previous findings and coordination of on-going
activities. In tota1, the task forces functions wi11 be scrutinized by the
Survei11ance Work Group to assure that such activities are within the scope of
the Water Qua1ity Agreement.

The Survei11ance Work Group reports that the task forces were formed and
have had severa1 meetings to date. The Survei11ance Work Group is optimistic
that the task forces wi11 meet their target date for submitting their annua1
work p1ans in a manner consistent with t eir terms of reference.

TUMOR MONITORING

Research in aquatic toxico1ogy indicates that many of the substances of
anthropogenic origin found in the Great Lakes ecosystem have the potent1a1,
through 1ong—term, 10w 1eve1 exposure, to produce chronic adverse effects on
fish and wi1d1ife. Inc1uded in these impacts are disruption of phy51o1ogica1
and biochemica1 function and non-adaptive patho1ogica1 changes.

Great Lakes biota are exposed to a 1arge number and variety of substances
under changing environmenta1 conditions. Indeed, the Appendix E of the 1983
Water Qua1ity Board Report 1ists over 800 compounds that are present1y found

in some component of the Great Lakes ecosystem. The prospect of generating
toxico1ogica1 data for each of these chemica1s is overwhe1ming and c1ear1y

impracticaT if a11 chemicaI and species interactions are to be considered.

Laboratory induction studies c1ear1y indicate that certain chemica1s are

carcinogenic to fish. These chemica1s may be responsibTe for the occurrence
of neop1astic and non-neop1astic 1esions in Great Lakes fish. Freshwater fish

hea1th monitoring programs indicate that severa1 species of Great Lakes fish
have e1evated frequencies of patho1ogica1 anoma1ies. The most common1y found

anoma1ies inc1ude; epiderma1 papi11omas on white suckers (Catostomus
commersoni) and brown bu11head (Icta1urus nebuTosus), gonadal tumors on carp
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(Cyprinis carpio) and yeTiow perch (Perca fiavescens), Tiver tumors on brown
bullfieaa and thyroid hyperpiasia on coho salmon (Oncorhynchus kisutch). The
etioTogy of these tumors is unknown, but it appears that fish inhabiting
waters contaminated with industriaT anddomestic wastewater show an increased
prevaience of tumors, skeietaT deformities and fin rot. These findings are
supported by empiricai observation in the Great Lakes, whereby 35% of
three-year 01d brown buiihead from the BTack River, Ohio were affected by
cieariy observabie liver tumors. This figure may be a conservative estimate
as histoTogicai anaiyses indicate that upwards of 90% of these fish are
affected. The river sediments where these fish were coiiected are
contaminated with high concentrations of poiynuciear aromatic hydrocarbons
(see Chapter 3 of this report). The reiationship between tumor induction and
PAH exposure was demonstrated in Taboratory studies which induced epidermai
hyperpiasia and papiiiomas by repeated appTication of PAH contaminated
sediment extracts from the Buffaio River, New York. In a survey of white
sucker papiiTomas, Canadian nearshore investigations in Lakes Huron and
Ontario demonstrate that these fish show eievated papiTToma frequencies in
geographicaiiy separate areas (Figure 6-2). These data may have utiiity as an
indicator of contaminated sites.

 

Aithough there is as yet no conciusive evidence confirming the roTe of
ambient chemicaT carcinogens in wiid fish populations, there is increasing
data indicating that Great Lakes fish are responding to chemicai exposure and
that a systematic fish heaTth surveiiiance program wouid provide an earTy
warning mechanism to identify sites and species impacted by chemicai stress.
The Surveiiiance Work Group is interested in additionai advances from these
ongoing programs as they show promise of inciusion into the existing
surveiiiance network for measuring the success of or need for abatement
programs. This type of monitoring, if acceptabie, coqu provide an
appropriate Tink between contaminated environments and bioiogicaT responses.
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FIGURE 6-2 -

FIGURE 6-2
Prevalence of lip papillomas in white
suckers from Lakes Huron and
Ontario as the percent of total male
and female fish greater than 40 cm
in fork length collected by
electrofishing during spring
spawning runs for the years 1981
through 1983. “N” equals number of
fish collected.
Data Source: Department of Fisheries and
Oceans, Burlington, Ontario.
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